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ABSTRCT

Personnel and equipment casualties, caused by shipboard

fires have adversely affected overall readiness of the U.S.

Navy for centuries. Understanding the phenomena of fire in

enclosed spaces, such as those found on surface ships and

submarines, will greatly enhance the Navy's ability to combat

or prevent them. This computer model was developed for use in

conjunction with Fire-i, an experimental fire chamber test

facility at the Naval Research Laboratory in Washington, D.C.

It is a three-dimensional finite difference model which

includes the phenomena of conduction, turbulence, global

pressure correction, surface radiation and strong buoyancy

flows. Given specific data on heat release, it predicts

velocities, temperatures, pressures, densities and viscosities

throughout its geometry. It has been reasonably validated by

comparison with experiments in Fire-1. Advanced graphics

techniques, such as color contouring and three-dimensional

vector field plotting, have been applied to make output data

more informative. This model, if easily modified to more

specific geometries, may become a useful tool for naval

architects in the design of the fire safe ship. Accesion For
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I. INTRODUCTION

A. 5&KOROUD

Annually, the effects of fires on Naval forces are

particularly devastating. Ships may be removed from service

for repairs which incur costs that may run into the tens of

millions of dollars. Personnel casualties, ship down time,

equipment repair and replacement all result in a loss of

overall readiness of our fleets. The prevention of shipboard

fires is of the utmost importance to today's Navy. The

understanding of the phenomena of fire, espe-ially in the

enclosed spaces found aboard ship, is the first step toward

its control and prevention.

The study of fire propagation requires the combined

knowledge of fluid dynamics, mass and heat transfer, and

combustion. Research into the mechanics of fire and prediction

of its belivior will aid engineers in reducing the probability

of its ignition and propagation.

There are a number of ways to conduct this research. The

most obvious is experimental. But, fires aboard ships are very

complex. Often they are in enclosed airtight spaces which

allow pressures to build. These spaces may be full of

electronic equipment, flammables or toxic substances. Their

accessibility may be extremely limited, hampering efforts to
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combat fires. An experiment that can accurately account for

all these complexities becomes very expensive.

At the Naval Research Laboratory in Washington, D.C., the

Navy has built Fire-i, a large pressure vessel designed to

model fires aboard submarines, or closed compartments and

tanks found on surface ships. It allows fires to bs studied

under the unique conditions experienced in shipboard fires.

Another method for conducting fire research is the use of

a computer model. As computers get faster and can allow for

large amounts of data storage, researchers are able to

thoroughly model fire phenomena and predict future behavior

without the continuous expensive full scale testing of Fire-1.

Fires may be modeled by the numerical solution of the

governing equations. These models are then verified by the

existing data from experiments. With an accurate computer

model, several options are available. More complex geometries

may be incorporated for specific areas of interest. Entire

models of ships may someday be developed to show areas of

susceptibility in design. Effects of firefighting methods may

be accurately predicted. The savings in running computer codes

versus full scale testing are considerable.

Also, now that a high speed VAXSTATION 3100 SPX/RJ19 Model

38 workstation may be dedicated to this particular simulation,

computing costs may be minimized. The current code requires

approximately 1.0 hours of VAXSTATION CPU per second of fire

time.

2



B. COMPUTER MODELING

Field modeling uses difference forms of the conservation

equations of mass, momentum, energy and species. These are

used to calculate temperature, velocity, pressure, viscosity

and density at specific points in the volume of interest. This

volume, being the compartment studied, is broken down to

finite volume elements. The conservation equations are solved

at this level for discrete time steps from a known initial

condition. Additional models of physical effects such as

radiation, turbulence, and wall conduction are included to

increase the simulation's validity. This method requires large

amounts of computer memory and high speed processors.

Much research has been done previously and has provided

the basis for this thesis. At the University of Notre Dame

[Refs. 1 and 2] work has been conducted involving aircraft

cabin fires using a two dimensional finite difference field

model which predicts velocity, temperature and smoke

concentration inside the passenger area of an aircraft.

Nicolette et al. [Ref. 3] developed a two dimensional model of

transient cooling by natural convection. It utilized a fully

transient, semi-implicit upwind differencing scheme and global

pressure correction that was verified experimentally.

More recent [Refs. 4 through 12] studies have developed

numerical solutions for three dimensional rectangular

enclosures in which non-linear partial differential equations

were solved by finite difference methods. Models for three

3



dimensional cylindrical coordinate buoyant flows [Refs. 13

through 191 have also been developed, and deal mainly with

horizontal annuli with differential temperatures specified at

inner and outer cylindrical walls. Smutek et al. [Ref. 181

studied buoyant flows in horizonal cylinders with

differentially heated ends at low Rayleigh numbers (74 : Ra 5

18700). Yang et al. [Ref. 19] conducted a similar study but

with high Rayleigh numbers (104 5 Ra 107).

Studies have also been done on methods for decoupling the

pressure terms from the Navier-Stokes Equation. The stream

function-vorticity formulation has been used [Ref3. 13 through

18] to calculate natural convection in various geometries.

There are problems with this method such as instability at

high Rayleigh numbers. Yang et al. [Ref. 19] address this

problem and suggest using a primitive variable formulation

when using arbitrary orthogonal coordinates.

Natural convection in spherical annuli was studied by Ozoe

[Ref. 20] utilizing velocity-vector formulation. Field models

involving prediction of fires in enclosures have been studied

by Baum and Rehm [Refs. 21 through 24]. These include time

dependent Boussinesq equations to simulate three dimensional

buoyant convection and smoke aerosol coagulation. Field models

involving three dimensional enclosures and employing the

Boussingesq approximation, were studied by Bagnaro et al.

[Ref. 25] and by Markatos and Pericleous [Ref. 26].

4



In this thesis, the numerical method developed by Yang et

al. [Ref. 19] using primitive variable finite difference

discretization in generalized orthogonal coordinates is

employed. This method can handle complex geometries and has

the numerical stability characteristic of primitive variable

formulation.

C. FUIR-1 TIST FACILITY

An experimental test facility called Fire-i, has been

constructed at the Naval Research Laboratory to study the

behavior of fires in enclosed spaces found on submarines and

surface ships. Since the computer code presented in this

thesis models the geometry of Fire 1, this section contains a

brief description of that facility. More information may be

obtained from Alexander et al. [Ref. 27]. Figure i.1 shows

the basic layout. Fire-i is a cylindrical pressure vessel with

hemispherical endcaps. It is constructed of 3/8-inch ASTM 295

Grade C steel and can withstand internal pressures up to 89.7

psi and temperatures of 4500F. Its total length is 46.6 feet

long. The cylinder and endcap radii are both 9.6 feet. Rupture

discs are placed at each endcap to prevent failure due to

overpressurization.

Figure 1.2 shows the instrumentation layout. An array of

chromel-alumel thermocouples with ceramic insulation and

stainless steel jackets, are placed near each endcap.

Additional thermocouples are placed on the chamber walls, both

5
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inside and out, to monitor inside and outside wall

temperatures. A specific test might call for placement of

extra thermocouples or radiometers at various other locations.

These are arranged as required by the experiment.

Burn rate data is obtained using round, tapered edge fire

pans of various cross sectional areas, and a constant level,

liquid fuel supply system. To date, this data has been the

least accurate in the experiment. The system and its

calibration are described by Alexander et al. [Ref. 27]. Smoke

concentration can be measured using video cameras, particle

analysis and obscuration with laser detectors.

To more completely represent shipboard compartments, the

facility has a number of features. First is the installation

of two removable decks, one at the midheight, the other at

three feet above the bottom. Either grated or solid deck

plating is used depending on desired configuration. Second is

the installation of a nitrogen pressurization system used as

an extinguishing agent. Its performance is being tested for

possible use combatting actual fires.

D. TRZ CCPUTR PROGRAM

This computer model is a joint project undertaken by the

Naval Postgraduate School and the University of Notre Dame. It

represents a low cost alternative to full scale test using

Fire-l. With proper modifications, used in conjunction with

8



Fire-i, it will test effectiveness of damage-control systems

and evaluate new ship designs.

In the work by Nies [Ref. 28], the code was based on a

rectangular geometry with the volume identical to Fire-1. This

was a three dimensional, finite volume model using primitive

variables. Turbulence, wall conduction, and a global pressure

correction factor were also included. Due to the unreliability

of burn rate data, Nies [Ref. 28] devised a scheme for

computing a heat release rate by using experimental pressure

curves as input.

The actual geometry of Fire-1 was employed by Raycraft

[Ref. 29]. Using its spherical/cylindrical coordinate system

and detailed formulation of radiation surface view factors,

global pressure correction, conduction and turbulence, the

code created an extremely viable model for use with Fire-i.

There were the continued problems with simulating the heat

release data which were partially resolved by numerically

fitting experimental burn rate data available.

Houck [Ref. 31] included a model which simulated internal

forced circulation. It was compared to data run without

circulation and it was concluded that circulation had minimal

effects on the overall velocity and temperature profiles.

In this thesis, advanced three dimensional and color

graphics techniques are used to present data generated using

the previously developed codes. Using the VAXSTATION 3100 SPX

and the software CA-DISSPLA [Ref. 31] the data is presented in

9



a more informative fashion. Color graphics are used to present

isotherm profiles and three dimensional vector fields will

represent velocity profiles.

10



11. DESCRIPTION 01 NUKERIChL MODEL

A. GOVERNING EQUATIONS

The model is based on the system of conservation equations

which govern the behavior of fluid flow and heat transfer in

qases. These equations are in differential form and are

presented in generalized curvilinear coordinates using

standard tensor notation. Nies (Ref. 28] based his model on

rectangular geometry using Cartesian coordinates. Raycraft

[Ref. 29] refined the model to describe the exact geometry of

Fire-1 and included surface radiation. Houck [Ref. 30)

described the transformation to curvilinear coordinates, used

by Yang et al. [Ref. 19], in detail and the following forms of

the governing equations are obtained.

The equation of continuity is:

1 a ({,/9PUU, (2.1)

The energy equation becomes:

(pCP.T)t + -L a jrPCPu1 T1
7F 7112.2)

_ k,,,f T,1 S

h,'



where the source term, Sf is:

Sf=.ot 0+P+pSh (2.3)

and the dissipation term is:

0-2{ . 81

(2.4)+ U1 2 ul1 )
Sh. is the heat source term which is zero everywhere except

nodes at the fire's location and 86j is the Kronecker Delta.

The momentum equation becomes:

Pu ) , +1 Ul{f uu

1.1 a { 1 + i (2.5)

7 F_ 1 ah 1  8h a)+i puu I

where the stress tensor is:

l a F ()' ( 12.q1 )

7>-1 7 TI W

Effective conductivity k ff and dynamic viscosity gtf include

both laminar and turbulent terms. Additional terms found in

12



the momentum equation are due to coriolis and centrifugal

effects.

The equations of state remain unchanged through coordinate

transformations and are given as:

PupRT (2.7)

- C. ( T- R) (2.8)

B. INITZT AND BOUNDARY CONDITIONS

In order to solve this system of differential equations,

boundary and initial conditions must be determined and

applied.

I. Initial Conditions

The initial conditions for the model are determined

from conditions present just prior to ignition in Fire-i. The

air inside is totally at rest. The temperature is equal to

ambient temperature and is assumed uniform throughout.

Therefore, in the model, the entire velocity field is set to

zero and the non-dimensional temperature field is set to 1.0

which corresponds to ambient temperature. Pressure and density

distributions are at static equilibrium.

2. Boundary Conditions

Since the vessel wall is a solid boundary which is

nonporous, the velocities, both normal and tangential to the

wall, are zero. Mass flux across the wall is also zero. The

temperature of the wall is equal to the temperature of the

13



fluid at the interface. Conservation of energy must also be

met at the interface. The following three equations summarize

wall boundary conditions:

uI, a 0 (2.9)

T *FV - Toi (2.10)

S k1 -k T (2.11)

Ia - ks W, I.old

where q is the heat flux arriving at the solid/fluid

interface and n is the normal direction of the surface into

the enclosure. There is conduction through the wall and

convection from outer surface to ambient temperature.

Due to singularities occurring at r-O in cylindrical/

spherical coordinates, special care must be taken at the

origin. Yang et al. [Ref. 19:pp. 167-168] discuss methods for

addressing this problem. In this model, two consecutive

control volumes are placed at r-0 and continuity is applied.

C. MODDLS OF PNTS$ZCAL PNhONmINA

1. Wall Conduction Model

This model calculates heat loss from the vessel

through the walls to the environment. It assumes one

dimension, unsteady heat flow and constant convective heat

14



transfer coefficient at the wall's exterior. The energy

equation is:

(P,CP, T) e 1 () k,TgIJ) S (2.12)

2. Turbulence Model

The turbulence model is a simple algebraic method used

to predict mean flow quantities for incompressible boundary

layer flows. Developed by Nee and Liu [Ref. 33], the model

determines the effective viscosity in recirculating buoyant

flows with large variations in turbulence levels. The

equation, transformed into generalized curvilinear

coordinates, is:

.,T T- ( ,... -1 2.13)
RLt

15



where f/H is a non-dimensional mixing length parameter given

as:

~(lau,

,u~l  (2.14)

+ . ... Il~ "T; W .

IIn 
1 

82ul

K is an adjustable constant and the Richardson Number, Ri, is

given as:

Li.

S( ') a.u (2.15)I(u ) 8].[ 1' , ' .[(°' )1,]

I is a unit vector in the opposite direction of

gravity.

Pr. is the turbulent Prandtl number which is also used

to compute the effective conductivity.

r 1 1 IL,, (2.16)

Pr is the molecular Prandtl number.

16



3. Surface Radiation Model

Raycraft [Ref. 29, pp. 24-44] describes this model in

detail. Summarizing, the radiation model considers only

surface radiation. Smoke and gases are considered transparent.

Inside the model, walls and flame areas are treated as

surfaces. Each surface is considered to be gray and diffuse.

Sparrow and Cess [Ref. 34] discuss the net radiosity method

upon which this model is based.

Net rate of heat loss per unit area is given as:

G - 'U (2.17)

where

* J -(1 -1 ) FAI-A J (2.19)

FALAj is the view factor of radiation emitted by surface i onto

surface J. The general equation is given by

1 f f cosPIcospdAidA, (2.20)FAA , A,

17



111. FINITZ VOLUME CALCULATIONS

A. INTRODUCTION

The numerical model's independent variables are time and

three space coordinates. Dependent variables consist of the

three dimensional components of velocity, temperature,

pressure and density. These six unknowns require six equations

for solution. They are the continuity equation (Eq. (2.1)),

the three momentum equations (Eq. (2.5)), the energy equation

(Eq. (2.2)), and the equations of state (Eq. (2.7) and (2.8)).

Doria [Ref. 35] discretized these equations in a method

similar to this particular model based on the generalized form

presented by Patanker [Ref. 36]. Doria applied the

conservation equations in integral form to each control volume

creating a set of finite difference equations which would lead

to a solution.

Each control volume, or cell, surrounds a nodal point

where one value of each property is constant throughout. The

center nodal point determines pressure density and

temperature. The grid determining velocities are staggered by

one-half a cell length. Patanker [Ref. 36:pp. 115-120]

describes how this alleviates two problems: the pressure

differential between the two adjacent nodes, which ultimately

determines the velocity at the node in question, is based on

18



a length which is half as long as in the unstaggered cell

(this reduces error by one half); second, stability is gained

by this stagger which precludes unrealistic, wavy oscillatory

velocity fields, since the difference of adjacent velocities

are used to satisfy continuity.

Since primitive variables are used versus the stream

function, the pressure term coupling between equations must be

handled specially. An iterative procedure estimates pressure

and then pressure is corrected to ensure continuity is

satisfied for each cell. A local pressure correction is

discussed by both Patanker [Ref. 36:pp. 120-128] and Doria

[Ref. 35:pp. 26-321. A global pressure correction is included

in the model to handle net energy changes and is described by

Nicolette, et al. [Ref. 31.

The finite difference equations are solved iteratively.

Non-linear problems like fluid flow are difficult to force

convergence to final solution. Many schemes have been

developed to obtain the flow problem solution. Each method has

its problems and instabilities. This model employs the

.Quadratic Upstream Interpolation for Jonvective 1inematics, or

QUICK, developed by Leonard [Ref. 37]. QUICK estimates values

and gradients of transport variables at the faces of the

cells. It has the accuracy of central finite difference

schemes and the stability of convective diffusion terms found

in upwind differencing. Yang [Ref. 121 applied the QUICK

scheme to coupled momentum energy and pressure equation
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solutions for three-dimensional flow in tilted rectangular

enclosures.

In this chapter, the governing equations will be applied

to the specialized control volumes of the model. They will be

put in integral form and discretized according to the QUICK

scheme. Pressure correction from iteration will also be

applied.

a. CNTROL VOLUM AALTYSZS

At the center of each elemental control volume, or cell,

lies the grid point of interest. At this point, the model

determines the unknown values of the dependent variables.

Denoting this grid point as P (i, j, k) we define its

neighbors as: Fast (i+1, J, k), lest (i-i, J, k), north

(i, J+1, k), Eouth (i, J-1, k), Front (i, J, k+1), and Lack

(i, J, k-i). The boundaries around P are designated by lower

case letters e, w, n, s f, and b. Typical spherical and

cylindrical cells are shown in Figures 3.1 and 3.2

respectively.

Figure 3.3 shows the basic two dimensional cell used to

determine pressure, density and temperature. In contrast,

Figure 3.4 shows the staggered grid used to determine

velocities. The velocity u,' is located on the west face; u.2

is located on the south face and u.3 is located on the back

face (not shown) . The superscripts on the velocities designate
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Yigure 3.3 Two DMaeusionai Call.
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Figure 3.4 Two Dimensional Staggered Cell.
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coordinate direction. These velocities are staggered in

location by one-half cell length from the primary cell.

C. INTEGRATION OF TZE CONSERVATION EQUATIONS

The conservation equations are integrated over each cell

volume. From this point, they can be discretized into finite

difference equations. The integral form of the continuity

equation is:

f aP h1 h2h3 ael e2 a9
3

" h hI a(puuAh 3 ) ( ha (.h3 h)

".a ( pu3hh 2 ) ] ae ae a6

"MSO

The energy equation becomes:

a (pCPT)

J F- hi h2 h3 aei ae' e

" -j ( (PCj=uU1Th 2 h3 +a( PC 2uh, h3

aelae, ael (3.2)

-[A a (hq h) + a (q 3 hlh 2)

• ael ae, ae +fShh2 h3 ael ae ae

where:

q .In._k aT(3.3)
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The momentum equations become:

f a (pul) huh2h3 ae0' 1  a e03

+ a[(h1h2h3 ) 1j] aelaela03

f-a. (P h, h, h3, ae, ao, a83
'W hif -pG h~h2h 2 

8 0  e

+f p Ghh 2 h3 a, aO a (3.4)

f a(al hh2 h3 ) a2 a3

h" h 2 h3 ["a' (Pulul- 0J) ] 80180'8 3

+hl h2h3 j hl pIUJa

D. D8 U3TXILTON Of T CUTXNZTY ,QUA!ON

To provide maximum stability and accuracy for the model,

three finite differencing schemes are utilized. Forward

differencing is used for time dependence, central differencing

is used for diffusion terms and the QUICK algorithm is used

for the convective terms.

In forward differencing the future value of the time

dependent variable is predicted from its previous value plus

an additional term derived from the previously known slope m

multiplied by the time step At. For example the new value for
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density pn is calculated using the old value pn-1 plus the

extra term:

p n Up n +mAt (3.5)

The integrand in the continuity equation (3.1) becomes:

dV. "P h, h 2 h3 
A A 2 A 93 , P -P"' AV (3.6)

at

Evaluating the integral, Equation (3.1) becomes:

pn -p"' ) A pulh2h3 de
2d ].- pu h2h3d92 d03 ]

+ [ pu hh 3d del CJ13- pu2hlh 3delde3], (3.7)

+ Pu3hlh2dOldO2 ]tPu3hlh2dOld92 ], = 0

The mass flux, G, must be calculated at each face:

G, ( pus).•ulz PP hlAes I ., + PC ( hIAe z) (3.8)
0 hIA91 I, + ( hlAe ),I

G[l I PP hlA I ., . pN ( hAe4 ) 1 (3.90)
hlAO) 1-1 (hz)AO "

2 U PP ( h2Ae2 ) 1#1 + PM ( h A e2 ) (3.10)
)"Lu ( h2402 ) 1.1 +: ( h2AI8 )

S21 ((3.11)
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3)UPP ( h3A ) k1 + Pr ( h3A03 ) k] (3.12)GfI (pu ) U3 h A J +( )

The areas of the faces of the cell are given as:

A.,,- ( h2AO2 h3A 3 ) .,' (3.14)

A,, (h1AOh 3AO3 ) ,, (3.15)

A, ba (hAh 2 ) gb (3.16)

In final finite difference form the continuity equation

becomes:

(Pa- pfi-) AV~
- at.G -G.+G,-G,+Gf-Gba.,, (3.17)

SRO is the mass source term. As this residual approaches zero,

the solution approach the exact solution. Iterations occur

until S3P reaches a specific, extremely small, cut off value.
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3. DZSCUTIZATION OF TE ENERGY EQATION

Integrating over the control volume, the energy equation

becomes:

[(pcJW )" (P (p T) A V + G, ( cj. ) .A,

-G, ( ,.zl,A, , ( c,.z),A, - (C,.zi ,A
G1 ( CpT) ,A,-Gb (CPST) Ab

where St is the source term including dissipation, radiation,

pressure work and heat sources. The total heat flux, J,

resulting from convection and conduction is:

Jk*.J@ ( 7 uII)u aT h1 (3.18)

p uT) ,h2

[ 73W . )(3.22.1s

J'"(pCu3'T) -k... a (3.19
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The final finite difference form of the energy equation

becomes:

(PC;') T) AV + J.As
WE- (3.22)

-J.AW+ J A,,- J,2A.+ J,3A,- J,3A, u SLAV

The term (pu'C,,T) in the flux equations give rise to

difficulties since C., p and T are evaluated at the nodal

point instead of the surface of the cell. Thus, fluxes are

determined from values of p, T, and C, at P A its neighbors.

The QUICK Scheme is used to determine accurate values of

the dependent variables at the control volume surfaces with

stable properties. QUICK couples the stability of upwind

differencing with the accuracy of central differencing. It is

achieved by using a parabolic polynomial interpolation to fit

the control volume at three consecutive nodal points. Two

nodes are located on either side of the surface and one is

located upstream. Yang [Ref. 12:pp. 77-89] discusses QUICK for

one, two and three dimensions. Houck (Ref. 30:pp. 37-50] and

Raycraft [Ref. 29:pp. 63-74] used the QUICK scheme for the

energy equations and that method is repeated here.

Figure 3.5 from Raycraft [Ref. 29:pp. 64] shows the one

dimensional scheme for the quadratic interpolation of a non-

uniform grid.

28



T

TTET,

-
P' E

vI

6.-ww , w ,- pw , ax.eI w 0 I
III I

A ~wiXw , x _g d'Xg
n - -- -- ,. -

& X;4- -, 1-XiO , ;4 _

igure 3.5 One Dimensional Quadzatic Interpolation Scheme.

29



It is given by the equations

( pC,,uT), a [C. . j- + TE curv.j (3.23)

( pC.,v T) , uGCw EP T. 1 uy (3.24)

where the upstream weighted curvature terms are:

Axe, T ,- TP T,- TV
curv.- T 1 T. -_T ] If G*>O

3 V (3.25)
AX0, [Txx-TO Te -T, If G,<0321-., 137 Ae I44: r Tg-T* T-p 1]

curv A .. ! _T - .70-T It G,>O
= IAW (3.26)A x, TC ,- T, T, -Tor IfG]

and

A X0 . Ax , +A,,

AX,. (, ,&x .z

(3.27)
A x, - ( AXI1 + , xI2 )

• U ,,,,1- ( ,X. + ,4132 )
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In generalized orthogonal coordinates the convective flux

terms become:

(PC .L1T),.uG4,.cp + T.E - 1 curvn.) (3.28)

P, U2 T) G.TT 1, curvn,,J (3.29)

*

where

curvn (hA1)[ T- T, - Tp-T. if Go>0
(urAnL- (h 1, ) & (3.31)

(hAO) I TU-T . T-Tp ]if G.<o
(h~~AU1)@.- LT7hA1~ OI

and

(h "AO1 ). - ( h A01 ) I + ( hjA 1 ) j,1

(h 1Ae ) 1 - ( hAO ) 1  ( hA61 ) j-1 (3.32)

(h IAO)..u4 ( h1 Ae 1 ) I., + ( h1AO' ) 1.]

(hAeO)1 ( hIA01 ) I.,.+ ( hjA6' ) 1-2

Equation (3.22) now becomes:

h AV[(p .)"-pC.T)' ME (3.33)

•AETE + AT"- A, Tp + S ( hAO)
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T.. and T. are included in the source term using a semi-

implicit tri-diagonal solution procedure. For a uniform grid,

the other coefficients are:

S (.-7G.+31G. + ,. ( -G.+ G. + + (3.34)

Cp ( 9G1, + 3 Gj) kw
AN= 1 +C. (GIG.I ) h+- (3.35)

AP 9( w~p. G Cp, +3 G, C.. G +k~ w.k* (3.36)
&. (~ ~G.CjC.) 3 (IGi C, * "i--"W (33r

Sp aShjA91 -Cp,. (IG., -G) Ta - Cp ( G,I + G.) Tw (3.37)

As mentioned before, Yang (Ref. 12:pp. 82-89] extended the

QUICK algorithm to three dimensions. The three dimensional

algorithm for generalized orthogonal coordinate system is

described below.

As in the one dimensional case, the average temperature of

the control volume is determined by interpolation of its

neighbors in three directions. For illustration, Figure 3.6

from Raycraft (Ref. 29:pp. 68] shows a simpler uniform

rectangular grid. The actual grid is similar except that its

cylindrical/spherical geometry is more difficult to show. Yang

(Ref. 12] describes how curvature terms are calculated for

each of the temperatures and substituted into the convection

32



M IN

S/ I'.-,,
"" " " "'/ , ' . / i

WW IIi 'NV , it*' I

4-.dI 7i ~ ,_-,_/
AiSW l

7 I5

Figure 3.6 Calculation Cells .r a Unifo= Rectangular Grid.

terms of the energy equation. The new energy equation becomes

[P( (pC . ] TP (3.38)

=A4 TV. T, AfTN + T5 A T, 2', N N a

where the additional source term SUT is:

S (p C, AV - A)r + Am + Am + Ass i + Am, + Area (3.39)

The following terms are part of Equation (3.38). All values

are for point (i, J, k) unless specified elsewhere. For = -
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example, u Iikis designated ull whereas, ui,1, 3. k is specified

CN =Gq uj~l ( h3AO (h1AO'i)

CS aGw uj2 ( h3AO3  (h1 AO' ),

CE.G 1 0ir(h 3). (hA02)0CS aGN -ui~ - (h3A h2(3.40)
C~sG~ . (h3A0 3 ).. (h0 2 ).

CBuG, u3 (hAO1 ),b (h 2A0 )

Thermal conductivity is expressed as:

(k (hjO ) ,)- +~ (k kl ( h2AO ) J-0-1knh 2 &9) ( h2A@ ) I,

*(ks' (h24&2 ) j -1+ (k. 1 - (h2AO2)j.)'l
ks(h AO ) + (h A @2 1 ) '1~

u[ k1  ( h1AO1 ), )-' *Cki. 1  Ch A 1

k [(kl- (hAO )k 1  (kIAO 3  j)k.

kt h303) k - + kh3Ae - 3 k.1 I -

kbu[(kk (h 3 &f 3 k 1 kk-rb 3 &()3 k-I ) -1
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CONDN1 k [h 3A93 -h.AOL

CON[h3 1k3 hAUT. -

CONDE1 w k

CONDE1 = k~ [.103 h2 A02

CONDF1 u k hA91  h24&01
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CErp. I CEI + CE hAO)

CFM IE -CE. ( 1 e)

CX, I CwI ~(A

CN. ICN I +.CN, ( hl2 A6')

crM. I CNI -CN. ( 2 O)

CSpU ICS+ CS* h2 A02 )

CNM, I csI - Cs. (h2 AO2 )*

CFh23 1CE' (CF3.43)
3)

16 (hz3A9) -

CFM. I CI - CF. ( h40)

CBP . I CBI +*CB. (h 3 AO)bf

CB~ jB1 CB ( h3 AO')bk
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T-CEM* (h1AO'),AM = ( h1AOB) ,,

T-CWP- (hIAO'i.
Aw U ( hIA0 )

-CNM- ( h2 &62

AL-CSP. (h 2A02 )s

( h3 AOr) ,,

AssU-CBP - ( h3A 3 ) 1
A~( (h3AOT) b

Final coefficients for the source term are:

A *A A 71,,2 -Cp,.,

A,.it zA 7 Tk..2 -Cp,.,

ARA T - Tkj Cpa.
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Intermediate coefficients are:

AE=- CE +CEP +CE4

r (3.46)
I Iel (h Ae')~

AN CN + Cw~M +CNP

r 1 (3.47)
1+ &Oq)~ 4-CEP (hA91),

Az 1. CN +CNP *CNM

r 1 (3.48)
1+ (2AO2, + EP (h2A92),(hz~ I*CEP L(h2A9~l I

Sz CS +CSM + CSP

1 (3.49)
1 + hz~l)I+CNPO (h2A)n

( h293 )" I (h 2A9J) 5 J

A..C- + CFCFP +CFM'

* 1+ ( h3 A03 fhA9 +f ____ CBM9 (h 3 LO
3 )b (.0

A 3!- CB +CBM + CB?

r&6 1+ [ (h (3.53
+1 (h3A)b CF ( 3A9)

(hl) )Lb (h3AOJ3 ) b
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Final coefficients are:

A - AEI - Cp.. + CONDE1

A.N" ANT" C=.. + CONDW1

4j Az* - ,. + CONDNI 52)

A" nA, " Cmo + CONDSI

A a Arr " Cm, + CONDFI

A8 w A, " Cp,. + CONDB1

and:

:% .(A: ;A A7 AT A:

+ Axr + A, + Am + A, + Ar + Ai ) +CONDE1 (3.53)

+ CONDW1 + CONDNI + CONDS1 + CONDFI + CONDBI

W. DZSCRTZATZON O1 TEU WOS = ZQUITZON

The integrated momentum equation is:

p A. (3.54)

-M81 A , + MIPAr -Mk'Ab w S+

where A, are the face areas of the staggered cell given by

Equations (3.14 - 3.16). M 1 is the momentum flux in the O9J

direction due to velocity u' convection and to diffusion, and

is given by:

M+I, (puIuj -O) (3.55)
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Included in the source term S' are pressure gradient, body,

coriolis and centrifugal forces. The source term for velocity

u, is:

S* U -P A + P A + pGAV0 0 V V(3.56)
12 33-M, (A,,-A.) -M" (A -A,) + (M;" + M; (cA. A,)

Yang, et al. [Ref. 19:pp. 11-13] describe a "stress flux

formation" as it applies to a curvilinear coordinate system.

Stresses are evaluated from previous information and the

source is given in the current information. The momentum flux

is:

MJ - , +j  -(3.57)

where:

h -u(-3.(56)

ft'jpulu-al(3.59)

The momentum equation for velocity u* is now:

P U)+ ~AA -t q.,A. + 2"Am 1,A, A+R."Af + tqb3 Ab S (3 .60)

where:

-S - ( 0"* - (Y- ) .A, + ( 01 - (F' ) .A. - ( 0! - 0' ) .Ao,

+ (0- a . 8A, - ( 0 - 1A, - (0- 0? )Ab
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The momentum equation for 01 takes a form similar to the

energy equation

I u. A UAuA;'+p' I  Za A,'* u + A". u + A. u. + A'* u;

(3.62)

+A," uf +Ab' U+ S u'

Again we must obtain final coefficients. Introducing

intermediate mass flow rate per unit area:

G U2 P 1p.1 ( h2A42 ) I + ( hAO2 ) I.)

S u 2, .. 1, )-.I,. ( hA e ) + pl, ( h2 A e) .]
( h2A02) 2  ( h2Af) J-1

G,.Uuz{[P (h 2AB 2 )j P1 (h 2 Aea) 1 ]1  (3.63a)
( h 2A ) I + ( h A  ) .1  )

.Wu2 ., j-,- - ( h, Ae, ) I pl., ( hAe 01 ,, ]
( h2A') I+ ( h2A&9 ) J-1

G = uj. 1 ([p, 1 (h.AO,).+p, (hAO)..]
(hA91) + (h,AO )00
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Gp au U .. (h1 AO')*+p, (h 1 AO)j1)

v ~ hi X6~1) + h A9 1

G,-~ 1  Pk.1 ( h3A 0 3 k +Pk ( h3A03 ) k.1]Gf I ( h3A113 ) + (h3AUj) t-I (3.63b)

( h,403 ) k + ( 123 9 ) k.1]

Gb W ([k. ([p1-1. )hk + )k ( h3A 9 k

(hAOJ) k+ ( h3193 ) k,

G W 3 [PI.., k-1 ( h3'6a' )k *PI-I. ( h3 AO3 )k.i]

Final mass flow rates are:

1E G+p (h2h83)*I (h3AG3 ) 1

cwU4 (G +GO - (hAMP) ,,(h3A0 3)

(h,101) (hAI

CS-(h.O') ~ G,.(h.AO'),,+G 1. (h.AO').] (3.64)
Cuh.O) (h3403) (.O).+( 1 O)

[ Gf, (h.AO') f,g (h.AO')*

CE- h.AO)b hz&O)b ~(G~(h 1AOI) , +b (hAO) ]

42



The local viscosity is:

VIS, m VIS

VlSi, m IU

Vin= ( VISI+1 + VIS + VIS 1 1 , + V1S 1_1 )

*XS ( VISI- + VIS + VISI..1 1- + VIS1..1 ) (3.65)
4

VIS, = ( VISk-l + V1S5 VI.. k.1 + VIS 1-I)
4

VISb a ( VSS.. + VIS + VI 1 k.1 + VI-1

VISN1 u VIS' hA~

(h2,Bl)(h3 &03)]

VISEZ uVIS* I, (hlaeJl) 1
VISWIa VI [(h2AO') (h3 A03)1

VISF1 z VIS f. (h 3A9l) h' f2

(h1AO1) (h 2 &(2)
VISEB 1a VISb 1)3
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The momentum equation coefficients are:

AER.= A' - u"
AE" A " Uj-z

AM = AM, " ul-2

Au with the energy equation, the value of the final

coefficients are:

A, =A,1 VISEX

A* A11 + VISRfl
A w A,& - sN1 (3.67)

A* U Au -VISSi

A," = AA,* VISF2

* Ar VISB2

and

AgaA u Aj U k

(3.69)
As" a A +

44 rz+VIF



The final source term is given as

(h1AO + ( h1 Ae)Art

+(h 2 AO ) 3( h3 ) 3 ) k( P- PI+ Awz+ANN+ Awi

+ Assit+ Am +Asot+ RE RN N -RS ( .0
+*RF-RB .RRY.RRZ -RRY -BUOY (.0

f {sin [ ZC (K) J*(p -p~) ' hA9

cos (XC(I)h(j.i.j)( 1 O)

*cos (XC (I-1) /((h 1 AO'). + (h1 AO1). ] AV

where XC and ZC represent the center of the cell. The

remainder of the terms are explained below.

RMe ( h2A62 ) .(h3AO3 ~ [- Ih9~ W

RN. (h 1 AO1)~ (h3&O3) (jiU),

R= (h,Ae1)(h 3 A3).. aU#1)v-s5]

RF.(h1O') (hAO2 f [~i-(h 2.I-u

R~z (hlAO 1)b, (h2AO2)b.01+ k khA) VIf
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.2 .2

(013 CF 3 1)

2202(hA).O (h01 * (3.72)

-3(y3 2 4 0').u (e2l~l 1hAO

AU uul, 29 ( h2.2 02 (h1 401

/ C(h1012 (h40 1 ) ]

3 (34&0 ) k U3 & 03  .0 1 )

2 (H3 M9)

p(h,0 1 ) ~+..i h40)

ARU12 AR -AU1 -AU2 (3.74)

ARU1 3 mAR -AU1 AU3

ARU22 =AR *AU2 -AU2

ARU33 aAR -AU3, AU3
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RRYx (W 2 -ARU12) (h 3AO 3 ) k [ (h 1AO) ,,- (hAO)]

RRZ- (U 3 -ARU13) (h 2A0 2 ) j (hAO1) - (hAO1 )b] (375)

RRX- (U 2 -AUR22) (h 3AO3 ) k (h2A
2 ) I- ( hA 2 ) . ]

+ (W3 -AUR33) (h2AO2 ),[ (h3A9 3 ). - (h 3AO3 ) J

Similarly, momentum equations for the other two directions may

be obtained but are omitted for brevity.

a. PISZSURZ CORRECTON

In the finite difference scheme, energy and momentum

equations are used to solve for temperature and velocities.

The equation of state and continuity are used to solve for

density and pressure. Doria [Ref. 35) states that pressure is

only weakly coupled to the equation of state. Therefore,

updated temperatures and pressures determine density in the

equation of state and continuity is used to correct pressure

across each cell.

As discussed earlier, a disadvantage of using primitive

variables is the difficulty in calculating pressure. Two

corrections must be applied. First, a global pressure

correction accounts for changes in net energy of the closed

system. Second, a local pressure correction accounts for

pressure changes causing the velocity field.

1. Global Pressure Correction

Nicolette, et al. [Ref. 3] developed a correction

scheme for a two dimensional square enclosure. Raycraft (Ref.
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30] modified it to fit the geometry of Fire-1. In a constant

mass and volume system, the overall pressure depends on the

addition or removal of energy. In such a system, the sum of

all the cells' computed density times its volume is equal to

a constant total mass. At any time during a run the mass must

equal the total mass at equilibrium. Summing over N cells:

E Pn2 (AV),= E P,e, (AV) (3.76)

where n is the n1h time step and the EQ subscript indicates the

equilibrium point. Assuming that air is an ideal gas, its

density is a function of temperature and pressure only. The

actual values of both consist of the estimate and the global

correction:

pop* +P p (3.77)

Tu". (3.78)

where P" and T" are the estimates and P ' and Tq' are the global

corrections using the ideal gas law and Equation (3.76). The

global pressure correction becomes

Pro( AV -A -:(.A

Mass is conserved for each cell when an accurate final

pressure is obtained.

48



2. Local Pressure Correction

Patanker [Ref. 36:pp. 120-126] and Dor:ia [Ref. 36:pp.

26-32] developed a procedure for obtaining the local pressure

correction. As in the global correction scheme, a pressure

field is estimated from the previous time step. Velocities are

calculated according to this pressure distribution and the law

of continuity is applied to each cell. If the residual mass

term SMP approaches zero, then the estimated pressure field is

satisfactory. If not,a local correction is calculated and

applied to the original estimate. The new pressure field is

used to compute a corrected velocity field and the residual

mass S., is rechecked. The process repeats itself until Sp is

an acceptably small value. As in the global correction, the

actual local pressure is:

po.pe +p, (3.80)

where P' is again the estimate, usually the pressure of the

preceding iteration, and P' is the local correction. Putting

this correction in typical finite difference form:

APp - APj + AP, + A, P' + A P; + ArPr + A, P - S.Av (3.81)
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where:

AEU p, [ (h 2A0 2 ) (h 3A0 3) 2.

