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SUMMARY 

The computational analysis of vortex shedding flow is presented, using the 

commercially available computational fluid dynamics ( CFD ) software 

package PHOENICS. In this analysis it is shown how the use of the 

conventional PHOENICS default first-order hybrid-upwind convective 

differencing scheme provides an excellent example of the effects of 

multidimensional false diffusion. These effects are substantially reduced 

with the introduction of an alternative scheme, SUCCA ( Skew Upwind 

Corner Convection Algorithm ), for the modelling of convective transport 

in 2D and 3D analyses; resulting in the promotion of continuous vortex 

shedding for the 2D model. The mechanism of pulsating flow influence on 

the vortex shedding process has also been simulated. The results show that 

a complex transient phenomenon such as vortex shedding can be analysed 

using the PHOENICS code but only with the implementation of an 

alternative convection algorithm. The results also demonstrate the SUCCA 

scheme's ability to accurately represent convective transport and hence 

substantially reduce the effects of multidimensional false diffusion in 

numerical flow analyses. 
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NOMENCLATURE 

a discretised convection / diffusion coefficient 

A bluff body length, area 

b linearised source / sink term 

B bluff body width 

C modified convection coefficent 

C1. species concentration 

D pipe diameter 

f vortex shedding frequency 

H channel width 

k, KE turbulence kinetic energy 

m cell face mass flux 

0 order of accuracy 

P, p pressure term 

P, N, S, E , W, main and surrounding grid point locations 

SW, SE, NW, 

NE 

PIL PHOENICS Input Language 

Pe Peclet number 

r radial component direction 

Re Reynolds number 

Str Strouhal number 

S volumetric source / sink term 
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T, t time 

U, u, U1 u-velocity component 

V, v, V1 v-velocity component 

W, w, W1 w-velocity component 

X, x x-direction 

Y, y y-direction 

Z, z z-direction 

8 distance, Kronecker delta 

e fluid strain 

e EP dissipation rate of turbulence kinetic energy 

summation term 

v normal stress, combined stress 

computed dependent variable 

fluid molecular viscosity 

p fluid density 

8 skew flow angle, circumferential component direction 

shear stress term 

v fluid kinematic viscosity 

subscripts 

ij, k Cartesian tensor notation components where 

i =1,2,3 j =1,2,3 k =1,2,3 

/ laminar conditions 

ix 



nb neighbour 

o inlet conditions 

P, N, S, E, W, main and surrounding grid point locations 

SW, SE, NW, 

NE 

p inlet pulsating flow conditions 

r radial component direction 

rms root mean square 

s, w south and west cell faces 

sw typical modified convection term location for upwind cell 

t turbulent conditions 

cc outlet condition 

16 computed dependent variable 

6 circumferential component direction 

vs vortex shedding under steady flow conditions 

vp vortex shedding under pulsating flow conditions 

suoerscriats 

instantaneous quantity 

- average quantity 

" fluctuating quantity 
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CHAPTER 1 INTRODUCTION 

1.1 The Vortex Shedding Flowmeter 

The separating flow around bluff ( or non-streamlined ) bodies is 

renowned for its production of an unsteady wake. At appropriate Reynolds 

numbers the wake may be seen to take the form of the well known 

Karman"' vortex street in which the cyclically shed vortices are convected 

downstream in a regular array. Such unsteady flows are of practical 

interest to engineers. Particular examples may range from the vortex 

induced vibrations of structures to the vortex shedding flowmeter where, 

in the latter case, the frequency of the shed vortices should be directly 

proportional to the bulk mean velocity in a well designed meter. 

Over the last 20 years the vortex shedding flowmeter has been 

developed into a valuable metering instrument, being used for many 

industrial flow process monitoring and control applications 12.31 involving all 

types of liquids, gases and steam. The many advantages of this type of 

meter include good accuracy and long-term repeatability, a wide operating 

range and a linear frequency output. This linear frequency output is found 

to be a function of the dimensionless Strouhal number: 

St 
f'ý b 

1.1 
U 

The principle of the meter is such that having measured the transient 

vortex shedding frequency f`s 
, the calibrated universal Strouhal number 

for the meter is used with the bluff body width b to obtain the mean bulk 

velocity (J . 
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The meter itself has no moving parts but its operation does involve a 

hydrodynamic oscillation. It is known that the vortex shedding process in 

steady flow remains completely stable, even in the presence of high 

turbulence levels such as those found in high Reynolds number pipe flows 

( see Chapter 2 ). In periodic pulsating flow, however, from a source such 

as a reciprocating or centrifugal positive displacement machine it has been 

shown14.5' that there exists an interference with the vortex shedding 

process. 

The extent of this interference is found to be a function of the 

pulsation frequency and pulsation amplitude, with the maximum 

interference occurring with the vortex shedding process synchronizing itself 

at half the pulsation frequency; a phenomenon known as locking-in. This 

interference manifests itself as percentage change in the calibrated Strouhal 

number for the meter with changes of t 40% occurring at lock-in, even 

though the pulsation amplitude may only be of a comparable level to that 

of normal pipe turbulence. 

1.2 Comnutationai Fluid Dynamics 

The development of computational fluid dynamics (CFD ) software for 

the numerical prediction of complex fluid flow behaviour has taken place 

over the last 30 years, in parallel with advances in digital computer 

technology. The development of such CFD codes has given the engineer a 

valuable tool which will further promote the understanding of fluid flow 

behaviour. 

Computational techniques involved in solving fluid flow problems fall 
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into two main categories, these being: 

1) finite difference techniques 

2) finite element techniques 

The method of finite differences, within a finite volume environment, 

is described in detail in Chapter 3. Among the advantages of the use of this 

technique are, firstly, the maintenance of the conservation principle 

embodied within the flow equations and , secondly, the use of stable, 

efficient and accurate solution methods. (36)138 

In the finite element method the flow equations are approximated using 

parameters relating to the geometry of the fluid element and the 

mathematical functions chosen to represent the velocity and pressure terms 

at locations on the edges and within the finite element. A penalty function 

method(67)may be adopted to give a relationship between the pressure field 

and the continuity equation. Such a method provides the basis for a stable 

and efficient numerical solution of the flow field since it promotes banded 

coefficient matrices. 

The principal advantage of finite elements is the geometrical flexibility 

in the problem description which the technique allows. The development 

of more stable and efficient solution algorithms1571(58)has seen an increase 

in the use of finite element CFD codes and for the vortex shedding problem 

itself Van de Vosse et a/581have predicted this unsteady problem in laminar 

flow. 

In the context of this work, the commercially available CFD software 

package PHOENICS1111, a finite volume / finite difference type code, has 

been used in an attempt to ascertain the extent of the capabilities of such 

3 



a code in relation to the simulation of a complex transient phenomenon 

such as vortex shedding. Emphasis has been placed upon analyzing the 

vortex shedding process for both laminar and turbulent flow regimes, 

turbulent pulsating flow conditions with specific regard to the locking-in 

process and three-dimensional turbulent flow. 
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CHAPTER 2 LITERATURE REVIEW 

The literature available in relation to the subject of flow over bluff 

bodies is extensive. The following review represents an assessment of the 

more relevant and most commonly referenced articles on the matter. 

The unsteady wake produced by flow over a bluff symmetrical obstacle 

for a Reynolds number above a certain critical value was first observed by 

Strouhal"', who noted the subsequent downstream formation of a vortex 

street. Mallock1e' and Benard'e' both described the initial formation of twin 

symmetrical standing vortices downstream of the obstacle at the beginning 

of the motion, followed by an elongation of the vortex pair to an 

asymmetrical position. The vortices were then observed to move away 

from the body, being discharged alternately from the two sides. This 

eddying motion was observed to possess a definite frequency for each 

Reynolds number. 

Mallock and Benard observed that downstream, the vortices assumed 

what appeared to be a regular pattern, which in most cases was evident 

at a distance four or five diameters behind the solid body. The vortices 

arranged themselves in a double row, in which each vortex was positioned 

opposite the mid-point of the interval between the two vortices in the 

opposite row. In suitable circumstances the trail of vortices was seen to 

persist for a considerable distance downstream of the solid body. 

Karman and Rubach10' considered the system far downstream of the 

bluff body and found that the shed vortices do not in fact arrange 

themselves exactly on two parallel rows with a definite spacing ratio but 

the trail tends to widen out downstream, and the spacing ratio changes. It 
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has been suggested 1 that the regularity shown in many photographs is 

often due, in part, to the effect of channel walls, which have a lateral 

compressing effect on the flow. 

The first detailed experimental examination of the structure of the free 

vortex layers in the bluff body wake was made by Fage and Johansen"", 

who, for two-dimensional motion examined the layers from bodies of several 

shapes. The authors found that the velocity distribution across the vortex 

layer in its initial stages showed maxima at the outside edges and minima 

at the inside edge with the maximum velocity in every case greater than 

the undisturbed free stream velocity. Measurements of the rate of 

discharge of vorticity and pressure distribution across the layer were also 

taken. 

Schiller and Linke13' considered a similar flow geometry, extending the 

analysis further downstream of the bluff blockage. The authors found that 

for certain Reynolds number values ( based on the diameter of the bluff 

cylinder) the width of the vortex layer grew according to x'12 where x is 

some downstream distance. Since this law of growth is characteristic of 

the laminar boundary layer, it was assumed that the vortex layers are 

laminar so long as this law holds. Schiller and Linke also found that, as 

expected, the critical distance for the transition to turbulence approaches 

the cylinder as the Reynolds number increases. 

At higher Reynolds numbers the diffusion of the vortices takes place 

so rapidly that the formation of the double vortex row is lost in the 

turbulent wake. However vortices continue to be shed with unfailing 

regularity until an approximate Reynolds number ( based on bluff body 

width ) of 5x105. Beyond this upper limit the flow is completely 
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turbulent' 14j. Humphreys154'and Morkovin(55)both noted this complete loss of 

periodicity in the wake for Reynolds numbers between the critical value of 

1x 105 and 3.5x 106 when the re-attachment of the two vortex layers was 

observed. However, Roshko(58), who performed experiments for Reynolds 

numbers up to the value 1 x107, observed the recovery of periodicity in the 

near wake at this post-critical Reynolds number. 

On the frequency of vortex shedding Rayleigh15' suggested the 

following formula for low Reynolds number flow over a circular cylinder: 

f- 
= 0.195(1 - 

0.1 2.1 
U 

based on the result of his analysis of the original observations of Strouhal'7 . 
The dimensionless ratio fwd/U is commonly referred to as the Strouhal 

number after the Austrian physicist. Karman and Rubach(101, Fage and 

Johansen12) and Tyler'16 all made experimental studies of Strouhal number 

variation for various bluff body shapes, while Rosenhead and Schwabe"" 

considered the effects of channel walls on the stability and characteristics 

of the vortex street. 

The theoretical analysis of flow past bluff bodies was first considered 

by Kirchoff"e' and Karmans '. In the free streamline theory developed by 

Kirchoff, the free vortex layers which originate from the bluff body are 

idealised by surfaces ( streamlines ) of velocity discontinuity. These free 

streamlines divide the flow into a wake and an outer potential field. 

Kirchoff's theory, however, assumes the velocity of the vortex layer to be 

that of the undisturbed free stream velocity. This underestimation of the 

12' separation velocity, as experimentally verified by Fage and Johansen, 
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thus predicts values of drag lower than those observed. 

Karman"I approached the problem by considering the periodic vortex 

shedding nature of the flow itself. However, the theory was incomplete in 

that it could not, by itself, relate the vortex street dimensions and velocities 

to the obstacle dimension and free stream velocity. Additional empirical 

data was required from experimental analyses. 

Roshko"81 proposed a modified Kirchoff analysis where the separation 

velocity is allowed to assume some arbitrary value as a function of the free 

stream velocity. The same author (20), by allowing for some annihilation of 

vorticity in the free vortex layers ( following Fage and Johansen ), 

combined the free streamline theory of Kirchoff with Karmen's theory of 

the vortex street to relate the drag to only one experimental measurement, 

that of the Strouhal number. In this paper, Roshko also defined a universal 

Strouhal number based upon the free shear wake width and the separation 

velocity. Roshko(20)stated that vortex shedding frequency is related to the 

wake width, with the following inverse relationship applying: 

fso 1 2.2 
d. 

where d' is the wake width between the free shear layers prior to vortex 

creation. With this general relationship it follows that bluffer bodies, which 

promote a larger wake width, will have lower vortex shedding frequencies 

and hence lower Strouhal numbers. However, this relationship is only 

appropriate at higher Reynolds numbers (> 10000 ) for which the Strouhal 

number is distinctly different for different shaped cylinders, though 

approximately constant for each individual one. 

8 



Gerrard 1211 proposed that there should in fact be two characteristic 

lengths influencing the mechanics of the vortex shedding process; these 

being the axial length of the formation region immediately downstream of 

the bluff body and the free shear wake width. Gerrard (221 also noted the 

apparent transition to three-dimensionality in the wake of a two- 

dimensional bluff body in which stable, transitional and fully turbulent flows 

were considered. 

The existence of coherent large scale structures behind bodies at high 

Reynolds numbers has been well established 123). Cantwell124) studied the 

near wake of a two-dimensional cylinder at a Reynolds number of 140000 

to reveal coherent structures having an appearance resembling the classical 

periodic vortex pattern of Karman'). 

The study of Perry and Watmuff1251 revealed that coherent large scale 

eddies exist in the wakes behind three-dimensional blunt bodies at high 

Reynolds numbers and that these structures retain their identity for long 

streamwise distances. Also, the geometry of the phase-averaged vector 

field displays the same general features as in the unsteady laminar flow 

wake results of Perry et a/ 128'. 

Computational analyses in this field have mainly concentrated upon 

unsteady laminar and turbulent flow past circular cylinders &Z"(28)129). Some 

such simulations 1281 analyzing the two-dimensional unsteady form of the 

Navier-Stokes equations have utilised the discrete vortex method, 

employing a transport equation for vorticity. This Lagrangian approach 

helps to circumvent the problems of artificial viscosity and stability often 

associated with Eulerian analyses 130/31. However, problems involved in the 

modelling of energy dissipation and vortex diffusion in the wake have to be 
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addressed. Others such as Braza et a/ 'Z" have used a control volume / 

finite difference approximation for the two-dimensional governing equations 

using a log-polar coordinate system to overcome the problem associated 

with modelling the circular geometry of the bluff cylinder. It was observed 

in this analysis that due to, what was considered to be, a relatively low 

order of accuracy (0,2) present in the numerical schemes employed that a 

very fine grid was required for moderate (300) and high (1000) Reynolds 

number calculations. 

The most notable computational study involving vortex shedding from 

rectangular cylinders is that of Davis et al 132U33)" In these analyses the two- 

dimensional unsteady laminar form of the Navier-Stokes equations are 

modelled using a direct finite difference version of the conservative form 

of the governing equations. Convective transport was modelled using the 

third-order accurate QUICKEST scheme of Leonard 134 
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CHAPTER 3 THE PHOENICS CFD CODE 

3.1 General Description 

3.1.1 The Structure of PHOENICS 

PHOENICS ( Parabolic Hyperbolic Or Elliptic Numerical Integration Code 

Series ) is a commercial software tool for analysis of transport phenomena 

governed by conservation equations. For the numerical analysis of fluid 

flow in general, the description of 'computational fluid dynamics' (CFD) is 

often associated with such codes. 

The two essential components within the PHOENICS code are a pre- 

processor called SATELLITE and a processor called EARTH. 

The pre-processor SATELLITE can be described as an interpreter; from 

instructions provided by the user it creates a data file containing 

instructions which EARTH can understand and obey. Normally, SATELLITE 

will receive its instructions through a file called Q1, provided by the user, 

which contains all of the geometry, boundary conditions and solution 

control parameters necessary for the problem description. 

The processor EARTH contains the main flow-simulating software. 

EARTH reads the data file provided by SATELLITE and executes the 

corresponding computations; it then creates an output file called RESULT, 

which the user can read, and a file of results called PHIDA. The PHIDA file 

is a graphics file which can be visualised by using the post-processor 

PHOTON. 

Both SATELLITE and EARTH possess space for additional FORTRAN 

coding which is input by the user. In EARTH this coding framework is 

called GROUND and the main function of GROUND is to provide a variety 

of data-setting and feature-adding alternatives that are not contained within 
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EARTH. As the use of GROUND necessitates the addition of user-defined 

FORTRAN coding sequences, re-compilation and re-linking sequences must 

be performed prior to execution. 

3.1.2 Equations Solved 

The conservation equations solved by PHOENICS take the form of 

partial differential equations describing, for example, the conservation of: 

- mass, momentum, energy, chemical reactions 

- in one-, two- and three-dimensional geometries 

- for steady and unsteady problems 

The conservation equations have a general form: 

at ax, 
(PO + (Pu1(b) äx r+ 

ax, 
) + S+ 3.1 a 

as derived in Appendix A. The four terms in this general differential 

equation are referred to as the transient, convection, diffusion and source 

terms respectively. The general differential equation may take various 

different mathematical forms, for example, the momentum equation can be 

described as a second-order, non-linear partial differential equation. 

3.2 Numerical Solution of Fluid Flow Within PHOENICS 

3.2.1 Numerical Approximation 

The partial differential equations describing the fluid flow are translated 

into a set of (solvable) linear algebraic equations. This is achieved by 

considering the behaviour of the continuous equations at discrete intervals 

of time and space. This process is known as discretisation. In PHOENICS 
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the finite-volume method is used for discretisation. 

3.2.2 The Finite-Volume Method 

The strategy behind the finite-volume method can be described in the 

following manner. The geometrical space occupied by the problem is 

subdivided into a number of cells or volumes as shown in Figures 3.1 to 

3.4. Each cell has six faces and has at its centre a grid point (node) P. The 

neighbouring nodes are denoted as North, South, East, West, High and 

Low. For rectangular Cartesian or cylindrical-polar grids, the lines 

connecting grid points are aligned with the coordinate axes. 

At the point P, we denote the value of the dependent variable 

as 4)P .o 0p is related to the values of 4 at neighbouring grid points, and 

in unsteady problems to the value of $ at an earlier time interval. A linear 

algebraic equation expressing this relationship may be written as: 

aP40P=aN+N+BAS +8*4W+8 E+BHOH+aL$L +a74 +b 

... 3.2 

where the a's are coefficients and b is necessary to take account of source 

terms. The coefficients and source term in equation 3.2 are formulated by 

integration of the appropriate differential equation over each control volume 

and time interval as described in Patankar1351 and as illustrated for steady 

flow in Section 3.3. For discretisation in time, implicit temporal 

differencing1351 is used. 

Equations of the type 3.2 are known as finite-volume equations and 

equation 3.2 describes the processes affecting the value of 46 in cell P in 

relation to its neighbour cells, transient effects and source term b. 
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Fig. 3.1 Rectangular 
Cartesian grid. 
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3.2.3 Staggered Grids 

To avoid numerical problems associated with schemes involving 

downwind grid points for the representation of the pressure and convection 

terms (3511361137) PHOENICS uses a staggered grid for the solution of the 

hydrodynamic (momentum) equations as shown in Figure 3.5. The grid cell 

structure specified by the user is the grid used for the solution of scalar 

quantities; for example, the values of pressure and species concentration 

may be found at the central points of each cell. The velocity components 

are found for points at the centre of the faces of these grid cells. 

3.2.4 Source Terms and Boundary Conditions 

Boundary conditions within PHOENICS are implemented by the 

inclusion of additional source and/or sink terms in the finite volume 

equations for computational cells at the domain boundaries. Since the form 

of the source term is required to be linear in nature for compatibility with 

the algebraic equation solution, PHOENICS adopts the following relationship 

for source terms: 

So = fxCOx(VAL-40) 3.2a 

where 40 is the solution dependent variable, f is a multiplying factor, CO 

is the source coefficient and VAL is the required value of dependent 

variable in each boundary cell. The use of this relationship is shown in the 

following example which considers the zero-slip boundary condition for the 

x-direction momentum equation in laminar flow. In Figure 3.6, the exact 

expression for the wall shear stress is 'Tx =-µ (au/ay) . For the cell 

shown in the Figure, the velocity gradient at the wall is approximated 
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user-defined scalar cell 

v-momentum cell 

i V_ 
_ u-momentum cell 

ue 

Figure 3.5 Staggered momentum cells. 
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by au/ay= UB/(ay)b , since the fluid velocity at the wall is zero. The total 

shear force acting on the boundary control volume is: 

ixtz(äy12)«)-UB) 

hence the user may input a source COefficient of 1.0 and a VALue of 0.0. 

The multiplication factor f is seen to be OxOzp / (Ay12) and the overall 

effect is to produce a sink of momentum in the finite volume equations at 

the boundary cells. 

U 
B us AY 

ýt 1ý1s 

Figure 3.6 Boundary cell in laminar flow. 

Here, it is assumed that the boundary condition is linear, however it is 

possibleto input non-linear sources through special GROUND coding for the 

CO and VAL terms as described in Chapter 4. 

3.3 Modelling of the Convection Terms Within PHOENICS 

The default scheme within PHOENICS for the discretisation of 

convective-diffusive transport is the hybrid scheme135). The hybrid scheme 

possesses the benefits of central difference approximation accuracy 

coupled with the stability of the upwind scheme 136). The following example 

describes the hybrid-upwind formulation. Consider the 1-D convection- 

diffusion problem, with no sources, as related to Figure 3.7: 
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Figure 3.7 Grid cell layout for 1-D convection-diffusion problem. 

The equation describing the transport process may be written as: 

dx(pU40) = dx(r4 
d)3.3 

integrating over the control volume for the solution cell P, i. e.: 

f--(pu)dx 
=fd 

(r,, d dx 3.4 
dx dx dx) ww 

we obtain 

(pUOS - (pUOW = 
(ro 

dx) - 
(rb 

dx) 
w 

3.5 

Now, assuming a piecewise linear 40 -profile for the diffusion terms we 

may represent the gradient values at the cell interfaces in the following 

manner: 

(P U41). - (PVOw = 
r. (40E - "P) 

_ 
rw(, P - co 

3.6 
(ax), (8x)w 

For simplicity we let the mass flux terms (pu), = F. and (pu)w = Fw 
, and 

the diffusive flux terms r01(8x), = D. and r . 
/(ax). = DM, 

, hence equation 

3.6 becomes: 
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Fscde - FWOW = Ds(40E - 4P) - DWNýP - $W) 3.7 

Having discretised the diffusion terms in relation to the solution grid points 

we must now do the same for the convection terms. The overall 

discretisation equation for the solution cell P can be written as: 

8p4op = BEIE + 8w4oW 3.8 

and for the hybrid scheme we may represent the convective and diffusive 

transport of 4 in the following manner: 

aE = D, -Pe. 1 - 2e , 0}I 

or 3.9 

F, 
8E= I_F.. D, - 2,0 

and 

OW= D. Pell + 2e, 0]J 

or 3.10 

aw =F 

where the symbol ff D stands for the largest of the quantities contained 

within it and Pe is the Peclet number ( or cell Reynolds number) defined as 

the ratio of the strengths of convection to diffusion i. e. Pe = F, / D, 
. It can 

be seen that for cell Peclet numbers lying in the range -2s Pe s2, i. e. 

where the strengths of convection and diffusion are assumed to have 

approximately equal magnitude, the discretisation equation will take the 
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form of a central difference approximation involving both upwind and 

downwind neighbour cells. Outwith this range convective transport is 

assumed to dominate diffusive transport and the hybrid scheme reduces to 

the upwind formulation where: 

aE = Q-F, 1 OD , aw = QFw' Oý 

and 3.11 

ap=AE+BW 

with diffusion terms negated. 

Thus for convection-dominated flow regions where the strength of 

convection exceeds that of diffusion, the hybrid scheme defaults to the 

upwind scheme with diffusion terms being neglected. 

3.4 Solution of the Flow Field 

3.4.1 Von-Linearity 

The conservation equations solved by PHOENICS may be non-linear in 

nature. An example of this non-linearity is the convection terms in the 

momentum equations. When the convection terms are discretised, the 

coefficients of the finite-volume equations will themselves be functions of 

the solution dependent variable. As such an iterative solution of the 

algebraic equations is required with regular updating of the finite-volume 

coefficients as the solution progresses. 

3.4.2 The SIMPLE Algorithm 

The difficulty in the solution of the momentum equations to yield the 
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velocity components is the unknown pressure field; there is no obvious 

pressure equation. However, it is possible to determine the pressure field 

indirectly using the continuity equation. The basic principle is that when the 

correct pressure field is substituted into the momentum equations, the 

resulting velocity field satisfies the continuity equation. A 'guess and 

correct' procedure is adopted where the guessed pressure is continually 

adjusted in the momentum solution. The pressure modification continues 

until the continuity equation is satisfied. 

This pressure correction process, together with the solution procedure, 

is known as the SIMPLE algorithm135) (Semi-Implicit Method for Pressure 

Linked Equations). PHOENICS uses a slight variant of the SIMPLE algorithm 

known as SIMPLEST 138 

3.5 Turbulence Modelling Within PHOENICS 

3.5.1 The Eddy-Viscosity Assumption 

The aim of any turbulence model is to attempt to relate the Reynolds 

stresses of the time-averaged turbulent Navier-Stokes equations in terms 

of mean-flow quantities. The time-averaged turbulent compressible Navier- 

Stokes equations for may be written in Cartesian tensor notation: 

au, _ 
ýu, 1.2! 2-8 

_1 at +u X =-- ax +v a a, 
+ 
au ? a"k aý -a3.12 P, ax, ax, ax, 3 axk ax, 

as derived in Appendix B. In the context of this work an eddy-viscosity 

approach is adopted where, in analogy with the molecular viscous stress, 

the Reynolds (turbulence) stresses are modelled in the following manne r139 : 
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-u; uil =vt 
aUl+ý 

-? 8#k 3.13 
äx1 axe 3 

where k is the turbulent kinetic energy (= 
jU, 'UI ). Substituting equation 

3.13 into the momentum equation 3.12 gives: 

aý, + aý, ate- a aü, 
+ 

a"k 

at x--p ax ý V' fix, ax, ax, 3 axk 
3.14 

+a yr 
ü, 

+ý 
281k 

ax, ax, ax, 3 

re-arranging equation 3.14 gives: 

aü, 
+ý - 

--6 
+a (vi+Vr) 

aý, 
+ -? ask-? v, 

aU"` 
ay 3.15 

at äxß p ax1 ax, axi ax, 33 axk 

assuming the normal turbulent stress terms -3 64k may be included in the 

pre-decomposed pressure term14 ' we may write: 

au, 
+uýu, -- ý+ 

a (V +vr) 
au'+ý 

-? vi 
auk 

a# 3.16 
at ax, axe axi ax, ax, 3 axk 

Re-arranging equation 3.16 we can write: 

aü, 
+ý 

äu, 
_1 

ýa 
+a 

all, 
++v 

a", a"k 3.17 
at rz, -p ax, ax, ' äx, ax, ' äx, 3 axk 

and for incompressible flow the term auklaxk =0, thus equation 3.17 may 

be written as: 

22 



ar, +u, 
au, 

--ýýay+ Vý 
äug+äu, 

+v, 
aX 

3.18 
ax, Pax, ax, ax, ax, a xi 

Equation 3.18 represents the modelled form of the incompressible turbulent 

momentum equations. 

The eddy-viscosity v, itself can be dimensionally related to the local 

turbulent velocity and turbulent length scale1 ')142' by: 

yr = C'Lr 3.19 

where Cµ is a turbulent diffusion coefficient. From dimensional 

considerations140) the dissipation of turbulent kinetic energy may be written 

as: 
S 

e (x 3.20 

where u and L are local reference velocity and length scales of the large 

scale turbulent eddies, hence: 

3 
2 

CDc 3.21 

again, taking Uz( and substituting equation 3.21 into equation 3.19 we 

eliminate L: 

z 
vt=Cµci) 

E 

-º vt= Cµ k 3.22 
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3.5.2 The k-e Turbulence Model 

The modelled form of the transport equations for the turbulent velocity 

scale( «k ) and the turbulent length scale( «e ) take the following 

form143): 

k- transport 

ak 
+ 

ak 
_av 

ak 
+PE3.23 at ax, ax, Qk ax, k- 

E -equation 
i aE +u aE _a !e aE tEPCE3.24 at I ax, ax, vE ax, 

CI 'E k2k 

where the effective viscosity term is defined as vn = v, + vt . The term 

representing the production of turbulent kinetic energy may be written 

as (39): 

Pk _ u/ u' 
aüý 
axe 

Substituting for the modelled Reynolds stress term (equation 3.13) gives: 

P=v aU-, ýaU, 3.25 "` ex, + axe ax, 

The empirically derived turbulence constants have the following values: 

Cµ C1 C2 ck of 

0.09 1.44 1.92 1.0 1.3 
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3.5.3 Boundary Conditions in Turbulent Flow 

Boundary conditions for the momentum, k and e equations at solid 

boundaries are provided using the universal log-law wall function: 

u= 1In U'Y 
+C 3.26 

U* xv 

where C and 'x are constants, y is the distance from the wall and U. is 

the shear velocity (= zo/p , where r0 is the wall shear stress). The use 

of this universal velocity profile provides a computationally-inexpensive link 

from the boundary cell node, through the turbulent boundary layer, to the 

solid surface. In the momentum equations the wall shear stress is 

calculated, based on a local skin friction coefficient, to provide a sink of 

momentum at the boundary cell. The resulting skin friction coefficient and 

node velocity are used to estimate the turbulence kinetic energy and 

turbulence dissipation rate within the boundary cell. 

At free boundaries, realistic values of k and e (and hence vt ) may be 

estimated from equations relating the mean inlet velocity and a suitable 

length scale. 
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CHAPTER 4 LAMINAR VORTEX SHEDDING 

4.1 Introduction 

The computational analysis of laminar vortex shedding from a 

rectangular cylinder was undertaken. Such an analysis was executed as it 

was considered to represent a stepping stone to the eventual desired 

PHOENICS simulation of unsteady turbulent flow within the modelled 

vortex shedding flowmeter geometry. The Q1 file for this study is 

presented in Appendix C. 

4.2 Geometrical Configuration 

The geometrical configuration for the laminar vortex shedding problem 

is shown in Figure 4.1. The geometry is identical to that examined by Davis 

et a/133) where a rectangular bluff body is positioned in the centre of a two- 

dimensional plane channel whose containing walls lie a distance H apart. 

The bluff body itself has a length A and a width B with an aspect ratio A/B 

of 1.0. The top and bottom edges of the bluff body lie parallel with the 

containing walls. A blockage ratio is defined as the ratio B/H and has a 

value of 1/4. 

A non-uniform computational mesh of 75X by 40Y was employed such 

that a direct comparison could be made with the results of Davis et a/. The 

computational mesh in the region of vortex shedding is shown in Figure 

4.2. In the study of Davis et a/ a similar non-uniform grid of 76X by 42Y 

was used. 
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4.3 Numerical Model 

4.3.1 Governing Equations 

The unsteady incompressible fluid flow was modelled by partial 

differential equations describing the conservation of mass and the 

conservation of momentum in two rectangular Cartesian coordinate 

directions: 

conservation of momentum: 

a, 
+Gar, a +aV 

at, 4.1 at ' ax, p ax, ax, ' ax, 

conservation of mass: 

X(P01) 
=0 4.2a 

4.3.2 Boundary Conditions 

At the free boundary on the upwind faces of the computational domain 

a fully developed laminar velocity profile was implemented which has a 

maximum velocity Ua at the channel centre-line. A similar velocity profile 

was applied at the downwind free boundary, together with a uniform 

pressure prescription. At solid surfaces the no-slip condition was employed 

for parallel velocity components. 

For the flow, the Reynolds number is defined as Re = Uo B/v 

Following Davis et a/ a non-dimensional analysis is considered where all 

lengths are normalised with respect to B, all velocities with respect 

to Uo and time with respect to B/Uo 
. The dimensionless Strouhal 
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number which relates the vortex shedding frequency f to a characteristic 

dimension and velocity is defined as Str= fB! Uo 
. 

4.3.3 Convergence Criteria 

Convergence was assumed within each particular time step when 

progressive single cell values of pressure and velocity in the region of 

vortex shedding showed little change per iteration as the calculation 

progressed. An examination of the sum of the residual errors for each of 

the equation sets solved also gave an indication of the degree of 

convergence. 

4.4 Laminar Vortex Shedding Analysis 

A transient calculation was performed for a Reynolds number of 500 

with the PHOENICS default hybrid scheme in operation. Such a Reynolds 

number was known to be beyond the critical Reynolds number at which the 

vortex shedding process would occur 1331. On commencement of the 

impulsively started calculation the growth and development of a 

symmetrical vortex pair in the early stages of the transience was evident. 

The growth of this vortex pair was observed to be directly proportional to 

time to the power 2/3 which is in good agreement with experimental 

analysis'"). As the flow calculation continued a stage was reached where 

the growth of the twin vortices had ceased. This flow pattern is shown in 

Figure 4.3. 

At this stage in the physical analysis of such a flow a position of 

unstable equilibrium has been reached. As the flow proceeds not every 

small fluctuation within the flow can be damped and this leads to an 
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asymmetrical eddy pattern. Contrary to expectations, however, the 

numerical calculation with the hybrid scheme produced only a twin 

symmetrical vortex pattern of stable, steady size as highlighted in Figure 

4.3. 

In a real flow the sources of the destabilising small fluctuations may be 

explained by: 

a) non-uniform inlet conditions 

b) irregularity of the boundary conditions (e. g. surface roughness) 

c) oscillations in the running conditions of the experiment (e. g. sound 

waves or structural vibrations) 

Obviously such destabilising parameters are absent in any numerical study 

which prescribes symmetric flow geometry, initial and boundary conditions. 

However, numerical perturbating factors due to round-off or truncation 

errors are present which may amplify instability and provoke vortex 

shedding. The work of Braza et a/27 shows, however, that such a 

calculation will always eventually achieve a symmetric flow pattern as the 

calculation progresses. Anderson et a/451 have also considered a similar 

problem where numerical errors have been allowed to effectively destabilise 

the Navier-Stokes equation and produce a resultant flow field which 

resembles its true physical counterpart. However, it was observed that if 

the time resolution of the calculation is improved then convergence to the 

initial time-dependent symmetric solution was achieved. Thus, it is 

apparent that the mathematical solution of the Navier-Stokes equation with 

symmetric initial conditions should remain symmetric as the flow evolves, 
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even up to higher Reynolds numbers in the region of 1000127. 

The above analyses indicate that an explicit perturbation must be 

provided in order to compute accurately flows of physical interest, such as 

vortex shedding. However, it is important to verify whether the unsteady 

flow pattern produced is dependent upon the nature of the numerically 

introduced disturbance. Braza et af27 have reported that the numerical 

perturbations introduced into a flow which is below the critical Reynolds 

number are effectively damped. When the same conditions are applied to 

a flow which is now above the critical Reynolds number a continuous 

periodic wake is formed which is found to be similar to that reported from 

experimental studies. This appears to indicate that any reasonable attempt 

at modelling the natural perturbations which promote instability in a real 

flow will create continuous vortex shedding. The vortex shedding process 

will occur, in spite of the fact that the nature of the numerical and physical 

perturbations may be fundamentally different. Such a phenomenon 

suggests that the periodic character of the flow appearing beyond a critical 

value of the Reynolds number is an intrinsic property of the Navier-Stokes 

equation and is independent of the nature of the perturbations. Also, it may 

be said that such numerical disturbances are responsible solely for changing 

the flow regime from steady to periodic and that the numerical 

disturbances need only be applied temporarily even though in the physical 

process such disturbances are random but always present. 

The method employed to initiate the vortex shedding process was to 

impose a circulation around the bluff body in a steady-flow calculation. This 

was achieved by removing the no-slip condition around the surfaces of the 

bluff body, then by applying a velocity to the single cell layer surrounding 
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the body a circulation is achieved. The circulation velocity was 

approximately equal to that of the incoming maximum velocity. Next, a 

steady-flow is imposed through the channel and the resulting steady 

asymmetric flow field is used as the initial conditions for a transient 

solution of flow past the bluff body without added circulation. This steady 

asymmetric flow field is shown in Figure 4.4. 

The method was a success, in that the calculations showed vortices 

being shed from the body at a frequency in approximate agreement with 

expectations, as seen in Figure 4.5. However, the rate of dissipation of the 

vortices downstream of the body was clearly much too rapid, and after a 

number of cycles of shedding, the size and strength of the vortices had 

decayed to very low levels. This process of decay can be represented as 

a single cell axial velocity transient in the region of vortex shedding, as 

shown in Figure 4.6. The velocity transient is seen to decay over a period 

of approximately seven shedding cycles, eventually returning to the steady 

stable twin vortex wake of Figure 4.3. 

Two separate possible causes of this premature vortex decay were 

identified: 

1) the imposed downstream pressure boundary condition of a uniform 

pressure across the flow channel 

2) false diffusion (numerical dissipation) 

The first possibility was examined in depth. It was considered that the 

existence of a fully developed velocity profile at the outlet of the 

computational domain is uncertain. Such a profile can only be assumed if 
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the distance from the region of vortex shedding is such that the convected 

vortices will have decayed totally due to the action of viscous dissipation. 

Following Davis et a/ this problem is overcome by 'stretching' the 

calculation domain downstream of the bluff body using a finite-to-infinite 

mapping. This attempt to model infinity allows the prescription of a fully 

developed velocity profile at the outlet of the computational domain to be 

assumed with a reasonable degree of confidence. Such 'stretching' of the 

calculation domain thus allows a uniform pressure prescription on the 

downwind free boundary. This attempt to reduce the influence of the 

downstream boundary condition on the flow near to the bluff body was 

engaged, however, the elimination of the first possibility was concluded as 

these changes were observed to have little effect on the vortex decay. 

The large amount of false diffusion apparently responsible for the rapid 

vortex decay is associated with the first order accurate upwind scheme 

used in PHOENICS for the estimation of the convection terms in the 

momentum conservation equations. Under this scheme, when the direction 

of flow is inclined at an angle to a computational cell (as must be the case 

in some regions for any numerical representation of a vortex), the assumed 

contributions of convection from neighbouring cells to the discretised 

conservation equation for the cell in question are of poor accuracy. The 

resulting errors manifest themselves as an apparent increase in the 

exchange coefficient of the conservation equation with a resultant increase 

in the diffusion of the conserved species normal to the streamlines. The 

magnitude of the false diffusion coefficient has been estimated1631 as: 

pU xoysin 2e 4.2b 
4(, &y sin3e + Ox oos3e) 
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hence, the degree of false diffusion is seen to be a function of the oblique 

angle of the velocity vector from the x-direction and the cell dimensions. 

This effect has been described in detail by Patankar(35). It was thus 

concluded that an alternative to the upwind scheme was necessary. The 

development of this aspect of the computational software is described in 

the following section. 

4.4.1 The SUCCA2D Scheme 

4.4.1.1 Introduction 

One of the main constraints within the PHOENICS code is that the 

grid cell cluster on which the discretised conservation equations are based 

comprises only five cells for a two-dimensional problem; a central grid cell 

P and four immediately adjacent neighbour cells N, S, E and W, as shown in 

Figure 4.7. The use of this simple cluster allows the use of simple and 

efficient numerical equation solvers. It presents no special difficulty if the 

conventional first- order upwind scheme is used for the discretisation of 

convective transport, since the conditions in the centre cell are assumed to 

be influenced only by those four neighbours. 

Improvement of the accuracy of the numerical scheme necessitates 

that additional or nearby neighbouring grid cells are taken into account 

when forming the discretised conservation equation for a particular cell. 

The use of such schemes is possible in PHOENICS, but only by including 

the influence of cells other than the four immediate neighbours in the 

source term of the equation, rather than by increasing the number of terms. 

When this is done, care must be taken to ensure that the equations remain 

conservative. 
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Figure 4.7 PHOENICS grid cell cluster. 
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Figure 4.8 QUICK grid cell cluster. 
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Many alternative schemes have been proposed. For example, the 

QUICK scheme of Leonard 1341 extends the cluster along the lines of grid 

cells to include four additional cells (Figure 4.8). Although this scheme 

improves the accuracy of gradient estimates along the lines of grid cells, 

it does not explicitly recognise the fact that flow variables are conserved 

in the streamwise direction; false diffusion errors can still result, and it also 

suffers from stability problems under certain circumstances(46) 

The SKEW scheme devised by Raithby1471 and the CUPID scheme of 

Patel et at"' include the corner cells (Figure 4.9). Raithby's scheme has 

now been demonstrated to be non-conservative and unstable(48). In the 

CUPID scheme the convection terms in the conservation equations are 

modelled in terms of the local direction of the streamlines. The developed 

scheme presented in this work is a modified version of the CUPID scheme 

and a comparison of these two flow-oriented schemes is discussed. 

4.4.1.2 An Alternative Convection Scheme - SUCCA2D 

Prior to analyzing the criteria required for the convection algorithm, 

the following basic rules should apply to the computational environment 

within which the alternative scheme will exist. These rules specify that the 

general numerical scheme should1351. . 

- ensure flux consistency at cell faces, i. e. the flux leaving through a 

specific cell face must be equivalent to that entering the adjacent cell 

through their common face. 

- always produce positive coefficients to promote a stable, diagonally 
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Figure 4.9 SKEW/CUPID grid cell cluster. 
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Figure 4.10 SUCCA2D grid cell cluster. 
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dominant coefficient matrix. 

- ensure the conservation principle is maintained. 

- treat sources in a manner such that the incidence of unbounded solutions 

is reduced. Broadly, this entails linearizing the source term with a negative 

slope. 

- to be consistent with the differential transport equation the coefficients 

for the solution cell P must obey the relation ap =E e�b 

- obey sufficient criteria to promote a convergent solution, one such 

criterion being known as the Scarborough criterion: 

E lanbl s1 for all equations 
jaPI <1 for at least one equation 

note, this is a sufficient criterion and is not a pre-requisite to ensure 

convergence. 

With the previously described limitations of earlier schemes in mind any 

alternative algorithm to reduce the effects of multi-dimensional false 

diffusion should satisfy the following criteria, i. e. the alternative scheme 

should: 

- remain unconditionally conservative. 

- be formulated in such a manner as to produce positive coefficients (thus 

reducing the risk of potential oscillatory behaviour, e. g. the SKEW 

scheme). 

- be relatively easy to implement and computationally inexpensive to run. 

With the satisfaction of the above constraints, the algorithm should be 

constructed, following the CUPID formulation, such that it will comply with 
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the following two additional demands, namely: 

a) for a zero skew flow angle the normal hybrid-upwind scheme should be 

defaulted for the convection terms 

b) when the incoming cell mass fluxes are equal (flow angle 0= 45° ) all 

the contributions of the conserved species into the solution cell should 

come from the upwind corner cell. 

The alternative scheme has been formally titled SUCCA2D (Skew Upwind 

Corner Convection Algorithm 2D) and is applied within the nine cell grid 

cluster shown in Figure 4.10. Considering the SW corner inflow for cell P 

the SUCCA2D algorithm may be written for the convective transport of the 

conserved species 40 as: 

Im! ). w - rhw w 

CAP m2 for0°<es450 4.3 
+ mw 

+ 0"ßs 

i. e. CPOP = Cw4w+ CswOsw 

and: 

rrºa - 
m2 
mS s 

C lop mw for450 <A<90° 4.4 

s 1+lthw+ m sw 

+ 0.4 w 
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i. e. C $p = Cs, ýs + Csw4Osw 

This formulation of the SUCCA2D algorithm satisfies all of the 

discriminating criteria outlined above and is discussed in section 4.4.1.4. 

The GROUND FORTRAN coding for the SUCCA2D scheme itself is 

presented in Appendix L. 

4.4.1.3 The SUCCA2D Scheme ADolied to the Momentum Equations 

Previous flow-oriented schemes such as SKEW/CUPID have 

concentrated on analyzing the transport of scalar variables within the flow. 

The following example shows how the SUCCA2D scheme can be applied 

to the transport of momentum. 

Consider the two-dimensional steady state convection-diffusion problem 

shown in Figure 4.11. The governing equations describing the fluid flow 

will be: 

(Pv") = a(Pu ") +ä X(µ a) 
( +a ) 
µa ax 4.4a y y y 

a (puv) +a (Pvv) = 
a (µ av 

+a µ 
av 

_ 
aP 4.4b äx ay axl ax ay ay ay 

In Figure 4.11 the solution cell is that containing U, and the local flow is 

from the SW corner cell with the local flow direction lying within the 

range 0° <eS 45° 
. The mass fluxes through the west and south faces of 

the solution cell will be: 
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A 

Figure 4.11 Convection-diffusion problem showing 
staggered momentum cells. 
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mw =p Ap(uu + Uw)/2 4.5 

m: =(fhp+m�)/2 4.6 

On the first iterative sweep through the calculation domain the PHOENICS 

default hybrid-upwind scheme is used. This is done to achieve initial values 

for the mass fluxes which are to be modified within the SUCCA2D scheme 

from the first sweep onwards. 

With the default (hybrid) scheme in operation the x-direction 

momentum equation ( equation 4.4a ) in discretised form will be: 

apup=as Us+aWUW+a,, Ufl+b+(PP-PE)Ap 4.7 

where b= source term 

P= cell face pressure 

A= cell face area 

and as = convection plus diffusion terms 

aw = convection term only 

an = diffusion term only 

It should also be noted that the downwind convection terms 

within an and ae have been negated due to the upwinding nature of the 

hybrid scheme and that the only convection terms are contained within the 

upwind momentum coefficients as and a. As it stands, this 

discretisation process will promote the numerical diffusion of momentum 

normal to the streamlines. 

With the SUCCA2D scheme now implemented on the second sweep 

the mass fluxes (convection coefficients) are modified according to 
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equation 4.3 and the discretised momentum equation now takes the form: 

aPUP=asU8+a'uw+a,, U, +bsu.., +b+(PP-PE)Ap 4.8 

where e, and a� = diffusion terms only and the SUCCA2D scheme sets the 

following parameters: 

Cs =0 (1 e. the convective part of coefficient aa) 

aw = Cw = modified convection coefficient = (fiºw - (m, )2 / mw) 

bs = created convection coefficient = (ma + (#02 / the) = Csw 

The term b, u, w is added to the 'main' source term b and the series of 

these linear algebraic finite volume equations is solved within PHOENICS 

using the SIMPLEST algorithm. 

Figure 4.12 summarises the solution sequence for the SUCCA2D 

scheme. The local flow in this example is from the SW corner cell with the 

local flow direction lying within the range 0° <9 s45° . This summary 

flowchart will highlight the: 

- negation of the convection coefficient C. 

- modification of the convection coefficient Cw 

- creation of the convection coefficient ba 

- identification of the SW cell as the upwind corner cell 

- implementation of the value of u in the SW corner cell for the solution 

of momentum 
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Main J Store convection coefficients in an array 
Solver 

Is this the first sweep? yes Use default hybrid scheme within 
main solver 

4 no 

no Identify other local 
upwind corner cell 

Is rh, > 0.0 and m� = 0.0? locations and modify 
convection coefficients 

yes 
T 

Is m>m. 

Yes 

no 

Is rh. > ih, ? 

set Q, a0 

no 

set aw 
Iihw 

-ý `ýJ i. e. West coefficient 

set b, i. e. south coefficient 

Identify SW cell as upwind corner cell 

Store b, as a coefficient away that can be implemented as 
part of the main source term b 

Store the variable u as a value array and use the value of u 
in the SW corner cell i. e. u,, 

Figure 4.12 The solution sequence for the SUCCA2D scheme. 
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4.4.1.4 A Comparison Between SUCCA2D and CUPID 

Adherence to Basic Rules 

Just as the CUPID scheme has been formulated to adhere to the 

rules of any general numerical scheme, as outlined above, the SUCCA2D 

scheme too is found to comply, although in a slightly different manner. 

Since the SUCCA2D scheme introduces the influence of upstream variables 

through the main source term of the finite volume equation then the 

criterion ap =E ab is still satisfied but in the form ap =E alb +bi. e. 

in the presence of the modified convection coefficient and the created 

source term. 

This partial decoupling of the influence coefficients leads in turn to 

the fact that the Scarborough criterion will always be satisfied when the 

SUCCA scheme is applied. 

Numerical Accuracy 

In considering the numerical accuracy of both schemes it is perhaps 

beneficial to look at a graphical representation of the form of the 

coefficients as described by the upwind, CUPID and SUCCA2D schemes. 

Consider the scalar grid cell layout shown in Figure 4.13 in which 

convection is assumed to dominate diffusion and the grid geometry is such 

that AX= Dy=1.0 
. The flow angle 0 =67.5° is such that the tangent of 

the flow angle will represent the ratio of the incoming mass fluxes, i. e. 

tall e= n'ºa 
= 

2.414 
d7w to 

For the upwind formulation we may write the finite volume equation for the 

49 



OX 

Ov mw 

m 

A 

SW G Cs 
9 

Figure 4.13 Enhanced CUPID accuracy with 
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conserved scalar as: 
CP4P = Cs, ýs + Cw4)w 

= 2.414 its+1. O40w 

Such an upwind assumption of local one-dimensionality will promote the 

crosswind false diffusion as discussed above. 

For the CUPID scheme, i. e. 

max(45 - e, Oj. w 45 

C+ = mw(1 + tan 6) + max(0-46 , O)ds 4.9 
45 

+min(e, 
go - el 

J 
usw 

`46 46 

we may represent the finite volume equation as: 

CP lop = (Cw + Ca) 67.5 - 45) ýS + l(90 - 
67.5)4)swl 

45 J 45 `t 

= 3.414(0.54' + 0.5(O, ) 

1.707 4s + 1.707 ibsw 

It can be seen from the above equation and as shown in Figure 4.13 that 

the basis for the coefficient magnitudes are the arc lengths S-A and A-G. 

These arc lengths are shown to be equal for the flow angle 0= 67.5° as 

the velocity vector bisects the S-G arc. In this case, the magnitudes of the 

convection coefficients are thus equal. 

In the SUCCA2D scheme the modified finite volume equation is: 
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Cp4op = 2.414 -1 2.414) Itsw 2.414). s + 
(1 

+1 

= 2.0 obs + 1.414 usw 

In order to interpret the values of the SUCCA coefficients we must again 

look at Figure 4.13. It can be observed that the length S-C is equal 

to 1 /tan 67.5° = 0.414 hence the length C-SW =1-0.414 = 0.586. 

The magnitude of the SUCCA coefficients is seen to be directly 

proportional to the lengths S-C to C-SW i. e. 

length ratio = S-C 0.414 
_ 0.707 

C-SW 0.586 

coefficient ratio = Csw 
= 

1.414 
= C. 2.0 0.707 

Hence the form of the coefficients chosen for the SUCCA2D scheme is 

based upon a linear interpolation of lengths. In the above example these 

lengths are formed using the velocity vector for the solution cell P, 

extrapolated from the solution cell grid point, such that it intersects the 

horizontal line connecting the two immediate downwind cell grid points as 

shown in Figure 4.13. 

For the SUCCA2D scheme to achieve an identical result to that 

obtained for the CUPID scheme in the above example, a necessary 

adjustment would have to be made. In order that the SUCCA scheme may 

obtain equality of coefficients on a linear scale which is based on the true 

physical distance between the two concerned upwind points would imply 

that 40, exists at "a, which is not the case. It may be observed that 

40, x, = $G' will only occur at 8= 45° -. 
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It would also seem reasonable, in a physically intuitive regard, that for 

the flow angle of 0= 67.5° one would anticipate, even under modified 

conditions, that a higher degree of influence would be appropriate from the 

southern cell containing ýs 
, as the SUCCA scheme predicts. Such 

reasoning is also emphasised by analyzing Figure 4.14. It can be seen that 

for equality of coefficients C. and Csw using the SUCCA2D scheme the 

ratio of incoming mass fluxes is 0.5. This implies that the local velocity 

vector passes through the mid-point of the downstream horizontal line 

connecting the grid points and as such one would expect the value 

of $p to be the arithmetic average of the two downwind 4 's. 

The SUCCA2D scheme may thus be considered to enhance the 

numerical accuracy of the CUPID formulation due to the fact that the value 

of 4) in the upwind corner cell can be explicitly included within the SUCCA 

formulation. 

Transition to Hybrid 

One of the additional constraints within any alternative convection 

scheme was that when the incoming cell mass fluxes were equal, all of the 

contributions of (0 into the solution cell should come from the upwind 

corner cell. Obviously, it would be desirable for the new scheme to 

approach this constraint within a gradual transition. This transition can be 

observed for both schemes in Figure 4.14 where the modified convection 

coefficients for both schemes are plotted against mass flux ratio (or flow 

angle) for a SW corner flow specification of 45°< e< go- 
. The modified 

convection coefficients may be written as: 
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Fig. 4.14 Transition to HYBRID 
for SUCCA and CUPID 
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ýmw)2 
Cs= Ihs- 

m 
s 

and 

ý'isW = rn + 
Cmý')2 

If1a 

It can be seen in Figure 4.14 that at shallow angles (when we wish to 

approach the normal hybrid-upwind discretisation scheme) the SUCCA2D 

scheme provides a smooth, tangential transition to hybrid. The more abrupt 

CUPID curve can be explained by the numerical accuracy error associated 

with the scheme's convection formulation as detailed above. 

The SUCCA2D scheme was applied to two standard benchmark test 

problems. In the first analysis a backward facing step flow is considered 

in order to analyze the artificial diffusion of momentum. Secondly, the 

numerical diffusion of a scalar variable is considered. 

4.4.1.5 Analysis of Backward Facing Steo Flow 

The SUCCA2D scheme was applied to a two-dimensional steady 

state laminar flow backward facing step problem. The analysis of this 

benchmark case was chosen as previous studies 137 48 had encountered the 

effects of numerical diffusion. This diffusive phenomenon was seen to 

occur within the recirculation region produced by the flow, where the local 

flow direction is skewed to the computational cells. The error was observed 

to manifest itself as an artificial increase in the exchange coefficient (in this 

case, molecular kinematic viscosity) with the consequent increase in the 

diffusion of the conserved species (in this case, momentum) normal to the 
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streamlines. The overall effect is to produce an underpredicted recirculation 

zone length. The Q1 file for this study is presented in Appendix D. 

