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ORNL SMALL-BREAK LOCA HEAT TRANSFER TEST SERIES
COMPARISONS OF EXPERIMENTAL DATA WITH VENDOR
MODELS FOR LOW-FLOW STEAM HEAT TRANSFER

T. M. Anklam

ABSTRACT

Comparisons are presented of data generated during the
first Oak Ridge National Laboratory Small-Break Loss-of-
Coolant Accident Heat Transfer Test Series with predictions of
reactor vendor heat transfer correlations. Vendor correla-
tions were found to predict experimental heat transfer coef-
ficients relatively well, Standard errors of fit ranged from
12 to 18% for turbulent flow and were ~24% for tramsition-to-
tarbulent flow. Despite reasonable overall agreement, several
of the correlations do not predict temperature ratio trends in
the data.

INTRODUCTION

Under sponsorship of the U.S. Nuclear Regulatory Commission (NRC),
Oak Ridge National Laboratory (ORNL) has experimentaily investigated low-
flow steam heat transfer under conditions similar to those expected in a
small-break loss-of-cooiant accident (LOCA). This report contains com
parisons of experimentally derived heat transfer coefficients with those
predicted by reactor vendor heat transfer models. For a discussion of
experimental procedures, methodology, and results, refer to a companion

v

report, ORNL Small-Break LOCA Heat Transfer Test Series Rod Bundle

Heat Tranefer Analyeie.?




2., COMPARISONS BETWEEN EXPERIMENTALLY DETERMINED TOTAL HEAT
TRANSFER COEFFICIENTS AND VENDOR MODEL PREDICTIONS

At the request of the NRC, heat transfer coefficients computed by
reactor vendor small-break LOCA heat transfer models have been compared
with experimental data. The subject models are used by reactor vendors to
compute total heat transfer coefficients (convection plus radiation) under
conditions typical of small-break LOCAs and were supplied to ORNL by the
NRC, The specific correlations for which comparisons are performed
follow:

1. Westinghouse Electric Corporation (W). All ¥ correlations are of
the form
BrotaL = Prap * Pconv - (1)

where hRAD is computed using a proprietary thermal radiation model and
hCONV is the convective heat transfer coefficient computed from the fol-
lowing correlations., For laminar flow (Rev < 3000),

3.66 k /T \0.3¢
v A\
Beonv * T D (r') ’ (2)

where kv is the thermal conductivity of the steam evaluated at the vapor
temperature, DB is the hydraulic diameter, Tv is the vapor temperature,
T' is the rod surface temperature, and Rev is the vapor Reynolds number.
For turbulent flow (Rev > 5000),

0.021 kv Tv 0,9
- — 0.8 0,4 | —
hCONV Dg Rcv Ptv T; - (3)

where Prv is the vapor Prandtl number. For transition-to-turbulent flow
(3000 ¢ lev < 5000),

Rov = 3000
h = h + ( - § ) M Sep— (4)
CONV LAM hTUR hLAH (5000 - 3000

where hLAM is computed from Eq, (2) and hTUR is computed from Eq. (3) with
Rev = 5000.



2. Combustion Engineering Corporation (CE). The CE model does not
account for thermal radiation to steam, thus

Brotar ~ Beony - (5)

For laminar flow,

1.86 k Re Pr D_\*/* /p \0.24
v v v H v
h - ( ) (-—) ¢ (6)

CONV Dll L= ZL y

where L is the bundle length, ZL is the two-phase mixture level, and p is
the viscosity of the steam. For turbulent flow,

0.023 k
v

= =~ Rg® ., 0 4
hCONV Dg lov Ptv . (7

For transition to turbulence, hCONV is computed from a proprietary
extrapolation between Eqs. (6) and (7).

3. Babcock & Wilson Corporation (B&W). The B&W model uses the

Dittus-Boelter correlation for all Reynolds numbers, Radiation to steam
is not accounted for

0.023 k
v

= s —— o.s 0, 4
hrotar = Peonv Dy Bos s NS (8)

The heat transfer coefficient comparisons are presented in three
ways., First, the ratios of the model computed heat transfer coefficients
to the experimentally determined heat transfer coefficients are plotted vs
different parameters., These plots are useful in identifying trends in the
data that are not predicted by the models. Second, Tables 1-5 present
statistical summaries of how well each correlation compares with the data.
Finally, Appendix A contains a comprehensive listing of test conditions,
experimental heat transfer coefficients, and those heat transfer coeffi-
cients predicted by vendor models.



2.1 Parametric Plots®

Parametric plots aid in the identification of tremnds in the data not
predicted by the vendor models (Figs. 1-12). The ratios of the predicted
heat transfer coefficients to the experimental heat transfer coefficients
are plotted against three different test parameters: system pressure
(Figs. 1-4), ratio of the fuel rod simulator (FRS) surface temperature tc
the steam temperature (Figs., 5-8), and the vapor Reynolds number based on
subchannel hydraulic diameter (Figs. 9-12). The ratio of the FRS to steam
temperature is useful in that it is a measure of the importance of fluid
property variations on convective heat transfer, The larger the tempera-
ture ratio the greater the effect of property variations on heat transfer.

Figures 1-4 do not indicate any well-defined trends with respect to
system pressure for any of the correlations., However, note that the nper-
ating envelope of the Thermal-Hydraulic Test Facility did not allow truly
parametric tests. Test parameters other than pressure were changed from
test to test, Therefore, Figs. 14 do not imply a complete lack of a
pressure trend; rather, there was no dominant pressure treud.

Figures 5-8 do indicate a temperature ratio trend, and Figs. 9-12
indicate a Reynolds number trend for all of the correlations examined.
However, as discussed in Ref, 1, the actual trend in the comparison is
felt to be one concerning temperature ratio, and the Reynolds number trend
is considered an artifact of the manner in which the experiment was per—
formed,

Total heat transfer under the subject test conditions was dominated
by forced convection to steam with fluid property variations and thermal
radiation. Of the dominant effects, the CE and B§W models account only
for constant property .orced convection, Thus, the fact that these models
do not match the observed trends in the data is not surprising. What is
somewhat surprising is the overprediction of the data at large temperature
ratios, Thermal radiation accounted for 22-37% of the total heat trans-
fer. Despite the fact that the CE and B&W models do not "take credit" for
radiation, they stil! overpredict the total heat transfer coefficients by
as much as 38% at large temperature ratios. This further serves to em—
phasize the importance of fluid property variations on heat transfer, As
expected, the W model, which accounts for property variations and thermal
radiation, matches data trends better than do the CE and B&W models.

2.2 Statistical Summaries

Tables 1-5 are statistical summaries for each correlation in each
model. The items following are in a statistical summary:

1. Total number of points — the number of experimental data points for
which the correlation is applicable,

*Data from small-break LOCA Test Series I fell into the fully devel-
oped turbulent snd transition-to-turbulent regimes. As such, vendor mod-
els for laminar steam fiow could not Le assessed.
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Table 1.