[u+ p AV'

A" " [ ( h2 A02) (h 3 A0 3 ) ] 2

A= p,, [ (h2& 1 ) (h3AO') ]h3

p,- t'  ( h1 AO1 ) ( h3 AO3 ) ]2, (3.82)
[A;' P" "4"]

AF* Pt (h1 401 ) (b=A82 ) ]2
[•P 3 2

As" Pb (h1 AS') (h 2AO 2 ) ]h

A, mA, A. + A A + * I AV]

Corce velocities are:

U 1 
U U1 " + UI'

u'uu- u' (3.83)
U3 3 2
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where:

u:'= (Pp P) (h 2A0 2) (h 3AO3)

2'M (P+P,) (hjAO 1) (h 3Ae 3 )
(V (3.84)

U3 . (Pp +Pb) (hAO1 ) (h2AO2 )U a ~AV) A'

(Au +Pb )

Again S., is computed using continuity. If the residual mass

is within a satisfactory range, the calculation is finished.

If not, another iteration takes place.
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IV. NUMERICAL PROCESS

A. INTRODUCTION

Temperature, velocity, pressure and density fields are

produced by the code. Input parameters are initial conditions,

fuel heat release rate, fire location, geometry and material

characteristics such as fluid properties, wall properties and

the external heat transfer coefficient. These are listed in

Table 4.1.

T= 4.A MDEL PARJ=TEMR

Material ASTM 285 Grade C Steel

Thickness 3/8 inch

Specific Heat 0.1 BTU/ (lbmoF)

Thermal Conductivity 25 BTU/(hroftoF)

Density 487 lbm/ft3

External Heat 15.0 BTU/(hreft2oF)
Transfer Coefficient

Burn Rate Function provided in program

Initial Temperature 35.6 0 C

Initial Pressure 1.0 ATM

Location of Fire Center of Fire-1
23.1 ft. from each endccap
3.21 ft. from bottom

Figures 4.1 and 4.2 sbow the spherical/cylindrical grid

used by the model. Endcaps are spherical with 0, R, and *
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directions. The cylindrical midsection have 0, R and Z

directions. There are 14 cells in the R direction, one at R=O

for avoiding singularity and one used as the vessel wall.

There are 20 cells oriented clockwise in the 6 direction. Each

endcap has six cells in the 0 direction with a cell again at

zero to avoid singularity. The midsection has 18 cells in the

Z direction (0 is used for simplicity). Table 4.2 gives

information on grid parameters.

TAZLI 4.2 ADDZTZONL MODIL PARAMTZRS

Number of interior cells 6,720

Number of wall cells 560

Number of wall radiation zones 560

Number of fire radiation zones 19

Number of cells in R direction 14

Number of cells in 0 direction 20

Number of cells in * direction (per endcap) 6

Number of cells in Z direction (midsection) 18

Time step 0.0288 sec

VAXSTATION 3100 CPU time (1 CPU hour) 0.8-1.0 sec
Fire Time

R. SOLUTION ROCMSS

The model contains two separate programs. The first

authored by Raycraft [Ref. 29] calculates the view factors for

surface radiation. It produces a matrix of view factors. It is
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used only once and its values are stored for use whenever

called by the second program.

As described by Nies [Ref. 27], Raycraft [Ref. 29] and

Houck (Ref. 30], the main program uses finite difference

methods described previously to establish temperature,

velocity, pressure and density fields. Initial parameters and

the view factors are first read into the program. Geometry of

the grid is then calculated and the fields are set to initial

conditions. Next, effective viscosity is computed in

subroutine CALVIS. Every two time steps, surface radiation

flux is recalculated in subroutine RADHT. Subroutines CALT,

GLOBE, CALU, CALX, CALW and CALP calculate temperature, the

global pressure correction, the velocities and the local

pressure correction. Using the corrected velocities,

continuity is applied to each cell. If the residual mass

RESORM is greater than 10.0 the program is unstable and stops.

A smaller time step must be used. If RESORM is greater than a

set tolerance level then the program iterates solution by

recalculating velocities and pressures. Iterations continue

until 1) RESORM is below tolerance levels, solution is reached

and the program proceeds to next time step; 2) the maximum

number of iterations is reached, or 3) RESORM is greater than

10.0 and the program is stopped.
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C. GRAPHICAL ANALYSIS

The use of CA-DISSPLA7 [Ref. 31] has posed some difficult

problems. The output from the computer model is in the

spherical/cylindrical coordinate system created to simulate

Fire-i. This output must be converted to cartesian coordinates

in order to be manipulated by CA-DISSPLA. Even after the

conversion is completed the resulting irregularly spaced grid

must be interpolated into a regularly spaced grid.

After some experimentation with grid interpolation

schemes, a group of CA-DISSPLA" subroutines are used to create

a regularly spaced matrix. These subroutines interpolate

values from a set number of neighbors. Care must be taken in

choosing a grid size to ensure distortion of the field values

does not occur and to ensure that the software will not zero

data points with few close neighbors. A relatively course grid

has been chosen (50 x 50 x 100) for graphics output. New data

points created outside the enclosure have been set to ambient

values to minimize distortion at the boundaries.

The VAXSTATION 3100 has proven to be an excellent machine.

It has good numerical speed coupled with very sharp graphics

capabilities. Future research of this numerical model has been

greately enhanced by the incorporation of this workstation.

The following figures are temperature and velocity

profiles for times of 30, 60, and 90 seconds. They are two

dimensional images of three dimensional phenomena. Each

figure, whether temperature or velocity, presents an axial

view (XY-plane) of the tank at the midplane and a longitudinal

view (YZ-plane), again at the midplane.

57



Raycraft [Ref. 29] and Houck [Ref. 30] detailed the

validation of the code against experimental data of Fire-i.

They also discussed such phenomena as the fire plume, pressure

effect, temperature stratification, and velocity fields. Much

of their analysis will not be repeated here. Instead, the

effects of local numerical perturbations will be discussed.

Raycraft [Ref. 29] observed remarkable symmetry in

temperature and velocity profiles throughout the entire trial.

Houck [Ref. 30] also observed the expected asymmetry, after

implementing forced ventilation in two locations. In this

thesis, these ventilation equations are not removed. The

additive velocities were simply set to zero. As seen in

Figures 4.3 to 4.8, a marked asymmetry similar to that

observed in Houck (Ref. 30], has developed and is readily

observed in both temperature and velocity profiles. This is

despite the fact that the effects of ventilation have been

jupposedly negated. After the millions of calculations done by

the computer to provide solutions, terms in the ventilatibn

equations which are set to zero have greatly effected the

entire field.

Color graphics have greatly enhanced ability to observe

phenomena in the temperature fields. Temperatures can be

quickly determined using the color legend, as Figures 4.3,

4.5, and 4.7 show. These figures have been printed on a

Tektronics 4693D color printer and exhibit excellent clarity

and resolution.

Three dimensional vector field representation of the

velocity fields, Figures 4.4, 4.6 and 4.8 can only be

represented in two dimensional form for this geometry. Results

become confusing if three dimensions are shown.
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V. CONCLUSIONS AD RZC0UEND&TIONS

A. CONCLUSIONS

1. The acquisition of the VAXSTATION 3100 SPX XRJ19 Model
38 workstation with its blend of numerical speed and
graphics clarity has greatly enhanced the research.

2. The ventilation equations incorporated into the model
in the previous thesis have a great effect on the
entire field even when their output velocities are set
to zero.

3. Color graphics have provided an excellent means for
presenting temperature profile data. Coupled with the
Tektronics 4693 color print, CA-DISSPLA" Graphics
Software provides researchers with an excellent tool
for displaying scaler data fields.

4. Three dimensional vector fields are difficult to
present, ambiguous, and must be reduced to two
dimensional images.

B. RZCOUMNDATIONS

1. Removal of the ventilation equations is required to
regain symmetry observed ,in previous research. These
equations are effecting the entire field although their
additive velocities have been set to zero.

2. More sophisticated physical models need to be
formulated and incorporated, such as turbulence,
gaseous radiation and combustion.

3. Streakline analysis in three dimensions should be
conducted to show the path taken of an individual fluid
particle as it leaves the flame area. This method may
reveal more of the fluid dynamics than current
representations of velocity vector fields.

4. The ultimate goal of this project is to develop a model
which can predict behavior of fire in shipboard
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situations, for example, changing the geometry to fit
machinery spaces and berthing compartments. this will
offer designers a valuable tool for the construction of
safer ships and submarines.
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APPENDIX

CTHREE-DIMENSIONAL NUMERICAL SIMULAT:oN a 00000300
C OF A FIRE SPREAD INSIDE A NAVY STORAGE 7ANK "w 00000400

aa a 00000500
C DEVELOPED BY : .00000600

C aaH.Q. YANG AND K.T. YANG '00000700

C ow ' 00000900
C DEPARTMENT OF AEROSPACE A MECHANICAL ENGINEERING ~ *00000900

C aaUNIVERSITY OF NOTRE DAME " 00001000
C NOTRE DAME, INDIANA, 46556 '* 0000110
c a. 00001200
C "DEC. 1986 W* 00001300
C aa00001400

C 00001500

COI4ZON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00001700
ADXXC(93),DYYC(93).DZZC(93),DXXS(93),DYYS(93),DZZS(

9 3) 00001000
COGDON/BLI./DX,DY,DZ,VOL,DTI!6.VOLDTeTHOT,TCOOL,?Z,0,QR 00002L0C
COM6MN/L7/N,NIP1, N1I,NJ, WJP1.NJM1. NK,NK?1, NXKM1 002

& .N:P2,NJP2, NKP2tNAtNAPI,NAZ41,NB,NBPI,NBM1,KRUNNCHIP, NJRA,NWRP :0002100
CONNON/1L12/ NWRTflNTAPE,NTHAXO,NTREAL,T.ME, SORSUM, ITER 00002200
COMIIO/114 /HCOEF, TNF, CNT, ABTURA,IBTURBVISL, V:S4AX, QCORRT, P141, PXM200002300
CONN0N/31L16/ CONT1,CONIT2,CONST3,CONST4,CONST,NTtJ,H,UGRTSUOY,00 0 02 4 0 0

& CPO,PRT.CONDO.VISO,RI400,HR,TR,TA,DTEKP,TWRITEZ,TTAPE,TMAX,GC,RAIROOOO25OO
CO,.ON/1L20/s1I1(22,15,321,51G12(22,16,32),s:G22(22,:.6,32) 30002600
& 51G13c22,16,32),51023(22,16,32),S:G33(22,16,32) 00002100

COMMON/BL22/ICHPI(10),NCHPI(10),JCHPI(1O),NCHPJ(0C),KCHPB(10), 00002100
& NCHPK(10),TCHP(10),CPS(10),CONS(0,.),WFAN(10) 00002900

COON/BL3/ TOD(22,16,32),ROD(2216,32),POD(224:6,32) 00003000
& ,cO00(22,.:6,32),'OD(22,16,32),VOD(2216,32),WOD(22,'6,32) 00003100O
COMMON/5IL32/ '(22.'16,32),R(22,16,32),P(22,'16,32) 00003300

& C(22,'6,32),U(22,16,32),V(22,16,32),W(22,:6,32) 003300
COMMON/3-33/ TPD(224'6,32),RPD(22, :6,32),PPD(22, .6,32) 0030
& ,CPD(22o'6,32i,UPD(22,16,32),VPD(22ol6,32),WPD(22,,6,32) 0000350

COMMN/3L34/ HEGHT(22,16*32)#REQ(22,16,32), 00003600
& SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00003:0

& -.(22,'6.12),DV(22,16,32),DW(22,16,32) 00003900
COt40N/BL36/AP(224:6,32),AE(22,1-6,32).AW(22,46,32).AX(22,46,32) . 00003900

& AS(22,:.6,32),An(22,:.6,32),ARL22,46,32), 30004cc:

C0OI3./37I V:S(22,.6,32),COND(22,:.6,32),NCOO(22,.6,32),RWAL.(579)00C04200~
,0?-M(22,'6,32),HSZ(3,2),NHSZ(22,16,32),:rESOR-Y(93) ^V0043C^

C-OMMON/3L39/NTHCO,CX(12),CY(12) ,CZ(12),NTH(12,3) ,TC''P (12) 00004400
C OMMOX/BL39/ALEW, PCUIVE, CONSRAI PCURM1, PSOUTH, OC-ORR,?PERROR 00004500
DIMENS:ON VFMXC(579,579),T44WALL(579) 00004600"

DATA X, 7LEFT.SORMAXXTIME,ITMAX/20,400000,0V.40,0.0,4/ 00004700
00004900
00005901

C waC0 RE"ERENCE VELOCITY (FT/SEC),! FT/SE-C 000052^00
C w' RHi0C RvrERENCE A:R DENSITY (LBM/FT**3) 0=05300

we* REFERENCE !ZNGTH (FT) 0000540
*W TA REFERENCE TEMPERATURE (R 05500

ww . :N:7 :N'TIA. 7EMPERATURE (0) 00sc
C CC GRAVITATIONAL CONSTANT 0'o057.

C w* RAI:R ^,AS CONSTANT; 53.34 :0005900w
C*** CCNS7: RA*U~Oa2/'CC- "'0 900

C w" 'ONS71 :NVFRSE OF TA 00006000
C ... COS74 REFZRENCEL LENGTH (CM) 00006:^0

67



C CONST6 : REFERENCE 7"-LOCITY (CM/S) 00006200
C "' CONSRA : TA*3/(RAC?'IO*H'H) 00006300

C *" NTRWR : NTREAL/NWRITE'*NWRIT' 00006400
C " NTRWA : NTREAL/NWALT'NWALT 00006500
C " HCONV : !'EAT TRANSFER COEFFICIENT ON THE AMBIENT (3TU/H.FT**2K) 00006600
C 00006700
C 00006800
C 00006900
C '" RAD,H: RADIUS OF THE CYLINDRICAL AND SPHERICAL SECTIONS 00007000
C CYL : LENGTH OF THE CYLINDRICAL SECTION OF THE TANK 00007100
C N* NI : TOTAL NUMBERCF..LS IN THETA-DIRECTION 00007200
C NJ : R-DIRECTION 00007300
C NK Z AND PHI-DIRECTIONS 00007400
C NA : FIRST NUMSER Z-DIRECTION, ALONG THE CYLINDER AXIS00007500
C NB : LAST NUMBER Z-DIRECTION, ALONG THE CYLINDER AXIS00007600
C *" HSZ(l,.),HSZ(Q,2) F:RST AND LAST COORDIANTE OF HEAT SOURCE 00007700
C IN X-DIRECTION (IN DIMENSIONLESS FORM) 00007800
C HSZ(2,4),HSZ(2,2) F:RST AND LAST COORDIANTE OF HEAT SOURCE 00007900
C IN Y-DIRECTION (IN DIMENSIONLESS FORM) 00001000
C HSZ(3,4),HSZ(3,2) F:RST AND LAST COORDIANTE OF HEAT SOURCE 00008100
C IN Z-DIRECTION (IN DIMENSIONLESS FORM) 00006200
C 00008300
C "* ICHPB() : STARTING NODAL NUMBER FOR SOLID IN THETA-DIRECTION 00008400
C JCHPI() : R-DIRECTION 00008500
C KCHP5() : Z OR PH:-DIRECT:ON 00008600
C * NCHPI() : NUMBER OF NODALS FOR SOLID IN THETA-DIRECTION 00008700
C NCHPJ() : R-DIRECTION 0000800
C NCHPK() : Z,PHI-DIRECTION 00008900
C ttltttltllllillliiittlllllllllit 00009000

open (2~. 1 .itnlput. da: , stUa* Old')

C iiaa&a5&i&&5'iaii 'assaiii&aiiiai aas65Ii&ii&&&&5&ii&&ii& 00009200
C INPUT DATA & 00009300
C &&5it'5'&&ai5'a656'5 6&&'&i5ia&6'a'&a'&655a'&aa5'aa5'a &S&I6 00009400

write (6, s)callin; input,
CALL :XPUT 00009500

00009600
C & 00009700
C GENERATE GRID SYSTEM & 00009300
C &&I&&Ii ai&££a£6i'iia'a5£aa5£&a££~£U'66&' 151 00009900

weite(6,') 'callinq qr.Id'
CALL GR:: 000100co00010:00

C ***#Olu#....,O*OP.,..s.e* 9 **l*i*i6#llliil4#4##OllqWSCe9 0001020
C *-, READ -:rW FACTOR :%VERSE MATRIX * 00010300

0001C00;
opln(l,fi.e'vew.c:,,s:atusul'old')
cc 225 -,579
cc 225 ::., 71)

225 roea(:,') vmxc(!:,;1)
CLOSE (Z) 00010900

0001100C &6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 000111:3

C :N:T:A::ZE THE WHOLE r:ELD & 00011200
C & 00011:30

write(6,') 'ca!l nq .i"i
CALL :%:T 00011430

0001400
C & 0001160
C START CALCULAT:C% 0 c 100.7%

C 030i:800
NT-C% 00012^00
NT:M~ -C 0012:0C
xtime-v.: ^00122^0

300 CVN-::N$ ...123:0
003:2400

NTNT-: 0001250
00012600
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%. .. IAXO HAS THE MEANING AS "NTREAL" WHEN IT 1S READ FROM o00127C0

D15K OR TAPE. C0012800
30012900

:T:XT.vE .3T. ThX) GO TO 303 00013000
NiREA~wUNT+NTMAXO 30013:00
T.NE=T.ME+DTLM 0w0013200
XTIY&"TILME*H/UO 00013300

nwritujin; (twrits)
write(6,*) 'time in secondaw',xtime 00013430
write(E,) lint timeu',nxtime
write(6,*) lint time for writinqu',ntwrit 00013500

00013600
CALCULATE THE TRANSIENT HEAT INPUT & 00013700
NOTE :7 1 IN PARENTHESIS, THE BURN RATE IS CALCULATED &00013800

3Y THE PRESSURE CURVE. !F EQUAL TO TWO, THE BURN RATE & 00013900
CURVE IS EITHER GIVEN OR ESTIMAITED & 00014C00

wri($,*) 'calling caiq'
CALL CALQC2) 00014200

00014300
C to START CALCULATION 00014400

00014500
.TERUO 00014600
ZERN 00014700
:wTERMO- 03014000

000O14900
DEVINE THE UPDATED TPD(Io,XlK, CPD(I.j,K),RPD1Ivj,K) 00015000
UPD(:,:,K) AND VPD(I,J.,K) FOR THE USE OF CALVIS AND S'J(I,.,J) :0015:00

00015200
00 48 Ku1,NKP1 00015300
00 43 Ju1.NJP1 00015400
00 46 I1#NIP1 00015500

"PD(~jKsT(IjX)0001560
CPD(IJx)UC(I,. K) 00015700

RPD(,;,K~R(I~,K)00015100
^0015900

VPD(:,:,K)wV(Z,J.K) :00:6=0
XPD(:#-J,K).Wu...,X) 00016200

41 CONTIXUE o060
29 CONTMXE 0001630

TERMuJ"TERM+ 1 00016400
301 CONT:XNUE :006500

:00166^C

:0:: 6600
CALCZ;%:E 7:7RAD :AT:ON HEAT FLUX AT ZERY NRAD T1ME STEPS = :0:69::

NRAD w 2 :00:72:^
:F (Y4OD(NT,NRAD).NE.0) GOTO 4000 000173:0

4 0CALL RADHT (-4WALL, VFMXC) :0017500^
400 ='4TUE -w000 17600 A

30017700
O OALCU:ATE THE TEMPERATURE v00078c00

###~~~wuauwee~e ^ 00:79:C
wite(6,0) 'calnq can' 00100
C:ALL CALT,6

0 ALCU:ATE 7uvE SMOKE CONCENTRATION 008:

.AL. CA'"C

:0 2::^0 :-,NjP 008
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DO 2000 :-1,NIP1 00018800
DO 2000 K-i,NKP1 00018900

I F(T(I,J,K).LT.TCOOL) T(I,J,K)-TCOOL C0019000
2000 CONTINUE 00019100

00019200

C GLOBLE PRESSURE CORRECTION FOR ENCLOSED TANK AIR I00019300
00019400

wr!e(6,') 'calling globe'
CALL GLOBE 00019500

00019600casegeeeggogeegee ggee geeeeeeeeeeeeeeeeeeeeeeeeeeeeeoee-- 00019700

C CALCULATE THE TURBULENT VISCOSITY AND CONDUCTIVITY 6 00019600
Cgg0gsege|ggggggoegeggeoegggeggegegggOiU|1|00|||1S11|011|0S|101S 00019900

writ*(6,') 'calling calvis'
CALL CALVIS 00020000

00020100
**.**.***.** * , .***** **0* **0 **** *~~** ** 00020200

C CALCULATE THE DENSITY 00020300
00020400

DO 100 JU1,NJP1 00020500
DO 100 In1,NIP1 00020600
DO 100 Kml,NKP1 00020700

IF (NOD(I,J).EO.1) GOTO 100 00020100
AAM-UOY*UGRT*HEIGHT(I,J,K) 00020900

R(I,J,K).(UGRT*P(I, ,K)+(1./EXP(AAA)) ) /T(I,J,K) 00021000
100 CONTINUE 0002120000021200

C888118888SSJS SSSSSSSSSSSS$8SS1118111 SSS6S118 SSS1SSI|88S8SS$$$$ 00021300
C CORRECT CONDUCTIVITY OF THE SOLID S 00021400
C1111SSSSSSSSSSSSSSS,$SS5SSSSSSSSIS11S$1S$SSSS11SSSSS8SS$SS 00021500

:r (NCKIP.EO.0) COTO 410 00021600
write(,') calling solcon'
CALL SOLCON 00021700

410 CONTINUE 00021600
00021900
00022000

C START PRESSURE CORRECTION ITERATIVE LOOP, IT IS THE KON ' 00022100
C PART OF THE ERROR CONTROL ROUTINE 00022200
C'aaaa''''attttttttttttttttttttttttttttttttttttttttttttttttttttttt 00022300

00022400
:TERITERel 00022500

00022600
ciggigggligggggggggigggggtggligigngigggggggesolieililloiesisiieO 00022700
C CALCULATE :iE VELOCITY U,V,AND W 6 00022800
:*gug00ttliggggggilegiiiggggigotgiggii ggiegb~ei i SOiOOOSi SQOleliil 00022900

wri,.*(6,*) cal2i-.q voceites'
00023000

CALL CALU 00023::0
c CALL STRSS 000232"0
C. ...... ,....... :0023300

CALL CALV 00023400
c CALL STRESS 00023500
C *w 000236C0

CALL CALW 0002370
write(G,') 1wfan(1-,wfanG1)

c CALL STRESS 00023800
C u,* .o,,,,,,,, .. 0023900

00024000
CSSS$SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS$SSSSSSSSSSSSSSSssS 00024.C0
C CALC".ATE PRESSURE AD STRESS 000242 0
CSSSSSSSSSSSSS$SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSss 0002430

00024400

CAL. CA'-? ^CC 245C
CAL- STRESS CC246CC

00024700
C'%'%%%%%%'%%%'aa%%%%%%%%'%%a%%%'a''%'a%%%%'a%%%%%%'%'a%%%'%%%%% 0C0240CC

C : SOURCE T7RM :S ZARGER 7UAN 10.0, STOP ?ROGRAM 0024900
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:F (RT-sORM(I:ER).GT.:oW.0) GOTO 2020 00025:0Z
00025200'
000253C

FRSRM(ITZR) .LE. SORMAX) GO TO 49 v0250
:F(rITR .7-Q. :)GO TO 302 00025500
:.ERM.:TER-1 00025600
IF(RESORMITER) LE. RESORM(ITERMl)) GO TO 302 000257C0
GO TO 304 00025800

302 IF(%JERM4 .GE, 2) GO TO0 37 00025900
SOURCE*RESOR ( ITER) 00026000
GO TO 39 00026100

37 IF(RESORZ4(ITER) .LE. SOURCE) GO TO 38 00026200
GO TO 304 00026300

36 SOURCEaRESORN (ITER) 00026400
39 C0NT:XZE 00026500
a WRIrE(6,95) :TER,RESORM(ITER),SORSUM 00026600
95 FORMAT (53X, I :TER= I, :2,2X, SOURCEs I,F9.6,2X, 'SORMUPw , F9.6) 00026700

00 23 Ka1,t4KPI 00026800
DO 23 :nl,NJPI 00026900
DO 23 m1I,NIP1 00027000
TD(lt,K)-T(I,J,K) 00027100

CPD(rjK*C(IJK)00027200
RPD(:o.;,K)-R(I.j,K) 00027300
UPD(:,.,K)-UII,J,K) 00027400
VPD(:,:,X).v(zJ,K) 00027500
WPD(:.:.E-w(b~jK) 00027600
PPD(:,:,K)-P(:,JK) 000277C0

23 CONT:XUZ 00027800
JJTERM.0 00027900
M(ITER .EQ. ZTI4AX) G0 TO 49 00028000
ZF(* !RM .EQ. 2) 00 TO 35 10028:C0
I 'iltE .EQ. 4) GO TO 29 006C

35 CONTIN~t 00028300
IF(J3TERM .9Q. 3) GO TO 56 00028400
MI(TER .EQ. 7) GO TO 29 00028500

51 C0NT:XUE 00026600
'ER~sO00026700

0 TO. 301 00028600
304 CONT:N;; 00026900

L;=Ru.',TERM.' ^v0200=
a F(ZJ.TRM 1E.1) WRITE(6, 95) 'TER.RESORM(ITER) ,SORSUM OCC29:^O:

:F(-TRM EQo. :) GO TO 41 0002920
:F ( 11 4&R E. 2 .AND. :WJTERM .EQ. I .AND. :TER .NE. 5) G0 TO 41 00029300
GO 1. 62 002940

41 CCNT :,:*: 0w0295,0w
=v 4p. Fa:,XP: 00029600
, 0 4 'w~u 0290
00^ 4 0=~298C:
Ri~KRDUJ 00029900

::K) uPDU, K) 00030000:

W(!,:,F)-vPD(:,J;,K) 00030.0

40 CANT: ; 00030400A
:~IT~.~.:74AX) GO TO 4 9 00030500.
0TO29 0003060V

92 CC0NT:': 0.0030700
0 43 ?!,.NKPI 0 00 30'800^
n0 43 ^.,~P 003C900
310 43 :~,~:0003:=0
7 K) T P^(, K) w003:*-0

-(,K)U~P"( :, ,,K) 0=03:4:A
VU1,l~VPU,~,K) 0003:50

~(I,:~)=~D(:,, K)0003:6%C
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43 CONTINUE 00031800
MITER EQ. ITMAX) GO TO 49 =31900
IF((JTERM .EQ. 3 .AND. :TER .NE. 8) .OR. JJTERM .EO. 2) GO TO 49 00032000
GO TO 30: 00032100

49 CONTINUE 00032200
00032300

!TERTITZRT+ITER 00032400
00032500

C GO TO THE PRESSURE TRACKING SUBROUTINE ,PRINT OUT # 00032600
C RESULTS :F AT THE RIGHT TIME INTERVAL # 00032700

00032800
write(6,*) 'callinq ptrack'00032900

CALL PTRACK 00033000
IF (MOD(nt:ealINWRP).EQ.0) CALL OUT(l) 00033100

00033200
00033300

C FIND TEMPERATURES AT THERMOCOPLE POINTS AND PRINT OUT % 00033400
C IF AT THE RIGHT TIME INTRVAL 00033500

00033600
if (nthco.eq.0) goto 2422
CALL ,OP 0003300
IF (O(NTREAL,NWRP).EQ.0) CALL OUT(2) 00033900

2422 CONTINUE 00034000
IF lMOD(nx:imenmwr/t).rQ.0) CALL OUT(3

00034100
c F(NTRAL Z.Q. NTREAL/NWRITE*NNRITE) CALL OUT(3) 00034200

505 CONTINUE 00034300
IF((XTIEODT:ME*H/U0) .GE. TMAX) Go TO 277 00034400

00034500
C .00 .. **..- -.......--. , ... 00034600
C CALL T.EFT(IT) 00034700
C 123 FORHAT11 :T.EFT - ',:10) 00034100
C ITOwIT 00034900
C IF(IT.LT.:TLEFT) CALL OUT(3) 0 35000
C *'" ~ *g0'''""""gg'"""'0"""00" 0 0g'""*'" '"'" C0030100

:00352000003M00

*" RESET :HE OLD T:ME VALUES TOO, ROD, UOD, VOD AD nOD. 00035400
00035500

DO 305 K-l,0KPI :0035600
DO 305 J-,XJP1 03035700
00 305 :-:,x:Pl 00035800
TO0(I,.,K)uTII,.,K) 0003590C:0036000

) 036000
ROD(11,:, K) -R K) 330346203

10036200
VOD(I,.°X)-V( ,-, ) :0036300
b OD(IK)-W(;,., 003640-
POD(I,:,K)-?(:,J,K) 3036500

305 CONTINUE :00366CC
:0036700

.11 ni~lll::: : : ::i 2 :~:2n l:i 1112111112........... . 0303680C
TIS WT::NG :S OR PLOTTINGS =0036900

on Ul ni; ]::..... 32]]' ; 2]]ll]] 12]]]11]]]] 1: ,. ..... ,. 00037000

c IF(NTREi .-:. N':REALINTAPE'NTAPE)GOTO 522 w0037:00
c IWRIIT 00037200

W RITE(9,w) : %oO73%^C

£ TIME :REAL, U, V, W,P,CP, COND,VS,ORET,:TERT,QC-RRT, ?:P,?M2, 003'/4!= &HTA, U:°C NDC,V:S-,RiiO0°N',N- NKNI?-.,NJPl,NKKI,.N y, '.,K : ̂375CG

6 XCYCZlXSYS,Z%,DXXC,DYyC,DZZC,0XXSDYYSDZZS :^037600
WRITE(6 ") '7:E 4:E WHEU THE DATA WAS STORED ON zISK S:' 0037700

& XTIME "37800
003790

:0038200

522 CONTIMK£ 
0038300
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00038400
C ** w wew.*.. w ow UW**WW~g.W~g*****OW*g*W* wowow,,,.00038500

C CALL TLEFT(IT) 00038600
C IF(IT.LT,.=LEFT) GO TO 166 00038700
C t*ww*g*W *0 RWWW*WW*S****W***W '*** 00038800
C TIMREM :S USED TO CALCULATE THE CPU TIME REMAINING AT NPS 00038900

00039000c :F ITIMREM(0.).LE.80.) GOTO .66 00039100
do 222 Jc.1,nkpl
do 222 i-!,nipl
do 222 ia1,njpl

writti9*555) ptioj,k),epm(i,j,k),cond(i,j,k),vts(i,j,k)
S222 continue

writ(9,556) time,qr,qcorrt.pml,pm2.xxxxx
write (9, 556) h,t~a, u0CondO, vixO, rho0
writ*(9,557) ntreaJ.,n.,zj,nk,np,njp,nkpl,nimlnjm1,nkml, ±".ert
write (9,556) xc, yc, aC, XSys, :s
write (9,556) dxxc,dyyc,duzc,dxxs,dyys,dtzs

555 fomat (4 Oxte2.4))
556 foruat(G(lx,*10.3))
557 fogwiat(I1±4)

REWIND 9 00039200
GO TO 300 00039300

303 CONTINUE 00039400
277 CONTINU~E 00039500

00039600
WRITE (6,11111) 00039700

1111 FORNAT(2X,'*"'v THE MAXIMUM TIME HAS BEEN REACHED " ,S) 0003900
c GO TO 172 00039900

C 000 ,*,,00040000

C **w00040100
a 166 IF(N'?EA. NE. NTREAL/NTAPE*NTAPE) then
c234 567

do 223 kalokpi
do 223 t-7 r±p1
do 223 :-G'

223 continue
wrizo(9,556) :!.e*qr,qcorr:.,pml,pm2#xxxxx
write19,556) ?r,-&,u0Caend0,v~x0,rho0
writo(9.5571 l az~.~rn~1npk1r ,t1rc1 ert
writt;.(956) xc~yc,zc,xsjys,zs-
writ*(9,55i) aocvayc~zc.xxf'ayyf'dz2*

V0040800
GOTO.72 004090

2020 CONTIN6E 00041000
WRITTE (6,) R ESIDUAL MASS :S LARGER THAN 10.0, PROGRM STOPS, 000411C0

:72 CONT:NUE 00041200
STOP0004 1300

END 00041400
00041500

00041600

SURO'VT:%T- :N?T.' ^V0041900V

....... 00042000
T HIS s '3RoUYT:Xv SETS REQU:RED VALUES TO BEGIN THE PROGRAM. wOO04210C
VARIABLES ARE: -000422C^

* ±(UN WH~iEN EQUAL TO ONE,RE-AD FROM THiE *30042300w
RESTART ':Si(, T.ST "ROX 7:'Z .0042400

N= ~ %UMBER OF SOLID PIECES 030042500
%UP ~ MER OF TIME STEPS TO WRTT ON 7-.7 *00426CO

wAPER 030042700
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NTHCO a NUMBER OF THERMOCOUPLES TO PRINT OUT *'042e:00
TMAX a MAXIMUM TIME ALLOWED (REAL) - 004 2 900
WHRITE w SECONDS IN REAL TIME TO PRINT THE 1000430

PFV,T FIELDS ON PAPER 0 00043:%Co0
TTAPE * TIME INTERVAL TO WRITE ON THE TAPE #00043200D

*DTIME a TIME STEP (DIMENSIONLESS) *000433:^0
aHSZ HEAT SOURCE SIZE, USED TO CALCULATE *'00043400

*THE VOLUME OF THE FIRE CELL .600431'01
* ~ICHPB u FIRST SOLID NODE IN THETA DIRECTION 0430

3CHPB a FIRST SOLID NODE IN R DIRECTION w000437=0
of KCHPB a FIRST SOLID NODE IN PHI DIRECTION '00043800

* CIIPI a NUMBER OF NODES IN THETA DIRECTION '00043900
*NCHPJ a NUMBER OF NODES IN R DIRECTION '00044000
*NCHK a NUMBER Of NODES IN PHI DIRECTION '000441"D0

CXCYCZ a THERMOCOUPLE POSITIONS IN THETAR, PHI '00044200,

0004440
C0O6ON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93)v 00044500wDXC(93)tDYYC(93),OUC(93),DXX(93),DYYS(93),DZZS(93) C0044400o
C0INIL1DX,DY,Dg,VOL,DTIME,V0LDT,TMOT,TCOOL,?I,Q,QR 00044700
COSUN/3L7/NI,NIPI,NIK1,Nj,NjpI,N3W1,NX,NKPI,NKmI 00044600
4 NIP2,NJP2,NKP2,NA,NAPI,NMI4,NI,NBPI,NBN1 KRUN,NCHIP,NJRA,NWRP C-0044900
COSION/RL12/ NWRITE, NTAPE, NTMAX , NTRZAL, TIKS, SORSUM, I TER 00045=3
COON/5L14/HCOEF,TINF,CNT,ASTUU,ITURS,VtSL,VISAX,QCORRT, PMI,PM20004500Pf
COCOIN/BL16/ CONSTi. CONS12, CONST3,CONST4I CONITIINT, UO,H,UGRT, BUOY, 00045200
& OwPO,PRT,CONDOVISO,RHOO,HR,TR,TA,DTEYg,TWRITE,TTAPETM'AX,GC,RA:,RC0045300-
CO.MNO/L20/SG11(226,32),5101t22,16,32),1022(22,:I6,32) "004540
A 61013122,16,32),SI23122,16,32),SIG33(22,'.6,32) 00045300

COMMN/.22/ICHl(10) ,NCKPI (10),JCHPB410) ,NCHPJ(10) ,KCP(10), 0004560
A NCNPK(10),TCHp(I0),CPS(10),CONu(10).WrAN('60) 0004570
COMMON/5L31/ TOO(22,1E,32),ROD(22.16,32),POD(22,16,32) 0100450001

& %OD(22,16*32),UOD(22,14,32),VOD(22,16,32),WOD(22,16,32) 0,0045900
COSOIN/3L32/ T(22,16,32),R(22,16,32),P(22,16,32) 040046000
G oC(22,16,32),U(22,11,32',,V(22,1S,32),W(22,16,32) 00046::o
CMMN/tIIL33/ T9D221,32),RPDI22,16,32),PPD(22,16,32) 00046200
& *CPD22,16,32),UPD(22,16,32),VPD(22,16,32),WPD(22,.6,3z2) :0046300V
CMO/3*34/ H9IGRTf22, 16#32)sREQ(22, 16.32), 000440

S)W(22,:6,32),St4PP(22,:6,32),PP(22,i6,32), 00046500
G Dj(22,16,32),DV(22,16,32),0W(22,.,32) 001w046600'
CO.'@IN/BL3/AP(22,1,3),A(22,11.32),AW(22,1e,32),AN(22,1s,32), -0046700-
G AS(22,16,32),Ar(22,16,32),AS(22,1S,32), 000446:0
& SPf22,16,32hS$U(22,16,32),RI(22,16,32) :00469:z
CZv.?AON/E..31/ V S (22,4,32).COND 12,16,32) AOD (22,16,32) ,RWALL (579) O00lw470
6 .-PMf22.'.,32),HZ(3,2),NHZ(22,16,32),RESORM4(93) 0004l1::

%-CcO.N/i:3/NTHCO,CX(12).CY(:.2),CZ(12),N.TH(:2,3),-,COtWP(1.2) ^.472::

READ(2.,') KRUN,NCHlP,%WRP,NTHCO :=44'f::

C *2. READ :S DATA SET 1 - 6 DATA 00C0478,0
READ2. ) -MAX,TWRITE,T.TAPE,DTIME. '00 479 o

# 3. -%-:A:) :X D)ATA P'OR HEAT SOURCE .%004::

READ 12:,-) HSZ(1,4),HSZ(1,2),HSZ(2,I,),HSZ(2,2),HSZ(3, ),HSZ(3,2)0004S30:
WRITE(f,20) HSz(W-,H#.sZ(l,2)HSZ(2l)ASZ(2,2)u.SZ(34:) jSZ(3,2) :=0484:

20 FORAAT (,r20X,'iEAT SOURCE LOCATION IS '.N THE VOLUME iON*-D2'-E' :=465::
& '%S:0%NAL W:TH RESPECT TO RADIUS', :08:

/.X'FO ',:8.4 ' 70 1,F8.4,' !N X-D'REC:CN', o08
/I /X,'FRO4 ',8.4,' 70 ',FS.4,' :N Y-DiRECT:CN, 0460

4/,.5X, 'FROM ',.:8.4,' '70 ',48.4.' !N Z-DIrRECTC~',/)

