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(i) PREFACE

This volume is the second of a three volume set pre-
senting description and program documentation of a mathematical
model package for thermal pollution analysis and prediction.
Two sets of‘%rograms one with the rigid-1lid formulation and the
other with the free-surface formulation were develobed by the
Thermal Pollution Group at the University of Miami. These
models are three-dimensional and time dependent using the
primitive equation approach. They have sufficient generalarity
in programming procedure to allow application at sites with
diverse topographical features. Both the formulations have near
and far field versions. The near field simulating thermal
plume areas and the far field version simulating the larger
receiving ecosystems. The models simulate the velocity and
temperature fields for given meterological and plant intake
and discharge conditions.

The first volume summarizes the mathematical formulation,
application experience and overall evaluation of the model
package. The present volume, namely Volume II presents the
rigid-1id programs. Three versions are presented. One for
near field simulation. The second for far-field unstratified
situations. The third is for stratified basin far-field simula-
tions. Since these versions have many common subroutines, an
unified listing is provided with main programs for three
possible application conditions mentioned above. The programs
are named NASUM I reflecting NASA funding and technical support

and University of Miami effort. The third volume presents the

II




program documentation for the free-surface models.
These volumes are intended as user's manuals and as such
presents specific instructions regarding data preparation for

program execution and specific sample problems.
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LIST OF SYMBOLS
The following list of symbols which are obtained from Volume I

are presented here for convenience,

AH horizontal kinematic eddy viscosity

Ay verfical kinematic eddy viscosity
Ay vertical eddy viscosity .
Aref reference kinematic eddy viscosity
A%

v AV/Aref

By horizontal diffusivity

By vertical diffusivity

Bref reference diffusivity

BX

v BV/Bref

B, vertical conductivity pCpBV

Cp specific heat at constant pressure

Eu Euler number

£ Coriolis parameter
Fr Froude Number
g acceleration due to gravity
h depth at any location in the basin
H reference depth

I grid index in x-direction or o« direction
J grid index in y-direction or B direction
K grid index in z-direction or y direction
k thermal conductivity




Pr

Pe
Q*
Re

surface heat transfer coefficient
horizontal length scale
pressure

surface pressure

A
turbulent Prandtl number (EESE)

2 ref
Peclet number
heat sources or sinks
Reynolds number (turbulent)
Richardson number

temperature
air temperature
reference temperature

equilibrium temperature

time

reference time

velocity in x-direction
velocity in y-direction
velocity in z-direction
horizontal coordinate
horizontal coordinate

vertical coordinate

Greek Letters

o
B

Y

horizontal coordinate in stretched system
horizontal coordinate in stretched system

vertical coordinate in stretched system




i absolute vsicosity

) density

) dissipation terms in energy equation
Txz surface shear stress in x-direction
Tyz surface shear stress in y-direction
Superscripts

(—) dimensicnal quantity

(~v) dimensional mean quantity
(" diemnsional fluctuating quantity
() dimensional quantity

( )ref reference quantity
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1.0 INTRODUCTION

This volume presents the main programs and subroutines for
NASUM-I as described in Volume I. The program symbols are
given in alphabetical order for the convenience of the user,
and several sample problems are presented to illustrate clearly
what inpﬁ% data is required to execute NASUM-I. Note, that the
governing equations and associated approximations and assumptions
are given in Volume I.

As previously noted, NASUM-I consists of three main
programs: Near-Field Rigid-Lid, Far-Field Rigid-Lid, Un-
stratified, and Far-Field Rigid-Lid, Stratified. The Near-
Field is defined as the domain of interest in the immediate
neighborhood of the thermal discharge with open boundaries
which extend far enough from the discharge to justify using the
Far-Field solutions as boundary conditions on the Near-Field.
The Far-Field yields the general circulation and temperature
distribution of the water body without the discharge.

The subroutines for NASUM-I are presented in alphabetical
order with corresponding program descriptions illustrating
to the user an outline of the contents of each subprogram.

This allows the user to gain sufficient ease in running NASUM-I,
‘and develop the capability of modifying some of the individual
subroutines as desired by the user.

NASUM-I consists of three main programs which use many
of the same subroutines, but differ mainly in the use of open
boundary conditions for the case of the Near-Field Rigid-Lid

Model application. The Far-Field Rigid-Lid Model has been




applied for cases of open boundaries by Sengupta et al (1976),
but the nature of the open domain for the Near-Field requires
using different main programs which in turn select different
subroutines to perform the necessary calculations on these
open bouggaries.

The.Far-Field Rigid-Lid Model programs have been separated
into two cases, stratified flow and unstratified flow. This
separation is necessary since for deep water bodies seasonal
thermoclines are sustained, whereas for shallow water bodies
turbulent mixing does not sustain stratification. Thus, for

NASUM-I to be of a general nature this separation was essential.

Sample problems, showing sample input and sample output,
have been included to provide the user with sufficient back-
ground and necessary details involved in executing NASUM-I.
Note, that any program modifications should be made with
great care, and these modifications should be validated by
sample runs to assure the user of the effect these modif-

ications have upon the numerical solutions.




2.0 NASUM-I PROGRAM DESCRIPTIONS

The Rigid-Lid Model program contains two parts. The first

part is for Near-Field program. The Near-Field here means the

region where the effects of the plume on the receiving waters

are severe. ' The second part is for Far-Field. The Far-Field
here means the total body of receiving water. The main dif-
ference between Rigid-Lid Near-Field and Far-Field lies in the
boundary conditions. The Main programs for Near-Field and Far-
Field call a different set of subroutines. There will be many
subroutines which will be the same for both Near and Far Fields.
This is the main reason for combining Near and Far Field programs.
The Far-Field main programs had to be divided due to the Computer
overflow. The computer uged was UNIVAC 1106, In places

where there are large computers, the Far-Field main programs can
be combined.

2.1 Near Field

Near-Field, as said above, is the region where the effects
of the discharge are felt most, There are four main programs
which are explained in the later sections of this wvolume. There
is no special reason for keeping four main programs and they can
be combined. The authors found it convenient to work with four
programs since modifications were easier to make during application
at various sites.

2.11 Description - Algorithm

The problem is set up as an initial value problen.

The values of u, v, w, p, p, t are assumed known initially.




The values at successive time steps are obtained by using the
finite difference equations and marching cne step .at a time.
Fig. 2.1 shows the flow chart. The steps may be summarized
as follows:
1. Using the values at time n, calculate the'forcing function
in the pfessure equation,
2. Solve the pressure equation iteratively.
3. Calculate u and v from the u and v momentum equations
respectively.
4. Calculate w from the continuity equation.
5. Calculate T from the energy equation,
6. Calculate p from the equation of state,
7. Check for static stability and apply the infinite mixing
criteria for unstable regions.

The values at (n+l) have thus been obtained. Repeat
the above procedure for (n+2) using wvalues at (n+l) and so on.
The algorithm is essentially the same as that used by Sengupta

and Lick (1974).
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2.12 Flow Chart

Fig. (2.1) shows the general flow chart of the rigid lid
programs for both near and far fields. The detailed flow
charts with subroutines are given in section 9, where main

programs ard subroutines are described.
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/ READ DATA CARDS/

INITIALIZED

READ FILE
FOR DATA OF
PREVIOUS .
TIME

—

- —

COMPUTE
CORRECTION TERM
- '

COMPUTE FORCING
TERM FOR PRESSURE

COMPUTE Ps

!

COMPUTE u, v

!

COMPUTE w

- COMPUTE t, p

DESIRED

Y

Fig. 2.1 Flow Chart (General)
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2.2 Far Field
The Far-Field as said before is the total body of

water into which the discharge is made. Far-Field programs are
divided into two parts. The first part is for the case of an
unstratified body of receiving water, and the second part is
for a stratified body of receiving water. There are six main
programs and these can be used in three different ways which
are explained in section (4.2) of this volume.

2.2.1 Description-Algorithm

This is the same as for the Near-Field which is
explained in section (2.1.1).

2.2.2 Flow Chart

The general Flow Chart for the Far-Field is similar to
the one for the Near-Field which is in section (2.1.2). A
detailed Flow Chart with subroutines is given in section (9.1.5)

where the subroutines are described.
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3.0 LIST OF PROGRAM SYMBOLS WITH EXPLANATION IN ALPHABETICAL

ORDER (Near-Field and Far-Field Combined)

>

AT

ARBP:

AV

A3

BB

BZ

BV

CC
CWX:

CWY:

Constant in Equation of State, p = A+ BT + CT2

Value of V at Plume Inlet (ie at I=9) for Near
Field

1 ‘
Rossby lHumber

1

Re
Coefficient infront of inertia term

Ks Href

B
z

Coefficient infront of pressure term
Arbitrary pressure

1

€2 RE where € = H_
L

Vertical eddy coefficient, normalized with reference viscosity

Constant in Equation of State, p = A+ BT + CT2

Value of V at Plume inlet (ie at I=10) for near field

pCp Bv

Vertical eddy diffusion coefficient normalized with reference
eddy diffusiyity )
Constant in Equation of State, p = A+ BT +CT

Value for y constant
0.0
0.0
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D : wu at previous time step
DITZ; 8T ; DPX = 3P ; DPY = 3P
3 ED:¢ 3y
DPSX; aPs ; DPSY = 3Ps
0X 9y
DT ; Time increment
DX ; Increment in x~direction
DY : Increment in y-~directiaon
DZ : Increment in z-direction
DIHUX: _3(hu) . DIHVY = 3(hv)
ax ' 3y ?
DLHUVY: _3(huv) ; DIHUVX = 3 (huy) ;
dy 0 x
DLUY: u ; DIVX = 3v ; D2UX= '32u2,
oy X 3 X
D2VX azg ; DILVWX = 3 (vw) ; DLVZ = ju_ ;
X 9z o0z
2 2
D2UZ 3d°u ; Dlyz = ov ; D2VZ = 3%v ;
9z z 322
DlA3Z: 3 A3 i DLZ = sz Dzz
z (Dx“+Dy~)
E : v at previous time step

EPS ; Convergence criterion
EUL :
EX

Euler Number

Residual errqr

3 X

D1HUUX = 3 (huu) ;

DLEVVY = 3_(hvv)

oy
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FH : Forcing function
G Dummy variable for v
H : Dummy variable for u

HI : Non Dimensional depth = h
H
HREF : Peference Depth

Hx ¢+ 2 H gy = _2%§
) 3B
IN : Maximum number of grid points in x-direction

IWN : Maximum number of half grid points in x-direction,

IwN = IN-1
I : Index for x-axis, Main grid
ITN : Index for number of iterations
IV : Index for x-axis, half grid
IRUN: Index for number of runs

= 0, firstrun

1 from second time onwards

J : Index for y-axis, Main grid

JW ; Index for y-axis, half grid

JI : Maximum number of main grid points in y-direction
JW : Maximum number of half grid points in y-direction,

JWN = JN-1
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I

I

=
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Index for z-axis

: Maximum number of main grid points in z-direction

L
LN
LLN

MEGA:

PN

PINTH:

ROW

: Maximum length of the domain
: Number of time steps to be computed

. Total number of time steps/LN

Number to describe general location of a point in the

main grid.

: Number to describe general location of a point in the

half grid,

: Maximum number of iterations

Relaxation factor

. Non-dimensional pressure

New pressure, non-dimensional

Dummy variable for pressure

Dimensional density at main grid points
Reynolds number
Rossby Number

: Density integrated with respect to x

: Density integrated with respect to y

Non dimensional density at main grid points

Non dimensional density at half grid points




I3

==

i<

RREF:

RW

TO
TAMB :
TAIR:
TAI

TAH

TAV

TE

TTOT :
TAUX;
TAUY :
TEM :
TEMW :

TREF;

TLL
™M

VVIS;

Pe
1 where pe = Re x Pr; € =
Pe €2
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Reference density

: Dimensional density at half grid points

: Non dimensional temperature at main grid points

Initial temperature (dimensional)

2 ur

Ambient temperature (dimensional)

Air temperature (dimensicnal)

Coefficient infrormt of convective terms in the
energy equation = 1

1 where Pe = Re x Pr

(e

Equilibrium temperature (dimensional)
Total time elapsed

du/dx¥ (non-dimensional)

dv/3Y (non-dimensional)
Dimensional temperature at main grid points
Dimensional temperature at half grid points

Reference temperature

: Non dimensional temnerature at half grid points
Temperature at the discharge point (non-dimensional)
Temperature at the discharge point (non-dimensional)

;: Velocity in x-direction (non-dimensional)

: Velocity in y-direction (non-dimensional)

Vertical eddy viscosity (non-dimensional)




=

ho

1<

N

18

W i Velocity in z-direction (non-dimensional)
WH : W at half grid points
WHLDT; Time derivative of WH at lid,

ie 3 (WH) at lid

or (WH)/z=0

@ |
o ¢t

%

t

XINT: Integral of x terms on the right hand side of
Poisson's equation. (Eq 2.17, Vol. 1)
X : Horizontal coordinate across discharge for near field.

YINT: Integral of y terms on the right hand side of
Poisson's equation. (Eq 2.17, Vol. 1)
Y ; Horizontal coordinate along dlscharge for near I{ield.

VA : Vertical coordinate
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4.0NASUM-I MAIN PROGRAMS : Near Field Main Programs are given

for velocity only and for velocity and temperature
4,1 Near Field
There are four main programs for the near field. They
are (1) AMAIN 1 (2) AMAIN 2, (3) TMAIN 1 and TMAIN 2

2t

AMATN proérams are ta be used when the velocity field is only
required, neglecting the effects of density, ‘
TMAIN programs are to be used when the velocity and temperature
are both required,
AMAIN 1 and TMAIN 1 are to be used when the depth is constant.
AMAIN2 and TMAIN 2 are to be used when the depth is variable.
All the above main programs can be combined inte a single
program, But, the authors found it convenient to have four
programs to work with,
4.2 Far Field

Far field main programs are provided for unstratified and
stratified cooling reservoirs.

4.2.1 Far Field, unstratified

There are six main programs namely, TMAIN 4, TMAIN 4T,
TMAIN 5, TMAIN 5T, TMAIN 5V and TMAIN 6, These programs can
be used in three different ways, First, if the velocities an-”
temperatures are to be simulated in a coupled fashion, then
TMAIN 4, TMAIN 4T, TMAIN 5 and TMAIN 6 are to be used. Second,
if the velocities alone are to be simulated, then TMAIN 4,
TMAIN 4T, TMAIN 5V and TMAIN 6 are to be used. Third, if the
temperatures alone are to be simulated, then TMAIN 4, TMAIN 4T,

TMAIN 5T and TMAIN 6 are to be used,
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TMAIN 4 and TMAIN 4I initialize the model., TMAIN 6
does the printing of results. Actual simulation is carried
out by TMAIN 5, TMAIN 5V and TMAIN 5T. Thus, for successive
simulation, TMAIN 5, TMAIN 5V and TMAIN 5T alone need to be
executed. TMAIN 6 may be used if results of each run need to
be printe&?

4,2,2 Far Field Stratified '

There are six main programs, namely TMAIN 4CB, TMAIN 4TB,
TMAIN 5B, TMAIN 5TB, TMAIN 5VB and TMAIN 6B. These programs
can be used in three different ways. First, if the velocities
and temperatures are to be simulated in a coupled fashion, thon
TMAIN 4CB, TMAIN 4TB, TMAIN 5B and TMAIN 6B are to be used,
Second, if the velocities alone are to be simulated, then
TMAIN 4CB, TMAIN 4TB, TMAIN 5VB and TMAIN 6B are to be used.
Third, if the temperatures alone are to be simulated, then
TMAIN 4CB, TMAIN 4TB, TMAIN 5TB and TMAIN 6B are to be used.

TMAIN 4CB and TMAIN 4TB initialize the model. TMAIN 6B
does the printing of the results, Actual simulation is carrizd
out by TMAIN5B, TMAIN 5VB and TMAIN 5TB, Thus, for successive
simulation, TMAIN 5B, TMAIN 5VB and TMAIN 5TB alone need to be
executed, TMAIN 6B may be used if results of each run need

to be printed.
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5.0 1Input Data:

The data that is to be given for the execution of the main
programs is called Input Data. The data required is explained
in section (5.1.1) for the Near field and in section (5.2.1)
for the Far-Field. Sections (5.1.2)and 5.2.2) explain the format
of input for the near-field and for the far-field respectively.
The actual calculation of data for near field and far field are
given in the sample problem section to follow.

5.1 Near Field:; For near-field there are two classes of

programs., They are AMAIN and TMAIN. AMAIN is used for ob-
taining velocity distribution only. TMAIN is used for velocity
and temperature distributions. The data required for running
the programs is described in the following section.

5.11 Data Required for Near Field: The data required for

running TMAIN programs which will simulate velocity and
temperature are described below. (The data needed for running
AMAIN programs are not given separately as it can be obtained
from the data for TMAIN programs). The Fortran symbols which
appear in the main program as data are given in the brackets.
For the meaning of algebraic symbols the reader is urged to

look into the list of symbols.

First time or continuation of run (IRUN)
Number of cycles (LN)

Total number of cycles/(LN) (LLN)
Non-dimensional viscosity (vertical) (VVIS)
1/Rossby number = . (ABR)

Rp
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_Coefficient infront of inertia term

1/Reynolds number = 1

Re
lir_ where . _y
e Re L
Coefficient infront of pressure term =1

Convergencé?briterion

Maximum number of iterations in the solution of
Poisson Equation for surface pressure
Relaxation factor

Arbitrary Pressure for normalizing pressure
solution after each iteration

Grid size in aand gdirections(Non dimensional)
Grid size iny direction(Non-Dimensional)
Coefficient infront of convective terms in the

energy equation

1 = 1 where Pe = Re x Pr
Peclet Number Pe

1 = where = H_

Pe ¢ L

Constants in Equation of state

2
(The equation of state is p=A+BT+CT yhere
A,B,C are constants, and T is temperature)

Ks H
Bz

where Ks is surface heat transfer coefficient
H is reference depth and
Bz is wvertical conductivity.

Euler Number

Temperature gradient at the vertical boundaries

(AL)

(AH)

(AV)
(AP)

(EPS)
(MAXIT)
(OMEGA)

(ARBP)

(DX, DY)
(DZ)

(TAI)

(TAH)

(TAV)
(A,B,C)

(AKT)

(EUL)
(CW)
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Temperature gradient at the bottom " (CB)
Value of v at discharge (for near field at I=9, J=1) , (AA)
Value of v at discharge (for near field at I=10, J=1) (BB)

Depth of the basin in a constant depth case (CC)
Discharge?gemperature at Inlet €or near £ield at I=9, J=1) (TLL)

Discharge temperature at Inlet (for near field at I=10, J=1) (TMM)

Ambient temperature (TAMB)
(dimensional)
3 . . .
i/FY z=0in x-direction (TAUX)

IV

3Y z=01 -di i

/8 in y-direction (TAUY)
Time step size (DT)

Also, depending on the size of the domain the parameter state-
ment has to be changed, In the parameter statement the follow-
ing parameters are to be changed,.

Maximum number of nodes in a-direction, full grid system (IN)
Maximum number of nodes in B—direction, full grid system (JN)
laximum number of nodes in y-direction, full grid system (KN)
Maximum number of nodes in a-direction, half grid system (IWN)

nodes in B-direction, half grid system (JWii)

Fh

Maximum number o

5.12 Format of Input For Near Field:

In the previous section (5,11) the data required to run the
program is described, 1In this section, the format in which the
data has to be given for the programs to execute will be listed.
The calculation of the data is explained in the sample problem

section (6.3)
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CARD NO. VARIABLE FORMAT
1 IRUN 15
2 LN "

3 LLN "

4 VVIS, ABR FREE
5 AI, AH, AV, AP "

6 EPS, MAXIT, OMEGA, ARBP o

7 DX, DY, DZ "

8 TAL, TAH, TAV "

9 A, B, C "
10 TO "
11 AKT, EUL, CW, CB "
12 AA, BB, CC "
13 TLL, TMM "
14 | TAMB "
15 TAUX, TAUY "
16 DT "

5,2 Far-Field

Far-Field main programs are given for stratiﬁ;ed and un-
stratified conditionsof the receiving waters, There are six
main programs (TMAIN 4, TMAIN 4T, TMAIN5, TAMIN 5T, TMAIN 5V
and TMAIN 6) and these programs can be used in three diff-
erent ways as described before in section (4.2). The data re-
quired for these programs is similar to the Near-Field data but
it will be repeated again for convenience. Again Fortran sym-

bols that appear in the main programs are shown in brackets.
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For Algebraic symbols, the reader is urged to look into the

list of symbols.

5.2,1 Data Required For Far<Field

Number of cycles for coupled velocity and temperature

simulation

Number of cycles for uncoupled temperature s'im-
ulation

Non-dimensional viscosity

1/Rossby Number

Coefficient infront of inertia—terﬁs

1 ' =1 =
Reynolds Number Re

1

g _
£ Re

(m/Jas

Where e =
Coefficient infront of pressure term -
Convergence criterion

Maximum Number of Iterations in the solution

of Poisson Equation for Surface Pressure

Relaxation factor

Arbitrary Pressure for normalizing pressure sol-

ution after each rotation.

Grid sizes in a and B directions,
{(non-dimensional wvalues)

Grid size in ¥-direction,

(non~dimensional value)

(LN)

(LLN)
(VVIS)
(ABR)
(AI)
(AH)

(AV)

(AP)
EPS)

(MAXIT)

(OMEGA)
(ARBP)

(DX, DY)

(DZ)
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Depth of the basin in a constant-depth

case, zero otherwise (co)
Wind shear in x-direction = Tes (TAUX)
Wind shear in y-direction = tyz (TAUY)
Time step size, non-~dimensional value (DT)

Coefficient infront of convective terms in the

energy equation ' (TAI)
1 (TAH)
Pe

where Pe = Re x Pr

1

Pe €2 (TAV)
where ¢ = % , Pe = Re x Pr

constants in Equation of state (A,B,C)
Reference temperature (dimensional) (TO)
Ks H

—p_ - (AKT)

Where KS is surface heat transfer coefficient

H is reference depth

B_ is vertical conductivity
Euler number (EUL)
Temperature gradient at the vertical boundaries (CW)
Temperature gradient at the bottom (CB)
Equilibrium temperature, dimensional (TAMB)
¢'"", constant in the eqﬁation which is given below
for vertical diffusivity in a thermally stratified

lake (CONS)
A=AV {1 4+ ¢'" h Tref (—Yzél )} -1
v o] Y
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Maximum Value of Vertical diffusivity in a
thermally stratified lake, non-dimensional

value

Minimum value of vertical diffusivity in

a thermally stratified lake, non-dimensional
value

Identification matrix in the full grid system
Identification matrix in the half grid system
Non-dimensimnal depth matrix

Number of Inlet-Nodes

Number of Outlet Nodes

Location of Inlet and Outlet Nodes

U-velocity at Inlet and Outlet nodes, non-di-
mensional

V-velocity at Inlet and Outlet nodes, non-di-
mensional

Temperature at Inlet nodes, non-dimensional

Also initial temperature if available

Minimum surface temperature in a thermally strat-
ified cooling lake

Maximum depth over which plume heat is accumulated
in a thermally stratified cooling lake

A matrix of ambient vertical temperature distrib-
ution in a stratified cooling lake

The first column represents the depths and the
second column represents dimensional temperatures
Number of layers at which ambient temperature is

specified. This is the number of rows in AMINT

(AVMX)

(AVIMN)
(MAR(I,J))
(MRH(I,J))
(HI(I,J))
(NIN)
(NOUT)
(1,3,K)

(U(1,J3,K))

(V(I,J,K))

(T(I,J,X))

(TSMN)

(DPMX)

(AMINT(7,L))

(NTL)
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Numbexr quCQbIWB in AMINT (N,L) (NTLV)
Dgpending on the domain size the following have

to be changed in the parameter statement of the main
programs

Maximum number of nodes in o~direction, full

grid &ystem (IN)
Maximum number of nodes in g-~directiom, full

grid system N
Maximum number of nodes in ¥ -~direction, full

grid system, (KN)
Maximum number of nodes in a-direction in half

grid system (Iwn)
Maximum of nodes in 8~direction in half grid

system (JWN)

5.22 Format of Input

In the previous section the data required is described

for all the programs in general. In this section, the format

in which the data has to be given for each program will be listed.
The actual calculation of data will be explained in the sample
problem section (7.3) and (8.3) for unstratified and stratified
conditions of receiving waters respectively. Since there is more
than one main program for each type of ambient condition , .the
data is given in the form of elements and each element is given

a name. The element names and the main programs that goes with it
are explained in the next section for the unstratified case and

in section (5.2.2.2) for the stratified case,
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5.2.2.1 Format of Input for Unstratified Condtions:;

There are four.elements for unstratified type conditions
and they are (1) INDATA (2) INDATA 5 (3) INDATA 6 (4) ITPK1
and these go with the main programs (1) TMAIN4, (2) TMAINS, TMAINST
and TMAIN?Y (3) TMAIN 6 and (4) TMAIN 4T respectively. The
data that éoes with these data elements is explained in the
next sections. The main programs that goes with the elements

is given in the brackets.

5.2.2.1.1 Data Element "“INDATA" (For main program TMAIN 4)

CARD NO  VARIABLE FORMAT

LN, LLN 1615
VV1S, ABR Free
AI, AH, AV, AP "
EPS, MAXIT, OMEGA, ARBP "
DX, DY, DZ "

CC [

~N oy B

DT "

TAI, TAH, TAV "

[op]

9 A, B, C f
10 TO "
11 EUL, DW, EB "
12 TAMB, AKT, TAUX, TAUY "
13 MAR (1,1) MAR,(2,1) ;MAR (3,1)... "
14 MAR (1,2) MAR,(2,2) MAR (3,2)... "

MRH (1,1), MRH (2,1) MRH (3,1)
MRH (1,2), MRH (2,2) ,MRH (3,2)
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VARTABLE FORMAT

- - - - -

Free

HI (1,1) HI (1,2) HI (1,3) "
HI (1,2) HI (2,2) HI (3,2) "

5.2.2.1.2 Data Element "INDATA 5" (For main programs TMAIN 5,
TMAIN 5T and TMAIN 5V)

CARD NO VARIABLE FORMAT

LN, LLN 1615
VVIS, ABR Free
AI, AH, AV, AP "
EPS, MAXIT, OMEGA, ARBP "
DX, DY, DZ "
CC "
DT "
TAIL, TAH, TAV "

W O N U W N

A,B,C "

[
(]

TO "

H
'—J

EUL, DW, CB L "

Pt
N

TAMB, AKT, TAUX, TAUY "

-
w

NIN, NOUT M

H
&

I, J, K, U (1, J, K), V(I, J, K), T(1I, J, K) "

1

(for inlet) n

I, J, K, U(I, J,K), V(I,J,K) "
(for inlet) "

- - on o -
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5.2.2.1.3 Data Element INDATA 6 (For main program TMAING)

Same as first 12 lines of data element INDATAS.
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5.2.2.2 Format of Input for Stratified Conditions:

There are four elements for stratified type conditions anc
they are (1), DATAML, (2) DATAML 5, (3) DATAML 6 and (4) ITLK1
and these data elements go with the main programs (1) TMAIN 4B,
(2) TMAINJ%?, TMAIN 5TB and TMAIN 5VB, (3) TMAIN 6B and
(4) TMAIN 4TB respectively. The data that goes with these data
elements is explained in the next sections. The éain programs

that goes with the elements is given in the brackets.

5.2.2.2.1 Data Element "DATAML" (for main program TMAIN 4B)

CARD NO VARIABLE FORMAT

1 LN, LLN 1615
2 VVIS, ABR Free
3 AI, AH, AV, AP "
4 EPS, MAXIT, OMEGA, ARBP "
5 DX, DY, DZ "
6 cC "
7 DT "
8 TAL, TAH, TAV "
9 A,B,C "
10 TO "
11 EUL, CW, CB "
12 TAMB, AKT, TAUX, TAUY "
13 CONS, AVMX, AVMN "
14 AMINT (1,1), AMINT (1,2) "
15 AMINT (2,1), AMINT (2,1) "
16 AMINT (3,1), AMINT (3,2) "
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VARIABLE FORMAT

- e an - - ——

MAR (1,1), MAR (2,1) MAR (3,1)...
MAR (1,2), MAR (2,2) MAR (3,2)... "

MRH (1,1), MRH (2,1), MRH (3,1)... RY
MRH (1,2), MRH (2,2), MRH (3,2)... "
HI (1,1), HI (1,2), HI (1,3)... "
HI (2,1), HI (2,2), HI (2,3)... "

5.2.2.2.2 Data Element "DATAML5" (For main programs TMAIN 5B,

TMAIN 5TB and TMAIN 5VB)

CARD NO  VARIABLE FORMAT
1 LN, LLN 1615

2 VVIS, ABR Free

3 AT, AH, AV, AP o

4 EPS, MAXIT, OMEGA, ARBP "

5 DX, DY, DZ "

6 cc "

7 DT "

8 TAI, TAH, TAV "

9 A,B,C "

—
(@]

TO "




CARD NO. VARIABLE 34 FORMAT

11 EUL, CW, CB Free
12 TAMB, AKT, TAUX, TAUY "
13 CONS, AVMX, AVMN "
14 NIN, NOUT "
12 I, J, K, U d,J,K,V(IJ,K, T{I,3,K) "

P14
) "

- em e wm em we e -

5.2.2,2.3 Data Element "DATAML6' (For main program TMAIN 6B)
Same as first 13 lines of DATAML 5
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6.0 Sample Case, Near Field

6.1 Problem Statement: Florida Power and Light Company (FPL)

has a fossil fuel power plant situated at Cutler Ridge site on the
South Biscayne Bay. The discharge rate is 1.2 X ].O7 cm3/sec

of water at temperature 35.99C. It is required to find
three~-dimensjional velocity and temperature distributions in the
near-field (ie, in the region where the effects of Ehe thermal dis-
charge are noticeable) for the following environmental conditions.
Air temperature = 29.5%

Initial temperature of Bay = 28.0°C

Wind speed = 1.2 m/sec, N-W

Average depth of bay = 1.2 m

Discharge width 10 m

6.2 Choice of Programs: As velocity and temperature distributions

are required, and, since depth is constant, the main program to be

used is TMAIN 1. 1If the depth is variable TMAIN2 has to be used.

6.3 Calculation of Input Parameters: In this section, the spec-

ification of grid system, reference quantities and discharge
velocity chosen will be presented first, followed by the actual
calculation of the input data quantities as they appear in the main

program.

6.3.1 Grid System: The Remote Sensing data and ground truth data

was available for the Cutler Ridge site,(Fig.6.l)and it is used to determine

the size of the domain. The data shows that the effects of dis-
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charge would be in the region of 500 meters along the discharge axis
(y-axis) and 425 meters across the axis of discharge. So, a domain

of 500 m X 425 m is selected in the horizontal plane. A grid size

of 25 m X 25 m is used. This would give 21 X 18 nodes in the
horizontal plane. There are 5 nodes in the vertical direction.

This gave a:itotal of 21 X 18 X 5 nodes. The coordinate system and
grid system are shown in Figs. (6.2 and 6.3). The MAR and MRH selection

are explained in subroutine READ3.
6.3.2 Calculation of Discharge Velocity: The actual discharge

width at the site is 10 meters. But, in the numerical model the
discharge is 25 meters. So, the discharge velocity is calculated
by balancing the mass flow as explained below.

For the numerical problem, with the above -grid system, the discharge

into the basin would be equal to ( v X 25 X 1.2 X 104) X 2 cm3/sec.
7

i

The actual discharge volume 1.2 X 10 cm3/sec.

je (vX25X1.2%X10M x2=1.2%x 10’

ie v = 20 cm/sec
Velocity at discharge or Inlet velocity for the model is

20 cm/sec.

6.3.3 Reference Quantities: Reference Length = L = Maximum length of

domain = 500 meters.Horizontal reference eddy viscosity is cal-

culated using the following formula (Christodoulow et al, 1976)

Aref = 0.002 L*/3

Where L is the reference length of the domain in centimeters. .

4/3 _ 3553.3 cm?/sec

Aref = 0.002 (500 X 100)
For Near Field problems about 2.8 times the calculated value

was found suitable.
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Aref = 10,000 cmz/sec is used

Vertical reference eddy viscosity =1

Horizontal reference eddy diffusivity

Vertical reference eddy diffusivity = 1

Reference velocity = discharge velocity

Reference temperature = 35.9°¢

Reference depth = Average depth of bay

6.3.4

TMAIN:

cmz/sec

10,000 cmz/sec

cm2/sec

20 cm/sec

Il

1.2 meters

Calculation of Input data as it appears in the main program

CARD NO. FORTRAN QUANTITY

1 TRUN

IRUN = 0, for the first time and

IRUN =l1for later runs

-
i

CARD NO. FORTRAN QUANTITY

2 LN

LN can be any number depending on the number of cycles

required and the total time the program has to be run. It is slways

advised to run the program for 10 or 15 cycles and check how the

model is running.

T

CARD NO., FORTRAN QUANTITY '

3 LLN

!

1

3
S

LLN is Total Number of Cycles

IN
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If LN is 15 and LLN is 2, then the model will give output after 15 and

30cycles.
CARD NO. FORTRAN STATEMENT
4 VVIS, ABR
WIS = Av = 1 = 0.0001
Aref 10,000 1 B
ABR = = 1 = fL

%3§§B§—ﬁﬁmber Rb Uref

Where £ is the coriolis function, L is maximum domain
length and Uref is reference velocity, £ = 2Qsin ¢

Where Q is angular velocity of earth, ¢ is the latitude
angle.

Since Rbis large for near field ABR =~ 0.0

CARD NO. FORTRAN STATEMENT

5 AL, AH, AV, AP

ATl is the coefficient infront of inertia term = 1.0

AH = 1 = Aref = 10,000 =1 = 0.01
Re Uref L 20 X 500 X 100 00
AV = 1 = L2 = 500 X 500 = 1736.0
200 % 204
-Zre 12 Re 1.2 X 1.2 X 100

AP is coefficient infront of pressure term = 1.0

CARD NO. FORTRAN QUANTITY

6 EPS ,MAXTT ,OMEGA , ARBP %

EPS is the convergence factor and should be set equal to the

convergence required. A value of EPS = 0.0l is a good value to

start.
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MAXIT: is the maximum number of iterations in the solution of
Poisson equation for surface pressure. This depends upon the

accuracy needed. A value of 50 is a good starting point.

“1 carp mo. FORTRAN QUANTITY
7 DX, DY, DZ ‘
DX = DY = AXorA¥Y =25 = 0.05
T 500
DZ = 1 =1 =0.25
RN- Z
j
CARD NO. FORTRAN QUANTITY |
|
8 TAT, TAH, TAV 3
|

TAI is the coefficient infront of convective terms in the

energy equation = 1

TAH = AH If turbulent Prandtl number is equal to 1.
TAV = AV If turbulent Prandtl number is equal to 1.
TAV = 1 = 1736.0
e Re

J

CARD NO. FORTRAN QUANTITY

9 A,B,C §

i

A,B,C are constants in the equation of state and there

values are

A = 1.000428
B = -0.000019
C = -0.0000046
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CARD NO. FORTRAN QUANTITY

10 TO

To is the reference temperature = 28.0°C

CARD NG. FORTRAN QUANTITY

11 AKT, EUL,CW,CB

AKT is non-dimensional heat transfer coefficient = KsH
: - Bz

Where Ks is surface heat transfer coefficient ,H is the reference

depth and Bz = pCp Bv

Where p is density, Cp specific heat at constant pressure, Bv

is vertical diffusivity =1 cm2/sec

Bz = 62 1bm/ft3 = 68.05 'slugs/m>

For Ks = 100 BTU/OF - Ft?-day = 56.5 cal/°C -5 sec.

AKT = 0.0627

EUL=g H =980X1.2 ¥ 100 = 294
Urefz 20X20

CW and CB are temperature gradient at the vertical boundaries

and the bottom respectively and are equal to zero.

CARD NO. FORTRAN QUANTITY

12 AA, BB, CC

AA, BB are non-dimensional input velocities. Since the discharge

L)

velocity is non dimensionalized with reference to discharge velocity

AA and BB are equal 1.0 and 1.0.

CC is non dimensionalized depth and equal to 1.0 for a constant

depth case.
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CARD NO. FORTRAN QUANTITY 1

13 TLL, ™M

TLL and TMM are the non-dimensional discharge temperatures.

TLL = T™™MM = 35.9 - 28.0 = (0.282
28.0
CARD NO. FORTRAN QUANTITY '
14 TAMB

TAMB is the air temperature = 29.5°C

CARD NO. FORTRAN QUANTITY

15 TAUX, TAUY

TUAX, TAUY are the non-dimensional wind shear in x and y directions
respectively. Wind shear is obtained from the Wilson (1960)
curve which is given in Fig. €¢6.4 ). For a wind speed of 1.2

m/sec, the Wilson curve gives the Shear stress (tW) equal to 0.049

dynes/cmz.

Ty = Surface shear in x direction = TWCOS 45° = 0.035

Tyz = Surface shear in y direction = t_Sin 45° = 0.0345

TAUX = + H ( sz) = 1.2 X 100 X 0.035 = + 0.1768
Uref Az 20 1

TUAY = + H ( Tyz> = 1.2 X 100 X 0.035 = + 0.1768
Uref Az 20 1

The direction +ve or -ve is decided as follows. TAUX (or TAUY)
is +ve when the wind force is in the opposite direction of x

(or Y) and vice versa. For NW wind, TAUX = +0.1768, TAUY = -0.1768
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CARD NO. FORTRAN QUANTITY

16 DT

In order to determine the time step (DT), the stability

analysis Has to be made which is done as follows.

[}

Convective At < Ax 25 X 100 = 125 sec

T Tz
Viscous At < Ax = (25 X 100)%" = 312 sec
' 78H "2 X 10,000
At < Ax? = (0.3 X 100)% = 450 sec
24V 2

From above it can be seen that convective criterion is dominant.

ie At < 125 sec
About % times this wvalue is reasonable to use At = %(125)
= 30 sec (approx)

This wvalue of At is non-dimensionalized and used as the value

for DT.

DT = AT
tref

Where t = 1, = 500 X 100 = 250 sec
ref §rer T 20

DT = 30 = 0.01

2500
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6.4 Sample Input
SYMBOLS VALUES & FORMAT
* 1. IRUN B ¥ ¥ ¥ O
** 2. LN ., P ¥ ¥ 5 0
*%%3 . LLN BB ¥ B 1 ,
4. VVIS, ABR 0.0001, 0.0
5. AI, AH, AV, AP 1.0, 0.01, 1736.1, 1.0
6. EPS, MAXIT, OMEGA, ARBP| 0.01, 50, 1.8, 1.0
7. DX, DY, Dz 0.05, 0.05, 0.25
8. TAI, TAH TAV 1.0, 0.01, 1736.1
9. A, B, C 1.000428, -0.00002, -0.0000048
10. TO 28.0
11. AKT, EUL, CW CB 0.627, 294.0, 0.0, 0.0
12. AA, BB, CC 1.0, 1.0, 1.0
13. TLL, TMM 0.282, 0.282
14. TAMB 29.5
15. TAUX, TAUY 0.1768, -0.1768
16. DT 0.01
NOTE: P = blank space
* 0 for the first run and 1 for later runs

*%

k&%

number of cycles required

Prints after 50 cycles in this case.

will print after 50 and 100 cycles.

If it is equal to 2, it
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6.5 Program Execution Procedure (For Constant Depth)

In order to execute the programs for the near field
constant depth case, the following steps have to be followed.

(1) Input Parameters: The calculation of input parameters is

explainedﬁin the sample problem section (6.3). The input
parametersvdepend on the discharge conditions, ambient cond-
itions and reference quantities chosen. ‘

(2) First Run: In order to obtain three dimensional velocities
and temperatures, the main program to be executed is TMAINI.

In the programs, there are two units, one is read unit designated
as, unit 7 and the other is write unit designated as, unit 8.
During the first run, there is no need for unit 7, and unit 8

has to be provided to store results. This store unit,'8, would

be a magnetic tape.

(3) Continuation of a Run: For extending the results, the

run has to be continued. The magnetic tape which was'unit 8'
in the first run would now be read'unit 7' for reading the pre-
vious results. Another magnetic tape is .to be provided as unit 8
for storing the extended run results. The above procedure can
be repeated until the results are obtained for the desired time.
It is to be noted that for the first_run IRUN=0 and for continu-
ation of a run IRUN=1.

The following are a set of control cards that were used
on UNIVAC 1106 computer in order to run the near field programs
for a constant depth case. The explanation of the control card

is given in the brackets.
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CARD 1
@ RUN

(Schedule a new run for initiation)

CARD 2

@ ASG,A ~gKM*DULL

(All parameters on @ ASG Control Statement are optional except
file name.)

A-specifies that the file being assigned is currently cat-

alogued SKM is the qualifier and DULL is file name)

CARD 3
@ PACK  SKMY DULL
(Packs the non-deleted elements of a program file, by rewriting

the file and eliminating the deleted elements).

CARD 4

@ PREP SKM*DULL

(Prepares an entry point table for program file, for use by the
@ MAP process or in searching a LIB specified program file to

satisfy undefined symbols)

CARD 5

@ ASG, T 8., 16N, BAY1l

(T-specifies that the file to be assigned temporary and allows
it to have a name the same as that of an unassigned catalogued

file. BAY1l is the name of the tape.)
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CARD 6

@ MAP

(Call the MAP process or (the collector) to collect a specified
set of relocatable elements, amd produce from this an executable

program which is in an absolute element format)

CARD 7
INSKIM*DULL. TMAIN1

(TMAIN1 is the main program which would be executed)

CARD 8
LIB SKM+*DULL

(specifies file as a library to be searched)

CARD 9
@ XQT
(Initiates the execution of a program which is in an absolute

element format)

CARD 10

Data cards as shown in section (6.4) of the sample problem

CARD 26
@ FIN

(Terminates a run)
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6.6 Program Execution Procedure (for variable depth)

In order to execute the programs for the near field variable
depth case, the following steps have to be followed.

(1) Input Parameters: The calculation of input parameters is

explained~£p the sample problem section (6.3). The input para-
meters depénd on the discharge conditions, ambient conditions and
reference quantities chosen. ‘

(2) The depths in the receiving basin at every grid point have

to be obtained. TIf the depth contours of the receiving basin are
available, the depths at all grid points can be obtained by inter-
polation. These depths have to be non-dimensionalized with respect
to reference dpeth. The non-dimensionalized depths have to be
read in before execution of the program. In the program, the sub-
routine HEIGH1l reads the depths, in the direction perpendicular

to the discharge axis ie along I or x axis. The depths go as input
cards in the format given by subroutine HEIGH1 during the first

run after the input card which reads 'TAUX, TAUY".

(3) First Run: In order to obtain three dimnsional velocities and
temperatures, the main program to be executed is TMAIN 2. 1In the
programs, there are two units. One is read unit designated as,
unit 7 and the other is write unit designated as, unit 8. During
the first run, there is no need for unit 7, and unit 8 has to be
provided to store results. The unit '8', would be a magnetic

tape.

(4) Continuation of a Run: For extending the results, the

run has to be continued. The magnetic tape which was used as

store unit (unit 8) in the first run would now be the read unit

(unit 7) for reading the previous results. Another magnetic tape
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has to be provided as unit 8 for storing the extended run
results, The above procedure can be repeated until the re-
sults are obtained for the desired time period. It is to be
noted that for the first run IRUN=0 and for continuation of
a run IRUN=1.

The fgilowing are a set of control cards that were used
on UNIVAC 1106 computer in order to run the near field programs.
The explanétion of the control cardsis given in the brackets.
CARD 1
Q@ RUN

(Schedule a new run for initiation)

CARD 2

@ ASG,A SKM*DULL

(All parameters on @ ASG Control Statement are optional

except file name.

A-specifies that the file being assigned is currently catalogued

SKM is the qualifier and DULL is file name.)

CARD 3
@ PACK SKM*DULL
(Packs the non-deleted elements of a program file, by rewriting

the file and eliminating the deleted elements.)

CARD 4

{2 PREP SKM*DULL

(Prepares an entry point table for program file, for use by
the a) MAP processor in searching a LIB specified program file

to satisfy undefined symbols).
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CARD 5
@ ASG,T 8., 16N, BAYLl
(T-specifies that the file to be assigned temporary and allows

it to have a name the same as that of an unassigned catalogued

file. BAY 1 is the name of the tape)

-1/

ot

CARD 6

@ MAP N

(Call the MAP processor (the collector) to collect a specified
set of relocatable elements, anp produce from this an execut-

able program which is in an absolute element format)

CARD 7
IN SKM * DULL TMAIN 1

(TMAIN 1 is the main program which would be executed)

CARD 8
LIB SKM*DULL

(Specifies file as a library to be searched)

CARD 9
@ XQT
(Initiates the execution of a program which is in an

absolute element format)

CARD 10

Data cards as shown in section (6.4) of the sample problem.

e —— o
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CARD 26

@ ADD SKM*DULL HEIGH2

(This adds the depths which is stored in the file as an element
under the name HEIGH2. This card should be taken out after

the first fun ie the input cards which read non-dimensionalized

depths are included for IRUN=0 only) '

CARD 27
@ -FIN

(Terminates a run)
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6.7 Sample OQutput

The output of the near field rigid 1id program consists

of the following.

1.
2.

Input parameters

MAR anquRH matrices

Number 6f iterations (ITN) in the Poissons Equation and
residue (EX) ‘

Surface Pressure

U and V at all grid points (non-dimensional) ie U and V
at I=1 to IN, J=1 to JN and K=1 to KN

WH at all grid points (non-dimensional) ie WH at

IN- 1 to IWN, JW= 1 to JWN and K= 1 to KN

Temperatures both non-dimensional and dimensional at all
grid points.

ie T at I=1 to IN, J=1 to JN and K= 1 to KN.

Selected portions of a sample unit are shown in the next few

pages.
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Fig. 6.2 Coordinate and Grid System
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SOME REPRESENTATIVE RESULTS FOR THE
NEAR-FIELD SAMPLE CASE
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7.0Sample Case, Far Field (Unstratified Case, Pond)

7.1 Problem Statement: Duke Power Company of North Carolina operates

a coal fired electric power plant at Lake Belews Creek in North
Carolina. There are two power units and each has a capacity of
1143 MWe. Both these units use Belews Lake as a cooling reservoir.
The lake, a¥' shown in figure 7.1 consists of a pond and a main
body of the lake. The pond and main body of lake are connected by
a canal. The pond has a maximum depth of 13.72 meters (45')

and is well mixed, The main body of lake has a maximum depth of
39.26 meters (130') and is thermally stratified. The discharge
from the condensers is made into the pond. It is required to find
three dimensional velocity and temperature deistributions in the
pond and the main body of the lake for the following discharge and
environmental conditions (these conditions are of August 26, 1976).
Discharge Volume = 228.9 X lO6 kg/hr

Discharge temperature = 38.9°¢

Air temperature = 25.0°¢

Wind speed = 4.25 meters/sec 225°N

Total incident radiation = 43.19 calories/cmzlhr

7.2 Choice of Programs for Unstratified Pond: Since the pond is

unstratified, the main programs to be used are (1) TMAIN 4

(2) TMAINS5, TMAIN 5T, TMAIN 5V and (3) TMAIN 6. The data elements
that go with these programs are (1) INDATA (2) INDATA 5 and

(3) INDATA 6. If the initial conditions are known (ie Ground

truth data and IR data), then the program TMAIN 4T can be used.
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The data element that goes with it is IRPKI. TMATNAT can be elimin-
ated 1if the initial conditons are not known and one can still
obtain velocity and temperature distributions using the model.
The calculation of input parameters is explained in the next

section.

- 7.3 Calculation of Input Parameters: In this section, the

specification of the grid system and reference quantities chosen
will be presented first followed by the actual calculation of the
input data quantities as they appear in the main programs.
1) Grid System: A computational domain of 720 meters by 1680
— meters in the horizontal plane as shown in Fig. 7-2 covers
. most of the significant portions of the Mixing Pond. The
grid size chosen is 60 meters by 60 meters., This gives a 29 X13
mesh in the horizontal plane., The depth of the pond is 13.72
meters and is divided into five layers thus giving total mesh of
29 X 13 X 6 for the entire computational domain of the pond.

