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APPENDIX A DETAILS OF PRESSURE TAPPING POINTS

A.1 DESIGN OF PRESSURE TAPPINGS

Generally the magnitude of the error due to the hole
size depends not only on the hole diameter 'd’', but also
on its depth '2', and on the geometry of the internal

arrangement of the pressure connection (Ower and Pankhurst,

1966). Shaw (1960) studied the errors due to sharp

edged holes of the type shown in the figure below, He
found that the errors increased with the rates Q/d up to

a value of ﬂ/d = 1.5 and thereafter remained fairly
constant.
Thus for fully turbulent flow and for [/d > 1.5,

the érror is about three times the

velocity head multiplicd by the

friction factor, %
8704
i.e. Error 3 A % w2 T

For the large dlameter tubes used in this project,
the bosses used are detailed in Fig. Al and minimised the
measuring errors to an estimated 0.25%. The errors in
pressure distribution data, and hence pressure gradient

will be less than this since the pressure tappings were

identical,

— 25.4mm (]")
PRESSURE

TAPPING POINT
ASSEMBLY
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APPENDIX B FURTHER DETAILS OF AIR AND WATER FLOW

. RATE MEASUREMENTS

B.1l GENERAL DESIGN OF ORIFICE PLATES

The design calculations for the orifice plates
presented in this Appendix follow from B.S., 1042, Pt. 1
and Pt. 3, 1964, and are presented'in the same units as
the Standards., This gives the mass flow rate W (1b/hr)
of a fluid of density f (1b/ft3) through an orifice of
aperture diameter d (inches) situated in a pipe of

diameter D (inches) at a head loss of h (inches of water)

as |

W= 359.2 CZp Z, € d2 {T’ \}; (B1)

where

ZR’ZD = correction factors for Reynold's number and
diameter of pipe, respectively,
€ = Expansibility factor ( = 1 for liquids)
C = Basic coefficient.

E = Velocity of approach coefficient

= 1/ 1-m2, where m = dz/D2

B.2 AIR FLOW ORIFICE METER

Rough calculations were carried out based on the
desired range of conditions (~ 10 cusec free air) and
showed that a value of d = 1.625" was suitable. This

allowed an overlap on the range of air flow rates measured

by the rotameters.
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Under these conditilons, equation (B1l) reduced to

W= 778.36 €& ZRWY h (B2)

ZD was taken as 1.0069, i.e. equivalent to ‘new

where

steel' pipe characteristics, and the density of
dry air _f'(lb/ftB) upstream the orifice plate

was related to the upstream absolute pressure

p (lbf/inz) and temperature T (°F) by the

equation

f = 2,7 (P/T) M (B3)

substituting in equation (B2) then gives

T _ .)/’
T W 1278.98 & zR h (B4)

This relationship is shown in Fig. Bl for values of

€ = ZR - ], To correct for Reynold's number and

expanslion effects, the following procedures were adopted

as being suitable for digital computers.

(1) Reynold's Number Correction Factor, I

Using the graph supplied in B.S.1042 for the

Reynold's Number correction factor as a function of 'm'

and 'Re' where 'Re' was defined as

. W 3 hr 1b

and cross plotting the results yielded a direct relation-
ship between 'Re' and 'ZR'. This is shown in Fig. B2.

A polynomial equation of 3rd order was found adequate to
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define the characteristic, the coefficilents being,

a5 = . 99481525 a; = . 03263579

g = -.00416899 An = .0001302259 (B6.)
(1i) Expansibility Correction Factor, &

For this factor the B.S. 1042 presents a complex
graph giving the expansibility factor of the gas 1in terms
of the quantity (h/p) inches H20/(Ibf/in2), where p 1is
the upstream pressure, the isentropic index (taken as 1.4)-
and the quantity 'm', Suitable cross plotting again
enabled this correction factor to be correlated against

the quantity h/p as hhown in Fig. B3, The relationship

is linear and can be defined as

£ =1,0~ ,01458333 (h/p) (B7)

Hence, equations B4, BS, B6 and B7 could be used to

determine the air flow rate using the orifice meter.
The orifice plate was manufactured from ' thick
brass plate, according to B.S. 1042 and the dimensions
measured accurately in the Metrology Laboratory to
within 1/10000 of an inch, The measurements obtained

wvere

(1) Throat diameter:

d = 1,6256", 1.6257" at two right angle radii

. «d=1.62565" T 0.00005"

(B.S. 'd' should be within = 0.0005d, or ¥ 0,0008")

(11) Orifice Bore Parallelity:

This was done by positioning the plate on a



417

travelling microscope stage (horizontal) and

scanning vertically. The plate was turned upside

down and the process was repeated.

(1iii) Edge Thickness of Orifice:

Manufactured = 0.038"

(B.S. = o.o«f)

(iv)

Angle of Level of Orifice:

Manufactured = 490

(B.S. = 30° - 459)
(v) Thickness of Plate:

-Manufactured = 0,0913"
(B.S. = 0,10'" max.)

(vi) Orifice Edge:

Orifice edge was free from burs or wire

edge. The radius of curvature was determined using

'Replica’, magnification 20X and a radius gauge.
The radius of curvature was 0.06', hence

Manufactured = Q.003"
(B.S. = 0,00055")

This deviation could cause a negative error of ~~ 83%

as calculated using B;S. 1042, Pt. 3, 1964,

To ensure that the orifice was concentric with the
2" steel plpe, a recess was machined in the downstream

flange to accommodate the plate, Slightly greased paper

Joints were used to seal the plate from both sides.

Prior to that, two bosses machined and threaded to take



418

two %" necdle valves were carcfully welded on the pipes
so that their centres were distance D and D/2 from the

flanges. The bosses were machined to the curvature of

the pipe (2.25" OD) and a -/16" hole drilled in each

and deburred.

A regulating valve was installed upstream of the
orifice plate to regulate the pressure. This was located

240 pipe diameters upstream of the plate, well within

B.S. 1042 requirements.