0t4. AZa 2:X DECK OATA :w^492::

tC*.-:2.TQ.o.) GOTO 16 :09
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PRINT 'o' THE REGION BOUNDED BY SOLID' 0004960C
DO 19 N-I,NCHIP 00049700
READ (21,*) ICHPB(N),NCHPI(N),JCHPB(N),NCHPJ(N),KCHPB(N), 00049800
& NCHPK(N),TCHP(N),CPS(N),CONS(N),WFAN(N) 00049900
WRITE (6,10) N, ICHPB(N),NCHPI(N),JCHPB(N),NCHPJ(N),KCHPB(N), 00050000
6 NCHPK(N),TCHP(N),CPS(N),WFAN(N),CONS(N) 000501C0

10 FORMAT (2X,'N= '#12,' lCHPBm ',12#' NCHPI '1,:2, ' JCHPB- ',12, 00050200
6' NCHPJ" ',12, ' KCHPBa '12,' NCHPK- ',:2, ' TCHP- ',FS.5, 00050300
&' CPS* ',FS.5,/, ' WFAN a ',F12.5,' CONS- ',F12.5,/) 00050400

19 CONT:NUE 000505cC
:6 CONTINUE 00050600

write(6,*) 'nchips',nchip
00050700

if(nthco.eq.0) goto 119 00050800
C #5. INPUT THERMOCOUPLE COORDINATE 00050900
C IN TERMS OF X(THETA), Y(RADIUS),Z(PHI) 00051000

00051:00
PRINT' 00051200
PRINT ', ' THERMOCOUPLE POSITION IN TERMS OF THETA, R, PHI' 00051300
PRINT * 00051400
DO 110 Ia1,NTHCO 00051500
REVD (21,*) CX(IbCY(I),CZ(I) 00051600WRITE (6,*) 1, cx(j),cy(l),cz(l) 00051700

110 CONTINUE 00051600
119 continue 00051900

RETURN 00052000
END 00052:00

00052200
00052300

C 00052400
C 00052500

SUBROUTINE INIT 00052600
C t t 00052700
ttOO*tttttttttgt tttOttt0ttt0tt0tlgtgttltlgltttt, ttttttttttttlttttttt 00005260
* THIS SUBROUTINE IN:TIALIZES THE FIELD AND CONSTANTS W:TH RESPECT '00052900
* TO INITIAL START OR RESTARTING CAPABILITY. -00053000

VARIABLES ARE '00053:00
:ME - DIMENSIONLESS TIME "00053200

U U0 " CHARACTERISTIC VELOC:TY (1 FT/SEC) '00053300
ai CHARACTERISTIC LENGTH (RADIUS(9.iFT)) '00053400

TR TEMP IN DEGREES KELVN '00053500
TA - TEMP IN DEGREES RANKXNE '00053600

" VISO = REFERENCE VISCOSITY (NOND:M '00053700
VISL a MINIMUM VISCOSITY (NONDIM) '00053900

* '.SMAX a MAXIMUM VTSCOSITY (SOND:M) '00053900
L-.R RADIUS ZN Cm '000540CC
;;..,*Do REFERENCE CONDUCT:V:TY "00054.CO
:0 MNITIAL SMOKE CONCENTRAT:ON "000542CC
•NJRA a POINT OF RADIAT:ON :N : o:RECT:ON "000543CC

* LOCATED ON THE INNER SOL: BOUNDARY '00054400
" iCONV - HEAT TRANSFER COEFF:c:ENT "000545CC
HCOEF a DIMENSIONLESS HEAT "RANSFER COEF '000546CC
CONST. a USED TO NONDIMENSIONAL:ZE ?RESSURE '000547"C
RHOO a REFERENCE DENSITY "00054800
G C GRAVITY CONSTANT '00054900
3UOY = BUOYANCY FORCE CONSTANT '00055000

* UGRT " PERFECT GAS LAW NONDI.MENS:ONAL CONSTANT'0005510
CPO REFERENCE SPECIF:C .EAT '000552C
NWRITr/ - NONDIMENSIONAL FORMS CF TWRITE AND "000553:0
NTAPE TTAPE '00055400

w YATR:CES OF T7.E FORM '0005550
OD ) D:MENSIONLESS PARAMETER AT CO' T '00055600

- DMENSIONLESS PARAMETER '00055700
-D UPDATED DrMENSIONLESS PARAMETER 'C0C558C0

" HERE T*E PARAMETERS ARE "00055900
SVELOc:TY :N THETA, R , :RECT.N '000560c
TEMP, PRESSURE, AND SMOKE 0ZNCENTRATbON'00056 "00

'^40056200
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oa r SED IN PRESSURE C0RRECT:^N SUBROUTINE *00056300
?P a CORRECTED PRESSURE (Pp) '00056400
SU SOURCE TERM '00056500

*S? TERM AT P NODAL POINT FOR BOUNDARY '00056600
*CONDITIONS '00056700

*A? COEFICIENT AT NODAL POINT '00056800
&uAEAWfAN * COEFICIENTS AT PTS EAST,WESTNORTH, '00056900

*AS*P, AS SOUT'H, FRONT, AND BACK '00057000
*StEP - RESIDUAL MASS SUMMATION OF NODAL POINT *00057100

SMPP - LENGTH SCALE FOR TURBULENCE '00057200
*CPM H EAN SPECIFIC REAT '00057300

VIS VISCOSITY *00057400
COND * CONDUCTIVITY MATRIX '00057500
XHSz WHEN THIS VALUE EQUALS ZERO, THERE IS '00057600

NO HEAT SOURCE LOCATED AT THE NODE '00057700
NOD a IF EQUAL TO ZERO, LIQUID '00057800

*If EQUAL TO ONE, SOLID '00057900
a, B EGINNING AND ENDING NODAL POINT FOR '00058000

THE SOLID IN I,J,! '00053100
RE6Q DENSITY AT EQUILIBRIUM '00038200

* NIPI NODAL POINT IN I PLUS 1 (OTHERS SIMILAR)00056300
*XC'YCZC a THETARPHI LOCATION OF NODAL POINT OF '00056400

*A CENTER CELL '00051500
*DXXCC, DYYC a LENGTH AROUND THE CENTER CELL '00056600

XSYS'ZS a -?HITA,R,PHI LOCATION OF NODAL POINT OF *00058700
*A STAGGERED CELL '00056900

DXXI, DYYS a LENGTH AROUND THE STAGGERED CELL '00059000
O125 '00059100

CXCYCZ * LOCATION OF THERMOCOUPLE :N THETA,R,PHI'00059200

C0OH N/R4/XC93),YC(3);,(c93)x (93,sg),sg 00059400
a XXC(93),."YYC(93),DZZC(93),DXXg(93),DYYS(g3),DZZS(93) 00059500

COION/5L1/DX,OY,02,V0LDTIPVOWTTOTTOOL, PI,QQR 00059600
CSIO/L7/NI,NIP1,.I,NJNJP1NflN,NKPID,NRMI 00059700

& tNP2eN.JP2,NKP2,ANAP1NAN1N5NP,N5MI4,KRUN,NCHIP,NJMA,NWRP 00053600
CONUON/BL12/ NWRIR,NTAPE,NTMAXO,NTREAL,TIZ,SORSUM, ITER 00059900
COUON/..14/HCOEF,T:NF, CNT,ASITUR.,BTURBVISL,VISttAX,QCoRRT,?MI,PM200060000
COMMON/3.16/ CONST:,:ONST2,C.ONS73,CONST4,CONST,NT,W'C. H.UGRT,SUOY,00060100
a CPO, PIT,CNDO, VIS0O,HsRsTR*TAt DTEMP,TWRITE,TAPE, TMAX, GC, RAIR0060200
C0Oe0N/aL20/S*,G*:(22,:6,32,,S:G12(22,16,32),SzG2222,1-6,3) 00O060300

,st13(22,.6,32),SIG23(22,16,32),SzG33122,16,32) 00060400
COMVON/9:22/:CIIP(, .,NCHPZ!(1o),:CHP,(lo),NCHPj(1o),KC^IPB(l0), 00060500
a 4CHPK(1C-,.T.CHP(10),CPS(10),CONS(1O),WFAN(1&O) 00060600

COMMON/IL3:/ 'Ot0(22:6,32),ROD(2246,32),POD(22,4.6,32) 300607CCV
a ,DZ(22,.6.32,UD(22,,6,32),VOD(22,16,32),WOD(22,.6,32) 0^0060800

CO?440N/3:32/ "(22,:a,32),R(2z,:6sz),'P(22,:!6,32) ^0060900
a ,(22,*.4.32), 9 ;(22,.6,321,VI22,46,32),W(22,.6,321 lo0w 00

COIOION/iL33/ 'r'(22,:.6,32).aPDc22,16,32).PPD(22,:.6,32) 001C
a ,PD(22,16,32),UD(22,I.6,32),VPD(22,16,32),WD(22.16,32) OC06120A

COOION/3,34/ HPIGHT(224.6,32),REQ(22,1.6,32), 00061300
a SMP(22,16,32),SWPp(22,16,32),PP(22,16,32), 00061400
a DU(22,.6,32).DV(22,:6,32),DW(22,:6,32) 00061500

C0HMN/3L36/AP(224.6,32),Ai(22,16,32),AW(22,46:32),A,'(22,:6,32), w-.0061600
IAS(22,.6,32),A(22,:6,32),AB(2246,32), 0 00617AA

a SP(22,.6,32),SU(22,:6o32),R:(22,:6,32) 00061800
COMMON/BL37/ VTS(22,:6,32),COND(22,46,32),NOD(22,:6,32),RWALL'(579)OO0619o00

-.?CM(22,.6,32),'.-SZ(3.2),UHSZ(22,.6,32),RESORM(93) 00062000
CO*4Oh'/3.38/NiicoCX(:2)c-Y(12),Cz(a2),NTH(1.2,3),Tc,,'P(c.2) 00062100A

0MM0N/3139/ALFW, PCURVE, C.0.SRA, PCURM1, ?SOUTH, QCORR, ?P7RROR 4W00622C0
DATA GRAV/32. .1/ .0062300

=0062 400
C ~ :NTRCD'.CrE ,:VEN mhAME27TRS ^0w062500

0006260A
7T4E-C. 0006270C01
TRaTh/ .S 000628C

;-,u9.600062900
vIS0-v:swu/-f-: 00063000

76



v~sL-vsO 30631^0
V:SMAX.400. 'VISL 3 00C
9R=H'30.48 .0063300
CONO-VISO/PRT 0063400
?IT-34. wATAN (I. =063500

A 1 .0 00063600
XJRA:5 .006370

.00063900
C RU~T :RANSFER COEFFIC'%ENT IS IN BTU/HR/FT"*2/F v 00 0

..CONV:. 5.0 ^.0064000
i'COEFsiCONV/ (3600. 'CPO*RH00'UO) 00064100

0 00064200
00064300

C ONST:-RHOOU'UO/(GC'14.696*144.) 0'0064400
CONS'&31 * /TA 30064 600
CONST4mH*30.48 00064700
%^ONSTGuUO*30.4B '00064600
NTMAXOnO 00064900

00065000
BIOYaGRAV*H/ (U0'UO) 00065100

UGRT*UO '00/ (GC*PRAIR'Tlk) 00065200
:COOLu- .0 00065300
CONSRAaTA'TA*TA/(RHOO'CPO*U0'3600.) '1.714E-9 00065400

:^065500
WRITZ(6,200) TR,CONDO,VISO,CPO,IIR,DTIME,HCONV ^0065600

200 FORMAT(5X, 'THE REFRENCt TEMPERATURE AND THERMAL PROPERTIES',/, 0010657,0
G /,5X, IT f,'Fl0.4,'K, CONDO a '4E12.6, :5065800

& /,5X,'VISO - '912.6,' CPO - '412.6, 0006500
i /PSX,'RADIUS a '412.6,' CM',0
& /,BX,'DTIME * ,E12.6, C00066100
6 /,SX,'HCONV * ,912.6,/) 00066200

0W00663CC
NWVRI'.E.jint (TWRITE'U0/DTIIG/H)

00066400
STAPim~llnt(TTAPE'UO/DTIME/H)

0006o6500 N OUT INPUT INFORMATION :0466600

WRITE(6,61) (STAR,Im1,90),KRUN,TMAX,TWRITE,TTAPE,NWRP 30066600
6: :rORMAT(///,90A1,/*5X,'KRUN -',12,/,.5Xr 000669CO

** TMAX m',F8.3p' SECONDS,,/5X,'TWRITE a',FS.3, 0070
S'SEC^ONDS',/,5X,'-,APE *',FS.3,' SECONDS', 060

A /,5X,' NUMBER I!VERVALS OF WRITING ON PAPER '1 5,/) 06 7 20

C "go :\:-:ALIZE VAR IABLE F:ELD

33220 -,NP 0073
:0 220 :a:,NIP1 0670
Z0 22: K-l,NXP1 0670
!too G,:K) 1. 3070

000682CZ
^006830^

00068400

7 (1, 0. :^0685"o

* ?(::K)-0SO0-06870=
WD X)-0. ^O068900

^069C.-
400 , K,) -0 .

C00693%0

:3^06940^
K(I . ) 0. ::06950^

X) -0 -0696CC0
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SP(Z,;K).o.00069600
P? (r.;, 20-0. 00069900A? (I,ZJ.K) 0. 00070000

AV1,;K)-o.00070100
AE(I.JK)-0.00070200
AN(IJK).0.00070300

A S(I,JK)u0. 00070400
AF( iJ, C 0. 00070500AB(I.J,)0 

00070600
StIPI,;,).o.00070700

SNP (I ,) MO. 0000VIS (1, 3, 10 -VIII. 00070900
CONP (I,;.K) -CONDO 00070900
CPN(I,3,Kx)ul.0E 00710TOD(Z,:,K)ul.o0 00071200
T(I.,)ODIJK 00071300T JD(I;TmO (J, ) 00071400
CO(I,K)COD~~~c 00071500
CP(Itj,K)COD(I,J,K) 00071600

NHSZ 1, , 0 wO00071700NHS (I ,, ) .0 00071000NOD~I,,~O.000071900220 CONTINUE 
00072000
00072100
00072200

00072500C* DTRMN 300 POITONOFHETOUC 
00072400

00 300 'w2,Nl 0007200

CHANCE :o REcT.ANGULAR COORD INATES 00072900XX'.YC (J)'COS(XC( ')) 00073000YY.YC(;) 'SIN(XC(i)) 0J)073100
00073200C CHECK O0 $1! :r :N HS CONTROL VOLUME, :F 50 SET NHSZ-: 00073300IF (XX..:.--3ZI(,:.).oR.XX.o:,.HSZc1,2)) GOTO 3'.- 00013400IF (YY.L:.H;SZ(2,.:).0a.YY.GT.HSZ(2,

2)) G070 31-V 00073500
NNSZ.., ).100073600
NH~z~,:, 7)~i00073700315 FORMAT (2Xf40"4X,1.4,2X#I4)) 

000738000070 3CC 
00073900310 CONTINU& 
00074%=00300 C0,N::NUE 
04:o

000 A74 2 Af
so 7XT7.-EMAL PROPERTE:TS OF DECK AND SOL=z v %744v
:F (NCiX:? .r~d-) COTO 410 0040D0 402 Xu:,XCHIP 0074 7000IBUICH?3 (W 00074800I&EnIB.NC'-p: (N)-i 00074900JB-JCHpaB (N) 

00075000wE'iN~J(N) -0007500
K~CU3(N) 

0075200vKE*-NC'iK (N) i 10^C7430050 405 :-3: :0%075'.0
00 405 :a 't07550
00 405 K-K3,i(E-! 

000756CC
COND(:,K)-C0ND0*CONS(N) %7-vCPM~,,~C=CP0CPS() .758v0

NOD (,.;,K) :075900405 CcNT:NUT0760

4:0 :xUT 
0^0762"0
v A076300

00076400
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=076500
C "'FOR CTINUINC RUN, R-TAD DATA FROM TAPE OR DISK 00076600

:F.-(IcRLN .EQ. ') GO TO 9997 00076800
GO TO :5 00076900

9997 do 222 i-1,nxol
do 222 iU1,nip1
do 222 =lu,pl

222 Continue
.ead(9,556) t.mep qr,,qcorr,pmlf pm2,xxxxx
med(9, 556) xxn,axt, xxu0,xsccondO,xxvisO, xxrho0
r ead(9,557) nt~ln~jn~ilnp~klnm~jlnm~tr
read(9,556) xctyctzcqJ8sf :3z
road(9,556) dxxc, dyyc, dzzc, dxxs, dyys dzzs

555 foam;(4 Ox,eI2.4))
556 foaz;6(lx,910.3))
557 f ormt(114)

REWIND 9
WAITE (6, ')NTMAXO 00077800

15 CONTINUE 00077900
00078000
00078:00

C "' DEF:NE HEIGHT OF NODS POINTS AND COMPUTE HYDROSTATIC 00078200
C EQU:L:IRIUM DENSITY REQ(I*J*K) C0078300

00078400
00076500

DO 13 Kw1,NKPl 00078600
3O 13 :..I100078700
DO *3 :*1.NJPI 00078900
DHYUYC.(.3) 'SIN (XC(') ) 'SN (ZC (K)) 00076900
HEIGH:.(:, 4,K) uDHY 00079000

13 CONTI&SUS 00079100
C 00079200

DO 229 jaj100079300
DO 229 Tn1,NJI 00079400
DO 229 ia1,NKPI 00079510
AAAe-3UOY'UGRTeHEIGii7 (,.', K) 00079600
RZQ(:,:,K)nEXP(AAMA) 00079700
:r(KRUN .Xt. S) GO TO 229 00079800

00079900
ROD(:,:,K).RPD(:.,j,K) 1.0000^c

R X) =PD K)0008ci:00
229 : : 0020

c009000

oc 2:: X-IM?! 0008060

Z2:: :-1,NIP1 00080800
K) -TD (1, K)000S8)900

X(,,) -COD( :K) 008:1-11

~UJX) mUOD(:, K) 00081200l
K(.,) uVOD (I,~ K) C008100

P (~.XuPO0 ,K)
2:0 =WN:%:7E 0009600:

^008:711:
C was ~.-^ W:NG :S F'OR DETERNIN:NG TFE T'n'rRMOCOUPLE POS17T:CNS coosie..

-0C8:91-
:C 00 N=:, :;7:CO 0038200

ZO 5:: :,N:? 00821-
(x0-(:).z7-.zX(N).AND.XC (:-:).GE.CX(N)) GOTO 5002 030822.0

sod~000823CO0
"^02 00824^C

00082510
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3O 5003 I-1,NJP1 00082600
:F (YC( j)T .T.CY(N) .AZi:D.YC(J+1) .GE.CY(N)) GOTO 5C004 A0008270

5003 CONTINUE 00082800
5004 j:.J 0082900

00093000
0O 5005 K-1,NKPI 00083100
::' (ZC(K) .LT.CZ (N) .AND.ZC(R+1) .GE.CZ(N)) GOTO 5006 00083200

5005 CONTINUE .'0083300
5006 KKuK 00083400

NTH(N.1aTI 0C83500
NTH(14.2)uJJ 00083600

NTH(N3)=KK00083700
500CONTINUE 0030

00083900
00084000

RETURN 00084100
END 00084200

00084300
__________________________________________________ 00084400

C ~ ~ ** 30064500
SUBROUTINE CALVIS 00084600

00084700
C 00084600
a THIS SUBROUTINE CALCULATES THE TURBULENT VISCOSITY AN4D UPDATES* 00084900

.HE VISCOSITY MATRIX * 0015000
***. eg~wgwgW**~e~***e~~g~wg.U esa .. w~eu 00065100

00085200
COIOION/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00065300
&DXXC(93),DYYC(93).DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00005400

COOION/BL7/NI,NIPl, NIMI,NJ,NJPI,N3N1,NK,NKPI,.NXM1 60035500
, *NIP2, NJP2, NKP2, NA, NAP 1,NAZ4I,vNBP 1, NSN1,KRUN, NCHI P, NJRANWRP 00085609

COHNN/1L.4/HCOEF,TZNF, CNT,AITURS,ITURI,VISL,V:SMAXQCORRT PMi, PM200065700
COMNON/&L!6/ CONST1, CONST2, CONST3,CONST4,CONST, NT, %O0,,H, UGRT, 3UOY, 000O85 800
ICPO,?PRT, CONDO, VISO, RHOO, HR, TR, TA, OTE4PTWRITE, TTAPt, TMAX, GC, RA:R00085900
COMN01/3L32/ T(22,16.,32),Rt(22,16,32).P(22,16,32) 00086000

a C(22,'6,32),U(22,16,32),Vc22,16,32),W(22,'16,32) 006100
C0O40ON/BL34/ HEIGHT(22,16.,32),REQ(22,46,32), 00086200

£ SHP (22,16,32), SMPP (22 16,32) P;P(22,16,32), 00086300
& DU(22,:6,32),OV(22,16,32),DW(22,16,32) 00006400
COM.MON/L36/AP(22,6,2),A(22,1,32,AW(22,:.6,32),AN(22,:6,32), 00086500

&AS(22.6,32),AFc22,16,32).AR(22,16,32), .0006600
& SP(22,:6,i2),S (22,.16,32),RI(22,:.6,32) C00167C

COMON/8L37/ VIS(22, :6,32),C0ND 22,16,32),ND22,6, 32, WALL(579)00'"66800
6 ,CM(2246,32),iiSZ(3,2),NHSZ(22,:6,32),RESRM(93) 00086900

00087000
coo 00W

WO .AcA~ :A'~ ~R ~ VISC0SI7Y V:S(:,:,K) ^008720C

*w SPEC:.7Y C*CAL 7U3LN LENGTH SCALES StMPP(:,,K) 0070
00087500

3O 611 X-2,XK 30087600
KP2uK*2 30008770

KM1aK-l 00087900
1.)M2uK-2 00088000
0O 611 -2,%W' Ocosa:oo
jP2uJ+2 ' 0088200
JP 1-. 00088300

DO 61: :-2,\: :00 88600
1P2-I-2 00088700.

008800v
ZOOS 00.

YX2-T-2 000989000c

:7(..) :: 2=N3x :3089:0^0

:(NOD(,-KF) 00-70 6.: ^.0893^v0
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00089400
0. CENTRAL T-GHOF THE SCALE CONTROL~ VOUMEZ .0099500

000869600
DX(Pl-)C(Ipl, ."K, 0, 0) 00089700
DXI =XL(I , :,K,0,0) 00089800
DXM1-XL(IM1,J,K,0,0) 00089900

^0090000
DYPlaYL(I,jP1,K,0,^) 00090100
DYJ sYL(I,J .K,0,0) 00090200
D)YM1sYL(I',JM1,K,0,0) 00090300

00090400
DZPluZL(I,%J,IKP1,0,0) 00090500
DZK aZL(I,JK .0,0) 00090600

* DZM1-ZL(IJ,K41,0,0) 00090700
00090800

cc If (J.90.2) DYS-DYS/2. 00090900
C oC tF (K.20.2) DZDuDZB/2. 00091000

'*F (J.NE.NJ) GOTO 101 00091100
J2JP1 00091200
DYN-DYN/2. 00091300

101 IF (K.NE.NK) GOTO 102 00091400
KP2mKP 1 00091500
DZFnDZF/2 * 00091600

102 CONTINUE 00091700
00091800

C " CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T 00091900
00092000

DX& =XL(1P,3,K,0,1) 00092100
DXW -XL(! ,K,0,1) 00092200

00092300
DYN wYL (I, JP 1, K,0,2) 00092400
DYS sYL(I,J" ,0,2) 00092500

00092600
DZF *ZL(bJ,KP1,0,3) 00092700
021 oZL(I,.,K .0,3) 00092800

00092900
C '' CACULATE DV/DX,D2V/DX2,DU/DX,D2U/DX2,DW/DX AND 02W/DX2 00093000

0009310C0
00093200

DUDXO(U(IP:,;,K'-u(:,:,K) )IDXI 00093300
Dt3DXW-0.5' cU(IP1,:,K)-U(:M:,:,K))/DXW 00093400
DJDXEwO.5w('J(P2,jK)-U(I ,Z,K))/DXE 00093500
02UDX2 (0DXE-DUDXW) /&'XI 00093600

0009370"
C 0093800

:)VDXw-CW.4'(V(:P:,P1,K)-V(:',:,)-Vt1,m,K)-V(M,:,K))/D'XE :009390

'OVDXm0.!:w(:V'XEDV3XW) 000941wcCw
Z12VDX2- (VDXE-DVDXW) lox: 00942C

00094300
00094400

D-WDXW-0.5'(W(.,j,KP:.)-W(I,:,K)-W(IM1,J-,KPl)-W(IM:.,:,K))lDXW 009450
OWXn..((?.:K')W::,,)WIJK1-(,,)/:X 00094600O
3DX-0. 5' (WDXE-DWDXW) 000947C
02WDX2- ('OWDXE-DWDXW) IDXI 30094800

"0094900
0C0950C0

602 CONI:NUE ^00095100
00095200

C "' CALCULA7-v z"/DY,:2U/DY2,z'V/DY,0w2V/DY2,DW/DY AND D2W/DY2 =095300
000954C0
Z000955CC

300095800
~VDY=0. (v:,Jp,~)v(::x:K))/DYN 0950

O2VDY2= 60~ND~S i3:00959C0
0 00 96000
00096:0Cv
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ZOUYSC.5',J, +U (I, j,K)U(P, JM1,K)U(I, M1,K)) /DYS OG0962C
VUDYN-c.5 (U(IPI,3P1?,K)+U(I,P1,K-U(IP1,JT,K)-U(I,j,K))/DYN .^00963001.
'.UDY-0.zw'(DUDYN+DUDYS) =09640
02UDY2- (OUDYN-DUDYS) /DYJ "00965:w

00096600
00096700

.''WDYS^. (W (I, J, KP1) ,W (I, J,K)-W(I,JM,KPI) W(,JM,K)) /DYS 00096900A
~WYNu.'(W(I,,RPI)+W(I,JPI1,K)-W(I,J,KPl)-W(I,J,K))/DYN 00096900

OWDYO.5' (DWDYN+DWDYS) 00091Coo
D)2wDY2- (:DWDYN-DWDYS) ioYJ 00091:::

000972""
606 CONTINUE 00097300

0009740A
C 0*" CALC:.ATE DU/DZ,D2U/DZ2,DV/DZ,D2V/DZ2,DW/DZ AND D2W/DZ2 000975co0

00097600
00097700

DWDgw(W(L,J,KPl)-W(I,j,K) )/DZK 00097800
DWDZrNC.5*(w(I,JPKP2)-W(I,JtK ))/DZF 0009,7900
DWOI.C50.5' (W(I,J,KP1)-W(I,J,KM1)) /DZB 00096000
D2N0Z2u (DWDZF-DWDZB) /DZK 00096100

00098200
00096300

0VDZ5C.5(V,JP1,X)*V(,J,K)-V(I,JP,KM1)-V(I,JKM1)) /DZI 00096400W
DVDZFu..5(V(I,JPI,KP1)+V(I,J,Xp1)-V(Z,JP1,K)-V(I,j,K))/DZF 000965CWA
DVDZs0.5' (DVDZFT.DVDZB) 00096600
02V0Z2o (DVDZF-DVDZI) /DZK 00096700

00096600
00096900

0U0ZF-C.5'(U(IP1,jKP1)+U(I,J,KPI)-U(IP1,J,K)-U(I,,vK)) /DZF 00099:00
DUDuoO.!*'(DUDZF.DUDZB) 00099200
D200Z2u (DUDZF-DUDZB) /DZK 0009930A

0009940C

& (DXI-DXW) 00099600

& (DYN-DYS) 000998c0

00100000C
0RDGAus:' zCKl'(sIN(XC())DRDY+CS(XC(l))*DRDX) o0100.:o

-CZS(ZC(K))wDRDZ 001002.C
0 0 1CC. 30 ̂C^

C ' CALC LATE RICHARDSON NUMBER 0010,14CC

AAA

Z"02 z R?(OUDY *DUDY-DUDX3DUDX+DUDZ*DUDZ+DVDY*DVDY*DVXDVDX 0CC
6 'I"Z*:':Zi.DWDXDWX,DWDYIDWDY+DWDZ*.f'lJDZ) CSC
:.7( 002. ~0.)G0 TO 6A0 %V0~C

Ca C" ALCZ ATE TURBULENT LENGTH SCALE SMPP (I,J) CI:C
C0 2CC C

& .5'2+((W(I,J;,KP1)+W(IJ4,K) )'0.5) "2) /DD02 C1:
SYPP!2u:'02 /SQRT(D2UDX2*D2U0X2+D2UDY2*D2UDY2 01.0
I-D)2U0Z2*12UDZ2.D2VDX2*D2VDX2+D2VDY2*D2VDY2+D2VDZ2'D2VDZ2+ CC.C
& 02WDZ2.2WDZ2*D2WDX2*D2WDX2+D2WDY2'D2WDY2) wA: C :cC
SMPP(:,:,K)-CNT' (SMP123iSMPP12) *5 CCSC

A3RIPR-ABTURS',RI U, ,K) /PRT 0 2C
:T(ABR:R .LT. 0.) GO TO 600 CC~
:i*ABR:.- 00.)O GO TO 613 012C

' A 4 ~-2:
600 V:S(:,:,K)nV!SL .. 2 C

6:-3 VSU(,:,X)=VlSMAX

6*.0 V:s(G:,:0 )-VISLlR: K)*S.M~PP(!,,J,K) *SMPP (I,JK) 'SQR7 (sTRA:N) / VA2ec
I(3TURB*ABRlPR) v01 C29^^
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61IF(VIS(L,j,K) *G-. V:SMAX) VIS(I,J,K)OVISMAX 0W0103000

611 COTINXE00103100 00103300

DO I!'%' 1u,NIP1 00103500

VIS (I.NK1 VIS (1,J,14K) 00103600
VIS(I,.J4 )-VIS(IJw,2 )00103700

110 CONTINUE 0010300
00103900

DO 120 .iul.NJPI 00104000

00 120 Ksl,NKPI 00104100
VII (NZP1,J,KI) vS (2,IC) 00104200
VIS1 ,j,K)=VIS(NI#J,K) 00104300

120 CONTINUE 00104400

00 130 K1.,NKP1 00104600
D0 130 1o,NIPI 00104700
VIS4I,NJP1,K)*VIS(I,NJ,K) 0010400
VIS(1,2 ,K)=VIS(1,3 ,K) 00104810
VI(14 ,K)*VIS(1,2 ,K) 00104900

130 CONTINUE 00105000
00105100

00 135 X-1,16 00105110
KK=NKP1-K 00105120
D0 135 Ia1,NtPl 00105130
00 135 J.1,NJPX 00105140
V15(14,ICK) VIS(I,J,K) 00105150

135 CONTINUE 00105160
00105170

DO 14C Im1,N!P1 00105200
00 140 :o1,NJPI 00105300
00 140 Ko1.NI~ 00105400
If 0NO0(14.90.1) GOTO 140 00105500
COND(:,.JeK mVIS(ZI,j,C) /PRT 00105600

140 CONTINUE 00105700
00105600

RETURN 00105900
END 00106000

00106100
00106200
00106300

~,, ,, u~u g,,ugg~~g~W3WU333U~WUtV3 =106400

sUIROU:.:NE CALT 0010660C
Cu go* ug..;;:.;g..;.gu.:g;;~e~uwm :106500

OXXC (93) , YYC (93) , ZZC (93) ,.XXS (93) , YYS (93), 'ZZS (93) :C:06900
COMMON/K-::/OXDY. , VOL, D7:4E, VOLDT,:HOT, TCC0L : QW QOR :wiw:
C0MHOW1/7, APl, IM1, N.;,NJP1,NJN1,NK, NK , %KM1 0010o7io0

'.i'.?2.NjP2,NKP2,\A,NAP,AM,B,NPI,NM,KU ~PNR,~ 00-Tp-10720
COOION/3L12/ NWRITE.NTAPE,NTMAXO,NTREAL,TIME-,S0RSUX,:TER 00107300
COMMON/B: 4 / HCOEF, T:NF, CNT, ABTURI, BTURB, VISL. V:SMAX, QC0RRT, PM!, ?X20010 7 4 0
COMMON/3A.6/ C0NST1,CONST2s C0NST3,CONST4,C0NST6,N,Uw0H,UGRT, BUOY, O-lO 7 5O

A CP^W, R, CONDO, V:S0, RHO0, HR, TR, TA, OTEMP, WRTE,7AE, TMAX, GC, R0OO1.7 6 O
c.OMto/3:22/:CIIPslC),NCHPI(O)JCP(10),NCHPJ(b.C)uKCHPB(O), 00107700

& NCHPKI(1).TCHP(10),CPS(I0),CNS(0^),WFANU0,) 00107800

C0M40N/3:/ '7OD(22,6,32),R0D(22,16,32),P0D(22,:.
6,32) ^V0107900

& .0^.'(22,6,32),&0(22,16,32),VOD(22,16,32),WOD(22,.6,32) Coce r
COMMON/3:32/ r(22.:6,32),R(22,:6,32),?(224' 6 , 32 )010.

& ^C(22,.6,32),'V(22,16,32),V(22e6 32),'(2 2,-. 32) 00108200
COMMO\/3 33/ 'D(221632)RPD(22,16,32),PPO(224'

6 ,32) 00108300
, ,0PDc(22 .6, 32) , L'P(22 6, 32) , VPD(22, 6, 32)'4?D (2 2, '6, 2) :01084CO

CKO/.3/:.z:GH'T(22,:.6,32),REQ(22,:-6,32), 008500
6 SP(22," 6, 32), S'PP (22,.6, 32b,??(22,46,3 -2), 00108700

£ 22,t~,32,~vc2,:6.3bDW1086,30
coMM0,N,3:36A (22,6, 32) ,AE (22'6, 32) ,AW(22, :6, 32) ,AN (224, 6 32) , .0010800

£AS(22,-.,32),AF(22,46,32),AB(22,E.,32), 00108900
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& SP(22,:6,32),S;;(22,16,32),RIC22,1,6,32) 00,09000
COMON/BL37/V'&S(22,6,32),co^ND(22,16,32,NOD(22,46,32),RWALL(579) 00,29100

-.,PM(22,.6,32),HSZ(3,2),NHSZ(22,16,32),RESORM(93) 00109200
00109300

C "' CALCULATE COEFF:C:T!NTS 00109400
00109500

D0 100 K-2,NK 00109600
KP2-Kt200109700

KP~mKi1 00109600
KMlwK-1 00109900
K12-K-2 001 10000
DO 100 J-2,NJ 00110100
JP2u342 00110200
JP1.J41 00110300
JMluJ-1 00110400
JM2-J-2 001 10500
DO 100 1=2,Nl 00110600
1P2sI'2 00110700
IPX.1+1 00110600
1141.1-1 00110900
112=1-2 00111000
IF (I.EQ.2) lM2mNlM1 00111100
IF (I.tQ.NI) lP2u3 00111200

00111300
C CENTRAL LENGTH OF 7-& TZ-PTURE CONTROL VOLUME 00111400

00111500
DXP1-XL(1?PI,",K,0,0) 00111600
DXI wXL(l ,,K,0.',0) 00111700
DXM4S-m(IN1.,K0,o) 00111600

00111900
DYPXUYL(I,jP1,K,0,C) 00112000
DYJ -YL(I,j ,K,0,0) 00112100
DYMI=YL(1,4JN1,K,0,0) 00112200

00112300
DZ?1*ZL(14l,KP1,0,01 00112400
DZX OZL(I,J,K .0.0) 00112500
0uZt1.ZL(:#,X.MX,0,0) 001 12600

~N0T a~.00112700

CSURFACE LEGT 0F 7HE CTR0L VOLUME 001 12600
00112900

OXN-XL(:,:?:.,K,0,2) 001 13000
3XSwXL(I,j K(,0,2) 00113100

"OXB-XL('Ao:K .0,31 00113300
00113400

.JYE-Y'001:37C0
DYWY( VVI.4- 013900

00113900
OZE-ZL(!?P,.:,K,C,*.) 00114000
DZW=ZL(: .:,K,C,I) 00114100
DZN-ZL(:,:..K,C,2) 00114200
Dzs-ZL(:,j ,K,0,2) 00114300

00114400
00114600

'JXEE-XL(:?2,,,^WI') 001147=C

:)XW~oo -L:015400

00115:00
'dYNN-Y: (:,.:?2, K, 0,2) "0011520"
D)YN DY(:v-i!2 015300

DYS =Y:(:,Jy. ,K,2) 0150
00115600

'JZFF-Z:. (:,,,.?2,C 3) ':'5700
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'ZF 'Z.(IJ,KP..O,3) 0.S0

7,ZB -Z:.(IJKM10,3) 60
")ZB=Z:(~jK1,0,) ^1:6000

C " ErXE THE AREA OF THE CONTROL VOLUME i60
.0::6300

:XYFUDWXF'DYF 001:I'6400
ZXY3UDXB*DYB 0o::6500
IdYZ~nDYE*DZE 00C:6600

.OYZSDYNDZW "0:6700
'OZXNaDZN*DXN 00116800
DZXS-DZS*DXS 00116900

0C117100
V0LuDX:*DYJ*OZK 001171CC
VOLOT-VOL/DTIME 00117200

00117300
ZXOYNuDZXN/DYN 00117400
ZXOYSOZXS/DYS 00117500
xyozr.;xyF/ozF 00117600
XYOZBuDXYB/DZB 00117700
YZOXEODYZE/DXE n~0117900
YZOXNUDYZW/OXW 00117900

00110000
ON=(R(ZeJ,K)*OYP+R(IeJPIK)*DYJ)/(DYP1+DYJ) 001.So.00
GSa(R('.,3,K)*DYMI+R(IJM1,K)OYJ)/(DYM1+DYJ) 001:6200
G9m(R(I,J,X)'DXPI+RIIP1,JK)'OXZ)/(OXPI+DXI) :0110300
GW.(R(:,JK)'OXMI.R(IM1,J.K)'oXI)/toXMl+DXI) :0:18400
STOW :J,K)*DZPI+R(Ioj,KP*DZK)/(DZP1+DZK) 001.1500
Gi5sfR(.,%J,K) IDZM1.Rt(1,J,KM1' DZK)/cDZM1+DZK) .o::s00

C~GVIJ1,K) 'OZXH 00111600
CSmGS*V(Z,J *K)*DZXS o0:98900
CgnGE'* (111,J, K) 'DYZE 001:9000
CV.wocw (I EJ,K)O*DYZW 00119:00
.FsGF'W(Z,JfKP1) oXYF 00119200
C3wG3'W,1I,J,K )*DXYB 00119300

00::194 00

C ONDSu'./((1./CONO(,,K)DY.1./COND(I,JM1,K)DYM1)/(DYM.+DYJ)) 090
CONDE.:./((1./CONDtI,J;,K)'DXI*1./COND(lP1o,;,K)'0XPI)/(DXP14DXI)) O9C
:0NDWu'../((:../c0ND(IJ,#K)eDXI+1./COND(IMlj,K)'DXM1)/(DXM1DX) 0.90
CONDFsa./((1./CONDt',.*,K)DZK+./COND(e~JeKP1)'OZP1)/(DZP1DZ)) ^0.:20000"