Statistical summary for the W

correlation for fully developed

turbulent flow

Item

Value

Total number of points
Standard error

Points too high, %

Miximum overprediction, %
Standard erroxr of high points
Points too low, %

Maxisum underprediction, %
Standard error of low points

Slope of data (bulk Reynolds

25
0.126
72

30
0.145
28
8.8
0.051
5.03

sumber x 10%)
Slope of data (T'/Tv)

Slope of data (system pres-
sure), 1.0/MPa (1.0/psiz)

0.665
~0.016 (-0.00011)

Table 2.

Statistical summary for the C-E correlation

for fully developed turbulent flow

Item

Value

Total number of pointla
Standard error

Points too higk, %

Maximum overprediction, %
Standard error of high points
Points too low, %

Maximum underprediction
Standard error of low points

Slope of data (bulk Reynolds
number)

Slope of data (T /T )
w v

Siope of deta (system pressure)

0.341

100

8.6

0.341

0.0

N.A.b

N.A,

Not statistically significant

Not statistically significant
Not statistically significant

aTotul number of poin:is is only 4 because C-E assumes that
most of the data are transition to iturbulence,

bN.A. = not applicable,
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Table 3 Statistical summary for the
Ba¥W correlation for fully developed
turbulent and transition-to
turbulent flow

Total number of points
Standard error

Points too high, %

Maximum overprediction, %
Standard ervor of high points
Points too low, %

daximum underprediction, %
Standard error of low points

Slop: of data (bulk Reynolds

)

number x 10%)

Slope of data (T /7
w v

Slope of data (system pres
sure), 1.0/MPa (1.0/psia)

Table 4, Statistical summary for the W correlation
for transition-to-turbulent flow

Item

Total number of points
Standard error
Points too high, %
Maximun overprediction, %
Standard error of high p.ints
Points too low, &
Maximum underpredict:on, %
Standard error of low points
Slope of data (bulk Feynolds Not statistically significant

cumber)

v

Slope of data (T /T ) Not statistically significant
-

Slope of data (system pressure) Not statistically significant
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Table 5. Scatistical summary for CE
correlation for tramsition-

to-turbulent flow

Item Value

Total number of points 26
Standard error 0.242
Points too high, % 26.9
Maximum overprediction, % 22.3
Standard error of high points 0.151
Points too low, % 73.1
Maximum underprediction, % 52.8
Standard error of low points 0.268
Slope of data (bulk Reynolds 10.6
number x 10%)

Slope of data (T'/Tv) 1.48
Slope of data (system pres- -0.05

sure), 1.0/MPa (1.0/psia) (—0.00034)

Standard error — a relative standard error defined as

i heor ~ Pex ?
; i=1 Bex
E = - :

where hCOR is the correlation-predicted total heat transfer coeffi-
cient and hEX is the experimentally determined heat transfer cceffi-
cient,.

Percentage of points too high — the percentage of data points over-—
predicted by the correlation,

Maximum overprediction,

Standard error of high points,

Percentage of points too low — the percentage of data points under-
predicted by the correlation,

Maximum underprediction,

Standard error of low points,

Slope with respect to vapor Reynolds number — the slope of a line
that represents the least squares fit of the points in the Reynolds
number parametric plots (Figs. 9-12). Test 3.02.10F data are not
included in the statistical summary because of heat loss problems
(see Ref. 1, Appendix D). If the slope is 0.0 then no discernible
trend for bulk Reynolds number has been observed. If this quantity



10.

11.

14

is not shosn, then the statistical sample has been deemed too small
for a meaningful least squares fit,

Slope with respect to temperature ratio — same as item 9 except that
temperature ratio is the parameter of interest,

Slope with respect to system pressure — same as item 9 except that
system pressure is the parameter of interest,
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3. CONCLUSIONS

Vendo. heat transfer models predict experimentel heat transfer coef-
ficients reiatively well., The standard error for transition region corre-
lations is ~24%, Standard errors for turbulent region correlations vary
between 12.6 and 18.1%. The statistical sample for the TE correlation was
too small to draw conclusions,

Despite good overall agreement, however, these models have several
shortcomings. The models have substantial maximum devintions from data:
maximum overpredictions for turbulent flow correlations varied betweeun
30.0 and 38.6%, and maximum underpredictions varied between 38.0 and
52.8%., The CE and B&W correlations do not match trends in data with re—
spect to tempereture ratio, These shortcomings cen be mitigated, however,
by properly accounting for fluid property variations and thermal radia-
tion,?

Although the models were quite successful at predicting data, further
verificatior is needed. The vapor Reynolds number range should be ex-
tended, and the correlations should be compared with other independent
data,
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Appendix A

HEAT TRANSFER RESULTS

This appendix contsins the results of the heat transfer and local
fluid condition calculstions. Rod and subchannel types are specified in
Ref. 1 in the section on treatment of experimental data.* Note that al-
though some heat transfer caiculations have been done for rod types 5 and
6, these calcnlations do not account for radiation to the bundle shroud.
Eecause rod types 5 and 6 are directly adjacent to the bundle shroud, ra-
diation to the shrond may be significant, Therefore, the user is advised
to follow the convention used in Ref. ' and only use results that pertain
to rod types 1—4, which are not adjacent to the shroud.

A.1 Key for Appendix A

Appendix A results are grouped by test and thermocouple level. Re-
sults for a tcst are first presented for thermocouple G — 3.62 m (11.9 ft)
above the beginning of the Leated length — and then for level F — 3,02 m
(9.9 ft) above the beginning of the heated length. Uncertainties in a
calculated or messured quantity appear adjacent to the guantity and are
denoted by the symbol +OR~ or the word DELTA. An example of the latter
would be a column of numbers under the heading DELTA STEAM TEMPERATURE;
the column represents the uncertainty in the steam temperature, Defini-
tions for ebbreviations and terms not commonly understood are

ANN MASS INV Mass of water and steam present in the test section
annulus during the data scan,

B EXP Experimentally determined total heat transfer coeffi-
cient,

MODIFIED WALL RE Reynolds number based on subchannel hydraulic diameter
with all vapor properties evaluated at the heated sur-
face temperature,

PR BULK TEMP Prandtl number based on vapor temperature.

PR FILM Prandtl number based on film temperature,

RE BULK/BUDI Reynolds number based on bundle hydraulic diameter
with all vapor properties evaluatead at vapor tempera-
ture,

RE BULK/SCDI Reynolds number based on subchannel hydrauvlic diameter
with all vapor properties evaluated at vapor tempera-
ture.

