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ABSTRACT

A three-dimensional analytical model for large water bedies is
presented. Time histories and spatial distribution of pressure,
velocity and temperature in water bodies, subjected to thermal
discharge, are determined employing a digital computer. The dynamic
response is obtained for a rectangular water body by applying a
finite difference method to the mass, momentum and energy balance
equations. These partial differential equations are algebraically
manipulated to obtain; 1) three parabolic differential equations
integrated temporally to find the horizontal velocity components and
temperature; 2) one algebraic integral equation to get the vertical
velocity component; 3) one elliptic differential equation integrated
spatially to find the pressure; and 4) one differential equation to
get the water level. Numerical stability criteria are developed
which facilitate the selection of space and time increments for sta-

ble numerical integration.

The distinctive feature of this analysis, as compared to previous
studies, is the calculation of pressure and water level from equations
of motion without simplifying assumptions such as hydrostatic pressure

approximation and rigid-1id concept.

The mathematical formulation is verified by applying this
analysis to cases where the final steady state flow patterns have
been determined analytically or experimentally by others. In

particular, the final steady state solution obtained from this
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dynamic analysis is verified with existing flow measurements of
laminar flow development in a square duct. Furthermore, the natural
circulation flows developed by this analysis are verified with known

flow patterns in partially heated ponds.

The problem of thermal discharge entering a river with known
initial velocity and temperature distribution is then analyzed.
The time histories of the velocity and temperature distribution as
well as the velocity and temperature profiles are obtained. These
results provide the values of temperature rise and the rate of temper-
ature rise needed for the assesswent of the extent of thermal pollu-

tion in water bodies.
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1. INTRODUCTION

Thermal power and industrial processing plants use large
quantities of cooling water from natural or artificial water bodies
and return the water to the source at higher temperatures. Changes
that occur, either in the temperature of the water or in temperature-
related water quality constituents, may adversely affect the aquatic
environment of the water source. When the thermal discharge from a
plant, into a water body, raises the water temperature by such an
extent as to damage aquatic life or other legitimate uses of the

water source, some degree of thermal pollution exists.

To assess the extent of a thermal pollution, utilities,
ecologists, federal and state agencies as well as the public are
interested in determining the space and time distribution of tempera-
ture within a water body, (such as lakes, reservoirs and rivers)

when it is subjected to a prescribed thermal load.

The temperature distribution within a water impoundment is
intimately associated with the hydrodynamic behavior of the water
mass. Fluid flow in the impoundment is, in turn, affected by the
hydrodynamic boundary conditions, three-dimensionality of the water
body and the degree of stratification imposed on the water mass.

The problem is further complicated by the heat transfer process
through the water surface, internal mixing, inflows and outflows.
For these reasons, a quantitative prediction of the temperature field

for a particular water source must consider the mass~transport,



momentum-transport, and heat-transport processes which produce the

temperature changes.

The theoretical analysis of the dynamic behavior of a large
water body, subjected to thermal discharge, is based on the solution
of space- and time-dependent conservation and state equations. Con-
servation of mass, momentum, and energy for the water flow in the
impoundment together with the equation of state, provide a sufficient
number of partial differential equations and algebraic relations in
space and time for the solution of the problem. Although, these
equations have been known for over a century, due to their highly
nonlinear nature, a direct closed form analytical solution is con-
sidered practically impossible for most general cases involving
realistic geometries and boundary conditions. The available analyti-
cal solutions of problems involving thermal discharge is severely
limited by the many simplifying assumptions made in order to achieve
a solution. In fact, analytical solutions to the problems of thermal
discharge are obtained only for problems involving simple geometry
and boundary conditions. Solutions to more realistic geometries and
boundary conditions can be sought only by the development of computer

modeling in three-dimensions under transient conditions.

Current three-dimensional computer simulation of thermal dis-
charge into water bodies are based on a number of simplifying assump-

tions discussed hereunder:

1. Compliance with the Conservation of Mass and Momentum




Generally, the three components of water velocity are found from
the longitudinal, lateral, and vertical momentum equations. These
three components of velocity should ﬁatisfy the conservation of mass
equation. A major difficulty arises when simultaneous compliance
with the principles of conservation of mass and momentum cannot be
ensured. Under the Boussinesq approximation, the conservation of
mass reduces to zero divergence for the water velocity (with no mass
storage term) i.e., the sum of all inflows to and outflows from any
fluid control volume in the flow field must vanish. Since the new
velocity components, calculated by the integrations of the momentum
equations do not necessarily satisfy the continuity equation, the
mass balance would be disturbed, thereby yielding a small surplus or
deficit inflow at certain control volumes. To resolve this dilemma,
Brady and Geyer (2)! hypothesize that the surplus or deficit inflows
redistribute in all directions by equal magnitude. Obviously, the
disadvantage of this velocity adjustment technique is that the
adjusted velocities no longer satisfy the momentum equations. Con-
sidering a water body, such as a river, flowing longitudinally with
a laterally uniform velocity distribution, and applying the approxi-
mate boundary conditions .on the lateral velocities at the thermal
discharge location, they found that the out-of-balance surplus inflow
to each adjacent cell is exceptionally large. When their model

attempts to distribute this surplus inflow among the surrounding

lUnderlined numerals in parenthesis designate references listed in
Section 8.



fluid cells, the resulting vertical velocity adjustment.becomes
excessively large which aborts the run. Brady and Geyer;referred to
this problem as the "vertical over-responsiveness of thé mode1" and
devised schemes to suppress the associated undesirable vertical fluc-
tuations by either: 1) temporarily suppressing vertical redistribu-
tion such that each fluid layer achieves its own mass balance
independently; or 2) temporarily enforcing a rigid 1id at the fluid
free surface such that a zero vertical velocity is maintained at the
most upper layer of the model at every fluid cell. The rigid 1id
assumption is used by many authors to simplify the solution to the
stratification and circulation in water bodies (18, 20, 32). Obvi-
ously, this situation calls for an improved approach for a simultane-

ous compliance with the conservation equations of mass and momentum.

2. Surface Flow Distribution

The treatment of the slope variation at the water free surface
constitutes another major difficulty. The upwelling (or downwelling)

flow at the surface creates positive (or negative) surge waves (36,

10). The mathematical modeling of these phenomena under unsteady. flow

conditions is complicated. To resolve this difficulty, Waldrop and
Farmer (39) first assumed that the vertical component of velocity
near the surface will be redirected in the horizontal direction (in
X and y directions) and the surface will move. Later, Waldrop and
Farmer (40), in a major effort to resolve the surface flow distribu-
tion problem, introduced a mass balance at the free surface and ex-

tended their horizontal momentum equations to elements near the water



surface. This situation calls for further studies of the behavior

of the free surface under unsteady flow conditions.

3. Pressure Distribution

The velocity components in the flow field are extremely sensi-
tive to values of nodal pressures. Slight changes in the pressure
~distribution would affect the circulation in the water body consider-
ably. The calculation of the correct pressure &istribution is,
therefore, of paramount importance. Most authors (41, 42, 19, 4, 16,
23, 8) assume that the total dynamic pressure at each point in the
flow is equal to hydrostatic pressure obtained under static condi-
tions. This assumption, referred to as hydrostatic approximation,
leads to inaccuracies in regions of severe dpwel]ing and downwelling
which will adversely affect the correctness of circulation velocities.
Thus, a better technique for the computation of the pressure field is

called for.

4. Numerical Stability

Calculations of space and time increments for obtaining a stable
numerical solution of partial differential equations of mass, momen-
tum and energy conservation is a difficult task. Most authors resort
to overly simplified criteria for the establishment of the upper
bound of the integration time step for an assumed set of space incre-
ments. Brady and Geyer (2) state that the maximum integration step
appears to be limited by relationships between the velocities and the

smallest cell dimensions in each direction. Waldrop and Farmer (39)



and Harlow and Welch (9) resort to a stability limit calculated on
the basis of one-dimensional, unsteady, incompressible flow equations
with a free surface. This Timit imposes an upper bound on their
integration time step equal to the ratio of the smallest cell size
and the surface wave speed. More accurate means for the prediction

of the space and time increments are needed.

Most authors believe that much work is still required to refine
various features of the present unsteady three-dimensional computer
models before the present models can be applied to situations involv-
ing significant stratification effects, or flow fluctuations, in

water bodies.

1.1 History and Background

Wind-induced circulation in shallow waters has been studied by
Liu and Perez (22), Liggett and Hadjitheodorou (18, 19, 20), among
others. These studies neglect thermal stratification and employ
unsteady momentum and continuity equations to determine the pressure
and velocity distribution as functions of spacé and time in large
water bodies. The problem of circulation in stratified lakes ideal-
ized as a two layer lake, in which epilimnion and hypolimnion are
considered homogeneous has been analyzed by Liggett and Lee (15, 21,
10). These studies neglect the existence of the thermocline and are

unrealistic.

The aforementioned studies do not take into account the coupled

hydrometerological phenomena controlling the disposition of energy at



the surface of water bodies and neglect the mechanisms that are
responsible for distributing energy internally throughout the fluid

mass.

Orlob and Selna (27) developed a digital computer program for
the calculation of temperature variations in deep reservoirs. Their
analysis is limited by the assumption that all transfer of heat
energy is accomplished along the vertical axis. Stefan (35) presented
a two-dimensional mathematical formulation consisting of continuitys
momentum and energy equations for the modeling of heated water over

lakes. However, he made no attempt to solve the governing equations.

Brady and Geyer (2) provided a comprehensive review of analytical
modeling techniques for the solution of problems involving thermal
discharges and presented a general computer model for simulating
thermal discharge in three dimensions. They established the feasibil-
ity of their technique by a sample application to a river site where
density effects are relatively insignificant. The compliance with the
conservation of mass and momentum is obtained by redistributing the

surplus or deficit inflows in a control volume in all directions by

equal magnitudes. This feature was responsible for their observed
"vertical over-responsiveness of the model" leading to exces#ive
vertical velocities, as discussed earlier. Théy recommended further
development'work for situations involving significant stratification

effects and fluctuating flows.

Waldrop and Farmer (39, 40), in a three dimensional study of



buoyant plumes, examined the flow field resulting from the interac-
tion of a stream with the much larger body of flowing water into
which it debouches. They expressed the local density of the water
as function of salinity (39) and temperature (40). Three dimensional
unsteady conservation equations, used in their study to describe the
interaction, included the effects of buoyancy, inertia, and the
difference in the hydrostatic heads of the two currents. They
solved the conservation equations with a time-dependent finite
difference technique. The treatment of the slope variation at the
water free surface is accomplished as discussed earlier in surface
flow distribution. The pressure distribution is calculated from the
vertical momentum equations after neglecting the fluid vertical iner-

tia.

Leendertse et al (16), in a study similar to that of Waldrop and
Farmer (40), developed a three-dimensional model for estuaries, bays,
and coastal seas in which non-isotropic density conditions exist.
They performed a numerical integration of the finite difference
equations of motion, transport, and continuity and applied their
computational method to the analysis of a number of basins with
boundaries of increasing complexity. They employ the hydrostatic
approximation discussed earlier and neglect the vertical acceleration

altogether.

Mercier (24, 25) developed a predictor-corrector method for the
solution of incompressible viscous fluid and applied this method to

the transient flow in a density stratified reservoir. His solution



is restricted to two-dimensional and adiabatic flow. Rather than
considering the density as a function of temperature, Mercier obtains
the water density by setting the material derivative of the density

equal to zero.

Spradley and Churchill (34) examined the problem of pressure-

and buoyancy-driven thermal convection in a rectangular enclosure
for unsteady laminar compressible flow at various reduced levels of
gravity. The enclosure was heated on one side and cooled on the
opposite side. The conservation equations of mass, momentum, and
energy were solved numerically for a compressible, heat-conducting
ideal gas employing an explicit finite-difference technique. Their
solution show that the thermally induced motion is acoustic in

nature owing to the sonic character of the induced pressure waves.

Further reviews of the state of art for the solution of the

conservation equations of mass, momentum, and energy as well as the
study of the behavior of water bodies subjected to thermal dischage

are available (28, 33, 30, 29) and interested readers are referred to

these references for additijonal:information.

A careful examination of the above references demonstrates that
a combiete]y Adéquéfe mathematical fechnique for the combined analysis
of thermal stratification and circulation of water bodies is still

lacking. A rigorous mathematical simulation for the prediction of the

thermal and hydraulic behavior of impoundments is needed.
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1.2 Scope and Objectives of the Present Study

The main objectives of the present study are as follows:

1) To develop a three-dimensional model for the mathematical
description of a large rectangular water body free from the major
shortcomings described earlier.

2) To develop a numerical integration technique for solving
the above mathematical model on a digital computer.

3) To develop a digital computer program for predicting the
thermal stratification and circulation phenomenon in a given rectan-
gular water body subjected to thermal discharge and to determine the
time histories and spatial distribution of pressure, velocity and

temperature fields within the water body.

The major contributions of the present study, as compared with
the previous works in this general area, can be summarized as follows:
1) Compliance with the conservation of mass and momentum is

obtained by the introduction of two flow regions in the entire flow
field: a) the water-level region containing a portion of water near
the free surface in which the water-level rises or falls, as the case
may be, during the dynamic solution; and b) the sub-water-level
region located under the water-level region which remains totally
filled with fluid at all times during the transient. As will be seen
}ater, the superimposition of a three-dimensional grid on these two
regions facilitates the simultaneous compliance of the principles of
conservation of mass and momentum for the entire flow field without

any mass imbalance.
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2) A different set of differential equations for the conserva-
tion of mass, momentum and energy is applied to the cells located in
the water-level and sub-water-level flow regions. This is necessary
because the cells in the water-level region have a variable height
while the cells in the sub-water level region have a constant height.
This feature facilitates the calculation of surface flow distribution.

3) The pressure distribution is obtained by combining the
momentum and continuity equations. This feature eliminates the need
for the hydrostatic pressure approximation. It also eliminates the
need for neglecting the acceleration terms in the momentum equations
in the vertical direction.

4) A detailed numerical stability analysis is performed which
provides accurate criteria for the selection of the space and time

increments.
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2. MATHEMATICAL FORMULATION

2.1 Simplifying Assumptions

The mathematical formulation in this study-is based on the
following assumptions:

1) The equations of motion, energy and continuity are applied
in their time-smoothed form to turbulent inconpressible three-dimen-
sional flow with Cartesian coordinates, as shown in Figure 1, with
z positive upward.

2) It is assumed that Boussinesq's approximation applies. In
other words, densities are treated as constants except in terms
involving gravity. This allows natural circulation to take place.
Furthermore, density in the body force term is considered to be a
function of temperature only.

3) The effects of turbulence are modeled by using eddy trénsport
coefficients. Horizontal and vertical momentum eddy viscosities and
thermal eddy diffusivities are considered as constants throughout the
body of water though different magnitudes for horizontal and vertical
directions.

4) It is assumed that there are no internal heat sources and
the heat exchange between the water body and the atmosphere takes
place near the water free surface.

5) Loss of mass due to evaporation at the surface and conductive
heat transfer through the impoundment solid boundaries are generally
small and are neglected.

6) The Coriolis forces acting on the water body is considered to
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be negligible.

The boundary conditions of the problem involve: 1) the geometry
of the impoundment including the thermal discharge inlet, as well as
the river inflow and outflow configurations; 2) the mass flow
rates of the inflows across the boundaries; and 3) the level,
pressure and temperature along the inlet boundaries. It is assumed

that all of the above parameters are known.

The initial conditions of the problem inciudes the pressure,
velocity, level and temperature distributions of the impoundment at
time t = 0. These variables are computed by the present proéram by
first performing a dynamic analysis under no thermal discharge condi-
“tions and then using the calculated pressure, velocity, level and
temperature distributions, as initial conditions, in a dynamic analy-

sis involving a thermal discharge.

2.2 Governing Equations

The mathematical formulation of the sub-water-level flow region
consists of the following fundamental equations derived in Appendix

1.

Momentum equations:

3u 3u 3u su_ _1 9 du, 3u 3 u
Srumtvotwi = —E by (S5 5) + v (1)
at ax 3y oz Pg 83X h ;;? ;;7 v ;;f
?.\’.+u.§.!+v§_v_+w.§l=_l_§£+\, (azv+azv)~-+\, azv (2)
at X a3y 8z pg oY h ;;2' g;?' vV g2
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1 2 .2 2

ow ow oW ow _ p 3w , W 3w p

TtlUusot Vet wWwar=-—L 4ty | + ) + v - g =

at ax 3y Y3 Pg 2 'h ;;(’Z ';2' v ;;2' °0
(3)

Continuity equation:

U , 9V , oW _

x Ty taz=0 (8)

Energy equation:

My, ) +D s (5)

at ax ay £y h';f ;;2' v;f |

Equation of state:

p=p (T) (6)

In the above formulation, u, v and w are the local velocity com-
ponents in the x, y and z directions respectively; p is the pressure;
T is the local water temperature; p is the local density of water;
Po is a fixed reference density to be defined later; and Vi Vy? Dh
and Dv are the horizontal and vertical components of eddy viscosity
and eddy diffusivity of heat, respectively. The above differential
equations are solved simultaneously, subject to the boundary condi-
tions described in the following section. To solve the above mathe-
matical formulation, the following steps will be taken:

1) Non-dimensionalization of the governing equations and
derivation of time-derivative equations for velocity components u, v,
w and temperature T.

2) Derivation of the final equations including the pressure

equation.
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In this study, the thermal discharge parameters are used as
reference values for the non-dimensionalization of the governing
equations. Let UO’ po, TO and d0 be the velocity, density, tempera-
ture and half width of thermal discharge flow respectively. The

dimensionless quantities are defined by

L * * g
X = =20 y = zZ = ( 7)
dy ﬁE dy
* _u * vy * _w
u = vV = — W = (8)
Yo Yo Y%
* tUO * T *
t = T = =— p = ( 9 )
dy To P99y
p* = g—- (10)
0

Employing the above dimensionless variables in the continuity,
momentum and energy equations, one obtains the time derivatives for
velocity components u, v, w and temperature T in parabolic differen-

tial form as follows:

* *
3 * ju * 3 * 3 1 3
?-"‘T='u v u*'w Y - 2 p*
at X oy Y 4 F0 X
%* * *
PR BT I e (an
Yo Ro ax? oy Vo Ro 522
] ¥ * 3V* * BV* * 3 * 1 3 *
v
Hezouw p-v v Yo % P
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+ :’_f_l__]_ (32V* + ] V*) + :\_I_l_ 32V* (]2)
vo Ry ax'2 3y 217 Vg Ry 572
* * * * ] *
2!;.= -u 2!;._ v EET.- W 3W* - = 3p__»p >
ot ax oy 9z F,~ a3z F
0 0
v 2 * * v 2. *
h1l /3w W vl 3w
+ ol G iy s 2k (13)
Vo Ro ax? gy Vo Ro 52
K
3T _ * 3T * T * T
—%x=-u * -V —%- *
ot X oy 9z
D 2.* 2.% D, .2.*
h 1 ,9°T °T voT
tom Cmt )t (14)
Vo Ry "ax% gy V0 2z
with continuity and state equations given by
* %* *
CUMp (15)
ax 3y ¥4
* * %*
o =p (T) (16)
In the above equations, the following dimensionless numbers are
used
_ 1/2
1) Froude number Fo = UO/(gdo) (17)
2) Reynolds number Ry = Uodo/v0 (18)

:Equations (11) to (16) are a set of six equations that will be

. . * * Kk k *
used for the determination of six unknowns, u , v, w, p,p , and

*
T , as functions of time and space.
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The fina] equations, including the pressure equation, are
obtained from the above equations as follows. First, the continuity

equation is differentiated with respect to time to give

8* 3* 8*
8*(u}+ VT"' w*) =0 (19)
at ax oy Y 4

The order of differentiation in equation (19) is then inter-
changed
‘9 8* ] 3* 9 3*
‘*(u*)"' *-( Y*)'*' *(w‘*) =0 (20)
ax 3t 9y ot 9z ot

To facilitate spatial differentiations indicated by equation

(20), equations (11) through (13) are first rewritten in the follow-

ing form

* * *

=g - L2 (21)
ot F0 axX

Lk " *

Weeqy -2 (22)
ot y FO oy

W _ % 1 ap

L op_

=0, - (23)
at z ;;2 32"

where

* *a* *a* *3*

Q= - ut Bt

ax ay 22
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v . 2
h 1 o u o u vl 3u
+ 22 ( + ) + Y24 (24)
voRo ax ¢ gy Vo Ro 2272
Q* = av* v v Ry
y X ay ’2
v 2. * * v 2. %
h1 9%V 3V vl 3%
T e A I (25)
Yo "0 ax ay vo Ro az
* *
L * aw * aw * oW
Qz = - %~V —%- -
X ay 92
v 2* x v, 2* *
h 1 oW oW v1] 3w o
L R Rt e (26)
Vo Ry ax ay 0 Ro sz F;Z
with
* * a*
Wee - (M Xy (27)
32 9X 8z

substituting equations (21) through (23) into (20), yields

* -* *

* 3Q 3Q 30
A A R (28)

ax oy 9z

This elliptic differential equation will provide a means for the
calculation of the pressure distribution in the water body. Equations
(27), (24), (25), (26), (28), (21), (22), (14), and (16) constitute

*
our final equations which will be solved for updated values of w*, Q

x’
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Q;, Q:, p*,>u*, v*, T*, and p*, respectively. It should be noted
that the vertical momentum equation (23) is used indirectly in this
computation through its usage in the derivation of the pressure
equation (28). Since the water-level variation provides a vertical
freedom for the water body, it is imperative to calculate the verti-
cal velocity component w* from the continuity equation and not by

the application of the momentum equation in the vertical direction
equation (23). However, the momentum balance in the vertical direc-
tion is fully satisfied since equation (23) is expliticly used in the
derivation of the pressure equation (28). In fact, equation (23) may

be easily derived from the final equations stated above.

The mathematical formulation for the water-level flow region is
derived by the application of the fundamental equations of mass,
momentum, and energy as follows. The water-level in cells located
at the air-water interface varies with time and space. For this
reason, the continuity equation, as given by equation (27), is not
valid for these cells. Application of a mass balance to such a cell
with all sides fixed in space except the top which moves with the

water-level, yields
5t (otxey H) = (ouay H), - (puay H), ,

+ -
(pYAX H)y (pvax H)y + ay

+ (owaxay), - (owaxay), , u (29)
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- The last lerm represents the mass flux leaving the water-level
surface. Since the evaporation losses are considered insignificant,
_this term is equal to zero. Dividing both sides of the above equa-
tion by paAxAy, considering p to be constant and eqya] to Pg consis-
tent with Bouss{nesq approximation used earlier, and letting ax, Ay

approach zero, yields

aH _ 3 3
3E = - 5% (UH) - Sy'(VH) +w (30)

The above équation will be integrated in time to obtain the

water-level. In nondimensional form, the above equation becomes

. .
oH 3

x* * * % *
A e i (WH) -2 (VH) +w (31)
ot X 3y
where
* H
H = o (32)
do

Similarly, the energy equation, as given by equation (14), is not
valid for the water-level elements. Application of the energy balance

to these cells yields

%E-(pCprAyHT) (pCpuAyHT)x - (pCpuAyHT)

X + AX

+

(pCPVAxHT)y - (pcvaxHT)y + oy

+ (pCpWAxAyT)Z < (DchAXAyT)z +H
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+ ( pC D AyH ) ( pC D AyH )

4_ X'x + X
+ - -
( -pC DyAXHay y < pc D AX )y + Ay
oT
+ (- -0C,D,8x8y57) - (- pCyD AXAyaz)z + H (33)

It should be noted again that the enthalpy flux leaving the
water-level surface is equal to zero. Furthermore, the turbulent

thermal diffusion at the water-level surface, is (3)

(pC,D3D), 4y = = K (T - E) (34)

Considering the above statements, dividing energy equation

(33) by pCprAy with p = Py’ and letting Ax, Ay approach zero, yields

9 _ @ _ 3
SE-(HT) = 3§-(uHT) 5y (VHT) + wT

+0, (130 + yay(n &
py L. KE(O-E) (35)

Performing the differentiations indicated by the first three
terms of the above, and employing equation (30) gives
D
T aT + X (H T)

oT _ _ , 3T _
"YU TV H
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. |
8 z 3T K (T -E)
+ il 5y )'n—s‘z"—‘w—p (36)

By a similar reasoning, after employing the surface boundary
conditions, to be derived later, the velocity components in the water-

level element is found to be

3u_ _ ,%u_,2u__1 3Hp “ha . 3u
ﬁ"uax'vy'i(;ﬁx+H 5% (3%

v W 2

+——h-9-—(H )___lau 1 “fxPa"x

H dy 3z 2 pOH (37)
v _ v _,av_ 1 3aHp, hd
E A T T pOHay H ax(H )

Yh 3 avy W av , 1 CRPa” ’

oy My o (38)

After setting D, = Dy = D> and D, = D, equations (36), (37),

and (38) in non-dimensional form become

D *
* * *
aT=-u£;—v§—T¢+vh.]*(a*(H al)
ot X dy oRoH X X
v * S * *
b2t 2y XL 2t (39)
3y 3y oROH 9z H
* %* %* '| H *
u_ a2 3H p




t——z (5 H =)+ H =)
0 ROH ax X 3y ay
. Cop W2
Y% 1 su + 1 2fxPax
T F o wty (40)
0 ROH 9z H
av* * 3y * a3y 1 aH* *
—%=-u A * K3 -E
ot X dy F0 H 3y

v 5 w ¥ % ¥
POl R Sy A Ty P A R T (T 1

Yo ROH X X oy dy
* *2
S 1 By 4] CﬁxpaWy (41
v * % - H )
0 RH 2z
where SO’ the Stanton number, is defined by
S0 = 56~ (42)
pocp 0
and
* pa
ca =5 (43)
W W
*x X * —x‘
= = = 44
W, : Wy Uy (44)

The pressure at the air-water interface is always atmospheric
and can be considered equal to zero no matter where the water-level
may be at any instant of time. For this reason, the pressure at the

center of the water-level element can be considered to be hydrostatic,
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i.e., for the water-level element

P* = o H" (45)
This equation may also be derived by applying a momentum balance,

in the vertical direction, on the water-level flow region and noting

that the water vertical velocity in this region is relatively small

and, therefore, negligible. If the pressure distribution given by

equation (45) is substituted into the horizontal momentum equations,

the terms involving pressure gradient would simplify as follows

1 HP 1 ,*ap L .%ol

R * =T (H p* + 20 —5 (46)
F0 H 3x F0 X X

1 oHp _ 1 o *s s o, %ol

T 2 = > (H ;p* + 2p ""F) (47)
F0 H ay F0 dy oy

It is important to realize the difference between the flow
patterns in the sub-water-level and the water-level elements. In the
sub-water-level elements, an increase in the fluid boundary velocity
will induce horizontal velocity components. However, the time con-
stant associated with the momentum equations will not permit these
equations to respond instantaneously to the boundary velocity disturb-
ance at the river or thermal discharge inlets. Because of the flow
incompressibility and since the fluid vertical inertia is considerably
smaller than the horizontal inertias, the mass imbalance will result

in a positive vertical fluid motion designated as "upwelling". This



26

vertical motion will continue upward until it reaches the water-
level element where by virtue of equation (30) will cause the water-
level to rise. This rise is large for elements close to the boundary
disturbance and small for elements farther away. This spatial change
affects the horizontal momentum equations (40) and (41) and induce a
horizontal flow in the water-level elements which in turn tends to
reduce the water-level through equation (30). A reverse situation
takes place when the boundary velocity is decreased. The mass im-
balance results in a negative vertical fluid motion, designated as
"downwelling". This will cause the lowering of the water-level with

an attendant horizontal flow into the element to increase the water-

- level.

2.3 Boundary Conditions

The water body boundary surfaces may be classified as follows:

Type (1): The surface boundary located at the water-level
free surface.

Type (2): The lateral solid-fluid boundary located at the
interface between the impoundment wall and the water body.

Type (3): The bottom boundary located at the bottom of the

impoundment.

Type (4): The fluid-fluid boundary located at the interface
between the water body in the region of interest and surrounding

waters.

Implementation of the boundary conditions for the above boundary
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surfaces involves calculation of the first spatial derivative of the
system variables at the boundary. Two methods have been in usage
for the calculation of the derivative:

1) Application of the reflection principle and usage of
fictitious fluid nodes behind the solid boundary;

2) Calculation of the derivative at the boundary on the basis

of three internal nodes adjacent to the boundary node.

The latter technique requires less computer storage space and

is employed in the present study as detailed in the Appendix.

Pressure boundary conditions. For the surface boundary, the pressure

is considered atmospheric at the air-water interface and is set equal

to zero.

For the lateral solid-fluid and bottom boundaries, application
of the momentum equation in“the direction normal to the boundaries

gives the following equations respectively:

g2 h] o2y (48)
= F\° == —%7 48
oy 0 o % 3y
* Vv 2 *
) * 2°vl w
= -wp + F — (49)
3z 0 Vg Ry 5272

For the fluid-fluid boundaries, the pressure distribution at
the inflow interfaces is considered to be static. The pressure
distribution at any outflow interface node is set equal to that of

the adjacent upstream node in the flow field. The surrounding waters
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entering a water body is characterized by a uniform channel flow.
The pressure variation at any cross section of a uniform channel
flow may be proved to be hydrostatic by applying the Bernoulli's
equation. This equation is applied to two streamlines, one at the
channel top and the other at an arbitrary depth. Since, in steady,
frictionless, one-dimensional, uniform channel flow, the constants
in the Bernoulli's equation are the same for all streamlines, it can
be easily shown that the pressure distribution across the channel,
as well as the interface between the channel and the impoundment is

hydrostatic.

Velocity boundary conditions. For the surface boundary, the wind

effect produces shear at the water surface which is equal to the

shear stress in the fluid near the surface.

du _1
Po Yy (SEQZ =7 gy wx|wx I (50)

BV _ 1
P0 Vv (Eiﬁz ., 2P nywy|wy | (51)
s

where cfx and C., are skin coefficients along x and y axis respec-

£
tively; Py and pz are the air and water densities; wx and wy are

x and y components of the wind velocity; u and v are the fluid
velocity components along x and y; and vy is the vertical eddy
viscosity. Equations (50) and (51) are based on the assumption that
the wind velocity components are steady and mbderate with zero verti-

cal component. Under these conditions, the water surface will remain
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smooth and the skin coefficients may be taken from experimental
measurements (22, 16). In dimensionless form, the equations (50)

and (51) become

v *

vi1 ,su _ LTl I

o B e - 2 O e i | 2
_— % = P . .

) az.zf=z: Zfy "a Y y'

For the lateral solid-fluid and bottom boundaries, the yelocity
compbnents normal to the boundaries is always zero. The tangential
velocity components is calculated by the application of no-slip
condition. With this condition, both tangential velocity components
at the solid boundary are set equal to zero. The no-slip boundary
condition is ideal for very fine grid spacing. However, computation-
al economy requires a coarse grid spacing for most dynamic three-
dimensional hydrothermal analysis. Since,a coarse grid does not
afford sufficient resolution at the boundary, a limited amount of

numerical error will be induced in the solution.

For the fluid-fluid boundaries, the velocity distribution at
the inflow interfaces is set equal to the channel inflow distribution
which is considered to be a known function of time. The velocity
distribution at any outflow interface node is set equal to that of

the adjacent upstream node in the flow field.



Temperature boundary condition. For the surface boundary, the rate

of heat dispersion through the water (involving both conduction and
turbulent thermal diffusion) is equal to the heat transfer from

water to air.

oT _
P Coby G3lz = 2 = - K (T3 - ©) (54)
where CRY Cp, and Dv are the density, specific heat, and eddy

diffusivity of heat respectively; Ts is the water surface tempera-
ture; K is the heat exchange coefficient; and E is the equilibrium
water temperature. Value of K and E may be estimated in terms of
meteorological conditions (3). In dimensionless form, equation (54)

becomes

D *

v 1 (BT * *
v 1 3T s, (T, - E) (55)
va R * = -0 ‘s

070 8z *_ Z:

For the lateral solid-fluid and bottom boundaries, the heat
transfer is considered to be negligible leading to zero temperature
gradient at the boundary, i.e.,

*
T
*

an

= (56)

The temperature distribution at the fluid-fluid boundaries is
treated similar to the velocity distribution. The temperature at

the inflow interface is set equal to the channel inflow temperature
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which is considered to be a known function of time. The temperature
~at any outflow interface node is set equal to that of the adjacent

upstream node in the flow field.

Water-level boundary condition. The water-level at the fluid-fluid

boundaries is treated similar to the temperature distribution. The
water-level at the inflow interface is set equal to the channel in-
flow which is considered to be known. The water-level at outflow
interface nodes is set equal to that of the adjacent upstream nodes
in the flow field. For the solid-fluid, the water level is calcu-
lated by Simplifying the continuity equation for the water-level-

region considering no-slip boundary conditions.

o *  * * :
Boundary conditions on Qx’ kaand Qz' In the development of pressure

equation, values of BQ:/ax*, aQ;/ay*, and aQZ/az* should be evaluated
in the flow field. It was shown earlier that variables Q:, Q;, and
0, are related to the velocity field by equations (24), (25), and
(26). It should be realized that the only spatial derivatives of

Q: needed in the present analysis is BQ:/ax*. Spatial derivatives
aQ:/ay* and aQ;/az* are not required. This situation simplifies the
analysis. Calculation of aq:/ax* in the fluid cell next to the
boundary requires the calculation of Q: at the boundaries normal to
the x axis. Similarly, calculation of aq;/ay* and aQZ/az*

* *
require the calculation of Qy and QZ at the boundaries normal to the

the y and z axes respectively.

*
For the surface boundary, only QZ is needed. As stated earlier,



since the vertical velocity component in the water-level element is

small, equation (26) gives

*

*
(@) 2 %07 (57)
For the lateral solid-fluid boundaries, only the component of
Q* normal to the solid boundary is required. Since the velocity
component normal to the solid boundary is zero, the component Q*
normal to the solid boundary can be obtained after simplifying equa--

tion (25) as follows:

2 *
Q) = (@) N I (58)
Yy a0 Y- Yo Ry ay 2

‘I
(=2 =3

For the bottom boundary only Q: is needed. Simplification of

equation (26) at the bottom boundary gives

* * vV 32w*
(Q,) = - B - (S) (59)
z'* 2 g Fo. VoRo 972

For the fluid-fluid boundary, the surrounding waters entering
the water body.are characterized by a uniform channel flow, with a
uniform velocity at any cross section and zero axial pressure gradi-
ent. As an example, application of the momentum equation along the
channel flowing in the x-direction gives

(Qx)x* =0 (60)
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*
Furthermore, at the outflow interface nodes, the values of Q, are

set equal to that of the adjacent upstream nodes in the flow field.
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3. NUMERICAL SOLUTION

The numerical scheme, used in this study, is mainly based on
the application of spatial and temporal finite difference technique
to the governing equation described in the previous section. This
scheme is divided into the following steps:

1) Initialization and setting of boundary conditions;

2) Calculation of vertical velocity components;

3) Calculation of pressure distribution;

4) Calculation of the time derivatives for the horizontal
velocity components and temperathre in the elements of the sub-water-
level region;

5) Calculation of the time derivative for the water-level,
horizontal velocity components and temperature in the elements of
the water-level region;

6) Time integration and updating of the horizontal velocity
components and temperature in the sub-water-level region;

7) Calculation of the water-level, velocity components, and
temperature in the water-level region;

8) Calculation of density distribution.

After the completion of the last step, the problem time is
incremented, the computational procedure is repeated starting at the
second step, and the integration cycle is continued until the final

problem time is reached.

The initial conditions of the problem consist of the initial
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values of temperature, velocity components, and pressure at time

t = 0. These quantities are most easily obtained by the application
of the present dynamic analysis. To demonstrate this application,
let us consider that it is desired to determine the dynamic response
of a water body when it is subjected to a prescribed thermal dis-
charge. The solution to the problem can be obtained in two steps.
In the first step, the dynamic response is obtained by setting the
thermal discharge temperature equal to the river inflow temperature.
Maintaining the atmospheric and the inflow conditions unchanged, the
water body will reach equilibrium conditions and the pressure,
velocity and temperature distribution will be obtained. In the
second step, these equilibrium conditions are entered as the initial
conditions and the thermal discharge temperature is set equal to the
prescribed value. Again, if the atmospheric and inflow conditions
are held unchanged, the water body will reach new equilibrium con-
ditions. An examination of this dynamic response will enab]e"the
program user to predict the effects of the thermal discharge on the
state of the water body. The results of this study could then be
used to determine if the state's allowable temperature standards
have been violated. These standards generally vary from state to
state. Many states impose a maximum allowable water temperature, a
temperature rise, and a rate of temperature rise on the use of water

bodies.

From the temporal viewpoint, the boundary conditions stated

earlier are of two types -- time-independent and time-dependent. The
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setting of the time-independent boundary conditions are undertaken
prior to the beginning of the dynamic solution. The time-dependent
boundary conditions are satisfied during the execution of the inte-
gration cycle. For example, the time-dependent boundary conditions
on vertical velocity and pressure are satisfied during the execution

of steps 2 and 3 stated above respectively.

3.1 Calculation of the Vertical Velocity Components

As dischssed earlier, the vertical component of velocity w* is
calculated from the continuity equation (27). This equation can be
used to determine the vertical velocity component w*, once the
horizontal velocity components u* and v* are known throughout the
flow field. For the first step of numerical integration, the latter
quantities as initialized will be used to calculate the velocity
component w*. For the numerical integration steps higher than the
first, the updated values of u* and v* will be available by the time
integration of the momentum equations in the x and y directions to

be discussed later.

To facilitate the writing of finite difference equations, to be
presented in this section, it is convenient to introduce the follow-
ing conventions:

1) Variables defining any quantity within an element i,j,k

will be written without subscripts, for example, u* K will be

. isds
written as u .

2) Variables defining any quantity within an element adjacent



to element i,j,k will be written with the subscript that is different
s ° * * ) .
from i,j,k, for example u i+1, . k O Y i 5-1,K will be written as

*
U 447 OF u*j_] respectively.

’ * * *
The finite difference form of 3u /3x and av*/ay » uUsing a
parabolic representation (three points with unequal spacing), are

given in the Appendix 3.

Hence, expressing the right hand side equation (27) in finite

difference form, yields:

%* * * *
_ Ui+-' - U + b U - u.i_]
% = ax —_% X - e

*

* *
V.,

-V v
+ay-—§_-+—1————1:+b

* %
- V.
Y ol (61)

Y -¥iq

8y = (62)

= ——— (63)

and
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*
=Y

Y-
by = "‘.*'+] * (65)
Vit T Y44

Starting from the bottom boundary, equation (59) is then inte-
grated along z to obtain the vertical velocity component in each

element.

3.2 Calculation of Pressure Distrjbution

The updated values of pressure in the flow field are found from

equations (24), (25), (26), and (28) by applying a centered three-

* *
point finite difference for the first spatial derivatives of u, v,

* * *x *
W, Qx’ Qy’ and Qz as well as for the second spatial derivatives of
* X * *
P,u,v,andw . A variable mesh size finite difference scheme

is used as detailed in Appendix 3. Equation (28) becomes

* * * * p* p* p* p
Pigg =P P - Pi_ 41 "
c, ( l ! " F l 1) + Cy ( i L * "~ % J ])
Xie1 =X X =X Yje1 =Y Y ‘yJ 1
P P* P* .
- p _
tc, (= ] * - % 5 ]) =8 (66a)
where
* * * *
(Q,) - Q qQ, - (Q,)
a1 X S I
£ = FU (aX * *—t bx * * (66b)
Xje1™ X S
*
(Qy) - Qy y - (Q )
+a id + b —1r———1r-J—J
Yoy -y Yy -y,
Yie1~ Y -1
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* * * %*
@ - Q- @)
Kt _
ta —x ¥ + b, = )

z Z - Z 2 X =2

K+ k-1
* * * *

a, = (X' = %3 M/ (x54q = X54)

(=
1]

* * *
(X447 = X VX349 = %4

* *
¢x = & Xypp - X42q)

X
x * * %*
ay =(y - Yj_])/(Yj+] - yj-])
* * * *
by = (Yj+] -y )/(Yj+] - yj_])

(2]
1]

* *
2/(¥j+] - Yj_])

[+ 1}
[l

* * *
2= (@ -2 Mz - 2,4)

* * * *

by = (Zeaq = 22y = 74)
¢z = (2 - 7y (67)

* u* * *

u. - U - u;
=-u (a, = —s+b 1ol

X Xiiq = X Xx -x
i+1 -1
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* + U u "u..:-
v (ay *1 *+by_7k—-__i"-1-)
yJ+] -y y - yj_]
* * * *
* u + u u - u -
W(azk] w+ b, = )
Zke1 ~ 2 2 "
* u* * *
v u. u =-u
h 1 + -
2 (e (F— - —3N
u* * * *
- - U.
+ -
¢, F—s - 1y
.Vj+'|'.V y '.YJ]
u * *
v + u - u,_
v C (k] * T "% E])

vaR 68

* * * *
Vo+-l - V V -V.I-I
u (a, ‘T"""“T"’b —r———r-)
Xi+1 X X X_l 1
* *
V.
v y-£-1———+ b ———%—'1)
.VJ- +1 "y ~ J]
* * *
- vio- v,
w* (az -————-————5” + b ‘ k= ])
Zk+-| - Z Z -Zk_]
* * *
Y Vv v =V
h1 i+ 1
'\%R (Cx xf x " % * )



V* V* V* *
. -V
e, (F— - )
.Vj.,.] =Y y - .YJ_]
V* V* * *
v - vV ~V
v k+] -
tsw ¢, (= F - W 5-]) ' (69)
w* * * *
* 3 - W w - w-_
-u (ax 41+] + bx 1 ])
Xia1 7 X R B
* * * *
* W.+ - W W - -
v (e, L4 b, -
Yije1 ~ y y - .Vj_]
w* * * *
-* k+ W w -w -
-w 2 F ! =+b "T‘““%‘J‘)
Zk+-l -2 Z - zk_'l
Y o o * *
h +] W o~ W.
+v_0R0(cx(J‘ * " "% l])
| YT WX T X0
w* xo *
l+ - -
+ Cy ( ‘l ] * ¥ ]))
.Yjﬂ -y y - .VJ_]
o w* * *
v - W =W
v k+1 - *
*WCZ(* 5 - ) - Lo (70)



Numerical values for Q:, Q;, and Q: at any element i, j, k
needed for the right hand~side,of;equation'(665);are;pwovided;by
equation (68), (69), and (70) respectively. Numerical values for
Q541> (@415 @ 01> @515 (@495 and (Q), g aTso needed
for the right hand side of equation (66b) are provided by the same
equations, after applying these equations to the entire flow field

from the first cell (i=1, j=1, k=1) to the last (1=imax, j=jmax’

k=kmax)'
Defining
x Cx

& = F % fy = F——
Yje1 7 X e B
c c

e, = — T Sa—
yj'l"l . 4 y - Yi-1
‘2 2

e, = %% f, = % (71)
Zk+-l -2 Z - Zk_-l

Equation (66a) becomes

o

* * * *
e, Py - ) -, (p -p5y)

* * * *

sy - - - P +
e (Pyyy =P ) - f (p - pyy)

* * * * -
e, (Pyy =P ) -F, (p -p_q) =& (72)
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Within one small time increment, values €x> €y € Fyos fy’ f,»
and £ are constants and equation (72) constitutes a system of linear
algebraic equations of p* which can be solved simultaneously. An
iterative method, based on a modified Gauss-Seidel iteration technique,
called successive over-relaxation is employed to solve the above sys-
tem of equations. This method basically consists of solving equation
(72) for p* and designating that by p: .

* * * * *
* ey Pyt Ty Py &Py S ¥ i Yo P T Py e

Py = .
t e, + f + ey + e, + f,

| (73)
and then calculating the actual pressure distribution employing a
weighted average of this value and the value of pressure found from

the preceding iteration such that

p:+1 = wlpp) g + (1= ) by (74)
where

P: = pressure in cell i, j, k at the preceding iteration &
(P:)£+1 = pressure in cell i, j, k calculated from equation

(73) at the present iteration g+1

*

Pet] = actual pressure in cell i, j, k calculated from
equation (74) at the present iteration 2+1
w ' = relaxation factor to be discussed later in this

section



The pressure calculation, employing equation (74) is performed

for every cell in the flow field and old values of p: are replaced

by p:;] as soon as the latter value is calculated for any cell. The
iterative procedure, involving the calculation of the pressure for
the entire flow field, is repeated until values of pressure at every
cell converge within a prescribed error. It should be noted that for
w = 1, this approach becomes identical with the Gauss-Seidel iterative
method. The quantity w, designated as relaxation factor varies be-
tween 0 and 2. For values of w < 1, the iterative method is referred
to as underrelaxation and is usually employed to make a nonconvergent
iterative process converge. For values of 1 < w < 2, the iterative
method is referred to as overrelaxation and is ordinarily used to
accelerate an already convergent iterative process. In this study,
successive overrelaxation procedure is used and value of w is chosen

between one and two.