:'WNON :-ZXOYN*CONDN ^.0:2^.
:oKDS:.zxOYs*cONDs :^.:2:4w
CONDE:-YZOXE*CON3£D 0E
00NDW'.YZOXW'CONDW :^.:2:6:C
=ODF:-XYOZF*CONDF o~oo
C:ONDB*:-XYOZB*CONDB

0:23 ::0
CEP-(A3S(CE)+CE)0Dxpl'DXI/(DXE'IDXE+DXW WlS. 0%0:23:20
E M-(A3S(CE)-CE)'DXP1'DXI/(DXE'(nXE+DXEEI)/S. .^0:23:3v^
WP (;aS(CW)+CW)-DXM1D:X/(XW(XW+DXWW))/S- 00:23 :40
CigM.(A3S(CW)-CW)*DXM1*DXI/(DXW*(OXW+DXE WlS. 0 0:23:50

:::23:6:
:P-(ABS(CN)+CN)nDYP'* YJ /(DYN'(DYN+D)YS WlS. :3:23:7:

M.(S(C)-~)'YPDYJ/(YN*(DYN+0)YNN))/S. :C:23:9^
0:SP-(A3S(CS)-CS)PDYV.1DYj/(DYS.(DYS+DYSS)l/8. 00.:23:90
ZSM-(A3S(CS)-CSP*DYm'*DYJ/(DYS*(DYS+D)YN fl/8. :0:23:9:

:0^:23:92
?u(AS(C)~C~PDZ.'DK/(DF'(ZF-DB f/S.:0:21:93

-- (ABS(C.:)-C )*)Zpl.Z/(DZF*(DZF-0ZFF))/8. ^0:23:94
:3p=(A.s(CB)-Cii*[ZX:'*DZK/('ZB' (DZB+-DZB3))/8. :0:23:95
CBM-(AS(CB)-CI')DZX:D*ZKI ( 0ZB*(OzB ZF- ))/8. :w23:9i

:0:231:97
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AE (A, ,) -. 5*!XI/DXE*CE-CE?+CEM* (1.oDXE/DEE) -CWM*'DXW/DXE 00123:98
AW(I,:,K)- .5'DXI/DXW*CW+CWM+CWP' (1.+DXW/DXWW)+CEP?*:XE/DXW 00123:99
AN 4(I,J, K) m-.5*DYJ/DYN*CN+CNP+cNIM* (1.+DYN/DYNN) +CSM*DYS/DYN 00123200
AS (I, .,K) - .5'DYJ/DYS'CS+CSM+CSP (1 .+DYS/DYSS) .CNP*DYvNIDYS 00123201
AF(IJ,K)--.5*DZK/DZF*CF+CFPCFM. (1.+DZF/DZFF)+CBM*DZB/DZF 00123202
A3(I:.,K)- .5*DZK/DZB*CB+CBM+CD;P* (l.+DZB/DZBB)hCFP*DZF/DZB 00123203

C 00123204
801 AEZu-CL% *DXE/DXEE 0012321C

AEERuAEE*TPD(1P2,J,K) 'CPMI(P2,J,K) 00123300
802 CONTINUE 00123400

^0123500
603 AWW-CWP*DXW/DXWW 00123600

AWWRUAWW*TPD(IM2,J,K) 'CPM(IM2,J,K) 00123700
804 CONTINUE 00123800

COMM~0
IF (J..T.NJ) GOTO 805 00124000
ANNuO. 00124100
ANNR-O. 00 * 24 200
GOTO 806 CeO A4300

805 ANNo-CNM*DYN/DYNN 00114400
ANNR'ANN*TPD CI,JP2,K) 'CPM(I,3P2,K) 00124500

806 CONTINUE 00124600
00124700

IF (J.GT.2) GOTO 807 00124600
ASS-0. 00124900
ASSRuO. 00125000
GOTO ace 00125100

607 ASSa-CSP'DYS/DYSS 00125200
ASSR-ASS*TPD (IJoM2vK) *CPM (I ewM2,K) 00125300

808 CCNTIMUE 00125400
00125500IF (K.LT.NK) GOTO 809 00125600

AFFmO. 00125700
AFFR-O. 00125800
GOTO 8:0 00125900

909 AFFN-CFM*DZF/DZFF 00126000
AFFRuAFF*TPD(I,J,KP2) 'CPM(I,j,KP2) 00126100

810 CONT'ASE 00126200
00126300:r (K.GT.2) GOTO 811 00126400

AiDl-0. 00126500
AIR-C. v^0126600
GOTO 8:2 00126700

811 A33a-CB?*DZD/DZBB 00t26C00
ASDRuA3TPD(I,J.*KM2)'CPM(IJ'#,M2) 000126900

812 C0X0M;7 00.:27000
00:27:0
^^:27200

c 08:27300
C 3#*S~S3##a~;#,##*s#*####aaga.0:27500

C 'MODIF:CAT:ON FOR DECK 3OUNDARIES 00127600

900 CONTINUE 00!:2780C
:F (NODU(M1,,K.EQ.o) GOTO 901 00170
AWW-C.0A CA20
AWWR-C.^v 00129100

901 CONTINUE ^00283Co
(NC::J,).Q0 GOTO 9C2 :01284CC

ArE-0.^ 00128500
AZER=c v 00:286cvc

:01287f0
902 C0ITME CZ0:2eeoc

(ND(,..GK) 01) OT 903 0:!28900
ASS=^0.C 00:29^0
ASSR='.: C0129.00

CC:2920C
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903 CONTMUT 00129300
IF (ND1JP,)Z .GOTO 904 0 0129400
A1IN-0.. 00129500
ANNRuO.0v 00129600

F---*-*.-00129700

90 CONTINUEz~ 00129800
IF (NOD(I,J,KM1).ZQ.0W) GOTO 905 00129900

AI~uO.000130000
ABBR=0.'0 00130100

00130200
905 CONTINUE 00130300

IF (NOD(I,J,KP1).EQ.0) GOTO 906 00130400
*AFFaO.0 00130500

AFFRO. 00100
F 00130600

906 CONTINUE 00130600
* 00130900

C *###########.ee.ee#e~########## ##### ###########o# 00131000
c #e#########e#######################eeeeeee~########## 00131100

00131200
AP11,,X) aE(1,(, K) +AW (I,J, K) +AN (1, J,K) +AS (I, JK) 00131300
& +AF(Itj,K).AS(I,j,K)+AEE+AWW+ANN4ASS+AFF+ABB)*CPM(I,3,K)00131400
G CONDEI+CONDW1+CONDNI+CONDS1+CONDF1+CONDB1 00131500

00131600
AE(I,:,K)-AE(I,J,K)'CPM(IP1,J,K)+CONDEI 00131700
AW(!...K)*AW(I,,;K)CM(I1,J,K)+CONDWI 00131800
AN(I,J,K)uAN(I,.,K) 'CPM(I,3P1,K)+CONDN1 00131900
ASII,J;,K)uAS(I,3,K) 'CPM(I,JM1,K).CONDS1 00132000
AF(It,K)AF(I,J,K) 'CPM(I,j,KP1)+CONDF1 00132100
AS(I,:,K)=AB(I,,K)*CPM(IJ,KM1)+CONDI 00132200

00132300
SP(I,J,K)=-ROD(I.j,K) 'VOLD'CPIIJ,K) 00132400
SU(I#,,K)a ROD(I.j,K) VOL'DT'TOD(I,J,)*CP4(I,J,K) 00132500
SU(I,., K)uSU CI. j.K) sAEER+AWNR+ANNR+ASSR+AFFR+ABBR 00132600

100 CONTINUE 00132700
00132800

C " TAKE CARE OF B.C. THRU AN,AS,AE,AW,AF,AB,SP AND SU 00132900
00133000

C see RAMUS DIRRCT:ON 0013310
00133200

0O 500 :w2,NI 00133300
DO 50^ X-2,NK 00133400
SP(I,2,X)uSP(:,2,K) -AS(U,2,K) 00133500A

CC SP(I,2,X-OSP(!,2,K)-ASc:,2,K) v033CWC SU(I.,2,X)-SU( ,2,K) .2.0'AS(:,2,K) 'TPD(I, :,K) W013370.

su(:,~:K~~T::K '2'P(,JP1,4 'A(N, 0133900
AS(: cK)-0. :n!34^^0
ANG,%J,K)wO. 140

~00 CN.A~0013420A0
001343C

C e Y: CONDV:ONS 00134400
00134500

DO 6C'wW Z2, N 00134600
00 6w: K-2,NK 0013470.
SUR( ,;,K)-St;(2 .;,X)-rAW(2 :,K)*T(. ,j,K) 00134800

AW(2 ,,)=. 013 50
AE(N,:,K-0.000135:00

600 CONTNUT C01352C0
0013;3^v0

T-ND OF SPER V01354C0
3013;z.'^

00 70C :=2,N.' 003i6C
D0 70: .=2,%. 0i35,,-.v

30.1358cC
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AF(I,J,NK)-0. C0136100
700 CONTINUE 00136200

00136300
00136400

C *" ASSEMBLE COEFFIC:ENTS AND SOLVE DIFFERENCE EQUATIONS 00136500
00136600

DO 300 K-2,NK 00136700
DO 300 J-2,NJ 00136800
DO 300 I-2,NI 00136900
AP(I,J,K)uAP(I,J,K)-S(I,:,K) 00137000

300 CONTINUE 00137100
00137200
00137300
00137400

C "" VOLUME HEAT SOURCE INPUT 00137500
00137600

VOLT0.0 00137700
DO 113 I-2,NI 00137800
DO 113 J-2,NJ 00137900
DO 113 K16,17 00138000
IF (NHSZ(I,J,K).EQ.O) GOTO 113 00138100
DXI *XL(I ,J,K,0,0) 00138200
DYJ -YL(I,J ,K,0,0) 00138300
DZK aZL(I,J,K ,0,0) 00138400
VOLDXI*DYJ*DZK*H*H*H 00138500
VOLT-VOLTiVOL 00138600

113 CONTINUE 00138700
00136800

DO 111 1,2,NI 00138900
DO III J=2,NJ 00139000
DO I!: K-16,17 00139100
IF (NHSZ(I,.,K).EQ.0) GOTO 111 00139200
DXI a'(I ,JK,0,0) 00139300
DYJ *?L(IJ ,K,0,0) 00139400
DON =ZL(I,J,K ,0,0) 00139500
QQQ'H/(U0'CPO*RHO0'TA) 00139600
VOL.DXI*DYJ*DZK 00139700
SU(I,J,K)uSU(i,J,K)-VOL*QQ/VOLT 00139800

!ii CONTINUE 00139900
00140000

C t'w RADIAT:ON INTO THE WALL 0140200
00140300

DO 3!0 K-3,NKMI 00140400
DO 30 :-2,N: ^014050C* DXN -XL(: ,NJRA,K,^,2) 00:40501

- DZN -Z.(:,%:RAK ,^,2) '0140503
ZXN*DZN'DXN :-405504

0 ":u(K-3)w(N I-i)' -: 0:4Z600
- SU(I,NJRA, K)-SU(I,NJRA,K)-RWALL(::)*DZXN 00140700
0 310 CONTINUE 30140800

00140900
O *' a END CT RADIAT:ON 0014:000"W00:41:0

wmw SOLVE FOR T 0014:2330
write(6,u) 'callinq trid'

00141300
CALL -RID (2,2,2,N.,NJ,NK,T) ^014:400

C 'ew RESET TE..PERATURE AT R=0.0 AND END OF SPHERE 00:4:60
00:4:70

00 81 K-1,NKPI V004:800
AVT-0. 00.4:90^
DO 82 "=2,N . .42.000
AVT=AVT-(7(:,2,K)/N:M*.) 00:421^v^

82 CONTINUE 0.42200
DO 83 :-,N:P: 00142300
T:,,K)-AVT 030142400
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83 CONTINUE 00142500
81 CONTINUE 00142600

C 00142700
DO 74 1-1,NIP1 00142800
DO 74 J-1,NJPI 00142900
T(I,J,4)sT(I,J,2) 00143000
,T(I,.J,NKPl)=T(I,J,NK) 00143100

74 CONTINUE 00143200
00143300

C ' FOR SURFACE HEAT EXCHANGE WITH SURROUNDING 00143400
00143500

DO 64 I-2,NI 00143600
DO 84 K-2,NK 00143700
DYJaYL (I, NJ, K,0, 0) 00143800
T(I,NJPI,K)a(2.O*COND(I,NJK)T(I,NJ,K)/DYJ+HCOEF*TINF)/ 00143900

& CHCOEF+2.0*COND(I,NJ,K) /DYJ) 00144000
64 CONTINUE 00144300

00144400
00144500

C "'FOR CYLIC CONDITION 00144600
00144700

DO 80 Jnl,NJP1 00144800
DO 8O Km1,NKP1 00144900
T(1,J,K)oT(NI,J,K) 00145000
T(NIP1,J,K)-T(2,J,K) 00145100

80 CONTINUE 00145200
00145300

RETURN 00145400
END 00145500

00145600
00145700
00145800

C __________________________________00145900

C *00**~** *~ 00146000
SUBROUTINE CALC 00146100

C *a* g....w..u*g~O*.UO***aWOa 00146200
COIMON/R4/XC(93),YC(93),ZCC93),XS(93),YS(93),ZS(93), 00146300
&DXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00146400

CONMON/B3L'/DX,DY,DZ,VOL,DTIME,VOLDT,THOT,TCOOL,P-i,Q,QR C0146500
CO!ION/BL7/NT,NIP1. NINM1,NJ,NJP1,NJM1, NK,NKP1.,NKM1 00146600

.NIP2,NwP2,NK?2,NA,NAPI,NAMI,NB,NBP1,NBM1,KRUN,NCHIP,NJRA,NWRP -00146700
COMMON/BL:2/ NWRITE,NTAPE,NTMAX0,NTREAL,T.ME,SORSU1, ITER v0146800
CONMON/BL:4/HCOEF,T:NF,CT,ABTUR,BTUR,VISL,VISt4AX,QCORRT,PM1PM200:46900
CO.MMON/BL:6/ CONsT:,CONST2,CONST3,CONST4,CONST6,NT,U0,H,UGRT,BUOY,00-W4

7000
&C?0,PRT,COWND,v:s0w,RH00,H,TR,TA,DTEMP,T*RITE,TTAPE,TMAX,GC,RAIR00:4710C

COMON/L22/CHPB(0),NtCHP(),JCHPB(10), %CHPJ(0.),KCH?9(1 C), ^0.47200
& NCHPK (!0) ,:CHP (10), CPS (IM,CONS(10) WFAV(!%o) :0:47300

:OMMON/E3:/ 70(22,:6,32),ROD(22,16,3:),POD(22,:6,32) C:0147400
~ COD(22,:6,32),'O (24632),VOD(22,46,32),WOD(224.6,32) 00450
COMMON/B8.32/ T(22,16,32),R(22,16,32),?(22,16,32) C0147600

& 'C(22o'6,32),'V(22,"6,32),V(22,16,32),W(22,:6,32) D0147700
COt4MON/9L33/ T?D(22,:-6,32),RPD(22,16,32),PPD(22,16,32) 0W0147800
& ,CPD(22,:6,32),L;?D(22,16,32),VPD(22,.6,32),W?D(22,:6,32) ^.0147900
COMMON/BL34/ HrT GHT(22,16#32).REQ(22,16,32)t 00148000
& SMP(2246i,32),SMPP22,16,32),PP(22,16,32), 00148100
& D)U(22,16,32),DV(22,16,32),DW(22,16,32) 00148200
COMMON/BL36/AP(22,46,3?),AE(22,16,32),AW(22,16,32),A.N4(22,'6,32), 0 0148300
& AS(22e16,,32),AF(22,.6,32),AB(22.,16,32), 00148400

£ Sp(226,32),S(22,1.6,32),RI(22,16,32) 0180
COMMON/1: 37/Vts(22,.6,32),COVD(22,'' ,32),NOD(22,16,32),RWALL(579) 001.48600

& ,?PM(22,:6,32),!iSZ(3,2),NHSZ(22,,6,32),RESORM(93) 00148700
COMMON/3:39/ALEW,?CURVE,CONSRA,PURM1,POUT,QCORR,PE."ROR .00148800

00149900
C 2 CALCZ;ATE CV-'F::TNS 30149000

0 0149100
"0 100 !(=2,NK :049200

KP2-K2 0.1149300
KPl-K-i C0'.49400
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001495C
KIA2=K-200149600

DO 1CC .u2,NJ G0149700
Z?2-ji2 00149800

Jr: J' 00149900
'Xi-J-10015C000

00150"00
DO 10^ :-2,NI ^ 015 C200
I?2 1-2 00150300

001504,0
Z11-1 00150500
ZM2u-- 0015C600
IF (1.EUQ.2) IM2uNIM1 00150,00
IF (I.E..NI) IP2w3 00150800

00150900
C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 0015.000

00151:00
OXP~uX.(IP1,J,K,0,0) 00151200
DXI uX*.(I J,K,0,0) 00151300
D)041uXL(IM1,j,K,0,0) 00151400

00151500
DyP1a..d:,Jp1,K,0,0) 00151600
OYJ -YL(I,J ,(,) 00151700
DYM1-Y:.(:,JM1,K,0,0) 00151800

00151900
0ZP1w.a:,J,KPlo00 00152000
DZK *ZaO(,j,K ^0,0) 00152::0'
ozx1.z:c(:,J,KM1,C,0) 00152200

00152300
C "' SURFACE LENGTH OF THE CONTROL VOLUME 00152400

001525"0
OXNeXL(:,:'P1,K, 0,2) 00152600
DXSnXL(:,j K1,0,2) 00152700
DXFuXL(:,j,KP1. 0,3) 00152600
0X3.XL(:,:',K .0,3) 00152900

0015300
OYF=YL(:,:',KPI,c, 3) 00153 Co
OYauYL(:,.K .0',3) 00153200

YEKcP,~,, C 015330
DYw.yL(: ,C,1&) 00153400

00153500
0ZE-ZL(:? ,3,K,0, I) 0015360
Dzw-ZL(: ,JK0)00:53700
D ZNuzL -, K,0, 2) 0015360

~z-:(, K,0,2) 00:5390,
^0: 54:^cA

0 ' :R L ENGTH~ OF ':.E STAGGERED CONTROL VOLUME FOR W 0540

DXW *X:( ,JK,,: 5450^
Dxw*w-x:.(:m.1,JK,0,) .0:5460

00,547"0
DYN'N-Y: (:,.,?2,K, c, 2) 00454e900
OYN -Y:-(:,j?!,K,^0,2) 00154900 W
.YS -y:c(:,j fK#0,2) oosso
D)YSS-Y.(:, M1, K, C, 2) ^v3:5:::^

:jzFF-Z: (:,,;,KP2, 0, 3) ::5

a ,Z:. z1:, j, KM1, (, 3) :0:50

Sws :7F:XT -HE AREA OF -HE CONTROL VOLUME 0130

:XY7-,,xFRDYF 050
:XYaB:XBWDYB ^:0:56::^
Z yzT_-,YTZDZE :0:562:w
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DYZW-DYW*DZW 000156300
DZXNmDZN*DXN 07156400
DZXS=DZS 'DXS 00156500

00156600
VOL-DXI 'DYJ*DZK 00156700
VOLDT-VOL/DTAIME 00156800

00156900
ZXOYNuDZXN/DYN 00157000
ZXOYS-DZXS/DYS 00157100
XYOZF-OXYF/DZF 00157200
XYOZ~nDXYSB/DZB 00157300
YZOXEmDYZE/DXE 00157400
YZOXWsDYZW/DXW 00157500

* 00157600
GNa(R(I,.,K)*DYP1+R(I,JP1,K)*DYJ)/(DYP1+DYJ) 00157700
GSS(R(I,,;,K)*DYM1+R(!,JM.K)*DYJ)/(YM1.DYJ) 001578000
GEZ(R(I,.,K)*DXPI+R(IP1,J,K)*DXI)/(DXP1+DXI) 00157900
GVU(R(I,,,K)'DXM1+R(1M1,J,K)ODxl)/(DXM1+DXI) 00158000
G~u(R(Ir,.,K)*DZPI+R(I,J,KP1)*DZK)/(DZP+DZC) 00150100
GSs(R(I~j,K)*DZM1+R(I,J,KM1)'DZK)/(DZMI+DZK) 00159200

00158300
CNaGN*V(:.,jP1,K) 'DZXN 00158400
CSmCS*V(I.J ,K)*DZXS 00159500
CgaGR*U (Pl,J,K) 'DYZE 00156600
CWoGWU (: ,j,K)*'DYZW 00156700
CFnGF*WZI,JKP1) OXYF 00156800
C~usCBW(IJ,K ) 'DXYB C0158900

00159000
00159100

CONDN=1./CM. /COND(1,J,KE'DYJ+./CON (I# JP,K) *DYPl)/ (DYP1,DYJ)) 00159200
CONDS.1./((1./C0NDcx, ,K) *DYJ+./CON (,J.I1,K) *DYM:) /(DYM1+DYJ)) 00159300
COWN:./((I ./CNDI,J,K) *DXz+1./CN(P1P,JK) oXP:) / (DXPl+DXI)) C0159400
CONDWul./((I. /CND (I,JIK) *DXI+./COND(IM1,J,K) DXM)/ (X41DXI)) 00159500
COVDrU../((M. /C0N0(I, J,K) 'DzK+1./COND(U, J,KP1)*DZP:)/ (DZP1+DZK)) 00159600
COtD~old/(G./CONO U, JK) *DZK.1./CONEZ.J,K41) DZMI)/ (DZM1+DZK)) 00159700

00159600
CONDN1-ZXOYN'CONDN 'ALEW 00159900
COt40S1.ZXOYS CONDS'ALEW 00160000
CONDElsYZOXE' CONDE' ALEW 00160100
CONDW10YZOXW' CONDW' ALEW 00160200
CONDF1-XYOZF' CONOF' ALEW 00160300
CONDB1=XYOZB'CONDB*ALEW 00160400

00162700
00162800

CEP-(ABS(0E)*CE.DXP'DXI/(DXE'(DXE+DXW )l/S. 0162601
03EM(AS(Cl)-CE)DXP'DXI/(DXE*(DXE+DXEE))/8. 00162802
CW-AS.')C)DM*DI(X*!X+XW)B .0162803
ZM-ASC(W-CW)DXM :')Xl/(DXW' (tXW.DXE ))/S. .0162804

00162805
CNP-CABS(CN)+CN)'0YP1'DYJ/(DYN' (DYN+DYS ) )/8. '00162806
CNM-(ABS(CN)-CN)*DYP1'DYJ/(DYN*(DYN+DYNN))/S. 0062807
CSP'(A3S(CS)+CS)'DYMI*DYJ/(DYS*(DYS+DYSS)l/S. V0462808
CSM-(ABS(CS)-CS)*DYM1.DYJ/(DYS*(DYS+DYN )l/S. 00162609

00162610
CFPU(A3S(CF)vCF)*DZPIW*DZK/(DZF' (DZF+OZB )l/S. 0016281:
CFM=(A3S(CF)-CF)'DZPI'oZK/(DZF*(DZF+DZFF))/8. 000162912
CEBP- (A3S (Ci) *CB)*DZM'DZK/ (DZE' (DZB+DZBB) )/8. 0 0 162813
CSBM-(ABS(Cfl)-CB),DZMI*DZK/(DZa'(DZB+DZF fl/. 00162814

* 00162815
AE(,: ) *X D- "+E+CM 1 DEDE)CXX/X 00162816
AW(I,:,10- .5'*DXI/DXW'CW+CWM+CWP'(1.?DXW/DXWW)vCRP'DXE/DXW 00162817
AN(I,:,:)--.5'oDYJ/DYN*CN+CNP+CNM' (1 .- DYN/DYNN)*CSM*')YS/DYN 00162818
AS(I',<)= .5-,DYJ/DYS*CS+CSM+CSP*(l.-DYS/DYSS)bCNP, YN/DYS 00162819
AF-(I,.)-.; DZK/DZ'C-CP+CFM(.-DZF/DZFF)-CB.'"ZB/DZF ^C162820
AB(I,:,X)= .. ;*DZK/DZ3'CB+cBM+CB?' C1.-ZB/DZBB),CFP- ZF/ ZS .016282-

03162822
00162823

801 AEE--C7-X'DXPE/DXEE .0162830

91.



AEER-AEE*CPD ( 2P2, J,K) 00162900
802 CONTINUE 00163000

00163100
803 ANK.-CWP*DXW/DXWW 00163200

AWWR-AWW*CPD(IM2, JoK) 00163300
804 CONTINUE 00163400

00163500
IF (J.LT.NJ) GOTO 8C5 00163600
ANN=O. 00163700
ANNR-O. 00163800
GOTO 806 00163900

805 ANN=-CNM*DYN/DYNN 00164000
ANNR=ANN*CPD(I,JP2,K) 00164100

006 CONTINUE 00164200
00164300

IF (J.GT.2) GOTO 807 00164400
ASSuo. 00164500
ASSR-O. 00164600

070 Sl 00164700
807 ASS-CSP*DYS/DYSS 00164600

ASSRwASS*CPD(I,JM2,K) 00164900
808 CONTINUE 00165000

00165100
IF (K.LT.NK) GOTO 809 00165200
AFcO0. 00165300
AFVRu0. 00165400
COTO 810 00165500

809 AFF"-CFM*DZF/DZFF 00165600
AFFRoAFF*CPD(I, , KP2) 00165700

610 CONTINUE 00165800
00165900

IF (K.GT.2) GOTO 811 00166000
ABl-0. 00166100
AB&-O. 00166200
GOTO 812 00166300

811 A&B--CBP*DZB/DZSB 00166400
AIIRwABB*CPD(!,J, KM2) 00166500

612 CONTINUE 00166600
00166700
00166800
00166900

C * ## O,,#e#i*#e,*u,0*,4## 6S5Sle5Oll#il*t**it# 00167000
C i#t##i##6##t##eq####0e6s#,,*u s####6#*#O## 60*##i##*### 00167100

M"' MODIF:CATION FOR DECK 3OUNDARIES 00161200
00167300

900 CONTINUE 00167400
:F (N0D(:x:,:,K).EQ.z) GOCT 901 00167500
AWW-0.0 00167600
AWWR-0.C 00167700

00167800
901 CONTINUE 00167900

:F (NOD(!PI,:K).EQ.0) GOTO 902 00168000
AFE*0.v 00168100
AEER-0.C 00168200

00168300
902 CONTINUE 00168400

:F (NOD(I,JX1,K).EQ.0) GOTO 903 00168500
ASSS0.0 00168600
ASSR*O.0 30168700

00168800
903 ZONTTNUE 00168900

(NOD(:J:iK).EQ.^) GOTO 904 00169000
ANN=0.C 00169100
ANNR-0.Z 00169200

0C169303
904 COTINUT 00169400

(NOD(:,:, KM).EQ.) GCOC 905 00169500
ABB=0.0 00169600

92



A3BR=0.0 069^
01900

905 CONTINUE 00169Co
IT (NOD(!,J,KPl).EQ.0) GOTO 906 700

AF~uO.0 007c:00

0017C3=
906 COXtNTINUE0100

0017C500
C ####e*a.##q#.##e#####ee#ee#############eeeeee#eeeee ^017M70

C0170800
*AP(I,J,K)-(AE(I,J,K).AW(I,J,K).AN(I,J,K)+AS(I,J,K) WM01900

£ *AF (1,J,K) +AB (I,J,K) +AEE+AWW+ANN+ASS+AFF+ABB) 0017ioco
I CONDEI+CONDWI+CONDNI+CONDS1+CONDF1+CONOB1 A0017'.-0

00171200
*AE(1,3,X)-AE(I,JK)+CONDE1 C017.30

AW4I,J,K)wAW(I,J, K) +CONDN1 m0171400
A14(I,j,K)*AN(I,J,K).CONDI v017:500
AS(IJ,K)oAS(IJ,K)+CONDS1 00171600
AF(I#J,K)-AF(I#J,K) +CONDF1 ^017:700
AI(I,J,K)uAB(I,J,K).CONDBI 00171800

00171900
S?(I,J,X)=-ROD (IJ,K) 'VOLOT 00172000
SUI.,K)a ROD(I,J,K)'VOLDT'TOD(I,j,K) 00172:"D
SU3(1,K)aSU (1.,K) .AEER+AWWReANNR.ASSIR+AFFR+ABBR 00172210

100 CONTINUE "0172300
00172400

A * TAKE CARE OF B.C. THRU AN,AS,A9,AW,AF,AS,SP AND SU 017250
C "017260
A " RADIUS DIRECTION 0017270

'40:72600
D0 500 :o2,t41 00172900
D0 500 Ku2,NK 0o017300

cc S?(1,2,K)=SP(I,2#K)eAS(I,2,K) Z0173*100'
SP (I,2, K)=.5?(1,2, K) -AS (1.2, K) 001t73200
SU;(I,2,K)USU(I,2,K)+2.0'AS(I*,2,K)*CPD(I, 1,K) ow73300
S?(I,N3,K)aSP (I,NJ,K)-AN(I,N3,g V0173400
SU(I,NJ;,K)=SU(I,NJ,K) e2.*CPD(I,NJF1,K)'AN(I,NJ,K) :A173500
AS(1,2,K)-0. 0:173600
AN (1, N.,K) -0. -^:7370

500 CONTINUE :^:7M80
:::730^0

0 ' CYL:%C CONDITIONS 07~

'#0 600 :-2,\J :::7420
6006C Km2,NK '::7430

Sn(2 ,K4)-SU(2 ,.,K)+AW(2 :J,K)*C(. ,j,K) 074

600 C: 0:74900

.0:749^0
C ' END OF SPHERE 0~50

'dO 700 :-2,NI :00:75200
n0 700 .-2,Nj 0:50

$(1,,,2)-SP (I, j,2) +A8 (1,J2) 0:50

AT G,:, \) -. 0:5
700 C %TINUT 0750

:0:7=900

ASSEY.3LE COEFFIC:ENTS AND SOLVE D:FFERENCE EQUATIONS :0:762:0
DO 3000:76300
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DO 300 :*2,NJ 00176500
DO 300 !m2,NI C0176600
AP(I,Z,K)-AP(I,J,K)-SP(I,j,K) 00176700

300 CONTINUE 00176800
00176900
00177000
00177100

C "* VOLUME MASS SOURCE 'NPUT 00177200
00177300

VOLTuO.0 00177400
00 113 Z-2,Nl 00177500
DO 113 J-2,NJ 00177600
DO 113 K-16,17 00177700
IF (NHSZ(IJKEQ.0) GOTO 113 00177800
DXI -XL(I ,J,K,0,0) 00177900
DYJ *YL(IeJ ,K,0,0) 00178000
DZK aZL(I,J,K ,0,0) 00178100
VOL-DXI*DYJ*DZK*H*H*H 00178200
VOLT=VOLT+VOL 00179300

113 CONTINUE 00178400
00176500

DO 111 Iw2,NI 00178600
DO 111 J-2,NJ 00178700
DO Il K-16,17 00178000
IF (NHSZ(I,.,K).EQ.0) GOTO 111 00171900
DXI -XL(I ,,K,0,0) 00179000
DYJ -YL(I,J ,K,0,0) 00179100
DZK -ZLIJ,K ,0,0) 00179200
QWQQ'H/ (U0*CP0*RHOO*TA) 00179300
QMS- 1.0 00179400
QMS a QMS*H/(U0*RHOO) 00179500
VOLmDXI*DYJ*DZK 00179600
SU(I, ,K)'SU (I, J,K)+VOL'QKS/VOLT 00179700

111 CONTINUE 00179800
00179900

C tee SOLVE FOR C 00180000
00180100

CALL TRID (2,2,2,NI,NJHINK,C) 00180200
00180300

C *"" RESET CONCENTRATION AT RmO.0 AND END OF SPHERE 00180400
00180500

DO 81 K-1,NKPI 00180600
AVT-0.' 00180700
DO 82 -2,N: 00180600
AVT-AVT.,(C(:,2,K|)INIMI) 00160900

82 CONTINUE 00161000
o 83 ::I,N:pl 001811CC
C(:, ,K)=AVT 00181200

83 CCxTINU 00181300
81 CONTXZXE 00181400

00181500
DO 74 :-:,N:Pl 00181600
DO 74 "=',N I 00181700
C(I,J, 'KP1) C(,J,NK) 00181900

74 CONTINUE 00182000
00182100

C t*' FOR SURFACE MASS EXCHANGE WITH SURROUNDING 00182200
00182300

DO 84 :-2,N: 30182400
00 84 Ku2,NK 00182500C(I,NJ;:,K) =C( ,NJ, K) c0182600

64 CONT!NUE 00182700
0018280
0018290C

C FOR CY:^C CONDITION 0183000
00183100

DO 80 Z=:,NP1 G0183200
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DO 80 I(-1,NKP1 00183300
C(1,J',K)-CNI,,() 00193400
C(NIPiJ,K)-C (2,.J,K) 00163500

80 CONTINU~E 00183600
00183700

RETURN 00183800
END 00183900

00164000
00184100

C 00184200
C uswwu*wu*ew*w**w**gguwwuw00184300

SROUTINE CALU 00184400
C 00184500

* COt4ON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00164600
aDXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00184700

COMMON/BL1/DX,DY,DZPVOL,DTIME,VOLDT,TROT,TCOOL,.PI,Q,QR 00184800
4 COMN/BL7/NI,NIP,XIM,NJ,NJPI,N3M1,NK,NKPINKM1 00184900

A ,NIP2,NJP2,NKP2,NA, NAPI,NAM1NBNBPI,NBM1,KRUNNCHIP,NJRA,NWRP 00165000
COM'ION/BL12/ NWRITENTAPE,NTMAXO,NTREAL,TIE,SORSUM, ITER 00185100
CO*OON/3L14/HCOEFT:NF, CIT, ATUR, BTURBVISL, VISMAX, QCORRT, PM1, PM20UI85200
COOGON/8L16/ CONSTI,CONST2, CONST3 ,CONST4,CONST6,NT, UO,HjpUGRTg 8UOY,00185300
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP,TWRITE,TTAPETMAX,GC,RA1R00185400
COZ'UIN/L20/SG11I22,1632),SIC12 (22,16,32),SIG22 (22, 16,32) 00185500
& ,SIG13(22,16,32),S1G23(22,16,32),S1G33(22,16,32) 00185600

COHOIN/BL22/ICH.PB(10) NCPI (10) JCHPB(10) NCHPJ(10),KCHPB(10), 00185700
& NCHPK(1C),TCHP(10),CPS(10)eCONS(10),WFAN(10) 00185800
COHMN/BL31/ TOOD(22, *6,32), ROD (22,16,32), POD (22,16,32) 00185900
& ,COD22,16,32),UOD(22,16,32),VO(22,16,32),WO(22,'66,32) 00186000
CO*ION/BL32/ T(22,16,32),R(22,16,32),P(22,16,32) 00186100
G *C(22,16,32),U(22,16,32),V(22,16,32),N(22,16,32) 00186200
COI4ON/BL33/ TPD(22,.6,32),RPD(22,16,32),PPD(22,16,32) 00136300
G ,CPD(22,16,32),'P(22,16,32),VPD(22,16,32)bWPD(22,16,32) 00186400
CO@4014/BL34/ HEIGHT(22,16,32),R&Q(22,16,32), 00186500

A *6MP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00186600
& DU(22,16,32),DV(22,16,32),DW(22,16,32) 00186700
COtMODN/BL36/AP(22e:.6,32),AE(22,16,32).AWJ(22,16,32),AN(22,16,32), 00166800
i AS(22e1.6,32),AF(22,16,32),AS(22,16,32), 00186900

£ S(22,16,32),S' (22,16,32),RI(22,16,32) 0018700C
COMONO/BL37/ VIS(22,:6,32),COND(22,16,32),NOD(22,46,32),RWALL(579)00187100

£ CPM(22,46,32),HSZ(3,2),NHSZ(22,16,32),RESORM(C93) 00187200
00167300

CCALCU'LATE COEFF!CIENTS 00187400
00187500

00 1CC K-2,NK 0018" 600
KP2uK+2 00187700
K?1SK*1 00187800

00187900
M-K- 0018800C

DO :0^ -2,N.: 00188100
:?2-J-,2 00188200v
J;p1UJK 00188300
JMl-- 00188400
JM2-J-2 00188500
DO !CC lu2,N' 00188600
' P2-1-2 00168700
3P1-1-: 00188800
114-- 00188900
'42;,2 3 018900C
IF (.C.) M1-NI 00189100
:F (..) MNh 00189200

(:.-Q 3) IM2 N: 0018930C
e ,D2=3 00189400

IV0O89500
00189600

C CNTAL L-7GTH 07 -r SCALE. CONTROLI VOLUME 001897CC
00189800

D~pi-x,-00189900
DXI XL( ,JKD~I00190000
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DXM1-XL (IM1,j, K,1, 0) :3190100
00190200

DYPlaYL(I,JP1,K,1,0) 00O190300
DYJ uYL(I,J ,K,1,0) 0W0190400
D)YM1=Yh(I,JM1,K, 1,0) 00190500

00190600
DZPloZL(I,J,KP1,1,0) 00190700
DZK =ZL(I,J,K 1,0) 00190800
DZM1-ZL(I,J,KM1,1,0) 00190900

W0191000
C" SURFACE LENGTH OF THE CONTROL VOLUME 00191100

0W0191200
DX(NXL(1, JP1, K, 1,2) 00191300
DXSnXL(I,J K!,1,2) 00191400
DXF*XL(I,J,KP1, 1,3) 00191500
DXI-XL(I,J,K 1,3) 00191600

00191700
OY~sYL(I,J,RP1, 1,3) 00191800
DYI.YL(I,J,K 1,3) 00191900
OYE*YL(IPI,J,K, 1,1) 00192000
DYV.YL(I J,K,1tl) 00192100

00192200
DZ3.-ZL(IPI,J,K, 1,1) 00192300
DZVuZL(I ,J,K,1,1) 00192400
DZV*ZL(I,JP1,K, 1,2) 00192500
DZSZ:L(I,J ,K,1,2) 00192600

00192100
C "' CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR U 00192800

00192900
OXEguX(L(1P2,J,K,1,1) 00193000
DXI eXL(IP1,J,Kt1,1) 00193100
DXW wXL(I J3,K,l,1) 00193200
DxVwoXL (1M1,IJ , 111) 00193300

00193400
DYNN-YL(IJ'P2,K, 1,2) 00193500
0Th -YLCI,JP1,IC,1,2) 00193600
DYS sYL(%,J ,K,1,2) 0W0193700
0YSSwYLCl,JoM1,K4,2) 00193800

00193900
DZFfaZLw(I,j,iP2, 1,3) 00194000
DZF sZ(.JW143 0194100
D~s 02L(I,J, *.,3) 00194200
0ZBZL(1,j,KM1, .,3) 00194300

00194400
C *" EFINE THE AREA OF THE CONTROL VOLUME 001'94500

'C1 94600
DXYFWDXF *DYF ^0194700
DXYBuDXB*DYB ^00194900
OYZE=DYE'DZE ^0^0:94900
'OYZWoDYW' DZW 30195000
DZXN-DZN*DXN 00195=0
DZXS-DZS*DXS 001952C0D

