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ABSTRACT 

This study investigates the behaviour of two-phase flow in large diameter horizontal 

pipelines. The study was divided into two main parts: 

(i) General two-phase flow in 203 mm diameter pipeline, where the pressure drop 

and void fraction were measured. The pressure drop was measured using 23 bottom 

tapping points along a 34 m test section. The results were compared with six well 

known pressure drop models; these models did not allow for diameter size effect, it 

was therefore not surprising that good agreement was not achieved. A traversing 

y-ray apparatus was designed and constructed for the measurements of void fraction. 

Void fraction measurements were compared with geometrical void fraction 

calculation, and very satisfactory agreements were obtained. The apparatus was also 

tested under a different number of chordal positions (steps) to determine the 

influence of the number of steps on the accuracy of the results. The void fraction 

results were compared with nine correlations found in the literature; the effect of 

pipe size was clear. A flow pattern map was also drawn for a 203 mm pipeline, 

which covered all the possible flow patterns (annular flow could not be obtained in 

this size of pipe, with the available air supply), and compared with three well known 

flow pattern maps, where a little agreement was found. 

(ii) The measurement of interfacial level gradient in the smooth stratified flow 

conditions. Two depth gauges (probes) were designed, constructed and calibrated for 

the measurement of the water level change along the test section. The two probes 

were placed 12 metres apart in the test section, where the flow conditions considered 

settled. The measurement accuracy of the probes was within 1 mm of liquid height, 

i. e. less than 1%. Two theoretical models in the field of stratified flow were tested 

and then modified to improve their ability to predict the present data, and perhaps 
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other data obtained from large diameter pipelines. A model based on the present set 

of data, following Bishop et. al (1986) approach was proposed, which predicts the 

present data within RMS of 8%. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Two-phase flow phenomena are found in a wide range of engineering systems, such as 

conventional power plants, boiling water reactors and evaporators of refrigeration 

systems, as well as in a variety of evaporative and condensive heat exchangers in the 

chemical and petroleum industries. Over the past three decades, problems in two-phase 

flow have challenged many investigators, as these phenomena affect not only the 

efficient and economical design of equipment, but also its safety in operation. It is thus 

critically important to be able to predict the conditions (flow patterns, pressure drop, 

etc. ) under which a two-phase flow system will perform reliably and safely. Such 

understanding is central to the design, control, and performance prediction of these 

systems. 

Therefore, the need for reliable design methods, and the importance of two-phase flow 

in many industrial applications, especially in the energy-related industries have been 

the driving force behind a very large research effort over the past three decades. This 

work has been carried out at universities, national laboratories, and at the industrial 

research and design organizations in many countries of the world 

For many years, two-phase flow studies have been carried out at The University Of 

Strathclyde over a wide range of conditions and applications. Work has been carried 

out on large diameter horizontal tubes (78 mm and 127 mm diameters) using air and 

water as the working fluids. 

Two-phase, two-component flow has been the subject of intensive investigation in 

recent years. Complete understanding of this subject, however, has not been achieved 

as yet. This is mainly because of the interdependence among the various flow parameters 

(flow patterns. pressure drop, void fraction, etc. ) and the dependence of these parameters 

on the many variables involved in this type of flow, such as fluid properties, superficial 

velocities, flow geometry, etc.. 
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Therefore, the subject of two-phase flow analysis contains all the difficulties associated 

with single phase flow analysis and, in addition, information is required on the pro- 

portions of the two phases present and on their disposition in the conduit (usually a 

tube). This phase disposition, flow pattern, is particularly important in the development 

of the flow models but is difficult to predict with any degree of accuracy or conviction. 

Furthermore, the experimental data which are used to validate models or produce 

empirical correlations are heavily biased towards the simple operating conditions of 

small diameter tubes (< 50 mm diameter), common working fluids (air-water, steam- 

water), low operating pressures (since tubes are often transparent) and often short lengths 

of test sections. 

There are many applications, particularly in the nuclear, chemical, and petroleum where 

horizontal two-phase flows occur in much larger diameter pipes, and in some cases at 

elevated pressures. For example, the two-phase flow behaviour in large diameter 

horizontal pipes is of importance in connection with the safety analysis of small-break 

loss-of-coolant accidents (LOCAs) in pressurized water reactors (PWRs), because of 

its effect on the decay heat removal from the reactor core, and also of importance in 

the design of oil-gas pipelines. The application of the correlations, therefore, often 

require severe extrapolations not only in respect of fluid properties and conditions 

(which is perhaps understandable) but in respect of tube diameter. 

It is, therefore, important to collect experimental data in large diameter tubes (> 50 

mm) to ascertain how important the tube size parameter on other flow parameters, such 

as friction factor, pressure drop, void fraction, flow patterns, etc, These in general 

constitute the main aims of this study. 

From the previous two-phase flow studies on large diameter tubes in The University 

Of Strathclyde the following are a few of the findings that have emerged: 

(i) In the larger diameter tubes, the two-phase flow patterns are more distorted compared 

with those existing in small tubes. 
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(ii) Experimental data from flow patterns other than stratified flow could often be 

reasonably predicted by existing correlations. Stratified flow, however, was a noticeable 

exception and inevitably yielded large errors between experiment and prediction. This 

was linked to the possible existence of interficial level gradient (ILG) in the liquid 

phase. Hence, this finding necessitated further investigation to the stratified flow pattern. 

(iii) Much longer test section lengths are required with large diameter tubes. 

Consequently it was decided to re-design and re-construct the large diameter facility, 

going for larger diameter test tube and allowing for the incorporation of water level 

measurements ( for stratified flows only) along the test section, as well be described 

in full in chapters 3,4, and 5. 

The aims of this thesis, therefore, are: 

(a) To carry out a comprehensive experimental test programme involving the flow of 

air and water in 203 mm diameter horizontal tube (34 m long) to provide large number 

of data for both single and two-phase flows in large diameter pipeline to help in vali- 

dating and analysing some of the available correlations. 

(b) To develop and automate an instrumentation to measure and record the interficial 

level gradient, ILG (the change in water level along the test section). 

(c) To develop a tube traversing y-rays attenuation apparatus for void fraction 

measurement, and to test its accuracy fordifferent number of stations (chordal positions) 

within the tube. 

(d) To carry out analysis of these experimental data and compare the results (pressure 

drop and void fraction) with some existing correlations. 

(e) To observe all the possible flow patterns for the available water and gas flow rates, 

to draw the results on U11 and U1g coordinates, and to compare it with three of the well 

known flow pattern maps. 

(f) To develop a stratified flow model based on Bishop and Deshpande, 1986, model. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

Although the first publication on multiphase flow of real significance was published 

in 1940's (Lockhart & Martinelli), the first known work in the subject was published 

in 1830. Since then a large amount of literature is available on multiphase flow. This 

makes it difficult to cover all the subject in the limited time given to this project. Some 

reviews have been presented previously and these are contained in references [30], [23], 

[41], [61], [70], [69], [60] and [108]. 

The present review, however, is divided into two main parts: 

Part 1- General two-phase flow 

Pan 2- Stratified two-phase flow 

The first part deals with a summary and update of general two-phase flow in slightly 

less detailed manner. The second part deals in more detail with the subject of this thesis 

i. e. with stratified two-phase flow. 

2.1 GENERAL TWO-PHASE FLOW 

2.1.1. Flow Patterns 

The main characterizing feature of two-phase flows is the fact that an interface exists 

between the two phases and, in gas-liquid flows, this interface takes a wide variety of 

forms. These forms of phase distribution in two-phase flow terminology are called 

"flow regimes" or "flow patterns". In horizontal, co-current gas-liquid flow, the 

observed flow patterns in transparent pipes have indicated a dependency on the flow 

rates of both gas and liquid phases. The main complicating feature in horizontal flow 

is that gravitational forces act on the liquid phase causing it to be displaced towards the 

bottom of the pipe. It should be stressed at the outset that this classification of types 
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of flow, though extremely useful, is still highly qualitative and often very subjective. 

Many different flow patterns have been defined and a wide variety of names have been 

used. In a literature survey carried out at Strathclyde University in 1975 [108], over 78 

flow pattern names or labels were detected and this number has been exceeded since 

then. However, in general, six or seven flow pattern labels in horizontal two-phase flow 

are widely recognized [61], [70], [95], [106], [117], [121], these being: 

Bubbly flow - gas in a form of bubbles tend to flow at the top of the tube. 

Plug flow - the bullet-shaped bubbles coalesce to form elongated bubbles or plugs 

of gas, which again, they move along in position closer to the top of the 

tube. 

Stratified - here, the gravitational separation is complete, liquid flowing along the 

flow bottom of the tube and gas along the top part. 

Wavy flow - as the gas velocity is increased in stratified flow, waves are formed on 

the gas-liquid interface giving the "wavy-flow" regime. 

Slug flow - when the waves in wavy flow grow big enough to touch the upper 

curacy of the tube, then the slug-flow regime is entered, with large frothy 

slugs of liquid interspersed with regions where is a wavy stratified layer 

at the bottom of the tube. 

Annular flow - here, the liquid flows on the wall of the tubes as an annulus, and the 

gas phase flows in the centre. In horizontal annular flows, the film at the 

bottom of the tube is often very much thicker than the film at the top 

owing to gravitational effects, there is usually some entrainment of the 

liquid phase to droplets in the gas core. 

Dispersed or - mainly gas with liquid droplets. 

Mist flow 
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The common way of obtaining flow pattern information is by visual observation, 

which is subject to different interpretation by different investigations. A confusing 

variety of classifications exist in the literature [5], [11], [42], [43], [74], [87], [89], [85], 

[99], [114] and [ 122]. 

2.1.1.1 - Flow Pattern Maps 

The most common method of presenting flow pattern data is in form of flow pattern 

maps. These are two dimensional plots of some chosen variables assumed to represent 

the occurrence of the flow patterns and their transition boundaries. Most investigators 

have adopted this mainly empirical procedure to some degree. This involving plotting 

all of the flow pattern data on a two coordinate graph or map. Few authors give physical 

explanations or reasoning for using particular combinations of dimensionless numbers 

or flow variables as the map coordinates. One of most common coordinate system used 

is one involving the superficial velocity of each phase, i. e. U, 1 and U, 1. 
One of the earliest flow pattern maps presented was that by Baker [151, figure 2.1.1, 

which is still widely used for horizontal channels. Here the coordinates are: 

G, )A. and G: iA. /G, a 
but it is perhaps more convenient to transpose these into 

G, A and yr Gf 

i. e the superficial gas mass velocity plotted against the superficial liquid mass velocity, 

and the map is shown on this basis in figure 2.1.1. 

Where G, = superficial mass velocity of liquid (= p1U, 1) 

G=g = superficial mass velocity of gas (= paUg) 

Xý 11)12L o)le, 
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2 1/3 
ýw µl Pw 

ßi A. Pr 

ps , pf are the gas and liquid densities 

of ,gf the surface tension and viscosity for the liquid respectively 

and the suffixes 'a' and 'w' refer to air and water conditions at atmospheric pressure 

and temperature 20 T. 

Another horizontal flow pattern map is that by Hoogendoorn [73], figure 2.1.2, which 

is based on the experimental observations of air-water and air-oil mixtures in horizontal 

smooth pipes with inner diameters ranging from 24 mm to 140 mm. and rough pipes 

with inner diameter of 50 mm. The coordinates of his flow patterns map are mixture 

velocity Um and volume fraction 0, with 

U- 
Qa + Qf 

and 
Qa 

A Qs+Qi 

where A is the cross-sectional area of the tube 

Qg = volume flow rate of gas 

Qt = volume flow rate of liquid 

Mandhane et. a 1. [95] made a careful examination of flow pattern data. In the absence 

of a theoretical framework [71], they used a map of U1 versus U, g to coordinate about 

1000 data points in horizontal pipes ranging from 13 to 150 mm in diameter. Most of 

data were for line sizes in 13 - 50 mm diameter range, so the location of these empirically 

drawn boundaries was strongly influenced by these data. The map is shown in figure 

2.1.3, and perhaps it is still the most widely used horizontal flow pattern. The boundaries 

between the various flow patterns were defined for air-water mixture at atmospheric 
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, pressure and temperature , and expressions were given to correct these for other fluid 

mixtures. These entailed multiplying the boundary values forair-water by some function 

ofXandY 

where 

P8 
0.333 Pf" Cyw 10.25 µg 0.2 

X= 
Pa Pw of µ. 

Y 
µt 0.2 pi C; W 

0.25 
_ P. P. Q 

with 

pa = 1.295 kg/m3 ßM, = 0.0724 N/m 

µ,, = 1.8 x 10's kg/ms pW = 1000 kg/m3 

t=0.001 kg/ms 

Simpson et al [109] presented a flow pattern map based on experimental data obtained 

from the work on air-water mixtures flowing in large diameter tubes of nominal diameter 

127 mm and 216 mm. The map coordinates were superficial velocities of gas and liquid. 

Comparison of this flow pattern map with Baker and Hoogendoorn was made [. 3 ] 

which showed reasonable agreement. The above three maps mentioned are only 

representative of many more. 

In a survey carried out at Srathclyde University in 1976 (which had restricted 

publication) over 33 different flow pattern maps were quoted. Spedding and Nguyen 

[116] also presented a list of flow pattern maps and coordinates which showed some 

of many different coordinates employed by researchers. 
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2.1.2 - Pressure Drop Prediction 

The pressure drop in two-phase flow is a parameter of great importance in the design 

of both adiabatic systems and systems with phase change, such as boilers and con- 

densers. In forced-circulation systems, the pressure drop governs the pumping 

requirement, and in natural-circulation systems, the pressure drop dictates the 

circulation rate and, hence, the other system parameters. 

The great importance of pressure drop prediction is reflected in the large number of 

models and correlations that are available. Here, only a few which are widely used are 

discussed. None of the general correlations for two-phase pressure drop is particularly 

accurate. This is due partly to their failure to explicitly include factors, such as entrance 

conditions, and also due partly to the fact that the same correlation is used to represent 

many different physical situations; that is, in the general correlations no particular 

reference is made to flow pattern. In addition to the flow-regime and entrance effects 

mentioned above, another factor influencing the accuracy of prediction of pressure drop 

data is the inherent inaccuracy of the available data. 

The pressure gradient for two phase flow in uniform channel is given by 

dp 
_ 

dpIdpadpa 
(2.1.1) 

dx dx dx dx 

where dp/dx is the pressure gradient and the three terms on the right-hand side of the 

equation are respectively the frictional, accelerational, and gravitational components 

of the pressure gradient. 

In horizontal, gas-liquid flow, which is the main field of interest here, the gravitational 

pressure drop component is absent and the momentum or acceleration pressure com- 

ponent is usually negligible. Thus the total pressure drop approximates closely to the 

friction pressure drop (this approximation proofed incorrect in some cases of stratified 

flows in large diameter pipeline when hydraulic gradient existed i. e. non-uniform 
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stratified flow). The two-phase frictional pressure gradient is usually correlated in terms 

of factors which multiply single-phase gradients (two-phase friction pressure drop 

multipliers). This multipliers, normally symbolised by (2r0, is the ratio of the two-phase 

pressure drop to the corresponding single-phase all liquid pressure drop with the same 

total mass flowrate. The concept was first introduced by Lockhart and Martinelli (1949) 

and has been widely used since. 

The two phase pressure drop can be predicted on the basis of either homogeneous 

flow or separated flow. In homogeneous flow, the two phases are considered to be 

intimately mixed with no relative motion between them, either locally or overall. The 

separated flow model, on the other hand, recognizes that the two phases can exist 

separately and can have different velocities i. e. slip can exist between the phases. 

2.1.2.1 - Homogeneous flow model 

The homogeneous two phase pressure drop is a friction factor model, similar to single 

phase flow, with mean mixture property and velocity values being used. Hence, the 

frictional pressure gradient is 

dpf 
(2.1.2) 1dXJHOM 2d V. 

where41m= mixture specific volume = x+ (1-x) ýý{ 

U. = mixture velocity = GV. 

A2 = friction factor which is a function of Reynolds Number and is obtained 

from Moody curves or a Blassius type equation X=K Re" similar to single phase flow. 

The two phase Reynolds Number is evaluated from 

Re =µd (2.1.3) 
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where pm is the mixture viscosity and it is the evaluation of P. which is the only con- 

troversial aspect of the homogeneous flow model. 

Different investigators have recommended different methods of evaluating tm based 

on their experimental data. For example 

McAdamps et al. 1942, [94] gives 
Q 

1z+ 1-x 
(2.1.4) 

9. µr µf 

Cicchitti et al. 1960, [39] gives 

µm =x µg + (1-x) µf (2.1.5) 

Dukler et al. 1964, [49] gives 

R. = ßµj+(1-ß)µf (2.1.6) 

There are other recommended expressions. 

None of the above is really very satisfactory. The most commonly used form is that due 

to McAdam; et al. (1942). 

Some investigators have also recommended the conditions under which the homo- 

geneous flow model can be used for accurate predictions. For example, Hussain et al. 

[78] suggested the homogeneous flow model was valid for 

Gz 2700 kg/m2 s (2 x 106 lb/h ft2 ) 

based on his experimental data. 

Husain et al [78] also presented various empirical expressions for P. in order to be 

able to apply the homogeneous model over a range of mass velocity values. 

Most experimenters who measure pressure drops or pressure gradient in two phase 

flow use the homogeneous flow model as a vehicle of comparison. 

2.1.2.2 - Separated flow model 

In theoretical terms, many investigators have produced models for two-phase flow, 

allowing for slip or relative motion between the phases, in terms of either 3 equations 
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(i. e. conservation equations for mass, momentum and energy for the combined flow) 

or 6 equations (i. e. conservation equations for mass, momentum and energy for each 

phase separately and allowing for interfacial effects). 

In horizontal, gas-liquid flows, the 3 equations model is the most popular since this 

requires experimental information in terms of friction and void factor or slip. Void 

fraction effects will be dealt with later but, in any case, it is the friction component 

which dominates in adiabatic horizontal flow. 

Historically, the most widely used correlation for the calculation of the two-phase 

frictional pressure drop is that of Lockhart & Martinelli, 1949. In spite of its deficiencies, 

many (perhaps most) technical calculations are still done using this method; for that 

reason, it is presented here. 

Lockhart & Martinelli, 1949 [93], made one of the earliest attempts to produce a 

general correlation of two-phase frictional pressure gradient. They presented plots of 

two-phase friction multipliers against a parameter X, where 

x2 = 
Pa µl R Mf 2 -it 

(2.1.7) 
PI 

[girl I-ms 

with n being the exponent in the Blasius type equation ?. =K Re ° having a value between 

0.25 for smooth tubes and 0 for rough tubes. 

Two different friction multipliers were presented cp2r and 925.02f was the ratio of the 

two phase pressure drop to the single phase liquid pressure drop when the liquid 

component flow rate of the mixture flowed alone, and cp2s was the corresponding quantity 

for the gas flowrate flowing alone in the tube. Figure 2.1.4 illustrates the curves produced 

by Lockhart & Martinelli. The different curves being shown, depending on whether the 

respective liquid and gas phases were laminar (1) or turbulent (t). 

A simple and accurate analytic representation of the Lockhart & Martinelli graphic 

relationships for the multipliers is that of Chisholm, 1967: 
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0f = 1+z+2 (2.1.8) 

0i =4 +CX+x2 (2.1.9) 

where C is a dimensionless parameter whose value is depends on the nature (i. e. laminar 

or turbulent) of the phase-alone flows. Chisholm suggests values for C as given in Table 

2.1.1. 

Many investigators have used their (and other) data banks to produce correlations or 

expressions to allow the evaluation of the two phase friction multipliers 022,,. Amongst 

the most common, at least as far as the chemical process, boiler and nuclear industries 

are concerned, are those of Baroczy [20], Chisholm [37], Dulder [49] and 

Chenoweth-Martin [34], but there are many more. The oil industry tend to use more 

empirical equations and expressions relating the special fluids and special conditions 

encountered in that industry, e. g. Beggs and Brill [21], Oliemans [102], Hagedorn and 

Brown [65], etc. 

Perhaps the most widely used advanced empirical correlation is that of Baroczy 

(1965). This is a general correlation which evaluates the two phase multiplier cp2, as 

function of property index, mass dryness fraction and mass velocity. 

The method of evaluation is as follows: 

Stete Obtain the appropriate value of multiplier cp2fo from Table 2.1.2 corresponding 

to the particular value of property index (µ1µQ)°'2 (pjpr), 

This accounts for fluid used, (pressure, etc. ) and dryness fraction x. These values relate 

to a mass velocity of 1356 kgls. m2 (106 lb/h. ft2). 

Baroczy provided the correction factors shown in figures 2.1.5 and 2.1.6 for other mass 

velocities. 

Steg 2: Correct for mass velocity effects by multiplying the cp0,. value obtained from 

Table 2.1.2 by the correction factor obtained from figures 2.1.5 or 2.1.6. 

This correlation has the disadvantage of being graphic in nature, but a correlation that 
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fits the Baroczy curves quit well and extends the range of data covered is that of Chisholm 

(1973). 

Chisholm correlation is of the form 

0fo =1 +[I'2-1] [Bx (1-z)r2-"yx+x(2-"l 

where r2 = 
dp f/ dp f=f 1"l l" 
dx Li0 f. 

Pr µf 

z dpi 
_ 

X8, G 
with dx 

8o 
- 2d p 

dpf 
__ 

_fo G2 
and dx fo 2d P, 

(2.1.10) 

The X values are obtained from ?=K Re-" with ? corresponding to Re = µd 
l 

andX, otoRe = cd 

The exponent 'n' varies between 0 (for very rough tubes) to 0.25 (for smooth tubes). 

Values of B were obtained from experiment and for smooth tubes are given in Table 

2.1.3. 

The Dukler [491 correlation has a sounder theoretical base than many other correlations, 

and case II relates to separated flow. 

The method is based on the equation 

dp 

F 

X2G2 
"v dz 2d pNs 

where PNs=ßPs+(1-0)Pf=Q`PS+QIPI Qa+QI 

-log. (1- ß) 
X2 1+ 

1281- 0.478[-1o&(1- ß)l + 0M4[- lo&(1- ß)l=- 0.094[-Io&(1- ß)l' + O. 0843[-Io&(1- ß)r 

W Pf (1- P 
,+p.. 

a2 
Pivs 1- a pNS a 

X is evaluated from single phase X -Re characteristic corresponding to 
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Re =Gd; where, P. NS 

PNS = ßµg+(1-ß)µf 

A correlation by Chenoweth and Martin [34] was derived from data collected from 

large diameter tubes and gives value of er.. The values of cp2f, can be obtained from 

the graph cp2to versus (1-ß), shown in figure 2.1.7 with an additional dependent parameter. 

Ldpf Jgo z= ±ý (2.1.12) 

,o 
Alternatively, the table of data used for constructing figure 2.1.7 can be used directly 

and this is given in Table 2.1.4. 

The two other correlations widely used in the oil industry is that by Biggs and Brill 

[21]. This has expressions for evaluating each of the pressure drop components due to 

friction, density or gravity, and momentum. The other is due to Oliemans [102]. The 

friction component of this correlation is also based on a friction factor type model. For 

more details on the methods of evaluating the pressure drop, refer to references [21] 

and [102 ]. 

A more recent correlation by Friedel [52] was based on a large bank of data collected 

from various sources over wide ranges of dependent parameters. The correlation was 

totally empirical and statistically derived to give the best overall fit to the data in the 

bank. The form of expression determined for c2f, and the details of evaluation is given 

in reference [52]. 

The correlations mentioned in particular here are by no means exhaustive of those 

available in the literature. Other investigators have presented correlations relating to 

particular flow patterns or groups of flow patterns. This has applied particularly to the 

intermittent type flows (mainly slug), and annular type flows where the 6 equation (or 

similar) is used in the prediction, and much information is required on interfacial effects 
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such as shear stress, droplet entrainment and droplet deposition. 

2.1.3 - Void Fraction (holdup) Measurement And Prediction 

In the study of two phase flow and in the design and operations of process equipments 

involving two phase flow, it has now been well recognized that it is important to have 

a detailed knowledge of the holdup pertaining to the situation. Cases where void fraction 

(holdup) is required include the calculations of the mean fluid density, the heat contents, 

the heat transfer coefficients, momentum and hydrostatic components of pressure drops, 

the water circulation rates in boilers, etc. A vast range of methods have been proposed 

for the measurement of void fraction, few are mentioned here, but an extensive listing 

of the methods and appropriate references is given by Hewitt (1978a) [69]. 

2.1.3.1- Void Fraction Measurement Methods 

Due to the vast number of methods found in the literature, it is not the intention of 

the author to give an extensive review of all the methods. Therefore, in this section only 

those that have been widely applied, or that have special advantages, are mentioned in 

less detailed manner. For detailed descriptions of these methods and a list of others see 

Hewitt (1978a), [69]. 

Four main types of void fraction measurements are given here, each of which has its 

own method or methods of evaluation, and these are listed below. 

1- Chordal-averge void fraction. An average void fraction across the diameter of a 

channel of circular cross section is measured. This type of void fraction measurements 

is only possible by means of radiation absorption methods, and there is no convenient 

alternative method of getting this particular average. 

2- Cross-sectional average. The average void fraction is sought over a given channel 

cross section. This is obtained by integrating chordal-average measurements over the 
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cross section. This type of void fraction measurements is again uses radiation absorption 

methods (travesable single-beam radiation or multibeam radiation methods) or alter- 

natively, measurements can be made using impedance void gauges but with less 

accuracy. 

3- Channel-average measurements. Here the average void fraction is required over a 

full section of channel. A convenient and generally satisfactory method for obtaining 

this type of void fraction is the use of quick-closing valves. 

4- Local void measurements. Here the void fraction is measured at a particular position 

within the channel. Usually, this void fraction is a time average at a point. In this case, 

local optical or electrical void probes are normally employed, although side-scatter 

gamma techniques can be used for steady-state measurements. 

Void Fraction Measurement Using 

Gamma and X-Ray Absorption Techniques 

The principle of operation of these methods or techniques is that beams of y-rays or 

X-rays are attenuated by the materials through which they pass (channel walls and two 

phase mixture), by a combination of photoelectric, pair-production, and Compton 

scattering effects [68]. The importance of these scattering mechanisms effects depend 

on the energy of the incident photon beam and on the substance through which it is 

passing. The y-ray absorption method essentially gives a chordal mean value for void 

fraction. To obtain a cross-sectional average void fraction there at least two ways 

(i) Traverse a collimated beam across the tube, measuring the chordal mean values as 

a function of different positions across the tube diameter, and then determining the 

cross-sectional average by means of a suitable mathematical manipulation of the chordal 

mean values. This method is used in subsequent determination of the void fraction, and 
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therefore, will be detailed further more in chapter 5. 

(ii) Use multibeam gamma or X-ray densitometers. Here, multibeams are taken from 

single gamma or X-ray source see figure 2.1.8 and 2.1.9. 

Measurement of Void Fraction 

Using Quick-Closing Valves 

In this method two valves are used; one at the beginning and the other at the end of 

the channel over which the void fraction needed to be found. The valves are simulta- 

neously closed at the appropriate moment, and the liquid trapped in the channel is 

drained, and its volume measured. The channel average void fraction can be determined 

since the channel volume is known. Care must be taken in the design of these valves 

when open not to obstruct the flow (i. e. the diameter of the valves should be the same 

as that of the tube) and in the case of high pressure systems, solenoid-operated valves 

are used. The measure problems in employing this method is the time required to close 

the valves and to drain off the system, and the time required to start and to bring the 

system back to steady state. 

Local Void Fraction Measurement Using 

the Side-Scatter Gamma Technique 

The principle of operation of this method is that a gamma-ray interacts with an atomic 

electron and gives some of its energy. The photon then with a lower energy and altered 

course. The energy E' of the scattered photon is related to the initial energy E and the 

scattering angle 0 by the equation 

_E E 
1+1.96E(1-cos9) 
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The scattered photon can also be detected, by collimating both the beam and the 

detection, so that only photons scattered from a particular point are detected. Therefore, 

it is possible to obtain the local void fraction. The major problem of this technique is 

that the intensity of scattered beam is very small. Hence, to obtain a reasonable accuracy, 

very long counting times are required. 

Measurement of Void Fraction 

Using Neutron Scattering 

In this method, the section in which the void fraction is to be measured is placed in 

a fast neutron beam, and the scattered and the transmitted fluxes are measured by 

counting. The arrangement is illustrated in figure 2.1.10. If the incident beam is at a 

relatively uniform intensity, then the scattered thermal flux depends only on the amount 

of hydrogenous material in the cross section, and not on the distribution. However, the 

construction of a special source would normally be considered to be unacceptably 

expensive. 

Measurement of Void Fraction 

Using Impedance Gauges 

The principle of this method is based on the fact that the electrical impedance of a 

two-phase flow depends on the concentration and distribution of the phases. Depending 

on the system, the impedance will be governed by either conductance or capacitance. 

Generally, it is better to operate at high enough frequency to allow the domination of 

the capacitance, since there are often changes in the liquid conductivity due to the change 

in temperature, whereas the dielectric constant varies less. 

The relationship between void fraction a and the admittance (the reciprocal of impe- 
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dance) A is often calculated from the Maxwell's equations (1881); for a homogeneous 

dispersion of gas bubbles in liquid, we have 

a=A- 
Aý CG + 2CL [AýCj[cG-cL] 

where Ac is the admittance of the gauge when immersed in the liquid phase alone, and 

CG and CL are the gas and liquid phass conductivities if the conductivity is dominating, 

and the dielectric constants of the gas and liquid if the capacity is dominating. Different 

impedance values can be obtained for a given void fraction, because of sensitivity of 

this technique to flow pattern 

2.1.3.2 - Void Fraction Correlations 

The primary purpose of this section is to present prediction methods for void fraction. 

These can be expressed either in terms of void fraction itself or, alternatively, in terms 

of the velocity ratio (slip) S, which is defined as the ratio of the average gas and liquid 

velocities uß and uL and is related to the void fraction as shown below: 

Slip factor S= is 
= 1s= " 

ý'ýs hence 

a= 
[1ýs(1_T1 (2.1.15) 

x Pf 

where a=A, ' I- CE = 
A' 

a= 
xG 

similarly l- cc = 
(1-x)G 

pgUg pfUf 

and total Gs area A= Ag + Af 

For homogeneous flow the slip factor is zero (S=O), and therefore equation (2.1.15) for 

homogeneous flow reduces to 

a= 
xpf (2.1.16) 

xp1+(1-x)pj 



21 

Due to the number of calculation methods available in the literature, it is often difficult 

to choose the appropriate method for the particular situation being considered. Fur- 

thermore, even after deciding on a certain calculation method, there is still uncertainty 

as to the limitations of the method, and the range of conditions under which it may be 

extrapolated with reasonable confidence. And due to the time and space given to the 

author for this study as a whole and to this section in particular, only few void fraction 

correlations are mentioned here, also the author by making this choice, he is not rec- 

ommending the use of these correlations in preference of the rest available in the lit- 

erature, although these correlation has been chosen by the previous workers on large 

diameter pipelines [3], [4], [110], [111]. 

In section 2.1.2.2, the Lockhart& Martinelli (1949) relationships for frictional pressure 

drop were reviewed. Lockhart & Martinelli also give a graphic relationship (shown in 

figure 2.1.4) for void fraction a in terms of the Martinelli parameter X. The curve relating 

a to x in figure 2.1.4 is well fitted [68] for the turbulent-turbulent region by the 

expression 

a= 
Of - 1 

(2.1.17) 
4Of 

Hughmark [77] gave a void fraction correlation based on Bankoff's work [17]. This 

correlation is recommended for both vertical and horizontal flows. The correlation was 

of the form a=Cß with the values of the parameter C being empirically deduced 

from large bank of experimental data and against a property index Z 

where Z= Re 1/6. Fr las . (1 - J31 "4 

with Re =Gd Rµt+(1-ß)µr 

U2 
Fr = gd 



22 

A plot of C versus Z is shown in figure 2.1.11. 

Smith [112] assumed an annular type flow with homogeneous core of gas or vapour 

with entrained liquid droplets. The correlation was expressed in terms of the slip factor 

s, where 

pfleg+Ef -1 
112 

s= Ef+(1-Ef) t- 1+Ef s-1 

Smith suggested a value of Ef = 0.4, giving 

1 1/2 

0.4+0.6 
pips + 0.4 (2 ) 

1+0.4 `--1 

Rouhani [ 104] presented a correlation which was derived for bubbly flows, but it 

does work for other flows, and to the form 

a 
XVg 

= 
K{xv, +(1-x)vf}+ýR 

where, 

K=1 +0.12(1-X) 

and 

U=1.18 
g 6(Pf Pa) OM 

R Pf 

where UR is the bubble rise velocity 

Chisholm [38] also gave in terms of the slip factor the following expression 

in 

Pa 

Eaton [50] obtained the liquid hold-up HL from experimental data involving water, 

oil, and gas mixtures. The result is given in graphical form of HL versus XE shown in 

figure 2.1.12, where 
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No. s75 1po. os N o. 1 
XE - Ný ' Nom 

1 
Pb Nfw 15CC 

Pb = Standard atmosphere (1.013 bar) 

1/4 

Nf,, = U, Pf (liquid velocity influence number) 
Sß 

1/4 
Ng� = U, 

g 
PJ (gas velocity influence number) 
8a 

Nd =d 
! "-g 

1/2 

(pipe diameter influence number) 

1/4 
Nf g 

µP 

Beggs and Brill [21] considered the segregated, distributed and intermittent flow 

patterns. The flow pattern was determined as follows: 

if NFR < L, - segregated flow 

if NFR > L, - and > L2 - distributed flow 

if L, < NFR < L2 - intermittent flow 

U2 
where NFR =d 

S 

L, = exp (- 4.62 - 3.757X - 0.481X2 - 0.0207X3) 

1.2= exp (1.061 - 4.602X - 1.609X2-0.179X3 + 0.000635X5) 

and X =1n (1 -D) 

Liquid hold-up for horizontal flow for each flow regime is calculated from 

HL = 
a(N_ 

_ 
FR 

with the constants a, b and c obtained from table 2.1.5 given below. 
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Flow Pattern a b c 

Segregated 0.980 0.4846 0.0868 

Intermittent 0.845 0.5351 0.0173 

Distributed 1.065 0.5824 0.0609 

Table Parameters a, b, and c For Beggs & Brill Liquid Hold-up Correlation 

2.1.5 

Beggs and Brill also accounted for the effect of pipe inclination and gave another 

expression for HL, as function of the flow pattern and the degree of inclination. 

Guzhov [64] also presented a correlation applies to plug and stratified flow in inclined 

pipes in the range of ± 9' from horizontal. 

For stratified uphill flow, and for uphill and downhill plug flow the hold-up was found 

to be independent of inclination as follows 

HL = 1-0.81 ß [1-exp(-2.2 J )] 

U2 
where NFR =d 8 

For stratified downhill flow, is dependent on the following parameter 

f(1-F')2NFR 

2 sin 0 

For 0: 5X < 0.18 ; HL = X°"4 

and 0.185X51.0; HL = 1-0.615(1-X). 

Mukherjee and Brill [100] produced a correlation for liquid hold-up which was flow 

direction (uphill, downhill or horizontal) and flow pattern dependent. 

Many other two phase flow investigators gave correlations either in form of hold-up 

(1-a), void fraction (a) or in terms of slip factor (s), which either for particular type of 

flow or for more than one flow pattern. 
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2.2 - STRATIFIED TWO PHASE FLOW 

Stratified flow is defined in two-phase flow terminology as the flow where liquid 

phase flows at the bottom of the tube, and the gas phase on the upper part of the tube. 

Stratified flow has been investigated in general by many researchers; stratified-wavy 

flow has been the subject of more detailed investigation. Although stratified flow is 

considered as the simplest of all other flow regimes, it is proved from the previous 

two-phase flow studies in large diameter tubes, [3], [4], [110], [111], that experimental 

data from flow patterns other than stratified flow could often be reasonably predicted 

by existing correlations. Stratified flow however, was a notable exception and inevitably 

yielded large errors between experiment and prediction. It was also reported that 

stratified flow in large diameter tubes is always superimposed in the other flow regimes; 

i. e. even in annular flow there is a greater thickness of water at the bottom with less at 

the top of tube. 

Two regimes of stratified flow are specified: 

1 : Smooth Stratified: where the smooth interface between the liquid and the gas (at 

low liquid and gas flowrates) exists. 

2 _Wavy Stratified: It is the flow where interfacial waves exist (at higher gas flow 

rates) between the two phases. 

Bishop and Deshpande (1986) [24] studied the smooth stratified flow in horizontal 

pipes, and two types were identified ( uniform and non-uniform flows) depending on 

the change of the liquid depth along the tube, i. e. depends on the existence of interficial 

level gradient (ILG). 

Andritsos and Hanratty (1987) [7] also defined two types of interfacial waves: 
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1- Regular two-dimentional waves 

2- Large-amplitude irregular waves 

Hanratty and Engen (1957) [66], classified the wave patterns in rectangular channel 

which appear on the liquid surface as the gas is increased at fixed water velocity, as 

follows: 

(1) Two-dimensional wave region- Small amplitude, long crested waves extending 

across the width of the channel. 

(2) Three-dimensional wave region (pebbly)- Short crested waves give the surface a 

"pebbled" appearance. 

(3) Roll wave region- Large amplitude and large wavelength waves move over the 

pebbly interface. 

(4) Atomized region- Liquid droplets are torn off the interface and deposit on the 

channel walls. 

2.2.1 - Modeling of Stratified Flow 

In the past forty years an extensive literature has appeared on the prediction of pressure 

drop and holdup for the horizontal two-phase flow in general, and for the stratified flow 

in particular. One of the first widely used correlation, which gives the pressure and 

holdup for flow in a horizontal pipe, was proposed by Lockhart and Martinelli 

(1949), [93]. This semi-empirical correlation was based on experimental data covering 

almost all the flow regimes encountered in horizontal flow. The basic concept of the 

Lockhart-Martinelli is that the dimensionless pressure drop cpß or cps,, the liquid holdup, 

R, are unique functions of the flow parameter X. These groups are defined as: 
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Z_ 
(dp ldx)TP 

(dp/dx)C (2.2.1) 

ýL - 
(dp/dx)TP 

(2.2.2) (dpldx)L 

x2 = 
(dpldx)L 

(2.2.3) (dp/dx)c 

where (dp/dx)Tp is the two-phase pressure drop and (dp/dx)G, (dp/dx)L are the frictional 

pressure drops for the gas and the liquid phases flowing alone in the pipe. The major 

advantage, as well as the chief drawback of this correlation, is that it can be used for 

all flow patterns. It was early recognized (Berrgelin and Gazley, 1949 [22]; Baker, 1954 

[15]; Hoogendoom, 1959) [7N that this correlation overpredicted pressure drops in 

stratified flow, sometimes by more than 100%. 

The next development in the modeling of the stratified flows was the presentation of 

empirical equations for pressure drop and holdup, developed specifically for stratified 

flow or for combinations of flow patterns. Examples can be found in papers by Baker 

(1954 [15] and 1958 [16]), Hoogendoorn (1959) [73], Eaton et al. (1967) [50], Beggs 

andBrill (1973) [21] Barnette (1987) [19], Furukawa et. al. (1987) [55], Goodreau (1979) 

[59], Gregory (1983) [62 & 63] and others. Dukler et al. (1964) [48 & 49] and Mandhane 

et al. (1974 and 1977) [95 & 96] presented critical evaluation studies of existing 

correlations for frictional pressure drop and hold-up. The difficulty with the correlation 

approach, however, is there is little consistency; one correlation may work well for one 

pipeline and poorly for another, leading to a certain amount of inspired gusswork in the 

application and use of the correlations. 

As additional theory and large-scale laboratory data started to emerge throughout the 

world in late sixties mechanistic approaches towards the modelling of stratified flow 

were adopted. Yu and Sparrow (1967) [1231 obtained an analytical solution for lami- 
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nar-laminar stratified flow that related pressure drop and hold-up to flow conditions. 

Chisholm (1967) [36] tried to justify the use of the L-M parameters in horizontal 

two-phase flow. However, the final equations, applicable to all flow regimes, depended 

on an empirical function. Johannessen (1972) [82] was the first who presented a 

theoretical basis for use of L-M parameters in stratified flow. The major disadvantage 

of his analysis was that he neglected the shear stress at the interface and considered 

only the turbulent gas-turbulent liquid case. He modelled the gas phase as a flow in a 

closed duct, but he calculated the liquid phase frictional losses using open-channel 

procedures. Taitel and Dukler (1976a) [118] extended Johannessen's analysis to all 

cases and took into account the effect of interfacial shear stress. A momentum balance 

for fully developed flow gives: 

AL 
Cc-TWLPL+T's' 

=0 (2.2.4) 

-AG 
T] 

-TWGPG-'z; s; =0 (2.2.5) 
c 

Where, A is the area of each phase, tW, the wall shear stres s, p, the length of the perimeter, 

si the width of the interface and ti, the interfacial shear stress. Taitel and Dulder assumed 

the following quantities 
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Pcuc 
tWG =. fc 

2 (2.2.6) 

Pcui 
Twc =fc 2 (2.2.7) 

, ri = f. 
PG(UG - UI )2 

2 (2.2.8) 

ReL =DLLL , Re. =D 
cG (2.2.9,2.2.10) 

_ 
4AL 

_ 
4AG 

DL 
PL 

DG 
PG + Si 

(2.2.11,2.2.12) 

Assuming fi = fa and that uß » uj and calculating the wall friction factors through 

the Blasius equation, they showed that both parameters 9 or yL and X are unique 

functions of the dimensionless film thickness, h/D. 

Chen and Spedding (1981) [31] also tried to justify the use of L-M parameters for 

stratified flow in a pipe, without considering a force balance and the interfacial shear 

stress. Their result, however, is very similar to that of Johannessen. 

Aggour and Sims (1978) [1] obtained a theoretical solution of stratified flow between 

two parallel plates by using the 1/7 power laws to represent the turbulent velocity 

profiles. The final results were expressed in the form of L-M parameters and are similar 

to those of Taitel-Dukler. 

Agrawal, Gregory and Govier (1973) [2] proposed an iterating procedure based on 

equations (2.2.4), (2.2.5), (2.2.6) and (2.2.8). The interfacial friction factor was 

calculated from the empirical equation suggested by Eillis and Gay (1959) [51] for 

channel flow 
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f=1.293 Re. -O' 57 (2.2.13) 

The wall shear stress in the liquid phase was estimated from equation (2.2.7), by 

using a pseudo-average liquid velocity. 

Russel et al. (1974) [105] solved numerically the equation of motion for the laminar 

liquid phase and presented graphically the relation between a dimensionless flow rate 

, Q'L, and the film thickness assuming 'r = TWa. In fact, this solution is almost identical 

to that of Taitel-Dukler for the case of turbulent gas-laminar liquid, with the small 

differences between the two models due to the better modelling of the shear stress of 

the liquid in Russel's model. 

Cheremisinoff and Davis (1979) [35] extended Russel's model to a turbulent liquid 

phase. In their numerical analysis, they used Von Karman's equation for the turbulent 

core and Deissler's equation for the wall region. They assumed that the interfacial 

friction factor can be given by: 

ff = 0.00355 for smooth interface (2.2.14) 

fi = 0.0142 for small-amplitude waves (2.2.15) 

fi = 0.008 +2x 10'SRe'L for roll waves (2.2.16) 

where 

Rey - 
UL [ 7cD 

] 

=2 (2.2.17) 
Li 

For small h/D, Re's, is very close to ReL. The above correlation were taken from the 

papers of Cohen and Hanarrty (1968) [40] and Miya et al. (1971) [98] respectively, and 
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are based on data from channel flows. 

Shoham and Taitel (1984) [107] extended the work by Cheremisinoff and Davis. A 

modified Van Driest model was used for the wall region, while a constant value for the 

eddy viscosity was assumed for the turbulent core. In contrast with the model of 

Cheremisinoff and Davis a radial dependence of the velocity was not assumed. Their 

analysis [6] would seem to be an improvement for upward flows. 

2.2.1.1 - Modelling Of Interfacial Shear Stress 

The primary need in the modelling of stratified flow is to develop an appropriate 

model for the interfacial friction factor. Crowley and Rothe (1988) [44] have shown 

the dependence of the holdup and pressure drop solutions for stratified flow upon the 

interfacial friction factor ratio fi / f, g (in the range of 1 to 10). 

In the simplest approach, the interfacial friction factor is assumed to be the same as 

the friction factor at the gas-wall interface (Taitel-Dulder, 1976) [118]. This assumption 

of f, = f,, g or fi / f,, g =1 is the equivalent of assuming a smooth gas-liquid interface , 
i. e. 

the effect of waves at the interface is neglected. This model represents the bounding 

limit (lower bound) to the possible effects of interfacial shear. Crowley et. al. (1988) 

[44] have shown that this model tends to overpredict the liquid holdup and to under- 

predict the pressure drop for stratified flows. 

The next class of models is empirical equations which mainly attempt to correlate 

interfacial shear data for stratified-wavy flows in a channel. These correlation include 

the ones proposed by Hanratty andEngen (1957) [66], Ellis and Gay (1959) [51], Smith 

and Tait (1966) [113], Cohen and Hanratty (1968) [40], Davis (1969) [47], Miya et. al. 

(1971) [98], Gayral et. al. (1979) [56] and Tsiklaurt et. al. (1979). 
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Ellis and Gay correlated their results using Blasius type equation. They found that 

the friction factor for a smooth surface is: 

fG = 1.293 ReG , 5' (2.2.18) 

while the friction factor for a wavy surface is: 

f=0.28 Rey i; 0.172a 
(2.2.19) 

where Rea = ha U0/vß gas-phase Reynolds number for a channel 

hG = gas phase thickness 

and yo = roughness characteristic. 

Cohen and Hanratty [40] found that for flows over three-dimensional waves, the 

interfacial friction factor assumes a constant value and it is only mildly affected by the 

roughness characteristic. The interfacial friction factors for roll waves calculated by 
q8 

Miya et. al. ['ja], using an assumption of two-steady states, showed a linearity with 

respect to liquid phase Reynolds number, ReL. This linear expression was reported by 

Anditsos (1986) [ 6] as: 

f=0.008 + (2 x 10 S ReL) (2.2.20) 

where ReL = uL hlvL 

Smith and Tait [113] covered a large range of liquid and gas flow rates in their study. 

Their data show that the interfacial friction is approximately the same as that for a 

smooth wall when the interface is smooth, but that it increases with increasing gas 

velocity after the inception of waves. 

The experiments of Gayral et. al. [56] can be approximated by the correlation: 

ti; =0.015(ReGx1O )3pL gh (2.2.21) 

Tsiklauri et. al. gave a theoretical equation for the interfacial shear stress which, 

however, underpredicts their own data (Andritsos, 1986) [6]. Andritsos recommended 

an equation for the interfacial friction factor, which correlates well their data: 
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f=0.0055 + 0.026 ReL x 10-3 (2.2.22) 

A study of interfacial shear stresses for horizontal stratified flow in a pipe was carried 

out by Kowalski (1984) [88]. In this study the interfacial shear stress was determined 

by two methods (Andritsos and Hanratty) [6]; (1) from a momentum balance (2) from 

an extrapolation to the interface of measurements of the Reynolds shear stresses. The 

latter method is based on the fact that the Reynolds shear stress usually dominates over 

the viscous component of the shear stress. The following equations were recommended 

for smooth and wavy interfaces respectively: 

I; = 0.96 Re*-0.52 (2.2.23) 

f=7.5 x 10-x(1- a)-0'" ReG '3 ReL°°'83 (2.2.24) 

where ReG = 
UG DG, 

ReL = 
UL DL 

Re; = 
UscDG 

VG VL VG 

Kowalski found that the interfacial friction factor obtained from Reynolds stress 

measurements were 15 to 30% lower than those calculated through the momentum 

balance. 

Agrawal (1973) [2], Cheremisinoff-Davis (1979) [35], Lin-Hanratty (1984) [91], 

Shoham-Taitel (1984) [1071, and Laurinat-Hanratty (1984) [90] have all attempted to 

correlate interfacial shear data for stratified-wavy flows as summarized in Table 2.2.1. 

These correlations have typically been developed based upon experimental data at small 

pipe sizes (1 to 2 inches) and low gas density (air near atmospheric pressure). The ability 

of these models to describe stratified flow behaviour at large pipe size and high gas 

density has been assessed by Crowley and Sam, 1986 [45]. Conclusions from this work 

are that the models proposed by Agrawal, Lin-Hanratty, and Cheremisinoff-Davis do 

not scale well to large pipe size and high gas density. The model proposed by 

Shoham-Taitel, which amounts to a constant ratio of f jf f, jay, and the model proposed 
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by Laurinat-Hanratty were found to give reasonable agreement with the data. 

More recently, attempts have been made to model interfacial friction by more 

mechanistic approach in which the height of the waves at the gas-liquid interface is 

modelled, and then the interfacial friction is determined as a "rough-pipe" friction based 

upon the height of those waves. The models proposed by Andritsos-Hanratty (1986) 

[6], Oliemans (1987) [101], and Baker (1988) [13 & 14] are in this category see Table 

2.2.1. Assessment of the Andritsos-Hanratty model against experimental data at large 

size and high gas density (Crowley et. al., 1987) [46] shows that this model tends to 

overpredict the pressure drop to a greater extent than the Laurinat-Hanratty correlation. 

The method suggested by Oliemans follows the mechanistic approach, but the model 

for the height of the waves is not presented (it was proprietary). Baker has recently 

proposed a model consistent with this approach , and one which is very successful in 

predicting the pressure drop and holdup in operating pipelines (Baker, 1988). 

2.2.1.2 - Modelling Of Wall Shear Stresses 

Models in the literature vary in the level of detail at which the wall shear stresses (ti 

and tiw, g) are treated in the analysis. Three levels are identified here: 

(i) The simple use of the Blasius friction factor relationships for smooth pipes, in both 

phases (liquid and gas), (Taitel and Dukler, 1976) [118]. 

(ii) Detailed solution of the turbulent or laminar velocity profiles in the liquid phase 

with the simple model in the gas phase (Cheremisinoff-Davis, 1979 [35]; Shoham- 

Taitel, 1984, [107]). Cheremisinoff and Davis, chose to develop a correlation for 

h (ttW/p)'n/v rather than for fL. The advantage (as they say) is that such an approach is 

better able to account forchanges in the shape of the velocity profile in the liquid caused 

by the gas drag at the interface. The disadvantage, in comparison with the original 
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Taitel-Dukler approach, is that a trial-and-error solution must be used to calculate the 

pressure drop and h/D. 

A modification of the Cheresmisinoff-Davis correlation has been proposed by 

Andritsos-Hanratty (1987) [7]. The characteristic stress in the liquid was taken as: 

+ITj (2.2.25) tic=2TWL 1-L 
D) 3 

A friction velocity and a dimensionless liquid height are defined as: 

uc = (tcI PL)1n (2.2.26) 

h+ =h u*lv (2.2.27) 

A reasonable representation for dimensionless liquid height for both turbulent and 

laminar cases is: 

h+ _ (1.082 Ree's)s + 0.098 Ree*as I- 
h 115 0.2 

(2.2.28) 

Andritsos and Hanratty, however, have concluded that, following the above procedure, 

a slight improvement of the Blasius equation is gained. 

(iii) Detailed solutions of the velocity profiles in both the gas and the liquid phases 

(Issa, 1988) [80]. Issa has demonstrated that the difference between the predictions of 

the simple stratified flow analysis suggested by Taitel and Dukler and the very detailed 

analysis is small, when the interfacial shear is the same. Therefore, simple models such 

as: 

tiWý =f 
122Ult (2.2.29) 

2 

'TWG =fw 
P2G (2.2.30) 
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can be used for the wall shear stresses with little loss in accuracy. Here the friction 

factors fwL and ffa are given by the appropriate friction factor model for the particular 

pipe being analyzed. For example, a simple Blasius model could be used for smooth 

pipes. 

2.2.1.3 - Interfacial Level Gradient (ILG) 

As mentioned earlier, stratified liquid-gas flow is a basic flow pattern from which 

other patterns develop as the liquid and gas rates are varied. Although stratified flow 

is simple, achieving stable uniform stratified flow using high-viscosity Newtonian 

liquids or even low-viscosity liquids in large diameter pipelines presents several 

difficulties not experienced with small diameters or other liquid-gas flow patterns. One 

of these difficulties, is the existence of interfacial level gradient [ILG] (change in the 

liquid depth along the channel). Flow with ILO (non-uniform stratified flow), can 

possibly affect liquid holdup, flow-pattern transition and the assumption of an equal 

axial pressure gradient in each phase, which is a basic assumption in the often-used 

Lockhart-Martinelli (1949) [93] pressure drop model. 

Holden (1948) [72], Bergelin & Gazley (1949) [22] and Gazley (1948,1949) [57 & 

58] were the first workers to call attention to the unequal two-phase axial pressure 

gradients which can exist in stratified flow as a result of non-uniform flow ILG 

behaviour. Holden and Gazley both measured the liquid level along the test section and 

the axial static pressure in the gas phase only. Jensen (1972) [81] and Arruda (1970) 

[12] also measured the liquid level but did not discuss the existence of ILG. 

Simpson et al. (1976,1981) [110 & 111] measured the axial pressure gradient in the 

gas phase, and in the liquid phase in large-diameter tube, using centreline tapping points. 

Simpson et al. called special attention to ILG and to the large differences in the two 

pressure drop measurements and the error introduced by using centreline pressure taps 
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in large diameter tubes if significant ILG exists. Other than Holden, Gazley and Simpson 

none of the early experimenters reported measurements of ILG or made reference to 

the presence of ILG. 

Recently, Bishop & Deshpande (1986) [24] made an extensive study of the stratified 

data available in the literature (including the data of Holden, Gazley and Simpson). In 

their analysis, they used the dimensionless form of the energy equations (one for gas 

phase and one for the liquid phase), in the same way as Taitel & Dukler (1976a). Bishop 

considered three terms more in the energy equations compared to those of Taitel & 

Dulder (equations 2.2.4 and 2.2.5). The three terms are: 

(i) Gas kinetic energy term, 

aPGd(U ) 
2 dx 

(ii) Liquid kinetic energy term, 

aPL d (U, 2) 
2 dx 

where the parameter a accounts for radial variation in the velocity profile and is 2 for 

laminar flow of a Newtonian fluid through a circular tube. 

(iii) ILG in liquid term, 

dh 
g PL 

where h is the liquid height in the tube 

The final dimensionless equation for inclined stratified flow with ILG, obtained by 

Bishop & Deshpande took the form: 

XZF(RL, n, m)-F RL , 
f-`, fý 

- Z- 4Y =0 (2.2.31) fwc fwc 
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where F is function relationship involving the parameters within the brackets; n and m 

are the exponents of the Reynolds number in the friction factor relationship. X Is the 

Lockhart-Martinelli parameter, fiL and fia are the interfacial friction factors for liquid 

and gas respectively. RL is the liquid holdup. The parameter Z represents the equivalent 

relative dimensionless force acting on the liquid in the direction of the flow due to the 

ILG and any other difference in the two-phase pressure gradient in each phase, and the 

Y parameter to account for tube inclination (introduced by Taitel & Dukler, 1976a). 
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Liquid Gas Subscript Value of C 

Turbulent Turbulent tt 20 

Laminar Turbulent It 12 

Turbulent Laminar ti 10 

Laminar Laminar 11 5 

Table 2.1.1 Values of C to fit the Empirical Curves of 

Lockhart & Martinelli (Chisholm 1967) [43] 
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rC kg/m2s ýB 

9.5 500 4.8 

500 <G< 1900 2400/G 

1900 55/G°"s 

9.5 <r< 28 : 600 520/rG°"3 
> 600 21/r 

>_ 28 15000/r2G°"5 

Table 2.1.3 Values of Coefficient B from Chisholm 

Liquid Volume 

fraction (1-6) Z" 50 Z" 100 Z" 200 Z" 500 Z" 1000 

0 50 100 200 500 1000 

0.00001 56.5 113 225 565 1125 
0.00002 58.5 117 235 585 1175 

0.00001 62.0 120 248 620 1230 

0.00007 63.5 127 254 63S 1200 
0.0001 61.5 129 258 645 1150 
0.0002 66.0 132 255 580 950 

0.0004 67.5 129 249 470 680 

0.0007 65.0 121 219 385 470 

0.001 62.0 115 199 325 370 

0.002 58.0 99 153 215 215 
0.001 50.0 82 105 120 120 

0.007 11.0 60 71.0 72.5 72.5 

0.01 34.5 18 53.0 53.0 53.0 
0.02 24.0 29.2 29.2 29.2 29.2 

0.04 15.0 16.1 16.1 16.1 16.1 

0.07 9.90 9.9 9.90 9.90 9.90 

0.1 7.10 7.0 7.40 7.10 7.10 

0.2 4.05 11.05 4.0$ 1.05 4.05 

0.1 2.22 2.271 2.22 7.22 2.22 

0.7 1.38 1.38 1.38 1.38 1.38 
1.0 1.0 1.0 110 1.0 1.0 

Table 2.1A Data for constructing Fig. 2.1.7 

Chenoweth and Martin 
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RMYMCE SMOOTH INTERFACE YAVT (ROUGE) INTERFACE 

TAITEAUCIR (1976) f; a f. t No Model 

AGRA: AL (1973) No Model (I a 0.646 /Regst 

L! $-HANRATTY (1984) No Model fin f. t (1 + ohs. ) 

him a 6t PJ t/ [ 
I J 

C 1SINOFF-DAYIS (1979) ft a 0.00355 fi a (0.008 + (2x10^t)(Ref1] 
`I 

SH0ffAM--TAITII. (1984) finf. t fIa0.0142 

LAURINAT-BANRATIT (1984) No Model fin f. t 
(2. Sxl0ýs)Refs 

2+ 

ANDR! T50S-$ANRATTT (1986) ft a f. t fI f. g (1 + 15h'o. iJ(f 

0LIF31ANS (1987)" No Model f i]^ 
a ((Y1 - YI) 

`t 
[] 

a3f lit] 

fIT 
a -4 log (2 f pS + 

eýR(s 
+ 3.4E 

li 

BAKU (1988) if (: et/Atfoo"J) If (Tes/ArEao"s) > 0.005 

tt a 
(3ýj 

) +Eo)o. 
I . gl a 

(170c( 
P s 

S a) C, a 
(Sit, + c, and fi gtTee by same equations is 

t+s 'smooth interface. 

ta2 logo ý(t 
+ 

2.51 
J. Re IV f+J 

Me functional relationship for (4hi /D0) is not given explicitly 

Table 2.2.1 Summary of Interfacial Friction Factor Models for Stratified (Turbulent) Flow 
(from Ref. [44]). 
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Photemutliplier tube Collimator assembly (lead) 

Scintillation 
crystal Alttnuator 

Impedance- 206-mm-10 pipe 
matching stage [tagging not shown) 

SCALE mm 

Vertical array of 
Hid- 0 

t00 200 
upper 

seven detector Lead-disk collimator 
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Outline A represents rigid detector support plate 
Outline 8 represents lead shielding box (cut away for beam entry) 

Fig. 2.1.8 Multibeam x-ray system of multiple cordal-mean 

void fractions 

Detector PK tube 
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Detector casks 
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ýLecd collimator 
Center of active 
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Mounting clamp 

14-in SCK 160 piping 
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Fig. 2.1.9 Three-beam gamma densitometer 
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Fig. 2.1.10 Neutron-scattering method for void fraction 
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CHAPTER THREE 

APPARATUS AND GENERAL INSTRUMENTATION 

3.1- Test Rig 

The layout of the apparatus used in the experimental studies is shown in figure 3.1.1. 

The 34 m test section and all other pipe work was made from PVC except 2.55 m 

clear perspex (observation section). Control valves Cl and C2 were butterfly valves 

(Crane type mss sp-67) and valves C3 and C4 were gate valves. All of the pipe work 

was supported by more than 60 welded steel brackets fixed to the walls at a height 1.9 

m from floor level. Great care was taken to ensure that these brackets were completely 

horizontal. This involved the use of laser beam, theodolite, and spirit levels. 

A centrifugal pump (Worthington-Simpson monoblock type 4DM6, driven by 30 HP 

Motor) was used to pump the water from the Water Tank around the circuit, the flow 

rate being controlled by the valve C1 and the by-pass arrangement to the Water Tank. 

The water flow rate was measured in terms of the pressure difference across one of the 

two sharp edged orifice plates (50.75 mm or 88.90 mm diameter depending on the flow 

rate) inserted into the pipe line at a distance of 41 diameters from bend A. The water 

then passed to the mixing device, via valve C2, and the emergent air-water mixture 

entered the test section after traversing two 90' horizontal bends. The mixing device 

was located at a distance of 35 diameters downstream of the water flow plate as shown 

in detail in figure 3.1.1, a photograph of the device is also shown in figure 3.1.3. The 

purpose of the mixer was to promote mixing of the air and the water which entered 

separately. The water entered through a series of circumferential holes drilled in a 

blanked off length of flow pipe protruding into the volume chamber of the device. The 

air also entered via circumferential holes in four blanked off injection pipes inserted 

radially into the mixer to help break up the air jets and promote mixing. The mixing 

process was further assisted by wire mesh packing in the volume chamber and at exit 

from device. 
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The test section was 34 m long and manufactured from 0.203 m nominal bore PVC 

tubing with a 2.55 m clear perspex observation section. Thirty six pressure tapping 

holes 1.6 mm diameter were located initially at 2m and later 1m interval along the test 

section length and diametrically opposite each other on the top and bottom of the tube. 

The axial positions of these tapping points are shown in figure 3.1.1. The tapping points 

were all connected to a multi-tube, manometer-piezometer system by means of a flexible 

connecting tubes as shown in figure 3.1.2 and the photographic views shown in figure 

3.1.4. Purging system were also employed in the circuit to free all the connecting tubes 

from any air lock. Two depth gauges, y-ray attenuation assembly, and Electromagnetic 

Flow Meter all constitute part of the test section. Depth gauges and the Gamma ray 

assembly are given in more details in the chapters 4 and 5 respectively, but the Elec- 

tromagnetic flow meter figure 3.1.5 is not used in this study. 

3.2-Water Flow Rate Measurement 

Two orifice plates were used during the experiment to measure the water flow rates. 

These were installed in the 0.127 m PVC section (41 diameters before the mixing device 

) and had diameters of 50.75 mm and 88.90 mm for low water flow rates and high water 

flow rates respectively; a photographic view is shown in figure 3.2.1. These were 

designed and manufactured according to B. S. 1042,1964, more details on the design 

and calibration of these orifices is given in reference [3]. 

The calibration results for both orifices were as follows: 

Orifice plate 50.75 mm diameter 

Q =0.000173 h`R m3/sec (3.1.1) 

Orifice plate 88.90 mm diameter 

Q=0.0006256 h In m3/ sec (3.1.2) 

Where, h is the head across the orifice in mm of H2O. 
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3.3-Air Flow Rate Measurements 

Air flow rates were measured using two orifice plates ( depending on the air flow 

rate needed in a particular test run ) designed and manufactured according to British 

Standard (B. S. ) 1042: part 1: 1964. The orifices diameter were 17.525 mm and 41.328 

mm, inserted into two air pipeline systems of diameters 25.4 mm and 50.8 mm 

respectively. The high air flow rates were measured using the 50.8 mm pipeline (41.328 

mm diameter orifice plate ), and the 25.4 mm pipeline (17.525 mm diameter orifice 

plate) is designed for low air flow rates. In the present set of experimental results, 

however, a set of four rotameters, which cover the lower 20% of the flow range, which 

were previously calibrated according to B. S. 1042 [3] were used for low air flow rate 

measurements. Photographic views of the assemblies are shown in figure 3.3.1. Detailed 

design and calibration results is given in reference [3]. The following equations were 

obtained: 

For orifice plate diameter 41.328 mm 

Q=2.632 x 10-4 ZR E[H 
T ]/2 

m3/s (3.3.1) 

And 

ZR = 1.2434 - 0.02784 [InRd] + 0.000739 [InRd]2 (3.3.2) 

and 

E=1-3.9 x 10-5 
1R1 (3.3.3) 

For orifice plate diameter 17.525 mm 

r 
Q=4.0 x 10-S ZR EIHT 

]l 
/2 m3/s (3.3.4) 

And 
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ZR = 2.0244 - 0.2414 [lnRd] + 0.1969 [lnRd]2 - 0.00055 [lnRd]3 (3.3.5) 

and 

= 1- 3.466 x 10-5[R 
] 

(3.3.6) 

Where 

4= correction factor dependent on Reynolds No. and area contraction ratio m 

c= expansion factor dependent on pressure and head difference across orifice plate 

H= head difference across orifice plate mm H2O 

P= upstream pressure bar 

T= upstream temperature K 

Rd = Reynolds number based on orifice conditions=3.54 M/µd 

µ= viscosity poise 

M= mass flow rate kg/s 

d= orifice diameter mm 

3.4 - Temperature Measurements 

The temperature of air and water in different stations along the pipeline were measured 

using copper-constantan thermocouples. Seven temperature measuring stations were 

used, two at air supply lines ( 25.40 mm diameter pipeline for low air flow rates, and 

50.8 mm pipeline for high air flow rates ) located downstream of the orifice plates, one 

downstream of the water orifice plate, and four in the test section, two at a distance ( 

one on top and one on the bottom ) of 9.074 m from the inlet to the test section, and the 

other two at a distance of 28.429 m from the inlet. All thermocouple stations are shown 

in figures 3.1.1 and 3.1.2. All the thermocouples were connected to a multi-channel 

digital thermometer, which is calibrated to give a direct temperature reading in T. 
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3.5 - Pressure And Pressure Gradient Measurements 

A total of 36 tapping points were used to measure the pressure distribution along the 

test section ( 34 meter long), 23 on the bottom of the tube and 13 on the top, distributed 

initially at 2m and later at 1 in intervals, diametrically opposite each other. The axial 

positions are shown in figures 3.1.1 and 3.1.2. These are all connected by means of 

flexible tubes to two boards of a multi-tube, manometer-piezometer systems, one for 

the top tappings and the other for the bottom tappings, photographic view for the two 

boards is shown in figure 3.5.1. The piezometers were made of 4 mm bore glass tubes 

and connected to the pressure lines through needle valves. The top of the glass tubes 

were connected to a common header by plastic tubing. Provisions were made for 

pressurising the header using the main air supply line, and for measuring the pressure 

inside the header using an air-mercury, U-tube manometer. Valves were also installed 

at each branch point from the header and these, in conjunction with the valves at the 

inlet to the piezometers, allowed flexibility and isolation of any of the pressure lines 

without affecting the whole unit. Pressure pulsations on the manometer-piezometer unit 

were throttled using clamps on the plastic tubing at the inlet to piezometers. Due to the 

fluctuation involved, and the time taken to read all pressure readings in all tapping points 

for each test; a Camera was used to take all points at an instant of time to improve the 

pressure gradient measurement accuracy, and to minimize the time taken for each test 

to maintain the steady state condition. All the piezometers reading was kept in view of 

the Camera by adjusting the air pressure in the common header. 

3.6 - Purging System 

When measuring pressure, it is important to keep the pressure lines (when filled with 

liquid) free from bubbles which could cause errors due to gravity, capillary action, etc. 

This can be difficult with two phase flow were pressure fluctuations or flow instabilities 

tend to force the lighter phase into the pressure line where it is trapped. It is therefore, 
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necessary to purge all the pressure lines before any readings are taken. All pressure 

lines were connected to a purging system (from the mains) through a needle valves at 

the piezometer inlets. In the present number of tests, only the bottom pressure tappings 

were used, which minimized the need for frequent purging, during each set of tests, 

because of the fact that the bottom of the tube was always occupied by the liquid (water) 

phase. Figure 3.1.2 shows the purging lines for the test section pressure tappings, and 

for water orifice plate. 

3.7 - Void Fraction Apparatus 

Void fraction measurements were made at a point in the test section 28.067 m from 

the inlet, the flow conditions being settled at this point. The measurements were made 

using a traversing vertical y-ray densitometer apparatus specially designed and con- 

structed for the purpose. Full details are given in chapter 5. 
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Figure 3.1.3 Air Water Mixer Arrangement 

1-5 inch (127 mm) Diameter Tube 

2- Air Water Mixer 

3-8 inch (203 mm) Diameter P. V. C. Tube 

4- Air Nozzle (Air Inlet To The Mixer) 
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Figure 3.1.4 Photographic view of manometer-piezometer system (Board No. 1) 

1- Bottom Valve Manifold 

2- Electronic Capacitance Piezometer (Electronic Circuits In Perspex 

Box) N/A' 

3- Capacitance Piezometer Bank (C. P. B. ) 

4- Top Valves Manifold 

5- Air Manifold 

6- Prespex tube supports (Total Number 4) 

7-C. P. B. Cover (perspex sheet 1900 mm x 900 mm x 10 mnm) 

* N/A Not applicable (i. e not used) 
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Figure 3.1.5 Photographic View Of The Electromagnetic Flow Meter 

I- Electromagnetic Flow Meter 

2- Supporting Steel Frame 

3 Pressure Tapping Point (top) 
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Figure 3.2.1 Water Orifice Plate 

1- Water Orifice Plate 

2-5 inch Diameter Pipeline 

3- Low Pressure Orifice Tapping 

4- Absolute Pressure Transducer N/A 

5- Differential Pressure Transducer N/A 

6- Thermocouple (Temperature Measurement) 
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Figure 3.3.1 a2 inch Air Orifice Plate 

1-2 inch Air Pipeline 

2-2 inch Orifice Plate 

3- Thermocouple (Temperature Measurement) 

4- Absolute Pressure Transducer N/A 

5- Differential Pressure Transducer N/A 

Figure 3.3.1b 1 inch Air Orifice Plate 

6-1 inch Air Pipeline 

7-1 inch Orifice Plate 

8- Thermocouple 

9- Absolute Pressure Transducer N/A 

10 - Differential Pressure Transducer N/A 
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Figure 3.5.1 Manometer-Piezometer Boards 

A. Board No. 1, B. Board No. 2 

1- Board Frame 

2- Bottom Valve Manifold 

3- Electronic Capacitance Piezometer (Electronic Circuits In Perspex 

Box) N/A 

4- Capacitance Piezometer Bank (C. P. B. ) 

5- Top Valves Manifold 

6- Air Manifold 
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FIG. 3.5.1 b FIU. 3.5.1a 
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CHAPTER FOUR 

WATER LEVEL CHANGE MEASUREMENTS (Hydraulic Gradient) 

Two depth gauges, two wave monitors, analog to digital (AI13) card and an Apple 

computer were the main items of instrumentation used to measure the water level change 

in a 203 mm diameter tube during stratified flow conditions. The description of each 

of them is given below. 

4.1- Depth Gauge 

The standard form of a depth gauge (probe) consists of a pair of parallel stainless 

steel wires, 1.5 mm in diameter and spaced 12.5 mm apart. However the design of the 

drive and sensing circuits in the wave monitor enables a very wide variety of probe 

configuration to be employed. The instrument is a simple and robust device for the 

measurement and recording of water waves in hydraulic models and ship tanks. It works 

on the principle of measuring the current flowing in the parallel stainless steel wires. 

The probe is energised with a high frequency square wave voltage from the wave monitor 

unit to avoid polarisation effects at the wire surfaces. The wires dip into the water and 

the current that flows between them is proportional to the depth of immersion. The 

current is sensed by an electronic circuit which provides an output voltage proportional 

to the instantaneous depth of immersion i. e water level. The output voltage can be 

calibrated in terms of water height by varying the depth of immersion of the probe in 

still water by a measured amount, and noting the change in output signal (see the 

calibration procedure). 
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4.1.1- Depth Gauge Design 

The design procedure followed to construct a suitable configuration for the purpose 

required was a lengthy trial and error procedure as may be expected. The first con- 

figuration chosen was that of the standard form i. e a pair of parallel stainless steel wires, 

1.5 mm in diameter and spaced 12.5 mm apart, with the length of the wires 

limited by the tube diameter and the minimum length needed for the job. This standard 

form was constructed and tested, but did not work (no signal was detected); the 12.5 

mm spacing is associated with long lengths of wire used in hydraulic models, ship tanks 

and support structures . The length of wire in this experimental work was limited by 

the internal diameter of the pipeline (203 mm). It was therefore necessary to determine 

a wire spacing appropriate to the shorter length design. A trial and error procedure was 

employed, involving the change of the spacing, wire diameter and to very limited extent 

the length of the wires (limited by the tube diameter and the minimum length required). 

Many combination were constructed, tested and calibrated which took a very long time 

(from the research time) than what was intended. The best combination found is that of 

the two parallel stainless steel wires of diameter 2 mm, spaced 6 mm apart, and with 

wires length of 181-5 mm. The two wires were then fitted into a special plug (figures 

4.1.1 and 4.12) and fitted into the pipeline. The spacing between the wires was guarded 

by the PVC plug at the top and a small piece of perspex at the bottom (figure 4.1.1). 

The bottom face of the plug was machined in such a way that it coincides with the inside 

curvature of the tube when positioned in the PVC square block which welded to the 

tube. The shaping of the plug in situ to the inside curvature of the tube prevents any 

disturbance to the flow. Also in this design an account was taken to keep the two stainless 

steel wires in line with each other in the direction of the flow, again to minimize the 

disturbance of the flow. 
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4.2- Wave Monitor Unit 

This is a standard double wave monitor unit made by Churchhill Controls. The unit 

is divided into three modules; A. C. Power supply module and two wave monitor 

modules; one for each probe. All are assembled and rack mounted in special casing. 

The A. C. power supply is mains operated and provides regulated D. C. output voltages 

of + and - 15 volts with a sufficient capacity to operate 7 wave monitor modules. The 

associated wave monitor module carries the energisation and sensing circuits and means 

for compensating for the resistance of the probe connecting cable. When probes are 

used in close proximity to each other each of the wave monitor modules can be energised 

at different frequency to avoid mutual interaction. The wave monitor module is also 

provided with two other functions; SET DATUM which enables the output signal to 

be set zero, i. e to earth potential, for any initial depth of probe immersion, and SET 

OUTPUT which attenuates the output signal and enables it to be set to a value between 

zero and ± 10 volts. 

In the present study the datum (zero signal) was set at the point when the probe is fully 

immersed in water i. e at tube full (water only). This datum was chosen so that it can be 

checked and readjusted if needed at any time during the testing. The disadvantage of 

having zero datum signal at tube full is that the signal received for other depths of liquid 

will be negative, and had to be converted to positive signal to suit one of the full-scale 

ranges of the Al 13 (computer card) for better accuracy. 

4.3- A/D Converter (AI13) 

The AI13 analog input system is a high-performance 12-bit data acquisition system 

for the apple II computer. It plugs directly into one of Apple expansion slots (in slot 3 

in the present case) and gives the Apple the ability to make precision voltage 

measurements. The A113 is designed to accept analog voltage inputs and to output 
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sampled voltages conditioned for analysis by the computer program. It can select one 

of 16 input channels, scale the input according to one of 8 full-scale ranges, and return 

the result in less than 20 micro seconds. The signal was adjusted to a maximum 

acceptable by the computer of 5 volts. 

4.4- Calibration Procedure 

An overall calibration from water heights to output voltages was performed by the 

set-up shown on figures 4.4.1 and 4.4.2. The probe was attached to a Height Gauge 

Vernier as shown (figure 4.4.2), and the change in output voltage was noted when the 

probe is raised or lowered by a known amount (20 mm in this calibration) in still water. 

A computer program was written to enable the apple computer to accept the processed 

signal from the All 3. The program was designed to take ten readings for each step, 

each of which is an average of ten readings. Then 8 of the averaged readings were again 

averaged (the maximum and the minimum readings were rejected) to get the final answer 

(this did not make any appreciated change to the answer during calibration). The pro- 

gram used for calibration and the program used for actual testing are both given in 

appendix D. The calibration results are shown in figures 4.4.3 and 4.4.4 for both probes. 

In situ calibration was also preformed for different water levels (still water levels) in 

the test section, the readings for both probes were noted and plotted on figure 4.4.5. 

The recorded height difference between the two probes is zero up to a depth of water 

in tube equal to 80 mm, thereafter the difference increases to 2.5 mm as the depth 

increases to 170 mm. Most data were up to 135 mm depth of water with a corresponding 

difference of --1 mm. All data were corrected accordingly. 



Figure 4.1.1 Photograph Of The Depth Gauge (Probe) 

- Two Stainless Steel Wires 

2- Perspex Piece (Bottom End Holder) 

3- PVC Plug 

4- Perspex Piece With Two Sockets For Connecting Cable 
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FIG. 4.1.1 



Figure 4.1.2 Depth Gauge Arrangement In The Test Section 

1-8 inch (203 mm) Diameter P. V. C. Tube 

2- PVC Square Block Welded To The 8 inch Diameter Tube 

3- PVC Plug 

4- Connecting Cable 

5- Perspex Piece 

6- Banana Plug 
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Figure 4.4.1 Photogaph Of The Calibration Set-up 

I- Two Stainless Steel Wires 

2- Glass Container Filled With Water 

3- Height Gauge Vernier 

4- Wave Monitor Unit 

5- Digital Volt Meter 

6- Power Supply Filter 

7- Signal Converter (From Negative To Positive Signal) 

8- Apple II Computer 

9- Printer 

10 - A/D Converter 

11 - Probe Holding Clamp 
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Figure 4.4.2 Photogaph Of The Calibration Set-up 

1- Two Stainless Steel Wires 

2- PVC Plug 

3- Glass Container Filled With Water 

4- Probe Holding Clamp 

5- Height Gauge Vernier 

6-A. C. Power Supply Module 

7- Wave Monitor Module For Probe One 

8- Wave Monitor Module For Probe Two 

9- Power Supply Filter 
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CHAPTER FIVE 

VOID FRACTION MEASUREMENT TECHNIQUE, 

APPARATUS AND CALIBRATION 

Void fraction measurements were made at a point in the test section 28.067 m from 

the inlet. The flow conditions at this point are settled. The measurements were made 

using a traversing vertical y-ray densitometer apparatus especially designed and con- 

structed for the purpose. 

In this apparatus, a narrow beam of y-rays (- 3 mm) was allowed to pass through 

a chordal section of the tube and attenuated according to the density ( and hence the 

void fraction) of the fluid in the chordal strip. By traversing the beam, in steps 

across the whole tube cross-section, a distribution of chordal densities or void frac- 

tion could be obtained by measuring the degree of attenuation. Integration of the 

chordal void fraction values over the total cross-section gave the mean void fraction 

in the tube. 

The radioactive source of y-rays used in this experiment was Caesium 137, half life 

33 years and peak energy value 0.662 Mev. 

5.1 Principle of y-Ray Attenuation Technique 

A vertical beam of y-rays emitted from the radioactive source is collimated into a 

thin strip beam and allowed to pass through the tube. In passing through the tube, the 

beam is attenuated to a degree dependent on the density of the tube contents. Thus 

the intensity of the emergent (attenuated) beam is a measure of the tube contents den- 

sity or voidage. 

The intensity of the emergent beam is measured by allowing the grays to impinge 

on a Sodium-Iodide crystal and produce light flashes or scintillations. The light pho- 

tons produced impinge on the photo-cathode of a multi-stage photomultiplier tube 
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and releases a photo-electron which passes down the tube. Each stage of the 

photomultiplier tube gives an electron gain, giving an overall gain in the photomul- 

tiplier tube of about 106. The signal voltage from the anode of the photomultiplier is 

fed to an amplifier and hence to a pulse height analyser, the amplitude of the voltage 

pulses being proportional to the energy of the y-rays absorbed by the crystal. The 

function of the pulse height analyser is to impose an upper and lower voltage barrier 

so that only voltage pulses within a fixed amplitude range are allowed to pass 

through, this provides a facility for rejecting the effects of lower energy stray or scat- 

tered y -rays on the crystal. 

The voltage pulses from the pulse height analyser pass to a counting and timing 

unit which allows a display of the number of y-rays absorbed by the crystal to be 

made. In addition, a D. C. pulse voltage is produced which is proportional to the pulse 

repetition rate and this voltage, suitably amplified, is coupled to a meter to give a 

measure of the count rate. 

The basic apparatus required for the y-ray attenuation technique is shown diagram- 

matically in figure 5.1.2, and photographic view of all the apparatus in position are 

shown in figure 5.1.1. 

5.2 - Measurement of Chordal Void Fraction 

Consider the attenuation of a series of 1-rays passing through a medium of thick- 

ness x and density p as shown in figure 5.2.1, where Io is initial intensity of the beam 

and Ix is the intensity of attenuated beam. 

The two intensities I0 and Ix are related to each other by the exponential equation; 

ji _ lo e-ua= (5.2.1) 

where µ is the mass absorption coefficient for y-rays which depends on the type and 

wavelength of the radiation employed. 

Thus taking the natural log of equation 5.2.1 we get; 
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mix =a-bp 

where a and b are constants. 

(5.2.2) 

For the case of multiphase flow the mean density of the mixture must be used. There- 

fore equation 5.2.2 for the case of multiphase flow takes the form; 

lnI: =a-bp, (5.2.3) 

For a chordal path through a tube as illustrated in figure 5.2.3, the y-ray beam 

passes through a composite medium of air, perspex (tube wall) and tube contents. 

Under these conditions equation 5.2.1 becomes; 

1= lo e-"p'=. +o.:. +P. z> (5.2.4) 

where a, p, m are the air, perspex and mixture respectively. 

Again by taking natural log equation 5.2.4 becomes 

Inl= = lnlo-µ(pgxa+ppxp)-µp x 

=A -Bp, (5.2.5) 

where 

A= Inl, - µ(paX, + pxx) = constant 

B= µx = constant 

Consider a two-phase mixture flowing in a duct of cross-section area A and length dz 

as shown in figure 5.2.2. The mean density of the mixture in the element is; 

Po _ 
mass of mixture 

volume of the element 

_ 
(pgABdz + p, 4rdz) 

(As +Af)dz 

psA, 
+ 

(A -A, ) 

A 
pý A 
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p, ý = apg+(1-a)pf 

= pf-a(pf- p8) (5.2.6) 

where pg, pf are the densities of the gas and the liquid respectively. 

Therefore, for a given combination of liquid and gas 

p, � =C-Da (5.2.7) 

where C and D are constants 

Combining equations 5.2.5 and 5.2.7 

Inf, =E +Fa (5.2.8) 

where E and F are constants. 

From equation 5.2.8 it is clear that there is a linear relationship between the natural 

log of the emergent intensity of the y-rays beam and the chordal void fraction. Hence 

for a tube full of liquid a=0.0 and 

(lnlj)ý =E (5.2.9) 

and for tube empty a=1.0 and 

(lnls)e =E +F (5.2.10) 

Combining equations 5.2.8,5.2.9 and 5.2.10 the following expression for the chordal 

void fraction is obtained; 

[lnl: - (lnl: )h,, l] (5.2.1 1) 

Hence, from equation 5.2.11 it is clear that if the count rate from the scintillation 

counter, for tube empty, tube full and for tube containing two-phase mixture are 

known; the chordal void fraction for the two-phase mixture can be obtained. 

If the distribution of chordal void fraction is obtained; the mean void fraction for the 

two-phase mixture can be calculated by integrating the chordal void fraction. 

Details of the evaluation of the mean void fraction are given in Appendix C. 
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5.3 - Void Fraction Apparatus 

The main components of the void fraction apparatus included the following 

(i) Source holder and integral ist collimator. 

(ii) Shield for scintillating system with integral 2nd collimator. 

(iii) Scintillation crystal and photomultiplier tube. 

(iv) scaler-Ratemeter. 

Items (i), (ii), and (iii) were mounted on a traversing assembly which allowed the 

unit to be moved across the tube test section and hence chordal void fraction to be 

obtained. A graduated indicator, actuated by the movement of the traversing gear, 

identified the chordal position on the tube at which the measurements were taken. 

The traversing assembly, and the necessary lead shielding surrounding the radioac- 

tive source, collimators and scintillation crystal (the total weight being approxi- 

mately 3/4 Tonne) was supported on a solid steel structure bolted to the walls of the 

laboratory. Photographs of the traversing assembly are shown in figure 5.1.1, with 

some details of the layout and support structure in figure 5.3.1. 

5.3.1 - Source Holder and Integral Ist Collimator 

The radioactive source holder was manufactured in lead and so designed as to iso- 

late the source in a save position when the apparatus was not in use. Details are given 

in figure 5.3.2 with the three main parts being identified as A- main body, B- source 

loader and C- 1st collimator and cover. 

The main body was made by machining a single piece of lead, 160 mm in diameter 

and 180 mm long. It had recesses machined as shown to accommodate the top cover 

and the source loader. 

The source loader was 90 mm long with the front 50 mm machined to 25 mm diam- 

eter and the rear 40 mm diameter. A 10 mm diameter recess was drilled vertically 

into the front part, to accommodate the radioactive source, 10 mm from the front face 
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and 12 mm deep. The rear part was lined with a threaded steel bush 20 mm diameter 

and 30 mm deep to accommodate the insertion of a long rod for remote handling of 

the source when loading or unloading into or from the holder. The screwed insert 

was fixed by four small screws and a steel pin acted as a position locate. 

The top cover was a stepped cylinder construction 100 mm diameter for a length of 

20 mm and 80 mm diameter for a length of 20 mm, these fit into the corresponding 

recess in the main body. A small rectangular slot 10 mm x3 mm was machined 

through the cover offset from the centre line by a distance of 20 mm. Two locating 

pins ensured that the slot could be fixed in a position of alignment with the hole in 

the source loader or in a safe position away from source loader hole. 

5.3.2 - Shield Scintillation Crystal with Integral 2nd Collimator 

The shield from the scintillation crystal was manufactured in lead according to the 

details given in figure 5.3.3. The 70 mm internal diameter of the main cylinder was 

sized such that the scitillation crystal and photomultiplier was a sliding fit inside. A 

slot of diameter 10 mm x3 mm, machined into the base, formed the 2nd collimator. 

During the assembly of the apparatus, this slot was aligned with the corresponding 

slot in the cover of the source holder allowing a thin rectangular beam of y -rays to 

penetrate the test tube. 

5.3.3 - Scintillation Crystal and Photomultiplier Tube 

The scintillation crystal was a 60 mm diameter and 43 mm long, high quality 

Sodium Iodide Crystal located in an aluminium assembly which was screwed on the 

bottom of the photomultiplier tube window to form a demountable assembly. The 

scintillation detector type DM1-2 ( manufactured by Nuclear Interprises Ltd ), and 
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comprised of the scintillation crystal and several other items. These being eleven 

resisters ( 2.2 mS2,10.5 W each ) and a chain of anodes and pre-amplifier board and 

high voltage connector. 

53.4 - Scaler Ratemeter 

The scalar ratemeter was type SR7 manufactured by Nuclear Interprises Ltd, and 

especially designed for the use with scintillation tube. The scalar ratemeter supplied 

the high tension voltage required to drive the photomultiplier tube via a high voltage 

coaxial cable. At the same time the cable was used to transmit the voltage signal out- 

going from the photomultiplier. The scalar ratemeter consists of the high voltage 

generator, a linear pulse analyser, a rate meter and a timer. A micro-processor is the 

over all controlling device and which allowed several modes of operation. Various 

sub-modes were available in the counting mode such as single cycle and display or 

continuous counting and display after a pre-selected period of time or a fixed number 

of counts. 

The sampling time used throughout the present testing is 25 seconds, the count rate 

was displayed in a six digit display, and the following setting for the scalar ratemeter 

were used throughout tests. 

HV FINE 663 (V) 

KV RANGE 0-1 (KV) 

THRESHOLD 667 (KeV) 

±%c DEPRESSED 

WINDOW 20% 

MODE SC1, CR1 
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5.4 - Void Fraction Calibration 

The apparatus was calibrated by traversing the y-rays beam across the horizontal 

diameter of the tube. The traverse was in steps of 1 mm when the beam was close to 

or in perspex tube walls, and in steps of 10 mm when the beam was well within the 

tube. The traverse was extended beyond the tube outer diameter to obtain a reference 

readings for the y-rays beam passing through air only. This reference readings are 

very useful in the correction of experimental count rate if a drift from calibration 

conditions occurred; due to drift in amplifiers, slight change in source position or 

collimator alignment. 

At each step the count rate over a presented time period of 25 seconds was obtained. 