A 2.5m long copper constantan thermocouple was used

to measure the air temperature upstream of the orifice

plate. The hot junction was inserted into the air stream
and the cold junction immersed in a mixture of ice and

water at 0°C in a thermos flask. The thermocouple was

calibrated using a water bath, with a stirrer and standard
thermometers. The emI-temperature characteristics

obtained is shown in Fig. B4. Over the range of interest

)

the characteristics could be expressed in terms of

T °Cc) = ﬁ%g . enf (mV) (BS)

B.3 WATER FLOW ORIFICE METER

The orifice plate was designed, manufactured, and
installed according to B.S. 1042 and the following are

the main geometric design parameters that entered
directly in the mass flow rate calculations:

D=5" , d= 3" E = 1,072

2

C = 0.608 , Z,=1.003, /= 0.013 Poise
f=62.4 1o/2t> and € =1
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The design equation reduces to

W (1b/h) = 16694 .4 ZRY;I_ (B9)

where ZR”was defined earlier as a correction factor

based on 'Re' defined by

W
Re = m 1.62285 W

with W in 1b/h.

The water flow orifice was calibrated in a closed
loop test facility in the Departmental Hydraulics

Laboratory in the form of an 'in-situ' assembly. The

assembly consisted of the 76.2 mm (3'") diameter orifice
plate fitted between the flanges of two lengths of 3.00m
(10 ft) galvanised steel pipes and comprised part of

the water flow line. During the calibration, corresponding

measurements of flow rate and pressure difference were
taken, Flow rate measurements were made in terms of the

quantity of water collected in a calibrated tank in a

given time and pressure difference readings from a

pressurised, inverted air-water or mercury-water

manometer, In total, almost a hundred test runs were

conducted over a range of flow rates.

The results are plotted as shown in Fig, B.S5, on a

basis of Q versus "rg, and the calibrated curve for the

orifice obtained. The low of the curve (a straight

line through the origin of the plot mentioned) was

derived as

Q(ft3/s) = 0,04833 )/1-1—(;1) | (B10)
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and this was used in subsequent tests. This line
corresponded with the B.S. 1042 characteristic line
(shown dotted), as can be seen, the calibration test

results agree closely with this, the maXimum deviation

being 3%.

B.4 AIR FLOW MEASUREMENTS BY ROTAMETERS

Calibration curve for the rotameters used were
obtained from the charts supplied by the manufacturer.
The process involved the calculation of two parameters,
I and Fe, then, by using the charts supplied (Fig. B.6)

and cross-plotting, a graph relating volumetric flow
rate with float height could be obtained. The

expressions for I and F were:

I = Logqq [Kl Y1.10 ﬂf j (B11l)

- o ) WO -F)

F —) .
¢ 57 (B12)

and

F = :E.Ft (B13)

The symbols are defined at the end of this section,

Calibration graphs were constructed for particular
values of absolute pressure at a témperature of 19°C
giving the free volumetric flow rate (in Lit/min) versus
the scale reading in cn. These are shown in Fig, B, 7,
for pressures of 1.5, 2 and 2.5 bar absolute.

The 2 baracurve was expressed in a polynomial of

the form,
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N

Y=Z_ 3 %5

i=1

and the best polynomial to fit the curve was determined

using a computer library subroutine, The coefficlents

obtained were as follows,

a, = 69.798 a; = 20,24 |
Ay = 0.0253 ag = 0.0124 (B14)

a, = 0.000274

To convert the flow rates from, say 2 bar absolute
and 19°C to the operating conditions at the test section,
a correction must be made for pressure and temperature

at the operating conditions. This was done through the

equation

2

fCALIBRATION o' Po

Og,0, = ScaniBrarion "

g7

(B15)
which could be used in conjunction with the calibration
graph.

The calibration characteristics obtained from the
manufacturer's data were checked by calibration tests
using a pitot static tube. The calibration apparatus
is shown in Fig. B.8 and involved an air line 53 mm
nominal bore, 6m long. The fan, driven by a 1 HP motor,
promoted air flow along the pipe, the flow being
controlled by a screwed disc at the fan outlet. The

pitot was situated at the tube centreline and the centre

constant was taken as 1/1¢235 (turbulent flow). The



426

dlfl LdS
NOILVHEITVI H3LINWVIOH Q& 9IS

18]3WD)0d WOod] quoo Asuoy h ub/J

% ,
ﬁ.mu&lull__l
aqn) j0)d J

H Um.\\mu kcmskmwﬁ\bb

. 51 DIM
18] UWOUDWOJD U #24MO}

v

a |;\\\.\\\wl



427

comparison is shown in Fig. B.9, and as can be seen,

agreement is obtained to within 10% (usually much better
than this), part of the difference perhaps being due to

the value of the centre constant used.

The equation of the best line through the data 1is |

Qpytor (/) = 0.90667 x Qp . (n°/s)

3

+ 0,7013 x 10 (B16)

and was used to correct the rotameter readings.

NOMENCLATURE:

W : Weight of float in gn.
G : Mean density of float in gm/cc.

f . density of fluid at working temperature and

pressure in gm/cc

Y : kinematic viscosity of fluid at working conditions

in stokes.

F,: Theoretical capacity in 1it/min, based on no change

in Reynold's number,

F : Actual flow in 1it/min.

f : Fraction of flow rate, = F./Ft and goes from O-1.

K1l,K2: Constants which depend on the size of the
rotametef used., For Metric 35, which was the size

we used, these are 1.5 and 3.330, respectively.

I ¢ Ordinate of calibration charts,

QT P,:‘Volumetric flow rate at temperature T and pressure P.
b J
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APPENDIX C PURGING PROCEDURES AND PRINCIPLES

When measuring pressure, 1t is ihportant to keep
the pressure lines (when filled with liquid) free from
bubbles which could causc errors due to gravity, capillary
action, etc, ~This can be difficult with two phase flow

where pressure fluctuations or flow instabilities tend

to force the lighter phase into the pressure line where |

it 1is trapped.

It is necessary, therefore, either to purge the
pressure lines before readings are taken or, as was done
here, to maintain a continuous purge of the flow lines
with liquid. In doing this, one has to be
aware of the limitations of this technique and the
corrections which are necessary in order to determine
accurately the static pressure, some of these are-
discussed later,

The general philosophy was as follows:

(1) The purging lines were kept pressurised at a

pressure which was at least three times the maximum
working pressure in the line. The water mains
pressure was found to be quite adequate.

(11) The purging flow rate was kept as small as possible
to reduce the friction pressure loss at the tapping
point hole since this had to be corrected for.

(11i)The length of the connecting pipe from the purging
inlet/manometer junction to the pressure tapping
point was made the same for all pressure tapping

points so that all corrections were similar,
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(iv) The losses across the tapping points should be

similar which means each tapping point has an equal

share of the total purging flow rate,

(v) Correction terms were determined at atmospheric

conditions with the tube empty. The capillary

effect in the 1.6 mm (1/16") hole was small and

hence neglected.