The optimum value of w for finite difference method applied to
the elliptic differential equation, involved in this study, is found

(11, 6, 37) from

2

Wt = T (75)
with
2 .,

and
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1‘ma_xx Inax  Kmax * *
where
Wopt - optimum value of overrelaxation factor
A% = norms ratio
II LI ]|| = norm of the pressure at the present iteration £ + 1
' || Yz" = norm of the pressure at the preceding iteration %

The above procedure indicates that the calculation of the optimum
value of overrelaxation factor is based on the ratio of norms at the
present iteration ¢ + 1 and the preceding iteration as given by equa-
tions (76) and (77) using Gauss-Seidel iterative scheme (w = 1).

After having found the optimum value of w, the numerical scheme employs
the modified Gauss-Seidel technique with w set equal to the optimum
value. A question now arises as to how many Gauss-Seidel iterations
should be performed before switching to the modified Gauss-Seidel
scheme. If the number of iterations £ is too few, the value of Az may
become larger than unity which will not result in an optimum value for
w. On the other hand, if the number of iterations % are too many, the
value of G will approach unity (wopt = 2). In this case, the con-.
verged values of pressure would be obtained by using the uneconomical
Gauss-Seidel iterations. One effective procedure to solve this problem

is to take enough Gauss-Seidel iterations to ensure that the estimate

of 12 has settled down to a reasonably constant level less than one,
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and then employ equation (75) to estimate w This estimate of

opt®

w is then used in equation (74) and the numerical solution itera-

opt
ted to convergence using this overrelaxation factor.

From the foregoing analysis, it is evident that the optimum
value of w depends on the pressure distribution which is a time-de-
pendent function. For this reason, the optimum value of w also
becomes time-dependent and should be calculated once during each
integration step. However, since values of w will only affect the
speed of convergence and not the accuracy of the solution, it is not
mandatory to compute the optimum Qa]ue of w at each integration step.
A considerable amount of computer time will be saved if one calculates
the optimum value of w for the first integration step and use that
value for the following integration steps. Experience with this
numerical approach has indicated that since the time variation of
pressure in the flow field is not excessively large, the optimum value
of w found in the first integration step provides a near optimum value

for the following steps and the calculation of W for all integra-

pt
tion steps may be eliminated at a considerable cost saving.

3.3 Calculation of the Time Derivative for the Horizontal

Velocity Components and Temperature

Time derivatives of horizontal velocity components and tempera-
ture in the flow field are found from equations (21), (22), and (14)
by-applying a centered three point finite difference for the first

* %
spatial derivative of p and T as well as the second spatial deriva-
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*
tive of T . A variable mesh size finite difference scheme is used as

detailed in Appendix 3.

* * * *
*
* P: + P - P;_
Mgy - (o T-—-—,,-‘ L+ b ——3h . (78)
* p* p* p* p*
9 * i+1 " = Pia
-!?=Qy'-§(ay-‘l—]———;+by7'—+l) (79)
3t Fo " Y5m1 - Y =Y
* T =T T -1}
M=o (g -y]—-—;’f b, )
T, =T T -1
* i LR P
-V (ay % 1 % + by ¥ % ])
.Vj+] -y y - j-1
.. -1 T -1
* - - -
W (2, S+ b, D)
k41 " 2 2T
* * x
O T =T T -Tig
v R- (cx (—% * x )
00 x1.+.I - X X = X3
T* T* T* T*
.+ - - -
ve, (Pl — . )

D .- 17-7
+1 ° = -
+-%,{—~cz(,'.§‘ ¥ - ) (80)

x *
where Qx’ Q.,a, b, a

e 8y by , b, a,s bz, Cys Cy» and C,s are previously

y oy y



defined by equations (68), (69), and (67).

3.4 Calculation of the Time Derivative for the Water -Level,

Horizontal Velocity Components and Temperature in the Water-

Level Elements

Time-derivatixgs of the water-level horizontal velocity compo-
nents and temperature in the water-level region are found from
equations (31), (41), (40), and (39), respectively, by applying a
centered three-point finite difference for the first and second
spatial derivatives of H*, u*, v*, and T*. A variable mesh size

finite difference scheme is used as detailed in Appéndix 3.

* * %* %

B % Ui - U U= Uy
—x=-u (ax—r———-av*'bx—r—'r-)
) Xeiq = X X = X
i+7 . i-1
* * u* u*
* U.+ - U - -
e R
.Yj+'|'.y y "'.Vj_]
* * * * *
p’+ - P P = Ps_
e, T i=1)
F X X - X Xx - x
0 i+1 i-1
He . - W H - H
i+1 - -]
+ (2, Fo—s + b ) .
Xie1 7 X N Y
u* u* u* * *
v . - -
h 1 i+ j-1 2
(;B'R - ( x ¥ F + b, ) -%—9
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vh ] * * * %*
°h *( __J+] V Vv - V. *
o R Y yepy - ¥+ by - 5
J"'] Yy y -V F
J-1 0
v * * *
A T A L v - Vi
R X T F T E
i1 % X T X
v * * *
+ ot (s Hi”-H+bH'H:‘
0RH X * na
i-1
* *
V. v *
+ v -
(ax ;‘r] *+bx x vl-1)
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(83)

(84)

It should be noted that a backward spatial differencing method is

employed in equation (84) to ensure a conditional stability of this

equation.
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3.5 Calculations of the Horizontal Velocity Components and

Temperature in the Sub-Water-Leve1-Region

The updated values of horizontal velocity components and
temperatﬁre in the sub-water-level region are found by applying a

forward two-point finite difference for the first temporal derivatives.

*n * * au*
u =u +at (= , (85)
ot
n
vioo= v et (Y ) | (86)
ot
n
T =1 +at" (&L ) (87)
at -

*
where superscript n represents the updated values, At is time
. . * * * ok * ok
integration step, and values (du /at ), (av /at ), and (3T /3t ) are

calculated from equations (78), (79), and (80).

3.6 Calculation of the Water-Level, Velocity Components and

Temperature in the Water-Level Element

The updated values of the water-level, velocity components and
temberature in the water-level region are found by applying a forward
two-point finite difference for the first temporal derivatives.

N
u u + ot ( ) (88)

ot

*N * * SV*
v + At (———*- ' (89 )
ot

v
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—
L[]

*
T+ ot (T (90)
at

*
W+ ot (3 (91)
ot

o
1]

The values of (au*/at*), (av*/at*), (aT*/at*), and (aH*/at*)
‘are calculated from equations (81), (82), (83), and (84).

3.7 Calculation of Density Distribution

The fluid density is considered to be a function of temperature
only. The dependence of density on pressure, within the range of the
variation of pressure in this study, is extremely weak and is, there-
fore, neglected. The functional relationship between the density and
temperature is defined in tabular form as shown in columns 1 and 2 of
Table 1 and is designated by |
p=p (T) (92)
in which T is the fluid temperature in degrees Fahrenheit, and p.iS
the density in 1bm/ft3. In non-dimensional form, equation (92) becomes
o =" (1) (93)
as exemplified in columnS 3 and 4 of Table 1 with temperatures

normalized to 90OF.



TABLE 1. DENSITY VERSUS
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TEMPERATURE
p(lglg) Dimensionless

No. T °F ft T P

1 70 62.30296 71777777 1.0030153
2 72 62.29876 .8000000 1.0028028
3 74 62.27426 .8222222 1.0025533
4 76 62.25487 .8444444 1.0022411
5 78 62.23938 . 8666666 1.0019917
6 80 62.22002 .8888888 1.0016800
7 82 62.20065 Q11111 1.0013682
8 84 62.18132 .9333333 1.0010570
9 86 62.16199 . 9555555 1.0007458
10 88 . 62.13882 ' 9777777 1.0003728
11 90 62.11566 1.0000000 1.0000000
12 92 62.09251 1.0222222 .99962730
13 94 62.06940 1.0444444 .99925526
14 96 62.04628 1.0666666 .99888305
15 98 62.02319 1.0888888 .998511325
16 100 61.99628 1.1111111 .99807810
17 102 61.96939 1.1333333 .997645199
18 104 61.94252 1.1555555 .99721262
19 106 61.91566 1.1777777 .9967802
20 108 61.88885 1.2000000 .9963485
21 110 61.86205 1.2222222 .9959171
22 112 61.83145 1.2444444 .9954245
23 114 61.80470 1.2666666 .99499385
24 116 61.77415 1.2888888 .9945020
25 118 61.74364 1.311111 .9940108
26 120 61.71315 1.3333333 .9935199
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4. NUMERICAL STABILITY AND CONVERGENCE

The numerical procedure, presented in the previous section,
involves spatial integrations for the calqulation of the vertical
velocity component and pressure, as well as time integrations for
the calculation of the horizontal velocity components, temperature
and water-level. These spatial and time integration procedures are
plagued by numerical stability problems caused by round-off errors
in the numerical solution and convergence problems caused by the
truncation error due to the finite magnitude of the space and time
increments. The numerical solution is said to be stable if round-off
errors remain either constant or decrease as the solution to the
difference equations is carried out. The numerical solution is termed
convergent if, as the space or time increment apProaches zero, the
numerical solution approaches the exact solution to the differential
equations. Using these definitions, stability is a necessary condi-
tion for convergence and in this sense the problems of stability and

convergence are interdependent.

To achieve numerical stability in nén]inear numerical solutions,
the governing system of differential equations must first be linear-
ized and the absolute value of the largest eigenvalue of the amplifi-
cation matrix for the system of differential equations should be made
less or equal to unity (1, 26). This condition will provide an upper
bound on the integration step size that ensures the numerical stabili-

ty of the solution. The computation of the eigenvalues of a large
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-system of differential equations is very laborious and time consuming.

It constitutes a problem of the same order of difficulty as the prob-
Tem to be solved. Fortunately, an exact calculation of the upper
bound of integration step size is not necessary. A conservative
estimate of the upper bound of integration step size is all that is
required. The calculation of a conservative estimate for spatial and
time steps will be based on the fol]bwing arguments:

1) In general, numerical instabilities develop locally in
one variable, grow with increasing time and adversely affect other
variables through coupling terms in the governing differential equa-
tions. If the differential equation for every variable is numerically
stable in any small region of the domain, without feedback from the
others, instability will not have its origin within the domain and,
therefore, will not occur . Employing this hypothesis, each of the
differential equations involved in the analysis will be examined
independently and their stability criterion will be determined.

2) Exprience with the computational properties of various
numerical schemes for the solution of the heat and mass transport
phenomena has led to a simple rule (3) based on the fact that water
temperature is generally a non-negative quantity. This rule, which
applies to an explicit computational scheme, is that the coefficients
multiplying each of the temperature values should be positive quati-
ties. This rule, used herein for the numerical stability analysis of
the differential equations for the horizontal velocity components and

temperature, is substantiated in Appendix 2.
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4.1 Stability Analysis of Horizontal Momentum and Energy Equations

As discussed earlier, the horizontal momentum and energy equations

are solved explicitly.

Using the above-mentioned rule on these explicit solutions, one
obtains a set of stability conditions which must be satisfied, other-
wise the solutions will not converge. The stability analysis is
demonstrated for energy equation only. In view of similarity between
the momentum and energy equations, the same results are applicable to
the horizontal momentum equations. After linearizing and expressing
the energy equation in an explicit finite difference form in terms of

a small variation in temperature, as exemplified in Appendix 2, one

obtains:
. n . D, At
T = T. (_a uat +c h )
i+] X Xgpq-X X Xsp17X
+ T (1+ a uat o, __uat o _vat p _vat

X X=X X X=X5 3 YY1 Y YV

wt _, we it DAt D, At

v, 3 z z-2 X Xs,1-X "X X=X -c -y
k+1 k-1 i+ i-1 Y Vi

D at D at D,At
- -h " %27 - z - % z-; )
Y YYi k+1 k-1

+

. D At
h
T, (b, AL 4 ¢
i=-1'"x X=X _1 X X=X;_q
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+ 'i'_ (._ a ._v.é.;.__ - C .__I.J..}.LA._t._)
J+l y .Yj.ﬂ"y Y Y517y

. D, At
+ Tj_] (b ZAt + _h )
yvy .Vj_] Yy .Yj_]

+ %k+1 (-a wAt 1anAt
T s
D At
. wat + ¢ v
* T (bz z-2; 4 z—zk_]) (94)

where superscript () indicates a small variation in temperature.
Setting the temperature coefficients equal to positive value and sub-
stituting for as bx’ C.s @, b, C s as bz’ and c, from equations

Xy Yy 'y
(67) yields

2D
R
|ul

2Dh

Xigq=X € ——
+1
‘ Jul
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2D
v
2-Z < —=
k=1 Iw|
ZDv
zk+1-2\<m (95)
and
2D 2D 2D
Atg 1/(—D s h Y ) (96)

+
(x-xi_])2 (y-yj_])2 (z-zi;i)z

The increments of the nodal coordinates may be expressed in terms of

the elements mesh size Ax, Ay, and Az by

1
X-X;_1 = 7 (8 + axy_4)

1
y-¥;5.1 = 7 (oy + ay54)

%'(Az 0z, ) (97)

22
Substituting equations (97) into equations (95) and (96) results in

4Dh

AX + AX, g —
i-17%

ul

4Dh

Ay + Ay, 1« —

17|

4D,
Az + AZ) < —
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8D 8D 8D
at < 1/( h h 4 v ) (98)

2 2 2
(Ax+Axi_]) (Ay+ij_]) (Az+Azk_1)

Since the energy equation has the same form as the momentum equations,
equations (97) and (98) constitute the numerical stability criteria

for the energy and horizontal momentum equations.

4.2 Convergence of Pressure Equation

As discussed in Section 3.2, the pressure equation provides a
system of linear equations, which is solved by the modified Gauss-
Seidel iterative method designated as successive over-relaxation. A
sufficient condition for the convergence of this iterative process is

given by Isaacson and Keller (12) and Williams (43) as follows:

ml
E |2
- rm
a1 | (99)
2]
where LI is the value of the diagonal terms of matrix and an is

the value of the off-diagonal terms, with m' notation signifying that
the value of LI is omitted from the summation. The convergence of
the numerical solution is ensured if A < 1 for at least one equation
in the system of linear pressure equations, given by equations (72).
An examination of the later equations shows that for nodal points
within the fluid field A = 1 except for nodal points just below the
water-level region or near other boundaries for which pressure is

known. The known value of pressure causes a transfer of the corre-
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sponding term to the right hand side of equation (72) leading to

A < 1 which is a sufficient condition for convergence.

4.3 Stability Analysis of Water-Level Equation

The stability criterion for the water-level equation is obtained
by linearizing equation (31), as exemplified in Appendix 2 for the
energy equation, as follows:

aH _ . aH

oH _
3X v -é':y- (]00)

317."“

where superscript (-) indicates small variation about steady-state.
In this study, equation (100) is expressed in a finite difference
form, by applying a forward two point finite difference approximation
to the temporal derivative and backward finite difference approxima-
tion to first spatial derivatives respectively. Applying Von-Neumann
stability analysis, shown in Appendix 2, to the discretized equation

accounting for variable mesh size, one obtains:

~TadX.

SAt _ uat 1-1’
e =1 - Xoxe o (] - =@ )
i-1
At -iBAy._
-y (l-e 3T (101)
J-1

The necessary and sufficient condition for equation (101) to be

sAat

stable is that the absolute value of e must be less than or equal

to one.



62

After expressing the exponential terms in trigonometric forms

and calculating the absolute value of eGAt, equation (101) reduces
to
t vat y _uat . 2 %%

sat) = (1 -4 (1 - ut ) - sin

Ie I X=Xi1 YV X X4
X-Xi1 YY" Y50 2
uat vat y o 2 98%50p T BAY4
-4 (x-xi_]) (y'yj-]) sin 5 ~) < 1 (102)

In the above inequality, the maximum values of the trigonometric
terms are equal to one. Therefore, further examination shows that

this inequality will be satisfied if

uat vat
- - 103
] X=X5.1 YV >0 (103)

To satisfy the above stability conditions for negative values of the

velocity components, one must have

st 1/(Jul/(x-x;_4) + |v|/{y-y5.9)) (104)

Expressing equation (104) in terms of Ax and :Ay as shown in Section

(4.1), one obtains

At 1/(2lul/(ax + ax; ) + 2|v|/(ay + by;_4)) (105)
It should be noted that estimates of the largest values of the velocity
components would suffice for the calculation of conservative values of

space and time increments.



5. PRESENTATION OF RESULTS

The mathematical formulation and the computer program, developed
in this study, is verified by applying the dynamic analysis to a
number of cases where the final steady-state solution is either known
experimentally or the final steady-state flow pattern has been deter-
mined by other investigators. Employing the present program, the
fluid flow problem considered is brought to steady-state condition
through a dynamic analysis. The initial values of thermal and hydrau-
lic variables in the flow field, needed for this purpose, were select-
ed in such a way to facilitate the entry of input data. Starting
from these rough initial values and maintaining the appropriate
boundary conditions, the present program is employed to bring the
flow problem to steady-state. These steady-state solutions are then
compared either with the experimental work or the known flow patterns.

These verification studies are considered in the next section.

5.1 Verification Studies

The following problems were selected for verification purposes:
1) Experimental studies on the laminar flow development

in a square duct (7)
2) Natural circulation in a pond partially heated from the

bottom or the side.

The first study consists of a duct with a square cross section

with a spatially and temporally uniform input velocity at the duct
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entrance. Since the geometric dimensions of the laboratory model
used in the experimental studies were small and our interest here is
in water bodies of appreciable size, the similarity between the
present and the experimental study is based on two dimensionless
parameters: 1) the quotient of aspection ration (x/D) to Reynolds
number; and 2) the ratio of the fluid velocity to the average inlet
velocity. The geometric and hydraulic input data for this case is
given in Table 2 and Fig. 2a. The computational grid used in this
dynamic analysis consists of 12 x 5 x 5 mesh points with non-uniform
spacing in the longitudinal direction and uniform spacing in the
square cross section as shown in Table 3. The initial values of the
velocity components in the flow field were selected uniform in the
longitudinal direction equal to the inlet velocity with zero trans-
versal and vertical velocities. The dynamic solution was continued
until the flow pattern in the duct reached steady-state. Typical
time histories for a number of upstream and a downstream points
along the duct axial central plane are obtained and used to plot the
final steady-state centerline and vertical velocity profiles in the
square duct. These velocity profiles, in non-dimensional form, are
compared in Figs. 2b and 2c¢ with the experimental results of Gold-
stein and Kreid (37) who measured the laminar flow development in a
square duct using laser-doppler flowmeter. This comparison shows
that the results of this study are in good agreement with the experi-
mental data. This confirms that the present formulation can predict

the three dimensional flow behavior of water bodies.

The second study consists of natural circulation in a pond par-



TABLE 2. THE GEOMETRIC AND HYDRAULIC INPUT .DATA

FOR LAMINAR FLOW IN A SQUARE DUCT

Specifications

Water Body Length
Water Body Width
Water Body Depth
Inlet Water Velocity
Water Temperature
Reynolds Number, R0
Hydraulic Diameter of

Square Duct, D

Dimensions

British Unit

280 ft.

72 ft.

72 ft.

1 ft/sec
75°F
20.83

72 ft.

SI Unit
86.34 m
21.946 m
21.946 m

0.3048 m/sec
23.89 O¢
20.83

21.946 m
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(a) THE SQUARE DUCT CONFIGURATION .
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FIG 2. VELOCITY DEVELOPMENT IN A SQUARE DUCT
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TABLE 3. GRID DIMENSIONS FOR THE LAMINAR FLOW
IN A SQUARE DUCT
X
ft L} ft m ft
10 3.048 18 5.486 18
10 3.048 18 5.486 18
10 3.048 18 5.486 18
10 3.048 18 5.486 18
20 6.096 18 5.486 18
30 9.144
30 9.144
30 9.144
30 9.144
30 9.144
30 9.144
30 9.144
30 9.144

=

5.486
5.486
5.486
5.486
5.486
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tially heated from the bottom or thevside with uniform initial

- temperature, zero initial velocities and zero inlet and outlet mass
flux. The geometric and hydraulic input data for this case is given
in Table 4, The computational grid used fn the dynamic analysis con-
sists of 10 x 6 x 6 mesh points with uniform spacing in the longitu-
dinal and transversal directions and non-uniform spacing in the verti-
cal direction as shown in Table 5. Two cases were examined. In these
cases, a step temperature is applied to a portion of side wall or the
bottom surface of the pond. The dynamic response of the pond is ob-
tained for each case and the natural circulation flows developed are
compared with expected flow patterns. Typical natural circulation
flow patterns for partially heated side wall and bottom surface are
shown in Figs. 3, 4, 5, and 6 at times t = 40 and t = 25 seconds,
respectively, into the transient. An examination of these flow
patterns demonstrates that for the case of partially heated side

wall oné natural circulation vortex in transversal direction and two
symmetric natural circulation vortices in the longitudinal direction
are developed which lose their strength as the distance from the
heated wall increases (see Figs. 3 and 4). For the case of partially
heated bottom surface two symmetric natural vortices in vertical
longitudinal and vertical diagonal planes are developed which lose
their strength with increasing distance from the heated surface (see
Figs. 5 and 6). In both cases, described above, the natural circula-
tion vortices formed and the resultant mixing are caused by density
differences in the water body. These results establish that the

present formulation can predict the three dimensional flow and thermal
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TABLE 4. GEOMETRIC AND HYDRAULIC INPUT

DATA FOR PARTIALLY HEATED POND

Specifications

Water Body Length
Water Body Width
Water Body Depth
Water Body Temperature

Water Body Equilibrium
Temperature

Temperature of Heated Area
Reference Velocity, Uy
Reference Length, qo
Reference Temperature, Tb
Reference Time, t

0

Reference Density, °o

Reference Pressure, pO

Reynolds Number, R0

Heat Exchange Coefficient, K

Dimens ions
British Unit SI Unit
540 ft 164.592 m
250 ft 76.2 m
20.5 ft 6.248 m
75 OF 23.89 O
74 OF 23.33 OC
100 °F 37.77 °c
1 ft/sec 0.3048 m/sec
50 ft 15.24 m
100 OF 37.77 OC
50 sec 50 sec
61.9963 1bm/ft™>  96/0.500 kg m™>
21.52 1bf in"2  14639.4 kg m2
0.6061 x 107 0.6061 x 107

100 Btu/ft® day OF  23.64 W/m% OC
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TABLE 5. GRID DIMENSIONS FOR PARTIALLY HEATED POND
X z

ft. m ft m ft

60 18.29 50 15.24 3.5

60 18.29 50 15.24 4.

60 18.29 50 15.24 5

60 18.29 50 15.24 4

60 18.29 50 15.24 4

60 18.29 50 15.24 3.5

60 18.29

60 18.29

60 18.29

60 18.29

1=

.07
.22
.52
.22
.22
.07
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aspects of water bodies.

5.2 Circulation and Stratification in Water Bodies

The mathematical formulation, presented in this study, is
applied to the study of circulation and stratification of large
water bodies. The water body is considered to be flowing initially
at a uniform velocity and temperature and suddenly exposed to a 900
angle jet with higher velocity but the same temperature. This problem
is referred t6 as three-dimensional non-buoyant jet in a cross current.
When the dynamic problem reaches steady-state, the water jet tempera-
ture is suddenly raised to simulate a thermal discharge. This prob-
lem is referred to as three-dimensional buoyant jet in a cross cur-
rent. To facilitate the understanding of the results, the two prob-
lems indicated above (i.e., non-buoyant and buoyant jets) are dis-
cussed separately in the following sections but the time histories of

the results are shown on the same plots for easy reference.

5.3 Three Dimensional Non-Buoyant Jet in a Cross Current

The problem of a three-dimensional non-buoyant jet in a cross
current, as modeled in Fig. 1, was first analyzed. The geometric

and hydraulic input data for the case studied are given in Table 6.

The water body is assumed to be flowing initially at a uniform
velocity of 0.40 ft/sec when suddenly exposed to a jet velocity of
2.00 ft/sec at a 90 degree angle. The surface wind velocity are

considered to be zero. Furthermore, the temperature of the thermal



TABLE 6. GEOMETRIC AND HY:DRAULIC INPUT DATA FOR
THREE-DIMENSIONAL, NON-BUOYANT AND BUOYANT JETS
IN A CROSS CURRENT
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Dimensions

Specifications British Unit: SI Unit
Water Body Length 600 ft 182.88 m
Water Body Width 360 ft 109.73 m
Water Body Depth 16.5 ft 5,03 m
Jet Width, 2 d0 100 ft 30.48 m
Jet Depth 5.75 ft 1.7 m
Jet Velocity, U0 2 ft/sec .61 m/sec
River Velocity 4 ft/sec 12  m/sec
Water Body Temperature 75 OF 23.89 ©c
Water Body Equilibrium '

Temperature 74 OF 23.33 O
Thermal Discharge =

Temperature, T 90 OF 32.22 O
Reference Time, t, 25 sec 25 sec

. Reference Density, e 62.1156 1bm ft'3 962.730 kg m"3

Reference Pressure, Py 21.56 1bm in"% 14672.0 kg m"2
Reynolds Number, Ry 0.1212 x 10° 0.1212 x 10°
Heat Exchange, Coefficient, k 100 Btu/ft? day'°F  23.64 W/m® °C
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discharge is made equal to the water body temperature to simulate a
non-buoyant jet. A three-dimensional grid was superimposed on the
flow field as detailed in Table 7. The boundaries of this grid coin-
cide with the physical river boundaries. The nodal points, where
hydrothermal variables are defined, are located at the point i,j,k

of each grid and are shown in Fig. 7.

The time histories of the dynamic variables are shown, for
points A. B, C, D, E, F, G, and H marked on Fig. 7, as follows:

1) Velocity components and water-level for two nodes A and
B in front of the incoming jet at the free surface shown in Figs.

8 and 9.

2) Velocity components for two nodes C and D in front of the
incoming jet at 12.75 feet below the free surface shown in Figs. 10
and 11.

3) Velocity components and water-level for two nodes E and
F located upstream and downstream respectively at the free surface
shown in Figs. 12 and 13.

4) Velocity components of two nodes G and H located upstream
and downstream respectively at 12.75 feet below the free surface

shown in Figs. 14 and 15.
Examination of the above plots shows the following features:

Considering the flow at the water surface, the transversal
velocities at points A and B, in front of the incoming jet, rise
initially with a subsequent rise in .the vertical velocity leading to

a rise in water-level in the neighborhood of the incoming jet which
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TABLE 7.

GRID DIMENSIONS FOR THREE-DIMENSIONAL

NON-BUOYANT AND BUOYANT JETS IN A CROSS CURRENT

ft
65
60
55
50
50
55
60
65
70
70

{>

Ei

19.
18.
16.
15.
.24
16.

15

16.
19.

21
2]

81
29
76
24

76
76
81

.34
.34

E!

15.24
15.24
16.76
18.29
19.81
21.34
21.34

IN

=

1.07
1.22
1.52
1.22
1.07
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in turn affects the field flow conditions as time progresses. Since
the total head associated with the jet and river flow entries are
constant on a short term basis, an increase in the water-level must
be accomplished with a corresponding decrease in the field velocity.
The disturbance caused by the incoming jet travel from the discharge
point both upstream and downstream of the river. This demonstrates
the propagation of the surface gravity waves (surge waves). As time
progresses, these disturbances reach the river exit and are reflected
back upstream. This demonstrates the reflection of the surface gravi-
ty waves from the river exit. However, on a long term basis, a fur-
ther increase in the water-level in the neighborhood of the incoming
jet causes additional horizontal velocity components for further
downstream points which will gradually affect the downstream flow.
These flow patterns are observed both in axial and transversal direc-
tion as discussed hereunder:

a) The increase in the water-level initially decelerates the
axial flow on a short term basis. With a further increase in the
water-level, the axial flow at various points accelerates to their
final steady state values which are larger for the downstream points
and smaller for the upstream points from the incoming jet position as
expected. These effects can be clearly observed in@u/Uo curves for
points E, B, and F, in Figs. 12, 9, and 13, where the transient start
with a small dip in the flow rate followed by a steep rise settling to
its final steady state value.

b) Similarly, the transversal flow generated by the incoming

jet, increases the water-level, which in turn, decelerates the trans-
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versal flow. However, since, unlike the axial flow patterns, the
boundary condition in the transversal direction (solid wall) does

not accommodate flow, the transversal flow reaches its final Steady
state value without undergoing large swings observed in the axial
flow curves. These effects can be clearly observed in v/Uo curves
for points A and B in Figs. 8 and 9, where the transversal flow after
the initial rise undergoes a reduction in magnitude followed by a

mild rise settling to its final steady state values.

At the end of transients discussed above, the increase in trans-
versal flow caused by the incoming jet is accommodated by an increase
in the axial flow. For this reason, the water-level reaches a steady
state value which in turn results in zero vertical velocity and con-
stant axial and transversal flow, observed in Figs. 8 and 9, as the

end of non-buoyant analysis is approached.

Examining .the flow at 12.75 feet below the water surface, the
axial flow exhibit a pattern similar to that of the water surface
except that the results are further accentuated due to the bottom
boundary condition. Figs. 11, 14 and 15 show that the flow transients
u/U0 start with a relatively large dip followed by relatively = -~ .--
smaller rise as it approaches its final steady state value. The ef-
fect of the non-slip bottom boundary condition is to reduce the final
steady state value to a quantity below that of the surface and to
enlarge the initial dip. Furthermore, the shear initiated by the

incoming jet creates transversal flow components v/Uo at this level
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as observed in Figs. 10 and 11. The transversal flow reduces from

the top to the bottom. At the end of transients discussed above, the
increase in transversal flow caused by the incoming jet cannot be
fully accommodated by an increase in the axial flow in cells near the
solids boundaries. For this reason, a downward velocity component
develops which induces a vertical downward velocity in the upper cells,
observed in w/Uo curve in Fig. 10. This downward flow extends in a
few cells from the jet entrance and is changed to an upwards flow in

cells in the center of the flow field.

5.4 Three Dimensional Buoyant Jet in a Cross Current

The problem of three-dimensional buoyant jet in a cross current
is next analyzed. The geometric and hydraulic input data for this
case is exactly similar to the non-buoyant jet case detailed in Fig.
7 and Table 6. The water body is assumed to be initially under the
steady state conditions reached in the non-buoyant case discussed
earlier when the thermal discharge temperature is suddenly increased

from 75° to 90°F.

The dynamic buoyant jet problem is analyzed in a manner similar
to the non-buoyant jet case. However, in view of the introduction of
thermal effects, the water body becomes stratified as discussed here-
under. The time histories of the dynamic variables are shown, for
points A, B, C, D, E, F, G, and H marked in Fig. 7, as a continuation

of the non-buoyant time history plots in Figs. 8 to 15. Examination
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of these plots shows the following features:

From the circulation viewpoint, the effect of the heated thermal
discharge entering the flow field can be decomposed into two components:
1) unheated discharge entering the flow field studied in the non-buoy-
ant case problem; and 2) thermal effect of the discharge considered
as a heated wall studied earlier under the topic of ponds partially
heated from the side. According to the above decomposition, the
velocity time history plots in Figs. 8 to 15 for buoyant case should
be the sum of the non-buoyant case and the corresponding heated wall

problem.

Examining the flow at the water surface at points A and B, in
front of the incoming jet, the transversal velocity for the buoyant
case shows a small increase as compared with the non-buoyant results
due to the natural circulation caused by the heated wall. This addi-
tional transversal velocity induces an axial velocity transient simi-
lar in nature to the non-buoyant case. However, since the magnitude
of the transversal velocity transient is small,.the resultant axial
velocity transient would also be small. This behavior can be clearly
observed in u/U0 and v/U0 curves in Figs. 8 and 9 which also show the
temperature transients T/To for both points A and B. A similar pat-
tern can also be observed at the surface points E and F in Figs. 12
and 13 as well as the points C, G, and H located at 12,75 feet below

the water surface in Figs. 10, 14 and 15.

At the end of the transients, the coldest and the hottest regions

are at the river and the thermal discharge entrances respectively.
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For this reason, the strongest natural circulation patterns would
develop mainly between these coldest and hottest regions. A compari-
son of the surface velocity vectors at points A and E and the velo-
city vectors at 12.75 feet depth for buoyant and non-buoyant cases
confirm the existence of this natural circulation pattern. The sur-
face velocity field at the end of the transient is shown in Fig. 16.
The slowing down of the inlet flow near the thermal discharge entrance
and the turning of the thermal discharge and incoming flows as a

result of their interaction can be clearly seen in this figure.

The thermal plume effect is shown in Figs. 17 to 22. Isotherms
are plotted for the water surface as well as the vertical planes in
the longitudinal and transversal direction at times 60 and 500 seconds
after the initiation of the heated discharge. An examination of these

plots indicater the following features:

1) The stratification pattern is three dimensional in nature
and shows the expansion of the thermal plume in all directions. In
view of the prevailing advective currents this expansion is much more
intense toward the downstream as compared to the other directions

(vertical and upstream) as expected.

2) The three distinctive regions which constitute the
characteristic behavior of a stratified water body (epilimnion, ther-

mocline and hypolimnion) can be clearly observed in Fig. 22.

3) These results provide the water temperature rise and the
rate of temperature rise needed for the assessment of the extent of

thermal pollution in the water body.
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As a further verification of the validity of the results, a mass
and energy balance was performed on the water body as shown in Table
8. This table shows that conservation equations are satisfied with
a good accuracy. The small magnitude of the surface heat transfer
verifies the often used assumption that, at high values of equilibrium
temperature used herein}for the purpose of near field studies, the
contribution of heat exchange to the atmosphere is insignificant and

may be neglected in simplified analysis.



TABLE 8.

MASS AND ENERGY BALANCE
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Mass and Energy  Incoming Thermal Outgoing Surface %

Balance Flow Discharge Flow Flow Error
Mass Balance,

in 106 1bm/sec 0.12252 0.08464 0.20748 0.0 0.15
Energy Balance,

in 108'Btu/sec 0.09189 0.07454 0.16204 0.15096 0.18

X 10'4
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6. CONCLUSIONS AND RECOMMENDATIONS

An improved three-dimensional analytical model for the mathe-
matical description of a large rectangular water body subjected to-a
thermal discharge has been.developed and presented herein. The

improvement results from the facts that:

A) Compliance with the conservation of mass and momentum is obtained
by the introduction of two flow regions in the entire flow field: a)
the water-level region containing a portion of water near the free
surface in which the water-level rises or falls, as the case may be,
during the dynamic solution; and'b) the sub-water-level region located
under the water-level region which remains totally filled with fluid

at all times during the transient.

B) A different set of differential equations for the conservation of
mass; momentum, and energy is applied to the cells located in the

water-level and sub-water-level flow regions.

C) The pressure distribution is obtained accurately by combining the
momentum and continuity equations and not by the hydrostatic approxi-

mation.

D) A detailed numerical stability analysis is performed which pro-
vides accurate criteria for the selection of the space and time

increments.

The analysis, programmed on a digital computer, is generally

capable of predicting velocity, pressure and temperature distribution
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in water bodies subjected to thermal discharge. Pakticu]arly, the
present study can be employed to determine the temperature rise and
rate of temperature rise needed for the assessment of the extent of

thermal pollution in water bodies.

Further studies should be undertaken with the following objec-

tives:

a) To develop a three-dimensional analytical model for the mathemati-
cal description of actual rivers with arbitrary bottom and side con-

figurations.

b) To develop accurate correlations for momentum and thermal eddy
diffusivities and to incorporate these correlations in the digital

program.

c) To provide an experimental verification for the thermal discharge

problem,
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7. NOMENCLATURE

Terms of marix involved in the solution of the pressure
equations

xsbysbzsCxsCysC;  Weighting factors for derivatives
Specific heat of water

Skin coefficient along x-axis

Skin coefficient along y-axis

Half widht of thermal discharge

Thermal eddy diffusivities

Sum of thermal conductivity plus thermal eddy diffusivity
as defined by equations (A-19)

Horizontal eddy diffusivity of heat
Vertical eddy diffusivity of heat
x’fy’fz Weighting factors for pressure
Equilibrium temperature of water

Froude number

Gravitational acceleration

Water-level height

Heat exchange coefficient for water-air interface
Normal to the solid boundary

Pressure

Reynolds number

Stanton number

Thermal discharge temperature
Local water temperature

Time
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NOMENCLATURE (Cont'd)

Thermal discharge velocity |

Horizontal velocity components in x-direction
Horizontal velocity :components:in- y=direction
Vertical velocity components in z-direction
Wind velocity components in x-direction

Wind velocity components in y-direction
Cartesian coordinate system

Dimension of element i in x-direction
Dimension of element j in y-direction

Dimension of element k in z-direction

Greek Symbols

ax9ay’az
0sB,yY,5S
A

g

2
A

\Y/

.Momentum eddy diffusivities

Coefficients in Von-Neumann stability analysis
A quantity defined by equation (99)

A quantity defined by equation (66b)

Norm ratio

Viscosity

Kinematic viscosity of thermal discharge

Sum of viscosity and momentum eddy diffusivity
as defined by equation (A-19)

Horizontal eddy viscosity
Vertical eddy viscosity

Local density of water
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NOMENCLATURE (Cont'd)

Greek Symbols (Cont'd)

Air density

a
fo Thermal discharge density
w Relaxation factor
“opt Optimum value of relaxation factor
2 . o2 2
V2 Laplacian operator E_.; E_,;_E_
e ay? 922
Superscripts
* Refers to non-dimensional quantities
n Refers to updated value

Refers to a small variation

- Refers to time average

' Refers to fluctuating components used in Appendix 1
and to steady-state components used in Appendix 2

Subscripts

0 Refers to thermal discharge
i,J.k Refers to element numbers
max Refers to maximum

s Refers to surface

rm Refers to components of matrix !'a"
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APPENDIX 1. Derivation of Governing Equation (1) through (15)

To derive the governing equations for the subfwater-level
region, the Navier-Stokes equations for incompressible flow (§l):are 
used in conjunction with the Boussinesq's approximation which neglects
the fluid density variation in all terms involved in the momentum
equations except in the body force term as follows:

Momentum Equations

ou u du u_ _1 3p 2 -

st T U PVt Wz poax""Vu (A-1)

v v v v _1_3p 2

st T UtV 3y ¥z Pg 3y Ty (A-2)

W, M dw, dw_ 1 @, e g -

st P UGSt Vy t Wz Ttz W W - (A-3)
0 0

Energy Equation

oT aT aT T _ 2 _a)

-57t-+u-5)z+v—‘-y—+w-5-ikaT (A4)

Continuity Equation

U , 3V, W, (A-5)

?X | 8y oz

In describing a turbulent flow in mathematical terms, it is con-
venient to separate the flow into a mean motion and a fluctuating,

or eddying motion. Denoting the time-average of the u-component of
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velocity by u and its velocity fluctuation by u' and using a

similar notation for the other variables, one can express the follow-
ing relations for the velocity components, temperature and pressure:
U + u'; vEV + V'3 wew 4+ w's T=T + T'; p=p + p' (A-6)
By definition, the time-average of all fluncuating quantities is

equal to zero. For example,

i'=0,7 =0,@=0,T=0,p"=0; 2 =y, (A-7)

Upon forming the time-average of equations (A-1) through (A-5), one

obtains

U, -du, zou,=23u__ 1 3p - au'2 2U'V' | 30'W!'

st FUsx TV 3y twsz T Py X ML ( + 3y * 52 )
(A-8)

- - - - 2

AV =03V, =3v, =3v_ _1 93 2= au'v' av' avw

st FU Yyt Yaz poay+“VV ( oyt )
(A-9)

- - - - - - -y -, 2

W, o~ oW W, =3w_ _1 3 2- du'w' . av'w' aw'Ty P9

st P Ut VoytWezr ™ - Py 22 v - (S 3y ez ) %0
(A-10)

T , = T , = 8T , = 3T _ au"r' 2v'T' | aw'T

STrtisc*r Vg +igg kv2T - ( M Ak TRE. (A-11)

3u

(A-12)



Employing the eddy diffusivity concept,

-,2 U U
- y'" = — —
u %% 3x © %x Ix

-G'\-I'=ay13-+ax§-;v(-
- u'w' =, 2%_+ “x'%g
’V'z"“y%%+ y%
T = B4 o B
-V = e, Mg W
-wWu' =« QQ-'Pu 2u

- W'y =ay g—g--l- azég-
-t - %z %%"+ % %%
- T = dx%:rz
-w'T = d, -g—T;-
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(A-13)

after substituting equations (A-13) into equations (A-8) through (A-11),

one obtains the following equations for incompressible turbulent flow:



3l - 3u-, = U
st T T U TV
Vv , = oV , = av
KA AR YICAS
at * Y T Vaay
W , - W , - oW
st PUN Y Vay *
3T . - aT . = oT
—+y L
st FUasx T Vyy
AU , AV , oW
L Ly 2R
ax = oy = oz 0
where
vx = v + ax
v, =Vv+oa
y y
vZ = v + az

=k +
DX k ay
D =k + «a
y Y

=k + a_
Dz k o,

=1
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-~ 3U 1 3p 3°u d 2°u
Weg == —=t+ y gty + v
9z Ry OX X ax2 y ayi z azz
(A-14)
- = 2= 2= 2-
= 3V 1_23p "V 3 3V
Weos = - — tv, —tv, —+wv
9z pO, oy X axz y ay2 z 322
(A-15)
- = 2- 2= 2
w _ _1_38p, W W 3W _pg
Ay = - v + v, —5+ -
3z B 32 X axz ayz z .2 é‘
(A-16)
= 27 2= 2z
oT T 3T 2 T
—=D S—+0D + D (A-17)
YA X axz y ayz b4 azz
(A-18)

(A-19)
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In the present analysis, the horizontal components of diffusivi-

ties are considered to be equal, i.e.,

Vp = Vg T Yy

Vy T Vg

D, = Dy = D,

Dy = D, (A-20)

The magnitude of momentum eddy viscosities and thermal eddy
diffusivities (ux, Oy Oy dx’ dy, dz) are usually so large in compari-
son with their molecular counterparts (v, k) that the contributions of
the latter are neglected. For practical calculations, it is satisfac-
tory to assume that the horizontal and vertical momentum eddy viscosi-
ties are equal to the horizontal and vertical thermal eddy diffusivi-

ties respectively such that (14, 5, 13)

Vi = Oy
v =D (A-21)

Liggett (19), Wada (39), and Lerman (17) are among the recent
investigators of eddy diffusivity concept. Based on their studies,
the following average values for the eddy viscosities in the horizon-

tal and vertical directions, i and v, are used in this analysis

1350 ft%/sec

h

n

v .4 ft2/sec

v
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Considering the above simplifications, equafions (A-14) through
(A-18) become identical with equations (1) through (5) except that,
for convenience, the superscript (-) has been dropped in the latter

equations.
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APPENDIX 2. Verification of Stability Analysis

The purpose of this appendix is to demonstrate the validity of
the rule which applies to an explicit computational scheme as discussed
in Section 4. This rule is verified by developing the stability cri-
teria for the energy equation (5) using the two following methods:

a) Setting the coefficients multiplying each of the temperature
values equal to a positive quantity (3)

b) Von-Neumann stability analysis (1)

In order to apply stability analysis to a nonlinear equation,
the equation must be first Tlinearized. To linearize the equation, one
assumes that the temperature T consists of a steady-state component

T' and a small variation about steady-state T such that
T=T+1

By substituting these quantities in the energy equation, and consider-

. ing the velocity components constant over the integration time step,

one will obtain the following linearized equation:

. . . . 2: 2; 25

of o of . af Sl 2%t
—_— = - Y= Y — W —t D ( + )+D (B'])
3t ox © Ty T Taz T th N2 2T 2

where superscript dot (+) indicates linearized quantities. By apply-
ing a forward two points finite difference approximation to the tem-
perature time derivative and centered two and three points finite

'

difference approximations to the first and second spatial differences

respectively, and denoting ?i i,k by T for convenience, one obtains
J )
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n . . .
T - 1, tia T Tia w T Tkt |, Tes127Ti1
At ZAx 240y 20z sz

h 2 v 2
AX AX
nv
solving for T
n
PR (uAt DhAt) ot (- 2Ach ) 2Ach _ 2AtDv
1 -1 ‘2ax x? Ax2 Ayz Az?
D . D At
. ust vat h
i Caxt ) R i a
+ vat wat wAt | D At

. D At L)
\
Ty (- Zy Z}T)” 1 Gaz ¥~ T g )
(B-3)

a) Employing the rule of positive coefficients, which applies

to explicit computational scheme discussed previously, the following

stability criteria will result from coefficient of T1+], f._]
2D,

AX & — (B-4)
lul

similarly, from Tj+]’ Tj_], Ti41s Tgq coefficients, one obtains
2D 2D

ay < —h Az ¢ —¥ (8-5)

|vi |wl
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Finally, from the coefficient of i, the following temporal condition

results

< 1/(ZDh/Ax2 + 2Dh/Ay2 + ZDV/AZZ) (B-6)

If D, = Dv and Ax = Ay = Az, the expression for At simplifies to

2
o A
At BDh (B-7)
b) Von-Neumann stability analysis.
According to the Von-Neumann stability analysis approach (1)
T n_ theiaxeiByeiyz (B-8)
where
2
X =31 AX
=1 *
m
y=1 by
m=1
p
z=1 Azp
p=1
t = nAt (B-9)

Substituting the above quantities into equation (B-3), and dividing

by e5tel®eiBYe1YZ  the following results:

D At .
uat h =jaAt uat h foAX
(2—Ax )e gt =) e
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vat , Dhit igay vat . Dhdt igay
tgytole T gyt —e
Y Ay Ay
D At . D At £
wAt =iyAz wAt 1¥Az
(2Az 2 ) e + (- 2AzZ + Azz ) e

. aatd,  aatd, 2D,
tO-—— - —
AX Ay Az

(B-10)

For the above equation to be numerically stable, the absolute

- value of e‘SAt must be set Tess than or equal to one. This leads to
AtD AtD AtD 2
“Ph . 2 abX h 2 BA V . 2 alAz
‘(1-4 Z;?— sin® == - 4 y2 sin '?x" 4 —== sin —2—0 + (B-11)
!éi-s1n abx + YA <in o ady + —— WAt sin aAz ) (B-12)

Ay

D, the following

Expanding and assuming that Ax = Ay = Az, and Dh =D,

will be obtained:

2,2

at2D 2 2 2 2 AtD ,
1+ (188 — - 36 LAL) sin? abX +(36 0L - 24 M sin2 P
AX AX {»Ax AX
(B-13)

In order for the above inequality to be less or equal one, the

following inequalities must hold.