2) Reference Quantities: Reference quantities are used to non-

— dimensionalize the input parameters and they are given below.
Reference Velocity : 30cm/sec
Reference Temperature: 30°¢
Reference Horizontal Length = Length of domain = 1680 meters
Reference Depth = Maximum depth of domain = 20 meters
— Reference Horizontal eddy viscosity = 45,000 cmz/sec
Reference Vertical eddy wviscosity = 10 cm2/sec
- Pr = 1 is chosen
. Reference Horizontal eddy diffusivity = 45,000 cmzlsec

Reference Vertical eddy diffusivity = 10 cmz/sec
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7.3.1 Calculation of Input data for data element "lNDATA_ (for

main program TMAIN4),

The definition of the symbols are given in section (5.2.1).

CARD NO. FORTRAN QUANTITY
41 LN, LLN
These are not calculated values and can be any number depending

on the number of cycles required and the total time the program
has to be run. It is always advised to run the program for 10

or 15 cycles and check how the model is running.

CARD NO. FORTRAN QUANTITY
2 VVIS, ABR
_ Av 1
WIS = Zref = 45,000
ABR = 1 -1 =fL

Rossby Number RB Uref
Where f is coriolis function, L is domain length and Uref reference
velocity
f=2 Q sin ¢
Where Q is angular velocity of earth and ¢ 1is the latitude angle.

f=22X 2w Sin ¢
24 X 60 X 60

The latitude of Lake Belews is 36° - 16' - 15" North.

This gives £ = 0.8604 X 10—4/sec

Rossbj Number = Uref = 30
i 0.860%4 X 10-4 X 1680 X 100

and ABR =1 = 1 = 0.482721

RB .0715

2.07159
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CARD NO. FORTRAN QUANTITY

3 AT, AH, AV, AP

Al is the coefficient infront of inertia terms in the momentum

equations (hprizontal) =1

AH =1
Re '
_ Uref L _ 30 X-1680 X 100 = 112.2
Where Re = rrog—— = 45,000
AR = 1 = 0.008912
1122
AV = 1
2.
€ Re
Where € = TE = 20 =0 0118833
~ Tego T O
AV = 1 = 63.11

(0.0118833)7 (112.2)

AP is the coefficient infront of pressure term and is equal to 1

CARD NO. FORTRAN QUANTITY

4 EPS, MAXIT, OMEGA, ARBP

EPS is the convergence criterion and should be set equal to

the convergence required. A value of EPS = 0.0l is a good value to
Sté.rt.

MAXIT is the maximum number of iterations in the solution of Poisson
Equation for surface pressure. This depends upon the accuracy
needed. A value of MAXIT = 50 is a good starting point.

OMEGA is relaxation factor and a value of 1.8 provides rapid convergence.

ARBP is arbitrary pressure and a value of 1.0 is used.
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CARD NO. FORTRAN QUANTITY
5 DX, DY, Dz
DX = $9— = 0.03565
_ 60 = 0.03565
DY = §0
DZ=1=0.2
5
CARD NO. FORTRAN QUANTITY
6 cc

The value of CC = 1.0

(For constant depth CC = 1.0 and zero for variable depth)

CARD NO.

FORTRAN QUANTITY

DT

DT is the time step to be used.

stability analysis has to be made in order to see what criteric

to be used.

Convection Criterion

In order to obtain DT wvalue,

u At <1
Ax
or At < Ax = 60X100. -=:200 sec.
u >730
Viscous Criterion
it < Ax% = 60 X 60%10% = 0.04 X 10% sec.
2 2 X 45,000
At az? _ 60 X 6010% 0.2 X 10% sec.
7K§ 2 X10
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Diffusive Criterion

At < sz
—7BH
At = 60 x 60 x 10%4
: 2 x 45,000
= 400 Sec

The lowest value here is non-dimensionalized with reference

to time (tref)

ref = L = 1680 x 100 = 5.6 x 10> Sec = 1.33 hrs.
Uref 30

The non dimensional time step (DT) = At

net

t

DT = At = 200
tref 5.6x10° = 0.035

About % of this wvalue is reasonable to use

3

. DT % (0.035) = 8.92x10
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CARD NO. FORTRAN QUANTITY

8 TAI, TAH, TAV

TAI is the coefficient infront of convective terms in the energy

equation and is equal to 1.
If Pr = 1.0 then Aref = Bref, since Prnadtl number is defined as

+

equal to the ratio of Aref over Bref, and

TAH = AH

TAV = AV

TATI = 1.0

TAH = 0.008912
TAV = 63.11

CARD NO. FORTRAN QUANTITY

9 A,B,C

A,B,C are coefficients in the equation of state and they are

constants. The values are

A = 1.000428
B = -0.000019
C = -0.0000046
CARD NO. FORTRAN QUANTITY

10 TO

TO is the reference temperature. 1In this case the reference

temperature is taken as 30°¢.
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CARD NO, FORTRAN QUANTITY
11 EUL, CW, CB
EUL = gH = 980 X 20 X 100 = 2180
Uref2 30 X 30

CW : Temperzature gradient at the vertical boundaries and is
equal to zero in this case. .
CB : Temperature gradient at the bottom and is equal to zero

in this case.

CARD NO. FORTRAN QUANTITY

i

i

12 TAMB, AKT, TAUX, TAUY |

TAMB is the equilibrium temperature and is equal to 89.1°F for
this case (The details of calculation of equilibrium temperature
are given Appendix (4).

AKT = KsH
Bz

Where AKT is non-dimensional surface heat transfer coefficient.

Ks is the surface heat transfer coefficient and its evaluation is
given in Appendix A.

H is the reference depth and is equal to 20 m

Bz = pCpBv

Where p is density, Cp specific heat at constant pressure, Bv

is vertical diffusivity = 10 cmz/sec

For the case considered substituting the above values the value of

AKT comes out to be 0.349,

Q

TAUX, TAUY are equal to 5% and

Qo
b

non-dimensional in x and y

directions respectively.
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Wind shear is obtained from the Wilson (1960) curve which is given
in Fig. ( 75). For a wind speed of 4.25 meters/sec 225°N the
Wilson curve gives the shear stress (tw) equal to 0.3575 dynes/cm2.
T = + 0.3359 dynes/cm’
T = + 0.1223 dynes/cm?
The direction (+ ax_-) is decided as follows:
X (or Twy) - ve or +ve when wind stress is in the direction of
x (or y) or in the opposite direction of x (or y). After finding

T.X and T7 they are non-dimensionalizedas shown below to obtain

TAUX and TAUY.

TAUX = H twx = 10 X 100 0.3359 = 2.24
U ¢ A&, 30 10 :
TAUY = H twy = 10 X 100 0.1223 = 0.82
U_; A&, 30 10
CARD NOS.. FORTRAN QUANTITY
13 MAR(L,1) ;MAR(2,1) :MAR(3,1)

This is to be selected basing on the domain type and an example

how to chcose is given in Fig. (7.3).

CARD NOS. FORTRAN QUANTITY
MRH (1,1); MRH(2,1): MRH(3,1

=

The way MRH is to be selected is similar to MAR. Fig. (7.4)

-
3
[
i

CARD NOS. FORTRAN QUANTITY

HI(L,1): HI(1,2): HI(1,3)

HI is the non-dimensional depth and changes from one domain to another

This is given in subroutine HITEA.
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7.3.2 Calculation of Input Data For Data Element "INDATAS5"

(For main programs TMAIN5, TMAIN 5T and TMAINSV)
The first 12 input data cards are same as for data element
"INDATA" which are calculated in the previous section. Now,

it will be shown how to calculate the rest of the data.

e

CARD NO. FORTRAN QUANTITY ‘

13 NIN, NOUT

NIN is the number of vertical inlet nodes and is equal to 5 in
this case and are at I=2 and J=1. NOUT is the number of vertical
outlet nodes and is equal to 5 in this case and are at I=11 and

J=13. (See Fig.7.2)

RO

CARD NO. FORTRAN QUANTITY

i
Lo
(A

14 - LJXKUI,J,K,V{I,IK,T(T,IK)

i

The discharge or inlet is at I=2, J=1. The discharge is in

(For Inlet)

the Y-direction so the velocity in the x direction (v-velocity)
is zero and there is only u velocity. The u velocity is
calculated as explained below.

The depth at the inlet point is 10.8 meters. There are
six grid points in the vertical direction, one being at the
surface and one being at the bottom. The velocity at the
bottom is zero. The flow depth in the numerical grid system
would give % of grid spacing in the vertical direction at the

top and bottom. The flow depth associated with intermediate
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grid points is one full grid spacing in the vertical direction.
The flow width at the inlet is equal to grid spacing in the

y direction. Assuming equal velocities at the upper five grid
points and zero velocity at the bottom the following formula
is used to compute the inlet velocity (U).

oo

Velocity (U) = Rate of discharge
0.9 X depth X width

228.0 X 10° k .
0.9 X10.8X %0 X 10

= 11.9 cm/sec

U

Non-dimensionalizing with respect to reference velocity
(30 cm/sec) the velocity U (I,J,K) = 11.9 = 0.373. The
discharge temperature is 38.9°C. Non-dimensional temperature

T(I,J,K) =.38.9 - 30.0 = 0,2967.
30.0

The input data up to card No. 18 would be the same as card 14

except K value will be increasing by 1

CARD NO. FORTRAN QUANTITY

19 1,J,KU@1,3,K, V(I,3,K)

(For outlet)
The fluid leaves the mixing pond at location I=11 and J=13 (See Fig. 7.2)
This location is called outlet. The outlet velocity is in the _
y direction and therefore it has only v-velocity. The depth
at outlet is equal to depth at inlet. Thus, the velocities at
inlet is taken to be equal to velocities at outlet. ie

Uu(1,J,K) = 0.373, Vv(1,J,K) =0
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The rest of the cards (up to 23) would be similar to card 19

except K has to be increased by 1 for every card.

7.3.3 Calculation of Input Data For Data Element '"'INDATA6"

(For Main Program TMAING6)
Same as first 12 lines of '"INDATA'" or "INDATAS5" which are cal-

culated in the previous sections.

7.4 Sample Input (For Far-Field Unstratified Case)

In the previous section the calculation of input para-
meters for different programs are presented. In this section
the calculated numerical values are summarized in order for

each Main program.

(Continued)
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7.4.1 Sample Input for TMAIN4 (INDATA)

L <y
Ue00Q2222,C.4527
1047L0d089121630117'100
0e01,1305168,1.C
8003565.3-53595,6.20

.o 23

CeC0107

1.C L.u3891g,63-11?

I-Lhquﬂg'ﬂ.' ergg GC CC45 ]
I%.0

2160,8,C63,362C
31.7,04349,0.3656,0.328
7,2,9,3,5,0'5,0'7,2,9,G,SyO.G,&.?,Z,Z,2,9,5,7.2,9,3.3,D,C,
3911,34,0,0,0,35798511443090,58909C93911,5112,11,8,298521,445,0+C900»
291134y Cy 9T 9253918911585 292929F9TsB892109234v11921,:32,12411,445C5:C934C,
3.11,3,5,5,8,;1'.1 1.111 11,.1'11 11’8 8 11,11"1911 ll’ll 11'11'4|2!9!-’~7
39313,11,11,22,31y22,32532422,512,12,12,4211,11,11, 1¢.;1 114315224133, 12,201,33,31,4,C
Uy
S969511911,11,31,13,131,23,33,33,232,13,33,10,31,233,231,6,6+23523,11511,11,13+842,%,
CrSeb9211,81512,11,12,21,11,11, 1.,11,;1 11,11,11 1 sUsSslyply6,11,11,10,11,1%,4,
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7.4.2 Sample Input for Main Programs TMAIN 5, TMAIN 5T and

TMAIN 5V (IN DATA 5)

1 2C 22

2 Le00C2222,0.,4827

3 1eBo0e038912,6311T7,41.0

4 ;1501'1331103'109

5 3-5}5&5:0-%}56513.20

7 <:001C7

8 13,0.003912,62.117 ‘ '
9 1.000828,-0.L0UCN19, ~J. 2050046
3 3r.0

i1 2180.39C.050.9

12 31e7,0.349,0.896,37.228

12 5,5

14 2919190eC+Ce373,3.2567

15 291329068, 0e373,5.2967

1% 2.1,31003;5-3731002967

17 delol4s0e0sCe3732,5e2567

13 291959CeCy0e373,062967

19 . 413134140.Cy 34373

20 11313429Ce%40e372 N
21 11,134340404504373
22 11,13,4,0e04350273

23 1141345950355 34373
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7.4.3 Sample Input for TMAIN 6 (IN DATA 6)

1 2¢C 22

Z 5.0002222,C44827

3 ;-D'G-C35912|53.117y1-0
'4 0!01|1JG'108,105

5 u.JISbS'L.U3565,E-2C

) J.0

7 GO0 TT

3 1.0,C.308912,62.117

9 1.CDCUY26y=0.00CC19,y =S« LCC0TAE
10 G.0

11 21880¢04CeJ4 363

2 3147,0.349504396,04328
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7.5 PROGRAM EXECUTION PROCEDURE:
In order to execute the programs for the far field model,
the following steps have to be followed.

1) Input Parameters: The calculation of input parameters is

explained .in the sample problem section (7.3). The input para-
meters depend on the discharge conditions, ambient conditions
and the reference quantities chosen.

2) First Rim: In order to obtain three dimensional velocities

and temperatures, the main programs that have to be executed
are TMAIN 4, TMAIN 4T, TMAIN 5 and TMAIN 6. The flow chart is
shown in Figure (7.6a). The main program TMAIN 4 initializes
velocities and temperatures ie it sets, all velocities equal
to zero and temperature equal to the reference temperature.
TMAIN 4T reads IR data as the initial conditons for temperature.
If IR data is not available, the main program TMAIN4T should
not be executed. TMAIN5 does computations and TMAIN 6 prints
the results. 1In the programs, there are two units. One is
read unit, designated as unit 7 and the other is store unit,
designated as unit 8. Two tapes have to be provided, one for
the read unit (unit 7) and another for thé storelﬁnit (unit 8).

3) Continuation of a Run: For extending the previous results

for more time, the run has to be continued. Now the programs
that need to be executed are TMAIN 5 and TMAIN 6. Two tapes
have to be provided for the continuation of a run also.

The following are a set of a control cards that were
used on UNIVAC 1106 computer in order to run the programs
for the first time for a far-field unstratified receiving

basin. The explanation for the control cards is given in




83

the brackets.

CARD 1

@ RUN

(Schedule g'new run for initiation)

CARD 2

@ASG,A SKM*DULL

(All parameters on (@ ASG Control Statement are optional except
file name.

A-specifies that the file being assigned is currently catalogued.

SKM is the qualifier and DULL is file name.)

CARD 3
@PACK SKM * DULL
(Packs the non-deleted elements of a program file, by rewriting

the file and eliminating the deleted elements)

CARD 4

@ PREP SKM * DULL

(Prepares an entry point table for program file, for use by the
@ MAP processor in searching a LIB specified program file to sat-

isfy undefined symbols)

CARD 5
@ ASG,T 8., 16N, LAKE 1
(T-specifies that the file to be assigned temporary and allows

it to have a name the same as that of an unassigned catalogued
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file. LAKE 1 is name of the tape)

CARD 6
@ MAP
(Call the MAP processor (the collector) to collect a specified
set of relocatable elements, and produce from thig and execut-

able program which is in an absolute element format)

CARD #
IN SKM #* DULL TMAIN 4

(TMAIN 1 is the main program which would be executed)

CARD 8
LIB SKM * DULL

(Specifies file as a library to be searched)

CARD 9
@ XQT
(Initiates the execution of a program which is in an absolute

element format)

CARD 10

@:ADD  SKM * DULL INDATA

(Note: 1INDATA is the data element that provides the input
data for the TMAIN 4 main program. The calculation of INDATA

is given in the sample problem)
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CARD 11
@ ASG,T 7., 16N, LAKE 1

CARD 12
@ ASG,T 8., 16N, LAKE 2

(Note: LAKE 2 is the name of the tape)

CARD 13
@ MAP

CARD 14
IN SKM +* DULL TMAIN 4T

CARD 15
LIB SKM*DULL

CARD 16
@ XQT

CARD 17

@ ADD SKM & DULL ITPKLl

(Note: TITPKl is the data element that provides the input data
for the TMAIN 4T main program. The calculation of ITPKL is

given in the sample problem)

CARD 18
@ ASG,T 7., 16N, LAKE 2
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CARD 19
@.ASG,T 8., 16N, LAKEl

CARD 20
@ MAP

CARD 21
IN SKM *DULL TMAINS

CARD 22
LIB SKM * DULL

CARD 23
@ XQT

CARD 24

@ ADD SKM * DULL INDATA5S

(Note: 1INDATA 5 is the data element that provides the input
data for the TMAIN 5 main program. The calculation of INDATAS

is given in the sample problem)

CARD 25
@ ASG,T 7., 16N. LAKEl

CARD 26
@ MAP
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CARD 27
IN SKM * DULL TMAIN6

CARD 28

LIB SKM * DULL
CARD 29

@ XQT

CARD 30
@ ADD SKM * DULL INDATA 6

(Note: 1INDATA6 is the data element that provides the input

data for the TMAIN 6 main program.

is given in the sample problem)

The calculation of INDATAGb
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7.6 Sample OQutput

The sample output for far field is similar to the near

field, which is given in section 6.6.

S
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-6 2 ,
t =3,2x10 (1905)
&I I35 10 fs 1:85F5 1 serom WL
d)r = 1.21 x 100" v- + 2,25 x 10 (v-5.
Van Dorm gg953) ’
(e) T =1.98 x 10 -6 V2 Wilson (1960)
(f) * =0.79 x 107~ v~, Wilson/2.5
2 T = dynes/cm2 “‘//
v = cm/sec

L ke P—— ™ " T ™ pe— Y T y T

- Oecm'sec= 500 1000 1500 2009

. FiguRe 77. Relation of wind stress 7, to wind velocity W, based on {a) eguation 50,
(b) equation 51, (¢) Saur's computions after Munk and Anderson, (d) equation 56.

Fig. 7.5 Comparison of the used wind speed versus
surface shear stress relationship with the
various suggested relationships.
(Reproductlon from "A treatise on Limmology'

by George Evelyn Hutchinson, 1957)
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A A = Main Lake, horizontal
A B = Mixing Pond, horizontal

A C = Vertical, Main Lake and
Mixing Pond

L y
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Y /e\ A
~ / /’
NE - 2 LA
g B
~ 10® T
2o LA
g S S
R 4
g c2 ;Ar A X/
4 /;f' /
::l' 10 - S rysy . S
s o /t"\/’ A c’c 0y
> I
g o'l L. |
3 00 B e o o Length (cm)

Fic. 167a. The relation F{/) = d*® according to observations (logarithmic scale): points,
values of Richardson from the atmosphere; crosses, values of Stommel (Blaimore, Bermuda
and Woods Hoie); triangles, vaiues of Hanzawa,

Fig. 7.6 Comparison of the used turbulent eddy N
diffusivities with the observed values:
(Reproduction from "Physical Oceanography'
by Albert Defant, 1961)
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Flow Chart for Program Execution
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SOME REPRESENTATIVE RESULTS FOR THE FAR FIELD MODEL
(UNSTRATIFIED CASE)




Fig, 7

|

Time Step t 6 sec

Total Time : 10 Mn :
Wwind t 4.96 m/agc (11.1 mph) 220°
Plant Discharge $ 229 X 10" kg/hr

(1012 X
Horizontal Viscosity: 45000,cm“7/sec
Vertical Viscosity 1 10 cm“/sec
Depth s Variable

0° GPM)

1
20cm/sec

7 Velocity distribution at the surface in the Mixing Pond at Lake

Belews aite for August 26,

1976.
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7 gVelocity distribution at vertical section along I=10 in the Mixing Pond
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Fig. '7.10 Comparison of the mathematical model predicted isotherms with
the afternoon isotherma obtained by infrared scanning in the
Mixing Pond at the Lake Belews sita for August 26, 1976 at
1500 hours EDT. :
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80 Sample Case, Far-Field (Stratified Case, Lake)

The sample case for far-field stratified and unstratified

cases are very much similar. In this section the extra in-

formation that is needed for the stratified case will be shown

8.1 Problétn Statement: This is the same as that for an un-

stratified pond case, except here it is required to find

velocity and temperature distributions in a stratified lake.

8.2 Choice of Programs: Since this is a stratified case,
the programs to be used are (1) TMAIN 4B, (2) TMAINSB,
TMAINS5TB, TMAINSVB and (3) TMAIN 6B. The data elements that

go with these main programs are (1) DATAML (2) DAMLS and

(3) DATAMLG6. If the initial conditions are known (ie ground

truth data and IR data), then the program TMAIN4TB can be used.
The data element that goes with iP is ITLKl. The authors in

this case had initial conditions for August 26, 1977 (Mathavan,
1977) and, therefore, they used TMAIN 4TB and ITLK1l.If the in-
itial conditions are not known, zero velocity and and ambient temp-
erature can be used as initial conditions. 1In this case, the pro-
gram TMAIN 4TB and the data element ITLKl that goeé'with it can be
thrown away and yet velocity and temperature distributions can be
obtained. The flow chart is shown in Fig.s (9.2 to 9 &

8.3 Calculation of Input Parameters: In this section, the

specification of the grid system, and the reference quantities

chosen, will be presented first followed by the actual cal-

culation of input parameters. Only those quantities that did
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not appear in the unstratified section and are necessary for

stratified case, will be presented.

(1) Grid System: The computational domain of 2880 meters by
6720 meters in the horizontal plane as shown in Fig. (8.1)
covers most of the lake. A grid size of 240 meters by 240
meters gives a 23 X 13 mesh in the horizontal plane. The depth
is divided into five layers, thus giving a 29 X 13 X6 mesh for
the entire computational domain.

(2) Reference Quantities: Reference quantities are used to

non~dimensionalize the input parameters and they are given
below:

Reference velocity : 30 cm/sec

Reference temperature: 30°¢

Reference horiztonal length: 6732 meters

Reference dpeth = Maximum depth = 40 meters

6

Reference Horizontal eddy viscosity = 4.5 X 10 cm2/sec
Reference vertical eddy wviscosity = 10 cmz/sec

Pr = 1 is chosen
Reference horizontal eddy diffusivity = 4.5 X 106_cm2/sec

Reference vertical eddy diffusivity = 10 cmz/sec

8.3.1 Input Data for Data Element 'DATAML'" (For main program

TMAIN 4B)
The calculation of the first 12 input data cards is sim-
ilar to "INDATA which was explained in section 7.3 of the previous ~

section. Here the rest of the input data will be explained.
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This is to be selected based on the domain type and an

163

CARD NO, FORTRAN QUANTITY
28 MAR(1,1) ,MAR(2,1) ,MAR(3,1)
) J———

example how to make the choice is given in Fig.(7.4).

data can be seen in the input data in section 3.4).

CARD NO. FORTRAN QUANTITY
36 MRH(1,1), MRH(2,1)
52 e

The procedure for dtermining MRH is similar to MAR and
can be determined very easily as 1s explained in Fig. (7.5)

This data can be seen in the input data in section (8.4).

CONTINUED
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53

81

CARD NO.

T

FORTRAN QUANTITY

HI(1,1), HI(1,2)...
HI(2,1), HI%2,2)...

Tais set of input data cards represents the non-dimensional
depth matrix.
from geological survey maps and they are non-dimensionalizad

using a reference depth of 40 meters.

in the input data in section (8.4)

8.3.2 Calculation of Input Data for Data Element "DATAMLS5"

The depth data for Lake Belews site is obtaiiied

This data can be sczu

(For main programs TMAIN5SB, TMAINSTB and TMAINS5SVB)
The first 13 cards are the same as that of "DATAML" which

sr¢ explained in the section $8.3.1.

input data will be explained.

CARD NO.

14

FORTRAN QUANTITY

NIN,NOUT

Number of Inlet nodes (NIN) in this case

Number outlet nodes (NOUT) in this case

il i
w Lo

Now the rest of the

FORTRAN QUANTITY

1,3,k v(1,5,K), v(I,3,K,T(1,3,K!

i
g
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This set of input data cards are for the inlet into the lake.

‘ihe discharge is introduced at three grid points identified by

I=27, J=3 and K= 1,2 and 3. The discharge velocity is cal-

culated uisng the following quantities.

Plant discharge = 228.9 X 106kg
Discharge depth = 8 meters
Discharge width = 240 meters

The discharge is in the x-~direction (ie v-velocity only,

u-velocity is zero)
The v-velocity is calculated as follows:

v, =228 x 10° x 103 |
7 X 3600 X 2400 X 800 X 0.9926

3.336 cm/sec

This velocity is non-dimensionalized with reference velocity

which is equal to 30 cm/sec.

v(I,J,K) = 3.336 = 0.111
30

The discharge temperature = 39.0°

Non-dimensional temperature = 39 - 30 = (0.1833

T (1,J,K) = 0.1833

CARD NO. FORTRAN QUANTITY
18 1,J,KUu@, 7,8, V({1,3,K
19 0 Sl
20 emmee-

This set of cards are for outlet velocity and outlet velocity

is in the y-direction. The outlet velocity is equal to the inlet

velocity.
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Uo = 3,336 cm/sec

which after non-dimensionalization gives

UCI,J,K) = Uo = 3.336 = 0.111
Uref 30
ViILIK) = U105 [ie. V (27,3, = Uo(,19{2,IK)J

Lhe outlet velocity is at I = 19, J=2, K= 1,2 and 3.

s

8.3.3 Calculation of Input Data for "DATAML6'" (fqr main programﬁ

TMAING)

Sarte as first 13 lines of '""'DATAMLS5"

8.4 Sample Input (For Far Field Stratified Case)

In the previous sction the calculation of Input parameters
for different programs is presented. In this section the
calculated numerical values are summarized in order for each

main program.
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8.4.1 Sample Input for Main Program TMAIN4B (DATAML)

2V 20 .
Ueglud222+14.53y9
1.0'0'“02248")6'114'100
0.._110100'1.8,1'.0
0.333652U0+U398520.2
Sy
0.00U2673
1-1.]'00002228"6:3‘114
1.000428¢r=Ueynu0lgr=0,0000045
3000 ’ ]
q3d000'0'0'0t’] ¢
31.,7tG+69891,372=132 ' ’
2560000000066710000000067 '
0.0000229¢4 )
0«y075125+4%
0005'290‘6
0ellr2%.4
0.15'290“
Be20028.7
Ooﬁs'ab.g
Je30r172
0.55!1307
00‘50'1202
0-45’1106
0030'11-4
GenS711.0 : -
0-30’11-0 . :
05000000902 5e02Ur0rP0rUs0sC?r79222+2¢990G200090+,000,0¢070+0
Deyrde0rUetirgeu?r3s02307,2:228¢11911,1194+023207020+0¢0»0+000
00000'000'0'0'0'0'7'2'8vll!ll'llolloévlo100000:0!0;0'0179202r9
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8.4.2 Sample Input for Main Programs TMAINS5B, TMAINSTB
and TMAINS5VB (DATAMLS)

1 20 25

< 3e000222241493L9

3 1.0,800202228,6341848,1260

4 2+01,1C2924851.8

S CeG3585,04CI565,002

) GoeQ

7 2.00U2673

8 1eflgLesC22284€34114

£ 1.000423,-0453035C019, =3.LC00CHE .
19 2.0 . ‘
11 436045y DeC9343

12 31-7,!:.598’1.371'1-32

13 2500404030567 ,0.0000C667

14 352

15 7934190 e0p 31114201333

16 2733929p0¢C54C4121,3.1823

17 <T933390elyCe12114Te21823

18 124291,06211,3.C

19 1992, 243e21%,2.0

on 1.7 .. Ca111,300
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8.4.3 Sample Input for Main Program TMAIN6 (DATAIML6)

CARD NO. FORMAT & VALUE
1 2C 23
2 C.0CC2222,1.93C9
3 1eU090+00222848 30114140
4 Celly10CpLledyleC
5 Je03565,04C035565,2.2
5 €+C
7 Ge2CG2673 .
] 1090002228 ,634114
9 1.005U828,-0.030019,~3.000CC4¢
10 3.0
11 - 4360.3'00373.0
12 3107,50695,1.371-1-32

13 2530 ,80.J0C66T,C.2C000¢€67




111

8.5 Program Execution Procedure

The execution procedure for far field stratified case is
similar to the unstratified case which is explained in section
(7.5), except TMAIN 4T, TMAIN 5 and TMAIN 6 have to be replaced
by TMAIN 5TB, TMAIN 5B and TMAIN 6B and the data elements

ITPK1l, INDATA 5 have to be changed to ITLK1l, DATAINLS.

8.6 Sample OQutput

The sample output for far field stratified is similar to

the near field which is given in section (6.6).
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SOME REPRESENTATIVE RESULTS FOR
FAR-FIELD MODEL (STrATI FiED CASE)
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Time Step : 1 sec

Total Time 3 75 sec

Wwind 1 4.96m/seg (11.1 mph) 220°
plant Discharge : 229 X 10° xg/hr

(1012 X %03 GBM)
Horizontal Viscositys 4.5 X 10°_cm"/sec
Vertical Viscosity & 10-0.1 cm /sec

. Depth s Variable

L
- e

611

%\

0 20cm/8ec
L1 1]
0 960m
‘//1

North

Fig. 8.Nelocity distribution at the surface in the Main Lake at Lake Belews
site for August 26, 1976, o



Time Step $ 1 sec

Total Time s 75 sec o
Wind : 4.96 m/agc (11.1 mph) 220
Plant Discharge t 229 X 10™ k

g/h
(1012 X %06 ms/aec)
Horizontal Viscosity: 4.5 X 10°_cm</sec
Vertical viscosity : 10-0.1 cmz/sec
Depth ¢ Variable

L | |
0 20 cm/sec
; 11
- 0 960m
.bcm/sec 0 24m
Vertical Horizontal

Fig. 8.3 vVelocity distribution at vertical section along J=10 in the Main Lake
at Lake Belews site for August 26, 1976.
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Time Step 3 1 gec
Total Times 75 sec ‘o
' Wind 1 4.96 m/sgc (11 1 mph) 220
Plant bDischarge : 229 X 10 §g r
(1012 X 10 E
-Horizontal Viscosity:4.5 X 10 cm/sec
Vertical Viscosity: 10-0,1 cni?/sec ‘
Depth : Variable Y

{ | 1 -
] 0 20 cm/sec
- - - é | I |
480m
C— E:l:;
0 0.5 cm/sec 0 12 m
Vertical Horizontal

Fig. 8 9Velocity distribution at vertical section along I=10 in the Main Lake
at Lake Belews site for Auqust 26, 1976,

LTT



'Dischakge Temp: 38.9 - 39.1%
Aixr Temp : 23,9 - 28,9%

wind t 3.7 - 5.0 m/Bec
(8.3 - 11,2 mph). S-8W

LEGEND
1500 EDT IR
...... 1500 EDT MODEL

INTAKE CANAL

Fig. 8.10 Compafiaon of the machematical predicted isotherms with the
afternoon isotherms obtained by infrared scanning in the

“Main Lake at Lake Belews site for.August. 26,..1976 at 1500, '

hours EDT,

811
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APPENDIX A
THE EQUILIBRIUM TEMPERATURE AND THE
SURFACE HEAT TRANSFER COEFFICIENT
The net heat transfer through a water surface is composed
of radiation penetrating the water surface from above, radiation

out of the water surface, evaporation, and conduction transfer.

These are indicated schematically in the following figure.

Ila
°a Jera
atmos. back evapora- conduc-
rad. rad. °tion g tion
sr // Car e e
Fig.Ll Heat Transfer Mechanisms at the Water Surface

The following heat balance results,

- + ; - - - - - ecessccswe FeC
®n " Pg " %%r T % " Far T ¥pr T P T o *cc \ &-l1a)
Psn ®an

q,‘n'==n<-."t heat input = ®gp + %an ~ Ppr T %e = % eee{A=1b)

where

Now, equation (A1) may be rewritten as,

Qn = Qr - QL oo.o..oooooooooooooo..ooooo.oooooo-o.oo.(A."z)

® o Pcn ¥ ®an
Where T = net absorbed radiation = SR

and %a%r+¢e+¢c

A.l1 Equilibrium Temperature Calculation, Te (See AppendixB)

Under equilibrium conditions equation (A-Z) yields,
o =0 =0, -

so that

¢r =m % ................".oo.oooooooooooo.oo.oooooooo (A"3)
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Then by using the approximate formulae in Harelman et al

(1975) we obtain by setting T, =T,

0.94 ®__ (1-0.65¢2) + 1.16 x 10~ 13 (ma*)5(1+o.17c2)

= 0.97q(r )% + PN [ (eg~e) + G (T,~T, 0 .. ('-4)
Where P8€ = clear sky solar radiation

C = cloudiness ratio

Ta= air temperature (°C or OF) ‘
T, = equilibrium temperature (°C or °F)

T*= absolute temperature (°K or OR)

F(W) = windspeed function (BTU/ftZ/day, mm Hg)

e_= saturated vapor pressure at water surface temperature

s
(mm Hg)

e~ saturated vapor pressure at air temperature (mm Hg)

o = Stefan-Boltxmann constant = 4.1 X 1078 BTU/ftz,
day, OR4

Cb= Bowen constant = (0.255 mm Hg/oF (see Appendix B)
W = windspeed (mph)

For natural water surface,

F(W) = 17W . ittt it ittt eateeeanaeanenenneenn..(A-523)
and, for an artificially heated surface,
FQW) = 22.4 (T, - T3+ 17w (a5b)

Thus, equation ¢ A-4 becomes,

0.94 ¢__(1-0.65c%) + 1.16 x 107 (%) ® (140.17¢%)

= 0.970 (Te*)4 + 17w [(eg—e ) + 0.255(r -7 )1--@&-6)




122

Location - Miami (latitude 26°N)
Date - December 20
From CRC (1970),
or, = 25°c » e, = 0.43 psia '
= e, = 0.51 psia

or_'%,27°C as quess S e =

From Harleman et al (1975),.

’sc = 425 Langleys/day = 1560 BTU/ft /aay ees using
100%sunshine curve at 26 N, Dec. 20

Note: 1 Langley/min. - 220,62 BTU/ftz/day ... using

1007 sunshine curve at 26°N, December 20
Note: 1 Langley/min. = 220.62 BTU/ftZ, hr. = 1 calorie/cmz,min.

Then u31ng equation (C-6) with C= 0
0.94 (1560) (1) + 1.16 x 10~ +3 (5.37x20%) (1) = 4250

4 x 10 (5.406x10 ) + 170 [ (.255) (2)+(.08) (51.7)]
4206 close enough!

o o Te ';27°c .
(where 1 psia = 51.7 mm Hg)

Then from equation (4-3),

-8
K = 3.88 x 4.1 x 107" (5.406x10%)3 + 170 (.255+0.0251x51.7)
K = 290 BTU/££2, °F, day |

o aes ~ ee—ea
wherea 3T Te-Ta = ,0251

=T v
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‘or,
0.94 g, (1-0.65¢7) + 1.16 x 10713 (x_ € (140.17¢?)
- 4 —m y1/3
0.9% (1,4)% +[ 22.4(x -7 ) Y3 + 149

’"'[(es-ea) + 0.255 (Te;Ta) ] --------- - - - - - - (A"7)

Lol - @ ~ 7T nt » +4 A
Cunreiore, for knowr S, 2, e, T  and W T _ can be Jeterined

¢« S a a c

by trial and error methods.

A.28urface Heat Transfer Coefficient (K)

From Harleman et al (1975) the surface heat transfer co-

efficient K, can be determined as follows

' -}
————— TR 3 T ) and - -0 = o.
K= 3T,y T, + SITCS Oy # c:’r( s Tav

where T,,, =(Ts + Te)/2

Thus,
X = 388005 + £ () [ (oo
= - g —a +
TV nlaT) + gl
av
* Uy €) * ch(g.v- T,)1 g—‘i“m"'““’-‘"-"“(&-@
av ST
Where _
3R(W) _ 0 for natural water surfacs

3Tay 1/3422.4) (3 7T,) >/ for artificially heatsd
water surface

A.>5 Nummerical Example

Consider natural water surface
C=20
- o
Ta 25°C
W = 10 mph
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A.4 Discussion

The quilibrium surface temperature, T

e: for a natural

water surface, can be greater than the atmospheric temperature,
T, whereby Tg increases from values below T, up to T, as
equilibrium is reached. As can be seen in the figure below

T

T, can be greater or smaller than T, depending on the time of the

day. Simply T, > T, during the hours of sunshine and T, < T,
at night when the water surface is cooling.

100

(°F)

4 8 12 16 20 24

PR e T - ——

Time of Day = (Hours)

Fig. ( 2 ) Daily variation of air temperature and computed

equilibrium temperature.
* This plot is taken from Parker (1968) and has no relation to
the numerical example given in this paper. However, the

nutierical example considered 1007 possible hours of sunshine
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APPENDIX B
HEAT TRANSFER MECHANISMS
The analysis in this section is taken from Harleman et alL.

(1975) and is summarized..

B.1 Solar Radiation (short wave)

The incident solar radiation impinging on the water sur-

face may be expressed as

P = 9, (1-0.65C%)

Where Pge = clear sky solar radiation obtained using the 100%
possible sunshine curve (given in Appendix A)
C = fraction of sky covered by clouds.

The reflected solar radiation is typically 6% of incident
solar radiation, hence the net solar radiation absorbed by

the water surface is,

‘an = o4 Pgr 0.94gsc(l-0.65C )

B.2 Atmospheric Radiation (long wave)

The basic equation for the incident atmospheric radiation,

is given as ' GT*4
o=
Qd ¢ a
Where € = average emmitance of the atmosphere
o = Stefan-Boltzmann constant

Ta* = air temperature (absolute)
However, good agreement with experimental data has indicated
that ¢ is a function of Ta’ and specifically, Ta*6 dependence

gives best results for atmospheric radiation at low temperatures,




126

as well as providing a good fit at high temperatures. Clear

sky incident atmospheric radiation, ®ac , may be expressed as,

lB(T*)G

= 1.2 x 10° a

Pac

and, then incident atmospheric radiation including cloudiness

may be expressed as,

' 2

A figure of 37 is usually accepted as reflectance of a water
surface to longwave radiation. Thus the net atmospheric

radiation absorbed by the surface is

Pan * ®a T %ar Q‘Q?Qa

and, therefore, we have

= 1.16 x 10-3(r") 81 + 0.17¢?)
’a.n a

B.3 Longwave Radiation from the Water Surface, Pbr

Harleman et al (1975) note that the emmissivity of a
water surface is independent of temperature and salt or colloidal

concentrations, and gives a value of 0.97. Thus we .obtain,
* 4
Ppr = 0.97q(Ts)

Where TS = water surface temperature.

B.4 Evaporative Heat Flux, P e

Evaporation from a water surface occurs as a result of both
forced (wind-driven ) convection and free (bouyancy driven)

convection. The evaporation from a water surface is usually
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written (mass/area/time) as
E = pF (W) (eg = €2

Where, E = mass vlux (mass/area/time)
p.= density of water |
W_= windspeed at height z above surface
F(Wz) = windspeed function for mass flux inciuding both
free and forced convection effects (length/time/

pressure)

e_= saturated vapor pressure at T,

e, = vapor pressure at height z above surface
Then writing the above equation in heat units, the evaporative

heat flux.°e, is given by,

9g = F(W,) (e, — &)

Where F(WZ) = windspeed function for heat flux (energy/area/
time/pressure)
Now, dropping the z subscript (and assuming W measured '"z"
above the surface v W at the surface) we may express F(W)
for a natural water surface and for an artificially heated
water surface as
F(W) = 17W... natural water surface
and .

F(W) = 22.4 (Ts-Ta)l/3

+ 14W. .. artifically heated
surface. ' _

B.5 Conduction Heat Flux,¢<;

Bowen (1926) has suggested that conduction can be directly




128

related to evaporative fluxes by assuming that eddy diffusi-

vities of heat and mass are identical. Thus,

P = R
T -7

Where R, =C, |———2| = Bowen Ratio
b~Cp e e,

and Cb=Bowen constant = 0.255 mm Hg/OF
and, therefore the conduction heat flux, ® ¢, may be expressed

as, -
P, = G F (w) ('ra 'ra)
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COMPUTER PROGRAMS
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9.0 DESCRIPTION OF COMPUTER PROGRAMS

For the readers convenience, the computer programs and
their description are included in this section. There are
two sets of main programs, one set for the near field and
the second for the far-field. These main programs are des-
cribed alongﬂaith the flow charts in subsection (9.1.1)
Subsection (9.2) describes subroutines for both the near field

and far field.

9.1 Main Programs for the Near-Field and Far-Field

There are four main programs for the near-field. They
are AMAIN1, AMAIN2, TMAINl and TMAIN2. AMAIN programs are
for velocity only, and TMAIN programs are for velocity and
temperature. AMAIN]l and TAMIN1l are to be used for constant

depth and AMAIN2 and TMAIN2 for variable depth conditions.
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9.1.1 AMAIN 1 (Main Program for Near-Field)

The main program reads in the data, initializes the nec-
essary quantities and coordinates the subroutines and calculates
velocities oq%y for a near field problem. The parameter state-
ment defines the size of the computational domain. The sub-
routine READ3 reads MAR and MRH matrices. The subroutine 'INITIA'
sets the velocities in the receiving basin equal to zero. If
there is current, the subroutine 'CURNT' has to be called after the
subroutine 'INITIA', which would set the velocities everywhere in
the domain equal to the CURNT velocity. Then it follows a set of
subroutines to calculate the velocity field for the entire domain

for the given discharge and ambient conditiomns.




