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ABSTRACT:

This report demonstrates the predictive capabilities of the
COMMIX-1A computer program by simulating a fundamental experiment
which determined diversion cross~flow and pressure drops between
and along two parallel square channels connected by a narrow
lateral slot. COMMIX-1A predicted correct trends and fairly
accurate flow quantities with minimum empirical input.

INTRODUCTION AND BACKGROUND:

The purpose of this project is to verify and demonstrate the
predictive capabilities of the COMMIX~-lA computer program. This
is accomplished by comparing the experimental results of Tapucu
and Merilo's experiments [1,2] with results from the computer
simulation of their experiment.

The Tapucu and Merilo experiments measured the diversion
cross-flow between two parallel square channels connected by a
long, narrow lateral slot. The pressure drop across the slot 1is
correlated to the cross-flow velocity by a dimensionless friction
coefficient, K. The experiment is performed at several different
inlet velocities and slot dimensions. The results show the vari-
ation of this friction coefficient with geometry and velocity
ratios. Figure 1 shows the geometric configuration of the
experimental apparatus.

COMMIX-1A was developed to analyze three-dimensional, tran-
slent, single-phase, thermal-hydraulic flow 1in reactor compo-
nents. The governing equations for conservation of mass,
momentum, and energy are solved as a boundary-value problem in

space and as an initial-value problem in time. The numerical



solution technique solves the governing equations using a
staggered mesh finite differenced formulation. Three-dimensional
Cartesian geometry was used for the geometric configuration shown
in Fig. 1. In the staggered mesh system, all the fluid
properties, except velocity, are evaluated at the cell center.
The velocity components are evaluated at the cell edges [3].

The major trade-off in this flow simulation 1s the accuracy
of the flow quantities versus the quantity of computational
cells. The accuracy of the flow simulation 1increases with the
nunber of cells, but the cost of making the simulation run also
increases.

PROCEDURE:

The geometry of the experimental apparatus is input into the
computer program by specifying the maximum number of cells 1in
each direction, the cell length associated with each of the three
directional indices, and the cells having boundary surfaces. The
first computer simulation run, TAPCOl, was limited to a total
number of 1200 cells. This limitation led to a coarse computa-
tional mesh as shown in Figure 2, which also shows representative
velocity vector plots. The smaller dimensioned cells were placed
in areas where high pressure gradients causing high cross-flows
were expected. Only one-half of the total flow field is calcu-
lated since there 1s a y-plane of symmetry through the slot
center. The choice of the computational mesh of the second simu-
lation run, TAPCO2, Figure 3, is largely based on the results of
the first run and was also limited to a .-easonable total number

of cells. More cells were added in the z~direction to reduce the



large pressure jumps calculated in TAPCOl and to improve the
pressure drop curve resolution. To improve the accuracy of the
diversion cross-flow mass transfer, the number of cells across
the slot gap clearance, y~direction dimension, was increased from
2 to 4 cells. The total number of cells for the TAPCO2 run is
2312.

The z-direction length of the flow inlet cells was increased
to develop a more realistic non-uniform velocity distribution in
the donor channel. The z-direction length of the flow outlet
cells was 1iuncreased to match the experimental pressure drop at
the outlet.

The boundary condition used 1n the simulation for the donor
channel 1inlet surface 1is a uniform specified inlet velocity of
1.559 m/s. This 1is the area averaged velocity determined by
dividing the reported volumetric flow rate of 0.905 m3/hr by the
channel cross-sectional area of 161.3mm2. The specified velocity
for the recipient channel inlet surface remained zero for all
computer runs [3].

Both the donor and recipient channel outlets have a common
continuative mass flow outlet boundary condition [3]. This con-
dition closely approximates equalized pressure at the outlet cell
centers of both channels. By positioning the outlet cell centers
further downstream, the experimental outlet pressure drop boun-
dary condition was met.

The state of water at 20° Celsius and standard atmospheric
pressure was used to obtain the values of density (997.2 kg/=3)
and laminar viscosity (0.001 Pa‘s). Isothermal conditions were

assumed.



In order to simulate turbulent flow, COMMIX-1A adds an
effective turbulent viscosity to the laminar viscosity and then
uses thelr sum in the evaluation of the viscous shear stress
terms at every mesh point 1in the flow field. The effective
turbulent viscosity was estimated from Eq. B.l in Ref. 3 to be
0.005 Pa‘'s. The donor channel 1inlet flow properties and
hydraulic diameter were used in this evaluation.

