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ABSTRACT:

This report demonstrates the predictive capabilities of the

C0MMIX-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. C0MMIX-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 C0MMIX-1A 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 is

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.

C0MMIX-1A was developed to analyze three-dimensional, tran-

sient, single-phase, thermal-hydraulic flow in 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. I. 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 is the accuracy

of the flow quantities versus the quantity of computational

cells. The accuracy of the flow simulation increases with the

number 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 in

each direction, the cell length associated with each of the three

directional indices, and the cells having boundary surfaces. The

first computer simulation run, TAPCO1, 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 is a y-plane of symmetry through the slot

center. The choice of the computational mesh of the second simu-

lation run, TAPC02, Figure 3, is largely based on the results of

the first run and was also limited to a reasonable total number

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



large pressure jumps calculated in TAFC01 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-directlon 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 increased to match the experimental pressure drop at

the outlet.

The boundary condition used in the simulation for the donor

channel inlet surface is a uniform specified inlet velocity of

1.559 m/s. This is 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 20s Celsius and standard atmospheric

pressure was used to obtain the values of density (997.2 kg/a3)

and laminar viscosity (0.001 Pa's). Isothermal conditions were

ass umed.



In order to simulate turbulent flow, C0MMIX-1A adds an

effective turbulent viscosity to the laminar viscosity and then

uses their sum in the evaluation of the viscous shear stress

terms at every mesh point in the flow field. The effective

turbulent viscosity was estimated from Eq. B.I in Ref. 3 to be

0.005 Pa's. The donor channel inlet 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 points 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 index 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 1=1,

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 lists the differential pressures calculated as

above next to differential pressures calculated from the pressure



for cells Immediately adjacent to the slot Inlet and outlet.

Almost all the pressure drop occurs In the slot.

The Integral cross-flow mass transfer of any axial distance

z Is defined as the double Integral

mcf » - / / p vxe dy dz (1)

slot gap
start clearance

where:

p = density

vxe H x-component of velocity on the slot exit plane

(negative from right to left).

For TAPCO2 and TAPCO3, this integral is approximated by the

double summation shown below:

KH 8
m "2p I I 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 is calculatd as shown below:

I UL(7,J,K) • DY(J) • DZ(K) A ^ ^^ (3)



where:

ASLOT C.S. = [°Y<7) + DY(8)] • DZ(K)

The tables in Appendix A list the data and results associated

with these calculations. For TAPCO2, the double summation shown

below is used to calculate the area averaged donor channel

velocity:

— 17 8
WL = I I WL(I,J,K) • DX(I) • DY(J) A (4)

U 1-11 J-l C'S*

where:

WL(1,J,K) = z-component velocity at mesh location I,J,K

DX<I) = x-directlon cell length

A^ g = cross-sectional area of channel

The results from the above calculations are then used in the

following equation to calculate the transverse resistance

coefficient:

KR - T - ^ (5)

RESULTS:

The major results are presented graphically with details

given in Appendix A.

Figure 4 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 TAPCO1 and TAPCO2, shown in Figure 4, follow the

trend of the experimental data and graphically illustrate the
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effect of decreased mesh size on the accuracy. Just as signifi-

cant is the departure of the TAPC03 differential pressure curve

from the data. Since the only difference between the TAPC02 run

and the TAPC03 run is the removal of the effective turbulent

viscosity, clearly its value has an effect on the simulation.

Figure 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 interesting implications. One is that since the TAPCO2

and TAPCO3 runs both differ significantly from the experimental

data, neither is 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 fairly good for the TAPC02 run. With a turbulent

viscosity of five times the laminar viscosity (TAPC02 run) the

pressure in the donor channel decreases, then levels off before

decreasing again. With zero turbulent viscosity (TAPC03), the

pressure drop goes through a minimum. This is the same tread as

the data, but the TAPCO3 simulation is 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 viscosity used globally can

be adjusted to give better agreement with the data for the same

mesh size used for TAPC02 and TAPCO3.
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Figure 5 again shows that the TAPCO2 run calculated the most

accurate cross-flow of the three runs. One Implication from the

comparison of these curves is that the reduction of turbulent

viscosity, which may give better pressure drop agreement, will

not increase the accuracy of the cross-flow calculated. Another

implication from the comparison of the TAPCO1 and TAPC02 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 TAPC02 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 TAPC02 and the experiment.