134

DULL (LYo AMAING

CALCULATES U,V,w, FOR VARIAELE DEPTH LAKE WITH STRETCHG

ALGORITHM

PARAMETER INT21,JNZ21,KNZS,InNZ20,JdWwN=20

DIMENSION UCINyJINGKN)gVIIN gJh pKN) gk {INgIN9KN) yuHEIWHy JANgKN Y,y
CWRUTNGUNGENY g WRH AIWN 3 J %N yKN ) 3P UTIAN g JWN) 3D UINSJIN G KNDY oS (IN, UNJKND,
CRHLDTCOIWNgJWN )y XINTUIN g UNY Gy YINTUIN UM  HCOINy JNG KN 3 GEINGUNZKNDY,
CHIUINGUN) gHX U TNy UNY yHY CINZIN) pMARCINGUN D) o MAH (IWN g JWN) oFHETIWN,JuN ),
COPSXCIN, UN),DPSY(IN,JN)

DIMENSION A3(KKN) H

INMIZIN-]

READ 1, IRUN

READ 1, LN

FORHMAT (1I5)

READ 2, VVIS,ABR

A3(ll=vviIs

A3(21=VVIS

A3(3)=vvIs

A3{4)=VVIS

AJ¢5)=VV IS

READ 2, AI,AH,AV,AP

READ 2, EPS,MAXIT,CMEGA,ARBP

READ 2, DX40Y,02Z

READ 2, AA,BB,CC

DL2=(DX=DX*JQY%DY 1 /7{DX*DX+DY%DY)

FORMAT ()

IFCIRUNGGTLL) GO TO 3

CALL INITIACINGJN KN gIWN 3JaN yUyV gl ywHyD 38 4Pyl e yIdygdnyg AREP)
CALL READITI U, IN IR yI Rk gdW o TNy JWN ARG MRH)

CALL HZIGHTII yJyK yIN JN KN HI HX,HY,CC)

CALL INLETCI sJeKyINsJN KNsGC4V,oAA,BB)

TT0T=2.3 :

60 TO 4

CONTINUE

REWIND 7

READ (7)) (HEUMI o JyKk)sKZ1,KN),JS13UN),IZ1,IN),
COCUIVII D gKIgKTLyKNY gJT 14 dN)4IZ1,IN),
COUUIDCI e K) g KL yKMY 3 JdZ1,JNY Iz, INS,
COCCECL UK KT pKNY gdT 1y JN IS, 1IN,
CULIWHIIW yJL K yKZ1  KNT ,JU T, JWN},IN=1,IWNY,
ClOUUNIT g UgKI g KTl yhh) g dT Ly JdN)gIZ1yIND, .
C(((HR(I’J,K,,K:!’KN),JZI,JI“),I:I)IN)y
C(((URH(IK,JN,K),K:I,KNI,JH:I,JNN) ’Iu:j.’ IHN)’,
CUIPUIW s dWIgJWTLyUNN] gIWT1HIRN)
CyC(HI(IL,J},d=1,4Kk),IZ1,IN),
CUCHX (I3 J)yJd=19UN) oIT1,IN),
CUIHY (I, J),d=2,dN),I21,1IM),

CUIMARII,UYyJd=2yJK}yIZ1, 1IN,
COIMPHUIW yJW) g JW =l ydWN) 3 IW=1,IWNY,
CAL AH, AV AP, DX, DY DZ 40T, TAUX,TAUY,TTOT

REWIND 7

CALL INLETCIpJyKyINZUN,KNyGyV4~AA,EC)

CONTINUEL

READ 2, DT

DO 5 L=1,LN

TTOTZTTOT+DT

CALL ERRCPUIWNp KRNy IWNyJUR gOT yliHy WHLD T3 KN MR H)
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57 CALL WHTOP(IW yJWsIWNgJWN KN,y hH,yKyHMRH)
58 CALL WHATIU(I ydetyIWodWyIN It KNy TUN N, W yHHyMAR)
59 CALL INTE(Z,J K IN JNyKNyU VW, HI HX HY (AR, XINT,YINT,A3, AL,
63 CAH AV, TAUX,TAUY ,GX4DY 02,0 ,E,0T40OPSX,CPSY 4 AP)
61 CALL CORINTUI gJsK ¢INyJIh KN JABR UGV, XINT oY INT D2 4HI4MAR)
62 CALL OPSXY(I, JyIN dNsTw, Uk TwN JkNCPSX 0P SY,P,DX,DY,MARY
63 CALL FORCE(I yJyIugdW oXINToYINT WHLDOT 0K DY yHIJHX 3HY MRH,
64 T COPSX,OPSY FH, AP, 1N, JN,IWN, J%N)
65 CALL PRE2(EPS yMAXIT,IN,JN,P,ITN,GPSX,CPSY ,FH,DL2,0MEGA,
6% CHRH I3 Js Ky Iy Ju g DXy DY EX g INN,UN N ARBP)
67 CALL UVE I JsKoIWedWyIN,JUNyKNyIWNgJdWNoUyV D 45 HyG,CX,0Y,D2,
68 C CWyDT AT AP AH y AV A3 HI JHX 4 HY P, MAR ) !
69 CALL UANVCUI JyKgINgJN KN, ABR,GT U, V4HyG,HI,HARY)
70 CALL UVTOP(H, G, TAUXyTAUY T 4JyK,02Z,INsJN,KNHIZMAR)
71 CALL OUTVEL(TI UK INyJINsKNyH,G)
72 CALL OLDUVIIZJeXKyINyJNyKN,U,V,D,E}
73 CALL OLDUVII ZJeKoINJN KN oHeGoU,V )
™ CALL RWHEI 3 Ky TlygdWyIN,JIN KN, TWN yJWN 4U oV yWH  HI y DX 4,0Y,02Z,MRH]}
75 5 CONTINUE
16 CALL WHATIS(I jJ oK IW  JUiyINJUNyKNyIWNyJdNyW yWH,MAR)
17 SCALL RURHIEI  J oK g INgUNyIH UINSKNgINNyJWNU  V 3WH HI JHX HY,
78 ’ CDXeDYyDZ yMRH, WRH) .
79 CALL RWRII,JeKyINsJINgKN UV N WKk yHI HX HY 0Z,M2R)
© 80 ) CALL STORE(U Vo WH P 3T Ky IWydl g INJUN KN g IWNJuN 0,7,
31 CHX ¢ HYy HI y MARy MRHy AT s AH , AV, AP y DX yDY y0Z DT y TAUX g TAUY ¥y W2, %RH,TTOT)
82 CALL PRPARACATI,AH AV, AP ,OX DY 4DZ4DT4DLZyHAXIT,,CPS,OMEGA,
33 CARBPyTAUX ,TAUY, TTOT yMAR yMEHyIN g JNy IWNyJai N}
34 CALL PREROR(IWHyIWsWHLOT ydWgdWN TN yJN)
3% ’ CALL PRINTIC(I yJyIWyJUWsXINTZYINT ,INJUN])
38 ' " CALL PRSORCU{IWpJWsINNyJWN,FH)
37 CALL POPSXY(IX,JyINyJUNsDPSX,CPSY)
33 CALL PRITEXCITN,EX)
39 CALL PRPINT(IW,JW,IWN,JWN,P)
0 CALL PRUVII J oK yINsJIN,KN, U,V
31 CALL PRWH{IWsJW K oIWNyJWHN JKN,¥RH}
92 . ____END_
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9.1.2 AMAIN2 (Main Program for Near-Field)
This is same as AMAINl, except, this main program is to

be used when the depth is wvariable. The subroutine GRADS

computes slopes of the bottom in x and y directions respectively.
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DULLC1) .« AMAINZ

<

c

CALCULATES UyV,%, FOR VARIABLE UEPTH LAKE WITH STRETCHING
ALGORITHM
PARAMETER INT18,JNI21,KNTE ,IKN=1T,JUNZ22D
DIMENSION UCINgUN KNI GV EIN UNQKNDY g {INyJN g KN D pWHEIWNy JWN, KN,
CWRUIN, JNGKE) s WRHUIWN gJRN G KN 4 PUTUN g JWNY p0 CIN g U g KND 4E{IN, JRNyKND
2z CNHLOTOINNgUWN )y XIHT CIN yJN Dy YINTCINGUND s HOIN,UNGKN) 4 GUINy JN9 KN,
" CHICINyUN) gHXCINgUND JHY CINgJUNY o MARCINQUND y MRHUIWN y JKND oFHLTIWN, JWN D,
COPSXCINy NI GDPSYLIN,,JND yIUX {UN)
DIMENSION A3LKN) N
INMIZIN-]
READ 1, IRUN
READ 1,LN,LLN
FORMAT (16I5)
READ 2, VVIS, ABR
AZCLI=VVIS
A3(23I=VVIS
A3(3)zVVIs
A3(4)zVVIS
A3(5)zVVIS
READ 2, AI,AH,AV,AP
READ 2, EPS,MAXIT,0MEGA,ARSP
READ 2, DX,0Y,02
READ 2,A4,83,CC
READ 2,TAUX,TAULY
DL2=DX%D X
READ 2,0T
FORMAT ()
"IF{IRUNLGT.O) GO TO 3
TTOT=CQ.0 -
CALL INITIACINGUN KN IWN ,QUN,UyV yW yWH D 9E yPyIJyKyIhyJiyARBP)
CALL READI(I$JsINyJNyIW g Wy TWN g JWNyHAR,MRH )
CALL HEIGHI(I pJ,K IN,JK KN HI  HX,HY,CCpJX)
CALL GRADSICINGUN KN IWN gl gHI yHX 3HY JHAR , MRH,0X o0Y)
GO TO 4
3 CONTINUE
REWIND 7 :
READ (71 C(CUII,J,K),KZ1,KN],dT1,JN),IZ1,IN),
COCUVIT UK gKTLgKN) U=, UNY,IZ1,IN),
COUUDCT d K} pKZ1,KN) 3JT2,UN),IS1,IN),
CUCIECT s oK) gKTLyKN) yJT1,UN1,IZ1,INY, oo
COCUNHEIN g UW K VKT, KND pJ% =1 ,JWN) , TW=1,IWNY,
CUCUWITI, U, K KT KN) I, UN),IZ1,IN),
CLUINRIT,yJgK) g K1 aKNY yJ=1,JN),IZ2,IND,
COECWRHUIW UN oK) K1 4KN) 3 JW T2, JWNT s IN=1,IWNN ),
COCPUIW,JWYsIWSL1,UKNT IW=1,TINNY
CollHICT,JY,J=1,UN3,I51,IN),
CUIHXITydYyd=LdN1,IT2,INY,
COtHY (T ,J),dz),Jk),I=1,INY,
CUIMARS I, J)3J=1,UN1,IZ1,INY, o
CUCMRHOIW yJWI gy Jw=1,JNN},IWZ1,IWN],
CAIsAH AV AP, DXy DY 402,07, TAUX,TAUY,TTOT
REWIND 7
CONTINUE
DO 6 LLT1,LLN
DO 5 L=1,LN
TTOT=TTOT+DT
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CALL INLET (I,JsK,IN,JN,KN,V,GyAA,B5)
CALL ERRORUIINNyJWNyINyJW DT, kHyWHLOT yKN yMRH)
CALL WHTOP(T W JW o INN yJWN KN yWH oK 3 MAH)
CALL WHATTIULL gJgK oI WpdWgINpJNogKN Ity JWN W gk HyM2R)
CALL THTE(I,J KyINgJNyKN  UsVoWoHI yHXyHY yMAR,XINT ,YINT A3, 41,
CAH AV, TAUX, TAUY CXo0Y,0Z,0,E90T0PSX4CPSY L AP)
CALL CGRINTCI yJ oK gINyJN yKN,ABR U,V 4XINT,YIKRT ,G2,HI ,MAR)
S3 CALL DPSXYUToJyINgJN oIk yJiwyILN ,JwN DFSX ,DPSY ,P,DX,0Y,MAR})
CALL FORCS(I oJyTigdWoeXINT,YINT,WHLOT 40X DY yHIZHX JHY , MRH,
CDPSX,DPSY s FHy APy TNy UN oI wh pJdWN RINTX oR INTY yUy ¥ 9SUL yABR 9y HAR KN
CALL PRI ZUZPS MAXIT,INJUN,P,ITN,OPSX,0PSY ,FH,0L2,CHEGA,
CMRH y I, J K yIW gt g DXy DY yEX , INN Uk N, AKBP)
CALL UVIT doK oIW o oIN gUN oK gIWN gJWN UV gD 9E9HsGoDXp0Y9DZy
CUsDToAT AP, AH JAV A3 ,HT JHX JHY 4Py MAR )
CALL UANVC(IoJsKyINyJNgKNAER DT 4U sV yH,G HI,MAR]
CALL UVTCP(HyGsTAUX3TAUY ,I,JyKyDZsiNyJN,KN,HI,MAR)
CALL CUTVELU(I,J KyINyJN,KN,H,G)
CALL OLDUVII,JyK,IN,IN KN, U,V ,D0,E)
CALL OLDUVEI 3 JyK4INgUN KN yH oGyl ,oV)
CALL RWHCTI JygKo Ik g oZhoIN KNy IWN g JUN U4V 9 WH,HI DX ,0Y,32Z,MRH}
CONTINUE
CALL WHATIUCI gJ K yIW gl pIN puUN 9KN g INN g JAN oW oW H o MARY
CALL RWAHIIpJ oKy IbgdWeIN yJN KN IWMN yJkNyU sV yWHHI gHX,HY,
CDXyDYyDZ yMRH ¢ WRH ) '
CALL RWRAI,JyKoIN N KN yU,VyWyWRyHIgHXHY » BZ yMAR)
CALL STORE(U,VyWH P oI yd oK ¢ IWydiW o INyJIK JKNyITWN 3 JWN 4D 4,

CHX s HY g HI s MAR y MRH ) AT g AH AV 4 AP 4 DX yDY 02 4DT o TAUX ,TAUY , 4, W, WRH,TTCT)

CALL PRPARA(AILEH AV, AP, DX yCY,DZ 40T DL yMAXITHCPS,yCMEGA,
CARBP yTAUX yTAUY  TTCT yMAR yMPHpINg Ul g IWN gJWN ) :
CALL PRUVII J KyINgJINKN,U,V)

CONTINUE

CALL PREROR(IWN,IN WHLDT yJW yJUN,IN,JIN}

CALL PRINTECI gJsIN gUNsXINT YINT JIN,JN)

CALL PRSOPCIIW,JuW yIWNJWN FH)

CALL POPSXY(IsJyINyJNGPSX,CPSY)

CALL PRITEX(ITN,EX}

CALL PRPINTUIW,JUu ,IWN,JUN,P)

CALL PRUVIIZJsKsiNyJNsKN,U,V]

CALL PRWHIIW,JWsK yIKNyJWK KN, WRH)

.
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9Jﬂ3hTMAIHl’(Main Program for Near Field)

This is a main program and is used for obtaining  velocity

and temperature distribution in the near field of a constant depth basin. The
parameter statement defines the size of the computational

domain. The subroutine READ 3 reads MAR and MRH matrices.

The subroutine INITIA initializes the velocity and pressure

field. The subroutine INITIT initializes the tempgrature

field. It sets temperature in the whole domain equal to tne
reference temperature. The Flow Chart which the main program
follows is shown in Fig. ( 9.1). The subroutines are also

given in the Flow Chart.



READ DATA CARDS
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INITIALIZE

es Subroutines: INITIA

| HEIGHT, INLET,
INTEMP

no

READ FILE FOR DATA OF
PREVIOQUS TIME STEP
Subroutine: READ 2

|

!

|

COMPUTE CORRECTION TERM
Subroutine: ERROR

!

SET SURFACE VELOCITIES TO ZERO

"|subroutines: WHTOP, WHATIJ

Y

COMPUTE FORCING FUNCTION FOR
POISSON EQUATION
§u routines: INTE, DINERU

TYDVXESXQVIEHéCEVISV,’DIZZ

COMPUTE SURFACE PRESSURE
Subroutine: PREL

Y
COMPUTE U, V
Subroutines: UANVC, UVTOP,
OLDUV, OUTVEL

Y
COMPUTE W
Subroutines: RWH, WHATIJ

COMPUTE T, ¢
Subroutines: TEMI4, TEMB2,

INTEMP, OUTEMP, OLDT, TEQB,
DENSTY

DESIRED

PRINT
Subroutines:
TPRIN1,PRITEX,
PRPINT, PRUV,
PRWH, TPRINZ

O LURE
- (STORE 2)

Fig. 9.1 Flow Chart for Near Field
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#DOC «THAINY
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PARAMETER IN=18 ,UNZ22 ,KN=5,IKNT17,JWN=21

DIKENSION UCIN,JINJKN) GVEINGJIN KN} W (INGJUNGKN) JWHUTUN, JUNGKND,
CHRCINGJIN KNI s NRH (TN g g&N 'KN’,P(IHN,JHN)QD(INng'KN)'E(IN’JN,KN),
CHHLDTCINNgJWNI G XINTCIN gUND o YINTUINGU NI QHEIN gUNSKN)Y 4GC TNy UNgKN)
CHICINGINI sHXUTN S JIND JHYCIN 3 UN) MAR (XN JIND S MRH EINN JJWN] JFHCTWN, JHN ),
COPSXU(INy JN)ZDPSY(IN,UN)

DIKMENSION AS(KN)

DIHENSION TUINJJNKN)Y TP UIKN ,JN KNI}, TOIIN,JUN KNI} ,ROCINyUN,KNDY,
CRINTXCIN g UNsK 1) sRINTY (IN 9N sKND gy DCINyJNgKN )

-DIMENSION TWHIIWNgJuN KN} sROW(IWN,JUNyN) :

INM1=IN=-1

READ 'Fy, IRUN

READ 1, LN

READ 1, LLN

FORMAT (I5) ' .

READ 2, VVIS, ABR '
AJ(3)IZVY ]IS

A3(23=VVIS

A3(3)=VV1s

A3ta3=vv1Is

A3{S5)=V¥V 1S

8 I=VVIS

READ 2, AI,AH,AV,AP

READ 2, EPSyMAXIT _ OMEGA ,ARBP

READ 2, DX,DY,DZ

READ 2y TaIsTaH,TAV

READ 2, A,8,C

READ 24 10

READ 24 AKT,EUL.CW,CB

READ 2,AA,BB,CC

READ 2,TLL,THM

FCRMAT ()

pL2=DX*DX

YREF=TO

RREF=AB 3Tg+C*T0*TQ

IFLIRUN.GT.0) GO 70 3

CALL READ3I(I,JyINyJINsIW,JNyIWN,JUN,MAR MRH]

CALL INITIACINgJNsKN3IWN 9NN U,V W WHD,E
CPsledyKyIW,JU4ARBP)

CALL INITIT(I ,J,K,IN,JN'KN,Ik,JU.IUN.JHN,A,B,C,T.PQ,HIR,MQH,]’REF,
CRREF»THWyRCUW,TC) -

CALL HEIGHT(I sJsKyINyJNeKNyHIgHX,HY,CC)

CALL INLET(I,JgKoINgJN KN oV 4GsAAsBE)

CALL INTEMPUI gJ oK XN yJN KNy ToTD,TLL s THH) .

GO TO 4

CONTINUE o

CALL READZ‘U,V,HH,P,I'J,K'IH'JH’IN,JN’KN'IHN'JHN ,D"E" Hx'HY'HI,
CHARyMRHy ALy AH AV, AP DX ,OY,02,0T ,TAUX ,TAUY ,k ,WR yWRH, TAL, TAH, TAV, pX T
CoCBaCWIA 4B 9CeEULy ToTWyROSRONSTESRREFYTREF 3T Oy TAMB ,TTOT)

CALL INLET‘I,J'K’IN'JN'K"-,V’G'AA'BB)

CALL INTEMP(I J K JIN Ul gKNyToTD,TLL ,THMM)

CONYINUE

READ 2, TAMB

TE-C(TAMB -TREF )/ TREF

READ 29 TAUX,TAUY

READ 24 OT
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DO 6 LL=1sLLN

DO 5 L=1,LN

TTOT=TYIOT+0T

CALL ERROR(IWN,JWNgIW oUW yDT yWH yWHLDT KN yHRH}

CALL WHTCP(IW,JW,yIKN JUN KN WHK,MRH)

CALL UHATIJ‘I'J!K!I‘Qdile JN!KNQIHN,JHN!U!HH,HAR)

CALL INTE'I’J'K INQJN,KN ’U ¥ HgHI'Hx'HY 'HAR'XINT’YINT'AsgAI,
CAH AVyTAUX,TAUY ,DX,0Y,0Z,40+E,0T,0PSX,0PSY,AP)

CALL RoILTX(I’J'K,IN,JN.KN DxsDY4DZ RO AP EUL,HI,
CHARZRINTXHXHXINT)

CALL RQINTY(I 'J'K 'IN’JN'KN'DX'DY,DZ'ROQ‘PQEUL'ngnAR’
CRINTYsHYsYINT)

CALL DPSXY(I o JyINyJINgIK,JHy IWNyJWNyLPSXDPSY,P,0X,DY,MAR}

CALL FORCE(IoJyIlyJd¥, XINT YINT,HHLDT,DX DY'HI.HX,HY'HRH.
COPSX OPSY FHy AP JIN,JN,INN ,JWN)

CALL PREZCEPS,HAXIT,IN,JN,P,ITN,DPSX,DPSY.FH.DLZ,OHEEA.
CHMRHsI9JsKoIWyg U sUXsOYoEX g INNyIWN,HAREP)

TCALL UVTHI J K aIN W gINyJNyKNyIWNyJWN,U,V,D,E4HsG4D0X,0Y,D7Z,
CRINTXgRINTYZEUL g yDT4AI AP AHQAV A3 yHIyHX yHY 4PyMAR])

CALL UVTOP(H,G, TAUX,TAUY ;1,J,K,0Z,INyJN,KN;HI,MAR)

CALL OUTVELAI yJ 9K ¢INJNyKNyH,G)

CALL OCLDUV{IoJyKyINSJUN KNU,V,4D,E}

CALL OLDUVII JyKgINgJN3KNyHG,U,4V )

CALL RWHUT3JpKoIWgdWyINyUNGKNgIWN gJWNylU oV W HHI ;DX DY oDZyMRH)

CALL WHATIJU(I yJ 4K pIW Wy INgJN KN, TWN ,UNN Wy WHHAR)

00 2C I=1,4IN

DO 20 J=1,JN

WD{IyJyl)=WIIydsel)

CONTINUE

DO 3C I=1,IN

DO 30 J=1,JN

W(I,Jdel)=0.C

CONTINUE
"CALL TEMIG(IZJyKsINSJIN KNU,V,T,TD,0X,

CCBy
COYDZ2yWyDT,TAT, TAH,TAVyB3,HIyHXsHY,MAR3AKT, TREF 4 TAKB)

CALL TEMB2(IoJyKoINgJN KNTE,0X DY, C2Z,MAR,CB,HIAKToCW,TAMB,
CHXyHY 4 T4 TREF 3 TAV, TAT 3 TAH B3 ,0T}

CALL INTEMPUI 3JsK yINpJUN KNy T,TD,TLL ,THM)

CALL OUTEMPC(I 3J K 4INgJUN,KN,TD}

CALL OLDT(I J K sINJJNKN,T,TP)

CALL CLDTUIJsKsINyJNgKNTD,HT)

CALL TEQBUIZJeKsINJUNKNTHAR)

CALL DENSTY(I yJ oK yIWydWgINy INgKNyIWNyJWN,A,B,C,MARyHRH, T, TH,
CRO,ROW,RREF,TREF}

DO 40 I=1,IN

DO 80 J=1yJN

WNEIydyel)=NO(I,J,1)

CONTINUE

CONTINUE

CALL RWRH(I U oK gIWoudbgINJUN gKN yIWNy JUN UV yWHHI JHX HY,
COX4DY9DZyMRHy WRH)

CALL RWRIUI4JyKsINsJN KN yU VoW yWR 4HI sHX,HY ,DZ ,MAR)

CALL STOREZ2(U sV yWHyP ol g sKe I gUN gINgUNyKNyIWN s JWNDyE gyHXgHYy
CHI,MAR,MRH, AT JAH, AV, AP ;DX DY ,DZ DT s TAUX yTAUY yH,WR,WRH,TAI,TAH,
CTAVoAKT g CByCW A gByCHEUL » Ty TW 4RO yROW yTEyRREF 4y TREF 4 TO,TAMB,TTOT}

CALL PRPARA(AT, AHyAV AP 4DX9DY90Z,4D7,0L2 yMAXIT ,EPS,0MEGA, ‘
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CARBP yTAUX,TAUY, TTOT yMAR JHRH yIN y JNyIWN oy JWN )

CALL TPRINICTAI yTAH,TAV.CByCW oAKT TREFRREF 9EULyAgBoCoTE, TO)
CALL PRITEX(ITN,EX)

CALL PRPINT(IN,JN JWN,JWN,P)

CALL PRUVII 3J 4K 9INyJN KN, U, V)

CALL PRWHEIW,JW oK JIWNyJNN yKN yNRH)

CALL TPRINZ(I yJ oK yINJN KNy T,RO4TREF)

CONTENUE '

END
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©.1.4 DAIN2 (Main Program for Near Field)
This is the same as TMAIN 1, except, this program is to be used
when the depth is wvariable., The surbourtine GRADSLcomputes

slopes of the botton in x and y directions respectively.
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PARAMETER IN=18,JNZ20,KNZ5,INNZ17,JWN=19
DIMENSION UCIN,JIN KNI, VIIN,UN ,KND o8 (INyJN KNI ,WHEINN, JUN,KNY,
CHRIINQUN KN o WRH CINN gJWN KN 3 4P ( In Ny JWN) 9D CINyJNgKN) JETINy UNJKND,
CUHLD TUINN, JWND) s XINTEINgJNI o YINTCINGJUNIJHOIN g N KND JGEINgUNGKND,
CHICINGUND JHXCIN gUND gHY CIN QUND MAR (INJUND JMRHUINN ;W NI oFHOIWN, UWND,
COPSX(INy JN) yOPSY(IN,UN)

OIMENSION A3CKN)

DIMENSION TUINyJNSKNI TP CIN g UNyKNY o TOCIN,JIN KN o ROUINGUNZKND,
CRINTXCIN gJINgKN) yRINTY(IN 3N yKN) WD {INJJUNZKN)

DIMENSION TWC(IWN,JkN KN) ROWCIWN,JuNKNY, X tJN), IICIND
INMIZIN-}

READ 1, IRUN

READ 1, LN

READ 1, LLN

FORMAT €I5)

READ 2, VVIS,ABF

A3L1)=VVIS '

A(2)=VVIS

A3(3)=VVIS

A3(4)=VyViIsS

A3(5)=VVIS

B32VVIS

READ 2, AI AH,AV,AP

READ 2y EPS,MAXIT,OMEGA,ARBP

READ 2, DX,DY,D2

READ 2, TAL,TAH,TAV

READ 2, A,B,C

READ 2, 10

READ 2, AKT,EUL,CN,CB

READ 2,AA,B8B,CC

READ 23 TLL,THM

FORMAT ()

DL2ZDX*D X

TREF=TO

RREF=A+B*T0+C*TO*TO

IFUIRUNSGT.J)} GO TO 2

CALL READI(IzJsINyJN,IN Uiy INN,JRNyMLR MRH)

CALL INITIACINgJUN KN gTWN 3 WN U,V 4WoWHsD4E,
CPyI,JsKy IN, N sARBP)

CALL INITITCI yJsK IN JN KN, IR ;U 4TW N UNNyAyB,CyT,RO,HARyHKRH, TREF,
CRREF,TW, ROW,TOC) »

CALL IRDATALI g0 oK ¢INgJN KNy TH,TREF,I1)

CALL HEIGHI(I gJ oK sINJNgKNgHIZHX ,HY 3CCodX )}

CALL GRADSICIN,JNGKK,TWN yJUWN JHI 4HX s HY sMAR yMRH DX 4 DY)

CALL INLET(I,JsKyINgJN,KN,V,6,AA,BB)

CALL IKTEMPULI 3J oK oINyJUN KNy ToTO,TLL ,THMM)

CALL CURNTA(IsJyKoINgUN KN UV ,4DyEgH G}

GO TO 4

CONTINUE

CALL READZ(UsVyWH P T yJyK sIW,aJWgIN, NyKN)yIWN,JWN D, E4HXyHY,HI,
CMARGMRHy AT JAH AV AP DX 3DY D2 ,DT o TAUX yTAUY oW Ry WRH,TAT,TAH, TAV, AKT
CoCBgCUsA gByCo ULy ToTWoRO yRONTE yRREF 9yTREF yTO 9 TAMBTTOT)

CALL INLETU(I,JpKsIN,JN,KN,V4GyAA,BB)

CALL INTEMPUI g yKoIN gJlgKNoT ,TDoTLL yTHM)

CONTINUE

READ 2, TAHB
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TE=(TAMB -TREF }/ TREF

READ 2,TAUX,TAUY

READ 2,4 DT

00 & LL=1,LLN

DO S L=1,LN

TIOT=TTO 1407

CALL ERRORIINNQJUWN jIWoJW oOT yWH ¢ WHLOT 4KN4MRH)
CALUSNHTOP(IW JU IWN gJWN oKN sWH 3K 4MRH)

CALL WHATIUCI yJ oK oIWpJWypINyJUN KN oINN gJWN oW gWHMAR)

CALL INTECGI pJ oK gINSUN KN U,V W 4HI JHX,HY sMAR JXINT ,YINT,,A3,AI,
CAH AV, TAUX,TAUY 30X 4DY 02 40,E DT 0PSX,0DPSY,AP) '

CALL CORINTU(I 3J 3K sIN gJN ¢KNyABR U 3V, XINT ,YINT,DZ,HI4MAR)
CALL ROINTXU(I gJ 3K yINyUNJKNyDXyDY,DZ RO4APLEULSHI,
CMARSRINTX4HX 3 XINT)

CALL ROINTY(X gJ oK yIN 3N 4KN,DX ,DY,D2RO4AP,EUL,HI MAR,
CRINTY,HYYINT)

CALL DPSXY(I9JsIN N TU yJW; INNJJWN,DPSX 3DPSY 3P 4DX DY, HAR)
CALL FORCE(I gJyIW gJW yXINT ;YINTyWHLDT 30X sDYyHIgHX yHY sMRHy
COPSXyDPSYFHy APy IN,UN,IWN,JNN,RINTX JRINTY ,U,V,EUL,ABR,MAR,KN]
CALL PREZ(EPS yMAXTIT yIN JN P JITN OPSXDOPSY yFHoDL2 yOMEGA,
CHMRHp I g KgyIWy Jh ¢yDXygDY$EX g INNyJWNHAREP)

CALL UVTCI  JyKyTWadW yINgUN KN IWN JWN U,V D,E4HyG+0XyDY402,
CRINTXyRINTYLEUL s W DT 4AI APy AHsAV A3 yHIyHX yHY yPyMAR)

CALL UVTCP(H Gy TAUX 9 TAUY 3T 9JyK3DZ4INyJINKNyHI, MAR]}

CALL OTVELSHCI yJ oK INJJUN R KNyH,G)

CALL OLDUVIIoJsKeINpJN4KN4U,V¢D,yE)

CALL OLDUVII JyKoINgUN KN H 4G4U,4V}

CALL RWH(I g oKy TN UK gINg UNygKNgIWNJWN U3V WHyHID0X,DY,0Z,MRH)
CALL WHATIUC(I UK gIWogdWyINyJN KN TN gJWN 3U 3 WHyMAR)

CONTINUE .

DO 20 I=1,IN

DO 20 Jz1,JN

WOtIgedy1l)=W(Iedyl)

CONTINUE

DO 30 I=1,1IN

L0 30 J=1l,JUN

WEIyJy1)=0.0

CONTINUE

CALL TEMIUtIZJoKsINGJN,KNUV,T,,TD,EX,
cca,y
COYyDZ oy WyDToyTAI, TAH, TAV B3 HI HX ,HY JMAR JAK T, TREF , TAHB)

CALL TEMB2(I3JoKgINsJIN KN yTD,DXsDY9CZyMARyCByHIZAKTyCH,TAMB,
CHXyHY Ty TREF, TAV,TAI ,TAH,B3,DT}

CALL INTEMP(I yJ oK 9IN yJUN KN T 3TDoTLL yTMM)

CALL OUTEMP(I 3JsK ;INyJNsKN,TD)

CALL OLDTUIsJoKoINJUNyKN,T,TP)

CALL OLDTU(I4J 4K gINSUNGKN,,TD,»T)

CALL DENSTY(I yJ oK oI W sJW g INgJUNsKNIWNNUUN A ByCoMAR MRH, T, TH,
CRO,ROW,RREF,TREF}

DO 40 I=1,IN

DO 40 J=1,JN

WlIyJdyl)=WOEILJ,1)

CONTINUE

CONTINUE

CALL RWRHUI JgK gIWgdW yIN yUN JKN 3 INNy JWN U 4V WHoHI JHX JHY,
CDX4DY4DZ 4MRH,y HRH)
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114
115
116
117
118
119
1280
121
122
123
124
125
126
127
128
129

cAaLL
CALL

1547

RWR (T 3JpKe INuUN KNy UV Ny MRy HI JHX JHY ,DZ yMAR)
STOREZ2(U gV oWH P 31 yJ yKy IW yJW 3 IN gUN KNy IWNK o JWN 0 4E g HX 4 HY

CHI,FAR,HRH,AI.AH,AV,AP,DX.DY.DZ.DT.TAUX,TAUY.H.HR,HRH,TII.TAH,
CTAV,AKT,CE.CH,A.B,C,EUL.T,TU,RO,ROH,TE,RREF.TREF.TO,TIMB,TTOT)

CaLL

CARBPy
CINTEMPUT yJ oK 4IN oJNyKN T TO,TLL yTHH}

CALL
CALL
CALL
caLL
CALL
CALL
CALL
CALL

PRPARACAT, AH AV, AP ,DX,DY,DZ,DT ,OLZ,MAXIT,EPS,0MEGA,
TAUXy TAUY, TTOT yMARyHRH 3 INyUNpIWNJUN]

CALMS(I g JypKyINyUN KN yU VD 4EsH G}

TPRINICTAIL ,TAH TAV,CB,Chi4AKT ,TREF JRREF JEUL 4 A 48,C,TE,TO)
PRITEXC(ITN,EX) '
PRPINT(IW,JWIWNyJWN 4P )

PRUVII pJ 9K 3 INgJUN,KN U, V)

PRWHCIWyJu oK yIWNpJWN yKNyWRH}

TPRINZ(CI o oK yIN yJN KN T,RO,TREF)

CONTINUE

END




155



156

MAIN PROGRAMS FOR FAR-FIELD
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9.1.5 TMAIN4 (Main Program for Far-Field)

This is a main program. This program is used for in-
itializing velocity and temperature fields for shallow unstrat-
ified basins with constant vertical viscosity. The progranm
also fills in the depth matrix., The program fills in the MAR
and MRH matrices which define the relative location of
computational points in the full and the half grid systems,
respectively. The PARAMETER statement defines the size oi the
computational grid system. The program uses the data element
INDATA. First, twelve lines of the date are read in by TMAIl4.
1he subroutine READ3 reads the MAR and MRH matrices in that
sequence. The INITIA subroutine initializes the velocity and
pressure fields. The velocity field is set equal to zero -nd
the pressure field is set equal to unity everywhere. The sub-
routine INITIT initializes the temperature field equal tc the
raference temperature everywhere in the domain of interest.

The subroutine HITEA reads in the depth matrix. The subroutine

GRADS computes slopes of the bottom of the basin in x and y

directions. The print statements are included in subroutines

RLAD3A and GRADS, The subroutine READ3A prints out MAR and

MRH matrices. The subroutine GRADS prints out the depth matrix

and the two matrices of x and y slopes. The program stores

initialized and computed physical quantities on Unit 8.

Element RTM4 is used to provide computer command's necessary to ‘ _

execute this program on UNIVAC-1106 computer.
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TMAIN4

Read Data

PR l

Initialize
Subroutine:
READ3, INITIA,INITIT

HEIGHT, GRADS

Store
Subroutine:
STOREZ2

TMAINS

Read File
Subroutine:

READ2

Read I_.R. Data
Subroutine:

INITM
Store

Subroutine:

STORE2

Print Surface
temperatures
Subroutine : TPRIN2

Fig. 9.3 Flow Chart
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TMAINS

Read File
Subroutine:
READ2

} l

Read Data
Read time variation of

- parameters
Subroutine: TIMEP

l

Read inlet conditions
Subroutine: INLET

i ’ 1 |

Read outlet conditions
Subroutine: OUTVEL

Compute Hirt-Harlow correc-

tion
Subroutine: ERROR

) l

Set surface vertical
velocities to zero
Subroutine :WHTOP, WHATIJ

] 1

Compute forcing function for
Poisson edquation :
- Subroutine:INTE,DINERU,DUVY,

DVVY, DVISU, DVISV,DIZZ,
ROINTY, DPSXy, FORCEE

— Fig. 9.4 Flow Chart (Continued on next page)
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TMAINS5 continued

|

Compute surface pressure
Subroutine: PRE1l

'

Compute horizontal velocities
Subroutine: UANVC, UVTOP,

OLDUV

Compute vertical velocities
Subroutine: RWH, WHATIJ

l

Store non-zero vertical veloci-
ties at the surface, compute
temperature with zero surface
vertical velocities, check for
micro-scopic mixing, compute
density,restore non-zero verti-
cal surface velocities
Subroutine: TEMI4,TEMB2, INLET,
OLDT, TEQB, DENSITY

Desired

number of tim
steps

Compute vertical velocity in
X, vy, z coordinate system
Subroutines :RWRH, RW

Store
Subroutine: STORE2

Fig. 2.5 Flow Chart (contd)
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HETPFS «THAINY

PARAMETER INZ29,JNZ13,KNZ6,IWNZ28,JWNT12

DIMENSION UCIN,JN,KND,VCIN,JIN KND M (INJJIN KN JWHETHN, NNy KNY
3 CURIINGUN KN o WRH CTWN JJWN (KN ) P (TN, JWND D CIN,JUN,KNDLE LINy UN,KN),

n CHHLDTOIMN, gWN ) g XINTAINyUND y YINTCINy UND o HEIN pUNoKN) ,6CINyJN,KND,

5 CHICINgUND gHXTIN gUND gHY CIN gUND gMARCINQJUND g MRHUIMNyJWN) JFHITUN,JWND
6 COPSXUINy JN),DPSY(IN,JN)
1
8
9

N e

DIMENSION A3(KN)
DIMENSION TCINSJINKN),TDCIN oJN KNI ,ROLIN,INsKN),
CRINTXC(INUN,KND JRINTYCIN yuUN yKN? 3WDCINgJINKN)

10 ’ IMMIZIN-D

11 READ 1, IRUN

12 READ 1, LN,LLN

13 1 FORMAT (1615)

14 READ 1,NDTGR

15 READ 2, VVIS,ABR

16 AJglpzvviIs

17 ‘A3t21=-VV1S

18 A3(3)=VVIS

19 A3(8)=VYVIS

20 A3(S)y=VVIS

21 AJL6)=VVY IS

22 B3=VVIS

23 READ 2, AT AH AV, AP

24 READ 2, EPS,MAXIT,0MEGA,ARBP

25 READ 2, DX,0Y,D2

26 READ 2,CC

27 : READ 2,TAUXM, TAUYM

28 READ 2407

30 READ 2, A,B,C

31 READ 2, TO

32 READ 2y AKTSEUL yCW,CB

33 ‘READ 2,TAMB,TINM

34 READ 2,TIN,JIN,TOUT,JOUT ,UINM,VINM
35 2 FORMAT ()

36 pL2=DX*p X

37 TREF=TO

38 " RREF=A+B3TO+C+TC*T0

39 IF (IRUNCEQ.O}) 60 TO 315

80 IF (IRUNEQel) GO TO 16

41 Ifr (IRUNGEQ.2) Bg To 3

42 15 CONTINUE

43 60 TO0 10€CC

44 REKIND 9

85 READ (9) ((MAR(I, J),I=1,IN),J=1,JN},
46 COOMRHOIN g JW) g IWZ1 3T WNDY 3JNZL s JWN)

§7 CUCHIMI ZJYpIT19INDdT1yJdN)y

48 CUtHXCT,J) o IT1,INY4JT19JdN),

99 C((HY(I.J),I:X,IN),J:I.JN)

£3 REWIND 9

Si 1CCC CONTINUE

52 CALL READ3I(I ,JyINJIN I, UN,IWNJWNy;MAR,MRH)
53 CALL INITIACINyJUN KN TN  JWN, U,V i, WH D, E P yTyd,KyINy Wy ARBP)
54 CALL INITITOTsUsKeINosJINe KNy INJpyIuN,JUN,AyB,C,T,R0O MAR MRH, TREF,
1353 CRREF,T0) .

S6 CALL HEIGHT(I gJ yK sIN N KN HI HX ,HY ()}
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CALL GRADSUINGJKNgKN sINNgJWN sHI yHX sHY sMAR 4MRH ,0X DY)

T10¥=g.0

ITN=C

EX=Ce.

GC TO0 4

CONTINUE

CONTINUE

CONTINUE

CALL STOREZ(UQV ’HH,P,I ’J ,K'IN’JH'IN sJNJKN 'XUN,JRN'D'E ’HX‘HY'
CHI.HAR,HRH,AI,AH.AV.AP.DX,DY,DZ.DT,?#UX,TluY.N,UR'HRH’TAI'TAH,
tTAV,‘KT,CB'ci'A'B.C’EUL’T'ROyTE’RREF,TREF,TO'TiﬂayTTOT’
CITN,EX)

CALL TPRIN9(I,J'K'IN,JN,KN'T'ROQTREF,HIR'

CONTINYE

END
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9.1.6 TMAINAT (Main Program for Far Field)

This is a main program, This program is used for shallow
unstratified basins with constant vertical viscosity. This
program is used to update the initial temperature field from a
constant value everywhere as defined by TMAIN4 to a better
defined tehiperature field. The subroutine READ2A reads in the
values of physical quantities stored by TMAIN4. The read-in
unit is numbered 7. The subroutine INITM reads in the surface
temperatures defined as data element ITPKl. Such temperatures
are obtained from infrared scanning of the water surface. The
temperatures below the surface are computed from a specified
temperature gradient in the vertical direction. Computations
for temperatures below the surface are also made in subroutine
INITM. The subroutine STOR2A writes out the updated valu~s on
unit #8. The subroutine TPRIN2 prints out the updated tempera-
ture field. The program also sets the time count to zero. The
element RTM4T provides with the computer commands necessary to

execute program TMAIN4T on UNIVAC-1106 computer.
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PARAMETER IN=29 ,JUNZ13,KNz=6, IuN=28,JWN=12

PARAMETER NTL=1&,NTLV=Z

DIMENSION UCIRNyJNGJKNDYSVEIN,INeKND oW CINSUNIKND oWH EIWNy JUNSKNY |
CHR(IN,JN,KN),HRH(IhN,JHN,KN),P(IHN,JHNI,D(IN,JN,KN),E(INvJNrKN).
CHHLDI(IHN.JHN).XINT(IN,JN),YINT(IN,JN),H(IN,JN,KN),B(IN,JN,KN),
cHI(INjUN),HX(IN,JN),HY(IN.JN),HAR(IN,JN),HRH(IHN,JHN),FH(IHN.JHN),
COPSXUINyJN)JUDPSYLIN U )

DIMENSION AZCKNILZUVIUND) o THETA(JN) LAFINTINTL ,NTLY)

DIMENSION TUIKyJNyKN}sTD (IN ,UN,KN),ROCLIN,JN yKND, ‘
CRINTX(INGUNgKN) gRINTYUINsJN sKND yaDIINgJN KN

CONTINUE

CaLl READZ(U'V"H 'P'I ’J'K 'I"'JH’IN’JN'KN'IHN'JHN’D'E' HX’HY’ HI
CHAR.HRH,AI,AH,AV.AP,DX,DY,DZ,DT,TAUX,TAUY,H.HR,HRH.TAI,TAH,TAV,AKT
C,CB'C"'A 181C’EUL'T’RO,TEQPREF s TREF TO,T‘HB,TTOT.ITN,EX)

CCNTINUE

READ 2,( (AMINTIN L) ,L=3,NTLV]I N=],NTL)

FORMAT ()

CAL INITIT(I.J,K,IN'JN,KN,IH,JH,IHN,JHN,A,B,C,T,RO,HAR,HRH,TREF,
CRREF g TOSAMINT JHI JNTL yNTL V)

CALL INITMITI ;J,K4INgUN KN pI U oUW yINNguWN g AsB9CoToRO4MARy MR Hy TREF
CRREFsTOsHI)

T1071=0,.3C0

CALL STORE2(U ¥ yKH 4P I yJ 1Ky TW oUW y IN s INs KN IW N JYNsDyE s HBXs HY
CHI,HAR,HRH,AI,AH,AV,AP,DX,DY,DZ,DT,TAUX,TAUY,H,HR,HPH,TAI,TAﬂy
CTAV,AKT,CB,CU.A,B,C,EUL,T,RO,TE,RREF,TREF,TO,TAHB,TTOT,

CITN,EX)

CALL TPRINS(I ;J 4K yINJJN KNy T,RO,TREFMpR}

CONTINUE

END
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9.1.7 TMAIN5 (Main Program for Far Field)

This is a main program. This is the program which per-
forms most of the computations. Solutions are propagated in
time for both the velocity field and the temperature field.
Values stored by TMAINAT are read in by subroutine READ2A
from Unit #7. First twelve lines of data element INDATA
(defined as data element INDATA5) are used to provide with che
values for basic parameters. The subroutine INLETAimposes the
inlet and outlet velocities and temperatures onto the com-
putational domain. INLETA -ubroutine reads lines 13 through
the last line of data element INDATAS5. The subroutine ERROR
computes the contribution of nonzero surface vertical velocities
to the rigid 1id pressure. The subroutines WHTOP and WHATIJ
set the surface vertical velocities to zero. The subroutines
INTE partially evaluates the forcing function in the Poisson's
equation for rigid-lid pressure, The subroutine CORINT adds
the contribution of Coriolis force to the values computed by
IJTE. The subroutines RCINTX and ROINTY add the contribution of
bouyancy to the terms in the forcing function. The subroutine
DPSXY computes the pressure gradients at the surfgge along the
boundary for use in the solution of Poisson's equation for rigid
lid pressure. The subroutine FORCE combines all terms of the
forcing function. The subroutine PREl computes the rigid lid
pressure field by iteration. The subroutine UVT uses the o and
B momentum equations to evaluate u and v at grid points below
the surface. The subroutine UANVC add the contribution of
Coriolis force to u and v. The subroutine UVTOP computes the

surface velocities from the velocities below the surface by
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utilizing the specified velocity gradient due to wind. The
subroutine OLDUV updates the values of u and v. The subroutines
RWH and WHATIJ compute the vertical velocity, the continuity
equation is used in the process. The nonzero surface vertical
velocities are then saved as WD, The surface vertical velocities
W are set équal to zero before going into the energy equation.
The subroutine TEMI4 computes temperatures at the .interior points.
The subroutine TEMB2Z computes temperatures at the boundary points.
The subroutine OLDT updates the values of temperature. The
subroutine TEQB checks for thermal instability and mixes the
water to create stable temperature field, The subroutine DENSTY
computes the new density field from the new temperature field
using the equation of state. The nonzero vertical surface velo-
cities are now restored. The subroutines RWRH and RWR compute
the vertical velocities in the x-y-z coordinates from the values
in o, B,y coordinates, The subroutine STOR2A stores the updated
values on unit #8. The element RTM5 provides, the computer
commands, necessary to execute program TMAIN5 on UNIVAC-1106

computer.
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PARAMETER INZ29,JNZ13,KNT6,IWNT28,JKNZ12

DIMENSION UCINgUNSKNIgVIINGJIN JKND pW (INg R g KND o WHUIW Ny JWNg KN)
CRRUINGJN9KNY S WRH CIWN qJuN JKN ) 4P (IWNyJWNT ,D(INJUNKN) JE CINS UNyK N,
CHHLOTCIMAsJWN I g XINTUINyUN) o YINTUINguUNIsH{INGUNJKND 4G IN, UN,KNI,
CHI(IN,JN),HX(IN,JN),HY(IN,JN),HAR(IN,JN),MRH(IHN JENY FHETWNy JUND
COPSX(INyJUN) ,OPSY(IN,UN}

nanNQIOu A3CKN)

DIKENSION TUINyJNKN),TDCIN N ,KN),ROCIN,JN,KN),

CRINTXCINGJUNgKN) sRINTY(IN ,JN KN 4 WDCINgJNGJKN)

CALL READ2(U,V, HHsPoI,J,K:Ih,Ju,Ih-JN,KN TuN,JWN D £ HX, HY NI,
CHARGMRHy AT A JAV AP DX DY 32307 s TAUXSTAUY ;W 4R HRH,TAI.TAH.TAv.AKT
C,CB.CH,A.B.C,EUL,T,RO,TE,RREF,TREF.TO.YAHB.TTOT.ITN,EX)

INK]ZIN=}

READ 1, IRUN

READ 1, LN,LLN

_ FORMAT (161S)

READ 1,NDTGR

READ 2, VVIS,ABR
A3t1)¥=yvis
A3L2)=VV ]IS
A3(3)}=VVIS
A3qu3I=VVIS
A3(5)=vVVvi1s
A3(6)=VV IS

B3=VVIS

READ 24 AIJAHJAV,AP
READ 2y EPS,MAXIT,OMEGA,ARBP
READ 2y DX,4DY,D2
READ 2,CC

READ 2,TAUXM,TAUYH
READ 2,07

READ 2¢ TAIsT2HTAY

" READ 24 A4B,C

READ 2, TO

READ 2, AKT,EUL ,Ck,CB

READ Z¢TAMBsTINM

READ 2,JINJJIN,IOUT qJOUTUINMSJVINH

FCRMAT ()

DL2=DX*DX

TREF=T0

RREF-A+B*TO+C*TO%*TO

CONTINUE

TE=(TAMB-TREF ), TREF

DG S L=1,LN

TTOT=TTOT+DT

CALL YIMEPU(TAVMB JAKT JUINM JVINM ,TINM, TAUXM,TAUYMyTTOTsDT) -
CALL INLETUI  JoKyINJUN KN U,V H,G,TTOT,DT,
CNDTGRey TAUXM e TAUYM ,TAUX, TAUY ,TINM T, TIN,JIN,UINM, VINM)

CALL OQUYVEL{TvdsksINsJNPKNsUsV,H,y GvFARvIOUTvJOUTgIIN'JIN)

CALL ERROR(IWNGZJWN,IWsJW yOT 4 WHWHLPT KN ,MRY) —_
CALL WHTOP(IWw ,JW,IWN ,JKN KN WH K MR H]}

CALL HHATIJ(I'J,K,IH'Jh,IN,JN,KN,IHN,JUN,H,HH,HAR)

CALL INTEUI yJeKsINpJNyKN Uy VWeHI 'HX,HY,H‘R 'XINT ,YINT,AS,AI,
CAH AV, TAUXe TAUY s OXoDYsDZ ¢ Dy E9DT 4DpSX+DPSY yAPs T TREF) —
CALL CORINTUI gU 4K yINJUN JKNJAER U V4 XINT 2 YINT 3DZ 9y HI9»MAR)

CALL ROINTX(I yJ oK oINyJN KN DX,0Y,02 ,RO,AP,EUL,HI,
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CMAR ,RINTX,HX,XINT)

CILL ROINTY(I,J,K,IN,JN,KN oX,DY, DZ,RO'AP,EUL,HI.HAR,
CRINTYsHY s YINTY |

CALL DPSXY(I'J'IN’JN'IH’JH,IHN'J“N.DPSX’DPSY'P'DXQDY'"‘R)
CALL FORCE(I gyJplW yUN yXINTSYINT ¢WHLDT 30X 3DY 9 HIvHX yHY sMRHy
COPSXsDPSYsFHe AP JIN,JN,IWN ,JkN sRINTX JRINTY U,V ,EUL ,ABR HAR ,KN)
CALL, PREI(EPS,MAXIT,IN,JN,P,ITN DPS XsCPSYFH DLZ OHEGA,
CHMRH, I,d KoIWyudWyOXyDYSEXsINN,,JWNyAREP)

CALL UVT'I J K I“,JH’I'\ JN KN IUN,JHN,U,V.D,E,H,G,DX,DY,DZ.
CRINTX,RIhTY,EUL'uyoT,AI,AP,AH,AV,A3,HI,HX,HY,P'HARngYREF)
CALL UANVCUI ,JysK 4IN gUN KN JAFR 30T UV 4HyGyHI s KAR)

CALL UVTOP(H,Gy TAUX yTAUY 1, J,K,DZ3IN,JN,KN,HI,HAR)

CALL INLETUI4JsKyIN,JN KN U,V,H,G,TTOT,DT,
cNo’GR,TAUXH,Y‘UYM,TAUX,TAUY'TINH'T'IIN,JIN'UINH’VINH)

CALL OUTVELCI yJ 4K yIN yUN KN U,V oHocoMARy TOUT 4 ygUT 3 IINy JIN}
CALL OLDUV (I J, K, IN,JIN KN ,U,V,0,E}

CALL OLDuvVII, J K INLJUN KN, H,6,U,V)

CALL REH(I,J,K'TH,JU'INoJN KN,IHN,JVN.U!VfHH HI OX ,DY DZ ,MRH]

00 2C I=1,IN

DO 20 J=1sJN

NDEIgdel)=WlIgdel)

CONTINUE

00 30 I=1,IN

BO 20 J=1yJN

W(ly,Jy1)=0.0

CONTINUE

CALL TEMIUCIZJgKaIN ,JIN KN, UV, T,TD,0X,CB,DY 07,4 DT,TAI,TAH,T AV,
CBIsHIyHX yHYyMAR JAKT s TREF y TAMB}

CALL TEHBZ(I,JyK'IN'JN,xN’TD,DX'DY’EZ'H“R'CB'HI’AK"CH’TAMB'HX'
CHY Ty TREF 3 TAV,TAI4TAH,B3,0T}

CALL OLDT(I g 4K oINyJINSKNsTD T}

CALL TSTAB(I,JsKoINyJN KN yT 4HAR)

T CALL DENSTYEI,J oK ,IW,Jdb ,IN,JUN KN ,TUN,JWN,A,B,CoMARyMRH, T,
CROLRREFy TREF)

DO 40 I=1,IN

0O 40 J=1,JN

H(I,J,I):HD(I,J,I)

CONT INUE

CONTINUE

CALL RWRHEI J K oINyJWsIN yUN JKNyINNyUWNoUyVyWHoHI JHXpHY,

CALL RWRIEI JyKy INgUNsKNsU sV W sHR s HI sHXsHY »DZ 9 MAR)

