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CHAPTER 5

CONCLUSTIONS AND RECOMMENDATIONS

5.1 Conclusiocn

A two dimensicnal computer code for the simulation of sodium
boiling transients was developed using the two fluid model of conserva-
tion equations. A semi-implicit numerical differencing scheme, capable
‘of handling the problems associated with the ill-posedness implied by
thg complex characteristic roots of the two fluid model was usad, which
took advantage of the dumping effect of the exchange terms. The stability
of the methed was demonstrated thecretically in Section 2.5 and also by
the practical results cbtained with the model, shown in Chapter 4. The‘
stability of the model impecses an upper limit on the time step size,

which is related to the mesh spacing the phase velocity by the expression

At'<1nax [Az/uz, Ar/ur]

Of particular interest in the development of the model was the
identification of the numerical problem used by the strong disparity
bpetween the axial and radial dimensions of fuel assemblies used in the
current design of‘Liduid Metal Fast Breeder Reactors. A solution to‘this
problem was found, which used the particular geometry of fuel assomblies
to its advantage, reducing drastically the computation time,

Most of the constitutive equations incorporated in the model were

o



208

obtained through previous work. In general, adequate models were

found for most equations,fbut for a fev of them no satisfactory
correlations could be produced. These models involve areas of the
sodium technology not yet fully understood, and a substantial effort of
development must be done.in these areas. These models are identified
and discussed in the recommendations'of this work.

The models and methods of this work were incorporated into the
computer program called NATOF-2D. With this program three series of
experiments were simulated in order to demonstrate the model capabili-
ties. The results of this simulation, which were presentéd.in Chapter 4
showed good agreement with the experimental results obtained in the tests.
One important capability demonstrated in these simulations was the
ability of the model to represent the most severe boiling conditions,

including flow reversal.

5.2 Recommendations

A word of éaution must be said to tﬂe eventual users of NATOF-2D.
The purpose of this work was to develop a’numerical framework capable
of solving the set of conservétion equations of fluid flow under severe
conditions of transient sodium boiling. In this way, most of the ef-
fort put into the work was dedicated to developing aud organizing the
numerical methods and models for solving this set of-equations.

‘Of course the system of equations of fluid flow is not closed un-
less the comstitutive relations describing the interactiop of the fluids

with the structural components and with themselves is provided, and a
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-set of constitutive equations were incérporated into NATOF-2D.

Some judgment was exexcised in order to select constitutive
equations representative of the sodium beahvior, especially those
characterizing the explosive.volume change associated with sodim boil-
ing at low pressure. This part of the code development was treated
as complimentary to the numerical model construction. Therefore, the
constitutive models may not be as realistic as the correct representa-
tion of sodium boiling in LMFBR fuel assemblies would require, and the
overall resulté of simulations with NATOF-2D may be improved by the |

. eventual improvement of some of the constitutive models incorporated in
the code. Thus, tﬁis word of caution.

| The relatively superficial treatment of the constitutive models is
not incidental. Only recently did the interest in LMFBR safety reach
the point vwhere extensive investigation of sodium boiling became justi-.
fied, and a substantial amount of research is vet to be done. Therefore,
the present status of knowiedge of the physical phenomena associated
with sodium boiling does not lead iﬁmediately to significantly accurate
models of the constitutive equations involved in sodium boiling. The
task of developing these models'is not a simple one, requiring a con-
siderable effort in theoretical analysis and experimental work, well be-
yond the scope of a one person thesis.

But if NATOQOF-2D cannét cléim to be a complete analytical model for
sodium boiling siﬁulation, because of the uncertainties céﬁtained in
the constitutive models, it is an invaluable tool for the development
of these models, where they can be implemented and tested against

experimental results.
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One of the most important benefits which NATOF-2D can provide to
the development of sodium boiling is to identify, by the execution
of sensitivity analysis, those constitutive models which affect most of
the overall results, thus.directing the research effort of sodium boil-
ing to the directions which will lead to more fruitful results.

From the experience we had with NATOF-2D calculations, by far the
most important model affecting the end results of sodium boiling simula-
tion is the one for the interphase mass exchange rate (which unfortu-
nately is the-one that showed the widest disagreement between authors).
Therefore, we recommend as a first step in the continuatipn of the work
presented here that a substantial effort be madé in developing a depend-
able model for the interphase mass exchange rate. -

0f the same magnitude in importance is the two phase heat transfer
coefficients. .Here again the presently available models are few and
incomplete. Thus a theoretical and ekperimental work in tﬁis area is
recommended, in order to acquire a'thorough understanding of the sodium
boiling curve.

Another aréa which could be the object of future investigation is
the one related to the interphase heat transfer. Although the direct
effect of this exchange term on the overall results is not very marked,
the relativeiy simplé model incorporated in NATOF-2D could be replaced
by a more refined one. The close relationship between this exchange
term and the two previously ﬁentioned would make this model a nétural

by product of the development.of the above-mentioned ones.
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APPENDIX A = NATOF-2D INPUT DATA MANUAL

In this section the user suppliéd information necessary to operate
NATOF-2D is presented. Before showing the description of the input
cards, it is useful to lreview the array structure of the code. Figure
A.1 shows an example of a full assembly and the corresponding cell

\ . . 'l . s - -
arrangement in a r-z plane. Quantities appearing in this figure are:

NI = number of mesh cells in the axial direction. It includes
two fictitious half-cells in the top and bottom of fuel
assembly.

NJ = number of mesh cells in the radial direction.

All dimensioned variables appear in the program with only one
index, therefore a single number identifies each cell in full assembly.
fhe cells are numbered from bottom to top and radially from center
to hex caﬁ.

Figure A.2 shows a cross section of the fuel assembly indicating
the numbering of the fuel pins. Fuel pin rows are numbered from center
to hex can, and the boundary between cells is indicated by the row
number where this boundary lies.

Figure A.3 shows schematically the cell arrangement for the fuel
pin heat conduction. The quantities describing this cell arrangement

are:

NCF = number of mesh cells in fuel.

NCLD = number of mesh cells in clad.
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NCF Cells

1 Cell

NCLD Cells

fFigure A3. Cell Arrangement for Fuel Pin Heat Conduction
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A single cell is assumed by the code for the gap between fuel
and clad.
Following is a presentation of the sequence of cards in the

input data. Following the list of variables, in parenthesis, is

the corresponding format for these variables.

1. General Description of the Problem

1st CARD: NI, NJ, NCF, NCLD (415)

NI number of mesh cells in axial direction

I

NJ number of mesh cells in radial direction

ft

NCF = number of mesh cells in fuel

NCLD = number of mesh cells in clad
2nd CARD: NSET, TSET (I5, E15.4)

This card contains information which controls the pfinted output.
the code will prin§ NSET times the flow map, with a time interval
TSET. This card can be rgpeated up to 49 times, so that fhe time
‘interval between prints can be varied to reflect the desired de-
gree of information at eaéh time. Following these cards; a caxd
containing only zeros in the position corresponding to NSET must

be placed, to indicate the end of this subset.
3rd CARD: ITM, IGAUSS, DIMAX, EPS1, EPS2 (2110, 3E15.9)

IT™ = maximum number of iterations in the Newton iterative

solution.
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IGAUSS = maximum number of iterations in the pressure problem
solution.

DTMAX = maximum value for the time step increment.

EPS1.

convergence criterion for the Newton iteration.

EPS2

convergence criterion for the pressure problem.
EPS1 and EPS2 are criteria on the absolute value of the pres-

sure. ' Their unit is N/m2.

2. Boundary Conditions

The next group of cards contains information governing the
boundary conditions of the problem as a function of time. The simu-
lation time is divided in up to 50 segments in which different func-
tions can be prescribédAfor the boundéry conditions. For a generic.
time segment L, the formulas used by the program for the boundaryl
condition are: |

X = (th(L)*DTIME + Xz(L))*exp(OB'D((L)-*DTIME) + X5 (L)

where:

DTIME = TIME -~ TB(L-1)
L = Index of current time segment
TB(L) = Time at the end of segment L

X;s Xys X3, OMX = Input parameters
and X stands for:

PNB

Pressure at the bottom of fuel assembly (N/mz)

PNT

Pressure at the top of fuel assembly (N/mz)'



ALB = Void fraction at the inlet of fuel assembly.
TVB = Vapor temperature at inlet (°K).

TLB = Liquid teméerature at inlet (°K).

HNW = Power density in fuel pins (W/mB)

In order to save time, the code has an option to eliminate
the exponential part in the formula to calculate the boundary
condition. Thus, whenever the logical parameter LP is

.TRUE., the boundary conditions are calculated as:

X = Xl(L)*DTIME + X, (L)

1st CARD: LP, TB (11, F15.5)

2nd CARD: PNB1, PND2, PNB3, OMP (4F15.9)

3rd CARD: PNT1, PNT2, PNT3, OMT (4E15.9)

4th CARD: ALBl, ALB2, ALB3, OMA (4E15.9)

5th CARD: TVBl, TVB2, TVB3, OMV (4E15.9)
6th CARD: TLB1, TLB2, TLB3, OML (4E15.9)

7th CARD: ﬁNBl, HNB2, HNB3, OMH (4E15.9)

This group of seven cards can be repeated for as much as the
number of segments desired. To indicate the end of this sub-
set, a card containing only a 'F' in the first position must

be placed following the data.
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3. Geometric Description of the Problem

1st CARD: NROW, PITCH, D, E (15, 3E15.9)

NROW' = Number of rows of fuel pins in fuel assembly.
PITCH = Distance between fuel pin centerlines (m). .

D = Fuel pin'diameter (m).

]

E Minimum distance between fuel pin surface and hex can

I

wall (m).

(see Figure A.2)
2nd CARD: N(J), J = 1, 20 (2014)

N(J) is the row number where the boundary between cell J
and cell J + 1 lies.

(see Figure A.2)
3rd CARD: LDATA, DZ(K) (L1, 5E15.9)

In this group of cards the axial mesh spacing DZ are written
sequentially from 1 to NI, five per card. The logical para-
meter LDATA must have a .TRUE. value in each card where bZ

is written. Fol}owing this group of cards, a card containing -
an 'F'.in the first position must be plaéed to indicate the

end of this set of data.
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4th CARD: LDATA, CAN(K) (L1, 5E15.9)

The same arrange@ent of the previous group of cards.
CAN = Heat capacity of the hex can per unit area, for each

axial mesh cell (J/m2°K). There must be one value for each

axial mesh cell.

5th CARD: LDATA, SHAPE(K) (L1, 5E15.9)

The same arrangement as the previous group of cards.
SHAPE = Power density shape in fuel assembly. There must

be one value of SHAPE for each mesh cell in fuel assembly.
6th CARD: LDATA, SPPD(K) (L1, 5E15.9)

The same arrangement as the previous group of cards.

SPPD = Spacer pressure drop. There must be one value of
SPPD for each mesh cell in fuel assembly. The ccde will
treat the spacer pressure drop as: -

2
Ap = SPPD* «Q-I‘ZL

7th CARD: LDATA, PPP(K) (L1, 5E15.9)

_ The same arrangement as the previous group of cards.
PPP = Radial power profile inside fuel pin. There must be
one value of PPP for each fuel pin mesh cell, including gap

and clad (i.e., there is NCF + 1 + NCLD values).



N
o
i

The power density at each fuel'pin mesh cell will be the
product of the power density specified in the boundary con-
ditions, multiplied by the value of SHAPE for the corresponding
fuel assembly mesh cell, multiplied by the value of PPP for

the correspohding fuel pin wmesh cell.
8th CARD: AD, APU, DIL (3E15.9)

AD

it

Fraction of theoretical density of fuel.

[}

APU Fraction of plutonium in full.

DIL = Fraction of helium in gap composition.
*9th CARD: LPLMM(I), I'= 1, NI (3912)

LPLNM is an integer which indicates the axial composition
of fuel pin. LPLNM = 0 indicates gas composition (for upper

plenum). LPLNM = 1 indicates mixed oxide U,Pu0 There must.

2°

be one value of LPLNM for egch axial node.
10th CARD: RADR, THC, THG (3E15.9)

RADR = Fuel pin outside radius (m).

THC

it

Clad thickness (m).

THG

1}

Gap thickness (m).

4, Initial Conditions

1st CARD: LSS, TINIT (L1, E15.9)

LSS is a logical parameter to indicate steady-state or

transient problem.
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LFALSE. indicates transient problem.

-~
w
n

it

[

wn

wm
1t

.TRUE. indicates steady-state problem.

In case LSS is ,TRUE., the remaining initial condition input

data resume to the next card:
2nd CARD: PIN, POUT, TIN, TAV (4E15.9)

PIN = Pressure at fuel assembly inlet (N/mz)

POUT = Pressure at fuel assembly outlet (N/mz)

]

TIN = Inlet liquid temperature (°K)

il

TAV = An estimate of the average temperature in fuel

assembly (°K)
In case LSS = .FALSE., the next cards follow:

2nd CARD: KO, TV, TL, P. ALFA (15, 4E15.9)

3rd CARD: KO, UVZ, ULZ, UVR, ULR (I5, 4E15.9)

KO is the cell number. It appears in both cards to put a
check in the input data. Each pair of cards correspond to
the same mesh cell. The group is to be repeated for as many

as the number of mesh cells.

1

TV = Vapor temperature (°K)

I

TL = Liquid temperature (°K)
P = Pressure

ALFA = Void fraction

UVZ = Axial vapor velocity (m/sec)
UVR = Radial vapor velocity (m/sec)
ULR = Radial liquid velocity (m/sec)
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4th CARD: LDATA, TR(K) (L1, 5E15.9)

The same arrangeﬁent as the group of cards for DZ.

TR = Fuel pin temperature (°K).

This array must contain one value for each fuel pin mesh
cell, The valueé of TR are. ordered as:

TR(1) = Fuel centerline temperature at cell number 1.
TR(NCF + 1 + NCLD) = Surface clad temperature at cell
 number 1.

TR(NCF + 1 + NCLD + 1) = Fuel centerline temperature at

cell number 2.

etc.

5th CARD: LDATA, TCAN(K) (L1, 5E15.9)

The same arrangement as the previous group of cards.
TCAN = Hex can initial temperature (°K).

There must be one value of TCAN for each axial node.



228

APPENDIX B

NATOF — 2D Programming Information

When NATOF-2D was programmed, it was recognized that the field of
sodium boiling is presently the subject of a large effort of research,
and therefore it can be expected that in the future.this résearch will
produce better correlations for the constitutive laws governing the
sodium two—phase flow. 1In order to make changes in the program as easy
as possible, NATOF-2D was programmed with its subroutines in a modular
structure, particularly the parfs of the program dealing with the

constitutive laws.

In this way, the programmer working on modificétion of one
particular subroutine does not have to worry about the rest of the
progfam, provided the expressions introduced in that subroutine meet
the requirements of consistency of the derivatives with respect to new

time variables, which were discussed in chapter 2,

Following is a description of NATOF-2D subroutines, their
functions and structure. The . reader is referred to figure Bl, which

shows the structure of NATOF-2D,
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Figure Bl. NATOF-2D Subroutine Structure
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The main program's only function is to allocate memory storage
space for the dimensioned arrays and transfer the control of the

program to subroutine HEAD,

N

All arrays whose dimensions are a function of the number of mesh
cells are placed within a single array CRBI. Individual arrays
are located by pointers which determine the first element of
each array. These pointers are grouped into the integer array

M, and the correlation of the pointer to the variable is as

following:
M(1) o= P = New time, pressure, cell centered
M(2) = PO = 01d time, ﬁressure, cell centered
M(3) = TV = Vapor témperature, new time, cell centered
M{4) = TVO = Vapor temperature, old time, cell centered
M(5) = TL = Liquid temperature, new time, cell centered
M(6) = TLO = Liquid temperature; old time, cell centered
M(7) = ALFAN = Void fraction, new time, cell centered
M(8) = ALFAO = Void.fraction,,old‘time, cell centered

" M(9) = ALFAZ = Void fraction, axial face centered
M(10) = ALFAR = Void fraction radial face centered
M(11) = RHOV = Vépor density, cell centered
M(12) = RHOL = Liquid‘density, cell centered



M(13)
M(14)
M(15)
M(16)
M(17)
M(18)
M(19)
M(20)
M(21)
M(22)

M(23)
M(24)
M(25)
- M(26)
M(27)
M(28)
M(29)
M(30)

M(31)

M(32)

RHOVZ

RHOLZ

RHOVR

RHOLR

EV

UVZN

ULZN

UVRN

. ULRN

uvzo

ULZO

UVRO

ULRO

UVYRZ

ULRZ
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Vapor density, axial face centered

" Liquid density, axial face centered

‘Vapor density, radial face centered

Liquid density, radial face centered

Vapor internal energy, cell centered

Liquid internal energy, cell centered

Vapor internal energy, axial face centered
Liquid internal energy, axial face centered
Vapor intermal energf, radial face centered
Liquid internal energy, radial face centered

Axial vapor velocity, new time, axial face
centered

Axial liquid velocity, new time, axial face
centered -

Radial vapor velocity, new time, radial face
centered

Radial liquid velocity, new time, radial face
centered

Axial vapor velocity, old time, axial face
centered

Axial liquid velocity, old time, axial face
centered .

-Radial vapor velocity, old time, radial face

centered _ .

Radial liquid velocity, old time, radial face
centered

Radial vapor velocity, axial face centered

Radial liquid velocity, axial face centered




M(33)
M(34)
M(35)
M(63)
M(64)
M(65)
M(66)
M(67)
M(68)

M(69)

M(70)
M(71)
M(72)
M(73)

M(80)

M(81)

M(82)
M(83)
. M(90)

M(91)

i

fi

to

to

I

]

UVZR
ULZR
M(62)
DH
DHR
DV
Qst
TS
W

DTW

BCOWV
HCONL
HNB
M(79)
TR
DIR
TWO
M(89)

SPPD

TCAN

[

i

Axial vapor velocity, radial face centered
Axial‘liquid velocity, radial race centered
Implicit terms for the conservation equations
Axial flow hydréulic diameter

Radial flow hydraulic diameter

Fuel pin specific surface area
Maximum~-to-average radial velocity coefficient |
Saturation temperature, new time
Fuel pin wall temperature, new time

Increment in heat transfer for unit increment
-in TW

Vapor heat transfer coefficient
Macroscopic liquid heat transfer coefficient

Microscopic liquid heat transfer coefficient

Coefficients for the pressure problem

Fuel pin temperature

Auxiliary array for fuel pin heat conduction
Fuel pin wall temperature,.old time
Auxiliary arrays

Localized pressure drop coefficienct

Hex can temperature

The storage space required by the array ORBI is given in double

precision storage word by the formula:

{135+ 2(NCF + NCLD) INI.NJ
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HEAD: -— Defines the pointers of array ORBI
— Controls the duration of the run
- Controls the printouts

READ 1: — Reads arrays' dimensions

READ 2: — Reads all other information
— Writes in FILEO7 the input data for a restart
— Calculate parameters which will remain constant
throughout the problem

SS: — Performs an initial guess for the steady-state problem

TMSTEP: -~ Advances one time step

— Controls convergence of the Newton iteration

—— Controls time step size, The time step is always
kept below the connective limit. If an instability
occurs during the run, such as non-counvergence of
the iterative procedures or a variable outside
range of validity, TMSTEP reduces the time step
size by a factor of ten and the vun is resumed, If
the difficulty is removed, the time step will be
increased slowly towards the convective limit again.
If after three time step reductions the instability
still persists, an error message will be printed and
the execution terminated.

DONOR: — Transfers all centered quantities to face centered
positions
-—— (Calculates explicit terms in momentum equation

WS: — Calculates explicit terms for mass and energy
equations
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ONESTP: Performs one step of Newton iteration
Calculates new values of implicit variables

Checks variables against range of validity

FL

COEFF: —- Calculates momentum exchange coefficients
BC: -~ Calculates boundary conditions as a function of time
HTCF: — Calculates heat transfer coefficients

STATE: — Calculates sodium thermodynamic properties and its
derivatives, The code stability imposes two
requirements on the expressions for the sodium
functions of state: the expressions for the
densities must account for the pressure dependence
which corresponds to a real, positive, finite
sonic speed,

The expressions for the property derivatives with
respect to mew time variables must be the analytic
or numerical derivative of the expressions of
the properties (but not approximated expressions).

NONEQ: - Calculates the mass and energy exchange rates and its
derivatives., The same requirement applied to the
derivatives of the properties in STATE also applies
here,

CONDT:  —— Calculates the heat transfer between fluid and fuel
pin and its derivatives. The requirement concerning
the derivatives described above also applies here.

HEXCAN: - Calculates the heat transfer between fluid and hexcan
walls, and its derivatives., The requirement
concerning the derivatives described above also
applies here, '
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FPROP: — Finds the fuel pin transport properties

FUEL: — Transport properties of fuel

GAP: -~ Transport properties of gap

CLAD: -~ Transport properties of c}ad

FPIN: — Solves first part of heat conduction in fuel pin
FIP: - Solves second part of heat conduction in fuel pin
THXCN: — Solves the first part of hexcan heat conduction

THXCNO: -— Solves the second part of hexcan heat conduction

POWER: -~ Calculates the power density as a function of time

GAUSIE: — Solves the pressure problem

' ERRMES: ~—— Prints error messages

SAVER: —— Saves fluid flow variables at the end of run for
eventual restart
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Functions

CONDL  — Liquid thermal conductivity as function of temperature
CONDV  —- Vapor thermal conductivity as function of temperature
CPL ~— Liquid specific héat as function of temperature

HFG — Enthalpy of vaporization as function of pressure

PRL — Liquid Prandtl number as function of temperature

PRV ~- Vapor Prandtl number as function of temperature

SAT — Saturation temperature as function of preésure

DTSDP - Pressure dérivative of saturation temperature as

function of pressure
SURTEN - Surface tension as function of temperature
VISCV. — Vapor viscosity as function of temperature

VISCL  ~- Liquid viscosity as function of temperature
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APPENDIX C

NATOF —- 2D I/0 EXAMPLES

Fortran unit numbers for the data files are as follows:
' 5 is the standard input unit

6 is for the printed output

7 is the dump file to restart

After a successful run, the program creates in file 7 an input
data set corresponding to an initial value problem starting at the
time the last run was finiéhed. This is particularly useful in
generating a transient problem input data set, which requires a
substantial amount of information for the initial conditions, 1In
this way, a steady-state problem, which requirec a gelatively small
amount of information, produces in file 7 the input data for the
transient problem. The user must only change the cards which
describe the boundary conditions, to represent the desired

transient conditions, and the desired sequence of printouts,

Following is an example of the input data set for a steady state
problem, a transient problem, and an example of the printed output.
These examples were taken from the 217-pin simulation described in

section 4.

“
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S'ITEZ\DY-«STATE INPUT DATA SET

EXAMPLE



12 5 4 2

20.150000000D+01

€0.0000000000+00 T :

8 5000.100000000D+000.1000000000-010.100000000D-03

T 4.40C00
0.000C00000D+000.6757500000+060.0000000000+000.000000000D0+00
0.000000000D+000.27760000CD+0G0.NCO000000D+CC0.000000000D+00
0.0000000000+000.000000000D+000.000000000D+0200.0000000000+00
¢.000000000D+000.6611400000+030,0000000000+000.0000000000+00  °
0.000000000D+000.6611400000+030.0000000000+000.0000000000+00
0.0000000000+000.2445086860+100.000000000D+000.00000C000D+00
T 0.00000

90.726440000D-020 .5842000000~-020.7112000000D~-03

5 7 8 9 0 0 0 (] 0 0 C 0 0 0 0 0 0 0 0
T0.1828000000+000.182900000D+000, 182300000D+000.,1829000000+000..1829000000+0¢C
T0.1829000005+000.1822C00000+000.182900000D+0G60.182000000D+000.1623000000+00
.T0.182800000D+000.182900000D+000.,.000000000D+000.000000000D+000.0000000000+00
FC.0000000000+000.600000000D+000.000000000D+C00.000000000D+000.000000000D+00
T0.8500000000+040.850000000D+040.B500000000+040.8500000000+040.850000000D+04
T0.85000000CD+010.850000000D+040.000C000C0D+000,000000000D+000.0000000000+00
T0.0000000C00+000.000000000D+000.000000000D+C00.0000000000+000.0000000000+00
F0.000CC0000D+000.000000000D+000.000G000000+C00.000000C00D+000.000000000D+00
T0.0000CC000D+000.0000000000+000.6774030000+C00.8387C20000+4000.100000200D+01
T0.8387020000+000.6774035C0D+000.,0000000000+000,0005000000+000.0000000000+00
T0.0C0000000D+000.0000000000+000.00000000C0+000,0000000000+000.6774030000+00
T0.8387020000+000.1000000000+010,8387020000+000.6771030000+000.000000000D+00
T0.0000000000+000.000000000D+000, 000000000D+0¢0.000000000D+000,000000000D+00
T0.0000C0000D+0Q0C.677403000D+000,8387020000+000.1000000000+4010.8387020000+00
*Y0.677403000D+000.0600000000+006.0000000000+C00.0000000060+000.0000000000+00
T0.000200000D+020.02¢000000D+000,000000000D+CQ0.677403000D+000,8387020000+400
TO,1000C00000+010.838702000D+000.6774C3C000+000.002000C000D+000.000000000D+00
Y0, 0000000000+000.000000000D+000,0000000000+000.C0C000000D+000.000000000D+00
T0.6774030000+000.8387020000+4000, 1000000000+010.833702008D+000.6774030000+00
- :

FO.00C0000000+000.000000G000+000,0000000000+000.0000000000+000.000000000D+00
T0.0C0000000D+000.6100C0C00C+020.C00000000D0+C00.0C00000000+000.0000000005+00
T0.0CCO00000D+000.000000000D+000.0000000600D+000.00006C00000+000.00000000C00+00
T0.000000000D+000.00000C000D+000,000000000D+000.610000000D+020.000060000CD+00
T0.0000000000+00C.000C00000D+000.000036000D+C00.000000000D+000.000000000D+00
TC.00C000000D+000.000000000D+003.000CG000CCD+C0OU,.0000000000+0C0.000000000D+00
Y0.G610000000D+020.0000000000+000.00C0000CC0+000.000000000D+000.C000C0000D+00
Y0.0000000000+000.000000C00D+0CD.0000000000+000.000000000D+000.000000000D+00
T0.000000000D+000.0000000000+000.8100000C0D+025,0000000000+000.0000000000+C0
0. 0000000000+000.000C000000D+000.,0000000000+000.0000000000+000,0000000000+00
T0.0000000000+000,000000000D+500.060000000D+000.000000000D+000.6690000000+02

6ET



T -

T

F0.0C0000000D+000.000C000000+000.000000000D+200.000000000D+000.0000000000+00

T0.100000C00D+010.1000000000+010.1000000000+010.1000000000+010.0C00C0000D+00

T0.0C000000CD+000.0000000000+000.0000000000+000.000000000D+000.0000000000+00

FO.000000000D+000.000000000D+000.000000000D+000.000000000D+000.0000000000+00

¢.95340000000+000.2500000C0D+000.9000000000+00

1 1111111100000 00000038006000900020 0 00000000.00
2921000000+020.381000000D-030.6000000000~04 -

TO 000000000D+00

0.6757500000+060.277600000D+060.6611400000+030.900000000D+03
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TRANSIENT INPUT DATA SET

EXAMPLE



12 5 4 2
350.100000000D+00
00.000C00000D+00 :

8 10000.100000000D+000.100000000D-010.100000000D~03

T 0.50000

~.822080000D0+060.6757500000+060.0000C0C000D+C00.000000000D+00
-.1808000000+060.2776000000+060.0000000000+002.000000000D+00
0.000000000D+C00.000000000D+000.00000000Q0+000.000000000D0+00
0.000000200D+000.6611400000+030.000000000D+000.0000000000+00
0.00000C000D+000.6611400000+030,000000000D+000.000000000D+00
0.00000C000D+000.244508688D+100.000000000D0+000.00000600000+00

T 3.5
0.000000000D+000.2684710C00D+06
0.0C0000C00D+000.187200C00D+06
0.000000000D+000.000000CCCD+00
0.00C000000D+000.6611400000+03
0.0000000000+000.6511400000+03
0.000600000D+000.2445086880+10
T . 4.0
0.806340000D+060.2725G0000D+06
0.1768000000+080.189200000D+08
0.000000000D+000.000000000D+00
G.0000C00000D+000.6611400000+03
0.000000000D+000.661140000D+03
~.4645665100+100.244508688D+10
Y 9.0
0.000000000D+000.6757500000+038
C.000000000D+00C.2776C00C00+086
0.0000000000+000.000000000D+00
0.0000002000+000,.066811400000+03
0.0000300000+000.6611400000+03
0.0000000000+000.,122254330D+09
T 0.00000

90.726430000D0-020.5842000000~020.7112000C00~03

5 7 8 9 0 o] o

0 0 0 0 0 0 0 0 0 (o) ]

