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RICE: A COMPUTER PROGRAM FOR MULTICOMPONENT

CHEMICALLY REACTIVE FLOWS AT ALL SPEEDS

by

W. C. Rivard
0. A. Farmer
T. D. Butler

ABSTRACT

The fluid dynamics of chemically reactive mixtures are ialcu-
lated at arbitrary flow speeds with the RICE program. The dynamics
are governed by the two-dimensional, time-dependent Navier-Stokes
equations together with the species transport equations and the
mass-action rate equations for the chemical reactions. The mass and
momentum equations for the mixture are solved implicitly by the ICE
technique. The equations for total energy and species transport are
solved explicitly while the chemical rate equations are solved im-
plicitly with a time step that may be a submultipl'j of the hydro-
dyr.amic time step. Application is made to continuous wave HF chemical
lasers to compute the supersonic mixing and chemical reactions that
take place in the lasing cavity.

I. INTRODUCTION

The RICE computer program has been written to

study the two-dimensional dynamics of multicompon-

ent flows with chemical reactions. The program has

been applied principally to investigate the species

mixing and chemical reactions that take place in the

cavities of continuous flow chemical lasers. In

this application, supersonic streams of reactants,

whirh -.̂ y either be impinging or flowing parallel to

one .mother, mix under the action of molecular and

turbulent diffusion and react exothermally to pro-

duce vibrational y excited species that serve as

the lasing mediun. The RICE program has also been

applied to incompressible flows, to deflagration

and detonation wares, and to the turbulent mixing

of supersonic streams.

RICE solves the full, two-dimensional Navier-

Stokes equations by the Implicit Continuous-fluid

F-ulerian (ICE) solution method. The implicit solu-

tion procedure for the mass and momentum equations

for the mixture uses a different technique for the

pressure iteration than is described in Ref. 2. In

place of solving a Poisson equation for the pressure

field,,' a relaxation technique, devised by Chorin

and modified by Hirt and Cook, is used. This pro-

cedure provides a more convenient treatment for the

boundary conditions. An explicit solution of the

total energy equation follows the solution of the

mass and momentum equations. The species trans-

port equations use Fick's law to model the ef.ects

of molecular diffusion. Separate transport equa-

tions are solved explicitly for each species. The

effects of nonequilibrium chemical reactions are

described through an implicit solution of the mass-

action rate equations with generalized Arrhenius

kinetics. The total energy equation includes the

effects of the energy flux due to species diffusion

and of the heats of formation from the chemical

reactions.

The differential equations that govern the dy-

namics are given in Sec. II. The finite difference

equations and the solution method are described in

Sec. III. The initial and boundary conditions and

numerical stability are also discussed in this
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section. A method chat provides .1 considerable in-

crease in accuracy for tl.e same computational mesh

;ind significantly decreases the computational cime

is described in Rcf. 6.

The computer program is described in Sec. IV.

Card by card descriptions of the input data are

given. The FORTRAN symbols, flow diagrams, and

FORTRAN listing are given in Appendixes A-C.

A comprehensive example problem is solved in

Sec. V. The fluid dynamics, species mixing, 2nd

chemical reactions that take place in the cavity

of a continuous flow chemical laser are calculated

to Illustrate the features of the code. The input

data is prepared in detail and samples of the vari-

ous printed and plotted output are shown.

11. THE MATHEMATICAL MODEL

The differencial equations that govern the

fluid dynamics, species mixing, and chemical reac-

tions arc- presented in this section. The equations

are writcen in cylindrical coordinates with axial

symmetry and zero azimuthal velocity. The equa-

tions for plane coordinates are obtained by setting

the radial distance r equal to unity and the normal

stress component aK. equal to zero.

,\^_ Mixture Equations

The motion of the fluid mixture is governed by

the equations for mass, ti:oi«>m.uro, and energy con-

servation. These are the continuity equacion.

3r 3z (2.4)

In thesa equations, p is the density; v and u are

the velocity components in the r and z directions

respectively; p is the pressure; a , a , o..,

and o are the components of viscous stress; E is

the specific total energy given by

1/2 (u2 + v2) + I (2.5)

where 1 is the specific internal energy; q and q
IT Z

are the r and z components of energy flux due to

heat conduction and species diffusion; and q is the

rate of energy release from chemical reactions.

The constitutive equation for a Newtonian

fluid relates the viscous stress tensor to the rate

of strain tensor:

o r r - 2 u - ^ +
l 3vr . 3u
IT + te

3u

(2.6)

r Jt

v
 J. 1 /l 3vr , 3u \
7 + Hr IF + 37/

3 0,

the usual Navier-Stokes equations.

where y and >. are the first and second coefficients

of viscosity.

The energy flux components q and q are given

bv

(2.2)

3DU . 1 3puvr , 3pu 3p , 1 rz zz ._ _,
3t r 3r 3z 3z r 3r 3z

and the energy equation.

3T

and

3T
3z

ph.

37

3(Pk/p)

~T~k k

(2.7)

3pE 1 3pEvr 3pEu _ 1̂  opXE 3pu
3t r 3r 3z r 3r 3z

+ - — (a vr + a ur) + -£- (0 v + 0 u)
r Sr \ rr rz / 3z \ rz zz /

where < is the thermal conductivity of the mixture,

T is the temperature, hfe is the specific enthalpy

of species k, D. is the effective binary diffusion

coefficient for species k into the mixture, and

Pk is the density of species k. The first term in

Eq. (2.7) is the energy flux due to thermal



conductivity, while the second term is the flux due

Co the interdiffusion of the species. For this lat-

ter term, Fick's law is used to describe the effects

of ordinary diffusion which is the only nixing mech-

anism considered. Other mixing mechanisms associ-

ated with pressure and temperature gradients are

generally small compared to ordinary diffusion for

continuous flow chemical laser systems.

The rate of energy release from chemical reac-

tions q is defined in Sec. II.C.

The caloric equation of state of the mixture

•jhat expresses the pressure as a function o;r the

density and specific internal energy is arbitrary.

In this report the perfect gas relation,

(7-D PL (2.8)

is used, where -y is :he specific heat ratio y =

C /Cv> The specific heats of the fluid mixture at

constant pressure md cons';int volume are given by

S =

and (2.9)

-1

Mass conservation requires that the sum of the

species densities should equal the density of the

mixture, i.e.,

£
k

(2.11)

If we sum Eq. (2-j.O) over all the species and use Eq.

(2.11) with the mixture continuity equatior., Eq.

(2.1), we obtain the result that

E
k

I JL
r 3r £K = o,

(2.12)

since mass is neither created nor destroyed by chem-

istry. In ether words, Eq. (2.12) states that mole-

cular diffusion alone produces no net mass transfer,

hence no change in the mixture density. Equation

(2.12) is identically satisfied when D is the sanse

for all species. In general, however, this is not

the case and Eq. (2.12) is viewed as a constraint

on the diffusion coefficients.

C. Chemistry Equations

TUe equations that govern the finite rate

chemical reactions are described in this section. A

chemical reaction is written as

a2 X2 VSc * bl*l + b2X2
bkV

where (C ) and (C ). are the constant specific heats
p K V K

for species k at constant pressure and constant

volume, respectively.

B. Species Transport Equations

The motions of the individual species are de-

termined through the species transport equations:

3t 3z r 3?

e.g. F + H, •' HF + H, (2.13)

where X. represents the chemic.il species and a. and

b. are the dimension less stolchiotnetric coefficients,

some of which may be zero. In the example, X.

through X4 correspond to F, H,, HF, and H respec-

tively, while

ak - jl, 1. 0, oj and b,. » jo, 0, 1, 1 J .

h h (2.10)

where (p.) Is the rate of change of the density of

species k from chemical reactions and is defined in

Sec. II.C. As in Eq. (2.7), ordinary diffusion,

described by Fick's law, is the only mixing mech-

anism considered.

The rates at which species concentrations are

changing during the reaction aTe proportional to one

another according to the law of definite proportions.

For Eq. (2.13), the law of definite proportions is

written as

M1(b1 - - a2)
V2.14)



where M. is the molecular weight of species k.

Equation (2.14) provides a natural definition for

the reaction progress variable UJ,

(2.15)

The reaction rate is defined as the rate of change

of M. The dependence of the reaction rate upon Che

species concentrations and thermodynamic state is

expressed by the dilute-gas or mass-action rate so

that

(2.16)

where K, and K. are the rate multiplier!; for the

forward and backward reactions. The rate multi-

pliers have the form

- _p IT
K, or K, » CT'e (2.17)

with constants C, ;, and E which is the ratio of

'•e activation energy to the tinivcrs.il gas constant

R. The constants are generally different for the

forward and backward reactions. With '. » 0, Eq.

(2.17) reduces to the Arrenhiuss form.

The rate of energy release q from a chemical

reaction is given by

III. THE FINITE DIFFERENCE EQUATIONS AND NUMERICAL
METHOD

The purpose of this section is to define the

finite difference equations that are used to approx-

itu?fe the differential equations presented in Sec.

II and to describe the numerical method for their

solution. The solution method is based on the ICH

technique. It is quite general and permits the

solution of a variety of different flows ranging

from very compressible to completely incompressible.

For incompressible flows the nerhod reduces to the

Simplified Marker and Cell Method.7

Equations (2.1) to (2.4) are written in a

more general form than those in Ref. 2 in order to

Incorporate variable coefficients of viscosity and

thermal conductivity and to include the additional

effects of species diffusion and cheisical reactions

in the energy equation- The method of solution is

altered slightly io include these effects and to

incorporate a different iteration procedure for titr

pressure and velocity field that sisplirics tiie

inclusion of various boundary conditions. This new

iteration scheme is equivalent ti> that In Kef. 2.

The flow region of Interest is divided into a

large number of finite-size, space-fixed, rectangu-

lar zones called cells. Collectively, those cells

form the coraputinR nesh over which the finite dif-

ference equations are Co be solved. Figure 1 shows

a typical computational cell and the locations of

qu. (2.18)

where q is the heat of reaction which is positive

for exothermic reactions and negative for endother-

mic reactions. The rate of change of the density of

species k from a chemical reaction is obtained from

Eqs. (2.15) and (2-16),

(Vc (bk" V - (2.19)

In the presence of several chemical reactions, the

net rate of energy release and the net rate of

change of species densities are simply the sum of

the rates for each reaction.

'.y

-.-i.i

Fig. 1. A typical computational cell and the loca-
tions of the variables that appear in the finite
difference equations.



the variables that appear in the finite difference

equations.

The components of velocity and momentum density

are centered on the boundaries between cells as in-

dicated, and Q. . represents cell-centered quanti-

ties such as y, PE, c , p(p), I, n, \, K, D. , and

0, where c is the adiabatic sound speed and p is a

pressure that is defined later.

The solution is accomplished by algebraically

solving the finite difference equations over a time

step 5c. The solution at time t = fit is calculated

using the specified initial conditions at time t =

0. In general, the solution at t = (n + l)6t is

calculated using the solution at t • n6t.

A. Mass and Momentum

The finite difference approximation to the con-

tinuity equation for the mixture, Eq. (2.1), is

written as

J
(3.1)1

where the components of momentum density at time

lovel (n+1) are defined later and p, . is deter-

mined from quantities at time level n:

1.J

< 3- 2 )

In these equations 6 is a parameter used to vary the

relative time centering, of the convection terms. It

ranges in value from zero for a purely explicit cal-

culation to 1.0 for a completely time advanced treat-

ment of the convection terms. A value 8 * 0.5 is

usually chosen for most compressible flow calcula-

tions because this value time centers tb» terms and

eliminates first order time errors that arise in the

difference procedure.

The diffusion terms in Eq. (3.2), i.e., the

terms involving T, are added to cancel low order

diffusional truncation errors. These errors, when

left alone, can lead to numerical instability. The

T terms are calculated from the values of T ' given

( c 2 )i,3 +l

<5r

.,„ ,.6t 1/-(26 - DTjK

, 2

vi,j+3/2

n \2 If, 2.n

)
(3.3)

(3.4)

where the square of the adiabatic sound speed is

c = Y(Y - 1)1 for a perfect gas. The value of T is

determined from the algebraic sign of T',

(3.5)

(1 - O (T'K 4J, if (T*)i.j-4 * °'

where £ is a constant ranging between zero and unity.

The other values of T * and T are found similarly.

This procedure of variable coefficients of dif-

fusion has proven very successful over a variety of

problems tested. It has obvious advantages over the

scheme originally proposed for the ICE method be-



cause it automatically supplies just the amount of

diffusion required to stabilize the computational

scheme and applies it only in regions where it is

necessary. The extension of this procedure to the

full set of field equations is described in Ref. 6.

The finite difference approximations to the

momentum equations, Eqs. (2.2) and (2.3), are

written as

In Eqs. (3.8) and (3.9) straight forward centered

differences are used for the various terms. Typical

terms are given by

. 2 1 n , n
3 ( v

2 ->. . n
u ( v

(3.6)

and

, .ii+l , - . , d)5t t- ,, -,,

l°»>u±,j = ("u)i+f,j + 57 4pi,j ' (3-7)

where the tilde values of momentum density are com-

puted from quantities at cime level n, and where

(Sp. . is obtained by iterating on the condition

that the finite difference approximation to the

continuity equation, Eq. (3.1), is satisfied to

within a specified deviation from zero. The itera-

tion procedure for determining <5p. . is described

later. The role of i)> is similar to that of 6 in

Eq. (3.1). The tilde values of momentum de.sity

are given by

n 1 , n n .)

(r + r

P

(3.8)

and

(pu)



n .1 1 , n

1 , n

k

Uj+3/2

The criterion for convergence of the iteration

procedure is that the continuity equation, Eq.(3.1),

is satisfied to within a specified small amount e,

i.e., Eq. (3.1) is written as

jj
and the convergence requirement is |D| < £. The

procedure is begun by estimating the mass and mo-

mentum densities at time level (n+1) as the mass

density at time level n and the tilue values of

momentum density, but the choice is arbitrary.

It the convergence criterion JDJ < e is satis-

fied, the quantities in cell (i,j) are net changed.

If however, the criterion is not satisfied, the

pressure is changed by an amount

1 n
(",

The remaining terms in Eqs. (3.8) and (3.9) are de-

fined similarly.

The viscosity coefficients are variables here

rather than constants as they vere in the original

formulation of the 1CK method. This proves very

helpful in problems for which the variation of

viscosity with temperature is important and, as

shown later, for inserting the appropriate vis-

cosity values into the equations to maintain numeri-

cal stability.

The solution of Eqs. (3.1). (3.6), and (3.7) for

n+1 , .n+1 . , ,n+l . ,. , j .
c. ., (rv). . i, and (pu) i . is accomplished by

iterating on the pressure p + Sp The

original ICE method obtained the p pressure field

by solving a Poisson equation and from this the mass

and momentum densities were determined. The itera-

tion procedure in RICE that simultaneously solves

for the p pressure and mass and momentum densities

is desirable for the ease vith which different

boundary conditions can be incorporated into the

computer program.

26$6t2 <5z'2)

' • * • '

(3.i')

(3.12)

where .1 is a constant over-relaxation factor usually

chosen between 1.0 and 1.8. At the start of the

iteration p. . = p. ,. The choice for the value of

:i is problem-dependent to some extent. If the flow

is rather compressible with Mach number greater than

unity, good predictions of <5p are obtained for d - 1.

For very small values of the Mach number, Q greater

than 1.5 produces the most rapid convergence.

When the p pressure is changed according to Eq.

(3.11) the mass and momentum densities are also

changed as follows

n+1 n+1
P

v tl+1
)

n+1

(Pu)



(PV)
n+1

*~ (3.13)

This process is repeated in all computing cells un-

til |D| < s: in every cell of the computing mesh.

When the convergence criterion is satisfied

for every cell, the values of the mass and momentum

densities are the solution values at time level

(n+1). In addition, the p pressure field is an in-

termediate pressure that reflects the density at

time level (n+1) and the specific internal energy

at time level (n). The velocities are obtained

from the mass and momentum densities as

n+1
u

n+1 (3.14)

B. Total Energy

The velocity components of the mixture at time

level (n+1) obtained after the iteration procedure

are used for the explicit calculation of the total

energy density. An intermediate value (pE) of the

total energy density is obtained that neglects the

effects of species mixing and chemistry in Eq. (2.4).

The finite difference equation for (pE) is

n+1

,,..n
< K ) ,

fit n+1

n+1

In this equation all quantities that are required at

spatial locations in the mesh other than where they

are defined (recall Fig. 1) are obtained by simple

averages, e.g.,

1 /.n
'i,j-f ~ 26r ^i,j

n+1 n+1

n+1
v i,J+4-

n+1 , n+1n+1
v

n+1 n+1
U "

and similarly for the other quantities. The energy

flux due to thermal conductivity in Eq. (2.7) has

been written in terms of gradients of I rather than

T, and •< has been replaced by I? in Eq. (3.15). This

gradient transformation is correct only when C is a

constant and (c « K/C . However, since the thermal

conduction term is used for numerical stability in

Eq. (3.15) the I-gradient form is retained even when

C is variable. This form allows for a signifi-

cantly larger time step than would be possible

otherwise. Numerical stability is discussed in de-

tail in Sec. III.F.

A tilde value of the specific internal energy

is obtained from the tilde value of the total energy

density as



n+1
V (3.16)

For the flow of a single fluid, the tilde "alues

of (pE) and I are in fact the values at tiroe level

(n+1). For multicomponent flows the energy flux

due to species diffusion is added to (pE) after

solution of the species transport equations and the

energy release (or absorption) from chemical reac-

tion is included after solution of the chemistry

equations.

C. Species Transport

The solution procedure for the species trans-

port equations is similar to the procedure used for

solution of the total energy equation. A tilde

value ot species density is obtained by solvis;g the

finite-difference approximation to Eq. (2.10)

neglecting the species diffusion and chemistry

terms. These terms are again treated separately and

their respective contributions are added to the

tilde value to yield the final species density at

time level (n+1). This procedure, while not a

necessity in the solution, enables each effect to be

handled separately and greatly simplifies the pro-

gramming of the computer code.

The tilde value of the density of species k is

- (0,.

(3.17)

where interpolated donor cell differencing is used

for the convection terms such that

n+1
v

and

n+1 n+1 (3.18)

and similarly for (PJtv)1 . M and (Pk
u)i+i •• 'fne

diffusion terms in Eq. (3.17), i.e., the terras in-

volving B, are added to cancel low order tiif{visional

truncation errors similar to ti:e T terms in Eq.

(3.2). In like manner, the 0 terms are calculated

from the values of the S' terms given by

(6')

and

fir n+1
v

n+1
vi,3+t

n+1 n+1 (3.19)

with

3.

-' vt> 'i,j+^. il ^ • 1,3+i "' (3.20)

where £ again ranges between zero and unity. The

other values of 6* and 6 are found similarly.

To achieve rigid conservation of mass, i.e.,

to insure that the mixture density equals the sum

of the species densities in a computational cell,

the tilde density of the last species is calculated

as



NS-1

k-1

(3.21)

where NS is the total number of species. Mass con-

servation is insured when the sum of the species

tilde densities equals the mixture density, since

species diffusion and chemistry produce no net mass

change. This approach is simple to include in the

computer program and has produced excellent results.

The effects jf species diffusion are calculated

in accord with Eq. (2.10) subject to the constraint

that there is no net mass transfer as expressed by

Eq. (2.12). This constraint is enforced in the

solution algorithm by requiring that there be no net

mass transfer across any boundary of the computa-

tional cell. In finite difference form this yields

the conditions that

where

(3.24)

and

= n (To x.

a. is scaled to the molecular weight of atomic hy-

drogen, M,, = 1.0, and n is a constant. The

coefficient a^ describes the dependence of D. on the

molecular weight of species k. This inverse square

root dependence is analogous to the dependence of

the mean molecular velocity on the molecular weight

at constant temperature in kinetic theory. The

specific heats are given by Eq. (2.9) as

(3.22)

where

<U>!i<

c
n+l .I \

' | < V
n+l

0 1+1, a

(3.23)

for the top aid right boundaries of the cell with

similar expressions for the bottom and left boun-

daries. The diffusion coefficient (D. ) . . is

evaluated for low density gases ns

«

and the temperature as

(3.25)

Equation (3.22) is identically satisfied, as is Eq.

(2.12), when D, has the same value ff- ^11 species.
K

This is the case, to good approximation, when the

species have sufficiently similar molecular weights

and the mixture density is sufficiently rarefied.

Generally, however, the diffusion coefficients

are different for the different species so that Eq.

(3.22) is not identically satisfied. If a summa-

tion yielOs a positive value instead of zero, those

elements that are positive are reduced in magnitude.

On the other hand, if a summation yields a negative

value, those elements that are negative are reduced

in magnitude. This is accomplished through a re-

duction factor so that on the top boundary of the

cell

10



" A / A +> f o r

^Vi.j-hi- *" (6Vi,j4 d - A'A~> for A < 0 (3.26)

where (5f. ). .j and (6f~). .,1 are the positive and

negative element^ respectively and A represents

summations, i.e.,

A similar procedure is used for the right, bottom,

and left boundaries.

The species tilde densities are updated to in-

clude the effects of molecular diffusion described

in Eq. (2.10)

r.j (fif. ). .
j+t k i,j

(3.27)

n+1which assures that the mixture density p. . does not

change.

The energy flux due to the interdiffusion of

the species is described by Eqs. (2.4) and (2.7)

and is added to the tilde value of the total energy

density as

(3.28)

P. Chemistry

The effects of a finite rate chemical reaction

on the species densiies are described by Eqs.

(2.10), (2.16), and (2.19). To determine the pro-

gress of the reaction during the computational time

step from t = n6t to t = (n+l)6t, Eq. (2.16) is

solved. The net effect of several reactions is

simply the sum of the effects of each reaction and

is discussed at the end of this section.

Equation (2.16) is solved implicitly for the

change in concentration of a particular species,

designated as the reference species for the reac-

tion. The reference species is chosen automatically

by the program as the species with the lowest con-

centration, i,e., with minimum value of

./
j .

, and a negative rate of change

of concentration. The implicit solution of Eq.

(2.16) insures that the concentration of the refer-

ence species, and hence the concentrations of the

other species, will not be driven negative during

the time step 6t. In finite difference form Eq.

(2.16) is written as

i»j r

i + /- ̂  r n (P, ) /

for u > 0 (3.29)

(PE). . <- (PE). .

NS

St b M K, SS
\ r b

t b M K, SS , ,b

t~\
 r b n (P.). ./\

for 0.1 < 0
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where subscript r refers to the reference species
*

and to is evaluated explicitly as

NS k] •
(3.301

The selection of the appropriate reference species

is accomplished automatically in the computer pro-

gram for each computational cell at each time step.

The rate multipliers are determined from Eq. (2.17)

where the temperature is calculated from Eq. (3.25)

using the most updated values of (pfc). - from Eq.

(3.27) and I. . from Eqs. (3.28) and (3.16).

The final values of the total energy density

and the species densities are calculated from the

increment in the progress variable u defined through

Eq. (2.15). The progress increment is determined

from the solution for the reference species, i.e.,

The rate of heat release due to chemistry, the

last term in Eq. (2.4), is given by Eq. (2.18).

Accordingly, the value of the total energy density

at time level (n+1) is

(PE)
n+1

(p"E) (3.32)

The rate of change of the species densities

due to chemistry, the last term in Eq. (2.10), is

given by Eq. (2.19) so that the final values of the

rpecies densities are

(p,. (3.33)

When several reactions are occurring simultan-

eously, a progress increment 6.;- is calculated for

each reaction. In this case Eqs. (3.32) and (3.33)

are replaced by

(3.34)

and

NR

where NR is the total number of reactions.

In certain situations it is necessary to util-

ize a time step <5t which is a submultiple of the

hydrodynamic time step 6t for p"'""tion of Eq. (3.29).

Such a situation can arise, for example, when a

particular species is being consumed in different

reactions at different rates or when the character-

istic time for the chemistry is fast, but not in-

finite, compared to the characteristic time for the

fluid dynamics. The final solution is obtained by

subcycling through Eqs. (3.29) - (3.35) the integral

number of times necessary with 6t replaced by 6t .

The computational cycle is completed with the

calculation of tiie final value of the specific in-

ternal energy from Eq. (3.16) where (pE) is used

in place of (pi.) and the final pressure from the

equation of state, Eq. (2.8).

n+1 xn+l (3.36)

where

Y n + 1 (C

and the specific heats are given by Eq. (2.9) as

..n+1 .n+1. n+1

\a+1-Y

E. Initial and Boundary Conditions

To begin the solution of the finite difference

equations in time, it is necessary to specify a set

of initial conditions for each computational cell.

Values are required for a, u, v, I, and P. , which

are the dependent variables in the governing equa-

tions. Uniform initi.il conditions arc specified

conveniently in the computer program throngh the

input data.

Several different boundary conditions around

the perimeter of the conputlnR ncsli ;irc

1) So-stip riRid walls.

12



2) Free-slip rigid walls,

3) Prescribed input,

4) Continuative output.

For the first two, the rigid walls are also adia-

batic or nonconducting. Rigid walls can be speci-

fied along any boundary of the computing mesh. The

free-slip wall is equivalent to a reflective plane

of symmetry. Input can be prescribed anywhere along

the left and top boundaries of the mesh with up to

two distinct inflow openings on each boundary. In-

flow is prescribed along the left boundary by speci-

fying values for p, u, v = 0, I, and p, and along

the top boundary by specifying values for p, u = 0,

v, I, and pfc. A continuative output boundary can be

Prescribed anywhere along the right boundary with up

to two distinct openings. The bottom boundary of

the computing mesh is either a free-slip or no-slip,

adiabatic, rigid wall.

The prescribed boundary conditions are enforced

through the use of fictitious cells that surround

tht computing mesh as shown in Fig. 2. For rigid

walls the tangential velocities are set in the fic-

titijus cells according to Fig. 3, which illustrates

the situation for the bottom boundary.

The velocities are set similarly for rigid walls;

along the other boundaries. The velocities are the

only quantities that are set in the non-fluid cells.

When the value of any quantity is needed on a wall

boundary, e.g., the value of u that is required to

compute c on the bottom boundary for the z-momen-

tum equation, it is obtained

I.JB3

I.JB!

s.JB

1.6

1.3

1.2

COMPUTING ME?* —

2.! J.s a . i j 5,s i*.i I * . ' *?.« ••.*

e*«t» w»4 8»rr«t«t4I«fi f let

1,2 —

i,l —

i—. »•

— »»

FREE - SLIP NO - SLIP

Fig. 3. Velocity boundary conditions for free-slip
and no-slip rigid walls.

from averages of the nearby quantities in the fluid.

At an inflow boundary the specified quantities

are located on the cell boundary with the u or v

components of velocity. Figure 4 shows typical in-

flow cells along the left and top of the computing

mesh. Values of quantities at the center of an in-

flow cell are obtained by linear extrapolation from

their values on the boundary and nearby in the

fluid.

The right boundary of the computing mesh can be

a continuative outflow boundary, a rigid wall, or a

combination with up to two outflow openings. The

continuative outflow boundary is gradient-free in

the axial direction across columns IB, IB1, and IB2

for all quantities except the velocities.

The boundary conditions that aie available

around the perimeter of the computing mesh are ap-

propriate for the calculation of a variety of in-

terior flows. The calculation of exterior flows,

i.e., flows around obstacles, is also possible

with die RICE program through the option of speci-

fying obstacles in the interior of the conputing

twsh.

* • . . *

• M * ' « C *

dip be«ssits'4f !«VK **S (W r.<v,«Ua



Obstacles are built from combinations of solid

and diagonally cut rectangular cells. The bounda-

ries of an obstacle can be a combination of free-

slip and no-slip, adiabatic, rigid walls and the

right and bottom boundaries can have prescribed in-

flow to the computing mesh when they coincide with

the cell boundaries. A continuative outflow boun-

dary is not available for the interior obstacles.

The boundary conditions are enforced on the interior

obstacles in the same way as they are around the

perimeter of the mesh for obstacle boundaries that

coincide vith cell boundaries. For obstacle boun-

daries that are formed by diagonally cut cells, the

treatment of boundary conditions is described in

Ref. 8.

F. Numerical Stability

The finite difference equations described ear-

lier in this section for the mixture and species are

generally unstable unless artificial diffusion of

some sort is added. An unstable solution either os-

cillates or grows unbounded in time and in no way

resembles the physical flow. Estimates of the a-

mount of artificial diffusion needed for stability

can easily be made. However, the computational time

step is inversely proportional to the excess diffu-

sion added so that overestimates can be costly in

the total computer time required to obtain a solu-

tion. In addition, excessive Jiffusion reduces the

spatial resolution of the calculation and hence the

accuracy for a given cell size.

In the mass equation for the mixture » diffu-

sion is added in the calculation of p in Eq. (3.2)

through the '-terms. The amount of diffusion needed

is determined very accurately by calculating for

uacli cell the value of the low-order diffusional

truncation errors, which are the source of nonlinear

instabilities. Diffusion is added in an amount to

cancel these errors , which often have values that

are orders of magnitude different in the r- and z-

direct ions.

The momentum equations for the mixture, Eqs.

O.6) and (3.7), are stabilized by adding diffusion

through the viscosity coefficients y and '. The

amount of diffusion needed is estimated as

3/2(u )".St and 3/2(v )~5t (3.37)
max max

and

u/p > l/2(umax)
2ot and (3.38)

which were derived from a truncation error analysis

neglecting the second-order spatial errors. In-

equalities (3.37) and (3.38) reduce to a single in-

equality when X = y. The computational time step is

restricted by the amount of excess diffusion furnisn-

ed according to the relation

X)6t/p < l/2(6r)2(Sz)2/[(5r)2 (6z)2J (3.39)

derived from a Fourier analysis. The total diffu-

sion added in accord with inequality (3.37) is con-

sidered excess to insure stability in a stagnation

region. A similar inequality exists for the excess

diffusion in the mass equation but need not be con-

sidered since inequality (3.39) is by far the more

restrictive one. Simultaneous satisfaction of in-

equalities (3.37) - (3.39) generally provides a

numerically stable solution to the momentum equa-

t ions.

The total energy equation, Eq. (3.15), is stab-

ilized by adding diffusion through the coefficient

i?. The amount of diffusion needed is estimated as

</p > l/2[(yu) ]25t and 1/2 [(yv) ]2«t, (3.40)
max max

which again is derived from a truncation error anal-

ysis neglecting the second-order spatial errors. The

maximum excess diffusion in a stagnation region is

</o whirh results in an inequality similar to (3.39),

K5t/p < l/2((5r)2(6z)'7[(<1ir)2 (6z)2]. (3.41)

The stability of the species transport equa-

tions is provided by locally canceling the low-

order diffusional truncation errors as is done in

t'.e mass equation for the mixture.

In summary, the finite difference equations in

RICE are generally numerically stable when u, X, K,

and 5t are chosen to satisfy simultaneously the in-

equalities (3.37) - (3.41). These inequalities re-

duce to inequalities involving only the ratio u/o



and <5t when A and t? are written as

AM, < = Bu (3.42)

where A and B are constants usually chosen as unity
2

and (y ) respectively. For this choice, inequal-

ities (3.37), (3.38), and (3.40) reduce to a single

inequality. In addition, for the usual case where
2

(7 n a x) ± 3, inequality (3.41) is automatically sat-

isfied when (3.39) is satisfied.

The values of St and p/p determined for numeri-

cal stability are constants specified by the input

data. To insure that the ratio p. ./p. . is a con-

stant in the presence of varying density, the shear

viscosity is computed as

= ( U / P ) Pi
(3.43)

In certain situations the time step may have to

be reduced because of strong coupling between the

chemistry and the fluid dynamics. Strong coupling

occurs when either the heat of reaction or the

reaction rate is sufficiently large that a drastic

:hange is produced in the internal energy density

and hence the pressure in a single hydrodynamic

time step.

IV. THE COMPUTER PROGRAM

The RICE computer program is described in this

section. A global description of the subroutines

and their functions and a card-by-card description

of the input data are &lven. The program details

are presented in three appendixes. Appendix A de-

fines the FORTRAN IV symbols that are used in the

program. The flow diagrams for each subroutine are

presented in Appendix B and the FORTRAN IV listing

of the program is given in Appendix C.

A. Global Description

The structure of the program and calling se-

quence for the various subroutines is shown in Fig.

5. The calculation begins with the RICE main pro-

gram. The input data is read and in the case where

the calculation is being continued from the results

of a previous calculation, those results are read

from TAPE5 by subroutine RTAPE5. In this case the

data read from TAPE5 serves as the initial condi-

tions for the new calculation; otherwise, uniform

initial conditions are set as directed by the input

RT1PE5 VPLCT CNPLOT COPLOTI I PROG

jSPEC>

Fig. 5. Structure of the RICE program and the call-
ing sequence for the various subroutines.

data. The plot routines VPL0T, CNPL0T. and CdPL#T

are called next to converc the r.z coordinates of

the computing mesh boundaries to the appropriate co-

ordinates for later plots on microfilm. The fi-ial

call is to subroutine PR0G, which assumes control of

the calculation from this point to the end. The

first call by PR0G is to subroutine FLIC. FLIC as-

signs values to the matrix of flags FL. . that is

used to distinguish the various types of cells in

the computing mesh and around its perimeter. Thir-

teen different types of cells exist. Subroutine

CVIC is called next to set initial conditions and

inflow boundary data. The setting of initial con-

ditions is bypassed in CVIC when the initial data

is obtained from tape. The Inflow boundary data

must be specified in all cases, however, which offers

the option of changing the inflow boundary data free

what was on tape. Statement 1000 begins the repeti-

tive portion o; the computational cycle. Calcula-

2
tion of c , :i, T, and p are made prior to calling

subroutine TASVEI-. TANVEL sets the tangential veto-

cities in tho fictitious cells that forra the ripi.i

wall boundaries around tho computing oesh ami in tin-

sel id cells that form the boundaries of interior ob-

stacles. Plots on microfilm are made at dosis!>.»i,;-si

time increments. Subroutine VP1.0T plots the velo-

city vectors for each cell Jn the computing eresti.

whicii display the direction and magnitudes o! the

fluid motion. (Xi'M/lT plots contours of tioNljiH.il>-*:



quantities. Contours of P, p, I, T, Mach number,

and species densities can be selected. The single

plot produced by subroutine C0PL0T shows the dis-

tributions and relative concentrations in the com-

puting mesh of che species selected for contour

plots. This routine is convenient for producing

color plots of the species distributions. In addi-

tion to plotted doca, printed data is also available

on microfilm and paper at designated time intervals,

which do not have to be t.ie same as the intervals

for plotted data. Subroutine TILDE is called next

to calculate values for p, pv, and Du. TILDE also

performs the pressure iteration, which yields the

final values for p , pv , and pu and t'.ie

value for p. Subroutine ENERGY follows TILDE for

the calculation of the total energy density neg-

lecting the effects of species diffusion and chem-

istry. For a single fluid the computational cycle

is completed anJ return is to statement 1000. Sub-

routine SPEC is called for multicomponent flows to

.solve the species transport and chemistry equations

and to update the total energy density to its final

value. This completes the cycle for multicomponent

flows and return is to statement 1000.

B. The Preprocessor (PREP) Program

The preprocessor is a feature of the RICE pro-

gram that provides a capability for true variable

dimensioning. From the size of the computing mesh

(IB2.JB2) and the number of species NSPEC, the blocks

of C.f'."'Jfy data are automatically constructed and

written on file FSET8. The blocks are then read

from this file and Inserted in the RICE programs

using the ifJATE features on the CDC-7600. To charge

the -"-..^nsions of C(S>1>K»N variables, the UPUATE fea-

ture requires the following three cards.

*1DENT, name,

•DELETE, ROM2. 24, RC0M2. 31

*KEAt>, FSETS.

In th i s way only the precise amount of data storage

nt>c<it!cl for each problem is allocated in the machine.

The lar,;«; core nscmory of the CDC-7600 can be used by

i-imnKing the wrd C0MJ!tfK to I.CM in forcwit number 44

Sn the PREP progravs, which Is ; \uteA in Appendi* C.

C. Input Until

The input data is described card by card in

this section. The toc.it nusber of cards generally

varies frus »!»'-• probles to the m;xt. The first

data i-;»r*« is read !jy PREP .ind Is fei totted hv ,in end-

of-file card while the remaining cards are read by

RICE.

Card No. 1: IB2, JB2, NSPEC (Format 316) where

IB2 » the number of cells in the z-direc-

tion including those in the two ficti-

tious columns at the right and left

boundaries.

JB2 = the number of ceils in the r-direc-

I ion including those in the two ficti-

tious rows at the top and bottom

boundaries.

IJSPEC = the total number of species in the

problem, 1 <_ NSPEC _< 7. NSPEC cannot

be zero here since it is used to es-

tablish array dimensions.

Card No. 2: End-of-file card.

Card No. 3: NAME (Format 10A8), where cols. 2-80 are

used for problem identification on plots and data

prints.

Card No. 4: SLG, VEL, DEN, SM0, TEM (Format 12F6.2)

where these are the physical scales that have been

used to establish the dimensionless input data for

the problem.

SLG • L , the length scale.

VEL = V , the velocity scale.

DEN = P., the density scale.

SM0 = M , the molecular weight scale.

TEM « T , the temperature scale.

These quantities are used for reference only

and are not used in the program.

Card No. 5: ITD, NTD, NSDMP, NFILE, NWDMP (Format

2613) where

ITD » 0. TAPES is neither read nor written

(NTD through NWDMP are not used).

» 1. TAPE5 is written but not read (JJTD

and NFILE are not used).

" 2. TAPE5 is read but not written

(NSDMP and NWDMP are not used).

• 3. TAPE5 is read and written.

NTD * the number of th" data set (dump) on

TAPK3 that contains the data to be

used for initial conditions.

HSOMP " the number of cycles between writes

(dumps) on TAHE5.

SFll.F. - the number of the last dump chat was

written on TAPKS.

ICUUHI' • the nuaber of the first dump to be



written on TAPE5. Generally NWDMP =

NFILE + 1.
Card No. 6: IB2, JB2, N0, (NSL(K), K=l,4), LPR,

CYCLE, ITC, (JPL0T(K), K=1,5), NSPEC, (ISPEC(K),

K=l,7), NR (Format 813, 16, 1513) where

IB2 = the same as on card no. 1.

JB2 = the same as on card no. 1.

N0 = the number of obstacles.

NSL(K) = the flags for rigid boundaries around

the perimeter of the computing mesh.

Values of either 0 for free slip or 1

for no slip are assigned for the bot-

tom, right, top, and left boundaries

in that order. The assigned values

are ignored for inflow and outflow

cells.

LPR = -2. omits plot identification, velo-

city vector plot (VPL0T), contour

plots (CNPL0T) and all printed data on

film. Used primarily to produce color

plot by subroutine C0PL0T.

= -1. same as LPR = -2 except does not

omit contour plots (CNPL0T).

= 0. Same as LPR = -2 except omits

color plot (C0PL0T) instead of velo-

city vector plot (VPL0T).

= 1. allows all plotting and printing on

film and printing on paper at the de-

signated time intervals.

= 2. same as LPR • 1 except omit C0PL0T.

= 4. allows printing on paper only.

= 5. allows plotting and printing on

film only.

CYCLE = the number of the computational cycle

at which the calculation is to begin.

CYCLE is also a counter which is ad-

vanced by one at each time step.

ITC <* ] for cylindrical coordinates or 0 for

Cartesian coordinates.

JPL0T(K) = the flags for contour plots of P, p,

I, T, and Mach number, in that order.

When contour plots are desired JPL0T«

1, otherwise JPL|»T-O.

NSPEC = the number of species in the problem,

0 <̂  NSPEC <_ 7. NSPEC may be 0 or 1

tor a single fluid where the only dif-

ference is in the temperature calcula-

tion , I.e., <:y - 1 for NSPEC • 0 iinci

Cv is specified later for NSPEC » 1.

ISPEC(K) = the flags for contour plots of species

densities for up to seven species.

When density contours are desired for

species k, ISPEC(k) = 1, otherwise

ISPEC(k) = 0.

NR = the number of chemical reactions, NR <_

3.

Card No. 7:-. DX, DY, TIME, DT, TST0P, TPR, TPL, TPLD,

DTC (Format 12F6.2) where

DX = 6z(6x), the cell dimension in the z-

direction.

DY = 6r(Sy), the cell dimension in the r—

direction.

TIME = the initial time for the problem. TIME

is also a counter and is advanced by ot

each cycle.

DT = 6t, the computational time step for the

fluid dynamics.

TST0P = the time at which the calculation is to

stop. The total number of computational

cycles to be made is (TST0P - TIME)/DT.

TPR = the time interval for printing data on

paper. Successive prints on paper are

made until CYCLE is advanced from its

initial value to values _> 0. From

then on, printing on paper occurs at

the specified time interval TPR.

TPL = the time interval for plotting data on

film. Successive plots on film are

made until CYCLE is advanced from its

initial value t-o values > 1. From

then on, plotting occurs at the speci-

fied time interval TPL.

TPLD = the time interval for printing data on

film. Successive prints on film are

made until CYCLE is advanced from its

initial value to values » 1. From

then on, printing on film occurs at

the specified time interval TPLD.

UTC » <5tc> the computational time step for

solution of the chemistry equations.

The ratio 5t/5t must be an integer.

!~!JEL?!S!.\_?_! ALA. BIE, TI1ETA, PHI, 0MEGA, GAMMA, 0X01',
ASQ (Format 12F6.2) where

AI.A • A, the ratio of the viscosity coeffi-

cients X/>j (usually 1.0 since the vis-

cosities arc artificial), see Eq.



B1E = B, the ratio of the coefficient K to

the shear viscosity (usually B = (y ) ~
ITlclX

from truncation error considerations),

see Eq. (3.42).

THETA = 0, the time level parameter for the

convection terms in the. mixture mass

equation, Eq. (3.1). A value of $ =

1/2 is usually used for most compres-

sible flows, while 6 = 1 is used for

incompressible flows.

PHI = gi, the time level parameter for the

pressure gradient in the momentum eq-

uations, Eqs. (3.6) and (3.7). The

values of & are usually chosen similar

to the values of B.

0MEGA = M, the constant over-relaxation factor

for the pressure iteration, Eq. (3.11).

The value of Q is usually chosen as

unity for compressible flows and >̂

1.5 for incompressible flows.

GAMMA = 7, the specific heat ratio for a sin-

gle fluid problem. When NSPEC > 0,

Y is a cell variable determined from

the specific heats of the mixture

given by Eq. (2.9).

DX0U = the scale for the velocity vectors in

the velocity vector plots. It is us-

ually chosen as the smaller of 6z/u

and 6r/v, wnere u and v are estimates

of the largest velocity components ex-

pected in the computing mesh.

ASQ = the sound speed used for incompressible

flow calculations. ASQ = 0 for com-

pressible flows and ASQ is set so that

the maximum Mach number in the com-

puting region is less than 10 for

incompressible flows.

Card No. 9: FL(9(M), M = 1,12 (Format 12F6.2), where

FliS(M) = the coordinates of the flow openings

along the right, top, and left boun-

daries of the computing mesh. The

coordinates along the right and left

boundaries must be Integral multiples

of i5r, while those along the top boun-

dary must be integral multiples of 6z.

The openings along the right boundary

are by definition outflow openings,

while those along the top and left:

boundaries are inflow openings. FL0(1)-

FL0C4) define the r-coordinates of the

openings along the right boundary in

the direction of increasing r. Figure

6, illustrates the cases for two, one,

and zero openings on the right boundary.