CALL STOREZ(U,V,“H,P'I ’J,K'IH’JH'IN'JN'KN'IUN.JUNyD'E,Hx'HY'
CHIyMARyMRHy AL AH AV, AP OX,0Y,DZ,DT,TAUX,TAUY W NR,KRH,TAL,TaH,
CTAVsAKTsCByCN 9A 4B sCoEUL» TyROSTEJRREFTREF ,TO ,TAMB,TTOT,
CITK,,EX)

END
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9.1.8 . TMAINST (Main Program for Far Field)

This program simulates temperatures only for unstratified
shallow basins with constant vertical eddy viscosity. Steps
involved in its execution are similar to those involved in
the executipn of TMAIN5. This program uses data element

INDATAS.
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SHETPFS S TMAINET

N pe

2C

3C

PARAMETER INT29 pUN=134KNT6, INNT28,3JuN=12

DIHMENSION UCINyINKN) JVIINGJNJKN] o8 (INyUNJKND) yWHOINNg JWNy KNI,
CNREINg Ny KN 9 WRH (THN JJWN JKN D 4P (I6 Ny JWND 3D (INyJN o KN) oE (IN, IN,KND,
CHIUINGUNY gHXCINgJUN) gHY CIN ¢JN) g MAR(INQJNY gMRHUIWN ¢ JWN)

DIMENSION GUIN N KNI HUIN,ZJN,KN)

DIMENSION A3(KN)

DIMENSION TCIKy JNGKNDY S TOOIN JUN,KN),ROCINSJUN JKN) 4 ND(IN,IN,KN)

CALL READ2(U Vo UWH )P oI g oK oI Wy W s INt UJNsKN o INNgJyN 3O 2E o HXsHYsHI »

CHAR MRHy AT JAH JAV AP JDX 40Y 4D 2,07 3 TAUX yTAUY oW yWRyWRH; TAT,TAHy TAV, AKT
-CyCByCHyAgByCyEULTyPOyTE yRREF ,TREF 4 TO,TAMB, TTOT , ITNYEX)

INMIZIN-]

READ 1, IRUN

READ 1y LNoLLHN

FORMAT (181I5)

READ 1,NDTGR

READ 2, VVIS,48R

A3tli=yvIs

A3(2)ZVVIS

A3(3)=VVIS

A3t4)=vVv1S

A3t5)=VvViIS

AJ(6)=VVIS

B3-vVIS

READ 2, AI AH,;AV, AP

READ 2, EPSyMAXIT,0MEGA,ARBP
READ 2, DX,DY,D2Z

READ 2,CC

READ 2, TAUXMsTAUYM

READ 2,D7

READ 2, TAI,TAH,TAV

READ 2, A,8,C

READ 2, 10

READ 2, AKT,EUL,CW,CB

READ 23 TAMBy TINM

READ 2sIINsJINsIOQUTsJOUTsUINHVINM
FORMAT ()

DLZ2=DXxD X

JREF=TO

RREF-A+B*T0+C2T0270

CONTINUE

DO 20 I=1,IN

DO 20 J=1,uN
WC(Xydel)WtIdel)

CONTINUE

DO 30 I=1,IN

B0 30 JT1,JN

WilI,gsld=0.0

CCNTINUE

DO 6 LL=1,LLN

TTOT=TTOT407 .
CALL TIMEP(TANMBAKT JUINM gVINMTINMTAUXM, TAUYH,TTCT,D T}
CALL INLETHI  JeKoINQJUN KN UV 4HeGHTTCT DT,

CNOTGRy TAUXMy TAUYM gTAUX 4 TAUY ,TINM ,T,IINZJIN,UINK, VINH)
CaLll OUTVELC T s sK2INsJINIKNUsVoHsGyMARYIOUT »JOUT 1INy JIN)
CALL TEMI4(I 'J,K,IN ,JN 'KN U ’V,T,TD, UX'CB'DY ,DZ'H 'DT,TAI'TAHQ TAV'

CB3,HI,HX.HY,H‘R,AKT'TREF,TAPB)
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S7

59
2

61
62

r
-

64

66
67
68
69
7C

72

40
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CALL TEMB2(I,JgKoINyJIN ,KN,TD,DX,0Y,CZyMAR yCByHIoAKT sCMy TAMB HX,
CHY s T TREFTAV,TAI»TAH,B3,0T)

CALL OLDTCIs ek s INIJUNIKNTO»T)

CALL TSTAB(IoJeKsINyJN KN,T,MAR)

CONTINUE

CALL DENSTY(I o JK ,IW ;W yINyJN KN, INN NN &, BoCoHAP JBRH, T,

CROyR REF: TREF)

00 40 I=1,IN

00 40 J=1,JN
H(I.J,I)‘-'HD(I 'lel
CONT yNUE

‘CALL STOREZ(U 3V yRH P 3T oJ 4K IN,,JW,IN s JN?KNsINNeJW NeDsEgHYsHY,
CHIJMAR MRH AT ,AH,AV AP DX ,0Y,0Z 0T, TAUX yTAUY oW yWRyWNRHyTAI,TAHy
CYAV,AKTyCBoCW A 4B yCyEULyT9RO,TERREF ,TREF ,TO,TAMB,TTOT,
CITN,EX)

END
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9.1.9 THAINS5V (Main Program for Far Field)

This program simulates velocities only for unstratifi=d
shallow basins with constant vertical eddy viscosity. Steps
involved in its execution are similar to those involved in the

execution of TMAIN5., This program uses data element INDATAS.

r e




H¥TPFS$ s TMAINSY

[y
DOONONEUWN

176

PARAMETER INZ29,JNZ13,KNz6,IWNZ28 ,JWNZ12

DIMENSION UCINgJUNoNY g VEINgJNsKND oW TINgJUIN KN 3 WHEIWNy JUNgKNY,
CHR(IN,JN.KN),HRH(IHN.JHN,KN),P(IHN'JUN),DlIN,JN,KN),E(IN,JNcKN),
CHHLDT(IHN,JHN),XINT(IN.JN),YINT(IN,JN),H(IN,JN,KN),G(IN,JN,KN),
CHICINGJUND JHXCINUN) g HY CIN G UN) o MARUINQJUNI g MRHEINN pJUN) JFHEINN ,JUN ),
CDPSXLLN.JN),DPSY(IN,JN)

DIMENSION AZ(KN)

DIMENSION TCOINGJUNGKN),ROCIN (JUN,KN),

CRINTXCINGJUNGJKNY sRINTYLIN ¢ JN 9KN)

CALL READZ(U Vo WH P 3T g g K g IN gJW 3 INS JNJKN,IWN, JHN,D'E,HX,HY,HI'
CMAR s MRHe AT, AH,Av.AP.Dx.Dv,Dz.DT TAUX ,TAUY N JWR,WRK,TAT4TAHy TAV,AKT
C,CB ,CH,A sBeCo EUL’TQPO"E’RREF’TREF,TO,T‘MB' TTOT' ITN'EX’

INMIZIN-}

READ 1, IRUN

READ 1y LN,LLN
FORMAT (16I5)

READ 1,NDTGR

READ 2, VVIS,ABK

A3C1I=VVIS

A3(23I=VVIS

A3(3)=VVI1S

AJ(&)=VV ]IS

A3(5)=VVIS

A3(6)I=VVIS

B3=VVIS

READ 2, Al AH,AV,AP

READ 2y EPSyMAXIT,OMEGA,ARBP

READ 2, DX,DY,DZ

READ 2,CC

READ 24TAUXM, TALYM

READ 2507
READ 24 TaAL,TrH,Tav

READ 2, A,B,C

READ 2, To

READ 2, AKT,EUL,CW,yCB

READ 2,TAMB ,TINM

READ 2,1INsJIN IOUT,JOUT,UINH ,VINH

FORHAT ()

DL2=0X*DX

TREF=TYO

RREF=A+B*T0+C2TC*TO

CONTINUE

TEZ(TAMB -TREF )}/ TREF

DO S L=1,LN

TTOT=TT0T+07

CALL TIMEP{TAMB AKT JUINM ,VINM,TINM,,TAUXM,; TAUYH,TTCT,0T)

CALL INLET(I Jy,KsINJN KNyUyV4H,,G,TTOT,DT,
CNDTGRe TAUXM» TAUYM s TAUX 3 TAUY JTINM , T, TIN,JIN,UINM; VINM)

CaLL OUTVCL‘IQJ'K'IN’JN!KNIU V,H,G,PAR,IOUT,JOUT,IIN,JINI

CALL ERRCRUIWNyUWNyINyJW yOT yWHyWHLDTyKKyMRH)

CALL WHTOPU(IWsJNsIWNNsJNN KN yuH K MRH)

CALL “HATIJ(I'J’K'IVQJH,IN.JN,KN,IHNgJHN:H'NH,HAR)

CALL INTEC(I JgK gINgUN KN UgV W gHI JHX gHY yMAR ¢X INT (YINT3AI4 AT,
CAH AV, TAUXy TAUY 4DXyDYDZ4D04E,DT,0PSX,OPSY ;AP,T,TREF)

CALL CORINTLI yJ K oIN yUNsKNs ABRyU SV IXINTyYINT0ZsHIoMAR)

CALL ROI’-TX(I ,J 'K ,IN 'JN .KN'DX 'DY ’DZ ,RO,AP 'EUL,HI,
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CMARZRINTX,HX, XIKNT)

CALL ROINTY(I 'J 'K 'IN |JN 'KN’DX ’DY 'DZ 'ROQAP ,EUL’HI’M‘R’
CRINTYsHY+YINT)

CALL OPSXYUIpJpINsydNsIwsrJWoIWNsJWNSEPSX DPSY P DX,DY,MAR)

CALL

COPSX,

FORCE(I 'J’IH ’JH'XINT'Y INT ’HHLDT ,DX .DY'HI'HX 'HY’HRH'
DPSY,FH,‘P,IN,JN,IUN,JHN,RINTX,RINTY,U,V'EUL.ABR,HAR,KN)

CALL PREICEPS,MAXIT,IN,JN,P,ITN DPSX,DPSY ,FH,DL2,0HEGA,
CMRHINJg K oI Wy JW g LXogDYyEX pIHNy JWN 9 ARBP)

CALL

uvTy (I'J ,K'IH ,JH'IN 'JN gKN 'I”N ’JuNyu 'v ,DIE’H'G'DXt DYIDZ'

CRINTXyRINTY EUL ,W DT A1 AP o 2H AV 323 yHI JHX yHY ,P,MAR,T, TREF)

CALL
T CALL

UANVC(I’ijle'JN'KN"BR’DT.U,V'H’G'HI,HAR,
UVTOP(H 3G TAUX g TAUY 1y s KsDZ s IN9sJNs KNy HI MAR)

CALL INLET(I JyKoINsJN KN U VoHG,TTOT,DT,
CNDTGRy TAUXMy TAUYM yTAUXyTAUY ,TINM,T,IIN,JIN,UINM ,VINM)

CaLl
CaLL
CALL
caLL

CALL

OUTVEL(I sd s 9IN o N oKNs UV oH ;G AR, TOUT s JOUT s TINy JIN)

OLD UVII 3K yIN gJUN JKN 3U 3V 3D ,E )}

OLDUV(I g JyKeINsJUNgKNgH 9GylU,yV )

RUHIT g J g Ky I yJU g TN g UN S KN yIWN y UWN U 4V oW Ko HI 9 DX ¢ DY 402 y MRH)
WHA TIJCT J gK JI W Wy IN,JN oKN TN yJWN oM 3 WHyHAR)

CONTINUE

CALL

RWRH I s oK 'I“’J“ +IN ,uN 'KN s IN N9 JENU ¥ eWHoHY sHXsHY,y

C0X,0Y,D2 ,KRH , KRH)

CALL
CALL

RWR (T yJ oKy IN yUN JKN g U,V 4 Wy WR yHI yHX ¢HY ynZ ¢MAR }
STOREZ{UsVeWHsP oI oJ oKy INyJW 9 IN yUN KN ,IWN o JWN 30 ,E ,HX , HY,

CHIZMARyMRHy AT 3 AHy AV 9 AP DX DY 4DZ 40T s TAUX y TAUY » s WRe WRH s TAI, TAH s
CTAV,AKT,CB,Cl ,A ,B,C,EUL,T,RC,TE ,RREF ,TREF ,70,TaMp,TT0T,
CITN,EX)

END
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9.1.10 TMAING6 (Main Program for Far Field)

This is a main program. This program prints out values
stored on Unit #8. Subroutines PRPARA, TPRIN1l and PRITEX
print out the basic parameters. The subroutine PRPINT prints
out the rigid 1lid pressure field. The subroutine PRUV ‘prints
out the hotizontal velocity field. The subroutine PRWH prints
out the vertical velocity field. The subroutine TPRIN2
prints out the temperature field. The element RTM6é provides
with the computer commands necessary to execute TMAIN6 on

UNIVAC -1106 computer.
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1S
16
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PARAMETER INZ293JNT13,KN=6y IWN=28,yWpn=12

DIMENSION UCINGJUNSJKNYGVIINSUNGKND o0 (IN,JN JKN) oWH (IWNy JUN, kNT,
CHR(IN.JN'KN)-HRH(IHN,JHN,KN)’P(IEN,JHN),D(IN,JN,KN),E(IN,JN,KN).
CHNHLD TOIWN JWN Y XINTOINeJINT o VINTCINg UNIJHOINyUNyKND) yG¢IN,JN ,KN),
CHICINGJUNDJHXCTINGUND gHY CINSUN) gMAR (TN gUND) gHRHEIRN 3 UNND) yFHUINK s JUND
COPSXCENg UNYOPSY (IN,JN)

DIMENSION AZ(KNIZUVIUND, THETA(UN])

DIKENSION TEIN,JINKNISTOC(IN yJUN KNI, RO(INsINsKNDy
CRINTXIINSJNyKNY) RINTYCIN yUN yKND 4w DCINyJNgKN) '

DIMENSION TWCIKNyJWUNKND sRONEIWN JUWAKN)

READ 1,IRUN

FORMAT(1¢15)

IF €IRUNLEQ.O) GO TO 3

IF (IRUNG.EQ.1} CO TO 16

IF (IRUNJEQ.2) GO TO 3

CONTINUE

60 70 &

CONTINUE

CALL READI (U, V,&H P I, U K IN I gIN N KN pINN yJWN 4DppsHXy Yy
CHI MARyMRHy AT yAH AV 3 AP 4DX DY DZ 0T , TAUX,TAUY W, WR ¥RH,TTOT}

60 T0 4

CONTINUE

CALL READZ(U,V,hH'P,I,J,K,IH,J“,IN,JN,KN'IHN'JHN'D,E'HX,HY1HI|
CMARyMRHy AT, AH pAV9 AP DX ,DY ,DZ,DT,TAUX yTAUY oW yuRyWRH,TAT,TAHs TAV, aKY
Ce1CBsCYsAsByCoEUL s TeROsTEyRREFSTREF 9 TOSTAMB,TTOT1TN,EX)
CONTINUE

CALL PRPARACAIZAH JAV AP 4OX4CY 02,07 yDL2 M AX IV 9EPSsOMEGAS
CARBPy TAUX» TAUYs TTOT sMARyMRH 4 IN [ JN ,IWN,JUWN]

CALL TPRINICTAI 3 T2HsTAVyCByCRyAKT yTREFsRREF sEUL»A+B4CTE,TO)
CALL PRITEXC(ITN,EX)

CALL PRPINT(IW,Jk JWNJJWN,P}

CALL PRUVII U K gIN,JN4KN U, VUV ,THETA,MsR)

CALL PRWH{IWsJWsKsIWUNyJWN KN WRH)

CALL TPRIN2(I o oK sINsJN9KNtToROSTREFMAR)

CONTINUE

END
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9.1.11 TMAIN4CB (Main Program for Far Field)
This program is similar to TMAIN4. This program is used
to initialize velocity, temperature and pressure fields for
a deep stratified cooling lake. This program reads first
27 lines of data element DATAML. Element RTM4B provides

control statements to execute this program on UNIVAC-1106.
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*=0ULL 1) TMATHKGCE

~

£ e

[o3)

g

PARAMETEIR INZCP,JNZ13, KN=E,INNZ28,JWN=12

PARAMETER NTLZ14,NTLVZCZ

DIMENSION ULIR I gKNYpVITINgUNgKN) oW LINgINgKND shHETWE, JAN, KN Y,y
CURETINGUNSKND gy WARH (TuNyJEN gKR I P {TUN Uk N) yCUIN G UN KNI ZECING UNJKN)
CHICINGINIJHXCIN IR G HY LIN G JN) yMAR CIN G UNY g MRHCTIWN g JW i)
DIMENSION AZ(KN) g AMINT{NTL JNTLV)

DIMENSION TUINGJUN KNDIZROCIN JN,KN}

INMIZIK-} .

READ 1, LN,LLN

FORMAT (1l€lIS)

READ 2, VVIS,yACR

A3t1)=VVIS

A3(z)z=vviIs

A3(3)=VVIs

A3l4a)zvviIs

A3L3)=VVIS

A3(d)=VVIS

B3IZVVIS

READ 24 ATIZAH AV, AP

READ 25 EPSyMAXIT,OMEGALAREP

READ 2, DX,0Y,DZ

READ 2,4CC

READ 2,07

READ 2y TALGTAH,TAV

READ 2, A,B4C

READ 2, 12

READ 24 ZULSCW,yCB

READ 2, TAMBLAKT, TAUX,TAUY

READ 2,CCNSp AVMX, AVHN

READ 23 C(AHMINTIN,L) gL 1,NTLVYIJNZTLZNTL)

FORMAT (3

DL2=-DX=DX

TREF=TO

RREFZA43 *TO+CxTCxTO

CAatL REALZA(I,J,IN,JN,IH.JH,INN,JRN,HLR,MRH)_

CALL HITEA(I JeKyINgUN  KN,HIZHX,HY ,CC)

CALL INITIACINGJIRIKMN oThNyJKN U Vol qHE 9D yE ¢PsIsdsKsiWeJwsARBP}
CALL IHITEC(I pJsKyINgUN Kh IR JW g IWNJJEN3A,8,CsToyROyMARy HRH,y TREF,
CRREF s TOy AMINT gHTI g NTL JNTLV) k

CALL ORACSUIN JN KN oIWN 3JWNgHI HX yHY yMAR s MFEH ,DX 9 LY)

TTOT=3.2

ITNZ=O

EX=C.

GO TO 4

CONTINUE

CONTIMNUE

CONTINUE

CALL STORZ23(UsVykHePyI g Ky I gdWpINyJHsKNyINNSJ WK yDypZyHX 3 HY, |
CHI MARGMAH AT 4 AH AV 4 AP JOX 4 DY 4DZ 30T 4 TAUX g TALY gy dXswRHyTAI,TAH,
CTAV AKTCByCW s AgE yC ol ULy Ty RC,TEyRREF,TREF, TO, TAMB,TTOT,
CITN,EX])

CALL TPRINZ(I,J, K ,IN,JN,KN,T,RO,TREF,MLR)

CORTINULE

END
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9.1.12° TMAIN4TB (Main Program for Far Field)

This program is similar to TMAIN4T. This program speciries
measured initial temperatures for a deep stratified cooling
lake. This program reads data element ITLKl. Element RTM4TB

provides control statements to execute this program on UNIVAC-1106.
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HDULL L 1) . THAINGTE

1

VR IR LN

[

PARAMETER INZ29,JUNZI3,KNZ6 ,IWNT25 3 JWNT12
PARAMITIR NTLTl&,KTLV=L

DIMENSION UCIM, N KNI VEIN N KET ph (TN JN KD wHOTWE, JEN, KN,
CHROING UN g KND y WRH CIWN g JWN gKN Dy PUTwN 3 Ja M) g DU TN, Il g KMD 9 ECIN, UNgKND o
CHICIMyUN) gHX O IN gl ) gHY (Il g JND o MAR (TN UN Yy MRH (IWidy JnN)

UIMENSION AMINTONTL,NTLV)

DIMENSION TUINyJR KN KO CINJN KN

CONTINUE

CALL RCADZBIUWV hHyP oL g gKyIugd Wy IR Ny KNy IHNyJWN D yEyHX  HY  HT,
CHAR ¢ MRH AT g AH yAV ) AP DX 30Y 407y DT 3 TAUX s TAUY 3 W 4y NR yWRHy TAT , TAH, TAV, AKT
CoCByCW oA sE4CySULyTyRCy TE yRREF o TREF 3 TC,TAMB 4 TTOT 1 TH,EX])

CONTINUE

READ 23 (C(AMINTIN,L) L=, NTLV) k=1 ,NTL)

FORMAT ()

CALL INTTELI,JsKyINgIN KNy IHydW pIWNyJWN A yB,C,T4ROMAR, MAH, TREF ,
CRREFyTOp AMINT yHI g NTL 4NTLV)

CALL INITHEUT 3U K o IN JUN G KN yIH gJW o IRH Ui Ny AsB4CyToROyMAR, MRH, TREF,
CRREF, TO,HI)

TToT=g.0CC

CALL STORI3(U,V yhHyP oI g sKy Tl gl g INsUNg KNy IX Ny J Wi oD gE g HX s HY o
CHIZMARyMRHy AT g AH y AV 3 AP 4 DX g 0Y 4 0Z yOT s TAUX yTAUY g Wy kR ok RHyTAL T AH,
CTAV,AKT,CB Ci Ay B,yCyEUL,ToRC,TE JRREFTREF yTO 4 TAME ,TTOT,

CITNSEX) .

CALL TPRINIAI 4K 4IN,JN, KN oT,RO ,TREF, MARD

CONTINUE

END
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9.1.13 TMAIN5B (Main Program for Far Field)
This program is similar to TMAIN5. This program is used
to simulate velocities and temperatures in a coupled fashion
for a deep stratified cooling lake., This program reads data
element DATAML5. Element RTM53B provides control statements -

to execute this program on UNIVAC-1106,
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“*DULL (1)« TMAINER

PARAMETER INZ29,JNZ1I34KNZEeIWNZ28yJWhz12

GIMINSION UCINgOh KNI VIINgUN KND h (IR JN 3 KN yWH (IRN g NN KND,
CURUINGUN GKN) y KEHUTwN yJuNgKNDY qPUTh Ny Jh N}y DUINGgUNp KN) 92 CINg UNSKND,
CuHLDTCIWHRgUWNY g XINTUOIN g JN D) g YINTEEN g UN s HOTNgJN KN yCOIN, UNyKN)
CHICThNGgJUND yHXUINGJRNY JHY LIN G JNY JMARCIN G INY g MRH (IWN pJaN) gFH{IWN, JiN I},
COPSXUCINgJUNIZOPSYLIN,UNY}

DIMENSION AZ(KM]

DIMENSION TCIMNyJidgKN},TOCOIN yUNJKNY RO(IN,JIN,KN],
CRINTX(IN,JN,KN),RINTY(IN,JN'KN),NC(IN,JN,RN)

CALL RZADZO(U Y ehHyP I g s K gy I gdWy INJUNy KN g InNgJWNyD9yE3HX3HY yHI,
CHMAR ) MRHy AT AH AV g AP yDX y0Y 4CZ DT yTAUX 3 TAUY gy wR e WRHTAT, TEH, TAV, AKT
CyCEBsCHpASByCyEUL y TeFOy TEyRREFZTREF 4 TO,TAMB ,TTOT,,ITN,EX)

INMIZIN-I

READ 1, LN,LLN

FORMAT (1€15)

READ 2, VVIS, A8P

AJC1)=VVIsS

A3(2)zVvvIs

A3(3)=VVIES

A3L4)IVVIS

A3(5)=VVIS

AT(6)=VVIS

B3zvVIS

READ 2, AI,AH,AV,AP

READ 2, ZPSyMAXIT,.OMEGA,AREF

READ 24, DX4DY,DZ

READ 2,4CC

READ 2,07 -

READ 2, TAI,TEH,TAY

EAD 2y A4E,C

READ 2, TO

READ 2, EULyCK,CE

READ 2,TAVB,AKT, TAUX,TAUY

READ 24CCNSyAVHX  AVMEN

FORMAT ()

DLZ=DX=»DX

TREF=TO

RREF-A+8%TO0+C=TO0xT0

CONTINUL

TEZUTAM3 -TREF )/ TREF

CALL INLETSCI iy K pINQUNyKNyUyVypH,yGyT)

DO S LZ1,LN .

CALL ERIOR(INMN,JwMsIW,JW 4DT yWHyWHLDT (KN s MR H)

CALL WHTOP(IW  JW yIWN yJhN KN yWHeK4MRH)

CALL WHATIJCI sJph oI 3du Il s N KNy IHN N, Wy HyMAR)

CALL INTEBULI yJsk yINgUN KN U VW yHI gHX yHY yM AR X INT,,YINT, 23,41,
ChHy AV, TAUXy TAUY,LX4CY,L24D,4E4DT,0PSX,CPSY,AP,T,TREF
CyCONS L AVHX g AV ML) X

CALL CORINTU(I g oK yINyINsKNgABR UV 4 XINT 4 YINT D2 4yHI,MAR)

CALL RCINTX{I yJ,K ¢IN,JN KN sCXgDYDZ4R0,4P ,EUL HT,
C“AR'RINTX'HX' XI:’\'T) '

CALL ROINTY(I  J K ,yINyUNgKE DX DY ,DZ 4 RCy AP EULHT MAT,
CRINTY HY s YINT

CALL OPSXY(LyJsThydNyTw o dW s IWKN,JWH ,OPSX,CPEY, P4 DX ,0Y,MAR)

CALL FORCE(I gy Uy I wydWyXINTyYINT yWHLDT yCX 4DY yHI JHX 4HYMRH,
COPSXyDPSYyFHy APy INgJUN g IWN g JRNyRINTX yRINTY yUpV,EUL AR ,MAR ,KKN)
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57
58
59
62
61
62
63
64
65
66
67
63
69
73
[#
72
73
T4
15

77
78
79
873
81
82
83
84
&5
86
87
83
89
$5
Sl
92
93
94
95
96

1

3o
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CALL PREL(ZPSyMAXIT4IN,UN,P yITNDPSX,0OPSY ,FH,DL2 ,OMEGA,
CHRH g1 43Uy KyIW o U s OX4 DY EX, IR, JWN s AREP)

CALL UVTB I, 0 K pIWgdhoIM gJN KNy TN ydb Nyl oV gDy E HyGyDX DY, D2,
CRINTXyRINTY,EUL ywsDT AL, AP JAH AV (A3, HI, HX KY P, MAR, T, TREF
CrCONSLAVEX,AVMN)

CALL UANVC(I yJyK g INgJIN KN yABR 0T U,V HyGyH I, HAR)

CALL UVTOPLH,CyTAUX yTAUY 31 ,J3KyD23INyJN KN HI  MAR)

CALL OLDUVEIsdsKyINgdN KN oL oY ,0,E)

CALL OLDUVII, JyKoINpJN KNyHyG, U,V

CALL RWHUII pJ g Ky Thgdh oIl gUN yKNgIWN g JWH JU oV g WH o HI , OX LY ,07 4 MRH])

CALL WHATIU(I yJ oK gl Wydh g INgUN KNy TNy JdNyW il HgMAR)

00 20 1=1,IN

DO 20 J=1,uN

HD(I,J,!):H(I,J,l)

CONTIRNUZ

D0 3T I=1,IK

DO 38 J=1l4N

W(l,Jy1)=3.0

CONTINUE

CALL TEMIG3U(I J R JINZUNGJKN U VT ,TO,DXyCB DY y0Z ,WyDT,TAI,TAH, TAV,
CB3 HIyHXyHY s MAR s AKT g TREF 4 TAMB g A3, CONS JAVMX JAVMK)

CALL TEMS:B(I;J,K,IN,JH,KN,TD,DX,DY,DZ,HAR,CB,HI,&KT,CH'TAHB,HX,
CHY 3y Ty TREF yTAV s TAI 3 TAH,E340T A2, CONS JAVMX , AVHN)

]

CCALL OLDTII JsKsINgJN KN, TD,T)

CALL TSTAB(I JeKyINJJUNKNyToMARY

CALL DENSTS(I yJ oK yIWyJWoINJUNJKNyIKN;UINg A48 ,CyMAR,MRH,y T,
CRO4RREF, TREF)

D0 48 I=1,IN

00 40 JzT1,dN

WlIpdyl)WND (I del)

CONTINUE

CONTINUE

CALL RWRBUIgJ Ky IWyJW Iy JN KNy INNgJUN U3V JHH KT jHX,HY,
COXyDY4 02 4 ¥RH, KRH)

CALL RHR(I,J.K'INdeyKN,U'V'wQHR'HI'HX1HY1DZ'HAR)

CALL STORZBUU,VywH P I yJ K g gdi yIN,UNJ KNy Tdley SN L gE g HX 4 HY ,

CHIyMAR,MRHyAL yAH AV AP 00X ,0Y4DZ yUT 3 TAUX 3 TAUY yW 4 UR yWZH,TAI,TAH,

CTAV)AKT CByCWyAyByCoEULyT4ROWTE yRREF,TREF 4 TO , TAME ,TTOT,
CITN,EX)
END
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9.1.14*TMAIN5VB (Main Program for Far Field)

This program is similar to TMAIN5SV. This program is used
to simulate velocities only for a deep stratified cooling iake.
This program uses data element DATAMLS5, Element RTM5VB

provides control statements to execute this program on

UNIVAG-1106.
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1xDULLE1)e THAINSVB

1 PARAMETER INTZP9JNS13,KNZ6,IWNT28,JWNZ12
2 DIMIKSION ULIN, JN,K&),V(I\,J:,K“),k(¢h.JN,KN),NH(IHN,JHN,KN),
3 CuREINgUN gKNY g WAF CINt g WM g KN P EIWN gJw NI g DCIN g JtigKND yELINy INSKND,
L CHHLDT(Iuhgdhw),Y*\T(IN,JN),YINT(;!,Jh),H(Ih,JN,Kh),G(’N,JN,KN),
5 CHICTINGJINY JHXC THig UND pHY CIN g UND) g MARCINGUND g MRHEIWN g JWK) JFHOIWNyJuN by
5 T3 COPSXCINy NI ,OPSY CIN,JIN)
7 DIMENSION AZ(KN}
8 DIMENSION TEIN,IN kB ROLIN  UN KN, .
9 CRINTX(IN gUNyKNY g RINTY (IN yJh gKN]
12 CHLL READZE(U , V, iH P oI yJ yK g T gd W g TN N KNy Tdlig JWN,DeEyHY y HY yHI,
11 CHAR sMRHy AT g AH y AV APy OX DY 4 UZ 0T g TAUX g TAUY gy Ry WRH,yTAT, TAH, TAV, AKT
12 CyCByCWoh yByCoEUL g Ty RO, TE yPREF STREF yTO yTAMB ,TTOT, ITNLEX)
13 INMISIN=-! |
14 READ 1, LN,LLN
15 1 FORMAT (1€I3)
15 READ 2, VVIS,A2F
17 A3C3)=VVIS
18 A3(2)ZVVIS
19 A3(3)VVIS
2 A3LUI=VVIS
21 AZ(3)=VVIS
22 A3CEIZVVIS
2 B3=VVIS
24 READ 2, AI.AH AV, AP
25 READ 2, EPS,MAXIT, ONEGA AREP
26 READ 24 DX,DY,DZ
27 READ 2.CC
23 READ 2,DT
29 READ 2, TAI,T#H, rnv
32 READ 2, A,B,C
31 READ 24 TO
32 READ 2, EUL,Cu,C8
33 READ 2, TAMB,AKT, TAUX,TAUY
3y READ 2,CONS,AVHMX,AVMN
35 2 FORMAT ()
36 DLZ=CX*DX
37 TREF=TO
33 RREFZA48 %T04C2T0OxTO
39 4 CONTINUE
49 TES(TAMB =TREF 1/ TREF
1 CALL IRLETI(I JyKsaNydN KN, U3V ,H,6,T)
42 00 5 L=1,LN
43 TTOT=TTOT+DT
44 CALL ERRORUINNGJWN,IW,JW DT 3WH,WHLDT yKN yHRH)
45 CALL WHTGPIIW, dbyIuNpJkN KN ,WH K, HRH)
us CrLL HHATIJ(I,J,K,lH,J-,- s div gKN g IR N g JA N g W 9 B4 HAR)
47 CALL INTEB(IyJyKyiNguN gfligUgV yh oHI pHX oHY g MIR pXINT ,YINT,AZ,AT,
43 CAH AV, TAUX, TAUY CX+CY,CZ,0,5,0T,0PSY,CPSY, 4P, T, TREF
49 CyCONS, AV HMX, AV LY )
53 CALL CORINT(I yJokK il ydhyhti g 28Ry UV yXINT oY IKY D7 ,4H14HAR)
51 CALL RCINTXCI JygK siNyJN KN gDX DY D24k CyaP yEUL,HI 4
2 CMAR yRINTXyHXy XIFT )
53 CALL RGINTYCOI jJgk yIhydhy kN DX DY D2 R0 APy EULHI JMAR,
54 CRINTY,HY 4YINT)
g5 CALL DPSXY( ’d" ier\, W \J"lg-v\l" \J‘x’iyu S DPCY'P'DX’EY,H&Q)

56 CALL FORCE(I s Uy Ingd Wy XINT g YINTyWHLET ¢OX 92Y sHIZHX g11Y3MRHy
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COPSXsDPSY FHy APy INgJUN g IHN g JWN yRINTXJRINTY U,V EULyAPRGMARJKN)

CALL

PREI(ZPS,MAXIT IN ,Jl,P,ITN,CPSX,0PSY ,FH,DL2,0MEGA,

CHRHy Iy JgKplig Wy Xy DYy EX 4 INNyJWN,ARSP?

CALL

UVTBHI J K p IWpIW TN g N gKMN g IWN yUHN UGV Dy yH,6,0X,0Y,D2Z,

CRINTX s RINTY LUL yu yDT 4 AL 3 AP JAH AV A3 HIZHX g HY ,P o MAR, T, TREF
CyCONS, AVHX, AVUNY

CALL
CALL
CALL
CAaLL
CALL
catL

UANVCUI yJgK g IN gJl yKN g AER DT U gV HeGyHIyMARD
UVTOPUH Gy TAUX g TAUY 31 ,JyK402Z 1INy UN,KN,HI MAR)
OLDUVII yUyK y IN gJN JKN yUyV 4D £ 1
OLOUVIT g JgK g IN gJN KN g HyG gl 5V )
RUH (I 3 J, 1, Tk pdW oIt pJN JKN g IWN g JHN JU o¥ y WH o HI ) DX ,0Y ;D2 MRH}
WHATIJCI pJ oK ik gdb g IN gUN gKN g TWNy JAN W g H g MAR]

CONTINUE

CALL

RWRHII,J oKy IWyJWeINyJNgKN 3 IWNyJuNyU, yV yWHeHI  HX4HY,

COX,0Y40Z yMRH, WRH )

CALL
CALL

RWR €Iy yKyIN jUN JKN U,V ol yWR yHI JHXHY , DZ ,MAR)
STORZ23(UsVywhyP eI pd oK ¢ IWgdWyINgUNg KNy IWN gUWN O 9E gHX pHY 5

CHIyMAR MRHyAT yAH, AV 4 AP ;OX 4 0Y4DZ 40T 3 TAUX y TAUY Wy WRyWEHyTAI,TAH,
CTAV4AKT ) CE4Ch yA 4B 9CoEUL 4 TyRC 4 TE ;RREFyTREF 5 TO, TAMB,TTOT,
CITN,EX)

END
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9.1.15 TMAIN5STB (Main Program for Far Field)

This program is similar to TMAIN5ST. This program is used
to simulate temperatures only for a deep stratified cooliuyg
lake. This program uses data element DATAML5. Element
RTM5B provides with the control statements needed to execute

Do

this program on UNIVAC-1106,
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M*DULL(1).THAINSTB

Bl

£~

2C

3G

PARAMETIR INZ29,JNT17,KNZE,TWNT26 yJUNSLD
DIMENSION UCIN,JN KN g VIIN g N KN oK (TN N KN D g WH C 1k My JWN 5 KN,
CHWRUINy Ny KRy WRH CTUA g aNg KN 9P CIRM g Wbl 30 CIH N oKD o€ (1N, N KN,
CHICI NG UND gHXUIN G IR g HY (TN JR )y MAR CIN, UND) g MAH (IWN y Jwlti)

DIMENSION GCIN,JN,KN) HEIN ,UN ,KN)

DIMENSION AZ(KK)

DIMENSION T(IH,JK.KN),TD(IN.JN,KN),RO(IN,JN,KN),ED(IN,JN,KN)

CALL REAO:E‘U'VQRH,P,I .J,K,IH,JH,IN.JN,KN,IHN,JL’T\,D,Z ,HX,HY'HI'
CMAR,MRH,AI,AH,AV,AP,DX,DY,EZ,DT.ThUX,TLUY,N,hQ,HkH,TAI'TAH,TAV,LKT
CoCByClishsRyCylUL yT,FC,TE yRREF ,TREF yTO ,TAME ,TTOT, ITh EX)

CINMIZTIN-G
READ 1, LN,LLN

FORMAT (1¢6I%5)

READ 2, VVIS,ABR
A3(1)=VVIS

AI(21z=VvVvIs

A3(2)=vVIS

AJ(4)=vviIs

A3lSy=yviIe

AZ(5)=VV IS

B3zvviIs

READ 2, AI AH AV, AP
READ 2y EPSsMAXIT,OMZGA,AREP
READ 2, DX,DY,DZ

READ 2,CC

READ 2,07

READ 2, TAI,TAH,TAV
READ 24 A,43,C

. READ 2, TO

READ 2, EUL,CU,CH
READ 2,TAMB,AKT,,TAUX,TAUY
READ 2,CONSsAVMX, AVMN
FORMAT ()

DL2=-0X=DX

TREFZTO

RREFZA+B *TO+C*T0=®TO
CONTINUE

DO 20 I=1,IN

00 20 uJz1,JN
WOLI,Jd,t)zU(Igel)
CONTINUE

DO 30 I=1,IN

DO 33 J=1,JN
W(Isdy1)=0a3d

CONTINUE

CALL INLETS(I yJdyK yINgJINgKN U VoHG,T}

DO & LL=ZL,LLN
TTOT=TTOT+0T

CALL TEMYU3(I,d, K ,IN,JN KN, UV T, TD,CX,CB DY 4DZ 40,07, TA
CBZ'HI,HX,HY,MLR,AVT,TQEF,TAVB,AZ,CSNS,AVMX,AVMH)

CALL TEMEZE(I yJyh yI Nyt yKN T 30X s0Y,DZ4MAR ,CE HI JAKToCuly TAM3 S HX,
CHY y Ty TREF TAV, TAI ,TAH, B3, 0T A3, CONS yAVEX 4 AVMI)

CALL OLDT(IpJdsKyIiiydh KN, TD,T)

CALL TSTAB(I,J,K, I, JN KN, T,HAR)

CONTINUE

CALL DINSTBUI dgK iUWydkyIN, UN,KNyTWNyJWN o & 42 ,C o HAR,FRH, T,

I,TAH{TAV,
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CRO4RREF, TREF )

DO ag I=1,IN

DO 40 Jz1,JN

WlIgdy1)=WD(Idyl)

CONTINUZ

CALL STORZBUU sV ykHyPyT 3 KTl dW TR yJNgKN g IWNyJWN D gE g HX 4 HY ,
CHI, MAR,MRHy AL gAH, AV 4 AP DX ,DY,D2,OT yTAUX yTAUY ,W WR ,WhH,TAI T AH,
CTAV,AKT,CRByCWyAsBsCyEUL yToROyTE yRREF S TREF 3 TOyTAME,TTOT,
CITN,EX)

ZND .
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9.1.16 THMAING6B (Main Program for Far Field)

This program is similar to TMAIN6. This program prints out
the results for the simulation of velocity and/or temperature
in a deep stratified cooling pond. Element RTM6B provides with
the contro} statements necessary to execute this program on

L

UNIVAC-1106.
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MEDILLC1), TMAINGB

1 PARAMEZTER INZ29 4 UNTIZ,KNZE , IRNT28 ,yJWNZL2
2 DIMENSION U(IN,JN,KK),VCIN,JN,KN)yN(IN,JN.KN),kH(IHN,JHN,KN),
3 CHR(INgJN,KN),HKH(Inhyth,KN],P(IUN,JHN),DIIN,JN,KN),L(IN,JN,KN),
4 CHI(IN,JN),HX(IN,JN),HY(IN,Jﬁ),NAR(IN,JN),MEH(IHN.JHN)
5 DIMENSION AZ(KNI UV IJYN) ,THETALIN)
5 DIMENSION TCIN,JN,KN) RO CIN N KN)
7 e INM1ZIN-1
8 READ 1, LNyLLM
9 1 FORMAT (1£131 .
12 READ 24 VVISyABR
11 A3t1yzvviIs
12 A3t2)zvviIs
13 A3(3)=vyvIs
14 A3t4)=vvils
i5 A3{35)=vwV]s
16 A3lB)ZVVIS
17 B3=vviIs
18- READ 2, AY,AH,AV, AP
19 . READ 2, EPZ4MAXIT,OMEGA,AREP
23 RZAD 2, DX,DY,DZ
21 READ 2,CC
e READ 2,07
23 READ 2, TAI,TAH,TAV
284 READ 2, 4,3,C
<5 READ 2, TC
25 RE4D 2, EUL,CW,CH
<7 READ 25 TAMZ,AKT, TAUX,TAUY
28 . READ 2,CCONSyAVMX, AVMN
29 2 FORMAT () :
33 DLZ2=DX#DX
31 CALL RiAD?B(U,V,hH,P,I,d,K,IH,JN,IN,JN,KN§IUL,JNN,D,E,HX,HY,HI,
3¢ CHAR,MRH,‘I,ﬁH,AVgAP,DX,DY,DZ,DT,T!UX,TAUY,N,HR,HRH,TAI,TAH,TAV,AKT
33 C,CB,CH,A,BgC,EULyT,RO,TE,RREF,TREF1TO.TAMB,TTOT,ITN,EXJ
24 4 CONTINUE
35 CALL pRPAPA(AI,LH,AV,AP'DXyDY102|DT)DLZ'HAXIT’EPS'CHEGA,
37 CALL TPRINI(T#I.TAH,TAV,CB.CH,&KT1TREF,FREF,€UL,A,BQC;TE,TO)
18 CALL PRITEX(ITN,EX} ‘
39 CALL PRPINTUIL,Jk ,IWN,JWN,F}
43 CALL PRUVA(I,J,K,IN,JN,Kh,U,V,UV,THETA,HAR
81 CALL PRHH(IJ,JH,K,IHN,JHN,KN,HRH) o
62 CALL TPRIN&(I,J,K,IN,JH,KN,T,RO,TREF,HAR)
43 [ COKNTINUE
44 - END
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SUBROUTINES FOR MEAR .AND FAR-FIELD
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9.2 Subroutines for the Near Field and Far Field

The subroutines for the Near field and Far field are
given in alphabetical order in this section. These subroutines
are called by the main programs. The Fortran symbol explanation
can be seen in section 3 where they are explained in alpha-

betical order”
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9.2.1 CORINT

This program adds integral of Coriolis component to
XINT and YINT. XINT and YINT are calculated in the subroutine
INTE. XINT and YINT are integral of x and y components on the

right hand.side of Poisson's equation (EqQ 2.17, Vol.l1)




30 W) N E LN e

(%3

11

204

SUBROUTINE CORINTUI 3Ky INyJN KN JABR JU Vo XINT3YINT DZ4yHIoMAR)
DIMENSION ULIN,JN KNPV INGUNJKNE X INTCIN UND) oY INTCIN,JUND G HICIN,

CJUN) s PARCINyUN)

DO 1C I=1,IN

00 1C J=1,uN

IF (MARC{I,J)eLT.11) GO YO 9

D0 8 K=2,4KN
XINTCIZSIZXINTII gJ)=ABR¥HICT I *UV(I e K=114V(Igd,K)I*D2/2
YINTC(I,JISYINTUI ,J)+ABRAKHI(I ) *(U(T,JyK=22+U(I,J,K12%D2/2
CONTINUE

CONTINUE

CONTINUE

RETURN

END




205

9.2.2 CURNT
This program puts current into the model. This program
must be changed depending on the direction and magnitude of

the current.

This subroutine is not used in the sample case, as the

current is not considered) '
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#00C .CURNTS

1 SUBROUTINE CURNTS(I gJyKeINyJNyKN,U,V,DyEyHyG)
2 DIMENSION UCINJJUNSKNDIZVIIN,JINGKN) ,DEINgJNKN),
3 CECINGJUNgKNIGgHIINGUN KNI 3 GLINgJUNGKN)

q KNHIZKN=1

5 DO 10 I=1,IN

b Do lquzlngHI

7 DO 107 J=2,UN

8 UCIgJdyK)i==0sl

9 Y{I,JeK)=C.0

13 - DUIpdpKI==0,1
11 E(I,JyK)=C.D

12 H{IysJeK)==0al

13 6(1,J,K2=0.0
15 10 CONTINUE
15 RETURN

16 END
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9.2.3 CWXY
This program computes horizontal temperature gradients at the vertical walls in

a and B directions from the heat flux in x and y directions,




*DOC . CWXY

99

101

2Cs

208

SUBROUTINE CHXY (CUX sCHY3CWy T, Ky INyUNsKNyHI HX,HY,T,D2)
DIMENSION TCINgJUNJKNDSHI CIN gJNDoHXEINSJUND yHY LIN,JUND

IF tK.EQ.1) GO TO 99
IF (K.EQ.KN) GO TO 1C1

DITZoUTC Iy K1) =T(I JyK=123/¢2%D2)

60 10206

CONTINUE

DITZo(UeTCI ,Jo K1) =TT,y K)=T(I,J,K+213/(2%D2Z)
60 Yo 206

CONTINUE

DITZo(3% Tl K14 TEI yd oK =22 =BT {I,J,K=121/02202)
CONTINUE

CUXSCH+tK=13*DZ*HXT yJ1%D1TZ/HI(I,J)
CHMY=CNe(K=1)%D2Z4HY(I J}*D1TZ/HIL14J)

RETURN

END




9.2.4 DENSTA

This subroutine is used for the far field unstratified
cooling reservoir. The subroutine is similar to the subroutine
DENSTY. The only difference being that the matrix ROW (densities

at the half grid points) is eliminated to save computer core

space.
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SKM*DULL{1).OZNSTA .

Comxak e e otk ok s ofosk 0 okok o b ook R O o o o R K R R R kR Xk K okt g ok Ok
C
c
Cof s o e o ok o o N PR B K O T Nk R R K X0 o K R SO R A e R ok R R B

k-1

[ 23 Y

THE FCOLLOWING FRCCRAM CALCULATES THE DENSITY FIELD FROM
THE TEMPIRATURE FIELD

SUBROUTIKE DENSTAULI yJ oK oIWyduwgINgINgKNyINNgUNNGA 4L ,Cy
CHAK yMRH,

CToTW,RO, RREF, TREF )

DIMINSION ROCInyJN KNY ,TUIN,UNZKN)

DIMENSICN TW(TIwh,JWN, KN} .

DIMENSION MARU(IN,ZJUN) yMRHCIWNyJWN)

DO 1T IzZi,IN

00 10 Jz1,JN

IF (MAR{I,J).EGQeC) GO TO 12

DO 11 K= 1,KN

TEMSTUI, JyK)*TREFT+TREF

RTA+B®TEMICRTAMSTEM

RO(I,J,KI=tR~RREFI/RREF

CONTINUE .

CONTINUE -

CONTINUE g
RETURN 4
END
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9.2.5 DENSTB

This subroutine is used for the far field stratified cool-
ing lake. The subroutine is similar to DENSTY, the only diff-
erence being that the matrices TW (temperatures at the half
grid points) and ROW (densities at the half grid points) are

eliminated “to save computer core space.