For the cross-flow in the slot, the local Reynolds number is
in the laminar region. Therefore, the turbulent viscosity was
set to zero for the third simulation run, TAPCO3, to determine
the effect of this turbulent viscosity.

In the experiment, the pressures were measured on the trans-
verse centerline of the slot at the outer channel walls in regu-
lar intervals along the channel height. These péints correspond
to the two x-edges of the y-plane of symmetry used as a surface
boundary in this flow model. Therefore, the adjacent corner cell
center pressures at each K level are used to simulate the experi-
mental measurements. In 1index notation, the donor channel
pressure at any K level is associated with the I=17, J=8 cells
for the TAPCO2 and TAPCO 3 runs.

The recipient channel pressures are associated with the I=},
J=8 cells. These computed pressures were used to construct the
axial pressure curves and to calculate the differential pressure
across the slot by subtracting the recipient channel pressure
from the donor channel pressure. For comparison purposes, Table
1 in Appendix A 1lists the differential pressures calculated as

above next to differential pressures calculated from the pressure



for cells immediately adjacent to the slot 1inlet and outlet.
Almost all the pressure drop occurs in the slot.
The 1integral cross—-flow mass transfer of any axial distance

z 1Is defined as the double integral

acf = - J p v, dy dz (D

slot gap
start clearance

where:

density

°
m

vxe

x—component of velocity on the slot exit plane
(negative from right to left).
For TAPC02 and TAPCO3, this 1integral 1is approximated by the

double summation shown below:

icf = -2p IZ(H g UL(7,J,K) » DY(J) « DZ(K) (2)
KH K=5 J=7
where:
KH = K level associated with desired height
UL(I,J,K) = x-component velocity at mesh location I,J,K
DY(J) = y-direction cell length

DZ(K) = z-direction cell length
For TAPCO2, the area averaged transverse velocity exiting. the

slot 1is calculatd as shown below:

— 8
UL, = — )} UL(7,J,K) « DY(J)  DZ(K)

(3)
E J=7

ASLOT C.S.



where:

Agror c.s. = [DY(7) + DY(8)] - DZ(K)
The tables 1in Appendix A 1list the data and results associated
with these calculations. For TAPCO2, the double summation shown

below 1s wused to calculate the area averaged donor channel

velocity:

— 17 8
WL = I WL(I,J,K) = DX(I) « DY(J) A g (%)
I=11 J=1 "ee
where:

WL(I,J,K) = z-component velocity at mesh location I,J,K

DX(I) = x-direction cell length
AC.S. = cross—sectional area of channel
The results from the above calculations are then wused 1n the

following equation to calculate the transverse resistance

coefficient:

K = ——————AP (3)

R 1 - 32
2 o (ULE)

RESULTS:

The major results are presented graphically with details
given in Appendix A.

Figure & compares the computed pressure drops minus the
gravity head across the slot vs channel height for all three runs
with the experimental results. The differential pressure curves
computed from TAPCOl and TAPCO2, shown in Figure 4, follow the

trend of the experimental data and graphically 41illustrate the




effect of decreased mesh size on the accuracy. Just as signifi-
cant 1s the departure of the TAPCO3 differential pressure curve
from the data. Since the only difference between the TAPCO2 run
and the TAPCO3 run is the removal of the effective turbulent
viscosity, clearly its value has an effect on the simulation.

Flgure 5 compares the cross—flow mass transfer for all three
runs and the experiment. Figure 6 compares the variation of
absolute pressure minus gravity head versus channel height for
the last two runs and the experiment.

The comparison of axial pressure drops made on Figure 6 has
several 1interesting implications. One 1s that since the TAPCO2
and TAPCO3 runs both differ significantly from the experimental
data, neither 1s an accurate simulation of the experiment. How-
ever, as Figures 4 and 6 show, the agreement with the experimen-
tal pressure drop across the slot and the cross flow mass
transfer is falirly good for the TAPCO2 run. With a turbulent
viscosity of five times the laminar viscosity (TAPCO2 run) the
pressure 1in the donor channel decreases, then levels off before
decreasing again. With zero turbulent viscosity (TAPC03), the
pressure drop goes through a wminimum. This is the same trend as
the data, but the TAPCO03 simulation 1is highly inaccurate. The
computed trends for the axial pressure drop in the recipient
channel are basically the same as the data. These trends imply
that a constant effective turbulent vigscosity used globally can
be adjusted to give better agreement with the data for the same

mnesh size used for TAPCO02 and TAPCO3.