The origin of the coordinate system is

the upper corner of the cell (1,1).

FL0(5)-FL0(8) define the z-coordinates

of the openings along the top boundary

in the direction of increasing z. The

assignment of z-coordinates is similar

to the cases illustrated in Fig. 6.

FL0(9)-FL0(12) define the r-coordinates

of the openings along the left boundary

in the direction of increasing r

similar to what is done along the right

boundary.

Card No. 10: 110, V0, VINT1, VINT2, UINL1, UINL2

(Format 12F6.2) where

U0 = the initial value of u for the fluid

cells.

V0 = the initial value of v for the fluid

cells.

VINT1 = the radial velocity of the fluid flow-

ing into the computing mesh through

the first opening along the top boun-

dary.

VINT2 = the radial velocity of the fluid flow-

ing into the computing mesh through

the second opening along the top boun-

dary.

UINL1 = the axial velocity of the fluid flow-

ing into the computing mesh through

the first opening along the left boun-

dary.

UINL2 - the axial velocity of the fluid flow-

1 FUH.W,
f FL0(3) = rj
t FL0l2l=r,

FLOfll'r,

FLOW'OO

FLO(4)=0.0
FLOOl'OO
FLOI2I «0.0
FLOID'0.0

Fig. 6. Description of flow openings along the right
boundary. The figure illustrates two, one,
and xor-y openings.



ing into the computing mesh through

the second opening along the left

boundary.

Card No. 11: RH00, RINT1, RINT2, RINLl, RINL2 (For-

mat 12F6.2) where

RH00 = PO, the initial value of p for the

fluid cells. This quantity must al-

ways be non-zero even when the initial

data is obtained from TAPS5 since it

is used to define e which establishes

the convergence requirement for the

pressure iteration, see Eq. (3.10).

The value of e is set in subroutine

CVIC as e = lO*"4 RH00. RH00 is also

used in specifying the constant value

for the ratio u/P = Vi /p determined
o o

for numerical stability.

RINT1 = the density of the fluid flowing into

the computing mesh chrough the first

opening along the top boundary.

RINT2 = the density of the fluid flowing into

the computing mesh through the second

opening along the top boundary.

RINLl = the density of the fluid flowing into

the computing mesh through the first

opening along the left boundary.

RINL2 = the density of the fluid flowing into

the computing mesh through the second

opening along the left boundary.

Card No. 12: MU0, MINT1, MINT2, MINL1, MINL2 (For-

mat 12F6.2) where

MU0 = v , the initial value of the shearo

viscosity u for the fluid cells. MUO

and RH(W are used to specify the con-

stant value for the ratio u/o * u ID
o o

determined for numerical stability.

M1NT1 • the shear viscosity of the fluid flow-

ing into the computing mesh through

the first opening along the top boun-

dary.

M1NT2 = tlm shear viscosity of the fluid flow-

ing into the computing mesh through

the second opening along the top

boundary.

Mlttl.l • Che she.ir viscosity of tho fluid flow-

in}1, into tin- computing mesh through

the first o|»-niiH'. along the left boun-

clnrv.

KISL2 = the shear viscosity of the fluid flow-

ing into the computing mesh through

the second opening along the left

boundary.

The values of the shear viscosity of the fluid

flowing into the computing mesh must be set in ac-

cord with the densities assigned on card no. 11 and

the required ratio of ia/p determined for numerical

stability.

Card No. 13: SIE0, SIET1, SIET2, SIELl, SIEL2 (For-

mat 12F6.2) where

SIE0 = the initial value of the specific in-

ternal energy I for the fluid cells.

SIET1 = the specific internal energy of the

fluid flowing into the computing mesh

through the first opening along the

top boundary.

SIET2 = the specific internal energy of the

fluid flowing into the computing mesh

through the second opening along the

top boundary.

SIEL1 = the specific internal energy of the

fluid flowing into the computing mesh

through the first opening along the

left boundary.

SIEL2 = the specific internal energy of the

fluid flowing into the computing mesh

through the second opening along the

left boundary.

This completes the input data for problems in-

volving a single fluid with NSPEC = 0 and no inter-

ior obstacles. The following additional data are

required when NSPEC * 0.

Card No. 14: ETA0 (Format 12F6.2) where

ETA0 = nQ, the constant used for calculating

the molecular diffusion coefficients

for the species, see Eq. (3.24).

Card No. 15: FA0(1), FATl(l), FAT2Q), FAL1(1),

FAI.2U) (Format 12F6.2) where

FAVI(l) « the initial value of the density of

species (1) for the fluid cells.

FATl(l) = the density of species (1) flowing in-

to the computing mesh through the

first, opening along the top boundary.

FAT2(1) « the density of species (I) flowing

into the computing mesh through the

second opening along the top boundary.
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FAL1(1) = the density of species (1) flowing in-

to the computing mesh through the

first opening along the left boundary.

FAL2(1) = the density of species (1) flowing in-

to the computing mesh through the se-

cond opening along the left boundary.

Card Nos. 16-21: Similar to card no. 15 but for the

remaining species (2) through (7). The species

densities prescribed for the initial and boundary

conditions should sum to the values prescribed for

the mixture densities.

Card Mo. 22: SM(K), K=l,7 (Format 12F6.2) where

SM(K) = Mfc, the molecular weight of species k.

Card No. 23: EP(K), K=l,7 (Format 12F6.2) where

EP(K) = the minimum value for the concentra-

tion of species k that can enter into

a chemical reaction. EP(k) usually

equals zero.

Card No. 24: GAMA(K), K=l,7 (Format 12F6.2) where

GAMA(K) = Yk» the specific heat ratio for spec-

ies k.

Card No. 25: CV(K), K=l,7 (Format 12F6.2) where

CV(K) = (cv\> the specific heat at constant

volume for species k.

Card No. 26: ALPHA(K), K=lf7 (Format 12F6.2) where

ALPHA(K) = a. , a function of M, for the calcula-

tion of the molecular diffusion coef-

ficient, see Eq. (3.24).

The following data cards define the chemical

reactions according to Eq. (2.13) and their respect-

ive rate multipliers given by Eq. (2.17). One card

is used for each reaction and its rate multipliers.

The total number of reactions, and hence the total

number of data cards, is NR defined on card no. 6.

If either NSPEC or NR is zero on card no. 6, the

chemical reaction data should be omitted.

Card No. 27: (AM(K.L), K=l,7), (BM(K,L), K=l,7),

Q(L), CF(L), ZETAF(L), EF(L), CB(L), ZETAB(L), EB(L)

(Format 1412, 2x, 7F6.2) where this card illustrates

the data tor chemical reaction number L.

AM(K,L) = a ^ the stoichiometric coefficients of

the reactants, see Eq. (2.13).

BM(K,L) = b, , the stoichiometric coefficients of

the products, see Eq. (2.13).

Q(L) = q, the heat of reaction, see Eq.

(2.18).

CF(L) = C, a constant for the calculation of

the forward rate multiplier Kf, see

Eq. (2.17).

ZETAF(L) = £, the temperature exponent for the

calculation of the forward rate multi-

plier, see Eq. (2.17).

EF(L) = E , the ratio of the activation energy

to the universal gas constant for the

forward rate multiplier, see Eq. (2.17).

CB(L) = C, a constant for thfe calculation of

the backward rate multiplier, see Eq.

(2.17).

2ETAB(L) = C> the temperature exponent for the

calculation of the backward rate mul-

tiplier, see Eq, (2.17).

EB(L) = E1, the ratio of the activation energy

to the universal gas constant for the

backward rate multiplier, see Eq. (2.17).

The following data cards define the interior

obstacles. The number of obstacles is N0 specified

on card no. 6. Five data cards are required to de-

fine each obstacle. If N0 is zero these data cards

should be omitted.

Card No. 28: IT0(N), NS0(N), (0B(M-,N), M = 1.6),

(0IB(M,N), M = 1,2) (Format 213, 11F6.2) where this

card illustrates the data for obstacle number N.

IT0(N) = the flags that define the type of ob-

stacle. An obstacle must be rectan-

gular or triangular in shape and can

be made up of one or more cells. By

combining obstacles, shapes other than

simple rectangles and triangles are

produced. Rectangular obstacles can

have a single flow opening along either

the right or bottom boundary to pro-

vide inflow to the computing mesh.

The four obstacle types are shown in

Fig. 7.

. _oa(3.M)_
'' '0BI6.NI '

Gff
Fig. 7. Description of obstacles that can be placed

in the interior of the computing mesh.
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NS0(N) = the flags that define the boundaries

of obstacle number N as free slip,

NS0(N) = 0, or no slip, NS0(N) = 1.

0B(M,N) = the coordinates that define the loca-

tion of the obstacle, see Fig. 7. For

rectangular obstacles the z-coordin-

ates of the left and right boundaries

and the r-coordinates of the bottom

and top boundaries define the obstac-

le's size and location. These co-

ordinates are specified by 0B(1,N) -

0B(4,N). Triangular obstacles require

additional data to specify the (z,r)-

coordinates of the 90° angle. These

coordinates are specified in 0B(5,N)

and 0B(6,N), respectively, and are

not used for rectangular obstacles.

0IB(M,N) = the coordinates that define the flow

opening along either the right or bot-

tom boundary of the obstacle when

these boundaries coincide with the

cell boundaries, see Fig. 7. An open-

ing along the right boundary must be

an integral multiple of 6r in height,

while an opening along the bottom

boundary must be an integral multiple

of &z in width. The height or width

of the opening is 0IB(2,N) - (0IB(1,N).

Card No. 29: UINR0(N), RINR0(N), MINR0(N), SIER0(N)

(Format 12F6.2) where for obstacle number N

UINR0(N) = axial velocity of the fluid flowing

into the computing mesh from a type

(3) obstacle.

RINR0(N) = density of the fluid flowing into the

computing mesh from a type (3) ob-

stacle.

MINR0(N) = shear viscosity of the fluid flowing

into the computing mesh from a type

(3) obst ,le. The value of MINR0(N)

should be determined as MINR0{N) =

SIER0(N)

(U0/PQ) RINR0(N).
specific internal energy of the fluid

flowing into the computing mesh from a

type (3) obstacle.

Card Ho. 30: VINB0(N), RINB0(N), MINB0OO, SIEB0(N)
.2) where for obstacle number N

the radial velocity of the fluid flow-

ing into the computing mesh from a

type (4) obstacle.

RINB0(N) = the density of the fluid flowing into

the computing mesh from a type (4)

obstacle.

MINB0(N) = the shear viscosity of the fluid flow-

ing into the computing mesh from a type

(4) obstacle. The value of MINB0(N)

should be determined as MINB0(N) =

(U0/Po) RINB0(N).

SIEB0(N) = the specific internal energy of the

fluid flowing into the computing mesh

from a type (4) obstacle.

Card No. 31: FAR0(K,N), K = 1,7 (Format 12F6.2)

where for obstacle number N

FAR0(K,N) = the density of species k flowing into

the computing mesh from a type (3)

obstacle.

Card No. 32: FAB0(K,N), K = 1,7 (Format 12F6.2) where

for obstacle number N

FAB0(K,N) = the density of species k flowing into

the computing mesh from a type (4)

obstacle.

Immediately after all the input data is read,

it is written on paper and microfilm by the RICE

main program. Following this, control is transferred

to subroutine PR0G which then calls subroutine FLIC.

The cell flags that differentiate the various types

of cells are set in FLIC and printed on paper and

film at the beginning of subroutine CVIC. The

printed input data and cell flags provide a con-

venient check on the setup of the problem. The

flagging scheme for the various computational cells

is described in Table I.

TAiUC I

FLU

CULL FLAGS

C e l l :

(Format 12F6.

VINB0(N)

6

7

8

9

10

li

12

13

Solid ar.i fluid cells:

(a) "laiu cell

(b) Sciii cell wi-wh free-slip bouti-iary

Cc) Sciic ceil with r.c-slip boundary

(ti) 0-j.tflcv ceil

Ce) Ii.fiov cell

Diafionallv cat cells iscliii porticr. is
shades):

(b) [j WiT.h free-slip bour.uar;/

(c) (T | With free-siir- ccundary

(d) jrj nith free-slin bourî ary

(ej ^ With no-slip touncary

(f) y£ Witn no—slip hou^aary

(6) [ 5 n'ith no-slip bcunuary

(h) g^j '..rith no-slip bcunviary
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V. EXAMPLE PROBLEM

The capabilities of the RICF. program are de-

monstrated through the calculation of an example

problem. The complex fluid dynamics, species mix-

ing, and nonequilibrium chemical reactions that take

place in the lastng cavity of a continuous flow

chemical laser provide a realistic and comprehensive

problem for calculation. The particular laser sys-

tem to be considered is an HF laser designed by the
q

Aerospace Corporation. F-atoms enter the lasing

cavity through a bank of two-dimensional supersonic

nozzles while H~ is injected under high pressure

through orifices located at the nozzle exit plane

between adjacent nozzles. A portion of the nozzle

bank is shown schematically in Fig. 8. The full

r.ozzle bank contains 37 nozzles and is 1.25 cmdeep.

The F-atoms are obtained by the dissociation of

SF . A nitrogen diluent is added for control of the

exit conditions. Under condition.; of complete dis-

sociation of the SF,, the fluorine nozzles flow N~,

S, and F. Hydrogen enters the lasing cavity under

high pressure through a perforated tube. For the

calculation, the series of perforations is approxi-

mated as a two-dimensional slit. The F-atoms and

H~ mix and react in the lasing cavity to produce

vibrationally excited HF which serves as the lasing

medium.

A. Input

Neglecting boundary layers, the uniform flow

conjitions at the exit plane of the fluorine nozzle

are given in Table II. These conditions imply an

exit Mach number of 4.3, a temperature of 656°K, and
3 2

an exit pressure of 6.77 x 10 dynes/cm (5.0 torr)

for the mixture.

0.19cm 0.24cm

l\l2 + S + F

Fig. 8. Cross-sectional view of a portion of the
laser nozzle bank.

Hydrogen enters the lasing cavity through a

narrow slit, 0.016 cm,under the sonic conditions

given in Table III. The injection pressure for

these conditions is 2.96 x 10 5 dynes/cm2 (222 torr).

The chemical reactions of H 9 with F populate

several vibrationa.l levels of HF that provide the

lasing medium. For the purpose of this example

problem, a single reaction equation is solved.

HF* + H (5.1)

where the vibrational states of HF are represented

collectively by HF*. The rate multiplier for the

forward reaction Kf is given by Eq. (2.17), with

C = 1.6 x 10 1 4 ctn3/mole/s, z, = 0, and E' = 800°K

from Ref. 10, while for the backward reaction, K, =

11
0. The heat of reaction is q = 5 x 10 erg/mnle.

Table IV summarises the data describing the chemical

reaction.

TABLE II

FLOW CONDITIONS AT THE EXIT PLANE OF THE FLUORINE NOZZLES

U.(CE/S)

2.30 x

3.06 x 10

6.30 x 10'

,-6

-8

2.23 x 10,-T

v(cm/s)

0.

I-^lg/nole)

28.0

32.0

19.0

3.35 x 10
.-6

\

1.1*0

1.67

1.67

1*,82 x 1CT

(Cv)k(erR/g/»K)

7.U7 x 106

3.92 x 106

6.61 x 10°



Mixture:

Species (k):

TABLE III

HYDnOCEN INJECTION CONDITIONS

u(cm/s)

1.33 x 105

2.35 x 10

Wcia/s)

0.

p, (g/cra3) M, (g/aole)

2.0

2.35 x 10

1.1*

,-5

Kerg/g)

3.15 x 10-
,10

1.05 x 10

TABLE IV

CHEMICAL REACTION DATA

.HF

Species (k);

20

1

. 0

. 0

.1

1

.1*0

.67

1

1

.05

.26

X

X

10 7

i o 6

u^: 0, 0, 1, 1, 0, 0

bk: 0, 0, 0, 0, 1, 1

K,, = C i'fe"6 where C = l.o x 10x ' en /aole/s, f= 0, E

it = C T»e~** where C = f = t = 0

q = 5 x 10 erg/nole

Mixing ot" tlio spocios is produced through the

action of molecular diffusion. Coefficients that

descrihe the diffusion of the various species into

the mixture are obtained by approximating the mix-

ture as pure nitrogen. The diffusion coefficients

are defined bv (lie data in Table V.

TABLE V

DIFFUSION COKKF1CIENTS

,.,3/
i). = o. 1= T) T /D (cn"/s) ,

O

t) = 22U dynes (° iv) s

a., = O.lcy, 0.177, 0.229, 0.707, 0.22li, 1.0

The computational region begins slightly up-

stream of the nozzle exit plane and its upper and

lower boundaries coincide with the center line of

the hydrogen s l i t and the axis of the lower, adja-

cent fluorine nozzle, respectively. The computing

region is shown in Fig. 9.

y(cm)

0.240

0192

INFLOW

Symmetry A»is

Symmetry Axis

OUTFLOW

0 0.064

Exit
Plane

»Ccm)

Fi£. 9. Geometry of the computing region for the
sample problem.



The dimensions of the computational cells are 6x =

0.008 cm and 6y = 0.008 cm. The number of cells in

the x- and y-directions are IB2 = 62 and .IB2 = 32,

respectively.

The flow openings along the right and left

boundaries are specified in Table VI.

TABLE VI

FLOW OPENING DATA

FL0 (cm): 0,, 0.240, 0.2lf0, 0.21*0,
m

0., 0., 0., 0.,

0., 0.192, 0.192, 0.192

The shape of the interior obstacle is rectan-

gular so that it can be described by a single RICE

obstacle. The half-width of the H™ injection slit

is 0.008 cm. The data describing the obstacle geo-

metry is given in Table VII.

The above sets of data, given in Tables II-VII,

with Eq. (5.2) are dimensionally consistent and can

be used as input data for the calculation. However,

dimensionless quantities that are more nearly of

unit order are obtained by appropriately scaling the

data. A convenient choice of scales is given in

Table VIII.

The number of computational cycles required to

obtain a steady state solution can be estimated as

itcycles ~ 2.5 (IB2-2; 6x/(u. . 6t) (5.3)
input

where u. refers to a typical axial velocity at
5

input
the inflow boundary. With u as 2.3 x 10 cui/s,

input

Eq. (5.3) indicates that about 1040 cycles are need-

ed to obtain a steady state.

TABLE VIII

PHYSICAL SCALES

0fln (cm):

Ola (cm):
a

TABLE VII

OBSTACLE DATA

0, 0.06!*, 0.192,

0.232, 0.21*0

0.21*0

Lg » 1 CB, ug * 10 cn.'s, p » 10"5 %,'crJ,

". » 1 g/noie, T = 100*K

The iliEensionless quantities ueaoteii by ~~ are

obtained as

The viscosity coefficients, thermal

ity, and time step are determined for numerical

stability by simultaneously satisfying inequalities

(3.37)-(3.41). These inequalities reduce to

u » u/u , v * v/u

C ' P/P

I * I/u'

u/0 "- 2.65 x 1010 St, ... (3.37), (3.38), (3.40)
Vu

U/P < 5.33 x 10"6/6t, ... (3.39)
~ = c P L /{r. u )s s s s

u/p < 5.73 x 10"6 /6t , . . . (3.41)

when A = 1. , and B = ( i ^ ) " = 2.79 in Eq. (3.42).

Inequality (3.41) is satisfied automatically when

(3.39) is satisfied. A solution of (3.37) and

(3.39) yields

&t = 5xlO~9s, p/o = 221 em'/s. (5.2)

«t= fit u /L

6x/L , 5 7 8y/Ls s

iJimens' onless o.uantities are usea in the exanple
problem.
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B. Output

The dimensionless input data printed by RICE on

paper and film is shown in Table IX. Although the

problem contains six species, NoniC is set to 7 to

introduce a fictitious species whose density should

be zero everywhere in the computing mesh for all

time. The density of this last species is calcu-

lated by Eq. (3.21) and provides an indication of

how well the sun of the real species densities com-

pares to the mixture density. To minimize the in-

fluence of the fictitious species, its properties,

M7. Y 7, <.Cv)7, and a7> are set to zero.

The time step for solution of the chemistry

equations &t is set equal to the hydrodynamic time

step St because the reactant concentrations in the

mix region are expected to be low and a low reac-

tion rate will be produced. This is in fact con-

firmed by computing the characteristic time for the

reaction from the steady solution data.

Table X shows the cell flags produced by sub-

routine FLIC and printed on paper by subroutine

CVIC.

The initial values of the flow variables speci-

fied by the input data are printed on paper and film

and reproduced for rows j « 30-32 in Table XI. The

data, printed across the page, corresponds to i,j,

(FL ) , (u ) , (v ) , (p ) , (p ) , (I ),
X » J l t J ^-ij i » J 1 » J * « J

(T . ) , (v. .) for the mixture, followed by i,j.

(FL. .) (p. ) . for the species where k • 1-7. The
i»J K i»J

seven species are designated in Table XI by the

letters A-G, respectively.

Similarly, the data at the end of one computa-

tional cycle is printed in Table XII for the same

rows. In accord with the input data, i.e., CYCLE =

0, this print occurs only on film unless paper

printouts are specified by setting CYCLE equal to a

negative number.

A steady state solution is obtained after 1000

cycles. Plots of the velocity vector field, con-

tours of p, p, I, T, Mach number, and species den-

sities, and the distribution of th>> species m the

computing mesh are shown in Fig. 10. These plots

are produced in accord with the specification 01'Ti'I..

The printed data is given in Table Kill for

rows 20-22. This data is printed on paper and filo

as specified by TPR and TPLD.
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TABLE XI

I H I T U L DATA AT CYCLE » 0 , TIME - 0

I £0

t SO

» SO
4 JO
% St.
* SO
» so
r. so
» so

tu so
* * 3v
' . * SO
IS. SO
» * :*•»
t» so

o.
o.
o.
o.
o.
O .
a.
o.
o.

0.000 KICC I . A . REPORT PROBLEM 0/23/74

V RMO fB

o.
o.
o.
o.
o.
D .
O .
O .

o.
o.
0.

0.
o.
o.
0.

TEMP. HU

o.
c.
0 .

o.
o.
0 .
0 .
0 .
0 .
S.35GOX-D1
3.35G0E-01
3.39OOE-O1
3 . 3 SOOt-01
3.3SOOC-O1
3.3SO0E-P1

0 .
0 .

0 .
O.

0 .

0 .
0 .
0.

0.
6.4 900E-O2
6.4S00C-G2
6.4 5i>0C-C>2
6.4566E-D2
6.4Se0E-P2
C.4 500E-O2

0 .
0 .
D .

0 .
O .

0 .
C .
0 .

o.
4.02OOE-O*
4.6200C-01
4.62GOC-O1
4.02OOC-OJ
4.82OOE-O1
4.02OOE-O1

0 .

0 .
0 .
0 .
C.
0 .
0 .
0 .
0 .
6.4 525E*OO

6.4;csr»no
6.4 525E*OO
6.4S2SE*D0
6.4S25E«OO
6 4 52SE*OO

0

0

0
O
D

0
O

G
O
7

7

7
7
7
7

•

•
•

*
*

0

•

•

.4OOOC-C4

.4OOGE-O4
-ADOCC-C4
•4D0OC-O4

»

e
»
«

*
»
•
*

to
t t
12
I S
> •
1 5

M
9 1

» 1
>»
5»

3S

»1
91

91
3 1

»t
>»
3 1
5»

»t

2
2

2
X
t
t
z
*
1
1

1

1
I

t

0.
0 .

c.
o.
o.
o.
0 .

o.
1.4SOOCO0
2.aC(H3E«UO
E.3CC0C*C0
2.3thK-.E»00
8.300C. {•00.
2.10lXJr«00
2.3{J0l<E*r>0

o.
o.
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .

0 .
0 .

0 .

0 .
t .
o.
0 .
0 .
0 .
0 .
0 .
2.39OOE«GO
3.3SOOE-O1
5.5XH3E-O1
3.35OOE-O1
J.35COE-O1
J.35OOC-O1
3.S5COr.'Ol

0 .
0 .
0 .
0 .
0 .
0 .

0 .
0 .
2.9CtOE»GO
6.4S60E-O2
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Tcapuraturt! T, high <fi) « 13.62J3, low (!.) - 2.1502,
int«rvai « 1.396?

Density fi, high (H) - 1.5006, low (1-) - 0.2787,
interval » 0.1527

Mach nunber ri, high (ii) » 5.0426, low (L) - 0.8328,
interval « 0.5262

CZf<

Pressure p, high (II) = 1.8860, low (L) - 0.2483,
interval = 0.2050

Density of N, (species A ) , high (H) - 0.6801,
lour (L) * 0.0756, interval ' 0.0756

Specific internal energy I, high (H) * 2.8769,

low (L) » 0.5983, interval = 0.2848

Density of S (species B ) , high (H) » 0.0140,
low (L) - 0.0016, interval « 0.0016

Fig. 10. Plots of the velocity vector field, contours of p, p, I, T, Mach number, and species densities, and

the distribution of the species in the computing mesh.



Density of F (species C), high (H) - 0.0500,
low (!.) • 0.0056, interval • 0.0056

Density of H (species F), high (H) - 0.0011,
low (L) - 0.0001, interval - 0.0001

Density of H, (species D), high (H) = 1.4913,

low (L) - 0.1657, interval » 0.1657

Density of fictitious species (species G), high
(H) - 0.0034, low (L) - 0.0004, interval = 0.0004

Density of HF (species E), high (H) = 0.0258,
low (L) = 0.0029, interval = 0.0029

Distribution of species densities

Fig. 10 (cont)
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TA3LE XIII

SOLUTION DATA AT CYCLE » 1000, T H E » 0.5
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1.O379E-GI
1.43O5E-OI
1.8 736E-01

4.9D33E-G1
•.8963E-G1
4.7893E-O1
4.59S1E-G1
4.448eC-0i
4.56S3E-O1
5.2ezeE-oi
6.5134C-G1
8.O425E-O1

>U 7.4OGOC-ti4
6.5526E«t/O 7.397CE-G4
6.5231C«GG 7.39GUC-C4

6.CO37E*GO
6.676 3E+GO
6.6711E*OO
6.5273E*0O
6.2677E«GG
6.G6GGE*GG
6.2350E»GO
7.1346E+OO

7.41G7E-G4

7.3915E-G*
7.3294C-G4
7.29«6E-G4

7.724EE-G-!
O.4GCGC-O4
9.373OE-O4

1
2

3
4

»

6

7

e
9

1 O

1 1

1 2
1 3
1 4

1 5

2 2

2 2

2 2

2 2
2 2

2 2

2 2
2 2
2 2

2 2

2 2

2 2
2 2
2 2

2 2

5
1

1

1
1

1

1

1
1

1

1

1
1

1

1

2.30OOE*O0
2.3032E*G0
2.3O22F.*O0
2.2»57E»OO
2.29OCE«O0
2.294OE«OO
2.3093C*00
2.3246E«OO
2.3235E«OO
2.2647E*OO
2.2OO1E*OO
2.O«S9£*OO
2.OO5*E*O0
1.9414E«00
1.9OO3E*O0

0 .

3.66 3eE-04
1.4O77E-O3

- 7.J362E-04
-S.O152E-O3
-5.91OOE-O3

4.72O5E-O3
1.7365E-02
1.1771E-O2

-3.3734E-02
-1.1S74E-01
-2.2177E-01
-3.1213E-O1
-3.72O6E-O1
-4.004 7E-01

3.35OOE-O1
3.3475E-O1
3.3429E-O1
3.3492E-O1
3.3653E-O1
3.3733E-01
3.3549E-lil
3.3132E-01
3.2021E-O1
3.3233C-O1
3.5O77e-Ol
3.8723E-01
4.3623E-01
4.84e4e-01
9.1950E-01

0. 7662E-0Z
'6.7336E-0K
6.6604E-O2
6.7573E-OE
6.9«eG£'C2
7.O344E-O2
6.S177E-O2
6.3361E-O2
5.92 78C-O2
6.2571E-O2
e.O£24E-O2
1.1579E-O1
1.653OE-O1
2.161OE-OJ
2.5677E-O1

4.02OOE-O1
4.6OO4E-O1
4.7669£-til
4.614CC-O1
4.9256E-U1
4.9764E-01
4.8496E-O1
4.5636E-O1
4.31O1E-O1
4.4931E-O1
5.4562E-D1
7.1356E-01
9.OAO2E-O1
l.O64 5E«OO
1.1624C«OO

6.5656E»0O
6.'393E«OO
£.49S4E»0G
6.5565E*OO
6.7O69E*OO
6.7784E*OO
6.6O97E+0O
C.2218E*0C
5.8718E*0O
6.1Oe5E*GO
7.39O9E*0O
9.6332E+OO
1.199 5E*01
1.373OE»O1
1.4664E*O1

7.4OOOE-04
7.3943E-04
7.3843E-C4
7.3982E-O4
7.4336E-04
7.45KE-04
7.41O7E-04
7.3188C-O4
7.Z5OOE-O4
7.341OE-O4
7.7483E-04
6.553OE-G4
9.G361E-04
1.O7O6E-O3
1.1476E-03



TABLE XIII (cont)

CYCLC= 1000 TlHt= 0.000 RICE I . A . REPORT PROBLEM 0/23/74

B C D E

1 20 S 3.O6OOC-G1

£ SO I 3 .O59GC-01
3 2O 1 i .O'jeOC-Ol
4 £O 1 S .OtTsC-Gl
3 20 1 5.0C04C-01
0 2O I 3.G655E-G1
7 2O 1 3.UCet?C-Ol
6 CO 1 S . O f c D S C - G l
S> 2l< 1 3.O525E-O1

10 EO 1 3.GJ49C-G1

11 20 1 S.OCeOC-Ol
12 20 1 3.065SC-G1
13 20 1 5.164OC-O1
14 20 1 3.4UI7C-O1

15 EO 1 3.7733C-O1

6.30GGE-03

6.C99SE-03

C.3U2E-G3
6.3113C-O3
6.2S47E-03
6.2MG4C-OS
6.2 359E-0 3
6.3U4E-G3
6.5552E-G3
7.G380C-03
7.76C6E-O3

2 .2 500C-C2
2.2497E-D2
2.24PC-C-G2
2.2404C-02
2 .2 50 3E- 02

O.

5.457OE-OG
-4.6779E-G6

1.436 5E-O7

•1.2616E-07

0.
s.eeoiE-oo

-4.O53fcC-Ge
6.669SE-08

- 1.O777E.-G7

O.

1.9873E-G9

3.4G39C-1O

2.2505C-G2

2.24«eC-(J2

2.2273E-G2
2.2536C-O2
2.3415E-G2
2.513AE-G2
Z.774ZC-02

1.8115C-G8
4.54 79E-G7

• 1.1610E-07

•1.6426E-06

6.617CE-G7

•1.4757E-G5

-6.8179E-O6

-5.J459C-06

-2.3C61E-G7
5.39 5C-E-0 7

5.8620E-G9
7.0163E-G9
1.9164E-0O
3.5999E-CS
O.90O3C-G6

2.00G1E-G6
-3.6463E-06

5.G662E-G6
- 1 .O532E-G5

1.2696E-G7

O.
2.G292C- 04
2.1

X.90 50C-O4

2.32 36C-G/:

-2.9155E-G6

1.7289C-06

3.0932E-G*
2.36 54E-G/.

-2.435-4E-G4
-1.G234E-G3

-3.GG17E-O5 -J

1
2
3
4

1

6

7

0

9

1O

1 1

1 2
1 3
1 4

I S

E l
E l

£ t
2 1
2 1

£ 1
2 1

2 1
2 1
2 1

Z\

2 1
2 1
2 1

2 1

5
1

1

1

1

1

1
1
1
1

1
1
1
1
1

3 .0 6GGC-G1

S.G59GE-O1
3.0 562C-G1
3.0 5 79E-O1
3.O6S1E-O1

3.0 720C-G1

3.O713C-IJ1
3.O548E-O1
3>02eeE-01

3.0166E-G1

3.G594E-01

3.2G95E-01
3.5G07C-U1
3.9105E-O1

4.35O6E-O1

C-.3OGGe-G3
6.2979E-01

6-29E2C-03

6.2956E-O3
C.31G4E-O3

6.3263E-G3
6.3232E-G3
6.2894E-G3
6.2353E-O3
C.2106C-G3

6.2900C-03

6.6O76C-O3
7.2O73E-G3
6.0513C-G3

6.9564C-G3

2.25UOE-U2
S.S492E-GE

i'-.Z*TiC-0Z

£.24<t4E-G2
2.2536E-G2

Z.2 593E-02

2 . 2 584E-02
2.246OC-O2
2.2271C-02
2.2177E-O2

2.Z5OOE-C2

2.3593E-O2
2.5753E-G2
2.665CE-O2
3.11O5E-O2

0.

1.4 63SE-0 7
-£.374«E-O7

5.1168C-O6
-8.O160C-O7

-1.6719E-O0

1.9185E-G7
,6.414OE-O7

1.3265E-O6
- 3 . S792C-06

-4 .2S69E-06

-1.O955E-O5
-5.6910E-O5

1.3909E-O4

6.476 7E-O4

0 .
4.23O4E-C8

4.9721E-G8
- i .773^E-Oe

1.E623E-O7

- 1.9978E-07
5.22KE-O7

-4.5929E-O7
1.S189E-O6

-2.1926E-G6

4.7192E-0C

-5.9E36E-G6
2.39O5E-D6
3.6610E-G6
5.7759E-O4

0 .
5.6744E-09

-1.6699E-G9
-4.414OE-G9
-£.7429E-C-e

2.*©14E-G8

1.O4 54E-O7
I .184 7E-07
1.19C-1E-07

1.O179E-G7

1.2G76E-G7

-2.1776E-O6
-9.9674E-O6

2 . 5 4 78E-O5
1.143GC-04

0 .
2.O367E-G4

J .0tJ53C-O4
1 .'.ZieF.-O*
» .2351E-C-JS

1 . 54 TOE-O A

2.C0CGE-G4

3.OIZ3E-O4
4.3724E-O4

1.957SE-O4
-3.6974C-G<

-1.A3A4C-O3
-2.e-S92E-O3
-3.57S0E-O3

-3.5654E-G3

1
2

3
4

5

6

7

8

9

1 O

1 1

1 2
1 3
1 4

1 S

2 2
2 2

2 2
2 2
22 1
2 2

2 2
22 1
2 2
2 2
2 2

22 *
2 2
2 2
£ 2

5 3.O0OGE-GI
I 3.0575E-O1

1 3.O539E-O1
I 3.06G3E-G1
I 3.G75EE-O1
I 3.O81OE-O1

I 3.OC-25E-G1
I 3.O233E-O1
L 2.9977E-G1
I 3.G42 5E-O1

I 3.2C33E-G1
i 3.S689E-G1
L 4.G17eE'Ol
I 4.446OC-G1
1 4 . 7301C-01

C.3GGGE-G3
6.2949E-03

0.Z075E-O3
6.3OG7E-03
C-.3314E-03
6.3433E-03

6.3G52C-03
6.2244E-O3
6.1717E-O3
6.26A0E-G3
0.0362E-O3

7.34 76E-G3
8.272 7E-03
9.1535E-O3
9.7542E-G3

2.2 5OGE-G2
2.24G1E-02

S.24SSE-02

2.2 5O2E-02
2.20V2C-G2

2.2656E-G2
2.Z514E-O2

2.2232E-G2
2.2G31E-O2
2.236OE'O2
2.367e£-02
2.C-2 72E-02
2.9231E-O2
3.G763E-02
2.94 59C- G2

0 .
6.2U6E-07

-1.3117E-O6
-1.OJ19C-O7
-3.53G2E-O6

3.3048E-06
1.C40 7E-06

3.939OE-O6
-2.3675E-O6
-2.e937E-O5

-1.6699C-C5

-5.1153E-C5
4.93e2E-04

1. SO51E-O3
3.G673C-G3

O .

3.99O3E-07
-2.48G7E-G7

3.58 52E-O7
-6.G311C-O7

5.5372E-07

1.5779E-06

1.39E8E-G6
3.1833E-G6
2.91O7E-O7

7.6912E-06

-4.5i5aE-G5
1.2341E-G4
1.4974£-O3
1.65tUC-O3

0 .

2.19C0C-C6
-2.56t2iI-G<J

-1.389 5E-G8
-0.4t72E-GS

2.4G46E-07

3.9179E-G7

2.2659E-07
5.272OE-C7

-5.6434E-G8

-1.6372C-G6

'7.644CE-06
6.G161E-05
1.8 5G3E-G4
3.71f 2E-G4

O .

2.1959E-O4
1 .583GE-G4

O.3829E- G5
6.6O5EC-G5
2.2199E-G4

4.1JS2C-G4
5.3149E-C4
2.363OE-D4

-5.4240C-G4

-1.OC6OC-IJ
-J.17OOC-i»3
- 3 . 733AC-Ol
-3.0623E-G3

- 1 .42OOL-1.3
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APPENDIX A

DEFINITION OF F0RTRAN VARIABLES

The FORTRAN variables that appear in C0MM0N storage or that are used for input data are defined here

in alphabetical order. The input data is defined in detail, card by card, in Sec. IV so that input vari-

ables are defined here by referencing the particular data card on which they appear.

Definition
F0RTRAN

Symbol

ALA

ALPHA(K)

AM(K,L)

ASQ

BIE

BM(K,L)

CB(L)

CF(L)

CQ(I,J)

CS(](I,J)

CV(K)

CYCLE

DDX

DDY

DEN

Algebraic
Symbol

A

\

-

bk £

-

(c2)i,j

(cv)k

-
-
-

DT

me
DX

DX0C

DY

EB(L)

EF(L)

EP(K)

EKRD

ETA ( I , . I )

ETAO

FA(I,J,K)

FAB0(K,N)

FAL1(K)

FAL2(K)

IT \(A fl?~\
V t\<i> \ IV. /

FAR(i)(K,N)

6t

<5t
C

<Sz(dx)
-

or(6y)

-

n. .
I.J

n o

( > k ' i , j

-

-

Input data card no. 8.

Input data card no. 26.

Input data card no. 27.

Input data card no. 8.

Input data card no. 8.

Input data card no. 27.

Input data card no. 27.

Input data card no. 27.

Dummy array used to store variables for plotting.

Square of the adiabatic sound speed. Computed in subroutine PRiAc, as c =

Y(Y - 1)1.

Input data card no. 25.

Input data card no. 6.

Reciprocal of 6z (Ax). Computed in subroutine CVIC.

Reciprocal of 5r (6y). Computed in subroutine CVIC.

Input data card no. 4.

Temporary storage for the mass flux of species k across the top boundary of

cell (i,j) produced by molecular diffusion to be used later as the mass flux

across the bottom boundary of cell (i,j+l). Computed in subroutine SPEC as

(̂ ft,̂ - .ji according to Eq. (3.23).

Input data card no. 7.

Input data card no. 7.

Input data card no. 7.

Tnput data caru no. 8.

Input data card no. 7.

Input data card no. 27.

Input data card no. 27.

Input data card no. 23.

Deviation from zero for convergence of the pressure iteration. Computed in

subroutine CVIC as r 10" 5 p

Factor for the calculation of the ciolpcul.tr diffusion coefficients, h,

Computed in subroutine SPEC as n = n o T
r/p.

Input data oard no. 14.

Density of species k in cell (i,j).

Input data card no. 32.

Input data card no. 15.

Input data card no. 15.

Input data card no. 15.

Input data card no. 31.



F0RTRAN
Symbol

FAT2(K)

FL(1,J)

FL0(M)

CAMA(K)

CAMMA

IB

Algebraic
Symt.ol

_

-

-

\

y
_

Definition

IB1

IB2

1SPEC(K)

IT

ITC

ITD

ITMAX

.IB

JBl

JB2

JNM

JPLOT(M)

LPR

MINB0(N)

MINT1

MINT?

MU(I.J)

NAME(M)

NCYDMP

MF1LE

NO)

NR

JJSDMP

MSL(M)

NS0(N)

NSPEC

NTD

NWDMP

0B(M,N)

0IB(M,N)

0MECA

Input data card no. 15.

Input data card no. 15.

Cell flags (see Table I). Computed in subroutine FLIC.

Input d=»ta card no. 9.

Input data card no. 24.

Input data card no. 8.

Number of cells in the z(x)-direction encluding the two fictitious columns a-

iong the right and left boundaries of computing mesh. Computed in program

RICE as IB = IB2-2.

Computed in program RICE as IB1 = IB2-1.

Input data cards no. 1 and no. 6.

Input data card no. 6.

The number of iterations performed to satisfy Eq. (3.10).

Input data card no. 6.

Input data card no. 5.

The maximum nuuber of iterations allowed for any cell when attempting to sat-

isfy Eq. (3.10). Set in subroutine CVIC as ITMAX = 1000.

Input data card no. 28.

Number of cells in the r(y)-direction excluding the two fictitious rows along

the bottom and top boundaries of computing mesh. Computed in program RICE as

JB = JB2-2.

Computed in program RICE as JB1 = JS2-1.

Input data cards no. 1 and no. 6.

Job identification obtained from the J0B card and printed on film.

Input data card no. 6.

Input data card no. 6.

Input data card no. 30.

Input data card no. 12.

Input data card no. 12.

Shear viscosity. Computed in subroutine PR(JO according to Eq. (3.43).

Input data card no. 12.

Input data card no. 3.

The number of cycles between writes (dumps) on TAPE5 as specified by the in-

put variable NSDMP. Set in program RICE as NCYDMP = NSDMP.

Input data card no. 5.

Input data card no. 6.

Input data card no. 6.

Input data card no. 5.

Input data card no. 6.

Input d3ta card no. 28.

Input data cards no. 1 and no. 6.

Input data card no. 5.

Input data card no. 5.

Input data card no. 28.

Input data card no. 28.

Input data card no. 8.
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FORTRAN

Symbol

P(I,J)

PB(I.J)

PFAC

PHI

Q(D
RE(I,J)

RFLB(I)

RH0(I,J)

RH00

RH0T(I,J)

RJ2(J)

RRH0

SECREQ

SIE(I.J)

SIEB«S(N)

SIEL1

SIEL2

SIE0

SIERSl(N)

SIET1

Algebraic
Symbol

"i.J

Definition

(PE)
i.j

P
i.j

po

RH0U(I,J) (pu). i .

RH0UT(I,J) (P«)- + i •

RH0V(I,J) (pv). .

RH0VT(T,J) (p"v) . .ji

RINB0(N)

RINL1

RINL2

RINR0(N)

RINT1

RINT2

RJ(O r.
J

-1

Final static pressure of the mixture. Computed in subroutine PR0G according

to Eq. (3.36).

Temporary static pressure of the mixture obtained by the pressure iteration.

Computed in subroutine TILDE according to Eqs. (3.12).

Term used in the pressure iteration for the calculation of the increment ip
2

given by Eq. (3.11). Computed in subroutine CV1C as PFAC = 2<j>5t

r~2 6z~ 2).(Sr~

Input data card no. 8.

Input data card no. 27.

Total energy density. Computed in subroutine ENERGY according to Eq. (3.15)

and updated in SPEC according to Eqs. (3.28) and (3.34).

Temporary storage For the mixture mass flux across the top boundary of cell

(i,j) to be used later as the flux across the bottom boundary of cell (i,j+l).

Mass density of the mixture. Computed in subroutine TILDE according to Eq.