SKM*QULL (1) .DENSTSB

212

€6 3k X6 3 o8 e 3 3 0 ok R X Xe g o5 g gl e ok a o s R ok kX K e o ol ke adc e o ol ool o kode o ol o ol o ke ok e M ek kN T

c

~
-

THE FOLLOWING PROGRAM CALCULATES THE DENSITY FIELD FRGM
THE TEMPERATUPE FIELD

Cooxm o o ek Bk o ok N R K A A ROR R R R R K e e ek A R R RN R R R R R R A AR R RN N

il
12
10

SU&QOUTINE DE.'.STB (I 1\’."(’1“ 'JH 'IN,JN'KNg IN 'JNN,A .E ,C'

CMAR y MRH,
CT,RO,RREF,TREF)

DIMENSICN RO(INGJNJKNI s TUIN JNJKN)
DIMZINSION MARCIN N} MRHUIWN JN) '
DO 13 I=Z1,IR

DO 10 JZ1l.JN

IF (MARLILJ)WEG.LC) GO TO 12

DO 11 K= 1,KN

TEMSTUI, JyK)*TREF +TREF
RTAMEXTIM4CxTEM®TEN
ROUILZJKIZ(R-RREF J/RRE

CONTINUE :

CONTINUE

CONTINUE

RETURN

END




9.2.6 DENSTY
This program uses the equation of state and computes
density field from the temperature field

Eq of State
P = A+ BT + C(T)2

In the program '

P . A+ B (Tem) + C(TEM)?

Where A,B,C are constants and there values are A = 1029431,

B = -0.00002 and C = -0.0000048
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*DOC «DENSTY
1 CEASRE A RYREXRE P LR E R RE RS R DF SR X XY BR G R ERAEDRE AR R X LR E RS RS ERTE hkRkkd e Rk R R p R’
2 c THE FOLLOWING PROGRAM CALCULATES THE DENSITY FIELD FROM
z c THE TEMFERATURE FIELD
[ CHEXXPRAEPEAERXT PIRL XX B EXRATRERREXRFFERAREBE RN E R R RE R R RS RO b Rk Xk k%
5 SUBROUTINE DENSTY LI g oK pIWgudW oIN N KN yINNyJNNgA 4B 4Cy
6 CMAR¢MRH,
7 CY,TWeROyROW4RREF , TREF)
8 DIHMENSION ROCIN,JN,KN) 3T UIN oJN,KN)
9 DIMENSION ROWCIWN yJWNyKN) ,TWLIMN W NgKN) '
10 DIMENSION MAR(CIN,JUND MRH (IUN yJUN)

11 DC 10 I=1,IN

12 00 10 J=1,JN

13 IF (MAR(I,J).EQ.0) 60 TO 12

14 D0 11 KZ1,KN

15 TEMST(I,JeK)*TREFSTREF

16 RSA+BXTEM+CHTEMBTEM )

17 RO(I,JyK)=C(R-RREF }/RREF

18 11 CONTINUE

19 12 CONTINUE

20 10 CONTINUE

21 D0 208 IWT1,IWN

22 DO 20 JU=1,JKN

23 IF (MRH{IW,JW}.EQ.0) GO TO 22

24 DO 21 K=1,KN

25 TEMNZSTR O IN,JW 4K IS TREF+TREF

26 RWZA+BXTEMWHC*TEMUKTEMN

27 ROwWtIW,JWsKIZ(RW~PREF)/RRE

28 21 CONTINUE : )

29 22 CONTINUE

30 2¢C CONTINUE

31 RETURN

32 END




9.2.7 DINERU

215

This subroutine computes DIHUUX, DIHUVX. This program

is called in INTE.

for pressure.

The results are used in Poisson equation

i §
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*DOC +0INERU .
SUBROUTINE DINERU(I gJsKyINgJUNKN,U,V,HI,DX,DY,D1HUUX,DIHUVX 4MAR}
DIMENSION ULINyJUN KNI gVIINGUNKN) JHICINgJN) yMARCINGUN)

3 IF(MAR(IZJ)LEQ.C) GO TC EC

L IF(MAR(I, J}.EC.1) GO TO 31

5 IFC(HMAR(I  J).EQe?) 60 TO 32

6 IFCMARLI 4 J).EQ.3) GO TO 32
7
8
b4

N

IF(MARLI yJ)4EQ.G) GO TO 34
IFE{MAREI ,J}.ECLS) GO TO 35
IFCMARITI yJ),EC.6) GO TO 36 .

13 IF(RAR(I,J).EC.7} GO TO 37

11 IF(MAR(I yJ}.EQe.8) GO TO 38

12 IF(MAR(I,J)EQ.S) GO TO 39

13 IF(MARCI yJ}¢EQ.101G0 TO 40

14 DIHUUXSCUCI 41 9 oK 1*UCT 413Uy KIAHI (101 ,J)-U(I~1,JeK)

15 CRUCTI=1,J,KI*HI(I=1,J)3/(2%0X)

16 DIHUVXS(UCI* L g o KIRVII41 gy KIRHI(I+ 1,03 =U(I=1,J,K)

17 CHVIiI=1,J,KI*HI(I=1,4)37(2*DX])

18 60 TO0 50

19 31 CONTINUE

20 DIHUUX= (ULI*1,J oK IxU(I+1,J,KI*HI(I+1,J)-U(I~1,Jd,K)

21 CHULI=14J,KI2HI{I~1,U))/(2%DX)

22 DIHUVXZ(UCI41 30 4K 1%VITI 41 3 , KI2HI (T4 1,J)=U(I=1,J,K)

23 CHV(I=1,JyK)*HIC(I=1,J11/(2%DX)

24 G0 TO 50

25 32 CONTINUE

26 DIHUUXS (UCI 41 3J oK %UCI 413 dyKIXHI(I41,0)~U(I=14J,K}

27 ' CHUT~1,J KI%HI(I=1,J33/ (220X}

28 DIHUVXS(ULI 414 K I#V Il ,JyKIRHICI+1,J1=UlI=14J,yK?

29 CHVII-1,J,KI3HI(I=-1,J)1/(22DX)

3C GO Y0 50

31 33 CONTINUE

32 DIHUUXS (4#HI (T4 1, )% UCI+1,J,K)#U (I41,J,K) ~3#HICI ,J1%UCI,J4K)
332 A CHUCT 3 KI-HI(IZ,JI%UCT#2,J,KI*UETI+2,J,K) )/ (2%DX)

34 DIHUVX=(4*HI (T4 1,J)2UCI41 3, K2V IT+1,J,K)=3%HICI ,J)#UI,JsK)
35 CHVIT S K I =HI(I4 2 ) ¥UCI+24J yK )%V (I92,J,K} 1/ (2%DX}

36 60 TO SO :

37 34 . CONTINUE

38 DIHUUXZ € IPHT AT 3 J)3U (T o d oK IRUCT 3 J oK) ~U*HI§T=1,J3*%UCI=1,U,K)}
39 CHUCTI =1, KISHI(T =2, 0%U0T~2 3J K I3ULI~2,J,K) )/ (2%0X)

40 : DIHUVXS(33HI (I, J)4UCT 3d K 1% V(T ,J oK) ~4%HI(I~1,J2%U(I=1yJ,K)
41 CHVEI~1,J s KISHTI(T=2,J1%U(I=2,d,KI*VII1=2,J,K3})/(2%DX)

42 60 TO 50

43 35 CONTINUE

44 DIHUUXSCG#HI (T4 1,00 %UCT 41 3J,KI%U (T 41 ,JyK)=34HICT ,JI%UCI,J4K)
45 CHU(T g, K3 -HI(TI+2,J)%UCI+2,J,K)%UCT42,J,K} )/ (2%DX}

46 DIHUVXZ(USHTI (T4, J)#UCI41 yJ yK 1%V (101 303K I =3+HI (T 3 J)5UCT,J,K)
47 CHVAT ,J K =HI (T 42,J3%UCT492,d KI%V{T*+2,JyK)3/ (2%DX)

48 60 T0 50

49 3¢ CONTINUE

50 DIHUUX=Z(UCI1,J oK 14UCT 01, dy, KISHT(T41,J)=U(I=1,d,K}

51 CHUCI=1,J KI*HICI=1,J)0/(2%DX)

52 DIHUVXS(UCI 41 3J oK 1RVLTI 13 JygKIRHT(TI41,J)=U(I~1,J,K)

53 CH+V(I-1,J,K)*HTCI~1,J))/(2%DX)

54 G0 TO SO

55 37 CONTINUE

56 DIHUUXZ(UAHICI® 1,J) 3UCT 4] g J K IRU (T 4] )J oKD =3¥HI(I yJ1%ULI oK)
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CHULI g JoKI=HI(T®# 2 ) ®UCI*2,J,KI5ULT+24J,K) )/ (2%DX)

DIHUVXZCY#HI (T4 1, U %UCTI 4130, KI#VIT41,J,K)=3%HI(T ,J)2U(I4J,K)
CHVIY,JgK)-HI(I+2,J)3%UCI42,J,K)3VII42,J,K) )/ (2%DX)

G0 TO 50

CONTINUE

DIHUUXSCUCI#1,J,KI3UCI 41, JoKISHI(I*+1,J)=UCI=1,J,K)
CHULTI=143J K)#HICTI=1,J31/L230X)

DIHUVXS(ULI*14J K IxVII41,J,KISHT(I+1,0)=Ul1=1,JyK)
CHVII=1,J,KIsHI(I=1,J32/(2%0X)

60 TO 50

CONTINUE '

DIHUUXZ (3#HICT p 20T 3o K% UCT 3 J K} =43HI(T=1,J)%UCI~14J,K)
CHULI=1,J K)tHT(T=2,J0%UCT=2 4JoKI*UCT=2,J,K))/(2%DX)

DIHUVX=(3#*HT (T, J)%UCT 3 J,KI¥V(I,J K} ~4#HTI(I~1,J)%U(I=1,J,K)
CRV(I=1,J K +HI(I=2,J1%UCTI=2 ydoKI#V(I=2,JyK}2/(2%0X)

GO TO 50 _

CONTINUE

DIHUUXZ (3#HI (T, J1RUCT 3 K 1RUCT 4 J K ~4%kHI(I=1,J)%UCI=1,J,K)
CHUGI=1,d yKISHILI=2,J)%UCI=2 yJdgKI2U(I=2,J,K) )/ (2%0X)

DIHUVXZ C3#HI (T, 33U LT 3J, K16 V(T ,J, K} =UsHICTI=1,J)%U(I=1,J,K)
CHV(I=1,J g KIPHI(TI=2,J)%UlT =2 ,J KI#V(I=2,J,K})/(2%DX)

CONTINUE :

RETURN

END
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9.2.8 DUVY
This program computes DIHUVY. The program is called in

by INTE, 3 (huv) is computed for interior, boundary and corner

9B
points by the scheme similar to the one used in DINERU.
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SUBROUTINE DUVY (I ,J,K,IN,JN,KN,U,V,HI,0Y,01HUVY ,HAR)
DIMENSION ULINgJN KN oV IINQgUN KN JHICIN  UN) JHAREIN,,JUN)

IF(MAR(ILJ).EQ.C) GO TO 50

IF{MAR(I,J) .EQ.1) GO TO 31

IFIMAR(TI ,J)EQeZ) GO TO 32

IF(MAR(I,J).EC.2) GO TO 23

IF(HARII  J)EC.4) 60 TO 34

IF(MAR(I,J} .EQ.5) GO TO 35

IFIMAR(I J}.EQab) GO TO 26

IFEMARII ZJ)4EQe7) Gg To 37

IF(MAR(I,J)} ,EC.p} GO TO 38

IF(MAR(TI,J1ECe93 GO TO 39

IFCHMAR(I L JYEC. 10160 TO 40

DIHUVYS (UL g vl oK IRVIT yJ+ 1y KIFHILI, o1 ) -U(I,4d-1,K)
CHVII, J-14KI*HI(I,J-1)1702%DY}

60 TO 50

CONTINUE

DIHUVYZ (32HI (T4 J3%UCT qJ o K1 % V(I ,JK) ~4%HI(I,J=1)*%U(I,J~1,K)
CHVII,J=14KItHIUIJ=2)gUlI,J=2 K3V (I,d=2,K)),(2*%DY)

G0 T0 50

CONTINUE

DIHUVYS(43HT (T, J 1) #UCT,J41,KI %V (T,ds1,K)=3*=HI(I,J)*
CULI dsK)2Y(I g pKY~HI (I pd+2)%U (I ,J42 KI*V (I, J+2,K)) /L 2%DY])

60 TO SO

CCNTINUE

DIHUVYZ (UL (J+1 K3V T (J21,KIHTI (I, d+1)=U(I,d=1,K)
CHVII,J=~1,KI®HI(I,J=1))/ ¢23DY)

G0 T0 SO

CONTINUE

DIHUVYS(UCI yJ 1K ISV (I 3 o34 KIZRICET, 41 -U(I,J=1,K)
CEVII,J=1,KI*HICI,J=1}3/ (2%DY)

G0 Y0 50

CONTINUE

DIHUVYS (3#HICT pJI%U(T ,J K I*VIT J K] =42HI(I,d=1)2UtI,J=1,K)}
CAVIIyJ=1,4KIPHICI4J=2)3UCI,4J=2 K}¥V(TI,J=2,K)} (2%DY}

60 T0 50

CONTINUE

DIHUVYS(UCT ,J4 1, K%V (T, 021, KI®HICI,J21}=ULL,d"1,K)
CEV(T,J=1,K)*HItI,d~1))/ (2%DY)

60 Y0 573

CONTINUE f
DIHUVY=S (UsHI (T, J+233U(1 4 4] KRV (T, Ue1,K)=3%HI(I, J)*
CUCT JoKIIVIT g Uy KI=HI(I 30423 0UCT4J¥2 KISV (I4J92,K))/(2%DY)

60 TO0 50

CONTINUE

DIHUVYZ (UCY ,J+1 K%V (I, J41,XI%HI(,J31)-U(T,J=1,K)
CH¥VEI,yJ=1yKI)*HI(IyJ~1))/ (22DY)

60 T0 SO

CCNTINUE

DIHUVY=¢O#HI (T, J4138U(T ,J+1,K)*V (I, d41,K)=3%HI(I , )%
CUCIpJs KRy (T g Uy KI-HII 223U (] ,J42 ,KI%V(I,J42,K3)/02%DY)

60 T0 sO

CONTINUE

DIHUVYS (3#HTI (T pJ 33U (T gJ K3 VT U K} =4%HI(I,J-1)%U(I,J"1,K)
C*VUT U=l vKI*HI(IJ=204UTsd~2 K)#V(I,J=2,K))/(2%DY)
CONTINUE
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RETURN
END
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9.2.9 DVVY

This program computes DIHVVY. This program is called by

INTE. 3 _ (hvv) is computed for interior, boundary or corner
9B

by the scheme similar to the one used in the subroutine

DINERU.
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SUBROUTINE DVVY (I,J¢KyIN,JN KN, ,U,V,HI,0Y,DIHVVY, ,HAR)
DIHENSIOM UCINy gNykND o VIINsJINsKNIsHICINSJUND o MARCIN,UN)

IF(MAR(I,J).EC,C) GO TO s0

IFCMAR(I,J)EC.1) GO TO 31

IFIMAR(ILJ)LEQ.2) GO TO 32

IF(MAR(T,J}.EQ,2) GC TO 33

IF(MAR(I,J}.EC.8) GO TO 34

IFCMAR(I,J)+E0.5) GO TO 35

IF(MAR(ITI,J).EQ,€) GO TO 3p .
IF(MAR(IJ)EQ.7) GO YO 37

IF(MARCI,J) EC. 8} Gg To 38

IF(MAR(I,J) EQ.9} GO TO 39

IF(MARII, J).EQ.10)60 TO 4C

DIHVVYSCVII pJ91,KI0VIT yJ+1 o KIRHICT 0010 =V(I,d=1,K)%
CVCIyJely KISHI (I 4d=12)7(2%DY)

G0 T0 50

CONTINUE

DIHVVYS (33HI (T ,J 32V T 3 oK 1%V (I jJ 4K I SHI (T 3 J =218V (I,J-2,K)
CHVIT J=2 oK} =4*HTI (T, d=11%V (I d=1,K)*V(I,J=1,K})/(25DY}

60 T0 50

CONYINUE

DIHVVY= (UsHI(T ,J412%V (I ,J+1 KIAV (T, 41, K}=3%HI(I,J3*V(I,J,K}
CHVUTsJsKI-HICT U422 %V (I19J2,K} 2V iTsJs2 ,K) M/ (22DY}

60 TO SO

CONTINUE

DIHVVYZ (VI ,J41,K 18V (I ,J0 1, KIRHI(T,de1 1=V (I,J=1,K)%
CVII,J=1, KI*HI(I,J=1}y/ (240Y)

60 TO 50

CONTINUE

DIHVVYS (VI ,J#1,K)%VII,J4], KISHI(TI,Je1}=-V(I,J=1,K}*
CVIIyJ=1yKIZHItI J=1))/ (2%0Y)

60 70 58

CONYINUE

DIHVVY=(3#HI(T ,J) VT yJ oK IsVIT,JyKI4HIUT ,d=202V (I, d=24K)
CHVIT,J=2,K)=U*HT (I,J=12%V (I J=1,K)1*V(I,J=1,K}}/(2%DY)

60 T0 S0

CONTINUE

DIHVVYS (VI 41, K%V I, J¢1,KI*HI (T, Je1)=V(I,J=1,K}*
CVEIyd=1,KI*HICI ,J=1)1/(2%0Y)

GO T0 50

CONTINUE

DIHVVYS(8#HI (T, J+10%V (I 91 yKI%V (I, Ue2 4K =33HICT yJ3*V (g gyK)
CHVUT,JpK)-HIETI,Jo2)%VII,Jda2 KI#V(I,J92,K})/(25DY)

60 Y0 50

CONTINUE

DIHVVY= (VL ,Ja1 K34V (I,J+1,KI$HT(I,de1)-V(I,J=1,K)*
CVIIgJ=1eKI®HICI J=11)/12%DY)

60 TO 50

CONTINUE

DIHVVYZ(G#HT (T,Jo1)%V (1,091 KI#V (T,J91,K)=3%HICT ,J)*V(I,J,K}
CHVUIpJgK)=HICI,Je2) %V (I 9J42 4K )%V (I,d42,K) 1/ (2%DY)

60 TO 50 :

CONTINUE

DIHVVYZ (Z#HT (T ) #V LT od K 1RV 3o KIVHI(T 3 J=20%V (T d=2,K)
CHV(Tyd=2,K) =4#HT(I,J=122V(I,d=-1,K)%V(I,J=1,K})/(24DY)
CONTINUE
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RETURN
END
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9.2.10 DIVSU
This subroutine computes DIUX, D20X, DIUY. This program
%% d %% are computed for interior,

boundary or corner points by a scheme similar to the one used

is called by INTE.

in DINERU.

D
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i*00C.DVISUy .
1 SUBROUTINE DVISU(Y ;J 4K IN,JN KN, U,V ,HI, DX ,DY,DIUX,D2UX,D1UY,D2UY,
2 CHAR)
3 DIMENSION ULINSJUN KNIy VIIN,JN,KN)HICINJJINI) JMARTIN,UN)
8 IFLMARUI U LEQaL) GO TO SC
5 IFtMAR(TI J)4ECLL) Go TO 31
6 IF(MAR(TI 4J).E0,2) GO TO 32
7 IF(MARIT yJ}eEC.T) GO TO 32
8 IF(MAR(I,J}.EQ.t4} Go TQ 34
9

IF(MAR(I,J]1 EQ.5) GO TO 35 ‘
10 IF(MARII J} sEQe&) GO TO 36
11 IF(MARIT yJ) »EQe7) 60 FO 37
12 IF(MAR(I,J) EC.8) GO TO 38
13 IF (MAR(I ,J)+EQeS) GO TO 39
14 IF(HAR(T ,J) .EC. 10260 TO 40
15 DIUXS(UCI®1,yykI=UCI=1,J,K) )/ (2%DX)
16 DIUYS(UET,de 4K )=UCI,Jd=1,K))/(23pY)
17 © D2UXz(UCIe1 J K )=2%U (T ,J,K)4UT ) ,J 4K} )/ (DX*DX)
18 D2UYS (UL Tyt 14K =28y tT,dsK)+UEIod=1,4Kyy/ (DY%DY)
19 60 TO 50
20 31 CONTINUE
21 DIUX=(U¢T41,J,K)-UCI=1,J,K))/(2%DX}
22 D2UX=CU( J41,J,KI=2%U(T 4Jd,K)+U(I~1,J,K))/COX%DX)
23 DIUYS(IHULT g yK J2ULT 3J=2,K) =43U( Ty g=1,K}}/(2%DY)
24 D2UYS(UCT,J,KI4UCI Jap,K}=2%U(I,J=1,K)}/(DY*DY)
25 G0 T0 50
26 32 CONTINUE
27 . DIUXS(UCI+1,d,K)-UlI=1,J,K))/(2%0X)
28 D2ux=(UCI+1sd oK 1=24U (I J K)aUgI=1,J,K}1)/(0X*DX)
29 BIUYZ (4P UCT gt gk I=34UTT 4y K)=ylI,d92,K)1/L25DY)
30 D2UYS QUG Tod#2,K I0UCT gJ oK) =2%U(I,J41,K) 2/ (DY*DY)
31 6C 10 50
32 33 CONTINUE
33 C DIUYZIUCT,del,K)=U(T yJ=1,K})/ (2%DY)
3g D2UYS(UCTI U+l ,K)=-2%UCT4JyKI+U(T,d=1,K})/7C¢DY*DY)
35 DIUX=(42UCI+1,J,K)=32U(I,J,K)=U(I42,4J,K})/(2%pX}
36 D2UXS(YET92,J K1 =25U0I+1,J,K)+U(I,Jd 4K}/ (DX*0X)
37 GO0 70 50
33 35 ©  CONTINUE
39 DIUYS(U(I,Jel K 1-U(I,J=1,K)1/7(2%DY)
40 D2UYS(U{TI,U+14K )=2%U(T 3J K3 +UCI,d=1,K))/ (DY%DY)
31 DIUXS(33UCT g pK )=tk U T =1,y KI4U(I=2 yUyKI} /(2% DX)
42 D2UXZ(UCT,J, K3=28U(Twg,d K)2U(I=2,d,K})/(DX%DX)
43 60 To 50
44 35 CONTINUE
45 DIUYZ (33U T ,J,KIoUCT 3J=2,K) -43U(T,d=1,K)}/(2%DY)
46 D2UYS(UCTgJdsK )P Ullgd=2sK)~28UCTsd=1,K))/ (DY5DY)
47 DIUXS (4R UCTI+1,J oK) =3%UCT, gykI=UCT42 ydsKI 2/ {2%DX)
48 D2UXZ(UCTI42,J yK 3=28U T 41 3JyK30U (T 4d K1)/ (DX*DX)
49 6o To S0
59 36 CONTINUE
51 DIUXZ (UL T4y KI=UtI=14J,K))/(25DX}
52 CIUYS (UL T, J41,K)=U(T ,J~1,K)} )/ (2%DY)
53 D2UXTCUC 191y JgK)=2%U (T 4JyKI+UCI~14J9K))/EDX%DX)
54 D2UYS(UCT,J4l,K 1=2%U(T 4J,KIsU(I,d=1,x137(DY%DY)
55 66 Y0 50

56 37 CONTINUE
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DIUYS(UsUITJel4K)=3%UCT Uy KI-ULIpd*24K11/(2%DY)
B2UYZCU(T,Je2,K I9ULT yJ K )=23UET,Js1,K})/LDY®DY)
DIUXZ(4%*ULI o1 ,J ,KD=32U(I d,KI-U(I42,d,K))/(2%pX)
D2UXZUUCTI42,J 9K 1=24U(I414J,K)oU (I J,K))/ EDX*DX)
60 T0 SO

CONTINUE

DIUXS(UETI41,J,K)=UlT=1,J,K})/(2%D0X)

DIUYZTUC IgU* 1eKI=U(T yd-1,K} )}/ (2%DY)
D2UXZCUCI+1,J,K¥=2%ULTlJyg)*UCI-14d4K) )/ (DX%DX)
D2UY= U T U1 ,K 1=2%UCI yJ,K)4U(I,J-1,K32/(DY*pY)
60 TO 52

CONTINUE

DIUYZ(4UCT o J 91 ,K)=32U(T 4dyKI=U(I,J92,K))/L2%DY)
D2UY=RUCTse2,K I 4ULT yJ K )-24UCT,J+1 ,K) )/ (DY%DY)
DIUXZE3*UCT gd oK JolnU LI~ g KISU(I=2,U,K}27(240X)
D2UXZCUCIgdyK 1=20U(T=1,J,K)sUCI-2,J,K))/{DX*DX)
60 10 S0

CONTINUE

DIUYZ(3xU(L,J,K)2U(] pJ=29K)=43U{I,J-1,K}¥)/(2%DY)
D2UYS Uty TedsK )P UCTJd=2,K y=2%U¢I,J=1,K}3/(DY*DY)
DIUX=(3%ULTJ oK J=U*U T =1 9 Jy KIWUKI=2 4JyKD )7 0240X)
D2UX=CUC T K )=z U(T=1,J K2 2UCI~2,J,K}}/(DX*DX)
CONTINUE

RETURN

END
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9.2.11 DVISV

This program computes DIVY, D2VY, DIVX AND D2VX.

program is called by subroutine INTE,.

similar to the one used in DVISU,

Schemes used are

This



EN*DOC.OVISY
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36
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SUBROUTINE DVISVITI J oK 3IN ;UNJKNU 9V 3 HI DX DY D1VX,D2yxy01vyY,0D2VY,
CMAR)

CIMENSION UCIN,JIN KNI VIIN,JN KNI HI(INZINY ,MARCIN, N}
IF(MARITI 3J} 4EQ.LC) GO TO 50

IF(HARLILJ) EQel1) gO TO 31

IF(MARCI 4J)EQ,2) GO TO 32

IF(MAR(I,J).EC,3} GO TO0 33

IF(MAR(I J)EQe8) GO YO 34

IF(MAR(I ;J}¢EQe5S) GO TO 35 .
IFIMAR(IJ)ECst) GO TO 36

-IFIMARCI 4J) EQ.7) GO TO 37

IF(MAR(I,J).EQ.8) GO TO 38

IF(MARLIyJIECGeS) GO TO 39
DIVXSIVII®],J K I=V(I=1,d,K)}/(2%pX)

DIVYS(VL I sdetl oK I=V{I J=1,K}27(2%x0Y)
D2UXS(VUI41,J K 3=2%V T, yKISVII-1,JsK}I/{Dx*DX}
D2VYS(VII o1 yK 12V II oJ K1tV (I,sU=1,K})/7EpY*DY)
GO Y0 S0

CONTINUE

DIVX=(V(Iel,J,K2=VII=1,J,K))/(2%DX)
D2VXZUVII*14JeK ) =2% V(T3 ,KI#V(I=-1,J K})/ (DX%DX)
DIVYZ(3I*V(IJ oK b =82V L1, y=1o kI VI {TsU=24K}D/(2%DY)
D2VYS(VII4JK 3oV T 3J=2,K)=2%V(I,J=1,K)})/7C0Y%0Y)
6o Yo Sg

CONTINUE

DIVXS(VII®l,J 9K )=ViI=1,J,K))/7(2%DX)
D2yx=(VII+1,J,K j=24V (I ,J, KI4V(I=1,d,K)]/(DX*DX)
DIVYS(U*VIT o L ek ) =38V (I ,JsKI=y(IyJ+2,K}}/(2%0Y]}
DaVYS (VI Je24KIoVII 4J,KI=23VII,Ua1,K)}/0DY*DY}
G0 TO0 50

CONTINUE

DlvY=eV(I,Je1,K)-V(TI,J=1,K))/(2*DY)

D2VY=UV (I oJdt1loK ) =2yl J K)oV (Iad=1,4K)3/7¢DYXDY])
DIVXZ(URVII+L J o K)=3AV (T, JsKI=VI(I92,J,K}}/7(2%DX}
B2VX=(V(I42,J,K)-2%V(I+],d,K)+V(I,J,K}}/(DX%DX)
60 To 50

CONTINUE

DIVY=(VII U+ eK )=V J=-1,K) )/ (22DY)
D2vy=(VEI,J+1,K)=2%V (I ,J,K)+V(I,J-1,K})/¢DY*DY])
DIVXS U3V g oK I=4kV(I~1,UgKIsyiI=24JsK)}7/(¢2%DX)
D2VXZS V(T gdgK J=23V {I=1,d,K)4V(1-2,U5K2)Z7(0X*DX)
60 Y0 50

CONTINUE

DIVY=(32V(I J K I-UV(I J=14KISVIIJ=2,K)})702%DY)}
D2VYS VI IydyK IV I, U=2,K =22V (1, J-1,K))}/ (DYDY}
DIVXZU4RVITI4]od K )=TkVIT, s KI=VII*23UyK)I/(2%DX)
D2VX=(V{I92,J oK )=V T+ ,dyKIVII, JyKI2ipX%pX])
G0 YO SQ

CCNTINUE

DIVX=(V(Isl,J ,K)=V(Iag,J,K}}202%0X)
DIVYS(V(TaUurl,K}~-v(Isd=-1,4K}}/(2%0Y)

D2VXS (VR IA1lydsKI=23V T eKI*V(I=1pJyK})/(0Xx*0x]
D2VY=Z(V(Iuel K)=2%V (I JyK)sVII,J=~1,K)}/(LY%DY)
GC TO S0 :

CONTINUE
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38

39

40

234

DIVYSCURVII 42 oK )=33VLT 4 JpKI=VII J42,K))/¢24DY)
D2VYSUVE T, J+2,K)eVIT g KI=22V(I,u+1,K3)/7(0Y%DY)
DIVXZ(4#V(I41,J,K)0=38V(I,doK)=V(I92,JyK)12/(2%0X)
C2VXS(V(I42,J,K)=2%VII+1,UsK)*v (I ,J,K))/ (0X50X)
60 10 50

CONTINUE

DIVX=SCUCTI*1,d,K0-VII=1,J,K}0/(2%0X)

DIVYS IV T, J+14KI=VII,J=1,K1)/(2%DY)
BoVXSHVEIN1,J,K)=2%V (1, 0sK) 3V II=140,K))/{DX*Dx])
D2VYSUIVII,Je1 4K 1%V (I J,K)eVII,J=1,KI}/L{pY*pY)
60 10 S0

CONTINUE

DIVYZ (4% V(I J*1 , K133V (I,J K)=V(I,J¢2,K22/(2%DY)
D2VYS AV Tgd2KI4VLT gJsKI =24V (I J+1,K))/7 (DY*DY]
DIVXZ(3RVET g oK dotinV(I=1,y JpKIVII=24JeK)) /7t 2%DX)
D2VXZ(VEI,J K 1=23V(Twl gd K +V{I=24J,K))/(DX%DX)

.60 Y0 S50

CONTINUE

DIVYS(32VLI 4K ) i V(I gJ=1,K)#VI(I,J=-2,K))/(2%DY)
D2VYSUV{I,3J)K)I4 V(T4 J=2,K =22V (] ,J~1,K))/ (DYXDY]
DIVXS(3%VII K I=4xVTI-1,JyKI*VII~2,UyK))/(2%0x])
D2VXS(VIIgdsK Yo 2 VII=14J,KI3V{I=2,U,K))/LDX*DX])
CONTINUE

RETURN

END
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'9.2.12 D12z
This subroutine computes DlUZ, DZUZ, D1VZ, DZVZ, D1lA3Z,

DICVZ. This subroutine is called by INTE. At points on the
surface, KN=1, forward difference scheme is employed.

rur




— \3D0C .D122Z
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W 2T RS2 22222222 222 F R R 2222 SRR 2 2L R R R S 2 22 R 22 22 s BORRPTETE TS S22 L

c

THIS PROGRAM CALCULATES THE Z DERIVATIVES

C 22X XIERREREBABPEXB 3 dp B X B X BB X XXX IR FEDAERRRAER RS FE A RN ARR BB R F AR KRR R A BN BR R N AR R

61

62

63

SUBROUTINE D12Z (T gJK3IN N KN UV, ki oHIoHXoHY ,0X 40Y4DZ4,D1UNZ,
CA3 TAUX, TAUY,
cDivwz,D1uz,02v2,01VZ2,D2VZ,014A32)

DIMENSION UCINgJINKNIJVIINGJUNGKND o (INJJUNJKN) HI(IN,UN),
CHXLIN,JIN) HY{IN ,JUN)

DIMENSION AZ(KN) .
TIF (KeEQ.l) GC T0 61

IF (KeEQexN) Go TO 62

DIUZZCUC T U K41 ¥=ULT 4J4K=3)1/7(2%D2)

DIVZoUV( I, J K413V J,K=~12)/12%D2)

D2UZZ(Ul T3 e K212 =2%UCT gJyKY2UlTI U K~-1))/7¢0Z2%D2Z)

D2VZ=(VIIsJyK+2 =28V 1,39kl #V(TIyJsK=123/708D2%0D7)

DIAZZ-(A2(K+1Y.23¢K=1)27(23D2)

DluH22(UII.J,K0l)tH(I,J,K41)'U(I,J,K'l)*H!I'J,K-l))l(Z*DZ)

DIVNZSUV LT g oK+ 12T o Uy K¥1)=VIIJy K=10%yllyJdsK=1),/(24D2})

60 YO 63

CONTINUE

DIUZ=HI(I J)*TALX

C1VZ-HI(I,J)*TAUY

D2UZZ2*%{UCI s JoyK*13=py(TI 99K I/ (D24DZ y=2%(TAUX*HI(I,J)/D2}

D2VZ=2% (Vi1 JyK#1)=V(T 3J,K} )/ (DZ*DZ J~2%(TAUY*HItI+4J}/07)

DIAZZ-(USASIKA1 I 2*AZ(K)~AZ(K+2))/€2%D2}

DIUMZZ(8AUCT o Sp K1 W I g oK 02 )=3%U(TI J KI 2N (I yJgK)=UlT JdyKe2) (1
CyedsK+231/7(2%02)

DIVHWZS(UAVII g Je K 1)* WL odpK #1332V I J KI*N LTy yyK?
C=VIIoJ,K42)»xW I ,J,K+2)2/(2%D2)

60 T0 63

CONTINUE

DIUZ=(3+U(T g yK 3-0%U(] ,J ,K~-134UL(I,J,K=-2))/(2%p2]}

DIVZZ(3* VeI 9K I=83VEI 3J 4 K=134V (I ,J,K=2))7/(2%D2)

D2UZ=(UL T JyK=232U(Y,,JsKV=2%U(I,J,K=111/7¢€DZ2%D7}

D2VZoIV (I3 e K o2 )eVIT gJ K 1=2%V I IyJyK=1)2/7CEpZ2p2Z)

01A322(3AAZUK =823 (K=1)4A3(K=21)/(2%D2)

DIUNZZ(32ULT gJ oK IR LT g oK ) -U%U (T3 e K=1I*W I g gK=~1)
CaU(I, J ,K=2)%W (1l ,J,K=2))/7¢2%DZ)

DlyyZ=t33v (I sJdoKdob (19J K8V (I, J,K=1)2U (I, ,J,K=1)
CoOVIUIyJyK=2)%M T odsK=2)2/(2%D2)

CONTINUE

RETURN

END
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92.13 ERROR:Calculates "HIRT and HARLOW" correction term at half
gridpoints and at the surface. The last term in Poisson's
equation is "HIRT and HARLOW" correction term. This is eval-
uated by a backward difference in time with present time set
equal to zero. This is necessary because Poisson's equation is
usually solved by the iterative technique usually leading to
errors. If they are not corrected, continuity equation will
not be satisfied leading to accumulation or loss of fluid from
the system.

In the program

WHLDT (IW, JW) = -WH(IW,JW,1)
DT

WH at previous time step is set at zerq.

WH at present time step is nonzero.
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\#00C ,ERROR

(2 2R3 2 2R RS R RIS 23 222 2222 2 RS E Rt 22222222 R 2222222 X2 R 22 2 TS
c THIS PROGRAM CALCULATES THE HIRT ANC HARLON CORRECTION TERM AT THE
c SURFACE
CEARS XN ERERFAARE PR IR P ARSRIREE YRR ARSI T B AP RAE R R R AR R AR R R R R R R kKK Rk X
SUBRCUTINE ERROR(IKN gJuN » I6 yJW DT yWH,WHLD Ty KNyMRH]
DIMENSION WHLODT (IWN yJWND oNH (IWN,JWN ,KN)
DIMENSION MRH{IWN,JWN)
C WHLDT IS THE TIME DERIVATIVE OF W AT HALF GRID POINTS AT LID
DO 3100 INS1,INN
DO 2103 JWS1,JWN ‘
IF (MRHUIN,JW).EQ.G) 60 YO 2CGO
WHLDT(IN W)= =NHEIW 3N 1)/DT
30C0 CONTINUE
31CC CONTINUE
RETURN
END
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9.2.14 FORCE:This program computes R.H.S. of Poisson's equation at

half grid points.

FH= Fli g_(-Axl + Ax, + C_ - Xp)
a
+ 13 (--Ayl -Av2 + Cy -YP)
h 38
- l(& 35Ps + oh aPs -@‘
h \3a 3o 3B 3B otz = 0
=13 (XINT) + 1 3 (YINT)
h %a h 38
- ;[_a_r_x (DPSX + 1 v -Bx) + dh (DPSY -1 _ u-By)]
h L %a Rb 3B Rb
- WHLDT '
This program takes 1 v, 1 u, Bx and By equal to zero
Rb Rb
oPs = DPSX
o

and 3Ps at half grid points is average of four surrounding main
aa .
grid points.

3 (XINT) , 3 (YINT) at half grid points is average of four

da 3B

surrounding main grid points.




{*D0C «FORCE

N =

S0
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SUBROUTINE FORCE(T4d TN g Wy XINT yYINT,WHLOT,DX,0Y 4HIHX,HY,

CHRH,
COPSX,0PSY,FH AP yIN,JN,IHN yJWN RINTX JRINTY ,U,V ,EUL,ABR,MAR, KN}
DIMENSION XINTCINGUND o YINTCIN,JINJ,WHLDT CIUN 3uWN) JHICIN,JN)  HXCEIN,
CUNI JHY(IN,JUND JDPSXCINJJUN ) JOPSY(INyJN)oFHIINNyJWN)

DIMENSION MRH CINN JKN)

DIMENSION RINTX (IN,JN KN ) RINTY CINyJNSKND U CINgJINKN) s VEINy UN,KN)
C,HARCIN, JN}

K=1

DO 90 I=1,IN

L0 9C J=14JN

IFI{MAR(I,J).LT.11) GO TO 50
DPSX{I,J)=DPSX(I,J)~EUL*RINTX(I,J,K)eV(I,d,KI*ABR
DPSY(I,J)=0PSY(T,JI-EULSRINTY(I,J,K)=UCI,J,K)*ABR
CONTINUE

DO 10 IW=1l,IMN

DO 18 JWS1,JKN

I=1IW

JTJW

IF (MRH(IWyJN).EQ.0) 60 TO 9
DPSXHZ(DPSX(I,J)+0PSXtI+1,J)4DPSX(I,J?1)*DPSX(I+1,J+1)1/4.0
DPSYHZ(DPSY(I yJ}40PSY (141 ,J140PSY (I ,J41)4DPSY(I+1,J+13)/4.0
HXHI (HX (I pJ)9HX (I91,J)+HX (1, J+1) 48X (1¢1,J+133/4eC

HYHS(HY (To U+ HY €191 4J ) +HY (I yJ4134HY (I+1,J41))/4.C
DXINTSUXINTU(I*1,J)+XINTEI41,J¢1)=XINTCI,J}=-XINTCI,J*12)/(2%DX)
DYINYZ(YINT(I J41I4YINT(I41,J91)=YIANTCI,J)=YINT(I%1,4})/(2%DY)
HHSCHI(I pJ}4HT (I 41 3J)4HI (T, J21)4HI(T¢1,J+1) /4,0

FHUIN JUDIZU1 0 /AP IR (=(1o/HH) #(DXINTSCYINT ) =WHLOTCIW,JW ) ~CAP/HH )%

CUHXH*DPS XH+HYH*OPSYH )}

CONTINUE
CONTINUE
RETURN ~
END
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9.2.15 GRADS

This program compute slopes of the bottom using non-

dimensionalized and unstretched depths and o and g coordinates.




M%=DULL (1) .GRADS

33

35

36

37

242

SUEROUTINE GRADSCIN gJN oMM 4IKN gJWN gHI JHX yHY? MARZMRH,LX,0Y)
DIMENSION MAR(CIN,UNY,HICINZUND) pHXCINGyUNYJHYCIN, IN)
DIMENSION MRHAUIWN,JWN)

TG CALCULATE HXAND RHY
00 23 IZ1,IN
DO 50 J=1,JN
IF{MAR(I,J)}2Cuel) GO TO &C
IF(MAR(I J)EQeL) GC TO 231
IF{MAR(I,J)EQ.2) GO TO Z2 '
IF(MARILTIJIeEQL2) GO TC 33

IF¢MAR(I,J) oCC) GO TO 34
IF(MARII,J)LEC.S) GG TO 35
IF(MARIILJ) EQe&) GO TO 36

IFIMARI{I J)eEGe7) GO TO 37
IF(MAR(I,J}EC.3) GO TO 38

IF(MAR(IZJ)ECWC) GC TO 39

IFCMARCI JIEC 15160 TO &L
HXCI dIZtHI(ISL,Q)-HI(I=1,u))/¢2%DX)}
BY{I 4 JIZ(HItI Je1)=-HI(I,J=-12}/¢2%0Y)
GO TO 50
CONTINUEL
HX{I JIZT(HI(I+1,J)-HI(1=-1,J}}/(2%0DX)
HY (T3 J)ITU3IRHI(I,UI+HI(I 3 J=2)=4¥HI(I,J=1))/(2=DY])
GO TO &2
CONTINUE
HXCI,JIZtHICI+1,J)-RHI(I=1,d31/7(2%DX)
HY(IyJ)ZtGRHI (I, J L) ~23HI(I4J)=HI(I,J*2) )/ (2xDY)
G0 T0 32
CONTINUE
HXUI$Jd)TUUxHI (I 43 4J)=3=HI(I,,J}=HI(I+2,J)3/7(2%DX}
HY {14 JIS(HI(I yJ2i)-HI(I,d=1)3/7(2%0DY])
GO T¢ >oC
CONTINUE
HXUI JIZTUZRHI (D3 J)+HTI(I=2,J)~4%HILI~%,d})/ (2%DX}
HY(I,JIZH(HI(I J¥41)-HICI,J~-2132/(2%0Y]}
GO TO 50
CONTINUE
HXCIyJIZ(UsHI (I 41 ,J)~2%xHI(I,Jd)~HI(I42,J)})/(2=DX]
HY (T JIS(ZxHI(T 4 JI4HI(I yJ=C0)=0%HI (I ,,J=12)/(2%DY)
GO TC &9
CONTINUE
HXCI,JYZtRIGI+1,JI~-HI(I~!,J)})/(2%DX])
HYC{T g JIT(HIC(I yJ+1)-HI(I,4J=11)/(2%DY}
G0 T0 350
CONTINUL
HXCI,J)=t4aHI(I+1,0)-22HICI , JI-HI(I42,J))}/(2%3X)
HY(I JIZ(U%HI(I 30+ ) =3xHI(IJY-HI(I,J4+2))/{2%DY)}

" GO0.-TO £0

CONTINUE

HXCIZaJIZHI(I4i,u)~RHILI-1,J))/7(2%0X)}
BYUIZJIZHHI(I 43U+ 1) -HILI,,J=~1))/(2%DY}

GO TO 52

CCNTINUE

HXCTI Y= 3HI (L, 2HI(I=2,J)=txHI(I-1,4)}/(C%DX)
HYCT ) (U3HI ALy J+1)=3%HI(I,J)-HI(I J42)}/ (2%0Y)
GO T0 5C
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57
58
53

~
]

61
62
63
64
65

67
€3
69

n
-

71
72

T
-

T4
75
76
17
78
79
82

)
(@]

ol
€C

62
62
71
72

73
TG
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CONTINUZ

HXCT g ) S U Z¥HI (I yJI4HICI=2,J1~4%HI(I=1,J) )/ (2%DX)
HY (I )T 02%HI (D U +HI(T ,u=23-a2HI{I,J=1))/(2%DY)

CONTINUZ .

WRITE (9) ((MAR(ILJI,IZ1,IN),J21,Ji),
CULMAHEIW, I g TWT i, IWN) ydw=1 yJWN Dy
CULHI(I U}, IZ1,INY4JT1, 4N,

D0 60 IT1,IK
PRINT €1,I43(MARCI 4J) d=%ydN]

FORMAT(/" I=%,13/,% MARKER®/(SX,9I3)) .

CONTINUE

DO %2 IWZ1,IWN

PRINT 6331wy (MAH(IW i) ,dN=1,JkN}

FORMATU/' IWZ*,I3/,* MIDMARKER®/(EX,812))

CONTINUT

DO 75 I=1,IN

PRINT T1,I,(HI(I,J),d=1,JN]}

FORMAT(/® I=%4II/+" DEPTH'/(5X,9E14471)}
PRINT 72, T,tHX(I,3),J=1,UN}

FORMATL(/Y I=*4I2/4% XGRADY/(5X, 9E14-7))
PRINT T3,T4(HY(I,J),J=1,dN)

FORMAT(® I=*,I3/,° YGRAD'/(SX,9E14,7))
CORTINUT

e NG
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9.2.16 HEIGHT

This program inputs depth of the basin into the model.
This subroutine is for constant depth model.

HI (I,J)

CC = A constant and non-dimensionalized cepth =1.0

HX (I,J) = 0.0 x derivative

e

HY (I;J) 0.0 y derivative




N*DOC,HEIGHY

1

OB NE WN

-y

c

1cec
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THIS PROGRAM PUTS CONSTANT DEPTH FOR CC=le.g IN THE DATA
SUBROUTINE HEIGHT LI yuJ yK 9 INgJN yKN JHI JHX JHY »CC)
DIMENSION HICIN JUN) gHXLIN ¢JN) HY (IN JUN)

00 100 I=1,IN

DO 180 Jz=1,.JN

HItId3=CC

HX(I,J)=Ce0

HY(I,J3=C.0

CONTINUE .
RETURN :

END




247

9.2.17 HEIGHL

This subroutine reads the depths for the near field model

in the format given.

v




200C +HEIGH1
c

O g OO TN -

1o

12
13
13
15
16
17
b ¥}

i1g0o

2C0
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THIS PROGRAM READS DEPTHS FROM THE DATA
SUBROUTINE HEIGH1(I yJ Ky IN JUN,KN,HI (HX,HY 4CCyJX])
DIMENSION HICIN, N} sHXCIN»JIND oHY (INoJND o IxUJIN]D
00 1CO0 I=1,IN

00 1C0 J=1sJN

HItI, )=CC

HX(I’J):CQO

HY(I,J)=g.0

CONTINUE

L0 280 JJz=1,JN

"READ 2'\,"“1(1'\])'1:1'1”’

PRINT 3,J,(HI(I 4J),11,IN}
JX(JJI=J

CONTINUE
FORMAT(5X,I5,18F6.21
FORMAT()

RETURN

END
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9.2.18 HITEA

This subroutine is used by the far field stratified and
unstratified models. The subroutine sets the depth everywhere
equal to 1 if cc is nonzero, otherwise the depth matrix HI

is read in from the data element DATAML when the main program

TMAIN4 or TMAIN4CB is executed,




M*DULL (1) 4HITEA

OO NN E WP

[ I ETN VI N

(S BN )
OO0
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SULRCUTINE HITEAMUT U, Ky INy NG KNyHI JHX JHY 3 CC)
DIMENSION HICINpJH) yHXCIN 3 UN) yHY (IN,JN}
IFCCC.LT CeddDL) GO TO 158

60 123 I1I=1,IN

DC 1uG J=1,dN

HI(I,J}=CC

HX(I,J)=C.2

HY(I,J)=CeC

CONTINUEZ '
60 TO 258

CONTINUE

DO 2606 II=1,1V

READ 23 I4tHI(I d)yd=1,uN]

PRINT 3, I,(HII,J),dz=1,JN)

CONTINUE

CONTIKUE

FORMAT(5X,I5413F6.2)

FORMAT ()

RETURN

END
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9.2,19 INITB

This procedure is used for initializing the temperature
field for a far field stratified model. The subroutine sets
the temperature everywhere equal to the ambient temperature
profile defined by the matrix AMINT (NTL, NTLV). The first
column in this matrix is the depths and the second column are

the corresponding temperatures. .