Y0. 1825C00000+000.182500000D+00C. 18290600 0D+000.1829000000+000.132500000D+CC
T0.182900000D+000.182800000D+000.1825050000+000.18290500CD+000.382800000D+0C
T0.1829000000+000.182800000D+000.G000000000+0G0.0C0000000D+000.000000000D+00
FC.00000000600+000.000000000D+000.0000000000+000.0000000000+C00.0000000000+00
T0.8500000000+0450.850000000D+C40.8500C0000D+040.830C0000002+040.,.8350000000C+04
T0.8500000000+040.8500000C0D+040.C0000C0000D+000.0000000000+000.000000C000+00
T0.00000000CD+000.000000C00D+000.0000000000+000.0CC0CO000D+000.0000060000D+00
FO.0000000C00+00G.000000C00D+000.00Q0000000+000.00002C00004000,0000000000+C0
Y0.000000C00D+000.50C0C00000+000.87745200C0+000,.8387020000+000.,100000000D+01
TQ.8387020000+000.677403C00D+000,0000000000+000.000000000D+000.0000600000+00



T0.000000000D+000.000000000D+000.0000000000+000.000000000D+000.677403900D+00
T0.838702000D0+000.100000000D+010.8387020000+000.6774030000+000.0000000000D+00
T0.000000000D+0C0.00C00000CD+000.000000000D+000.0000000000+000.0000000C00+00
T0.Q00CGC00000D+000.6774030000+000.8387020000+000.1000C00005+010.8387020000+00
T0.677403000D+000.00000000CD+000.0000000000+000.000000000D+000.000000000D+00C
T0.00COC00OCOD+000.000000002D+000, 000000000D+000.677403000D+000.838702000D+0C0
TO.1000C0000D+010.8387020C00+000.677403000D+C00.0000000000+000.000000000D0+00
TO.C00CC0000D+000.0000000000+000.00000000CD+C00.000000C000D+000.0000000000+00
T0.6775030000+000.8387020C00+000.10000000CD+C10.838702000D+000.6774030000+00
T0.00000C000D+000.0060000000+000.000000000D+000.,00000C0000+000.000000000D+00
FO.0000000000+000.000000000D+000.000C00000D+C00.000000000D+000.0000000000+00
T0.0C0000000D0+900.6100000000+020.000000000D+000,0000000000+000.000000000D+00
Y0.00000C00C0D+00Q0.0000000000+000.0000000000+000.0000000000+000.0000000000+C0
T0.000000000D+000.000000000D+000.00000000CD+C00.610000000D+020.00000000C0+00
T0.000000000D+000.000000000D+000.000000000D+000.000000000D+000.00000C000D+00
T0.000000006D+000.000000CCOD+000.000000C000+000.C00000000D+000,000000000D+00
TC.6100000000+020.00000000CD+000.0000CQ0005+000.0C0000000D+000,0000000C0D+00
T0.000000000D+000.000000000D+000.002000C000+CG00.000000000D+080.0000000000+00
T0.0000C00COD+000.00CC00000D+000.6100000000+020,000000000D+000.00000C0000+00
T0.000Q00000D+0D0.00000000CD+000.000000000D+C00.0G0000000D+000.0000000000+00
T0.000000000D+000.000000000D+000.000000000D+0060.000000000D+000.869000000D+02
T0.0000000000+00C.000000000D+000C.000000000D+000.000000000D+000.0000000000+00
T¢.0000000000+000.0000000000D+000.00000000CD+C00.000000000604000.00000C000D+00
FO.0000000COD+000.00000CCO0D+000.0000000000+000.0000000060+000.0000000000+00
TO.10000000CD+010.1000000000+010.10006000000+010.100000000D40156.0020000000+00
TC.000000C000+000.000000000D+38C6.0000000000+000.0000000005+000.000000000D+00
FO.0000000000+000.000000G00D+000.0000G00000+000,0000C0000D+000., OOOGOOOOUD+OO
'£.9540000000+000.2500000000+000.5000000000+00
1111111 1100000000000 000D200000G00009806G60000
0.282100Cc00D~-£20.3810000C00~030.600000000D0-04
FO.0200000000+0C
10.6611400000+030. 66!14GOOOD+030 67575000 00+060.0000000000+00
10.6453642800+010,.56433642800+610.C0000000300+4000.000000000D400
20.6611399760+030.6611399760+030.457953351D+080.00000000CD+00
20.645364280D+010 ,.64353642800+010,944392050D0~030.9443520500-03
30.7090181949D+030.709018194D+030.440294810D+060.00C000000D+00
30.544028454D+010.6440284540+010.524381194D0-030.,6243811540~-03
40.7688165550+030 .76881698550+030.422317532D+060.0000000C0D+00
40.651813703D+010.6518137040+010.360111839D-030.36011.1639D-03
50.840812692D+030.8406128¢3D0+030.404311805D+060,0000600000+00
50.8662503C53D+010.6625030530+010.268282802D-030.,2682898020~03
60.9010463910+030.8010483910+030.3860787610+086C.6005000000+00
60.676132297D+010.687561322970+010.124816471D-030, 124316471003
70.849832204D+030 .945882204D+030.367828564D+060.000000000D+00
~ 70.683248670D+010.6882486700+010.257044809D~040.,2567044805D~04

.



80.5498821460+4030.949882146D+030.349355177D+060.,000000000D+00
80.698495222D+010.6984952220+01~,248258543D~-03-,2482585430~02
80.9498821350+030.949882135D+030.33141314G60+060.0000000000+00
80.6988537890+010.6883859783D0+01-.2917327070-04-,991732707D~0C4
100.949882148D+030.9498821480+030.3134740290+050.000000000D0+00
100.6980075330+010.693007538D0+01-.357622335D-04~.357622335D-04
110.9498821210+030.9498821210+030.29553649460+060.0000000G600+00Q
110.695063111D+010.6990631110+01-.8213268330~05~-.82132068830~05

© 120.949882121D+030.9493821210+030.2776000000+060.,0000000000+00

120.699078638D0+010.689078638D+010.000000000D+000.000000000D+00

130.661140000D+030.66114C0000+030.67575C000D+060.0000000000+00

130.64540352G60+010.645403526D0+010.0003000000+0C0.00C000000D+00
140,651139276D+030.661139978D+030.457944348D+060.000000020D+00

140.5454035250+010.6454035260+010.1340875920-020.134087592D-02

150.7090054300+030.7090054300+030.4402E66984D+060.0006000000D+00

150.64419387730+010.6441997730+010.9282518480~030.9238251843D0-03

160.7G8786303D+030.768786808D+030.422313640D+060.0000000000+00

160.65198384930+010.65189842930+010.5488213100-030.5488213100-03 .
170.840563281D+030.8405632810+030.4043090930+060.000000000D+00
170.662673574D+010 .6626725740+010.4274593150~030.4274593150-03
180.9C0987733D+030.500987733D+030.386077651D+050.,000000000D+00
180.676253771D0+010 .6762587710+010.215717403D~030.215717403D-03
190.949814287D+030.9458142E870+030.367828379D+050.000000C00D+00
190.6883249536D+010.688324985D0+010.945914321D0-040.9459143210-04
200.98498142770+030.949814277D+030.349357575D+060.0000000000+00
200.63984760070+010.6984760070+01~.3560414870~03~,.356041467D~03
210.9498142350+030.9498142850+030.331413255D+060.000000000D+00
210.6988120600+010.6988120600+01~.149952101D~03~.1499521010-03
220.€498143040+030 .8498143040+030.31347431G50+060.00000C0C0D+00
220.6989516890+010.693551889D+01~.597175017D-04~.5971750170~-04
230,9498142730+030.9498142790+030.2955365540+050.000000000D+00
230.56°920280570+010.6990280570+01~,1820373490~04~.182037343D~04
240.949814279D0+036C .3488142790+030.2776000000+060.00C000000D+00
240.69905358480+C10.6980538480+010.000C000C0D+000.0600C0C00D+00
250.661140000D+030.6611400000+030.5757500000+C60.0C00000008+00
250.6454178450+010.645417845D+010.0000000C0D+000.C000¢0000D+00
260.65611399760+030.6611399760+030.457935325D+060.000000000D+00
260.545417845D+010.6454178450+010.1559750870~020.1559790870-02
270.709007651D+4030.7090076510+030.4402812980+060.000000000D+00
270.6441626880+010 .64416096880+014.108493207D-020.,1084942070~02
280.768792581D+(30.7687929810+030.4223106280+080.0000600000+00
280.6519567610+010.6519587610+010.5388187860~030.638818788D-03
290.8405729810+030.8405722B10+030.404306936D+060.000000000D+00
290.562642196D+010.6626421660+010.5040137530-030.504012753D-03
360.901000145D+030.9010001450+030.3860766820+050.000000000D+00
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T0.
10.

530.803998842D0+030.803998842D+030.404303690D+060.
530.569825826D+010 .56968858260+010.0000000000+000.
540.851601173D+030.8516011730+030.386075215D+060,
540.531428449D+010.581493449D4+010.CC0000020D+0CO,
550.8900217C5D+030.850031705D+030.367827221D+40850.
550.5208007380+010.53908007880+010.000000CC0D+000.
560.890031690D+030.890031650D+036.349361852D+060.
560.598279362D+010.598279362D+010.0000C00000+000.
+570.8900316940+030.890031694D0+030.331415520D+060.
570.59G65191130+010.5965191130+010.00006C0C0D+000.

580.8500316990+030.8900316990+030.3134743550+C60
580.535728576D+010.5957<956760+010.000000000D+000

600.8500

0000000000+00
00060 0000D+00
0005000000D-+00
000000060D+00
000000000D+00
00000 0000D+00
000000000D+00
0000000000+00
0000000000+00
000000000D+00 -

.000000000D+00
.000000000D+00
590.890031688D+030.69C031668D+030.2955367640+0650.
590.5953801750+010.5953801750+010.00000C0000+000.
31683D+030.8500316880+030.2776000000+060,

000000000D+00
0coCo000CD+0D
0o00000C00+00

B00.595241215D+010.5952412150+010.000000030C0+C00.0000000030+00
6511399760+030.651 135976D+030.6611393760+030.661139576D+030.6611399760+03

6611399750+030

1384934673+030.1193051370+040.,887162285D+C30.

.65% 139976D+030.

5611399760+030.17753928220+040.1699453580+04
13430+030.7395505180+03

monnn
(0Ll

7185453670+030.2264075250+040.2202262500+C20.1904080120+040.,1439685213D+04
9B96325600+030.8351443200+030.68071247830+030.7809242050+030.2702254020+404
2624964660+040.2350724600+040, 175835324D+040.11042231960+040,9202487470+03

can

2868405330+030
1650300750+040

1004390230+040
949882145D+030

. 9493882146D+0 39
.9493821350+030
.949832148D+030
. 9459823
.894983821210+030
.6611329762+030
.G611328760+030
. 148491 0470+0430

2148D+030

718531732D0+030
989601252D+030

.6556845570+030.
L112258557D+940.

.2238100930+040.216193092D+040.

.9817594010+030.
.9498821460+030.
.949882135D+030.
.949882135D+030.
.9498821480+030.
.9438321480+030.
.9498821210+030.
.66113%3760+030C.
-GG1133976D+030.
-1183032840+4C40.
.2294019580+040.
.8351125610+4030.

T0.2624903310+040.235084620D+040.
T0.888789671D+030.685563356950+030.2495072330+040.242043368D+040.215137401D0+04
T0.165020046D+040.112240299D+040.9681618770+030.940142441D+030.9140118620+03

T0.2237392260+0450.21€186303D+040. 192044307D+040.15345849080+040.1128383¢

2459155380+040.2420582560+040.2151479770+04
9G88224687D+020.9402051510+030.214074572D+403
1820561230+040.1534948560+040.,1128931540+04
060654249D+030,9498321460+030.94953214E0+03
0498821460+030.94943821460+030.9498521450+03
$49882135D+030.94a43821350+030.94948821350+03
G498821350+030.549082135D0+030.9498821480+03
9490821450+030.94203821430+030.849882148D+03
U488821210+030.9493821210+030.9498821210+03
949882121D+030,949382121D+030.94958821215+03
G611399760+630.6641399760+030.66113990760+03
G51139976D+020.177:899300+040.1699425690+04
g871483750+030,762267718D+030,7396366930+03
2202203550+040.190a017370+040.143960338D+04
807023425D0+030.738096283560+030.270219726D+04
1758263929D+040.$104518122D+040.920197885D+03

0+C4

¥0.100432175D+030.581690925D+030.3505857730+030.945814277D+030.6453142770+02
T0.6492142770+030.949814277D+030.3498142770+030.54963122770+030.9493142770+03
Y0,5493142770+030.0498142850+030.9496142385D+030.9458142850+030.945814285D+03
T0,5492142850+030.56498142350+030.,9498242850+030.9493142830+030.,949814304D0+43



T0.943814304D+030.949814304D+030.949814304D0+030.940314304D0+030.942812304D0+03
T0.8498143040+020.9498143040+030.949814279D+030,9498314279D+030.9415814279D+03
Y0.949814279D0+030.943814279D0+030.9498142790+(20.9483142790+030.9493142790+03
T0.6611399760+030.661135976D4030.6511339760+¢30.56611399760+030.661139976D0+03
TO.E611399760+030.661 139376GD+030.661139976D+030.1776504460+040.1699430530+04
T0.148321472D+040.119303609D+040.8871520066D0+030.7622701120+030.7396392880+03
TO.718534136D+030.22940308CD+040,2202215710+040.1904030220+C40.,1439613370+04
T0.989507666D+030.8351193660+030.807099849D+030.780969270D+030.270220841D0+04
T0.262491536D+040.235066159D0+040,1758281510+0450.1104191180+040.920207874D+03
T0.88357959659D+030.855643684D0+030.249808909D+040.,2420511610+040.2151395340+04
T0.1650220690+040.1122315610+040.668174625D+030.9401550389D+030.9140245100+03
T0.2236801488D0+040.2156189153D+040., 1920467680+040.1534869770+4040.1128877410+04
T0.1004336000+040.9817051780+030.960606C0270+030.9493828094D+030.9450328094D+03
T0.940828094D+030.845828C940+030.5498280540+020.9293280940+030.94953828034D+03
TC.248828094D+030.9498279620+030.9498279562D0+030.94982795620+030.9498279620+03
T0.9498279620+030,9408272620+030.9498279620+030.049827952D+030.8458279160+03
T0.949827016D+020.9458279160+030,9498278160+030.9493279150+030.949827916D+03
T0.9498279160+030.84982791580+030.949827371D+030.9490278710+4030.9428278710+03
T0.9498278710+030.349827671C+030.9498278710+030.9498278710+030.9458278710+03
T0.6611399780+020.661 1399760+030.6611399760+030.6511299760+030.65611399760+C3
T0.661132976D+020.66113%59760+030.681135976D+030.1776903420+040.1699434410+04
T0.1464318040+040.1193038G40+040.8871539340+030.7622719220+4030.73396411570+03
T0.7185360050+4030.2294039880+040.2202225180+040.1904040320+040.1439621210+04
T0.98G612704D+030.8351244310+030.8071048950+030.7609743160+030.2702217160+04
70.2624924820+040.235067368D+040.175829527D+040.110419500D+040.9202157120+03
T0.8865074870+030.85568515220+4030.2469102230+G40.2420525670+040.2151412080+04
T0.165023657D+040.112242552D+040, 2681845520+030.940165015D+030.9340344360+03
70.2 3803277D+040.216191012D+040.192048714D+040.15338361SD+030.1228888660+04
T0.1004347270+040.981716650D+030.9600611298D+030.9497148240+030.0487148240+03
T0.949714824D+030.949714524D+030.649714824D+030.9497148240+030.9497148240+03
T0.849714824D+030.8435G528963D+030.8496589680+(20.9296589680+0320.94965856380+0C3
T0.94965232680+030.9496589685D+030.9496589680+030.943458968D0+030.9496341520+03
T0.94568341520+030.8426341520+0302.,92496341520+030.9436G3415204030.94982341520+03
T0.9495347520+030.9496341520+030,949624131D0+030.94906241210+4+030.9496224121D+03
T0.94G66241310+030.5496241310+030.945624131D0+030.9490624131D+030.9496241310+C3
T0.65611393760+030.661139976D+030.6611399760+C30.651135976D+030.6611389760+03
13.6611369760+030,6611398760+030.6611398760+030.1754865580+040.1678237330+04
T0. 1466561790+040.1178977410+040.876B04866D+030.751511989D0+030.723281163D0+03
T0.7081760130+030.2252210538D+046,215821163D+040.1857748910+040.1404096330+04%
T0.9666391340+020.8121746980+030.7841551620+030.7530245830+030.2657531750+04
T0.257657755D+010.2288¢80810+040,1680768420+040.10558838780+040.8818190160+02
TC.8484105040+030.8172548290+030.2427507560+040.22439585300+040.2061644600+04
T0.1568735960+040.107947044D+040.6:171287270+030.88971071910+030.868287856120+03
T0.2135271690+040.2055870760+040. 1812424100+040.1446357340+040,1067770180+04
70.9431261330+030.92043953680+030.8953802170+030.8900316500+030.83003¢6280D+03



3

T0.8900316900+030.890031690D+030.890031690D+030.8900316900+030.8900316900+03
T0.890031690D+030.890031694D+030.8900316940+030.890031694D+030.8900316940+03
T0.890031694D+030.890031694D+030.890031694D+030.8900316940+030.8900316990+03
TO.89003169SD+030.850031559D0+030.890031693D0+030.830031699D+030.8900316990+03
T0.8900316990+030.890031699D0+030.8900316880+030.8900316880+030.890031688D+03
T0.8300316880+030.8300316880+030.,8900316880+030.8900316280+030.8900316880+03
T0.890031688D+030.890031688D+030.8900376838D+030.8900316850+030.890031688D+03
F . .
TO.B661139976D+030.661 139976D+030.699646325D+030.747216772D+030.8039988420+03
TO.B51601173D+030.8900317050+030.8900316800+030.890031694D+030.89003169590+03
70.8900316880+030.850031588D+030.890031690D+030.890031694D+030.890031€930+03
F .
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PRINTED OUTPUT EXAMPLE



flow map at time = 1.5007 sec.

number of time steps = ‘ 162
number of jterations = 770
time step size = 0.1454D-02 sec.

inlet mass flow rate = 0.2682570+01 hkg/sec {nlet onthalpy flow =~ 0.234219D0+07 watt
outlet mass fiow rate = 0.914200D+01 kg/sec outlet enthalpy flow = 0.1310790+08 watt
total heat transfered = 0.272580D+07 watt

channal number 1

iz B vold v t1 tsat twall uvz ulz - uvr uir .

(bar) ' wmmwmmwe—{ Jogree celsiug)mem———— . (m/sec) {m/sec) {m/sec) - {m/sec;
12 1.8720 0.0%0782 851,598 851.558 1005.330 845.091 3.43381 3.37281 0.00000 o.cogfo
11 1.8492 0,030783 851.558 £51.598 957,036 849.09% 3.80309 3.52908 0.01375 0.0137
10 1.9053 0.120591 §77.58¢ 877.S79 956.123 §76.620  10.80335 8.29518  =0.04234  =0.04234
g 2.0838 0.778999 897.775 857.773 967.46% 895.309 24.55758 8.75392 -0,80572 -0.72020
8 2.2962 0.983274 980.388 980.388 980.0356 925.166 34.95135 5.32153 0.97598 0.23945
7 2.3966. 0.9397B0 ©87.087 987.087 985.655 $070.378 3.46065 0.50722 0.40586 0.40327
& 2.4354 0.010680 989.274 989.274 987.774 ©97.784 0.85252 0.83565 C.06171 O-QG?rO.
5 2.4638 0.000000 886.795 886.795 989.308 £98.459 0.89817 0.89817 0.,00957 0.C0957
4 2.4990 0.00000C 717.602 . 717.602 991.196 725.899 0.86429 0.86429 0.06200 0.0029
3 2.5366 0.000000 559,583 559.583 993.184 567,597 0.81454 0.81454 0.00031 0.CC031
2 2.5758 0.000000 388.000 388.090 99%5.231 388.000 6.81165 ¢.81165 -G.00020 -0.00020
1 2.6471 0.000000 388.000 388.000 1138.947 388.000 0.81165 0.81165 0.00000 0.o0CCQ

channel number 2

iz p void v t tsat twall uvz utz uvr ule

(bar) ~o—meese—{degree celsiys)emerm-—— (m/sec) (m/sec) {m/sec) (m/sec)
12 1.8722 0.013694 . 850.518 B850.618 1005.330 848.367 3.37639 3.30393 0.0000¢ 0.00C00
11 1.9180 0.913694 850.618 B50.618 . $56.9556 848.367 3.67583 3.82623 0.00991 0.00920
10 1.9052 0.181033 B75.160 875.158 956.112 874.532  12.36248 8.03308 -0.17664 -0.17538
9 2.1451 0.990050 963.998 963.999 971.209 888.852 41.74311 6.83830 1,28744 1.21714
8 2.2468 0.942923 ©74.842 974.842  977.205 $24.135 28.65856 §.20831 0.17670 0.16872
7 2.3659 0.941946 = 9©85.34!% 985,341 583.657 1056.445 T7.71611 0.77429 0.91289 o.egz;?
& 2.4288 0.000272 $85.840 965.940 OE7.414 994.873 0.98653 0.98567 0,05649 0.05849
5 2.4630 0.000000 885.85G6 ©885.686 ©89.268 §97.504 0.93448 0.93446 0.00790 - 0.007¢0
4 2.4989 0.000000 717.325  717.325 881.187 726.660 0.87301 0.8730% 0.00144 .00144
3 2.5366 0.000000 555.447 559.447 993.$83 567.473 0.81773 0.81773 0.00015 0.0VO;S
2 2.5758 0.000000 383.006 288.000 995.233 388.000 0.81128 ¢.81125 ~0.,00050 =0.,00050

06T



1

-, s -
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s
ARWOLHUONDROO

P
N
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~RNWhUOO30W0

f{z

12
11

2.6471¢

p
(bar)

1.8720
1.9174
1.9146
2.1012
2.2408
2.3347
2.4283
-2.4627
2.4588
2.5366
2.5758
2.6471%

p
{bar)

1.8720
1.8169
1.819%9
2.0887
2,238
‘2.3097
2.425%0
2.4626
2.4588
2.5366
2.5758
2.6471

p
{bar}

1.8728
1.9168

0.000000

void

0.008569
0.008960
0.103637
0.825045
0.983656
0.937245
0.000089

0.000000
0.000000°

0.0006000

0.000000.

0.000000

void

0.002559
0.00285¢9
0.021862
6.164075
0.587239
0.9319¢8
0.000007
0.000000
0.000000
0.000000
0.000000
0.C0000C0

void

0.000327
0.000327

388.000 388.000 1138.947 388.000
channel numbgn 3

tv t1 tsat Ctwatl
mmmemen=-(degree celsiug)mw——w==—-

850.006 - 850.006 . 1005.330 ©847.885
850.0086 850.006 956.916 847.885
871.035 871.034 956.734 g71.663
889.776 889.775 968.551 00G.600
§77.425 977.4256 976.855  924.390
983.685 $83.685 982.215 $047.662
984.672 984.672 987.277 993.807
885.371 §85.371 289.251 897.267
717.242 717.242 991.183  726.593
£59.346 659,346 §93.182 567.384
388.000 388.000 995,234 388.000
388.000 388.000 1138.947 388.000

channel numbenr 4

tv tr tsat twall
«.----—---.—( degr\ee ce 1 s i US)......-----

843.195 843.195 1005.330 842.154
843.135 §43.185 956.883 842.154
£590.868 850.868 957.078 854.831
850.842 850.840 967.783 848.647
576.981 $76.98% 976,449 918.343
984,770 g8%.770 980,801 1048.771
£83.910 983.910 987.207 993.180
885.240 885.249 989.243 897.164
717.213 717.213 991,182 726.570
£59.321 559.321 ©93.182 567.360
388.000 388.000 995.23€ 388.000
388.000 388.000 1138.947 388.000

channel number S

tv Ct tsat twall

0.81125

uvz
(m/sec)

3.31343
3.71564
9.99655
22.08457
34.67865
4.36154
1.05234
0.94554
6.87624
6.82035
0.81083
©.81083

- UvZ
{m/sec)

3.07388°

3.16124
7.19584
$1.37246
32.79285
&,75434
1.09089
0.95099
0.87750
0.82085
0.81020
0.8102¢

tcan

~{docreo celzius)

713.043 713.042 1005,320 705.701%
713.043 713,043 858.861 709.70¢

713.043
713.043

0.81125

ulz
(m/sec)

3.26321
3.73243
7.42375
7.60331
5.82414
1.16028
1.05201
0.84564

0.87624

0.82035

0.81083

0.81083

ulz
{m/sec)

3.05353

3.15590
6.58415
8.19370
5.62849
1.59874
1.0%8087
0.95099
0.87760
©.82085
0.81020
0.81020

uvz
{m/sec)

2.29313
1.75293

0.00000

uvnr
{m/sec)

0.000C0
2.0151¢
-0,16207
0.54027
0,72068
1.11469
Q,04€85
0,00587
G.00104
0.000C8
-0.00073
0.00000

uve
{m/sec)

0.00000

6.014783
-0,05237
-0.03159

§.459814

1.00805

0.02652

0.00315

0.00058
=0.0000¢
-0.,00088

0.00000

ulz
{m/sec)

2.291867
1.758221%

0.00000

0.C01C4
0.CC003
~0.00073
0.C028C0

ulr
{m/sec)

0.00000
0.0147E
~0.05237
~0.031%0
1.408462
1.00252
0.026%2
0.0C315
0.0C058
-0.00C01
~-0Q.00028

0.00C00

16¢
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1.92114
2.0910
2.2099
2.2842
2.4244
2,4625
2.4988
2.53686
2.5759
2.6471

0.002g28
0.029919
0.328978
0.215748
0.000000
0.000000
0.000000
0.000000
0.000000
¢.000000

741.112
803.379
856.129
862.126
783.632
710.987
§03.494
488.709
388.000
388.000

741,112
803.879
855.136
862.123
783.632
710.987
603.494

T 489.709

388.000
388.000

957.157
267.923

975.053

879.923
987.179
989.240
ggt.161¢
993.182
995.238
1138.947

735.525
785.314
846.926
867.617
793.138
724.489
614.38%
508.341
308.000

 388.000

741.112
803.879
856.136

. B41.491

767.650
700.308
£985.840
494.512
388.000
388.000

4.04090
8.19941
6.59102
2.56718
0.86239
0.71430
0.66470
0.63937
0.67691
0.67691

3.87783
7.51813
5.76549
1.85150
0.86239
0.71430
0.86470
0.63937
0.67691
0.6769%



fiow map at time = 2.0013 sec.

number of time steps = 2695
number of tterations = 1138
time step size = 0.3378D-02 sec.

intet mass flow rate = =,271222D+01 kg/sec
outlet mass flow rate = 0,.754283D+01 kg/sec
total heat transfered = =.562540D+06 watt

channel number

intet enthalpy flow = =~,2482360+07 watt
outlet enthalpy flow = 0.1090990+08 watt

1

iz & void T tv t tsat twall
{(par) cemeamees{degree celsiug)emem————
12 1.8720 0.303258 861.964 861.9863  1005.330 860.980
11 1.5383 0.303258 861.984 861.963 925.841 860.980
10 -1.8744 0.994372 945.344 $45.344 554,065 884.862
] 1.8967 0.970861 956.143 8958.144 655,553 86%.346
8 1.9247 0.97308% 858,142 358.142 957.3%4 918.024
7 1.8402 0.971530 959.403 959.403 958.410 1102.302
. 8 '1.9438 0.877325 859.852% 85¢.525 958.64% 1055.607
) 1.9863 0.275728 551.461 961 .461 g961.380 65,323
4 2.1552 0.003745% £06.048 206.046 571.812 603.191%
3 2.3318 0.000153 £37.440 &37.440 982.050 534,452
2 2.5118 0.000005 424,457 {434,457 851.872 £17.601
1 2.647v 0.000000 388.000 '388.000 1138.847 417.601%

chanriel numbor 2

{2 o] void tv t1 tsat twall
{bar) T mmmmeseee{degree celsiug)me——m- -
12 1.8726 0.267247 B85%.178  §55.177 1005.330 859.008
t1 1.5528 0.267247 855,176 859.177 930.932 859.009
10 1.8534 0.983174 914.524 944.524 S5%.8657 383,012
S 1.8781 0.961546 954,645 854 .645 954.318 878.283
e 1.91087 - 0.8684696 957.154 257.164 §956.473 ©23.430
7 1.9230¢ 0.273085% S58.282 953.282 957.287 $493.1€0
5 1.9263 0.98033% 958.40% §958.405% 957.487 $0485.437
S 1.9771 0.120750 a50.833 980,883 960,737 Q84,2214
4 2.1552 - 06.,003012 302.565 833.565 971.80% 801,283
3 2.3316 6.000176 538.337 638,337 982.037 533.€63
2 2.91¢8 0.000005 424.03% 424.035 $91.876 4£17.296

uvz
{(m/sec)

C.51501%
15.50110
27.85684
22.69634
16.03301

6.95722

1.96098
-0.53808
~0.898Q7
~0.88206
-0.84238
~0.,84238

uvz
{m/sec}

- 2.07273
15.03800
27.192886
21.72918
13.99242
G.96458
€.78303
=0 ,35509
~3.B84814
-3 .86065
-0.64150

ulz
{m/sec)

3.07887
§.88634
3.5:727
3.38400
2.50611
1.05196
-2.71013
~1.36656
~0.24945
~0.88490
~0.84243
~0.8B4243

ulz
{m/sec)

3.82092
9.07103
3.4253%
3.35%560
2.38723
1.07855
=2.064147
-1.16214
-0.,8938%
-3.86327
-G.84154

_ouvr
{m/sec}

c.00C00C
-0.14508
1.07253
0.32808
0.27615
0,33247
0.37385
g.12127
0,00318
6.00252
-~0.00068
0.,00000