(vi) The purging rate to each pressure tappiﬁg point was

controlled by a clamp mounted on the plastic tubing,

these proved very reliable.

The total purging rate was measured using a rotameter

and was always kept below 10 gal/h. The supply line

was throttled to minimise mains pressure fluctuations.

The total purging flow was controlled to within x 1.5%

of the atmospheric pre-testing set valve,

An analysis of the effects of purging can be made

as follows:

1. STATIC EFFECTS

MAINS Fo

><[ Ko

Qo1
MANOMETER

Po1

|
Qo1

K

P =Patm

MAINS Po

MANOMETER O

Po1
S
C:

1
Qo1
P=P1
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For the arrangement shown above, neglecting losses

in the connecting tubes, one can write

(a) For atmospheric conditions:

2

Po = Po1 © ol Qol (CL)
2
Po1 = Patm = X1 Q01 (C2) |
(b) At pressure P]_:
P - P . =K, Q (C3)
o, ol ol Fol
B .- P =K g (C4)
ol 1 1 Yol |
From (Cl) and (C3)
Q1.2 P, = Pyq
L (=22)¢ = T (C5)
ol o P01
From (C3) and (C4)
Qol 2 I)01 - pl
0. = (C6)
ol ol atm
® I - P P = -f)
. Pol - P1 _ 1:'o . Pol (C7)
ol atm o ol

But, since

Pop = Py = p& by
and

Po1 = Patm = f& By

where ht is the true head loss across the hole and hal

1s the corresponding head loss at atmospheric

conditions.
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Equation (C7) becomes

h = h Po = Po1
¢ a Py - Iol

Since most of the data were taken under settled

conditions, mostly at tappings no., 8 and no. 14, then

- Py - Pg
h8t B h8a Po - 58 (C8)
and D _ |
- P

h,.,. = h -
14t 14 a 150 P14

Bearing in mind that

- = AP
_PM = Pig - ('Z'S."'z') . (214 - ZS) (C10)

Equation (Cl0O) in conjunction with (C8) and (C9)
show that the two tappings get different attenuations,

Consider the extreme conditions of

(i) Low pressure:

i.e. P =>>Pg and P> P, also
- L =
PB-- Pl4 , hence
h
gt = h8a
gt o Pyga

The only point of concern here is that however
small the attenuation may be it could be comparable to

the AP/DZ values, To minimise this effect, the purging

head losses were made almost equal and comparatively small
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when compared to no purge readings, Also 'P_' was kept

large (almost at mains pressure).,

(i1) High pressure:

Here ?8 and 514 are nearer to P_ (maximum pressure
~ 15 psig) and attenuation to the values of h8a and h14a
could happen. By keeping the purging head losses to a

minimum, and since the pressure drop was quite large,

the effect was completely negligible.

2. DYNAMIC EFFECTS

The arguments presented in the previous section were

based on static conditions, During actual tests, the

effect of the interaction between the velocity profiles

in the pipe and that at the exit of the 1.6 mm (1/16'") hole
due to purging is not fully understood. However, By
minimising the purging flow rate, it was hoped that this
effect would be negligible. Also by making the purging
rate through the different tappings similar, the inter-
aﬁtion between the two profiles and the effect on the
measurement of static pressure at each tapping would be
identical. This effectively meant that the errors due

to the dynamic interactionkcould be neglected as far as

the pressure drop measurements were concerned,
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APPENDIX D THEORY AND APPLICATIONS OF SCINTILLATION

COUNTERS AND IONISATION CHAMBERS FOR VOID

FRACTION MEASUREMENTS

D.,1 INTRODUCTION

Radiations interact with matter in different ways
and are mostly accompanied by ionisation. Particles

(i.e. He++;}g’, n, etc.) interact directly to produce

ions. Photons (i.e. ¥ -rays, x-rays, etc.), on the

other hand may interact in one of several ways:

A - Photoelectric Effect:

This is important at low energies (up to 1 Mev)
and for high atomic number materials. The entire energy
of the photon is absorbed and an orbital electron is

ejected with a K.E. equal to that of the photon, less the

‘work required to overcome the attraction potential of the

atom (normally called the work function).

B - Compton Interaction:

At high energies the photon gives a portion of

its energy to a substantially free electron in a manner
somewhat resembling the billiard ball type of collision.,
Here the photon is not destroyed but rather reduces its

energy. In lead, and for'U'—ray encerglies of 0,5-5 Mev,

this is the most probable process of interaction.

C - Pair Production:

A photon of energy >-1.02 Mev (twice the rest

mass of an electron) is converted in the vicinity of a
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nucleus into an electron ﬁ_ and a positron ﬁ+' The

sum of the K.E. of the particles is equal to that of the

photon less 1.02 Mev.

Macroscopically, when {5 -rays of intensity 'I‘

pass through a slab of material of thickness 'x' and
total linear absorption coefficient ’‘m', the intensity 1is

reduced. It can be shown that the emerging radiation

intensity is given by

— -MX
Ix I e (D1)

and
P = Pp Mgt Ae (D2)
where subscripts A, B and C refer to the absorption

processes above.

Fig. D.1l shows the absorption coefficients for

the three processes for lead and over a wide range of

¥ - energies.

A reduction in intensity could well take place
even without interaction with matter, This 1is strictly

true for an uncollimated beam where the intensity is

decreased in proportion to the inverse of the square of

the distance from the source, S, or

K Io

(D3
7 )

1 =3

where I0 ls the source strength and K is a proportionality

constant.

This does not apply to a collimated beam, where

the intensity is reduced only by interaction with matter
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in its path.

The ¥ -~-ray source used here is Csesium 137
(Csl37). It decays into Ba137by the emission 0f/9" (8%)
or A followed by § -rays (92%) as shown in Fig. D.2.
Because of the high absorption cross-section for B -rays

(compared to ¥ -rays) in air, the radiation from the

source can be considered as wholly D -rays.

D.2 DETECTION OF RADIATION

There are various ways of detecting radiation in
addition to photographic techniques. Most of these

"employ one of the two basic techniques discussed below.