RE FILM/BUDI1 Reynolds number based on bundle hydraulic diameter
with all vapor properties evaluated at the film tem-
perature,

RE FILM/SCDI Reynolds number based on subchannel hydraulic diameter
with all vapor properties evaluated at film tempera-
ture,

TS MASS INV Mass of water and steam in test section proper during
data scan,

TSURF/TSHE Fuel rod surface temperature based on FRS sheath ther-

mocouple reading.



H/B&W
HCE
HLAM/W

HTRAN/W

HTUR/W
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A.2 Key for Vendor Model Results

Total heat transfer coefficient calculated from B&W
heat transfer model,

Total heat transfer coefficient calculated from CE
heat transfer model,

Total heat transfer coefficient calculated from the W
heat transfer model for laminar forced convection.
Total heat transfer coefficient calculated from W heat
transfer model for transition-to-turbulent forced conm-
vection,

Total heat transfer coefficient calculated from ¥ heat
transfer model for fully developed turbulent forced
convection,

Note that a heat transfer coefficient of 0,0 implies that the local
fluid conditions are out of the range for which the correlation is appli-

cable,
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ODTPOT FESULTS POR TRSTY ), 02,10C

SYSTEN PARARETER

0.91525318840)

0.16898081 38001
0.780296852+0)

0.15811203840)
0.720459%450+403

0.108369882405
0.381002938+03
0.79182520040)
0.522075212001
0.22302229e402
0.338554798402

R~
“0R-

roR-
Lo~

son-
soR-
OB~
0B~

0.8150982¢%0401

9.800000008-01
0. 350877072402

0.350000000e0 1
0.219051208e02

0. 32980037203
0.832857452e00
0.1333% 792401
0.335523978+00

DRLTA -0.57648217C2-01

DELYA -0. 32651035201

SUBCHABNEL TRAPRRATOUR®S FOR LEVEL G (DEG P)

INTEREAL

COLD ROD SUBCHARNEL TENP
COSNER SUBCHAWNNEL TEAP
VAIL SUBCHANNEL TEWP

TUBCEANNEL TRRP

0. 9806188300 )
0.8CA9365424+0)
0.685553882+0)

0.808276762+0)

“op-
*CR-
oon-

“OR-

SOUBCRANEEL TRUPERATOMES POR LEVEL P (0BG 7

INTERNAL SOUBCHNANWEL TERP
COLD BOD SOBSHARG®L TEAP
COPNER SOBCRANNEL TEAP

WALL SUBCEAWEEL TENP

0.52648488132+0)
0.51360203240)
0. 49150%972+03
0.513512962+0)

ooR-
R
sop-

*cR~

Gre
Lsn /MR

Gon
LBR/NR

LAA/ARS PYSS )
oRG *
oeG P
rsey
LS8 OvVER SCAN

L8R OVER SCAN

0. 196983328402
0,780 138497402
0,172702108402

N.251767388002

0.116078178402
0,960 308098+01
0.683 194892401

0.1029286 2802
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RADIATION PLOX SUSNARY - LEVEL ¢ (STU/ER PTes])

BCOD TYPE  RADIATION HEAT PFLOX on-
1 0.27785% 18404 0.1290922%8+00
] 0.381)6270000 0. 12838752408

PADIATION PLOT SUNSARY - LEVEL P (ATU/ER PYee2)

0D TYPE  RADIATION EEAT FLUIX R~
1 2.23100108000 0.760%8368083
2 0.289488 18408 0.88764580420)
] 0.29270178+00 0.81611038e0)
. 0.29910028000 2.7938)18002

RADIATION PLOUR SOBBMARY - LEVEL G (DRG P)

ROT ROD TEAPS 0.1339%028:00
CCLD ROD TEWPS 0. 10002182408 OB~ 0.6085 1612002

BADIATION PLOE SOSSARY - LEVEL F (2EC W)

80T BOD TRAPS .17869342004
CCLD BOD TRWPS 0.6999232000) e0B- 0.6653822+02

BADIATION TO COLD BODS - LEVEL G (BTI/NY PTee))

poD TYIPR RADIATION SBAY PFLOX -

] 0.8535%4 7803 0.27282812+0)

BADINTICH TO COLD BODS ~ LEVEL F (STU/AR PTes)

00 TYPR BADIATION WEAY PLOX +OR -
2 0.36018180e0) 0. 10200928+0)
3 3.6%46012840) 0. 1810%68%+0)

Ll J.7828359%403 8. 21589240403
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BESOLYS OF WEAT TRANSPRER COMPUTRTIONS POR LEVEL &

ROD TYPE  STRAR TEWP. OELYA TSORP/TSHE oELTA SORFACE Q* DELTA
oes v STEAR TEAP. oeG » Mosr/TSNE BYO /AR PY2 SUsPACE Q*
' 0. 8808 1800) 0. 186908402 0, 113808004 0. 5958 7840 0.11558R405 0. 257000
L} O 850010003 0. 16D58R407 0.13399Re04 0.1608Y 2402 0. 12)22040% 0. %8887R+0)
L 0. 803080403 0. 219%R402 0, V1CETReON 0.22m8me02 0.128180+05 0, 150082403
. 0.79%088+03 0. 215878402 0. 12780R+ 00 0.98% 12e0) 0. 11587005 0. 202748403

RESOLTS OF NEAY TRANSPER COMPOTRTI ¥S FPOB LEVEL €

ROD TYPR LS DELTA PILA TEAL. SELTA

sTo/me PT2 P LR 1] LI 4 PILA TRAP.

1 0.2927 1102 LERALER! LOA) 0.1109)2e 00 0.121308+02

3 0.208872+02 0. 148828+01 0.109240e 00 0.161972402

S 0.236080:02 0. 1575701 0. 110862008 0.22327me02

. 0.200250407 0.122208401 0.103680¢08  0,117382402

DIAENSIOFLESS PARARPETERS POR LIEVEL G
ROD TYPR PE BPOULR/SCODI - .:::;:tl! B8R BULE/BODY - t“l:.::"°l PP BULK TEAP . :‘!‘l:.fu'.