(3.1).

Input data card no. 11.

Tilde value of the mixture density. Computed in subroutu:" TILDE according to

Eq. (3.2).

Axial component of momentum density. Computed in subroutine TILDE according

to Eq. (3.9).

Tilde value of the axial component of momentum density. Computed in sub-

routine TILDE according to Eq. (3.9).

Radial component of momentum deusity. Computed in subroutine TILDE according

to Eq. (3.6).

Tilde value of the radial component of momentum density. Computed in sub-

routine TILDE according to Eq. (3.8).

Input data card no. 30.

Input data card no. 11.

Input data card no. 11.

Input data card no. 29.

Input data r.ard no. 11.

Input data card no. 11.

Radial coordinate of the center of the (J)th row of computational cells.

Computed in subroutine CVIC as RJ(J) = (J-l)5r - 5r/2.

Radial coordinate of the top boundary of (J)th row of computational cells.

Computed in subroutine CVIC as RJ2(J) = (J-l)6r.

Reciprocal of the initial density p. Computed in subroutine CVIC.

Computer time requested for the problem in seconds. Computed in program RICE

from J0B card data.

Specific internal energy. Computed in subroutine ENERGY according to Eq.

(3.16) and updated in subroutine SPEC following the updates of the total

energy density according to Eqs. (3.28) and (3.34).

Input data card no. 30.

Input data card no. 13.

Input data card no. 13.

Input data card no. 13.

Input data card no. 29.

Input data card no. LJ.
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FORTRAN
Symbol

SIET2

SLG

SM0

STREK(I)

Algebraic
•Symbol

1.
s

M

TBEC

TFAB(l.K)

ill ETA

TIME

TPL

TPI.D

TPR

TST0P

U ( t . J )

UC0N

UINL1

UINL2

UINRO(N)

VC0N

VEL

V:NB(9(N)

VINT1

VINT2

V0

XI

ZETAB(L)

ZETAF(L)

Oefin it ion

Input data card no. 13.

Input data c.int no. «.

Input data card no. 22.

Input data card no. 4.

Temporary storage for the energy flux across the- lup boundary of cell (i,i) to

be used later as tlie flux .irross tlie dottoci bound.irv o( eel I >(i. j+1).

Ti.v at the bfninninp of tiio protract execution.

Computed in proRram H1CE. femperattire computed according to i'.q. (J.25) folli>u—

ing the solutions of Eq. (3.21), (3..28), and ( i . W ) .

Input data card no. U.

Temporary storage for the mass flux of species k across the t-p boundary of

cell (i,j) to be used later as the flux across tin.- bottom boundary of cell

'•I

Input data card no. 8.

Input data card no. 7.

Input data card no. 7.

Input data card no. 7.

Input data card no. 7.

Input data card no. 7.

Axial component of velocity. Computed in subroutine PK$«T according to Eq.

(3.14).

Factor used in the pressure iteration, Eq. (3.1i).

Input data card no. 10.

Input data card no. 10.

Input data card no. 29.

Input data card no. 10.

Radial component of velocity. Computed in subroutine PR0C according to Eq.

(3.U).

Factor used in the pressure iteration, Eq. (3.13). Computed in CVIC as VC0N =

!»5t/cSr.

Input data card no. 4.

Input data card no. 30.

Input data card no. 10.

Input data card no. 10.

Input data card no. 10.

Parameter used in the calculation of T and 6 in Eqs. (3.5) and (3.20). Set in

subroutine CVIC as XI = 1.

Input data card no. 27.

Input data card no. 27.



fJiHJC 8

H.OV DIAGRAMS FOR KICK SfBROLT*!KES

Flow tli.IIKrams for each subroutine of tin* SICK propr-ist ;ir<? presented in this appendix except for the

three subroutines VPMJT, CXPI.<JT, and C0PI.0T which dual entirely with plan inc. A MttTRAX listing o» these

.subroutines is given in Appendix C along with Che listings of the other subroutines. The flow dianraiss pre-

sented hire .ire for RICK. l'R«lf;, KTAPK5, FI.IC. CVtC, TANTKl.. EXERGY. and SI'EC in thot order.
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SUBROUTINE RTAPE 5

RIAII e n vn>"i'. Hi.', .JB2

. •RiM ; . .VilWI'. Ml>



SUBROUTINE FLIC
(Sou ce» *i3!jii

J? 1 J3

V , s 5

DO ?i'j J

VTE
 v r -

DO 245 i

XTE XTK

F L ! '

5. J4 9

s.

1.JB2

• IJ 11 6v

TIB?

- II - 11 .'. x

•. rL0IJ3i j "" ,fXrt < FLOLH » l l j



o
/" "V no f' ~N no f

IVTED • 1000 (Y«nl' I *v

IVTED • 1000



SUBROUTINE CVIC

DDX - h • °m ' Jj • DDY2 = W)2 • "DX2 - j£p

VCON - —^-, UCON - —•-, F.RRD » RHW9 x 1 0 " '
iSy iSx

ITMAX - 1 0 0 0 , XI ' 1 . , PFAC •

8BM» - S ^ H

' ' \ j ^ + ^ J |

VT6 ' Y

00 490
x T E - x

J =

TS * (J - 11 Av

^.tB?



CVIC commit <t)



CVIC continue (21

DO 433 K = I.NSPEC DO 436 K - I.NSPEC

jno 1r
v : -vT 1

,

no

V1 = V

. 2.3.5,6,9.10.13

J,4,7.8,n,12

2.3.5.6. l9.10.i3

1,8.9.12.13

2,3,4,

6.7.10.11

ASSIGN 473 TO NOR
GO TO 507

47



CVIC continue (3)

KO • K
GO TO NOR

OO52Q K =

(0B1,<X,08,0

yes

• ^ o e 3 1 < v l 0 & oe

1.NO

4,k >

1

X.O

Y K >



CVIC continue 141

DO 530

YT£-V

" T S " "

DO 529

J •• 7.JB1

TS * <J "

.5 6y

1 • 2.IBX

1 ) ( y

"I " I>BO (K01

DO 626 K = l.NSPEC

P1, ' P R o I K O

DO 527 K •

*•'.>= " a o k
(

l.NSPEC

CO)



CVIC cc.nl.nuf {5>

s
5

n

0

• 0

) (TO f.

no

l.NSPEC

" ) U I ! . i ,7" ' ! ! u ! . i /?

> yes

<pE>| - cifi ' • | ( v ; ' " 7 ) ' l

IPVI; '"2 .^;-"7

" K e - j t " ! ^ < u ! .w) '



SUEJROUTllME TANVEL
(Sfttttng ttngwuwl velocities m fictitious ant) rectangular obstacle celts)

u; - - u;-1 u[* u\-'

51



SUBROUTINE TILOE
(p Calculation)

! - v, • st(5-; K - ""•>) *£ K - «"T)|

rL - (1 • {) rn

^1

6pL » (1 - 01 p\^ J!-lff- 67("!-"!-i)

52



TILDE continue ( I I

IpU Ctlcufationl

'pU1o«l " ^j("\ * ' '..I )U'.'l/3

<•« ~-»:.

2.3.4.5.8.9. f ' T " ^ 1.6.7,10.11
12.13 I l f l - ' ."

"B-K"

2.3.4.5.8.9.12.13

*>BH* " !« f " S B " " ' . .

.6.7,10.11

" T - 2"i* '-"i:!
| P T • cj. ̂ T = »\ | | gT = P<;\ tfT • ^ i " [

f2 • A

»uj • o.

1 13|7 8

\

6,9.
10, 13

, , ui f ? * A fiii _ ui > , _ * . /,I«WJ

<•'•'•

PU^ - 0.

flR

f
53



TILDE coniinue (21

111! «.".!<). I :i)

*8 ,12

"BR * 2 °"BR

v,,°r:i" | PTR - <"* | |vrR°-vr'"

1 / , , J V T R V T "TR -"!.!.? I



TILDE continue 13)

»Ti.

" T L

" T L

" I L ' ' T L

= 2o

?P

.!!

t •• V

i
. - 1

- 1

u,, = -u'

i.,Tl • J K *"! *'" * ̂ [ f . (v1.012 - VT J • «̂  K - «0

H«J-..:(V!""-J' "vi! I ''.'(v; "'.

* 1.6,7.10

8.9/
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TILDE coniinue <4)

vrR = *.'

V V

1/2

• ' "

U T R " U
+1

1*1/3

8.12 ft

w U.t1/2

12

i

1

k (vTH - * ; '») * J; (uTn - "R)J

56



TILOE continue (51

{Iteration Section)

\J\-\* 6.7.10.11 j «^FL|"' 1,8.9,12.

<":-i.

LEFT
LT

(ii7

7.8,11,12) »
no

- 0 0
• 0 0

i51<

• ( F L

no

yes

flEFT
LT

6.9,10,13

no

1 0 |
- P C

IL^^T

1 lT
* 1.0
-1.0

; »1.8,9.12,13)v" »(^ FL;-' -1,6.7,10,11 ) — ! S -

l>\ - p\ *0it I —• [T0P(pVi;' i n i '*10- BOTTOM ISVI ] -" 2 H- 1 / J J

57



SUBROUTINE cNERGY

KpEI & I Calculation)

• v ! 4 . ! "

• v-: 'a

V

V
*TR

-V

- V

• 1/2

-1/2

V •- V ' " '

l.a,5,6,9,10 13

V
' T

" R

lHtH

1 f 2

2 v*y

i f i

(

• V

1.6.10 f

\

V
" T

• V
' tH "

* "l" " / /

F l 1

-

J

1

•
' V

.1"

^•» 1.6.1Q

)

1/2
I

1/2

1 /

•1 FL
1 1
13 r

V
" T

V
T

J
£ I

1
W ( V » * V » )

" T R " T

- U B n

""II

1
)



ENERGY cont.nm U)

1.8.7. i 10.11

u

u
" i n

" T H

- U

V

*V7

»1
- V 2

" T B '-'"

PT =

(p E )

pf:

*3.12.13

— \
i l

11 /

J

u.

u _
H

u;*

u1

r

w

59



ENERGY continu«(2J

I
r, . .

uT = - /u * u +

m i , v, (,.i, . „, ,,f

i

**»( "TB * "

1/ " i '

• u
R TL

THEH - T R £ L

Already Storfd

1.4.5.7.g.l1.»2 (FL'- 'J' 2.6,9

3'lO.13

V
" j

J

VL-.{

TREU =

V'*

*

V

m

' — (v •

'T "O

—K^J-
1 12

v - v' '"2

" T • " '

" T

*

1 '•*• I

- ) .

J

(v
} '

I«*;

uL6l

5«

t

i " /

(wLu4
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ENERGY coniinu«(3>

|pQ 4953 J » 2.JB2 [ * ( rLJBg » 4
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SUBROUTINE SPEC
{Species Convection Calculation)

DO 5002 K = 1. NSPEC

RM. - 1./SM.

DO 5021 K • I.NSP

OR. • 0.

DO 5046 K - I.NSP

NSP = NSPfcC - I

DO 5200 J » 2.JB1

DO 5200 I « 2.IB1

7.8.11.12 2.3.4.5

J J 10.13

- * { 5200

2.3.5.6.6,10,13,

'TE - 8

I>0

rR = (1 + £) i

/

TE

( '

7TE

DO 5061

'•1J.-0l.li

K «

-
r R = ( 1

I.NSP

.i«] "',«.,

- £1 rTE

- — (P1 -fl1 )
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SPEC cori'inue ID

DO 5086 K • 1.NSP

»T - 0
•—f508! ) \»

8.9.12.13

J J _, r
vo • V ' " ' V , - v ' * 1

12,13

(V ri
+y2-V rJ^W

\ T b
TTE . 1-t*l

\'<0 rT - (1 « I ) TTE r T - ( 1 - { ) r T 1

DO 5121 K = 1.NSP

DO 5136 K = l.NSP
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SPEC ContmuiCI

- f

DC 5166

k ' " l - t k )

K •

u
I.NSP

i

6.7.JO.I1

0 0 51B6 K • I.NSP

'Jv

SUMR '- S p\ „

2.3AS.8.9.12.13 DO 5176 K - I.NSP

"I.KSMC " »! " S U M R



SPEC Continue (31

ISpecm Olflulion C I ruUtionl

«MIN • ° ° 7 8

DO 5196 J •

DO 5198 ' •

2.JSI

2.IBI

I.6.7.8.*. 10.11.12.13

DO

SI

S2

5196

- I o

- Ec

K -

L<
I .NSPEC

5196)—

0 0 5206 K • l.NSPEC

6p, -0

0 0 5319 K • l.NSPEC

«pB =r-

00 5225 K • 1.NSPEC

*( . , • 0.
.8,9.12,13/"

1.6.7. lO.fYi

00 5193 I - I.IB2

00 5400 I ' 2.JS1

00 5400 I • 2.IB1

2.3.4.5

1.6.9.10.«3

2.3.4.5.6.9.10.13

DO 6232

• \ - »:>

1.8.9.|l2.l3

K • l.NSPEC

1.7.8.

|D0 5213 K • l.NSPEC

' I , ""!.!> *!.1

ASSIGN 5257

TO JRET

ASSIGN 5715

TO JRET



SPEC Continue (4)

0 0 5242 K ' 1.NSPEC



SPEC

(ENTHALPY DIFFUSION)

DO530W K • 1.HSPEC
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SPEC Continue <*)
(CbMlacry Section)

I.MAX -

00

DO

*P

DO

5395

5375

- 0

**?

5330

A?

M
L

-

K

• .1 St
c

- l.LMAX

• l.NR

1,

• l.NSPEC

EK«1

E » '

S " ^ ^i ^ ^ K F

68



SPEC Continue (7)

KN1-0

DO 5358 K-l.NSPEC

VBMk,£

[KNK N l - K N l + 1

i tcKBPpBMKALPHA.L

1.KALPHA

-•(5365]



SPEC Continue (3)

p l k * pJik +

rX) 5 3 9 0 L - l . N R

6pE - Z q^ <5ui£

DO

ROMREF - o f - K A L p H A

P1IA ( " W p H A . f " " W p H A . - t )

5JB5

5380

K - 1 ,S»I'KC

1. - 1 ,NR

DO 5404 J - 2.JB1

yes

lx> Vi!) i K - l .N:;r

P IBl ,k * pIB,k

PEIB2

I J
I B 2 '

• o E i B 1
+

- P E I B 1

pi I J - PJ I 3

l JIB

70



APPENDIX C

F0RTRAN IV LISTING OF THE RICE PROGRAM

The FORTRAN IV listing of the main program and of each subroutine in the RICE program is given in this

appendix.

L?-0396

KUt<-lCM»9 T 4 / 0 6 / 2 * O9.4O.O6 T 3OAFL 1AZ FACE HO. 1

44 FORMAT(» LCM/CELtD/FL(*13*,*l 3*) , U ( * l 3 * , # 1 3 * ' , V I * 13» , * 1 3/

I * 1) .RHCHtfl 3* , *13*) .S1C(#1 3i>,#I 3#) , P(el 3* ,#1 3/

("." I 1* i V 1 3v

, El A l # I 3 * , *X 3*}

4 9 FORMA! (316)

46 rCRMATtv DIMENSION RHOUT

2 READ 45,168,JB2.NSFEC

14 WRITCie.44),162.JC2.IBE,JBE.1B2,JD2,162.JBE.

1102. J62, IB£, Jt>2, IC2, JE2, tB2, JB2, 162, JB2. 162, JB2,

£1E2, JB2..IB2, JB2.1B2, JC2.162, JC2.1B2, JB2.MSFCC, JB2. JBE.1B2,

3lB2,U0FCC,1P2,JB2

134 WRJTC(6,46)1B2,JB2,162,JB2,IB2,JB2, IB2.HSFEC.1C2

162 END

71



RUN-LCM89 74/08/87 12.19.34 T3OAFL 1VL PAGE NO. I

PROGRAM RICE!INP.OUT.FrLM.FSET12=F|LM.FSET5.FSET9=0UT.FSET10=INP) RICE6
C»«" TAPE-5 DATA FOR STORAGE AND RESTART RCOMI

2 COMMON/TAPED/ITD.NTD.NSDMP.NFILE.NWOMP.NCYDMP RCOMI
C«... THE RCOMI DATA BLOCK IS USED IN RICE(MAIN-PROGRAM).PROG AND RTAPE5 RCOMI
C RCOMI
C«... THE RC0M2 DATA BLOCK IS COMMON TO RICE AND ALL SUBROUTINES
C«... BOTH RCOMI AND RCOM2 ARE LOAOED USING •COMDECK FEATURE OF (UPDATE)

2 COMMON/GE0MD/IB2.J82.N0.NSL(4),LPR.CYCLE.ITC.JPL0T(5).NSPEC.
11SPEC(7).NR.DX.DY.TIME.DT.TSTOP.TPR.TPL.TPLD.DTC.ALA.BIE.THETA.
2PH1.OMEGA.GAMMA.DXOU.ASQ

2 COMMON/!CCD/IB.JB.IBI.JB1.NAME(IO).JNM.TBEG.SECREQ.DDX.DDY

i.UCON.VCON.ERRD.ITMAX.PFAC.RRHO.XI.IT
2 COMMON/INPFLD/FLOI12).UO.VO.VINTI.VINT2.UINL1.UINL2.RH00.RINT1.

IRINT2.RINL1.RINL2.MU0.MINTI.MINT2.MINL1.MINL2.SIE0.S1ET1.SIET2.
2SIELI.SIEL2

2 REAL MUO.MINT!.MINT2.MINL1.MINL2
2 C0MM0N/SPECD/ETAO.FAO(7).FAT1(7),FAT2(7).

IFAL1(7),FAL2(7),SM<7),EP(7),GAMA(7),CV(7),ALPHA(7),AM(7.3),
2BMI7.3).0(3),CF(3).ZETAF13).EF(3),CB(3),ZETAB(3),EB(3)

2 C0MM0N/0B5D/ITOI20),NSO(20).06(6.20).018(2.20).UINROI20).RINROI20)
I,MINRO(20),SIER0(20),V1NBO(20),RINB0(20),M1NBO(20).
2S1EBO(20),FARO(7.20).FABO(7.20)

2 INTEGER AM.BM
2 REAL MINRO.MINBO

<>••• /CELLD/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAMCPREP)
C»»«« AND THE "READ FEATURE OF (UPDATE)
C««»« THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/

DATA ARE READ FROM A CARD TO SET DIMENSIONS TO 182.JB2 AND NSPECc • •
c

2 LCM/CELLD/FL( 62. 32).U( 62. 32).V( 62. 32
D.RHOl 62. 32),SIE( 62. 32) .P( 62. 32
2).MU( 62. 32).CSQ( 62. 32),RH0T( 62. 32).RH0U( 62
3. 32).RH0V( 62. 32).RE( 62. 32).ETA( 62. 32),CQ(
4 62. 32).FA( 62. 32. 7).RJ( 32),RJ2(
5 32),RFLB( 62).TFAB( 62. 7).TE( 62. 32)

2 DIMENSION RHOUT( 62. 32).RH0VT( 62. 32),PB(
I 62. 32).DRH0B( 62. 7).STREBC 62)

2 EQUIVALENCE (RHOU.RHOUT).(RHOV.RHOVT).(P.PB),(STREB.RFLB)
I(TFAB.DRHOB)

2 INTEGER FL.CYCLE
2 REAL MU

1 F0RMAT(24I3)
2 F0RMAT(2I3.IIF6.2)
3 FORMAT(1H036I3)
4 F0RMATCI2F6.2)
5 FORMAT(IOA8I
6 FORMAT(«OUO=#1PE13.4« V0="IPE13.4« V1NTI=«1PEI3.4*

IE13.4* U1NLI=*1PE13.4« U1NL2=*IPE13.4)
7 FORMAT(IHl)
8 FORMATdH 213.1PBE13.4)
9 FORMAT(»1CAS£ NO. ' I S * CP TIME=«F8.1)

10 FORMATCH IP12EII .3)
11 FORMAT(8I3.I6.I5I3)
12 F0RMAT(14I2.2X.7F6.2)
13 FORMATCO U.'NRO RINRO MINRO S1ER0*)

RCOMI
RCOMJ
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M8
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RICE8
R1CE8
RICES
RICES
RICE8

VINT2=MP RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8

3
2
3
4
5
6
1
2
3
4
5
6
7
8
9
10
1 I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
6
7
8
9
10
II
12
13
14
15
16
17
18
19
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RUN-LCM89 RICE 74/08/87 12.19.34 T3OAFL IVL PAGE NO. 2

14 FOKMATCO VINBO RINBO MINBO SIEBO*) RICE6 20
15 FORMATcO F A d l R FAI21R FA(3»R FAI4IR FA(5)R RICE8 21

1 FA(6)R FA(7»R*> RICE8 BB
16 FORMATCOITO=*I3* NTD=*I3* NS0MP=*I5* NFILE=* I3* NWDMP=*I5> RICE8 23
17 FORMAT!"0 RHOO=*1PE13.4* RINTI=•1PE13.4* RINT2 R1CE8 24

1=*1PE13.4* R1NLI=* IP£13.4* R INL2=* IPEI3 .4 ) RICE8 25
19 FORMAT CO MU0=*IPEI3.4* MINTI=* I P E I 3 . 4 * MINT2 RICE8 26

1=* IPE I3 .4 * M INL I= * IPE I3 .4 * MINL2=*IPE13.4) RICE8 87
20 FORMATCOIB2=*I3* JB2=*13* N0=M3* NSL=*4I3* LPR=*I3 R1CE8 28

I * CYCLE=*I5* I T C * * I 2 * JPL0T=«512« NSPEC=«I2« ISPEC=-7I2» NR-* RICE8 29
212) RICE8 30

21 FORMAT(»0INFLOW DAJA —RIGHT— RICE8 31
1 T O P — —LEFT—*) RICE8 32

S2 FORMAT(«ODX=«1PE 10.3* DY=MPEI0.3« T=»IPEI0.3» OT=MPEI0.3» TSTOP- RICE8 33
M1PE10.3* TPR=»IPE10.3« TPL=«1PE1O.3» TPLD=» IPEI0.3* DTC=« tPElO.3) RICES 34

23 FORMAT!»0 — OBSTACLE DATA --•/) R1CE8 35
24 FORMATCOITO NSO 0811) 0BI2) 0BC3S 0BI4) RICE8 36

10BI5) 0B(6) 01BI!) 01BI2)*) RICE8 37
25 FORMAT! «0 SIE0*MPEI3.4» SIETI = »1PE13.4» S1ET2 RICE8 38

1-MPE13.4* SIELI=*IPE13.H» SIELS««1PE13.4) RICE8 39
26 FORMAT(»0ALA=MPEI0.3« BIE»*IPEI0.3» THETA=«1PE1O.3» PHI=« RICEB 40

I1PEI0.3* OMEGA=«IPE10.3« GAMMA=«1PE10.3* DXOU=»1PEI0.3* ASQ=» RICE8 41
S1PE10.3 //) RICE8 42

27 FORMAT!»0 ETAO=«1PEI3.4) RICES 43
28 FORMAT CO FA!])B FA(2)B FA!3)B FA!4)B FA15IB R1CE8 44

1 FA(6)B FA(7)B*) RICE8 45
29F0RMATII4 • FAO=»1PE13.4« FAT1=»1PE13.4* FAT2>»IP RICE8 46

JE13.4* FAL1=*IPE13.4* FAL2=*IPEI3.H) R1CE8 47
30 FORMAT COSPEC. NO*) RICE8 48
32 FORMAT CO — SPECIES DATA —•/ ) RICE8 49
33 FORMATCOMOLE WT(SM) = »IPI0EI3.4) RICE8 50
34 FORMAT!* EPSILONIEP)=•IPI0E13.4) RICES 51
35 FORMATC (GAMA)«« IP10E13.4) RICE8 52
36 FORMAT!* SP.HEAT(CVI=*1P10E13.4) RICE8 53
37 FORMAT!* DIF.IALPHA)=*1PIOE13.4) RICEB 54
38 F0RMATC1 --SPECIES REACTION DATA—*) RICES 55
39 FORMAT CO AM(7) BMI7) Q RICE8 56

1 CF ZETAF EF CB ZETAB R1CE8 57
3 £B*> RICES 58

40 F0RMAT(7I3.6X.7I3.1P7E!2.4) RICE8 59
41 FORMATCO —SCALING QUANTITIES— •» RICES 60
42 FORMATCOLENGTH (CM)=*1PE1I.4* VELOCITY !CM/SEC)=*IPEII.4* 0 RICES 61

1ENSITY {GM/CC) = *1PEU.4* MOLECULAR WT. (GM/MOLE)=*1PEU .HI RICE8 62
43 FORMATCOTEMPERATURE (DEG.K)=* 1PEI1 .4* TIME (SEO = * 1PEI I .4* RICE8 63

ICONCENTRATION (MOLES/CC)=*IPEI1.H //) RICEB 64
C**** ITD«O—DOES NOT READ OR WRITE TAPE (5) RICE8 65
C**** 1T0-I—DOES NOT READ TAPE (5) BUT UNITES TAPEI5) RICES 66
C**** ITO«2—READS TAPE.OOES NOT WRITE TAPE RICEB 67
C**** ITD«3—REAOS AND WRITES TAPE (51 RICEB 68
C**** NTD- NO. ON TAPE -5- TO READ OATA AT RICE8 69
C**** NSDMP« FREQUENCY AT WHICH DATA IS WRITTEN ON TAPE-5- (CYCLE-INTERV RICE8 70
C**** NFILE = NO. ON TAPE5 OF LAST DUMP TAKEN FROM A PREVIOUS RUN RICEB 7!
r Rirrn "?,-•

CALL •.•LCUNMI IliLlil HICtU 7i
CALL GETQI4LKTLM.NCREQ) RICE8 74

73
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II
!7
35
53

105

107
1 13
I 15

117
121
147
173
eoi
221
237
255
573

576
303
305
327
331
337
345
353
361
367

37a
373

433
436
436

437
441
462
502
522

SECREQ=NCREQ»27. 5E -9

• • • START OF -READ- INPUT DATA

51 READ 5.NAME
READ 4.SLG.VEL.DEN.SM0.TEM
READ l.ITD.NTD.NSDMP.NFILE.NWOMP
READ 11.IB2.JB2.NO.(NSL(M),M=1.4),LPR.CYCLE.ITC.(JPLOT(M),M=1.5)
1.NSPEC.(ISPECCK).K=I.7),NR
NCYDMP=NSDMP S NCASE=O

••• OBTAINS FLUID VARIABLES FROM TAPE5 IFUTD.GE.21
IFUTD.GE.2ICALL RTAPE5
CALL ADV(3)
CALL LINCNTI64)

••• SPACES FILM 3-FRAMES.SETS FILM LINE COUNT AND PUTS JOB ID ON FILM
CALL GETQ<4LKJBN.JN:1)

READ 4.DX,DY,TIME,DT.TST0P.TPR.TPL,TPLD,DTC
READ 4.ALA.BIE.THETA.PHI.OMEGA.GAMMA.DXOU.ASO
READ4.(FLO(M),M=1.12)
READ 4.U0.V0.VINT1.VINT2.UINL1.UINL2
READ 4.RH00.RINT1.RINT2.RINLI.RINL2
READ 4.MU0. MINTI.MINT2.MINLI.MINL2
READ 4.SIE0.S1ET1.SIET2.SIELI.S1EL2
IFINSPEC.LT.1)G0 TO 46

C
C " " READS SPECIES DATA IF(NSPEC.GE . I >,BYPASSES IF(NSPEC.LE.O)
C

READ 4.ETA0
DO 52 K=l,7
READ 4.FA0(K).FATI<K>.FAT2IK),FAL1<K>,FAL2(K)

52 CONTINUE
READ 4.( SMIK).K=l.7)
READ 4.( EP(K),K=),7)
READ 4.( GAMA(K).K=l.7)
READ 4.< CVIK),K=1.7)
READ 4.(ALPHA(K).K=l.7)
IF(NR.LT.I)GO TO 46

C"«» READ ONE DATA CARD FOR EACH (NR) REACTION
DO 49 L=l,NR
READ I2.(AM(K,L>.K=1.7),(BMrK.L).K=l.7>.QtL>,CF(L).ZETAFCL).EF(L).
ICB(L).ZETABIL).EB(L)

49 CONTINUE
46 CONTINUE

IF(NO.EQ.0)G0 TO 53
C
C««*« READS A SET OF FIVE CARDS FOR EACH OBSTACLE
C

DO 55 N=1,NO
READ 2,ITO(N).NS01N1,(OB(M.N),M=1.6).(OIB(M.N),M=1.2)
READ 4.UINR0CN).RINRO(N).MINRO(N).SlEROfN)
READ 4,VINB0(N>.RINBO(N).MINBO(N).SIEBOIN)
READ 4.(FARO(K.N),K=1,7)
RFAO 4.(FARAIK.NI.K-l|7»

RICE 6
RICES
RICE8
RICEB
RICES
RICES
RICEB
RICE8
RICEB
RICE8
RICEB
RICEB
RICEB
RICEB
RICEB
RICEB
RICEB
R1CE8
RICE8
RICEB
R1CE8
R1CE8
R1CE8
RJCE8
RICE8
RICE8
RICEB
RICE8
RICE8
R1CE8
RICE8
RICE8
RICE8
RICEB
RICEB
RICEB
RICEB
RICEB
RICEB
RICEB
RICE8
RICES
RICE8
RICE8
RICEB
RICE8
RICE8
RICE8
RICE8
RICEB
RICEB
RICEB
RICE8
RICES
RICEB

75
76
77
78
79
BO
81
82
83
84
85
86
87
88
89
90
9)
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
1 10
1 1 1
1 12
! 13
114
1 15
1 16
1 17
1 IB
119
120
121
122
123
124
125
126
127
128
I?P
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55 CONTINUE

545

546
554
556
560
564
600
612
630

662
710
734
740
746
766
1004
1022
1040
1044

1047
1054
1060
1062
1 106
1110
11Ifa
1124
1132
1140
1146
1151
1154
1160
1162

1222
I2P5

c
c*

c«

C
C»»

1?31
1235
1236
1240

1265

1311

... END OF READ INPUT DATA PRINT ALL INPUT DATA READ FROM CARDS
53 KTAPE=9
.. PRINTS ALL INPUT DATA <TAPE-9).THEN COPIES ON FILM (TAPE-12) • •
54 WRITEIKTAPE.5)NAME

TI=SLG/VEL
CON=DEN/SMO
WRITEIKTAPE.4U
WRlTEfKTAPE.42>SLG.VEL.D£N.SM0
WRITE(KTAPE.43)TEM,TI,C0N
WRITEtKTAPE.16) I TO. NTO, NSOMP. NFILE. NWOMP
WRI TE(KTAPE.aOI IK, JB2.N0. (NSL(K) ,K=1 .4) .LPR.CYCLE . 1 TC
1.(JPLOT(K),K=I.5).NSPEC,(ISPEC(K),K=I.7).NR
WRITElKTAPE.2a>DX.DY,TlME.DT.TST0P.TPR.TPL.TPLD.DTC
WRITEIKTAPE.26) ALA,BIE.THETA,PHI.OMEGA.GAMMA.OXOU.ASQ
WRITEtKTAPE.21)
WRITEtKTAPE.10)(FLO(K),K=t,12)
WR1TEIKTAPE. 6)U0.V0.VINT].VINT2.UINLI.UINL2
WRITEtKTAPE.17JRH00.RINTI.RINT2.RINL1.RINL2
WR1TEIKTAPE, 19) MUO.MINT].M1NT2.MINL1.MINL2
WR1TE(KTAPE,25)S1EO.SIETI.S1ET2.S1EL1.S1EL2
WR!TE(KTAPE.32>
IF(NSPEC.LT.11GO TO 59

••• PRINT5 SPECIES DATA ONLY WHEN NSPEC IS GREATER THAN ZERO
WRITEtKTAPE.27IETA0
WRITEtKTAPE.30)
DO 58 K=1.7
WR1TE(KTAPE,291K,FAO(K) .FAT1 (K) .FAT2IK) .FAL1 IK) .FAL2IK)

58 CONTINUE
WR1TEIKTAPE.33) <SM(K) ,*.= 1 .7)
WRITEtKTAPE,34)<EP<K>,K=I.7)
WRITEtKTAPE,35)IGAMAIK),K=1.7)
WRITE(KTAPE,36)(CVIK),K=I.7)
WR1TE(KTAPE,37)(ALPHA(K),K=!.7)
IFtNR.LT.1)GO TO 59
WRITEIKTAPE.38)
WRITEIKTAPE.39)

DO 56 L=l.NR
WRITEtKTAPE.40)(AM(K.L),K=1.7).(BMtK.L),K=1,7),Q(L).CF(L).ZETAFtL)
I .EFtL).CB(L) .ZETAB(L) .EBID

56 CONTINUE
59 CONTINUE

«« PRINTS OBSTACLE DATA ONLY IF COMPUTING REGION CONTAINS OBSTACLES
1F(KTAPE.EQ.9)NSDMP=NSDMP*CYCLE
WRITEtKTAPE.23)
lF(NO.EQ.O) GO TO 60
DO 57 N=].NO
WRITEtKTAPE.24)
WRITEtKTAPE.8)ITOIN),N5O(N),(OB(M.N),M=I.6).(OIB(M.N),M=1.2)
WR1TEIKTAPE.13)
WRITE(KTAPE.lO)UINROtN).RINRO(N).MINRO(N),SIERO«N)
WRITE(KTAPE.14)

RICE6
RICE8
RICE8
RICE8

' RICE8
RICE8
RICE8
RICES
RICE8
RICE8
RICE8
R1CE8
R1CE8
RICE8
RICE8
RICE8
RICE8
RICEB
R1CE8
RICE8
RICES
RICE8
RICE8
RICE8
RICES
R1CE8
RICE8
R1CE8
RICES
RICE8
RICE8
RICE8
RICEB
RICEB
RICES
RICCB
R1CE8
RICE8
RICES
RICES
RICE8
RICE8
RICES
RICES
RICE8
RICES
RICES
R1CE8
RICE8
R1CE8
RICES
RICE8
RICES
RICE8
RICES

130
131
132
!?3
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17!
172
173
174
175
176
177
178
179
180
181
182
183
184
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1315 WRITE(KTAPE.IO)V1NBO(N).RINBO(N).MIN80IN).SIEBO(N> RICEB 185
1335 WR1TE(KTAPE.I5) RICEB 186
1341 WRITE(KTAPE.I0MFARO(K,N> ,K=1 .7) RICES 187
1351 WRITE(KTAPE.28) RICE8 186
1355 *RITE(KTAPE.1O)(FABO(K.N),K=1.71 RICE8 189
13S5 57 CONTINUE RICE8 190
1370 60 CONTINUE R1CE8 191
1370 IF(KTAPE.NE.9)G0 TO 62 RICE8 19?
1272 CALLADVin RICE8 193
1374 KTAPE=!2 $ GO TO 54 RICEB 194
1376 63 CONTINUE RICEB 195
1376 IB=IB2-2 R1CE8 196
1400 161=182 ! R!C."a 197
1401 JB=JB2-2 R1CE8 198
1403 JB)=JB2-1 R1CE8 199

C»«'» CONVERTS ALL GRID DATA TO 4020 NUMBERS IN ALL PLOT ROUTINES • * • RICES 200
1404 CALL VPLOT(O) RICES ?01
1405 CALL CNPLOT(O) RICE8 202
1407 CALL COPLOT(O) RICES 203

C"*« TRANSFERS TO CONTROL PROGRAM FOR TIME DEPENDENT CALC. RICEB 204
1411 CALL PROG RICE8 205
14ie CALL SECOND(TEND) RICE8 206
1414 NCASE=NCASE+1 $ TCASE=TEND-TBEG RICE8 B07
1420 WR1TE(9.9)NCASE,TCASE RICF8 208
1427 GO TO 51 $ END RICE8 209

C RICEB 210
C RICC8 c?ll
C " " END OF THE MAIN PROGRAM • R1CE8 2!2
C R1CE8 213
C RICE8 214
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c * * * *
C

c* • • •

SUBROUTINE PROG RICE6
TAPE-5 DATA FOR STORAGE AND RESTART RCOMI
COMMON/TAPED/I TO,NTD.NSDMP.NFILE.NWOMP.NCYDMP RCOMI
THE RCOMI DATA BLOCK 15 USED IN RICE(MA 1N-PROGRAM),PROG AND RTAPE5 RCOMI

RCOMI
THE RCOM2 DATA BLOCK IS COMMON TO RICE AND ALL SUBROUTINES RCOMI

C.«.. BOTH RCOMI AND RCOM2 ARE LOADED USING 'COMDECK FEATURE OF (UPDATE) RCOMI
1 COMMON/GEOMC/IB2,JB2,NO,NSLC4I.LPR.CYCLE.ITC.JPL0T(5>.NSPEC. RC0M2

llSPEC(7>,NR.0X,0Y.T!ME.0T.TST0P.TPR,TPL,TPLD.DTC.ALA,BIE.THETA. RC0M2
2PHI,OMEGA,G*MMA.DXOU.ASQ RCOM2

1 COMMON/ICCD/IB,JB,IB 1.JBI,NAME(10).JNM.TBEG.SCCREQ.DDX.DDY RC0M2
I.UCON.VCON.ERRD.ITMAX,PFAC.RRHO,XI.IT RC0M2

I C0MM0N/INPFLD/FL0M2).U0.V0.VlNTI.VINT2.UINLl .UINL2.RH00.RINT1, RC0M2
IRINT2.RINLI,RlNL2.MU0.M[NTt.MINT2.MINLI.MINLe.SIEO.SlETl.SIET2, RCOM2
2SIEL1.SIEL2 RC0M2

I REAL MU0.MINT1.MINT2.MINL1.MINL2 RC0M2
1 COMMON/SPECD/ETAO.FAO(7).FAT1(71,FAT2(7), RC0M2

IFAL1(7),FAL3t7),SM(7),EP(7),GAMA(7),CV(7),ALPHA(7),AM(7,3). RC0M2
2BM(7.3).0(3).CF(3),ZETAF(3),EF(3),CB(31.ZETAB(3),EB(3) RC0M2

I C0MMON/OBSD/IT0(20),NSO(20),OB(6.20),01B(2.20>,UtNRO(20),RINRO(20) RC0M2
1.MINROiSO),SIERO(20).V1NBOI20).RINB0120),MINBO(20>. RC0M2
2SIEBO(20),FARO(7.20),FABO(7.20) RC0M2

1 INTEGER AM.BM RC0M2
I REAL MINRO.MINBO RC0M2

C'*" /CELLO/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAM(PREP) RCOM?
C*«o» AND THE 'READ FEATURE OF (UPDATE) RCOM2
C«*«» THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/

DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IB2.JB2 AND NSPECc • • •
C LCM/CELLD/FL( 63, 32).U! 62. 32),V( 62, 32

11.RH0I 62. 32I.SIE! 62. 32).P( 62. 32
2J.MUI 62. 32).CSQ( 62. 32).RHOT( 62, 32).RHOUt 62
3. 32).RH0V( 62. 32).RE( 62. 32).ETA< 62. 32),CQ(
4 62. 32),FA( 62. 32. 7),RJ( 32),RJ2(
5 32».RFLB( 62).TFAB< 62, 7),TE( 62. 32)
DIMENSION RHOUT( 62. 32).RH0VT( 62, 321.PBC
1 62, 32I.DRH0B( 62. 7),STREB( 62)
EQUIVALENCE (RriOU.RHOUT).(RHOV.RHOVT!.(P.PB).(STREB.RFLB),

KTFAB.DPJHOB)
INTEGER FL.CYCLE
REAL MU

I FORMAT(24 131
3 FORMAT(IH036I3)
4 FORMAT!1H 1P10E13.5)
5 FORMAT!1H0.1P6EI5.4)
7 F0RMAT(2I5.7(2X.IPEI2.5>>
8 FORMAT(«0TAPE 5 DUMP N0. = M5« CYCLE=»I5» TIME = ' F 1 0 . 4 l
9 F0RMAT(»ICYCLE=«I5* TIME=«F8.3,IOAB)

30 FORMAT(• I J FL U
1 S1E TEMP. MU«)

31 FORMATUH 313. 1PI0EI2.4)
32 FORMAT!* SPECIES DENSITIES*)
33 FORMAT(• 1 J FL A

I E F G«>
41 FORMAT!• 1TER='14» TIME='F7.2«

RHO PB

CP=»|PEI0.2

RC0M2
RC0M2
RC0M2
RC0M2
RCOME
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RCCM2
RC0M5
RCOMc
RC0M2
RICE8
R1CE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE6
RICE8
RICE8
R1CE8
RICE8
RICEB
RICE8

215
a
3
4
5
6
7

a
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21
ae
23
24
25
26
27
28
29
30
31
32
33
34
35
218
219
220
221
22B
223
224
225
225
227
228
2?3
230
231
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6

10

1 1

12

14
14

is

17
20

ee
23

84

26

40

4 1

42

43

44

47

5!

55

61

63

66

70

75

105

106

113
120
\22

135

14 1

146

150

155

167

200

GR1NOS=MPEI2.5>
= TPR*T1ME

TPLOTPL*TIME
TPLOO=TPLD+TIME

TRDISK=2IOO.

CALL FLIC

C.... FLIC---SETS ALL CELL FLAGS

C

C « « " CV1C---SETS UP INITIAL CONDITIONS FOR FLUID VARIABLES FROM INPUT

(:•••• DATA

CALL CVIC

CALL SECOND!TCP)

C START OF TIME STEP--- -END OF l.C.SETUP ••••

C

C

c
1000 CONTINUE

JC=O
DO ioes J=?,JBI
JC=JC*IB2
00 1025 1=2.(61
I J = I * J C
IMJ=IJ-I
IJM=IJ-IB2
IFIFLUJl .GT. I .AND.FLIIJI.LT.6)G0 TO 1085
IFINSPEC.LE.OIGO TO 1004
SUM=0.
SUM1=O.
DO 1003 K=l .N'jPEC
KZ=IB2«JB2»IK-Il
1JK=1J*KZ
IFfFAIIJK ).LE.O.)OO TO 1003

SUM=SUM*FA<1JK I'CVIKl

SUM1=SUM1*FA(1JK )«CV(K)"GAMAIK)

1003 CONTINUE

|F(SUM.NE.O.

IF(SUM.LE.O.

IFfSUM.GT.C.

1004 CONTINUE

CSQIIJ)=GAMMA«(GAMMA-I.)*SIE(fJ)*ASQ

C » « " C A L C . C 2 . P AND MU AT END OF TIME STEP ALL DATA TIME UPDATED •

C

MU(1J1=MUO*RHO(IJl'RRHO

JFCASQ.GT.O.)GO TO 10P5

P(1J)=(GAMMA-1.I«RHO<IJ)«SIE(IJ)

1*ASQ*(RHO(IJ)-RHO0)

IF(P(1J ).LT.O.)P(IJ 1=0.