D.2.1 INTEGRATION METHOD (Gas ionigation detectors)

When ¥ -rays impinge on a cylinder filled with

gas, lons are produced. If an electrode is fitted at

the centre, insulated from the earthed cylinder and has

a +ve potential, then these ions can be collected and the
small current produced is measured. By increasing the
voltage at the central electrode the corresponding number
of ions collected increases in a manner shown in Fig. D.3.
Ionisation chambers, proportional counters and Geiger
MUller counters are in this category, and differ only in
the range of voltage as shown in Fig. D.3. When used for

) -ray detection and measurements, the ionisation
chambers are normally filled with an inert gas at high
pressures (up to 20 atm, ). This is to increase the

number of molecules per unit volume, and hence the

sensitivity.
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D.2.2 SPECTROMETER METHOD (Scintillation detectors)

This method employs scintillation detectors which
are particularly useful for ¥ -rays because of their
high efficiency. Here the incident photons interact

with the crystalline solid or liquid phosphors by any

one or more of the processes mentioned earlier, The net
result is the emission of secondary particles, photons,
or both. Deceleration of the particles or absorption

of the low energy photons (if not escaped) is effected

by the atoms of the phosphors which become excited.
De-excitation is fulfilled by the emission of electro-
magnetic radiation, mostly visible 1light. The light is

allowed to fall on a photosensitive material where it

causes the emission of one or more electrons, These
are accelerated towards another electrode called
‘dynode’ where by collision more electrons are ejected.

Up to eleven stages or more can be used with the net
result that a burst of electrons is produced for every
photon incident. Amplification factors of 105--109 are
normally quoted in the literature. such instruments

are widely known as 'photomultiplier tubes',

D.3 ASSOCIATED ELECTRONIC EQUIPMENT

In general, pulse counters consist of the

following

(1) High Voltage Supply:

To supply the required voltage to operate the

detector. Normally high quality of regulation is

required,
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(ii) Preamplifier:

This unit acts as an intermediate stage between
the detector and other electronic equipment. It has

the following characteristics:

a - High input impedance, drawing very little current

from detector,

b - Low output impedance to deal with losses in long
cables without serious fall in voltage (impedance
matching).

c - Almost no voltage gain.

d -~ Constant frequency response over a wide range of

frequencies,

(iii) Amplifier:

Features a high gain and linear response, i.e,
output is proportional to input. The latter is import-

ant for spectrometry whereby the pulse height 1is used as

a measure of the photon energy.

(iv) Pulse Height Analyser:

*
Congsists mainly of two discriminators and an

% %
anticoincidence circuit. One discriminator is set

at a voltage level 'H', the other at a voltage level

Discriminator An electronic circuit which allows

only voltage signals greater than a pre-set value
to pass,

k
Anticoincidence circuit: An electronic circuit which
requires two inputs. It produces a zero output signal
if the two inputs correspond to the same event.

%
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'H + AH', 'II' is referred to as the 'Threshold' and

' AH' as the 'Gate width. Their main job is to allow
pulses of height lying between 'H' and 'H + AH' to pass,
hence make it easy to determine the differential pulse.
height spectrum, Also it can be used to isolate the
required photon energy by truncating those signals which

correspond to unwanted scattered low energy photon,
This can be done by adjusting the levels 'H' and 'H +AH'

to contain the required photon energy only.

(v) Data Registration:

The function of the unit is to allow the

measurements of the number of pulses put out by the

detecting system per unit time. It consists mainly of
scalars (storage and digitised output), meter movement,
chart recorder etc,

For the integrating measuring devices, on the
other hand, most of what is mentioned above is required,
although the actual mechanisms are different. Here the

total charge collected per unit time is proportional to

the rate of the incident radiation,. Possible measuring

techniques are

a - By measuring the rate of charge or discharge of a

capacitor.,

b - By measuring the voltage developed across a precision

high resistance.

The matter then reduces to the measurement of

very low dc-currents («"'«Jld'15 amp). The problem of
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dealing with dc-amplifiers and their stability has been
overcome by the use of what is known as 'the vibrating
reced electrometer’, Here the de-signal is mixed with

a fixed frequency ac-signal, which can be amplified using

stable ac-amplifiers, then separated again and displayed

on a meter movement or chart recorder.

D.4 SETTING AND CALIBRATION OF INSTRUMENTS

It is a good practise to check the following

A - The manufacturers recommended test procedure to

check the instrumental parameters such as response

time, calibration etc.

B - Plateau Region: Here the output of the instrument

ls relatively unaffected by small variations in the

high tension supply voltage (Figs. D3 and D4).

C - Linearity: If the detector is saturated then an

ilncrease in the intensity of radiation will not affect

the output and hence the measured count rate,

Part 'A' above 1is a stralghtforward procedure.

For part 'B', the ionisation chamber already has a
plateau by definition (Fig. D.3), also such units are

normally supplied with a preset power supply. For the

scintillation counters, it is not so simple. Here the
platea depends on different parameters as, gain,

threshold, window setting and source strength (Overman
and Clark, 1973). Commonly, the length of the plateau

decreases and 1ts slope increases with decreasing source
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strength, Hence it is important to search for the

plateau in-situ, i.e. using the same source and for
different gain and discriminator setting. Fig. D.4 sh9ws
the relationship between pps (pulse per sec) and the high
tension voltage for a given set of instrument parameters.
Several of these graphs were drawn for different thresholds.
After choosing the working point, a search is made for

the peak in the spectrum which corresponds to the 0.616

Mev emission of 05137. This is shown in Fig. D.S with

the instrument parameters setting being a compromise

between pps at the peak (~1,.12 volts threshold) and

resolution. The uncertainty in the readings is greater
as one moves away from the peak and is due to the random
errors. Also the more absorption the § -rays suffer,

the less energy they have and the result is a shift in

the peak towards a lower threshold value, as shown in

Fig. D.6. As can be seen, stabilisation of the threshold
voltage is also important since one is normally working

along the relatively sharp edge of the spectrum (i.e.

0 -spectrum).
To accomplish part (C) above, a simple experiment
was carried out whereby a measurement was made of the

§~-ray intensity after passing through steel plates of

different thicknesses, From equation (D1) above,
ln(I/Io) = - MX

Hence a plot of 'ln(I/Io)' against 'x' should
produce a straight line with a negative slope. Fig.D.7

shows such results for the Nal scintillation counter used
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in the void fraction fluctuation studies for thel27 mm

(5") pipe. A similar graph was drawn for the 216 mm
(8.5") pipe since the diameter of the g -ray pencil beam
had to be increased toicope with the increase in diameter
of the pipe (and hence absorption) so as to keep the
count rate relatively high for statistical accuracy.