A traverse was carried out first with the tube empty of water (i. e. air only) which 

corresponded to a void fraction of 1.0 at each chordal station. A second traverse was 

carried out with the tube full of water which corresponded to a void fraction of 0.0 at 

each chordal station. In this manner an envelop was obtained as that shown in figure 

5.4.1. The axes of the graph are the chordal position versus natural log of counts/se- 

cond. The top curve on the graph correspond to tube empty ( chordal void fraction of 

1.0) and the bottom curve correspond to tube full ( chordal void fraction of 0.0 ). 

This calibration ( tube-full and tube-empty ) was repeated monthly throughout the 

test period, to check the consistency of the readings; it was found that the drift from 

the original envelop was negligible. 

A check was also made on the accuracy of the void fraction measurement by 

carrying out a number of tests, where by the test tube was filled with water to 

prescribed levels, and the water level height accurately measured using a telescope 

and cathetometer. 

Beam traverse was made at each water level, and using the calibration characteris- 

tics, the void fraction indicated by the y-rays attenuation technique evaluated. This 

was compared with the void fraction deduced from tube geometry conditions 
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knowing the water level. All these levels are plotted along with the envelop of 

tube-full and tube-empty graph, and are shown in figure 5.4.2. 

The details of the mean void fraction calculation determination, and the comparison 

between the calculated void fraction using y-rays attenuation and the geometrical 

void fraction for partially filled tube (no-flow condition) are given in Appendix C. 

5.4.1 - The Effect Of The Number Of Chordal Stations (Steps) 

Within The Test Tube On The Void Fraction Accuracy 

The number of steps on which the y-rays beam was traversed across the test tube 

diameter for the first phase of tests was taken as 13 steps. The sampling time at each 

step was 25 seconds. The 25 seconds with the time taken to record the displayed 

reading and to manually traverse the assembly to the next step ( station ) determined 

the time taken for each step. Therefore, the overall time taken for the full traverse of 

the y-rays beam across the tube diameter for each test was considered long; i. e. the 

time taken can not be ensured to maintain steady state conditions. Hence, a decision 

was taken to minimize the time consumed per test. The number of steps was reduced 

to 7 steps, and then to 5 steps ( the difference in accuracy between the 7 steps and the 

5 steps was negligible ). 

The decision taken had its effect on the accuracy of they-rays attenuation measure- 

ments. The error introduced by the 5 steps measurements, compared to the 13 steps 

was approximately 10%, which was considered to be acceptable. 

The comparisons between the 13 steps and 5 steps and the geometrical void fraction 

for nine water levels (no-flow conditions ) are given in table 5.4.1 for the 13 steps 

and in table 5.4.2 for the 5 steps. 

A sample of calculation to obtain the mean void fraction for one level for the two 

cases (13 steps and 5 steps ) are given in Appendix C. 
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5.5 - Test Procedure 

The Following Procedure was followed for both single and two-phase testing. 

1. The power supply to all electrical and electronic equipments and instruments 

were switched on, and given a sufficient time to warm up. Usually they were left 

on over night. 

2. The valves connecting the test section pressure tapping points to the piezometers 

boards were opened as were the valves connecting the piezometer tubes with the 

top headers (these are usually left open). 

3. The purging valves for the water orifice pressure tappings and the manometer 

were opened. 

4. The purging water was introduced to all the purging lines and each line was vis- 

ually examined to ensure no air was trapped. 

5. The inlet valve (C4), the by-pass valve (C5) and re-circulation valves (C2 and 

C3) were all opened, while the pump outlet valve (Cl) kept shut. 

6. The pump was started and being permitted to run for some time; from and to the 

water tank through the by-pass valve. 

7. The water was then introduced gradually to the test section; by gradually open- 

ing the valve Cl and gradually closing the by-pass valve C5, until a flow of full 

bore is reached. 

8. The program used to convert the probes signal was loaded and run to make sure 

that the readings for tube full is the same as that obtained during the calibration. 

If these readings are not the same the SET OUTPUT on the wave monitor for 

each probe is used to reset these readings. This step was only for smooth strati- 

fied flow tests. 

9. The water flow rate was then adjusted to the desired flow rate with the use of the 

valves Cl and C5. 
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10. The purging valves on the piezometer and the water orifice tappings were closed 

as were the purge valves at the manometer. 

11. The air supply was introduced into the mixing chamber by opening the regulat- 

ing valves to the desired air flow rate. This step was only for two-phase flow 

tests. 

12. A suitable air pressure was introduced to the top manifold and adjusted to ensure 

that the water level in the piezometer tubes were within the height of the glass 

tube and within the view of the camera. The valves connecting the test section 

with the piezometer were opened. 

13. Once the flow had time to stabilise the following reading were recorded: 

a. Head pressure difference across water orifice plate; taken from water/mercury 

manometer at high water flowrates or air/water manometer at low water flow- 

rates. 

b. Inlet pressure to the water orifice plate. 

c. Pressure drop along the test section from piezometer board (taken by the cam- 

era). 

d. Applied back pressure to the piezometer board. 

e. Readings were taken from the void fraction apparatus as it was traversed 

across the test section. 

f. The liquid height at each depth gauge was recorded. Usually three sets of read- 

ings were taken fo each test. 

g. Air and water temperatures from the digital thermometer. 

h. Head pressure difference across air orifice plate. 

i. Inlet pressure to the air orifice plate. 

j. The flow pattern was visually observed and recorded. 

The e, f, h, i, j readings were recorded only for two-phase flow tests. 
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14. The water and air (if in use) flow rates were changed to a new desired values, 

and the system allowed to settle before a new set of readings were taken. 

15. When the testing was finished, a complete close down of the system was 

achieved by reversing steps 12 back to 5. 
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Test 

No. 

Water 

Height 

(H) mm 

Void 

Fraction 

by y-Ray 

Geometrical 

Void 

Fraction 

Error 

% 

A B jx 100 

789001 186.91 0.0654 0.0546 19.78 

789002 158.61 0.1869 0.1836 1.63 

789003 141.20 0.2947 0.2790 5.62 

789004 132.90 0.3390 0.3271 3.64 

789005 107.20 0.5031 0.4818 4.42 

789006 85.02 0.6458 0.6166 4.74 

789007 64.95 0.7448 0.7341 1.46 

789008 44.74 0.8389 0.8425 -0.43 

789009 25.04 0.9169 0.9319 -1.61 

Table 5.4.1 Void Fraction Comparison Between y-Ray and Geometrical 

Void Fraction Based on 13 Steps (Non-Flow Tests) 
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Test 

No. 

Water 

Height 

(H) mm 

Void 

Fraction 

by y-Ray 

Geometrical 

Void 

Fraction 

Error 

% 

A B (ABý) x100 

789001 186.91 0.0654 0.0546 12.27 

789002 158.61 0.1535 0.1836 -16.39 
789003 141.20 0.2608 0.2790 -6.52 
789004 132.90 0.3019 0.3271 -7.70 

789005 107.20 0.5075 0.4818 5.33 

789006 85.02 0.7042 0.6166 14.20 

789007 64.95 0.8012 0.7341 9.14 

789008 44.74 0.8866 0.8425 5.23 

789009 25.04 0.9514 0.9319 2.09 

Table 5.4.2 Void Fraction Comparison Between y-Ray and Geometrical 

Void Fraction Based on 5 Steps (Non-Flow Tests) 



Figure 5.1.1 Photographic View Of Void Fraction Apparatus In Position 

I- Gamma-Ray Outer Lead Shield 

2- Traverse Trolley Handle Wheel 

3- Perspex Test Section (Observation Section) 

4- Crystal Scintillator DM 1 -2 And Photo-multiplier Tube 

5- Steel Support Structure 

6- Graduated Cylinder Indicating Position Of Beam Through Tube 

7- Graduated Plate Attached To The Graduated Cylinder 

8- Crystal Scintillation Lead Shield 
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FIG 5.2.2 TWO-PHASE FLOW MIXTURE IN A TUBE OF CROSS-SECTION AREA (A) 
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CHAPTER SIX 

RESULTS, ANALYSIS AND COMPARISONS 

WITH EXISTING CORRELATIONS 

6.1 SINGLE PHASE FLOW 

To facilitate comparisons with some existing correlations, the pressure drop data for 

the two phase flow case need to be converted into the two phase friction multipliers, 

0%, (the ratio of the two phase friction pressure drop to the corresponding single phase 

friction pressure drop, calculated on the basis that the total mass flowrate was water). 

Therefore, the single phase flow pressure drop tests are important in order to determine 

the test section friction factor characteristics. 

A total of 200 single phase (water only) tests where conducted in the study for the 

above reasons; pressure distribution was measured at each of the bottom tapping points 

at the 23 axial locations along the test section. Each tapping point is connected to a 

piezometer tube ( each fitted with a piezometer connection at the bottom to expel any 

bubbles in the line before testing and an air manifold connection at the top to keep the 

water within the height of the glass column when pressures would exceed this height). 

A camera was used for both single and two phase flow tests to determine the height of 

water in the piezometer column and to minimize the effect of the fluctuation nature of 

the flow (especially in the two phase flow case) on the determination of the pressure 

gradients; to gain better accuracy in the pressure gradient measurements, and to cut 

short the time needed for each test to retain the steady state condition. The photos were 

examined, and all the pressure readings at each accurately known axial point were 

collected and tabulated, specimen photos are given in figures 6.1.1 to 6.1.4. 

A computer program was written which, given the pressure distribution data along 

the test section, gives the best line through the data (pressure gradient), and the pressure 

at the mid point in the test section. It became clear after a few tests that a number of 

tapping points at the inlet and outlet of the test section need to be excluded in the 
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determination of the best line for the pressure gradient i. e. only the linear part of the 

data was considered in the determination of the pressure gradient in the subsequent 

analysis, because of the large fluctuations associated with the flow after the inlet and 

before the exit bends. 

6.1.1 Test Section Friction Factor Characteristics 

It is convenient to have a simple method of evaluating the single phase pressure gradient 

for the purpose mentioned in section 6.1. Using a friction factor type expression, the 

single phase friction pressure gradient can be expressed as: 

dp f_ý, Uf P1 
_8A, 

Qi Pr 
dz 2d ids 

In horizontal flow, the friction pressure gradient can be equated to the total pressure 

(this is not always correct, as will be discussed later in the case of stratified type of 

flow) or measured pressure gradient dp/dz. 

Using the experimental data values of dp/dz 

X=gam 
2 dz 

(6.1.2) 
Pf Qf 

The deduced values of ? were plotted against liquid Reynolds number 

Re, =C 
d 

µ. 1 

The single phase friction characteristics for the test section (203 ID), was obtained 

by insitu calibration using water as the flowing fluid. Values of L and Ref in the form 

of tables are given in Appendix A. A specimen Table is shown in Table 6.1.2. The 

corresponding plot of X versus log Ref is shown in figure 6.1.5. As can be seen from 

figure 6.1.5, that the data cannot be represented over the complete range of Reynolds 

numbers by a single relationship of the form X=k Re'. Hence the data is divided into 
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two regions, as shown in figures 6.1.6 and 6.1.7, and as a result two equations are 

obtained. 

X=0.156772 Re-0.1762949 For Re > 2.09 x 105 (6.1.3) 

and for Re < 2.09 x 105 

X=0.4416447 - 3.715733 x 10-2 (InRe) - 2.393404 x 10-3 (lnRe )2 

+2.128791 x 10-4(lnRe) (6.1.4) 

The test section friction factor characteristics where compared with sixteen equations 

from the known equations in the literature. The comparisons were in the form of %AVE 

error, and %RMS error. The equations used along with the results are shown in Table 

6.1.1. 

Some of these equations were also plotted against present experimental results as shown 

in figure 6.1.8. 

From the Table 6.1.1 and from figure 6.1.8 it is worth noting that all the equations tested 

gave a lower values of ? than that of the experimental value for this particular pipeline, 

and also it can be seen although they tend to follow the same trend across the range of 

Re; their degree of variation considerably defer. 

The above difference among the different equations it may be expected since most of 

the above equations were usually developed for artificially roughened pipes, where 03 

commercial pipes are entirely different and have absolute roughness which varkwith 

age, and production methods for commercial pipes may have its effect also on the 

friction factor. 

Equation 6.1.2 in conjunction with either equation 6.1.3 or equation 6.1.4 (depending 

on the Reynolds number), was used in subsequent analysis involving single phase 

pressure gradients. 

All data, results and sample of calculation for single phase are included in Appendix 

A. The computer program used to derive these results is also given in Appendix E. 
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6.2 GENERAL TWO-PHASE FLOW 

A total of 395 two phase tests were carried out during this study. Pressure drop data, 

void fraction data, flow patterns data, and other test data, were all recorded and trans- 

formed into meaningful data, then tabulated in certain format as that given in Appendix 

B. A specimen Table is shown in Table 6.2.1. 

A computer program was written to take this tabulated data, and give all the necessary 

information, like liquid and gas densities, superficial liquid and gas velocities, two phase 

friction pressure drop multipliers cp2fo, liquid and gas flowrates, etc.. A specimen of the 

computer results is shown in tables 6.2.2 to 6.2.4, and the complete result tables are 

given in Appendix B. 

Six pressure drop correlations, see section 6.2.1, were included in the programme to 

compare with the experimental data, in the form of two phase friction multipliers, cp2fo. 

Nine void fraction correlations were also included in the programme for the comparison 

with experimental results. Although this part of the study (general two phase flow) is 

important, it will be discussed here in slightly less detailed manner than the stratified 

flow part (section 6.3) which is given more attention than other flow patterns in this 

experimental study. 

6.2.1 Two Phase Pressure Drop Results And Comparisons 

The first step in the conversion of the pressure drop raw data into useful information 

was to plot static pressure distribution along the test section. The slope of the linear part 

of the graph determined the pressure gradient, whilst deviations from linearity were 

considered as unsettled flows due to the effects of the inlet and outlet bends. 

To facilitate comparisons with some of the existing correlations, the pressure drop 

data were converted into the two phase friction multipliers, q2 fo (i. e. the ratios of the 

two phase friction pressure drop to the corresponding single phase friction pressure 

drop calculated on the basis that the total mass flowrate was water). The total pressure 
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gradient was taken as the friction pressure gradient (this assumption proved incorrect 

in the case of stratified flow in large diameter pipes, where interfacial hydraulic gradient 

exists) since the momentum component constitute a very small part of the total pressure 

drop. 

The two phase friction multipliers were predicted using six well known correlations 

available in the literature, these being 

(i) Homogeneous flow model- simplest to use. 

(ii) Lockhart-Martinelli- earliest correlation allowing for slip, widely used. 

(iii) Chenoweth-Martin- suitable for "large diameter" tubes. 

(iv) Baroczy- general correlation allowing for property and mass velocity variations. 

(v) Chisholm- extension of Lockhart-Martinelli and Baroczy, which allows for mass 

velocity effects and dispenses with graphical procedures. 

(vi) Dukler- suitable for separated flows but requires a void fraction correlation. 

Details of these correlations are given in appendix B, with a sample of calculation. 

The determination of these two phase friction multipliers involved repetitive calculation 

and hence a computer program was developed; graphical plots or tables used in the 

correlations were expressed in polynomial form and included in the programme. The 

program is listed in appendix E, and a specimen of the results is shown in Table 6.2.5. 

The comparisons were made by plotting predicted cp2f0 values against experimental 

( 2, values, and the plots are shown in figures 6.2.1 to 6.2.6 respectively for the six 

correlations indicated previously. The data points are identified in terms of flow pattern, 

corresponding to the key shown in each figure, and values of % RMS and % Average 

error relating to the error between prediction and experiment (% based on experimental 

value) are quoted on each figure. 

In the light of the plots (6.2.1 to 6.2.4 ) it is worth noting that 
a4h 

(a) None of the correlations give overall prediction RMS error less than 59% over 

the data range. 
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(b) Some of the correlations have very high RMS errors associated with the prediction 

i. e. > 100%. 

(c) The Homogeneous, Lockhart-Martinelli, and Dukler models gave the best relative 

performance, keeping in mind that less data were examined by the Lock- 

hart-Martinelli correlation, because the evaluation of the Lockhart-Martinelli 

required evaluation of the parameter X which in turn required values of the single 

phase friction factor A. It was considered unwise to extrapolate the experimental 

values of ? outwith the turbulent flow range tested. 

(d) In spite of the big differences in the values % RMS between some models, all tend 

to overpredict the two phase pressure gradient. 

(e) In general flow pattern has some effect on the accuracy of the prediction (i. e. 

stratified, wavy, and transition from stratified to wavy). 

The results of the comparison cannot be considered satisfactory. The scatter some 

times is appreciable and suggests that either the existing correlations are inadequate for 

predicting the friction pressure drop in large diameter tubes or that the comparison is 

unfair, or perhaps both. However, this conclusion, although rather disturbing, is perhaps 

not too surprising if one remembers that 

(i) Many of the correlations compared were developed from data taken in small 

diameter tubes and/or for other fluid combinations and sometimes did not include 

mass velocity effects. 

(ii) For a given mass or volume flowrate, the friction pressure drop in large tubes is 

much less than in smaller tubeýhence large differences do not necessarily con- 

stitute large pressure drops in absolute terms, and hence small uncertainties in 

the correlation could be amplified. 



(iii) There is more scope in large diameter tubes for flow separation and stratification, 

and hence for variations in liquid level along the tube. This mostly applies to 

stratified and wavy type flows. This stratified effect however, could also affect 

other flow patterns, e. g. annular (annular flow was not encountered during this 

study because of the vast amount of air flow required which was in ax cess of our 

available flowrate), where the film thickness at the bottom of the tube is so thick 

as to give the effect a stratified type flow superimposed on a symmetrical annular 

flow. 

For the case of stratified and wavy flows (where level gradient does exist), therefore, 

the comparison in terms of two phase friction multipliers q9,, is unfair, since the 

measured pressure gradient does not equal the friction pressure gradient. 

All the data points for stratified, wavy, and the transition between the two were 

separated from the rest of the data, and plotted separately in figures 6.2.7 to 6.2.12, to 

see the change in the %RMS. The results for the remaining flow patterns were also 

replotted for the six models to see the improvement in the %RMS, and are shown in 

figures 6.2.13 to 6.2.18. A Table showing these results is also given in Table 6.2.6. 

All data and results concerning two-phase pressure drop, and other derived results 

are given in Appendix B. 

6.2.2 Observed Flow Patterns And Comparisons 

The flow patterns were observed visually in the settled part of the test section, through 

the clear perspex section. The clear perspex section is 2.55 m long, and installed at 

distance of 26.5 m from the inlet to the test section. Four flow pattern types and their 

transitions were observed during this study, namely; plug, slug, stratified and wavy, 

which are defined in section 2.1.1 (chapter 2), the codes used for the flow patterns and 

their transitions are given in Table 6.2.7. Flow pattern data are shown in figure 6.2.19, 

on a nominal co-ordinate system of superficial water velocity versus superficial air 
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velocity. These co-ordinates are used simply as a means of presentation and to facilitate 

comparison with some of the existing flow pattern maps. In making the comparisons, 

the author is not recommending the use of the flow pattern maps, nor the map co-or- 

dinates employed for comparison. Indeed, it is difficult to appreciate how a two 

co-ordinate map can adequately represent the variety of the physical processes and 

instabilities involved in the different transitions. However, the superficial velocities of 

the individual phases were used as means of comparison and accordingly the flow 

pattern boundaries of the maps of other researchers were transferred to these co-ordi- 

nates. 

The comparisons of the observed flow patterns with the Baker map is shown in figure 

6.2.20, with the Hoogendoorn map in figure 6.2.21 and with the Mandhane et al map 

in figure 6.2.22. 

Comparing the experimental data with the boundaries suggested by the three maps 

considered, it can be seen that on the whole, considering the disagreement between the 

maps themselves, and remembering that the transition boundaries are not lines but bands 

of which the lines are representative, the predictions are not too bad. 

In all cases the boundaries between stratified and plug, wavy and slug flows are low, 

and perhaps more disconcerting, the boundary between slug and annular type flows (all 

the present test conditions did not include any annular flow) is the least adequately 

represented, the boundary on each map being considerably different. The plug to slug 

boundary on the Hoogendoorn map shows poor agreement with experiment, and slug 

to annular boundary on the Baker map appears to have the wrong curvature. 

From the experimental results (which did not include any annular flow conditions), the 

boundaries between stratified and plug, wavy and slug flows occur at much higher water 

flowrates, and Baker's map suggests that the test should have covered some annular 

flow points. 

The larger diameter used in this study compared to those used by Mandhane et al, 
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Hoogendoorn, and Baker seems to have caused the following effects: 

(i) the wavy-slug boundary is shifted to higher water flowrate. 

(ii) bubbly flow occurs at higher water flowrates. 

(iii) the slug-plug boundary is shifted towards lower air flowrates. 

(iv) annular flow occurs at lower air flowrates. 

From the above we may also conclude the inadequacy of the co-ordinates U f, U, g to 

accommodate the different tube size. 

6.2.3 Void Fraction Results And Comparisons 

Void fraction measurements were made at a point in the test section 28.067 m from 

the inlet and 5.709 m from the end of the test section, the flow conditions being settled 

at this point. The measurements were made using a traversing vertical y-ray densitometer 

apparatus specially designed and constructed for the purpose. The details of this 

apparatus, construction and calibration procedure are all included in chapter 5 of this 

thesis. 

In order to determine the void fraction for two phase flow conditions, the unit was 

traversed along the horizontal diameter of the pipe and readings were taken at various 

stations. The chordal void fraction at each station was determined using the readings 

obtained from the calibration characteristic (tube full-tube empty) as follows: 

UCHORD 
1n I -1n ITUBE FULL (6.2.1) 

In I11JB EMPTY - In FULL 

Where I is counts/sec measured by the Scalar Ratemeter (the intensity of the gamma-ray 

beam) at a particular station along the diameter. 

The mean void fraction was determined by integrating the chordal void fraction over 

the length of the horizontal internal diameter of tube. 

Simpson's rule was used for the integration. The calculation of the chordal void fraction 
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and the subsequent integration was done by computer. It must be said that there is a 

fundamental randomness in all radiation measurements. The standard deviation a on 

the count rate is given by 

R (6.2.2) a= 
q7 

where t is the time over which the count rate R is determined. 

An effort was made to minimize any other source of error. However, in the subsequent 

experimental tests the counting time is set at 25 seconds, and a reasonably strong source 

was used (this was limited by the amount set by the radioactive handling regulation for 

a given purpose and laboratory) to give high enough count rate, for better accuracy. 

The two-phase testing covered 395 tests. The void fraction was measured in all these 

tests, and the flow patterns encountered during these tests covered four main flow 

patterns (plug, slug, stratified and wavy) and their transitions. 

The measured void fraction results were compared with several correlations existing 

in the literature. These were: 

(i) Hughmark [77] 

(ii) Smith [112] 

(iii) Chisholm [38] 

(iv) Rouhani [104] 

(v) Modified Rouhani 

(3 versions) 

(vi) Beggs and Brill [21] 

(vii) Eaton [50] 

(viii) Mukherjee and Brill [100] 

(ix) Guzhov [64] 
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Details of these correlations along with sample of calculation are given in Appendix C. 

The comparisons of the above correlations with the measured void fraction are shown 

in figures 6.2.23 to 6.2.33 inclusive with the data points being identified in terms of 

flow pattern, according to the key given in each figure. The % RMS error and the % 

AVER error associated with the comparisons are also shown in each figure. 

In the light of the plots (6.2.23 to 6.2.33) it is worth noting that 

(a) The prediction performance of void fraction in large diameter tubes using any of 

the above void fraction models is even worse than that of the prediction of pressure 

drop models which discussed in section 6.2.1. 

(b) In general, and in terms of the %RMS, all the void fraction models tested here failed 

to predict satisfactorily the experimental void fraction data i. e RMS > 140%. 

(c) The modified Rouhani, Hughmark, and Guzhov models gave the best relative 

performance, and Rouhani-4 is the most favoured one among all for void fraction 

predictions. 

(d) In contrast to (c), the models widely used in petroleum industry gave the worst 

performance of all i. e Beggs and Brill model gave % RMS > 750, and Mukherjee 

and Brill model gave % RMS > 610. 

(e) The stratified flow pattern is extremely underpredicted by some of the models 

(Rouhani-3, Rouhani-4, and to less degree Eaton and Mukherjee and Brill). 

(f) For all other flow patterns (i. e except stratified) all the models tested here tend to 

overpredict the two phase void fraction in varying degrees. 

We know from our experimental tests on stratified flows that there exists an interfacial 

level gradient (II. G) which means that the void fraction is increasing in the direction 

of the flow and in the test section could be considerably greater than the predicted void 

fraction. Hence stratified flow is very much underpredicted as seen from graphs. 

Other flow patterns do not seem to affect the predictability of void fraction. 
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On the basis of these experiments, the Rouhani correlation must be recommended for 

use in preference to the other correlations tested, for large diameter tubes and for the 

range of conditions covered. A value of k should be taken to be about 8, instead of the 

original value of 1.18. 

All comparison results derived by the computer are given in Appendix C. 
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6.3 STRATIFIED TWO-PHASE FLOW 

It may be relevant to mention here why a specific project on stratified two phase flow 

was envisaged. This was because, in previous two phase studies in large diameter tubes, 

experimental data from flow patterns other than stratified flow could often be reasonably 

predicted by existing correlations. Stratified flow however, was a noticeable exception 

and inevitably yielded large errors between experiment and prediction. In this study, 

the above behaviour was clearly noticeable in the present results of the pressure drop 

as discussed in section 6.2.1. 

A total of 193 tests were carried out in stratified, wavy, and stratified-wavy transition, 

as follows: 

stratified flow 137 tests 

wavy flow 39 tests 

stratified-wavy 17 tests 

The interfacial level gradient (ILG) was measured in 120 stratified tests; using the two 

depth gauges described in chapter 4. The results of the ILG, in terms of mm H20/m, 

are shown in Table 6.3.1. 

As can be seen in Table 6.3.1, the pressure drop due to hydraulic gradient (level gradient) 

constitute much more than what was expected of the total pressure drop, i. e the friction 

pressure gradient is negligible in most of the test points compared to the pressure due 

to interfacial level change (where a large change in water level along the test section 

does exist). This conclusion is supported by the discussia, in section 6.2.1, (see figures 

6.2.1 to 6.2.6), where all the correlations overpredicted the experimental frictional 

pressure drop; this is a size effect which lh¢4eV41j 4t&aunkj Ar, all the corre- 

lations tested here were developed for smaller diameter tubes. 

Two models in the field of stratified flows are discussed in this section, and tested for 

their prediction of the total pressure drop in smooth stratified flow. 
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(i) Andritsos and Hanratty (1987), allows for f/f0 * 1, gives an expression for the f, (for 

wavy flow), and modified Cheremisinoff-Davis (1979) approach for the calculation of 

wall shear stress in the liquid tiw, i,. 
(ii) A. Bishop and S. D. Deshpande (1986), used the same approach as Taitel and Dukler, 

and took account of the possible interfacial level gradient (ILG) in the momentum 

equation of the liquid phase. 

63.1 Pressure Drop Predicted By Andritsos And Hanratty Model 

This model like many others used the same approach as Taitel and Dukler (1976); 

they considered a momentum balance for fully developed flow in each phase (the gas 

phase and the liquid phase). 

-AG 
p- 

2WG SG -'Ti Si =0 (6.3.1) 

- AL 
(LP 

_ TWL SL +, ri Si =0 (6.3.2) 

There are two differences in the approaches used by Taitel and Dukler and this model, 

these being 

(i) this model accounts for values off, # fG, and gives the following expressions for f/fo 

fG = 0.046 Rey '2 for ReG > 2000 

fG = 
16 

for Rec < 2000 
Rec 

s o. s fi 
= 1+ 15 

ho 
., G 

(pr, 
for 

fG D 
LrSPGO) 

(6.3.3) 

0. s 
USG Z 

Pr--o 
.5 ml sec 

Pc 

0.3 
f=1 for USG 5 

P°O 
"5 ml sec (6.3.4) 

.G 

It is perhaps clear from equation 6.3.4 that this model, like Taitel and Dukler model, 

takes the value of fjfo for smooth stratified flow equal one (f, 1fa=1). 

(ii) A modified Cheremisinoff-Davis (1979) approach is used for the calculation of wall 
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shear stress in the liquid phase (ttwL) instead of the Blasius type of equation used by 

Taitel and Dukler. In this procedure of calculation two expressions were given; one for 

the dimensionless liquid height (h+) 

0 
h+ = 

{u. 
o82Rer)+[o. o98Re8s / 

(, 
_h 

5 l"'2 
(6.3.5 ) 

and the other for characteristic stress, ttc 

h+v (ý. y 
ti = PL (6. 3.6) 

DD 

where n=2 and m=-2 

The expression for tiwL was given as: 

TwL = 1.5 ti, -3/1-h (6.3.7) 

The advantage of this approach (as Andritsos and Hanratty say) is that it better able to 

account for the changes in the shape of the velocity profile in the liquid caused by gas 

drag at the interface. 

The rest of variables in the equations 6.3.1 and 6.3.2 were calculated in the same way 

as Taitel and Dukler, i. e 

Pc Uä 
= 'tWG = ff 

2 
ReG 

2 
, vi =f 

Pc Uc 
; ReL 

2 

DG UG 4AG 

VG 
DG 

SG + S; 

DL UL 4AL 
DL = (6.3.8) 

VL SL 

It perhaps relevant to say here, that this model assumes that the frictional pressure drop 

in both phases (gas and liquid) are equal as the basis for the iteration procedure used, 

and there is no interfacial level gradient (ILG) in the liquid phase as shown in equation 

6.3.2. 
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6.3.2 Iteration Procedure For The Calculation Of 

Pressure Drop And h/D (holdup) 

1- Assume a value of (h/D) and calculate the geometric variables, the actual gas and 

liquid velocities, and the gas and liquid Reynolds numbers. 

2- The pressure drop in the gas phase is calculated from equation 6.3.1 using the 

following equations: 

Equation 6.3.3 for gas friction factor, and equation 6.3.4 for the interfacial friction 

factor. 

3- Calculate the dimensionless liquid height (h+) from equation 6.3.5, and the char- 

acteristic stress (ti) from equation 6.3.6. 

4- Calculate tiwL from equation 6.3.7. 

5- Calculate the pressure drop in the liquid phase, using equation 6.3.2. If this is not 

the same as calculated in equation 6.3.1 for the gas phase, a new value of h/D is 

assumed. 

To compare the pressure drop predicted by this model with the experimental pressure 

drop measured during this study, the above iterative procedure was not employed, 

because the total pressure drop in the liquid phase (dp/dz)L was measured along with 

known water heights (h/D). Therefore, in order to test Andritsos and Hanratty's model, 

the present experimental values of h/D were used to calculate (dp/dz)L values from 

equation 6.3.2, and then compared with experimental values of (dpldz) obtained from 

the bottom tapping points (in the liquid). The shear stresses (tiWL and t1) were calculated 

from the above procedure using h/D experimental values. 

It is important to note that (dp/dz) in both phases are not assumed equal (which is the 
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basis in the iteration procedure given by Andritsos and Hanratty). 

Hand calculation (later transferred to a computer calculation) was carried out, and the 

results showed that Andritsos & Hanratty model overpredicted the total pressure drop 

measured experimentally during this study by at least a factor of 2. 

6.3.3 Andritsos And Hanratty Model Modified To Predict Results 

For Large Diameter Pipelines (i. e The Present Study) 

It is perhaps important to indicate that the Andritsos and Hanratty experimental work 

involved pipe diameter of 25.2 mm and 95.3 mm whereas a pipeline diameter of 203 

mm was used in the present study. Notable differences between the observations of 

Andritsos and Hanratty and the present study are 

(i) All their results for stratified flow range from 0< h/D < 0.5, while the present 

results range from 0.5 < h/D < 0.85. 

(ii) Andritsos and Hanratty did not observe turbulent flow for h/D > 0.5, whereas all 

the stratified flow observed during the present tests was turbulent flow. 

An attempt was made to modify the model through the expression for tic, because of the 

strong dependence of Tc on the ratio h/D, see figures 6.3.1. This is an obvious choice 

as a starting point to modify the model due to the big difference in the test section 

diameter used. 

From equation 6.3.6, 

h+v h "` 
tiý = pý DD 

In the above expression for ; all variables have been determined directly from 

experimental data. It is clear therefore that cc can only be changed by changing the 

indices m and n. Using equation 6.3.2 with the experimental dp/dz and other experi- 

mental data tw,,, was calculated. Hence values of; was determined via equations 6.3.8 

(for ti, ) and 6.3.7. This values of tic (i. e from experimental dp/dz) was then compared 
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to values obtained from equation 6.3.6 using indices n and m as variables. First attempt 

was made using hand calculator for the test run 150814. This attempt was later aban- 

doned because of its time consuming, and lack of accuracy. 

A computer package called TSP is later used to calculate the values of n and m which 

best represent the experimental data. The computer package was given the values of; 

calculated from experimental data along with all the othervariables required in equation 

6.3.6 except n and m. The computer then gave the values of n and m which would 

converge the value of tic from 6.3.6 to the experimental value of cc (within a range of 

error which we can specify). Measurement of h/D become progressively less accurate 

as h/D increases > 0.8 (as discussed in chapter 4). The Andritsos and Hanratty model 

has a very strong dependence on the value of h/D (model overprediction of the dp/dz 

increases with the increase of h/D ). Therefore the evaluation of n and m (to modify the 

model) was based on data ranging from 0.5 < h/D < 0.62 (more than 80% of the 

experimental data are in this range). Several iterative runs of the TSP program was 

required to optimize the values of n and m. These indices could be determined for any 

required degree of agreement between calculated and experimental values of;. Ulti- 

mately values of n and m were determined to give agreement within ± 20%. 

The values of n and m obtained which best represent the experimental data for large 

diameter (203 mm) within ± 20% are: 

n=2.4512 and m= -4.2440 (compared with Andritsos and Hanratty values of +2 and 

-2 respectively). It is perhaps clearer now from these new values of n and m the strong 

dependence of these indices on the ratio h/D, especially m. 

The two new indices were then inserted in equation 6.3.6 and used along with equations 

6.3.7 and 6.3.2 to predict (dp/dz) for all experimental data. The modified model predicted 

65% of the data within error < 20%, and 79% of the data within error < 35%. The plots 

of (dp/dz)exp. vs (dp/dz) ;, for both are shown in figures 6.3.2 and 6.3.3 respectively. 
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6.3.4 Prediction Of Pressure Drop; Bishop's Model 

This model uses the same approach as Taitel and Dukler in using a dimensionless 

form of the mechanical energy equations to predict the liquid holdup and pressure drop, 

with the addition of three terms in the energy equations; the kinetic energy in each phase 

and the hydraulic gradient in the liquid phase (ILG). 

Three cases of smooth stratified flow were considered and figure 6.3.4 illustrates these 

three cases. 

Case A. represents nearly uniform horizontal flow where the ILG is not steep enough 

to be observed. 

Case B. depicts horizontal stratified flow having an ILG which observable. 

Case C. include both II, G and tube inclination. 

The objective of their work was to analyze the reported Newtonian liquid-gas stratified 

flow data for horizontal circular ducts to determine the effect of ILG on liquid holdup, 

flow pattern transitions, the two-phase pressure drop parameter cp2L, and to check the 

validity of the one-dimentional energy equation for a wide range of liquid-gas stratified 

flow data. Referring to figure 6.3.4, the one-dimensional energy equation was written 

as follows: 

Case A. Horizontal, stratified, uniform flow; no ILG assumed 

and 

dp 
_ 

TWL SL 
- 

tiL Si 
(6.3.9) 

TPL 
AL AL 

_ 
dp 'tiWG Sc 

+ 
do Si 

(6.3.10) 
dX TPC Ac AG 

where U0 » USL and (dp/dx)- L= (dp/dx) 

Here, dp/dx is the axial pressure gradient, t is the shear stress, S is the perimeter, A is 

the cross-sectional area for flow and U is the fluid velocity. The subscript TP stands 

for two-phase, W for wall, i for interfacial conditions and S for superficial quantity. 
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Moreover, subscripts L and G are used to denote the liquid and gas phase, respectively, 

throughout this analysis. 

If the two-phase pressure gradient in the two phases is assumed equal, equations 6.3.9 

and 6.3.10 where combined to produce the dimensionless equation 

X2F (RL, n, m) -F RL, 
fý' 

, 
fý 

=0 (6.3.11) 
AG fwc 

Where F is a functional relationship involving the parameters within the brackets; n 

and m (exponents of the Reynolds number in the friction factor relationship) simply 

depends on whether the liquid and gas phases are laminar or turbulent, RL is the liquid 

holdup, f is the friction factors and x is the Lockhart-Martinelli parameter. 

If values for the interfacial friction factors fa and f; L are assumed, 6.3.11 can be iterated 

to obtain holdup RL. Because 6.3.11 is valid only for smooth or wavy uniform stratified 

flow, if f1, = fo is assumed, deviations of experimental holdup values from those pre- 

dicted by 6.3.11 indicate wavy stratified flow or stratified flow with ILO. Equation 

6.3.11 is used by Bishop and Deshpande as a basis for determining the presence of ILG. 

The procedure followed by Taitel and Dukler (1976) to produce the dimensionless 

equation 6.3.11 is shown in appendix D. 

Case B. Horizontal stratified fow with 1LG. 

Again referring to figure 6.3.4, the one-dimensional energy equations are 

dp dh 
-8 PL dx 

TPL 
dx 

and 

dp 
_ 

aPGd(Uc) 
TPC 

2 dx 

a PL d(Ui) 
- 

2WL SL riL Si 
(6.3.12) 

2 dx AL AL 

= 
'CWGSG+t`0S' 6.3.13 

AG AG 

Where, g is the acceleration due to gravity, p is the density and h is the height of liquid 

in the tube. 

The parameter a accounts for radial variation in the velocity profile and is 2 for laminar 
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flow of a Newtonian fluid through a circular tube. 

Equations 6.3.12 and 6.3.13 can be put in a dimensionless form similar to 6.3.11. Let 

(dp 
_ 

dh 
_a 

PL d (Ui) dp a PG d (Uc) 1 JTPL 9 PL 
dx 2 dx 

+ 
dX 

TPG 
+2 

dx 

(6.3.14) 

By combining 6.3.12 and 6.3.13,6.3.15 is obtained: 

-'rwc 
SL 

+ 
tij Si 

+'tWG 
Sc 

+'r c Si 
=0 (6.3.15) AL AL AG Ac 

Which in dimensionless from gives 

2 
fL fiG 

xF (RL, n, m) -F RL, -, --Z=0 (6.3.16) 
. 
fwc 

. 
fwo 

Where 

_ 
dv 

SL 
x2 = Lockhart -Martinelli Parameter 

WSG 
and 

Z_ 
41 

(6.3.17) 
F (RL ) dx sc 

The parameter Z represents the equivalent relative dimensionless force acting on the 

liquid in the direction of flow due to the ILG and any other difference in the two-phase 

pressure gradient in each phase. 

Case C. Inclined stratified flow with ILG 

The one dimensional energy equations are 
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- 
dp 

g PL 
A-a PL d (Ui) 

_ 
'AWL SL 

_'Cý 
Si 

sin _ FL g dx 
TPL dx 2 dx AL AL 

(6.3.18) 

and 

_ 
(dp 

_a 
PG d (UG) 

= 
twG SG 

+LiG 
Si 

sin (6.3.19) 
TPG 

2 dr AG AG 
PG Sß 

Where 0 is the inclination from the horizontal. 

The dimensionless form similar to 6.3.16 is 

x2 F (RL, n, m) -F RL, 
fý 

, 
f`G 

-Z-4Y =0 (6.3.20) 
JWG IWG 

Where Y is similar to the parameter introduced by Taitel and Dukler (1976) to account 

for tube inclination. 

Equation 6.3.20 is similar to the following equation (as shown in appendix D): 

x2 
IDLUL) ULAc -ÜG 

IAG 
a 4f 

:i +fcAý -Z-4Y=0 (6.3.21) 
OGOG c fc c fc c 

Where 

Z 
c` 

D 
LL 

_. 1/2pLUSL 
WSL 

X= aca DUso "" 1/2 pcusc TD va 

41 
_ 

41 
Z- 

4c° I 
rou l-ý d-° DÜ --"' 

ý ýc° J 1/2pGU2c (Dc U0)~" SG 
(c c) 

Y- 
(PL-Pc)9 sin (3 

_ 
(PL-Pc)9 sin0 

a .ý 1/Z pcUsc (Dc Uc)~" d& s()0t150Ü0r 5(DVG 
) 

and 

(dp 
_ 

dh a Pc d (Ui) dp a Pc d (Uc) 
- 

TPL 
9 PL -2 dx + dz TPG 

+2 dx 



123 

The term Y in equation 6.3.21 is similar to the Y term introduced by Taitel and Dukler 

(1976) but in fact these are not equal as Bishop claimed to be. This difference is only 

important if the flow was not horizontal. 

In order to test the model equation 6.3.21 was programmed on the computer. Only the 

following which were not measured experimentally i. e ff jfa , f; ýfa , CL , Ca ,n and m 

were variables in the program (the rest either measured or calculated from experimental 

data). 

As all the stratified data were smooth stratified the following values were assumed for 

the above variables 

f11 jfa = f; ýfc =1 (as most of the researchers usually take for the smooth stratified flow), 

CL = CG = 0.046 and n=m=0.2 (as given by Taitel and Dukler). 

The model (equation 6.3.21) was tested against experimental results; the results were 

presented in the following form: 

As equation 6.3.21 contains four terms in the left hand side; for the left hand side of 

the expression to converge it should equal the right hand side, i. e zero. The terms in 

equation 6.3.21 were named for simplicity as follows: 

TERM 1 -TERM2-TERMZ-TERMY=O 

where, 

TERM 1=2 
(D`U`B Ü2 

SL 
X 

(DGUa) L" ÄL 

TERM 2=Ü -+--+-- AG EGAL fGAG 

41 41 
TERM Z=r_ 

ý° ID QS°) 1/2 pcUsc iDc Uc)-"' 
(2)sG ýDc Uc) 

and 

(6.3.22) 

TERM Y= 4Y = 
4(PL - PG) 8 sin 4(PL - PG) g sin ß 

DG(D ., ) 
1/2pGUs2G(DcUc)~" 

Fl-ýxSG 

G Un) 
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In the present case TERM Y=0 (horizontal flow), and equation 6.3.22 reduces to 

TERM 1 -TERM2-TERMZ=O (6.3.23) 

To assess the convergence of equation 6.3.23; the left hand side should always equal 

zero i. e TERM 1 should equal (TERM 2+ TERM Z). Therefore, the results were plotted 

on the co-ordinates TERM 1 versus (TERM 2+ TERM Z), and shown on figure 6.3.5 

for all values 0.5 < h/D < 0.8 which include 92% of the total data, and the %RMS error 

were found to be 14% (based on term one). Although the prediction of the Bishop model 

was not considered bad, it can be improved for the higher values, of TERM 1 and 

(TERM 2+ TERM Z) z 1000. A new model has therefore been proposed (section 6.3.5). 

This new model follows the same procedure as Bishop's, and a better prediction for 

the stratified data and perhaps for large diameter stratified data in general where 

hydraulic gradient does exist was obtained. 

6.3.5 Proposed Model For Prediction Of The Total Change In Pressure 

In The Direction Of Flow (Including Wall Shear Stress, Interfacial 

Effects And The Liquid Level Gradient) Based On Bishop's Approach 

The present model was an effort by the author to make use of the present set of data 

for stratified flow not only to test and compare with some of the models available, but 

also to try and develop a new model based on these data. This model was considered 

valuable due to the following reasons: 

(i) The large diameter test section used in obtaining the present set of data, compared 

to those available in literature. 

(ii) The length of the test section used (34 m), which ensures that settled flows usually 

obtained within this length, especially for stratified type flows [3], [4], [110], 

[111]. 

(iii) The measurements of a new parameters namely the Interfacial Level Gradient 

(ILG), which has not known to be measured before under these set of conditions. 
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The present model was developed in the same way as that of Taitel & Dulder, and that 

of Bishop's. The energy equations for each phase used were like those of Bishop's, i. e. 

equations 6.3.18 and 6.3.19. All the terms in these two equations were given the same 

meanings like that given in section 6.3.4. 

It perhaps worth mentioning that; although the present data were only for horizontal 

stratified flow ( smooth stratified ), the model was developed for both the horizontal 

and inclined ( not tested for inclined flows ) flows. 

The model is also presented in dimensionless form like that of Bishop's; by following 

the same procedure as that given in Appendix D. Hence, the model developed is similar 

to that of Bishop's, i. e. equation 6.3.21. 

The difference between the two models being the following: 

(i) The value of n in the present model was not assumed 0.2, but was avaluated using 

the present set of data, i. e by converging model prediction with experimental 

data. 

(ii) The value of m in the present model was not assumed 0.2, but assumed to have 

the same value: g n. 

(iii) The values of CO and CL in the present model were assumed to be equal, but again 

their values were left to be decided by the present set of data. 

(iv) The parameter Y in Bishop's model was said to be the same as that of Taitel & 

Dulder; the analysis of equation 6.3.20 (which is the same as that taken from 

Bishop's paper) would indicate that the Y in 6.3.20 in not that of Taitel and 

Dukler. Full details are in Appendix D. The parameter Y in the present model 

was found ( as shown in Appendix D) to be; 

Y_ 
(PL-Pc)g sing 

_ 
(PL-PG)9 sing 

o° l QSOJ 112PGUsa(DGÜG)-"` ()SG. GcGr 
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The values of m, n, Ca and CL were all obtained using the present data. The values of 

flJfa and f; ýfa were taken the same as the values assumed by Bishop, i. e. ft/fa = fo/fa 

= 1.0. 

The values obtained for m, n, C0 and CL were as follows; 

m=n=0.214 and Ca=CL=0.048 

The new values of m, n, CO and CL were used in equation 6.3.21 to predict the present 

results; in the same way used in section 6.3.4. 

The present model predicted 92% of the total data for stratified flow within %RMS of 

9%, and 89% of the total data within %RMS of 8%. The results for the 92% of the data 

are shown in figure 6.3.6 and for 89% of the total data in figure 6.3.7. The axis of these 

two graphs being (TERM 1) versus (TERM 2+ TERM Z) as explained in section 6.3.4. 

From the analysis given in sections 6.3.1 - 6.3.5; it is perhaps fair to say that the model 

of Andritsos and Hanratty did not take account of tube size effects and the possible II. G 

effects, and hence the model prediction was not satisfactory. The Bishop model in other 

hand did take account of ILG, but perhaps its development from small diameters data 

had its effect on the model; therefore the model preformed in much better way than that 

of Andritsos & Hanratty. Due to these uncertainties the author recommend the use of 

the present model in preference to the other two for stratified flows in large diameter 

tubes in the range of conditions tested. 
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Correlation % AVE. Error % RMS Error 

Blasius 19.848 20.023 

Konakov 16.986 17.351 

Moody 19.945 20.163 

Barr 16.929 17.318 

Serghides 16.359 16.732 

Jain 16.723 17.107 

Zingrang & Sylvester 23.349 23.523 

Schacham 21.674 21.860 

Haaland 16.869 17.247 

Chen, J. J. 18.891 19.086 

Chen, N. H. 16.212 16.598 

2nd Serghides 24.666 24.831 

2nd Chen, N. H. 15.953 16.366 

2nd Zingrang & 15.296 15.719 

Sylvester 

Jain & Colebrook 16.029 16.437 

Haanland & 15.953 16.366 

Colebrook 

Table 6.1.1 Percent Errors of Predicted Single-Phase Friction Compared 

to Experimental Values ( For 50,000 < Re < 500,000 ) 
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Model 

Used 

All Two 

Phase Data 

Stratified and 

Wavy Data only 

All Data except 

Stratified and 

Wavy 

% AVE % RMS % AVE % RMS % AVE % RMS 

Err Err Err Err Err Err 

Homogenous 22.924 67.185 51.236 86.927 0.075 50.912 

Lockhart-Matinelli 8.187 59.055 40.147 79.266 1.855 54.163 

Chenoweth-Martin 51.639 103.589 106.851 140.675 6.497 57.780 

Baroczy 124.943 188.381 217.944 258.608 51.097 103.266 

Chisholm 95.314 167.458 196.109 240.208 16.153 67.536 

Dukler 49.415 77.873 65.130 87.892 36.692 68.237 

Table 6.2.6 Percent Errors of Predicted Two-Phase Friction 

Multipliers Compared to Experimental 
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Flow Pattern Computer Code 

Bubbel 1 

Plug 6 

Slug 2 

Stratified 3 

Wavy 4 

Plug-Slug 62 

Stratified-Wavy 34 

Stratified-Slug 32 

Wavy-Slug 42 

Bubbel-Plug 16 

Table 6.2.7 The Flow Patterns Code Used In The Computer 

Programs and Throughout This Study. 



136 

r 
N 

W 
Cj) 
QN 
=N 
az 
W 
J 
C3H- 
Z V) 

W 

cr- 
H0 
ZW 
W_ Q 

QW 
Cä 

WV 
CC 

CO 
0Z 
ch w 
W I[ ä I- 

J3 
-0 RJ 
< LL 

LL 



137 

r- 
04 
M 

Wa 
CA N 

N 

a 
W Im 
JI 

W cA F- 

cc. O 
HL 
zQ 
_W W 
I 

0 

GEC 
m 

W yY 
W 
c 
a 

J3 ao 
xJ 

LL. 

N 

L 



138 

W 
U) 

cr 0.0 
OLL 
3a 
ZW 

F- a 
Z 
W >- 
C co 

CE W 

W 

ý LIJ cä av 

J3 ao RJ 
Q LL 

M 
1 

G3 
U- 

HO 
O 

>- O 
tN 

3ý 
v 

3 
0 J 
LL 

H 
N 
W 
1-- 



139 

w 
y 

a0 
3" 

Zw 

Za 

wv 
_>- am aZ 

w 

C 
N 

W 

Z 
CL 

NO 
%-0 cc 

-J 
w 

QLLH 

Co 

L 



140 

td V 
cl 

O 
C') U 

y v 
/ý 

-N 
Cl) 

p, 4 

c .C ui 
.. ti u 

N 

N 
'u I 

I- 

t 
fu < 

U 

1) 

O 
LL 

W z 
< O - 
0 

{ 
D 

z 
L) 

p 6 
- 
Li' w 

En -j 
Ö 
O w N 

" N 
-C-4 : 0 9 w w 

_ ýO v O 
p 0 LL -j 0 C' 

0 ý] O ö (n 
a p 

O O pp 
O I- p z 

g w 

w 
O IA 

O p O w 
O 

O 
O 

O 

0 O O O if) 0 W- 9 
)v - U (r) C Q) N N 

OO O O 0 0 0 0 0 

OO O O O O O O O 

C VOWV"1 ) IIO1 3Vd N011.31Hd 3 SVHd-31JNIS ýO 
. C7 

w 



141 

N 

N 
O N 

0 

Op N 

O 
co 

O ' 
p CD 
Oý " 

< 
p Eli 

W 

D® 

p .. 
Z 

OO cri 
w 
0-4 

ppO N p 

w pO 
v- Z 

w 

w a 
O OC 

13 
O pp ö 

O 
G 

p 00 CD 
e O 

J 

co 
O O 

p 
O " 

O 

N 

O 
0 

O 

O co N co 14' 0 CD NO 4" O 
10 1- w M M MNN W- W- W- 
O OO 

.. 
O 

. 
O 

. 
OOOOOO 

...... . 

O OO O O OOOOOO 

C VCWVI ) 2(O±3Vd NOI1OIäd 3SVHd-SISNIS 

0 
x 

Ö N 
V 
eu 

V 

F- 
co 

w 
F- 
U 

IY 

I 
U 

Ix 
0 
F- 
C. ) 

LL 

Z 
0 

ci 

m 
LL 

W 
N 

2 
LL 
1 

W 
J 
C7 
Z 

N 

J 

F- 
Z 
W 
r 

W 
IL X 
W 

\O 

C7 



142 

0 

Ö N 
A 

H 
N 
I-d 

w 
co 

F- 
u 

ON Ix 

{O1 

OO VC 

LL 

°8 °Ö 

FOm 
°O Z -I 

Fes- 
° 

U. 
wOOw 

J U) 0 

ä°Wä 

wMi w 
ÖJz 

OO 
° 

OO Cý 
OJ 

I- 
Nz w 
"- r- 

13 
Ix 

Ow °X 
Ow 

° 
O 

N 

N 

O 0D co 1' N0 

OO0000 
OOOOOO '-' ý 

C VOUVI ) 21O13Vd NOIl3Iäd 3SVHd-3'19NIS 



143 

(n 
0C 
O 
F- 
C) 

o u- 
O 
O Z 
O 

ý! 

F 
I 
V 
b-I 

O 
0 LL 
O 
O LJ 

N O < 

n. 
o w 
O (D 
N - 

(") Cl) 

0 
O 
Ö 

V 

W W W 
m ä 

ä ý 
z o < ab 

a 
ö 
N 

cn O 
J 

o sý z 
0 Ix r- 
0 

-0 
0-4 

N w w 
a x w 

0 z 
w ö 

Ul) F- 
w 

O o z 
O 
0 

0 
U) 

O < 

(L 
t 

0 0 
o Ü 
O 
O 

O IA O In O 
("I NN "- O O0 0O 

00 
O OO OO -+ 

C VOUV1 ) ä013Yd NOIl3IMd 3SYHd-319NIS ti 



144 

M 

I M 

i 

I 

9 
"t 

9 

W 0z V)N 
? - LL I- 

G) 0) 

W. 
r+ rr N 

N d 
(D <> (D O G 
? _ 

N 
< 

0.. U) = 
H 

< 
G +XO 0 ae 

a Im 
0 

v 
Ct W N 

pz 
Z 
O 

CO) LU 

ºr 
O 
Lu 
Cie' 
a 
N 

Q 
O 

M 
0 

"- Z 
W 
CD 
O 

Cl) O 
W _ 

ºý p 
J Z 
G . < 

00 h 
Q= 
Q 

O 

O V W 
II I 

- 

W 
cm 
U. 

W N 
H 

O0 
'3 Z 

0 
S 

8 
W 

a " m m t I N 

- . 
l lI I II 

I II I 
". " IN O CD 

O " LL 
O - 

S? J3I1dI1'U1W NOIl0IN: f 3SVHd-OM. Sf103N3J0WOH 



145 

p. 

w 
I- 

0 
0 0 

a M 

2 2 
Y 

Q 

to 
a 

e 
ö 
z 

F 
Q 

ü 
O 
J 

J 
M` 

F 
0 
i 

M 
M 

d 

ea 

w N z C 
as 

u) C D 
" Y O 1- Ü) o) 

co > co > 
cK > 

< 
O 

ä N N I- p Z 
O 3 II 

a + x O O 
OC 
0 U 

Ix Cie 
S-. 4 

WW w 

yw a 
J 
J 
W 
z 
º-4 
ti 
a 

0 1 
o 1 

co u 
w 0 

ä zz 
"" c 

z 

" 1"- U Cd w 
r-" a 
LL x W 

W Z 
co w 

\ 
2 x 

+ + 

; 
t 

, ~ z 

ä 
w ä 
s s 
!Y U 
IL 
X N 
W N 

o 
0 0 . - o 

w 
. - o "- a 

S213I"idli1f1W NOI13I? Jd 3SVHd-OMI I113NIIHVW-IHVHA OOI 

N 



146 

0 n 
0 M 

g 

0 
i 

d 
° a) d 
w ö 

0) C) o 
.. .. co m 

W 

CD > < 

(L (n f) S ham- Hn to 

a + x o 0 ö0 
z 
o 

De oc F- 
Ixw L) 
W w 

'-ý 
(n LU W a. ý' a 

z 
h- 
Ckc 

o a 
W 
0 w 

W Ü 

w 0 
ä < 
I-- 

C 

M z X: 
9 - 

0 1-4 
- 

- X 

x w 
Z 

W W 
(n 
< 

W 
s w ä 

I a m 
" z o m 

Z 

0 
L 
ºr V 
W 

tY) 
a " W N 

ýD 

0 CD 

O " " LL 

S? J3I'1dlflflW N0I13I21d 3SVHd-OMI NIIIIVW-Hl3MON3H3 

N 



147 

Cf) 
pZ N) 
wO V' 
ºr ý. r O C) 

? - U. I- C'r) " 

Y N 
co CD <>< CD 

"- N N< es II 
CL F - 11 O Q. 
o + xo öä 

ww 
w 
(1) LU 

I< z 

U 

w 
O 
O 

Cf. 
a. 

U 

N 
< 
m 

W 
ýr p 
J < 

O M 

O r- 
w 

z r- 
Q - 
1ý1 

H X 
w 

+ LL 

} o 
Cl) W 

CL LU 
I 

00 in } 
Z 

ýF- O 
N 

< 
a 

ä z 
o 

r ö 
., U 
w 4- X 

N 
w " 

CO 

O C; 
o a a . - "" O " "" LL 

S? J3I1dil`V1W N0I10I21d 3SVHd-OM1 1Z3021VS 



148 

0 M 

C 

i { 

M 

8 
I 

z ww 00 
>- LL tr) 
W ºý º-ý 

U) < " 

CD CD }- 
>< 

CO 

aJ. 
J 
(! ) U) 

< I- 
U 

(ý ct O 

O + xoO ix 0 

W 
v 

g N 

GýC< 
F- 
V 

O 
W 

O C- 
O 

U) U 
O 
< CL 

o J < 

Oý ~ 
W 

ýz E 

N O: 

u ä 
Ix w 
LL 

Z 1 ° 
($) w 

ý x = ý .. m I 
'3 2 

I I 
W E E E E o Ü 

W If) 
CL " w N 

to 

O O O .-O a0+ O " LL 
^ O "- O 

S? 13I ld I1'UIW N0I l0I äd 3SVHd-OMI W 1OHS I H3 



149 

Qz LO w0 r) -- 
u. º- CO LU (n Y I- Cl) nt 

(9 CD < ?-Z l- 

-i N 
( f) 3 11 

0 + x0 O Q 

wW J 
< 

ww 

z < 
Z 
0 
1ý1 

Fý 
Q 

0 w 
o OC CL 

w 

N 
m 

w Q 
w 

O º -+ 0 < 

00 J 

O 
' 

W 
0 z W 

º-4 

Ü 
0.. 

º+ X 
ui 

+ LL 

+ N w 

3 2 
m 

+ Op 
3 Z 

' I- O 
CA 

< OC 

W 

O r- Ü 
º r 
W 

(D 
LL 
X N 
w 

O 

O Cý 
p LL 

S213Ildiflf1W NOIl0I21d 9SVHd-O U. 831)1f10 



150 

< 
3 

0 oz CD IA 
UJ w0 NN 

ON 
LL LL I. - cf) 

O 
m N N IA 3 < 

)- 
< 

O D a tY > oc N < I- 11 ' U) u 
X O0 

(Z 

WW N 

a 
z 

=> 
cY < 

0 w a a 
i N o 

u% 

z 

oc 
1-4 

ä o 

"ý w 
ýz 

Cf. 
v o 

w LL 
Z 

x w 
cn w 

w ä 
0I m 

'3 
r 1' 

w w 8 
ce 

CD 

C7 
p LL 

O 
' 

r' O 

W S? J9I'1dIi' n NOI LOI&I 3SVHd-OMl Sl02N390WOH 



151 

0 

Z 

U w 

0 J 

0 

M 
MR 

Y 

J 

r 

t 

3 
y 

V 

W W 
ý 

0 co 14" 

I-s 
LL 

r~+ 
(44 p X 

ý F- U) F- O t' . i 
ce 

> z 
< U) 

Z 
co 

< N 
ham- 11 

p O 

x O O ýQQ C. ) 
W 

W 

t! ) W 
IY 
C' 

J 
J 
W 
Z 
H 
F- 

O 
O ý 

N 
' 

0 
R 
W J 
J 

~ O 
ý aý 

J 
Z 

O 
ý ö w 

v w 

LL W 

W z 
(1) W 
S 

i-M CL 
go co 
^~ Ö 

Z < 

p ý 
E 

tY Cý 
W 
W 

0 0 
N 

O 
O O ý 0 .. ý 
o w 

Sä3I'ldll7U1W NOI. L3I2ld 3SVHd-OAI I'113NIi VW-. L VH>I30'1 



152 

rn 
> 
3 
I ON 

w W Li W 
0 

t) if) O 
t- OD 

LL - C° ä 
W 1-4 ' cc Y< < I a x ? - z 

> tY < . - Go 
N C H if N 3 U 

X O 0 aa O 
t ~ 
Ce W U 
W 

Ix 
`'4 
W 

a) LU 
w< a 

z 
r a 

o o z 

O 
Z 

N w 

w o ä < 
J < 

O r- W 
O p r- 

v o ý 
W 

LL 
X W 

W 

< 3 

w CL 
go 1o co 

"3 z 
" F- O 

N 

W 
r- 

r- Ü 
-" W 

O 
G " . W N 

CO 

O O 
O O O . - ý . O " "" LL 

S213I'id i l'm NOI l0I?! d 9SVHd-OMI N LL VW-H13AON3H0 



153 

> ,% 
3 O 

W 
Öz 
W0 

w 
CD 0) 'I r i 

WH LL a 
0 
a 

< co 
! - 

O O )- I AN 

a- 
> 
< 

ce < 
t- c 

N 
if -' a U) ýIlc t"- Cl) It ac 

x O Q 0 
ix 0 

i X 

Cf. Ill 

U) W Cl) 
< 0 

F- c) 
° W 

o n- 
o >- N 

U 
W 

U m 
W 

0 

J < 
CL J "+ 

O D Z 
O O ,E Ill 
Oz 

LY 
ä 
W 

LL Z 

W 
W 

U) 3K 

2 
t 

G. m 
ý ý Ö 3 

rr 
es 
F - 

d 

z 

o 
X N 
w . \ 

O 

" . 
C7 

O 
0 

O 
. 

O 
.. 

º-ý 
W 

O 

SSBI'1dli'1fW NOI13INA 3SVHd-OM1 1Z002IVS 



154 

< O 

° 0 0 0 W WW 0) 
Y- LL h LL 

n 
°ý 

W r+ . -4 . CD O 

ý H T N G < O C p ' 
N s U) It 

X O 0 
l 

00 aXj 
mW 
W 

W U) 
z U) 

< O 
"r 
C. ) 
0 
W 
w 
a 

o r- 
-3 

rr 
Ü 

CL J º+ 

0: 3 
? 

O 
0 W 
a i 

X 

ý4 W 
LL 

w s 

O X 
Z m 

00 z 

""F- N 

z 
W Q 
E v 

W ý- p,, 
X 

O C7 

S J3I1d Il'VIU N01131 NA 3SVHd-OA1 MORS I HO 



155 

>- 
3 

o öz o p1 
w wa NM 

-J H 1-4 1.4 0) ^ tn >- LL ILL I- co " 
w Ql F- !-t! ) N (D 

> < O 
ce 

F- < I- Ix 11 
U) 3 U) 1- 11 ä 

X 0 0 
a 

cz ac 
mw 
W a ý N 
IX < > z 

0 1-4 

U 
1-4 
0 
W 

0- 

w 

O C3 
tY 
W g 
M L 

< J 
:3 w 

Q º-r Z 

< . -+ W 
Ü X 

1-+ 
We 

W 

Z 
W 

w 

H < 

Ill c1 
Ö 

Z 
"3 O 

^ 1- U) 
H 

< < 
0- Z r- 

111 0 

r-. 
N W 

X N 
W " 

O t9 
ILL 

. - o ^o 
SN3I7dIllfW NOI10I&I 9SVHd-OAI N2 1) flO 



156 

CL Ü 
)- > 
> ö 

3 w 
(AI 

3 
I *a 

W Ö n 
N 

_ _ 
}- - LL 0) L w º-ý O 

Z< 
C9 CD l 

_j _j es 11 x n. - to NF il w 
O +0 clic 0 

N 62 Ww z 

U) 
W 

U => 
c< 

W 

CL 
cf) 

o O 

o w z w 
cD 1 Nj 0 
0 

cn w o 
0. " ä z 

J 

on w 

_ 
N D A 4 '% aö ä 

"" w V X 

a+ w 

LL W 

O N 
Z w 

a m 
+ 0 

O 3 0 
ýF- V) 

< 

Z E 

0 
E Ü 

QS f'ý 

d " 
X 
W " 

O U' 
O p p "- r-ý 

O 

S213I1dI11f1W N0I10I&i 3SVHd-OM1 Sl03N39OWOH 



157 

0 M 

S 

i 

I. w 

0 J 

N 

0 

8 
9 

Ü 

x 
>- 
> w < 
: IR C: 8 

N 3 
O W MIf) V 
H H W CD H 

W I- 
ý-+ 

LL 
ºr 

W. N < 
co (7 z V) Cl) 
J ) H N 0 0 CL U II 

ý 

O + O U 
1.4 oe 

W W 
re Q: 

a U) 

ce. < J 
rd 
z 
N 
f- 
I>t 

O 
O I 

Y 

Ö 

W J 
N 

z 
CL 
." < 

J 
J 

O= F 
Ö w 

LL. L) 
W 

oc x 
LL W 

W Z 
(1) w 

+ CL 

00 Im 
J 

N 

< ºý 
W 

a+ 
OC 

X d' 
W - 

. cal 

0 0 O (7 
0 

O "- 0 w 

Sd3IldlllflW NOI13INd 3SVHd-OMI I'113NI L VU-läYH)1001 

M 



158 

CL a 
L) > d 

3 
w < ob 
z ö N ° ° w "' 

>- I- U. 0 o cý " '^ 
w ., .. "m Y s d CD Co z < If ) 

ý N 
0J 

N 
1- 

N 11 
II Z 

. O 

O + O Ö 
ce- 

oc ix 
Ü 

ww _ 

Q. w 

ý> a a 
Z 
f- a 

I 
ý- w in 
O 
Z 
w 

W 
O 

ý+ Z 

CL 
. J , r- < \ 

c, 
r- w 

ö Of 
i ä 
1.14 
C e 

w 
i 

LL W 

4-690 N w 

° 
W 

a m 
11 1 0 

- 
a J 

Z E 
p r 

0 C) 
ºy 
W ý 

pý 
X N 
w " to 

(D 

O . .. U, 

SN3I'1dIl'1fW N0I10I21d 9SVHd-OMI NIIHVW-H13MON3H0 



159 

i 

Cl. 

w > 
3 ý 
ý 3 

ºy ºw+ 
OD 
(o 
N" 

Y 
0 d (D 

? 
(D 
? 

Z 
C< L 

ä (n U) It II 
0 + 0 x 

40 
WW 

v 
(Y 

U) LU N 
Z 

OG O 
F- 
C) 

W 
CL 

o C- 
o 

N 
O 
a' 

N m 
OC 
W O 

ä 
0 

J F- 
Oý Z 

X: w 
OZ. 

W 

u a x º+ W 

+ 
fY 
U. z 

C Ill LU 
N = 

0 0 Ö 

"" 1- t! ) 

F- a 
Z 

p t 
Q U 

rr O 

a x N 
W " 

O 
Ö 

" LL 

Sä3I'1dI. L m NOI13I&I 3SVHd-OMI AZ3ONVS 

M 



160 

W 

W< > 
d 

U1 1 = 
ooW 

(D IVA 
I-- LL IM ^ 

ui m 
ºr ºr co + ý 

CD CD 
> 

2< 
< 

co L 
0 

J N I 
G . I -N H 

O + O Ä Oi 
I 

ui 
Lti y 
j z O 

V 
r1 
0 
W 
ce 
a 

a o 

0 .r T3 cn c w o M Z 

< CL '-+ F- 
J 
< 

am z 
O 
_ o 

U X 
W 

LL 
z 
W 

1 1 1 

U) it - 

° - - ä m 

o 1 go' ö 1 A 

< 
ce 
< 

0 
IY n 
W "- L 

N 
tD 

O C; 
O O O . - 0 " "" LL 

O .-O 

S213I1diflflW NOI1OIäd 3SVHd-OMI W1OHSIH3 



161 

a. 
w X> 

w< 71 
(Al 
ZQN 
0W L- G) 

?- F- LL N" 
wi ºy " CD 
x 

CD CD 
Z< 

CO 
co CV) 

"ý d 

rj d 
U) 

H 
Cl) 
~it L 

N 
O+0 ix 0 

X WO 

W 
Q' 

N 
Z 
O 

W 
O v= 
O CL 

U. 1 

cn 
ö 

wQ 
< 

0. 
00 ý 

J F- 
ýr- W 

Oz 

I-- ä 
w 

t U- w 
+tONW 

+ZW 
a co 

++O00 

1-- N 
I º1 

cz 

tom- 
d 

W0 

0EU 
W cc 

aN 
W" 

CD 

C7 
0pp^ý 

0 LL 
S2]3IldIl1flW NOI13I? Jd 3SVHd-CAI N3'1Nf10 



162 

CA 
z ° 

w0 
0., .. w 
-- 
< 

t' CD ?-2 
J~ J 

<G 
Q. Cl) Cl) S I- 

o+xo0 
0 
0 

- 
00 

co 5 1 c - 
l 0 

+ * o 

0 + 0 
+ 

-f t 
co )p 0O 

++ 
0 

e 
y 4f. o 

m 
++ 

+ O o 

ry 

+ 00 

tF+ + 
C 

Xx O . -+ 
0 

a. 

= g 0 

> x x -Y" 
W 

+ x < 
+ x xx x* x 

co ä 
I I 

0o xxx ö 
oo X XX 

X L) 
0j 

J 
LL 

OO t 4 +- X xXx x W 
ao o xx n 

Z 

w 
a X xx x 

O 
Ocb O 

X 
x x X 

X 
xx #x x 

w 

O 
o ON 

0 

0 

0 
(s/w) 6sn )J, I3013A ainoI1 1VI3Id2l3dfS 



163 

0 
a 
e 
M 

a 
0 0 

0 

z 
0 

0 
W 
N 

0 

a M 
a 
N 

N 
a 

0 
0 

ü 

a 

a 
a a 
0 
0 
a 
z 

ti 
W 

0 

J M 

0 

n 
0 
u 

M 

N z ww a- 0.4 t 
LL w 
º -. º-4 

>>a><Y 

Q. () () 
3H< 

o+xO0 
O 
O N 

r- 

00 Z 
H 

+ ° o a 
tt p 

° J 
+ O L L 

+ ° oO SA w 
++ 

O 
E 

< 
* o v m 

+ O 
O 

Y- J 

f}+ + 
O 

XX 
8 

° 
U 

00 
Z 
w 

"J = 
+ ^ ä > w 

+ + X 
Cl) X 

{ X XX XX 
p w 

X 
J 
i 

Z 
O X i i 

W 
f U 3 

X XX 
x ." LL w 

00°° 
4 1. X xxX X AX ce 

w 
m 
Z 

O X N 
N 

o 
x x x ot 

C, oo x x ), x E< 

x X X 
O U 

o° o 
° 

o 

o 

v 

N 
O° 

1 I t I I I c rl I (7 
OO .-O 

O 
(situ) 6sn A110013A ainoi-i '1VIOId83dfS 



164 

(L 

(1) z ° woö 
0 w 
z 
CD > cx > 

>< 
< ä ~ 

U ) 
H2 

y 

O+xO0 <E 
a 

O z 
O oc 

W .. F- 
F- 

OO 
n" 

CO) J 
O 

U. t p p 
t m 
++ ' p 

+ 
I R " 

O 
D 

z 
0 w 

0 
444 + 
+ O 

\ 
v 

* 
1 4 ) .0 

2 
t 

+ O 0 0 
v at 

M 
O 
< + t 0 0 O 

f- 
0 

+ 
0 xx 

g 
p 

U 
00 

Z 

W 

+ W P4 
> w 

+ i < 
X 

+ X XX SIC 
x 

O W 

O 0- 6 
X- 3r--R A 

xx 
-i 

z 
W 

OO 
C 4 x 

5ý 
xX 

x U 
. -, w 

3 
F 
m 

°a E 0 ' x xxx x ä 
a° a x N z 

° x N 

o 
x x 

x )cc 
a 
ä FOCIa 

° x 
x x 

0 c) 
O äo 

x x 
P-4 N 
N 

OO 1G 
(7 

0 .. o w 
0 (s/w) 6s0 AII30-13A aInCII lVI3Id2l3df1S 



165 

CL 

w° ö 
LL I-- z 
1-- ca 3: Y 

JJ oc >< z 
Q. Cl) cn S F- r 

o+xo0f y 
o 

IT 1 ö 

Lij 
00 ý 

(p 1 ) c c 

+ + 0 
+ o 

Z 

* ° ++ " e 
1+ 0 o .. z 

+ c 0 r6 + o 
O 

O 
ý 'J 

x ºr 
Ö 

F-- 
W 

O O 
"J r 

++ - LU - 1-0 
> W 

X 

X XX X 
O W 

OO CL X 
x -i <-" 

z 
W 

OO 
- -3t, 

X XX 
x V 

LL 

OD X XxX C O 
ä 

GO 
° X x _ 

2 

° x x x 
!) 

Ix 
rl3 O x 

x XK 

X x x L) 
OO D N 
D N 

13 D° E, 

" 
Oo .-O w 

O 
-- (s/w) 6sn 11I00'13A OIf10l 1VI3Id213d(1S 



166 

N 
r3 Z r4 WM 

t\ Z 
wo OH 

F- Z 

c+xo0 ö0 CL. 
W ix 

w w at 
l 

s =< o 

c z 

oz o° 

LL 

O 0 %'so. 
z0 O 

+Y 
+ *4 ,+XXXx 

XX o< F<-O 
ÖK ffi 

+ 
X: r XXx c2 X Xý 

'} ++>G. 
WW)(Xx 

XCixXJW 
(X )OCX X +X O<Z 

w ýfc x 
x b4 

cioex*mtx x xx+ xäW 
xX}+xz 

o ýxý+ xw 
i 

x (4 °öxx o$ 
xx o+++ ++ 

X p+v 0V DO N 

X 
oq 

Mal O0 

(O N 
Ö in 

rr-r - 0O 

"""U. 
.-OOOO 

NO I l0Y2l: i OI OA )121VWH8f H 



167 

w0 NN 
9"4 N 
LL F 

CO 1 

N 
Y [ý W 

J J c>< N Z 

CL (1) U) 3 Ü 

a + xO0 et ö ö 0 (x 

w cw 
w CL 
(f)w 

> 
= 
f- 

< E 

o" z 

o 
o 

Z 

ci 
gx LL 
O 
O Oä 

4t 
+ +$+ F- -! 

Xxxxx Ox ý ' Ö < 
1-- 

, , p" ý 
o" + 9C LLL 

W 

XX XX F* XXX 
' O 

ce 
ýF 

+ 
AeK 

+ 
> X 

xXX X 
) (xx Xx X*++ -i < W 

+ 

xýWW* )OCX x X* 

O 

ý W 
Z 

w 
x F- 

o'CocxýcXfx x 
w m 

X 
XX 

++ 
} 

X 
Z 

xX1' 
w 

X+ 
+ 

Ox C>x ++ Lt) 
N 

ý 
< 

O + oxxxa a X+ 0 Ö 
Xx OAF++ ++ 

V 
X o+ C'ý OO 

`ý a90 N 
- 0 

0 X ßp0 

a ýD 
O CD 

U") O N ý�ý O N to O Q 
U. 

r" OOO O 

NOIJOV& OIOA HJIWS 



168 

N o z w o 
U. t- w º. ºý Y h- U) 

CD < 

ä ) 3 
( cn 

H 

11 + x O q 

M CV) CV) m co v- " C) 
n tV 

u 
re 

ce o 
oa ix 04 
ct w 
w 
cnw r_ > 

Op 

ýeý 

Ox+ XXXx XX 
O Od+ 8C 

XX 
+X 

7(F XXx 
'Fir} 

XXý,. 
1. 

X 
CX)40C XX+++ 
K:, »b«)4k )4C X Xlt 

X 

c>, 
4M=)4CX+X 

XX Y+ 
++ 

Dp OX Oc++ +*i, 

O Xý X+ 
++ 

Xö 

f* 
+ 

XX 

O %G 
co 

X ýO p0 
O 

+a 
a _. 

0 
000 

NOI. OYäd OIOA W1OHSIHO 

z 
0 
F 

0 
w 
a 
Z 
J 
O 
T 
N 
2 
U 
O 
Z 

OZ O 
H 

V 

LL 

O 
I -. 

Z 

n F~- J 

O< LL 
r_ 

O '-4 

X 

Jw 
lin 

F- Z 
0WW 

ºr_-a I-- 
wmw 

XZ 
W 

L 

CL 
O 

U 
U, 
N 

to 
a 
o CD 

00 '" LL 
O 



169 

wo 
N le Z 

>- u. I-- 0to 
t 

)" 0 
w ý.. ., k- (n Y .... tn O 

«. 
_< >Z N U 

äN )3H 
( 11 w 

O+XO0 ix CD I' 

re 
w 

W 
OC Z 
W 

Q: < O 
Q 

Z 

O 
O 

Z 
O 

. I 
. - V 

t 
LL 

O 

0 > 
" Ö 

00X XXXX XX O 
pO+ +X U W 

xxx XX 
jý. 

XX X . 
O a-+ 

+ 
++ 

++ 
+ > 

92 

w 
X X 

XX X 
CX)§u xX+X++ 

x 
O 

J 
< 

W 

« XCX N, X lt, 0 w w 

X fi 
'r I-- 

0 X*» X XX 
W 

p 
O 

++ 
X , 

,, X 
w 

Z 

&^XX *X+X ^ 
+G U) 

}t+ O X + 

X OX++ 1% * 
N % 

OOXX 
Xß #F X+ O 

+ XX0 *4 . 
+ V 

Xp+ 
0 

OO 
00 " N 

00 0 '0) 
X db O 

O 
O 

O " 
ÖN 0O 

in N 0 LL 
OO O O 

(0' 0=)I) NOI1OV21: d OIOA 1-INVHf10ä 



170 

U) 51 z a 
LL N 

W r+ ý-+ 
Y F- U) 

(z > z 
> 

CL UU) U) I- 

o + x o 0 

la 

oa 
xDa 

t>e 

ý- 

++o t 

xXXX 

O++XXX 
SIE X+X 

XXX XX 

xxXX *I( XX 
X- +X X z: zýx 

nc x+ xX XC 

U, 
'- N 
OO 

co (D 
N 
N 

U 

oc 

Ew 
w 
cnw ed< 

Z O 
F- 

0 w re a 

Z 
2 

O 
cx 
O 
Z 

dZ 
OO 

V 

IY 
LL 

X 

O d0"ý1ýC x 4x * XC X Ax 
+Xx 

Do % 
JYiC k eil +CXx 

X+ 
O XO + 

+* 
Ooxx IR mx 
XXO++ 

X 0+O td-Rik: 

x+ 

ööä 

(8 t' l=)i) NOI. OVä=i OIOA Z-INVHf10ä 

xx 

x 

X 

0 .. Z0 

O Lw 

o ºy 
º-. a 
>w 

x 
Jw 

lZ 
W 

O 

Wm 

WN 

ºr 
U) 
Nä 
Ö0 

O 
C. ) 

n 
N 
N 
tD 

O 

Op 0 º-+ LL 
O 



171 

w 
N 
0 

c*) o mi z 
w _ ~ ý m 
Y " " " co b-v 

== 
< >Z U 

äN 
U) 3 Imo- 11 

ýý W 
O 

O+ x OO 0 
Q: 
K' 

Ö 
(x W C) 

CY. 
W 

Z 

< 0 
O: 
O 
2 

O 
O 

Z 

U 

Cb 
C, 

Q: 
LL 

O° ° 
>O 

Ö 
O 

0 > 

O4 in F- J 

XXx XXX XA " 
O 

U < 
Z 

, ýe LL W 

+XXXXxxX x O '-' 

+ }ý# 
ö ix xx xxxx > > a »4, % XX X XX 

O P4 xxxx 
X 

_i w 
XX 

++ in F- Z 
f+ýatx)OcxxXx% a w w 

x = i- 
%Ox X*Xx)XXx w w m 

ep x ++x X w 0 
*Cx )xCXX + C" 

o Wv ý X x 
N < 

< 
v °° 4( xx 

ö 
x U 

x N 

+x 
t0 

O 

Ö in N 00 ` L U) ,1 

. - O OO O 

(C' L=X) N0II3V8: 1 OIOA C-INVHt10ä 



172 

w 

N 
Z N 

Z b. 4 ~ 
' O W 

Y 
b-$ 

H ;N 
ý f- 

Cý C7 
< 

}- Z () 

CL s s < Ho LW 

c+ x p 
ix 

0 ei 0 
a °' 

ww 
w '-' z 

X 
cz < O 

0 

0 z 

v Z 
o 

v 
L1. 

pö ° Z 8-4 O O ° O > 
a p ++*w 

It 

F- 
-3 p 

xxX O ix Z X 
+0& x 

U. W 
+ 

+ XXXXXx X x p 

-v 0f (X 
xxXX 

O 
> 

w 

XXXXX X 
QIF xxx xx 

)OC X)4C ZX XX% W 
W 

- 3 
X . . 1 - 

, Cx ý1[*X x)KX x $° X 
ix 
wa 

w 
m 

, 
mxx 

4F++x x ö 
*<x xx 

c 1! x < 

xx ö ö 
x V 

X N 

+X 
(D 

N N 0O `. ' Q 
UU) 

. - O OO O 

(0' 8=>1) NO I l3V? Jd OI OA f- I NVHnON 



173 

z w 0 1-4 . ", 

U. I-- w º-ý - Y ! - fA 
co CD }. < c 

> 
ä ) < I- U Cl) 
n + x o 0 

N 
Z 
0 
º-. 
U 
a+ 

CL 
J 
J 
Fam4 
ce 
m 

c2 
Z 

O 
C7 
W 
O 

O 
Z 

Z 
OO H 

LL 

O 
r. ý 

Ö> 

tn 
< F<- 
P 
LL = 

>ä 
Jw 

O 

H 
Wm 
a 
WZ 

U, 
N< 
OO 

t0ý 

to 

oa O LL 
O 

o °o cä o ib ot 4 + 

+Ox 'Sc XX 

++Nxx 

+ *+ 

°+ +1 
°O .+ 

+++o+ 

OX o+° 

x 4# ® o$ 
oo xxcx 

4x 

xxo 
x°ö 

x° 

000 

NOIlOVäd OIOA 11I88 ONV SJ038 

N 
0 0) 

Un c4 

n ce 

mw w 
lz (nw 7> ck: < 



174 

I 
ö M 

f 
t 

a 

ä 
M 

a 

ö ö 
s 

ä 

a 

0 

0 
ä 
0 
MR 

I 
M 

N 
w Z 

OD 
LL F- N" 

w "-ý - " o) N Y z > > De > Z N 
< ix 11 1-- 

a + x a 0 X O cp 
0 Cr. w 0£ De a. Mw CL 

r w z 0 

w 
0 z 
Z 
0 
Ü 

qo, 
0 0 Apo 

+io 0o xx 
xx xx xx xx 

xx xxx xx x 

xxxx 
xxxx 

roc +xx 
¢ ýIbax xF xxx 

-Esc x 
o 40ý +V 

4; ý. xxx 

o 
X++ 

b 7* )+x xxx 
x+ 
R+++ oxxOX+ c +x 

x xo 
o 

o x ý; 
- 0 Cie 

öN W) N 
öö0 

NOIl3V&I OIOA NOIV3 

CK U- 
G 
N 

O> 

"O< 
F- 

LL = 

O 0-4 
8-4 (x 

> C- 
X 

JW 
Z 
W 

= 
r-4 
Wm 

g! Ö 

N 
Na 
O oL 

M 
N 
N 

Ö" 

O' ýNr O LL 
O 



175 

z 
0 
E- 

N U 

W0 N In 
_ 
0 
W . -4 º. r 

>- LL F- 
W '-' - 

d 

U) 
O-' 
a. 

Y 
U' C7 

< 
?-Z -j 
< 

J 

CL 
NN 

O CX 
m 

D+x0 
Öc 0 
cW Z 

< 
W 

> _ 
Y w< D 
E 

0 
z 

O 
z 
0 
F- 

V 

Qr 

co 
LL 

O o 0-4 
b%+ z 

0 
O 

`p0 O+- {, 4+ L 
n F- J 

00 ö: 
+X XX 

XX X XX O 
< 

F- 

++ 
XXXX XX X 

u" 

O 
W 

+ 0-4 
W 

XXxx 
0 

X 

XXXX 
Chi( XX Xß. 4( XX O 

J 
< 

W 

++ 
Q�x mw XX xXC 

jr) 

O z Z 
3 

X 

O 0.44 ygcAX+X X 

o.., 
W 

I- 

ca 
0 X 

X 
XX %6( 

y 

OL 

W 
VO) ý Xx 6º 

O 
++ N 

+ 0O 
o>o, bo4 4( X O 

fl. 

X xc)4 . 1+ Ü 

X+ A-nx O 
Cl 

O 
+O 00 to 

0 

0 ýN ~ tý ll 
ÖO 

LL 

.-OOO O 

NOIIOV8: 3 OIOA 1-I88 (]NV f H)U1W 



176 

W0 

0-4 W ý: N. 
Nc )co 0 

Z 

JJ 
Fes- 

> N 
11 1" 

Q. cn w3 i- 11 
ly p4 

o+xo0 öX wI 
CK ix 

ýw 
a 
> jo 

0 
0 
z 

oZ 

Ü 

De 
U. 

ZO p 00ý 

SO 
x'týF 

xXXxxz 

pO ýxt xxc; Ul LL tXý' +XXxp 
r5-' 

c2 W 

XX 4X xw 
0 QCX x++O<Z 

1ý'ý5C 
+ 

KC xxCW 

X ºý. ý 1ý- 

04 OOO»CX' x Xx 49 
}xä 

llm 

x 
xx 

+}wö 

öý X CWX+K X Y+ 

,n 
Oxx OX 

fN< ß 

xer ix 
tit 

X 
XX 

+} 
oÖ 

0*+f L) 
X o+ 

0 
Ö 

O00 (ý 
X db OON 00 

OO 

on1! O) N 0O 

OOOO 

NOI13V2ld OIOA AOHZf19 



177 

Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmHZO/m 

150801 0.011273 0.005917 171.8528 11.6424 0.968 0.86 

150802 0.011206 0.008614 171.72558 11.2852 0.939 0.91 

150803 0.011139 0.011700 171.0964 11.2092 0.932 0.71 

150804 0.010985 0.014251 170.6584 10.5480 0.877 0.93 

150805 0.010985 0.016445 169.2434 10.0779 0.838 0.89 

150806 0.010985 0.019164 168.1878 9.3757 0.780 1.50 

150807 0.010951 0.021022 167.7315 9.4358 0.785 1.03 

150808 0.010951 0.023223 166.2264 8.6017 0.715 0.89 

150809 0.010882 0.025924 163.9678 8.9453 0.744 0.83 

150810 0.010882 0.029459 162.1748 9.7392 0.810 2.21 

150811 0.010882 0.030966 159.1792 10.8561 0.903 0.83 

15081.2 0.013156 0.005722 192.8686 12.9072 1.074 1.20 

150813 0.013142 0.009692 188.9358 10.8127 0.899 0.94 

150814 0.005211 0.005792 102.7146 5.8515 0.487 0.80 

150815 0.004951 0.007910 92.9227 5.7005 0.474 0.67 

150816 0.004951 0.010087 93.0080 5.9067 0.491 0.45 

200801 0.006838 0.005851 134.8468 8.6194 0.717 0.67 

Table 6.3.1 Total Pressure Drop and ILG Derived from 

Experimental Readings 
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Case A. Horizontal. Smooth Stratified Flow with no visible 
Interfacial Level Gradient (ILG): Uniform Flow 

dh r tIl 
ý2hL, 1h LI 

Case B. Horizontal, Smooth Stratified Flow with a visible 
interfacial Level Gradient (ILG): Non-Uniform Flow 

dh ýº 

T- ýnT -ý- oý hLI 
hL2 

-Tp-- 
Case C. Inclined. Smooth Stratified Flow with a visible 
Interfacial Level Gradient: Non-Uniform Flow 

FIG. 6.3.4 UNIFORM AND NON-UNIFORM SMOOTH STRATIFIED FLOW. (Ref. ) 
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CHAPTER SEVEN 

CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

(i) A test rig was reconstructed to increase the test section diameter size and 

length. The diameter size was increased to 203 mm (8"), and the length to 34 

m long. 