10H5 CONTINUE

DO 1030 J=2.JB1

IF(FL(IB2.J).NE.41G0 TO 1030

CS0UB2.JXSQUB1 .JXS01 IB. J>
MUf(B2.J)=MU(IBI.J)=MU(1B.JI

P(IB2.J)=PI1B1.J)=P(IB.JJ

TE(I92.J)=TE(IB1,JI=TEIIB.J)

CONTINUE

(1J )=O.
.>TE(1J )=RHO( I J ) *S IE< IJ I /SUM

RICE6
RICE8
RICES

RICES

RICES

RICES
RICE8
RICE8

R1CE8

R1CE8

RICES
R1CE8

RICE8

RICES

RICE8

RICE8
RICE8
R1CE8

RICE8

RICES

RICE8

RICE8

RICE8
RICE8

RfCEB

RICES

RICE8

RICE8

RICE8

RICE8

RICES

RICE8

RICE8

RICE8

RICES

RICE8

RICE8

RICEB
RICE8

RICE8

RICE8

RICE8
RICES
RICE8

RICEB

RICE8

RICES
RICES
RICEB

RICES

RICEB
RICE8

RICE8
RICE8
RICE8

232
233
234

235
236
237

238
239

240

241
242

243
244

245

246
247

248
249

250

251

252

253
254

255

256
257

258
259

260

261

262

263
264

265

266

267

268
269
270

271

272

273
274

275

276
277

278
279

280

281

282

283
284

285
286
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226
•SETS

CALL
TANGENTIAL
TANVEL

VEL. IN F1CTIOUS ANO RECTANGULAR OBSTACLE CELLS

£27

azs
234
236

244
246
250
551
254
256
264
270
301
321
335
351
365
404
412
420
421
424
4 30

435
4 35
436
441

c • • •
c* • *
c* • •
c» ••
c* * *
c* * *
c • • •
c* • •

•LPR=-I
•LPR=-I
•LPR= 0
•LPR=
•LPR=
•LPR=
•LPR=
•LPR=
•LPR=

RICE6
RJCE8
RICE8
R1CC8
RICE8
RICE8
RICES
RICES
RICES
RICE8
RICE6

2068
C * * * *
c* • • •
c

PRINT SECTION (2000)
•LPR=-2 OMITS GRAPH IDENTIFICATION.OMITS PRINTEO DATA ON FILM
•LPR=-2 OMITS VPLOT AND CNPLOT (USE FOR MOVIE OR COLOR PLOT I

OMITS GRAPH IDENTIFICATION.OMITS PRINTED DATA ON FILM
OMITS VPLOT
OMITS GRAPH IDENTIFICATION.OMITS PRINTED DATA ON FILM
OMITS CNPLOT AND COPLOT
ALLOWS ALL PLOTTING AND PRINTING ON FILM.AND PRINTING ON P RICES
ALLOWS ALL PLOTTING AND PRINTING ON FILM.AND PRINTING ON P RICE8
OMITS COPLOT
BYPASSES ALL PLOTTING.PRINTS NUM.DATA AT SPECIFIED TIMES
BYPASSES ALL PR INT ING.PLOTS DATA AND GRAPHS

1F(LPR.EO.-2)GO TO 2360
lFILPR.LT.OlGO TO 2167
IFILPR.EQ.41G0 TO 2170
IF (CYCLE.LE.DGO TO 2068
IFITIME*.000001.LT.TPLO1GO TO 2170
CONTINUE
VECTOR PLOT SECTION
IF PLOTTING SPECIFIED BY LPR.THEN PLOT ARE MADE WHEN TPLO.LE.TIME

CALL AOV(1)
CALL VPLOT(1)
DO 2165 J=2.JB1
DO 2165 1=2.IB
XX1 = (1-1.5)*DX
YY1=(J-i.5)»DY
|F(FL(I.J).EQ.I)
IFIFLII.J)-EQ.5)

GO TO 2163
GO TO 2165

IFIFLII.Jl.GT.I.AND.FLII.JJ.LT.51 GO TO 2165
NFL=FL(I.JJ-5 5 GO TO (2153.2155.2157.2159.2162.216c.2162.2I621NFL

2153
2155
2157
2159
2163

2162
2164
2165

C
c • * • •
c * * * *

2167

XX2=XX1+ U(I .Jl'DXOU $ YY2=YYi* V(I
XX2=XX1* Ul l - I .J I 'DXOU $ YY2=YY|* V(I
XX2=XX1* U( 1-1 .JMDXOU S YY2=YY1* V( 1
XX2=XXI* U(I .JI'DXOU $ YY2=YYI* V(I
XX2=XXI*.5MU< 1-1 ,J>H)U .JM'DXOU
YY2=YY1*.5»(V( 1 . J- l )*V( I .J) )«DXOU
GO TO 2 1 6 4
XX2=XXI S YY2=YYI
CALL VPL0TI2.XX1.YYI.XX2.YY2)
CONTINUE
END OF VECTOR PLOT SECTION START

•JI'DXOU
.JI'DXOU

.J-l1'DXOU
,J-11'DXOU

% GO TO 2164
S GO TO 2164
% GO TO 2164
$ GO TO 2164

OF CONTOUR PLOT SECTION* •

RICE8
RICES
R1CE8
R1CE8
RICEB
RICE8
RICE8
RICES
RICE8
R1CE8
RICEB
RICE8
RICES
RICE8
R1CE8
RICEB
RICEB
RICE8
RICE8
RICE8
RICES
RICE8
RICE8
RICES
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICES
RICES
RICE8
RICEBPLOTS---RHO.P.SIE.T.M---FOR ALL REAL FLUID CELLS AS SPECIFIED BY

JPLOT(L) .EACH ARRAY STORED IN DUMMY ARRAY--CQ—TO TRANSFER TO PLOT RICE8
ROUTINES RICEB

RICE8
CONTINUE RICE8
IF<LPR.EG.0)GO TO 2170 RICEB
IF(CYCLELE.I)GO TO 2169 R1CE8
IF(TIME».OO0OOt.LT.TPLO'GO TO 2170 RICE8

287
288
289
290
291
292
293
294
295
296
297
298
299
300
201
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
33 i
332
333
334
335
336
337
338
339
340
341
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444 TPLO=TPLO*TPL
446 2169 CONTINUE
446 DO 5325 L = 1.5
450 IF(JPLOT(L).NE.1) GO TO
45? 00 2320 J=I.JB2
454 00 2320 J=I.JB2
455 IFCFLCI.Jl.GT.l.AND.FLCI.J1.LT.5) GO TO
•(70 GO TO C2307.2309.2311.2313.2315>L
501 2307 CQIl.Jl'RHOCJ.J) $ GO TO 2320
510 2309 CQ(I.J)= PBCI.J) $ GO TO 2320
517 8311 CQlI.J)=S1EC1,J) S GO TO 2320
526 2313 CQ(I.J)=TE(I.J)
534 GO TO 2320
535 2315 !F<FUI.J).GT.l.AND.FLCl.Jl.LT.6) GO TO 2321
551 1F«FLCI.J).EQ.I1GO TO 2314
556 NFL=FLd.J)-5 S GO T0C2316.2317,2318.2319.2316.2317.2318.23191NFL
574 8314 CQCI.J)=5QRT(((U<I.Jt*U(1-1.J))••2+CV1I.J)+V(I.J-l))««2)/

1CSQCI ,J) f.5 $ GO TO 2320
625 2316 CQCI.J>=SORT(<U!I.J)'«2+V(1.Jl*«2)/CSO(1.J>> $ GO TO 2320
647 2317 COCI.J>=SQRTl<U(1-1,J>««2*V(I,J)«»2)/CSQ<I.J>) S GO TO 2320
671 S318 COCI.J>=SQRT(tucI -1.JI»"2*V[I.J-l(••21/CSOCI.Jl) $ GO TO 2320
713 2319 CQ! 1 ,J)=SQRT< (U( I ,J>"2*V< I .J-l )»*8)/CS0( I,J)I J CO TO 2320
735 2321 CQf1.J)=0.
741 2320 CONT INUE-
746 CALL CNPLOT(11
750 CALL CNPLOT(2.Ll
752 2325 CONTINUE
754 IFINSPEC.LT.1 I GO TO 2170
757 2330 00 2355 K=l.NSPEC
761 IFCISPEClK) .NE. 1) GO TO £?355
763 00 2350 J=l,JB2
765 DO 2350 1=1.IB2
766 1FCFLCI.J).GT.I.AND.FLlI.J).LT.51 GO TO 2350
1001 COCI.J1=FACl.J.KI
1007 IF1CGCI.J).LT.O.ICQ<l.J>=0.
1017 2350 CONTINUE
1024 CALL CNPLOTII)
1026 CALL CNPLOT(3,K)
1030 2355 CONTINUE

<:•••• END OF CONTOUR PLOT SECTION START OF COLOR PLOT SECTION' • • •
C
c.... PLOTS SPECIFIED SPECIES (FA) DENSITIES ON ONE FRAME
r.... U S E S DIFFERENT SYMBOLS FOR BLACK AND WHITE. COPLOT SUBROUTINE MUST
c.... BE CHANGED FOR COLOR-USING ALL OOTS AND DIFFERENT COLORS
C

1035 2360 IF(LPR.EQ.0)GO TO 2170
1034 1F(LPR.EQ.2)GO TO 2170
1036 2365 CALL ADVC1)
1040 CALL COPLOT(1 I
1042 DO 2375 K=l.NSPEC
1044 IFCISPECtKI.NE.1l GO TO 2375
1046 DO 2370 J=l.JB2
1050 DO 2370 1=1.162
1051 IF(FA(I,J.KI.LT.O.IGO TO 2368
1057 IFIFLII.JI.GT.l.AND.FLtl.J!.LT.6I GO TO 2368
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R1CE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
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RICE8
RICES
RICES
RICES
RICES
RICE8
RCCE8
RICES
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1071 IF(FA(I.J.K).LT.EP(K)IGO TO 5368 RIC~6 397
1105 PTCL=10000./<rB«JB>'RRHO RICE8 398
111? CQ(!.J)=FA(I.J.K)«PTCL*.5 RICE8 399
1116 GO TO 5370 RICE8 400
1117 5368 CQ(I.J)=0. RICE8 401
1153 5370 CONTINUE RICES 405
1130 CALL C0PLOTC5.KI R1CE8 403
1135 2375 CONTINUE RICE8 404
1135 2170 CONTINUE RICE8 405
1135 CALL SECONDCTNOW) RICES 406

C #"» RELEASES OISK DATA TO TAPE EVERY 35 MINUTES RICES 407
1137 IFCTNOW-TBEG.LT.TRDIStO GO TO 5174 RICE8 408
1143 TROISK=TRDISK*5100. RICE8 409
1144 CALL DATAREL(5LFSET5> RICE8 410
1146 5174 CONTINUE RICES 411
1146 KTAPE=9 R1CE8 415

C"«« WRITES FLUID VARIABLES U. V.RHO.P. I .T .MU (TAPE-91 ALSO ON FILM* • • RICE8 413
1147 IMLPR.EQ.5IG0 TO 2566 RICE8 414
1151 IF(SECREQ-20..LE.TN0W-TBEG)GO TO 5S48 RICE8 415
1156 IF(CrCLE.LT.O)GO TO 5548 R1CE8 416
1160 IFITIME*.000001.LT.TPRilGO TO 5566 RICE8 417
1163 TPRI=TPRI*TPR RICE8 418
1165 5548 CONTINUE RICE8 419
1165 2550 CALL A0V<5> RICE8 450
1167 5252 WRITE(KTAPE.91CYCLE.TIME.NAME RICES 421
1501 WRITEIKTAPE.3O) RICE8 455
1505 IX=0 RICE8 453
1206 DO 2565 J=l.JB2 RICEB 454
1510 DO 2565 1=1.IB2 R1CE8 425
1211 IJC=IJC*I RICE8 426
1215 IF<IJC.LT.56)G0 TO 2555 RICEB 457
1514 IJC=0 $ WRITE<KTAPE.9>CYCLE.TIME.NAME RICE8 428
1226 WRITE(KTAPE.30l RICE8 429
1232 2255 WRITE(KTAPE.3IlI.J.FLtI,J>.U<I.J>.V(I.J>.RHOtI.J).PBiI.J) R1CE8 430

I.S1E( J.Ji.TEU.Jl.MUti.J) RICE8 431
1332 2265 CONTINUE RICE8 432
1337 IF(NSPEC.LT.1)GO TO 5264 ^ICEB 433
1342 CALL ADVUJ RICE8 434
1343 WRITEf«TAPE.9)CYCLE.TIME.NAME R1CE8 H35
1355 WRITEIKTAPE.35) RICE8 436
1361 WRITEIKTAPE.33) RICE8 437
1365 1JC-0 RICEB 438

C " " WRiTES SPECIES DENSITIES (TAPE-9) ALSO ON FILM (TAPE-12) R1CE8 439
1366 00 2263 J-I.JB2 RICES 440
1370 DO 2263 1=1.IB2 RICE8 441
1371 IF(1JC.LT.56)GO TO 5565 RICE8 445
1373 IJC-0 RICES 443
1374 WRITE(KTAPE.9>CYCLE.TIME.NAME RICE8 4H4
1405 WR!TE(KTAPE.35> S WRITE(KTAPE.33I RICEB 445
1415 5565 WRITE(KTAPE.iUI.J.FLt|.Jl.(FA[I.J.K).K=l.NSPEC) RICEB 446
1451 IJC*IJC*I RICE8 447
1453 5563 CONTINUE RICE8 448
1460 2564 CONTINUE RICEB 449
1460 5566 IF(LPR.EQ.4IG0 TO 5267 RICE8 450
1462 IFILPR.LE.OIGO TO 5267 RICE8 451
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I463 1F t SECREQ-20..LE.TNOW-TBEG)GO TO 2268
1470 !F(CYCLE.LE.1)GO TO 2268
1473 IFC TIME*.000001.LT.TPLOD1GO TO 2267
1476 TPLOO=TPUX>TPLD
1500 5268 IF1KTAPE.EQ.12IG0 TO 2267
1502 CALL ADVIl>
1504 KTAPE=I2 S GO TO 2252
1506 2267 CONTINUE
1506 IFIITO.EQ.I.OR.ITD.E0.3IG0 TO 2270
1515 GO TO 2280
1516 2270 CONTINUE
1516 IF(SECREQ-20..LE.TNOW-TBEG1GO TO 2274
1523 IF(CYCLE.EQ.NSDMP>GO TO 2274 $ GO TO 2280
1526 2274 WRITE(9.31NWDMP.CYCLE.TIME

C
C«"« WRITES DATA ON TAPE5 FOR RESTART IF [TD = 1 OR 3

1540 NSDMP=NSDMP+NCYOMP
1542 WRITEI5) NWDMP.IB2.JB2
1553 WRITE (5) < 'U( !.J>,V(I ,J) .RHO( 1 . J) ,SIE( I. Jl*. 1 = 1 . IB2> ,J=I .JB2)
!621 IF(NSPEC.LT.|)GO TO ?278
1624 WRITEI5)((tFA(1,J.K>.1=1.IB2),J=I.JB2),K=I,NSPEC)
1647 2278 CONTINUE
1647 IF(SECREQ-20..LE.TNOW-TBEG) CALL EXIT
1655 NWDMP=NWDMP+1
1657 2280 CONTINUE
1657 1F(SECREQ-20..LE.TNOW-TBEG)CALL EX IT

C END OF CYCLE.PRINT AND "LOT FINISHED •••
(;•••• START OF NEW CYCLE ALL QUANTITIES CORRESPOND IN TIME
c..». STOPS CALC. 20 SEC. BEFORE REQUESTED TIME ON JOB CARD USED TO
C"« * ALLOW TIME FOR OUTPUT
C
C

1665 IF(TIME*.000001.GF.TSTOP)GO TO 5000
C * ' * « CALCULATES THE NECESSARY TILDE Q.UANTITIES--RHOVT.RH0UT AND RHOT • •

1671 CALL TILDE
C REGION 4000 DETERMKCS NEW CELL BOUNDARY VELOCITIES
C
c.... VELOCITIES ARE DETERMINED FROM RHOU.RHOV.AND RHO
C

1672 JC=0
1673 4000 DO 4400 J=2.JB1
1675 X=JC*IB2
1676 DO 4400 1=2.iBl
1700 IJ=1+JC
1701 IPJ=IJ*i
1702 IJP=IJ*IB2
1704 NFL=FL(IJ)
1707 GO TO ("050.4200.4200,4200.4200.4050.4200.4200.4050.4050.4200,4200

1 .4050) NFL
1727 4050 NFL=FL(IPJ)
1732 GO TO (4100.4200.4200.4'50.4200.4200,4100.4100.4200.4200.4100,4100

1.4200)NFL
1752 4100 U(U»=2.«RH0U (IJ>/(RHO(IJ)*RHOt1PJ)> S GO TO 4200
1763 4150 V IJ)=RHOU(IJ)/RHO(IJ) $ GO TO 4200
1770 4200 NFL=FL<IJl
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1773 GO TO (4250.4400.4400.4400.4400.4250.4250.4400.4400.4250.4250.4400 RICEB
1.4400INFL

2013 4250 NFL=FL(IJP)
2016 GO TO (4300.4400.4400.4400.4400.4400.4400.4300.4300.4400.4400.4300 RICEB

1.4300)NFL
2036 4300 V(IJ)=2.»RH0V<IJ) / (RH0< I Jl+RHOCIJP))
2046 4400 CONTINUE

C » # " CALCULATES TOTAL AND SPECIFIC INTERNAL ENERGY . . . . .
2053 CALL ENERGY
2054 IFINSPEC.LE.l>GO TO 4405

C'#"» CALCULATES SPECIES DENSITIES FROM CONVECTI ON.DIFFUSION.CHEM.REACT.
2057 CALL SPEC
2060 4405 CONTINUE

C
c..». MASS.MOMENTUM,ENERGY AND CHEMISTRY CALC.UPDATED TO TIME+DT

P.C"2 AND MU CAN BE UPDATED AND CYCLE WILL BE COMPLETE .PRINT ING
AND PLOTTING CAN BE DONE

c • • * •
c* • * *
c

2060 T!ME=T[ME*DT
2062 CYCLE<YCLE*1
2064 TCPOLD=TCP
2065 CALL SECOND(TCP)
2067 CPT=TCP-TBEG
2071 CPTG=TCP-TCPOLD
2072 GRINDS=CPTG/(IB'JB)
2077 PRINT 41.IT.TIME.CYCLE.CPT.GRINDS
21 15 GO TO 1000
2116 5000 CONTINUE
2116 RETURN'
2'i 17 END

••• END OF THE SUBROUTINE PROG
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SUBROUTINE RTAPE5 RICES 54S
C»"« TAPE-5 DATA FOR STORAGE AND RESTART RCOMI £

I COMMON/TAPED/ITD.NTD.NSDMP.NFILE.NWDMP.NCYDMP RCOMI 3
C«... THE RCOMI OATA BLOCK IS USED IN RICE(MAIN-PROGRAM).PROG AND RTAPE5 RCOMI 4
C RCOMI 5
C « « " THE RC0M2 DATA BLOCK IS COMMON TO RICE AND ALL SUBROUTINES RCOMI 6
C*'«« BOTH RCOMI AND RC0M2 ARE LOADED USING 'COMDECK FEATURE OF (UPDATE) RCOMI 7

1 C0MM0N/GE0MD/IB2.JBS.N0.NSL(4).LPR.CYCLE.ITC.JPL0T(5).NSPEC. RCOMS S
IISPEC(7),NR.DX.DY.TIME.DT.TSTOP.TPR.TPL.TPLD.DTC.ALA.BIE.THETA. RC0M2 3
2PHI.OMEGA,GAMMA.OXOU.ASQ RC0M2 4

I COMMON/ICCD/IB.JB.IB1.JBI.NAME(10).JNM.TBEG.SECREQ.DDX.DDY RC0M2 5
I.UCON.VCON.ERRD.ITMAX.PFAC.RRHO.XI.IT RCOMS 6

I COMMON/tNPFLD/FLO(lS),UO.VO.VINTl.VINTS.UINLl.UINLS.RHOO.RiNTl. RCOMS 7
1RINT2.RINL1.RINL2.MU0.MINTI.MINT2.M1NL1.MINL2.SIE0.SIET1.SIET2. RC0M2 8
2SIELI.SIEL2 RC0M2 9

1 REAL MU0.MINT1.MINT2.MINLI.MINL2 RCOMS 10
1 COMMON/SPECD/ETAO.FA0(7>.FAT1(7).FATS(7). RCOMS II

1FAL1(7).FALSC7),SM(7),EP<7),GAMA(7),CV(7),ALPHA(7).AM(7.3), RCOMS 12
SBM(7.3).Q(3),CF(3).ZETAFC3),EF(3).CB<3).ZETAB<3),EB(3) RCOMS 13

1 COMMON/0BSD/ITO(20).NSO(20).OB(6.20),OIB(2.201.UINROCSO),R1NRO(2O) RC0M2 14
1,MINRO(20).SIERC(20).VINBO(20).R1NBOI20).MINBO(20), RCOM2 15
SSIEBO(SO),FARO(7,20),FABO«7.S0) RCOMS 16

1 INTEGER AM.BM RCOMS 17
1 REAL MINRO.M1NBO RCOMS 18

C<"*« /CELLO/ COMMON BLOCK IS LOAOEO USING A PRE-PROCESSOR PROGRAM(PREP) RC0M2 19
c.... A N D THE 'READ FEATURE OF (UPDATE) RC0M2 SO
C«*«» THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/ RCOMS 21
C»«*« DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IBS.JB2 AND NSPEC RC0M2 2S
C RCOMS 23

1 LCM/CELLD/FLI 62. 32).U( 62. 32),V( 62. 32 RC0M2 24
D.RHOI 62. 32).SIE( 62. 32) .P( 62. 32 RC0M2 25
2).MU( 62. 3S).CSQt 62. 32).RH0T( 62. 32).RH0U( 62 RCOMS 26
3. 32>,RH0V( 62. 32).RE( 62. 35),ETA( 6S. 32),CQ( RCOM2 S7
4 62. 32).FA( 62. 3S. 7),RJ( 32).RJ2( RCOMS 28
5 32).RFLB< 62).TFAB( 62. 7),TE( 62. 32) RC0M2 29

1 DIMENSION RHOUTI 62, 32),RH0VT( 62. 32),PB( RC0M2 30
I 62, 32),DRH0B( 62. 7),STREB( 62) RCOMS 31

1 EQUIVALENCE (RHOU.RHOUT),(RHOV.RHOVT),(P.PB).(STREB.RFLB). RCOMS 32
1(TFAB.DRHOB) RCOMS 33

1 INTEGER FL.CYCLE RCOMS 34
1 REAL MU RCOMS 35

1 FORMAT(2413) RICE8 545
1 68 READ!5) NTDMP.I82,JB2 RICE8 546
IS WRITEO. 1 JNTDMP.NTD RICE8 547
2S !F(NTD.EO.NTDMP)GO TO 70 RICE8 548
24 READ (5) RICE8 549
27 READ (5) RICE8 550
32 1F(NTDMP.EQ.NFILE)GO TO 75 RICE8 55Jt
34 IF(E0F.5>75.68 RICE8 552
37 70 READ (5)((U(I.J).V(1.J),RHO(I,J).SlEf1,J).1=1.IB2).J=I,JB2) RICE8 553
105 IF(NSPEC.LT.I)GO TO 73 RICES 554
110 READ (5>((1FA(I.J.K).1=1,IB2).J=i,JB2).K=I.NSPEC) RICE8 555
133 73 CONTINUE RICE8 556
133 IF(NTDMP.NE.NFILElGO TO 68 RICES 557
135 75 CONTINUE R1CE8 558
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135 RETURN $ END RICE6 559
C RICES 560
C RICE8 561
(;•••• END OF THE SUBROUTINE RTAPE5 « • ••• RICE8 5b?
C RICES 563
C RICt8 564
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SUBROUTINE TILDE
I C0MM0N/GE0MD/lB2.JB2.N0.NSL(4).LPR.CYCLE.ITC.JPL0T(5>.N5PEC.

IISPECI7).NR.DX.DY.TIME.DT.TSTOP.TPR.TPL.TPLD.DTC.ALA.BIE.THETA.
2PHI.OMEGA,GAMMA,DXOU.ASQ

1 COMMON/1CCD/IB.JB,IB1.JB1.NAME<10).JNM.TBEG.SECREG.ODX.ODY
I.UCON.VCON.ERRD.ITMAX.PFAC,RRHO.X1.IT

1 COMMON/INPFLD/FLO(12).UO.VO.V1NT1.VINT2.UINL1.U1NL2.RHO0.RINT1.
1RINT2.RINL1.R1NL2.MU0.MINT1.MINT2.MINLI.MINL2.SIE0.SIETI.SIET2.
2SIELI.SIEL2

1 REAL MUO.MINT1.MINT2.MINLI.MINL2
1 C0MM0N/SPECD/ETA0.FA017).FAT1(7).FAT2C7),

IFAL1(7),FAL2(7),SM(7).EP(7),GAMA(7),CV(7),ALPHA(7),AM(7.3),
2BM(7.3),Q(3).CF(3).ZETAF(3),EF(3),CB(3).ZETABI3),EB<3>

t COMMON/OBSD/ITO(20>.NSOI20).OB(6.20>.01BC2.20),UINRO(20),RINRO(20)
1.MINROI20),SIERO(20).VINBOI20),RINBO(20).MINB0(20l.
2SIEBOI20).FAROI7.20).FABOI7.20)

1 INTEGER AM.BM
1 REAL M1NRO.MINBO

C'««« /CELLO/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAM(PREP)
C«'«« AND THE 'READ FEATURE OF (UPDATE)
C»... THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLO/
C«"» DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IB2.JB2 AND NSPEC
C

I LCM/CELLO/FL( 62. 32),U! 62, 32),V( 62, 32
ll.RHOl 62. 321.SIEI 62, 32),P( 62, 32
2),MU( 62. 32).CSQ( 62. 32).RHOT1 62. 32).RHOU1 62
3. 32).RHOV( 62. 32).RE< 62. 32>.ETA( 62. 32).CQ(
4 62. 32).FA( 62. 32. 7),RJ( 32).RJ2(
5 32),RFLB( 62),TFAB( 62. 7).TEl 62. 32)

1 DIMENSION RHOUTl 68. 32I.RH0VTI 62, 32>,PB<
I 62. 32).DRHOB( 62, 7).STREBI 62)

1 EQUIVALENCE (RHOU.RHOUT),(RHOV.RHOVT).IP.PB).1STREB.RFLB).
I(TFAB.DRHOB)

1 INTEGER FL.CYCLE
1 REAL MU
1 JC = 0

C
C « " « START OF CALC.FOR MASS EQ. . INTERMEDIATE SOLUTION (RHOT)
C

? DO 2000 J=2.JBI
4 X=X*IB2
5 DO 2000 1=2.IB1
7 1J=I*X
10 IPJ=U+I
11 iMJ=U-l
12 IJP=U*IB2
14 IJM=U-1B2
14 IMJM=1JM-1
15 ' !PJM=IJM»1
16 IMJP=IJP-I
20 1PJP=IJP»1
21 NFL=FLUJ) $ GO TO( 1805.2000.2000.2000.2000. 1810. 1820. 1820,1BI0,

I 1815.1820.1820.18151NFL
44 1805 UL=U<IMJ> $ GO TO 1825
•\n l o i n m - t u r n H r,o TO

RICE6
RC0M2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M2
RCOM2
RC0M2
RCOM2
RCOM2
RC0M2
RCOM2
RCOM2
RC0M2
RCOM2
RCOM2
RCOM2
RC0M2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
R1CE8
RICE8
RICE8
RICE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICEB
RICE8
RICE8
RICE8
RICE8
RICEB
R1CE8
RICEB
RICE8

565

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
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54 1815 UL=-U(1J) $ GO TO 1825 RICE6 587
60 1820 RFLR=0. $ GO TO 1865 R1CE8 588
62 1825 NFL=FL<IPJ> $ GO TO<1830,1820.1820.1860.1820.1820.1835.1835.1820 RICE8 5&9

1.1820.1840.1840.I820)NFL RICE8 590
105 1S30 UR=U<IPJ) $ GO TO 1845 R1CE8 591
111 1835 UR=U<IJ) $ GO TO 1845 RICE8 592

(;•••• TAUTE=MASS DIFFUSION TRUNCATION ERROR COEF. • • RICE8 593
C RICE8 594

115 1840UR=-U(IJ) RICES 595
120 1845 TAUTE = -O.5«DT»(2.«THETA-1 . )MU(IJ)"2*0.5MCSQ(lPJ)*CSQ(!Jl >) R1CE8 596

1+0. I55'DXMUR-UL) RJCE8 597
141 1F(TAUTE.LT.O.)GO TO 1850 RICES 598
143 TAUR=<1.0+XII'TAUTE $ GO TO 1855 RICEB 599
146 1850 TAUR=(1 .0-X1WAUTE RICE8 600

C"*» RFLR=MASS FLUX ACROSS RIGHT CELL BOUNDARY R1CE8 601
C R1CE8 602

151 1855 RFLR=U .O-THETA>«RHOU< 1J)-DDX»TAURMRHO( IPJ)-RHOI 1J> J RICE8 603
164 GO TO 1865 RICEB 604
164 I860 RFLR=(I.0-THETA)»RHO<IJ)«U(IJ) R1CE8 605
172 1865 IF(FL(IJI.EQ.l1 GO TO 1870 R1CE8 606
176 NFL=FL<Ul-5 $ GO TO<1875.1875.1887,1887,1880,1880,I8B7.I8B71NFL RICE8 607
213 1870 VB=V<IJM> S GO TO 1885 R1CE8 608
217 1675 VB=VtlJ> $ GO TO 1885 RICE8 609
223 1880VB=-V(IJ) R1CE8 610
226 1885 NFL=FL(IJPl S GO TO<1890.1887.1887.1887.1920.1887.1887.1895.1895 RICEB 611

1,1887,1887.1900.19001NFL RICES 612
251 1887 RFLT=0. $ GO TO 1935 R1CE8 613
253 1890 VT=V(IJP) $ GO TO 1905 RICEB 614
257 1895 VT=V(IJ) $ GO TO 1905 RICEB 615
263 1900VT=-V(IJ) RICES 615
266 1905 TAUTE=-0.5»OTM2.»THETA-1 . )«(V( 1J)"2+O.5MCSQ< 1JPI*CSOI IJ) ) I RICES 617

1 + .125'DYMVT«RJ2U*l 1-VB«RJ2<J-U WRJ2I J) P1CE8 61B
314 1FITAUTE.LT.0.)GO TO 1910 R1CE8 619
315 TAUT=<I.O*XI)«TAUTE S GO TO 1915 RICE8 620
321 1910 TAUT = ( 1 .0-XM'TAUTE RICE8 621

C " " RFLT=MASS FLUX ACROSS TOP OF CELL BOUNDARY • RICES 622
C RICES 623

3?4 1915 RFLT = (I 1 .0-THETAI«RHOV(1J>-DDY'TAUT-tRHO(IJP)-RHO<IJ)I)«RJ2(J> R1CE8 624
34! GO TO 1935 R1CE8 625
341 1920 1FIVUJ).EQ.O. )GO TO 1887 RICE8 626
344 TAUTE = -.5»DTM2.0*THETA-| .0)"'V( IJ) • »2*GAMMA« (GAMMA-1 . )«SIE( IJPn RICEe 627

1 •.25»DY«1V< IJ)«RJ2(J)-VB«RJ2(J-D I/RJ2U) RICES 628
371 IF(TAUTE.LT.O.)GO TO 1925 RICES 629
373 TAUT=(1.+XI1'TAUTE S GO TO 1930 RICE8 630
376 1925 TAUT = U .-XD'TAUTE RICE8 631
401 1930 RFLT=((1.-THETA)«RHO(IJP)«V(IJ1-2.'DDY'TAUT*(RHO(IJP)-RHO(IJ)1)«RJ RICE8 632

12(J) RICE8 633
422 1935 IF<FLIIJ).EQ.1)GO TO 1940 RICES 634
426 NFL=FL(IJI-5 $ GO TO(1960.1945.1945.1960.1960.1950.1950.1960>NFL RICE8 635
443 1940 UR=UHJ) $ GO TO 1955 RICE8 636
447 1945 UR=U(IMJ) $ GO TO 1955 RICES 637
453 1950 UR=-U(IMJ) RICE8 638
456 1955 NFL=FL!IMJ) S GO TOi1972.I960.I960.I960.1962.1972.1960.I960.1972 RICES 639

I.1972.I960,1960.1972INFL RICES 640
501 I960 RFLL=0. 4 GO TO 1972 RICES 641
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503 1963 IFCU<IMJ).EQ.O.>GO TO I960
506 TAUTE»-.5*DT*(2.0#THETA-I.0)*<U<IMJ)««2+GAMMA»(GAMMA-1.)*SIE(IMJ)) RICE8

1*0.t25«0X»»UR-U<IMJ))
526 IFITAUTE.LT.O.IGO TO 1965
530 TAUL*<1.*X!>*TAUTE S GO TO 1970
533 1965 TAUL=(I.-XI)»TAUTE
536 1970 RFLL=(1.-THETA)«RHO(IMJ)«U(IMJ)-2.«DDX«TAUL*(RHO(IJ)-RHO(1MJ))
=553 1972 1F(FL<IJ).EQ.I>GO TO 1980
557 NFL=FL(lJ)-5 $ GO T0(1975.1975.1980.I9B0,1975.1975.1980.1980)NFL
574 1975 RFLB'1)=O. $ GO TO 1985
577 1980 NFL=FLt!JM) $ GO TO(1985.1975.1975,1975.1975.1985.1985.1975.1975

1.1985.1985.1975.1975)NFL
624 1985 RHOT([J)=RHO(tJ)+DT«(DDX«(RFLL-RFLR)+DDY/RJIJ)•IRFLOI11-RFLT))
637 RFLL=RFLR
641 RFLBUI=RFLT
644 2000 CONTINUE

C.... INTERMEDIATE MASS DENSITY CALC.COMPLETf;
C
C'«*« START OF CALC.FOR MOMENTUM EQ..INTERMEDIATE SOLUTION (RHOUT-RHOVT) RICE8
C

651 JC=0
652 DO 2995 J=2.J8!
653 JC=JC+1B2
654 IBJ=JC*IB
655 1BIJ=1BJ*I
657 IB2J=IBJ*2
661 DO 2990 1=2.1BI
662 IJ=I+JC
663 IF(FL(IJ).GT.I.AND.FLtIJ).LE.5)G0 TO 2990
676 IPJ=IJ+1
676 1MJ=IJ-1
677 1JP=IJ+IB2
701 [JM=U-IB2
70! IMJM=1JM-1
702 1PJM=1JM+1
703 1MJP=1JP-1
705 1PJP=IJP*1
705 IF(FL(IJ).EQ. DGO TO 2520
710 NFL=FL(]J>-5 S GO TO(2520.5582.2990.2550.2520.2582.2990.2550)NFL

c.... DETERMINES WHETHER TO CALC.OR SKIP RHOUT(I.J)
C"»» CALC.IF FL(l,J) = [,6.9,10 OR 13 AND IF(FL(I + l.J) = l.7.8.11 OR 12
C

726 2520 IRV*1
727 2522 IF(FL(IPJ).EQ.1)GO TO 2600
733 IF(FL(IPJ).LT.6)G0 TO 2580
736 NFL*FLtIPJ)-5
741 GO TO(2580.2600.2600.2580.2580.2600.2600.2580)NFL
754 2550 IRV=2 $ GO TO 2522

C»... DETERMINES WHETHER TO CALC.OR SKIP RHOVT1IJ.)
C«««» CALC.IF FL(I.J)=l,6.7.10 OR 11 AND IF (FL(1,J*1>=I.8.9.12 OR 13
C

756 2580 1F(1RV.EQ.2)GO TO 2990
760 2582 IFlFi-t IJP) .EO. 1 )GO TO 2800
764 IF(FL(IJP).LT.6SG0 TO 2990
767 NFL'FL ( UPI-5

RICE6
I RICE8
RICE8
RICEB
RICE8
RICE8
R1CE8
RICE8
RICES
RICE8
RICE8
R1CE8
RICE8
RICEB
R1CE8
RICEB
RICEB
RICEB
RICE8
RICE8
RICEB
RICE8
RICEB
RICEB
RICEB
RICE8
R1CE8
PICEB
RICES
RICEB
RICE8
RICEB
RICEB
RICEB
RICES
R1CE8
RICE8
RiCE8
RICE8
R1CE8
R1CE8
RICE8
R1CE8
RICEB
RICE8
R1CE8
R1CE8
RICEB
RICE8
RICE8
RICEB
RICES
RICEB
RICEB
RICE8

642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
669

~ =
E7;
671
67?
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
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772 GO TOI2990.2990.2800.2800.2990.2990.2800.2800>NFL
(;•»•• CALC.RHOUT.FLUID ON BOTH SIDES OF U
C

1005 2600 CONTINUE
1007 PC=P<!J)
1011 RUOLD=.5«U(1J>MRHO<IJ>+RHOUPJ))
1017 PR=P(IPJ>
H 2 ! NFL=FL(IJM)
1024 GO 10(2615.2612.2612.2612.2612.2615.2615.2612.2512,2615,2615,

I2612INFL
1044 2612 RHOB=RHO(IJ) S V1S8=MU(1J> S GO TO 2625
1052 2615 RHOB=RHO(1JM) i VIS8=MU(1JM) $ GO TO 2625
1060 2625 NFL=FL(IPJM) $ GO TO(2635.2630.2630.2630.2530.2635.2635,2630,

I2630.2635.2635.2630.2630)NFL
lit)3 2630 RH0BR=RH0(iPJ) S VISBR=MU(1PJ) $ GO TO 2640
1111 2635 RHOBR=RHO<IPJM) $ V1SBR=MU(1PJM) $ GO TO 2640
1117 2640 CONTINUE
1117 NFL=FL<IJPt $ GO TO(2655.2642,2642.2642,2642,2642,2642.2655.

12655,2642.2642.2655,2655)NFL
1142 2642 1F(FL(IJP).NE.5)GO TO 2650
1146 1F(V(1J).EQ.0.)GO TO 2648
1150 RT0P=2.'RH0(lJP)-RH0l1J) $ V1ST=2.«MUl1JP)-MUlU) SGOTO 2660
1163 2648 RT0P=2.*RH0(IJP)-RH0(IPJP) S VIST=2.*MU<IJP)-MUl1PJP)
1177 GO TO 2660
1177 2650 RTOP=RHO(IJ> S VIST=MU([J) $ GO TO 2660
1205 2655 RTOP=RHO(IJP) $ VIST=MU(IJP) S GO TO 2660
1213 2660 NFL=FL(IPJP) i GO T0O670.2665.2665.2665.2665,2665.2665.2670.

12670.2665.2665.2670.2670)NFL
1236 2665 IFlFLIIPJP).NE.5IG0 TO 2668
1242 IFIVUPJ) .EQ.O. >G0 TO 2668
1244 RH0TR=2.«RH0tIPJP1-RH011PJJ $ V1STR=2.»MU<IPJPi- MUIIPJ)
1257 GO TO 2675
1257 2668 RHOTR=RHO<IPJ)
1262 VISTR=MU(IPJ) S GO TO 2675
1265 2670 RHOTR=RHO(IPJP)
1270 V1STR=MU(1PJP) S GO TO 2675
1273 2675 CONTINUE
1273 NFL =FL(IJ) $ GO TO(2677.2685.2685.2685.2685,2678,2685.2685.

12678.2679.2685.2685.2680)NFL
1322 2677 SZZC=MU( IJ)*( (2.+ALA)«(U( IJ)-U< IMJ) ) •ODX+ALA*DDY/RJ( J M

1(RJ2(JI«V(1J)-RJ2(J-l)«V(IJM)))
1342 RU2C-.25'RH0( [JIMU< 1JI*U(1MJ) !««2
1350 GO TO 2665
135? 2678 SZZOO,
1353 RU2C=RH0<IJ)«U<IJ)««2
1357 GO TO 2605
1360 2679 SZZC=2.*MU( [ Jl • U2. *ALA! «U( t J) •ODX*ALA'DOVVl IJ>)
1372 RU2C=0.
1373 GO TO 2685
1374 2680 SZZC=2.*MU(IJ)•((2.+ALAI«U(!J)«DDX-ALA«DDY'V(IJM))
1407 RU2C=0.
1411 GO TO 2685
!411 2685 NFL=FL(IPJ) $ GO TO(2686.2690.2690,3690.2690.2690.3687,2687.

12690.2690.2688,2689.26901 NFi
1440 2686 SZZR=MU11PJ1M(2.+ALAI«DDX*(U(1PJ1-UI!J))*ALA«DDY/RJ(J)•

2612

RICE6
RICE8
RICE8
RICES
R1CE8
R1CE8
RICE8
RICE8

, R1CE8
RICE8
RICES
R1CE8
RICES
RICE8
RICE8
R1CE8
R1CE8
R1CE8
R1CE8
RICE8
RICE8
R1CE8
R1CE8
RICE8
RICE8
R1CE8

PIClb
RICEB
RICE8
R1CE8
R1CE8
RICE8
RICE8
RICE8
RICEB
R1CE8
R1CE8
R1CE8
RICE8
R1CE8
R1CE8
R1CE8
RICE8
RICES
RICE8
R1CE8
R1CE8
RICE8
R1CE8
RICE8
RICEB
R1CE8
R1CE8
RJCE8

697
698
699
700
701
702
703
704
705
706
707
708
709
710
71 1
7lc
713
714
715
716
717
718
719
720
721
7??

' / • • •

725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
74!
742
743
744
745
746
747
748
749
750
751
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1460
1466
1467
1470
1475
1476
i=5l 1
itia
1513
1527
153!
1531
1535
1540
1543
1547
1553
1557
1562
1565
1571
1575
1601
1604
1607
1613
1615
1620
1623
1637
1633
1636
1643
1646
1651
1655
1663

1700
1714
1730
1743
1747
1758
1754
1760
1764
1770
1773
1775
£001
5005
20 1 1

1(RJ2U>*V(1PJ) -RJ2U-1 )«V( [PJMJ ) )
RU2R=.25*RH01 IPJ)MU< IPJI+IH !J) \"S
GO TO 2690

2687 SZZR=0.
RU2R=RH0( IPJi'Ul IJ>«"2
GO TO 2690

2688 SZZR=2.«MU( 1PJ) • ( - 12. +ALA) •DLIX'UI IJ) •ALA'DDY-VI IPJI I
RU2R=0.
GO TO 2690

2689 SZZR=2.'MU(IPJ)•I-12.*ALAI"ODX'UI1J)-ALA"DDY»ViIPJM)I
RU2R=0.
GO TO 2690

2690 IF(FLUPJ) .E0.7)G0 TO 2695
IF(R_lIPJ).EQ.IIIGO TO 2693
VBR=V(IPJM) $ 00 TO 2696

2693 V8R=-V(IJM> $ GO TO 2696
2695 VBR=V!IJM) $ GO TO 2696
2696 IFlFLlIJ).EQ.6)G0 TO 2699

1F(FL(1J1.EQ.10)G0 TO 2698
VB=V(IJM) $ GO TO 2700

2698 VB=-V(IPJM) $ GO TO 27.,J
2699 VB= V(IPJM) $ GO TO 2700
2700 IFIFLUPJM) .EQ.6)G0 TO 2701

IFIFLIIPJM).EQ.9IG0 TO 2701
IFIFL<IPJM).EQ.I0IGO TO 2701
IFlFLlIPJM).EQ.I31G0 TO 2701
IFlFLlIJM).EQ. 7)G0 TO 2703
IF<FL(IJM).EQ. 8)G0 TO 2"J3
lFIFL(IJM).EO.11)GO TO 2703
IFlFLlIJM).EQ.12)G0 TO 2703 SGO TO 2702

2IGO TO 2708
3)GO TO 2709

270! IFlFLlIJMJ.EQ.
1F1FL1IJM).E0.