Figure 11 shows that the transverse resistance coefficient

curve of the TAPC02 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 TAPC02

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 large due to the appearance of the slot Further

decreased mesh size should improve the accuracy of the

calculations in this region.

Figures 12 through 31 illustrate the computed cell center

velocity vectors of the TAPC02 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

plane associated with that K index number.

Figures 32 through 42 similarly illustrate the velocity

vectors of the TAPCO3 run.

Several significant observations can be made from the velo-

city vector plots, Figures 12 thorough 42. One observation is

the expected recirculation patterns seen in the "K" plane

figures, which vary in strength from level to level. TAPC01

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 is clearly seen in

Figures 14, 15, and 18. Again similar observations were made

from the TAPCO1 and TAPCO3 plots. One interesting comparison

between the TAPCO2 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 TAPCO2 and TAPCO3 "K" plane plots is the less rapid

change of the TAPC03 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 donor 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 reclr-
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culating flow in the recipient channel which again becomes mostly

parallel flow after the slot end.

CONCLUSIONS:

The C0MMIX-1A Computer Code has been found to predict cor-

rect and accurate trends for pressure differences and mass

transfer between channels using 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 in effective turbulent viscosity. It

appears that an effective turbulent viscosity can be found which

yields good agreement with the pressure drop data but the com-

puted mass transfer rate is 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 is to add a more local turbu-

lence model. This may be necessary since the experiment has no

imbedded internal structure. In addition the turbulence is

considerably higher in the channels than in 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 sufficiently accurate for engineering purposes.
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Figure 11
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TfiBLE 1

CDMPftRISDN DF DELTfl PRESSURE flCROSS SLDT
BETWEEN CHflNNEL WfiLLS flND BETWEEN INLET fiND OUTLET

CHflNNEL
HEIGHT

<METER>

0.310

0.359

0.408

0.457

0.506

0.590

0.710

0.830

0.950

1.030

1.070

1.110

DELTfl PRESSURE
flCROSS SLDT

CHflNNEL INLET
WflLLS DUTLET
<PflSCflL> <PflSCflL>

156.46

111.98

74.47

55.94

53.09

20.09

15.50

12.33

8.31

11.72

13.47

20.12

145.36

112.34

75.92

56.62

52.74

20.68

15.33

12.16

8.19

10.95

12.71

19.06

DIFFERENCE
BETWEEN
TWO DELTfl
PRESSURES
<PflSCflL>

11.10

-0.36

-1.45

-0.68

0.35

-0.59

0.17

0.22

0.12

0.77

0.76

1.06



56

TABLE 2 RESULTS FRDM TRPC02

CHW1NEL CHANNEL PRESSURE DflTfl
HEIGHT DDNDP RECIPIENT DELTR
<METER> <PflSCflL> <PflSCflL> <PflSCHL>

0.052 1909.60 673.67 1235.93

0.156 1315.00 673.77 641.23

0.227 1051.60 673.83 377.77

0.266 920.98 673.87 247.11

0.310 818.09 672.73 145.36

0.359 817.94 705.60 112.34

0.408 806.38 730.46 75.92

0.457 786.46 729.84 56.62

0.506 763.87 711.13 52.74

0.590 682.17 661.49 20.68

0.710 574.59 559.26 15.33

0.830 464.37 452.21 12.16

0.950 353.34 345.15 8.19

1.030 282.82 271.87 10.95

1.070 247.98 235.27 12.71

1.110 214.98 195.92 19.06

1.150 192.26 150.48 41.78

1.190 149.19 121.22 27.97

1.230 141.68 90.81 50.87

1.360 -0.51 0.03 -0.54

THBLE 3 RESULTS FRDM THPC03

CHBNMEL CHfiNNEL PRESSURE DflTfi
HEIGHT DDNDR RECIPIENT DELTR

<I1ETER> <PflSCHO <PfiSCRL> <PHSCRL>

0.052 89.83 -116.09 205.92

0.156 -14.41 -116.16 101.75

0.227 -65.03 -116.25 51.22

0.266 -91.45 -116.42 24.97

0.310 -102.88 -117.65 14.77

0.359 -86.66 -117.83 31.17

0.408 -53.11 -102.85 49.74

0.457 4.13 -56.18 60.31

0.506 71.52 12.73 58.78

0.590 95.26 92.54 2.72

0.710 114.58 112.55 2.03

0.830 102.71 101.50 1.21

0.950 80.14 79.80 0.34

1.030 63.79 62.73 1.06

1.070 54.42 54.33 0.09

1.110 44.17 45.43 -1.26

1.150 26.74 35.69 -8.95

1.190 15.92 29.16 -13.25

1.230 26.86 21.73 5.13

1.360 0.53 0.08 0.45
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TfiBLE 4 RESULTS FROM TRPC02