2.2
At D, 2,.2

144—T 36 WAL ¢ ¢ (B-14)
AX
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2 2 ALD
36 448 . 24——2-'1= - 2 (B-15)

AX AX

where 52 is very small number. From equation (B-14), the spatial

stability criterion may be written as

2.2

At°D 2.2
h. uat
144 — > 36 —
AX g AX
or
2D
AX < _h (B-16)
lul

Adding equations (B-14) and (B-15), the upper limit for At becomes:

At ¢ A% (B-17)

These results are in agreement with those obtained in part (a) of

this appendix.
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APPENDIX 3. Calculation of the First and

Second Derivatives at the Boundary and in the F1'e1d1

The calculation of the first derivative in the flow field is
based on a quadratic approximation. Let q(x) be defined by a para-
bolic equation

a(x) = ax? + bx + ¢ (c-1)

shown in Fig. 23. Values of the function at nodal points Xys Xos and

Xgs are Qs Gy and d3s respectively. Therefore

. \ [~ — v/ N
( aq x]2 Xq 1 a
2
2
q X X 1 c /
. 3 ) N 3 3 3 \

5 -
X4 X1 1 ( 97 N
(x) = (¢ x 1 x?% x 1 % > (c-3)
q 2 2 92
2
L~x3 X3 ] " G5 J

mNomenclature used in this Appendix is defined within the text and
not in Section 7
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First Derivative at X

The derivative at X is given by

2
S IR TR AL TN
da(x - 2
‘fhrl' " (g 1 0 %" x5 1| ¢ aq P (c-4)
1
2

Inverting the matrix, yields

Xn = X Xa = X Xq = X q
dg§x) “(2x 10 2 = X3 3° X 17 % 1
5 2 2 2 2 2
2
S TS T I B T SRR U A S A >
2
] ~
X3 X3 1
(c-5)

After multiplication, one obtains

dq(x) _ (xgxp) (xytx5-2%¢) q; - (xgx))% ay + (x-x,)% ag
dx L (xz-x]) (x3-x2) (x]-x3)
X X-l-

(C-6)

In many instances the value of the first derivative is known at the

boundary, i.e.,
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da()| . ¢ (c-7)

dx _
X-'X-l

For this boundary condition, a relationship between Gys 9o and a3
may be obtained by first defining the element boundaries (dotted lines
on Fig. 23) and observing that each nodal point is located at the mid-

point between its boundary lines. Thus,

Xp=Xq = %-(An] + an,) (c-8)
Xq=Xp = -%-(An2 + An,) o (C-9)
X1=Xq '=‘-‘;_—" (ang + 2an, + 4ang) | (c-10)
Defining

Any, = Ang + An, (c-11)
and

- 2_:;_;.2;.3 (c-12)

Combining the equations (C-8) through (C-12) gives the value

of the derivative at the boundary
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w 1=-Emf&ﬁ L1+%)%'(“ﬂz%+°2%]
(C-13)

or

dg‘X! ‘ - q2 B q] (] + 20) + q3 ” q2 (-O' ) (C_-|4)
which means that the slope at X=Xq is equal to the weighted average
of the slopes in intervals x, - x; and x5 - X,. It should be noted
that for equally spaced increments, the slope in the interval Xy = Xy
is weighted by 1.5, while the slope in‘the interval X3 = X, is

weighted by - 0.5.

Using equatibns (C-7). and (C-14), yields a relationship between

q1» 9p» and g3

- An1221+a [k]+2°) ay - (140)% g, + 0% qgls ¢ (c-15)

from which the value of the variable at the boundary can be determined

in terms of the values within the flow region.

q = T:;? [(Ha)z q, - o° 93 - %—An-lz (1+0) C] (C-16)

First Derivative at Xy
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The value of the first derivative in the field is calculated

by differentiating equation (C-3) and setting X=X,

— _1-]
2 s N
Xy X1 1 9,
dq(x) _ 2 '
gl e, 1 0 X2 %y 1 { @
X-X2
2
X3 X3 1 q3
N /
(c-17)
Inverting the matrix yields,
B TR
ddg(xz -2y 10 X2 = %3 X3 = X X1 %2 a
X
x:x P
2 2 2 2 2 2 2
xZ x 1 [¥ "% XX XmX q 9%
det |x,% x, 1| |*3¥e(XeXs) Xg¥q(x3mq) xxp(x-xp) qu
- - /
x32 X 1 (c-18)
After multiplication, one obtains
(Xa=X,)2 Q7 + (Xqoxoy ) (2Xo=XqmXq) G, = (Xy=Xq)2
dq(x) _ XXl 9 37X VXXX ) Gy — XXy Q3
dx =X, (x2-x]) (x3-x2) (x1-x3)
(c-19)

Using relationships (C-8), (C-9), and (C-10), the above equation

becomes
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q(x) 2 2 2
dd)(cx = - moreey | 9rt(eT-1) ay-0” ag (c-20)
x=x2 12
or
dg(x} l o 1, 0% 9, (
- c-21)

which means that the slope at X=Xo is equal to the weighted average
of the slopes in intervals Xo=Xq and XgXp. It should be noted that
for equally spaced increments, the slope at Xy becomes equal to the
mean value of the slopes in intervals Xo=Xy and X3=Xoe Furthermore,
using equations (C-12), (C-10), (C-9), and (C-8), it can easily be
shown that the weighting function can be expressed in terms of spatial

differences as follows:

1 _ *3%2 (
— = C-22)
]+0 X3-X]
Xn=X
o .27 -
T+0 x3-x.I (C-23)

First Derivative at X3

The derivative at X3 is given by



129,

daa) | aqaxg 1 op|eT X3 KaT X X = X5 9
X=x
3 2
X Xq -1 2 2 2 2 2 2
1 1 X3~ = Xg X7 = Xy X" = Xy § a,
det xg X1 1 '
) xg¥p(Xp=x3) X%y (xg-x;)  xyxp(xy-%,)| | a3
X3 X3 1j L i
(c-24)
After multiplication, one obtains
-(xy=x )2 + (X=X )2 + (Xq=%X5) (Xa=X,tXa<Xq)
dq(x) _ T\XgmXo) G 37X1) G T \Xy7Xp) \XgmXpTX3=Xy) 93
dX  lxax3 (Xp=x3) {x1=X3) (x-x;)
(c-25)
Using relationships (C-B}J(C-Q), and (C-10) and redefining
Anyg = An, + Ang (c-2b)
and
An., + 4An
3 2 _ 1
o' = =2 £ = _ (c-27)
An.l + An2 o]
equation (C-25) becomes
dq(x) . 2 i 2 2
Fa I W ¢ e | (1426') g3 - (1+o')" q; + 0" 4
3

(c-28)
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or
g ! q _q -g! q ;-q + ]
dd>(<x ) xi-x: Trom) * "2""2 (Lg? (C-29)

X=X3

Second Derivative

In a similar manner, the second derivative can be calculated by

differentiating equation (C-1) twice with respect to x to obtain

d?q(x) , (x5=x3)ay + (x3-%1) ay + (x1-%;) qq

dx (Xo=Xy) (X3=X5) (Xy-X3) (C-30)
or
dzg(x) = 1 q3'q2 ) qz'q] (c.31)

2 ] X=X X=X
dx E(An]2+An23) 3772 2 M

It should be noted that:

1) The above equation is exactly identical with the central
finite difference form for the second derivative. This is in contrast
with the first derivative which introduced weighting factors.

2) The value of the second derivative is equal at positions

X'Is X2a or X3.

Furthermore, the coefficient of the finite difference quotients
on the right hand side of equation (C-31) in terms of spatial differ-

ences becomes
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L =2 | (C-32)

%- (An]2+An23) X371
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1. DESCRIPTION OF THERMA DIGITAL COMPUTER PROGRAM

The program THERMA, developed for the analysis of three
dimensional thermal stratification and circulation in water bodies
subjectéd to thermal discharge, consists of a MAIN prograh and
several subroutines as shown in Figs. 24 to 28. A tabular outline
of the MAIN program and its subroutines together with their functions

are presented below and followed by a more detailed description.

Program Function
MAIN The MAIN program reads the input

data in, initializes the problem,
calls the subroutines needed to
solve the problem, and controls

the termination of program.

Subroutine Function

DERIV This subroutine calculates spatial
and time derivatives of variables

as needed.

PRESS This subroutine calculates the

updated values of pressure.

SUM This subroutine performs the time

integration.



READ INPUT DATA

READ AND PRINT NON-SUBSCRIPTED VARIABLES

ENRUN, TBEG ,TEND ,ENITER ,ENPRNT ,U! ,VI, TI ,U0 ,

ANGLE ,TO ,DO ,XNUZ ,WINDX ,WINDY ,RHOA ,DH ,DV ,XNUH ,

XNUV ,CP ,EIMAX ,EJMAX ,EKMAX ,CFX ,CFY,E ,XK. DEBUGI

DEBUG2 ,DEBUG3 ,DEBUGL ,EIRUN ,EIEND ,XIIP ,SLIP ,HYD ,

HEAT ,EIM ,EML ,EMK

IMAX=E I MAX

KMAX=EKMAX

NPRNT=ENPRNT
IM=EIM MK=EMK

JMAX=EJMAX
NITER=ENITER

11P=X11P
ML=EML

“FI& 2la FLOW CHART"OF MAIN PROGRAM
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READ INPUT DATA

READ AND PRINT SUBSCRIPTED VARIABLES
DELX(1) 1=1, 1 MAX DELY (J) J=1, JMAX
DELZ (K) K=1,KMAX TrBL(L) L=1,26
RHOTBL (L) L=1,26
1 1=1 MAX-1 12=1MAX-2 13=1MAX-3
J1=JMAX-2 J2=JMAX-2 J3=JMAX-3
K1=KMAX-1 K2=KMAX~-2 K3=KMAX-3
MH=MK+1 EPS=10-6 TIME=0
IP=0 IPRINT=0 1J=0
G=32.2 I TMAX=500 DTSM=1000
DTTSM=1000 DTMIN=1000 . DTTMIN=1000 - -*

PEL

FIG 24b FLOW CHART OF MAIN PROGRAM



DO 624 1=p,11

CKIM1(1)=DELX(1=1)+DELX(1)
XNCI)  =h. *XNUH/XIMT(1)

XM(1)  =h, *DH/XIM1(I)

D0 625 J=2,J1

YJM1(J)=DELY (J-1)+DELY(J)
;) YN(J) =h.*XNUH/YIM1(J)
YM(J) =h.%DH/YJIM1(J)

DO 626 K=2,K1

ZKM1(K)=DELZ (K-1)+DELZ (K)

IN(K)  =h.*XNUV/ZKM1(K)

ZM(K) =b4.*DV/ZKM1(K)

FIG 24c FLOW-CHART OF MAIN PROGRAM.
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CALCULATE. P

626 RHOZ=S 1 (TTBL ,RHOTBL , T, 26)
PRINT
XM () ,xn() ,xm(1) 1=2,11
E J,YIMT(J),YN(J) ,YM(J) J=2,J1
K,ZKM1(K) ,ZN(K) ,ZM(K) K=2,K1
RHOZ

DO 706 J=1,JMAX
DO 706 I=1,1MAX

INITIALIZE WATER LEVEL

.l H(1,J)=DELZ (KMAX) /2.

FIG 24d .FEDW-CHART -OF MAIN" PROGRAM
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DO 613 K=2,K1
D0 613 J=2,J1
DO 613 I=2,11

CALCULATE ALLOWABLE DT FOR FLOW REGION

DEBUGT.EQ.0

DT=17(2* (xn (1) /XIM1 (1)+YN(J) /YIM1(J)
+ZN(K) 7ZKM1(K)))

DTT=1/(2*(XM(1) /xM11 (1) +YM(J) /YIM1(J)

+ZM(K) /ZKM1(K)))

PRINT 60 TO
1,J,K,DT,DTT 701

Y

GO TO
702

DT.LT. D'l'y/__D

FIG 24e FLOW CHART OF MAIN PROGRAM

LET



DTMIN=DT
iM=1 60 To
JJM=‘! DT.LT.DTTMIN w
613
KKM=K
DTTHIN=DTT PRINT
‘l!fé'l“ 11M,JJIM, KKM,DTMIN,
39T=y 111,JJT,KKT,DTTMIN
¥ KKT=K

F1G 24f FLOW CHART OF MAIN PROGRAM
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DO 707

|
DO _707 J=2

CALCULATE ALLOWABLE DT FOR WATER LEVEL REGION

DTS=1/(2*(XN(1) /XIM1(1)+YN(J) 7YIM1 (J)+XNUV/
(H(1,d)*H(1,J)+DELZ(K1)))))

DTTS =1/(2*XM(1) /xim! (1)+YM(J) /YIM1(J)+DV/
(H(1,J)*=H(1,J)+DELZ(KT)))))

— >

PRINT
1,J,KMAX,DTS,
DTTS

GO TO
m

DTS LT DfsM

FIG 24g FLOW CHART OF MAIN PROGRAM

GO TO
712
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GO TO
707

60 TO
707

DTSM=DTS
I IM=1 DTTS.LT.DTTSM
JIM=J |
PRINT
ll)Esr:=DTTS 1M, JJM,KMAX ,DTSM,
11T, JJT, KMAX, DTTSM
JIT=J

FIG 24h FLOW CHART OF MAIN PROGRAM
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CHOOSE SMALLEST DT

_’
DTTSM)

DT=AMINI (DTMIN,DT,DTTMIN,DTSM,

BEGIN NON-DIMENSIONAL!ZATION

NON-DIMENSIONALIZE AND PRINT NON SUBSCRIPTED

VARIABLES
TBEG=TBEG*U0/DO

:DT=(TEND-TBEG) /ENITER
Vi=Vi/Uo
WINDX=W I NDX/UO
RHOA=RHOA/RHOZ

DV=DV/XNUZ
XNUV=XNUV/XNUZ

TEND=TEND#*Y0/DO0
ui=ul/uo
TI=Ti1/U0
WINDY=WINDY/UO
DH=DH/XNUZ

XNUH=XNUH/XNUZ

- FIG 24§ FLOW CHART OF

MAIN PROGRAM
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CALEULAIE_BEYNOLDS AND FROUD NUMBER

RO=D0*U0/XNUZ
H(1,Jd)=H(1,J)/D0 L
FO=U0/ ( (G*D0) **.5)

CONTINUE NON-DIMENSIONALIZATION

NON-DIMENSIONALIZE AND PRINT SUBSCRIPTED VARIABLES

TTBL(L)=TTBL(L)/TO L=!,26
RHOTB (L)=RHOTBL (L) /RHOZ L=1,26
——  DELX(1)=DELX(1) /DO I=1, IMAX
DELY (J)=DELY(J) /DO J=1,JMAX
DELZ(K)=DELZ(K)7P0 K=1,KMAX

END NON DIMENSIONALIZATION

FIG 24j FLOW CHART OF MAIN PROGRAM
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D0 33 K=2,K1

ZKP1(K)=DELZ (K+1)+de1z(K)
ZKM1(K)=DELZ(K-1)+DELZ(K)
ZKPM1(K)=ZKP 1(K)+ZKM1(K)
ZK123(K)=ZKP1(K) *ZKM1(K) *ZKPM1 (K)
ZKPM(K)=DELZ (K-1) =DELZ(K+1)

DO 34 J=2,J1

YJP1(J)=DELY (J+1)+DELY(J)
YJIM1(J)=DELY (J-1)+DELY(J)
33 YJPM1(J)=YJP1 (J)+YIN1(J)
YJPMT(J)aYJP1(J)*YIMT(J) *YIPM1(J)
DO 35 1=2,11

XIP1(1)=DELX(#+1)+DELX(1)
XIM1(1)=DELX(1-1)+delx(1)
XIPMT(F)=XIP1(1)+XIM1(1)
X1123(1)=XIP1(1) =XM1 (1) *XIPM1(1)

FIG 24k FLOW CHART OF MAIN PROGRAM
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COEFFICIENT OF FIRST DERIVATIVES AT THE BOUNDARIES
S1GX=(DELX (1) +DELX(2)) /(DELX(2) +DELX(3))
S1GX1+(1+2%51GX)

S16X2=(14516X) *(1+516GX)

S1GX3=S 1GX*S1GX

S1GX4=(DELX(1)+DELX(2)) *(1+51GX) /2

S1GY={DELY (1)+dely(2))/(DELY(2)+DELY(3))

S1GY 1=(14+2%S1GY)

SI1GY2=(1+S1GY) *(1+S1GY)

S1GY3=SIGY#S1GY
S1GY4=(DELY(1)+DELY(2) ) *(1+sigy) /2

S1GPY=(DELY (JMAX)+DELY (J1) )/ (DELY (J1)+DELY (J2))
S1GPY 1=( 142*S 1 GPY)

SIGPY2=( 14S1GPY) * (1+S 1 GPY)

SIGPY3=51GPY*S|GPY

S1GPYh=(DELY (JMAX)+DELY (J1) ) * (145 IGPY) /2
S162=(DELZ(1)+DELZ(2) ) /DELZ(2)+DELZ(3))
S16Z21=(1+2%5162)

S16Z2=(145162) *(1+516Z)

S1GZ3=516Z*S16Z

S16Z4=(DELZ (1)+DELZ(2) ) *(1+S1GZ)

FIG 241 FLOW CHART OF MAIN PROGRAM

124!



PRINT
SIGX ,SIGX1 ,S1GX2 ,SIGX3 ,SIGXA ,SIGY ,

siGyt1 ,SIGv2 ,SIGY3 ,SIGYL ,SIGPY~;SIGPY1;,‘f‘

stGPy2 ,SIGPY3 ,SIGPY4 ,S1GZ ,S1GZ1 ,S1GZ2,
S16Z23 ,SIGZ4

w
[ =4

DEBUGt;fg;g//

Y

PRINT
K,ZKP1(K) ,ZKM1(K) ,ZKPM1(K) ,ZK123(K)

J,YIP1(J) ,YIMI(J) ,YIPMI(J) ,YJ123(J)
1L,XIP1(1) ,XiM1(1) ,xipMi(1) ,x1123(1)

FIG 24m FLOW CHART OF MAIN PROGRAM
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DO 110:L=1,K1:,

XNUR=XNUH/RO
ZNUR=XNUV/RO

XDHR=DH/RO
XDVR=DV/RO

PRINT DD=2%DT
XNUR ,ZNUR , " FO1=FO*FO0
XDHR ,XDVR Z=0

b0 313 ¥=2,11 CALCULATE

Z=Z-ZKP1(K) /2
PRINT
Z

COEFFICIENT OF FIRST DERIVATIVES

SIGMAT(1)=2%XIM1(1)/XIPM1(1)

SIGMA2(1)=2*XIP1(1)/XIPM1(1)

FIG 24n FLOW CHART OF MAIN PROGRAM
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D0 312 J=2,J1 CONTINUE TO CALCULATE
COEFFICIENT OF FIRST DERIVATIVES

SIGMA3(J)=2*YJM1(J) /YIPMI(J)

SIGMAL (J)=2xYJP1(J) /YIPM1(J)

DO 311 K=2,K1 CONTINUE TO CALCULATE
COEFFICIENT OF FIRST DERIVATIVES

SIGMAS5 (K) =2%ZKM1(K) /ZKPM1 (K)

S1GMAGL (K)=2%*ZKP1(K) /ZKPM1(K)

PRINTOUT COEFFICIENT OF FIRST DERIVATIVES

PRINT
1,SIGMAT(1) ,SIGMA2(I) 1=2,11
J,SIGMA3(J) ,SI1GMAL(J) =2,J1

K,S1GMA5(K) ,S1GMA6(K)

F1G 2ko FLOW CHART OF MAIN PROGRAM
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DO 718 1=2,11
DO 718 J=2,J1

DMH=AMAX1(XDHR , XNUR)

DMV=AMAX 1 (XDVR, ZNUR)

CLEVEL(1,J)=(1/DT)-8*DMH/ (XI1M1(1)

.EQ.1
AXIM1(1)) -8+DMV/ e —_ﬂ'<\5133f\EQ
(YaM1(J) 2Yam1(J))

FIG 24p FLOW CHART OF MAIN PROGRAM

GO TO
75
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DO 5 K=1,KMAX

DO 5 J=1)JMAX

DO 5 I=1,IMAX CLEAR THE ARRAYS
u(t,Jd,K)=0 v(1,J,K)=0
w(l,J,K)=0 T(1,J,K)=0

- RHS(1,d,K)=0 puUDT(1,J,K)=0

ovpT (1,4,K)=0 DWDT(1,J,K)=0
DTDT(1,J,K)=0 DHDT(1,Jd)=0

DO 25 K=1,KMAX
DO 25 J=1,JMAX
-D0 25 I=1,1MAX.

INITIALIZE VELOCITIES

u(1,4,K)=U1

v(1,d,K)=vi

FIG 24q FLOW CHART OF MAIN PROGRAM
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DO 502 K=1,KMAX
DO 506 J=1,JMAX
DO 506 1=1)1MAX

o

INITIALIZE TEMPERATURE,DENSITY AND PRESSURE

T(1,J,K)=TI

RHO(1,J,K)=SI (TTBL,RHOTBL,T(1,J,K) ,26)

P(1,J,K)+-RHO(},J,K)*Z

Z=2+ZKP1(K) /2

PRINT Z

=-DELZ (KMAX) /4

PRINT Z

FIG 24r FLOW CHART OF MAIN PROGRAM
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DO 63 K=2,KMAX
DO 63 I=ML,MK

=Z1

CALCULATE
THERMAL DISCHARGE VELOCITYES

SET

RIVER VELOCITY

u(t,J,K)=ul

ul, 1,K)=U0%C0S (ANGLE)

V) 1,1,K)=U0%*SIN(ANGLE)

GO TO
79

FIG 24s FLOW CHART OF MAIN PROGRAM
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DO 76 K=1,KMAX
DO 76 J=1,JMAX
D0 76 1=1,IMAX

_READ FROM DISC

READ AND PRINT FROM DISC

REWIND , READ(24)
24

TIME ,DT ,IP ,KMAX ,JMAX ,

IMAX , IPRINT

CONTINUE READING FROM DISC

READ AND PRINT FROM DISC
READ(24)

ut1,d,K) ,v(1,d,K) ,w(l,J,K),
T(1,4,K) ,P(1,J,K) ,H(1,J) ,

RHO(1,J,K)

FIG 24t FLOW CHART OF MAIN PROGRAM
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D0 635 1=,!1

DO 637 K=2,K1

D0 636 J4=2,J1

XN (1) =b=XNUR/XIM1(1)
XM(1)=L*XDHR/XIM1(1)

XL{1)=AMINT(XN(L) ,XM(1))

ZN(K) =4*ZNUR/ZKM1(K)
ZM(K) =b*XDVR/ZKM1(K)
ZL (K)=AMIN1 (ZN(K) ,ZM(K))

YN(J) =l XNUR/YJIM1(J)
YM(J)=b*XDHR/YIM1(J)

YL(J)=AMINT(YN(J) ,YM(J))

FIG 24u FLOW CHART OF MAIN PROGRAM
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J,YN() L,YM(J) ,YL(J) J=2,J1
K,ZN(K) ,ZM(K),ZL(K) K=2,K1

DO 61 K=2,KMAX
DO 61 I=ML,MK  grr THERMAL

'D¥SCHARGE TEMPERATURE

HEAT.EQ.O

T(1,d,K=1 {—= 21=Z

FIG 24v FLOW CHART OF MAIN PROGRAM
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DO 43 K=1M,KMAX
DO 42 1=ML MK

" SET THERMAL
DISCHARGE PRESSURE

P(1,J,K)=-Z b2

DO 617 K=2,KMAX
D0 617 1=2,11
DO 617 J=2,J1

—#1  Z&-DELZ(KMAX) /4

Z=Z+ZKP1(K) /2

GO TO
618

AéS(U(I,J,K)).GT.XL(I))

CHECK STABILITY
FOR VELOCITY COMPONENTS

FIG 2kw FLOW CHART OF MAIN PROGRAM
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ABS (V(1,J,K).GT.YL(J)) < K.EQ.KMAX

GO TO
620

ABS (wW(1,J,K) .GT.ZL(K))

GO TO
617

FIG 24x FLOWCHART OF MAIN PROGRAM
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PRINT

IPRINT=NPRNT CALL CALL
1,J,K. ouTP EXIT
PRINT A
o IPRINT=NPRNT CALL CALL
1,J,K ouTP EXIT
PRINT CALL CALL
o IPRINT=NPRNT
1,4,K OUTP EXIT

FIG 24y FLOW CHART OF MAIN PROGRAM
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CHECK STABILITY FOR H

HLEVEL=2%DMV/ (H (1 ,H) *

H(1,J)+DELZ(K1)))
PRINT
1,J.HLEVEL , - I PRINT=NPRNT
CLEVEL(1,J)

GO TO
719

CALL
ouTP

CALL
EXIT

FIG 24z FLOW CHART OF MAIN PROGRAM
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lqk—————-SET BOUNDARY CONDITION ON VELOCITYfCOMPONENT'UA -————————-1

DO 70 J=1,JMAX Do 236 1=1, IMAX
DO 70 K=2KMAX DO 236 J=1,JMAX  SET BOTTOM
SET OUTGOING BOUNDARY CONDITION BOUNDARY CONDITION
U(IMAX,J,K)=U(11,J,K) Cu(1,4,1)=0
V(IMAX,J,K)=VI1,J,K) v(1,J,1)=0
}. SLIP BOUNDARY CONDITION ONLU

U(I,JMAX,K)=(S|GPY2*U(I,J1,K)-V

S1GPY3*U(1,J2,K)) /S1GPY1

FIG 24aa FLOW CHART OF MAIN PROGRAM
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GO TO
%max 137

|.LT.MH.AND.I .GE.ML

END SLIP CONDITION ON‘U——————i*

u(t,1,K)=(stey2=u(1,2,K)-S16Y3% @@ @
u(1,3,K) /siGY1 -

]

091

FIG 24bb FLOW CHART OF MAIN PROGRAM



Lr——————~SET BOUNDARY CONDITION ON TEMPERATURE

T(1,JMAX,K)=(SIGPY2*T(1,J1,K) =

SIGPY3*T(1,J2,K))/SIGPY1

DO 125 K=2,KMAX
DO 126 I=1,IMAX k

I .LT.MH.AND.!.GE.ML

FIG 2kcc FLOW CHART OF MAIN PROGRAM
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T(1,1,K)=(S16Y2*T(1,2,K)-SI1GY3

*T(1,3,K)) /S1GY1

Do 7

1, IMAX
DO 7

1, JMAX

Cop =

T(1,J,1)=(s1622*7(1,J,2)~-S1GZ3

*T(1,d,3))/S1GZ1

END BOUDARY CONDITION ON TEMPERATURE _hl

T(IMAX,J,K)=T(11,J,K) . 800

291

FIG 24dd FLOW CHART OF MAIN PROGRAM



CALCULATE DHDT :( TIME DERIVATIVE OF WATER.LEVEL H)

DO 661 1=2,11 IMI+]-1

DO 661.J=2,J1 IMI=d-1
DHOT (1 ,d)==2%(H(1,J)*U(1,J,KMAX) -U(IM1,J,KMAX))
+U(1,J,KMAX) ==H(IM1,0))) /XIM1(1) -2

=(H(1,3)%(V(1,J,KMAX) -V (1, IM1,KMAX)

+V(1,J,KMAX) % (H(1,d)-H(1,IM1)))/

YIM1(J)
D0 805 1=2,11 D0 805 J=2,J1 DO 805 K=2,K1
IP1=1+1 JP1=J+1
661 y .
IMI=1-1 JA1=4-1

FIG 2hkee FLOW CHART OF MAIN PROGRAM
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CALCULATE VERTICAL VELOCITY COMPONENT FROM CONTINUITY EQUATION

" KMI=K-1
DUDX=(U(IP1,J,K)-U(1,J,K))*STIGMAT(1) /XIP1(1)+{u(1,d,K)

~U(1M1,3,K) ) %S1GMA2(1) /XIM1(1)
DVDY=(V(1,JP1,K)-V(1,J,K))*SIGMA3(J) /YIP1(J)+(V(1,J,K)

=V(1,JM1,K) ) *S1GMAL (J) /YIMT(J)
W(1,J,K)=W(1,J,KM1) - (dudx+DVDY) *ZKM1(K) /2

DO 72 K=2,KMAX
D0 72 J=2,J1

SET BOUNDARY CONDITION ON W(OUTGOING)

W(IMAX,J,K)=W(11,J,K)

FIG 24Ff FLOW CHART OF MAIN PROGRAM
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}q SLIP BOUNDARY CONDITION ON W

GO TO
D) 232 I1=2,11 940
D0 232 J=2,J1 ‘
I,
w(1,J,KMAX)=W(1,J,K1)+DHDT(1,J) stip.eQ.0 N
GO TO
DO 145 K=2,KMAX 146
DO 146

FIG 2bgg FLOW CHART OF MAIN PROGRAM
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W(l,1,K)=(SIGY2*W(1,2,K) -SIGY3*

w(i,3))/s1G6Y1

END BOUNDARY CONDITIOB ON W

—

w(1,JMAX,K)=(SIGPY2*W (i ,J1,K)-

SIGPY3*W(1,J2,K)) /SIGPY1

DO 233 1=1;1MAX
PO 233 J=1,JMAX

CALCULATE DHDT

DHDT(1,9)=W(1,J,KMAX)

FIG 24hh FLOW CHART OF MAIN PROGRAM
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SET BOUNDARY CONDITION ON DENSITY

GO TO
32

RHO(1,4,1)=51 (TTBL,RHOTBL,
T(1,J,1),26)

T(1,J,KMAX) ,26)

RHO(1,J ,KMAX)=S1 (TTBL,RHOTBL,

IPRINT=NPRNT
CALL ouTtpP
IPRINT=IPRINT+1
1J=1J+2

CALL OUTP
1d=1d+1
CALL DERIV
CALL SUM

FIG 24ii FLOW CHART OF MAIN PROGRAM
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DO 40 K=1,KMAX
DO 40 1=2,11
DO 40 J=2.J1

CALCULATE DENSITY

INCREMENT TIME

RHO(1,d,K)=S1 (TTBL,RHOTBL,
il ’
T(1,J,K),26)
GO TO GO TO
2002 2001

TIME=TIME+DT
IPRINT=IPRINT+1

FIG 24jj FLOW CHART OF MAIN PROGRAM'

891



G0 TO CALL
IP=1P+1 \———1# l ' ™ oUTP

WRITE ONTO A DISC

WRITE (25) PRINT
REWIND
25 ™ TIME,DT,IP,KMAX, [~  T|ME,DT,IP,KMAX,
JMAX, IMAX, IPRINT JMAX, IMAX, I PRINT
B3 2383 5=]-5MAX
oy 200? R CONTINUE WRITING ONTO A DISC
WRITE(25)

U(1,4,K),v(1,9,K) ,W(1,4,K)
T(1,J,K),P(1,d,K),H(1,J),
RHO(1,J,K)

FIG 24kk FLOW CHART OF MAIN PROGRAM
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PRINT

u(1,d,K),v(1,4,K) ,W(1,d,K), |
T(1,J,K),P(1,J,K) ,H(1,J),

RHO(1,J,K)

F1G2411 FLOW CHART OF MAIN PROGRAM
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DO 100 I=
PO 100 J=

NN

’
’

CALCULATE DERIVATIVES OF WATER LEVEL ELEMENTS

IPI=t+1 =~ IMI=] -1
JP1=J+1 JM1=J=-1
K=KMAX

ZKkP1(K1)=DELZ (K1) +H(1,J)
DUDXR=(U(1P1,J,K)-u(1,J,K)) /XIP1(1)
DUDXL=(U(I,H,K)-U(IMI,J,K)))XIM](I)
DUDYR=(U(1,JP1,K)-U(1,J,K))/YIP1(J)
DUDYL=(U(1,J,K)-U(1,IM1,K)) /YIM1(J)
pupzZL=2*(u(1,d,K}-u(1,J,K1)) /ZKP1)K1)
DHDXR=(H(1P1,J)-H(1,d))/xIP1(1)
DHDXL=(H(1,J)-H(1M1,J))/XIM1(1)
DHDYR=(H{1,JP1)-H(1,J)) /YIP1(J)

DHOYL=(H (1,4)-H(1,JM1))/YIMI(J)
DRHDXR=(RHO (1P 1,J,K)-RHO(1,J,K) ) /XIP1(1)
DRHDXL=(RHO(1,J,K) -RHO (1M1,J,K) ) /XIM1(1)
DRHDYR={(RHO (1 ,JP1,K)-RHO(1,J,K))/YIP1(J)
DRHDYL=(RHO(1,J,K)=RHO) I ,JM1,K) ) /YJIM1(J)

FIG 25a FLOW CHART OF SUBROUTINE DERIV
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CALCULATE TIME DERIVATIVE OF U FOR WATER LEVEL ELEMENTS

punT (1,J,K)=-U(1,J,K)
%(S1GMA1(1) *DUDXR+S1GMA2 (1) *DUDXL)
~v(1,J,K) %(S1GMA3(J) *DUDYR+S | GMAL (J) *DUDYL)
~H(1,J)*(S1GMA1(1)*DRHDXR+S1GMA2 (1) *DRHDXL) /FO1
+((S1GMAT(1) *DHDXR+S | GMA2 (1) *DHDXL)
*(XNUR* (S1GMA1 (1) *DUDXR+S 1 GMA2 (1) *DUDXL) /H(1,J)
-2%RHO(1,d,K) /FO1))
+XNUR*8% ( (DUDXR-DUDXL) /X1PM1(1)
+(DUDYR-DUDYL) /YJPM1(J))
+XNUR* ( (S1GMA3(J) *DUDYR+S 1 GMAL (J) *DUDYL)
*(S1GMA3(J) *DHDYR+S | GMA4 (J) *DHDYL) ) /H (1 ,J)
~-ZNUR*DUDZL/H(1,J)
+CFX=RHOA*WINDX*WINDX/ (2%H(1,J))

FIG 25b FLOW CHART OF SUBROUTINE DERIV
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CALCULATE TIME DERIVATIVE:OF V FOR WATER LEVEL ELEMENTS

pvDT(1,d,K)=-U(1,J,K)
%(51GMA1 (1) *DVDXR+S1GMA2 (1) *DVDXL)
=V (1,J,K) *(S1GMA3(J) *DVDYR+S | GMAL(J) *DVDYL)
-H(1,J) *(S1GMA3(J) *DRHDYR+S | GMAL (J) *DRHDYL) /FO1
*XNUR*( (S1GMA1 (1) *DHDXR+S I GMAZ2 (1) *DHDXL)
%(S1GMA1(1)*DVDXR+S1GMA2 (1)*DVDXL) /H(1,J)
%((S1GMA3(J) *DHDYR+S 1 GMAL (J) *DHDYL)
% (XNUR* (S 1 GMA3 (J) *DVDYR+S | GMAL (J) *DVDYL) /H (1 ,J)
-2%RHO(1,J,K) /FO1
+XNUR*8# ( (DVDXR-DVDXL) /X1PM1(1)
+(DVDYR-DVDYL) /YJPM1(J))
~ZNUR*DVDZL/H(1,J)
+CFY*RHOA*WINDY*WINDY/(2%H(1 ,J))

FIG 25d FLOW CHART OF SUBROUTINE DERIV
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CALCULATE TIME DERIVATIVE OF T FOR WATER LEVEL ELEMENTS

DTDT(1,d,K)=-U(1,J,K)
%(S1GMA1(1) *DTDXR+S 1 GMA2 (1) *DTDXL)
=(v(1,J,K)*(SIGMA3(J) *DTDYR+S | GMAL(J) *DTDYL)

+XDHR*{ (S| GMAT (1)*DHDXR+S 1GMA2 (1) *DHDXL)

*(SI1GMAT(1)*DTDXR+S1GMA2(1)*DTDXL) /H(1,J)
+XDHR#8%* ((DTDXR-DTDXL) /XIPM1(1)

+(DTDYR-DTDYL) /YJPM1(J))

+XDHR* ( (S1GMA3(J) *DHDYR+S | GMAL (J) *DHDYL)
+(S1GMA3(J) *DTDYR+S 1 GMAL (J) *DTDYL) ) /H(1,J)
~XDVR*DTDZL/H(1,J)

-50*(T(1,J,K)=E) /H(1,J)

‘FIG 25e FLOW CHART OF SUBROUTINE DERIV
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IP1=1+1

IM1=1~-1
JP1=J+1

1 IM1=J-1

KP 1=K+1
KM1=K-1

ADJUST WATER LEVEL VARIABLES

ZKP1(K)=DELZ (K)+H(1,J)

ZKPM1 (K)=ZKP 1(K) +ZKM1 (K)
S1GMAS (K)=2*ZKM1(K) /ZKPM1(K)

S 1 GMA6 (K) =2*ZKP 1(K) /ZKPM1(K)

FI1G 25f FLOW CHART OF SUBROUTINE DERIV
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CALCULATE SPATIAL DERIVATIVE OF U AND TIME DERIVATIVE OF Qy

pupXr=(u(1P1,J,K)=U(1,J,K) ) /XIP1(1)
pubxL=(u(1,J,K)=U(IM1,J,K))/XIM1(1)
DUDYR=(u(1,JP1,K)-U(1,J,K))/YIP1(J)
pubYL=(U(1,J,K)-U(1,IM1,K))/YIMI(J)
pupzR=(u(1,J,KP1)-U(1,d,K))/ZKP1(K)
pupzL=(u(1,J,K)~U(1,J,KM1))/ZKM1(K)
puDT(1,Jd,K)=-0(1,J,K)
*(SIGMAT(1)*DUDXR+S1GMA2 (1) *DUDXL)

-v(1,J4,K)*(SIGMA3(J) *DUDYR+S | GMAL(J) *DUDYL)
-W(1,J,K)*(S1GMAS(K) *DUDZR+S 1 GMA6 (K) *DUDZL)

+8* (XNUR* ( (DUDXR-DUDXL) /XIPM1(1)

+(DUDYR-DUDYL) /YJPM1(J))
+ZNUR*(DUDZR-DUDZL) /ZKPM1(K)

FIG 25g FLOW CHART OF SUBROUTINE DERIV

91



CALCULATE SPATIAL DERIVATIVE OF V AND TIME DERIVATIVE OF QY

DVDXR=(V(IP1,J,K)=V(1,J,K)) /XIP1(1)
pVDXL=(V(1,J,K)-V(IM1,J,K))/XIMI(I)
DVDYR=(V(1,JP1,K)-V(I,J,K))/YIP1(J)
DVDYR=(V(1,JP1,K)-V(1,J,K))/YIP1(J)
pVDYL=(V(i,J,K)-V(1,JM1,K))/YIMI(J)
DVDZR=(V(1,J,KP1)-V(1,J,K))/ZKP1(K)
pvbZL=(v(f,J,K)-V(1,J,KM1))/ZKM1(K)
ovoT(1,J,K)=-U(1,J,K)
*(S1GMA1(1)*DVDXR+S I GMA2 (1) *DVDXL)
4V(I,J,K)*(SIGMA3(J)*DVDYR+SIGMAh(J)*DVDYL)
-W(1,J,K) *(S1GMA5 (K) *DVDZR+S | GMA6 (K) *DVDZL)
+8% (XNUR* ( (DVDXR-DVDXL) /X1PM1 (1)
+(DVDYR-DVDYL) /YJIPM1(J)
+ZNUR* (DVDZR-DVDZL) /ZKPM1(K) )

F1G 25h FLOW CHART OF SUBROUTINE DERIV
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CALCULATE SPATIAL DERIVATIVE OF W AND TIME DERIVATIVE OF Q;

DWDXR=(W(IP1,d,K)-W(1,d,K))/xIP1(1)
DWOXL=(W(1,J,K)-W(IM1,J,K))/XIM1(I)
DWDYR=(W(1,JP1,K)-W(1,J,K))/YIP1(J)
DWOYL=(W(1,J,K)-W(1,IM1,K))/YIMI(J)
DWDZR=(W(1,J,KkP1)-W(1,J,K))/ZKP1(K)
DWDZL=(W(1,J,K)-W(1,J,KM1))/ZKM1(K)
pwoT (1,4,K)=-U(1,J,K)
*(SI1GMAT(1)*DWDXR+S | GMA2 (1) *DWDXL)
-V(1,J,K}*(SIGMA3(J) *DWDYR+S 1 GMAL(J) *DWDYL)
W(1,9,K)5240MDZL
+8% (XNUR* ( (DWDXR-DWDXL) /X1PM1(1)
+(DWDYR-DWDYL) /YJPM1(J))
+ZNUR* (DWDZR-DWDZL) /ZKPM1 (K) )
-RHO(1,J,K) /FO1

FIG 25i FLOW CHART OF SUBROUTINE DERIV
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CALCULATE SPATIAL DERIVATIVE OF T AND TIME DERIVATIVE OF T

DTDXR=(T(1P1,J,K)-T(1,J,K))/XIP1(})
DTDXL=(T(1,J,K) ~T{1M1,J,K)) /XI1M1(1)
DTDYR=(T(1,JP1,K)-T(1,J,K))/YIP1(J)
DTOYL=(T(1,d,K)-T(1,JM1,K)) /YIM1(J)
DTDZR=(T(1,J,KP1)-T(1,J,K))/ZKP1(K)
DTDZL=(T(1,J,K)-T(1,J,KM1)) /ZKM1(K)
oTOT(1,J,K)=-U(1,J,K)
*(S1GMAT(1)*DTDXR+S 1GMA2 (1) *DTDXL)
-v(1,J,K) *(SI1GMA3(J) *DTDYR+S! GMAL (J) *DTDYL)