(ii) A gamma-ray attenuation type densitometer was designed and built for void 

fraction measurements, and involved a tube traversing apparatus. This allowed 

the measurements of the mean chordal void fraction distributions across the 

tube cross section in addition to overall mean void fraction. 

(iii) Two depth gauges were designed, constructed and calibrated for the measure- 

ments of the water level change (ILG) in smooth stratified flow conditions, 

and placed 12 m apart in the test section. 

(iv) A data acquisition system was designed, developed and constructed to condi- 

tion and analyze the two depth gauge signals and to convert these signals to a 

meaningful readings. 

(v) A programme of tests was carried out involving single and two phase flows. A 

series of 200 single phase and 400 two phase flow tests were carried out. The 

working fluids were air and water at pressures close to atmospheric. The tests 

covered a range of air and water flowrates, and four of the flow patterns and 

their transitions, namely, plug, slug, stratified and wavy. In addition to flow- 

rates, temperatures and pressures, measurement of pressure gradients or pres- 

sure drop, void fraction and interfacial level gradients (ILO) or water level 

change were obtained. 
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(vi) Pressure drop prediction of six pressure drop correlations existing in the 

literature were compared with experimental pressure drop. The agreement was 

genrally poor (RMS error > 60% with some well over 100%), and the need to 

include the effect of tube size and flow pattern seem necessary. These 

correlations are mainly for fully developed flows; however comparrison may 

be misleading as the flow conditions being studied are considered to be 

subcritical i. e not fully developed. 

(vii) Eight void fraction correlations were tested against the experimental void 

fraction data. In general, and terms of %RMS, all the void fraction correlations 

tested here failed to predict satisfactorily the experimental void fraction (RMS 

> 140% with some over 600%), with stratified flow beeing underpredicted by 

some of the models due perhaps to the existance of ILG. 

(viii) The ILG was measured in smooth stratified conditions, and was found to 

constitute most of (if not all) the total pressure gradient when the water 

flowrates are low. The accuracy of the measurement was very good, i. e within 

error of less than 1%. 

Ox) If interfacial level gradient exists in the stratified flow, the void fraction 

increases in the direction of the flow. This would indicate the importance of 

ILG term to be taken into account for flow of stratified in large diameter 

pipelines. 

(x) Two models were tested for their ability to predict total pressure drop in the 

case of smooth stratified flow with ILG. Andritsos & Hanratty model 

overpredicted the total pressure drop measured experimentally by at least a 

factor of 2. This model was modified through its characteristic stress (tie 

expression, where a new values of n=2.4512 and m= -4.2440 were 

recommended. The modified model predicted the present experimental total 

pressure within error of < 20%. 
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The Bishop's model did include the effect of ILG, and therefore, it predicted 

the present total pressure drop data within RMS of 14%. 

(xi) A new model was developed in the same way as that of Bishop's, and this 

model predicted the present measured total pressure drop data within RMS of 
8%. 

(xii) Flow pattern maps tested in general seem to have a limited value due perhaps 

to the inadequacy of the two co-ordinate system normally used. However, the 

data presented here do indicate that, the effect of tube size is to move the 

boundaries to lower superficial gas velocities and higher superficial liquid vel- 

ocities, and the transitions are not sharp, but are fairly gradual. 

(xiii) The use of gamma-ray attenuation technique for the measurements of void 

fraction gave a very good accuracy when compared with geometrical void 

fraction. The number of chordal stations (steps) does have some effect on the 

accuracy of measurement, but to acceptable degree. 

7.2 Recommendations 

On the assumption that the project is to be continued, the following recommenda- 

tions are made to improve the test facility operation, and to ask for further analysis of 

the stratified flow data. 

(i) The void fraction traversing apparatus should be motorised in order to elimin- 

ate the time consuming manual operation. 

(ii) The pressure drop measurement should be measured with more sensitive and 

accurate devices, especially for the stratified flow testing, where the pressure 

gradients are very small. 
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(iii) Further analysis are needed for the stratified flow data, to clarify the 

mechanisms of the ILG. 

(iv) If the present pressure drop apparatus have to be used for future testing, the 

depth gauges are recommended for the measurements of the total pressure 

drop for the case of smooth stratified flow at low water flowrates. 

(v) The present model developed for stratified flow (Eq. 6.3.21 with n=m= 

0.214, CG = CL = 0.048 and f,, JfG = f; G/fG =1.0) is recommended for the 

prediction of total pressure drop in stratified flow for large diameter pipes. 

(vi) The results obtained in the stratified flow regime may be dependent on the test 

section exit geometry; the flow is considered to be subcritical i. e not fully 

developed; the results are considered valid for the geometry above. 

(vii) Further studies of the subcritical stratified flows in this test facility would be 

worthwhile to improve the characteristics of the exit boundary conditions, so 

that detailed theoretical modelling of the intire flow could be attempted. 
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APPENDIX A 

A. 1 EXPERIMENTAL DATA; SINGLE PHASE FLOW. 

A. 2 PRESSURE DROP AND OTHER DATA DERIVED FROM 

EXPERIMENTAL READINGS. 

A. 3 REYNOLDS NUMBER, FRICTION FACTOR AND OTHER 

DATA DERIVED FROM EXPERIMENTAL READINGS. 

A. 4 SINGLE PHASE FRICTION FACTOR SPECIMEN CALCU- 

LATION. 
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SYMBOLS USED IN APPENDIX A 

Code 

No. Test number 

EMF Air temperature 

Temp Water temperature 

HL Head difference across water orifice 

PG Air pressure 

S1, S2, S3, S4 Air rotameter readings (head across 1" air orifice) 

S1 Head across 2" air orifice 

ELE Void fraction readings 

PE Pressure gradient 

PRES Pressure at the middle of the test section 

PATRN Flow pattern 

HOR Identification of water and air orifices plate used 

GTOTL Total mass velocity 

FFSP Single phase friction factor 

RE Single phase Reynolds Number 

USF Superficial liquid velocity 

USG Superficial air velocity 

QALITY Mass dryness fraction 

ec 

ec 

cm H2O 

bar 

cm H2O 

cm H2O 

mm H2O 

mm H2O 

kg/m2s 

M/S 

m/s 
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SYMBOLS USED IN APPENDIX A 

Code 

BETA Volume fraction 

THE Experimental two-phase multiplier 

VDF Experimental void fraction 

TMBE Not used 

PINDX Not used 

PR-GRAD Pressure gradient 

POT Not used 

EL Not used 

PT Not used 

kn/m3 
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APPENDIX A 

A. 1 EXPERIMENTAL DATA; SINGLE PHASE FLOW. 

FROM Table A. 1.1 TO Table A. M. 
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APPENDIX A 

A. 2 PRESSURE DROP AND OTHER DATA DERIVED FROM 

EXPERIMENTAL READINGS. 

FROM Table A. 2.1 TO Table A. 2.16. 
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APPENDIX A 

A. 3 REYNOLDS NUMBER, FRICTION FACTOR AND OTHER 

DATA DERIVED FROM EXPERIMENTAL READINGS. 

FROM Table A. 3.1 TO Table A. 3.10. 
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APPENDIX A 

A. 4 SINGLE PHASE FRICTION FACTOR SPECIMEN CALCU- 

LATION. 

FOR TEST No. 230803. 
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A. 4 Single Phase Friction Factor Specimen Calculation 

Consider Test No. 230803 

Water flowrate = 0.061817 m3/s 

Pipe diameter = 0.203 m 

Water density = 998.386 kg/m 

Reynolds number = 379689 

Cross sectional area = lt x (0.203)' = 0.032365472 m2 
4 

Pressure gradient 

= 147.09 N/m' 
D 

water velocity = 
Qf 

CSA 

_ 
0.061817 

= 1.909967457 m/s 
0.032365472 

The friction factor obtained using 

hf 
2gd 

where ht is the head loss due to friction. Therefore 

1x2dA2 
Az PQf 

_ 
147.09 x2x0.203 x (0.032365472)2 

998.386 x (0.061817)2 

X=0.016396787, By Computer ?=0.01640 



APPENDIX (B) 
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APPENDIX B 

B. 1 EXPERIMENTAL DATA; TWO-PHASE FLOW. 

B. 2 PRESSURE DROP AND OTHER DATA DERIVED FROM 

EXPERIMENTAL READINGS. 

B. 3 WATER AND GAS FLOW RATES AND OTHER DATA 

DERIVED FROM EXPERIMENTAL READINGS. 

B. 4 COMPARISON OF FRICTION PRESSURE DROP DATA. 

B. 5 SUPERFICIAL LIQUID AND GAS VELOCITIES AND 

OTHER DATA DERIVED FROM EXPERIMENTAL 

READINGS. 

B. 6 PRESSURE DROP CORRELATIONS USED IN COMPARI- 

SON AND SPECIMEN CALCULATIONS. 
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APPENDIX B 

B. 1 EXPERIMENTAL DATA; TWO-PHASE FLOW. 

FROM Table B. 1.1 TO Table B. 1.10 
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SYMBOLS USED IN APPENDIX B 

Code 

No. Test number 

E. M. F. Air temperature 

Temp. Water temperature 

HL Head difference across water orifice 

PG Air pressure 

S,, S21S3, S4 Air rotameter readings (head across 1" air orifice 

S, Head across 2" air orifice 

ELE Void fraction readings 

PE Pressure gradient 

PRES Pressure at the middle of the test section 

PATRN Flow pattern 

HOR Identification of water and air orifices plate used 

Gam, Total mass velocity 

QALTY Mass dryness fraction 

USF Superficial water velocity 

USg Superficial air velocity 

BETA Volume fraction 

THE Experimental two-phase multiplier 

VDF Experimental void fraction 

oc 

oc 

cm H2O 

bar 

cm H2O 

cm H2O 

mm H2O/m 

mm H2O 

kg/m2s 

rn/s 

rn/s 
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SYMBOLS USED IN APPENDIX B 

Pattern Test Code 

Slug now 2 

Stratified flow 3 

Wavy flow 4 

Plug flow 6 

Plug-slug transition 62 

Slug-annular transition 44 

Slug-wavy transition 42 

Stratified-wavy transition 34 

Bubble-plug transition 16 
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APPENDIX B 

B. 2 PRESSURE DROP AND OTHER DATA DERIVED FROM 

EXPERIMENTAL READINGS. 

FROM Table B. 2.1 TO Table B. 2.10 
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APPENDIX B 

B. 3 WATER AND GAS FLOW RATES AND OTHER DATA 

DERIVED FROM EXPERIMENTAL READINGS. 

FROM Table B. 3.1 TO Table B. 3.30 



273 

3z 
oa 
wý W ei fV NNNNN fV "MV rn rn 

Hamm 

F 
a 
a a 4 0% fl rl m Vý fV 01 CD Pf Ifl rl %0 in 

oG rn o ao o in v. to ra rm .r in in oi ao in o in rn in I- or %0 wn %0 
1ov v+ co oo in 00000 

Q. 
zo0000 .ý .ý .io0000 
s4 0000000000000 

r EM O1 N Vý 01 Nb rl N . -1 ý-I a0 M . -1 M IX x; fN M IA %* 10 -y Co MNNOr- 
mH\M In N Co 01 . -4 .fN 10 10 1O 10 in 
W< 0MMMMM Vw " Vr mmMM in 

A vi rl e/ . -d rl rl 'i rl . -1 rl --- 

. 41 00 aD a0 a0 01 Of 01 OI a0 ýO 1fl M ý-4 

MW In' 
C' Vý Vý Vý Vý f! Vý Vý IO \O 1O IO IO 

VI E 01 01 01 01 01 Of OI O1 01 01 OI O1 O1 
7.9 (. 7 Cl Cl Cl Cl Cl Cl Cl Cl O1 Cl Cl Cl Cl 
W 

.3 
SC Oý Oý 01 Oý Oý 01 01 Oý Oý T Oý oý Oý 

Oý N 10 MN Cl In IA 0NON r- 
0U of Cl Cl %D Co %0 in a1 Cl mMN o\ 
AWW 10 OMO 10 N . -1 Co Cl 10 C" O r- 
k. E vl Cl 0% Co Co NNN %0 Wo Cl 5o In 

4\ MM In MMMMI"'. M r$ - 
M wein o00a000000000 

o000oOOo000oO 
3 
O Co Nb 0% VNNb Vp M0N Cl 
rl U Co IA IA wNN IA Co .4N PN w r- 
6. WW 10 M IA N0i Co N0 50 N 40 N 

ENMONM 10 .1MMN 10 MM Cl 
a4 .4NNMM V' Q Vý -O .4 r4 O 
E a(M 00000oOo00000 

5o0000000000o0 

ZN V' U1 %0 O0N00V" Cl N AE Na 10 10 10 00 Cl Cl vMOOO 
HUO a0 ON 1N 10 '0 M 10 V' O IO 0 
OM Al m V- MMM0MNMM .4M 

ööööööööööööo 

2 50 10 Cl aV .4NNN IA 50 "M 
NNaNN 0% N! in in In Ip IA M 

Wz 

Cl 21 0NMM IA IA IO OOOOO 

P. NG .,., .,., .r.. ., .ýN .ý.. ., .ý 
P. Ve "aa em MMM U1 10 CO O rd 

WUNNNNNNNNOOO .i .l 
E rl ei .4MH rl .4 rl r1 .4 rl .4 .4 

N In V' IA %0 N0 Cl .4NM V' IA 
I. OooOo0oOOOooO 
(1)20 . -I .4i .4-. .4 .4 .4 . -4 .1 .M .4.. 4 
W C2 ZooOOOOoOOOOoO 
E W' NNNNNNNN 00 0 00 Co 10 

NNNNNNNNNNNNN 

y 
l7 

z N 

w 

z 
w 
N 

C4 w 

w 
s 
0 

0 
W 
N 

w a 
N 
w 
H 

N 
N 
z 
w 
a 
a 
z 
a 
N 
w 
E 

0 
a w 
UI 

G 
z a 
a w 
E 

3 

.. 

w 
a 
m 
14 
E 



274 

xz 
oa 
rl W f. NNNNNNNNN fl Cl N 

F 
04 
a 

0 4 .4m rf Cl 0N 0% (4 MNMV M) 
a' 00 0% Cl rl 00 Cl M1 N1O vl Co r- 
0mN0 Cl Co %0 N0 40 . -4 N Cl 0 Co 
I %. ONO to v 1n 0 Cl '0 In Co Cl N 

w\000000N . -$ .I . -4 o00 az 
bG o000000000000 

EMedd '0 a0 Nd 1(1 Cl en NNr- 
H pG oMM %0 d rn ddm .4OdM 
N H\ bbb 0% 0 Co rl 0% 1p dN rl 0% 
ZcMMMMdM M1 dd. d Vm M 
W 14 

. '» O 0% NVNNN0 Of N U1 MN 
Eam %0 to in in '0 10 e %0 in to in in of 

N E\ aaa Cl o; 0% a Cl aa of 0% a 
$ a' V' 0% Cl 0% Cl 0% Cl 0% 0% Cl 0% 0% 0% 0% 
W .ý . Yi OI OI OI 01 Cl Cl 0% Cl 0% 0% CI Cl Cl 

.Q in 00 eil dd 10 MNN in Co N0 
OU d' PN %0 a0 NN0M 40 01 NN 
rl WW IA d eD dONN 10 um NO Ill M 
W LE vi I1 IA NMdN p% 0% 0 . "1 NNM 

<\ . ""1 .4MMMMNNMMMMM 
pý 134 mOOOOOOOOOOOOO 
M 
A. ' OOOOOOOOOOOOO 

Q Ifl MMNd fý Of ýO a0 P . -1 0 ch 
º. UM .4 .4dd 10 .4 .4 .4 Cl Co .4N 
p. WW In MM ag 0% Co ý4 Nbdd0 .1 

EN .4 '0 10 Od0 M1 . "i d a0 N CO N 
(1' c\ 'd . "4 .4NNN '0 10 IA a. dMM 

w a6 in o00oOooOOo000 

o00000oOo0000 

'T.. NOO 'O NNO Of NMO Of U1 
A E+ -O ao `o oM In ad Cl vM ao 
41 u Co O IA r4 N 0% MdVN 01 0O 
O OG . -1 ONMMNNNNNNMM 
.%1.. 

0O0OOOO0OO0OO 

a ap in if. o a" C. n e4 r in .an 
nvC. 0r eV Cl .. 4 in .y rn r In w 

4+ x \00 .r ýn aW in .r Cl r In in 11 

a i4 -4 .f-.. - .4 .4 .rd.. ddd 

mv %0 m Cl W 

E+ .4 .4 .4d .i .4 .4 .4 .a .4 .4 .4i 

br G* ao rl NM I-V in %a r go 
o000 .a 14 .4 .- . ti .4 .4 .4 .r 

NZO . -I - .I . -i .4 .4 .r .4 .4 . -4 .r .4 .4 
wDza000000000000 
F i4 co co co eo ao m eo eo o ao ao co ao 

NNNNNNNNNNNNN 

y 
C7 
z 
M 
A 
4 

a 
z 
W E H 

W 

X 
W 

z 
0 
m 

W 
M 

W 

y W H 

H ra 
M 
z 
W 
A 

z 
N 
W 

4 

0 

a 

N 
4 
0 

A 
z 
4 

W 
E 
4 

f4 

ai 
a 
as 
N 



275 

3z 
oa 0WNN""0MMMMMMMM 
r. FMMM 

E 
09 
a 

0 
14 Co N Co V. N Us NM Vp eD in Co N 
W' Of 00 %0 YD 000 Cl to Cl Co 
oM- %0 %0 N OD Cl Co 10 Ve mM in in 

'F.. O I1 OOONOO0O0O0 
ä '. . -1 OOOOOOOOOOOO 

iG OOOOO0OOOOOOO 

EMO ýO M ýO . "1 OMr e0 Cl 0M .d 
M ßj , 4'". N O1 O1 O1 10 aa an iD Ill 10 0% p1 
V1 MN .i Co Ifl In In 10 In IA a In In In U1 
Z4 U' amNNNNNNMMMMM 

: ý4 01 MNO 01 1fl MM -4 Cl m `0 
E ß. ' M in aaa en M 10 10 In of of 
Hw 7C 
NEN 01 01 Ol 01 01 01 01 01 Ol 01 CI 01 OI 
%, . ý, C7 Cl Cl Cl Cl Cl Cl Cl m Cl 01 Cl Cl Cl 
w 

,39 01 0% 0% c% Cl 0% Cl Cl 0% 01 Cl Cl Cl 
Q 

, 
'ý CO a . "1 CO M IO r 01 Mf aOr It) 
Ou a 01 rl rl b O1 NOMMNbM 
awwaN Cl Cl N (" 10 10 m U1 OI ar 
(. E U) 10 CO .4 .4Na %0 rNN in kn b 

\aW In 1(1 In aN -4 0O0OO 

Hw 
Ml, OOOOOO0OO00O0 

OOo000oOo0000 

OMON . -1 MMMmMMNNa 
ýl Uar 1O 01 OOO IO 01 e1 IC OM 
wwwr CO %0 CO rrraM 0% %0 aN 

E If .+ "-l r Cl i .4 .r0 CO rrr to 
ix ýC \MNo0 . -l . ". i .4 . "i o0000 
w ix M0o00000000000 
E 
4OOOOOOOOOOOOO 

, 
'ta OraNO Of M0 CO 0r of b 

0Ea .-rdr .4 0% 10 CO am VI M 
MU%O Co aar CO M In .4NNN 

aNMMMNNMbrrrr OM 

.74. OO0OOOOO0OOOO 

xNNa .4 r- eoev in H 

WNNV 
0% 0 co ý1 e0 01 %O NMV PN 

, 'Z. ' \ Ifl MNMNMNN 01 OOOO 
$ .+ .iOOOooOOd .4 .r4 

C. -4 M CO 01 rl M V* %a 0Na in N 

41 UNNNNMNMM .i4 rl . -1 r1 
EI .4 .4 .4 If .4 .4 .4 .4 .4 .4 .r .a .4 

Oh O ei NM Vw Ifl %0 . -1 Nm" Y1 
E -4 No0000oOO0O0 
V1 ZO . -1 -1 .. 4 .4 . -1 1 .4 . -1 NNNNN 
W ". y ZOOOOOOOOOOOOO 
F PC ao co oh aa e+ a o1 NNNNN 

NNNNNNNN 

z M 

94 
w 

4 
F 
z 
w 
M 

w 
H 

X 
0 

w 
M 

w a 
N 
w 
M 
F 
M 
N 

z w a 
a 
4 
N 
w 
N 
a 

0 

h 
4 

a 

4 
a 
W 
F 
4 
2c 

M 
M 

ai 
w a 
m II 
N 



276 

s 

xz 
oz º1 WMMMMM Vý Vý e. V" NNN 
WHMvaa 

F 

-4 in r in Co V" N. O %D V" 0% p .y ßi %0 u1 O 'p b %O NMN in '0 .y en 
C7 M N1 %0 %0 1- %0 %0 m %0 Vp 0% 01 N0 
1 i. OOoOOOO0 rl -0NM 

M' \OOOOOOOOOOOOO 
az 

iG 
o0o00000000oO 

0.1 EMr 01 NnN 14 Cl r ýq m .1 Cl Cl 
N ßi EMN .iNVp .4N In 0 0% 0% ý4 

N\bb d' d' d' d' d' V' V' -P %a M V0 
Ty (J MMMMMMMMMMMMM 
WX 
O .4 rl rl .4.1 rl rl ý4 . -1 rl N 'y .y 

p4 MOr in M r4 Cl a0 wV . "1 M. 
E Pi M In Ill Q. V. V. MMMMM -0 
NWi. 
v) E\ aaaaaaaaaaaaa 
Z 4. a Cl Cl OI Cl Cl Cl Cl Cl Cl 01 Cl Cl Cl 
W1 ý 14 m Cl Cl Cl Cl Cl Cl O1 01 Cl 01 Cl Cl 

'. ý 01 In OI V" n .i Of a0 b 01 n . -1 n 
OU . "1 01 10 r In Vý N ýO N ýD a0 M In 

WWMr Cl 00 rrMN e0 0r In ý4 
:bENM Ifl M (O Cl w Cl V CD N. %a V" 

ß' \H ý"1 NNNMM V" Vw in In .4N W' pC MOOOOOOOO co OOOO 
N k'. 
"C OOOOOOOOOOOOO 

O In in M .I .4 .4 .4 . -q noMnn 
aUMWN Cl a% Cl Cl Cl 1 Cl M In in 
i. WW so 0 %a bbw (0 %a -0 in O In in 

E ul Oa 10 a 0% Cl 01 Cl a% Cl N ro 10 
rs; ß' \ .+0OOOOOOoO .4 .r .4 
w oG M00o0ooOo00000 
E Lr 
COOooO00oO0o00 

Tr b -W nN In MN a0 4% VbrN 
aE In 0M" %0 N Cl nr .4Nr ý4 
NU aD a0 N (O %C rn 40 .4 sr (0 In N 
?ONMNNNNNMMM .4N 

O0OOOOO 42 OOOOO 

rNVvNN an to .4N 4" %D C. 
N rl N in N 01 Cl tl 01 NO 1+1 WI a0 

WE 
i'r rl rl Oý 01 01 OI 01 Of O 01 N 01 01 

Z '+ o00000 .r0 .4o0 
a se .. .I.. .. 'i .... ., ý-1 .. .I.. .. 

a 0% Naba 01 .4NaNbbq Z 
47 U4NNNNN99199NN 
64 .i .i .4 .4 .4 rl . -1 .4 .4 . -1 .4 .4 .4 

,Or .4NM Vr in '0 r aD OMa 
EOOOOOOOOOO. rl rl 
N "Z ONNNNNNNNNNNNN 
67 'J zOOOO0OOOOO0O0 
E rL' rr 14 .4 .q 14 14 n1 .4 .r .4 .4 .4 

.4 .4 .4 .4 .4 .4 .$ .4 .4 .4 .4 

N 
t7 
z H 

a 

4 
E 
z 
w 
z 0.4 
a 
W 
M 
w 
z 
0 
a 
w 

w 
M 

w 
G 

U) 
w 

H 
H 
N 
z 
w 
O 
A 
4 

N 
w 
E 
4 
a 

0 
a 
Im 
M 
4 

a z 4 

a w 
E 
3 

i 
1 0 
w 
a 
as 
4 
E 



277 

z 
oa 
rl WNNNN ýO bbNNNNVb 
f4 E ýI' rl ri . -/ %O 

F 
a 

O in NO 01 N Vý 1ý N0IM0 
a' NI M in N ri 1N V to in NN 40 
U' en 01 M "i NM e0 N .. o OM rl a. O 

I :. N .1 %C a %a In aD in 01 . 41 M IA U1 

azOOOO .4 . -1 rl .4 . -1 NNOO 

?4OOOOOOOOOOOOO 

: ol 
E e+1 a0 OO to 01 N IC MMOO co O 
M Pi EN in O cc %a VMM in b in NN 
(fl H\ -W NNNN co in 10 Of OMON 
Z4aMMM en MMV -W a in in en en 

Ad .a .4 . -I .4 .y .4 .r .4 .y .r .yH 

'J4 co N IC in f" O Of V in N0 .4 .4 E Pi MMMMMMMNNNNN Of Ol 
HW 7'. , 
u) E IN oI 01 01 a 01 0; o; 01 01 0; aa ao Z .G t7 a Cl oe aaa Cl mm oe CA rn at W . 

'c W Of 01 Ch 0% 0% Of vi 0% O1 e a% e 0% A 

a0 0 %0 a} .I 1N 01 NN 0% N V0 OUOMONa . -1 baM sp 14 in M 
s. WWN in d' m -W '. O N V0 0 . -1 in 00 WE cn NM .40 in V0 .y V0 ep NNM 10 a' \MV in in 00 .4 .4NM V0 00 

cz o00000000oOo0 
C; OOOOOOOOOOOO 

ONN in . -1 01 .4 .4a a0 10 1N V0 in aU in in 10 N rl NN e0 00 00 O1 00 N 
64 WW a} -W M co e "i º1 OI 01 IO 10 V0 O 

EN CO 10 co n1 '0 %a V sn in in in NN 
04 4\ . -4 .4 . -4 N 10 5O %a %o %* 10 kO MM 
W 04 MOOOOOOO000O00 
I. X 

OooOo00000000 

xNv .iM Ln v00 cc Na0a 
E eo o+ .4 in .4O 10 0NNaO0 HU0N co N in 50 p, N Of in a00 

D ix mMw in OOO -1 . -4 NMOO 

OOOOOIc; OOOOOO 

wN in e0 .4 Cl M a. 'O N a0 10 O 

WN 
05 10 N a% Ce 1fl M rl 10 ONN 10 

i. \mNNNNM Cl ON MI %a as 01 
Zai .4 .4 .4 . -1 . -/ NNNNO0 

00 as ., .4 . -1 .4 .4 .4 .r .r .4 .4d.. ., 

0. .4MW 10 b co Cl . -1 . -1 V0 IA V V0 

WUMMMMMMM V0 V0 V0 V0 50 50 
I-I .4 .4 .4 .4 .4 .4 .4N .4 .4 r/ -1 14 

in b r. aD Ch 0 14 fV en V0 in .4N 
E rl rl .4 . -1 'i NNNNNNOO 
NZ0NNNNNNNNNNN in U1 
W .7ZOOOOaOOOOOOOa 
Ea .4 .-d .9 r4 d .4 .r .4 .4 .400 

.4 It 14 . -1 .4 . -1 54 .4 .4 . -1 1-1 MM 

N 
C7 

z M 

4 

4 
H 
z 
w x 
H a 
w 

w 
z 
0 
a 
m 
a 
w 
M 

w 0 
N 
W 
M 
F 
M 
N 

z w 0 

z 4 
N 
w N 
4 

0 
w 
N 
4 

O 
z 
4 

w F 
3 

in 

w A 
co a 
N 



278 

3z 
oa aw '0 vvvewveeve %a e 
fu F. .4 . "i H 

0. 
a 
a' oN I+1 . -4 N co 14 VV In 0M in N 
0 V' VW NM00m IA 0% N It fn N 
t7 M .r00 .4 .r ao %0 am0a co t- 

z a7 O .4 -I IA tT N OA 0 U1 N 
W\O. 4 . -I N . "i .ý . -I OHOOOO 
az 

a4 
00oOo0oOo0000 

FM a0 . -I rN 01 br e0 M . -1 NN aD 
M P' 'J. Vr r4 Ve NM Co In NNN Of O 05 
NHNM in in Co 00 rb IA -e mrb 
Z. C0MMMMM en mMMMMMM 
W b4 

61 0 00 Co 40 U1 In MMN0O Of a0 
mMa ao m ao ro ao ao ao mmmrr 

In F�0 e0 a0 0 a0 0 aO 0 a0 a0 OD a0 aO 
Z C. C7 Os a o5 O4 Of ei a4 O1 04 O4 04 O4 O4 
G7 '3 Y. Cl O4 O1 01 O4 O1 O1 OI O1 O1 Of Cl 01 
O 

'c b rl .4 44 00 Ifl bbrar" 05 
OUMMNa %D to 40 b aD 10 r 40 r- 
aw es m0 05 01 Co M aD br Cl 
WF V1 M aT Mf NMV. a. .. a Ifl arb 

4\ 0000000000000 
r4 no000000oOOoOo 

H 
o0000000oOo00 

OON Cl in Co Co r Ch N %O %O In M 
s. U 05 M 01 e 00 Co aA0MMO Vm 
1w ww.. 1 .1r to bb0 . -1 03 rr aD b 

FNNNMMNNrV. O1 IA U1 IA 0 
pG Rý' N C' cm In in '0 50 In A Cý MMM ýI' 
E W' OOOooOooOOOOO 

A. ' OOOOOOOOOOOOO 

oo %0 obb"oo .i a0 01 b 
DF00A0M Co 0 ao br An 40 
MUOOOOOO .1O0 .1OMN 

D 
ix 000OOOOOOOOOO 

OOOOOOOOOO0OO 

z f" raraNa fn rr in aM 
4: NrmNOrwOO .iM .irr 
w 

NN aT in V n1 N .1 . -1 wl w'1 
"T+ O rl 'i rl "-1 rl "4N rl rl rl rl H 

1-4 14 -. 4 ýq 

N in in in v ao wa c1 Cl o0 .r .r E 
wuvvnrhn 
Ea .r .ý .ý .ý .r .ý .q .4 .i .a .4 .r .4 

Ma in br 03 Ci 0. rv M Ve in 

Ho000000 .r . -I . -I .4 . -4 .r 
vi mo in Ln in in to in in Ln in in in of in 
w] Z0000000000000 
H GG o000000000000 

MMMM in MMMMMMMM 

z 

a 

4 

w 
M 

w 

x 
0 

w 
M 

w 

w 
M 
E 
M 

w 

A 
0 
4 

w 
E 
R 

0 
0 

4 
C7 

A 
z 
4 

a w 
E 

b 

0; 

W 

a 
m 4 
F 



279 

3z 
oa üW 10 '0 %0 b 10 '0 10 10 N 10 NNN (4 [ti rl %0 %* %0 43 F 

0 v1 abO In rrNr 03 MqA aa 01 NO Vp 01 .f 11 en 10 r in %0 C7 in in %0 MN C' N Mf In r %0 a %0 O 
co cD Oaa 01 N 0% in in co %0 pI 

Ma 
zOO -I -I -I p . -1 0oOOoo 

b4 0000000000000 

r E in %0 w . -4 in %M " 0% rl 0% 0 ýe Co 
H 0. ' ZrMr %0 . -I In in 0 eP 40 0% M0 
11% M\ n0O . -I %0 NO pi r 50 50 Co Z4OM a' d' a' ý1' 'C' MMMMMM 

9f 50 %D "0 Co 50 50 -0 M -I 0 05 r 
rr eo rrrnnrr ýo ýo 

EWr 

(n E\ ao ao ao ao m ao ao ao ao ao eo ro ao x ýd C7 aaaaa rn Ch a 05 0% a 0% a w$ iL rn 0% a 0% a 0% aaaa Cl 0% a5 

3 ao Z .r 1n o in .l "o So a0MN oura Co . -i in AN %in 0% 50 Co 0 aww rl Mr in mr wq NNr IA IA r 
n. E fA nr '0 r Of aa0o Co .4 .I.. 1 

4\ o000000 . -I ,yo,. + ,s,. s Mwm0000000000000 

.CooOo0oOo00000 

oN0 50 n IA M0 0% Co 0 '0 r So au in rr CO N `0 In r 50 a} r0 U1 
a. wwnA co in 5o vana0 50 a0 F0 0% M Co MMQ pi .. 4 M '" M co M PS ýi \ d' in in 50 50 Ifl "! MMMMV 
W (Yý MOOOOOOOOO0OOO 
E 

ooOo000000000 

Z rl . -1 V. NM in rNN .4r So 'O AF0r in ra00 ao 0% In M o5 a 
MUNNNN Vw in Ve in 50 CI rr 5O O 94 OOOOOOOO00000 

OOOO0OOOOOO0O 

0n An rN U1 O rl O 1fl .. 1 

W1 
V' M1 0% In MMr IA N So es On 

i: \ab 'O r .4a 50 IA wMM U1 M1 
xi rl rl rl N rl . -1 rl 'i rl rl ri rl IN su ..., ., .r., .r.. .... .4 .f .f., 

MMao rl MMV. In in 50 %0 So 

wurrnrNrrnrrrrr 
E. .ý .i .ý .r .r .4 . -r sir .i .i .r 

ýO raao .1NM -w in 1O r So 
E .ý .4 rl NNNNNNNNN 
to ZO In in in in of of dt we w% vº In Ln of 
W p$ o000oOo0000oO 
F P'i O000000O00O0O 

MMMMMMMMMMMMM 

N 
C7 

M 

wW 

z 
t 

w 

0 
a. 
0 
w 
M 

w c 
N 
W 
H 

ri 
N 
z 
w 
A 
O 
z 
y 
W 
F 

0 A 
w 
H 
C, 
a 
z 
l< 
a 
D4 F 
3 

ai 
W 

a oa 
II E 



280 

Xz 
oa N .ONNNNNNNNNNN 
n. F %o Na e %0 %0 %o .o %0 %0 u 

F 
a 
a 0 µ' Ui 0 .4 O1 03 N O1 UI Oi Co 90 A Co 

(ý d eo In M oh 0 %r r An 0ar 
In .4 . -1 %N O1 rrr0 %to 

% 'o M %0 /n v .4N In in 
fZ \ .4 "4 o00 .ý .r .r .i .ýo00 

as o000000000000 

EMno . -I Y1 Mýq CO M .ý ý-1 MoM 

NH\0M OD Co 0% N U) U) Co N 01 00 a0 
(9 fp Vý MMMV. V. sp . sp mMM 

W Y. 

NU IA MMN . -4 Of ON rr 1fl .M 
E oG m 1o 1o rrrNv 10 v 10 v 1o Na 

vl E\ ao ww ao mmw ao m ao w ro ao 
za 0% UI a o, O1 0% 0% O1 0, o, 0% 01 0, 
w3 Cl 0% o, Cl Cl o, aa 0% 01 0% oI 0% 
a 

Cl Mar .r ve m %0 r . a 0e -4 oua Ic No Cl In .y 10 CI r0aa 
wj WW Co Co MN Ch aT 00 O1 N0N00 
U. EH00Mv of v" %0 %0 %0 rro 

4%, . -l .4 .4 .r .r . -4 .4-- .r- .4N 
p4 xM00000o00000Q0 
H i'. " 

c; OOOOOOOOOOOO 

O Ch Nb %O Cl 01 %O «o %O 0 in Mb 
1. U 0% %0 u1 to Co Cl rrrVN Of i 
h, WW rn Na .p In Cl . ti to N . ti in rr 

E V7 O1 rmM Co 01 r 10 M Co e0 "f i 
CL' i6. ' x' "7I IA MMM V0 IA IA 10 V. M1 Mf M 
WM OOOOOOOOOOOOO 
E 

o0oOoOo00oOo0 

xNvr .ý 10 10 rN 01 r 10 wa 
4E In oo of or in Co a. lw N %0 a 
NU 10 rO V' M Cl -1 aMM in %D 10 
O P4 00 .4 .4 .lo .4.. 4 .4 .4 .r .r .4 

OO0OO0O0OOOOO 

F- aD 0PN %D %a o in in n in N 
N U1 _i ro00 IO F- N OD CI o 

w sC 
z\v at a In 

vo00 
in co IA v in 

$ . -1 HH rl . -1 ý-4 NNN .i -I ý-4 vl 

04 aa in IA in In veo 40 ON ao 
wvrrrrrrnrnrnnw 

a Cl 4NMaObr co Of 0 14 
EN000000 000.414 
NZO IA IA %n Uf in in IA In U1 IA IA am IA 
W .7 "fw' OOOOOOOOOOOOO 
fE ad 00 .4 .4 .4 .4 .4 .4 .4 .4d .4 .4 

en P9 m P9 lß'1 nY Mf 1l9 M t+1 nl mm 

t7 
z 
M 

a 

a 
4 
F 
z w E 
H 

w 

w 

0 
W. 

a 
w 
14 
M 

w a 
w 
H 
F 
M 

w a 
a z 
4 
U) 
w F 4 
C4 

0 A 
m 
N 
4 

Q 

w 
F 

3 

M 
ýi 
W 
a 
m a 
E 



281 

3z 
oa 
rl Wbm en m en mmmNNNNN 
h. E4 %0 '0 '0 %10 %vaa 

F 
4 

4NmN0oNNN Co A in in aaaNv Co in Co Co Nm0m 
in NomO0 Ln Na Ch N Co in a aeHia in in e in reva äzo000000000000 

o000000000000 

FM %0 In at 0NN 00 %0 b . "1 In 14 0% 
M W. 2: M0 01 b Of to a% In Nb en In N 
M M\ MMM In tT bb In b in 11 N 11 
Z40MMMMmMmmM 

in MMM 
W ?4 
in 14 .1 -1 

'. +1 In V0 " Vv MM .40 CO Nb %a ul 
1- 9NW in 0 O1 Cl O1 Cl M O1 CI a0 CO aD q CO 

to F\w ao ro m ao ao ao ae m ao mo ao z390 Cl a oI 01 01 01 01 aa o1 Cl rn m 
W bG a Cl rn oI Cl 0% O1 a% a Cl 01 a Cl A 

.xN 1N V" OI 00 CO 00 O CI NbM at 
OVMO Of co Ifl aO b In "0b in O 
ri WW .4 .4 Cl O .4N %D NMV .40 03 
ti. F In V In -W b IO Cl mq .yNNNM \OOaOOOOO. 

.4 .y .{4 
fn O0O000OOOO0OO 

A. ' OOOOOOOOOOOOO 

O V" V0 NN %n IA .1 IA in In U1 Vv If 
.1UN 01 01 01 .4 . -1 0% 000 1N 00 00 
4. WWNONN e" V" NNNN.. 1 NN 

FW ID N 0% Cl In In 01 NNN 40 OO W4 114 \NNNNNNNNNNNMM 
WWMOOOOOOOC. OOOOO 
F 1: 

C; OOOoOooOOOC; O 

Z0 at in MMN. o LA bMN ro AFO rn co .IvaON in .4N . -4 M 
MUO in in NN Of O 0% N In MNO 
0 04 C. 00C. C. C. .4o.. i 14 - . "4 14 

000oOoOoOoOoo 
Z V" O co .4NM .y co O a0 M Ci a 
4NM . -1 eý NbO Vý N 01 M OD 01 ry 
W :. 
EOOON .4MMNNNMMw $ . -4 . -1 . -1 N . -I .4 ý"1 N .1N .ýN 54 .4 .1 . ti .,.. .ý .4 .r .r.. .r., .ý 

A. .4 fV NNMM V' in IA %a %o Np 

z WU ýO bbbb 10 1p bbbb 10 b 
F 

.4 ry In V" in bN CO CI O .4 ry M 
FO 000000 O 0.4 .4 . 4.4 
V1 mObbbbbbbbb'. D b ID b 
WzzOOOOOOOOOOcoo 
F 04 In in of in of in in In in 0 in in of 

N 
0 

z 
4 
W 
X 
a 
a 
N 
z w z 
M 

w 

w 

z 
0 

Q 
C. 3 

M 
a w Q 

N 
w 
M 
E 
M 
N 
z 
w 
Q 

Q 

z 4 
N 
w 
F 
4 

0 a IL. 
N 

a 0 

Q 
z 
4 
a 
w 
E 
3 

a 

m 
w 
a 
m 
a 
E 



282 

Xz 
oa WNNNNNNNNNNN ry ry I. E Na a, 

P. 
a %0 V' r4 NNa! b . -4 m I- "a %0 Ri 00 OD "f N0b Of Ve N 1.1 Of NN 
C7 MN Co N ar If1 MNO 01 Co V' "M 

Na CO 1(1 b in Afl .0VOm .-N 

az00 
.4O0OO00 . -1 .d . -1 O 

A4 OOOOOOOOOOOOO 

Me &A 40 in M Co V. Co Co V 40 "M 
M W' : CO Co 0% bNOOMNNN If) 40 
(A H\MMm VS in 40 40 b '0 0% N .4 VS 
W A, ' MMMMMMMMMM aM CS M 

.M .4NNN . -1 .4 rf .4 .d .4 .4 0% N 
03 . en 0% 0% 0% Oý 0% 0% Of Oý 0% Oý a0 b 

4n E\ ao ao eo ao m ao ao ro ro ao m ao aO 

W '3 . 1G 0% 0% 0% 0% 0% 0% Cl Cl C% 0% 0% Cl 0% A 

'. c .4 If) NN 40 0% 0) .4N0NN U1 
Ou u1 Cl eS NNNNa0a0VM 
aw es .4 Co Ob In A 0% . -4 v Co 0% 40 N 
64 EW 40 N 0% 0% 0) 0 .4MVMN .da 4\ -4 rl .4 rl iNNNNNNNN 

M 
W' In 0000OOOOOOOOO 

0. ' OOOOOOOOOOOOO 

O C% Cl 0% O) MM MI tM eN0 Co VS 
.7uoOOOOOON Co Oa 0% 0% 
.. WWNNNNNNN Co NMO00 

ENMMMMOOO 0% ONOON 
ßi a' \NNNNMMMNM VS Ln In N 
W pi MOOOOOOOOOOOOO 
EZ 
4OOoOOOo00oOoO 

. 7i 0 U1 N VS in Cl CO N '? 4O aM Co 
ONM Co 40 ao awN Ifl i 40 ao NN 
Hu VS 4O a0 aD Co 0% . -1 NV VS . -1 Cl If1 O Pi . .ý .ýZZ .4NNNNN .4N > {Y 

OOOOOOOOOOOOO 

r1 0 Cl VNN MI VS in N0 Ufl r- 
4 e0 W Co V l4O V 0) CO UI a0 N I[1 
W i. 
Z\OOO .4NNNNN U1 

NN 
.4 ýTr . "ý .4 .4 .H .4 .4 vgl .4 .4 vgl N .4 .4 

a Y. .4., ., .r., ., .a.. ., .r "d .r., 

P. V' M Al MaV. ae Ve a IN. . In 40 

wV ýo v ýo v ýo v ýo vvvve ýo 

.aNMa in 4o N Co a0 .4NM E 00000c30 O c2. -1. A.. 4-4 
NZ0bbbV 40 40 40 40 40 40 40 40 40 
W ". 9 Z000000OOOOOOO 
Ea 40 '0 '0 40 40 40 40 40 vv '0 %D 40 

H 0 
z M 

w 

a F 

z 
M 

w 
a 
14 
w 

0 

w 14 
M 

w Q 
N 

w m 
E 
M 
y 

z w 
Q 

Q z 
09 
N 
W 
E 
4 

0 
a 
o. 
N 
4 
0 

Q 
z a 
w N 

0 

M 

w 
w 
a 
ao 
H 



283 

3z 
oa aWNNNNNmm NI MM P9 1+1 mt 
U. E+ ae v 

F 

P. A 
4 01 rl r ein N Y1 %0 rm nr ýO Mo 
p, rn .4m o+ im Co a In %0 i Co %0 0 
f9 M '0 0N in "r %O 00 '0 %0 %D 00 0 

Z ve ve In v in o000000 .I 
pG \0000000000000 
az 

ko000000000000 

pl EM U1 P %D 0N Vr in 1f1 NMNN in 
HM 0% rl " 1- Co Vý P C% ONON 
NM Vý M in in in en V. V. V. in V. in V. 
xa V' MMMMMMMMMMMMM 
WY 

:NN 10 %0 vo0m 00 Co %0 %0 
FF' M M, 

'. 
Co ao ao Co Co NN %0 %D Io %0 %0 Io 

to F\ ao ao ro ao ao ao ao ao eo ao ao ao ao 
01 01 cm Cl of Cl a 01 Cl 0% ma Cl 

w3 0% 0% 0% Cl Cl a Cl cm a 0% 0 0% Cl 

Z rl NOMN OD 0NM %0 rl %0 rm 
OVN Vv aM"00NM Om 10 Cl i 
awwM a0 O %0 N CO 01 in %0 rA rl N CO 
M1. FNMOO .4Q Lfl %O Co 0% NQ 'G o0 

A. ' \NNNNNOOO0i e4 .4 rl 
(Y. amo000000000000 
Hx 

OOOOOOOOOOOOO 

Qa 1/1 N 1f1 1A N rl O O, 10 aD l» 10 
.av o+ oava vA Cl NN0oOo 
01. WW0N 10 %0 %0 N .1 . -4 11 -4 .i .I rl 

FNNNN 1N N Cl Cl Cl 0% Cl Cl a Cl 
Ic \NNNNN00000000 

wWMOOO000OOOOOOO 
Fx 
A. ' OOOOOOOOOOOOO 

z ýO bNM. rl M a0 Cl NN0 r- 
93 F Cl N to Cl vw en a ro mao ro 
Hv .+ eo w0v .I .ro000 .4o 
O p: N Z-1 .4NNMMMMm en MM 

OOOOOOOOOOOOO 

'j. N1 rl N V. _4 01 01 410 MNO M1 P 
4NMOON 1fl NPON f+1 'i 1+f H 
43 z 
z\1. . -1 NNN 'i .-NNNNNN 

2N . -J 'i rl ri ail N r1 ý-1 r1 N rl N 
LL i4 .1 'i _$ rl rl N ri ri rl r/ vi 'i H 

a to evC. rewr. rr co o O. 
wv ýo ýo ýo ýo ýo 

r eý rr tý rrr 

a 1A %O P CO N fV mi a Ire %0 1- Co 
(a rl . -1 . -1 ý-1 rl OOOOOOOO 
Vl ZO %0 %0 %0 %0 %0 CO Co Co CO e0 Co ca ca 
W 'J 'j. OOOOOOOOOOOOO 
H Q. v %o %o vvaaaaaaaa 

"q .f .f .I .i1d .4 

t7 
z 
M 

4 
W 

a E 
z 
w 
M 

w 

m 

0 
w 

w 
M 
w 

M 
E 
M 
N 

z w 
Q 

Q 
z 
4 
U) 
W 

4 

0 
A 
w 
N 
14 

Q 
z 
a 
a w E 
a 3 

.. 

.. 

ýi 
w 
a 00 
N 



284 

3z 
oa aCMMMMM... 

MMMMM 

w E~ MMM 
H 

a 0 
'e in r ti f4 MMNN 

rx in In n co %0 "o Co aa Ch . -4 r- 93 M Co 01 Co r %0 01 01 Co Co eD 10 Cl W o000000000000 
äzo000000000000 

aG o000000000000 

EM .i Of 0 %a in N -W %a p, .yb0V Mý W' i. a0 CL NN .4 .4ONONMMN in M\ Vý V0 ill U1 IA LA in Ill V V. a. .. V. z A. ' 0MMMMMMMMMMM in in W A4 
.4- . -1 "4 - ri I .4 . -1 .14- 

'>4 10 %a 10 10 10 w 10 a0 Mm 01 CI r 

hl W 
in b 'O 'O 1O V 1O \O IO Y1 in 'Vý Vý Vý 

ul H\ co ao CO co ao ro ro m eo co so 00 co Z4 11 0+ o, a rn O1 O1 01 at 0,01 a CL oL w D4 a rn a o+ ma of oL 0% aa 01 m 

3 a' %a "4 ao rNrvrv0.. 4 In 
OUO c0 01 M Vr UI in O .4 . -1 O in Vw 

'. 4 WW Of N? .i 01 OOO 01 %a rN Vw f.. E4 vl 0M In a0 Va %a %a LA co .4 .* %0 
.4N. Al NN Al MMMM00i 14 d fL' aG in OO C3 OOooOOOOoO 

o000000000000 

O ro co wa a% Cl In on %a oh in in 
.7uOoC. oO o% 01 0r0M CO 0 
Im WW .i .4d .4O co co in N Al .4 Oý Ol 

HN Cl aaa Cl eo co .4 .y .y4oO 
144%% oOo00001.4 .4 It .4 .4 .a W aG en Oo00000000000 

o000000000000 

2 .4N co IA OM OI 0 0% 0 U1 0N 
ANN 14 NMr 00 in Of co 0N OI 0 
MU. . -1 -4 .4 rl .4N %o .4NN ºi N 
OO MMMMMMMNNNNN Al 

OOOOOOOOOOOOO 

'I. 00 M0 in ID a* r .4 '-P eD IA 0 01 

WN 
.4M U1 in V. "M LA 40 01 .4 .40 

E\NN Al Al NNNN .1 .4NNN 
.4 .4., .4 .4 .4... ., If .4.. .... a ac .4d .4d .4.1 .4 .4 .4.. .4 .r .4 

ro ro ao to o ro co r in wrr CO 
UNNrrNNNr oo ao ao ao ao E+ r1 .4 .4 .i .4 .4 .a .4 .4 .4 .i .4 .4 

O1 0 .4NM V1 IA ID 4 Al M -W IA 
L'4 0 .4 .4 .4-. 4 .4 . -4 -4 OaOOO 
IA zO ao ao CO ao ao CO CO m CO 40 ro CO CO 
W ^J zOOOOOOOOOOOOO 
E ix wWvwa v1 e a1 in in of In in 

.4 .4 _I .1 .4 .4 .4 . -1 .4 .1. f .d .4 

z M 
Q 

4 

4 
h 
z 
M 

0 
a a 
Q W 
M 

w 0 
y 
W 
H 

M 
W 

z 
w 0 
in z 4 
H 
W 
4 

0 A 

H 
4 
t7 

G 
z 
4 

a 
w 
I. 
3 

N 

rl 

M 

W 

a 
w 
a 
N 



285 

3z 
o W. awM en aaaaMMMMMMM 
ký FMMM 

a 4 r4 0MrarN in r . -l r0 
W' r . -4 r .1 %O 'i rN co in a IA M U' Mao 00 a0 .I e0 . -1 ar ýO a %a IA 

.ý .roono . -I o00000 zo000000000000 

sc o000000 11; C; 0000 

r EM 01 In Co N -1 Co MM V' in N eo 10 0 Vp Co "1 O1 90 . -1 00 Co 03 MM N H\ d' d' M"MMM CF MNNMM Z A. ' CMMMMMMMMMMMMM 

10 C' NNN0 Co 10 10 NN 10 10 F CX ein d' e Ve O Vp Vm m in MMMMM 

v) E\ co ro ao ro -o ao ro ao ao 
JwmJ 

z. t7 rn a Ch aa orn rn rn Ob 01 o1 01 Cl W3 :Ga of Cl e Cl 0% Cl 0% 0% Cl Cl Cl Cl C 

Z Vp NM%. Cl bNNN0N .4 Ve Ou IO NNN In bN Cl C1 ... 1 m Ill %0 AWWdON O1 a 0% N %0 N 0% 0 40 aO n. EM Cl ýf M in Cl 0A Ch LA r0 in N R, ' \ . -1 NNNNMOOOO 
.1OO W' mm co 0000O0000000 

OOOOOOOOOOOO 

O in rl ri NNN 10 Ny4 .y Co O 
AU 10 in In 10 10 00 1fl aA IA In MN 
k. WW Cl Cl Cl ao a0 ao .A .4N 0% 0 Co Cl 

E U) OOO00OM in In Ve V" 10 IC 
Pi .\ .I. 1 s-i . 'A N .4 . -1 .400000 F PG In 00000000000Oo 

o000000000000 

'I. V' In N 10 NM0 Co 01 A0NA G1 FN %0 Co %0 N .4 IA NooNo ao 
HUNNN in Ve 10 " CI aMM 0% . 03 NNNNNN r1 N 10 NNMM 
> 9m 

OOOOOOOOOOOOO 

'Z. OVOOM M1 In e1" .4M40 00 WN0 in Of .4 0% Cl in .4MNN '0 In 

\NN "ý NNH .1NN . -1 .ý .i ri Z . -I .1 "-1 AeI .4 . -1 .4 .4 . -4 N -i .4 a a4 ., r.. .4., .4., .r .r .r .I .r .4 

of Cl O .4 . -4 . -1 NM" VI Ve Vw le 

wUJ Cl Of 01 01 OI Cl Of Cl Cl Cl O; OI 
F .4 lf . ti .4 .1 . -I .4 .4 .t .a .4 .4r 

%0 N ao Cl o .4NMQ in 10 .4N Fo000 .i .r .4 . -4 .4 . -1 .. 1 00 
(n ZO ao co co 0 ao CO 0 ao ao ro ro : W ". 7 ZOooOo0oOoOOoO 

IA to in in in in In in to of of o0 
.1 "f . -4 . -1 .4 . -1 .4 .i .4 . -i .4NN 

N 
U) 

z M 

4 
W 

4 

z W 
M 

w 

0 

a 

w c 
w 
w H 
E 
H 
H 
z 
w 
G 

4 
N 
W 
E 
4 
P4 

0 
a 
y 
4 
C7 

a 
z 
4 

w 
E 
3 

f" 

ai 
w 
m a 14 



286 

2c z ox rl wMMMMMMMMMMMMM 
WE 

F 

0 4 oo ro oa nno Co oa Co ap t- 
a NA .1 in M Co Cl le f4 Wa 
0M iO b 1fl in "b Y1 Lfl 1fl %0 CO '0 
1 Z. ' OOOOOOOOOOOOO 

äz0O000O0000000 

aG Oo000oOo00oOo 

E (M (V 4O NM 04 u O4 N .f U1 00 Vý U1 
N Pi i. ýD IA t0 b 40 P Ve 10 in M fV fV V5 
V1 N\ MMMMMMMMMMMMM 
Z .ý fJ MMMMMMMMMMMMM 
W Y. 
G ti .- -r - .a .iNdM .4 .yi _4 

. '. 1 beFNN tV 00 CO CO '0 b (M 
FWMMMMMMMMMNN fV NN 

U) E\ Co CO CO CO CO CO CO CO CO CO ro CO CO 
Z9V Of as Of as 01 Of O5 01 Cl O1 O0 O1 O5 
W . 

"ä. SG 05 05 05 05 01 cm 0% Ob 01 Om 05 01 01 

x en b PN b .4 -4 .1MMNM 01 5O 
QU CO to as b MI 1- 1- .rb Vý CO rl 
.7 in in r0 40 orno in 0 CO aN0 
WE V) Cs c2 i V" Its CO . -1 Mbm . -1 M r- 

4\0 . -1 A .M .4 .4N fV P1 (4 MMM 
04 04 in o000000000000 
N 
"ýi OOOOOOOOOOOOO 

0bbbbbbb ýO t0 bbb ýO 
AUb ýO ýC b ýO ýO ýO ýO bbbb ýO 
WWW CO Co aO CO CO CO CO CO CO CO CO CO ro 

E. 0 5O 50 40 bb 50 50 b ZO 5O 5O 5O 5O 
c4 4\ oOo00000000oO 
wwMo0oOo00000000 
FZ 4oOOOOOOOOOOOO 

xM in bVM CO M 0% CO v1 CO b CO 
0F : 'N in mbV. MM' U1 1, a U1 as 
HU CO CO CO CO CO CO CO CO CO CO CO CO CO 

0aMMMMMMMMMMMMM 

OOOOOOOOOOOOO 

Ow «n Co moOrrr to warmwaaoae r- r ýo o 

z .i .a4f .4 .4 .4 .ý .ý .ý .ý .ý .r 
.. d .r .4 .4r.. .r . -1 .4 .r .4 a sa 44 

04 v In in %D %0 vrrmm ON a0 

41 U Of O; O; O; O; Oi Cl O; Cl Cl 01 Cl O 
14 .4 .4 .4 .4 .4 .4 .4 . -4 .4d -4 .r fV 

MaAer to Cl 04N (M v In E4 o0o0000r .r .r- .r- ao ao eo wo ao o ao ro wm ao ao vl Z0 
wDo000000000000 
F µ; 0000000000000 

NNNNNNNNNNNNN 

N 
0 
z N 

4 
W 

a 4 
F 
z W 

H 
a W 

0 a 

a 
w 
N 

w 
in 
N 
W 
N 

N 
N 

z W 
a 

a 

4 

y 
W 
N 
4 
a 

3 
0 
A 
w 

in 
14 
t7 

a 
z 
4 
a 
w 
E 
3 

ai 
m a 
w 4 
E 



287 

3z 
oa awnMMnM ýn rn MMM ýn 
wH 

a 
A. gn eV .4m ob 0 o1 .. 4 0% .y ao ob 0 

to -I f+l 0 %O N to CO U1 b f4 {fl f4 
93 P9 h Ve a ID U1 U1 IA " U1 " %0 U1 U1 

i. OO0OOO000O000 
a\OOOOOOOOOOOOO 
ax 

sc o000000000000 

EN0N In 0MN'. O NN . -1 (0 V 
w P' ZMO 01 01 0 Co 00 CO C% Cl 0% Cl %0 
V! HMMNNMNNNNNNNN 
"Zi 4 U' MMMMMMMMMMMMM 

9ý . -1 ýO M . "1 -1 01 N In in M . -1 01 aT 
F P"i MNNNNN . "d .ý ýy .y .4OO 
MWZ 
vl E\ ao ao ao ao m ro m ao ao ao mma 
2 ýL Waa oh a Cl cm im rn rn Cl ma Cl 
Wda , Y. 01 O'. Of O4 dm Cl O'. 01 Ol 0% Cl Cl 01 

3: NN . -1 Of M O'. 0NV M1 m .4 OUM a' In 0 01 'O ar N O1 al. IN %0 0 
r, WWNNN eD rN (O N In t0 0 Ifl a* 
C4 ENO in N aD 0M in Co . -1 M (0 OI N 

µ' \ V" OO0 -1 .4e. f yNNNNM 
Ri W' In c> OOOOOOOOOOOO 

E 
ýi c; OOOOOOOOOOOO 

. 
3. 
O %D in Ln U1 in N Co NNNNNN 

U (0 0% Cl Of 0% (0 N %0 10 %0 %0 %0 (0 
f4 WW0 '0 (0 `0 In V %0 t0 . '. O (0 %0 b 

E to '0 In In in of In In in in In in In in 
pG 4\ oOOooOOOo00oO 
W t% MOooOOooOOoOOO 
F 
A, ' OOOoOOOOOOOOO 

ZNM aT V ýO NNAOM Ve %0 N 
0EN %D (0 M aD N "4 O in in (0 (0 d" 
MO 01 %0 NNNNNNNNNN In 
O ai Mvvveavvva. vw 

h. 9oOOOoOOOoO0 o 
vr Co "4 aa r- vanw in 

w (4 40 v in ieb aa In vvn of 

a S4 ., .r., .4 .r .4 .4 _4 .i.. .,.. .. 

w .+ Cl o ti 14 N en va bn Na N Cl 

wUo Cl 
oco00000000 

(r N .. 4 NNNNNNNNNNN 

%0 eiNma IA VN Co 0% 0 .4N 
E -4 o00000000 .i1 
NZO to Co ao co a eo ro a Co ro m ao m 
WD20000000000000 
EWo .r .i .4 .+ .a .r .rZ -I w .4 .4 NNNNNNNNNNNNN 

y 
z M 

4 

a E 
z 

M 

w 

0 a 

w 
M 

Q 

N 
w 
M 
F 
H 
N 

z 

z 4 

N 
W 
F 
a 

0 

N 
4 
0 

Q 
in 4 

a w F 

3 

In 

W a 
m 
a N 



PAGE 
MISSING 

IN 
ORIGINAL 



289 

3z 
oa aWMaMMMnmM en en mMa 
k. FM 

a a a rn aoor .4e0OaN .4 
MraMovvM en -4 no Na 

en u Y1 N U1 1(1 %0 Q UA U1 U U1 mV 

, 
E', OOOO0000000O0 

ßi \OOOOOOOOOOOOO 
aZ 

oe 0000000000000 

EMa0 Ifl c> IA 0rrN . -1 10 IA 
M W' i. in 411 U1 Mrr %0 %0 %0 U1 a IA U1 
t/1 M\ NNNNNNNNNNNNN 
Z 4(3 mMMmMMMMMmMMM 

>4 N0 00 0i vl OI 01 r U1 M . -1 01 
OO0, O1 NNO 

M 
.. l . -1 .ý . -1 ./ .i 

rn E\ ro ao rr ae m ro ao m ao ee w ao 
Z ýt t7 0l 0% Ch aa 0% a 0% 01 cm o1 a 01 3 CI Ch oI 01 CI 01 0% a 01 0% Ch 0% rn 
C 

NaM .4 10 M .4 An rN . -4 .40 0U .1 . -1 O 03 rrMO *O 01 .4 IA M 
AWwr An .+M .40 in In *0 Co a In r 
4. H V) ar . -1 0 *0 0Mr"1a CI M *O 

41-1 MMMN0 .4 .4NNNMM 
ßj 03 M0000Oo0000000 
Ni i. 

A, ' OOOOOOOOOOOOO 

oaarr ti am . -I .4Mo00 
.7u Co Co *o 1. o *o aao0 *0 .r .r .4 14 WW 01 01 CO Co .40 CO (0 00 00 *0 *0 b 

E0va in to In In aaaaaaa 
oG 4\ 00O0 00 0000000 
w p4 Moaa0aa0000000 
EZ 

39o0000000oOOoO 
ZNONN .4r *0 01 In rNa *0 

AHearr .ivra *0 Na a In M 
14 UMMaM CO rrrrr 00 a0 00 
09 In In aa In In In In An IA In In In 

9OOOoaoOoaaaa 

CD o Ch v %0 s in r vl ýo o .O0 
N In in in t. Nm f4 in i f4 NMV 

W 

a0 .4N in o. NN WI . In %0 r 

y U .4 .4 .4 .+o00000000 
FI NNNNNNNNNNNNN 

a0NN ti NMa U1 br Co a 
Er o .y .+ 'r o00000000 
vl ZO Co Co ao ma o% aa Ch a Ch Cl Cl 
WOZo000000000 Cl 00 
E PG Cl Cl Cl 0% vvaaasv en v 

NN (4 N 

N 

M 

4 

4 
E 
z 1.3 
z 
M 

w 
P. 
m 
E 
0 

0 w 
D 
M 

a 
w 0 
W 
M 
E 
N 

z 
w 
a 
A 
z 4 

N 
W 
E 
a 

0 
a 
N 
4 

a 
z 4 

w F 

3 

n 
.r 
M 

m 
w 
a 
m 
14 
N 



290 

z 
oa 
.IWMMMMMMMM Vý Cý MMM 

Gi. EM 
E 

P. a a .ao of o .rrr .+- in ao in a P% to 0aM CO r Vp Ifl r Vi CO CO 
(3 M Ea In In In Vi 10 b Ei -e r In rr 

1Eo000000000000 
äzo000000000000 

54 0000000000000 

H M+ 0o Co u+ v it. %D a r- o 0% eo to 
m oG in %0 r as Of M .-N %0 cm N in CO 
NH\NNNNN ein rn NNNNNN 

rr es NN 10 MiA 01 r U1 M 
Ex m' o000oNNNN 
MWZ 
to E\ ao ao ao ao ao ao ao ao ao ao ao am 
za Cý Cl Cl Cl 0% 0% Cl Cl Cl 0% Cl Cl Cl Cl 
w aýi Cl a+ Cl Cl Cl Cl Cl Cl 0% Cl Ma Cl 

'3 . -1 a rl ýO aD 0% M %0 Vý NM ý-1 M 
OUr Cl -I %0 N Cl CO M %0 .A %0 Ma 
., ca W U1 N In en M c% MM"N U1 MN 
a. F of 10 V' . -I %0 %D .4rr 10 10 al In O 

4\ MMMN -4 . -1 NNMMNr. rl 
m00OO000Ooo00 0 
7C 

ao000000oOo000 

or .4 Cl Momu ao Cl ýq Mo Co 
rl U 1O .4 Co N0 40 MMl, 0 V Co Nr 
r. wWr 10 rrr Co Cl rr eh a en Cl 

F U) ýo v ýo ýo ýo rraa ao ao Co Cl 
1x4\ o" o000oOo00000 
w ßi MoOOOOOOOOoOOO 
Et 
40000000o00000 
3 

Z Cl %0 .. 4 vr '0 a Cl rrar in 
0EMNN .4NN .4 IC 0NM IO .4 
MO0 Cl 0% 0% CO M1 10 U1 0M .d0 %A 
o p. ' VMMMMMM U1 in MMMN 
El b. 

OOOO0OO00OOOO 

z 0% co r u+ %C rvrra In .ro 
.4NM Vý %a aD co P kO MN in Vv m in 
WZ 

.4 .r r1 .f .4d .r .4 . a .4 
d 9G .4 -4 -4 .r .4d .4 .4 14 .4 .id 14 

w go co a00a0NMv in 
wuo00 .+ -4 ao000000 
[-1 NNNNN . -1 NNN 94 NNN 

O .4NM VP rl NM Ve in %0 P Co 
(ti . -1 d .. 1 ý-1 . -1 OOOOOOOO 
V1 Zw O 0% O1 01 01 01 01 01 ON 01 0% 0% 01 01 
WpZO000OOOOOOOOO 

N W. avvv .rA %n Un in Kn In Un in 

N 
t7 

M 

a w 

4 

z 
M 

a 
w 
a 
x 
w 
z 
0 
a 
w 
Q 
w 
M 

w 
Q 

N 
w 
M 
E 
M 
N 

w 
Q 

Q 
z 
4 

N 
w 
E 
W. 
W. 

0 
0 

w 

N 
4 

Q 
z 
4 

w 
14 
4 
3 

b 
ý-1 

1+1 

m 

W 

a 
m 4 
E 



291 

Xz 
om 
rl WMMMMM en rm mM P9 MM Im 

wH E 
0. 

a 
4: Co 0% Co In 01 %0 Co N . -1 OO 14 ix M a- eo "ro rv co woo Co aM in in in r to n in ko m. to to en I2o0000o0000000 
pG \0000000000000 

as 0000000000000 

FM Co .4OM %0 Ln Co NM %0 M %0 01 
M W' ;OMMMMMNNNNNN 

%0 
NM\MMMMMMMMMMMMM 

. 
T. . ý. (MMMMMMMMMMMMM 

>O . -1 "N Co CD 10 aN00 Co 00 50 
MX in . -1 dý dý MMMM in in en NNN 

NF\ ao ao ao ao ao ro ro ro eo ao w ro ao Za l7 a rn rn a rn aa of rn aa os os 
wQ . Yi rn o+ rn rn a of o+ aa rn 01 rn o5 

3Na 00 5n M 00 Co 5o o5 vp r"0 Ou 1fl o en Cl N U1 U1 OM eT \p Mf N 
awW vi U1 M CO Co Cl .yN . -1 M ao MO 
h. FM in Un %0 co f4 vNNaaNoM 

a\ 0OO .4 -i NNNMM"a 
M gen 0000o00000000 

o000000000oOO 

O eo 0000oOoo in o. o auN 01 01 0% Cl Cl Cl M 0% e0 Cl %0 Cl 
G. mm .rNNNNNNNN 50 NNN 

F v) 0 In in in 5n Un In In In in in Uf Sn 
a C\ "l o00000000000 
E 94 in 00000000Oo0o0 
30oOooOo0oooOo 

ZNV. 0% aT NMN0MM %0 CO 110 
OFN 10 . -1 b '0 U1 NMO . -s N 
Mu U1 NNNNNN 00 00 00 00 pý pý 
0WN Vý 'Oý V' Vý QV Vý Vý Q Vý ý! V' 

OOOOOOOOOOOOO 

'I. O C. NN" CO 51 p 40 . -1 N V0 1fl 
14 r, 4 
W IN 

a0 M -e its U1 in U1 Ill %n 5O 50 VO 

z .- .r .4 .I .4 .$ .I .4 .I .i .l .i .y 

P. bo .1MM Va U1 %0 NNO Co Cl E 
wuo o+ os 01 Oa o+ 01 05 os vs o+ aa 

Ch 14 NMv Ln br ro ao-N 
0000000000 1-4 .. 4 .4 

NZO o1 Cl Cl Cl Cl am Cl Cl Cl Cl 0% Cl 
Z0000C. 00000000 

H fý ýn 000000000000 

14 

z H 
Q 

4 
W 

4 
F 
z 
w 
M 

14 
w 
z 
0 
a 

a w 
D 
M 

w c 
N 
W 
H 
F 
H 
N 
z 
m 

a z 4 

N 
W 
F 
4 

0 
a 
w 

N 
4 
C7 

A 
z 
4 

w 
N 
4 

a .I M 
ai 
w 
a 
m a E 



292 

Zz 
oa awm en mMMmm. en n� Mm. h. H 

ao en .ro rv rv 0n .rrm0m K 0% %o .r0 Co Co m rn in r %0 rn n M nl Vm in nl ein in m V. b r+1 aT m ZOOOOOOOOOOOOO 
Pi \O0OOOOOOOOOOO 
az 

sG o00oOooOo00oO 

EM Va a eN Na Cl NNNa"NM 
M Pi '1.. rl Na Co 01 Cl Cl 0% 0% CO 01 00 
N M\ MMMNNNNNNNNMM 
T-. 40mmMMMM in mMMMMM 
9.1 

>4 0% N %0 NN CO IO 10 "N0 .4 

Mwf,. 
Im "a aT aaMMMMMMN 

vl E\ CO CO ao CO ro mw CO CO CO CO CO m 24 K7 Cl aaa rn a Cl aa Cl Cl Cl a wax rn a rn rn aa Cl of rn aa o+ o+ G 
2.1 M in MMa0 CO Vm N Oi CO N 10 
ou it Cl Co OI CO 12 `o iN Co N0 1o .r AWw Co in .aowv in in in M CD U. E of In N -4 CO CO in N0N in 0M -4 4oo .1a .r .Ir., a ooNN Cl (Yý pi MooOOOOOOO0000 

ä. OOOOOOOOOOOOO 

O ýo om CO NNNNm CO Ooa 
r7 U cm NNNOO00 t0 IC .yN Ip cu ww 0% %0 MM Of Of Cl cm CO CO N 1O N ENN in in mMmMMMMMM sT : ý. 4\ OOOOOOOOOOOOO 
W p' MOOOOOOOOOOOOO 
E 

OoOoOOOOoOOOO 

ZM0O Ifl NNN" %0 in %0 in O AE %0 NNaO00N .o %0 ONM 
MU 01 .i . -1 -i in in wf V. ep Vm in Ill %0 Z 10 NNN 10 1o Na Io Io Ic Io %0 to 

000000oOo0000 
T-. MNaNa in N 1fl Ifl VO . -1 PN 

W 
'i NNOa -i NNN .4MV in 

7. .1 . -1 .1 'i 'i ý4a. i "i . -1 . -1 .i ri 

0. N CO 0% 0i .4M V- a U1 IC N . ""ý 
wUwm ao aa rn awaaaao 

.dNM" in %0 N CO 01 OaNM 
EooOo0oOOo .iA .i "4 CA ZO 0% Cl Cl rn aaaw Cl aa 0% Cl 
W? zooOoOo0000000 
E Pi NNNNNNNNNNNNN 

.1 -I -1 a"4a . -4 a .f. iai. I 

t7 
z 
M 

Es E 
z 

w 
W 
A. 
ca 
w 

0 
a 

a 
w 
w 
w 
c 

w M 

E 

H 
z 
W c 
0 z 
14 
tn w 
E 
a 
0 
0 
a 
IN 
N 

A 
z 

w E 

0 
N 

W 

ao a 
E 



293 

xz 
oa a k3 Vm mm em Mm en MMM Al fV N 
I. Fm. a. 

ai 

a 
ya eo 0o rn oo 0% Co a Cl 0 %0 
aG ýo .rom rn CI Nv Cl Kn r In o 
1.7 in in %0 vt in in ae in in in in to %0 in 1Eo00000000000 Ic 
oG .o0000000000 .4o 

s4 0000000000000 

a EMN -4 m . -1 OD M O1 H1 . -1 V. O1 NO 
HWEN OD NNNN 10 10 N U1 ON VI 
N M\ NNNNNNNNNNN 10 11 
Z4mMMMMMMMMMMMM 
w Y. 

'. N Cl 01 r- IA M rl . -1 Cl Cl NN In M 
E Ci M '"1 .4 rl .4 "d .4oOooMM 
HwE 
al E\ ro a ao ao ao ao ao mm ro m rn of 
2 .ý (3 o\ rn Cl OI Cl Cl Cl Cl 0% Cl Cl 04 01 
w "ý ae Cl Cl Cl a Cl Cl Cl 0% Cl Cl Cl Cl 0% 

, 
'{. Uf " Ve NOM In Cl 0% ONO "d 
OUNAba 10 Co In in Cl en "N .r 
rl Ww ep 0% 10 eg In Co N %0 MM Co 0% In 
Du E Il Co in M Cl in Co In . -l Co 10 N0v 

a\ MMMNN . "1 H .4o00 IA In 
W' {Y MOOOOOOOoOooOo 

A. ' OOOOOOOOOOOOO 

3 
O Oý . -1 MNMMpZaOO 

º1 UO %0 0 Cl M 10 Cl NNN U1 MN 
p. ww a0 N Co 00 Co 00 Cl Cl O1 Cl N .4 E v1 e"va"vvvvmv0v 
(13 4\ OOOoOOOo00oNN 
Kg mMo0oOooOOo0000 
EE 
A, ' oOOOOOoOoOOoO 

Z Ve 0 0% Ve Na N 01 - '0 10 NMN 
OE . "4 .4d. MN IA N .4N rl MN Cl 
NUNNbV U1 In In In In U1 Ill M O1 

0a In In an In In In In In In Ul In v In 
000000000o000 

ZNMa .4 .4b .0MMNrb 
A, ' NM"M" in in IV in V. O %a '. O 
WE 

. 7.. ri N º1 rl N rl HN rl .4 ri N 'i 
a . 14 d .r "4 .4 .4 "4 .H .4 .4 .4., .4 .4 

NN en v An vvrN Co Co a 

wUo000000000om 
NNNNNNNNNNN . -4 -i 

vN to r do 01 0 .4NMaHN 
F 14 .4 .-- _I .INNNNNo0 
NZO rn a Cl rn ma oI oý m Cl mvv 
wý 2oC. OOC. Oo000000 
H 94 NNNNNNNNNNN .i 14 

r4 rl r4 It vi vi rl ./d ý4 .i 

h 
C7 
z 
H 

4 

4 
F 
z w 
L 
N 

w 

0 

w 
14 
M 

w 
0 

U) 
w M 
F 
ºa 
N 
z 
w 
0 
0 
z 4 
N 
w 
F 
d 

0 
a 
a 
N 
4 
V 

0 
z 4 

a w E 

N 

W 

ao f4 
H 



294 

3z 
oa 
fl wNNNNNNNNNNNNN 
I4 F"V 

a 
.ý0 in .4 %0 1ý amr. to to .4 co in 

I- P9 .4O 0% in N mit .o f-4 I. rr ... 
M %0 tlw ýO 01 M0 VW I VI 00 %a in In 
ZN . -4 c. in NN 01 VW %a in M 01 01 

P4 N4 . -1 O . -4 .i .4 

az 
a4 0000000000000 

NM co 40 U1 Cl IA IA Co N IA N . -1 O4 r 
a 3: NM 40 . -I Co MM 00 ON Nr"b 

vi M\ 00Nbr0 . -1 CN . -4 rNN 
Z40vvv. v. u»o ". 0' . a. . of of 

'. +1 'i CO b In m . -4 O CD 
FaMMMMMMM Vý MMM rl . -1 .i 
NWý 
U) E. \ o4 a 01 OI o1 aa 01 01 a o+ a1 01 
Zaa 05 o, o, o, OI 01 0,05 01 o, OI 0% 01 
w3 . b4 01 a 05 0, cm 0,04 05 cm 04 05 0,01 
c 

. -/ en V" NOrN U1 NM 
oVrr 00 N a0 V' M O1 rM CO Va O 
aww .rN 40 Co In U 40 In An . -1 04 ., 
k. F Vl Mr7 . -1 o Om 0% " -4 N Vw m 

a In eo eo eo ao rrrMv %0 Co co 
aaM0OOOO00O. 000 
M 
ýi OO0O0OOOOOOOO 

or in aMra -4 &n .f in 0 
.iu I1 0N en 0 7' M Co %0 Co IA er " 
4. ww Of %0 NrNM0N CO 01 rM en 

F fA O1 M0 Ifl CO en as rM 01 e0 CO Co 
a4\NNMMM V- N en . -1 . -1 " eM V0 
WaMOO0O0O00000O0 
N 
do0000oOo000a0 

ZN0N .d %n 0 a0 a0 O U1 an 0N 
AF 'O N V0 Co Co Co M0 . -1 Co M %0 -e 
HO %0 r en .i -1 0N ao brN O4 0% 
0w In '0 %0 %0 40 %D 40 In rr An in in 

oaa000o0o0000 
co M a0 N Vw %a N 0% N aD NNM 

04 NO O1 CO co NM 1- in i 1N %a N 
W 'i. 
F. \ U1 vbCý . -1 e. '1 U1 aD N U1 .ý v1 U1 

'T.. . -1 .iN-NNN rl r/ rl NNN 

arv. %o w .4na ýo ro aa 

tau in rn in 
9 

in in in in Miava 
E- 14 ýf v4 ý4 .4 

Ma Ln bn 40 ao ti N"N fM 
Ea 0000000 .r . -4 .4000 

aaaaaaaaaaaaa to Z0 
wDZo0a 00 a000aa00 
Ei Z ./ .i . -4 .i .4d . -I . -4 . -1 .INNN 

N 

z M 

4 
w 

4 
E. 
z 
w 
w 
w 

w 
z 
0 

0 
w 
M 

w 
0 

N 
w 
M 

M 
y 

w c 
0 
z 
4 
w w I. 
4 

0 

N 
4 
U) 

a 
z 
4 

a 
w 
F 
3 

N 
N 

M 

W 

a 
m 
4 
F 



295 

3z 
oa 
r7 WNNTV" Ve aT NNNNN Vý 
WF". aa.. a s. . .. 

a 
a Co rm mm 01 0% P9 PN .-. 7. e 

AN ON . -1 01 0 .OO %O Ul ýO 0 
ý7 MN In M . -1 O 0% N In In Om eO M 
1Zee in N in in N 10 in CO Co U1 01 

0. \0 . -I 000O0OO0O0 . -1 
.z 5G 00Oo000000000 

EM in rMM en CO 1A CO to oo . -4 1-1 
M% E0N0NNNN00 u1 Oe N a0 
V1 M\M@ Let NMV. in V. Vr NNN. 
'j.. .40MMMMMMMMMMMMV. 
ra 24 
Q _r .ý .r- .4 .ý .r .r .w .r .ý .r .r 

>1 10 N co 0MMM 471 Ce Ce q IA LA 
E ßi M Oe 01 Oe O CO CO 40 NNNN .4 .y 
1.4 
to E\ ao ao ao rn mmm rn rn a rn rn oe 
Z .4 (3 0% 01 01 O1 01 01 01 01 01 01 01 01 CA 
w. . 1Ci as 01 01 01 ON 01 OI 01 01 Cl 01 01 01 

3: 4O C0 N .4 en c0 CO VV Ifl in 0 In a 
0um 01 01 C. M In c0 O1 p. 40 Ce Ch In 
aww i(1 co N %D 00N p5 \p er 0% MN 
WE VI NMM er co . -4 CO NNM 01 01 M 

\ C. d If, .4. N ON 4c a0 .4 . -r cN 
Qi Qi MO .4 .4N rl . -I .4Oo. i rl .4 . -1 

A. OOOOOOOOOOOOO 

Q in MMNPP 1'ý OON -i 0 i. 
.IU P9 in in sO ". V. "NN .i .i 1N fN 
I4 ww co 40 4O %a e0 co co eO In in NO 

ENO0ON co co co NNNNM 0% 
W4 .i\ . -1 . . -4 . -4 O000 "i .4 .4 .4 -4 .4 
w ix M0o00000000000 
E 
.Co0oOo000000oO 

ZNa .i 1f1 co a0 %o 0 4O M a0 ". O -4 QEN -4 .+ 01 0% 40 in in I'D MOOa. 
MUN .l 40 w 00 Ma co N . -1 NM rl 
o {w N Co NN 4o NN in N ao co 40 Co 
> 

0000000000000. 
Zvm at Nrr kn in bwM co 
A', NO0 .ON Of m .400 co H 7W N 

z '. O_ .+o_; NOC; N ýn 0% 

ao0am 47% aa Ch maaaa z wvb .O 
IA 

bbbMnMM.. 

vAbN 00 rn oNMv in e 
Ho00000 .4000000 

avaaaaaaaaaaa to Z0 
m5o00o00o000000 
H GG NNNNNNN aý Vý V' d' Cý a' 

M 

4 

a 4 

z 

M 

w 
a 
w 
z 
0 
a 
m 
c 
w 
N 

w a 
N 
W 
M 
I. 
H 
UI 

z 
w 
a 
a 
z a 
N 
W 
F 
4 

0 a 

N 
4 
t7 

a 
z 
4 

w 
F 
4 
3 

m ri 

ai 
w 
oa 



296 

3z 
oa 
�j W a. a} 7e NNN"NNNN"N 
4. HC Ve VF @" Vm 

H 
a 
P. 0 A, ' or r- MNa"M0" %O "o 

pS Vý .4N00N 0% 0NN (f1 ON 
(7 MrM a0 ýA N to 'm . -4 b c2 O O1 %0 

yý r .r0O 04 in %0 %0 rr"vr 
p$ \ . -1 . -1 .10 . -1 .4N . -1 0 .1NOO 

P. z a4 0000000000000 

>" 
MN 0% Vw V' CO kO N P9 co N co in ý* 
VI MN 0% MN 01 RI N In CO In 07 CO N 
z4a Vý M Vý Vý t+1 Vý 7' in en Vý aN V' 
w be 

>4 U1 co rl 4m bm co 01 NNNV. O 
E 1% In .i 01 O 01 NNNNNNNNC. 

al E\ o: m 0ý 
;a 

rn o; 
; 

rn a o; w 
Z40 al o+ aa 0% o+ m a% rn ama oh 

3 Cl te. Cl Cl Cl Cl Cl Cl m 0% 0% Cl Cl Cl 
0 
'c _4 _4 ýa w M1 a. %C N Vw f" %0 %0 %0 
pUN CO U1 mrb Vw N a0 O In ON 
AWwN 01 %D co co V' 0, MOr .4 .40 
b. N in Cl NMN %0 0 Cl N In NN 0% 

aD C0 M co 01 N '. O %a CO N d. 0% CO 
ß. ' pfi en .4 .4NOO .4 -4 00 . -I .4 .i0 

.COOOOOOOOOOOOO 

pv ao rMm ao rm 10 mM .4a 
ri lJ r a0 V' Cl NNON In aT O1 01 V' 

wW .4 ON co N0N aW O vW O'. Nmr 
E 1') 0MM .4 in vM In M .4 .4 Cl r 

W. 4\N.. 1 rl MNNN In MMM0M 
W pý MOOO00000OaaOO 
EE 
yo000000000000 
3 

ZN'. O N V' .4 CO N %a en IA O '. O 0% 
GE o' a co ao of o'. .4M In .Irra 
MUO V' NNM In .400 In %a r" .4 
oW co co eo %a vr co In %a rrr %a 
Dw 

0000000000000 
'j. ONMV In V .0C. raa V' O 

NNr IA r co Cl aD CO rl MM 10 01 
wZ 
. ý" 1, r .4 CO rro In V 01 N In r 

a . -1 4 .4 .Y .4iNN .4 rl NO .4 
Y. r1 .4., 14 .4 14 . -1 .4 .4 .4.. .4 .4 

p, aa ao a .+aaaaaaMa wo 
d' N In I d' MMM. d. a. 1A 

r 40 O'. 0 .4NM Ve -4 NM lw IA 
Er OO 01-4000 O 00000 
NZOavaa"a aW " aw v a0 vw 
g4 pZoa00000000000 
F 04 av"a in Ln in Ln 'o WW %0 '. v 

z M 

4 
w 

4 

M 
a 

0 
a 
w 

M 

w 
a 
y 
w M 

w 

z w 
G 

0 
4 

N 
w 
a 

0 
a 
m 
N 
4 
C7 
A 
4 
a 
w 

a 

W 

E 



297 

z 
oa 
ºý WNNNNNNNNNN 

wEa 
E 
a 
a 

0 4orrN .o in in N i+f in .4 co in 
adN co NN '0 NN in .4Nm CA 
0 (n ro in r .4N to aNO -4 moN 
IE0m Ch en en m .. 4 vm in in .r 'o 

NNO00. i . -I N . -1 Nmmm 
az 

w0000000000000 

EMaMr rv a ýu nnaa ýn a .a 
w Ri i. 01 MaNor CO a %0 Co 0M 00 
V) M\ nNa . -1 N %D 1! 1 NNNN0a 

a IA MMMNM V0 a %0 %0 nn 

A .M .I .4 .1 .4 .4 .4 .4 . "4 .4 ýq .4 .4 

o Co M .4Ma 0% o' Co N in in M WMoaMMMM . -1 r1 aaaa 
NWZ 

m E\ a ao ma 04 a rn 05 aaaao; 
zd t7 0ý cm w rn o'. rn rn rn a rn rn rn a 
W 04 0m rn a rn 0% rn w a' aeeao, 
0 
Za %0 Co rNr U1 N00i in '. O 
oVoora en a .4 In r '. O CO M Ifl 
.WW .4 In .4 Ifl N IA Co NNnNm %0 
6+ EN in in nN CO CO Ch In rN CD N %0 

4'� ONr .4NUOaM %0 r Co 0% 
W' pG M .4 . -I NNNN .4i .4O0O0 
M 
iQ. OOOOOOOOOOOOO 

QM 14 O% Mn .4M lO CO MMM Vp 
AVN %0 nNanr in Co 40 In %0 O 
WWWa %0 N '. p 4 %0 In 50 %0 M Co %0 N 

E (A N . -1 O1 Co 40 MM0 in aa" 
ßi .4\aa00O ri NNM %0 50 0 50 
WWMOOOOOOOOOOOOO 

0000000000000 

Z0 .4r .4 %0 O 40 a 50 N Co 50 0 
O E4 NrvMro 0% Un In o% NNr 
Hu Its 05 .+ 40 r0N rn In N rn 40 40 Qx 40 '0 40 rrornra In An Kn 

w 
0000000000000. 

zr aW rao .ý oM vo. m 
A, ' NN p1 N ýO n1 0% rNT0 in N 01 

EN 1fl orO 1+1 .irr to lp aN 
'ý.. NN . -I o00 . -1 .q rl NI Wn m 

aaaWre &A ' %a 'a %a w 
E 
WU u1 N N'1 1+1 1+1 1'N Vý Vý Vý NNNN 
[ti . -1 . -1 rl .. 4 . -4 .4 . -4 . -4 .4 . -4 .4 -4 .4 

'0 1- .4N PY Ve 1A 'O N . -4 N N9 -e 
E0000000000000 
to Z0 ae er aaavca" sr .rvv 
wüZ0000000000000 
E cx vv 0% a rn rn aaa In to Un in 

-4 .rf 

N 
0 

z N 

4 
w 

a 
4 

z w 
z 
H 
a 
w 
x 
w 

0 a 

w 
M 

a 
w c 
N 
w N 

N 
N 

z w G 

A 
z a 
N 
W 
E 
a 

0 a 
a. 
N a 

z 4 
C4 
w F 
4 
3 

in N 

ii 

14 
H 



298 

3z 
oa 
rl WNNNN-! V0 v 10 NNNNN 
4. E 

E 

a 

y' U1 o in 01 C' MNar in ýO ON 
NNr rl VW w U1 NNN -V V. 0 

0 M+ eo .+ .+ 'n v kn oo aW NN in . -4 
, 
%. ON in VW .4 co NMm .i %a N0 

Pi \ V' v kO U1 .40 .40NmMm IA 

az. 
i4 0000000000000 

>4 F (`9 b «1 0% in NrN .4 eº M ep b . -4 
M W' it 0 in in 00N in 40 .4 O1 N Ln 
li s4\ aa in N Cl Co Co 40 %0 NrmO 

. 
7'.. 4 (9 rrm Co in mmiC. in in 40 r 

>4 0% mr Ve 40 O0m .f 14 aNN 
F P6 mvv ae u1 to 40 '0 in '0 40 '0 v 40 
M4Z 
0H \ o, 04 aaaa Cl rn a o4 o; o5 a 

01 01 05 o+ Cl 0% aa rn rn rn o1 ON 
w3 oG oý rn m o, Cl Cl a 0% a rn a Cl 0% 

mv an o Co a in eor 
0U ýn .+vrv IA r in ao u+ . -l r 
Aw es em 0% N P'1 40 01 NrOir P9 
(Y F0N 0% OMr V0 0 in V0 Co en Nm 

ä. \ 01 01 N MI %D 0O 4O iNNNN 
ßý (Yý in OO. iaNNNO rl . -i wi aa 

. ý. OOOOOOOOOOOOO 

Q 01 0ONr Cl 01 01 p% rNOO 

.7Ua in ma 40 rrrv Cl rn 0 Co 
o. ww An or in oNNN 40 o 'n Cl in 

F ýn aa in in 0000o CA a of 
40 42 4o 2 . -4 .4 .f in i er a0 to 

ww r+ 0000000000000 

4o0000000000oO 

ZN of 40 r 40 Mpr a0 arm . "4 DFrvr o4 Co 40 vo Co r /n ao 
MUrN !0 %D MI V0 %0 4O Or in NN 
O lx In 4o 4o 40 Co rr Kn mrrrr 

00000000000oO 
zr Go O in b%NaaN 
A. ' NO'. O Y1 N1 N V1 V co In CO M I1 
WZ 
z\N'. O .40 In NN4 aC 

vr 
fM 

0 

Z ar a In a .4 .4 .4 .4.. 4 NN In I 
A. oa .4 rl .H4 .4., .4d44 .4 .4 .a 

aaarMmv N on E 
-V nNN 14 . -1 . -1 .- . -4 . -l ý r; 1; . -1 
E. 1.4 .1 .y .r .1 .1 .r .1 .4 .4 . -4 14 _4 

enmao rv ra 
Ho0000 .4 .1r00000 
NZ0 ae ee vaaaa ae .. aav 
w7Z0000000000000 
E GG An An In in in An vA in Co Co Co CO Co 

N 
C7 

z M 

E 
z w E 
H 

P. x 
w 

0 
a 
w 
Q 

H 
w Q 

N 
w 
M 
E 
M 
N 
z 
ca 
Q 

Q 
z a 
N 
W 
E 

0 

N 

C7 

Q 
z 

w 
E 
3 

b 
N 

ý+1 

W 

a 
m 14 
E 



299 

3z 
om 
.. (V NNNNNNNNNNNNN 

WHvva ae "a 
E 

0 aM rl rr ýO 01 m .oNr 00 oN 
WN 01 U1 N . -4 4m N0 .4 O1 U1 N0 
(3 Ma U1 ar 01 0N %O ON -r . -4 " V0 00 

0% f" c1 M Co 0N 0% IA Co M 00 rl 
pj \Mm aO IA U1 U1 I(1 Ve mMNN %0 
aZ 

54 0000000000000 

E1 0" m00 %0 r- 1A ýIP OD %0 Co N0M 

Hw r+ in Co a0 ep oao r+ 0N0 
fA N\m e0 NN rl r- TN0 Vw «T CO M 
7-. C0NN CD NNe %0 e ýo In In I 

w sc 

>- bbrrrr00o ON w In IA 
Eam %n in In In In IA " In in v. en en 
MWý 
NE\ 04 of rn O 04 oý oý a oý aý rn a aý 
24 t7 rn rn w rn a o+ m rn rn rn rn rn CA 
w3 sG aa o5 c% o, o5 a 05 cm 0% as 01 O1 

"f arV CO V' «4 " U1 r IA to b r- 
0u Co 0% 0% V' in d' 0% NON 50 N0 
.4WWr Co 0% N U1 0% %O NrH Ve r 1" 
n. 6+ m .a in to 0arr Ch r of a In 

4\mN «4 IA N ý9 in SO 5O Co 0% CO CO 
., .i., .ý., -i .r .r .ý.. . -ý ., aa in 

M 
A', OOOOOOOOOOOOO 

3c 
Q 01 a0 N a0 V aD IA I+1 Oý Of br 

.7ua. ap o 'o IA o In Oora CO 
F. wwbr in No .4 0% in "rObV, 

E vi r /n M 40 in aM Na .4 (n v CO b 
-i \ U1 50 50 IA In Vr P9 P9 NNN 1+1 

wa00000O0000000 
E 
9OOOO0O0OoOO0O 

Z .4 %D aW In M .4 to 40 ONa tn CO 
AE .raH 'n a0 .4 in ae r .ar CO 
Wu en 0% .ra -4 ee o4 N «n 40 r %0 ae 
Qar So rrrrr Co Co Co CO CO CO 
.>u. . 