Geometry and Results 

For this test case the geometry was modelled according to an 

experimental analysis by Armaly et a/149 as shown in Figure 4.15. The 

computational mesh in the step region is shown in Figure 4.16. For a 

Reynolds number (based on step height) of 200, the PHOENICS default 

hybrid scheme, in conjunction with grid refinement tests, produced a 

recirculation region whose length was underestimated by some 10 per cent 

in comparison with the experimental data of Armaly et a/. 

When the calculation was repeated using the same geometry and 

boundary conditions, but with the SUCCA2D scheme implemented for the 

transport of the U and V momentum components, the discrepancy between 

calculation and experiment was of the order of 2 per cent. Figure 4.17 

shows contours of zero axial velocity, highlighting the re-attachment point 

lengths for both schemes. Axial velocity profiles are plotted at various 

locations downstream of the step in Figures 4.17a to 4.17c. These plots 

highlight the differences in the hybrid and SUCCA2D solutions. 

As the application of the SUCCA2D scheme involves altering the 

overall solution sequence, an increase in CPU time of the order of 20 per 

cent was experienced, however, this increase was not considered to be 

excessive in comparison with the accuracy achieved. 

4.4.1.6 Scalar TransDort Analysis 

The scalar transport analysis considered in this section represents 
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Figure 4.16 Computational mesh in step region. 
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a standard benchmark test to identify the ability of numerical schemes to 

reduce false diffusion136U50) In this benchmark test a scalar quantity, in this 

case concentration C1, is convected across an 11 x 11 square domain in 

a south-west to north-east flow direction as shown in Figure 4.18. With 

physical diffusion of C1 de-activated any smearing of the sharp C1 profile 

will be solely due to the action of false diffusion. It should be noted that 

cell (1,1) has been excluded from the calculation. This is necessary to 

achieve uniform inlet C1 profiles of unity for the west boundary and zero 

for the south boundary. The Q1 file for this study is presented in Appendix 

E. 

Again, as the application of the SUCCA2D scheme involves altering the 

conventional PHOENICS solution procedure an increase in CPU time 

expenditure of approximately 20 per cent was encountered. However, this 

effect was offset by an increase in the accuracy of solution while 

restricting the need for severe CPU intensive grid refinement in fixed-grid 

flow analyses. 

Results 

The SUCCA2D scheme was activated for the convective transport of 

C1 and results for the scalar transport problem are shown in Figures 4.19 

to 4.24. Figures 4.19 to 4.22 show the centre-line concentration profiles 

(IX = 6) for the upwind, CUPID and SUCCA2D schemes, for various flow 

angles. The colour plots of Figures 4.23 and 4.24 highlight the numerical 

diffusion of the conserved scalar for the upwind and SUCCA2D schemes, 

at a flow angle of 45 degrees. Although suppression of numerical diffusion 

is not complete for all flow angles, a significant reduction in the amount of 
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Figure 4.18 Geometry for the analysis of 
pure convection of a scalar quantity. 
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Figure 4.24 Scalar concentration profile for the SUCCA2D scheme. 
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false diffusion is observed in comparison with the analytical solution. 

Indeed, for a flow angle of 45 degrees, where maximum false diffusion 

occurs, the discontinuity of scalar concentration is preserved across the 

entire computational domain for both CUPID and SUCCA2D schemes. 

In comparison with the CUPID, the results at other flow angles 

highlight the enhanced numerical accuracy of the SUCCA2D scheme as 

discussed in Section 4.4.1.4. 

4.5 The SUCCA2D Scheme Agrolied to Laminar Vortex Shedding 

It is significant in the work of both Braza et a127 and Davis et a/331 that 

the authors have sought to overcome the erroneous effects of numerical 

diffusion by employing discretisation schemes with orders of accuracy 

greater than the numerically dissipative first-order upwinding. As has been 

highlighted however, such higher order schemes will only give a better 

approximation to species gradient along the lines of grid cells. The fact that 

the multidimensional nature of numerical diffusion, caused by treating the 

flow across each control volume face as locally one-dimensional, has not 

been addressed is significant as this error is by far the most damaging part 

of numerical diffusion in two-dimensional flows15". 

Results 

A transient analysis was carried out using the SUCCA2D scheme for 

the two-dimensional laminar vortex shedding problem using the same 

geometry and boundary conditions as outlined in Sections 4.1 and 4.2. The 

Reynolds number was 500. The SUCCA2D scheme was applied to the 

transport of the U and V momentum components, replacing the normal 
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default hybrid scheme. Again, the steady asymmetric flow field shown in 

Figure 4.4 was used as the initial conditions for a transient run. With the 

scheme now in place the development of continuous vortex shedding 

ensued. 

Time resolution trials were carried out to find an appropriate value of 

time step. The vortex shedding calculation was progressively extended in 

time until it could be concluded that the influence of numerical diffusion on 

vortex decay was minimal i. e. that a continuous vortex shedding signal had 

been predicted. A series of calculations, using different time steps, were 

executed and the results of this study are shown in Table 4.1. 

Non-dimensional CPU time per unit Multiplication factor 

time step non-dimensional time in comparison with 

increment (secs) chosen time step 

(0.08) 

0.08 17.4 1.0 

0.04 230.8 13.0 

0.01 710.9 41.0 

Table 4.1 Time resolution trials for appropriate time step value. 

It can be seen that as the time resolution is improved, the CPU time per 

unit non-dimensional time increment is increased significantly. It was also 

found that as the time resolution was improved, the mean amplitude of the 

velocity transient was maintained at a higher level. However, the difference 
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in the mean amplitude of velocity was of the order of 20 per cent for the 

range of time steps studied and was not considered to be of such a 

magnitude as to merit the choice of the smaller time steps 0.04 or 0.01. 

This conclusion was reached, particularly, as the vortex shedding 

frequency was insignificantly affected by changes in time resolution, with 

a frequency phase shift of the order of 6 per cent encountered for the 

range of time steps chosen. 

With the above observations in mind a non-dimensional time step of 

0.08 was chosen which produced results over a total time period of 56.0 

time units i. e. 700 time steps at 0.08 units per step = 56.0. The CPU time 

for the calculation was 9 hours on a Sun sparcl + computer. 

Time resolution trials were executed for a second purpose. As 

previously highlighted, Anderson et a1451 had shown that as the time 

resolution of the periodic flow is improved, the results of the calculation 

tend to a symmetric pattern. However, the results for the SUCCA2D 

analysis show that when the time resolution is improved then, as opposed 

to stabilising the flow, the mean velocity amplitude of the vortex shedding 

transient was in fact increased. This may be explained by the fact that an 

explicit perturbation (by circulation) had been provided at the onset of the 

calculation, i. e. an attempt was made to model the natural perturbations 

which promote instability in the laminar Navier-Stokes flow. This method 

is preferred to the promotion of instability via numerical error with its 

apparent faults. 

The development of continuous vortex shedding can be observed in 

Figure 4.25 as a sinusoidal single cell axial velocity transient in the region 

of vortex shedding. The frequency of the shed vortices corresponds to a 
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Strouhal number of 0.196 which is in good agreement with the numerical 

and experimental analysis of Davis et a/33) (computation - 0.198, 

experiment - 0.183). A visualisation of the development of this periodic 

flow can be seen in the pressure contour plots shown in Figures 4.26 and 

4.27. These plots show the initial- formation of the vortices, the growth and 

consequent shedding of the vortices from alternate sides of the bluff body 

and their convection away from the body as they enter the main channel 

flow. These features are shown at different time periods within the flow. 

Also shown in Figures 4.28 and 4.29 are plots of the velocity field in 

the laminar wake. Figure 4.28 shows 2D velocity vectors, highlighting the 

vortex structure immediately downstream of the bluff body. Figure 4.29 

shows contours of axial (u-component) velocity. This plot shows a wave 

pattern in the vortex street as observed in the computational analysis of 

Van Dyke f44. In an Eulerian frame of reference, when a vortex is 

superimposed onto a uniform flow, a wave pattern emerges. 

4.6 Implementation of the SUCCA2D Scheme Within PHOENICS 

The SUCCA2D scheme should only be applied where there will be a 

maximum of two positive convective inflows into any computational cell, 

as is common in a wide range of cases. An example, therefore, of where 

the scheme should not be used is in the accelerating flow in a convergent 

duct or pipe where there is the possibility of three positive convective 

inflows. 

In order to activate the SUCCA2D scheme the following PHOENICS 

Input Language ( PIL) commands are included in the Q1 file: 

GROUP 8. UCONV=T 
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which implies that the user wishes to access and, in this case, modify the 

convection coefficients in Group 8, Section 8 of GROUND. 

GROUP 13. PATCH (SUCCAU, CELL, 1, NX, 1, NY, 1,1,1, LSTEP) 

which is the normal method of implementing the scheme i. e. over the entire 

computational domain. The PATCH name in this case must be 'SUCCAU' 

as shown. It should be noted, however, that in the scalar transport 

example in Section 4.4.1.6 the SUCCA2D scheme was applied to the 

convective transport of Cl over the internal and outflow boundary cells i. e. 

(2, NX, 2, NY, 1,1,1, LSTEP). This was necessary due to the fact that at the 

inflow boundary cells there were no upwind corner cells to be included 

within the scheme. Such a condition will only occur where the inlet 

boundary flow is skewed ( as in this case ). Where the inlet boundary flow 

is non-skewed, as in most conventional analyses, the limits of the 

SUCCA2D application should be the entire computational domain. 

To implement the scheme for the transport of momentum: 

COVAL(SUCCAU, U1, GRND, GRND) 

COVAL(SUCCAU, V1, GRND, GRND) 

To implement the scheme for the scalar transport e. g. 

COVAL(SUCCAU, KE, GRND, GRND) 

COVAL(SUCCAU, EP, GRND, GRND) 

COVAL(SUCCAU, C1, GRND, GRND) 

Finally, in GROUP 19 the following LOGICAL statements are communicated 

by SATELLITE to GROUND: 

To solve for Ul via SUCCA2D: 

LG(1)=T 
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To solve for V1 via SUCCA2D: 

LG(2) =T 

To solve for scalars via SUCCA2D: 

LG(3) =T 

The above LOGICAL statements must be de-activated ( LG(n) =F) if the 

scheme is not being used for that particular transported variable. 

It should be noted that the scheme can be applied to any or all of 

these dependent variables. Also, the COefficient and VALue arguments 

have been formulated within the GRND sections of GROUND, however 

there is no reason why the coding cannot be placed within any other GRND 

section. 
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CHAPTER 5 TURBULENT VORTEX SHEDDING 

5.1 Introduction 

The existence of large, coherent structures in the turbulent wake behind 

a bluff body, which are periodic in nature, has been confirmed in the 

experimental analyses of Papailiou and Lykoudis123'and Cantwell (21). In this 

chapter, the predictive capability of the PHOENICS code in capturing these 

turbulent vortices is described. The Q1 file for this study is presented in 

Appendix F. 

5.2 Geometrical Configuration 

The geometry considered for this analysis was based upon the 

experimental analysis of Mottram and Rawat1621 and is shown in Figure 5.1. 

In the computational calculation, a two-dimensional plane channel geometry 

is considered. The rectangular bluff body is located at the centre of the 

channel whose containing walls lie a distance D= 80mm apart. A 

blockage ratio of 0.27 is considered while the bluff body itself has an 

aspect ratio of 0.667. 

A non-uniform computational mesh of 67X by 50Y was employed and 

the mesh outlay in the region of vortex shedding is shown in Figure 5.2. 

5.3 Numerical Model 

5.3.1 Governing Equations 

The unsteady incompressible turbulent fluid flow was modelled by 

partial differential equations describing the conservation of mass, the 

conservation of momentum and a two-equation turbulence model in two 
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Figure 5.1 Turbulent vortex shedding geometry. 

Figure 5.2 Computational mesh in region of vortex shedding. 
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rectangular Cartesian coordinate directions: 

conservation of mass 

äx(Puj)=0 
5.1 

conservation of momentum 

au, 
+ufýu, a1+ a 

+ý 
äu, 

5.2 
at ax, p ax, ax, t äx, ax, 1 äx, 

conservation of turbulent kinetic energy k 

ak +ýa 
V 

aa ak +P 5.3 at i ax, ax, ak ax, k6 

conservation of turbulent kinetic energy dissipation rate e 

aE - aE _aV .ý aE E E2 

at +U, axi axe Q-9 axi +CýkPk-C2k 5.4 

5.3.2 Boundary Conditions 

At the free boundary on the upwind faces of the computational domain 

a uniform average velocity profile of magnitude Uo was imposed. At the 

downwind free boundary a uniform mean pressure prescription was applied, 

simulating fully developed turbulent flow. With experience gained from the 

laminar flow solution, a 'stretched' grid was again adopted such that the 

fully developed outflow pressure boundary condition could be implemented 

with a reasonable degree of confidence. At solid surfaces the PHOENICS 

default log-law universal velocity profile was used to predict both 

momentum and turbulence quantities. 
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The Reynolds number of the flow is defined as Re = U0D/v, and the 

Strouhal number is defined as Str = fBI Uo where B is the bluff body width. 

5.3.3 Convergence Criteria 

As with the laminar flow calculation, convergence was assumed 

within each particular time step when progressive single cell values of 

dependent variables in the region of vortex shedding showed little change 

per iteration as the calculation progressed. 

5.4 Turbulent Vortex Shedding Analysis 

As an explicit perturbation is required to trigger the vortex shedding 

flow the circulation method, employed in the laminar flow solution, was 

once again adopted. The no-slip condition was again removed for the 

momentum equations on the single cell layer surrounding the bluff body 

and a slip velocity applied. This slip velocity was approximately equal in 

magnitude to the incoming mean bulk velocity. A steady flow was then 

imposed through the channel and the resulting steady asymmetric flow field 

used as the initial conditions for a transient solution of flow past the bluff 

body without added circulation. This steady asymmetric flow pattern is 

shown in Figure 5.3. 

A transient calculation was performed for a Reynolds number of 

130000 in an attempt to obtain a similar Strouhal number found in the 

experimental analysis of Mottram and Rawat1521. It was found during the 

subsequent computational analysis that the prediction of the periodic 

nature of the flow was highly sensitive to the choice of time step. As the 

magnitude of the time step was gradually decreased (increased time 
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resolution) the adoption of turbulent vortex shedding became increasingly 

apparent. A time step of 4.0E-05 seconds was adopted which provided 

conclusive results over a working CPU timescale of approximately 2 days 

for a transient computation on a Sun sparc1 + computer. 

Primarily, the computation was executed with the PHOENICS default 

hybrid scheme employed for the transport of all flow dependent variables. 

This resulted in the familiar decay of periodicity, encountered in the 

previous laminar vortex shedding analysis. The resulting computation 

yielded a steady, stable twin symmetrical vortex pattern downstream of the 

bluff body, as shown in Figure 5.4. The decay of flow. periodicity in the 

wake is represented by a single cell axial mean velocity transient in the 

region of vortex shedding, as shown in Figure 5.5. The plotted transient is 

observed to decay very rapidly over the first three apparent shedding 

cycles, attaining the stable wake flow structure shown in Figure 5.4. 

Figures 5.6 and 5.7 show contours of the turbulence 

quantities k and e for comparison with the SUCCA2D application. The 

plots show regions of high turbulence kinetic energy and its dissipation rate 

in areas of maximum mean shear, i. e. at the upstream corners of the bluff 

body. Both symmetrical plots highlight the loss of periodic asymmetry in 

the flow wake due to the excessive false diffusion of momentum. 

The SUCCA2D scheme was implemented for both the turbulence 

parameters k and e, and the two momentum components 5 and º/ . 
With the scheme now in operation the development of continuous turbulent 

vortex shedding ensued. This flow phenomenon can be observed in Figure 

5.8, where the average axial velocity is plotted against time for a single 

computational cell located at the edge of the turbulent wake. It was found 
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that the vortex shedding frequency, indicated by a Strouhal number of 

0.211 was in reasonable agreement with the experimental results of 

Mottram and Rawat (Str - 0.24). This represents a difference of 

approximately 13 per cent when comparing the computational and 

experimental results. 

A visualisation of the development of this periodic flow can be seen in 

the pressure contour plots of Figures 5.9 and 5.10. The initial formation, 

growth and consequent shedding of the vortices from alternate sides of the 

bluff body are shown for different time instances within the flow. The 

simulation shows the rapid vortex shedding formation followed by a stage 

where it appears there is a gradual increase in the distance between each 

vortex as each is convected downstream by the main flow. It is also 

observed that there is an apparent migration of the vortices towards both 

containing walls. In both Figures the lower view is a continuation of the 

upper plot. 

Figure 5.11 shows the mean velocity vector field in the periodic wake. 

Together with Figure 5.12, showing contours of mean axial velocity in the 

turbulent wake, the wave pattern observed in the laminar flow computation 

is again repeated. 

Contours of the turbulence quantities k and e are shown in Figures 

5.13 and 5.14 respectively. It is interesting to note that there is only a 

slight difference in the overall distribution of these variables, in comparison 

with the hybrid-upwind scheme (Figures 5.6 and 5.7) , even though the 

SUCCA2D scheme has been applied to improve the accuracy of their 

convective transport. This confirms the observation of Leschziner1511 that 

since the transport equations for k and e are source dominated (i. e. 
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production and dissipation terms dominate) then the advantages of re- 

modelling the convection terms in these equations via any flow-oriented 

scheme are minimal. It is the re-modelling of the convection terms in the 

momentum equations which is vital to the increase in solution accuracy. 

As with the case for laminar vortex shedding, the importance of the 

SUCCA2D scheme to reduce the effects of false diffusion was highlighted 

once more. 
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CHAPTER 6--THE VORTEX FLOWMETER IN PULSATING FLOW 

6.1 Introduction 

Pulsatile flow effects on the accuracy of various flow meter types 

have been documented in the experimental work of Mottram141 and Mottram 

and Robati15 . For the vortex flowmeter it has been found that large errors 

in the calculated Strouhal number can occur under certain pulsating flow 

conditions. Flow pulsations of an amplitude comparable to that of normal 

pipe turbulence were found to be sufficient enough to produce significant 

errors. Also, the pulsation frequency was found to be a critical parameter. 

When the pulsation frequency lies within a certain range of the normal 

vortex shedding frequency, the shed vortices tend to synchronize 

themselves with the pulsating conditions. This phenomenon is known as 

'locking-in' (4), as outlined in Chapter 1. 

In this chapter, the PHOENICS code is used in an attempt to simulate 

the effects of pulsating flow on the vortex shedding process. The equations 

solved and convergence criteria are identical to those introduced in the 

two-dimensional plane turbulent vortex shedding study described in Chapter 

5. The Q1 file for this study is presented in Appendix G. 

6.2 Two-Dimensional Plane Pulsating Flow 

The case of two-dimensional plane turbulent pulsating flow was 

considered. With the bluff body removed, the problem resorted to being 

one of a plane channel flow under pulsating conditions. This case was 

considered such that the simulation of pulsating flow could be initially 

isolated and analyzed prior to the study of vortex shedding under pulsating 
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flow conditions. Although the modelled working fluid in this case is air, an 

incompressible flow regime was assumed. Following Mottram14', cyclic 

variations in density are neglected on the basis that the most significant 

parameters in the pulsating vortex shedding analysis are the pulsation 

frequency and the mean velocity pulsation amplitude. The Reynolds number 

of the flow, based on the pipe diameter and mean bulk velocity, was 

100000. 

6.2.1 Geometrical Confi 

The geometry for this study was as described in- the experimental 

study of Mottram1". This geometry is identical to that outlined for the two- 

dimensional plane turbulent vortex shedding analysis described in Chapter 

5, except that the inlet length to the bluff body was increased to 56.0 

diameters in accordance with the geometry of the pulsating experimental 

analysis. 

6.2.2 Boundary Condition 

Special consideration was given to the upstream free boundary at the 

inlet of the computational domain. On the upstream faces of the 

computational cells at this location a sinusoidal input of mass and axial 

momentum was applied which had the following form: 

UO = Uo + Ao sin (ca A t) 6.1 

where (/ is the mean axial pulsating velocity at any instant in time 

UO is the mean axial velocity under steady flow conditions 

AO is the mean axial pulsating velocity amplitude 
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(a is the pulsation frequency (rad/sec) 

At is the time step (secs) 

Such an input formulation describes the cyclic temporal variation of mass 

and axial momentum, based on a sinusoidal profile, around their mean 

quantities. The mean quantities of mass and momentum are themselves 

based upon the bulk mean velocity (/o . The basis for the sinusoidal 

variation was an attempt to model the periodic pulsations that occur in real 

flow situations from reciprocating or centrifugal positive displacement 

machines operating upstream of the vortex flowmeter. Equation 6.1 has 

been formulated in such a manner that the user has input control over the 

pulsation amplitude A0 and the pulsation frequency o. The additional 

GROUND coding for the inlet pulsatile conditions is given in Appendix H. 

The convective transport of all flow dependent variables was again 

modelled using the SUCCA2D scheme as detailed in Chapters 4 and 5. 

A time increment of 4. E-05 secs was utilised in an identical manner 

to the turbulent vortex shedding analysis of Chapter 5. All other boundary 

conditions were as outlined in Chapter 5 and a non-uniform computational 

mesh of 104X x 50Y was employed. The time scale of CPU expenditure 

was approximately 3 days on a Sun sparc1 + computer. 

6.2.3 Pulsating Channel Flow Results 

Figure 6.1 shows the pulsation profile of axial momentum U1 about 

its mean value. This transient plot is for a single inlet free boundary cell 

located on the channel centre-line. In this case the inlet pulsation amplitude 

was such that U�osJUo =0.194 and the inlet pulsation 

frequency fP = 2.0 f.. Having confirmed the operation of the GROUND 
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coding for pulsating channel flow, the same inlet boundary conditions were 

then used for the analysis of turbulent vortex shedding in pulsating flow 

with the bluff body now in place. 

6.3 Turbulent Vortex Shedding in Pulsating Flow 

With the pulsating inlet boundary conditions now implemented, the 

case of two-dimensional plane channel turbulent vortex shedding in 

pulsating flow was considered. 

An inlet pulsation amplitude of UrmaI Vo =0.194 was chosen and 

four frequency ratios fp/f,,, 
s of values 1.5,2.0,2.5 and 3.1 were analyzed 

in an attempt to model the experimental results of Mottram14'. The results 

of Mottram's work for the above case are shown in Figure 6.2. This Figure 

shows the percentage change in Strouhal number with frequency 

ratio f,, If,,, and highlights two locking curves, one where the vortex 

shedding frequency under pulsating flow fa,,, is equal to the inlet pulsation 

frequency fp and the other where fop =1/2 fP 
. The computational analysis 

was undertaken in an attempt to predict the second locking 

curve f�p =1/2 fp 
. 

The variations in mean axial velocity with time for the pulsating 

vortex flow are shown in Figures 6.3 to 6.6 for various frequency ratios. 

These plots show the axial velocity transients for a single computational 

cell located in the region of vortex shedding and highlight the mechanism 

of pulsating flow influence on the formerly sinusoidal vortex shedding 

transient of Figure 5.8. 

A frequency spectrum analysis of the four velocity transients using 

Fast Fourier Transform software was carried out and the results are shown 
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in Table 6.1. 

fvs 

(Hz) 

fp 

(Hz) 

j 

fVS 
Exp. locking 

frequency 

(Hz) 

f,,, =112 fp 

Comp. lock 

frequency 

(Hz) 

f�p 

% ch. 

in 

Str. 

Comp. 

% ch. 

in 

Str. 

Exp. 

301 452 1.5 226 221 -27 -28 

301 602 2.0 301 585 +94 0 

301 753 2.5 377 757 +151 +22 

301 933 3.1 off curve 903 +199 +50 

Table 6.1 Comparison of experimental and computational results 

for turbulent vortex shedding in pulsating flow. 

The above results show that the correct locking frequency is 

predicted for the lowest frequency ratio fp/f�a = 1.5. At higher frequency 

ratios, however, the computed vortex frequencies are seen to deviate 

substantially from the experimental locking curve f1,, a 1/2 fp although the 

trend of negative to increasing positive change in Strouhal number is 

maintained. The results also show a tendency for the computed vortex 

frequencies, at higher values of fp/fv8 to follow the initial locking 

curve fp=fp 
. 

From the above results it appears that it will only be possible to 

predict the correct locking frequency at lower values of the frequency 

Betio fPýfva i. e. fpýfva ^' 1 . 5. 
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CHAPTER 7 THREE-DIMENSIONAL TURBULENT VORTEX SHEDDING 

7.1 Introduction 

The turbulent vortex shedding work contained in the preceding 

chapters has focused on a two-dimensional flow analysis. Although 

predictions of global flow parameters such as the Strouhal number have 

been reasonably well predicted, a loss of accuracy will have occurred due 

to the two-dimensional geometry constriction. The experimental work of 

Mottram and Rawat152), on which the PHOENICS simulation is based, 

consists of a pipe flow with a linear bluff body blockage and is thus three- 

dimensional in nature. This implies that the prediction of the complex three- 

dimensional turbulent structures in the bluff body wake, as described by 

Perry and Watmuff(26), cannot be accurately captured using a two- 

dimensional model. In order to account for the additional dimension a three- 

dimensional model was constructed and is described in Section 7.5. The 

Q1 file for this study is presented in Appendix J. 

The multidimensional false diffusion errors that occur in two- 

dimensional flows are further enhanced with the extra space dimension. 

Modification of the original SUCCA2D scheme into three-dimensions did 

possess some inherent computational difficulties. There were now some 

twenty additional possible upwind cell locations ( as opposed to four for 

the 2D grid cell cluster) and the numerical task involved in accounting for 

these cells, although not insurmountable, had obvious book-keeping 

difficulties. The development of this and other aspects of the computational 

software to reduce the effects of three-dimensional false diffusion is 

described in the following section. 
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7.2 The SUCCA3D Scheme 

The derived form of the convection coefficients for the SUCCA3D 

scheme is exactly analogous to the SUCCA2D form. Consider the solution 

molecule for the computational cell P, as shown in Figure 7.1. Two cases 

are then considered, namely: 
1) thw2 th, 2 th, 20 

2 m, 2th, 2th20 

If Mw a /1a 2 rho 20, the streamline through P passes through the triangle 

W. SW. SWL and the scheme should be of the form: 

CAP = CAW + Ctw4oSW + C0040swL 7.1 

If, on the other hand, tfiw 2 the atsi0 then the streamline through P 

passes through W. WL. SWL and the scheme is of the form: 

C,, 4 = Cw4pw + CW41WL + C, wr4ýswL 7.2 

This approach has the following merits: 

(i) $w is always retained, ensuring that there is at least some 

coupling of the finite volume equations for nearby cells. 

(ii) only two other 4 's are ever needed, so only two extra source 

terms must be introduced. 

(iii) the coefficients can be made 'correct' for the special cases when 

the streamline through P actually passes through SW, WL or SWL. 

The adopted form of the convection coefficients is as follows, for the 

case thw 2: m, 2ma20 
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Figure 7.1 Solution molecule for the 
SUCCA3D scheme. 

112 



Cw =1- 
mý (m, + mw + rh) 7.3 mw 

C»1= - 
ms (m, + th + rh, 7.4 mw mw 

C, _a (m, + rites + lhi 7.6 
w 

Such a formulation allows for the situation where part of the flow may 

indeed be two-dimensional, e. g. th, =0, and in this case the coefficients 

correct themselves by reducing to the SUCCA2D form. 

The SUCCA3D scheme has also been constructed such that it will 

observe all of the discriminating criteria required for a new convection 

algorithm, as outlined in Section 4.4.1.2 of Chapter 4 for the 2D algorithm. 

Another feature of the of the SUCCA3D algorithm is that it involves 

one face neighbour (e. g. W), one edge neighbour (e. g. SW) and one corner 

neighbour (e. g. SWL). Therefore, provision is made within the PHOENICS 

special GROUND coding for two source contributions; one from the solution 

molecule edges and one from the corners. The implementation of the 

SUCCA3D scheme is discussed in Section 7.6 and the GROUND FORTRAN 

coding for the SUCCA3D scheme itself is presented in Appendix M. 

7.3 3D Convection of a Scalar Quantity 

7.3.1 3D Cavity Cross-Flow 

Testing of the SUCCA3D scheme was executed on a problem 

concerning the pure convection of a scalar variable, in this case species 

concentration C1, across a three-dimensional cavity of 11X x 11Y x 11Z 
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grid cells. Such a problem is directly analogous to the 2D scalar convection 

problem described in Chapter 4. Inlet concentrations of 1.0,0.0 and 0.0 

were prescribed and physical diffusion of C1 was again de-activated. The 

SUCCA3D scheme was applied to the convective transport of C1 over the 

computational region containing the internal and outflow boundary cells. 

This was necessary due to the fact that at inflow boundaries there are no 

upwind corner or edge cells to be included within the scheme. Such a 

condition will only occur where the inlet boundary flow is skewed ( as in 

this case ). Where the inlet boundary flow is non-skewed, as in most 

conventional analyses, the limits of either the SUCCA2D or SUCCA3D 

application should be the entire computational domain. Figure 7.2 shows 

the geometry and boundary conditions for the scalar convection analysis 

and the Q1 file is presented in Appendix K. 

The results of the flow analysis can be seen in Figures 7.3 and 7.4, 

showing outflow concentration profiles. In Figure 7.3, the PHOENICS 

default hybrid scheme has been used for the discretisation of scalar 

convective transport. With physical diffusion of C1 absent, the convection 

scheme changes from hybrid to upwind and the excessive multi- 

dimensional false diffusion errors associated with the use of the upwind 

scheme are highlighted in the large degree of C1 smearing observed. With 

the SUCCA3D scheme implemented for C1 convective transport, Figure 7.4 

shows a significant reduction in the degree of false diffusion of C1. Both 

plots show results for the inflow velocity conditions of Ul= V1 =W1 = 1.0, 

simulating a cross-diagonal flow, which lies in the region of maximum false 

diffusion occurrence. 
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Figure 7.2 Boundary conditions for 3D 
scalar convection analysis. 
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Figure 7.3 Outflow concentration profile using UPWIND. 
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Figure 7.4 Outflow concentration profile using SUCCA3D. 
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7.3.2 3D Convection of a Scalar Over a Fence 

This three-dimensional test problem was undertaken with the aim of 

highlighting the potential of the SUCCA3D scheme when applied to the 

convective transport of a scalar variable. The flow itself contains a 3D 

recirculation region and was thus considered to provide a good test for the 

directionality book-keeping of the SUCCA3D code. A laminar flow over a 

fence type blockage was considered as shown in Figure 7.4a, with the 

Reynolds number based on the inlet height being 350. An injection of 

mass, momentum and species concentration C1 through two central 

computational cells located upstream of the fence was considered and the 

distribution of the introduced C1 variable analyzed. The Q1 file for the 

problem is given in Appendix K1. In an identical manner to the scalar 

analysis of the previous section the physical diffusion of C1 was de- 

activated. No frictional boundary conditions were applied at solid obstacles. 

Figure 7.4b shows the distribution of C1 with the upwind scheme 

employed for the convective transport of C1 and the hybrid scheme for 

momentum. A right angle section is shown which bisects the fence 

blockage with half of the fence highlighted in the Figure. Figure 7.4c shows 

the corresponding distribution of C1 with the SUCCA3D scheme now 

applied to the C1 convective transport. Additional contour plots showing 

the C1 dispersion through out the vertical X4 and horizontal Yl planes are 

highlighted in Figures 7.4d to 7.4g. These plots are shown for both upwind 

and SUCCA3D applications. 

In comparing the results for both the upwind and SUCCA3D 

schemes there appears to be an apparent reduction in the degree of 

smearing in the distribution of C1 when the SUCCA3D scheme is used. 
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This qualitative analysis serves to highlight the potential of the SUCCA3D 

scheme in a three-dimensional scalar transport analysis. However, further 

testing and some experimental validation will be necessary. An increase in 

overall CPU expenditure of approximately 20% was encountered when 

using the SUCCA3D scheme; similar to that experienced with 2D flows. 

7.4 The SUCCA3C Scheme ApDHed to the Transuort of Momentum 

A similar computational analysis to that executed for the 3D 

convection of a scalar over a fence was considered. The upstream injection 

of mass, momentum and C1 was removed and the SUCCA3D scheme was 

now implemented for the convective transport of momentum. Identical 

geometry and boundary conditions to that of the scalar analysis were 

employed while the Reynolds number was decreased to a value of 35. The 

Q1 file for this analysis is presented in Appendix K2. 

Figure 7.4h shows the distribution of axial ( W1 ) velocity with the 

hybrid scheme employed for the convective transport of momentum in the 

three space directions. A right angle section again is shown which bisects 

the fence blockage. Figure 7.4i shows the corresponding W1 distribution 

using the SUCCA3D scheme applied to U1, V1 and W1 transport. 

Additional contour plots showing the W1 distribution through out the 

vertical X4 and horizontal Y1 planes are highlighted in Figures 7.4j to 7.4m. 

These plots are shown for both hybrid and SUCCA3D applications. In 

comparing the results for both hybrid and SUCCA3D there appears to be 

a significantly different distribution of axial velocity. Experimental 

verification will again be required. 

For Reynolds numbers greater than 35 it was found that no 
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converged solution could be obtained. Instability in the convergence path 

could not be smoothed out using the various existing under-relaxation 

techniques within PHOENICS and the result was a physically unrealisitic 

solution. The reasons for the lack of convergence at higher Reynolds 

numbers remain unclear, however the SUCCA3D scheme does show some 

promise in the area of momentum transport and further testing may ease 

this problem. 

7.5 Turbulent Vortex Shedding in 3D Flow 

The simulation of three-dimensional turbulent vortex shedding was 

undertaken. The main aims of this analysis were as listed below: 

a) to identify whether the three-dimensional false diffusion 

effects would have the same stabilising influence on the 

vortex shedding process as that encountered in the 2D 

analysis. 

b) to construct a three-dimensional model that would allow 

future users to consider the 3D vortex shedding flow in 

conjunction with further development of the SUCCA3D 

scheme to account for high Reynolds number flows and 

alternative coordinate systems. 

7.5.1 Geometrical Configuration and Associated Innut Parameters 

The geometry considered for this analysis was based upon the 

experimental work of Mottram and Rawat(62) as detailed in Section 5.2 of 

Chapter 5. In the computational analysis, a three-dimensional polar- 

cylindrical geometry is considered to account for the pipe flow and the 
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linear bluff body blockage. The modelling of the linear blockage required 

special consideration. In order to successfully model the linear obstruction 

partially blocked computational cells at the block edges were used via the 

POROSITY function within PHOENICS. For each partially blocked cell a 

POROSITY factor is deduced which is a multiplier for the mass and 

momentum equations. The calculation of each POROSITY factor 

necessitated the construction of a special GROUND coding sequence which 

would identify whether a cell was to be fully blocked, fully open or partially 

blocked with a subsequent POROSITY calculation. This coding sequence 

was based upon the mathematics relating the intersection of a straight line 

( the bluff body) and a circle ( the polar-cylindrical grid ) and is contained 

within Group 11 Section 11 of Appendix M. Using this GROUND coding it 

was thus able to simulate a linear blockage within a non-Cartesian 

coordinate system. The bluff body obstruction is shown in Figure 7.5 

which highlights the partially blocked cells; with all cells radially inward of 

the partially blocked cells being fully blocked and all others fully open. 

All other dimensions were as detailed in Chapter 5 and a non-uniform 

computational mesh of 64X x 18Y x 57Z was employed. The governing 

equations for the unsteady incompressible turbulent flow were the 

conservation of mass and momentum in three polar-cylindrical coordinate 

directions, as described in Appendix A. The transport equations for the 

turbulence quantities k and e were also solved. The boundary conditions 

and convergence criteria were as detailed in Chapter 5 and, following time- 

step trials on the 2D flow, the time step was increased to 8.0E-5 secs to 

help counter the significant increase in CPU expenditure ( approximately 9 

days on a Sun sparcl + computer ) for the 3D flow calculation while 
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Figure 7.5 Simulation of a linear blockage in a 
non-Cartesian coordinate system. 
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maintaining overall solution accuracy. The Reynolds number, based on pipe 

diameter, was again 130000 and the Strouhal number being as defined in 

Chapter 5. 

7.5.2 3D Flow Analysis 

As with both the 2D laminar and turbulent vortex shedding flow 

analyses an explicit perturbation, in the form of some flow disturbance, is 

required at the onset of the transient calculation to provoke and maintain 

flow periodicity in the wake. In the 3D calculation this disturbance took the 

form of an imposed cross-flow on the upstream and downstream plane 

faces of the bluff body. The no-slip condition was removed for a series of 

cells on the bluff body in the circumferential coordinate direction and a 

radial slip velocity applied whose magnitude was of the order of the 

incoming mean bulk velocity. These asymmetry inducing conditions are 

shown in Figure 7.6. A steady flow was then imposed through the pipe and 

the resulting steady asymmetric flow field used as the initial conditions for 

a transient solution of the flow past the bluff body with the radial slip 

conditions removed. This steady asymmetric flow pattern is shown in the 

velocity vector and axial velocity contour plots of Figures 7.7 and 7.8. The 

flow pattern is shown for two perpendicular diametrical planes bisecting 

the bluff body. 

A transient calculation was performed for the Reynolds number of 

130000 in an attempt to obtain a similar Strouhal number found in the 

experimental analysis of Mottram and Rawat1621. Primarily, this computation 

was executed with the PHOENICS default hybrid scheme employed for the 

convective transport of all flow dependent variables. This resulted in the 
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Figure 7.6 Velocity vectors of cross-flow to promote 
asymmetry in the flow field. 
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already familiar decay of wake periodicity, encountered in the previous 2D 

laminar and turbulent studies, due to the excessive false diffusion of 

momentum associated with the hybrid formulation. The resulting 

calculation yielded a steady, stable symmetric wake flow pattern in both 

diametric planes as shown in Figures 7.9 and 7.10. These plots show the 

velocity vectors and contours of axial ( W-component) velocity in the wake 

immediately downstream of the bluff body. The decay of vortex shedding 

is represented by transients for the mean velocity components U1, V1 and 

W1 for a single cell located in the region of vortex shedding, as shown in 

Figures 7.11 to 7.13. These plots show the transition from the initially 

disturbed flow pattern to the stable wake structure shown in Figures 7.9 

and 7.10. 

Within the context of this 3D computation it may be said that the 

use of the hybrid scheme for the discretisation of the convective transport 

of momentum will produce a stabilised wake. The excessive false diffusion 

of momentum in 3D is seen to be equally as dissipative in comparison with 

the 2D turbulent vortex shedding calculation. 

7.6 Implementation of the SUCCA3D Scheme Within PHOENICS 

The SUCCA3D scheme should only be applied where there will be 

a maximum of three positive convective inflows into any computational 

cell, as is common in a wide range of cases. 

In order to activate the SUCCA3D scheme the following PIL 

commands are introduced into the Q1 file: 

GROUP S. UCONV=T 

which implies that the user wishes to access and, in this case, modify the 
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convection coefficients in Group 8, Section 8 of GROUND. 

In GROUP 13 when solving for scalar variables: 

PATCH (SUCCAC, CELL, 1, NX, 1, NY, 1, NZ, 1, LSTEP) 

PATCH (SUCCAE, CELL, 1, NX, 1, NY, 1, NZ, 1, LSTEP) 

which is the normal method of implementing the scheme for scalar 

variables. It should be noted, however, that in the scalar transport example 

of Section 7.3.1 the SUCCA3D scheme was applied over the internal and 

outflow boundary cells i. e. (2, NX, 2, NY, 2, NZ, 1, LSTEP). This was necessary 

due to the fact that at inflow boundaries there are no upwind corner cells 

to be included within the scheme. Such a condition will only occur where 

the inlet boundary flow is skewed ( as in this case ). Where the inlet 

boundary flow is non-skewed, as in the example of 3D flow over a fence, 

the limits of the SUCCA3D application for scalar transport should be the 

entire computational domain. 

When solving for momentum variables: 

PATCH (SUCCAC, CELL, 1, NX, 1, NY, 2, NZ, 1, LSTEP) 

PATCH (SUCCAE, CELL, 1, NX, 1, NY, 2, NZ, 1, LSTEP) 

The initial Z-slab is excluded from the SUCCA3D application in order to 

account for the staggered momentum cells in this direction. 

To implement the scheme for scalar transport e. g. - 

COVAL(SUCCAC, C1, GRND, GRND) 

COVAL(SUCCAE, C1, GRND1, GRND1) 

which describes the convective contribution from both corner (SUCCAC) 

and edge (SUCCAE) cells of the solution molecule shown in Figure 7.1. 

To implement the scheme for the transport of momentum e. g. - 
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COVAL(SUCCAC, W 1, GRND, GRNDº 

COVAL(SUCCAE, W1, GRND1, GRND1) 

which again describes both corner and edge cell contributions. 

Finally, in GROUP 19 the following LOGICAL statements are 

communicated by SATELLITE to GROUND: 

To solve for U1 via SUCCA3D: 

LG(1)=T 

To solve for V1 via SUCCA3D: 

LG(2) =T 

To solve for W1 via SUCCA3D: 

LG(3) =T 

To solve for scalars via SUCCA3D: 

LG(4) =T 

The above LOGICAL statements must be de-activated ( LG(n) =F) if the 

scheme is not being used for that particular transported variable. 

It should be noted that the scheme can be applied to any or all of 

these dependent variables. Also the COefficient and VALue arguments have 

been formulated within the GRND and GRND1 sections of GROUND, 

however there is no reason why the coding cannot be placed within any 

other GRND section. 

The compilation and linking procedures for the SUCCA3D coding are 

contained within APPENDIX K3. 
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CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE WORK 

The commercially available PHOENICS CFD software package has 

been used for a transient analysis of vortex shedding flow in both laminar 

and turbulent regimes. 

Two different numerical schemes were employed for the 

representation of convective transport and, in order to promote instability 

within the flow, an explicit perturbation was provided at the onset of the 

transient calculation. 

In the first analysis, using the hybrid-upwind convection scheme, 

premature vortex decay occurred for both 2D and 3D flow analyses; 

resulting in a steady symmetric flow pattern. The source of this decay was 

identified as the excessive false diffusion associated with the hybrid- 

upwind scheme. 

Two alternative modified first-order schemes, SUCCA2D and 
SUCCA3D, were formulated and implemented in an attempt to take into 

account local flow direction, thus directly reducing the errors associated 

with multidimensional false diffusion. Both schemes were tested on various 

discriminating flow examples. 

For the 2D case this reduction in the degree of false diffusion helped 

promote continuous vortex shedding with a frequency in reasonable 

agreement with experimental analysis. The reduction of false diffusion of 

a scalar quantity in a 2D benchmark test case was also successfully 

computed. In the same scalar test the SUCCA scheme was shown to 

improve the numerical accuracy of the calculation in comparison with the 
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similar flow oriented scheme CUPID. 

For 3D flow problems it was observed that a converged solution was 

obtainable only at low Reynolds numbers when applying the SUCCA3D 

scheme to the transport of momentum. For a low Reynolds number flow 

over a fence type blockage the SUCCA3D scheme showed some promise 

in the reduction of false diffusion of momentum. Further testing of the 

SUCCA3D code in relation to the convective transport of momentum at 

higher Reynolds numbers is required. However, the implementation of the 

scheme for the 3D transport of a scalar quantity did remain stable at higher 

Reynolds numbers and the converged solution highlighted an apparent 

reduction in the degree of 3D false diffusion of the transported scalar in 

comparison with the upwind scheme. 

With the SUCCA2D scheme in place, the mechanism of pulsating 

flow influence on the turbulent vortex shedding process has been 

simulated, although with limited success in comparison with experimental 

data. 

A modest increase in CPU expenditure of approximately 20 per cent 

was encountered for both SUCCA2D and SUCCA3D schemes. 

Both schemes can easily be included as part of the overall solution 

process and the convective transport of both momentum and scalar 

variables has been incorporated. 

The results indicate that a complex transient phenomenon such as 

vortex shedding can be analyzed in two-dimensions using a commercially 

available CFD software tool such as PHOENICS. However, the necessity for 

user-defined code modification was highlighted during this process. The 

results of this code modification, by implementing a simple flow-oriented 
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numerical algorithm, SUCCA, in two and three dimensions, indicates that 

multidimensional false diffusion errors may be substantially reduced in 

convection-dominated fixed-grid CFD flow analyses. 
Recommendations for further work include the following: 

a) testing of both SUCCA2D and SUCCA3D schemes on numerical 

problems where the incidence of multidimensional false diffusion is 

known or suspected to occur. 

b) further development of the SUCCA3D coding in relation to the 

transport of momentum such that a stable, converged solution may 

be found at higher Reynolds numbers. 

c) formulation of the SUCCA2D and SUCCA3D schemes for general 

application in different coordinate systems other than Cartesian, e. g. 

body-fitted and polar-cylindrical coordinates, such that a fully 3D 

vortex shedding calculation may be undertaken. 

d) studying the influence of alternative bluff body shapes on the vortex 

shedding process which may involve the use of a body fitted 

coordinate grid system in conjunction with SUCCA. 

e) investigate the influence spatial grid refinement on global vortex 

shedding parameters such as the Strouhal number. 

f) investigating the influence of alternative turbulence models, e. g. a 

Reynolds stress model, on the vortex shedding process. 
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A. 1 The Conservation Principle 

We wish to determine the rate of change of a quantity, ", within the 

_ 
finite control volume (CV) shown in Figure A. 1.1. We approach the 

mathematics of the problem by considering a Eulerian frame of reference where 

the CV is fixed in space: 

flow transport r mo vlar transport 
cv 

effects on 
Cv surf 

4 
ýýýý 
ýýý 

. fOý/lýä 

Figure A. 1.1 Processes affecting the value of phi in a CV 

The above physical processes determine the value of the conserved 

species, ", that will exist in the CV. The net rate of change of transported 

variable may be written as: 
(RATE OF CHANGE OF #) _ 

(NET FLOW TRANSPORT) + 

(NET MOLECULAR TRANSPORT) + 
(SOURCES/ SINKS) + 
(EFFECTS ON CV SURFACE) 

These physical processes can be represented mathematically in the form of 
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partial differential equations. The conservation equation for the transported 

species, 0, may then be written in the form of a general transport equation, 

in Cartesian tensor notation: 

+= 
arS A1.1 

at ax, ax + axe +" 

where the value of 4 depends on the solution dependent varlab/e. 

A. 2 Conservation of Mass 

We wish to determine the rate of change of mass within the finite control 

volume shown in Figure A. 2.1 Here, a two-dimensional Cartesian CV is 

considered: 

8x1 (PV)i », x 

r 
ZA 

ýýl 
AIr 

-ij 

OX 

(P V )x 0ý (PV )X+AX Ay 

am/at 

I 
t t+st (PV)4Ox 

Figure A. 2.1 Control volume for mass conservation 

The principle of mass conservation maintains that: 

[ mays soaumu/etlon rats -[ rats of mass in I-[ rats of mass outI 

where the mass m contained within the CV is p AxAy. 1 and the 

term 
At sp VAy 
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thus the following balance equation may be written: 

ät oxAY- I(PU)x-(PU)x"ex)AY+ I(P V), -(PV)y. oy)Ax 

division by AX&V yields the difference equation: 

aa_ (P U)x+Ax (P U)x (P V) 
Ay (P V )y 

at Ox - Ay 

now, taking Iim OxAy-O gives the differential equation for mass conservation 

(continuity equation) for 2D flows: 

+ý) at ax ay 

For 3D flows: 

a+ -o at ax ay az 

In tensor notation the continuity equation may be written as: 

+ýpVlý a0 /ßi. 2.1 
at ax, 

In a cylindrical coordinate system the continuity equation becomes: 

ap arpVý+1 apV°+apys=o 

at r ar r aO az 

A. 3 Conservation of Momentum 

Since momentum is itself a vector quantity, we require 3 equations for 

3 space directions x, y, z. In an analogous manner with the conservation of mass 
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derivation in section A. 2 we wish to determine the rate of change of 

momentum within the finite control volume shown in Figure A. 3.1 Once again, 

a two dimensional CV is considered: 

(p w)y 
vyax 

A)y, ey Ox 

(P UU)XAY (P UU)X. AX 0y 

P Ay PxAy Pg Xty 
Vi- X*AX 

(Tx ýY A. (t, c)x"nx AY 

iP w)4X II (t 
y))Ax 

Figure A. 3.1 Control volume for momentum conservation 

The principle of momentum conservation implies that: 

I net awimulatlon rate ofmon . ntumj -I net Now transport (convection) j+ 
(restºnolmlartranspart(d sIon) I 

( sum of fonbsanconOW volume j 

The accumulation rate of x-momentum is represented by: 

Ap U) oxay 

Flow transport (convection) of momentum may be written as: 

I (p UU)x-(PUU)x 
sx)DY+I (Pw)y-(PVU)y+sr)Ox 

Molecular transport takes place through the diffusion of momentum via the fluid 

viscous stresses: 
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f(zXX)x-(z, oc)x. exltY+ I(c )y-(zyx)ye, Jox 

where the subscript notation on the viscous stress terms, for example yx, 

indicates quantities acting on the face perpendicular to the y axis and in the x 

direction. Taking moments of the forces about an arbitrary axis and setting the 

result equal to zero for a fluid CV in equilibrium leads directly to the result that 

cxya 
. 

XZ T ZX 

. yz t=Y 

must hold in general. 

The net pressure force is given by: 

(Px'Px"ex) Ay 

and volumetric forces, for example, gravitation are: 

pg AXsy 

Dividing by OxAy and taking HMAXAy- O transforms the difference equation 

into a differential equation i. e. the 2D x-momentum equation, which may be 

written as: 

aTyx a(p uJ+äýU )+ a(p Vu) 
=aP_&, a_ +pg A. 3.1 

at ax ay ax ax ay 

Equation A. 3.1 is a direct representation of the principles embodied within 

Newton's Second Law - that the sum of the forces on the CV is equal to the 

rate of change of momentum within the CV. 
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A. 3.1 Stress-Strain Relation 

Stokes' Law, valid for Newtonian fluids, is adopted to relate fluid viscous 

stresses to fluid deformation rates (i. e. normal and transverse velocity 

gradients). Unlike a solid, a fluid cannot sustain a shear force. When forces are 

engaged the fluid will change shape to adopt a stressless condition and it is 

found that the LM at which the fluid changes shape (deforms) is related to the 

magnitude of viscous stress within the fluid. 

Considering a hydrostatic analysis of the fluid CV we note that the negative 

of the pressure term P contained in equation A. 3.1 is related to to the average 

of the normal hydrostatic stresses. This relationship holds whether there is 

motion (and therefore viscous normal stresses) or not, i. e. 

-P  
oX+oy+o 

3 
A. 3.2 

where a Is the hydrostedc fluid suss. 

A. 3.1.1 Viscous Shear Stress 

Consider the shear component in gg direction only as shown in Figure A. 3.2. 

Figure A. 3.2 Shear component derivation 

For laminar flow the shear stress is defined as: 
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z=µL A3.3 

We can then write, for a small deformation angle, 

tan by 'by = 
ayat 

by 

or au=s 
ay at 

thus in the limit 

ay-0, s=µA A. 3.4 

Thus the shear stress is proportional to the time rate of change of deformation. 

When distortion takes place in two dimensions, we may write the Utt& angle 

of deformation as y 21 Y1+Y2 , thus: 

z=JA (ii+Yo =µ(äy+ aavlý z 

and in the limit 6Z8y- 0 we may write for the shear stress term in equation 

A. 3.1: 

av a Tom' µ äy + äx 

A. 3.1.2 Viscous Normal Stress 

Considering the stresses within a cube we observe that the shear stresses give 

rise to principal stresses in the principal planes which are at an angle of 45 

degrees to the co-ordinate axes. As shown in Figure A. 3.3 the original cube 
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ABCD is deformed under the action of the stresses to A'B'C'D'. Consider the 

top right hand corner OBP of unit depth: 

45' a 

T 

ýY `8 

Cý 

P 

The equilibrium condition along the diagonal is given by: 

2azsin45' = ajo, 

thus 

01 -T +Vä tSnSiMf 

similarly 

a2 =-t- Ih GýIffpý19ýS8lon 

thus 

a, -all sZS A3.5 

To find the change of length of the diagonal DB consider the cube as shown in 

Figure A. 3.4. We note that: 
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AA' = CC' = EM' = DA tan(2) - DA(2) for small angles 

Now, 

MMI = 
EM' 

s 
(DAy/2) 

DM i 
DA 
a 

Thus the strain of DB may be written as: 

tý a 
BB' MM' 

a 
(DA y12/a1 

DB DM DA/ f2 2 

Similarly, 

t4=_Y 2 

.. el -e2ay A3.6 

Now using equation A. 3.4 and substituting from equations A. 3.5 and A. 3.6 we 

may write: 

ss Q, -oZ=2T°2µaä(t+-tg)-2µ 
ae, 
ar -a1 

If direction 1 is taken along the x-axis and 2 along the y-axis then: 

Qx-oy=2µ 
aex 

- 
acyA3.7 

at at 
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As shown in Figure A. 3.5 the strain in the x-direction is given by: 

aex= a at 

r 
u. at (u+ 

XýLu . ax 

X 

Flg. A. 3.5 Strain In x-directlon 

u+ ax. ax at- u. at 
st ain In x-di a ex = ax 

saunt x 
aexau 
at ax 

thus 

le, au at. Mt-so or ax at 
acy sim! lerry s 

aV 
at ay 

Substituting equation A. 3.7 in equation A. 3.8 and hence: 

A. 3.8 
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ox=z�«=2µ(äX} 

Qy s TW Z µ(aý 

of=zz=2µ 
a 
az 

A. 3.2 The Navier-Stokes Eouations 

If we assume that the hydrostatic stress is as given in equation A. 3.2 we can 

thus represent the viscous normal stress term in equation A. 3.1 as: 

P+2 au+av+aw au 
3µ ax ay az 

2µ 
ax 

A. 3.9 

and the viscous shear stress term as: 

s _µ(au+ 
a{I% A. 3.1o ue ) lay ax 

We may write equation A. 3.1 in 3D non-conservative form: 

a(u a(u)+ y+ Vý lap ý" 
__ 

&" 
+ pD'x A3.11 

at ax ay at pax äx ay az 

substituting for all viscous normal and shear stresses and re-arranging we may 

write: 

+U +v'+Wau1 
aP+V a2U 

+a2L at ax ay az Pax ax ay aZ2 
A. 3.12 

+a 
(avax+ avay+ a +P9x 3 ax l az) 

Equation A. 3.12 represents the x-direction Navier-Stokes equation. The full set 
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of Navier-Stokes equations for unsteady compressible viscous flow may then 

be written in Cartesian tensor notation as: 

au, 
+u 

au, aý+P9, 
at rax, 

pax, 

MM : A. 3.13 

k 
a-A 

) 

Note: 
y- momentum (xj equation Is generated by setting /- 2; 
z-momentum (x3) equation Is generated by setting b' 3 
/ is a running Index 

For an incompressible fluid the overlined term in equation A. 3.12 is zero. 