1 0.650708¢08 0.296588401 0.56112e08 0.25799R405 0.920062000 2. 381202-02
3 0. 69509808 0.288620+03  0.58305200% 0.256880¢0) 0.932620000 0. 80088202
s 0.569% 1Re00 0.277668+0)  0.%83228e04 0.20019240) 0.932%18¢00 0.%31182-02
L] 0.S1A0RR 08 0.25518R403 0.50798¢2+00 0.2999%60+0) D.986000+00 O, 88218202

DINENSIONLESS P RAREBTERS POR LREVEL O

20D TYRR e PILA/SCRI DELTA AR rILR/BODT LELTA PE PILN TRAP DELYA
e PILA/SCODI SR PILA/BODY PR OPILA TERP
A\l C.50808Re 04 2213280403 0,.8773)Re08 8. 105%2000) .49 42000 0.105%92-02
3 0. 502620400 0.22601EeD3 0, 882950400 0.201152¢0) 0.994282400 0, 8589002

S 0. 47280408 0.478230008 0.218040e0) 0.8%3000e00 0. 19%000R-02

L] 0.%287 1000 9.17205840) 0.50.%3r008 6.2028%200) 0. 89992400 2. 150062-02



20D TIPR

-

L

200 TIPE

22

SEAT TRAUSPRR CORRELATION CALCOLATION PFOR LEVEL G

HTRAN/W DELYTA
TRARY
0.000008+00  0.000008¢00
2.000008400 0.000008+00
©.000008¢00  0,000008+00
€.000002+00 0.0000P%00

(sTo/me re2 v)
RLAR/Y DeLTA
RLAN/Y
0. 00000200 0. 000002400
0. 000002400 0.000008+00
0.000002¢00 0.000008+00
0.000008¢020 0.00000 2000

HEAT TRADSPER COBRRELATION CALCULATION
(sTo MR rFY2 7

HTRaR/CE sELTA
ATRansce
0,203028+02 0, 184562401
0.29%3200. 0. 17567001
0.192098.02 0.208398¢0 1
N, 1885 30002 0.206812+01

NLAR/CE

0. 70000200
0. 000008400
L. 00000200
0. 00000%P+00

LT
alas/ce
©0.030002¢00
0.000002+00
0.000002+00
9. 0000082000

ronse

0.250258+02
0.258820002
0. 260858+ 02
0.25687R¢02

POR LEtEL G

wroa/ce

0.00000R+00
0.00000800
0.000000+00
2, 00000800

SEAT TRASSPER CORRBLATION CALCULATION POR LEVEL G
(sTe/me rr2 N)

80D TYPR

LEg 1

0.239890+02
0. 2388080002
0.205138e02
0.208a58402

DELTA
H/880

0.1386 30001
0.1300680e01
0. 1590700
0.164250400

DRLYA
ATOR/W
0. 18736040
Q. 18248000
0.202e82+00
0. 18891200

DELTA
KTOR/CY
0.00000E+00
0. 000008000
0.000008+00
0. 000008400



og

TIPSR

TYIFR

LES0LYS

. 5264880 0)

S2327ee0)

.520088+0)

.S18858:0)

$20008+0)

$112%g+0)

RRSULYS

00 TYPR

BOLR/SCDX

0.945%7Ee00

Sa086R 00

S33332e00

925750000

8167804

TIR2IRe 00

SADRARON

66842200

6658 12+00

661522

575398 -2

15820404

OF HEAT TRANSFIER

DRLYA
STEARN TEAP

0. 11807002
LAV1068002
. 108058402
L 10108802

109508402

97563800

LI 1§
O/ m

rr2r
193212402
2.197182e02
2.2085060+02
199820402
192918402

201675002

DINRESIONLESS

DELTA
RE BOLE/SCOI

J. 8875240
0. 838728403
2.827472+0)
). 1842840 )
2. 1759 18+0)

2.322028+0)

DINENSL

DELTA

RE FPILR/SCO]

215527000 )
SEALLILL LR
). 19345000
5 2% N0

29833840

). 192338403

OF ASAT TRANSTRR

ORPOUTATI!

TSORP/YSAR
oRG ¥

1256200
11629000
L1 1100000
« 111210e00
« VIR 16Re 00

0957Es 00

DELTA
R 2XP

LS89 000
126200+01
AR NI L \J
992098400
103630400

S8 8700

PARANETERS

B! BOLEAUDI

0. 82299200
B2E810e00

. 83069708
LBIAR TR0

L 812770000

L8157 00

LRSS PARARET:

AR PTLA/BODI

L59213%e00

S8318ARe 00

. 59259800

598

207008
S8994rens

60498400

CORPOTATI

’8S PO% LEVEL ?

DELTA
Soer/esSee

0.5127080¢0
0.3097Re02
0.27%%9R002
+208428¢02
21%0e+02

617758000

s rop

ILE TRAP.
oRe »

260320 0)
S830%.+0)
« 92585280
EALT UL
R A] TR

5025024 03

FOR LEVERL P

PELTA
e POULE/BODI
L1869 1 240)
J83TARD)
Lisossredd
37723800}
LIBRTSE0)

37778402

SORFACE Q*
YU /8RR rY2 s

0. 115758405
« 126128405
LI28938005
L T18948+05

1282780058

117878405

LeveL

DELTA
PILS TEWP

BIET2R00

210278402

1615 28 o

L1587 30002

170700402

196592401

PR BOLK TERP
"

118850000

L1530

158120

11830800

« 11582800

1171780

DELTA
ORFACE Q*

L2988 01200)

S8518+0)

LA7133000)

« J6T12R40)

). 390098+0)

285102+0)3

DELTs

BOLE TEAP.

1477420

0. 182802

0. 1578

15217

182912

150188

DELTA

PR OPILE TRAP

3.93 7878400

9. 932860400 )

5.937628

.98085240

FIBTIARC

964592+0

23%aap-02

S1Mie-02

SIMR0R-02

“aleie-02

asde dz-02

%516 18-02




ROD TYPER

" v e w N

ROD TYPE

BTYsan/w

0.000008+00
0.000008+00
¢.00000E+00
0.000008e00
0.00000R+00
0.900002+00

HTRAN/CE

0.23574R+02
0.236312002
c.23e8 10002
0.237312+02
0.220132402
0.221792+02

24

HEAT TRANSPER CORRELATION CALCULATION POF LEVEL ¢
(sromr Y2 M)

oELTA KLANY
ATEAR/Y
0.000098+00  0.000008+00
0.000008+00  0.000008¢00
0.200008¢00 0. 00
2.000008+00  0.000008¢00
9.000008+00  0.00000%¢00
0.000008+00  0.000002400

HEAT TRANSPER CORRELATION CALCULATION POR

DELTA
aTRAB/CE
0. 175688+0
0. 173288¢01
0.170652+01
D,168108+0
0.181'252+0
0.179708+01

DELTA

HLAR/W
0. 00000800
0.000008s0.
0.000008+00
0.000008400
0.000008¢00
6.000008+00

(sTume PY2 7)

HLAN/CE

0. 000002¢00
0. 0000082+00
0.000002+00
0.000002¢00
0.00000%+00
0. 00000200

tZLTA
RLAR/CR
0.00000B+00
0.000002+00
0. 00000 2400
0.0000082+00
0. 000002400
0.00000R+00

aTOR/Y

0.226208+02
0. 227858402
0.227558402
0.227998402
0.232678¢02
0.237898+02

LEVEL ¢

RTOR, 2

0.000008+00
2.000008+00
0.00000R+00
0.000008¢00
0.000008+00
0.00000R+00

HEAT TRANSPER CORRRLATION CALCULATION POR LPVEL P

ROD TIPR

(srome re2 M)