CflLCULflTION OF INTEGRflL CROSS FLOW MflSS TRANSFER

K U<7> U<8> U-ftVG DY<7>+DY<8> VOLUMETRIC MRSS FLDU RRTE CHflNHEL
DZOO FLOU RRTE LOCRL INTEGRflL HEIGHT
<M*M> <M*H*M/'S> <MEGRGRRMXHDUR> <METER>

5 0.1727 0.3186 0.2456 4.9784E-05 1.2229E-05 0.04390 0.04390 0.334

6 0.1873 0.3188 0.2530 4.9784E-05 1.2598E-05 0.04523 0.03913 0.383

7 0.1445 0.2488 0.1966 4.9784E-05 9.7900E-06 0.03515 0.12427 0.432

• 8 0.1161 0.1989 0.1575 4.9784E-05 7.8410E-06 0.02815 0.15242 0.481

9 0.1096 0.1849 0.1472 4.9784E-05 7.3307E-06 0.02632 0.17874 0.530

10 0.0556 0.0939 0.0743 1.2192E-04 9.U35E-06 0.03272 0.21145 0.650

11 0.0409 0.0681 0.0545 1.2192E-04 6.6446E-06 0.02385 0.23531 0.770

12 0.0331 0.0548 0.0439 1.2192E-04 5.35S4E-06 0.01924 0.25454 0.890

13 0.0231 0.0382 0.0306 1.2192E-04 3.7368E-06 0.01341 0.26796 1.010

14 0.0279 0.0462 0.0370 4.0640E-05 1.5057E-06 0.00541 0.27337 1.050

15 0.0313 0.0529 0.0423 4.0640E-05 1.7211E-06 0.00618 0.27954 1.090

16 0.0544 0.0887 0.0715 4.0640E-05 2.907SE-06 0.01044 0.28998 1.130

TRBLE 5 RESULTS FROM TRPC03

CflLCULRTIDN OF INTEGRflL CROSS FLOU MRSS TRflMSFER

K U<7) U<8> U-flVG DY<7>+DY<8) VOLUMETRIC MflSS FLOW RflTE CHRNNEL
DZOO FLOW RflTE LOCflL INTEGRfiL HEIGHT
<M*M> CM^M^M/'S) <MEGfiGRflM/-HOUR> <METER>

5 0.0167 0.0640 0.0403 4.9784E-05 2.0088E-06 0.00721 0.00721 0.334

6 0.1100 0.1659 0.1380 4.9784E-05 6.8677E-06 0.02465 0.03187 0.383

7 0.1559 0.2374 0.1966 4.9784E-05 9.7900E-06 0.03515 0.06701 0.432

8 0.1808 0.2845 0.2326 4.9784E-05 1.1582E-05 0.04158 0.10359 0.481

9 0.1865 0.2990 0.2427 4.9784E-05 1.2085E-05 0.04338 0.15197 0.530

10 0.0614 0.1261 0.0938 1.2192E-04 1.1430E-05 0.04103 0.19301 0.650

11 0.0348 0.0695 0.0522 1.2192E-04 6.3581E-06 0.02283 0.21583 0.770

12 0.0236 0.0436 0.0336 1.2192E-04 4.0965E-06 0.01471 0.23054 0.890

13 0.0132 0.0244 0.0188 1.2192E-04 2.£92IE-06 0.00823 0.23877 1.010

14 0.0151 0.0251 0.0201 4.0640E-05 8.1686E-07 0.00293 0.24170 1.050

15 0.0136 0.0225 0.0181 4.0640E-05 7.3355E-07 0.00263 0.24433 1.090

16 0.0139 0.0210 0.0175 4.0640E-05 7.0917E-07 0.00255 0.24688 1.130
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TABLE 6