0o0OooOOOOOOo 
zr Go MN. rC. NoNrN 

NM co arMaoorvb 

z\ 
-4 Ioavn 

en oe In 
M 

Zw VW VV W "I NI M in in i fV Ni 

P. w ko ev (" NNf., MQ IF 

WU rl rl wi rl r; .l 14,414,4149 
9 

ý4 14 .4 .4 14 ý4 W4 .4 .4 .4 W4 W4 14 

br ro aoNMaNb rv 

E. o000 .r .+ .+ .r .ý .+o0 
N2Oaa ae a ae "vaaa yr sv 
wOZo000000000000 
E fk to 09 ao Co Co 0 Co co Co Co Co o'. 

UI I, z M 

w 

14 F 
z w z 
H 

w 

w 
z 
0 
a 

w 
14 
M 

w 
G 

N 
w 
M 

N 
H 

z w G 

A 
z 

N 
W 
F 

0 
a 
y 

z 
a 

w 
F 

r 
I., ' 

rn 

00 

W 
a 
m a 
F 



300 

3z 
ox AWNNNN de Ve Vm NNNNNN 

WF am er va ar maa"a er " 

0 
.ýN O% .im 00 .4M . -4 "i %O L(1 m i(1 
ß, ' MI N0 U1 V' Na .4 en Na t0 %D 
o em r U1 en en .1r 01 '0 d o. in In Of 

It Co r en co rr In 0 a- in rn in rn 
cx \ 
az 

sa o000000000000 

Eý en rn i ýo v .4r Ln .1 in ae Ln in 
Fi a xi %0 0% e Co 03 fV Co .. o, 1o CO - 
vf wa .4". c a" Ln ar %0 rr rn N 

4 C7 %0 rm %0 a ar en in rn in rn rý a. 
W ý4 

. 9t U1 "m -m V' ae %0 it, in d. C. M 
EI (Y. MMm ai . -4 .d . -1 NNNNNNN 
MWx 
v1 F\ aa 01 o; o; o; a rn rn o; of Cl rn 

01 01 01 01 aa o+ Cl rn cm a 
G7 3 Cl maa Cl 0i Cl Cl a cm o1 01 
A 

CO 00 N Vr Ch 10 Cl Ch 10 Co NNm 
OU It. Nr . -1 a r4 Ve ONO CI 0% r 

rl WWr It. 10 it, C1 0OON It. MOr 
WFNm ON ra in . -4 MM 10 N V' V- 01 

4\ %0 In It. Co . -4 M LA r Co 0 . -4 NN 
ca p4 M rl º1 i r1 NN000 'i 'I . -i "4 
M .?. 
4 OOOOOOOOOOOOO 

Q ýn rrv ao Nrrr Ifl f4 r r- 
. -3 U L(1 -P M . -1 0 OI V' e. "0 %D .4 . -4 
WWWM .iN i0 -4 IA 00 C0 EO r in .. 

F t4 ap 0MrO0MMMMMMM 
W' c\e. in IO MNNd. ( .41 . -4 vi .4 
w9Mo000000000000 
FZ 
A'. oOOOOoOOOOOOO 
. 'i 

Z V' A a0 U1 %0 N. i %0 r0V Vr a0 
Q (-1 N Co Oi f4 NN U1 10 in N e0 ll M 
MU Oý rMM 00 0% 01 01 10 1O r 1O r 
O cx rrr aO 0 Co M IO r0 00 00 00 
.> ow 

c; OOOOOOOOO00O 

ZambvaNNO. a ro ON 
4NaTb Co 4TN Co a "4 N1 00 

. ý" aO(l U1 ONM . -1 N 1+1 eý1 Vý to 
$ NI Vý IA 1+1 NN . -1 .i . -1 . -1 .. l . -1 . -1 

a SG . -i 4 "4 .4 . -i .r.. .. .r.. .r . -i 

0 42 m CA Ch C4 
z 
wvMM In vavavaaaav 

Ma 41 bN Co r4 M -e N to r 
E+ o000000000000 
to ZO a" ar aI va er a v- a v. v0 a 
w> Zo000000000o00 
E OG rn rn aa Ch o5 .4 -4 r- _4 -4 .4 

-4 _4 _4 _4 -4 '1 NNNNNNN 

N 

z 

4 

a E 
z 
w z M 

w 
a 
x 

0 
P. 
Q 
w 

w 
Q 

N 
W 
N 
E 
M 
N 
z 
w 
Q 

Q 
z a 
N 
W 
E 
14 

0 
a 
m 
N 
4 
C7 

Q 
z 4 
a 
w E 

Co 

a 
Co a E 



301 

az 
oa WNNNNNNN"NNNNV 
wE d' aa aw Vacv 

in . ao N .aa in rn aaaNN 
a' .dNN"o0 co e* Of t! 1 0 . -1 01 
c7 in m ON i rn N in a u+ %a 0% N in N 

ZIo ýo .4 co am .-miN in oa 
(y' \oN.. 4 '4000 .I -4 -4 0 
az 

a6 0000000000000 

F en rv 0 of .4 ýo %a In .rm .4 co .1r 
H aG T 14 n0 In Ch r in r co in .4 in . -I 
wH\aN .4 .4 .r %0 'c f" V co co Co 1. 
2 ot 0aawav rn m in m in in in m 

o .i .4 .r .i .4 .4 .r .4 .4 .4 .i .i 

0 eo wNN In in oa ao eo co N 
E ßi M V' MMMMMMMNNNNN 

NE\ rn 0% a rn Ct a o; o; o; rn of o. at 
z4v at at at at at at at of at at at m at 
w3 . Y. at at at aaaC. o4 at at of M Cl 
c 

,c0a 
to O 01 MN . -1 at V at . -1 a0 

QU at U1 NM Ln V" .M to O IC M to 
w7 wwMV. N rl b tO 1(1 wNMN0 ON 
wE tn M0 . -1 V0 %O N . -4 01 dl 0ON 

4N CW d. M . -1 0 %O IA in to c0 at ri N 
Mi .4.4.1O0 OOOO . -1 .4 

Mz 
A. ' OOOOOOOOOOOOO 

Q . -1 01 Cl bN l0 NP . -1 01 01 NP 

.UN al IV N0 co O tO N Vv a a% 10 
www0ao, co NN of .r0 0% Cl .4 

E vl to Un Un Un of to to at to Un in to of 
cz 4\ . -i. . -l .r.. .0 . -4 or.. 4 . -l .4o 
WWM00O0O0000000O 
Et 
to00000oOo00oO 

Z 1A U/1 Ill Ch U1 M in N U' NM tO tO 
Q E. eO in NMNONM rl .. 4 O CO . -1 
MU to tO NM0N tO at rM U1 M 
oa ro co eo tO ro N V. M to eo ro m to 

000000oOo0000 
zonNO r- r- NNrm ýc a+ a 
.!, N 01 a Ifl 01 N0 at r %a r VW r NO 
wX 
', f" r ýO ßf1 U1 bNN Oý OM i'ý1 M1 N 

z rl rl - -i rl .1 rl ON rl NN rl 

MMavaa rn ao 
wv in M in MMM 

in in MMMM 
H .4 14 

Co ao .4NMa 14 NMa In b 

Eoo .+ .4 .+ .4 .+o00000 
NZOvvavva. a. in in in in in in 
wOZo000000000000 
E G4 .r .r -4 .4 .a .rr .r "4 .. 4 .a -4 

NNNNNNN 

z H 

cx 

F 
z 
w H 
H 
Poi 
w 
W 
:4 
w 

z 
0 

w 

M 

C4 w Q 

N 
w 
F 
M 
y 

z 
w 
Q 
C 
z 
N 
w 
F 

0 
a IN. 
N 

Q 
z 4 
a 
w 
F 
3 

a 

ai 
w a 
m 
N 



302 

3z 
oa 
rl WNNNNNNNN 
f'. Ed 

a 
a c ýi ONNON 00 ýp N 

C4 ýO t0 l0 .iOM .r 0% 
V' MM in us r- -M .4 CO 

M OI .iM -w P 01 u 
NOH rl ýi r/ NM 

az 
i4 OOOOOOOO 

E en in rr in 0eo .a 
HMSw %0 %0 to a Kn ýo v 
ul H\m .r un co nr" rv 

4 t7 ae ava Un in vr 

>4 so N so v in in a en ExssNMm f+l mmm 

v1 F\ rn rn rn ma rn rn rn 
Z4Q rn rn Ch Ch Ch a Ch rn 
w3 sc a o5 rn 05 a rn a0 

3a %o rAaa Co N 
OUN Co 40 An NON 5o 
AWWwo ,n o . -I o0 .i 
wFNN U1 N . -1 O1 05 '0 0 

N 50 '0 b 1A 50 50 O1 
04 rý ý+ .+oOOOooa 
M %. 
. 4: OO0OOOO0 

QN Ch N 1+1 Nf eD O O% 
I. U 00 Co Co U1 r- %D f- M 
wwWNNa %D to 05 N I- 

Ema (n .. 4 40 NN In a 
a 'C \ . -I -N 555 ma II) '0 50 
w rk rn 0000000O 
EE 
A. ' OOOOOOOO 9 

$N . -1 f+f Nb .4 40 . -1 
GFa0 Co 50 Oa . -1 in 
HUa 50 N O1 t(1 NN0 
Qa co 'o %D in u, u, u, % 

w 
0oOOOOo0 

¢ ýn vN CD- M. M 
N .$0 in Nm -e rn Uf 

wZ 
7C \m %0 aav .4 

Z. 'i - ri NNN in Ve 
A. X .a -4 -- .4- .4 .a 

A. Mvvvv in e 

wu a" r, mmr, rn e, in 

r co a0 .4 (4 m v0 
H000 .r .+ .+ -4 .4 
NZO of in in in in in in in 
wpxo0000000 
H 19 .4 .4 .i .4 .4 .4 _I .4 

y 
C9 

M 

w 

z 
w 
H 
w 
a 
w 

0 
a 
I. 
Q 
w 
N 

w 

tn w M 
F 
M 
N 
z 
w 

Q 
z a 
N 
w 

0 a 
w 
N 

u 
Q 
z a 
w F 
4 29 

0 

M 
01 

El 
F 



303 

APPENDIX B 

B. 4 COMPARISON OF FRICTION PRESSURE DROP DATA. 

FROM Table B. 4.1 TO Table B. 4.30 
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APPENDIX B 

B. 5 SUPERFICIAL LIQUID AND GAS VELOCITIES AND 

OTHER DATA DERIVED FROM EXPERIMENTAL 

READINGS. 

FROM Table B. 5.1 TO Table BS. 19 



335 

W 

a 

0. 
h 
a. 
w 

z 
w EI NNNNNNNNM ap MmmNNNNN 
4i a. MMa 

KL. 

. -1 MNM -4 MN 10 M N1 at ONMM 01 in .4b 4 _1 10 00 M"0 Ve V' 0N Co OD N Ce 0% CO . -4 NO 
EI V. 10 rl 0 Vm a 10 'i Nb0 . -1 Cl OM 01 N"- 
WMNNON Ui Co 0N U1 0N Cl -e bNbN1.4 
RI V. in OD M Cl N in b OI N U1 MNN 00 b .4NM P ýO An 1f1 aa7 Vý Iý 00 1ý to ýO U1 Vý b ýO 1f1 1fl 

OOOOOOOOOOOOOOOOOOO 

(Y N in bOONOOd. ý} Cl NN00 10 N r- 
0 %0 OD 10 Co 00 Cl 0% Na M000 CO 0 Co b0M 
. 
E! 0 40 ONNbbM Na Vp c3 10 O OD O in HN 0% 

MM Vý MMMOMNMM . -1 MHON f+l f+1 N 
................... 

OOOOOOOOOOOOOOOOOOO 

('J aOMO Ve U1 01 OV ý} b %0 .4M MI .4 Cl .yr- U) Ui Co IO %0 V . -1 NON . -1 0 10 Co 0NV. MMN 
N0 40 N IO U1 -p V" OI 10 M Of a0 00 N .4M In 1-4 NNv Cý Z Vý OOOO 

................. 
.1 . -1 .4 . -1 .4 . -1 . -1 OOOO -4 .f "-1 i 

OOa Co ab Cl aM"O 03 N"OOON 0% 
h. N a0 .4Nb0"NO %0 0N 1p %0 a .pa0 . "4 NNN In Ve NN Ui Ma %0 .yN Co in 0O Vm N Cl 
'J Vý b QO O .4NMMMNV. Vý NM UI Ui IC N. 

. 
q 

............... 
OOO . -I .1 . -1 .4 .1OOOOOOOOOOO 

Co N ý4 N 10 0N"p 00 00 Co V0 NI N IA O U1 
W 40 N O1 N" .4 Cl v 0% NN a0 N7O Cl M0 Cl ZZN M1 40 VNN Ui . -1 M Ufl 'MZVN e0 01 . -1 EI 03 i Vm bN le M Na 01 m Co b0 Cl %0 IO In Ui 

0N rl 4 .. 4 .4 rl .4C. .40O .N0 14 0N "-1 r4 

wv ýn r rv ýv M-eewarNroaNa roNMNN .4q 'y '. q pp Vp vi 0% r %D 01 . �4 
Eo ýo r .rv .r o'. -4 rvv -I '. o rn r .10 .r . -I EN0N CO Ifl V' N MI -4 0M . -1 CO MrNrM 01 

In "m t4 94 NNN %0 P in fit rmm f4 Ve e+l mN 

obOIOaoMb0 01 MaaO In 14 Nr 
mN IA 0MU OI 0M .4 .40 Of q 01 01 01 N0b 
a- . -4 NNNNMMNNN 14 -4 .4 .4 .4NMN ZMMMMMMMMMMMMMMMMMMM 
M0 Cl 000OOOaOOC. 0OoO0OO 
ao000000000000000o00 

.................. 
o000000oOo00oOo0oOo 

MW Vw M .4aN 40 .40 IA N 40 .4ON so N t0 '.. s ba .4b to N O4 '4 N 14 NNOM Of on In .4 PN 
14 co v1 01 WMN .4N .4V. O in M 40 NNNM Y1 
ri MN 14 .4 .4 .1 .4 .4 IA b" .4N . -/ .4NN .4 It 

OOOOOOOoOOOoOOOOaO 
po000000oOo00ooooo00 

................. 
Oo0000000oOoOo00000 

.4 IA .4O In NMaNN In IA 10 V It %a so .4 O4 a 
E-4 M .4 tO a0 4 %a 40 M O1 O IA MN 01 4 .4 .y as 04 

........... ;ONMN 
.4 U1 00 .44; .1 aD N 4O Vý IA IA rl N 

N In IA -W NN in I4 %D .4N eD In OO V" f'N 0% 
v 4O aD 0 .4NMMMNVV. N In in in 40 Nq 

rl .i .4.4 .4 

NM a0 U1 %D N 40 O1 .1NMa in 40 N 00 01 0 .4 
O0OOo0oO00OoO0OOa .4 .y 
ni _4 .4 ri .4 .d .4 .4 .4 .4 .4 1-4 .4 .4. i .4 nil .4 .4 

O C204242 OOOC DO OOOO 00 0000 
ZNNNNNNNNq 40 00 eO e0 40 ac, O 00 00 a0 

NNNNNNNNNNNNN"N fV NNN 

N 
1, 

N 
Q 

a w 

4 
E 
z 
W 
E 
N 

w a 
x 
w 
z 
O 
a 

0 
w 
N 

w 
0 
4 
E 
a 0 

w 
E 
O 
O 

z 4 

N 
W 
N 
E 
N 

O 
w D 
H a 
u 
0 
z 4 
0 N 

a N 

a 
4 
N 
U 
M 

a W 
0. 
N 

I; 
ýi 
W 
a 
w 
a F 



336 

w a 

W 

z a W E1 NNNNNNNNN tT Vý ep MMMMMMM 05 äMMM 

NNam ON lG bbOmmMNaONN0b 
UeoM co Cl ea O Cl N 1(1 a0 PN %o N" a0 . -1 N Es N Cl 0 .4M00 %0 en en 0% NM 10 rl b Ln CqN W Cl U1 Co N0 .1 0% M Co rl Cl 10 . -1 eM NNN. tr N fA 0N U1 Cl Mb0 Cl Co N en . -1 Cl Cl N . -1 d0 MN %0 MMMM er 7 U1 u1 b1 ep a0 NbbNN V0 10 if1 

OOO0000000O0O0000000 

WO Cl NmO Cl %n ON V0 NO Cl M000N V0 10 G to e0 10 0% bM Co Vm .4N .4N .4 Cl b a0 10 M VF M 
. E! Ma 10 N Cl OO %0 O e0 d. aN 10 m Ifl .4NNN NNNNNMM Vý U1 MMMN .4MbNNNN 

OOOOOOOOOOOOOOOOOOOO 

Vý C% 10 In Na N 00 O rl N Cl .4NNN .4N MI 0% 0% 'i Na in b -4 V0 . -1 UNM V0 .1 .4N 1P N ai N 10 e0 'J O1 V0 %0 Cl OMM Cl 00 .iNN V0 NN 10 bO 
0% Cl Cl Cl Cl OOe Vý tp lp bM 41 Ifl O.... O rl .4N .............. 
OOOOO . -1 . -1 . -1 .1 . -ý .. ý 4 . -4 OOOOOOO 

O V0 &n .b V0 N en tN Nbbb %0 10 m ifs NN r- 9. N . -1 N e0 N V" v0 N In 10 In .i -4 .4M Cl V0 b 00 .4 M .4 01 Co 0% .4N Cl e0 NMO ZO bbN U1 V0 MN %0 ý. 7 O aD IO V0 M .1 Cl Cl lp NMmmMMNNNN 
.y 

N. s .i rl . -1 .iOOOOOOOOOOOOOO 

.4 IQ .iNN fN b 10 10 0 rl V0 N CO . -I aD Ifl MN Yt 
g4 0% Nmme. 0% NM %0 10 m 1fl mO V0 M U1 e in e-4 Z Cl NN In bN0 Ifl Cl me00 Ifl V0 '0 N f'N .4 CD E .4MMM .i C0 NNM in .4O V0 0% Co N 10 N Cl a 

rl . -1 .1 .4- ý-4 -NN . -1 .4 . -1 MO00000. 

warbr .4.. HNbMa Co NVO U1 .O aD 0 
fA 0 .4 eD O U1 0NN %0 N ap in aM N CO N . -1 0 U1 .4 X O. N CO b CO OA N .4 to 01 rl O 01 NmN Co V CO N 
E CO aao .4MN en s in m %0 Cl a. r %o b of v (Cl 

14 - rl NNNNm" CO P. %a 1fl V Mf ""NNM 

Ch OarbrrrMo 40 r0 Na to N in ArM 
DC in OMrN0 in O4 "MN .4 in 0OrOqbq 
Q 1A 1A Vý MMMNNN 01 01 04 04 04 04 .. 4 
'j. MMMMMMMMMNNNNNNMMMMM 
M000OOO0OO0OOO0O0OOOO 
wo..,.,.. 000oOooo. 

.o000o00000o .,.,,.,.... 
o000000000o0000Oo000 

01 N 00 01 M 01 e0 .d U1 N -1 - cc pn in armr a1 rN "i Nro.. 40 40 40 rrra0rM"OV 
40 r ae a0Nao0v in in ro .yMvoor 

.. ä OOOO .4 .4 .4NM CO 10 A -! NNOO . -4 rl .4 A, ' OOOOOOOOOO000OOOO0OO 
oý o000000000oOo000000 

.................... 00000000000000000000 

a O' rl en rr in q 40 aT .i IA 0 in 05 05 N0r en N 14 in 0N .iMN -4 e0 e» V' wiM Co M to O Co 0% 
................. O 

14 NN a0 01 M M1 in MrOrMMNM Of O 5p cc .y 0% CO 01 .4r 01 a0 rM0 50 %0 50 N in MMN %0 O Co V V. M .i OI Of '0 NMMMMMNNNN . -1 N .4 .4 rl -4 "f 

NM" U1 40 r to 01 O .4NMV U1 b rl NMV. in 
. -I .4 .4 .4 .4 .4 . -1 .4N0OOOOOOOOOO 

NNNNN 
OOOOOO0O00OOOOOO00OOO 
Z ao CO ao CO ao 10 CO oo ao a 01 01 04 o, of rrrrr 

NNNNNNNNNNN2NNN 

N 
a 

z H 

4 

4 
E 
z 
w 
E 
M 

a 

w 

E 
0 

A 

M 

A 

4 
E 
4 
A 

a W 

E 
0 
A 

z 4 

UI w M 
E 
M 
U 
0 

a 
w 

H a 

A 
z a 
A 
M 

a H 

4 
M 
V 
M 
6. 

a w 

N 

N 

In 

In 

m a 
m 4 
F 



337 

a 

a N 
I. 

z a 
w H 
4 

M M M M in CO 
M 

CO CO CO CO N 
CO 

N 
CO 

N 
CO 

N 
CO 

N N N . -1 .. 1 tp 
.1 

N 
%0 

N z 
w N 

m 
W 

a 14 
4 

E 
W 
Cl 

0 
N 
CO 
. -1 
IA 

In 

0% 
.4 
M 
141 
M 

Io 

r0 

N 
IA 
M 
r 

0 
10 
01 
CO 
M 
r 

CO 
N 
M 
CO 
IA 

h 

Co 
Co 
Co 
. -1 
Co 
h 

i 
c> 
M 
N 
0 

CO 

ao 
O. 

M 
O 
N 

CO 

h 
O 

M 
r 
M 

CO 

.a 
h 

CO 
CO 
CO 

CO 

0 
N 
Of 
Ch 
W 
CO 

CO 
N 

. -1 

. -1 
r 

CO 

0 
IA 

U1 
in 
10 

In 

0 
M 
M 
01 
M 
Ip 

%o 
V" 
M 
N 
O 
h 

ro 
ID 

Cl 
10 
M 
h 

tn 
14 
M 
- 
CO 
%0 

c> %* '0 
M 
0% 
CO 
0 

%D CO 
.4 
IA 
%0 
0 

m 
p1 

CO 
IA 
Vp 
- 

a 
M 
N 
01 
h 

d 

w 
ý" 

O 
94 
p4 

o 0 0 o O O o o O o c; o 0 0 o O O o 0 o O 
Q 
W 

04 
O 
> 

%0 
IA 
CO 
O 

CO 
0 
CO 
N 

r 
M 
N 
M 

N 
CO 
%0 
N 

U1 
%0 
%D 
N 

M 
N 
h 
N 

N 
OI 
r 
N 

ap 
h 
W 
N 

pl 
r 
. -4 
M 

CO 
. -1 
CO 
M 

%0 
h 
ID 
in 

h 
r 
IA 
r$ 

N 
. -1 
N 
N 

r 
Co 
0 
M 

b 
0% 
r 
l 

.i 

.4 
CO 
V" 

Mf 
Y1 
N 
IA 

IA 
.i 
to 
O 

CO 
0 
IO 
O 

O 
W 
Cl 
O 

O 
0 
N 
.4 

p4 
w 
Q 

O O 
C 

O O O 
C G 

O 
0 0 0 

O O 
0 

O 
0 0 0 

O 
0 

14 
F 

CJ 
V) 

U1 

-4 
. -1 
CO 

0 
CO 
Co 
V" 

0 
0 
CO 
r 

in 
0 
M 
CO 

CO 
M 

.4 
O1 

CO 
M 
r 
O 

.4 
IA 

.4 
N 

00 
r 
%0 
M 

%0 
CO 
O 
IA 

CO 
CO 
O 
IO 

CO 
N 
Of 
10 

CO 
O 

.4 
IA 

CO 
10 
CO 
h 

%0 
O 

. -I 
O 

N 
U1 
CO 
M 

.4 
CO 
CO 
U1 

IA 
M 
h 
U1 

CO 
%0 
0 
- 

U1 
N 
CO 

.4 

.4 
03 
CO 
M 

N 
U1 
CO 
CO 

p 

m 
W 

O O O O O .r .H .4 ,$ ,4 - 
C C 

- ,r -4 .4 O O O O 
14 
H 

0 
fL 
N 
'r7 

CO 
CO 
M 
M 

ýf 
0 
CO 
N 

a 
%0 
%0 
N 

ap 
0% 
Cl 
N 

v 
0% 
0% 
N 

" 
0% 
0% 
N 

v 
O' 
Cl 
N 

a 
Cl 
Cl 
N 

.4 
M 
0% 
N 

M 
V 
0% 
N 

CO 

.4 
h 
in 

CO 
M 
r 
U1 

CO 
M 
h 
Y1 

- 
0 
r 
U1 

.4 
O 
h 
IA 

CO 
%0 
%0 
U1 

0 
%0 
N1 
h 

.4 
0% 
CO 
0 

In 
V" 
CO 
0 

In 
CO 
CO 
0 

N 
q 
M 
0 

q 
14 
4 

O O O O O O O O O O 0 O O O O O O N N N N 
y 
(a 
M 

W 
14 

H 

Cl 
CO 
M 
r 

r 

ýi 
N 

ri 

N 
N 

. -1 

.4 

M 
0 
V 
.f 

h 

. -1 
%0 
0 

M 
Cl 
N 
0 

%0 

.4 
CO 
N 

IA 
0 
e0 
T 

.4 
1f1 
0% 
N 

IA 
r 
0% 
0 

CO 
N 
Cl 
0 

CI 
1f1 
IA 
N 

Cl 
h 
y 

h 

CO 
r 
h 
IO 

M 
Im 
1O 
h 

M 
M1 
IA 
In 

N 
In 
h 
M1 

`O 
%p 
UI 
0% 

.4 
In 
in 
CI 

IA 
CO 
0 

. "1 

IR 
CO 
N 
pI 

H 
u 
O 
a 

O . -1 N N H .4 N O N M ri .4 .4 .4 O M .4 O O . "i O 
W 

N 

a 
W 
M 

Er 

N 
If1 

N 

IO 
%0 
N 
Of 

N 
Ifl 
C% 
O 

M 
CO 
0% 
O 

CO 
N 

.4 
CO 

.i 
r 
in 
OI 

CI 
%0 
01 
M 

r 
0% 
h 
CO 

N 
M 

.4 
CO 

CO 
IO 
IA 
IO 

M 
CO 
M 
01 

O 
N 
IA 
%0 

CO 
%0 
Y1 
N 

IA 
0% 
h 
e0 

-4 
0 
CO 
'0 

.4 
M 
CO 

.1 

ID 
N 
0 
M 

N 
%0 
CO 
. "1 

b 
%0 
M 
N 

"i 
M 
h 
CO 

O 
d 
'0 
U1 

Q 

4 

M M1 Ifl U1 U1 U1 b 1O r 
r ID N M M CO IA CO .4 -4 .1 .4 (ý 

M 

A 
7. 

OI 
CO 
. 
M 

N 
CO 
rl 
M 

ID 
N 
A 
M 

%0 
N 
.4 
M 

r 
N 
rl 
M 

CO 
N 
.1 
M 

%0 
.4 
.4 
M 

IC 
.4 
. "i 
M 

Cl 
.4 
eil 
M 

IA 
0 
.4 
M 

IO 
%D 
rl 
M 

CO 
4 
.4 
M 

Cl 
. -1 
.4 
M 

h 
.4 
.4 
M 

0 
01 
.1 
M 

%D 
h 
'i 
M 

CO 
Cl 
.., 
M 

h 
CO 
. -1 
M 

0 
0 
N 
M 

0% 
in 
M 
M 

q 
h 
M 
M 

H 
A 

pj M 
(. 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
O 

0 
O 

0 
O 

0 
O 

O 
O 

0 
O 

0 
O 

O 0 0 0 0 0 O 0 0 0 O 0 0 O 0 0 0 0 0 0 0 M 
14 

yl 
E 
º1 4 

CO 
r 
%0 
.4 
O 

. 

0 
r 
M 
N 
O 

M 
. -1 
r 
M 
O 

. 

.4 

.4 
r 
M 
O 

. 

M 
.4 
.d 
CO 
O 

. 

CO 
O1 
r 
CO 
O 

. 

0% 

.4 
CO 
U1 
O 
CD 

. 

0 
O 

i 
%0 
O 

O 
. 

0 
CO 
CO 
b 
O 

. 

Of 
N 
N 
h 
O 

c21 
. 

Ch 
O1 
. -4 
%0 
O 
0 

. 

in 
01 
.4 
ti 

O 
0 

. 

A 
CO 
h 

.4 
O 
0 

. 

%0 
h 
M 
N 
O 

0 
. 

%0 
M 
N 
M 
O 

0 
. 

IO 
N 
CO 
M 
O 
0 

0 
CO 
Cl 
N 
O 
0 

N 
h 
O 
O 
O 
0 

r 
Cl 
O 
O 
0 
0 

CO 
. 

N 
O 
O 
0 

0 
N 
M 
O 
O 
0 

14 
p. 
'. 7 
N 

O O O O o 0 0 0 0 0 0 0 0 0 0 . 0 . o . O . O O . O M 

rl CO N r CO O 0 Co CO r IO CO M M .4 Cl M CO IR U1 M h 
H 
O 

. -4 %0 
. 

N M V1 
. 

h 
. 

m 
. 

O 
. 

a 
. 

N 
. 

CO 
. 

r 
. 

0 
. 

.4 
. 

IA 
. 

%0 
. 

'0 
. 

CO 
. 

N 
. 

to 
. 

CO 
. 

ýq 
[y 
ýJ" 

1! 1 
M 
P9 

O 
CO 
N 

r 
%D 
N 

o 
O 
M 

o 
O 
M 

O 
O 
M 

O 
0 
M 

.i 
O 
M 

i 
0% 
N 

aD 
01 
N 

M 
r 
M 

M 
h 
In 

V 
r 
Ln 

. -I 
h 
LM 

.ý 
h 
UI 

a0 
Na 
U1 

r 
M 
h 

h 
CO 
O 

M 
CO 
O 

M 
CO 
O 

h 
M 
O 

w 
A 

N N N (V 

10 h .1 N M CO U1 ýc r CO 0 M CO to %0 r CO 01 0 .i f4 
E 

0 0 0 0 0 0 0 0 01 O '"1 .4 .4 .ý .1 .y .4 -4 N N N 
N N N N N N N N N N N N N N N N N N N N N 

O O O O O O O O O O O O O O o O O O O O O O 



338 

W 

94 

a 
w 

z z 
w HNNN %O V %0 %0 '0 %0 '. O '0 %0 %0 V '0 %0 %0 V '0 '0 
4 rl .i 

a 

rMabNN "1 ab Cl m Cl Cl in a Cl 0rAo 
. .4MMr '0 Co NM in .1b Cl N 10 01 M0V Co Co 
EOrb Co Co NM 01 00 a %Z 0Nb (0 r fV Ifl ON 
Wr 40 M in 'i 1+1 rr .4 co q0 OVr (0 in tl (0 (0 r1 
mbN 0% e0 -4 r Co b in in brr Co N -I ra f4 N 

NMMO . -1 OOOOOOOOOaaaNaa 
.................... 

OOOOOOOOOOO00O0OO00O 

4. a0 rOOOOObObbaOO .1 a0 01 (O .4 .1 
Drr 'V' Oo0O .4OM e0 0 e0 %r in %0 ri O r- 

01 In a. OOOOOOOO . -1 OO rl OMNNN > 
ri NMOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOO 

C7 r Cl rMb .i in aO tR bO0 01 N U1 Cl % e0 e 
f/1 NMM V0 V' M V0 a .4 OI '? ri CO ro V' 01 in .4 00 

V0 Cl i Of N0NN 01 .iM in Mf v Na V' M a4 NN 
r Of MO eil ºI adOaadaaaaNNNN 

.................... 
OO . -1 OOOOOOOOOOOOOOOOO 

r In rr IA b CO Nr CI CI bira Ord MrNN 
y. CO TMM 0% M .4NMV (0 NN 00 C- V0 % IA r in 
t/) MNN0 dD OO (0 bMMbrM0O0 in M in 

, 
^J OOOO 01 MMb (0 01 Of r '0 in rl rl rl N in b 

.................... 
NNN .4O . -1 .1 . -1 .4HH . -1 .4 . -1 .4 .i .4 r1 H rl 

N a0 bM a0 rr 0% Ma (0 aD r o0 rr V" Mq i0 

W On (O O 0% v1 M IA 0% eD bb CI e0 M in Co 0% NO IA 
E, Nr 0% bNOb in b Of r Co 1fl e CO rMM V0 (0 
E4 .iN in rl a .4M 0% 0% C% 0% 0% 40 0O Co 0 rl 03 r 

----1.1 .+o00000 -$ 000 

wMaeaa 'n oaan ei na in vov .a 
oa er re 2,4 in oo er M ", .. v `0 `0 vro in r 10 Cl 

ao Mo Co in in av 01 .4mr %0 Cl 0rM uº o Cl 
Hr 01 NNM fV N fV N fV fV fV fV fV Ve e" in Vw Vw m 

.1. rl .4 rl rl rl rl .4 r4 .d .4 .4 r1 .4 .4 .4 .4 .4 

o .4 In Cl NN rl M In bbN 10 ý$ %D Cl In N in .4 
rMNNi in 10 Na0N Cl Na in O0N 10 

qv .a In Cl o0000 .- . -1 aooO0 .1 . -4 .4 .4 
Zi in in N to fM in in in in M in 1+1 in in en M in in Nf 
MO0O000O00000OO00000O 
wo0oOo000000000000000 

.............. 
oOO0OOOOOOOO00OO0OOO 

.e In Co %0 in N Afl Co Cl v in N1 rn O In An N In Cl 
yl V0 M Ot N %0 0N Cl N to Cl .4 .4 PI Cl N Cl in Cl Cl 
E1 In N Cl .4 .4 .4NOOO0 .4 .4 "1 .4 rl NN .4 .4 
.7o000000000000O000000 

o0000000000000000000 
000000000000000000000 

............... 
o000000oOOo0oOOOOooc 

rl 0 Co In Cl Nb %0 In 0 in U1 i %0 .4 V0 .4VO Cl N 
E4 i in OV In N V0 U1 OI O OD N in rl O0N In In V 

J 
CI VN CO NOOc; ZN in in In V0 IA in 

V' in NNO 10 OO %0 V in in %0 PN in c21 OO In in In 

OO00 Cl NI in %0 b Cl Cl N 10 U1 . -1 rl .4N In %0 

NNN .4 .4 rl .4 .4 .1 rl ei .4.. 1 w. l .4 rl .4 .4 . 4, 

in a In .4NMR In %0 N dD Cl O .4N in em U1 %0 N 

NNN 00000c30 O 

NNN 1R in In In IA in In IA In IR IA %n in In IR IA U1 

oOOOOO CO CO OOOOOOOOOOO CD O 
Z r4 .4 ZO 000000 OOOOOOOOOO 

.4 .4 .4 in m in in d" in M in in in in in m in in MM 

N 

z 

W 

a 4 

z 
w 
HM 
w 
P. 
w 

0 
a 
w 
a 
w 
M 
w 
0 

4 
E 
4 
O 

w 
x 

O 

O 

4 

N 
W 
M 
N 
M 
v 
0 a 
m 

N 

a 

a 
a 
c M 

a M 
a 

4 M 

u M 
W 

w 
a 
D 
H 

ý; 
ai 
W 
a 
oý a 
F 



339 

W 

14 

P. N 
r. 

ä W 
E1 ýp ýO ýO %0 b b N %0 N N N N %0 N N N N N N N N M 
4 . 1D 'O 1O V Ip b b b 1O b b b b a 
a W 

a 
14 
w M a0 N . -1 N aý Vý r N M N O \O r r M N 0% M b 1fl 

4 Co Co N . -1 0 In U1 0% ap . -1 0 h in U1 Cv f4 Ifl b r 0 10 , t, " F N %0 .4 0% V' N ON N N " h 0% Ve %0 M 0 N r r 00 N 0 
W M IA Co Q V' r rl In U1 0% M CO 0% IA b M Ve In 0% a o ßi 
fA O 0 N U1 in O. M O IA N .4 r IA Co N 0% N O N O In py 

N .4 'i N M N N N N N N 

. . . . . . . . . . . . . . 
O O O O 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 w 

p4 p A M in r N N N h Co b N b h 1.4 %O aD h N 01 h H M 
Q in r a 0 0 ao a In m a 0% of 0 0 in 0 r In ao m . CK 
'.! N N Ve In -T In b a r r b b r O a m 01 .4 a M M w 

0 
. 

0 
. 

0 
. 

0 
. 

o 
. 

O 
. 

o. 0 
. 

0 
. 

o 
. . . . . . . . . 

O 0 0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 O 
. 

0 
. 

0 
. 

O 
F 

U' IA N 01 N a0 N O h N 0% to h b -0 Co N b h N in b 
in 0% N Co 0 .4 r r .4 r h .1 t0 IA M O 9! b h a M b 
D 0 In Co 0 40 .4 rd r IA U1 t0 M in .i O Oý Ve In N 0 0% a 

N N N M N M M N M M M M M Vý IA V Vý V. IA IA . w 

0 0 0 0 0 0 0 0 o O o 0 o O O o o O O O O 
0 

. -1 10 CO 01 M 0% IA r in 'i V1 CO N r r en CO Na r4 0 0 
(Y a V. U1 c0 M o Cl .M o N o V' 0% M M N Z. \O r In r Z 
N -4 b b a0 V 0% V' in e O M a %0 M M Cl e b UN In 40 4 
L7 a0 0% 0% b ýfl N O O 0 N M ýfl r O O H U1 h h 

. in 

M 

F 
r r e0 O 0% eO 'O 'O b O IO r 0% a a 0 -e Cl r M M F1 

w IA M e0 e0 .4 O -e b " N O N M O O M 0% M Ve N 0 U 

,Z b .4 N CO M N M .4 0 U1 0% tM r m' IA 0% Ifl r O b b 0 
EI h 0% 0% h N M .1 .4 r O .ý .4 aD .ý N Oý M N .4 0% N 

w o O o o .4 .a .+ .4 .4 a .4 .4 O .4 .a 0 .4 r .4 0 .4 p 

N 

O 
W O p N 00 .4 N 0 N .i 0% N r .1 Na 40 Cl IA O r b O 
In .4 Cl 0% O In b M 0% b 0% IA VI Ve 10 M O a0 M O a0 O 
, 4, " IA UI N 00 00 e0 10 C% .4 U1 N VI O aD aD . UI N a0 N N Z 
[4 M M a a a 

. 
IA 

. 
b IA 

. 
h 1O 10 In. IA r 

. 
a 

. 
CO 

. 
ýO 

. 
10 ýO 

. 
\O 

. 
r ß' 

. 
d 

. 
.4 

. 
.4 

. 
d d .4 .r .r 

. 
d 

. 
d 

. 
d .4 

. 
.4 .a .4 .4 .4 

. 
.4 .r .4 

. 
d A 

H 
"A 
d 

Co IA in i b .1 . -1 40 Cl Cl V U1 N Ifl IA 0 Vý .4 N IO N H 
x a0 .4 . -1 M Co IA .1 0% 0% N V %0 M N M b .4 a0 a0 Y .4 º1 
Q .A N M N "1 .i .4 O O . -1 .4 'i N . -1 .4 .4 N N N M N 
$ M M M M M M M M M M M M M M M M M M M M M 

M O O O O O O O O O O O 0 0 O 0 0 0 0 O 0 O 4 
RL O O O O O O O O O O O O O O O O O O O O O N 

. . . . . . . . . . . . . . . . . U 
O O O O O O O O O O O O O O O O O O O O O 

a 
a N 40 An " r N in Vr A N aO Na N N .f 01 A %0 M N &A W 

1 IC 10 .M IA w% VF . -1 In r .4 r O r In r r . -1 r m Co r a 
t' "4 ri N N N M Ve m Vp V1 M M N In b IA V1 In V1 M -0 . 

"i 

.. i O O O 0 O O O O O O O O O O O O 0 O O O O in 

a o 0 0 0 0 o O o 0 0 0 0 0 0 0 0 0 0 0 0 0 
a o 0 0 0 

. 
0 
. 

0 
. 

0. 0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

0 
. 

o o 
. O O o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o u+ 

In 
a O .4 %0 r Cl a 0 %0 M M O N V1 9 b VP r M 0% 40 N 
F .. 1 IC 00 N r b b r %0 0 .4 N M A 0 a 9M 0% %0 .4 .4 03 

0 j , ý + n r N n v 
F 

r N M r 
.; 

w 0 
0 . o I I ýn m lo w 

0 .f %0 IC Co e 00 V1 In M O N V' %0 M M 0% a %0 In IA O A 
IC 0% 0% '0 IA N O O O N M In r O O .4 IA r r 0% Ve Co 

F 
OO 0% O .1 N M a U1 b r aD 01 O .4 N M " In b h 40 

.4 .4 N N N N N N N N N N M O O O O O O O O 
&A In In In N IA N N IA IA N in N N 91 N A In A IA IA 

0 O O O O O O O O O O O O O O 0 0 0 O 0 0 0 
Z O O O O O O O O O O O O O . -1 . -1 .1 .4 .4 .4 rl rl 

M M M M M M M M M M M M M M M M M M M M M 



340 

w 
a 

a N 
f. 
w 

z z F 

w X F 
ä 

N 
I0 

N N W M 
10 

M 
'o 

M 
\o 

M 
l0 

M 
\o 

M 
1o 

M 
v 

N 
V0 

N 
Vi 

N ei N N 

`o 
N N N _ ~ 

a 
A X 

. ýi 

E 
w 
0 

UI 
U1 
ýc 
CO 
0 
M 

01 
to 
%0 
Cl 
V0 
M 

O1 
0 
Co 
r 
40 
in 

r 
Co 
Co 
in 
M 

. 

O 
%0 
r 
r 
Co 
rl 

r 
r 
IA 
M 
V' 

.4 

M 
0 
N 
Ch 
%D 

.4 

10 
10 
0 
IA 
0% 

.4 

IA 
10 
0 
Co 
r 
N 

r 
1p 

. -1 
CO 
V0 
N 

IO 
IA 
0 
VF 
Ch 
N 

r 
M 
N 
00 
M 
M 

IA 
IA 
M 
Co 
1! 1 
M 

r 
r 
to 
. -1 
0 
M 

0% 
CO 
%0 
Vm 
Co 
N 

M 
a0 

.. 1 
m 

.4 
M 

'i 
O 
N 
(A 
0 
d. 

m 
M 
y 

O 
M 

. 

CO 
Co 
a 
in 
a 
p 

r 
10 
a 
d" 
in 

. 

Q 
a 

IL 

O O O O O O O O O O O O O O O O O O O O 
Q 

94 
Q 
> 

to 
N 
IA 

Cl 
b 
IO 

0% 
d' 
Co 

O 
0 
O 

cri 
0% 
U1 

in 
to 
IA 

M 
.4 
N 

M 
d' 
r 

r 
V' 
Cl 

V0 
0 
O 

O 
r 
ON 

%n 
In 
N 

%0 
.4 
IA 

M 
r 
M 

N 

.4 
N 

aD 
M 
V0 

O 
M 
d" 

in 
o0 
10 

f4 
10 
q 

a 
10 
ap 

ý. { 
1y 
W 

O 0 O O O O O O O O O O O 0 0 O O O O O 4 
F 

(0 
a 
.4 
M 
i 

N 
10 
N 
Ifl 

CO 
O 
N 
lO 

r 
r 
N 

.4 

10 
r 
UI 
H 

M 
V0 
U1 

rl 

.4 
0 
a0 
.1 

M 
0 
01 

.. ý 

V" 
N 
O 
M 

r 
00 
0% 
N 

Co 
in 
00 
N 

r 
0 
In 
M 

N 
M 
Co 
M 

0% 
IA 
N 
M 

10 
N 
r 
M 

r 
%0 
N 
V 

O 
0% 
Cl 
a. 

Cl 

N 
U1 

12 

IA 

a0 
CO 

i 

10 
r 
O 
.o 

a 
w 

O O O O O O O O O O O O O O O O O O O O 
x 
F 
O 

4. 

Vl 

M 
O 
Of 

M 
!V 
Co 
Cl 

Cl 
01 
r 
01 

00 
2 
. -I 
a0 

%0 
N 
Co 
%0 

UI 
O 
N 
Cl 

IA 
O 
N 
01 

M 
in 
10 
r 

M 
U9 
10 
r 

0 
IA 
0 
Oi 

. -1 
%0 
Co 
la 

. -1 
'0 
e0 
'0 

. -1 
10 
00 
10 

41 
O 
r 
10 

r 
Ifl 
M 
Cl 

r 
IA 
M 
Ci 

UI 
N 
M 
r 

IA 
N 
M 
r 

41 
N 
M 
r 

IA 
N 
M 
r 

p 
.Z 
4 

N O O O O O O O O O O O O O O O O O O O 
y 

M 

W 

, Y'. 
E 

%0 
O 
V0 
N 

CO 
a. 
M 
.4 

M 
!0 
Co 
N 

O 
N 

-i 
In 

M 
M 
MI 
%0 

OI 
M 
IA 
in 

r 
r 
.4 
IA 

r 
IA 
N 
M 

M 
Ch 
M 
e0 

IA 
c> 
.4 
UI 

10 
V0 
0 
Co 

10 
0% 
0 
ßn 

IA 
Cl 
N 
.4 

O 
O 
M 
0% 

r 

rl 
% 
0 

U1 
%0 
.4 
N 

r 
in 
V0 
Co 

Ch 
O 
41 
%0 

N 
V0 
O 
N 

r 
10 
O 

ýy 

0 
0 
a 

rl .4 . -1 rl N O .4 'i .1 .4 N N M .4 rl .4 .4 N r N 
W 

y 
4 

W 
ai 
E 

Ei 

e0 
1fl 
V0 

ao 

r 

%0 
M 

Cl 

In 

%D 
N 

0 

O 
N 
N 

v 

N 
r 
V0 

in 

r 
N 
10 

a 

00 
0 
ýi 
%n 

IA 
Cl 
%0 

An 

N 

10 
%0 

r 

-4 
Cl 
O1 

%0 

M 
Ch 
01 

r 

0 

en 
O 

Ch 

.4 
r 
10 

0% 

OD 
N 
N 

10 

r 

V0 
a0 

r 

0 

.4 
%n 

w 

00 
Cl 
V0 

o 

0 

.4 
e0 

M 

? 

O 
Io 

a 

rl 
10 
O 

to 

V 

q 
P.. 

. -1 .1 N . -1 .1 rl .1 d .4 . -1 rl ./ .d .. ý 4 .i N N N N 0 
M 

x 
0 
Z 
u 
C. 

M 
e 

. -1 
M 
O 
O 

Of 

.4 

. -/ 
M 
O 
O 

CO 
i 

. -1 
M 
O 
O 

N 
-e 
O 
M 
O 
O 

sM 
ein 
O 
M 
O 
O 

in 
1(1 
O 
M 
O 
O 

N 
Of 
O 
M 
O 
O 

'0 
r 
O 
M 
O 
O 

M 

. -1 

. -1 
M 
O 
O 

A 
N 

M 
O 
O 

r 
a0 
O 
M 
O 
O 

.i 
O 

.4 
M 
O 
O 

in 
Co 
0 
M 
O 
O 

V0 
N 

rl 
M 
O 
O 

r 
N 

i 
M 
O 
O 

N 
M 

rl 
M 
O 
O 

0% 
M 
O 
in 
O 
O 

0 
Ifl 
O 
f" 
O 
O 

M 
Ifl 
O 

M 

O 
C 

10 
e 
O 
M 
O 
O 

a 
M 
a 

a 
4 
M 

O O O O O O O O O O O O 0 0 O O O O O O u H 
W 

'N 
E 
ºý 

(D1 

N 
N 
b 
O 
O 
0 

. 

M 
P 
r 
O 
O 
0 
. 

N r 
O 
O 
O 

O 
rl 
N 
O 
O 

. 

a0 
O 
M 
O 
O 

ei N 
N 
O 
O 

. 

r r 
N 
O 
O 

. 

r 
N 
M 
O 
O 

. 

NN 
In 
O 
O 

. 

N 
H fl 

aT 
O 
O 

. 

In 
%0 
UI 
O 
O 

r 
Cl 
10 
O 
O 

. 

Co 
to 
r 
O 
O 

. 

M 
Cl 
U1 
O 
O 

. 

10 
a. 
In 
O 
O 

N N 
10 
O 
O 

N 
'4 
Ci 
O 
O 

0 
H 
O 
. -4 
O 

N r 

O 
. -1 
O 

r 
r4 
14 
.4 
O 

PO 
w 
01 

y 

O O O O O O O O O O O O O O 0 . 
O 

. 
O 

. 
O 

. 
O 

. 
O %0 

la 
E 
p 

A 
Vr 

N 
r 

M 
Ve 

0 
. -1 

M 
-1 

.1 
r 

10 
r 

0 
V 

M 
to 

M 
Ve 

i 
r 

Oi 
r 

M 
aD 

r 
O 

M 
. -1 

O 
N 

vl 
Ve 

Cl 
Ve 

sD 
U1 

r 
U1 

N 

ap 
E 01 

40 
.y 
. -1 

"i 
40 
Cl 

OI 
r 
Ch 

eil 
.4 
10 

N 
10 
v 

Of 

.4 
01 

Of 

.4 
a 

Vý 
0 
r 

Vý 
10 
r 

Vý 
0 
Cl 

IA 
to 
%0 

1! 1 
CO 
'0 

41 
10 
v 

O 
r 
a 

ýfl 
M 
Cl 

Ifl 
M 
0% 

N 
M 
r 

N 
M 
r 

N 
M 
r 

N 
M 
r 

W 
A 
pq 
4 

O 
$ 

01 
0 
M1 
O 

.i 
M 

O 

"d 
IA 
O 

.i 
M 

.4 
.1 

IA 
O 

i 
M 

.4 
O 
%0 
O 
V1 

N 
O 
%0 
O 
UI 

M 
O 
b 
O 
IA 

w 
0 
b 
O 
In 

41 
O 
10 
O 
41 

'0 
O 
10 
O 
In 

r 
O 
to 
O 
IA 

a0 
O 
to 
O 
Ln 

01 
O 
%0 
O 
In 

O 
i 

b 
O 
In 

.4 

.1 
b 
O 
U1 

N 

.. 4 
10 
O 
In 

M 

.4 
%C 
O 
in 

.4 
O 
10 
O 
10 

N 
O 
'0 
O 
IO 

M 
O 
IC 
O 
% 

1 
O 
%0 
O 
10 

E 



341 

W 
94 

a N 
ti. 
6. 

z a 
w H 

a 

N N N N N N N N N N N N N N M M M M M en m 

x 
W 

ýy 

W 
P. 
k 

4 
H 
W 
67 

o 
in 
b 
N 
Cl 
M 

gn b 
%0 
C' 
0 
" 

Ln 
Ve 
%0 
O 
N 
V 

.f 
0 
In 
Na 
in 
P 

0 
Of 
O 
01 
" 
V' 

%0 0 
a 
O 
%0 
M 

to 
0 

.y 
Vr 

.4 
M 

n 

. -1 
ON 

. -1 
0 
in 

r 
01 

.y 
Co 
N 
in 

.t 

.4 
A 
M 

.. 1 
in 

o 
N 
N 
" 
a0 
" 

W 
In 
N 
0 
N 
V. 

v 
Of 
Cl 
CO 
in 
V. 

e 
M 
M 
N 
N 
. 

uº 
Ve 
%0 
in 
03 
M 

N 
M 
'0 
. -1 
M 
7 

Cl 
M 
In 
.4 
00 
Q 

to 
N 
d. 
M 
a 
1fl 

0 
N 
a 
N 
N 
In 

Cl 
In 
%n 
40 
0 
%0 

o 
b 
Q 

. 
a} 
Na 

w 

r4 
0 
a 
IN 

O O O 0 O O O O O O O O O O O O O O O O O 
Q 

h. 
Q 

In 
e 
00 
.1 

Of 
Co 
Of 

.4 

e0 
N 

.4 
N 

N 
In 
N 
N 

" 
.4 
%0 
N 

'O 
b 
7e 
N 

Ve 
aD 

. -1 
N 

m 
N 
01 
. -1 

aD 
N 
in 
N 

lb 
Cl 

.4 
N 

b 
N 
Co 
.4 

N 
b 
eo 
. -1 

M 
Cl 
c> 
N 

Vv 
" 
Ve 
N 

.4 
er 
.4 
l 

M 
M 
r/ 
M 

Co 
0% 
O 
M 

0% 
M 
O 
M 

N 
Co 
0 
M 

N 
0% 
0 
M 

0 
O 
. -1 
M 

M 
04 
W 

O O O O O O O O O O O O O O CO O O O O O O a' 
H 

(9 
N 
.7 

M 
M 
O 
b 

M 
er 
M 
b 

in 
N 
N 
b 

0 
In 
.4 
N 

00 
N 
10 
1N 

b 
b 
M 
N 

to 
Co 
O 
N 

Cl 
b 
b 

N 
Vr 
b 
N 

10 
O 
N 
N 

.i 
Vr 
" 
b 

N 
O1 

.i 
lo 

" 
Co 
b 
b 

to 
Vm 
b 
N 

-0 
Cl 
N 

. -I 

N 
in 

i 
N 

N 
M 
%0 
N 

'0 
N 
0% 
N 

40 
b 
N 
M 

U1 
PN 
M 
Vý 

In 
M 
O 
U1 W 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 
CP. 
E., 
0 

h. 
N 
. '7 

N 
M 
M 
Cl 

N 
M 
M 
Cl 

N 
M 
M 
01 

0 
M 
N 
lý 

N 
in 
M 
Cl 

N 
N 
0 
M 

O1 
N 
ep 
in 

0% 
N 
.e 
In 

%0 
N 
Co 
b 

b 
N 
m 
lO 

.4 
b 
00 
b 

N 
V' 
U1 
oD 

N 
" 
vi 
c0 

N 
" 
ßf1 
aý 

0% 
in 
en 
N 

O 
Q 
Co 
N 

MI 
M 
ap 
N 

. -1 
N 
ap 
N 

-F 
a 
ap 
N 

V" 
.1 
CO 
N 

a. 
.. 8 
l" 
N 

0 
. y. 
4 

O O O O O . -1 rl . -1 O O O O O O O O O O O O O 
w 

M 

W 
S: 

H 

O 

0. 

O 

b 

Ve 

N 

N 

M 

0 
e 

M 
Vý 

Of 

in 

N 

IA 

aD 

. -1 
i 

N 

N 

1N 

In 

Of 

v% 

m 

M 

b 
%0 
M 

.4 

iN 
U1 
m 

. -1 

00 

M 

N 

O 

N 

in 

M 

N 

IA 

c3 

M 

IA 

. -1 
-T 

CO 

N 

N 

Vw 

0 

b 

in 

CO 

0% 

M 

IA 

M 

In 

N 

b 
N 
V" 
IA 

b 

M 

wl 
N 

V 

M 

b 

- 

Cl 

M 

in 

N 

'0 

in 

N 

in 

M 
U 
0 

.1 
4 . -I .4 'd 

. 
M N i a .1 -1 a . -1 .1 a ./ . -1 . -1 

W 
'J 

N 
4 

W 
P7 

H 

Cl 
N 
N 
o 

O 
Co 
in 
0 

. 

7 
b 
Cl 
o 

. 

I+ 
N 
a 
M 

. 

40 
M 
O 
a 

in 
N 
%0 
a 

. 

O 
01 
b 
ao 

N 
to 
M 
0 

. 

a0 
M 
N 
Cl 

. 

O 
N 
N 
Co 

. 

a 
in 
Ch 
b 

. 

b 
a 
Ch 
o 

. 

P- 
en 
Co 
M 

. 

Vp 
O 
b 
in 

. 

b 
M 
0 
o 

. 

Cl 
N 
N 
in 

t0 
0 
0 
to 

. 

O1 
M1 
01 
Cl 

P 
a 
0 
a 

0 
N 
01 
b 

b 
In 
O'. 
w 

z 
.4 

N N N N N rl ei .4 N N N N N N N 
. 

N N 
. 

N 
. 

M 
. 

M 
. 

In Q 

M 

N 
Cl 

0 
O 

Cl 
M 

b 
0 

'? 
0 

Cl 
N 

0 
Vp 

N 
N 

M 
%0 

N 
U1 

q 
Vp 

a} 
N 

01 
N 

%0 
CO 

CO 
N 

N 
V 

N 
" 

14 
In 

i 
to 

V. 
Ve 

a 
IA 

IU. ý 

O O .. 4 
M 

O 
M 

. -1 
M 

. -I 
M 

.1 
M 

N 
M 

N 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M 

O 
M Na M 0 O O O O O O O O O O O O O O O O O O O O 4 

0. O 0 O O O O O O O O O O O O O O O O O O O M 
' U 

o O O O O O O O O O O O O O O O O O O O O H 
6.. 

p, 
a0 
N 

In 
N 

00 
aD 

N 
u1 

.' 

. -1 

N 
co 

N 
In 

N 
.4 

N 
O 

b 
a 

q 
U1 

O 
O 

O 
b 

In 
. -1 

. -1 
" 

-4 
N 

N 
U1 

M 
N 

N 
0 

M 
Cl 

M 
.4 

W 

p. 
H CO Of 01 O a N to b IA a N p'. 0 N Co 0 N V Co O . .7 ä O 

0 
O 
0 

O 
0 

.f 
0 

r4 
0 

O 
0 

O 
O 

O 
0 

-4 
0 

.4 
0 

-f 
0 

O 
0 

rl 
0 

N 
O 

O 
O 

N 
0 

.4 
0 

a 
O 

Z 
0 

N 
0 

N 
0 

y 

q o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o O o 0 0 
0 0 0 0 0 

0 
0 0 0 0 0 0 0 0 0 0 0 

0 0 0 
o 

N 

`j Co N Co 0 .4 10 Cl 0 0 V N M Cl M In Cl N Cl to a1 M 
IA 

H 01 O O O N N .i .4 Cl O .4 0 0 N f'N q M O V1 to N pq 
0 
H N M M M 1fl b N N N N b V' V' Vý Ifl M M N .ý . -1 a w 

M M M N M 0 V' Ve Co 10 10 IM W Y1 a0 ap 40 40 q M p a 
0% Cl 0% Cl 01 M U1 U1 b b '. O 00 10 40 N N N N N N N (p 

.a .4 .r 4 

Afl b N e0 0% O i N M Vi U1 %0 N to -4 N M ! U1 b N 
H 

O O O O O O O O O O O 
b b b 10 '. 0 b b b Na b %0 %0 V %0 40 40 10 40 ap p p 

O O 0 O 0 0 0 0 0 0 0 0 0 0 0 0 O O 0 O O O 
Z b b b b b b b b b b b b b b " 4. Ve V4 VI Ve Vw 

. -1 rl .4 a a rl r4 



342 

W 

04 

a 
n. 

z 
a W 
w FI M M M M M M 'W V" Q M M M M M M M a. a. a. a M 
4 M M M M M M pý 
a W 

a 
w Co N Of r Oý OD N 0 OD %0 M N 0 01 N N r in (O r 

A' oO .i N a " Z 0 Ifl m' Cl .4 0 0 .4 Vi 04 U1 " IA b , t'. ýr r 1fl 4 r CO '0 O O CO vi %0 N r IA b V' V% M N cm 0 
W M b Co b .4 70 M N r a a N V" 0% U1 r 0% a 0 Cl a 
0 r O1 .4 M b r Cl O in Cr M .4 40 04 M IA r O M M 

10 4O r r r r r a0 r M Vý U1 U1 M1 tp (4 'p r r r 

. . . . . . . . . . . . . . . 
o o O o 0 0 0 0 0 0 0 0 0 o O o O o o O W 

ý. r . "4 N 00 U1 0 M 0% 0 0% 0 U1 0 N Vý (A r b N M M 
q CO N . -1 N M r o0 i 01 a0 O N Cl O r `0 a0 b r 4 py' 
> O .4 . ""ý .4 .4 . '4 "4 N 10 .1 N N .4 N N N N M V- b w 

M M 
. 

M 
. 

M 
. 

M 
. 

M 
. 

M 
. 

M 
. 

N 
. 

N 
. 

N 
. 

N 
. 

N 
. 

N 
. 

N 
. 

N 
. 

N N N N Q 

. 
O O O O O O O O O 0 0 0 O O O O 

. 
O 

. 
O 

. 
O O rf 

F 
0 M Ch II1 b M N M e-1 V" Co N 1f1 M .4 ""1 1fl 1f1 O N 40 Q 
y .4 in 0% r 0 Na M Ve N N b .1 0 Co N 0% r .4 0 b 
". 9 00 aw . -1 Co O in U1 i "i Co b b Vw O 01 0 . -1 O .4 ifl py 

In b r r 01 Of O .4 .4 .4 N M 7 In In b r a0 O1 01 W 

O O O O O O .4 .4 .r o o O O O O o O O O o Ea 
0 

p V" V" a V" N O O In en N N Ve V V" M M N N N Q 
h. .4 .i .4 .M .4 40 In In In aD `0 a m 01 01 00 a0 40 40 b in 
y Co 00 CO 00 a r r r in V. V. V. M M M M M M M M A'. 

. ̂J N N N N N N N N M M M M M M M M M M M in 
. . . . . . . . . . y 

O O O O O O O O O O O O O O O O O O O O 
M 

F 
In "t O 0% N a4 N IA .4 O .4 r 0% V O CO O M a IA M 

W r b V" O Co Vp m 00 N M 0 IA Vp '"1 in O 0 00 U1 10 U 
}'. N IR M O N in r Of N N 0 V Na .4 V" .4 N Ve in V. 0 
(r aD In r IA 0 N r b .4 d N Of N N O V N .i O .4 .a 

w d .4 d .4 .4 .4 .4 .4 .4 -4 .d O .4 . "1 N .i . "1 .1 M rl ,7 

N 
ei 
t7 

W 01 r 0 In in . -1 N . -i Vp b r Ch ý1 b OD . -1 r 0 1f1 M 
in e2 O O ON 40 O kn 0 .1 OD %D -0 M V- M b .1 0% 01 O q 
E, M O O 40 01 V' M In N O M 00 V" . -1 M IA 01 CI In . -1 'j. 
(ti M b Cl .4 

. 
U1 

. 
CD 

. 
N 

. 
V" 

. 
In 

. 
Cl 

. 
U1 

. 
70 

. 
M 

. 
b 

. 
Cl 

. 
.4 

. 
M 

. 
b 

. 
O 

. 
N 4 

. 
ep 

. 
Vý 

. 
ap U1 IA U1 b b In rl N N M M M Vý V V U1 

. 
U1 Q 

M 

a r .r in r a a N o a 0 . -4 0 r n a a 0 u+ M H 
W a e In in to IA IA U1 U1 A N N N . -1 . -1 . -1 0 . -1 O O ý. 7 

q o O o O O O o 0 o O o 0 0 0 0 0 0 0 0 0 
i. M M M M M M M M M M M M M M M M M M M M u7 
H 0 O O 0 0 0 0 0 O 0 0 0 0 O O O O O O O 4 
W O O O O 0 0 O O O O O O O O O O O O O O M 

. . . . . . . . . . . . . . . . . . . U 
O O O O O O O O O O O O O O O O O O O O M 

b. 

ch ch -e -p w O r ch N V" N . -1 N A 1- b %O O 10 . -1 W 

.M r 00 V' r .4 M U1 -w N 0 M .4 V4 0 M P M 01 .Z O W 
r O V" r M b .4 V4 N r 0 a r 0 in IA Co .4 b (4 'J 

r1 N M M M V" V' 15 IA V' 0 . -1 . -4 "i N N N N M M M N 
4 O O 0 0 0 0 0 0 0 0 0 0 0 O O O O O O O 
CY 0 

. 
0 0 

. 
0 

. 
0 0 

. 
0 

. 
0 

. 
0 

. 
0 

. 
0 

. 
0 0 

. 
0 

. 
0 

. 
0 0 0 

. 
0 

. 
0 

. 
o O o 0 o O O o o O o 0 o O O 0 0 0 0 o eo 

In a M N N .4 r M . "4 C4 .4 V4 O N Cl r a0 Cl r b O b 

E. n CI O rl N '4 O O in O o rl V4 in %0 b r r C% 01 Oi 
0 . . . . . . . . . . 
E1 .4 .4 N N N 01 b b b a0 b V ; 01 Cl Cl aD aD b 40 b W 
9 W CO W C4 CO r r r In V" V' V4 M M M M M M M M I. i 

N N N N N N N N M M M M M M M M M M M M W 

H 
eý 01 O . -1 N M 0 1fl b . -1 N M -p 1f1 b r b Cl O . -1 
O O .4 .4 'i .4 . -1 .4 .4 0 O O O O O 0 O 0 rl .4 
Co CO 00 CO CO aD CD 00 00 CD CD OD a0 O b 00 CO b O W 

Q O O O O O O O O O O O O O O O O O O O O 
in e a v v v v v a a" in In in In In In in uA w% In In 

.4 A i .4 .4 .r A A .a .f .4 .4 .4 .4 . -4 .i .A r a .f 



343 

W 

94 

A. 

4. 

z a w 14 

a 

M M M M M M M M M M M M M M M M in M M M M 

E 
w 

a 
w 
a 
x 

a' 
E 

W 
In 

N 
C% 
O 
M 
O 

M 

in 
in 

. 
a 
N 

V. 

N 
N 
" 
%0 
N 

to 

r 
M 
O 
in 
rl 
b 

M 
10 
r 

O 
r 

b 

O 

. -1 

. -1 
a 
10 

Vp 

in 
N 
0% 

. -I 
M 
U1 

0% 
In 
. -4 
N 
r 

In 

M 
M 
0 

a 
01 
In 

N 
e 
"-1 
0 
M 
b 

r 

In 
0% 

. -1 
r 

'0 

\O 
b 
. -1 
10 
0% 

10 

b 
0% 
.1 
N 
In 
r 

%O 
M 
N 

Cp 
In 
r 

-4 
N 
N 
Ve 
r 
r 

m 
In 
In 

11 
Cl 
r 

10 
10 
O 
M 
ý1 
In 

m 

Co 
O 
M 
N 

In 

O 
N 
.i 
. -1 
M 
m 

O, 
M 
IA 
M 
" 
m 

M 
N 
N 
" 
LM 
m 

w 
Q 

p"' 

O O O O O O O O O O O O O O O O O O O O O 
Q 
W 

W 
A 

. 

0 
In 
a 
w4 

In 
N 
rn 
N 

0% 
0 
a 
b 

. -1 
0 
M 
r 

O 
N 
M 
r 

r 
O 
rn 
M 

in 
In 
m 
M 

MI 
r 
In 
M 

IA 
in 
In 
M 

b 
M 
ao 
M 

Vi 
%0 
m 
M 

M 
Vw 

M 
Co 

Co 
M 
co 
M 

M 
M 
m 
M 

Of 
Ve 
m 
M 

Co 
U1 
In 
M 

-I 
r 
a 
M 

In 
er 
m 
M 

10 
in 
m 
M 

Co 
Cl 
In 
M 

N 
N 
rn 
M 

N 
a 
W 
A 

O O O O O O O O O O O O O O O O O O O O O 4 
E 

c7 
U) 
`r1 

In 
b 
r 
. -i 

to 
0% 
0% 
N 

0 
0% 
r 
. -1 

a 
V' 
Vn 
N 

r 
rl 
a 
M 

In 
O 
Co 
. -1 

o 
M 
VF 
N 

r 
M 
In 
N 

a 
0 
. -1 
M 

In 
rl 
%0 
M 

%0 
In 
M 
Vn 

a 
%0 
Co 
a} 

o 
0 
In 
U1 

0 
.4 
Y1 
lp 

a 
r 
N 
r 

%0 
U1 
0 
a0 

r 
N 
N 
0% 

0% 
b 
In 
0% 

0 
ap 
Vw 
O 

r 
M 
Vr 
rl 

o 
M 
e. 
N 

X 
W 

O O O O O O O O O O O O O O O O O O N N "y 

O 

fa. 
(4 
'. 7 

U1 
%0 
O 
Vý 

a 
10 
O 
er 

0 
a 
b 
H 

0 
M 
in 
N 

0 
M 
in 
N 

M 
a 
.i 
N 

Co 
m 
.r 
N 

. ti 
N 

A 
N 

.a 
N 
w 
N 

. -a 
N 
r 

N 

. -r 
N 
.a 
N 

a 
N 
.r 
N 

a 
N 
a 
N 

-4 
N 
14 
N 

. -a 
N 
.4 
N 

. - 
N 
a 
N 

.r 
N 
a 
N 

. -4 
N 
.r 
N 

-4 
N 
.4 
N 

.a 
N 
14 
N 

.r 
N 
a 
N 

A 
Z 
4 

O O O O O O O O O O O O O O O O O O O O O W 
N 

W 

E 

b 
rl 
Vn 
N 

b 
ýM 
r 
0% 

M 
N 
0% 
M 

IA 
N 
r 
O 

In 
.1 
%0 
O 

N 
O 
0% 
m 

I 
1fl 
0% 
V 

01 
-e 
b 
r 

r 
N 
N 
m 

U1 
r 
IA 
1 

U1 
In 
0% 
N 

In 
r 
r 
a 

In 
0 
N 
In 

f4 
M 
. -4 
IA 

a 
O 
In 
lO 

In 
O 
0 
In 

N 
r 
b 
IA 

N 
N 
0% 
r 

O 
. -1 
In 
l 

r 
r 
qn 
m 

M 
%D 
In 
. -1 

E 

{J 
0 

a O M M N .1 rl i a a ei "-1 a 1.1 rl .. -I .4 N a N 
W 

N 
4 

W In N In In r 'i U1 r M M N M 1O Cl In 0% In r In lO Cl 
t7 

In 

E 

a 
N 
m 

r 
01 

O 

Co 
b 
O 

In 
M 
r 

a 
In 
N 

Co 
r 

b 

r 
c21 
a 

In 
Ch 
M1 

U1 
b 
In 

C% 
r 

m 

Ifl 
O 
M 

.4 
01 
In 

0% 
m 

c3, 

in 
V 
i 

d 
N 
m 

O 
OI 

rl 

M 
N 
r 

In 
0 

O 

%D 
in 
N 

In 
Co 
%0 

N 
O 

d 

A 
Q'j 
4 

a N M M Vn N M M M M Vn In In IA 91 "0 %0 r r r to A 

N 

x 
Vý 
m 

1+f 
O 

a 
In 

M 
r 

M 
r 

Co 
In 

Co 
In 

In 
Cl 

a 
a 

N 
Cl 

.4 
a 

N 
0% 

M 
Cl 

Na 
Co 

m 
In 

1f1 
m 

d 
In 

In 
r 

r 
r 

O 
to 

r 
r 

a N 

A a O 0% Cl a Cl a Cl m 0% a Cl 0% m a Cl Cl Cl o% 0% Cl Z N M N N N N N N N N N N N N N N N N N N N º1 N O O O O O O O O O O O O O O O O O O O O O 4 
W 0 O O O O O O O O O O O O O O O O O O O O 

O O O O O O O O O O O O O O O O O O O O O N 
I. 

O Cl C% N M N b r In U1 IA Cl O r cm m lG er "O b In 
04 
W 

. h1 
E 

to 
to 

Co 
Cl 

r 
In 

N 
.a 

0 
r 

Vn 
ýf 

a 
in 

Co 
r 

In 
a 

r 
N 

en 
r 

In 
0 

in 
10 

Co 
o 

Na 
In 

In 
0 

r 
r 

r 
.4 

N 
An 

in 
.f 

b 
r 

p. 

.ý 
o 
O 

o 
O .r O 

N 
O 

N 
O . -i O 

a 
O -4 O .4 O 

N 
O 

N 
O 

M 
O 

M 
O 

a 
O 

In 
O 

of 
O 

of 
O 

%0 
O 

10 
O 

r 
O 

r 
O 

N 

a O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O 
. 

O O O 

O O O O O O O O O O O O O O O O O O 
. 

O 
. 

O 
. 

e 0% 

In 
A r 0% r Vn M m Cl b Cl %0 %0 N In In In O 0 In In In d 
E O r 0% 0 -1 q r a rl N M 0 IA b r OD O O a N IM m 
o 
E 
c 

lb 
O 

In 
0 

O 
% 

l 
In 

M 
in 

a 
i 

M 
". a 

N 
.a 

N 
.r 

N 
.4 

N 
a 

N 
. -s 

N 
a 

N 
.r 

N 
-4 

N 
.1 

M 
a 

M 
"-1 

1+/ 
r 

M 
a 

M 
a 

W 
ºi 

VF In a a a N N N N N N N N N N N N N N N N N 
4 

N M -e in b a N NI Vn IA lO r In 0% O a N M In In 1p 
E 

In In In In In Co eO In m m In In In In In In In In CO CO In 
O O O O O O O O O 0 O 0 0 O 0 O O O O O O O 
'j, " In ýfl In in In o O O o o O O O O O O o c2 O O O 

H .f a r/ d N N N N N N N N N N N N N N (4 N 



344 

W 
a 

A. 
FA w 
U. 

z 
w 
ýF 

a 
M M M M M M M In M M M M M M M d. 

M 
ar M M M 

w 
x M 
(Y. 
w 

a 
k 
w 

Aý. 
F 

w 
0 

N 
Co 
0 
N 
0 
ýn 

0% 
O% 
O 
0 
%0 
ýn 

.4 
IA 
M 
n 
0 
v 

0% 
0% 
In 
0 
1A 
u 

N 
N 
Cl 
0 
O 
n 

0 
r 
M 

IA 
M 
N 

O 
. ti 
e0 
n 
10 
n 

0% 
40 
N 
r4 
0% 
n 

10 
M 

40 
%0 
0 
ao 

N 
. "1 
U1 

. 1 
N 
ao 

V' 
10 
N 
0% 
en 
w 

Ifl 
10 
N 

.4 
In 
w 

O 
1O 
40 

-4 
IC 
eo 

N 
10 
10 

.y 
n 
a 

M 
0 
n 

pp 
n 
ao 

N 
N 
p 
e. 
00 
w 

r 
00 
N 

0% 
40 
ro 

0 
V" 
0% 

M 
N 
In 

Vý 
.1 
N 

b 
M 
Io 

O1 
O 
0% 
0% 
N 
N 

, x" 
O 

py 

A 
o 

0 
o O o 

0 o 
O 

o 0 0 
0 0 0 0 0 

0 0 0 0 w 
04 
A 

en 
'. O 
b 
7 

V" 
%0 
n 
li 

M 
v 

n 
a 

b 

Co 
N 
v 

n 
r 
N 
v 

N 

.4 
n 
i 

IA 
0 
n 

O 
In 
n 
a 

M 
In 
r 
v 

el" 
%0 
n 
a 

IO 
%0 
N 
a 

N 

V" 
In 
i 

N 

10 
%0 
i 

Ifl 
N 
N 
a 

CD 
In 
r 
e 

40 

in 
n 
a 

10 

O 
M 
a. 

N 

40 
.1 
in 

.y 
0% 
.{ 
in 

M 

.d 
N 
in 

M 
py 
w 
A 

o 0 o 0 0 0 o 0 o O 0 0 0 0 o O o 0 0 0 ý., 
4 

Q 
m 

. 
N 
N 
. -1 

o 
r 
N 
N 

N 
N 
r 
N 

In 
M 
m 
l 

CD 
CD 
. -4 
V" 

N 
M 
Co 
7 

In 
ao 
N 
U1 

N 
N 
.c 
'. p 

1o 
0 
M 
n 

.a 
in 
0 
a0 

a 
m 
. -1 0% 

N 
.4 o 
O 

a 
.f a 

O 

40 
a 
in 
.4 

0 
r 
In 
N 

r 
o 
m 
M 

. -4 
tn 
o 
V 

a 
In 
a 
.i 

a 
,y ult 
N 

0 
m 
eI 
M 

A 

a 
w 
"m 

O O O O O O O 0 O O O .1 rl N . 4 O 0 O 
I. 

4. 
U) 

O 
b 
n 

O 
b 
n 

O 
%0 
n 

0% 
N 
r 

OA 
aw 
n 

O. 
M 
n 

Cl 
V" 
N 

C. 
w. 
n 

CI 

r 

01 
01 
r 

0% 
e 

r 

0% 
a 
r 

0% 
ep 
N 

aO 
O 
N 

40 
O 
n 

Cl 
M 
r 

0% 
V" 
n 

V" 
In 
T 

. 
M 
a 

V" 
In 
v 

A 
Z 
4 

c; O O O O O O O O O O O O O O O O O 
H 

w 
x 
E 

r 

Co 
%0 
In 

'0 

v 
v 
ýo 

0 

rn 
.4 M 

M 

10 
N 
N 

N 

a 
cm 
a 

.4 

0 
n 
.r 

M 

0% 
a1 
w 

wf 

0% 
v 

0 

M 
n 
r 

N 

In 
.4 a 

O 

- 
in 
.4 

O 

M 
o 
o 

O 

0 
in 
ao 

M 

M 
in 
.r 

V" 

N 
o 
n 

n 

In 
N 
M 

OI 

r 
N 
N 

. "1 

n 
Cl 
v 

M 

In 
0% 
rv 

l" 

w 
"I 
.r 

~ 

U 
I. ý 
w 

.4 .4 N N .4 N .4 N .4 N N N .4 N N N N N N N 
N 
4 

w 
Co 

H 

N 
IA 
. -I 
01 

to 
r4 
O 
M 

.4 
N 
n 
'. O 

tf 
A 
In 

.4 

N 
M 
V1 
%0 

0% 
Co 
N 
.i 

a} 
CD 
Co 
%0 

n 

.4 
0 
N 

a0 
to 
In 
In 

.4 
"1 
%0 
Cl 

t0 
N 
M 
In 

40 
In 
r 
0% 

M 

.4 
N 
V 

In 
%0 
Co 
a0 

N 
M 
10 
N 

0% 

.4 
0 
10 

M 
V1 
OI 
00 

-4 
M 
0 
V1 

40 
a 
M 
O% 

10 
01 
V" 
O 

A 

N M M V1 IA In '. O 10 'O r r dD d0 OI Cl 0% M M Ifl 
O 
H 

a 
. k'. 

N 
r 

0 
N 

dO 
0 

0% 
'. C 

M 
%0 

N 
%0 

14 
%0 

N 
%0 

. ""1 
%0 

OI 
U1 

a0 
IA 

10 
V1 

In 
e1 

OD 
M 

In 
M 

e 
M 

V1 
M 

O 
V 

N 
In 

M 
In 

H 

A 0% 0% 0% 0% Ch 01 Ch 0% OI 0% 0% 01 0% Cl Cl 0% 0% M 0% Cl ri Z N N N N N N N N N N N N N N N N N N N N 4 
H 

P. 
O 

0 
O 

0 
O 

0 
O 

0 
O 

o 
O 

O 
O 

O 
O 

o 
O 

O 
O 

o 
O 

0 
O 

0 
0 

o 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
H 

U 
M 

O O O O O O O O O O O O O O O O O O O O 

. 'ý 
N 
V. 

M 
T 

b 
In 

V" 
%0 

OI 
0 

V" 
40 

N 

Co 
V. 
U1 

.4 
M 

-4 
C% 

e0 
0 

0% 
a1 

V" 

.4 
e0 

.d 
N 
0 

N 
V 

a0 
N 

Co 
aD 

In 
N 

01 
n 

w 
p. 
. ̀ý 

F 
.. ý 

a 
M 
. -1 

o 

%0 
. -1 

0 
O 
N 

0 

In 
N 

0 
"f 
M 

0 
10 
en 

O 

M 
V" 

o 
0 
In 

o 

In 
IA 

O 
0 
1p 

o 
0% 
%0 

0 
in 
n 

o 

N 
a0 

0 
C% 
00 

0 
In 
q 

0 
O 
O 

.. 

A 
O 

., 

r 
.4 

o 
M 
N 

O 

Uf 
M 

o 
y 

o o O o O o o O 0 o O o 0 0 0 0 0 0 0 0 0 
0 o O o O O O o O o 0 0 0 a a 0 o O o 0 0 

Co v o Ch 10 rv n a r r .4 .r M '. o '. o 0 M 0 0 in H Co O1 O O% .4 N M V1 In '0 Co O1 O C% O M V1 01 In '0 Gi 
. . . . . . . . . . . . . . . . . . H 

V' 
In 
r 

IA 
n 

'. O 
r 

N 
n 

IA 
n 

a1 
r 

UI 
n 

In 
n 

In 
r 

In 
N 

IA 
r 

IA 
N 

1O 
N 

.4 
n 

N 
n 

In 
r 

b 
r 

U1 
V 

In 
V1 

1fl 
01 

w 
a 

.4 .4 rl rl .4 .4 .4 º1 .4 .4 ri r/ rl . ""1 N .4 4 .4 N .4 fp 
4 

.4 N M ep Ifl '. O N Co 01 0 .1 N In V1 Ifl ýp r .4 N M 
F 

O O 0 O O O 0 O 0 .4 .4 .4 . ". f . "1 .. 4 .4 .4 O O O 
O Co Co O Co O W 40 O Co Co Co Co Co Co 10 40 Co O Co 

O c3 2 0 0 0 0 0 0 o O 0 0 0 0 O O O O c O 
z . "d . ""1 .f .i .4 .4 . "1 "4 rl .4 .4 .4 'f .4 .4 .. 1 . ""1 0% 0% 0% 

N N N N N N N N N N N N N N N N N N N N 



345 

w a 

A. N 
r. 
4w 

z 
a u w E 

4 
M M M M M in " 

M 
M M M M M M M M M M V M M M 

a v 
} 
4 

ýi 
E 
in 
W 

Ol 
d' 
N 
b 
co 
n 

U1 
r 
In 
W 
ei 
In 

O 

. -1 
N 
10 
M 
W 

N 
N 
0% 
co 
C' 
co 

'O 
W 
a 
.4 
r 
W 

V' 
aT 
Cý 

' 
r 
W 

r 
M 
r 
N 
W 
m 

N 

.4 
M 
.4 
V' 
m 

O 
Cl 
O 
b 
r 
r 

Y1 
n 
r 
C' 
ep 
U1 

M 
in 
M 
b 
10 
b 

01 
01 
e. 
.i 
M 
r 

N 
W 
r 
V' 
co 
r 

IC 
N 
'a 
co 
.4 
W 

. -1 
to 
in 
1O 
M 
W 

M 
0 
U1 
VI 
b 
W 

N 
0 
N 
al 
r 
W 

N 

rl 
in 
In 
In 
W 

In 
in 
W 
M 
a 
W 

M 
a 
M 
V" 
M 
W 

. 

r 
N 
N 
W 

C 

O O O O 0 0 0 O 0 0 0 0 0 0 0 O O 0 0 0 0 
Pw 
Q 

.y 
in 

N 

Ifl 

% 

dw 

N 

in 

co 

% 

N 

1(1 

Y1 

01 

N 

In 

dl 
N 
M 
in 

N 

b 

M 

in 

0 

Vi 

M 

in 

N 
r 
-W 
Vý 

N 
n 
M 
Q 

.4 

. -1 
W 
in 

n 
b 
r 
in 

b 
r 
r 
In 

(it 
Of 
r 
in 

in 
% 
r 
in 

n 
b 
r 
in 

N 
C. 
W 
in 

a 
1fl 
In 
in 

b 
M 
In 
in 

01 
M 

. 
0 

b 
N 
o' 
M 

- 
N 
o, 
M 

F' 

4 
ý 

O 0 0 0 0 O O O O O C. O O O O O O O O O O 
A 

A 
'V 

Vl 
'J 

in 
W 
M 
in 

. -1 
b 
in 
'O 

M 
n 
-w 
r 

co 
.4 
i-1 
W 

M 
Cl 
r 
Cl 

In 
N 
r 
o 

N 
01 
in 

. -1 

0 

. -1 
b 
Oý 

r 
01 
N 
ýp 

In 
O 
01 
.4 

N 

rl 
.4 
M 

01 

.1 

.4 
a 

01 
0 
a 
In 

in 
0A 
%o 
b 

ýq 
Cl 
Ip 
r 

r 

O 
CO 

a 

% 
% 
M 
o 

.4 
in 
M 
ý4 

dl 
Ch 
N 
.4 

to 
01 
in 
o 

b 
M 
n 
pf 

c 

a 
14 
. y, 

o O o 0 0 .4 .4 o O C. 0 o O o 0 0 .r .r ,y ,. 
i p E 

O 

l 

V. 
b 
a 

V' 
N 
V. 