Figure 5 again shows that the TAPCO02 run calculated the most
accurate cross-~flow of the three runs. One implication from the
comparison of these curves 1s that the reduction of turbulent
viscosity, which may give better pressure drop agreement, will
not 1increase the accuracy of the cross-flow calculated. Another
implication from the comparison of the TAPCOl and TAPCO02 curves
is that reduced mesh size does lead to more accurate cross flow
calculation, both in trend shape and quantity.

Figures 7, 8, and 9 compare pressure drops, cross—flow mass
transfer, and pressure variations between only TAPCO2 and the
experiment. Figure 10 compares the computed average axial
velocity in the donor channel with the data. Figure 11 compares
the calculated transverse resistance coefficient versus velocity
ratio between TAPCO2 and the experiment.

Figure 11 shows that the transverse resistance coefficient
curve of the TAPCO2 run trends very well and has good agreement
with the experiment in the low velocity ratio region with de-
creasing accuracy as the velocity ratio increases. The TAPCO2
data point with the largest deviation from the experimental curve
is calculated from the flow properties of the first cell level
above the slot start. In this region, the velocity and pressure
jumps are 1large due to the appearance of the slot Further
decreased mesh size should 1improve the accuracy of the
calculations in this region.

Figures 12 through 31 i1llustrate the computed cell center
velocity vectors of the TAPCO2 run for various cross—sectional

planes of interest. A "J" plane is a constant y-coordinate plane



cutting through the cell centers associated with that particular
J index number. Similarly, a "K" plane is a constant z-coordinate
pPlane associated with that K index number.

Figures 32 through 42 similarly illustrate the velocity
vectors of the TAPCO3 rum.

Several significant observations can be made from the velo-
city vector plots, Figures 12 thorough 42. One observation is
the expected recirculation patterns seen 1in the “K" plane
figures, which vary in strength from level to 1level. TAPCO1
velocity vector plots had similar patterns on a coarser mesh
grid. The large jump in the x—component velocity at the corner
of the donor channel and the slot start 1is clearly seen in
Figures 14, 15, and 18. Again similar observations were made
from the TAPCOl and TAPCO3 plots. One interesting comparison
between the TAPC0O2 and TAPCO3 "J” plane plots, Figures 14, 15,
32, and 33, is the more rapid decrease of the TAPCO2 velocity
magnitudes in the slot region. Another interesting comparison
between the TAPCO2Z and TAPC03 "K" plane plots 1s the less rapid
change of the TAPCO03 recirculation strength from level to level.
The implication from both these comparisons is that the removal
of turbulent viscosity results in more overall recirculation and
less pressure drop through the slot region.

The velocity vector plots also show that this problem can be
divided into three characteristic flow regions. The first is a
region of high turbulent parallel flow in the domor channel, the
second is a region of low, less turbulent parallel flow through a

narrow slot, and the third is a region of medium turbulent recir-
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culating flow in the recipient channel which again becomes mostly
parallel flow after the slot end.

CONCLUSIONS:

The COMMIX-1A Computer Code has been found to predict cor-
rect and accurate trends for pressure differences and mass
transfer between channels wusing a constant value of effective
turbulent viscosity. The predicted pressure drops in the axial
direction for each channel have the correct trends but are very
sensitive to the variation iIn effective turbulent viscosity. It
appears that an effective turbulent viscosity can be found which
ylelds good agreement with the pressure drop data but the com-
puted mass transfer rate 1s consistently below the data with a
maximum deviation of 20-25%. Private communications from Merilo
and Tapucu [4] indicate that the COBRA code could not calculate
this problem due to high cross-flows.