00195300
VOL-DXI 'DYJ*DZK 00195400
VOLDTwVOL/DTIME 00A195500

00 195600
ZXOYN-DZXN/DYN 001957CO
ZXOYS-DZXS/DYS 0.50
XYOZF-DXYF/ DZF 00195900
XYOZBaDXYB/DZB A00196000^
YZOXE-0YZE/DXE ^0196100
YZOXWuDYZWI DXW 00196200

00196300
0^196400

USE S:NGLE AND B!-LINEAR INTERPOLATION TO EVALUATE 00^:96500
PHYSICAL PROPERTIES AND FLUX ON 7HE SURFACES. 001966CO0

00196700
^0196800
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G0NE-SILINMR( ,:Pl,K),R(I :.,K),DYPI,DYJ)*V(I :.?!,K) 00196900
GNWuSILI'N(R(IM1,jP1,K),R(IM1,j,K),DYP1,DYJ)*V(IM1,4P1,R) 00197000
GSE=SILIN(R(I ,J1K,( j,K),OYM41,DYJ)*V(I J ,K) 00197100
GSWUSILIN(R(IM1,JM14,K&),R(IM1,-J,K),DYM1,DYJ)*V(IM11J ,K) 0V0197200

00197300
GE -SILIN(R(IPl,J,K),R(I ,K),OXEE,DXE)*U(IPI,j,K) 00197400
GP uSILIN(R(IM.,7,K),R(I .;,K),DXV ,DXE)*U(I ,J,K) 00197500
GW -SILIN(R(IM2,J,K),RCIM1D,E,,DXWW,DXW)U(l41,J,K) 00197600

00197700
GFEuSILIN(R(I ,j,KP:),R(I ,j,K),DZP1,DZK)*W(I ,MP) 00197800
GFWuSILIN(R(IMlJKP1),R(IM1,J,K),DZP1,DZK)*WIM1,j,KPl) 00197900
GRE-SILINfR(I :~,KMI.),R(I ,j,K),DZM1,DZK)*W(I Z.,K ) 00198000
G1BWuSILIN(R(IM1,j,KM1),R(IM1,J,K),DZM1,DZK)*W(IM1,, ) 00199100

00198200
CEnO.5' (GE+GP) 'DYZE 00198300
CW-0.5' (GP+GW) 'oYZW 00199400

00198500
CNuSILIN (GNE, GNW. OXE, 'XW) 'DZXN 00198600
CSuSILIN (GSE, GSW, DXE, OXW) 'DZXS 00198700

00198800
CFaSILIN (GFE. GFW, OXE, DXW) 'OXYF 00198900
CBmS1L114(GBE, 03W, OXE,"wXW) ODXYB 00199000

00199100
VISE-VIS(I %IK) 00199200
VISWIS (ZM1,J,i) 00199300

00199400
V'SNw (VIS(I .;?'.,K)+VIS(I ,J,K)+ 00199500

VIS(IMI,,,P.,K).VIS(IMI,J,K))/4.0 000199600
VISS. (VIS(I ."oM.,K)+VIS(I ,J,K)+ 00199700

VIS(IMI, X.K+VtS (IM1,J,K)) /4.0 00199800
00199900

VISFW (VIS(I ,;,KP1)+VIS(I ,J,K)+ 00200000
VIS(IM1,.,XP1).VIS(IM1,J,K))/4.0 00200100

VSM (VIS(I .-,KM1)+VIS(I ,J,K)+ 00200200
VIS(:Ml,,;,KgMl).VIS(IM1,J,K))/4.0 00200300

00200400
00200500

VISNI*ZXOY'VVSN 00200600
v ISS1-ZXOYS*VTSS 002007CC
V!StlnYZOXE'VTSE 00200800
V4SWluyzoxw'VlSW 00200900
V ISF1=XYOZF*VTSP 00201000
V!SB1-XYOZB'Vt4sa 00201:CC

00201200
.'0201 300~Pa(BS(C) -C' 'DE/zx/:6.0020140C0

UN(AS(C.O'-CW) 'DXW/.'X:/.6. 002C1700
00201800

C NP(AS(C')+CN)DYPDYJ/(DYN*(DYN+DYS ) )/B. 00201900
C4M=(ABS(C\)-CN)*DYPDYJ/(DYN(DYN+DYNN))/8. 00202000
CSP=(ABS(CS)tCS)'DYM1'DYJ/(DYS'(DYS+DYSS) iS. 00202100
CSM-(ABS(CS)-CS)'DYM:'2DY3/(DYS'(DYS+DYN WlS. 00202200

00202300
^FPu(ABS(CF')tCF) 'DZP:' ZK/(D)ZF*(DZF+DZB WS8. 00202400
CFM-(ASS(C-)CF)'DZP:OZK/0ZF(DZF+DZFF)l/8. 00202500
C BP- (AB3S (CB) CB) 'DZM'D."ZKI (DZB' (DZB+DZBB3) )/8. 00202600
CBM-(ABS(C^3)-CB) 'DzX1~o ZK/D:ZB*(DZB+DZF M6)/. 00202700

AE(II,.,i()--.:-CE+~CEP-CEM.v*' (.-DXE/DXEE)+CWM*DXW/DXE- /:S7- 002029C00
AWJ(I,.;,K)u .:"wci-^g*!-X/D'W+7PDED~vS 00203000

00203100
00203200

AN(I,:,K)=-. .JIY /DY\NC.CP?+CNM' (1.-D)YN/DYNN)+CSM*W)YS/DYN VI-SN: 00203300
AS(I,:,K)- .-' 1Ya/DYS0SCSM4.CSP' (1.-DYS/DYSS)4CNP'DYN/DYS+VISSI 00203310
A:(,,)-.)DKD *^7CPCM(1.-DZF/DZFF)+CBM'DZ3/DZF+VISF1. 0020332v
AB(I,J;,K)- .-,)ZK/DZ3'C3B-CBM,+CBP' (1.-DZB/DZBB)+C:P'DZF/DZB-rViSB3 C0203330
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.0203340
=003400

901 AZ=u-C7-.,*DXE/DXEE 0230
AEERuAT-E*UPD(IP2#j, K) ^0203600

802 CC'NT' v0203700
00203800

803 A!Wu-C%*P'DXW/0XWW w^0203900
AMR-AW'UP D ( IZ42 3*, X) 00204000

804 CONTINUE w"02 04:0%0%
:00204200

:7 J. J)GOTO 805 ^00A2043C
ANNuO. 00204400
ANNA-0. 00204500
GmT 606 :00400

005 ANNo-CNM*DYN/DYNN 00204700
ANR.ANN *UP D(,1P2, K) N0204600

806 CONTIUE 00204900
00205000

IT (J.G-.2) GOTO 607 0w0205'00
AIMO0. 00205200
ASSRU0. 00205300
QoTO I'l6 00205400

607 ASSm-CSP*DYSIDYSS 00205500
ASSR-ASSOUPO(I,JK2, K) 00205600

606 C0NTINWZ 00205700
00205600

:7 IK.*-...K) GOTO 609 00205900
AFuoo. 00206000
AFFRoO. M 06100
OT0 *:0 00206200

409 ATw-CFX'*DZF/DZFF .02063C0
AFRmAF-7*UPD(Z,J, K??) 00206400

610 C0NTflW& 00206500
00206600

:7F (K.GT.2) GOTO Ill 00206700
AInno. 00206300
ABIRUC. 00206900
GoTo 6:2 00207 00

611 A~ilo-C3?'DZS/OZBB ^0207.00
A3BR.A133UPD(:.jKN2) :0=27200

612 CONTINUZ ^0.207300
00207400
022075:A

C *a X.0:F:ZA7:ON FOR 07-CK 3OUNDARIES :02:78::

9CC ox::~::20830

A~uC.0 A209 2:
90: u0 :0206300

901O 902N 2C 66 'o
AEEsC.: :020900^

902:02069:0c

:M1 (,C C:~ K) .EQ. 0) GOTO 903 02091:
ASS-0. ' 02C92:C
ASSR-'. :020930

o 020 94 00
903 co:~:.2"9::^

:7 (cD(::?:M .E.0)C70 904
A\NR0.: :29:

904 COXT\Z: :^2C95:^
:7(%0:,,-.0E.) O 905 w

98



AaB-O .000210C
ABR.0.0 30210200

00210300
905 CCNXT:NUE 00210400

IF (NOD(I,j,KPl).EQ.0) GOTO 906 00210500
AFF-0 .0 00210600
AFFR-0.0 00210700

00210800
906 CONTINUE 00210900

C 00211000
C ####.#####U##### **############*######################## 00211100

00211200
00211300
00211400
00211500

C *"0 SU FROM NORMAL STRESS 00211600
00211700

REu(s:G11(I 1J,K)-(U(IP1,J,K)-U(I ,j,K))*VISE/DXE)*DYZE 00211800
RWu(SIG11(IMlJ,K)-(U(I ,J,K)-U(IMI,J,K))*VISW/DXW)IDYZW 00211900
RNa(SZG12(I,JP1,K)-(U(I,JPI,K)-U(I,J ,K))*VISN/DYN)*DZXN 00212000
RS.(SIG12(I,J ,K)-(U(IrJ PK)-U(I,3M1IKfl'VISS/DYS)'DZXS 00212100
RFs(SIG13(1IJ,KP1)-(U(I.J,KPl)-U(I.J,K ))'VISF/DZF)*DXYF 00212200
R~u(SIG13(I.J,K )-(U(I,J,K )-U(I,J1KM1))'VISB/DZB)ODXYB 00212300

00212400
C "'SU FROM CURVED STRESSES AND ACCELERATIONS 00212500

00212600
AVG'2uO.5' (SIG12(bJPl,K)+SIG12(I,J,K)) 00212700
AVGl3O.5(SI13(J,KP)+SI13(1,J,K)) 00212800
AVG22-SILIN(S1022(I.J,).SG22(IM1,JK),DXE,DXW) 00212900
AVG33.SIL:N(S1033(1,J,K),SIG33(IMI,J,K),DXE,0XW) 00213000

00213100
AU~oU(,jK)00213200

AU2-BIL*N (V (I ,jPI,K),V(l J,K),DYJDYJ, 00213300
V(IM1,JPIeK),V(IMIeJqK),DYJ.DYJ, DXE,DXW) 00213400

AU3w3ILIlN(W(T ,J,KPI),W(I ,J,K),DZKDZK, 00213500
IW(IMIgj,X?1),W(IM1,J,K),DZKDZK, DXE,DXW) 00213600

00213700
ARaS::.N(R(,.;,K) ,R(IMIIJK) IDXE,DXW) 0V0213800

00213900
ARUl2oAR*AU!AU2 002140C
ARUl3ARAU1 'AU3 00214100
ARU22*ARIAU2*AU2 002142C
ARU33-AR*AU3 *AU3 00214300

00214400
RRY- (AVG!2-ARU12) 'DZK*(DXN-DXS) 00214500
RRZ- (AVGI3-ARJI 3) DYj (D)XF-DXB) 00214600
RRX- AVG22-ARU22 'IZK' (DYE-DYW) ^v 02:*.4 700^
£ AVG33-A~iU31)*'Y:* (3ZE-DZW) 0v021'4800

00214900
At:,j,K)--(I. ;,K)+AW(I,j,K)+AN(I,j,K)+AS(I,Z,K) =0150CCO
&-Ai ( 1., ,K) +AS(I, jK) +AEE +AWW+ANN +ASS -AFFtA313 00215:00

SP (:, j,K) -- (ROD (' ,j,K) *DXW+ROD (IMI, J, K) '0XE) / (:DXx) *VOLD', 00215200
SU(:,:,K)n (ROD (,,,K) DXW.ROD(IMltj,K) *DXE) / (DXW*0XZ) *VOLDT 0V02153CC

£ 'UOD(:,K) 00215400

-AEER 4AWWR*ANNR+ASSR+AFFR*AB8R 00215600
-RE-;IWvRN-RS-tRF-RB+RRY+RRZ-RRX :00 215 70 0

6-RUCY* S:%,(ZC( W)(R (I r rK) -REQ (I, ,K) ) DXW*CCS (XC : (R (IM:, 00C2158CC

7AKE CARE 0,.. B.C. '7.RU AN,AS,AE,AW,AF.AB,S? AND SU V216200
^v0216300

5CC 002164500

DO 2"0 7-2,N: 00216700
CC P(:2,)=SP( :,:.,)-AS(:,2,K) 40216800
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SP(I,2,K)-SP(!,2,K)-AS(I.,2,K) 30216900
SU(I,2,K)sSU(i,2,K)-2.0*U(141,K) *AS(I,2,K) 00217000
SP(I,X.1 K)uSP (:,%J,K)-AN(I,43j,K) 00217100
AN(I,%:,K)-0. 00217200
AS(I.2,K)-O. 00217300

500 CONTINUE 00217400
00217500

C "' CYLC" CONDI::ON 00217600
00217700

DO 502 K-2,NK 00217800
D0 502 Jus2,NJ' 00217900
SU(2 ,.,K)*SU(2 ,:,K)+AW(2 ,j,K)*UC1 ,J,K) 00218000
SU(Nl,,K)uSU(NI,,K)+AE(NI,J,K)*U(NIP1,J,K) 00218100
AW(2 :.,K)-0.0 00218200
AE(NI,Z,K)s0.0 00218300

502 CONTINUE 00218400
002 18500

C "' FRONT AND BACK WALLS 00218600
00218700

DO 600 1=2,N: 00218800
DO 600 Jw2,NJ 00218900

00219000
C ~'SLIP WALLS 00219100

SP(!,2VESPfI,:,2) +AB(I,J,2) 00219200
SP(Io,NK)-SP (IeJPNK)4AF(I,JeNK) 00219300

00219400
AF(I,J 9N.K)0O. 00219500
Aa(I,:,2)no. 00219600

600 CONTINUE 00219700
00219600
00219900
00220000
00220100

IF (NCHIP.EQ.0) GOTO 105 00220200
C *O#*eq##eeeeeeee#Oe#**6O#*6600220300
C *eeoe..ee..e..ee~~oe~ee00220400
C ' I40IF:C.ATION FOR DECK BOUNDARIES 00220500

00220600
DO 10: Ns1,NCII 00220700
:BwICHpa (N) 00220800
EuIB-rNCHPI (N)-!1 00220900
lamls:3-* 002210C
I EP 1-_4 00221100
J3BJCHB (N) 0022120C
EJuB-\CHPj (N)-* 00221300

3M1-~- 1002214CC
~p 1-~-:0022:5C^

~K-?*-* (N) 30221600
K~aK3~z~PK -:00221700
~1M1 ~00221800o

kEPl-K-1' 00221900
0V0222CC C

DO 1C2 :-JB,j7-1 00222:03
DO 102 K-KB.E 00222200
AE(IBX:,:,K)-C.^3 00222300
AW(IEP:,:,K)-0.C 0022240

002225Co
:02 CONT:NUTE 00222600

30222700
:)O 103 :-:B,:7 :02228 CA
'00 103 K=KB,KF-- 00222900
S?(I,:3: 1,K)SP(,aN:,K)-AN(I,JBM1,K) 00223000

AN(I:SX',K)-.S30223100
.02232CC

S? K -SG, K -AS(:, -7, )30223300
AS(I,'-:'K)-^.Z ^02234CCv

:^3 C0NT:X ;T ^.0"35C:
^0223600
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30 136 I=:B,:E 3^223700
30 .06 J=JB,JE-! 30223800
S?(I,J,KBM1)=SP(I,J,K3MI)-AF(I,J,KBM1) 00223900
AF(:,J, KBM1)=O.0 :0224000

30224100
SP(I,J,KE)-SP(I,J,KE)-AS(I,J, KE) 30224200
A3(I,J,KE)0.0 002243CC

:06 CONTINUE :0224400
,0224500
00224600

C "" FOR THE CELLS INSIDE OF THE DECKS 0022470000224800

DO 104 I-IS,IE 00224900
DO 104 J-JB,JE-1 00225000
DO 104 K=KB,KE-l 00225100
SP(I,J,K)u-l.0E20 00225200
AW(I,J,K)w0. 00225300
AE(I,J,K)=0. 00225400
AS(I,J,K)sO. 00225500
AN(I,J,K)-0. 00225600
SU(I,J,K)-0. 00225700

'04 CONTINUE 00225800
101 CONTINUE 00225900
105 CONTINUE 00226000

00226100
C #####,, ###########################################,#### 00226200
o #,#iil##..*,,*,*,,#li#,####,*,e*,*i*#### ##*####### ##### 30226300

00226400
00226500
00226600

C "' ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00226700
00226800

DO 301 K-2,NK 00226900
DO 301 J-2,NJ 00227000
DO 301 I-2,NI 00227100
DY' YL(I,j,K, 1,0) 00227200
DZK;ZL(:,JV,1,0) 30227300
DYZ-DYJ*DZK 00227400
AP(I,:,K)-AP(I,J,K)-SP(I,J,K) 00227500
3U(:,J,K)-DYZ/AP(I,:,K) 03227600

301 CONTINUE 03227730
0227800
00227900
33228000

S'" SOLVE FOR U 30229:00
33228200

7A.R :: ^2,2, 2,N:,NJ, NK,U) 322830V
^022840C

: 74 :=2,N:Pl 002285cC
D0 74 J=2,N'Pi 30228600

U:,J, )-u(:,;.,2) 022870
"(:,J, NKP:) (I,.,%K) 30228800

74 CZTINUE C0228900
30229330
vW229100

:0 79 I=-,NIPl 30229200
30 79 K-1,NKPI 00229300
U(:,'.,K)-U(:,2,K) 3022940C

79 XTINCE 022950
3022960
3 022 973 C

(NCH:P.EQ.c) GOTO *12 332298v3
C #III;*lla##~#~ ~#8# #####N###*### W*# #022930^
.... 8E 3ET V: Y N EOFEC 3233333
C 7.E THE V: x.OC:7Y :%SID.E OF DECK( 3.23.113

m.3233233

0 iC0N=!,NCHIP 3023330
:3=ICEPE(N c302304-
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IE-I'NCPI ()-100230500
WBUJCI:PB (N) 00230600
jE--JB+NCHPJ (N) -1 C0230700
KB-KCHP3 (N) 00230800
KE-KB'PNCHPK (N)-*1 00230900
3O i0s I=:BIE 00231000
DO 108 J-J3,JE-1 00231100
DO 108 K-KS,KE-l 00231200
U(I.J,K)u0.O 00231300

108 CONTINUE 00231400
:10 CONTIUE 00231500
112 CONTINUE 00231600

C *eeee###### ee#.e# ..####,#,### .*## ...## ... ,e,.e# 00231700
C ################################ 00231800

00231900
RETURN 00232000
END 00232100

00232200
00232300
00232400

C 00232500
C *ugawww~*w. **egag ,***~a~goee* .. *a. 00232600

SUBROUTINE CALV 00232700
C *.e~gwg ug*.a u*....u~a*..*ae..~00232600

00232900
COMMN/R4/XC(93)YC(93),ZC(93),XS(93),YS(93),ZS(93), 00233000

DXXC(93),DYYC(93),DZZC(93),DXX5(93),DYYS(93)bDZZS(93) 00233100
CO)OON/BL/DX, DY, DZ, VOL, DTIME,VOLDT**THOT, TCOOL~p,QQ, R 00233200
COMMON/3L"7/XNNI.IM1,NJ,NJP1.NJMI,NKNKP1,NKM1 00233300
o NIP2,NJP2,NKP2,NA, NAPI,N.AM1,NSNBP1,NBMI,KRUN,NCHIP, NJRA,NWRP 00233400

COMiON/31L12/ NWRITE,NTAD0E,NTMAX0. NTREAL. TIME. SORSUM, ITER 00233500
CO#IMON/1L16/ CONST1, CONST2. CONST3, CONST4, CONST6, NT, U6, H.UGRT, BUOY, 002 33 600
6CPO, PRT, CONDO, VISO, RHOO, HR, TR, TA, OTEMP,TWRITE, TTAPE, TMAX, GC,RAIR00233700
CO)04N/BL20/SIG1(22,16,32),SG12(22,16,32),SIG22(22,16,32) 00233800
G ,SIG13(22,16,32),SIG23(22,16,32),SIG33(22,,6,32) 00233900

COHMN/BL22/ICHPB(10),NCHiPI(10),JCHPB(10),NCHPJ(10),KCHPB(10), 00234000
& NCHPK(10),TCHP(I0),CPS(10),CONS(10),WFAN(10) 00234100
C0:4MN/a..3:I TOD(22,16,32),ROD(22,16,32),POD(22,16,32) 00234200

G .COD (22, *6,32),UOD (22, 16,32),VOD(22, 16,32),W00c(22,1.6,32) 00234300
COMM0N/BL32/ T(224'6,32),R(22,16,32),P(22,16,32) 00234400

& .^.22,16,32),U(22,16,32),V(22,16,32),W(22,'.6,32) C0234500
COMMON/a:33/ TD(22,1L6,32),RPD(22,16,32),PPD(22416,32) 000234600

& -0?:(22,16,32),UPD(22,16,32),VPD(22,'A6,32),WPD(22,-.6,32) -00234700
COMMON/34.34/ H!E:GHT(22,46,32),REQ(22,:6,32), 000234800

& S.'P(22,:6,32),SMPP(2246,32),PP(22,:.6,32), 00234900
& :;;(22,:6,32),DV(22,:.6,32),DW(22,16,32) 00235000
:0x'MON/3:36/A?(2L2,:.6,32),A.(22,:6,32)',AW(22,:6,32),AN(22.6,32), .0235100

£AS(22,:.6,32),AF(22,:6,32),AB(22,:6,32), 30235200
a SP(224.6,32),SL;(22,46,32),RI(22,16,32) 30235300

COMMON/3.37/ V:S (22, '6, 32), COND (22,6,32), NOD(22, *6, 32), RWALL (579) 00235400
-.?:M(22,-.6,32),IiSZ(3,2),NHSZ(22,16,32),RESORM(93) 00235500

00235600
00235700

0 ALA:TE COWEFFICT.ENTS 00235800
M035900

DO 100 K-2,NK 00236000
KP2-K*2 00236100
K?1-K-: 00236200
KM1-K- - 00236300
KM2=K-2 :00236400
DO 100 j-3,N 00236500

JP2-J.200236600
- - 00236700

~: =J-. 02368000
JX2--2 0236900

.jo :O0 :=2,N: 00237000

- *2 -30237200
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~V' ~-00237300
:Y.2--2 'W0237400

'(:.TQ.2) IM42-NIM! 002375"0
IF(:z.NI)'T?2w3 00237600

0023770
00237800

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00237900
0023800C

DXPI=uraIP1,JK,2,0) 002381C0
DXI -XCI( ,j,K,2,C) 00238200
OXH1*X:.(!Ml,j,K,2,O) 00238300

00238400
OYP1-Y:,(',JP1,K,2,0) 00238500
DYJ *YL(I,J ,K,2,0) 00236600
DYMlY.(I,JM1,K,2,0) 00236700

00238800
DZP1*ZL(I,JKP1,2,0) 00238900
DZK *ZL(I,J,K ,2,0) 00239000
DZ41=ZL(IJKI,2,O) 00239100

00239200
C " SURFACE LENGTH OF THE CONTROL VOLUME 00239300

00239400
DXN=XL(I,JPIK,2,2) 00239500
0XS=X..(IJ KI,2,2) 00239600
DXFuXL(:,J,KP1,2,3) 0023970C
DXS=XLU(,J,K ,2,3) 00239800

0%0239900
DYFaY.C,:j,KP1,2, 3) 0 0240000
DYBOY.C:,J,K ,2,3) 0024010nl
DYE YzLIP1P,J,K,2,:. 002402LI
DYw.YL-(: ,J,K,2,1) 00240300

00240400
DZEZL(P,J,K,2,') 00240500
DZW-z.'(: ,J,K,2,I) 00240600
DzN.(:,JPIK,2,2) 00240700
DZSOz:.(:,j ,K,2,2) 00240800

00240900
C ' CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME 00241000

0024 1:C^
DXEEX(:P2,Z,K,2, 1) 00241200
DXE *X(IP1,J',K,2,14 00241300O
D6XW =X:.: ,.,K,2,:.) 0024:400
D)XWW-X:(:M,j,K,2,* ) 0024:5^.

3024:600
DY NN-Y:.(:, JP2,K, 2, 2) v^024:7CC^
DYN YP~22 0024:800
DYS -Y-(:,: K~,2,2) CC.24:90C
'4YSS-Y. (:,JM'.K,2,2) :024200w^

'OZFF-Z"J:,j,K?2,2,3) 0W02422CC
'WZF a-,J,P,2,3) 002423OZ
D)ZB -Z(:,J,K ,2,3) 0024240v^
'DZBBa.(:,j,KX1.2,3) 002425CC

002426"'
C* :7EF:XTE THE AREA OF THE CONTROL VOLUME C024 27CC

002428CO
DXYFUDXF*DYF C024290W
DXYBUDx3*DYB 00243000w
:YZEuYETDZE 00243C.^
3YZWSDYW.DZW 00243200
DZXN-:Z:'DXN w^324330
CZXS=:ZsDXS 00243400C

002432C.^
VOLZDX:,DJ*Z 0C243600,V

vozz=iz~o~ :.: 024370
0024380

zxoy,=:ZXN/DYN 002439C^0
ZXOYS=:ZXS/oys 0024400=
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XYOZF="XYF/DZF 00^244 1G0
XYOZB=DXYB/DZB 00244200
YZOXEzDYZE/DXE 00244300
YZOXhW-'YZW/DXW 00244400

00244500
00244600

U " SE SINGLE AND BI-LINEAR INTERPOLATION TO EVA'-AT"E 00244700
C ? HYSICAL PROPERTIES AND FLUX ON TFX. SURFACES. 00244900

00244900
C024500C

GEN-S:::N(R (I P1,J K),R(I.j ,K),DXP1,DXI)*U(IP*,: ,K) 00245100
GES-SNC.%'R(IP,M,K),R(I,JMI,K),DXP1,DXI)*U(I?:,J41,K) 00245200
GWN=S::.:N(R(IM1,j ,K)jR(IsJ ,K)oDXM1,DXI)*U(I : 1K) 00245300
GVSnS:::N(R(IMIJM1,K),R(I,3M1,K),DXM1,DXI)*U(I ,JMl,K) 00245400

00245500
GN sS:LN(R(I4P,K),R(I,J ,K),DYNN,DYN)*V(1,:?.,K) 00245600
GP -S:L:N(R(I,jM1,K)tR(IoJ *K),DYS ,DYN)*V(I,j ,K) 00245700
GS *SIL:N(R(I,JM2,K),R(I,J1,K),DYSS,DYS)*V(I,JM,K) 00245800

00245900
GFNuSl':IN(R(I,J ,KPI),R(IJ DK),DZP1,DZK)*W(I,: ,KPl) 00246000
GFS.S::IN(R(I,JM1,KPI),R(I,3N1,K),Dzp1,oZK)*w(14x.:,KPl) 00246100
GBIN-S:L.N(R(z,J ,KM1),R(I,J ,K),DZM1,DZK)*W(Ir: Ki ) 00246200
GBSaSl.N(R(I,JM,KMI),R(I,JM1,K),DZM1,DZK)*W(14.,K ) 00246300

00246400
CNm0.52 (GN+GP) DZXN 00246500
CSoO.51(GP~vGS) 'ozxs 00246600

00246700
CE=S!:N~(GEN, GES, DYN, DYS) 'DYZE 00246800
CW=S!L:N (GWN, GWS, DYN, DYS) 'DYZW 00246900

00247000
CF-S:L:N (GFN, GFS, DYN, DYS) 'OXYF 00247100
CS1:N (GBNU GBS, DYN, DYS) 'OXYB 002472C0

00247300
VISNsV:S(I,J ,K) 00247400
vIsSUv:S(1,LK ) 00247500

00247600
VISE- (VIS(TPI,T ,K)+VISCI,j ,K)+ 00247700

6 VIS(1P1.j'Ml,Kh..VIS(I,jMl,K))/4.0 00247800
VISW- (VIS(tM1,J ,K)+VIS(IeJ ,K)+ 00247900

6 VIS(IMI,j'M1,K)4VIS(I,jMl,K))/4.0 100249000
0 02 48S10C

VISF- (VIS(T4 ,KP1)+VIS(I,: ,K)+ 00249200
6VIS(t4j41,KP1)+VIS(I,JM1,K) )/4 .C 00248300

v:ss- (V"S(:4. KMI1)+VIS(I,j ,K)+ .024840v
£VI S(U4M,K41)+VIS(I,jMl,K) )/4.0 00248500

=.2486C
002487C"
O 0245 SOC

vI:SN:-ZXOYN'VISN m0248900
v:SS:uzxoyslv:ss 02490^0
VISE:=YZOXE*VTSE 002491C.
VISWIZYZOXW*V~sw 000249200
v:SF:-xYoz~wv!SF 00249300
visa:-xyozi.vis3 00249400

0.02495CC
M 04 9600

C EP-(A3S(CE)-C-.)'DXPI'DXI/(XE(DXE-y.DXW ))/8. .02497C0
C M-(A'-S(C!')-C'P)DXP1DXI/(aXE(DXE+DXEE))/8. 00249800
' p(,SCW.,,"'M1DI(aW(X+XW)9 00O249900
^ AM(=SC9-WO)XIDI(X*DWrX fl/S. 00250000^

0 00250::0
CN'P=(AS(CN) kCN)* DYN/DYJ/'6. 0025020C
0*'M=(A3SC)N ~~NDP/602503Cm

0SP=A~SCS)-s) ~ys/yM::6.0C025C4 00

^00250600
c ~002507^00

CF-P=(A3S(CF)-C: )*)Z?1.*DZK/(DZF*CDZFrDZ3 ))/8. C0250800
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C FM- (ABS (CF)-C.T) DzP:'DrZK/ CDZF' (DZF+DZFF) ) I. CW0250900
CE?- (ABS (CE) iCB) 'DZMI* DZKI (DZE'(DZB+DZBB) )/8. 00251000
CBNR-(ABS(CB)-CB)*DZM'ZK/(DZB*(DZB+DZF ) )/8. 00251100

C 00251200
C 00251300

AE(I,J,K)--.5*DXI/DXE'CE+CEP.CEM' (l.+DXE/DXEE)+CWM*DXW/DXE+VISEI 00251400
AW(I,.J,K)- .5 DXI/DXW'CW+CWM+CWP' (l.*DXW/DXWW)+CE?*DXE/DXW+VISW1 00251500

C 00251600
AN(I,J,K)--.5;CN+CNP.CNM* (1..DYN/DYNN)+CSM*DYS/DYN.VISN1 C0251700
AS(I,:,K)- .CS+CSM+CS?' (1.iDYS/DYSS)+CNP*DYN/DYS+VISS'I 00251800

C 00251810
AF (I,3;,K)--. 5*DZK/DZF'*CF+CFP+CFM (1. +DZF/DZFF) +CBM*DZB/DZF+VISF1 00251820
AB(I,J',K)- .5*DZK/DZB'CB+CBM+CBP' (1.+DZB/DZBB)+CFP'DZF/DZB+VISS1 00251830

C 00251840
00251900

801 AEE--CEM*DXEIDXEE 00252000
AEERnAEE'*VPD ( P2, J, K) 00252100

802 CONTINUE 00252200
00252300

803 AWW=-CWP 'DXW/OXWW 00252400
AWWR-AWW*VPD (112, J,K) 00252500

804 CONTINUE 00252600
00252700

IF (J.LT.NvJ) GOTO 805 00252800
AN~wO. 00252900
ANNR-G. 00253000
GOTO 806 00253100

805 ANN--CNN' DYN /DYNN 30253200
ANNR-ANN*VPD( I,J'P2U K) 00253300

806 CONTINUE 00253400
00253500

!F (JT.GT.3) GOTO 807 00253600
ASS-0. 00253700
ASSR-0. 00253800
GOTO 808 00253900

807 ASS--CS?*DYS/DYSS 00254000
ASSR-ASSVPD (I, '242, K) 00254100

808 CONTINUE 00254200
00254300

i: (M.L:.NK) COTO 8C9 00254400
AFF-0. 00254500
AFFR-C. 0V0254600
GOTO 8:: 00254700

809 A77--CFY.D^ZF/-ZFF 00254900
AFF'R-AFF-*'PD( :, ,K?2) 00254900

8:0 CV^NT:NUTE 30255000
0 02 55 00

(.G7.2) GOTW 8:: 30255200
A33-Cv. 00255300
ABBR-0. 30255400
GOTO 8:2 00255500

811 A~b--CB?,DZB/DZBB 00255600
ABBR-ABBEVPD ( z,J,KM2) 00255700

8:2 CONT7NUE 00255800
00255900
00256000
00256100

C # 8###33t4* 8#~4#4Uaaa~,~######**#**###48~a##;*00256200
C #I#6#U~88#6888UW#5lq~e~#######*~4#### 0256300

C *ww M'.00IF:CA7:0N FO0R DECK BOUNDARIES 00256400
00256500

900 C0ITMNE 030256600
(NO:s:;)EQ) -0c-. 901 03256700

AWW-O.0025680C
A~WR='0.: 30256900

0 02 5701"
901 C^%T:%UT 0357n

(~~?,,~.Z.) CO902 0V25720
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AE0.0 :00257300
AEE~aC.:^025740C

00257500
902 CONTINZE ^0257600

:7 (NOD (1,JMZ, K).EQ. 0) GOTO 903 ^.^257700
ASSs0.C 00257900
ASSRuC.0 .0257900

,:258000
903 CONT 1 =E 040258100

:(NOD(Xj?1,K).EQ.0) GOTO 904 00258200
A?4N.0.0^,U58300

ANNRw0.0 W^ 2584100
:0258500

904 CONTINUE :0258600
:F (NOD(I,J,KM1).EQ.0) GOTO 905 :^258700
Asu. .0258900

A3R~uO. 0258900
0W0259000

905 CONTINUE 00259100
:F (NOD(I,J,KPI).EQ.0) GOTO 906 00259200
AFFo .0 ::259300
AFFRW0.^ 0:259400

906 CONTINZ. ^=259500
00259600

c *ee##.*...~eeeeeeeee~ee##eee*#eeeee:* 02597CO
O ##4Poo#f*,o3#############~###*#ee##*#,###########*e#eSo ^4:259900

::259900
.0260000i

one' SU FROM NORMAL STRESS ',0260100
00C260200

RN-(S5G22(o. ,K)-(V(I,JPI,K)-V(I,J ,K))*VISN/DYN)*rDZXN ^00260300
RtS-(s:G22(:,JMIK)-(V(:,J ,K)-V(I,JM1,K))*VISS/DYS)IDZXS ^00260400
REs(S:G:M'2(IPl,J',K)-(V(IP1,J;,K)-V(I,J ,K))'VISE/DXE),IDYZE ^0026C5C0'
RW(SIG2(I ,)-(vCZ gJ,K)-V(IK1,,K))*VIJN/DXW)*DYZW 00260600
RF=(SG23(,,KP)-(V(I,J,KPl)-V(I,J,K ))*VISF/DZF)'DXYF 00260700
RB-(S:G23(I,j,K )-(V(IJ,K )-V(I,J,KMI))'VISB/DZB)'DXYB 0.0260000

'02609%oC
o 'SU FROM CURVED STRESSES AND ACCELERATION$ S002f!0000

0026*:0
AVG12=0.5' (SIGI2(IP1,J,K)+SIG12(1,J,K)) 0:^26:200oW
AVG23 O5 1(S .G2 3 (I1,,KP 1) -SIG2 3(1, J,K)) 00261300
AVGI11S. (S I " (I, ,., K) , S:G1(lb~, K) :YN ,DYS) ::26:40C
AVG33.S:L:N(SIC33(1,j,K),S:G33(I,.'N1,K),DYN,DYS) ::26:5::

0:26:6Z0
A 2-V ::K) -,^26:7:0.