V 
%o 
VC 

!' 
a 
VC 

VW 
-T 
VC 

O 

to 

O 
' 

IA 

M 

.4 
In 

M 
4 

co 

in 
Of 
in 

W 
in 
In 

N 

-1 
in 

M 
In 
1. 

M 
In 
VC 

N 
O 
In 

a 
N 
VC 

a} 
N 
VC 

a 
N 
'M 

N 
m 
O 

Vý 
0 
. -1 

W 
m 
O 

O 
ý 

O O O O O O O 0 O O O O O O O O O O O O O 
F 

w 
i. 
F 

M 
N 
r 
rv 

in 
M 
VC 
b 

co 
IA 
.4 
r 

b 
M 
.4 
o 

r 
M 
.4 
a 

r 
M 
. -1 
in 

In 
%0 
Cl 
b 

n 
M 
a 
o 

01 
N 
in 
a 

0 
0 
ri 
rv 

Vw 
Im 
In 
01 

.4 
in 
0 
N 

In 
O 
%n 
b 

M 
ý4 
0 
b 

M 
n 
In 
VC 

%a 
N 
. -1 
In 

a 
in 
01 
O 

co 
i4 
0 
a 

0% 
in 
. -1 
VC 

VC 
0 
b 
VC 

IC 
a 
d 
b 

~ 

11 
a 
W 

N N N N N N N 'i .4 N N N N rv N N N N .4 .4 i-i 
N 
4 

w 
In 
31 
E 

n 
O 
b 
0 

a0 
W 
%D 
W 

in 
co 
.y 
tC 

in 
M 
W 
In 

in 
M 
W 
to 

.4 
ai 
M 
o 

ep 
in 
O 
In 

in 

.4 
O 
tp 

N 
n 
in 
W 

01 
o 
q 
-4 

O 
In 
en 
N 

n 
in 
b 
O 

n 
co 
N 
o 

O1 
Of 
b 
In 

VI 
n 
N 
'T 

In 
in 
M 
in 

m 
VC 
q 
N 

In 
IC 
p 
In 

N 
In 
W 
b 

n 
b 
In 
M 

In 
n 
a% 
O% 

0 

14 

b IO n n W Cl p1 r In M ar Y1 b 10 r W 01 01 n n b 
O 

H 7 
0 

k 
a 
z 
H 

a 

O 
In 
O1 
N 
O 

o 

In 
a 
0% 
N 
O 

a 

r 
a 
a% 
N 
C. 
0 

01 
IV 
at 
N 
O 

a 

% 
.r 
01 
N 
O 

a 

In 
eC 
0% 
N 
O 

a 

N 
v 
0% 
N 
C. 
o 

N 
s 
at 
N 
O 

a 

%a 
in 
01 

N 
O 

a 

q 
%a 
dl 
N 
O 

a 

M 
Ic 
o, 
N 
O 

0 

co 
of 
C1 
N 
O 

a 

0 
to 
Cl 
N 
O 

o 

In 
in 
m 
N 
O 

O 

M 
of 
m 
N 
O 

O 

dl 
s 
CI 

N 
O 

o 

ýy 
of 
CI 

N 
O 

0 

ph 
a 
dl 
N 
Cl 
0 

n 
10 
CI 
N 
C. 

0 

CI 
a 
CI 
N 
0 

0 

i�I 
of 
a% 

N 
O 

o 

H 

4 
H 

v 
O O O O a O 0 0 O O O C. O O O O O O O C. O 

N 
ry. 

a 
F 
rl 

0 

0% 
In 
In 
w 

O 
O 

M 
In 
OI 
In 
O 
O 

N 
M 
n 
b 
a 
O 

in 
i 

V 
r 
O 
O 

VC 
N 
at 
In 
O 
o 

eC 
b 

i 
a% 
0 
0 

In 
Cl 
co 
Cl 
O 
O 

N 
01 
Cl 
%0 
0 
O 

ID 

In 
co 

C 
O 
O 

In 
W 
in 

.4 
O 
O 

Cl 

b 
'* 

N 
O 
0 

IC 

b 
0 

M 
0 
0 

M 
N 
cc 
a. 
O 
O 

M 
b 
O1 
in 
O 
O 

.4 
in 
n 
IO 
O 
O 

M 
O1 
in 
W 
O 
O 

? 
n 
in 
a% 
O 
0 

M 
n 
v 
O 
- 
O 

in 
N 

.4 
n 
a 
O 

IA 
qw 
b 
b 
O 
O 

r 
M 

.4 
b 
O 
O 

w 

a 
y 

O O O O O O O O O O O O O O O O O O O O O .. 1 

fj 
Ö 

N 
m 

O 
O 

01 
O 

N 
N 

VC 
a 

ri 
.# 

N 
N 

r 

r4 
M 
n 

M 
a 

r 

M 
IO 

lw 
n 
n 

VC 
01 

co 
M 

b 
M 

f" 

Ln 
b 
b 

n 

.4 
V 

V. 
-W 
b 

N 

(A 
E 
t7 

b 
a 
. -1 

IG 
a 
º1 

n 
a 
.4 

1! 1 
v 
. -1 

1A 
v 
.4 

In 
In 

In 
In 

r 
W 

. -1 
W 

a 
in 

If1 
in 

.i 
in 

m 
v 

m 
v 

O 
in 

M 
v 

M 
a 
11 

M 
v 
.4 

o 
.4 
N 

. -1 

.4 
N 

O 
.4 
N 

w 
,. a 
(p 
14 

0 
Z 

IF 
O 
W 
O 
01 
N 

IA 
O 
W 
O 
Cl 
N 

b 
O 
co 
O 
Cl 
N 

n 
O 
co 
O 
Cl 
N 

CO 
O 
W 
O 
m 
N 

Cl 
O 
W 
O 
Cl 
N 

0 
.i 
co 
O 
Cl 
N 

. -1 

. -1 
W 
O 
a% 
N 

N 
.i 
W 
O 
M 
N 

. -1 
O 
O1 
O 
IF 

N 
O 
Ch 
O 
V 

in 
O 
dl 
0 
V' 

-W 
O 
01 
0 
VC 

in 
O 
0% 
O 
IV 

b 
O 
q 
O 
VC 

n 
O 
0% 
O 
a 

W 
O 
0% 
O 
a 

Ch 
O 
M 
O 
VC 

O 
.4 
m 
O 
VC 

.4 

.4 
m 
O 
VC 

N 
.4 
0% 
O 
V' 

E 



346 

W 

04 

a 
U) 
w 
w 

z 
[-1 MMMMM Vý Vý MMMMMMMMMMMMM 
4M 

MNao -r mmqbrm tn M %0 rNqMM0 
aMaNmMr0rb ýd rNMr Co MMar 
EmOMMNMaN -s Nb in so rr. m in Na 

CYN wbMNNaNNNb in rNNaANa V- r 
Ri C% O0r in Co 0MM00 Co f4 0ma 01 NM in 

rr ýo rmmmr ýo ýn ýo .0 ýn ýo o i" rmmm 
.................... 00000000000000000000 

9. .or ýO a Oý rrar IA Na Of arMr0MM 
0 . -1 NN "4 50 0NM 50 .4N 50 .4 50 50 in rMO -4 > 0% m in V IA Co en "4 O IA in rrrrrrmmm 

MMMM 12 in MM lN N V. V. V" V"' V. ". tp p. d. 

OOO0000000000O00OO00 

(7 ýO *1% r .4 'O %0 m 0% r IA in N Co mr0 50 50 M- 
N a' a' O ýO T 50 m Co mbO0 in wr Ve Vr 00 . -1 'J NOr Vý Vý N. i U1 r -1 mr 0% r O1 Nm Cm 0b 

m Ifl Mmm .4 . -1 N .. M .t .yyNM H1 50 m 0% O 
.................... 

OOOOO . -1 HOOOOOOOOOOOO . -1 

rOrN" V' M 50 50 M 0% 0% 0% 0% ON 0% p5 0% Ch r 
.. rrM IA 5O rVr in e0 Nmmmmmmmm in 
m0o"varrrO .srrrrrrrrr 
,7NNNN" "i NNNMM. 1. i .4 .4 .4 . ""1 .4 .y .4 

................. 
OOO000O0OO0000OO0000 

eP .4M .40 0% in mMMmm00 U1 .4 0% NN Of 
w aI ar .4aavm 50 In Or am vl Co rm 50 50 m 

Co ar 0% Vp .iMNNO 5p .4 50 C" N 01 .400 .4 E in a in .NMa. In M os 0 .rr .+ of 0Ms 00 

If - _I -NN .4 v4 .. - . -4 Cl 14 NNNNNN . -4 .1 

WN 1R P0 %O .- %O eo %0 0 %O 00N 10 tV b0 %0 N 
0M &n A 40 O 0% O 0% OeO 00 in Ch 10 MM 10 bM 

. -1 in -e M rl co in r- Ot V. i fV e in O Of -I V In in 
[N MP %D a0 0 v1 Vp 0 Co Cl tp 10 0 %p 1fl NN0MN 

%0 aMN 40 av in M f4 in NMMv in brr 40 

a Ve Oaa .4 In -I In aMMNaaOaNO .4 
k Ln Kn to re %o %0 Ln %n e Cl Cl oo ro wo 01 Cl 0% Os 01 01 0% 01 01 01 OI Of 05 01 Oý 01 O1 O1 01 O1 
'j. '. NNNNNNNNNNNNNNNNNNNN 
HOOOOOOOOOOOOOOOOOOOO 

aoO. 
......... 

OooOoOoO000oOo0000 
.......... 

0000000000000O000000 

OD %0 Co Nr Cl M dm 0 in M 0% O OD rl rMNN Cl 
MN OD .. 4 In '0 NN '0 w 50 %0 Q '0 Cl OMr Cl 

14 "4 NO In 50 OMVNM0N Vw O 0% eD ON 53, Cl 
Ifl in NQrO In MN . -1 N .4 .4NNM It. 50 50 r 

q' OOO00 "4 OOO00OOOOOOOOO 
pOOo0 o000000000000000 

.................... 
0o0ooOoOoooooo0ooo00 

rl to Co 05 O, e Cl In 50 MMrM 50 50 M 01 oO 40 10 
IS MNr 40 N In N0r .4 0% a aD Cl .4 fV Ill rrr 
p 
1. rM Un r a0 rb In a0 fV aD a0 bq Cl Cl Cl Cl b 
000 .svavrrrOrrrrrrrrr 

NNNN ri .MNNNMM rl N .4 .y. 4 .4 .4 rl .4 

M .4N PI Vp In 50 r d0 Cl . -4 NMa In %D r 00 Cl 
. -1 . -4 0000OOOOOOOOOOOOOO 
Cl 01 01 0% 01 O'. Cl Cl 0% 0% 0% Cl Cl Cl Cl Cl 0% Cl 0% Cl 

QOOOOOOOOOO00OOOOOOOO 
$ee In in in In IA In in Ifl In oOOOOOOOO 

rl 1.1 .4 . -1 rl r/ 11 .d .4 

in 0 
z M 

a 4 w 

4 
H 
z W 

z M 

w 
x 
w 
E 
0 
a 

a 
w 
M 

w 
a 

4 
N 
4 
a 

a 
m 

F 
0 

a 
z 
4 

N 
W 
M 
F 
M 
U 
0 

m a 
N 

4 

a z 4 
a 
M 
Ol 

a M 

4 
M 
U M 
6n 

w 
h 

N 

14 

4 
N 



347 

14 14 

0. N 
fay 
W 

w 
äm in a rn in en in en M en in nn in in in aa en rn in 'n M 
a 

NrMMM CD m Co c> IA gn aa %0 rM-e in o0 OOaaMnMoNb rv MMrOM -I EM Ch m rl N CO MM . -1 aa .yNAr ap c> m .ý .yO Wr Vr -5 %D .I 10 U1 N IA "i 50 N0 in Cp U1 O1 N Ifl O1 .y W 50 r ao e a0 rN 0% 50 N 50 01 - 50 0% Co Co r IA er 
ao ro ao ýo urw ro rrn ýo uý ao m ao 0oweo ..................... 
o0oOOo000000000oOoOOO 

fY %0 Co 5O MOO in nNN 5O Ifl %0 Its 0aO O1 a %0 Ll r 'i V' 50 NN . -1 O00r 50 50 0N In .4 .4a en r 
Co Cl aa -4 -i - in A in .s"vn in vnr Na %o in aa ýo rrr ýo ýo ýo 50 10 50 10 10 in it %Lu1, 
o00oOo0oOo0000o000000 

C7 0NN1 aw Cl . -1 n Vr N IA M ap U1 0% M Co 0% . -1 0n 
MO 5O 0% 01 NrN a0 CO Ufl O ap Nr Vm rW00N 01 
.7n Ve N 50 ý. p in 50 tf1 V Co NMrNN 50 50 .. I "N Co 

"i NM . -1 NM If1 1fl QMMNHbrN rl . -1 O 05 r 

- . -1 .1OOOOOOOOOOOO . -1 . -1 . -1 .4OO 

Ch N 01 50 " CO 00 nnrn in A 50 w Vp en VI MNM 
f4 00 50 <O NMNNOOOO O1 01 tp Mr aO n CO .yq vi rrr 01 . -1 OONNNN-- . -1 . -I -p Ve V. . in . 

OOOOOOOOOOOOOOOOOOOOO 

10 M O1 OOOOOOOOOOOO .iMrV O5 M 
W Y1 50 NOOOOOOOOOOO0 0% "l N Ce N 50 

MaOOOOOOOOOOOOONn" -} NN 
N 40 00 a000O00000000 00 r0v of 50 

. -I --000000000000 . -1 NMNNN 

wa Cl MA aO aaW Ln -4 %0 aNobnbN Cl N in 
cn NNOa .40NZN in 0 Cl Cl b0NNOM Cl O 
'E 0bMNO 10 '" P in V O1 a0 NP in NN0N 01 O 
E-oo Il wN in a of r in i ao ýn on to 

ao 01 
a 

asa 
' 

In 
n 

i0 Io In Vv a. en 1N ao 
0 

0% 0 
0' w 

fN 

.r 

Co aNa "r HMMvm Cl Cl " in A o% .rMaNa Ca NN Co Cl o1 Cl ao w Co Co NNNNN %0 %0 Io in In in Cl Cl Cl Cl 0% Cl 0% Cl 0% Cl Cl 0% Cl OI Cl 0% Cl Cl 01 Cl Cl 
ZNNNNNNNNNNNNNNNNNNNNN 
H00O00OOOOOOOOOOOOOOOO 

wo00000000000000000000 
.............. 

000000000000000000000 

M in M 0% Vo in Mi NM V" Vp in in N .1. . -4 IM t+1 10 
.: in n Mf N a" NNN Ve mNOHMMM V" in MV. 
F %0 N aD Ve 40 %0 N .i . -1 N IA %D Cl N"M in Cl NO 0% 
a0 0% Cl NN0N %0 Ifl eMN .y PN 0HO Cl Cl 00 IC 
4iOOOOO 0000000 OOOH .4 cO 042 
01 oOoOo0. 

...... 
0oOo0000000000o 

............ 
Oo0000000000000000000 

1a V" V" M1 N V" in O %0 am V" V IA 10 V Co MNMM in FH VP M 10 in H V' N . -1 O Cl %0 U1 N .dN %0 IA Vi .. 4 O 
.................. O 

FO 01 ONMMM . -1 . -1 .ýO Cl Cl in V0 0% ep 0% NO 
(7 00 1N OD Cl A00NNNNHA .1 .dp . y. . -w in In 

O . "i NHNM V" In %D N Co 0% 0HNMe. in bN 03 
. "1 H . "1 OO0OOOOOOHHHH .4d... H .4H 
Cl Cl Cl Cl CI 0% Cl Cl Cl Cl Cl Cl C% Cl Cl Cl Cl 0% 0% Cl Cl 

O 00c2000000 C 3C3 00000 22 OOO 
ZOOONNNNNNNNNNNNNNNNNN 

N 
13 

z N 

4 
w 

4 
F 
z 
w 

z H 

w 

w 

0 

0 
w 
M 

w 
Q 

4 
F 

a Q 

w 
x 
F 
O 

Q 
z 
4 

N 
w 
N 

N 
V 
0 
a w 
D 

U) 
4 
C7 

Q 
z 4 
Q 
N 

a N 

4 
N 
u N 
h. 

w 
a 
D 
N 

ai 
w 
a 
as 
4 
H 



348 

m a 

Ow N 
6. 
r. 

z 
[-i MMMMMMNNNNNNNNNNNNNN 
4aaaa? 

a 

bUNb0 V' N .. 1 .4h a} O"MNM NN a0 cm to 
4N, .4 e0 NON in V' in rl f" .- OD 01 Om t2 01 bMq 
Ii NOO Vw in 1A 0% N 01 -bOmNh. MN Ifl N 
W If1 MM0N V0 hM0hhbOhN %0 . -4 %0 0h 
RI 01 (0 0M %D bM 01 Ve a0 M 01 hVMbhh %0 M 

hhh'. O U1 Mh (0 bhh'. O (O bhbib If1 b 
.................. 

oOo000000oOo0oOo000C 

p. N 0% . -1 bbhMNN0N . -1 If1 0 Vi Vm 0 U1 in 0 
Q in N .4N . -1 MN 0% %0 N V' 40 aD !OM0 .1 00 Mb 

. If1 Y1 In U1 IA an M O'. bhM rl ZONObhN 01 
IA 1fl U1 U H1 U1 %0 1fl 1R b ýO ýO ýO bb ýfl h. h. IA Y1 

............... 
oO000000000000000oOo 

C7 a. WN in b aD NNMb in 0 Co hwN0am u% 
V1 M '. 0 0 O1 NhO V' Nbb OD 01 h0 .i a0 N .4" 
,7 aD O '0 IA O' e0 b e0 in m . -1 N a0 In bO U1 hNN 

in wMN .iOhbbbb U1 Oý Vý MNM Oý b 
................... 

OOOOOO .4 .4 'f NNNNN fV N'- e-4 N 

NN .4 .4 .4 . -1 -MbMb . -1 V' NN .4N 91 Mh 
I.. O .4NNNM in U1 U1 0% 0 V' 0 0% hNMh to M 
N M1 U1 in in IA in N V' NNMO 00 M O'. Y1 .4 .4O ph 
D . -1 . -1 N .4 .1Hbh 01 N 01 .4 .iMO . -4 bb IA 

............... 
OOOOOOOOOOOO -1 OO . -1 ./ 

in IA h CO N0NNO 01 Oh In Of '. O b .4 0% O 
W V. %D V. 00 b Of 01 V0 V0 OO Co V. N in 10 0hh IA 
xh Of A If1 h V. N0" rl Ifl .40bNMbh0N 
EI Mah a0 %0 hNM ºi MM 40 h .4V. MN 00 V. 0 

NNNNNNU 44 1+1 Vv f4 NNNNN0 1- .4N 

w, a CM N0wr0aIoo in MNbbbMa 
mrerrr0M Co w in ea0ewMo Ln tn r4 %0 arriaQMaN V' aaa Co b in .4N in 
[1 fV U1 %0 40 M 01 .4erýf 0% fV Cl in 00 CO Ve r 00 'd' 

'O U1 a 1" mý4 In vmb Vp wmmV. M 01 0% NM 

in aNMo co co N in orr f" ra0apbm 
4 UI in in in aM 'n oa IA 0oNro to .4r Cl 0 A Cl Cl Cl a% Cl Cl 14 -NN P9 M lP aN 1'1 MNm U1 

NOOOC. O C. OOOO00O000O00O 

P. Oo0000000oOo00000000 
................... 

o00oOCOo000000000opo 

co Nr in Vw m in OD 0 %a r e0 rl VW in 10 01 aNa pý w1 %a in b0 in N 01 0 %0 Cl A . -4 IA %D SO Cl O 00 r 
E. .. ý N .rNrrop In .r Cl in .4ron In a SO %D 
rj in in N .4OiiN UI MI in in N in N a, 01 .4N 

O C. aOaOOOOOOOO0OaOOO0 
o C! C! o00000oOC! C! 00000oO 

............... 
o0000000000000000000 

º7 in 1n .4oa, mr Cl b in SO Nr vA r in O aW v in [-1 r U1 in . -1 OOOON 1O r .4N Oh .4rNN CO v O 
HO .4NNNNrrrN 1+1 r ýn .. ý p vý pý in Nb 

in in IA in in V1 NaN1. Y MO SO VW O H1 yN0 OI 
.4 . -4 .. 1 .4 .4 .H %a r Cl r Cl .4 .H in Cl .y %D IC Ifl v 

.4 .4 .4 .4 _I .I 

Oý OHN in Vý NNMa IA IC r 40 Cl a .4N .4N 
rl NNNNN0OOOO0OOO.. 1 .. I . -4 OO 
a Cl ON Cl Cl Cl aW avvvvvav er vva 

Ooo00oOo000oOoOo00oOo 
NNNNNN .4 -4 .y .4 .4.. 4 .4 .y .y .y .4 . -i NN 
"-/ .i . -4 r4 .i .i 

N 
C7 

M 

4 

4 
H 
z 

M 

w 

W 

0 

Q 
w 
a 
H 
w 
Q 
R 
F 
a Q 

w 
x F 
0 

Q 

W 
M 

E 
M 

O 

w 

N 
4 

Q 

4 

Q 
N 

M 

4 
H 
u M 
6a 

a W 
a 
N 

ai 
rM3 
a 
m 
4 
F 



349 

W 
04 

a N 
h. 

w E4 NNNV V' Vm VW " fV NNNNV. V. V. V. fV NN Ve 
aaaaaaaaaaaa .ra 

MNbOa 0% In 0% IA NbO Co 0-aN 0% Ha 4 co co VNNNN e0 %O IA Co rNb co NNa in Nm 
M . -1 VI N M1 (O Co NMa (O LA Ve c2, r -e Co OrN0 

WN IA 1-P IA H1 MOr .4NO IA Co .4 . -1 . "1 M In r 0% M (q m C% . -4 M (0 ep Ifl IA Vm r0O .4OOM Vo N 40 Mr 
ýo ao aaa oi a rn ao ao (h oI oh M lý aarr ro ao 

OOOOO0000O000O00OO0O0 

p. NN Ve . -1 (A co e0 (0 O (0 M Co b "-1 N (0 N VI d e0 N Q vI uº .4 .4aa Co In in %0 M00aa" 10 a0 to m .4 
.7 0% N . -1 %0 VmM C" OD N .4NI .4OZNN 0% U% .y ýn r ao rr %o rr Kn r ao ao ao ro m ao ao vvr ao 

O00000000000o0o000o00 

U' In .i0 0% (0 (O fV U1 Co In rM 0% In Co 01 em (0 Ve Co Vl 0% 0% 0% .40 In In 10 O C% In r IA Co N 0% 03 0 0% rN '0 U1 . -1 In Mr Co N0O00 .1 (O N (0 Co Ot Na Or 
ý! 1 eO Ifl NV If1 NNNr1! 1 r ýO Mr CO ry Ifl 4 0/ 01 

NNM Vv (0 Vm In (0 NNMM" Ifl IA U1 rNN In " 

r Co .4 .4rMMM rl .4 %D bO el" MN e0 M .1 %0 N 
b" M VI 0% C% '0 MMM %D (0 (0 (0 O OI MNrNI 40 M 
14 0% MNNMrrr 0% 0% Co O "1 eNMN CO r Ve N 
. 
ýJ Vý MMMNNNNMMMM Vý to (O 7 t} qrrr 

rl OOOOOOOOOOOOOOOOOOOO 

0 VI 0% .4 VI %0 Co 0% 0 (0 Ni0 . -1 r to u1 Uf bOr 
WO CO rl N (0 (0 O 0% " tlI MON Vm In %0 .4 10 C0 r f4 M x: .f .4r %n An 0vv .4O .r .4r In " In (o .rr0 ao E+ o ýn ýo aNr ýo N 0% eoaaar .rr .4 in (o .r 

.................. 
NN Co r IA in A In (o A Cl Cl In 0a0aNv to 0 .4 .4 .4 -4 . ""I 

07 In N Co . -1 Of N Co Or 10 Nr Ch U1 N0 Co 10 0 01 .4 
(A r0r Y1 Na O1 U1 .4 U1 Ma Co %0 N 01 Mar 01 N 
'$' . -1 .. # rM In 0 OI Io uD a %0 in 01 N 10 Cl 0O %0 r In 
EaNr f4 M %0 Or in 0% r .1MaaO rl rOr 10 

.................... 
Mo rl a . -1 IA r a0 r tl o .4N .y 'y a ýp a 10 ra 

%0 10 In m .4 Co -M 0% 01 a0 r IA 00 0 %D 0aOO .i 
. ýC 0M %0 Co NM UI r Cl 01 N Co bNr CI 10 In N .4O 
A in OOO00000O .4 r4 rl MN . -1 NNNMV. 
ZMMMMMMMMMMMMMMMMMMMMM 
MOO0OOOOOOO0O0OO000000 

wo000a000oOOOoa000a00o 
................... 

0o0oO000000000oOo0000 

N %0 %0 O Cl 0 %0 In %0 a Ifl .4O 0% %0 Mq Na rrm ". H Na %0 aaNM IA %0 CI NV Co N0r ul a %0 aN 
[-1 %0 N . -1 . -1 r 01 Ma00M0NO 01 b In r .4aO 
07 N .4a. 01 U1 . -1 Y1 Of r CI NM Uf MN aD MM In rO 

0 .1 . -1 .. 4 MNNNOO .4 .4 . -1 . -1 .4 .4NOOO .4 
0o0000000a0000000000oO 

oOo000000000000000oOo 

aaMMM in aN .4 1A %0 .40N0MraNr IA CI 
(r en N in NN .i .4M %0 a .1a0r CI 01 rO Yf Io o1 

.................... o 
H ýD a0 M U1 IA O1 O .1 01 .4 .i Ip VO 01 r Ifl t0 M 01 
V' OI MMMar In CO 0% OI O1 OI 01 rl OI MMMOr IA N 

aMMMNNNNMMMMa H1 %D aa 01 rrr 
-1 

Ma in %0 r CO 01 0 "1 N in a IA Vr 00 CI 04NM 
OOOOOOO 'i OOOOOOOO0 .4 0042 
aaa a" aaaaaaaaaaaaaaaaa 

OOO00OOOO0000OOOOOOOOO 
ZNNNNNNN 94 IM -e a Vv aaaaa Ve IA IA U1 

N 

z M 

4 

4 
N 
z 
M 

P4 

w 
E 
O a 

w 
M 

w 
G 

4 
N 
4 
0 

w 
x 

O 

O 
z 
4 

N 
w 
M 
N 
M 
v 
0 A w 

a 4 

O 
fG 
4 
a 
M 
ßr1 

M 

a 
a 4 
M 

v M 
fw 

w 

w a 
m a 



350 

W 

a 

a 
m 
w 
w 

z 
FNNNNaNNN VW qv a- NNNNNNNNN 
4a 
04 

0% at O %0 er Vý co N 0% M -W a0 iD M V. co m in 
A' 01 M in NM in c" co 0N co Or -W ca bOO ko p E1 ep V' MNOMVrbO %a MN 01 Nn O1 "i ca r" 
Wn0nr . -4 NN0r .iNbM 0% n C% b0O Cl 
6i In .i 01 rl in 0 . -I In bb %0 V. N in .4 e0 V" b0 e0 

in rr ao anrnaaa 0% ea co wa ýn ýn b Ln 

0000000000000000O000 

Wb en in 0b 01 O .4r 14 b0 'O CV %a N a0 t0 0N 
GM in rl rr a% Nr %0 M C% 0 01 in U1 0% NNnr 
>O0 in bM . -1 in 01 .4 ca rON p% in nMb a0 n 

in brrnbbbbrnOrr 
.na 

in in ýn in 
................... 

OOOOOOOOOOOOOOOOOOOO 

17 0% N 0% N in NV co a "-1 r 10 O 0% M .4b Of VV n 
MN in NrrVn . -1 aD Mn .4O, ca MbN 

V. M co pl in In e0 rbb in OD O' e0 "M . -1 a. Ob 

. 
0% MwN o% ar in at 00 . ti in a0 M. 

...... 
0% nN a0 I(1 1fl O 

........... 
NNM! V1 NMM 40 %a rrM Vw " tli "lNNNN 

On "-1 MbM 00 NnaMM in a% NN CD 01 r V0 
6. OMrN in %0r t0 bm in co O so 0Mrm Vw 
vO in a0 co 0b .d CO a0 br in NM"NO 0% am Ch 9rO 01 Of M rl MNNNN Vý rr 0% OO C1 01 CI 

. -1 . -1 OOO .i .1 . -1 OOOOOOONN.. 4 .i .4 

OO rl in ON VW VV M %a O0O to in .ibO 0% N 
W VW %0 . -1 .iM VW rMr Vw M %a NM in e0 n Ch rb 

, 
i. NM in . -I r in %a N in . -1 O e-1 in in aD 01 r a0 b aD 
EM in 

.nMN 
N" 

.. 

n 0% in n in. 
. 

Of M .iOý! .4 ao N eý 
........ ".... 

. -1 . -4 M in a .4NM in in b0 Vi Of M .4N -1 NN 
vq . -/ rl 

ra .A . -1 Co 0% MMMNNM in N V. a in %P M 10 10 
WN0 %0 NM %0 . -1 %0 N Co in Ch in NN 0% ae 1O 0% 
i. N 0% N Co N .4 %0 NN .i Co N in in rl M 10 N '0 N 
F Co MOb o0 NN a0 .1 ýO N rl OPb Vý P Co . -1 O 

................. "". 
Na %0 '0 V Vý Vý vý N 0% O %0 N0 1p NNNMM 

.4N 

Vý Ob .1 Vý 0% O 40 M %0% %0 03 0% NNO %D PN 
4 V. O Ve M 10 in CO N .4M in mNN CO Cl 0% %%0 %Q 

in NM Vm 01 N in V. rl 0O 0% .4NNN 10 Cl OO 
ZMMM in NMMMMMMNMMMMMM -w . y. 
MOOOOOOOOOOOOOOOOOOOO 

ooOo0000oOo000000000 
................ 

oOo0000000000oOo00oO 

0% CO in NMObMMN `0 in in 0% in N Nf in %0 M 

e4 m 00 0 r- in tn r- " &n r- %0 Ch r. 0 %0 .4 %0 f4 tA Cl M '. 0 '. 0 MM `0 in t0 M 0% OD N %0 M in O .i 10 t/ 
.. 1 .1M in %0 e in m Vp Co -4 N .i'. O 00 %0 NNNNN 
. C. 0000NOO0 in MMN0O0000O0 

0Oo00000oOo0oOOOOOoOo 
.................... 

00000c3000000420000000 

.. M .4N000 U1 O .4 in N .4N0 %O in en MN" 
F r/ Q C% '1 ON CO 0 Co 0- .4MN Ve NP .4 eD M 
o "".. ". ". 
FN ýD .i CD M 0% Vý H a0 Vý NMN ýO MNbHNO 
OOM 0% m -1 V . -1 01 0% N aD '0 MM in f4 OO Op p1 

N0 0% O% M .4 in NNNN le NN 0% OO0 Cl q 
.i .4 . -4 .4 .4NNN rl .4 

V- .iNM Ve in %0 N .4NMV in '0 N. dNMV in 
OOOOOOOOOOOOOOOOOOOO 
w de V V. ." IN VV Ve " Ve " Vr -! V0 " V0 Ve V 

OOOO00OOOOOOOOOOO0OOO 
'(" in 0 %0 %0 VVVb 0% 0% 0% 0% 0% 0% 0% in IA in in U1 

tn 0 
z 

4 

a F 
z 
w 
HM 
w 

w 
0 
0 
a 

a 
w 
H 
w 
a 
a 
4 
O 

w 

O 
a 

N 
w 
H 
F 
H 
u 
O 

w 
Ei 

N 
4 
V 

z 
4 

a 
H 

a H 

4 
H 
u H 
k. 

w 
Z) N 

0 
., 
I; 
m 
w 
a 
w 4 
E 



351 

w 
04 

P. N 
6. 

z a 
w 

NNN V' NNNNNNNNNNNNNN 
4 

of aa 

rv NN rv UI .4O Cl -4 OrMNaNraMMrarabMoNNrMmVNMr 
.4 

ENm0MN rl N 10 biMNr0M O1 bb Co Un rN rv Q, m waarMN .4oM 10 0 UI M . -1 0MNNrM fA O in rb in Y1 10 .4bM .1 0% 0% ýO mN Of Mm . -1 Vý bbv oý aamm0rr rv ýo ýo brbrrmm 
o 0000000000000000000 

14 in %O r %O MaN7 0% rm 'i 'i 10 a Ifl M ei in 1p 0 ii bN 0% m l0 tp 0 Co rM 0% O .1a .1M V0 0yMa N dý bM Vý bbOrMNNM 0% .4" . ". 4 V0 0% NM bbbmrr In mrrrNNbrNNrrmm 

OOOOOOOOOOOOOOOOO00OO 

CJ O Cl 0% NN IA Cl OM V0 IA r Cl mN Cý r1 M ý-1 in N"br0M 01 "a U1 .4 .4b .i Cl .4NmNNIM D 10 Mi 10 N0A %0 Y1 .I 0% bN to 0 '7 ebNN" ON .4NMN 0% .4 0% mr 0% OmN ýp mNmON 

MM Vý m ýO b rl a} MMMM Vý MpaMaaO in 

Ob ýO r t0 bb .4OOmNN er aI Mr Ip pM 0% Om .4rrrM a0 0% .4 'y NqMm 'i mb 0% O NNN ßf1 .4 .d . -1 . "4 UI Or Vý H a0 bb 0% Od in Nr 
. '9 O1 0% 0% MMMM 01 NM IA NN 01 Cl rr UI M ý-1 pý 

.1 In r eD rNr ar 0mMb CO 0NM0m0N Cl wNMMrNr %0 r U1 b ý! OMM ý-1 mN %O 0% mi 2; O 1fl O Cl Vý 01 b rl m -e Cl OM0rM Of c" 
' 

(4 r .4 Eboa ýO b . -1 N tD Mbo 01 r UI Of b Cl Ma 
N Vý M IA rl b Vý IA Vý Vý M V' NN UI M Vý V. b 00 r 

wNra .rmaNNHm ao mMOaMMea W OI N U1 a Ui 0 .4 Os -I e0 NNNb 01 Ui N 4O in in 10 dý MN eO r 01 -4 Ifl N aO 4O 01 a 40 a 01 In If1 a a0 Vý FN ýO a0 Y1 NOM Ui N Ui NOO 40 aO NO 40 IA 40 q 
m Mn MorN co 40 Un 

vw 
as 

a 
0n (n 

vev 
Un 

eN 
N r1 .4 

40 40 01 Ui NM"a M1 to a U1 0 .4aN 01 U1 Ui U1 r DQ aD N in Y1 a H1 OM 01 05 a0 40 40 qaONa0M ONMNNNNNa Uf 40 40 OO. iNOO O1 0% 40 N Ze Vp aMMMMMMMM Ve a ap 0aaMMMM 
MOOOOOOOOOOOOOOOOOOOOO 

P. OooOo000oOooOo00000oo 

oOO000000000000000000 

N O4 in NN 40 0M 01 40 40 40 U1 Co a 40 O4 40 M0 '. M 01 O . -1 U1 OraamNOMa 
.4 p4 M Y1 rMr CO Fr IA e0 U1 aD MMM Om in O 01 01 IA 40 Co 40 0N Ui NMM in 10 tp 40 10 aa . ý/ mMMMama 1p r a0 O 22 mNNOOOOOOOOOOOOOOO 

O. o0oOOoOooOOoOOOo0a00a 

OOOo0ooOoOoOoOooOoOoO 

la rNa0 rl rM 40 %0 r 0% 01 in -1 O . -1 05 O OI a 40 Ee Ui f4 ONO rl 40 U1 aM . -1 a in f4 In r, 8 N .i . -1 .1 
Fm 10 Ui M 10 tp OaMaNNN Y1 0 Ifl r 1(1 ar YO (7 Co r 40 NNNN U1 . -1 Co a . -0 40 rr00N 40 mr 

0% O1 OI MMmM 04 Nm Ui rr O1 0% 40 r U1 M .4 01 
.ý .ý .a .4 .r .4 .aA .r .4i -4 .4 . -1 . -6 
.Oroao . +I N .4NMa in 40 r 40 01 0 .4NMa oOOO .4 .4WOOOOOOoOO.. i ,r ,y ," .aaaaaaaavaavaaaaaaaa 

OO0000o000a0000000oOo0 
Z in In än Un in Un Un 40 40 ro o 40 ao 40 to 40 aO0O ao .4 04 .4 .4 .4 .4 rl . -1 .. .4 rl 'i r1 .d rl . .. 1 .4.4. d 

y 

z 
H 

a 
w 

4 
F 
z w 
E 
H 
a 
U3 
a 
w 
z 
0 
m 
0 
w 
M 
a 
w 
Q 

a 
N 
4 
A 

w 

F 
0 

0 
z 
4 

H 
W 
H 
F 

V 
0 
a 
w 

N 
4 
C, 

Q 

z a 
c H 

a H 
a 
a 
4 H 

u H 
14 

w 
a 
D 
N 

r 
.a 

00 
w 
a 
m 
II 
N 



352 

w a 

N 
J. 
4, 

z 
a 
w FI NNNNNNNN Vý Vý V. NNNNNNN ry N 
a' V. V. C. V. VT V. V. V. Vý f+l V. V. V. C' C. V. V. 

r we Ifl . -1 O In N tD Co O .i o r 10 r 01 o rl r O 'j " 
a} N VP 0% r M a . -I .i %0 O r N t0 %0 N 0 r N 0 , : 0 

Ea to in IA a 00 Co r O1 0 .1 O Ifl %D 0 Cl Ve en m 0 O ge. w r N IA to b 0 M 0% Ve Co M 0 .Y N M N b N 00 N (y 
iA Co Of b M Co %0 .i N 'i Z 01 V. %D Co 0% O O O C1 Ch 

m ao m m r r r 10 a a r a w i ao a o'. a a o im 
0 0 0 0 w 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N 
W N Of in 10 V" U1 Co in b N V" '. O r O (D V" Co in in in ßj 
A r .4 .4 40 N 00 OI N N N to %0 U1 N q VI M CO Ifl N w 
. 
"! b r %0 V" cm r M M Co 0% Ch M 13 '0 r b r b a0 r A 

aD CO 00 a0 r r N CD 00 CO M (0 r CO 00 aD CO CO CO a 

O o O O O O O o O O O O o O o 0 a a o O 
E 

a A 0 b 01 in U1 r O '. O Cl N O rl a0 .1 N CO ri b r b Cl 
N .4 N r in OA Cl .4 0 N Co 0% V1 V r N -T 01 in 0% ei 
'. 7 Co b c2. N IA N r 0 r m M in (O (0 M M O .4 in %0 14 

r . -1 r r O 01 aD N b .i ýO N b .i In O O b M O 

in 0 in Ln in a a in %o r -4 N N M M M v a a a 

Q 
in A (0 M -p " a0 " M N 0 00 e0 N 0 IA in b a0 a0 

b. N N '0 r O 01 M 10 rl t0 r r r m O1 V. V" (0 N N 4 
y en Ir Co N r V' U1 b N M N N N N rl rl .4 ei 0% 01 
D r r a0 . -4 M A O1 .1 %0 b Cp V V V0 V0 V0 V e V0 V" y 

w O O O .i . -1 . "ý . "1 -4 O O O O O O O O O O O O M 

M 
r oD O O M %O N M M .4 Ifl O% 0 -0 N d» M r %O .4 V 

W O O r M b N N V0 M V M N M Na b d" O 'I M r 0 

"%, N .4 N .4 a0 N 0% r in 01 . -1 V0 N a V0 in in in N i a 
Ei O C0 in V' O IA (0 0 M M tP (0 10 (0 N r N V0 0 (0 w 

i 
V0 a0 r O r b li a0 O 1fl Of N V0 a0 V0 M M r .. 

(7 
w Cl CO 00 M M 0 V N M % V0 Cl b Co .4 in in 0 .4 in A 
RI b O M %G r r 01 O e0 M N 1! 00 (0 V0 A O in a0 b Z 
zc N N r a b M .i N ý0 %0 %0 N .i N b .d Cl -i 00 M 4 
[E1 %0 01 r N in 0 N O r N N (0 in (0 M 0 M M aD " 

. . . . . . . . . . . . . . A 
O O a0 r U1 in a r N M b r aO Oý O .i . -1 .1 O O M 
.1 rl r4 .4 .4 .4 .4 . -I .4 'J 

a H 
M V0 V' r (O N '1 '0 0% Co M N 0% b 0 0 r r i in 9.1 

. '+. ' 0 Cl M r .4 a0 q CO V0 N 10 10 IA N 10 N r V0 0 r 
A %0 1fl V" r eD O' N r M V- .4 .4 -i .4 4 N N M M N º4 

M M M M M M R M M M M M M M in M M M M M 4 
M O O O O O O O O O O O O O O O O O O O O M 

. o a 0 a a 0 0 0 o O o 0 o O o 0 0 o O o u 
" M 

O O O O O O O O O O O O O O O O O O O O 

w 
V0 IA %O r 00 M N (0 rl in r 0 Cl Co r rl M r (O M 

"4 a in IA 14 Va V0 M 10 M a0 in m Ifl ei ei b r N r N '... 1' 
E1 O `0 w N O V (0 01 V" V N .4 V r/ V' r IA N M U1 N 
.. N N O. e0 (O U1 am r %n b U1 r aD 0 .i N M M N .4 

,y a .. o a o c o o .r r o 0 0 .. .4 .r .4 .4 . -1 w 
Co O O o 0 o O o 0 a 0 a 0 0 0 0 o O o 0 0 

. . . . . . . . . . . m 
0 a a a o O o 0 a a a o O o a a a 0 0 a .4 

a O. M Oi N1 Oi V i V0 r in 01 o r o 00 Co N 0 V 1 
H 0 N V0 0% 10 40 N r V0 M r %D .4 H1 in in ei ei (0 N 
p . . . . . . . . . . . . . . . . . . Ii . -1 .4 Vý in r ýO .4 b O (O 01 O d r M 01 01 N a0 a0 w 
V' e in ON M r in (0 r M a N M M N N . -1 . -1 0 0% 0% a 

r r Co .4 M In 01 .4 (0 (0 10 V' V V' V0 V' V0 YI . . 0 

H 
in (0 .4 N M V0 U1 (O r co . ̀ 4 N M V0 in (p r tu 01 O 

.ý .ý o a a a 0 0 0 o O o 0 a a a 0 0 C A 
V Q a 0 Q V V V V V Cp V V0 V - V. ar . V. "10 

p O O O O O 0 0 0 0 O O O O O O O O O O O 
$ a0 a0 01 O' O, 0% Oi 01 01 01 . -1 .1 .1 .4 .4 .1 .4 .4 A d 

.. 4 .f ýy "4 .4 14 .4 .4 .4 . - N N N N N N N N N N 



353 

W 

94 

a N 
6a 

Z a 
w ENNNNV. NNNN sr NNNNNNNN 
ä .rv .rvvv .rav 

N . -1 . -1 .1MM7rb Sn rM V0 Oh %0 %0 NN 0 . -1 . -1 03 i Ve ýM r . -1 N in MNMrb HNO a0 %0 Nb 0% Co rMMMM 
. -4 rOO W eD Ifl 10 %0 ae MO 0% . -1 Co "b Sn N V' UiMN RI r 'O OI U1 d' ý-1 V C1 rNb in %0 "4 in %0 O 10 

ao ro rr .o eo a ao mamr ýo b ýn ýn in ýn o000000000000000oO 

i4 OS U1 M in N Ifl NM 10 10 N .y en rb . -1 Co ýy QMrONM .1 -1 0 a0 i Vv 0 40 b0 Vp .4 4A M V. Or d0 0% HM U1 M V0 50 N 0% in Sn NO 
a0 ao r aT Mb aý oD Co aD a0 bb 1f1 1fl 1fl Ifl b 

OOOOOOOOOOOOOOOOOO 

0M .4 .4%. Sn f4 aD O ýO w 01 O a0 w e0 Ob 10 N 50 0 Cl M a0 0 "P 0% 0% Of -0 . -1 MbbN .4 Sn 
Ni In f4 e0 C1 0 40 Cl Cl 0% .4M to N MI N0 
Ifl .iOb ýfl . -1 %0 rMrrO Cl a0 10 .. 1 Or 

MMN ri .4NNNMM in N .4 "4 V-1 NNN 

0 . -1 .ON .4b Co Co M ri rbNM Cl 50 rm W 0% U1 10 NM %O NNO in Sn 05 N N1 US Na 50 O Vl Co 00 .4N OI Cl Cl Cl 0 0% Cl -I N 01 bM . -4 O 
N1 Sn in Nvvaa in N 12 Na- N1 vo0 
OOOOOOOOOOOOO 

. -1 . -1 .4NN 

CO N Cl 50 bMN 50 Cl OQr Sn U1 Ar .4b WN ao .4NOOOO U1 r Ve c> 0 If1 10 a "4 10 
. -1 Sn bbr N1 N . -4 UI N1 .yO .4 a0 ON in 10 H Cl rbN U1 NbNM a0 aNbo U1 Sn rd 

ßf1 M 01 bN %0 OD 0% 0% V4 NMNN rl rl rl 94 

WV 0% U1 co U1 e0 N %a In in N %c 10 .4 rl M a0 Vw m in '0 M 01 V. in 1O %a 01 N 10 IA O . -1 IA NNN 
}'. O r- 0% N Vv C$ M co 'O O in U1 N 0% NM .4N F %0 CD Mv %a ýv f, O rf r" O 11 OM i0 a% in O 

.................. 
0% a0 ID Y1 N 10 N CD Of M 0% in Vi MNNNM 

.1 

MMO Vý NNONO a0 . -1 U1 N V" aý OMN H e0 0% N %a 01 . -4 0 01 0 10 N 40 N V. VW In .4 01 QNN .d .1O rl N rl N .ýMNM Vý U1 IC q Cl ZMMMMMMMMMMMMMMMMMM 
H0000OO000000000OOO 
ao0 

.0000.0 
0.0 000000000 

............. 
o00o00000.0 00000000 

aD VV0 0% N VW IO - 'i 1N %a Cl N a* 0 In 0 HONOM 01 !0N %D M Co q V" tl v Cl in %D O 
C. Vr N .4NNNMVO Cl 00 MqO 'p 

.. O 01 IA VW N IA PN N Cl N 0% MNN rl N .4N . Q. ' .40OO0OO Cl 0 . -1 OOO000OO 
O, Oo0000000000000000 

................. 
00000000oooooO00oo 

º. in Vd Cl IA a0 MN in N 10 %* 00 0% N U1 0% M FVN . -1 OOO0N %a . -1 N Cl 00 NNqb O 
EMa ri a} In a IC Va OD o .1 Vý tD rl aD a0 M U' at wNN 01 OI Cl 01 0 Cl 0NN CI NM .10 VV in in f4 -0 VP in N %a fN O1 . -1 V %a OO 

14 . '4 .4NN 

.4NMW .4NM VW in 1p Nq p'. O 'i NMw 

.4 .4 .4 .40OOOOOOOO... 1 . -1 r1 .y .4 aaav in in W$ in in an in in in in wl uº in in Oo00000000000000000 
?. .ý .ý .ý .4.. 4 4 If .4d .44 .i rl .4 .4 .4 .4 .4 NNNN 

y 
C7 

M 

4 
w 
a 

4 

z 
W 
E 
M 

w 

w 

0 

w 
M 

w 0 
4 
4 
a 

F4 
x E 
0 
a 
z 4 
N 
w 
M 
F 
M 
u 
0 
w 

N 
4 
C7 

4 

a 
M 

of M 
a 

4 H 
U 
M 

w a a N 

M 
-4 
In 
cc 
w a 
as 4 
N 



354 

APPENDIX B 

B. 6 PRESSURE DROP CORRELATIONS USED IN COMPARI- 

SON AND SPECIMEN CALCULATIONS. 
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B. 6 Pressure Drop Correlations Used in Comparison and 

Specimen Calculations 

Consider Test No. 150401 

The corresponding computer answers are given alongside, with hand 

calculation, for easy comparison. Obviously hand calculation can not be accurate, 

because a lot of coefficients have to be obtained; however, these hand calculations 

clearly show the method followed by the computer. 

Water volume flowrate Qf = 0.065383 m3/s 

Air volume flowrate Q$ = 0.062760 m3/s 

Water density pt = 999.470 kg/m. 

Air density pg = 1.6289 kg/rn 

Water temperature 4= 12.4°C 

Air temperature ti = 14.5°C 

Pressure gradient PE = 25.61 x 9.81 

= 251.2341 N/m3 

Tube diameter D=0.203 m 

Cross sectional area A=0.032365472 m2 

Void fraction a=0.4792 

Flow pattern Slug 
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Water dynamic viscosity 

pf=1.77226 - 0.0557784 x4+0.001026 (t1)2 

-0.0000083 (t1)3 

pf = 938.675059 x 1076 

Air dynamic viscosity 

µg = 1.70744 + 0.00612487 x tg - 0.000031396 x (tg)2 

pg = 1.789649606 x 10'S 

Mass flow of water 

mf = pf x Qf = 999.470 x 0.065383 

mt = 65.34834701 

Mass flow of air 

mg = p8 x (% = 1.6289 x 0.062760 

mg = 0.102229764 

Mt0 = mg + mt = 0.102229764 + 65.34834701 

Mwt = 65.45057677 

Quality 

X_ m8 
_ 

0.102229764 
M, 

0 
65.45057677 

X=0.001561938321 By computer X=0.001562 

Total mass velocity 

G`°' 
Mot 

CSA 

_ 
65.45057677 G`°` 
0.032365472 

G,., = 2022.234583 kg/sm2 By computer G, 0 = 2022.25 kg/Sm2 
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B. 6.1 Experimental Two-Phase Multipliers 

eP 
_ 

_f, _ 
_ 

_2 

DZ 
o 

2d pt 

Cwrd 
Refo = 

of 

2022.234583 x 0.203 Refo = 
938.675059 x 10'6 

Ref. = 437,333.0434 

From the equation developed using single phase 

Refo > 2.09 x 10' 

= 0.156772 x Re-'- 17628 
0 

710 = 0.015882033 

%fo(Gtoýý 0P 
_2 DZ fo 2d pf 

0.015882033 x (2022.234583)2 
2x0.203 x 999.470 

0 

(Ap)fi 
Q= 

160.0565228 

(APL 
= PEx9.81 
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«2 fo exp = 1.5696586 

From single phase 

= 25.61 x 9.81 

(A-P-)4mp 
= 251.2341 

DP 
2 

fo exp 
measured 

= 

fo 

0Z e = 
251.2341 

xp 160.2881556 

(Df 2 by computer = 1.498 

(AZ) 
2xdxp 

so s 

R 8o -- 
G`o`d 

p8 

. RPM, = 
2022.234583 x 0.203 
1.789649606 x 10-s 

Rego = 22,938,211.98 

Re.. > 209 x 105 

X 
go = 0.156772 x Re-o- '7628 

%go = 0.007902218961 
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1= 
Xso' 

tot 

OZ 
go 

2dpg 

_ 
0.007902218961 x (2022.234583)2 

2x0.203 x 1.6289 

= 48864.29 
AZ j 

go 

2\ 
Az) 

mmsusvd ýg° - eP) (e 

02 _ 
251.2341 

90 48864.29 

02go = 0.005141466294 By computer (b8 2=0.005145 
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B. 6.2 Homogeneous Model 

Gas volume fraction 

liquid volume fraction 

mixture viscosity 

Qg P = Qs + QI 

0.062760 
0.062760 + 0.065383 

ß = 0.48976534 

1-ß = 1-0.48976534 

1-(i = 0.510234659 

PH = ßX pg + (1-(3)Fit 

pH= 0.48976534 x 1.7896496606 x 10-5 + (0.510234659) x 938.675059 x 10-6 

µH = 8.765083478 x 10"6 + 4.789445493 x 10" 

pH = 4.877096328 x 101 

ReH = 841,717.2694 

ReH>2.09x 101 

Using the eqn. XH = 0.156772 x Re'o'17628 

_ 
Gtot xd 

aµ 
a 

_ 
2022.234583 x 0.203 
4.877096328 x 10-4 

X" =0.014150773 
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DP x+ 1-x 1)H 
AZ2d P8 Pf 

OP 
_ 

0.014150773 (2022.234583)2 X rAz 2x0.203 

1.561938321 x 10-3 
1.6289 + 

1-1.56193832 x 10-3 
999.470 

= 279.0606529 C 
)AZ 

AP 
2 $foH - eP 

AZ 

I 

_ 
279.0606529 
160.2881556 

ýZfOH = 1.740993599 By computer VfoH = 1.742 

z 

("P)H 
eZIgoe 

- ep (AZ ý 

279.0606529 
8°N 48864.29 

(D2goH = 0.005710932317 By computer cb2 = 0.005984 
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B. 6.3 Lockhart-Martinelli Correlation 

Re = 
(1-x)G,, fi 

µf 

1-x = 1-0.001561938321 = 0.998438062 

(1-0.001561938321) x 2022.25 x 0.203 
938.675059 x 10-6 

Re = 436,650.0293 

Re > 2.09 x 105 

Using the equation 

(Ap z 

DZ f 2dpf 

X, = 0.156722 x Re'o. '7628 

Xf = 0.015886409 

ýPf 
_ 

0.015886409 x (2022.25)2 x (0.998438062)2 
AZ /2x0.203 x 999.470 

epf 
= 159.6033179 

AZ f 

x G., i 
Re.. from exp = 22938211.98 

µs 

Re = 
0.001561938321 x 2022.25 x 0.203 

1.789649606 x 10-5 

Reg = 35828.33809 Reg < 2.09 x 105 

Using the equation 
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Xg = 0.4416447 - 3.715733 x 10.2 (InRe) - 

2.393404 x 10'3 (1nRe)2 + 2.128791 x 10-4 (1nRe)3 

Xg = 0.034284616 

APf Ag x2 Gam, 

AZ 
9 

2Ps 

_ 
0.034284616 x (0.001561938321)2 (2022.25)2 

2x0.203 x 1.6289 

(APF) 

= 0.517220944 
AZ 

g 

R 

XL_M Parameter 
(AP/AZ)r 159.603107 a 

FJ 0.517220944 

A_7 
8 

XL_M parameter = 17.566394 

From Figure 2.1.4 and for turbulent-turbulent 

Martinelli Parameter 

X (Dftt 

10 1.75 17.5 

17.566394 a ß 

20 1.48 29.5 

By linear interpolation 

a= Oft = (DfL-M = 1.545707362 

ß= (Dgn = (D2gL. M = 26.5796728 
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2 
(/PlAZ)TP 

ýn-M 
(AP/AZ)t 

2 (AP/AZ) "foL-M 
(AP/AZ)� 

22 (AP/AZ)i 22 'f P/OL-M = 4/L-M 
(OP/OZ) - ýa-'ý (1-x) 

Jl 

2 4foL-M 
- 

(1.545707362)2 (1-0.001561938321)2 x 
0.015886389 
0.015882033 

VfoL-M 
= 2.3824 By computer = 2.2735 
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B. 6.4 Chenoweth and Martin Correlation 

Liquid volume fraction 

1-0 =1-0.48976534 

1-0 = 0.51023466 

0P 

Z= 
AZ 

g° _ 
IUD Pf 

(Ap)j AJb pg 
AZ , 

From previous 

Re = 
Gj 

f 
1 

Xfo = 0.015882033 as for experimental calculation 

Reg _ 
Gold 

µg 

Xgo = 0.007902218961 as for experimental calculation 

Z_0.007902218961 
999.470 

0.015882033 1.6289 

Z= 305.293988 from table (2.1.4) (Z = 200 to Z= 500) 

1-1' (fo 

0.4 2.22 

0.51023466 a 

0.7 1.38 

a= Ufo = 1.911 By computer (D2fo = 1.803 
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B. 6.5 Baroczy Correlation 

T. 

J. 2 

Property Index = 
of P8 

Pf 

_ 
938.675059 x 10- y 1.6289 ) 

1.789649606 x 10-5 

( 
999.470 

x=0.003598107332 

Mass dryness fraction 

X=0.001561938321 

From table 2.1.2 

By computer x=0.003797 

Mass dryness fraction x Property index 

0.001 2.15 

0.001561938321 A 

0.005 5.6 

Mass dryness fraction x Property index 

0.001 2.08 

0.001561938321 B 

0.005 4.9 

By linear interpolation A=2.634671525 ,B=2.476616629 

Property Index 0210 

0.001 2.634671525 

0.003598107332 a 

0.004 2.47616629 

a= (D 2 
fo = 2.497400338 by computer cb2to = 2.433 
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B. 6.6 Chisholm Correlation 

112 f(AP) 
OZ 

g° 
(ApAZ 

J 

_( 
48864.29 ý1R 

l 160.28815561 

= 304.852781 

= 17.46003382 

From single-phase 

1=0.15677 x Re"o. "628 

X=kRe° 

Hence n=0.17628 

and 1-n = 0.82372 

2-n = 0.91186 and x=1.561938321 x 103 
2 

2-n 2-n 

01+ (T¢-1) B (x) 2 (1-x) 2+ (x)2 n] ý2 = 

From Table 2.1.3 for r in the range 9.5 to 28 

and G,., > 600 

B= 21 
= 

21 
= 1.202746811 

r 17.46003382 

(F2-1) = 303.852781 



368 

2-n 

(x) 2=2.760669046 x 10-3 

2-n 

(1-x) 2=0.998575632 

(x)Z"° = 7.621293581 x 10"6 

:. q 2fo = 2.009787181 By computer Vfo = 1.987 
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B. 6.7 Duckler Case II 

DP 
_ 

A2 Gmt 
x AZ/ 2dP D2 NOM 

PNS = I' Ps + `1-ß)Pf 

PNS = 0.48976534 x 1.6289 + 0.510234659 x 999.470 

PNS = 510.7620134 

,ý. Pf (I-a)2 + Pg aZ 
PHOM 1-ac PHOM a 

_ 
999.470 

x 
(0.510234659)2 

510.7620134 (1-0.4792) 

+ 
1.6289 

x 
(0.48976534)2 

510.7620134 0.4792 

P=0.979779385 

Rem =G°x Vº 
1 NOM 

PHOM = F' x p8 f ('-ß)uf 

From homogeneous calculation 

PHOM = 4.877096328 x 10-4 

(2022.234583) x 0.203 
x 0979779385 

4.877096328 x 10-4 

ReD2 = 824697.2285 

Re > 2.09 x 105 

Using X=0.15677 Re-0.17628 
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X1 = 0.014201641 

i= 
ýý i+ 

Where N= -In (1-ß) 

N=0.672884543 

N 
1.281-0.478 N+0.444 N2 -0.094N3+0.00843N4 

X2 = 0.022632353 

(AP 
_ 

12 Go2e 

AZ) D2 D2 NS 

0.022632353 x (2022.234583)2 
x 0.981442465 

2x0.203 x 510.7620134 

= 437.2969672 

42 437.2969672 
= 2.728192645 

0 160.2881556 

(D2fo = 2.728192645 By Computer b2fo = 2.730 
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APPENDIX C 

C. 1 MEAN VOID FRACTION CALCULATION. 

C. 2 GEOMETRICAL VOID FRACTION CALCULATION. 

C. 3 GEOMETRICAL VOID FRACTION; SAMPLE OF CALCU- 

LATION. 

C. 4 y-RAYS MEAN VOID FRACTION; SAMPLE OF CALCU- 

LATION. 

C. 5 EXPERIMENTAL AND PREDICTED VOID FRACTION 

COMPARISONS. 

C. 6 VOID FRACTION CORRELATIONS; SAMPLE OF CAL- 

CULATION. 
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APPENDIX C 

C. 1 MEAN VOID FRACTION CALCULATION. 

C. 2 GEOMETRICAL VOID FRACTION CALCULATION. 

C. 3 GEOMETRICAL VOID FRACTION; SAMPLE OF CALCU- 

LATION. 

C. 4 -I-RAYS MEAN VOID FRACTION; SAMPLE OF CALCU- 

LATION. 
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APPENDIX C 

C. 1 Mean Void Fraction Calculation 

Referring to figure C. 1 

L_ 
{(R2_X2)}in 

X j1112 
= R1-R 

therefore, 

2 in 
_(X 2R 11 R 

where X/R is the fractional radius. 

6 

T 
CA RI 

Fig. C. 1 

The values for X/R and the corresponding L/R values from equation C. 1 for any size 

of tube are shown below; 

X/R 0.0 0.15 0.30 0.45 0.6 0.75 0.90 1.0 

L/R 2.0 1.9774 1.9078 1.7861 1.6000 1.3229 0.8718 0.0 

Consider the element L dx. The area of the gas is given by: 

R 
Apm = 

fR 
a'CHORDI'd'Y 

where occjjoRD is the chordal void fraction obtained from equation 5.2.11 (section 5.2). 

The mean void fraction can be written as, , 

A8as 
OCm -A 

pipe 

1 fR 

2JR 
aCHORDLdx 

X 
R x= 

Fig. C. 2 

sI Z: 
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and limit change from -R to R to -1 to +1 

1 (' *' LX 
nJ, 

aCHORORd R 

According to Simpsons Rule in figure C. 2 

fX 
y=3 (yo+4yi+2y2+... +2y�-2+4y. 

-1+y, I) , 

Hence, 

7C 

li 

=h (y +4Y+2 +... +2 +4 + 3ý ul Yz Yý-2 Yý-ý Yý) (C. 2) 

where, 

h=0.15 

Y= aCHORD R 
(L) 

C. 2 Geometrical Void Fraction Calculation 

Consider a level of water in a pipe of diameter R at still conditions or at a smooth 

stratified flow where the height of water is h (see fig. C. 3). The void fraction can be 

determined geometrically knowing the value of h in the tube. 

Referring to figure C. 3 

cosB = 
R-h I 

Rý 

h --- -- = 1-R R 

Hence, 

Fig. C. 3 
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0= cos-' 1-R (C. 3) 

and void fraction 

Aga` 
Apipe 

(1_)cR2+R2sinecoso 
360 

7CR 2 

( 20 
+ sin0cos0 (C. 4) j 1- 

360 

C. 3 Geometrical Void Fraction; Sample of Calculation 

The calculation of the geometrical void fraction is as follows: 

Consider Test No. 789007 from table 5.4.1 

The level of water in the tube h= 64.95 mm 

The void fraction obtained by y-rays a=0.7748 

The tube diameter D= 208.45 mm. 

from equation C. 3, 

e= Cos-, 
(, 

_ 

= Cos-, 
(, 

- 
64.95 

. 225 

0= 67.8626001 

and from equation C. 4, 

a_1[ 
29 

+ sin0cos O 
_360 n 

2x 67.8626001 sin 67.8626 cos 67.8626 
360 it 

= 0.622985555 +0.111106135 

a=0.73409 y- rays value cc=0.7448 
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C. 4 y-Rays Mean Void Fraction; Sample of Calculation 

The void fraction was determined using 13 steps (chordal positions) and 5 steps. A 

check calculation was made for each case, and both are detailed below; 

From the calibration characteristics shown in figure 5.4.2 and using equation 5.2.11 the 

chordal void fraction at fractional radiuses was determined for liquid height H= 64.95 

mm (non-flow), as shown in table C. 4.1. 

The mean void fraction then calculated where Simpson's Rule equation (C. 2) was used 

and the results of the calculation are shown in table C. 4.2 for the 13 steps, and in table 

C. 4.3 for the 5 steps. 
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Loge of Counts Per Second 
Fractional 

Radius Values at Tube Tube Chordal 
H= 64.95mm Empty Full Void 

Fraction 
cta, 

A B C A-C 
B-C 

-1.0 - - - - 

-0.90 9.7188 9.8451 9.1158 0.8268 

-0.75 9.6477 9.9025 8.8769 0.7516 

-0.60 9.5886 9.9238 8.7060 0.7247 

-0.45 9.5424 9.9359 8.5765 0.7105 

-0.30 9.5180 9.9426 8.4987 0.7059 

-0.15 9.4952 9.9430 8.4563 0.6988 

0.0 9.4997 9.9420 8.4539 0.7028 

0.15 9.5167 9.9446 8.4922 0.7054 

0.30 9.5445 9.9362 8.5586 0.7157 

0.45 9.5838 9.9255 8.6776 0.7262 

0.60 9.6395 9.9021 8.8346 0.7540 

0.75 9.7093 9.8555 9.0545 0.8175 

0.90 9.5843 9.6073 9.3746 0.9012 

1.0 - - - - 

Table C. 4.1 Void Fraction Data and Chordal 

Void Fraction (13 Steps) for H= 64.95 mm 
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Fract- 
ional 

Radius 
X/R 

Chordal 
Void- 

Fraction 
o. � 

Fract- 
ional 

Chordal 
Length 

L/R 

Product 
%, (L/R) 

Multplr. 

A 

Weighted 
Value 

c (L/R)A 

-1 1 0 0 1 0 

-0.90 0.8268 0.8718 0.7208 4 2.8832 

-0.75 0.7516 1.3229 0.9943 2 1.9886 

-0.60 0.7247 1.6000 1.1595 4 4.6381 

-0.45 0.7105 1.7861 1.2690 2 2.5380 

-0.30 0.7059 1.9078 1.3467 4 5.3869 

-0.15 0.6988 1.9774 1.3818 2 2.7636 
0.0 0.7028 2.000 1.4056 4 5.6224 

0.15 0.7054 1.9774 1.3949 2 2.7897 

0.30 0.7157 1.9078 1.3654 4 5.4616 
0.45 0.7262 1.7861 1.2971 2 2.5941 

0.60 0.7540 1.6000 1.2064 4 4.8256 
0.75 0.8175 1.3229 1.0815 2 2.1629 

0.90 0.9012 0.8718 0.7857 4 3.1427 

1.0 - 0 0 1 0 

46.7974 

Table C. 4.2 The Mean Void Fraction Using 13 steps 

The mean void fraction a=0Xx mean 

anQeA 
0.15 x 46.7974 

in 

o;... = 0.74480 By computer a=0.7448 
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Fract- 
ional 
Radius 
(X/R) 

Chordal 
Void- 

Fraction 
occ, i 

Fract- 
ional 
Chordal 
Length 
() 

Product 
ct (LJR) 

Multplr. 

(A) 

Weighted 
Value 

c 1(1 /R)A 

-1 1 0 0 1 0 

-0.90 0.8268 0.8718 0.7208 4 2.8832 

-0.45 0.7105 1.7861 1.2690 2 2.5380 

0.0 0.7028 2.000 1.4056 4 5.6224 

0.45 0.7262 1.7861 1.2971 2 2.5941 

0.90 0.9012 0.8718 0.7857 4 3.1427 

1.0 - 0 0 1 0 

E= 16.7804 

Table C. 4.3 The Mean Void Fraction Using 5 steps 

Mean void fraction cc...,, =0 
45 E 

_ 
0.45 x 16.7804 a, ý. aý n 

C;. a, = 0.801205082 By computer o... = 0.7448 
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APPENDIX C 

C. 5 EXPERIMENTAL AND PREDICTED VOID FRACTION 

COMPARISONS. 

FROM Table C. 5.1 TO Table C. 5.38 



381 

NaMNavvaraO 

arCaaaN -4 -0 ooMara 
MoMNNN0 obNoannanoorM 
fl nMaN IA '7 bHaaaMMMb (O (O C' aaM IA aa. N 

'.! OOOOOOOOOOOOOOOOOOOO 

= -4 PN0 0% " %n bN in Nd0" rl in 0mNe mo An m oA nm0 .rm mit o rn N Co o .4 at o wN .4 In .r 0% N %0 %0 N In mN 0% Ve m -1 m in . -1 %0 x: U1 in aamm MI N1 %0 Na Ui V. V. Vm U1 V. -1" "N ... in 
o0000000000000000000 

V rl brO ed Oa in NrO in qbO a% 01 P9 z aD aD oT 4O 10 Of 01 NrO "4 1+1 1+1 r 4O a (" 1+1 r U, M0 01 e0 rr . -1 . -1 01 .iN . -4 01 MN .i 01 Of MM N9 NNNNaaMNNN 
-4 MmmN 14 

',! OOOOO0OOOOOOOOOOOOOO 

t+f rNOaaA0oq r- in mmoO0 OOM 
.raasr t- n in vi f4 v in NOv of a f4 

, T. ON Vý .4O O% aD '" N P'1 ONMNO IA MNOO 

xO 
V 1+1 in i in NNNaVNNNNMM 

in mN 

po00000000000000000oc 

NOOM .4NN r1 14 %a N _I aaMbaO in H Cl Cl m %o in V. ONV V0 O1 V 01 1fl bH in . -1 P in .4 Cl a0 co VW bOO in NV MI Of N in 1O 0V in V Vr ! in en MV %a IO Vw V, w in to V. V0 aN 

>OOOOOOOOOOOOOOOO0OOO 

.4oa rn M ev sn varonbuMbnw to zrr Cl in ae .r 0% 0Pr0 0% n fV .p to 0 Un a %0 x to Co . ti r vv er or0 mit nr to .r in a in .4nr O ýo in of aaav .0nr to v In in v uº Wn in ae N 
000oOo000oOooOo00000 

x -. 00Mrr Vw lrrv in rrbb sn in f" hm Co en in .4 of e -p n .rmorr en Ara %0 r ra anr en .4a co Co en %o oh a. 0 %0 0 rn oa %0 en r 
in in O V" " en en mV %0 in V' IA V' Ve Av Vi Vi fV 

>OOOOOOOOOOOOOOOOOOOO 

N Ve in b0ON0O a} -0 0% 1- NOO %O NNO 
'0 00 1O O0O 01 O1 %0 Ih 0O0 Co OO 10 O 1. 'f U1 
ObONN 10 b P9 %0 Ve c2. b0 a0 O IA .yNqm 

. ýC M in .ý in P7 in O in N in in -M . -1 ON P9 in NN W 
'. f O0000000 42 00000000000 

0 'T.. N NI a Ln %a N a0 01 . -1 NM VV in VN aD 01 0 . -1 N OOOOOOOOOOOOOOOOO 
.i . -1 ... 1 N .i .4. i .y .r .ý .4 .r .r .y .r .r . ti .H . ti .H .4 U) OOOOOOOOOOOOOOOOOOOO 

WNNNNNNNNW CD C* ep Go co ap pp p co 03 p [1 NNNNNNNNNNNNNNNNNNNN 

4 
N 
4 

z 
0 
M 
E 
V 
a 
w 
a H 
0 

0 

0 
HM 

4 

0 u 

.4 
In 
ü 
w 
a m 4 
N 



382 

O ON in ao . -1 N dý Vý N V. . ýO Vý 01 Ifl . -1 ýM Of UN N 
CO in in O e0 N0 Co OO. O, ONA, N Na in N ý" t0 a0 rl 'P NObb . -1 01 N C. Vý a0 M IA O, Co 0 ri 

. 
'l, NNMMMV. Vý in N 1, p bb in d" ... ý .ýNNM Cý 

O0O0OO0OOOOOOOOOOOOO 

= Ln m en in mN in -4 N r. 00 "0 O1 N0V. bMN 
FN %0 ON OI t+1 1.9 CF T in N O1 01 N00 . -1 in .4 in 
HN O% N Ve b0b in Of %O " "1 in CO 0% . -1 in " Vp f" 
, 
ý. NNi en in V' Vm in bbb 1O U1 QNN in M1 C. ". y 
>OOOOOOOOOOOOOOOOOOOO 

aMrrNOH0NNONa (IM to ObN %0 
Z in ANaN Co N o, In In N .q .4 Co rv bN %0 0w 
=ONM IA /O CO U1 Ch N %0 in N .. q I0O OI N OI 0NNNNNN In In a Vv aMNOOO . -I rl 

DoOooOo0000oOOOo00000 

(M PNN 111 N in %0 NA .fNN . -1 01 ONN a0 .4a 'I. ON Ve N .DNN . -q f4 . -1 mN %0 O %0 0 01 N O'. N 
x . -1 N d" %0 N O1 %0 . -1 0% Co N (M NU V'. U1 O0N0 
0NNNNNNm Vý a} ap . y. aMNOOi .y.. i f4 

............... 14 
'. i OOOOOOOOOOOOOOOOOOOO 

NN U1 N In in O1 e0 tW 00 N 0% aD v If P0 %D lip V. 10 'T.. VV 0NN .d 40 ,w MiWON .iNN .I in er N O1 
NON IA CD -4 01 10 H e0 P Vý Vw 10 N VV N %c V Cl 

ONM 1+1 NI Ifl .. In N %o V %a NV 14 '4NN Ifl M 

ö00ö00öööööööööööööö 

.aoNN f+1 r %0 N to rArO Vp eil " Na N NI in a 
O Vý .4e0 VF Co 0 c% r00V 10 01 Cl NN 

'. C Cl N IA Co -1 in Pof .ir IA N0N 10 x% .4 10 rO Cl 
QNMM P'1 Cý Vý 1fl ýp rrrr 10 v1 rl N In In an 

', i OOOOOOOOOOOOOOOOOOOO 

xm 0% NbNNOb00NrPeOr in qr 
yMON in 0 .40 U1 aN 1A IA nNbw to O 

aO 0 %0 40 N 00 IA 0N U1 M IA 0 01 . -4 10 IA U1 IA 
NMMMM Ve " U1 N '0 10 10 U1 IA .0NMM"" 

U 
>OOOOOOOOOOOOOOOOOOOO 

aNM0 Cl NOrVNOaMOb0rVbb 
co '0" abM co VHr .4rabqVaM IA 

ßa Vr %c r O1 O0 IO O 00 10 Vr co M IA .1NNN a0 
'ý NNNNMM Vý 1fl MMMN wd Mbrr 

.rrO ................. 

.OOO00O00O00O00000000 

0 zm -W 1f1 kO N co ao .4NMa in '. O . -1 NMa In '. o 
'i rl rl .4 .4 r4 NOOOOOOOOO0OO 

[ti N .a . -1 N .4 .1 . -1 .yHH .1 .y . -1 rl NNNNNN 
1/1 00O000000O0OO0000000 

co CO Co so 00 s 00 Co a, o, as OI o'. aNNNNNN 
EI N1NNNNNNNNN 14 NN 

E 

z 
0 
E 
u 

0 
M 
0 

0 
W 
z 
0 N 
M 

4 
a z 
0 u 

N 

In 

V 

w 
a 
oa 
E 



383 

oNMmaanmNMNMNmaNavmHN 
N Co N .i 01 OT 'D a Vý .. I aT .1TN ýO m . -1 1! 1 M in nm0N in 10 m 0. nb -e O in m in . -i d" . - .7 Vý Hfl Hfl ýO ýO ýO ýD ýD ýD ýO MV Ifl in '. O U1 0O . -i . -1 N 

'.. 000000O0000000000O 
Cl- OO 

x0a re N0aaa0MM00 Co rrNQNr E d' .d .1r .4 0% %0 f"1 0 %0 b en r U1 N a0 rNNO 00 M 01 rr 00 "1 N Cr 10 r Ve r V0 Cl arN V" Na r9 10 N 
. i. V' U in U1 %0 %0 %D %0 %0 %0 m Vm V' ifl U1 in 00 .4 -1 N y 
. '. OOOOOOOOOOOOOOOOOOOOO 

Vý b"N off co .. 4 Vv mNMNbC. NVPb 01 00 z Vý MNMO"OMNPNNN Of %0 M aD NN to N $7 N0N Ir N0M 1f1 %0 bO %o N a0 NONM eo O ýp QNMMMM Vý Vý e* aaNNMM Vý Vý O 

0o00000000 43 00c00000OO 

N V. 1+1 0% %0 . -1 %0 IA m %0 WO %0 %0 00 IA rl W 01 M 7.. NWNWN0 %0 Oh mN -4 p'. ONO 'o pt pm q-N 
. Y'. M rl M IA Of N Vv %0 W . -1 N V. 0 V. ,NMW .4N ONMMmV. V. V. a" V. NNMV. V. V. OOO r1 .. 1 

OOO0OOOOOOOOOOOOOo000 

.4 U1 " .4" (" .4N a0 O O1 %0 N V0 wN eD 01 NbA Zm0 O1 0O ffl Vm e4 rl 1O N 1O Ve Ifl OI bOm .ý OI O '. S7 10 ID 10 0% N -e Na Co Cl NV .4N0V U1 N ap N Oe IA R M1 %0 %0 Na ID %0 ID lfl V. IA W %0 in O0 'I NN 

.? OOOOOOOOOOOOOOOOOOOOO 

rl 1-P 00 111 CO Ifl Co 0 rl %o %o P r4 O 1n m In .4Nm c3 v 'l. r- bb In Co %0 IW Vw NO In .1 1F aD MZ 00 01 O 03 
In in N O1 . -I M Vp In cm NONN in o. in r4 1O In 0 In '0 1D 10 10 NN 1N NN" in in '0 %0 %0 0O .4 rl N 

'J OOO0O0OOOOOOOOOOOOOOO 

x %0 rA0HMHa -1 ýo VONa0 in f4 Nq .4 in to '. O 1D .4 Ve Ar r4 Ch %0 N .40 .4 in in 00 in in in N 
M .4 Co to 0NV in rr in Ch %0 rl VmVV Na i %0 in 
ü in in in VV %0 V %%0 10 in Vv A in U1 in O0 .4 .4N 

. 
O. O. O O. O. O. O. 

...... '.! OOOO. OOOOOOOOOO 

arr, 4 in MN Co 0% a} %0 rNr %0 rl M in V. 00 90 
o f. 1 111 VN 01 rr r1 rr rl CO 01 rl U1 vd 0 CO 0 r 
CO N 'O vrr CO ra %in Nor CO N in vaNa yjNiNNNNN in in in .4NMiV. U1 0O0 r1 .1 

'J OOO0O00OOOOOOOOOOOOOO 

0 zNaNMV U1 %a N co 0M V- in 1p N CO 01 0aNM 
0OOOOOO00aa ri aaav4ý4NNNN 
NNNNNNNNNNNNNNNNNNNNN 

WOO00O0OOOOOOO0OO00O0O 
wN.. ., a.. .4 .4aa .4 .r .4 .i.. .4aa.. .4 .4 .4 EI .. .4 .4.. .r .4 .4.. .4 .r.. .4 .4 .4 .4.. ., .4 .4.. 

a 
a 
c 
z 
0 M 

u 
4 

w 
a 
M 
0 

b. 
0 

N 

z 0 N 
M 

4 
a 
r. 
0 
u 

M 

W 

a m 4 
H 



384 

ýO MMONOO ep rN 01 ßf1 ry p pý co 4 &A Np 4 %o .4V -W OPM0 in .4 .4 O1 co bPbM co in .4 kO Nb co in b IA w VW in b in b O1 eD m rl 01 T a0 '. 7 NMOOOOOOOOOOO00 
rl rl OOO 

OoOooOOOC; OoOOo000000 

'JS in V. 0% Co %0 N Co 0 00 -PM %0 in .iNNOTM 
. -1 0m Of N a} 0 if N Vi mN %0 N ph dm %0 Na MNNWO .O Co V in in ýO NN 00 ii0 in e rl .1 Oý r4 N t+1 O . -I OOOOOOOOONN 

.y .y ,yO y 
'J OO0OO0OOOOOOOOOOOOOO 

avNrrqv Co .4raN ro aNAbp §A ZNor Co in NrMrM .4bWMNNrbO 
MaamNMIaaa In AOrbb In ONNOO0OOOO0000O00OOOO 

Oo000oOo000000000000 

M Ch M 0% oNba 00 MN ro 0vN CO m -4 Hv z to b co -NwN CO Go in N CO in CO N co T W. .4vm Ln en aMNMIaav%L CO NN% kc 0NN00 co 0000000000000o0 

o0000000000000000000 

NrnM Y1 MbNa in bNON co ON in r4 O zra 1O 10 co O1 IA NreaN . -1 UI 0 . -1 rN 01 IA xr rn 1o Co In %C In .V In 10 1o r 0% oI v .4om ca ONMOOOOO0OOO0OOO. 
. -1 . -/ 00 

.o00oOo0000000oco0000 

NNAraa0nMa0aNMNMNObMN 
M ý4 baA CO O '0 rl SO O aO MM CI ON OO N 

'J7 01 U1 r Of bP 10 Vr IA U1 Nbr . -1 0 IA M . -1 O 01 ONMOOOOOOOOOOO . -1 . -1 .. 4 .yw. 1 .yO 

c; OOoOoOOo0o000000000 

=o ein v -4 NNN %o %n rn a in .4 en m co mI rn in %0 v1 Nb0m U1 0VN U1 cm V" Cl Cl a %0 p ap Mm (A to ON CO %0 IA IA l0 NN Co . -1 OV 1r1 . -1 . -1 Cl y' N I9 O . -1 OOOOOOOOO . -1 .4 .4 r1 rl .IO V 
'.! OOOOOOOOOOOOOOOOOOOO 

r0000OvO%ev00 14 wa% .4 .4a reooOo .ýOM4o Co er in eHorý W In "0O00O000 .d00 .4OMNNNN >C NMOOOOOOOOOOOOOO0 OOO 
', i O0000000000000O00000 

0 ZV in .4N M1 M IA %0 P- to 01 0ANMV. in %0 P Co N000O0O000.. 1 .i . -1 .11A "y .t -0 (ti NN IA U1 IA IA IA In U1 IA IA IA IA 1A UI U1 A Y1 IA In NOOO0O0O00O00O0OO0000 
OOOO00000O0O0OO00 

[ý 'i rY MMM in MMMMMMMMMMMMMM 

4 
H 
a 

z 0 M 
F 
V 
4 

M 
0 
Ei 

0 

H 

0 

M 

4 

O 
v 

a 

If) 

U 
w 
a 
00 4 
F 



385 

NN0 .4N rn NNNMmmOmmnaO. 
N MaM co NNwN0 40 N Ln ONMM. 4* M OO1N &n N tn as NbaNNNMNb a* to a N .i1.4 HHNN 

'. OOOOOOOOO 42 OOOOOOOOOOO 

=ar ch OVOam a* b Cl Cl rONOM ý-1 b Cl O EwN 10 Cl " rl 0 Cl Cl N ON fý1 NN e0 1n. -1 0O0 Cl N O1 .im 1+1 NO aD .4 Cl CO Ifl Ve"N CI 0% CO O 00 . -1 U1 ZON rl rl . -1 N . -I N 
y 

o000000000000000000oo 

abMaOOVMm-qbb. u. NVnObN 1-1 NaaN 14 reNN Co --abO tn aoa . T. '0 N CO CO O rl 0% N rl .I 01 01 ýM %1fl NNMN Vý b OO00O .1 rl O r/ .4 . -i OO .4 .y .y . -I 

Do000000000000000occoa 

M &n rro rn Mia r- OoN co aM. ry bA np n zMrNr In -anr, 8 veooaarAo CL' Na 1N e0 W0 . -1 0NN rl O 0% Ve Ne Mf fV In Na 11 OOO0O . -4 rl .4 -4 .4 . -1 . -1 0 .4'I .iN rf 1 .f. I.. 1 a 
o0oOoOOo00000oOOo0000 

N Ul MOO .1 0% N -4 U1 N %0 m0 VI M IA O C% b IR 'L Nb aý b Of en NMV. M n4 NN Iý V. 000 4n O Co 0NN IA 00 %O 0 Co NMNbM Co N O% N0 iA 0 .dNiyiyNNN . -1 i rl 'i NN 
DOOOOOOOOOOOOOOOOOOOOO 

aara . -1 MNaqOpabNrNaNb 
xa .svr ýn r en so eo Cl rv in .ý .ro ýn ýn r rn vý xa 'I Mmra CO NO Cl in a in 01 'p o co OON Oý O . -I N .ý . -1 N . -I rv NNNNN . -1 N r1 NN 
DOOOOOOOOOOOOOOOOOOOOO 

x gn errM ti mo 00 a r4 N Co aMw in cm 000M0 0% rqraa Co NaONrr'. D aO woNaamO a0 NO ON %0 a in Co in O a0 O 10 NN 'S'. .i -I .f .4 .4N . -1 NN .4.. 1 ý4 NNNN rl N . -1 NN 
>OOOOOOOOOOOOOOOOOOOOO 

In M In rNNNr to bNbr. b 10 nNana 
raooaIM p1 qNoo In C2 NNqaaN 
NaNa&banrbbnoaqI 

in 14 C! 000000000oo.. oNN 
000000000000000000000 

Z Oh O . -1 NMV In bn 00 01 OHNM" Uº %0 ^ Co 0% 
. -1 NNNNNNNNNNM00000O00 

O H tt of ul in Kn fn Ln in hn Kn N ýn 4n tn ý. it. An N %n an ýn NOOOOOOOOOOOOOOOOOOOOO 
WOOOOOOOOOOOO . -1 . -1 ... 1 ,4 .- .y ý�ý ýy ýy E1 MMMMMMMMMMMMMMMMMMMMM 

a E 

D 

z O 
M 

uq 

in 

ü 
w 
A 
00 4 
N 



386 

babbO(NaONaNabaaaNM 
aMNONNNN0aobN 0% NN. to NOOM0NaNqNhNMH. Ma in O ZNi . "q . "f . -i . -4 . -4 N 'i NNNNNN ffl mMmm 

'.! 0OOOOOOOOOOOOOOOOOOO 

00 NM0 1- M Co 0M0 to .i to 0 . -s %o ae f4 at r" 
O% 1N Ve NONNN C1 1.4 %0 "NM 01 P e0 M0 
Co rl N %0 M IA NM rl ! Co 01 U1 e. %0 N U1 bN 
NM 'i - eil . -1 . -1 NNNNNNNNMMMMM 

.0OOOOOOOOOOOOOOOOOOO 

7 -l NO r1 V. rNb eP N 01 00 0% N in .O.. d ON .4 0"O "4 M On 01 N C1 ý1 N co "0U .4 .4 %a O1 O in il bNN . -/ . -i .y7 In MM in e0 0 .i .r Oi O .4NO0000y .4 . -1 .1 . -1 .. y .y If .yNNN .1 ooOOOOC; 
Oo000oOo00000 

N1 O Co Co Of MNN in IA N Co N . "1 0 03 01 Oh O V. Oh 'T. MNbM e" NM UI N UI Co O to 0V P9 01 0 IA 10 
Co 0 IA N 10 N CO N .4N V' %0 V" Vp V1 Cl 0NN0 

O .4N00O0O . -1 ... 1 .. .y , ""ý .y ,y .y .y ry NNN 

oo000000000000000000 

NM %0 LA .4 In .40M a0 O 01 In %a %a N '. O a0 bN 
ZONN Of 0 .4 co Vr in M co In %0 C. aD C* N a0 In 
= CO r1 0M .4M Vp . -4 p'. N U1 PMN. .4M H1 If1 1.1 Oý NM . -1 .4 . -1 .i .4N .4NNNNNNMMMMM 

'. 7 OOOOOOOOOOOOOOOOOOOO 

-NMM %a N U1 NMbbO0 1+1 N kO e0 Hq Oý tp 
aN kO . -1 N a0 .1 V' CO rl NN0 O1 Vý N Vý O 
a . -1 vNbN in r Vý NwaN %O in N kO a0 m0 in 
OMM .4 .4 . -4 .4 rl NNN1.9 MNNN 1+1 Mm -W 1+ý 

>OOOOOOOOOOOOOOOOOOOO 

, 
'I", e4 0 IA MNC in MM0 Ve n 01 %0 00 IA Co 10 10 
NN 14 IN N V. 1O Co 10 N Ch Mm V" -YV. NM Ch V" 
M0MNNM In f'N ep N In 0% 0 %D IA NV %0 NNM 

i. 1 .4NNNNMNNNMMMM NI 
.............. U 

'J Ooc; OoOOOOOOOOOOOOOOO 

0% 01 0M Ifl mMPa. O U1 %0 MNpO in N. in 
VV O 01 p rl VW "0P IA .4P . -1 MMp 'O p Vo pý tp pO IA in NN OI O a% N IA mNa Vý 10 ppp 

OOOOOO .yO .1 .y .4 .4 .y .y .y .y ýy .. y 
W 
>0000010,010000000000000 

0 ZO . -1 .f rv (+1 " In %0 1- CO 01 O . -1 Nm . -1 NM Vp In 
.i . -1 OOOOOOOOO '1 - . -1 . -1 OOOOO 

F in kn '0 %0 v% %%%%%%%%%%'o %%%(400C2 
OOOOOOOOOOOOOOOOO 

W -1 .1 In to In in in in in in in in in in in %'0 % 'o %I. 
i' m 

4 
4 
0 

0 M 

F 
u 
4 

M 

C 

hG 

zi 
C 

H 

4 

0 v 

%0 

w 
a 
w 
4 
E 



387 

v On IV N C. mNN P'1 0 1- %0 N cm 10 - 01 en Lfl U1 %o CO .1 Ill ýO P .i . -1 P V. Cl Of in eP P. IO qm 10 0% O -1 . -1 In dý ý! 1 b ýfl af" . -1 ONN C' N %0 OeNN It, 01 N . 
'l. In In 09 In NNN7ý In In In In N In In In V. V' V. U1 

Do0000000000 Co 000000000 

Me 0% Co in Co Co NMb"b f4 P. 1N NNmb Oh E 01 0 .. 4 O 1N M V. .O %0 In 0mN In Co Mb CO Vp CO N MN "N In %0 0% %0 In -1 0 Co -0 In 1N . -4 a} Co 0 Vm N 01 N Fr I en (M mNNN !r"Mmmmmm in .0C. V. Vp u y 
'. 00000000000000O000OOO 

a 0% ba UI rr IA aH "4 NrmNaO0N0NA $rNNvaVO00a 
"i a Co ANNaN0 IA '. T'. OiN t+l c2, Co N %0 U1 MON V0 OI .iM IA Co 0 1+1 IA ONNNNN . -1 . -1 NNNNNN0 '-4 . -1 .4 .yNNN a 

Ao00000000000000000000 

MO Ch OMV. V. O in In 0% %O In f4 %0 O 1- Vp .4 aO 0% .1 Z in in %0 %0 . -1 ON rl O OI f'N 0 --P Q N. in - in CO N 01 '= _4 NMý. p .4 O% Co N %0 1+1 .4gn in ON Ve %0 0% . -1 " %0 0NNNNN. 1 .1NNNNNN 'y .yv1 .yHNNN 
DOOOOOOOOOOOOOOOOOOOOO 

In Mb0 Co "' a'Wa I1 eaav r- IA T.. IA Q1 N C0 '. D O0iWN U1 N rl .1'. O '. O 1+1 IA W Ch . -1 MNm IA %0 01 '0 U1 NOWm Ifl W 1fl WN 1fl 0 1. '1 'O O O N1 M in MNNN Vý 'Oý M P'1 in MNN in in V. Vý Vý IA 
oOoOOOOooOo0000oco000 

rl %D CO 0 aD Ifl b 1- %0 V. mO ap y. .O in N in 01 ap . Tr rl in ci -4 .4O 01 H CO N in f4 rl -0 in O Co . -i MN Co ON Co %0 N in iN 0% N" e0 in in . -1 Ve NO OMMM Vp en NN V' a} .MMt. MMp te in in A 

Do00000000000000000 

= %0 U1 N le m 1- N0 Ve .4N0 Vp V %0 .4M 0% . -1 .O V) M in N %0 0@ U1 amN in 0% M 0% M0M in N Na O N V" LA %0 N rl N %0 MN0 in l0 O1 Nb0N %0 01 . -1 Vw '. i. ' M NI mmMNN. e} aMMMMMw «o e. in N V.... 
- 

o00000 Cl 00000000000000 

Ch aD Pab of m a0 %b f4 M V" HM tl 01 /ý NON 
" a0 N If1 Hb a0 NN Of Nb 01 'm -e en 01 eD q 01 O aD W.. N %0 ' ri OI to - ID ,O lV rl 'i 0OOO k rl NNNNN rl NN e4 r. NNMMMMMM rl O 

WmM 

o00000000000000000000 

0 %D rm oý o .r ev Ma in bP ao -4 rv Mv Kn %0 Pm 0000 .4 ý4 .4 -4 4 "1 .1 .4yo0000000 E ýo ýo ýo e ýv ýo ýo ýo ýo ýo ev 'o w ro ro ao ao ae ao ae NOOOOOOOOOOo0 CD Oo0OOOOO W %0 %0 % %D %% b %0 %%0 %%b C0 V. VW a* v ae am I. .4 _4 .i _4 .4 .4 -4 a 

a F 

0 M 

F 
U 

0 

0 

H 
z 0 
N 
M 

0 U 

I- 

U 
II 
a 
m 
I. 
I. 