-W(1,J,K) *(SI1GMAS (K) *DTDZR+S | GMAG6 (K) *DTDZL)
+8%XDHR* ( (DTDXR-DTDXL) /XIPM1(1)
+(DTDYR-DTDYL)/YJPM1(J))

+XDVR*( (DTDZR-DTDZL) /ZKPM1(K))

FIG 25] FLOW CHART OF SUBROUTINE DERIV
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GO TO

CALCULATE DIVERGENCE

DIV=(S1GMS1(1) *DUDXR+S1GMA2(1) *

DUDXL)+(SiGMA3(J) *DVDYR+
S1GMAL(J) *DVDYL)+2*DWDZL

PRINT
1,J,K,0UDT(1,4,K),

pvDT(1,J,K) ,DWDT(1,J,K),
DIV

FIG 25k FLOW CHART OF SUBROUTINE DERIV
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B 388 k=:kl

SET BOUNDARY CONDITION ON Qy

DUDT(1,J,K)=0
DUDT (IMAX,J,K)=DUDT (11,J,K)

,4——~ SET BOUNDARY CONDITION ON Qy

o0
oo
NN
ok
[ =]
Al
(U]

NN
-

e
bk

pVDYRO=(V(1,3,K)-v(1,2,K))/YIP1(J)
pvDYLO=(V(1,2,K)~V(1,1,K))/YIM1(J)

200 - DVDYRM=(V(1,JMAX,K)-V(1,J1,K))/YJP1(J1)
DVDYLM=(V(1,31,K)-V(1,J2,K) ) /YIM1(J1)
DVDT (1, JMAX ,K)=8%XNUR* (DVDYRM~DVDYLM) /YJPM1(J1)

FIG 251 FLOW CHART OF SUBROUTINE DERIV
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DVDT (1, 1,K)=8*XNUR*(DVDYRO
-DVDYLO) /YJIPM1(2)

| 60 TO
210

FIG 25m FLOW CHART OF SUBROUTINE DERIV
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{
END BOUNDARY CONDITION ON QY -——————a%
|

- pvoT(1,1,K)=0

NN
[=1=]
o

1 SET BOUNDARY CONDITION ON QZ
1

(=3~
(=] =]
NN
- »

PR

pwDZTO=(W(1,J,3)-W(1,J,2))/ZkP1(2)
DWDZLO=(W(1,J,2)-W(1,J,1))/ZKM1(2)

pWDT (1,J,1)==RHO(1,J, 1) /FO14+-8*ZNUR* (DWDZTO
-DWDZLO) /ZKPM1(2)

DWDT (1,J,KMAX)=-RHO(1,J,KMAX) /FO1

FIG 25n FLOW CHART OF SUBROUTINE DERIV
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D0 504 K=2,K1

D0 goh J=2J1

DO 504 1=2.11
230
k-

KP 1=K+
KM1=K-1
JP1=J+1
JM1=J-1
1P1=1+1
IMI=1=1

ADJUST WATER LEVEL VARIABLES

ZKP1(K)=DELZ (k)+H(1,J)
ZKPM1(K)=ZKP 1(K)+ZKM1 (K)

S1GMAS (K) =2%ZKM1 (K) /ZKPM1(K)
SIGMAG (K)=2%ZKP1(K) /ZKPM1(K)

FI1G 250 FLOW CHART OF SUBROUTINE DERIV

#81



CALCULATE RHS AND SPATIAL DERIVATIVES OF Qx’QY’AND QZ

DQDZ=(DWDT (1,J,KP 1) -DWDT (1,J,K) ) %S 1 GMAS (K) /ZKP 1 (K)
+(DWDT (1,J,K) ~DWDT (1, J,KM1) ) *S1GMAG (K) /ZKM1 (K)

RHS(1,J,K)=DQDZ
DQDY=(DVDT (1,JP1,K) -DVDT(1,J,K)) *SIGMA3(J) /YIP1(J)

+(DVDT(1,J,K) ~DVDT (1,JM1,K) ) #S1GMAL(J)  /YIM1(J)
RHS (1,J,K)=RHS (1 ,J,K)+DQDY

DQDX=(DUDT (IP1,J,K)~DUDT(1,J,K))*SIGMAT(1) ' /XIPi (1)
+(puUDT(1,J,K)-DUDT (I1M1,J,K) ) *S1GMA2(1) /XIM1(1)
RHS (1,J,K)=(RHS (1 ,J,K)+DQDX) *FO1

FIG 25p FLOW CHART OF SUBROUTINE DERIV
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KP 1=K+1
PRINT KM1=K-1
JPl=g+]

DEBUG2 .EQ.0
1,4,K,DQDX, Mimgt
bQbY,bQDz 1P1=141
Y IMi=1-1

CALCULATE SPATIAL DERIVATIVE OF P AND TIME DERIVATIVES OF U-AND V

DPOX=(P(1P1,J,K)-P (1,J,K))*S1GMAT(1) /XIP1(1)
+(P(1,4,K) =P (1M1,J,K) ) 2S1GMA2(1) /XIM1(1)
pupT(I1,J,K)=DUDT(1,J,K)-DPDX/FO1
DPDY=(P(1,JP1,K)-P(1,J,K))*S1GMA3(J) /YJP1(J)
+(P(1,d,K)=P(1,JM1,K))*S1GMAL (J) /YIM1(J)
ovoT(1,J,K)=DVDT (1 ,J,K)-DPDY/FO1

931

- FIG 25q FLOW CHART OF SUBROUTINE DERIV
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RETURN ]

FIG 25r FLOW CHART OF SUBROUTINE DERIV



¥¢~—CALCULATE PRESSURE FROM HYDROSTATIC APPROXIMAT!ON

GO 'TO | GO TO
110

300 DO 110 J=1,JMAX
DO 110 L=1,KMAX DO 110 1=1,)IMAX

K=KMAX+1-L

Z23=ZKP1(K1) KP take 1

GO TO

P(1,J,K)=RHO(1,J,K) 110

*H(1,J)/2

ZKP1(K1)=DELZ (K1) +H (1 ,J)

881

FIG 26a FLOW CHART OF SUBROUTINE PRESS



END HYDROSTATIC APPROXIMATION ON PRESSURE

P(1,4,K)=P(1,J,K}+RHO(1,4,K) | |

27KP1(K) /2 -

ITN=1

Y1i=1
OMEGA=1

LAMB1=1

ZKP1(K1)=Z3

—

GO TO
100

GO TO

FIG 26b FLOW CHART OF SUBROUTINE PRESS

GO TO

681



PRINT
K,ZK123(K) ,ZKP1(K),
ZKM1(K) ,

J,Y4123(J) ,vaP1(y4),
YIMI(J),

1,X1123(1),x1P1(1),
XtM1(1)

DO 200 1=2,J1
DO 200 K=2.Kl

D=0
B=1-0MEGA

Y2=0

FIG 26¢c FLOW CHART OF SUBROUTINE PRESS

GO TO
210

061



%'___——_—- SET BOUNDARY CONDITION ON PRESSURE
|

P(1,1,K)=(S16Y2%P (1,2,K)-S16Y3x
P(1,3,K)-SIGYA*DVDT(1;1,K)

*F01)/SIGY1

DO 55 K=2,KMAX
DO 55 J=2,J1

P(1,JMAX,K)=(S1GPY2*P (1 ,J1,K)~
SIGPY3*P(1,J2,K)+
S1GPY4*DVDT (1 ,JMAX,K)
*F01) /SIGPY1

P(1MAX,Jd,K)=P(11,J,K)

FI1G 26d FLOW CHART OF SUBROUTINE PRESS
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D0 50 1=2,11
DO 50 J=2,J1

DO 5 K=2,K1
Do 5 J=2,J‘
0 5 1=2211

END BOUNDARY CONDITION ON PRESSURE

DO 220 1=2,11
DO 220 J=2,J1

P(1,J,KMAX)=H(1,J)*

RHO(1,J,KMAX) /2

P(1,d,1)=(s1622*P (1 ,J2) -

s1623*P(1,4,3)-
S1GZ4*DWDT(1,J,1)

*F01) /S16Z1

ADJUST WATER LEVEL VARIABLES

ZKP 1(K)=DELZ (K)+H(1,J)
ZKPM1(K)=ZKP 1 (K)+ZKM1(K)

ZK123(K)=ZKP 1 (K) *ZrkM1(K) *ZkPM1 (K)

Fi

G 26e FLOW CHART OF SUBROUTINE PRESS
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CALCULATE PRESSURE IN FLOW REGION

X1=YJ123(J) #ZK123(K) *: XIM1(1)

X2=YJ123(J) #2K123(K) *XIP1(1)

X3=X1123(1)*ZK123(K) *YJP1(J)

Xh=X1123(1)*z2K123(K) *YJIM1(J)

X5=X0123(1) *YJ123(J) *ZKP 1(K)

X6=X1123(1)*YJ123(J) *ZKM1(K)

X7=X1123(1) *YJ123(J) #ZK123 (K)

X =X1+X2+X3+X4+X5+X6

A =OMEGA/X

PNEW=A*(X1*P (1+1,J,K)+X2%P(1-1,J,K)
+X3*%P (1,J41,k)+X4*P (1 ,J-1,K)
+X5%P (1,J,K+1)+X6%P (1,J,K=-1)
=X7*RHS (1,J,K) /8)4B*P (1,J,K)

FIG 26f FLOW CHART OF SUBROUTINE PRESS
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GO TO

RES1D-D 15

RES ! D=ABS (PNEW-P (1 ,JK))

GO TO
16

GO TO

~UPDATED- PRESSURE

D=RESID | P(1,J,K)=PNEW

FIG 26g FLOW CHART OF SUBROUTINE PRESS
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Y2=Y2+RESID

NOT. (DEBUGL.GE.1)

G0 TO
28

PRINT
X1 ,X2 ,X3 ,xb4 ,

X5 ,X6 ,X7 ,X,A

LAMB2=Y2/Y1

FIG 26h FLOW CHART OF SUBROUTINE PRESS
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GO TO

PRINT
DEBUGAL .EQ.0
Y1,Y2,LAMB2
CALCULATE
Y RELAXATION FACTOR
OMEGA=2/(1+SQRT(1- | PRINT
ABS (LAMB2-LAMB1) . GE .
LAMB2)) . OMEGA

FIG 267 FLOW CHART OF SUBROUTINE PRESS
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Yi=Y2

LAMB 1=LAMB2

GO TO
14

I TN=1TN+1

PRINT
FAIL TO CONVERGE

CALL
EXIT

FIG 26j FLOW CHART OF SUBROUTINE PRESS
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PRINT
ITN

DEBUGAL.EQ.O

>  RETURN

FIG 26k FLOW CHART OF SUBROUTINE PRESS
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DO 22 K=2,KI

DO 21 J=2,J1
DO 20 1=2,11  INTEGRATE FOR VELOCITY COMPONENTS AND TEMPERATURE

u(1,9,K)=u(1,J,K)+DT*DUDT (1,J,K)

Y v(1,J,K)=v(1,J,K)+DT*DVDT(},J,K)

T(1,J,K)=T(1,J,K)+DT*DTDT(1,J,K)

Do 2
D0 2

-

, |MAX
-, JMAX

w W
L

-d

!
J

INTEGRATE FOR WATER LEVEL H

H(E,J)=H(1,J)+DT*DHDT(1,J)

FIG 27a FLOW CHART OF SUBROUTINE SUM
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23

RETURN

FIG 27b FLOW CHART OF SUBROUTINE SUM

200



RETURN

IPRINT.LT.NPRNT
.OR.
DEBUG3.NE. 1

IPRINT=0
1J=0

-

PRINT
TIME,DT, IP

MJJ=MJ

MJ=1
MJJI=MJ+1

GO TO

FIG 28a FLOW CHART OF SUBROUTINE OUTP
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GO0 TO

15
PRINT
(1,3,K,U(1,d,K),v(1,4,K),
| o MJmMJ+2
w(|’J’K)’T(I’J’K)’P(l’J’K),
-
1=MJ, MJJ)
GO TO
20 MI=1 = = MJJ=MI+]

FIG 28b FLOW CHART OF SUBROUTINE OUTP

202



PRINT

(1,4,K,u(1,4,K),V(1,4,K),
w(1,4,K),T(1,4,K),. e MI=MI2

P(1,J,K),H(1,d),i=MJ,MJ))

GO TO

30

MJJ.EQ. IMAX RETURN

FIG 28¢c FLOW CHART OF SUBROUTINE OUTP

€0¢
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Subroutine Function

SI Function This subroutine performs linear
interpolation.
ouTP This subroutine prints out all

the important variables.

1.1 MAIN Program

A detailed description of the MAIN program is presented in the
flow charts in the Figs. 24a to 242%. This program is employed to
perform the following three main functions.

1) Reading in the input data. This part of the program
reads in and prints out the input data to maintain a permanent
record of each run.

2) Initialization of the system. This part of the program
performs the following functions:

a) Converts input data from dimensional values
to non dimensional values; and

b) Sets time independent boundary conditions.

3) Iterative operations performed after each time increment.

This part of the program performs the following tasks:
a) Checks the stability conditions, if these conditions
are not satisfied then OUTP subroutine is called and program

terminated.
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b) Sets time - :dependent boundary conditions.

c) Calculates vertical velocity components by a spatial
integration of equation (61) using updated values of horizontal
velocity components.

d) Calls subroutine OUTP to print out updated values of
the important variables.

e) Calls subroutine DERIV and SUM in the process of
finding the updated values.

f) Compares the current time TIME with the ffna] problem
time TEND, in order to stop the problem if TEND is exceeded.

1.2 DERIV Subroutine

A detailed description of the subroutine DERIV is shown in
Figs. 25a to 25r. This subroutine calculates the first and the
second spatial derivatives of the variables. These spatial deriva-
tives are used along with the pressure gradients calculated in sub-
routine PRESS to find the time derivatives of the horizontal velocity
components, temperature, and level according to equation (78) through
(84). Communication among DERIV, MAIN and other subroutine take
place by means of a COMMON block. The calling sequence of this sub-
routine is: CALL DERIV.

1.3 PRESS Subroutine

A detailed description of the subroutine PRESS is shown in Figs.

26a to 26k. This subroutine solves for the pressure according to
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equations (73) and (74) by an iterative method, based on a modified
Gauss-Seidel iteration technique called successive overrelaxation
technique. The calculation of the pressure for the entire flow

field is repeated until the values of pressure at every grid point
converge within a prescribed error. This subroutine further sets

the boundary condition on pressure and calculates the orverelaxation
factor w according to equations (75) through (77). This factor
expedites the convergence of the pressure calculations. The variables
are passed into and returned from PRESS by means of a COMMON block.
The calling sequence of this subroutine is: CALL PRESS.

1.4 SUM Subroutine

A detailed description of the subroutine SUM is shown in Figs.
27a to 27b. This subroutine performs the time integration for the
hofizontal velocity components, temperature, and water-level. The
communications among SUM, MAIN and other subroutines take place by
means of a COMMON block. The calling sequence of this subroutine is:

CALL SUM.

1.5 SI Function

This function is.used to interpolate values from the table of
temperature versus density. It is a standard subroutine:
SI(XTBL,YTBL,X,N)
XTBL=Tabular values of the independent variable,.

YTBL=Tabular values of the dependent variable.
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X=Value of independent variable.

N=Number of points in the table.

1.6 OUTP Subroutine

A detailed description of subroutine OUTP is shown in Figs. 28a
to 28c. This subroutine prints out all variables encompassing the
problem solution at any desired multiple of integration time step.
These variables are passed into OUTP from the other subroutines,
tncluding the MAIN program, by means of a COMMON block. The calling

sequence of this subroutine is: CALL OUTP,
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2. DESCRIPTION OF INPUT DATA

The input data can be divided into two groups:
1) Non-subscripted variables

2) Subscripted variables.

A brief description of each input variable appears in the program
listing to aid in entering the data. A1l input data are entered

using FORMAT E10.3.

2.1 Non-Subscripted Variables

These variables are floating point numbers and are entered into
the computer storage by means of cards as specified hereunder:
Card No. 1

1) ENRUN, Run designation number. This number is used to

identify each run for record keeping purposes.

Card No. 2

1) TBEG, Starting time, sec. This quantity specifies the

initial problem time at which the dynamic problem starts.

2) TEND, End of time, sec. This variable defines the final

problem time at which the dynamic problem stops automatically. The
dynamic analysis may be aborted, prior to TEND, due to the occurrence
of computational errors.

3) ENITER, Number of integration steps. This quantity defines

the number of integration steps to be used between starting time
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TBEG, and end of time TEND. The program calculates the integration
time increment by
At = (TEND-TBEG)/ENITER;
4) ENPRNT, Frequency of printout. This variable sets the

number of integration steps between two successive printouts.

Card No. 3

1) UI, Initial velocity component in x-direction, ft/sec.

This is the initial value of the x-component of the fluid velocity
assumed constant throughout the water body. It is used to obtain

the dynamic response of the water body from a set of uniform velocity
distributions as discussed in Part 1 Section 5.

2) VI, Initial velocity component in y-direction, ft/sec.

This is the initial value of the y-component of the fluid velocity
assumed constant throughout the water body. The purpose of the
introduction of this variable is described under variable UI above.

3) TI, Initial temperature of water body and inflow, degrees

Fahrenheit. This variable defines the initial value of the fluid
temperature assumed constant throughout the water body. The purpose
of the introduction of this variable is described under variable UI
above. Furthermore, this variable defines the inflow temperature

into the water body assumed constant during the dynamic analysis.

Card No. 4

1) U0, Thermal discharge velocity, ft/sec. This quantity speci-

fies the water velocity in the thermal discharge channel from the

power plant entering the water body. This variable is used to non-
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dimensionalize all velocity components involved in the program.

2) ANGLE, Thermal discharge angle, radian. This variable defines

the angle at which the thermal discharge enters the water body
measured from the x-axis. The x and y velocities of the thermal
discharge entering the water body are calculated by'leos (ANGLE)
and UOSin (ANGLE) respectively.

3) T0, Thermal discharge temperature, degrees Fahrenheit.

This variable specifies the water temperature in the thermal channel
from the power plant entering the water body. This variable is used
to nondimensionalize all temperature quantities involved in the

program and should be always entered regardless of the value of HEAT

on Card No. 9 to be discussed later,

4) DO, The half width of thermal discharge channel, ft. This

variable is the half width of the thermal discharge channel. This
variable is used to nondimensionalize all geometric dimensions
involved in the program.

5) XNUZ, Kinematic viscosity of thermal discharge, ftz/sec.

This variable defines the kinematic viscosity of the thermal dis-
charge water. It is used to nondimensionalize the thermal eddy

diffusivities and momentum eddy viscosities.

Card No. 5
1) WINDX, x-component of wind velocity, ft/sec. This quantity

is the wind velocity component in x-direction assumed to be blowing
horizontally over the water body.

2) WINDY, y-component of wind velocity, ft/sec. This quantity
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is the wind velocity component in y-direction. This variable
together with WINDX provides the means of analyzing wind effects
blowing at an oblique angle with respect to the Cartesian coordinate
system.

3) RHOA, Air density, 1bm/ft3. This variable specifies the

air density above the water body. It affects the water body dyna-
mics because the wind shear effect at the water surface is proportion-
al to air density as described in Part 1, Section 2.3.

4) E, Water body equilibrium temperature, degrees Fahrenheit.

This variable specifies the water equilibrium temperature. It is
used in the calculation of heat dissipation from water body surface
to atmosphere by employing equation (54).

5) XK, Heat exchange coefficient, Btu/(ftz-day;QF). This

variable specifies the coefficient of heat transfer between water
body surface and atmosphere. It is used in the calculation of heat
dissipation from water body to atmosphere by employing equation (54).

6) CFX, The skin coefficient in x-direction. This variable

specifies the skin coefficient in x-direction. It is used to calcu-
late the wind shear effect in x-direction from equation (52).

7) CFY, The skin coefficient in y-direction. This variable

specifies the skin coefficient in y-direction. It is used to calcu-

late the wind shear effect in y-direction from equation (53).

Card No. 6
1) DH, Horizontal eddy diffusivity of heat, ft’/sec. This

variable is the eddy diffusivity of heat for the water body in the
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horizontal direction. It is used to calculate the turbulent heat
exchange in the water in both x and y directions.

2) Dv, Vertical eddy diffusivity of heat, ftz/sec. This

variable is the eddy diffusivity of heat for the water body in the
vertical direction. It is used to calculate the turbulent heat
exchange in the water in the z direction.

3) XNUH, Horizontal eddy viscosity, ft?[sec. This variable

defines the eddy diffusivity of momentum for the water body in the
horizontal direction. It is used to calculate the turbulent momen-
tum transfer in the water in both x and y directions.

4) XNUV, Vertical eddy viscosity, ftz/sec. This variable

defines the eddy diffusivity of momentum for the water body in the
vertical direction. It is used to calculate the turbulent momentum
transfer in the water in the z-direction.

5) CP, Specific heat of water, Btu/lbm-oF. This quantity is the

specific heat of water in the water body and is used in the calcula-
tion of heat transfer from the water to the atmosphere from equation
(54).

Card No. 7

1) EIMAX, Number of cells in x-direction. This variable speci-

fies the number of space increments, in the flow field, along x-axis.

2) EJMAX, Number of cells in y-direction. This variable

represents the number of space increments, in the flow field, along
the y-axis.

3) EKMAX, Number of cells in z-direction. This variable defines

the number of space increments, in the flow field, along the z-axis.
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Card No. 8

1) DEBUGI, Debugging printout controller in the MAIN program.

This quantity controls the ﬁrintout of the calculated variable in the
MAIN program for debugging purposes. Calculated results are printed
out when DEBUGI = 1. No printout occurs when DEBUG1 = O.

2) DEBUG2, Debugging printout controller in subroutine DERIV.

This quantity controls the printout of the calculated variable in

subroutine DERIV for debugging purposes. Calculated results are

printed out when DEBUGZ = 1. No printout occurs when DEBUGZ = 0.
3) DEBUG3, Unused.

4) DEBUG4, Debugging printout controller in subroutine PRESS.

This quantity controls the printout of the calculated variables in
subroutine PRESS for debugging purposes. Calculated results are
printed out when DEBUG4 = 1. No printout occurs when DEBUG4 = 0.

5) EIRUN, Restart switch. This quantity controls the initiali-

zation of the program. When EIRUN = 0, program will start from initial
condition described earlier in this section. When EIRUN = 1, program
will skip the initialization and will use previous output already
stored on tape as initial values. The latter tape storage is achieved
by setting EIEND = 1 in the previous run as discussed next.

6) EIEND, Restart controller. This quantity controls the output

at the completion of a dynamic run. When EIEND = 1, the final program
output will be stored on tape for restarting the run at a later date.
When EIEND = 0, no storage of final program output will be made.

Card No. 9

1) EIM, Number of thermal discharge cells in vertical direction.




214

This parameter indicates the number of grid cells in the vertical
direction in the thermal discharge channel.

2) EML, Starting location of thermal discharge. This parameter

indicates the grid cell number in the x-direction where the thermal
discharge channel begins.

3) EMK, End location of thermal discharge. This parameter

indicates the grid cell number in the x-direction where the thermal
discharge channel ends.

4) SLIP, Slip condition controller. This quantity indicates

whether boundary conditions on velocity components are calculated
using slip or non-slip conditions. When SLIP = 1., the boundary
conditions are calculated using slip conditions. When: SLIP = 0., the
boundary conditions are calculated with non-s1ip conditions.

5) HYD, Hydrostatic pressure controller. This quantity indi-

cates whether pressure is calculated by hydrostatic approximation or
from equations of motion. When HYD = 1., the pressure is calculated
by hydrostatic approximation. When HYD = 0., the pressure is not
hydrostatic and is calculated from the equations of motion indicated
by equations (73) and (74).

6) HEAT, Temperature controller. This quantity controls whether

the thermal discharge is heated or not. When HEAT = 1., it indicates
that the thermal discharge has a higher temperature than surrounding
fluid. When HEAT = 0., it means that the thermal discharge is at same
temperature as the surrounding fluid.

7) XIIP, Off line storage controller. This parameter controls

the off-line storage of the output data for subsequent restart. At
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the appropriate iteration, indicated by XIIP, the output are stored on

a disc, and recalled in the restart mode.

2.2 Subscripted Variables

These variables involve fixed size arrays and are entered into
the computer storage using FORMAT 7E10.3.
1) DELX(I), x-increments, ft. This array defines the spatial

increments, in the flow field, along the x-axis. The number of cards
needed to enter this array is equal to EIMAX/7.

2) DELY(J), y-increments. This array defines the spatial incre-

ments, in the flow field, along the y-axis. The number of cards
needed to enter this array is equal to EJMAX/7.
3) DELZ(K), z-increments. This array defines the spatial

increments, in the flow field, along the z-axis. The number of cards

needed to enter this array is equal to EKMAX/7.

3

4) Density versus Temperature, 1bm/ft” and degree Fahrenheit

respectively. The densities and their corresponding temperatures,

given in Table 1, are entered in a BLOCK DATA routine. The following
format is used in entering the data:

BLOCK DATA

COMMON/TABLE/TTBL,.RHOTBL

REAL * 4 TTBL(26)/26 values of temperature/

REAL * 4 RHOTBL(26)/26 values of density/
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3. DESCRIPTION OF OUTPUT DATA

The output data can be conveniently divided into the following

groups:

1)  Input Data Printout

A11 input data are printed out and labeled using the variable
names defined in the description of input data. The temperature and
density relation, entered by BLOCK DATA, are printed in a tabular
form with one column labeled "Temperature" and the other column

labeled "Density", followed by the appropriate values.

2) Debugging Printout

At the user's option, under the control of DEBUG1, DEBUG2, DEBUG3,
and DEBUG4 as described in the input data, the intermediate calcula-
tions may be printed out for debugging or checking purposes. Labels
used for these printouts are described in Part 2, Section 5 in program

nomenclature.

When DEBUGT = 1., the following variables will be printed out:
I,J,K,DT,DTT,DTMIN,DTTMIN,DTS,DTTS ,DTSM,DTTSM, XIP1,XIMI,XIPM1,XI123,
XIPM,YJP1,YJM1,YJIPM1,YJd123,YIPM,ZKPT,ZKM1 ,ZKPM1,ZK123,S1GX,SIGX1,SIGX2,
SIGX3,S1GX4,SIGY1,SIGY2,S1GY3,S16GY4,S16Z,S16Z21,S1GZ2,S1GZ3,S1GZ4,
SIGMA1,SIGMA2,SIGMA3,SIGMA4,SIGMAS,SIGMAG , XN , XM, XL ,YN,YL,ZN,ZL ,DUDX,
DUDY.

When DEBUGZ = 1., the following variables are printed out:
I,J,K,IP1,IM1,JP1,JM1,KP1,KM1,DUDT,DVDT,DWDT,DTDT,DIV,DQDX,DQDY,DQDZ,
RHS.

DEBUG3 is presently unused and is reserved for future applications.
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For DEBUG4 = 1., the following variables are printed out :
1,J,K,ZK123,ZKP1,ZKM1,YJd123,YJP1,YJM1,X1123,XIP1,XIM1,X,X1,X2,X3,X4,
X5,X6,X7,Y1,Y2,LAMB2 ,OMEGA,ITN

3) Variables Defining the Problem Solution

At user's option, under the control of ENPRNT described in the
input data, the solution variables can be printed out at any integra-
tion time increment or multiple thereof. These variables are printed
in two columns, each column containing the variables:

I,d,K,U,V,W,T,P,and H.



218

4, OPERATING PROCEDURE

To employ the THERMA computer program effectively, the user
should first familiarize himself with Part 1, Section 2, particularly
with the mathematical formulation. The user should then draw a sketch
of the receiving water similar to Fig. 7, and determine the space and
time increments to be used in the analysis as indicated in Section 4.
The input data is then prepared in accordance with the format and
description given in Section 2 of this part. These input data are
then punched on cards and assembled with the THERMA program deck and
the necessary control cards. The control cards vary from one computer
organization to the other. A sample of the deck assembly for the
UNIVAC SERIES 70 is given below:

/LOGONbuserid,acct.no,bTIME=in second

/PARAMb LIST=YES,MAP=YES,DEBUG=YES

/EXECbBGFOR

PROGRAM Name
(Fortran Source Statement)
END

/FILE THERMA.RESTART1,LINK=DSFT24,FCBTYPE=SAM®
/FILE THERMA.RESTART2,LINK=DSFT25,FCBTYPE=SAM2

JEXECH *
(Data)
/L.OGOFF

1RESTART 1 designates the input offline storage
2RESTART 2 designates the output offline storage
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The computer program is then run for several integration steps
and the user should then verify the fo]]owing‘points:

1) Correctness of input data. The input data printed out
should be verified for possible error in punching.

2) Correctness of integration results. The integration results
should be verified for consistency and the appropriateness of the

initial conditions.

The program could then be run for maximum allowable computer
time, at the end of which the results may be written on disc. This
off-1ine storage may be used as input data in a later run to continue
the computations. This procedure may be repeated until the results
have reached steady state. After the program has been fully run, the
user should verify the convergence of the solution by halving the time
step At and the space increments Ax, Ay, and Az. The program is then
resubmitted and results are checked to verify the agreement between
the two solutions. If the solutions agree, the convergence in time
and space has been established. If the solutions do not agree, it
would then be necessary to choose a smaller time step or further
refine the mesh, and perform the above operations again until conver-

gence is established.
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PROGRAM NOMENCLATURE

To assist the user in the revision of the THERMA program, a list

of some key variables with their corresponding analysis notations and

definitions is presented in this section.

Program

Notation

CFX
CFY
cpP
DH
DV
DO

DT
DELX(I)
DELY(J)
DELZ(K)
DEBUG1
DEBUG2

DEBUG3

DEBUG4

Analysis
Notation

At
AX
ij
Az,

DESCRIPTION

Skin friction in x-direction

Skin friction in y-direction
Specific heat of water

Horizontal eddy diffusivity of heat
Vertical eddy diffusivity of heat
Half width of thermal discharge
channel

Time increment

Space increment in x-direction
Space increment in y-direction
Space increment in z-direction
Control for debugging of MAIN
program

Control for debugging of subroutine

DERIV

Unused

Control for debugging of subroutine

PRESS
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Program Analysis

Notation | Notation Description

DUDT du/at Time derivative of u component of
velocity

DVDT av/at Time derivative of v component of
velocity

DWDT ow/at Time derivative of w component of
velocity

DTDT aT/at Time derivative of temperature

DHDT aH/at Time derivative of water-level

E E Equilibrium temperature of water body

ENRUN - Run designation number

EPS - Pressure convergence error

FO B Froude: number

G g Gravitational acceleration

H H Water level

IMAX imax Maximum number of elements in x-
direction

IP - Current number of iterations

IPRINT - Printout control; used in conjunction
with NPRNT.. and IP to determine when
printout occurs

ITMAX - Maximum number of iterations for
the convergence of pressure

ITN - Current iteration number used to

check against ITMAX



Program

Notation

JMAX

LAMB2
NITER
NPRNT
OMEGA

3

RO

RHO

RHOA

RHOZ
RHOTBL
RHS(I,J,K)
S0
SIGMAI(I)

SIGMA2(I)

SIGMA3(J)

Analysis
Notation

Jmax

'ﬂnax
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Description

Maximum number of elements in y-
direction

Maximum number of elements in z-
directicn

Norm ratio

Number of integration steps
Frequency of printout

Relaxation factor

Pressure

Reynolds number

Density of water

Density of air

Density of thermal discharge
Density table

Defined by Eq. (66b)

Stanton number

Weighting factor for first deriva-
tive in flow field defined by £q.
(67)

Weighting factor for first deriva-
tive in flow field defined by Eq.
(67)

Weighting factor for first deriva-

tive in flow field defined by Eq.
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Notation Notation
SIGMA4(J) by
SIGMAS(K) az
SIGMAG(K) bz
SIGX o
SIGX1 20 + 1
SIGX2 (1+0)2
SIGX3 o°

1
SIGX4 §An12(1+o)
SIGY -
SIGY1 -
SIGY2 -
SIGY3 -
SIGY4 -
SIGPY o
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Description

(67)

Weighting factor for first deriva-
tive in flow field defined by Eq.
(67)

Weighting factor for first deriva-
tive in flow field defined by Eq.
(67)

Weighting factor for first deriva-
tive in flow field defined by Eq.
(67)

Ratio of space increments in x-
direction defined by Eq. (C-12)
Coefficient of q; in Eq. (c-13)
Coefficient of q, in Eg. (C-13)
Coefficient of d, in Eq..(C-]3)
Coefficient of Eq. (C-13)
Analogous to SIGX in y-direction
Analogous to SIGX1 in y-direction
Analogous to SIGX2 in y-direction
Analogous to SIGX3 in y-direction
Analogous to SIGX4 in y-direction
Analogous to 1/0, ratio of spatial
increments in y-direction defined

by Eq. (C-27)
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Notation

SIGPY1
SIGPY2
SIGPY3
SIGPY4
SIGZ
S1GZ1
SIGZ2
SIGZ3
SIGZ4
T

TO
TIME
TTBL

U

uo

v

W
WINDX
WINDY
XIMP1(I)
XNUZ

XNUH

Analysis
Notation

142 ¢'

(146")2

0'2

Zna(14s’)
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Description

Coefficient of q5 in Eq. (c-28)
Coefficient of q, in Eq. (c-28)
Coefficient of ay in Eq. (C-28)
Coefficient of Eq. (C-28) '
Analogous to SIGX in z-direction
Analogous to SIGX1 in z-direction
Analogous to SIGX2 in z-direction
Analogous to SIGX3 in z-direction
Analogous to SIGX4 in z-direction
Temperature

Thermal discharge temperature
Time

Temperature table

Velocity in x-direction

Velocity of thermal discharge
Velocity in y-direction

Velocity in z-direction

Wind velocity in x~direction

Wind velocity in y-direction

A quantity defined by Eq. (67)
Kinematic viscosity of thermal
discharge

Horizontal eddy viscosity
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Program Analysis

Notation Notation Description

XNUV | v, Vertical eddy viscosity
YJPM1(J) c, A quantity defined by Eq. (67)
ZKPM1(K) c, A quantity defined by Eq. (67)
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6. PROGRAM LISTING AND SAMPLE RUN

In this section, the FORTRAN program listing of the THERMA
computer program is presented. This listing is followed by a sample
run for non-buoyant jet discussed in Part 1, Section 5.3. To reduce
the bulk of computer printout, the output data are supplied for
iterations number 0, 1 and 50 corresponding to times 0, 0.2 and 10

seconds respectively.



‘ORTRAN IV (VER 45 ) SOURCE LISTING: 03/31/77 22:00:40 PAGE 0003t

1 PRCGRAM THERMA .
2C CARD NO, SYMBOL DESCRIPTION
3C 1-1 ENRUN RUN DESIGNATION NUMBER .
4 C 2-1 TBEG STARTING TIME SEC
5¢C 2=2 TEND END OF TIME SEC
6C 2-3 ENITER NUMBER OGF INTEGRATION STEPS
7€ 2-4 ENPRINT FERQUEMCY QF PRINTOQUT
g8 C J=3 Ul INITIAL VELOCITY COMPONENT IN
9 C X=DIRECTION FT/SEC
10 C 32 vi INITIAL VELOCITY COMPONENT IN .
11 € YoDIRECTION FT/SEC
12 C 33 71 INITIAL TEMPERATURE OF LAKE AND
13 ¢ 4-1 ud THERMAL DISCHARGE VELOCITY . FT./SEC
14 C 4=2 ANGLE THERMA|, DISCHARGE ANGLE - RADIANS
15 C 4=3 TO THERMA DISCHARGE TEMPERATURE ) DEGREE F
16 C 4-4 Do HYDRALLIC DIAMETER OF THERMAL
17 C DISCHARGE CHANNEL
18 C 4-5 XNUZ KINEMATIC VISCOSITY OF THERMAL
i9 C DJSCHARGE - FT2/SEC
29 C 5=-1 WINDX X=COMPANENT OQF WIND VELOCITY FT/SEC
21 ¢C 5=2 WINDY Y«COMPONENT OF WIND VELOCITY ’ FT/SEC
22 C 5-3 RHOA AIR DENSITY LBM/FT3
23 ¢ 5«4 E EGUILIBRIUM TEMEPRATURE OF WATER DEGREE F
24 C 55 XK " HEAT EXCHANGE COEFFICIENT BTU/FT2%DAY=F '
25 C 5«6 CFX SKIN COEFFICIENT IN X<DIRECTION
26 C 5a? CFY . SKIN COEFFICIENT IN Y-DIRECTION
27 C 6=-1 DH HCRIZCHNTAL EDDY DIFFUSIVITY OF HEAT FT2/SEC
28 € 62 pv VERTICAL EDDY DIFFUSIVITY oF HEAT FT2/SEC
29 € 6=3 XNUH HORIZONTAL EDDY VISCOSITY FT2/S8EC
30 € 6=4 XNUV VERTICAL EDDY VIsScOSITY FT2/8EC
31 C 6=5 cP SPECIFIC HEAT QF WATER BTU/LEBMeF
32 C 7-1 EIMAX MUMBER OF CELLS IN X-DIRECTIQN
33 C 7=2 EJMAX NUMBER OFYCELLS IN Y=DIRECTION
34 C 7=3 EKMAX MUMBER OFYCELLS IN Z~DIRECTION
I5 C 8«1 DEBUGY CONTROL FOR DERUGGING oF MAIN PROGRAM
36 C 802 DEBUG2 CONTRC|, FOR DEBUGGING OF SUBROUTINE DERIV
37 C 8=3 DEBUG3 UNUSED '
38 C 8=4 DEBUG4 CONTROL FOR DEBUGGING OF SUBROUTINE PRESS
36 C 85 EIRUN RESTART SHITCH
40 C 8~56 EIEND RESTART CONTROLLER .
41 C =1 EIM NUMBER OF THERMAL D]SCHARGE CELLS IN
42 C VERTICAL~DIRECTION
43 C =2 EML STARTING LQCATION OF THERMAL DISCHARGE
44 C 9«3 EMK END LOCATION OF THERMAL DISCHARGE
45 C 9=4 sLIP SLIP CONDITIQON CCNTROLLER
46 C 9=5 HYD HYDROSTATIC PRESSURE CONTROLLER
47 C 9ab HEAT TEMPERATURE CONTROLLER
48 C 9=? XI1IP OFF LINE STORAGE CONTROLLER
49 C
¢

12¢
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FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA PROGRAM 03/31/77 22:00:10 PAGE 0003

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131 -

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

604 FORMATC(LIHO,10X, "11,4X, "XN?,15Xs "XM1)

608 FORMAT(1H0,10X,3(13,2%s2(E11.47))

09 FORMAT(LIHO,10X, " gt sdX,"YN(J) 13X, 'YM( ")

610  FORMAT(L1HO,10X, "K' 44X, 'ZN(K) ', 15X, "ZM(K)")

614 FORMAT(1HO,10X,3(12,1X),2(E11,4,2%))

6415 FORMAT(lHO!iOXD'I':ZX,'J';ZXO'K"QX"DT'ISX"DTT')

615 FORMAT(IH ,10%X,3(12,2X%),E411,4,12X,3([2,2%XY,EL11.4,7)

621 FORMAT(L1HO,10X,3(12,2%),'STABILITY CONDITION FAILS IN X-pIRECTICN
]

"
622 FORMAT(1HO,L10X,3(12,2X),'STABILITY CONDITION FAILS IN Y=DIRECTION®

1)

623 FORMAT(LH0,10X»3(12,2%X),"STABILITY CONDITION FAILS IN Z.DIRECTION
") . )

627 FORMAT(lHO}iOXI&{12’2XIE11'412x)/)

629 FORMAT(IHO,10X,"1',4X, ' XIHUCI)")

630 FORMAT(1Hg»10Xs TJ' 48X, ' YIMLtIYY)

631 FORMAT(LHO,10Xs"K"24X,"ZKMI(K)")

640 FORMAT(LHO,10X,"T',2X%,'XL(1)")

641 FORMAT(LHO0,10X»5(12,1X+,E1144))

642 FORMAY(1HO,10X,'J . 2X,'YL(JI ")

643 FORMATC(IHO,10%,»"K'22X,'2L(K)")

644 FORMAT(1HO0,10X,'1',5X%,'SI1GMAL'»5X, 'SIGMA2Y)

645 FORMAT(LHO0,10X,12,5X+2(E11,4,2X)) '

646 FORMAT(LHO,10X,'J?' 35X, "SIGMASY,5X,'SIGMA4)

647 FORMAT(1HO0,10%,"K'+5X,'SIGMAS 125X, *SIGMAL!)

705 FORMAT(AHO 44X, "1, 3X,"J",3X,"K",3X, 'SUGGESTED pT',10X,
XP1',3X,'J0",3X,"'K*,3X,YSUGGESTED DTT',/)

709 FORMAT(LHO,10X,"1',2X,"J",2X, *KMAX",2X,'DTS',5X,'DTTS") -

710 FORMAT(LHG.10X, 3(12,1X),2(E11.4,2X))

714 FORMAT(LHO 11X, '1",3%X,"'J",3X»"KMAX',3X, *SUGGESTED pTS',10X,
XTT',3%s J"»3X, "KMAX "', 3X, "SUGGESTED DTTS',/)

715 FORMAT(1H0,10X,3(12,2%X),E11,4,12X,3¢(]2,2X),E11,4,/)

720 FORMAT(1HQ»10X»'DT BECAME TQO SMALL AT!,2%x.'I=t,12,2Xs'Jd=",12,
12X, 'HLEVEL=',E14,7,2X, 'CLEVEL(I,)=",E14,7)

1025 FORMAT(1H1)

1026 FORMAT(1HO» 10X, TENRUN "=',E11.4)

1027 FORMAT(LHO0,10X,'TBEG =',B11.4,5X,'TEND =',E11,4,5X,'ENITERS!
1,E11,4.,5X," 'NPRNT=?,E11,4)

1028 FORMAT(1HO, 10X, 'Ul ST, E11.4,9%X, V] e!,E11,4,5X,

i 'T1 =1,EL11. 4) :

1029 FORMATC(LHO, 10X, *WINDX =1,E14.4,5X, ' WINDY =1,E11,4,5%X, ¢RHDA =1
1+E11:4,5X,'E =',E11.4,9%s v XK =',E14,4,//,11X.'CFX =',E11,4.5X,
2'CFY =',E11,4) .

1030 FORMAT(lHODlOXl'DH ='UE111415Xp'DV =',E811,4,5X, ' XNUH =
1,E11,4,5%, "XNUV 3',E11|4'5XD'CP='IE11.4)

1034 FORMAT(LMO, 10X, 'EIMAX =7 ,B11.,4,5X, "EJMAX =',E11,4,5X, "EKMAX sv
1,E11,4)

1032 FORMAT(1H8,10X,'RO SV, E1L.4,5X, 'FO s',E11,4,5%,'S0 s

1,E11.4) )
1033 FORMAT(1HO,10X,'DEBUG1=',E11.4,5X, 'DEBUG25',EL11,4,5X, 14EBU735!,

62¢
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151 1E11,4,5X, *DEBUG4=",E14.4,//,14X, "EIRUN=",EL1.4,5%, 'EIEND=",E11.4)
152 1034 FORMAT(1HQ 10X, 'IMAX =',]5 25X, Y UMAX =1, 5 25X, TKMAX =1
153 1,15 ) . :
154 4035 FORMAT(1HO,10X,'I1 21,15 ,5X,'J1 2,15  ,5X,'K1 =
155 1,15 )
156 1035 FORMAT(L1HO,10X,']2 =1,15  ,5X,'J2 =',15 . .5X,'K2 2
157 1,15) ‘ ) :
158 1937 FORMAT(1Hgs10Xs'Q SY,E11+445%X,'DT =',F11.4.5%X,'E=1,E14,7)

159 1038 FORMAT(LHO,10X,'1',3X,'DELX(I)")

160 1039 FORMAT(2(1H0,10x%,4(12,2%,E11.4.:5%)/))

161 1040 FORMAT(1HO,10X,"J',3X,'DELY()")

162 1044 FORMAT(LHO,10X,'K',3X, 'DELZ(K)")

163 1042 FORMAT(1HO,10X,'XNUR =',E11.4,5X,'ZNUR =',E11.4,5X,"'XDHR =

164 1,8114.,4,5%, ' XDVR  =1,E11,4)

165 1046 FORMAT(1HO,10X%,'13 21,15 15X, 'J3 =1,15 15X, 'K3 s
166 1,15)

167 1043 FORMAT(1HQ,'K='212,1X,'ZKPL(K)="',E11,4,1X, )
168 1'2ZKMI(KI=",E11,4,1%, " ZKPML(K)=",E11,4,1X,

169 2'ZK123(K)I="LEL1 4,/ 08Xt d3 " 1200, "YUPL(JY=",ELL,4,5%, ' YUML(I) S
170 BE11,4,5%X, "YJUPMLI(U)="4EL11,4,5X, ' YJL123(J)=1,E14,4,/4X,]=1,12,

171 S1X, 'XIPL(1)=",E11,4,1X, ' XIMLC(]) =" E1L,4,1%, "XIPML(I)=",E11,4,1X,
172 6'X1123(1)=1,E11,4)

173 1054 FORMAT(IH 22X, "1=1,13,2%X, 0", 13,2Xs K=", 13, 'DUDXS1,EL14,7,2X,
174 1'DVDY=1,E14.,7,2X,'CS(K)=",EL14.7,2X,'DS(1,JsK)=",EL14.7)

175 1058 FORMAT(1HO0,10X%,'U0=',E11,4,9X,*ANGLE=",E11.9,6X,'T0=",E11,4,

176 19X, 'D0="',E11,4,9X%, 'XNUZ=",E11,4)

177 1062 FORMAT(1HO,20%,20¢ "+ "), "NON=DIMENSIONAL INPUT VALUES ',20(tst))
178 1063 FORMAT(1H0,20X,20('#")»"END OF NON-DIMENSIONAL INPUT VALUES',
179 12C('+"))

180 1064 FCRMAT(LH ,10X»2(E14,7,2X))

181 1065 FORMAT(LHO0,15X,'TTBL',10X, 'RHCTBLY)

182 1066 FORMAT(AHO0,»10X,"RHCZ=',E15.7)

133 1067 FORMAT(1HO0,L10X,'TBEG =',B11:4,5X,'TEND 35',E11,.4,5X,"' NITER=!