2705 UBR=U(IJM) $ GO TO 2710
2703 IFIFLIIPJM).EQ.21G0 TO 2708

IFIFL!1PJM).EQ.3)GO TO 2709 5 GO TO 2702
2708 UBR= U(IJ) $ GO TO 2710
2709 U6R=-U(IJ> % GO TO 2710
2710 SRZBR=.25MV1SB+V1SBR+MU( IPJHMUI IJ) >•( (VBR-VB) «DDX

!»(U(1J)-UBR)*DDY)
RUVBR=1RHO( IJ)*RHO(|PJ)+RH0B*RHOBR)MVB+VBR)#(U( IJ)*UBR)' 0625
IFlFLIIJ).EQ. 6.AND.UIIJM).NE.O.)3RZBR=5RZBR*.5
IFlFLlIJ).EQ.10.AND.UlIJM).NE.O.)SRZBP=SRZBR«.5
IFIFL!IPJ).EQ.BJGO TC 2715
1F|FLI1PJ).EQ.12)GO TO 2712
VTR=V(IPJ) S GO TO 2720

2712 VTR*-VIU) $ GO TO 2720
2715 VTR=V11J> S GO TO 2720
2720 IFlFLlIJ).EQ.91G0 TO 2723

IFlFLlIJ).EQ.13)GO T02722
VT=VI1J) % 50 TO 2725

2722 VT=-VIIPJ) $ GO TO 2725
2723 VT=V(1PJ) $ GO TO 2725
2725 IFlFLl1PJP1.EQ. 6)G0 TO 2727

IFlFLlIPJPI.EO. 9)G0 TO 2727
IFlFLlIPJP).EQ.10IGO TO 2737

RICES
RICE8
RICE8
R1CE8
R1CE8
R1CE8
RICE8
RiCEB
RICE8
RICE8
R1CE8
RICE8
RICEB
RICE8
RICE8
RICE8
RICES
RICE8
RICE8
R1CE8
RICEB
RICE8
RICE8
RICE8
RICEB

75i
754
755
756
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758
759
760
761
762
763
764
765
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767
768
769
770
771
77?
773
774
775
77E

RICE8
RICES
RICE8
R1CE8
RICE8
RICEB
RICEB
RICE8
RICE8
RICEB
RJCE8
R1CE8
RICES
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICEB
R1CE8
RICE 8
RICt8
RICEe
RICE8
RICE8
RICE8

780
78!
7B2
783
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798
789
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794
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793
799
800
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80'*
805
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5017 IFIFLI IPJP) .ECI. 131GO TO 5727
2025 !F(FL IJPJ.EQ. 7)G0 TO 8729
5025 IFiFLI UP) .EO. 8IG0 TO 5759
5030 IFIFLIIJPI.EO.1!)GO TO 2759
5033 IFIFLI UP) .EQ. I51G0 TO 5729 $00 TO 575H
2037 2757 IF (FL c UP) .EQ. 2)G0 TO 5735
P043 IFlFL I U P ) .EQ. 31G0 TO 5740
2046 2758 IFIFLI UP) .EO. 5. AND. VI IJi .NE.O. )UTR=5. IJi Uf-1 -L'l IJ)
5065 IFIFLI UP) .NE.5iUTR=U< UP)
5073 GO TO 5750
5074 5759 IFIFLIIPJP).EO.5)G0 TO 573b
5100 IFIFLI IPJP) .E0.3JG0 TO 57HO $ GO TO 575B
5103 5735 UTR= UlIJ) $ GO TO 5750
5107 5740 UTR^-UHJ) S GO TO 5750
5113 5750 CONTINUE
5115 SRZTR=.55' (MU< U ) «-MUl IPJ)'VIST•VISTR) • I I VTR - VT i "COX*

1IUTR-UIIJ))«0DY)
5! ie RUVTR= iRHOl Ul *RHOI IPJ) tRHOTR-fRTOP I • t VT'VTRl • (Ul IJ> *UTRi • .0555
5145 IFIFLIIJ1.EQ. 9.AND.UIUPI.NE.O.)SRZTR=SRZTR«.5
516! IFIFLI U ) .EQ. 13.AND.Ul UP) .NE.G. iSRZTR=SRZTR«.5
5175 TI-IRJ5I J- I ) • 'RUV8R-SRZBR)-RJ5lJ) • IRUVTR-SRZTR) i.'lRjiji <Df)
5?10 T5=<RU5C* Pr-SZZC-h'J5R-PR+SZZRl'DDX
5517 RHOUTl1J]=RUOLO*DT<IT1*T5)

C"" INTERMEDIATE -- AXIAL MOMENTUM CALC. COMPLETE . . , = «
C
C"«« FINISHED RHOU'M I ,J) _"ALC . - - - •-STAW1 ''•O.'I'I.J) CALC.
C

5554 GO TO 25B0
5554 5800 CONTINUE
5556 PT=PIIJ)
5530 RV0LD-"-.5'VI U:»lRH0l UI*RH0l UP) )
5536 PT = P(UP)
r??40 NFL=FL!IMJ) $ GO TO! 580 I .5805.5805 .2805 . 5803.5B0 I .5805 , 5805 .

12801 .2801 .580r'. 2805, 2B01 ) NFL
5563 5801 RH0L=RH0lIMJ) S V!SL=MU(iMJ) S GO TO 5807
557! 5803 IF(UlIMJJ.EQ.0) GO TO 5805
5574 RH0L=2.«RH0lIMJ1-RH0IUl S V!SL=2.*MUIIMJ)-MUlIJ) SGOT0 5807
5307 5805 RH0L=RHG<U) S V1SL=MU(U) $ GO TO 5807
5315 ?B07 NFL=I"L< JMJP) $ GO TOI5B08,281 0 .281 0 ,581 0 ,5809 .5808,581 U ,5810.

15808,2808,2id !0,5810.29081NFL
5340 5808 RHOTL=RH0iIMJP) S ViSTL=MU(IMJP) $ GO TO 5815
5346 5809 IFIUI1MJPI.EQ.01GO TO e8l3
5351 RHOTL=2."RHOl1MJP1-RH0I1JP) % V1STL=2.'MU!IMJP)-MU!IJP)
5363 GO TO 5815
5364 2810 RHOTL=RH0lUP) $ VI5TL=MUl!JP) $ GO TO 5815
5375 5813 RHO1L-2.'RHOlIMJP1-RHOl1MJ) $ VlSTL=5.»MUlIMJP)-MUlIMJ)
5406 GO TO 5815
5406 5815 C0N7INUE
5406 NFL^FLIIPJ! S GO TOI2618.=817.2B17,P817.5817,28:8,5Q!8,5818.

l5817.58l8.58ie,5818.5a!7JNFL
5431 5817 RH0R=RHOlIJI $ VI5R=MU(IJ) $ GO TO 5850
5437 5818 RHOR=RHOtIPJI $VISR=MU(IPJI t GC '0 5850
544b 5850 NFL=FLMPJPi $ GO TO! 5C55 .5851 . 585 ! .285 1 .585i ,5851 .2855 .5825.

15852.5851 .2855.5825.5955 INF L
2470 PS5I RHOIR-RHOi UP) S V15TR-MUUJP) % GO !Q 5B25

RICEB
RICE8
R1CE8
RICE8
RICE8
KICf.0
HI cm
RICE8
RICE8
RICE8
RICEB
RICES
RICE8
RICES
R1CE8
RICE8
RICE8
RICc.8
RICE8
RICE8
RICEe
PICE8
&;CE8

• RICES
R!CE8
RICE8
R1CE8
RICES
RICE8
RICE8
RICE8
R1CE8
RICEB
RICE8
RICE8
RICE8
RICE8
RICEB
RICEB
RICE8
RICE8
RICES
R1CE8
RICE8
RICES
RICES
RICE8
R1CE8
RICEB
RICEB
RICEB
RICEB
RICEB
RICL8
RICES

607
808
809
8!0
8! !
H 1.'
b: i
814
815
816
8I~
818
ei9
850
821
852
823
824
855
856
827

835
833
834
335
836
637
838
639
840
84 1
842
84 3
844
845
846
847
848
849
85C
85!
852
853
354
855
856
857
858
859
860
B61.
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2476
2504
2504
2510
25)6

2547
2=553
2556
2551
2561
2600
2601
2605
2606
2620
262!
2625
2630
2633
2636
2636
2657

2703
2711
2712
2713
2720
2720
2735
2736
274?
874 5
2750
2753
8756
5761
2764
2770
2774
2777
3016
3021
3022
3026
3031
3035
304 1
3045
3050
3053
3057
3063
3067

2828 RHOTR=RHO(1PJP) $ V1STR=MU( 1PJP) $ GO TO 2825
2825 CONTINUE

IF(FL(U).NE. DCO TO 2858
RV2C=.25*RH0(!J)MVl IJl+Vl1JM))*«2
SRRC=MU<IJ)«(2.*DOY«(V(IJ)-V(IJM11+ALA*(DDY/RJ<J)•(RJ£(Jl•
1V<IJ)-RJ2(J-I>*VI UMM+DOXMUl IJ>-Ut !MJ) 1)1$ GO TO 2838

2828 IFIFLCIJ>.EQ.6)GO TO 2830 -
IFIFLIIJ).EQ.7JG0 TO 2830
IFIFLC1J).EQ.!0)G0 TO 2833
RV2C=0.
SRHC=2.*MU< IJ)«t<2.*ALAI«DDY»V( IJ)-ALA'DDX'UI IMJ))$G0 TO 2838

2830 SRRC=0.
RV2C=RHO11J>*V(1J)««2
GO TO 2838

2833 5RRC=2. '-X
RV2C=0.

2838 IFIFLOJP)
1F(FL(UP)
IF<FL(IJP)
ir<FL([JP1
RV2T=0.
SRRT = -2.«MU( IJP1M 12.*ALA)«DDY'V(IJ>-ALA«DDXUJI IJP) )SG0T02847

2840 SRRT=MU( [JP)*(2. 'DOYMVI 'JP)-V( IJ)) •ALA* IDDY/RJl J« • )•
1 (RJ2U*1 )*VI JJP)-RJ2t Jl'VI IJ) )»ODX' (Ul IJP)-U( IMJP) ) I )
RV2T = .25*RH0( IJPlMVi 1J)W( UP) )«*2
GO TO 2B47

2843 SRRT=0.
RV3T=RH0( IJP) 'VI IJ)"?
GO TO 2847

2845 SRRT=2.*MU<!jP)*(-<2.*ALA)'DDY'VIIJ)-ALA'DDX'Ul!MJPl)
RV2T=0.

2847 IFlFLilMJPl.EQ. 6)G0 TO 2848
IFIFLlIMJP).EQ. 7)GO TO 2848

.EQ.101GO TO 2848
1 I)GO TO 2848

EQ. 8)GO TO 2850
EQ. 9)GO TO 2850

l [JIM (2. *ALA)*DDY'V< 1 J) •ALA'DOX'Ui U ) I

.EG.) )GO TO 2840

.EQ.8IG0 TO 2843

.EQ.9)G0 TO 2843

.EQ.121G0 TO 2845

EQ.12)G0 TO 2850
EO.131G0 TO 2650 $ GO TO 2849
EQ. 2)GO TO 2852
EQ. 3)GO TO 2853
EQ.5.AND.UIIMJI.NE.C.)VTL=2.'V<IMJI-VIIJI

IF(FLIIMJP)
IFIFL(IMJP).EQ
IFlFLlIMJ)
lF(FLUMJ)
IF(FL(IMJ)
IFlFLlIMJ)

2848 1FIFL.I IMJ)
IFIFLIIMJ)

3849 IFIFLI1MJ)
VTL=V(IMJ)
GO TO 2855

5850 1F(FL<IMJP).EQ.21G0 TO 2852
IFIFLIIMJP).EQ.3IG0 TO 2853 $ GO TO 2849

2852 VTL= VIIJ) $ GO TO 2855
2853 VTL=-V<IJ) S GO TO 2855
2855 1F(FL(|J).EQ.6)GO TO 2858

IF(FLdJ) .EQ. 101GO TO 2860
UL=U(IMJJ $ GO TO 2863

2858 UL=U(1MJP) $ GO TO 2863
2860 UL=-UIIMJP) $ GO TO 2863
2863 1FSFL1IJP)-EQ.91G0 TO 2865

IFiFH IJP) .EO. 13)G0 TO 2868

RICE6
RICES
RICE8
RICES
RICE8
RICE8
RICES
RICES
R1CE8
R1CE8
RICES
RICES
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICES
RICE6
RICE8
RICE8
RICC8
RICES
P.JCE8
R1CE8
R1CE8
RICE8
RICEB
RICE6
RICE8
RICES
RICEB
RtCEB
R1CE8
RICE8
RICES
RICE8
R1CE8
RICE8
RICE8
RICE9
RICES
RICE8
R1CE8
RICES
R1CE8
RICE8
RICE8
RICE8
RICE8
PICES

862
863
864
865
966
J67
868
869
870
871
87?
873
874
875
876
877
878
879
880
881
882
883
884
0B5
886

bbh
889
890
891
S92
893
694
895
896
897
898
899
<?00
90!
902
903
904
905
906
907
908
909
910
911
912
913
9!4
915
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3072
3075
3101
3107

3124
3140
3144
3147
3152
3155
3161
3164
3167
3172
3176
3201
3205
3211
3214
3220
3224
3230
3233
3235
3241
3245
32'it
3254
3256
3262
3275

3310
3321

3352

3404
3407
3416

3421
3422
3423
3425
3426
3427
3430

UTL*U<IMJPf $ CO TO 2870
2865 UTL»U(1MJ) $ GO TO 2870
2868 UTL*-U(IMJ) $ GO TO 8870
2870 SRZTL*.25»»V[SL*MU( !,J)*MU< 1JP)*VISTL ) • I (VI 1J! -VTL > 'DDK*

1 fUTL-UD'DDY)
RUVTL-CRHOI I J)tRH0< 1JP(»RHOL»RHOTL ) • I VTL*VI U l ) ' (UTL'UL)' .0625
IF(FL(lPJP).eQ, 6)00 TO 2871
IFIFLUPJPl.EQ. 7)C0 TO 2871
1F<FL<IPJP).EQ.IO)GO TO 2871
JFCFLilPJPi.EG.IllGO TO 2871
IF(FLdPJ) .EQ. 8)G0 TO 2873
IF iFLdPJI .EQ. 9)G0 TO 2873
IF(FL(IPJ).EQ.12)60 TO 2873
IF(FL!1PJ)-EQ.I3)GO TQ 2873 $G0 TO 2872

2871 IFtFLdPJ) .EQ. 2)G0 TO 2874IFtFLdPJ) .EQ.
IF(FL(IPJ).EQ. 3)00 TO 2875

2872 VTR*VdPJ> S GO TO 2878
a87» iF(FLdPJP).EQ.2;G0 TO 2874

IFIFLnPJP).£0.3)00 TO 2875 1 GO TO 2872
2874 VTR= V(IJ) $ GO TO 2878
3875 VTR=-V(1J) S GO TO 2878
?878 1FIFLIIJ).EQ.7)GO TO 2880

IF(FL(IJ).E0.11)00 TO 2882
UR=U!iJ) S GO TO 2884

2880 UR=UdJP) $ GO TO 2884
2882 UR=-U(IJP) $ GO TO 2884
2884 IF(FLIIJP).EQ.8)G0 TO 2886

IF(FL<IJP).EQ.12)G0 TO 2888
UTR=U(IJP) S GO TO 2890

2886 UTR=U(IJ) $ GO TO 2890
2888 UTR=-U(1J) $ GO TO 2890
2890 SRZTR=.25'iMU(IJ)+VISR+VISTR+MU(IJP))•(IVTR-V(IJ5)•DDX»<UTR-URM

1DOY)
RUVTR=(RHO(IJ)+RH0(IJP)+RHOR+RHOTR)•IVI 1J)+VTR)•(UTR+UR)•.0625
SOOT=(MU(IJP)+MU(lJ))«!V(iJ)/RJ2<J)*.25'ALA*(DDY/RJ2(Ji«
1(RJIJ+1)«(V(IJP1+VIIJ))-RJ(J)*(V(IJ)+V(IJMI))+
10DX"((UTR+UR)-(UTL*UL))))#1TC

RHOVTl IJ)=RVOLD*DTM (RJ( J) • (RV2C -SRRC)-RJ(J* I ) • (RV2T-SRRT) )/
1 IRJ2(J)«DY) + (RUVTL-SRZTL-RUV TR+SRZTR) "DDX-KPC-PT ) «DDY-
2S00T/RJ2IJ))

C « " « INTERMEDIATE ~ RADIAL MOMENTUM CALC.COMPLETE
2990 CONTINUE

1F(FL(1B2J).EQ.4)RH0UT(IB!J)=RH0UT( IBJ)
2995 CONTINUE

C

c . . « . r N D 0 F TILDE CALC.---ARRAYS OF RHOT.RHOUT AND RHOVT STORED
C
C*«** START OF

IT = 0
3705 !TF=O

IT=IT+1

DO 3800 J=5.JB1
JC=JC*1B2
DO 3800 I=2,IB1

ITERATION TO OBTAIN FINAL VALUES OF RHOU.RHOV AND RHO

RICE8
R1CE8
R1CE8
RICE8
RICE8
RICE8
R1CE8
RICE 8
RICE8
RICES
RICES
RICE8
R1CE8
R1CE8
RICE8
RICE8
RiCE8
R1CE8
R1CE8
R1CE8
RICE8
RICE8
RICE8
RICES
RICES
RJCE8
R1CE8
R1CE8
RICE8
RICES
RICE8
RICE8
R1CE8
R1CE8
R1C£8
RICEB
RICE8
RICE8
R1CE8
RICE8

' RICE8
R1CE8
RICE8
RICE8
R1CE8
RICE8
R1CE8
RICES
RICE8
R1CE8
R1CE8
RICE8
R1CE8
RICE8
RICEB

917
918
919
920
921
922
923
924
925

929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945

948
949
950
951
952
953
954
955
956
957
958
959
960
961
952
963
964
965
966
967
968
969
970
97!
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3433
3434
3435
3437
3437
3451
3+54
3460
3462
3475
3500

3550
3521
3523
3524
3527
3530
3531
3531
3532
3533
3537
3541
3554
3557

3577
360!
3601
3602
3606
3510
3623
3626

3646
3647
3651
3652
3655
3656
3657
3657
3660
3661
3665
3667
3702
3706
3711
3714
3727
3731

IJ=1*JC
IPJ*IJ+I
!MJ=IJ-I
IJP=1J*1B2
1JM*1J-1B2
1FCFLUJ ) .GT. l.ANO.FK fJ >.LT.6>G0 TO 3800
DCSQ=I./CSQ(IJ)
1F(FL(IJ).EO.1)00 TO 3710
NFL=FL(|J)-5
GO TOC3710.3710.3725.3725.3710.3710.3785.37251NFL

3710 NFL=FL(IJP>
GO TO<3715.3725.3725.3725.3717.3725,3725.3715.3715.3725.3725.3715.
I37151NFL

3715 TOP=I.O
TP=1.0
GO TO 3730

3717 IF(V<IJ).EQ.O.)GO TO 3725
TOP=1.0
TP=O.
GO TO 3730

3725 T0P=0.
TP=0.

3730 IF(FL<!Jl.EQ.I)GO TO 3733
NFL=Fl.(U»-5
GO TO(3733.3738.3738,3733,3733.373S.3738.3733JNFL

3733 NFL=FLUPJ>
GO TO 13735.3738. 3738.3735.3738.3738.3735.3735.3738.3738. 3735. 3735.
13738)NFL

3735 RIGHT=l.O
GO TO 3740

3738 RIGHT=0.
3740 IF(FL(!J).EQ.1)GO TO 3743

NFL=FL(U)-5
GO TO(3753.3743.3743,3753,3753.3743.3743.3753JNFL

3743 NFL=FL<IMJ>
GO TO13745,3753.3753.3753.3748.3745.3753,3753.3745.3745.3753.3753.
13745) NFL

3745 SLEFT-1.0
SLT=1.0
GO TO 3755

3748 IFlUt!MJ).EQ.O.1GO TO 3753
SLEFT=1.0
SLT=0.0
GO TO 3755

3753 SLEFT=0.0
SLT=0.0

3755 1F<FL( I J) .EQ. DGO TO 3758
NFL=FLHJ)-5
GO TO(3763.3763.375B.3758.3763.3763.3758.37581 NFL

3758 1F(FL(IJMI.EQ.l)GO TO 3760
[F(FL(1JM).LT.61G0 TO 3763
NFL=FLUJMI-5
GO TCH3760.3760.3763.3763.3760.3760,3763.3763JNFL

3760 BOTTOMS .0
GO TO 3765

RICE6
RICES
RICES
RICE8
R1CE8
R1CE8
R1CE8
RICE8
RICE8
FICE&
RtCEB
RICES
RICES
RICES
RICE8
RICES
RICE8
RICE8
RICE8
RICES
RICES
RICE8
RICE8
RICE8
R1CE8
RICE8
R1CE8
RICES
RICE8
RICEB
RICE8
R!CEB
RICEB
RICE8
RICES
RICES
R1CE8
RICES
RICE8
RICE8
RICES
RICE8
RICE8
RICES
RICE8
RICEB
RICE8
RICES
R1CE8
R1CE8
R1CE8
R1CE8
RICE8
RICE8
RICE8

972
973
974
975
976
977
97B
979
980
Vi.
9S£
983
9B4
9B5
986
987
988
989
990
991
992
993
994
995
996
997
99B
999
1000
1001

1002
1003
1004

1005

1006
1007

1008
1009
1010

1011

1012
1013
tOtf
1015
1016
1017

1018
1019
1020
1021

1022

1023
102-*
IOE'5
!036
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3731
3738

3764
377*
3774

4014
4020
40?3
4087
4034
4035

4040
4040
4041

3763
3765

3800

c . . . .
C'*«*
C

3802

BOTTOM=0.0
D=RH0(IJ 1-RHOTCIJ)»THETA*DT*((TOP»RHOV(lj)«RJ2tJ)-BOTTOM'RHOVCIJM

I1»RJ2<J-1))/(RJ(J)«DY>*(RIGHT'RHOU<IJ)-SL£FT«>RHOU<IMJ))«DDX)
IF(ABS(D).LE.ERRD)GO TO 3S00
JTF*|
DPB=-OMEGA»D/(CXSO*PFAC)
PB(IJ] -P8(IJ)*0PB
RHO(IJI=RHO(!J)*DPS«DCSQ
RHCXJtIJ)»RH0UliJ)+Rir+IT'UC0N'DP8
RHOU(JMJ)=RHOU(IMJ)-SLT«UCON«DPB
RHOV(IJ)=RHOV(1J)*TP*VCON«DPB
RH0V(IJM)=RH0V(IJM)-B0TT0M*VC0N«DP8
CONTINUE
!F<ITF.EQ.O) GO TO 3802
IFIIT.LT.ITMAXtGO TO 3705
PRESSURE ITERATION DETERMINES FINAL MASS AND MOMENTUM VALUES • • •
PARTIALLY UPDATED PRESSURE---NEEDS TO BE UPDATED AT END OF CYCLE

CONTINUE
RETURN
END

C
C
C - " * END OF THE SUBROUTINE TILDE
C
C

R1CE6
R1CE8
R1CE8
RJCE8
RICE8
R1CE8
RICE3
RICEB
RICE8
RICE8
RICE8
RICE8
R1CE8
RICE8
RICES
RICE8
RICES
RICEB
RICEB
RICEB
RICE8
RICEB
RICE8
RICES
RICES
RICES

1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
!052
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I
I
1
3
7
7
11
12

16
24
33
36
37
40
41
43

SUBROUTINE ENERGY
I C0MMON/GE0MO/IB2.JB2.NO,NSL<4).LPR,CYCLE.1TC.JPLOT15).NSPEC.

11SPEC<7).NR.DX,DY,TIME.DT.TSTOP.TPR.TPL.TPLD.DTC.ALA.B1E.THETA
2PHI .OMTOA,GAMMA.DXOU.ASQ

1 COMMON/ICCD/IB.JB.IBl.JBl^NAMEdOI.JNM.TBEG.SECREQ.DOX.DDY
I.UCON.VCON.ERRD.ITMAX.PFAC.RRHO.XI,IT

1 COMMON/INPFLD/FLO(12).UO.VO.VINTl.VlNTa.UINLI.UIMLa.RHOO.RINTl
IRINT2.RINL1 .RINL2.MU0.M1NT1 .M1NT2.MINLI .MINL2.S1E0.SIETI.S1ET2
2S1ELI.SIEL2

I REAL MUO.MINT].MINT2.M1NL1.MINL2
1 C0MM0N/SPECD/ETA0.FA0C7).FAT1<7).FAT217),

IFALU7I .FAL2<7).SM<7),EP<7>,GAMA<7).CV(7>.ALPHAI7) ,AM(7.3).
2BM17.3) .0.(3) ,CF(3) .ZETAFI3) ,EF(3) ,CB(3) ,ZETAB(3> ,EB(3l

1 COMMON/OBSD/lTOiaOl.NSOieO),Oe(6.eO).01B(2.20).UINRO(20».RlNRO(20) RC0M2
I,MINRO<20>.SIEROI20).VINB0I20).R1NBOI20).MINBOI20).
2S1EBOC201,FARO(7.20>.FABOI7.20)

1 INTEGER AM.BM
I REAL MINR0.MIN60

<;•••• /CELLO/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAM(PREP) RC0M2
C«... AND THE -READ FEATURE OF (UPDATE)
C*"« THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/
c.... OATA ARE READ t-ROM A CARD TO SET DIMENSIONS TO 1B2.JB2 AND NSPEC
C

1 LCM/CELL0/FL1 62. 32),U( 62. 32),V( 62. 32
J).RHO( 62. 32).SIEt 62. 32).P< 62. 32
21.MU! 62. 32).CSQ( 62. 32),RH0T( 62. 32),RH0U< 62
3. 32).RH0V< 62. 32I.REI 62. 3?>.ETAC 62. 32>.C0(
4 62. 321.FAI 6£. 32. 7).RJ( 32).RJ2(
5 32I.RFLB1 62).TFAB( 62. 7).TE( 62. 32t

1 DIMENSION RHOUTi 62, 32).RH0VT( 62. 321.PB(
I 62. 32).DRH08l 62. 7),STREB( 62)

I ECiVALENCE (RHOU.RHOUT). (RHOV.RHOVT) . (P.PBI . (S1REB.RFLB) .
I(TFAB.DRHOB)
INTEGER FL.CYCLE
REAL MU
DO 4503 J=2.JB2
IBJ=IB2'(J-1)»IB

IB2J=IBJ*2
]BIJM=IB1J-IB2
IF(FL(IB2J).NE.41G0 TO 4503

ARE SET CONTINUOUSl= COL.IB) AT OUTFLOW BOUNDARYC*'* RHO AND P
C

RHOlIB2J)=RH0(IB1J)=RHO<1BJ)
P( IB2J)=P< IBU)=Pi !BJ>

4503 CONTINUE
JC=O
00 4850 J«2.JBI
JC=X»IB2
DO 4850 1=2.181

START OF RE CALC.BYPASS ALL CALC.IF FL(IJ)=2.3.4 OR 5

RICE6
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M2
RCOM2
RC0M2
RCOH2
RC0M2
PC0M2
PC 0«2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RICES
RICE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
R1CE8
R1CE8
RICES
RICE8
RICE8
RICEB
RICES
RICE8
RICE8
RICEB
R1CE8
RICE8

1053
2
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21
SB
23
24
25
26
27
28
2s
7-

3i
32
33
34
35

1055
1056
1057
1058
1059
1060
1C5I
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
I07H

96
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44 IF(FL1IJ).GT.1.AND.FLrlJ).LT.61G0 TO 4850
56 IPJ=IJ+I
56 IMJ=1J-1
57 IJP=JJ*1B5
6] IJM=]J-IB2
61 IMJM=IJM-1
65 1PJM=IJM+1
63 IMJP=IJP-I
65 IPJP=IJP+I

C
<:•••• START OF ENERGY-DENSITY FLUX CALC.
C

65 IF(FL(!J).EQ.I)GO TO 4510 S NFL=FLUJ)-5
73 GO TOC4510.4507.4507.4510.4510.4507.4507.45I0INFL
106 4507 TRER=0. $ GO TO 4605
110 4510 NFL=FL(1PJ)
113 GO T0(4515.4515.4515.4515".4512,4515.4515.4515.4512.4512.4515.

14512)NFL
13.3 4512 TRER=0. $ GO TO 4605
137 4515 UR=U(IJ>
141 DIR*SIE<1PJ)-S1E(1J>
144 PBR=(PB(1PJ)+PB<IJ))«.5
151 RMU=(mj([PJ)*MUUJ>)».5 $ RER-(REiIPJ)+RE(IJM«.5
163 IF(FL(IPJ).EQ.1)GO TO 4521
167 [F(FL(IPJ).E0.4)G0 TO 4519
172 IFlFL(lPJ).EQ.7)G0 TO 4519
175 lF(FUlPJ) .EQ.8)G0 TO 4519
200 URR=-UR $ GO TO 4522
502 4519 URR«UR 5 GO TO 4528
204 45S1 URR=U(IPJ) $ GO TO 4532
210 4552 IF(FL(IPJI.EQ.7)GO TO 4535
514 IF(FL(IPJ).EO.11)00 TO 4532
217 1F(FL(IPJP).EQ.1)GO TO 4532
38S IF(FL(IPJP).EQ.4)G0 TO 4557
22? IF(FL<!PJ).EQ.12)GO TO 4559
231 4527 VZZTR=V(1PJM) S VRZTR=V(IJJ $ GO TO 4535
237 4529 VZZTR=-V(IPJM) S VRZTR=-V(!J) $ GO TO 4535
245 4532 VZZTR-VRZTR-VIIPJ)
251 4535 IFtFLt IPJ).EQ.DGO TO 4541
255 lFtFLUPJ).EQ.B)GO TO 4541
560 1F(FL(IPJ).EQ.15)GO TO 4541
563 1F(FL(IPJ).EQ.4)GO TO 4543
566 4537 IF(FL( IPJM).EQ.DGO TO 4541
272 IF(FL(IPJI.eQ.11)GO TO 4545
275 4539 VRZBR»V(IJM» S VZZBR*V(IPJ) $ GO TO 4550
303 4543 IF(FL(IPJM).EQ.4)G0 TO 4539
307 4541 VZZBR'V(IPJM) S VRZBR»VIIPJM) t GO TO 4550
315 4545 VRZBR*-V(IJM> S VZZBR=-V(IPJ) $ GO TO 4550
353 4550 NFL'FLMJM) $ GO TO 14554,4552.4552.4554,4554.4554 .4552.4552.

14554,4554.4552.4555.45541 NFL
346 4555 IFlFL(IPJM).EO.I1GO TO 4554
352 IF(FL(|JM).EQ.2)G0 TO 4556
355 1F(FLI1JM).EQ.7)GO TO 4556
360 lF[FL(iJM).EQ.8)G0 TO 4556
363 GO TO 4558

RICE 6
RICE8
R1CE8
RICE8
RICES
RICES
RICE8
RICES
RICE8
RICES
R1CE8
RICES
RICE8
RICES
RICE8
R1CE8

4515, RICE8
R1CE8
RICES
RICES
RICES
RICE8
RICE8
RICES
RICE8
RICE8
Piece

R1CE8
RICES
RICES
RICES
RICE8
RICES
RJCES
RICES
RICE8
RICE8
RICES
RICES
RICE8
RICE8
R1CE8
R1CE8
RICES
RICES
R1CE8
RICE8
R1CE8 1
RICE8 1
R1CE8 1
RICE8 1
RICE8 1
RICE8 I
RICES 1

1075
1076
1077
1078
1079
1080
1081
1085
1083
1084
1085
1086
1087
iO88
1089
1090
1091
1095
1093
1094
1095
1096
1097
109Q
1099
1100
' r ' *

MGi
1104

1105
1106
1107

1108

1109

1110
1111
1112
i 113
II14
1115
1116
1 117
1118
119
120
151
125
153
154
125
126
127
128
129

97



RUN-H.M89 ENERGY 7 4 / 0 3 ' 2 7 12. 19.34 I JOAt L 1 VL

364 4554 tBR-UilJM) S GO TO 4560
370 4556 UBR'UR % 00 TO 4560
372 4558 UBR»-UR $ GO TO 4560
374 4560 NFL*FUIJP> $ 00 TO<4f564.4562.4562.4564.4564 .4564 .4562.456?.

14564,4564.4562.4562.4564INFL
417 4562 IFIFLUPJPI.EQ.DGO TO 4564
423 IF<FL(IJP».EQ.c!GO TO 4566
i26 IF{FL<IJPt.EQ.7iG0 TO 4566
431 lF(FHIJP) cU.S'GO TO 4566
434 GO TO 4508

435 4564 UTR=UUJP) 4 GO TO 4570

44 1 4566 UTR=UR S GO TO 4570

443 4569 UTR=-UR $ GO TO 4570

445 4570 IFlFLUJ) .EO. 6IG0 TO 4574

431 IFlFLl1J!.EQ.101G0 TO 4574

454 4572 VZZB=Vl|JM! % VRZB*VII.JM> $ 00 W 4580

462 4574 IFlFLtIJM).EQ.1IGO TO 4572

466 IF(FtiiJ).EQ.6)G0 TO 4578

471 VRZB«-V( !PJM» % VZZB=-V<!J> $ GO TO *580

477 4578 VRZB=V(|PJM) I VZZB=V((JI

505 4580 IFlFH IJI .EQ. I "GO TO 4582

511 1FIFLIIMJl.EQ.IIGO TO 4582

514 !F(FLI!J>.EQ. BiGO TO 4566

517 |F(FL(IJ).EQ. 9'GO TO 4586

522 GO TO 4584
r"»3 4582 UL=UlIMJi $ GO TO 4590

527 4584 UL=-U(IJI $ GO TO 4590

533 4586 UL=UHJl $ GO TO 4590

537 4590 !F (FUIJ).EQ. 1 >G0 TO 4592

543 IF(FL(tJI.EQ. 6iGO TO 4592

546 IFlFLlIJl.EQ.10IGO TO 4592

55! IFtFLlIJPl.EO.ItGO I'O 4592

554 IF(rL< IJI .EQ. I3)GO TO 4594

557 vRZT=Vi!PJ) $ VZZT=V(IJM) $ GO TO 460C

565 4592 VRZT=V<IJ) 5 VZZT=ViIJ) S GO TO 4600

57S (594 VRZT=-V(IPJl $ VZZT=-V1IJM) $ GO TO 4600

601 4600 CONTINUE

607 SZZR=RMU'.5*< 12- •ALA) «DDX» (URR-UL I»ALA»DOY'F.J! J) • IRJ2I Ji • (VZZTR*

IVZZT)-RJ2U-1 )*(VZZBR*VZZB>))
627 SRZR--RMU*.5«!0DX*( IVRZTR*VRZBR)-IVRZT»VRZB1 l»D0Y# (UTR-U6R' '
637 VR=.25«(VRZ8R*VRZTR*VRZT»VRZB)

C«"«« ENERGY-DENStTY FLUX ACROSS Rt-XT BOUNDARY-TRER
C

643 TRER=UR*(RER+PBR-SZZR)-SRZR«VR-BIE'RMU«DOX'DIR

654 4605 lF(FL.llJ).EO.liGO TO 4607 $ Nfi.«FHlJ)-5

662 GO TOI460'',4607,4609.4609.4507.4607.4609.4609INFL

675 4607 NFL=FL<IJPl * GO T0<46!5.4610.4610.4610.4612.4610.4610.4615,

14615.4610.4610.4615.4615 iNFf.

720 4609 CONTINUE

720 4613 TR£T=O. $ GO TO 4705

722 4612 !F(VtIJI.EQ.O.>G0 TO 461C

736 4614 VT=VIIJI

730 0IT = 2.«iSIEi iJPi-SlEi IJI'

735 PT=PBMJP' % TMU*MUi 1 JPi $ i?£ 1 'a.t. :IJP i $ 00 TO 4618

746 4615 V'-VlIJ)

PAGl NO.

RICE6
RICES
RICES
R1CE8
RICE8
RICEP
RICEd
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
R1CE8
RICEQ
RICE8
RICE8
RICE8
RICES
RICE8
R1CE8
RICE8
RICE8
RICE8
P1CET3

R1CEB
K1CE8
R1CE8
RICE8
R1CEB
RICE8
RICE8
RICES
RICES
R1CEB
RICE8
RICE8
RICES
RICES
RICES
RICE8
RICE8
RICE8
R1CE8
RICE8
RlCf.8
RICE8

Ricee
RICC8

wicte

i

i t 30
1131
1132
i 133
I I 34
1135
Hit.
1137
. !38
1 139
: '."-c
' 14'.
1 14?
1 143
1 144
1 145
1 146
1 147
1 148
1 149
I I5C
1 l b l
1 !5£?
1153
1 154
1 155
1 \'J.

• 'Si
i I6G
1 16!
I 162
1163
1164
1165
1166
1167
1168
1169
1170
I !7;
I i~B
! l̂ i
1174
; 175
!!76
It7~
1 178
1179
IIBG
i ie:
lift?
t j g <
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750
753
760
775
776
1001
1004
1007
1011
1015
1017
1023
1026
1031
1034
1040
1043
I05J
1057
1063
1066
1074
1100
1103
till
1117

1142
1 t46
1151
!I55
116!
1164
1167
1172
1175
1200
1202
l?04

1227
1232
\?m
l?4l
1245
1251
1254
1257
1262
1264
126b
127?
1275
1300
1303

OIT*SlEdJP>-SIE< IJ)
PT*.5»<P8dJP>*P8dJ>)
TMU».5MMUCIJP>*MUI1J1> S RET-.5-(REdJP"REi U ' •

4618 lF(FLdJP).EG.I>GO TO 4620
1F(FL(1JP).E0.51GO TO 4654
IF(FLdJP).EQ.B>GO TO 4624
IF(FLdJP) .EG.9>G0 TO 4624
VTT=-Vf S GO TO 4626

462C VTT=V(IJP) 5 GO TO 4626
4624 VTT=VT
4626 IF(FLlIJPt-EO. B1GO 10 M6?S

IF<FLdJP>.EQ.12)G0 TO 4658
4627 uRZTR=UdJP>

URRTR=UUJP> S GO TO 4635
4628 IFlFLl IPJPI.EQ.KGO TO 4627

IF(FL1IJP1.EQ.8)GO TO 4632
URZTR=-UtlJ) S URRTR=-UMMJPI S 00 TO 4635

4632 URZTR=U(IJ) S URRTR=UHMJP«
4635 IF(FL(!JPl.EO. 9)GO TO 4637

1F(FL(|JP1.£Q..3)00 TO 4637
4636 URRTL=U(1MJP> i JRZTI_=U< IMJP) $ GO TO 4645
4637 IFiFLC[MJP. LQ.t)GO TO 4656

IF(FL(IJP).E0.9)C0 TO 4642
URZTL = -'JilMJi I URRTL = -Ul IJP> S GO TO 4645

4642 URZTL=U<!MJ] $ URRTL=UiIJP)
4645 NFL =FL«'PJ> $ GO T0I4648.4649.4349. '<649.4647.4648.464b.4649

14649.46'<8.4648.4649.4649iNrt
4647 |F(FL< (PJP) .E0.2IG0 TO '<655

IF(FLiIPJPJ.EQ.31G0 TO 4653
4648 VTR-VUPJ) $ GO TO 4656
4649 !FIFLHPJP).EO. 1 lGO TO 4640

IF(fLMPjP)-EQ.4IG0 TO 4650
IT IFLUPJI .EQ. 2 • GO TO 4655
1F(FL(1PJ1.EO. 8)G0 TO 4655
|F(FLUPJ>.EQ. 9JG0 TO 4605

.EQ.4IG0 TO % %IFIFLf
4653 VTR--VT S GO TO 4656
4655 VTR=VT $ GO TO 4656
4656 NFL=FL<IMJ1 $ GO TO(4659.4661.466!.4659.4657.4659.4659.4661.

14661.4659.4659.4661.t661 INFu
4657 IFIUi1MJ).NE.O.»G0 TO 4659
4658 IFIFL<tMJP).EQ.21G0 TO 4667

!FlFL( IMJP) EQ.3IGO TO '«6fi9
4659 VIX-VUMJ' I GO »0 '«670
4661 IF(FL(IMJP).EO.1IGO 10 4659

lF.F|.dMJ).EQ. 3»GO TO 4669
IFlFLdMJ) .EQ. I2IGO TO 4669
1F(FL<IMJi.EO.I3>GO TO 4669

4667 VTL=VT 4 GO TO 4670
4669 VTL=-VT % GO TO 4670
4670 IFlFLtlJi.EQ. 1IGO TO 4672

IFfFLdJi.EU. 6>G0 10 4672
IFIFLIIJI.EQ.lOlGO TO 4675
IF(FLdPJ) .EQ. 1 IGO TO 4672
IF(Fi .dJ) .E0.7IG0 TO 4674

T30AFI :VL PACE NO.

RICEB
RICEB
RICE8
R1CE8
RICE8
RICEB
RICE8
R1CE8
RICES
RICES
RSCE8
RICES
RJCE8
R1CE6
RICES
RICEB
RICE8
R1CE8
R1CE8
RICEB
RICES
RICEB
RICEB

«!CE8
.4649. ».'CE3

RICES
RICE8
RICE8
RICE8
RICES
RICE6
RICEB
RICE8
R!CE8
RICE8

.4661 . R1CE8
RICE8
R1CE8
RICES
RICE8
RICEB
RICES
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICEB
RICEB
R!CE8

4

1185
1186
1187

nee
I!S9
1 190

19!
1 192

193
:9»
;G f

1~6
IS"
19b
199

1200
I2C!
1202
1203
1204
1205
!20G
120'?

!cD9

• 2 - '
t2';f
!2!5
S2!6
1217
1218
1219
!220
1P21
1222
1223
!2?4
1225
1226
1227
12?8
1229
1230
1231

1233
1234
!?J5
! •- Mi
i s s:
1236
1239
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1306 URZR»-U<IJPI S UfiRR*-U<IMJl $ GO TO 4675
13m 1672 URZR'U(iJ) S URRR'UflJI $ GO TO 467'S
1322 4674 URZR»U( IJPl S URRR*U< IMJ)
1330 4675 IFJFLCIJI.EQ. 11 GO TO 4677
1334 IF{FLl|JI.EQ. 7>G0 TO 4677
1337 IFlFLUJ) .EQ.II (GO TO 4677
1342 IFIFLUMJl.ECi UGO TO 4677
1345 IF<FU IJI.E0.6.G0 TO 4680
l i 50 URZL—Vl 1«JP> S URRL=-UUJ) S GO TO 468?
1356 4677 UR2L*U(IMJ» S URKX=Ul 1MJ) 4 GO TO 468?
1364 4680 URZL»Ut !fUP» % URW--U1IJ)
1375 4682 IF(FL( I ' l .EQ. I > GO i"O 4684
1376 IFtFL'1JM).EO.I»GO TO 4684
1401 |F'?LilJi .EQ.6)C0 TO 4690
1404 iFiFLtlJ».EQ.7tG0 TO 4690
1407 VB«-Vi | j i S GO TO 4695
I*12 4684 V8*V»|JM> $ GO TO 4695
|H|6 4690 VB»V<IJ»
1"24 4695 SRRT = TMl.i«(D0V»(VTr-VB»»ALA'.5»lD0Y/RJglJl»lRJ(J'l i«(VTT»VT»

IRJ(JI«(VT.VBn*0OX»(URRrR»UWR-URftTL-URRLll!