W(I,1.y,KP),Wt,.1,K),DZK,-ZK, D)YN, DYS) :^0262:w^0
S:2622:0

AR.Sl:.:\(R(I, 9 () R(h,J;MIDK),DYN,DYS) 00^2623CC^
00262400

ARU12-AR'AU1'AU2 : :.262500
ARU23=AAAU2'AU3 :^.2626300
ARUl1:-AR' AU I AUl '^02627^0
ARU33-AR'AU3'AU3 0026280C

:12629C0
.RX=(AVG1!2-ARU12) 'DZK' (DYE-DYW) 0230
RRZ-(A~V03-ARU213 'DXI' (DYF-D)YB) '.263::C
iRY- (AVOII:-ARUl 1) DZK' (DXN-DXS)p 002632^0
S(AVG33-ARU331) DX:' CDZN-DZS) 00^263330^

.02634C-0

-0263!-0
A? :K) == K +AW K) AN K -A (1,K)0263/_0

&-Ar(:,..,K)+A3(I,j,.K)4&AEE-AWvW.A4N+ASSA.7 -A3B 2.263QC00
S(1, ) u- (ROD K):,i*DYS-&ROD -,j1K) wDYN) / (D)YSDY) 'V=:: ,7 :2639C0^

S~(IZK) (RD(:.)'DS-RO(1,X,~<DYN/(~YtDY)'VO0: 2640:C
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& 'VOD(I,j,K) ^.02641C"
0^0264200,

SU(I,.,K)-SU(I,J,K)+DZK*DXI* (P(I,3M1,K)-P(I,j,i)) 0 026430 0
& -rAEER+AWWR+ANNR+ASSR+AFFR.ABBR 0 0264400
& +RE-RW+RN-RS+RF-RB.RRX+RRZ-RRY 00264500
& -BUOY*((R(I,j,K)-REQ(I,J,K))*DYS+(R(I,j',Ml,K) 00264600
& -REQ (I, JM1, K)) *DYN) / (D&YS+DYN) *VOL*S IN (ZC M )IS lN(XC(IM) 00264700

:00 CONTINUE 00264800
00264900
C0265000

C T" AKE CARE OF B.C. THRUI AN,AS,AE,AW,AF,AB,S? AND SJ 00265100
C 00265200

*C "' RADIUS DIRECTION 00265300
00265400

DO 500 K-2,NK 00265500
DO M'~ Is2,NI 00265600

cc SP(I,3,K)-SP(I,3,K)+AS(I,3,K) 00265700
SU(1,3,K)-SU(1,3,K)+AS(1,3,K)*V(I,2,K) 00265800
AS(I,3,K)-0. 00265900
AN (I, NJ, K) uQ* 00266000

500 CONTINUE 00266100
00266200

C " CYLIC CONDITIONS 00266300
00266400

DO 502 K-2,NK 00266500
DO 502 j-3,NJ 30266600
SU(2 ,K,)wSU(2 "tK)+AW(2 tjoK)'V(l ,K) 00266700
SU(NI,j,K'-SU(NI,JK) +AE (N I, J,K) 'V(NIPI, J,K) 00266800
AW(2 ,j,K)n0.0 000266900
AE(NI,J,K)-0.0 00267000

502 CONTINUE 00267100
0 026720 0

C "' FRONT AND BACK WALL 00267300
00267400

DO 600 I-2,Nl 00267500
DO 600 j-3,NJl 00267600

imi=J-*,00267700
00267SC00C **a SLIP WALLS 00267900

SP(I,:,2)=SP (I,J#2)+AB(I,j,2) 00268000
SPCI,J,NK)-SP (!,j,NK)*AF(I,J,NK) M0681"0

00268200
AF (I, :, %)a0 00268300
AB(I,:,2)-C. 00268400

600 C0N.1INuE 0026685C0
03268600

40268e:0
00268800

C "'MODIF:CAT,:WN FOR DECK BOUNDARIES 00269000v
03269!C00

DO 101 N-1,NCHIP 00269200
:a-IcHPB(N) 00269300
EF-IB*NCHP 00)-1 000269400

4 :m1-43-1 0026950^
EP1-E- 1 0269600

j ujc~nB(N) .026970.^
=--j3B-NC-P: ()- 1 00269800

JBM1-I-^.02699C^.
^0270

K3uKC.H'?3 (N) 0027c:^00
K7-KBNCHK (N)-! 0^270200
KBMI=KB-1 0027033 0

00270C400C
00270500

D0 102 j:B,J7 :0270i-0
00 102 K-BZ 0027C703

S? ('BMI.;, ) S K)-E ('IBMI W7,) 00270800~
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AE(:B.2,.,K)=0.z 0027090C
0027100^

SP(IZX,)=SP (Ij,K)AW(IE,J,K) 00271100
AW(IE,.,K)-O.0 00271200

102 CONT:N;E 00271300
00271400

DO 103 zsIB,IE-1 0027150
DO 103 K-KB,KE-7 00271600
AN(I,.-3M1,K)0.v 0027170C
AS(I, E1,K)-0.C 00271800

103 COT:NUE 00271900
00272000

DO 106 :-S, IE-1 00272100
DO 106 3=JBJE 00272200
SP(I,,KBM1)SP (IJ,KBM)-AF(I,J,KBM1) 00272300
AF (I, , K3mi) -'. 0 00272400

00272500
SP(I,.,KE)-SP(I,.,KE)-AB(I,J,KE) 00272600
AB(I,J,KE)U0.0 00272700

106 CONTINUE 00272800
00272900
00273C00

C ######## ##### # ##### 00273100
C #######*.,,w,###.##,e#n. ###### #####################e 00273200
C "*0 MODIF:CATION FOR THE CELLS INSIDE OF THE DECKS 00273300

00273400
DO 104 -Z=B,IE-: 00273500
DO 104 j-JB,JE 00273600
DO 1C4 KuKBKE-1 00273700
SP(I,,K).--.0E20 00273800
AW(I,.,K)-0. 00273900
AE(I,;.K)-o. 00274000
AS(I, ,K)-0. 00274100
AN(!,.;,K)uO. 00274200
SU ( :, ,X) -0. 00274300

104 CONT:xME 00274400
i01 CONT:\UE 00274500
:05 CONT:E 002746CC

00274700
00274800
00274900

C *u#####uaaeeee#ew.e#ee##e*#*O####### 00275000
C #00275:00
C mum ASSE3LE =FF:C:ENT.S AND SOLVE DIFFERENCE EOUAT:ONS 00275300

302754C0
'0 3:: X-2,NK 002755:C
'0 3:: :=3,Nj 002756C
:O 3CC :-2,N: 0027570^

JK, 2,.,) 002756C
)ZKZ(.,,K, 2,r) 00275900
DZX-:ZK*DXI 00276000
AP(;,K)-AP(:, ',K)-SP(Ij,K) 00276100
DV(I,:,K)-DZX/AP(I,Z,K) 0027620

300 CCNT:N;T 00276300
002764"C
002765A0

C '" SOLVE FOR V 00276600
00276700
00276800

CALL :R: (2,3 2, NI , N NK,V) 00276900,zNN.,002770
00277:00
00277200

5C 74 :=2,NJP[ 002773-:
0027740 vV(:,,XKl)=V',$XK)00277500

-4 CON:INUE 002776C
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DO 79 :=:,N1P1 202 77 70
DO 79 X-l,NKP1 50277800

C V(I,2,K)-V('.,3,K) 00277900
79 CONTINUE 00278000

00279100
^00278200

,F (NCHIP.TQ.0) GOTO 112 00278300
C #########*######### #####. ##### ##########e####.## 00278400
C *#####*#w. ###########.#,#eee#### ######*e~# ^00278500
C "'RESET ':ur VELOCITY !NSIDE OF THE DECKS ^00278600

o 00278700
c 00278700

*DO 110 Nm1,NCHIP 00278800
IB-ICHP3 (N) 00278900
IE=1B+NCHPI (N)-1 00279000

* JBnJCHPR (N) 00279100
JEJBiNCHPJ (N) -1 00279200
K9-KCHP3 (N) 00279300
KE-KR+NCHPK (N)-1 00279400
DO 108 IBIDIE-1 00279500
DO 108 JnJU,JE 00279600
DO 108 K-KB,KE-1 00279700
V(I,jK)m0.0 00279800

108 CONTINUE 00279900
110 CONTINUE 00200000
112 CONTINUE C00280100

00280200
C #9#####.$*#,...##OO#e##8****e ##########8*8,,##**,# 30280300

RETURN 00280500
END 00280600

00280700
00280800
00280900

C 00281000

S'JBROUT:NE CW0028120
C .ae~ggu..o...,...,.w.,..,,,.,.

3 ,, 000281300
COOIO;N/R4/XC(93),YC(93),2C93),XS(93,Y$193),ZS(93), 00281400

A DXXC(93).DYYC(93),DZZC(93),DXS(93),DYYS(93),DZZS(93) 00281500
COM4ON/3L1/DXDY,DZ,VOL,DTIMEVOILDT,THOT,TC0OL,?I,Q,QR Av02816CO
COMMN/3;/N',N:P1. N:MI,NJ,NJP1,NJM1,NK,NKP1., NKMI 00281700
A ,N'P2,Nj?NKP2,NA,NAP,NAM,N,NEP,NBM,KRUN,NCH-P,NJRA,NWRP :-0281800
COMMNIBL:2/ NWRITE,NJTAPE,NTMAX,NTREAL,TIME,S0RSUM, :TER ::281900
COMM0!N/L6/ COWNSTICONST2,CONST3,CONST4,CONST6,NT,UOIH,"GRT,BUOY,00A2820C0

& CPOm R, CONDO,V: SO, RHO0,HR,-4R, TA, OTEMP, TWR TE, TmpE,T:YX Ox, cRA: ROM '.-W
C0.'MON/BL20/S!G::(22,.6,32),S:G2(22,'6,32),S:G22(22,:.6,32) ::282200.

6 S:G'3(22,.6,32),SIG23(22,.6,32),SIG33122,'6,32) :0282300
COMMON/3:22/:CHPB3(10),NCHPIc1),JCHP(c),NCHPJ(:),KC.Pa(:o-), ^=82400

& NCHPK(10),TCHP(I0),CPS(1C),CoNs(10),wFAN(10) :0282500
COMMON/373:/ TOD(22416,32),ROD(22,16,32),POD(22,16,32) .0282600

& ,COD(22,:6,32).UOD(22,16,32),VOD(22,1.6,32),WOD(22,1.6,32) .0282700
CO1MON/B132/ T(22,.:6,32),Rc22,46,32),P(22,:6,32) ^002900

& .-(22,*6,32),L(22,16,32),V(22,1.6,32),W(22,1.6,32) ^:0282900
COMMON/BL33/ TPD(224'6,32),RPD(22,16,32),PD(22,'6,32) 00283C00

& -.?D(2i,,6,32),UPD(22,16,32),VD(22,:6,32),WD(22,-.6,32) 00-,283'-00
CONI4ON/3L34/ HEIGHT(22,1-6,32),REQ(22, :6,32), '40283200

& SXP(22,46,32),SMPP(22,1.6,32),??(22,1.6,32), 00.283300
& -,(22,:.6,32),DL'V(22,46,32),DW(22,:6,32) ^:028340

COMMON/3--36/AP(22,-.6,32),AE(22,1c-,32),AW(22,:.6,32),AN%(22,-.e,32), :0.283500-
&A6S(224.6,32),AF(22,'6,32),AB(22,16,32), :00283600

ru S?(22,'6,32),S ;(22,16,32),R:(22,:.6,32) :C2837:.
CO4N/37.37/ VISc(22, '6, 32),C0ND (22, *6, 32) ,NOD(22, *6, 32) RWALL(579) ^v.2838^^

£ CPM(22,:6,32),iSZ(3,2),NHSZ(22,.6,32),RF.SORM(93) =2839..
:^02840^0
:0284:00

C a :ALCULATE CCRFF:C:TENTS :0284200
0 0284 3C0
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DO 100 K-3,NK 00284400
!(P2-K.2 00284500
KPl-IC* 00284600
1(M1aK-1 00284700
KM2-K-2 00284800
DO 100 J-2,NJ 00284 900
vp2sJ+2 00285000
JPIu3~l 00285100
JMI=J-*1 00285200
J142mJ-2 00285300
DO 100 In2,NI C0285400
IP2-1.2 00285500

, Pl-I~l00285600
i1141- 00285700
1142wI-2 00285800
IF (I.EQ.2) 112uN1Ml 00285900
IF (I.EQ.NI) tP2o3 00286000

00286100
00286200

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00286300
00266400

DXPI=XL(IP1,j,(,3,0) 00286500
OX! w*XL(I oj,K,3,0) 00286600
OXM1uXLIIMI,J,K,3,0) 00286700

00286800
DYPlwYL(I,JP1.K,3,0) 00286900
DYJ =YL(Z,t , K,3,01 00287000
DYM~sYL(Z,.M1,K,3,^w) 00287100

00287200
3ZPlwZLQI.JXPl.3,0) 00287300
DZK -ZL(It,K .3,0) 00287400
DZM1UZL(I,J.KMI,3.Cl) 00267500

00217600
C SURFACE LENGTH OF THE CONTROL VOLUME 00287700

00287800
DXNuXL(Zt.JP:,K,3,2) 00287900
DX5.XLII,j ,3,2) 00286000
3XFBXL(:,:.KPI, 3.3) 00288100
D)XB-XL(:..,X 3.3) 00288200

00288300
DOYF=YL(:,?J, 3,.3) 00288400
DYI-YL(,tj,K .3,3) 00288500
DYESYL('P., . K. 3,.) 00288600
DYhaYL( ,.,K,3,:) 00288700

00286800OZEaZL(:?:,.;3,*.) 02889C
D)ZW=z:-(: , .K, 3,:) ^0289000
D)ZNUZ*:(: , : *., 1%,3,2) :02891C
.-4Z-c-:,: -,,2) 002692CC

C ' CENTRAL LENGTH O7 THE STAGGERED CONTROL VOLUME 00289300
00289500

D)XEE-X:(:?2,....K.3,:) 00289600
DXE *XL(I?*,..,K,3,:) 00289700
D.XV -X' ( , :,K, 3, 00289800
D)XWW-XL(,K31 00269900

00290000
D)YNN-Y. ,2, K, 3, 2) 00290100
DYN -Y:(.,:.K.' 2 0O2"d 00
DYS -Y:(!,: K~,3,2) 002903C
D)YSS-YL-(:JY:.K,3,2) o402904CC

"029050^
:;ZFF-ZLr(:, .,KP2, 3,3) ^0290C0
ZF -Z: :,:,KP1,3,3) 402907CC

"Za -ZL,(:,, .3,3) 0029080C0
:)azB-::,K,~ 3,3) 302909"O

:02 91000
DC~ :7 7:-T- AREA OF :=T CONTROL VOLUME :02911C00
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0029',20"
DXYF-'X2'*DYF 002913000
DXYS-DX3' DYE 002914"'
DYZEm'OYTEDZE 0029150v
DYZWWDYW*DZW C0291600
DZXN-DZN*DXN 00291700
DZXSeDZS*DXS 002918C0

0W029'190C
voLmox: 'DYJ'DZX 0W02920CA
VOLCT=VOL/OT:M .0292:"V

00292200
ZXOYNuDZXN/DYN 00292300

*ZXOYSnDZXS/DYS 00292400
XYOZFSDXYF/DZF 00292500
XYOZ~sDXYB/DZB 00292600
YZOXE-DYZE/DXE 00292700
YZOXNBOYZW/DXW 0W0292800

00292900
00293000

C *.'45K SINGLE AND SI-LINEAR INTERPOLATION TO EVALUATE 00293100
C A PHYSICAL PROPERTIES AND FLUX ON THE SURFACES. 00293200

00293300
00293400

GNF=S:L:N(R(Io JPl,K ).R(IJJC ),DYP1.DYJ)*V(I.JP1IK 00293500
GNI.S:L-:N(R(I,jP1,KMI),R(1 1 3,KMI) DYPl,DYJ) *V(I, JP1,KM1) 00293600
GSF-S:N.(R(l,w*.K ),R(I,J,K ).DYM1,DYJ)*V(I,J ,K )00293700"
GSB.S:::N(R(It..v1,KMI),R(I,j,KM1),DYM1,DYJ)*V(1.J ,KMI) 0W0293800

0W0293 900
GF *:NCR(I,.',KPI),R(I,JPK ),DZFF,DZF)*W(IIJKPI) 00294000
GP nS::.:N(R(IZ,KMI),R(I,J,K ),DZB DOZF)*W(I,J,K )00294100
G3 n*::;N(R (1, j, K2), R(1, J, KMI) ,DZBBDZB)W (1,,J, M) 00294200

00294300
GEF-S::.(R(IP'1,J#K bPR(IoJ#K ),DXCP1,DXI)'U(IPI,JK ) 00294400

GWFn$:L:N(R(IMI,J#K )#R(I#,K ,oDXMI,DXI)*U(I ,J,K ) 00294600
GWBSs::.:%'RI:UjKMI),R(Iows,KMI),DXo41eoXI)'U(I .;,KMI) 002947000

00294 SCO
CFuC.!@,(GF.GP) 'OXYF 00294900
C3uO.58(GP+GDB 'OXYB 00295000W

00295:00
C%*.S::.:% (GNF, MRa, DZF, OZB) *DZXN 0.0295200
c.sm::-:N (GSF, GS3, DZF, OZB) *DZXS 00029530

002954vv
0Es::(GEF, OEE. DZ-, DZB)'DYZE 00299550

cs::;(GWF, GW3, DZF, DZI) *DYZW 0025A 0

:02957%:

V:sa-v:z co;, M 02950
002 9 6 0

v~%= (VIS(:,.;P*.,K )-VISU.,J,K )+ %02960
V-.S(:,;?:.,KM1),VI.S(I~j,KM1))/4.0 0260

v:ss= (V'.S(:,JN1!,K )-VIS(!,:,K )+ 00296300
V :S(:,jM1,K.41)+V!S(Ij,KM1))/4.C 00296400

00296500
V:7- (VIS(:P1,j,K )-PVIS(I,JO,K )+ 00-296600..
IV.S(:?1, ;,KM1)+VIs(I,J.KM1))/4.0 A002 9 6 700

v:sws (V!S(:,jK )*VIS(i,W K A. 0296900

'00297000
V0297:0

V:SN:-ZXOYN'*VTSN 002972^00
v:ss:uzxoys'viss 002973.:
V:sTE:=Yz0XE'v:s7- 002974S'0
v:Swl =zzoxw*v:s*4 302975::
V:37: =X'oZF*V!S7 :029760
v:SB:-XY^WzB*v:sz C02977:0

00V297900
c ~00297900.



CE~u(ABS(CE)4CE)aDXP1*DXI/(DXE*(DXE+DXW WS/. 30298000
CEM-(ABS(CE)-CE)'DXP1'DXI/(DXE' (DXE+DXEE)l/8. 00298100
CWPO(ABS(CW)*Crn'DXMI*DXI/(DXW' (DXW+DXWW))/B. 00298200
CWM. (ABS (CW)-CW)*DXMI*DXI/(DXW' (DXW+DXE ) )/6. 00298300

C 00298400
CNPn(ABS(CN),CNO*DYP1aDYJ/(DYN*(DYN+DYS n/.00298500
CNMs(ABS(CN)-CN)*DYP1*DYJ/(DYNv (DYN+DYNN) )/8. 00298600
CSPU(ABS(CS)4CS)*DYM1'DYJ/(DYS' (DYS+DYSS) )/8. 00298700
CSMu(ABS(CS)-CS)'DYh1'OYJ/(DYS' (DYS+DYN ) )/S. 00298800

C 00298900
c 00299000

CI?- (ABS (CF) +CF) 'DZF/DZK/ 16. 00299100
CFH-(ABS(CF)-CF) 'DZF/DZPX/16. 00299200
CBPO(ASS(CB) +CB) 'DZB/DZ141/16. 00299300
CBH-(ASS(CI)-C8 )*OZB/DZK/16. 00299400

C 00299500
Ar6(1,J,K) a-. 5*X1/DXE*CE+C&PsCEM* (1 .+DXE/DXEE) .CWM*DXW/DXE+VISE1 00299600
AW(I,J,K) * .5 DXZ/DXW'CV.CWN+CVP' (1 .DXW/DXWf) +CEP0DXE/DXN4VISWI 00299700
AN(ZJ, K)u-.50DYJ/DYNCN.CNP.CNMIK 1.4DYI4/DYNN) .CSM'DYS/DYN+VISNl 00299600
AS(Z.J',K)a SODYJ/DYS*CSCK4.C$P*(1.+DYS/DYSS) +CNP*DYN/DYS+VISSI 00299900

C 00300000
Ar(Z,3,OK u-.5 CF+CFP4CFM' (1.+DZF/DZFF) .CSN'DZB/OZF+VISFI 00300100

aBljl .5*C9BCBM.CR' (1 ..DZI/DZSB) +CFP*DZF/DZBVISB1 00300110
C 00300120

00300200
601 AU~-CV40DXC/DXEE 00300300

AZKRmA9EZWPO ( P2, J.K) 00300400
802 CONTINUE 00300500

00300600
603 AWN-CWPDXW/XWN 00300700

AWR-AWW*WPD( 1M2, J,K) 00300800
604 CONTINUE 00300900

00301000
IF (J.L?.NJ) GOTO 80S 00301100
ANUoO. 00301200
ANNIwO. 00301300
GOTO 806 00301400

605 ANN*-CS.%VYN/DYNN 00301500
ANNR=ANNIWPD(I.JwP2,K) 00301600

306 CONTIN~UE 00301700
00301800

IF IJ.GT.21 COTO 607 00301900
ASSoo. 00302000
ASSR-0. 00302100
GOTO 8^ 0002200

607 Ass--CSCYDYSss .03023CC
ASSRuASS*WPD (:,.W.2, K) Z0302400

so$ cox:uT 00302500t
0 0302fvc

:F (K.L:.NK) GOTO 809 0ft0302700
AFF-0. 00302800
AFFRoO. 00302900
GOTO * 0303000

809 AFF--CF7M*DZF/)/EFF 00303100
AFFRuAFF-WPD( :,KP2) 00303200

810 CONTINUE 00303300
00303400

(K.G7.3) COTO 9 11 v03035CCw
ABiao. 003036COC
A3BRuCW. 00303700'^
GOTO 9:.2 00303600

8i1 A3B--CBP*'DZB/L)ZB .00303900
ABBR=ABB3W P!( .M2) ^.^30400C

812 CONTME 00304:00
003042^0
w0304 300

C#f.*Uffb# 00304400
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C ** MODIFICATION FOR DECK 30UNDARIES 00304600
00304700

900 CONTINUE 00304800
lF (NOD(:M1,j,K).EQ.0) GOTO 901 00304900
AWW-0.0 00305000
AWWRaO.0 00305100

00305200
901 CONTINUE 00305300

IF (NOD(IPI,J,K).EQ.0) GOTO 902 00305400
AEE=0.0 00305500
AEER-O *0 00305600

00305700
*902 CONTINUE 00305800

IF (NOD(I,JM1,K).EQ.0) GOTO 903 00305900
ASSO0.0 00306000
ASSRSO.0 00306100

00306200
903 CONTINUE 00306300

IF (NOD(I,J?1,Kk.EQ.0) GOTO 904 00306400
ANNU0.0 00306500
ANNRuO.0 00306600

00306700
904 CONTINUE 00306600

If (NOO(Iv,KM2).&Q.0) GOTO 905 00306900
AII-.C 00307000
ABRuO.0 00307100

00307200
905 CONTINUE 00307300

:F (NOO(I,J,KP1).EQ.0) GOTO 906 00307400
AFFOO.0 00307500
AFFRnO.C 0030700

906 CONTINUE 00307700
00307800

C *O*#*eeeeOeeeOee*eOO##6Oe00307900

00308100
00308200

C "' SU FROM NORMAL STRESS 00308300
00308400

RFaiSIG33(:.',x )-(W(I,;1KPI)-W(I,j,K ))PVISF/DZF)*DXYF C0308500
R~auS:33(,J.KM1.-Wcx,:K )-W(I,.J,KMI))'VISD/DZB)*DXYB 00308600
RN-(SIG23(:,JPl,K)-(W(:,:p?:,K)-W(I,; ,K))*VISN/DYN)*DZXN 00308700
RSa(S1023(:,j ,<K-(W(I,: .X)-W(I,JM1,K))*VISS/DYS)*DZXS 00308800
RE.(SIG:3(:P1,j,Kl-(W(:p:,.,K)-W(I :,K))*VISE/DXE)ODYZE C0308900

003091VC
CS FROM C'jRV,- S:RESSES AND ACCELERATIONS 00^309200

:00309300
AVG23-u0.5'S:G23(,;?:,K),S:G23cz,J,K)) 00309400
AVG134 (5SIG63!P1,:,K)SG3(IJ,K), P0309500
AVG22-S:::N(SI22(I,z,),S:G22(I.,jM1),DzFozs, 00309600
AVGI.ZLINS'&Gv.c:#:,K),S:Go11,J,KMIu,DZ,DZ) 0o0309700

C00309800
AU3-W(!,,) 0 0309900
AU2aBIL:x\(V(I,jP!,K ),V(,.K ),DYJ,DYJ, 00310000
£V(I,jP1,KMI),Vc:,J,KMI),DYJ,DYJ, DZF,DZB) 0 0310100

£ U(I P1..,KM:), c:.:,KMI),DXI,DXZ4, DZF,DZB) 00310300
00310400

AR-S.::\(R(IIjUK) ,R(:,,KM1),DWzF,DZB) 00310500
0031060C

ARU23-AR*AJ2 *AU3 00310700
ARU13-AR*AU. AU.3 0.0310800
ARU22-ARAU2*''2 00310900
ARU1lAR*AU:AU! 000311COC

00311:00
RRY-(AV023-ARU23) r0X: ("'Z\-DZS) ^w3l:200c
RRX-A(W;.3-ARU 1,3) 'DY Z-D)ZW) w^311300

113



?RZ=(AV022-ARU22) 'DXl'(DYF-DYB) + 04C
& (AVGII-ARU'I) 'DYj' (DXF-DXB) 3Z0

A?(I,J,K)-AE(I,J,K) .AW(I,J,K)4AN(I,J,K)+AS(I,J,K) 0031:800
G AF(I,J,K)+AB(I,3,K)+AEE+AWW+ANN+ASS+AFF+ABB 0031.900

SP(I,;,)=-ROD(#,JK)DZB+OD(~jM1)*ZF)(DZ+DZF*VODT 0031200
S~(,J,~u(ROD(I,J1,K)*DZa+RODcI,j,!Q41)*DZF)/(DZB+DZF)*VOLDT :003:2100
G'WOD(I,jK) ::312210S ,(Z,j,KuSUzI,j,K)+DXI'oYJ*(P(I,J.M1)p (I,J,K)) ^03123000G 4AEER+AWWR+ANNR+ASSR+AFFR+ASBR 000312400
G RE-RW.RN-RS4RF-RS+RRY+RRX-RRZ 00312500

G -3U0Y'((R(I,J,K)-REQ(z,J,K))'D)ZB'COS(ZC(K))+(R(IT 00312600
G XMl)-REQ(I,J,KMI))'OZF'COS(ZC(KMI)))/(DZB+DZF)*VOL*SIN(XC(l)) -.0312700

100 CDTI ?V* 00312800
^0312900C " TAKE CARE OF B.C. THRU AN,AS,AE,AW,AP AND SU .^0313000C 00313:00C '' RADIUS DIRECTION 0 0313200
00313300

D0 500 K-3,NK 00313400
:0 500 :w2,NI 00313500
KMISK-1 00313600.C S?(1,2,K)uSP(1,2,K)+AS(I,2,K) n0313700
SP(1.2,K)uSP(1,2,K)-AS(1,2,K) 00313800

SU(12,K=SU1,2K)+.0*W1,1,K)AS(,2,) 003133003? (It %4,K)uSP UDNJ, K) -AN (I,Nwl,K) 00314000AS(I,2,EanO. :,1314:00
AN(I,N:,K)o0. 00314200

500 CZXTINUE =0314300
*we MYIC CONDIT:&ONS 00 500

"3 145600
00 502 K=3,NK 00314700
00 502 Zw2,NJ 00314000S;.(2 *,K)oSU(2 'J,K)+AW(2 j,K)*Wll ,K) 330314900
S;,(NIt,X)-SUN,# ,K)AE(NIJ,K)*W(NIPDJ,K) 003:50C0AW(2 ,XK)w.D M015:0
Az(N,:,x)wo.^ ^0:52.00

502 ::NTINUTE 00315300
^C3:3400o " FRONT AND BACK WALL .031550

;S 6OC :-2,NI 015000GC :-2,NJ :^3157:v
003:5800

NK) SO.::3:60:CAB (:1 : ) NO. :360600 c:~ :0362^

:03:63::
(NCH:?.EQ.O) GOTO 105 0360

w03:6600C w 3:6700
C "'^.::F:CATI'AO FOR DECK BOUNDARIES v,3:690

003:700::0: Nal,NCHIP :.3:7:0^^

IB%C-P (N) ::3 .3^

:'=;B C PJ (N) -~7z

=CP3(N) 0:3:8::C
uKB C:'2K (N) 1 8
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KBMluKB-l 00318300
*(EP1-KEi1 00318400

00318493
00318500

DO 102 J-JB,JE-1 00318600
D0 102 K=KB.KE 00318600
SP(13M1,J,K)uSF (ISM1,j,K)-AE(IBM1,J,K) 00319700
SU UI,JK) -SU (IBM1,J, K) +AE (IBM1, J, K)*WFAN (N) *2.0 0031880
AE(IRM1,J,K)uO.0 00318900

00318900

SP(IE,J,K)mSP (IE,J,K)-AW(IE,J,K) 00319100
*SU(IE,J,K)-SU(IEJ,K).AW(IE,JK)WFA4(N)*2.0 00319110

AW(IE,J,K)n.. 00319200
00319300

102 CONTINUE 00319400
00319500

00 103 lolB,IE-1 00319600
DO 103 I-YBKE 00319700
SP(I,JR)41,K)-SP (IJDM1,K)-AN(I,JEK1,K) 00319800
SU(I,JBIK).SU(I,JBtdl,K)+AN(I,JI,K)*WFAN(N)'2.0 00319810
AN I,*J3Z41,K) -0.0 00319900

00320000
SP(I,3EK)uSP (I,JE,K)-AS(I,JE,K) 00320100
SU(I,,E&,K)=SU(I,JE,K).AS(IJE,K)*WFAN4(N)*2.C 00320:10

AS (I 7EK) - * 000320200
103 CONTINUE 00320300

00320400
DO 106 II.IE-1 00320500
0106 J*JBJE-1 00320600

SU(I,J,KBI).SUtI,J;,KBMI)+AF(I,j,KM1) 'WFAN(N) 003206*0
SU(It,KEP1)uSU(I,j,KEP1)+AB(I,J1 KPl)*WFAN(N) 00320620
AF(I,J,KSI1)a0.0 00320700
AB(I.JKZP1)-0.0 00320800

104 CONTINUE 00320900

- 00321000
C ' FOR THE CE.s rNSIDE OF THE DECKS 00321100

00321200
30 104 Iu3,:E- 00321300
D0 '104 3.J3,PJE- 00321400
30 104 KuK9,KE 00321500
SP(I,Z,K)=--.CE2 00321600
AW(I,Z,K)u0. 0032:70
AE(I,:,K)-0. 00321800

0032.9"0
A~t:~,X-C.00322C00

"2 WFAN(N) '0322:^.^
:04 CCX.fLNUE 003222:0w
1601 CONTINU~E C0032230
*-0S C0N.XUE 003224CCW

00322500
C ***.;,*#6#se####O##*00322600
C **3#u#S*I#u,.####~####4#8*#~#0032270

00322800
003229C^C-

AC own ASSESLE COEr :C:ENTS AND SOLVE DIFFERENCE 7zQUAT:0'S 00323000
00323EAC
00323200

DO 30: K-, 003233^0wDO 3^0 :-2,N' ^00323400W
D0 3w: :-2,N: :0323500
)X:-X:.(, %,K, 3,.^) 00323600
D)YJ=YL.(:, :, K, 3,0ON 0032370
DXY=DXI 'DYJ 00323e0"

A? K -A?(, w -0 SP (, w,) ^0323900
0W(I,,K)=XY/A :,~K) 0324^w00
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301 CONTINUE 00324=0
00324200
00324300

C "' SOLVE FOR W 00324400
00324500

CALL 7RID (2,2,3,NI,NJ,NK,W) 00324600
00324700

C 00324600
DO 76 Is1,NI 00324900
DO 76 j-1,NJ 00325000
W(I,j,2)-W(I,.;,3) 00325100
W(I.J,NKPI) uW(I,:,NK) 00325200

76 CONTINUE 00325300
00325400
00325500

IF (NCHIP.EQ.0) GOTO :12 00325600
C ################eoee,#.##e##############$############e~### 00325700
c #e##########eR#######e#~,#e.,, o####e###################### 00325600
C *"RESET THE VELOC::Y INSIDE OF THE DECKS 00325900

00326000
DO 110 N1l,NCHIP 00326100
lsuicMPS (N) 00326200
IEwlB.NCHPI (N)-!. 00326300
JI.JCHS (N) 00326400
JguJ73+NCHPJ (N) -1 00326500
KI-KCHS N) 00326600
KluKB+NCHPK (N) -i 00326700
DO 100 IIE-00326800
DO 100 JoJB,JZE- 00326900
DO 106 Kufl,KE 00327000
W II , %,K) WFAN (N) 003271CC

103 CONTINUE 00327200
110 CONT:NE 0032730C
112 CONTINUE 00327400

00327500RETURN 00327600
END 0032770C

00327800
00327900

Cmmmmmmmmmmmmm--~a~-- ---- --- ---- --- 00328000
C *g~gwgua..g~g,~gggggggew~~,gweg00328=00

SUBROUT:NE CAI? 00328200
C *euuoesagegwowmseuggg~gggg~oggag~ggmeg~gwg~ggo00328300

CO2M4N/R4IXC(93)eY-(93)eZC-(93)iXS(93),YS(93)#ZS(93), 00328400
0OXXC(93),:YYCI93),DZZC(93),DXXS(93),DYYS(93),0JZZS(93) 0v0320500

COMNSIDY-,-LD.%EVLTTOCO,:-,W C03286CC
0~N3L/,'' V~N: , ,N~1,,'K,NKP1,XKMl 00328700

£ ,~:2.~JP, ~ 03268C
COMON/3::2/ NWR:7T.:;7APE# *NTMAXO#, XTREAL, TIME, SORS'%,:Z 00326900
c0)OIN/IS6/ CONST:, CNST2, ONST3, CONST 4, CONST6,xT 0U.,GRT, 3UOY, 0 0329^000~
&CP0,PRT.C0NDCVISC,iiO,HR,TRt,TA,DTEMP,TWRITE,7:APE,,YAXGC,RAIR00329..00

CONMN/L22/ICHP(b).NCHP!(10),jCHPB(10),NCHPJ(:0.),i.:CHPB(10), 00329200
NCHPK(1,CHP(10),C?S(10),CONS(0),FANU0%%) 00329300

COM64ON/3'31/ TOD(224,32),ROD(22,16,32),POD(22,46,32) 0W03294CC
C*,(C2i,*.6,32),;cO'(22,16,32),VOD(22,16,32),WOD(22,'46,32) 0032950w^

COIOAN/BL32I T(22,:6,32),R(22,16,32),P(22,16,32) 00329600
a ,^.(22,.6,32),* (22.6,32),V(22,.6,32),W(22,'.6,32) 00329700

COMONO/3L33/ -?-(22,;.6,32),RPD(22,16,32),P?D(22,:.6,32) 00329800a
,0PD(22,.6,32).'PD(22,16,32),VPD(22,1.6,32),'.6?D -.,6,32) v03 %9C

CO~O~~34 ~G~T(2. 6,32) ,REG (22, .6,32), 0^0330000w
£ SMP(22,:6,32),SMPP(22,:6,32) ,P?(22, 16,32), ^W033C:.^.

£ (22,,6,32),'V(22,6,32),-WW(22,-6,32) 0033C2^00
C0O/3L36/A?22, ,32),Ac22,1.6,32),AW(22,46,32),A.\(22,1.6,32), -0033-3-.-

£AS(22, 6,32e),AF(22, :6,32) ,,iB(22,46,32), a033C400
£ S?-(22,:6,32),S.422,:6,32),R-(22,:-6,32) 00330500:

COMMOX/3Z37/ V:S(22,6,32),OND(22,6,32),NO(2,6,32),WALL(-79)^C33C600
'-,PM(22,*.6,- 2),.SZ(3,2),NHSZ(22,6,32,RSCRM(93) 0033C700

0033080C
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C ' CALCULATE COEFFIC:T-NTS C0330900
^0331C0D

00 1CC K-2,NK 00331:co
KP~sK-2 0033 200

Km1-K-1- 00331400
XM2-K-i 00331500
DO 100 J-2,NJ 00331600
jP2uJ,2 00331700
,PISJi1 00331800
3M1-J- 00331900
J?42uJ-2 00332000

* D0 100 1-2,141 00332100
IP2.1.2 00332200
PI'1I~ 00332300

:ml-:-*00332400
* .1-i- 00332500

:F (I.EQ.N1) IPI-2 00332600
00332700
00332600

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00332900
00333000

DXPNXL(Ip1,J,K,0,0) 00333100
OXI wXL(I ,J,K(.0,0) 00333200
D.4.XM~. (141,j, K, 0,0) 00333300

00333400
DYY?1-(1,,P1,K,0,0) 0333500
OYJ -YL(oi, .K,0,C) w^0333600
DYhI=YLCI,.M1,K,0,0) ^0333700

C0333800
3ZP1.ZL(I,l,KPI,c,0) 00333900
DZK *ZLat,K .0,0) 00334000
DZN1-ZL(b~j,KMI,0,0) 00334100

00334200
C" SURFACE LENGTH OF THE CONTROL VOLUME 00334300

00334400
D)XNoX.C: ,K, 0.2) 00334500
0XSwXL(:,. ,K,0,2) 00334600
DXFNXL(1,J',XPI,0, 3) 00334700
ZXB-XL.:,:,K .0,3) 00334800

00334900
DYFoY:.(1,JXP 1.,3) 0033500
DYUY K ,X Q, 3)^0335:, v:OYE.Y(:P' ,.;,K, 0,) :0335200
:YW-YL(: ,K, 0, ) A00335300

00w335400
:zc,-z:(:: K, V,, ^ 0335500c
:z;.z:(: :.03356^.A

:z~4z:(:;?:,K, 02) 0335700
:ZS=Z:.(:,: wKC2)0335900

=0335900
0 03360CC

C 'OEFTNE AREA OF~ THE CONTROL VOLUME ^00336100
A4033620C

ZXYF-'XF*DYF :003363CC
-NXYBuDX3' DYB 03364C
:YZEmDYE'DZE 00A336500W
:YZW-DYWDZA 0360
:ZXNaDZNXDXN .0336700
:-:=Zs'Dxs 00V33680C

0 03369CC
VAVL"-X. *DYJ7*:)Z K 0^033700
VLD-VOL/07:M' ^0033700w

:0337200
P%(R(,,K) -pl R (:,.?,K) *DYj)/(DYPI-DYJ) S0337300
Rs=(R(:,:,K)*DYMI+R(I,:M1,K)*DYJ)/(DYM:*+DY3) 0337400

.- --(R:,:K)*)XP'R(:'.,,K)DXI)(DXI. XI00337500
Ali- R(:,;,K)SUM!*R *XI) (00337600 W
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RFU-(R(I,.,K)05ZP14.R(I,.,KP1)*DZK)/(DZPI+DZK) 00331100
RBm(R(:.,K)*DZM1+R(I,.,KM1)*DZKE/(DZMI+DZK) 10370

C DU ON VERTICAL WALLS AND DV ON HORIZENTAL WALLS ARE ZERO 00338000
00338100

AN(I,j,K)uRN*DZXN*DV(I,J.,,K) 0W0338200
AS(I,j,K)-RS*DZXS*DV(4,.,K) 00338300
AE(I,.,K)uRE*DYZE*DU (IPI,,,K) Z0338400
AW(I,j,K) uRW*DYZW*DU (I,J,K) 00338500
AF(I,J,K)*RF*DXYF*DW(I4,:,KPI) 00338600
A3(I,j,X) mRB*DXYB*DW(I,j,K) 00338100

00338800
CNeRN*V(I,jPlK) *DZXN 00338900
CSuRS'VCIJ ,K)*DZXS, 00339000
CEaRE*U(IP1,J,K) 'DYZE 00339100
CWnRV'U C: ,K)*DY~ZW 00339200
CF-RF*W(I,.JOKP1) 'OXYF 00339300
CB=RI'W(I,J,K ) 'oxys 00339400

00339500

SMP(I.:,K)n-(R(IJ,K)-ROD(I,J,K) ) VOL/DTIME-CE+CW-CN+CS-CF+CB 00339600
C SMP(I,',,X)-CE+CW-CN+CS-CF+CB 00339700

SU(IJK)KP(IK)00339900

10CONTINUE 00340000

C ~' TAKE CARE OF B.C. THRU AN.AS,AE,AW,AF,AB,SP AND SU 00340200
c 00340300

C ' RADI'%oS DIRECTION 00340400

DO 50 K*,NK00340500
DO 50 KaNK00340600

DO 500 1*2,Nl 00340700
AS(I.2,!C)u0. 00340800
AN(I,Nj,K)uO. 00340900

500 CONTINUE 00341000
00341100

C *e LEF'T WALL AND RIGHT WALL 00341200
003413"0

DO 501 K=2,NK 00341400
0O 50' ;-2,14 00341500

C AW(2,.*,K)m0. 00341600
C AE(NI,.,X)-0. 00341700

501 CCSTINUE ^00341000
^40341900

C ' FRONT AND BACK WALL ^.034200
00342100

D0 502 :-2,Nl 00342200-
.00 502 .:2,4 00342300'
AB (1, 2) a3.0^ 0^03424C0
A--(1,, M -O0 0034250C

502 CObNTINUE 00342600
00342 700
00342000
n0342900
00343000w

:F (NCH:P?.EO.0) GOTO .05 003431000
00343200

C 003433000
C *,#,..####8###P##W88#,#I###V~i##000343400

C" ** IODIF:^0ATION FOR DECK BOUNDARIES 003435"0
003436003

DO 101 X-,NCHrIP 00343700
:3-ICEPE (N) 00343800

:z=IB-C~? ()-: 03439CC
C'344000
0344.C0

,Th-Ji~P3 N) 0344200
-B~NC~PJ(N)-~ 034430

J3MI=-.* 0^0344400
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033445CC
KiuKCH-P3 (N) 00344600
KE-KB*NCHPK (N) -l 00344700
KBM1-KB-l 00344900
KEP*uKi1 '0003 4 490 0