In cylindrical coordinates the Navier-Stokes equations may be written as: 

r-component 
av, 8v, ve av, ve 8v, 
at ' ar r a9 rs az 

1 +v 12 (rv, ) + 
*vi? ave 

++pg p ar ar rar r2 802 r2 aO az2 

8 -componant 
äve 

+y 
äv6 

+ 
V. av. 

_y 
vs 

+V 
äv, 

at ' ar r ae r az 

1 
+v a'a (rv. ) +1 

azv. 2 av, ä2v 
+P pr a9 ar rar 

) 

r2 aeg r2 az2 
ý° 
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z-component 

avz avZ ve avt avZ 
+v+- +v at ' ar r ao s az 

1aß+v 1 araus 
p az :a ar 

c12v LJ_? 52v Z+ Z +PD: r az2 
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APPENDIX 8 

DERIVATION OF THE TURBULENT MOMENTUM EQUATIONS 
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DERIVATION OF THE TURBULENT MOMENTUM EQUATIONS 

We consider the instantaneous Navier-Stokes (momentum) equations B. 1 

and the mass continuity equation B. 2 in Cartesian tensor notation. In 

equation B. 2 it is assumed that the accumulation rate of mass is zero: 

+0aG, =I e. 1 
ar x; Pax, 

13.2 
ax, 

where: 

ü, = instantaneous velowiiy at (x,, t) 

ö, = fluid stress tensor 

aj -jMj+2µJ 3µ ax 
aI a3 

k 

a ýs Kionec*er delta whidt equals 

1.0 %f l=% and zero else. 

Or rate of strain of fluid 

=1 
8O, 

+I'll B. 4 2 
(ax, 

ax, 

Now, substituting for the above values gives: 

aß, au, 
__a 

ao, as 
_2 

aak 
3 ax aý as at +° x- ax a'+V ax, ax 

a 
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aG, 
+0aG, _ 

1 a+v 
820, 

+a 
a astra 

at f -- p ax, f 1axjox, ax ax, 3 ax, axk 

-» 
Lot 
at lax-j +L 

la 1. _1 a+, (_2o X+3 a aak 
a# 

p axi 1, äx, axk 

assuming incompressible flow we let: 

aok 
o 

aXk 

so the instantaneous momentum equation in incompressible flow becomes: 

aG, 
+0 =-1ßa1+v 

aýLý 
B. 6 

at ax, pax, axax, 

If we now apply the Reynolds decom ition for average and fluctuating 

quantities, we let: 

instantaneous 4= avsrage + flucuating $' 

for example: 

ßiavi+Ui 

where the average value is interpreted as a time average: 
(+AT 

i7, - AT 
f ü, dt 8.7 
c 

such that the mean velocity may be a function of time and where the 

averaging time period is small in comparison with the macroscopic fluid 

motion time scale, yet large in comparison with typical turbulent fluctuating 

component time scales. 
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The mean value of the fluctuating component is itself zero by definition: 
t. -AT 

Ui _Tf (G, i )dt as 

The instantaneous pressure term is also decomposed into an average 

and fluctuating component: 

ß=P+P' 

Applying the Reynolds decomposition to the continuity equation we obtain: 

aa, 
=a ýýý+ýýý s 

aü, 
+ 
au; 

=o ax, ax, ax, ax, 

If the time average of all terms in this equation is taken we find that: 

aüi= 
ax, 

hence the mean flow is incompressible. 

Subtracting these two equations we find that the turbulent velocity 

fluctuations are also incompressible: 

aui 
axe 

The following rules are applied to the temporal averaging process: 

time average of (mean value). (Huctuating value) Is zero: e. g. 

41=0 

time average of linear terns: e. g 

: L: +W: 
ax ax ax ax ax 
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time average of non-linear temnis e. g. 

ay) 
+a U/41/ ax ax ax ax ax 

where the value 41 is the solution dependent variable. 
The term u'j' Is non-zero ff the two signals are correlated. 

Applying the Reynolds decomposition to the instantaneous momentum 

equation B. 6 and time averaging all terms we obtain: 

a uf au, , au; 1 azü, 
at +uýa, +uý ax, p ax aý`" ax ax, B. s 

Now, using the continuity equation we can write the convection terms in 

equation B. 9 in conservative form: e. g. 

ýau; _a U) axe TX-1 Uj 

The term U, U is known as the 'Reynolds stress'. It represents the transfer 

of momentum by the turbulent motion and can be perceived as an agency 

that produces stresses in the mean flow. This being the case, the mean 

flow will do work against the Reynolds stresses. 

Equation B. 9 can be re-arranged so that all stress terms are grouped 

together: 

au, a1a ate, � al o at + ax u' uý P äx, Pa1+ äx VI axe -u, ul 

Equation B. 10 represents the Reynolds-decomposed unsteady turbulent 

166 



momentum equation for incompressible flow. 
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APPENDIX C 
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TALK-T; RUN( 1,1); VDU-GRAPHICS 
GROUP 1. Run title and other preliminaries 

TEXT(BLUFF BODY CHANNEL FLOW) 
REAL(REYNO, UIN, A, B, H, DELT, WAS) 
B-1. 
UIN-1. 
WAS-0. 
A-1. *B 
H-4. *B 
REYNO-500. 

GROUP 2. Transience; time-step specification 
STEADY-T 

STEADY-F 
GRDPWR(T, 20,1.6,1. ) 

GROUP 3. X-direction grid specification 
NX-75 
XULAST-B 
XFRAC(1)--5. 
XFRAC(2)-l. 
XFRAC(3)-3. 
XFRAC(4)-0.5 
XFRAC(5)-6. 
XFRAC(6)-0.25 
XFRAC(7)-4. 
XFRAC(8)-0.1 
XFRAC(9)-4. 
XFRAC(10)-0.05 
XFRAC(11)-2. 
XFRAC(12)-0.1 
XFRAC(13)-2. 
XFRAC(14)-0.2 
XFRAC(15)-8. 
XFRAC (16) -0.1 
XFRAC(17)-6. 
XFRAC(18)-0.25 
XFRAC(19)-25. 
XFRAC(20)-0.5 
XFRAC(21)-1. 
XFRAC(22)-2. 
XFRAC(23)-l. 
XFRAC(24)-3. 
XFRAC(25)-1. 
XFRAC(26)-3.5 
XFRAC(27)-l. 
XFRAC(28)-4.5 
XFRAC(29)-1. 
XFRAC(30)-7. 
XFRAC(31)-1. 
XFRAC (32) -9. 
XFRAC(33)-1. 
XFRAC(34)-15. 
XFRAC(35)-1. 
XFRAC (3 6) -3 0. 
XFRAC(37)-1. 
XFRAC (38) -70. 
XFRAC(39)-l. 
XFRAC (4 0) -4 00. 

GROUP 4. Y-direction grid specification 
NY-40 
YVLAST-B 
YFRAC(1)--4 
YFRAC(2)-0.1 
YFRAC(3)-3. 
YFRAC(4)-0.2 
YFRAC(5)-4. 
YFRAC(6)-0.1 

169 



YFRAC(7)-4. 
YFRAC(8)-0.025 
YFRAC(9)-10. 
YFRAC(10)-0 .1 
YFRAC(11)-4. 
YFRAC(12)-0.025 
YFRAC(13)-4. 
YFRAC(14)-0.1 
YFRAC(15)-3. 
YFRAC(16)-0.2 
YFRAC(17)-4 
YFRAC(18)-0. l 

GROUP 5. Z-direction grid specification 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. variables stored, solved 6 named 

SOLUTN(P1, Y, Y, N, N, N, N) 
SOLUTN(U1, Y, Y, N, N, N, N) 
SOLUTN(V1, Y, Y, N, N, N, N) 
UCONV-T 

GROUP 8. Terms (in differential equations) & devices 
GROUP 9. Properties of the medium (or media) 

RHO1-1.2 
ENUL-(UIN*B)/REYNO 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 
The following commands between the stars 
represent the initial parabolic velocity 
profile field used in the steady asymmetric 
calculation. GRND9 is the parabolic velocity profile. 
************************************* 
PATCH(INITU1, INIVAL, I, NX, 1, NY, 1,1,1,1) 
INIT(INITU1, Ul, 0., GRND9) 
FIINIT(Ul)-1.0 

CONPOR(0.0, CELL, 20,29,16,25,1,1) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(SUCCAU, CELL, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(SUCCAU, UI, GRND, GRND) 
COVAL(SUCCAU, VI, GRND, GRND) 

PATCH(WALLT, NWALL, 1, NX, NY, NY, 1,1,1, LSTEP) 
COVAL(WALL1, U1,1.0,0.0) 
PATCH(WALL2, SWALL, 1, NX, 1,1,1,1,1, LSTEP) 
COVAL(WALL2, U1,1.0,0.0) 
PATCH(WALL3, SWALL, 20,29,26,26,1,1,1, LSTEP) 
COVAL(WALL3, U1,1.0, WAS) 
PATCH(WALL4, NWALL, 20,29,15,15,1,1,1, LSTEP) 
COVAL(WALL4, U1,1.0, -WAS) 
PATCH(WALLS, EWALL, 19,19,16,25,1,1,1, LSTEP) 
COVAL(WALLS, VI, I. 0, WAS) 
PATCH(WALL6, WWALL, 30,30,16,25,1,1,1, LSTEP) 
COVAL(WALL6, V1,1.0, -WAS) 

PATCH(INLET, WEST, 1,1,1, NY, 1,1,1, LSTEP) 
COVAL(INLET, PI, FIXFLU, GRND9) 
COVAL(INLET, 01, ONLYMS, GRND9) 

PATCH(OUTLET, EAST, NX, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(OUTLET, P1,10000., 0. ) 
COVAL(OUTLET, Ul, ONLYMS, GRND9) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-30 

170 



RESREF(P1)-0.03 
RESREF(U1)-0.4 
RESREF(Vi)-0.4 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

RELAX(P1, LINRLX, 0.5) 
RELAX(U1, FALSDT, 0.03) 
RELAX(V1, FALSDT, 0.03) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 
solve for U via SUCCA ? 

LG(1)-T 
solve for V via SUCCA ? 

LG(2)-T 

solve for SCALAR via SUCCA ? 
LG(3)=F 

CALL MAKE(YG2D) for lam. parab. profile ? 
LG(4)-T 
RG(1)_4. *UIN/H 
RG(2)--RG(1)/H 
RG(3)-RHOl 

GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 
INIFLD-T 

OUTPUT(P1, N, Y, N, Y, Y, Y) 
OUTPUT(U1, Y, Y, N, Y, Y, Y) 
OUTPUT ( V1, N, Y, N, Y, Y, Y) 

GROUP 22. Spot-value print-out 
NPLT-1 
IXMON-40 
IYMON-15 

GROUP 23. Field print-out and plot control 
PATCH(P1-2, PROFIL, 37,37,27,27,1,1,1, LSTEP) 
PLOT(P1-2, P1,0.0,0.0) 
PATCH(P1-3, PROFIL, 42,42, NY-1, NY-1,1,1,1, LSTEP) 
PLOT(P1-3, P1,0.0,0.0) 
PATCH(U1-1, PROFIL, 42,42,31,31,1,1,1, LSTEP) 
PLOT(U1-1,01,0.0,0.0) 
PATCH(U1-5, PROFIL, 34,34,31,31,1,1,1, LSTEP) 
PLOT(U1-5,01,0.0,0.0) 
PATCH (U1-6, PROFIL, 42,42,13,13,1,1,1, LSTEP) 
PLOT(U1-6, U1,0.0,0.0) 
PATCH (U1-7, PROFIL, 34,34,13,13,1,1,1, LSTEP) 
PLOT(U1-7,01,0.0,0.0) 
PATCH(V1-l, PROFIL, 42,42,31,31,1,1,1, LSTEP) 
PLOT(V1-1, V1,0.0,0.0) 
PATCH(V1-6, PROFIL, 42,42,13,13,1,1,1, LSTEP) 
PLOT(V1-6, V1,0.0,0.0) 
IPROF-3 

GROUP 24. Dumps for restarts 
RESTRT(ALL) 

STOP 
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TALK=T; RUN(1,1); VDU=VGACURSR 
GROUP 1. Run title and other preliminaries 

TEXT(BACKWARD FACING STEP) 
REAL(REYNOS, UMAX, UAV, HINLET, CHRDIM) 

GROUP 2. Transience; time-step specification 
GROUP 3. X-direction grid specification 

NX=54 
XULAST=1. E-3 
XFRAC(1)=1.3 
XFRAC(2)=3.6 
XFRAC(3)=6.5 
XFRAC(4)=10.0 
XFRAC(5)-14.0 
XFRAC(6)=18.0 
XFRAC(7)=22.6 
XFRAC(8)=27.6 
XFRAC(9)=32.8 
XFRAC(10)=38.3 
XFRAC(11)=44.0 
XFRAC(12)=50.0 
XFRAC(13)=56.0 
XFRAC(14)=61.7 
XFRAC(15)=67.2 
XFRAC(16)=72.4 
XFRAC(17)=77.4 
XFRAC(18)=82.0 
XFRAC(19)=86.0 
XFRAC(20)=90.0 
XFRAC(21)=93.5 
XFRAC(22)=96.4 
XFRAC(23)=98.7 
XFRAC(24)=100.0 
XFRAC(25)=100.3 
XFRAC(26)=101.05 
XFRAC(27)=102.2 
XFRAC(28)=103.67 
XFRAC(29)=105.5 
XFRAC(30)=107.64 
XFRAC(31)=110.1 
XFRAC(32)=113.0 
XFRAC(33)=116.3 
XFRAC(34)=119.23 
XFRAC(35)=119.93 
XFRAC(36)=120.53 
XFRAC(37)=120.93 
XFRAC(38)=121.33 
XFRAC(39)=121.93 
XFRAC(40)=122.73 
XFRAC(41)=123.53 
XFRAC(42)=124.73 
XFRAC(43)=127.0 
XFRAC(44)=131.0 
XFRAC(45)=136.0 
XFRAC (46) =143.0 
XFRAC(47)=153.0 
XFRAC(48)=168.0 
XFRAC(49)=184.0 
XFRAC(50)=200.0 
XFRAC(51)=220.0 
XFRAC(52)=240.0 
XFRAC(53)=265.0 
XFRAC(54)=300.0 

GROUP 4. Y-direction grid specification 
NY=25 
YVLAST=1. E-3 
YFRAC(1)=0.13 
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YFRAC(2)=0.38 
YFRAC(3)=0.71 
YFRAC(4)=1.10 
YFRAC(5)=1.55 
YFRAC(6)=2.05 
YFRAC(7)=2.6 
YFRAC(8)=3.15 
YFRAC(9)=3.65 
YFRAC(10)=4.10 
YFRAC(11)=4.49 
YFRAC(12)=4.82 
YFRAC(13)=5.07 
YFRAC(14)=5.2 
YFRAC(15)=5.6 
YFRAC(16)=6.05 
YFRAC(17)=6.52 
YFRAC(18)=7.01 
YFRAC(19)=7.5 
YFRAC(20)=8.01 
YFRAC(21)=8.52 
YFRAC(22)=9.04 
YFRAC(23)=9.57 
YFRAC(24)=9.83 
YFRAC(25)=10.1 

GROUP 5. Z-direction grid specification 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved & named 

SOLVE(P1, Ul, Vl) 
GROUP S. Terms (in differential equations) & devices 

UCONV=T 
GROUP 9. Properties of the medium (or media) 

RH01=1.2 
REYNOS=200. 
ENUL=1. E-5 
HINLET=5.2E-3 
CHRDIM=2.0*HINLET 
UMAX=(3.0*REYNOS*ENUL)/(2.0*CHRDIM) 
UAV=UMAX/1.5 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

CONPOR(0.0, CELL, 1,24,15, NY, 1,1) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, WEST, 1,1,1,14,1,1,1,1) 
COVAL(INLET, PI, FIXFLU, RH01*UAV) 
COVAL(INLET, UI, ONLYMS, UAV) 

PATCH(SUCCAU, CELL, 1, NX, 1, NY, 1,1,1,1) 
COVAL(SUCCAU, U1, GRND, GRND) 
COVAL(SUCCAU, V1, GRND, GRND) 

PATCH(EOUTLE, EAST, NX, NX, 1, NY, 1,1,1,1) 
COVAL(EOUTLE, P1,5000., 0.0) 

PATCH(WALL1, NWALL, 1,24,14,14,1,1,1,1) 
COVAL(WALL1, U1,1.0,0.0) 

PATCH(WALL2, WWALL, 25,25,15, NY, 1,1,1,1) 
COVAL(WALL2, V1,1.0,0.0) 

PATCH(WALL3, NWALL, 25, NX, NY, NY, 1,1,1,1) 
COVAL(WALL3, U1,1.0,0.0) 

PATCH (WALL4, SWALL, 1, NX, 1,1,1,1,1,1) 
COVAL(WALL4, U1,1.0,0.0) 
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GROUP 14. Downstream pressure for PARAB=. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP=100 
RESREF(P1)=1. E-6 
RESREF(U1)=1. E-6 
RESREF(V1)=1. E-6 

GROUP 16. Termination of iterations 
LITER(P1)=-1 

GROUP 17. Under-relaxation devices 
RELAX(P1, LINRLX, 0.6) 
RELAX(U1, FALSDT, 3.0) 
RELAX(V1, FALSDT, 3.0) 

RELAX(P1, LINRLX, 0.3) 
RELAX(U1, FALSDT, 0.003) 
RELAX(V1, FALSDT, 0.003) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 
solve for Ui via succa2d? 

LG(1)=T 
solve for V1 via succa2d? 

LG(2)=T 
solve for scalars via succa2d? 

LG(3)=F 
GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON=29 
IYMON=18 
NPLT=1 

GROUP 23. Field print-out and plot control 
GROUP 24. Dumps for restarts 
tstswp=-l 

STOP 
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TALK-T; RUN (1,1) ; VDU-GRAPHICS 
GROUP 1. Run title and other preliminaries 

TEXT(SUCCA TEST FLOW) 
REAL(REYNOS, UIN, VIN, CELLDIM) 
REYNOS-200 
CELLDIM-1. 

vary VIN keeping UIN-1.0 and compare Cl profile with 
hybrid across the vertical line of cells at IX-6. 
**********************}***}*****}**}***********}**** 

UIN-1.0 
VIN-1.0 

GROUP 2. Transience; time-step specification 
GROUP 3. X-direction grid specification 

GRDPWR(X, 11,1.0,1. ) 
GROUP 4. Y-direction grid specification 

GRDPWR(Y, 11,1.0,1. ) 
GROUP 5. Z-direction grid specification 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved & named 

SOLVE(P1, U1, Vl, C1) 
GROUP 8. Terms (in differential equations) & devices 

UCONV-T 
TERMS (C1, N, Y, N, N, Y, N) 

GROUP 9. Properties of the medium (or media) 
RHO1-1.0 
ENUL-(CELLDIM*UIN)/REYNOS 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(BOTTOM, SOUTH, 2, NX, 1,1,1,1,1,1) 
COVAL(BOTTOM, P1., FIXFLU, RH01*VIN) 
COVAL(BOTTOM, Ui, ONLYMS, DIN) 
COVAL(BOTTOM, Vi, ONLYMS, VIN) 
COVAL(BOTTOM, CI, ONLYMS, 1. E-8) 

PATCH(SIDE1, WEST, 1,1,2, NY, 1,1,1,1) 
COVAL(SIDEI, PI, FIXFLU, RH01*UIN) 
COVAL(SIDE1, Ui, ONLYMS, DIN) 
COVAL(SIDEI, VI, ONLYMS, VIN) 
COVAL(SIDE1, CI, ONLYMS, 1.0) 

PATCH(SUCCAU, CELL, 2, NX, 2, NY, 1,1,1,1) 
COVAL(SUCCAU, C1, GRND, GRND) 

PATCH(EOUTLE, EAST, NX, NX, 1, NY, 1,1,1,1) 
COVAL(EOUTLE, P1,10000., 0.0) 

PATCH(NOUTLE, NORTH, I, NX, NY, NY, 1,1,1,1) 
COVAL(NOUTLE, P1,10000., 0.0) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-80 
RESREF(P1)-1. E-8 
RESREF(U1)-i. E-8 
RESREF(V1)-1. E-8 
RESREF(C1)-1. E-8 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

RELAX(P1, LINRLX, 0.5) 
RELAX(Di, FALSDT, 0.3) 
RELAX(V1, FALSDT, 0.3) 
RELAX(C1, FALSDT, 0.3) 
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GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 
solve for U1 via succa2d? 

LG(1)-F 
solve for Vi via succa2d? 

LG(2)-F 
solve for scalars via succa2d? 

LG(3)-T 
GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON-2 
IYMON-3 
NPLT-1 

GROUP 23. Field print-out and plot control 
GROUP 24. Dumps for restarts 

STOP 
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APPENDIX F 

Q1 FILE FOR TWO-DIMENSIONAL 

TURBULENT- VORTEX SHEDDING 
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TALK-T; RL'N (1,1) ; VDU-GRAPHICS 
GROUP 1. Run title and other preliminaries 

TEXT(2-D PLANE TURBULENT VORTEX SHEDDING) 
REAL(REYNOS, UIN, DIA, A, B, WAS) 
REAL(KEIN, EPIN, FIXVAP, KEJET, EPJET) 
DIA-8. E-2 
3-0.27*DIA 
A-(2/3)*B 

GROUP 2. Transience; time-step specification 
STEADY-F 
GRDPWR(T, 400,0.04,1.0) 

GROUP 3. X-direction grid specification 
SUBGRD(X, 1,5,1.5*DIA, 1.0) 
SUBGRD(X, 6,27,1.0*DIA, -2.2) 
SUBGRD(X, 28, -34, A, 1.5) 
SUBGRD(X, 35,67,6.0*DIA, 1.4) 
SUBGRD(X, 68,68,2*B, 1.0) 
SUBGRD(X, 69,69,3*B, 1.0) 
SUBGRD(X, 70,70,3.5*B, 1.0) 
SUBGRD(X, 71,71,4.5*B, 1.0) 
SUBGRD(X, 72,72,7*B, 1.0) 
SUBGRD(X, 73,73,9*B, 1.0) 
SUBGRD(X, 74,74,15*B, 1.0) 
SUBGRD(X, 75,75,30*8,1.0) 
SUBGRD(X, 76,76,70*B, 1.0) 
SUBGRD(X, 77,77,400*B, 1.0) 

GROUP 4. Y-direction grid specification 
SUBGRD(Y, 1, -18,0.365*DIA, 2.0) 
SUBGRD(Y, 19, -32, B, 1.5) 
SUBGRD(Y, 33, -50,0.365*DIA, 2.0) 

GROUP 5.2-direction grid specification 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved & named 

SOLVE(P1, Ui, Vi, KE, EP) 
UCONV-T 

GROUP 8. Terms (in differential equations) & devices 
GROUP 9. Properties of the medium (or media) 

RHO1-1.207 
ENUL-1.5E-5 
ENUT-GRND3 
REYNOS-1.3E5 
EL1-GRND4 
UIN-(ENUL*REYNOS)/DIA 
WAS-0. 

WAS-15*UIN 
GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

KEIN-0.01*UIN**2 
SPIN-((0.09**0.75)*KEIN**1.5)/(0.1*DIA) 

FIINIT(KE)-KEIN 
FIINIT(EP)-EPIN 

CONPOR(0.0, CELL, 28,34,19,32,1,1) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, WEST, 1,1,1, NY, 1,1,1, LSTEP) 
COVAL(INLET, P1, FIXFLU, RH01*UIN) 
COVAL(INLET, UI, ONLYMS, UIN) 
COVAL(INLET, KE, ONLYMS, KEIN) 
COVAL(INLET, EP, ONLYMS, EPIN) 

PATCH(SUCCAU, CELL, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(SUCCAU, U1, GRND, GRND) 
COVAL(SUCCAU, V1, GRND, GRND) 
COVAL(SUCCAU, KE, GRND, GRND) 
COVAL(SUCCAU, EP, GRND, GRND) 
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PATCH(KESOURCE, PHASEM, 1, NX, 1, NY, 1,1,1, LSTEP) 
CDVAL(KESOURCE, KE, GRND4, GRND4) 
COVAL(KESOURCE, EP, GRND4, GRND4) 

PATCH(TURBWL1, NWALL, 1, NX, NY, NY, 1,1,1, LSTEP) 
COVAL(TTURBWL1, UI, GRND2,0.0) 
COVAL(TURBWL1, KE, GRND2, GRND2) 
COVAL(TURBWL1, EP, GRND2, GRND2) 

PATCH(TURBWL2, SWALL, 28,34,33,33,1,1,1, LSTEP) 
COVAL(TURBWL2, Ul, GRND2, WAS) 
COVAL(TURBWL2, KE, GRND2, GRND2) 
COVAL(TURBWL2, EP, GRND2, GRND2) 

PATCH(TURBWL3, WWALL, 35,35,19,32,1,1,1, LSTEP) 
COVAL(TURBWL3, Vl, GRND2, -WAS) 
COVAL(TURBWL3, KE, GRND2, GRND2) 
COVAL(TURBWL3, EP, GRND2, GRND2) 

PATCH(TURBWL4, NWALL, 28,34,18,18,1,1,1, LSTEP) 
COVAL(TURBWL4, Ui, GRND2, -WAS) 
COVAL(TURBWL4, KE, GRND2, GRND2) 
COVAL(TURBWL4, EP, GRND2, GRND2) 

PATCH(TURBWLS, EWALL, 27,27,19,32,1,1,1, LSTEP) 
COVAL(TURBWL5, Vi, GRND2, WAS) 
COVAL(TURBWL5, KE, GRND2, GRND2) 
COVAL(TURBWL5, EP, GRND2, GRND2) 

PATCH(TURBWL6, SWALL, 1, NX, 1,1,1,1,1, LSTEP) 
COVAL(TURBWL6, Ul, GRND2,0.0) 
COVAL(TURBWL6, KE, GRND2, GRND2) 
COVAL(TURBWL6, EP, GRND2, GRND2) 

*** Replace FIXVAL (too tight a restriction) *+* 

FIXVAP_UIN*RHO1*1000. 

PATCH(OUTLET, EAST, NX, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(OUTLET, P1, FIXVAP, 0.0) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-15 
RESREF(P1)-DIA*UIN/1000. 
RESREF(Ul)_RH01*DIA*UIN**2/1000. 
RESREF(V1)_RH01*DIA*UIN**2/1000. 
RESREF(KE)_RH01*DIA*UIN*KEIN/1000. 
RESREF(EP)_RH01*DIA*UIN*EPIN/1000. 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

KELIN-1 
RELAX(P1, LINRLX, 0.4) 
RELAX(Ul, FALSDT, 0.05) 
RELAX(V1, FALSDT, 0.05) 
RELAX(KE, LINRLX, 0.3) 
RELAX(EP, LINRLX, 0.3) 

Alternatively 
RELAX(P1, LINRLX, 0.4) 
RELAX(U1, FALSDT, 0.05) 
RELAX(V1, FALSDT, 0.05) 
RELAX(KE, FALSDT, 0.001) 
RELAX(EP, FALSDT, 0.001) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicatee by satellite to GROUND 
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GENK-T 
LG(1)-T 
:. G(2)-T 
LG(3)-T 

GROUP 20. Preliminary print-out 
ECHO-F 

GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON-35 
IYMON-34 
NPLT-1 

GROUP 23. Field print-out and plot control 
PATCH(PRESS1, PROFIL, 44,44,36,36,1,1,1, LSTEP) 
PLOT(PRESS1, P1,0.0,0.0) 
PATCH(AXVELI, PROFIL, 44,44,36,36,1,1,1, LSTEP) 
PLOT(AXVELI, U1,0.0,0.0) 
PATCH(RAVEL1, PROFIL, 44,44,36,36,1,1,1, LSTEP) 
PLOT(RAVEL1, V1,0.0,0.0) 
PATCH(PRESS2, PROFIL, 40,40,18,18,1,1,1, LSTEP) 
PLOT(PRESS2, P1,0.0,0.0) 
PATCH(AXVEL2, PROFIL, 40,40,18,18,1,1,1, LSTEP) 
PLOT(AXVEL2, U1,0.0,0.0) 
PATCH(RAVEL2, PROFIL, 40,40,18,18,1,1,1, LSTEP) 
PLOT(RAVEL2, V1,0.0,0.0) 
PATCH(PRES2, PROFIL, 57,57,40,40,1,1,1, LSTEP) 
PLOT(PRES2, P1,0.0,0.0) 
PATCH(AXVL2, PROFIL, 57,57,40,40,1,1,1, LSTEP) 
PLOT(AXVL2, U1,0.0,0.0) 
PATCH(RAVE2, PROFIL, 57,57,40,40,1,1,1, LSTEP) 
PLOT(RAVE2, V1,0.0,0.0) 
IPROF-3 

GROUP 24. Dumps for restarts 
STOP 
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APPENDIX G 

01 FILE FOR TWO-DIMENSIONAL TURBULENT VORTEX SHEDDING 

IN PULSATING FLOW 
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TALK-T; RUN(l, 1); VDU-GRAPHICS 
GROUP 1. Run title and other preliminaries 

TEXT(2-D PLANE PULSATING FLOW TURBULENT V/S) 

REMEMBER TO REMOVE ALL FIINIT(n's) ON ANY RESTRT! 

USE STEADY ANALYSIS FOR STASS ................... i. e. COVAL(TURBWL, UI, I. O, WAS) 
this just takes the local wall cell vel-WAS 
as Opp. to using GRND2 wall function + WAS. 

USE SHELL TOOL ON TRANSIENT ..................... 
IN GROUND PUT (120,60) FOR TURBLUFF. GRND 

REAL(REYNOS, UAV, HT, A, B, WAS) 
REAL(KEIN, EPIN, FIXVAP) 
REAL(FREQRS, FREQVS, FREQPL, AMPL, ARMS, PI) 

FREQRS- stdy v/s frequency (rad/sec) 
FREQVS- stdy v/s frequency (Hz) (from prey. caic. 
FREQPL- Pulsating flow freq (rad/sec) 
AMPL - U-Pulsat Amplitude (m/sec) 
ARMS - U(rms) Puls Amplitude (m/sec) 

PI-3.1415927 
HT-8. E-2 
B-0.27*HT 
A-(2.0/3.0)*B 
FREQVS-301.2 

i. e. the vortex shedding frequency in steady flow 
FREQRS-2.0*PI*FREQVS 
FREQPL-2.0*FREQRS 

i. e. set the ratio (FP/FVS)-2.0 
GROUP 2. Transience; time-step specification 

STEADY-F 
GRDPWR(T, 700,0.028,1.0) 

GROUP 3. X-direction grid specification 
SUBGRD(X, 1, -10,56.0*HT, 2.8) 
SUBGRD(X, 11,15,1.5*HT, 1.0) 
SUBGRD(X, 16,32,1.0*HT, -2.8) 
SUBGRD(X, 33, -42, A, 1.3) 
SUBGRD(X, 43,63,1.0*HT, 1.7) 
SUBGRD(X, 64,79,2.0*HT, 1.0) 
SUBGRD(X, 80,90,3.0*HT, 1.2) 
SUBGRD(X, 91,94,2.0*HT, 1.1) 
SUBGRD(X, 95,95,2*B, 1.0) 
SUBGRD(X, 96,96,3*B, 1.0) 
SUBGRD(X, 97,97,3.5*B, 1.0) 
SUBGRD(X, 98,98,4.5*8,1.0) 
SUBGRD(X, 99,99,7*B, 1.0) 
SUBGRD(X, 100,100,9*B, 1.0) 
SUBGRD(X, 101,101,15*B, 1.0) 
SUBGRD(X, 102,102,30*B, 1.0) 
SUBGRD(X, 103,103,70*B, 1.0) 
SUBGRD(X, 104,104,400*B, 1.0) 

GROUP 4. Y-direction grid specification 
SUBGRD(Y, l, -18,0.365*HT, 2.0) 
SUBGRD(Y, 19, -32, B, 1.5) 
SUBGRD(Y, 33, -50,0.365*HT, 2.0) 

GROUP 5. Z-direction grid specification 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved & named 

SOLUTN(P1, Y, Y, Y, N, N, N) 
SOLVE (U1, V1, KE, EP) 

GROUP 8. Terms (in differential equations) 4 devices 
UCONV-T 

GROUP 9. Properties of tot* -. tedium (or media) 
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RHO1.1.207 
ENUL-1.50E-5 
_NUT-GRND3 
3. EYNOS-1.0E5 
EL1-GRND4 
UAV-(ENUL*REYNOS)/HT 

WAS_5.0*UAV 
ARMS_0.194*UAV 

i. e. ratio U(rms)/UAV- 0.194 
AMPL_(ARMS*PI)/2.0 

i. e. U(rms)_(2/PI)*(AMPL/2)... area under sin wave is 
(intgrl)sinU dt between 0 and PI. This equals 2.0 hence 

height, x, -2/PI i. e. this faction of AMPL/2. i. e. 
Urms_(x/1.0)*(AMPL/2.0) where 1.0 is ht of sin curve. 
We must then/ by a further 2 such that me get (+/-) ampl-AMPL. 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

KEIN-0.01*UAV**2 
EPIN-((0.09**0.75)*KEIN**1.5)/(0.1*HT) 

FIINIT(KE)-KEIN 
FIINIT(EP)-SPIN 
FIINIT(Ui) -UAV 

CONPOR(0.0, CELL, 33,42,19,32,1,1) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, WEST, 1,1,1, NY, 1,1,1, LSTEP) 
COVAL(INLET, P1, FIXFLU, GRND9) 
COVAL(INLET, UI, ONLYMS, GRND9) 
COVAL(INLET, KE, ONLYMS, KEIN) 
COVAL(INLET, EP, ONLYMS, EPIN) 

PATCH(SUCCAU, CELL, I, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(SUCCAU, U1, GRND, GRND) 
COVAL(SUCCAU, V1, GRND, GRND) 
COVAL(SUCCAU, KE, GRND, GRND) 
COVAL(SUCCAU, EP, GRND, GRND) 

PATCH(KESOURCE, PHASEM, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(KESOURCE, KE, GRND4, GRND4) 
COVAL(KESOURCE, EP, GRND4, GRND4) 

PATCH(1TURBWL, NWALL, 1, NX, NY, NY, 1,1,1, LSTEP) 
COVAL(1TURBWL, U1, GRND2,0.0) 
COVAL(1TURBWL, KE, GRND2, GRND2) 
COVAL(1TURBWL, EP, GRND2, GRND2) 

PATCH(2TURBWL, SWALL, 33,42,33,33,1,1,1, LSTEP) 
COVAL(2TURBWL, Ul, 1. O, WAS) 

COVAL(2TURBWL, U1, GRND2,0.0) 
COVAL(2TURBWL, KE, GRND2, GRND2) 
COVAL(2TURBWL, EP, GRND2, GRND2) 

PATCH(3TURBWL, WWALL, 43,43,19,32,1,1,1, LSTEP) 
COVAL(3TURBWL, V1,1.0, -WAS) 

COVAL(3TUREWL, V1, GRND2,0.0) 
COVAL(3TURBWL, KE, GRND2, GRND2) 
COVAL(3TURBWL, EP, GRND2, GRND2) 

PATCH(4TURBWL, NWALL, 33,42,18,18,1,1,1, LSTEP) 
COVAL(4TURBWL, U1,1.0, -WAS) 

COVAL(4TURBWL, U1, GRND2,0.0) 
COVAL(4TURSWL, KE, GRND2, GRND2) 
COVAL(4TURBWL, EP, GRND2, GRND2) 

PATCH(5TURBWL, EWALL, 32,32,19,32,1,1,1, LSTEP) 
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COVAL(5TURBWL, Vi, 1. O, WAS) 
COVAL(5TURBWL, V1, GRND2,0.0) 
COVAL(5TURBWL, KE, GRND2, GRND2) 
COVAL(5TURBWL, EP, GRND2, GRND2) 

PATCH(6TURBWL, SWALL, I, NX, 1,1,1,1,1, LSTEP) 
COVAL(6TURBWL, U1, GRND2,0.0) 
COVAL(6TURBWL, KE, GRND2, GRND2) 
COVAL(6TURBWL, EP, GRND2, GRND2) 

*** Replace FIXVAL (too tight a restriction) *** 

FIXVAP-UAV*RH01*1000. 

PATCH(OUTLET, EAST, NX, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(OUTLET, P1, FIXVAP, 0.0) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-30 
RESREF(P1)-HT*UAV/1000. 
RESREF(U1)-RH01*HT*UAV**2/1000. 
RESREF(V1)-RH01*HT*UAV**2/1000. 
RESREF(KE)-RH01*HT*UAV*KEIN/1000. 
RESREF(EP)-RH01*HT*UAV*EPIN/1000. 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

KELIN-1 
Alternative relaxation parameters 
RELAX(P1, LINRLX, 0.3) 
RELAX(U1, LINRLX, 0.2) 
RELAX(V1, LINRLX, 0.2) 
RELAX(KE, LINRLX, 0.1) 
RELAX(EP, LINRLX, 0.1) 

RELAX(Pl, LINRLX, 0.4) 
RELAX(U1, FALSDT, 0.05) 
RELAX(V1, FALSDT, 0.05) 
RELAX(KE, LINRLX, 0.3) 
RELAX(EP, LINRLX, 0.3) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 

GENK-T 
LG(1)-T 
LG(2)-T 
LG(3)-T 
RG(1)-UAV 
RG(2)-'FREQPL 
RG(3)-AMP L 
RG(4)-RHO1 

GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 

OUTPUT(P1, Y, N, N, Y, Y, Y) 
GROUP 22. Spot-value print-out 

IXMON-35 
IYMON-34 
NPLT-1 

GROUP 23. Field print-out and plot control 
PATCH(PULSE3, PROFIL, 1,1,25,25,1,1,1, LSTEP) 
PLOT(PULSE3, P1,0.0,0.0) 
PATCH (PULSE, PROFIL, NX, NX, 25,25,1,1,1, LSTEP) 
PLOT(PULSE, P1,0.0,0.0) 
PATCH(PULSE2, PROFIL, 1,1,25,25,1,1,1, LSTEP) 
PLOT(PULSE2, U1,0.0,0.0) 
PATCH(PULSE1, PROFIL, NX-1, NX-1,25,25,1,1,1, LSTEP) 
PLOT(PULSE1, U1,0.0,0.0) 
PATCH(PRESS1, PROFIL, 50,50,46,46,1,1,1, LSTEP) 
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PLOT(PRESS1, P1,0.0,0.0) 
PATCH(AXVEL1, PROFIL, 50,50,46,46,1,1,1, LSTEP) 
PLOT(AXVEL1, U1,0.0,0.0) 
PATCH(RAVEL1, PROFIL, 50,50,46,46,1,1,1, LSTEP) 
PLOT(RAVEL1, V1,0.0,0.0) 
PATCH(PRESS2, PROFIL, 65,65,42,42,1,1,1, LSTEP) 
PLOT(PRESS2, P1,0.0,0.0) 
PATCH(AXVEL2, PROFIL, 65,65,42,42,1,1,1, LSTEP) 
PLOT(AXVEL2, U1,0.0,0.0) 
PATCH(RAVEL2, PROFIL, 65,65,42,42,1,1,1, LSTEP) 
PLOT(RAVEL2, V1,0.0,0.0) 
PATCH(PRES2, PROFIL, 57,57,15,15,1,1,1, LSTEP) 
PLOT(PRES2, P1,0.0,0.0) 
PATCH(AXVL2, PROFIL, 57,57,15,15,1,1,1, LSTEP) 
PLOT(AXVL2, U1,0.0,0.0) 
PATCH(RAVE2, PROFIL, 57,57,15,15,1,1,1, LSTEP) 
PLOT(RAVE2, V1,0.0,0.0) 
IPROF-3 

GROUP 24. Dumps for restarts 
STOP 
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APPENDIX H 

ADDITIONAL GROUND CODING FOR PULSATING INLET FLOW 
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C------------------- SECTION 16 ------------------- value - GRND4 
1315 CONTINUE 

RETURN 
C------------------- SECTION 17 ------------------- value - GRND5 

1316 CONTINUE 
RETURN 

C------------------- SECTION 18 ------------------- value - GR. ND6 
1317 CONTINUE 

RETURN 
C------------------- SECTION 19 ------------------- value - GRND7 

1318 CONTINUE 
RETURN 

C------------------- SECTION 20 ------------------- value - GRND8 
1319 CONTINUE 

RETURN 
C------------------- SECTION 21 ------------------- value - GRND9 

1320 CONTINUE 
C 

GTIM-RG(1)+(RG(3)*SIN(RG(2)*ISTEP*DT)) 
C i. e. UAV(instantaneous)- UAV + Asin(wt)... 
C ... simple harmonic motion on UAV. 
C 

CALL ONLYIF(U1, U1, 'ALL') 
CALL FN1(VAL, GTIM) 

C i. e. set U(inlet)- GTIM 
C 

CALL ONLYIF(P1, P1, 'ALL') 
CALL FN1(VAL, GTIM) 
CALL FN25(VAL, RG(4)) 

C i. e. set mass flow(inlet)- RHO1*GTIM (per m**2) 
C 

RETURN 
C------------------- SECTION 22 ------------------- value - GRND10 

1321 CONTINUE 
RETURN 

Ciwwrrrrwr*trwrwrwwwrrwu*ttww, twwwtw*wwºrwr**wwrrwwwwrrrrw+w*rrrf 
C 
C--- GROUP 14. Downstream pressure for PARAB-. TRUE. 
C 

14 CONTINUE 
RETURN 

Crrrrrrw: rwrwwwrwwwwrtw, ewwwtwwrwrwwr**rrwrwwrrrrwrwwrwrrrrrrrrrw 
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APPENDIX J 

Q1 FILE FOR THREE-DIMENSIONAL TURBULENT VORTEX SHEDDING 

IN PIPE FLOW 
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TALK-T; RUN(1,1); VDU-X11-TER2M 
GROUP 1. Run title and other preliminaries 

TEXT(30 VORTEX SHEDDING) 

.E PI, WIN, RI, DIA, A, B, 'WAS) 
REAL(KEIN, EPIN, FIXVAP) 
PI-3.1415927 
DIA-80. E-3 
RI-(0.27*DIA)/2.0 
B-0.27*DIA 
A-(2/3) *B 

GROUP 2. Transience; time-step specification 
STEADY-F 
GRDPWR(T, 350,0.028,1.0) 

GROUP 3. X-direction grid specification 
CARTES-F 
NX-64; XULAST-1.0 
XFRAC(1)-0.3588457 
XFRAC(2)-0.7176915 
XFRAC(3)-0.8899374 
XFRAC(4)-1.0047681 
XFRAC(5)-1.1052449 
XFRAC(6)-1.1913679 
XFRAC(7)-1.263137 
XFRAC(8)-1.3205524 
XFRAC(9)-1.3636139 
XFRAC(10)-1.4066753 
XFRAC(11)-1.4210292 
XFRAC(12)-1.43 
XFRAC(13)-1.435383 

XFRAC(14)-1.4805207 
XFRAC(15)-1.5256584 
XFRAC(16)-0.5*PI 
XFRAC(17)-1.6159338 
XFRAC(18)-1.6610715 
XFRAC(19)-1.7062092 

XFRAC(20)-1.7115922 
XFRAC(21)-1.720563 
XFRAC(22)-1.7349169 
XFRAC(23)-1.7779783 
XFRAC(24)-1.8210398 
XFRAC(25)-1.8784552 
XFRAC(26)-1.9502243 
XFRAC(27)-2.0363473 
XFRAC(28)-2.1368241 
XFRAC(29)-2.2516548 
XFRAC(30)-2.4239007 
XFP. AC (31) -2.7827465 
XFRAC(32)-PI 

XFRAC(33)-3.5004384 
XFRAC(34)-3.8592842 
XFRAC(35)-4.0315301 
XFRAC(36)-4.1463608 
XFRAC(37)-4.2468376 
XFRAC(38)-4.3329606 
XFRAC(39)-4.4047297 
XFRAC(40)-4.4621451 
XFRAC(41)-4.5052066 
XFRAC(42)-4.548268 
XFRAC(43)-4.5626219 
XFRAC(44)-4.5715926 
XFRAC(45)-4.5769756 

XFRAC(46)-4.6221135 
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XFRAC(47)-4.6672513 
XFRAC(48)-1.5*PI 
XFRAC(49)-4.7575268 
XFRAC(50)-4.8026646 
XFRAC(51)-4.8478023 

********************** 
XFRAC(52)-4.8531853 
XFRAC(53)-4.8621561 
XFRAC(54)-4.87651 
XFRAC(55)-4.9195714 
XFRAC(56)-4.9626329 
XFRAC(57)-5.0200483 
XFRAC(58)-5.0918174 
XFRAC(59)-5.1779404 
XFRAC(60)-5.2784172 
XFRAC(61)-5.3932479 
XFRAC(62)-5.5654938 
XFRAC(63)-5.9243396 
XFRAC(64)-2.0*PI 

GROUP 4. Y-direction grid specification 
NY-18; YVLAST-1. E-02 
YFRAC(1)-0.216 
YFRAC(2)-0.432 
YFRAC(3)-0.648 
YFRAC(4)-0.864 
YFRAC(5)-1.08 
YFRAC(6)-1.1534731 
YFRAC(7)-1.4336428 
YFRAC(8)-1.7157551 
YFRAC(9)-2.0138595 
YFRAC(10)-2.4057988 
YFRAC(11)-2.9158507 
YFRAC(12)-3.5663757 
YFRAC(13)-4.3611687 
YFRAC(14)-5.2502841 
YFRAC(15)-6.6101588 
YFRAC(16)-7.2382398 
YFRAC(17)-7.6960713 
YFRAC(18)-8.0 

GROUP 5. Z-direction grid specification 
SUBGRD(Z, 1,3,1.0*DIA, 1.0) 
SUBGRD(Z, 4,11,1.0*DIA, -2.3) 
SUBGRD(Z, 12, -17, A, 1.7) 
SUBGRD(Z, 18,37,3.0*DIA, 1.7) 
SUBGRD(Z, 38,47,3.0*DIA, 1.0) 
SUBGRD(Z, 48,48,2*B, 1.0) 
SUBGRD(Z, 49,49,3*B, 1.0) 
SUBGRD(Z, 50,50,3.5*B, 1.0) 
SUBGRD(Z, 51,51,4.5*B, 1.0) 
SUBGRD(Z, 52,52,7*B, 1.0) 
SUBGRD(Z, 53,53,9*B, 1.0) 
SUBGRD(Z, 54,54,15*8,1.0) 
SUBGRD(Z, 55,55,30*B, 1.0) 
SUBGRD(Z, 56,56,70*B, 1.0) 
SUBGRD(Z, 57,57,400*8,1.0) 

GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved a named 

SOLVE(P1, Ui, Vi, W1) 
SOLUTN(P1, Y, Y, Y, N, N, N) 
SOLUTN(Wl, Y, Y, N, N, N, N) 
SOLUTN(Ui, Y, Y, N, N, N, N) 
SOLUTN(V1, Y, Y, N, N, N, N) 
SOLUTN(KE, Y, Y, N, N, N, N) 
SOLUTN(EP, Y, Y, N, N, N, N) 
STORE(EPOR, NPOR, HPOR, VPOR) 

GROUP S. Terms (in differential equations) & devices 
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GROUP 9. Properties of the medium (or media) 
RHO'. -t. 207 
REY: oS°1.3E5 
E:. UL=1.5E-5 
ENUT-GRND3 
ELL-GRND4 
WIN-(REYNOS*ENUL)/DIA 

WAS'-2.0*WIN 
GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

The following FIINIT's are for STEADY 
asymmetric calcs ONLY (see WAS) 

FIINIT(W1)-WIN 
KEIN-0.01*WIN**2 
SPIN-((0.09**0.75)*KEIN**1.5)/(0.1*DIA) 

FIINIT(KE)-KEIN 
FIINIT(EP)-EPIN 

INIADD-F 
FIINIT(EPOR)-1.0 
FIINIT(VPOR)-1.0 
FIINIT(HPOR)-1.0 
FIINIT(NPOR)-1.0 
PATCH(BLUPOR, INIVAL, I, NX, I, NY, 12,17,1, LSTEP) 
INIT(BLUPOR, HPOR, 0.0, GRND) 
INIT(BLUPOR, EPOR, 0.0, GRND) 
INIT(BLUPOR, NPOR, 0.0, GRND) 
INIT(BLUPOR, VPOR, 0.0, GRND) 
CONPOR(0.0, CELL, -1, -1,1,5,12,12) 
CONPOR(0.0, CELL, -2, -2,1,6,12,12) 
CONPOR(0.0, CELL, -3, -3,1,7,12,12) 
CONPOR(0.0, CELL, -4, -4,1,8,12,12) 
CONPOR(0.0, CELL, -5, -5,1,9,12,12) 
CONPOR(O. 0, CELL, -6, -6,1,10,12,12) 
CONPOR(0.0, CELL, -7, -7,1,11,12,12) 
CONPOR(0.0, CELL, -8, -8,1,12,12,12) 
CONPOR(0.0, CELL, -9, -9,1,13,12,12) 
CONPOR(0.0, CELL, -10, -10,1,14,12,12) 
CONPOR(0.0, CELL, -11, -11,1,15,12,12) 

indent the following starred CONPOR's 
when considering WAS GT. 0.0 
otherwise activate turbulent wall 
function on blockage plane faces. 
###################*#######*####### 

CONPOR(0.0, CELL, -12, -12,1,16,12,12) 
CONPOR(O. O, CELL, -13, -13,1,17,12,12) 
CONPOR(0.0, CELL, -14, -14,1,18,12,12) 

##**###**###**##*#####*############ 
CONPOR(0.0, CELL, -15, -15,1,18,12,12) 
CONPOR(0.0, CELL, -16, -16,1,18,12,12) 
CONPOR(0.0, CELL, -17, -17,1,18,12,12) 
CONPOR(O. 0, CELL, -18, -18,1,18,12,12) 
CONPOR(0.0, CELL, -19, -19,1,18,12,12) 
CONPOR(0.0, CELL, -20, -20,1,17,12,12) 
CONPOR(0.0, CELL, -21, -21,1,16,12,12) 
CONPOR(0.0, CELL, -22, -22,1,15,12,12) 
CONPOR(0.0, CELL, -23, -23,1,14,12,12) 

************####**#***#*#*#*****#** 
CONPOR(0.0, CELL, -24, -24,1,13,12,12) 
CONPOR(0.0, CELL, -25, -25,1,12,12,12) 
CONPOR(0.0, CELL, -26, -26,1,11,12,12) 

CONPOR(0.0, CELL, -27, -27,1,10,12,12) 
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CONPOR(0.0, CELL, -28, -28,1,9,12,12) 
CONPOR(0.0, CELL, -29, -29,1,8,12,12) 
CONPOR(C. 0, CELL, -30, -30,1,7,12,12) 
CONPOR(0.0, CELL, -31, -31,1,6,12,12) 
CONPOR(0.0, CELL, -32, -32,1,5,12,12) 
CONPOR(0.0, CELL, -33, -33,1,5,12,12) 
CONPOR(0.0, CELL, -34, -34,1,6,12,12) 
CONPOR(0.0, CELL, -35, -35,1,7,12,12) 
CONPOR(0.0, CELL, -36, -36,1,8,12,12) 
CONPOR(0.0, CELL, -37, -37,1,9,12,12) 
CONPOR(0.0, CELL, -38, -38,1,10,12,12) 
CONPOR(0.0, CELL, -39, -39,1,11,12,12) 

... t. tt.. tat+. "t... *t:. *. t*+.. t. ". t 
CONPOR(O. 0, CELL, -40, -40,1,12,12,12) 
CONPOR(0.0, CELL, -41, -41,1,13,12,12) 
CONPOR(0.0, CELL, -42, -42,1,14,12,12) 

+.. t. ttt. tt+tttta. tt: t*t.. t"t"tttet 
CONPOR(0.0, CELL, -43, -43,1,15,12,12) 
CONPOR(0.0, CELL, -44, -44,1,16,12,12) 
CONPOR(0.0, CELL, -45, -45,1,17,12,12) 
CONPOR(0.0, CELL, -46, -46,1,18,12,12) 
CONPOR(0.0, CELL, -47, -47,1,18,12,12) 
CONPOR(0.0, CELL, -48, -48,1,18,12,12) 
CONPOR(0.0, CELL, -49, -49,1,18,12,12) 
CONPOR(0.0, CELL, -50, -50,1,18,12,12) 
CONPOR(0.0, CELL, -51, -51,1,18,12,12) 
CONPOR(0.0, CELL, -52, -52,1,17,12,12) 
CONPOR(0.0, CELL, -53, -53,1,16,12,12) 
CONPOR(0.0, CELL, -54, -54,1,15,12,12) 
CONPOR(0.0, CELL, -55, -55,1,14,12,12) 

t*. ttt. tttt+*t. tttttt+ttetttttt. ttt 
CONPOR(0. O, CELL, -56, -56,1,13,12,12) 
CONPOR(0.0, CELL, -57, -57,1,12,12,12) 
CONPOR(O. 0, CELL, -58, -58,1,11,12,12) 

*tttttrtttttttttttt+ttýtttttrtttttt 

CONPOR(0.0, CELL, -59, -59,1,10,12,12) 
CONPOR(O. 0, CELL, -60, -60,1,9,12,12) 
CONPOR(O. O, CELL, -61, -61,1,8,12,12) 
CONPOR(0.0, CELL, -62, -62,1,7,12,12) 
CONPOR(O. O, CELL, -63, -63,1,6,12,12) 
CONPOR(O. 0, CELL, -64, -64,1,5,12,12) 
CONPOR(O. 0, CELL, -1, -1,1,5,17,17) 
CONPOR(0.0, CELL, -2, -2,1,6,17,17) 
CONPOR(O. 0, CELL, -3, -3,1,7,17,17) 
CONPOR(0.0, CELL, -4, -4,1,8,17,17) 
CONPOR(0.0, CELL, -5, -5,1,9,17,17) 
CONPOR(O. 0, CELL, -6, -6,1,10,17,17) 
CONPOR(O. 0, CELL, -7, -7,1,11,17,17) 
CONPOR(0.0, CELL, -8, -8,1,12,17,17) 
CONPOR(O. 0, CELL, -9, -9,1,13,17,17) 
CONPOR(O. 0, CELL, -10, -10,1,14,17,17) 
CONPOR(O. 0, CELL, -11, -11,1,15,17,17) 

tt+"ttrtttwtttttttttttttttttttttttt 
CONPOR(0.0, CELL, -12, -12,1,16,17,17) 
CONPOR(0.0, CELL, -13, -13,1,17,17,17) 
CONPOR(0.0, CELL, -14, -14,1,18,17,17) 

..... t.. tt... t. tttttttttttttttttttt 
CONPOR(O. 0, CELL, -15, -15,1,18,17,17) 
CONPOR(0. O, CELL, -16, -16,1,18,17,17) 
CONPOR(0.0, CELL, -17, -17,1,18,17,17) 
CONPOR(0.0, CELL, -18, -18,1,18,17,17) 
CONPOR(O. 0, CELL, -19, -19,1,18,17,17) 
CONPOR(O. 0, CELL, -20, -20,1,17,17,17) 
CONPOR(0.0, CELL, -21, -21,1,16,17,17) 
CONPOR(0.0, CELL, -22, -22,1,15,17,17) 
CONPOR(0.0, CELL, -23, -23,1,14,17,17) 
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** xt xxxtxxtrxxxxtxx*xtr r x*xrxxtttxx 

CONPOR(O. 0, CELL, -24, -24,1,13,17,17) 
CONPOR(O. 0, CELL, -25, -25,1,12,17,17) 
CON? OR(O. 0, CELL, -26, -26,1,11,17,17) 

xxx* xxtttt******tx*x tx xx* x xx txxx x*x 

CONPOR(0.0, CELL, -27, -27,1,10,17,17) 
CONPOR(O. 0, CELL, -28, -28, j. 9,17,17) 
CONPOR(O. 0, CELL, -29, -29,1,8,17,17) 
CONPOR(O. 0, CELL, -30, -30,1,7,17,17) 
CONPOR(O. 0, CELL, -31, -31,1,6,17,17) 
CONPOR(O. 0, CELL, -32, -32,1,5,17,17) 
CONPOR(O. 0, CELL, -33, -33,1,5,17,17) 
CONPOR(O. 0, CELL, -34, -34,1,6,17,17) 
CONPOR(O. 0, CELL, -35, -35,1,7,17,17) 
CONPOR(O. 0, CELL, -36, -36,1,8,17,17) 
CONPOR(O. 0, CELL, -37, -37,1,9,17,17) 
CONPOR(O. 0, CELL, -38, -38,1,10,17,17) 
CONPOR(0.0, CELL, -39, -39,1,11,17,17) 

CONPOR(O. 0, CELL, -40, -40,1,12,17,17) 
CONPOR(O. 0, CELL, -41, -41,1,13,17,17) 
CONPOR(0.0, CELL, -42, -42,1,14,17,17) 

CONPOR(O. 0, CELL, -43, -43,1,15,17,17) 
CONPOR(O. 0, CELL, -44, -44,1,16,17,17) 
CONPOR(O. 0, CELL, -45, -45,1,17,17,17) 
CONPOR(0.0, CELL, -46, -46,1,18,17,17) 
CONPOR(0.0, CELL, -47, -47,1,18,17,17) 
CONPOR(0.0, CELL, -48, -48,1,18,17,17) 
CONPOR(0.0, CELL, -49, -49,1,18,17,17) 
CONPOR(0.0, CELL, -50, -50,1,18,17,17) 
CONPOR(0.0, CELL, -51, -51,1,18,17,17) 
CONPOR(0.0, CELL, -52, -52,1,17,17,17) 
CONPOR(0.0, CELL, -53, -53,1,16,17,17) 
CONPOR(O. 0, CELL, -54, -54,1,15,17,17) 
CONPOR(0.0, CELL, -55, -55,1,14,17,17) 

******, ttttt*tttttt******tttttt***** 
CONPOR(0.0, CELL, -56, -56,1,13,17,17) 
CONPOR(O. 0, CELL, -57, -57,1,12,17,17) 
CONPOR(0.0, CELL, -58, -58,1,11,17,17) 

ttttttttttttttºtttttttttttttttttttt 
CONPOR(0.0, CELL, -59, -59,1,10,17,17) 
CONPOR(O. 0, CELL, -60, -60,1,9,17,17) 
CONPOR(0.0, CELL, -61, -61,1,8,17,17) 
CONPOR(0.0, CELL, -62, -62,1,7,17,17) 
CONPOR(0.0, CELL, -63, -63,1,6,17,17) 
CONPOR(O. 0, CELL, -64, -64,1,5,17,17) 

GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, LOW, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(INLET, P1, FIXFLO, RHO1*WIN) 
COVAL(INLET, WI, ONLYMS, WIN) 
COVAL(INLET, KE, ONLYMS, KEIN) 
COVAL(INLET, EP, ONLYMS, EPIN) 

PATCH(KESOURCE, PHASEM, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(KESOURCE, KE, GRND4, GRND4) 
COVAL(KESOURCE, EP, GRND4, GRND4) 

PATCH(TURBWL1, NWALL, 1, NX, NY, NY, 1, NZ, 1, LSTEP) 
COVAL(TURBWL1, Wl, GRND2,0.0) 
COVAL(TURBWL1, Ul, GRND2,0.0) 
COVAL(TURBWLI, KE, GRND2, GRND2) 
COVAL(TURBWL1, EP, GRND2, GRND2) 
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********************************************* 

Use the following ASYM's in steady asymmetric 
calculations only..... 