1g84 1,16 25X, 'NPRINT=?,16) B

185 1068 FORMAT(1H0,10X.,'0H =',E11.4,5%,'DV 51,E11,4,5%, "XNUH =?
186 1, 511 4 SXJ'XVUV "',Eil 4

187 1069 FORMAT(1HO,10X, "HINDX "aE11-4 SX,'*WINDY =',E11,4,5X, 'RHOA =!
188 1,E11,4)

189 1071 FORMAT(ZHO:iOX:'EIN=’;E11.4:5XI'EML;t'Eli.4a5X:'EMK='0511.45

190 15X:'3LIP='1511-4-5X1'HYD='u511-4n//011X:'HEAT='.Eilo405X.'X!1P="
191 2EL11.4)

192 1072 FORMAT(1H0.10X,'Z =',E11,4)

193 1100 FORMAT(1H0,5(E14,7, 4X) /s 2X 5(E14,7,4X))

194 1110 FORMAT(LHO,5(EL14,7,4%))

195 2005 FORMAT(1H .3(13.2X),7(Ei4;7.ZX)) ,

196 2006 FORHATciHO.EX.'TIME='.E14.7.5Xo'DT:'.E14.7.SX.'IP;'.IS.SX.'KMAxs'a

I 0€2

197 - 115,5X,'JMAX=",15,5%, ' MAX=?,15,5X, ' IPRINT=",15)
198 2007 FORMAT(1HO, 1x.'I'.zx.vJv.zx.'K'.9x.-uv.12x.'v'.12x.'w'.iax.'rv
199 112X, "P 112X, TRHO Y, 12X, TH')

200 € READ N NON SUBSCRIPTED VARIAELES



FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA pROGRAM

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
2:8
219
22¢
221
222
223
224
225 C
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

595

READ(5,21001) ENRUN

WRITE(6,1026) ENRUA

READ(3,1004) TBEG,TEND,ENITER,ENPRNT
WRITE(6,1027) TBEG, TEND,ENITER,ENPRNT
READ(S5,1003) Ul,VI,TI

WRITE(S,1028) UI,VI,T]

READ(5,1005) UYO,ANGLE,TO0,D0,XNUZ
WRITE(6,1058) y0,ANGLE.T0,DB0,XNUZ .
READ(5,1007) WINDX,WINDY,RHOA,E,XK.CFX,CFY
WRITE(641029) WINDX,WINDY,RHOASE»XK,CFX,CFY
READ(2,100%) DH,DV,XNUH,%NUV,CP
WRITE(6,1030) DH,DV,XNUH,XNUV,CP
READ(S,1003) EIMAX,EJMAX,EKMAX
WRITE(6,4034) EIMAX,EJMAX,EKMAX

READ (5,1006) DEBUGL,DEBUG2,DEBUGI,DERUG4,EIRUN,JEIEND
WRITE(6,1033) DEBUG1,DEBL2,DEBUG3,DEBUG4,EIRUN,EIEND
READ{S5,1007) EIM,EML,EMK,SLIP+HYD,HEAT,X1IP
WRITE(A,1071) EIM,EML,EMK,SLIP,HYD,HEAT,XIIP
IMAX=EIMAX '
JMAX=EJMAX

KMAX=EKMAX

NITER=ENITER

NPRINT=ENPRNT

I1p=XllpP

READ IN SUBSCRIPTER VARIABLES

READ(5,1007) (DELX(]),131,1MAX)
WRITE(6,1038)

WRITE(6,2039) (I,DELX{I)s1=1,]MAX)
READ(5,1007) (DELY(J),J=1,JMAX)
WRITE(6,1040)

WRITE(6,1039) (J,DELY(J)ad=lrJIMAX)

READ(5,1007) (DELZ(K),K=1,KMAX)

WRITE(6,1041)

WRITE(6,1039) (K.DELZ(K)ak=1,KMAX)

WRITE(6+,1065) ’

Do 505 L=1,26

WRITE(6,1064) TTBL(L),RHOTBL(L)

CONTINUE

IM=EIM

ML=EML

MK=EMK

MHzMK+4

I1=IMAX-1

1231MAX=2

13=IMAX=3

Ji=JMAX-1

J2sJMAX=2

T JI3IMAX-3

KizKMAX=1
K2=KMAX=2

03/,34/77 22:00:10
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) FORTRAN IV (VER 45 ) SOURCE LISTING: YHERMA PROGRAM
251 KI=KMAX-3
) 252 1TNMAX=500
. 253 EPS=,00001
254 TIME =0,
) 255 1p=0
256 IPRINT=0
257 1J=0
) 258 6=32,2
259 DTSM=4000,
260 DTTSM=1000,
) 261 DYMIN=1000,
. 262 DTTMIN=1000,
263 WRITE(6,1034) IMAX, JMAX,KMAX
) 264 WRITE(641035) I1,J1,K4
265 WRITE(6,1036) 12,J2,K2
266 WRITE(6,1046) 13,J3,K3
' 267 DO 624 1=2,1%
268 XIMLCI)SDELX(I=1)+DELRX(I)
289 XN(I)=4, #xNUH/XTML(T)
| 2780 XM(I)=4,#DH/XIML (1)
271 624 CONTINUE
272 Do 625 J=2.J1
J 273 YJU®1(J)=DELY (J=1)+CELY(D)
274 YN(JIS4, #xNUHZYJIML(D)
275 YM(J)=4. #DH/YIML (D)
! 276 625 CONTINUE
277 DO 626 K=2,Ki
278 ZKML(K)SDELZ(K=1)+DELZ(K)
' 279 ZNEKY=4, #XNUV/ZKMI(K)
280 ZM{K)=4,#DV/ZKML(K)
281 626 CONTINUE
' 282 CALCULATE DENSITY CF THERMAL DISCHARGE
283 RHAZ=SI(TTBL,RHOTBL,T0,26)
284 WRITE(6,1066) RHOZ
! z8s IF(DEBUGL,EQ,0,) GC TO 51
286 - WRITE(6,629)
287 WRITE(6,627) (1,XIMACD),152,11)
f 288 WRITE(6.630)
239 WRITE(6,627) (JyYJr1(J)ad=2,J1)
290 WRITE(S,631) '
‘ 291 WRITE(6,627) (KoziM1(K)1k=22k1)
292 WRITE(6,504)
263 WRITE(6,608) (1, XN{1),XM(1),1=2,10)
! 294 WRITE(6,609)
295 WRITECH,608) (JaYNLU) 2 YMIU) 2 J=20d1)
296 WRITE(6,610)
J 297 . WRITE(6,608) (KsZN(K),2M(K))K=2.K1)
268 54 CONTINUE
299 INITIALIZE WATER LEVEL HEIGHT
] 300 Do 706 1=1,IMAX -

03734777

22:00:40
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301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
3ig
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335

336

337
338
339
340
341
342
343
344
345
346
347
348
349

350

706
c

655

656

701

702
703

613

C!éil

717

708
711

712

DO 706 J=1.:JMAX
H(1:J)=DELZ(KMAX) /2,
CONTINUE

CALCULATE DT
IF(DEBUG1,EQ,0.) GC TO 655
WRITE(64645)

CONTINUE

DO 613 K=2,K1

Do 613 J=2,J1

Do 613 1=2,11

Dr=1/(2., *ANCDY/XIVACTYSYNCIDI /Y IML(JYSZN(K Y /ZZKML LK) )Y
DTT=3/2, 0 (XMI)ZXIMLCT) #YMOJ)/YIMI(JIHZM(KI/ZZKMLIK) )Y
IF(DEBUGL ,EG,0,) GO TO 656
WRITE(6, 614) 1,J,KsD7,DTT
COMTINUE

IF¢DT,LT,DTMIN) GO TO 702
60 TO0 792

DTMINSDT

IIM=1

JJM=Y

KKM=K R
IF(pTT,LT,DTTKIN) GO YO 703
GO TO0 613"

BTTMIN=DTT

117=1

JUT=J

KKT=K

CONTINUE

WRITE(6,705)

'Y ZEZ2ZEZZERET XL 2% %)
WRITE(6,616) 11M,JJM,KKM,DTMIN, 11T, JJT,KKT,DTTMIN
Ir(DEBUGi.EQ.O:) GC TO 717
WRITE(6.,709)

CONTINUE
Do 707 I=2,11
DO 707 J=2.,J1 .

DTS= 1/(2.'(XN(I)/XIMl(I)‘YN(J)/YJMl(J)*XNUV/(H(I JYs(H(T,J )+

1DELZ(K1)))))

DTTS=1/(2, *(XM(I)/XIM1(!)ﬁYM(J)/YJMi(J)*DV/(H(I JIs(H(I, )+

1DELZ(K1)))) )

1F(DEBUGL.EQ.0.) GO 7O 708
WRITE(6,710) 1.,J,KMAX,DTS,DTTS
CONTINUE

IF(DTS,LT,DTSM) GO TO 71l

GO TO 7412

DTSMsDTS

lIH:I

IF(DTTS LT«DTTSM) GO T0 743

G0 7O 707

03,31/77 22:00:10
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FORTRAN 1V (VER 45 ) SOURCE LISTING: YHERMA PROGRAM 03731777 22:00310 PAGE 0008
351 743 DTTSM=DTTS

' 352 11T=]
353 JIT=J
354 707 CONTINUE
355 ARITE(6,7L4)
356 WRITE(6,743) 1IM,JJMIKMAX,DTSMsII1TaJJT KMAX,DTTEM
357 DT=DTMIN
358 C
359 CesausBEGIN NONDIMENSIONALIZATION
360 C
361 WRITE(6,1062)
362 TBEG=TBEG=U0/D0
343 TEND=TEND#UQ/DO
364 DT=(TEND=TBEG)/ENITER
365 Ul=ylsue
368 V1sv]i/ug
367 T1=T1/70
368 WINDX=wINDX/UD
35% HINDY=WINDY/UOD '
370 RHOA=RHQA/RHOZ
371 TD=TD/T0
372 DH=DH/XNUZ
373 Dv=DV/XNUZ .
374 XNUH=XNUR/XNUZ
375 XNUVSXNUV/XNUZ
376 DO 13 1=1, IMAX
377 DO 13 u=1,JMAX
378 : H{l,J)=H(1,J)/D0
379 43 GCONTINUE
380 Do 594 LL=1,26
331 TTEL(LL)=TTBL(LL)/TO
382 RHOTBL (LL)YSRHOTBL(LL)/RHOZ
383 504 CONTINUE
384 DO 601 I=1,IMaX
385 DELX([)=DELX(1)/DD
386 6p1 CONTINUE
387 Do 602 J=1,JMAX
388 DELY(J)=DELY(J)/D]
389 602 CONTINUE
390 DO 603 Ks1,KMAX
394 DELZ(K)=DELZ(K)/D)
392 6g3 CONTINUE
393 RO=DO#U0/XNUZ
394 FosUO/((G=DD)x#,5)
395 E=E/T0
396 T XK=XK/(3600s24)
397 SO=XK /(RHOZ=CP#UD)
398 Ug=Ug/Ug .
399 - T0=T0/T0

400 ¥NU2=xNUZ/xNUZ

vee
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401
402
403
494
405
436
407
458
409
410
411
412
413
414
445
446
417
418
419
420
421
422
423
424
425
426
427
428
429
430

431 -

432
433
434
435
436
437
438
439
440
443
442
443
444
445
446
447
448
449
450

507
c

03/34/77 22:00:10

WRITE(6,1026) ENRUN

WRITE(6,3067) TBEG.,TEND,NITER,NPRINT
WRITE(6,1028) Ul,VI,T!
HWRITE(6,1058) Up,ANGLE,Tp,DQsXNUZ
WRITE(6,1069) WINDX,WINDY,RHOA
WRITE(6,1068) DH,DV,XNUH,XNUV
WRITE(6,1G637) GsDT4E
WRITE(6,1038);

WRITE(641039) (1,DELXC1) 1510 IMAX)
WRITE(6,1040)

WRITE(6,1039) (J,DELY(J),J31. JMAX)
WRITE(6,1041)

WRITE(6,1039) (K,DELZ(K),K=1,KMAX)
WRITE(6,1065)

DO 507 L=1,26

HRITE(6,1064) TTBL(L),RHOTBLIL)
CONTINUE :

WRITE(&,1063)

ConnesEND NONDIMENSIONALIZATION onsudssuiaancunaubttsnssss
C

33

34

35

©47
18

DO 33 K=2,K1 : '
ZKP1(1)=DELZ(1)+DELZ(2)

ZKP1(K) =DELZ(K+1)+DELZ(K)

ZKM1(K) =DELZ(K-1)+DELZ(K}

ZKPMI(K) =ZKP1{K)+ZKM1(K)
ZK123(KI=ZKPL(K) #ZKML (K) #ZKPM] (K)
CONTINUE

Do 34 J=2,J1

YJPL(J)Y =DELY(J+1)+DELY (D)

YoM1(J) =DELY(J=1)+¢pELY( })

YJpM1(J) =YJP1{Jy+YIML()

YJ123(J) =YJIPL(Jy*YJIMLC(J)aYJIPHL(Jy
CONTINUE

Do 35 I=2,14

XIPL(1) =DELX(I«1)+DELX(!)

XIM1(]) =DELX(I=1)«DELX(])

XIPML(I) =XIPL(l)y+XIMI(])

XI1123(1) =XIPL(D)#XIMLCI)aXIPMI(])
CONTINUE

IF(DEBUGL,EQ.0,) GO TO 18

DO 17 J=2,J1

Do 17 K=2,K1

L0 17 1=2,11

HRITE(6,1048) KsZKPL1(K)»ZKMI(K),ZKPMI(KY»ZK123(K),
1J,YJPL(J),YUML(J), YJPMLI(J),YJL23()),
21, XIPLCT), XIM4 (D), XIPMLCL Y, X1123(])
CONTINUE

CONTINUE

PAGE 0009
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FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA PROGRAM 03734777 22:00:10 PAGE 0013
451 C "COEFFICIENT OF VISCOUS TERMS
452 XWUR =XNUH/RC
453 ZNUR =XNUV/RC
454 XDHR s DH/RC
455 XDVR = DV/RC
456 WRITE(6,1042) XNUR,ZNUR,XDWR.XDVR
457 DD=2|.DT
458 26 FORMAT(1HD,3(1%,12),9(1X,E14,4))
459 FO1=F0##2
460 €
461 C Z=TOTAL HEIGHT OF LAKE
462 2=0,
463 DO 110 L=1.K1
464 2=2-7KPL(L) 72,
465 IF(DEBUGL.EQ,g.) GO TO 58
466 WRITE(6,1072) Z

467 58 CONTINUE
468 110 CONTIMNUE
469 55 FORMAT(1H 5X,'Z5',F5,2)

470 C FIRST DERIVATIVE CCRRECTION .
471 DO 311 Kz2,k1

472 SIGMAS(K)=2,8ZKML (K)/2KPML(K)

473 SIGMAG(K)=2,%ZKPL(K)/ZKPML(K)

474 311 CONTINUE

475 Do 312 J=2,J1

476 SIGMAZ(J)=2,#YJML(J)/YJIPML(J)

477 SIGMA4(J) =2, #YJPL(JI/YJIPHL(D)

478 312 CONTINUE

479 Do 313 I=2,11

480 SIGMAL(]I)=2,#XIML(1)/XIPMLL])

481 SIGMA2(1)=2,8XIPL(1)/XIPML(])

482 313 CONTINUE

483 C )

484 Ir (DERUGL,EQ,Q.) GC YO 52

485 WRITE(6,644)°

486 Consapdnuprdbnsi

487 Do 657 1=2,11

488 WRITE(6,645) 1,SIGMAL{I),SIGMA2(])

489 657 CONTINUE

400 Cossppnuuundnun

491 WRITE(6,646)
492 DO 658 J=2.J%
493 WRITE(6,645) J,SIGMAS(J),SIGMAG(Y)

494 658 CONTINUE

495 Crossasuniawese

496 - WRITE(6,647) ro
497 DO 659 K=2,K1 @
498 WRITE(6,645) KsSIGMAS(K)sSIGMA6(K)

499 659 CONTINUE

500 CHusassansnesns
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501
502
503
504
505
506
557
5038
509
540
511
512
513
514
515
516
547
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
" 547
548
549
550

648
52

CONTINUE
CONTINUE

Cravsnstanundss

c

CALCULATE COEFFICIENTY OF FIRST DERIVATIVE AT BOUNDARY

Crusansaznnssy

53

54

56

748

SIGY=(DELY(L)+DELY(2))/(BELY(2)+BELY(3))
SIGY1=(1,+2,+#S1GY}

S16Y2=(1,+SIGY)*(1,+5]GY)

SIGY3=SIGY+SIGY
SIGY4=(DELY(L)+DELY(2))=(4,+SIGY) /2,

SI1GPY= (D:LY(JWAX)+DELY(J1))/(DELY(Jl)‘DELY‘J?))
SIGPYL=(1,+2,#SIGPY)

SIGPY2=(1. *SIGPY)*(lt*S!GPY)

SI1GPY3=SIGPY=*SIGPY
SIGPY4=(DELY(JMAX)Y+DELY(J4) ) (1,+SIGPY)/2,
IF(pEBUGL.EQR,0.) GC TO 53

WRITE(6,1400) SIGY.SIGYL,SIGY2,SIGY3,SIGY4,S1GPY,SIGPY1,SIGPY2,
2S1GPY3,S1GPY4

CONTINUE

SIGX= (DELX(1)+DELX(2))/(UELX(Z)*DELX(3))
SIGX2=(1.¢SIGXI*(1,+S]IGX)

§16X1=(1,42,%g51GX) . .
SIGXI=SIGX#SIgX
SIGX4=(DELX(L)+DELX(2))%(1.+5]GX)/2,
IF({DEBUGL.EQ,qgs) GC TO 54

WRITE(6,1110) SIGX,SIGX1,51GX2+SIGX3,S1GX4
CONTINUE

SIGZ=(DELZ(L1)+DELZ(2))/(DELZ(2)+DELZ(3))
SI1GZ1=(1.+2,%5]G2Z)

S1672=(1,+5167)%(1,+58167)

SI1623=5162#31GZ
S1624=(DELZ(1)+DELZ(2))%(1,+S]GZ)/2,
IF(DEBUG1.EQ,p.) GO TO 56

WRITE(6:1110)? SIGZ.SIGZi;SIGZZ;SIGZS:SIGZ4
CONTINUE

END CALCULATION OF COEFFICIENT OF FIRST DERIVATIVE
DMH=AMAX1 (XDHR» XNUR)

DMV=AMAXL(XDVR, ZNUR)

DO 718 [=2,11

DO 718 J=2,J1
CLEVELCI+J)=(1+/DT) =8, #DMH/(XIMICI)SXIML(]) ) =8, ,8DMH/(YIMLI(U)®
1YJMIGI))

CONTINUE

Cossaaapsntouts

c

CHECK FOR RESTART ENTRY FOR DYNAMIC ANALYSIS -

CHunBuerutBbsegtnteissy

¢

BEGIN INITIALIZATION
IF(EIRUN.EQ,1,) GO TO 75

CHREBENRABRE RS RN RE R RES

DO 5 K=1,KMAX

PAGE 0011
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FORTRAN IV (VER 45 ) SOURCE LISTING: TWERMA PROGRAM

551
552
553
554
555
556
557
558
559
560
561
562
563

5

00 5 J=1,JMAX
D0 5 1I=1,IMAX
Utl,Jd,K)=0.
Vil,J.K)=0,
N(le'K)=00
T(1,J,K)=0,
RHS(1,JsK)=0,
DUDT(I.J.K)=0.
DBVET(I,J,K) =D,
DWNT(I,JdsK)=g.
oToT(l,J,K)=0,
DHDT(I:J)=0'
CONTINUE

03/34/77

22%00%10

564 CownusuNITIALIZATION OF HORIZONTAL VELOCITY COMPONENTS U AND v

565
566
567
568
569
570
571

25

DO 25 K=2,KMAX
Do 25 Js2,Jt
DD 25 I=1,IMAX
Ul,JdoKy =Ul
VII,J,K)  =V]
CONTINUE

21=2

572 CoowssINITIALIZATION OF TEMPERATURE

573 CassexFLUID=FLUID gOUNDARY ON PRESSURE

574
575
576
577
578
579

580 506

581
582
583
584
585
586

57

587 502

588
589
550
591
592
593
594
565
S¢b
597
548

(s NoRoNoRe Nol

4

DO 502 K=1,KMAX

DO 506 J=1,JMAX

DO 506 l=1,1MAX

T(1,J,K) =TI
RHC(I,J)K)=SI(TTBL,RHOTBL,T(I,JsK)»26)
P(I,J,K)'—"RHO(I,J,K)“Z
CONTINUE

IF(K.EQ.KMAX) GO TC 502
2=Z+ZKPL(K) /2, )
IF(K.EQ.Ky) Z=-~DELZ(KMAX)/4,
1F(DEBUGL,EQ,0.) GC T0 57
WRITE(6,1072) Z

CONTINUE

COMTINUE

2=21

END INJTIALIZATION

SET THE BOUNDARY CCNDITIONS
FIXED BOUNDARY CONLITIONS

FIXED VELOCITY BOUNDARY CONDITION
DO 4 K=2,KMAX

" Do 4 J=2,J41

Utl,JdaKI=UT
CONTINUE

599 Connassnss

600 C

SET VELOCITY OF THERMAL DISCHARGE

PAGE gpi2

«xaussF IXED BOUNDARY CONCITION ON TEMPERATURE IS BEEN SZT DURING INITIALIZATIONs
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FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA pROGRAM 03/34,77 22:¢0:10 PAGE 0013

601 DO 63 1=ML.,MK
602 DO 63 K=IM.KMAX
603 UCI,1,K)=UC«COS(ANGLE)
6p4 V(I,1:K)=UO*SINCANGLE)
605 63 CONTINUE
606 GO TO 79
607 78 CONTINUE
608 CrwenwaREADING FROM DISC&"CI*G!IG#*#*#*i#*i&#ih*i*#éi
609 REWIND 24
610 READ(24) TIME,DT,IP,KMAX, JJMAX, IMAX, IPRINT
641 ConsnannaesD]ISC OUTPUTwsHxsnesntn
612 WRITE(6,2006) TIME,DT,IP,KMAX, JMAX IMAX IPRINT -
613 HRIT:(612007)
614 DO 76 K=1,KMAX
615 DO 76 J=1,JMAX
616 DO 76 1=1,IMAX
617 READC24) UCT,JsK), VL, Ju0K ) WUT»JduoK),T(L,J,K),PLL,J.K),H(T,J),
648 4RHC( I+ JsK)
849 WRITEC6,2005) 1oJoK,U(lad, K)o VUL JaK) WL, d0K)»TULadsKI)sP{TadsK),
620 {RHOC(I s JsK) s H(T s )
621 76 CONTINUE .
622 CowoxasxEND OF DISC QUTPUTnsomassnasndtrsan .
623 IPRINT=O
624 79 CONTINUE
625 C -
626 DO 635 1=2,131
627 XN¢Iy=4 ., aXNUR/XIML(])
628 XM{1)=4,sXDHR/XIMI(])
629 XLCDI=AMINLT(XNCD) , XMCOD))
630 635 CONTINUE
634 DY 636 J=2,J1
632 YN(J)S4 o XNUR/ZYIMI(J)
£33 YM(J)=4,#XDHR/YJML(J)
634 YLOJ)=AMINLCYNGDY, YM(J))
635 636 CONTINUE
636 DO 637 K=2.K1
637 IN(K)=4,%ZNUR/ZKML (K)
638 ZM(K)=4,%XDVR/ZKM1(K)
639 ZLAKI=AMINLLZNCK)Y , ZMUK))
640 637 CONTINUE
641 Ip(DEBUG1,EQ,0.) BC TO 654
642 WRITE(6,604)
643 WRITE(6,608) (T XNCI)sXMUTI) 1220110
644 WRITE(6,609)
645 WRITE(6,608)(Js YNCJ) s YM(J)2J520J1)
646 WRITE(6+610)
647 WRITE(6,6038) (K,ZN(K),ZM(K),K=2,K1)
648 WRITE(6,64(¢)
649 WRITE(6,641) (loxL(1),1=2,11)
650 WRITE(6,642)

6€2
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651 WRITE(6,641) (JrYL(J),J=2;J1)
® 652 WRITE(6,643) .
653 WRITE(6,641) (KsZL(K) Ks2,K1)
654 654 CONTINUE
® 655 WRITE(6,1025)
657 C SET BOUNDARY AT THERMAL DISCHARGE INLET
® 658 C
- 659 C TEMPERATURE
660 DO 61 K=IM,KMAX
® 661 DO 61 I=ML,MK
662 T(!)ilK);lo
663 61 CONTINUE
® 664 C
665 C PRESSURE
666 C : '
L 667 2122
668 DO 43 K=1,KMAX
669 DO 42 I=ML,MK
) 670 P(1,1,K)=eZ .
671 42  CONTINUE
£72 Z=2+IKPL(K) /2,
) 673 IF(K.EQ.K1) Z=-DELZ(KMAX)/4,
674 43  CONTINUE
675 2:271
676 C
677 L esnmewnxes BEGINNING OF THE DYNAMIG LOQP wasuscxwsssuxs
678 C VARIABLE BOUNDARY CONDITIONS
679 C .
680 4  CONTINUE
681 C CHECK STABILITY FOR U,V, AND W
682 DO 617 K=2,KMAX
683 DO 617 1=2,13
684 DO 617 J=2,J1
685 IFCABSCUCT»JaK) ), GT.XLEID) GO TO 618
686 IFCARS(V(I+JaK) ). 6T, YLCJ)) GO TG 619
687 IF(K,EQ,KMAX) GO TG 746
688 IFCABS(WCI2JaK)),GT,ZLCK)) GO TO 629
689 746 CONTINUE
690 60 TO 647
691 618 WRITE(6,621) 1,J,K o
692 IPRINT=NPRINT S
693 -~ CALL QUT? =4
694 CALL EXIT
695 619 WRITE(6:622) lsdsK .
696 1PRINT=NPRINT
697 CaLlL ouTP
698 CALL EXIT

699 620 MWRITE(6,623) 1,J,K
700 IPRINT=NPRINT
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FORTRAN 1V (VER 45 ) SOURCE LISTING: THERMA PRQOGRAM

701
702
703
704
765
706
797
748
709
740
711
712
743
714
745
716
747
718
719
720
721
722
723
724
725
726
727
728
729

617 .

749

aaa

70

- C e e E e P

03,31/77 22:00:30

CALL OuTP

CaLlL EXIT

CONTINUE

Do 719 1=2.1%

DO 719 J=2,J%
HLEVEL=2,#DMV/(H(I,J)w(H(I,J)+DELZ(K1)))
IF(HLEVEL.LT.CLEVEL(],J)) GO TO 749
WRITE(6,720) IoJ,HLEVEL,CLEVEL(],J}
IPRINT=NPRINT

Catl OuTp

CaLl EXIT

CONTINUE

END STABILITY ANALYSIS

OUTGOING BOUNDARY CN VELOCITY
Do 70 J=1,JMAX

D0 70 K=2,KMAX

UCIMAX, JaKRI=U(TIL,J0K)

VIMAX s JhKI=V (I, 44K)
CONTINUE

CowrussBOTTOM BOUNDARY QN NORIZONTAL VELOCITY COMPONENTS

236

DO 236 l=1,IMAX

Do 236 J=1,JMAX :
V(IsJa1)=0,

U(l'Jll)=Ol

CONTINUE

CoswssSOLID-FLUID BOUNDARY ON KORIZQNTAL VELOCITY COMPONENT U

730 .

7324
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750

134

137
135
950

IF¢SLIP.EQ,0.) GO TO 950

DO & K=2,KMAX

Do 6 I=1,IMaX

U, JMAX k)=(SIGPY24U(1,J1,k)=SIGPY3IsU(Y,J2,K))/SIEPYL
CONTINUE

Do 13% Kez2,KMAX

DY 137 I=1.,1IMAX

IF(K,LT.IM) GO TO 134

IF¢ 1 LT. MH (AND, I .GE,ML ) GO TOQ 137
CONTINUE .

UCI,4,K)=(SIGY2%U(],2,K)= SIGY3*U(I,3qK))/SI’Y1
CONTIMUE

CONTINUE

CONTINUE

CwssssSOLID-FLUID BOUNDARY ON TEMPERATURE

130

DO 130 K=2,KMAX

Do 130 I=1,IMAX

T(1,JMAXSK)S(SIGPY2#T(1,JL K)>SIGPY3IST(],J2,K))/S1GPY]
CONTINUE

Do 125 K=2,KMAX

DO 126 l=i,IMAX

IF(K. LT, IM) GO TD 124

IFC 3 LT, MH AND, ! «GE, ML ) GO 7O 126

PAGE 0015
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751 124 " CONTINUE

752 TU1:1,K)=(SIGY2#T(],2,K)=S]GY3*T(],3, K))/SIGYl

753 126 CONTINUE

754 125 CONTINUE

755 Ce#wx#sSURFACE BOUNDARY ON VERTICAL yELOCITY COMPOI\EM IS ZEROED DURING
756 C INITIALIZATION

;sg Ces#sxSURFACE BOUNDARY QK HORIZONTAL VELOCITY COMPOMENTS U AND V

58 €
759 DO 7 I=1,IMAX

760 DO 7 J=1,JMAX
763 Tl J.l)-(SIGzziT(I v 2)-51623*T(1 J13))/816Z1
762 7 CONTINUE

763 C

764 C

765 DO 73 Is1,IMAX

766 PO 73 J=1,JMAX
767 TOIMAX,J,KI=T(11,0,K)
768 73 CONTINUE
769 Co»uwaxCALCULATION OF DHDT(Is,J) FOR THE TOP ELEMENTS cesstcdsssnsdtunsstsssssets
770 809 Do 661 1=2,14
771 IMi=l=1
772 1120 DD 661 J=2.J1
773 JMizJ=1
774 DHDT(1, J)_cg,a(H(I Jye(U(TsJoKMAXy=U(IML, U, KMAX )%
775 TUCT, S RMAXD w CHOT, J)=RETML, J)) ) /7K IMI(T)
776 2=2, 8 (H(I,JI®(V{],JsKMAX)~ V‘I JML s KMAX)Y ) ¢

777 VL, JeKMAXISCROT, JY =M (T, JML) )/ YIML(J)
778 661 CONTINUE
779 €
780 C CALCULATE VERTICAL VELOCITY COMPONENT FROM CONTINUITY
781 Do 805 1=2,1I1
782 Ipiz]vl
783 IMi=]=1

784 N0 805 J=2,J1.
785 JPi=Jed
786 JMi=J=1
787 DO 805 K=2,K31
788 KMi=Ke1 3/8
789 DUDX=(UCIPL, J,KI=U{T ) KI)SSIGHMAL (I /XIPLCI) U, JsK)~UCIML, J,K))
750 1&SIGHMA2(IY/XINMI(])

791 DVDY=(V(I,JPL, )=Vl Jag)IESIGMAS(I)/YIPLIII+LV (Ll Jik)=V(],JML,K))
792 1*#SIGMA4(J)/YIML(J)
793 WOI,J,K)=W(D,J,KML)-{DUDXeDVDYI#ZKMLI(K) 12,
794 805 CONTINUE
795 DO 72 k=2,KMAYX

796 B0 72 J=2,J4

797 HOIMAX, JLK)sH(TIL,Jds K)

798 72 CONTINUE
799 . Do 232 I=2,11

800

DO 232 J=2,J1 -

e
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FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA PROGRAM 03/34/77 22300:10 PAGE 0017
801 HETaJdaKMAX) =W(T,J,K1)«DHDT(L )
802 232 CONTINUE
803 € END OF W CALCULATICN
gp4 C SET THE BOUNDARY ON W )
805 CouwssSOLID-FLUID BQUNDARY ON VERTICAL VELOCITY COMPONENT W
806 IF(SLIP.EQ.0,) GO TO 940
8g7 DO 145 K=2,KMAX
808 DO 146 =1, IMAX
809 IF(k.LT.IM) GO TO 144
810 IFC 1 LT, MH LAND, ! .GE, ML ) GO TO 146
811 144 CONTINUE
812 W(I,1,K)=(SIGY2%W(],2,K)=S]GYI*#H(],3,K))/S1GYL
8143 146 CONTINUE
814 145 CONTINUE
815 DO 147 K=2,KMAX
816 DO 147 I=1,IMaX o
817 WL JJMAXSK)=(SIGPY2#W(],Ji K)=SIGPY3IwW(],J2,K))/SIGPYL
848 147 CONTINUE
€19 940 CONTINUE
820 C .
821 ConawasSET DHDT(I, )W (] s KMAX ) # o sttt g bt Nt G a RO R A C R R R R RO R RSB LD RS T ER RN
822 C
823 Do 233 I=1.1MAX
824 B0 233 J=1,JMAX '
825 DHADT(I,J)sW (T, JrgMAX)
826 233 CONTINUE
827 C ' .
828 CawweaBOTTOM BOUNDARY ON DENSITY
g29 C
830 DD 12 J=1,JMAX
831 B0 12 1=1,IMAX
832 RHO(1,J,1)=SI(TTBL,RHOTBL,T(1,J,1),26)
833 RHOCI»Js KMAX)=STI(TTBL,RHOTBLT(]»JaKMAX) 26)
834 12 COoNTINUE
835 C
836 C END Of BGUNDARY CONDITIONS
837 C
838 IF¢TIME.GT.DO) GO TO 32
839 IPRINT=NPRINT
840 CaLL ouTP
841 IPRINT=IPRINT+2
842 1d=1d+2
843 I2 CONTINUE
844 CALL QuTP
845 ld=1Jd+1
846 CALL DERIV
847 CALL SUM
. 848 C DENSITY CALCULATION
849 DO 40 K=1,KMAX
850 Do 40 I=2,I1

D MY I M (M
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FORTRAN IV (VER 45 ) SOURCE LISTING: THERMA PROGRAM 03/31/77 22:00:40

851 DO 40 J=2,J1

852 RHO(1,J,K)=SI(TTBL,RROTBL,T(1,J,K),26)

853 40 CONTINUE

854 TIMESTIME«DT

855 IPRINT=IPRINT+1

856 IF(EIEND.EQ,0,) GO TG 2002

857 IF(IP,EQ.IIP) GO TO 2003

858 2002 CONTINUE

859 IF(NITER,EQ,IP) GO TO 20

86 1P=1Pey

861 Go T0 1

862 20 CatLL OQuyp

863 2001 CONTINUE

864 CounwxWRITING OUTPUT ON THE DISCeastswswovaxss '
865 WRITE(6,1025) :

Bgé REWIND 25

867 WRITE(25) TIME,DT, P KMAX, JMAX» IMAX, IPRINT

868 WRITE(6,2006) TIME,DT,1P,KMAX,JMAXs IMAX, IPRINT

869 WRITE(6,2007)

870 DO 2003 K=1,KMAX

871 Do 2003 J=1,JMAX

872 DO 2003 !=1, IMAX )

873 WRITE(25) UCToJoK) oVl JaK) oW (1o daKysT(ladsKYsP(ladeK)sHCL ),
874 iRHO(]I, 00 K) )

875 WRITE(6’2005) IlJiknu(IlJQK’UV(lelK))H(x,JlK)uT(I:J.K)cP(IIJ;K)!
876 1RHO(L 2 JeKY 2 HOL, ) i

877 2003 CONTINUE .

878 STOP

879 END

s L R e R R G
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51
52
53

1P, 7X, THY25X))
RETURN
ENp
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1 SUBROUTIHE DERIV

2 COMMON p(20,14,30),DELX(20),DELY(14),DELZ(10),RHO(20,14,10),

3 1U(20,14,10),V(20,14,10),K(20,14,10),T(20,14.10),

4 20UDT(20+14,10),DVDT(20,14,107,DWDT(20,14,40),DTDT(20,14,10)

5 3IXNUH, XNUV,RO,F0,50,DH,DV,ENRUN, TBEG, TEND, 1P, 1J,CFX,CFY, 2,

é 4WINDX, WINDY,E,RHOA, IMAX, JMAX,KMAX,OMEGA, IM, MH, ML, MK,

7 SDEBUGL.DEBUG2,DEBUE3, DERUGA, DEBUGS» XNUR, ZNUR, XDHR, XDVR, G, 0T,

8 6NITER,NPRINT, 11,12,J1,J2,K4,K2, TIME, [PRINT,RHS(20,14,410),
9 TXIP1(20),XIM1(20),XTPML{20)»XT123¢20),YJP1(14),XIP2(20))
10 BYJM1(14),YJIPM1(14),YJ123014),H(20,14),DZ,YJP2(14),
11 9ZKP1{10),ZKP2(10) s ZKML{10) ) ZKMZ2(10) ) ZKPML(10)22K123(10)

12 Ar11,JdsKK, 132 J3+K3,FCe11T,B,EPS, ITNMAX,STGMA120),51GMA2(20),
13 BSIGMA3(14),SIGMA4(14),S10MAS(10),SIGMAS(Lg) sDHDTL20+14)

14 COMMON SIGX1sSIGX2,SIGX3,51GX4,516Y1,SIGY2,SIGYZ,SIGY4,S1GPYL,
15 1SIGPY2,SIGPY3,S1GPY4,51621,5i1622,81623,51624 - :
16 COMMON/TABLE/TTBL,RKOTBL
17 DIMENSION TTBL(26),RHOTBL(26)

18 [of . . '
19 C CALCULATE DERIVATIVES FOR WATER LEVEL ELEMENTS
20 C
21 DO 100 I=2,11

22 Do 100 J=2,J1

23 IPi=1+1

24 IMi=Iet
25 JP1zJ+l
26 IM1=Jd=1
27 €
28 € ADJUST WATER LEVEL VARIABLE
29 C
30 ZKP1(KL)=DELZ(KL)+F (1, )
31 DUDXR=CUCIPL, J,KMAX) =U(],J,KMAX) ) /XIPL(])
32 DUDXL=(U( T, Jo KHAX)=UCIML, JoKMAX) ) /X INMIC])
33 DUDBYR=CU(T s Jpd s KMAX Y mUCT o JoKMAX) ) /Y Ipa(d)

34 DUDYL=(UCT s J, KMAX) =U LT, JML KMAX) ) ZY ML)

35 DUDZL=2,#(UCT, JoKMAX)=UCT,JsK1))/ZKPL(KL)
36 DHDXR=(H([PL,J)=H(],J))/X1PLC)
37 DHDXL=(H(T, JY=HOIML, )2 /XIMLC])
38 DHEYL=(H(T, J)=H{T,JM1) ) /Y ML (Y)

39 DHDYR=(H(Is JP1)=H(1,d)}/YJPL())
40 DRHDXR=(RHO( [PLs JLKMAX) ~RHO (1, JoKMAXD ) /X [P1(])
41 DRHEDXL=(RHO{T,JsKMAX) ~RHC (IM1,J,KMAX) ) /X IMLL])
42 DRHDYR=(RHO (1, JP1,KMAX) ~RHO( I, J,KMAX) ) /YJPLI(D)
43 - DRHDYL=(RHO(1,JrKMAX) <RHO (T, M1, KMAX) ) /YJML (D)
44 C :
45 g CALCULATE HORIZONTAL MOMENTUM IN X-pIRECTION FOR WATER LEVEL ELEMENTS
46 ‘
47 DUDTCL, JoKMAX)S=U( L, J, KMAX) % (SIGMAL(])=DUDXR+SIGMA2( 1) *DyUDXL)
48 T 1=V(1,J,KMAX) #(SIGMAZ(.J) #DUDYR+SIGMA4(J) #DUDYL)
- 49 -H(!aJ)'(SIGMAl(I)'DPHDXR*SIGNAc(I)iDRHDXL)/F01
50 30((SIGMA1¢I)'DHDXR*SIGMA2(1)'DHDXL)
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o FORTRAN IV (VER 45 ) SOURCE LISTING: DERIV SUBROUTINE 03/31/77 22:00:10 PAGE 0023

51 48 (XNUR5(SIGMA1(1)%LUDXR+STGMAZ (1) #DUDXL)/HCT,d)
D 52 52, sRHO( I, J2KMAX) ZF0L))
53 . 6+XNUR®S, % ( (DUDXR=DUDXL)/XIPML(I)+(DUDYR=DUDYL)/YIPML(J))
4 54 2+ XNUR® ( (SIGMA3Z(J)«LUDYR+S]GMA4(J) #DUDYL)
& 55 8% (SIGHAS (J)*DHDYR+SIGMA4 (I *DHDYL) ) ZH(T, )
56 A=~ZNUR#DUDZL/H(I, 0}
57 BeCFXSRHOASWINDX*WINDX/ (2, %K (1,J))
’5 58 ¢C :
59 C CALCULATE VELOCITY GRADIENT FOR Y=COMPONENT OF VELOCITY FOR WATER LEVEL
60 C
& 61 DVDXR=(V(IPL, JoKMAX) V(T JsKMAX) ) /XIPLCT)
62 DVDXLEC(V (I, d,KMAX) =V (IML, J,KMAX) ) /XIML(T)
- 63 DVDYR=(V (I, JPLsKMAX) =V (1, s KMAX)) ZYIPL(J)
>3 64 DVDYL=(V(I»JaKMAX Y=V, JML KMAX) ) /Y UM (J)
. 65 . DVDZL=2, 8 (V( 1, JoKMAX) =V (1, J,K1))/ZKPL (K1)
66
& 67 C CALCULATE HORIZONTAL MOMENTUM IN Y~DIRECTION FOR yATER LEVEL ELEMENTS
68 C .
69 DVDTCD,JoKMAX)==UC],J, KMAX) % (STGMAL (] ) #DVDXR+SIGMAZ (1) =DVDXL)
9 70 1=V (1, J, KMAX) « (SIGMA3(J) 4DVDYR+SIGMA4 (J) 4DVDYL)
74 2-H(I,J)*(SIGMAZ(J)sDRHDYR+STGMA4(J)«DRHDYL ) /F01
72 3+XNUR® ((S[GMAL(])#CHDYXR+S{GMAZ () *DHDXL) )
© 73 4% (SIGMAL(])®DVDXR+SIGMAZ(])=DVDXL)) ZH(I,d)
74 54 ((SIGMA3(J)#DHDYR+SIGMA4 (J)=DHDYL)
75 6o (XNUR® (SIGMAZ(J)«CVDYR+SIGMA4CJ) *DVDYL)/H{ 1)
© 76 7-2,#RHOC T, J,KMAX) ZF01))
77 B+8, e XNUR® ( (DVDXR=DVDXL)/XTPML( 1)+ (DVDYR=DVIYL)/ZYJEML(J))
78 A=ZNUR®DVDZL/H(I,J)
] 79 B+CFY#RHOA®WINDY*HIADY/Z (2, uk(1,J))
80 ¢
o 81 g CALCULATE TEMPERATURE GRADIENT FOR WATER LEVEL ELEMENTS
: 82
83 DTDXR=(T(IPL,JsKMAX)»T(L,JoKHAX)I/ZXIPL(])
84 DTDXL=(T(1,J, KMAXY =T (ML, J, KMAXY) /XIML(T)
2 85 DYDYRS(T(I,JPL1,KMAX)=T(],J,KMAX))/YJP1(J)
86 DTDYL=C(T (s dsgMAX) =T (15 JMLKMAXD ) /Y JHL ()
® - 87 DTDZL=2# (T (1, JsKMAX) =T (1o JsK1))/ZKPL (K1)
88 ¢
89 C CALCULATE ENERGY EGUATION FOR WATER LEVEL ELEMENTS
50 €
9 91 DYIDT( L, JrKHAXYZ=U(T, 4, KMAX)#(SIGWAI(I)*DTDXR+SI”MA2(!)'DTDXL)‘
92 1-V(1,J,KMAX) #(SIGMAZ(J)#DTDYR+SIGMA4(J)DTDYL)
3 ZexXDHR#{(STGMAL (1) «CHDXR+S]GMAZ (1) 8DHDXL)
9 94 3% (SIGMAL (1) 2DTDXR+SIGMA2(T)«DTDXL) I /H(1,J)
: 95 4+XDHR#B, % ((DTDXR~DTDXL)/XIPM1(I)+(DTDYRLDTDYL)/ZYJPML(J))
) 96 5+ XDHR®*( (51GMAZ(J)*CHDYR¥§JGMA4 (J) #DKDYL)
N T 97 8% (SIGMAS(J)#DTDYRYSIGMA4 (J)#DTDYLIIZHT )
5 98 . 8=XDVR*DTDZL/H( L, J) . ~
P 99 9=S0wCT(1,JsKMAX) =E)/H(T4d) ' , 3
% % 100 100 CONTINUE : '
o
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101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