003450C"0
DO 102 u-JB,JE-1 00345100
DO 102 R-KBKE-.L 00345200
AE(IBM1,J',J)-0.C C0345300
AW(IE,:,K)u0.0 00345400

0034550
102 CONTINUE 00345600

00345700
DO 103 :nIB..IE-. 00345800
DO 103 K*KB,KE-1 00345900
AN(I,.3M,-0.0 00346000
AS(I,Z,K)sO.0 00346100

103 CONTINUE 00346200
00346300

DO 106 InIB, IE-1 00346400
DO 106 JuJB,Jt-1 00346500
AF(l.*,XBM1)-0.0 00346600
AB(X,w,KE)no.0 00346700

106 CONTINUE 00346800
00346900

C "'FOR THE CELLS :NSIDE OF THE DECKS 003470CC
0034W=C

0O 104 :-IBPIE-1 00347200
0O 1C4 iJB,JE-1 003473"0
DO 104 MKBSKE-1 00347400
SP(I,.,X)--l.0E20 00347500

AW~z,:K)UO.00347600
AE(ZX).0.00347700

AS(Ir,X).0. 003476000
AN(I,:,K)00. 00347900
SU(I,X).0. 00346000

104 CONMTX~ 00346100
:01 CONTM&~ 00348200
:05 CONTNU 303463:C

00348400
003485C0

C ~ 0034870

003480C

0 0 34 9C
emu' ASSE:GMBLEC-ET AND SOLVE D."FFERENCE ECtJATICXS ^.C349:::

:A034 9200
Z300 :2,Nj A0349300

',0 30Z :-2,N: 00;349400-
.10 3C^ K=2,NK 0003495::
AP(I,:,)-AN( , ,K)+AS(I,J,X).AE(I,3,K)+AW(I,:,K)-SP(:,.,K) 00349600O
6 -A:-(:,:,K)AB(I,j,K) 003497:C

300 COxNU 0034980C
00349900

C*as SCLU7:ON OF F:NITZ D!FFERENCE EQUATION C0035000
0035C::0

CALL :.z:D (2,2,2,NI,Nj,NKPP) V0350200w1
*.~~. .. .- 0300

C w L.S :FOR CKECKd4G 00350400
^A03505^0

053506C0V

7, Ce,') 00350800
949 1Z'A C A4~ C) 035C9'0

C WITT (6,999) (CAW(,,:K),1=,NKP1),=1',NJP) ^w35::
:61 0 NTINUE 0035:200.
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DO :60 I-!,NIP! 00351300
C WRITE (6,') 1 00351400
948 FORMAT ( ' AE ') 00351500

C WRITE (6,948) 00351600
C WRITE (6,999) ((AE(I,J,K),K-1,NKP1),J-1,NJP1) 00351700
160 CONTINUE 00351800

DO 170 I-1,NIP1 00351900
C WRITE (6,') I 00352000
958 FORMAT ( ' AS ') 00352100
C WRITE (6,958) 00352200
C WRITE (6,999) ((A3(I,J,K),K-1,NKP),J-1,NJP1) 00352300
170 CONTINUE 00352400

00 180 Iu1,NIP1 00352500
C WRITE (6,') I 00352600
968 FORMAT ( I AF ') 00352700
C WRITE (6,968) 00352800
C WRITE (6,999) ((AF(I,JK),KalNKPI),Ju1,NJP1) 00352900
180 CONTINUE 00353000
C WRITE (6,999) ((SU(I,5,K),KulNKP1),Im1,NIPl) 00353100

DO 190 IulNIP1 00353200
C WRITE (6,') 1 00353300
978 FORMAT ( ' SU 1) 00353400
C WRITE (6,9781 00353500
C WRITE (6,999) ((SU(I,J,X),KR1,NKP),Jol,NJP1) 00353600
190 CONTINUE 00353700

00 191 I1',NIP1 00353800
C WRITE (6,G) I 00353900
C WRITE (6,988) 00354000
986 FORMAT ( I PP ') 00354100
C WRITE (6,999) ((PP(I,J,K)fJ-1,NJP1),Ko7,7) 00354200
191 CONTINUE 00354300
999 FORMAT (2910.3) 00354400

00354500
00354600
00354700

C *" CORRECT VELOC:TIES AND PRESSURE 00354800
C 00354900
C "'* CORRECT:ON FOR VELOCITY U 00355000

00355100
00 600 :02,NI 00355200
IM1 1-: 0035b300
IF (I.EQ.2) :M:1NI 00355400
00 600 J-2,Nw 00355500
DO 600 K*2,NK 00355600
U(I,;,K)-U(:,J,K))U(:,:,K)'(PP(IM1,J,K)-PP(I,:,X)) 00355700

600 COT:\Z :355800
:0355900

wa C^O0RREC- 0N FOR V.-'OC:TY V .035600^0
003561%0

DO 6C3 :-3,NZ 00356200
JM1uJ-i 00356300
DO 603 Ks2,NK 00356400
DO 603 :-2,NI 00356500

V(~jK)V(, *~DV(I,j,K) *(PP(,,.,-P(,,) 00356600

603 CONT:UE 00356700
003 56800

C"' CORRECT:ON OF VELOCITY W 00356900
::3570

DO 604 K-3,NK ^0357:00
KMI-K-: 00357200
DO 604 :-2,NI :^35730W
DO 604 j-2,NJ 00357400
W(I,,K)W(:,,K) -:)W(I,,K) (PP I,JKM1)-PP(:, ,K)) 00357500

604 0o T:NE 003576.0
:33577C
00357800

C "' ORRECT::0N PRESSURE P 0035790
003580CO
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DO 606 j-2,NJ 00358100
DO 606 i-1,NIP1 00358200
DO 606 K-1,NK 00358300
P (I, J, K) -P (I, J, K) +PP (1, J, K) 00358400
PP(I,J,K)-0. 00358500

606 CONTINUE 00358600
00358700

C** THIS IS FOR R-0.0 CASE 00358800
00358900

DO 75 Iwi,NIP1 00359000
DO 75 KuINKPI 00359100

C U(I,IK)=U(I,2,K) 00359200
C W(I, I,K)wW(I,2,K) 00359300
C V(I,2,K).V(I,3,K) 00359400

75 CONTINUE 00359500
00359600
00359700

C " ODIFICATION FOR R-O.0 00359800
C 00359900

DO 55 K2,NK 00360000
VYO. 0 00360100
VXO. 0 00360200
VZuO.O 00360300
DO 50 Im2,NI 00360400
VYVY+U(I,2,K) *COS(XS(I)) 00360500
VXoVX-U(I,2K) *SIN(XS(I)) 00360600

50 CONTINUE 00360700
00360800

DO 51 :"2,NI 00360900
VYuVY V(l,3,K) *SIN(XC(!) ) 00361000
VXnVX+V(I,3,K) *COS(XC(:)) 00361100
VZ-VZ+W(I,2,K) 00361200

51 CONTINUE 00361300
00361400
00361500

C "'" FIND THE VELOCIT:ES AT RO.0 00361600
00361700

30 52 1-!,N.Pl 00361800
U (I, 1, K)- (-VX* S .%(S (:)) VY COS (XS (1) /NIM1 00361900
V(I,2,K)" (VX*COS(XC(:))+vy'SIN(XC()))/NIM1 00362000
W(I,I,K)"VZ/NIMI 00362100

52 CONTINUE 00362200
55 CONTINUE 00362300

0036240000362500
00362600

C "'" -:~S :S FOR * 'E Co:=DER C. (CYLIC CONDITION) 00362700
00362600

DO 76 J0.0P: 00362900
DO 76 K-I,.KPI 0363000
U (I,3, K)-U (.X!, , K) 00363100
U(NIPI, ,K)=U (2,j,K) 00363200
V(1,J,K) V(\I, ,K) 003633CC
V(NIP1,:,K) =V(2,J,K) 00363400
W(Z,J,K)=W(N7, ;,K) 00363500
W(NIP1,:,K)-W(2,:,K) 00363600

76 CONTINUE 00363700
00363800

C " HIS FOR SP.HERE ONLY 00363900
0 0364000

D0 77 .'-,,:P .  00364100
DO 77 ,;a",.pl 00364200

j(I,J, :)-U(:, .,2) 00364300
V(I,J, 1)V(, ., 2) 00364400W(!,Z2)' ',.: 5)0036450C
U (I, J,\KP)=,, ( X,K) 00364600
V (I,J, NKP;) =V (",XK) 00364700
W(,j,NKP.) =N ( ,:,NK) 0364800
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77 C^IT:u z0 36490'

.03651CO
(NCF:P.EQ.O) GOTO 116 "62"

# #e,#..,,ax#s####es##ee##e####pes## *es*#######e#### ^1036530c
C ^V3~.#.###*~~#e#e#*~*#0365400

C 'RESETE VELOCITY INSIDE OF DECK :03655CCW
0V0365600

00 120 N-1,PCHIP ^00365700
:3-ICH?! (N) 00365600
:7w.E-,3NCHPI (N)-1 00365900
54.CHPi5 (N) uJ+CP()l00366000
aEJ~CPJ()- 00366100

K5-KCHPI (N) 00366200
KEeKB.NCHPK (N) -1 0W0366300

00366310
00366392
00366394

DO 109 1-35,12 0W0366400
DO 109 j33s,jt-1 00366500
DO 109 K-uK,Kg-l 00366600

00366700
109 CONTINUE 00366600

00366900
:0:e IsIB, Il-I .0361C00C

DO 1:8 J.JI,JE 0367 : 000
00 1:8 KwKB,KE-I 00367200
V (:,*, X) 0 * 0 00367300

I1I CONTINUE 00367400
00367500

00 113 * I 1 1-1 00367600
00 119 JN31,Jg-1 00367700
0O 119 KwKIK9 00367300
NIt, .K)WAN (N) 00O367900

119 CONTINUE :0368C00
120 COXTINUE 003680
116 COXT ZEE :00360200

:03665:0
C RECALCULATE THE ERROR SOURCE AFTER CORRECTIONS OF U, V, ? ::368600

::3667::

MZORM ( :7R) -0. 0366900
I: 700ni,NJ ^:0369000W

* * -1'03 69:0
u-. *:^3692.:

:70^ :-2,N: :.3693::'
- - - 3694w00

003693Z0
:;:0 700v K-2,NK 00.369600

K?: -K-I .. 3697C:
KMI-K-I :03696:0

00369900

CENTRAL LENGTH OF THE SCALAR CONTROL VOLUME 0303C

:x: -X:.(I , 0,C v070:

:ZK =Z:CI,J;K ,O) ::37:2::
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00371500
C SUFAC LEGTH F TE CNTRO VOUME00371600

00371700
c X URaCE ENGH O TH COTRO VOUZ) 00371700

DXN-XL(I,j 1K,0,2) 0037100

DXFaXL(:,J,KP1, 0,3) 00372000
DXBuXL(,.,K ,0,3) 00372100

00372200
:)YFuYL(4,j, KP1, 0,3) 00372300
DYoYLCI,',K 10,3) 00372400
DYEuYL(IPI,jK,0, I) 00372500
OYW-YL(G , J,K,0, 1) 00372600

00372700
DZE-ZL(IPI, 3,K, 0,1) 00372800
DZW-ZL(Z. ,j,K,0,1) 00372900

9 DZN-ZL(I,JP1,K, 0,2) 00373000
DZSuZL(I,j KI,0,2) 00373100

00373200
AREA UE VLUME00373300

C EFINZ ARAOF TECONTROL VOUE00373400
00373500

DXYF-OXF*DYF 00373600
DXYI-OXI' DYB 00373700
DYZE-DYEKOZE 00373800
DYZWNDYW*0ZW 00373900
DZXNeDZW' DXN 00374000
DZXSSDZ5*DXB 00374100

00374200
VOLuDXI 'DYJ*DZK 0037430C
VOLDTuVOL/DTIME 00374400

003745C0
00374600
00374700

RNU(R(IJ,K)'OYP14R(I,JP1,K)'DYJ)/(DYP1+OYJ) 00374800
RSu(R(I,Jt,K)*DYMI.R(I,JMI,K)'DYJ)/(DYMI'DYJ) 00374900
REu(R(i,,oK)'OXP1q-R(IP1,J,K)'0XI)/(DXPI.0XII 00375000
RW.(R(I,,,K)'OXM1eR(IMIJ,K)'DXI)/(DXM.OXI) D03M=0
tF-(R(i.,,)DZP.R(I,J,KP)DZK)/(DZPI+DZK) 00375200
ik~m(.:%(IZ,K) IDZMI(1, J, KMI I DZK) /(DZMl +DZ) 00375300

00375400
CNURNOV(:,.JP1,K)*.ozxtJ 003755CC
CS-RS'V(:,j ,K)$DZXS 00375600
CE,-REwUI:?.. ,K)%'DYZE 00375700
:W.RWOU(: I.;,K)WDYZW 0337580C

),DXYF 03759CC
CF.RF Nw(: KPI 'l XY v037600

c y!p (:";,K)U-(*--PCW-CN+CS-CF,CS CV0376:::
imp (:,:,) KR:,) -ROD (1,:K)) *VOL/DTIME-C E_-CW-C% CS-CF-C3 00376200

00376300
C now SORSE'o :S ACTUAL MASS INCREASE OR DECREASE FROM COTNITY 00376400

ZOEUATUON , 7HIS WILL COMPARE TO SOURCE 0037650CC
00376600

SORSUMmSORS'JM*SMP (io,K) 00376700
* 00376800

C ow RESORNM IS SUM OF THE ABSOLUTE VALUE OF SMP(I,j,K) 003769C0
hA037700,

RESCRM(TErR) -RESOR.M(ITER)+ABS(SMP(I,j,K)) C3377.
1700 ^Cox ,UE 003772..^

R% 0003773^0^
A03774C
;03775-4

303776.1.

C ... -*R*WSWW*RSSS*

s ;RUT:%T -?RrD(:S:,jST,KST,ISP,:Sp,KSP,?=':) 003779S.
' *SU~t**SWSWRS *ewws~~w~s~~wustt~s*WWW'W w.... fw.v*w'wa003780ft0

uwusN37/:N::N::xN*,NMN*KPMe 0*w**^0378:vv0
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& .\'IP2,NJP2,\'KF2,NA,%API,NAM1,NBrNBP1,NBMI#KRtUN,NC-HIP,NJRA,NWRP -00378200
COMMON/BL36/AP(22,16,32),AE(22,16,32),AW(22,16,32),AN(22,16,32), 00378300
& AS(22,46,32),AF(22,i6,32),AB(22,16,32), 00378400
& SP(22,46,32),S;;(22,16,32),RI(22,16,32) 00378500
DIMENSION A(99),B(99),C(99),PHI(22,16,32) 00370600

00378700
C GOTO 4C5 00378800

ISTh1u:ST-1 00378900
A(ISTMfl)u0. 00379000
C(ISTMI.)-0. 00379100
DO 100 JnJST,JSP 00379200
D0 100 KuKST,KSp 00379300
DO 101 1-1ST, ISP 00379400
A (I) aAE (I, j, ) 00379500
9(1)-AW(I,J,K) 00379600
C(I)uAN(I,j,K)*PHI(:,J.1,K)+AS(I,j,K) 'PHI (I,J-1,K) 00379700
& AF(I,J.K)*PHI(IjK+1)+AB(IJK)*PHI(I,J,K-1)+SU(I,J,K) 00379600

TERM./(A(I,,K)-(:)'A(I1))00379900
IF WASWAI)).LE.1.0E-10) A(I).0.0 00360001
IF (A5iI)LE1C-0 (I)u0.0 00380002
IF (ASIC(I)).LE.1.OE-10) C(I)-0.0 00380003
IF (ASS(TE3I4).LZ.1.0E-10) TERN-0.0 00360010
A(I)uA(I) 'TZfM 00380020
C(I)wlC(I)+BI) 'C(I-1))*TERM 00380100

101 CONTINUE 00360500
PH4!(LSPJK)uC( ISP) 00360600
ISTAwIS:.1 00360700
DO 102 ::uISTA, lOP 00360800
IaISTvISP-II 00360900
IP101*: 00361000
PHI (Z,eK)UA(i') PHI (:Pi,J,K.+C(I) 00361100

102 CONTINUE 00381200
100 CONTINUE 00381300

00311400
DO 2000 JJST.jSP 00311500
DO 2COC KwKST.KSP 00361600
PHI c.S.-..Kup?.z(:S?,J,K) 00361700

PHI ISP, J K)~PHI(:5. J K)00361600
2000 CONTNE 00361 900

00362000
00362100

357141w5-1 00382200
A(JSTCv)*:. 00382300
CIJSTX1).0. 00382MC
D0 2CC K-KS.S 0038250C"
00 20" :-:ST,:S,- ^03826CV
.1,0 2 ft :-J:S:, z~l C03827CC
A(J)=AU,:,K) 0C036260C

B(J)AS(:JK)003629CC

-A -(ZJK) *P'Iz.r (,.) A(, jK) *PHI(U,j, K-1) SU (1,.K) 003831C0
TF.R-*.(AP~, ;?)-(:)*~j-.))00363200

.7 (A3S(A(J))-....-*0) A(J)-0.0 00363210
IF 105((3) 3(j)u0.0 00383220
IF (ASCJ)~..Zb)C(J)-0.0 00383230
IF (AS'R)....z )T7RMu0.0 00383240
A(J)uA(.i NTERM 00383300

C (J - ( -B TERM00383400
201 CONT: 00383800

PH1:,SP,K)WCG2:P) 00383900
JSTA -:S -: 00384000
00 202 J:-JSTA,2;:;' 0038410C
J=JST-:S? -JJ 0V03842CC
jpl-:-: .0384300

?HI :, , K)=A j) K -C(J)00384400
2A2 CONT%E: 003845CC
200 CONT\~ 003846C0

00384700,V
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' 0 2Cn j-jST,JSP 03384800
DO 2001 !(-KST,KSP ft0384900

PHI IS-,J,) -PI (SP,,K)00385000
PHI (ISP+'1,j,K)-PHI (I.STIJ,K) 00385100

2001 CONTINUE 00385200
00385300
00385400

KSTN~sKST-1 00385500
A(KS"4.1)m0. 00385600
CCKSTM1)u0. 00385700
30 300 I*IST,ISP 00385800
30 300 JuJST,JSP 00385900
00 301 KwKSTKSP 00386000
A(KEuAF(I,J,K) 00386100
3(K).AB(I,JtK) 0036200
C(K).AE(IJ,K)*PHI(1.1,J,K)+AW(I,J,K)*PHI(I-1,J,K) 00386300

-AN(I,JK)*PHI(I,J+1.!OKeAS(IJ,K)*PHI(I,J-1,K),SU(I,J,K) 00386400
TER~w1./(AP(I,JK)-S(K) *A(K-1)) 00386500
:F (ABS(A(K)).LL.O.E-10) A(KEuO0 00386510
IF (ASS(I(K)).LE.1.OE-10) 3(K)m0.0 00386520
IF (ARS(C(K)).LE,1.OE-10) C(K)n0.0 00386530
:rF (ASS(TERM).LE.1.OE-10) TERMO0.0 00386540
A(K)-A(K) 'TERN 00386600
C(K)u(C (K) eB(K) 'C(K-1) ) TERM 00386700

301 CONTINUE 00367100
?HIG(,, ,KSP)-C (KSP) 00387200
KSTAsKS?. 1 00387300
DO 302 KKwKSTAK$P 00w387400
KuICST+KSP-KK 0 0387500
KP1nKe1 00387600
PHI(I',J,K)uA(K) 'PHI(I,J,KI~p)4C(K) 00387700

302 CONTINUE 00387800
300 CONTINUE 00387900

00388000
DO 2002 J*JST,JSP 30388100
D0 200 K-KST.KSP 00388200
PHI (:ST-1,J,K)uPHI (ISPJIK) 00388300
PHI (:S?+.1,J,K)wPHI (IST,bo,K) 00388400

2002 C0NTINUE 00389500
003860
00388700

ZOTO 700 003888000
00388900

4405 CONTINUE "0389000
405 !SPI'KSP.1 00389:00

B(KSP:)'0 003 89 20
('(S?:)' 00389300~v

:0 6C0 *!ST~s? 0C3894"'
:-Is:?zP-I z 03895^0

D0 600 j:J!ST,jSP 00389600o
:UJST*jS?-jj 00389700
30 60: XK-KSTKSP 00389800
KaKSP,-KST-KK 00389900
KP1wK-: 0039000

A (K)-AF (, J, ) '00390:00n
3(K)-AB(i,oxi) C03902w^0

?I(t,j?1,K) *AS(I,j,K) 'PHI (IJ-1,K)+SU(I,J,K) 00390400

B(K)-3(K) 'TERM 039C60
CCK)w(C (K) -A(K)'C (K+1)) 'TERM 003907.0

(ABS(A(K)) .:....OE-10) A(K-0.0 00390800
(ASBn...E:)B(K)=0.O 0039C000

^ASC-n:..E -0) C(K)m0.0 Ow039:00
601 =NT :x% 339:

?:-I :,;KST) =C (KST) .^039:.200O
KiTP:-KST+: ^.039:3^0
0O 602 K=KS7P1,KS? 3039:400
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PHI (1,.;,K)9-B(K) *PHI (1,,,K-1) +C (K) m0391500
602 CONTINUE 80391600
600 CONTINUE 00391700

00391800
DO 2003 JnJST,JSP 003sigo0
DO 2003 KuKST,KSP 00392000
PHI(IS:-1,J,Ic)mPHI (ISPJ,K) 00392100
PHI ISr+l1,KuPHI1(IST,J,K) 00392200

2003 CONTINUE 00392300
00392400
00392500

JSPIUJSP~1 00392600
BIJSP)80. 00392700
C(Jsp1)u0. 00392800
00 500 KIKaKST,KSP 00392900
K=K$T.KSP-KK 00393000
DO 500 IIwIXT,ISP 00393100
IsIST+ISP-II 00393200
DO 501 JJ-J$T,JSP 00393300
JJIP+JST-JJ 00393400
J71wj+1 00393500
A(J)uAN(I,J,K) 00393600
A(j)-A5(I,J,K) 00393700
C(J)uAt(I,J,K)*PHI(I.1,J,K).AV(I.J,KX*PHI(I-1,J,K)+Af(1,J,K)* 00393300
A PNI(I.J.K.1)+A3(I,,K)*PHI(I,K-)+SU(I,JKI 00393900

TEMN1.I (AP (I, J,K) -A W) *B(J.1l) 00394000
B(J)AI(J)'TERM 00394100
C(J)u(C(J)-PAIJ)*C(J.1))*TERM 00394200
if (ARS(A(J)).A".1.OE-10) AWWOu.0 00394300
!F (AIS(B(JI).LE.1.OE-101 BMJ-u.0 00394400
IF (A(~)L..E1)C(J)uO.0 00394500

501 CONTINUE 00394600
PHI (I,.3T,K)wC(JST) 00394700
JSTPo.gre1 00394100
DO 502 J-JSTPI.JSP 00394 900
PHI (I.J.E)u5(JI PHI (I,J-1,K).C(J) 00395000

502 CONT:N"Z 00395100
500 CONTINUE 00395200

00395300
00 2004 ujSjT,JSP 00395400
DO 2004 K-KSTKSP 00395500
PHI IIS-1-,J.,K)UPH! (:P,JK) 20395600
PHI (S?,1,.X)uPHI(4ST,j,K) 00395700

2004 CONTINUE 00395800
00395900
=0396000

* 00396100
:f0396200

c(:SP:)-0. 0396300
:0 400 ZJuJS7.ZSP 00396400
JunJST,jS?-7.; 00396500
1.10 400 KK-KST,XSP 000396600
K-KST.XS?-K( 00396700
30 40: ::-:STIsp M096800

mx s -:5-::00396900
00391000

~ 00397100
9, Z)-AW(I,Z,K) 00397200

£ ?;: K-1) *A3(-,,K,) 1?PH1(1,%J,K-1)-SuCG:,K) 00397400
j0397500

3(I~B() TERM00397600
C(1)=(C(:)-A(I) 'CC:4r))TERM ^0397700

(As(())~.:0-1)A(1)-0.0 00397800
(Asc(flz "0-:0) B(:)to.0 0397900

(Aacc E)... E-10) c()-.00398000
401 CONTINU-Z 039810C

GH (S,,K)=C c 7 ^0398200

126



:STP:IST~l003983CC
DO 402 I-ISTPI,:S? 00398400
?Hlz(: ,:,K)nB(I) 'PHI (:-1,J,K).C(I) 00398500

402 COXTNJE 00398600
400 CONTINUE 00399700

00398800
DO 2005 J=JST,JS? 00398900
DO 2005 KwKST.KSP 00399000
PHI (:ST-1,J,K)=PHI (ISP,J,K) 00399100
PHI (ISP+1,JX)uPHI (IST,%J,K) 00399200

2005 CONTINU~E 00399300
00399400
00399500

b700 CONTINUE 00399600
RETURN 00399700
END 00399600

00399900
C *gg~ggg*Wg~~aO****~***O*~Og** " 00400000

BLOCK DATA 00400100
C ~ ~.e*e~e~eoeCeee*e~~ee 00400200

00400300
COO4N/1L7/NI,NIPI,NIMI,NJ, NJPI,NJM1,NK,NKPI,NKMI 00400400
S .\IP2,NJP2,NXP2*NA,NAP,NAI,NB,NBPI,NBMI,KRUN,NCHIP,NJRA,NWRP 00400500
COMC4N/1L12/ NWRUTE,NTAPE,NT4AXO, NTREALTIME, SORSUM, ITER 00400600
C0040N/5L14/HCOEF,TINF. CNTASTtJRI,ITTRBVISLVISMAX,QCORRT# PM1,PM200400700
COON/1L16/ CONSTI,CONST2,CONST3,CONST4,CONST6,NT,UOHUGRT,BUOY,00400600
& CPotPRTCONDO,VISORHOOHR,TRTAeDTEMP,TWRITE.TTAPEpX.AXpGC,RAIROO4009CO
DATA N:12,NZP1,NI.N:M1/23,22,21,20/ 30401CO0
DATA tJP2,NJP1,NJN3141/17, 16, 15, 14/ 00401::D
DATA NKP2,NKP1,NK,NKNl/33,32,31,30/ 00401200
DATA NAP1,NA,NAMI,NBP1,NS,NBM1/9,S,7,27,26,25/ 00401300
DATA *W0,7.A, PRT,RHOO,CPO,VISO,NTMAXO/ 00401400
G :.0,555.s6, 1.0,0.0714,0.24,1.56E-4,0/ 00401500
DATA T:NF,CNT,ABTURB,BTUflh1.0,0.2,2.0, 1.0/ 00401600
DATA GCRAIR/32.17,53.34/ 0040170
DATA OCORRT.PM1/1.0,0.9/ 00401600
END 0040190'0

00402000

00402:0
C 0040220

SUBROU-:NE GRD 00402400
C S33S~3@W3gggggggg~ggg~gIOggggg~g 00402^

CO.O/R4IXC (93) ,YC (93) ,ZC (93) ,XS (93), YS (93), ZS (93) , 0040260
a XXC(93)D0YYC(93),DZZC(93),DXXS(93),DYYS(93),'ZZS(93) '00'40270

CO--O'%/3:./0JXI:Y,Z,VCL,DIMEVOLDT,THOTTCOOLP:7,0I0R 03040280C
o~xO~3:7Nt,~P:,~ JNJPI,NJN41,NK,NKP1,NKMI C040290

£ N:?2,:; P2,NK?2,\A,.NAPI.,.AM1,NB,NIIPI,\'iMl,'CRUN, NCHP,N:RA,NWRP ^-^403'0
00403.:^0

C "w RENERA7:ON C7 oR:o 004032^00
004033:^

Piu-4.mATANG.4 00403400.
DX-. /TF.0AT (N:M) 0040350

C DY-:. /.-OAT (NJM*I-2) 004036:-.
ZY-:./:O^AT(NJ'M-:) 004C37'00
0Z-?'./F.OAT ENKMi-NB+NA-2) 004038C0

004039:0
00404000^

DO :9 >-,N'4P2 0W0404:00^
XS(:)-(:-2)*DX*2 .w'*P 004042:

:9 COSTNUT 0V0404300w
0040440

C XS(*:)=-:X*2.^0'PI 004
c XS(2)-C 00^4046:^0

Xs(3)0.0-2.^-?: 0440
o :- 4,13 00404800^
XS(:)=(:-3)*DX'2 .0'?:, 0004049^00

c i9 CW^.\::xT 00405000
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C 00405100
XS(14)-XS(13) 00405200
XS(13)-XS(14)-0.01*2.0*PI 00405300

C DO 18 1-15,NIPI 00405400
C XSMI-XS(14)+(1-14)*DX*2.0*PI 00405500

C 18 CONTINUE 00405600
C XS(NIP2)-XS(NIPl)+XS(3) 00405700

00405800
00405900

YSMS)0.000 00406000
YS(2)u0.025 00406100

C YS(3)u0.05 00406200
DO 3 Ju3,NJ 00406300
YS(J)n(J-2) 'DY 00406400

3 CONTINUE 00406500
YB (NJP ) mYS (NJ) 00406600
YS(NJ )-YS(NJPI)-3./S./12./9.6 00406700A
YS(NJP2)nYS(NJP1) .3./6./12./9.6 00406800

00406900
cc DO 3 Ja4,NJP2 00407000
cc YS(J)o(J-3)*DY 00407100
CC 3 CONTINUE 00407200

DO 4 I11,NIPl 00407300
IPIN!*1 00407400
DXXC(I)nXS(IPI)-X$(I) 00407500

4 CONTINUE 00407600
00407700

DXXC(NIP2) UDXXC (NIPl) 00407800
DO 5 Iw2.NZP2 00407900
1411-1 00408000
DXXS(I)=.5' (DXXC(I)+DXXC(1141)) 00408100

5 CONTINUE 00408200
DXXS('a)aDXXS(2) 00408300

00408400
DO 7 J.1,NJP1 00406500
JP 1 J+* 00408600
Dyyc(J;.YS(JPI)-Ys(3) 00408700

7 CONTINUE 00408600
00408900

DYYC (NjP2) -DYYC (NJ? 1) 00409000
DO 1 J.-2,NJP2 00409100
'o4 u- 1 00409200
DY.YS(j)a.5n (DYYC(j)*iDYYC(JMI)) 30409300

8 cONT:N'JE 00409400
5yys(:).DYYSG ) ^0409500

00409600
00 20 :3.~p~040970C
XC(:)-XS(:) ')XXC(')12.0 00409800

20 CONT4ME 0040990C
0 0410 COO

DO 21 :-.NP 00410100
YC(3)=YS(J') DYYC(j) /2.0 0W0410200

21 CONTINUE 00410300
004 10400
00410500

DO 9 K-4,NA 00410600
ZS(K)-(K-3) '!)Z 00410700

9 CONT:ME 004 1C900
00410900

D0 30 K=NBPINK 0^0411000
ZS(K)-ZS(\XA)t(r%-NR) 'Dl 00411 :A#%

30 CONT:NUE 00411200
0 04 11300

DO 3: K=NAP!,%il0110
ZS(K)-PI-/2. 004150

31 CONTINUE 0041:600
0 041 1 700O

ZS(l)=^V.0^ 00411800O
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ZS(2)-0.05 00411900
ZS(3)-0.10 00412000

C ZS (NKPI)-ZS (NKM1) 00412100
C ZS(NK)-ZS(NKPI)-0.05 00412200
C ZS(NKMI)-ZS(NKPI)-0.10 00412300
C ZS(NKP2)-ZS(NKPI)+0.05 00412400

00412500
ZS(NKP2)-ZS(NK) 00412600
ZS(NKPI)=ZS(NKP2)-0.05 00412700
ZS(NK)mZS(NKP2)-0.10 00412800

00412900
00413000

DO 10 Ku1,NKP1 00413100
IF (K.GE.NA.AND.K.LT.NB) GOTO 10 00413200
KPluK+I 00413300
DZZC(K)=ZS(KP1)-ZS(K) 00413400

10 CONTINUE 00413500
00413600

DO 32 KmNA,NBM1 00413700
DZEC(K)=2,654/(NB-NA) 00413800

32 CONTINUE 00413900
00414000

DZZC(NKP2)oDZZC(NKP1) 00414100
00414200

DO 11 Kw2,NKP2 00414300
C IF (K.EQ.NA.OR.K.EQ.NB) GOTO 11 00414400

KMIsK-I 00414500
DZZS(K)s.5"(DZZC(K)+DZZC(KM1)) 00414600

11 CONTINUE 00414700
00414800

DZZS(1)nDZZS(2) 00414900
00 22 KuI,NKP2 00415000
IF (K.GE.NA.AND.K.LT.Nl) GOTO 22 00415100
ZC(K) ZS(K)+DZZC(K)/2.0 00415200

22 CONTINUE 00415300
00415400

DO 33 K-NANtlMI 00415500
ZC(K)-P!/2. 00415600

33 CONTINUE 00415700
00415600

IF (YS(1).LT.0.0) YS(.)=0.C 00415900
IF (YC(1)..T.0.0) YC( )w0.0 00416000
PRINT * 00416100
PRINT ',' :NPUT COORDINATE OF THE TANK IN THE ORDER OF * 00416200
PRINT eXS YS ZS XC YC', 00416300

& ZC DXXS DYYS OZZS XXC ' 004164C0
* , Y.. ZZC* 00416500

30 12 :-:,XKP2 03416600
c WRITE(6, :2) :,XS(I) YsI I)ZS(I),XC(1), YC(I) ZC(i), 00416700
c A DXXS(I),DYYS(),DZZS(I),DXXC(I),DYYC(:),DZZC(:) 30416800
c 102 FORMAT(2X,:4,12(2XF8.5)) 00416900

12 CONTINUE 00417000
00417100

RETURN 00417200
END 00417300

00417400
00417500
00417600

C * '* ''"'''''''''''''" 004177C0
FUNCTION XL(:,J,K,M,N) 30417800
*gg'U'gW............... 00417900

*3mg,,g,*,WW....,U'g*'W,'u.'sW,,3 .......W3WUWW ''WRRW*WWWWWU''' 00418000
C WHEN M OR N = 1 THEN S*:FT CELL :N THE NEG X DIRECTON ONE* 0041810C
C HALF CELL (STAGGERED CELL) * 00418200
C WHEN M CR N = 2 THEN SHIFT CELL :N THE NEG Y D:RECT:ON ONE* 00418300
C HALF CELL (STAGGERED CELL) 00418400

WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00418500
C HALF CELL (STAGGERED CELL) • 00418600
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c WHEN X - N - i THEN SHIFT CELL IN THE NEG X DIRECT:CN ONE* 00418700
WHOLE CELL 00418800

C WHEN X = N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE: 00418900
C WHOLE CELL 004190CN

WHEN X w N - 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE: 00419100
% WHOLE CELL 004192CC" ''' ''"" '''' ''''' ' '' * "' " "" """ ''" ' '* ' '" *'' **' ' *' "  "419300

00419400
COMMON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00419500
& DXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) v0419600
X:-XC(:) 00419700
X2-YC(:) 00419800
X3-ZC(K) 00419900
DXL-DXXC(I) 00420000
:F(M.EQ.N) GOTO 100 00420100

00420200
TF(M.EQ.I.OR.N.EO.1) X1-XS(I) 00420300
:F(M.EQ.I.OR.N.EQ.I) DXL-DXXS(I) 00420400
F(M.EQ.2.OR.N.EQ.2) X2nYS(J) 00420500
:F(M.EQ.3.OR.N.EQ.3) X3-ZS(K) 00420600
GOTO :000 00420700

100 UFCM.EQ.1) X1-XC(I-1) 00420800
:F(M.EQ.1) DXL-DXXC(I-1) 00420900
:F(M.EQ.2) X2-YC(J-i) 0042100
:F(M.E£.3) X3-ZC(K-1) 00421100

000 CZ TI E 00421200
XLnX2*S:N(X3)'DXL 00421300
RETURN 00421400
END 00421500

004216C0
C04217^

C """ ..... "'''"''"'''" 0042186
FUNCT:ON YL(I,J,K,M,N) 0042190"0

C 004220C
C '*ififif*if' ' ' 'f ' ' 'f ' ''ifififie~s~gi~ueifiifoifi**ififfi i*g f*i °  00422100
C WHEN X OR N - 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE' 004222CC
C HALF CELL (STAGGERED CELL) 004223C:

WHEN X OR N - 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00422400
HALF CELL (STAGGERED CELL) ' 004225:0

WHEN X OR N - 3 THEN SHIFT CELL IN THE NEG Z DIRECT:ON ONE' 004226C0
HALF CELL (STAGGERED CELL) 004227:m

..EN X N - 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE' 0042280
WHOLE CELL ^w04229:

WHEN M = a 2 THEN SHIFT CELL IN THE NEG Y DIRECT:ON ONE' :04230=
WHOLE CELL • :0423*::

...HEN X * N - 3 THEN SHIFT CELL :N THE NEG Z D:RECT:CW% ONE' 0:4232:0
WHOLE CEL ' :04233::

- ......... 0 ^.0423400
=5V.YON,'R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 0:423500

I OXXC(93),0YYC(93),DZZC(93),DXXS(93),DYYS(93),dZZS(93) ^042360:
x:-XC(:) 0042310
X2=YC(:) 00423800
X3-ZC(K) 00423900
:Y,-DYYc(J) 004240':
:"(M.E0.N) COTO :00 30424:0:

004242':
:F(M.EC.2.OR.N.EO.2) X2=YS(J) .042430:
:F(M.EC.2.OR.N.EQ.2) DYL-DYYS(J) 00424400
: (M.0.!.OR.NEQ.1) XI-XS(u) 00424;::
:?(M.E;.3.OR.N.EQ.3) X3-ZS(K) 00424600
::To :::o 0^4247::=3TO 1:30 .4248.3

0 :7(.E .2) X2=YC(j-I) 42480:
-:(M.E:.2) DYL=DYYC(:-:) 304249::

(Y(.E.) XIxC(I-!) :^42500:
:(..E.3) X3=ZC(K-!) 00425":

:000 ..N: .. 04252... 0: DY 0425233
^0425"::
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END 00425500
00425600
00425700