PATCH(ASYM1, HWALL, 12,12,1,16,11,11,1,1) 
COVAL(ASYM1, VI, GRND2, WAS) 
COVAL(ASYMI, KZ, GRND2, GRND2) 
COVAL(ASYM1, EP, GRND2, GRND2) 
PATCH(ASYM2, HWALL, 13,13,1,17,11,11,1,1) 
COVAL(ASYM2, VI, GRND2, WAS) 
COVAL(ASYM2, KE, GRND2, GRND2) 
COVAL(ASYM2, EP, GRND2, GRND2) 
PATCH(ASYM3, HWALL, 14,14,1,18,11,11,1,1) 
COVAL(ASYM3, Vi, GRND2, WAS) 
COVAL(ASYM3, KE, GRND2, GRND2) 
COVAL(ASYM3, EP, GRND2, GRND2) 

PATCH(ASYM4, HWALL, 24,24,1,13,11,11,1,1) 
COVAL(ASYM4, Vi, GRND2, -WAS) 
COVAL(ASYM4, KE, GRND2, GRND2) 
COVAL(ASYM4, EP, GRND2, GRND2) 
PATCH(ASYM5, HWALL, 25,25,1,12,11,11,1,1) 
COVAL(ASYM5, Vi, GRND2, -WAS) 
COVAL(ASYM5, KE, GRND2, GRND2) 
COVAL(ASYMS, EP, GRND2, GRND2) 
PATCH(ASYM6, HWALL, 26,26,1,11,11,11,1,1) 
COVAL(ASYM6, VI., GRND2, -WAS) 
COVAL(ASYM6, XE, GRND2, GRND2) 
COVAL(ASYM6, EP, GRND2, GRND2) 

PATCH(ASYM7, HWALL, 40,40,1,12,11,11,1,1) 
COVAL(ASYM7, Vi, GRND2, WAS) 
COVAL(ASYM7, KE, GRND2, GRND2) 
COVAL(ASYM7, EP, GRND2, GRND2) 
PATCH(ASYM8, HWALL, 41,41,1,13,11,11,1,1) 
COVAL(ASYM8, Vi, GRND2, WAS) 
COVAL(ASYM8, ICE, GRND2, GRND2) 
COVAL(ASYMB, EP, GRND2, GRND2) 
PATCH(ASYM9, HWALL, 42,42,1,14,11,11,1,1) 
COVAL(ASYM9, Vi, GRND2, WAS) 
COVAL(ASYM9, ICE, GRND2, GRND2) 
COVAL(ASYM9, EP, GRND2, GRND2) 

PATCH(A1SYM, HWALL, 56,56,1,13,11,11,1,1) 
COVAL(A1SYM, V1, GRND2, WAS) 
COVAL(A1SYM, KE, GRND2, GRND2) 
COVAL(A1SYM, EP, GRND2, GRND2) 
PATCH(A2SYM, HWALL, 57,57,1,12,11,11,1,1) 
COVAL(A2SYM, V1, GRND2, WAS) 
COVAL(A2SYM, KE, GRND2, GRND2) 
COVAL(A2SYM, EP, GRND2, GRND2) 
PATCH(A3SYM, HWALL, 58,58,1,11,11,11,1,1) 
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CCVAL(A3SYM, Vi, GRND2, WAS) 
COVAL(A3SYM, KE, GRND2, GRND2) 
COVAL(A3SYM, EP, GRND2, GRND2) 

PATCH(A4SYM, LWALL, 12,12,1,16,18,18,1,1) 
COVAL(A4SYM, V1, GRND2, WAS) 
COVAL(A4SYM, KE, GRND2, GRND2) 
COVAL(A4SYM, EP, GRND2, GRND2) 
PATCH(ASSYM, LWALL, 13,13,1,17,18,18,1,1) 
COVAL(ASSYM, V1, GRND2, WAS) 
COVAL(ASSYM, XE, GRND2, GRND2) 
COVAL(ASSYM, EP, GRND2, GRND2) 
PATCH(A6SYM, LWALL, 14,14,1,18,18,18,1,1) 
COVAL(A6SYM, VI, GRND2, WAS) 
COVAL(A6SYM, XE, GRND2, GRND2) 
COVAL(A6SYM, EP, GRND2, GRND2) 

PATCH(A7SYM, LWALL, 24,24,1,13,18,18,1,1) 
COVAL(A7SYM, V1, GRND2, -WAS) 
COVAL(A7SYM, KE, GRND2, GRND2) 
COVAL(A7SYM, EP, GRND2, GRND2) 
PATCH(A8SYM, LWALL, 25,25,1,12,18,18,1,1) 
COVAL(A8SYM, V1, GRND2, -WAS) 
COVAL(A8SYM, KE, GRND2, GRND2) 
COVAL(A8SYM, EP, GRND2, GRND2) 
PATCH(A9SYM, LWALL, 26,26,1,11,18,18,1,1) 
COVAL(A9SYM, V1, GRND2, -WAS) 
COVAL(A9SYM, KE, GRND2, GRND2) 
COVAL(A9SYM, EP, GRND2, GRND2) 

PATCH(ASYI, LWALL, 40,40,1,12,18,18,1,1) 
COVAL(ASY1, VI, GRND2, WAS) 
COVAL(ASY1, KE, GRND2, GRND2) 
COVAL(ASYI, EP, GRND2, GRND2) 
PATCH(ASY2, LWALL, 41,41,1,13,18,18,1,1) 
COVAL(ASY2, Vi, GRND2, WAS) 
COVAL(ASY2, KE, GRND2, GRND2) 
COVAL(ASY2, EP, GRND2, GRND2) 
PATCH(ASY3, LWALL, 42,42,1,14,18,18,1,1) 
COVAL(ASY3, VI, GRND2, WAS) 
COVAL(ASY3, KE, GRND2, GRND2) 
COVAL(ASY3, EP, CRND2, GRND2) 

PATCH(ASY4, LWALL, 56,56,1,13,18,18,1,1) 
COVAL(ASY4, VI, GRND2, WAS) 
COVAL(ASY4, KE, GRND2, GRND2) 
COVAL(ASY4, EP, GRND2, GRND2) 
PATCH(ASY5, LWALL, 57,57,1,12,18,18,1,1) 
COVAL(ASYS, Vl, GRND2, WAS) 
COVAL(ASYS, KE, GRND2, GRND2) 
COVAL(ASY5, EP, GRND2, GRND2) 
PATCH(ASY6, LWALL, 58,58,1,11,18,18,1,1) 
COVAL(ASY6, Vl, GRND2, WAS) 
COVAL(ASY6, KE, GRND2, GRND2) 
COVAL(ASY6, EP, GRND2, GRND2) 

*** Replace FIXVAL (too tight a restriction) *** 

FIXVAP_WIN*RH01*1000. 

PATCH(OUTLET, HIGH, 1, NX, 1, NY, NZ, NZ, 1, LSTEP) 
COVAL(OUTLET, P1, FIXVAP, 0.0) 

GROUP 15. Termination of sweeps 
LSWEEP-10 
RESREF(P1)-((PI/4.0)*DIA**2.0)*WIN/1000. 
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RESREF(U1)-RH01*((PI/4.0)*DIA**2.0)*WIN**2/1000. 
RESREF(V1)-RHO1*((PI/4.0)*DIA**2.0)*WIN**2/1000. 
RESREF(W1)-RHO1*((PI/4.0)*DIA**2.0)*WIN**2/1000. 
R7SZEF(KE)-RH01*((PI/4.0)*DIA**2.0)*WIN*KEIN/1000 
RESREF(EP)-RH01*((PI/4.0)*DIA**2.0)*WIN*EPIN/1000 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

KELIN-1 
RELAX(P1, LINRLX, 0.4) 
RELAX(U1, FALSDT, 0.05) 
RELAX(V1, FALSDT, 0.05) 
RELAX(W1, FALSDT, 0.05) 
RELAX(KE, LINRLX, 0.3) 
RELAX(EP, LINRLX, 0.3) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 

GENK-T 

RG(1)-RI 
RG(2)-PI 
RG(3)-DIA/2.0 

GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 

OUTPUT(P1, N, N, Y, Y, Y, Y) 
OUTPUT(U1, N, N, Y, Y, Y, Y) 
OUTPUT ( V1, N, N, Y, Y, Y, Y) 
OUTPUT (W1, N, N, Y, Y, Y, Y) 
OUTPUT (KE, N, N, Y, Y, Y, Y) 
OUTPUT(EP, N, N, Y, Y, Y, Y) 
OUTPUT(NPOR, N, N, P, P, P, P) 
OUTPUT(HPOR, N, N, P, P, P, P) 
OUTPUT(VPOR, N, N, P, P, P, P) 
OUTPUT(EPOR, N, N, P, P, P, P) 

GROUP 22. Spot-value print-out 
IXMON-1 
IYMON-8 
IZMON-29 
NPLT"l 

GROUP 23. Field print-out and plot control 
PATCH(MIDLP, PROFIL, 1,1,8,8,25,25,1, LSTEP) 
PLOT(MIDLP, P1,0.0,0.0) 
PATCR(MIDLW, PROFIL, 1,1,8,8,25,25,1, LSTEP) 
PLOT(MIDLW, W1,0.0,0.0) 
PATCH(MIDLU, PROFIL, 1,1,8,8,25,25,1, LSTEP) 
PLOT(MIDLU, U1,0.0,0.0) 
PATCH(MIDLV, PROFIL, 1,1,8,8,25,25,1, LSTEP) 
PLOT(MIDLV, V1,0.0,0.0) 

trrrrrrtttrrtrtt, ºtttttrtrtttttttttrtt 
PATCH(BOTMP, PROFIL, 33,33,8,8,25,25,1, LSTEP) 
PLOT(BOTMP, P1,0.0,0.0) 
PATCH(BOTMW, PROFIL, 33,33,8,8,25,25,1, LSTEP) 
PLOT(BOTMW, W1,0.0,0.0) 
PATCH(BOTMU, PROFIL, 33,33,8,8,25,25,1, LSTEP) 
PLOT(BOTMU, U1,0.0,0.0) 
PATCH(BOTMV, PROFIL, 33,33,8,8,25,25,1, LSTEP) 
PLOT(BOTMV, V1,0.0,0.0) 

ttttttttttttttttttttttttttttttt: tttttt 
PATCH (BOTLP, PROFIL, 25,25,13,13,25,25,1, LSTEP) 
PLOT(BOTLP, P1,0.0,0.0) 

PATCH(BOTLW, PROFIL, 25,25,13,13,25,25,1, LSTEP) 
PLOT(BOTLW, W1,0.0,0.0) 
PATCH(BOTLU, PROFIL, 25,25,13,13,25,25,1, LSTEP) 
PLOT(BOTLU, U1,0.0,0.0) 
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PATCH (BOTLV, PROFIL, 25,25,13,13,25,25,1, LSTEP) 
PLOT(BOTLV, V1,0.0,0.0) 

PATCH(MIDLIP, PROFIL, 1,1,8,8,30,30,1, LSTEP) 
PLOT(MIDLIP, P1,0.0,0.0) 
PATCH(MIDLIW, PROFIL, 1,1,8,8,30,30,1, LSTEP) 
PLOT(MIDLIW, W1,0.0,0.0) 
PATCH(MIDLIU, PROFIL, 1,1,8,8,30,30,1, LSTEP) 
PLOT(MIDLIU, U1,0.0,0.0) 
PATCH(MIDLIV, PROFIL, 1,1,8,8,30,30,1, LSTEP) 
PLOT(MIDLIV, V1,0.0,0.0) 

#####Y***###*Y#*#*#*##*##*###*####**## 

PATCH(SOTMIP, PROFIL, 33,33,8,8,30,30,1, LSTEP) 
PLOT(BOTMIP, P1,0.0,0.0) 
PATCH(BOTMIW, PROFIL, 33,33,8,8,30,30,1, LSTEP) 
PLOT(BOTMIW, W1,0.0,0.0) 
PATCH(BOTMIU, PROFIL, 33,33,8,8,30,30,1, LSTEP) 
PLOT(BOTMIU, U1,0.0,0.0) 
PATCH(BOTMIV, PROFIL, 33,33,8,8,30,30,1, LSTEP) 
PLOT(BOTMIV, V1,0.0,0.0) 

#********#**************Y**#*#***#Y*** 

PATCH(BOTLIP, PROFIL, 25,25,13,13,30,30,1, LSTEP) 
PLOT(BOTLIP, P1,0.0,0.0) 
PATCH(BOTLIW, PROFIL, 25,25,13,13,30,30,1, LSTEP) 
PLOT(BOTLIW, W1,0.0,0.0) 
PATCH(BOTLIU, PROFIL, 25,25,13,13,30,30,1, LSTEP) 
PLOT(BOTLIU, U1,0.0,0.0) 
PATCH(BOTLIV, PROFIL, 25,25,13,13,30,30,1, LSTEP) 
PLOT(BOTLIV, V1,0.0,0.0) 
IPROF-3 

GROUP 24. Dumps for restarts 
TSTSWP--1 

STOP 
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TALK-T; RUN(1,1); VDU-X11-TERM 
GROUP 1. Run title and other preliminaries 

TEXT(SUCCA3D TEST FLOW) 
REAL(REYNOS, CELLDIM, UIN, VIN, WIN) 
REYNOS-200 
CELLDIM-1.0 
UIN-1.0 
VIN-1.0 
WIN-1.0 

GROUP 2. Transience; time-step specification 
GROUP 3. X-direction grid specification 

GRDPWR(X, 11,11.0,1. ) 
GROUP 4. Y-direction grid specification 

GRDPWR(Y, 11,11.0,1. ) 
GROUP 5. Z-direction grid specification 

GRDPWR(Z, 11,11.0,1. ) 
GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved & named 

SOLUTN (C1, Y, Y, Y, N, N, N) 
SOLUTN(P1, Y, Y, Y, N, N, N) 
SOLVE ( U1, Vi, W1, C1) 

GROUP 8. Terms (in differential equations) & devices 
UCONV-T 
TERMS (Cl, N, Y, N, N, Y, N) 

GROUP 9. Properties of the medium (or media) 
RHO1-1.0 
ENUL-(CELLDIM*UIN)/REYNOS 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(BOTTOM, SOUTH, 1, NX, 1,1,1, NZ, 1,1) 
COVAL(BOTTOM, P1, FIXFLU, RH01*VIN) 
COVAL(BOTTOM, U1, ONLYMS, UIN) 
COVAL(BOTTOM, VI, ONLYMS, VIN) 
COVAL (BOTTOM, Wl, ONT, YMS, WIN) 
COVAL(BOTTOM, CI, ONLYMS, 1.0) 

PATCH(SIDE1, WEST, 1,1,1, NY, 1, NZ, 1,1) 
COVAL(SIDE1, P1, FIXFLU, RH01*UIN) 
COVAL(SIDE1, Ui, ONLYMS, UIN) 
COVAL(SIDE1, Vl, ONLYMS, VIN) 
COVAL(SIDEI, WI, ONLYMS, WIN) 
COVAL(SIDE1, CI, ONLYMS, 0.0) 

PATCH(SIDE2, LOW, 1, NX, 1, NY, 1,1,1,1) 
COVAL(SIDE2, P1, FIXFLU, RH01*WIN) 
COVAL(SIDE2, Ul, ONLYMS, UIN) 
COVAL(SIDE2, VI, ONLYMS, VIN) 
COVAL(SIDE2, WI, ONLYMS, WIN) 
COVAL(SIDE2, CI, ONLYMS, 0.0) 

When studying the case where either U or V or W-0.0 
it is necessary to alter the SUCCA3D application limits 
shown below. For example when W-0.0 the domain limits 
would be 2, NX, 2, NY, 1, NZ. This is obvously due to the 
skewed inlet flow b. c. 's and is not required in most 
conventional non-skewed inlet CFD analyses. 
R«R«#R**#«**R*t**t*tt***R**tttt*tRt*tttt**Rt*ttttttttRt 

PATCH(SUCCAC, CELL, 2, NX, 2, NY, 2, NZ, 1, LSTEP) 
COVAL(SUCCAC, C1, GRND, GRND) 

PATCH(SUCCAE, CELL, 2, NX, 2, NY, 2, NZ, I, LSTEP) 
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COVAL(SUCCAE, Cl, GRNDI, GRND1) 

PATCH(EOUTLE, EAST, NX, NX, 1, NY, 1, NZ, 1,1) 
COVAL(EOUTLE, P1,10000., 0.0) 

PATCH(NOUTLE, NORTH, 1, NX, NY, NY, 1, NZ, 1,1) 
COVAL(NOUTLE, P1,10000., 0.0) 

PATCH(HOUTLE, HIGH, I, NX, 1, NY, NZ, NZ, 1,1) 
COVAL(HOUTLE, P1,10000., 0.0) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-70 
RESREF(P1)-1. E-4 
RESREF(U1)-1. E-4 
RESREF(V1)-1. E-4 
RESREF(W1)-1. E-4 
RESREF(C1)-1. E-4 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

RELAX(P1, LINRLX, 0.4) 
RELAX(Ui, FALSDT, 0.2) 
RELAX(V1, FALSDT, 0.2) 
RELAX(W1, FALSDT, 0.2) 
RELAX(C1, FALSDT, 0.2) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data communicated by satellite to GROUND 
solve for U1 via succa3d? 

LG(1)-F 
solve for V1 via succa3d? 

LG(2)-F 
solve for W1 via succa3d? 

LG(3)-F 
solve for Scalars via succa3d? 

LG(4)-T 
GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON-6 
IYMON-3 
IZMON-7 
NPLT-1 

GROUP 23. Field print-out and plot control 
GROUP 24. Dumps for restarts 

TSTSWP--1 
STOP 
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TALK-T; RUN(1,1); VDU-X11-TERM 
GROUP 1. Run title and other preliminaries 

TEXT(3D FLOW OVER A FENCE) 
REAL(REYNOS, WIN, CHRDIM) 
WIN-1.0 
CHRDIM-0.2 
REYNOS-350. 

GROUP 2. Transience; time-step specification 
GROUP 3. X-direction grid specification 

GRDPWR(X, 8,0.2,1. ) 
GROUP 4. Y-direction grid specification 

GRDPWR(Y, 8,0.2,1. ) 
GROUP 5. Z-direction grid specification 

NREGZ-4 
IREGZ-I; GRDPWR(Z, 10,0.3, -1.7) 
IREGZ-2; GRDPWR(Z, 20,0.7,1.7) 
IREGZ-3; GRDPWR(Z, 8,0.5,1.0) 
IREGZ-4; GRDPWR(Z, 4,0.9,1.7) 

GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved 6 named 

SOLVE(P1, U1, V1, W1, C1) 
GROUP 8. Terms (in differential equations) i devices 

TERMS(Cl, Y, Y, Y, N, N, N) 
UCONV-T 

GROUP 9. Properties of the medium (or media) 
RHO1-1.0 
ENUL-(WIN*CHRDIM)/REYNOS 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

CONPOR(BLK1,0.0, HIGH, 4,5,1,4,9,9) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, LOW, 1, NX, 1, NY, 1,1,1, LSTEP) 
COVAL(INLET, P1, FIXFLU, RHO1*WIN) 
COVAL(INLET, WI, ONLYMS, WIN) 

PATCH(CINL, SOUTH, 4,5,1,1,4,4,1, LSTEP) 
COVAL(CINL, P1, FIXFLU, 2.0*RH01*WIN) 
COVAL(CINL, CI, ONLYMS, 1.0) 

PATCH(SUCCAC, CELL, 1, NX, 1, NY, 1, NZ, 1, LSTEP) 
COVAL(SUCCAC, CI, GRND, GRND) 

PATCH(SUCCAE, CELL, I, NX, I, NY, 1, NZ, 1, LSTEP) 
COVAL(SUCCAE, CI, GRND1, GRND1) 

PATCH (OUTLET, HIGH, 1, NX, 1, NY, NZ, NZ, I, LSTEP) 
COVAL(OUTLET, P1,10000., 0.0) 

GROUP 14. Downstream pressure for PARAB-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-70 
RESREF(P1)-1. E-6 
RESREF(U1)-1. E-6 
RESREF(V1)-1. E-6 
RESREF(W1)-1. E-6 
RESREF(C1)-1. E-6 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

RELAX (P 1, LINRLX, 0.3 ) 
RELAX(U1, FALSDT, 0.2) 
RELAX(V1, FALSDT, 0.2) 
RELAX(Wl, FALSDT, 0.2) 
RELAX(C1, FALSDT, 0.1) 

GROUP 18. Limits on variables or increments to them 

204 



GROUP 19. Data communicated by satellite to GROUND 
LG(l)-F 
LG(2)-F 
LG(3)-F 
LG(4)-T 

GROUP 20. Preliminary.. print-out 
GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON-2 
IYMON-3 
IZMON-12 
NPLT-1 

GROUP 23. Field print-out and plot control 
GROUP 24. Dumps for restarts 
RESTRT(ALL) 

TSTSWP--1 
STOP 
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TALK-T; RUN(1,1); VDU-X11-TERM 
GROUP 1. Run title and other preliminaries 

TEXT(3D FLOW OVER A FENCE) 
REAL(REYNOS, WIN, CHRDIM) 
WIN-1.0 
CHRDIM-0.2 
REYNOS-35. 

GROUP 2. Transience; time-step specification 
GROUP 3. X-direction grid specification 

GRDPWR(X, 8,0.2,1. ) 
GROUP 4. Y-direction grid specification 

GRDPWR(Y, 8,0.2,1. ) 
GROUP 5. Z-direction grid specification 

NREGZ-4 
IREGZ-1; GRDPWR(Z, 10,0.3, -1.7) 
IREGZ-2; GRDPWR(Z, 20,0.7,1.7) 
IREGZ-3; GRDPWR(Z, 8,0.5,1.0) 
IREGZ-4; GRDPWR(Z, 4,0.9,1.7) 

GROUP 6. Body-fitted coordinates or grid distortion 
GROUP 7. Variables stored, solved i named 

SOLVE (P 1, Ui, V1, W1) 
GROUP 8. Terms (in differential equations) & devices 

UCONV-T 
GROUP 9. Properties of the medium (or media) 

RHO1-1.0 
ENUL-(WIN*CHRDIM)/REYNOS 

GROUP 10. Inter-phase-transfer processes and properties 
GROUP 11. Initialization of variable or porosity fields 

CONPOR(BLR1,0.0, HIGH, 4,5,1,4,9,9) 
GROUP 12. Convection and diffusion adjustments 
GROUP 13. Boundary conditions and special sources 

PATCH(INLET, LOW, 1, NX, l, NY, 1,1,1,1) 
COVAL(INLET, P1, FIXFLU, RHO1*WIN) 
COVAL(INLET, WI, ONLYMS, WIN) 

PATCH(SUCCAC, CELL, I, NX, 1, NY, 2, NZ, I, LSTEP) 
COVAL(SUCCAC, U1, GRND, GRND) 
COVAL(SUCCAC, V1, GRND, GRND) 
COVAL(SUCCAC, WI, GRND, GRND) 

PATCH(SUCCAE, CELL, I, NX, I, NY, 2, NZ, 1, LSTEP) 
COVAL(SUCCAE, U1, GRND1, GRND1) 
COVAL(SUCCAZ, VI, GRNDI, GRND1) 
COVAL(SUCCAE, W1, GRND1, GRND1) 

PATCH(OUTLET, HIGH, I, NX, 1, NY, NZ, NZ, 1,1) 
COVAL(OUTLET, P1,10000., 0.0) 

GROUP 14. Downstream pressure for PARRS-. TRUE. 
GROUP 15. Termination of sweeps 

LSWEEP-70 
RESREF(Pl)-1. E-6 
RESREF(U1)-1. E-6 
RESREF(V1)-1. E-6 
RESREF(W1)-1. E-6 

GROUP 16. Termination of iterations 
GROUP 17. Under-relaxation devices 

RELAX(P1, LINRLX, 0.5) 
RELAX(U1, FALSDT, 0.2) 
RELAX(V1, FALSDT, 0.2) 
RELAX(W1, FALSDT, 0.2) 

GROUP 18. Limits on variables or increments to them 
GROUP 19. Data Conmtunicated by satellite to GROUND 

LG(1)-T 
LG(2)-T 
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LG(3)-T 
LG(4)-F 

GROUP 20. Preliminary print-out 
GROUP 21. Print-out of variables 
GROUP 22. Spot-value print-out 

IXMON-2 
IYMON-3 
NPLT'l 

GROUP 23. Field print-out and plot control 
GROUP 24. Dumps for restarts 
RESTRT(ALL) 

TSTSWP--1 
STOP 
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With regard to the compilation and linking of the SUCCA3D source code 

within the UNIX environment, an alternative method is employed in 

comparison with the direct compilation and linking of the SUCCA2D code. 

Since the SUCCA2D scheme has been formulated using a single piece of 

coding it is possible to compile and link this coding directly to create an 

executable file. However, the length of the SUCCA3D program necessitates 

that the coding be segmented into appropriate subroutines. In total there 

are six separate blocks of coding and each block must be compiled 

separately such that six object modules are obtained. Following this 

compilation procedure all of the object modules are linked sequentially 

using a single link command to produce a single executable file. 
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C FILE NAME GROUND. FTN-------------------------------- 120691 
C THIS IS THE MAIN PROGRAM OF EARTH 
C 
C (C) COPYRIGHT 1984, LAST REVISION 1991 
C CONCENTRATION HEAT AND MOMENTUM LTD. ALL RIGHTS RESERVED. 
C This subroutine and the remainder of the PHOENICS code are C proprietary software owned by Concentration Heat and Momentum 
C Limited, 40 High Street, Wimbledon, London SW19 5AU, England. 
C 
C 
C PROGRAM MAIN 
C 
C1 The following COMMON's, which appear identically in the 
C satellite MAIN program, allow up to 50 dependent variables to C be solved for (or their storage spaces to be occupied by 
C other variables, such as density). If a larger number is 
C required, the PARAMETER NUMPHI should be reset to the required C larger number. Numbers less than 50 are not permitted. 
C 

PARAMETER (NUMPHI-50, NM-NUMPHI, NM4-NM*4) 
C 

COMMON/LGE4/L4(NM) 
1/LDBl/L5(NM)/IDA1/I1(NM)/IDA2/I2(NM)/IDA3/I3(NM)/IDA4/I4(NM) 
1/IDA5/I5(NM)/IDA6/I6(NM)/GI1/I7(NM)/GI2/I8(NM)/HDA1/IH1(NM) 
1/GH1/IH2(NM)/RDA1/Rl(NM)/RDA2/R2(NM)/RDA3/R3(NM)/RDA4/R4(NM) 
1/RDAS/R5(NM)/RDA6/R6(NM)/RDA7/R7(NM)/RDA8/R8(NM)/RDA9/R9(NM) 
1/RDA10/R1O(NM)/RDA11/Rll(NM) 
1/GR1/R12(NM)/GR2/R13(NM)/GR3/R14(NM)/GR4/R15(NM) 
1/IPIP1/IP1(NM)/HPIP2/IHP2(NM)/RPIP1/RVAL(NM)/LPIP1/LVAL(NM) 
1/IFPL/IPLO(NM)/RFPL1/ORPRIN(NM)/RF. PL2/ORMAX(NM) 
1/RFPL3/ORMIN(NM)/IDA7/ID7(NM)/IDAS/ID8(NM) 

LOGICAL Ll, L2, L3, L4, L5, DBGFIL, LVAL 
CHARACTER*4 IH1, IH2, IHP2, NSDA 

C 
COMMON/F01/I9(NM4) 
COMMON/DISC/DBGFIL 
COMMON/LUNITS/LUNIT(60) 

C 
EXTERNAL WAYOUT 

C 
C2 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C (see SATLIT) must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COIß4ON/GUGRND/GCUN(60,80), GCUS(60,80), GCUE(60,60), GCUW(60,80), 

GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 
GSPCO(60,80), GUPCO(60,80), GVPCO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), IUPVAL(60,80), IVPVAL(60,80) 
C 
C3 Set dimensions of data-for-GREX arrays here. WARNING: the 
c corresponding arrays in the MAIN program of the satellite 
C (see SATLIT) must have the same dimensions. 

PARAMETER(NLSG-20, NISG-20, NRSG-100, NCSG-10) 
C 

COMZION/LSG/LSGD(NLSG)/ISG/ISGD(NISG)/RSG/RSGD(NRSG)/CSG/CSGD(NCSG) 
LOGICAL LSGD 
CHARACTER*4 CSGD 

C 
C4 Set dimension of patch-name array here. WARNING: the array 
C NAMPAT in the MAIN program of the satellite must have the 
C same dimension. 
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PARAMETER (NPNAM-200) 
C 

COMMON/NPAT/NAMPAT(NPNAM) 
COMMON/LWFUN1/DOSKIN(NPNAM) 
COMMON/LWFUN2/DHCHKD(NPNAM) 
CHARACTER*8 NAMPAT 
LOGICAL DOSKIN, DHCHKD 

C 
C CONFIG FILE name declaration. 

COMMON/CNFG/CNFIG 
CHARACTER CNFIG*48 

C 
C5 The numbers in the next statement indicates how much computer 
C memory is to be set aside for storing the main and auxiliary 
C variables. The user may alter them if he wishes, to accord 
C with the number of grid nodes and dependent variables he is 
C concerned with. 

PARAMETER (NFDIM-600000) 
C 

COMMON F(NFDIM) 
C 
C6 The following three statements concern storage for the PATCH-wise 
C variables. if more than 30 PATCH-wise variables are required 
C NPVDM should be increased and the common block /LBPV/ in the 
C include file GRDLOC15 should be lengthened. 

PARAMETER (NPVDM-30) 
COMMON/INDPV/NPVMX, NIMAX, NITOT, LOPV(NPVDM) 

C 

C 
CALL SUB2(NPVMX, NPVDM, NIMAX, NPVDM) 

CALL CNFGZZ(2) 
CALL EARSET(1) 
CALL OPENFL(6) 

C 
CALL MAIN1(NFDIM, NUMPHI, NLSG, NISG, NRSG, NCSG, NLG, NIG, NRG, NCG) 
CALL WAYOUT(O) 
STOP 
END 

C$DIR**GROSTA 
SUBROUTINE GROSTA 
INCLUDE '1pl6/d earth/SATEAR' 
INCLUDE 'lpl6/dearth/GRDLOC' 
INCLUDE 'lpl6/dearth/GRDEAR' 

C 
C.... This subroutine acts as a junction-box, directing control to 
C the GROUNDS selected by the SATELLITE settings of USEGRX, 
C NAMGRD & USEGRD. 
C 
C Subroutine GREX3 contains options for fluid properties, 
C turbulence models, wall functions, chemical reaction etc. 
C 

IF(USEGRX) CALL GREX3 
C 
C.... SPECGR, SPCIGR, SPC2GR and SPC3GR are names which the user may 
C give to "special GROUNDs" of his own. 
C 

IF(NAMGRD. NE. 'NONE') THEN 
IF(NAMGRD. EQ. 'SPEC') THEN 

CALL SPECGR 
ELSE IF(NAMGRD. EQ. 'SPCl') THEN 

CALL SPCIGR 
ELSE IF(NAMGRD. EQ. 'SPC2') THEN 

CALL SPC2GR 
ELSE IF(NAMGRD. EQ. 'SPC3') THEN 

CALL SPC3GR 
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ELSE 
CALL WRITBL 
CALL WRITST 
CALL WRIT40('NAMGRD set but no CALL made, Je. ') 
CALL WRITIA('NAMGRD ', NAMGRD) 
CALL WRIT40(' Permissible calls for this GROSTA are: -') CALL WRIT40('SPEC, SPC1, SPC2, SPC3, ') 
CALL WRIT40('Use upper case only!! 
CALL WRITST 
CALL WRITBL 
CALL WAYOUT(2) 

ENDIF 
ENDIF 

C 
C.... The subroutine GROUND attached to the bottom of this file is 
C an unallocated blank form into which the user can insert his 
C own FORTRAN sequences. The PIL parameter USEGRD governs entry 
C to it. 
C 

IF(USEGRD) CALL GROUND 
C 
C.... The data "echo" is called at the preliminary print-out stage. 

IF(IGR. EQ. 20) THEN 
IF(ECHO) THEN 

CALL DATPRN(Y, Y, Y, Y, 
Y, Y, Y, Y, 

Y, Y, Y, Y, Y, Y, Y, N, Y, Y, Y, Y, 
Y, Y, Y, Y) 

ELSE 
CALL DATPRN(Y, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N) 

ENDIF 
ENDIF 
END 

SUBROUTINE GROUND 
INCLUDE '1p16/d_earth/SATEAR' 
INCLUDE '1p16/d earth/GRDLOC' 
INCLUDE 'lpl6/dearth/GRDEAR' 
INCLUDE '1p16/dearth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COM N/GUGRND/GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 

1 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
2 GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 
3 GSPCO(60,80), GUPCO(60,80), GVPCO(60,80) 

COM! ION/IUGRND/ISPVAL(60,80), IUPVAL(60,80), IVPVAL(60,80) 
C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GTMP(60,80) 
C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONS /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
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C arrays EASP1, EASP2,.... EASP20. In addition to the EASPs, 
C there are 10 GRound-earth SPare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. If 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IXL-IABS(IXL) 
IF(IGR. EQ. 13) GO TO 13 
IF(IGR. EQ. 19) GO TO 19 
GO TO (1,2,3,4,5,6,25,8,9,10,11,12,13,14,25,25,25,25,19,20,25, 

125,23,24), IGR 
25 CONTINUE 

RETURN 
C, r, r, r**, ttr, r, tnr*wttttr, r+rtrtr, t*, r+r, tr+r*+, r, t, r, r, r+r, t, r**x, r, t, r, r, t, t, r, º, r*, r*, t, re., rw, r, r+, r, r 
C 
C--- GROUP 1. Run title and other preliminaries 
C 

1 GO TO (1001,1002), ISC 
1001 CONTINUE 

C 
C User may here change message transmitted to the VDU screen or 
C batch-run log file. 

IF(IGR. EQ. 1. AND. ISC. EQ. 1) THEN 
CALL WRYT40('GROUND file is GROUND. FTN of: 120691 ') 

ENDIF 
C 

RETURN 
1002 CONTINUE 

DO 1010 IX-1, NX 
DO 1010 IY-1, NY 

ISPVAL (IY, IX) -0 
IUPVAL (IY, IX) -0 
IVPVAL(IY, IX)-0 
GUPCO(IY, IX)-0. 
GVPCO(IY, IX)-0. 
GSPCO(IY, IX)-0. 

1010 CONTINUE 
RETURN 

C 
C--- GROUP 2. Transience; time-step specification 
C 

2 CONTINUE 
RETURN 

C*t**, r***a***t, º, r*********, r, r, r, r, t, t***r***r, r, r, º***r*****, r, r, r, º., r, r, r, º****"* 
C 
C--- GROUP 3. X-direction grid specification 
C 

3 CONTINUE 
RETURN 

C******, r, rt+e, º, r, e, r, r, ****r***, r*********, rar, *********r, r, r*********"tr**** 
C 
C--- GROUP 4. Y-direction grid specification 
C 

4 CONTINUE 
RETURN 

C*, r, r, r, r, t, rt, r*, t, tt, t:, r, t*, r, ºr*+rt, r, r*t*****r*rr, rr*+r, º*w*w, r+r, tt, t, t, r, t, ºr, rr*: +º**, r*" 
C 
C--- GROUP 5. Z-direction grid specification 
C 

5 CONTINUE 
RETURN 

C, º**, rr, r, r, r*#*, r*, r**, r#, r, r, r*r, r, r, r*, r*, r, r, r*****, r, r, r, r, rr, r+r*, r, r, º, r, r, r, r*, r, r, r, rr*+, r , r*" 
C 
C--- GROUP 6. Body-fitted coordinates or grid distortion 
C 
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6 CONTINUE 
RETURN 

C*******************************************w*****************r*** 
C* Make changes for this group only in group 19. 
C--- GROUP 7. Variables stored, solved & named 
C******************************************************t********** 
C 
C--- GROUP 8. Terms (in differential equations) & devices 
C 

8 GO TO (81,82,83,84,85,86,87,88,89,810,811,812,813,814,815) 
1, ISC 

81 CONTINUE 
C * ------------------ - SECTION 1 -- --------------- ---------- 
C For UlAD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
82 CONTINUE 

C * ------------------ - SECTION 2 -- -------------- --- 
C For U2AD. LE. GRND--- phase 2 additional velocity. Index VELAD 

RETURN 
83 CONTINUE 

C * ------------------ - SECTION 3 -- -------------- ----------- 
C For V1AD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
84 CONTINUE 

C * ------------------ - SECTION 4 -- -------------- ----------- 
C For V2AD. LE. GRND--- phase 2 additional velocity. Index VELAD 

RETURN 
85 CONTINUE 

C * ------------------ - SECTION 5 -- -------------- ----------- 
C For W1AD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
86 CONTINUE 

C * ------------------ - SECTION 6 -- -------------- ----------- 
C For W2AD. LE. GRND--- phase 2 additi onal velocity. Index VELAD 

RETURN 
87 CONTINUE 

C * ------------------ - SECTION 7 --- - Volumetric source for gala 
RETURN 

88 CONTINUE 
C * ------------------ - SECTION 8 --- - Convection fluxes 
C CALL WRITII('INDVAR ', INDVAR) 
C IF(INDVAR. EQ. 16) THEN 
C IF(NDIREC. EQ. 1) CALL PRN('CONN' , LD11) 
C IF(NDIREC. EQ. 1) CALL PRN('CONS' , LD12) 
C IF(NDIREC. EQ. 3) CALL PRN('CONE' , LD11) 
C IF(NDIREC. EQ. 3) CALL PRN('CONW' , LD12) 
C ENDIF 
C 
C IF(INDVAR. EQ. 3) THEN 
C IF(NDIREC. EQ. 1) CALL PRN('CONN' , LDll) 
C IF(NDIREC. EQ. 1) CALL PRN('CONS' , LD12) 
C IF(NDIREC. EQ. 3) CALL PRN('CONE' , LDll) 
C IF(NDIREC. EQ. 3) CALL PRN('CONW' , LD12) 
C ENDIF 
C 
C IF(INDVAR. EQ. 5) THEN 
C IF(NDIREC. EQ. 1) CALL PRN('CONN' , LDll) 
C IF(NDIREC. EQ. 1) CALL PRN('CONS' , LD12) 
C IF(NDIREC. EQ. 3) CALL PRN('CONE' , LDll) 
C IF(NDIREC. EQ. 3) CALL PRN('CONW' , LD12) 
C ENDIF 
C 

IF(. NOT. (LG(1))) GO TO 88100 
IF(INDVAR. NE. 3. AND. INDVAR. NE. 4) GO TO 88100 

C 
C CORRECT COEFFICIENTS FOR U EQUATION 
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Crr, r, r, r, º, r***, r, t*, r, r, r, tt, r, t, r, r# r rx, r r r., r, r r. r 
C 
C NORTH-SOUTH 
C 

IF(NDIREC. NE. 1) GO TO 88080 

LOLD11-LOF(LD11) 
LOLD12-LOF(LD12) 

C 
DO 88052 IX-1, NX 
DO 88052 IY-1, NY 

ICELL-IY+NY*(IX-1) 
GCUN(IY, IX)-F(LOLD11+ICELL) 
GCUS(IY, IX)-F(LOLD12+ICELL) 

88052 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) GO TO 88080 

C 
C NORTH COEFFICIENT 
C 

DO 88060 IX-1, NX-1 
DO 88060 IY-1, NY 

IF(GCUN(IY, IX). GT. O. O. AND. GCUS(IY, IX). EQ. 0.0) GO TO 88055 
GCC(IY, IX)-GCUN(IY, IX) 
GO TO 88060 

88055 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 88057 
IF(GCUW(IY, IX). GT. GCUN(IY, IX)) GO TO 88056 

GCC(IY, IX)-GCUN(IY, IX)-(GCUW(IY, IX)**2)/GCUN(IY, IX) 
GO TO 88060 

88056 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUN(IY, IX)+(GCUN. (IY, IX)**2)/GCUW(IY, IX) 
IUPVAL(IY, IX)-1 
GO TO 88060 

88057 IF(GCUE(IY, IX). GT. GCUN(IY, IX)) GO TO 88058 
GCC(IY, IX)-GCUN(IY, IX)-(GCUE(IY, IX)**2)/GCUN(IY, IX) 
GO TO 88060 

88058 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUN(IY, IX)+(GCUN(IY, IX)**2)/GCUE(IY, IX) 
IUPVAL(IY, IX)-2 

88060 CONTINUE 
LOLD11-LOF(LD11) 

DO 88062 IX-1, NX 
DO 88062 IY-1, NY 

LFLD11-LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88062 CONTINUE 
C CALL PRN('CCUN', LD11) 
C 
C SOUTH COEFFICIENT 
C 

DO 88070 IX-1, NX-1 
DO 88070 IY-1, NY 

IF(GCUS(IY, IX). GT. 0.0. AND. GCUN(IY, IX). EQ. 0.0) GO TO 88065 
GCC(IY, IX)-GCUS(IY, IX) 
GO TO 88070 

88065 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 88067 
IF(GCUW(IY, IX). GT. GCUS(IY, IX)) GO TO 88066 

GCC(IY, IX)-GCUS(IY, IX)-(GCUW(IY, IX)**2)/GCUS(IY, IX) 
GO TO 88070 

88066 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUS(IY, IX)+(GCUS(IY, IX)**2)/GCUN(IY, IX) 
IUPVAL(IY, IX)-4 
GO TO 88070 

88067 IF(GCUE(IY, IX). GT. GCUS(IY, IX)) GO TO 88068 
GCC(IY, IX)-GCUS(IY, IX)-(GCUE(IY, IX)**2)/GCUS(IY, IX) 
GO TO 88070 

88068 GCC(IY, IX)-0. 
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GVPCO(IY, IX)-GCUS(IY, IX)+(GCUS(IY, IX)**2)/GCUE(IY, IX) 
IUPVAL(IY, IX)-3 

88070 CONTINUE 
LOLD12-LOF(LD12) 

DO 88072 IX-1, NX 
DO 88072 IY-1, NY 

LFLD12-LOLD12+Iy+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88072 CONTINUE 
C CALL PRN('CCUS', LD12) 

RETURN 
C 
C EAST-WEST 
C 
88080 IF(NDIREC. NE. 3) RETURN 
C 

LOLDI1-LOF(LD11) 
LOLD12-LOF(LD12) 

C 
DO 88082 IX-1, NX 
DO 88082 IY-1, NY 

ICELL-IY+NY*(IX-1) 
GCUE(IY, IX)-F(LOLD11+ICELL) 
GCUW(IY, IX)-F(LOLD12+ICELL) 

88082 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) RETURN 

C 
C EAST COEFFICIENT 
C 

DO 88090 IX-1, NX-1 
DO 88090 IY-1, NY 

IF(GCUE(IY, IX). GT. O. O. AND. GCUW(IY, IX). EQ. 0.0) GO TO 88085 
GCC(IY, IX)-GCUE(IY, IX) 
GO TO 88090 

88085 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 88087 
IF(GCUS(IY, IX). GT. GCUE(IY, IX)) GO TO 88086 

GCC(IY, IX)-GCUE(IY, IX)-(GCUS(IY, IX)**2)/GCUE(IY, IX) 
GO TO 88090 

88086 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUE(IY, IX)+(GCUE(IY, IX)**2)/GCUS(IY, IX) 
IUPVAL(IY, IX)-3 
GO TO 88090 

88087 IF(GCUN(IY, IX). GT. GCUE(IY, IX)) GO TO 88088 
GCC(IY, IX)UE(IY, IX)-(GCUN(IY, IX)**2)/GCUE(IY, IX) 
GO TO 88090 

88088 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUE(IY, IX)+(GCUE(IY, IX)**2)/GCUN(IY, IX) 
IUPVAL(IY, IX)-2 

88090 CONTINUE 
LOLD11-LOF(LD11) 

DO 88092 IX-1, NX 
DO 88092 IY-1, NY 

LFLD11_LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88092 CONTINUE 
C CALL PRN('CCUE', LDll) 
C 
C WEST COEFFICIENT 
C 

DO 88098 IX-1, NX-1 
DO 88098 IY-l, NY 

IF(GCUN(IY, IX). GT. O. O. AND. GCUE(IY, IX). EQ. 0.0) GO TO 88093 
GCC(IY, IX)-GCUW(IY, IX) 
GO TO 88098 

88093 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 88095 
IF(GCUS(IY, IX). GT. GCUN(IY, IX)) GO TO 88094 
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GCC(IY, IX)-GCUW(IY, IX)-(GCUS(IY, IX)**2)/GCUW(IY, IX) 
GO TO 88098 

88094 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUW(IY, IX)+(GCUW(IY, IX)**2)/GCUS(IY, IX) 
IUPVAL(IY, IX)-4 
GO TO 88098 

88095 IF(GCUN(IY, IX). GT. GCUW(IY, IX)) GO TO 88096 
GCC(IY, IX)-GCUW(IY, IX)-(GCUN(IY, IX)**2)/GCUW(IY, IX) 
GO TO 88098 

88096 GCC(IY, IX)-0. 
GUPCO(IY, IX)-GCUW(IY, IX)+(GCUW(IY, IX)**2)/GCUN(IY, IX) 
IUPVAL(IY, IX)-1 

88098 CONTINUE 
LOLD12-LOF(LD12) 

DO 88099 IX-1, NX 
DO 88099 IY-1, NY 

LFLD12-LOLD12+IY+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88099 CONTINUE 
C CALL PRN('CCUW', LD12) 

RETURN 
C 
C 
88100 IF(. NOT. (LG(2))) GO TO 88200 

IF(INDVAR. NE. 5. AND. INDVAR. NE. 6) GO TO 88200 
C 
C CORRECT COEFFICIENTS FOR V EQUATION 
C *************************ww*******" 
C 
C NORTH-SOUTH 
C 

IF(NDIREC. NE. 1) GO TO 88180 
C 

LOLD11-LOF(LD11) 
LOLD12-LOF(LD12) 

DO 88102 IX-1, NX 
DO 88102 IY-1, NY 

ICELL_IY+NY*(IX-1) 
GCVN(IY, IX)-F(LOLD11+ICELL) 
GCVS(IY, IX)-F(LOLD12+ICELL) 

88102 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) GO TO 88180 

C 
C NORTH COEFFICIENT 
C 

DO 88160 IX-1, NX 
DO 88160 IY-1, NY-1 

IF(GCVN(IY, IX). GT. 0.0. AND. GCVS(IY, IX). EQ. 0.0) GO TO 88155 
GCC(IY, IX)-GCVN(IY, IX) 
GO TO 88160 

88155 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 88157 
IF(GCVW(IY, IX). GT. GCVN(IY, IX)) GO TO 88156 

GCC(IY, IX)-GCVN(IY, IX)-(GCVW(IY, IX)**2)/GCVN(IY, IX) 
GO TO 88160 

88156 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVN(IY, IX)+(GCVN(IY, IX)**2)/GCVN(IY, IX) 
IVPVAL(IY, IX)-1 
GO TO 88160 

88157 IF(GCVE(IY, IX). GT. GCVN(IY, IX)) GO TO 88158 
GCC(IY, IX)-GCVN(IY, IX)-(GCVE(IY, IX)**2)/GCVN(IY, IX) 
GO TO 88160 

88158 GCC(IY, IX)-0. 
GVPCO(IY, IX)"GCVN(IY, IX)+(GCVN(IY, IX)**2)/GCVE(IY, IX) 
IVPVAL(IY, IX)-2 

88160 CONTINUE 
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LOLD11-LOF(LD11) 
DO 88162 IX-1, NX 
DO 88162 IY-1, NY 

LFLD11-LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88162 CONTINUE 
C CALL PRN('CCVN', LD11) 
C 
C SOUTH COEFFICIENT 
C 