Two courses of future investigation are possible. The first
is to further reduce the mesh size in the high gradient regions
at the slot start. The cost effectiveness of this approach is
questionable, however, since the computer running time will
increase considerably. The second 1is to add a more local turbu-
lence model. This may be necessary since the experiment has no
imbedded 1internal structure. In addition the turbulence 1is
considerably higher in the channels than 1in the slot. Consi~-
dering the prediction of the correct trends and fairly accurate
cross—flow mass transfer, the use of an effective turbulent

viscosity appears sufficilently accurate for engineering purposes.
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Figure 2
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 16
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Figure 17

-~ - - [ [ a 4
4 . a a 4 . .
. L a [y [ \ 4
a - a a " \ e
a - - a - . ’
-~ - - a - - /
L d - - - - ~ /
- » - - - — -

s/W 10—

¥ =X

¢004dVLI WO¥d SITINSHd

\4

L4

L4

e




RESULTS FROM TAPCO2

I
'

— 0.1 m/s

29

Figure 18
v o4 ’ / [ [
Wiy o6 f 4 ‘
1! / // J e s ¥
///// |
S
I//.-—%‘- - -
= - - .
i { / -~ -~ AN *
] - ~ \ *
/

Jj,\\ x

L
‘\‘.I !

L.

—




RESULTS FROM TAPCOQ2

30

Figure 19

-
-
-
-
-

Y S '
Wis oo '
/SN
VN
‘/::'\ N\ \
j,-\ Vo
l’\\ |
]
;\\
\\\\___,//




31

Figure 20
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Figure 22
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Figure 23
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Figure 24
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Figure 25
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Figure 26
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Figure 27
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Figure 28
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Figure 29
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Figure 30

- - - v
- - v »
’ v > »
- 3 4 1Y
- - - 4
- - (4 v
- » - >
- - L [ 4

s/w 10

L1=X)

¢0DdVI WO¥dd SIINSTd

»

-

e .

L

[}

v

v

™re




42

Figure 31
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Figure 32
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Figure 34
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Figure 35
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Figure 36
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Figure 37
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Figure 41
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Figure 42
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TABLE 1

COMPARISON OF DELTA FPRESSURE ACRDSS SLOT
BETWEEN CHAMMEL WALLZ AND BETWEENM INLET AND UUTLET

CHANMEL DELTA PRESSURE DIFFERENCE
HEIGHT ACROSE SLOT BETWEEN -
CHANNEL IMLET TWO DELTH
WALLS OUTLET PRESIUREZ

(METER> PASCAL> (PASCAL> <(PRSCALX

0.310 156.46 145.36 11.10
0.359 111.98 112.34 -0.356
0.408 74.47 ?5.92 -1.45
0.457 55.94 S56.62 -0.68
0.506 53. 09 S52.74 0.35
0.590 20.09 20.68 -B.29
0.710 15.50 15.33 0.17
0.830 12.38 12.16 0.22
0.950 8.31 -8.19 0.12
1,030 11.72 10.95 0.77
1.070 13.47 12.71 0.76

1.110 20.12 19.06 1.06



TABLE 2 RESULTS FROM TAPCO2
CHANNEL PRESSIWE DATA

CHANNEL
HEIGHT
(METER>
0. 052
0.156
0.227
0.266
0.310
0.359
0.408
0.457
0.506
b.590
0.710
0.830
0.950

DONDR
(PASCAL)

1909.60
1315.00
10351.60
920.98
818. 09
817.94
805,38
786.46
763.87
682.17
574.59
464.37
353.34
282.82
247.98
214.98
192.26
149.19
141.68

-0.51

673.67
673.77
673.83
673.87
672.73
705.60
730.46
729.84
711.13
661.49
559.26
452.21
245.15
271.87
235.27
195.92
150.48
121.22
90.81
0.03

RECIPIENT DELTHR

CPASCAL> PASCAL)

1235.93
641.23
377.77
247.11
145,36
112.34

75.92
56.62
S2.74
20.68
15.33
12.16

8.19
10.95
12.71
19.06
41.78
27.97
50.87
-0,54
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TABLE 3 RESULTS FROM TRPCO3

CHANNEL
HEIGHT
(METER>
0. 052
0.156
0.227
0.266
0.310
0.359
0.408
0.457
0.506
0.590
0.710
0.830
0.950
1.030
1.070
1.110
1.150
1.190
1.230
1.360

CHANNEL PFESSURE

DONOR

(PRECAL>

89.83
-14.41
-65.03
=91.435

-102.88

-86.66

-53.11
4.13
71.52
95.26
114.58
102.71
80.14
63.79
54.42
44,17
26.74
15.92
26.86
0.53

RECIPIENT
(PRECAL)

~116.09
-116.16
-116.25
-116.42
-117.65
-117.83
-102.85
-56.18
12.73
92.54
112.55
101.50
79.80
62.73
54.33
45.43
35.69
29.16
21.73
0.08