Lo 1)

0.20130R+02
0. 202492402
0.283062402
0.265272+02
0.25078Re02

0.259998+02

DELYA
Ll 1)

0.127592+01
0.128962+01
0.122388401
0.11976 R+0Y
0.127982400

D.128108+01

DELTA

AToasv
0.12068400
0. 180780001
0. 130578+00
012718800
0. 136550401
0. Y181 1Re0Y

DELTA
aToR/CE
0.00000R¢00
0.00000R«00
0.000008+00
0. 000008+00
0.00000E¢00
0. 000008400
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OUTPOT RESULYS POR

SYSTYR PiRSSORE
InLEY FLOY

oOTLEY PLOW

BUNDLE SASS mLOR
INLEY TERPERAYSR®
OUTLET TEAPRERATORR
COLLAPSED LL

TS RASS 18V,

ANE RASS 1INV,

0.61821085200)

0.12607574r¢01
0.588595452403

0.48928% 72403

0.675617552400
0.391729740+0)
0.780538188402
0.631126730401
0.28629187R002
0.1058342%800)

TAST 1. 02.%0D

sasARY

son-

soR-
“OR-

cOR~
SOR -
R~
OB -

oELTA

0.843939422:0 )

0.800000002-01
0.388120)80002

0. 150000008¢0 "
0.266675028002

C.001016278e0 1
0.8835367C2¢ 00
0.468519788+0
5. 388787872000
0. 382628480000

PELEA -0.132681377%- 0

SUBCHANNEL TEAPERATORRS POR LEVEL G (DEG 7

INTERNAL SOBCHARNEL TERP
COLD BOD SOBCHANWEL TERP
CORNER SUBCHANNEL TEAP
WALL SOBCHANNEL TERP

SUBCBANSEL TEAPRRATORES POR LEVEL P

INTERWAL SOBCHANNEL TERNP
COLID ROD SUBCHANNEL TENP
COFFER SUBCHASNEL TERP
UALIL SUBCHANNEL TERP

0. 100599072408
0.99584777%40)
0.5946982240)
0.782946212+0)

0.648523052+0)
0.685389292+0)
0.52108%90024+0 3
0.5795802024+03

PSIA

Gen
Laame

ars
LeR/mR

LBR HRepTe
oeG ¥
oes *
reey
LA OVER SCAW

LBR OVER SCAN

LOR- 0.8988995 2802
L 0.321125508+02
*CB- 0.857968578402
*OR- 0.761037158002
(oG 7
OR- 0,178 2666 32+02
OoR- 0.127268088%02
sCP- 0.265599828402
«Op- 0.23963171%3+02
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FADIATION PLOT SOARARY - LSVEL G (RTO/HR PTee)

20D TYPE  RADIATION NEAT PLOX sSOR -
1 0.29388 160400 D.15163208+08
3 0. 30989228004 0.153a%5%an+08

BADIATION PLOT SUASARY - LRVEL P (BTU/NR PTee)

8O0 TYPE  RADIATION MBAT PLOX OR-~
1 0.237517 12000 0. 93686532403
i 0.27116892008 0.9180386040)
] 0.26864762000 0,8713669200)

Ll 02.281985 12008 0.968308 200

RADIATION PLOT SUMRARY - LEVEL G (ORG ®)

80T ROD TEWPS 0.13301872408
COLD ROD TEWPS 0. 11297152408  OR- 0.51751 320002

RADIATION PLOX SOSMARY - LEVEL P (202G M)

HOT ROD TEAPS 0.111692684008
COLD ROD TEAPS 0.80070792+3) sOR- 0.5501792r002

FADIANTIOND TO COLD RODS - LEVEL G (3T0/NR PTee2)

pOD TYPR RADIATION HEAY PLOT «0op-
3 0.5841938%00) 0.30297120402

PADIATION 70 COLD @0DS - LEVEL P (BTO/NP PTee2)

0D YRR PADIATION MEAT PLOX -
i 0,38 5990+0) 2.11801%240)
3 0.A%213822+0) 0.180178REe0)

. 0.757i6408+9) 9.709%90%aR+01
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RESULYS OF HEAT TRANSPER CORPUTATIONS PON LEVEL G

20D TYPER STEAS TRAP. DELTA TSORP/TSHE
LU STEAR TRAP. LU

0. 10060R+08 0. 498902402 0. 131662408 B.600818¢07  0.A15T0Be08 0. 988828002

DELTA SURPACE Q* DELTS
TIVRP/TSAR BTO/AR PT2 soarace Q*

3 C. 10009800 0.810018402  0.13302%08 0.201131802 0.829122004 9. 158308403
S 0.898 28403  0.629978+02 0.129512+08 0.186072+02 0.838862+08 0. 16657200}
6 0.791592+02 0.719738e02 0. 12202008 0.51118801 0.815708e04 0. 925980002
RASOLYS CF ABAT TRANSPRR CONPUTATIONS POR LEVEL G
ROD TYPR A Exp DELTA PILN TENP. DELTA

sro/m rr2 v LI oee ¥ PILS TEAP.

1 0.208692+02 0. 378812400 0.1i7130e00 0.2801098402

3 0.291818+02 0. 352552+ 0.116568¢08 0. 305570402

] 0.208312+02 0. 13877Re0Y 0. 109488+ 08 0. )80 280402

L 0.190332+02 0. 3282401 0.100592¢ 08 0. R3340 2

DINERSIOBLESS PARAMETERS POR IBVEL G
ROOD TTPE B2 BOLR/SCDI DELTA 82 BULK/BODY CELTA PR BULK TRRP DELTA
RZ BOLR/SCDI 82 POLE /BODI PR BOLK TEAP.
Al 0.106508+08 0.351312403 0. 31386702 0.3056820) 0.9089% 2+00 0. 704022-02
3 0.359592+04 0.321682+03 0. 12008274 0.286300+03  0.909772+00 ©.601220-02
L] 0.339152+08 0.370978+03 0.387132408 0.379702e03 0.931882+00 0. Yeas22-0Y
L 0.322512008 0.391328401 0. 377892008 0.458512+0) 0.970042400 0.2907 . g-01
DIAZESIONLESS PARAAPYERS FOR 1EVEL G
80D TYPR BT PILM/SCRI DELTA RE PILA/BODI TELTA PR PILA TENP DELTA
"E PILR/CDY %2 rrie/penl PR PILS TERP

1 0.326912+04 2.2568278+0) 0. 28882708 0.221220403 0.889922+00 0.220678-02
3 0.32C778e00 0.250792¢0) 0. 285492+ 08 0.226778e03 0.8908204+00 0. 249892-02
] 0.292520400 0.251748+013 0.2998 1800 0.257662+0) 0.897328000 0. 399198-02