DO 88170 IX-1, NX 
DO 88170 IY-1, NY-1 

IF(GCVS(IY, IX). GT. 0.0. AND. GCVN(IY, IX). EQ. 0.0) GO TO 88165 
GCC (IY, IX) -GCVS (IY,. IX) 
GO TO 88170 

88165 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 88167 
IF(GCVW(IY, IX). GT. GCVS(IY, IX)) GO TO 88166 

GCC(IY, IX)-GCVS(IY, IX)-(GCVW(IY, IX)**2)/GCVS(IY, IX) 
GO TO 88170 

88166 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVS(IY, IX)+(GCVS(IY, IX)**2)/GCVW(IY, IX) 
IVPVAL (IY, IX) -4 
GO TO 88170 

88167 IF(GCVE(IY, IX). GT. GCVS(IY, IX)) GO TO 88168 
GCC(IY, IX)-GCVS(IY, IX)-(GCVE(IY, IX)**2)/GCVS(IY, IX) 
GO TO 88170 

88168 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVS(IY, IX)+(GCVS(IY, IX)**2)/GCVE(IY, IX) 
IVPVAL(IY, IX)-3 

88170 CONTINUE 
LOLD12-LOF(LD12) 

DO 88172 IX-1, NX 
DO 88172 IY-1, NY 

LFLD12-LOLD12+IY+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88172 CONTINUE 
C CALL PRN('CCVS', LD12) 
C 

RETURN 
C 
C EAST-WEST 
C 
88180 IF(NDIREC. NE. 3) RETURN 
C 

LOLD11-LOF(LD11) 
LOLD12-LOF(LD12) 

DO 88182 IX-1, NX 
DO 88182 IY-1, NY 

ICELL-IY+NY*(IX-1) 
GCVE(IY, IX)-F(LOLD11+ICELL) 
GCVW(IY, IX)-F(LOLD12+ICELL) 

88182 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) RETURN 

C 
C EAST COEFFICIENT 
C 

DO 88190 IX-1, NX 
DO 88190 IY-1, NY-1 

IF(GCVE(IY, IX). GT. 0.0. AND. GCVN(IY, IX). EQ. 0.0) GO TO 88185 
GCC(IY, IX)-GCVE(IY, IX) 
GO TO 88190 

88185 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 88187 
IF(GCVS(IY, IX). GT. GCVE(IY, IX)) GO TO 88186 

GCC(IY, IX)-GCVE(IY, IX)-(GCVS(IY, IX)**2)/GCVE(IY, IX) 
GO TO 88190 
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88186 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVE(IY, IX)+(GCVE(IY, IX)**2)/GCVS(IY, IX) 
IVPVAL(IY, IX)-3 
GO TO 88190 

88187 IF(GCVN(IY, IX). GT. GCVE(IY, IX)) GO TO 88188 
GCC(IY, IX)-GCVE(IY, IX)-(GCVN(IY, IX)**2)/GCVE(IY, IX) 
GO TO 88190 

88188 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVE(IY, IX)+(GCVE(IY, IX)**2)/GCVN(IY, IX) 
IVPVAL(IY, IX)-2 

88190 CONTINUE 
LOLD11-LOF(LD11) 

DO 88192 IX-1, NX 
DO 88192 IY-1, NY 

LFLD11-LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88192 CONTINUE 
C CALL PRN('CCVE', LD11) 
C 
C WEST COEFFICIENT 
C 

DO 88198 IX-1, NX 
DO 88198 IY-1, NY-1 

IF(GCVW(IY, IX). GT. 0.0. AND. GCVE(IY, IX). EQ. 0.0) GO TO 88193 
GCC(IY, IX)-GCVW(IY, IX) 
GO TO 88198 

88193 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 88195 
IF(GCVS(IY, IX). GT. GCVW(IY, IX)) GO TO 88194 

GCC(IY, IX)-GCVW(IY, IX)-(GCVS(IY, IX)**2)/GCVW(IY, IX) 
GO TO 88198 

88194 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVW(IY, IX)+(GCVW(IY, IX)**2)/GCVS(IY, IX) 
IVPVAL(IY, IX)-4 
GO TO 88198 

88195 IF(GCVN(IY, IX). GT. GCVW(IY, IX)) GO TO 88196 
GCC(IY, IX)-GCVW(IY, IX)-(GCVN(IY, IX)**2)/GCVW(IY, IX) 
GO TO 88198 

88196 GCC(IY, IX)-0. 
GVPCO(IY, IX)-GCVW(IY, IX)+(GCVW(IY, IX)**2)/GCVN(IY, IX) 
IVPVA. L(IY, IX)-1 

88198 CONTINUE 
LOLD12-LOF(LD12) 

DO 88199 IX-1, NX 
DO 88199 IY-1, NY 

LFLD12-LOLD12+IY+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88199 CONTINUE 
C CALL PRN('CCVW', LD12) 

RETURN 
C 
C 
88200 IF(INDVAR. NE. 7. AND. INDVAR. NE. 8) GO TO 88280 
C 
C CORRECTION NOT IMPLEMENTED FOR W EQUATION 
C 

CALL WRIT40('WARNING: SUCCA NOT IMPLEMENTED FOR W 
RETURN 

C 
88280 IF(. NOT. (LG(3))) RETURN 

IF(INDVAR. GT. 11) GO TO 88301 
RETURN 

88301 CONTINUE 
C 
C CORRECT COEFFICIENTS FOR SCALAR VARIABLES 
C *******, r********************************" 
C 
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C NORTH-SOUTH 
C 

C 
IF(NDIREC. NE. 1) GO TO 88330 

LOLD11-LOF(LD11) 
LOLD12-LOF(LD12) 

C 
DO 88302 IX-1, NX 
DO 88302 IY-1, NY 

ICELL-IY+NY*(IX-1) 
GCSN(IY, IX)-F(LOLD11+ICELL) 
GCSS(IY, IX)-F(LOLD12+ICELL) 

88302 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) GO TO 88330 

C 
C NORTH COEFFICIENT 
C 

DO 88310 IX-1, NX 
DO 88310 IY-1, NY 

IF(GCSN(IY, IX). GT. O. O. AND. GCSS(IY, IX). EQ. 0.0) GO TO 88305 
GCC(IY, IX)-GCSN(IY, IX) 
GO TO 88310 

88305 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 88307 
IF(GCSW(IY, IX). GT. GCSN(IY, IX)) GO TO 88306 

GCC(IY, IX)-GCSN(IY, IX)-(GCSW(IY, IX)**2)/GCSN (IY, IX) 
GO TO 88310 

88306 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSN(IY, IX)+(GCSN(IY, IX)**2)/GCSW (IY, IX) 
ISPVAL(IY, IX)-1 
GO TO 88310 

88307 IF(GCSE(IY, IX). GT. GCSN(IY, IX)) GO TO 88308 
GCC(IY, IX)-GCSN(IY, IX)-(GCSE(IY, IX)**2)/GCSN (IY, IX) 
GO TO 88310 

88308 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSN(IY, IX)+(GCSN(IY, IX)**2)/GCSE (IY, IX) 
ISPVAL(IY, IX)-2 

88310 CONTINUE 
LOLD11-LOF(LD11) 

DO 88312 IX-1, NX 
DO 88312 IY-1, NY 

LFLD11-LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88312 CONTINUE 
C CALL PRN('CCSN', LD11) 
C 
C SOUTH COEFFICIENT 
C 

DO 88320 IX-1, NX 
DO 88320 IY-1, NY 

IF(GCSS(IY, IX). GT. O. O. AND. GCSN(IY, IX). EQ. 0.0) GO TO 88315 
GCC(IY, IX)-GCSS(IY, IX) 
GO TO 88320 

88315 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 88317 
IF(GCSW(IY, IX). GT. GCSS(IY, IX)) GO TO 88316 

GCC(IY, IX)-GCSS(IY, IX)-(GCSW(IY, IX)**2)/GCSS (IY, IX) 
GO TO 88320 

88316 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSS(IY, IX)+(GCSS(IY, IX)**2)/GCSW (IY, IX) 
ISPVAL (IY, IX) -4 
GO TO 88320 

88317 IF(GCSE(IY, IX). GT. GCSS(IY, IX)) GO TO 88318 
GCC(IY, IX)-GCSS(IY, IX)-(GCSE(IY, IX)**2)/GCSS (IY, IX) 
GO TO 88320 

88318 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSS(IY, IX)+(GCSS(IY, IX)**2)/GCSE (IY, IX) 
ISPVAL(IY, IX)-3 
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88320 CONTINUE 
LOLD12-LOF(LD12) 

DO 88322 IX-1, NX 
DO 88322 IY-1, NY 

LFLD12-LOLD12+Iy+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88322 CONTINUE 
C CALL PRN('CCSS', LD12) 

RETURN 
C 
C EAST-WEST 
C 
88330 IF(NDIREC. NE. 3) RETURN 
C 

LOLD1I-LOF(LD11) 
LOLD12-LOF(LD12) 

C 
DO 88332 IX-1, NX 
DO 88332 IY-1, NY 

ICELL-IY+NY*(IX-1) 
GCSE(IY, IX)-F(LOLDII+ICELL) 
GCSW(IY, IX)-F(LOLD12+ICELL) 

88332 CONTINUE 
IF(ISWEEP. EQ. FSWEEP) RETURN 

C 
C EAST COEFFICIENT 
C 

DO 88340 Ix-1, NX 
DO 88340 IY-1, NY 

IF(GCSE(IY, IX). GT. O. O. AND. GCSW(IY, IX). EQ. 0.0) GO TO 88335 
GCC(IY, IX)-GCSE(IY, IX) 
GO TO 88340 

88335 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 88337 
IF(GCSS(IY, IX). GT. GCSE(IY, IX)) GO TO 88336 

GCC(IY, IX)-GCSE(IY, IX)-(GCSS(IY, IX)**2)/GCSE(IY, IX) 
GO TO 88340 

88336 GCC(IY, IX)-0. 
GSPCO(IY, IX)"GCSE(IY, IX)+(GCSE(IY, IX)**2)/GCSS(IY, IX) 
IS? VAL (IY, IX) -3 
GO TO 88340 

88337 IF(GCSN(IY, IX). GT. GCSE(IY, IX)) GO TO 88338 
GCC(IY, IX)-GCSE(IY, IX)-(GCSN(IY, IX)**2)/GCSE(IY, IX) 
GO TO 88340 

88338 GCC(IY, IX)-O. 
GSPCO(IY, IX)-GCSE(IY, IX)+(GCSE(IY, IX)**2)/GCSN(IY, IX) 
IS? VAL (IY, IX) -2 

88340 CONTINUE 
LOLD11-LOF(LD11) 

DO 88342 IX-1, NX 
DO 88342 IY-1, NY 

LFLD11-LOLD11+IY+NY*(IX-1) 
F(LFLD11)-GCC(IY, IX) 

88342 CONTINUE 
C CALL PRN('CCSE', LD11) 
C 
C WEST COEFFICIENT 
C 

DO 88350 IX-1, NX 
DO 88350 IY-1, NY 

IF(GCSW(IY, IX). GT. O. O. AND. GCSE(IY, IX). EQ. 0.0) GO TO 88345 
GCC(IY, IX)-GCSW(IY, IX) 
GO TO 88350 

88345 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 88347 
IF(GCSS(IY, IX). GT. GCSW(IY, IX)) GO TO 88346 

GCC(IY, IX)-GCSW(IY, IX)-(GCSS(IY, IX)**2)/GCSW(IY, IX) 
GO TO 88350 
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88346 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSW(IY, IX)+(GCSW(IY, IX)**2)/GCSS(IY, IX) 
ISPVAL(IY, IX)-4 
GO TO 88350 

88347 IF(GCSN(IY, IX). GT. GCSW(IY, IX)) GO TO 88348 
GCC(IY, IX)-GCSW(IY, IX)-(GCSN(IY, IX)**2)/GCSW(IY, IX) 
GO TO 88350 

88348 GCC(IY, IX)-0. 
GSPCO(IY, IX)-GCSW(IY, IX)+(GCSW(IY, IX)**2)/GCSN(IY, IX) 
ISPVAL(IY, IX)-l 

88350 CONTINUE 
LOLD12-LOF(LD12) 

DO 88352 IX-1, NX 
DO 88352 IY-1, NY 

LFLD12-LOLD12+IY+NY*(IX-1) 
F(LFLD12)-GCC(IY, IX) 

88352 CONTINUE 
C CALL PRN('CCSW', LD12) 

RETURN 
89 CONTINUE 

C* ------------------- SECTION 9 ---- Diffusion coefficients 
C* -----------GROUP 8 SECTION 9 --- DIFFUSION COEFFICIENTS 
C--- Entered when UDIFF -. TRUE.; block-location indices are LAE 
C for east, LAW for west, LAN for north, LAS for 
C south, LD11 for high, and LD11 for low. 
C User should provide INDVAR and NDIREC IF's as above. 
C 

RETURN 
810 CONTINUE 

C* ------------------- SECTION 10 --- Convection neighbours 
RETURN 

811 CONTINUE 
C* ------------------- SECTION 11 --- Diffusion neighbours 

RETURN 
812 CONTINUE 

C* ------------------- SECTION 12 --- Linearised sources 
RETURN 

813 CONTINUE 
C* ------------------- SECTION 13 --- Correction coefficients 

RETURN 
814 CONTINUE 

C* ------------------- SECTION 14 --- User's solver 
RETURN 

815 CONTINUE 
C* ------------------- SECTION 15 --- Change solution 

RETURN 
C 
C* See the equivalent section in GREX for the indices to be 
C used in sections 7- 15 
C 
C* Make all other group-8 changes in GROUP 19. 

C 
C--- GROUP 9. Properties of the medium (or media) 
C 
C The sections in this group are arranged sequentially in their 
C order of calling from EARTH. Thus, as can be seen from below, 
C the temperature sections (10 and 11) precede the density 
C sections (1 and 3); so, density formulae can refer to 
C temperature stores already set. 
C 

9 GO TO (91,92,93,94,95,96,97,98,99,900,901,902,903), ISC 

C* ------------------- SECTION 10 --------------------------- 
C For TMP1. LE. GRND--------- phase-1 temperature Index TEMP1 

900 CONTINUE 
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RETURN 
C* ------------------- SECTION 11 --------------------------- 
C For TMP2. LE. GRND--------- phase-2 temperature Index TEMP2 

901 CONTINUE 
RETURN 

C* ------------------- SECTION 12 --------------------------- 
C For EL1. LE. GRND--------- phase-1 length scale Index LENZ 

902 CONTINUE 
RETURN 

C* ------------------- SECTION 13 --------------------------- 
C For EL2. LE. GRND--------- phase-2 length scale Index LEN2 

903 CONTINUE 
RETURN 

C* ------------------- SECTION 1 --------------------------- 
C For RHOI. LE. GRND--- density for phase 1 Index DENT 

91 CONTINUE 
RETURN 

C* ------------------- SECTION 2 --------------------------- 
C For DRHIDP. LE. GRND--- D(LN(DEN))/DP for phase 1 
C Index DiDP 

92 CONTINUE 
RETURN 

C* ------------------- SECTION 3 --------------------------- 
C For RH02. LE. GRND--- density for phase 2 Index DEN2 

93 CONTINUE 
RETURN 

C* ------------------- SECTION 4 --------------------------- 
C For DRH2DP. LE. GRND--- D(LN(DEN))/DP for phase 2 
C Index D2DP 

94 CONTINUE 
RETURN 

C* ------------------- SECTION 5 --------------------------- 
C For ENUT. LE. GRND--- reference turbulent kinematic viscosity 
C Index VIST 

95 CONTINUE 
RETURN 

C* ------------------- SECTION 6 --------------------------- 
C For ENUL. LE. GRND--- reference laminar kinematic viscosity 

96 CONTINUE 
C Index VISL 

RETURN 
C* ------------------- SECTION 7 --------------------------- 
C For PRNDTL( ). LE. GRND--- laminar PRANDTL nos., or diffusivity 
C Index LAMPR 

97 CONTINUE - 
RETURN 

C* ------------------- SECTION 8 --------------------------- 
C For PRINT( ). LE. GRND--- interface value of first phase 
C Index Fill 

98 CONTINUE 
RETURN 

C* ------------------- SECTION 9 --------------------------- 
C For PHINT( ). LE. GRND--- interface value of second phase 
C Index FII2 

99 CONTINUE 
RETURN 

C 
C--- GROUP 10. Inter-phase-transfer processes and properties 
C 

10 GO TO (101,102,103,104), ISC 
C* ------------------- SECTION 1 --------------------------- 
C For CFIPS. LE. GRND--- inter-phase friction coeff. 
C Index AUX(INTFRC) 

101 CONTINUE 
RETURN 
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C* ------------------- SECTION 2 --------------------------- 
C For CMDOT. EQ. GRND- inter-phase mass transfer Index AUX(INTMDT) 

102 CONTINUE 
RETURN 

C* ------------------- SECTION 3 --------------------------- 
C For CINT( ). EQ. GRND--- phasel-to-interface transfer coefficients 
C Index COI1 

103 CONTINUE 
RETURN 

C* ------------------- SECTION 4 --------------------------- 
C For CINT( ). EQ. GRND--- phase2-to-interface transfer coefficients 
C Index C012 

104 CONTINUE 
RETURN 

C****************************************************************u 
C 
C--- GROUP 11. Initialization of variable or porosity fields 
C Index VAL 

11 CONTINUE 
RETURN 

C 
C--- GROUP 12. Convection and diffusion adjustments 
C 

12 CONTINUE 
RETURN 

C 
C--- GROUP 13. Boundary conditions and special sources 
C Index for Coefficient - CO 
C Index for Value - VAL 

13 GO TO (130,131,132,133,134,135,136,137,138,139,1310, 
11311,1312,1313,1314,1315,1316,1317,1318,1319,1320,1321), ISC 

C------------------- SECTION 1 ------------- coefficient - GRND 
130 CONTINUE 

C 
C SCALAR VARIABLE 
C 
C CALL WRIT1I('INDVAR ', INDVAR) 
C 

IF(NPATCH. NE. 'S000AU'. OR. INDVAR. LT. 9) GO TO 13020 
CALL ONLYIF(12,50, 'SUCCAU') 
CALL SETYX(CO, GSPCO, NYDIM, NXDIM) 

C 
13020 CONTINUE 
C 
C U-VELOCITY VARIABLE 
C 

IF(NPATCH. NE. 'SUCCAU'. OR. INDVAR. NE. 3) GO TO 13040 
CALL ONLYIF(3,3, 'SUCCAU') 
CALL SETYX(CO, GUPCO, NYDIM, NXDIM) 

C 
13040 CONTINUE 
C 
C V-VELOCITY VARIABLE 
C 

IF(NPATCB. NE. 'SUCCAU'. OR. INDVAR. NE. 5) GO TO 13060 
CALL ONLYIF(5,5, 'SUCCAU') 
CALL SETYX(CO, GVPCO, NYDIM, NXDIM) 

13060 RETURN 
C------------------- SECTION 2 ------------- coefficient - GRND1 

131 CONTINUE 
RETURN 

C------------------- SECTION 3 ------------- coefficient - GRND2 
132 CONTINUE 

RETURN 
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C------------------- SECTION 4 ----------- -- coefficient - GRND3 133 CONTINUE 
RETURN 

C------------------- SECTION 5 ----------- -- coefficient - GRND4 
134 CONTINUE 

RETURN 
C------------------- SECTION 6 ----------- -- coefficient - GRND5 

135 CONTINUE 
RETURN 

C------------------- SECTION 7 ----------- -- coefficient - GRND6 136 CONTINUE 
RETURN 

C------------------- SECTION 8 ----------- -- coefficient - GRND7 
137 CONTINUE 

RETURN 
C------------------- SECTION 9 ----------- -- coefficient - GRND8 

138 CONTINUE 
RETURN 

C------------------- SECTION 10 ----------- -- coefficient - GRND9 
139 CONTINUE 

RETURN 
C------------------- SECTION 11 ----------- -- coefficient - GRND10 

1310 CONTINUE 
RETURN 

C------------------- SECTION 12 ----------- -------- value - GRND 
1311 CONTINUE 

C 
C SOURCES FOR CONVECTION FROM UPWIND CORNER CELL 
C *****, r*******: *************: *****************" 
C 
C SCALAR VARIABLES 
C 

IF(NPATCH. NE. 'S000AU'. OR. INDVAR. LT. 9) GO TO 13118 
CALL ONLYIF(12,50, 'SUCCAU') 

C 
LVAR-LOF(INDVAR) 
DO 13112 IX-1, NX 
DO 13112 IY-l, NY 
LOCATE-IY+NY*(IX-1) 
GTMP (IY, IX) -F (LVAR+LOCATE) 

13112 CONTINUE 
C 

DO 13115 IY-1, NY 
DO 13115 IX-1, NX 
IF(ISPVAL(IY, IX). EQ. O) GO TO 13115 
IF(ISPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GTMP(IY+1, IX-1) 
IF(ISPVAL(IY, IX). EQ. 2) GCC(IY, IX). GTMP(IY+1, IX+1) 
IF(ISPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GTMP(IY-1, IX+1) 
IF(ISPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GTMP(IY-1, IX-l) 

13115 CONTINUE 
CALL SETYX(VAL, 000, NYDIM, NXDIM) 
DO 13117 IX-1, NX 
DO 13117 IY-1, NY 

ISPVAL(IY, IX)-O 
13117 CONTINUE 
C CALL PRN('VAHU', VAL) 
13118 CONTINUE 
C 
C U-VELOCITY VARIABLE 
C 

IF(NPATCH. NE. 'S000AU'. OR. INDVAR. NE. 3) GO TO 13124 
CALL ONLYIF(3,3, 'SUCCAU') 

C 
LVAR-LOF(INDVAR) 
DO 13120 IX-1, NX 
DO 13120 IY-1, NY 
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LOCATE-IY+NY*(IX-1) 
GTMP(IY, IX)-F(LVAR+LOCATE) 

13120 CONTINUE 
C 

DO 13121 IY-1, NY 
DO 13121 IX-1, NX-1 
IF(IUPVAL(IY, IX). EQ. O) GO TO 13121 
IF(IUPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GTMP(IY+1, IX-1) 
IF(IUPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GTMP(IY+1, IX+1) 
IF(IUPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GTMP(IY-1, IX+1) 
IF(IUPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GTMP(IY-1, IX-1) 

13121 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13123 IX-1, NX-1 
DO 13123 IY-1, NY 

IUPVAL(IY, IX)-0 
13123 CONTINUE 
C CALL PRN('VAUU', VAL) 
13124 CONTINUE 
C 
C V-VELOCITY VARIABLE 
C 

IF(NPATCH. NE. 'SUCCAU'. OR. INDVAR. NE. 5) GO TO 13130 
CALL ONLYIF(5,5, 'SUCCAU') 

C 
LVAR-LOF(INDVAR) 
DO 13126 IX-1, NX 
DO 13126 IY-1, NY 
LOCATE-IY+NY*(IX-1) 
GTMP(IY, IX)-F(LVAR+LOCATE) 

13126 CONTINUE 
C 

DO 13127 IY-1, NY-1 
DO 13127 IX-1, NX 
IF(IVPVAL(IY, IX). EQ. O) GO TO 13127 
IF(IVPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GTMP(IY+1 , IX-1) 
IF(IVPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GTMP(IY+1 , IX+1) 
IF(IVPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GTMP(IY-1 , IX+1) 
IF(IVPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GTMP(IY-1 , IX-1) 

13127 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13129 IX-1, NX 
DO 13129 IY-1, NY-1 

IVPVAL(IY, IX)-O 
13129 CONTINUE 
C CALL PRN('VAVU', VAL) 
C 
13130 RETURN 
C------------------- SECTION 13 ----------------- -- value - GRND1 

1312 CONTINUE 
RETURN 

C------------------- SECTION 14 ----------------- -- value - GRND2 
1313 CONTINUE 

RETURN 
C------------------- SECTION 15 ----------------- -- value " GRND3 

1314 CONTINUE 
RETURN 

C------------------- SECTION 16 ----------------- -- value - GRND4 
1315 CONTINUE 

RETURN 
C------------------- SECTION 17 ----------------- -- value - GRND5 

1316 CONTINUE 
RETURN 

C------------------- SECTION 18 ----------------- -- value - GRND6 
1317 CONTINUE 

RETURN 
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C------------------- SECTION 19 ------------------- value - GRND7 
1318 CONTINUE 

RETURN 
C------------------- SECTION 20 ------------------- value - GRND8 

1319 CONTINUE 
RETURN 

------- SECTION 21 ------------------- value - GRND9 
1320 CONTINUE 

RETURN 
C------------------- SECTION 22 ------------------- value - GRND10 

1321 CONTINUE 
RETURN 

C*************************************************************** 
C 
C--- GROUP 14. Downstream pressure for PARAB-. TRUE. 
C 

14 CONTINUE 
RETURN 

C* Make changes for these groups only in GROUP 19. 
C--- GROUP 15. Termination of sweeps 
C--- GROUP 16. Termination of iterations 
C--- GROUP 17. Under-relaxation devices 
C--- GROUP 18. Limits on variables or increments to them 

C 
C--- GROUP 19. Special calls to GROUND from EARTH 
C 

19 GO TO (191,192,193,194,195,196,197,198), ISC 
C* ------------------- SECTION 1 ---- Start of time step. 

191 CONTINUE 
RETURN 

C* ------------------- SECTION 2 ---- Start of sweep. 
192 CONTINUE 

RETURN 
C* ------------------- SECTION 3 ---- Start of iz slab. 

193 CONTINUE 
RETURN 

C* ------------------- SECTION 4 ---- Start of iteration. 
194 CONTINUE 

RETURN 
C* ------------------- SECTION 5 ---- Finish of iteration. 

195 CONTINUE 
RETURN 

C* ------------------- SECTION 6 ---- Finish of iz slab. 
196 CONTINUE 

RETURN 
C* ------------------- SECTION 7 ---- Finish of sweep. 

197 CONTINUE 
RETURN 

C* ------------------- SECTION 8 ---- Finish of time step. 
198 CONTINUE 

RETURN 

C 
C--- GROUP 20. Preliminary print-out 
C 

20 CONTINUE 
RETURN 

C* Make changes for these groups only in GROUP 19. 
C--- GROUP 21. Print-out of variables 
C--- GROUP 22. Spot-value print-out 

C 
C___ GROUP 23. Field print-out and plot control 
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23 CONTINUE 
RETURN 

C 
C--- GROUP 24. Dumps for restarts 
C 

24 CONTINUE 
END 

SUBROUTINE SPECGR 
CALL WRIT40('Dummy subroutine SPECGR called. 
CALL WAYOUT(2) 
END 

SUBROUTINE SPC1GR 
CALL WRIT40('Dummy subroutine SPC1GR called. 
CALL WAYOUT(2) 
END 

SUBROUTINE SPC2GR 
CALL WRIT40('Dummy subroutine SPC2GR called. 
CALL WAYOUT(2) 
END 

SUBROUTINE SPC3GR 
CALL WRIT40('Dumany subroutine SPC3GR called. 
CALL WAYOUT(2) 
END 

SUBROUTINE QUIZ 
C--- This subroutine is used by CHAM for de-bugging 

END 
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C FILE NAME GROUND. FTN-------------------------------- 100392 
C THIS IS THE MAIN PROGRAM OF EARTH 
C 
C (C) COPYRIGHT 1984, LAST REVISION 1992 
C CONCENTRATION HEAT AND MOMENTUM LTD. ALL RIGHTS RESERVED. 
C This subroutine and the remainder of the PHOENICS code are 
C proprietary software owned by Concentration Heat and Momentum 
C Limited, 40 High Street, Wimbledon, London SW19 5AU, England. 
C 
C 

PROGRAM MAIN 
C 
C1 The following COMMON's, which appear identically in the 
C satellite MAIN program, allow up to 50 dependent variables to 
C be solved for (or their storage spaces to be occupied by 
C other variables, such as density). If a larger number is 
C required, the PARAMETER NUMPHI should be reset to the required 
C larger number. Numbers less than 50 are not permitted. 
C 

PARAMETER (NUMPHI-50, NM_NUMPHI, NM4_NM*4) 
C 

COMMON/LGE4/L4(NM) 
1/LDB1/L5(NM)/IDA1/I1(NM)/IDA2/I2(NM)/IDA3/I3(NM)/IDA4/I4(NM) 
1/IDA5/I5(NM)/IDA6/I6(NM)/GI1/I7(NM)/GI2/I8(NM)/HDA1/IH1(NM) 
1/GH1/IH2(NM)/RDA1/Rl(NM)/RDA2/R2(NM)/RDA3/R3(NM)/RDA4/R4(NM) 
1/RDA5/R5(NM)/RDA6/R6(NM)/RDA7/R7(NM)/RDA8/R8(NM)/RDA9/R9(NM) 
1/RDA10/R10(NM)/RDA11/R11(NM) 
1/GR1/Rl2(NM)/GR2/R13(NM)/GR3/R14(NM)/GR4/R15(NM) 
1/IPIP1/IP1(NM)/HPIP2/IHP2(NM)/RPIP1/RVAL(NM)/LPIP1/LVAL(NM) 
1/IFPL/IPLO(NM)/RFPL1/ORPRIN(NM)/RFPL2/ORMAX(NM) 
1/RFPL3/ORMIN(NM)/IDA7/ID7(NM)/IDAS/ID8(NM) 

LOGICAL L4, L5, DBGFIL, LVAL 
CHARACTER*4 IH1, IH2, IHP2 

C 
COMMON/FO1/I9(NM4) 
COMMON/DISC/DBGFIL 
COMMON/LLTNITS/LUNIT(60) 

C 
EXTERNAL WAYOUT 

C 
C2 Set dimensions of data-for-GROUND arrays here. WARNING: the 
c corresponding arrays in the MAIN program of the satellite 
C (see SATLIT) must have the same dimensions. 

PARAMETER (NLG-'20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NI(; )/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
CO MON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSE(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCNS(60,80), GCWE(60,80), GCWW(60,80), 
7 GCWL(60,80), GCNH(60,80), GVPCO(60,80), GWECO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 
7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
8 IWEVAL(60,80), IWPVAL(60,80) 

C 
C 
C3 Set dimensions of data-for-GREX arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C (see SATLIT) must have the same dimensions. 

PARAMETER(NLSG-20, NISG-20, NRSG-100, NCSG-10) 
C 
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COMMON/LSG/LSGD(NLSG)/ISG/ISGD(NISG)/RSG/RSGD(NRSG)/CSG/CSGD(NCSG) 
LOGICAL LSGD 
CHARACTER*4 CSGD 

C 
C4 Set dimension of patch-name array here. WARNING: the array 
C NAMPAT in the MAIN program of the satellite must have the 
C same dimension. 

PARAMETER (NPNAM-900) 
C 

COMMON/NPAT/NAMPAT(NPNAM) 
COMMON/LWFUN1/DOSKIN(NPNAM) 
COMMON/LWFUN2/DHCHKD(NPNAM) 
CHARACTER*8 NAMPAT 
LOGICAL DOSKIN, DHCHKD 

C 
C CONFIG FILE name declaration. 

COMMON/CNFG/CNFIG 
CHARACTER CNFIG*48 

C 
C5 The numbers in the next statement indicates how much computer 
C memory is to be set aside for storing the main and auxiliary 
C variables. The user may alter them if he wishes, to accord 
C with the number of grid nodes and dependent variables he is 
C concerned with. 

PARAMETER (NFDIM-32 00000) 
C 

COMMON F(NFDIM) 
C 
C6 The following three statements concern storage for the PATCH-wise 
C variables. If more than 30 PATCH-wise variables are required 
C NPVDM should be increased and the common block /LBPV/ in the 
C include file GRDLOC15 should be lengthened. 

PARAMETER (NPVDM-30) 
COMMON/INDPV/NPVMX, NIMAX, NITOT, LOPV(NPVDM) 

C 
CALL SUB2(NPVMX, NPVDM, NIMAX, NPVDM) 

C 
CALL CNFGZZ(2) 
CALL EARSET(1) 
CALL OPENFL(6) 

C 
CALL MAIN1(NFDIM, NUMPHI, NLSG, NISG, NRSG, NCSG, NLG, NIG, NRG, NCG) 
CALL WAYOUT (0) 
STOP 
END 

SUBROUTINE GROSTA 
INCLUDE '1p16/dearth/SATEAR' 
INCLUDE '1p16/dearth/GRDLOC' 
INCLUDE 'lpl6/d_earth/GRDEAR' 

C 
C.... This subroutine acts as a junction-box, directing control to 
C the GROUNDs selected by the SATELLITE settings of USEGRX, 
C NAMGRD A USEGRD. 
C 

IF(USEGRX) CALL GREX3 
C 
C.... SPECGR, SPCIGR, SPC2GR and SPC3GR are names which the user may 
C give to "special GROUNDS" of his own. 
C 

IF(NAMGRD. NE. 'NONE') THEN 
IF(NAMGRD. EQ. 'SPEC') THEN 

CALL SPECGR 
ELSEIF(NAMGRD. EQ. 'SPC1') THEN 

CALL SPCIGR 
ELSEIF(NAMGRD. EQ. 'SPC2') THEN 
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CALL SPC2GR 
ELSEIF(NAMGRD. EQ. 'SPC3') THEN 

CALL SPC3GR 
ELSEIF(NAMGRD. EQ. 'GHOL') THEN 

CALL HOLGR 
ELSEIF(NAMGRD. EQ. 'RSTM') THEN 

CALL RSTMGR 
ELSEIF(NAMGRD. EQ. 'COAL') THEN 

CALL COALGR 
ELSEIF(NAMGRD. EQ. 'RSTR') THEN 

CALL RSTRGR 
ELSEIF(NAMGRD. EQ. 'SURF') THEN 

CALL SURFGR 
ELSEIF(NAMGRD. EQ. 'QUIK') THEN 

CALL QUIKGR 
ELSEIF(NAMGRD. EQ. 'STRA') THEN 

CALL STRAGR 
ELSEIF(NAMGRD. EQ. 'RADI') THEN 

CALL RADIGR 
ELSEIF(NAMGRD. EQ. 'ESTR') THEN 

CALL ESTRGR 
ELSEIF(NAMGRD. EQ. 'LINK') THEN 

CALL LINKGR 
ELSE 

CALL WRITBL 
CALL WRITST 
CALL WRIT40('NAMGRD set but no CALL made, ie. 
CALL WRITIA('NAMGRD ', NAMGRD) 
CALL WRIT40(' sections 9 and 10 added to Group 19 ') 
CALL WRIT40(' Permissible calls for this GROSTA are: -') 
CALL WRIT40(' SPEC, SPC1, SPC2, SPC3, GHOL, RSTM, 
CALL WRIT40(' RSTR, SURF, QUIK, STRA, LINK 
CALL WRIT40(' Use upper-case names only ') 
CALL WRITST 
CALL WRITBL 
CALL WAYOUT(2) 

ENDIF 
ENDIF 

C 
C.... The subroutine GROUND attached to the bottom of this file is 
C an unallocated blank form into which the user can insert his 
C own FORTRAN sequences. The PIL parameter USEGRD governs entry 
C to it. 
C 

IF(USEGRD) CALL GROUND 
C 
C.... The data "echo" is called at the preliminary print-out stage. 

IF(IGR. EQ. 20) THEN 
IF(ECHO) THEN 

CALL DATPRN(Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, N, Y, Y, Y, Y, 
Y, Y, Y, Y, Y, Y, Y, Y) 

ELSE 
CALL DATPRN(Y, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N) 

END IF 
ENDIF 
END 

SUBROUTINE SPECGR 
CALL WRIT40('Dummy subroutine SPECGR called. 
CALL WAYOUT (2) 
END 

SUBROUTINE SPCIGR 
CALL WRIT40('Dummy subroutine SPCIGR called. 
CALL WAYOUT(2) 
END 
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C*************************************************************** 
SUBROUTINE SPC2GR 
CALL WRIT40('Duxny subroutine SPC2GR called. 
CALL WAYOUT(2) 
END 

C****#***#*****#********#****#*#******#*********#*****#*#k*#*#*# 
SUBROUTINE SPC3GR 
CALL WRIT40('Dummy subroutine SPC3GR called. 
CALL WAYOUT(2) 
END 

C#***####*****#*#*#**#**##*##*****##*#*#*********###*#######**#* 
SUBROUTINE QUIZ 

C--- This subroutine is used by CHAM for de-bugging 
END 
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C**********************************************************ý..., 
SUBROUTINE GROUND 
INCLUDE '1p16/d_earth/SATEAR' 
INCLUDE '1p16/d_earth/GRDLOC' 
INCLUDE '1p16/d_earth/GRDEAR' 
INCLUDE '1p16/d earth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COMMON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSH(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCWS(60,80), GCWE(60,80), GCWw(60,80), 
7 GCWL(60,80), GCWH(60,80), GWPCO(60,80), GWECO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 
7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
8 IWEVAL(60,80), IWPVAL(60,80) 

C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GCMH(60,80), GCML(60,80), 
1 GCE(60,80), GEMP(60,80), GEMH(60,80), GEML(60,80), 
2 GAR2(40,80), GAR3(40,80), GBET(40,80), GBLK(40,80), 
3 GPOR(40,80), GAR1(40,80), GDIS(40,80), GRI(40,80) 

C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONS /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
C arrays EASP1, EASP2,.... EASP20. In addition to the EASPs, 
C there are 10 GRound-earth SPare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. If 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IXL-IABS(IXL) 
IF(IGR. EQ. 13) GO TO 13 
IF(IGR. EQ. 19) GO TO 19 
GO TO (1,2,3,4,5,6,25,8,9,10,11,12,13,14,25,25,25,25,19,20,25, 

125,23,24), IGR 
25 CONTINUE 

RETURN 
C***, r, º, r, t, º, r, t, r***************#, r****+r, rrrr, t, r, ºi*************r+t+r******tr" 
C 
C--- GROUP 1. Run title and other preliminaries 
C 

1 GO TO (1001,1002), ISC 
1001 CONTINUE 

CALL MAKE(XU2D) 
CALL MAIE (YV2D) 
CALL MAIE (XG2D) 
CALL MRKE(YG2D) 
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CALL MAKE(DXU2D) 
CALL MAKE(DYV2D) 
CALL MAKE(GRSP1) 
CALL MAKE(GRSP2) 
CALL MAKE(GRSP3) 
CALL MAKE(GRSP4) 

C 
C User may here change message transmitted to the VDU screen or C batch-run log file. 

IF(IGR. EQ. I. AND. ISC. EQ. 1) THEN 
CALL WRYT40('GROUND file is GROUND. FTN of: 120691 

ENDIF 
C 

RETURN 
1002 CONTINUE 

DO 1010 IX-1, NX 
DO 1010 IY-1, NY 

ISPVAL(IY, IX)-0 
ISEVAL(IY, IX)-0 
IUPVAL (IY, IX) -0 
IUEVAL(IY, IX)-0 
IVPVAL (IY, IX) -0 
IVEVAL(IY, IX)-0 
IWPVAL (IY, IX) -0 
IWEVAL (IY, IX) -0 
GSPCO(IY, IX)-0. 
GSECO(IY, IX)-0. 
GUPCO(IY, IX)-0. 
GUECO(IY, IX)-0. 
GVPCO(IY, IX)-0. 
GVECO(IY, IX)-0. 
GWPCO(IY, IX)-0. 
GWECO(IY, IX)-0. 

1010 CONTINUE 
RETURN 

C, r, t, rt, r, r, ****, t********, ****, º. º******w, r, º, º, ********t*******, º, º, ****, r*** 
C 
C--- GROUP 2. Transience; time-step specification 
C 

2 CONTINUE 
RETURN 

Cr**, r, r, ****w, º, r, r, r, r, º, r, r****, tr, r, º*****wrrrr, º*****, º, º, º******** *****rr... 
C 
C--- GROUP 3. X-direction grid specification 
C 

3 CONTINUE 
RETURN 

C 
C--- GROUP 4. Y-direction grid specification 
C 

4 CONTINUE 
RETURN 

Ct, r, r, rt, r***********, r, r, *****, t, rw, r****, º, º, r****, r, tr*************, r******** 
C 
C--- GROUP S. Z-direction grid specification 
C 

5 CONTINUE 
RETURN 

C 
C--- GROUP 6. Body-fitted coordinates or grid distortion 
C 

6 CONTINUE 
RETURN 

C*, r, r, r, r, r, r, r****, r, rx, r, º+rw, r, r, r, r, º, ***********, r, **************************r 
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C* Make changes for this group only in group 19. 
C--- GROUP 7. Variables stored, solved & named 
C***************************************************************** 
C 
C--- GROUP 8. Terms (in differential equations) & devices 
C 

8 GO TO (81,82,83,84,85,86,87,88,89,810,811,812,813,814,815) 
11ISC 

81 CONTINUE 
C* ------------------- SECTION 1 --------------------------- 
C For U1AD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
82 CONTINUE 

C* ------------------- SECTION 2 --------------------------- 
C For U2AD. LE. GRND--- phase 2 additional velocity. Index VELAD 

RETURN 
83 CONTINUE 

C* ------------------- SECTION 3 --------------------------- 
C For V1AD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
84 CONTINUE 

C* ------------------- SECTION 4 --------------------------- 
C For V2AD. LE. GRND--- phase 2 additional velocity. Index VELAD 

RETURN 
85 CONTINUE 

C* ------------------- SECTION 5 --------------------------- 
C For W1AD. LE. GRND--- phase 1 additional velocity. Index VELAD 

RETURN 
86 CONTINUE 

C* ------------------- SECTION 6 ------------------- 
C For W2AD. LE. GRND--- phase 2 additional velocity. Index VELAD 

RETURN 
87 CONTINUE 

C* ------------------- SECTION 7 ---- Volumetric source for gala 
RETURN 

88 CONTINUE 
C* ------------------- SECTION 8 ---- Convection fluxes 

CALL GROUND4 
CALL GROUNDS 
CALL GROUND2 
CALL GROUND1. 
RETURN 

89 CONTINUE 
C* ------------------- SECTION 9 ---- Diffusion coefficients 
C* -----------GROUP 8 SECTION 9 --- DIFFUSION COEFFICIENTS 
C--- Entered when UDIFF -. TRUE.; block-location indices are LAE 
C for east, LAW for west, LAN for north, LAS for 
C south, LD11 for high, and LD11 for low. 
C User should provide INDVAR and NDIREC IF's as above. 
C 

RETURN 
810 CONTINUE 

C * -------------- ----- SECTION 10 -- - Convection neighbours 
RETURN 

811 CONTINUE 
C * -------------- ----- SECTION 11 -- - Diffusion neighbours 

RETURN 
812 CONTINUE 

C * -------------- ----- SECTION 12 - -- Linearised sources 
RETURN 

813 CONTINUE 
C * -------------- ----- SECTION 13 - -- Correction coefficients 

RETURN 
814 CONTINUE 

C * -------------- ----- SECTION 14 - -- User's solver 
RETURN 
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815 CONTINUE 
C* ------------------- SECTION 15 --- Change solution 

RETURN 
C 
C* See the equivalent section in GREX for the indices to be 
C used in sections 7- 15 
C 

* Make all other group-8 changes in GROUP 19. 

C 
C--- GROUP 9. Properties of the medium (or media) 
C 
C The sections in this group are arranged sequentially in their 
C order of calling from EARTH. Thus, as can be seen from below, 
C the temperature sections (10 and 11) precede the density 
C sections (1 and 3); so, density formulae can refer to 
C temperature stores already set. 
C 

9 GO TO (91,92,93,94,95,96,97,98,99,900,901,902,903), ISC 

C* ------------------- SECTION 10 --------------------------- 
C For TMPI. LE. GRND--------- phase-1 temperature Index TEMPI 

900 CONTINUE 
RETURN 

C* ------------------- SECTION 11 --------------------------- 
C For TMP2. LE. GRND--------- phase-2 temperature Index TEMP2 

901 CONTINUE 
RETURN 

C* ------------------- SECTION 12 -------------------------- 
C For EL1. LE. GRND--------- phase-1 length scale index LENZ 

902 CONTINUE 
RETURN 

C* ------------------- SECTION 13 --------------------------- 
C For EL2. LE. GRND--------- phase-2 length scale Index LENZ 

903 CONTINUE 
RETURN 

C* ------------------- SECTION 1 --------------------------- 
C For RHOI. LE. GRND--- density for phase 1 Index DEN1 

91 CONTINUE 
RETURN 

C* ------------------- SECTION 2 --------------------------- 
C For DRHIDP. LE. GRND--- D(LN(DEN))/DP for phase 1 
C Index D1DP 

92 CONTINUE 
RETURN 

C* ------------------- SECTION 3 --------------------------- 
C For RH02. LE. GRND--- density for phase 2 Index DEN2 

93 CONTINUE 
RETURN 

C* ------------------- SECTION 4 --------------------------- 
C For DRH2DP. LE. GRND--- D(LN(DEN))/DP for phase 2 
C Index D2DP 

94 CONTINUE 
RETURN 

C* ------------------- SECTION 5 --------------------------- 
C For ENUT. LE. GRND--- reference turbulent kinematic viscosity 
C Index VIST 

95 CONTINUE 
RETURN 

C* ------------------- SECTION 6 --------------------------- 
C For ENUL. LE. GRND--- reference laminar kinematic viscosity 

96 CONTINUE 
C Index VISL 

RETURN 
C* ------------------- SECTION 7 --------------------------- 
C For PRNPTL( ). LE. GRND--- laminar PRANDTL nos., or diffusivity 
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C Index LAMPR 
97 CONTINUE 

RETURN 
C* ------------------- SECTION 8 --------------------------- 
C For PHINT( ). LE. GRND--- interface value of first phase 
C Index FII1 

98 CONTINUE 
RETURN 

C* ------------------- SECTION 9 --------------------------- 
C For PHINT( ). LE. GRND--- interface value of second phase 
C Index FII2 

99 CONTINUE 
RETURN 

C 
C--- GROUP 10. Inter-phase-transfer processes and properties 
C 

10 GO TO (101,102,103,104), ISC 
C* ------------------- SECTION 1 --------------------------- 
C For CFIPS. LE. GRND--- inter-phase friction coeff. 
C Index AUX(INTFRC) 

101 CONTINUE 
RETURN 

C* ------------------- SECTION 2 --------------------------- 
C For CMDOT. EQ. GRND- inter-phase mass transfer Index AUX(INTMDT) 

102 CONTINUE 
RETURN 

C* ------------------- SECTION 3 --------------------- 
C For CINT( ). EQ. GRND--- phasel-to-interface transfer coefficients 
C Index COI1 

103 CONTINUE 
RETURN 

C* ------------------- SECTION 4 --------------------------- 
C For CINT( ). EQ. GRND--- phase2-to-interface transfer coefficients 
C Index C012 

104 CONTINUE 
RETURN 

C 
C--- GROUP 11. Initialization of variable or porosity fields 
C Index VAL 

11 CONTINUE 
C 
C "«*«, r, r««««««w«««, r««t«, r, r««*«*«*«i««w«««««««««««««««««««««««««««« 
C Calculation of porosity field for linear bluff blockage 
C «**r*«««««***«*«*«, º, º*, º««««««««««««««««t«tr«««««««t«««««««««««««« 
C 

SETPOR-. TRUE. 
IF(NPATCH. NE. 'BLUPOR') RETURN 
LOVAL-LOF(VAL) 
LOX-LOF(XU2D) 
LOY-LOF(YV2D) 
LOXG-LOF(XG2D) 
LOYG-LOF(YG2D) 
LODX-LOF(DXU2D) 
LODY-LOF(DYV2D) 

C 
DO 11050 IX-1, NX 
DO 11050 IY-1, NY 

ICELL-IY+NY*(IX-1). 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-1.0 
IF(INDVAR. EQ. EPOR) F(LOVAL+ICELL). 1.0 
IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-1.0 
IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-l. 0 

C WRITE(6, *) 'THETA - ', F(LOX+ICELL) 
C WRITE(6, *) 'RADIAL - ', F(LOY+ICELL) 
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C 
IF(F(LOX+ICELL). GE. 4.71239. AND. 

1 F(LOX+ICELL). LE. 6.28319) GO TO 11035 
C 

IF(F(LOX+ICELL). GE. 3.14159. AND. 
2 F(LOX+ICELL). LT. 4.71239) GO TO 11022 

C 
IF(F(LOX+ICELL). GE. 1.57080. AND. 

3 F(LOX+ICELL). LT. 3.14159) GO TO 11009 
C 

GRI(IY, IX)-F(LOYG+ICELL)*COS(F(LOXG+ICELL)) 
C IF(ABS(RG(1)-GRI(IY, IX)). LT. 0.00035) GO TO 11002 
C 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
4 (RG(1)-GRI(IY, IX)). GT. 0.0) GO TO 11007 

C 
IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 

4 (RG(1)-GRI(IY, IX)). LT. 0.0) GO TO 11006 
C 
11002 

C 
C 
C 
C 

C 
11006 

C 
11007 

11008 
C 
11009 

C 

C 

GAR1(IY, IX)-(F(LOY+ICELL)**2.0/2.0)* 
(F(LODX+ICELL)-SIN(F(LODX+ICELL))) 

WRITE(6, *) 'IZ -', IZ 
WRITE(6, *) 'IX -', IX 
WRITE(6, *) 'IY -', IY 
WRITE(6, *) 'GAR]. -' , GAR1(IY, IX) 

GBET(IY, IX)-0.5*(3.14159+F(LODX+ICELL)) 
GDIS(IY, IX)-2.0*F(LOY+ICELL)*SIN(F(LODX+ICELL)/2.0) 
GAR2(IY, IX)-0.5*GDIS(IY, IX)*F(LODY+ICELL)* 

SIN(GBET(IY, IX)) 
GBLK(IY, IX)-GAR2(IY, IX)-GAR1(IY, IX) 
GAR3(IY, IX)-0.5*F(LODX+ICELL)*(F(LODY+ICELL)**2.0+ 

(2.0*F(LOY+ICELL)*F(LODY+ICELL))) 
GPOR(IY, IX)-GBLK(IY, IX)/GAR3(IY, IX) 

IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
GO TO 11008 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
GO TO 11008 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
CONTINUE 

F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 

F(LOVAL+ICELL)-0. 
F(LOVAL+ICELL). 0. 
F(LOVAL+ICELL)-0. 
F(LOVAL+ICELL)m0. 

GRI(IY, IX)-F(LOYG+ICELL)*ABS(COS(F(LOXG+ICELL))) 
IF(ABS(RG(1)-GRI(IY, IX)). LT. 0.00035) GO TO 11015 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
4 (RG(1)-GRI(IY, IX)). GT. 0.0) GO TO 11020 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
(RG(1)-GRI(IY, IX)). LT. 0.0) GO TO 11019 

C 
11015 

1 
GAR1(IY, IX)-(F(LOY+ICELL)**2.0/2.0)* 

(F(LODX+ICELL)-SIN(F(LODX+ICELL))) 
GBET(IY, IX)-0.5*(3.14159+F(LODX+ICELL)) 
GDIS(IY, IX)-2.0*F(LOY+ICELL)*SIN(F(LODX+ICELL)/2.0) 
GAR2(IY, IX)-0.5*GDIS(IY, IX)*F(LODY+ICELL)* 

SIN(GBET(IY, IX)) 
GBI4K (I Y, IX) -GAR2 (I Y, IX) -GAR1(I Y, IX ) 
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GAR3(IY, IX)-0.5*F(LODX+ICELL)*(F(LODY+ICELL)**2.0+ 
(2.0*F(LOY+ICELL)*F(LODY+ICELL))) 

GPOR(IY, IX)-GBLK(IY, IX)/GAR3(IY, IX) 
IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. EPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
GO TO 11021 

C 
11019 

C 
11020 

11021 
C 
11022 

C 

C 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
GO TO 11021 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
CONTINUE 

F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-1.0 

F(LOVAL+ICELL)-0. 
F(LOVAL+ICELL)-'0. 
F (LOVAL+ICELL) -0. 
F(LOVAL+ICELL)-0. 

GRI(IY, IX)-F(LOYG+ICELL)*ABS(COS(F(LOXG+ICELL))) 
IF(ABS(RG(1)-GRI(IY, IX)). LT. 0.00035) GO TO 11023 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
4 (RG(1)-GRI(IY, IX)). GT. 0.0) GO TO 11033 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
(RG(1)-GRI(IY, IX)). LT. 0.0) GO TO 11032 

C 
11023 GAR1(IY, IX)_(F(LOY+ICELL)**2.0/2.0)* 

1 (F(LODX+ICELL)-SIN(F(LODX+ICELL))) 
GBET(IY, IX)-0.5*(3.14159+F(LODX+ICELL)) 
GDIS(IY, IX)-2.0*F(LOY+ICELL)*SIN(F(LODX+ICELL)/2.0) 
GAR2(IY, IX)-0.5*GDIS(IY, IX)*F(LODY+ICELL)* 

1 SIN(GBET(IY, IX)) 
GBLK(IY, IX)-GAR2(IY, IX)-GAR1(IY, IX) 
GAR3(IY, IX)-0.5*F(LODX+ICELL)*(F(LODY+ICELL)**2.0+ 

2 (2.0*F(LOY+ICELL)*F(LODY+ICELL))) 
GPOR(IY, IX)-GBLK(IY, IX)/GAR3(IY, IX) 

IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL). 'GPOR(IY, IX) 
GO TO 11034 

C 
11032 

C 
11033 

11034 
C 
11035 

C 

C 

C 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
GO TO 11034 

IF(INDVAR. EQ. HPOR) 
IF(INDVAR. EQ. NPOR) 
IF(INDVAR. EQ. EPOR) 
IF(INDVAR. EQ. VPOR) 
CONTINUE 

F(LOVAL+ICELL)-1.0 
F(LOVAL+ICELL)-l. 0 
F(LOVAL+ICELL)-l. 0 
F(LOVAL+ICELL)-1.0 

F(LOVAL+ICELL)-O. 
F(LOVAL+ICELL)-0. 
F(LOVAL+ICELL)-0. 
F(LOVAL+ICELL)-0. 