125

[pNeEe]

126 €

127 Co#¢#wsCALCULATION OF HORIZONTAL MOMENTUM [N X~DIRECTION

128
129
130
131
132
133
134
135
136
137
138
139
140
141

¢

c
Ces%%3CALCULATION OF HORIZONTAL MOMENTUM IN Y=pIRECTIGN

142 C

143
144
145
146
147
148
149
150

506

12
10
i1

DO 7 K=2,K1
DO 6 J=2,J¢
Do 5 I=2,11
IPi=sl+
IMi=1=4
JPizJ+l
JMizJ=-1
KPizK+1
KMl=K=1

ADJUST WATER LEVEL VARIABLE

IF(K,NE+K1) GO TO 3506
ZKPL(K1)=DELZ(KL1)+H(1,J)
ZKPMI(KL)=ZKPL (K1) +ZKHL (K1)
SIGMAS(K)=2,#ZKML(K)/ZKPML LK)
SIGMAB(K)=2,%ZKPL(K)/ZKPM1(K)
CONTINUE

IF(DEBUG2,EQ,0.) GO TO 11
WRITE(6,12) 1,JiK

FORMAT(IHU!ZX,'I='013'ZXO 'J='.13:2X3'K='ol3l/)

WRITE(6,10) Ip1,IM1,JPl,JML,KPL,KM1

FORMAT(LH »2X, '1P121,13,2xs ' 1M121, 13,2, 'UPL=",13,2X, tUM1=",13,2X

1'KP1='11312X1'KM1='113)
CONTINUE

DUDXR=(UCIPL, JLoK)~L(LaJdsK)I/ZXIPL(])
DUDXL=(U(T»JsK)=UCIML,J K)IZXIMLIC(])
DUDYR=(UCI,JPL1,K)=L(],Jd,K))/YJPLLY)
PUDYL=(U(T» 0, KI=U(], M1, K) )/ Y ML)
DUDZR=(UL I, Jo KPR ~L (1, JsK)) /ZKPILK)
DUDZL=(UCTI,JoKI=U(T,Jd, KMHLY ) /ZKMLI(K)

DUDT(I,JdrK)==UCT,JsK)=(DUDXR*SIGMAL (] ) +DUDXL*#SIGMA2(]I))
1-V(1,J,K) = {DUDYR*SIGMAS(J)+DUDYL*SIGMA4(J))
2-W(l,J,K)#(DUDZR%SIGMAS(K)+DUDZL#SIGMASL(K))
3+8,# (XNUR# ( (DUDXR-CUDXL)/XIPML(I)+(DUDYR=DUBYL)Z/YJPML(J))

4+ZNUR#(DUDZR=-DUDZL )/ ZKPM1 (K))

DVDXR=(V(IPL,J.K)=V(],JsK))/XIPL(])
DVBXL=(V(I,J.KI=VIIML,J,K)I/XIMICTD
DVDYR=(V(1,JP1,K)=V(],Jd,K))/YJPL(J)
DVDYL=(V(I,JrKI=V(1,JdML,K))/ZYUMLILD)
DVDZR=(V(IrJaKPL)=V(1,J)K)I/ZZKPL1(K)
DVDZL=(V (I, JsKI =V, JaKML)I/ZKML(K)

DVDT(L,Jd,K)==uUCl,J,K)»(DVDXRaSIGMAL(])+DYDXL*#SIGMA2(]))
1=V(Is JoK)#(DVDYR*SIGMAS( J)+DVDYL#SIGMA4(y)) ’
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3 FORTRAN IV (VER 45 ) SOURCE LISTING: DERIV SUBROUTINE 03/31/77 22:00:10 PAGE 0025
151 2-W(lsJ,K)w(DVDZR&SIGMAS(K)*DVDZL#SIGMAG (K} )

. 152 3+8,(XNURs ( (DVDXR-CVDXL)/XIPM1(])
: 153 4+(DVDYR-DVDYL)/YJPF1(J))
154 5+ZnuUR# (DYDZR=DVDZL)/ZKPM1 (K))
® 155 €
156 Cw#ss#sCALCULATION OF VERTICAL MOMENTUM IN Z-DIRECTION
157 ¢C
. » 158 DUDXR=(HCIPL,JoK) =W, JyK)I/XIPLCT)
159 DWDXL=(HCIsJaK)aWEIML, JpK)IZXIMLCT) -
. 160 DWDYR= (W (1,JP1,K)=K(T,Jd,K))/YJPL(J)
161 DWDYL= (W (T do k) =0T JMLaK)I/ZYIMLCD)
162 DUDZR=(H (12 JsKPLY=W {1, JsK))/ZKPL LK)
" 163 DWDZL=(NCT s JsK) =W T, d, KML) ) /ZKML(K) . '
164 DWDT(L,J,K)==U(l,J,K)#(DWDXR*SIGMAL(] ) «DHDXL#STGMA2( 1))
165 1=V (1,J,K) % (DYDYR*SIGMAS(J)+DUDYL=SIGMA4 (J))
’ - 166 2=W(lsJsKy#DWDZL*2, :
167 348, % (XNUR« ( (DHDXR-LWDXL) /XIPML(D)
168 4+ (DWDYR=DHDYL)/YUPF1(J))
o 169 5+ZNUR® (DWDZR~-DWDZL ) /ZKPML (K))
176 6=RHO(I, J,K) /FO1
171 ¢
172 CwseesCALCULATION OF ENERGY EGUATION .
e 173 ¢
174 DTDXR=(TCIPL,JsK)=T (L, JrK))/XIPLCD)
. 175 DTDXL=(T(sJpK)=TCIML,JsK)I/XIMICT)
176 DTDYR=C(T(I, JPL,K)=T(1,J,K))/YIPLCS)
177 DTDYL=(T(lsdsKI=T(1, ML, K)I/YIMLC)
. 178 DTDZR=(T(1sJsKPL)~T (1,4 JsK))/ZKPL(K)
179 DTDZLECTCI s o KI=T{1,J,KML)) /ZKML(K)
180 DTET(L,d,K)=~UCl,J,K)%(DTDXRSIGMAL(T)«DTDXL#SIGMAZ(1))
- 181 1-V(1sJsK)#(DTDYR*SIGMAB(J)¢DTDYL#SIGMA4 (J))
182 2-H(I,J,K)*(DTDZR#SIGMAS (Ky+DTDZL*SIGMA6(K))
183 3+3, # (XDHR# ( (DTDXR=-DTDXL) /XIPMLC])
- 184 4+ (DTDYR-DTDYL) /YJP¥{(J))
185 5+XDVR*( (DTDZR-DTDZL)/ZKPML(K)))
186 C
187 CowsssCALCULATION Of DIVERGENCE
e 188 C
189 1F (DEBUG2.EQ,0.) GC TO 90
< 150 IF(1J.NE.NPRINT) GO TO 50
191 DIV=(DUDXR*SIGMAS (1)+DUDXL#SIGMA2(1))+(DVDYR#SIGMAS(J)+
192 1DVDYL#S]GMA4(J) ) +DKDZL 42, ,
- 193 WRITE(6,80) 1,JsK,DUDTCIoJaK),DVDTCI,J,K),DHDTLI,JoK)2DIV
194 90 CONTINUE .
. 195 80 FORMAT(LH »3(12,2X),2Xs 1DUDTC(IsdsK)=1,EL15,7,2X, +DVDTCI,J,K) =1,
o 196 4E15.702Xs 'DUDTCI,JsK)="sE45:7,2Xs 'DIV=1,E45,7)
s : 197 5 ~CONTINUE
; 198 6  CONTINUE
. 199 7  CONTINUE
. 200 C SET OX AT THE BOUNDARIES

| §:74
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201
202
203
204
2085
206
207
208
209
210
211
212
213
214
215
216
217
218
219
22a
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
2456
247
248
249
250

c

c

c

aa

200

205

229
210

230

505

Do 200 J=2,J1

DD 200 K=2,K1

DUDT(1,J,K)=0;

DUBTCIMAX, J,K)=DUDT(141,Jd.K)

CONTINUE

SET QY AT THE BOUNLCARIES

DO 210 i=2.11

DD 210 K=2,K1
DVDYRO=(V(1,3,K)~V(1,2:K))Z7YJIPL(2)
BVOYLO=(V(],2,K)=V{],1.K3)/7YJML(2)
DVDYRM=(VUI, JMAX,K)=V(1,J1,K))/YJIPLI(JL)

DVDY M= (VLT ,J1,K)=V(],J2,K))/7YJIML(JL)
BVvDT(1.,JMAX,K)=8, *XNUR‘(DVDYRM DVDYLM)/YJPMI(JI’
IF(KJLT. IM) GO TO 205

CONTINUE '
DVDTCL,1,K)=8,#XNUR=(DVDYRO=DVDYLQ)I/YJPNM1(2)
G0 TQ 2190

CONTINUE

DyDT(I,4,K)=0,

CONTINUE

SET QZ AT THE BOUNDARIES

po 230 l=2,11

PO 230 J=2,J1
DWDZTO=(NCL,J,3)=W(1,J52))/2KP1(2)
DWDZLO=(YNCT,J,2) W Tada3))/2KMLL2)
DWDT(1,d,1)==RHO(!,J,4)/F01+B 3ZNURs (DUDZTO=DHDZLO)/ZKPM1(2)
DWDY(1,JaxMAXI=~RHC (I, JskMAY)/FOL

CONTINUE

Do 504 K=2,K1

KP1=zKed

KMiz=K=1

DO 504 J=2,J1

JPizdvd

JMi=J=1

DO 504 1=2,1%

IP1=1+1

IMizsI=1

ADJUST WATER LEVEL VARIABLE

IFtK.NE.K1) GO TQ 505
IKPL(K1)=DELZ(KL)+H(L, J)
ZKPML(KL)=ZKPL (K1) #ZKM1 (K1)
SIGMAS(K)=2,%ZKML(K)/ZKPML(K)
SIGMAG(K)=2,#ZKP1(K) /ZKPMLIK)
CONTINUE

'PAGE 0026

DODZ=(DUDTL{I 4 JsKPL)«DHDT (Y s K))ﬁSIGMAstK)/ZKPitk)t(DNDT(I JaK)e .

1DWDT (T, JsKM1) I *SIGMABCKY/ZKMLI(K) .
RHES(I,J,K)=DBDZ

.
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251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

aana

DADY=(DVDT(I, JPL,K)=DVDT(1,J-K))aSIGMAS(J)/YIPL(JI&(DVDT(L,JsK)
1DVDT(,JM1,K)I#SIGMA4(JIZYINL(Y)
" RHS(1,JsK)=RHS(],J,K)+DGDY
panX= (DUDT(IP1 Js K)-DUDT(IoJ:K))“SIGMAi(1)/XIP1(I)*(DUDT(l JiK)w
1BUDT(IML, J.K) Y =S IGMA2CT) /XINMICT)
RHS(1,J)K)=(RHS(I,J,K)+DaDX)»#FO1
IF(DEBUG2,EQ.0.) GC TO 504
wRITE(6.1goo) 1.J,K,D0GDX,DADY,DRAD2Z
1000 FORMAT(iH 12X, ' 13 .12.2x.'J-'.12.2X.'K- 112,2X,'DADX="',E14,7,2X,
1'DGDY=',E14,7,2X,'00DZ="1,E14.7)
504 CONTINUE
600 CONTINUE
CALlL PRESS
DO 15 K=2,Ki
DO 15 J=2,J1
po 15 1=2,11
IPs=1+1
IMiz]~1
JP1zJ4d
JMi=J=1
KP1=K+1
KMizK~1 : '

CALCULATE PRESSURE GRADIENT IN X=DIRECTION

DPRX= (P(IPl JHKI=P (I JaK)YESIGMAL (L) /XIPL(LI+(P (T4, K)-P(IMi J1K))
4#STGMA2(T)/XIMLLT)
DUBT(1,Jd,K)=DuUbDT(1,J,X)=CRDX/FOL

CALCULATE PRESSURE GRADIENT IN y-DIRECTION

DPDY=(P(I,JPL,X)=P(laJsK)YaSIGMAS(JI/YJPLIII+(P(L,JsK)=P(],JIM1,K))
1#SIGMA4(J)/YUML(D)
DVDT(1,J,K)=DVDT(},J,K)=DPDY/FOL
15 CONTINUE
RETURN
END
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12t

139

110
300

33

(VER 45 ) SOURCE LISTING: A 03/s31/77 22:00:10

SURRJUTINE PRESS

REAL LAMB1.,LAMB2

COMMON P(20,14,10),DELX(208),DELY(14),DELZ(10),RK0(20,%4,10),
10€20,14,100,v(20,14,10),W(20,14+13),T¢(20,14,10),

2DUDT(20+14:10) . DVDT(20.14,10),BH0T(20,14,10), DTDT(20,%4510) 0 -
3XNUH, XNUV,R0,F0,5S0,0H,0V,ENRUN, TBEG, TEND, 1P, 1J,QFX.CFY, Z,
AWINDX, WINDY, E,RHOA, TMAX, JMAX, KMAX, OMEGA, IM,MH, ML, 4K,
SDEBUGY, DEBUG2, DEBUGI,DEBUGSE, DEBUGS » XNUR ZNUR, XDHR, XDVR,G,DT»
6NITER)NPRINT»11,12sJ1,J2,K1, K2+ TIME, [PRINT,RHS(20,14,10),
7XIP1(20),XIM1(20),XIPML(20),X]1223(202,YJP1(14),%X1P2(2D),
8YJM1(14),YJIPM1(14),Yd123(14),H{20,14),D2,YIP2(14),

9ZKPL(10) 1 ZKP2(10),ZKML(10)»ZKN¥2(1D0),ZKPML1(10Y,2K123(10)

Ar I, JJd KK, 13,023, K3,F01,11T,B.EPS, ITNMAX,SIGMAL1(20),SIGMAR2(2D),
BSIGMA3(14),51GMA4(14),SIGMAS(10),51GMA6(20)DHDT(20s14)

COMMON SIGXIrSIGXEcSIGXS-SIGX4oSIGYl.SIGYa:SIGY3¢S[GY4.S!GPY1.‘

1S1G6PY2,S1GPY3,SIGPY4,81621,51622,51G23,51G24
COMMON/TABLE/TTBL,RHQOTBL
DIMENSION TTBL(26),RHOTBL(26)
IF(HYD.EQ,0.) GO TC 390
"CGALCULATE PRESSURE FROM WYDROSTATIC APPROXIMATION
DO 110 L=1,KMAX
KsKMAX+1=L
KP1=K+1
PO 110 J=1.,JMAX
DO 110 I=1,IMAX
IFC 1 LT, MH .AND, | .GE, ML ) GO TO 140
IF(K NE.KMAXY GO TC 120
PCI,JsK)=RHOCTI,J,K)#R(T,J) /72,
GO T0 110
ONTINyYE
IF(K NE.K1) GO TO 139
ZKP1(K1)=DELZ(KL)+H(!, J)
CONTINUE
P(lydsK)= P(I:JoKP1)4RHO(I o K)*ZKP1(K)/2.
CONTINUE
G0 70 100
CONT INUE
END PRESSURE CALCULAT]ON FROM HYDROSTAT!C APPROXIMATION

FORMAT(4HO,2X, 'OMEGAZ1.E14,6+/)
CALCULATE FROM PRESSURE EQUATION
ITN =1

vi=1,

LAMBL=1,

OMEGA=1,

IFt{IP.NE, D) GO TD 10
1F¢,NOT . (DEBUG4.GE,2,)) GO TO 1p
WRITE(6,33) OMEGA

DO 6 K=2.K1 :

DO & J=2:J1

Do 6 [=2,14

PAGE 0028
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
- 80
81
82
83
84
85
86
87
a8
8¢9
90
91
92
93
94
95
96
97
98
99
i00

HRITE(6,23) K,ZK123(K)»ZKP1(K)»ZKP2(K),ZKML(K),J,¥YJ123(J),
LYJIPLEI) » YIMICI) s 1, XT2123C1), XIPICI) XIMI(L)
6 CONTINUE
10 D =0,
B=1,~0MEGA
Y2=0,

PRESSURE BOUNDARy CONDITIONS
«»#%SO0LID"FLUID BOUNDARY ON PRESSURE

oo

no 200 I=2,11
DO 200 K=2,K% ,
IF(K,LT.Iy) GO TO 225 :
IFC 1 LTy MH +AND, 1 .GE, ML ) GO TO 210
225 CONTINUE
P(1,1,K)=(SIGY2%P(1,2,K)=SIGY3#P(1,3,K)=SIGY4«DVDT(L,1,K)#F0L)/SIG
AY1
210 CONTINUE
P U1, JMAX,K) = (STGPY2eP (I, JLsK)oSTIGPYISR(1,J2sK)+S1GPY4RDYDT (I s JMAX,
AK)Y&F01)/S1GPY1
200 CONTINUE

C .
c CALCULATION OF PRESSURE IN THE WATER LEVEL ELEMENTS
¢

- DD 50 1=2,I1
D0 50 J=s2,J1
PCl,JoKMAX)=H(T»J)SRHO(T s JoKMAX) /2
50 CONTINUE
c .
C FLUID=FLUID BOUNDARY .CONDITION IS SET DURING INITIALIZATION
Cux#axBOTTOM BOUNDARY QN PRESSURE

c
DO 220 I=2,11
DO 220 J=2,J1
P(1,Js1)=(SIGZ2#P(1,J,2)=SIGZ3*P (I, J13)-51G248DUDT(1,J,1)#F01)/S1G
AZ1 ‘
220 CONTINUE

c
c OUTGOIONG BOUNDARY ON PRESSURE
c

DO 55 K=2,KMAX

B0 55 J=2,J1

PCIMAX,JaK)=P (11, J0K)
55 CONTINUE

CALCULATE PRESSURE [N FLOW REGION
DO 5 K=2,K1

DO 5 J=2,J1
Do 5 [=2,11

OO0
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FORTRAN 1V

151
152

153 -

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
i70
174
172

21

22
24

14

24

100
49

(VER 45 ) SOURCE LISTING: PRESS SUBROUTINE 03/31/77 22:00:10 PAGE 0031

IF(ITN=-TTNMAX) 10,110,212

WRITE(6,22)

CaLl EXIT

FORMAT(1HO0,4X,"' FAILS YO CONVERGE IN GIVEN ITNMAX 1,/)
FORMAT(lHO:ZX.'I'pZXO'J':3Xa'K'l6Xr'X'véx;'Xi'oéx;'x2'16X:'X3'i
16X, X417 ,6Xe "X 58X, ' XE ) O6Na X7 26XsAY)

CONTINYE

1F(DEBUG4.EQ,0.,) GO TOQ 40

WRITE(6,20) [TN

FORMAT(1HQ»10Xs 'ITh=1,13)
FORMAT(L1HO,'K="',12,2X%,"2K123(K)=",E11,4,2%, "ZKPL(K)=",E11,4,2X,
1'ZKP2(K)=",E11.4,2X, "ZKMLI(K)=S1sE11.4,/,2X,'d2",12,2X,'YJ123(J)=",
2511|4l2X0'YJPI(J)=’DE11l4'2X‘.YJMi(J)='lEllt4,2Xl/l2XD'I="12I
32X, 'X1123¢1)=7,EL11,4,2%, 'XIP1(1)=",E11,4,2X, *XIML(]1)=",E11,9)
FORMAT(AH ,t1=1,12,1X,%J=1,12,1X,'K=',12,1X,

1'P (1 JsK)=1,E11.4,1Xs1P(1ml,J, KIS, E11,4,1X: 'P(1+1,d4,K)=",E11.4,
2IX, Pl drl K)Z Bl dr /7% P10+, KIS ,ELL,4,1%,"P(I,J,Kel)=T,
TE11,4,1X,'P(1,JsKe1)51,E11,4,4X 'RHS(I,JoK)I=1,E1L1,4,1X, "A(],J,K)="
4,E11,4,/,7X,'B=",E11,4,2X,'D=,E11,4) ’

CONTINUE

RETURN

END ) !

152
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VO NOVU D GIN -
«Q aoaoaon

(S ey
N o

13

[
-

15
16
17
18
19
20
21
22
23
24
25

26.

27
28
29
30
31

FORTRAN 1y (VER 45 ) SOURCE LISTING: §! FUNCTION 03/314,77 22:00:40

FUNCTION SI(XTBL,YTBL,X:N) :
LINEAR INTERPOLATICN OR EXTRAPOLATION OF SINGLE VARIABLE FUNCTION

XTBL = INDEPENDENT VARIAELE TABLE
YT8L = DEPENDENT VARIABLE TABLE .
X =VALUE OF THE INpEPENDENT VARIASLE

N = NO, OF POINTS IN TABLE

0=NO EXTRAPOLATION, 1=LOWER EXTRAPOLATION, -2zUPPER EXTRAPOLATION

DIMENSION XTBL(30),YTBL(3D) . '

CHECK TO SEE IF EXTRAPOLATION IS NEEDER

IF(X-XTBL(1)Y) 120,130,150

WRITE(6,202)

iORHA;(iHO.SX.' DENSITY TABLE OUT OF RANGE AT THE | OWER END')
I= :

GO0 TO 254

IF(XTBL(H)-X) 160,180,210

WRITE(6,201)

EORHAL(lHul 5Xs' DENSITY TABLE OUT OF RANGE AT THE UPPER END ')
I = .

g0 TO 254

FIND X IN TABLE

DO 220 1K=2,N

11 = Ik
IF(XTBLCIK) =X) 220,254,254
CONTINUE

X1 = XTBL(II-1)

X2 = XTBL([])

Y1 = YTBL(II-1)

Y2 = yTBL(II)

ST = Y14(Y2=Y1)®(XeX1)/(X2eX1)
RETURN -

END

85¢
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(VER 45 ) SOURCE LISTING: 03/31/77 22:00:10 PAGE 0033

" BLGCK DATA

COMMON/TABLE/TTBL,RHOTBL

REAL & 4 TT8L(26)/70,,72,,74.,,76.,78,,80,,82,,84,,86,,88,,90,,92,,
*94 ,

'96-098u5100111020|104011060)1080'1101)112.’114- '116-1118.,120./
REAL ® 4 RHOTB (26)/62,3029595,62,28977202,62,27425582,62,25487144
#,62,23937263,62.22000569,62,20065933,62.18132073,62.16199416,
#62,13881812,62,11565936,62,09251785.,62,06939358,62,04628853,
#62,02319668,641.99628022,61,96538712,61.94251734,61.91567086,
#51.83884763,61.86204763,61,83144747,61, 80469716 51. 77415369.
461,74364041,61,71315725/

END

652
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I.i"iﬁ‘l0*!'!**."‘.‘5}.!""&"‘Ii*.*.{*i*ﬁ*l.§§¢iiiﬁi#*‘#&*}&ii“{&i*.‘..ﬂl&.‘l"}ﬁlﬁaﬁl'iﬁlll"'i-.&*i.*#ﬁl&.ili&ﬂi&'aiiaii&“.ﬂi&-}ig&s8

-ENRUN = 0.2000E 01

0.2500E 02

TBEG = 0,0000F 00 TEND = 0.1000E 04 ENITER= 0.5000E 04 ‘NPRNT =
ul = 0.4000E 00 vl = 0.00GO0E 00 Tl =0, 7soué'bz'""”"”" o T
Ug= 0,2000E 0% —.._ANGLE= 0,1574E 01 _ _ T0= 0,9000E 02 D0= 0,5000E 02 XNUZ= 0.8250E-05
WINDX = 0,0000E 00 WINBY = 0.0000E 00 RHOA = 0.,7630E=01  E = 0,7400E 02 XK 5 0.100GE 03
€Fx = 0,0000E 00 ~ CFY = 0.0000FE 00 T T - T - -
DH = 0.1350E 04 DV = 0.,4000E 50 - XNUH . = 0.,1350E 04 XNUV_ = 0,4000E 00 CP= 0,1000F 0%
EIMAX 5 0.1000E 02 EJMAX = 0.7000E 01 EKMAX = 0,5000F 0%
" pEBUGLi= 0,0000E 006~ DEBLG2Z= 0.0000E 0O DEBUG3= 0,0000E 00 DEBUG4= 0,0000E 00
EIRUNZ DL.0000E 00 E1END= 0.1000F 031
EIM= 0,4000E 01 EML= 0,400UE 01  EMKs 0.5000E 01 sL1P= 0,0000E 00 HYD= 0,0000E 00
HEAT= 0.00COE 00 = XIIP= 0.,52008 2 T ' T
1 RELX(I)
1 0,6500E €2 2  0,6000E 02 3 '0,55008 02 4  0,5000E 02
5 0.,5000E 02 6 0,3500E 02 70,6000 02 8 0.6500E 02
$ G.700CE 02 10 0,7000E 02
S DELYSY n R I R .
1 0.5000E 02 2 0,5000¢ 02 I 0,5500€ 02 4 0,6000E 02
8 " 0,6500E 02 & _0,7000E 02 7 0,7000F 02
K_ DEL2CKY o o e
1 0.,3500F 01 2 0,4000E 01 3 0,5000F 01 4 0,4000E 01 . /-
5 0,3500F 01 T "" T
TIBL __REOTRL : ) ] '
0.76000008 02 0.,6230294E 02
0.72600C0EF 02 0,6228976E 02
0.7400000E 02 0.6227426E 02
0.7600000E 02 0,6225487E 02 .
0.7800000E oz 0.6223938E 02 »
0.8000000E 02 0,6222002E 02 .
0.,82000006 02 0.6220065¢ 02
0.8400000E 02 0,6218132E 02 ‘ . .
0,86000008 02 0.6216199E 02 . o o o B o



" 0.8800000E 02
P.9000000F G2
0.9202000s 02

0.9600000& €2
0.9600000F 02
0.,1000000F 03
0.3020000% 03
0.1040000F 03
0.,1060000E 03
'0.1080000E 03

0.1100000€ 03

0.1120000& 03
0,1140000E 03
0.11600CJ€ 03

34,1180000E 03
0.120C0000F 03

0.9400000E 32 ~0.6208940F 02

0.6213882E 02
0.6211566E 02
0,6209251E 02

0.6204628E 02
0.86207319€ 02
0.6199628E 02
0.619£93%E (2
0,6194252E 02
0,6191566E 02
0.6188885E 02

_0,6186205E 02_
0.6183145E°02

0.6183470E 02
0.6177415€ 02

0,6174364E 02
0,.6171315E 02

KMAX

19¢

IMAX = 10 JMAX = 7 =
)& = ‘9 J1 = & K1 =
12 s 8 J2 = 5 K2 =
13 = 7 J3 : - 4 K3 z
o RHOZ:  0,6211566E_02_ ) e
' 1 J - K 'SUGGESTED DT 1 K  SUGGESTED DTT
5 2 2 0.4511E 00 5 2 2 0.4511E 00
I 4 KMAX  SUGGESTED DTS J  KMAX  SUGGESTED DTTS i
5 2 5 ° 0.4465E 00 5 2 5 0.4465E 00 - o -

oo g



Gi&&ilﬁiﬁ{ii..i{"l#NON:DIMENSIONAL INPUT VALUES sutspaonsttasssusut®s

ENRUN = 0,2000F 01
T8EG = 0.00GCE 00 TEND = 0.4000F 02 NITER= 5000 NPRINT=
Ul = 0.2000E 00 = 0.0U00E 00 )

up= 0,1000E 04

ANGLE= 0,15741E 01

TI = 0.8333E 00
T0= 0,1000F 01

po= 0,5000F 02

XNUZ= 0.1000F N

WINDX

= 0,0000E 00 WINDY = 0.0000E 00 RHOA = 0,1228£=02

DH = 0.1635E 09 = 0.484BE 05 XNUH = 0.1636E 09 XNOV = 0,4848E 05
8 = 0,3220£.02 = 0.8000E=02 ' E= 0,8222222E 00

1 DELX(DY

1 0,1300€ 01 0,1200€ 01 3 0,1100F 01 4 0,3000F 01
5 0.1000E 01 0.11b0E 01 7 0.12908 04 8 0.1300E 01
9 0.3400E 01 0,1400FE 01
J  DELY(D

1 G.1000E 01 0.1000E 01 3 0.1100% 01 4 0.1200E 01
5 _0.1300E 01 0.1406E 01 7 ___0,1400F D31

K DELZ(K)

1 0.7000E-01 0,8000E-01 3 0,1000€ 00 4  0.8000E~01
5  0,7000E-01 '
RQ 08 = 0.4984E=01

= 0.,1212€

Se = 0,9317€-05

292



o g oo PA s A s

TTBL
0.7777777E CQ

__0.8000000E 00 _

0.8222222E GO0
0,8444444 00
0.3666665E 0O

0.,9411311€ 00

0.9333333 00

0.8888888E 00  0.1001879E 01

RFOTEL
¢.1003015& 01
0.1002803E Q1

T0.1002553F 01
0.1002240E 01
0,1001991E 01

0,1001368E D1
0.1301057E 01

0.9555555& 00 ~ 0.1000746E 01

0.9777777E OO0
5,10000002 04

0,1000373E 01
0,1000000E 01

0.10222222 01 0.9596273€ 00

0.1044444F 04
0.1066667€ 01

0.12111118 0%
0.1433333F 0§

0.10388e88 01  0.9985113E 00

0,99925528 00
0,9982330E 00

0.95807808 0D
0.9576451E 00

0,11555556 04 0,9572126E 00

0.1127777¢ 04
0.1200000E 01

0.9567302E 00
0.9563486E 00

3.12222218 61 0.99591706 00

0.,1244444E 01
0.1266666E 01

0.i2888888 01 U.9945021E 00

G.1311110E 01
0.1333333€ 04

0.9954244E QO
0.5549939E 00

0.9540107E 0Q
0.9535200E 00

satnconngosabatnsa®aEND OF NONeDIMENSIGNAL INPUT VALUES##tssastnscsasidatss

XNUR 5 0.,1350E 02 ZNUR = 0.4000E~02

XDHR = 0.,1350F G2 XBVR = 0,4000g~C2

€92




TIMg= 0,0000g 00

= 0,8000g-02

ITERATION NUMBER= 0

U v W T P
6.0000E 00 0.0000E 00 O0,0COQE 000,83330,3348
0,0000E 00 5.00DGE 00 0,0060E UD0.,8333D,3308

u. Y W T P
0.000GE 00 O,0000F 0N 0,090%F 000,83330.3308
0.0000E 0o O, 0000— 00 0,00n9E 096.R333p,3318

0.00G0E 00 0.0000E §0 0,0000E 000,83330,3303
0,00c0E 00 G.0000E 0O 0,0000E 000,83330,33n8
0,0000E 00 0.0000E 00 0.0UODE 000.83330.3308

fes

G.0006E 00 0.0000E 00 0,0000E 000.83330.,33038 .

¢6.0000E 00 Q.0000E pO 0,0000E 000,.83330,3308
0,0C00E 00 0.0C00E 099 0,0000E 000,83530,3308

0,0000E 00 0.0000E 00 "C,0000E UQD,B83330,3308
0.0000E 00 0,0000E 00 0,0000€& 000.,83330,3308
0.000CE 00 C.0000E 00 0,0000E 000,83330,3308

(WY

0.000CE 00 0,00005°00 0,0000E 006.83330.3348
0,0000E 00 0,0000E 0C 0,00NNDE 0008.83330.3358
0.0000E 00 0,0000E 00 0,0700E 000.8333%9,33n8

0.0000E 00 0.0000E 00 0.0000E 000.83337,3348
0.0000E 00 0,0C00E 00 5.0N00E £00,3333n,33n8
0,0000E 00 0.0C00E 020 J,.0700FE N0G.53330.3308
D.0000E 00
0.0000E 00 0,0000E 0N 0,0000F 000.83336.3318

* 0.0000E 00 0.0000E 00 0,07N0F 00N,.83330,3308

0. 0000E 00 0,0000E 00 0, 0000E 000, 83330,3308
0.0000E 00 0.0000E 00 C.0000E 000.,83330,3308
¢.0000E 00 0.0000E 00 0,0000E G00,83330,3308

0,0C00E 00 0,0000E 0NO.83338,3308°

0 0000E G0 U,0000E 07 G.0nANE 000.83330.3%98
0.C000E 20 C,CQD0E 02 0,9000E 0NN,A83335,3308
0,0000E 00 0,8000E 00 0.0%90€ 600,53330,3308

0, UC00E B0 0,0000E 00 0,0000E 0{0,83330,3308
0.0C00E 00 0.,0000E 00 0,0000E 000,83330,3308
0,000C0E 00 0.,0000E 00 0,0000E 000.83330,3308

pwL

0, 0600E 00 0.0006E 00 0.0008E000,83330,3378
0.000CE GO 0.00QCE 0O 0,0000E 0QU,83330,3308
6.0000E 00 0.0000E 0C 0,0000E UDU.83330,3308

>

0.0000E 00" 0,0000E00 0,09006E 000,83330.3318
0.,0000E 00 0,0000E 00 0,000NE 00D,R3339.33n8

0.0000E 00 0.0CO00E 0N §,DNNNE 000.83332.3308

§.000CE 00 0,0000E 0 0.0000F 500,833%17,3318
C,0000E 09 0,00CDE 00 0.0950F 000,83330.3308
0,0000€ 00 0,0000E Q8 0,0M9NE 000,8333n,3308

§,0000E 00 0V C00Q0E 00 0,0000E"TU00,83330,33U8
¢,0000€ 00 0.0000E 00 0,0000E ©0O0,83330,3308
0.0000E 00 0.,0000E 00 0,0000E 000,83330,3308

DR BNOONNHENOSDRHBRNNO DL ND DO N~

0.G000E"G0 0,0C00E 00 0,0799E 000.83339,3308
0.0000E 00 0,0000E GO 0,09n0E 600.83330.33n8
0,0000E 00 0,0C005 00 0.90090E 080.8333n.33n4°

0. O0200E 00 0L0C000E DO 0, 0000E U000, B3330,330¢8
0.0000E 00 0.0000E 00 0,0000E 000.83330,3303
8,0000E 00 0.0000E 90 0,0000E v00,83330,3308

[y

T UVD000E 00T 0.0000ETQUT 0, 0000E 000, 83330, 3308

0.0000E 00 0.0000E Q€ 0.0000E 000.83530,3308
0.0000E 00 0.0000E GO 0,0000E 000,83530,3308

U-0000E 00 0. 0000E D0 " 0,0000E"0DO,B3330,3378
0,0000E 00 0,0C00E 00 0,0000E 0C0.83330,3308
0,0000E 00 C.2000E 00 0.0000E up0.83330.3308

[,

000005 6070 0000E 007 5, 0000ET0D0V83330.33(8
0.0000E CO 0.0000E 0O ©,0000E 000,83330,3308
0.0000E 00 0.0000E 0. 0,0000E 000,83330,3308

[N

|

0, 000CE g0 0vDCOOE 00 C.0M4G8E 0n0.,83330,3318
0.00606E 00 0,G000E 00 £.2NG0OE 000,R3330,3306
0.000GE 92 80,0000 00 0.07NNE N00,83330,3308

0. 0000E 9070, 06005 G 9,0000E 080,83337.3378

0.0000E 00 0,0000E 00 9,00nNE 00N.R3339,3398
0.0000E g0 0,0000E 09 0.00RNE 000,8333n,330n8

TTOC0000DETARTOVDC00ET L0 0.00NNE DNO L B33, 30T

0.0000E 0C 0.,0000E 00 9,0700E €NO.53330,3378

0.0000F 00 0.0000E 00 0.09710E 000.83370,3208 °

0,0000E 00 0.0000E"0C C.00RAE 606, 83330.,3318
0.0000E 00 0,0000E 00 0,0N0NE 000.83330,3328
0,0000E 00 0,0000E NG 0,00NNE 000.8333n,33n8

0.C0G0E 60 070000E 00 0, 000JE 000,83330,2558
0.0000E 00 0,0000E 90 0,0000E 000.83330.255¢
0.0000E 00 0.0000F 00 0,0000E 000,83330.2556

0. DOGOE DG 0, 0CO00E 00 ¢.0000E 000.83330.2558
0.00006E 00 O0.000CE 00 0.00%0E 000.8333n.2556
0.0000E 00 0,0000E D0 0.0N0D0E 0060,B8333n.2556

G,0C00E 00 3° OOOOE“OO‘U”UDOOE—ﬁnU 83330,2556
0.0000E 0C G.0000E 00 0,0000E 000,83330,2556
0.2003E 00 0.0000E 00 D,0000F 0QU.83330,255¢4

0, 2000 00 0. 0C00E (G0 0, 0006E 000,83330,2556
0,2000E 69 0.,0000E 0 .0,0000E 000.83330,255¢
0.2000E 00 0.0000E 00 0,0000E 400,83330,255¢%

[N

T 0,0U0GE 00 0,0000E 30 0,0000E 000,83335,2556

0.0000E 00 0,0000E 00 0,00G0E 000.83330.2556
0.2000E 00 0,0000E 00 0,0900FE 900.83331.2556

0.23500E 00 0.0000E G0 0,0000E 000,83330,25%%
D.200CE 00 0,0000E 00 0,0000E C00.83330,2556

0.2000E 00 0.00Q00E 00 0,0000E U00.83330.2556

[y

DL 20G0E 006 0,60005 00 0.0M004E ©00.83330.2556

0.2000E 00 0,000CE ¢80 0,60ANE 00D, B3339,2556
0.2000E 00 0,00005 00 0.,07n0E 000.83339.2556
0.2000E 00 0,0000E 00_0,0000F 00D,33330,2556

0.2000E ¢0 0,0000E Q0 0.00NOE 00N,83330,2556
0.2000E 00 0,0000E 00 0.000NE 009.83330.2556

§.2C00E 00 G.0000E 00 C.,0000E 000.83330,25%%
0,200CE 00 0,0000E 00 0,0000FE 000,83330,255%
0.2000E 00 0.0000E 00 0.0000E GOU,83330,2556

-

0.2000E 00 0,00005 00 0,0N09E 000.83339,2556
6,2000E 50 0,0000E 90 0,0N00E £600.8333n,2556
0-20005 0g_0,0000E 00 0,0000F 000.83339,255¢

4

VIGO0 NN G O MG O NG 130 UG O N UL 2D TR O N AL T S 0 S UL G O ST G HA O S YK+

BB BN G GX GG NN N N PO A NN N \J.\JOO‘O\OOWW\HU‘IU\-AJAO-h-hOJ('J(A(AMNNNNNHHHHi-*(_

IR AT RO AR A IR RO AL A RO R RO R R 5 1 0 16 40 1 10 s 1 10 0t 0 B0 3 1) 0 1 10 e 0a 1 0 ] 1 1 N 00 1 b g e g e X

§.2000E 60 0v0OOOE 00 0,0000E 060,83330,255¢
0.2000E 00 0.0000E 00 0,0000E 000.83330,2556
0,2000E 00 0.0000E 00 -0,0000E 000,83330,2556

CHENCOCODRLBLNODRAHLNODREHENOSRMNLENODDONBND

h#&“NWGGNNNNMHHHPHN\I\I\I\IO\OO-OOU\U*\HUIUI‘-&AJ\OAO&W(AG(AI\)NI\)MI\)HHHHH(_

Nt\immmmmmm.mmmmmmmmmpwﬁlw !—*O-‘HHHH L N = Lol e L e LR N e R e e e S T N SN T SN

0.2000E 00 U,0000E 00 09,0000 0NtE.83330,2556
0.2000E 00 0,0000E 00 0,0NN0E 000.83330.2556
0.,2000E 00 0,0000E 00 0.0000E 000.83339.2556

“$92



e b Il B T B I TS

1
!
!