QVP
{m/sec)

0.00000
-0.,25991
1.60127
¢.433385
0.42054
0.56712
0.77521¢
~0,06259
¢.C0015
S 0.084200
-0,00216

ulr
{m/3e2C}
0.00CCC
~-0.16462
1.05714

2135

2
5
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iz

12
11

2.6471

o
{bar)

1.8720
t.5650
1.8382
1.8646
1.8976
1.90886
1.9089
1.9822

2.1553°

2.3315
2.5120
2.647%

p
{bar)

{1.8720
1.575%
1.7882
1.6619
t.8882
1.898t1
1.8962
1.9827
2.1853
2.3314
2.512%
2.8471

p
{bapr)

1.8720

1.5793

0.000000

void

0.194987
0.194987
0.992186
0.952474
0.855072
0.972566
0.981059
0.235475
0.002785
0.000164
0.000004
0.000000

void

0.057287
0.057287
0.464318
$.952944
0.875778
0.973212
0.983523
0.091832
0.002370
0.0001 31
0.000003
0.000000

void

0.003825
0.603825

388.000

847.012
847.012
8937.570
953.507
955.987
957.333
g57.346
961.237
802.564
635.795
423.787
388.000

v

388.000 1138.947 417.296
channel rumber '3

1 tsat twall

——--(degree celsius)=ee=====

- 847.011 . 1005.330 849.999

847.01¢ 931.873 §49.999
937.571 S51.627 873.235
953.507 953.433 B75.425
955.987 855.609 $29.787
857.333 956.34C 1083.821
957.346 958.360 1046.766
961.237 ° 961.115 965.307
802.564 971.816 §00.549
635.795 $82.032 §33.262
423.787 $91.883 417.115
388,000 1138.947 417.115

channel number . 4

t) tsat twall

wemmmmne—(degree celsiug)esm—mme=

826.273
825.273
845.903
835.220
927.424
956.G609
956.620
$48.708
801.584
835.521
423.420
388.000

tv

826.273 1005.330 830.661
828.273 632.71% 830.661
845.859 $48.20% 841.528
835.219 953.233 860.605
827.424 654.991 g926.111
956.609 955.648 1074.430
8956.620 955.518 1045.606
248.708 961.145 957.131
801.594 971.822 799.919
635.521 882.028 §33.080
423.420 $91.890 £16.859
388.000 1138.947 416.859

channel numbsre 5

1 tsat .otwall

763.69%
763.699

-0.84150C

uvz
(m/sec)

1.93011
13.82187
31.75979
19.54338
10.60926

2.22223

1.842864
~0.35914
~0.813883
-0.84754
-C.84187
-0.84167

uvz
{m/sec)

2.56785
§.94701
9.54023
11.26089
7.08710
-2.40832
~0.37324
-0.58589
~0.80536
-0 .84035
-G .84098
-0.840%8

tcan

{degree colsius)

763.699 1005.330 783.066
763.699 832.972 753.066

763.699
763.€659

=0.84154

ulz
{m/sec)

3.94404
8.91571
3.99577
3.28950
2.26209
0.93558
~-2.38606
-1.06574
-0.86247
~0.84897
-0.84170
-0.84170

ulz
{m/sec)

3.32214

8.60545
5.16638
3.5106¢9
2.663816
0.77884
-2.258686
~-0.98588
~0.84113
-0.84221
-0.84100
-0.84100

uvz
{m/sec)

$.16509
8.99345

0.00000

uvr
{m/sec)

0.00000

-+ 3,29808

2.07276
0.14674
0.42229
0.63869
0.95529
0.92240

~0.00133
0.00135

~0.00321
0.00¢00

uvnr
{(m/sec)

0.0000¢
-0.14279
0.03636
C.24238
0.16310
0.64798
1.18517
~-0.01629
~0.00068
0,00045
-0.,00438
0.00000

ulz
{m/sec)

1.25295
6.85619

0.00000

ulr
(m/sec)

0.00000
-0.227¢
1.95726
14020
.402285
. 50224
05163
02241
~0.00133
0.00138
-0.00321
0.00000

QOC Q00

uilr
(m/sec)

0.C0000
-0.14277
0.03632
0.238C89
0.16226
0.6137
1.173879
-0.01628
~0.,00068
0.00045
~0.00438
©0.0C000

3=

v
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1.7879
1.8577
1.8855
1.8880
1.87686
1.8834
2.15854
2.3314
2.5122
2.6471

0.0204860
0.105617
0.083630
0.308404
0.318565
0.007083
0.000247
0.000007
0.000000
0.000000

§23.341
859.689
877.018
892.240
847.592
750.548
634.591

526.730 .

400.187
388.000

823.341
859.6868
877.017

892.239 .

847.590
750.548
634.590
526.75C
400.197
388.000

948,180
952.946
954.806
954.977
954,213
961.195
971.823
982.029
991.897
1135.947

g16.611
853.058
872.255
859.516
$56.880
760.944
643.339
$33.441
399.065
399.065

823.341
859.688
877.017
879.397
815.256
727.796
618.204

513.420 -

394.352

394.352

6.65369
5.871€5
4.81453
1.421585
-1.69625
~0.84139
~0.82661
~0.81987
~0.616086
-0.61608

6.37594
5.69386
4.76605
1.66511
-2.11925
-0.88960
-0.82885
-0.81982
-0.616086
-0.61608
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CONOANDH WD

O OO0 000O000O0000000

COMPILATION LISTING OF NATOF (>user_dir_dir>B0IL>Granziera>NATOF.fortran)

Compiled by: Multics Néw Fortran Compiler, Release 6

A ]

Compiled ont: 04/29/30 1304.9 edt Tue
Options: table card relocatable map

10

Main Program
MAIN PROGRAM

THE MAIN PROGRAM HAS THE ONLY FUNCTION OF ALOCATING
- POSITIONS IN THE MEMORY FOR THE VARIABLES.

THE COMAND 'DIMENSION ORBI(XXXX)' ALOCATES MEMORY FOR
ALL THE VARIABLES.FOR EACH PROBLEM, THE USER SHOULD
SUPLY ITS DIMENSION,WHICH VALUE 1S CALCULAYED AS :

XXXX = (131 + 2%(NCF + NCLD))*NI*NJ
WITH ¢
N! = NUMBER OF AXIAL MESH POINTS

NuJ = NUMBER OF RADIAL MESH POINTS-

IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION ORBI(12000)
NORBI = 12000

DO 10 IT = 1,NORBI
ORBI(I1I) = 0.00

CALL HEAD{ORBI NORBI)
sYQP

END



Block Data‘

BLOCK DATA

COMMON /NUMBER/ ZERO,ONE,BIG,SMALL

REAL*8 ZER0/0.DO/,ONE/1.D0/,B1G/1.D+07/,SMALL/1.D-08/
END



OO0 00000

Subroutine head

SUBROUTINE HEAD({ORBI,NORBI)

IMPLICIT REAL¥8 (A-H,0-2Z)

COMMON /BCX/ ULO '

COMMON /NUMBER/ ZERQ,ONE,BIG,SMALL

COMMON /ERROR/ IERR

COMMON /RHEA/ TSET(40),TSHSETY(40),DTMAX,DTM1

COMMON /REA/ NN,NP,NB,NW,NTR,NPIN,NPM1,NSET(40) ,NSHSET{40) °
COMMON /D1I#/ DZ(40),0Z1(40),DR0(40),0R1{40),DR2{40),0DR3(40),
- DRA(40) NI NJ,NIMT, NIM2,NUMT NNI,NNJ,NNJU
COMMON /CNTRL/ EPSY,EPS2,RES,IT1,172,173,ITM1,ITMZ, IGAUSS
CQMMON /TEMPO/ TIME,DT,DTG,DTLS,NDY

COMMON /PNTR1/ K{(100),M(100)

DIMENSION ORBI{NDRBI)

THE MATRIX M CONTAINS POINTERS TG THE MATRIX ORBI
WHICH CORRESPOND TO THE FIRST ELEMENT OF THE VARIABLE
DIMENSIONED ARAYS IN THE FOLLOWING EQUIVALENCE @

P ' M( 2)

M{ 1) = = PO

M{ 3) = TV M{ 4) = TVO

M{ 5) = TL M{ &} = TLO

M{ 7) = ALFAR M{ 8) = ALFAD

M{ 9) = ALFAZ -~ 1A(10) = ALFAR
M(11) = RHOV . M(12) = RHOL
M(13) = RHCOVZ M(14) = RROLZ
M{15} = RHOVR M(16) = RHOLR
M{17) = HV M(18) = HL
M(19) = HVZ M(20) = HLZ
M{21) = HVR M(22) = HLR
M{23) = UVZN - (241 = ULIN
M(25) = UVRN M(28) = ULRN
M(27) = UVZO M{28) = ULZD
M{28) = UVRO M{30) = ULRD
M(31) = UVRZ M(32) = ULRZ
M(33) = UVZR M(34) = uLZR
M(35) = FUVZN M(36) = FULZN
M{37) = FUVRN M{38) = FULRN
M{28) = W(K{ 1)) {80} = W{X{ 2})
M(41) = W{K{ 3)) M{42) = W(K( 4))
M(43) = W{K{ B)) M{44) = W{(K( 8))
M{4B) = W(¥{ 7)) - M{48) = W{K{ 8))
M(47) = W{K{ 9)) M(48) = W(K(10))
M(49) = W{K{11)) M(50) = W{K(12)}
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1S0

¥Ha
((vZ)¥Im
((c2)mm
((aZ)x)Im
({(8t)x)m
((91)IM)IM
({pi)im

DR DU N NN R R RN B NN

(zein
(08)W
(gg)w
(sswW
(y8)w
{zelw
(03N
(8LIW
(oL
{(r2)W

(cein

(o2 m
(83w
(oolu
{(r9)w
(oW
{09l
(ss)w
(eG)wW
(varw
(ZsIwW

NYON

NN
NN
NN
NN
NN
NN

NN
NM

AN
UUIN

aN
NN

CY¥3Z = 3WIL

+ {16)W = (T8N
IN*F = NVON

+ (06IW = (18)W
+ (68IW = {08)IN
+ {88)W = (B8N
+ {(L8)N = (83N
+ (98)W = {1800
+ {gg)n = {s8Iw
+ (r8) = {G8)NW
+ (€8 = (8N
+ {zZa)w = (ea)n
+ (g = (8w
+ {08l = (18w
+ {61) = {o8)w
+ (=138 = ()W
64°'Z = 17 1004 0Q
£ = ()

1GY3Y 11vo

NVOL = (i8)1W
cY¥IY = (68N
azv = (L8)n
ddd = )S8)un

v139 = (€8N

¥ig = (ie)w

g = (6L)W

vy = (Li)w

TY = (SZIN

Ndd = (€L)W
INOOH = (1L)W
nig = (89)W

Si = (LI9)W

AD = (S9)w

HQ = {(€9)W
({eZ)MIm = (19w
((1zinwim = (68w
((euIwIm = (LS)w
((z)Im = (sSIW
({(si1)¥)Im = (€S)w
{((eNIM = (LGN

1001

CLOOLLLVLLVLOLOLOLLLOLLOLOLOLOLLO ()

vov
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120
121
122
123
124
125
126
127

. 128

129
130
131
132

133 .

134
135
136
137
138
139
140
141
142

143

144
145

164

aOoOn

103

104

#* K X *®

CALL READZ(ORBI(M{1)),0RBI(M(3)),0RBI(M(5)),0RBI(M(7)),
ORBI(M(23)),0RBI(M(24)),0RBI(M(25)),0RBI{M(26)),
DRBI(M(63)),0RBI(M{65)),0RBI (M{6G) )y ORBI(M(B0)),
ORBI(M(81)),TINIT ORBI(M(68)),0RBI{M(50)),0RBI(M(91)),
NP,NTR,NPIN,NPM1, NN,NCAN)

DC 104 KO = 1,NN

KL = KO - 1

DO 103 L = 1,67

K(L) = M{L) + KL

ORBI(K{67)) = SAT(ORBI(K(1)))
ORBI(K(2)) = ORBI(K(1})
ORBI (K(4)) = CRBI(K(3))

ORBI{K(B)) = ORBI{K(5))
ORBI(X(8)) = ORBI{K(7))
DRBI (K(30)}}) = ORBI(K{26))
ORBI (K(27}} = ORBI(K(23))
ORBI{K{28)) = ORBI{K(24))
ORBI (K{29)) = CRBI{K{25)}
CONT INUE

NPRI = 0

TPRI = TINIT + TSET(1)

TSHPRI = TINIT + TSHSET{1)

LSH = 1

L= 1

NTS = 0

NIT = ©

TIME = TINIT
LPRI = 0
LSHPRI = ¢
CONT INUE

NOT = O

112 = 0

CALL TMSTEP(ORBI ,NORBI,
NN,NP,NB,NW,NTR, NPIN,NPMY  NCAN)

NIY
NTS

NIT « IT3
NTS + 1

[ 1}

1F(I1ERR.NE.O) GO TO 7
IF(TIME.LY.TPRL) GO TO 1
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(t-I¥+(StIN)IGY0 = 13
(t=Iu+(L1)W)igy0
{1-Iu+{(T1IW)I8Y0
(1=-In+{iIN) I8N0
(t=-I¥+{2iW) 1880 = vv
(1=-I¥+(VZIN) I8N0
{1-IW+{SZINYISE0 = AN
(L=IN+(LIW)IBHO = dd
(t=-Ix+{s)w)Igyd = 141
(t=IM+(EIW)I8Y0 = AL
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210

212
213
214
215
218
217
218
219
220

221 .

222
223
224
225
226
227
228
229
. 230
231
232
233
234
235
236
237
238
239

220 |

241
242
243
244
24

246
247
248
249
250
251
252
253
254

Lo
[ 2
oo oK & 0ou R

=

3

AA*RV2UVXDRA(J)

(ONE = AA)*RL*UL¥DR4( V)
EV 4 PP/RV

EL + PP/RL

[}

EMI + FMVJ + FMLUJ
FHI + FMVUsHV + FMLJ*HL

ORBI (M(3)+KE=1)
ORBI(M(5)+KE=1)
ORBI{M(1)+KE=1)
ORBI(M(7)+KE=2)
ORBI(M{23)+KE=-1)
ORBI(M(24)+KE~1)
ORBI(M{11)+KE=1)
ORBI (M(12)+KE=1)
ORBI(M(17)+KE=1)
ORBI (M{18)+KE=~1)

FMVY = AAXRV¥UVXDR4{J) .
FMLY = (ONE = AA)+RL*UL¥DR4(J)

HY =
HL =

FME
FHE

DQ
Kp
KO
QT

1]

non

EV. + PP/RV
EL + PP/RL

FME + FMVY + FMLY
FHE 4 FMVJ¥HV + FMLJ»HL

I = 1, NIM2

KP + 1

(d=1)*NI + 1

QT + DRBI(M(85)+XP=1)+ORBI(M(65)Y+KD)*DZ(I+1)sDRA()

CONT INUE

WRITE(6,200) TIME

WRITE(S,201) NTS,NIT,DT
WRITE(S,202) FMI,FHI,FME,FHE,QY
BO 10 J = 1,NuMt

WRITE(G,203) J
WRITE(6,204)

OC 10 I = 1,NI

R =

NI - I 4%

KO = (J=1)¥NI + KI
KP = KO = 2%J + 1

£9¢
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2586
257
258
259
260
261
262
263
264
265
266

267

268

269
279
274
272
273
274
275
275
277

283
264

290

297
298
299

c

IF(KI.EQ.1) KP
IF(KI.EQ.NI)KP

KPP + 1
KP = 1

Hou

PP = ORBI{M{1)})+K0-1)}/1.D+05

TVP = ORBI(M(3)+KO~1) = 273.14
TLP = ORBI(M(5)+KO=1) = 273.14
TSP = ORBI(M(67)+K0-1) = 273,14
TWP = ORBI(M(68}+KP~1) = 273.14
AP = ORBI(M(7)+K3-1)

UVZ = ORBI(M{23)+K0-1)

ULZ = ORBI(M{24)+KO=1)

UVR = ORBI(M(25)+K0=1)

ULR = ORBI{M(26)+KO=1}

WRITE(E,205) KI,PP,AP,TVP,TLP,TSP,TWP,
® UvZ ,ULZ,UVR,ULR
10 CONTINUE

J = NJ

WRITE(6,203) d
WRITE(6,206)

DO 11 I = 1,NI
KI = NI = Y +1

¥0 = (J=1)*NI + KI

KP = KO = 2%d + 1
IF(KI.EQ.1} KP = KP + 1
IF(KL1.EQ.NI)KP = KP = 1

PP = ORBI(M(1)+KO=1)/1.0+0S

TVP = QRBI(M{3}+KO=1) =~ 273.14
TLP = ORBI{M(S)+KO~1) = 272.14
TSP = DRBI{M{B7)+KO=1) = 273.14
TWP = ORBI(M(BB)+KP=1} = 273.14
TCP = ORBI(M(91)+KI=1) = 273.14
AP = ORBI(M{7)+KO-1)

UVZ = ORBI{(M{23)+K0~1)

ULZ = ORBI(M{24}+KO-1)

WRITE(6,207) KI,PR,AP,TVP,TLP,TSP,TWP,TCP,
% uvz,utz
11 CONT INUE

IF{15RR.MNE.O) GO 7D 8



300
301
302
303
304
305
‘306
307
308
309
310
311
312

Le X e
A

314
315
3186
317
.318
318
220
321
322

GO T0 2
206 FORMAT(1X,'12%,5X,'P',10X,'VOID®,7X, ' TV} ,BX, ' TL',7X, *TSAT',

* 5X, 'TWALL',7X, 'TCAN', 6X,'UVZ', 09X, 'ULZ'/
* €X, ' (BAR) ', 18X, ‘=~ i (DEGREE CELSIUS)',
% b s s e e e e o e e e '-2(SX,'(M/SEC)')/)

207 FORMAT(1X,12,2X,79.4,2X,F8.6,5{2X,F8.3),2(2X,F10.5))
200 FORMAT{1H1,1CX, ' FLOW MAP AT TIME = ',Fi0.4,' SEC.'/)

201 FORMAT(1X, 'NUMBER OF TIME STEPS = *,110/
® 1X, "NUMBER OF ITERATIONS = ',I110/
* 1X,'TIME STERP SIZE = 'D10.4,' SEC.'/)

202 FORMAT(1X,'INLEY MASS FLOW RAYE = ',D12.6,' KG/SEC!',
* 6X, 'INLET ENTHALPY FLOW = ‘,012.6,' WATT'/
* 1X,'CUTLEY MASS FLOW RATE = ',D12.6,' KG/SEC',
* 6X, 'CUTLET ENTHALPY FLOW = *,Di2.6,' WATT'/
* 1X,'TOYAL HEAT TRANSFERED = *,D12.8,' WATT/)

203 FORMAT{1HO,40X, 'CHANNEL NUMBER ',1S5/)
204 FORMAT({1X,'IZ',S5X,'P', 10X, 'VOID’, 7%, TV ,8X, ' TL',7X, 'TSAT',

* SR, STWALLY,7X, 'UVZ,9X, 'ULZ! 90X, 'UYR' ,9X, *ULR "/
* - - BX,'(BAR) !, 19X, =~ ~—=~(DEGREE CELSIUS)~=—wwm=w=t,
* 4(5X, {M/SECY') /)

205 FORMAT(1X,12,2X,F9.4,2X,F8.6,4(2X,F8.3),4(2X,F10.5))

END



323
324
325%
3286
327
328
329
330
331
332
333
334 €
335
336
337
338
339
340
341
342
343
324
345
3486
347
348
349
350
351
352
353
354
355 €
356 C
357
358
359
360
351
362
363
364

365 ¢

o~

Subroutine readt

SUBROUTINE READ1 e

IMPLICIT REAL*8 (A-H,0-2)

COMMON /RHEA/ TSET(40) TSHSET(dO) DTYMAX, DTM1

COMMON /REA/ NN,NP,NB NW,NTR,NPIN,NOMY NSET(40).NSHSET(40)
COMMON /01M/ 02(40).DZ1(40),DRO(40).DR1(40).DR2(40).DR3(4Q).
* DR4(40) NI NU,NIMI NIM2,NUMT NNI, NNJ,NNJY
COMMON /GRVTY/ GZ,GR

COMMON /JCNTRL/ EPS1 EPS2,RES,1T1,172,173,1TM1,1TM2, 1GAUSS
COMMON /GAUSS/ NZ,NR,NZM1 .

COMMON /TEMPO/ -TIME,DT.DTQ,DTLS,NDY

CCMMON /ICONST/ NCF,NCC,NG

- READ(5,118) NI, NJ,NCF,NCLD
IRITE{7,118)NI,NJ,NCF,NCLD
NN = NI#*NJ

NP = (NI ~ 2)sNJ
NB =, 21%NN
= 24%NN
NNJ = NN ~ NI
NNJJ = NNJ = NI
NNI = NN - NJ
= NJ
NZ = NI - 2
O NZMY = NZ - 1§
NG = NCF + 1
NCC = NG + 1
NPIN = NCC + NCLD
= NPIN =
NTR = NPINsNP

L =1

1 CONTINUE
READ(S5,121) NBET(L},TSET(L).
WRITE(7,121)INSET{L},TSET(L)
L= L+ 1
IF{L.GY.50) GO TO 2
IF(NSET(L~1)) 2,2,1%

2 CONTINUE

sl

99¢



366
367
368
369
370
371
372
373
374
375
376
377
378

379 -

380

it8
119
120
121

GZ = 9.80865
GR = 0.00

READ(5,119) ITMt1,IGAUSS,DTMAX,EPSY,EPS2
WRITE(7,119)ITM1,IGAUSS,DTMAX EPST,EPS2
DT = DTMAX

1TM2 = 1TM1 -
FORMAT(41S)
FORMAT(2110,3D15.9)
FORMAT(2015.9)
FORMAT(15,015.9)
RETURN

END



381
382
383
384
385
386
.387
3es8
389
380
391
352
363

394 .

395
396
397
358
399
400
401
402

. 403

404
405
406
407
ang
409
410

411
412
413
414
415
416
417
418
419
420
421
422
423

SUBROU
&

*
IMPLIC
LOGICA
COMMON
COMMON

& % R ¥ %

COMMON
COMMON

Lo

COMMON
CONMON
COMMON
COMMON
COMMON
CONMMON
COMMCN
COMMON
COMMON
DIMENS

DIMENSI

Fa0
FA1
FA2
FA3
FBC
FB1
FB2

g 4 ow o Houn

CAQ
CA1
ca2
CA3
Ceo
<t

L HoH oHoN

. Subroutine ‘read2

TINE READ2(P,TV,TL,ALFA,UVZ,ULZ,UVR, ULR DH, DV,
QSI,TR,DTR, TINIT,TW,SPPD, TCAN
NP,NTR, npzn NPM1 ,NN,NCAN)

IT REAL*S (A—H,O-Z)

L LP,LDATA,LSS

/NUMBER/ ZERO,ONE,BIG,SMALL

/BCOND/ TB(51),PNB1(51),PNB2(51), PNB3(51),0MP(51),
PNT1{51),PNT2(51),PNT3(51),0MT(51),ALB1(51),
ALB2(51),ALB2{51),04A(54),TVB1(51),TVB2(51),
TVB3(51) . OMV(51),TLB1(51),TLB2(51),TLB3(51),
OML{51) HNW1(51) ,HNW2(51) ,HNW3(51),CMH(51),
LMAX,LP(51)

/PSHAPE/ SHAPE(100)

/DIM/ DZ{40),021(40),DRO{40),DR1(40),DR2(40),0R3{40),

DRA (40 NI, NJ,NIMt /NIM2 ,NJMT,NNI, NNJ,NNJJ

/PINO/ RODR{20),VP(20),VM{20),RADR,PPP(20)

/GCONST/ DIL,RADFU,RAOCL

/CCONST/ CAO,CA1,CA2,CA3,CBO,CBY,CB2,CB3

/FCONSY/ FAQ,FAt,FA2,FA3,FB0,FBY,FB2,AD,APU,LPLNM(40)

JICONST/ NCF,NCC,NG

/BD/ D4,POD2

/POVERD/ R

/HXCN/ ACDV

/STST/ TAFP,LSS

ION P{NN},TV(NN) ,TL{NN),ALFA{NNY,UVZ(NN) ,ULZ(NN),

UVR(NN) ,ULR{NN),DH{NN)},DV(NN),QSI{NN),TR(NTR),
DYR{NTR),TW{NP),SPPD{NN}, TCAN(NCAN)
ON RAD(20),KIN{B),N{20)}

1.81D0406
3.720+403
-2.5100
6.590-04
10.8D0
-8.84D-03
2.25D0-06

4.28D+086
3.75D0+02
~7.450~03
ZERD
16.27
ZERQ

89¢



424
425
426
427
428
429
430
431
432
433
434

OO0

435 .

436
437
438
439
440
441
442

443

444
445
44

447
448
449
450
4s1
452
453
454
455
455
457
458
459
460
451
462
463
464
465
566
4567
468

[¢]

CB2 = ZERQ
€83 = ZERO

T8(1) = ZERQ
L= 2

CONT INUE

READ(5,1001) LP{L),TB{L)
WRITE(7,1001)LP{L),TB(L)
IF(TB(L).LE.TB{L-1)) GO TO 3

READ (5,1002) PNB1(L),PNB2(L),PNB3(L),OMP (L)
READ(5,1002) PNT1({L),ANT2(L),PNT3(L),OMT (L}
READ{S,1002) ALBTI(L),ALB2{L),ALB3(L),0MA(L)
READ(5,1002) TVB1({L),TVvB2(L),TVB3(L), oMV (L)
READ(5,1002) TLB1(L),TLB2{(L),TLB3(L), oML (L)
READ(5,1002) HNW1 (L) ,HNW2{L) ,HNW3(L),OMH (L)

VRITE(7,1002)PNBT(L),PNB2(L) ,PNB3(L),OMP (L)
WRITE(7,1002)PNTT(L),PNT2(L),PNTI(L),OMT(L)
WRITE(7,1002)ALBY (L), ALB2(L) ,ALB3{L),OMA(L)
WRITE(7,1002)TVB1(L),TVB2{L) ,TV33(L),OMV(L)
WRITE(7,1002)TLB1(L),TLB2(L),TLB3(L), oML (L)
WRITE{7,1002)HNWT{L) ,HNW2{L) ,HNW3(L},OMH (L)

L= ¢ + 1
IF(L.GYT.51) GO YO 3
GJ 1O 2
CONT INUE
LMAX = L
DO 4 KO =
QSI(KO) =
CONT INUE

i,NN :
(4.4D/(PITCH = D)) ¥»2

READ(5,1003) NROW,PITCH,D,E
WRITE(7,1003)NROW,PITCH,D,E

POVD = PITCH/D

pPOD2 POVD*POVD

04 = 4./D

R = =16.15 + 24.96%POVD ~ 8.55«POVD*POVD

nou

READ{5,1004) (N(J).,J=1,12)
WRITE(7,1004)({N{uJ),d=1,19)
KRES = 0



469

504
505
506
507
508
508
510
511
512
513

105

205,

305

5058

o2

106

206

306

CONT INUE

READ(5,1005) LDATA,(XIN(K),K=1,5)
WRITE(7,10053LDATA, (XIN{K),K=1,5)
1IF(.NOT.LDATA) GO TO 205

D0 105 ! = 1,5

KO = KRES + I

IF(KD.GT.NI) GO 70 5

DZ(KO) = XIN(I)

CONT INUE

KRES = KRES + 5

GO T0 S -

CONT INUE

KRES = 3#%NI

CONT INUE

READ(5,1005) LDATA,{XIN(K),K=1,5)
WRITE(7,5005)LDATA, (XIN(K),K=1,5)
IF(.NOT.LDATA) GD TO 505

DO 405 1 = 1,5

KO = KRES + I

YF(KO.GT.NCAN} GO TO 305

TCAN(KQ) = XIN(I)

CONT INUE

KRES = KRES + 5

GO TO 305

CONT INUE

KRES = O

CONT INUE

READ (5,1005) LDATA, (XIN(K),K=1,5}
WRITE(7,1005)LOATA, (XIN(K) K=1,5)
IF{.NOT.LDATA) GO TO 206

DO 1066 1 = 1,5

KO = KRES + I

IF(KO.GT.NN)} CO 70 6

SHAPE(KQ) = XIN(I)

CONT INUE

KRES = KRES + S

GO 70 &

CONT INUE

KRES = 3

CONT INUE

READ (5,1005) LDATA,(XIN{K)},K=1,5)
WRITE{7,1005) LOATA, (XIN(K) ,K=1,5)
IF(.NQOT.LOATA) GO YO 508 :

DO 406 L = 1,5

0le



514
5185
516
517
518
519
520
521
522
523
524
525
52

527

541

542
543
544
545
546
547
548
549
550
551

552
553
554
555
556
557
558

406

505

KO = KRES + I
IF(KO.GT.NN) GO TO 306
SPPD(KC) = XIN(I)

CONT INUE

KRES = KRES + 5

GC TO 306

CONT INUE

DZ1(1) DZ(%)

DO 71 2,NI .