GRI(IY, IX)-F(LOYG+ICELL)*ABS(COS(F(LOXG+ICELL))) 
IF(ABS(RG(1)-GRI(IY, IX)). LT. 0.00035) GO TO 11036 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
4 (RG(1)-GRI(IY, IX)). GT. 0.0) GO TO 11047 

IF(ABS(RG(1)-GRI(IY, IX)). GT. 0.00035. AND. 
4 (RG(1)-GRI(IY, IX)). LT. 0.0) GO TO 11046 
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C 
11036 GAR1(IY, IX)-(F(LOY+ICELL)**2.0/2.0)* 

1 (F(LODX+ICELL)-SIN(F(LODX+ICELL))) 
GBET(IY, IX)-0.5*(3.14159+F(LODX+ICELL)) 
GDIS(IY, IX)-2.0*F(LOY+ICELL)*SIN(F(LODX+ICELL)/2,0) 
GAR2(IY, IX)-0.5*GDIS(IY, IX)*F(LODY+ICELL)* 

1 SIN(GBET(IY, IX)) 
GBLK(IY, IX)-GAR2(IY, IX)-GAR1(IY, IX) 
GAR3(IY, IX)-0.5*F(LODX+ICELL)*(F(LODY+ICELL)**2.0+ 

2 (2.0*F(LOY+ICELL)*F(LODY+ICELL))) 
GPOR(IY, IX)-GBLK(IY, IX)/GAR3(IY, IX) 

IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. EPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-GPOR(IY, IX) 
GO TO 11048 

C 
11046 IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-1.0 

IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-1.0 
IF(INDVAR. EQ. EPOR) F(LOVAL+ICELL)-1.0 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-1.0 
GO TO 11048 

C 
11047 IF(INDVAR. EQ. HPOR) F(LOVAL+ICELL)-0. 

IF(INDVAR. EQ. NPOR) F(LOVAL+ICELL)-0. 
IF(INDVAR. EQ. EPOR) F(LOVAL+ICELL)-0. 
IF(INDVAR. EQ. VPOR) F(LOVAL+ICELL)-0. 

11048 CONTINUE 
11050 CONTINUE 

RETURN 

C 
C--- GROUP 12. Convection and diffusion adjustments 
C 

12 CONTINUE 
RETURN 

C 
C--- GROUP 13. Boundary conditions and special sources 
C Index for Coefficient - CO 
C Index for Value - VAL 

13 GO TO (130,131,132,133,134,135,136,137,138,139,1310, 
11311,1312,1313,1314,1315,1316,1317,1318,1319,1320,1321), ISC 

C------------------- SECTION 1 ------------- coefficient - GRND 
130 CONTINUE 

C 
C Scalar Variables - CORNER source. 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. LT. 9) GO TO 13020 
CALL ONLYIF(12,50, 'SUCCAC') 
CALL SETYX(CO, GSPCO, NYDIM, NXDIM) 

C CALL PRN('COSC', CO) 
C 
13020 CONTINUE 
C 
C U-Momentum Variable - CORNER source 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 3) GO TO 13030 
CALL ONLYIF(3,3, 'SUCCAC') 
CALL SETYX(CO, GUPCO, NYDIM, NXDIM) 

C CALL PRN('COUC', CO) 
C 
13030 CONTINUE 
C 
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C V-Momentum Variable - CORNER source 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 5) GO TO 13040 
CALL ONLYIF(5,5, 'SUCCAC') 
CALL SETYX(CO, GVPCO, NYDIM, NXDIM) 

C CALL PRN('COVC', CO) 
C 
13040 CONTINUE 
C 
C W-Momentum Variable - CORNER source 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 7) GO TO 13050 
CALL ONLYIF(7,7, 'SUCCAC') 
CALL SETYX(CO, GWPCO, NYDIM, NXDIM) 

C CALL PRN('COWC', CO) 
C 
13050 RETURN 
C 
C------------------- SECTION 2 ------------- coefficient - GRND1 

131 CONTINUE 
C 
C Scalar Variables - EDGE source. 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. LT. 9) GO TO 13101 
CALL ONLYIF(12,50, 'SUCCAE') 
CALL SETYX(CO, GSECO, NYDIM, NXDIM) 

C CALL PRN('COSE', CO) 
C 
13101 CONTINUE 
C 
C U-Momentum Variable - EDGE source. 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. NE. 3) GO TO 13102 
CALL ONLYIF(3,3, 'SUCCAE') 
CALL SETYX(CO, GUECO, NYDIM, NXDIM) 

C CALL PRN('COUE', CO) 
C 
13102 CONTINUE 
C 
C V-Momentum Variable - EDGE source. 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. NE. 5) GO TO 13103 
CALL ONLYIF(5,5, 'SUCCAE') 
CALL SETYX(CO, GVECO, NYDIM, NXDIM) 

C CALL PRN('COVE', CO) 
C 
13103 CONTINUE 
C 
C W-Momentum Variable - EDGE source. 
C 
C CALL WRITII('INDVAR ', INDVAR) 

IF(NPATCH. NE. 'S000AE'. OR. INDVAR. NE. 7) GO TO 13104 
CALL ONLYIF(7,7, 'SUCCAE') 
CALL SETYX(CO, GWECO, NYDIM, NXDIM) 

C CALL PRN('COWE', CO) 
C 
13104 RETURN 
C 
C------------------- SECTION 3 

132 CONTINUE 
RETURN 
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C------------------- SECTION 4 --- ---------- coefficient - GRND3 
133 CONTINUE 

RETURN 
C------------------- SECTION 5 --- ---------- coefficient - GRND4 

134 CONTINUE 
RETURN 

C------------------- SECTION 6 --- ---------- coefficient - GRND5 
135 CONTINUE 

RETURN 
C------------------- SECTION 7 --- ---------- coefficient - GRND6 

136 CONTINUE 
RETURN 

C------------------- SECTION 8 --- ---------- coefficient - GRND7 
137 CONTINUE 

RETURN 
C------------------- SECTION 9 --- ---------- coefficient - GRND8 

138 CONTINUE 
RETURN 

C------------------- SECTION 10 --- ---------- coefficient - GRND9 
139 CONTINUE 

RETURN 
C------------------- SECTION 11 --- ---------- coefficient - GRND10 

1310 CONTINUE 
RETURN 

C------------------- SECTION 12 --- ---------------- value - GRND 
1311 CONTINUE 

C 
C 
C Values of INDVAR for convection from upwind cell - CORNERS. 
C 
C 
C +++++*, r++++, r++++ 
C Scalar Variables 
C +, r++++++++++++++ 
C 

IF(NPATCH. NE. ' SUCCAC'. OR. INDVAR. LT. 9) GO TO 13116 
CALL ONLYIF(12 , 50, 'SUCCAC') 

C 
C DO 13110 IX-1, NX 
C DO 13110 IY-1, NY 
C WRITE(6, *) 'ISWEEP- ' , ISWEEP 
C WRITE(6, *) 'INDVAR= ' , INDVAR 
C WRITE(6, *) 'IZ- ', IZ 
C WRITE(6, *) 'IX= ', IX 
C WRITE(6, *) 'IY- ', IY 
C WRITE(6, *) 'ISPVAL- ' , ISPVAL(IY, IX) 
C 13110 CONTINUE 
C 

CALL GETYX(HIGH(INDVAR ), GCMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR) , GCML, NYDIM, NXDIM) 

C 
DO 13113 IX=1, NX 
DO 13113 IY-1, NY 
IF(ISPVAL(IY, IX). EQ. 0) GO TO 13113 
IF(ISPVAL(IY, IX). GT. 4) GO TO 13111 

C *******************"****** ******* *********"*********, º**"* 
IF(ISPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GCMB(IY+1, IX-1) 
IF(ISPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GCMH(IY+1, IX+1) 
IF(ISPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GCMH(IY-1, IX-1) 
IF(ISPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GCMH(IY-1, IX+1) 
GO TO 13113 

C 
13111 IF(ISPVAL(IY, IX). EQ. 5) GCC(IY, IX)-GCML(IY+1, IX-1) 

IF(ISPVAL(IY, IX). EQ. 6) GCC(IY, IX)-GCML(IY+1, IX+1) 
IF(ISPVAL(IY, IX). EQ. 7) GCC(IY, IX)=GCML(IY-1, IX-1) 
IF(ISPVAL(IY, IX). EQ. 8) GCC(IY, IX)-GCML(IY-1, IX+1) 
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13113 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13114 IX-1, NX 
DO 13114 IY-1, NY 

ISPVAL(IY, IX)-0 
13114 CONTINUE 
C CALL PRN('VASC', VAL) 
13116 CONTINUE 
C 
C 
C 
C ++r+++++r+r++++++, r+ 
C U-Momentum Variable 
C ++*+++++++r, trr+t+++ 
C 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 3) GO TO 13124 
CALL ONLYIF(3,3, 'SUCCAC') 

C 
C DO 13118 IX-1, NX-1 
C DO 13118 IY-1, NY 
C WRITE(6, *) 'ISWEEP- ', ISWEEP 
C WRITE(6, *) 'INDVAR- ', INDVAR 
C WRITE(6, *) 'IZ- ', IZ 
C WRITE(6, *) 'IX- ', IX 
C WRITE(6, *) 'IY- ', IY 
C WRITE(6, *) 'IUPVAL- ', IUPVAL(IY, IX) 
C 13118 CONTINU E 
C 

CALL GETYX(HIGH(INDVAR), GCMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GCML, NYDIM, NXDIM) 

DO 13121 IX-1, NX-1 
DO 13121 IY-1, NY 
IF(IUPVAL(IY, IX). EQ. O) GO TO 13121 
IF(IUPVAL(IY, IX). GT. 4) GO TO 13119 

C , r* r rf, rr, r, r, r, r, r, r, r, r, rt, rr**t r*, ºr, rw+, r, r*tr*, r+*, r, t, r, r, r º*w, rt, r, r, º, tw*, r, rt 
IF(IUPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GCMH(IY+1, IX-1) 
IF(IUPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GCMH(IY+1, IX+1) 
IF(IUPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GCMH(IY-1, IX-1) 
IF(IUPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GCMH(IY-1, IX+1) 
GO TO 13121 

C , r*, r, rt, r, r, rr, r+trt, r, r*+rt+r**t+r+t+º+r*+t, t, t, t, r, r: *r, r*++t+rr*, r, t, rwýrtr, º+r, trr, r 
13119 IF(IUPVAL(IY, IX). EQ. 5) GCC(IY, IX)-GCML(IY+1, IX-1) 

IF(IUPVAL(IY, IX). EQ. 6) GCC(IY, IX)-GCML(IY+1, IX+1) 
IF(IUPVAL(IY, IX). EQ. 7) GCC(IY, IX)-GCML(IY-1, IX-1) 
IF(IUPVAL(IY, IX). EQ. 6) GCC(IY, IX)-GCML(IY-1, IX+1) 

13121 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13122 IX-1, NX-1 
DO 13122 IY-1, NY 

IUPVAL(IY, IX)-O 
13122 CONTINUE 
C CALL PRN('VAUC', VAL) 
13124 CONTINUE 
C 
C *, r, r, rt, t, rt, r, r, rt, t, r, t, º, r, r, r 
C V-Momentum Variable 
C r, r, r, º***rt*, º*w, t: *rtt 
C 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 5) GO TO 13134 
CALL ONLYIF(5,5, 'SUCCAC') 

C 
C DO 13126 IX-1, NX 
C DO 13126 IY-1, NY-1 
C WRITE(6, *) 'ISWEEP- ', ISWEEP 
c WRITE(6, *) 'INDVAR- ', INDVAR 
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C WRITE(6, *) 'IZ- ', IZ 
C WRITE(6, *) 'IX- ', IX 
C WRITE(6, *) 'IY- 1, IY 
C WRITE(6, *) 'IVPVAL- ', IVPVAL(IY, IX) 
C 13126 CONTINUE 
C 

CALL GETYX(HIGH(INDVAR), GCMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GCML, NYDIM, NXDIM) 

DO 13131 IX-1, NX 
DO 13131 IY-14NY-1 
IF(IVPVAL(IY, IX). EQ. O) GO TO 13131 
IF(IVPVAL(IY, IX). GT. 4) GO TO 13129 

C ++++*+++++++++++t+tttttttttttttttttttttttt++t+++++t+t+. ++ 
IF(IVPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GCMH(IY+1, IX-1) 
IF(IVPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GCMH(IY+1, IX+1) 
IF(IVPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GCMH(IY-1, IX-1) 
IF(IVPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GCMH(IY-1, IX+1) 
GO TO 13131 

C *++++++++++++++t. +++t+, r+ttt, rt++tttt+tttttttttttttttt+t++. 
13129 IF(IVPVAL(IY, IX). EQ. 5) GCC(IY, IX)-GCML(IY+1, IX-1) 

IF(IVPVAL(IY, IX). EQ. 6) GCC(IY, IX)-GCML(IY+1, IX+1) 
IF(IVPVAL(IY, IX). EQ. 7) GCC(IY, IX)-GCML(IY-1, IX-1) 
IF(IVPVAL(IY, IX). EQ. 8) GCC(IY, IX)-GCML(IY-1, IX+1) 

13131 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13132 IX-1, NX 
DO 13132 IY-1, NY-1 

IVPVAL(IY, IX)-0 
13132 CONTINUE 
C CALL PRN('VAVC', VAL) 
13134 CONTINUE 
C 
C 

C W-Momentum Variable 
C W-equation only staggered in Z-direction. 
C *+r*******t***t***, t" 
C 

IF(NPATCH. NE. 'SUCCAC'. OR. INDVAR. NE. 7) GO TO 13142 
CALL ONLYIF(1,7, 'SUCCAC') 

C 
C DO 13136 IX-1, NX 
C DO 13136 IY-1, NY 
C WRITE (6, *) ' ISWEEP- ', ISWEEP 
C WRITE(6, *) 'INDVAR- ', INDVAR 
C WRITE(6, *) 'IZ- ', IZ 

IX C WRITE (6, *) I IX- "IX 
Y C WRITE (6, *) ' IY_ ', r 

C WRITE(6, *) 'IWPVAL- ', IWPVAL(IY, IX) 
C 13136 CONTINUE 
C 

CALL GETYX(HIGH(INDVAR), GCMH, NYDIM, NXDII4) 
CALL GETYX(LOW(INDVAR), GCML, NYDIM, NXDIM) 

C 
DO 13139 IX-1, NX 
DO 13139 IY-1, NY 
IF(IWPVAL(IY, IX). EQ. O) GO TO 13139 
IF(IWPVAL(IY, IX). GT. 4) GO TO 13137 

C tttttttttttttttttttttttttttttttttttttttttttttttttttttttw" 
IF(IWPVAL(IY, IX). EQ. 1) GCC(IY, IX)-GCMS(IY+1, IX-1) 
IF(IWPVAL(IY, IX). EQ. 2) GCC(IY, IX)-GCHB(IY+1, IX+1) 
IF(IWPVAL(IY, IX). EQ. 3) GCC(IY, IX)-GCMB(IY-1, IX-1) 
IF(IWPVAL(IY, IX). EQ. 4) GCC(IY, IX)-GO14H(IY-1, IX+1) 
GO TO 13139 

C ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 
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13137 IF(IWPVAL(IY, IX). EQ. 5) GCC(IY, IX)-GCML(IY+1, IX-1) 
IF(IWPVAL(IY, IX). EQ. 6) GCC(IY, IX)-GCML(IY+1, IX+1) 
IF(IWPVAL(IY, IX). EQ. 7) GCC(IY, IX)-GCML(IY-1, IX-1) 
IF(IWPVAL(IY, IX). EQ. 8) GCC(IY, IX)-GCML(IY-1, IX+1) 

13139 CONTINUE 
CALL SETYX(VAL, GCC, NYDIM, NXDIM) 
DO 13140 IX-1, NX 
DO 13140 IY-1, NY 

IWPVAL(IY, IX)-O 
13140 CONTINUE 
C CALL PRN('VAWC', VAL) 
13142 CONTINUE 

RETURN 
C------------------- SECTION 13 ------------------- value - GRND1 

1312 CONTINUE 
C 
C Values of INDVAR for convection from upwind cell - EDGES. 
C s: r, t t rt**+tw*r º. w. +ºw, ºw, rww* r.. r r.. r. *wr r*r*+t*+r+r+**+r+tt rº, rww r" 
C 
C*rrr, rr, r, r*, r, r, r, º, r, r, r 
C Scalar Variables 
C r, r+, º, rr, r*, r, r*, º, rrr, t 
C 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. LT. 9) GO TO 13156 
CALL ONLYIF(12,50, 'SUCCAE') 

C 
C DO 13130 IX-1, NX 
C DO 13130 IY-1, NY 
C WRITE(6, *) 'ISWEEP- ', ISWEEP 
C WRITE(6, *) 'INDVAR- ', INDVAR 
C WRITE(6, *) 'IZ- ', IZ 
C WRITE(6, *) 'IX- ', IX 
C WRITE(6, *) 'IY- ', IY 
C WRITE(6, *) 'ISEVAL- ', ISEVAL(IY, IX) 
C 13130 CONTINUE 
C 

CALL GETYX(INDVAR, GEMP, NYDIM, NXDIM) 
CALL GETYX(HIGH(INDVAR), GEMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GEML, NYDIM, NXDIM) 

C 
DO 13153 IX-1, NX 
DO 13153 IY-1, NY 
IF(ISEVAL(IY, IX). EQ. O) GO TO 13153 
IF(ISEVAL(IY, IX). GT. 4) GO TO 13151 

C t*tttttttrttttttt*tttttttt*t*#tttttt*ttttttttttttttttttttt 
IF(ISEVAL(IY, IX). EQ. 1) GCE(IY, IX)-GEMP(IY+1, IX-1) 
IF(ISEVAL(IY, IX). EQ. 2) GCE(IY, IX)-GEMP(IY+1, IX+1) 
IF(ISEVAL(IY, IX). EQ. 3) GCE(IY, IX)-GEMP(IY-1, IX-1) 
IF(ISEVAL(IY, IX). EQ. 4) GCE(IY, IX)-GEMP(IY-1, IX+1) 
GO TO 13153 

C , rttttttttttttttttttttttt, rtt**tttttttttttwttttttttttttt*tt 
13151 IF(ISEVAL(IY, IX). GT. 8) GO TO 13152 

IF(ISEVAL(IY, IX). EQ. 5) GCE(IY, IX)-GEMH(IY+1, IX) 
IF(ISEVAL(IY, IX). EQ. 6) GCE(IY, IX)-GEMH(IY-1, IX) 
IF(ISEVAL(IY, IX). EQ. 7) GCE(IY, IX)-GEMH(IY, IX+1) 
IF(ISEVAL(IY, IX). EQ. 8) GCE(IY, IX)-GEMH(IY, IX-1) 
GO TO 13153 

C , tttttttttttttttttttttttt, rtttttttttttttttttttttttttttttttw 
13152 IF(ISEVAL(IY, IX). EQ. 9) GCE(IY, IX)-GEML(IY+1, IX) 

IF(ISEVAL(IY, IX). EQ. 10) GCE(IY, IX)-GEML(IY-1, IX) 
IF(ISEVAL(IY, IX). EQ. 11) GCE(IY, IX)-GEML(IY, IX+1) 
IF(ISEVAL(IY, IX). EQ. 12) GCE(IY, IX)-GEML(IY, IX-1) 

13153 CONTINUE 
CALL SETYX(VAL, GCE, NYDIM, NXDIM) 
DO 13154 IX-1, NX 
DO 13154 IY-1, NY 
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ISEVAL(IY, IX)-O 
13154 CONTINUE 
C CALL PRN('VASE', VAL) 
13156 CONTINUE 
C 
C 
C r+rt*rtt, t*, rrº*r, trr, r 
C U-Momentum Variable 
C *t r, t t**+r, trr+, r r rrr*, t 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. NE. 3) GO TO 13164 
CALL ONLYIF(3,3, 'SUCCAE') 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DO 13158 IX-1, NX-1 
DO 13158 IY-1, NY 
WRITE(6, *) 'ISWEEP_ 
WRITE(6, *) 'INDVAR- 
WRITE (6, *) 'IZ- ', IZ 
WRITE(6, *) 'IX- ', IX 
WRITE (6, *) ' IY- ', IY 
WRITE (6, *) ' IUEVAL- 

13158 CONTINUE 

ISWEEP 
INDVAR 

, IUEVAL(IY, IX) 

CALL GETYX(INDVAR, GEMP, NYDIM, NXDIM) 
CALL GETYX(HIGH(INDVAR), GEMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GEML, NYDIM, NXDIM) 

C 
DO 13161 IX-1, NX-1 
DO 13161 IY-1, NY 
IF(IUEVAL(IY, IX). EQ. O) GO TO 13161 
IF(IUEVAL(IY, IX). GT. 4) GO TO 13159 

C +r+rr*r*+t*+*+**+** t#*, r, º, rrr+, r, t , r, r, t, t, trt*t, t, t, ºr+t+rww, º*, º*, ºr, º. r, r, r. f 
IF(IUEVAL(IY, IX). EQ. 1) GCE(IY, IX)-GEMP(IY+1, IX-1) 
IF(IUEVAL(IY, IX). EQ. 2) GCE(IY, IX)-GEMP(IY+1, IX+1) 
IF(IUEVAL(IY, IX). EQ. 3) GCE(IY, IX)-GEMP(IY-1, IX-1) 
IF(IUEVAL(IY, IX). EQ. 4) GCE(IY, IX)-GEMP(IY-1, IX+1) 
GO TO 13161 

C +, r* r**+t+r*+r r t+ r r+º******+t*+r* , t, t, tt", t, r. """, t+r+t""+t, tx"«, ttrr""**r. 

13159 IF(IUEVAL(IY, IX). GT. 8) GO TO 13160 
IF(IUEVAL(IY, IX). EQ. 5) GCE(IY, IX)-GEMH(IY+1, IX) 
IF(IUEVAL(IY, IX). EQ. 6) GCE(IY, IX)-GEMH(IY-l, IX) 
IF(IUEVAL(IY, IX). EQ. 7) GCE(IY, IX)-GEMH(IY, IX+1) 
IF(IUEVAL(IY, IX). EQ. 8) GCE(IY, IX)-GEMH(IY, IX-1) 
GO TO 13161 

C , r, r.., r., t....., r"t.., r.. w".. ". * ., r"w", r«ww«. "wr. r.. w...:. ".., r*. 
13160 IF(IUEVAL(IY, IX). EQ. 9) GCE(IY, IX)-GEML(IY+1, IX) 

IF(IUEVAL(IY, IX). EQ. 10) GCE(IY, IX)-GEML(IY-1, IX) 
IF(IUEVAL(IY, IX). EQ. 11) GCE(IY, IX)-GEML(IY, IX+1) 
IF(IUEVAL(IY, IX). EQ. 12) GCE(IY, IX)-GEML(IY, IX-1) 

13161 CONTINUE 
CALL SETYX(VAL, GCE, NYDI M, NXDIM) 
DO 13163 IX-1, NX-1 
DO 13163 IY-1, NY 

IUEVAL(IY, IX)-0 
13163 CONTINUE 
C CALL PRN('VAUE', VAL) 
13164 CONTINUE 
C 
C 

C V-Momentum Variable 
C **, r, t, t*, r, r, r, º**, r*, rt*** 
C 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. NE. S) GO TO 13174 
CALL ONLYIF(5,5, 'SUCCAE') 

C 
C DO 13166 IX-1, NX 
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C DO 13166 IY-1, NY-1 
C WRITE(6, *) 'ISWEEP- ', ISWEEP 
C WRITE(6, *) 'INDVAR- ', INDVAR 
C WRITE(6, *) 'IZ- ', IZ 
C WRITE(6, *) 'IX- ', IX 
C WRITE (6, *) ' IY- ', i' 
C WRITE(6, *) 'IVEVAL- ', IVEVAL(IY, IX) 
C 13166 CONTINU E 
C 

CALL GETYX(INDVAR, GEMP, NYDIM, NXDIM) 
CALL GETYX(HIGH(INDVAR), GEMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GEML, NYDIM, NXDIM) 

DO 13171 IX-1, NX 
DO 13171 IY-1, NY-1 
IF(IVEVAL(IY, IX). EQ. O) GO TO 13171 
IF(IVEVAL(IY, IX). GT. 4) GO TO 13169 

C ttttttttttttxtttttxxtttttxttxttttxttttttxtttttxtttx, rtxtrt 
IF(IVEVAL(IY, IX). EQ. 1) GCE(IY, IX)-GEMP(IY+1, IX-1) 
IF(IVEVAL(IY, IX). EQ. 2) GCE(IY, IX)-GEMP(IY+1, IX+1) 
IF(IVEVAL(IY, IX). EQ. 3) GCE(IY, IX)-GEMP(IY-1, IX-1) 
IF(IVEVAL(IY, IX). EQ. 4) GCE(IY, IX)-GEMP(IY-1, IX+1) 
GO TO 13171 

C tttttttxtttxxt, rtttttxxtttttxxtttxtttttxttxxxxtxrxxtt*tx, rº 
13169 IF(IVEVAL(IY, IX). GT. 8) GO TO 13170 

IF(IVEVAL(IY, IX). EQ. 5) GCE(IY, IX)-GEMH(IY+1, IX) 
IF(IVEVAL(IY, IX). EQ. 6) GCE(IY, IX)-GEMH(IY-1, IX) 
IF(IVEVAL(IY, IX). EQ. 7) GCE(IY, IX)-GEMH(IY, IX+l) 
IF(IVEVAL(IY, IX). EQ. 8) GCE(IY, IX)-GEMH(IY, IX-1) 
GO TO 13171 

C tttttttttttxttt+rttt, rttxxxxttxxxtxxxt, rxtx, rttt, rxttxt*txxt*r 
13170 IF(IVEVAL(IY, IX). EQ. 9) GCE(IY, IX)-GEML(IY+1, IX) 

IF(IVEVAL(IY, IX). EQ. 10) GCE(IY, IX)-GEML(IY-1, IX) 
IF(IVEVAL(IY, IX). EQ. 11) GCE(IY, IX)-GEML(IY, IX+1) 
IF(IVEVAL(IY, IX). EQ. 12) GCE(IY, IX)-GEML(IY, IX-1) 

13171 CONTINUE 
CALL SETYX(VAL, GCE, NYDIM, NXDIM) 
DO. 13173 IX-1, NX 
DO 13173 IY-1, NY-1 

IVEVAL(IY, IX)-O 
13173 CONTINUE 
C CALL PPM (' VAVE' , VAL) 
13174 CONTINUE 
C 
C 
C txttxtttxxxttxttxtx 
C W-Momentum variable 
C ttxxxxxxtxtxttx, txxx 

IF(NPATCH. NE. 'SUCCAE'. OR. INDVAR. NE. 7) GO TO 13184 
CALL ONLYIF(7,7, 'SUCCAE') 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DO 13176 IX-1, NX 
DO 13176 IY-1, NY 
WRITE(6, *) 'ISWEEP- 
WRITE (6, *) 'INDVAR- 
WRITE(6, *) 'IZ- ', IZ 
WRITE(6, *) 'IX- ', IX 
WRITE(6, *) 'IY- ', IY 
WRITE(6, *) 'IWEVAL- 

13176 CONTINUE 

', ISWEEP 
INDVAR 

, IWEVAL(IY, IX) 

CALL GETYX(INDVAR, GEMP, NYDIM, NXDIM) 
CALL GETYX(HIGH(INDVAR), GEMH, NYDIM, NXDIM) 
CALL GETYX(LOW(INDVAR), GEML, NYDIM, NXDIM) 

C 
DO 13181 IX-1, NX 
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DO 13181 IY-1, NY 
IF(IWEVAL(IY, IX). EQ. O) GO TO 13181 
IF(IWEVAL(IY, IX). GT. 4) GO TO 13179 

C ++r*rr+tttrt+rrr, rrrrtrr++t++. +++++++++++++++rtt+*rtr+tr+++ 
IF(IWEVAL(IY, IX). EQ. 1) GCE(IY, IX)-GEMP(IY+1, IX-1) 
IF(IWEVAL(IY, IX). EQ. 2) GCE(IY, IX)-GEMP(IY+1, IX+1) 
IF(IWEVAL(IY, IX). EQ. 3) GCE(IY, IX)-GEMP(IY-1, IX-1) 
IF(IWEVAL(IY, IX). EQ. 4) GCE(IY, IX)-GEMP(IY-1, IX+1) 
GO TO 13181 

C ++++*t*tttttttrtttt******ttrttttt+rr+******rtrrrrrrtrrt++ 
13179 IF(IWEVAL(IY, IX). GT. 8) GO TO 13180 

IF(IWEVAL(IY, IX). EQ. 5) GCE(IY, IX)-GEMH(IY+1, IX) 
IF(IWEVAL(IY, IX). EQ. 6) GCE(IY, IX)-GEMH(IY-1, IX) 
IF(IWEVAL(IY, IX). EQ. 7) GCE(IY, IX)-GEMH(IY, IX+1) 
IF(IWEVAL(IY, IX). EQ. 8) GCE(IY, IX)-GEMH(IY, IX-1) 
GO TO 13181 

C tttrrt******************tritt*rtr*rrrttt***************** 

13180 IF(IWEVAL(IY, IX). EQ. 9) GCE(IY, IX)-GEML(IY+1, IX) 
IF(IWEVAL(IY, IX). EQ. 10) GCE(IY, IX)-GEML(IY-1, IX) 
IF(IWEVAL(IY, IX). EQ. 11) GCE(IY, IX)-GEML(IY, IX+1) 
IF(IWEVAL(IY, IX). EQ. 12) GCE(IY, IX)-GEML(IY, IX-1) 

13181 CONTINUE 
CALL SETYX(VAL, GCE, NYDIM, NXDIM) 
DO 13183 IX-1, NX 
DO 13183 IY-1, NY 

IWEVAL(IY, IX)-0 
13183 CONTINUE 
C CALL PRN('VAWE', VAL) 
13184 CONTINUE 

RETURN 
C------------------- SECTION 14 ------------------- value - GRND2 

1313 CONTINUE 
RETURN 

C------------------- SECTION 15 ------------------- value - GRND3 
1314 CONTINUE 

RETURN 
C------------------- SECTION 16 ------------- value - GRND4 

1315 CONTINUE 
RETURN 

C------------------- SECTION 17 ------------------- value - GRND5 
1316 CONTINUE 

RETURN 
C------------------- SECTION 18 ------------------- value - GRND6 

1317 CONTINUE 
RETURN 

C------------------- SECTION 19 ------------------- value - GRND7 
1318 CONTINUE 

RETURN 
C------------------- SECTION 20 ------------------- value - GRND8 

1319 CONTINUE 
RETURN 

C------------------- SECTION 21 ------------------- value - GRND9 
1320 CONTINUE 

RETURN 
C------------------- SECTION 22 ------------------- value - GRND10 

1321 CONTINUE 
RETURN 

C 
C--- GROUP 14. Downstream pre ssure for PARAB-. TRUE. 
C 

14 CONTINUE 
RETURN 

C* Make changes for these groups only in GROUP 19. 
C--- GROUP 15. Termination of sweeps 

251 



C--- GROUP 16. Termination of iterations 
C--- GROUP 17. Under-relaxation devices 
C--- GROUP 18. Limits on variables or increments to them 

C 
C--- GROUP 19. Special calls to GROUND from EARTH 
C 

19 GO TO (191,192,193,194,195,196,197,198), ISC 
C* ------------------- SECTION 1 ---- Start of time step. 

191 CONTINUE 
RETURN 

C* ------------------- SECTION 2 ---- Start of sweep. 
192 CONTINUE 

RETURN 
C* ------------------- SECTION 3 ---- Start of iz slab. 

193 CONTINUE 
RETURN 

C* ------------------- SECTION 4 ---- Start of iteration. 
194 CONTINUE 

RETURN 
C* ------------------- SECTION 5 ---- Finish of iteration. 

195 CONTINUE 
RETURN 

C* ------------------- SECTION 6 ---- Finish of iz slab. 
196 CONTINUE 

RETURN 
C* ------------------- SECTION 7 ---- Finish of sweep. 

197 CONTINUE 
RETURN 

C* ------------------- SECTION 8 ---- Finish of time step. 
198 CONTINUE 

RETURN 

C 
C--- GROUP 20. Preliminary print-out 
C 

20 CONTINUE 
RETURN 

C, r****************************, r*********s******rr, rswtr, r, r:, ru***, rut 
C* Make changes for these groups only in GROUP 19. 
C--- GROUP 21. Print-out of variables 
C--- GROUP 22. Spot-value print-out 
C*************************************************************** 
C 
C--- GROUP 23. Field print-out and plot control 

23 CONTINUE 
RETURN 

C 
C--- GROUP 24. Dumps for restarts 
C 

24 CONTINUE 
END 
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SUBROUTINE GROUNDI 
INCLUDE 'lp16/d_ earth/SATEAR' 
INCLUDE '1p16/d_earth/GRDLOC' 
INCLUDE '1p16/dearth/GRDEAR' 
INCLUDE 'lpl6/d earth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COMMON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSH(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCWS(60,80), GCWE(60,80), GCWW(60,80), 
7 GCWL(60,80), GCWH(60,80), GWPCO(60,80), GWECO(60,80) 
COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 

7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
B IWEVAL(60,80), IWPVAL(60,80) 

C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GCMH(60,80), GCML(60,80), 
1 GCE(60,80), GEMP(60,80), GEMH(60,80), GEML(60,80) 

C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONs /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
C arrays EASP1, EASP2,.... EASP20. In addition to the EASPS, 
C there are 10 GRound-earth SPare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. If 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IF(. NOT. (LG(1))) RETURN 
IF(INDVAR. EQ. 3) GO TO 88949 
RETURN 

88949 CONTINUE 
C 
C Corrected Coefficients For U-Equation 
C 
C 
C North-South 
C 

IF(NDIREC. NE. 1) GO TO 89020 
C i. e. consider flow through North and South faces. 

CALL GETYX(LD11, GCUN, NYDIM, NXDIM) 
CALL GETYX(LD12, GCUS, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89020 

C 
C 
C North Coefficient 

DO 88980 IX-1, NX-1 
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DO 88980 IY-1, NY 
IF(GCUN(IY, IX). GT. 0.0. AND. GCUS(IY, IX). EQ. 0.0) GO TO 88955 

C ...... i. e. consider scheme ONLY with a max. of 3 +'ve fluxes... else.. 88950 GCC(IY, IX)-GCUN(IY, IX) 
GO TO 88980 

88955 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 88967 
IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 88961 

C ...... i. e. m(N), m(W)and m(L) involved... 
IF(GCUL(IY, IX). GE. GCUN(IY, IX). AND. GCUL(IY, IX). GE. GCUW(IY, IX)) 

1 GO TO 88959 
C ...... 

i. e. m(L) dominant... 
IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUW(IY, IX). GE. GCUL(IY, IX)) 

2 GO TO 88957 
C...... i. e. m(W) dominant... otherwise m(N) is dominant... 

IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 88956 

C ...... i. e. flow specification is m(N)>m(W)>m(L)>-0.0... otherwise.. 
C .......... flow specification is m(N)>m(L)>m(W)>-0.0... 

GCC(IY, IX)-(1.0-(GCUL(IY, IX)/GCUN(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 88980 
88956 GCC(IY, IX)_(1.0-(GCUW(IY, IX)/GCUN(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 88980 

88957 IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
6 GO TO 88958 

GCC(IY, IX)-0. 
GUPCO(IY, IX)=(GCUN(IY, IX)/GCUW(IY, IX))"(GCUL(IY, IX)+ 

7 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 88980 

88958 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUL(IY, IX))/GCUW(IY, IX))* 

8 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88959 IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 88960 

GCC (IY, IX) -0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUW(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 88980 

88960 GCC(IY, IX)"0. 
GUPCO(IY, IX)-(GCUN(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-5 

C i. e. Phi = @NWL - corner coeff. 
GO TO 88980 

C 
88961 IF(GCUH(IY, IX). GE. GCUN(IY, IX). AND. GCUH(IY, IX). GE. GCUW(IY, IX)) 

1 GO TO 88965 
IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUW(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 88963 
IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 88962 
GCC(IY, IX)_(1.0-(GCUH(IY, IX)/GCUN(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 88980 

88962 GCC(IY, IX)_(1.0-(GCUW(IY, IX)/GCUN(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 88980 
88963 IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

254 



6 GO TO 88964 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUN(IY, IX)/GCUW(IY, IX))*(GCUH(IY, IX)+ 

7 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

88964 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUH(IY, IX))/GCUW(IY, IX))* 

8 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL (IY, IX) -1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88965 IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 88966 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUW(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88966 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUN(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-1 

C i. e. Phi - 8NWH - corner coeff. 
GO TO 88980 

C ********************************************************************* 
88967 IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 88973 

IF(GCUL(IY, IX). GE. GCUN(IY, IX). AND. GCUL(IY, IX). GE. GCUE(IY, IX)) 
1 GO TO 88971 

IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUE(IY, IX). GE. GCUL(IY, IX)) 
2 GO TO 88969 

IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 88968 

GCC(IY, IX)-(1.0-(GCUL(IY, IX)/GCUN(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUE(IY, IX)+GCUN(IY, IX)) 

GO TO 88980 
88968 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUN(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 88980 

88969 IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
6 GO TO 88970 

GCC(IY, IX)-0. 
GUPCO(IY, IX). (GCUN(IY, IX)/GCUE(IY, IX))*(GCUL(IY, IX)+ 

7 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 88980 

88970 GCC(IY, IX)-O. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUL(IY, IX))/GCUE(IY, IX))* 

8 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 88980 

88971 IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 88972 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUE(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 88980 

88972 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUN(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
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IUPVAL(IY, IX)-6 
C i. e. Phi - @NEL - corner coeff. 

GO TO 88980 
C ++++++++++++++++++ *****+++++++++++++++++++++++++++++++++++t+++*.. *. .. 88973 IF(GCUH(IY, IX). GE. GCUN(IY, IX). AND. GCUH(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 88977 
IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUE(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 88975 
IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 88974 
GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUN(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 88980 

88974 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUN(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUE(IY, IX)+GCUN(IY, IX)) 

GO TO 88980 
88975 IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

6 GO TO 88976 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUN(IY, IX)/GCUE(IY, IX))*(GCUH(IY, IX)+ 

7 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 88980 

88976 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUH(IY, IX))/GCUE(IY, IX))* 

8 (GCUH(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 88980 

88977 IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 88978 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUN(IY, IX)-GCUE(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88978 GCC(IY, IX)-0. 
GUPCO(IY, IX)_(GCUN(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
88980 CONTINUE 

CALL SETYX(LD]I, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSN', LDll) 
C 
C South Coefficient 
C 

DO 89010 IX-1, NX-1 
DO 89010 IY-1, NY 

IF(GCUS(IY, -X). GT. 0.0. AND. GCUN(IY, IX). EQ. 0.0) GO TO 88985 
88982 GCC(IY, IX)-GCUS(IY, IX) 

GO TO 89010 
88985 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 88997 

IF(GCUH(IY,, IX). GT. GCUL(IY, IX)) GO TO 88991 
IF(GCUL(IY, IX). GE. GCUS(IY, IX). AND. GCUL(IY, IX). GE. GCUW(IY, IX)) 

1 GO TO 88989 
IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUW(IY, IX). GE. GCUL(IY, IX)) 

2 GO TO 88987 
IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

3 GO TO 88986 
GCC(IY, IX)_(1.0-(GCUL(IY, IX)/GCUS(IY, IX)))*(GCUL(IY, IX)+ 

4 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89010 

88986 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUS(IY, IX)))*(GCUL(IY, IX)+ 
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5 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89010 

88987 IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
6 GO TO 88988 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUW(IY, IX))*(GCUL(IY, IX)+ 

7 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

88988 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUL(IY, IX))/GCUW(IY, IX))* 

8 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88989 IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 88990 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUW(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

88990 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

C ttxxxxtxtxxx******xtxxxtxxtxxxxxxxtxtxxtxt******xtxxtx************ttx 
88991 IF(GCUH(IY, IX). GE. GCUS(IY, IX). AND. GCUH(IY, IX). GE. GCUW(IY, IX)) 

1 GO TO 88995 
IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUW(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 88993 
IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 88992 
GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUS(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89010 

88992 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUS(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89010 
88993 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

6 GO TO 88994 
GCC (IY, IX) -0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUW(IY, IX))*(GCUH(IY, IX)+ 

7 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - 8SWH - corner coeff. 
GO TO 89010 

88994 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUH(IY, IX))/GCUW(IY, IX))* 

8 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88995 IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 88996 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUW(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-6 

c i. e. Phi - 8SH - edge coeff 
GO TO 89010 

88996 GCC(IY, IX)-0. 
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GUPCO(IY, IX)-(GCUS(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89010 

C 
88997 IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 89003 

IF(GCUL(IY, IX). GE. GCUS(IY, IX). AND. GCUL(IY, IX). GE. GCUE(IY, IX)) 1 GO TO 89001 
IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUE(IY, IX). GE. GCUL(IY, IX)) 2 GO TO 88999 

IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 88998 

GCC(IY, IX)w(1.0-(GCUL(IY, IX)/GCUS(IY, IX)))*(GCUL(IY, IX)+ 4 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89010 

88998 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUS(IY, IX)))*(GCUL(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89010 
88999 IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

6 GO TO 89000 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUE(IY, IX))*(GCUL(IY, IX)+ 

7 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

89000 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUL(IY, IX))/GCUE(IY, IX))* 

8 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89010 

89001 IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 89002 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUE(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

89002 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

C ************************s*******e*******************, t***************** 
89003 IF(GCUH(IY, IX). GE. GCUS(IY, IX). AND. GCUB(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89007 
IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUE(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 89005 
IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 89004 
GCC(IY, IX)m(1.0-(GCUR(IY, IX)/GCUS(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89010 

89004 GCC(IY, IX)=(1.0-(GCUE(IY, IX)/GCUS(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89010 
89005 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUB(IY, IX). GE. 0.0) 

6 GO TO 89006 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUE(IY, IX))*(GCUH(IY, IX)+ 

7 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -4 
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C i. e. Phi - @SEH - corner coeff. 
GO TO 89010 

89006 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUH(IY, IX))/GCUE(IY, IX))* 8 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) IUEVAL (IY, IX) -4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89010 

89007 IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 9 GO TO 89008 
GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUS(IY, IX)-GCUE(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

89008 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUS(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
89010 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSS', LD12) 

RETURN 
C 
C East-West 
C 
89020 IF(NDIREC. NE. 3) GO TO 89100 
C i. e. consider flow through East and West faces. 

CALL GETYX(LD11, GCUE, NYDIM, NXDIM) 
CALL GETYX(LD12, GCUW, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89100 

C 
C East Coefficient 
C 

DO 89060 IX-1, NX-1 
DO 89060 IY-1, NY 

IF(GCUE(IY, IX). GT. O. O. AND. GCUW(IY, IX). EQ. 0.0) GO TO 89025 
89022 GCC(IY, IX)-GCUE(IY, IX) 

GO TO 89060 
89025 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 89037 

IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 89031 
IF(GCUL(IY, IX). GE. GCUE(IY, IX). AND. GCUL(IY, IX). GE. GCUS(IY, IX)) 1 GO TO 89029 
IF(GCUS(IY, IX). GE. GCUE(IY, IX). AND. GCUS(IY, IX). GE. GCUL(IY, IX)) 2 GO TO 89027 

IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 89026 

GCC(IY, IX)-(1.0-(GCUL(IY, IX)/GCUE(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89060 
89026 GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUE(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89060 

89027 IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
6 GO TO 89028 

GCC (IY, IX) -0. 
GUPCO(IY, IX)-(GCUE(IY, IX)/GCUS(IY, IX))*(GCUL(IY, IX)+ 

7 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89028 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUL(IY, IX))/GCUS(IY, IX))* 

8 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
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IUEVAL(IY, IX)-4 
C i. e. Phi - @SE - edge coeff. 

GO TO 89060 
89029 IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 

9 GO TO 89030 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GLUE(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89030 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUS(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C **r************************, t*********************s******************* 
89031 IF(GCUH(IY, IX). GE. GCUE(IY, IX). AND. GCUH(IY, IX). GE. GCUS(IY, IX)) 

1 GO TO 89035 
IF(GCUS(IY, IX). GE. GCUE(IY, IX). AND. GCUS(IY, IX). GE. GCUH(IY, IX)) 2 GO TO 89033 

IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
3 GO TO 89032 

GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUE(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUE(IY, IX)+GCUS(IY, IX)) 

89032 GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUE(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89060 
89033 IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

6 GO TO 89034 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUE(IY, IX)/GCUS(IY, IX))*(GCUH(IY, IX)+ 

7 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89034 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUH(IY, IX))/GCUS(IY, IX))* 

8 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89060 

89035 IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 89036 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUE(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-4 

C i. e. Phi - SSEH - corner coeff. 
GO TO 89060 

89036 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUS(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-7 

C i. e. Phi - 8EH - edge coeff 
GO TO 89060 

C ************, º*************************w*, ºw**************************" 
89037 IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 89043 

IF(GCUL(IY, IX). GE. GCUN(IY, IX). AND. GCUL(IY, IX). GE. GCUE(IY, IX)) 
1 GO TO 89041 

IF(GCUN(IY, IX). GE. GCUE(IY, IX). AND. GCUN(IY, IX). GE. GCUL(IY, IX)) 
2 GO TO 89039 

IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 89038 

GCC(IY, IX)-(1.0-(GCUL(IY, IX)/GCUE(IY, IX)))*(GCUL(IY, IX)+ 
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4 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 89060 

89038 GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUE(IY, IX)))*(GCUL(IY, iX)+ 5 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 89060 

89039 IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 6 GO TO 89040 
GCC (IY, IX)-0. 
GUPCO(IY, IX)-(GLUE(IY, IX)/GCUN(IY, IX))*(GCUL(IY, IX)+ 

7 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89040 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUL(IY, IX))/GCUN(IY, IX))* 

8 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 89060 

89041 IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 89042 

GCC (IY, IX) -0. 
GUPCO(IY, IX)-(GCUE(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -6 

C i. e. Phi - 2NEL - corner coeff. 
GO TO 89060 

89042 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUN(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C ***, r*****************, t**********, r********+***, r****************.. ****** 
89043 IF(GCUH(IY, IX). GE. GCUN(IY, IX). AND. GCUH(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89047 
IF(GCUN(IY, IX). GE. GCUE(IY, IX). AND. GCUN(IY, IX). GE. GCUH(IY, IX)) 2 GO TO 89045 

IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
3 GO TO 89044 

GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUE(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUE(IY, IX)+GCUN(IY, IX)) 

GO TO 89060 
89044 GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUE(IY, IX)))*(GCUH(IYIX)+ 

5 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 89060 

89045 IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
6 GO TO 89046 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUE(IY, IX)/GCUN(IY, IX))*(GCUH(IY, IX)+ 

7 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-2 

C i. e. Phi - 2NEH - corner coeff. 
GO TO 89060 

89046 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUE(IY, IX)-GCUH(IY, IX))/GCÜN(IY, IX))* 

8 (GCUH(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 89060 

89047 IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 89048 

GUPCO(IY, IX)-(GCUE(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 
2 GCUE(IY, IX)+GCUN(IY, IX)) 

IUPVAL(IY, IX)-2 
C i. e. Phi - @NEH - corner coeff. 
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GO TO 89060 
89048 GCC(IY, IX)-0. 

GUECO(IY, IX)-((GCUE(IY, IX)-GCUN(IY, IX))/GCUH(IY, IX))* 
1 (GCUH (IY, IX) +GCUE (IY, IX) +GCUN (IY, IX) ) 

IUEVAL(IY, IX)-7 
C i. e. Phi - 8EH - edge coeff. 
89060 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSE', LD11) 
C 
C West Coefficient 
C 

DO 89090 IX-1, NX-1 
DO 89090 IY-1, NY 

IF(GCUW(IY, IX). GT. 0.0. AND. GCUE(IY, IX). EQ. 0.0) GO TO 89065 
89062 GCC(IY, IX)-GCUW(IY, IX) 

GO TO 89090 
89065 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 89077 

IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 89071 
IF(GCUL(IY, IX). GE. GCUW(IY, IX). AND. GCUL(IY, IX). GE. GCUS(IY, IX)) 

1 GO TO 89069 
IF(GCUS(IY, IX). GE. GCUW(IY, IX). AND. GCUS(IY, IX). GE. GCUL(IY, IX)) 

2 GO TO 89067 
IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

3 GO TO 89066 
GCC(IY, IX)-(1.0-(GCUL(IY, IX)/GCUW(IY, IX)))*(GCUL(IY, IX)+ 

4 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89090 

89066 GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUW(IY, IX)))*(GCUL(IY, IX)+ 
5 GCUW(IY, IX)+GCUS(IY", IX)) 

GO TO 89090 
89067 IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

6 GO TO 89068 
GCC(IY, IX)-0. 
GUPCO(IY, IX)=(GCUW(IY, IX)/GCUS(IY, IX))*(GCUL(IY, IX)+ 

7 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89068 GCC(IY, IX)-0. 
GUECO(IY, IX)=((GCUW(IY, IX)-GCUL(IY, IX))/GCUS(IY, IX))* 

8 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89069 IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 89070 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89070 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUS(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89090 

C 
89071 IF(GCUH(IY, IX). GE. GCUW(IY, IX). AND. GCUH(IY, IX). GE. GCUS(IY, IX)) 

1 GO TO 89075 
IF(GCUS(IY, IX). GE. GCUW(IY, IX). AND. GCUS(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 89073 
IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 89072 
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GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUW(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89090 
89072 GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUW(IY, IX)))*(GCUH(IY, IX)+ 5 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89090 
89073 IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

6 GO TO 89074 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUS(IY, IX))*(GCUH(IY, IX)+ 

7 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89074 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUH(IY, IX))/GCUS(IY, IX))* 

8 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89075 IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
9 GO TO 89076 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - 8SWH - corner coeff. 
GO TO 89090 

89076 GCC(IY, IX)-0. 
GUECO(IY, IX). ((GCUW(IY, IX)-GCUS(IY, IX))/GCUH(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89090 

C *****************************, r, r****************w*****************.. *" 
89077 IF(GCUH(IY, IX). GT. GCUL(IY, IX)) GO TO 89083 

IF(GCUL(IY, IX). GE. GCUN(IY, IX). AND. GCUL(IY, IX). GE. GCUW(IY, IX)) 
1 GO TO 89081 

IF(GCUN(IY, IX). GE. GCUW(IY, IX). AND. GCUN(IY, IX). GE. GCUL(IY, IX)) 
2 GO TO 89079 

IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
3 GO TO 89078 

GCC(IY, IX)=(1.0-(GCUL(IY, IX)/GCUW(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 89090 
89078 GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUW(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 89090 

89079 IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
6 GO TO 89080 

GCC (IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUN(IY, IX))*(GCUL(IY, IX)+ 

7 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 89090 

89080 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUL(IY, IX))/GCUN(IY, IX))* 

8 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89081 IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 89082 

GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUL(IY, IX))*(GCUL(IY, IX)+ 
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2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89082 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUN(IY, IX))/GCUL(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89090 

C **** **********, r**, º*******, r**************************************.. *** 
89083 IF(GCUH(IY, IX). GE. GCUN(IY, IX). AND. GCUH(IY, IX). GE. GCUW(IY, IX)) 

1 GO TO 89087 
IF(GCUN(IY, IX). GE. GCUW(IY, IX). AND. GCUN(IY, IX). GE. GCUH(IY, IX)) 

2 GO TO 89085 
IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

3 GO TO 89084 
GCC(IY, IX)-(1.0-(GCUH(IY, IX)/GCUW(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 89090 

89084 GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUW(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 89090 
89085 IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

6 GO TO 89086 
GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUN(IY, IX))*(GCUH(IY, IX)+ 

7 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89086 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUH(IY, IX))/GCUN(IY, IX))* 

8 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL (IY, IX) -1 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89087 IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
9 GO TO 89088 

GCC(IY, IX)-0. 
GUPCO(IY, IX)u(GCUW(IY, IX)/GCUH(IY, IX))*(GCUH(IY, IX)+ 

2 GCÜW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89088 GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUW(IY, IX)-GCUN(IY, IX))/(; CÜH(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff. 
89090 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSW', LD12) 

RETURN 
C 
C High-Low 
C 
89100 IF(NDIREC. NE. 5) GO TO 89140 
C i. e. consider flow through High face. 

CALL GETYX(LD2, GCUH, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89140 

C High Coefficient 
C 

DO 89130 IX-1, NX-1 
DO 89130 IY-1, NY 

IF(GCUH(IY, IX). GT. 0.0. AND. GCUL(IY, IX). EQ. 0.0) GO TO 89105 
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GCC(IY, IX)-GCUH(IY, IX) 
GO TO 89130 

89105 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 89117 
IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 89111 

IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUS(IY, IX). GE. GCUW(IY, IX)) 1 GO TO 89109 
IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUW(IY, IX). GE. GCUS(IY, IX)) 2 GO TO 89107 

IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
3 GO TO 89106 

GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89130 
89106 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

5 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89130 

89107 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89108 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUS(IY, IX))/GCUW(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89108 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUW(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

89109 IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89110 

GCC (IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUW(IY, IX))/GCUS(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-6 

C i. e. Phi - 8SH - edge coeff 
GO TO 89130 

89110 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUS(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

C *t*tttttt******ttttt, r, rttttttttttttttttttttt******tttttttttttttttttttt 
89111 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUS(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89115 
IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUE(IY, IX). GE. GCUS(IY, IX)) 

2 GO TO 89113 
IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 

3 GO TO 89112 
GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89130 

89112 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89130 
89113 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

9 GO TO 89114 
GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUS(IY, IX))/GCUE(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-7 

C i. e. Phi - CEH - edge coeff 
GO TO 89130 

89114 GCC(IY, IX)-0. 
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GCC(IY, IX)-GCUH(IY, IX) 
GO TO 89130 

89105 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 89117 
IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 89111 

IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUS(IY, IX). GE. GCUW(IY, IX)) 
1 GO TO 89109 

IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUW(IY, IX). GE. GCUS(IY, IX)) 
2 GO TO 89107 

IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
3 GO TO 89106 

GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89130 
89106 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

5 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89130 

89107 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89108 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUS(IY, IX))/GCUW(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL (IY, IX) -8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89108 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUW(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

89109 IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89110 

GCC(IY, IX)-0. 
GUECO(IY, IX)_((GCUH(IY, IX)-GCUW(IY, IX))/GCUS(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-6 

C i. e. Phi - ¬SH - edge coeff 
GO TO 89130 

89110 GCC(IY, IX)-0. 
GUPCO(IY, IX)_(GCUH(IY, IX)/GCUS(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

C **********: *****. ******+**********************w***************. ****** 
89111 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUS(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89115 
IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUE(IY, IX). GE. GCUS(IY, IX)) 

2 GO TO 89113 
IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 

3 GO TO 89112 
GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

4 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89130 

89112 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89130 
89113 IF(GCUS(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

9 GO TO 89114 
GCC (IY, IX) -0. 
GUECO(IY, IX)_((GCUH(IY, IX)-GCUS(IY, IX))/GCUE(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-7 

C i. e. Phi - @EH - edge coeff 
GO TO 89130 

89114 GCC(IY, IX)-0. 
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GUPCO(IY, IX)-(GCUH(IY, IX)/GCUE(IY, IX))*(GCUH(IY, IX)+ 
2 GCUE(IY, IX)+GCUS(IY, IX)) 

IUPVAL(IY, IX)-4 
C i. e. Phi - @SEH - corner coeff. 