M*QULLE1) INITE

O W N F NN -
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Cra ke sx ok e mea ok K B R R B T A AOR X R AR MOE RN X RGN G R EG A KAI AR KL XN g

~

1%

THIS PROGRAM IMITIALIZES TEMP AND BENSITY

€% 3 3k o B e o o 3 e 2 SRR o 8 0 R0 R 3 oK AN A 0k NOK K T R 3 R e 3 RO RO ok R K KR N ok XK R R 2

il
12
10

G

SUSROUTINE INITRUI d K oI gdh o KN g LK gl s I8Ny diltigAsB 4CyToR0y
CMARYHMRH,

CTREF RKEF ¢

CTO;AHI“Y'HI’NTLyhTLV)

DIMINSION TULA,JN,KNI4RO (TN, JN,KN}

CIHENSION MAR(CIN UND yMRH{TIKNyJRND g AMINT (INTLyNTLVI JHICIN, IN]
TOL=HUTO-TRPLF Y /TRLF

RZA+3xTO+4C=TO»T10

ROC=(R-RREF} /RAREF

DO 13 I=1,IM

0C 10 Jz=1l,JN

IF (MAR(I,J).EC.TJ) GO T0 (2

DO 11 K= 14KH

HIKZ(K=1)+HI(I,J)/{KN=1)}

NTLM=NTL -1

DO 1C3 NZ1,NTLH
IF(HIKGEAMINTIN 1Y ANDeHIKGLT«AMINTINI1,1))
CT(I,JgK):AMINY(Hy;’

CONTINUE

IF{HIKGE LAMINTINTL, 1)1}

CT(I JyKIZAMINTINTL, 2]

ROCT JyKITAS2HT (L 3 yKI+CAT LI L, K) %52
TCIsJyKIZUT(I 4JyKI-TREF)}/TREF

RO(I,J KIZ(RO(I  J4K}=-3REF)/FREF

CONTINUE

CONTINUE

CONTINUE

RETURN

ZND
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9.2.20 1INITIA
This program initializes the values of u,v, w. WH, D, E
and PINTH. This program sets u, v, w, D, E. andwH equal to

zero. PINTH is set equal to ARBP.
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DOCJINITIA
1 CASRFKERREERER I RRRK AR ERERRRE AR B AR bR IR R R R BB R DR AR R RS AR AR R B AR R KRR SRR E R R SRR &
2 c THIS PROGRAM INITIALIZES THE VALUES OF U,V WHeuyDyE,PINTH
3 CHEMKEX R AEBARIIBEB IR SR IEEIRER 4y G RF R XX DEBEBARBEFRFXFXBER X B X R RE R R TR R SR R R XK *
L} SUBgOUTINE INITIACIN pUN gKR g Wy W NpU gV oW pWH 3Dy Ey PINTH I 9 Jy Ky IW,Ju,

— 5 CARBPY.,

& DIMENSION UCINGJUNJKNDIgVIINSJINGKNY oW (INgSUNGKN) gWHEIWNg JWNs KN)Y
7 CDUINGJUNS KNI ,E LINyJNKN),
8 CPINTH{IWN,JWN} .
S C INITIAL CONDITIONS CN U ANC V

19 10 bo 100 I=1,IN
11 11 DO 1C0 J=1,JN
12 00 100 K=1lsKN
_ 13 UlIsdeKI=C
14 V(I,J,K)=C
15 WlIs;JeK)=C
16 D(IsJsKI=CeD
_ 17 E{IsJdeK)=CWl
18 1CO CONTINUE
19 C INITIAL CONDITIONS ON WH AND PH
2p DO 200 IWz1,IWN
B 21 DO 200 JWZ1,J&N
22 PINTH(IW, JW)=ARBp
23 D0 200 K=14KN
24 HH‘IH,JH,K):O
25 200 CONTINUVE
- 26 RETURN

27 END
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9.2,21 INITIT
This program sets initial temperature field.
temperature field to the reference temperature

points.

It sets the

at all



WOC JINITIT
CHRIRREANETRFRSIRR IR BRI REB AR A IR R AR AR R R R R R ER R R kR KRk R kR k&

c

257

THIS PROGRAM INITIALIZES TEMP AND CENSITY

CARSERREXRRBRRIRRBRARIRABREFRR DR R R R AR AR SRR RR AR TR R R AR AR R ERERE AR R AR ERE KRR F

11

10

21
22
20

SUBROUTINE INITIT(I ,J,K ,IN,JUNKN IW W IWNyJUNyA8,CyT4RO,
CHAR,H\RF_H'
CTREF ,RREF,
CTW,ROW,TO)

DIHENSION TUINGJNJKN)Y RO (IN yJUN,KN), TH(IUN,JHN,KN),RQH(IHN,JHN'KNI
_DIMENSION KAR(IN,JN) MRH (INN,JWN)
700-(10 1REF)ITFEF
RZA+BSTO+C*TO*TO

ROD=(R=-RREF) yRREF

DO 10 I=1,IN

po 10 y=1i,un

IF (HAR{I,J).EQ.0) GO TO 12

D0 11 K=1,KN

TCIeJsKIZTOD

ROCI, gek)ZROD

CONTINUE

CCNTINUE

CONTINUE

DG 2C IW=1l,IuN

DO 20 UW=1,UWN

IF (MRHUIN,JW)}.EQ.0) g0 TO 22

DO 21 K=1,KN

TuwlInsJduWsKI=-TCD

ROWILIWJUK)IZROD

CONTINUE :

"CONTINUE

CONTINUE

RETURN

ERD
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9.2,22 1INITM

This subroutine is used by the far field unstratified
model. This subroutine is used by the main program TMAIN4T
which sets up the temperature field equal to a measured initial
value. This subroutine reads in the surface temperature matrix
stored as &ata element ITPKl. Temperature below the surface
are computed by assuming a temperature drop of 1°C over the

reference depth, a condition which may be changed if

desired by making changes in line #21 of this subroutine.
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€33 % o ot o N O N R ROR W o HO% %o 3 3y 2 o a0 o o 3 ke St o ok ok A e e o el o ok ol Sk e b Aok ok ok e R R R R KR R N AT
THIS PRCGRAM INITIALIZLCS TeEMP AND DERSITY FOR MORNING
Al s A T a3 A e T N R B ROR R R R XX AR B R R R R R AR AWK R AN ARG F Yy

C

b

- 9C0
5

1701

ifipz
il
12
i

SUBROUTIHE INTTMUI O K oIh g Ny KN yIN yJuy

CHMAR y MR Hy
CTREF,RREF,
CTW ROW, TC4HI)

INN g JANJA 3B 4C4T4RO,

DIMENSION TUINgJINGgKRNI gROCINgUNgKNY sTWw (INH g UWNGKNY yRCWEIWNNyJUNYJKN)
DIMENSION MARCIN,UND yMEHEIKNgJWN)Y yHICIN,JNY)

TCOZ(TO~TRLF)I/TCTLF
RZA+LxTOHC*HTOTO

ROD=(R-RREF) /RREF

b0 SC0 II=1,IN

READ 2,1,(T(I,Jy1),Jd21,JN}
CONTINUE

FORMAT ()

DO 13501 K=24KN

BO 31GC1 J=1l,JN

DO 1001 I=1,IN
DPZHI(I,J)=FLOATIK=1)/FLOAT(KN=1])
T(I'JyK)ZT‘I'J’ 1Y-DF*x1,2
CONTINUE

DO 1002 KZ1,KN

D0 1002 J=l,dN

CO 1082 IZi,IN

ROCI JyKIZAIBETII yJyKYICHT{TI Sy K %%2
TUIZ 3y KIZITUI 3 dyKI=-TPEF)/TREF
RO(I,JyKIZ(RCUI »J4KI-RRZF)I/RREF
CCNTINUE

CONTINUE

CONTINUE

CONTINUE

DO 20 INZ1,IWK

DO 23 JWI1,JWN

IF (HRH{IW,JW) ZC.C) GO TO 22
DO 21 KZ1,KN
TWEIH, JU KITTUIN s JK 4 K)
ROW(IW, dK K ZRO(IW, K}
CONTINUE

CONTINUL

CONTINUE

RETURN

END
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9.2.23 INITMB

This subroutine updates the temperature field for a far
field stratified model from the ambient field to the measured
temperature field including the thermal plume. The subroutine
reads in TSMN (the minimum surface temperature), DPMX (maximum
depth to which the effect of thermal plume is extended) and
the surface temperature matrix. Temperatures below the sur-
face are computed by assuming a linear accumulation of plume
heat from a maximum value at the surface to a zero at DPMX,
Thus :

Temperature at depth d (<DPMX) = Surface Temperature

Temp - d (Surface temperature - TSMN)
DPMX

Temperature at depth d (>DPMX) = Ambient temperature
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*DULL (1) INITMB

C

2

O W O N F R

26 1001

31 1092
32 b4
33 iz
34 i

(22 222 S S E R RISt R R N L R A R I RIS R R R RS R R R ] S B

THIS PRCGRAM INITIALIZIS TEMP AND DENSITY FOR MOFNING

Cohmarae koo v ok R R S X RN R N MR AR R T X R e p Ao e koo kR ki s >

SUSROUTINE INTITMBUI yJdyk eIl g N ghN IR b INH yJhNyA oE,CyTyR0,
CMAK g MRH,

CTREF,RREF,

CTO,HI)

DIMEHRSION TUOIM,Jh KNI ,ROUIN,JHKNY
DIMEHSION MARCIR ,UND MARH I wh g JENT JHICINGJN )
TOD={TO~TFEF ) /TREF

RZAB*TOICxTO%TO

ROD=(R-RRZIF)/RREF

READ 2,TSHNsDPMX

DO SCO IIZlyIN

READ 2,I,53(T(I4dylYsd=1,UdN)

CONTINUE

FORMAT ()

DO 18001 K=ZZ4KN

DO 1C0L JT1l,dN

DO 1031 Izi,INM
TUIyJeRIT1eD+4TIJdyK)IRTREF
DP=HI(I,JI%FLOAT(K=1)/FLOAT(KH=])
IFCOP LT «DPMX) THUI JyKITT(I JyK)+C (DPMX ~DP }/DPMXI%R{T(IyJ,e1) -TSMN)
CONTINUE

DO 1532 K=1,KN

DO 10UZ J=l,dN

DO 10C2 I=-i,Ik
ROCIZJyKIZA+BRT (I 4y KI+CHT T JyK)x%?
TUI g s KIZHTLI yJ s KI=-TREF I/ TREF
FOCIsJyKIZEROtI 9J K )=RREF}/PREF
CONTINUE

CORTINUE

COKRTINUE

CONTINUZ

RETURN

END
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9.2.24 INLET

This program inputs the velocities u and v at plume
discharge into the model. It defines the inlet v-velocity by
two constants AA and BB.
AA and BB are non-dimensionalized numbers. Non dimensionalized
with respeg; to discharge velocity.

Therefore AA = 1.0
BB = 1.0
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v*00C+INLET

SUBROUTINE INLET(I,J K yIN,JN KN,V ,G4AA,B8)
DIMENSION g{IN, gNogkNDsVIINsJUNIKND

3 INMIZIN=]

] JNM1Z=JUN-1

S KNMI-gN=-1

6 DO 100 K=1,KNM1
7
8
9

LS I

V(9,1,K)=AA
Gl9,1.K):AA
V(10s1,K)=BB
1C G(17914K1=BB
11 1¢¢G ‘CONTINUE
12 RETURN
13 END
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9.2.25 1INLETA

This subroutine reads in the number of inlet and outlet
points, u, v and T at inlet points and u and v at outlet
points for the far field unstratified model. This subroutine
is called in by the main programs TMAIN5, TMAINS5ST and TMAINSV.
The subrodéine reads in data from element INDATAS5, the lines

following the first twelve lines, '
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M*DULL €1} INLETA

1 SUBROUTINE INLETA(I JsKsINsJh KN, U,V H G, T}
F4 DIMENSICN HUIMyUNKNY 3G CIN N KN U LIN, Ny KN )
z DIMENSIOR VIINyJR AN, TCIN,JN,KR)

4 READ 2yNINgNGUT

g 2 FORMAT ()

€ - DO 20 WHZI1,NIN

7 READ ZylpdpKyUlIydyR),VII, dsK)yTEIed,K)

3 HII,JyKISUL Ty deK)

9 GUIsJpKIZVIIydek) .

s 20 CONTINUE

11 DO 35 KMZ1,NOUT
12 REAO Z.I.J,K.U(I,J,K),\Hl,d,Kl
13 HOI,JyKIZULT, J,K)
14 GUIgdyKITVLI,JyKD

5 12 CONTINUE

18 RETURN

17 END
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9.2.26 INLETB

This subroutine is used for reading in the information
at open boundaries for the far field stratified model. The
subroutine is the same as INLETA. The subroutine reads ir the
data from element DATAML5, the lines following the first 13
lines. The subroutine is called in by the main program TMAINSB,

TMAIN5STB and TMAINSVB.




MxDULLC1), INLETB

NP NN BN

10

12
13
14
15
1¢

17

<C

3
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SUEROUTINE INLETE (I yJyKgIt gJNyKNyUVyHyG,T)
DIMENSION HUINgJN,KND 3 GEIN,IN KNI 3ULINgJINyKN)
DIMENSIION VEIMNgINgAN) ,TUIYN gdiighN)

READ 2,NIN,NOUT

FORMAT()

DO 20 NNZ1,NIN

READ 25T 3udsKyULT gy Ky VET 3 dsh)yTUIdyK)
HUIydyKITULI yJyk) .
GUI,dyKIZVLT, JsK)

CONTINUE

DO 32 WM=1,NOUT

READ 25T 3 dyKyULTydgK Yy VII,deK)

HUI JpK)ZULTy JyK )

Gl JdyeyKIZVIIZJK)

CONTIHNUE

RETURN

END
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9.2.27 1IKTE
This subroutine computes XINT, YINT, DPSX and DPSY.

This subroutine uses x-momentum equation to compute él;—z

9Ps 1

2PS - ppsx + - v - B
aa R X
e b
3Ps = DPXY - 1 u - By
9B R .

b
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1#00C JINTE

1 SUBROUTINE INTE 8I yJ yK 3IN 3N 3KN yU gV g W yHI ¢ HX g HY sHAR s XINT, Y INT4 A3
2 C"I'AHgAV,TAUX’TAUY
2 CoDXoDY9DZ9DIE D T0PSXsDPSYy AP
4 DIKENSION UCINgJUNKNI VEINGUNGKND oW CINgJNsKND) sHARCINyUND) yHI(IN,JN)
S DIHENSION HX{INGJUN) JHYLIN ,JUN}
6 DIMENSION A3(KN)
7 DIMENSION XINT(IN,JN),YINTC(IN,IN)
8 DIMENSION DPSX(INgJNI,OPSY(IN,JN)
9 DIMENSION DCIN,JN,KND),EC(IN,JIN,KN) .
10 0O 2C0 I=1,IN
11 DO 200 J=1,JN
12 IptHAR(TI,4}«EQ0.C) GO TO 200
13 YINT(I,J)=0.0
14 XINT(I,J)=0.0
15 DO 150 K=1,KN
16 CALL DINERULT ;0 sKsINsJNsKNs UV HI0X,DY,DIHUUX,DIHUVX s HAR)
17 "CALL DUVY(I  J oK yINJJN KN, U,V ,HI,DY,D1HUVY MAR)
18 CALL DVVY(IoJsKoIN JN KN,U,V,HI,DY,01HVVY ,MAR)
19 CALL DVISULI jJsK gINJN KN yU,V,HI DX 40Y,D1UX ,02UX 4D1UY,D2UY,MAR)
20 CALL DVISVIToJ K, IN,JUN,KN,U,V,HI DX ,DY,D1VX ,02VX 4D1VY,D2VY,HMaAR)
21 CALL D12Z(XIoJsHyINgJUNsKNyUy VaWsHIHXyHY DX,DY ,0Z ,D1UNZ,AZ,
22 CTAUX,TAUY,D1lVWZ,D1UZ,02U2,p1VZ2,D2VZ,01A32)
23 IF (K.EQ.1) GO TO 1000
25 IF (K.EQ.KN) GO TO 101C
25 XSUMZ(AI*(DIHUUX+DIHUVY+HI(T, J)*%D1lUNZ}
26 C=AH¥(D2UX¥HI(I J)+D2UYXHI(I ,J))
27 C=AH* (DIUX¥HX (I, J}4DJUYRHY I ,J))
28 C=AV2(1.0/HI(TI JYIFEA3L(KIX02UZ+D1A3Z2D1UZ)3%D2
29 YSUMZ(AI*(D1HUVX+plHVVY+HT(T,J)*D1VWZ}
3g C-AH%R(D2VYX*HI(I,J)+D2VY*HII 4J)]
31 C=AH*¥{D1yX*Hx(IsJ)*DIVYZHY (I,J))
32 CoAVE{1.0/HICI oJ )% A3(KI*D2VZ+DIA3Z3D1IyZ) )*D2
33 60 TO 11CQO
34 lpcec CCONTINUE
3s XSUM=(AI#(DIHUUX+DIHUVY+HI(I,J)%01UWZ)
36 C=AH¥(D2YX*HI{I,J)}+D2UYSHI(I ,J))
37 C-AH¥(D1UX*HX (T, J)+p1UY*HY(I,J))
38 T C=AVE(1eC/HIKI ,J )} (A3(K)}2D2UZ+D1A3Z*01UZ3)%0Z /2.0
3¢ YSUMS(AI»(CIHUVXSDIHVVYSHI(TI ,J)%D1VHZ)
40 C=AHX(D2VX*HI( I J)*D2VYXHI(I,,J)}
81 CAHX(DIVX¥HX(I,J) 4D IVYXHY (I ,J})
82 CAVk(1e0/HI(I ,J)I*{A3(K)I*DVZ+D1A3Z*D1VZ})%D2/2.0
43 DIUYS (Ul deKI=CtI UK )) /07
4y DIVTSUVI I JyK)=E(TyJ9K))/DT
85 0-2.0/D02
46 DPSXCTI,J)=l1a/AF )3 (/BT (T, J))#(=XSUMKQ-HICI J}*DIUT}
47 DPSY(Isdl=U1le/AP)¥(1e/HI{I I} ) *E~YSUNKC~HI(I,,J}*D1IVT)
48 GO 70 115G -
49 101C CCNTINUE
50 XSUMz (AT #(D1HUUX+D1HUVY+SHI(T ,J}%D1UNZ)
51 C-AH*(D2UX*HI( I, JIDZ2UY=HI(I ,J))
52 CoAHE(DIUX*HX (I, LI +DIUY*HY (I J))
53 C=AVH(1.0/HI(TI yJI*{AZIKIXOZUZ+D1A3IZ#DIUZYYI%0Z2/2.0
54 YSUMZ(AI*(DIRUVX+DIHVVY+HI(I,J)&01VHEZ)
55 CoAH®(DZVXSHI(T,J)Ip2VY¥HI(] 44} )

56 C-AH* (DIVX*HX (I, J)}+D1VY=*HY (I ,J))
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57
58
59
60
61
62
63
64

1ic¢C

1%L
20C

CoAV*(1.0/HICT J))$CA3CKI*D2VZ4DIA3Z#DIVZ)I*D2/2.C
CONTINUE
XINT(I,J)=XSUMEXINT(I,d])
YINT(I,JIZYSUFLYINT(IsJ)
CONTINUE
CONTINUE

RETURN

END

pivil
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9.2.28 INTEB

This subroutine is used by the far field stratified model.
This subroutine is similar to the subroutine INTE with the diff-
erence that it calls the subroutine VERTDF which computes the

vertical viscosity and its derivative for every grid point.

e
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iMEDJLLLL) . INTEB

1 SUBROUTILE INTEB(TsUyk s TN gJNyKNgU gV ol gHI g HX oHY yMAR yXINTYINT, A3
2 CoAI AH,AV,TAUX, TAUY

3 CyDXyOY DZyUgE yUTyOPEXgDPSY AP 4Ty TREF yCONS s AVHX yAVMK)

4 DIMENSION ULINGUNgKN oV IhgJNGKND g b (IN JN GKN) yMARLEINGIND JHICIN,IN)
5 DIMENSION HX{IN,JUN) JHY (TN UN) ,TCIN,INGKK)

5 CIMENSIOR &2(KN)

7 T DIMENSION XINTOINJND},YINTUIN,JN]

8 DIMENSION CPSX(IKyJNY4DPSYUIN,JUN}

] DIMENSION DUIN,JON,KN) s (IN JNKN) .

12 DO 2C3 1I-1,IN

11 DO 232 J=1,JIN

12 IFCHMARII ZJ}+S0C4C) GO TO 2CC

13 YINTUI JIZJe0

14 XINTII,J)32.0

15 DO 190 KZ1,KN

16 CALL DINEFUCI UK yINyUN KN UsV4HIyDX,07,D1HUUX,DLHUVX ,MAR)
17 CALL DUVY(I,J KpINyUNshN Uy VoHI DY 4DLHUVY 4 MAR)

18 CALL DVVY(I,J 4K oIMNyJN KN UV, HI DY DIHVVY ,MAR)

19 CALL DVISUII  JgK,yINyUN KNyUyV,HI DX ,0Y,D1UX,D2UX ,DIUY,D.2UY,HAR)
20 CALL DVISVIIZJaKeINpUN KN U V4HI DX LY, DIVX0ZVUX,D2VY,22VY,MAR])
2 CALL DI2ZCI, dyKyINyUN KN UV W yHI HXyHY yDX 4DY,DZ,01UWZ, A3,
22 CTAUX, TAUY,UlV¥Z,C1UZ,02UZ,C1V2,02VZ4D1A32)

23 CALL VERTDFUI  JyKeINyJKyKN HI,AB3,01A32,D1832,52,T,A3,TREF
24 C,CONS, AVEX,AVHEN)

25 A3(K)I=ABZ

2% IF (K.£Q.1) GO TO 1C0C

21 IF (KJ£Q.KN) GO TG 1C1%

28 XSUMZ(AI#(DIHUUX+DIHUVY +HI(I,J)*D1UKZ)

29 C-AHX(D2UX*HI(I,JI+D2UYEHI(I J))

k{s] C=AHX{DIUXSHX (T, J)+C2UYHY (I,J))

I C-AV* (1 0/HIC(I,U)I%{A3(KI=OUZ+D1A3Z*01IUZ) I %DZ

32 YSUMS(AI=(DIHUYX+DIHVVY+HI(I,J)*D1IVRZ)

33 C-AH*(D2VX*HI(I,J21402VY=HI(I,J1)

34 C-AHX(DIVX*HX (T, JI+01VY=HY (I ,J))

25 C=AV*(1 2/HICI ) I%(A3(KY2D2VZ+01A22xD1IVZ) 1 %DZ

k{3 60 TO 110G
37 1000 CONTINUE

38 XSUMZ(AI*(DIHUUX+D1IHUVY+HI(I,J)%D1IUWZ)

33 C-AHM{DZUX=HIC(I,d)4D2UY*HI(I,J))

40 CAH=({DIUX=HX(I,J}+03UY=HY{I,J))

41 C=AVa(14G/HICI yJ) JR(AT(KI®DUZ4D1AIZ*DIUZ )Y =NZ/2.50

42 YSUMZ(AI*(DIHUVX+DIHVVY+HI(I,J)*DIViZ)

43 C~ANR(DIVXHEHIC T, JI02VYRHI(I,d))

4% C-AHS{DIVX*HX{I,JI+DIVY¥HY (I,J))

45 C-AVHE(LeC/HI(I yJ) I (ASIKISDZYZ4DIATZ#DIVZ ) I®0Z/24C

45 DIUTS(UCI 3K =0(I,d,K))/0T

47 DIVTIS(VIT, K= tI,J,K1)/0T

48 0=2.2/02

49 BPSX¢I,JI=(la/AP) (Y a/HI(I ,JIIX(=XSUM#Q=-HI(I,J)=DIUT)

53 DPSY(IsJd)Ttla/AF (L e/ HICT U ) = (=YSUHRQ~HI(IJ)=C1VT)

51 GO TO iiC

52 1010 CONTINUE

g3 XSUNZCAI={ULIHUUXSDIHUVY4HTI (T, ) xD1UWZ )

54 C=Ab¥{C2UX*HI(T,J)+02UY~HI(I,Jd)}

55 C=AH® (D IUXREX{I,J)+D1UYRRY (I ,J))

58 CAVu(L O/HIC(I ,JY )+ {A2(KI=D2UZ451A32%D1UZ)14D2/2,.9
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57
58
59

hal
-

&1
62
€3
64
65
€5
&7
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YSUH:(AI*(DIHUVX*PLHVVY*HI(I,J)*DIVHZ)
C-AH*(DZVXAHI(I,J)*DZVY*HI(I,J))
C-AH*(DXVX*HX(I,Jl*GlVY*HY(I.JI]
C-AV*(I.E/HI(I,J))*(AS(K)*DZVZ‘DIA}Z*DIVZ))*UZ/Z.G

COnTINULE

XINT(I,J):XSUN*XINT(I,J)

YINTLI,JISYSUP+YIRTUILG)
180 CONTINUL
2CQ CONTIHNUE

RETURN
END

w
s
(]
[w]
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9.2.29 INTEMP

This program inputs discharge temperature into the model

at plume discharge.
TLL and TMM are non-dimensionalized temperatures. Non dimen-

sionalized with respect to reference temperature as shown below

b1

TLL = TMM = T - Tref
Tref




*DOC «INTEMP

11 100
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SUGROUTINE INTENP (I sJrKsINsJINsKNeToTOsTLL s THR)
DIMENSION TUINyJN KNI TDCIN yuNKN)
INMIZIN-1]

JANMIZJN=1

KNM1ZKN=-1

00 1CQ K=14KN

T(9,1,K}=TLL

TO(9 419K IzTLL

JCI10,14KIZTHM

TOC10,1, KISTHM

CONTINUE

RETURN
FNN
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9.2.30 OLDT
This program sets the values of temperature field at
time step n equal to the temperature field at(n + 1) after all

computations for time step n are completed.




JOC.O0LDT

0O BN e

ic
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SUBROUTINE OLDT (I yJsKyINsJN ,KN,T,TP)
DIMENSION TCINg gNokND TP CIN ,JN,KN)
00 1C I=1,IN

D0 10 J=1,JN

DO 10 K=14KN

TPUIJysKIZT(I o 4K)

CONTINUE

RETURN

END
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9.2.31 OLDUV
This program sets the wvalues of D and E equal to Uand V

respectively in order to retain values of U and V at one

time step lag,
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poC.0LDUV

1 CEIIRRXRRRREXRISXILXBD gk kR ERRRRBXE XA AR I SRR R R RRR AR R S RXRR R RN R R RS KRR RS SRR RN RE
2 o THIS PROGRAM SETYS THE VALUES OF D AND E EQUAL TO U AND V RESPECTIVELY

3 C IN ORDER 70 RETAIN VALUES OF U ANp V AT ONE TIME STEp LAG

4 CRAPERL IR 4B FARAR LR SRR B A I IR AR RK RS RSB RS KB R AR K E AR AR R PR AR R AR BER IR RR R %
s SUBROUTINE OLDUVII 9K sIN9JINsKNsUV s0yE)

& DIMENSION UCINgJUNJKNI JVIINGJINyKNI oD (INgJN KNI ZJELIN,JUN,KN)

7 BC 831 K=1,KN

8 00 831 I=1,IN

9 DO 831 g=1,uN
10 D(I.J.K)=U(I,J.K) ]
11 EtI, JK)ZV(I J,K)

12 831 CONTINUE

13 RETURN

14 END
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9.2.32 OUTEMP

This subroutine sets the boundary conditions for temperature

at the outlets, It sets near field outlet temperatures equal

to those at the adjacent grid.
Fe: Try-1 = Ty

o




JOC .QUTEMP

OO OB N e

10

12
13
14
15
16
17
18
19

26GC

3CQ

4CC
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SUBROUTINE OUTEFPII yJsKeINpJIN¢KN,TD?
DIHMENSION TDC(IN,JN,KN)
INM1ZIN-]

JNH1ZUN=-1

KNMIZKN=1

Do qu K=1,KNM1

00 2064 J=1,JN
TOC2,yJyKIZTD(25d,K)
CONTINUE

DO 300 Kz1,KNM]1

D0 300 J=1,JN
1D‘IN1J1K):TD (InNMIsd oK)
CONTINUE

00 8C0 K=1,KNML

DO 4p0 I=2,INML
TplIaJNegI=TOLI ydNM 1K)

"CONTINUE

RETURN
END
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9.2.33 OUTVEL

This program sets the boundary conditions at the outlets
for velocity. In other words, it sets near field outlet
velocities equal to those at the adjacent grid for U and V
at the boundaries where there is no current. This implies
that gradients normal to open boundary are equal to zero.

Fer Upyp = Uy
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DOC LOUTVEL

1 SUBROUTINKE OUTVEL (I yJoKsINyJNsKN3He6)
2 DIMENSION HUINGgJUN KN) GUIN,JNJKN])
3 INMIZIN-1
q JRMIZJN=-}
5 KNM1=KN~1
6 Do Zﬁp KZ1,KNK1
7 Do 208 u=p,un
8 HClyJeK)ZH(24J4K)
9 G(IQJ’K):G(Z’J'K)
13 2LC - CONTINUE
11 D0 300 K=1,KNM]L
12 DO 300 J=1,JN
13 HOINgJyKITHCIRNI, UK )
1a GCINGgJ,KIZGIINMIgJeK)
15 3¢C CONTINUE
16 00 800 K=-1,KNM]
17 D0 400 I=2,INM]
18 HUIJUNyKIZTHOT g UNH1,K)
19 GlIgJNJKIZG(I yJNM14K)
20 4¢o CONTINUE
21 RETURN

22 END
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9.2.34 PDPSXY

This program prints 3ps and sps at main grid points.
o 28




i*DOC ,PDPSXY
1
2
3
4
5
6 1
7 2
8 10
9
12
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SUBROUTINE PDPSXY (I ,J,IN,JN,DPSX,DPSY)
DIMENSION DPSX(IN,JUN),DPSY(IN,JN)

00 1C I=1,IN

PRINT 19I5 (DPSX (I ,J),J=1,JN)

PRINT 24 (DPSY (I ,J3sJ=14dN)

FORMAJ(/® I=°,I3/% DPSX*/{5X,8E15.7))
FORMAT(s DPSY"/(5X,8E15,7))

CoNTINUE

RETURN

END
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9.2.35 POTUV

This program plots surface velocities for the near field.
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$D0C.POTUV

1 c PLOTS U AND V ON CONSTANT DEPTH SECTIONS

2 PARAMETER INT18,JN=21,IWNZ17,JWNZ2C KNS5 ,KNM1Z]

3 DIMENSION UCIN,JIN KNI, VEIN N KN D 4D CIN ¢JN JKN}JECIN s UNgKND o

3 CHHEIWN UNNg KN Do WEINgUNsKND g WREIN g JUN,KND o WRH LINN ,JWN KN

5 CHICINSUNDHXCIN gJNY gHY CIN yJINDJ yHAR CINJUND g MRH CIWN 3 JNN)

6 DIMENSION TW(IWNoJWNgKN) 3RO CINyUNyKN) pPINTH CIWN, JWN), RON({INN, JKN,
7 CKNY s TUINJN,KN)
8 DIMENSTON IBUF{1000)
9 READ 1, IRUN

10 READ 1,USCALE ,VSCALE ‘
11 . ARMIN=D0.04

12 ARMAX=D,.15

13 IFCIRUN. EQ.0) GO TO 8

14 IF(IRUN. EGel) GO TO S

15 4 CALL READI(U SV, WHoPINTH ¢ ToJsK oIt yJ W sINgJNyKN,
16 CIWNyJWNy DySgHXgHY 3HI yMAR ¢MRH3AI AHy AV, AP, DXy
17 CDY,DZ,DT,TAUX,YAUY W ,WR,WRH,TTOT)

18 GO T0 &

19 5 CALL READZ2(U Vo NHoPINTH I yJ oK IN yJN yINJN KN,
20 CINNyJNNyDeE gHXoHY JHI JMAR yMRH AT 3AHy AV AP DX o
21 CDY0ZsDT s TAUX s TAUY Ny WRyNRH3TAT ,TAH ,TAV L AKT,
22 CCB,ClyAyBCoEUL yToTW4RO,ROK 4 TE ,RREF ,TREF4T0
23 CTAMB,TTIOT)

24 6 CONTINUE

25 CALL PLOTS(IBUF,1C00,111}

26 CALL FACTOR(D.25)

27 1 FORMAT ¢)

28 DO 10 K=1,KN

29 IF(K.6T.1) GO TC 20

33 DO 3C I=1,IN

31 ‘DO 30 Jzl,JN

32 IF {MAR(I,J).EQeQ) 60 TO 35

33 AI=€I-1})#}.C

34 AJ=(J=-1)%1,.0

35 AAI=AI+U(IJyK)BUSCALE

36 AAJZAJ#V(T,0,K)2VSCALE

37 YHZDe2*SOART((AAT-AT J5%24 (AAJ~AJ)%%2)

38 YWSAMAXI(ARMIN/Ce25,AMINL (YW ARMAX/C425))

39 CALL AROHD(AI yAJsAAI JAAJ YN 400,12}

40 35 CCOMNTINUE

41 3c CONTINUE

42 GO T0 1CC

43 20 CONTINUE

44 DEPTH=(1.0/KNM1)®(K=~1)

45 DO 4C I=1,IN

46 GO0 40 J=1,JN

47 IF(HICI,JY.GTDEPTH) GO 10 45

43 60 T0 S0

39 45 CONTINUE

50 DOZTHICI s J)/KNM L

51 LOIS(DEPTH/HI(I yJ )2 *KNM1

52 IF(LD1.EG.Q) GO TO 55

53 LD2=LD1+1

54 LD3=LD1+2

55 DIFF=(DEPTH-LD1*0D2)

56 c COEFFS OF SECOND DEGREE FIT
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55

60

50
40
100

10
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Ul=ULI,J,.LD1)

u2=Ut1,J4,L02)

U3zuU(I,J,LD3)

Vi=Vii,J,101}

V2=V(1l,4,L02)

V3=ViI,J,L03)

AUS (U3 22U24U1)/12002%0D2)
BUZ(4»u2-3»U1=-U2)7€(220D2)

cuzul

AVS{V3=-23V2+V 1) /(2%DDZ*0D2)

BV (y*\y2=-3xV1=v2}1/(2%0D2)

cv=vl

AZ=DDZ+D IFF

UDEPTHZAUSAZ®AZ 48UxAZ+CU
VDEPTH=AVRAZHAZ+BV*AZ+CY

GO 10 60

CONTINUE

AZ2=DEPTH
Au=(U(I.J,3)-2*U(I.J,2]*U(I'J,1,)/IZ*DDZ*DDZ)
BUSCY*UL Tod20=23U(T,d,1)~UtI,J,302}/(2%DDZ)}
CUSULIZJe 1)

UDEPTH=AU*AZ»AZ+BU%AZ+CU
AVS(V(L,Jp3)=25VEI,J,2)eVII,J,1))/02%DDZ%CD2)
BV:(N*V(I,J.Z)-}*V(I.J.ll-V(I,J,S))/lztDDZ)
CV=VI(I,J,})

VOEPTHSAV*AZ®*AZ4BV*AZ+(V

CONTINUE

AI=tI-1)*1.0

AJztJ~1)21.0

- AAIZAI+UDEPTH2USCALE

AAJSAJHVDEPTH#VSCALE .
YH=0.2%SART(LAAT-AT I ¥%24 (AAJ~AJ) %%2)
YWSAMAXILARMIN/Ce25AMINI(YH ,ARMAX/0425))
CALL- AROHD(AT JAJ3 AATI yAAJ» YN 3CeTy12)
CONTINUE

CONTINUE

CONTINUE

AT+ 2%USCALE

B=16.0

C=B+A

CALL PLOT(B¢0.0,3}

CALL PLOT(C,0.042)

CALL PLOT(C,=Ce2,2)

CALL PLOT{B,~C.s2,2)}

CALL PLOT(E,0.0,2)

CALL PLOT(SD.U,U.O,'SI

CONTINUE

END
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9.2.36 POTUW
This program plots the vertical section velocities per-

pendicular to the discharge for the near-field.
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#DOC .POTUW
1 PARAMETER INZ18,JN=21,KN=S,IWN=17,JWN=20,KNM1=4
2 DIMENSION UCINgu N gKND gV IINyUNSKND oD [INgJN 3KN) oE CIN3JINSKND
3 CRHEIWN gUNNKND oW LIN JUN KN D WR CIN, JN KNI W RH CIWN, JWNyKND 4
4 CHICINGUND gHXCINgUNI gHY LIN gJN T 4MAR CIN yUNY g MRH (1N yJWN)
5 DIMENSION TWCIWNgJNN gKN) 4RO (INyJN KNI JPINTH{IWN, JWN); RONC INN, JKN,
& CKNI,TOIN,JN,KN)
7 DIMENSION IBUF(10C0)
8 READ 1, IRUN
9 IF(IRUNLEQ.C) GC TO &

10 IF(IRUNL.EC.1) GO TO § . !
11 4 CALL READI(U,VyWHyPINTH I sJgKyINyJW 3INGJUN KN,
12 CINNGJWNyDyE yHXyHY JHI yMAR JMRH AT g AH, AV AP 4 DX
13 COY,02,0T,TAUX ,YAUY W yWR,WRH,TTOT])

14 60 TO &

15 S CALL READ2(UsVyWHPINTH I 3J yKoIW 3N 3 INJUNGKN,
16 CIMNSJNNyDyEsHXyHY sHI yMARyMRH3AI sAH AV AP 4 DX
17 COY DZoDT o TAUX gTAUY W oWRoWRH yTATI 3 TAH 3 TAV, AKT ,CB4CW,
18 CAyByCyEUL,T,TW,RO,ROK,TE,RREF,TREF, 10,

19 CTAMB,TTOT)

20 6 CONTINUE

21 CALL PLOTS(IBUF ,1C00411)

22 CALL FACTOR(Q.25)?

23 READ 1, USCALE,VSCALE,WSCALE,HBYL

24 ARMIN=0.CH

25 ARMAX=D. 15

26 1 FORMAT (1}

27 00 10 I=1,IN

28 DO 280 J=1,JN

29 IF (MAR(IyJ).LT.11) GO TO 20

30 T AJ=(J~1)21.0

31 00 15 KT 1,KNM1

32 AKZ={K=1)*HItI,J)}

33 AAJTZAUIV T Jy, KD AVSCALE

34 AAKZAK=WII, JpK)*WSCALE®HBYL

35 - YWHZCe2*¥SQRTUCAAJ=AJI**Z¢ (AAK=AK) %22}

36 YWZAMAXI (ARMIN/Co25 ,AMINI (YW 4ARMAX/C25))

37 : CALL AROHBUAJUSAKsAAJyAAK 4 YH y0e0y121}

38 15 CONTINUE

39 0 CONTINUE

40 c ORAWS BOTTOM SURFACE

451 NN=O

42 DO 30 J=14JN

43 IF (MAR(I,J}.EQ.Q0) GO TO 22

44 NNZNN+)

45 IF (NN.GT.1) GO TO 33

46 ' AAJztJd-1)2%].0

47 AAKS~HI(IsJ)}*KNM]

48 CALL PLOTC(AAU,0.0,3)

89 CALL PLOTCAAJAAK 32)

53 60 70 32

51 a3 CONTINUE

52 AAJz(J=-1)%*1.0

53 AAK=-HI(I,J)*KNM]

54 CALL PLOTU(AAU,AAK,2)

5% Jbo=Jd

56 AJD=(JD=~11*1,C
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32
3¢

1c

CONTINUE

CONTINUE

CALL PLOT(AUD 00,3}
AAKS=HI(1,JD3#KNM1
CALL PLOT(AJD jAAK,2)
AS0.2#USCALE

B=16.0

C=B+A™

CALL PLOT{B,0.0,3)
CALL PLOTIC,0.0,2)
CALL PLOT(C,=042,2)
CALL PLOT(B,=CeZ,2)
CALL PLOT(B,0.0,2}
CALL PLOT(3040yCe0y=3)
CONTINUE

END
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9.2.37 POTWW
This program plots the vertical section velocities along

canal centerline for near-field.
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1*D0C «POTVN
1 c PLOTS VELOCITIES IN J SECTIONS
PARAMETER INZ1B4JUNZZ1,IWNS17,JKNZ2C KNS5 ,KNM1=4
3 DIMENSION UCIN JUNGKN} oVEINSJNoKND 3D UINGUN yKNI,ECINL,UN,KN},
4 CUHEIWNy UWNgKN) 3 PINTH (I WN g RN}
5 DIMENSION HXUINgJUND) gHY (IN yJN) JHI (IN 3JN) gMAR LIN,JN) ,MRHUINN, JWND,
6 CHEINyJINyKN) s WREINJJUNSKND yWRHEIN, N, KN}
7 DIMENSION TUINgJNGKNDI 3RO CIN sJNJKN) TR EINN yJW N,
8 CKN) yROWCINWN, JWN,KN)
9 DIMENSION IBUF(10CD)

10 READ 1, IRUN '
11 "IFCIRUNSEC.0) GO TO 4

12 IFC(IRUNLEQ.1) GO TO S

13 4 CALL READI(U,VywH PINTH Iy oK 3IN yUN yINyJUN KN,
14 CIWNy JWNy DsEyHXyHY HI yMAR JMRH AT AH,AV,AP,DX,
15 CDY o DZ4yDT 3 TAUX g TAUY Wy KRyWRH 4TTOT )

16 60 TO0 &

17 S CALL READ2(U Vo HHPINTH, I yJ 4K 4IW 4N yINSJUN KN,
18 CINNyJNNgDoE yHXyHY yHI yMAR yMRHg AL AH, AV ,AP , DX
19 COYsDZyDTosTAUXs TAUYs N yWRoyWRH,TAI ,TAH ,TAV ,AKT ,CB,CH,
20 CAsBsCHEUL T, TW,PO,ROK,TE ,RREF,TREF,TO0,

21 CTAMB,TTOT)

22 . 6 CONTINUE

23 CALL PLOTS(IBUF ,1C00,111)

24 CALL FACTOR(O0.25)

25 READ 1y USCALE,VSCALE,MSCALE,HBYL

26 ARMIN=0.CH

27 ARMAX=0,15

28 i FORMAT ()

29 DO 10 Jz=1,JN

30 00 2C I=1,IN

31 IF (MARCI,J).LT,.11) GO TO 20

32 AI=(1-1)»1.0

33 DO 30 K=1,KNM1

34 AKS={K=1D)2HI(I,J)

35 AAIZAT+U(TyJdeKD)2USCALE

36 WlIys14K3=0.0

37 AAKZAK-WII3JyK)I*WSCALEXHBYL

38 YRZSCo2%SQRTCUAATI-AT w24 (AAK=AK)%%2)

39 YW=AMAXI (ARMIN/Ca25 4AMINI (YW JARMAX/0,253)

93 CALL AROHD(ATI yAK AAT 4AAK 3 YW 300,121

41 ic CONTINUE

42 F4y CONTINUE

43 c DRAWS BOTTOM SURFACE

44 NN=J

45 DO 35 I=1,IN

46 IF(MAR(IZJ)4EQeC) GO TO 4G

47 NNZ=NN+}

43 IF (NN.GTel) GO TO 33

49 AAIZ(I-1)=%1.0

53 CALL PLOTUAAY C.0,43)

S1 AAK==HI(I,J)2KNM1

52 CALL PLOTEAAI ,AAK ,2}

53 GO TO0 43

54 33 CONTINUE

55 AAI=Z(I-1)%1,0

56 AAKS-HI( Iy J)*KNM]
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4C
35

CALL PLOT(AAI JAAK2)
1D=1

AID=(ID=1)*1.C
CONTINUE

CONTINUE

CALL PLOT(AID 3343
AARS=HIL ToJ)#KNM]
CALL PLOTUAID ,AAK,2)
A= .2#USCALE

B=16.0

C=B*A

CALL PLOT(E 00,3}
CALL PLOTIC,0.0,2}
CALL PLOT{(Cy=¢2,52)
CALL PLOTIBy=e242)
CALL PLOT(B,0.0,2}

CALL PLOT‘SO.U,C.G."}’

CONTINUE
END
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9.2.38 PRPARA
This subroutine prints values computed after one tire
step. Quantities printed are AI, AH, AV, AP, DX, DY, DZ,

DT, DL2, MAXIT, EPS, OMEGA, ARBP, TAUX, TAUY and TTOT.




JOC ,PRPARA

400

6p0
1CC
8o¢C
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SUBROUTINE PRPARALAY JAH AV, AP 0X,DY y0Z DT ,OL2,MAXIT,LEPS,
COMEGA9ARBP s TAUX s TAUY»TTOT,H AR MRH JIN,JIN ,TWN ,JUWN)

DIVMENSION MARCINJJUN)Y MRHOTINN 4 JUWN)

PRINT 1, AL ,AH, AV AP DX ,DY,CZ,07 yOLZMAXIT,EPSyOMEGA,

FORMAT (/° AI:"EISO7'/. AH:"515-71/' AV:"E1507'/' ‘P:.'E15.7'
C/* DX=v,E15,747" DYZ®,E15.79/7% DZ=",E15.74/° DT=*E1574/°% DL2=",
CE15e79/° HAXIT:'gIS,/' EPS=v,E15e7y % OMEGA="yE15.7¢/" ARBP=",
CE15¢74/° TAUXZ® yE£15e73/7°% TAUYS'4E15.74/° TTOT:"EISn7/)

DCU4CCJ=] oJN

JU=JN*1=4

PRINT 7001(HAR(I;JJ)’I:1’IN,

CONTINUE

DOECOJW=1,4,JNN

JUNSJRNS 1-JW

PRINT 8009 (MRHUIM yJJW) oI y=1sIuN?

CONTINUE

FORMAT(/Z ,* MAR °*,(3X42913,71)}

FORMAT(/* MRH ',(3x,2813,/1)

RETURN

END
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9.2.39 PREL

This program computes pressure for far field from Poisson

equation. An iterative scheme is employed.

at half grig points,

Values are computed




MEQULL (L) . PRE]

i4

16

17

18

i9

303

SUSIOUTINE PREI(EPS yMAXYITyINyJIN P (ITN DPSX ,DPSY ,FH,DL2,0MEG 2,
CMRHy T oJs Ko IWg JW s GXg DY 42Xy ITWNyJh Ny ARRP)

DIMENSION PLIWN,JWNT  FHUIWNGJUYNDY JCPSX (IN,JN) 4DPSYLIN, IN)
DIMZIKSION MRHUIIWN yJWh)

ITN=C

EX=2.9

ITHNZITN+ L

DO 13 IWD=1,IWN

DO 13 JHUZ1,JWNK '

IWSCIWN® 1) ~-IKD

IZIW

J=Ju

IF (MRHCOIM,JWILEQ.CY GO TO 87

IF (MRH{IW,Jw}eEQ.l) GO TO 11

IF (MRHUIWyJW)eECL2) GO TC 12

IF (MRHUIWsJW)WFCe3) GO TO 13

IF (MRHUIW.JWIEGL4) GO TO 14

IF (MRH(IW,JWI.TC.5) GO TO 18

IF (MRHUIW,JW).EQe.6) GO TO 16

IF (MRHCIW,JHWIEGLT) GC TC 17

IF (MRH(IK,JH).EC.al\GC TO0 18

IF (MRH(IW,JH)YsECLLIC)Y GO TO 19 _ _

PN o 25%{P(IW=1, JW)+P I+ ,JWIHP(IW,,JW=1)4P (Thi qJW+1)=DL2%FR(IWJW))}
GO TC 513

CONTINUE

PNZ 254 PUIN~T,JRUI+FIILAL 3 JRIPIIW W =1) 4P (In ,JW)S(CPSY{I,J%1)
CIDPSY(I+1ydr 1)) 2UY/2e~DLE*FH(IWyJm1])

G0 TQ 52 .