DATA
DELTA
CPRSCAL)
205.92
101.75
s1.22
24.97
14.77
31.17
49.74
60.31
58.78
a.72
2.03
.21
0.34
1.06
0.09
-1.26
-8.95
-13.25
.13
0.45



v 0O N O W

10
11
12
13
14
1S5
16

U

M-S>
0.1727
0.1873
0.1445
0.1161
0.1096
0. 0956
0. 0409
0.0231
0. 0231
0. 0279

'0.0218

0. 0544

v

M/S>
0.0167
0.1100
0.1559

- 0.1808

0.1865
0.0614
0.0348
0. 0236
0.0132
0.0151
0.0136
0.0139
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TABLE 4 RESULTS FROM TRAPCO2

.CALCULATION OF INTEGRAL CROSS FLOW MASS TRANSFER

MATS FLOW RATE
INTEGRAL HEIGHT

u@
OIS
0.3186
0.3188
0.2488
0.1989
0.1849
0.0939
0. 0681
0.0548
0.0382
0. 0462
0. 0529
0.0887

U-Av6
M/S)
0.2456
0.2530

0.1966

0.1575
0.1472
0.0748
0.0545
0. 0439
0. 0306
0. 0370
Q. 0423
0.0715

DY<(?>+DY (8> YDLUMETRIC

DZ KD
(MM

4.9784E~05
4.9784E~05
4.9784E~05
4.9784E~00

4.9784E~-05

1.2192€~04
1.2192E~04
1.2192E~-04
1.2192E~-04
4.0640E-0S5
4.0640E~-05
4.0640E~-05

FLOW RATE
(MeMeM/ )

1.2229E-05
1.2598E-05

9.7900E-06 -

7.8410E-06
7.3207E-05
9.113%5E-06
6.6446E-06
S5.3534E-06
3.7363E-06
1.5057E-06
1.7211E-06
2.9073E-06

LOCAL

(MEGAGRAM/HOUR>

0.04290
0. 04523
0. 03515
0.02815
0.02632
0. 03272
0. 02385
0. 01924
0. 01341
0.0?541
0.0b618

0.01044

TABLE S RESULTS FRUM TAPCO3

0. 04390
0.038913
0.12427
0.15242
0.17274
0.21145
0.23531
0.25454
0.2679%6
0.27337
0.279%54
n.28998

CALCULATION OF INTEGRAL CROSS FLOW MAES TRANSFER

ue

M/
0.0640
0.16%59
0.2374
0.2845
0.2990
0.1261
0. 0695
0. 0436
0.0244
0. 0251
0. 0225
0.0210

U-AVG DY (7> +DY (S

™MsS)
0. 0403
0.1380
0.1966
0.2326
0.2427
0.0938
0. 0522
0. 0336
9.0188
0.0201

0.0181

0.017%

D2 &
(Mo

4.9784E-05
4.9784E-05
4.9784E-05
4.9784E-05
4.9784E-05
1.21926-04
1.2192E-04
1.2192E-04
1.21926-04
4.0640E-05
4. 0640E-05
4. 0640E-05

YOLUMETRIC MASS FLOW RATE
INTEGRAL HEIGHT
(MEGRGRAM/HOUR)>

FLOW RATE
(MoMeM/ 2>

2. 0088E-06

6.8577E-06

9.7900E-06
1.1582E-05
1.2085E-05
1.1430E-05
6.3581E-06
4. 0965E-06

2.2921E~-06

8.1686E-07
7.335SE-07
7.0917E-07

LacAL

0.00721
0. 02465
0.03515
0.04158

0.04338

0.04103
0. 02283

0. 01471

0. 00823
0. 00293

0. 00263

0. 00255

0. 00721
0.03187
0. 06701
0.10859
0.15197
0.19301
0.21583
0.23054
0.23877
0.24170
0.24433
0.24688

CHANNEL
METER>
0.334
0.383
0.43¢2
0.481
0.530
0.650
0.770
0.890
1.010
1.050
1.090
1.130

CHANNEL.
(METER>
0.334
0.383
0.432
0.481
0.3530
0.650
0.770
0.890
1.010
1.050
1.090
1.130
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TAELE 6 RESULTS FOR TAPCO2