GO TO 89130 
89115 IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 

9 GO TO 89116 
GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUE(IY, IX))/GCUS(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-6 

C i. e. Phi - ASH - edge coeff 
GO TO 89130 

89116 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUS(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89130 

C *x*x*xxxxxxxxxxxxxxxxx***************************x**x*x*x***xxx**x*** 
89117 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 89123 

IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUN(IY, IX). GE. GCUW(IY, IX)) 
1 GO TO 89121 

IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUW(IY, IX). GE. GCUN(IY, IX)) 
2 GO TO 89119 

IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
3 GO TO 89118 

GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 89130 
89118 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

5 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 89130 

89119 IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89120 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUN(IY, IX))/GCUW(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-8 

C i. e. Phi - 8WH - edge coeff 
GO TO 89130 

89120 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUW(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-1 

C i. e. Phi - 9NWH - corner coeff. 
GO TO 89130 

89121 IF(GCUW(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89122 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUW(IY, IX))/GCUN(IY, IX))* 

1 (GCUH(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL (IY, IX) -5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89122 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUW(IY, IX)/GCUN(IY, IX))*(GCUH(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89130 

C xxxxxxxxxxxxxxx*xxxxxxx, rx*************xxxxxxxxxxxxxxxxxxxxx*********** 
89123 IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUN(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89127 
IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUE(IY, IX). GE. GCUN(IY, IX)) 

2 GO TO 89125 
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IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
3 GO TO 89124 

GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 
4 GCUE(IY, IX)+GCUN(IY, IX)) 

GO TO 89130 
89124 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUH(IY, IX)))*(GCUH(IY, IX)+ 

5 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 89130 

89125 IF(GCUN(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89126 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUN(IY, IX))/GCUE(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-7 

C i. e. Phi - 8EH - edge coeff 
GO TO 89130 

89126 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUH(IY, IX)/GCUE(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 89130 

89127 IF(GCUE(IY, IX). GE. GCUH(IY, IX). AND. GCUH(IY, IX). GE. 0.0) 
9 GO TO 89128 

GCC (IY, IX) -0. 
GUECO(IY, IX)-((GCUH(IY, IX)-GCUE(IY, IX))/GCUN(IY, IX))* 

1 (GCUH(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89128 GCC(IY, IX)-0. 
GUPCO(IY, IX)_(GCUH(IY, IX)/GCUN(IY, IX))*(GCUH(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-2 

C i. e. Phi - BNEH - corner coeff. 
89130 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSH', LD2) 

RETURN 
C 
C Low Coefficient 
C 
89140 IF(NDIREC. NE. 6) RETURN 
C i. e. consider flow through Low face. 

CALL GETYX(LD2, GCUL, NYDIM, NXDIM) 
IF (ISWEEP . EQ . FSWEEP) RETURN 

DO 89200 IX-1, NX-1 
DO 89200 IY-1, NY 

IF(GCUL(IY, IX). GT. 0.0. AND. GCUH(IY, IX). EQ. 0.0) GO TO 89145 
GCC(IY, IX)-GCUL(IY, IX) 
GO TO 89200 

89145 IF(GCUN(IY, IX). GT. GCUS(IY, IX)) GO TO 89157 
IF(GCUE(IY, IX). GT. GCUN(IY, IX)) GO TO 89151 

IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUS(IY, IX). GE. GCUW(IY, IX)) 
1 GO TO 89149 

IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUW(IY, IX). GE. GCUS(IY, IX)) 
2 GO TO 89147 

IF(GCUW(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 
3 GO TO 89146 

GCC(IY, IX)-(1.0-(GCUS(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUW(IY, IX)+GCUS(IY, IX)) 

GO TO 89200 
89146 GCC(IY, IX)_(1.0-(GCUW(IY, IX)/GCAL(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUW(IY, IX)+GCUS(IY, IX)) 
GO TO 89200 

89147 IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
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9 GO TO 89148 
GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUL(IY, IX)-GCUS(IY, IX))/GCUW(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89148 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUW(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

89149 IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
9 GO TO 89150 

GCC(IY, IX)-0. 
GUECO(IY, IX)=((GCUL(IY, IX)-GCUW(IY, IX))/GCUS(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89200 

89150 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUS(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

C *********************************s*********************************** 
89151 IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUS(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89155 
IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUE(IY, IX). GE. GCUS(IY, IX)) 

2 GO TO 89153 
IF(GCUE(IY, IX). GE. GCUS(IY, IX). AND. GCUS(IY, IX). GE. 0.0) 

3 GO TO 89152 
GCC(IY, IX)_(1.0-(GCUS(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 

4 GCUE(IY, IX)+GCUS(IY, IX)) 
GO TO 89200 

89152 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 
5 GCUE(IY, IX)+GCUS(IY, IX)) 

GO TO 89200 
89153 IF(GCUS(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

9 GO TO 89154 
GCC(IY, IX)"0. 
GUECO(IY, IX)_((GCUL(IY, IX)-GCUS(IY, IX))/GCUE(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89200 

89154 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUE(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

89155 IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
9 GO TO 89156 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUL(IY, IX)-GCUE(IY, IX))/GCUS(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUS(IY, IX)) 
IUEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89200 

89156 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUS(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUS(IY, IX)) 
IUPVAL (IY, IX) -8 
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C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

C *******t***t*t***t*****t******t******************************.. +.. ý.. 
89157 IF(GCUE(IY, IX). GT. GCUW(IY, IX)) GO TO 89163 

IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUN(IY, IX). GE. GCUW(IY, IX)) 
1 GO TO 89161 

IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUW(IY, IX). GE. GCUN(IY, IX)) 
2 GO TO 89159 

IF(GCUW(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 
3 GO TO 89158 

GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 
4 GCUW(IY, IX)+GCUN(IY, IX)) 

GO TO 89200 
89158 GCC(IY, IX)-(1.0-(GCUW(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 

5 GCUW(IY, IX)+GCUN(IY, IX)) 
GO TO 89200 

89159 IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
9 GO TO 89160 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUL(IY, IX)-GCUN(IY, IX))/GCUW(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89160 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUW(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89200 

89161 IF(GCUW(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 
9 GO TO 89162 

GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUL(IY, IX)-GCUW(IY, IX))/GCUN(IY, IX))* 

1 (GCUL(IY, IX)+GCUW(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89162 GCC(IY, IX)-0. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUN(IY, IX))*(GCUL(IY, IX)+ 

2 GCUW(IY, IX)+GCUN(IY, IX)) 
IUPVAL (IY, IX) -5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 89200 

C *t*t*t*tttttttttt*tttttttttttt******tttttttttttt************t******t** 
89163 IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUN(IY, IX). GE. GCUE(IY, IX)) 

1 GO TO 89167 
IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUE(IY, IX). GE. GCUN(IY, IX)) 

2 GO TO 89165 
IF(GCUE(IY, IX). GE. GCUN(IY, IX). AND. GCUN(IY, IX). GE. 0.0) 

3 GO TO 89164 
GCC(IY, IX)-(1.0-(GCUN(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 

4 GCUE(IY, IX)+GCUN(IY, IX)) 
GO TO 89200 

89164 GCC(IY, IX)-(1.0-(GCUE(IY, IX)/GCUL(IY, IX)))*(GCUL(IY, IX)+ 
5 GCUE(IY, IX)+GCUN(IY, IX)) 

GO TO 89200 
89165 IF(GCUN(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

9 GO TO 89166 
GCC (IY, IX) -0. 
GUECO(IY, IX)_((GCUL(IY, IX)-GCUN(IY, IX))/GCUE(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-11 

C i. e. Phi - 8EL - edge coeff 
GO TO 89200 

89166 GCC(IY, IX)-0. 
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GUPCO(IY, IX)-(GCUL(IY, IX' GCUE(IY, IX))*(GCUL(IY, IX)+ 
2 GCUE(IY, IX)+G,: UN(IY, IX)) 

IUPVAL (IY, IX) -6 
C i. e. Phi - @NEL - corner coeff. 

GO TO 89200 
89167 IF(GCUE(IY, IX). GE. GCUL(IY, IX). AND. GCUL(IY, IX). GE. 0.0) 

9 GO TO 89168 
GCC(IY, IX)-0. 
GUECO(IY, IX)-((GCUL(IY, IX)-GCUE(IY, IX))/GCUN(IY, IX))* 

1 (GCUL(IY, IX)+GCUE(IY, IX)+GCUN(IY, IX)) 
IUEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89168 GCC(IY, IX)-O. 
GUPCO(IY, IX)-(GCUL(IY, IX)/GCUN(IY, IX))*(GCUL(IY, IX)+ 

2 GCUE(IY, IX)+GCUN(IY, IX)) 
IUPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
89200 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSL', LD2) 

RETURN 
END 
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C#ww+ºi, r#w, r«r*+r, ºr, º, r, r, º, r, rt, rtt, rw, r+r, rw, r, r, r, r, r, r*, r, r, r*, r., r, rw, r+r, rw+., º, º*, rr, r, r, ºt, rf 
SUBROUTINE GROUND2 
INCLUDE 'lp16/d earth/SATEAR' 
INCLUDE '1p16/d earth/GRDLOC' 
INCLUDE '1p16/dearth/GRDEAR' 
INCLUDE 'lpl6/d earth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COMMON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSH(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCWS(60,80), GCWE(60,80), GCWW(60,80), 
7 GCWL(60,80), GCWH(60,80), GWPCO(60,80), GWECO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 
7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
8 IWEVAL(60,80), IWPVAL(60,80) 

C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GCMH(60,80), GCML(60,80), 
1 GCE(60,80), GEMP(60,80), GEMH(60,80), GEML(60,80) 

C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONS /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
C arrays EASP1, EASP2,.... EASP20. In addition to the EASPs, 
C there are 10 GRound-earth SPare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. if 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IF(. NOT. (LG(2))) RETURN 
IF(INDVAR. EQ. 5) GO TO 88949 
RETURN 

88949 CONTINUE 
C 
C Corrected Coefficients For U-Equation 
C , r, r, rt*r, º*+r*+, r, rt, rtw. w*****t*, r*t, rr, r, rt, r rt* 
C 
C North-South 
C 

IF(NDIREC. NE. 1) GO TO 89020 
C i. e. consider flow through North and South faces. 

CALL GETYX(LD11, GCVN, NYDIM, NXDIM) 
CALL GETYX(LD12, GCVS, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89020 

C 
C 

DO 88980 IX-1, NX 
DO 88980 IY-1, NY-1 
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IF(GCVN(IY, IX). GT. O. O. AND. GCVS(IY, IX). EQ. 0.0) GO TO 88955 
C ...... i. e. consider scheme ONLY with a max. of 3 +'ve fluxes... else.. 88950 GCC(IY, IX)-GCVN(IY, IX) 

GO TO 88980 
88955 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 88967 

IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 88961 
C...... i. e. m(N), m(W)and m(L) involved... 

IF(GCVL(IY, IX). GE. GCVN(IY, IX). AND. GCVL(IY, IX). GE. GCVW(IY, IX)) 1 GO TO 88959 
C...... i. e. m(L) dominant... 

IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVW(IY, IX). GE. GCVL(IY, IX)) 2 GO TO 88957 
C ...... i. e. m(W) dominant... otherwise m(N) is dominant... 

IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
3 GO TO 88956 

C ...... i. e. flow specification is m(N)>m(W)>m(L)>-0. O... otherwise.. 
C .......... flow specification is m(N)>m(L)>m(W)>-0.0... 

GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVN(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 88980 
88956 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVN(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 88980 

88957 IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
6 GO TO 88958 

GCC (IY, IX) -0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVW(IY, IX))*(GCVL(IY, IX)+ 

7 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 88980 

88958 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVL(IY, IX))/GCVW(IY, IX))* 

8 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL (IY, IX) -1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88959 IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 88960 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVW(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 88980 

88960 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 88980 

C ********************************************************************* 
88961 IF(GCVH(IY, IX). GE. GCVN(IY, IX). AND. GCVH(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 88965 
IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVW(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 88963 
IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 88962 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVN(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 88980 

88962 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVN(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 88980 
88963 IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 88964 
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GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVW(IY, IX))*(GCVH(IY, IX)+ 

7 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

88964 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVH(IY, IX))/GCVW(IY, IX))* 

8 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88965 IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 88966 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVW(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL (IY, IX) -5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88966 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

C ********************************************************************* 
88967 IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 88973 

IF(GCVL(IY, IX). GE. GCVN(IY, IX). AND. GCVL(IY, IX). GE. GCVE(IY, IX)) 
1 GO TO 88971 

IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVE(IY, IX). GE. GCVL(IY, IX)) 
2 GO TO 88969 

IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
3 GO TO 88968 

GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVN(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVE(IY, IX)+GCVN(IY, IX)) 

GO TO 88980 
88968 GCC(IY, IX)-(1.0-(GCVE(IY, IX)/GCVN(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 88980 

88969 IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
6 GO TO 88970 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVE(IY, IX))*(GCVL(IY, IX)+ 

7 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 88980 

88970 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVL(IY, IX))/GCVE(IY, IX))* 

8 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 88980 

88971 IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 88972 

GCC (IY, IX) -0 . GVECO(IY, IX)-((GCVN(IY, IX)-GCVE(IY, IX))/GCVL(IY, IX))* 
1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 

IVEVAL(IY, IX)-9 
C i. e. Phi - @NL - edge coeff 

GO TO 88980 
88972 GCC(IY, IX)-0. 

GVPCO(IY, IX)-(GCVN(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 
2 GCVE(IY, IX)+GCVN(IY, IX)) 

IVPVAL(IY, IX)-6 
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C i. e. Phi - 8NEL - corner coeff. 
GO TO 88980 

C ********************************+*********************.. *********... *. 
88973 IF(GCVH(IY, IX). GE. GCVN(IY, IX). AND. GCVH(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 88977 
IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVE(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 88975 
IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 88974 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVN(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 88980 

88974 GCC(IY, IX)-(1.0-(GCVE(IY, IX)/GCVN(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVE(IY, IX)+GCVN(IY, IX)) 

GO TO 88980 
88975 IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 88976 
GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVE(IY, IX))*(GCVH(IY, IX)+ 

7 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 88980 

88976 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVH(IY, IX))/GCVE(IY, IX))* 

8 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL (IY, IX) -2 

C i. e. Phi - ONE - edge coeff. 
GO TO 88980 

89977 IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 88978 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVN(IY, IX)-GCVE(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88978 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVN(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -2 

C i. e. Phi - 8NEH - corner coeff. 
88980 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSN', LD11) 
C 
C South Coefficient 
C 

DO 89010 IX-1, NX 
DO 89010 IY-1, NY-1 

IF(GCVS(IY, IX). GT. 0.0. AND. GCVN(IY, IX). EQ. 0.0) GO TO 88985 
88982 GCC(IY, IX)-GCVS(IY, IX) 

GO TO 89010 
88985 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 88997 

IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 88991 
IF(GCVL(IY, IX). GE. GCVS(IY, IX). AND. GCVL(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 88989 
IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVW(IY, IX). GE. GCVL(IY, IX)) 

2 GO TO 88987 
IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

3 GO TO 88986 
GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVS(IY, IX)))*(GCVL(IY, IX)+ 

4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89010 

88986 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVS(IY, IX)))*(GCVL(IY, IX)+ 
5 GCVN(IY, IX)+GCVS(IY, IX)) 
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GO TO 89010 
88987 IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

6 GO TO 88988 
GCC (IY, IX) -0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVW(IY, IX))*(GCVL(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

88988 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVL(IY, IX))/GCVW(IY, IX))* 

8 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88989 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 88990 

GCC (IY, IX) -0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVW(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

88990 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

C ********************: *****, r***********r*****w****************. ******* 
88991 IF(GCVH(IY, IX). GE. GCVS(IY, IX). AND. GCVH(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 88995 
IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVW(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 88993 
IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 88992 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVS(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89010 

88992 GCC(IY, IX)_(1.0-(GCVW(IY, IX)/GCVS(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89010 
88993 IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 88994 
GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVS(IY, IX)/GCVW(IY, IX))*(GCVH(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89010 

88994 GCC(IY, IX)a. 0. 
GVECO(IY, IX)_((GCVS(IY, IX)-GCVH(IY, IX))/GCVW(IY, IX))* 

8 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88995 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 88996 

GCC(IY, IX)-0. 
GVECO(IY, IX)_((GCVS(IY, IX)-GCVW(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

88996 GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVS(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 
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GO TO 89010 
88987 IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

6 GO TO 88988 
GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVW(IY, IX))*(GCVL(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

88988 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVL(IY, IX))/GCVW(IY, IX))* 

8 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - ¬SW - edge coeff. 
GO TO 89010 

88989 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 88990 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVW(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-10 

C- i. e. Phi - @SL - edge coeff 
GO TO 89010 

88990 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

C "******************************************************************** 
88991 IF(GCVH(IY, IX). GE. GCVS(IY, IX). AND. GCVH(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 88995 
IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVW(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 88993 
IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 88992 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVS(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89010 

88992 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVS(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89010 
88993 IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 88994 
GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVW(IY, IX))*(GCVH(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - 8SWH - corner coeff. 
GO TO 89010 

88994 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVH(IY, IX))/GCVW(IY, IX))* 

8 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88995 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 88996 

GCC (IY, IX) -0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVW(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

88996 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 
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GO TO 89010 
89006 GCC(IY, IX)-0. 

GVECO(IY, IX)-((GCVS(IY, IX)-GCVH(IY, IX))/GCVE(IY, IX))* 
8 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 

IVEVAL(IY, IX)-4 
C i. e. Phi - @SE - edge coeff. 

GO TO 89010 
89007 IF(GCVE(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 

9 GO TO 89008 
GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVS(IY, IX)-GCVE(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

89008 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVS(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
89010 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSS', LD12) 

RETURN 
C 
C East-West 
C 
89020 IF(NDIREC. NE. 3) GO TO 89100 
C i. e. consider flow through East and West faces. 

CALL GETYX(LD11, GCVE, NYDIM, NXDIM) 
CALL GETYX(LD12, GCVW, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89100 

C 
C East Coefficient 
C 

DO 89060 IX-1, NX 
DO 89060 IY-1, NY-1 

IF(GCVE(IY, IX). GT. 0.0. AND. GCVW(IY, IX). EQ. 0.0) GO TO 89025 
89022 GCC(IY, IX)-GCVE(IY, IX) 

GO TO 89060 
89025 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 89037 

IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 89031 
IF(GCVL(IY, IX). GE. GCVE(IY, IX). AND. GCVL(IY, IX). GE. GCVS(IY, IX)) 

1 GO TO 89029 
IF(GCVS(IY, IX). GE. GCVE(IY, IX). AND. GCVS(IY, IX). GE. GCVL(IY, IX)) 

2 GO TO 89027 
IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

3 GO TO 89026 
GCC(IY, IX)_(1.0-(GCVL(IY, IX)/GCVE(IY, IX)))*(GCVL(IY, IX)+ 

4 GCVE(IY, IX)+GCVS(IY, IX)) 
GO TO 89060 

89026 GCC(IY, IX)"(1.0-(GCVS(IY, IX)/GCVE(IY, IX)))*(GCVL(IY, IX)+ 
5 GCVE(IY, IX)+GCVS(IY, IX)) 

GO TO 89060 
89027 IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

6 GO TO 89028 
GCC (IY, IX) -0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVS(IY, IX))*(GCVL(IY, IX)+ 

7 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-8 

C i. e. Phi - 8SEL - corner coeff. 
GO TO 89060 

89028 GCC(IY, IX)-0. 
GVECO(IY, IX)"((GCVE(IY, IX)-GCVL(IY, IX))/GCVS(IY, IX))* 

8 (GCVL(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-4 
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C i. e. Phi - @SE - edge coeff. 
GO TO 89060 

89029 IF(GCVE(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 89030 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89030 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVS(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C **********xxxxxxxxxxx**************xxx************************x****** 
89031 IF(GCVH(IY, IX). GE. GCVE(IY, IX). AND. GCVH(IY, IX). GE. GCVS(IY, IX)) 

1 GO TO 89035 
IF(GCVS(IY, IX). GE. GCVE(IY, IX). AND. GCVS(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 89033 
IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 89032 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVE(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVE(IY, IX)+GCVS(IY, IX)) 
89032 GCC(IY, IX)-(1.0-(GCVS(IY, IX)/GCVE(IY, IX)))*(GCVH(IY, IX)+ 

5 GCVE(IY, IX)+GCVS(IY, IX)) 
GO TO 89060 

89033 IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
6 GO TO 89034 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVS(IY, IX))*(GCVH(IY, IX)+ 

7 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL (IY, IX) -4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89034 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVH(IY, IX))/GCVS(IY, IX))* 

8 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89060 

89035 IF(GCVE(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. O. 0) 
9 GO TO 89036 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89036 GCC(IY, IX)-0. 
GVECO(IY, IX)_((GCVE(IY, IX)-GCVS(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-7 

C i. e. Phi - @EH - edge coeff 
GO TO 89060 

C x**. xxxxxxxxxxxxxxxxxx******xxxxxxxx*******xxxxxxxxxxxx*************** 
89037 IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 89043 

IF(GCVL(IY, IX). GE. GCVN(IY, IX). AND. GCVL(IY, IX). GE. GCVE(IY, IX)) 
1 GO TO 89041 

IF(GCVN(IY, IX). GE. GCVE(IY, IX). AND. GCVN(IY, IX). GE. GCVL(IY, IX)) 
2 GO TO 89039 

IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
3 GO TO 89038 

GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVE(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVE(IY, IX)+GCVN(IY, IX)) 
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GO TO 89060 
89038 GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVE(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 89060 

89039 IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
6 GO TO 89040 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVN(IY, IX))*(GCVL(IY, IX)+ 

7 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89040 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVL(IY, IX))/GCVN(IY, IX))* 

8 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 89060 

89041 IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 89042 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVE(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89042 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVN(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C **************************. r********************. r********************** 
89043 IF(GCVH(IY, IX). GE. GCVN(IY, IX). AND. GCVH(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 89047 
IF(GCVN(IY, IX). GE. GCVE(IY, IX). AND. GCVN(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 89045 
IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 89044 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVE(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 89060 

8904.4 GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVE(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVE(IY, IX)+GCVN(IY, IX)) 

GO TO 89060 
89045 IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 89046 
GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVE(IY, IX)/GCVN(IY, IX))*(GCVH(IY, IX)+ 

7 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 89060 

89046 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVH(IY, IX))/GCVN(IY, IX))* 

8 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-2 

C i. e. Phi - ONE - edge coeff. 
GO TO 89060 

89047 IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 89048 

GVPCO(IY, IX)_(GCVE(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 
2 GCVE(IY, IX)+GCVN(IY, IX)) 

IVPVAL(IY, IX)-2 
C i. e. Phi - @NEH - corner coeff. 

GO TO 89060 
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89048 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVE(IY, IX)-GCVN(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL (IY, IX) -7 

C i. e. Phi - @EH - edge coeff. 
89060 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSE', LD11) 
C 
C West Coefficient 
C 

DO 89090 IX-1, NX 
DO 89090 IY-1, NY-1 

IF(GCVW(IY, IX). GT. 0.0. AND. GCVE(IY, IX). EQ. 0.0) GO TO 89065 
89062 GCC(IY, IX)-GCVW(IY, IX) 

GO TO 89090 
89065 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 89077 

IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 89071 
IF(GCVL(IY, IX). GE. GCVW(IY, IX). AND. GCVL(IY, IX). GE. GCVS(IY, IX)) 

1 GO TO 89069 
IF(GCVS(IY, IX). GE. GCVW(IY, IX). AND. GCVS(IY, IX). GE. GCVL(IY, IX)) 

2 GO TO 89067 
IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

3 GO TO 89066 
GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVW(IY, IX)))*(GCVL(IY, IX)+ 

4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89090 

89066 GCC(IY, IX)_(1.0-(GCVS(IY, IX)/GCVW(IY, IX)))*(GCVL(IY, IX)+ 
5 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89090 
89067 IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

6 GO TO 89068 
GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVW(IY, IX)/GCVS(IY, IX))*(GCVL(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89068 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVW(IY, IX)-GCVL(IY, IX))/GCVS(IY, IX))* 

8 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - 8SW - edge coeff. 
GO TO 89090 

89069 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 89070 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89070 GCC(IY, IX)-0. 
GVECO(IY, IX)_((GCVW(IY, IX)-GCVS(IY, IX))/GCVL(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89090 

C *********#**, t, t, t******, r************, t********************************** 
89071 IF(GCVH(IY, IX). GE. GCVW(IY, IX). AND. GCVH(IY, IX). GE. GCVS(IY, IX)) 

1 GO TO 89075 
IF(GCVS(IY, IX). GE. GCVW(IY, IX). AND. GCVS(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 89073 
IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 89072 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVW(IY, IX)))*(GCVH(IY, IX)+ 
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4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89090 

89072 GCC(IY, IX)-(1.0-(GCVS(IY, IX)/GCVW(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89090 
89073 IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 89074 
GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVS(IY, IX))*(GCVH(IY, IX)+ 

7 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89074 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVW(IY, IX)-GCVH(IY, IX))/GCVS(IY, IX))* 

8 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89075 IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
9 GO TO 89076 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89076 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVW(IY, IX)-GCVS(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-8 

C i. e. Phi - 8WH - edge coeff 
GO TO 89090 

C ***********w*****, ºs******w**********************************. ******** 
89077 IF(GCVH(IY, IX). GT. GCVL(IY, IX)) GO TO 89083 

IF(GCVL(IY, IX). GE. GCVN(IY, IX). AND. GCVL(IY, IX). GE. GCVW(IY, IX)) 
1 GO TO 89081 

IF(GCVN(IY, IX). GE. GCVW(IY, IX). AND. GCVN(IY, IX). GE. GCVL(IY, IX)) 
2 GO TO 89079 

IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
3 GO TO 89078 

GCC(IY, IX)-(1.0-(GCVL(IY, IX)/GCVW(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 89090 
89078 GCC(IY, IX)_(1.0-(GCVN(IY, IX)/GCVW(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 89090 

89079 IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
6 GO TO 89080 

GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVW(IY, IX)/GCVN(IY, IX))*(GCVL(IY, IX)+ 

7 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89080 GCC(IY, IX)-O. 
GVECO(IY, IX)=((GCVW(IY, IX)-GCVL(IY, IX))/GCVN(IY, IX))* 

8 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-l 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89081 IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 89082 

GCC (I Y, IX) -0. 
GVPCO(IY, IX)_(GCVw(IY, IX)/GCVL(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
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IVPVAL(IY, IX)-5 
C i. e. Phi - @NWL - corner coeff. 

GO TO 89090 
89082 GCC(IY, IX)-0. 

GVECO(IY, IX)-((GCVW(IY, IX)-GCVN(IY, IX))/GCVL(IY, IX))* 
1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 

IVEVAL(IY, IX)-12 
C i. e. Phi - AWL - edge coeff 

GO TO 89090 
C ********+. **, r************. ***. *************************. ***********. **. 
89083 IF(GCVH(IY, IX). GE. GCVN(IY, IX). AND. GCVH(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 89087 
IF(GCVN(IY, IX). GE. GCVW(IY, IX). AND. GCVN(IY, IX). GE. GCVH(IY, IX)) 

2 GO TO 89085 
IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

3 GO TO 89084 
GCC(IY, IX)-(1.0-(GCVH(IY, IX)/GCVW(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 89090 

89084 GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVW(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 89090 
89085 IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

6 GO TO 89086 
GCC (IY, IX) -0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVN(IY, IX))*(GCVH(IY, IX)+ 

7 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89086 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVW(IY, IX)-GCVH(IY, IX))/GCVN(IY, IX))* 

8 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-1 

C i. e. Phi - ¬NW - edge coeff. 
GO TO 89090 

89087 IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
9 GO TO 89088 

GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVH(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - 8NWH - corner coeff. 
GO TO 89090 

89088 GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVW(IY, IX)-GCVN(IY, IX))/GCVH(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff. 
89090 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSW', LD12) 

RETURN 
C 
C High-Low 
C 
89100 IF(NDIREC. NE. 5) GO TO 89140 
C i. e. consider flow through High face. 

CALL GETYX(LD2, GCVH, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89140 

C High Coefficient 
C 

DO 89130 IX-1, NX 
DO 89130 IY-1, NY-1 

IF(GCVH(IY, IX). GT. O. O. AND. GCVL(IY, IX). EQ. 0.0) GO TO 89105 
GCC(IY, IX)-GCVH(IY, IX) 
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GO TO 89130 
89105 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 89117 

IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 89111 
IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVS(IY, IX). GE. GCVW(IY, IX)) 

1 GO TO 89109 
IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVW(IY, IX). GE. GCVS(IY, IX)1 

2 GO TO 89107 
IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 

3 GO TO 89106 
GCC(IY, IX)_(1.0-(GCVS(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89130 

89106 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89130 
89107 IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

9 GO TO 89108 
GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVS(IY, IX))/GCVW(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL (IY, IX) -8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89108 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVW(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

89109 IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
9 GO TO 89110 

GCC(IY, IX)-0. 
GVECO(IY, IX)_((GCVH(IY, IX)-GCVW(IY, IX))/GCVS(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-6 

C i. e. Phi - 8SH - edge coeff 
GO TO 89130 

89110 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVS(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

C *******xxxxxxxxxxxxxxxxxxxxxxxx****************xxxxxx**************** 
89111 IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVS(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 89115 
IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVE(IY, IX). GE. GCVS(IY, IX)) 

2 GO TO 89113 
IF(GCVE(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 

3 GO TO 89112 
GCC(IY, IX)-(1.0-(GCVS(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVE(IY, IX)+GCVS(IY, IX)) 
GO TO 89130 

89112 GCC(IY, IX)"(1.0-(GCVE(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVE(IY, IX)+GCVS(IY, IX)) 

GO TO 89130 
89113 IF(GCVS(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

9 GO TO 89114 
GCC (IY, IX) -0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVS(IY, IX))/GCVE(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-7 

C i. e. Phi - 8EH - edge coeff 
GO TO 89130 

89114 GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVH(IY, IX)/GCVE(IY, IX))*(GCVH(IY, IX)+ 

283 



2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89130 

89115 IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
9 GO TO 89116 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVE(IY, IX))/GCVS(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(! Y, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89130 

89116 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVS(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89130 

C *************t*t***t*tttttttt****tt*t**t***t*****t*t***************** 
89117 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 89123 

IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVN(IY, IX). GE. GCVW(IY, IX)) 
1 GO TO 89121 

IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVW(IY, IX). GE. GCVN(IY, IX)) 
2 GO TO 89119 

IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
3 GO TO 89118 

GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVH(IY, IX))')*(GCVH(IY, IX)+ 
4 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 89130 
89118 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 

5 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 89130 

89119 IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
9 GO TO 89120 

GCC (IY, IX) -0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVN(IY, IX))/GCVW(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89120 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVW(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - ME - corner coeff. 
GO TO 89130 

89121 IF(GCVW(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
9 GO TO 89122 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVW(IY, IX))/GCVN(IY, IX))* 

1 (GCVH(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89122 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVW(IY, IX)/GCVN(IY, IX))*(GCVH(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89130 

tttttt****************************tttttt************ttttttttttttt*ttt* C 
89123 IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVN(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 89127 
IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVE(IY, IX). GE. GCVN(IY, IX)) 

2 GO TO 89125 
IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
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3 GO TO 89124 
GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 

4 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 89130 

89124 GCC(IY, IX)-(1.0-(GCVE(IY, IX)/GCVH(IY, IX)))*(GCVH(IY, IX)+ 
5 GCVE(IY, IX)+GCVN(IY, IX)) 

GO TO 89130 
89125 IF(GCVN(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 

9 GO TO 89126 
GCC (IY, IX) -0 . GVECO(IY, IX)-((GCVH(IY, IX)-GCVN(IY, IX))/GCVE(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-7 

C i. e. Phi - @@EH - edge coeff 
GO TO 89130 

89126 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVE(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 89130 

89127 IF(GCVE(IY, IX). GE. GCVH(IY, IX). AND. GCVH(IY, IX). GE. 0.0) 
9 GO TO 89128 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVH(IY, IX)-GCVE(IY, IX))/GCVN(IY, IX))* 

1 (GCVH(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89128 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVH(IY, IX)/GCVN(IY, IX))*(GCVH(IY, IX)+ 

2 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
89130 CONTINUE 

CALL SETYX(L02, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSH', LD2) 

RETURN 
C 
C Low Coefficient 
C 
89140 IF(NDIREC. NE. 6) RETURN 
C i. e. consider flow through Low face. 

CALL GETYX(LD2, GCVL, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) RETURN 

DO 89200 IX-1, NX 
DO 89200 IY-1, NY-1 

IF(GCVL(IY, IX). GT. 0.0. AND. GCVH(IY, IX). EQ. 0.0) GO TO 89145 
GCC(IY, IX)-GCVL(IY, IX) 
GO TO 89200 

89145 IF(GCVN(IY, IX). GT. GCVS(IY, IX)) GO TO 89157 
IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 89151 

IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVS(IY, IX). GE. GCVW(IY, IX)) 
1 GO TO 89149 

IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVW(IY, IX). GE. GCVS(IY, IX)) 
2 GO TO 89147 

IF(GCVW(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 
3 GO TO 89146 

GCC(IY, IX)_(1.0-(GCVS(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVW(IY, IX)+GCVS(IY, IX)) 

GO TO 89200 
89146 GCC(IY, IX)_(1.0-(GCVW(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVW(IY, IX)+GCVS(IY, IX)) 
GO TO 89200 

89147 IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89148 
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GCC (IY, IX) -0. 
GVECO(IY, IX)-((GCVL(IY, IX)-GCVS(IY, IX))/GCVW(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89148 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVL(IY, IX)/GCVW(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

89149 IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89150 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVL(IY, IX)-GCVW(IY, IX))/GCVS(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-10 

C i. e. Phi - 0SL - edge coeff 
GO TO 89200 

89150 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVL(IY, IX)/GCVS(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVS(IY, IX)) 
IVPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

C ********s***********************************************************" 
89151 IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVS(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 89155 
IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVE(IY, IX). GE. GCVS(IY, IX)) 

2 GO TO 89153 
IF(GCVE(IY, IX). GE. GCVS(IY, IX). AND. GCVS(IY, IX). GE. 0.0) 

3 GO TO 89152 
GCC(IY, IX)-(1.0-(GCVS(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 

4 GCVE(IY, IX)+GCVS(IY, IX)) 
GO TO 89200 

89152 GCC(IY, IX)-(1.0-(GCVE(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 
5 GCVE(IY, IX)+GCVS(IY, IX)) 

GO TO 89200 
89153 IF(GCVS(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

9 GO TO 89154 
GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVL(IY, IX)-GCVS(IY, IX))/GCVE(IY, IX))* 

1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89200 

89154 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVL(IY, IX)/GCVE(IY, IX))*(GCVL(IY, IX)+ 

2 GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

89155 IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89156 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVL(IY, IX)-GCVE(IY, IX))/GCVS(IY, IX))* 

1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVS(IY, IX)) 
IVEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89200 

89156 GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVL(IY, IX)/GCVS(IY, IX))*(GCVL(IY, IX)+ 

2i GCVE(IY, IX)+GCVS(IY, IX)) 
IVPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
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GO TO 89200 
C 
89157 IF(GCVE(IY, IX). GT. GCVW(IY, IX)) GO TO 89163 

IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVN(IY, IX). GE. GCVW(IY, IX)) 
1 GO TO 89161 

IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVW(IY, IX). GE. GCVN(IY, IX)) 
2 GO TO 89159 

IF(GCVW(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 
3 GO TO 89158 

GCC(IY, IX)-(1.0-(GCVN(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 
4 GCVW(IY, IX)+GCVN(IY, IX)) 

GO TO 89200 
89158 GCC(IY, IX)-(1.0-(GCVW(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 

5 GCVW(IY, IX)+GCVN(IY, IX)) 
GO TO 89200 

89159 IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89160 

GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVL(IY, IX)-GCVN(IY, IX))/GCVW(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89160 GCC(IY, IX)-0. 
GVPCO(IY, IX)_(GCVL(IY, IX)/GCVW(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89200 

89161 IF(GCVW(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89162 

GCC (IY, IX) -0. 
GVECO(IY, IX)_((GCVL(IY, IX)-GCVW(IY, IX))/GCVN(IY, IX))* 

1 (GCVL(IY, IX)+GCVW(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89162 GCC(IY, IX)-0. 
GVPCO(IY, IX)-(GCVL(IY, IX)/GCVN(IY, IX))*(GCVL(IY, IX)+ 

2 GCVW(IY, IX)+GCVN(IY, IX)) 
IVPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89200 

C xx**xxxxxxxxxxx*xxxxxxxxxxxxxxxxxxxxxxxxx*xxxxxxxxx*xxxxxx******xxxx*x 
89163 IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVN(IY, IX). GE. GCVE(IY, IX)) 

1 GO TO 89167 
IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVE(IY, IX). GE. GCVN(IY, IX)) 

2 GO TO 89165 
IF(GCVE(IY, IX). GE. GCVN(IY, IX). AND. GCVN(IY, IX). GE. 0.0) 

3 GO TO 89164 
GCC(IY, IX)_(1.0-(GCVN(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 

4 GCVE(IY, IX)+GCVN(IY, IX)) 
GO TO 89200 

89164 GCC(IY, IX). (1.0-(GCVE(IY, IX)/GCVL(IY, IX)))*(GCVL(IY, IX)+ 
5 GCVE(IY, IX)+GCVN(IY, IX)) 

GO TO 89200 
89165 IF(GCVN(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 

9 GO TO 89166 
GCC(IY, IX)-0. 
GVECO(IY, IX)-((GCVL(IY, IX)-(; CVN(IY, IX))/GCVE(IY, IX))* 

1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 
IVEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89200 

89166 GCC(IY, IX)-O. 
GVPCO(IY, IX)-(GCVL(IY, IX)/GCVE(IY, IX))*(GCVL(IY, IX)+ 
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2 GCVE(IY, IX)+GCVN(IY, IX)) 
IVPVAL (IY, IX) -6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89200 

89167 IF(GCVE(IY, IX). GE. GCVL(IY, IX). AND. GCVL(IY, IX). GE. 0.0) 
9 GO TO 89168 

GCC (I Y, IX) -0 . GVECO(IY, IX)-((GCVL(IY, IX)-GCVE(IY, IX))/GCVN(IY, IX))* 
1 (GCVL(IY, IX)+GCVE(IY, IX)+GCVN(IY, IX)) 

IVEVAL (IY, IX) -9 
C i. e. Phi - @NL - edge coeff 

GO TO 89200 
89168 GCC(IY, IX)-0. 

GVPCO(IY, IX)-(GCVL(IY, IX)/GCVN(IY, IX))*(GCVL(IY, IX)+ 
2 GCVE(IY, IX)+GCVN(IY, IX)) 

IVPVAL (IY, IX) -6 
C i. e. Phi - @NEL - corner coeff. 
89200 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSL', LD2) 

RETURN 
END 
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SUBROUTINE GROUND3 
INCLUDE '1p16/d_earth/SATEAR' 
INCLUDE '1p16/d_earth/GRDLOC' 
INCLUDE '1p16/d_earth/GRDEAR' 
INCLUDE '1p16/d_earth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG-20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COMMON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSH(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCWS(60,80), GCWE(60,80), GCWW(60,80), 
7 GCWL(60,80), GCWH(60,80), GWPCO(60,80), GWECO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 
7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
8 IWEVAL(60,80), IWPVAL(60,80) 

C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GCMH(60,80), GCML(60,80), 
1 GCE(60,80), GEMP(60,80), GEMH(60,80), GEML(60,80) 

C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONs /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
C arrays EASP1, EASP2,.... EASP20. In addition to the EASPs, 
C there are 10 GRound-earth SPare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. If 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IF(. NOT. (LG(3))) RETURN 
IF(INDVAR. EQ. 7) GO TO 88949 
RETURN 

88949 CONTINUE 
C 
C Corrected Coefficients For W-Equation 
C ***********, t******t******************* 
C 
C North-South 
C 

IF(NDIREC. NE. 1) GO TO 89020 
C i. e. consider flow through North and South faces. 

CALL GETYX(LD11, GCWN, NYDIM, NXDIM) 
CALL GETYX(LD12, GCWS, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89020 

C 
C 
C North Coefficient 

DO 88980 IX-1, NX 
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DO 88980 IY-1, NY 
IF(GCWN(IY, IX). GT. O. O. AND. GCWS(IY, IX). EQ. 0.0) GO TO 88955 

C...... i. e. consider scheme ONLY with a max. of 3 +'ve fluxes... else.. 
88950 GCC(IY, IX)-GCWN(IY, IX) 

GO TO 88980 
88955 IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 88967 

IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 88961 
C...... i. e. m(N), m(W)and m(L) involved... 

IF(GCWL(IY, IX). GE. GCWN(IY, IX). AND. GCWL(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 88959 

C ...... 
i. e. m(L) dominant.. 

IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWW(IY, IX). GE. GCWL(IY, IX)) 
2 GO TO 88957 

C...... i. e. m(W) dominant... otherwise m(N) is dominant... 
IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

3 GO TO 88956 
C ...... i. e. flow specification is m(N)>m(W)>m(L)>-0.0... otherwise.. 
C.......... flow specification is m(N)>m(L)>m(W)>-0.0... 

GCC(IY, IX)_(1.0-(GCWL(IY, IX)/GCWN(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 88980 
88956 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWN(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 88980 

88957 IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
6 GO TO 88958 

GCC(IY, IX)-0. 
GWPCO(IY, IX)_(GCWN(IY, IX)/GCWW(IY, IX))*(GCWL(IY, IX)+ 

7 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 88980 

88958 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWL(IY, IX))/GCWW(IY, IX))* 

8 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88959 IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 88960 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWW(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 88980 

88960 GCC(IY, IX)-O. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 88980 

C *********, º*ru*********+********************************************** 
88961 IF(GCWH(IY, IX). GE. GCWN(IY, IX). AND. GCWH(IY, IX). GE. GCWW(IY, IX)) 

1 GO TO 88965 
IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWW(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 88963 
IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 88962 
GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWN(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 88980 

88962 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWN(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 88980 
88963 IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
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6 GO TO 88964 
GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWW(IY, IX))*(GCWH(IY, IX)+ 

7 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

88964 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWH(IY, IX))/GCWW(IY, IX))* 

8 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL (IY, IX) -1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88965 IF(GCWW(IY, IX). GE. GOWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 88966 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWW(IY, IX). )/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88966 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-1 

C i. e. Phi - 8NWH - corner coeff. 
GO TO 88980 

C ********************************************************************* 
88967 IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 88973 

IF(GCWL(IY, IX). GE. GCWN(IY, IX). AND. GCWL(IY, IX). GE. GCWE(IY, IX)) 
1 GO TO 88971 

IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWE(IY, IX). GE. GCWL(IY, IX)) 
2 GO TO 88969 

IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
3 GO TO 88968 

GCC(IY, IX)-(1.0-(GCWL(IY, IX)/GCWN(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 88980 
88968 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWN(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 88980 

88969 IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
6 GO TO 88970 

GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWE(IY, IX))*(GCWL(IY, IX)+ 

7 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -6 

C i. e. Phi - BNEL - corner coeff. 
GO TO 88980 

88970 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWL(IY, IX))/GCWE(IY, IX))* 

8 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 88980 

88971 IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 88972 

GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWE(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-9 

C i. e. Phi - 8NL - edge coeff 
GO TO 88980 

88972 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
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IWPVAL(IY, IX)-6 
C i. e. Phi - @NEL - corner coeff. 

GO TO 88980 
C 
88973 IF(GCWH(IY, IX). GE. GCWN(IY, IX). AND. GCWH(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 88977 
IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWE(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 88975 
IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 88974 
GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWN(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 88980 

88974 GCC(IY, IX)_(1.0-(GCWE(IY, IX)/GCWN(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 88980 
88975 IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

6 GO TO 88976 
GCC(IY, IX)-O. 
GWPCO(IY, IX)-(GCWN(IY, IX)/GCWE(IY, IX))*(GCWH(IY, IX)+ 

7 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 88980 

88976 GCC(IY, IX)-O. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWH(IY, IX))/GCWE(IY, IX))* 

8 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-2 

C i. e. Phi - WE - edge coeff. 
GO TO 88980 

88977 IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 88978 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWN(IY, IX)-GCWE(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88978 GCC(IY, IX)m0. 
GWPCO(IY, IX)_(GCWN(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
88980 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSN', LD11) 
C 
C South Coefficient 
C 

DO 89010 IX-1, NX 
DO 89010 IY-1, NY 

IF(GCWS(IY, IX). GT. 0.0. AND. GCWN(IY, IX). EQ. 0.0) GO TO 88985 
88982 GCC(IY, IX)-GCWS(IY, IX) 

GO TO 89010 
88985 IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 88997 

IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 88991 
IF(GCWL(IY, IX). GE. GCWS(IY, IX). AND. GCWL(IY, IX). GE. GCWW(IY, IX)) 

1 GO TO 88989 
IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWW(IY, IX). GE. GCWL(IY, IX)) 

2 GO TO 88987 
IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

3 GO TO 88986 
GCC(IY, IX)_(1.0-(GCWL(IY, IX)/GCWS(IY, IX)))*(GCWL(IY, IX)+ 

4 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89010 

88986 GCC(IY, IX)_(1.0-(GCWW(IY, IX)/GCWS(IY, IX)))*(GCWL(IY, IX)+ 
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5 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89010 

88987 IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
6 GO TO 88988 

GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWW(IY, IX))*(GCWL(IY, IX)+ 

7 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

88988 GCC(IY, IX)-O. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWL(IY, IX))/GCWW(IY, IX))* 

8 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL (IY, IX) -3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88989 IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 88990 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWW(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

88990 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

C ****************s*****"***************************s****************** 
88991 IF(GCWH(IY, IX). GE. GCWS(IY, IX). AND. GCWH(IY, IX). GE. GCWW(IY, IX)) 

1 GO TO 88995 
IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWW(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 88993 
IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 88992 
GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWS(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89010 

88992 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWS(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWW(IY, IX)+GCWS(IY, IX)) 

GO TO 89010 
88993 IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

6 GO TO 88994 
GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWW(IY, IX))*(GCWH(IY, IX)+ 

7 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-3 

C i. e. Phi - QSWH - corner coeff. 
GO TO 89010 

88994 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWH(IY, IX))/GCWW(IY, IX))* 

8 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88995 IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 88996 

GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWW(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-6 

C i. e. Phi - 8SH - edge coeff 
GO TO 89010 

88996 GCC(IY, IX)-0. 
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GWPCO(IY, IX)-(GCWS(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 
2 GCWW(IY, IX)+GCWS(IY, IX)) 

IWPVAL(IY, IX)-3 
C i. e. Phi - @SWH - corner coeff. 

GO TO 89010 
C ******, r*. *************.. ****. **.. ********: ****.. *.. *... **...,. *,...... 
88997 IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 89003 

IF(GCWL(IY, IX). GE. GCWS(IY, IX). AND. GCWL(IY, IX). GE. GCWE(IY, IX)) 
1 GO TO 89001 

IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWE(IY, IX). GE. GCWL(IY, IX)) 
2 GO TO 88999 

IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
3 GO TO 88998 

GCC(IY, IX)-(1.0-(GCWL(IY, IX)/GCWS(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWE(IY, IX)+GCWS(IY, IX)) 

GO TO 89010 
88998 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWS(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89010 

88999 IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
6 GO TO 89000 

GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWE(IY, IX))*(GCWL(IY, IX)+ 

7 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

89000 GCC(IY, IX)-O. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWL(IY, IX))/GCWE(IY, IX))* 

8 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89010 

89001 IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 89002 

GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWE(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

89002 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

C *****************************r**************r*s*********************** 
89003 IF(GCWH(IY, IX). GE. GCWS(IY, IX). AND. GCWH(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89007 
IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWE(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 89005 
IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 89004 
GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWS(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89010 

89004 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWS(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWE(IY, IX)+GCWS(IY, IX)) 

GO TO 89010 
89005 IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

6 GO TO 89006 
GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWS(IY, IX)/GCWE(IY, IX))*(GCWH(IY, IX)+ 

7 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-4 
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C i. e. Phi - @SEH - corner coeff. 
GO TO 89010 

89006 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWH(IY, IX))/GCWE(IY, IX))* 

8 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-4 

C i. e. Phi - ASE - edge coeff. 
GO TO 89010 

89007 IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 89008 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWS(IY, IX)-GCWE(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL (IY, IX) -6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

89008 GCC(IY, IX)-0. 
GWPCO(IY, IX)_(GCWS(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
89010 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSS', LD12) 

RETURN 
C 
C East-West 
C 
89020 IF(NDIREC. NE. 3) GO TO 89100 
C i. e. consider flow through East and West faces. 

CALL GETYX(LD11, GCWE, NYDIM, NXDIM) 
CALL GETYX(LD12, GCWW, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89100 

C 
C East Coefficient 
C 

DO 89060 IX-1, NX 
DO 89060 IY-1, NY 

IF(GCWE(IY, IX). GT. 0.0. AND. GCWW(IY, IX). EQ. 0.0) GO TO 89025 
89022 GCC(IY, IX)-GCWE(IY, IX) 

GO TO 89060 
89025 IF(GCWN(IY, IX). GT. GCWS(IY, IX)) GO TO 89037 

IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 89031 
IF(GCWL(IY, IX). GE. GCWE(IY, IX). AND. GCWL(IY, IX). GE. GCWS(IY, IX)) 

1 GO TO 89029 
IF(GCWS(IY, IX). GE. GCWE(IY, IX). AND. GCWS(IY, IX). GE. GCWL(IY, IX)) 

2 GO TO 89027 
IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

3 GO TO 89026 
GCC(IY, IX)-(1.0-(GCWL(IY, IX)/GCWE(IY, IX)))*(GCWL(IY, IX)+ 

4 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89060 

89026 GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWE(IY, IX)))*(GCWL(IY, IX)+ 
5 GCWE(IY, IX)+GCWS(IY, IX)) 

GO TO 89060 
89027 IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

6 GO TO 89028 
GCC(IY, IX)-0. 
GWPCO(IY, IX)_(GCWE(IY, IX)/GCWS(IY, IX))*(GCWL(IY, IX)+ 

7 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -8 

C i. e. Phi - ESEL - corner coeff. 
GO TO 89060 

89028 GCC(IY, IX)-0. 
GWECO(IY, IX). ((GCWE(IY, IX)-GCWL(IY, IX))/GCWS(IY, IX))* 

8 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
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IWEVAL(IY, IX)-4 
C i. e. Phi - 8SE - edge coeff. 

GO TO 89060 
89029 IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 

9 GO TO 89030 
GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWE(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89030 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWS(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C ******************************t************************************** 
89031 IF(GCWH(IY, IX). GE. GCWE(IY, IX). AND. GCWH(IY, IX). GE. GCWS(IY, IX)) 

1 GO TO 89035 
IF(GCWS(IY, IX). GE. GCWE(IY, IX). AND. GCWS(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 89033 
IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 89032 
GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWE(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWE(IY, IX)+GCWS(IY, IX)) 
89032 GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWE(IY, IX)))*(GCWH(IY, IX)+ 

5 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89060 

89033 IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
6 GO TO 89034 

GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWE(IY, IX)/GCWS(IY, IX))*(GCWH(IY, IX)+ 

7 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89034 GCC (IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWH(IY, IX))/GCWS(IY, IX))* 

8 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89060 

89035 IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 89036 

GCC(IY, IX)-0. 
GWPCO(IY, IX)_(GCWE(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89036 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWS(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-7 

C i. e. Phi - @EH - edge coeff 
GO TO 89060 

C ************r**********************************s********************* 
89037 IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 89043 

IF(GCWL(IY, IX). GE. GCWN(IY, IX). AND. GCWL(IY, IX). GE. GCWE(IY, IX)) 
1 GO TO 89041 

IF(GCWN(IY, IX). GE. GCWE(IY, IX). AND. GCWN(IY, IX). GE. GCWL(IY, IX)) 
2 GO TO 89039 

IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
3 GO TO 89038 

GCC(IY, IX)_(1.0-(GCWL(IY, IX)/GCWE(IY, IX)))*(GCWL(IY, IX)+ 
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4 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 89060 

89038 GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWE(IY, IX)))*(GCWL(IY, IX)+ 
5 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 89060 
89039 IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

6 GO TO 89040 
GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWE(IY, IX)/GCWN(IY, IX))*(GCWL(IY, IX)+ 

7 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89040 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWL(IY, IX))/GCWN(IY, IX))* 

8 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-2 

C i. e. Phi - WE - edge coeff. 
GO TO 89060 

89041 IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 89042 

GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWE(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89042 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWN(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C ********************w*********************w*************************** 
89043 IF(GCWH(IY, IX). GE. GCWN(IY, IX). AND. GCWH(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89047 
IF(GCWN(IY, IX). GE. GCWE(IY, IX). AND. GCWN(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 89045 
IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 89044 
GCC(IY, IX)_(1.0-(GCWH(IY, IX)/GCWE(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 89060 

89044 GCC(IY, IX)=(1.0-(GCWN(IY, IX)/GCWE(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 89060 
89045 IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

6 GO TO 89046 
GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWE(IY, IX)/GCWN(IY, IX))*(GCWH(IY, IX)+ 

7 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -2 

C i. e. Phi - 2NEH - corner coeff. 
GO TO 89060 

89046 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWE(IY, IX)-GCWH(IY, IX))/GCWN(IY, IX))* 

8 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 89060 

89047 IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 89048 

GWPCO(IY, IX)_(GCWE(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 
2 GCWE(TY, IX)+GCWN(IY, IX)) 

IWPVAL(IY, IX)-2 
C i. e. Phi - @NEH - corner coeff. 
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GO TO 89060 
89048 GCC(IY, IX)-O. 