C

IM6!

1465
1476

UT».25<IURZTR»URZTL*UR^L»UR?«I
ENEROY-OENSiTY FLOX ACROSS TOP B00N0ARY= TRET

1504
1517

1542
1544
1547
1551
1555
1560
1566
1572
1576
1601
1604
1607
1612
1615
1620
1622
1624
1630
1633
1636
1641
1644
1647
1652

rRET*VT»lR£T»P?-SRRT'-SRZT«UT-EUt«TMU«0OY«D|T
4705 |FIFL(IJ>.EQ.1)GO TO ><707

^4FL- FL':"J»-5
GO TOI4709.4707.4707.4709.4709,4707.4707.4709JNFL

4707 NFL'FLUMJI S GO TO'4755.4709.4709.4709.4712.4755.4709.4709

I4755.4755.4709.4709.4755)NFL
4709 TREL»O. * GO TO 4755
4712 IFrUl IMJ! .EO.O. »GO TO 4709

UL*U(|MJ)

0lL«2.»iSIEHJ)-SIEilMJii

PL«PBJIMJI
XMUL=MU< IMJl « REL=>RE< IMj» S U - L = U U M J >
VT|_*V(IMJ> S V8L»V(IM.IM>
lF(FLtiJP».EO. 2)G0 TO «*7I6
IF(FL(IJP!.EQ. 6(00 TO 4715
IF(FLIIJP).EO. 91G0 TO 4716
1FIFLI1JP).EQ. 3100 TO 4718
|F<FL(IJP'.EQ.10)00 TO 4718
IFlFLUJPl.EO. I3»GO TO H71S
OTL-UIIMJPI S GO TO 4720

4"I6 UTL'UL * GO TO 4720
4718 UTu— UL
4720 IFtFLClJM!.EQ. 21GO TO 4722

IFIFLIIJMl.EQ. 61G0 TO -*722
|F<FLIIJM).EO. 9»G0 TO 4722
IF<FLUJM>.EQ. 3>OO To 4724
IF(FL(IJMI.EQ.I01GO TO 4724
1F(FL(IJM).EQ.I3IGO TO 4724
UBL=UUMJMI $ GO TO 4730

4722 UBL=UL $ f»0 TO 4730
4724 UBL=-UL

T30AFL IVL

Tf.VT J-

1 !

3.4709.

PAGE NO.

RICES
RiCES
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R1CE8
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RICE8
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R1CE8
RICES
RICE8
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RICE8
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RICES
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RICE8
RICES
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5

1240
1241
1242
1243
1244
1245
1246
1247
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1249
1250
1251
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1254
1255
1256
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1259
le60
1261
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1268
1269
J270
1271
1272
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1656 4730 1FIFLIIJ).EQ.1)GO TO 4732
1662 IFlFLlU).EQ.7)G0 TO 4734
1665 IF(FL<IJI.EQ.6)G0 TO 4734
1670 0R=-U<!MJ) * GO TO 4736
1673 4733 UR*UUJI $ GO TO 4736
1677 4734 UR»U<IMJ)
1702 4736 1F(FL(IJ».EQ. 7IG0 TO 473e
I7C6 IF(FL(IJI.£Q. !DG0 TO 4740
17,1 VZZB»VC|JMI S VRZB-VCIJM) S GO !U 47-i2
1716 4730 VZZB'VUJl $ VRZB=V<IMJM> S GO TO 474?
1724 4740 VZZB—VIIJ) S VRZB«-VI1MJM)
173? 4745 IFfFLI IJ t .EQ. 8)GO TO 4744
1736 IFtFLIIJJ.EQ.12)00 TO 4746
1741 VZ2T*V(IJ) S VRZT=V(IJ) $ 00 TO 4750
1745 4744 VZZT»V(|JM) $ VRZT=VlIMJ) * CO TO 4750
• 753 4746 VZZT—VUJM) S VRZT=-VUMJ>
1764 4750 SZZL^XMUL».5«( <2. <-ALA) «DDX» (UR-ULL)*-ALA«DOY/RJ( Jt ' (RJ2( Jl

1 (VZZT»VTL)-RJ2<J-I >«<VZZB*VBL) ) >
2006 SRZL = .5«XMUL« (DDX« (VRZT+VRZB-VTL-VBL»•ODY* (UTL -UBL ))
2017 VL=.25*<VRZT*VRZB*VTL*VBLl

C«««« ENERGY-DENSITY FLUX ACROSS LEFT BOUNDARY=TREl • • •

TREL=UL'(REL*PL-£ZZL)-SRZL*Vt-BlE*XMUL»DIL«DDX
4755 IF(FL(IJM).EQ.2'G0 TO 4757

IF(FLUJM) .EQ.31G0 TO 4757
IFIFLUJM).E0.5)G0 10 4757
GO TO 4760

4757 STREStl)=0.
4760 CONTINUE

C* • • •
<:•••• REtlJ) CALC.COMPLETE
C

2034
204C
2043
2046
2046
2051

2054 4805 RE<U>* RE 11JI«DT» (00Y/RJ( Jl «<RJ2( J-1
IDDXMTREL-TRERII

.')-RJ?( J) •TRET ) •

c.... SETS TOP FLUX QUANTITY INTO BOTTOM AND RIGHT FLUX QUANTITY INTO
c.... LEFT TO AVOID CALCULATING OVER AGAIN
C

2075
2076
2103
2104
2105
2106
2110
21 I 1
2124
2125

2126
PISS
2135

4850 CONTINUE
JC=0
00 4950 J=?.JBI
JC=JC*1B2
DO 4950 1=2.IB1
IJ=I»JC
lFlF-Lt!J>.GT. I .AND.FL(U>.LT.6)G0 TO 4950
IMJ=IJ-1
!JM=1J-IB2

C
c....

C
OBTAINS INTERNAL ENERGY FROM TOTAL ENERGY-DENSITY

EN=RE(1J)/RHOUJ)
1F(FL<IJ).EO. DGO TO 4905
NFL=FLllJ)-5 $ GO TOI4908.4910.4910.4908.4908.4910.4910.4908)NFL
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RICEB
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R1CE8
RICE8
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1297
1298
1299
1300
i3o:
1302
1303
1304
1305
!306
1307
1308
1309
1310
131 1
1312
1313
1314
1315
1316
1317
I3!B
1319

J322
1323
1324
1325
1326
1327
1328
1329
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1336
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1341
1342
1343
1344
I3S5
1346
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2166

2260
2267

5304
2307
2312

2153 4905 XKE=.S5'(U(IJ)+U(lMJl)o«2 $ GO TO 4915
H908 XKE=U<IJ>»»2 $ 00 TO 4915
4910 XK£=U(IMJ)»«2
4915 1F(FL(IJ>.£Q.!»G0 TO 4917

NFL=FL<IJ)-5 S GO T014919.4919.4921.49?!,4919.4919.49?!.49?!>NFL
4917 YKE>.25'<Vl U)*VI 1JM) )••? S GO TO
4919 YKE=V(|JI»»2 $ GO TO
4921 YKE=V(IJM>'*2
4925 SIE<IJ)=EN-.5'<XKE*YK£)
4950 CONTINUE

00 4953 J^.JS?
IBJ=!Be*tj-|)*l8
t81J=IBJ*l

C
c * * * *
c* * * *
c • • • •
c

2175
2212
2221
2.=25
2230
2236
224 3
2245
2251

IBIJM=IBU-IB£?
It- <FLI IB2J> .NE.41G0 TO 4953

SETS SIE AND RE CONST.AT OUTFLOW BOUNDARY
ENERGY CHANGE TO REUB1.J> DOES NOT CONTAIN KINETIC ENERGY AS SPEC
CALC. ONLY CHANGES INTERNAL ENERGY

SIE(1B2J)=SIE(1BIJ)=SIE<IBJ)
RE( IBlJ)=RH0i IBIJ)»(SIE( I
1 (V( IB1JI+VI lBUMt)»«2) j
RE(IB2J)=RE((B1J)

4953 CONTINUC
RETURN $ END

IBIJ)*U( IBJi )

•• END Of" THE SUBROUTINE ENERGY
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RICES
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RICES
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R1CE8
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RICES
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1556
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I35e
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366
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368
369
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37 ;
372
373
37>

7.
i'.n
279

RICES 1380
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3
7
16
20

51

23

57

SUBROUTINE SPEC
COMMON/GEOMD/SB?.JB2.N0.NSLI4).LPR.CYCLE.ITC.JPL0T<5).NSPEC.
HSPECai.NR.QX.Or.MMe.OT.TSTOP.TPR.TPL.TPLD.DTC.ALA.BIE.THETA
2PHI.OMEGA.GAMMA.DXOU.ASO
COMMON/ICCD/IB.O6.IB1.JBI.NArtEl10).JNM.TBEG.SECREO.DDX.DDY
l.UCON.VCON.ERRD.ITMAX.PFAC.RRHO.Xl,IT
COMMON/ INPFLD/FCOl 12) ,1X3. VO. VINT I ,"INT2.U1NL I .UINL5.RH00.R1NT1
IRINT2.RfNLI.RINL2.MU0.M1NT],MINT2.M!NL1.MINL2.S1E0.S1ET1.SIET2
25IELI.SIEL?
REAL MUO.MINT1.MINT2.MINLI.MINL5
C0MMON/SPECD/ETAO.FA017I.FAT]|7).FAT217),
IFAL1 17) .FAL2I7) ,SMi7l .EP(7l .GAMA(7) ,CV<7) .ALPHA! 7; .AMI 7. 3 > .
2a<( 7.3).Q! 3>.CF (3>. ZETAF13 >.EF(3>.CB(3!.ZETABi 3).EBi 3 >
COMM0N/O8SD/JTOI20),NSOi20>.0816.20),OIBi2,50).UINR0<20),
1.M[NRO(20).S1EROI50).VINB0150).RINBO(5L).M1NB0150).
2SIEBOI20).FARO(7.201,FABO(7,50i
INTEGER AM.BM
REAL M1NR0.MINBO

C"«' /CELLD/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAM(PREP) RC0M5
C"«» AND THE «READ FEATURE OF (UPDATE)
C«««« THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLO'
C-" DATA ARE READ FROM A CARD TO SET DIMENSIONS TO 182. JB? AND NSPEC

r
LCM/CELLD/FH 62. 32).Ul 62, 32) .V( 62. 35

D.RHOi 62. 35I.S1EI 62. 32).Pi 62. 35
5l.MU( 65. 32I.CSQI 65, 32).RHOT( 62. 35).RHCUl 62
3. 35l.RH0V( 65. 351.RE( 62. 32l.ETA< 62. 35>.CQ<
4 62, 32).FA( 62. 32. 7).RJ( 321.RJ2<
5 3?).RFLB( 62!.TFAB( 62. 7),TE( 62. 35)
DIMENSION RH0UTI 65. 35).RH0VTt 55. 35I.PBI
1 62. 32).DRH08i 62. 7).srREB< 621
EQUIVALENCE iRHOU.RHOUTl.(RHOV.RHOVTl,IP.PBI.iSTREB.RFLB).
1(TFA8.DRH0B)
INTEGt'R t-L,CYCLE
REAL MU
DIMENSION DOMEGAI3).RMI7)
DIMENSION 0RH017),DRHOR(7).DRHOLi7),DRH0Ti7i.DRH0PI7I
1.RHOI(7),RH02(7).FALl7).FARl7).FATi7)
REAL KF.KB
DIMENSION SUMBIIOOI
DO 5002 K=l.NSPEC
IF(SM(KI.GT.O.)RMIK)=1. SMIK)

5002 IFISMIKI,LE.0.>RMlK)=0.
5000 NSP=NSPEC-1

JC=O

C
C

" START SPECIES OENSITY-(FA) CALC.
START OF SPECIES CONVECTION CALCULATION

DO 5500 J=2.JB1
JC=JC*IB5
DO 5200 1=5.1BI
iJ=I*JC
IPJ=IJ«I
IMJ--1J-!

RICES
RC0M2
RC0M5
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M5

RC0M2
RC0M5
RCOM5
RC0M2

RC0M5
RC0M2
RC0M2
RC0M2

RC0M5

RC0M5
RC0M2
RC0M5
RCOM5
RC0M5

RC0M2
RC0M2
RCOM?
RC0M2
RCOM?

PC 0-̂ 2
RCCM2
RC0M5
RC0M5

RCOM2
RCCM5
RICES
RICES
R1CE8
R1CE8
RICE8
RICE8
RICES
RICE8
RICES
RICE8
RICES
RICES
RICE8
RICES
RICES
RICES
RICES
RICE8
RICES
RICES

1362
5
3
4

5
6
~
8
9

:o
i;
15
13
14
15
!6
17

19
19
20
Si
as
23
54

55
26
27
58
pg
•2-

7 •

3c
33
34

35
13B4
1385
1386
1387
1388
13B9
1390
139!
1395
1393
1394
1395
1396
1397
1398
1399
1400
14CI
1402
I4C3
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30 IJP=(J+182 RiCES 1404
33 IJM=1J-I82 R1CE8 1405
32 1MJM=IJM-1 RICEB 1406
33 ]PJM=1JM+1 RICEB 1407
34 IMJP=1JP-1 R1CE8 1408
36 IPJP=iJP»! R1CE8 1409
37 NFL=FL(IJI $ GO TO(5005.5200.5200.5200.5200.5010.5020.5020.5010. RICES 1410

15015.5020.?O2O.5OI5INFt. RICEB 1411
62 5005 ULHJUMJ; S GO TO 5025 RICEB 1412
56 5010 UL=U(IJ) $ GO TO 5025 RICES 1413
72 5015 UL=-U(IJ) $ GO TO 5025 RICES 1414
76 5020 00 5021 K=!.N5P RICES 1415
103 5021 FAR(K)=0. RICE8 14!6
105 GO TO 5065 RICEB 14 17
105 5025 NFL=Fl_( IPJ) $ GO TO15030.5020.5020.5045.5020.5020.5035.5035.5020 RICE8 1418

1.5020,5040,5040.5020INFL RICE8 1419
130 5030 UR=U(lPJt $ GO TO 5050 R1CE8 1420
134 5035 UR=U(IJ) $ GO TO 5050 RICEB 1421.
140 5040 UR=-U<1J> $ GO TO 5050 RICE8 1422
144 5045 DO 5046 K=l .NSP RICE8 1423
161 KZ=182'JBe*(K-1) RICES 1424
163 IJK=IJ*KZ RICE8 1425
164 5046 FARIK)=2.*FA<IJKJ'Ul\J> RICE8 1456
173 GO TO 5065 R!CE8 1427
173 5050 TAUTE=0.155'OX*IUR-UL> R1CE8 142B
177 IFITAUTE.LT.0.) GO TO 5055 RICEB 1429
200 TAUR-II.+XIWAUTE $ GO TO 5060 RICE8 1430
203 5055 TAUR=< I .-XIWAUTE RICE8 143!
206 5060 DO 5061 K=l.NSP RICE8 143?
230 KZ=1B2"JB2MK-1 ) R1CE8 14?I
232 \JK=\J+KZ RICE3 I»2^
233 IPJK=IJK+] RJCE8 1435
234 5061 FARCK) = (FA<1PJK>*FAUJK)-DT«DDX«<FA( 1PJK1-FAHJK) I'UHJII' RICEB 1436

IU1 1J)-2."DOXOTAUR«(FA(1PJK)-FA(!J)<) ) RICE8 1437
251 5065 1F1FLI U ) .EQ. t)GO TO 5070 RICES 1438
255 NFL=FLl1J)-5 S GO TOI5075.5075.5085,5085.5080,5080.5085.5Q851NFL RICE8 1439
272 5070 VB=V1)JM) $ GO TO 5090 RICES 1440
276 5075 VB=V(IJ) $ GO TO 5090 RICES 144 1
302 5080 VB=-V(IJ) $ GO TO 5090 RICE8 !44?
306 5085 DO 5086 K=l,NSP RICE8 1443
313 5086 FATIKI=O. RICE8 1444
315 GO TO 5140 R1CE8 1445
315 5090 NFL=FUlJP) $ GO TOC5095,5085.5085.50B5.5125,5085,5085.5100,5100 RICES 1446

1.5085,5085,5105,51051NFL RICE8 1447
340 5095 VT-VUJP) S GO TO 5110 RICE8 1448
344 5100 VT=V(IJ> S GO TO 5110 RICES 1449
350 51O5VT=-V(1J1 R1CE8 1450
353 51 10 TAUTE=. 125»DYMVT»RJ2(J+1 )-VB'RJ2(J-l ) l/RJ2(Jl RICEB 1451
364 !F(TAUTE.LT.O.IGO TO 5!15 RICE8 1452
366 TAUT=(1.*XII'TAUTE $ GO TO 5120 R!CE8 1453
371 5115 TAUT=(1.-XI)'TAUTE R1CE8 1454
374 5)20 DO 5121 K=1,NSP R1CE8 1455
421 K2=!B2«JB2MK-1 ) RICE8 1456
4,?3 UK=IJ*KZ RICE8 1457
424 UPK=!JK>tB2 RICE8 1458
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455 5121 FAT<K)-C(FA{|JPK)*FAC|JKI-DT«ODYMFA<1JPK)-FA< IJKM'VI IJ)>
l»VfJJ)-2.«00Y«TAUT«IFA<IJPK)-FA(loK))>«RJ8U>

443 GO TO 5140
443 5125 IF(V(IJ).EQ.O.) GO TO 5085
446 TAUTE*.125#Dy»(V(IJ)»RJ2(J)-VB»RJ2(J-l)l/RJ5<J)
457 IFITAUTE.LT.O.) GO TO 5130
460 TAUT»(1.+XI)»TAUTE S GO TO 5135
*63 5130 TAUT«(1.-X1)»TAUTE
466 5135 DO 5136 K=1.NSP
513 KZ=IB2»JBS«(K-1)
515 IJK=1J*KZ
516 1JPK=1JK*1B5
517 5136 FAT(K1 = ((FAC!JPK)-DT»DOYMFA(IJPK)-FA(IJK> )'V(1J>)*V(1J)

l-2.«DDY»TAUTMFA(iJPK>-FA(IJKn>»S.»RJ5<J)
536 5140 IFtFL(IJ).EQ.l) GO TO 5150
542 NFL=FL(IJ)-5 $ GO TO(5145.5150,5150.5145,5145.5150.5150.5145)NFL
557 5145 DO 5146 K=1.NSP
564 5146 FAL<K>=0.
566 GO TO 5170
566 5150 NFL=FL(IMJ) $ GO TO(5170.5145.5145.5145.5155.5170.5145.5145,5170

1.5170.5145.5145.5I701NFL
611 5155 IF(UUMJ) .EQ.O.JGQ TO 5145
614 TAUTE=0.IS5«DX*(U(IJ)-U(1MJ))
621 1FITAUTE.LT.0.) GO TO 5160
653 TAUL=U.+XI)MAUTE $ GO TO 5(65
626 5160 TAUL=(1.-Xll'TAUTE
631 5165 DO 5166 K=I.NSP
653 KZ=IBS'JBS*<K-1>
655 IJK=1J+K2
656 IMJK=IJK-I
657 5166 FAL(K>=2.*! (FA< IMJK)-DT*DDX<> IFA( IJtO-FAl IMJK)) HJ( 1MJ> )•

1U(IMJ)-S.»DOX»TAUL»(FA(IJK>-FA(1MJK))>
674 5170 IFIFLllJl.EQ.l) GO TO 5180
700 NFL=FL(IJ)-5 S GO T0I5175.5175,5180.5180,5175.5175.51B0,5180)NFL
715 5175 DO 5176 K=l,NSP
754 5176 TFABU.K>=0.
787 GO TO 5185
787 5180 NFL=FL(1JM) $ GO T0I5185.5175,5175.5175.5175.5185.5185.5175.5175

1.5185.5185,5175.51751NFL
755 5185 CONTINUE
755 5UMR=0.
753 DO 5186 K=1.NSP
774 KZ«1B5«JB2«IK-D
777 IJK*IJ*KZ
1000 rAllJK)«FAt|JK)*0.5«DrMDDY/Rj(J)MTrAB<I.Kl-fAT(«ll»DDX«

|(FAL(K)-FAR(K)))
1013 FAL(K)-FAR(k)
1013 TFAB(I.K)*FATIK>
1015 5186 SUMR»SUMR+FA(IJK)
1053 IJNS-IB2«JB5»NSP*IJ
1056 FA(IJN5)=RH0tlJ)-SUMR
1033 5500 CONTINUE

C
C"*» ALL SPECIES DENSITY CHANGES DUE TO CONVECTION.ADDED TO-FA-ARRAY
C

RICE6
RICES
RICE8
RICE8
R1CE8
RICE8
R1CE8
R1CE8
RICE8
R1CE8
R1CE8
R1CE8
R1CE8
R1CE8
RICE8
RICEB
R1CE8
RICE8
RICES
RICES
RICES
R1CE8
RICE8
R1CE8
RICE8
RICE8
RICE8
RICE8
R1CE8
RICES
R1CE8
RICE8
RICE8
R1CE8
RICE8
R!C£8
RSCEB
RICE8
RICES
RICE8
RICES
RICES
RICES
RICES
RICES
RICES
RICES
RICES
RICE8
RICES
RICE8
RICEB
K!CEB
RICES
R1CE8

1459
1460
1461
1465
1463
1464
1465
1466
1467
1468
1469
1470
1471
1475
1473
1474
1475
1476
1477
1478
1479
1480
1481
1488
1483

'. —~*t
1466
1487
1488
1489
1490
1491
1495
1493
1494
1495
1496
1497
1498
1499
1500
1501
1503
1503
1504
1505
1506
1507
1508
1509
1510
1511
1515
1513
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1040
1041
1042
1043
1045
1346
1060
1060
1061
1063
1074
1100
1102
1 106
1112
1 1 14
H24
1131
1 136
1 140
! 141
1 [42
1 142
1 144
I 146
1 147
1 161
J 61
1 162
1164
1 !64
1165
1166
1170

1 170
1173
121 1
1213
1217

1?42
1264
1266
1267
1270
!274
1277
!303
1305
1323

RUN-LCM89 SPEC 74/08/27 12.19.34 T3OAFL IVL

(>»•*• START OF SPECIES DIFFUSION CALCULATION
C

JC=O
DO 5198 J=2,JBI
JC*JC*!B2
00 5198 1=2.10!
IJ=I*JC
IF(FL(IJ).GT.I .AN0.FLUJ).LT.6)G0 TO 5198
SUMI=0.
SUM2=0.
DO 5196 K=1.NSPEC
IF(FA!1.J.K).LE.O.IGO TO 5196
SUM1*SUM1+FA(I.J.K)»CV<K>«GAMA(K)
SUM2=SUM2+FA(i.J.K)«CV(K>

5196 CONTINUE
TE(IJ)=RHO11J)«SIE(1J)/SUM2
TEIJ=TE(IJ) ... '
ETA(1JJ=ETAO«SQRT(TE1J )MSUM1-SUM2>

5198 CONTINUE
DO 5193 1=1.1B2

5193 SUMB<1)=0.
JC=0
DO 5400 J=2.JB1
SUML=O.
JC=X+1B2
DO 5400 1=2.IB1
IJ=I+JC
1FIFLI IJ) .GT. LAND. FL < IJ) .LT.6) GO TO 5400
IPJ=IJ+1
IMJ=IJ-1
IJP=IJ+IB2
IJM=1J-I82
1MJM=IJM-1
IPJM=IJM*r
1MJP=1JP-1
1PJP=1JP*1

C
C FLUX ACROSS CELL RIGHT BOUNDARY

IF(FL(IJ).EQ. HC-0 TO 5209
NFL=FHIJ)-5 $ GO TO(5209.5203.5303.5209.5209.5203,5203.5209)NFL

5203 DO 5206 K=1.NSPEC
5206 DRHORfK)=0. SGO TO 5219
5209 NFL=FL(1PJ) $ GO T0(5212.5203.5203.5203.5203.5203.5212.5212.

.!5203,5203.5212.5212.5203)NFL
5213 DO 5813 K*1.NSPEC

K2=1B2'JB2'(K-1)
1JK=IJ+KZ
IPJK=IJK*i
RHOJ (K)=FAnjK)/RHO(U)
RH02lK)=FA(IPJK)/RH0<!PJ*

5213 DRH0P(K)=(RH02<K)-RH0l(K))•.5*<RH0<IJI+RHOIIPJ))
ASSIGN 5215 TO JRET $ GO TO 5233

5215 DO 5218 K=l.NSPEC
5218 DRHOR(t<) =.5*DDX'DRH0IK) • (ETA1 IPJ) *ETAl IJ))
C

PAGE NO.

RICES
RICC8
RICES
RICC8
RICE8
R1CE8
R1CE8
R1CE8
RICES
R1CE8
RICES
RICES
RICES
RICE8
RICE8
R1CE8
RICE8
RICE8
RICES
RICE8
RICE8
P' 'E8
"ITES
-'CE8
R1CE8
RICE9
RICEB
RICEB
R1CE8
RICEB
RiCEB
R1CE8
R1CE8
R1CE8
RICE8
RICE8
RICES
RICE8
RICES
RiCES
RICES
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICES
RICES
RICES
RICES
R1CE8
RICE8
R1CE8

4

1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
'.536
.'52;
I5-.C
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568

106



RUN-LCM89 SPEC 74/ 08/57 ie.l9.3t T3OArL IVL PACE NO. 5

C»"*«FLUX ACROSS CELL TOP BOUNDARY RICES 1569
1325 5219 IF(FL<1J).EQ.I>GO TO 5221 S NFL=FLIIJ)-5 RICES 1570
1333 GO TG(522I.5221.5224.5224.5221.5221.5524.5224)NFL RICE8 1571
134S 5221 NFL*FL.IJP) $ CO TO(5231.5224.5224.5254.5224.5224.5224.5231. RICE8 1572

15531.5524.5224.5231.5531)NFL RICE8 1573
1371 5524 DO 5255 K=1.NSPEC RICES 1574
1373 5525 ORH0T(K)=0. $ GO TO 5263 R1CE8 1575
1377 5231 DO 5232 K=I.NSPEC RICE8 1576
1421 KZ=lB2»JB2«(K-ii R1CE8 1577
1423 IJK=1J+KZ RJCE8 1578
1424 IJPK=IJK+IB2 RICE8 1579
1426 RHO1(K)=FA(1JK)/RHO(1J> R1CE8 1580
1432 RH02(K)=FAUJPK)/RH0( IJP) RICE8 1581
1435 5535 DRH0P(K> = <RH05(K>-RH0l(Kll«.V<RHC<IJl*RH0MJP>) R1CE8 1582
1441 ASSIGN 5557 TO JRET R1CE8 1583
1442 5533 SDR=0. S SDP=O. $ SDM=0. R1CE8 1584
1444 DO 5245 K=1.NSPEC RICE8 1585
1446 DRHO(K)=ALPHA(K)'DRHOP'K) R1CE8 1586
1450 (F(DRHO(K).LT.O.>G0 TO 5236 RICEB 1587
1452 SDP*SDP+DRHO(K) $ GO TO 5242 RICEB 1588
1454 5236 CONTINUE RICEB 1589
1454 SDM=SDM+DRHO(K) $ 00 TO 5242 RICE8 1590
1457 524£ SDR=SOR+DRHO(K> RICE8 1591
1464 IF(SDR 15245.5254,5250 RICE8 1592
1465 5545 DO 5548 K=1.NSPEC R1CE8 1593
1467 |F(SDM.EQ.0.)GO TO 5248 RiCE8 !*;-
1470 IF(DRHO(Ki.GE.O.)GO TO 5848 R1CE8 !=9=
1472 DRH0(K)=DRH0(K»-DRHO(KI«SDR/SDM RICES 1596
1474 5248 CONTINUE $ GO TO 5254 RICE8 1597
1477 5250 DO 525] K=1.NSPEC RSCE8 1598
1501 1F(SDP.EQ.O.)GO TO 5251 RICE8 1599
1502 lFIDRHO(K).LE.O.>GO TO 5251 R1CE8 1600
1504 DRHO(K)=DRHO(KJ-DRHO(K)«SDR/SDP R1CE8 1601
1506 5251 CONTINUE $ GO TO 5254 RICE8 1602
1511 5254 GO TO JRET RICE8 1603
1514 5557 DO 5560 K=I.NSPEC R1CE8 1604
1533 5260 DRH0TfK)=.5*DDY«(ETA(IJ)*ETA(IJP))»RJ5CJ)•DRHO(K) RICE8 1605

C RICEB 1606
C FLUX ACROSS CELL LEFT BOUNDARY RICES 1607

1535 5263 IF(FL(IJ).EQ. DGO TO 5269 I NFL-=F!.(U)-5 RICES 1608
1543 GO T0(5266,5269.5269,5266.5265.5269.5269.52661NFL RICE8 1609
1556 5266 DO 5267 K=1.NSPEC RICE8 1610
1560 5267 DPHCi-(K!=0. $ GO TO 5283 RICE8 1611
1564 5269 NF1.=FL( IMJ) $ GO TO(5283.5266.5266,5266.5266.5283.5266.5266. RICEB 1612

15283.5283.5266.5266.5283)NFL RICE8 1613
C R1CE8 1614
C FLUX ACROSS CELL BOTTOM BOUNDARY RICE8 1615

1607 5283 1F<FL(1JM».GT.1.AND.FL(IJM).LE.51GO TO 5288 RICE8 1616
1622 GO TO 5292 RICES 1617
1622 5288 DO 5289 K=1,NSPEC RICE8 1618
1624 IK=!B2'<K-1»+I RICE8 1619
1657 5289 DRHOBllK)=0. S GO TO 5292 R1CE8 1620
1635 5292 CONTINUE RICE8 1621
1635 00 5595 K=I.NSPEC R1CE8 1622
1653 IJK=)J*IB2*JB2MK-1 I R1CE8 1623
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1656 1K=IB2*(K-1)*I

1661 FA(IJK)=FA(IJK)+DT«(DDX«<DRHOR(K)-DRHOL(Kii*DDY/RJ(Jl

I•<DRHOT<K)-DRHOB(!K)>)

1675 DRHOL <K)=DRHOR(K)
1676 5295 ORHOB<1K>=DRHOT(K>

C
C«««« ALL SPECIES DENSITY CHANGES DUE TO DIFFUSION.ADDED TO-FA-ARRAY
C«««" START OF ENTHALPY DIFFUSION SECTION

C
1703 SUMR=0.
1704 DO 5302 K=l .NSPEC
1712 SUMR=SUMR+GAMAIK>*CV(K)*ORHOR(KI

1714 5302 CONTINUE

1715 IFISUMR.EQ.O.)GO TO 5316

1716 SUMR=.5MTE( IJ)*TE( !PJ) 1'SUMR
1724 5314 CONTINUE
1724 5316 SUMT=0.
1725 DO 5319 K=l,NSPEC
1734 SUMT=SUMT*GAMA(KMCV<K)'DRHOT(K)

1736 5319 CONTINUE
1737 1F(SUMT.EQ.O.>GO TO 5328
1740 SUMT=.5MTE( IJ)*TE< 1JP)1«SUMT
1746 5358 CONTINUE
1751 DRE=((SUMR-SUML)«DDX*lSUMT-SUMB<1)I'DDYJ'DT

1757 RE(IJ)=RE(1J)+DRE

1761 SIEi1J)=SIEIIJI»DRE/RHO(IJI

C

C«»«« RE(IJ) AND SIE(IJ) UPDATED TO INCLUDE CHANGES DUE TO ENTHALPY 01

C

1766
1767

1771
1775
1776
2002
2003
2003
2005
2007

2010

201 1
2012
2012
2013
2014

2016
2020
2023
2025
2027

2030

C«
C*
C*
C

SUMBlI)=SUMT
SUML=SUMR

•••• END OF ENTHALPY DIFFUSION SECTION
• * » •

••• START OF CHEMISTRY SECTION

1FCSIEII.J1.LE.0.)GO TO *400
1F(NR.EQ.O>GO TO 5400
LMAX=DT/DTC+.1'OTC

00 5395 M=I.LMAX
LA=-7
LB=-7
DO 5375 L=l,NR
LA=LA+7
LB=LB»7

D0MEGA(L)=0.
SUM=0.
SUM1=C.
RP=1 .

PP=1 .

DO 5330 K=l.NSPEC

KZ=IB2'J82«!K-11
UK-IJi-KZ
KLA=LA»K

KLB=LB'K

IFtFA<IJKI.GT.O.>SUM=SUM*FA<IJKl'CV.K)

RICES
RICEB

R1CE8

RICES
RICE8
RICE8
RICE8

HICE8

RICEB
R1CE8
RICES
R1CE8

RICE8

RICES

RICEB
RICE8
RICEB
RICES

RICEB

RICES
RICE8
RICES
RICES

R1CE8

RICES
RICES
PICES

FF RICES

RICEB

RICEB
RICES
RICE8
RICE8

RICE8

R1CE8
RICES
RICEB
RICES

RICEB

RtCES
RICES
RICES
RICE8

R1CE8

R1CE8
R1CE8
RICE8
RICL8

RICE8

RICEB
RICE 8
RICE8

Ricee
RICES

HICEB

1624
1625
1626
1627
162B
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1648
1643
1644
1645
1646
1647
1648
1649
:--'.'.
.r.'..
1552
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1605
1666
1667
1668
1669
1670
1671
167f>

1672
167*
1675
1676
1677
!6"9
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2037
2042
2044
2047
2055
2055
2057
2161
2067
2075
2076
210?
2106
2110

2110
21 13
2124
2132
21 "54
2I?4
2136

2137
2142
2153
2161
2163
2163
2167

2172
2175
2200
2202
2204
2204

2204
2>205
2207
2210
?2I2
2216

2233
2236

ROM*FA(IJK)oRM(K>
IFIAMIKLA).EQ.OIGO TO 5320
IF<ROM.LE.0.)RP=0.
IF(ROM.GT.0.IRP=RP*ROM"AM<KLAl

5320 CONTINUE
IF(BMtKLB).EQ.O)GO TO 5330
1F(ROM.LE.O.)PP=0.
1F(ROM.GT.O.)PP=PP«ROM««BM(KLB)

5330 CONTINUE
TE(IJ)=RHO(IJl'SIElIJI/SUM
IF(TEUJ) .LE.O. IGO TO 5400
KB=KF=0. S NBR=NFR=0
IF(CB<L).LE.0.)GO TO 5332
NBR*1

C BACKWARD REACTION COEF .
IF(EB(L).EO.O.>EKB=1.
IFIEBILI.NE.O. 1EK8=EXP(-EB<L1/TE< !J)>
TEB=TE(IJI*»ZETA6(L>
KB=CB(L)•TEB«EKB

5332 CONTINUE
IF(CF(L).LE.O.IGO TO 5331
NFR-I

C FORWARD REACTION COEF.
IF(EF(L).EQ.O.)EKF=1.
IF(EF(L».NE.O.)EKF=EXP(-EF(L)/TEf1J))
TEF-TE<!J>"ZETAF(L>
KF=CF(L>«TEF«EKF

5331 CONTINUE
IFINFR'NBR.NE.IIGO TO 5345
OMt:GA»KF»RP-KB«PP

C«... BOTH FORWARD AND BACKWARD REACTION COEF. SPECIFIED
C»«« TEST TO SEE WHICH IS GREATER

IF(OMECA.LT.0.)NFR-0
IF(OMEGA.GE.O.INBR'O

5345 1FINFR.EQ.DG0 TO 5350
IFlNBR.EO.DGO TO 5355
GO TO 5375

5350 CONTINUE
C.... FINDS THE MINIMUM CONCENTRATION WHICH WILL BE THE REFERENCE
c«... FOR THE FORWARD REACTION

KNI'O
00 5353 K« I .NSPEC
KLA«LA*K
IF(AMIKLA).EQ.OIGO TO 5353
IJK»1J»IB2»JB2»CK-II
RG+fFA<lJKt»flMIK)/AMIKLA>
IFJfWM.LE.EPiKJJGO TO S375
JF(AM(Kl.AI.EQ.9MiKLA)IGO TO 5353
KN|-KNI*t
IFiKNJ.EO.ItRMIN'ROM
IF IKNi .CO. IIKM-PHA-K
IFtKNl.EO.tlGO TO 5353
I f IROM.LT.RMINIKAI.PHA.K

5353

RICE8
RICE8
RICE8
RICES
RICL8
RICES
RICE8
RICE8
RICES
RICES
RICE8
R1CE8
RICE8
RICE8
RICE8
R1CE8
RICE8
RICES
RICE8
RICES
RICE8
RICE8
R1CE8
RICES
RICES
RICE8
RICE8
RICE8
RICE8
RICES
RICE8
RICES
RICES
RICE8
RICES
P1CE8
R1CEB
RICES

SPECIE RICEB
RICES
RICE8
RICES
RICE8
RICES
RICE8
RICE8
RICES
RICES
RJCE8
R1CL8
RICES
RICCB
AICCB
RSCC8
RICE8

1679
1680
1681
1682
1683
1684
1685
1686
1667
1638
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
171b
1717
1718
1719
1720
1721
1722
1723
J724
1725
1726
1727
1728
J729
1730
1731
1732
1713

109
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2254

2877
3300

2300
2301
2203
2304
2306
2312
2320
2323
2326
2327
2332
2335
2336
2342
2345
2350

2373

2412
2415
2416
2417
2427
2434
2444
2446
2447
2454
2460
2462

5354 ROMREF*(FA(I.J.KALPHA>*RM<KALPHA)*DTC«AM(KALPHA.L>*KB«PPI/
I(1.•DTC»AM<KALPHA,L>>SM<KALPHA)«KF*RP/FA(1.J.KALPHA))

GO TO 5365
5355 CONTINUE

RICES
RICE8
RICES
RICE8

2467
2472
2477
2501
2506
2522
2524

2534
2545

C.... FINOS THE MINIMUM CONCENTRATION WHICH WILL BE THE
C « » " FOR THE BACKWARD REACTION

KN1*O
DO 5358 K*I.NSPEC
KLB=LB+K
IF(BM(KLB).EO.0)GO TO 5358
IJK=IJ+IB2»JB2«<K-1)
R0M=FA<1JK)»RM<K)/BM(KLB>
IF(ROM.LE.EP(K))GO TO 5375
IF(BM(KLBt.EQ.AM(KLB))0O TO 5358
KNI=KN1*1
1FIKNI.EQ.I)RM1N=ROM
IF(KN1.EQ.I)KALPHA=K
IF(KN1.EQ.!)GO TO 5358
IF<ROM.LT.RMIN)KALPHA=K
1F(ROM.LT.RMIN)RMIN=ROM

535B CONTINUE
5359 ROMREF = (FA( I .J.KALPHA) •RM(KALPHA)*DTC«BM(KALPHA.L> «KF»RP) /

i t 1 .•DTC"BM(KALPHA.LI*SM(KALPHA)«KB#PP/FAC 1 .J.KALPHA) )
5365 DOMEGA(L)*(ROMREF-FA( I . J.KALPHA) •RMtKALPHA) )/ (BMCKALPHA.D-

IAMIKALPHA.L)>
5375 CONTINUE

DO 5385 K=I.NSPEC
BMA=0.
DO 5380 L=1.NR

5380 BMA=BMA*(BM(K,L)-AM(K.L>)»D0MEGA(LI
FA(I,J.K)=FA(1,J.K)+5M(K)«BMA

5385 CONTINUE
DRE=0.
DO 5390 L»1.NR

5390 ORE*DRE*QtL>»D0MEGA(L)
RE»IJ>=REIIJ)+DRE
SIElIJ)=SIE<IJ)*ORE/RHOlIJ)

C
c*
c
c

REUJ) AND SIE(iJ)
REACTION

UPDATED TO INCLUDE CHANGES DUE TO CHEMICAL

5395 CONTINUE
5400 CONTINUE

00 5404 J=2.JB!
1FIFL((B2.J).NE.4IGO TO 5404
00 5403 K*I.NSPEC
FAUBI,J.K)=FA(IB.J.K)

5403 CONTINUE
C
<;...# SPECIES OEN5ITYIFAI.RE AND SIE ARE. SET CONSTANT AT OUTFLOW BND.
C « « " ENERGY CHANGE TO RElIBI.J) DOES NOT CONTAIN KINETIC ENERGY
C

flC(IBI.J>-RE<IBI.Ji * RHOI!B.J)'S1E(IB.J) - RHO(IB1,JI'SIEl181,J>
RE(IB2.J.=REUB1 ,J)
S!E[!B2.J)=SIElIBI,J>=SIE(IB.J)

REFERENCE SPECIE R1CEB
RICES
RICE8
RICE8
RICE8
RICES
RICES
RICEB
RICES
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
RICES
RICES
RICES
RICES
RICE8
R1CE8
R1CE8

RICE8
RICE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICES
RICES
RICE8
R1CE8
RICES
RICES
RICES
RICEB
RICE8
RICE8
R1CE8
RICES
RICE8
RICE8
RICE8
RICE8
RICCB

1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759

1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
17 74
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
178b
1786
1787
I7H0

no
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5561 5404 CONTINUE
?564 RETURN SEND

C
C
C"" END OF THE SUBROUTINE SPEC ^ '•
C

c

PAGE NO.

RICE6
R1CE8
RICE8
RICE8
RJCE8
RICE8
RICE8

9

1789
1790
1791
179?
1793
1794
1795

111
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SUBROUTINE FLIC
I C0MM0N/CeOMD/IB2.JB2.N0.NSL(4).LPR.CYCLE.ITC.JPLOT<5).NSPEC.

t ISPEC<7I.NR.OX.OV.TIME.OT.TSTOP.TPR.TPL.TPLO.DTC.ALA,BIT.THETA,
2PH1.OMEGA.GAMMA.DXOU.ASO

I COMMON/ICCD/IB.JB.IBI.JBI.NAME!10).JNM.TBEG.SECRCQ.DDX.DDY
t.UCON.VCON.ERRO.ITMAX.PFAC.RRHO.XI.!T

I COMMON/ INPFLD/FL0U2) .UO.VO.VINT1 .V1NT2.U1NL1 .UINL2.RH00.RINTI.
ICMNT2.RINL1 .R1NL2.MU0.MINTI.MINT2.M1NLI .MINL2.SIE0.S1ET1 .SIET2.
SSIELI.SIEL2

! REAL MU0.MINTI.M1NT2.MINL1.MINL2
I C0MM0N/SPEC0/ETA0.FA0(7).FAT1(7).FAT2<7>.