Dz21(1) = (DZ(1) + DZ(1-1))}/2.0D0
CONT INUE

" u

Al = DSQRT(3.00)/2.00
A2 = 3.1415927/4.00
W= PITCH - D

X = (PITCH*PITCH*A1 = (D*D + wWaW)®A2)/42/D
XI = 4.00/X

1, NdMt

D08 U =

DO 8 I = 1,NI

KO = (J=1)*Nl + I
DR(KD) = X

DV(KO) = XI

CONT INUE

DO & J = 2,NJMt

NAYT = N(J) = 1
N42 = N(J=1) = 1
DN4 = N41%N41 ~ NA2¥N42

DR4{J) = DNA*X*A2%D*3.00

NX & N(¢) = N{(J~1)

NX1 = 24N4t

NX2 = (2%N42 + NX)NX

DNX1 = NX1

DR1(J) = DNX1/NX2/PITCH/At
DR2(J) = 2.DOXN32/NX2/PITCH/A1
DRO(J) = PITCH¥AT%NX

CONT INUE

DN& = (N{1) = $y#(N(1) = 1)

DR4( %) = DN4¥X*A2%D%3,DO



559 C . :
560 DRY{1) = 2.D0/PITCH/AL/{N(1}~-1) : *
561 . - DR2(1) = 0.DO
562 DRO({1) = PITCH»At*(N(1)=1)
563 C o
564 Bi = (N(NJM1) + NROW -~ 2)
585 82 = (NROW = N{NJM1))
566 B3 = (NROW =~ 1)
567 C - '
568 XX = B1%82/2.D0 + B3/2.D0 + 1.00/6.D0
569 PT = B3%PITCH + (D/2.D0. + E)/A1 + A2+DeXX*4.00
570 - ‘AC = (B1*PITCH + (D/2.D0 + E)/A1)«(B2%PITCH*AY + D/2.D0 4 E)#
571 % 0.500 =~ A2+(D*D + E¥E) XX
572 Y = 4.D0*AC/PT
573 PP = A2%DxXX%4.00
574 YY = PP/AC
575 ARM = (ONE = A2/A1»{D%D + wvw)/(PITCHthTCH))s
576 e {N{NJM1) = 1)*PITCH
577 C
578 DR1(NJ) = ZERO
79 DR2Z(NJY = ARM/AC
530 DRO(NJ) = B2¥PITCH + D/2.D00 + E
581 . DRA(NJ) = AC*6.00
582 ACOV = (B3*PITCH + (D/2.00 + E)/A{1)/AC
583 C
554 DO 16 I = 1,NI
585 KO = NUMt*NI + I
555 , DH{KQ) =~
587 DV(KO) = YY ,
588 10 CONTINUE
589 €
590 DRI(NJ} = DRO(NJ)
591 DO 11 J = 1,NJUM1
592 DR3(J) = (DRO{J) + DRO(J+1)}/2.00
593 $1 CONTINUE
504 KRES = ¢
59% 12 CONT INUE
596 READ (5,1005) LDATA,{XIN(K),K=1,5)
597 WRITE(7,1005)LDATA, {XIN(K),K=1,5)
508 IF(.NOT.LDATA) GO TC 212
599 Do 192 I = 1,5
800 KO = KRES + I
GOt IF(KO.GT.NPIN) GO TO 12
€02 PPP(KD) w XIN(I)

603 112 CONTINUE



604 KRES = KRES + 5

605 GO TO 12 : R
606 212 CONTINUE

607 €

608 -READ(5,1006) AD,APU,DIL:

609 READ (5,1007) (LPLNM(K)},K = 1,39)

610 READ(5,1008) RADR,THC, THG

611 C

812 WRITE(7,1006)AD, APU,DIL :
612 WRITE(7.1007) (LPLNM(K) ,K = 1,39) : .
614 WRITE(7,1008)RADR, THC, THG

615 €

616 RADFU = RADR ~ THG = THC

617 . RADCL = RADFU + THG

618 NCLD = NPIN - NCC

819 DRF = RADFU/NCF

620 DRC = THC/NCLD

§21 TAFP = RADFU*RADFU/D

622 C

623 RAD( 1) = ZERD

624 PO 14 K = 1,NCF

625 RAD(K+1} = RAD(K) + ORF

626 14 CONTINUE

627 RAD{NG+1) = RAD(NG) + THG

628 DO 15 K = NCC,NPM1

629 RAD(K+1) = RAD{K) + DRC

630 15 CONTINUE

631 DO 16 K = 1,NPM{

832 IF(K.EQ.NG) RODR(K) = (RAD(K+1) + RAD{KX))/2.D0
633 IF(K.NE.NG)Y RODR{K) = {RAD(K+1)+RAD(K))/{RAD(K+1)=RAD{K)}/2.D0
634 16 CONT INUE

635 C

636 VM{1) = ZERD

637 VP(1) = DRF+*DRF/8.DO

638 RM = (RADR + RAD{NPM1))/2.DC

538 - VM(NPIN) = (RADR*RADR'+ W¥W/&.D0- RM¥RM)/2.D0
640 VP{NPIN) = ZERD

541 DI 17 K = 2,NPM1

842 RP = (RAD(K+1) + RAD{K))/2.0C

643 RM = (RAD(K) + RAD{K~1))/2.0¢

644 VR(K) = (RP*RP =RAD(K)*RAD(K})/2.D0

545 VIMIKY = (RAD{K)*RAD(K) = RM%RM)/2.00

646 17 CONTINUE

647 €

648 © READ(5,1008) LSS,TINIY



649 TB(1) = ZERO o
650 IF (LSS) GO TO 19 .
651 DO 1 KO = 1,NN
652 READ (5,1000) KCHECK,TV(KO),TL(KD),P(KD),ALFA(KO)
653 READ (5,1000) KCHECK,UVZ(KD),ULZ(KO),UVR(KQ),ULR(KO)
854 IF(KCHECK.EQ.KO)GO TO 1
655 IERR = 4
656 RETURN
657 1 CONT INUE
658 KRES = 0 o
€59 13 CONTINUE -
660 READ (5,1005) LDATA, (XIN(K),K=1,5)
651 IF(.NOT.LDATA) GO TO 213
662 DO 113 I = 1,5
663 KO = KRES + I
664 IF(KO.GT.NTR) GO TO 13
665 TR{KO) = XIN(I)
666 ~ 113 CONTINUE
867 KRES = KRES + 5
668 GO 1O 13
669 213 CONTINUE
670 €
. 671 KRES = 0
872 313 CONTINUE
673 READ(5,1005) LDATA,(XIN(K),K=1,5)
€74 1F{.NOT.LDATA) GO TC 513
1675 DO 413 I = 1,5
676 KQ = KRES + I
677 K3 = KO + 2+NI
€78 IF(KO.GT.NI) GO TO 313
679 TCAN(KO) = XIN(I)’
680 TCAN (K3) = XIN{I)
681, 413 CONTINUE
682 KRES = KRES + 5
€83 GO TO 313
684 513 CONTINUE
685 C ‘
686 DO 18 I = 1,NIM2
687 DO 18 J = 1,NJ
688 KP = (J=1)*NIM2 + I
659 KT = KP*NPIN
690 TW(KP) = TR(KT)
691 1S CONTINUE
692 RETURN

6§93 19 CONTINUE



N

694 READ(5,1010) PIN,POUT,TIN,TAV . *

695 QPP = HNW2(2)*RADFUXRADFU/RADR/2.D

696 CALL SS (PIN,POUY,TIN,TAV,QPP,P,TV,TL,UVZ,ULZ,UVR,ULR,ALFA,
697 * TW,TR,DTR,DH, DV NN, NP NTR,NPIN, NPM1)

698 RETURN

699 €

700 1000 FORMAT(IS,4D15.9)
701 1001 FORMAT(L1,F15.5)
702 1002 FORMAT(4D15.9)
703 1003 FORMATY(I5,3015.8)
704 1004 FORMAT(1914)

705 . 1005 FORMAT(L1,S015.9)
706 1006 FCRMAT{3D15.9)
767 1007 FORMAT(3912)

708 1008 FORMAT({3D15.9)
769 3009 FORMAT(L1,D15.9)
710 1010 FORMAT(4C15.9)
711 END :

LT



712
713
714
715
716
717
718
719
720
721
722
723
724
72%
728
727
728
729
73
731
732
733
734
735
736
737
738
738
740
741
742
743
744
745
7486
747
748
749

750.

751
752
753
754

e Xe X X212

Subroutine SS,

SUBROUTINE SS(PIN,POUT,TIN,TAV,Q,P,TV,TL,UVZ,ULZ,UVR,ULR,ALFA,
* TW,TR,DTR,DH,DV,NN, hP qu NPIN,NPM1)

'MPL'CIT REAL*8 (A~H,0-Z)

COMMON /NUMBER/ ZERO,ONE,BI1G,SMALL

COMMON /DIM/ DZ(40),DZ1(40), DhD(dO) DR1(40),D0R2(40),DR3(40),
* DRA(40) NI NJ /NIMI ,NIM2,NIMT ,NNI ,NNJ,NNJU

COMMON /PSHAPE/ SHAPE(!OO)

COMMON /GRVTY/ GZ,GR

DIMENSION pnop(a,a)

DIMENSION P{NN),TV(NN),TL{NN) ,UVZ(NN) ULZ{NN) UVR(NN) ULR(NN},
¥ o . ALFA(NN) , TW{NP) , TR(NTR) ,DTR(NTR),OH{NN),DV (NN)

SUBROUTINE §S PUTS AN INITIAL GUESS IN THE VARIABLES
TV,TL,P,UVZ,ULZ,UVR,ULR,ALFA AND TR, IN ORDER TO
ACCELEPATE THE CDNVERGENCE 7O THE STEADY STATE PROBLEM,

H = ZERC

DO 1 I = 2,NI

Ho= KW+ 021(1)

CONT INUE

DP. = (PIN - POUT)Y/H

CALL STATE (TAV,TAY,PIN,PROP,0)

RHO = PROP{(1,2)
DPG = DP ~ RHO*GZ
A = (RHO*DH(2)/VISCL{TAV))%s 2%DH(2)/RHO/.100
X = ONE/1.800

V = {(A*DPG)**X
DO 2 J = 1 ,NJMY
DO 2 I = 1,NI

KO = {J~- 1)*NI + 1
ULZ(KO) = V
UVZ(KO) = V
ULR(KO) = ZERD
UVR{KQ) = ZERQD
ALFA(KO) = ZERD
CONT INUE

A = (RHO*DR{NNJ+2)/VISCL{TAV) )%, 2¢DR{NNJ*2}/RHO/.$DO
"V = (A*DPG)*¥X



755 D03 1 = 1,NI

756 X0 = NNJ + I .
757 ULZ(KB) = ¥
758 UVZ(KG) = V
759 ULR(KO) = ZERO
750 UVR{ KD) = ZERO
761 ALFA (KO) = ZERO
762 3 CONTINUE
753 €
764 TL(1) = TIN
765 TV{1) = TIN
768 P(1) = PIN
767 DO 4 J = 1,NJ
768 KO = J*NI = NIM1
769 TL{KO) = TIN
770 TV(KO) = TIN
771 P(KO) = RIN
772 €
773 DO 4 I = 2,NI
774 KG = (J=1)sNI + 1
775 P(KO)Y = P(KD=-1) = DP#+DZ1(1)
776 UXX = ULZ(KO)
777 IF(UXX.EQ.ZERO) UXX = ONE
778 TL(KO) = TL(XO=1) + Q#SHAPE(KD)*DV(KO)*DZ1(1)/RHO/UXX/
779 / CPL(TL{KO~1)) :
780 TV(KO) = TL(KO)
781 4 CONT INUE
782 C :
783 DT = .100
794 C :
785 DO 7 J = 1,NS
786 DO 7 I = 2,NIMt
787 KO = (J=1)*NI + I
788 KP = KO + 1 = u%2
789 KT = (KP=1)%NPIN + 1
790 KR = KP*NPIN
791 C
792 TW(KP) = TL{KD)
793 TS = SAT(P(KO)) :
794 CALL HTCF {PF(KO),TV(XO),TL(KO) ,ALFA(KO),PROP(1,1),
735 " PROP(1,2),FPROP(1,3),PROP(1,4),DH{KO), TS, TW(KP),
796 % HCONV ,HCONL ,HNB, UVZ (KQ) ,ULZ(KO})
787 C
798 DO & K = 1,NPIN

739 KTR = (KP=1)*NPIN + K



800
801
802
803
804
805

806

807
808
809
810
811

812

813
814

815 .

8186
817

TR(KTR) = TW(KP) .

5 CONTINUE
6 CONTINUE

16

L

TTR = TR(KT)

CALL FPROP(TR{KT),NPIN,NPM1,1)

CALL FPIN (TV(KQ}.,TL(KO).TS, TW{KP),DTW, HCONV,HCONL, HNB,
TR(KT),DTR(KT),DT,NPIN,NPMI,KC)

TR{KR) = TW(KP)

DO 16 KK = 1,NPM1

KS = KR - KK

TR(KS) = TR(KS) = DTR(KS)*TR(KS+1)
CONT INUE

YTR = DABS{TTR = TR{KT))/OT
IF(TTR.GT.ONE) GO TO 6

CONT INUE

RETURN

END

s,

YA



818
819
820
821
822
823
824
825
826
827
g28
829
830
831

832

333
834
835
826
837

838
839
g40
gat
842
843
§44
845
848
847
848
849
850
851
852
853
854
855
856
557
g8
859
860

ao

o0OaO

100

101
i02
103

%

SUBROUTINE TMSTEP(G,NC,

Subroutine tmstep

. NN, NP, NB,NW,NTR,NPIN,NPN1,NCAN)

IMPLICIT REAL®8 (A-H,0-2Z)
COMMON
COMMON
COMMON
COMMON
COMMON

/ERROR/ I1ERR

COMMON

COMMON /PNTR1/K{100),M(100)

DIMENSIGN O{NO)

DTLS = DT

TMS = ZERD

IERR = §

DO 100 J = §,NJ

DO 100 1 = 2,NI

KO = (J=~1)#NI + I - 1

K23 = KO + M(23)

K24 = KO + M{24)

K25 = KO + M(25)

JG' = d

YSVZ = DABS{O{K23)/DZ1(1))
YSLZ = DABS{O(K24})/DZ1(1})
TSVR = DABS(O{K25)/DR3(J))

THMS = DMAX1(TSVZ,TSLZ,TSVR,TMS)
COMT INUE

IF(TMS) 101,101,102

DT = DTMAX :

GO TO 163

DY = 0.S500/THS

DY = DMINi{DTMAX,DT,2.0%DTLS)

CONT INUVE
172 = ¢
NDT = @

/NUMBER/ ZERO,ONE,BIG,SMALL

/RHEA/ TSET(40),YSHSEY(40),DTMAX, DTM1

/CNTRL/ EPS1,EPS2,RES,IT1,172,1T3,1TM1, ITM2, 1GAUSS

/DIM/ DZ(40),0Z1(40),DRO(40),DR1(40),D0R2{40),DR3(40),
DR4A(40) NI ,NJ,NIMI ,NIM2,NUMT ,NNI,NNJ,NNJJ

/TEMPO/ TIME,DT,DTO,DTLS,NDT



861
862
863
864
865
€66
8G7
863
869
870
871
872
873
874
875%
876
877
878
879
880
831
882
833
884
885
886
887
§388
889
8a0
291

905

104

# X X K ¥ F & & ®

TIME = TIME+DT

DO 104 K3 = 1,NN

KL = KO - 1

K68 = M(68) + KL

K82. = M(82) + KL .

0(K82) = Q(K68)

CONT INUE

CALL DONOR{O(M( 1)),0(M{ 2)),0(M( 3)}),0(M( 4}),0(M( S
oM 6)),am( 7)) ,0(m( 8)),0(M( 9)),0(m(10
O(M(11)),0(M(12}),0(M(13)),0(M(14)),0(M(15
O(M(16)),0(M(i7)),0(M(18)),0(M(19)),0(M(20
C{M(21)),0(M(22)),0({M(23)),0(M(24)),0(M(25
0(M{26)),0(M(27)),0(M(28)),0(M(29)),0{M(30
O(M(31)),0(M(32)),0(M(33)}),0({M{34}),0(M(41
O(M{42)),0(M(47)),0(M(48)),0(M(52)),0(M(53
C(M(58)),0(M(S9)),0(M(73)),0(M(86)),0(M(87

o(M(88)),0(M(83)) NN ,NP)

1 CONT INUE
CALL BC(O(M( 1)),0(M( 3)),0(M( 5)),0(M{ 7)),TIME,

&«

E K X ¥ F X H %

D(M(24)) ,NN,NI NIM1)

CALL wWS(o(M( 2)),0(M( 4)),0(m( 6)),0({M({ 8)),0(M( 9

1001
100%

)
O(M(10)),0(M{11}),0(M(12)),0(M{13)),0(M(14)),
O(M(15)),0(M(16)}),0(M{17)),0(m{(18)),0(M(27)),
o(M{28)),0(M(29)),C{M(30)),0(M(38)),0(M(40)},
Q(M(43)),0(M(44}3),0(M(45)),0(M{46)),0(M{(427)),
O(M(48)),0(M(49)),0(M(50})),0(M(51)),

O(M(54)),0(M(55)),0{M{58)),0(M(57)).0(M(58)),
O(M(59}),0(M(6C))},0(m(61})),0{M(62)),0(M(E3)),

- 0(M{65)),0(M(66)),0(M(30)),NN)

I
J

2,NIM1
1,NJ

nu

= {(J-1)*NI + I = 1
= KO + 1 =Js¥2

= KP#NPIN .
= M{ 1) + KO
= M{ 3) + KO
= M{ B} + KO
= M( 7) + KO
= M{11) + KO
= M(12) ¥+ KO
= M{17) + KO



906 K18 = M(18) + KD

907 K23 = M(23) + KO *

908 K24 = M(24) + KO

909 K63 = M{63) + KO

910 K67 = M(67) + KO

511 KS8 = M(88) + KP

912 KE9 = M{69) + KP

513 K70 = M(70) + KP

914 K71 = M(71) + KP

915 K72 = M(72) + KP .

916 KEO. =.1M(80) + KT

917 . K81 = M{81) + KT

S1e KF = KO+ 1 -

818 ¢

520 UV .= (C(X23) + O{X23 + 1))/2.00

921 UL = {O(K24) + O(K24 + 1))/2.00

922 C ’

923 CALL RTYCF (O(XC01),0(K03),0(K05),0(K07),0(K11),0{K12),

924 * O(K17),0(K18),0(KG63).0({K87),0(X68),0(K70),

925 ¥ ‘O{K71),0(K72),Uv,UL)

$26 CALL FPROP{D{XBO),NPIN,NPM1, 1)

927 CALL FPIN (O(K03),.0{K05),0(K67),0(K68),0(KES),0(K7C),

928 * O(K71),0(K72),0(K80),0({KB1),DT ,NPIN NPM1 KF}

929 1001 CONTINUE

330 C

931 CALL THXCN{O(M(3}),0(M(5)),C(M(70)),0(M(71)),0(M(91}),
932 # DT,NN,NL;NJ,NCAN,NIMI,NIM2)

933 €

$3+ IF{IERR.NE.C) RETURN

935 112 = ©

9386 2 CONTINUE

Q37 IT2 = 17241

938 CALL ONESTP(D(M{ 1)),0(M{ 2)),0(M{ 3)), o(n( 5)),0(M( 7)),

939 * (M{ BY), O(M({ 9)).0(M(10)),0(mM(11)}),0(M(12)),
940 * O(M{17)),0(M(18)), O(M(iQ)},O(M(QO)) o(M(21}),
941 " OIM{22)),0({M(23)),0(M({248)),0(M(25)),0(M(28)),
942 * O(M(35)),0(M(38)),0(M(37)).0(M(38)),0(M(32)}),

943 * O(M{63)),0(M(67)}),0(M(C8)),0(M(59)),0(M(70)),
ga4 ® O(M{71)),0{M(72)),C(M(T73}),0(M(74)).,0(M(75)},
45 * O(M(76)),6{M(77)),0(M(78)),0(M{79)),0({M(83)),
848 ¥ O(H(E4)),0(M(B5)),0(M(87)),0(M(88)),0(M(89)),
847 » OiM{9Y3),DT,NN,NB, NP, NV, NCAN)

94 IF(IERR.NE.D) GC TO S .

948 1I7{RES.GT.EPS1) GD TO 4

950 . IT3 = IT3 + 172



895

CALL FTP(O(M( 3)),0(M({ 5)),0(M(67)),0(M(68)),0(M(70)),
* O(M(71)),0(M(72)),0{M(80}),0(M(8B1)),0(M(85)),
* NI,NJ,NN,NP NTR,NPM1,NIM2,NPIN)

CALL THXCNO{O(M{9S1)),NCAN,NI)

RETURN

IF(IT2.LT.ITM2) GO TQ 2

CONT INUE ‘

NDT = NDT+1

IT3 =IT3+1IT2

1IT2 = 0

TIME = TIME-DT

DTO = DT

DT = DT#0.1

IF(DT.LT.1.D-07) IERR = 21

TIME = TIME+DY

DO 6 KO = 1,NN

KL = KO = 1

KO = M( 1) % KL
K02 = M({ 2) + KL
KO3 = M{ 3) + KL
K04 = M( 4) + KL
KOS = M{ 5) + KL
K06 = M({ B) + KL
K07 = M({ 7) + KL
K08 = M({ 8) + XKL
K23 = M(23) + KL
K24 = M{24} + KL
K25 = M(25) + KL
K26 ‘= M{28) + KL
K27 = M{27) + KL
K28 = M{28) + KL
K29 = M(29) + KL
K30 = M{30) + KL
K73 = M(73) + KL
KG8 = M(63) + KL
K82 = M(82) + KL
0(K03) = Q(K04)
0(KOS5) = O(KOB)
0(K07) = 0(KO8)
0(K23) = O(K27)
0(K24) = 0(K28)
CO(K25) = 0(K29)
0(K26) = O(K30)
O{KO1) = O(X02)

8¢



996
Qg7
ges
989
1000
1001
1002
1003
1004
1005
1006

*
%

0(K73) = ZERO

0(K88)

.6 CONTINUE

0(K82) . .

CALL FTR(O(M{ 3)).,0(M({ 5)).0(M(67)),0(M(B8)),0(M(70)]),

O{M(71)),0(M(72)),C{(M(8T)).0(M(81)}),0(M(85)),
NI, NJ,NN,NF NTR,NPM{ ,NIM2,NPIN)

IF(IERR.GT.20) RETURN

IF(NDT.GT.3) RETURN

IERR =
GC 70t
END

0

£ 8¢



1007
1008
1009
1010
1011
1012
1013
1014
1015

10186 .

1017
1018
1019
1020

1021

1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
103¢
1040
1041
1032
1043
1044
1C45
1046
1047
1048
$049

Subroutine donor
SUBROUTINE DONOR(P,PO,TV,TVO,TL,TLO,ALFAN,ALFAD,ALFAZ,ALFAR,
RHOV, RHDL,RHOVZ RHOLZ , RHOVR, RHOLR,
HY,HL ,HVZ,HLZ ,HVR,HLR,UVZN,
ULZN, UVRN ULRN,UVZO, ULZO UVRO, ULRO
UVRZ,ULRZ,UVZR,ULZR,WZT ,WZ2,
wz7, wza WR1 ,WRZ,WR7,WRE,DPN,AVZD,ALZD,
AVRD,ALRD.NN.NP)
IMPLICIT REAL*8 (A-H,Q-Z)
COMMON /NUMBER/ ZERO,ONE,B1G,SMALL
COMMON / GRVTY/ GZ,GR
CONMMON /DIM/ DZ(40),DZ1(40),DRO(40),DR1{40),DR2{40),DR3{40),
* DRA{ACY NI, NJ,NIMI NIM2,NJMT, NNI,NNY, NN JU
COMMON /TEMPD/ TIME,DT,DTQ,DTLS,NOT
DIMENSION P{NN},PO(NN),TV(NN), TVG(NN).TL(NN),TLG(NN),ALFAN(NN},
A;FAG(NN),ALFAZ(NN),ALFAQ(NN),RHOV(NN),RHOL(NN),
RHOVZ (NN), RHOLZ (MN ), RHOVE(NN), RHOLR{NN),
HV(NN) ,HL{NN) ,HVZ [ NN),HLZ (NN}, HVR{NN) ,HLR{NN),
UVZN(NN) ,ULZN(NN), UVRN(NN),ULRN{NN) ,UVZO(NN),
ULZO(NN) ,UVRO{NN}, ULRO(NN) ,UVRZ(NN) ,ULRZ(NN]},
UVZR(NN) ,ULZR(NN), WZ1 (NH) WZ2{ NN} ,WZ7(NN), WZB(NN},
. WRT{NNY WR2(NN),WR7(NN) ,WRS(NN),DPN{NN),
AVZD{NN) ,ALZD{NN}, AVRD(NN) ALRD(NN)
DIMENSION PROP{3,4),5(5,2)

* % oK ¥ X

®* Ko KX K ¥ F

IFLAG = O

DTR = DT/DTLS

DO 107 X0 = 1,NN

CALL STATE (TV(KD),TL{XO),P(X0),PROP,IFLAG)

IF(ALFAN(KO).GT.1.D-08) GO TO 100
ALFAN(KO) = ZERO
TV(KG) = TL(KQ)

100 CONTINUE

TVO{KQ) = TV(KOD)

TLO(KO) = TL(KD)

PO(KO) = P{XQ) .

RHOV (KO) = PROP{1,1)
RHOL (KO) = PROP(1,2)
HY(KQ) = PROP(1,3)
HL{KO) = PROP(1,4)
ALFAD({KO) = ALFAN{KO)

IF(DABS{UVRN{KO)).LY.$.D~10) UVRN(KD) = ZERD

s

Y82



1050 IF(DABS(ULRN(KO)).LT.1.D~10) ULRN(KO) = ZERO

1051 UVZO (KOQ) = UVIN(KO)

1052 ~ UVRO(KO) = UVRN(KOD) *
1053 ULZO (KO) = ULZIN(KO)

1054 ULRO (KO) = ULRN(KO)

1055 101 CONTINUE

1056 DO 1101 J = 1,NJ

1057 DO 1101 L = 2,NIMt

1058 KO = {(Jd=1)*NI + 1

1059 KP = {J=1)¥NIM1 ~ ¢ + I

1060 1101 DPN(KP) = P{KO) =~.PO(KQ)

1661 DO 2101 I = 2,NI

1062 11 =1 -1 :

1063 . 00 210t J = 1,NJdMt

1054 Jd = J 4+ 1

1065 KO = (J = 1)*NI + I

1066 KI = KO - 1

1067 - ©KJd o= KO o+ NI

1068 €

1069 DZM = DZ(I} + DZ(Il}

1070 DRM = DRO(J) + DRO(JJ)

1071 C .

1072 ALFAZ(KO) = (ALFAC{KO)*DZ(I) + ALFAD(KI)*DZ{IIl))/DZM
1073 RHOVZ(KD) = (RHOV{KO)*DZ({I) + RHOV{K1)+D2(I1))/DzM
1074 RHOLZ(KO) = (RHOL{KQ)*DZ(l) + RHOL(KI)*DZ{Il})/DZM
1075 €

10786 ALFAR(KG) = {ALFAD(KO)*DRO(uJ) + ALFAC{KJ)%DRO(JJ))/DRM
1077 RHOVR(KO) = (RHOV(KO}*DRO{J) + RHOV{KJ}%DRO(JJ))/DRM
1078 RHOLR{KQ) = (RHOL{XQ)*DRO(J) + RHOL(KO}*DRO{JuJ))/DRM
1079 2101 CONTINUE

1080 € N

1081 DO 3101 J = 1,NJ

1082 KO = (J = 1)*NI + 1

1083 ALFAZ({KG) = ALFAO({KO)

1084 RHOVZ(KQ) = RHOV(KO)

1685 RHOLZ(KO) = RHOL(KO)

1086 3101 CONTINUE

1087 €

1088 DO 4101 I = 2,NI

1089 KO = NNJ + !

1090 11 = 1 -

1091 KI = KO -1

1092 : DZM = DZ{I) + DZ{lY)

1093 C

1094 ALFAZ{KO) = (ALFAD(KC)*DZ(I) + ALFAQ(K1)sDZ(I11))/DZM



1095
1096
1097
1098
1099

1100

1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111

1112
1112
1114
1115
1118
1117
1118
1119
1120
1121

1122
1123
1124
1125
1126
1127
1128
1129
1130
1131

1132
1133
1134
1135
1136
1127
1138
1139

4101

—~

(RHOV(KO)*DZ{I) « RHOV(K!)»DZ(11))/DZM

RHOVZ{KO) =

RHOLZ(KO) = (RHOL(KQ)*DZ(I) + RHOL(KI)}+DZ(II1))/DzM

CONT INUE

DO 102 J = 2,NJUM1

DO 102 I = 2,NIM1

KO = (J=1)*NI+I

UVRZ (KO) = {UVRO(KO)+UVRO(KQ~1)+UVRO(KO-NI)+UVRO(KO~1-NI)}/4.

ULRZ (KO) = (ULRO(KO)+ULRO(KO=1}+ULRO{KO~NI)+ULRO(KO-1~NI)}/4.

UVZR(KO) = (UVZO(KO)+UVZO(KO+1)+UVZO(KO+NII+UVZO{KO+T1+NI)) /4.