. 0.272158+08  0.239078+03 0. )18882+08 0 200122403  0.90898R¢00  0.561728-02



ROD TYPR

sOD TYPR

ATRAN/Y

0.1608402+02
. 156098402
0.138208002
C.120108¢02

ATRAN/CR

0. 115730002
0. 118650402
0.1076 32402
0.101978+02

28

EEAT TRADSPER CORRSLATION CALCOLATION POR LEVEL G
{

DELTA
HTRAN/Y
0. 3208130401
0.297502401
0. 3895400
0. 3654318001

sYO/ME PR2 V)
HLan/w DELTA
nLaa/w
0.000002+00 0.00000800
0. 000008400 0.00000Re00
0. 000008000 0.000008+00
0.00000%00 0.000008+00

sToR/

0.000008400
0.000008+00
0.00000R+00
0.000008+00

HEAT TRAUSPRR CORRELATION CALCULATION POR LEVEL G

DELTA
ATRAN/CE
0. 236862401
0.218188401
0. 2681 38+0
2. 29285840

(sTu/me P2 N)
LIS L Vs ] LT
HLAR/CR
0. 00000200 0.009092+00
0.000002+00 0.000002¢00
0.000008+00 0.00000 8400
0.000002+00 0.000002+00

nroR/CE

0.000008+00
0.000002+00
0. 00000200
0.000008+00

HAEAT TRANSPER CORBELATION CALCOLATION POR LEVEL G

§C0 TYPR

Teme rr2 M)

/s

0.173708+02
0.178238402
0.173978002
2.1789080402

oELT A
LV L)

0.221082400
0.19781p+0
0.274908+01
0.329801840)

DELTS
ETOR/W
0. 00000000
0. 000008400
0. 000008400
0.000008+00

DELTA
HTOR/CR
0.000008+00
0. 000008¢00
0. 00900800
0.000008e00



F ARBAT T8

oELTA
STRAN TEWP

17827800

142%2
NI 150778+0
LT R 13902040
20695840

S82288+0

oLYS or

§
ATO/%n P2 P

« 185

268402

52402

178378402

DINERSI

LTA

i197am+02

srm APUTATY

TSORP/TSHR
tar

2 112952408

131580404

1028000%

Y 8202408

I8 7ar+0n

1558408

SEaT ™

71976 72400

§5%4

LLRA L] &8

17982400

118580

02238
189788

177510+

PLULRL L

ALY T

56698

(ALY DL

J. 2408000

S PO LEVEL P

pRLTA
TI0NP/TINE

IRPACE Q*
Ao /NR T

188540000 AN
123882002 827180008
101820402

790 308+00

ORLT A
SURFACH

192528401

58098

1567

1. 676280

L182900

RITF D

LLL LA

s08298

(]

.0




0D TIPE

ROD TYPR

ATRAN/ W

2.000008+00
9,177292+02
0.17890R+02
0.172782+02
0. 161882402
0.147802+02

ATRAN/CP

N.120028+02
0.123642+02
0.923298402
0.122092+02
£. 120788402
0.118942002

30

HEAT TRADSPER CORBELITION CALCULATION POR LBVEL ¢
(sTo/E0 PY2 P)

oELTA
ATRAR/Y
2.000008+00
0.230258401
0.225378+01
C 219180
0.288188001
0.258680¢01

HLANSY

0. 00000800
0. 00000800
0.000002+00
0.000002¢06
0.000002¢00
0.000008¢00

DELTA

HLAR /W
0.000008+00
0.000008+00
0.000008+00
0. 00000200
©.00000R400
0.000008%00

€ronse

0.181778002
0.000008+00
0.000008+00
0.000008¢00
0.000798¢00
0.000008+60

HEAT TRANSPER CORRELATION CALCULATION POR LBYEL P
(BTU/AR PR2 ¥7)

DELTA
RTRAN/CE
0.18139600)
0.17956E+01
2.17531800 1
D.171062001
0.200092+01
0. 21237300

aLan/ce

0.005008+20
0.000002+00
0.000002+99
0. 20900200
. 000032000

0.200008R+00

reLrs
ALAR/CE
0.000008+09
0.000008+00
€. 90000200
0.000002+00
0.00000R+00

4.000009+00

HTOR/CR

2.000008+00
0.200008¢00
0.%00008¢00
0.000008+00
0.000008:00
0.5%00008+00

SEAY TRANSPER CORRELATION CALCOLATION POR LEVEL P
(srome P22 1)

200 TYPR

LR L)

J. 166882402
0. 167048402
0. 1675928402
0.168028¢02
0.175668¢02

0. 185528002

DELTA
/88

0.I8752E000
0.1832800010
0.139922¢01
0.138770¢0Y
0.169612+01
0.183000e01

DELTA

HTOR/®
0. 187138001
0. 000008400
0.000008+00
0. 000008400
0. 0000000
0. 000008400

DRLTA
nToR/CR
0. 000000400
0. 00000R+02
0.005002+00
0. 000008R+00
0. 00000R+00

0. 00000800



SYSYRER PRERSSOMY

LeY PLOW

QOTLET PLOW

SUBPLE ®ASS MLOX
INLET TREAPRRATORE
OUTLET TIAPERATOURR
COLLAPSED LL

TS NASS I8V,

ANN mASS 1BV,

SOBCHASNEL TENPERATORES FOR LEVEL ©

INTERNAL SUBCHANNEL TERP
COLD ROD SOBCHANNEL TESP
CORNER SUBCRANNEL TENP

WALL SOBCHAWNEL

31

OUTPUY PRSTLYS POK TEST 3.02.708

SYSTRES PARANNTRR SWARARY

3.618020%3840)

0.20318861R40°
D.873e53AR0)

0.132310888 .0
0.868262060403

0.129968342408%
0.807517828402
0.872183798402
0.509885158+01
0.2208)8652+02
0.92709% 138002

“oR-

*OR-
o~

son-
son-
son-
sor-

0.81501032840 1

0.800000002-0"
0.383918288002

0.350000008¢01
0.258136108+02

0.38817458240)
0.530283102400
0. 19273090201
0. 19040178000

PELTA 0.172779172-01

DELYA -0.277592)1me00

0.982750530401
0.901563522+03
0. 76558718800 )
0.870223150¢03

(ogsc )

sor
*OR-~
soR-

son-

SOBCHANNEL TEAPERATORRES POR LEVEL F (DRG P)

INTRERNAL SUBCHANNEL TERP
COLD RCD SOBCHANSEL TENP
CORNER SOBCEHAWNEL TENP

PALL SUBCHANNEL

0.598971182:01)
0.985176R82+03
0.9553715502+0)
0.57808518240)

sOR-
“oR-
SOR-

son-

PsSIA

Gra
LER /AR

Gra
Lasme

LA /uRe PYOS]
DG
oG ?
reer
L8R OVER SCA)