CHANNEL
HEIGHT
(METER)

0.104

0.808

0.247

0.285

0.334

0.383

0.438

0.481

0.530

0.650

0.770

0.890

1.010

1.050

1.090

1.130

1.170

1.210

1.250

RESULTS FDR TRPC02

DONOR CHANNEL
AREA AVERfiGED VELOCITY

(M/-S)

1.559

1.559

1.560

1.560

1.464

1.390

1.331

1.284

1.240

1.187

1.148

1.116

1.093

1.083

1.072

1.059

1.059

1.059

1.059

TflBLE 7 RESULTS FROM TAPC02

ELOCITY
RflTIO
VERSE'DDNC

0.1575

0.1728

0.1415

0.1183

0.1147

0.0603

0.0459

0.0383

0.0275

0.0339

0. 0391

0.0667

TRANSVERSE
RESISTANCE

]R COEFFICIENT

5.200

3.507

3.862

4.523

4.911

7.211

10.466

12.854

17.742

17.124

IS.063

7.882

CHANNEL
HEIGHT
CMETER)

0.310

0.359

0.408

0.457

0.506

0.590

0.710

0.83?

0.950

1.030

1.070

1.110
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•••* GRID SUMMARY *•*•

IMAXU7 JMAXs 8 KMAX«20

X* 1 Xs 1.43000000-03 Dxs 2.66000000-03
I* 2 Xs 4.29000000-03 Dxs 2.860O00O°~O3
1* 3 XX 6.91000000-03 Dx= 2.36000000-03
X* 4 Xs 8.8150000D-03 DXs |.43000000-03
Is 5 xs 1.00563500-02 Ox= 1.05670000-03
** 6 Xs tilU5050D-02 OX* 1.05670000-03
I» 7 X« 1.21717500-02 OX* 1.05670000-03
Is 8 Xs l,3228«50D-02 0X= 1.0567000^-03
{• 9 Xs 1.4285150D-02 Oxs 1.05670000-03
1*10 Xs 1.5341850D-C2 Dx= 1.05670000-03
1*11 X* 1.6398550D-02 0x= 1.0567000D-03
1*12 Xs 1.74552500-02 DX* 1.05670000-03
1*13 Xs 1.85U950D-02 Ox* 1.0567000D-03
1*14 Xs U975530OD-02 DX= 1.43000000-03
1*15 Xs 2.1660300D-02 Oxs 2.38000000-03
1*16 Xs 2.42803000-02 Dxs 2.8600000D-03
Isl7 Xs 2.71403000-02 DX= 2.86000000-03
J* 1 Vs 6.96500000-04 OY* 1.3970000D-03
«l* 2 Vs 2.0955000D-03 0Y~ 1.3970000D-03
J= 3 V* 3.3020000D-C3 0Y= 1.016^0000-03
Js 4 ys «.3180000D-03 0Y= 1.OleOOOOD-03
J* 5 V= 5.0800000D-03 OY= 5.08000000-00
Js 6 Vs 5*58800000-03 0Y= 5.06000000-04
J* 7 Ys 5'.96900000-03 0Y= 2.54OOOOOO-O4
js 8 ys 6.22300000-03 DY= 2.5400000C-04
K* 1 Z* 1.020a5000-0] 02«-2.04090000-0}
Ks 2 2= 2.56135000-01 07s 1.04090000-01
Ks 3 Z- 3.27385000-01 CZ= 3.8410000D-02
Ks 4 2* 3^65795000-01 Dz= 3.6410000D-02
Ks 5 Z= 4.09500000-01 07= U.9000000^-02
Kc 6 Z- 4^58500000-01 D?s 4.90000000-02
K* 7 Z* 5.07500000-01 OZ* 4.90000000-02
K« 8 Z= 5.5650000D-01 OZ= 4.9000000D-02
K« 9 2s 6.05500000-01 O?s a.90000000-02
K*10 Z* 6.90000000-01 07= t.20000000-01
K«ll 2= BilOOOOOOD-01 07= 1.20000000-01
K*12 2s 9.30000000-01 07> 1.20000000-01
K*13 2= 1,05000000*00 07s 1.20000000-01
K*14 2s 1.13000000*00 07= 4.00000000-02
««15 2* 1.1700000D+00 07= 4.00000000-02
K*16 2« I.2100000D+00 07= 4.00000000-02
K*17 2= U25000000+00 D2* 4.00000000-02
K*18 Z* 1*29000000*00 OZ= 4.0000000D-02
K*19 Zs 1.33000000*00 DZ* 4.000000AO-02
K«20 Z* 1.46000000*00 OZ* 2.20000000-0}