ULZR(KO) = (ULZO(KO)+ULZO(KO+1)+ULZO(KO+NI)+ULZO(KO+1+NI)) /4.
KD = 0

IF(UVZO(KQ) .GE.ZERD) KD = =3
KN KO+KD
I +KD

i

i0

HVZ(KO) = HV(KN)
AVZD (KO) = ALFAG(KN)

WZ1{KO) = ALFAD(KN)*RHOV(KN)

WZ7(KO) = (UVZO[KN+1)-UVZO(KN))}/DZ{I0)+*UV20(KQ)
KD = 0

IF{ULZO(KO).GE.ZERQ) KD = =1

I0 = L+KD

KN = KDO+KD

HLZ(KO) = HL(KN)
ALZD (KO} = ONE - ALFAQ(KN)

WZ2(KO) = (ONE~ALFAC(KN))*RHOL(KN)

WZB({KO) = (ULZO(KN+1)=ULZO(KN))/DZ(i0)*ULZO(KO)
XD = NI

IF(UVRO(KO).GE.ZERG) KD = 0

U8 = J + KD/NI

KN = KO + KD

HVR(KQ) = HV(KXN)

AVRD (KO) = ALFAC(KN)

WRY{KO) = ALFAD{KN}=RHOV({KN)

WR7(KO) = (UVRO(KN)=UVRO(KN=NI)Y)/DRO({JO}*UVRO(KD)
IF(J.EQ.NJMI) WR7(KC) = —UVRO(KN-NI)*UVRC(XO)/DRO(uD)

KD = NI
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1185
1186
1187
1188
1189
1150
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1208
207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229

G OG0 OO0

DO 103 KO = NI, NN,NI

KD .= O

IF(UVZO(KQ).GE.ZERD) KD = ~1
KN = KQ+KD

I0 = NI+XD

HVZ(KQ) = HV(KN)
AVZD (KQ) = ALFAO(XN)

WZ1(X0) = ALFAD(KN)*RHOV (KN}

WZ7(KQ) = {(UVZO{KN+1}~UVZO(KN})/DZ{10)%«UVZO(KD)+GZ)*
ALFAZ (KO)»RHOVZ{KQ)

KD = ¢

IF{(ULZO{KO).GE.ZERQ) KD = ~1

KN = KO+KD

I0 = NI+KD

HLZ(KQ) = HL{KN)

ALZD (KO) = ONE = ALFAD(KN)

WZ2{KO) = (ONE-ALFAO{KN})*RHOL(KN)

WZB(KO) = ({ULZO(KN+1)-ULZO(KN))/DZ(10)%ULZO(KO)+GZ)*
(ONE-ALFAZ(KO))*RHOLZ(KO)

103 CONT INUE

THE CENTERLINE CELLS

DO 110 KO = 2,NIMY

UVRZ (KO) = (UVRO(KO)+UVRO(KO-1))/4.

ULRZ (KB) = (ULRO(KOY+ULRO(KC~1}))/4.

UVZR {KQO) = (UVZO(KO)+UVZO(KO+1)+UVZO(KO+NI)+UVZO(KD+i+NI))/4.
ULZR{KB) = {ULZO(KO)+ULZO{KO+Y )+ULZO(KO+NIJ+ULZO{KO+1+NI)) /4.
KD = 0 .

1F(UVZO(KO).GE.ZERD) KD = =1

KN = KO+KD

I0 = KO +KD

HVZ(KO) = HV{KN)
AVZD (KO) = ALFAQ(KN)

. WZ1{KO) = ALFAQ(KN)*RHOV({XN)

88z



1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

1242
1243
1244
1245
1246
1247
1248
1249
1250
1251

1252

1254
1255
1256
1257
1258
1259
12560
1261
1262
1263
1264
1265
1266
1287
1268
1269
1270
1271
1272
1273
1274

(¢ R ¢]

—

WZ7(KO) = {UVZO(KN+1}-UVZO(KN))/DZ(10)»UVZO(KO)

KD = © .
IF{ULZO(KO).GE.ZERG) KD = =9

I0 = KO + KD

KN = KO+KD

HLZ(KO) = HL{KN)
ALZD(KO) = ONE - ALFAC(KN)

WZ2(KO) = (ONE-ALFAQ{KN))*RHOL{KN) ~
WZB(KO) = (ULZO(KN+1)-ULZO(KN))/DZ({I0)*ULZO(KO)
‘KD = 0O

104

105
¥

106

IF(UVZR(KO).GE.ZERO) KD = =1

KN = KO + KD

10 = KO + KO + 1

WR7({XO) = (UVRO(KN+1)~UVRG(KN))*UVZR(KO)/DZ1(I0)

KD = 0

IF{ULZR(KG).GE.ZERD) KD = =1

KN = KO + KD

I0 = KO + KD + 1°

WRB(KOQ) = (ULRO(KN+1)=ULRO{KN))*ULZR(KO)/DZ1(10)

IF{UVRO(KO)}104,105,105
KN = KO+NI
Jo = 2

HYR(KO) = HV({KN)

AVRD(KQ) = ALFAQ{KN)

WR1(KO) = ALFAD{KN)*RHOV(KN)

WRT{KO) = ({UVRO{KN) —~ UVRO(KX0)I/DRO(LO)“UVRC{KO)+
WR7 (KO)+GR}*ALFAR(KO) *RHOVR{ K0O)

GO TO 108
HVR(KO) = HV{KO)
AVRD (KO) = ALFAQ(XO)

WRT(KO) = ALFAS({KC)*RKOV(XQA)

WR7(KO) = (UVRO(KO)/ORC(1)*UVRO({KO)+WRT(KO}+GR)+* -
ALFAR{KO)*RHOVR{KO)

CONT INUE

IF(ULRO{KO)) 107,108,108

68¢



1275
1276
1277
1278
1279
1230
1281

1282
1283
1284
1285

1286 .

1287
1288
1289
1290
1291

1292
1293
1294
1295
1286
1257
1228
1299
1300
1301

1302
1303
1304
1308
1306
1307
1308
1309
1310
1311

1312
1313
1314
1315
1316
1317
1318
1319

107 KN = KO+NI .
Jo = 2 . *
c
HLR(KO) = HL(KN)
ALRD(KO) = ONE = ALFAQ(KN)
WR2(KO) = (ONE-ALFAO(KN))*RHOL{KN}
WRB(KO) = ({ULRO(KN) = ULRO(KO))/DRO(JO)*ULRO(KO)+
+ WRS({KO)+GR) ¥ (ONE~ALFAR{KO) )% RHOLR(KQ)
c
c A .
GO TO 109
108 HUR(KO) = HL{XO)
ALRD(KD) = ONE =~ ALFAQ(KO}
RHOLR{KQ} = RHOL{KO)
WR2(KC) = (ONE-ALFAQ(KOD))*RHOLR(KO) :
WRB(KQ) = (ULRG(KD)/DRG(1)*ULRD{KC)+WRB{KO)}+GR)*WR2(KOD)
¢ A )
c v _
109 CONTINUE
[& )
1F(UVRZ(KO)) 1108,2108,2108
1108 WZ7(X0) = (WZ7(KO) + UVZO{KO+NI)*UVRZ(KO)/DR3(1) +
+ GZ)*ALFAZ(KO)*RHOVZ(KQ)
"GO TO 3108
2108 WZ7(K0O) = (WZ7(KO) + UVZO(KO)*UVRZ(KO)/DR2{1) +
+ : GZ)*ALFAZ(KQ)*RHOVZ(KQ)
c : .
31068 CONT INUE
IF(ULRZ(KO)) 4108,5108,5108
4108 WZB(KO) = (W2B(KO) + ULZO{KO+NI)*ULRZ{KO)/DR3(1) +
+ GZ)* (ONE=ALFAZ (KO )} )*RHOLZ{X0)
GO TD 6108 -
5108 WZB(KO) = (WZB{KO) + ULZ20(KU)+ULRZ(KD)/DR3(1) +
+ GZ)* (ONE~ALFAZ{KO})*RHOLZ{KO)
6108 CONTINUE :
c
¢
110 CONTINUE
c
c THE WALL CELLS
c
D2 111 I = 2,NIMY
KO = NNJ+I
c
. UVRZ (KO) = (UVRO(KO=NI)}+UVRO(KO~1~NI}}/4. -



1320 ULRZ (KO) = (ULRO(KO=NI)+ULRO(KO=1=NI)}/4.
1321 € : ,

1322 KD = 0

1323 IF{UVZO(KO).GE.ZERQ) KD = =1

1324 KN = KO+KD

1325 10 = 1 +KD

1328 €

1327 “HVZ{ KO} = HV(KN)

1328 AVZD (KQ) = ALFAO{KN)

1329 WZ1(KO) = ALFAQ(KNY®RHOV(KN)

1330 WZ7(KO) = (UVZO(KN+1)~UVZO(KN))/DZ(10)+UVZO(KQ)
1331 € ' :
1332 KD = 0 ,

1333 . IF(ULZO(KO).GE.ZERQ)Y KD = =1

1334 10 = I+KD

1335 KN = KO+KD

1336 - HLZ(KO) = HL(KN)

1337 ALZD(X0) = CONE = ALFAQ(KN)

1338 W22(KO) = (ONE-ALFAQ{KN))*RHOL(KN)

1339 WZ8(KOQ) = (ULZO(KN+1)~ULZO(KN))/DZ(10)*ULZO(KQ)
1340 C '

1341 C y

1242 IF(UVRZ(KQ)) 1110,2110,2110

1343 1110 WZ7(KO) = {WZ7{KD) ~ UVZO(KO)*UVRZ(KO)/DR3(3) +
1344 + GZ)*ALFAZ(KO)*RHOVZ(KO)

1345 GO YO 3110

1346 2110 WZ7(KD) = (WZ7(KD) + (UVZOD(KO)-UVZO{KO-NI))*UVRZ{KD)/DR3{2) +
1347 + GZ)*ALFAZ{KO)*RHOVZ(XO)

1348 ¢

1249 3110 CONTINUE

1350 IF(ULRZ(KO)) 4110,5110,5110 :
1351 4110 WZIB(KQ) = (WZB(KD) ~ ULZO(KO}*ULRZ(XC)/DR3(3) +
1352 + GZ)* {CNE=ALFAZ(KO0))*RHOLZ(KD)

1353 GO TO 8110 :

1354 5110 WZB(KO)} = (WZ8(KO) +(ULZO(KC)~ULZO(KO-NI))ULRZ{KO)/DR3(3) +
1355 + GZ)*(ONE=ALFAZ{KO))%«RHOLZ(KO)

1356 6110 CONTINUE

1357 €

1358 111 CONTINUE

1359 RETURN

1360 END



Subroutine ws

1361 SUBROUTINE WS(PO,TVD,TLO,ALFAD,ALFAZ, ALEAR,RHOV,

1362 w . RHGL,RHOVZ,RHCLZ, RHOVR, RHO LR, HV, HL,

1363 # UVZO0,ULZC,UVRA ,ULRC,

1364 % JEV,WEL,WZ3.WZ&.WZS,WZG,WZ7.WZB.WZQ.‘
1265 * W210,WZ11,WR3, WRA,WRS,WRG, WR7 ,WRE,WRS,
1366 ® WRi0,WR11,DH,DV,QSI,SPPD,NN)

1367 IMPLICIT REAL*8 (A-H,0-Z)

1368 COMMON /DIM/ DZ(40)},DZ1(40),DRO(40),DR1(40),DR2(40),DR3(40),
1369 * DRA(40) NI, NJ,NINI NIM2,NJMT,NNI,NNJ,NNJUJ
1370 COMMON /TEMPO/ TIME,DT,DTO,DTLS NDT

1371 COMMON /NUMBER/ ZERO,ONE,BIG,SMALL

1372 DIMENSION PO(NN),TVO(NN),TLO(NN),ALFAQ{NN) ALFAZ(NN),
1373 ¥ ALFAR{NN),RHOV(NN) ,RHOL{NN),RHOVZ(NN),RHOLZ(NN),
1374 ¥ RHOVR{ NN} ,RHOLR{NN) RV (RN} ,HL{NN) ,UVZO(NN),
1375 ¥ ULZO(NN) ,UVRO(NN) , ULRO(NN) ,WEV {NN) ,WEL(NN),
1376 * WZ3{NN} ,WZA(NN),WZ5(NN),WZ6(NN) WZT(NN) ,WZB(NN),
1377 * WZQ(NN)  WZ1O(NN) ,WZ11(NN) ,WRI(NN) ,WRA(NN),
1378 * WRE(NN) WRG{NN) ,WR7(NN), WRB(NN) WRO(NN) ,WR1O0(NN),
1379 ¥ WRTT(INN) ,DH{NN) , DV (NN),OST{NN) ,SPPD{NN)

1380 C

1381 C

1382 ¢

1383 € SUBROUTINE WS COMPLETE THE EVALUATION OF THE

1384 C EXPLICIT TERMS INVOLVED IN THE SOLUTION OF

1385 ¢ THE PROBLEM STATED WITH SUBROUTINE DONOR.

1386 ¢ HERE ARE SET THE TERMS CONTAINING THE TIME

1387 C INCREMENT DT.IT IS WRITTEN SEPARATELY FROM

1398 ¢ SUSROUTINE DONCR. IN ORDER TO ALLDW A CHANGE

1389 ¢ IN THE VALUE OF DT WHEN THE PROBLRM DOES NOT

1390 ¢ CONVERGE WITH THE PREVIOQUS DT.

1391 € {SEE MEXT COMENT IN THIS SUBROUTINE.)

1392 C _

1393 €

1394 ¢

1395 DG 5 JG = 1,Ny

1296 DO 5 10 = 2,NI

1397 KO = {(JO~1)%NI+IO

1398 ¢

1369 WWZ1 = ALFAZ(KO)*RROVZ(KQ)

1500 WWZ2 = [ONE = ALFAZ(KO))*RHOLZ(X0)

1401 WWRT = ALFAR{KO)#*RHOVR (KO}

1402 WWR2 = {ONE - ALFAR(KQ))}*RHOLR(KO)
1403 €

67



1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1420
1430
1431
1432
1433
1434
1435
14286
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448

OOOOOaOO0O0 O

* * K&

CALL COEFF(TVO(KO),TLO(KO),UVvZO(KO),UVRO(KO),ULZO(KQ),ULRO(KO),

WEV( XO)
WEL( KO)

IF(NDT.NE.O) GO TO 1

. ALFAZ (KO) ,ALFAR(KQ),RHOVZ{KO) ,RHOVR(KG),
RHOLZ (KO) ,RHOLR(KO) ,DH(KQ) ,DV{KO),QSI(KO),
SPPD(KO),WWZ1,WWZ2,WWR1,WWR2,
FVZ,FLZ,FVR,FLR,C1Z,C1R)

= ~(RHDV(KD)*HV(KO)+PD(KO))sALFAD(KD)/DT
= =(RHOL (KD)*HL(KO)+PO(KD) )% (ONE-ALFAO(KO))/DT

SINCE THE PROGRAM ALLOWS A CHANGE IN THE VALUE
OF THE TIME INCREMENT DT,EVEN IF THE TIME STEP
IS NOT COMPLITED,WE PUT A CHECK HERE TO XNOW
IF SUCH A CHANGE DID OCCUR (IN THIS CASE NDT
WOULD BE DIFFERENT THAN ZERO) IN CASE THE TEST
BE TRUE,WE SUBTRACT THE TYERMS WHICH HAVE THE
OLD DT AND ADD THEM BACK WITH THE NEW VALUE

CF

WZ4 (%0)
WZG( KO)
WRA( K0)
WRE ( KO)

WZ3( X0)
WZ5 ( KO)
WR3( KO}
WRS ( KO}

W27 ( KO)
WZ8( X0)
WRT ( KO)
WRB( KQ)
GO TO 2

DT.

CiZ
c12
CtR
CIR

w8 uw

Wz4(KO)
WZ6(KO)
WR4 (KO)
WRSE (KD )

w8 ou

WZT(KO)
WZB(KO)
WR7(KO)
WRB({KO )

fon oo

44+ 4+ +

ALFAZ{KO)¥RHOVZ (KDO)/DT + FV2
(QNE-ALFAZ(KQ))*RHOLZ(KQ) /DT + FLZ
ALFAR(KQ)*RHOVR(KDO) /DT + FVR
{ONE~-ALFAR{KO))+RHGLR(KD)/DT + FLR

UVZO(KO) /DT*ALFAZ (KO }*RHOVZ (KO)
ULZO(KD) /O0Y» [ONE~ALFAZ(KO) ) *»RHOLZ (KO}
UVRO(KO) /DT#ALFAR(KO ) *RHOVR (KD}
ULRG({KO) /DT# (ONE~ALFAR(KQ) Y*RROLR{KQ)

DYC = UNE/DTC - ONE/DT

W27 (KA)
WZ8{ KO)
WR7 ( KO)
WRE( KO)
WZ3( KO)

oo

UVZO(KO) *ALFAZ(KO) *RHOVZ(KO)*DTC + WZ7{XKQ)
ULZO(KD)*(ONE-ALFAZ(KO) ) #RHOLZ (KO)*DTC + WZ8(KQ)
UVRO{KO)*ALFAR(KT) *RHOVR(KQ)*DTC + WR7(KQ)
"ULRO(KO)* (ONE=-ALFAR(KGQ) )»RHOLR (KO)#DTC + WRS(KQ)
WZ3(KO} = ALFAZ(KO)+RHOVZ(KO}=DTC



1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1418
1420
1421
1422
1423
1424
1425

1428
1427
1428

1429
1430
1431
1432
1433
1434
1435
1136
1437
1438
1439
1440
1441
1442

443
1444
1445
1446
1447
1448

OnNOOOOOO0O0O0 O

* ¥ &£ &£

IF(NDT.NE.O) GO TO 1

CALL COEFF{TVO(KO),TLO(KO},UVZO(KD) ,UVRO(KO),ULZO(KO) ,ULRO(KO),
ALFAZ(KO),ALFAR(KO),RHOVZ (KD) , RHOVRY{KO),

WEV{ KQ)
WEL( KO)

RHOLZ (KO}

;RHOLR(KO) ,DH(KD),DV{K0),QSI(KO) .

SPPD(KO),WWZ1,WWZ2,WWRY, WWRZ,
FVZ,FLZ,FVR,FLR,C1Z,C1R]}

u#

~{RHQV (KQ)*HV (KO)+PO(KOD) ) xALFAQ(KQ) /DT
~{RHOL{KO)*HL(KO)+PO(KO))*{ONE~ALFAO(KO))/DY

SINCE THE PROGRAM ALLOWS A CHANGE IN THE VALUE
OF THE TIME INCREMENT DT,EVEN IF THE TIME STEP
1S NOT COMPLITED,WE PUT A CHECK HERE TCO KNOW
IF SUCH A CHANGE DID OCCUR (IN THIS CASE NDT
WOULD BE DIFFERENT THAN ZERD) IN CASE THE TEST
BE TRUE,WE SUBTRACT THE TERMS WHICH HAVE THE
OLD DT AND ADD THEM BACK WITH THE NEW VALUE

OF

WZ4( KO)
WZG( KO}
WRA( KQ)
WRB ( KO)

WZ3( KO)
WZ5{ KO}
WR3 (KQ)
WRS( KO)

WZ7(KO)
WZB{ KO)
WR7( KO)
WRB( KG)
GO YO 2

bT.

ciz
ct2
C1R
CiR

" a uu

WZ4(Ka)
WZE(KO})
WR4 (KO}
WRE(KQ)

G # 0 u

i

WZ7(KO)
V2B (KO)
WRT{XD)
WRB(KO)

LI O 4

4+

ALFAZ{KO)*RHOVZ(KO) /DT + FVvZ
{ONE~ALFAZ{KC))*RHOLZ(KD) /DT + FLZ
ALFAR(KO)*RHOVR(KO)/DT + FVR
{ONE-ALFAR(KD))#RHOLR(KO) /DT + FLR

UVZO(KO) /DT%ALFAZ (KO ) *RHOVZ (KD)
ULZO(KO) /DT* (ONE-ALFAZ(KO))*RHOLZ(KO)
UVRO(KO) /DT*ALFAR({KO ) *RHOVR (KO)
ULRO(KO) /DT* (ONE-ALFAR(KO) ) *RHOLR(KO)

DYC = ONE/DTQ =~ ONE/DT

WZ7(KO)
WZ8{ KO)
WRT( KQ)
WRS( KQ)
WZ3( KQ)

6 uu

UVZO({KO)*ALFAZ(KO) +RHOVZIKO)*0OTE + WZ7(KQ)
ULZO(KO)*{ONE~ALFAZ (KO} )+RHOLZ (KO)*DTC + wzs(KO)
UVRO(KO) *ALFAR{KQ) +RHOVR(KO)*DTC + WRT(KQ)
ULRO(KD) #« {ONE-ALFAR(KD) }*RROLR{KOJ¥DTC + WRB(KO)
W2Z3(KO) ~ ALFAZ({KQ)*RHGVZ{KO}*ODTC



1449 S W25(K0O) = WZS(KD) = (ONE-ALFAZ(KO))+RHOLZ(KOQ)*DTC
1450 WR3(KO) = WR3(KO) =~ ALFAR(KO)+*RHOVR(KO)}*DTC .
1451 WRS{KO) = WRS{KO) - (ONE~-ALFAR(KO))+*RHOLR(KO)~DTC
1452 C

1453 2 IF(WZ3(XC).GT.SMALL) GO TO 3

1484 €

1455 ¢

1456 C THIS TESY IS DONE TO CHECK THE PRESENCE OF
1457 C VAPQR IN THE CELL AT THE PRESENT TIME STEP.
1458 C IN CASE THERE IS NO VAPOR NOR EVAPORATION
1459 ¢ (WZ3 = ZERO),THE VAPOR MOMENTUM EQUATION
1460 C BECOMES TRIVIAL AND THE LIQUID EQUATION

1461 C STANDS ALONE.

1462 C '

1463 WZ11 {KO) = ZERO

1464 WZ9{KQ) = ZERD .

1465 WZ10 (KO) = ~({ONE-ALFAZ(KQ))/DZ1(10)/WZ5{K0D)

14886 G0 10 5 : :

1457 C .

1468 3 IF(WZS5(KO).GT.SMALL) GO TC 4

1469 C

1470 C

1471 C THIS TEST IS DCONE TO CHECK THE PRESENCE OF
1372 C LIQUID IN THE CELL AT THE PRESENT TIME STEP.
1473 C IN CASE THERE IS NOU LIQUID NOR CONDENSATION
1474 C "(WZ5 = ZERD),THE LIQUID MOMENTUM EQUATION
1475 C SECOMES TRIVIAL AND YHE VAPOR EQUATION

1476 C STANDS "ALONE,

1477 C

1478 € :

1479 WZ11 (KO) = ZERO

1480 WZ10 (KO) = ZERO

1481 WZS{KO) = =ALFAZ(HD)/DZ21(10)/wW23{KO)

1482 G3 TO 5 ‘

1483 ¢

14284 4 WZ11(KO) = WIB(KO)Y*WZS(KO}-WZA(KD)*WZGE(KO)

1485 WZ10(KO) = ~(ALFAZ(KO)*WZB(KO)+(ONE~ALFAZ{KO))I*WZ3{KO})/
1438 / DZ1{I0)/WZI1{KDQ)

1487 WZO({KO) = =(ALFAZ{KO)*WZS5{KO)+(ONE=-ALFAZ(KO))}=*W24(K0))/
1488 / DZY{10)/WZ1I(KOYy

1489 C '

1450 5 CONT INUE

1491 C

1492 C

1453 € THE SAME TEST WHICH WAS DONE FOR THE

562



1494
1495
1496
1497
1468
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
13512
1513
1514
1515
1516
1517
1518
1519
1520
1521

1522 -

i523
1524
1525
1526
1527

s XeEeNoNoRoRoNONe N #]

(¢]

j2ls}
DO
KO

f# W o

Z-DIRECTION (SEE COMENTS ABOVE) IS
DONE HERE FOR THE R~DIRECTION.NODTE
THAT SINCE THE MOMENTUM EQUATIONS ARE
EVALUATED AT DIFFERENT LOCATIONS FOR
EACH DIRECTION,IT IS PCSSIBLE THAY
ONE PHASE IS ABSENT IN ONE DIRECTION
EQUATIONS AND PRESENT IN THE OTHER
DIRECTION EQUATIONS.

J0 = 1,NUMt
10 = 2,NIMT
(JC=1)*NI + 10

IF{WR3(KO).GT.SMALL) GQ TO 6
WR1¢ (KO)Y = ZERD
WRI(KG) = ZERO

WR10 (KQ) ~(ONE-ALFAR(KD))/DR3(J0O) /WRS(KO)

GO TO 8 .
6 IF(WRS{KO).GT.SMALL) GO 1O 7

WR11 (KO) = ZERD

WR10 {(KQ) = ZERO

WRI({KO) = =ALFAR(KO)/DR3I(JOY/WRI(KD)

GO TO 8
7 WRI1{KO) = WRI(KO)*WRG(KO) = WR4A(KD)+WRS(KD)

WRI10{KD) = ={ALFAR{KO)*WRG{KO}+{ONE=ALFAR(KD))}*WR3{K0))/
/ DR3(UD)/WR11(KO)

WRI({KO) = =(ALFAR(KO)*WRS(KO)+{ONE-ALFAR(KO))*WR4(KO))/
/ DR3(JOY/WRTT{KC)
8 CONT INUE

RETURN .

END



1528
1529
1530
1521
1532
1533
1534
1535
1538
1537
1538
1539
1540
1541
1532
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
558
1557
1558
1559
1560
1561
1562
1563
1584
1565
1568
1567
1568
1569
1570

oo 0O 0

aoa o

Subroutine onestp

SUBROUTINE ONESTP(PN,PO,TVN, TLN,ALFAN,ALFAD, ALFAZ ALFAR,
RHOV, RHOL . KV, KL, HVZ \HL 2. HVR, HLR,
UVZN,ULZN, UVRN, ULRN,
FUVZN, FULZN, FUVRN, FULRN,W,DV, TS,
TW,DTW,HCONV,HCONL ,HNB . DPN, A1 ,A2,A3,
. A4,YP,B,BETA,GAMMA,AVZD,ALZD,AVRD,
ALRD,TCAN, DT NN ,NB,NP, NW,NCAN)

L IR 2 2K 2F 1

IMPLICIT REAL¥8 (A-H,0-Z)

COMMON /NUMBER/ ZERQ,ONE,BIG,SMALL

COMMON /ERROR/ IERR

COMMON /DIM/ DZ(40),DZ1{40),DRO(40),DR1(40),0R2(40),DR3(40),
* DR4(40) ,N1,NJ,NIM1,NIM2,NUM1 ,NNT,NNJ,NNJJ

DIMENSION EPSLON(S),RES(9)

DIMENSION PN(NN),PO{NN),TVN{NN),TLN(NN),ALFAN{NN},ALFAQ{NN),
ALFAZ(NN),ALFAR(NN) ,RHOV(NI{) ,RHOLINN) ,HV{NN} ,HL(NN},
HVZ(NN),HLZ(NN) ,HVR{NN) ,HLR(NN),

UVZN{ A N) ULZN{NN), UVRN{NNY ,ULRN{NN),
FUVZN{NN), FULZN(NN) ,FUVRN(NN), FULRN(NN),
W(Nw),DV(NN).TS(NN).TW(NN).DTW(NN),

HCONV(NN) ,HCONL(NN) ,HNB(NN),DPN{NN),

AT(NN) ,AZ(NN) ,AS(NN),AS(NN),YP(NN),B(NB),
BETA(NN) ,GAMMA(NN) ,AVZD(NN) ,ALZD(NN} ,AVRD(NN),
ALRO(NN),TCAN(NCAN)

® % ®& & % K ¥ X ¥

DIMENSION A(65),F(9),PROP(3,4),5(5,2),0(4.2).K(30),M(30)
IFLAG = 1 '

THE MOMENTUM EQUATIONS {Z-DIRECTION)} AT THE BOYTON

MM = NNJ + 2
DO 4 KO = 2 ,MM,NI
DO 1 L = 1,27

K(LY = {L=1)%NN + KO

IF(W(K(5)).GT.SMALL) GO TO 2

ONLY LIQUID PRESENT IN THE CELL

L6¢



1571 C

1572 VO1 = (ONE-ALFAZ(K0))/D21(2)

1573 VO5 = W(K(7)) .

1574 ¢

1575 FUVZN(KQ) = ZERG

1576 FULZN(KQ) = ~(W{K(7))*ULZN(XO) + (PN{KO)=PN(KO=1))*vOl +
1577 + W{K(10)))/Vvo0S

1578 W(X(11)) = ZERD

1579 W(K{12)) = -V01/V05

1580 GO 70 4 .
1581 €

1532 2 IF(W(K(7)).GY.SMALL) GO 7O 3

1583 € :

1584 ¢

1585 C ONLY VAPDOR PRESENT IN THE CELL

1586 ¢

1587 V02 = ALFAZ(KO)/DZ1{2)

1588 VO3 = W(K(5))

1589 € A

1590 FUVZN{KQO) = ={W(K{B))*UVIN(KQ) + (PN(KO)~PN{KO-1))*V02 +
1551 + TW(K{9)))/Vo3

1502 FULZN(KO) = ZERD -

1593 W(K{11)) = =-v02/V03

1534 W{K(12)) = ZERD

1535 . GO YO 4

1596 € '

1597 € BOTH PHASES PRESENT IN THE CELL

1588 ¢ : .