JFALI (7) ,FAL2<7> ,SM(7) .Ei='(7> .GAMAI7) ,CV(7) .ALPHA17) .AMI7.3) .
aBM(7.3).Q(3).CF!3).ZETAF(3).EF(3).CBi3l.ZETAB(3).EB(3>

1 COMMON/08SO/ITOI20),NSO(20).OBE6.20).01B<2.20),UINR0<20).RINR0(20>
I.M!NROi20).SIERO<20).VINBO(20),RINBOi20).MlNBO(20).
2SltBO(20>.rARO<7.20> .FAB0<7.20)

I INTEGER AM.BM
! REAL MINRO.M1NBO

••• /CELLD/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAM(PREP)
••• AND THE 'READ FEATURE OF (UPDATE*
••• THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/
••• DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IB2.J62 AND NSPEC

LCM/CELLD/FLl 62. 32).U( 62. 32).V( 62. 32
I).RH0< 62. 32).SIE( 62. 32),P( 62. 32
2>.MU( 62. 32).CSQ( 62. 32),RH0T( 62. 32).RH0ui 6?
3. 32>.RH0v< 62. 32).RE( 62. 32),ETA< 62. 32),CQ<
4 62 . 32).FA( 62. 32. 7).RJ( 32>.RJ2l
5 32),RFLB( 62).TFAB( 62. 7i.TE( 62. 32)

DIMENSION RHOUTl 62. 32I.RH0VH 62. 32) .PBi
I 62 . 32>.DRHOB( 62. 7),STREBi 62)
EQUIVALENCE iRHOU.RHOUTi .(RHOV.RHOVTi . (P.PBi . iSTREli.RFLB) .

]iTFAB.DRHOBi
INTEGER FL.CYCLE
REAL MU
RAD=DY«JS

C

c . . . . T H ) 6 SUB.SETS CELL FLAGS BASED ON INPUT DATA.THERE ARE 13 TYPES

c
?AX»DX'!8
J2 ' l S J 3 ^ SJS^9
YTS'-.5»0r
DO 3H*> J'l.JBB
XTS"-.5'DX

c
c«
c»
c«
c

3
6
II
IS

00 >!. 182

CCLL FLAO.FLi .CELL FLAG WILL BE CHANGED FOR OTHER
TYPES

36
I f ' Y t E . L ' . O . >00 ' 0 ?10
if txii,ot.2AXxx> ro sen
If iirT£.G!.R40!G0 10 ?30

R1CE6
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M3
RC0M2
RCOM?
RC0M2
RCOMP
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RICEB
RICEB
RICE8
R1CE8
Rl CE8
RICEB
RICEB
RiCEe
RICES

RICES
RICES

Ricee
R1CE6
RICE8
RICH*
RILE«

Ricre
RICE 8
R1CE8
RICES

1796
2
3
h
5
6
7
8
ri
!C
1 1
12
13
\<i

15
IE
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

1798
1799
1800
ISO]
1802
1603
1604
1B05
1806
1807
I80B
1609
1810
181 t
IH1.-
IHI <
IB!1.
1815
1816
IB!7

112



46

46
50
55
62

62
65
67

73

105
107
1 14

121

126

131
133
137

151
153
160
165

172

175
177

203

215
217
224

231
236

243

c»(6

250
261
266
271
272

273

300
302

305
310
{I <

il'i

RUN-LCM89

C
C

GO TO 245
SETS FLAG

210 IF(NSLIl)

FLU,J)=2
212 FL<1.J)=3

GO TO 245

FLIC 74/08/27

FOR BOTTOM ROW

.EQ.1>GO TO 212

$ GO TO 245

C«*"«SETS FLAGS FOR RIGHT < 1B2) COLUMN

C

C<
C

C

C

C

c
c

2??0 IFCYTE.LT
IF(YTE.LT
JS=JS*S S
1FIYTE.GT

222 IF1NSLI2)

FL(I.J1=2
227 FL(l.J)=3
228 FL(1,J)=4

.FL0U2)) GO TO 255

.FL0<J2*l )) GO TO 228
1F(J2.GT.3)J2=3
.FL0(J2).AND.YTE.LT.FL0IJ2+1)IGO

.EQ.l) GO TO 227

$ GO TO 245
% GO TO 245
$ GO TO 545

•••••SET5 FLAGS FOR TOP <JB2> ROW

230 IFIXTE.LT.

1FIXTE.LT,
J3=J3+2 S
IFIYTE.GT.

235 IF(NSL(3t.

FL(I.J)=2
237 FLU .J)=3
238 FL(1.J)=5
'••••SETS FLAGS

240 IFIY.TE.LT.

1F(YTE.LT.
J4=J4»2 $
IFIYTE.GT.

24? 1FINSLI41.

FLU .J)=2
247 FLtl.J)=3
248 FLII,Ji=5
245 CONTINUE

,FL0U3>> GO TO 232
FL0U3*!) 1 GO TO 238
IF(J3.GT.7)J3=7

FLO(J3).AND.YTE.LT.FLOIJ3+1))GO

EQ.lI GO TO 237

$ GO TO 245

$ GO TO 245
$ GO TO 245

i FOR LEFT COLUMN

FL0IJ4)) GO TO 242

FL01J4 + 1 M GO TO 248
IFIJ4.GT.11)J4=11

FLOtJ4>.AND.YTE.LT.FLO<J4«l1IGO
EQ.lt GO TO 247

$ GO TO 245

% GO TO 245

IF(NO.LE.0)RETURN

••• DEFINES OBSTACLE,IJF ANY'.CELL FLAGS BASED

DO 296 K«l

XI'OBII.KI

X3-0B15.KJ
YTS».5«DY

DO 285 J=2
XTS».5«DX

.NO
t X2=OBl2,KI $ Yl=O8<3.Kl I Y2=l

$ Y3=08(6.K)

.JB1

YTE»YTS*OY'FLOATIJ-2)

DO ?85 1=2. IB]
XTE*XTS*DX«FLOAT(|-e>
IFiXTE.LT.:
IFlXTE.GT.:
iriYU.Lt.'

II IY!t .Gt.'

Kli GO TO 285
K2) GO TO 2Ett
ri I G O 10 t'li'i

rc'l 00 10 I'H'I

12.

TO

TO

TO

ON

381

19.34

228

238

248

DATA

4.K)

T30AFL 1VL PAGE NO.

RICE6
RICEB
R1CE8

RICES

RICE8
RICES
R1CE8
RICE8

RICES

RICEB
R1CE8
RICE8
RICE8
RICES

RICE8

RICE8
RICEB
RICEB
R1CE8

R1CE8

RICE8
RICEB
RICEB
RICE8

RICE8

RICE8
R1CE8
RICE8
RICE8

R1CE8

RICE8

R1CE8
RICEB
RICEB

RICE8

R1CE8
RICEB
RICEB
RICEB

RICEB

(OB.OIB.ITO.NSO RICES
RICES
RICES
RICEB

RICE8

RICE8
RICEB
RICE8
RICES

RICES

RICEB

RICEB
RICEB

mat)
MI a H

2

1818
1819
1820

1821

1822

1823
1824

1825

1826
1827

1828
1329
ie30
1831

1832

1833
1834

1835
1B36
1837

1838
1839
1840
184 1

1842

1843
1844
1845
1846
1847

1848
1849
1850
1851

1852

1853
1854
1855
1856
1857

1858

1859
I860
1861
1862

1863
1864

IB65
186b
1967

18t>8

HX/J

IH70
U'.ll

IHV

113
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320
322
325

331
341

356
364
367

372
403

406
417

422
433
436
443
447

453
460
464
470

474

51?

537

IF<ITO(K).EQ.I)G0 TO 250
1FCIT01K)-3I283.275.270

250 IYTE=IOOO.«YTE+.1'DY
C
c.... CELL!I.J) IS A PARTIAL CELL
C

IFCX3.EQ.XI.AN0.Y3.EQ.Y2)G0 TO 255
IFIX3.EQ.XI.ANO.Y3.EQ.YDGO TO 260
IF(X3.EQ.X2.AND.Y3.EQ.YI)G0 TO 265

••TRIANGLE LIES IN THIRD QUADRANTc * • •
C YTED=<YI-Y2)/IX2-X1)-<XTE-X1)*Y2

IYTFD=1000.«YTED*.l'DY
1F(IYTE-IYI£D)285,278.283
•TRIANGLE LIES IN FOURTH QUADRANT

255 IYTED=1000.«(IY2-Y]1/IX2-XI> • UTE-X! l *Y1 I •. I «0Y
IF(1YTE-IYTED)285,279.283

C TRIANGLE LIES IN FIRST QUADRANT
C

260 IYTED=1000.M<Y1-Y2)/CX2-X1 IMXTE-X1 >*Y2)+.]-DY
[F!1YTE-IYTEDI283.276.285

C TRIANGLE LIES IN SECOND QUADRANT
C
265 IYTED=1000.*((Y2-Y1>/IX2-Xi)•1XTE-X1I»Y1>•.I»DY

IF(IYTE-IYTED)283.277,285
270 IFIYTE-DY.GT.YDGO TO 283

IFIXTE.LT.0IB1I,K>>G0 TO 283
IF(XTE.GT.0!8l2,K))G0 TO 283

C
c.... CELLll.J) IS A SOLID WITH INFLOW ACROSS THE BOTTOM BOUNDARY
C

FL1I,J>=5 $ GO TO 295
275 1FIXTE+DX.LT.X21G0 TO 283

IFIYTE.LT.OIBU .KMG0 TO 283
IF<YTE.GT.01B(2.Kl)G0 TO 283

•••• CELLll.J) IS A SOLID WITH INFLOW ACROSS THE RIGHT BOUNDARY

FLU.JI=5 $ GO TO 285
276 FL(I.Jl=6 t GO TO 28!
277 FL(I.J)=7 $ GO TO 281
278 FL(I.J)=8 $ GO TO 281
279 FLl!.J>=9 S GO TO 281
281 IFlNSOlKt.EO.IIFLII.Ji=FLI I,J!*4 $ GO TO 285
283 IFINSOIKI.EQ.1)G0 TO 284

542
547
554
561
b64

c
c
• • • •

284
285
295

CELL!I.J)

FL<I.J>=2
FLl1,J)=3
CONT1NUE
CONT1NUE
RETURN
END

IS A

I GO

SOLID

TO 205

RICES
RJCE8
R1CE8
RICES
RICEB
RICE8
RICE8
RICE8
RICES
R1CE8
RICES
RICE8
RICE8
RICE8
RICE8
RICES
R1CE8
RICE8
RICES
RICES
R1CE8
RICEB
RICES
RICES
R1CE8
RICE8
RICF.8
RICE8
RJCE8
RICE8
RICES
RICE8
RICES
RICE8
R1CE8
R1CE8
RICf H
RICES
RICE8
RICE8
RICES
RICE8
RICEB
RICE8
RICfB
RIC£8
RICE8
RICEB
RICES
RICEB
RICE8
RICE8
RICEB
RICE8
RICE8

1873
1874
1875
1876
1877
1878
1879
.880
1881
1882
1883
1884
J885
1886
1887
1888
1889
1890
1891
1892
1893
ie94
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1900
1WJ
1910
191 1
1912
1913
1914
1915
1916
X'V.'l
I9IH
1919
1920
1921
1922
1923
1924
lcif*>
!9c'b
1927
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i. RICE6 1928
L R ICES 1 9 8 9
C •• • • END OF THE SUBROUT 1NE F L I C » » • » • • - • • » • • • • ' • • • • • • ' • • • * • R I C E 8 1930
C R1CE8 1931
C R1CE8 1932
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SUBROUTINE CVIC
••• TAPE-5 DATA FOR STORAGE AND RESTART

COMMON/TAPED/1 TO.NTD.NSDMP.NFILE.NWDMP.NCYDMP
••• THE RCOMI DATA BLOCK IS USED IN RICE(MAIN-PROGRAM).PROG AND RTAPE5 RCOMI

••• THE RC0M2 DATA BLOCK IS COMMON TO RICE AND ALL SUBROUTINES
'•• BOTH RCOMI AND RC0M2 ARE LOADED USING •COMDECK FEATURE OF (UPDATE)

C0MM0N/GE0MD/IB2.JB2.N0.NSL(4) .LPR.CYCLE. ITC.JPLOTOI .NSPEC.
1ISPEC(7).NR.DX.DY.TIME.DT.TSTOP.TPR.TPL.TPLD.OTC.ALA.B1E.THETA.
SPHI.OMEGA.GAMMA.DXOU.ASQ
COMMON/ICCD/IB.JB.IB1.JB1.NAME(10).JNM.TBEG.SECREQ.DDX.DDY
1.UCON.VCON.ERRD.ITMAX.PFAC.RRHO.Xl.IT
COMMON/INPFLD/FLO(12).UO.VO.VINT!.VINT2.UINL1.UINL2.RH00.RINTI.
IR1NT2.RINLI.RINL2.MU0.MINT1.MINT2.MINL1.M1NL2.SIE0.S1ETI.SIET2.
2SIEL1.SIEL2
REAL MU0.MINTI.MINT2.MINLI.M1NL2
C0MM0N/SPECD/ETA0.FA0I7) .FATK7) ,FAT2(7) .
1FALI(7i,FAL2(7),SM(7),EP(7),GAMAi7),CV(7),ALPHA(7l.AMI7.3).
2BMt7,3).O(3).CFl3).ZETAF(3).EF(3).CB(3).ZETAB(3).EB(3)
COMMON/OBSD/ITOI20).NSOI20).08(6.20),0IB(2.20).UINROI20).RINROI20)
1.MINROI20),SIERO(20).VINBO(20),R1NBO(20).MINBO<20).
2SIEBO(20).FAROI7.20).FAB0I7.20)
INTEGER AM.BM
REAL MINRO.MINBO

•• /CELLD/ COMMON BLOCK IS LOADED USING A PHE-PROCESSOR PROGRAM(PREP)
•• AND THE "READ FEATURE OF (UPDATE)
•• THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/
•• DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IB2.JB2 AND NSPEC

LCM/CELLD/FL( 62. 32).U( 62. 32).V( 62. 32
1>.RHO( 62. 32).S!E< 62. 32),P( 62. 32
2).MUI 62. 32).CSQ( 62. 32),RH0T( 62. 32),RHOU( 62
3. 32).RH0V( 62. 32).RE( 62. 32),ETA( 62. 32).CO!
4 62. 32).FA( 62. 32. 7),RJ( 32),RJ2(
5 32).RFLB( 62).TFAB( 62. 7>.T£( 62. 32)
DIMENSION RHOUTI 62. 32I.RH0VT! 62. 32),PB(
I 62. 32).DRH0B< 62. 7).STREBI 62)
EQUIVALENCE <RHOU.RHOUT).<RHOV,RHOVTI.(P.PB).(STREB.RFLB).
1(TFAB.ORHOB)
INTEGER FL.CYCLE
REAL MU

3 FORMAT!1H063I2)
4 FORMAT!1H1)

THIS SUBROUTINE SETS SOME PROBLEM CONSTANTS AND DEFINES THE
COMPUTING MESH FLUID VARIABLE INITIAL CONDITIONS FROM INPUT

PRINT 4

DATA

C
c.... DEFINES PROGRAM CONSTANTS BASED ON INPUT DATA
C

5
10
16
SO

DDX=I./DX $ DDY=I./DY
VCON=PH1«DT«DDY $DDX2=I,/DX'«2
UCON=PHI«DT«DDX
ERRD=RHOO«.00001

DDY2=1.

RICEB
RCOMI
RCOMI

5 RCOMI
RCOMI
RCOMI
RCOMI
RCOM2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RCOM2
RICE8
RICE8
RICES
RICE8
RICE8
RICEB
RICEB
RICEB
RICE8
RICEB
R1CE8
RICEB
RICEB
RICE9

1933
2
3
4
5
6
7
2
3
4
•j
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
I94B
1949
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23
31
33
35

37
42
43
46
54
56
61
61
64
76
1 14

117
123
124
125
143
160
175
212
215
225
226
230
235
235
237
241
245
250
251
264

270
272
273
274
276
277
301
314
32!

C
C9 *• •
c

294

296

297

C

c * • * •
C

ITMAX=1000.
P F A C = 2 . * T H E T A * P H I ' D T " 2 M G D Y 2 - D D X 2 >

XI = 1 .
RRHOl./RHOO
00 297 J=l.JB2

DETERMINES COORDINATES TO BE USED---RECTANGULAR! ] TOO) .CYL .

IF11TC.EQ. D G 0 TO 294
RJ(J) = l .
RJ2(J)=1.
GO TO 296
RJ(J)=(J-1l'0Y-0Y/2.
RJ2(J) = (J-1 )»DY
CONTINUE
KPR=JB2-J+I
WRITE! 9,3>.(FLC1.KPR>.1=I,IB2)
WRITE!12.3).(FL(I.KPR).1=1.iB2)
PRINT 4

403
405
406

C
c* * * *
C * " * •

c

PRINTS CELL FLAGS
CLEARS ARRAYS BYPASSES IF RESTART OATA READ FROM TAPE5

IF(ITD.GT.1)GO TO 406
DO 405 J=l.JB2
DO 405 1=1.182
P( I ,J)=RH0U(I .JI=RHOV( I.J)=PBO ,J)=0.
RHOVT(I,J)=RHOUT(I,J)=RHOT(I,J)=CSQ(I,J)=0.
RE<1,J)=UII,J1=V<I,JI=S1E(I.J)=0.
RHOlI,J)=MU(I.J)=CQ(I,J7=ETA(I.J)=0.
TEU,J)=0.
DO 403 K=l.NSPEC
FA(I.J.KJ-Q.O
CONTINUE
CONTINUE
CONTINUE
YTS=-.5'0Y
DO 495 J=1,JB2
YTE=YTS+DYMJ-1)
XTS=-.5«0X
DO 490 [=1,IB2
IFtFL(I.J).NE.5.AND.ITD.GT.1)GO TO 490
XTE=XTS+OX*(1-1 I

SETS ALL INFLOW OATA INTO FICTIOUS CELL IF FL(I.J)=5
U-VEL.=0. AT TOP BOUNDARY.V-VEL.=0. AT LEFT BOUNDARY

IFU.EQ.l IGO TO 490
IF(J.EQ.JB2I GOTO 430
IF! I .ECI. t JGO TO 410
IFlI.EQ.IB2)G0 TO 415
IFC I .EQ.IBDGO TO 420
IFU.EQ.JBI IGO TO 435
1F(FL(1,J).GT.I.AND.FLI1,J),LT.5)G0 TO 490
1F(FL(I,J).EQ.1IGO TO 455
!F!NO.LE.0lGO TO 407

RICE6
RICE8
R1CE8
RICES
RICES
R1CE8

<1K>1) R1CE8
RICES
RICE8
R1CE8
RICE8
R1CEB
RICE8
RICE8
R1CE8
RICE8
RICES
R1CE8
RICE8
R1CE8
RICES
RICE8
R1CE8
RICE8
R1CE8
RICE8
RICES
R1CE8
RICES
RITE8
RICES
R1CE8
R1CE8
RICE8
RICES
RICE8
RICES
RICE8
RICE8
R1CE8
RICES
R1CE8
RICE8
RICES
R1CE8
RICE8
RICES
RICE8
RICE8
RICES
RICES
RICE8
RICES
R1CE8
RICES

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1962
1983
19e4
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
L'O'i 1
2002
2003
2004
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322
383

333
340
143
260
362
372
410
411

421
426

434
447
454
455
46?
475
475
50?

GO TO 475
407 Ull .J)=UO $ V(i.J)=VO S GO TO 490

C FIRST COLUMN (FICTIOUS CELLS)
C«««« SETS ALL FLUID VARIABLES TO VALUES DEFINED FOR LEFT

506
513

517
531
533
543
556

567
603
610
f>>4
615
622
635
Sha
645

410 IFIFL< I.j;.NF..5>G0 TO 490
IFIYTE.LT.FLOUO) IGO TO 413
Ull.J)=UINL2 $ RHOll.J1=R1NL2 $ SIEiI,J>=S1EL2 I MUiI.Ji-MINL2
DO 411 K=l.NSPEC

411 FAI1,J.K)=FAL2(K) $ GO TO 490
413UU.J)=UINL1 S RHOl 1 ,J)=RINL1 S SIE I I , J ! =S I El. 1 $ MUI I . J l =MINL 1

DO 414 K=l.NSPEC
414 FAII,J,K)=FAL1IK» $ GO TO 490

C LAST COLUMN (FICTIOUS CELLS!
C««'« ONLY THE U-VEL.ARE DEFINEO AT THE OUTFLOW BOUNDARY
C

415 IFIFLi I .J1.NE.4IG0 TO 490
U<I,Jl=U0 S GO TO 490

C LAST COLUMN OF REAL CELLSU-IB1) ,FL ( 1BI ,\J)CANNOT -
C

420 IF(J.EQ.JB!)GO TO 435
1F(FLI 1 . J I .GT. I .AND.FHI .J l .LT.61G0 TO 490
IFlFLII.J1.EQ.1)GO TO 427
IFINO.LE.OIGO TO 407
LAG=FLl1.JI-5
GO TO (423.460.490.483.423.460,490,4231 LAG

423 CONTINUE
427 IFIFLI1*1.Jl.NE.41 GO TO 460

UlI.J1-U0 t GO TO 460

RICE6
R1CE8
R1CE8

INFLOW OPENING RICES
RICE8
RICES
RICES
RICE8
RICEB
RICE8
RICE8
RICE8
RICE8
R'CEB
R1CE8
RICE8
RICE8
RICE8

(IN-FLOW CEL RICE8
RICE8
RICE8
RICEB
RICE8
RICE8
RICEB
RICE8
RICE8
R1CE8
RICE8

C RICEB
C'«"» TOP ROWIFICTIOUS CELLS! (J=JB2) RICEB
C « " « SETS ALL FLUIO VARIABLES TO VALUES DEFINEO FOR TOP INFLOW OPENINGS RICE8
C RICES

430 IF(FLU.JI .EQ.5)G0 TO 432
GO TO 490

432 1F(XTE.LT.FLO(6)1G0T0 434
RHOlI,J3=RINT2 $ SIE!I,J)=SIET2 S MUII.J)=MINT2
DO 433 K=l.NSPEC

433 FA(].J.K)=FAT2<K) $ GO TO 490
434 RH0<I.J1-RINT1 $ SIElI.J1=SIET1 i MU(1.JI=M1NT1

DO 436 K=l .NSPEC
436 FAII.J.K)=FAT1(Kl % GO TO 490

£••«• -LAST ROW OF REAL CELLS U=JB1 )
C

435 IFlFLII,J).GT.1.AND.FL([.Jl.LT.5IG0 TO 490
1FIFLII.J).EQ.1)G0 TO 455
IFlFLiI.J).EQ.5) GO TO 485
IF(N0.LE.0»G0 TO 407

437 LAG=FLI1,J)-5
GO TO (443.438,490.445.443.438,490,4451 LAG

438 IFIFL*I.JH).NE.5) GO TO 490
IFIXTE.LT.FL0I6)1 GO TO 440
VII.J)=VINT2 $ GO TO 490

C SETS VII.Jl BASED ON CELLlI.J»l'.FLUID BELOW ,U(I,Jl HAS NOT BEEN
C

RICES
RICE8
RICE6
RICE8
RICE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
RICES
RICE8
RICES
RICES
RICES
KICE8
RICE8
R1CE8
RICES
RICES
RICES

2005
2006
2007
2008
2009
2010
201 1
rJOlc?
20 .'3
20:"
cZ'.z.
5C16
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054

2056
2057
2058
2059

US
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65?
657
664
667
672
676

703
710
714
720
72W
730
733
74 5

753
760
764
770
774
1000
1003
1016

440 V(I,J)=VINT1 S GO TO 490
443 IFCFL1 I ,J*l>.NE.5IG0 TO 445

Ud,J)=U0
|F<XTE.LT.FLOl6)>G0 TO 444
V(I.J)=VINT2 $ GO TO 490

444 V(I.J>=VINTI S GO TO 490
C SETSU(I.J) BASED ON CELL(1*1,JI.FLUID AT LEFT
C

445 !F(FLU + l,J>.EQ.2IG0 TO 490
1FIFHI + I.J1 .EQ.3)G0 TO 490
1F(FL(1*1,J>.EQ.41GO TO 449
IF(FL(1*1,J>.EQ.11 GO TO 449
IF(FLIJ*1.J).EQ.5) GO TO 490
LAG=FLM + ! ,J ) -5
GO TO (490.449.449,490,490.449,449,490) LAG

449 UII,J)=UO S GO TO 490
C FLUID REAL CELLS
C SETS Ud.Jl BASEO ON CELL(I•!,J).FLUID AT LEFT

455
IFIFLI 1

,J).EQ.eiGO TO 460
.J).EQ.31G0 TO 460
,J).EQ.4)G0 TO 459
,J).EQ.1) GO TO 459
.J).EQ.5> GO TO 460

IF(FL(I*
IF(FL(I+
LAG=FL f

GO TO 1460.459.459.460.460.459.459,460) LAG
459 U(1.J)=UO % GO TO 460

C SETS V(1,J) BASED ON CELL ( t,J*I) .FLUID BELOW. Ul
C

1023 460 IF<FLII,J*1).GT.I .AND.FLU ,J*l).LT.5)G0 TO 490
1037 IFtFLU .J*l ) .EQ. 1 )GO TO 468
1044 IFCFLtI.J+l).EQ.5) GO TO 470
1050 LAG=FL(I.J+l)-5
1053 GO TO (490,490.468.468,490,490.46B.468) LAG
1066 468 V(l.J)=VO $ GO TO 490
1073 470 ASSIGN 473 TO NOR S GO TO 507
1075 473 1F(!TO(KO>.EQ.3> GO TO 490
100 VI I,J)=VINBOCKO> $ GO TO 490
105 475 1FIFLI],J).EQ.5) GO TO 485
112 LAG=FL<I,J>-5
115 GO TO (455.460.490.455.455.460,490.455) LAG
130 485 ASSIGN 4(29 TO NOR S GO TO 505
132 488 IFUTO(KO) .EQ.4) GO TO 490
135 U U ,J)»U!NR0lK0l $ GO TO 490

C
C«"« SETS U OR V VEL..9ASED ON TYPE OF OBSTACLE
C
C««•••DEFINES OBSTACLE NUMBER AND RETURNS TO NOR

1142 505 XIO=XTE $ Y10-YTE $ GO TO 515
1146 506 XIO=XTE*DX $ YlO=YTE $ GO TO 515
1152 507 XIO=XTE $ YIO=YTE»DY $ GO TO 515
1156 515 DO 520 K=1.NO
1160 IF(OB(1,K).LT.X!0.AND.OB(2.K!.GT.X1O) GO TO 517
]173 GO TO 520
1173 517 JF10BI3.K).LT.YI0.AND.0BI4.K).GT.YIOI GO TO 521

RICE6
RICEB
RICE8
RICE8
RICEB
R1CE8

.VU.JI HAS BEEN SET RICE8
RICEB
RICE8
R1CE8
RICEB
RICEB
RICE8
RICE8
RICES
RICE8

V(l.J) HAS NOT BEEN RICEB
RICE8
RICEB
R1CE8
RICE8
RICE8
RICE8
RICEB
RICEB
RICEB

I.J) HAS BEEN SET RICEB
RICEB
RICE8
R1CE8
RICE8
RICEB
RICEB
R1CE8
RICE8
RICEB
RICEB
R1CE8
R1CE8
RICE8
RICES
RICE8
RICEB
RICEB
RICEB
RJCE8
RICE8
R1CE8
RICE8
RICE8
RICEB
R1CE8
RICE8
R1CE8

2060
2061
2062
2063
2064
2065
2066
20G7
20GB
2069
2070
207!
2072
2073
2074
2075

2076
?077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
20B9
2090
2091
2092
2093
2094
2095
2096
2097
209B
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2t!0
2111
2112
2113
21 14

119



1206
iait
1216
1521
1283
1225
1227
1?35
1237
1252
1256
1263
1267
1274
1277
1301

RUN-LCH89

520
SSI
490
495

523

CONTINLC
KO*K S CO
CONTINUE
CONTINUE
YTS*-.5»DY
00 530 J'Z

CV1C

TO NOR

.JB1
YTE=YTS*OYMJ-1) S
00 529 1*2
IF(FL(I.J>
XTE«XTS+DX
IFIFL(I.J)
lF(FLtl.J)
IF(FLU.J)
IF(FLIl.J)
ASSIGN 523
1F(ITO(KO)

,182

74/08/27

XTS=-.5«DX

.NE.P.ANO. ITO.GT.DGO 10 529

•d-n
.CQ.IIGO
.EQ.HIGO
.GT.51G0
.NE.5)G0
TO NOR 1

TO 525
TO 525
TO 525
TO 529
i GO TO 505

.EQ.3)G0T0 524

12.19.34 T30AFL IVL PAGE NO. 5

1304
1313
1316
1320
1332
1342
1345
1347

1361
1374
1375
1405
1410
1412
1414
1415

1430
1431
1432
1433
1434
1445
1450
1453
1456
1460
1466
1502

"«« SETS OBSTACLE INFLOW CELLS TO INPUT DATA VALUES

RHOII.J)=RINBOIKO> S SIE<I.Jl=SIEBO(KO>
MUII,J)*MINBOIKO>
DO 526 K*l.NSPEC

526 FA(I,J.K)*FABO(K.KO> $ GO TO 529
524 RHO<I.J)*R1NRO(KO> % SIEM ,J)=S1ERO(KO)

MU(I,J)»MlNROfKO)
DO 527 K*I.NSPEC

527 FA(l.J.KI=FARO<K.KO> $ "n TO 529
C
C»... SETS SPECIFIED VALUES INTO ALL FLUID REAL CELLS
C
525 RH0U.JI-RH00 $ SlCt I. JI=5IE0 * MUU.J)=MU0

00 528 K=1.NSPEC
528 FA(i,J.KI=FAO(K> $ GO TO 529
529 CONTINUE
530 CONTINUE
600 DO 655 J=2,J82

DO 655 1=1.181
IFIFLII,J>.GT.1.AND.FLI1.J).LT.5JG0 TO 655

C
c.... DEFINES COMPUTED FLUID VARIABLES

1F(NSPEC.LE.O)GO TO 603
SUM-0.
SUMI=0.
DO 602 K=I.NSPEC
IF(FA(I.J.KJ.LE.O.)GO TO 602
SUM*SUM*FAll ,J.t<)»CV(K)
SUM1«SUM1*FA( [ .J.KI 'CVOO «GAMA(K)

602 CONTINUE
IFlSUM.NE.O.IGAMMA=SUMI/SUM
IF(SUM.LE.O.)TE(i.J)=O.
IFlSUM.GT.O. )TE(I ,J!=RHO(1 .JMSIEf! .JI/SUM

603 CONTINUE
PI I . J)--(GAMMA-1 . )«RHO( I .Jl'SIEf I .Jl
IF<FL(1.Jl.EQ.51G0 TO 645
RH0U11.Jl=(RH0(I,Jt*RHOl1*I.J)1"U([.J>*.5

RICES
RICES
RICES
RICE8
RICE8
R1CE8
Rices
RICES
RICES
RICES
RICE8
RICES
RICES
RICES
RICES
RICES
RICE8
RICE8
R1CE8
R1CE8
RICE8
RICE8
RICE8
RICES
RICEd
RICES
RICE8
RICE8
RICE8
RICE8
R1CE8
R1CE8
RICE8
RICES
R1CE8
R1CE8
RICES
RICES
RICE8
RICE8
RICE8
RICcS
RICC8
RICES
RICES
RICES
RICES
R1CE8
RICE8
RICES
R1CE8
R1CE8
R1CE8
RICE8
RICES

21!5
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
212.
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
5155
2156
2157
2158
2159
2160
2161
2162
2163
2164
21 FA
216b
2167
2168
2169

120
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1531 RHOVI I ,J)=(RHO<1 ,J)*RHOr ] .J*1))«V(I.J)«.5
1540 1F<FU1 .J).EQ. I )G0 TO 605 S NFL-FU I. J>-5
1547 00 TO 1610.615.615.610.610.615.615.6101NFL
156? 605 XKE=.25'(U<i.JI*U(I-l.J)>**2 S GO TO 620
1573 610 XKE=Ul J.J>"2 $ GO TO 620
1600 615 XKE=U(!-I,J>"2
1605 620 IFlFLd .J).EQ. 1 )GO TO 625 i NFl_=FLtl .J>-5
1616 GO TO (630.630.635.635.630.630.635.635INFL
1631 625 VKE=.25MV< 1 ,J)*V( 1 .J-l>1»«2 $ GO TO 640
1542 630 YKE=V(I.Ji»«2 $ GO TO 640
1647 635 YKE=V< I .J-l 1"2
1654 640 RE1I.J)=RHOtI.J)»(SIE(i.Jl*.5'(XKE*YKE))
1671 GO TO 655
1671 645 1FCU([.J> EO.O.) GO TO 650
1677 RE (I ,JI=RH0< I.J>MS1E(I.J>*.5'U< I .J)"2)
1704 I?HOU( I ,JI=RH0( I. J)«Ul I, J)
1710 GO TO 655
1714 550 REU.Ji=RHOi!.Ji«(SIE< I.JI*.5*VI I.J-I l««2>
1722 RHOVtl,J)=RH0(I.J)'V«1.J-l)
1726 655 CONTINUE
1733 RETURN
1734 END

• ENID OF THE SUBROUTINE CVIC

RICE 6
RICE8
R1CE8
RrCE8
RICE8
RICES
RICE8
R1CE8
R1CE8
RICE8
RICE8
R1CE8
RICE8
RICE6
RICE8
RICE8
RICES
R1CE8
RICE8
RICES
RICES
R1CC8
RICES
RICE8
RICES
RICES
RICES

2170
2171
2172
2173
2174
2J75
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196

121
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I t

SUBROUTINE VPLOTIK.XXI .YYl . x x e . w e *
C0MM0N/G£0KD/l82.JB2.N0.NSLl«*l .LPR.CYCL£.ITC.JK0Ti5>.NSPCC.

11 SPEC 171 .NR.OX.OV. TIMF. .OT. TSTOP. TPR. I P L . TPLO.OTC. A L A . B I f . IMf, I * .
2PHI.OMEGA.GAMMA.QXOU.ASQ

COMMON/ICCD/IB. JB. I B . jei.NAMEHOi.JNM.Tar.O.StCMEO.OOK.OOV
I .UCON.VCON.fRRD. I TMAX.PFAC.RRMO.KI. IT
COMMON/ 1NPFLD/FLO I IS) ,UO. VO.VINT 1 .V1NI2 .U IM.1 .U|NL?.flHOO.ftt**t! .

KQttif
flOOH?

2SIELI.SIEL?
REAL MU0.MINIJ.MINT2.MINLI.MJNL2
C0MM0N'SPEC0/ETA0.FAa<7s.FA?U7».FAf£<7i.

IFALI (71 .FAL2l7l.SMI7> .EP<7» ,GAMA<7l ,CVI7t .
2 8 M I 7 . 3 ) . 0 ( 3 1 .CF(3» .ZETAFi3> .£F( 3» .CB' 3> . 5' .i

I*

14 INTEGER AM.BM
!« REAL MINR0.MJN30

C » . . . /CELLD/ COMMON BLOCK IS L.OAOED USING A P«£-PROCESSOR Pm***s*if#CPt
C'»" AND THE 'READ FEATURE OF tUPOATE)
C«««« THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS JN - C C L L U
C»««» DATA APE READ FROM A CARD TO SET DIMENSIONS TO 1R2.JB2 *f& NSPfC
C

14 LCM'CELLD/FU 6 2 . 2»l .Ut 8 2 . 32>.V< 6 2 . 5?
H.RHOi 6 2 . 32>.SIEt 6 2 . 32) .P i 6 2 . 3?
21.MUC 6 2 . 3S2I.CSQI 6 ? . 3 ? I . R H O T I 6 2 . J^t .PMOUi «W
3. 32>.RHOVi 6 2 . 32) .REi 6 2 . 3?t.CTA< 6 2 . 32i.CQ<
>• 6 2 . 321 .FA( 6 2 . 32 . 7) .R j ( 32> .RJ2i
5 3 2 1 . ^ . 8 1 62t .TFABi 6 2 . 7 i . t f ( 6 8 . 3?>

I". DIMENSION RHOUTI 6 2 . 3 2 I . R H 0 V T I 6 2 . 32! ,PB*
I 6 2 . 32).0RHPO< 6 2 . 7 i .STREai 621

14 EQUIVALENCE . JU.RHQUT i .'RHOV.RHOVTl . IP.P&; , iCTREB.R' 'Le' .
IITFAB.ORHOB)

14 INTEGER FL.CYCLE
14 REAL MU
1 * DIMENSION K F L O < 1 2 1 . K O B ( 6 . 2 0 i . K O ! B i e . 2 0 i

C K=O CONVERT ORIO.K=1 PLOTS GRID.K=5 CONVEPTS AND PLOTS VECTORS
2015 FORMAT120X.A10)
2016 FORMATi3X.10A8* T=«iPEie.5« CrCLE=-t5)

14 IFlK-II 1 .15.25
16 I IYB=9J6
17 XL»0.
^C XR=1B'DX

?5 YB=0.
a<5 IF IXR.LE. '. . I355B«YT)CO TO 2
?1 IXL=0 i IXR=10a? $ 1 Y T = 9 I 6 - Y T « 1 O 2 2 / X R $ GO TO 5
40 2 X=XR'450/YT S 1XL=511-X S IXR>51I*X $ IYT=16

C CONVERTS GRID TO 4020 COORDINATES---K=0
5<? 5 CONTINUE

5? DO 8 J = ) . 1 2
54 1FCJ.GE.5.AND.J.LE.8I GO TO 6
65 CALL CONVRTlFLO(J) .KFLOUl .YB.YT.1YB.1YT)
15 GO TO 8
77 6 CALL CONVR! ( f 'LOUi .KFLOl J i .XL ,XR. IXL . IXRi

UCOM?

RCOH?

I (

5*-.

Sit

"LC^ic.
HCOM2

RCOM2

PCOM2

RCOM2

(K0M2
RICES
RICES

RICES
RICES

»ICE8

RICES
RICES

RICES
RICES

RICES

RICE8

RICES
RICE8

R1CF8

HJCf H

RICE6

RICES
RICES
H1CF8

f*!r_t8

.to
js

35
3*
Pa

2199
2200
2201

2202

2203

2204

2205
2206
2207

2208

?P09

£210
?r>) 1

PPlP

i'P] !-
2214

?ait.
??'.(>
2217

tVIH

122



»»*Cf MO *•

S!$

t r*

CQNfiNUE

« *

SJ*

366

*;>!$

530
533

act
00

CO SO

00 f l j*$.i?

•*»MC

I ?

SCO C*u.

. 1*8. I

to?

7J.lC.rtOt
SO? if ifLQt&f .l,(. .Fs.&i'Sft >(& ?O I I I 4 C*4.i

i O TO I S O

" i . O > ' " ; . ; » ? i %

oo so n?
H O C 4 l i f )Rv<Ki ' i . 0<&i . J t t . ( * *» . J Y ? i

0 0 SO i t ?

l i t C A t i . 0«V« J X L . I » T . I X « . 1 * ' i

H * t f ! * " i O ( IO> .I.E . T L O i S u O O TO 3£'S * CALi.

fS"t»"t.O* I t ' , t f . . r L Q i S 0 > . ' O Q TO .VO

CALL ORVt 1XL .K»l .0s I O I . t K L .KTLGi ! t 1

0 0 TO \e!3

XBO CAUL CftV< I X L . K F L O U O ) . ] « . , i Y t i

oo TO ie?
l?l C A L t ORVi I X L . t T B . I W . .lYf i
IBB CONTtNME

> , * > ^ Q < I • i

! f ' " ;'

> ' . 0 •

00 e95 N-l .NO % KXJ«KOBl ! . N ! t KXg«K0B(?.N!
KYa-KOSlH.NJ S KX3'KOB«5.N! S KY3=K06l6.M)
t r d T O I N l . E Q . i l 00 TO £50
CALL ORVtKXI .KYt.KXI .Ktet S CALL OP-VftOU .

»IC£6
«!CCB

fMC€8

wtcce

WJCE8
PICES

HICE8
R1CE8
R1CC8
Piece

!YTi RSCE8
RJCE8

Ricre

wicee
RiCEB

6t"0

305 CALL 0RVIKXI.KY1 .KXp.KYl 1 S CALL DRV t KK?. K V ] ,K«c?,KY? I $ GO TO £95
515 CALL 0»V(KXI.KYI.Kxa.KY!I $ CALL 0RVIKX3.KY!.KXP.KOiB'!.N>>

CALL DRVIKXe.KOiBlf.Nf.Kxa.KYSl $ 00 TO £95

Ricee
Ricee
RICE8
RICCB
eicm
R1CC6
Ricca

Sir i<:

ser?

as-*.

see,?

eees

123
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653 225 CALL DRVIKX2.KY1 .KX2.K'2> S CALL ORV<KXI .KYI .KOIBI ] .N) .KYJ )
6'«6 CALL 0RVCKOie<e.N).KYI.KXe.KYI) S GO TO 295
657 250 IF* <0B(5.N>.EQ.08U .N).AND.0BI6.N>.E0.08(3.Nil GO TO 255
£Pl IF<0B<5.NI.£0.0812.N>.AND.06<6.N).E0.06(4,Nil GO TO 255
?06 |F<08<5.N).£Q.08(2.Nl.AND.0816.N).EQ.08(3.N)> GO TO 260
••<?i tF(0B!5.N) .EQ.OBCI ,N! .ANO.OBte.NI.EO.OBCt.N) > GO TO 260
ft* GO TO 295
'34 555 CALL 0RVIKX2.KYI.KX3.KY3i $ CALL ORV«KX1.KY2.KX3.KY3i
'••3 CALL 0RVrKXI.KY2.KX2.KYI I I GO TO 295
75? 260 CALL DRVCKXI .KYl.KX3.KY3l $ CALL 0RVIKX2.KY2.KX3.KY3)
76! CALL ORVIKXI .KYI.KX2.KY2)
767 595 CONTINUE
772 IFINGR.EQ.!» GO TO 22
7"", NGR» I
•775 GO TO 17
775 BS CONTINUE
775 RETURN

C••••'CONVERTS AND PLOTS VEL.VECTORS FOR EACH REAL CELL---K*?
776 25 CONTINUE
776 CALL CONVRT1XXI.IX1.XL.XR.IXL.IXR)
100? CALL CONVRT(XX2.1X2.XL.XR.IXL.IXR)
1011 CALL CONVRTIYYI.IY1.YB.YT..YB.IYTI
1020 CALL C0NVRT(YY2.IY2.YB.YT.I>8.IYT>
!027 CALL DRVdXI.IYl. 1X2. !Y2)
1032 RETURN
1033 END

END OF THE SUBROUTINE VPLOT

RICES
RJCE8
RICE8
RICES
RICE8
RICE8
RICE8
RICE8
R1CE8
R1CE8
RICE8
RICE8
R1CE8
R1CE8
RICE8
R1CE8
RICE8
RICES
RICE8
RICE8
R1CE8
RICE8
RICE8
RICES
RICES
RICE8
RICE8
R1CE8
RICE8
RICE8
RICES

2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
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6

6

SUBROUTINE CNPLOTIK.JSPI
COMMON/OEOMD/1B2.J8a.N0.N5LIH).LPR.CYCLC.I fC. JPLOT <5>.NSPCC.
MSPEC(7l.f«.OX.OY.TIME.DT,TST0P.TPH.TPL.TPL0.OTC.*LA.BIC.THClA.
2PMI.OMECA.GAMMA.DXOU.ASO

C0MM0N/1CCD/IB.JB. IBI.JBI.NAMEMOl.JNM.TetO.SECRfO.DOX.OOV
I.UCON.VCON.ERRD.1TMAX.PFAC.RRH0.XI.IT
COMMON/1NPFL0/FL0I12).UO.VO.VINT1.VINT2.UINL1 , U I N L 2 . R H 0 0 . « I N T I .

iRINT?.RINLI.RlNLa.MUO.M)NTl.MINTa,MiNLl.MINL?.StCO.SICIl.5111?.