LBR OVER SCA)

0,.200102058+02
0.175828 18402
0.202022358002
0,215810878+02

0. 11881229802
0.9950188584+01
0.768393828401
0.100 129958402
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RADIATION PLOX SOMRARY - LEVEL G (BTO/NR PTee)

ROD TYPE  RADIATION RRAY PLOX OoR-
1 0.372)5682000 0.16890230408
3 BN L RALS TRTY 0. 15815598008

RADIATION PLOL SORBARY - LEVEL * (BTU/NR PTee2)

ROD TYPE  RALIATION NEAT PLOZX +oR-
A Q.36 761390408 0. 11910350408
2 0.83063200000 0.12081330008
3 0.40858)28+00 0. 11389128408
. 0. 8851535000 Q. 11798120000

RADLATION PLOUE SOMBARY - LEVEL G (DEG M)

HOT ROD TEAPS 0.137855%2+08

COLD POD TEAPS 0. 10528872408  sOR- C. 5S8R D2

BADIATION PLUL SOASARY -~ LEVEL ¢ (PRSP

ROT BOD TENPS 0. 12858212000

CCLD ROD TEAPS 0.76725598+03  sOR- 0.66942517+02

PADIATION Y0 COLD RODS - LEVEL G (BSTO/NN PTee)

®OD TYRPE RADIATION HEAT PLOX SOR-

3 0.9189219240) 9.33655182+0)

BADIATIOPD TO COLD R0DS - LEVEL P (BTO/6R PYee)

ROD TYPR BADIATION ARAT PLOX R~
i 0.68368282403 0. 18355590 0)
L} 0.83195092+0) 0.295280a2e0)

. 2.16311720400 0.48389C2200)
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RESULTS ©7 MEAT UIABSIRR CORPOTATIONS POR LEVEL G

ROD TIPY  STEAR TRAP. DELTA TSURP/TSHR DRLTA SURPACE Q" DELYA
peG ¥ STEAR TERP. oeG r TSORP/TSHE prO/HR PT2 sgRrace Q%

0.982758+03 0.208108402 0. IN1REReOR 0.60%36 Be0Y 0. 136092+0% 0, 000002400

- 3 0.922158¢03 2.209968002 0. 137862408 0. 111872402 0. 137730005 0. 130208403
s £0.906498+03  0.239/88e02 0. 8 1132e00 0. 166768402 0. 13990805 2122530400
L] 0.862190+0) 0.229208402 0.138238008 0.59%06 78001 0. 13607203 0. 382778002
RESOLTS OF HEAT TRANSPRR CONPOTATIONS PO LEVEL O
ROD TYRER LIR1d DELTA PILR TRAR. DELTA
BTU/ER PT2 P LI 4 oBG ¥ PILR TEAP.
1 0,208002+02 0. 153652401  0.11787Re08 0, 152128402
3 0.30178%402 0. 159872401 0, 115042+ 00 0. 160928002
L] 0.27715E402 0. 162182001 0.115892+ 08 0.203262+02
€ 0.272°0R+02  0.12896E+0Y 0.11121Re08 0.18814002
DIARESIONLESS PARAAPTERS POR IEVEL G
POD TYPE R® BULK/SCDI DELTA RE BOLR/BODI DELTA PR BULK TRSP DELTA
RE BELK/SCDY " EOLE/BODI PR BOLE TEAP.
1 0.77%082+08 0.754828003 0. 04300Re0 0.312178¢02 0.92057R+00 0.48a012-02
3 0.7 16028000 0. 3318998403 0.653302e04 0.301712e023 0.925%aRs00 0.885000~-02
y s 0.68618208 0.318788¢03 0. 68 134Re 08 9.322198¢013 N.928%84¢00 0.57M520-02
L] 0.58876E+08 0.28367E+03  0.68517%¢00 0.33238p+0) 0.9 1718+ 00 0.6998082-02
.
DINENSIONLESS PARAARTERS POR IPVEL G
FOD TIPR FZ FILA/SCDI DELTA RE FILR/BODY cRLTA PR PILR TE®P DELTA
RE PILA/SCDI AR PILR/BODY PR PILS TRAP
1 0.625802+04 0.208912+03 0, 588442008 0.216558+0) 0.A89)58e0C ©. 12250802
3 0.823212+08 0.252052+0) 0.554682+08 0.220872+403  0,891812402 0. 182392-02
5 0.538882+08 0.233208+03 0.55156%e0% 0.23869%+03 0. A91058+0¢C 0.173502-02

L] 0.88% 52404 0. 192652401 0. 569082008 0.2257138e0) 0.895512¢00 0. 195938-02



ROD YRR

f0D TYPR
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WEAT TRAFSPER CORRELATION CALCELATION POR LEVEL G
(sTO MR PY2 ¥7)

DELTA

NLARY
0.000008000
0. 00000000
9.00000R+G0
0.000002+00

aron/w

0.30%928002
0. W 2860000
0. 30802802
0. 308080402

WEAT TRANSPER CORRELATION CALCOLATION POR LEVEL G
(sT0/MR T2 9)

HTRAN/ DELTA HLane
ATRAN/Y
o. oo 0. 2400  0.00000Re00
0.000008+00 0.000008+00  0.00000R+00
0.00000R+00 2.0 *00  0.00 00
C.000008+00 0.000008400  0.000008¢00
NTRAN/CR DELTA nLAR/C®
HTHRAN/CE
0.25% 40402 0. 20135840 0. 000008000
0.2545138402 0.225%69840 0.000002+00
C.2888 00002 0. 26759840 0. 09000802
0.238350002 S.28788200 1 0. 000002+00

rmLes
nlamscr
0. 00000 2:00
0.000008000
0.000008e00

0.00000R+00

wTUR/CR

0.000000¢9%0
0.000008+00
0.00C00Be00
09.000008000

HEAT TRANSPREE CONRBLATION CALCOLATION POR LEVEL G
t rearn

nop TYPR

LFe 1

0.208020+02
0.207720402
0. 298852402
0.3994130402

LLind}
nseew

0.187158¢0
0.172228000
0.19306 0400
0. 19558000

DELYA
LiLl Ve )
0. 22398000
0. 20767040
o.M
0. 22260220

DRLTA
sron/ce
0. 000008400
0. 500008 +00
0. 000002+%
0.000008+00
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BRSILTS OF WRAT TRANSPRR CONPOTATIONS PON LEVEL P