2

AN Dy
NN

|

j

0.2060E 00 0. 0000E" 00 0, 0000E"000,83330,255¢

0.,2000E 00
0.2000E 00

T0.2000E7 00

0.2900E 090
0,2000E 0C
0.2000E 00
0.2C00E 00
0.20C0E 00
0.2G00E 0O
80.2000E ©0
0,2000E 00

|
c

0.0000E 0O
0.0300E 00
0.0000E 00

“B5.0G00E 00

6,0000E 00
6.0C00E 00

0.00060E 00
0.0000E 0O
0.,0300E 00

0.0000E OO0
0.2000E 00
0.2000E 00

|
|

0 UG 0]~ UGl 30 U1 G 1100 U U1 Gl 0 WG 1 0 g
mmmmmw»u»quvwwmomoommm

G,2000E GO
€.2090E 00
0.2C00E 00

“T9.2000E 00 0,0000E 00 0,00N0E U00,83330.,1654

0.0000F 00
6.0090E 00
0.0000E 00
0.0000E 00
0.0000E 00
6.0000E 00
9.0000E 00
0.0000E QO
0.0000E 08
0.0000E 00
0.00C0E 00
T.0000E g0
0.0000E Q0
0.0C00E 00
0.0000E 00
0.00Q00CE 00
0.0000E 00
0.90092 CO
0.0000E 00
0.9000E 00O

"0.06000E DO

0.0C00E 00
0.0000E 00

0.0000E 59
0.0000E 0C
0.0000E 00C

"0,0000E V00, 83330,1454

T0.2000E7G0 0,0000E700 0.0M05E 000, 63334,2356

0,0000E G00.83330,2556
0,0000E 000.83330,255%¢
0,00600E°600.33320,2556
0,0000F 000.83330,25586
0,0000E 0QU.,83330,2556
0,0000E UQ0,83330,255¢
€.0000E 000,83330,25564
0,0000E 000,83330,2556
0,0000E 000.83330.25564
0,0000E GQ0.83330,255%6
06,0000E 000.83330,2554

[

=

=Y

0,2000E ¢0 0,0000E 00 0.0090E 000,23331.,25%6
0.2000E ¢0 0,0000E 30 0.09Nn0F 090.53339.2556

“0,2000E 00 0,000CE G0 0.0705E 600.83334,2556

0.200C0E 00 0,0000E 0C p.ONNNE 008.B333n,2556

0.200cE& c0 0,0000E 00 0,0%00E 000,833%9,2556
0.2000E po 0,0000E 0O 0,09n9E 000.8333n.25556
0.2000E 00 0.0000E 00 0,070nF 0N0O.8333n,2556
C.2000& 00 0,0000€ 00 0,0N00F 000.R3330.255¢
0.2000E 00 0,0000E 00 0,0000E 00D.P3330.2556
C.2000E 00 0,0000E 00 0.0000E 000.23330.2556
0,2000E po 0,0000E 00 0,0NNNE 000.83330,2556

0'00bﬁE“BbUTB3$35I§556
0,0000E 000.83330,2556
6,000nE UQ0,83330, 2556
“0,0000F LQ0,B3330,2554
06,0000E 000,83330,255%
0,0000E 000.83330,1654

" 0,0000E 00 G,0000E G0 0,0Nn0F 000,33339,2554

-

0.0000E 0 C,G000E 00 p,DNO0E BOD.B3339,255€
0.0000E 00 0,U00Q0E 00 0.0NONE 0DG.33339,2556
0,0000E 00 0,C000E 00 _0,0000E 00G.83330,2555

0,0000€ g0 0,0000E 0C Q,00NCE 0600,23335,2556
0,0000E 00 0,0000E 00 0,00ANE 000, 3330 1654

0,0060F UD0,B3330,165¢
0.,0000E 000.83330,1654
G,OGUDE G00,83330,1654

0,0000E 00 0,00006 007 G,00n0E 000.83330.4454
0,0000E g0 0,0000E 00 0,0NN0E 000.8333n.1454
0.000CE 00 o.ooooe 00 0,00N00E 000.83330,1654

0,0000E 000.83330,1654
0.0000E 0QU.B3I330,1654

[N

0,0060E 00 G,0000E 00 0,00n6E 00n.R333n,.1654
0.200GE 00 8,0000E 00 0,GNOCE 000.83338,1454
0,2000E 00 0,0000E 00 0,070GF 00D.B8333n.1454

0,000nE UG0,83330,1654
0, OOOOE up0,83330,1654
D.UOOQE 000.83330.1654

[y

0,2000E 00 0,0000F 00 0,0070E 600.83339,1454
0.2000E 0G 0.000GE 00 0.07n0E 000.E3339.1454
0.2000E 0 0.0000E 06 0,0NGNE G0O,83339,1654

0.2000E 00 0.0000E 00 0,0000E 000.83330,1654

o 2000E 00 0. 0003E 00 0,0000E 000.83330.1654

20005 00 0.0000E 00 €,000nE 0OU,383330,16%¢

amuuuummmmuummdm&mmmmmmmmmemm

0 21005 0J 9.0G00E 20 O,D000E UC0,83330,1654
0.2000E 00.0.0000E g0 0,0000E 000,83330,1654

0.2000E 00

. 0.2000E 00

0.2000E 00

0.0000E 00
0,0000E 00
0.0000E 00

i
!w\nJua.h.a Acﬁo:uzwcw

09,2000 00
0,2290E 00
0.2000E 00
0.2000E 00
0.20600E 00
0.2000E 00

i
i

0.0000E 00
0.0000E 00
0.2000E& 00_
8.0000E 00

0.0000E 00
0,0000E 00

-

0.200GE 00 0V CO00E 00 §,0000F 00N, R33N, 1454
0.2000F p0 0,0000E 00 0,00N0E 000.8333n.1654
0.2000E p0 0,0000E 00 _0,.0NNDE 00NN.B333n,1454

0. 2000E 00 G,0000E 00 ¢,0n90E 090.8333n,1654
0,2000E 00 0,0000E 00 G.0NNOE 000,583330,44654
0.2000E 00 C,0009€ GO 0,000NE 000,83330,15654

"0, 0000E 000,B83330,1654
0,0000E 0Q0,83330,1454

0,0000E 000,83330,1654 .

0.2000E ¢0 0,0000E 00 0,0000F 000.B333p,1654
¢.2000E 00 0,0000E 00 0,0N00E NND,.B333n,1454
0.2000E 90 0,0000E 00 G,0000F 900.83330,1454

0, 0000E000,83330,1654
0.0000E UG0,83330,1654
0,0000E_000,83330,1654

[y

0.200CE 00 0,0000E 00 0,000RE 000.83330,1£54
0.2000E 00 0,0000E 00 9.0090E NGO.F333n.1454
€.2000E 00 C,0000E_00 _0,00087E 000,R3330,1654

0,0000E V00.83330,.165¢
0,0000E 0Q0,83330,1654
0,0000E 000,83320,1654

s

0.2000E 00 0,0000E 00 0.0NGNE 000,R3330.1454
0.2000E 00 U.OUUDE 00 0,0%0NE §00.B3330.1654
0,2000E 00 0,0000E 00 0,0000E 000.B8333n,1654

WNHO\IW!MHQ\IWIAH\O\I\HU

|

0.2000E 00
0.,2000E 00
_0.2000c% 00

0,0000E 00
8.0000E 00
0.0000E 00

0,0000F 0D0,83330,1654
0.,0000E BQU.83330.1654
_0.0000E _000,83330,1654

0.2000E 00 0,0000E 00 0,0000E 0190.53335,1454
0,2000E 00 0,0000E 00 0.00700E 0N0,.83330,1654
0,2000E 00 0,0000E 00 _0.00N0E_000.R83I330,1454

" 0,2000E 00 0.000CE 00 0,0000F UQ0.83330,1654
0.2000E 00 0.0000E CO 0,0000E 000.83330,1654
0.0000E 00 0.0000E 00 0,0000% 000.83330,1654

ﬂ\lﬂ~¢\10<ﬂ0\o:>\nu1m

M Vit O~

. i
AA(A(A(ANM(A}ICA(A(AUNG:(AOJ(AC'JMOJ(AbJ(N(al(d(ﬂ‘(n‘(dolNMMUGG“NN,NIUNNNNNNNNN

-

0.2000E 00 G,0000E 09 ©,000NE 000.8333n,1654
o 2000E 00 0,0000E 00 0,0000F 000,83330.1454
.0000E 00 0,0000E 00 0,0N0NE 000,83330,1654

0.0000E 00 0,0000E 00 0.0000F U00,83330,1654
0,0000E 60 0.0000E 00 0,0000E 060G, 83330.1654
0,0000E 00 0,0000E 00 0,0000F 000.B63330,1654

D 0000E 00 0,0000E 00 0.ONNOE NON.R33Zn,1454
0.0000E 006 0,0000E 00 0,0092E 000.83335.1454
0.0000E 00 G,0000E 00 0,0M0n0E 000.8333n,1654

nThAAAET AR AT ARANE AN AT NNANAE Gn0.83330. 1654

DR HNOBOLNODOADPNNOIO®IPRLINC DI DNCOCORBENDDRABMNNVNOROLENDORHND DO HNNOD D

N Gl G O G CA G 0 G GO Gl R EN C G KN G Cl R ER G

Y

0.0000E 00 00,0000 00 0.0000E 000.83339,1454



i P R T e it

0.000CE
0.0000E

i
iu»A
H

:rAp
iatu

0 Obyoe
0,0C0%E
0.2000E
0,2000E
_0.2000E

O N

!
1
i

l\non—-
LAV SRR R B
-DAJJ&JX

j
i
C)
-
N
0.
5 ©F
[=]
m

0,2000F
0,2000E
0,206GGE
0.2000E
0,2000E
9 & 4 0.2000E ¢
0 20C00E
0.2000E
i 0.2000E"
0.2C00CE
O‘ZGGQE
0.2C00E
0,2000E
0.2006GE
0.2000E
0.2000E
D.2000E

uwoummuoq
|
uo«urnm
Aaﬁ&o

!A.A

.b]#b-h-b&-lh&lx&b-b

1

O VI 0 N

VWUV UL & DB

0.2090E
_C,2000E
T0.,2000E
0,0000E
0,0000€

D, 6036E-05

“h.200085

60
00 0.0000E
0.1000E
9.0030E
0.00Q0E
0.0000E
6.0000E
0.0000E
0.0CQ0E
0+0000E
00 0.0000E
60 0.0000E
00 0.0000E
60 0,0000E
0070+ 0000E
60 0.0009E
00 0.0C00E
00 0.0000E
00 0.0000E
0G 3.0000E
00 0.00Q0E
00 0.,0000E
00 0.0000E
60 0.0000E
00 0,0000E
00 0.2000E
60 0.0000E
60 0.0000E
00 _0.0000E

00
o0
0d
00
00
00"
60

8070 ,0000FE

00 0.0000E
00 0 , 0000E

&h&&tlﬁh

0.G0GCE
J.,03C0E
0,0000E
T6,0000E
0.0000€E
0,6036E~

HHHNMNMMﬂoo

Vol e
m\muiAJx

00 0.0000E
00 0.0000E
6070.0000E
00 0,0000E
05 0.1000E 0

0.0000E

00~

00
01
00
oo
00
00
00
00
00
00
00
o0
00
00
o0
00
0o
oo
ge
00
00
00
0o
00
00

o Th

00
00
00
00
eo

00
a0
00
00

7 1 5 0,0000E 000, 00005—00

= O
N =

5 0,000C0E 00 0.0000E 00
5 0,2000E 00 0.0000E 00

3 2 5 0,20C0E 0070+ 0000E 00

~

2
2 5

5 0,2000E 00 0.00Q0E 00
0,2000E 00 0.0000E 00

“0,0000E 000.63320,07572

0,0060E 000,833530,0752

0. 0000 000,83330,0752

6,0003E 000.83330,0752

)
f

g. ODOOE 00 0, UUOOE
0.6036E-65 0,1000E

0,0000E 000,83330,0752

0,0000F 090,823330,0752
0,0000E 000.83330,0752

0,0000E 000.83330,0752
0,4610E~010,83330,0752

[y

0.0000F 000.83330,0752
0,0000F 000.83330,0752
0,0060E 000,63330,0752

0.0000E UCD,83330,0752
0.0000E UD0.83330,0752
0.,0009E 000.83330.0752

P
N O DL NHO O DN

0.0000E 06 D,0000E
0,00008E 5 0,0000E
. 0.,0000E -00 0.0000E
" 0.2000E g0 0,0000E
0,2000E 00 0,0000E
0,2000E 00 0,0000E
T0.2000FE 00 0,0000E
0.2000E 00 0,0000E
__0.,200GE 00 0,0000E
T D,2000E 00 0.0000E
'0,2000E p0 0.,0000E
0,2000E 00 0,0000E

0,0300E 000.83330.0752

0,0000E UQVL.B3330,0752
0,00090E 000,83330.0752

(%Y

8,2000E 00 0.0000E
0.2000E 00 0,00008
0.2000E on”o.aoooﬁ

0,0000E 000,83330,0752
0,0000E 000.,83330,0752
8,0000€E 0Q0,83330,0752
0,0000E 0QU.B3330,0752
0,0000F U00,83330,0752
0.0000E 000,83330,0752
0,0000E 000,83330,0752
0,0000E 000.83330,0752
0D.0000E 000,83330,0752

[y

[oy

0,2000E o0 0,.0Q00E
0.2000E
0.2000E
0.20600E
6.200CE 0¢C
0.2000E 00 0,000¢CE
C.2000E 00 0,0000E

0,0000E
0,000D0E
0.0000E
0,0000E

00
ot
no

0,0000E 000,83330,0752
0,0000E 0v00.83330,0752
0.0000E 000,83330,0752

T 0.200GE 00 0,0000E
0.200cE po 0,0000E
0.200GE 00.0,0000E

0,0000& 000,63330,0752
0.0000E 000,83330,0752

-

o, OOUOE oo, 63é30 0752
0,000n0E 006G,83330,0752

1

OCDO\ANQG)O-A‘I\)OODO‘&I\)CE!)O\ANO\'DO\A

0,0000F u00,83830,0475 0,3500E=01 2
0,0000E v00.83330,0175 0,3500E~01 4
0,0000E 000.83330,0175 0,3540E-01 6
0,0000E"000,83330,0175 €,3500E«01 8
0,0000E 00Q0,83330,0175 0,3500E-0110
0,0000E 000,83330,0175 0,3500F=01 2

0,0000E TG07B3I330, 0175 0, 3550E-01 4

0,8110E~010,83330,0175 0,35008=01 6
0,0000E 400,83330,0175 0,3550E=01 8 0 00
$ 2 9 0,2000E°0070.0000E700 D, UUUOE—UUUf5333ﬁ'U 75 0.9500E-0110 2 5 UTZU“QEMQH~DJUDQOE

1
1
i
1
1
2
2
2__
2
2
3.
3
3
3
3
4
4
4
4
4
5
5
]
5
5
6
6
[
-]
6
7
7
7
7
2
1
1
1
1
1
2
2
2
2

4
4

4

4

4

Y-

4

4

4

4

4

4

4

4

4

4

4 -
47 0,2000FE g0 0,0000E
4 0.2000E 00 0,0000E
4

4

4

4

4

4

4

r

4

4

.

4

4

Y

4

4

5

0.,6036E-05 0,

gn
o1
00
6o
50
00
oo
oa
00
ce
a0
00"
00 -
on
TO
0g

00

20
Go
00
cn
00
0o
60
th]
a0

00’

g0
00

0,0000F 000,83330,0752

0.0000E 000.83331,0752
0.,07°0NE 090.R333n,0752
0.0000F 000,83330.0752
0.0000F 000.83339.0752
0.00n0E 000.83339,0752
T0.00n0E 090.6333n,0752
0.4610E-010.53330,0752
_0.070n0E 000.83330,0752

“D,0740E 0NG,R3330,0752

0,300 6N0,R3339,0752
0 0AnnE 090.B333n,0752

,0N0OE 00D, 83330,0752
0 0NQaE 000.83330.0752
) 8.,00n0g 000, 83330 0752

0.0000F 000.8333n,0752
0.0000E 0NN.8333n.0752

0.0NN0E 800.8333n,0752
0.0006F 000,.83330.0752
0,000N0E N00.83330,0752
0.00n0E 000,.833%,0752
0.0700F 00n.,8333n.0752
0.0000E 000.8333p.0752
0.,000%€ 800.23330.0752
C.CO00F 000.83330.0752
0.00NN0E NNB,AR3330,0752

0.00n0E 0Nn0G.R3330.0752

0.0NNCE 000,83338.0752
0.0N0GE 000,R333n,0752

0.2000E 00 0,0000E C0 0.0030E 000.R3338.0752
0.0000E 00 G.00Q0E 00 0.0N0N0E 0N0,B83335,0752
0.0000E 00 0,0000E 00 0,0700E 000.83337,0752
0.0060E g0 0.,0000E B0 06.0000%E nno
0.0000E 00 0.0000E 90 0.0900F N0G.R3331,0752
0,0000E 00 0,0000E GO 0.0NANE_00C. a3331,0752
"0,00C0E 00 0, ooooE 00 0.00Nn0E 000.83330.0175 0,3500F-01
1D00E 01 D,00ANE N00.B83330.0175 n,3BNNE~01

.833%n.0752

5
5 0.000CE 00 0,0000E 00 0.0NNNE 000.B333n,0175 0.3500E~ U
T8 U.0000E 06 0,0000E 00 0.0090E 000.8333n,0175 80,3500~

0,0000E 00 0,0000FE
0.,2000E 00 DoODOOE
T0.2060E 00 0. 000QE
0.2000E 00 0,0000E

8
5
55—
5
$ 0.2000E o0 0,0000E

)

00 _0.0690E onc13333n10375w9lr ANE=n1
D0 0.B8110E~-010.83330.017579.3597E-51

0.0000E 000.3332n

0175 G. 353ﬂ:~0‘

ISnnz-nd

00 0,0700F 000,83330.0175 n.3500E=-012
00 0,0ND0E 000.83330,0175 N.3590E-71

00 0.0000E A00.83330,8175 0.3500E-01"

N
N
T

——n

e 6 o & a ® & 6 6 68 m 6



qu!
(d(d

0.
o,
B,
0,
g,

\#mturno~q

!

2{000E
2050E
L2000E
206CE
200CE

5

5

5

5

5

— 5

5

5

5 0.

S 0,

5 0.

"5

5

5
g

5

5
—

5

5

g,
o.
0.
e.
a.
0.
'
e,
0.

i 'A\IWNHO

mtnr10~401u~4

N'Q\JO\DEbolm\ﬂ\nulm\ﬂliJJA.h‘nblm

2000E
2300:

2090E
2000E
2000E
2000E
2000F
2300k
2000E
,0000F
0goQE
0000E

a0
00
09
00
00

h

6o
0o
00
09
0o
th]
a0
00

80

00
00

777 5 0.0000E 007

$ 7 5 G,063CE 00
1 J K u
1 1 1 70.0000E 00
3 1 21 10,0000 QO
5 1 1 0.8900E 00
7 1716 00008 00
9 1 1 0.0000E 00
1 2 1 0.0000E 0O
T3 2771 "0.,0000E 00
5 2 1 ¢0,0000E 00
7 2 1 0.0000E 00
TG 2 T 0LO90c0E 0D
+:3 1 0,0000E 0O
3 3 1 po,0000E OO
5 ¥ 1 0.,0000E 00
7 3 1 0,0000E €O
$:3 1 0,0000E 00

0.20C0E 30 9.0000E

0.0000E
0.0000E
0.0000E
0.0000E
0.0000E

0+0000E

0.0000E
0.0090F
0.0000E
p.0000E
0.0000E
0.0000E
0.D00DE
0.0000E

‘D.0000E

0+0000E
0.0000E

00 0,0000F
00 D.OODGE

000,83330,0175
000,833302,0175

0070, DB00E C00,B3I330,0175

00 0,0000E
00 U,0000E
00 0,0000E
00 0,0000E
00 0,0000F

c0 0.000QE
00 0,0000FE
008 0,0000E
60 C,0000E
03 0,0000E
g0 0,0000E
00 C.C0DDE

00 0,0000E-
“poT 0, 0000E

00 0.0000F
00 0,0000E

000,83330,0175
000.,83330,0175

000,83330,017%

000,83330,0175
400,83330,0175

00 0 OD0OETTOU,B3330, 0175 ¢

000,83330,0175
000,83330,017%°
000,83330,0175
060,83330,0175
$00,83330,0175
000.83330,0175%
0p0,53330,0178
v00,63330,0175
000,83330, 0175
000,83330,0175

000,63330,0175 O 35005 -01 6 7

T 0,2000E 00 0,0000E 00 0,0000E 000,83330,0175 6,3500E=01 2
5 0,2000E 00 5.0DQOE 00 0,0000E 000,83330,0175 0,3590E-01 4
% ¥ 5 0.2000E00 0-0000E 00D, 0000E7000,8333¢,01757 D,
0,2000E 00 0,0000F
0,2000E Q0 0.0000F

3 5 0,20G0E 00

I 5 0,2000F .0¢C

3500E~0{ 6 3 5 0,2000E 00
0,3500E~012 8 3 S 0,2000E 00
0,35n005~0110 3 5 0,2000E 00
7,3500F~01 2 4 35 0,2000E 00
9,3500E-01 4 4 5 0,200C0E g0
0,35306~01 64 5 0.2000F 0p
G,3500E<0G1 8 45 0,20G0E 0°C
0,3500E=0110 4 5 0,2000E 00
0,3%00E~01 2 5 5 0.2000E 00
0.3500E=01 4 5 5 0.,2000E 00
0,3%530F=01 4 S5 5 ©.2000E 00
0,3500E~614 8 5 5 0,2000FE 00
0,3560E»0110 "5 57 0.2000E 00
0,3500E-01 2 6 5 0.2G0CE 00
0,3500E~01 4 6 5 0,2000E 00
T.235008~01 6 & 5 0.,2000E 00
0,3500E~01 8 6 5 0.2000E 00
0, SSoora0110 6 5 0.2000E gn
U,3500E=01"2 7 S 0,0000E 00
0.3500E=D1 4 7 5 0. DOODE 00
5 0. OOOQE 00

C. OOGOE 00 O, OOGGE UOO 83330 0175 2, 3500E c110

v
8.0000F
0,0000E
0.0000E
0.0600E
0.0000E
0.0000E
G.0000E
9,00008
0.0000E
0.3000E
0.0G00E
0.0000E
0.0000E
0.0000E
0.0000E

e w
00
00
co
00
00
00
00
00
00
00
00
00
00
00
09

0.,000nE
0,0000E

0,00CAE
0,0000€

0,C000E
0,0000E

0.,0000E
0,0000E
.,0000E
0.0000E

0,0000E"

0,0000E 0UQU,83330.3308

000.83330,3308

‘07 0000E000.83330,3308
0,0000E

T TIMEET0,8000E-02

’

T P

DT T

H

7 5

0.8000E~02 "~

LEDVB333I0. 3308

000.83330,3308
Ge0,83330,33C8

000,083330,33C8

ra

0,0008E"000,83330,3308

000,33339,33¢69
600,83330,33018

u00.83330,.3308
000,83330,3308
000,83330,3308

000,83330,3308 -

000,83330,3308 '

ey

-

OO EHENOIOIBNNO 000 &H N\

Gt Ol G G TR N RO b i = e
el e e e e e e e e R

:"A

0.,0008GE
0.0000E
0,0000E
0. 0000F
0.,0000E
0.0000E
0.0000E
0.0000E
0.0000E
"L 0000E
0.0000E
0.0000E
0.0000E
0.0000E
0,0000E

00

00
00
090
00
00,
00
00
00

G0
00
oo
et
6o

0,6000E 00 0,000NE 000.R3330.0175
0,0000E 20 Q,00NN0F 000.833310.0175 0.3577E-n1
0,0000E" 00 T, 0909 000.83330.01{75 0,357 0E~91

0,0000E 00 0,00NN0E 000,83330,0175 0.35¢5%E-01
UyOGODE 00 0,0Nn0E 000.833308,0175 0,3590E-01

0.0000E 00 0.,0000F 000.83330.0175
G,0000E 00 0.,0900E AND,R333n,0175
0,0000E 00 0,0NN0E 000.83330,0175
0,0000E 00 0,00NQNE 00N,R3330,0175
0,0000E 00 0.090NE 000.R3339,0175
0,0000E"00 0.000NE 000.83330.0475

0,000Q0E
0,0000¢E
0.0000E
0,0000E
0,0000E

‘0,0000E

¢,0000¢
0,0000E

“0,0000E

0,0000E
0:0000E

'ITERATION NUMBERE ~{

v

0,0000E7 00 g,0nANE
0,0000E 08 0,00n0NF
0,0000E 00 0,0NR0E
o.aoooE’uu'o.onnoe
0.0000E 00 0.0000E
0,0000E 00 0,8700F
0, 0000E700 0,0000E
0,0000E 00 0.0000F
o.oooce 60 0.0000E
00 0,0000E GO TG, 000NE
00 0,0000E
00 0.0000E
00 0.,0000E
00 6,00n5E
00 0,00C0E

0,0000E
0,0000E
0.,0000E
0,0000E
0,0000E

06 0.07n0F 000,£3330.6175
09 0,0000E 000,.83331,0175
U0 0,0000E 0006.833310.0175
00 0,07%00F N00.83339,
00 0,0N0NE 000.83233n.0175
B3 0.0N0NE 000.83330.0175
U0 0,0000E 000.83330,0175
60 0,000NE 000.83330.0175
0070.00ANE 060.83336.6475 §,3500E-01
60 G.D0ROE N00.83330.0175 n.3500E~-01
00 0. OWOGE 600. 83330 0*75 0. 350“& 01

8175

T8.3537E-11

0.3590F-01
n, 3:nf:—n*
Nn.3I50AE-g1

0.3500E-01
N.359NE-n1

T,0000E700 0.00C6F 000 B3339.0175 0.35a7%E-/1

7.3500E501 T

5.350%E-01
8.35ME-n1

6.3500E~a1

n.3500E-31
8.3505E~01

9.3500E~01
0.359nF-n1

0. DDODE 00 0. DOOUE 00 9. DOOﬁE 800. 83330 0*75 0. 35ﬂ“¢ 0*

0.3500E-09

W T )

000.8333n,33n8
000,383339,33n8

000.33335.33r8
000.83330,3309
060.83339,330n9
000.83330,3378
000.,R333%9.3308
806.73335,33A08
000.8333n,3368
600,53330.3308

006.83334,3308

060.83330,33n8

000.83330.3308
000.83330.3398 °
000.83334,3308

|

fQZ;l



el ra e o

T 0,00C0E 00 0.0000F
0,2000E 00 0.0000E

00 0,0000E 000,83330,2556
00 0,0000E ©00,83330,2556

-

N A

I |
[ZEARAESNNEN

I AW

'oudwwowmu

_0.,1763E 00-~0.5988E~04 0,1119E-140,83330,2554

"0.1765E 00 0+1906E~03-0,2106E-0L40,83330,2557
0,1783E 00 0,1966E-06 0,6213E-050,83330,255¢

§,00CCE 00 0,0000E 0C £.,0NDNE 00DB.83339,2556
6,1764E 00 0,1169E-03 0,6792E~030,83330,2557
' 0.,1761E 00 0,1910E-03-0,1785£-040.83330.2557

"D.1765E Q0-0,618BE-04 (.1n25E-n40.R3330.2556
0,1763E 00-0,5441E-06-0,142AF-050,8333n.,25556

+ 4 1 0,0000E 00 0.0000E 0O 0,0000E 000,83330,3308 2 4 "0.0000E 00 0,0000E 00 0,00nNE 000.53330,3308
3 4 1 0,0000E 00 0.0000E 00 0,0000E 000,83330,3308 4 4 0.0000E 00 0,0000E 00 0.0NANE 000.5333n.33n8 {
5 4 1 9,0006E 00 0.0Q00E 00 0,0000E u00,.833306,3308 6 4 0.0000F on_pjooooe 00 0.,00N7F 0N0.B3330.33n8
7 & 1 0,0G008 00 0.0000E Q0 0,0000F UQU0,83330,3308 B 4 0,0009€ 06 0.0000E 00 0,00N0E §DA.AIIIN,33NA 1
9 4 1 0,0000E 00 9.0000E 00 0,0000E 000.83330.3308 10 4 0.0000E 00 0,0000E 00 9,0000E ooo A3330.3308 {
_ 4 5 1 ©¢,0000E 0O 0.0000E 00 0,0000E 000,83330,3308 2 5 0.0000E 0g 0,0000E 00 9,0n90F 000,33330.3305
3 5 0,09G0E 60 Q.0000E 00 0,0000E 00U, E3330,3308 4 5 0.0000E 00 0,0000E 00 0,0700E 010.73330,3308
5 5 0,0700E 00 0.0000E 00 0,0000F 000.,83330,3308 6 5 0.0000E 90 0.0000E 00 0.0N0QNE 000.53330.3308 {
7 5 0,0900E 00 _0.0000E g0_0,00N0E 000,53330,3308 8 5 5.0000E pO 0,000CE 0D 0.DANOE 000.83339.3308
3 & 0.0000% 00 0.0000E §0 ©,0000E 000.83330,3308 10 0.0000F 00 0,0000E U8 0,00n0E 000.83330.3308
1 .6 0,0000E 00 0,0C00E 00 0,0000F G00,83330,3308 2 0.0000E 00 0(0000E 00 0,0000F 000.R3339,330n8 {
I 6 1 0_oauog_gq_g_gpooe_oo,g_quooe 0006,83330,3308. " 4 D.0000E 00 D,0000E DC 0,000N0E 0DQ.R3330,3308
5 % 0.0000E 00 0.0000E 00 0,000pF 0Q0,83$30,3308 6 0.0000E 00 0,0000E 00 0,0N09E 000.83339,33808 .
7 6 1 0,0000E 00 0.0000E 00 0,000QF 600.83330,3308 8 6.000GE 00 0,0000E 00 0.,00DNOF 0ND.R2333n,3308 : d
9 6 0.0000E 00 6.0000E 00 0,0000E LEO0,83530,3308 10 0,0000E 0o 0.0000& 00 2,0900F D0D.R333n,33r8
1 7 G,00N0E GO C.0U00E 00 0,00C¢F G0U,53330,33C8 2 0.06G00E 00 0,0000E 60 0,.60nCE 000.R83339,3308
3 7 0,030CE 00 0.,0000E D0 0,0000E G($0.83330,3308 4 0.000GE 06 0.,00C0E 00 ¢,0000F 000.83334.3308 ¢
5 7 O.UFDDE 00 D.00Q0E Q0 0,0000E £00.63335,3308 6 p,0000E 00 0,0000E 30 0,0070F 000.83330,3378 -
77 3,0000E 00 00,0000 00 0. 0000 000,83335,3308 8 0,0000E 50 0,0000E 00 0,0N00E 000.B333n.33n8
9 7 0.0000E 00 0,0000E 00 0,0000E 000,83335,3308 10 0.0C00E o0 0,0000E 00 0,0000E 000.83331.33n8
1 1 0,0000E 80 o.qopgs.oqﬂglpoggﬁ_gpo.§§§§0.2556 ? 0,0000E 00 0,0000E 00 0,0n9NE 000,£3330.2557
3 1 0.0000E 00 0.0000E o0 0,0000F 000,83320,755% 4 0, 0000E 00 0.0000E 30 0,00008 000.R333n.2557
5 1 0.00¢6E 00 0.0000F QC §,000Q0E LQU,03330,2557 6 0.0000E 0O 0.,0000Z 00 0,0000F 020.53333.2556
7 1. 0,00C00E 00 0.0000E 00 0,0000F ©600,8332G,2556 8 6.000GE g0 0,0000E 08 2,00nrE NDDN.A3330,2556
9 i}
1 2
3 4
6
8
0

'0.1763E 00-~0,1731E-05 0,7238E-070,83$30,2554
G.2000E 00 0.0000E 00 0,0000E up0.B83330,2554
0.1574E 00-0.5242E~04-0,1770E-U50,83330,2556
0.1974E 00 0.1651E-03 0,6236E-050,83330,2556

fey

|
l

__0.1763E_(0-0,1731E-05 0.7232F-070.83330.2556
T0.1974E 00 0,1038E-03 0.,7779E-040,83331,2556
0.1974E 00 0,1653E-03 0.65014E=050.8333n,2556
0.1974E 00~0,5454E~04-0,1947E-050.53330,2556

0,1974E700-0.7965E-06 0,6880E~070,83330.2555
0,1974E 00-0.,1513E-05~0,3083E-070.83330,2554
0.2000E 00 0.0000E Q0 O,0000E 000,83330,2556

-

0.1974E 00~0,27B8E-05 D,8248E-070.R3339.2556
0,1974E 00-0,1513E-05-0,3083F£~070.83330.255%8
0.1974E 00-0,1057E-05 0,7R85E-040,8333n,2556

2 0.1974E00-0,2474E-06~0,1546E-050,83330,255¢
0.1974E 00-0.1277E-05 0,5578E-050,83338,2556
0.1974E 00-0,2341E~D3 0.3409E~070,83330,255¢

2 UV1i974E700~0.675S5E-06-0,B487E-T70,83330,255%

0.2000E 00 .0.Q000E 00 0,0000F 000,83530,2556
0,1974€ 00~-0.1857E-05 0,2295E-U60,83330,2556

Al

T 0V1974E 007 0,5352E-66 0.8313E~070,83330,255%

0,1974E 00~0.7059E~06-~n,2049E~060,83330,2555

0,1974E 00-0+2960E~06-0,2647E~070.33330,2556 _

O DNNDNDDODONNBINO NN

P
‘UIUIUIUI\.H-&-b-b-h.hololol(d(d,l\)NN‘MNHHP!—*H\I\J\I\I\IOO\OOO\U‘

|
i

0.1974E 00=0,1103E~-05 0,5816E~050,83330,2556
0,1974E Q0~0,6820E~06~0,1720E~050.83330,2556
0,1574E 00~0,2226E-05~0.1873E-060,.83330.2556

0. 1974E 00-0,6755E-06=0,34R7E~070.83330.2558

0.,1974E 0-0,4116E-04 0,7551F-040,833319.2556
0.1974E n0 0,5352E-06 D.3I334E~060,£3339,2556
0 1974E 00-0,1105E-9570,8852E~070,83330.255¢
0.,1974E 00 0.3872E-~06-0,1524E~060,83330.255%
041974E 00-0,2960E-06-0,2647E-070.83330.2556

t

e o © e @ o

892,



!
'

6 2 (0.5283E-01 0,2369E-01 0,1508E~-uzu,83530,2573

VedlUYL UL VI Pom ULl Uidaare *Jauviuuww ey afboe s

do

T 6 2 0,4627E-0170-1169E-01 D,B8584E<030,83330,2587
0,3667E-01 0.3273E~02 0,2498E-030,83330,2558
5.,0000E 00 G,0000E 00 0.0000E GQ0,83330,255¢

N

\HNHQNIU\NQ-‘\O\A\!\MiHO

2

re

2 0.00CGCE 0O 0.0000E DO O,0000F 000.83330,2571
2 ©0.0000E 00 0,0000E 00 0,0000E 000,83330,2561
2 0,005CE 00 0.0000E Q0 0,0000F U00.83330,2557
3 0,0500E 00 0.0000E 0O 0,0000E 000,83330,1654
3 0,000GE 00 0.00Q0F 00 0,0000F G00,83330,1644
3 0,00C0E 00 0.0000E 00 _ 0,0000E 000.,83330,1835
3 0,00C00E €O 0.0000E Qo0 a.ooan Up0,83330,1668
S 0,0000E 00 0.0000E 00 0,0000E 000.83330,1654,
L20G0ETG0 0 N000E 90 0, 0600E 0G0VEIIIC,T654G
3 »0,1406E=01 0.4601E~01 0,7703E-030,83330,1648
3 0,1249E 00 0.1398E 00-0.2234E-010.s3330.1783

|-‘l—‘P1‘H\l\I\I\]\Im

?I

(WY

“0,0000E 00 0.0000E 00 0,0000E 000,8333G,2577

(™Y

-

0.4319E-01 0,6343E-02 (,54096~030.8333n,2560
0.3697E~01 0,3273E-02 0,.249BE-(30,8333n,2558
0.0000E 00 0.0000E 00 0,00NRE N0D,83331,2605

“0.,00G0E 00 0,0000E 00 g,0nnNE 00D.83330.2375
8,0G00E 00 0,0000E 00 0,0000E 000.833315.2565
0.0000E 06 0,0000E 00 0,0N00F 000.83330.2559
0,00007E po G,0000E 00 0,0N90E 000.R333n,2556
0.0000E 00 0,0000E 00 0,0%00E 000.83339,1720
0,0000E g0 C,0000E 00 9,0000E 000,83330,4843
0.0000E 0C 0,0000E 00 0,0000F 000.8333p,14720
6.0000E 00 0,0000E 00 0,00NNE 000,93330,1653
0.0000E 0,0000E 00 0,00ANE 0600.R3330,1654

e
2
2
2
2
2
2
2
3
3
3
3
3
3
3

0. 7214E- 91 0V3074ESGT 0, 1175E~B10. 83330174
~0,3996E-02 0,1474E 00-0,2324FE-010,83334,1865
0,1315E 00 0,3911E-01 0.50N3E~N30.B333In, 1434

T7 2 3 0,6143E=01T0V1772E-01 0,3719E-020,83330, 1487
9 3 0,4335E~-01 0.1654E-02 0,3579E-030,83330,1655
i 3 0.200%E 00 0.0000E 00 0,0C00F LD0.B333D.1654

w N

a

0.5345E-p1 0,4376E-(2" 62502354635f§333571555
0,4335E-01 0,1654E-02 §,.3579E-039,83330.15655
0.9961E-01 0,4083E~01 0,1012E-010.33330.1699

“3‘"3“3“‘3‘51235‘ﬁi‘ﬁ'6376E:U1‘0”140y5“u20“33330“1682
5 3 0,1323% 00 0.1527E 00~0,4567E~020,83330,1704
7 3 0,1081E 00 0.,2944E-~Q1 0,23028-~020.53330,1669

[ RV

9 I 3 677921E:DI’074641E362"U:3848E4030783330:1336
0.2600E 00 0.0000E 00 0,0000E 6Q0.83330,1654
0,.5065E-01 0.6362E-91 0,2775E~-020,83330,1683

1

4

3

3

3

3

3

3 0.1444E 00 0,5620E-01~-0,1R35FE~030,83330.1548
3

—

0.6225E-01 0,1808E §0-0,4140E-D70.8333p.1734
0.9259E-01 0,1042E-01 0,9472E~030.83330,1560

0.7921E~0f 0,4641E-027(0,3R48F~030,83330,1£5¢
0.1189E 00 0,3434E-01 0,9354E-020.B3331,1663
0.9593E-01 0,1977E 00 0, 2509F -020,53330,1701

0 133800 ¢-1043E700 0. 1573E-020,8333(0,1€94
6,1234Z 00 0,3519E~01 0,208¢E-020,83330,1667
£.9705E~0i 0.7677E~02 0,4617E-030,83330,165%

S DHD
[ZRANZ R 2N

-

0. 10915 £o 0, 1603& 01 o, 11%75 020 83330.1660
0.9705E-91 0,7677E-02 D.4513E~03D.B3330,1556

"0 2GC0ETOY 0 0000E 00 U, 0000E 00U B3330,18654
0,1067E 00 0.4344E-01 0,4353E-020,83330,1679

0.1060E 00 0,2932E~0{ 0,2228E-020.83330, 1664
0,8937E-01 0.7659E-02 0.6154E-U30.83330,1656
3 0.2000E 00 0.003CE €0 0,0000F 000,83330,1654

3
2 0,1144E 00 0D.6846E~-01 0,2934E~U20,83330,1679
J
3

HO\IU‘IN!—\‘}‘O\!U‘“F

[ RV RS RN |

[vS

6.1248E 00 0,1697E-01 0.8795E-p20.B3330.1489
90,1022 00 0,6853E-01 0,3R88%F~N20.,8333n,14A3
0.1175E 00 _0,4686E~01 0.2310E-020.83331,1669

T 0. 9795E=-01 0, 1504E-01 0.1434FE-020.83339.1€5%
0.8937E~n1 0,7659E5-02 0.8154E~-530,83330.1456
0.100SE 09 0.1630E-D2 0.833NE-020,83330,4¢£98

T3 6 37 0.,8498E-U170.1827E~017074610E-T20,83330,1€75
5 6 3 0,7142E-01 0.3101E-01 0,3835E-~U20.83330,1671
7 6 3 0,6478E-01 0.1592E-01 0,2225E-020,83330,1661

0,7177E~01 0,2967E<0170.4733E~020,83330,1475
0.6997E-~01 0,2384E-01 0,2910£~020,83339,16565
0.5906E~01 0,8799E-02 0,1398F-020,83330,1458

9 & 3 0,5¢2BE-01 0.4690E-(02 0, 660GRE-TIV,83330,1658
¢ 7 3 0.0G690E 00 0.0000E 00 O,0000E 090,83330,1654
~2 7 3 0,0600E 00 0.0000E 00 0,0000E u00,83330,1675

[

0. 5428BE-0T 0469080270, 6ANBE~N30.83330,1655
0.0C00E 00 0,0000E §0 0,0NNNE NND.B3330.1704
0.000CE 00 0,0000E 00 0,00NDE _NON,R333IN, 1474

57 3 G.O00COE G0T0.0000E S0 D,0000E UQ0,83330,1669
7 7 3 0,0000E 00 0.0000E 00 0,0000E 000,83330,1659
- 7 3 0.000CE 00 0.0000E 00 0,0000E 000.83330,1655

SORNNLENOIOBNOROBENORPNANCOOAANODN AN O HNO DO LN OO
NNNNNOOONVTUMITIUVIUL D DD D WG WGIN NN N N I A NN N

[wy

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
K]

0.0000E 00 0.0000E 00 0.ONONE 0DD.B3331.1657-

0.,C000E 00 UpODDOE 00 0.0090E n00,83339,1454° "%

e

0.0000E 60 G,0000E 00 0,0000F 000.83330,1444 =«



- -————y

WITwWYw YW T IV US vv VOU"UUC vav"vv'uv‘

T T4 0 07605 00 0 0000E 00 U, 0000E 000, 83330,0752

0 ouooE ob 0, 0000E00 0, 000"E 000, 83339.0757

1,359 E~n1
f.3300804"
H.359% =51
5.359ME-01

N.350E-n1"

n.35A5E=n2
n.35n0E~11
.3507E ¢t

0Le

2 1 4
3 i 4 0,30030E 00 O.00CCE 20 0,0000E 000,83330,0752 4 4 4 O0.6035E-05 0,.1000F 01 0,.00NNE N0OD,83330,06752
5 1 4 0.60365-05 0.1000E 21 o.ooan 000.33330.0752 6 4 & O0.0000E 00 0,0000E 00 p,9n00E ono.esszn.o752
7 1 & U.0056% 00U 9.0000E 00 0.000¢E"000,83330,0752 § 1 4 UJ.0000E 00 0,0000E 00 0,00"NE 009.83333,8752
¢ 1 4 GnooE 00 C.D000E 00 O0,0000€ 000.,83330,0752 40 1 4 0,0000E 00 0,0000E 00 0.,0900E 016.R3331,0752
1 2 4 0.2360% 09 5.0000E 90 9,0092E 000,33330,0732 2 2 4 0,178%E 00 0,5240E-04 0.2131F=020,83331,09752
IT 2 4 0.1799% 0C 0.1123E-0470,264E8E-040,83330,0752 § 274 T0.479G6E 0070,1053E70070,4560E-010,R33308,6752
5 2 4 (,i17B%C OC 0.1053E 00 0,4553E-010.83330,0752, 6 2 4 0.,1789E 00 0,108BE-04 D,2447E~-N40,.£3330n.0752
7 2 & 0,1789% 00-0.8916E-07 0,1457E~040,83330,0752 8 2 4 {0,1789E (0=~0.8916E-07-0.3423E-050,52333n,0752
G R 5, L78E T00-074641E-06 D 1424E=-060783330.10752 {0 2 4 0. 1789E 7 00-074641E-06 (¢,1424E-060.83339,0752
1 3 & o0,2000£ 00 9.0000E QO 0,0050E 000,83330,0752 2 3 4 0,2000E 00 0,4446E-04 0,8777E-N40,833%1,0752
3 3 4 (,1996E 00 G.8030E-05-0,64135-L650,.83330,0752" . 4 3 4 0,1999E 00-0.4913E-04 0.4721E-n20.83330,0752
5 % 4 0.2301c 00-0.4374520470,4721E=-020,83330,0757 % 3 -4 0,2004E700 0,7548BE~05~0.1N54E=~050.R333n,0752
7 3 4 O0.2G00E 00-0.4142E-056 0,4500E-050,83330,0752 3 3 4 O0.2000E 00~0.7328E-06 D.1A74E~050,83330,0752
9 3 4 0.2000E 00-~6.36635E-06-0,8379E~070,83330,0752 40 3 &4 0.,2000E Dp0-0,3663E-06-0D,8376F~N70.83331,0752
T4 4T (. 2%46ET0070.0000 257CL00NAETLQ0,B3330:T752 2 4 4 0,200BE 00<-0,3145E-G60.8584F-040,R3339,6752
2 & & §,2200F 00 0.1738E-0&-2,37C2E-050,83330,0752 . 4 4 4 0.2000E 00 0,9346E-04 0.1244F~040,83330,0752
5 4 4 (0,2906Z 00 0.9346E-G4 0,1167E-040,83430,0752 6 4 4 0,2009E 00 0.0C00E 00~0.420n0F-050,8333%0,0752
TS &FT0.2850E70050.6420E-06"0,3825E-070,83330,03757 B 4 T4 0.2000E 00=D16954E-060,4044FE-N60,83334,0752
9 4 4 0.200CE 0C-0,3075E-06-0,1730E-060,83530,0752 10 4 4 0,2000E 00-0.3076£-06=-0,1720E-060.83331.9752
4+ 5 4 0,20006E 00 0.0000E 00 0,0060E 600,83330,0752 2 '5 & 0,200CE 00-0,1739E-04 0, 7751£-040,83330,0752
X5 & U,2CS0ET0D<0.6452EC36 0,5008E=040:BI3IIFLU7SH 4 5 4 072009E 00 7072619E-0470.434562050.83334,4752
5 5 4 0,239¢% 20 §.2619E-26 0,3828E-050,83330.0762 6 5 4 0.2000F 00=D,2734E«06 0.,1894F-06N,83331,0752
7 5 & £.,2390F 03-0,1138E-06-0,4365E-060.83330,0752 8 5 4 0,200CE 00 0.0000E 00~0.,3189E-050.53339,0752
54T 200027 C0-0. 1025E-04620,3757E=070783330.0752 10 5774 0.2000E 00-0,1025E-06-0,5757F-070.63339.0752
1 6 4 0.,2300E 09 0.9CQ9E £0 0,0000E 000.83330,0752 . 2 6 4 (,1888E 00-0,2247E-04 0,1144E-020,R3II3IN,N752
3 6 4 0,1388E 00-0.8533E-0¢ 0.1225£-u50.&333050752 . 4 6 4 0.1888E 0p0-0,1448E-06 D.4911E-050,R333n,0752
58 & U.183EE C0-0.14455-0€670,3654E-060.83330,0752 & 6 4 0.1B28E 00~0,42491E-06-0,1134F-060.83331,0752
7 6 4 0,188E8Z 09 0.3517c-06&-0,1259E-060,53330,075> R 6 4 0,1583E 00 0,6730E-07-0,45A0F-070.83334,0752
§ 6 & 4,13%8Z 00 £.21215-06-06,6034E~070.5333),0732 10 & 4 0.128RE 90 0,2121k-06~0.6535E-070.83331.9752
1 7 4T ¢L8nc0ET03 9%0C008 00 0,0000ET000,83320.,0752 T 3T 9T 4770,0G0UE 00 0,000CE Q0 0,07%90E 0NC. 8131n,ﬂ752
3 7 & QJ,03ncE C0 0.09008 0C O0,COG6QE 000.83%30,0752 4 7 4 0,0000E 00 O,CO0CE CC D,090n0F 009,R33%9,9782
5 7 & §.C300% 00 0.000GE 98 0,M000E 00U.333398,0752 6 7 4 0,0000E 00 0.,0000% 00 0,07°09E 009, R333n,0752
7 7 ¥ D.6GE00ET0370.29298 oC C,C0D00EC00,4233¢C,0752 8 7 & 0,0000F 03 °0,0000E 00 0,0000% 0NG.R3330,0752
9 7 4 c.r~~s= 00 0- ouan 00 0,0000E UQC.53330,0752 10 7 4 0.000GE 00 0,0038E 05 0,03n1E 0N9.53332,0752
1 1 5 3.,32300% ©C 0.00CJE §5 0,0000E 000,53830,0175 8,35008=-01 2 1 5. 0,000¢E 09 09,6000 30 0.0717%E 063,5333%,2175
31 57 8.003%E700 s.ooaa» 00 C,0902E v00.83330,0175 0,3500E=01 4 1 5 0,6036E-05 0,1609E 01 0,030 0489.83332,6175
5 1 5 §5,6036E-25 0.1000€ 01 0,.00C0E 0$0,863330,0175 0,3500E~01 6 & 5 0,0000E 00 0G,0000E 00 0.0915& nan, 23331 0175
7 1 5 0,0030E 00 0,0000E 00 0,0C00E UQU.33330.0175 0,.35n0F-04 8 1. 5 0.0000E 90 0,0000& €S 6.0NANE 00D .B833I3IN.0175
9 &+ 5 0.0020E GO 5.0000E 0GC 0,0000E UQO,83330,0175 0,3500F~01340 & 5 0.,0000E 0C 0.0000E 00 0,00NNE C00.AR3330,06175
1 2 5 10,2050 05 0.0000E 00 0,0000EFE GQ0.83330,0175 0,35008-01 2 2 5 0,1789E 00 0,0C00E 00 0,2721£~026.83330,0175
3 2 5 0,1739% 0J 0.0000E 90 0,2668E~-040,83330,0175 0,35008-01 4 2 S 0.1789E 00 0,1054E 00 0,7732E-61€.83330,0875
5 2 5 £,178GE CO0 0.1054E 920 0,7742E-010,83330,0175 0,3565F=01 6- 2 5 0.1789E 00 0,0000E 00 0.1350E~030.83330.0175
7.2 5 5.178%% 05 0.00600E 00 0,1487E-040,63330,0175 0,35902-01 8 2 5 0.,178%E 00 0,6000E 00-5,3423E-~050,83330,0175
.9 2 5 0.1789E 00 0.0000E 00 _0,1426E- 060.a3330 0175 _0,35008-0110_2 5 §0.1789E 00 0,0000E 00 0.0790E 000.83339,0475

W

N.355NEmET




v yseuleng uosbuijiem

e

U G O SN

ol

[

4»«quu
I

|

|
i

O.ZGGGE 00

0.2060E 00
0,2300E ©0
T 0.20C0E ©O
0.20C0E 00
0.200CE 00

8.2650E 09

0.20C0E €3
_0.20CCE 00
0:2006E 00
G.2C00E €0
0.2C00E_00

O N\ - 0

!