CHANNEL DONOR  CHANNEL
HEIGHT  AREA AVERAGED VELDCITY
(METER s
0.104 1.559
0.208 1.559
0.247 1.560
0.285 1.560
0.334 1.464
0.393 1.390
0.432 1.331
0.481 1.204¢
0.530 1.240
0.650 1.187
0.770 1.148
0.990 1.116
1.010 1.093
1.050 1.083
1.090 1.072
1.139 1.0%9
1.170 1.059
1.210 1.059
1.250 1.059

TABLE 7 RESULTS FROM TAPCO2

VELOCITY TRANSYERSE  CHANNEL
RATIO RESISTRNCE  HEIGHT
TRANSVERSE/DONOR COEFFICIENT  (METER)
0.15?5 '5.200 0.310
0.1728 3.507 0.359
0.1415 3.862 0.408
0.1183 ~ 4.523 0.45?
0.1147 4.911 0.506
0.0603 7.211 0.590
0. 0459 10,466 0.710
0.0383 12.954 0.83°
0.027% 17.742 0.950
0.0339 17.124 1.030
0.0391 15. 063 1.070

0. 0667 7.882 1.110
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stas GRID SUMMARY zanxe

IMAXZ L7 JMAXE B KMAXZ20

I=
.1=
Is
Iz
Iz
I=
Is
I=
I=
I=10
I=11
I=y2
I=13
I=14
I=1S
I=z16
I=17
J=
Je
J=
J=
Js
Js
J=
Jz
K=
K=
K=
K=
K=
Kz
Kz
K=
Ks
Kz10
Kz11
Kzg2
Kz13
K214
-X=18
K=1é6
K=17
K=18
Kx319
K=20

O ONOUV DWW -

OONOVNBIHNEDYOU DU -

Xz
x=
x=
Xs=
X=
Xs
Xz
Xz
Xz
xs
Xz
xX=
Xs
Xs
Xs
b ¢
Y=
Y=
Yz
¥s
¥=
Y=
Yz
¥s
2=
=
2=
s
2=
2=
2=
&
2z
2=
2=
2=
1=
4]
r44
2=
F £
23
2=
=

1.83000000=03
4.29000000=03
6.91000000=03
8.831500000=03
1.00583500=02
1:11150500=¢2
1.2171750D=02
1.3228450D0=02
1.4285150D-02
1.53418500=¢2
1.63985500=02
1.74552500-02
1.85119500=02
1.97553000=02
2.16603000=02
2.482803000=02
2.71403000=02
$.98500000=00
2009550000-03

.3.30200000=C3

8,3180000D=03
5.,0800000D=03
5.58800000=03
§.96900000=03
6.2230000D=(C3

1.02045000=01 -

2.5613500D0=01
3.27385000=01
3.65795000=01
8.09500000=01
4,58500000=01
5.07500000=01
5.5650000D~01
6.05500000=01

6.9000000D~01

2,10000000-01
9.30000000=01
1.05000000+00
1.1300000D+¢00
1.17000000+00
1.21000000¢00
1.25000000+00
1.29000000+00
1.33000000¢00
1.46000000¢00

Dx=

2.86000000=03
2.86000000+03
2.38000000-03
1.43000000-03
1.0567000D-03
1.05670000~03
1.05670000+03
1.05670000=03
1.05670000«03
1.05670000<03
1.0567000D=03
1.0567000003
1.05670000=03
1.43000000=03
2+3800000003
2.8600000D0=03
2.86000000=03
1.39700000-03
13970000003
1,0160000D0=03%
Dy= 1.01£0000D=03
DY= 5,0800000D=0g
Dy= 5.0800000D=04
DY 2.54000000=04
Dys 2.5400000C-04
D22-2.0409000D=0}
D72 1.0409000D=01
CZ= 3.8410000D«02
Dz= 3.8410000D=02
DZ= 4.9000000D=02
Dzs 4.9060000D=02
D72 4.90000000=02
D2z 4.9000000D0=02
072 4.9000000D=02
D2= 1.20000000-01
0Z= 1.2000000D0=01
07z 1.2000000D=01
Dz® 1.20000000=01
07= 4.00000000-02
DZ= 4.00000000-02
Dz= 4.0000000D0=02
02= 3.00000000~02
D= 4.00000000=02
D2% 4.0000000D=02
02z 2.20000000~0}