1559 3 CONTINUE

1660 VO1 = (CNE-ALFAZ(XQ))/DZ1(2)

1601 V02 = ALFAZ(KO)/DZ1(2)

1602 VO3 = W(K(5)})

1603 V04 = WIK(6)}

1604 . V0S5 = W(K(7))

1605 VOS5 = W(K(8))

1ETH V07 = V04xV06 - VD3I¥VDDS

w07 C

1658 FUB) = W(K(3))%UVIN(KO) = 4{K{6))sULZN(KO) + (PN(KQ)=PN(KOQ~1))=
1609 ® V02 + W(K{9))

1610 F(B) = W{K{T))*ULZN(KQ) ~ W{K(B})*UVZN(KQ) + (PN(KGQ)-PN{KO=1))%
1611 * VOt + W{K{10})

1612 C

1613 W{K{$1)Y=(VOS*V02+V03%VO1}/VOT

1614 W(K(12))=(VOB*V02+VO3xVO01)/V0T7

1615 FUVZN(KQ)=(F(5)+VCS+F(8}*V04)/V07

86Z



—

1616
1617
1618
1619
1520
1621
1622
1623
1624
1625

1626

1627
162

1629
1630
1631
1632

1633

1634
1635
1636
1637
1638
1639
1640
1641

- 1642

1613
1644
1845
1646
1647
1648

1649

1650
1651
1652
1653
1634
1655
1655
1687
1658
1659
1660

[eNeXe]

(]

*

L]

FULZN(KO)=(F(5)%VOGE+F{6)*V03)/V07
CONT INUE

THE CENTRAL CELLS

A{4) = ZERD
A(12)= ZERO
A{20)= ZERD
A(28)= ZERD
DO 122 KO = 2,NIMY

D0 5 L=t1,27 .

K(L) = {L-1}+NN+KO

KM=KO+1

KP = KQ - 1

CALL STATE {TVUN(KO),TLN{KO),PN{KO),PROP, IFLAG)

CALL NONEQUALFAQ(KO),ALFAN(KO),YVN(KO), TLN(KQ),PN(KO),
RHOV{KQ) ,RHCL(KQ) ,TS(KD},S,IFLAG)

CALL CONDT (TUN(KQ),TLN(KC),PN{KO),ALFAQ{KO),TS(KD),TW(KP),
DTW({KP) ,HCONV(KP ) ,HCONL(KP},HNB(KP),DV(KO),Q,KD3)

CALL IPHTC (HIF,ALFAN(KO})

VO1=ALFAQ({KD) /DT

V02= {ONE-ALFAO(KO)) /DT
VO3=ALFAN(KO) /DT

V04= (ONE-ALFAN(KOD)) /DT
VO5=5(1,1)

VO6=5(2,1)

V07=5(3,1)

v08=5(4,1)

V09=5(5,1)
V10=W(K{3}+1)/DZ(KO)
V11=W(K{3))}/DZ{KO)
V12=W(K(14))*DR1(1)

V14=V(K(4)+1)/DZ (KO}
VI15=W(K{4))/DZ(KO)}
Vig=W{K{i5))*DR1(1)

V182HVZ{KM)*V10 + PO(KO)*AVZD(KM)/DZ(KQ}
V19=HVZ(KO)}*V11 + PO(KO)/DZ{KQ)*AVZD(KO)
V20=HVR{K0)*Vi2 + PC{KO)*DR1 (1)*AVRD(KO)

V22=HLZ{KM)»V14 + PO(KO)*ALZD(KM)/DZ (KO}
V23=HLZ{KG)*V1S + PO(KO)*ALZD(KO)/DZ (KO}
V24=HLR{KO)*V16 + PO(KO)*ALRD(KO)*DR1(1)



1661
1662
1663
1664
1665
1866

1667 -

1668
1669
1670
1671

OO0

1672 .

1673
1674
1675
1676
1677
1678

1679

1680
1681
1€82
1633
16843
1685
1686
1687
1688
1638
1650
1661
16392
1693
1634
1695
1636
1697
1698
1699
1700
1701
1702
1703
1704
1705

*

*
+

+

*
&+

*

]

o

*

V26= (T
V27=V0

T vV28=vo

V29
v30
V3t
V32

H U n

F(1) =

F(2) =

F(3) =
£(4) =

F(5) =
F(6) =
F(7) =
F(8)

L

A1)
A(9)
A(17)
A{25)

('}

A(2) =
A{10}=

A(18)=
A(26)

A(3)
A{11)
A{19)=

VN(KO)=TLN(KOQ))+HIF .
3%PROP(1,1) :
4+PROP(1,2)

VO1*RHOV(KO)

VO2«RHOL(KO)

HV (KO )*V29

HL(KO)*V30

THE RESIDUALS OF CONSERVATION EQUATIONS

V27 ~V29 +UVZN(KM)*V10 =UVZN{KO}*V11 + UVRN{KO)*

Vi2 -Vos

PROP(1,3)%V27 ~ V31 +UVZN(KM}+Vig -

UVZN(KO}«V19 + UVARN(KO)*V20 - S{1,2) - Q(1,1) +
PO{KO)*(V03 - VvO1)

V28 - V30 + ULZN(KM)*V14 '= ULZN(KC)¥VI5 +

ULRN(KO)*V16 +V05 . .

PROP(1,4)%V28 ~ V32 + ULIN(KM)#V22 -

ULZN(KO)*V23 + ULRN(KO)*Vv24 + S(1,2) ~ Q(1,2) +

PO(KO)* (V04 - V02)

W(K(5)+3)*UVZN(KM) =W {K(B)+1)*ULZN{KM) + (PN(KM)=PN{KO))»
ALFAZ{KN) /0Z1(KM) + W(K{9)+1)

W{K(T7)+1)¥ULZN(KM) =W({K(8)+1)*UVZN(KM) + (PN(KM)~PN(KQ))*
(ONE~ALFAZ{KM))/DZ1(KM) + W(K{10)+1)

W{K{16))*UVRN(KO) = W(K{17)}%ULRN(KC) + {PN(KO+NT)=PN(KD))®
ALFAR(KO)/DR3(1) + W{K(20))

W{K(1B))*ULRN{KD) = W(K{19))sUVRN(KB) + (PN(KO+NI)~PN{KO))™
(ONE-ALFAR{KO))/DR3(1) + W(K(21))"

PROP(1,1) /DY -~ VOS o
{PROP(1,3)%PROP(1,1) + PO(KD))/OT ~ S$(5.2)
= ~PROP(1,2)/07 + V08
= =(PROP(1,4)*PROP{1,2) + PO(KQO))/DT + S(5,2)

PROP(2,1)%V03=V06 .
(PROP(1,1)*PROP(2,3)+PROP(1,3)«PROP(2,1))%V03 =
Q{2,1) = s(2,2)

VoG

= §{2,2) - Q(2,2)

=z =V07
= -~ 5(3,2)
PROP{2,2)=V04+VOT7

00¢



1706 A{27 )=(PROP(1,2)*PROP(2,4)+PROP(1,4)%PROP(2,2))%VQ4 ~

1707 - Q(3,2) + s(3,2)
1708 €
1709 €
1710 A{4) = ZERD
1711 A(12) = ZERC
1712 A(20) = ZERO
713 A(28) = ZERO
1714 €
1715 A(S) = W(K(11))=Vvit-
1716 A(13) = W(K(11))*Vv19
1717 A{21) = W(K{12})*Vi5
1718 A(29) = W(K(12))*Vv23
1719 €
1720 A7) = W{K{1i1)+1)*Vio
1721 A(15) = W{K{11)+1)*ViB
1722 CA(23) = W(K(12)+1)%V14
1723 A(31) = W(K(12)+1)*Vv22
1724 A(B) = W(K(22))*Vi2
1725 A(168) = W(K(22))*v20
1726 A{24) = W(K{23))*Vi6
1727 A{32) = W(K(23))*v24
1728 ¢
1729 A(B)Y=PROP(3,1)%V03~-VG8=~A(S)-A(T)~A(B)
1730 A{14)=(PROP(1,1)*PROP(3,3)+PROP(1,3)%PROP(3,1))*V03~
-1731 - $(4,2) ~ A{13) = A{15) = A(18B)
1732 A(22)=PROP(3,2)*V04+V08-A(21)~A(23)-A(24)
1733 A(30)=(PROP(1,2)%PROP(3,4)+PROP(1,4)*PROP(3,2))*v04 - Q{4,2)
1734 * + S$(4,2) -~ A{29) -~ A(31) - A(32)
1735 €
1736 IF(W{K(S)+1}.GT.SMALL) GO TO &
1737 FUVZN{XM) = ZERO
1738 FULZN(KM) = ~F(B6)/W{K(T)+1)
1739 GO0 TO 8
1740 6 IF(W{K(7)+1).GT.SMALL) GO TO 7
1741 FUVZN(AM) = =F{SI/MN(K{B)+1)
1742 FULZN(KM} = ZERC
1743 G0 10 8
1744 7 CONTINUE
1745 FUVZN(KM) = =(W{K(7i+135F(5)+W(K(B)+1)»F(8))/W{K(13)+1}
1746 FULZN(KM) = ={W({K{B)+1)»F(S)+W{K(B)+1)*F(6))/W(K(13)+1)
1747 8 CONT INUE
1748 . IF(W{K(16)).GT.SMALL) GQ TG ¢
1749 CFUVRN(KD) = ZERC

1750 . FULRN(KO) = =F(8)/UW(XK(12))



1751

1752
1753
1754
1755
1756
1757
1758
1759
1760
1761

1762
1763
1764
1765
1766
1787
1768
1769
1779
1771

1772
1773
1774
1775
1776
1777
1778
1779
1730
1731

1782
1783
1784
1785
1786
1787
1788
1789
1750
1791

17¢2
1793
1794

OO0

OO0 O

1785

10

11

i3

14

15

GO 70 11

CONT INUE .
IF(W(K(18)).6T.SMALL) GO TO 10

FUVRN(KO) = =F(7)/W(K(16))

FULRN(KO) = ZERO

GO TO 11

CONT INUE

FUVRN(KO)=={W(K(18))xF(7)+W(K(17))*F(8))/W(K(24))
FULRN(KO)==(W(K{19))»F(7)}+W{K(18))*F(B))/W(K(24))
CONT INUE "

F{1)==F(1)=FUVZN(KM)*V10+FUVZN(KD)*V11=FUVRN(KO)%V12
F(2)==F(2)-FUVZN(KM)*VIB+FUVZN(KD)+V19=FUVRN(KO)*V20
F{3)==F{3)}=FULZN(KM)*V 144 FULZN(KO)+VI5S=-FULRN(KO)*V1G
F(4)==F(4)~FULZN (KM)*V22+FULZN(KD)+V23-FULRN{KO)+V24

DO 111 L = 1,27

K{L) = L*NN + KO
IX2 = 1 :
DO 12 IX1 = 8,24,8

CAUX = A(IXT+1)}/A(1)

IX2 = IX2 + 1
F(IX2) = F(IX2) = F(1)*AUX
D3 12 IX3 = 2,8

IX4 = IX1 + IX3

A(IX4) = A{IX&) - A(IX3)*AUX

DO 13 L = 1,7
B(K(L)) = =A(L+1)/A(1)
B(KO) = F(1)/A(1)

IF(DABS(A{10)).GT.SMALL) GO TO 186
ONLY LIQUID IN THE CELL

B(K{8}) = ZERO

B(X(9)) = ONE

DO 14 L = 16,14

B(K{L)) = ZERO

B(K/15)) = F(4)/A(27)

DO 15 L = 16,20

B(X{ L)) = =A(L+12)/A(27)

AUX = A{18)/A{27)

<0%"



1796 AUP = A(22) - A(30)*AUX

1797 A1(KP) = (A{20) = A(28)*AUX) /AUP
1798 - A2(KP) = {A{21) = A(289)*AUX)/AUP
1799 A3(KP) = (A(23) = A(31)*AUX)/AUP
1800 AG(KP)Y = {A(24) = A(32)%AUX)/AUP
1301 YP(KP) = (F(3) = F{4)%AUX)/AUP
1802 GO 70 22

1503 ¢

1804 16 CONTINUE

1805 IF(DABS(A(27)).GT.SMALL) GO YO {8
1806 C

1807 C ONLY VAPOR IN THE CELL
1808 C ,

i809 B{K(8)) = F(2)/A(10)

18190 B(K(15)) = B(K(8))

1811 - B(K(S)) = ZERD

1812 PO 17 L = 10,14

1813 B(K(L)) = =A(L+2)/A(10)

1814 LL= L+ 6

1815 17 B(K{LL))} = B(XK(L))

1816 C

1817 AUX = A(1B)/A(10)

1818 AUP = A(22) - A(14)=AUX

1819 AT(KP) = (A{20) = A(12)*AUX)/AauP
1820 A2(KP) = (A(21) = A(13)*AUX)/aUP
1821 AS(KP) = (A(23) = A(1B)*AUX}/AUP
1822 AA(KP) = (A(24) = A(16)%AUX) /AUP
1823 YP(KP) = (F(3) = F(2)*AUX)/AUP
1824 GO TO 22

1825 C

1826 C BOTH PHASES PRESENT

1827 C

1828 18 CONTINUE

1829 B{K{(8)) = F{2)/A(10)

1830 DO 18 L = 92,14 ,

1831 19 B{K(L)) = -A(L+2)/A(10)

1€32 C

1833 IX2 = 2

1834 . DO 20 IX1 = 18,26,8

1835 AUX = A(IX1)/A(10)

1836 IX2 = IX2 + 1

1837 FIX2) = F(IXZ2) = F{2)*AUX

1838 DI 20 IX3 = 1,8

1839 IX3 = IX1 + IX3

1840 CIXS = IX3 4+ 10



1841 20 A(IX4) = A(IX4) = A{IX5)#AUX

1842 C
1843 C
1844 B(K(15)) = F(3)/A(19)
1845 DO 21 L = 16,20
1546 21 B{K(L)) = =A(L+4)/A(19)
1847 ¢ o
1848 AUX = A(27)/A(19)
1849 AUP = A[30) = A(22)%AUX
1850 AT(KP) = (A(28) = A(20)*AUX)/aAUP
1651 A2(KP) = (A(29) =~ A{21)*AUX)/AUP
1852 A3(KP) = (A{31) = A(23)*AUX)/AuP
1853 AG(KP) = (A(32) = A(24)*AUX)/AUP
1854 . YP(KP) = (F(4) =~ F(3)xAUX)/AUP
1855 C
1856 22 CONTINUE
1857 °C
1858 poT = D"BS(A1(KP)) - DABS(AQ(KP)) + DABS{A3(KP)) +DABS(A4(KP))
1859 1IF(DDT.GT. ONE) GO TO 58
1860 C
1861 122 CONTINUE
. 1862 C ,
1863 C CUT OF THE BOUNDARIES
1864 C
1865 DO 46 J=NI,NNJ,NI
18686 JO=J /NI+1 _
1867 DO 46 I=2,NIM?
1858 KO=1-d
1969 KM = %0 + 1
1870 KP = KO =1 = g/N1#2
1871 DO 23 L=1,27
1872 23 K(L) = (L=1)sNN+KO
1873 10=1+1
1874 C
1875 CALL STATE{TYVN{KD),TLN(KG),PN{KO},PROP,IFLAG)
1876 CALL NONEQUALFAQ(HD),ALFAN(KD),TVN(KO),TLN(KO),PN(KO),
1877 ¥ RHOV{KO) ,RHOL{KO) ,TS{K0D),S,IFLAG)
1878 CALL CONDT({TVN(KQ),TLN(KO),PN{KQ),ALFAD(KO),TS{KD),TW{KP),
1879 * DTW{KP),HCONV{KP) ,HCONL{KP) ,KNB(KP),DV(KD).Q,KQ)
1880 CALL IPHTC{HIF,ALFAN{KOD))
1881 C
1852 . V01 = ALFAO{X0)/DT
1883 V02 = (ONE-ALFAQ{K8))}/DTY
1884 VO3 = ALFAN(KD)/DT
= (ONE=ALFAN(KG}))/DT

188% Vo4
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1931
1932
1933
1934
1935
1936
1937
1938
1939
1840
1941

c

1642 .

1943
1944
1945
1946
1947
1548
1849
1950
1951
1552
1653
1854
1955
1956
1957
1958
1958
1260
1961
1962
1963
1284
1965
1566
1967
1968
1969
1870

1971

1972
1973
1974

1975 |

c
C
c

24

25

IF(J.LT.NNJ) GO TO 24 ‘ .
CALL HEXCAN(TCAN(I),TCAN{NI+1),TUN{KO),TLN(KO) HCONV(KP), -
HCONL{KP),QVC,QLC,DQCOTV,DQCDTL)

F(2) = F{2) + QUC
F(4) = F(4) + QLC
F(7) = ZERO

F(8) = ZERO

GO TO 25

CONT INUE -

F(7) = W(K(16))*UVRN(KO) =W(K(17))*ULRN{KXO) + (PN(KO+NI)=PN{KO))*
ALFAR(KO) /DR3(UD) + W(K(20))

F{B) = W(K({18))*ULRN{KO} = W(K({19))*UVRN(KO) + (PN(KO+NI)~PN(XQ))¥®
(ONE~ALFAR(KD) ) /DR3(JO) + W(K{21))

CONT INUE

A{1)=PROP(1,1)/DT = V09
A(2)=PROP(2,1)*V03-V0&
A(3)==V07

A(4) =W(K(22)-NI)*Vi3

A(9)=(PROP(1,3)*PROP(1,1) + PO(KD)}/DT = S(5,2)

A(10)=(PROP(1,1)*PROP(2,3)+PROP(1,3)%PROP(2,1))sV03 -
Q(2.1) - s(2,2)

A{i1)= - S(3,2)

A(12)=W(K(22)-NT j*V21

A(17)=~PROP(1,2)/DT + VOS
A(18})=V06
A{19)}=PROP(2,2):V044V07
A(20)=W(K(23)=NI)*V17

A(25) = —=(PROP(1,4)*PROP(1,2) + PO(KO)}/DT + S(5,2)
A(26)= S(2,2)
A(27)={PROP(1,2)*PROP(2,4)+PROP(1,4)%PROP(2,2))*V04 -

Q(3,2) + $(3,2)
A(28)=W(K{23)=NI)*V25

A(B) = WIK{11))*vit
A(13) = w(X(11))rVig
A(21) = W{K(12))*V15
A(29) = W(K(12))%V23
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2021 IF(JO.EQ.NJ) GG TO 31

2022 IF(W{K{16)).GT.SMALL) GO TO 29

2023 FUVRN(KO) = ZERO

2024 FULRN(KG) = =F(8)/W{K(18))

2025 GO 70 31

2026 29 CONTINUE"

2¢27 IF(W(K(18)).GT.SMALL) GO TO 30

2028 FUVRN(KO) = =F(7)/W(K{18))

2029 FULRN{KQ) = ZERO

2030 GO TO 31

2031 30 CONTINUE

2032 FUVRN(KO) == (W(K{18))%F{7)+W{K(17))*F(8))/W(K(24))
2033 FULRN(KO) == {W(K{19))*F{7)+W({K(16))*F(8))/W(K(24))
2034 31 CONTINUE

2035 €

2038 F(1)==F(t)Y~FUVZN(KM)*V10+FUVZN({KO)*V1{=FUVRN{KO)%V12
2037 + + FUVRAN(KO-NI)*V13

2638 F(2)==F(2)=FUVIN(KM)*V18+FUVZN(KO)*V19-FUVRN(KD)*V20
2039 + + FUVRN{KO-NI)*V21

2040 F(3)==F(3)-FULZN(KM)*V14+FULZN(KO)*Vi5~-FULRN(KD)}*»Vi6
2041 + + FULRN{KO-NI)*Vi7

2042 F(4)=—F(4)~ FULZN(KM)*V°2+FULZN(K0)*V23-FULRN(KO)#V24
2043 + + FULRN({KO=NI)}*V2S

2044 C

2045 C

2046 €

2047 DO, 32 L = 1,27

2048 32 K(L) = L¥NN + KO

2049 1X2 = 1

2ce oC 33 IX1 = 8,24,8

2051 AUX = A(IX1+1)/A(1)

2052 IX2 = IX2 + 1

2053 F(IX2) = F{IX2) « F(1)+AUX

2054 DO 33 IX3 = 2,8

2055 IX4 = IX1 + IX3

2056 33 A{IX4) = A(IX4) = A{IX3)*AUX

2087 DO 34 L = 1,7

20358 34 B(K(L)) = =A{L+1}/A{1}

2059 ~ B{KO) = F(1)/A(1)

2060 €

2061 IF(DABS{A(30)).GT.SMALL)} GO YO 37

2062 C

2053 ¢ ONLY LIQUID IN THE CELL

2064 €

2085 B(X(8)) = ZERD



2066
2087
2068
2069
2070
2071
2¢72
2073
2074
2075
2076

2077 .

2078
2079
20E0
2081
2082
2083
2084

2085,

2088
2087
.2088
2089
2090
2091
2092
2083
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2103
2109
2110

OO0

a0

35

36

37

38

B(K(9)) = ONE
PO 35 L = 10,14
B(K({L)) = ZERO

B(K{15)} = F(4)/A(27)
DO 36 L = 16,20

B{K(L)) = =A(L+12)/A(27)

AUX = A(19)/A(27)

AUP = A{22) - A(30)*AUX

AT(KP) = (A(20) = A(28)*AUX)/AUP
A2(KP) = (A{21) ~ A(29)*AUX)/auP
A3(KP) = (A(23) = A(31)%AUX)/AUP
A4A(KP) 3 (A(24) — A(32)*AUX)/AUP
YP(KP) = (F(2) = F(4)%AUX)/AUP
GO TO 43

CONT INUE

IF(DABS{A(27)}).GT.SMALL) GO TO 39

ONLY VAPCR- IN THE CELL

B(K(8)) = F(2)/A({10)
B{K(15)) = B(K(8))"
B(K(9)) = ZERC

D0 38 L = 10,14

B{K(L)) = —-A(L+2)/A(10)
tL = L+ 6

BIK(LL)) = B{K(L))

AUX = A(18)/A(10)

AUP = A{22) =~ A(14)*AUX

CAT(KPY = (A(20) ~ A{12)*AUX)}/AUP
A2(KP) = (A(21) = A{13)*AUX)/AUP
A3(KP) = (A(23) =~ A{1S)*AUX)/auUP
AA(KP) = [A{24) - A{16)%AURX) /AUP
YP(KP) = {F{(3) = F{2)xAUX)/AUP
GO TO 43

39

40

BOTH PHASES PRESENT

CONT INUE

B(K(8)) = F{2)/A(10)

DO 40 L = 9,14

B(K(L)) = =A(L+2)/A(10)



2111

2112
2113
2114
2115
2116
2117
2118
2119
2120
2121

2122
2123
2124
2128
2126
2127
2128
2129
2130
2131

2132
2133
2134

2135 C

2136
2137
2138
2139
2140
2141

2142
2143
2144
2145
2146
2147
2148
2149
2150
2151

2182
2153
2154
2355

O O

QOO

OO0

IX2 = 2
DO 41 IX1 = 18,26,8 .
AUX = A(IX1)/A(10)
IX2 = IX2 + 1
FIIX2) = F{IX2) = F(2)*AUX
DO 41 IX3 = 1,6
IX4 = IX1 + IX3
IX5 = IX3 + 10
41 A(IX4) = A(IX4) = A(IXS)*AUX

B(K(15)) = F(3)/A(19)

DO 42 L = 16,20
42 B{K{L)) = ~A(L+4)/A(19)
AUX A(27)/A4(19)

| S}

AUP = A(30) = A{22)%AUX

AT(KP) = (A(28) - A(20)%AUX)/AUP
A2(KP) = (A{29) = A(21)%AUX)/aup
AZ(KP) = (A(31) = A{23)*AUX)/AUP
A4(KPY = (A(32) = A(24)*AUX)/AUP
YP{KP) =

{F(4) = F(3)*xAUX)/AUP
43 CONT INUE '

DOT = DABS(A1(KP)) + DABS(A2(KP)) + DABS(A3(KP)) +DABS(A4(KP))
IF(DDT.GY.ONE) GO TO 58

46 CONTINUE

CALL GAUSIE{AY1,A2,A3,A4,YP,0PN,BETA,GAMMA,NN)

CELL (2,1)
CKO = 2
KP = KO - 1
KQ = XP + NImM2
DO 47 L = 1,27
M(L) = (L=1)}%NN + KO
47 K(L) = L¥xNN+KO

BDTL = B{(K(15)) + .
+ B{K(18))*DPN(KP) + B(K{19))«DPN{KO) < B(K{20))%DPRN(KQ)
DTV = B{K(B)) + B(K{9))+*DTL +

01¢



- —

2156
2157
2158
2159
2160
2161
2162
2163
2164

"2165

2166
2167
21868
2169
2170
2171

2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2133
2184
2185
2186
2187
2188
2189
2190
21¢1

2162
2193
2194
2195
2198
2197
2198
2189
2200

[ X e Xy}

+ “B(K(12))*DPN(KP) + B(K(13))*DPN(KQ) +
+ B(K(14))*DPN(KQ) ,

DAL = B(KO) + B{K(1))*DTV + B(K(2))*DTL +
+ B{K{5))*DPN{KP) + B(K(G))*DPN{KO) +
+ B{K(7))}*DPN(KQ)

PN{(KO) = PN(KDO) + OPN(KP)

IF(PN(KO).LT.1.D+04) GO TO 59
IF(PN(K0).GT.4.D+07) GQ TO 60
TLN(KO) = TLN(KO) + DTL
TUN(KO) = TVN(KQ) +.0TV
ALFAN(XQ) = ALFAN(KO) + DAL
TX = SAT(PN{KO))

DTS = TX = TS{KD)

TS(KO) = TX
TW{KP)Y = TW{KP) + {HCONV{KB)+DYV + HCONL (KP)*DTL +
+ HNB(KP)*OTS)»DTW(KP)

UVZN (KO} = W{M(11))*DPN(KP) < FUVZN(KXO) + UVZN(KD)

ULZN(KO) = W(M(12})%DPN{KP) .+ FULZN(KO) + ULZIN(KD)

UVRN (KO) = W{M(22))=(DPN(KQ)=-DPN(KP)) + FUVRN(KD) + UVRN(KO)
ULRN (KO) = W(M(23))*(DPN(KQ)~DPN(KP)) + FULRN{KD) + ULRN(KD)
UVZN(1) = UVZN(KO)

ULZN (1) = ULZN(KO)

CELLS (I,1) , I=3,0NI-2

D0 49 1 = 3,NIM2

KO = 1

KP = KO - 1

KM = KO

KQ = KP + NIm2

KR = KP - 1

DO 48 L = 1,27

M(L) = {L-1)xhN + KD

48 K(L) = L*NN+KO

DYL = B(K(15)) + B(K(17))*DPN(KR) +

+ B(K{18))*DPN(KP) + B(K({19))+DPN(XKM) + B(K{20))*DPN(KQ}
DTV = B{K(3}) + B{X(9))«DTL =+

+ B{K(T1})*DPN(KR) + B(K(12))«DPN(KP) + B(K(13))*DPN(KM) +
+ S{K{14))+DPN{%Q)

DAL = B{KO) + B{K{1))*DTY + 8{K(2))*»DTL +
+ B{K{4)}+DPN(KR]) + B(K(5))=DPN(KP) + B(K(6))*OPN(KM} +



o000

49

B{K(7))*DPN(KQ)
PN(KO) = PN(KO) + DPN(KP)
IF(PN(KO).LT.1.D+04) GO TO 59
IF(PN(X0).GT.4.D+07) GO TO 60
TLN(KO) = TLN{KG) + DTL
TUN(KD) = TVN(KO) + DTV
ALFAN(KO) = ALFAN(KO) + DAL
TX = SAT{PN(KO)) '
DTS = TX = TS(X0)

!

TS(KO) = TX .
TH(KP) = TW{KP) + (HCONV(KP)*DYV + HCONL(KP)¥DTL +
HNB(KP)}*DTS)*DTW(KP)
UVZN(KO) = W{M(11))%*{DPN(KP}=DPN(KR)) + FUVZN(KO) + UVZIN(KO)
ULZN (KO) = W{M({12))*(DPN(KP)~DPN(KR)} + FULZN(KO) + ULZN(KQ)}
UVRN (KG) = W{M{22))*({DPN(KQ)~DCPN(KP)) + FUVRN{KOD) + UYRN(KO)
ULRN{KQ) = W{M(23))*{DPN{KQ)=DPN(KP)) + FULRN(KO) + ULRN(KO)
CONT INUE
CELL (NIM1,1)
KO = NIM1
TKP = KO -
KQ = KP + NIM2
KR = KP - 1
DO 148 L = 1,27
M(L) = {L~1)%NN + KO
K{L} = L*NN+KO ,

148

DTL = B(K(3I5)) + B(K(17))*DPN(KR) +

+ B(K(18))*DPN(KP) + B(K(20))%DPN(KQ)
DTV = B(K(B)) + B(K(9))*DTL +
+ B(K(11))*DPN(KR) + B(K(12))«DPN(KP) +
« B(K(14))*DPN(KQ)
DAL = B(KO) + B(K(1))*DTV + B(K(2))+DTL +
+ B(K(4))*DPN{KR) + 8(K(5))*DPN(KP) +
+ B(K(7))*DPN{KQ)

PN{KDO) = PN{XO) + DPN(XP)
IF(PN(XO).LT.1.D+04) GO TO 59
IF(PN(KQ).GT.4.D0+07) GO TO 60
TLN(KO) = TLN{(KO) + DTL
TUN(KO) = TUN(KO) + DTV

CALFAN(KO) = ALFAN(KO)} + DAL



2246
2247
2248
2249
2250
2251
2252
2253
2234
2255
2256
2257
2258
2259
2260
261
2282
2263
2264
265
22€6
2287
2268
2269
2270
2271
2272
2273
2274
2275
22786
2277
2278
2279
2280
2231
22€2
2233
2284
2285
226
2287
2288
2289
2290

QOO0

(¢ X4 )

50

+

TX = SAT(PN(KO))

DTS = TX - TS(KO) .
TS(KO) = TX
TW(KPY = TW(KP) + (HCONV(KP)«DTV 3+ HCONL{KP)*DTL +

' HNB(KP) *DTS5) *DTW(KP)
UVZN (KO) = W(M{(11))*(DPN(KP)=DPN(KR)) <+ FUVZN(KO) + UVIN(KO)
ULZN(KO) = W{M(12))*(DPN(KP)~DPN(KR}) & FULZN(KD) + ULZN(KO)
UVRN (KO) = W(M{22)}%(OPN(KQ)~DPN(KP))} + FUVRN(KO) + UVRN(KO)
ULRN (KO} = WI{M(23))*(DPN(KXQ)=-DPN(KP)) + FULRN(XDO) + ULRN(XD)

CELLS {2,d) , ¢ = 2,NJ~-1

DO S1 J = NI,NNJJ,NI

KO = J+2 .