For the ionisation chamber, on the other hand, an in-

situ calibration could be carried out regularly., This

is explained in more detail in Appendix E.
Finally, a check on the background radiation

cffects was carried out to determine if these were
significant. This was done with the source removed
from the set up. The main effect of neglecting this 'is
that the apparent ¥ ~-ray intensity is the sum of the
actual value plus the background value. Discussion

concerning such errors is presented later in Appendix E.
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APPENDIX E FURTIHER DETAILS AND PRINCIPLES OF GAMMA

RAY ATTENUATION METIOD

E.1 UNCERTAINTIES IN MEASUREMENTS

The void fraction 'X' can be estimated using the

appropriate measured intensities of ¥ -rays in terms of

voltage or current output. The commonly used expression
is
In(I/Iy)
K = 3 (E1)
TnZTG7IF)

where the subscripts F and G refer to tube full of water

and air (tube empty) respectively. As can be seen from

equation (El1), the errors in the measurements of any of

the quantities I, IF and IG’ do not affect the accuracy

of ¢X linearly. Let the uncertainties (positive or
negative) in the measurement of 'I' be 'AI', of 'In', be
'AIF., and of 'IG , be 'AIG'. By applying small
perturbations to I, I, and Ias the resultant perturbation

on ' ' is *'AA' and is given by

. XK S X
AX -.S_I-AI+aIF Al +_51.- Arx, (E2)

By evaluating the appropriate derivatives using equation

(El1l), equation (E2) becomes

X Tm(/Ty |1 - —r' ‘r- (E3)

The condition of maximum (or minimum) possible error in

the measurement of 'X' is



449

d(BX) _
S 0 (Eda)
or
Alg Alg
- G (EAD)
- lg

Substituting back in (E3) and dividing by 'X' to get

the fractional error,

AX 1 Av  AVp (E5)
X xIn(Ig7Te) |V Vg
The maximum error occurs when 'AI' and IF' are out

of phase, i.e. 'I' is overestimated by ' AI' while 'IF'
is underestimated by 'LSIF'. If we further assume that

the fractional errors (e.g. AI/I) are equal, or

AT Alp b1,
1 IF IG .

Then the maximum percentage error is

A K
(=) % D me———— X 100 (E7)
X ~max. (%) 1n(I,/1;)

The above result is quoted in Hooker and Pooper

( H18), Equation (E7) can be written as
AX ~ 2K
[('-&-)max.% :I 1n (IG/IF) = X 100

This 1s shown in Fig. E.la for different values of K.
The minimum error of course occurs when ‘AI' and
fAIF' are in phase, and by assuming equation (E6) to be

true, we get

4%

(7)111111% = 0 (E8)
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Another void fraction relationship which is

recommended when the ¥ -ray beam is parallel to the plane

of phase separation is,

I - I
G F
And a similar procedure gives
A AI - ATXI
(_&__) - 5 - F) (E10)
(TG IF
From equation (E6) with ' I' and ' IF' in phase,
then
A
(_C;-(— min% = K x 100 (Ell)

If 'AI' and 'AIFH are out of phase, then equation (E6)

glves

(E12)

The above equation can be written with the help

of equation (E9) in a more convenient form,

I

G
2 + 0 (&=~ -~ 1)
A lp
("&_max% == K IG x 100
0<(T--1)

F

and the results are shown in Fig.E1lb for different values

of K.
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E.2 DERIVATION OF VOID FRACTION FORMULAE FOR

RECTANGULAR CHANNELS

CASE 1: RADIATION NORMAL TO PLANE OF PHASE SEPARATION
(see Fig. E.2)

Referring to Fig. E.2 where a monochromatic
radiation is allowed to penetrate a liquid of path length

'Xp' and a gas of path length 'xG' which constitutes a

certain phase distribution in a rectangular channel of
breadth 'W', thickness 'L and unit length.

The emerging beam intensity per unit area along
the direction of the incident beam is IM and is giﬁen
by

-n - %, - 28
I, =TI e F'F ~ Me%g )a (219)

where I0 is the intensity of incident radiation per

unit area.

My My and,uG are the linear absorption coefficients

of wall material, liquid and gas respectively,

and

8 1s the wall thickness.

If the channel is full of liquid, the intensity

of the emerging radiation is given‘by

-n.L - 28§
Ip = I o’ F 4 (E14)

Also, for tube full of gas,

-p.L - 28
I, = I, o’ G 4 (E15)
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where

- 6
1, Xp + X (E16)

From equations (E13), (E1l4) and (EL5)

“ppXn = peXe = 28p = 1n (I/1) (E17)

-pL - 28p = In(I/T) (E18)
and

Pl - 2511 = 1n(IG/IO) (E19)

Subtracting equation (E18) from (E17)

“PEn = PeXe = 28 p + polo+ 28 = In(I, /1)
or

X. (g = pg) = ln(IM/IF) (E20)
Subtracting equation (E18) from (E19)

pgL - 28p 4 pL o+ 25)1 = 1n(I,/Ip)
or ‘

L(}JF - ).IG) = ln(IG/IF) | (E21)

Hence from equations (E20) and (E21), the void

fraction is given by

Xe 1n (IM/IF)
AT gy (E22)

CASE 2: RADIATION PARALLEL TO PLANE OF PHASE SEPARATION

(see Fig. E.3)

Referring to Fig. E.3 where the same monochromatic



e Xole
radiation is allowed to pass horizontally through the

same channel with the same phase distribution, if the

total intensgity of the incident radiation per unit area

is I, then the fraction attenuated by liquid is,
*F
T Io = IoF (E23)
and by gas
Xa '
T 1o = I (E24)
The intensities of the emerging radiation are
given by S
Pp V- 26p
Ilp = Igpe © (E25)
xp -pp W - 26p
= (—-L-) IO e
and
-pg W - 26p

x e W2 5}“

= <-§> I, (E26)

such that the total intensity of the emerging radiation

IM.is
Iy = Ior + Iog
X n.W-2 8 X - W-2&
n(__LE) Ioe}lF )l_l_(_%) Ioe}lG )1

(E27)

If the channel is full of liquid, then the

corresponding intensity of the emerging radiation is,

—n W-24
Ip = I, e FE (E28)

and for the channel full of gas,

-pgW-26p

Ig = 15 € (E29)
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Substituting in (E27) for the experimental terms

from (E28) and (E29)

X I X I
F F G G
IM = (_L_.) IO -:-[-;) -+ (—L—) IO (T;)
and since
xG XF
O<==—E-and 1 - K = T (E30)
then
Iy = Ip= K(I; - Ip)
or |
I,, = I
X = et (E31)
G F

Equations (E22) and (E31) were derived in
Appendix 1 of ref, (20, also in Richardson (Rl).