TOTAL NUMBER OF IRREGULAR CELLS Nn« 0
TOTAL NUMBER OF CELLS NM*23l2
TOTAL NUMBER OF IRREGUALR SURFACE ELEMENTS NL« 0
TOTAL NUMBER OF SURFACE ELEMENTS NLl«1460
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(SIZE
?sa

NLJ»1«»#
MOJCCa*
NKATRCaO
NPARS«
NFOftCEal
NSTRUal
NELPARaO
ITUP.KEH
IfclREaa
IENO
ICEOM

IGEOMaOf
I H * x . U , JMAxM, KHAXa?*.
fcSURFilO. 1FRE5.1. IMPRNTaO.
DX*2.0.00286, .00238, .00t«3t ••.O010S6T,

.00113, .00238, 2*0.002<6,
Dr.J.-.001197, 2*.001016, ?«.000508,2»0.00t2«,a,
C 2 « 3 « O « O « < » ? B l 5 « « 2 *.

,tO«O<»,
0 , C. 0 , 0
0 , 0 , 0 , 0
1 , - 1 , - 1 ,

0. It 0, - I , • ,
- I , 0, 1, 0, 1,

1. 0, 0, t , 0, - I ,

*».M, .22,

2N0RHLI
lEND

REG -I. II IT | a I I I D INLET
REG -|. I T | 8 1 I 2 R INLET
REG -!. II IT | 8 20 20 3 D OUTLET
REG •!. 8 10 7 8 la la 4 • SLOT ENO
REG -1-. a 10 T 8 5 5 5 SLOT START
REG -I. I T 8 8 I 4 6 FLUID SURFACE
REC -I. II 17 A 8 ] 4
REG -1. I IT 8 B S 16
REC M . I T ft a IT 20
REG -1. II IT 8 B 17 20
REC -I. | I J 8 | 20 7 •«
REG -I. || II 1 6 I 20
REC -1. II 11 7 8 I 4
REC -1. II It 7 8 |7 29
REC -I'. 1 T | 1 1 20 a »Y
REG •!•. II IT | I I 20
REG -1. 8 10 7 7 5 16
SEC •!'. 7 7 | 6 I 20
REG -I. 7 T 7 8 I 4
REG -I. 7 7 7 8 17 20
REG -1. 17 17 | 8 I 20
REC «li I 7 i 8 20 20 10 ft OUTLET
ENO
ICAT«
VEL0C«lf.559, 0.0, 8«0C0,
HfLOhc 1, I,
TtHP«IC«20.0,
ISTATEaO, IFENERa*.
KTEMPalOal,
NTHCONcl,
IT«t0.tFPROPa|.

FCOH s 1.2750 E 6, FC1N a 5.35 E*3,
FCOROa 9.9720 E 2, FClROaO.O
FCOHUa 1.0100 E-J, FtlMJa O.I
FCOK a a'.OO E-t, FC1K «• 6.25 f-4,

TURHV1.0055. NHATERao,
iSYMCHali"6pECAaU4i* IODCPal,

EPSlal.E«4, EPS2.1.E-6, IOTIHEal. RDTIMEaO.9, OTENERal.,
IFITENsO, EPS5a|.E«5, DPOhh«»O.. OHECAEa.lS, ITM*XE»IO»,
TEMPOa20.0, PRES0a|OI3Sl.. XPR£SO».OO«, YPRCSOa.004,
2PRES0al.460,
GRAV2C9.B06T, ITIBUeaO, I.TPRNTa.9999, NTMAXal,
ISTPRS.I201,.1208,.2201.>2cO8,.3201,.3208,.9201,••2oa,|T2oa,

6208,16208, SI003. 51*10,
KTHPRa.1201,.1208,•2201.<?e08,.3201,«3208.<

6208.16208. 5100J, 51010,
IFPIT8at, NfifBST«l».

•5. 1*3, -J. .)•)< -5»

KREBZal'ufa,
N F O R C 0
SEND
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