CONTINUE -

PNZ o258 #{PUIN=1,JW)+P(IN+1,UW)*P (TUH yJW +114P (I w,JW])
C—{DPSY(I ,JI+DPSY(I+1,J))%DY/2-DL2*FH{IK,Jk })

GO TO 5C

CONTINUE

PNZ o 25%({PIIN+ 1y dWI+P(TUW,JW=3) P (IW 3y IR I~(DPSX (I J)+LPSX(I,Jt )}
CEOX/24PCIWg NI+ (OPSY(T yJ+1)4DPSY(I+),J+1 1) 2DY/Z~DL2Z2FHIIN  UW))
GC TO 53

CONTINUE .

PHZ o 25 %(PLIW+ 3 JHI+P{IW,JW+1)4P {IW ,Jk }={DPSX (I ,J)+DPSX(I, J+1)1)%
COX/2+P Iy JW) =(DPEY(I JIYOPSY(I*+1,J))*DY/2~DL2%FH(IWyJda))

GO TO 50

CONTINUE

PNZARBP

GO TO 59

CORTINUZ

PR o 25%{PlIW,JN+LIP(IN~1 ,JWI4P {IW R I+ tOPSX{TI41,U+1)90PSX(I4+1,J))
CxDX /4 PUINyJWI-{OPSY(L yJ)+0PSYCI+] ,J)IXDY/C-CLI*FH(IW,JW})

GO TO 23

CONTINUE

PR 425 2{PIIN=]1,JUI+P IRy Ji=3)4P (TUW,JH )+ (CPSX(I+1,J)+DPSX{I+ 2,0¢1)2

CRDX/Z2oPCIRN JWITLOPSY (I yJ+1)+0PSY(I41,Us1))2DY/2-CLa*FHIIN,JUW))

60 TO 53

CONTINULT

PNZoZ53%(F Iy Ju+)+F (Ik=1 yJWI4P (IW JW =13 4P {IW ,JW)I4(CPEX(I+1,4)
CeOPSX( I+ 1ydd L) IN0X/Z-DL2%FHITIW,,JK )]

GO TO Lo

CONTINUC
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53
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PRIC Z5% (PUIN 4= 4P (IN 4 JW+L)#P{IN+1 ,UNI+P{IW,Jk)
C~{DPSX(I,J)+DP3X(I,J¢1 )} *CX/2-DLZAFH(IH,dW })
CONTINUE

PNEWZOMEGA¥PN (1 -CMECAI 2P { IV ,JW)
IFCABSIPNE WY o LTo(10a%%x~1641) GO TO S
DIFFZABSU(PNEW~P (IN,yJW}II/PNEK)

IF (DIFFLLT.EX} GC TO 5%

EX=DIFF

PUIW,JW)ZPNEW

CONTINUE '
CONTINUE

HTZP(1,6)-AR3P

DO 30 IWT1,IWN

DO 3T JWZ1,J4N

IF (MRHOIW,JW),£Q.0) GO TO 21
PUIW,JuI=PlIn,JK)-HT

CONTINUE

CONTINUE

IF(EXLTLEPS)Y GC TO 20

IFCITNLLTLHAXIT) GO TO

CONTINUE

RETURN

END
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9.2.40 PRE2
This program computes surface pressure for near field from
Poisson equation. An iterative scheme is employed. Values

are computed at half grid points.




#D0C.PRE2

11

12

13
14
16

17

19

20

50
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SUBROUTINE PRE2(EPS MAXITHIN JUNyP sITNsDPSX,DPSY,FH,pL2,0MEGA,
IMRHe Iy Uy KeIwyJuWsBXsDYSEX IWN, JHN ARBP)

DIMENSION PUIWN JHN ) JFHEIRN 3 JWN) 9P SX LINgJND »DPSYUINy JN)
DIMENSION MRH (I%N,JUN)

ITN=O

EXZ0ef

ITNSITNe ]

DD=ARBP

DG 1T IWND=1,IWN .

DO 1C JwW=1,JuN

Iy=C(IuN+1}-IuD

I=Iw

JJu ‘

IF (MRH(IW,JW) EQ,11) GO TO 2

IF (MRH(IW,JW?.EQ.1) 60 TO 11

IF (MRHOIW,JW).EC.2) GO TO 12

IF (KRH{INsJW.EQ.3} GO TO 13

IF (MRHEIW,JUW)I.EQ.4) GO TO 14

IF (MRHUIW,Jy)sEQ.S) GO TO 18

IF (MRH(IW,JWD}.EQ.6) GO TO 16

IF (MRH{IM,JW),EQ,T7) 60 TO 17

IF (MRHUIWsJWI.EQ.8) GO TO 18

IF (MRHCOIW,JW).EQ.9} GO TO 19

IF (MRH(UIW,JW),EQ.10) GO TO 20

CONTINUE

PNTe25% (PUIN=1,JWI4PCINA] W) 4P (TU,JU=1)+PLIN ,JW+1)-DL2*FHLIM,JH})
GC TO S8

CONTINUE. . .
PNZe25%(PlIW=1)JWI+P(TW+] ,JW)eP (IW,Ji=130pp=DL2*FH{IN,yW})
60 TO 5D

CCNTINUE
PN=e25%CP{IN=1, JW)I4P (IN 4] ,JW)+P (IN W4 1) +P{IM,JN)

C~(DPSY(I,u)+DPSY(I+1,J)3%0Y/2-DL2*FH{IN,yJW))}

Go T0 5¢
CONTINUE
PNZa29% (PEIN4 1, UN )P (IWgUW=3)42%DD~-DL2*FH(IW,Ju)}
Ge T0 50
CONTINUE
PNZo25%({PEIW,JW 41 )P CIN+) W) $2%DD-DL2*FH(IW, ) )
60 TO 50
CONTINUE
PN o25% (P{INJUH+13 4P (IW=~1,JN)+2%DD~DL22FH(IW,UW )}
G0 70 50 '
CONTINUE .
PN=eZ2S% (P IW Ul =1)4P (IW=1JW)+2%DD-CL2%FH (IN,JW) )
G0 Y0 S0
CONTINUE
PNZe25%¢P(IV=1, )P {IN JN=1)*P (IW,JW*1)+DD~DL2*FH{INyW¥W13)
GO0 10 508
CONTINUE .
PNzo25%(P{IN=1,JU 4P (TN 3JNI4P (IW N =1 4P (T yJW#1)-DL2*FHIIN, W)}
G0 1O 50
CONTINUE
PNZe25% (P (IW+ 1, JRIP(IW  yJW=1)+P (IW, W+ 13400 -DL2XFH{IN,JW))
CONTINUE
PNEN=OMEGA®PN®{ 1-CMEGAIXP (IW,UN)
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57
s8
59
63
61
62
63
64
&5
66
67

51
10

32

309

IF(ABSIPNEW) eLTo(10e#%-164)) 60 TO 51
DIFF=ABS ( (PNEW=P (IW,JW}}/PNEN)
IF (DIFF ,LT.EX) €0 TO 51
EX=0IFF

P(IN,Ju)=PNEW

CONTINUE

IF(EXSLT.EPS) GC TO 32
IFCITN.LT.MAXIT} 60 TO 1
CONTINUE

RETURN

END
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9.2.41 PREROR

This subroutine prints Hirt and Harlow correction term,

(WHLDT)
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*00C.PREROR

1 CHEFRRRRXERXFEFRRXEIF R Y AR A BASE LR R B XAR SR RSB XA DR AR AR SRS AR AX SRR SR AR RIS ReR R kb k
2 c THIS PROGRAM PRINTS THE HIRY AND HARLOW CORRECTION TERM

3 CEXBBRRFREAZET IBSRRFRFARER RIS R TR R R RS S AR SRR SRR RER AR BN R FF R SRR SRF R R R Rk F
L] SUBROUTINE PREROR (IWN ,IW ,WHLDT yJi yJUWN,IN,JIN)

5 CIMENSION WHLDT (IWN JWN)

[ DO 7573 Iwz=1,JuWK

7 7500 PRINT*TS109IN{WHLDT(IN,JN) sJUW=1,JUWN)

8 7510 FORMATC/® IW=*,134/7° WHLOT*/(SX48E15.7))

o RETURN

10 END s
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9.2.42 PRINTE

This subroutine prints XINT and YINT used in computing

surface pressure.




313

#00C PRINTE

Crumpk Rt xr bR 2R e xR g XA E R R AP RN R RN R RN R R RS kR xR kR K
c THIS PROGRAM PRINTS THE INTEGRATED VALUES OF COMBINED INERTIA aANp
¢ AND VISCOUs TERMS IN U AND V MOMENTUM EQUATIONS
CEIRAREBAX XSRS IR KRR RARDERFREE IR AR R TR BN R IR L R 2L R 22 R ED PSS CTTIEIIRTIEEE D
SUBROUTINE PRINTE (I yJ,IW 4 W ;XINT ,YIAT ,IN,JN)
DIMENSION XINT(IN,JN)},YINT(IN,JN)
DO 8DD0 I=1,IN
PRINT 8100,1,(XINT(I ,J),J=1,JN}
80C0 PRINT B2COy(YINT(I J)yaJ=1,JdN}
8100 FORMAT(/® I=",I2,/% XINT®/(SX48E15.7}) '
8200 .FORMAT(® YINT*/(5X,8E15,71)
RETURN
END
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9.2.43 PREPINT

This subroutine prints PINTH.which is surface pressure.
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3D0C.PRPINT

1 CHARRBE XA BIRA BT ERIRER N 4 g p e d 4R SR XT R EB AR EE R R ER AR R EREFR XS R R KRR B RRRERE RS R KRR R
2 c THIS PROGFAM PRINTS THE VALUE OF PINTH OVER THE SURFACE

3 o R Ly L R e g g Y L g R e g S YT T L L]
4 SUBRCOUTINE PRPINT (INW,Jk,IWN jJWN,PINTH)

5 DIMENSION PINTH (IWN ,JWKN)

6 S2CC DO 5300 IWZi,IuWN

7 PRINY S4CC,XW y(PINTH(IN,JW) ,UWZ1,JuUN)

8 5400 FORMATUI/® INS*3T3,4/(5X48E15.7))

S S30C CONTINUE
10 . RETURN !
11 END
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9.2.44 PRITEX
This subroutine prints the number of iterations and final

residual error in solving Poisson equation.
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$DOC.PRITEX

VO~ NE N

CRAddxsa s AR SR BRI IXBRRER AR BRI TR RRNE BARE S EXIRRESRR K LXFE R R KR AR RN KR E R R ERE R RN
c THIS PROGRAM PRINTS OUTY THE VALUES CF NUMBER OF IYERATIONS ANDFINAL
c RESIDUAL ERROR IN SOLVING POISSONM
Copatk Xt s s iRt 422X IR DN RRRRR A AR A RARXB AR IRRBRXFERARER SXRXX TR RRRHEERR SRR ERE R AR K
SUBROUTINE PRITEX(ITN,EX)
PRINT 55C0,ITN,EX
SSC0 FORMAT(/® ITN=",14,5Xy* EX=",E15.7)
RETURN
END
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9.2.45 PRSORC

This subroutine prints source term (Right hand side)

in Poissons equation for surface pressure.

(Eq. 2.17 Vol.l)
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Cx 35 hR AKX AAEERIIXIRRERE SRR KPR TR IR RS IREEKEBR AR EEE B IR IR R R R R R R T AR Rk ek kX

THIS PROGRAM PRINTS THE VALUE oF THE SOpPRCE TERM IN POISSON EQUATION

CEERIFRRER AR R ERP R SE R RS K R R R RGN EE IR RN R TSR A AR A FR SRR SRR RS RR P R R § SR K K

«DOC .PRSORC
1
2 c
3
4
S
6
7 6000
8 6100
9
10

SUBROUTINE PRSORCUInsdnoINN yJUWN,F)

DIMENSION FAIWNJWN)

DO 6000 IW=1,IWN

PRINY, 61CCyINytF LIl ydi) JWZ1,JWN])

FORMATUL/® IW="413/° SOURCE TERM®/(5X,8E15.71})
RETURN

END '
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9.2.46 PRUV

This subroutine prints the values of U and V at all

main grid points.
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1*D0C PRUV
1 CEXERE FAEREEXRBAXT R AR R EERERKE A TFH ANRKRXIRBRRRF R PR ERREK P EREA SR KB IR AR AR R R B R BA B %
2 c THIS PROGRAM PRINTS THE VULUES OF U AND V AT GRID POINTS IN THE DOMAIN
3 CxXREFEAEF AR EBERXRRE YRR PR REX IR RARXBRERXRK P REEERE RSN R RE PR R KX R RRE YT R XY
g SUBROUTIAE PRUV (I ,J,K,IN,JNKN,U,V])
5 DIMENSION UCIN,JINKND)JVEINSJIN KN}
6 DO 910G K=-1,KN
7 00 "9130 I=1,IN
8 PRINT 90CC,KeTe (UITgdysK)yd=1,UN)
9 9100 PRINT 92CCytVII,JeK)edT1,uUN)
13 9CO" FORMAT(/® K=* ,I3,3X,%I=*,13/° U=-VELCCITY*/(SX,8E15.7))
11 92CC- FORMAT(® V-VELQCITY*/{5X,8E15.7)})
12 RETURN

13 END
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9.2.47 PRWH

This subroutine prints the values of the vertical vel-

ocities (WH) at all half grid points.




*DOCOPRuH

[y

2201 V0O NPT WN M
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CEREZIREFARAR SRS XRFEBXFERAB AR R R RSB ERXE AU IR B SR S I AE A B SR E R IR R h kR KR TR R RN

c

THIS PROGRAM PRINTS THE VALUS OF WH IN THE DOMAIN

(22 L2 R RS RIS R SR E2 222 2L POTR I eI 2SR 2222 2222 RS2 R RS RS R RS SRR R 22

70CC
7106C

SUBROUTINE PRWH (IW,Ju K, TWN 3 JW Ny KNy W H)
DIMENSION WHIINN,JUWN,KN)

DO 7C00 K=1,KN

00 7900 IN=1l,IkN

PRINT T71CC,KsTWo EWHCIN 3UN 9K ) g Jy=1,3JWN}

FORMAT(/" K=*pI3,3X,y" IN=*,13,/% MH{-VE OCITY*/{5X,8E15.7}])
RETURN .

END
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9.2.48 READ2
This subroutine reads in input papameters and physical
quantities stored on file designated by Unit 7. Store 2 and

Read 2 correspond to each other,




*DOC ,READ2
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CREBERBEIFERETBAFERBRRRRUB IR SRS EREE SRR RRRR R ER R IR R SR RRE SRR E R R R R AR R SRR BB RN R RN

o

THIS PRCGRAM READS TAPE FOR DATA I FOR THE VARIABLE DENSITY CASE

(22222232222 221222 R 222222 R 222222322 R 222 2R 2222 2222222t s R R Y

SUBROUTINE READZIU,V yWHyPINTH I yd oK IW oW qI N UNKNyIWNGJWNyDHE,
CHX sHYgHI yMARSMRH AL yAH AV AP DX 3DY 3 DZ oDT g TAUX yTAUY Wy WRy WRHy
CTAI TAHy TAV,AKT ,CRByCUW A 4B oCLEUL,yTyTH4RCyROW,TE,RREF,TREF,TO,TAMKB,
CTTOT ¥

DIMENSION UGIN;JN KNI VIINGJNGKNY JD(INGJUN KNI JECINyUNSKN) o
CHNHUIWNGJWNGKNIZPINTH (I WN JWN)

DIMENSION HXCINGJIN) gHYCINJUN)I gHICIN yUNY o MARCINGJN) HRHUTIWNy JWND,
CHNEINGUNSKNY pMRETINJUN KNI JWRHUIWN W A KN)

DIMENSION TCINgJINGKNI RO CIN gUNgKNYyTW(INN gUWNJKN) yROWIIWNJWNJKN}
REWIND 7

READ (7)) (C(UCT UK 3KT1 KNI 3J=143JN3IS1,4IN),
COLIV(IadeK) g KT1,KN)JZ1,dN),IZ1,4,1IN),
C(((D(I’J,K),K:l,KN),J:l,JN),I:l,IN)'
COUCECT g oK) oK1 pKNI gJ=1sJNI 9119 1IN},
COOUNHEIN yUW oK )oK ,KNY (UWZ1 ,JWNY,INZ1,IWN),
c(((H‘I’J'K)'K:l’KN)'J:IQJN)’IZI'IN)'

CUUINRITI o JoK) g KT14KNY 3J=13UNTIZ1,IN )y
C(((HRH(IH,JH,K) 'K:I'KNI'JH:IQJHN),I”zxyIH N}y
CO(PINTHCIWN,UN) 3 JRZ14JNN) yI=1,IWN)
C|(‘HI(I'J"J:I'JN"IZI’IN)'((HX(I’J),J:I'JN)'I:I,IN,,(‘HY‘I'J,,J:
ClyudNY IS 1 INY JUIMARITI 4J) 3J=1,UN) gIZ1,IN) 3 ((MRH{INW,JNY oJW=1,JWN],
CIH:I,IHN),(((T(I,J,K),K:I,KN),J:1,JN),1=1.IN).
C(((Ro(I.J,K),KZI'KN),JZI,JNl,IzlglN),
COUUTRIIW  JR 3K I3 K1 3KNY UWTY 3 WMDY INZ1,IWN]),
COC(ROM(IW G JW K oK1 yKN Iy W1 g JWN) yIHWH=24INN)y
CTAI, TAH, TAV,AKT,CB ,CW,A B ,C,EUL,T,TW,RO,ROW ,TE ,RREF,TREF,T0,T AMB,
CALsAHsAVAPsD Xy DY sDZ+DTy TAUXTAUYTTOT

REWIND 7

RETURN
" END
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9.2.49 READ2A

This is a subroutine used to read information stored by
the subroutine STOR2A, for a far field unstratified model.
It differs primarily from READ2 in that it does not include

the matrix ROW (the densities at half grid points).




327

KH*DULL € 1)« READZA
Coewna ke ey ook daa dolexe e o Sk o o £k w0 ax ok o o ok ko ok ok ok 3 ok o 3k ok o ok N % R o o K N e s fokok Kk

c
Otk g o o e R X B gk WA o g R R T M o K R R R AT O AR R R OB R AREFE R

QD O E NN

10

12
13
14

15

16
17
18
19
23
21

23
24
25
26

27

29
30
31
32
33
34
35
35

3.7, -

THIS PROGRAM REIADS TAPE FOR CATA I FOR THE VARIASLE DENSITY CASE

SUSKOUTINE RELOZAGU Vb HyePIRTH T 3 JyK,y IW g IW 9T g N JKEy INNy JWN D gy
CHX g HY yHI gMA g MAH g AT g AH g AV g AP 4 DX 3D Y 07 DT g TAUX 3 TALY 4 Wy WR ywRH g
CTALyTAHy TAV AKT 3 CEyClWgAs3 g CyEUL 3Ty TH RO 4TE LRREF,TRPZF,T0,TANB,
CTTOT,ITN,CX}

DIMENSTION UCItpdNoKNT pVIIN gINoKND gD CINgJH (KNI 4E CIN,JN,KN) ,

DIMIKNSION HX(INGJN) yHYCIN JURY yHICTIHyJINY yMARCINyUNI yMRHOIWN,JWN),
CHUINs NG KNI g WRIINgJNgKND g WrHIINN yJWh 4KN )

BIMENSION TOIN,JN KNI,ROCIN ,JH KN Th (IHN, JWN,KN}

GO T0 1iGC

REWIND 7
-CONTINUZ

READ (T} (ClUET g Jy K yK=13KN)Y 3JZ)1 4, JUNY,IZ1,IND,
COLUVII,JdyK) KIL, Kh) pd= i, dN),121,IND,

COUUDUI J9KI KoLl KN} 3 JT1yJdh),IZ1,1IND,

COUUTUTI U K a KT, KN 53U ydndIT1,INDY,

COCOUWHIIW R K YKl KE Yy = pdbiN) 31T ,IWND ,
COLLUlI,JyKI KT, RN}, JT1,d0),IT1,1IN),

COUCARC I, Jy K g KT KK )y JS1,dt),I21,IN0,
COCCURHEIWyJW G K) g K1 GKN )y JW 1, JWN) ,IWZ1,TWN],

CUIPINTHEIW)ySW pJWTI gJUN) p IR, IUWN) :

CoyllHICIyJIgd2 R e IS g INY g UUHX (T 3d) g d=1yJINYIZ1,IN), ((HY(IJ),,J=

CLlgdN) I3 INY g CUHARIT 30} y =1 dNT I TN, C (MRHC I mydW) g JW= 1, JWNT,

CIKT yIWN) (e TCI dsKIsKT1yKN) pJ=1,dN) ,I21,IN},

COU(ROU I, JyK) g KT I, KNY yd=1,UNT,IT1,IND,

COLOTHOIN pUIWy KD g KT 1gKRY 3 W3, Wb ) g IW=1 JINNT

CUCCTHOIN gl g KD gKZ1yKND g W1 yJWND 3T W1 ,INND
CTAIL TAHy TAV, AKT yCByCW yAyByCoiUL Ty TW, RO, TH o TEJRREF 3 TREF 4 TO, TAHE,
CAT AH AV g AP DXy LY D2 30Ty TAUX g TAUY yTTGT4ITN o2

G3 To 220

REWIND 7

CONTINUE

RETURN

_END *
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9.2.50 READ2B

This subroutine reads information stored by the subroutine
STOR2B for a far field stratified model., It differs from
READ2 in the fact that the matrices TW (temperatures at the

half grid points) and ROW (densities at the half grid points)

are eliminated.
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(M*DULL (1}, READZE

1 Clgpaesy ke g AR PR AR NP E ot d F e sk e px ek e ey Ao gk b ekt Rk oo
2 C THIS PROGRAM REZADS TAPE FOR DATA I FOR THZ VARIABLE DINSITY CASE
3 € i o o ol o o 3 o Ok B o T o g e e o o e R 0K 3 R X e B o o e o oK ok ek ot ok w R ol o MR ax o o ok K 0 N e g
4 SUSICUTINE READZE(U Ve hH PIANTH T3 J M g W g JW g INgUN JKNJIWNy UNN Dy iy
5 CHX y HY y HI g MAR, MRH ) AL yAH AV APy DX LY 4,02 \CT p TAUX yTAUY gy WR yaRHy
5 CTAL TAHy TAV)AKT s CE)CWAyB yCyEUL 4 THyRO,TZ4yRREF 4 TREF 4 TO,TAMI,
7 RE CTTOT, ITN,EX)
8 ' DIMENSION UCINgJINKNIZVIIN UM KN gDUINyIN KN Yy (IhigUNgKN) o
3 CWHEIWN JwER KNI ¢ PINTH I GN yJRN}
3 DIMINSION HXCINyJR) yHY {INpJNY JHICINSJIN) pMARCIN  UN)yMRHIIWN,JRN],
11 CWET g INY KN g WREIN gdNyANY ) WRHIIWNy JWNZKN)
12 DIMENSION TUINGJKKNDZROCINZJIRN G KK)
13 60 TO l4C
14 REWIND 7
15 100 CONTINUE
15 : READ (71  ((QULI,Jy,K3,K=1,KN),J=1,JN),I=1,INT,
17 C(((V‘I,J,K)yK::yKN)’J::L'JN),I:l'IN),
18 COU(OITpJsK) y K1y KNY 3 JT 1 JHYIT14IND,
19 CUCUELTI K KoLy KN g JT1,JN},IT1,IN),
20 COUUWHO LWy IR K g KTy KN} pJHZL ydN )y TW =14 IKNT,
21 CUUUWUI e KYg KT hhY 3 dZ 1y JHI,ITL4INY,
22 C(f(ﬂR(I,d,K, ,Kzngf“'),legdn)yI:I\,I,‘i)’
23 COUUMRHIIK gUW K ) gy KZE pKN Y gy JW Ty JuWNY 1N, IWN],
24 COtPINTHIIWyJU g JWT1yJWN) 3T =1y TUWN)
25 Col(HICI Iy o1y Jh )y ITI INY J0lHACIyUd)pdT13INYJIZY IR, CUHY (I d}yd=
25 ClyuN) pIZ 2 INY yCOUMARII LU pdS g UND B IT 3 TINY y C{MRH{IW yJWYyJWZ 1y duN),
27 CINSLyIWRI gt OTII 0K g KTl pKRY T 3 UN) 4IT1,INY,
28 C(‘(:O‘I’ J,K’ ,K:Z,i\i‘l)yJII,JR)'::lyI'v'),
29 . CTALyTAHyTAV)AKT,C39CNsAsB yCyEUL oTE yRREF 9 TREF TGy TANE,
33 CAIsARy AV APy XsOY4DZ,0T,TAUX,TAUY,TTOT,ITH ,EX
31 GC TO 230 .
32 REWIND 7
33 Kgals CORTINUE
34 RETURN
35 END




330

9.2.51 READ3
This program classifies into interior, corner or boundary

pointe as shown in Figs. (9.5 and 9.6).
Matrix MAR classifies points on the main grid.

Point outside the region of interest.

-

Point on the far y-boundary.

-

Point on the near y-boundary.

~

Point on the near x-boundary

.

Point on the far x-boundary.

Far corner on y-axis

.

Corner at Origin

-

[
i
I N N N N )

Far corner on x-axis

-

MAR = 10, Corner at the far x-boundary and far y-boundary

Matrix MRH classifies point on the half grid.

MRH = 1, Corner at the far x-boundary and far y-boundary.
MRH = 2, Points on near y-boundary.

MRH = 3, Points on near x-boundary

MRH = 4, Corner at the near x and y boundaries

MRH = 6, Far corner on x-axis

MRH = 7, Corner at the far x and y bounds.
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Fig: 9.5 Representation of Identifying numbers in the main grid
system for near-field.




Fig:9.6 Representation of Identifying numbers in the half
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ALL INTERIOR
GRID POINTS
ARE MARKED 9

=

grid system for near-field.




{#DOC +READ3

10C

29¢C

3CC

400

socC

6C0

4¢
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SUBROUTINE READICIyJgIN uUNyIWyJW4INNyJUN,MARHRH)
DIMENSION MARCIN,JN) JMRH(IWN,JUN}
INM3=IN-}
JNMIZTJUN=]
INNIZTIkN~-]
JWNNISJEN=1

D0 160 I=2,INM}
DO 100 J=2,JNM1
MARC1,4)=11
CONTINUE

DO 200 IWz=2,INNI
DO 200 Jw=2sJuN1
MRHOINW, jW)=9
CONTINUE

00 300 I=2,INNM]
MARUI,JNIZY
MAR(I,13=2
CONTINUE

DO 430 J=2,JNM]
MARCY,J)=3
CONTINUE

DO SO00 IW=2,IWN}
MRH{Iys»JWNI=1
MRH(INs12=2
CONTINUE

D0 600 JW=2,JWN1
HRHE1l,Jdy =10
MRHOIWN, UW)}=8
CONTIKUE
MAR(1,1)=7
MAR({14UN)=5

'HARlxN,JN):ID

MARILIN,11=9
MRH{1,1) =8
MRHE1,UWN2=3
MRHUINN, JUND=Y
MRH(IWN, 1)z6
RETURN

END
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9.2.52 ROINTX

This subroutine computes Xp in the Poisson's equation

(Eq. 2.17, Vol.1) Xp is then added to 'XINT'.




*DOC LROINTX

OO T WN

12

12
13
14
15
16
17
18
19
20
21
22
23
24

26
27

29
30
33
32
33
34
35
36
37
38
39
4p
41
42
a3
4y
45
4e
87
48

50
51
52
$3

L1
56

11

12

13

14

15

16

17

18

19

2C
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SUBROUTINE ROINTYX I gJyK,IN,JN KN ,,OX yDY yDZ yROAP2EULH I,
CHAR RINTX HX, XINT)

DIMENSION RINTX (INGJUN KNI JROCINGJINSKNY o XINT C€INJJN) yHIUINy UN)Y
CHARCINSJND) yHX CINgUN)

pC 1C0 1=1.1InN

D0 1CC J=1,JN

IF "¢MAR(I,J) ,EQ.Q0) GO TO 101

RINTX(I,J,1)=C.0

DO 112 K=24KN

IF (MAR(1I,J).EQel1) GO TO 11 '

IF (MAR(I,J)+EQ.2) GO TO 12

IF (MARCIsJ)EQ.3) GO TO 13

IF (MAR(IZJ),EQ.5) GO TO 15

IF (MARtI J).EQ.6) GO TO 16

1F (HAR(IyJ)+EQ.7) 60 TO 17

IF (MAR(I,J).EQC.8) g0 TO 18

IF (MAR(I,J)+EQ,9) GO TO 19

1F (MARCI,J).EG.1C} GO TO 20
RX:DZ*¢R0(101,J,K)¢Ro(101,J.K-l)fRO(I-l.J,K)fRO(IFI.J'K-I))I(Qtoxl

6C 10 1g2

CONTINUE

RXzD2*(RO(I41 ,J ,KI+RO(LI41,J,K=11-RO(I=]1,JyK)=RO(I=-1yJyK=1))/04*DX)

6g Yo 1p2

CONTINUE

RX=DZ*(RO(I+15J 4K I4ROLI#1,3JyK=13=ROUI~14J4KI=ROUI=19JeK~1)}/(8%DX]

60 70 102

CONTINUE

RX=DZx(8%(RO(TI+1,J,K}4R0£I+41,J,K=1))=2%(ROCT  J4K)IIRO(I,JyK=1})
C-(RO(I*23JyKI*ROLI*2,J43K~1)))/ (u4»DX)

CONTINUE

RX=DZ*¢3%{RO(T3JyKI+ROLT yJyK=1)D)+tROLI-2,JyKI*RO(TI-2, JyK—1))
C-Ux(ROCI~1,JsK)+RO¢I~=1,J,K=1))})/ (4%DX}

G0 10 102

CONTINUE

RX=DZ*(43(ROCI*+1,J,K}+RO(I+1,U,K=1))=3%(RO(I,JyK}I*RO(I,J,K=-1))
C=(RO(I*2sJyKI*tRO{II2,43JsK=11)21/(4%DX)

60 T0 102

CCNTINUE .

RX=DZ*%(RO(I+1 ,J ,K19RO(I+],J,K=1)=RO(I=1,J,K)}=ROLI=1,J,K~-13)204%DX)

Go 10 102 -

CONTINUE

RX=DZ2% (4% (RO(TI+1,J,K)I+RO(I+1,J,K=13)=3%4(ROCTI JyKISROlTyJpK=11})
C=(RO(I®+2,J,KI4RCEI*+2,J,K=1)0}/Cy*0X)

60 710.102

CONTINUE

RX=DZ%x(RO(I+41,J ,K)+R0O(I4]1,J4Ka]1)=RO(IelydyK)=RO(I=1,JyK=1))7Cu%pX)

6o To 1p2

CONTINUE

RXZ0Z#(32(RO(Y,J,KI*ROCI ,J,K-1)14(RO(I-2,J,K34R0(I=2, JyK~1))
Co4x{RO(I-1yJyK}+RO(I-1,J ,K=11))/(4%0X])

G0 TOo 102

CONTINUE

RX=DZ%(3#(RO(TIJyKI*RO(T 4 JyK=1))4(RO(I=24JsK)IFRO(I=25UyK=1))
C=4%(RO(TI=1,JsKI)+ROtI=1,J,K-1})3/ ¢B%DX)

60 70 102
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102

118
101
1C0C

21¢
201
200

316
3ci
3co

337

CONTINUE

RINTX(I JJgKIZRINTX( T yJgK=114RXSHICI yU)S{ROLTIJeKI*RO(I,J,K=1))%D2Z>»
CHXtI Jd) /2,0

CONTINUE

CONTINUE

CCNTINUE

DO 2CC I=1,IN

DO 200 J=1,JN

IF (MAR(I,J).EQ.B) GO TO 201

00 2175 K=2,KN

RI&TX(I.J.K):GIATX(I,J,K)-(K-l)*DZtHX(I,JI*(RO(I,J;K)4R0(I,J.K-1))
“C/2.0

CONTINUE

CONTINUE

CONTINUE

D0 30C I=1,IN

00 300 J=1,JN

I (MARC1,42.EQ.GY GO Y0 301

DO 310 K=2,KN

RSUMX=C(RIKNTX (I, J ,KI+RINTX (I yJyK=1)233LDZ/2)% APXEUL*HI(I,J)

XINTU(IJIZXINTLI yJI#RSUMYX

CCNTINUE

CONTINUE

CONTINUE

RETURN

END
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9.2.53 ROINTY

This subroutine computes yp

yp is then added to 'YINT'.

in the Poisson's equation.




*00C ,ROINTY

11

12

13

14

15

le

17

18

lg

2C
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SUBROUTINE ROINTY( I 3JoKsINyJNyXNoDX 4DYsDZ4RO9APyEULIHI,MAR,
CRINTY HY, YINT)

DIMENSION RINTY (IN,JUN,KN ) ,ROCIN,JIN,KN),YINTCIN,JN) ,HI(IN,JN),
CHYCINyJUND) s MARIIN,JN)

DO 100 I=1,IN

D0 1CO J=1,JN

IF (MARCI,J)EQ.03 GO TO 101

RINTY(I,J,1)=0.C

DO 11C K=2,KN -

IF (MARCIsJloEQ.1) GO TO 11 .

IF tMAR(1,J).EQ.2) GO 70 12

IF (MAR(I,J)+EQG.3) 60 TO 313

IF (MARCI,J).EQ.4) GO TO 14

IF tMAR{I4J)oFEQ.5]) Go TO 15

IF (MAR(I,J), EQ.g) GO TO 16

IF (MAR(I,J).EQ.7) GO TO 317

IF (MAR(IyJ).EQ.8) GO TO 18

IF (MAR(I,J).EQ.9) Gg Tg 19

IF ¢MARCI,J)} ,EQ,.10) GO TO 20

RYZDZ#(RO(I,J41,KIeRO(I J4]1,K=13=RO(I,J=1,yK)=RO(I,J=1,K=1))/0845DY)
Go 70 102

CONTINUE
RYzDZ#(33(RO(I,J,K)+RO (I ,J,K=1324(RO(T,J-2,KI+RO(I4u=2,K~1])
C4%CRO(T yJ=1,K)YRO(T sd=1,K=1}))/(a%LCY)

60 70 102

CCNTINUE ‘

RY=DZ¥ (3 3{RO(T,J+1,KI4RO (T, Js1,K=1))=3%CROL(T ,J,KI+RO(T,J,K=1))
C~(ROCEpJ*29KI+RCEIyU*Z43K=-10) 3/ (4%DY)

60 T0 102

CONTINUE

RYZDZ#(RO(I ,J+1 ,K)4RO(I 4J41,K=1)~-RO(IyJ=1,K)}=RO(I,J=1,K=11)/8b%pY]}
G0 TO 102

CONTINUE

RY=DZ*(RO(I,J+1 ,K}4RO(I,J*],K=13=RO(I,J~1,K)=RO(I,J=-1,K=132/C00%DY)
6C 10 102

CONTINUE

RYZDZ#¢3#(RO(I 4 J4KI4RO (I 4, K=1))4(RO(I,J=2,K)*RO(TyJ=2,K=1}}
C-a%{ROLI,J=1yK}ARO(Isd=19K=1321/ (4%0Y)

60 YO 102

CONTINUE

RY=DZ#(RG(I ,J+1 ,K)oROCI ,Jop,Ku1)=RO(I,J=1,K)~ROCI,J=1,K=10}/04xpY)
60 T0 1p2

CONTINUE

RYZDZ* (42 (RO(TpJ+1,KI9RO (T, J41,K=13 )-3%(ROCIJyKI*ROC Ty JpK~1})
C-(RO(I,J+2,KI+RO(I,J42,K=1)))/(42DY) .

G0 T0 102

CONTINUE

RY=DZ#(ROCI,J41,K)4R0O(I ,J4]1,K=1)=RO(I,J~1,K)~RO(I,J=1,K=13)/(4%DY)}
60 T0 102

CONTINUE .
RY=DZ*(44(RO(T ,J*#3,KI4RO (T, Ue1yK=11)=3%C(ROCI s Jog) *ROCTIgJpK=11)
C={RO(IyUe2,K)I*RO(I4J42,K~2)32/(4%DY)

GG TO0 102

CONTINUE

RY=D2* (33 (RO(T ,J,K) 4RO (T yJ,K=12)+(ROCT,J=2,KI+RO(TJ=2,K=1})
C-ur{RO(TI gJ=1,KI*RO(TI gJ=1,K~3)3)704*DY)
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60 70 102

CCNTINUE

RINTY(I,J KISRINTV(I J K1) SRYSHII ,J)+(RO(T,J,K)+ROCI,J,K=1))4DZ*
CHY(I,J)/2.0

CONTINUE

CCNTINUE

CONTINUE

DO 208 I=1,IN

DO 200 J=1,JN

IF (MAR(1,J).EQ.0) 60 T0 201
DO 210 K=2,KN
RINTY{I,JeK}SRINTY(I gJ K 3= (K=3)#0Z3KY(I,J )% (ROLT,J,KI®RO(I,I5K=1))
C/2.0

CONTINUE

CONTINUE

CONTINUE

D0 300 I=1,IN

00 30C J=1,UN

IF (MARCU JpJ?+EQ.0) 60 TO 301

DO 310 K=2,KN

RSUMYZIRINTY (T, J,KI4RINTY (I ,J,K=1))#(pZ/2)% AP*EUL*HI( 1o J)
YINT(IZJI=YINT(I,J)eRSUMY »

CCNTINUE

CONTINUE

CONTINUE

RETURN

END
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9.2.54 RWH
This subroutine uses continuity equation to compute

vertical velocities at half grid points,
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SUBROYUTINME RHH(I,J,K,IH.JU,IN,JN,KN,IUN,JHN,U,V,HH,HI,DX,DY,DZ.

CMRH)

DIMENSION U(IN,JN,KN),V(IN,JN.KN),HH(INN,JHN,KN),HI(IN'JN)

DIMENSION MRH (IWN,JWN)

KNMIZKN=-1]

0C 10:IW=1,IuWN

DO 10 gW=1l,0%N

IF (MRHEIW,JW).EQ.0) gO TO 8

D0 9 KD=1,KKM1 .

K=KN=KD+*1

I=1W

JEJW

DIHUX:(HI(I*l.J*ll*(U(IOI,J*I.KlOU(1*1,J01,K-1)1*HI(101,J1*
C(U(Iql,J,KioU(IOI,J,K-I))-HI(I,JOl)*(UlI,JOl,K)#U(I.J*l,K-l)l
CoHICTIsJYRIULT yJ,KISUCTI Uy K=102)/ (40X}

D1HVY=(HI(I*I,J‘I)*(V(IOI.J’I.K)4V(I‘l.J’ng'l)"HI(I,J‘ll*
C(V(I,JOI,K)fV(I,J!l,K-l))-HI(I*I,J)*(V(IOI,J,K)+V(I§1,J,K-1))
CoHICIJIHIVIIyJeKIVLTI JK=1)))/ (4%0Y)}

HHSCHICI*41,Jd# 1) SHICI A1, ) HTIUT,,U+1)*HIET4J) }/4.0

HH(IH,JH.K-I):HHIIH,JH.K)0(1.0/HH)*(DIHUX#DIHVYJ*DZ

CONTINUE

CONTINUE

CONTINUE

RETURN

END
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9.2.55 RWR
Computes real vertical velocities from modified vertical

velocities used in equations at integral grid points.
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SUBRQUTINE RURLI JsK pIN tJNgKN U oV old sWR s HI4HX g HY y DZ 4 MAR)
DIMENSION ULIN,JIN KNI L,VIIN,JN »KN) oW (IN,JUN KN} sMR(IN,JUN,ZKN),

CHICINQJND gHXCINUNY JHYLIN »JN ) AR (IN,JN)

0G 1G I=1,IN

00 1€ J=1,uN

IF (MARCI,J)4LT.11) GO TO 8

KNH1SKN=1

DO 9 K=1,KNM1

WRT ,J,KIZ(K=1)202% (U yJ K J¥HX (T 3J )4V €T 5, KI*HY (T
LCHHIT,d,K)

CONTINUE

CONTINUE

CONTINUE

RETURN

EAD

L) | )'HI(IgJ’
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9.2.56 RWRH

Computes real vertical velocities at half

grid points.



#D00C .RWRH
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SUBROUTINE RMRH I g oK yIW 3l g TNy UNy K N2 IW Ny JE NgUsV yWHeHIsHXsH Y
COXsDYsDZyMRH ¢ WRH)

DIMENSION UCINsJNsKNDsyCINyJNoKND yWHETUNyJWN KN) JHI(IN,IND,
CHXCINGUNDJHY(IN yJN)} JMRHIINN yJbN])

OIMENSION WRH {IWN JWN,JKN)}

KNMY=KN=1 _

DO 10Iu=1,INN

DO 10 JH=l,JuuyN

IF (MRHUIW,JN).EQ.0) GO TO 8

HXAVZ (HX (T 02 g J)tHX T 41 9J+ 1) ¢HXITI ) +HX(T3J*13)/84, '
HYAY=CHYCI*1,J3 *HY (T2l (Jel)+HY(I  JI4HY(I,d41))/4.

HIAVSCHT (19 1p B oHICT*1, 042} 4HI(T I *HILT,U% 1))/ %

DO 9 K=1,KNM}

I=1Iw

JZJW

UAYS(UII 1,0, K2 24U 41,J91,K30U(T,J,KI4U(T,J+1,K)}) /4,
VAVSOVEI N1, UKDy (T o1 Jel K)aV(I,J, K)oV (T, Jeq1,K1) /4,
HRH(IH,JH'K):(K°1l*DZ*(UAV*Hle*le*HyAV)*HIAV#HH(IH,JH,K)
CONTINUE

CCNTINUE

CONTINUE

RETURN

_END
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9.2.57 STORE2
This subroutine stores values of input parameters and

physical quantities on a file designated as Unit 8.




3V 0C STORE?2
CESERRERABNEABAERE ST ENRXE SRR RBRERERRXEBIRE SR AR ARSI KRR R R REEF S gy gy AR RK A E
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THIS PROGRAM STORES THE RELEVANY CATA INTO FILE g

CHHBFF BB RBRINRI IR IRIB Xy 2k 2B X B PR BFNERHEB XA RS RARSRX IR RIS REBF R SRR XRR SR B

SUBRCUTINE STCRE2(U,V kH,PINTH I oo KT g e INoJIN KN, IUNyJWN,D E,
CHX,HY,HI,HAR,NRH,AI,AH.AV,AP,DX,DY.UZ'DI,TAUX'TAUY,H,UR,HRH,

CTAI TAHy TAVsAKT ,CByCWoA B ,CEUL,T,TW,RO4ROW,TE ,RREF,TREF,T0,TAMB,
CTITOV ™

DIMENSION ULIN,JNKNIVIIN,JJNyKN) ypCINgJN KNI yECINsyJIN9KN)
CWHEINN)JRNg KN )p PINTH (I kN ,JKN)

DIMENSION HX(IM:JN).HY(IN,JN),HI(INvJN),HAR(IN,JN),HRH(IHN,JUN),
CHEINGJUNGKNI yWR{INJJUNJKNY yWRHUIIUWN b NyKN)

CIMENSION TUINgJUN KN} RO CIN gJNyKN);TWIINN yJWN KN} ;ROMCIWNyJWN,KN)

RgwIND 8 '

WRITE (8) CU{UCTI J K} K=14KN)yJT143JN23I=1,IN)y
CUECVITI,UysK)sK=1,KN) J=1,UN),IZ1,IN),
CECIDlIgJsKI g KTLsKRY 3JT1,JN) 3IZ1,5INY,
CUOUEECTI,JgKI KT oKND gJT13JUNY gI141IND,

CrequwHIIN Ul K ), K1 KNY ,JN=] ,JUNDY,IWN=1,IUN]),

ClUCWETI UK oK1 gKNY9yJ=19UN)1I1 'IN),
C‘((HR‘I|J'K)'K:l'KN"J:I'JN”I:IQIN"

COUCWRHOIW ,JWgK) gKZ19KNDgJNT1 pJWNYIWZ14TWN],
COCPINTHC TN JW )y JW=1 ,JWN) ,INZ],IWN}

c’(‘HI(I. J)gJ:l'JN’QI:IQIN’,‘(HX(I|J)1J:1’JN)’I:’. ,IN,,((HY(I,J).J:
ClodNI oISl INY QUM AR(T 4U) gd=1 9N oI 1IN o (UHRH(TIW s JY) 9JUN=19JUWNI
CINZIoIuN) QC((TEI,J,KY,K=1 KN JZ1,,JN)IZ1,INY,
CUOCCRO(IgJoKI g KZ1oKNDY 3UZ14JUNE,IZ1,1IN),

COUITULIW JW KD KT KNDY N1, JWNY ,IWNZ1,IWND,

COU(RON(INGJUWGKI gKT1gKND)gJWT14JWN) 4IWZ1,IWN},

CTAIsTAHy TAV,AKT yCBysCligAeByCoEUL o ToyTWROsROM ,TE,RREF,TREF 4 TO,TAMB,
CAX AH AV AP ,DXy0Y,02,pT, TAUX,TAUY,TTOT

REWIND 8

RETURN
" END
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9.2.58 TEMB2

| This program makes computations for temperatures at the
poundary points in the domain of interest. Centraldifference
schemes are used for computating derivative of temperaturc
with respect to a and B HeatAflux specified at the vertical
walls is u;;d to compute the derivatives normal to the verticzl

walls. Heat flux boundary condition is used in a manner ex-

plained in TEMI4,



N*DOC . TEMB2

11
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13

14
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SUBROUTINE TEMB2(I3J oK s INgUN 4XKNyTDyCX DY 9DZ yMARs CRyHIZAKT,C W,

CTAMB yHXgHYy Ty TREF 9TAV,TAI,TAH,B3,0T)

DIMENSION TUINgJNgKNDSTD (IN gUN KN g MARCIN gJUND oHX CINSINIpHYLTIN;UN),

CHICIN,JN)

KNM1ZKN=1

0O 183 KS14KN.