E.3 THE EFFECT OF UNCORRECTED ZERO READING ON THE

ACCURACY OF MEASUREMENTS

One of the factors which can affect the accuracy
of the P -ray attenuation technique is the presence of

a zero error reading which has not been corrected for.

Such zero errors may arise due to:

(1) The presence of a voltage or current output due
to either the readout unit or the sensing device
(e.g. photomultiplier tubes) at a time where the
§ -ray intensity is supposed to be zero. This
may be due to a zero drift in the electronic
circuit or in case of photomultiplier tube, the

presence of what i1s known as 'dark current'’,



(ii)

(1i1)
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This current is due to thermally generated

electrons and other factors such as field emission,
etc., (Birks, Bl5). For this reason it is very
important to build a cooling chamber around the
P.M. tube, especially when working in a high
temperature environments or when applying
comparatively high tension to the dynodes, 1i.e.
operating the tube near its maximum permissible

voltage, normally to get higher gain,

The presence of appreciable background radiation
due to either the presence of radiation sources
in the neighbourhood or to bad shielding of the

detecting unit against scattered radiation. This

can be reduced by using pulse height analysers

with the discriminator and gate set to enclose

the peak in the spectrum of the source.

Radiation not passing through the two'phase
mixture and hence not attenuated, but still
impinging on the detector, and hence counted.

This can be overcome by careful collimation of

the gamma ray bean.

Let subscripts 'A' and 'B' refer to 'Apparent' and

'Background’' respectively. Thus for the actual

intensities,

and

F FA B (E32)
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where subscripts G, F and M refer to tube full of gas,

full of liquid and full of the two phase mixture,

'reSpectively.

The apparent void fraction C(A is defined as,

In (I,,./I..)
O<A B _12_(_7(IMA TF"'A'S (E33)
GA “FA

The actual void fraction o< is

In (I,/1;) "
X = = (E34)
In" (T./T5)
or
| I
In (== - 1)/ (2 - 1
X = ———fB-————-—fB——— (E35)
1n (TZ—A - /G2 - 1)
B

For simplicity, write the apparent intensities

in terms of the apparent tube full of liquid value, 'I.,°

FA ?
Ioa=2aln, a > 1
Iya = P Ipg 1gbga (E36)
and
In. =c Ioa 0 S cXL1

Then from (E33) and (E36)

1n (b
Xy ”‘(—512(a) | (E37)

and from (E35) and (E36)
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(E38)
The percentage error is by definition,
o - 0%
%3-(- % = —= x 150 (E39)

Figs. E.4 and E.5 show some of the results for

a = 10 and over a range of ¢ values.
When the gamma ray beam is parallel to the plane

of phase separation, the recommended void fraction

relation is
I,, - I
X = M_F (E40)
Ig - Ip

Here, because of the linear relationship between

'X'' and the measured intensities 'IM', 'I..' and '1 },

F G
the zero errors cancel out and hence

o<A = (E41)

E.4 THE EFFECT OF AVERAGING INTENSITY RATIO RATHER THAN

THE 'LOG' OF THE INTENSITY RATIO ON THE ACCURACY OF

VOID FRACTION MEASUREMENTS

When a ¥ -radiation passes through a two phase
ﬁixture, it will suffer a reduction in intensity which
is normally a function of time. Consider the arrangement
shown in Fig. E.6 where, by measuring the intensity

through a similar tube full of liquid using the same

source, one can compensate for any variations in the
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incident intensity 'Io' due to random processes (in case

of ¥ -rays) or noise (in case of x-rays). In fact such
an arrangement was employed by Smith ( S18) in his fast‘
response multi~beam x-ray unit used to identify phase
distributions during steam-water blowdowns, In Fig. E.6

the two measuring devices must be identical and

standardised and their response function constant over
the range of intensities measured. Under such conditions

the instantaneous output corresponding to 'I,’' is given
by

X (t)- (t) - 26
vy(t) =€ R I e 0 3 A el a

= & R I, (t) (E42)

wheré
& = tube wall thickness

M Bp Ma = linear absorption coefficients of tube
material, liquid and gas respectively

€ = detection efficiency

R = instrument response function.

Remembering that,

Xp(t) = inF(t) (E43)
C
xg (t) = .ZcxiG(t)
and
x,. (t)
X (t) = = (E44)

where CK(t) is the'instantaneous void fraction' which

exists in the pipe at time t, and L is the total two
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phase mixture path,

i.e. L= xg(t) + xg(t) (B45)

Similarly for the tube full of liquid and gas

respectively,

“Mpl—2 ‘S)‘

Vp(t) =€ R IL(t) = &R I e (E46)

and

-Pgl—2 ‘S}'

Ve, (t) = (R I, (t) = ER I, e (E47)

Defining a quantity R(t) as

I LSRR eI

o " Fr ¥pE) - Pg Xg(E) + pp L

and substituting for 'L' gives,

:F[ :
and by using equation (E44),

R(t) = W = (E48)

The term R(t) can be thought of physically as
the transmittance of the mixture relative to that of

liquid, From equation (E48), the instantaneous void
fraction (X (t) is

X (t) L 1 (VM(t))
= n
L - ¥g) Vgt

K 1n (V;TfT) (EA9)
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1
Lp = Mg

Before proceeding further, let us define another

quantity W(t) as

V. (t) I.(t) -} 1. +}1FL
WE) = 8 . 6 M
Vg (E) Ip()
oY

L{(u, - n.)
W(t) = e P~ Fa (E50)

In physical terms, W(t) is the maximum value the

transmittance R(t) can take. From equation (E50),'

V()
(Mp=Pg)L = 1n W(t) = 1ln VT T X (E51)

and the instantaneous void fraction can be written in

the more familiar form, (from equation E49),

-_WH— (E52)

The average voild fraction over the interval

'0-T*' is by definition,

T
5t fowa -
O

Using equation (F49) gives,

O< =2 ‘I.i's' J 1ln (v;(-f)-) dt (E54)
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Equation (E54) can also be written as,

— VM(t)
mean void fraction = X = K |{1n A D] (E55)
F .

where the bar represents an average quantity.