388 

rqrrNbb %D ýp MaaMb r4 m in m On . -4 O 0% ell N Sn rl 1ý 
IV b ca 

01 NM! CO on (A in ON 
%Vý 

ei Vr . -4 a0 N Y1 01 ý-1 m in b 01 ./ If! U1 IA b '. O bb 10 N to 1+1 Vý 7ý Vý in in in in in N 
o0000000000000o00000 

= Ifl rl eb %0 01 NN Co Ifl VP Co N %0 m %0 m ti r- E4 0 Co NMV. 0 01 0 in 0 In NP Ve 0 I- bP in in M V" Ifl P O' ONN 0% CD %n c3 V %0 01 NN! '. i- U1 3c in in in to %0 %0 %0 U. N rn vsa In to in In in N 
yooOOOOOO0OOOO0OOO0OO 

a rd NM r1 -T 00 0 40 rl in MO .4 aD 01M 1'ý N4 Z in b"N in %0 Ch O %0 MN .I in .4 01 00 O .ONO xN Cl 1" In N CO N Cl MN0N U1 0O 4 .4M0NNMMMMMM0 
rl .iNNNNNMMMO 

01 

000000000000000ooo00 

M dm 40 Ve NN Ch NONbNO. iNv0NN Z 0% 0 0% N . -4 N in f4 N 'i NmN"NN! 
rl NA m au .dN in NTO C% O Ve Co iM %0 4O fV in .p 0% ON 1+1 Pof ei P9 Mem-- rl NNNNe ei N9 ei 0 

o000000oOo000000oao 

Nbrra .4oaO "" OrOaNOoM 'Zý Vý hbMhhhUNNONa 
, 'i', N Vý b Of ONhm. 01 O . -1 Na MMO MOMhON. h to o 0 v1 u1 1f1 1! 1 bbb %0 NMM ý/ epu Nn NON 

OOOoOoOo000000000000 

. -1 . -1 0 .4N0" in Cl 1+1 . -1 1A MVnN 0% wi m0 1p 'r.. NN 00 0N Co 10 10 nOn !F in nn 10 Cl N .4O N eM in 00 Cl 0 .4n0 10 U1 0m %0 Co 0N U1 %0 n O ýo ýo ýo ýo vnn ýo ýn in v of of of In %0 '0 '0 %0 N 
o000000000000000oco0 

ooamra .4Ia 40 uº n In aanio'N V! r V' rr Co en - VI r in N0 in . -1 rVNNo %0 M in r OD 0 .4MQ0 Ch '0 N 40 OrlNa 44) 4O 01 4O = in in in 40 %Na 40 40 NM Vw V' a In in H1 IA M1 U1 N u 
>o0000000000000000000 

. -1 N co In 0M Cl 0 Cl O In ONw in rbNMO 
N .1NM PN 00 M Cl 00 ON Cl O P. bO ýO N .1 M1 

_I . "4 4-N t0 rl NN rl NNNNMVb ý4 .4 
. 'n. ' n'1 M f+l 1+1 /. '1 MMNNNNNNNNNNNN 

'. i OOO00OOO0 Cl 00000 OOOOO 

Ali 01 O 'i N f+1 " U1 Na NN N1 in %0 P to O. ON fV O `0 ^o .4 _I H .4COOOOOOOO 
r1 ý. I rl Es tl CO tl Co tl Co CO OD Co tl tl tl tl O tl O tl tl OO to OOOOOOOOOOOOOOOOOOOO 

waaaavavr in in in in in in in in in in in in Is .4 .4 -5 .l 14 .,.. 4 .4N .4 .44 .4-.. 4 .4 -4 .r .4 . -8 

4 
4 
0 

0 

V 

c M 

0 

0 

C 

Q! 

It! 

F@ 
H 



389 

ti co N rn rwb in '4 NrNaanaao aMrNOrMMr co Nm1.4 NoMvm 0* N Zq IA M co .4n -4 MboMbCfM Ln br ro aa pMMavMMva. in in in Neeeevve 
f" 

Do00000000000000000000 

MMV. .i %a MMa co N in N (it 11 M kO VW OGV. in N E. M in 01 0 01 a% OD Mo rl o0n Vw a 01 a %a Ch o a* H Cw . -I NN %a .1a ýO 01 N Cw kO co 0-M Vw in iO co 01 Vw in M aT Vw Vw e* in in in in VwbV %a V .OM 

D000000000000000000000 

arO. in in bMOMaMMMNmLOaN 
xN 0O 01 OMMN "p. in MN V' 10 CO Cl rNV. M 'S' .0OMrOM IA .O Co .1M %0 Co cN %n r 00 ONO O rl "1 H . -1 NN .ýNNNNNMM in MMa. a. - 

o00000000000000000000 

M0NN Ch NNMNaN 
.yO in 0aMN0%N it .. 1 P9 0n -i 0NN VW %a V %a e0 'i v Ifl V ON rl N0 r1 Ln .1d. a0 . -i VV %o N at N VW N0NwN a0 0Nw Qý ei rl .IH .i rl r/ NNNNN f+1 f+1 i t+l M Vý V Vý H 

'rý OOOOOOOOOOOOOOOOOOOOO 

rv %0 0n0aNo 03 qrNbarboor ZanMr 'D amTNM Co raa0MM Co N =o", Co MqaramraMb 03 oMao Na 10 o 0MMM Vo NMMM'. ' Ve V" N In in Ip %0 %0 %0 %0 10 M 

o0000000000000000oco0 

rl O . -1 fr1 - OD OO to aD N aD OPV . -1 VP V. %0 r. n. V. 'i. O1 O Of 01 . -1 U1 . -1 0NO .i. m r/ r. %D M1 NMM eD Ir O1 .1 11 .4m '0 0 NI U1 P O1 0N (A V in 10 0 /. l e IA IA C' Vw IA IA ßf1 '0 10 10 10 10 PPPrnPe. 

.o00oOOoOoOooOo0oOo000 

en r Co rNP aD %0 00 %0 PMn a0 N %0 in rN. ýI of CO eV %0 1- in ýc in .4P CO %0 ap .annO 0% v CO Co leb M in M 01 M CO M %D CO 0M in aD O . -1 MI in ui %0 P CO .1 xMaa U1 MV aT v in u NA in %0 %0 bbbb %0 %0 I) 
DOOOOOOOOOOOOOOOOOOOOO 

Co a _l 0rni in e. MoMm Co -4 werr rv oo rv orMeamMvra %n ane aa. MMaomoooowwae 
. '4 rv tD rr in Mf in in MM MI Nf in N9 in in MM P9 in V. 
'J OOOOOOOOO0O00O00OOOOO 

0 in in vrNma in %0 t- mmo .aNmF 'n %i .+- . -4 oOooOOoOo .i .4- ,y ,y -4 o E co co Co ao o Co Co ao Co Co Co ao Co ro Co Co to 00 ro w to U) O00OOO0OO0OOO00O00O00 
W Y1 Y1 U1 U1 OOOOOOOOOOOOOOOO 

.r E. N- ý1 . -1 NNNNNNNNNNNNNNNNN 

4 

a 0 
z 0 M 
E 
U 
4 
PG 
04 

G 
M 
O 

i4 
O 

H 

O 
HM 
a 
4 
t 
O 
u 

Cl 
U; 
U 
W 
a 
m 
4 
N 



390 

qa 
a CO rn v--ar .40 in Ln a0%ana N 'O "PM Co "O %'0 0NNO 1N M"N ap O 'f.. O% M 00 N %0% N Ce 1! 1 N O% O4NNM 01 IA Vw - DM V' " IA IA U1 %0 %0 %'0 '0 NNNNN 1% -T 11% 'O x 

Do000000000000ocop0p0 

aNv rn N r- Mb IA 0anbraMmOO ro Eam -I M .H Co O r+f r- Un N Co 0% 1- v0 0% in r- " Mm f'N .. l V' 1- (A NM" 10 h Co 0% O rl N -T 0% 10 .f x: ap a I/1 uA Afl IA 10 '0 '0 %0 '0 10 %0 rr r- V. V' IA %0 U) 
'J OOOOOOOOOOOOOOOOOOOO 

abaMaN0 %a Go arrr Cl N0o Cl r co r $roN. CO b cm %a pa -4 0aa Y1 rNMM Cl xN IA roM %0 Cl .1M 10 IC 0 11 N tp {A Na0 to o rl .y . -1 NNNNMMMM Vý s. V. Vý a .. 1 .. i NN 

o0000000000000000000 

M U1 %0 in 01 b rl " rl b 01 ri NbO r- r- V. W 1.11 W 'Z. 10 O O1 HO Vý N r/ H Co 01 Co NPNa Ve MW Vý 
. h'. M Na Co N In Co .iM IA N ei .4M %0 NN U1 .. 1 r- 0 . -1 N .dNNNMMMMMQ {} a {p {p H .ýNN 

.o0000000occco0000ýýý 

Nb cm bN %0 bMaN0 r- nMOn ch ON Z 01 . -1 Co MO a0 P U1 Ve f'- M CO 01 O1 Cl 
%0 

U1 O .1 'S7 -P Cl M CO N in CO ON" `0 12 OD Cl 0Z" O1 cm %0 

ýO 
MM Vý '7 In in Ifl %D ýO 10 V. 1O 10 NNMMV. in 

'J OOOOOOOOOOOOOOOOOOOO 

-4 N VW NO e0 0% e0 40 O 01 1N NO .0 U1 0A in %o a Vý $ON co %a tD in NO aw Ch OO 01 in O 'tl' N 40 NN 
0" CO N in 40 ON fn Q AO NN 40 01 O1 .i'. O in 0 

oý in in in %a w '. o NNNNNNNNNN in in %0 rN 
OoOoOo0000oOOOOo000o 

xoNra Co V 00 NNNar0-M0%b 
Hr eg o%NN Ln -0 VNN U% M0QrNNr 
M IA 01 N Na a0 NM" U1 r aD 0% 0 .4 . -1 N %0 10 N 
xaa in NNbvb%%vbrrrra in in b 
u. 
Do0000000000000000000 

a Vw %0 rN 4n OM V" %0 NN in 00 ep %0 r .4M ýf %0 M OD ryO Sf1 IA %O %0 V '0 N in %n 0 10 pi .yM aNrrrr 

ra 

NrrrN 1(1 brrr 00 .1ý. 1 NN 
Vý V" V" V V" iV "d" i 'i li r" V" 7 li i IA U1 U1 W 

.>OOOOOOOOOOOOOOOOOOOO 

ZNm Ve U1 b r- Co 01 O . -1 N in " 1f1 %0 1ý AN in " 
O0O0OOOO .y.. 4 .. 4 .y .y.. 4 'y OOOO 

14 tl CO CO 00 Co OD 10 110 CO CO 1111 GD 00 CO CO 00 110 00 CO CD 
NOOOO0OOO0O00 OOOOOOOO 
W . -l -1 . ti .4 . -4 .4 .4 . -1 .4 .a .r .4 .4 .4 .4 .4a e1 o1 o1 HNNNNNNNNNNNNNNNNNNNN 

a H 
a 

z O 
F 
V 

C 
N 
O 

O 

O 
N 
M 

4 

O 
u 

0 
.r 
In 
u 
w 
a 
m 
I. 
I. 



391 

'0 4m 'O On in NMN co NNMm0. N .4O 40 MN 
%a N .iNNNOC. MbN Of Nmm %a 1N N Io v '0 
-W ý0 aD O .4N c0 O NN c0 1fl O V. %0 O1 iN OD Nb on D 'O b 'O NNN t0 ý0 M Vý 1! 1 'O 'C 'O 'O NN 'O 'O 'O 'O 

o000000000000000000 00 

xr 0% 0a0vNNNNMNnM Na Monora E. v- Ln Ch rv f4 r .o Co N Co Ma IN -I Co aa0 03 v HavP 0% 0 .4 %D 0 rv t 1p .ya %0 a0 .H Na to vI fV 3 %0 m 4o %0 nn '0 ua ýn ýn v ýu ýo ýo rr ýo ýo ýo ýo y 
.o00000000000000000000 

0% in 0% M 'O co VMO %0 Cl NN 0% -- a0 VW OM 
M .4 . -1 OP .4 Vw NONO .d ON in aW a} NoON 

S7 01 N Cý a0 O . -1 fý a0 HP 'i 'O 0N 'O co N 
en 

m QNMMM Vý Vý MNH 'i NNMMMM Vý Vý MM 

'J 00O 42 OO0OOOO000 Cl OO00OO 

MM co co rNho co aaMM in Nbr Cl apq 
7. MO CO Cl CO in Of Cl O . -i IA in N 10 MNN Cl U1 bW T. Nw U1 Cl HM c0 O1 N OD NN.. 4 Vp CO rf M rl omV 
OMMMM aT MN . -/ NNNMMM er " V. {} MM 

o00000000000000000000 

NO Vp a0 NI m 1f1 NN . -1 OM 01 . -1 &fl eD b a0 i "P N $N ýO N ýfl Ifl P f+l N ýO Vý OO Vý Of f+l in Oh eO b . -1 Of 0N t- e0 T %A rý N in ObON %0 Co Of b U1 Vý 0 Qý ýD b ýO ýO ýO b ýO IA M er al vi %0 bb %0 %0 %D %0 %0 1a 
yOOOOOOOOOOOOOOOOOOOOO 

.4mN to 0% it ON .O Y1 rl V. . -1 a- in %O Co NO" rl 01 ?. 1 11 Co Co .I O1 -1 Mb 1(1 My .1 1N NA"" 1fl in 4 ', [$ Ma U1 f2 Co Co In O. Co 01 1fl OM Cp n Co 0% Ifl .M . -1 pý nr e- rrnnvs In ýo rnrrrrrrrn 

OOoOOooOOoOo0oOOOoOOO 

mNam to OM 'I N0N a0 in in NN in N Ln VNN 
Vl IA 14 M in ONb 01 IO V0 M %* in -I aD MMO Cl Cl 10 
M In N CC) 00 11 N .i"M 00 N in N at . -1 NN %D U1 M 
ü 14 IC %a NNN %0 10 VW in U1 %a %D %c %a NN IO V IO 1O 

................. 
'.. OOOOOOOOOOOOOOOOOOOOO 

bO In Cl NONNHNbaNNNa 10 Cl b IC 
a 'a 01 N %a aNN .4 %a N Cl b %o a in M NY NN .1 WNNNl. 'f N1 Mai CO 1N NNNN CO CD CO O OI OI 01 

pC ýn in ýn ýn ýn ýn aa ýn ýn in in in in in in in a in in in W .................. 
o00000oOo000000000000 

0 Z In bN Co 01 0 .1NNNM V0 In b r- 00 Oh OMNM 
OOOOO rl - -4 OOOOOOOOO -y .y -y 

(ti eo Co Co co Co ro ao eo aa o5 o5 a Cl aa Cl 0% of of of 
N000O000000OO0OOOOOOOO 
W O1 0% 0% 0% O% 0% 0% 0% "r Vm a0 w -F a. v ý. V. ve a Vr 
[ti NNNNNNNN 

a E 
a 
c 
z 
0 M 
E 
V 
a 
a 
w 
c M 
O 

hý 
O 

N 

O 
N 
M 
a 
a 
a z 
O U 

.. 

V 

w 
a 
m 
4 
E 



392 

N00MNqq-NaMa Co rA in aa (M oaNN00 in ra in or 
aa eg NArrbmbMHrNbraa 

Z) Ua'brbiaMaMMaN in bbbb r- :2 
o0000000000000000000 

MNN Ln Mara f4 ONMNOmaOuO 
NOO ul eo V0 01 Co . -1 -N Co NN IA 01 0O0" Vr H IA N0NiN %0 Cf 0N 40 . -/ 1N N1 NN Ill '0 00 T 3'.. to a 10 V 1N V Ifl V- V' "M"" IA IA 10 10 %0 VV 

. 
'. OOOOOOOOOOOOOOOOOOOO 

Co Co Ln M0 IA NNa f4 vme0maN 
a k(b aaN0NON Co 0M en c3 MNvA 
I 00 In Ve . -4 O1 ON U1 '4 0 rd in 0 U1 0 Vm in 01 .i QN . -1 M (M dW In mN '"1 N . -1 .4 '"I NNM In M In e a 

,. OOOOOOOOOOOOOOOOOOOO 

M %0 1-1 " ON en N in . -1 N Of eW -P in on O ri O 1l Oh 
r" f- O .OO kO NMN0N .4 .4 %O NO in . -1 N 
in T to (n 0N 1+1 kO NI ONb r1 '. O .4'. O N . -1 M 

QNNMM yý d. MNNN eý N . -1 NN In M In wo 

o0000000000000000000 

N Oh cm f4 Co N 1- m ý4 %0 " U1 1- .4 N9 00 Vp f4 Co 01 M 0 Co a0 %0 N0 ON 0 Vp "1 0% N VP Z0ONNN 
S. ON 0% a 0% of %0 U% U1 " 0% 'i 0% NM 01 M V. N 00 O ufl " U1 Vb'. O U, a0 f" Ve NMma U1 Y1 b %0 %0 V 
Do0000000000000.0 00000 

.4M Go vb. in 0vvWaro .aamNaNN "T-. t. 1 co N .io %o vvNo in 'o . 41 %o Ln a0 %a in b in 
'y' mM a% %D m . -1 If1 'D In V* M ýo V. . -I 'O 0 in %a N 
0 'o In %a NNN %a in . in v. in 'o %0 NNNNN 

................ 
o0000000000000000000 

x Kn M) r- Ln ooa f4 Mo in aoa Co M 00 %0 ov 
VI ýC CO e0 b 01 . -1 Vý O1 OD O O1 O rl VM0 OI N rl 
M %O aD .4 00 .4" Co 0Z Cl 0N Cl in Cl m 10 10 Cl 0 

in a. b 10 r %0 uº to aaa a0 v in In bbb 10 r 
V 

o0oOo000000000000000 

baarrar in NV ai arMrOMMb 
NN rl %O ONMb . -1 N %a rl 1. O %O In rM0 "d r pa aD in b in aD M .40 in Y1 rrrrrr 00 aD aD ap 

(+Q MMM 1fl 1A MMMNNp""a d" p'ý, " 
W 
'. OOOOOOOOOOOOOOOOOOOO 

Z -r .4NM V- LI1 %O 1ý 00 O1 ANMQ IA %O PM Oý O 
rl OOOOOOOOOOOOOOO0OO 

ý-1 E1 Ch Oi 0% 0% 0% O1 0% 0% T 01 Ch 01 01 0% O% ON Ch cm Oi 0% 
yO0O00000OO0000000000 
W7 vl 41 U1 IA IA IA IA IA U1 OOOOOOOOO0 

E4 .1 .4-- . -4 ---- .r 

4 

a 

0 
M 

4 

a 
M 
O 

O 

0 

a 
4 
a 
0 U 

N 

In 
v 

m 
a 
oa 
4 
I. 



393 

O. N CO " O. ' r, N e0 N .1Oanr en bnN %0 r Ve NaONN0Nmbr Co a %0 00 .ymaMa 
rl NM aD CO b"armb 01 b 01 i+1 NN .y 01 NN 
rrae ui ýo ýo b ýn ýn a ýn ýo vNrrrob ýo 
o0000000000000oco0000 

CC V0 01 .f r- Ifl M en 0NN .1N C' O1 Vp rl bP e0 a0 01 
0N CO VN Co N- to ONM M1 bN 

HO . -1 0NO 1- V" N O1 %0 .4 %0 N Ch NN e4 0qbN 1N in 1fl b %0 V %0 In 1(1 N ep ýO bNNNNb'. O '. 0 
'. 7 OOOOOOOOOOOOOOOOOOOOO 

bqVONa kn a IA IA in q IA Nb Cl N ý4 "f z Cl N1 IA N 10 M0 00 IA r- r IA MN 40 O1 ra Vp N Im 0 C' 01 rrmOrmO 01 N . +1 NO Cl Na mr O ýT Vý N . -1 .iNNNN rl . -1 -N P1 Vm " '7 M nl P'1 N 

'J OOOOOOOOOOOOOOOOOOOOO 

MN Ifl rN Vw . -4 Of a0 0. O I-V V. 0 rl ýO . -1 NMNOP 
-1 MN 0% 0 1(1 N CO OPMOO %0 N r- N In N 01 

. T. Vý %a .i In O 0% am In . -1 01 V . -4 r4 " V% VV N rl 40 In 40 Qp ep rl rl NNNNN . -1 . -1 .iMM -W -W MMN 

DOOOOOooOoOOoOOOOOOOOO 

rv %0 00O. 0a0 in en v r- %0 .1o 00 00 in . 
T. rr Co C% In C %0 G. r %0 n .r Pf1 .4 Zn le .m .ý In in 
. T. aoao0 (71 Co vo %0 01 m . -1 . -4 oam %0 In n 
o ýo r ,na In in in in In a ýn in ýO ýo nP ýo Io Na 10 In 

.Coc; CoCCCCoCCCGo000000 

ob kn mar f" 14 Oaa in amr -1 Nr kA 
Nrr a0 en In "OO e0 . -1 r in N0 Vý 01 Nr . -1 O 

', I'. co a0 rO Of In 1+1 .i CD Cl N In r0 Cl tl 10 IC In e. 4 
ärr In IC %Q rrrv 'o In In rrwrrrrrr 

................ 
.o00000000000000000000 

m .4 ao %a %o 0m to Ns Cl v0 .rrV . -0 vmN Co m 
vº 0% in o1 in 0 Cl ao in n Cl .rmo co .4 e" r- 01 in in 
NO . -1 . -1 V" NN Y1 in O 1ý in N 00 Cl MN .i0 Cl N in 
.: 

7 NN If1 &n %a 10 to 'O %a IA in VV bVNNNNV %a b 

................ v Do00000000000000000000 

40 eMO0UPNN" %0 If1 %0 Y1 O -, p c3 01 v 10 N 
M" 10 NN .4OO0P Na 12 0NM ý-1 . -1 Ve M r- sn 

W Of O1 Of 'i . -1 i all in in V. V. V. in in Na 1- 10 10 Ifl in w Vm PVrr fý 10 10 %0 IO 10 %V V (A IA H1 Uf In Yf in 

OOOOOO9OOOOOOOOOOOOOO 

0 z 14 NHN in yr Ln %a r% O Cl O rl N en 'Vl in VP tl Cl 

.q . -i 0OoOOO000 .r .r .ý . -1 --- ,a- E1 0% Cl Cl Cl Cl Cl Cl Cl Cl Cl 0% Cl a% Cl Cl 0% Cl a% 0% Cl )% 
N00000000000O000000000 
41 00NNNNNNNNNNNNNNNNNNN 
H . -4 .4 .4 .4 .4 .4 -1 .4 .4 .i .4 .4 .4 .4 .4 .4 r4 .44 .4 r4 

4 H 
4 
Q 

a 0 
F 
U 
4 

a 
M 
0 

94 
0 

In 

a 
0 N 
º4 

0 
u 

M 
rl 

M 

U 
w 
a 
m 
4 
E+ 



394 

MIaamO Ln -4 r co so ti booer b en Or in raaNb -4 in rOM 
. 

04 
a a0 N in NO 'O N in r1 rVia in m fý1 ýO NN `J I! 1 in a P'1 N ýO Ifl 1(1 .O ýO Y1 in 1! 1 ýD If1 rrv in in 

OoOOo00000oOOo0a0000 

xea ti In em rv ra In ov in on in a E4 a in o .roMr ao In mo %0 in a I- a in 0% In .r Haama0nMaHrvNo%a0ma 
0% In Ln vaM to in .e in in in in in in vravv y-- 

00000000000000000000 

v -* In mmro co oM rn ro NaNNNNN ZO- %0 M1 In NNMV it O 0% 4 in " U1 VW M on co V. O1 V. rl in .- 01 N O1 N in V e0 Vw N PI NVM ON ey ýI N. 0a -W en in V. V. V V. V. V ýO 1+1 VV 

o0000000000000000000 

M fn aabONON at f" MMNNNN0NON 
z in to %0 MO in OV ui %a O al r/ iO Vw t0 in rl N PN = in O in Nw in in OmO eD b in 0% in m VW 00 in V 0NNN rl O. ý. V0 in in a. . C. .. V 1O I V. V. 
'. O0OOOOOOOOOOOOOOOOOO 

Nr000"M -e ro$borbaa 
to a Co M 40 MNNa 

ýo obMa 

b r1 rbV in rai Co .1rMeN 01 r In Nb in r. a oý In a l" M) .. I v in in %o %o uº uº to Io in rr .r in to 
o0000000000000000000 

"i '0 00( Y9 NN aý N 0. r- ph .4 S(1 NN '0 N 7. . -1 e0 mN U1 Of 01 N 1+1 co .4 U1 co Q &n aD M1 O 01 40 N %0 N 1fl .ANO in NON 1fl Os N aO 0 %D b o ,ov Ln &n en %o \o in N Na %0 50 In 5o 5n NN U% v1 in 

.O0o0000oOOOoOo00occc 

x 1- 00 10 '11 10 U1 P" IA IA MNP"NMM 01 M N 10 N a0 00 M a0 V. In Co Co %0 MO VF -e U1 0PN Oý NObO in ý1 Co Ifl . -1 N 10 U1 V- N to M0 w4 in rl O ü IO U1 U1 %. M U1 U1 IA V IA U1 Uf IA in in PPV U1 in 
Do000000oO0OOOOOOOoOO 

MNNON rl its Oa. O in in ON N . -1 N-MN 0% 50 N Cp OO a0 co MO . -1 OM 'O w M in in In U1 in M O1 sO PMi4ON aD %a 1ý N O1 0% x in its Its YI its V its 1(1 ýO ýO 10 bb ýO V1 f. r- an an an 94 

o0000000000000000000 

0 'l. O ý-1 NMa .yNMV. in ýo n ep Ci O .4NNNM 
NNNNNOOOOOOOOO 

.1 . -1 .4OOO 14 ON ON 0% 01 mV Ve V""V sr V Cv VpaVp 
NOOOOOOOOOOOOOOOOOOOO 
WNNNNN . -1 . -1 .4M .y .y .y.. 1 .y .y .yHNNN E+ e4 . -1 .4N rl 

4 
E 
4 
O 

z O 
M 
E 
V 
4 
a 
m 
0 M 
O 

O 

H 
2 
O 
N 
M 
a 
4 
a 
x 
O 
U 

N 

ü 

w a 
m I' 
H 



395 

NNNraNraVMrMp 10 no 0oMwoarqr rv rManr. brO Nra rv 00 -f aNNbrbVaooM0m Ln 7rrra Co oaerrrrNNrerra 
o00000000000000000000 

b 1. f a 1A b Co bN tn r. Co mN. N. M .4b Nr e++ aN Co rarO. .f 03 HI %Co a rm e in r 
HN Ul 00 Ve 01 .1N %0 O en V. In P9 en r ON %0 .4 %0 0M 

rrr ao r ao ro vrrrrrrrr In vvr a" y '. 7 OOOOOOOOOOOOOOOOOOOOO 

a to 0% 0% O 11 O '0 N . -1 O% "ON tO %0 1 40 Ifl -4 Nb 
In tO 0% O% Om er .1b Co ON %0 en 0NNNN 0% N ý1 Co NNM OD 0N .I to rl N to N co c3 m Co m 0% pO 

ýp 
U1 V t0 N %O NN U1 U1 to to to to to NN in U1 tO M 

',! OOO0OOOOOOOOOOOO0OOOO 

1+1 ýO ON to O1 O1 .O Vý O Na Om Ny0 Vý e0 '. O ý. l O% 0 in 
O1 O rl Co - M1 . ýO O .i e-1 1ý in ONOb Vý 01 1ý O1 

M Ch ýT Oý a' O1 -4 in N Co M Vp r- Co 01 . -1 -p O1 er 0 in e0 0 in 1- I- in in %0 %0 %0 Na %0 r- r- a in %0 %0 to 
o0o0oo0o000000o0o000o 

NN %a N .i VV %a CI .iW0 0% O 0% Om O -4 aD at . -1 (+1 in a O% N 0% VV in in " (1 aD . -1 b VW NV . -1 VN. 4 4" N %o 
= in CO 0a r4 N f+l 0MNN 0% CO .0 rl N .4NN In 1N 

x 
pN 1ý co a0 co a* co 1- 1- rPrrP 00 eD VbnPT 

................ 
. 'f OOOOOOOOOOOOOOOOOOOOO 

n r- 1a to rn v Co rnrabmMovr Cl Ma 
?. or %0 to -cm .rnW Cl In 0% - M1 %0 m, r rn Cl oP 

o .dM %0 ae to in to t- 00 eV 00Ma.. 0ao a 

0 
o co Co ao Co to ao Co rrw Co ao 00 to oovnrr 

............ 
>o00000000000000000000 

0% IA 0NA co P .4 In 0naN .4 in aP 01 O to 0 
OM vl .4I a* 1(1 %a 1O PN as P CO IA M CD w sP 10 Y1 

MII IA co M Cl 0 . -1 1,0 MI aT U1 in m 1N 01 NNN0 Y1 

V ............. 
>OOOOOOOOOOOOOOOOOOOOO 

N V' .1 U1 WW %0 0 %0 (M W %0 .iN %0 N Ve HWN Na 
in .+ ýf waW in gn %0 mit o0aaamW vº a .. r en 

i', N .i ýO ýG W 1+1 Vý WN.. 1 N 1f1 . -i O"NN 01 Ifl .O sC rWrr ýo rn ifl rWWWWWWObrWU 
w 
. 'ý O00000O00000000000000 

0 za in %o nwao .- rv in a in %o roao .i rv Mb a 00oO00 .ro0oo00000eo00 Eti -e "V ae ap V if V""Qw Vv " le eZ V- V 
NOOOOOOOOOOOOO0 0000000 
W fV NNNNNN Ve " Vw ""a"paaN yA yA N 
F 

a 

0 
z 
0 

a. 

0 

0 

z 
0 N 
M 

a 
x 
0 
v 

In 
Ifl; 
U 
w a 
m 4 
F 



396 

o -n -4 mm cm Ch oarNbnua 
amr .4M. mam an Ch vbM re eaab 'f' 40 b OD . »1 eD 01 NmmN . "i a0 Pl e0 0UV 0% 17 O 

p In .o %o 00 In In v Co Co Co Co %0 rvvvvvv un 
po0000000000000000000 

', y' -r O IA O -4 .I Vp in mO .iN 00 in b . -1 if O1 '0 01 
[N .M in mm in im Ve r- N %0 Al 0% 10 1" 0% 0 01 00 0e 
M in N Vp "1 V- in Co "m en 0" Co " Co 1. '1 1. '1 %D %0 N 
i IA %0 1D Co in IA IA m CO CO CO %0 %0 VmV Vý Vý Vý e 
y 
>OOOO9OOOOOOOOOOOOOOO 

a ao ý+f U1 bN Vý a0 a0 bM Mf a0 ýO a0 ýfl .Mb N1 .1 CO Zr V- 0% b PY %0 %0 1(1 "m (M r Ifl r %0 r aM V0 . 
'. ca rr 0% . -I MO ae %0 M Ve arN Om in CO 01 mN Vw 

1(1 1f1 ra to in rrrr Ifl %0 In m (M M V. V. V. 
'.! OOOOOOOOOOOOOOOOOOOO 

aNMr0b Co rnaNa Ln aMqbaN 
2 Co aaeM In Ln MaN. an 91 aMa. Ha = Co Co 0Na Ln ra In NqM0aa0aMa 
Oa in 10 ra &A In nnnn IA e %0 Maaaa 

o0000000000000000000 

NMoaa ti OabbmOir -i OabmH 
Ziwr Co 0Mao CA N U. %0 Mea0oae 
M0 a0 0NO . -1 ,0 'fl f. 1 ap N0p c> .irp .40 N 
oa ýo ýo r ro ýo v ýo m ao eo ao nrraaa in in ýn ............... 

Oo000000oOo000000000 

"i ýO Vý NVM" P- in m ýc 01 %0 U1 N"VN %D Ve 0 
?.. V' N0 -4 P %0 0PON %0 V1 00 O 1- 00 %0 %0 V. 
. 1'. m rl m in NMN %0 %0 .0 V0 M %0 M MI 00 0MN ep 
oeNNm %0 e %0 m ro Co to NNNv ap in an in in 

o0000000000oOo0000oO 

'S, ' In 0% 0 Vv M 0% PNPP 01 10 0N0 en a0 N 0% N 
94 P to Vv in rl Co 00 In N IA N 0% MV 10 N %0 b 1N N 
M 1O M U1 0 10 %0 0% MNN 0% In 0% IA 0V in 0N 0% 
. 'C In 10 I0 to IA In In a0 Co aD 1N V tC %* V' Vwpa '0. 
U 
". s o00000oOooOOOOOOOOOO 

in 1fl 0b OA O .4P.. 4 b0 10 ae 10 NO %D ON Ifl 
in _1 1ý P Of NN I0 f+f N0 01 Ill A 0% NNNNV 

W0 It, 10 M .d In Cl . -1 10 NON Cl In NM IO a0 NN 
X %0 NNN IO 10 %0 40 NNONNNv Y1 in N In %0 
W 

O O. O. O0O. OO.. OOO. O. O. 0 O. O O. O. '.! OO 

a in 'o n .4NMa in 'G r .4N P" . in b 
oOOoOOOOOOo000000000 E V" Vý Vý Vý Vý Vý Vý Vý aT T V' '. .. V. V. V. Q. V. V. 

W CD OOOC. OO0O Cl OOOOOOOOOO 
ww %t0 %%%a On 0% a% O% at 0% a% in U1 In H1 in IA 

E .r .4 .4.. i .4 .4 

a F 
4 
D 

O 
M 
F 
Ua 

W 

O 
N 
O 

hý 
O 

y 
fý 
O 
N 
M 
ro 4 
a x 
0 
U 

b 
.d 

N 

w 
00 
4 
H 



397 

NMu. omooNMU, Mooa .yor A, ' rr ON M. iNM .ýaaar An 0 Ln O Co r o, r .r E. ýo r .r .- ao a .r rn eo ae In ror .a ýn ro .ý in 5 vi in ao ro ro r ýo ýo ýo in ýn in ýn ýn ýo In evvrr 

o000000000o0o00o0o000 

=P .4 Cw In Ot aN1.1 co Om0 %a rl Cl 1+1 Mb"Ob 
(y co I CO Vr NNONONNO In Cl O1 CO 1+1 rl vo e0 
M0N r+l .4 11 co " Cl N in s0 -W iN In ffl 1N -4 VV N . -4 2: in to aD co e0 10 %D In In IA In In In in U1 in in %a %a 1D tN 

'J OOOOO0OOOOOOOOOOOOOOO 

aNa LM -W co 0 U1 b0 Ln c4 rN Y1 na t0 Nraa 
z 1f1 r- 01 Vw .yl .4N to oNN. .yV r4 N as aaN 
x ao 0UNNo 01 IA 11 N ri C" ya rl C. O .4 in N 
0a in NNr in in in in in in un v in in in in in %D % '0 

o00000000000000000000 

MA fl bobNM Co Co q-ven "4 Mas en Kn -N -4 %0 f+f e0 1(1 (A H OD N OI in ', O /. 9 P'1 H tt7 O1 'i ýO n'1 f. '1 N0 %0 0. NNN0 .4A .i IA 0% NV Co Vp Ln r 1- P %A e In kn in Ln in In M1 in Y1 N in V %0 %0 

o00000000000000000000 

Nbb v1 Of CO MM .ý a0 .. 1 tp bONOP 1fl OO 1ý Of 
00 bO O1 Vv MNQ 1(1 U1 M %0 NP0 01 OwlMN 

'. y' 10 aD "MN 'i 0bM rl OO 1- 01 NOMq rl M r- 
in in 0 40 00 NNbb %0 b %0 Ifl in b %0 b %0 NNN 
o0oOOo000000000000000 

.- CIO MN ýO ao N .4 (n oh o C. v C. 40 0% w Io Cl .. i in 
za an en rv .4mNa in in a .rmo fn Cl o0M 

co O IO U1 U1 %a N aD in mNN Cl 0 t* . -1 Yf 01 m 1fl 0% 
Q U1 %Q a0 co WNN IO %D V IO %a in bb %D %a %a NNN 

.o0000oc00000000o00o00 

. 'I. ' " Ve N 01 in N0 01 P '0 N0NM .4M 0% Ob "0 Ob 
N 1fl N 1- '0 in Ve . -1 0 U1 P 00 %N in in wNMvqH 
MN Vw NOO O1 u1 .y 03 '0 U1 In (M Vw N IA '0 N U1 NN 
$'. U1 in Co Co 00 %'0 V It) U1 In It) U1 al IA If) IA Na V '0 N 

. '! OOOOOOOOOOOOOOOO0OOOO 

ýo rv ýn vrvarM .4 -I ev vi M .rvON r oh Co %0 %0 O 10 rM 3'. 0 .4aiMw0 .1 'n .r 
RL VV m1 ee V %0 OrMNN in O" . -1 " .4V 0% N NI %0 
xbV a0 rr U1 a0 rrrrrVrrrrr a0 q0 
W 
'". OOOOOOOOOOOOOOOOOOOOO 

0 n to aO .f rv yn in a ýn ýo n Co ao .r rv rn .F kn 
ooO .4- .ioOoOOOooO . ti .r .r .r .4 .r 

H Ve Ve V. V Ve '-P V' VV -w w -p 0eeep 'w vp' 
y000O000OO000000000000 
W in in IA in in in 0 aD m CO CO CO to o 10 aO ae omn to 
(r -4 .i .rr. .ra .aZZ .t .f .I .4 .4 .4 . -4 .4 .r .r .4 

F 

D 

O 
M 
F 

a 

0 M 
O 

O 

y 

O 
N 
M 

4 

O V 

.r 
In 
G 

w 
oa 
4 
14 



398 

ON Of in Ch O, r4 %G \O t0 W 0, IA '. D N M1 CO 1- U1 V. A. ' 1- N Ifl N Of O'. . -1 a0 NO 1N a0 0% .ia'. NN ./N 
, z" IA M0 %C m 01 ON 00 in 01 .4 N1 U1 '. O %a %a in in m zNrNV %a in NNN'. u '. G NNNNr f- N r% r. x 
moOOOOOOo000000000000 

R. ' rO kD r0a0 01 r a% ep kO rN0Nr VW mm [r eý i .i in m V. %a M c0 O %C 40 11 10 rNrýfmr 
HN 01 10 11 C% in In in In N 10 co .iNmV. mmNO zr 1o 1o 10 In In 1o rr 1o %D In rrrrrrrr 
y 

C; 00000000000oOo00000 

a .r ao ýo r %0 rv v rn 'o rv mvvaa %0 %0 .ra %0 
to U N1 U en r4 N 00 U %D N0 %0 %0 V r- 

= Co Ifl en 0% r Ir MO . -1 If1 rv IA Of 'i mQ U1 -m eO 
O ýo %0 %0 of In %n %0 rrU IA ßf1 In %0 %0 %0 V %0 %0 %0 
a 

.000000000000oco00000 

M 01 %0 m Co aM CO 1A 01 O . -1 N 1n O %0 %0 IA M 01 e0 'r. O U1 U1 N 1+1 . -1 .im . -1 1- NNP 0% a r. 4 PP Y1 O1 
01 .000 40 If1 a .iNbM 1N 0N In %D in a O ". o b 10 v An of 10 Pna ýn in vvv Iv v 1o 1o 1O a 

poOOo0oOo0000000oOOo0 

N IA Co r+f %D .-G. "NV 00 %0 NNr 1+1 01 O1 r1 fII b Z Co m Co VN . -I M Om in in in O1 N In In O1 O Ifl 10 N 
=n In N CO 10 NN CI O Ln ON In %0 nr Co n 10 in 
orrr ýo ýo ýo rn Co %0 rrrrrrrrnn 

poOOOo000000000000000 

-O kO b0P'bNNV . -1 O V" N SO Vý In 0% .0 
'Z. aO m %a m+1 01 PN SO -4 S vl O SO Of ýO ONNN in 'S. O1 N IV 0NmV . "1 N0 in N SO 4A 0 . ̂ I 00 (it O 
QNNNN %0 14 N SO CO NNNN IN O 00 00 ONN 

........... 
OOOoOC; OooOO. ooOOOCOOo 

m"NN to Ln Ifl Nbr@@ In @@o@M in M 
of r of o r- ýo a in in r Mb in in ba 0% ma in rv 
MN 01 rNO %0 b in U1 in r Cl .4N in @MMN 
ürb 10 %0 b 1! 1 brN ýO bbrrrrrrrr 

.................. 
j7 OOOOOOOOOOOOOOOOOOOO 

a Ifl CO a 1fl 40 In t0 N -! %a NO 10 'T O In in In O. 
4 co N 40 01 NNN In %0 In Nq V' Mp U1 NM 

pý N 10 w 01 NM on eD 01 Cl 01 CD 10 N IO rbbNM 

"". Q 00 CO CO NNN e0 iO bM ýO NbbAbb4bb 

'J OOOOOOOOOOOOOOOOOOOO 

zbmNM -r IA bh Co . -1 NM -e 1fl bh Co Cl 0- 
. -4 0O00000O00OOOOO0OHN 

F dr V- r Vw v VW Vp Vw Vw V" Vw " Vw Vp -p 
yOO0OOOOOOO0O0OOO00OO 
(a CO Cl O1 Cl Cl 01 O1 Cl Cl rl r1 rl -4 rl N rl -1 . -1 4 . -1 (r -4 -I .4 . -I -4 -4 -4 -4 NNNNNNNNNNN 

4 
F 
a 
o 
z 
0 N 

H 
u 
4 
a 
w 
0 M 
0 

1k 
0 

0 
N 

Z 

b 
.. 
I; 
U 
w a 
m 4 
N 



399 

.roa .r at aW en MrN co co CO co Un CO v d. O O% a ., 0 Of .. 4 a, bb ýo NwV Vw 1r1 N t0 .I 01 NOOm CO NO-! 0 In %0 .y CO 
N %0 %0 ko vNNNNN'. o In in vva. a. 
o000000000000000o 

0 
T, "NN . -4 .. 4 to 0 Co .Qba {fl .4N Y1 0M 
E+ Nb 0% O eD '0 '0 0% M -1 N %0 rý V1 M 0% Ifl 
M 0% N Co PM 10 P 0% P O1 fl . -1 NMV 01 1(1 

N 
l0 1O U1 10 %0 10 10 10 NV In 1A C. a. V. M Vý 

DOOOOOO9OOOOOOOOOO 

e* O %0 N Oh . -1 N %0 . -/ in N t+l in N .. 1 VI %0 V 
Z rm O 1N VF N Its 0% 01 1! 1 O# 0m 43 in In a0 N 
Z 40 Of Pof %0 V. to O' Vm O %0 N O'. %0 cO V0 .4 
o to V V' 1f1 Its to in to %o oem in m in e 

',! OOOOOOOOOOOOOOOOO 

Mwa .4ooaa rn N In onea $ U1 a "-1 . -1 b '0 N "' aD . -1 N `0 Ifl M In Ve 
'ýS7 Of 0 In 00 .4 IA r- .1 M1 NPm c> N Cl M1 N 
Oý in in aa to rn in %0 10 10 vaa 'n ýn ýn e 

'> o00oOoOOOOOOOOoc; o 

N %O aD I! 1 01 %D r -w O 40 Nr Cl aO NH Cl r 
?.. r a0 IA OO %0 ein aD OrO N1 O rl 
Xm 10 N O1 OD .f f4 a} m Ew . -1 b . -I r Co t+l O 

or ýo ýo ýo vrrrrr %0 in In v a" v in 
DCOoOOGCC0O00000Oo 

.4 .4 %n amNa .4 in in m ev aa rv m ro zmm Let IV in .+ ON Cl onrv to v In m p1 

Mr .+r in IN In in rmr of a% v Cl 0v .i ornurrrrr ao r Io IA In ýn IV In 

a 
o0000000000o00000 

. Y7 Co In to OD C. 10 .4 Na " .1 10 '0 I- 10 0I Na b 
Vl Co a0 In Co 01 to '? U1 rl 00 f- In p f4 O In f4 
H O1 In Or V" fN aD 0P. 0M OI U1 10 . "1 P 
. 'S'. 10 %D 10 ID 10 %0 1O 1- 1- 10 U1 U) V. V0 Ve Vp V 

............. 
u 

o00ooO0oOo0000000 

U1 en U1 N U1 N Ifl e0 aD N .4 1" 
P0NM . -1 . -1 0 00 .4 Vm O Co %0 0 a} Z IA 
Ve ON 00 O1 rl P'1 IA M Ce bNO. U1 U1 N0 

'. +. ' a0 N Vý M ýO a0 a0 O Co e0 bb Y1 U1 Ill IA 
W 
>OOOOOOOOOOOOOOOOO 

ZNMV . -1 N in er If1 b Pý b 01 O -1 NM -e 
. -1 1-4 _1 0O00OOO00 . -/ .r .i -4 . -1 
vv ae in to un -n in in in of of in in in to in 

vi 00O00 CD OOOO0Ooo000 
w ., "f - .4 _$ .l-- .r- .a- .-r .r .rf pN fV N 

4 
4 

z 
0 
M 

N 
U 
4 

0 
M 
0 

b. 

0 

N 
z 0 
N 
H 

4 

0 U 

In 
u 
w 

4 
N 



400 

F 

3r -i NNNNNN f4 aMV /+1 in MNNNNNN 
0 Vý MI M 

6. 

o eV 1- %D M 0% .r Un rN ro ýo A In 00 .r -I nNa 
Z, ' N fV rl Cl fV Ill rl fV rl CO N Uf O in pH Cl N00 
NO RI N fV O Co tN NV 10 0I- lO Cl Vw Cl 10 M H1 OV 1fl " V' " cm mmb 10 10 V in Vm 91 V V' V P4 O 
>OOOOOOOOOOOOOOOOOOOO 

M m 14 Cl '0 fV a0 N in m Vp 00NNNMN Cl m0Vb 
h CO 10 NV 10 .4.. 4 N %0 Cl r. %0 Cl Cl in in Cl 
. 1G fV m in in fV .40O %0 0M0 .i 0% IO 1N in V' fV M D in . Vp Vr V. V '? Vw in in in in V. i in a Ve Vp Vv M 

>O0OOOOOOOOOOOOOOOOOO 

P4 W 14 N0 %O " OD in .4 V0 Vv r- NNO 01 O am so qN 
. 11 sp e0 1N v In cm M"NN 01 N f( in ONb . -1 N V( 
(7 01 !VN Vw N -4 OO P9 M Cl In Cl U1 O In Cl NV fV 

Y1 U1 7a77 ap IA 7.7 Y1 a V. M pq 
0000000OOOO00000000O 

zaNNOOb fn f" In OrrOO-aa1. a in O IA fn P P. Ptmm . -1 Ch PWN %a .4b.. 1 . -4 .4 fN 
N Cl i+I O c0 N 'O %a U1 %0 N .4N fn co a0 WN 01 1+1 

%n IA Ifl '? Vý V Vý ýO ýO 10 Vý vw 1+1 U1 IA in V. m 
................... W 

. "a OOOOOOOOOOOOOOOOOOOO 

RM 
N V. Ub 0ONOO a} 10 0% NN0C. bNN0 
b e0 b co OO Gb Of %M000 a0 OOb0MN 

LC O a0 0NN% %D Mb VW 0 %D O 0, O in .4NMM 
WMM7MMOMNMM . -1 In rl ONMMNN 

0000000O0O000000OO00 

0 'L rv M Vý u ýO 1ý aD 01 r1 NM Vý Ifl VPO 01 O ri N 
OOOOOOOOOOOOOOOOO. - .y 

.4 -4 .i "i "41 .1 U) O0000000O00O0O000000 
WNNNNNNNN 10 Co - a0 --- a" ap 10 ap ap 
14 NNNNNNNNNNNNNNNNNN2 N 

4 
F 
4 
G 

z 0 
H 
E 
U 
4 
a 

0 M 
0 
D. 

ca 
0 

N 
z 
0 
N 
H 
a 
4 
a 
0 U 

O 
fV 

U 
m 
a 
as 
4 
N 



401 

4 

NNNNNN fV rV Qae. to en I+1 M P'f mi H9 f+1 

a 
w 

OO in Z 'O to V" 0% in Co a %0 ONON . -1 in mN Na 
', L' "ON CO mNON in O �A .iN CO Ill in NM Ve %0 
N IO Cl . 'i "Ni a0 to O Co 10 " IO 0N CI ifl " in 
ONNMM -e aT IA N 10 %0 %0 IA In .y _l MMQ tr 

, 'a OOOOOOOOOOOOOOOOOOOO 

wN 10 0% Co in NNNMNMM 40 IC N0M tP CO r- 
111 %D ON NN 0% CO 0 V' b Cl Na CO a -4 NN in N0 

m in N CO Of i-1 N ei M0 Cl IC NNO . -4 O Cl V" CO 
MMMMM" ýp A %0 %0 in in aaNNMNMM 

'> OOOOOOOOOOOO0OOOOOOO 

a RI 0m 0% 0MPP 40 00 m-M ar q 0% bMMM Ifl 
i 1N IA U1 N OI NmMMMN 0% MOM . -1 MMN 

C7 M" 10 03 0N Co IA U1 IA bMV. OI NM IA M 
WMmmM Im Ce " al iA in 1p IC In a0 NNMM f+1 V0 

. 
'! OOOOOOOOOOOOOOOOOOOO 

z in in Co fn o1 v .4N .H en qr .q 14 Va .4 at n9 vr ao 
QO %o rl Cl O1 .4 rl in IA ON M %0 in in a f1 P. 1 O Vw VW 
ä in N C. N Vw cc eD HN Cl Co in Co Co N NI Ifl WMO 

M Pof Vr CW qw in IO N %a %0 1O in w .i,. 1 NN Al v 

ýj OOOOOOOOOOOOOOOOOOOO 

CA rv M0a in ora rv o at mo aD 0r Vw %a %C 
pa a0 a 01 ýO M a0 a . -1 r .ir .1 01 'o aaMpM in 
y. Vr 01 O0 %a 0 e0 -0 VW r ep t" in .iNNNO 
WNNNNMM VW in m WI MN rl M 'O rrrrO 

OOOOOOOOOOOOOOOOOOOO 

0 
, 7. rn ar in %0 r aÖ 0% O . -I NM" U1 Na .4N wf Ve in %D 

rl .4 -4 _l . -1 "4 -N0000O0OOOOOO 
E ^4 '-4 ^l . 'd -4 --4 --4 -4 . "4 .4 r4 'fi i-1 NNNNNN 
N0O0000OO0000000000O0 

w co co co ao Co Co Co Co a Ch 0% aaaNNNNNN [-i NNNNN 94 NNNNNNNN 

4 
N 
a 

z 0 M 

E 
u 
4 
a 
a 
c 
H 
0 

IL 
0 

N 

0 

H 
a 4 

0 u 

N 

ü 

w 
a 
w 
4 
N 



402 

'3 mnM n'1 aý V' Vý tl' V' NNNNNNN ý-1 . -1 bNN 
ämaaaa.. 'o 
I. 

OeM0 P9 0% Ui NO . -i b . -1 Of Of p1 0% OM Oh r4 r+f '. S'. 1fl ßf1 N 1'. 1 01 "4 Vý Cý N e0 N 00 '. 0 rl ONN Ui '. O N . -1 O'. O'. . -1 M Vp %0 N Co b 40 Ui .4 ýo 0% Ul a Ifl .iV. .r O In IA Ui %0 %0 %0 '. o %0 %0 '. 0 to e. IA %n Yf M00 
. -1 NN 

'.. OOOOOOOOOOOOOOOOOOOOO 

m 
w rn %0 a eo aN %0 a0 cm maarraNN o'. Na 
n .4 r1 Co in .4 rm H1 NMN to p'. NaNa Co N0 in m N 0% 0% . -1 b Co O .i 0% %0 " .ie. 9 U1 M M1 .4 V. V' V' In Ui Ui U1 %0 %0 IA M U1 A we . -1 -NN N1 
'J OOOO0OOOOOOOOOOOOOOO 

a MOOOOOC. OOO CD bq 1+1 a0 1fl Ifl b f4 M Y1 O 
arrrrrrrrrbMrNNN 01 p1 rr aý .r t7 01 0% 0% O'. 0% 01 0% O'. O'. t0 01 N .ib 01 ýw a0 01 M in O 
W V" wvv e" ai ai a"VMv In in v1 in . ti .ýNN P'1 

........... 
ji OOOOOOOOOOOOOOOOOOOOO 

ZaHaoOea %0 rbONmrNMNNa 
Q ýO M0 MI Ln -M MNN CO OO %0 -e brrV t0 01 
E. r 01 0 -I M gn r pI O CO 00 e0 r rl M r1 in r0 a0 Nb% '0 %b%rbMa in bbVOO .4NN W 

o00000000000000000000 

rNAMN a0 pý V" brNP %0 NM U1 V. 00WOM 
7ý bN OI P Pý ... 1 PN CO Om ... 1 %n ý-1 ObON 

S6 00 Nb ýO NN eD . -1 Vý %O Ifl e4 ON Co N in %O cm N 0% 
WNMNNNNNMMM.. 1 NM M tp 1fl OO0 rl N 

OOOOOOOOOOOOOOOOOOOOO 

0 
Zn .rN fn v in %0 r ae oMa In %a r ao ao .rN OO0O0000O . -1 . -1 .4aa,. y .y .yNNNN 
14 NNNNNNNNNNNNNNNNNNNNN 
NO0000O000000000000000 

a F 

D 

O 
H 

u 

a N 
O 
r7 

hO 

H 

O 

N 

0 v 

N 
N 

N 

w 

4 
H 



403 

a 
XNNb ýO bb 10 b tD bb ýO bVb ýO bb ýO ýO 0 
IN 

Omw %0 ýo vNO0r %0 aNO '0 NmN .ýNN '. O Co O'. O 0% O U1 NNNm.. 1 .yN1.9 al. ON Co M N '. o .4 %0 O% I(1 IN In av in %0 Na N0 th a- .r0a ro ONM0000OOOOOO0 
. -/ O 

0e000000OOOOOOOOOOOO 

a 
m w %0 %0 0 . -1 e+1 %0 N 0% N . -1 NO Co O'. N0 0% in N .4 h 'i O 0% 0 Ve PN LA %0 Co %0 CO Ve N Vp Na rl m in VN X. U1 01 to CO U1 %0 If1 1+1 " U1 'O Na N O1 W in "1 OO C1 mm 'i . -1 . -1 iA .4d . -1 .4H -4 rd . -1 NNNN . -1 
>OOOOOOOOOO0O0OOOOOOO 

a 0 . -1 " %0 ýfl bb e0 MNb a0 -I -! . -1 1fl O a0 s0 M4 w 1! 1 NNO CO in (V V. fV in 01 PO .d in Co -e 0% 01 N U' m 1- 40 0 a0 0% 0% Co 0% O1 01 Ch 0 .4O in N .4 'I r# WMM .4fV .4 "4 rI rl . . -1 "-1 .4NNNNfVNNN 
90 
>OOOO0OOOOOOOOOO0OOOO 

Z Co Co Y1 0 0% %0 O rl V. ONT 01 in e9 . -1 ./ Co mm OM Co P" N1 P in r- 0 .O O1 en VPVM Co U1 M. %0 Mb O1 %0 P %D M1 %%0 P 1- CO -4 0P Ve M P9 rl 4M Vý OOOOOOOOOOO . -1 . -1 .1 . "I .4 .4 'y 
'.! OOOO00OOOOOOOOOOOOOO 

noOoOo %0 oeevOo--a .ý ti a wN 
vp 0OOO ýf o in ro Om ýo NU '0 .r0 tN of yj In -e 00OOOOOO . -1 OO .tO in NNNN WN 1+f OOOOOOOOOOOOOOOOO 

a 
000OO00000OOOO00O00 

Z" In rl NMa IA %0 N OD 01 O -4 NMaiNq 
NN0O0O00000 

. -1 . -1 .1 .f .4 .4 ,y ,y ,y iý NN UI in in in in in in in U1 in in in in in in IA in in MOOOOOOOOOOOOOOOOOOOO 
41 .4 . -I OOOOOOOOOOOOOOOOOO 
E. - . -4 MMMMMMMMMMMMMMMMMM 

4 
F 
4 
O 

z 0 
M 

F 

4 
P5 

O 

0 
P. 
r. 
0 
N 

z 0 
N 
M 
OG 
4 

0 
U 

fn N 

In 

ü 

m a 
4 
h 



404 

E 

N kO NNNN ýp NNNNNNNNN ä- 'O 'O b 'O V %0 VV ý0 ýO 'O V 'O 'O 
w 

O %0 40 N .4 CO 01 (I O e0 -0N eM Mm %0 N rl 01 N0 ll in IM N in Of NVN to m in 01 -/ ae N. f %0 %0 in NO N Co 0NN in mb0 03 N"Nm %D m CO %0 00 %0 O in O . -1 . -4 N1 . -I .1 . -/ NNN . -1 . -1 .i .INN 
>OOOO00OO0OOOOOOOOOOOO 

a 

m wNNa c3 v in rn ONN. ai -N0N0N Co O M) v An NNaN 10 1o 10 A" in in 1o v" 00 in a Co in ba rn .1NNv 10 vN 10 %0 vi en arON %0 mNo .r b . -1 NNNNNNNNNNNNMiNNNNNM 

OOOOOOOOOOOOOOOO00O0O 

a M ri V. O -w .e Lfl -N 1fl NNb Co O !. -NM PN NN 4 %0 N u1 "N in . -1 so N .iN0 Ve 03 N . -1 Ve NV'. . -1 0 . -1 N t+1 ^9 gfl %IR N %0 %0 " er 01 .10N %0 N %0 40 . -1 WNNNNNNNNNNNNN 
WI WNNNNN fßI 

o00000000000000000000 

Z in in NrweaeO . -I O0 .4a co ae%a f" in oNNO co co mm ei Of mmN In .1 01 n .4 r- in Nb EN in r. 10 01 . -1 Cl N .i .i O1 O V0 CI 1D NNMN VW 00 4 .4ý4 .1 .1 'i N . -1 NNN rl . -1 ry ry NNNNNNN 9-3 
:! OOOOOOOOOOOOOOOOOOOOO 

In en Y1 1ý NN . -1 P CO bNbP . -1 bbPN 01 Po W r- O. OO a0 O. in m O1 0% in OO in O in b Vý pN 
.xN" U1 -e to b"PPb 10 P` O VI m 01 rl V. Mm in WOOOO0OOOO0OO 

.dN.. 1 O -1 .. 4 
0000000000 42 O0O0000000 

0 zaO rl NM Ve Ifl 1p n ap a0 . -1 Nm aT in %0 b Ch NNNNNNNNNNm000O00O0O 
ut Sn in Ln In In an In In of w% In of IA in in än u1 In An of NOOOOOOOOOOOOOOOOOOOOO 

WOOOOOOOOOOOO .N.. .yý.. ý ti y EMMMMMMMMMMMMMMMMMMMMM 

4 

4 

0 

N 
V 
4 
a 

c 
O 

O 

O 

M 

4 

0 
v 

le N 

N 

ü 

w 
a 
ao 
14 
F 



405 

F 
R 

,QNNbMMMMMMMNNNNNNNNNN äbbb %'O %0 bVw 'p 

a 

Ob QNNN e-1 M IA ONONOMMbPNVqMO 
=MONbNq in . -1 qv0 lw OM co qONq 
Nq rl . -I U1 NM IA N0MN0, ep M IA Na 1G V .y ONMH ý-4 - . -1 NNNNNNNNNMMMMM 

'J OOOOOOOOOOOOOOOOOOOO 

00 
wqa %O . -1 . -1 %O N in NM . -1 qNOOMOa Of O hV 1N . -1 Cl rl qq 1p in cri MM VI qQNb eW qq Y. N -N 'M HO-NN %a NO . -4 Cl co 0 lw in bb" 

MM4NNNNNNNMMNNMMMMMM 

`. s OOOOOOOOOOOOOOOOOOOO 

a to V. oam Of tD O aO %0 1fl me Nn aO O . -1 to NM 00 
w c3. Mr0a to Co MO 0% in N Of vl Co NNNNa 
(7 M In OM . -1 NM 00 N 40 .iN 01 01 0 U1 N 00 10 1(1 
WMMNNNNNNNNMMNNMMM In En M 
In 
>OOOOOOOOOOO9OOOOOOOO 

$r ko r in rn r If r Ln N .rr in aab %* in at r 
O rl MO in b f" co rVO" in M1 01 r 01 %a in 14 N 
F . -/ If1 . -1 1(1 N in 'O N rl in b OD dr in %i %0 as 01 U1 
. y' M in . -1 -1 . -1 .4 . -1 NNNNNNNNi in in MM 
w. ,OOOOOOOOOOOOOOOOOOOO 

0% ON 0a %fl in f" rvO In vMN a0 O IA N. U1 4va0M 
ao .ravor in .rr .r en in m 'o ao a N. %a a0 0 U1 U1 PP 01 O O1 N U1 MN Vw v. Ob4 

W- . -1 OOO 

O 0000000-00000O OOOOC 
; 

C; 

0 'Z. O. 4iN f+l Vm In b 1- Co Of O . -1 NM. fNMa Yf 
vl .i0O000OOO (3 .i "4 . -1 .4OO000 

[ti to Ul %0 %o b %0 %0 %0 %0 %0 %0 %G %0 %0 %0 %0 b %0 b %0 
V) 000O00000000O0O00000 
W .f .4 ßf1 in in IA 491 IA U1 U1 U1 IA Uf u1 v1 V %0 43 %0 %0 
I. MM 

4 
h 
4 
O 

O 
N 
F 
u 4 
w 
0 
N 
O 

er 
O 

H 
2 
O 
N 

3c 
O u 

N 

N 

ü 

a 
4 
N 



406 

H 
4 
a 
3NNNNNNNNNN 

Ovva 
A 
w 

NNN f+1 N1 f+1 M 1+1 M N'1 1+1 

O ao nv Co ave 00 aN .f %0 %0 r to O eo na %0 Co 
CIS n c2 in in . -1 "Qn in NO in NN O1 O Ill in N 431 In 
NN Ve IA V 01 in Cm N -4 O1 V IA 00 .1'? 01 . -1 %0 0% i-4 Vw O in in in iNNN in in in in m in in V. V. Vm %n in 
., 

'. a OOOOOOOOOOOOOOOOOOOOO 

wn 10 0 Cl in 0 00 n .1 '0 nN ý4 40 O . -4 %0 fM p 00 Ch he in N 0% n 0% .4n Cl N 40 Cl 40 %0 01 "0 in V IA n iG AvnnvNN0 Cl Co In v ao -O in Ln Co oNs 

', ý OOOOOOOOOOOOOOOOO0OOO 

a m .4 Ch Ln r eV in r eV na r- anv %0 v ,nae 0% O 
141 eV .1 .i Oi m0 r+1 in IA Y1 0% fV IA f- 0% %0 .4 00 
0 %0 N Co Co V' N .. 1 ilN0 '0 00 0N 1f1 WOV. P0N 
WMM ei ei en M ei V. V. " ei M Cý ei MMaV. in in 

DOOO0OOOOOOOOOOOOOOOOO 

Zaer0 rn e in Na en maaaa in ario ao Cl 
Q in 1+1 Cl In en Co 1+1 0r P9 P'1 Cl " 0% b aD N . -1 r fV 

%0 Co Cl ti in iO %0 " .. 4 r Cl f4 NI %0 ý1 Cm r1 U1 Co N 
Ani mm t+1 e 1+1 1+1 P9 we V0 M in p f4 N in en Ve " V' In 
w 

OOOOO. O. O. O. O. O. O. O. O. O. O O. O. O. O. >OO 

01 OD 1ý V" b Vý M a0 bbNMý! HM aD 01 1- N01. 
co N ßf1 . -1 b a0 IN N a% Nb 0% wm a0 as 01 0 s0 

7C 01 . -/ NW4 Ch , . "i 40 a0 0 7" .y '-1 OOO0 . -1 O 
W rl NNNNNNN "-1 ýy NNMMMMMM 1'ý1 /+1 

OOOOOOOOOOOOOOOOOOOOO 

0 Z .ur ao O0 .4n en a In '. o r Co .rN Mf a in '. o P ao 
0000 .4 .1 .4 .4 .4i,. 4 ,1yo0 CD 0 CD O00 

Ei %0 V %0 %0 50 %0 Na %0 %0 %0 %0 %0 %0 O 00 CO 0OO0 OD 
11 OOOO0O00O00O00OOO0OO0 
W sO 5O 5O 5O b 5O 5O 5O '. D 5O 5O 5O Vaaaaaaaa 

4 
H 4 
0 
z 
0 
H N 
U a 
a 
a. 
0 M 
C 

6. 
C 

N 

z 0 N 
M 

a 
4 
a 
E 
0 
U 

N 

ü 

w 
a 
4 
F 



407 

E 
4 

2c m en ,n In mv"a c" m In (n MM fn aawa rn O In MM Nf MM 

w 

pnM a0 . -1 aMr of roaababa %n 4A a YI 
V. N 10 rrN 0% M Co Nar IA N00 ý4 p1 UI N %0 40 0% .. 1 N -e "yr IA A M1 a0 .4M IA r Cl 0% s 

Q Y1 in Ill ýO bb ýG bNMaaa Y1 U1 1fl U1 M IA N 

'. 7 OO0OO0O0000000 OOOOOO 

ca 
.I U1 OD %0 Co . -1 rM IA a . -1 %0 M .4NO IA CD rO 10 º7 in .4 %0 in 0rr0 U1 00 Cl 0MrM . -1 bZ 0% .dM in U1 MrN %0 ep .y d" a 1p in O ýy '0 
Daaa vn N %n in Un f4 MMMaaaaa in to N 

OOOOOOOOOOOOOOOOOOOO 

I% mOOOOC. OO 01 b0VM Ch %a pp In .4pp. 
YI co co e0 40 a0 40 e0 aN Of ONN0N Y1 %o 01 1 .4 V' NNNNNNNOO In . -1 a* N0 rl M IA Npp 
W IA IA in In U1 %n an '0 MM! V' VV u1 1! 1 in in In in N 

>OOOOOOOOOOOOOOOOOOOO 

ZO '0 %0 -1 NM OI NPP fý "ON %D N in .. 1 %O 
NN 01 N %0 . -1 MNY . -/ O in MN"NO In N 0% 
Ve Co 0% .4N Ve aF NN Cl NN 'O 0N Ve q0r0 
1n in in %0 '0 %%0 %0 NNm ýp Ve in in IR in %0 bN 

w .. 
"". OOOOOOOOOOOOO. OOO. O. O" O. O 

'i N a0 v1 OM 0% O On O In ON tP in rpN in O 
WN"4NMP 40 M 01 co 0N 01 Ol %a qw ry .4 In 
m .i rl ri -"1 _4 N 'a rl NN rl NNNNMfbV 
WMMMMMMMNNNNNNNNNNNN 

rf 

OOOOOOOO0OOOOOOOOOOO 

0 'j. O. OiNM Ve Ifl %0 .qN N1 V in %0 Pq O1 0 .4N 
O .4 r4 .4 rl .4 .4 rl OOOOOOOOO rl 'i . - iti CO q Co qqqqq a0 aD qqqqqqqqqq 

yOOOOO0OOOOOOOOOOOOOO 
Wv Ve s aý Vý a aý a U1 in %n In in An in in In in in Yf 
r, -1 "4 .rZ .r. f .4 .4 .1 . -1 .I . -1 N _4 _I .4. c .4 .4 . -4 

4 
N 
4 
C 

z 
0 
H 
E 
u 4 

0 
M 
0 

0 

H 

0 
H 
H 
iu 
4 
it. 
t 
0 u 

r 
N 

I" 

U 

W 
a 
w 
4 
F 



408 

F 
4 
a 

"f MMMMMMMMMMMMMMMMMMMMM 
0 

a 

O Co OO 0% '0 Ifl N0 n9 119 0% .f Ch .. 1 NbNNM C% q mm" r- NNO eI rl 0"MMON 
. -i ea '0 eI eI . -1 N --P N Of "N Al '0 40 i" %0 Of . -1 N Ve in %N b1O O en V. a0 in w1 " le Vý In Y1 In U1 '0 IO %0 %0 %0 %0 b .1 O 

'. ý OOOOOOO0OOOOOOOOOOOOO 

a 
m 
w ao N aý .rsO %0 .4o In wm In ao0e en .r Io m i, N Co -. OI 01 IO NON Cl IC V" 1m1 1 Ch N Nf 1n 0% N1 O Y. NNN00 Ve %0 40 0N Vr N CI .4N %n %0 N aD ON II II CI V NI C CI In ' d. le. pQ IA in in in In A %0 N9 

OOO9OO9OOOOOOOOOOOOOO 

a 
of ooOOo000oOOoOoOo00000 . Na b %0 bbb Na V %V %0 ýO %O %O ýO %O %O %O b %O 'O f7 1(1 in 1fl in in in in in in U1 in in U1 in in in in in in in in WmM (M NI M rn m in en M in N1 NI ii in in in in in i 
'.. OOOOOOOOOOOOOOOOOOOOO 

z d' r Ve r4 0V Co O S(1 as ei r %0 o Co r fV M %0 O r- 0ON .4 %D Of 00 U1 NN00 %0 -1 pa tn a as p Co F 01 O as in 10 M so O V" as N so as yNe its .o r- qq A, ' NMM Vý NMM e' pQ in in in '0 sp '0 sp sp so so N 

>OOOOOOOOOOOOOOOOOOOOO 

a0 Oý .1O fý U) NI u. i oVMOm 01 00 .1 as 1O 10 NM MnOONO so 1- In 1+1 'O .01.9 m Vý 1fl N ý! Ifl OI Nb iC 01 V. N1 in a% co 00 ppO 10 bbb a0 SO SO OO 01 1O WN 10 NN in in in M Mf NI PI in N1 P9 in NI NI in in 1. '1 

0O0O00 40 OOOOOOOOOO00O0 

0 
z ýn s ýn ýo N wý v ýn vrOao _i Nme In '0 .r m .a "t .10000OO00O -4 .r .y -4 ,y ,y �q 0 (1 O CD OOOOOO Co OOOOOOOO-OOO 
V1 OOOOO0OOOOOOOOOOOOOOO 
W In in in IA 0OOOOOO0000000OO 

rl Ei .4 .4 .4 .4NNNNNNNNNNNNNNNNN 

4 H 4 
a 

0 
M 

N 
U 4 
a 

a M 
C 
14 

hC 

H 

C 
N 
M 
a 4 
a t 
0 
U 

4 N 

U 
w 
a 
co 4 
H 



409 

H 
4 
Ad 

XMMMMMMMMMMMMMMV a/ MMMM 0M 
a 
w 

oraNr l0 00 a eD 11 O r- N en -e U. ... 4 10 
5N . ti in r ýn -i 4N in fn fit 01 ei 01 m %0 0N" rl V0N . -1 . 
N Ln m in %O 0% N ep in br a0 O, O .i.. I N %0 . -1 q in O. a in in in vu %0 v %0 v %0 rrrra In in '. o 

.OoOOOOOOOO0OOOOOOOOO 

a in 
w0b U1 Na 0% e' O in in Vw Ve V in Co rb in 01 a. Ve y -i r 00 in Ve in rN in 0b . -1 in b in aD in Ch ON Y. in rO in %D 0% -4 in er CO 0 .4N in -p 0 in Vw Ci D in m tle C. V. .. U1 In U1 in i(1 %0 %0 '0 %0 %0 ii l'1 a V. 
>OOOOOOOO0OOOOOOOOOOO 

a 0oOOOOOO00OO0O0OoOoOO 
.ö t0 %0 b %D %0 %0 %D %0 bb %0 %0 %0 %0 V %0 %0 %0 %0 b 
U' L! 1 L(1 NN ßf1 NNNN ßf1 in N Y1 IA In ANNN Y1 
w en 1+1 1.9 MM M1 in in in in in in en i in m in in in in 
O 
'. OOOOOOOOOOOOOOOOOOOO 

. 'T.. .ýOPNb OI in G .4 0% M . -1 N %D a0 00 40 U1 a0 0 
OP 0% in %a to in V. to . -1 O %a . -4 -W in %a in O 0% .1O [E a' O. in O" Cl rl N ep 10 P Cl 0 .4N ifl WONO 
R, ' e+1 ('1 V. in in in b '0 t0 1O %a t0 PnrP P9 V IA 1p 

................ W 
'.! OOOOOOOOOOOOOOOOOOOO 

a .e ýo r er in o mit .0 'o fV fV in o ao 'o r .4 mit .r w 
ýo ýn ee rdo in An v '. o vu ry in in 0aa .r fn 

ýe nrrrrrrrrr in '. o rrro .r .4 ev n W -W aaasaa' aý ea'v, w of in in in 
................ 

OOOOOOOOOOOOOOOOOOOO 

0 
ZNmv &n %0 rmaO .rNmv in %0 r .4N ein a o0o0o0o0 .+-r .r -4 .4 .r .ro000 F Co Co mmmmmmmmmmmmmmmmmm 
V1 OOOOOOOOOOOOOOOOOOOO 

(I N 14 NNNNN 14 14 NNNNNNNNNNN 

4 
h 
4 
Q 

a 
O 
M 
Ii 
u 
4 
a 
w 
0 M 
O 

04 
O 

N 

O 
in 
hi 
a 

A 
a 
O 
U 

°' 
N 

N 

w 
m 
4 
N 



410 

F 

a 
MMMMM ep MMMMMMMMMM Vý MMMM 

QM 

Oo r'1 r Ch 1n 0 %n 0N 1m 
NrbNNnmq xmr YI . -1 Of aa in m 1ý' r0Nam in n in mb in NbrmoO .imNif en oM mbrO . -s .ýmr ýo . ý. Ob Na ýO nrnbba Kn in ýp bbnrrbbbb 

Do0oO0oOooOo0oOOo00000 

a 
oa 
w0 IA N Co Co V M1 Co n %0 . -4 Co VrNN0 %O n in .. s 

m V. 0N rl U1 in in nrim ap b rl "Om %0 N in Y. M 1A nO . -I Nr t> in O In OI Mb 1(1 01 .y 1ý1 mrbM 
Ill in IA V %0 Na an in in " Ve Ve in is in b %0 in in in IA 

, 
's OOOOOOOOO0OOOOO0OOO 

a mOOOOOOOOOoOo0oOOOooOo 
w %0 v %0 v %0 %0 e %0 ve %0 %0 '0 43 '0 %% v %0 'e % 
0 U, U Let in IA IA A IA IA IA NNNN IA NN 91 NN km 
WMMMMMMMMMMMMMMMMMMMMM 

>OOOOOOOO9OOOOOOOOOOOO 

Z ro in rvavIbmMaaaaPbrva tn to 
O Na An aiOa le ao 'n N ON NN Ch N ro Cl Nam 
HNe IA Of 0 .4b0N U1 N Cl N0N0dN '0 In N 

W ........... 
>OOOOOOOOOOOOOOOOOOOOO 

I& e0 1A 0% NONN If P %D 01 in 1N Nab 0% %a .Ib Wa t0 0% NbaNP. . -4 %a N 0% '0 %D a in mMNN4 
NNN In In MaI CD NNNN 1N ap ap 03 0 Cl Cl Cl 

W U1 in in ifl in in IF in in in in In in in in in In In in 

OOOOOOOOOOOOOOOOOOOOO 

O 'j. It, %O N aD 0% 0 .IN .yN m+1 V' Ifl to N a0 O% 0 .4NM 
OOOOC. -4 rl HOC. OOOOOOa .4Ny 

I, e0 co co e0 co a0 W e0 a% 01 0% O1 0% 01 Oi 01 01 01 01 01 Oi 
to 0O0O00OO00OOOOOO0O0 OO 
W 0% Of ci 0% OA 0% 01 a% 10 V. VV V. a0 "v -W aW -W fv lw 
(. NNNNNNNN 

a h 
4 
O 

O 
M 
H 
V 

4 

w 

G 
H 
O 

er 
O 

z O 

M 

4 

O 
u 

0 

W 

C13 
N 



411 

N 
4 
a 

. 'ý MMMMV. V. M in i in MMMM in in MMMM OM 
a 
m 

OMrOam %0 . ti -I ml0 O1 N %0 mN Oh rO %0 CL' a. aD oO %0 Of in N00 en . -1 0 Co MNr IA M1 N Nr0NCH O1 .4 .1 Oh ch N O1 M1 0a %0 r C% O O u1 a %0 %D r %0 Its in a V. WI V. M. If1 %0 b %0 %0 br 

'J OO0OOOOOOOOOOOOOOOOO 

a 
Co 
w0 In a ýo .rvoerNao ýo ro .ýo ao vo.., 
13 Its ein N In In rN co -4 o' aNr .i In a en in %.,, 4 Y. IA Of NrN IA 0% -4 Y1 O .4 01 r 1.1 ry U1 %0 01 - aM In In '. a In aa 0n a 0n en 01 aa In In In In ,p 

................... 
o000oOoOo00000000000 

a 0OO00OOON .y .4 ýy 
Na '0 %'O t0 %0 V %0 " Ve % Na Na %0 %0 %0 %%%'O b 
0 In in in u+ in in in 0% 0nnrNNnNrnnr 
47 MMMMMMMV. ap aarppP .Pd, aaa 
iq 
>OOOOOO9OOOOOOOOOOOOO 

Z Oh d' NP I- NPM"M %0 nb 'i rl 0% w1 . "1 M In 
QN . -1 O Vý M . -1 bNmN %o o% aO In o U1 Y1 V IA O 
(r M In N 10 .4 IA 01 N U1 10 N0 01 Ch 40 . "4 V. in 00 0 4 IA V' 10 bN '0 U1 a In "N PI MV U1 '0 %0 1O 'O N 

................ 47 
'. 7 OOOOOOOOOOOOOOOOOOOO 

r %0 " Of rrvr UN N Ve Oý vrMrOMM %0 
NN rl %D 0NMV . -1 N %O .i U1 rm0 . -1 r 
e0 in %0 WI aD M . -1 0 Y1 U1 rrrrrro ao eo 
MMM U1 An mMMNNa"7 -e aaaapp 

c; OOOOO0OOO0OOOOOOOOO 

Za .rr in v in vnoa .rr nn a tn %o r Co ao 
.ro000000oOo00000oOo- (ti 01 01 01 01 01 01 OI 01 0% 01 01 Cl Cl 0% Cl 0% 0% Cl Cl Cl 

y0OO00000000OO0000O00 
W V' In In in in In in Ifl 1(1 in 0000OOOO0O 

r . -4 .1 . -4 .r. 4. t .4 . -I .f 

4 
F 

O 

O 
M 
F 
u 

a 
a 
M 
O 

hO 

Z 
O 
h 
M 

a 

O u 

ü 

w A 
m 
F 



412 

4 

3 Pß'1 V0 mmmm in im in in MI in ip Ce in iiim 
0M 
w 

ora ao sn rr .qo in romaa %p .ad pý pý N ,y ', 1" e0 m in ch ow %* VW ýC r 'r N '? O IA 0 in N in . -1 V. N01.1 .i -W NN %0 VW . -1 co MrN0NN .10 Ch N V. orr v1 in iD %O bb %a Y1 in VW tp rrrrr0 'p 'p 
'. OOOOOOOOOOOOOOOOOOOOO 

m 
ar %0 Vr %a N Co in 0 %O O in %in 0 0% rN %a "p00 
P) N In in 01 rN in In VV in Oi rO IA IA in NOrNO 
Y. N MI %o i %o wN Cl 10 in NV IA r aw mN .4N 1O N 

w kO m fn r U1 Ln VWNMM in 1A b %a %D %a vi in in 

>OOOOOOOOOO0OOOOOOOOOO 

a 
m .,.. .ý.. .... .... .... .. . -ý .r.. ..., ., .r.. .... W %O ýO %0 '0 'O %V %0 b %0 %0 %D bb '0 %'0 '0 %%0 %0 rrrrrrrrnrrrr t- rrrnrNr- 
l' aaaaaaaaavaaaeaaaV Vý 
Do00000000000000000000 

Zw NO in 03 N %0 01 a0 NP0" a0 U1 in in N0MNp 
ONM Of Vý Ifl N 00 in rl P to b O% M a. N .f Ch ýO Nq 
F .f r4 %0 M Ve M . -1 01 " 0% r1 MMbMN -1 0% N U1 O 
aNN r9 V- in %0 b in in V. Vý M ýO ýO NNN %0 %0 V '. 0 
w 

.occcccco0000000000000 

co bMO0 in PNNVb In b in a Vr 0 O1 wbN 
Ly .4vbNN .i000P %& b0N NI . -1 .4 V* M 1. in 

ý Vý Vý b fý PPbbbbb ýO bb 1f1 1f1 1fl y1 Ifl y1 1fl 

OOOOOOOOOOOOOOOOOOOOO 

0 .iN . -1 N n'1 aý 1fl b 1. a0 a% O . -1 N 1ý'1 V In bPb 01 

Er a oh a rn a of rn a% 0% oA 01 0A m oh 0% 4A Oý 01 0ý 
V) 0O00O000O00O000OOOOOO 
W00NNNNNNNNNNNNNNNNNNN 
F+ d .i .r .4 .4 .i .l .4. # .r .4 .4 .4 .4 .4.4 .4 .4d .1 .4 

F 
4 
O 
x 
O 
M 
F 
U 
a 
w 
a 
M 
0 
'J 

O 

H 

O 
N 
M 
a 
a x 
0 
U 

N 

v 

w 
a 
m 
a 
IH 



413 

E 
4 
a 

fn /+1 mm r" NNNNNNNNNNNNNNN 

Oaaaaa 
a 
w 

oOMr Cm co r in N ýO In 00 In mb Co aO 00 ONN 
Ci. ' OD 01 O1 Mrr 'i OI rrM 01 tp M p1 In Cl peN 
N .i 10 O U1 co 01 1O .4M Of 10 Vý N 01 MOO in .1 . -1 0 1O In in Vp N In in In %0 in in In In In Arr Ve in Y1 
>OOOOOOOOOOOOOOOOOOOO 

a 

wrrar -M N %D In Co Co 0 Ifl MO 10 ei Ve 0Mr 
h Cl . -1 M Vv 00" 0% r 10 MM co 0N .4 CI IC co w ba rM CO -e Ifl In N 0% 0r U1 ll NrMOOrNN 

ae vMMN in In vW 10 A in in of A in rra in In 
o00000oOo0000oOo0000 

a m "1 dA . "q ýfra %0 O. oV If1 1fl Mrr ýp Na ý-1 W %0 '0 b %0 %0 aw 01 -4 .l0r Vp N In w 0% Ifl N %0 M 
c9 rNrNr 0% In N er 0 %D IA m Of NMNNN 
wvaI"a In in In %0 %0 %n In in in In rN -w In In m 

o0000000000000000000 

zaimo «n Co &n movNvNvaN rn M in in 
Qm" 01 "N in V. in .d r4 ON 0% in N , +1 . -1 Co OP 
Ei co aO N1 O% Ve f4 00N U1 Ve N %0 1.9 pf O 40 Pn N 
4 in V- "M.. 1 (0 %0 (0 N (0 (0 %0 %0 V (0 N CO in (0 V 
W 
',! O00OOOOOOOOOOOOOOOOO 

(n verMNN0N rl IA Oaa0N U1 ON 
Wn It n .. in na %o Na ao ao o in O4w in 'o a 

In U1 IR IA In in a% %a P in H . -4 ON a0 %a PN 0% 0% 
W ßf1 Yf U1 U1 U1 ýO U1 1fl V ýO ýO ýO ýO ýO Y1 fý P U1 M1 Y1 

OOOOOOOOOOOOOOOOOOOO 

O 
ZO . -1 NMa .4NMa in bP aD 01 0 .4N .4NM NNNNNOOO0OOO0OOOa 
Fa e1 o1 aavaaaaaaaaaaaaa 
yOOO0O0OO0O0O0OO0OOOO 
WNNNNN ý-4 H 'i . -1 rl ý-4 N rl rl ri wý NNN 
F If .4 .i .ý .4 

14 
14 
a 

z 
0 M 

u 4 
a 

H 

0 

h0 

0 
M 

4 

0 
u 

M 
M 

In 

ü 

w a 
Ei 
H 



414 

F 

P. 