KP = KO - 1 - 2%J/NI
KM = KP + 1

KQ = KP + NIN2

KR = KP - 1

KS = KP -~ NIM2

DO 50 L = 1,27

M{L) = (L 1)*hN + KO
K(L) = L

*NN+KO

DTL = B(K{i5)) + B{K(16)}*0OPN(KS) +
B{K(1B))*DEN(KE) + B(K(19))+DPN{KM} + B(K(20))*DPN(KQ)
DTV = B(K(8)) + B{K(9))*DTL + B(XK(10))*DPN(KS) +
B(K{12))}#DPN(KP) + 8’K(13))4DPN(VM) +
B(K{14) }y*DPN(KQ)
DAL = B(KO) + B{K{1)}#DTV + B{K(2))+DTL + B{K(3))*DPN(KS) +
B(K(5))*DPN(KP) + B(K(e))-opu(xm) +
B(K{7))*DPN(KQ}
PN{KD} = PN{KD) + DPN{XP)
IF(PN(KC}.LT.1.D+04) 50 70 59
.07.4.0+07) GO TO 60

IF(PN(XO)
TLN(KO) =
TVN(KO) =
ALFAN{KO)

TLN(KO) + DTL
TVN{KD)} + DTV
= ALFAN(KO) + DAL

TX = SAT{PN{XO))
DTS = TX = YS{KQ)

TS(XKQ0) =

-~

TX

TW{KP) = TW(KP) + (HCONV(KP)%DTV + HCONL(KP)*DTL +



2291 + . HNB(KP)*DTS)*DTW(KP) .
2292 C

2293 ¢

2294 UVZN(KO) = W(M{(11)})}*OPN(KP) <+ FUVZN(KD) + UVZN(KO)

2295 ULZN(KQ) = W{M(12))*DPN{KP) + FULZN(KOC! + ULZN(KC)

2296 UVRN (KO} = W{M{22))»{DPN(KQ)~DPN(KP)) + FUVRN(KD) + UVRN(KO}
2297 ULRN (KO) = W{M(23))*(DPN(XQ)-DPN{KP)) + FULRN(KO) + ULRN{KO)
2298 UVZIN (KO-1) = UVZN(KO)

2289 ULZN (KB=1) = ULZN(KO)

2300 51 CONTINUE -

2301 C

2302 C CELLS (I,d) ., I=3,NI-2 , J=2,NJ=t

2303 C .

2304 DO 53 J = NI,NNJJ,NI

2305 DO 53 I = 3,NIM2

2306 . KO = I+d |

2307 KP = KO « 1 = 2%J/NI

2308 KM = KP + 1

2369 KQ = KP +NIM2

2310 KR = KP = 1

2311 KS = KP - NIM2

2312 DO 52 L = 1,27

2313 M{L) = (L=1)*NN + KO

2314 52 K(L) = LxNN+KO

2315 €

2316 ¢ :

2317 DYL = B{K{15)}) + B{XK(18))*DPN{KS) + B{K(I17))*DPN{KR) +

2318 + B(K({18))*DPN(KP) + B(K(19))«DPN{KM) + B{K{20))*DPN(KQ)
2318 DTV = B{K(8)) + B{K(9)}*DTL + B(K(10))*DPN{KS) +

2320 + B(K{11))*DPN(KR} + B(K{12))%DPN{KP) + B(K{13))*DPN(KM) +
2321 + BL{K{14))*DCPN{KQ)

2322 DAL = B{KO)} + B(K{1))%DTY + B(K{2))*DTL + B{K(3))I*DPN(KS) +
2323 + . B{K{4})*DPN{KR) + B{K{S))*DPN{KP)} + B(K{G))~DPN(KM) +
2324 + B(X{7))*DPN(KQ)

2325 PN(KO} = PN{(KD) + DPN{KP)

2326 IF(PN{KO).LT.Y.D+03) GO TO 59

2327 IF(PN(KO).GY.4.0+07) GO TO 60

2328 TLN(KO) = TLN{KO) + DTL

2329 TUN{ KDY = TVYN({XO) + DTV

2330 ALFAN{KO) = ALFAN(KO)} + DAL

2331 TX = SAT{BN{KO}}

2332 : DTS = ¥YX - TS{KD)

2333 TS{KO) = TX

2334 CTW({KP) = TW(KP) + {HCONV{KP)»DYV + RHCONL(KP)sDTL +

2335 + HNB(KPY*DTS) ¥ DTW(KP)



o

2336
2337
2338
2339
2340
234¢Y
2342
2343
2344
2345
2346

OO

23437 .

2348
2349
2350
2351

2352

2353

2354

2355
2356
2357
2358
2359
2360
2361
23G2
23G3
2364
2365
2365
2387
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2378

2379

2380

c
c

vz
ULz
UVR
ULR
53 CON

Do
I s
KO
KP
KQ
KR
KS
[3]0]
ML
152 K(L

oTL

PR {
1F(
1F(
TLN
TVN
ALF
TS
0TS
T5(
TwW(
L4

uvz
ULZ

-

N(KO) = W(M{11))%(DPN(KP)=DPN(KR)) <+ FUVZIN({KD) + UVIN(KO)
N(KQO) = W{M{12))%=(DPN(KP)=DPN(XR)) + FULZN({KO) + ULZN(KD)
N{KO) = W(M(22))%(DPN(KQ)-DPN(KP}) + FUVRN(KO) + UVRN(KO)
N(KO) = W{M(23))*{DPN{KQ)~DPN{KP)} + FULRN(KO) + ULRN{KD)
T INUE

CELLS (NIM1,d) , J=2,NJd~-1
153 ¢ = NI,NNUJJ,NI

NIM1
= I+d
= KO - 1 = 2%J/NI
= KP +NIM2
= KP - 1
= KP -~ NIM2.

152 L = 1,27
) = (L-1)*NN + KO
) = L¥NN+KO

= B(K(15)) + B(K(168))*DPN(KS) 4 B(K(17))%DPN{KR) +
B(K(1B))*DPN(KP) + B{K(20)})+DPN(KQ)

= B(K(8)) + B(K(9))*DTL + B{K(10))*DPN(KS) +
B{K({11))+DPN(KR) + B(K(12))+DPN(KP) +
B(K(14) J*DPN(KQ)

= B(KC) + B(K(1))*DTV + B{K(2))+DTL + B(K(3))*DPN{KS) +

B{K(Q))¥DPN(KR) + B(X(5))%DPN(KP) +
B{K(7))}*DPN(KQ)
K0) = PN(XD) + DPN(KP)
PN{KO).LT.1.D+04) GO 10 59
PN{KO).GT.4.D+07) GC TO &0
(K0) = TLN(KO) + DTL
(KO) = TVN(KO) + DTV .
AN(KO) = ALFAN(KO) + DAL
= SAT(PN(KD))
= TX = TS{KQ)
K0y = TX .
KPY = TW(KP) + (HCONV(KP)«DTV <+ HCONL{XP)*DTL +
HNB(KP) *DTS)*DTW(KP )

N(KQ) = W(M(11))x
N(KO) = w(R{12))*

{DPN(KP)~DPN(KR)) '+ FUVZN(KO) + UVZN(KO)
(OPN(KP)=DPN{KR)) + FULZN(KO) + ULZN(KO)



2381
2352
2383
2384
2385
2386
2387
2388
22389
2390
2391
2392
2393
2304
2395
2325
2397 €
2398 C
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2616
2417
2418 C
2418 €
2420
2421
2422
2423
| 2424
2425 €

[eNeNe)

153

WIM(22))*{DPN(KQ)~DPN{KP)) + FUVRN(KO) + UVRN(KD)

UVRN (KO)
W(M(23) )« (DPN(KQ)=DPN(KP)) ¢ FULRN(KO) + ULRN(KO)

ULRN (KO)
CONT INUE

CELLS (I,Nu) . I=3,NI-y

5171 = 3,NIM1

I + NNY

KO + 1 = 2x%NJ . °
KP + 1

KP + NIM2

x
o
L1 L S O Y T 54 ]

DO 54 L = 1,27
= (L=1)*NN + KO
K{L) = L*NN+KO

DTL = B(K{15)) + B(K{16))*DPN(KS) + B(K(17))*DPN(KR) +
+ © B(K(18))*DPN(KP) + B(K(19))~DPN(KM)
DTV = B(X{B)) + B{K(9))*DTL + B(K(10})«DPN(KS) +
+ B(K{11) ) *DPN(KR) + B(K{12))*DPN(KP) + B{K(13))*DPN(KM)
DAL = B(KO) + B{K(1))Y*DTV + B(K(2))+DTL + B(K{3))*DPN(KS) +
+ B{K(4))*DPN(KR) + B(K{S5))*DPN(KP) + B(K(B))*DPN(KM)
PN(KD) = PN{KO) + DPN(KP)
IF{PN(KC).LT.1.D+04) GO T0 59
IF(PN{KO).GT.4.D+07) GO TQ 50
TLN(KQO) = TLN(KD) + DTL
TUN(KQO) = TVN{XO) + DTV
ALFAN(KO) = ALFAN(KO) + DAL
TX = SAT{PN(KO})}
DTS = TX - TS(KO)
TS(KO) = TX
TW(KP) = TW(KP) + (HCONV(KP)+DTV + HCONL(KP)*DTL +
+ HNB(XP)«DTS)*DTW(KP)
TCAN(I)Y = TCAN(1) + TCAN(NI + I}« (WHCONV(KP)*DTV +
+ HCOMNL (KP}*DTL)

W(M(11))%(DPN(KP)~DEN(KR)) + FUVZN(KO) + UVZN(KO)
(M(1 )% (DPN(KP)~DPN(KR)) + FULZN(KO) + ULZN(KO)

UVZN (XQ)
ULZN (KQ)
UVRN (KC)
)
E

ULRN (KO

§5 CONTINU
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2473
2372 C
2473 €
2474
2475
2376
2477
2478
2479
2480
2481
2482 .
2483
2484
2485
2486
2487
2488
2483
2420
2491
2492
2493
24354
2485
2496
2487
2498
24998
2500
2501
2502

257

2257

357
58
59

€0

HCONL(KP)*DTL)

UVZN (KO) = W(M(11))%DPN(XP)
ULZN(KO) = W(M(12))*DPN(KP)
UVRN (KO) = ZERC

ULRN (KO) = ZERO.

UVZN (KO=1) = UVZN(KO)

ULZN (KO=1} = ULZN(KO)

DO 357 KO = 1,NN
IF(ALFAN(KO)}.GE.ZERQ) GO TO 257
IF(ALFAN(XO).LT.=1.D=05) IERR =
ALFAN(KO) = ZERO

CONT INUE

IF(ALFAN(KO).LE.ONE} GO TO 2257
IF(ALFAN(KD).GT.1.00001) IERR =
ALFAN({K3) = ONE

CONT INUE :
IF{TVN(KO).LT.4.0+02)
IF(TVN(KD).GT.3.D+03)
IF(TLN{KO).LT.4.D+02)
IF{TLN{KO).GT.3.D+03)
CONT INUE

RETURN
1ERR =
RETURN
1ERR =
RETURN
IERR =
RETURN
END

I1ERR
IERR
IERR
IERR

14
15
16
17

nounoHon

2
12
i3

+ FUVZN(KO) + UVZN(KD)
+ FULZN(KQ) + ULZN(KOQ)

w



2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2s2

2527

oA
252

2529
2530
2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
2542
2543
2544
2545

ODOO00OCO0

Subroutine coeff

SUBROUTINE COEFF(TV,TL,UVZ,UVR,ULZ,ULR,ALFAZ,ALFAR,
RHOVZ ,RHOVR ,RHOLZ, RHOLR,DH,DV,QSI,

SPPD,WZ1,WZ2,WR?
FRLR,C1Z,C1R)

IMPLICIT REAL*8 (A-H,0-Z)

COMMON /NUMBER/ ZERQO,ONE,BIG,SMALL

,WR2,FRVZ,FRLZ,FRVR,

DATA TWO,PTWO,ADRY,CADRY/2.D0,.2D0,.95700,0.04300/

A
VL =

AUVZ
AUVR
AULZ
AULR

REVZ
RELZ
REVR
RELR

FVZ
FLZ
FVR
FLR

FRVZ

FRVR.

FRLZ
FRLR
XI =
XR =

HoHoaou

SUBRCUTINE COEFF CALCULATYES
COEFFICIENTS.

Ci. ARE THE INTERPHASE MOMEN
FOR THE TWQ DIRECTICNS,

FR..
AND DIRECTIOCNS.

viscv (TV)
VISCL (TL)

CABS (UvZ)
DABS (UVR)
DABS (ULZ)
0ABS (ULR)

#ouuwu

WZ1*AUVZ#DH/VV +SMALL
RHOLZ*AULZ*DH/VL + SMALL
WRT*AUVR*QSI*DH/VV + SMALL
WR2*AULR=QSI=DH/VL 4+ S3SMALL

LU (I O

0.180D0/REVZ**PTWO + SPPD+DH
G.180D0/RELZ**PTHWO + SPPD*DH
PTWG/REVR**PTWC
PTWO/RELR**PTWO

{(ALFAZ

oo

RHOLZ*AULZ*FLZ/ TWO/DH
=180.%VL/{(DH*DH)*QSI
(ONE = ALFAZ)/CADRY
{ONE = ALFAR)/CADRY

IF(ALFAZ.GT.ADRY} GC TO 4

FRVZ
XZ =

= ZEROQ
ONE

THE MOMENTUM EXCHANGE

TUuM EXCHANGE COEFFICIENTS

ARE THE WALL FRICTION COEFFICI&NTS FCR BOTH PHASES

~ ADRY)/CADRY*RHOVZ*AUVZ+FVZ/TWO/DH
(ALFAR = ADRY)/CADRY*180.%VvV/{DH«DH)*QS1



25486
2547
2548
2549
2550
2551
2552
2553
2554
2585
2556
2557
2558
2559
2560

2562
2563

)

&

-

CONT INUE

IF(ALFAR.GT.ADRY) GO 70 2 *
FRVR = ZERO

XR = ONE

CONT INUE

FRLZ#XZ
FRLR*XR .

FRLZ
FRLR

{1}

X = (ONE + (ONE-ALFAZ)*75.00)%*,95+4,31

ClZ = ((ONE = ALFAZ)*DABS(UVZ = ULZ)*RHOVZ/TWO +

VL/DH)*X/DH

C1R = ({ONE = ALFAR)*DABS(UVR = ULR)*RHOVR/TWO +
VL/OH)*X%GSI%QS1/0H

RETURN

END

0cg



Subroutine bce

2564 SUBROUTINE BC(P,TV,TL,ALFA,TIME,UL NN,NI,NIMI)"®

2565 IMPLICIT REAL*8 (A-H,0-Z)

25686 LOGICAL LP

2567 COMMON /BCX/ ULC

2568 COMMON /BCOND/ TB(S51),PNB1{(51),PNB2{51),PNB3(51),0MP(51),
2569 * PNT1(51),PNT2(51),FNT3(51),0MT(51),ALB1(51),
2570 * ALB2(51) ,ALB3(51),0MA(51),TVBI(51),TVB2(51),
2571 * TVB3(S1),0MV(S1),TLB1(S51),TLB2(51),TLB3(51),.
2572 * . OML(51),ANUT(S51),HNW2(51) ,HNW3(51),0MH(51),
2573 . * . LMAX,LP(51) '

2574 " DIMENSION P{NN), TV{NN),TL(NN),ALFA(NN)

2575 ¢

2576 C .

2877 L =2

2578 1 CONTINUE

2579 IF(TIME.LE.TB(L)) GO YO 2

2580 L= Lo+ 1

2581 IF{L.GT.LMAX) RETURN

2582 GO TO 1

‘2583 2 CONT INUE :

2584 DTIME = TIME - TB{L-{)

2585 C

2586 : PNB = PNBI(L)*DTIME + PNB2(L)

2587 PNT = PNTI1(L)*DTIME + PNT2(L)}

2588 ALS = ALB1(L)*DTIME + ALB2(L)

2589 TV = TVBI(L)*DTIME + TVB2({L)

2590 TLB = TLBI(L)*DTIME + TLB2(L)

2591 € :

2592 IF(LP(LY) GO 70 3

2593 € .

2504 PNB = DEXP(OMP(L)*DTIME)+*PNB + PNB3(L)

2595 ONT = DEXP{CMT{L)*DTIME)»PNT 4+ PNT3(L)

2596 ALB = DEXP(OMA(L)*DTIME)*ALE + ALB3(L)

2597 ) TVB = DEXP{OMV(L)*DTIME)*TVB + TVB3(L)

2538 TLB = DEXP(CML{L)=*DTIME)}*TLB + TLB3(L)

2599 €

2600 3 CONTINUE

2601 DO 4 J = NI.NN,NI

2502 KO = J = NIMY

2603 £

2604 P(KD) = PNB

2605 P{J4) = PNT

2606 ALFA(KQ) = ALB



2607
2508
2609
2610
2611

TV(KO) = TVB

TL(KDO) = TLB
4 CONTINUE

RETURN

END



Function visc!

2612 FUNCTION VISCL(T) .

2613 IMPLICIT REAL%B (A-H,0-2)

2614 C .

2615 C FUNCTION VISCL RETURNS THE SODIUM LIQUID VISCOSITY
2816 C IN (KG/M/SEC),AS A FUNCTION OF THE TEMPERATURE
2617 C IN DEGREE CELSIUS

2618 C

2619 TK = T R

2620 VISCL = DEXP(5C0B.07/TK -~ S.7316 ~ .4925+DLOG(TK)})

2621 RETURN B )

2622 - - END



2623
2624
2625
2626
2627
2628
2629
2630
2631

[z Xz NeNeKe]

2632 .

2633

Function viscv
.
FUNCTION VISCV(T)
IMPLICIT REAL*8 (A-KH,0-Z)

FUNCTION VISCV RETURNS THE SODIUM VAPQR VISCOSITY
IN (KG/M/SEC),AS A FUNCTION OF THE TEMPERATURE
IN DEGREE CELSIUS

T = T
VISCV = 6,085D-09%TK + 1.26%1D-05
RETURN

END



2634
25635
2636
2637
2638
2639
2640
2641
2642
2643
2644

[¢XeNeReNe]

2645 .

Function surten

FUNCTION SURTEN (T) .
IMPLICLIT REAL*8 (A-H,0-Z) :

FUNCTION SURTEN RETURNS YHE SURFACE TENSION OF LIQUID
SODIUM IN NEWTON/METER
CORRELATION FROM GOLDEN AND TOKAR,

TC = T - 273.14

SURTEN = 2.0670-0Ct = 1.00-04x7C
IF{SURTEN.LT.0.00) "SURTEN = 0.D0
RETURN

END

A



2646
2647
2648 C
2649
2850
2651

FUNCTION SAT{P)
IMPLICIT REAL*3 (A~H,0-Z)

SAT = 12020./(21.9358 -~ DLOG(P))
RETURN . :
END

Function sat

a9ze



2652
2653
2654
2655
2656

12657

268
2659
2660

OO0

2661 .

Function dtsdp

FUNCTION DTSDP(P)
IMPLICIT REAL*8 (A-H,0-2)

CALCULATES THE DERIVATIVE OF YHE SATURATION
TEMPERTURE WITH RESPECY TO YHE PRESSURE

X = 21.3358 - DLOG(P)
DTSDP = 12020./(X*X#*P)
RETURN B

END



2662
2663
2664
2665
2666 C
2667
2668
2669
2670
2671
2672

FUNCTION CONDL(T)

Function candi

IMPLICIT REAL*8 (A-H,0-2)
DATA A1,A2,A3,X1,X2,X3 /54.306,-1.878D~02,2.0914D~-06,1.8D0,
¥

1F X1%T - X2

T2 TF*TF

C = At + A2%TF + AJ%T2
CONDL = C*X3

RETURN

END

459.6700,1.730700/

3

5
o



Function condv

2673 FUNCTION CONDV(T)

2674 IMPLICIT REAL¥8 (A~H,0-Z)

2675 DATA A1,A2,A3,X1,X2,X3 /16.39D0-04,3.977D~05,~-5.697D~-09,
2676 * 1.800,459,6700,1.7307D0/

2877 C

2678 TF = X1%T = X2

2679 T2 = TF*TF

2680 C = Al + A2«TF + A3%T2

2681 CONDV = X3x%C -

2682 RETURN

2683 END



2684
2685
2686
2087
2688
2689
2680
2691
2€92

2593 .

2694

¥

FUNCT
IMPLI
DATA

-
e
nonu

CPL =
RETUR
END

Function cq!

ION CPL(T)

CIT REAL*8 (A-H,0-2Z)

A1,A2,A3,X1,X2 /.38935200,1.10593D-04,3.411780~08,
1.800,4.18690+03/

T*X1

TR*TR

Al = A2*TR + A3*T2
X2xCP

N

0¢¢



Function pev

2685 FUNCTION PRV(T)

2696 IMPY IOIT R mE fem Do

3837 &

26938 TX = T = 844.1

2699 PRV = .75G6D0 + .B10D=06%TX#TX
2700 RETURN :

2701 END



2702
2703
2704 C
2705
2706
2707

FUNCTION PRL(T)
IMPLICIT REAL*8 (A-H,0-2)

PRL = CPL{T)*VISCL(T)/CONDL(T)
RETURN
END

fFunction prl

[

1o



Function hfg

2708 FUNCTION HFG(P)

2709 IMPLICIT REAL*¥8 (A-H,0-Z)
2710 €

2711 T = SAT(P)

2712 HFG = 5.089D0+06 = 1.0430+03*7Y
2713 RETURN

2714 END



2715

2716
2717
2718
2719
2720
2721

2722
2723
2724
2725

2726 .

2727
2728

2728,

2730
2731

2732
2733
2733
2735
2736
2737
2738
2739
2740
2741

2742
2743
2744
2745

- 2746

2747
2748
2749
2780
2751
2752
2753
2754
2755
2756
2757

OO0

e X e X2}

[eXe Xy

L 4

Subroutine htcf

SUBROUTINE HTYCF (p,rv.TL.ALFA.RHOV.RHOL.Hv.HL.oﬁ,Ts.TW.
HCONV ,HCONL ,HNB, UV, UL)

IMPLICIT REAL¥8 (A-H,0-2)

COMMON /NUMBER/ ZERO,CNE,BIG,SMALL

COMMON /POVERD/ R

HCONV = ZERD
HCONL = ZERO
HNB = ZERD -
VV = VISCV{TV)
VL = VISCL(TL}
PV = PRV(TV)
PL = PRL{TL)
CV = CONDV(TV)
CL = CONDL(TL)
AUV = DABS(ULV)
AUL = DABS(UL)
SIG = SURTEN(TL)
COMPUTE QUALITY
GY = ALFA*RHOV=AUV
GL = (ONE-ALFA)*RHOL®*AUL
G = GV + GL
IF{(UV-UL)*UL.LE.ZERDC) GO TO %
X = GV/G
GC T0O 2
CONT INUE
X = ALFA*RHOV/(ALFARHOV + (ONE=ALFA)*RHOL)
CONT INUE

SINGLE PHASE : DITTUS~BOELTER CORRELATION (VAPOR)

IF(ALFA.LE.0.96) GO TO 23

REV = RHOV»AUV¥DH/VV .

HCONV = 0.023%REV**0.B*PV%%0Q  4»CV/DH
RETURN

CONT INUE

SINGLE PHASE ¢ SCAAD CORRELAYION (LIQUID) -
REL = RHOL®AUL*DH/VL



2758 PEL "= REL%PL

2759 IF(PEL.LE.150.) GO TO 4

2760 HCONL = PEL%%0,3%R¥CL/DH

2761 GO TO0 S

2762 4 CONT INUE

3763 HCONL = 4.5%R*CL/DH

27864 S CONTINUE

2765 C . .

2766 C TWO PHASES :© CHEN CORRELATICN

2767 € U

2768 XTTI = (X/(ONE-X))*%0,9%(RHOL/RHOV)»%Q. 5% {(VV/VL)sx0. 1
2789 F = (XTTI + .213)%%0,736%2.35D0

2770 IF{F.LT.ONE) RETURN

2771 HCONL = Fx%0.375%HCONL

2772 €

2773 IF(TW.LE.TL) GO TC 7

2774 €

2775 . FX = ONE

2776 GX = G :

2777 IF{TL.LT.TS) GO 10 7

2778 IF(XTTI.GT.0.1) FX = F

2779 GX = GL

2780 & CONTINUE

2781 REL = GX*DH/VL

2782 RETP = REL*FX¥*%1,25%1,0~04

2783 S = 0.1D0

2784 IF(REYP.LT.70.DC.AND.RETP.GE.32.500) S = ONE/
2785 / {ONE + RETP*%0.78%0.42D0)

2736 C ,

2797 IF(RETP.LY,.32.5D0) S = ONE/(ONE + .12D0%RETP**»{ .14}
2788 ¢

2789 HS = 1.22D-03%S+DSQRT{CL*CPL{TL)/SI1G)/PL**%.29%
27990 % RHOL»x . 2S% { CPL{TL)*RHOL /RHDV/HFG(P) Y #+.24
2731 C

2792 PWALL = DEXP(21.9358D0 ~ 12020.D0/TW)

2793 2 = DABS{PWALL - P)

2794 €

2795 HNB = HS#*{TW = TS)%%,24%Z2%% .75

2798 7 CONTINUE

2797 ‘ IF(ALFA.LE.0.88) RETURN

2798 C

2799 FAL = 12.D0 = 12.5DO*ALFA

28900 FAL = FAL®FAL®FAL

2801 REV = RHOV+AUV#DH/VV

2802 " HCV = 0.,023%{REV¥REV#PV)#%03.,4:sCV/DH



2803
2e04
28085
2806

HCCNL = HCONL*FAL + HCV
HNB = ZERO

RETURN

END



2807
2808
2808
2810
23811
2812
2813

SUBROUTINE IPHTC (HIF,ALFA)
IMPLICIY REAL*B (A~H,0-2)
COMMON /NUMBER/ ZERQ,ONE,BIG,SMALL

HIF =
RETURN
END

5.0+08

Subroutine‘ iphtc

AR



Subroutine state

-

2814 SUBROUTINE STATE (TV,TL,P,PROP,IFLAG)

2815 IMPLICIT REAL*8 (A-H,0-2)

2816 COVMMON /ERROR/ 1ERR

2817 COMMON /NUMBER/ ZERO,ONE,BIG,SMALL

2818 DIMENSICON PROP(3,4)

2819 DATA RVO,RV1,RV2,RV22 /1.605D-02,2.51D-06,~3.230-13,-6.46D0~13/
2820 DATA RLO,RLY,RL2,RL3,RLP,RL22,RL33 /1.0116GD+03,-0,2205, .
2821 1 ~1.8224D-05,5.6377D-09, 2.260-07,~3.84480~05,

2822 2 1.69131D-08/

2823 DATA EVO,EV1,EV2,EV3,EV22,EV33 /5.0215D+06,5.8714D+02,
2824 1 ~,41672,1.542720-04,~.83344,4.62816D~04/

2825 DATA ELO,EL1,EL2,EL3,FL22,EL33 /-5.75075D404,1.630140+03,
2825 1 -.41672,1.542720-04,~.83344,4.628160-04/

2827 C .

2828 C ALL PROPERTIES IN SI UNITS

26829 ¢ PROPERTIES BASED IN

2830 C GOLDEN,G.H. AND TOKAR,J.V., -

2831 C THERMOPHYSICAL PROPERTIES OF SODIUM, ANL~7323

2832 C WITH THE ADDITION OF PRESSURE DEPENDENCE IN THE’
2833 C LIQUID DENSITY. .

2834 C THIS ADDITION WAS MADE BECAUSE THE NUMERICAL
2835 C STABILITY OF THE MODEL REQUIRES A NON ZERO,

2836 C POSITIVE VALUE OF THE PRESSURE DERIVATIVE OF

2837 C THE DENSITY .

2838 C

2839 ¢ ALSO A REQUIREMENY FOR THE NUMERICAL CONVERGENCE
2840 C IS THE DERIVATIVES OF PROPERTIES WITH RESPECT TO
2R4% C TEMPERATURE AND PRESSURE BEING THE MATHEMATICAL
2842 C DERIVATIVES OF THE EXPRESSIONS FOR THE PROPERTIES
2843 C .o

2844 ¢

2845 15 = SAT{P)

2846 X1 = {RV2xP + RVI1)*P &+ RVO

2847 PROP(1,1) = X1*TS/TV

2848 PROP(1,2) = ({RL3*TL 4+ RL2)*TL + RL1)3TL + RLO + RLPxP
2843 PROP (1,3} = ((EV3I*TV + EV2)*TV + EV1)%TV + EVO = P/PRAP(1,1)
2830 PROP(1,4) = ({EL3*TL + EL2)+TL + EL1)sTL + ELO

2251 ¢ )

2852 PROP(2,1) = ~PROP(1,1)/TV

2863 PROP (2,2} = (RL33*TL ¢ RL22}sTL 4 RS

2854 PROP(2,3) = (EVI2*TV + EV22)4TY ¢ EVY

2355 PROP(2,8) = (EL3I3*TL + EL22)*TL & EL1

2856 C

9ee



2857
2858
2859
2860

2861 |

2862

PROP (3,1)
PROP (3,2)
PROP (3,3)
PROP (3,4)
RETURN

- END

6"

(X15DTSDP(P} + (RV22%P + RVi)¥TS)/TV,

RLP
(P/PROP(1,1)*PROP({3,1)
ZERO

= ONE)/PROP(1,1)
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28863
2564
2835
2866
2867
2868
2868
2870
2371
2872
2873
2874
2875
2878
2877
2878
2878
2830
23351
2682
12883
2884
2885
.2886
2887
2888
2869
2390
2891
2892
2893
2894
2595
2896
28397
2398
2899
23900
2901
2502
2303
2904
2905

OO0000000D0M0"

Subroutine noneq

SUBROUTINE NONEQ(ALFAQ,ALFA,TV,TL,P,RHOV,RHOL,TS,S, IFLAG)
IMPLICIT REAL%B (A=H,0-Z)

COMMON /ERROR/ IERR

COMMON /NUMBER/ ZERO,ONE,BIG,SMALL

COMMON /PO/ D4,POD2

DIMENSION S(5,2)

DATA
DATA
DATA
DATA
DATA

AX =

AN,RGAS /1.33333330+07,.144690+03/,HALF /0.5DC/
PI,SR3,CADRY,ADRY /3.141592654,3.464101616,0.043,0.957/
HO,HY /5.089D+06,~.1042D+04/

RNU /€.D+03/

HLO, KLY ,HL2,HL3 /~6.75075D+04,1.630140+03,

C=-.41872D0,1.542720-04/

SUBROUTINE NONEQ CALCULATES THE MASS AND EN:RGY EXCHANGE RATES
AND. ITS CERIVATIVES.