It is fairly common practice in void fraction
measurement not to average the bracketed term in equation
(E55), but rather to first average the quantity
'VM(t)/VF(t)' and then obtain the void fraction using

equation (E49), Mathematically, this means

S v, (t) -
= K Iln W (E5 )
and as can be seen, equations (E55) and (E56) are

entifely different.

To obtain a feeling for the results, consider
for example the case of slug flow in a horizontal tube
(the same applies for a vertical tube). Fig. E.7 shows
the slug and the corresponding approximation to the
expected void fraction at that instant of time. For

convenience let the void fraction be expressed in the

form
K(t) = K X, 0<tg ty
(E57)
X(t) = Kk X t; < t< t,

where 'K' is as defined earlier.

By definition, the average void fraction over the

interval 'O-t,' follows from equation (E53), or




00

to
X o= = JO<(t)dt
o
O
1 t K dt e ]
= el -+ O(
tz A S K B dt
O tl
A ty 0% t1 OC
. O<=-E-2-K A+(1-¥;)KB (E58)

The correct experimental average follows from

equation (E55), as

= ! tz VM(t)
= -1-:; j K 1ln —mF T dt
O

using equation (E48),

t
— 2
O

From equation (E51)

ty ts ,
'ER==_l. KX, dt +
t, A Ko<B dt (E59)
O tl

which is identical to equation (E5S8). This is not
surprising because equation (E55) was derived through

equation (E53). However the procedure suggested by
equation (E56), using equation (E48) gives,

T jtz X (t)
= e e K dt
Vg () ty X
t t
1 X 2
= .gL hjn e A'dt + \j e B dt
2
o t
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ST B W N eO<B

and the void fraction follows from equation (E56), as

— Vv, (t)
CX = K 1n ¢ M )
Vp (t)
. - t, X t,
..uﬂKln[T}-eA+(1-%)eB (E60)
- 2

which is different from equation (E59) and (ES58).

Consider the following example:

* — -g-IE =3 gm
] — gm = gln—-

. . pp=11.63, jp.=0.0133 and L = 12.7 cn,

Hence K = L(}JF _)uG) = 147.6

Let K, = 0.1 .'.°<A=6.775x 10-4
KX = 0.8 U X 25,49 x 1079
B B
also

Let the slugs be periodic with a period T, then
t, = t2/2 = T/2,

From equation (E58)

cX = 0.4500
From equation (EG60)

c< = 00,4518

When the gamma rays are parallel to the plane

of phase separation, the relationship between 'CX' and
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'IM' is linear,
I,, - I
XK= M__F
Ic = Ip

Hence by averaging 'IM‘ in calculating 'CX', no

errors are introduced.

E.5 EFFECTS DUE TO FLUCTUATING VOID FRACTIONS

Apart from the errors introduced by the normal
practice of averaging the intensity ratio rather than

its logarithmic value, another effect does exist, and is

due to the fluctuating void even when its average value

- -over a time 'T' 1is equal to that actually measured., The

analysis attempted here is similar to that carried out
by Harms and Forrest (H19).

Referring'to equation (E48)

XX (t)

V.. (t) ~—-

R(t) = VM.(._E.). = e (E62)
F

The measured value of R(t) averaged over a time

'T' is
T X(t)
o

In carrying out void fraction measurements, it is
implicitly assumed that the void fraction is constant
during the measurement interval, which hydrodynamically

means a uniformly distributed flow. In this case X (t)

s a constant value given by

o o R S .
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Xy = %o (E64)
Hence A g

ﬁo = eT =R, (E65) -
and

X = K1ln R)) (E66)

Let us now consider a fluctuating void fraction

C><b(t) such that its time average value is equal to

where

O

T
1
K = = J o(b(t) dt (E67)

O

Accordingly from (E638( (t)
. b

"I'ib j K dt

and the ratioqﬁb/Ro from (E65) 1is

Ao K (t)

e K
———

o o
I

T
’ Rb 1 .
O
O

As can be seen the only condition whereby 'ﬁb'
will equal 'Ro' is that c><'b(t) 1s a constant with a value
oqual to CKO and that the condition imposed by equation

(E67) is not enough.

Let us consider, for example, the extreme case of

vold as shown in the figure below. Mathematically,
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This. was chosen to ensure that the average void

fraction was equal to 'CXO' satisfying the condition of

equation (EG7).

The average value of ‘R' follows from equation

(E63) as

T  X(t)
ﬁ = ..:!'. f e dt
T
o
. tl 'tr+ 0T . T
T jdt'* / ST f ' dt
o tl t1+ oT
Remembering that O(o = ng, the above when solved gives
1/K :
R = O<b(e /K _ 1) + 1 (E69)
and
- R -1
O‘b = -I7K-'—1- (E70)
e - |
From equation (EG65)
R - 1
;- e [:1 + C><o(e /K - 13] (E71)
o
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What is actually measured is RO (the voidage is

assumed constant over the measuring interval, or

X
i} Ry = 4 e O/K-l (E72)
O(b ) e: ; r-l ) e ‘ - |

The error in the measurement of ' ' 1s

O
A= o, = &, =0 = S

and the percentage error is

AcX el/K _ 1
= % = (X —O<7K_—I -~ 1) x 100 (E73)
e -

E.6 VOID FRACTION APPARATUS ARRANGEMENT, CALCULATION

PROCEDURE AND STRATIFIED LAYER CALIBRATION

1. ARRANGEMENT AND ALIGNMENT OF APPARATUS:

To assemble the void fraction apparatus for

measurements, the following steps were taken:

(1) The source holder and detector were set to lie
in the same plane and opposite to each other,

one on either side of the pipe.

(1ii) Pieces of fine thread were used to simulate the

paths of the ?S -rays and the divergence required
to scan the pipe. Adjustment of distance, i.e,

'source-tube' and 'tube-~detector' for minimum

divergenée was carried bearing in mind the effect
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of distance on the {§ -ray intensity arriving at
the tube.

(iii) Lead collimators were inserted on both sides of -
the tube to confine the rays to the measuring
plane, and to prevent rays not passing through the
tube from reaching the detector. Step (ii) was

repeated,

(iv) The apparatus was surrounded by lead brick

shielding.

(v) The background radiation in the surrounding area

was monitored, and extra shielding added whenever

necessary.