'. i e4 N Ve -e e Vr Ve NNNNNaaapNNN-N 

Aaaa""av0ar"va 
94 

o .+r In .a rn Na tn r %o in rn aa in in m .ý oo Nv = in arN IF O IA . -1 'O at qm O% OVan aD 01 n 14 N f4 -W IA co %O rr co ON en 7Nm IA b ca MrON 
Orrnrrrn ýo nnnnnrnr ýn ýo ýo r e, o 

C2.0 00000000000000C. 0000 

ca W aý 1ý1 . -4 0% cc v IC 01 (" N 10 .4rr% IC in IA 40 0 %a hOn %a Nn 0% O a0 MO 01 O co mM V- Cf N 01 in - 
i4 O in co %a 0% .. 1 a} NrNN IC a} U1 Olt N %a ,y Ip .q ap 

rrr Co r 10 am %D 14 rrrnnr ao %n 1o IO r .. E 

o0o000000000000000000 

a fA ý1 rl .dd ý1 rl ý1 r% co 01 %0 N ON m !-N Oi N . -1 rl a 
.4 e+l in in in in in in O %a N Cl co %a co 00 O1 Cl in in iN 
f9 NN . -1 . -1 . -1 .i . -1 0% N 1C 10 10 %a %a 0N co VW Cl In N 
6] u1 U1 00 a0 e0 a0 a0 10 NNNNNNo e0 u1 Vb r% v 
'J OOOOOOOOOOOOOOOOOOOOO 

Z rv r "i vre ev Ln 0nr %0 m ro a-rM In o O -1 -* Ln 03 maa0 In arv00v Na rvr en aN 'o .4r ce 0 rv %0 0 .rv f'n ar oA %0 '0 0 Cl 
r ro Co a ao Co Cl rr eo ao Co w Co ao o %r r in 

................... w 
DOo0000000000000000000 

NV .4 in qq %a abmb4NbN .0 .4qN'. p 
W In .4 . -4 ON 0% q U1 in bmOOW 0% VW qq in 0% .iM yQ N .4bbqMVqN"NM "4 O ep NN OI in .40 Wrqrrbrr in rq oD qqqqq %0 brqn 

. 
OO00000OO0000O00O00O0 

za gn vr ao rn 0 . -4 N en a Kn %o raao .+Nme 000000 "q o00o0000a-eoa0 
Faaaaaaaaaaaaaaavaaasa 
yOOOoOOOOOOOOOOOOOOOOO 
£4 NNNNNNNaQaa Vv a} aaaa in in U1 In F 

4 
H 
4 
G 

0 
M 
F 
U 

Ov 

M 
O 

hO 

z O 
M 

4 

O U 

IV NI 

ü 

w 
00 
4 
N 



415 

F 
a 
',: 
O 

N N N V N N N Vv " a N N N N N N N N N N 

A 

14 p 

. 't, ' 
N 
p 

in 
1A 
r 
in 

Of 
U1 

%v 

0 
N 
b 
Io 

M 
O 
r 
r 

Cl 
a0 
10 
in 

.1 
r 
r 
kn 

. -1 
a0 
0 
b 

00 
M 
10 
r 

Ve 
a0 
r 
r 

CO 
Of 
r 
r 

In 
IQ 
b 
r 

0% 
10 

%10 

b 
'0 
Cl 
b 

0 
% 
b 
b 

r 
b 

M M 

O 
M 
V- 
V. 

r 
M 
IA 
d. 

r 
b 
a 
a 

. 
r 
r 
P 

V" 
M 
Ol 

. 

4 
[y 
a` 
Q 

'. i O O O O O O O O O O O O O O O O O O O O 
O 

a im w 
M) 
be 

. '! 

in 
0 
b 
In 

O 

in 
Cl 
M 
%0 

O 

In 
. -1 
%0 
%0 

O 

a 
b 
N 
Co 

O 

0 
N 
b 
Y1 

O 

M 
Co 
r 
In 

O 

rl 
r4 
.. 1 
b 

O 

a 
0 
00 
eD 

O 

eil 
N 
IA 
e0 

O 

Ifl 
0% 
Ln 
Co 

O 

r 

m 
10 

O 

. -1 
10 
" 
Na 

O 

a 
b 
01 
%0 

O 

N 
Ch 
In 
b 

O 

rl 
0% 
Ve 
er 

O 

.. 4 
In 
O 
a 

O 

b 
in 
O1 
w 

O 

O 
.4 
N 
in 

O 

M 
M 
.1 
In 

O 

b 
b 
N 
In 

O 

E" 
u 4 
a 
pw 

ly 
O 
i 

pq 
w 
U' 
w 

'4 

a 
a0 
r 
in 

O 

a 
Ifl 
IA 
%0 

O 

14 
In 
r 
b 

O 

N 
O 
eM 
Co 

O 

in 
M 
r 
M1 

O 

of 
M 
Co 
In 

0 

a 
IA 
.. 4 
b 

O 

uº 
M 
r 
10 

O 

ifl 
M 
r 
Co 

O 

b 
N 
b 
00 

O 

Cl 
M 
M 
Co 

O 

a 
r 
r 
b 

O 

a 
r 

i 
r 

O 

r 
s 
r 
%D 

O 

rv 
.a 
M 
Ve 

O 

n 
ao 
b 
V. 

O 

w 
r 
r 
V 

O 

.4 
in 
0 
In 

O 

n 
r 
0% 
a 

O 

0 
r 

. -1 
Y1 

O 

M 
Z 

y 

Z 
O 
f4 

O 
Co 
V1 
b 

Co 
in 
M 
r 

b 
r 
A 
r 

1fl 
" 
Oh 
0 

of 
O 
%0 
b 

-e 
b 
r 
Na 

00 

O 
r 

M 
01 
N 
o, 

M 
rf 
.y 
a 

rl 
b 
. -1 
oh 

M 
vl 
O 
oh 

A 
M 
V' 
r 

M 
O 
C% 
r 

b 
%M 
A 
r 

O 
Ve 
M 
kn 

b 
U1 
Of 
A 

N 
N 
O 
b 

01 
M 
N 
b 

b 
r 
r4 
%0 

M 
O 
N 
%0 

. . . . . . . . . . . . '. 1 O O O O O O 0 O O O O O O O O O O O O 

w 

M 
U, 
O 
v 

o 

Ui 
- 
in 
n 

o 

O 
r 
b 
tN 

O 

b 
r 
M 
r 

o 

a 

a 
v 

0 

O 
r 
N 
v 

0 

14 
r 
C$ 
%a 

0 

r 
v 
V4 
ro 

0 

.4 
M 
v 
r 

0 

b 
n 
r 
P 

0 

0 
o 
O 
o 

0 

b 
a 
N 
r 

0 

a 
IA 
at 
n 

0 

b 
Ui 
N 
n 

0 

N 
a 
n 
a 

0 

so 
C4 
M 
In 

0 

b 
N 
to 
in 

0 

0 
n 
a 
to 

0 

N 
n 
n 
in 

0 

U 

n 
%a 

0 

O 

U 

1.44 

w 4 
O 14 

r r in in v r .r ev en a Ln v n .ý n m a in ýo 
0 o 0 o O o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ea 

U) 
W 

a 
0 
%0 

a 
O 
%a 

a 
O 
%D 

IF 
O 
V 

a 
O 
%a 

a 
0 
10 

a 
O 
%0 

a 
0 
O% 

a 
0 
O'. 

a 
0 
C% 

a 
0 
O'. 

a 
O 
O1 

a 
O 
0% 

a 
0 
0% 

a 
O 
Y1 

a 
0 
IA 

.e 
O 
Y1 

a 
0 
in 

a 
O 
IA 

v 
O 
LM 

F .r .r .4 .r .r .y 



416 

E 

A. 
3: NN Vý Vý Vý VW NNNNNNNNNNNNNNN 

a 
Vý YV 

t. OM O1 LA Mb e0 N U1 e0 ap m0NO e0 NNb in %n OA =OCO rl O %D 01 O" IA U1 M 1N N Mf '4 NMNM 40 NM VW 00 PN N 01 M1 N O1 Nb %a M IA 00 b a% MbO .4 Q 1A IA NNNbbb IA 111 In ßf1 V1 IA IA IA IA ýp b ýO N w 
'. 7 OOOOOOOO0OO00OO00OOOO 

m .4b .40NM .4 10 OI 40 .4NM Cl .4 01 M e0 IA 0 
h 01 N 0% N O1 01 Y1 .40N IF IA 10 O %a 0 01 in .. 1 M Cl 
w in 1N bMNM Ifl f4 O CO CO a0 t0 0) O a0 O Vv N Cl M 
=0 U1 IA co co co b 10 b 10 IA Y1 to in U1 V IA bbVbN 

.............. 
'.! OOOOOOOOOOOOOOOOOOOOO 

a WM r% M %a 00Nb ý* %a NVNr. 01 01 V0 ch Mp 14 4 C. . -1 Ifl N .1 "4 .1 a0 N 10 14 '? -4 "V .4 %a wNN rl 0V %0 w '? v"NN0 co NN U1 %a a% N0V. N0 in 
wu U1 00 00 ao 40 %a %o b in u1 IA In In Ut of t0 %* %a NN 

............... 
>OOOOOOOOOOOOOOOOOOOOO 

ZN0MvvaAMaor0Nb to NaH 10 
orv ev r In eo ob 'O r, r .rsr (n 10 in .r 10 e- r 
E+ in r- rv o1 Cl n to m Cl Co ro ao 10 t- 0n0v 1o oN 

%0 %0 Cl ao Co nrr1 10 10 %0 %0 10 r %0 t. rnna 

w .......... 
0000.0.0. o00000000000000 

b r- %0 ManeanmNNba in mhbO wr 
o1 Co 0 ao n fM OI 0Av .4mv0 .ri. s 

v. %0 fß'1 V '. O bOn e+l NN e+f Cl .4.. 4 a. Cl NMb 
ýo vwnr ýn ee nnnnr Na nrrr. oo ao eo ............... 
000000000000000000000 

0 
N Co O% 0 .4N .4NMaN %0 N 03 0% O . -1 N en a U1 
00O "4 .f .f000OOOOOO . -4 .t .4 .y .4y 

Eaaaaaaaaaaaaaaaaaaaa 
t/) OOOO0O00O000000000000 
:d V1 �Cl In IA IA I% 43 00 Co CO OK) Co Co 00 40 bb4bb4 
E+ .4 .i .ý .r .4 .r .l .4H rl .H .r .4N .4N .4 n1 .4 'i .y 

a F 

D 

0 
H 
F 
u 
9 
0 M 
0 

0 

N 
z 
0 N 
M 

X 

fß'1 

V 

W 
a 
co 
a 



417 

E 
K 
a 
.3NNNNNNN" -e }NNNNNNNNNN 

Aa 
aý aaaaaa rn "va"vvaa 

O 0% rl PM rI N0PM O1 ON IA .4O .4M in 
N .4b 1- bbN r1 MNO 1- a -} rfamPN 

NNONMZ 1N Naa Vý pý pý HNMMMNN 
ONNbbb 1fl bNNbb ýO NNNNN fN N rN O 
DOOOOOOOOOOOOOOOOOOOO 

a m 
YI M"0 O1 MN Ln aD -1 In NM"NNN (h m in to Co NM0Mb Co e0 N 1N MNMM Co U1 0 . -1 0% O) Lfl MO0N0NM '0 0% .iNf. 9 Vý MN 0) 
. '7 NNbbb%bNN in bbbNNNNNN% 

, ̀s OOOOOOOOOOOOO0OOOO 

a to U1 N VW aN f" OM f" O %a b aT %D at N 0m on a ph 
. 11 P %D U1 01 POa %D .1 .yOC. T" in .i r- .4m in 
C7 in N 01 V0 N 0% 0% e0 O1 'r 01 . -1 In U1 %a N 10 '. O in in 
41 NN %D %o %& in %0 NN %a %a NNNNNNNN 1N 

. 
'1 OOOOOOOOOOOOOOOOOOOO 

O 40 %0 N IA M . -1 %O U1 NarM Co MN 01 NN 
O in 0F P- 0a de . -1 N Of IA aw Vp m NO M e0 0% OO 
FM 'f 0 Vw MI 0 40 e %0 %0 N M1 Co 0 ý1 NN . -$ .4 a0 

Co Co NNNNN ao Co %0 NNN Co w Co ao to aN w 
po0000000000000000000 

01 IA OD - 1fl CO -VN !ý 10 rO 10 M CO U1 in in m 
M . -1 .1 Co N Co Of NNN Y1 %D in N Co " t+l eD in N IM 

r Na Cl r in in 0 Cl Cl Cl Co Io rvr Io or in 
w Co Co orrr eo 0murm Co %0 ow. 

00000000000000000000 

Zb 11 NM -W 1f1 bPb . -1 NM -W 0b 1". to O% 0H 
rl 0OO0OOOOO0OOOOOOO 

. -4 ý. 1 

yOOOOOOooOOOOOOOOOOOO 
W ao o1 im OI oA 01 of a% CI . -4 .i- .y .4 .4 ý4 .4 .4 -4 r N -4 -4 1 -4 4 -1 N1NNNNNNNNNNN 

A 
F 
4 
O 

z 0 
H 
U 
4 
a 

O 
M 

0 
i 
0 

N 
z 
0 
ul 
M 

4 

0 
u 

M 

N 

U 
w a 
m 
a 



418 

F 

'3. NNN Vý NNNN Vý NNNNNNNN 
Oaaaa "r ava 
a 
w 

Oroa ao u+ .ýa .ro . -4 An ao ro N 
xonmmn .r ao rv o '0 @0 %0 to Co n .r N0a .+ to in oo ao o In o o% in M in or 
Or 1o 1o v 1o 1o 1o rrn In In vva. .. ý" 

o0000000000000000 

Co wa to 00 er in in .r In ao rn vm er 10 a In h kn 10 in nm in of Co r 40 mo in 0v r- ao Xr Cl Ln .4ov In m 10 ao In rv Cl r co An o p ýc An Ln Na v ým v %0 r %0 in of vvva in yr 
Do0000000000000000 

a W 01 . -1 00 %0 Y1 "1 "" . -1 Oa r4 P ee m %D . -1 
ýö 0% 01 01 0% .- fV N eD CO .I In _$ V. P r- Cl N 
V' rl "0O %0 Cl O f4 NN Cl Ve O %0 PM Cl 
WP 1O IO IO IO %0 PPPN In off aý s. 
Co 

in a. 

'.. OOOOOOOOOOOOOOOOO 

Za en M Na r- o .aa .i Co '0 0a An 0 uº N 
Or 01 Oi .40 10 a0 0wiMNNN IA .O.. 
E4 1o co eoomv co . ea in Nom o1 ar .r 
ß' rv ýO rrrrr ro r 10 10 10 In IA to 1o 

............. 
o0000000000000000 

IA m In N U1 N N1 OD aD N .4m 1- %0 .iQ rt 
rý ON "Y 1 .i0 to .t"OOb0"ZN 

x. QO 1ý CO O1 HMU, in V yO N 01 Ifl in NO 
W a0 Pa (+1 ýG b a0 b a0 bb ýO U1 Y1 U1 Nb 

OOOOOOOOOOOOOOOOO 

0 MN f+l VW -N 1n V in io h aD Oh O . -1 NMa 
. -1 .1 .yOOOOOOOOO . -1 . -1 .y .r E. avv in in in %n in in %n on v1 u1 IA in v1 wl u1 

000000000000000000 
W 14 . -r . -1 
E. NNN 

4 
E 
4 
G 

z 0 
M 
F 
V 
4 
w 

M 
0 

hk 
0 

0 
N 
M 

4 
z 
0 u 

b 
M 

Sn 

ü 

w 
a 
S 
14 
N 



419 

APPENDIX C 

C. 6 VOID FRACTION CORRELATIONS; SAMPLE OF CAL- 

CULATION. 
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C. 6 Void Fraction Correlations Sample of Calculations 

'Consider Test No. 60401 

Liquid flowrate Qt = 0.033456 m3/s 

Air flowrate Q$ = 0.082084 m3/s 

Pressure P= 1310.00 mm H2O 

Air density p8 = 1.3886 kg/m3 

Water density pf = 999.223 kg/m' 

Liquid specific volume Vf=1.000777604 x 10'' m3/kg 

Air specific volume Vg = 0.720149791 m3/kg 

Cross sectional area A=0.032365472 m2 

Water Temperature tr = 14.4°C 

Air temperature t8 = 16.9°C 

Experimental void fraction a=0.6053 

Flow pattern 2= Slug 
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6.1 Chisholm Correlation 

xV8 
a= 

xV8 + s(1 x)Vf 

Where 

a 
S= xPf 

+ (1-x) 
P8 

The mass dryness fraction (x) 

M 
z=8 Ma + MI 

x= 
QsPa 

(Q1 x P8) + (Qf X Pf) 

_ 
0.082084 x 1.3886 

x (0.082084 x 1.3886) + (0.033456 x 999.223) 

X_0.113981842 0.1139818 + 33.43000 

x=3.39798139 x 10'3 

999.223 n 
S= 

(0.00339798139 
x 

1.3886 + (1 - 0.00339798139) 

[2.445154227 + 0.996602019]1 j2 

S=1.855197091 

2.44705588 x 10'3 
= a 

2.44705588 x 10-3 + 1.850330873 x 10-3 

a=0.569428793 By computer a=0.5675 
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C. 6.2 Rouhani Correlation 

xV 
OG =8 

K[x 8+ (1-x)Vf] + (URIG) 

K=1.0 + 0.12 (1-x) 

UR = 1.18 g6(PI P8) 

Pi 

K=1+0.12 (1 - 3.39798139 x 10') 

= 1.119592242 

G=M= 
Ma + MI 

= 
Qsp + Qpp, 

AAA 

_ 
0.082084 x 1.3886 + 0.033456 x 999.223 

0.032365472 

G= 1036.412538 Kg/m2 sec 

a= 75.75_5.85 T t38.5 

a= 75.75 - 0.15195 x 14.4 

= 73.56192 dynes/cm 

UR = 1.18 9.81 x 73.56192 x 10'' (999.223 - 1.3886) 
(999.223)' 

= 1.18 x 0.163875459 

= 0.193373042 

2.447055588 x 10'' 
3.856359981 x 10'' + 1.865792191 x 10' 

a=0.605266 By computer a=0.6053 
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When UR = 0.0 

a_2.447055588 x 103 
3.856359981 x 10'' 

a=0.634550 By computer a=0.6346 
When 

UR = 7.3 gß(Pf Pg) 'a 

Pf 

UR = 7.3 x 0.163875459 

= 1.196290851 

2.447055588x10'3 
3.856359981 x 10'' + 1.154261268 x 10'' 

a=0.4883736 By computer a=0.4884 

When 

UR = 8.0 Ba(p 

P, 2P8) 

UR = 8.0 x 0.163875459 

= 1.311003672 

a_2.447055588 x 10'3 
3.856359981 x 10'3 + 1.264943856 x 10'3 

a=0.4778188 By computer a=0.4788 
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C. 6.3 Smith Correlation 

xV 
a=8 

xg+ S(1-x)V1 

V is 
V+0.4 (! -1) 

S=0.4+0.6 f 
1+0.4 (1 -1) 

x 

0.720149791 
+ 0.4 (293.29237) 

S=0.4 + 0.6 1.000777604 x 10'; 
1+0.4 (293.29237) 

S=1.99575575 

a= 
2.447055588 x 10-3 

2.446055588 x 10-3 + 1.9905209 x 101 

aä 0.5514396 By computer a=0.5514 

C. 6.4 Hughmark Correlation 

a= CO where C= f(Z) 

Z= Rehu6 x F, 118 x (1_(3 1494 

Reh = 
Cror d 

ph = RPg + (l"ß)pf 

(um)2 

gd 

U. = U: f + Usg = 1.0337 + 2.5362 = 3.5699 

pg = (1.70744 + 0.00612487 to - 0.00003139 t82) x 10-3 

pg = 1.801985005 x 10-5 



425 

pf _ (1.7726 - 0.0557784 k+0.001026 k2 - 0.0000083 tt3) 10'' 

pf = 0.781423347 x 10-3 

ß_ 
Qg 

_ 
0.082084 

Q8 + Qf 0.082084 + 0.033456 

P=0.710437943 

ph = 0.710437943 x 1.801985005 x 1V + (1-0.716437943) x 0.7814233 x 10'' 

ph = 2.390725369 x 10' 

G`°` - 
M' 

_ 
Ma + MI 

= 
Pa Qa + PJQf 

AAA 

_ 
1.3886 x 0.082084 + 999.223 x 0.033456 G`°` 

0.032365472 

G. = 1036.412538 

Reh = 
1036.412538 x 0.203 
2.390725369 x 101 

= 880033.0977 

F= (3.5699)2 

- 9.81 x 0.203 

= 6.399514926 

Z= (880033.0977)'16 x (6.399514926)" x (1-0.710437943)'' 

= 16.82989369 

log, C= -2.201825 + 2.073839(log0Z) - 0.788378(log. Z)2+ 0.129714(log&Z)' 

- 0.00743(lo&Z)4 

log, C= -2.201825 + 5.85477245 - 6.28354114+ 2.918715747 - 0.471985597 

log, C= -0.18386354 
C=0.832049337 

a=0.832049337 x 0.710437943 

a=0.591119491 By Computer a=0.5890 
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C. 6.5 Eaton Correlation 

0.373 

p Nf 
1 

XE = 
Ný 

x1 

OS 

N� Nd 02n T,, Nf water at 15oC 

1/4 114 
Ný, = U. 

(±L) 
= 1.0337 999.223 

8Q 9.81 x 73.566192 x 10'3 

= 6.305646293 

A 

N=U2.5362 999.223 
+8 

(7, 

z 9.81 x 73.566192 x 10'' 

= 15.47100719 

R 

d 

(Ljyg 

= 0.203 999.223 x 9.811/2 N= d 
(73.56192 

x 10'' 

= 74.10290346 

A 

_8 Ný pf 
Pý 

= 0.781423347 x 10' 9.81 14 
999.223 (73.56192 x 10'1)' 

= 1.741398785 x 10'' 

From tables water at 15°C 

A 

g'9.81 Nf.. = pf 
(-p 

f3 = 113640 
999.223 x (73.56 x 10'3)' 

= 2.531762254 x 10-3 
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_ 
(6.305646293)0.575 

XE 15.47100719 
1x (131O. o'°5 

(74.10290346)0.0217 100 

1.741398785 x 10'3 
2.531762254 x 10'3 

= 0.186348514 x 0.887576028 x 1.137269952 x 0.963268883 

XE = 0.181193491 

Using Eaton graph XE versus HL 

HL = 0.355 

a= 1-0.355 

a=0.6450 By computer a=0.6580 
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C. 6.6 Beggs and Brill Correlation 

(U, Z�) 
NFR = 

gd 

U. = Usf + Uag = 1.0337 + 2.5362 = 3.5699 

N 
FR 

(3.5699)2 
= 6.399514926 FR 9.81 x 0.203 

x= 1n(1-ß) 

x= ln(1 - 0.710437943) 

x= -1.239385646 

L1= exp [-4.62-3.3757(-1.239385646(-0.481(-1.239385646)2_0 . 0207(-1.239385646)'] 

L, = exp (-4.62+4.656371872-0.73885293+0.039408484) 

L, = 0.515265707 

L2 = exp [1.062-4.602(-1.239385646)-1.609(-1.239385646)2 

-0.179(-1.239385646)'+0.0006355(-1.239385646)51 

Lz = exp (1.061+5.703652742-2.471547537+0.34077868-1.856974908x10-3 

I. Z = 102.7220616 

Liquid hold-up for horizontal flow 

HL(8) = a(1 -ß)b 
NFR)e 

For LI < N6 
, L2 

And from Table 2.1.5 a=0.845 

b=0.5351 

c=0.0173 
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H4 - 
0.845(1-0.710437943)1.. 1331 

(6.399514926)°. °'73 

HL = 0.42158808 

a= 1-0.42158808 

a=0.578411919 By computer a=0.5784 
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C. 6.7 Mukherjee and Brill Correlation 

For horizontal flow 

Ncs 
HL = exp (Cl + C4 Nf) x 

NcNa 

From Table C. 6.1 for horizontal flow and for all flow patterns 

Cl = -0.380113 

C4 = 2.343227 

CS = 0.475686 

C6 = 0.288657 

From Eaton sample of calculation for the same test 

Nf = 1.741398785 x 10'' 

Ng� = 15.47100719 

N& = 6.305646293 

HL = exp [(-0.380113 + 7.105764944 x 10.6) x 2.162667681] 

HL = 0.439532888 

a=1-0.439532888 

a=0.560467111 By computer a=0.5605 
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C. 6.8 Guzhov Correlation 

U NFR _m 
)z 

gd 

_ 
(3.5699)2 NFR 

9.81 x 0.203 

NFR = 6.399514926 

For horizontal flow with no inclination 

HL =1-0.81 x ß(1 - exp(-2.2 NFR)) 

HL =1-0.81 x 0.710437943 (1-exp(-2.2 6.399514926 )) 

HL = 0.42674814 

a=1-0.42674814 

a=0.57325186 By computer a=0.5755 
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APPENDIX D 

D. 1 TATTEL & DUKLER DIMENSIONLESS PROCEDURE. 

D. 2 PRESENT DIMENSIONLESS PROCEDURE. 

D. 3 THE MEASURED TOTAL AND INTEFACIAL (ILG) 

PRESSURE GRADIENTS DATA. 
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APPENDIX D 

D. 1 TAITEL & DUKLER DIMENSIONLESS PROCEDURE. 
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APPENDIX D 

This appendix shows the procedures followed by Taitel & Dukler and in this study 
(Bishop also followed the same procedure) to transform the stratified energy equations 

to a dimensionless form 

D. 1 Taitel & Dukler Dimensionless Procedure 

liquid phase, 

AL - tWLSL + t, SI + PLALg sin 0 (D. 1.1) 

gas phase, 

AG - T,,, GSG - tiS; + pGAGg sin ß=0 (D. 1.2) 

From equations (D. 1.1) and (D. 1.2) 

(dp 
-2 

SL 
+ + PLS sin ß=0 

AL A AL 

and 

(dp ASc i' Pc8 sin ß=0 
G 

AG 

For equal pressure gradient in both phases; 

IWGSG V S; Z ; S1 
- AG - AG + Pc8 sin ß= - AL +L+ pLg sin ß 

TwGSG 'rwL'SL ri'Si nisi 

+-+-+ (pL - p, )g sin ß=0 (D. 1.3) AG AL AL AG 

The shear stresses are evaluated in a conventional manner 

PýUi cUc pBiUc - U; )2 
'rWL=fi 2; V�ýc=fc 

P2 
T; =f; 2 

(D. 1.4) 

with the friction factors evaluated from 
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(DL UL (DG Uý -"' fL=CL 
G= 

CG 
VL VG 

where 

4AL 4AG 
DL = SL ; 

DC = S4 +S and f. 'f f (Gazley, 1949) 

Therefore for UG » Ui 

2 

'ri 
PG G 

""m- rwG 
2 

Hence, from equation (D. 1.3) substituting for r 

PGVG Sc i Sc c "G Sý 
fc 

2 Äc -fiPL2U' ÄL +fcPc2U'sºAL +fcPG 2 Ac + (Pc - Pc)8 sin ß=0 

PGUc Sc PLUz SL Pc Uä 11 
fG 

2ý -fi 2' AL +fc 2' 
Si ýL +ý + (Pc - Pc)8 sin ýi =0 

now substitute for f from equation (D. 1.5) 

(D. 1.5) 

C 
DcUc r PcUc Sc 

C 
DLUL PLUZ 

, 
Sý 

+C 
DcUc PcUc 

S" 
1+ 

G VG 2 Ac VL 2 AL 
CG 

VG 2" S(AL 

T) + (p - Pc)g sin 0=0 (D. 1.6) 

Transforming equation (D. 1.6) to dimensionless form. The reference variables are: D 

for length, D2 for area, the superficial velocities, UL and U. 0 for the liquid and gas 

velocities, respectively. By designating the dimensionless quantities by a tilde 
z2 

C 
Dc 

D 
Uc 

U1 
Pc Uc 

U2 "Sc"D -D1+ CG 
D Uý ,c' VG 2U ,cD Ac D2 

2212 

Cc 
DD U° 

U'c 
v 2c U2 

U'c 
DDý Dz+D 'Ds 

Jc c ,ccc 

-C 
Dc 

D 
UL 

U -If 
PLUL 

U2SL"D"D2.1 + sin =0 cD Ujc ' vc 2Uc ýi 'D AL D2 
(PL - PcýB 

therefore' 
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(DU 
�Grp x ~"P 

sc 0C 
Äc 

+cGo G»-[] ýjc) D U, c-, ý PcU, c i+i Ccýýc . yC-) 2D 
(- 

G VG 2D AL Ac 

D US _" PL Ute, 
Z 

gL 
-18 

( 
CL0)L . UL) 

VL 2D 
ýL 

,ý+ 
(PL - PG)g Sin ß=0 

L 

-"ý ('5G ' OG) U 
C Pcl1.2c i "Ü 

Sc St St 
+ c VG c -- +- AG c Ac _ 

DUgL"` OL CLVL 
)(PLUL 

,U LL+ (Pc - PG)g sin ß 
L 

=0 

Hence, 

SM2 

,ýscD Ujc PLU. c 
c)-ý 

2 SG Si 
+ 

(Dc ' Uc) " Uc " Ac Cc 
yc 

1/2 
D- 

(D "Ü" Üý[AC +Ac 

U"c Pc U, Zc 
ýc1 [CG(D ýG )ý""" 1/2 

D 
]-(Pc-Pc)gsing=0 (D. 1.7) 

Multiplying equation (D. 1.7) by 

4 

4CG --) 
C1/2"°D ) 

equation (D. 1.7) becomes, 

4Cý D U-L -4 2 
D vý 

1/2pLU, 
L 

_R 2 ºSL 
-irt 2 `SG 

ýi 

4ca\DU, G -'". 1/2pGU 
(DL UL) UL 

AL-(Dc 
Uc) "UcIAc+AL+ 

D va / 

Si 4(pL-pc)gsin1 
_0 D 

lJ" 1/2pGU. 2c 
a 

which it can be written as 

x2(DL'UL)ý'Ui'ÄL - (Dc"Uc)"""I1G Q+ i+i' 
-4Y=0 D. 

L AG AL Ac ( 1.9) 

where, 
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x2 

and 

4C, ! UL 'i-" 

_ö ýý " 1/2PLU2c 
4CC 

" 1/2PGU 

(Pc - PG)8 sin (PL - PG)g sin (3 

112PCUsc 
G(Dýý) 

ýý/aG 

G 



APPENDIX (D) 
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APPENDIX D 

D. 2 PRESENT DIMENSIONLESS PROCEDURE. 
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D. 2 Present Dimensionless Procedure 

dp (dh) aPL d Ui tWLSL ti S1 
- PL8 ä2-A+A+ Pc8 sin ß=0 (D. 2.1) 

TPL LL 

4dp apGdUc_'tWGSG_tGSI+ 
sin =0 Pd ß (D. 2.2) 

TPC 2 AG AG 

From equations (D. 2.1) and (D. 2.2) we get; 

dp 
_ 

dh 
_ 

aPL d UL WG d Uc dp 'rWGSG 
_'ýWLSL TPL 

PLg 
dX 2 dX 

+2 
dX 

+ 
dX 

TPC 
+ 

AG AL 

T; GS; tiIsi 
+++ (PL - PG)g sin ß=0 (D. 2.3) AG AL 

Let 

4ýý dp dh 
_aPLdUL+aPGdU6+ 

dp 
=I 

)TPL 

PLg 
&C 2 dx 2 dx 

)TPG 

Hence, equation (D. 2.3) becomes, 

tWLSL tWGSG 
_ 

T'csi 
_ 

ti1Ls' 
-I- (Pc - Pc)g sin ß=0 (D. 2.4) AL AG AG AL 

The shear stresses are evaluated in a conventional manner; 
2); 2); 

tiwe = fi P Fu tiwc = fc P2 

= fý PL(U 2 U. )2 
tic = fý Pc(U 2 1102 

(D. 2.5) 

Substitute for ti from equation (D. 2.5) into (D. 2.4), assuming Ua» U, 

2) 2) 2) 

. 
fi PLU1 SL PLUG Sc Pc U° Sý PLUL Sý 

2 AL c2 Ac -fiG 2 Ac -fu 2' AL 
! -(PL - Pc)g sin ß0 

PcUc Sc PGUc PLUi LL 
fi 

2 AL-fc 2 'c- 2 
J[AGAL]' 

-(Pc-Pc)g sing =0 (D. 2.6) 

Equation (D. 2.6) can be transformed to dimensionless form. The reference variables 
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are: D for length, D2 for area, the superficial velocities, U, L and Una for liquid and gas 
velocities respectively. By designating the dimensionless quantities by tilde (-). 

{2 
JL 

PL UL 
2 

SL D2I PG UC S2 

Ua 
D 'D 

ý 12- 
2ÜLULDD Ac D2 UZc .cD 

Pc Lä 2S D1 1 
2 ý' Udc fcD "D "AG "D2+D "D -AL "DZ 

1-I-(PL-PG)gsinß 
=0 

fc (PLU, 21)02. 
c 

_fcC 
o CPc PcU, =c 

: 
sc U! 

2c Ac UÄ 
DÄ - (Pc - Pc)8 sin ß=0 2c Ac 2 ad Dc J 

fL PLUL 
) 

`SL 02. 
_ 

PC U& 
2 U 

fG SG fiG 
i , 

S'. fý 
D2 L AL 2 G D AG +D AG+D AL - 

(PL - PG)8 sin 0=0 

divide equation (D. 2.7) by 

fc pG 
2 
U, 2c 

D 

(D. 2.7) 

s fi PLUI 

D 2[ SG fiG I 
'c PGU, 2c . Uý 

ÄL _ UC +i +fiLAiL_ 
fa 

o+o U= _ 
iP f 

_o 

PG)g UB sin 
CT GAG fG 

D2D2D2 

(D. 2.8) 

A widely used method for the correlation of the liquid and gas friction factors in the 
form of the Blasius equation: 

(DLULr D UL fL = CL 
vL 

= CL 
V 

Y. 
(DL " UL)ý s 

L 

=C 
DGUG Du- 

. 
fc c ýc = CG 

y" 
(D G" 

ÜG)-"' (D. 2.9) 
GVG 

Substitute for f from eqn (D. 2.9) into eqn (D. 2.8) and multiply top and bottom by 4, 
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4CL DUB 

v �ý JI 1/2 pLU, 2c (ÖL . Ü) "2 SL { 

4C DU "UL- U2 
SG 

.ý 
'i JiL 

Si 

ýG( 
U#G-ný" 1/2pGU c Uc)-"` L Ac G Ac fcAc+fcAc 

v. 
2 

41 4(PL - Pc)8 sin ß 
4C DU -+R -=O 

D ýý) 1/2PcUc(Dc " Uc)~" ýa(D äý) 1/2PcU, ZC(Dc " Uc)-�` 

2 (Dc ' Uc)-" 
2 Sc 

2 fl " Uc "- Üc 
O 

Sc fc Si fýc Si 
-+---+-- -Z-4Y=O G c) c Ac 

, 
fc Ac JG Ac 

where, 

4CL D Ud. 

2D ýL) "1/2pLUL 
(iL 

x 
ör (DVc ), G 

(L -M Parameter ) 
" 1/2pGU, 

Z 41 
_ 

41 
4CG 

I\ 
OJ" 

1/2 pGUº(Dc ' Uc)~" 
Fdx ), 

VG ' 
(Dc ' Uc)-ý` 

and 

(D. 2.10) 

Y_ (Pc - Pc)g sin (PL - Pc)g sin ß 
c( Dv ,c1 -"' dP 

D )-, " J" 1/2pcUc(Dc"CIGr 
, ýc'(Dc'UI 
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APPENDIX D 

D3 THE MEASURED TOTAL AND INTEFACIAL (ILO) 

PRESSURE GRADIENTS DATA. 

FROM Table D. 3.1 TO Table D. 3.8 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

140801 0.009252 0.005808 152.0140 11.8422 0.985 0.80 

140802 0.009191 0.006980 151.6068 11.670 0.971 0.71 

140803 0.009170 0.008517 151.9630 12.1214 1.008 0.87 

140804 0.009129 0.009633 152.309 12.0804 1.005 0.68 

140805 0.009108 0.012196 151.9624 11.8010 0.982 0.65 

140806 0.009108 0.014161 152.3876 12.3534 1.027 0.70 

140807 0.009108 0.016296 151.5536 11.8642 0.987 0.88 

140808 0.009108 0.018813 151.0306 11.5982 0.965 1.02 

140809 0.009108 0.020908 150.1608 11.5160 0.958 0.87 

140810 0.009108 0.023286 149.3019 10.8955 0.906 0.97 

140811 0.009108 0.025491 148.0510 10.5195 0.875 0.84 

140812 0.009108 0.029138 147.0830 9.6556 0.803 0.80 

140813 0.009004 0.030947 146.6472 10.1773 0.846 0.68 

140814 0.008899 0.034092 145.3052 10.0868 0.839 0.96 

140815 0.008899 0.036057 143.6972 9.1393 0.760 0.92 

140816 0.011505 0.036004 154.1613 7.9183 0.659 0.90 

Table D. 3.1 Total Pressure Drop and ILG Derived from 

Experimental Readings 



445 

Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

150801 0.011273 0.005917 171.8528 11.6424 0.968 0.86 

150802 0.011206 0.008614 171.72558 11.2852 0.939 0.91 

150803 0.011139 0.011700 171.0964 11.2092 0.932 0.71 

150804 0.010985 0.014251 170.6584 10.5480 0.877 0.93 

150805 0.010985 0.016445 169.2434 10.0779 0.838 0.89 

150806 0.010985 0.019164 168.1878 9.3757 0.780 1.50 

150807 0.010951 0.021022 167.7315 9.4358 0.785 1.03 

150808 0.010951 0.023223 166.2264 8.6017 0.715 0.89 

150809 0.010882 0.025924 163.9678 8.9453 0.744 0.83 

150810 0.010882 0.029459 162.1748 9.7392 0.810 2.21 

150811 0.010882 0.030966 159.1792 10.8561 0.903 0.83 

150812 0.013156 0.005722 192.8686 12.9072 1.074 1.20 

150813 0.013142 0.009692 188.9358 10.8127 0.899 0.94 

150814 0.005211 0.005792 102.7146 5.8515 0.487 0.80 

150815 0.004951 0.007910 92.9227 5.7005 0.474 0.67 

150816 0.004951 0.010087 93.0080 5.9067 0.491 0.45 

200801 0.006838 0.005851 134.8468 8.6194 0.717 0.67 

Table D. 3.2 Total Pressure Drop and ILO Derived from 

Experimental Readings 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

200802 0.006920 0.007864 134.9684 8.9337 0.743 0.54 

200803 0.006866 0.009183 134.8362 8.7245 0.726 0.63 

200804 0.006866 0.010046 134.7514 8.6606 0.720 0.65 

200805 0.006866 0.011697 135.1847 8.8793 0.739 0.52 

200806 0.006866 0.014066 134.9928 8.8925 0.740 0.57 

200807 0.006866 0.015731 134.3460 8.4873 0.706 0.42 

200808 0.006866 0.018771 134.8242 8.9495 0.744 0.65 

200809 0.006866 0.021071 134.2897 8.9175 0.742 0.54 

200810 0.006866 0.023543 134.1010 8.6704 0.721 0.66 

200811 0.006866 0.026073 133.5600 8.5646 0.712 0.50 

200812 0.006866 0.029862 132.6838 8.1988 0.682 0.56 

200813 0.006866 0.031943 132.6338 8.5928 0.715 0.64 

200814 0.006866 0.033789 132.1866 8.2861 0.689 0.84 

200815 0.006866 0.037016 131.3174 8.2035 0.682 0.66 

200816 0.006866 0.040232 131.1738 8.3296 0.693 0.77 

210801 0.005695 0.005742 122.8696 8.1687 0.679 0.42 

210802 0.005695 0.007251 122.4022 8.4043 0.699 0.44 

Table D. 3.3 Total Pressure Drop and ILG Derived from 

Experimental Readings 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

210803 0.005695 0.008809 122.4178 8.3474 0.694 0.62 

210804 0.005595 0.010793 122.4520 8.3693 0.696 0.58 

210805 0.005662 0.013269 122.3652 8.1793 0.680 0.53 

210806 0.005628 0.015640 122.6348 8.2650 0.687 0.57 

210807 0.005662 0.018722 122.7258 8.5215 0.709 0.49 

210808 0.005662 0.021596 122.5288 8.4183 0.700 0.57 

210809 0.005662 0.023645 122.1186 8.1338 0.677 0.47 

210810 0.005662 0.026058 122.2410 8.4595 0.704 0.64 

210811 0.005662 0.029561 121.4064 7.8516 0.635 0.57 

210812 0.005662 0.032404 121.9408 9.6134 0.800 0.53 

210813 0.005662 0.035323 121.3552 9.6100 0.799 0.49 

210814 0.005527 0.037538 120.5482 8.9485 0.744 0.55 

210815 0.005527 0.040037 120.7712 9.2986 0.773 0.69 

210816 0.005627 0.043068 119.6948 8.8158 0.733 0.61 

210817 0.005662 0.045476 118.1274 8.3712 0.694 0.59 

290801 0.004706 0.006340 114.9012 7.9490 0.661 0.54 

290802 0.004642 0.008136 114.8558 7.7704 0.646 0.45 

Table D. 3.4 Total Pressure Drop and II. G Derived from 

Experimental Readings 



448 

Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

290803 0.004706 0.012718 115.0694 7.9262 0.659 0.43 

290804 0.004738 0.017427 115.0112 8.1005 0.674 0.46 

290805 0.004706 0.021234 114.8014 7.8291 0.651 0.53 

290806 0.004738 0.024188 114.8852 7.7652 0.646 0.55 

290807 0.004674 0.026275 114.3760 7.3879 0.614 0.40 

290808 0.004674 0.031697 114.6288 8.1180 0.675 0.48 

290809 0.004984 0.034712 114.3664 8.0840 0.672 0.55 

290810 0.004984 0.037519 113.7994 7.5500 0.628 0.59 

290811 0.005867 0.031103 123.806 8.3795 0.697 0.29 

290812 0.005867 0.020381 125.2364 8.6173 0.717 0.54 

40901 0.005161 0.006176 110.301 7.5727 0.630 0.51 

40902 0.005044 0.010073 110.641 7.6909 0.640 0.66 

40903 0.004893 0.013331 110.9308 7.7118 0.641 0.47 

40904 0.004801 0.017505 110.9508 7.837 0.652 0.55 

40905 0.004801 0.021667 110.8966 7.7819 0.647 0.54 

40906 0.004863 0.024892 110.6644 7.8633 0.654 0.52 

40907 0.004610 0.029411 110.7096 7.936 0.660 0.55 

Table D. 3.5 Total Pressure Drop and U. G Derived from 

Experimental Readings 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

40908 0.004610 0.033551 110.0692 7.6332 0.635 0.41 

40909 0.004610 0.036738 109.7392 7.7480 0.644 0.47 

40910 0.006767 0.036571 130.971 8.4382 0.702 0.49 

40911 0.006811 0.034294 132.1884 8.7987 0.732 0.51 

40912 0.006789 0.031511 133.3594 9.5785 0.797 0.56 

40913 0.006723 0.026366 134.1446 9.6081 0.799 0.54 

40914 0.006700 0.016328 135.0402 9.8248 0.817 0.49 

50901 0.007888 0.011999 144.4747 10.8877 0.906 0.67 

50902 0.007936 0.027383 142.5646 10.9136 0.908 0.66 

50903 0.004738 0.027336 113.670 8.4641 0.704 0.46 

50904 0.004769 0.036464 110.666 7.9255 0.659 0.48 

50905 0.008941 0.036212 146.0686 8.4128 0.700 0.76 

50906 0.008983 0.024563 152.0796 10.7012 0.890 0.60 

50907 0.008920 0.015331 153.7218 11.410 0.949 0.80 

50908 0.009978 0.010243 165.0268 12.7986 1.065 0.81 

50909 0.010128 0.015552 164.5568 12.643 1.052 0.61 

100901 0.005790 0.005509 123.3019 8.6390 0.719 0.56 

Table D. 3.6 Total Pressure Drop and ILG Derived from 

Experimental Readings 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmHZO/m 

100902 0.005790 0.006338 123.5738 8.8930 0.740 0.60 

100903 0.005790 0.008895 123.7894 8.9993 0.749 0.76 

100904 0.005790 0.012873 123.9388 8.7888 0.731 0.59 

100905 0.005790 0.016958 123.827 8.6492 0.719 0.72 

100906 0.005790 0.022158 123.3106 8.4934 0.706 0.56 

100907 0.005790 0.027206 123.5185 8.7202 0.725 0.64 

100908 0.005790 0.029139 122.7287 8.2928 0.690 0.39 

100909 0.005685 0.034344 122.376 8.2934 0.690 0.49 

100910 0.005790 0.037867 121.8823 7.9362 0.660 0.51 

100911 0.005764 0.040334 120.6832 7.3375 0.610 0.51 

100912 0.005790 0.043020 120.1148 7.6563 0.637 0.39 

120901 0.002996 0.005473 97.0779 6.9300 0.576 0.50 

120902 0.003670 0.007845 95.8804 6.2282 0.518 0.37 

120903 0.003328 0.011583 96.3668 7.1093 0.591 0.45 

120904 0.003328 0.018193 96.3337 6.7897 0.565 0.51 

120905 0.003907 0.018084 103.4318 7.2939 0.607 0.39 

120906 0.003907 0.015160 103.5207 7.1164 0.592 0.39 

Table D. 3.7 Total Pressure Drop and ILG Derived from 

Experimental Readings 
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Test 

No. 

Water 

Flow Rate 

m3/s 

Air Flow 

Rate 

m3/s 

Water 

Height 

mm 

Level 

Change 

mm 

Level 

Gradient 

mmH2O/m 

Total 

Pressure 

mmH2O/m 

120907 0.003907 0.012468 103.7016 7.1945 0.598 0.54 

120908 0.003907 0.010374 103.8699 7.1332 0.593 0.40 

120909 0.003868 0.007582 103.800 6.9645 0.579 0.46 

120910 0.003868 0.005579 103.9686 7.0950 0.590 0.66 

120911 0.003710 0.020308 103.8037 7.2128 0.600 0.37 

120912 0.003670 0.023462 103.8928 7.4219 0.617 0.50 

120913 0.004769 0.041016 110.2069 7.7527 0.645 0.38 

120914 0.004801 0.038475 111.1721 8.0151 0.667 0.58 

120915 0.004769 0.035954 111.7123 8.3507 0.695 0.63 

120916 0.004801 0.033664 111.8310 7.9979 0.665 0.51 

120917 0.004893 0.029842 112.3134 8.2848 0.689 0.54 

120918 0.004832 0.025560 113.0316 8.3656 0.696 0.55 

120919 0.004863 0.018883 112.9867 8.3086 0.691 0.50 

120920 0.004893 0.015755 113.1422 8.3753 0.697 0.53 

120921 0.004924 0.011659 113.4293 8.3618 0.695 0.58 

120922 0.004924 0.008399 113.2567 8.2623 0.687 0.61 

120923 0.004924 0.006330 113.4835 8.5358 0.710 0.57 

120924 0.004954 0.002842 113.4611 8.3740 0.696 0.59 

Table D. 3.8 Total Pressure Drop and ILO Derived from 

Experimental Readings 
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APPENDIX E 

E. 1 THE MAIN COMPUTER PROGRAM USED FOR PRO- 

CES SING THE EXPERIMENTAL READINGS FOR BOTH 

SINGLE AND TWO-PHASE FLOW. 

E. 2 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL FLOW PATTERN MAP. 

E. 3 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL TWO-PHASE FRICTION MUL- 

TIPLIERS VERSUS OTHER MODELS USED IN THE 

COMPARISONS. 

E. 4.1 COMPUTER PROGRAM USED TO CALCULATE THE 

MEAN VOID FRACTION FROM THE GAMMA-RAY 

READINGS (FOR 5 STEPS ). 

E. 4.2 COMPUTER PROGRAM USED TO CALCULATE THE 

MEAN VOID FRACTION FROM THE GAMMA-RAY 

READINGS (FOR 13 STEPS). 

E. 4.3 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL TWO-PHASE VOID FRACTION VER- 

SUS OTHER MODELS USED IN THE COMPARISONS. 
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E. 5.1 COMPUTER PROGRAM USED FOR THE CALIBRATION 

OF TIE DEPTH GAUGES (WHERE THE LIQUID 

HEIGHT IS GIVEN IN TERMS OF VOLTS). 

E. 5.2 COMPUTER PROGRAM USED IN THE TESTING OF 

SMOOTH STRATIFIED FLOW CONDITIONS TO DETER- 

MINE THE LIQUID HEIGHT IN THE TEST SECTION 

USING THE TWO DEPTH GAUGES (THE HEIGHT IS 

GIVEN IN mm). 
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APPENDIX E 

E. 1 THE MAIN COMPUTER PROGRAM USED FOR PRO- 

CESSING TIHE EXPERIMENTAL READINGS FOR BOTH 

SINGLE AND TWO-PHASE FLOW. 
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C THIS PROGRAM COMPUTES THE EXP. TWO PHASE MULTIPLIERS 
C FOR BOTH GAS AND LIQUID. ALSO IT DETERMINES THE 
C MULTIPLIERS USING THE HOMOGENEOUS MODEL, DUKLER, CHISHOLM, 
C CHENOWETH-MARTIN, BAROCZY, AND LOCKHART-MARTINELLI CORRELATIONS. 
C THE DATA PRESENTED HERE ARE FOR 8.5 INCH BORE PERSPEX 
C PIPE WITH AIR AND WATER AS THE TWO COMPONENTS BEING MIXED 
C AT THE BEGINING OF TEST SECTION. PRESSURE READINGS WERE TAKEN 
C AT A METRE INTERVAL ALONG THE TEST SECTION. 
C 

COMMON DG1, DG2, DG3, N(500), T(500), P(500), VDF(500), DF(500), 
1DG(500), PE(500), QF(500), QG(500), WG(500), K(500), D, PI, AP, 
2M, STN(500), R, RR, VGG(500), VFF(500), XOR, HOR(500), NOR, 
1 ELL(500), PTT(500) 

INTEGER CRF, CRG, CRH, CRD, CRLMF, CRLMG 
DIMENSION TME(500), TMH(500), TMD(500), TMCH(500), TMCM(500), 

1TMLMF(500), TMLMG(500), TMEG(500), TMHG(500), TMDG(500), 
2TMB(500), TERM(500), CRF(500), CRG(500), CRH(500), CRD(500), 
3CRLMF(500), CRLMG(500), USF(500), USG(500), 
4TG(500), BETA(500), GTOTL(500), QALTY(500), PINDX(500) 

C K=1 BUBBLE 
C K-2 SLUG 
C K-3 STRATIFIED 
C K-4 WAVY 
C K=5 ANNULAR 
C K=6 PLUG 
C K-44 UNSETTLED WAVY FLOW. LIQUID LEVEL BUILDS UP 
C DOWN STREAM 
C CR--1 RE LT 2000 
C CR=0 RE GT 2000 AND RE LT 20000 
C CR-1 RE LT 100000 AND RE GT 20000 
C CR-2 RE GT 100000 

CALL CONVERSION 
GASCT=. 000287 
GRVTY=9.807 
R1-(2-R)/2 
R2=2*R1 
DO 20001 I-1, M 
VG=VGG(I) 
VF-VFF(I) 
USF(I)-QF(I)/AP 
USG(I)-QG(I)/AP 
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C START OF P/Z CALCULATION 
GTOT=(QF(I)*DF(I)+QG(I)*DG(I))/AP 
GTOTL(I)-GTOT 
RFT=GTOT*D/VF 
CALL RETEST(RFT, FFT, CRF(I)) 

3 PFT=FFT*GTOT**2/(2*D*DF(I)) 
TME(I)=PE(I)/PFT 
RGT=GTOT*D/VG 
CALL RETEST(RGT, FGT, CRG(I)) 

9 PGT=FGT*GTOT**2/(2*D*DG(I)) 
TMEG(I)=PE(I)/PGT 
IF(RFT. LT. 25000.. AND. RFT. GT. 2000. )TME(I)=0.0 
IF(RGT. LT. 25000.. AND. RGT. GT. 2000. )TMEG(I)-0.0 

C HOMOGENEOUS MODEL 
X=QG(I)*DG(I)/(GTOT*AP) 
QALTY(I)=X 
B=QG(I)/(QF(I)+QG(I)) 
BETA(I)=B 
G-1-B 

A=ALOG(G) 
VH-B*VG+G*VF 
RH-GTOT*D/VH 
CALL RETEST(RH, FH, CRH(I)) 

5 PH=FH*GTOT**2*(X/DG(I)+(1-X)/DF(I))/(2*D) 
TMH(I)=PH/PFT 
TMHG(I)-PH/PGT 
IF(RH. LT. 25000.. AND. RH. GT. 2000. )TMH(I)=0.0 
IF(RH. LT. 25000.. AND. RH. GT. 2000. )TMHG(I)-0.0 
IF(RFT. LT. 25000.. AND. RFT. GT. 2000. )TMH(I)=0.0 
IF(RGT. LT. 25000.. AND. RGT. GT. 2000. )TMHG(I)-0.0 

C DUKLER CORRELATION 
IF(VDF(I). EQ. 0.0)GO TO 6 
DD=B*DG(I)+G*DF(I) 
F--ALOG(G) 
E=1.281-. 478*F+. 444*F**2-. 094*F**3+. 00843*F**4 
PSY=DF(I)*G**2/(DD*(1-VDF(I)))+DG(I)*B**2/(DD*VDF(I)) 
VD-B*VG+G*VF 
RD=GTOT*D*PSY/VD 
CALL RETEST(RD, FD, CRD(I)) 

7 FFD=FD*(1+F/E) 
PD=FFD*GTOT**2*PSY/(2*D*DD) 
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TMD(I)=PD/PFT 
TMDG(I)=PD/PGT 
IF(RD. LT. 25000.. AND. RD. GT. 2000. )GO TO 6 
GO TO 10 

6 TMD(I)=0.0 
TMDG(I)-0.0 

C CHISHOLM CORRELATION 
10 Z=FGT*DF(I)/(FFT*DG(I)) 

ZI=Z**. 5 
IF(RFT. LT. 25000.. AND. RFT. GT. 2000. )GO TO 35 
IF(RGT. LT. 25000.. AND. RGT. GT. 2000. )GO TO 35 
IF(ZI. LE. 9.5)GO TO 25 
IF(ZI. GT. 9.5. AND. ZI. LT. 28)GO TO 26 
BCH=15000/(Z*GTOT**. 5) 
GO TO 27 

25 IF(GTOT. LE. 500)GO TO 28 
IF(GTOT. GT. 500. AND. GTOT. LT. 1900)GO TO 29 
BCHa55/GTOT**. 5 
GO TO 27 

28 BCH-4.8 
GO TO 27 

29 BCH=2400/GTOT 
GO TO 27 

26 IF(GTOT. LE. 600)GO TO 30 
BCH=21/Z**. 5 
GO TO 27 

30 BCHa520/(ZI*GTOT**. 5) 
27 TMCH(I)=1+(Z-1)*(BCH*X**(R1)*(1-X)**(R1)+X**(R2)) 

IF(VDF(I). EQ. 0.0)GO TO 33 
TK=T(I)+273 
TERM(I)=1-GTOT**2*(X**2*TK*GASCT/(VDF(I)*P(I)**2)) 

C CHENOWETH MARTIN CORRELATION 
C FOR LIQUID VOLUME FRACTION LESS THAN . 007, ERROR MESSAGE 
C IS PRODUCED SETTING THE TWO PHASE MULTIPLIER TO ZERO. 
C EXTENSION OF THE RANGE OF THE POLYNOMIAL FIT IS REQUIRED 
C FOR SMALLER VALUES OF "B". 
33 IF(G. GE.. 07)GO TO 11 

IF(Z. LE. 50)GO TO 12 
IF(Z. LE. 100)GO TO 13 
IF(Z. LE. 200)GO TO 14 
IF(Z. GT. 200. AND. Z. LE. 500) GO TO 15 
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B500=65.31393539+82.59327014*A+41.00736661*A**2+8.812604934* 
1A**3+. 7983872946*A**4 

TMCM(I)-B500 
GO TO 40 

11 B0=. 9984778757-1.031743707*A+. 03145126553*A**2-. 3157101727* 
1A**3 

TMCM(I)=B0 
GO TO 40 

12 B50-4.870768633+4.314395825*A+2.337328508*A**2 
TMCM(I)-B50-(1-Z/50)*B50 
GO TO 40 

13 B100a23.1320003+17.34038494*A+4.212264895*A**2-. 157322532* 
lA**3 

B50-4.870768633+4.314395825*A+2.337328508*A**2 
TMCM(I)-B50+(Z/50-1)*(B100-B50) 
GO TO 40 

14 B200=-. 4002432041-. 2335712751*A+2.696966803*A**2+1.105942557* 
1A**3+. 2292410911*A**4 

B100-23.1320003+17.34038494*A+4.212264895*A**2-. 157322532*A**3 
TMCM(I)-B100+(Z/100-1)*(B200-B100) 
GO TO 40 

15 B500=65.31393539+82.59327014*A+41.00736661*A**2+8.812604934* 
1A**3+. 7983872946*A**4 

B200=-. 4002432041-. 2335712751*A+2.696966803*A**2+1.105942557* 
1A**3+. 2292410911*A**4 

TMCM(I)-B200+(B500-B200)*(Z-200)/300 
40 IF(G. LT.. 007)TMCM(I)-0.0 
C LOCKHART MARTINELLI CORRELATION 
C LOCK-MART CORRELATION IS EXTENDED FOR XLM > 100 
C AND LESS OR EQUAL TO 1000 

GO TO 31 
35 TMCH(I)-0.0 

TMCM(I)-0.0 
31 RFLM-(1-X)*GTOT*D/VF 

IF(RFLM. EQ. 0.0)GO TO 66 
CALL RETEST(RFLM, FFLM, CRLMF(I)) 
IF(RFLM. LT. 25000.. AND. RFLM. GT. 2000. )GO TO 66 

32 RGLM=X*GTOT*D/VG 
IF(RGLM. EQ. 0.0)GO TO 66 
CALL RETEST(RGLM, FGLM, CRLMG(I)) 
IF(RGLM. LT. 25000.. AND. RGLM. GT. 2000. )GO TO 66 

34 XLM-((1-X)/X)*(FFLM*DG(I)/(FGLM*DF(I)))**. 5 
A=ALOG(XLM) 



459 

IF(XLM. GT. 100)GO TO 57 
IF(RFLM. GT. 2000. AND. RGLM. GT. 2000) GO TO 50 
IF(RFLM. LE. 2000. AND. RGLM. GT. 2000) GO TO 52 
IF(RFLM. GT. 2000. AND. RGLM. LE. 2000) GO TO 54 
IF(XLM. LT. 1) GO TO 56 
VVG2-2.610404687+. 101283467*A+5.726725265*A**2-6.310718705*A**3 

1+4.280192873*A**4-1.427159734*A**5+. 2442578117*A**6 
2-. 01584725635*A**7 

VVF2-2.609930397-1.097911043*A+. 5583817165*A**2-. 1951651221*A**3 
1+. 03620386668*A**4-. 002659685406*A**5 

TMLMF(I)=VVF2**2 
TMLMG(I)=VVG2**2 
GO TO 60 

56 VVF1-2.60997411-1.025208328*A+. 9193521817*A**2+. 4503779331*A**3 
1+. 5050558188*A**4+. 1382119158*A**5+. 01900414834*A**6 

VVG1=2.61007206+1.475223603*A+. 6420600964*A**2+. 1302008707*A**3+ 
1.002216135198*A**4-. 003097175991*A**5-. 0003227634316*A**6 

TMLMF(I)=VVF1**2 
TMLMG(I)-VVG1**2 
GO TO 60 

50 IF(XLM. LT. 1) GO TO 51 
TTF2=4.199938412-2.051851893*A+. 9008215725*A**2-. 4161997166*A**3 

1+. 1394900102*A**4-. 02451068379*A**5+. 001670453502*A**6 
TTG2=4.200117503+2.287848357*A+. 3043882286*A**2+1.2277525144* 

1A**3-. 9313047181*A**4+. 3976301436*A**5-. 07085705889*A**6+. 0053 
276857115*A**7 

TMLMF(I)-TTF2**2 
TMLMG(I)=TTG2**2 
GO TO 60 

51 TTFls4.199281747-2.477469389*A-1.684998137*A**2-5.040648902*A**3 
1-3.897981432*A**4-1.588436339*A**5-. 3029787767*A**6 
2-. 02296824998*A**7 

TTG1-4.199943529+2.312901027*A+1.551428201*A**2+1.102259514*A**3 
1+. 5371038997*A**4+. 1490180927*A**5+. 02124923531*A**6 
2+. 00120931503*A**7 

TMLMF(I)=TTF1**2 
TMLMG(I)-TTG1**2 
GO TO 60 

52 IF(XLM. LT. 1) GO TO 53 
VTF2-3.48000021-1.764228833*A+1.290241065*A**2-1.122938442*A**3 

1+. 6231952608*A**4-. 1870006156*A**5+. 02820821765*A**6 
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2-. 001683874959*A**7 
VTG2-3.480333245-4.201908418*A+21.54483951*A**2-25.80776402*A**3 

1+15.69941316*A**4-4.897974195*A**5+. 7715782588*A**6 
2-. 04747326846*A**7 

TMLMF(I)-VTF2**2 
TMLMG(I)_VTG2**2 
GO TO 60 

53 VTF1-3.479441823-1.111333064*A+1.810215402*A**2+. 9576921726*A**3 
1+. 5605476801*A**4+. 09663830564*A**5+. 01201352676*A**6 

VTG1=3.480064648+2.280113539*A+1.863252128*A**2+1.42330111*A**3 
1+. 7175259202*A**4+. 2048822674*A**5+. 03013049794*A**6 
2+. 001776677817*A**7 

TMLMF(I)-VTF1**2 
TMLMG(I)-VTG1**2 

GO TO 60 
54 IF(XLM. LT. 1) GO TO 55 

TVF2-3.480032223-2.396720733*A+3.041953583*A**2-2.799168943*A**3 
1+1.424601836*A**4-. 3952810053*A**5+. 05633372155*A**6 
2-. 003228419148*A**7 

TVG2-3.480856386-8.945210048*A+36.3454554*A**2-42.89041856*A**3 
1+25.60232101*A**4-7.932419743*A**5+1.238134934*A**6 
2-. 07576584718*A**7 

TMLMF(I)-TVF2**2 
TMLMG(I)=TVG2**2 
GO TO 60 

55 TVF1-3.48029967-1.534967516*A-. 11094655*A**2-1.489976001*A**3 
1-. 8786798354*A**4-. 3288376218*A**5-. 05543108066*A**6 
2-. 004578245644*A**7 

TVG1-3.480049097+2.047775767*A+. 8109023841*A**2+. 02182375062* 
1A**3-. 1469529208*A**4-. 0665664344*A**5-. 01208375752*A**6 
2-. 0008077979251*A**7 

TMLMF(I)-TVF1**2 
TMLMG(I)-TVG1**2 
GO TO 60 

C EXTENSION OF THE CORRELATION 
57 TMLMG(I)=ALOG(111. )+. 8489831*ALOG(XLM/100. ) 

TMLMF(I)-ALOG(1.11)-. 04532298*ALOG(XLM/100. ) 
TMLMG(I)-(EXP(TMLMG(I)))**2 
TMLMF(I)-(EXP(TMLMF(I)))**2 
GO TO 60 

66 TMLMF(I)-0.0 
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TMLMG(I)=0.0 

60 TMLMF(I)-TMLMF(I)*((1-X)**2)*(FFLM/FFT) 
TMLMG(I)=TMLMG(I)*(X**2)*(FGLM/FGT) 
IF(RFT. LT. 25000.. AND. RFT. GT. 2000. )GO TO 42 
GO TO 44 

42 TME(I)=0.0 
TMH(I)-0.0 
TMD(I)-0.0 

44 IF(RGT. LT. 25000.. AND. RGT. GT. 2000. )GO TO 43 
GO TO 45 

43 TMEG(I)=0.0 
TMHG(I)=0.0 
TMDG(I)-0.0 

C BAROCZY CORRELATION 
C FOR QUALITIES LESS THAN . 000001 THE BAROCZY MULT. IS SET TO 1.0 

C THE PROGRAM IS VALID FOR X LESS OR EQUAL TO 0.4. FOR 89GHN9 
C VALUES, ERROR MESSAGE IS PRODUSED SETTING "TMB" TO ZERO. 
C THE SAME MESSAGE APPEARS WHEN C EXCEEDS . 005. 
45 IF(X. EQ. 0.0)GO TO 23 

A=ALOG(X) 
C=(DG(I)/DF(I))*(VF/VG)**. 2 
PINDX(I)=C 
IF(X. LT.. 001. AND. X. GE.. 000001)GO TO 64 
IF(X. LT.. 000001)GO TO 65 
IF(C. GE.. 001. AND. C. LE.. 002)GO TO 61 
IF(C. GT.. 002. AND. C. LE.. 003)GO TO 62 
IF(C. GT.. 003. AND. C. LE.. 004)GO TO 63 
C5-5.242938204+. 836212894*A+. 02568660441*A**2 
C4-5.474991751+. 8798436666*A+. 0280732611*A**2 
C4-EXP(C4) 
C5-EXP(C5) 
TMB(I)-C4+(C5-C4)*(C-. 004)/. 001 
GO TO 70 

61 Cl-6.761433864+. 9264567065*A-. 1743093806*A**2-. 05057031267*A**3 
1-. 003490810436*A**4 

C2-6.172327345+1.067502975*A+. 04101449738*A**2 
C1-EXP(C1) 
C2-EXP(C2) 
TMB(I)-C1+(C2-C1)*(C-. 001)/. 001 
GO TO 70 
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62 C2a6.172327345+1.067502975*A+. 04101449738*A**2 
C3=5.755718441+. 9450772699*A+. 03166408673*A**2 
C2-EXP(C2) 
C3-EXP(C3) 
TMB(I)=C2+(C3-C2)*(C-. 002)/. 001 
GO TO 70 

63 C4=5.474991751+. 8798436666*A+. 0280732611*A**2 
C3=5.755718441+. 9450772699*A+. 03166408673*A**2 
C3-EXP(C3) 
C4=EXP(C4) 
TMB(I)=C3+(C4-C3)*(C-. 003)/. 001 

70 IF(X. GT.. 4. OR. C. GT.. 005)TMB(I)sO. 0 
GO TO 21 

64 C6=13.96575981+3.183123805*A+. 2619656081*A**2+ 
1.007202603753*A**3 

TMB(I)-C6 
GO TO 21 

65 TMB(I)a1.0 
21 PE(I)-PE(I)/1000 

IGTOT-IFIX(GTOT) 
IF(X. LT. 0.001)GO TO 22 
IF(IGTOT. EQ. 1356)TMB(I)-1.0 
IF(IGTOT. EQ. 1356)GO TO 22 
IF(IGTOT. LE. 339)GO TO 95 
IF(IGTOT. GT. 339. AND. IGTOT. LT. 678)GO TO 100 
IF(IGTOT. GE. 678. AND. IGTOT. LT. 1356)GO TO 105 
IF(IGTOT. GT. 1356. AND. IGTOT. LT. 2712)GO TO 110 
IF(IGTOT. GE. 2712. AND. IGTOT. LT. 4068)GO TO 115 
IF(IGTOT. GE. 4068)GO TO 120 

95 CALL CORRECTION(X, C, 339, RTMB) 
TMB(I)-RTMB*TMB(I) 
GO TO 22 

100 CALL CORRECTION(X, C, 339, RTMBO) 
CALL CORRECTION(X, C, 678, RTMB1) 
A-(RTMBO-RTMB1)/(678-339) 
RTMB-RTMBO-A*(GTOT-339.0) 
TMB(I)-RTMB*TMB(I) 
GO TO 22 

105 CALL CORRECTION(X, C, 678, RTMB1) 
CALL CORRECTION(X, C, 1356, RTMB2) 
A=(RTMB1-RTMB2)/(1356-678) 
RTMB-RTMB1-A*(GTOT-678.0) 
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TMB(I)-RTMB*TMB(I) 
GO TO 22 

110 CALL CORRECTION(X, C, 1356, RTMB2) 
CALL CORRECTION(X, C, 2712, RTMB3) 
A-(RTMB2-RTMB3)/(2712-1356) 
RTMB=RTMB2-A*(GTOT-1356.0) 
TMB(I)=RTMB*TMB(I) 
GO TO 22 

115 CALL CORRECTION(X, C, 2712, RTMB3) 
CALL CORRECTION(X, C, 4068, RTMB4) 
A=(RTMB3-RTMB4)/(4068-2712) 
RTMB=RTMB3-A*(GTOT-2712) 
TMB(I)-RTMB*TMB(I) 
GO TO 22 

120 CALL CORRECTION(X, C, 4068, RTMB4) 
TMB(I)-RTMB4*TMB(I) 

22 CONTINUE 
GO TO 20 

23 TMB(I)=0.0 
PE(I)=PE(I)/1000. 

20 CONTINUE 
C ALL THESE PDS ADDED FOR BRITOIL WORK 

PFT-PFT 
PH-PH 
PD=PD 
PDCH-TMCH(I)*PFT 
PDCM=TMCM(I)*PFT 
PDLM-TMLMF(I)*PFT 
PDB=TMB(I)*PFT 
PEE-PE(I)*1000.0 
EXPHL-1-VDF(I) 
IF(EXPHL. GT. 1.0)GO TO 20001 

C WRITE(6,90001)N(I), EXPHL, PEE, PFT, PH, PD, PDCH, PDCM, 
C 1PDLM, PDB, K(I) 
C90001 FORMAT(I7,9F11.3,16) 

WRITE(6, *)N(I), FFT 

20001 CONTINUE 
DO 900 Il-1, M, 13 
WRITE(6,906) 
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906 FORMAT(1H1, //////////) 
WRITE(6,901) 

901 FORMAT(3X, 4HTEST, 3X, 4HTEMP, 2X, 6HP MEAN, 2X, 4HVOID, 2X, 
110HWATER FLOW, 9H AIR FLOW, 8H DENSITY, 2X, 7HDENSITY, 
13X, 7HPR-GRAD, 3X, 4HFLOW) 

WRITE(6,907) 
907 FORMAT(3X, 3HRUN, 18X, 5HFRCTN, 4X, 4HRATE, 6X, 4HRATE, 4X, 5HWATER, 5X, 

13HAIR) 
WRITE(6,902) 

902 FORMAT(4X, 2HNO, 5X, 1HC, 4X, 5HKN/M2,11X, 6HM3/SEC, 4X, 6HM3/SEC, 
13X, 5HKG/M3,4X, 5HKG/M3,3X, 5HKN/M3,3X, 7HPATTERN) 

12=I1+12 
DO 1000 I=I1, I2 
IF(I. EQ. M+1)GO TO 705 
IF(PE(I). EQ. 0.0. AND. VDF(I). EQ. 0.0)GO TO 840 
IF(PE(I). EQ. 0.0)GO TO 850 
IF(VDF(I). EQ. 0.0)GO TO 860 
WRITE(6,904)N(I), T(I), P(I), VDF(I), QF(I), QG(I), DF(I), DG(I), 

1PE(I), K(I) 
904 FORMAT(/I8, F6.1, F8.2, F7.4,2F10.6, F8.2, F8.4,3X, F7.5,16) 

GO TO 1000 
840 WRITE(6,845)N(I), T(I), P(I), VDF(I), QF(I), QG(I), DF(I), DG(I), K(I) 
845 FORMAT(/18, F6.1, F8.2,3X, F7.4,2X, 2F10.6, F8.2, F8.4,39X, 2H--, 2X, 16) 

GO TO 1000 
850 WRITE(6,855)N(I), T(I), P(I), VDF(I), QF(I), QG(I), DF(I), DG(I), K(I) 
855 FORMAT(/18, F6.1, F8.2, F7.4,2F10.6, F8.2, F8.4,39X, 2H--, 2X, 16) 

GO TO 1000 
860 WRITE(6,865)N(I), T(I), P(I), VDF(I), QF(I), QG(I), DF(I), 

1DG(I), PE(I), K(I) 
865 FORMAT(/I8, F6.1, F8.2,3X, F7.4,2X, 2F10.6, F8.2, F8.4,3X, F7.5,16) 
1000 CONTINUE 

GO TO 707 - 705 WRITE(6,711) 
707 WRITE(6,905) 
905 FORMAT(//, 5X, 5HTABLE, 10X, 79HPRESSURE DROP, SETTLING LENGTH AND 

10THER DATA DERIVED FROM EXPERIMENTAL READINGS) 
900 CONTINUE 

DO 2000 11=1, M, 13 
WRITE(6,807) 

807 FORMAT(1Hl, //////////) 
WRITE(6,802) 
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802 FORMAT(2X, 4HTEST, 3X, 4HVOID, 3X, 9HTWO-PHASE, 28X, 
139HVALUES OF TWO-PHASE FRICTION MULTIPLIER) 

WRITE(6,803) 
803 FORMAT(2X, 3HRUN, 11X, 8HFRICTION) 

WRITE(6,804) 
804 FORMAT(9X, 5HFRCTN, 2X, 9HPRES-GRAD, 5X, 12HEXPERIMENTAL, 6X, 

111HHOMOG MODEL, 7X, 9HLOCK-MART, 8X, 6HCH-MRT, 2X, 
27HBAROCZY, 2X, 5HCHLSM, 3X, 6HDUCKLR) 

WRITE(6,805) 
805 FORMAT(3X, 2HNO, 12X, 5HKN/M3) 

12=11+12 
DO 3000 I-I1, I2 
IF(I. EQ. M+1)GO TO 709 
IF(TME(I). EQ. 0.0. AND. TMLMF(I). EQ. 0.0)GO TO 1300 
IF(TME(I). EQ. 0.0)GO TO 1400 
IF(TMLMF(I). EQ. 0.0)GO TO 1100 
WRITE(6,1001)N(I), VDF(I), PE(I), TME(I), TMEG(I), TMH(I), TMHG(I), 

1TMLMF(I), TMLMG(I), TMCM(I), TMB(I), TMCH(I), TMD(I) 
1001 FORMAT(/I7, F8.4, F9.5, F10.3, Fll. 6, F7.3, F9.6,2F10.4, F8.3, 

13F8.3) 
GO TO 3000 

1300 IF(VDF(I). EQ. 0.0)GO TO 1700 
WRITE(6,1500)N(I), VDF(I), TMH(I), TMHG(I), TMCM(I), 

1TMB(I), TMCH(I), TMD(I) 
1500 FORMAT(/17, F8.4,5X, 2H--, 8X, 2H--, 8X, 2H--, 3X, 

1F7.3, F9.6,2(5X, 2H--, 3X), F8.3,3F8.3) 
GO TO 3000 

1400 IF(VDF(I). EQ. 0.0)GO TO 1800 
WRITE(6,1600)N(I), VDF(I), TMH(I), TMHG(I), TMLMF(I), TMLMG(I), 

1TMCM(I), TMB(I), TMCH(I), TMD(I) 
1600 FORMAT(/17, F8.4,5X, 2H--, 2X, 6X, 2H--, 2X, 6X, 2H--, 3X, F7.3, F9.6, 

12F10.6, F8.3,3F8.3) 
GO TO 3000 

1100 WRITE(6,1200)N(I), VDF(I), PE(I), TME(I), TMEG(I), TMH(I), TMHG(I), 
1TMCM(I), TMB(I), TMCH(I), TMD(I) 

1200 FORMAT(/I7, F8.4, F9.5, F10.3, Flt. 6, F7.3, F9.6,5X, 2H--, 8X, 2H--, 3X, 
1F8.3,3F8.3) 
GO TO 3000 

1700 WRITE(6,1900)N(I), TMH(I), TMHG(I), TMCM(I), TMB(I), TMCH(I) 
1900 FORMAT(/I7,4X, 2H--, 7X, 2H--, 8X, 2H--, 8X, 2H--, 3X, 

1F7.3, F9.6,2(5X, 2H--, 3X), F8.3,2F8.3,5X, 2H--) 
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GO TO 3000 
1800 WRITE(6,1910)N(I), TMH(I), TMHG(I), TMLMF(I), TMLMG(I), TMCM(I), 

1TMB(I), TMCH(I) 
1910 FORMAT(/i7,4X, 2H--, 7X, 2H--, 8X, 2H--, 8X, 2H--, 3X, F7.3, 

1F9.6,2F10.6, F8.3,2F8.3,5X, 2H--) 
3000 CONTINUE 

GO TO 708 
709 WRITE(6,711) 

711 FORMAT(//////) 
708 WRITE(6,808) 
808 FORMAT(//, 10X, 5HTABLE, 30X, 32HCOMPARISON OF FRICTION PRESSURE 

19HDROP DATA) 
2000 CONTINUE 

WRITE(6,2100) 
2100 FORMAT(1H1, //, 3X, 'NO', 6X, 'GTOTL', 4X, 'QALTY', 

15X, 'PINDX', 6X, 'TMBE', 6X, 'TME', 5X, 'USF', 6X, 
2'USG', 5X, 'VDF', 4X, 'BETA', 4X, 'PATERN', 4X, 'FFSP', 6X, 'RE', //) 

DO 5000 I=1, M 
STN(I)-STN(I)/1000.0 
IF(K(I). EQ. 3)GO TO 4050 
REF-(DF(I)*USF(I)*D)/VFF(I) 
FFC-(PI**2)*(D**5)*1000.0/8. O 
FFSP=FFC*PE(I)/((QF(I)**2)*DF(I)) 
IF(K(I). EQ. 9)GO TO 4100 
WRITE(6,4000)N(I), GTOTL(I), QALTY(I), PINDX(I), TMB(I), TME(I), 

1USF(I), USG(I), VDF(I), BETA(I), K(I) 
4000 FORMAT(/I8, F8.2,2F10.6,2X, F7.4,2X, 4F8.4, F9.6, I6) 

GO TO 5000 

4050 HLL-ELL(I)/1000. 
PE(I)=(PE(I)*249.09*100. )/(2.54*10. ) 
PEF=PTT(I)*9.807 
IF(HLL. EQ. 0.0) GOTO 4052 
BST1=D/2. -HLL 
BST2-BST1/(D/2. ) 
SL=D*ACOS(BST2) 
AL=(D/2. )**2*ACOS(BST2)-BST1*((D/2. )**2-BST1**2)**0.5 
DL=(4. *AL)/SL 
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REF=(4. *DF(I)*QF(I))/(VFF(I)*SL) 
C IF(PEF. LE. 0.0) GOTO 4055 

C FFSP=((SL)**2*(DL)**3*PEF)/(8. *DF(I)*QF(I)**2) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C THIS SECTION FOR STRTIFIED FLOW USING BISHOP et. al. MODULE C 
CC 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C 
C 
C 
C 
C 

c 
c 

C 
C 

THIS SECTION ADDED FOR MR. E. M. ALI 
FOR TILDE TERM WE WILL USE T, FOLLOWED BY VARIABLE, FOLLOWED BY X 
FOR EXAMPLE TALX 
HOPEFULLY WE WILL AVOID USING TERMS USED ELSEWHERE, UNLESS 
COMMON TERMS 
CGTX-0.046 
CLTX=0.046 
XTN-0.20 
XTM=0.20 
CGLX-16.0 
CLLX=16.0 
XLN=1.0 
XLM=1.0 
ALMOST CERTAINLY ALL TURBULENT FLOWS 
VALUES OF SL, DL AND ALREADY CALCULATED 
ULX-QF(I)/AL 
FLTX=CLTX *(DF(I)*DL*ULX/VFF(I))**(-XTN) 
FLTX=4.0*FLTX 
FLSX=CLTX*(D*USF(I)*DF(I)/VFF(I))**(-XTN) 
AG=AP-AL 
SG=(PI*D)-SL 
SI=2*((D/2)**2-BST1**2)**0.5 
DGX=4*AG/(SG+SI) 
UGX-QG(I)/AG 
FGSX=CGTX*(D*USG(I)*DG(I)/VGG(I))**(-XTM) 
FGTX=CGTX*((DG(I)*DGX*UGX/VGG(I))**(-XTM)) 
FGTX-FGTX 
TAKE FI=FIL=FIG 
TAKE FI-FG WE CAN MAKE THIS ANY RATIO eg. FI/FG-ANY VALUE 
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C THIS IS WHERE WE MAKE CHANGES FOR FI 
FILX-FGTX 
FIGX-FGTX 

C MAKE LOCK-MART X SQUARED=XSGX 
XSGX-(FLSX*(0.5*DF(I)*(USF(I)**2)))/ 

1(FGSX*(0.5*DG(I)*(USG(I)**2))) 
TDLX-DL/D 
TDGX=DGX/D 
TULX-ULX/USF(I) 
TUGX=UGX/USG(I) 
TSI-SI/D 
TSL-SL/D 
TSG-SG/D 
TAL-AL/(D**2) 
TAG=AG/(D**2) 
TERM1-XSGX*((TDLX*TULX)**(-XTN))*((TULX**2)*TSL) 

1/(TAL*((TDGX*TUGX)**(-XTM))) 
TERM2-(TUGX**2)*((TSG/TAG)+((TSI/TAL)*(FILX/FGTX)) 

1+((TSI/TAG)*(FIGX/FGTX))) 

C TERM Z (THETA-ANGLE OF INCLINATION) 

ANGLEa0.0 
TAWWL-(FLTX*DF(I)/2)*(ULX**2) 
TAWWG-(FGTX*DG(I)/2)*(UGX**2) 
TAWWIL-(FILX*DG(I)/2)*(UGX-ULX)**2 
TAWWIG-(FIGX*DG(I)/2)*(UGX-ULX)**2 
TERMI-(TAWWL*SL/AL)-(TAWWG*SG/AG)-(TAWIL*SI/AL)-(TAWIG*SI/AG) 

1-(DF(I)-DG(I))*GRVTY*SIN(ANGLE) 
TERM3=4.0*(4*CGTX/D)*((DG(I)*D*USG(I)/VGG(I))**(-XTM))* 

1(0.5*DG(I)*(USG(I)**2)) 
TERM5'. ((TDGX*TUGX)**(-XTM)) 
TERMZ-4*TERMI/(TERM3*TERM5) 
TERMY-((DF(I)-DG(I))*GRVTY*SIN(ANGLE))/TERM3 
TERM4-4*TERMY/TERMS 
ANSWER-TERMI-TERM2-TERMZ-TERM4 

C ANSWER SHOULD EQUAL ZERO PRINT OUT TERM1, TERM2, TERMZ AND TERM4 
C AND ANSWER SO WE CAN SEE RELATIVE MAGNITUDES 
C TERM2 AND TERMZ CAN BE ADJUSTED BY CHOOSING DIFFERENT VALUES 
C FOR FILX, FIGX COMPARED TO FGTX 
C WRITE(6, *)N(I), ELL(I), TERM1, TERM2, TERMZ, TERM4, ANSWER 
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C4444 FORMAT(/18,1X, F10.5,1X, F10.5,1X, F10.5,1X, F10.5,1X, F10.5) 
C WRITE(6, *)N(I), AL, AG, SL, SG, DL, DGX, TERMI, SI, DF(I), VFF(I), 
C 1DG(I), VGG(I), TULX, TUGX, TAL, TAG, USF(I), USG(I), ULX, UGX, 
C 1TSL, TSG, TSI, TDGX, TDLX, QF(I), QG(I), TERM3, TERM5, TAWWL, 
C 1TAWWG, TAWWIL, TAWWIG, FLTX, FGTX, FILX, FIGX, FLSX, FGSX, XSGX 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C NIKOLAOS ANDRITSOS AND T. J. HANRATTY METHOD TO CALCULATE C 
C STRESS AT THE WALL FOR THE LIQUID PHASE C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C FI=FG BECAUSE USG<- ((DGO/DG(I))**0.5)*(5.0) 

TAWWILX=TAWWIL*(UGX**2)/(UGX-ULX)**2 
C HPLUS1=(0.098*(REF**0.85)/(1-(HLL/D))**0.5)**5.0 
C HPLUSa((1.082*(REF**0.5))**5.0+HPLUS1)**0.2 

HPLUS-(0.098*(REF**0.85))/((1-(HLL/D))**0.5) 
TAWC-(DF(I)*(HPLUS*VFF(I)/(D*DF(I)))**2.3516)* 

1((HLL/D)**(-3.4206)) 
TAWWLX=TAWC-(TAWWILX/3.0) 
TAWWLXa1.5*TAWWLX/(1-(HLL/D)) 

C FROM EQUATION (2) 
DPDXHL=((TAWWILX*SI)-(TAWWLX*SL))/AL 
DPDXHG-(-(TAWWILX*SI)-(TAWWILX*SG))/AG 

C IF(HLL. LT. O. 100) GOTO 5000 
IF(HLL. GT. O. 175) GOTO 5000 
RATIO-HLL/D 
TAWWLEX=(TAWWILX*SI)/SL+(PE(I)*AL)/SL 
TAWCEXs((2. *TAWWLEX)/3. )*(1-RATIO)+(TAWWILX/3. ) 
HNUD=(HPLUS*VFF(I))/(DF(I)*D) 
DEFF-(TAWCEX-TAWC)*100/TAWC 
WRITE(6, *)N(I), TAWCEX, DF(I), HNUD, RATIO, DEFF 

IF(PEF. LE. 0.0) GOTO 4055 
FFSP-((SL)**2*(DL)**3*PEF)/(8. *DF(I)*QF(I)**2) 
GOTO 4100 

4052 REF-0.0 
4055 FFSP-0.0 

C4100 WRITE(6,4200)N(I), GTOTL(I), QALTY(I), PINDX(I), TMB(I), 
C 1TME(I), USF(I), USG(I), VDF(I), BETA(I), K(I), FLTX, REF 
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C4200 FORMAT(/I8, F8.2,2F10.6,2X, F7.4,2X, 4F8.4, F9.6,16,1X, F10.8, F10.0) 
4100 CONTINUE 
5000 CONTINUE 