DO 100 I=1,IN

00 1CO J=1,JN

D1HTUX=0.0

ODIHTVY=0,C

D1TWZ=0.0

IF (MAR(IsJd).EQ.Q) GO TO 330

IF (MAR(I,J).EQ.11) GO TO 300

IF (MAR(I,J)&EQ.1) GO TO 11

IF (MAR(I,J).EQ.2) GO YO 12

IF (HAR({I4J).EQ.3) GO TO 13

IF (MARCI,J).EQ.4) GO T0 14

IF (MAR(I,J}.EQ.5) GO TO 15

IF (MARCI»J).EQ.6) 6O TO 16

IF {MAR{I,4).EQ.7) GO 10 17

IF (MARCI,JYLEQ.8) GO TO 18

IF {MAR(I,J).EQ.9) 60 TO 19

IF (MAR(I,J).EQ.10) 60 TOo 20

CONTINUE

DITX=ITC(I+1,JeKI=T(1~2,J0,K)}/{2%DX)
Dsz-.-‘T(I‘.l’J pK )‘T(I"I'J |K)'2*T(11J ,K))/(DX*DX)
D2TZ2=(T T K41 34THY (U ,K=1)=2%T(I,J,K}¥)7(DZ2%2D2)
D1T¥=0.0

D2TYZ2%( T(I14J=14K1=THIJ,K} )/ (DY*DY)

IF (K.EQ.1) GO TO 110

IF (K.EQ.KN} GO TO 120

60 TO0 20C

CONTINUE

DITXS(T(I41,J,K)=TiI~1,J,K})1/(2%DX}
D2IXSATCI41,04KI#T(T=1,0,K2=22T{I,J,K)}3/0DX%DX)
D2TZoAT (I oo Kol 0TI yJ,sK=1)-23T(I,J4K)}/(02%02)
D1TY=C.0

D2TY=2%( T(I1,4J+14KI=T(I4JyK}}/(DY%DY)

IF (K.tQ.1) GO TO 11C

IF (K.EQ.KN} GO 10 120

60 70 20C

CONTINUE

b17x=0.0

D2TX=2%0 T(I+1,J,KI-T(I ,J,K)1/(DX%0X)

C2TZtT(TI gy JyK#104THI 3 J,,K=2)=-2%T(I,J,K)}/7LDZ2%D2Z)}
DITYSHUT(I U041 ,K) =TI, J-1,K))/(2%DY)
D2TYS(TCI4Je1 K I39THT 3J-1,K)=2%T (I ;J,K11/(DY%DY}
IF(K.EQe.1}) GO TO 110

IF(K.EQe KN} GO TO 120

GO T0 20C

CONTINUE

01TX=0.0

D2TXZ2% 0 TCI-19JoK)=T(I4J,K})I/2(DXeDX}
D2TZo(TATI4JsK+124TUI U oK=22-2%T(1,J,K)¥3/2(D2%D2)
DLIYS(T(I del,KDI=TLI J~1,K))}/(2%0Y]}
D2TYS(TCIgJs 14K TUI s J=1,K)-22T(1,J,K3)/(DY*0Y)
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IF (KeEQel) GO TO 110

IF (K.EQ.KN} GO TO0 120

60 Y0 20C

CCNTINUE

D1TXx=3,90

D2TX=2%(T(I¢1,d,K3=T{I ,J,K) )/ (DX%DX)

D2TZoCTC Igds K41 0TI gJ o K=10=2%T (I ,J,K))/(DZ*D2Z}
D17¥=0.0

D2TY=2#{T(I,d=1,K)=TUlI,J,;K})IZ(DY*DY)

IF (KeEQel) 60 YO 1iC

IF (K.EQ KN} GO TO 128

60 TO0 20C

CONTINUE

D1TX=C.0

D2TIXZ2%( TUI4),JsK)=T (I LK}/ CDX%DX )

D2TZAT (I dy K147 J ,K=1)=23T(I,J,K}}/(DZ*D2Z)
D1YY=0.0

D2TY=Z2%(TUI,J%1,K)}~T(I,J,K})2(DY%DY)
IF(K.EQ.1)60 TO 110

IFIK.EQKNIGO TO 120

60 TO 20C

CONTINUE

D1TX=0.0

D2TX=2%(TCI=14J 4K =TI ,JyK}}/(DX3DX )

D2TZ=(T I U K41 19T yJ,K=1)=2%T (I,J,K)})7(DZ*DZ)
D1TY=C.0O

D2TYS2%(TCI3J+14KI=T(I,J,K))/(DY*DY}

IF (K.EQG.1) GO TO 110

IF (K.EQ.KN} 6O TO 12C

60 T0 200

CONTINUE

D1TX=0.0

D2TX=2#( T(I=1,J4K3=TUT 3JsK}1/(DX*DX)

D2TZATE I oK1 )4TUI U K~10=2%T(I,d,K)}/{DZ%DZ)
D1TY=0.0

D2TY=2%(TUI 4J=1,K3=T(I,J,K} )}/ (DY*DY)

IF (K.EQ.1) GO TO 110

IF (K.EQ.KN) GO TO 120

G0 TO 20C

CONTINUE

CT=AKT®( (T(I,J, I}*TREF+TREF}=~TAMB}/TREF
CT=CT+HI(I,J)

D2T2=2%( T(I 3J 421 =CT*0Z=-T(I,Js1))/(DZ%D2}

60 YO 20C

CONTINUE

D2TZ=2% (¥ (I 4J 4K =11=T(I,J,K)}/(D2Z%D2Z)

60 70 200

CONTINUE
TOUI,JyKIZC(1eO/HI (I yJ3)*{-TATS(DIHTUX+DIHTVY+HI(I ,JI#D1TWZ) +TAH

CH(DITX*HX(I yJ J#D2TX*HI AT s JI#DITY*HY (I 4JI#D2TYRHICI 4 JI)SCTAV/HI(TI,,Y

C)I#E3%xD2T21*DT+T(I,J,4K)
CCNTINUE
CONTINUE
CONTINUE
CONTINUE
RETURN
END
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9.2.59 TEMB2A

This subroutine is used by the far field stratified model.
This subroutine is similar to TEMB2 with the difference that this
subroutine calls the subroutine VERTDF which supplies the value
and the derivative of vertical diffusivity for every grid

T

point,
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SKM*QULL{1).TZMBZA

1 SUSRGUTINE TEMBZ (T ed oK ¢ INgUNeKNTE 30X 3DY y0Z4HAR yCF yHIJAKT 4CW,y
2 CTAMB HX,HY, T, TROF ,TAV,TAI ,TAH,E3Z,0T)
3 DIMENSION TC(INGJIN KNI G TDUCIRNgUNSKNT g MARLINGUNY JHX (IR GUN) s HY (TN, uN ),
4 CHICIN, I¥)
S KWNMIZKN=
6 DO 123 KIZ1pKN
7 DO 10O I=1,IN
8 e DO 100 J=ZleJN
9 ’ DIHTUXZZ .9
17 DIHTVY=2.0 .
11 DlTIWZz2led
12 IF (MAR{I,Ju).EQ.C) GO TO Z30C
13 1IF (MAR(ILJ).EQelY) GO TO 2COC
I4 IF (MARETILJYWEQ.1) GO TO 11
15 IF tMAR(IsJ)eEQe2) CO TO 12
16 IF (MAR(TIWJ)«CSCe2) GO TO 13
17 IF (MAR(I,J)FEQet)y CO TO 1
13 IF (MAR(I,J}LEL.3) GO TO 15
13 IF (MAR(IZJ)EQet) GO TO 16
2 IF (MAR(I.J)eEGeT7) GO TO 17
21 IF (MARUILJ)EQ.B) CO TO 18
22 IF (HAR(ILJ)eEC9) O TO 19
23 IF (MAR(IHJYLEC10) GD YO <G
24 11 CONTINUE
25 DITXS(TCI*1,JyK)=TUlI=1,J,y,K)})/(2%DX}
26 CGRTXZ(TE I43,d, K 4TI~ ,J K =2%T(I,JdyK})}/(DX2DX)
27 D2TZT(T Il g K423 4T(T 3d ) K=1)d=2x2T{I,yJyK¥I/0I%DL)
25 G1lTY=0.72
27 D2TYZ2¥( T{1ad =Ly K)=TUI dyK2I/(L2Z%D2)
30 IF (KeEQ.Y) GC .TO 110
31 IF (K.oQ XK} GO TO 124G
32 60 TO zZ3C
33 i2 CORTINUZ
34 DITXSUTUI+LadyKI-TLI=1sJdyK}2/(2%0X)
35 DCTXS(TUI# J K +TUTI =13 KI=CxT(I3J,K1)/(0XRDX])
35 D2T2 T (I gy K+1)ATHI U ,K=2)=2%T(I,J,K)I/{02%EG2Z)
37 D1iTY=2.°
33 D2TY=2#( TtIgJ41KY=T(I 3JsK1I/(DYXDY)
39 IF (K EQ.1) GO 70O 11iC
43 IF (K.CQ«KN) GO TO 120
41 GO TO 23C
42 13 CONTIKUE
43 DI1TX=C.2
44 D2TX=Z2x{T(I+1,J,K)-T(I,JyK})}/EOX%DX}
45 D2T2T( T Iy Jy K+ L3 2T Iy Sy K=1)=2TUI,JyK))/(DEx02)
45 DITYSUTUI pJel K} =T(I,Jd-1,K})/(2%DY]}
47 ’ C2TYZUTUIyd# L yKI+THI yJ=14K)}=2*T(I4J,K))Z{DYRLY)
48 IF {(K.ZQs1) GO TC 112
49 IF (K.ZiQ KN} GO TO 123
53 €0 T0 cZC \
51 14 CONTINUE
52 DITX=3.7
53 D2TXZ2%{ T(I=1,yJyK)=T(I,J,K})I/LDX¥DX])
54 D2T2Z2ZUTU I dpy K+ LI #TUTI 3 JyK=12=-C3T(I,JyKk1)/(D2:%0D2)
55 DITYS(TUI s J+l K)=T(I J=-1,K)}/(2%DY]}

55 C2TYZ(TUI,d+l K )+TUT ,J-1,4K)=2%F (1,Jy,K)}}/(0Y%DY)

T T T
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IF (K.eQe1) GC TO 110

IF (KeEC KN} GO TO 120

GO TO 207

CONTINUE

D1ITX=0.2

D2TX=Z2% 0 T(I4¢14JeKI=TUI ,,J,K13/C0DX%DX)
D2TZoC0TCIadp R+ 4TI 3U K=1)=28T (L, JyKII/ (02202}
D1TY=C.QO

D2TY=2%{TUI4J-1,K)=TlI ;J,K}I/(DZ%DZ)

IF (K.EG.1) GO TO 13i2 ‘

IF (KeiQ.KN) GG TO 12C

60 T0 293

CONTINUE

01TX=0.3-

D2TX=2#( T(I+1yJsKI-THI,J K1/ (CX%DX)

DZ2TZ(TC I s KL 4TUI g K=21=2%T (I ,JyK1})}Z(DZ%D2Z)
DITY=J.C

D2TYZ2*(T(I,J+L,K)=-T(I,J,K})/(DY%DY)

IF (K.£Q41) GO TO 110

IF (KeiQ«Knh! GO TO 120

GO0 TO 29¢C

CONTIHUE

DI1TX=2.3

D2TX=22¢ TUI=1,J,K)=T{I,J,K)}/(DX%DX)

D2TZo(TC I,y K*1l3+T(I 3 J K1) =2%T{I,JsK)212(D2Z%02Z)
51TY=C.0

D2TY=Z*(TUI,J+L1,K)~TII,J,K))/(DY%DY)

IF (K.E£G.1) GO TO 1l1C

IF (KJEQ.KN} G§ TO 120

GO TO 20C

CONTINUE

D1TX=0.2

D2TX=2%0 THI~1,JsK)=THI ,J,K}I/(DXxDX)

D2TZoUTO I, UK+ I +TUI JgK=1)=2%T(I,J,K))/{D2%D2)
D1TYZG.0

D2TY=25(T{I,Jd-1,K)=TUI 4J,K)1/(DZ%DZ]

IF (KJ.EQ.1) 60 TO 112

IF (K0 .KNY GO TO 122

GC TO 23¢C

CONTINUE

CTZAKT#( (T(I,J, LI*TREF4+TREFI-TAMB)I/TREF
CT=CT*HI(I,J)

D2TZ=2%{ TtI,J,2)-CTxDZ~T(1,J,13)/(02Z%D2)

G0 TO 200

CONTINUE

D2YZ2z2%(T(L,JyK-11=TUI,Jy,K}I/(CZ=D2)

G0 TC 2C¢G

COKTINUE

TOUTedsK 101 O/RIMI ZJ) ) =TAI®X(DIHTUX4DIHTVY+HI (I, JI=D1TH2Z) +TAH
Cr{DITX*HX{I,J 1+ DCTX*HI (1, 4DITYRHY (I ,J) 40 TYRHI(I,,JI I+ 0TAU/HICI,
C1)#B3%D2TZI#DT+T(IdyK}

CONTINUE

CONTINUE

CONTINUEZ

CONTINUE

RETURN

END
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9.2.60 TEMI4

This program computes temperatures at the interior points
of the domain of interest. Computations are made at the full
grid points. Central-difference schemes are used to write the
first and second derivatives with respect to o and B. Single
sided difference schemes are used for derivatives with respect
to y at top surface and at bottom. Corner points designated
by MAR= 6 and 8 are treated as interior points. Heat flux
through the surface is used in specifying the first and second

derivaties of temperature with respect to y. Heat flux through

the bottom is used in specifying the first and second derivatives

of temperature with respect to y. Energy equation is used to

compute temperatures.



1DOC.TEMIY

ico

20

24

21

1c

359

SUBROUTIKE TEMIG(I,JyK ¢IN,JN,KN,U,V ,T,TD,0X,

cCB,

COY,0Z,4yCT,TAT, TAH,TAV,B I, HI HX yHY HARy AK T, TREF s TAMB)

CIMENSION UCINgJN KN 3oV (IN,JN KND) HILIN JUN] oHX CIN,UND o HY CIN,JUND,
CMARCINGJIN) g TUINgUNIKND s TDCIN s JNKN] 3 (INy N KN

KNMI1ZKN=-]1

0C 1T'I=1,IN

D0 10 y=1,.0N

IF(MAR(I ,J).EQ.E) GO TO 100

IF(MAR(I,J).EQ.8) GO TO 100

IF (MAR(IyJ)elTell) 60 TO 9

CONTINUE

DO 8 K=1,KN

DIHTUX:‘ U‘I"’lyJ,K )*T (I '.1 .J.K)*HI(I’I ,J)-U (I-l.J,K)*T( I-I.J’K)
C*HIC(I-1, y})/7(2%0X])

DIHTVYSUVII 3J 914K 14T (T pd 91, KIRHI (39 y913 -V I ~1,KI*Tl I, =1,K)%*
CHI(IsJu=1)3/12920Y)

DITX=(T{I*1,JK)=TLI~1,J,K))/(2%DX)

DITY=(TUI U#1,K)=T(I J=1,K})/(2%DY)

DITHZS(T (I K12 IT gJyK 1) =T(Iy3JyK=1)2W(T,U,K=1)1/(2%D2Z}

D2TX=UT I 1ypJsK I TUI=1,4J,K)=22T(1,J,K))/(0X%DX)

CaTY=SHUTCI u* 1K)+ T T d~19K)=2*7(IyJsK}}/(DY*DY)

D2YZ(TCI 4 pK41)4T(I 4d,K-13=2%T(1,Jd,K))/0p2Z%p2Z)

IF (K.EQel) GO TO 24

IF (K<EQeKN} 6O TO 20

G0 T0 21

CONTINUE

01Tw2=0.0 .

D272=2%C TUIsd oK -1 )~T (I ,J,K)+CB=HI(I ,J)*DZ)/(DZ*D2)

60 70 21

CONTINUE

CTI=AKT*((T(I,Jy1)*TREF+TREF }=TAMB)/TREF

CI=CT+HI(I,J)

D1TW2=C.0

D2TZ=2%(TtI13J52)-CT*DZ~TU11,J,1117(D2%D2)

CONTINUE

TC(T K= (1 C/HTI (T 3 L -TAI#(DIHTUX+DIHTVYSHI(I ,J)*plTHZ)
CH+TAH®X(DY IX*HX (I 1 *+D2TX2HICY 3 J32D1TYSHY (I ,J)402TY*HI(I, J))
C+(TAV/HICIJ1)*E3%D2TZ)I*DT+T(I,UdsK}

CONTINUE

CONTINUE

CCNTINUE

RETURN

END
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9.2.61 TEMI4B

This subroutine is used by the far field stratified model.
The subroutine is similar to TEMI4 with the difference that it
calls for subroutine VERTDF which supplies the value of

vertical diffusivity and its derivative.

S
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*DUYLLEL) TEMINE

a0

2C

24

21

ty
)

O o

SUBEROUTINE TEMIUE(I yJoKyIN N, KNyU,V,T,TDyDX,

cCB,

CDY D2y Wy DTy TAT, TAH,TAV B3, HIJHX yHY JMAR,AKT yTREF 4 TAME,AZ
CyCONSyAVMX, AVMN)

DIMENSIOK UCIN,SKo KNI pVEIH Ul gKND gHICIN G UN I, HX (IR o J) oHY (INL,UND,
CMARCIN  UNT g TCIHyUNGKNT g TDCIN gINgKN D g (1N INy KD g AT (KND
KNM1ZKh=1

DO 1G I=1,IN

DO 15 Jz1,JN
IF{MAR(I,J)«5Qu€) GO TO 12
IF(MAR(I,JILEC.8) GO TG 1CC
IF (MAR(I,J)ebLT.21) GO TO 9
CONTINUE

DO 8 K=1,KN

CALL VERTOFUIyJyK sINGJN KN HI  AB3,01A22,01B832 402 ,4T4A3,TRIF
CsCONS 3 AVMX, AVMN)

83=AB3

DIHTUXZ(U(I®+1,J,K)1%T(I+1,J KI#HI(I41,J)-U(;--,J K1:T{I=1,J,K)
C*HI(I=1,J1)/(2%0X}

DIHTVYS (VLI pJ 4 K IRTCI 3 J 4L yKE*HICT 4=V (I,d=2yK)I%T(I,d=1,K}%
CHICI,J=101/02%0Y}

DITXZ(TC IV, Jd KT =TUI=1,d,K))1/(2%0X)

DITYS(TU(I Ut 1yKY=TCI,J=1,K})/02%DY}
DITNZI(T(I,J,K+11*H(I,d,K*l)-T(I,J,K-l)*H(IyJ,K-ll)/(Z*DZ)
D2TXSATCI4 Ly d yK I 4 TCI =i dyKI=24T (1 ,JyK) 1}/ CDX%DX)

D2TYS(TCTI 0+ LK) 4TI, J=2,K)=2%T (I ,Jd,KI1/(DY*CY)

U2TZo(TOIJ K411 4TI, K=2)=28T(1,J,K))/(DZe02
D1TZZ(TUI,JsKe1)=TUI J,K-131/(2.%D2)

IF(MAR(I,J)4EQ.21) GO 7O 23C

DITWZ=(Wid

CONTINUZ

IF {K.£Q.1) 60 TO 24

IF (K.2Q.KN) GO0 TO 2C

60 T0 21

CONTINUE

60 TO 30

D1FWZ=5e0

D2TZ=2% T(IyJyK=1)=T(I,J,KI+CB*HI(I,J)%D2)/(02%D2Z)

D1TZ=3.0

60 TO 21

CONTINUE

CT=AKT=(LT(I, J,ZlvTP‘F*TKEF)-TAMB)/TREF

CT=CT*HICI, 2

D1TZ=CT

DITWZI (G oT O g g K420l (T3 Uy K1) =30 nTt I, JyKlkulIyJyK)=TUIydKs2)
CH¥NIUI JgK+2)3/(24%D2)

DITZZ2%C TU1,J,42)=CT%02~T(I,J4,11)/(DZ%DZ)

CONTINUE

TOCTydyKIZU e O/HI (I 35 J % (=TAIR(DIHTUXSDIHTVYY *HI(I, }%xD1TW2)
CHTAHR (GLITX#HX (I yJI402TX#HTI (T, J) +D ITY%HY (1, J1+02TY*=HI(TI,Jd))
C+{TAV/HICI, J))*(u’*D“TLOD‘TZ*DI&ZZ))*DT*T(I.U,K)

GO TO &

CONTINUZ

TOCI,J,KNISTEI,J,KND

COMTINUZ

CONTINUE
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57
58
59

13

CONTINUL
RETURN
END
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9.2.62 TEQB

This program allows for wvertical mixing at a particular
grid point, if the temperature of the fluid at the grid point
just above it is less and the difference of temperatures is
more than a specified maximum, then the temperatures at the two

!

points are averaged.




*DOC.TEQE

110

365

SUBROUTINE TECB I yJ3X ¢IN g UN sKNsToMAR)
DIMENSION TEIN,JNJKN)MARCIN,JN)
KNMIZKN=1

00 1C I=1,IN

DO 10 J=1,uN

IF (MARUTI,J)EQ.G) GO TO 9
CONTINUE

MARK=C

DO 8 K=1,KNM1

IX=CeCG2

TI=TUI,J4KI+TX

IF (KeEQel) GO TO 7

IF (KEQ.kNul) GO TO 6

IF (TT.GE.TUI,J,K#1)) GO TO 111
MARK=]

AVT=S(TT* T¢I,U4K+1)272.0
TCIsJeKISAVT-TX

TtIaJeK+1)ZAVT

60 10 5

CCNTINUE

IF (TTGE«T(I ,J,K+1)) GO TO 111
MARK=1
AVIS(TT#2*T(I,JeK*2)21/3.0C
TCIgJsKIZAVT=TX

TlIgdeKs 13=AVTY

60 Tg 5

CONTINUE

IF (TT.GET(IJyK+13) 60 TO 111

- MARK=1

AVT= (25T TeTUIJ,K4103/3.0
TUIsdsK)SAVT=TX

Tel,d,Ke1)zAVT

60 FO 5

CONTINUE

CONTINUE

CONTINUE .
CONTINUE

CONTINUE

RETURN

END
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9.2.63 TPRINL

This program prints the input parameters,




*DOC.TPRINI

ic

O ™ UE WN»

367

SUBROUTINE YPRINI‘TAIQT‘H'T‘V'CE.CH|AKT,TREFQRREF.EUL,A,B,C'TE|T0)
PRINT 10' TAI ,TAH,TAV,CB ,Cu 2AKT ,TRPEF ,RREF JEUL 42 ,8+C»TE,TO

FORMAT (/° TAIS",E1S.74/° TAHZ® JE15 79/ TAVZ*4E15,74/°® CB=",E15,.,7
Co/® CH=®4E15e79/7% AKTS"9E15e74/7° TREFS",E1547,7° RREF=® E15.7,/7

C* EULS*4E15,7¢/* AS",E15:797"* B='9E15e79/® Co*yE15e7¢/° TE=*4EL15.7
C,/' TO:"E1507,/|

RETURN

END
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9.2.64 TPRIN2

This program prints temperature and density

fields.



$D0C «TPRINZ
o L L T L e T T T e s L e R T I I T )

1

VRN WN

1o

12
13
14
15
16
17

18
19

20

21

22

23

24

25

c

369

THIS PROGRAM PRINTS THE VALUES OF T,TW,RO,ROM

CHRABEERUIUX SR IRBXEFE A B IB AR IR IR AE XXX RIS BRI BE R B LA AR R SRR BB R BE SRR R R REE R RA P AR A RS

10
1n
12

icg

140
15¢
1gs
ipe

SUBROUTINE TPRINZ2(I yJ KyIN;JUNJKN,T,RO,TREF}

DIMENSION TCIN,JNKN) 3RO CIN yuUN,KN)
DO 10 K=1,KN

DO 13X=1,IN

PRINT 115KeIs(TUI sdeK)yd=1,yJN)
PRINT 124(ROCI,JpK) pJd=1,UN)

FORMAT(/> K=%,I17,23X,"I=*,I3/% TEMPERATURE®/(5X,8E15.7))

FORMAT(® DENSITY®/(5X,8E15.7))
DO 100 K=1,KN

B0 1CC J=1,JN

00 100 I=1,IN
TOIsdsKIZ{1a+TCI,JeKIISTREF

DO 150 K=1,KN

MRITE(6, 105) K

DO 140 I=1,IN

WRITE(E106) (T (I,J,K)},J=1,JN}
CONTINUE

CONTINUE

FORMAT(slv,* TEMPERATURES FOR K=*,Iz)
RETURN

END
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9.2.65 TPRIN9Y

This subroutine is used by the far field models. Itprints

temperature and density fields.
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‘HEDULL 1) o TPRINS

1 (o a0 % 2 a3 o ah o we Xk R o e ok At vk o g kol XK Ak 32k 3 0 a3k N N Ok R Nk X ok 7R o ok Xk R M o ok e R R K e T ol KO Xy
F4 c THIS PRO3SRAM PRINTS THE VALUES OF T ,T4,RC,ROK
3 CHm sy ik ¢ sk s v sr o B R e R OR A R S S RO R R X M kR X B KR R N Rk RN N MR Ny
4 SUEROUTINE TPOING (I gdshyIN yJN KN, T 4RC,TRIF yMAR)
5 DIMENSION TOINyINGKNIGROIIN IR JKND JMARLIN, JN)
6 . 60 TO 512 '
7 : DO 10 KT 1.KN
8 DO 13 IzZ1,IN
9 PRINT 11"('1,(T(I'J’K),J:IQJN’ [}
13 1c PRINT 12,(R0UTI,J,4K)dT1,UN)
11 11 FORMAT(/ Y KT IZ,2X, ' I=%,13/% TEMPEZRATIRET/IIX,8C15.7))
12 12 FORMAT(Y DENSITY'/{EX,3E15.71)})
13 512 CONTINUZ
14 DO 1LD K=Z1,KN
15 . DO 123 J=1,JN
16 DG 1CC I=1,IN
17 TOIydpK)ZlladTUI, JyK))=TREF
18 IF(MARET ,J)eEQeC) THI,LJ,KIZILNCD00.2C
19 1C0 CCy TINUE i
20 B0 152 K=1,KN
21 . KRITE(S,105) K
22 DO 14C I=1,IN
z WRITZloy106) (TUIdeK)aJd=1,yJIN}
2u 140 CONTINUE
25 150 CONTINUZ
26 105  FORMATL'1',,* TEMPERATURES FOR K=v,I5,/)
27 1C¢ "FORMATU(//418F T2 .
28 RETURN

29 END
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9.2.66 TPRINA
This subroutine is used by the far field printing programs.
The subroutine is similar to TPRIN2 with the difference that it

is tailored to the Lake Belews application.
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M*DULLCY1) . TPRINA
e e o oot o e e R A et R R e R R B RO R KR RO R o Aok e R AR A N R R R B R R R ok Ry R K Y

c

THIS PROGRAM PKINTS THE V2ALUZS OF T,Tw,RC,RCW

Gk o K ok R MR X g e KT R e A % K R 3 AR M oK XX % o Ok K 3 NN K6 K 3 0m  X6  30% av 3 20 e ok 0 2 e e e ok o ool sk

1z

1
A

12

140
156G
ics
1Z6

SUEBRCUTINT TPEINAIL yJeKyINyJN KN, T4FO,TREF ,HAR)
DIMHERSION TUIK,UNGKNY RO CINGIN yKNY gHARCTIN g JUN)
DO 10 K= 1,KN

CO 1C IzZ1,IN

PRINT 11,KyT(T0IJK)yJdT1yUN)

PRINT 12,(R0UT,J,KY JT1,J%) .
FORMAT(/® K=*,I17,3X,"I=%,1I3/° TEMPERATURE " /(6X,8E15,7})
FORMAT(Y DENSITY®*/{S5X,EEi5.7))

DC 1CO K=1,KN

DO 1C3 J=1,JN

00 120 I=1,IN

TCI 3K S({1e*T{T,J,K)}®TREF

IF(MARLI,J)WEC.C) T(I1,Jd,K)=1335630.00
CONTINUE

DO 150 K=14KN

WRITE(&, 1G5) K

DO 143 I=1,IN

WRITZUE, 106 (TLI K} gdz1,UN)

CONTINUE

CONTINUT

FORMAT( 1%,,* TEMPERATURES FOR K=v,15,/)
FORMAT(//,18F 7.1}

RETURN

END
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92.67 UANVC
This subroutine adds coriolis component to H

obtained from subroutine "UV"

and G which are
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1%00C UANVC
- 1 SUBROUTINE UANVC (T 4 K gIN yJN KN ,ABR ,DT,U,V,H,G,HI,KAR)
2 DIMENSION HOINguJUNKNIoGTUINygJNKND JU CINgJUNJKNDI 3 VIINgUNGKN),
3 CHICINGJNIJMARCIN,JN)
5 KNM1ZKN=1
- 5 DO 1C I=1,IN
) DO 17 J=1,JN
7 IF (MER(I,J)eLT.11) GO TO 9
8 DG B8 KI2,KNM1
- 9 HUJpJoKITHIT g Jy KI4ABRSHI (I g )2V (1 ,4d KI*DT
17 . GUIoJsKI =G J,K)=ABR*HI(I,J)*U(I,J,K)*0T )
11 8 CONTINUE .
12 9 CONTINUE
- 13 ic CONTINUE
14 RETURN

15 END
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9.2.68 UV
This subroutine computes new horizontal velocities without
including the Coriolis component which is added later in the -
subroutine UANVC. This program uses U and V momentum equations
and computes velocities in the interior points after one time

!

step and are stored as H and G.




$DOC .UV -
1 SUBROUTINE UV I U, KoIW JUoINyJJNyKNy INNyJWNyU,VyD,E4HyG4DX,4DY,D2Z,
2 CH,

3 COTsAI AP JAH AV, A3, HT JHX,HY P MAR ]}

g DIMENSION UCINyJNgKNIoVOIN, UNgKND 4D (IN,JN KN}, ECTIN,JIN,KN],

5 CHUINGJNgKN) gG {INgUN oKN DI yHICIN gUNI JHXCINgJND gHY (IK,UNI P INN,JWND
6 CHAR{INy JN)
7 DIMENSION NCINy,JUNKN)
8 DIMENSION AT(KN) .
9

KNH1ZKN=1 .
12 ASDT#AH® (1/(DX*0X1+41/(DY*DY))
11 DO 10 I=1,IN
12 DO 1C J=1,JN
13 181
14 JuzJ i
15 IF (MARCI,J).LT.11) GO TO 9
16 CDIPXZAP L INyJW =P (IN=1,JN) 4P (IW,Ju=1)=PLIN=1,JW=1))7(2%DX)
17 DIPYZ(P (IWN,JW =P EIN yJW=1}4P (IN=1,JW }~P(IN=1,JW=-1)3/02%0Y)
18 DO 8 K=2,KNM1
19 BTDT#AV*A3(K)/(CZ302)
20 CT(HICI,JI}+ASHI (I1,JI+B/HILI,J))
21 DIHUUXZCUCI41,4J KIRULI+1,J,KI¥HI(I*1,J)-UCI=1,d,K)
22 CHUCI=14J,KIPHI(I=1,J1)/(2%DX)
23 DIHUVYZ(UCT U 41 ,KI¥VIT ,J+1,KIRHICI,J41)~UCT4d=1,K)}
24 CHVII,J=1,KI*HI{T,J=113/(25DY)
25 DIHUVXSCUCI414d,K)AVIT41,J,KIBHIC(I41,0)=UCI=1,JsK}
26 . CHVII=1,J,K)*HI(I-1,01)/(2*DX}
27 DIHVVYS (VL J41, K38V (I, 0+l KIRHI(T, 911V (I, d=1,K)%
28 CVII,J=1,KISHI(I J-10)/(240Y)
29 DIUXS(UCTI41,J,K3=U{I=1,J,K))/(2%DX}
30 DIUYS(UCTI,J+1,4K1=ULT,J-1,K)}/(2%0Y)
31 DIVXS(VCI®1,J,K)=V(TI=1,J,K)}/(2%DX)
32 S DIVYSHIVII,Je1,K1=V(I,J=1,K})/(2%DY)
33 DIUWZI(UCT pJ K 1)#W T oUpK+1)=UlTIJyK=12%W(I,J,K~1))/{2%02)
34 DIVUZI(VIT,J K+ 113W LT ,J,K41)=V(I,J,K=1}%u (I,J,K=1))/C2%D2)
35 DDUXZ(UC I+, 4K J4ULT=1,4J,K)=D(I,JyK))/(DX%DX)
3s DDUYZ(UCT,Jo1,KI4ULT,J=1,K)=D(I,J,K)}/(DY*DY)
37 © DOUZTUU(TgJyK 414U J,K=10=DCI,J,KI)/(DZ%D2Z)
38 DOVX=(V(Io01,J,KI9VIT=1,JsKI=ELIyJsK )}/ (DX%DX)
39 DOVYS(V(I,Jd+l,K)eVII,Jd=1,K)=E(I,d,K)1/(DY*DY)
43 DOVZZAVIIoJoK+134V(T,J,K-2)~E(I,J,K))/(DZ#DZ} .
41 HOI, JpK)=(DT/CI*{~AI#*(D1HUUX+D1HUVY *HI (I ,J}*01UNZ) =HI(I,J)*AP
42 CH*OIPXPAHMHI(I yJ )% (DOUXDOUY J4AH®HX (1,0} %D 1UX ¢AH® HY (I, JI*D1UY
43 CHAVHAZIKISDDUZ/HILI yJII4HICT JI%U LT 4J,aK)/C
44 GUIyJeK)=(DT/CI*(=AT%»(DIHUVX4DIHVVY 4HI(I ,JY*D1VNZ)-HI(I,J1%AP
4s C*D1PY+AHSHILI yJ }# (CDVX4DOVY I AHRHXC T, ) %D IVX+AH® HY (I, JI*D1VY
46 C+AVHA3(K)I#DDVZ/HICI J))4HICT,J)*V(1,J,K1/C
47 8 CONTINUE
48 9 CONTINUE
49 ic CONTINUE
50 RETURN

51 B . END
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9.2.69 UVT
This program is called in by TMAIN. This program computes

U and V for variable density model, at. successive time steps.
a and B momentum equations are used for computations.

Results are stored as H for U) and G forvV).

b1




i*D0CUVT

379

SUBROUTINE UVT‘I'J'K 'IugJu’IN 'JN'KN 'I”N'J"N .U.V, D'ElH’G.DX’DY'DZ'

CRINTXZRINTY EUL,
C¥,
COT AT AP AH AV, A3, HI HX ,HY,P,MAR)

DIMENSION UCIN JUNGKNDI g VUIINGUNGKND gD CINSUN KNI LECIN,INKN),
CHUING UNp KN) y G LINgUNJKNIgHICINUNDY gHX EINgUN] s HYCINSJUNI oPCIWNyJUWND,
CHAR(IN,JN)

DIMENSION WUIINSJNKN)

DIMENSION A3Z{KN)

DIMENSION RINTXCINSJUN KN} RINTY(INHJUNKN) '

KNMIZKN-1

AZDT5AH*(1/(DX3DX)+12(DY%0Y}}

00 1C I=1,IN

DO 10 J=1,JN

Iuw=I

JUSJ

IF CMAR(I,JlelTe11) GO TO 9

DO 8 K=2,KNM1

DIPXZI(PUIW,JWI~PCIN=1,JW}*P (IW,,JW~1)=PlIk~=1,Ju~1))/(2%DX)
CHEUL*RINTXLI,J,K)

DIPYS(P(IWJRWI=PiluigJW=114P (IN=1, W }=PlIW=1,JN=-1232/(2%0DY])
CHEULXRINTY(I,J,K)

B=DT*AV*A3(K}I/(LZ*D2Z)

Co(HI(I,JI*AXHI(I , J)+B/HI(I,J))

DIHUUXZCUCI+1 qJ K IBULTI 41 ,J,KI*HTI(TI41,0)-UEI~]1,J,K)
CHULI=14JoKI®HI{I=14J2)/€22DX]

BIHUVYZ(UCT yJ41 K12V II ,J41,KISHTI(TyJ#1)-U(T4d=1,4K)
CEV(IgJ=34KI®HI(I9J~1))2/{2%DY)

DIHUVXZ(UCI21,J,KI*V(I+],d,KI%HI(T®]1,J)=U(I~]1,J,4K]
CeV(I=13JgKI*HI(I=14J32/(2%DX)

DIHVVYSUVII s J*1 4K IRVIT gJ#1, KI*HI (T Jel3=V(I,aJ=-1,K)*
CVII4J=1,K)*HI(I,d-13)702%DY)

DIUXZ (UG I+14J4KI-ULTI=1,J,4K)}/(2%DX]}

DlUYZ(U(TyJ#1yKY=UCT,,J=1,K) )/ (230Y])

DIVXSEVII®LlodyKI=VII-1,J,K})/2(2%0X)

DIVYSHEV(I,J+1,K)=VII,J=1,K)2/(2%DY)

DIUNZS(U T g Jp K42 )R AT g oK+ I-UCTI sJyK=22%W (I ydoK=1)2/(2%D2)

CIVWZo(VITIoJpK 1) AR (T g g K*13=V(ToJeK=1)*W(IyJseK=1113/(2%D2Z)

DOUX= (UL I+1,JyKIsUCT=1,J,KI=D(I,J,K33/(DX%DX)

DOUYSHUCI U1 oK ItULT 30=1,K}=D(I,J K33/C(0Y%*DY)

DCUZ=(UC T JyK*132ULT,J,K~1)~D(I,J,K1¥}/7€D2%D2)

DOVXZ(VEI*lgd K)oV (TI=1,3J KI-E(TJyK2I}/7C(0OX%DX])

DDVY=Z (VI J41,KI4V(I J-1,K)}-E(I,UyK22/C0Y*DY)}

ODVZ=UV{I,3JyK+13oV(I ,JK=-1)-E(I,JyK)}/(DZ%D2Z)

HEI2JeK)Z(DT/Ch#¢(~AI*(DIHUUXSDIHUVYSHI(I J)}*DIUWZ)=HICI,J)I*AP
CxDIPX+AH®HI(TI U )% {0DDUX4DDUY I *AHXHX(I,J)#DIUX+AHEHY (I, J)2D1UY
CHAVRATI(K }2DDUZ/HI LI yJ}ItHItTI J)2ULI J9K])/C

G Iy JeKYZHDT/CI¥(=ATI*{(DIHUVX4DIHVVY4HTI(T,JI*DIVWZ)=HI(TI,J)%LP
C*¥D1PY+AHAYHIC(I 4 JI*(DDVXSODVY YAHRHX (I yJI*DIVX ¢ARXHY (I, J)}*D VY
CeAVHAI(KINDDVZ/HI(I J))I+HICIJ)%VII,JeK2/C

CONTINUE

CONTINUE

CONTINUE

RETURN
END
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9.2.70 UVTB

This subroutine is used by the far field stratified model.
The subroutine is similar to UVT with the difference that it -
calls for subroutine VERTDF which supplies the value for

vertical viscosity and its derivative.

e
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MxDULLE1)UVTB

1 SUBROUTINE UVTG I qd o KyIWpdw pINgUN KNy IWN JUN U,V B3EyHyG2DX4sDY,02,
2 CRINTXyRINTY,ELL,
3 CWy
4 COT, 4T AP JAHy AV, A3 HI JHX yHY 3Py MAR, T, TREF yCORS JAVM X, AVEN)
S DIMINSION UCIN IR KR gV IEIN g UINGKNY gCUIGUNGKND) 3T QLR s UNgKNY
6 s CHOINg JiigKM) 3G (IN UNgKN T pHI (I 9N o HX CIN g N ghY (TR g JR) 4P UIWN WD,
7 : CHAR(INyJN)
8 DIMINSION WOIN;INGKRIZTUIN  JNJKN)
9 DIMENSION A3(KN) '
13 DIMENSION RINTACIL,JNZKENZRINTYLIN  JN KN
11 KNMIZKN=1
2 AZDT=AHX(1/(DX>*DX)}+1/(DY*DY}])
13 DO 10 I=1,IN
4 0O 12 J=1l,JUN
15 . Iw=I
15 JW=J
17 IF (MARUILJ).LTL11) GO TO 9
18 . DO 8 Kz2,KNMY
19 DIPXSUP U IWwy W) =PUIN=1,JdW)}+P IV, Jid=2)~PlIW=~1,JdW~12)/02%3X)
29 CH+EULERINTX(IJyK)
ka s DIPYSU(F (IR Ja ) =F (I gJW~1) P (IW=1 3, JW)=-PlIN~1,JW=1))/(2%CY]}
22 CH+EULSRIMTY(I,J,K) .
3 CALL VERTDFCI UK yIhydliy KN yHIZAB3 ,01A22,01B32Z,4D7 4T 4A3,TREF
25 A3(K)ZAB 2 .
26 BzOTxAVFAZ(K)/LDZ*DZ)
27 Co(HICIyJI4A=HI(I yJI+E/HI(I,J)})
28 JIBUUXZ(ULI* 1 3d )R IxUtI+1 3 JyKIMHIIIA I, I3 =UTI=1sdyh)
29 CxU{I-1ly3dyKInHI(I~L,d))/s{2x0X)
30 DIHUVYZ(UCT 3 J4L oK IV (T gJ* 1 K)¥HICI St 1)~U(I4J=1,K}
21 CxV( (I, d=3,K)=HI(I,J~111/12%DY}
32 DIHUVXZ{U(I®)L gJd ek IV I+1pJgKIFHI(I*4J)=UlI~1,d,4K)
3z CxVlI=1y3JyRK)IEHI(I=1,U2)/(2%DX)
3 DIHVVYS U VIL p U+ Ly K2V IUT 3+l gy KIEHI(TI yJ 1) =V (I id=1lyn)=x
35 CVII gd=iyKIRHI(I ,u~1F21/(2%0Y)
26 DIUZo(UE Iy J KoL) ~UlI JyK=2})/12.»02])
37 DIVZS{V I gJyK*L )~V I, JdyK=12)/(24%D2}
38 : DIUXZtUCI*:, UKt =UlI=1,d,K)I/(2%0X])
29 DIUYS{UC T d+ 1KY =UlT3d=1,4KDII/(2%CY ]}
43 DIVXSIVITI+i,d4K)=V{I=1,J,K)2/7€2%0X)
41 DIVYZUNEIgd* L KI-V(I,J-14K})/(2%0Y)
42 DIUWZS U (T U g K+ 15Tyl K211 =U( 1, ,J k=11 Fd{TyJeK=1)2/12%D2)
43 DIVUWZZUV T J K+ 13RI g JyK42)=V I, d,K=2)=W{I,y,dgK=1)2/{2%D2)
by DOUXT(UCTI*IyJ K 2U(I=13JsKI=C(I4JyFK)I/(DX%DX)
45 ‘ DOUYS (UG Iod+ Ly KYI+ULT sd=14K)I-O{I4d K1) /ULLY*DY])
46 DOU2{UCTIyJyKR+LI2ULT yJ yK=~1)-D(I1,J,K)}/{CI%LZ)
47 DOVXZUVOI4 g J KIS VII=LadyKI=E (1 ,J,K})/(0X%DX)
4R DOVYS(VE T, Jr 1KY +V(T,U-1yKI=E(Iyed,K}}/(0Y*DY)
49 DOVZoU V(I gdgyK4134VIT yJoK=1)=E(IyJyKIY/ALLI%XDZ] '
53 HII3JyK)SHET/CI =A% (S1RHUUX+DIRUVY SR I(I , I 3=0UUZY-HICI,,J) =8P
st CxDLIPX+ AHSHICI yJ)*{(ODUX+DOUYI+AHSHX Iy JIXCIUXYAHFRY (T, J)*D1UY
s2 ) CHAVRIATIRIRDDUZ 4010 I2%xCIUZ )/ HICTI M3+ I, Y20t ,J,R3/8
z GUIyJyRIZHOT/CI = (AT S IHUVX«O1IHVVY+HI{I U I*DIVHL) -HI(T J) AP
S4 CEDLPY+AHSHI(I yJ )% (LOVXADDVY Y4 aHIHX (I 4 JY =D IVX+AHXHY (I, J}*01VY
55 CHAVR{AS(KIFODVZADIbIZ=DINVZY/HI(TIZJBI+HICT d)%V(IJ,K}/C

o% 8 CONTINUE
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COMTINUE
CONTINUE
RETURN
£RO

383
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9.2.71 UVTOP

This progtam computes U and V at the top using wind
stress boundary conditions. Computations are made for MAR <

11 only. (Ipterior grid points).




*DO0C JUVTOP
CHERXRRFIEEERR SRR BRI BRS AR R DI R R AR R R SRR R BRI AR R R KRR R R R RN R TR N R R ARk D

VO~ & (N e

C
C
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THIS PROGRAM CALCULATES U AND V VELOCITIES AT THE SURFACE USING STRESS
BOUNCARY CONDITIONS

CHERAE R ARERURIBRERBE SR RE X AP EA KPR AR RR R AR S EREZ R DA PR RN RR Rk AR E R AR R IR D R ER K TR R®

7C0
socC

SUBROUTINE UVTOF (H 6 3TAUX yTAUY T 3JyKyDZ 9 INyJINKNJHIHAR)
DIMENSION HOIN, JNSJKN),GLINyJNKN)

DIMENSTON HI(IN,JN) MAR(IN,JN)

00 8GO I=1,IN

00 800 J=1,JN

IF (MAR(I,J).LT.11) GO YO 7CC *
K=1

TXSTAUX*HI(I,J)

TYSTAUY*HI(X,J)
HUIgJyKIZt4#H (T gJ 4K +1)=HITI,J K42 )=22DZ%TX )/ 3
GAIysdsKIZI4%G LI g yK+1) =6 (T, K423 -2302%TY)»/3
CONTINUE

CONTINUE

RETURN

END
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9.2.72 VERTDF

This program compute vertical
viscosity and diffusivity as a function of temperature
gradient in the vertical direction. The p‘rogram also computes
first derivative of vertical eddy viscosity and diffusivity

with respeét to ¥ .
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MFDULLL1) o VERTODF

24 160

RT)S J.WHTOP

SUBRCUTINE VERTDF I yJ 4K, IH 4UN KN ,HI ABZ,D1232,01822,02Z,T,A3,TRcF

CyCONSHAVHMX,AVIH)

DIMENSION HICQIMN,JN) aTOIN, IR KN) JA3EKNE)

00 5C KKIZ1,KN

IF(KK.EQ.2) GO TS 11

IF(KK.SQ JKNY CO TG 12

DITZ:(T(I'JyKK"l)-T(I’dy}\K-I),/ (2exDZ)

60 T0 23

DlTZo(4e®TUIy Sy KK+ ) =2 axT (I d ) KKI=TEI 3o KK+2) )/ {2 e%D2)
G0 Y0 20 '

DITZa0 -4 o#T(L gdyKK=1132, T (T Uy KKI+T(I,J,KK=C233/(2.%D2}
PARAZ=-HI(I,JIS((tKK=1)%0Z)%*2)%D1T2
AZOKK)SAVMA/ (1. +PARARCONS)

IFLASURKDY oLT L AVMN) AZ{KKITAVMN
DEPTHSUFLOAT(FK-31)1%022HI(I,J)

IF(DEPTH GT40e30) AZ(KKIZTAVMN

CONTINUE ’

IF(KeEQeKN) DIAZZ( =40 %A3(K~1)4T, %AZ(KI+AZ(K~2))/1Z.%D27)
IF(KeGT el o AND e oL ToKN) DIAZZT(AZ(KAI)I=AZ(K-1) )/ {ZexD7)
AB3ZA3LK)

D18 3701432

IF(IeECrT4ANDeJeEQaE) WRITE(E,100) I,J9K,A33,D1A4322,D1322
FORMAT (3T5,3F15%.8)

RETURN

END
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9.2.73 WHATILJ

This program computes the values of W at I, J from thne
values of WH at IW, JW.

Vertical velocity at a point on the main grid point is
taken to be equal to the average of vertical velocities at
four poinﬁg on the half grid and lying adjacent to the point
under consideration. Computations are made for imterior grid

points only.




$D0C WHATIY

VOB WN -

10

12
13
14
15
16
17
18
19

c
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CAUBRRRBTR RSB ARSER SRR NXRRRI AR SRRE A VIR IRER B R AR R EIRRERR RS KR E TR R RN R E R RB R R SRR

THIS PROGRAM CALCULATES THE VALUE OF W AT I,J FROM VALUES OF WH AT IuW,JW

[ P22 2222 RS 2222 R RS RS RS SRR R R 22222 222 R R R s 2Rt L)

351¢C
354C
3550

SUBROUTINE WHATIJ (I yJygKpINydWsINyJN oKNoIUNy JENyH 4HH, HAR)
DIMENSION WH CTWN,JWN JKN) oW (IN gJUNKN)
DIMENSION MAR(IN,JIN?

D0 3550 I=1,IN

DO 355C J=1,JN

IF (MAR(I,J)}.LT.11) 60 TO 3540

DO 3515 K=1,KN

IN=1

JuzJ

WCIoJpK) S CMHCIN gdM oK I oWH (IH g W =1 K} 4UHIIW 1 y U, KISWH{ IN=14JW=1,K])
C/b.

CONTINUE

_CONTINUE

CONTINUE

RETURN

END
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9.2.74 WHTOP

This program sets the value of WH equal to zero at the

surface.
WH =23y =0 =0at x=0
at

No computations are made for points outside of the region of

interest, defined by MRH = 0,
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«DOC .WHTOP
Creradpbkdkbkdind

1 FEE R AL 22 ) ###*****“t*t*####*#t#*#tt‘**t*# TS TIIS i3I 212 2
2 c THIS PROGRAM SETS THE VALUE OF WH £CUAL TO ZERO AT THE SURFACE

3 C*#########*## Mo R #****###*t**##ﬁ**#**##**##*t#*#*###*#*##‘*#*#**#**"‘#*##t*
4 SUBROUTINE WHYOF (IkigJW gIWNgJRN KNy H K,HRH)

5 DIMENSION WHTWNyJWN KN)

6 DIMENSION MRH (1WN ¢JWN)

7 DO 3300 IWZ1,IWN

8 00 3300 JWZ1,JwWN

9 - IF (MRH(IW,JK).EQ.C) GO TO 3000

10 WH{IW,JW,1)=0
11 3000 CONTINUE

12 3300 CONRTINUE

1z RETURN

14 END