Fig., E.8 is a schematic diagram of the arrangement

for the 216 mm (8,5") pipe.

2. DETERMINING THE POTENTIAL DIVIDER CONSTANT OF THE
BACKOFF UNIT:

The backing off voltage required to bring the
electrometer reading to within the '0-300' mv of its

metermovement was too large to be measured accurately,

by a 100 mV range potentiometer. Hence, a potential

divider was used to allow only 1/100th of this voltage

to be measured by the potentiometer. The potential

divider circuit is shown in Fig. E.9. Tests were

carried out to accurately determine the value of thepotential
divider constant and these also afforded the opportunity

of normalising the readings of the electrometer and

potentiometer.
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To start the test, the head amplifier (and hence

ionisation chamber) was isolated from the electrometer by
pressing the 'SHORT CIRCUIT' bottom on the head unit.
The electrometer then behaved as a very sensitive volt-

meter and a 'back off’ signal was injected into the

electrometer through the 'CALIBRATION' plug. A set of

electrometer and potentiometer readings were noted, The

potentiometer measured the voltage to within 1/100th of

a millivolt, which meant that the actual 'back off’
voltage was measured to the nearest nv, The results are
shown in Fig. E.1l1 to give a linear relati nship. The
slope gives the 'correct' potential divider constant
which was then used to convert the potentiometer readings

into‘millivolts, matching up to the electrometer scale

reading.

3. VOID FRACTION CALCULATION PROCEDURE:

M

Considering, for example, the stratified layer

calibration which is detailed in the next section and
illustrated in Fig. E.10, the first step in calculating

‘X' was to determine the corresponding ¥ -ray intensities

from the raw data. This was a straight forward procedure

once the potential divider constant had been determined.

The intensity expressed in mV is given by

I = ELE + CONST x POT

(E74)

where
ELE = Electrometer reading

CONST = Potential divider constant
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and POT = Potentiometer readiﬁg.

The term 'CONST x POT' represents the actual
backoff signal in mV required to bring the signal to
within the '0-300' mV scale of the electrometer. The

intensity 'I,,' was then determined for each water level

M
setting 'H' and the corresponding tube full 'IF‘ and tube

empty 'IG' at that time. Referring to section E.2, the
void fraction 'CX' is given by either of the following
relations depending on whether the rays are parallel or

normal to the plane of phase separation,

in (IM/IF) ’

XK = m) (E75)
or
Iy, = 1 |
X = i"—"‘i"'z - :‘1 (E76)

Equation (E76) is recommended for calculating

vold fractions for a stratified layer with a horizontal

gamma ray beamn, Otherwise equation (E75) should be

used.

4, STRATIFIED LAYER CALIBRATION

In order to carry ouf the in-situ calibration of
a simulated stratified type flow, a piece of transparent
perspex tubling was used with pleces of perspex sheets
bolted to the two flanges blocking the two ends; A

graduated piece of paper was stuck on both ends to allow

liquid level measurements in the pipe. Provision was
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made for feeding fresh water into the pipe through one
pressure tapping hole, while the air was allowed to escape
through another tapping hole. The pipe was levelled such
that the levels of water at both ends were the same.

The test procedure commenced by noting the tube
empty intensity reading. Water was then introduced into
the pipe and both water level and P -ray intensity were
recorded, More than 15 different levels of water were
used to simulate different degrees of stratification until

the pipe was completely full, tube tull of water reading
then noted,. The water level was decreased in steps

also and the corresponding readings again noted,

To determine the void fraction corresponding to a

given water level was a simple exercise in geometrical

analysis, The problem reduced to determine the area of

a segment of a circle as shown in Fig., E.10. The void
fraction 'XX' is simply

(X ~ Area 'ABCEA'

——— (E77)
(7T/4) D

From Fig, E.10.

Area ABCEA = Area of sector 'OABRCO!

- Area of triangle 'QAECO'.

= %—% (\ Rz) - 2 [% (R-H)R Sin Q]

where

© 1s in radians and R = D/2

. . Area ABCEA= O R% - (R-H) R Sin ©




= RZ cos~?
R-H) _ (R-H)
R R2
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(E78)
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APPENDIX F " PHOTOGRAPHIC TECHNIQUES

To improve the photographic results, a special

photographic box was built to minimise optical effects

caused by the curvature of the pipe. The box was
approximately 0.61 m (2 f£t) long, 0.3 m (1 ft) high by
0.3 (1 ft) wide and manufactured from 12,7 mm (O,5")
perspex shects, The box shown in Fig., F.1l was filled
with water and designed such that it could be sealed
~around the pipe by two O-rings, one at each end. Other
joints with smooth surfaces were self sealed by grease

. and bolted. Further sealing around the pipe joints
was effected by using plasticine which was necessary
due to vibrations of the rig.

All the box sides lying in a plane parallel to
the pipe axis were covered with black cardboard excebt
the side opposite to the camera which included a slit.
Adjustments were made such that a full picture of the
pipe was received through the camera lens. The edges

of the box were painted black, from inside, with a matt
finish,

The light was shone at an angle through the sides
which were normal to the pipe, using two 1500 W mercury
lanps with special reflector attachments, this system

being adopted after a trial and error procedure,
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APPENDIX G PRESSURE TRANSDUCER CALIBRATION

The pressure transducers were calibrated 1in sitg
in a length of 127 mm (5'") bore perspex tubing using
water. The calibration apparatus is shown in Fig. G.l.
with a detail of the transducer fixing in Fig. G.2.

The circuit was pressurised either by a hydraulic

pump or water mains pressure and corresponding readings

of pressure and transducer output taken at steps up to,
and down from, 50 psi absolute, Suitable corrections

were made for difference in elevation between the

pressure measuring level and the transducer level.
The calibration characteristics obtained are
shown in Figs. G.3 and G.4 and, as can be seen, are
linear with no hysteresis effects. The 50 psia (max.
range) transducer was installed near the exit of test
section, i.e. 14 m from mixer. The 100 psia (max.

range) transducer on the other hand was located at 8 m

from mixer.
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MULTI-FREQUENCY CRYSTAL OSCILLATOR
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APPENDIX H MULTI-FREQUENCY CRYSTAL OSCILLATOR

1. THE CRYSTAL OSCILLATOR

In general, an oscillator is an electronic
amplifier that generates a frequency which is determined
by the value of its oscillatory components, and maintains
that frequency to a cert<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>