GWECO(IY, IX)-((GCWE(IY, IX)-GCWN(IY, IX))/GCWH(IY, IX))* 
1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 

IWEVAL(IY, IX)-7 
C i. e. Phi - 0EH - edge coeff. 
89060 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSE', LD11) 
C 
C West Coefficient 
C 

DO 89090 IX-1, NX 
DO 89090 IY-1, NY 

IF(GCWW(IY, IX). GT. 0.0. AND. GCWE(IY, IX). EQ. 0.0) GO TO 89065 
89062 GCC(IY, IX)-GCWW(IY, IX) 

GO TO 89090 
89065 IF(GCWN(IY, IX). GT. GCWS(IY, IX)) GO TO 89077 

IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 89071 
IF(GCWL(IY, IX). GE. GCWW(IY, IX). AND. GCWL(IY, IX). GE. GCWS(IY, IX)) 

1 GO TO 89069 
IF(GCWS(IY, IX). GE. GCWW(IY, IX). AND. GCWS(IY, IX). GE. GCWL(IY, IX)) 

2 GO TO 89067 
IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

3 GO TO 89066 
GCC(IY, IX)-(1.0-(GCWL(IY, IX)/GCWW(IY, IX)))*(GCWL(IY, IX)+ 

4 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89090 

89066 GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWW(IY, IX)))*(GCWL(IY, IX)+ 
5 GCWW(IY, IX)+GCWS(IY, IX)) 

GO TO 89090 
89067 IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

6 GO TO 89068 
GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWS(IY, IX))*(GCWL(IY, IX)+ 

7 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89068 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWL(IY, IX))/GCWS(IY, IX))* 

8 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89069 IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO T0 89070 

GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -7 

C i. e. Phi - "SWL - corner coeff. 
GO TO 89090 

89070 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWS(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-12 

C i. e. Phi - OWL - edge coeff 
GO TO 89090 

C ********************************************************************* 
89071 IF(GCWH(IY, IX). GE. GCWW(IY, IX). AND. GCWH(IY, IX). GE. GCWS(IY, IX)) 

1 GO TO 89075 
IF(GCWS(IY, IX). GE. GCWW(IY, IX). AND. GCWS(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 89073 
IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 89072 
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GCC(IY, IX)-(1.0-(GCWH(IY, IX)/GCWW(IY, IX)))*(GCWH(IY, IX)+ 
4 GCWW(IY, IX)+GCWS(IY, IX)) 

GO TO 89090 
89072 GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWW(IY, IX)))*(GCWH(IY, IX)+ 

5 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89090 

89073 IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
6 GO TO 89074 

GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWS(IY, IX))*(GCWH(IY, IX)+ 

7 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89074 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWH(IY, IX))/GCWS(IY, IX))* 

8 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89075 IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
9 GO TO 89076 

GCC (IY, IX) -0 . 
GWPCO(IY, IX)_(GCWW(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89076 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWS(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL (IY, IX) -8 

C i. e. Phi - @WH - edge coeff 
GO TO 89090 

C ********wwwwww*******wwwwww********w**www*w*, r*w******wwww*w*********w 
89077 IF(GCWH(IY, IX). GT. GCWL(IY, IX)) GO TO 89083 

IF(GCWL(IY, IX). GE. GCWN(IY, IX). AND. GCWL(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 89081 

IF(GCWN(IY, IX). GE. GCWW(IY, IX). AND. GCWN(IY, IX). GE. GCWL(IY, IX)) 
2 GO TO 89079 

IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
3 GO TO 89078 

GCC(IY, IX)_(1.0-(GCWL(IY, IX)/GCWW(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 89090 
89078 GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWW(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 89090 

89079 IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
6 GO TO 89080 

GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWN(IY, IX))*(GCWL(IY, IX)+ 

7 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89080 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWL(IY, IX))/GCWN(IY, IX))* 

8 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-1 

C i. e. Phi - 8NW - edge coeff. 
GO TO 89090 

89081 IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 89082 

GCC (IY, IX) -0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWL(IY, IX))*(GCWL(IY, IX)+ 
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2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89082 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWN(IY, IX))/GCWL(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89090 

C *****. *. *. *****************. *******************º***. *. ***....... *ý**. * 
89083 IF(GCWH(IY, IX). GE. GCWN(IY, IX). AND. GCWH(IY, IX). GE. GCWW(IY, IX)) 

1 GO TO 89087 
IF(GCWN(IY, IX). GE. GCWW(IY, IX). AND. GCWN(IY, IX). GE. GCWH(IY, IX)) 

2 GO TO 89085 
IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

3 GO TO 89084 
GCC(IY, IX)_(1.0-(GCWH(IY, IX)/GCWW(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 89090 

89084 GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWW(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 89090 
89085 IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

6 GO TO 89086 
GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWN(IY, IX))*(GCWH(IY, IX)+ 

7 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89086 GCC(IY, IX)-0. 
GWECO(IY, IX)_((GCWW(IY, IX)-GCWH(IY, IX))/GCWN(IY, IX))* 

8 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL (IY, IX) -1 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89087 IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
9 GO TO 89088 

GCC(IY, IX)-0. 
GWPCO(IY, IX)_(GCWW(IY, IX)/GCWH(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-l 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89088 GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWW(IY, IX)-GCWN(IY, IX))/GCWH(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff. 
89090 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSW', LD12) 

RETURN 
C 
C High-Low 
C 
89100 IF(NDIREC. NE. 5) GO TO 89140 
C i. e. consider flow through High face. 

CALL GETYX(LD2, GCWH, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89140 

C High Coefficient 
C 

DO 89130 IX-1, NX 
DO 89130 IY-1, NY 

IF(GCWH(IY, IX). GT. O. O. AND. GCWL(IY, IX). EQ. 0.0) GO TO 89105 
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GCC(IY, IX)-GCWH(IY, IX) 
GO TO 89130 

89105 IF(GCWN(IY, IX). GT. GCWS(IY, IX)) GO TO 89117 
IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 89111 

IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWS(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 89109 

IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWW(IY, IX). GE. GCWS(IY, TX)) 
2 GO TO 89107 

IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
3 GO TO 89106 

GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 
4 GCWW(IY, IX)+GCWS(IY, IX)) 

GO TO 89130 
89106 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 

5 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89130 

89107 IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89108 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWS(IY, IX))/GCWW(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-8 

C i. e. Phi - 88WH - edge coeff 
GO TO 89130 

89108 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWW(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -3 

C i. e. Phi - 8SWH - corner coeff. 
GO TO 89130 

89109 IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89110 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWW(IY, IX))/GCWS(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89130 

89110 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWS(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) "3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

C t*tttt*ttttttttttttttttttttttttttttt*tttttttttttttttttttttttttttttttt 
89111 IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWS(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89115 
IF (GCWE (IY, IX) . GE . GCWH (IY, IX) . AND . GCWE (IY, IX) . GE . GCWS (IY, IX) ) 

2 GO TO 89113 
IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 

3 GO TO 89112 
GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 

4 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89130 

89112 GCC(IY, IX)_(1.0-(GCWE(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 
5 GCWE(IY, IX)+GCWS(IY, IX)) 

GO TO 89130 
89113 IF(GCWS(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

9 GO TO 89114 
GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWS(IY, IX))/GCWE(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-7 

C i. e. Phi - 8EH - edge coeff 
GO TO 89130 

89114 GCC(IY, IX)-0. 
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GWPCO(IY, IX)-(GCWH(IY, IX)/GCWE(IY, IX))*(GCWH(IY, IX)+ 
2 GCWE(IY, IX)+GCWS(IY, IX)) 

IWPVAL (IY, IX) -4 
C i. e. Phi - 2SEH - corner coeff. 

GO TO 89130 
89115 IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 

9 GO TO 89116 
GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWE(IY, IX))/GCWS(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89130 

89116 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWS(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89130 

C **************************t***t***********************t************** 
89117 IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 89123 

IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWN(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 89121 

IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWW(IY, IX). GE. GCWN(IY, IX)) 
2 GO TO 89119 

IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
3 GO TO 89118 

GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 
4 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 89130 
89118 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 

5 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 89130 

89119 IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89120 

GCC (IY, IX)-0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWN(IY, IX))/GCWW(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89120 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWW(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89130 

89121 IF(GCWW(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89122 

GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWW(IY, IX))/GCWN(IY, IX))* 

1 (GCWH(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89122 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWW(IY, IX)/GCWN(IY, IX))*(GCWH(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -1 

C i. e. Phi - 2NWH - corner coeff. 
GO TO 89130 

C tt*tt*tttt, r*****tttttt******tttttttttttttttttttttttttttttttt*ttttt*ttt 
89123 IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWN(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89127 
IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWE(IY, IX). GE. GCWN(IY, IX)) 

2 GO TO 89125 
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IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
3 GO TO 89124 

GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 
4 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 89130 
89124 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWH(IY, IX)))*(GCWH(IY, IX)+ 

5 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 89130 

89125 IF(GCWN(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89126 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWN(IY, IX))/GCWE(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-7 

C i. e. Phi - 8EH - edge coeff 
GO TO 89130 

89126 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWE(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 89130 

89127 IF(GCWE(IY, IX). GE. GCWH(IY, IX). AND. GCWH(IY, IX). GE. 0.0) 
9 GO TO 89128 

GCC(IY, IX)-O. 
GWECO(IY, IX)-((GCWH(IY, IX)-GCWE(IY, IX))/GCWN(IY, IX))* 

1 (GCWH(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89128 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWH(IY, IX)/GCWN(IY, IX))*(GCWH(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL (IY, IX) -2 

C i. e. Phi - BNEH - corner coeff. 
89130 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSH', LD2) 

RETURN 
C 
C Low Coefficient 
C 
89140 IF(NDIREC. NE. 6) RETURN 
C i. e. consider flow through Low face. 

CALL GETYX(LD2, GCWL, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) RETURN 

DO 89200 IX-1, NX 
DO 89200 IY-1, NY 

IF(GCWL(IY, IX). GT. 0.0. AND. GCWH(IY, IX). EQ. 0.0) GO TO 89145 
GCC(IY, IX)-GCWL(IY, IX) 
GO TO 89200 

89145 IF(GCWN(IY, IX). GT. GCWS(IY, IX)) GO TO 89157 
IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 89151 

IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWS(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 89149 

IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWW(IY, IX). GE. GCWS(IY, IX)) 
2 GO TO 89147 

IF(GCWW(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 
3 GO TO 89146 

GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWW(IY, IX)+GCWS(IY, IX)) 

GO TO 89200 
89146 GCC(IY, IX)_(1.0-(GCWW(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWW(IY, IX)+GCWS(IY, IX)) 
GO TO 89200 

89147 IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
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9 GO TO 89148 
GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWS(IY, IX))/GCWW(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89148 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWW(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

89149 IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
9 GO TO 89150 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWW(IY, IX))/GCWS(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-10 

C i. e. Phi - 88SL - edge coeff 
GO TO 89200 

89150 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWS(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

C 
89151 IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWS(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89155 
IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWE(IY, IX). GE. GCWS(IY, IX)) 

2 GO TO 89153 
IF(GCWE(IY, IX). GE. GCWS(IY, IX). AND. GCWS(IY, IX). GE. 0.0) 

3 GO TO 89152 
GCC(IY, IX)-(1.0-(GCWS(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 

4 GCWE(IY, IX)+GCWS(IY, IX)) 
GO TO 89200 

89152 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 
5 GCWE(IY, IX)+GCWS(IY, IX)) 

GO TO 89200 
89153 IF(GCWS(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

9 GO TO 89154 
GCC (IY, IX) -0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWS(IY, IX))/GCWE(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89200 

89154 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWE(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL (IY, IX) -8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

89155 IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
9 GO TO 89156 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWE(IY, IX))/GCWS(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWS(IY, IX)) 
IWEVAL(IY, IX)-10 

C i. e. Phi a @SL - edge coeff 
GO TO 89200 

89156 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWS(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWS(IY, IX)) 
IWPVAL(IY, IX)-8 
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C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

C *********t**** ******º*** *****rrrr**********************rrrrrrrrýr. r 
89157 IF(GCWE(IY, IX). GT. GCWW(IY, IX)) GO TO 89163 

IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWN(IY, IX). GE. GCWW(IY, IX)) 
1 GO TO 89161 

IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWW(IY, IX). GE. GCWN(IY, IX)) 
2 GO TO 89159 

IF(GCWW(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 
3 GO TO 89158 

GCC(IY, IX)-(1.0-(GCWN(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 
4 GCWW(IY, IX)+GCWN(IY, IX)) 

GO TO 89200 
89158 GCC(IY, IX)-(1.0-(GCWW(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 

5 GCWW(IY, IX)+GCWN(IY, IX)) 
GO TO 89200 

89159 IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
9 GO TO 89160 

GCC (I Y, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWN(IY, IX))/GCWW(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89160 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWW(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-5 

C i. e. Phi - BNWL - corner coeff. 
GO TO 89200 

89161 IF(GCWW(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 
9 GO TO 89162 

GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWW(IY, IX))/GCWN(IY, IX))* 

1 (GCWL(IY, IX)+GCWW(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89162 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWN(IY, IX))*(GCWL(IY, IX)+ 

2 GCWW(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 89200 

C ***********s*****************************************************r**** 
89163 IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWN(IY, IX). GE. GCWE(IY, IX)) 

1 GO TO 89167 
IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWE(IY, IX). GE. GCWN(IY, IX)) 

2 GO TO 89165 
IF(GCWE(IY, IX). GE. GCWN(IY, IX). AND. GCWN(IY, IX). GE. 0.0) 

3 GO TO 89164 
GCC(IY, IX)_(1.0-(GCWN(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 

4 GCWE(IY, IX)+GCWN(IY, IX)) 
GO TO 89200 

89164 GCC(IY, IX)-(1.0-(GCWE(IY, IX)/GCWL(IY, IX)))*(GCWL(IY, IX)+ 
5 GCWE(IY, IX)+GCWN(IY, IX)) 

GO TO 89200 
89165 IF(GCWN(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

9 GO TO 89166 
GCC(IY, IX)-0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWN(IY, IX))/GCWE(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL(IY, IX)-11 

C i. e. Phi - @EL - edge coeff 
GO TO 89200 

89166 GCC(IY, IX)-O. 
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GWPCO(IY, IX)-(GCWL(IY, IX)/GCWE(IY, IX))*(GCWL(IY, IX)+ 
2 GCWE(IY, IX)+GCWN(IY, IX)) 

IWPVAL(IY, IX)-6 
C i. e. Phi - 8NEL - corner coeff. 

GO TO 89200 
89167 IF(GCWE(IY, IX). GE. GCWL(IY, IX). AND. GCWL(IY, IX). GE. 0.0) 

9 GO TO 89168 
GCC (I Y, IX) -0. 
GWECO(IY, IX)-((GCWL(IY, IX)-GCWE(IY, IX))/GCWN(IY, IX))* 

1 (GCWL(IY, IX)+GCWE(IY, IX)+GCWN(IY, IX)) 
IWEVAL (IY, IX) -9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89168 GCC(IY, IX)-0. 
GWPCO(IY, IX)-(GCWL(IY, IX)/GCWN(IY, IX))*(GCWL(IY, IX)+ 

2 GCWE(IY, IX)+GCWN(IY, IX)) 
IWPVAL(IY, IX)-6 

C i. e. Phi - 8NEL - corner coeff. 
89200 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSL', LD2) 

RETURN 
END 
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SUBROUTINE GROUND4 
INCLUDE '1p16/d earth/SATEAR' 
INCLUDE 'lpl6/d_earth/GRDLOC' 
INCLUDE '1p16/d_earth/GRDEAR' 
INCLUDE '1p16/d_earth/GRDBFC' 

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION STARTS: 
C 
C1 Set dimensions of data-for-GROUND arrays here. WARNING: the 
C corresponding arrays in the MAIN program of the satellite 
C and EARTH must have the same dimensions. 

PARAMETER (NLG-20, NIG. 20, NRG-100, NCG-10) 
C 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG) 
LOGICAL LG 
CHARACTER*4 CG 
COMMON/GUGRND/GCSN(60,80), GCSS(60,80), GCSE(60,80), GCSW(60,80), 

7 GCSL(60,80), GCSH(60,80), GSPCO(60,80), GSECO(60,80), 
8 GCUN(60,80), GCUS(60,80), GCUE(60,80), GCUW(60,80), 
7 GCUL(60,80), GCUH(60,80), GUPCO(60,80), GUECO(60,80), 
8 GCVN(60,80), GCVS(60,80), GCVE(60,80), GCVW(60,80), 
7 GCVL(60,80), GCVH(60,80), GVPCO(60,80), GVECO(60,80), 
8 GCWN(60,80), GCWS(60,80), GCWE(60,80), GCWW(60,80), 
7 GCWL(60,80), GCWH(60,80), GWPCO(60,80), GWECO(60,80) 

COMMON/IUGRND/ISPVAL(60,80), ISEVAL(60,80), IUPVAL(60,80), 
7 IUEVAL(60,80), IVEVAL(60,80), IVPVAL(60,80), 
8 IWEVAL(60,80), IWPVAL(60,80) 

C 
C2 User dimensions own arrays here, for example: 
C DIMENSION GUH(10,10), GUC(10,10), GUX(10,10), GUZ(10) 

DIMENSION GCC(60,80), GCMH(60,80), GCML(60,80), 

1 GCE(60,80), GEMP(60,80), GEMH(60,80), GEML(60,80) 
C 
C3 User places his data statements here, for example: 

DATA NXDIM, NYDIM/80,60/ 
C 
C4 Insert own coding below as desired, guided by GREX examples. 
C Note that the satellite-to-GREX special data in the labelled 
C COMMONS /RSG/, /ISG/, /LSG/ and /CSG/ can be included and 
C used below but the user must check GREX for any conflicting 
C uses. The same comment applies to the EARTH-spare working 
C arrays EASP1, EASP2,.... EASP20. In addition to the EASPs, 
C there are 10 GRound-earth Spare arrays, GRSP1,..., GRSP10, 
C supplied solely for the user, which are not used by GREX. If 
C the call to GREX has been deactivated then all of the arrays 
C may be used without reservation. 
C 

IF(. NOT. (LG(4))) RETURN 
IF(INDVAR. GT. 11) GO TO 88949 
RETURN 

88949 CONTINUE 
C 
C Corrected Coefficients For Scalar-Equation 
C f, r, t, r, r, r rw, r*rtr, t t, e+r, rtr, t, r*s+, t, r, t, º, t, t*ttt, r, tx, ttr, ts 
C 
C North-South 
C 

IF(NDIREC. NE. 1) GO TO 89020 
C i. e. consider flow through North and South faces. 

CALL GETYX(LD11, GCSN, NYDIM, NXDIM) 
CALL GETYX(LD12, GCSS, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89020 

C 
C 
C North Coefficient 

DO 88980 IX-1, NX 
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DO 88980 IY-1, NY 
IF(GCSN(IY, IX). GT. O. O. AND. GCSS(IY, IX). EQ. 0.0) GO TO 88955 

C...... i. e. consider scheme ONLY with a max. of 3 +'ve fluxes... else.. 
88950 GCC(IY, IX)-GCSN(IY, IX) 

GO TO 88980 
88955 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 88967 

IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 88961 
C ...... i. e. m(N), m(W)and m(L) involved... 

IF(GCSL(IY, IX). GE. GCSN(IY, IX). AND. GCSL(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 88959 

C...... i. e. m(L) dominant... 
IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSW(IY, IX). GE. GCSL(IY, IX)) 

2 GO TO 88957 
C ...... i. e. m(W) dominant... otherwise m(N) is dominant... 

IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
3 GO TO 88956 

C...... i. e. flow specification is m(N)>m(W)>m(L)>-0.0... otherwise.. 
C .......... flow specification is m(N)>m(L)>m(W)>-0.0... 

GCC(IY, IX)-(1.0-(GCSL(IY, IX)/GCSN(IY, IX)))*(GCSL(IY, IX)+ 
4 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 88980 
88956 GCC(IY, IX)-(1.0-(GCSW(IY, IX)/GCSN(IY, IX)))*(GCSL(IY, IX)+ 

5 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 88980 

88957 IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
6 GO TO 88958 

GCC (IY, IX)-0. 
GSPCO(IY, IX)-(GCSN(IY, IX)/GCSW(IY, IX))*(GCSL(IY, IX)+ 

7 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL (IY, IX) -5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 88980 

88958 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSN(IY, IX)-GCSL(IY, IX))/GCSW(IY, IX))* 

8 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-l 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88959 IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 88960 

GCC (. IY, IX) -0 . GSECO(IY, IX)-((GCSN(IY, IX)-GCSW(IY, IX))/GCSL(IY, IX))* 
1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 

ISEVAL (IY, IX) -9 
C i. e. Phi - @NL - edge coeff 

GO TO 88980 
88960 GCC (I Y, IX) -0 . GSPCO(IY, IX)-(GCSN(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 88980 

C ********************************************************************" 
88961 IF(GCSH(IY, IX). GE. GCSN(IY, IX). AND. GCSH(IY, IX). GE. GCSW(IY, IX)) 

1 GO TO 88965 
IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSW(IY, IX). GE. GCSH(IY, IX)) 

2 GO TO 88963 
IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

3 GO TO 88962 
GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSN(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 88980 

88962 GCC(IY, IX)_(1.0-(GCSW(IY, IX)/GCSN(IY, IX)))*(GCSH(IY, IX)+ 
5 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 88980 
88963 IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
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6 GO TO 88964 
GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSN(IY, IX)/GCSW(IY, IX))*(GCSH(IY, IX)+ 

7 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

88964 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSN(IY, IX)-GCSH(IY, IX))/GCSW(IY, IX))* 

8 (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 88980 

88965 IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 88966 

GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSN(IY, IX)-GCSW(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)"5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88966 GCC(IY, IX)-0. 
GSPCO(IY, IX)=(GCSN(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 88980 

88967 

1 

2 

3 

4 

88968 
5 

88969 
6 

7 

C i. e. 

88970 

8 

C i. e. 

88971 
9 

1 

C i. e. 

88972 

IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 88973 
IF(GCSL(IY, IX). GE. GCSN(IY, IX). AND. GCSL(IY, IX). GE. GCSE(IY, IX)) 
GO TO 88971 
IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSE(IY, IX). GE. GCSL(IY, IX)) 
GO TO 88969 

IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
GO TO 88968 
GCC(IY, IX)-(1.0-(GCSL(IY, IX)/GCSN(IY, IX)))*(GCSL(IY, IX)+ 

GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 88980 
GCC(IY, IX)_(1.0-(GCSE(IY, IX)/GCSN(IY, IX)))*(GCSL(IY, IX)+ 

GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 88980 
IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
GO TO 88970 
GCC (IY, IX) -0. 
GSPCO(IY, IX)-(GCSN(IY, IX)/GCSE(IY, IX))*(GCSL(IY, IX)+ 

GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL (IY, IX) -6 

Phi - @NEL- corner coeff. 
GO TO 88980 
GCC(IY, IX)-0. 
GSECO(IY, IX)_((GCSN(IY, IX)-GCSL(IY, IX))/GCSE(IY, IX))* 

(GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-2 

Phi - @NE - edge coeff. 
GO TO 88980 
IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
GO TO 88972 
GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSN(IY, IX)-GCSE(IY, IX))/GCSL(IY, IX))* 

(GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL (IY, IX) -9 

Phi = @NL - edge coeff 
GO TO 88980 
GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSN(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

GCSE(IY, IX)+GCSN(IY, IX)) 
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ISPVAL(IY, IX)-6 
C i. e. Phi - @NEL - corner coeff. 

GO TO 88980 
C##*##############*##########################################**#4###### 

88973 IF(GCSH(IY, IX). GE. GCSN(IY, IX). AND. GCSH(IY, IX). GE. GCSE(IY, IX)) 
1 GO TO 88977 

IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSE(IY, IX). GE. GCSH(IY, IX)) 
2 GO TO 88975 

IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
3 GO TO 88974 

GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSN(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSE(IY, IX)+GCSN(IY, IX)) 

GO TO 88980 
88974 GCC(IY, IX)_(1.0-(GCSE(IY, IX)/GCSN(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 88980 

88975 IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
6 GO TO 88976 

GCC (IY, IX) -0. 
GSPCO(IY, IX)_(GCSN(IY, IX)/GCSE(IY, IX))*(GCSH(IY, IX)+ 

7 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 88980 

88976 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSN(IY, IX)-GCSH(IY, IX))/GCSE(IY, IX))* 

8 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 88980 

88977 IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 88978 

GCC (IY, IX) -0. 
GSECO(IY, IX)_((GCSN(IY, IX)-GCSE(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 88980 

88978 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSN(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
88980 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSN', LDl1) 
C 
C South Coefficient 
C 

DO 89010 IX-1, NX 
DO 89010 IY-1, NY 

IF(GCSS(IY, IX). GT. 0.0. AND. GCSN(IY, IX). EQ. 0.0) GO TO 88985 
88982 GCC(IY, IX)-GCSS(IY, IX) 

GO TO 89010 
88985 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 88997 

IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 88991 
IF(GCSL(IY, IX). GE. GCSS(IY, IX). AND. GCSL(IY, IX). GE. GCSW(IY, IX)) 

1 GO TO 88989 
IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSW(IY, IX). GE. GCSL(IY, IX)) 

2 GO TO 88987 
IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

3 GO TO 88986 
GCC(IY, IX)-(1.0-(GCSL(IY, IX)/GCSS(IY, IX)))*(GCSL(IY, IX)+ 

4 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89010 

88986 GCC(IY, IX)-(1.0-(GCSW(IY, IX)/GCSS(IY, IX)))*(GCSL(IY, IX)+ 
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GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89010 

88987 IF(GCSS(+Y, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
6 GO TO 88988 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSS(IY, IX)/GCSW(IY, IX))*(GCSL(IY, IX)+ 

7 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

88988 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSL(IY, IX))/GCSW(IY, IX))* 

8 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88989 
_ 

IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS. (IY, IX). GE. 0.0) 
9 GO TO 88990 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSW(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-10 

C i. e. Phi - 8SL - edge. coeff 
GO TO 89010 

88990 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSS(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89010 

C ********************************************************************* 
88991 IF(GCSH(IY, IX). GE. GCSS(IY, IX). AND. GCSH(IY, IX). GE. GCSW(IY, IX)) 

1 GO TO 88995 
IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSW(IY, IX). GE. GCSH(IY, IX)) 

2 GO TO 88993 
IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

3 GO TO 88992 
GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSS(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89010 

88992 GCC(IY, IX)_(1.0-(GCSW(IY, IX)/GCSS(IY, IX)))*(GCSH(IY, IX)+ 
5 GCSW(IY, IX)+GCSS(IY, IX)) 

GO TO 89010 
88993 IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

6 GO TO 88994 
GCC (IY, IX) -0. 
GSPCO(IY, IX)_(GCSS(IY, IX)/GCSW(IY, IX))*(GCSH(IY, IX)+ 

7 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89010 

88994 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSH(IY, IX))/GCSW(IY, IX))* 

8 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89010 

88995 IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 88996 

GCC(IY, IX)-0. 
GSECO(IY, IX)_((GCSS(IY, IX)-GCSW(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

88996 GCC(IY, IX)-0. 
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GSPCO(IY, IX)-(GCSS(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 
2 GCSW(IY, IX)+GCSS(IY, IX)) 

ISPVAL(IY, IX)-3 
C i. e. Phi - @SWH - corner coeff. 

GO TO 89010 
C 
88997 IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 89003 

IF(GCSL(IY, IX). GE. GCSS(IY, IX). AND. GCSL(IY, IX). GE. GCSE(IY, IX)) 
1 GO TO 89001 

IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSE(IY, IX). GE. GCSL(IY, IX)) 
2 GO TO 88999 

IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
3 GO TO 88998 

GCC(IY, IX)-(1.0-(GCSL(IY, IX)/GCSS(IY, IX)))*(GCSL(IY, IX)+ 
4 GCSE(IY, IX)+GCSS(IY, IX)) 

GO TO 89010 
88998 GCC(IY, IX)_(1.0-(GCSE(IY, IX)/GCSS(IY, IX)))*(GCSL(IY, IX)+ 

5 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89010 

88999 IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
6 GO TO 89000 

GCC (IY, IX) -0. 
GSPCO(IY; IX)-(GCSS(IY, IX)/GCSE(IY, IX))*(GCSL(IY, IX)+ 

7 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

89000 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSL(IY, IX))/GCSE(IY, IX))* 

8 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89010 

89001 IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 89002 

GCC (IY, IX) -0. 
GSECO(IY, IX)_((GCSS(IY, IX)-GCSE(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89010 

89002 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSS(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL (IY, IX) -8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89010 

C ********, r**** **, t****************************, t******r*****************" 
89003 IF(GCSH(IY, IX). GE. GCSS(IY, IX). AND. GCSH(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89007 
IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSE(IY, IX). GE. GCSH(IY, IX)) 

2 GO TO 89005 
IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

3 GO TO 89004 
GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSS(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89010 

89004 GCC(IY, IX)-(1.0-(GCSE(IY, IX)/GCSS(IY, IX)))*(GCSH(IY, IX)+ 
5 GCSE(IY, IX)+GCSS(IY, IX)) 

GO TO 89010 
89005 IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

6 GO TO 89006 
GCC (IY, IX) -0. 
GSPCO (IY, IX) - (GCSS (IY, IX) /GCSE (IY, IX)) * (GCSH (Zr, rx) + 

7 GCSE (IY, IX) +GCSS (IY, IX) ) 
ISPVAL(IY, IX)-4 
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C i. e. Phi - @SEH - corner coeff. 
GO TO 89010 

89006 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSH(IY, IX))/GCSE(IY, IX))* 

8 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89010 

89007 IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 89008 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSS(IY, IX)-GCSE(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL (IY, IX) -6 

C i. e. Phi - @SH - edge coeff 
GO TO 89010 

89008 GCC(IY, IX)-0. 
GSPCO(IY, IX)_(GCSS(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-4 

C i. e. Phi - 9SEH - corner coeff. 
89010 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSS', LD12) 

RETURN 
C 
C East-West 
C 
89020 IF(NDIREC. NE. 3) GO TO 89100 
C i. e. consider flow through East and West faces. 

CALL GETYX(LD11, GCSE, NYDIM, NXDIM) 
CALL GETYX(LD12, GCSW, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89100 

C 
C East Coefficient 
C 

DO 89060 IX-1, NX 
DO 89060 IY-1, NY 

IF(GCSE(IY, IX). GT. 0.0. AND. GCSW(IY, IX). EQ. 0.0) GO TO 89025 
89022 GCC(IY, IX)-GCSE(IY, IX) 

GO TO 89060 
89025 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 89037 

IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 89031 
IF(GCSL(IY, IX). GE. GCSE(IY, IX). AND. GCSL(IY, IX). GE. GCSS(IY, IX)) 

1 GO TO 89029 
IF(GCSS(IY, IX). GE. GCSE(IY, IX). AND. GCSS(IY, IX). GE. GCSL(IY, IX)) 

2 GO TO 89027 
IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

3 GO TO 89026 
GCC(IY, IX)_(1.0-(GCSL(IY, IX)/GCSE(IY, IX)))*(GCSL(IY, IX)+ 

4 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89060 

89026 GCC(IY, IX)_(1.0-(GCSS(IY, IX)/GCSE(IY, IX)))*(GCSL(IY, IX)+ 
5 GCSE(IY, IX)+GCSS(IY, IX)) 

GO TO 89060 
89027 IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

6 GO TO 89028 
GCC(IY, IX)-0. 
GSPCO(IY, IX)"(GCSE(IY, IX)/GCSS(IY, IX))*(GCSL(IY, IX)+ 

7 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89028 GCC(IY, IX)-O. 
GSECO(IY, IX)-((GCSE(IY, IX)-GCSL(IY, IX))/GCSS(IY, IX))* 

8 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
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ISEVAL(IY, IX)-4 
C i. e. Phi - @SE - edge coeff. 

GO TO 89060 
89029 IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 

9 GO TO 89030 
GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89060 

89030 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSE(IY, IX)-GCSS(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-11 

C i. e. Phi - SEL - edge coeff 
GO TO 89060 

C ********************************************************************* 
89031 IF(GCSH(IY, IX). GE. GCSE(IY, IX). AND. GCSH(IY, IX). GE. GCSS(IY, IX)) 

1 GO TO 89035 
IF(GCSS(IY, IX). GE. GCSE(IY, IX). AND. GCSS(IY, IX). GE. GCSH(IY, IX)) 

2 GO TO 89033 
IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

3 GO TO 89032 
GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSE(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSE(IY, IX)+GCSS(IY, IX)) 
89032 GCC(IY, IX)_(1.0-(GCSS(IY, IX)/GCSE(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89060 

89033 IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
6 GO TO 89034 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSS(IY, IX))*(GCSH(IY, IX)+ 

7 GCSE (IY, IX)+GCSS (IY, IX) ) 
ISPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89034 GCC(IY, IX)-O. 
GSECO(IY, IX)-((GCSE(IY, IX)-GCSH(IY, IX))/GCSS(IY, IX))* 

8 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-4 

C i. e. Phi - @SE - edge coeff. 
GO TO 89060 

89035 IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 89036 

GCC (IY, IX)-0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89060 

89036 GCC(IY, IX)-0. 
GSECO(IY, IX)_((GCSE(IY, IX)-GCSS(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-7 

C i. e. Phi - @EH - edge coeff 
GO TO 89060 

C ******** *************************, º********************************** 
89037 IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 89043 

IF(GCSL(IY, IX). GE. GCSN(IY, IX). AND. GCSL(IY, IX). GE. GCSE(IY, IX)) 
1 GO TO 89041 

IF(GCSN(IY, IX). GE. GCSE(IY, IX). AND. GCSN(IY, IX). GE. GCSL(IY, IX)) 
2 GO TO 89039 

IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
3 GO TO 89038 

GCC(IY,: X)_(1.0-(GCSL(IY, IX)/GCSE(IY, IX)))*(GCSL(IY, IX)+ 
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GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 89060 

89038 GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSE(IY, IX)))*(GCSL(IY, IX)+ 
5 GCSE(IY, IX)+GCSN(IY, IX)) 

GO TO 89060 
89039 IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

6 GO TO 89040 
GCC (IY, IX) -0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSN(IY, IX))*(GCSL(IY, IX)+ 

7 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89040 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSE(IY, IX)-GCSL(IY, IX))/GCSN(IY, IX))* 

8 (GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-2 

C i. e. Phi - @NE - edge coeff. 
GO TO 89060 

89041 IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 89042 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-6 

C i. e. Phi - @NEL - corner coeff. 
GO TO 89060 

89042 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSE(IY, IX)-GCSN(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-il 

C i. e. Phi - @EL - edge coeff 
GO TO 89060 

C **********xxxxx, rx, r, rxxxxxx********xxx*xxxxx*xxxxxx*******x*x*********** 
89043 IF(GCSH(IY, IX). GE. GCSN(IY, IX). AND. GCSH(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89047 
IF(GCSN(IY, IX). GE. GCSE(IY, IX). AND. GCSN(IY, IX). GE. GCSH(IY, IX)) 

2 GO TO 89045 
IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

3 GO TO 89044 
GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSE(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 89060 

89044 GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSE(IY, IX)))*(GCSH(IY, IX)+ 
5 GCSE(IY, IX)+GCSN(IY, IX)) 

GO TO 89060 
89045 IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

6 GO TO 89046 
GCC (IY, IX) -0. 
GSPCO(IY, IX)-(GCSE(IY, IX)/GCSN(IY, IX))*(GCSH(IY, IX)+ 

7 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL (IY, IX) -2 

C i. e. Phi - 8NEH - corner coeff. 
GO TO 89060 

89046 GCC(IY, IX)-0. 
GSECO(IY, IX)=((GCSE(IY, IX)-GCSH(IY, IX))/GCSN(IY, IX))* 

8 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-2 

C i. e. Phi - ONE - edge coeff. 
GO TO 89060 

89047 IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 89048 

GSPCO(IY, IX)_(GCSE(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 
2 GCSE(IY, IX)+GCSN(IY, IX)) 

ISPVAL(IY, IX)-2 
C i. e. Phi - 8NEH - corner coeff. 
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GO TO 89060 
89048 GCC(IY, IX)-0. 

GSECO(IY, IX)-((GCSE(IY, IX)-GCSN(IY, IX))/GCSH(IY, IX))* 
1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 

ISEVAL (IY, IX) -7 
C i. e. Phi - @EH - edge coeff. 
89060 CONTINUE 

CALL SETYX(LD11, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSE', LD11) 
C 
C West Coefficient 
C 

DO 89090 IX-1, NX 
DO 89090 IY-1, NY 

IF(GCSW(IY, IX). GT. 0.0. AND. GCSE(IY, IX). EQ. 0.0) GO TO 89065 
89062 GCC(IY, IX)-GCSW(IY, IX) 

GO TO 89090 
89065 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 89077 

IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 89071 
IF(GCSL(IY, IX). GE. GCSW(IY, IX). AND. GCSL(IY, IX). GE. GCSS(IY, IX)) 

1 GO TO 89069 
IF(GCSS(IY, IX). GE. GCSW(IY, IX). AND. GCSS(IY, IX). GE. GCSL(IY, IX)) 

2 GO T0 89067 
IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

3 GO TO 89066 
GCC(IY, IX)-(1.0-(GCSL(IY, IX)/GCSW(IY, IX)))*(GCSL(IY, IX)+ 

4 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89090 

89066 GCC(IY, IX)-(1.0-(GCSS(IY, IX)/GCSW(IY, IX)))*(GCSL(IY, IX)+ 
5 GCSW(IY, IX)+GCSS(IY, IX)) 

GO TO 89090 
89067 IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. O. 0) 

6 GO TO 89068 
GCC (IY, IX) -0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSS(IY, IX))*(GCSL(IY, IX)+ 

7 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89090 

89068 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSL(IY, IX))/GCSS(IY, IX))* 

8 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89069 IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 89070 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-7 

C i. e. Phi - 8SWL - corner coeff. 
GO TO 89090 

89070 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSS(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-12 

C i. e. Phi - OWL - edge coeff 
GO TO 89090 

C ****+r*******, r*********, r*********, r**, r, r************ ******************x 

89071 IF(GCSH(IY, IX). GE. GCSW(IY, IX). AND. GCSH(IY, IX). GE. GCSS(IY, IX)) 
1 GO TO 89075 

IF(GCSS(IY, IX). GE. GCSW(IY, IX). AND. GCSS(IY, IX). GE. GCSH(IY, IX)) 
2 GO TO 89073 

IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
3 GO TO 89072 
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GCC(IY, IX)_(1.0-(GCSH(IY, IX)/GCSW(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSW(IY, IX)+GCSS(IY, IX)) 

GO TO 89090 
89072 GCC(IY, IX)-(1.0-(GCSS(IY, IX)/GCSW(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89090 

89073 IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
6 GO TO 89074 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSS(IY, IX))*(GCSH(IY, IX)+ 

7 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89074 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSH(IY, IX))/GCSS(IY, IX))* 

8 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-3 

C i. e. Phi - @SW - edge coeff. 
GO TO 89090 

89075 IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
9 GO TO 89076 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89090 

89076 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSS(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89090 

C ********************************************************************* 
89077 IF(GCSH(IY, IX). GT. GCSL(IY, IX)) GO TO 89083 

IF(GCSL(IY, IX). GE. GCSN(IY, IX). AND. GCSL(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89081 

IF(GCSN(IY, IX). GE. GCSW(IY, IX). AND. GCSN(IY, IX). GE. GCSL(IY, IX)) 
2 GO TO 89079 

IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
3 GO TO 89078 

GCC(IY, IX)_(1.0-(GCSL(IY, IX)/GCSW(IY, IX)))*(GCSL(IY, IX)+ 
4 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 89090 
89078 GCC(IY, IX)_(1.0-(GCSN(IY, IX)/GCSW(IY, IX)))*(GCSL(IY, IX)+ 

5 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 89090 

89079 IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
6 GO TO 89080 

GCC(IY, IX)-0. 
GSPCO(IY, IX)_(GCSW(IY, IX)/GCSN(IY, IX))*(GCSL(IY, IX)+ 

7 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89080 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSL(IY, IX))/GCSN(IY, IX))* 

8 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89081 IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
9 GO TO 89082 

GCC (IY, IX) -0. 
GSPCO(IY, IX)=(GCSW(IY, IX)/GCSL(IY, IX))*(GCSL(IY, IX)+ 
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2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89090 

89082 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSN(IY, IX))/GCSL(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89090 

89083 IF(GCSH(IY, IX). GE. GCSN(IY, IX). AND. GCSH(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89087 

IF(GCSN(IY, IX). GE. GCSW(IY, IX). AND. GCSN(IY, IX). GE. GCSH(IY, IX)) 
2 GO TO 89085 

IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
3 GO TO 89084 

GCC(IY, IX)-(1.0-(GCSH(IY, IX)/GCSW(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 89090 
89084 GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSW(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 89090 

89085 IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
6 GO TO 89086 

GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSN(IY, IX))*(GCSH(IY, IX)+ 

7 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89090 

89086 GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSH(IY, IX))/GCSN(IY, IX))* 

8 (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-1 

C i. e. Phi - @NW - edge coeff. 
GO TO 89090 

89087 IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. O. 0) 
9 GO TO 89088 

GCC (IY, IX) -0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSH(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - 8NWH - corner coeff. 
GO TO 89090 

89088 GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSW(IY, IX)-GCSN(IY, IX))/GCSH(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL (IY, IX) -8 

C i. e. Phi - 8WH - edge coeff. 
89090 CONTINUE 

CALL SETYX(LD12, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSW', LD12) 

RETURN 
C 
C High-Low 
C 
89100 IF(NDIREC. NE. 5) GO TO 89140 
C i. e. consider flow through High face. 

CALL GETYX(LD2, GCSH, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) GO TO 89140 

C High Coefficient 
C 

DO 89130 IX-1, NX 
DO 89130 IY-1, NY 

IF(GCSH(IY, IX). GT. O. O. AND. GCSL(IY, IX). EQ. 0.0) GO TO 89105 
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GCC(IY, IX)-GCSH(IY, IX) 
GO TO 89130 

89105 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 89117 
IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 89111 

IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSS(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89109 

IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSW(IY, IX). GE. GCSS(IY, IX)) 
2 GO TO 89107 

IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
3 GO TO 89106 

GCC(IY, IX)-(1.0-(GCSS(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSW(IY, IX)+GCSS(IY, IX)) 

GO TO 89130 
89106 GCC(IY, IX)-(1.0-(GCSW(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89130 

89107 IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89108 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSS(IY, IX))/GCSW(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89108 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSH(IY, IX)/GCSW(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

89109 IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89110 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSW(IY, IX))/GCSS(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89130 

89110 GCC(IY, IX)-0. 
GSPCO(IY, IX)_(GCSH(IY, IX)/GCSS(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-3 

C i. e. Phi - @SWH - corner coeff. 
GO TO 89130 

C ********************************************************************" 
89111 IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSS(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89115 
IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSE(IY, IX). GE. GCSS(IY, IX)) 

2 GO TO 89113 
IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 

3 GO TO 89112 
GCC(IY, IX)_(1.0-(GCSS(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 

4 GCSE(IY, IX)+GCSS(IY, IX)) 

GO TO 89130 
89112 GCC(IY, IX)_(1.0-(GCSE(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89130 

89113 IF(GCSS(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89114 

GCC(IY, IX)-0. 
GSECO(IY, IX)_((GCSH(IY, IX)-GCSS(IY, IX))/GCSE(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-7 

C i. e. Phi - 8EH"- edge coeff 
GO TO 89130 

89114 GCC(IY, IX)-0. 
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GSPCO(IY, IX)-(GCSH(IY, IX)/GCSE(IY, IX))*(GCSH(IY, IX)+ 
2 GCSE(IY, IX)+GCSS(IY, IX)) 

ISPVAL(IY, IX)-4 
C i. e. Phi - @SEH - corner coeff. 

GO TO 89130 
89115 IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 

9 GO TO 89116 
GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSE(IY, IX))/GCSS(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-6 

C i. e. Phi - @SH - edge coeff 
GO TO 89130 

89116 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSH(IY, IX)/GCSS(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-4 

C i. e. Phi - @SEH - corner coeff. 
GO TO 89130 

C ***********+********************************************************* 
89117 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 89123 

IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSN(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89121 

IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSW(IY, IX). GE. GCSN(IY, IX)) 
2 GO TO 89119 

IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
3 GO TO 89118 

GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 89130 
89118 GCC(IY, IX)-(1.0-(GCSW(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 89130 

89119 IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89120 

GCC(IY, _IX)-0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSN(IY, IX))/GCSW(IY, IX))* 

1. (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-8 

C i. e. Phi - @WH - edge coeff 
GO TO 89130 

89120 GCC(IY, IX)-O. 
GSPCO(IY, IX)-(GCSH(IY, IX)/GCSW(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - BNWH - corner coeff. 
GO TO 89.30 

89121 IF(GCSW(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89122 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSW(IY, IX))/GCSN(IY, IX))* 

1 (GCSH(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89.30 

89122 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSW(IY, IX)/GCSN(IY, IX))*(GCSH(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-1 

C i. e. Phi - @NWH - corner coeff. 
GO TO 89130 

C ********************************************************************** 
89123 IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSN(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89127 
IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSE(IY, IX). GE. GCSN(IY, IX)) 

2 GO TO 89125 
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IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
3 GO TO 89124 

GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 
4 GCSE(IY, IX)+GCSN(IY, IX)) 

GO TO 89130 
89124 GCC(IY, IX)-(1.0-(GCSE(IY, IX)/GCSH(IY, IX)))*(GCSH(IY, IX)+ 

5 GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 89130 

89125 IF(GCSN(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89126 

GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSN(IY, IX))/GCSE(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-7 

C i. e. Phi - AEH - edge coeff 
GO TO 89130 

89126 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSH(IY, IX)/GCSE(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
GO TO 89130 

89127 IF(GCSE(IY, IX). GE. GCSH(IY, IX). AND. GCSH(IY, IX). GE. 0.0) 
9 GO TO 89128 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSH(IY, IX)-GCSE(IY, IX))/GCSN(IY, IX))* 

1 (GCSH(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-5 

C i. e. Phi - @NH - edge coeff 
GO TO 89130 

89128 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSH(IY, IX)/GCSN(IY, IX))*(GCSH(IY, IX)+ 

2 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-2 

C i. e. Phi - @NEH - corner coeff. 
89130 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSH', LD2) 

RETURN 
C 
C Low Coefficient 
C 
89140 IF(NDIREC. NE. 6) RETURN 
C i. e. consider flow through Low face. 

CALL GETYX(LD2, GCSL, NYDIM, NXDIM) 
IF(ISWEEP. EQ. FSWEEP) RETURN 

DO 89200 IX-1, NX 
DO 89200 IY-1, NY 

IF(GCSL(IY, IX). GT. 0.0. AND. GCSH(IY, IX). EQ. 0.0) GO TO 89145 
GCC(IY, IX)-GCSL(IY, IX) 
GO TO 89200 

89145 IF(GCSN(IY, IX). GT. GCSS(IY, IX)) GO TO 89157 
IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 89151 

IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSS(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89149 

IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSW(IY, IX). GE. GCSS(IY, IX)) 
2 GO TO 89147 

IF(GCSW(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 
3 GO TO 89146 

GCC(IY, IX)_(1.0-(GCSS(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 
4 GCSW(IY, IX)+GCSS(IY, IX)) 

GO TO 89200 
89146 GCC(IY, IX)_(1.0-(GCSW(IY, IX)/(; CSL(IY, IX)))*(GCSL(IY, IX)+ 

5 GCSW(IY, IX)+GCSS(IY, IX)) 
GO TO 89200 

89147 IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
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9 GO TO 89148 
GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSS(IY, IX))/GCSW(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89148 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSL(IY, IX)/GCSW(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL (IY, IX) -7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

89149 IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
9 GO TO 89150 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSW(IY, IX))/GCSS(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89200 

89150 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSL(IY, IX)/GCSS(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-7 

C i. e. Phi - @SWL - corner coeff. 
GO TO 89200 

C **********tt*tttttt**********ttttttttt, rt******tttttt******ttt*ttttttt 
89151 IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSS(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89155 
IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSE(IY, IX). GE. GCSS(IY, IX)) 

2 GO TO 89153 
IF(GCSE(IY, IX). GE. GCSS(IY, IX). AND. GCSS(IY, IX). GE. 0.0) 

3 GO TO 89152 
GCC(IY, IX)-(1.0-(GCSS(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 

4 GCSE(IY, IX)+GCSS(IY, IX)) 
GO TO 89200 

89152 GCC(IY, IX)-(1.0-(GCSE(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 
5 GCSE(IY, IX)+GCSS(IY, IX)) 

GO TO 89200 
89153 IF(GCSS(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

9 GO TO 89154 
GCC(IY, IX)-O. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSS(IY, IX))/GCSE(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-11 

C i. e. Phi - 8EL - edge coeff 
GO TO 89200 

89154 GCC(IY, IX)-0. 
GSPCO(IYyIX)-(GCSL(IY, IX)/GCSE(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL(IY, IX)-8 

C i. e. Phi - @SEL - corner coeff. 
GO TO 89200 

89155 IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
9 GO TO 89156 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSE(IY, IX))/GCSS(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSS(IY, IX)) 
ISEVAL(IY, IX)-10 

C i. e. Phi - @SL - edge coeff 
GO TO 89200 

89156 GCC(IY, IX)-o. 
GSPCO(IY, IX)-(GCSL(IY, IX)/GCSS(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSS(IY, IX)) 
ISPVAL (IY, IX) -8 
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C i. e. Phi - ¬SEL - corner coeff. 
GO TO 89200 

C 
89157 IF(GCSE(IY, IX). GT. GCSW(IY, IX)) GO TO 89163 

IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSN(IY, IX). GE. GCSW(IY, IX)) 
1 GO TO 89161 

IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSW(IY, IX). GE. GCSN(IY, IX)) 
2 GO TO 89159 

IF(GCSW(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 
3 GO TO 89158 

GCC(IY, IX)-(1.0-(GCSN(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 
4 GCSW(IY, IX)+GCSN(IY, IX)) 

GO TO 89200 
89158 GCC(IY, IX)-(1.0-(GCSW(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 

5 GCSW(IY, IX)+GCSN(IY, IX)) 
GO TO 89200 

89159 IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
9 GO TO 89160 

GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSN(IY, IX))/GCSW(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-12 

C i. e. Phi - @WL - edge coeff 
GO TO 89200 

89160 GCC(IY, IX)-0. 
GSPCO(IY, IX)_(GCSL(IY, IX)/GCSW(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-5 

C i. e. Phi - 8NWL - corner coeff. 
GO TO 89200 

89161 IF(GCSW(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 
9 GO TO 89162 

GCC(IY, IX)-0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSW(IY, IX))/GCSN(IY, IX))* 

1 (GCSL(IY, IX)+GCSW(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89162 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSL(IY, IX)/GCSN(IY, IX))*(GCSL(IY, IX)+ 

2 GCSW(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-5 

C i. e. Phi - @NWL - corner coeff. 
GO TO 89200 

C x*xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxwxxxxxxxxxxxxxxxxxxxxx*x*x. xxx 
89163 IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSN(IY, IX). GE. GCSE(IY, IX)) 

1 GO TO 89167 
IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSE(IY, IX). GE. GCSN(IY, IX)) 

2 GO TO 89165 
IF(GCSE(IY, IX). GE. GCSN(IY, IX). AND. GCSN(IY, IX). GE. 0.0) 

3 GO TO 89164 
GCC(IY, IX)_(1.0-(GCSN(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 

4 GCSE(IY, IX)+GCSN(IY, IX)) 
GO TO 89200 

89164 GCC(IY, IX)_(1.0-(GCSE(IY, IX)/GCSL(IY, IX)))*(GCSL(IY, IX)+ 
5 GCSE(IY, IX)+GCSN(IY, IX)) 

GO TO 89200 
89165 IF(GCSN(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

9 GO TO 89166 
GCC (I Y, IX) -0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSN(IY, IX))/GCSE(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-11 

C i. e. Phi - 8EL - edge coeff 
GO TO 89200 

89166 GCC(IY, IX)-0. 
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GSPCO(IY, IX)-(GCSL(IY, IX)/GCSE (IY, IX))*(GCSL(IY, IX)+ 
2 GCSE(IY, IX)+GCSN(IY, IX)) 

ISPVAL(IY, IX)-6 
C i. e. Phi - @NEL - corner coeff. 

GO TO 89200 
89167 IF(GCSE(IY, IX). GE. GCSL(IY, IX). AND. GCSL(IY, IX). GE. 0.0) 

9 GO TO 89168 
GCC (IY, IX) -0. 
GSECO(IY, IX)-((GCSL(IY, IX)-GCSE(IY, IX))/GCSN(IY, IX))* 

1 (GCSL(IY, IX)+GCSE(IY, IX)+GCSN(IY, IX)) 
ISEVAL(IY, IX)-9 

C i. e. Phi - @NL - edge coeff 
GO TO 89200 

89168 GCC(IY, IX)-0. 
GSPCO(IY, IX)-(GCSL(IY, IX)/GCSN(IY, IX))*(GCSL(IY, IX)+ 

2 GCSE(IY, IX)+GCSN(IY, IX)) 
ISPVAL(IY, IX)-6 

C i. e. Phi - QNEL - corner coeff. 
89200 CONTINUE 

CALL SETYX(LD2, GCC, NYDIM, NXDIM) 
C CALL PRN('CCSL', LD2) 

RETURN 
END 
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