Dxs
Dxs
Dxs
Dy=
DXz
Dxs=
px=
Dx=
Dx=
Dx=
Dx=
Cx=
Dxs=
Dx=
Dxs
Dx=
or=
Dy=
Dy=

TOTAL NUMBER OF IRREGULAR CELLS
TOTAL NUMBER OF CELLS
TOTAL NUMBER 'OF IRREGUALR SURFACE ELEMENTS Nyz @
TOTAL NUMBER OF SURFACE ELEMENTS

Nus 0
NM132312

NL1=z1460
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8812¢
NPiE2326 -

NLIB1QG®
NADJCCmE
NFATRGES

NPARSS
NFORCESS
NSTRELe®

NELPaRSS®

ITURKE =8

InIREee

BEND
SGEOM

1CEQMs8, .

IMAxs17, JUAXRS, KMAXE2ES,

NSURFx10, IFRESE1, LHPRNTaS,
0x5220.00286, ,00238, ,00143, ¥a_ 0030567,

00143, 00238, 290,00286,

0Y¥322:,001397, 2,001016, 20.000508,200,000258, .
CZ= 20409, ,10409, 2»,03841, Se, 009, 4v,12, 60 g4, ,22,
XNQRrLE Op O, €. Gy O, 00 3¢ O =i, #,
YNOpKL® 0, 0, 0, 0, 0, =1, O 1, O, 8,
INORMLS 1, 3, =3, =1, 1, 0, Cs O, Oy =),
SEND

REG =1, 11 17 1 8 1 1 3 D INLEV
REG =y, 1 7T 3§ 8 1 3 2 R INLEV
REG =1, 11 17 4y 8 20 20 3 D OUTLET
REG »j, 8 10 7 8 16 36 & - SLOT END
REG =1, 8 10 7 8 S § % SLOT STARY
REG o1, 1 71 8 6 1 & & FLUID SURFACE
REG =t. 1t 17 8 0 1 & & .

REG =3, 1 17 8 8 S 16 & .

REGC =i, 1 7T s B 17 20 & .

REG =3, 11 17T a8 1T 20 % .

REC =i, 1 1 3 8 3 20 1 o

REG =i, 11 11 1 6 1 20 7Y «

REG 1. 11 13 7 8 1 a 7 .

REG «9, 111 7 8 171 20 7 -

REG =1', 1 7T 3 1 1 2 8 oy

REG =1, 117 101 1 28 8 .

REG =31, 8 10 7 1T S 16 B ]

REG =3, b B B | [ 1 20 o X

REG =1 7 1 3 8 1 & 9 .

REG =f, T 7 7 8 11 20 o .

REG =1, 1T 17 1 8 1 20 9 .

REG «33 1 7 1- 8 20 20 0 R OUTLEY
END

LCATA

VELOCE 14,559, 0.0, 8s000,
KFLOWE 1, 3y =5, 293, =3 J*%3s o5,
TEMP2109020,0,
I5TaTEaO, IFENERSS®,
KTEWPs10at,
NTHCONS =1,
1T=10,FPROPs), .
FCOH 5 1.2750 € 6, FCIN & 5.35 E*3,
FCORO= 89,9720 E 2, FCIRUBD, 0
FCOMUs 1,0100 Eo3, FCiMNUS 0,8
FCOK = 85,00 Ee1, FCIK Se 6,25 €=,
'UR'-VI'AO_OSS' NMATE g .
ISYMCHs1, OVEGAs jooLPsl,
EPS1gl.E-8, EPS251.E~s, 1DTINEg), ROVIMESRO,%, DTENERg],.,
JIFITENSO, EPSSS| EeS, DOOKNXS0,., OMEGAES, 1S, ITHAXESL0Q,
TEMPOR20,0, PRES05101353., XPRESO=,004, YPRESOR.804,
IPRES031,460,
GRAVZE=9,8067, ITIBUCE0, NTPRNT2<9999, NIMAXER],
ISTPR:-IZOI,-lloB,-2EOl,-2&00.-!Zﬂl.-3203,-9201,-0200,1120.,
82008,16208, 51003, 510810,
ATHPRS«1201,-1208,02201,°2208,-3201,-3208,-9201,-9208,17208,
8208,16208, 51003, 51010,
IFREQ=1, NREBRTE19, [JRF217820, 1ZRES=S,
NRERME192Se,
NREBZ=192%6,
NFORcge0,
SEND
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