AN = 4/3%N, N = 1.0D+07 BUBLES/CUBIC METER

RGAS = SQUARE ROOT OF GAS CONSTANT FOR SODIUM OVER 2%PI

POD2 = PITCH TO DIAMETER RATIO SQUARED

S(1, ) = EXCHANGE RATE S( »1) = MASS
S(2, ) = D/DTV S( .2) = ENERGY
S{(3, ) = D/DTL

s(4, } = D/DP

S(5, } = D/DALFA
ALFAD

IF(ALFAQ.LT.1.D-04) AX = 1.D-04
IF(ALFAD.GT.0.9998) AX = 0.9999

TS =
HLG
X =

AM =

SAT(P)
H1*TS + KO

ONE/(SR3*P0OD2 =~ PI)

1.20-07+«PI*X*D4xD4

IF{ALFAQ0.GT.0.6) GO TO 10

AX =

J.#PIxAXEX

GO TC 20
CONT INUE

Y =

ONE

IF(AX.GT.ADRY) ¥ = (ONE = AX)/CADRY

XK =
XX =

1.8/(SR3%POD2%X = 0.6)
(SR3#POD2%X = AX)¥X¥Y¥PIsXK

o%e
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(AL = 1)+0 4 THADS ~ AH23S = (T'i)S

dad»iH + 4071HC = JOAHQ

dag*{LTH + SL+(ZIH*°Z + SL*EH+"€)) = dGIHA
97K + IH = AM

04 + St#(17H + S1»(21H + SI+EIH)) = TH
POxANY2(AL}TIGNDI2Y = 0
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OHNOJSG - dVA3ST = (L'p)s
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2951 C .

2952 ¢ DERIVATIVES

2953 €

2954 S(2,2) = S(2,1)%HL = U

2935 S(3,2) = S(3,1)%HV + U

2956 S(4,2) = DSEVAPXHV + SE*DHVDP = DSCOND$HL = SC*DHLDP
2957 5(5,2) = =~CE¥DTL¥HV = CC*DTV*HL

2958 RETURN '

2959 END
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2561
2962
2963
2964
2365
2966
29867
2968
2969
2870
2871

[ %]

2072

2973
2874
2975
2975
2977
2978

~~

-

Subroutine condt

SUBROUTINE CONDT(TV,TL,P,ALFA,YS,TW,0TW,

*

HCONV ,HCONL ,HNB,DV,Q,KQ)

IMPLICIT REAL%8 (A~H,0-2Z)

LOGICAL LSS

COMMON /STST/ TAFP,LSS

CONMON /ERROR/ IERR

COMMON /NUMBER/ ZERO,ONE,BIG,SMALL
DIMENSION Q(4,2)

Q(1,1)
Q(1,2)
Q(2,1)
Q{2,2)
0(3,1)
Q(3,2)
Q(4,1)
Q(4,2}
RETURN
END

RN oo

{(TWw ~ TY)*HCONV*DV

({TW = TL)*HCONL + {TW = TS)*HNB)+DV
(DTW+HCONV = 1)%*HCONVsDV

ZERO

ZERD :
({HCONL + HNB)*DTW ~ 1)%KCONL¥DV

ZERO ]
( (HCONL + HNB)*DTW = 1)sHNB*DV«DYSDP(P)

R



Subroutine hexgcan

2979 SUBROUTINE HEXCAN(TCAN,DTC,TV,TL,HCONV,HCONL,QV,QL,
2980 » DQDTV,DODTL)

2581 IMPLICIT REAL¥8 (A-H,0-2)

2982 COMMON /NUMBER/ ZERO,ONE,BIG,SMALL

2983 COMMON /HXCN/ ACOV

2984 C : .

2985 € SUBROUTINE HEXCAN CALCULATES THE HEAT TRANSFERED TO
2986 C THE HEXCAN AND:ITS DERIVATIVES.

2987 C

2968 QV = ACOVHHCONV#* (TV = TCAN)

2989 QL = ACOVHCOML#(TL = TCAN)

2990 DQDTV = ACOV*HCONV*(ONE = DTC*HCONV)

2991 DQDTL = ACOVHHCONL*{CNE = DTG¢HCONL)

2592 RETURN .

2993 ~ END



29384
2885
29838
2997
29388
2989
3000
3001
3002

OO0

3003 .

3004
3005
30c86
3007
3008
3008
3010
3011
3012
3013
3014
3018
30186
3017
3018
3018
3020

s XeXe!

aao

Subrcutine fprop

SUBROUTINE FPROP{TRN,NPIN,NPM1,1)
IMPLICIT REALx8 (A~-H,0~2)

COMMON /NUMBER/ ZERO,ONE,BIG,SMALL
COMMON /PIN1/ CPIN{20),ROCP{20)
COMMON /ICONSY/ NCF,NCC,NG )
DIMENSION TRN{NPIN)

FUEL PROPERTIES
DO 1 K = {,NCF
T = {TRN(K+1) + TRN(K))/2.D0
CALL FUEL (T,K,I)
CONT INUE -
CLAD PROPERTIES

DO 2 K = NCC,NPM

T = (TRN(K+1) + TRN{K))}/2.00

CALL CLAD (T,K)
CONT INUE

GAP CONDUCTIVITY

T = (TRN(NG¥1} + TRN(NG))/2.D0D
CALL GAP (T,TRN(NG),TRN{NG+1),NG)
RETURN ‘
END

Eiuate) t

Y




3021
3022
3023
3024
3025
30286
3027
3028
3029
3030
33431

3032 |

3033
3034
3035

3036

Subroutine fue!l

SUBROUTINE FUEL (T,K,I) .
IMPLICIT REAL*S (A-H,0-2)
COMMON /NUMSER/ ZERO,ONE,BIG, SMALL
COMMON 7PIN1/ CPIN(20),ROCP(20)
COMMON /FCONST/ A0,A1,A2,A3,
BO,B1,82,A0, APU, LPLNM(40)

T2 T*T
T3 T%T2
X = 2.74D0 ~ 5.8D-04%7T

CPIN(K) = (BO + B1%T + B2%T2)s(ONE = (ONE = AD}*X)

ROCP(K) = (A0 + A1%T 4+ A2%T2 + A3%73)%AD*(ONE + 0.045%APU)
IF(LPLNM(1).£Q.0) ROCP{K) = 1.D+04

RETURN

END



3037
3038
3039
3040
3041
3C42
3043
3044
3045
3046
3047
3048
3049

Subroutine clad
L]
SUBROUTINE CLAD (T,XK}
IMPLICIT REAL+8 (A-H,0-2)
COMMON /NUMBER/ ZERG,GNE,BIG,SMALL
COMMON /PIN1/ CPIN(20),ROCP(20)
COMMON /CCONST/ AO0,A1,A2,A3,80,8B1,82,8B3

T2
T3

T*T
T*T2

. CPIN(K) = BO + B1*T + B2xT2 4 B3+73

ROCP (K} = AQ + A1¥T + AZ%T2 + A3+T3
RETURN
END

Lve
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3051
3052
2053
3054
3055
3056
3057
3058
3059
3060
3061
3062
3063
3064
3085
30686
3067
3068
3069
3070
3071
3072
3072
3074
3075

OO0
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Subroutine gap

SUBROUTINE GAP (T,TF,TC,NG)
IMPLICIT REAL*8 (A~H,0-Z)

COMMON /NUMBER/ ZERO,ONE,BIG,SMALL
COMMON /PIN1/ CPIN(20),RCCP(20)
COMMON /GCONST/ DIL,RADFU,RADCL

DATA
DATA
CATA

DGAP
CG =

ESB,HMIN /1.7D-08,3.705D+03/
c1,C2 /2.00,1.5D+01/ :
G1,G2,G3 /1.320-04,0.61D-04,1.8D+03/

CONDUéTIDN HEAT TRANSFER

= RADCL ~ RADFU
C2++DILxCY

HG = ONE/({DGAP + G1)}/CG + G2) + G3
RADIATION HEAT TRANSFER

HR = (TF*TF + TC*TC)*(TF + TC)+ESB

HGAP = HG + HR :

TF{HGAP.LT.HMIN) HGAP = HMIN

ROCP (NG) = ZERO

CPIN(NG) = HGAP

RETURN

END

-

8%t



Subroutine fpin

3076 SUBROUTINE FPIN(TV,TL,TS,TW,OTW,HCONV,HCONL,HNB, "
3077 * TR,CTR,DYT,NPIN, /NPT ,KD)
378 IMPLICIT REAL+¥8 (A-RH,0-2Z)
3079 LOGICAL LSS
3080 COMMON /NUMBER/ ZERQ,ONE,BIG,SMALL
3081 COMMON /PINO/ RODR(20),VP(20),VM(20),RADR,PPP(20)
3082 COMMON /PIN1/ CPIN(20),ROCP(20)
3083 COMMON /STST/ TAFP,LSS .
3cea DIMENSION A1{20),A2{20),A3(20),81(20)
36085 DIMENSION TR{NPIN),DTR(NPIN)
30€6 C
3087 . CALL POWER(HEAT,KD)
3088 C
3089 DTI = ONE/DT
3080 -, IF(LSS) DTI = ZEROD
3091 C
3092 A1(1) = ZERO
3033 A2(1) = RODR(1)+CPIN(1) + VP(1)*ROCP(1)+DTI
3054 B1(1) = VP(1)*HEAT*PPP(1) + VP{1)}*ROCP(1)*TR(1)*DTL
3035 DOt K = 2,KNPM1 .
© 3096 AMt = K = 1
3097 A1(K) = =RODR{KM1)*CPIN(KM1)
3098 A2{¥) = ~A1{K) + RODR{K)*CPIN(K) + (VP(X)*ROCP(K) +
3099 + UM (K)*ROCP (KM1))*DTI
3100 B1(K) = VP(K)*HEAT*PPP(K) + VM{K)*HEAT+PPP(KM1) +
3101 + (VP{K)*ROCP(K) + VM(K)*ROCP(XMt) }*TR(K)*DTZ
3102 1 CONTINUE
3103 C
3104 AT(NPIN) = ~RODR{NPMI)}*CPIN(NPMt)
3105 A2(NPIN) = =A1{NPIN) + VM(NFIN)}*ROCP(NPM1)*DTI +

3106 + RADR= (HCONV + HCONL + HNB)

3107 BI(NPIN) = VN(NPIN)*ROCP(NFM1)=TR(NPIN)}*DYI +
3108 + RADR* (HCONV*TYV + HCONL*TL + HNB*TS) +
3109 + VM{NPIN)*HEAT*PPP (NPM1)

3110 C

3111 AY(NPIN+1) = ZERO

3112 €

3113 A2(1) = ONE/A2(1)

3114 A3(1) = A1{2)*A2(1)

3115 Bi(1) = Bi{1)*a2{14)

3116 ¢

3117 DO 2 K = 2,NPIN

3118 KM = K - 1



3119
3120
3121
3122
3123
3124
3125
3126
© 3127
3128
3129
3130
3131

A2(K) = ONE/(A2(K) = A1(K)*A3(KM1))
A3(K) = AT(K+1)*A2(K)

B1(K) = (BI(K) = A1{K)+B1(KM1))*A2(K)
CONT INUE

TW = B1{NPIN)

DTW = A2(NPIN)*RADR
DD 3 K = 1,NPM1
TR(K) = B1(K)
DTR{K) = A3(K)

CONT INUE

RETURN

END

0s¢



3132
3133
3124
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145

3148

3147
3148
3149
3150
3151
3152
3153
3154
3155
3156
3187
3158
3159
3160
3161
3162
3163
3164
3165
3166
3167
3188

AN

Subrouti ne ftp

SUBROUTINE FTP(TV.TL,TS,TW.HCONV.HCDNL.HNB.TR,DTR,QPP,
* NI NJ,NN,NP,NTR,NPM? NIM2 NPIN)

IMPLICIT REAL*8 (A-H,0-2)
COMMON /NUMBER/ ZERQ,ONE,BIG,SMALL

DIMENSION TR(NTR),DTR{NTR},TW(NP)},TS{NN),TV{NN),TL(NN),

* HCONV (NP} ,HCONL(NP ) ,HNB{NP) , QPP (NN)
TWMAX = ZERO .

TRMAX = ZERQ

DO 3 I = 1,NIM2

DO 3 J = 1,NJ

KO = (J=1)*NI + I + 1

KP = (J=1)*NIM2 + I

KR = KP*NPIN

TR(KR) = TW(KP)
DO 1 KK = 1,NPMt
KTR = KR = KK

TR{KTR) = TR{KTR) = DTR{KTR)*TR{KTR+1)
IF(TRMAX,.GT.TR(KTR)) GO TO 1

TRMAX = TR(KTR)

KTRMAX = KTR

1 CONTINUE

IF(TWMAX.GT.TW(KP)) GO TO 2
TWMAX = TW{KP}

KTWMAX = KO

CONT INUE

QPP(KP) = HCONV{KP)%(TW(KP) =~ TV(KO))} + HCONL(KP)w
* (TW(KP)~=TL(KO)) + HNB(KP)=*(TW(KP)~=TS{KD))
3 CONT INUE

RETURN
END
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3169
3170
3171
3172
3173
3174
3175
3176
3177
3178
3179
3180
3181
3182
3183
3184
3185
3188
3187
3188
3189
3130
3191
3192
3193
3184
3165
3186

OO0

Subroutine thxcn

SUBROUTINE THXCN(TV.TL,HCONV,HCONL.TCAN*DT.NN.NI.NJ,NCAN,
* NIMt,NIM2)

IMPLICIT REAL*8 (A~H,0-2)

LOGICAL LSS

COMMON /NUMBER/ ZEROD,ONE,BIG,SMALL

COMMON /STSY/ TAFP,LSS

DIMENSION TV{NN),TL{NN) ,HCONV(NN) HCONL{NN),TCAN(NCAN)

SUBROUTINE THkCN PERFORMS YHE FIRT CALCULATION OF THE
HEXCAN TEMPERATURE.

DT! = ONE/DT
IF(LSS) 0TI = ZEROD

DO 10 I = 2,NIM1

KO = (NJ=1)*NI + 1

KP = (NJ=1)*NIM2 + I -~ 1
K2 = NI + I

K3 = K2 + NI

K4 = K3 + NI

TCAN (K2} = DNE/(TCAN{K45*DT! + HCONV(KP) + HCONL{XP))
TCAN(I) = (TCAN{K4)*TCAN(K3)«DTI + HCONV(KP)*TV(KD) =+
+ HCONL{KP)Y*TL{KO) ) *TCAN(K2)

10 CONTINUE

RETURN
END '

(@]
e



Subroutine thxen0

3197 SUBROUTINE THXCNO(TCAN ,NCAN,NI)

3198 IMPLICIT REAL#8 (A-H,0-2)

3199 DIMENSION TCAN{NCAN)

3200 C

3201 C SUBROUTINE THXCNO TRANSFERS THE NEW VALUE OF THE HEXCAN
3202 C "TEMPERATURE TO THE OLD HEXCAN TEMPERATURE ARRAY.
3203 C .

.3204 TCAN{1) = TCAN(2) .

3205 TCAN (NI} = TCAN(NI-1}

3206 DO 10 I = 1,NI

3207 . K3 = 2«NI + I

3208 TJCAN(K3) = TCAN(I)

3209 10 CONTINUE

3210 RETURN

3211 END

£6e
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3213
3214
3215
3216
3217
3218
3219
3220
3221
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3225
3226
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3228
3229
3230
3231

3232 -

3233
3234
3235
3236
3237
3238
3239
3240
3241
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Subroutine power

SUBROUTINE POWER (HEAT,KO)

IMPLICIT REAL*8 (A=H,0~2)

LOGICAL LP

COMMON /ERROR/ IERR

CONMON /NUMBER/ ZERO,ONE,BIG,SMALL

COMMON /PSHAPE/ SHAPE(100)

COMMON /TEMPO/ TIME,DT,DTO,DTLS.NDT

COMMON /BCOND/ TB(51),PNBI(51),PNB2(51), PNB3(51),0MP (51) .

PNT1(51),PNT2(51), PNT3(51),0MT(51), ALB1(51),
ALB2(51),ALB3(51),0MA(51),TVB1(51),TVB2(51),
TVB3(5i),0MV(51),TLO1(51),TLB2(51),TLB3(51),
OML(51) ,HNW1(51) ,HNW2(51) , HNWS(S\) OMH(51),
LMAX,LP(51)

L= 2

CONT INUE

IF(TIME.LE.TB{L)) GO 7O 2

L= L +1

IF(L.GT.LMAX) RETURN

GO TO 1

CONT INUE

DTIME = TIME = YB(L~1)

HEAT = HNWI({L)*DTIME + HNW2(L)

IF(LP(L)) GO TO 3

HEAT = DCDS(OMH(L;*DTIME)*H‘AT + ANW3(L)
CONT INUE

HEAT = SHAPE(KO)=+HEAT

RETURN

END

Hee



Subroutine gausie

3242 SUBROUTINE GAUSIE (A1,A2,A3,A4,F,X,BETA, GAMMA,NC)
3243 IMPLICIT REAL*8 (A~H,0-2)

3244 _COMMON /NUMEER/ ZERO,ONE,BIG,SMALL

3245 COMMON /GAUSS/ NZ,NR,NZM1

3246 CCMMCON /ERROR/ IERR :
3247 COMMON /CNTRL/ EPS1,EPS2,RES,ITY,172,17T3,1ITMT1,ITM2, ITRMAX
3248 DIMENSION A1{NC),A2(NC),A3(NC),A4(NC),F(NC),X{(NC),
3249 * BETA(NC),GAMMA(NC)

3250 € . '

3251 ITR = ¢

3252 1 CONTINUE

3253 ¢ :

3254 C NEW SCLUTION AT THE BOTTON

3255 C

3256 . 1= 1 .

3257 GAMMA(1) = F(I) = AS(1)*X(I+1)

3258 BETA(1) = ONE

3259 C

3260 - DO 2 J = 2,NR

3261 K= (Jd=1)=xNZ + 1

" 3282 Kt = K - NZ

3263 C

3264 BETA(J) = ONE = A1{K)*A4(K1)/BETA(J~1)

.3265 GAMMA(J) = (F(K)=A3(K)*X(K+1) = A1{K)+*GANMMA(J~1))/BETA(J)
32686 2 CONT INUE ,

3267 C :

3268 K = (NR=1)*NZ + I

3269 CONV = DABS(X(K) = GAMMA{NR})}

3270 X{K} = GAMMA(NR)

3271 DO 3'J = 2,NR

3272 K= NR = d + 1

3273 KX = (K~1)%NZ + 1

3274 XA = GAMMA({K) = A4(KX)*X{KX+NZ)/BETA(K)

3275 DX = DABS(X(KX) = XA}

3278 IF{DX.GT.CONV) CONV = DX

3277 X(KX) = XA

3278 3 CONTINUE

3279 ¢C

3280 C NEW SOLUTION QUT OF THE BOUNDARIES

3281 C )

3282 DD 6 I = 2,NZMt , .

3283 C

3284 GAMMA{1) = F{I) = A2{1)=X{I-1) =~ A3{I)eX{I+1)
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(e NeNe]

12

XA = GAMMA(K) = A4(KX)*X(KX+NZ)/BETA(K)
DX = DABS({X(KX) = XA)

IF(DX.GT.CONV) CONV = DX .
X(KX) = XA o

CONT INUE

CONVERGENCE TESY

IF(CONV = EPS2) 11,11,9
IF(ITR - ITRMAX) 1,10,10
IERR = | .
CONT INUE

RES = ZERO

DO 12 L = 1,NC

XX = DABS{X(L))
IF(XX.GT.RES) RES = XX
CONT INUE

RETURN

END



3349
3350
3351
3352
3353
3354
3355
3356
3357
3358
335¢
3360
3361
3352
3363

3366

3368
3369
3370
3371
3372
3373
3374
3375
3378
3377
3378
3379
3380
3381
3z3g2

3283

3385
3386
3387
3388
3389
3330
3391

OO0 0

o

100
101
102
103
104

21
22
23
24
28
26

27

50

—~

Subroutine errmes

SUBROUTINE ERRMES(TIME)

SUBROUTINE ERRMES PRINYS THE ERROR MESSAGES
WHENEVER THE EXECUTION OF THE PRCGRAM HAS
BEEN TERMINATED DUE TO NUMERICAL ERRORS SUCH
AS INSTABILITY,VARIABLES OUT OF RANGE ETC,

IMPLICIT REAL*8 {A=-H,0-2)
COMMON /ERROR/ IERR

WRITE(6,1100)

IF(IERR

TIME

2) 1,2,100

IF(IERR - 4) 3,4,101

IF(IERR 225
IF(IERR 24)
IF{(IERR = 26)
IF(IERR =~ 28B)

WRITE(6,1001)
GO YO 200
WRITE(6,1002)
GO TO 200
WRITE(6,1002)
GO TO 200
WRITE(S,1004)
GO TO 200
WRITE(G,1021)
GO TO 200
WRITE(S,1022)
GG TO 200
WRITE(6,1023)
GO TO 200
WRITE(G,1024)
GO TO 200
WRITE(G,1025)
GO TO 200
WRITE(6,1026)
60 TO 206
WRITE(S,1027)
GO TO 200
WRITE(E,1050)

21,22,102
23,24,103
25,26,104
27,50,50

86t



3392
3393
3394
3395
3396
32327
3398
3399
3400
3401
3402
3403
3404
3405
3406
3407
3308
3409
3410
3411
3412
2413
3414
3415
3416
917
3418
341¢
3420
3421
3422
3423
3424
3425
3426

c

200 CONTINUE
WRITE(6,1101)
1100 FORMAT(1H1,35(' »')//10X,"EXECUTION TERMINATED ON ERROR',
*' CONDITION AT TIME ',F10.4//)
1001 FORMAT(1X,'THE PRESSURE MATRIX INVERSION DOES NOT CONVERGE'/
* 1X, "IN THE MAXIMUM NUMBER OF ITERATIONS ALLOWED'//
* iX,'ERROR CONDITION NUMBER = 1'/)
1002 FORMATY(1X,'THE PRESSURE MATRIX IS NOT DIAGONAL DOMINANT'//
* 1X, 'ERROR CONDITION NUNMBER = 2'/)
1003 FORMAT(1X, 'THE VOID FRACTION 70OOK A VALUE EITHER LOWER THAN'/
% 1X,'ZERQO OR GREATER THAN ONE'// .
* 1X, "ERROR CONDITION NUMBER = 3'/)
1004 FORMAT(1X,'THE INITIAL CONDITIONS INPUT DATA 1S NOT IN THE'/
* 1%, 'PROPER URDER'//
* 1X,'ERROR CONDITION NUMBER = 4'/) .
1021 FORMAT(1X,'THE TIME STEP SIZE TOOK A VALUE TOO SMALL'/
* 1%, 'ERROR CONDITION MUMBER = 21%/) :
1022 FORMAT(1X,'THE PRESSURE TOCK A VALUE TOQ SMALL'/
* 1X, 'ERRUOR CONDITION NUMBER = 22'/)
1023 FORMAT{1X,'THE PRESSURE TCOK A VALUE TOO HIGH'/
* 1X,'ERROR CONDITION NUMBER = 23'/)
1024 FORMAT{1X,'THE VAPDR TEMPERATURE TDOK A VALUE TDO SMALL'/
* 1X, 'ERROR CONDITION NUWV3BER = 24°'/)
1025 FORMAT(1X,'THE VAPOR TEMPERAYURE YODK A VALUE YOO HIGH'/
* 1X, 'ERROR CONDITION NUMBIR = 25'/)
1026 FORMAT(1X, 'THE LIQUID TEMPERAYURE YOOK A VALUE TOO SMALLY/
® 1X,'ERROR CONDITION NUMBER = 26'/)
1027 FORMAT(1X,'THE LIQUID TEMPERATURE TDOX A VALUE YDO HIGH'/
* 1X,'ERROR CONDITION NUMBER = 271/)
1050 FORMAT(1X,'A QUIT SIGNAL WAS ISSUED B8Y THE TERMINAL OPERATOR'/
* 1X,'ERROR CONDITION NUMBER = 50'/)
1101 FORMAT($X,35(' «')}
RETURN
“END
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3428

3429

3430
3431
3432
3433
3434
3435

3436 .

3437
3438
3439
344

3441

3442
3443
3344
3445
3446
- 3447
3448
3449
3450
3451
3452
3453
3454
3455
3456
3457
3458
3459
3460
3451
3462
3463
3454
3485
3466
3367
3438
3469

Subroutine saver

SUBROUTINE SAVER(P,TV,TL,ALFA,UVZ,ULZ,UVR,ULR,TR,TCAN,
" TIME,NTR,NN NCAN,N{)
IMPLICIT REAL¥8 (A-H,0-Z)

LOGICAL LDATA

DIMENSION P(NN),TV{(NN),TL{(NN),ALFA(NN) ,UVZ(NN), , ULZ(NN),
* UVR(NN),TCAN({NCAN) , TR{NTR),ULR(NN)
DIMENSION XOUT(5)

LDATA = .FALSE.

WRITE(7,103) LDATA,TIME

DO 1 KO = 1,NN

WRITE(7, 100) KO, TV(KO) ,TL{KO),P(KQ), ALFA(KO)
WRITE(7,100) KO,UVZ{KO),ULZ{KO),UVR(KO), ULR(KO)
CONT INUE

LDATA = .TRUE.

KRES = 0

CONT INUE

DO 3 K = 1,5

KM = KRES + K

IF{KM.GT.NTR) GO YC &

xour(K) = TR{KM)

ONT INUE

hRITE(? 101) LDATA, (xour(KL) KL=1,5)

KRES = KRES + 5

GO TO 2

CONT INUE

WRITE{7,101) LDATA,{XQUT(KL),KL=1,5)

LDATA = ,FALSE.

WRITE(7,102) LDATA

LDATA = .TRUE.

KRES = 2xNI

K3 = 3#NI

CONT INUE

DO 6 K = 1,5

KM = KRES + K

IF{KM.GT.K3) GG .TO 7

XOUT (K) = TCAN(KM)

CONT INUE

WRITE(7,101) LDATA,{XQUT(KL),KL=1,5)

KRES = KRES + 5

GO TO0 S

CONT INUE

"WRITE(7,101) LDATA,{(XCUT(KL) ,Kist,5)

LDATA = .FALSE,



3470
3471
3472
3473
3474
3475
35476

100
101
102
103

WRITE(7,102) LDATA
FORMAT(15,4015.9)
FORMAT(L1,5D15.9)
FORMAT(L1)
FORMAT(L1,D15.9)
RETURN

END