WRITE(6,2600) 
2600 FORMAT(1H1, //, 5X, 'NO', 8X, 'UG/UF', 6X, 'UG-UF', 6X, 'GTOTL', 

18X, 'VDF', 10X, 'BETA', 6X, 'FRDM', 6X, 'WEBM', 8X, 'PATERN', //) 
DO 2500 I=1, M 
FRDM-((USF(I)+USG(I))**2)/(D*GRVTY) 
FRDM-ALOG(FRDM) 
IF(VDF(I). EQ. 0.0)GO TO 2800 
UG=USG(I)/VDF(I) 
UF=USF(I)/(1.0-VDF(I)) 
SLIPR=UG/UF 
SLIP-UG-UF 
DNSTYM-DG(I)*VDF(I)+DF(I)*(1.0-VDF(I)) 
WEBM=((USG(I)+USF(I))**2)*D*DNSTYM/STN(I) 
GO TO 2900 

2800 SLIPR=0.0 
SLIP=0.0 
WEBM=0.0 

2900 WRITE(6,2700)N(I), SLIPR, SLIP, GTOTL(I), VDF(I), 
1BETA(I), FRDM, WEBM, K(I) 

2500 CONTINUE 
2700 FORMAT(/18,6F12.4, F12.3,110) 
C WRITE(6,3050) 
C3050 FORMAT(1H1, //, 5X, 'NO', 8X, 'RUS', 8X, 'RVD', 7X, 'LN(FRG)', 
C 18X, 'VDF', 6X, 'BETA', 8X, 'LN(FRF)', 5X, 'LN(REG)', 5X, 
C 2'LN(REF)', 4X, 'PATERN', //) 

DO 3100 I=1, M 
RUS=USG(I)/USF(I) 
IF(BETA(I). EQ. 0.0)GO TO 3200 
RVD=VDF(I)/BETA(I) 
FRG-ALOG((USG(I)**2)/(D*GRVTY)) 
REG-D*DG(I)*USG(I)/VGG(I) 
REG=ALOG(REG) 
GO TO 3250 

3200 RVD=0.0 
FRG=0.0 
REG-0.0 

3250 FRF-ALOG((USF(I)**2)/(D*GRVTY)) 
REF=D*DF(I)*USF(I)/VFF(I) 
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REF=ALOG(REF) 
C WRITE(6,3150)N(I), RUS, RVD, FRG, VDF(I), BETA(I), 
C 1FRF, REG, REF, K(I) 
3100 CONTINUE 
C3150 FORMAT(/, 18,8F12.5, I10) 
C WRITE(6,6400) 
C6400 FORMAT(1H1, //, 5X, 'NO', 8X, 'RH', 6X, 'XFRDM', 3X, 
C 1'XWEBM', 6X, 'XNAR', 7X, 'XNKU', 5X, 'REFR/WE', 6X, 'FFSKH', 8X, 
C 2'XFFD', 8X, 'XFFH', 9X, 'RFT', //) 

DO 6500 I=1, M 
B=BETA(I) 
G-1-B 
VG-VGG(I) 
VF-VFF(I) 
VH=B*VG+G*VF 
DD=B*DG(I)+G*DF(I) 
RFT=GTOTL(I)*D/VF 
RH-GTOTL(I)*D/VH 
XFRDM=((USF(I)+USG(I))**2)/(D*GRVTY) 
XWEBM=((USG(I)+USF(I))**2)*D*DD/STN(I) 
XNAR=(STN(I)**1.5)*DF(I)/((GRVTY**0.5) 

1*(VF**2)*((DF(I)-DG(I))**0.5)) 
RRR=RH*XFRDM/XWEBM 
XFFH=PE(I)*2*D*DD/(GTOTL(I)**2) 
IF(VDF(I). EQ. 0.0) GO TO 6450 
UG=USG(I)/VDF(I) 
UF-USF(I)/(1-VDF(I)) 
PSYaDF(I)*G**2/(DD*(1-VDF(I)))+DG(I)*B**2/ 

1(DD*VDF(I)) 
SKH=DF(I)*(UF**2)*(1+(1-(DG(I)/DF(I)))* 

1(UG/UF))/2*D 
FFSKH-PE(I)/SKH 
XFFD=(PE(I)*2*D*DD)/((GTOTL(I)**2)*PSY) 
XNKU=(DG(I)**0.5)*(UG)*(GRVTY*STN(I)*(DF(I)- 

1DG(I)))**(-0.25) 
C GO TO 6455 
6450 FFSKH=0.0 

XFFD=0.0 
XNKU=0.0 

C6455 WRITE(6,6600)N(I), RH, XFRDM, XWEBM, XNAR, XNKU, RRR, 
C 1FFSKH, XFFD, XFFH, RFT 
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C6600 FORMAT(/, 18, F12.1,1F8.2,1F10.2, E12.4, F10.4,4E12.4, F12.1) 
6500 CONTINUE 

IF(NOR. EQ. 888)GO TO 2099 
C WRITE(6,6700) 
C6700 FORMAT(1H1, //, 5X, 'NO', 5X, 'VDF', 8X, 'BETAR', 6X, 
C 1'QALR', 4X, 'TPMFOV', 5X, 'DP', 6X, 'PATRN', 5X, 'XTTE', 7X, 'XPHI', 
C 26X, 'HOR', 6X, 'VELHFO', 4X, 'VELHF', //) 

DO 6800 Ia1, M 

IF(QALTY(I). EQ. 0.0)GO TO 6758 
XTTEs(PINDX(I)**0.5)*(1-QALTY(I))**0.9 

1/QALTY(I)**0.9 
GO TO 6759 

6758 XTTE=1.0 
6759 WF-QF(I)*DF(I) 

VELHF-1000.0*(USF(I)**2)/(2*GRVTY) 
DELPTP=HOR(T)*DF(I)*GRVTY/1000.0 
VELHFO-1000.0*(GTOTL(I)**2)/(2*GRVTY*(DF(I)**2)) 
DELPFO=XOR*(GTOTL(I)**2)/(2*DF(I)) 
IF(DELPFO. EQ. 0.0)GO TO 6751 
TPMFOV=DELPTP/DELPFO 
GO TO 6752 

6751 DELPFO=1.0 
6752 SPECVHn((l-QALTY(I))/DF(I))+(QALTY(I)/DG(I)) 

AAAA=(GTOTL(I)**2)*SPECVH/2 
IF(XOR. EQ. 0.0)GO TO 6753 
BBBBs(HOR(I)/(VELHF*XOR))**0.5 
GO TO 6754 

6753 BBBB-1.0 
6754 QALR-QALTY(I)/(1-QALTY(I)) 

BETAR-BETA(I)/(1-BETA(I)) 
C WRITE(6,6750)N(I), AAAA, BETAR, QALR, 
C 1TPMFOV, DELPTP, K(I), XTTE, BBBB, HOR(I), VELHFO, VELHF 
C6750 FOR14AT(/, I8,1E12.4,2E10.3, F10.3, E10.3,13,2F12.6,3F10.3) 
6800 CONTINUE 
C DO 1189 Is1, M 
C BRITOIL CONTRACT 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PEE=PE(I)*1000.0 

VG-VGG(I) 
VF=VFF(I) 
USM=USF(I)+USG(I) 
X=QALTY(I) 
B=BETA(I) 
G-1-B 
A-ALOG(G) 
F--ALOG(G) 
EXPHL=1-VDF(I) 

EATON HOLDUP 
USED IN DUKLER PRESSURE-DROP 
HOLDUP IS FUNCTION OF XE 

IF(K(I). EQ. 9)GO TO 1189 
ZNGV=USG(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLV=USF(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLE=VF*(GRVTY/(DF(I)*STN(I)**3))**0.25 
ZNDE=D*(DF(I)*GRVTY/STN(I))**O. 5 
EAXEa1.82*(ZNLV**0.575)*((P(I)/100.0)**0.05)*(ZNLE**0.1)/ 

1(ZNGV*ZNDE**0.0277) 
HLEA1-0.0133 
HLEA2-14.182*EAXE**3-11.554*EAXE**2+3.636*EAXE- 

10.00901 
HLEA3=0.168*EAXE**3-0.710*EAXE**2+1.117*EAXE+0.172 
HLEA4=0.0012*EAXE**3-0.02299*EAXE**2+0.14725*EAXE+ 

10.62775 
HLEA5-0.9656 
IF(EAXE. LE. 0.006)HLEA-HLEA1 
IF(EAXE. GT. 0.006. AND. EAXE. LE. 0.30)HLEA-HLEA2 
IF(EAXE. GT. 0.30. AND. EAXE. LE. 1.0)HLEA-HLEA3 
IF(EAXE. GT. I. O. AND. EAXE. LE. 9.0)HLEA-HLEA4 
IF(EAXE. GT. 9.0)HLEA-HLEA5 

BEGGS AND BRILL HOLDUP 
BBL1-EXP(-4.62-3.757*A-0.481*A**2-0.0207*A**3) 
BBL2-EXP(1.061-4.602*A-1.609*A**2-0.179*A**3+0.000635*A**5) 
BBNFR-(USM**2)/(D*GRVTY) 
IF(BBNFR. LT. BBL1)GO TO 1222 
IF(BBNFR. GT. BBL1. AND. BBNFR. GT. BBL2)GO TO 1223 
IF(BBNFR. GE. BBL1. AND. BBNFR. LE. BBL2)GO TO 1224 

1222 BBHL=0.98*G**0.4846/BBNFR**0.0868 
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C GO TO 1225 
C 1223 BBHL=1.065*G**0.5824/BBNFR**0.0609 
C GO TO 1225 
C 1224 BBHL=0.845*G**0.5351/BBNFR**0.0173 
C 1225 CONTINUE 
C MUKHERJEE AND BRILL HOLDUP HORIZ. FLOW 
C HLZMB=EXP((-0.380113+2.343227*ZNLE**2)*(ZNGV**0.475686/ 
C 1ZNLV**0.288657)) 
C GUZHOV HOLDUP 
C GRHON=(DF(I)*G)+(DG(I)*B) 
C GVN=(VF*G)+(VG*B) 
C GREN=GRHON*USM*D/GVN 
C GFSP1=0.0056+0.5*GREN**(-0.32) 
C GNFR=USM**2/D*GRVTY 
C GLPa(0.2/GFSP1)*(EXP(-2.5*B))/(G) 
C GHL=1-0.81*B*(1-EXP(-2.2*GNFR**0.5)) 
C IF(EXPHL. GT. 1.0)GO TO 1189 
C WRITE(6,1188)N(I), EXPHL, HLEA, BBHL, HLZMB, GHL, PE(I), K(I) 
C 1188 FORMAT(I7,5F10.5, F11.5, I10) 
C 1189 CONTINUE 

DO 1199 I=1, M 
PEE=PE(I)*1000.0 
VG=VGG(I) 
VF=VFF(I) 
USM=USF(I)+USG(I) 
X-QALTY(I) 
B=BETA(I) 
G=1-B 
A=ALOG(G) 
F=-ALOG(G) 
EXPHL=1-VDF(I) 
IF(K(I). EQ. 9)GO TO 1199 
ZNGVsUSG(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLV=USF(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLE=VF*(GRVTY/(DF(I)*STN(I)**3))**0.25 
ZNDE=D*(DF(I)*GRVTY/STN(I))**0.5 
HLZMB=EXP((-0.380113+2.343227*ZNLE**2)*(ZNGV**0.475686/ 

1ZNLV**0.288657)) 
EAXE=1.82*(ZNLV**0.575)*((P(I)/100.0)**0.05)* 

1(ZNLE**0.1)/(ZNGV*ZNDE**0.0277) 
HLEA1=0.0133 



475 

HLEA2=14.182*EAXE**3-11.554*EAXE**2+3.636*EAXE- 
10.00901 

HLEA3=0.168*EAXE**3-0.710*EAXE**2+1.117*EAXE+0.172 
HLEA4=0.0012*EAXE**3-0.02299*EAXE**2+0.14725*EAXE+ 

10.62775 
HLEAS-0.9656 
IF(EAXE. LE. 0.006)HLEA=HLEA1 
IF(EAXE. GT. 0.006. AND. EAXE. LE. 0.30)HLEA-HLEA2 
IF(EAXE. GT. 0.30. AND. EAXE. LE. 1.00)HLEA=HLEA3 
IF(EAXE. GT. 1.0. AND. EAXE. LE. 9.0)HLEA=HLEA4 
IF(EAXE. GT. 9.0)HLEA=HLEA5 

C BEGGS AND BRILL HOLDUP 
BBL1=EXP(-4.62-3.757*A-0.481*A**2-0.0207*A**3) 
BBL2=EXP(1.061-4.602*A-1.609*A**2-0.179*A**3+0.000635*A**5) 
BBNFR=(USM**2)/(D*GRVTY) 
IF(BBNFR. LT. BBL1)GO TO 1322 
IF(BBNFR. GT. BBL1. AND. BBNFR. GT. BBL2)GO TO 1323 
IF(BBNFR. GE. BBL1. AND. BBNFR. LE. BBL2)GO TO 1324 

1322 BBHL=0.98*G**0.4846/BBNFR**0.0868 
GO TO 1325 

1323 BBHL=1.065*G**0.5824/BBNFR**0.0609 
GO TO 1325 

1324 BBHL=0.845*G**0.5351/BBNFR**0.0173 
1325 CONTINUE 

C DUKLER PRESSURE-DROP 
C CALC. FOR SMOOTH TUBE AND AS PER 5 INCH TUBE 
C HLSUB USED IN GENERAL 

HLSUB=BBHL 
IF(HLSUB. GE. 1.0)GO TO 1199 
ALF=1-HLSUB 
DVVN=(G*VF)+(B*VG) 
DRHOM=(DF(I)*(G**2)/HLSUB)+(DG(I)*(B**2)/ALF) 
DRE=DRHOM*USM*D/DVVN 
FN=0.0056+0.5*(DRE**(-0.32)) 
FFF1=1.281-0.478*F+0.444*(F**2)-0.094*(F**3)+0.00843*(F**4) 
FFF2=F/FFF1 
FDUK1=FN*(1+FFF2) 
DUDPFI=FDUK1*DRHOM*(USM**2)/(2*D) 
DPEXP=PE(I) 
DUF2=0.212*(DRE**(-0.222)) 
DUAR=ALOG(DRE) 
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DUF3=1084.06-381.55*DUAR+50.261*DUAR**2-2.946*DUAR**3+ 
10.0648*DUAR**4 

DUF3=EXP(DUF3) 
IF(DRE. LE. 100000.0)DUF=DUF3 
IF(DRE. GT. 100000.0)DUF=DUF2 
FDUK2=DUF*(1+FFF2) 
DUDPF2=FDUK2*DRHOM*(USM**2)/(2*D) 

C BEGGS AND BRILL PRESSURE-DROP 
C CALC. AS PER SMOOTH TUBE AND AS PER 5 INCH TUBE 

BBY=G/(HLSUB**2) 
BBY1=ALOG(BBY) 
BBY2=-0.0523+3.182*BBY1-0.8725*(BBY1**2)+0.01853*(BBY1**4) 
IF(BBY. GT. l. O. AND. BBY. LT. 1.2)GO TO 11121 
GO TO 11122 

11121 BBS=ALOG(2.2*BBY-1.2) 
GO TO 11123 

11122 BBS-BBY1/BBY2 
11123 BBRHO=G*DF(I)+B*DG(I) 

BBV=G*VF+B*VG 
BBRE=(BBRHO*USM*D)/BBV 
BBFN1=(2*ALOG10(BBRE/((4.5223*ALOG10(BBRE))-3.8215)))**-2 
BBFN2=0.0056+0.5*(BBRE**(-0.32)) 
BBFN3=0.212*(BBRE**(-0.222)) 
AR-ALOG(BBRE) 
BBFN4=1084.06-381.55*AR+50.261*AR**2-2.946*AR**3+0.0648*AR**4 
BBFN4=EXP(BBFN4) 
IF(BBRE. LE. 100000.0)BBFN=BBFN4 
IF(BBRE. GT. 100000.0)BBFN=BBFN3 
FNSP1-BBFN1*EXP(BBS) 
FNSP2-BBFN2*EXP(BBS) 
FNTP=BBFN*EXP(BBS) 
BBDPF1iFNSP1*BBRHO*USM**2/(2*D) 
BBDPF2=FNSP2*BBRHO*USM**2/(2*D) 
BBDPF3-FNTP*BBRHO*USM**2/(2*D) 

C MUKHERJEE AND BRILL PRESSURE-DROP USING BEGGS AND BRILL 
C VISCOSITY 
C FLOW PATTERN PREDICTION 

ZNGVL=ALOG10(ZNGV) 
ZMBN2-10.0**(1.401-2.694*ZNLE+0.521*ZNLV**0.329) 
ZMBN3=10.0**(0.431-3.003*ZNLE) 
ZMBN4=10.0**(0.321-0.017*ZNGV-2.972*ZNLE-0.033*ZNGVL**2) 
ZMBRHO=(DF(I)*HLSUB)+(DG(I)*(1-HLSUB)) 
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ZMBRE=ZMBRHO*USM*D/BBV 
ZMBFN1a0.0056+0.5*(ZMBRE**(-0.32)) 
ZMBFN2=0.212*(ZMBRE**(-0.2220)) 
ZMBAR-ALOG(ZMBRE) 
ZMBFN3=1084.06-381.55*ZMBAR+50.261*ZMBAR**2-2.946*ZMBAR**3+ 

10.0648*ZMBAR**4 
ZMBFN3-EXP(ZMBFN3) 
IF(ZMBRE. LE. 100000.0)ZMBFN-ZMBFN3 
IF(ZMBRE. GT. 100000.0)ZMBFN-ZMBFN2 

C BUBBLE AND SLUG 
DPBSIF=ZMBFN1*(USM**2)*ZMBRHO/(2*D) 
DPBS2F=ZMBFN*(USM**2)*ZMBRHO/(2*D) 

C STRATIFIED CASE A NOT CALC. BUT DEL NEEDED 
C NEWTON RALPHSON METHOD A. GILCHRIST 

KRALPH=0 
DELI=PI 

1111 DEL2=DELI-(DELI-SIN(DELI)-2*PI*HLSUB)/(1-COS(DEL1)) 
DEL3=(((DEL2-DEL1)**2)**0.5)/DEL1 
IF(DEL3. GT. O. 005)GO TO 1112 
GO TO 1113 

1112 DEL1=DEL2 
KRALPH=KRALPH+1 
IF(KRALPH. GT. 100)GO TO 11125 
GO TO 1111 

11125 WRITE(6, *)'N-RALPHSON FAILED' 
GO TO 2099 

1113 DEL-DEL2 
C STRATIFIED CASE B 

ZMBDL=D*(DEL-SIN(DEL))/(DEL+2*SIN(DEL/2)) 
ZMBDG=D*(2*PI-(DEL-SIN(DEL)))/(2*PI-DEL+2*SIN(DEL/2)) 
ZMBUL=USF(I)/HLSUB 
ZMBUG=USG(I)/(1-HLSUB) 
ZMBREL=ZMBDL*ZMBUL*DF(I)/VFF(I) 
ZMBFL=0.0056+0.5*(ZMBREL**(-0.32)) 
ZMBREG=ZMBDG*ZMBUG*DG(I)/VGG(I) 
ZMBFG=0.0056+0.5*(ZMBREG**(-0.32)) 
ZMBTWL=ZMBFL*DF(I)*(ZMBUL**2)/2.0 
ZMBTWG=ZMBFG*DG(I)*(ZMBUG**2)/2.0 
ZMBPG=(l-(DEL/(2*PI)))*PI*D 
DPSTIF=-(ZMBTWL*(PI*D-ZMBPG)+(ZMBTWG*ZMBPG))/AP 
ZMBFL2=0.212*(ZMBREL**(0.222)) 
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ARRL=ALOG(ZMBREL) 
ZMBFL3=1084.06-381.55*ARRL+50.261*ARRL**2- 

12.946*ARRL**3+0.0648*ARRL**4 
ZMBFL3=EXP(ZMBFL3) 
ARRG-ALOG(ZMBREG) 
ZMBFG3-1084.06-381.55*ARRG+50.261*ARRG**2- 

12.946*ARRG**3+0.0648*ARRG**4 
ZMBFG3=EXP(ZMBFG3) 
ZMBFG2=0.212*(ZMBREG**(0.222)) 
IF(ZMBREL. LE. 100000.0)ZMBFLF-ZMBFL3 
IF(ZMBREL. GT. 100000.0)ZMBFLF=ZMBFL2 
IF(ZMBREG. LE. 100000.0)ZMBFGG=ZMBFG3 
IF(ZMBREG. GT. 100000.0)ZMBFGG=ZMBFG2 
ZMBTWL2-ZMBFLF*DF(I)*(ZMBUL**2)/2.0 
ZMBTWG2=ZMBFGG*DG(I)*(ZMBUG**2)/2.0 
DPST2F=-(ZMBTWL2*(PI*D-ZMBPG)+(ZMBTWG2*ZMBPG))/AP 

C MUK AND BRILL ANNULAR FLOW 
ZMBFAC-G/HLSUB 
IF(ZMBFAC. LT. 0.01)ZMBFR=1.0 
IF(ZMBFAC. GE. 0.01. AND. ZMBFAC. LT. 0.2)ZMBFR=1.0 
IF(ZMBFAC. GE. 0.2. AND. ZMBFAC. LT. 0.3)ZMBFR=1.1 
IF(ZMBFAC. GE. 0.3. AND. ZMBFAC. LT. 0.4)ZMBFR-1.225 
IF(ZMBFAC. GE. 0.4. AND. ZMBFAC. LT. 0.5)ZMBFR=1.275 
IF(ZMBFAC. GE. 0.5. AND. ZMBFAC. LT. 0.7)ZMBFR-1.275 
IF(ZMBFAC. GE. 0.7. AND. ZMBFAC. LT. 1.0)ZMBFR-1.125 
IF(ZMBFAC. GE. I. O. AND. ZMBFAC. LT. 10.0)ZMBFR-1.0 
IF(ZMBFAC. GT. 10.0)ZMBFR-1.0 
ZMBAF1-ZMBFR*ZMBFN1 
ZMBAF2=ZMBFN 
ZMBRHON-DF(I)*(G)+DG(I)*B 
DPA1F=ZMBAF1*ZMBRHON*(USM**2)/(2*D) 
DPA2FiZMBFN*ZMBRHON*(USM**2)/(2*D) 
IF( ZNGV. GE. ZMBN2)DPDZ1F-DPA1F 
IF(ZNGV. GE. ZMBN2)DPDZ2F-DPA2F 
IF(ZNGV. GT. ZMBN3)DPDZIF-DPBSIF 
IF(ZNGV. GT. ZMBN3)DPDZ2F=DPBS2F 
IF(ZNGV. LE. ZMBN3)DPDZIF=DPBSIF 
IF(ZNGV. LE. ZMBN3)DPDZ2F-DPBS2F 
IF( ZNLV. GT. ZMBN4)DPDZ1F=DPBSlF 
IF(ZNLV. GT. ZMBN4)DPDZ2F-DPBS2F 
IF(ZNLV. LE. ZMBN4)DPDZIF=DPSTIF 
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IF(ZNLV. LE. ZMBN4)DPDZ2F-DPST2F 
C OLIEMANS 
C OLIEMANS PRESSURE DROP 

GOL=HLSUB-G 
VTPO-((VF*G)+(VG*(1-HLSUB)))/(1-GOL) 
GTPO-GTOTL(I)/(1-GOL) 
DEFFO=D*(1-GOL)**O. 5 
RHOOL=((DF(I)*(G))+(DG(I)*(1-HLSUB)))/(1-GOL) 
REOL_D*GTOTL(I)/(VTPO*((1-GOL)**0.5)) 
OLFTPI=0.0056+0.5*(REOL**(-0.32)) 
OLFTP2-BBFN 
DPOL1F-OLFTP1*(GTPO**2)/(2*DEFFO*RHOOL) 
DPOL2F-BBFN*(GTPO**2)/(2*DEFFO*RHOOL) 
IF(EXPHL. GT. 1.0)GO TO 1199 

C WRITE(6,1198)N(I), PEE, DUDPF1, DUDPF2, BBDPF1, BBDPF2, BBDPF3, DPDZIF 
C 1DPDZ2F, DPOLIF, DPOL2F, K(I) 
C 1198 FORMAT(I7,10F10.3, I10) 

1199 CONTINUE 
C DO 3333 I=1, M 
C WRITE(6,3334)N(I), T(I), VDF(I), QF(I), QG(I), DF(I), DG(I), 
C 1PE(I), K(I) 
C 3334 FORMAT(18, F6.1, F7.3,2F10.6, F8.2, F8.4, F9.5,15) 
C 3333 CONTINUE 

C VOID FRACTION CORRELATIONS 
WRITE(6,5555) 

5555 FORMAT(//////) 
WRITE(6,6666) 

6666 FORMAT(1X, 7HTEST NO, lX, 5HVEXP., 1X, 6HVCHISH, IX, 6HVROHNI, IX, 
16HVROHN2,1X, 6HVROHN3,1X, 6HVROHN4,1X, 6HVSMITH, lX, 5HVHUMA) 

DO 50001 I-1, M 
X-QALTY(I) 
SLIP=((X*DF(I)/DG(I))+(1+X))**0.5 

C CHISHOLM VOID FRACTION 
VCHS_X*DF(I)/(X*DF(I)+SLIP*(1+X)*DG(I)) 

C ROUHANI VOID FRACTION 
ROHK1-1+0.12*(1-X) 
ROHK2a((X/DG(I))+(1-X)/DF(I)) 
ROHK3-(GRVTY*STN(I)*(DF(I)-DG(I))/DF(I) 

1**2)**0.25 
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UROH1=1.18*ROHK3 
UROH2=7.3*ROHK3 
UROH3=8.0*ROHK3 

VROHN1=(X/DG(I))/(ROHK1*ROHK2) 
GTOT-GTOTL(I) 
VROHN2=(X/DG(I))/((ROHK1*ROHK2)+(UROH1/GTOT)) 
VROHN3-(X/DG(I))/((ROHK1*ROHK2)+(UROH2/GTOT)) 
VROHN4-(X/DG(I))/((ROHK1*ROHK2)+(UROH3/GTOT)) 

C SMITH VOID FRACTION 

SMITHS=0.4+0.6*((DF(I)/DG(I)+0.4*(1/X-1))/(1.0+0.4*(1/X-1))) 
1**0.5 

VSMITH=X*DF(I)/(X*DF(I)+SMITHS*(1-X)*DG(I)) 

C HUGHMARK VOID FRACTION 

B=BETA(I) 
G=1-B 
VG=VGG(I) 
VF-VFF(I ) 
VH=B*VG+G*VF 
RH=GTOT*D/VH 
REH1=RH 
DH=DG(I)*DF(I)/(X*DF(I)+(1-X)*DG(I)) 
DH1=B*DG(I)+(1-B)*DF(I) 
FRDM=GTOT**2/(GRVTY*D*DH**2) 
ZHUMA=REH1**(0.16667)*FRDM**0.125*G**-0.25 
ZHUMA-ALOG(ZHUMA) 
CHUMA=-2.201825+2.073839*ZHUMA-0.788378*ZHUMA**2 

1+0.129714*ZHUMA**3-0.00743*ZHUMA**4 
CHUMA-EXP(CHUMA) 
VHUMA=CHUMA*B 

WRITE(6,50000)N(I), VDF(I), VCHS, VROHN1, VROHN2, VROHN3, 
1VROHN4, VSMITH, VHUMA 

50000 FORMAT(I7,8F7.4) 
50001 CONTINUE 

WRITE(6,777) 
777 FORMAT(//////) 

WRITE(6,888) 
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888 FORMAT(1X, 7HTEST NO, 4X, 5HVEXP., 4X, 6HVEATON, 4X, 
17HVBEG&BR, 3X, 8HVMUKJ&BR, 2X, 6HGOZHOV, 
15X, 8HFLOW PAT) 

DO 1189 I=1, M 

C BRITOIL CONTRACT 

PEE=PE(I)*1000.0 

VG=VGG(I) 
VF-VFF(I) 
USM=USF(I)+USG(I) 
X=QALTY(I) 
B-BETA(I) 
G=1-B 
A=ALOG(G) 
F=-ALOG(G) 
EXPHL-1-VDF(I) 

C EATON HOLDUP 
C USED IN DUKLER PRESSURE-DROP 
C HOLDUP IS FUNCTION OF XE 

IF(K(I). EQ. 9)GO TO 1189 
ZNGV=USG(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLVaUSF(I)*(DF(I)/(GRVTY*STN(I)))**0.25 
ZNLEsVF*(GRVTY/(DF(I)*STN(I)**3))**0.25 
ZNDE-D*(DF(I)*GRVTY/STN(I))**0.5 
EAXE=1.82*(ZNLV**0.575)*((P(I)/100.0)**0.05)*(ZNLE**0.1)/ 

1(ZNGV*ZNDE**0.0277) 
HLEA1-0.0133 
HLEA2-14.182*EAXE**3-11.554*EAXE**2+3.636*EAXE- 

10.00901 
HLEA3-0.168*EAXE**3-0.710*EAXE**2+1.117*EAXE+0.172 
HLEA4-0.0012*EAXE**3-0.02299*EAXE**2+0.14725*EAXE+ 

10.62775 
HLEA5-0.9656 
IF(EAXE. LE. 0.006)HLEA-HLEA1 
IF(EAXE. GT. 0.006. AND. EAXE. LE. 0.30)HLEA"HLEA2 
IF(EAXE. GT. 0.30. AND. EAXE. LE. 1.0)HLEA-HLEA3 
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IF(EAXE. GT. I. O. AND. EAXE. LE. 9.0)HLEA-HLEA4 
IF(EAXE. GT. 9.0)HLEA-HLEA5 
VDFEA-1-HLEA 

C BEGGS AND BRILL HOLDUP 

BBL1aEXP(-4.62-3.757*A-0.481*A**2-0.0207*A**3) 
BBL2-EXP(1.061-4.602*A-1.609*A**2-0.179*A**3+0.000635*A**5) 
BBNFR-(USM**2)/(D*GRVTY) 
IF(BBNFR. LT. BBL1)GO TO 1222 
IF(BBNFR. GT. BBL1. AND. BBNFR. GT. BBL2)GO TO 1223 
IF(BBNFR. GE. BBL1. AND. BBNFR. LE. BBL2)GO TO 1224 

1222 BBHL=0.98*G**0.4846/BBNFR**0.0868 
GO TO 1225 

1223 BBHLa1.065*G**0.5824/BBNFR**0.0609 
GO TO 1225 

1224 BBHLs0.845*G**0.5351/BBNFR**0.0173 
VDFBB=1-BBHL 

1225 CONTINUE 

C MUKHERJEE AND BRILL HOLDUP HORIZ. FLOW 

HLZMB=EXP((-0.380113+2.343227*ZNLE**2)*(ZNGV**0.475686/ 
1ZNLV**0.288657)) 

VDFMB-1-HLZMB 

C GUZHOV HOLDUP 

GRHON=(DF(I)*G)+(DG(I)*B) 
GVN=(VF*G)+(VG*B) 
GREN=GRHON*USM*D/GVN 
GFSP1=0.0056+0.5*GREN**(-0.32) 
GNFR=USM**2/D*GRVTY 
GLP=(0.2/GFSP1)*(EXP(-2.5*B))/(G) 
GHL=1-0.81*B*(1-EXP(-2.2*GNFR**0.5)) 
VDFG-1-GHL 
IF(EXPHL. GT. 1.0)GO TO 1189 

C WRITE(6,777) 
C 777 FORMAT(//////) 



483 

C WRITE(6,888) 
C 888 FORMAT(1X, 7HTEST NO, 4X, 5HVEXP., 4X, 6HVEATON, 4X, 
C 17HVBEG&BR, 3X, 8HVMUKJ&BR, 5X, 6HGOZHOV, 
C 12X, 8HFLOW PAT) 

WRITE(6,1188)N(I), VDF(I), VDFEA, VDFBB, VDFMB, VDFG, K(I) 
1188 FORMAT(I7,5F10.4,110) 
1189 CONTINUE 

IF(NOR. LT. 1)GO TO 2099 
CALL ORIFICE 

2099 STOP 
END 

SUBROUTINE CONVERSION 
DIMENSION TG(500) 
COMMON DG1, DG2, DG3, N(500), T(500), P(500), VDF(500), DF(500), 

1DG(500), PE(500), QF(500), QG(500), WG(500), K(500), D, Pi, AP, 
2M, STN(500), R, RR, VGG(500), VFF(500), XOR, HOR(500), NOR, ELL(500) 
1, PTT(500) 

READ(5, *)M, NR, D, VD3, FACTR, R, RR, NOR 
WRITE(6,318)M, NR, D, VD3, FACTR, R, RR, NOR 

318 FORMAT(1H1, ////, 4X, 2I10,5F10.6, I10, ////) 
IF(NOR. EQ. 8)GO TO 100 
IF(NOR. LT. 1)GO TO 100 
READ(5, *)XOR 
WRITE(6,120)XOR 

120 FORMAT(////, F12.8) 
100 PI=3.14159265 

AP=(PI/4)*D**2 
H1=((101325. +100000. )/(13550. *9.807))*100. 
H0=(101325. /(13550. *9.807))*100. 
DG1=1.293*(Hl/76. )/(1. +. 00367*19. ) 
NF=M-NR 
WRITE(6,410) 
WRITE(6,413) 

413 FORMAT(4X, 2HNO, 4X, 3HEMF, 3X, 4HTEMP, 4X, 2HHL, 5X, 2HPG, 4X, 
12HS1,4X, 2HS2,4X, 2HS3,4X, 2HS4,4X, 3HVDF, 4X, 3HPOT, 5X, 2HPE, 
26X, 4HPRES, 4X, 3HELL, 4X, 3HPTT, 3X, 5HPATRN) 

WRITE(6,414) 
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414 FORMAT(10X, 2HMV, 6X, 1HC, 4X, 5HCMH2O, 3X, 3HBAR, 3X, 2HCM, 4X, 2HCM, 
14X, 2HCM, 4X, 2HCM, 18X, 7HMMH2O/M, 3X, 5HMMH2O) 

DO 801 I=1, M 
IF(I. GT. NR)GO TO 302 
IF(NOR. EQ. 8)GO TO 130 
IF(NOR. LT. 1)GO TO 130 
READ(5, *)N(I), EMF, T(I), HL, PG, S1, S2, S3, S4, VDF(I), POT, PE(I), 

1P(I), ELL(I), PTT(I), K(I), HOR(I) 

GO TO 150 
130 READ(5, *)N(I), EMF, T(I), HL, PG, S1, S2, S3, S4, VDF(I), POT, 

1PE(I), P(I), ELL(I), PTT(I), K(I) 

PRINT*, N(I), EMF, T(I), HL, PG, S1, S2, S3, S4, VDF(I), POT, PE(I), 
1P(I), ELL(I), PTT(I), K(I), HOR(I) 

150 WRITE(6,3088)N(I), EMF, T(I), HL, PG, S1, S2, S3, S4, VDF(I), POT, 
1PE(I), P(I), ELL(I), PTT(I), K(I) 

3088 FORMAT(18, F7.3, F6.1, F8.1, F6.2,4F6.1, F7.4, F7.2, F9.2, 
1F8.2,1X, F7.3, F7.4,16) 

GO TO 307 
302 IF(NOR. LT. 1)GO TO 304 

IF(NOR. EQ. 8)GO TO 304 
READ(5, *)N(I), EMF, T(I), HL, PG, S, VDF(I), POT, PE(I), 

1P(I), ELL(I), PTT(I), K(I), HOR(I) 
GO TO 316 

304 READ(5, *)N(I), EMF, T(I), HL, PG, S, VDF(I), POT, 
1PE(I), P(I), ELL(I), PTT(I), K(I) 

ELE-VDF(I) 
316 WRITE(6,306)N(I), EMF, T(I), HL, PG, S, VDF(I), POT, PE(I), P(I) 

1 , ELL(I), PTT(I), K(I) 
306 FORMAT(I8, F7.3, F6.1, F8.1, F6.2, F24.1, F7.4, F7.2, F9.2, F8.2, 

1F7.3, F8.4,16) 
307 VD1-ELE+FACTR*POT 
C IF(VD1. EQ. 0.0)GO TO 313 

VDL=EL+FACTR*PT 
VD-ALOG(VD1/VDL) 

C VDF(I)-VD/VD3 
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C IF(D. GT. 0.130)GO TO 317 
C IF(K(I). EQ. 3. OR. K(I). EQ. 4)GO TO 315 
C IF(K(I). EQ. 34. OR. K(I). EQ. 43)GO TO 315 
C GO TO 314 
C315 VDF(I)--0.007968920837+0.6902376155*VDF(I)+0.3472509355 
C 1*VDF(I)**2-0.03755343158*VDF(I)**3 
C GO TO 314 
C313 VDF(I)=0.0 
C GO TO 314 
C317 VDF(I)=0.0004023068891+1.360189569*VDF(I) 
C 1-0.7472010053*VDF(I)**2+0.6114242107*VDF(I)**3- 
C 20.2270207231*VDF(I)**4 
314 H=P(I)/135.5+H0 

P(I)=H*13.55*1000. *9.807/100000.0 
DF(I)=999.903+. 055173*T(I)-. 00770233*T(I)**2+. 0000386*T(I)**3 
DG(I)-1.293*(H/76. )/(1. +. 00367*T(I)) 
VF=1.77226-. 0557784*T(I)+. 001026*T(I)**2 

1-. 0000083*T(I)**3 
VG=1.70744+. 00612487*T(I)-. 000031396*T(I)**2 
STN(I)=75.75-(5.85/38.5)*T(I) 
VF=VF/1000. 
VG=VG/100000. 
VGG(I)-VG 
VFF(I)=VF 
PE(I)=PE(I)*249.09/(2.54*10. ) 

C TG(I)=(24. /. 95)*EMF 
IF(NOR. LT. 1)GO TO 701 
TG(I)=EMF 
DGO=1.293*(H0/76. )/(1. +. 00367*TG(I)) 
IF(HOR(I). EQ. 21) GO TO 510 
IF(HOR(I). EQ. 22) GO TO 520 
IF(HOR(I). EQ. 31) GO TO 610 
IF(HOR(I). EQ. 351) GO TO 710 
IF(HOR(I). EQ. 352) GO TO 720 
QF(I)=4.7472*(HL**0.5) 
QF(I)=QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 

C DG2=1.293*(H1/76. )/(1. +. 00367*TG(I)) 
C H3=((101325. +PG*100000. )/(13550. *9.807))*100. 
C DG3=1.293*(H3/76. )/(1. +. 00367*TG(I)) 
C QGC-QGR(S1)+QGR(S2)+QGR(S3)+QGR(S4) 
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C WG(I)=QGC*DGO 
C QG(I)=WG(I)/DG(I) 
C GO TO 301 
C308 PGAB=PG*100. +101.325 

PGAB=PG*100. +101.325 
WG(I)=1292.233*(((PGAB/6.8948)/(TG(I)*1.8+492. ))**. 5)* 1((S/2.54)**. 5)*. 45359 
REG=WG(I)/(. 00469*. 45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
RX=ALOG(REG) 
ZR-1.243406-0.027838*RX+0.000739*RX**2 
EPY=S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.014363585*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
OG(I)=WG(I)/DG(I) 
GO TO 801 

710 QF(I)=7.12157*(HL**0.5) 
QF(I)-QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 
PGAB=(PG*100.0)+101.325 
WG(I)=196.52096*(((PGAB/6.8948)/(TG(I)*1.8+492.0))**0.5)* 

1((S/2.54)**0.5)*0.45359 
REG=WG(I)/(0.00469*0.45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
RX-ALOG(REG) 
ZR=2.024362-0.24141*RX+0.019685*RX**2 

1-0.000551*RX**3 
EPY-S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.012766842*EPY 
WG(I)-WG(I)*ZR*EXPC/3600.0 
QG(I)-WG(I)/DG(I) 
GO TO 801 

720 QF(I)=7.12157*(HL**0.5) 
QF(I)=QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 
PGAB-(PG*100.0)+101.325 
WG(I)=1292.233*(((PGAB/6.8948)/(TG(I)*1.8+492.0))**O. 5)* 
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1((S/2.54)**0.5)*0.45359 
REG=WG(I)/(0.00469*0.45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
RX=ALOG(REG) 
ZR=1.243406-0.027838*RX+0.000739*RX**2 
EPY-S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.014363585*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
QG(I)=WG(I)/DG(I) 
GO TO 801 

610 QF(I)=4.7472*(HL**0.5) 
QF(I)=QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 
PGAB-(PG*100.0)+101.325 
WG(I)=196.52096*(((PGAB/6.8948)/(TG(I)*1.8+492.0))**0.5)* 

1((S/2.54)**0.5)*0.45359 
REG=WG(I)/(0.00469*0.45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
RX-ALOG(REG) 
ZR=2.024362-0.24141*RX+0.019685*RX**2 

1-0.000551*RX**3 
EPY-S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.012766842*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
QG(I)=WG(I)/DG(I) 
GO TO 801 

520 QF(I)=1.96947*(HL**0.5) 
QF(I)-QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 
PGAB=(PG*100.0)+101.325 
WG(I)=1292.233*(((PGAB/6.8948)/(TG(I)*1.8+492.0))**0.5)* 

1((S/2.54)**0.5)*0.45359 
REG-WG(I)/(0.00469*0.45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
RX=ALOG(REG) 
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ZR=1.243406-0.027838*RX+0.000739*RX**2 
EPY=S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.014363585*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
QG(I)-WG(I)/DG(I) 
GO TO 801 

-510 QF(I)=1.96947*(HL**0.5) 
QF(I)=QF(I)/3600.0 
IF(I. LE. NR)GO TO 308 
PGAB=(PG*100.0)+101.325 
WG(I)=196.52096*(((PGAB/6.8948)/(TG(I)*1.8+492.0))**0.5)* 

1((S/2.54)**0.5)*0.45359 
REG=WG(I)/(0.00469*0.45359) 
IF(S. EQ. 0.0) GO TO 1301 
IF(REG. EQ. 0.0) GO TO 1301 
IF(REG. LT. 0.0) GO TO 1301 
RX=ALOG(REG) 
ZR=2.024362-0.24141*RX+0.019685*RX**2 

1-0.000551*RX**3 
EPY=S/(2.54*PGAB/6.8948) 
EXPC=1.0-0.012766842*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
QG(I)=WG(I)/DG(I) 
GO TO 801 

, 1301 WG(I)=0.0 
QG(I)=0.0 

GO TO 801 
308 DG2=1.293*(H1/76. )/(1. +. 00367*TG(I)) 

H3=((101325. +PG*100000. )/(13550. *9.807))*100. 
DG3=1.293*(H3/76. )/(1. +. 00367*TG(I)) 
QGC=QGR(S1)+QGR(S2)+QGR(S3)+QGR(S4) 
WG(I)=QGC*DG0 
QG(I)-WG(I)/DG(I) 
GO TO 801 

701 TG(I)=(24.0/0.95)*EMF 
DGO=1.293*(H0/76.0)/(1.0+0.00367*TG(I)) 
QF(I)=(1.45/30. )*HL**. 5*101.94 

C QF(I)=1.96947*(HL**0.5) 
QF(I)=QF(I)/3600.0 
IF(I. GT. NR)GO TO 708 
DG2=1.293*(H1/76. )/(1. +. 00367*TG(I)) 
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H3=((101325. +PG*100000. )/(13550. *9.807))*100. 
DG3=1.293*(H3/76. )/(1. +. 00367*TG(I)) 
QGC=QGR(S1)+QGR(S2)+QGR(S3)+QGR(S4) 
WG(I)=QGC*DGO 
QG(I)-WG(I)/DG(I) 
GO TO 801 

708 PGAB-PG*100. +101.325 
IF(S. EQ. 0.0)GO TO 709 
WG(I)s1278.98*((PGAB/6.8948)/(TG(I)*1.8+492. ))**. 5* 

l(S/2.54)**. 5*. 45359 
REG=WG(I)/(. 00469*. 45359) 
RX=ALOG(REG) 
ZR=. 9948152513+. 03265792929*RX-. 004168990102*RX**2 

1+. 0001330225936*RX**3 
EPY=S/(2.54*PGAB/6.8948) 
EXPC-1.0-0.01458333*EPY 
WG(I)=WG(I)*ZR*EXPC/3600.0 
QG(I)-WG(I)/DG(I) 
GO TO 801 

709 WG(I)-0.0 
801 CONTINUE 

WRITE(6,410) 
410 FORMAT(//////////) 

WRITE(6,411) 
411 FORMAT(3X, 2HNO, 4X, 4HTEMP, 3X, 5HPRESS, 5X, 2HQF, 8X, 2HQG, 7X, 2HDG, 

16X, 2HDF, 7X, 2HWG, 5X, 3HVDF, 9X, 2HPE, 4X, 6HPATERN) 
WRITE(6,412) 

412 FORMAT(11X, 1HC, 4X, 5HKN/M2,5X, 6HM3/SEC, 3X, 6HM3/SEC, 3X, 5HKG/M3, 
13X, 5HKG/M3,4X, 6HKG/SEC, 14X, 4HN/M3) 

DO 310 I-1, M 
WRITE(6,311)N(I), T(I), P(I), QF(I), QG(I), DG(I), DF(I), 

1WG(I), VDF(I), PE(I), K(I) 
311 FORMAT(18, F6.1, F8.2,2F10.6, F8.4, F8.3, F9.5,1X, F6.4, F13.4,18) 
310 CONTINUE 

WRITE(6,410) 
RETURN 
END 
FUNCTION QGR(S) 
COMMON DG1, DG2, DG3, N(500), T(500), P(500), VDF(500), 

1DF(500), DG(500), PE(500), QF(500), QG(500), WG(500), K(500), 
2D, PI, AP, M, STN(500), R, RR, VGG(500), VFF(500), XOR, HOR(500), NOR, 
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1 ELL(500), PTT(500) 
Q=69.79848882+20.23981018*S+0.0253036929*S**2 

1+0.01238440072*S**3-0.0002735459412*S**4 
CT=((DG3*DG1)**. 5)/DG2 
QGR=Q*CT/60000.0 
QGR=QGR*(3.4/3.75)+. 0007013 
IF(S. EQ. 0.0)QGR=0.0 
RETURN 
END 
SUBROUTINE RETEST(RE, FT, JJ) 
COMMON DG1, DG2, DG3, N(500), T(500), P(500), VDF(500), DF(500), 

1DG(500), PE(500), QF(500), QG(500), WG(500), K(500), D, P1, AP, 
2M, STN(500), R, RR, VGG(500), VFF(500), XOR, HOR(500), NOR, ELL(500) 
1, PTT(500) 

AR=ALOG(RE) 
IF(RE. LT. 2000)GO TO 2 
IF(NOR. EQ. 8)GO TO 11 
IF(D. GT. 0.130)GO TO 4 
IF(NOR. LT. 1)GO TO 5 
IF(NOR. EQ. 2)GO TO 1 
IF(NOR. EQ. 3)GO TO 3 
IF(NOR. EQ. 51)GO TO 5 
IF(NOR. EQ. 53)GO TO 5 
IF(RE. GE. 133000)GO TO 4 
FT=-583.9995691+239.5386454*AR-35.63242117*AR**2 

1+2.299863293*AR**3-0.054941099*AR**4 
GO TO 6 

1 IF(RE. GE. 133000)GO TO 4 
FT=294.9725433-91.54157127*AR+10.60102906*AR**2 

1-0.54788079*AR**3+0.010607516*AR**4 
GO TO 6 

3 IF(RE. GE. 600000)GO TO 4 
FT=0.6204371712+0.1466993127*AR -0.0544531814*AR**2 

1+0.004665130554*AR**3-0.000124778211*AR**4 
IF(RE. LT. 100000.0. AND. RE. GT. 15000.0)JJ-1 
IF(RE. GE. 100000.0)JJ-2 
GO TO 8 

11 IF(RE. GE. 150000)GO TO 4 

FT-5799.802-2072.084*AR+277.672*AR**2 
1-16.546*AR**3+0.3698*AR**4 



491 

GO TO 6 
5 IF(RE. GE. 100000)GO TO 4 

FT=1084.055501-381.5544769*AR+50.26051543*AR**2 
1-2.94562527*AR**3+0.06476364087*AR**4 

6, FT-EXP(FT) 
JJ-1 
GO TO 8 

4 IF(RE. LT. 209000. )GO TO 9 
FT=RR*RE**(-R) 
JJ-2 
GO TO 8 

2 FT=64/RE 
JJ=-1 

C IF(RE. LT. 209000. )GO TO 9 
C AR=ALOG(RE) 
C FT-0.05529519-(AR*0.003038014) 

GO TO 8 
9 AR=ALOG(RE) 

FTa0.4416447-(AR*0.03715733)-(0.002393404*AR**2) 
1+(0.0002128791*AR**3) 

GO TO 8 
8 IF(RE. LT. 15000.. AND. RE. GT. 2000. )JJ-0 

RETURN 
END 
SUBROUTINE CORRECTION(X, C, IGTOT, RTMB) 
IF(IGTOT. EQ. 339)GO TO 5 
IF(IGTOT. EQ. 678)GO TO 10 
IF(IGTOT. EQ. 1356)GO TO 15 
IF(IGTOT. EQ. 2712)GO TO 20 
IF(IGTOT. EQ. 4068)GO TO 25 

5 RT1=1.581866908-225.6780954*C+38327.37361*C**2 
1-2025021.215*C**3 

RT2=RT1 
RT3a1.523982116-271.3031864*C+46610.53568*C**2 

1-2387801.69*C**3 
RT4-1.537467874-54.22916382*C+7339.63855*C**2 

1-354930.1629*C**3 
RT5-RT4 

35 IF(X. LE. 0.01)GO TO 40 
IF(X. LE. 0.05)GO TO 41 
IF(X. LE. 0.10)GO TO 42 
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IF(X. LE. 0.20)GO TO 43 
40 AA=(RT1-RT2)/(0.01-0.001) 

RTMB=RT1-AA*(X-0.001) 
GO TO 30 

41 AA-(RT2-RT3)/(0.05-0.01) 
RTMB=RT2-AA*(X-0.01) 
GO TO 30 

42 AA=(RT3-RT4)/(0.10-0.05) 
RTMB=RT3-AA*(X-0.05) 
GO TO 30 

43 AA=(RT4-RT5)/(0.20-0.10) 
RTMB=RT4-AA*(X-0.10) 
GO TO 30 

10 RT1a1.252488916-49.33253751*C+4462.000387*C**2 
RT2=1.304708284-17.137396*C+882.4607369*C**2 
RT3=1.279406888-79.94199075*C+13298.72526*C**2 

1-663906.1468*C**3 
RT4=1.295867563-8.334689436*C+388.0756072*C**2 
RT5=1.300994696-35.63547499*C+5915.885313*C**2 

1-308163.9222*C**3 
GO TO 35 

15 RTMB-1.0 
GO TO 30 

20 RT1=0.7639026905+51.08937985*C-7920.581378*C**2 
1+407496.8278*C**3 

RT2a0.7449498217-55.91887372*C+11590.43566*C**2 
1-619289.3859*C**3 

RT3=0.7478987996-36.11489217*C+6590.878348*C**2 
1-323348.1681*C**3 

RT4-0.7540579051-22.48224933*C+4397.834059*C**2 
1-213836*C**3 

RT5=0.7351567674+4.047577695*C-232.2425808*C**2 
GO TO 35 

25 RT1=0.6536586924+63.54014267*C-9351.163969*C**2 
1+471203.0296*C**3 

RT2=0.6128202321-76.66470325*C+15137.91641*C**2 
1-771889.1592*C**3 

RT3=0.6284534151-68.49645331*C+12799.12036*C**2 
1-656891.3365*C**3 

RT4=0.6259496202-22.52213653*C+4546.007189*C**2 
1-231288.7587*C**3 
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RT5=0.6003899964+8.569140736*C-949.977975*C**2 
1+36220.92632*C**3 

GO TO 35 
30 CONTINUE 

RETURN 
END 
SUBROUTINE ORIFICE 
COMMON DG1, DG2, DG3, N(500), T(500), P(500), VDF(500), DF(500), 

1DG(500), PE(500), QF(500), QG(500), WG(500), K(500), D, PI, AP, 
2M, STN(500), R, RR, VGG(500), VFF(500), XOR, HOR(500), NOR, ELL(500) 
1, PTT(500) 

DIMENSION XCOL(150), XPSI(150), XBR(150), XCR(150), XKR(150), 
1XKCH(150), XCCH(150), XBCH(150), TPFOCH(150), RMFSCH(150), QLTY(150) 

DO 50 I1-1, M, 13 
C WRITE(6,30) 
C30 FORMAT(1H1, //////////) 
C WRITE(6,40) 
C40 FORMAT(5X, 'NO', 7X, 'HOR', 7X, 'QLTY', 6X, 'GTOTL', 7X, 'XMF', 
C 17X, 'XMFS', 6X, 'RMFS', 6X, 'YOR', 7X, 'TRM', 6X, 'XTRM', 6X, 'XRMFS', 
C 23X, 'PATTERN', /) 

12=I1+12 
DO 10 I-11,12 

C IF(I. EQ. M+1)GO TO 70 
XMF=QF(I)*DF(I) 
WTOT=QG(I)*DG(I)+QF(I)*DF(I) 
GTOTL=WTOT/AP 
QLTY(I)=(QG(I)*DG(I))/WTOT 
YOR=(QLTY(I)/(1.0-QLTY(I)))*((DF(I)/DG(I))**0.5) 
TRM=(1.0+4.25*YOR+YOR**2)**O. 5 
XXX=(l-QLTY(I))**2 
XTRM-(XXX)*((TRM)**2) 
COL=(0.928+0.375*((YOR)**O. 5)+(0.913*YOR))**2 
XCOL(I)=XXX*COL 
DENR-DF(I)/DG(I) 
IF(NOR. EQ. 51)GO TO 200 
IF(NOR. EQ. 53)GO TO 200 
XMFS=XOR*(HOR(I)**0.5)*((DF(I)/999.903)**0.5) 
GO TO 201 

200 XMFS=AP*DF(I)*((2.0*9.807*HOR(I)/(1000.0*XOR))**0.5) 
201 RMFS-(XMFS/XMF)-1.0 

XRMFS=(XXX)*((RMFS+1)**2) 
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XPSI(I)=((XRMFS)-1)/(DENR-1) 
IF(QLTY(I). EQ. 0.0)GO TO 5 
XBR(I)a(XPSI(I)- QLTY(I)**2) /(QLTY(I)*(1-QLTY(I))) 
XCR(I)s(XBR(I)*(DENR-1)+2)/(DENR**0.5) 
IF(XCR(I). LT. 2)GO TO 7 
XKR(I)=((XCR(I)*DENR**0.5)-(DENR*(XCR(I)**2-4))**0.5)/2 
GO TO 6 

5 XBR(I)=0.0 
XCR(I)-0.0 

7 XKR(I)a0.0 
6 IF(YOR. GE. 1. )GO TO 11 

XKCH(I)=(1+QLTY(I)*(DENR-1))**0.5 
XCCH(I)-(DF(I)/(DG(I)+QLTY(I)*(DF(I)-DG(I))))**0.5+ 

1((DG(I)+QLTY(I)*(DF(I)-DG(I)))/DF(I))**0.5 
GO TO 12 

11 XKCH(I)-DENR**0.25 
XCCH(I)-((DENR)**0.25)+((DENR)**(-0.25)) 

12 XBCH(I)=((DENR/XKCH(I))+XKCH(I)-2)/(DENR-1) 
TPFOCH(I)=1+(DENR-1)*((XBCH(I)*QLTY(I)*(1-QLTY(I))) 

1+(QLTY(I)**2)) 
RMFSCH(I)-(TPFOCH(I)**0.5)/(1-QLTY(I)) 

C WRITE(6,20)N(I), HOR(I), QLTY(I), GTOTL, XMF, XMFS, RMFS, 
C 1YOR, TRM, XTRM, XRMFS, K(I) 
C20 FORMAT(/, I8, F12.2,9F10.4,16) 
10 CONTINUE 
C GO TO 80 
C70 WRITE(6,30) 
C80 WRITE(6,60) 
C60 FORMAT(//, 5X, 'TABLE', 10X, 'CHISHOLM CORRELATION PARAMETERS' 
C 1' AND OTHER DATA DERIVED FROM EXPERIMENTAL READINGS') 
50 CONTINUE 

DO 170 11-1, M, 13 
C WRITE(6,100) 
C100 FORMAT(1H1, //////////) 
C WRITE(6,120) 
C120 FORMAT(5X, 'NO', 9X, 'HOR', 5X, 'QLTY', 5X, 'XCOL', 4X, 'XPSI', 
C 15X, 'XBR', 5X, 'XCR', 5X, 'XKR', 4X, 'XKCH', 4X, 'XBCH', 4X, 'XCCH', 
C 22X, 'TPFOCH', 2X, 'RMFSCH', 2X, 'PATTERN', /) 

12-I1+12 
C DO 140 I-11, I2 
C WRITE(6,160)N(I), HOR(I), QLTY(I), XCOL(I), XPSI(I), XBR(I), 
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C 1XCR(I), XKR(I), XKCH(I), XBCH(I) 
C140 CONTINUE 
C160 FORMAT(/I10, F12.2,11F8.4,16) 
C WRITE(6,60) 
170 CONTINUE 

RETURN 
END 

, XCCH(I), TPFOCH(I), RMFSCH(I), K(I) 
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APPENDIX E 

E. 2 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL FLOW PATTERN MAP. 
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C***************************************** 
C PROGRAM TO PLOT FLOW PATTERN MAPS 
C THE INPUT DATA ARE: USF, USG, CODE 
C *********************************** 

INTEGER P(500), N(500) 
REAL*8 X(500), Y(500) 
character*4 label(3) 
data label/' 0.1', ' 1.0', '10.0'/ 
CALL RCO(10, 'FLOWMAP; ') 

C X, Y, AXIS 
CALL DEVPAP(500.0,500.0,0) 
CALL PICCLE 
CALL AXIPOS(1,35.0,40.0,170.0,1) 
CALL AXIPOS(1,35.0,40.0,130.0,2) 
CALL AXISCA(4,0,0.1,1.2,1) 
CALL AXISCA(4,0,0.1,1.2,2) 
CALL GRID(-3,0,0) 
call axlstr(label, 3,36.0, -1) 
call axlstr(label, 3,25.0,2) 
CALL MOVT02(75.0,29.0) 
CALL CHAHOL('SUPERFICIAL GAS VELOCITY Usg (m/s)*. ') 

C******************************************* 
CALL MOVT02(26.0,56.0) 
CALL CHAANG(90.0) 
CALL CHAHOL('SUPERFICIAL LIQUID VELOCITY Usg (m/s)*. ') 
CALL CHAANG(0.0) 

C****************************** 
CALL MOVT02(20.0,15.0) 
CALL LINBY2(245.0,0.0) 
CALL LINBY2(0.0,165.0) 
CALL LINBY2(-245.0,0.0) 
CALL LINBY2(0.0, -165.0) 

C************************ 
CALL MOVT02(20.0,25.0) 
CALL LINBY2(245.0,0.0) 
CALL MOVT02(35.0,18.5) 
CALL CHAHOL('FIG EXPERIMENTAL FLOW PATTERN MAP*. ') 

C******************* 
C KEY 
C ***************** 

CALL MOVT02(230.0,160.0) 
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CALL CHAHOL('KEY*. ') 
CALL MOVT02(212.0,155.0) 
CALL SYMBOL(5) 
CALL MOVT02(220.0,154.0) 
CALL CHAHOL('PLUG*. ') 
CALL MOVT02(212.0,145.0) 
CALL SYMBOL(3) 
CALL MOVT02(220.0,144.0) 
CALL CHAHOL('SLUG*. ') 
CALL MOVT02(212.0,135.0) 
CALL SYMBOL(4) 
CALL MOVT02(220.0,134.0) 
CALL CHAHOL('STRATIFIED*. ') 
CALL MOVT02(212.0,125.0) 
CALL SYMBOL(6) 
CALL MOVT02(220.0,124.0) 
CALL CHAHOL('WAVY*. ') 
CALL MOVT02(212.0,115.0) 
CALL SYMBOL(7) 
CALL MOVT02(220.0,114.0) 
CALL CHAHOL('TRANSITIONS*. ') 

C CALL MOVT02(212.0,105.0) 
C CALL SYMBOL(2) 
C CALL MOVT02(220.0,104.0) 
C CALL CHAHOL('UNSETTLED WAVY*. ') 
C CALL MOVT02(212.0,95.0) 
C CALL SYMBOL(7) 
C CALL MOVT02(220.0,94.0) 
C CALL CHAHOL('TRANSITION*. ') 
C CALL MOVT02(212.0,85.0) 
C CALL SYMBOL(8) 
C CALL MOVT02(220.0,84.0) 
C CALL CHAHOL('STRA WAVY TRANS*. ') 
C CALL MOVT02(212.0,75.0) 
C CALL SYMBOL(5) 
C CALL SYMBOL(3) 
C CALL MOVT02(220.0,74.0) 
C CALL CHAHOL('BUBL PLUG TRANS*. ') 
C**************************** 

PLOTING THE POINTS 
******************** 
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DO 10 I=1,500 
READ(8, *, ERR=999) N(I), X(I), Y(I), P(I) 
XVAL=X(I) 
YVAL=Y(I) 
IF(P(I). EQ. 2)GO TO 100 
IF(P(I). EQ. 3)GO TO 200 
IF(P(I). EQ. 4)GO TO 300 
IF(P(I). EQ. 6)GO TO 400 
IF(P(I). EQ. 62)GO TO 600 
IF(P(I). EQ. 42)GO TO 600 
IF(P(I). EQ. 44)GO TO 600 
IF(P(I). EQ. 34)GO TO 600 
IF(P(I). EQ. 16)GO TO 600 
IF(P(I). EQ. 63)GO TO 600 
IF(P(I). EQ. 32)GO TO 600 

100 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(3) 
GO TO 10 

200 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(4) 
GO TO 10 

300 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(6) 
GO TO 10 

400 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(5) 
GO TO 10 

500 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(1) 
GO TO 10 

600 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(7) 
GO TO 10 

700 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(2) 
GO TO 10 

800 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(S) 
GO TO 10 

900 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(5) 
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CALL SYMBOL(3) 
GO TO 10 

10 CONTINUE 
999 Ntests=I-1 

PRINT*, 'NO OF TESTS RECORDED=', Ntests 
CALL DEVEND 
STOP 
END 
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APPENDIX E 

E. 3 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL TWO-PHASE FRICTION MUL- 

TIPLIERS VERSUS OTHER MODELS USED IN THE 

COMPARISONS. 
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C PROGRAM TO PLOT EXPERIMENTAL VERSUS PREDICTED 
C VALUES OF TWO-PHASE FRICTION MULTIPLIERS, 
C *********************************** 

CHARACTER*8 LABEL(4) 
INTEGER P(500) 
REAL*8 TEST(500), X(500), A(500), B(500), C(500), D(500), E(500), F(500 
SUMa0.0 

SUM1a0.0 
N=0.0 
DO 20 I=1,500 
READ(8, *, ERR=20) TEST(I), X(I), E(I), P(I) 
SUM-SUM+(((E(I)-X(I))/X(I)))**2 
SUM1=SUM1+(((E(I)-X(I))/X(I))*100) 
N=N+1 

20 CONTINUE 
CLOSE(8) 
DF=SQRT(SUM/N)*100 
DFAV=SUM1/N 
DATA LABEL 1.0', '10.0', ' 100'/ 
CALL RCO(10, 'BAROCZY; ') 

C X, Y, AXIS 
CALL DEVPAP(500.0,500.0,0) 
CALL PICCLE 
CALL AXIPOS(1,42.0,40.0,130.0,1) 
CALL AXIPOS(1,42.0,40.0,130.0,2) 
XMIN=0.1 
XMAX-100.0 
YMIN=0.1 
YMAX=100.0 
CALL AXISCA(4,4, XMIN, XMAX, 1) 
CALL AXISCA(4,4, YMIN, YMAX, 2) 

c CALL AXIDRA(2,1,1) 
c CALL AXIDRA(-2, -1,2) 

call grid(-3,0,0) 
CALL GRAMOV(XMAX, YMIN) 
CALL GRALIN(XMAX, YMAX) 
CALL GRALIN(XMIN, YMAX) 
CALL MOVT02(42.0,40.0) 
CALL GRALIN(XMAX, YMAX) 
CALL AXLSTR(LABEL, 4,36.0, -1) 
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CALL AXLSTR(LABEL, 4,30.0,2) 
CALL MOVT02(50.0,29.0) 
CALL CHAHOL('EXPERIMENTAL TWO-PHASE FRICTION MULTIPLIERS*. ') 

C******************************************* 
CALL MOVT02(28.0,45.0) 
CALL CHAANG(90.0) 
CALL CHAHOL('BAROCZY TWO-PHASE FRICTION MULTIPLIERS*. ') 
CALL CHAANG(0.0) 

C****************************** 
CALL MOVT02(20.0,15.0) 
CALL LINBY2(245.0,0.0) 
CALL LINBY2(0.0,165.0) 
CALL LINBY2(-245.0,0.0) 
CALL LINBY2(0.0, -165.0) 

C************************** 
CALL MOVT02(20.0,15.0) 
CALL MOVT02(190.0,65.0) 
CALL LINBY2(60.0,0.0) 
CALL LINBY2(0.0, -20.0) 
CALL LINBY2(-60.0,0.0) 
CALL LINBY2(0.0,20.0) 

C********************* 
CALL MOVT02(195.0,60.0) 
CALL CHAHOL('RMS ERROR 
CALL CHAFIX(DF, 8,3) 
CALL MOVT02(195.0,55.0) 
CALL CHAHOL('AVER ERROR 
CALL CHAFIX(DFAV, 8,3) 

C************************ 
CALL MOVT02(20.0,25.0) 
CALL LINBY2(245.0,0.0) 
CALL MOVT02(35.0,18.5) 
CALL CHAHOL('FIG 

- BAROCZY PREDICTIONS *. 
C******************* 
C KEY 
C ***************** 

_*. ') 

_*. ' ) 

COMPARISON BETWEEN EXPERIMENTAL AND 

CALL MOVT02(230.0,160.0) 
CALL CHAHOL('KEY*. ') 
CALL MOVT02(215.0,155.0) 
CALL SYMBOL(5) 
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CALL MOVT02(220.0,154.0) 
CALL CHAHOL('PLUG*. ') 
CALL MOVT02(215.0,145.0) 
CALL SYMBOL(3) 
CALL MOVT02(220.0,144.0) 
CALL CHAHOL('SLUG*. ') 
CALL MOVT02(215.0,135.0) 
CALL SYMBOL(4) 
CALL MOVT02(220.0,134.0) 
CALL CHAHOL('STRATIFIED*. ') 
CALL MOVT02(215.0,125.0) 
CALL SYMBOL(6) 
CALL MOVT02(220.0,124.0) 
CALL CHAHOL('WAVY*. ') 
CALL MOVT02(215.0,115.0) 
CALL SYMBOL(7) 
CALL MOVT02(220.0,114.0) 
CALL CHAHOL('TRANSITIONS*. ') 

C CALL MOVT02(215.0,105.0) 
C CALL SYMBOL(2) 
C CALL MOVT02(220.0,104.0) 
C CALL CHAHOL('SLUG ANN TRANS*. ') 
C CALL MOVT02(215.0,95.0) 
C CALL SYMBOL(7) 
C CALL MOVT02(220.0,94.0) 
C CALL CHAHOL('SLUG WAVY TRANS*. ') 
C CALL MOVT02(215.0,85.0) 
C CALL SYMBOL(S) 
C CALL MOVT02(220.0,84.0) 
C CALL CHAHOL('STRA WAVY TRANS*. ') 
C CALL MOVT02(215.0,75.0) 
C CALL SYMBOL(S) 
C CALL SYMBOL(3) 
C CALL MOVT02(220.0,74.0) 
C CALL CHAHOL('BUBL PLUG TRANS*. ') 
C********** ****************** 
C PLOTING THE POINTS 
C ***** ***, t*********** 

DO 10 I=1,500 
READ(8, *, ERRa999)TEST(I), X(I), E(I), P(I) 
XVAL-X(I) 
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YVAL=E(I) 
IF(P(I). EQ. 2)GO TO 100 
IF(P(I). EQ. 3)GO TO 200 
IF(P(I). EQ. 4)GO TO 300 
IF(P(I). EQ. 6)GO TO 400 
IF(P(I). EQ. 62)GO TO 600 
IF(P(I). EQ. 42)GO TO 600 
IF(P(I). EQ. 44)GO TO 600 
IF(P(I). EQ. 34)GO TO 600 
IF(P(I). EQ. 16)GO TO 600 
IF(P(I). EQ. 32)GO TO 600 
IF(P(I). EQ. 63)GO TO 600 

100 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(3) 
GO TO 10 

200 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(4) 
GO TO 10 

300 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(6) 
GO TO 10 

400 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(5) 
GO TO 10 

500 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(1) 
GO TO 10 

600 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(7) 
GO TO 10 

700 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(2) 
GO TO 10 

800 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(8) 
GO TO 10 

900 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(S) 
CALL SYMBOL(3) 
GO TO 10 

10 CONTINUE 
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999 Ntests=I-1 
PRINT*, 'NO OF TESTS RECORDED=', Ntests 
CALL DEVEND 
STOP 
END 
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APPENDIX E 

E. 4.1 COMPUTER PROGRAM USED TO CALCULATE THE 

MEAN VOID FRACTION FROM THE GAMMA-RAY 

READINGS (FOR 5 STEPS). 
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C 
C 
C 
C 
C 
C 

************************************************************* 
* THIS PROGRAM WAS USED TO CALCULATE THE MEAN VOID FRACTION 
* USING 5 CHORDAL POSITIONS (STEPS) OF THE GAMMA-RAYS BEAM 
* ACROSS THE TEST TUBE * 
************************************************************* 

IMPLICIT REAL*8 (A-H, O-Z) 
DIMENSION B1(13), C1(13), TF(13), TE(13), Y(500,13), N(500) 

OPEN(1, FILE='VOIDNEWI. DAT' 
OPEN(2, FILEa'VOIDNEWl. RES' 
READ(1, *) (B1(I), Ia1,5) 
READ(1, *) (C1(I), I=1,5) 
READ(1, *) (TE(I), I-1,5) 
READ(1, *) (TF(I), I-1,5) 
DO 20 1-1,500 

, STATUS-'UNKNOWN') 

, STATUS-'UNKNOWN') 

READ(1, *, ERR=30) (N(I), (Y(I, J), J=1,5)) 
20 CONTINUE 
30 Ntest=I-1 

PRINT*, 'NO OF TESTS RECORDS READ-', Ntest 

CON=0.45/(3.0*3.141592654) 
WRITE(2,1000) 

1000 FORMAT(10X, 'TEST NO', 10X, 'EXP. VOID FRACTION') 
DO 300 I=1, Ntest 
SUM-0.0 
DO 200 J-1,5 
VFa(DLOG(Y(I, J))-DLOG(TF(J)))/(DLOG(TE(J))-DLOG(TF(J))) 
V=VF*B1(J)*C1(J) 
SUM=SUM+V 

200 CONTINUE 
VFR=SUM*CON 

WRITE(2,2000) N(I), VFR 
2000 FORMAT(10X, 17,15X, F10.4) 
300 CONTINUE 

STOP 
END 
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APPENDIX E 

E. 4.2 COMPUTER PROGRAM USED TO CALCULATE THE 

MEAN VOID FRACTION FROM THE GAMMA-RAY 

READINGS (FOR 13 STEPS). 
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c 
c 
c 
c 
c 
c 
c 

************************************************************** 
* THIS PROGRAM WAS USED TO CALCULATE THE MEAN VOID FRACTION 
* USING 13 CHORDAL POSITIONS (STEPS) OF THE GAMMA-RAYS BEAM 
* ACROSS THE TEST TUBE * 
************************************************************** 

IMPLICIT REAL*8 (A-H, O-Z) 
DIMENSION B1(13), C1(13), TF(13), TE(13), Y(500,13), N(500) 

OPEN(1, FILE='VOIDNEWER. DAT' 
OPEN(2, FILE='VOIDNEWER. RES' 
READ(1, *) (B1(I), Ia1,13) 
READ(1, *) (C1(I), I=1,13) 
READ(1, *) (TE(I), I=1,13) 
READ(1, *) (TF(I), I=1,13) 
DO 20 1-1,500 

, STATUS='UNKNOWN') 

, STATUS-'UNKNOWN') 

READ(1, *, ERR-30) (N(I), (Y(I, J), J=1,13)) 
20 CONTINUE 
30 Ntest=I-1 

PRINT*, 'NO OF TESTS RECORDS READ-', Ntest 

CON-0.15/(3.0*3.141592654) 
WRITE(2,1000) 

1000 FORMAT(10X, 'TEST NO', 10X, 'EXP. VOID FRACTION') 
DO 300 I-1, Ntest 
SUM-0.0 
DO 200 J-1,13 
VF=(DLOG(Y(I, J))-DLOG(TF(J)))/(DLOG(TE(J) 
V=VF*B1(J)*Cl(J) 
SUM-SUM+V 

200 CONTINUE 
VFR-SUM*CON 

WRITE(2,2000) N(I), VFR 
2000 FORMAT(10X, 17,15X, F10.4) 
300 CONTINUE 

STOP 
END 

)-DLOG(TF(J))) 
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APPENDIX E 

E. 43 COMPUTER PROGRAM USED FOR PLOTTING THE 

EXPERIMENTAL TWO-PHASE VOID FRACTION VER- 

SUS OTHER MODELS USED IN TIE COMPARISONS. 



512 

C***************************************** 
C PROGRAM TO PLOT EXPERIMENTAL VERSUS PREDICTED 
C VALUES OF TWO-PHASE VOID FRACTION, 
C *********************************** 

INTEGER P(500) 
REAL*8 TEST(500), X(500), A(500), B(500), C(500), D(500), E(500), F(500 

SUM=0.0 
SUM1=0.0 
N=0.0 
DO 20 I-1,500 
READ(8, *, ERR=20) TEST(I), X(I), D(I), P(I) 
SUM=SUM+(((D(I)-X(I))/X(I)))**2 
SUM1=SUM1+(((D(I)-X(I))/X(I))*100) 
N=N+1 

20 CONTINUE 
CLOSE(8) 
DF-SQRT(SUM/N)*100 
DFAV=SUM1/N 

C CHARACTER*8 LABEL(7) 
C DATA LABEL /' 0.1', ' 1.0', '10.0'/ 

CALL RCO(10, 'CHISHOLM; ') 
C X, Y, AXIS 

CALL DEVPAP(500.0,500.0,0) 
CALL PICCLE 
CALL AXIPOS(1,42.0,40.0,130.0,1) 
CALL AXIPOS(1,42.0,40.0,130.0,2) 
XMIN=0.0 
XMAX=1.0 
YMIN=0.0 
YMAX-1.0 
CALL AXISCA(3,4, XMIN, XMAX, 1) 
CALL AXISCA(3,4, YMIN, YMAX, 2) 
CALL AXIDRA(2,1,1) 
CALL AXIDRA(-2, -1,2) 
CALL GRAMOV(XMAX, YMIN) 
CALL GRALIN(XMAX, YMAX) 
CALL GRALIN(XMIN, YMAX) 
CALL MOVT02(42.0,40.0) 
CALL GRALIN(XMAX, YMAX) 

C CALL AXLSTR(LABEL, 3,36.0, -1) 
C CALL AXLSTR(LABEL, 3,25.0,2) 
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CALL MOVT02(85.0,29.0) 
CALL CHAHOL('EXPERIMENTAL VOID FRACTION *. ') 

C******************************************* 
CALL MOVT02(26.0,90.0) 
CALL CHAANG(90.0) 
CALL CHAHOL('CHISHOLM VOID FRACTION *. ') 
CALL CHAANG(0.0) 

C****************************** 
CALL MOVT02(20.0,15.0) 
CALL LINBY2(245.0,0.0) 
CALL LINBY2(0.0,165.0) 
CALL LINBY2(-245.0,0.0) 
CALL LINBY2(0.0, -165.0) 

C************************** 
CALL MOVT02(20.0,15.0) 
CALL MOVT02(190.0,65.0) 
CALL LINBY2(60.0,0.0) 
CALL LINBY2(0.0, -20.0) 
CALL LINBY2(-60.0,0.0) 
CALL LINBY2(0.0,20.0) 

C********************* 
CALL MOVT02(195.0,60.0) 
CALL CHAHOL('RMS ERROR 
CALL CHAFIX(DF, 8,3) 
CALL MOVT02(195.0,55.0) 
CALL CHAHOL('AVER ERROR 
CALL CHAFIX(DFAV, 8,3) 

C************************ 
CALL MOVT02(20.0,25.0) 
CALL LINBY2(245.0,0.0) 
CALL MOVT02(35.0,18.5) 

m*, ') 

_*. ') 

CALL CHAHOL('FIG COMPARISON BETWEEN EXPERIMENTAL 
-VOID FRACTION AND CHISHOLM PREDICTIONS *. ') 

C******************* 
C KEY 
C ***************** 

CALL MOVT02(230.0,160.0) 
CALL CHAHOL('KEY*. ') 
CALL MOVT02(215.0,155.0) 
CALL SYMBOL(5) 
CALL MOVT02(220.0,154.0) 
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CALL CHAHOL('PLUG*. ') 
CALL MOVT02(215.0,145.0) 
CALL SYMBOL(S) 
CALL MOVT02(220.0,144.0) 
CALL CHAHOL('SLUG*. ') 
CALL MOVT02(215.0,135.0) 
CALL SYMBOL(4) 
CALL MOVT02(220.0,134.0) 
CALL CHAHOL('STRATIFIED*. ') 
CALL MOVT02(215.0,125.0) 
CALL SYMBOL(6) 
CALL MOVT02(220.0,124.0) 
CALL CHAHOL('WAVY*. ') 
CALL MOVT02(215.0,115.0) 
CALL SYMBOL(7) 
CALL MOVT02(220.0,114.0) 
CALL CHAHOL('TRANSITIONS*. ') 

C CALL MOVTO2(215.0,105.0) 
C CALL SYMBOL(2) 
C CALL MOVT02(220.0,104.0) 
C CALL CHAHOL('SLUG ANN TRANS*. ') 
C CALL MOVT02(215.0,95.0) 
C CALL SYMBOL(7) 
C CALL MOVT02(220.0,94.0) 
C CALL CHAHOL('SLUG WAVY TRANS*. ') 
C CALL MOVT02(215.0,85.0) 
C CALL SYMBOL(S) 
C CALL MOVTO2(220.0,84.0) 
C CALL CHAHOL('STRA WAVY TRANS*. ') 
C CALL MOVT02(215.0,75.0) 
C CALL SYMBOL(5) 
C CALL SYMBOL(3) 
C CALL MOVTO2(220.0,74.0) 
C CALL CHAHOL('BUBL PLUG TRANS*. ') 
C**************************** 
C PLOTING THE POINTS 
C ******************** 

DO 10 I=1,500 
READ(8, *, ERR-999)TEST(I), X(I), D(I), P(I) 
XVAL-X(I) 
YVAL=D(I) 
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IF(P(I). EQ. 2)GO TO 100 
IF(P(I). EQ. 3)GO TO 200 
IF(P(I). EQ. 4)GO TO 300 
IF(P(I). EQ. 6)GO TO 400 
IF(P(I). EQ. 62)GO TO 600 
IF(P(I). EQ. 42)GO TO 600 
IF(P(I). EQ. 44)GO TO 600 
IF(P(I). EQ. 34)GO TO 600 
IF(P(I). EQ. 16)GO TO 600 
IF(P(I). EQ. 32)GO TO 600 
IF(P(I). EQ. 63)GO TO 600 

100 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(3) 
GO TO 10 

200 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(4) 
GO TO 10 

300 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(E) 
GO TO 10 

400 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(S) 
GO TO 10 

500 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(1) 
GO TO 10 

600 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(7) 
GO TO 10 

700 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(2) 
GO TO 10 

800 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(8) 
GO TO 10 

900 CALL GRAMOV(XVAL, YVAL) 
CALL SYMBOL(5) 
CALL SYMBOL(S) 
GO TO 10 

10 CONTINUE 
999 Ntests=I-1 
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PRINT*, 'NO OF TESTS RECORDED-', Ntests 
CALL DEVEND 
STOP 
END 
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APPENDIX E 

E. 5.1 COMPUTER PROGRAM USED FOR THE CALIBRATION 

OF THE DEPTH GAUGES (WHERE THE LIQUID 

HEIGHT IS GIVEN IN TERMS OF VOLTS). 
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i : '5LU I=0: DIM F. 2,1'_ l 1! ' ) 

lb 1IJF-Ul " M NO. OF bAM 'L-1NG 
;t i 

W HI 1: = - W256 + Si_ü i*1 
= 168: POKE rt, 1 X59 : F'CJF: 'E. A+ 
L. 141: POPE F-, + 0.128 + 1. 
SLOT: FOKE f-3 + 4,19w: PUKE H 

+5,4ti 

28 FUR K= 1 10 1!; 
_u 

FÜR 3= 1 TO m 
4o FOR I_ 0 TU 1 
5' F uKE H +I, I: CALL Fi 
r, "' RiI, Ji = PEEK cHI13 + 1' t, 

b+ F'EEf.. W113) 
70 NEXT . HE;. I 
hu FUR 1= 0 I'0 1 
9u RSUM(I, _ !, 
IOU FUR T =1 TO M 
110 RbtJt (l) = FsUi-ftll + Rtl, J/ 
120 NE.. I 
I. ':,! Ft. 16t1, h.., = RSUI1(1) /M 
: Lb4' V c1 , 

f". 1 = (hAVGt1. E:. 
-) 

)*4.9989 

404t- 
110 Wt_X I 

180 t IE f. I 
l_ä FOR 1: =U IU 1 
l `'. ) L- (r 

F iuk F.. =Ilu9 

.. ']u IF V(1 , 1: '= V&I i.:. + 1) THEN 
bOi U 240 

22U V= Vt. I . K,: t; 'tI. K) _- V'tI, K +1 
i: V'. I., k. + 1) =V 

2. L41 i.. =1 

$'4! 1 NE; f 

. bu JF z. = 1 1HEN L(JI0 190 
255 NE x .. I 
2_, 0 FOR K. =1 10 1t_i 
2/u PRINT V (o, K: ) ,V .1 , K., 

"E MEAT 
205 FOR I = t_' IU1 
. -: 

`T( ti'J 
. 

I) = t_ý 

FUR K. =ýIU 
Liu b''''i' = `StJ(I) + V(I, F): NEXT' 

: svkl; _ `SV(I) !, 
12'! PRINT . PRINT : PRINT "MEAN 

VALUE OF 8 READINGS = WWI) 

_. _5 FlE; I- 

v 1-'RIN t: FRINT : PRINT "IF 10 
U ARE READY FOR NE: I BHMF'L IN 
U PRESS SPACE BÄR I 

34Q_ GET G:.: IF G. 1 = "" THEN 30 
35U IF G-k. " THEN HOME : 6O TO 
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APPENDIX E 

E. 5.2 COMPUTER PROGRAM USED IN THE TESTING OF 

SMOOTH STRATIFIED FLOW CONDITIONS TO DETER- 

MINE THE LIQUID HEIGHT IN THE TEST SECTION 

USING THE TWO DEPTH GAUGES (THE HEIGHT IS 

GIVEN IN mm). 
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to ELUI = r': I"", (_') = 1'T. 62"h. lI! =1 

Vbl 
10 DIN 

.H 
(_01 i 

To it PU I" "l'. I (I I -jEF: UF SHI IF'L I Nu===: 

"; I-I q 

4Q H113 =-1 02be 4 5L. U I* to 
`:. u -1 _ ! mu: I-UKE A. 10% PUKE H+ 

, ', 141: POLE H+3,1nu + 16 * 
SLOT : POKE A+4.19: PUKE H 

+ 5, `ib 
ijf. =L:; +1 

iD INPUT "TEST NUt"DER(IF IT IS T 
HE SAME TEST PRESS ! ERu KEY= 
==I? NA 

Wo Nf... ) ._ I'4 (K - 1) 
to IF X .>i THEN N (W =x 
1Cn..: ' FOR J=1 Iu 1-1 
Ito FUR I=0 VO 1 
12u PUKE H+1.1: LHLL H 
Lou 1- '. I . J) = PEEK 

. HI13? + 256 . 
PEEK 0113 + 1) 

14D NEX. I: NEXT" 
150 FOR 1 lU 1 
Inv N: SU NI '. 1! _ý.. ' 
1, '{_' FUR a=1 10 N 
im Hsue; i IN (I) = RUUM' I) + t;: Q, J) 

a'. _ , RH`Ju(I) = F: ̀il_! MtI) / I1 
210 Vi ?= k(-1UG iI,. 4.9588 4L `i 

5 
WuNEXI 

160 EI'". f.., O) = F.. ('., ) + 18 . 09lt-! - 35 
. 

8538 * V(u) 

240 HtK, 1) = Kl1) + 181.371 - 35. 
ubzl * V(1) 

:: 50 ukI:.. ) = I-I(K. u) - H': W) 
2=0 FI J. NT N (I":; 1 ,,: F'R1N I: F-'F, 1i"J I' 

HcI"" , ii) ,: PRINT : PRINT HVIV. 1 

,: PRINT : PRINT D(K) 

_uu F'RIN1' . PRINT " PRESS SFHCE 
BAR FOR NEXT 1 ES f OR PRINT E 
HQ IF YOU FINISHED'' 

31 i GET W. 
020 IF 66 ="" THEN GOTO bt> 

_'.: 
_. oIF 0$ = "END" THEN GO to 310 

4( FOR I =1 TO k: 
50 dis = SIF,: # tH(1,0)?: Htl.! 'l 

VOL_ t LEF" T$ M, . 7) , 
', b(! Cc = 91R$ 'Htl, 1i?: Hil, 1r 

VOL ( L.. E_F° f4 (124.7)) 
5I0 E$ = SFRS iDl17i: utI, = VFAL. 

_ 
t LEF 110 4. a)) 

lau I'J E. 
cI 
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su« i HUNt. :VI i-ib 6: H r4E 6: Ff 1NT 
"M F'R INI RESULTS ON I HE PR 
INFER": F'RINr 

510 H1 HD 6: PRIM "(2) SAVE RESU 
LT5 UN DISK": PRINT 

520 HTAD o: PRINT "(3) END OF RU 
N" 

5j uV rAb 24: H rHD 6: INPUT "PLEA 
SE SELECT (1 10 : _'"") 'r'; ___: >" ; AN 

540 AN = VAL (AM: : IF AN <1 OR 
AN >3 THEN PRINT CHR$ (7) 

(3OTO 530 
550 ON AN GOTO 600,750,1000 
6(. ')(-) U$ = CHR$ (4) : PRINT D$"F'R£3 

640 N1' = (: ': 51 = C). -S2 
650 FOR I=1 TO FK:: 
660 B$ = STR$ (H(1, i))): F'1 = 10 - 

LEN (B. ) 
670 L$ = 51F; $ (H(I, 1)): F' = 10 - 

LEN (C$) 
6k(_) PRINT N(. l); SF'C( 4); H(I, (. )); SPC( 

F'1); H(1,1); SFC( P ); L)(I) 
681 NT = Nf +1 

82 Si = Si F H(l, t? i: S = S2 + He 
1,1) 

688 1F IA(l) N(1 + 1) THEN PRINT 
Si / NT; SPC( 4); S'2 / NI: SPLc 
4); (51 - 52) / Nr: NT = O: S1 = 
0: ä = l; 

byte NEx r 
7ýýý_ý Us = t_HR$ ý4) : PRINT D$"PR£iO 

7 10 GOTO 5U(-) 
150 PRINT 0$"MON C, I0O" 
760 INPUT "FILE NAME : '_== >" ;F$ 
770 PRINT D$"FPE3": FRINT "FILE 

NAME IS: "FV PRINT 
D ""PRE0"" 

? 8o HOME : PRINT "FILE NAME IS: " 
F: $ 

- 
790 PRINT D$"OF'EN"F$: PRINT D#="D 

ELETE"F$: PRINT D$"OPEN"F$ 
800 PRINT D$"WRITE"F$ 
820 F'RINT F: 
85: ) FOR I=1 TO K 
860 PRINT N (I) : PRINT H (I , 0) : PRINT 

H(I, l): PRINT D(I) 
880 NEXT 
900 PRINT D$"CLOSE"F$ 
91C) FR1NT DV'NOMON C, I , O" 
950 GOTO 500 
1000 END 