RICC6
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2
RC0M2

HCOM?
RCOM?

RC0M2
RCOM?
RC0M2
RC0M2
RC0M2
RCOMa
RCOMS

6 REAL MUO.MINTI.MINT2.MINL1.MINL2
6 COMMON/SPECO/ETA0.FAO(7).fATJ(7l.FAT2I7).

IFALl<7».FAL2(7t.SM(7J.EP<7).GAMAl7).CVl7).ALPHA(7).AM17.3).
2BMC7.3),Q(3l.CF(3l.ZETAF(3).Ef(3).CBl3).rETAB(3).EB(3>

6 COMM0N/OBSO/IT0I20),NSO<20l.08(6.20),0IB<2.20),U!NROi20i.P!NR0»20)
I,MINRO(20).SIER0(20l.VINEOt-01,RINB0<20).MIN80I20).
2SIEB0(20).f ARO(7.20) .MRO'7,20)

6 INTEGER AM.BM
6 REAL MINRO.MINBO

c.... /CELLO/ COMMON BLOCK IS LOADED USING A PRE-PROCESSOR PROGRAMiPREPJ
£>••• AND THE 'READ FEATURE OF (UPDATEI RC0M2
C««" THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLO/ RC0M2
c.... DATA ARE READ FROM A CARD TO SET DIMENSIONS TO 182.JB2 AND NSPEC RC0M2
C RC0M2

6 LCM/CELLD/FL1 62. 32»,U< 62. 32).V( 62. 32 RC0M2
D.RHOt 62. 32>.SJE< 62. 35> .Pi 62. 32 RC0M2
21.MUI 62. 32).CS0< 62. 321.RH0TC 62. 32).RH0U( 6? RC0M2
3. 32I.RHOVI 62. 32).RE( 65. 32),ETA( 63. 32),CQ( RC0M2
4 62. 32).FA( 62. 32. 7),RJ( 32).RJ2( PC0M2
5 32).RFLB( 621.TFABI 62. 7).TE( 62. 32) RC0M2

6 DIMENSION RHOUT< 62. 32).RH0VT( 62. 32>,PB( RC0M2
I 62. 32).0RH0B( 62. 7),STREB< 62) RC0M2

6 EQUIVALENCE (RHOU.RHOUT).(RHOV.RHOVT).(P.PB),(STfiEB.RFLB), RC0M2
l(TFAB.DRHOB) RCOM2

6 INTEGER FL.CYCLE RC0M2
6 REAL MU RC0M2

2001 FORMAT(4X.*RH0'l RICE8
S002 FORMAT 14X.'PB«) R1CE8
2003 FORMAT<4X.'S1E*1 RICEB
2004 FORMAT(4X,•TEMPERATURE•) RICEB
2005 FORMAT(4X.«MACH NO.*) RICE8
2006 FORMAT!4X.'SPEC.FA*) RICEB
2007 FORMATI4X,«SPEC.FB*1 RICE8
2008 FORMAT(4X,»SPEC.FC*) RICE8
2009 FORMAT(4X.'SPEC.FD•) R1CE8
2010 FORMAT(4X.'SPEC.FE«) RICE8
201' FORMAT<4X.«SPEC.FF') RICE8
2012 FORMAT<4X,'SPEC.FG*) RICE8
2015 FORMAT!POX.A10) RICES
2016 FORMAT(3X. 10A8* T=MPE12.5» CYCLE=*I5) RICEB
2017 FORMAT(3X,«QMX=*F8.4.• OMN=*F8.4.* MAX.C0N.LINE=*F8.4,* MiN. RICE8

IC0N.LINE=»F8.4.» 1NTERVAL=*F8.4) RICEB
C K=0 CONVERT GRID.K=1 PLOTS GRID.K=2 CONVERTS AND PLOTS CONTOUR RICEB

6 DIMENSION ZC!20),CON(11) RICE8
6 DIMENSION XY(2),YX(2) RICEB
b DIMENSION KFLOI12).K0BI6.201.K0IB<2.20) RICES

13
14
15
16
17
IB
19
20
21

23
24
25
26
27
26
29
30
31
32
33
34
35

2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
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JS UU !•# *•» l.t,

I f «K-I • » .
I IVB*9I6

XL»0.
XfMS'OX

6
tO
t!
!£•
{«.

«7 Y8»a.
17 ! nxR .L£ . ; . l 3M6 'Y f iGO TO 5
53 tXI.*O * |XH«tO55 S I Yt "916-VI* * ! » £ ' « * t CO ?0 lJ
£? e X«Xft*H%0'YT t !Xt»*1l-X f IXR'£l l*X % !•«•?« !6

C»*»••CONVERTS GRID 10 t020 COOfiDJWHtS-KsO
v . 5 CONTINUE
••x 00 8 J'1.1?
••6 IFu .0E .5AND J.U.B) CO TO 6
57 CALL C0NVRI(ri,OlJ!.KfLO!Ji .YB.YJ.:v6.1Y«i
63 GO TO 8
65 6 CALL CONVRTiFLOl Ji .KFLO". J» .XL .KH. Ix i . . IKH'
15 8 CONTINUE
77 IFlNO.LE.OiHEtuRN

10? 00 f t N't.NO
I0* 00 9 J*l.5
105 9 CALL CONVRTiOGU.NI .KOBcj.N) .KL.KR.IXL. !XRl
If! CALL C0NVRT<O8(5.N) .K0BI5 .NJ.XL.XR. IXL.JXR)
130 00 10 J«3.*«
133 10 CALL CONVRTlOeiJ.N) . K O B U . N l . Y 8 . Y T . l r f i . t r r t
IH7 CALL C 0 N V R T i O B l 6 . N l . K 0 Q I 6 . N l . Y B . Y t . | V B . l Y ' t
156 DO I I J-1,3
16! IT( ITO(N» E O . J i CALL CONVRI I O I O U . M .KO.Bi J . N i . r B . V I . IYB. I r T i
175 I I IF! ITOINI .E0.4) CALL CONVRT (0!B< J.Ni .KOlBl J.NI .XL .XR. IXL . IXRl
213 m CONTINUf
?I6 RETURN

C PLOTS GRIO USiNG ORV---K I
.'17 15 CONTINUE
?|7 CALL ADV(1)
SS\ NGR=0
SSB 1FILPR.LE.0IOO TO 17
225 CALL LINCNTI60I
aae WRITE (i?.aoi5) JNM
?35 WRITE (15.20161 NAME.T!ME.CYCLE
552 17 CONTINUE
555 CALL DRVlIXL.1YB.IXR.|YB»
556 IFlFLOt ei.LE.FLOl 11) GO TO 101 SCALL DPV(IXR.IYB.IXR.KFLOI1 I)
?66 !F(FLO( 3).LE.FL0( P M 0 0 TO 100
.'•/.» CALL DRVI IXR.KFLOlSI .IXR.KFLOI 31 ) S CALL ORVC IXR.KFL0I4 I . IXR. I YT )
{IV GO TO 105
304 100 CALL DRVlIXR.KFL012).IXR,1YT1
3!0 GO TO 105
315 101 CALL DRVdXR. IYB.IXR.1YT)
350 105 IF(FL0(6!.LE.FL0I5))G0 TO 111 S CALL 0RVIIXL.1YT.KFLOlS).IYT)
356 IFIFLOl 7I.LE.FL0' 6)1G0 TO 110
335 CALL 0RV(KFL0l6>.IYT.KFL0I7).IYT) $ CALL DRV(KFL018l.IYT.IXR.IYTl
3^2 GO TO I 15
3*4 110 CALL 0RVIKFL0I6).IYT.IXR.1YTI
350 GO TO 115
35? I l l CALL 0 R V ( I X L . I Y T . I X R . l Y T i
360 112 1 F ( F L O ( 10 I .LE .FL019HCO TO 121 5 CALL DRVl IXL . 1 YB. IXL . K F L 0 l 9 l )

RICC6
fltCCS
RICCB
«JC£8
HICE8
RICCB
Ricce
RICC8
mctB

2126
SK9
53J0
<?33l
2J3J?
2353
S3 i+

sjccs

wicte
Htcte
RtCES
RJCE8
R!CE8
RICC8
RICE 8

RICES

RILLH
RICE8
RICES
RICF.8
RICE8
RICES
RICE8
R1CE8
R1CE8
RICE8
RICE8
RICES
RICE8
RICE8
R1CE8
RICE8
RICE8
RICE8
RICE8
P1CE8
MCE8
RICE8
R1CE8
R1CE8
RICE8
R1CE8
RICE8
R1CE8
RICE8
RSCE8
RICE8

5359

5349

2356
5357

C360
2361
5362
5363
536M
5365
5366
5367
5368
5369
5370
237!
2372
2373
5374
5375
5376
5377
5376
5379
5360
53B1
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372
402
<»0»t

•20
*«?3

472
503
512

5tiO
573
606
60C
615
622
631
636
641
643
644
644

645
645
653

e :
662
666
666
673
673
675
675

71 1

73?
737
74 3
745
746
753

IFlFLO<Ut.i.E.FLOf IO>>GO TO 120
CALL ORVI U L . K F L O U O I . l*L.KFLOi! I MSCALL DRVf IX'. .KFLO< I2> .
GO TO 122

J2C CALL ORVUXL. rFLOUOt . iXL . lv :>
CO TO \ZS

MX CALL ORVUXL.tvB. i . ^ . i v l i
122 CONTINUE

DO 295 NM.N0 % KXI-KOBU.Ni % KX2«K06i2.N> * K<l«K0B<3.N>
KY2»K0Bl'»,N) % KX3*K08<5.Ni % KY3'KQB<6.Ni
IfUTOlNt.EO. ! l CO TO 250
CALL 0RVIKXI.KYI.KXI.KV2l $ CALL 0RVIKXI.KV2.KX2.KV2l
IF 11 TOiNi-3i205.2l5.225

205 CALL OBVIKXI.KVI.KX2.KVI I S CALL 0RVCKX2.KV].KX2.KV2> * GO
215 CALL DRviKXi.KVt.Kx2.Kvi> $ CALL 0RVIKX2.KYI.K;<2.KOI8I. ' .NJ

CALL 0RVIKX2.K01Bl2.N>.KX2.KY2l $ GO TO 295
225 CALL 0RVtKX2.KVI.KX2.KV2l S CALL ORVtKXi ,KY| .K01B> I .N) .KYI

CALL 0RVIK0tB<2.Nl.KYI.KX2.KV|i * GO ?0 295
250 IFiOBi5.Nl.E008II.Ni.AN0OB<6.Ni.EO.Ce>3.N)i GO To 255

IFlOBi5.N> .EQ.08l2.Nl.AND.0Bl6.Ni.CQ.09<4.Nl) GO TO 255
IFl0Bl5.NI.E0.0Bl2.Nl.AN0.0Bl6.Ni E O . O B U . N I I GO TO 260
IFc0Bi5.Ni.E0.0B'I.Ni.AN0.08i6.N> EQ.0BI4.N)i GO TO 260
GO TO 295

255 CALL 0RVIKX2.KYI.KX3.KY3I $ CALL D»VIKX!.KYe.Ky3.KY3'
CALL ORVtKXJ,KY2,KV?.KYIi 4 GO TO ?95

260 CALL 0RVIKX1.KYI .KX3.KYJ. § CALL 0RvfK/-?.«Y2.f.Xi.KY3*
CALL DRVIKXI .KYI .KX2.KYI?I

295 CONTINUE
IFCNGR.EG.Ii GO ro ?2
UGR= 1
GO TO 17

25 CONTINUE
t̂ ETURN

25 CONTINUE
XS=XL*DX/2, $ rS=YB«DY/2.
00 28 J=2.JB1
00 28 I=2.IB!
IF<FL<!.J).NE.1)G0 TO 28
QMN=aMX=CQ<I.Jl
GO TO 29

28 CONTINUE
29 CONTINUE

DO 4! J=2.JBI
DO 41 1=2,IB)
1F(FL(I .J I .GT.I .AND.FLU .J J.LT.6) GO TO 41
CALCULATES -SPACING BETWEEN CONTOUR LINES (DO.)-MAX.CO. (QMXI
IFICQU ,J! .LT.QMN) QMN=CQl I ,J1
|F(CQ(I,J> .GT.QMX)QMX=CQ(I,J)

4 1 CONTINUE
DO(QMX-0MN)/!0. $ SUM=QMN I CC-O.

DO 4 3 1 = 1 . 1 1
CONK 1 ) = S U M « I I - i ) « D Q

I F C C C . G T . O . ) GO TO 4 3
[ F I C O N C t ) . L E . O M N l GO TO 4 3

RJCE6
I X L . t Y T i RICES

RICC8
RICE8
R1CE8
RICEB
RICCB
RICCB
RICCB
RICCB
RICES
RICE 8
RICES

TO 295 RICEB
t R1CE8

RICEB
i RICEB

RICEB
R1CE8
RICE8
RJCE8
RICEB
RICE8
RICES
RICES
RICES
R.'CEB
RICES
RICE8
RICE8
RICES
RICEB
RICES
RICEB
RICEB
RICEB
R1CE8
RICEB
RICEB
RICEB
RICEB
RICE8
RICEB
RICEB
RICES

-HIN.CQ RICE8
RICEB
RICEB
RICFfl
MUfi
RICf.8
RICE8
RICEB
RICE8
RICE8

2382
2383
2384
2305
2386
2307
238S
2?B9
2390
2391
2V&
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
?tO7
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
,">'. <t>

i"*J,l
Bhi3
24 33
2434
2435
8436
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757 CC' I • * M1NQ=!
761 43 CONTINUE
763 IFlLPR.LE.OfGO TO 48
765 CALL LlNCNT(62i
766 IFIK.EQ.31 GO TO 52
771 GO TO I 4 4 . 4 5 . u 6 . 4 7 . ' t 9 i JSP

!002 ft WRITE!12.2001>
M06 OT> TO 51
1CI0 45 V* > T£ i 12.2002'
1014 GO "^ 51
1016 46 WRITE!12.20031
1022 GO TO 51
1024 47 WRITE!12.2004.
1030 GO TO 51
1032 49 WRITE!12.20051
1036 GO TO 51
1040 52 GO TO 153.54.56.V7.58.59.621 JSP

53 WRITE!i?.2G06.
00 TO 51

54 WRITE!12.20071
GO TO 51

56 WRITE! l2.r->00Bi
GO TO 5!

57 WRITE!12.2009.
GO TO 51

58 WRl'fEi 12.2C 0>
GO TO 51

59 WRITE!12.2011>
GO TO 51

62 WRITE!12.2012'
51 CONTINUE

CALL LINCNTI59I
WRITE!12,20171 QMX.QMN.CONI10!.CONIMINQI.00

48 CONTINUE
00 97 j=S.J8

1057
1061
1065
1067
1073
1075
1 101
1 103
] 107
1111
I I 15
1 117

1 127
1 151
1 151
I 153
1 157
1 161

1 165
1 171
1207
1223

1254
1265
1300
1311
1324
1335
1350
1361
1374
1377
mo?

1.LT.6) LI2=L13=1

=L34=1

DO 95 1=2.IB
XD=XS»i I-2MDX

C BYPASSES OBSTACLE
L12=LI3=L24=L.J4=0.
IF IFL I I .J I .GT.I.ANO.FLII .J
1 F ! F L ( I * I . J 1.GT.I.ANO.FLI1*1.J
IF IFL I I ,J»I1.GT.1.ANO.FLII .J*1) .LT.61 L13
I F l F L i 1 * 1 , J * I ) . G T . I .ANO.FLI 1*1 . J * I ) .LT .6) L24=L31'
IF tFL l l .J I .LT .6JG0 TO 55 « NFL=FL!I .J I -5
GO TO (74.70.68.71.74.70.68.71INFL

55 IFIFLI1*I .J1.LT.61GO TO 60 $ NTL=FLlI•1.J>-5
GO TO 170.74.72.69.70.74.72.69INFL

60 IF IFL! I .J* l ) .LT .61GO TO 65 $ NFL=FL!I .J* l1-5
GO TO (71.66.73.74.71.66.73.74JNFL

65 IFIFL ( 1*1 .J * l I .LT.6 )GO TO 74 % NFL=FL i I • I , J H I -5
GO TO <67.72,74.73.67.72.74.73>NF|_

66 L13=L34=1 $ GO TO 74
67 L24 = L34=1 $ GO TO 74
68 L 12=1 13-1 $ GO TO 7i,

RICE6
RICE6
RICES
RICE8
RICE8
RICES
RICE8
RICES
RICES
RICE8
RICE8
RiCEB
RICES
RICES
RICES
RICES
RICE8
RICE8
RICEB
RICES
RICE8
RICES
R1CE8
RICES
R1CE8
RICES
RICES
RICE8
RICES
RICES
RICEB
RICES
RICES
RICE8
R1CE8
RICE8
RICES
RICES
RICES
RICE8
RICES
RICES
RICEB
RICE8
R1CE8
RICES
RICE8
RICE8
RICE8
RICES
RICE8
RICF8
RICE8
RICEB
RICES

24 3 n

^••38
2««39
2V.C
?4>,t
244t-
244
2441-
2445
?446
2447
2448
2449-
2450
2451

24i,3
2454
24b5
2456
2457
245B
2459
2460
2461
2462
2463
2464
2465
2466
2467
2468
2469
247(.
2471
2472
2473
2474
2475
2476
2477
2478
2479
2480
2491
2482
2"83
2484
248'.
248f
?4K
24fclf-
24fi'-
24'.
24')
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IHIO
jtia

1416

stao
1422
1427
1436
1445
1454
l>«63
1470

m7i

1472
1473
m76
1477
1504
1507
1510
1515
1520
1521
I'*J7
15i2
1533
1541
1546
1547
1557
1570
1571
1601

1606
1613
1620
1625
1632
1640
1647
1657
1661
1664
1666
1667
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69 L»2-i.?4»l S GO TO 74
70 L>a»l * GO TO 74
71 M3-I S GO TO 74
72 L2H-I S GO TO 74
73 L3H-I $ GO TO 74
74 CONTINUE

00 93N-I.II
C"«*«|F CON.GT.CQ SETS KN»I IF CON.LE.CO SETS KN=0

M-I2-N % KI«K2«K3«K4»1
IFlCONtMI.LE.CQll .J IIKl>0
!FICON(M>.IE.CQ(I*I.J MK2»0
IF(CON(M).LE.CO(I ,J*l))K?»0
IF(CON1MJ.LE.CQJ1*1.J*l> JK4«0
IFcK|*Ka*K3«K4.NE.0)G0 TO 93
IF<IKI«Ke*K3*K4I.NE.0IGO TO 75
GO TO 93

C FINDS TWO INTERSECTION POINTS OF FOUR CELL REGION
75 IC-0

lFciKitK3l.NE.HG0 TO 77
IFai3.EQ.I>GO TO 77
0R«0. * 111*1 S IC=IC»1 S ASSIGN 77 TO KRl $ GO TO 86

77 lFUKI*Ka>.NE.UG0 TO 79
1FILIS.EQ.U00 TO 79
OZ»0. S JJI=J $ IC-IC+I $ ASSIGN 79 TO KRl $ GO 10 87

79 IF((Ke+K4>.NE.1>G0 TO 81
IFIL24.EQ.1>GO TO Bl
OR'OX S lll=l»l S |C-IC*I S ASSIGN 81 TO KRl $ GO TO 96

81 |F((K3*K4).NE.1(00 10 83
IFCL34.EQ.DGO TO 83
0Z»0Y $ JJI=J*l $ IC=1C*1 $ ASSIGN 83 TO KR! S GO TO 87

83 GO TO 93
86 XY(1C)«XD*DR

YXl1C)«YD+0Y«1(CON(M)-C0(111,Jl1/(CQ(111.J*1)-CQ(111.J)>)
1FUC.EQ.21G0 TO 89 $ GO TO KRl

87 YX(IC)«YD*OZ
XY(IC)«XD*OX»(ICON(M)-CQ(I.JJ1))/(CQl1*1,JJ|)-CQ(1,JJ1)))
IF(lC.E0.a>G0 TO 89 $ GO TO KRl

C CONVERTS AND PLOTS CONTOURS FOR FOLrt REAL CELLS K=2
89 CALL CONVRT(XY(11 .1X1.XL.XR.IXL,IXR)

CALL C0NVRT(XY(2).1X2.XL.XR.IXL.IXR)
CALL CONVRT(YXd) , IY1 .YB.YT. [YB. 1YT)
CALL CONVRT(YX(2),1Y2.YB.YT.IYB.IYT)
IF(M.EQ.IO) CALL PLT(IXI.IY1.24)
IF(M.EQ.MINQ) CALL PLT(1X1,1Yl.35)
CALL DRVtIXl.!YI.1X2.!Y2)

93 CONTINUE
95 CONTINUE
97 CONTINUE

RETURN
END

C
C

c
c

PAGE NO.

RICE6
RICE8
RICES
RICC8
R1CE8
RICE8
RICEB
RICE8
RICE8
RJCE8
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2495
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2497
2498
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2501
2502
2503
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2506
2507
2508
2509
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2519
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SUBROUTINE COPtOT(K.JJSP)
6 C0MM0N/0E0MD/IB2.JBa.N0.NSLC»).LPR.CYCLE.|TC.JPL0T(5).N5PEC.

II5PEC<7>.NR.DX.DY.T1ME.DT.TSTOP.TPR.TPL.TPLD.DTC.ALA.BIE.THETA.
BPHI.OMEGA,GAMMA,DXOU.ASQ

6 COMMON/1CCD/IB.JB.IB1.JBI.NAMEl10),JNM.TBEG.SECREO.DDX.DDY
1.OC0N.VCON,ERRD.ITMAX.PFAC.RRHO.X[,1T

6 COMMON/1NPFLD/FLOI I e».UO.VO.V INT 1 .V1NT2.UINL1 .UINL2.RH0O.RINT1 .
lR]NTe.RlNLl.RlNL2.MUO.MINTl.M1NT2.M1NL1.M1NL2.SIE0.SIET1.SIET2.
2SIEL1.SIEL2

6 REAL MU0.MINT1.MINT2.MINL1.MINL2
6 C0MM0N/SP£CD/ETA0.FA0(7>.FATI(7).FAT2<7),

1FALI (7) .FAL2I7) ,5M(7) ,EP(7) ,GAMA(7J ,CV(7) .ALPHA(7) .AM(7. 3) ,
2BMI7.3).Q13!.CF(3),ZETAF<3),EF(3),CB(3).ZETAB(3>.EB(3)

6 COMMON/OBSD/1TO<20).NS0120).OBI6.20).OIBI2.20),UINRO<20).RINROC20) RC0M2
1,M1NRO(20),S1ERO<20).VINB0I20I,RIN80(20>,M[NBO<20).
2S[E80<201,FARO'7,20),FABO<7.20)

6 INTEGER AM.BM
6 REAL MINRO.MINBO

Q.... /CELLD/ COMMON BLOCK 15 LOADED USING A PRE-PROCESSOR PROGRAM<PREP! RC0M2
C«««« AND THE 'READ FEATURE OF (UPDATE)
C«*** THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLD/
C«»«* DATA ARE READ FROM A CARD TO SET DIMENSIONS TO iBP.JB? AND NSPEC
C

6 LCM/CELLD/FLI 6S. 32),U< 62, 32).VI 62. 32
ll.RHOl 62. 32).SIE< 62. 32).P( 62. 32
2I.MU( 62. 32).CSQ( 62. 32).RHOT( 62, 32).RH0U1 62
3. 321.RH0VS 62. 32).RE( 62, 32).ETA< 62, 32),CQ(
H 62. 32).FA< 62, 32. 7),RJ( 32),RJ2(
5 32),RFLB( 62).TFAB( 62. 7).TE( 62. 32)

6 DIMENSION RHOUTi 62. 321.RH0VT1 62. 321,PB(
1 62. 32).DRHOBi 62, 7I.STREBI 62)

6 EQUIVALENCE (RHOU.RHOUT),(RHOV.RHOVT).(P.PBl.(STREB.RFLB),
1(TFAB.DRHOB)

6 INTEGER FL.CYCLE
6 REAL MU

C K=0 CONVERT GR!D.K=i PLOTS GRID.K=2 CONVERTS AND PLOTS SPECIES
6 DIMENSION KrLOi12),KOB(6,eO),K01B(2.20)

2015 FORMATC20X.A7)
2016 FORMAT ( 3X, IOAB» T=MPEI2.5" CYCLE = '!5)

6 IFIK-111.15.25
10 I IYB=916
!1 XL=O.
12 XR=IB'DX
14 YT=JB'DY
17 YB=0.
17 JFIXR.LE.1.13556'VT'GO TO 2
SI IXL=O $ IXR=1022 $ IYT=9I6-YT«IO22/XR $ GO TO 5
32 2 X=XR'450/YT 5 !XL=51!-X $ 1XR=5I1*X $ 1YT=!6

C CONVERTS GRID TO H020 COORDrN«rES---K=0
H4 5 CONTINUE
44 DO 8 J= 1,12
46 IFIJ.GE.5.AND.J.LE.8) GO TO 6
57 CALL CONVRT(FLOU) .KFLO(J) .YB.YT, IYB. IYT)
63 GO TO 8
65 6 CALL CONVRT (FLOIJI .KFLOU) .XL.XR, 1XL. [XRI
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R1CE8
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RICEB
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75 8 CONTINUE
77 IFINO.LE.O)RETURN
>02 DO It N=I,NO
104 DO 9 J=1.2
105 9 CALL CONVRT<OBU.N).KOBU.N>,XL.XR.1XL,IXR)
121 CALL CONVRTlOBO.N) ,K0BI5,N),XL.XR, IXL. IXR)
130 DO 10 J=3.4
133 10 CALL CONVRT(OBU.N) .KOB(J.N) .YB.YT.IYB. IYT)
147 CALL C0NVRT(0B(6.N),K0B<6,NI.YB,YT.IYB.IYT)
155 DO I I J-l.2
161 IFII rO(N).EQ.3) CALL CONVRTlOIBl J,N) .KOIBU.N) .YB.YT . [YB. IYTI
175 II IF(]T0iN>.EQ.4> CALL CONVRT (OIBU.N) .K01BU.N) .XL ,XR. [XL . IXRl
513 14 CONTINUE
216 RETURN

C PLOTS GRID USING DRV---K=!
217 15 CONTINUE
e\i NGR=O
220 IF(LPR.LE.0)GO TO 17
eaa CALL LINCNT(60)
223 WRITE (15,2015) JNM
232 WRITE (12.2016) NAME.TIME.CYCLE
247 17 CALL DRV(IXL.IYB.IXR,IYB)
253 1FIFL01 ?).LE.FLO( 1)) GO TO 101 SCALL DRV(IXR.IYB.[XR.KFLO(I 1)
26-3 IFIFLOl 3l.LE.FLOI 2 M G 0 TO 103
267 CALL DRVUXR,KFL0<2) . IXR,KFL0(3) ) $ CALL DRV( IXR.KFL0C4) . [XR, IYT)
277 GO TO 102
301 103 CALL DRV(IXR.KFL0(2).IXR.lYT)
305 GO TO 102
307 101 CALL DRV(IXR.1YB,1XR.IYT)
315 10? IF(FL0<6> .LE.FL0I5MG0 TO 111 5 CALu ORV( IXL . 1 YT ,KFL0<5). IYT1
3?3 IFIFLOI 7).LE.FL0( 6))G0 TO 110
ii'l CALL DRV(KFL0(6) . 1YT.KFL0I7) .IYT) $ CALL DRV(KFL0(8) . 1 YT. IXR, IYT»
337 GO TO 112
3 4 1 110 CALL D R V ( K F L 0 ( 6 > , 1 Y T , I X R . I Y T )

345 GO TO 112
347 111 CALL DRV(IXL.1YT,IXR.IYT)
355 112 IFfFLOI 10) .LE.FLOO) )G0 TO 121 SCALL DRV( IXL . I YB. IXL .KFLOO) I
363 IFlFLOlll ) .LE.FLOdO) )GO TO 120
367 CALL DRV(IXL,KFLO(10>.IXL.KFLOItl))$CALL DRVIIXL,KFLO(12),IXL.IYT)
377 GO TO 122
401 120 CALL DRVUXL.kFLOUOI.lXL.lYT)
405 00 TO 122
407 121 CALL DRVIIXL,IYB.IXL,1YT)
4 15 122 CONTINUE
415 ]F(NO.LE.0)RETURN
420 PO 295 N=1.NO S KX!=KOB(1,N> $ KX2=K0C(B.N> $ KY1=KOB(3.N)
431 KY2=K0B(4,N) S KX3=K0B(5,N! $ KY3=K0B(6,N)
440 IF(ITO(N).EQ.I) GO TO 250
443 CALL DRVIKX1.KYI,KXl,KY2) $ CALL DRV«KX1.KY2.KX2.KY2)
451 IF(ITO(N)-3)205,215,225
456 205 CALL DRVlKXl,KY1.KX2.KY1) $ CALL DRV IKX2,KY1,KX2.KY2) 5 GO TO 2S5
467 215 CALL DRVlKXl .KYI ,KX2,KYI ) % CALL DRVtKX2,KY1 ,KX2.K0tBU ,N))
5C0 CALL DRV(KX2,K0IB(2.N).KX2.KY2) $ GO TO 595
507 225 CALL DRV<KX2.KY1.KX2.KY2) % CALL DRVCKXt,KY!,K0IB(1.N),KYII
520 CALL DRV(KO1B(2.N).KYI.KX2.KYI) % GO TO 295
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527 250 IFIOBIS. N) .EQ. OBH. N>. AND. 0B(6, Nl.EQ. 0B<3. N)) GO TO 255 RICES 2624
5f2 IFtO8l5.NJ.EQ.0B(2.N).AND.0B<6,N).EQ.0B(4,Nn GO TO 255 RICES 2625
555 IFI0BC5.NI.EQ.0B(2.N).AND.OB(6.N).EQ.0Bl3.N)) GO TO 260 RICES 2826
570 !F(0B(5.N>.EQ.OBII.N).AND.0BC6.N).EQ.OB(4.N>) GO TO 260 RICE8 2627
603 GO TO 295 RICE8 2628
603 255 CALL DRVCKX2.KY1.KX3.KY3) $ CALL DRV(KXI.KY2.KX3.KY3) RICE8 2629
612 CALL DRV(KX1.KY2,KX2.KY1) $ GO TO 295 R1CE8 2630
617 260 CALL DRVCKXt.KYI.KX3.KY3) 5 CALL DRV<KXc.KY2.KX3.KY3) R1CE8 2631
626 CALL DRV(KXI,KYI.KX2.KY2) RICE8 2632
633 295 CONTINUE RICE8 2633
536 IF(NGR.EO.I) GO TO 22 R1CE8 2634
640 NGR=I R1CE8 2635
641 GO TO 17 RICE8 2636
64 1 22 CONTINUE RICE8 2637
64 1 RETURN R1CE8 2638

C«"*»CONVERTS AND PLOTS SPECIES FOR EACH REAL C E L L — K = 2 RICE8 2639
C * » " TC PLOT IN COLOR USE ICHAR=42 AND CHANGE COLOR FOR EACH SPECIES RICE8 2640
C RICE8 2641

642 25 CONTINUE RICE8 2642
642 GO TO 135.37.39.41,43.44.46)JJSP RICE8 2643
655 35 ICHAR*42 S GO TO 45 RICE8 2644
657 37 ICHAR'16 $ GO TO 45 R1CE8 2645
661 39 ICHAR»44 $ CO TO 45 RICES 2646
663 41 ICHAR=32 $ GO TO 45 RICEB 2647
665 43 ICHAR*63 S GO TO 45 R1CE8 2648
667 44 1CHAR«58 $ GO TO 45 RICES 2649
671 46 ICHAR=13 $ GO TO 45 RICE8 2650
673 45 CONTINUE R1CE8 2651
673 DO 100 J=2.JB2 RICE8 2652
675 YBI=YB+(J-2fDY RICE8 2653
701 DO 100 1=2.IB2 R1CE8 2654
703 tF(FL(I .Jl.GT. I .AND.FLU .J) .LT.6) GOTO 100 RICE8 2655
720 XL1=XL*(I-2)*DX RICEB 2656
725 KK=CQ(!,J> RICE8 2657
7£7 IFIKK.LT.I) GO TO 100 RICE8 2658
731 DO 50 L=1,KK RICE8 2659

C RICES 2660
C»«»« IF COLOR MOVIE IS BEING MADE.RANDSV AND RANOST MUST BE USED TO RICE8 2661
c.... KEEP DOTS STEADY IN EACH CELLISTART RANDOM WITH SAME NUMBER) RJCE8 2662
C RICE8 2663

733 Y!Y=RANDOM(DUMMY)'OY+YB1 RICE8 2664
737 X1X=RANDOM(DUMMY»»DX*XLI RICES 2665
7.4 lF(FLII.J).EQ.I) GO TO 65 RICE8 2666
752 XPC»XIX-XLi RICE8 2667
753 YPC-YIY-YBI RICE8 2668
756 NFL«FL<I.J»-5 S GO TO (53.54.56.58.52.54.56.58INFL RICEB 2669
776 52 YLINE- DY-DY«DDX»XPC RICE8 2670
1001 IF(YPC.LE.YLINE)GO TO 50 S GO TO 65 RrCE8 2671
1004 54 YLINE= DY'DDX'XPC RICEB 2672
1006 IF(YPC.LE.YLINE»GO TO 50 $ GO TO 65 MCE8 2673
IOI2 56 YLINE= DY-DY»DDX«XPC RICEB 267<»
1015 1F(YPC.GE.YLINE)GO TO 50 $ GO TO 65 RICE8 2675
1020 58 YLINE= OY'DDX'XPC RICEB 2676
1022 1FIYPC.GE.YL1NE1G0 TO 50 $ GO TO 65 RICE8 2677
1026 65 CONTINUE RICEB ?678

132



RUN-LCMB9 COPLOT 74/08/27 ta. 19.34 :3OAFL IVL PAGE NO. «t

1026 CALL CONVRTJYIY.IY.YB.YT.IYB.IYT)
1033 CALL C0NVRTCXJX.1X.XL.XR.IXL.IXR)
1037 CALL PLTUX.1Y.ICHAR)
1044 50 CONTINUE
1047 100 CONTINUE
1054 RETURN
105b END

C
C
c*
c
c

END OF THE SUBROUTINE COPLOT
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I

3

5
6
10
1 1
15
20
21

23

25

30
31

32
36

SUBROUTINE TANVEL
COMMON/GEOMO/IK. JBa.NO.NSL (4) .LPR.CYCLt. 1TC. JPLOT (5) .NSPEC .
IISPEC<7I.NR,DX.DY.TIME,DT.TSTOP.TPR.TPL.TPLO.DTC.ALA,BIE.THETA.
2PH!.OMEGA.GAMMA,OXOU.ASQ
COMMON/ICCO/18.JB.1B1,JB1.NAMEl10).JNM.rBEG.SECREO.ODX.DDY
1.UCON.VCON.ERRD.1TMAX,PFAC,RRHO.XI.1T
COMMON/INPFLD/fLOl15).UO.VO.VINTI.VINTe.UINLI.UINL2.RH00.RINTI.
IRINT2.RINLI.RINL2.MU0.M1NT!.M1NT2.MINL1.MINL2.SIE0.S1ET1.S1ET2.
2SIEL1.SIEL2
REAL MUO.MINTI .M1NT2.MINLI .MINL2
C0MM0N/SPECD/ETA0.FA0(7).FATI(71,FAT2<7).
1FALI(71.FAL2(7I.SM<7).EP<7),GAMA'7),CV(7),ALPHA!7).AMI 7,3).
28M(7.3) .0:3) .CF(3> .ZETAFI3) .EF(." I.CB<3) ,ZETAB(3> ,EB(3)
COMMON/OBSD/ITO<20),NS0i20>,OB(6.20>.0IBI2.20).UINRO(20>,RINR0(20>
I.M1NROI20).S1EROC20),VINB0<20),RINBO<20).MIN80120).
2SIEaO(80),FAR0<7.20),FAB0(7.20)
INTEGER AM.BM
REAL M1NRO.M1NBO

<;•••• /CELLO/ COMMON BLOCK IS LOADED USING A PRE.-PROCESSOR PROGRAM(PREP)
C«"« ANO THE 'READ FEATURE OF (UPDATE 1
C»«'« THIS ALLOWS A VARIABLE SUBSCRIPT FOR ALL ARRAYS IN /CELLO/

c • * * *
C

DATA ARE READ FROM A CARD TO SET DIMENSIONS TO IB2.JB2 ANO NSPEC

LCM/CELLD/FLI &?. 32),U( 62. 32).V( 62. 32
ll.RHOt 62. 321.S1EI 68. 32),P( 62. 32
2I.MUI 62. 32>.CSQ< 62. 32).RHOT( 62. 32).RHOUl 62
3. 5?>.RH0V( 62. 32>,RE( 62. 32).ETA( 62. 32).CQ(
4 62. 32).FAl 62, 32. 7l.RJ( 3?),RJ2i
5 32).RFLB( 62I.TFABI 62. 7).TEl 62. 32)
DIMENSION RHOUTl 62, 321.RH0VTI 62. 3?).PBi
I 62. 32).DRH08l 62. 7>,STREB< 62)
EQUIVALENCE (RHOU.RHOUT).(RHOV.RHOVT),(P.PBi.iJTREB.RFLB>.
1(TFAB.DRHOB)
INTEGER FL.CYCLE
REAL MU
JC=-I82

1500 DO 1595 J=l.JB2
X=JC»IB2
DO 1590 1=1.:B2
IJ=I«JC
JFlFLUJ) .EQ.DGO TO 1590
1F(FL(|J).GE.5)GO TO 1590
IPJ=U»1
!MJ=iJ-l
1JP=!J»1B2
IJM=]J-IB2
1FIJ.E0.IIGO TO 1510
JFll.CO.1)GO TO 1520
IFit.EQ.IB2»G0 TO 1530
1FIJ.EO.JB&1GO TO 1540
GO TO 1550

C"•••BOTTOM ROW
1510 [FlFLilJ).EQ.2)G0 TO 1514

IFiFLUJPi .E0.5IG0 TO 1514
U'!J)=-UI]JP) 5 GO TO 1590
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32
33
34
35

2693
2694
2695
3696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
271C
27: :
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45 1514 UtlJ)=UHJPJ $ GO TO 1590
C FIRST COLUMN

5? 1520 IF(J.EQ.JB2)G0 TO 1540
54 1FIFLUPJ>.EQ.2>GO TO 1590
60 1F(FL(1PJ).EQ.3)GO TO 1590
63 1F(FL<IJP).EQ.5IG0 TO 1590
66 IF(FL<IJ).EQ.2)G0 TO 1524
72 V(|J(=-V(1PJ) $ GO TO 1590
75 1524 V<U)=V(!PJ> $ GO TO 1590

C LAST COLUMN
102 1530 IF(FL(U>.NE.4)G0 TO 1536
106 IFCFLUJPI .NE.4JG0 TO 1590
111 1534 V(IJ)=VC1MJ) S GO TO 1590
116 1536 IFIFLI UP) .EQ 4)G0 TO 1590
122 IFIFLIIJ>.E0.21G0 TO 1534
135 V(IJ)=-V(IMJ) $ GO TO 1590

C LAST ROW
131 1540 IFIFLIIPJ).EQ.5IG0 TO 1590
135 [FlFLIU>.EQ.2)G0 TO 1544
140 U< IJ>=-UUJM) $ GO TO 1590
144 1544 U(U)=UUJM> $ GO TO 1590

C REGULAR CELLS OF COMPUTING MESH (2. IBM <2,JB2)'
151 1550 IFIFLIIJ).EQ.41G0 TO 1590
155 IFIFLI1PJ).EQ.1)GO TO 1560
160 1FIFLUMJ) .EQ. I)GO TO 1570
163 IF(FL(1JP).EQ.1)GO TO 1580
166 IFIFLI UMKNE.l )GO TO 1590

C.....FLIIJ)=S0LID=2,3 AND FL<1JM1=FLUID=1
172 IFIFLI IPJKEQ. I )GO TO 1590
175 IF(FL(IPJ).EQ.5)G0 TO 1556
200 1F(FL(IPJI.GE.4IG0 TO 1590
203 1553 IFIFLIIJ).EQ.2IG0 TO 1554
207 U(IJ)=-U(IJM) $ GO TO 1590
213 1554 UlU)=UIUM) 5 GO TO 1590
220 1556 IF<U(IPJ) .EC . 0 0 0 TO 1590
223 GO TO 1553

C»#'**FL(U)=SOL1D=2,3 AND FL«IPJI=FLUIO=I
223 1560 IFIFH1JP) .EQ.DGO TO 1590
227 lFIFLUJP) .GE.4IG0 TO 1590
232 1FIFLIIJ).E0.2IG0 TO 1564
236 VI1J)=-V(IPJ) $ GO TO 1590
ShB 1564 V(1J)=V(|PJ) S GO TO 1590

C FL11J)=5OLID=2,3 AND FL(IMJ)=FLU1D=1
247 1570 IFIFLI UP).EQ.DGO TO 1590
853 IFIFLIIJP).GE.4)G0 TO 1590
256 IFIFLI U).EQ.2)G0 TO 1574
262 V(IJ)=-V(1MJ) $ GO TO 1590
266 1574 V(U>=V(IMJ) S GO TO 1590

C FLIIJ)=S0LID=2.3 AND FL I UP)=FLUID=1
273 1580 IFlFLflPJI.EQ.DGO TO 1590
277 IFIFLIIPJ).EQ.51G0 TO 15B5
302 IFIFLIIPJ).GE.4IGO TO 1593
305 1583 1F(FL(IJ).EQ.2)GO TO 1584
311 U(IJ) = -U(UP) $ GO TO 1590
315 15B4 U(U)=U(UP) 5 GO TO 1590

RICE6
RICE8
RJCE8
RICF.8
RJCE8
RICE8
RICE8
RICE8
RICE8
RICES
RICE8
RICES
R1CE8
R1CE8
PICEB
R1CE8
RICE8
RICES
RICE8
R1CE8
RICE8
RICES
RICE8
RJCE8
R1CE8
RICE8
R1CE8
RICE8
RICES
RICE8
RICES
RICE8
R1CE8
R1CE8
RICE8
RICE6
RICES
RICE8
RICE8
R1CE8
RICE8
RICE8
RICE8
RICE8
RICE8
RICE8
RtCEB
RICE8
R1CE8
RICE8
RICES
RICE8
RICES
R1CE8
R1CE8

2713
2714
2715
2716
2717
27 J 8
2719
2720
2721

erne
B7B3
27B*
2725
2726
2727
2728
2729
2730
2731
2732
2733
2734
2735
2736

sin
2738
2739
2740
2741
2742
274 3
2744
2745
2746
2747
27H8
27^9
2750
2751
2752
2753
2754
2755
2756
2757
2758
2759
2760
2761
2762
276 J
2764
2765
2766
2767
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V ? 1586 IFiUUPJi .rO.O. >CO TO 1590 RICES 2768
?£"D GO TO 1583 RICES 2769
5r"b 1̂ )90 CONTINLC RiCES 2770
r.i0 1595 CONflNyC R.'CES 277J
HP RETURN % END RICE8 2772
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