\JlU\UlUIUlJJ-hh

6.20C0E 00
~ 6.23CCE 00

..6.20G025 €9
"'6.2C00E 00
0,1823E €O
0,1888E GO

C.18B8E 00
0.1888% 00

8.0000E 0O

0.600GE 00
0.0600E €0
0,0C50E €O

0.0000€

¢.0000e
0.000CE
8.0000E
0.0000E
0.0000E
0.0000%
0.0000E
0.000CE
6,00G0E
0.0090E
9.0000E
0.00008
0.0000F
0,0000E
9,0000E
0.0000E
0.0000E
0«CO0OE
0.0000E
0.0000E
0.0003E
€.0000E
0.0000E

SO W O N L

U‘U'UlUlUIUI\WU!U\UIU‘U!\HUIU‘U%‘U\\HU\UIWU\U!\DUW .

c.oooﬁz 60

0.0000E

008, 0009E 00, 83830,0175

0.3500E~01 2
0.,3500E~01 4
0,3500E-01 6
©,3500E-01 8
9,3500E~0110
0,350CE=-01_2 _
0,3500E-01 4
0.3530E-01 6
_0,35¢0E~01 8

00-0,6413E~060,83330;0175
0 0,8233E~020,83830,0175
00 0,4500E-050,63330,0175
00-0,8379E~170.83330,0175
00 0,0009E C00,83330,0175
£0-0,3708E-U50,563330,0175
00 0.11976-G40,83330,0175
00 0,3825E-070,83830,017%

00-0,1730E-U60,83330,0175 0.3500E-0110

%0 6,0000E 600,63330,0175 0,35C0E-01 2
60 0,5008E-060,83830,0175_0.3500E-01_4

0.2009€ 00 0.0000E 00 0.8233F~020.833%0,0175

__0,2000E _00_0,0000E 00-0,1Nn54E~N50,.835339,0175.
T 0,2000E 007 0,0000E 00 0,1676E-060.83335,0175..
B83330.0175 .

0,2C00E 00 0,0000E 0C 0.00N0NE 000
_0,2000E 00 0,0000E 00 7,85R4E-040,83330,0475
"0.2009E 00 0,0000E 00 0,1244E-040,83339,0175
0.2000E 00 ©,00002 00~N.41039E-050.8333%1.0175
__0.,2000E 03_0,0000E_00-0,4n44€-060,83330,0175

"70.2000E 00 0.0000E 09 0,0000F 000.83337.,0175

0.2000E 00 0,0000% CC 0,7751E~040.83339,0175
0.2000E_00 0,00UOE 00 0,4345E-050,83339,0175 f

00 0.3528E-0507833%0,0175 0,35008-01 6
00-0,4365E~u40,83320,0175 0,3530E-01 R
00-0,5757E~070.,83330,0175 5.35308-0110 _
§0 0,0CG0E 000U,83330,0175 0,35¢08-01 2
D0 0,1224E-050,83330,0175 0,3500E=01 4
00.0,3656E-060,83330,0175 0,3500E~01 6
00~ o 1259E-060,83330,0175 0,35005-01 8
00-0,6036E~-U70.83330,0175 0,359058-0110
00 o.oooee U00.,83530,0175 0.3509E=-01 2

mmmmmhwaarmmpmu

06 ¢,0000E ©00,83330,0175 0,350062=01 4

00 0,0000E L00,83330,0175 0,3500E~01 6
00 0,00C0E 000,83330,0175 0,3500E~01 8

6.200CE 00 0+0000E 00 o‘1ecss NéN.83339.0175 1
0,2000E 00 C,0000F 00~0,318GE=050,83330,0175
_0.2009E 00 0.0000E CO_D,O0NANE NBG.B3330,0175
" 0,1888E 00 0,00C0E70C 0,1472E-£20.53330,0175
0.1888E 00 o,ooooe 0O 0.4911£-050.83339,0175
_0.1888E 00 0,0000E 00~0,1136E~060,83330,0175
T0,1888E 00 0(0000E 00~0,4540E-070.833%n,8175
0.1883E o0 0,000CE 00 9,0000E 000.R3330.08175
0,0000E 99 0,0000E 0G 0,0000E N0D.R3339,0175
5 0,000GE 00 0,0000E 3¢ 0.0000E 600.53330,6175
0,0000& 00 0,0000E 00 0,00990F 000.833317,0175
0.0000E 00 0,0000E 00 0,0009E £00.83339,0175 ¢

80 ¢, coooE“"oo 633’0 0;75 0. 3500F 0110 -

\J\J\J\J\JOno~o-m<»

!

| : i
f \n\nunmxnuvm}nunaunm\nm\nunn\nuym\nuﬁm\nw

0.0000E 00 0+0000E 00 G,00NN0E ooo 93335 0175 ¢

ﬁ.35ﬂ1r-n1
n.35%38201
1.35n0E~01
_0.35°7E.51
0.353T0E~0t
9,3550E-04
N.3500E=-n1
N.3SAIECET
N.35208-p1
35158 -5
‘A.35~12231
N.3511%~91
2.35098-01
n.33998~01
t.3500E-0n1
0.3570E-01

T0.3500E-ng

n.3577E8-n1
n.o: 3
B. SSC'

b.i.




AR v v ko

i T T T UTTUTIMEST 9 4000E 000 BT = 0.8000E-02° T ITERATION NGMBER= 547 T T T T s
: ' . . A
L S v W T P H 1 J K v Y W |
14Ty 1 T0.0500% 00 0.0U00E 00 0,0000F up0,83330,3306 24 1 0.0000E-0C 0+0000E 00 0.0NNNE 0ND.233%8.3208 =<
3 ¢+ 1 0.C300E 00 0.0000F 00 0,00CPE 000,83320,3308 4 4 1 0.0000E 00 0.0000E 00 0,0000E 000.5333n,33n8 KON
5 4 1 0.000CE €0 0+30Q0E 0C 0,0000E U00,83330,3308 6- 1 1 0,0000E oc 0.,00G05 20 06,0007 $00.23335,3308
7 2 % 0,000cE 0C 0.,0000E 00 0,0008E 000,83339,3308 8 1 1 0.0009E 09 0.0000E 00 0,000NE 00D.53339.3308
$ 1 1 (©,8300F 00 Q.CO00E 00 0,00CHE 000,83330,3308 - 40 1 1 0,0000E 00 0,0000E 00 0,00R0F 000.83339.3378
¢ 2 3 o.cocus 80 0.C200E 20 0,0000E 0080.62330,3308 2 2 1 0.,0000E g0 o.ooonE 00 0.000N0E 000,63330,3%464
3 2 1 G.OPG 09 0.0000E 00 0,0000% U(00,B83330,3304 4 2 1 0,0C00E 00 0,000CE CO 0,0010E 000.83339,2455
5 2 1 c: ¢0 0.0000 60 0,00008 000,833530,3434 6 2 1 0.0000E 00 0,0000E 090 0,009N0E 030.833345.3290
J._2_1_ 0 0900“ 0% 0.0000E 00 0,0069E U00,83330,3329 .~ 8 2_31 _0,0000E 00_0,0000E 00 0,.000NE 000,83334.3309
9 2 1 ¢,0060E 63 0.0J000E 00 0,0000F 0Q0.83339,3309° 10 2 1 0.0003E g0 0.0000E ©0G 0.00ANE 000.R333n,33n4
1+ 3 1 9,G6000E 00 0.5000E 00 0,00C0E 0CD,83330,3308 2 3 4 0.000CE 00 0,0000E 60 0.00N0E 0G0.B83330,3352
3 3 1 0.GCOOE 00 0.CONOE 00 6,0000E 000.83330,333% 4 3 4 .0,0000E 00 0,0000E 00 0,071n0F 000.53330,3368
5 3 1 0,0000E 00 9.00Q00& 00 0,0000F 000,63330,3358 6 3 1770,0000E g0 0,0000E 00 3,G6h0NE 000.83330.3322°
7 3 % ©.0000% 00 0.JGQ0F 00 0.0C00E UQL,53330,3323 8 3 4 O.0000E p0 0.0000E 006 :-0,0700E €00.83331.,3314
9 3 1 0,0000E 00 _0.0000E5 50 0,00D0E LGV,.63330,3310 10 3 4 0,0000E g0 0.0000E 00 0,0NNAE 00NC,.R3II3N.I2NA
1 ¢ 1 C.0230E co O, DuDOE 60 6,0000E 000,63330,3308 2 4 1 0.0000E 00 0,0000E 00 0.00n3E n0D.83330.324%
3 & 1. 0,0030E 00 0.0000E £0 0,0000% v00,83330,3337 4 4 1 0.0000E 00 0,0C0CE 060 G,07NNF 000.83334.3354
5 4 1 p,oscce_qqu.ocooE G0 0,0C00E 000,83320,3348 6 4.1 0.000GE 90 o.ooooE_co 0.0NNNE GND,R3339,3325
774 1 ©.0030% 00 0.0000E 0O 6,0000FE 00V.83330.3321 8 4 1 0.0000E 00 0,0000E 00 0,09NNE 000.83330,3314
¢ ¢ 1 0,000G6E 0D 0,0000E 00 0,0000E 000,83330,3319 10 4 1 0,0000FE 00 0,00300E 60 0,0NR(0E 00G.63334,33n8
1 5 1 0,00 uﬂ:_oc_g,ooaoe_oqmo,aopne_gpq{§3sgq.}3oa 2 5 1 0,0000E 00 0,0000E 00 0,0N00F 0NN,R3339,3343
T S5 1 0.0005E 09 G.0090% 00 0,00GCRE ULOU,B3£39,3333 4 5 1 0.00066 00 0,00005700 0,0080E 0ND.63332,3237
5 5 1 45,9930E 00 0.00GCE 00 0,00802E 000,863$30,3332 6 5 1 0.0000E g0 0,0000E GO C.GNNTE ONO.33334,3323
7 _5_1 0,0773E G0 0.D000E 00 0,0000E 000,63330,3318 8 S5-1 0,0000E pO 0,0000E 0O 0,9000E 000.R3331,3313
9 5 1 D0.0000E. 00 0.0000% 00 0,0000E UOQU,B3330,3310 . 10 5 1 0.0000E 00 0,0000E 00 0,0N30F 000.83330.3308
1 6 1 .0,0000E €0 0.00Q0E GO 0,0050E 000,83330,3308 2. & 1. 0.0000E ¢0 G,0000E 00 0.0NNI9F N00.83339.3352
I _6 1 0,0700E 00 _0.0000E 00 0,0000€ 000.83330,3329 4 & 1 o,ocoos_qn_p,oooo&npo_g,bnnng_oao,53339,3329
5 6 1 0.050CE ©0 0.0000E 00 0,0000E L00.B33320,3372% 6 6 1 0.0000E 00 C.O0000E 00 0,0N0NE 600.83337,3319
7 6 1 §£.29500E-¢00 0.0000% 00 0,0000E8 UQ0,83830,3315 8 & 1 0,0000E 00 0,0000E 00 0,0N0NE 000.83339,3211
9 q__g__qlpsaa= 00 0.6CJ3E 0G 0,0000E_UQ0.83330,3309 10 6 3 0.000CE_90_0,0000E_00 0,00n00E 0N0.E333n, 2308
1 7 L 0,GCICE 00 0.0000E 00 0,00G0E UGU.B3330,3304 2 7 1 06.000CF 00 0,0000& 00 0.CONNE NCO.E333n,33n8
2 7 % 0,06GCE 00 0.0000E 00 0,0000E 0UQ0.,83330,3308 4 7 % 0.0000F 00 0.0000E 00 0.0N00F DND.23330,33N8
5 7 1 0,00C0E 00 0.0000E 00 ©,0000E LDU.83330,3308 6 7 1 0.0000E 90 0,0000& 00 0,0990E_000.R3339,3218
—7.7 % 0.00006E 06 6.0030E700 0,0CA0E O0U,83830,330¢ 8 7 1 0,0000E8 00 0,C000E 08 0.0n00E 0N, R3I3TA, 3308
$ 7 1 0.,0C29E OC G.00COE 00 €, 000nE ©C0,83330.3308 10 7 1 10,0000 00 0,0000F 0N 0,8NN1E 008.£3339,3308
_1 % 2 C.3GOGE_00 0.7090% 00 0,0004E 000.83330,2556 2_1 2 0.0000E g0 0,0000E 00 0.0N0NE CNO.R3330,2620
271 277¢. 05208700 0.0000€ 30 0,0000E UQU,83022,2545 4 1 2 0,0000F 90 0,0000E 00 0.000%E 700.733%9,2753
5 ¢ 2 C.0006E 00 0.0000E 20 9,0000E 0(G0,83330,2726 & 1 2 0.0005E g0 0,0030E 00 0,GNOYE O0ND.AR3334,2529
7 1 2 0.0900E 00 0.00Q0E 00 90, ono:s U0U.83330,2562 8 1 2 0.000CE p Ao_o.ooooE 08 0,0000F 060.83331,2555
9 1 2 G.00c3E7¢9 0.3C00S € 6,00008 LOU.83320,2556 10 ¢ 2 ©.000UE g0 0,U800E 7070,9%99E 000.83339.2554
4 2 2 D0,2C00E 00 0.0090E 00 e.'ux«- UQU.83530,2556 2 2 2 0.6386E-01 0,2101E-02 0.57045-020.583339.2643
3 2 2 -0,20458-01 3.2553E-31 6,86428-030.83830,2552 4 2 2 -0,1300E-91 0,1095E 00-0,9524F-920.833%0.2714
TTET 2 27 JJ106%E S0 §.1029E8 00-9,93428-020,063330,2683 & 2 2 0.1121E 90 0,1813E-1 0.6671E~030.83331,25128
7 2 2 D.45233-01 D.6755E-02 0,1853E-020.,83330,2569 8 2 2 0.,3502E-01-0,4089E~03 0.334RE~-030.533%9,2557
v 8 f 2 Q.3:065-01-0.6560E-03 0, 2161E U20,83330,2557 10 2 2 o.3onae-c1w0.65605-03 0,2161E~030,A3331,2557




"

[
RErpest

(d.(d(dblt
I\JNNN

u

0.2000E 00 C. UOOéE_BO g, OOOUE 000, 83330,2554

0.3433E~04 0.3993E-~01 0,6354E-030,83330,2584

 _0.1048E 00 0.1145E 00~-0,2058E~020.83330,2608

0.8566E-01 0,2867E<(1 0,8890E-020.23330,2A0L.~
c. 41295 -1 0, 1224= 00-0, 1asss 020, 8333n zavs‘

0L 8330E=010.1543E01{ 0, 1027E-UR0, 33330, 2574
0.5484E-01 0.1144E-02 0,1777E-030,.83330,2553
0.2900¢€ C3 0. 0000: g0 _0, GﬂGaE U00,83530,2554

u\noou~o~J\
POrTY PR

g 4 2 0.6671ES0170,4001E-07 6,1748E-U30,53537,2558

0|

2
2
2
2

\HMHiO\I\n(AH
o O wm U w
N NN

2
2

mupovmuuoumdwo
HHNPPNMQQMO
IR AR PR K AR SEXFN

2
2
2
2
2

" 0.2000E° 00 0.0000F 00 T0.000AE UJU.B3B30,255%
T 0. 4627E-01T01169E-31T 6TB5E4E-(30,383330,2563

T2770,092CE 80 0,0000E 00 0,0000EU00,83330,2577

i

T6.20005 0070 N000E 00 0,0000E 000.83330,165%
»(,1476E=31 0.4601E-01 0,7703E-03C,483330.1648

NN
Ol

[¥S

0,6709E~01 0.48€3E~04 0,1255E-020,63330,25¢85
0.1011E 00 0.7639E-01 0,5013E-030,83330,259¢6

0.39€4E-01 0.,2205E~91 0,812 3E~u30.63330.2569

0. 20“0‘ €0 0.000CE 36 G, OOOPC 000,83330,255¢4
£.2230£~01 9,.3051E~01 0,1G13E-U20,83330,2552

-

0 5484E-01 011144E-02 0.47775-030 63330 .2556:% .

2 _0.1010E 00 0.2400E-01 0,4541E~020.8333n.2555

> §.6820E=01 0,7987E-D1 0,9543E~030.83334,24n3
D.1084E 00 0,3964E~01 0.2179E~030.833%9,2573
) 0.7724E-g4 0,916BE-02 0,45H4F~N30.23339,2562

0, 6671E~01 0,4001E-G2 9. 174RE~330.83330,2558
0.1068E 00 0,1065E-01 0,4230E-020,83330.2551
0.7480E-01 0,5154E-01 0,1550%E-020,R333n,25R85

0.,34352-01 0.5118E~31 0. 1055E=U20,43330,2581
6.7738E-01 0.2022E-01 0,8418E-030.,583330.256¢
0.61902E-01 0.4336E-p2 0,2284E-u30.83330,2558

-

8,6840E-01 0.1305E-01 0,2000E-020,83330,2578
0,52232~01 0.236%E-01 0,1508E~020.,83530,2573

0,8629E-01 0,33152<01 0.82515-~438, 83330 L2571
0.6854E-01 0,9991E~02 0,5483FE~-030.83330.2541
) _0.51p2E-p1 0,48365-02 §,22R4F~030,53331,2358

T 0.8820E<01~047134E.0370,4189F-020.2333.2£010
0.54C6E-01 0,2260E-01 0,1950£-020.83330.2577"
0.,5109E-01 0.17735-01 0,1117E~020.8333n.2567

5,3657E-01 0.3273E-pZ 0,2498E~030,83320,2558
5,0600F 00 0.0000E 00 0,0000E 000,83320,2555

[¥Y

¢.09C0DE 02 0,0000E €O 0.COGGE 0QU.83330,2571
6.000CE 00 0,0000E 00 0,00C0FE 000,83330,2561
0,000CE 00 0.0000E 50 0,0000E v00,835330,2557
0.050C0E 30 0.5009E 00 0,0000€ ud0,83330,1654
0,0G3GE 00 0.5000E 00 0,0000E UDD,BIS3I0,1644
0.0000E 0D 0.0000E 00 0,0000E 000.83330,1835
.0000E 00 0.0000E Q0 0,0009E uUQO0,83330,1668
8,03C0E 00 0.0000E 00 0,0G02E U0U.83330.165¢4

1
uuuummmmMmmmmmmmwmmmmmmmwmmmum

-

8,124%E 00 0.1333E 00-0,2234E-010,83330,1733

8 0.7214E-~017 0.3074E 0170.,1.7¢F~-010.83330,171%
~0.3995E-02 0,1474E 00-y,2324F-010,R333n,1805

NN H B NN N NN OV OV O SN I ML B LA b BB G GO G G

0.4119E~010,6343E-02 0,5409F~030.83339,2360
0.,3697E~01 0,3273E-02 0,2490RF=030.23331,2558 ~

0,0000E 00 0.0000E 00 0,000RE N00.83337,2605

" 0.0000E 00 0,0000E C0 9,060P0E 000.83330.2575
0.0GD0E 00 0,0000E 00 0,0000E £N00.83330,2545
0,0000E 00 0,0000% 00 0,0N0DE 0NG,R3339,2559
0.000NE 00 0,0000E 00 0.2NNPE 900.8333n,2556
8.0002E 00 0.0000E 00 @.,0700E 500.83339,1720
0,0000E 00 0,0000E 0D d.0000E 00D,83330,1R63
0.000CE €0 0,0000E 00 0.0NN0E 000,83339,16729

- 0.0000E 00 C,0000E 00 0,090n0E 000.93334,1653

0.0000E oo 0,0000E 02 0,0NnNNE 000,R333n,1654

0,1315E 00 0,3911E-01 0.50N3E~N3D.R33%A,1£34

72 3 0. 6143E-CL10,1772E-0170,3719E-020,33330,1467

N VI GEr O
[ZR 7 w Ny
o 0 U O W

3 3 0.5126E~0L 0.4376E<0170,1207E-020,83330,1682

0,43352-01 0.1654E-02 0,3579E~U30,83320,1655
0.2000E 00 0.00DDE 00 0.0C0NE 0LO0.53330,1654

>

0.5345E=017044376E-02 "0,5023E~030,23339,1655
0.4335E-01 0,1654E-~02 0.3579E-030.83330.1655
0.9961E-01 0,4083E-01 0.1012F-010.83330,1699

0,1323% 00 0.1527E 00-0,4367E~020,83330,17G4
0.1081E 00 0.2944E-~21 0,2352E-020,33320,1669

0.6225E-02 0,1608E 00-0,4149E-020.8333%p,1714
0.1444E 00 0.5620E~04~0.1R34F~-030,583330.1%58
0,92595-01 0,104925-01 0.9472E-039.8333n,1460

3 3 U.7921E-01 0.4641E-02 0,3B48E~U2V,43330,1458

L
H

o h

3
3

0.2000E 00 D.0000E 0O 0,0000E G0O0.83330,1654

0.9065E-01 0.6362E~01 0,2774E-020,83330,1683 .

foy

0.7921E~01 0,4644E-02 0.3548E~N30.53339.1456
0.,1189E 00 0,3434E~01 0.9354E-020.8333n,1403
0.9593E-01 0,1077EC 00 0.2579E~020.8333n,1701

& 3 0.4333E700 0, 104457000, I573E-020, 8333071699

' 4 3
) 4 3

£,1234Z 00 0,3519E~01 0,2980E-020,83330,1667
£.9705E-01 0.7677E~02 0,4613E~030,83330,1656

OXNMNAHAENODIBAMNVNODNINOOARDLEBLNODOHRINO DOAMNOODNHLNOID O BN D DO H N

SD DD DGOt G N
G Gl 6 8 Gt O G O O G 68 O O

=

0.1432E700 0.6081E-01 0.82456F~030.833%9. 1471
0.,1091E 00 041603E~01 0,1157E~020.8333n.1460
8. 9705:‘01 0, 7677E 02 0.4513E~030.83330,1456

T TmA L e aT e mae e e AR



5 3 0.2CCCE 00 D+0000E 00 U,0000E TG00.83330,1654
3 0,1067E 00 0.4344E~01 0,4353E-020,83330,1679
3 0,1144E 00 0.6846E-01 0.29365-020.83330.1679

A

AV RS ]

0.1248E 00
0.1022E 00
0.,1175€ 00

53 0.10805 007 072932E-0170,2225E<020,03330,1664
3 0,89T72-C1 0.7659E~02 0,6154E-030.83330,1658
3 0.23CCE GC 0.002CE 00 0,000GE 000,83330.1654

o

[y

0. 8937“-01
0.100%E 69

§ 3 0.5465Z~017 0. 1827E~010,4619E-020.,63330,1675
3 §,7142E-01 0,5101E-91 0,3835E-020,833530,1671
3 0,6473E-04 0.1592E-01 0,2225E-020.,83330,1664

[« 3¢ 3

0,7177E~01
0.6997E-01
0.5906E-01

T3 -0.5428E-CI 0-4690E-020,66C8E-030,d3330,1636
3 G.3G2CE 03 0-00COE $O0 0,0000E 000,83330,1654
3 0,G0800E 00 0-C00C0E S0 0,0000E 000,83330.1675

o
G N G O GL G S G

A N0~

7% §,00005 09 0.C0002 7507 0,0000F UCUL63330,1669 -

3 {¢.00GGE 00 0.00030Z 00 G,0000E 600,83330,1659
3 o ccc £ 00 §.0000E 00 0,0000F U0D.,83330,1655

[

0.0009E on
0,000CE 00

0.0000E 00
0,0000E 00

N

4 D356E70 D-6030EE0 0.0004E U20,63330,0752
4 0 DUOOP 0C 0.00CCE 00 0,0000F 000.83329,0768
4 (,60Z6E-05 0.1CC0E 01 G.ODCDE 0¢0,8333¢,0752

[

-D'NNOJ;
i

0.6C36E-05
0.000NE 00

1§ 0.C00%E 00 0.06000E GO DL IOCONE GOOB3339,0776
1 4 0.00600% 00 0.0000E 0C 0,0000E 000,83330, 0753
2 4 0,2000% 00 0.0000E ©0 6,0000E 060,83330,0752

(oY

0.0000E @O0
0.0000E 00
0.7200E-01

2 3 =C0.L883E-TL 0V1574E" Uu-a.317?= 020783330,074%
2 4 9,1326E 00 0.4531E 00 0,191pE-u20.,83530,0883
2 4 0.6719£-01 0.6109E-01 0.37205-020.63330.0766

=0,5830E=(G2"
0,1424€ 00
‘0.5872E-01

2 4 U0.4737E-0170.7989E-02 0,1524E~030,33330,0752
3 4 0,2050E 00 0.0000€ %0 0,0000E 000,83330,0752
3 & (,4985E~-CL 0.1504E 00 §,3918E-020,83330,0779
T 4 0.14Z21E0CT0,3428Z70C 0.255£E~020,33330,0804

34!
(J(AMNNNNNHH“HH\I\INi\I\IOOOO [+ ML RVHV RV RV |

0.9885E-01
0.6453E-01
TT0.1572E .60

b.5425E-01

0,0000F a0~

0.0000E 00"

"0Y0000ET00 D.0NNOE 0600.R3331,0754

U,16Y7E~01 0.8705E-020.83330,148Y
0,6853E-01 0,3R35E~-020,83330,1483
0,4686E-01 0, ?3&05-020 R3331,1669

0, 7659E 02 o, 6154F 030 8‘330 1456.
0.16395-02 0.833nE-026.23330,1438

0,2967ESG1 0.4733E~020.83339,1475

0.,2384E-01 0,291NE-020,8333n,1665
0,8799E-02 0.,139AE~N20,933%4.1458

2RI Do

074690E-02 0, 6ANGE~030.83330,4655
0+0000E 00 0,000NE A0H,8333%0,1744
0,0C00E 090 0,0NAGE NN3,A333n,1474

0,00008 ¢0 7 0,0000E §0N.53339,L4K4
0,00Q00E 00 G,0000E NND,53330,1457
0,0000E 00 0,0190E 000.83331.1454

0,0000E 00 0.0N6nE 000.B3337,0827
0,1000E 01 0,00RNE 000,83339,0752
0,0CCC0E 00 g¢,0007E nAN,53379,0755 °

0.0000E 00 0,0Nn07E 000.8333n.08752
0,6538E-01 0.1A43E-010.8333p,0210

0V4563E7 0070, 6305E-930,833%6,06N07
C,1578E 00-0,3945E-~020.583333,6720
0.1970E-01-0.1217E—030.ﬂ3330.0753

0.4737E-0170,7989E-02 0.1526E~-033.83330.0752

0,7647E-01 0,1572E=-010.83339,0797
0,3182E 00 0,2750F-020,53330,0A811
0,14832 00 0,21345-020.83339,0766

4 0.1185E 09
4 0.166455"01
477 0,20CCE 63
4 0,9194E-01
4 0.14435 oo

s o-Js 00
ZOC"u co

N
(.‘ <

4 0,1234% 00
4 0,11FQ0E 00

5 4 [.9722E=01 0 1338E-01'0,1223E-020,83330,0753

o~

4 0.,20C0E 00
4 0,8850E~01

- an ——————

0,7256E-01"0,8034E-52078333070777
0.1079€ ¢0 0,68E84E-020,83330,0777 -

.iiGcE‘uU'

2.7400E-01 0,91G2E-020,83330,0757
0.1331E~-01 0,5601E-030,£3330.0754
0-0G90E 00 0.0000E ©00,83336.0752
0.,11765 00 0,6286E~u20,83330,07580
0. 18495 0¢ 0, 6934E~ 020 83330,0793

S

0.1015E 00 0,2948E-01 0.1532F-020,83330,0757

"0,1191E 00 0,6032E-01 0,1449€-010.83330,0791
0.1007E 00 0,1872E 00 0.8216E-020.,83330,0799
.0,1562E 00 0,1183E 00 0,3711£-020,8333n,0769

0.15845-01A0.8991E~030.83330,0754
0.0005€ 90 0,0000E UC0.83330,0752

[y

/.4894E-01 0,4524E-020,83330,0762

0.1192E 00 0,3210E-8170.231RF-020,83329,075¢8
0,1053E 00 0,1584E-01 0.8961E-330.5333n0,6754
0,1261E 00 ©0,3213E-01 0.1544E-010,83337.07588

0.1082E 0070°1076E 0070.8225£-020.R23330,0784
0.1280E 00 0,7760E-01 0,.5304E-020.R3330.0747
C.1068E 00 0,2554E-01 0.2757£-020.83330,0757

0.80050E 00 0,00008 000.83330,0752
0,3163E-01 0,8082E-020,83330,0773

-
{ANOORHLNOBARENODNANODOLENODAINDDRMNLNDDO AN OO AN

.o\otm\n\nu1u1A.AJsaHSOJG

“T0.9722E-0170,1338E-01 0.1223E-020,83339,07547
0.1025% 00 0,9843E-02 (.1353E-91C0.2733n,0794 -

4

4

4

4

4

[

4

4

r

4

4

—g

4

4 0,8648E-01 0,1331E-01 0,56N1E-030.83330,0754
—4

4

4

&

4

4

e

4

4

4

4 .
4 0.7619E-01 0,4574E-01 0, 8804=r02a.83339 07701

- - -

A e a aThe T ---—- PR I ca e e -  ame-




J

305700 0.0C30E 007 0,0000E7GOUV83333,0175 0,35908-01 2 TTD,7844E-~01 0.,8176E<01 0. 1A95E~N10.53330,.0259 0.3673E91

0 1950“'01 0v1619— 00 0,4822£-020,83330,0189 0,3776E~01 4 0.4214E=-01 0,4007E 00 0,7541F~020,8323%9,02n5 n,4705E~n1

76 4T 0,7732E-0170,4675E<0170,7389E~020,83330,0748 6 40, 7606E-01 0, 3858501 §,5704ES020, 83330, 0763
' &€ 4 0,7058E-01 0.2450E-0%1 0,4269E-020.,83330.0759 8 4 0,6425E-01 0.1366E-01 0.243RE-020.83330,.075°5
)y &6 4 0,5855c-01 0.7449E-02 0,1277E~020,83330,0753 10 4 0,5895E-01 0.7449E-02 0.1277F-020.823330,0753
L 7 4 ¢,0000E 0C 0.0090E 00 0,0000E 000,83330,0752 2 4 0.0000E 00 0,0000E 00 0,0NN0E 0NC.R33I3N.0ARN2
T 7 4 0 32005 00 C.0000E 00 0,000CE 000.83330,0773 4 4 0 G00%E 00 0,0000E 00 0,072%E 000.83330,9773
5 7 4 0.9009E 00 0.00CDE 00 £,0002E 000,83330,0768 6 4 «0C00E 90 0,0000E 00 D.0069E 00L.8333n,0742
! 7 4 0.0000¢ 00 0.0000E 00 0,0000E v00,83330,0758 8 4 0 Q00GE 00 0,00C0E 00 0.,0030F 000,23339,0755
» 7 4 0,00020E 00 0.0D0Q0E 0C 0,00908 (60U,B83330.0753 - 10 4 0,0000E 00 0.0000E 00 D,00pRF 000,33339,0752
S S ..OUUOE 00 Qs OOOOE 00 _0,0000E 000.,83330,0175 0., 3500E—01 2 5 0:0000E_0D 0,0000E 99 0,09nN0E 0Nn9,R3330.0175 0. SSU”E_QL_____
3 1 5 032GE 00 0.96C3E Q0 0,0009E 030.93330,6175 N.3530E~01 4 5 0.6035E= 05 S 0,1000E 01 90,0000 093.33330,0175 0,3507E<n}
5 1 5 0 5”6:-05 a. 1000 £1. G.00C7E 000.53330,0275 0.3500E-01 6 5 0.0000E 90 0.0000E 00 0.,07NNE 0N0,R3I33IN.0L75 9.35008=01
7.1 5 {0.0620E 80 _0.G0G3E. GO 0,0C70E_v00,83530,0175. 0.35005-01 8 _8% _0,000G6E 00 0,0000E 00 0.00020E 0NC,233%10,0175 0.3590R<(1
9 1 5 0,000GE 00 0.0000E 50 0,0G00F UGO,83330,0175 0,3500E-0110 0 ,000CE 00 0,0000E 00 0,0900E 000.83330,3175 0.356G6E-01
1 2 5 0.,2020F 00 0.0DD0E 00 0,0000E 000.833530,0175 0,3500E~01 2 +6532E-01 0,1831E~01 0.1058E=010.83330,07276 0.41198=01
3 2 5 =0,724BE-01 0.14G6E 00-0,4531E-020,83330,01%59 N,3378E=~01 4 -U 5003E-01 0,4579€ 00_0,293RF-010,83331.0255 10, 5097”'"!_____
5 2 9 0,2067E700 05.4635E8° 00 0,943 7=-UZU AZ830,0242 0.4841E-01 6 ¢ TT0.2160E 00 C.1688E 00-0.610NE-0RN, 83379, 0143 7.3252F-n1
7 2 5 0.7832E-01 ($.4923E-01 0,6023E-020,383332,0183 0,3454E-01 8 0.7044E-01 0,1519E~01~0,3372F~N3ND,83339,0176 9.35078-n1
§ 2z 5 u.5174=-01 0.5997E-02_0,42563E-U30,83330,0176 0,35088+0110 "3 __0.5176E-01 0.5997E-02 0,4N8GE~N30,83330,0174 0.3517R-01
3
3
3

SV G
AV RV

6
[
6
7
7
7
7
7
1
1
1
1
1
2
4 2
2
2
2
5 3
3.
0,1833E 00 3922E 30 0,3364E-u20,83330,0200 0,3989F=-01 6 3 0.208AE 00 0,1638E 00 0, 133153020,e331q,o;ez_n:354151¢1
S5 (.1422E760 ¢ 0 30045-01 0.5111E=U207 63330, 0163 0,3861E~01"8 3 5 0.1181E 00 0.2901E-01 o CIRZ2E<N20.683334,0178 Tn.338RESRT
3
4 _
4
4
4
4
5
5 5
5
5
5
[
6
6
§
6
7
7
7
7
T

o

0,142%E 00 ©.15045 00 0,8734E~U20,53330,0188 0,37542-01 6
0.,13528 99 0.6451E-51 0,5628E~420.83330,0180 C,36G55-01 8
__0.1242E 00 0.1634E~C1 G,1665E-020,83330,0174 0,3522E-0110
T0.2300E7 00 0.CJ00E g0 0,60c3E UG0.B3330,0175 C.35p0E-01 2

\n\nu{
Vi W Wl

D.1511E700 0,1033E7007 0.6391E-020,83330,0283 0. 36545-617
£.,1188E 00 0,3297E-01 0.3441F-020.68333%30,0178 0.3354F~-n1
0,1042E 00 0,1684E-01 0.1627E-N120,8333n,0176 ,352°E-01
0. 9742E<01 0,5013E791 0,1660E-010,83330,.9168 0.3%448-01

0.8495E-01 0,86458~01 0.11148~040.83335,0:86 0.37218-01
__0.8927E-01 0,60942-01, 0.692RE~020,2333n,0181 0.3414=5-n1
T0.7116E-01 0,2136E-01 0.3936E-020.83330.8177 0,35382201
0,6299E-01 0.1115E-01 0.158NFE-026.,83339,017¢ 0.35155-01
0,0000E 00 0,000CE 00 g.0%00E
0.0000E 00 G.0000E 00 0.00n0E

0.0000E 00 0,080GE 4G 6.0%90E
_0.0000E 00 04 000CE 00 0.0000E
“0.0000E 00 O, 0000: CG 0.0

9 3 5 o 94£7E-01 0.1301E~01 0.9612E-u30.,63330,0178 0,3521F=0110 0.9467E~01 041301E~01 0,9616E~030,83339,0176 6,352 201
1 4 5 .20065E 00 6.RCOCE 30 0,9000E UQU.83330,0175 0,35008-01_2 0. 99545101_0.75735_01mo91795F-010,5333q,01¢5,n.ssvzafgg_
ITETET c 7:33: 01 0.1454E 0 0,7700E-020,63330,0189 0,37252~01 4 ¢ 0.9644E~0170,2444E 007 0,12R7E-010.63331,0200 8.3991€-0{""
5 4 5 p,1746E 00 0,2399E. 00 0,9331E-L20,83330.0156 0,3920E=01 & 0.1939€ 00 0,145GE 00 0.4767E-020,83331,0184 2.3668E-11
7 4 5 0.1581F 00 0.,8296E-31 0,5491E-020,83330,0182 0,3636E~01 8 0.1350E 00 0,3771E-01 0.27856-020,83334.0178 9,3542%

$ 4 5 0,11455 (30 0.1815E-01 0,1311E-020,6330,0177 C,3524E-0110

1 5 S 0,2000E 00 0.0000E 00 60,0099 LOU,53530,0175 0.3500%=-01 2 0.1130E 00 0+471BE-01 0.,1597E-010.R33%9,0194 7.33752-n1
3 5 5 0. 1071= 00 C.41G1iE 00 0,9627E-U20,83330,0188 0,37585-01 4 0,2134E 00 0,1521E 00 _0,110KE-H18,83375,0100 N, 3AR4E-q1
5

7

S

|
J

6.9862E=01 0.6984E-01 0,9132E-020.83335,0186 0,3716E~01 4

\UIRZ N )
O Or 0

0,39595-01 0.8234E-31 0,9152E-020,083330,0164 0,

5

5 G 3673501 6 ¢
5 6,8G75E-01 0.39485-01 0,5235E-020,83330,0179

5

5

03573801 8
0.,3517E-0110
0,35008-01 2
0.35¢0E-01 4

e —

0,6299E-04 0.1115E-01 0,1649E-~020,83330,0176
00 0.00DOE 0O _0,0300E 000,83330,0175
‘976, 0000E 097 0,093¢E GO0V B3III0,C175
00 0.5000E 00 0,0000E 0(0.33330,0175 0,35305-01 6
09 0.CCQ0E 00 0,0CCGRE 000.83330,0475 0,3500E-01 8
907 0.0C00E 00 0,00G0E ©00,83330,0175 0.35005 0110

) N
N OOy

006.83333.6175. 0.3527E-n1
000.33334.0175 9,35
n05,33336.0175 N.3307E-r1
000,.53330,0175 1n,35a0E-R1
060.83339,01757 0,3530E-¢1

9,070908
G.0C00E

i'

5 §.300CE
5 0,035n08
57

5
5
5
]
5
5
-y
5
5
5
5
5
-
5
5 000,33
5 0,11456 00 0,18{5E<91 0.1373£-020,83337.0177 0,35
5.
5 _
5
5
5
5
-5
5
5
5
S
5
5
5
0-0000: 5

O\IUIM
\1\1\3

9.2

—— —e—— r—— s e e ety




276

VITA

The author was born in in Iran. He began attending
Fairleigh Dickinson University,Teaneck,New Jersey in 1966 obtaining the
B.S.M.E degree from that university in 1969. He continued at Fairleigh
Dickinson University for the master's degree in Mechanical Engineering,
which was completed in 1971. He was accepted into the doctoral program
at Newark College of Engineering the same year. jhe development of
this dissertation took place between April 1974 and April 1977 at

New Jersey Institute of Technology.



	Copyright Warning & Restrictions
	Proquest Front Matter (1 of 2)
	Proquest Front Matter (2 of 2)

	Title Page
	Abstract (1 of 2)
	Abstract (2 of 2)

	Approval Page
	Acknowledgement
	Table of Contents (1 of 3)
	Table of Contents (2 of 3)
	Table of Contents (3 of 3)
	Part 1
	Chapter 1: Introduction
	Chapter 2: Mathematical Formulation
	Chapter 3: Numerical Solution
	Chapter 4: Numerical Stability and Convergence
	Chapter 5: Presentation of Results
	Chapter 6: Conclusions and Recommendations
	Chapter 7: Nomenclature
	References
	Appendix 1: Derivation of Governing Equation (1) through (15)
	Appendix 2: Verification of Stability Analysis
	Appendix 3: Calculation of the First and Second Derivatives at the Boundary and in the Field

	Part 2 - User's Manual
	Chapter 1: Description of Therma Digital Computer Program
	Chapter 2: Description of Input Data
	Chapter 3: Description of Output Data
	Chapter 4: Operating Procedure
	Chapter 5: Program Nomenclature
	Chapter 6: Program Listing and Sample Run

	Vita

	List of Figures (1 of 2)
	List of Figures (2 of 2)

	List of Tables