C ...............*... 00425800
FUNCTION ZL(I,J,K,M,N) 00425900

C *iO*OROURWO**ggg*..g 00426000
C"t""t""tt ""'ttt .ttt ogtootttgtto.*ttotttttwtt..t.gtttgt 00426100
C WHEN M OR N - 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00426200
C HALF CELL (STAGGERED CELL) ' 00426300
C WHEN M OR N - 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00426400
C HALF CELL (STAGGERED CELL) ' 00426500
C WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00426600
C HALF CELL (STAGGERED CELL) ' 00426700C WHEN M - N w 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00426800
C WHOLE CELL * 00426900
C WHEN M - N a 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00427000
C WHOLE CELL * 00427100
C WHEN M - N - 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00427200
C WHOLE CELL ' 00427300Ct"" t"" "*e ewt~ *"" "*" °*"" '"" *t" ""** *** """ *"** ""* ""*00427400

COMMON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00427500
& DXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00427600
COeN/BL7/NI,NIP1,NIM1,NJNJP1,NJM1,NK,NKPI,NKM1 00427700
& ,NIP2,NJP2,NKP2,NANAPI,NAM1,NB,NBP1,NBNMI,KRUN,NCHIP,NJRA,NWRP 00427800
XIuXC(I) 00427900
X2nYC(J) 00428000
X3uZC(K) 00428100
DZL-DZZC(K) 00428200
IF(M.EQ.N) GOTO 100 00428300

00428400IF(M.EQ.2.OR.N.EO.2) M2-YS(J) 00428500
IF(M.EQ.:.OR.N.EQ.1) Xl-XS(I) 00428600
IF(M.EQ.3.OR.N.EQ.3) GOTO 200 00428700
GOTO 1000 00428800

00428900200 CONTINUE 00429000
IF (K.EQ.NA.OR.K.EO.Ns) GOTO 2000 00429100
X3uZS(K) 00429200
DZL-DZZS(K)' 00429300
GOTO 10CC 00429400

00429500
100 :F(M.EQ.3) X3-ZC(K-1) 00429600

:F(M.EQ.3) DZL-DZZC(K-1) 00429700
:F(M.EQ.2) X2-YC(J-*) 00429800
IF(M.EQ.:) Xl-XC(i-:) 00429900

.000 CONTINUE 0043000
ZL-X2*DZ 00430100
GOTO 3CC 004302C=

2000 CCNT:NUE 004303CCDZLI=DZZC(K-:) 00430400
DZL2-DZZC(K) 00430500
IF (K.EQ.NB) DZLI=DZZC(K) 00430600
IF (K.EO.NB) DZL2=DZZC(K-1) 00430700
ZLU(X2*DZLItDZL2)/2. 00430800300 CONTINUE 00430900
RETURN 00431000
END 00431C0

0043120
00431300R1RIW.....................g "00431400

FUNCT:ON S:.:N(V1,V2,DI,D2) 00431500- "..s' w............ '''''' ' 004316CO
(D.d.0..AND.D2.EQ.0.0) D1=0.1 004317"0

:F (D:....AND.-2.TQ.0.0) D2=0.1 00431800
S.LIN=(V ' :2-V2mD:)/(D.1D2) 00431900
RETURN 00432000
END 00432.00

004322C0
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00432300
C *ewww* .e,..*aw**wa*00432400

FUNCTION BILIN(V1,V2, 01,D2,V3,V4,D3,D4,D5,D6) 00432500
C **333*33*1 333g*****3** 00432600

V12-(V:'.02+V2*D)/(:.,.o2) 00432700
V34-(V -':4+V4*D3 / ('3-D4) 00432800
BILINu(Vi2*Dt*V34*D5) /(D5+D6) 00432900
END 00433000

00433100
004 33200

C ***a3333u33ww 33* 00433300
SUBROUTINE STRESS 00433400

C **** **** 00433500
COMMON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS(93), 00433600
& DXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00433700
COM0N/BLI/DX,DYeDZ,VOL,DTIMEVOLDT,THOT,TCOOL,PI,Q,QR 00433800
COOIN/8L7/NI,NlP1,N:z41.NJ,NJPI,NJMI,NK,NKPI,NKM1 00433900
& ,NIP2,NJP2, NKP2,NA,NAPI,NAM41,NB,NBP1,NBM1,KRUNNCHIPNJRANWRP 00434000
CO4MN/8L20/SIG11(22,16,32),sIG12(22,16,32),S1G22(22,16,32) 00434100
& ,SIG13(22,*.6,32),SIG23(22,16,32),SIG33(22,16,32) 00434200
CO*09N/3L22/ICHPB(10),NCIPI(1),JCHPR(10),NCHPJ(1o),KCHPB(Io), 00434300

&NCiPK(10).TCHP(10),CPS(10),CONS(10),WFAN(10) 00434400
COMMON/BL32/ T(22,16,32),R(22,16,32),P(22,16,32) 00434500
& *C(22,16,32),U(22,16,32),V(22,16f32),W(22,16,32) 00434600
COMMON/1L37/ VIS(22,46,32),C0ND(22,16,32),NOD(22,16,32),RWALL(579)00434700
& ,CPM(22,'&6,32),H$Z(3,2),NHSZ(22,16,32),RESORM4(93) 00434600

00434900
00435000

DO 100 Km2,NK 00435100
KP2-K.2 00435200
KPI-K+1 00435300
KNlwK-1 00435400
K!42nK-2 00435500
DO 100 Ju2,NJ 00435600
JP2uJ+2 00435700
JP 1 Ji 1 004356000
3141uJ-i 00435900
flMjmJ-2 00436000
0O 100 I-2,.NI 00436100
1P2-! ,2 00436200
1plu1.. 00436300
IMISI-. 00436400
1M2-1-2 00436500

00436700
00436600

DXp1-x:(P: , ,0,0 304369C
D3XI -X:.(: -K0C 00437000

DxM1XL:Y:6.~o~c)00437100
00437200

DYP1YL(,~?~,K,,0)00437300
DYJ *YL(:,Z .K,O,C) 00437400
DYMIuY.(!,:Ml,K,0,0) 00437500

00437600
DZP1=ZL(U,,(P,^,) 00437700
DZK =Z'(I,:,iK 0,0) 004376000
DZM1-ZL,M,0 00437900

OSURFACE :7NGTH 07OF -T CONTROL VOLUME 00438100
00438200

DXN-XL(:,:?:. K,0,2) 00438300
OXS-X-L(:,: ;,6,2) 00438400
OXF=X:,:,K(P'., O, 3) 00438500

ox~xc^:, ,,3) 00438600
00438700

DYF-Y(:,JxP~,0,3)00438800
DYB-Y7(:,J;,K ,-,3) 00438900
DYEsY:(P,,,,. 00439000
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OYWY:(: G JK,0,1) ^00439100
00439200

DZE=ZL(:?1,', K, 0, 1) 00439300
.OZUZL,(I ,j,K,l) 1^1y439400
DZN=ZLCI(,JP1,K,0,2) 00439500

DZ-L, K,0,2) 00439600
00439700

*we' CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T 00439900
00439900

D)XEE-X (1P2,J,K,0, 1) 00440000
OXZ *X~lw(IPI,JK,0,1) 00440100
DXV -XL(1 ,j,K,0tl) 00440200
DXWW-XLCIM1,J,K,0.1) 00440300

00440400
DYNNer (1, JP2, K, 0 v2) 00440500
DYN *Y'(I,JP1,K,0#2) 00440600
Dys myLCI,J ,K,0,2) 00440700
DYssmraI,3M1,K,0,2) 00440800

00440900
DZFFaZL(I,J,KP2#0,3) 00441000
DZF sZL'.(Z,J,KPl,0,3) 00441100
D023 aZL(I,J,K ,0,3) 00441200
DZBI.ZL(I,J,KM1,0*3) 00441300

00441400
UBARoO.5' (U(1?1,J,K)+U(!,J,K)) 00441500
VBAR.0.5' (V(I,JPI,K)4V(IJK)) 00441600
WBAR.5' (W(,j,KP1).W(I,J,K)) 00441700

.0441600
DXYUDXZ 'DYJ 00441900
DYZaDYJ*DZK %00442000
DZXoDZK*DXI 00442100

00442200
sIG11c:,J,Ko.2.*VIs(I,J,X)'((U(IPI,J,K)-U(I,J,K))/DXI 00442300
I 4VBAR' (DXN-DXS) /DXY 00442400
I 'WIAR' (DXF-DXI) /DZX) 00442500

00442600
s:.G22(:,J,K)-2.*Vrs(I,J.K)'((V(z,JPI,K)-V(I,J,K))/DYJ 004427"0
& 'WRAR' (DYF-DYB) /DYZ 00w442900
& +UatARO(DYE-OYW) IDXY) -.34429;0

00443000
s:G33(:,;,K)u2.'V!s(z,J,K)'((W(I,J,KP1)-W(bJKfl/DZK 00443100
A -UBAR' (DZE-DZW) /DZX 00:443200

&*VBAR' (DZN-DZS) /DYZ) 00:4433"0
:00 CIONT:NUE 00443400

::443500
00 2CC K 2,KP1 .0443600
;?2s-2 004370

K?:-K-: :04438900

KM.2-K-2 ::4440^0
D0 2C^ :-2,NJP1 00444100w
j?2-wJ-2 0W04442:0
3P12J.: C0444300
J1-'-' C00444400

00444500
:)0 2CC :-2,N:Pl 00444600

:?2- 04 44 7^v00
^"444 800

-VI 4^,444900
:Y2-!-2 :444500

^^445:00A

"' OZWIGOX, 'aY, DZ, ARE BASED C% THE LOCAL CONTROL :^W4453.0
VOLUME FOR SIG12 C0445400w

,0445;A^.0
(,.X-rQ.2) GOTO 300 0S44560^

,XN-XL.(:,; ,K,!,.^) :0445700
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OYEuYl (7 ,K, 2,0) 00445900
D)YWaYL (IMlJ, K, 2,0) 00446000
D)XIUXL(I t,K,1,2) 00446100
DYJsYLUl :,K,2,1) 00446200

00446300
DYN-YL(I,' ,K,1,0) 00446400
D)YSuYL(l,JM1,K, 1,0) 00446500
D)XEoXL(I ,j,K,2,0) 00446600
DXWXL(141,J,K,2,0) 00446700

00446800
'%BRAuSL'N(U(I,J,K) ,U(I,JM1,K) ,DYN,DYS) 00446900
VBARos:LIN(V(IJ,K) ,V(IM1,j,K) ,DXE,DXW) 00447000

00447100
VIS12uBILIN(VIS(I s, JUK)tVIS(I ,JMI,K),DYN,DYS, 00447200

VIS(im1,JK),VIS(IM,141,K),DYN,DYS, DXE,DXW) 00447300
00447400

SIG12(:,3,K)- V1S12*((V(I,J,K)-VcflMl,JJO)/DXI 00447500
-VSAl' (DYE-DYW) /(DXI'DYJ)) 00447600

SIG12(I,J,K).SIG12(,J,),vIsl2*((UCI,J,K)-u(z.JM1,) )/DYJ 00447700
£ -URAR' (DXN-DXS) /(DXI'DYJ)) 00447800

300 CONTINUE 00447900
00446000

C te FOLLOWING DX, DY, DZ, ARE BASED ON THE LOCAL CONTROL 00446100
C VOLUME FOR SIG13 00448200

00446300
0XF=XL (1,j, K , t0) 00446400
DXa.XL(:oj.,KM1, 1.) 00446500
DZEmZL(: *.,3,0) 00448600
DZV=ZL(:M'., K,3,0) 00446700
DXIwXL(I ZJ,K,1,3) 00446600
DZKoZL(I .',K,3,I) 00446900

00449000
OZFuZL(:,J.K .1,0) 00449100
DZBoZL(..M, - 1,0il) 00449200
OXMuXL(I ,.,K,3, 0) 00449300
DXN*XL(:Ml,.'K. 3,0) 00449400

00449500
:F (DZF.EQ.0.O.OR.DZB.EQ.0.0.OR.DZE.EQ.0.0.OR.DZW.EQ.0.0) 00449600

G WRInTE (6,,) 1,j,K, DZF,DZB,DZE,DZW 00449700
'BAlos:L:N(u(z,:,K) ,U(1,j,KMI),DZF,OZI) 00449600
WaARws:L:(W(I,J;,K) ,W(1M1,j,X),DXE,DXW) 00449900

00450000
Vi&Sl3w3Ll(VlS(l o,JK)oVIS(I ,J,KM1),DZF,DZB, 00450100

VIS(IMl.flj,K),VIS(UMl,J,KM1),DZF,DZR, 'OX:-,:XW) 00450200
00450300S:G' 3 (:o,K). V1S13'((W(I,j,K)-W(IM:,:,K))/'DX: 00450400

-WBAR' (DZE-'DZW) / (XI'DZK) ) 0^045C0500

I -UBAR*(DXF-DXB)/(DXIODZK) ) ^.045C7"C
00045086
00450900

C see FOLLOWING DX, DY, DZ, ARE BASED ON THE LOCAL CONTROL 0004 5 1C0 0
C % VOLU~ME FOR SIG23 0045110

00451200o
DaZN-Z(,: ,K,3,lw) 00451300
ZS-ZL .X1, K, 3, 0 00451:400

DY.L(, 2,0) 00451500f
DYB=Y:(:,M! ,2 t) 00451600c
'ZKZL( K,, 3, 2) 0345170
z YJ-Y:(:, , ,2, 3) 00451800

0045:900:;YN-Y:(, ,K, 3, 0) "0452f''o
JYS-Y:, X K, 3,) 310452'00
Z;ZF-Z:.(:,J,X '2,)'04 522^00

004523CC
ZZ~mZ.C0.04524000

WBAR-S:::Nc((,:,K),WcI,x1,),DYN,DYS) 0045250
'3AR-S:::%(V(,J,K),V(I,J,KM1),DzF,DZB) A004526%o0
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00452700
V:S23-37:LIN(VIS(I ,:,K),VIS(I,JMI,K ),DYN,DYS, 00452800

&VrSI,j,K.1),VIS(I,JM1,KM1),DYN,DYS, DZF,DZB) 00452900
00453000

SIG23c:,:,K)a VIS23*((V(I,J,K)-V(I,J",KMI))/DZK 00453100
£ -VBAR* (DYF-DYB)/I(DZK*DYJ)) 00453200

S1G23(:,j,K)=S1G23(IrJ",K)+VIS23*( (W(I,J,K)-W(I,JM1,K))/DYJ 00453300
I IBAR* (DZN-DZS) /(DZK*DYJ)) 00453400

00453500
200 CONTINUE 00453600

D10.1,NIP! 00453700
DO 110 :=1,NJP1 00453800

C WRITE (6,998) I',3,SIG11(I,J,5),S1G12(I,J,5),SIG13(I,J,5), 00453900
C IS1G22(I,J,5),51G23(I,J,5),SIG33(IJ,5) 00454000
998 FORMT (2X,14,1X,I4,6(lX,E11.4)) 00454100
110 CONTINUE 00454200

RETURN 00454300
END 00454400

00454500
00454600
00454700

C 00454900
9*0 ....gu S***, S gggggggg5*O4* .. ,g**g

SUBROUT:NE CALQ (LLU 00455000
ggg*gggggwgg o. .. g.,*OOOO**OOU*****0045

COMMON/3L1/DX,DY,DZ,VOL,DTII.S,VOLDT,THOT,TCOOL,PI,Q,OR 00455200
CO)04N/3L7/NI,NIP1,NIMl,NJ,NJP1,N3M1,NK,NKP1,NKMl 00455210
C0t.DIN/3L1Z/ NWRITE.NT"APE.NTMAXO,NTREAL,TII4E,SORSUM,ITER 00455300
COIOION/BL14/HCOEF,T:N.f,CNT,A3TURI,TURBVISL,VISMX,QCORRT, P11, P1200455400
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT,UO,H,UGRT,BUOY,00455500
aCPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP,TWRITE,TTAPETMAX,GC,RAIR00455600
CO*4MON/3L34/ HEIGHTC22,16.32),REQ(22,16,32), 00455700

& SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00455800
& DU(22.16,32),DV(22,16,32),DW(22,16,32) 00455900

COMMlON'1L3?/ VIS(22,16,32),CONO(22,16,32),NOD(22,16,32),RWALL(579)00455910
a ,PM(22,:6,32),H$Z(3,2),NHSZ(22,16,32),RESORM(93) 00455920

C0.MM0N/3:39/ALEW, PCURVE,CONSRA, PCURM1,PSOUTH,QCORR, PERROR 00456000
00456',00

C we, IN MANY OF THE FOLLOWING LINES A TEMPORARY CORRECTION FOR 00456200
C * ADJ1.OSTING 00 TO AGREE WITH THE PRESSURE HAS BEEN APPLIED. 00456300

00456400
XT:M&-::MEH/jO00456500

00156510
VOLT-^.C 00456520
00O 1:3 -2,N: 00456530
0 .J1 :-2,Nj 0045654"

00 ::3 ~164^ 045655V
(S(,).0.) OTO Z.*3 30456563

~X: /~( ,~,,0)004565"1.
D)Yj *YL:: ,K#0,3) 00456580
3ZK -Z:(:,",K 30,0) 00456590
VOL=DX:'.DYJODZKI1IH*H.. 00456591
VOLT-V=,VOL 00456592

:13 COTNT- 004565493
00456594

ORVOLSO. 00456595
00 70 :-561,579 00456596
QRVOL=.^dVOL+RWALL(I) !./12.'0.2*PI 00456597

70 CzXT: ; 00456598

QRwQRVC/VOLT*UO CPC*RHOO TA/H 00456600O
00456700

:(XTIME.L7.23.:) THEN 00456800
.0.RVE=9. iR9522E-5*XT:xE*'2-2.38831CE-6aXT1Y.E'*3- ^V04569C^.

I ~E(:0,,6)00457^00
P3T) =9789522E--*XT:ME'*2-2.38831cE-6*XT"IY.E'213 004 .^W^

00V457200^
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& 3-.1'15621E-I1W-XTIME**4+REQ(10,9,16) 00457500
DPT.16E3.20E5XTM*+222-*TM* 00457500

a 2*3.0-.1'5621E-11*XTIME**3*4 00457700
ENDIF 1TEN00457700

IF ( LE.1 HN00457910
QQ=. EB*DPDT 0470

Q*QQ'3.4134/60./60. 00457900
65 CONTINUE 00458000

Q-Q*QC0RRT-QR 00459100
00458200

ELSE 00458300
C THIS USES A CURVE FIT THRv.UGH THE DURNRATE DATA GIVEN BY NRL 00456400

QCORIT,0 .0 00458410
QCORRmO.0 00458420
ITtST a 0 00459500
BURNRlu 5.4576748 +0.18S15346*XTIE.2153996E03XTIME**2 00458600
RURNR2- -1.3116787 + .33158595*XTIME-.7342952Z-03*XTIME**2 00458700
6 .50945510E-06*XTIME**3 00456600

If (XTIt4E .LT. 100) THEN 00450900
BUURR BURNR2+ 1.3117-.013117*XT14E 00459000

ELSE 0490
SURNR a BURNR2 00459200

END IF 00459300
IF(XTIME .LE. 300) GO TO 60 00459400
IF(BURNR2 .'L. BURNRI) THEN 00459500

BURNR a (BURNR1 + BURNR2) / 2 00459600
GO TO 60 00459700

ELSE 00459600
IF ( XTIME .. 600.0) GO TO 60 00459900
IF (ITEST .EQ. 0) THEN 00460000

BURNR3 a BURNR2 00460100
ITEST - 1. 00460200

ENDIF 00460300
BURNR a BURNR3 00460400

ENDIF 00460500
60 Q a SURNR$2.2046*9612./3600.-QR 00460600

CC THIS GIVES 0 IN BTUISEC 30460700
00460800

ENDIF 00460900
Qu59.313.0.7:95.XTIME%-0.1139E-2'XTIME*"2-0.3367E-5,XTIME"*3 00460910
0*0*3412/3600 00460920
RETURN 00461000
END C04611CO

00461200
.046130C
004614CO

C 004615CC0
we* w1*e sa W3*v*w ws*on sutns w**~C4lC

SUBROUT:NrE RAOHT (74WALLW,VFMXC) 0V04617CC
see

C.OIDAON/BL7INi'.P1, NIMI,NJ,NJP1,NJN1,NK,NKP1,NKM1 0W0461900
, ,NIP2, NJP2, NKP2, NA, NAP 1, NAM1, NS,NBP1,N.BM1, KRUN, NCHIP, NJRA, NWP 00462000

COHJ4ON/BL16/ CONST !,CON ST2, CONST3, CON ST4, CONST6, NTU0C, H,'GRT, BUY, 00 462 10
&CPO, PRT, CONDO, VISO, RHOO, HR, TR, TA, DTEMP,TWRITE, -TA?E, TMAX.GC, RA:HOO4 62 2 0 0

COMMON/BL32/ 7C22,-i6,32),R(22,16,32),P(22,1 6 ,3 2 ) 00462300
a C(22,'.6,32),U(22,16,32),V(22,.6,32),W(22,.6,

32) 00462400
COZ4MON/BL37/ V:S(22, 16, 32),COND (22, 16,32) NOD (22, :6,32),RWALL(5 7 9 )O00 4 6 2 500

a CPM(22,.6,32),HSZ(3,2),NHSZ(22,-.6,32),RT-SORM(
93) 00462600 4

COMON/BL39/ALEW,PCRVE,CNSRA,PCURM1,?SOUTH,QC0,-RR,?RROR 0V04627CC
^00462800
.04629CC

DIMENSION VFvXCC579,579),T4WALL(579) 00463CAO
00 4010 K=3,NHM1 ^V046310
DO 4010 :=2,Nl 00463200

00463300C
74AL(: CNR* : JA )* 1 N~A )* INRK T(,%RK 00463400

4010 CONTINUE 004635CCv
30463600
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C RADIATION FROM THE FIRE TO THE WALL 00463700
00463800

DO 4011 j=31,9 00463900
JJa56li9-J 00464000
AVTaO.25*(TC16,J,16)+TC17,J,16).T(16,J,17)4T(17,J;,17)) 00464100
T4WALL (jj)uCONSRA*AVT'AVT*AVT*AVT 00464200

4011 CONTINUE 00464300
C 00464400

DO 4012 j-3,14 00464500
JJ=5604J-3 00464600
AVTnO.25'(T(6,J,16)'*T(7,J,16)+T(6,J,17)+T(7,J,17)) 00464700
T4VALL (33) CONSRA'AVT'AVT'AVT*AVT 00464800

4012 CONTINUE 00464900
C 00465000

DO 4020 1-1, 579 00465100
RWALI, MI-0. 0 00465200
00 4020 J-1,579 00465300
RVA LL()uRWALL(I)+VFIC(I,J) 'T4WALL(J) 00465400

4020 CONTINUE 004 65500
RETURN 00465600
END 00465700

00465600
00465900
00466000

C 00466100

SUBROUTINE GLOBE 00466300

* THIS SUBROUTINE CALCULATES THE GLOBAL PRESSURE CORRECTION, '00466500
* WHEREBY THE PRESSURE MATRIX 1S UPDATED. '00466600
* VARIABLES "SEO ARE: '004 66700
* UNT * SUN OF TEMPERATURES w00466600

SUMPT a SUM OF PRESSURE OVER TEMP'ERATURE '00466900
oSUMPET * SUM OF EQUILIBRIUM PRESSURE OVER TEMP'00467000
*UGRT * CONSTAN.' '00467100

?CORR * PRESSURE CORRECTION '00467200

COO4N/BL7/NI,NIPI, N'IM1,NJ,NJPI,NJM1,NK,NKPI, NKM1 00467400
& *NIP2,X.-?2,NKP2,NA,NAPI,NAM1,NBNBPI,NBM1,KRUN,NCHIP,NJRA,NWRP -0467500
COMNON/BL16/ CONSTI. CONST2, CONST3,CONST4, CONSTENT, UO,H,UGRT,BUOY,00467600
G CPOPRTCONDOV:-SO,RHOO,HR,TR,TADTEHP,TWRITE,T.TAPE,TMAX,GC,RA1R00467700
COtIION/BL32/ T(22,46,32),R(22,16,32),P(22,16,32) 00467800

6 C(22,'46,32),U(22,16,32),V(22,16,32),W(22,'6,32) 00467900
COt340N13.34/ HEIGHT(22,6,32)#REQ(2216,32), 00468000

& SMP(2246,32),SMPP(2246,32),PP(22,16,32), 00466100
& o)"22,:6,32),DV(22,:.6,32),DW(22.6,32) %^04682CC
COM?40N/337/ V:S(22,:6,32),COND(22,16,32),NOD(22,:6,32),RWALL(579 004663Cc1
& ^.?M(22,*6,32),HSZ(3,2),NHSZ(22,16,32),RESORM(93) ^40468400

30468500C
S'JMT-C. 00468600
SUMPTC"4110
SUMPET'0. 00468800
DO 370 :.-Z,NI 00468900

bDO 370 v-2,%" 00469000
00 370 K-2,N; 00469100
IF (NOD(:,Z;,K).EQ.1l) GOTO 370 00469200
0)XIaXL(:.,(,0. 0,0) 00469300
DYJ-Yl"(:,J%,o~ ,0,0) 00469400
D)ZK-ZL(:,Z,K,0,0,0) ^40469500
VOLaDX ')Yv'*DZK 00469600
SUMT-SUMT-! . IT(! ,J,K) 'VOL 00469700
SUMPT-S;;MPT+P(I,j,K)/Tc:-,:,K) 'VOL 000469800
SUMPET=SPETRE(,:,)*:./:..0-1./T(I,j,K))*VOL 00469900

370 CONTIN;;T '30470000
SUMPE7-SUL0ET/UGRT 00470100
PCORR= (SU.XPET-SUMPT) /SUM.T 00470200
?CORRN=?CORR 0047C00

0 04 704C

137



~37:- :-!,NIP1 0470500
'.0W 37: .a1,NJPI A004'7C%0
'00 37: K-1,NKPI 0047C000
? (1, %, )=P (I,,K) +PCORRN 0047C8CC

371 CONTINZT 00470900
00V47:00

RETURN 0410
END 04:0

00471300
00471400
004715"0

C 00471600
5*0 swewwsswsswwwswwuwmewae~,.o.ea..os~eo.ssas~we..wwswoo417w

SURROU7MN SOLCON 0047180

COMMON/3L7/NI,NIPI,NIM1,NJ,NJPI,N3?4,NK,NKPINKM1 00472000
£ NIP2,N3P2,NKP2,NA,NAPI,NAMI,N,NPINBM1,KRUN,NCHIP,NJRA,NWRP 00472-.01

COMMON3A2/ NWRITEIPNTAPENTMAXO, NTREAL, TINE, SORSU4, ITER 00472200
CONNON/B1E/ CONSTI,CONsT2,CONST3,CONST4,CONSTS,NT,U0, H,UGRT, BUOY, 00472300

COMMN/337/VISC22,16,32),COND(22,16,32),NOD(22,16,32),RWALL(579)00472700
,.PM4(22,16,32),H4SZ(3,2),NHSZ(22,16,32),RESORM(93) 00472800

00472900
ZO 402 Nul,NCHIP 00473000
:B=ICUBa(N) 00473.00O

:E.I~N0~PI ()-1 0473200
:J~CJP3(N) 000473300
.EoJ3-pN'0HP3 (N)-i 00473400
K3mKCMP3 (N) 004735CC
KZuKB+e"HPK (N)-l1 00473600
DO 405 :oIB,19-1 00473700
00 405 .- JB,JE-1 00473800
00 405 KoKB,KE-1 00473900
C3ND(:,J, K) uCONDO'CONS(N) 004740CC
CPM(I.:,K)uCPS(N) 30474:0:

NOD(~X)-100474200
:(40.Z-.NJ) COND(I,?4JP,)CN(NJK 00474300

:7 (I."W.2) COND(1,j,K).COND(2,J,K) 00474400
.:F I COND (NIPI,J,K)oCOND(NI,J,K) 00474500'

:(:.-.,.2. AND .i.EQ.NJ) CONOA1,J+1,K)mCOND(2,J,K) 0.04'74600o
:: C N)C~(OND(NIPI,J-r,K)uCOND(NI,:,K) 0047470

: ?MI,N:Pl.K)CPM(I,NJ,K) 00^474800v
(1 .7;.2) CPMQ ,,J,K)u;CPM(2,j,K) 0.0474900C

(* -~:) .... NIP*,,.,K) -CPM(NI,j,K) 0450

405 CX~E047--'-"
402 C2%TIMT0450

IETUR; 00475"'0
END 00 47 56

00475700.
.0475e:0

C 0^0475900

SUBRC::NE PTRACK 0047 *00

00.'9O/z--4/HCOEF,TNF,CNT,ATURB,BTURB,VISLVIS4AX,-ORRT, .,?M/20^47630

& 00.:Z,ONDC,V:S,R-OC,R,R,TA,DTEMP,TWRI&E,TTAPE,:YAX,G,RA:R0.476500-
C0NMO!/=_..32/ 7(22,:6,32),R(22,16,32),P(22,16,32) C04766::
& ::(22,.6,32),.(22,16,32),V(22,-.6,32),W(22,'.6,32) :^v4767::

COYMMN1:34/ KziiGHT22,'6,32),REQ(22,:6,32), 004768::
& 3MP(22,:6,32),SMPP(22,:6,32),P?(22,:6,32), 004769::
& : ;(22,:6,32),DV(22,:6,32),DW(22,:6,32) 0.0477000.
00.'ON/3:L39/ALEW,PCURVE,CoVNSRA,PCtRM1,?SOU'r-,QCORR,?pERROR Ov'477.00
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CC ** THE FOLLOWING PRESSURE TEST IS A TEMPORARY MEASURE 70 MODIFY THE 00477300
CC HEAT INPUT TO FORCE THE CALCULATED PRESSURE TO AGREE WITH THE 00477400
CC EXPERIMENTAL PRESSURE. IT WILL BE USED UNTIL ACCURATE HEAT INPUT 00477500
CC " IS RECE:VED. 00477600
CC 00477700

PSOUTH-P 10,9,16)*CONST1+REQ(10,9,16) 00477800
PERROR.(PCURVE-PSOUTH)/PCURVE 00477900
OCORR-1 'PERROR-(PSOUTH-PMI)/PCURVE 00478000
QCORR-1 .0 PERROR- (PSOUTH-PM1) /PCURVE+ (PSOUTH-PM1) I(PCURVE-PCURM1) '00478100
& (PCURVE-PM1)/PCURVE 00478200
QCOiIR'QCORRT*QCORR 00478300
PCURM1u'C-UtE 00478400
PMIPSOUTH 00478500

C 00478600
RETURN 00478700
END 00478800

00478900
00479000
00479100

C 00479200

SUBROUTINE TCP 00479400
it* tttt~t~ttt~ttttttttitttt~tttttt~t,00479400

00479600

* THIS SUBROUTINE CALCULATES THE TEMPERATURE AT THE TERMOCOUPLE '00479800
* POSITIONS. '00479900

COMMON/R4/XC(93),C(3),ZC93),XS(93),YS(93),ZS(93), 00480100
& OXXC(93),DYYC(93),DZZC(93),DXXS(93),DYYS(93),DZZS(93) 00480200

COMlMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT,UO,H,UGRT, BUOY,00480300
G CPO,PRT,CONDO,VIS0,RHOO,HR, TR, TA, DTEMP,TWRITE,TTAPE,TMAX, GC,RAIR00480400
COMMON/L32/ T(22,16,32),R(22,16,32),P(22,16,32) 00490500

,C(22,16,32),U(22,16,32),V(22,16,32),W(22,16,32) 00480600
COMMON/BL38/NTHCO,CX(12),CY(12),CZ(12),NTH(12,3),TCOUP(12) 00480700

00480800
00480900

DO 5100 N-1,NTIICO 00491000
II-NTH(N,I) 00481100
JJ-NTH(N,2) 00481200
KK-NTH(N,3) 00481300
VOL-ABS((XC(U:91)-xC(II))*(YC(JJ+1)-YC(Jj))'(ZC(KK-)-ZC(KK))) 00481400
TCOUP(N)-O. 00481500
DO 5101 :-ii,:t~1 00481600

: --- ~004817C0
DO 5.0.JiJJ,. 1 00481800

-J i00481900
DO 51" K-KK,KK,1 .0482000
KKK-KK-KKi-K 00482100
WVOL=ABS((XC( )-CX(N))'(YC(J)-CY(N))'(ZC(K)-CZ(N)))/VOL 00482200
TCOUP(N)-TCOUP.N)+WVOL*T(III,JJJ,KKK) 00482300

5101 CONTINUE 00482400
TCOUP(N)-TCOUP(N)*TR-273.18 00482500

00482600
5100 CONTINUE 00482700

00482800
RETURN 00482900
END 30483000

00483100
0048320000483300

C 00483400
"'" ............. ,,. "ww... '"='"... ...........wwwsuww~ftsww ......00483500

SUBROU:NE OUT( NN) 00483600*,* *,*,,**,*::: * *.,*w.w**wwasawaawww::* : ....wI...... 00483700
OMMON /KME, THL ,PI,000483800

COMMON/B37/NI,NtPi,NIM1,NJ, NJPI,NJM1,NK,NKPI,NKMI 00483900
£ ,N1P2,NJP2, NKP2,NA, NAP1,NAM1,NB,NBP1, N3MI,KRUN,NC -P,NJRA, NWRP 00484000

139



COMMON/BL1?/ NWRITE,N-.APE,NTMAX0,NTREAL,TIME,S0RSUM, ITER 00484100
C0H14N/BL14/HCOEF,T:NF,CNT,ABTUR8,BTURB,VISL,VISMAX,QCORRT, PM1,P14200484200
COIM0N/BL16/ CONST1,CONST2,CONST3,CONST4, CONST6,NT, UO,H,UGRT, BUOY, 00484300
G CPQ,PRT,CONDO,VIS0,RHO0,HR,TR,TA,DTEMP,TWRITE,TTAPE,TMAX,GC,RAIR00484400
COMMON/BL32/ T(22,16,32),R(22,16,32),P(22,16,32) 00484500
& ,C(22,16,32),U(22,16,32),V(22,16,32),W(22,16,32) 00484600
CONM0IN/BL34/ HEIGHT(22v16p32),REQ(22,16,32), 00484700
& SMP(22,16,32),S14PPC22,16,32),PP(22,16,32), 00484800

& U(22,16,32),DV(22,16,32),DW(22,16,32) 00484900
COMMON/BL36/AP(22,16,32),AE(22,16,32),AW(22,16,32),AN(22,16,32), 00484910
& AS(22,16,32),AF(22,16,32),AB(22,16,32), 00484920

& SP(22,16,32),SU(22,16,32),RI(22,16,32) 00464930
COMMON/BL,37/ VIS(22,:.6,32),COND(22,16,32),NOD(22,16,32),RWALL(579)00485000

a ,CPN(22,16,321,,HSZ(3,2),NHSZ(22,16,32),RESORM(93) 004851004
COSIN/3L38/NTHCO,CX(12),CY(12),CZ(12),NTH(12,3),TCOUP(12) 00485200
COO4ON/3L39/ALEW, PCURVE,CONSRA, PCURI41,PSOUTH, QCORR, PERROR 00485300
XTIME.TIME*H/UO 00485400
nrrnalnint (xim.)
nnxnnnn+l
IN( NN .EQ. 1) THEN 00485500

C 00485600
031.60.060./3.412/1000. 'OR 00485610
WRITE(6,500) XTIME,NTREAL,TIME,ITER,RESORM(ITER) ,SORSUM,QRR 00485700

500 FORNAT(1X, 'TIM~u',F7.3'1 Sf,lX,'NTREALm',19,lX, 00465800
& 'TI14E.,F7.2.'<0),:,'zITER.',,1,X,'S0URCE-', 00485900
& F9.6,1X,'SORSUMuf#F9.6,1X*# QRIKW) - ',F10.4) 00406000

C 00486100
0KW a ((60.,6o.)/(3.4',2*1000.),' Q 00486200
PRINT * 00486300
PRINT It f PCURVE PSOUTH PERROR 000486400
&CRR OCORRT Q(KW) '00486500

PRINT '.PCURVE,PSOUTH, PERROR,QCORI,QCORRT,QKW 00486600
PRINT *00486700

C 0046800
ELSE IF( NN -EQ. 2 ) THEN 00486900
PRINT * 00467000
PRINT *,I TEMPERATUJRES AT THERMOCOUPLE POSITION IN (C)' 00487100
WRITE (6,0) (TCOUP(N),Nul,NT4CO) 00407200
PRINT 900487300
PRINT ' 00467400

00487500
ELSE 00487600

c write (mrnn 2) 1 mew',xtirne,'seconds'
c writoinnn,m)' noose u v w
c write (rx, m) I ile-', x-±ir,',Iseconds I
c write(nnx,*)* nosem temperature pressure'

DO 5C2 .:-p.00487800
K-L, 00487900

DO 502 M'.1,XPl 00488000
: 1 0048610C

b'RITE16,504) :,K 00486200
504 FORMAT(/. X,'Iu',I.2,5rX,'K.',:2,/,10X,I T ';D',3x,'R(GM/C.C.),2X, 0048300

& 'U(CMISEC)',2X,'V(cMISEc)'.2X,'W(CMISEC)','P (ATM)',5XD'SMP',5X, 00488400
a 'VIS(SEC/C14-CM)',3X,'C OND(SEC/CM-CM)',' XSMP',/) 00488500 4

513 DO 503 :-:,NJPI 00488600
C XTEMP=T(:,:,K)/CONST3-273.*:6 00488700

XT~mP-T (. I I K)00489800
C XR-R(I,.,K)*RHOO/2.2^48 *'.l000.*(0.0328)*m3 00488900

XRmR(IZ,K) 0.0499000
C XU-U(I.,X,) 'CONST6 00489100

XV-V (I,.;,K) *CONSTE 00489200
C XW-W(I,Z,K) 'CONST6 100489300
C XP-(P(:,:,K)'CONST1-.-iQ-(I,:,K)'P!NT) 00489400

XP-p(:,.,K) 00489500
XU-U(:,:,K) 00489600

xv-v(":,K)00489700
XW-W(I,J.K-1) 00489800

cc XVIS-VIS(:,.,K) *RHOC.Cp 0*Hai*O*al.48814 00489900
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CC X0OND-=CC^ND(I,3,K) *RHOO*CPO*H*U0*1.48814 v'0490000
xvIs.V'.S(Ivj,K) /VIS0 00490100
XCOND=COND (I, J, K)/VISO 00490200
XSM.wUR: (I,J,K) 100490300
.D)YYu * /FLOAT (N3MI-2) 00490400
?7 *SQRtT(U(I,J,K)**2+V(I,J,K)**2+W(I,J,K)**2)*DDYY/COND(I,J",K) 00490500
WRITE(nnn,555) i,jfk,xu,xv,xw 00490600

write(n.nx,6 i, j,k,xtemp,xp
556 !orma.C'node(',313,')',2(2x,el2.4))
503 CONTINUE 0W0490900
502 CONTINUE 00491000

WRITECE,') 'THE TIME WHEN T-HE DATA WAS STOREr )N DISK IS:',
4 XTIME
close tnnn)
close (tnx) 00467700
ENDIF 00491100
RETURN 00491200
END 004 91300
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