200 TYPR STEAN TERE. DELTA TSORP/TINE DELTA soerAcR Q" pELTA

oRG STEAR TEAP. LT TSORP/TSAE YT /MR PT2 SORPACE Q*
1 0.598970+0) 0. V1ABTRe0Z  0.12728%:08 0.396710¢01  0.102762405 0. 688138002
2 0.992578+0) 0.110982¢02 0. 12706R¢08 0.11980R402 0, WOOIR40S 0. 188298+ 03
3 0.590178-0Y 0, 107168402 0, 122028+08 0.23892R+02 0. 185188405 . 137200403
. 0.587782+03 0, 10333Re02 0, 122042s08 0.8888280001 0.781008+05 0. 301288002
L] 0.506532¢03 0. 90747002 0, 122642400 0.120118402 D WTI62405 0. 165808+0)
L] 0.576218003  0.979788¢01 0. 117370408 0.99285 7801 0. 103818405 0, 361208402

FRSOLTS OF WEAT TRAPSPER CONPOYATIONS POR LEVEL P

ROD TYPR LAt DELTA PILA TENE. DELTA

BTU/MR PT2 P LI 4 oes ¥ PIL® TRAP.
1 0.2108 12402 0.389262400  0.933902+03 O.772428400
2 0../15)82402 0.56061R+00 0.931592+0Y 0. 115390402
3 G.2'0362+02 0.975312+00  0.905208¢0) 0.172080+02
5 0.222068+02 0.80888R+00 0,908 102403 0. 759050¢0"
$ 0.230292+02  0.85527Me00  O,90687R¢0) N. 11779802
L 0.20502892 0.463132¢00 0.A78950+03 0.788 18840

DIRESSIONLESS PARAAETERS POR (EVEL P

ROD TIPE RE BOLR/SCODI DELTA 22 BOLE/AODY PELTA PR EOLK TRAP DELTA
RE BOLE/SCDY RE POLE/BUDI PR BULK TEAP.
1 0.103572+05 0.873508+02 0.90 108208 0. 811952403 0. 118532400 0. V62682-01
2 0. 10287805 0.865828+0) 0. 904937+ 00 0.80901%¢03 0. 11a8%ee 0y 0. 150058-01
L] 0.101918+05 2.856208¢0) 0.907052¢08 0. 4060180403 0.115258+01 0. 15 7238-0
. 0. 100958+7% 2.887082+0) 0.910092+08 0.803032+03 0. 115628+01 0. 15421801
5 C.89072p000 9. 19985R+01 0.911682e08 0.003268+03 0. 1158180010 0. 16138200
L 0.765 3004 0. 365828+0) 0. 9250952408 0.805210003 0.117860R¢01 0. 1578 7p-0Y

DINENSIONLESS PARARETERS POR 1EV2L P

gon TIPR BE PILA/SCOI DELTA A2 PILA/BUDT TELTA PR PILN TRAP OELTA
RE PILA/SCOT SE PILA/BODI PR PILE TEAP
1 0.788122404 0. 266528+01 0. 68738%e0% 0.2311872+0) 0.922e8R+00 0. 186592-02
2 0. 73799808 0. 28612803 0. 6a858r08 0.2%188 2003 0.922998¢00 0. 28%9812-02
] D.7838 18408 9.322858+0) 0.662012¢04 0.207358+0) 0.92928R+00 G.420180-02
L] 2.7399 3208 0.26343R001 0.66258%:08 0.2375080) 0.92957200 0. 19125802
5 0.646152+00 0. 2520 22+0) 0.561158+08 0.25476 003 2, 928962400 0.289812-02

6 0.578760+08 2. 20908003 3.678142400 L205358003 0.937708%00 0. 2327 1e-02
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SYSTER PRRSSOURZ
IsLrY rice

COTLEY PLON

BONDLE RASS FLOX
ISLET TERPERATORE
CUTLET TRRPRBATURE
CoLLAPIED LL

TS NASS IRV,

ANS BASS IWV.

OUTPOY RPSOLYS

SYSTER PARANETRR

0.101787512+008

0.112509)35840
0.461422320003

0.3961680420052
0.894 182620403

0.7830718 18404
0.46848218200)
0.760920078403
0.70871984R+01
0.251749932402

G 10388879800
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POS TRST 3. 02.%0°

SUNRARTY

SOR- 0,850 168538401
08~ 0.800000008-01
cOR=  0.328095382002
s0B~  0.150000008+01
s08- 0.8393578480402
«OR-  0.660688%1200)
son- 0,.6126782¢2-01
o~ 0,302905562:01
COR- 0. 178181918000
DELTA -0, 132188972400

DELTA -0.277607018400

SUBCHANN®L TEAPERATORES POk LEVFL ¢ (£23 #)

ISTERNAL SOBCHANNEL TERP
COID BCD SUBCHANSEL TENP
CORNER SOBCHAWNNEL TESNP

VALL SUBCHAWNEEL TEAP

SOBCHANNEZL TEAPERATURES POR LEVPL P (DRG P

INTERNAL SUBCHANNEZL TEAP
COLD ROD SUBCEANWEL TERP
CORSER SNSCHANNEL TES?

PALL SUBCHANDEL TERP

0.689428212407
0.687317542+01
0.580517632+0)
0. 6353950624013

08~

sCR-

*OR~

“09-

PSIA

GPN
Lea/us

GPa
Lan/me

LBR/MROPTOS2
oRe ¢
oRG ¥
reey
LEA OYFR SCAN

LBA OVPR SCANW

0. 10500115208 sOR- 0. 156 786408402
0. 10825720208 ooOR- 0, 126889152002
D.68613196%203 osCH- 0.4817998 18402
0.859560627+03 0B~ 0.27099976%2+02

0.7027196 1201
D.6856517 10001
0.126572060402
0.9199% 109000
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BADIATION PLOX SURRARY -~ LEVEL G (BYO/NR PTee2)

ROD TYPE  BADIATION WEAT PFLOX +oR-
1 0.2823306R+00 0.1718032¢e00
3 0.33820228+08 0.1910233808

RADIATION PLOT SOARARY - LBVEL P (BYU/NR PTee2)

BOD TYFE  RADIATION HEAT PLOX +OR-
1 0.22256522+08 0.94775122+0)
i 0.25009542408 0.95064588+0)
3 0.25902372400 0.95628710403
. 0.273321a8+08 0.9089957200

PADIATION PLOX SORRARY -~ LEVEL G (D2G %)

BOT ROD TEMPS 0.13603152+00
CCLD ROD TEAPS 0.11612882 408 OB~ C.5¥ 19880402

RADIATION PLUTX SOUSMARY - LEVEL ¥ (DEG W)

HOT ROD TEAPS 0. 10899808404
CCLD ROD TRNPS 0.798329924+03 soR- 0.86209 362402

FAPIATION 70 COLD RODS - LEVEL G (BTO/ER PTee2)

BOD TYPE  RADIATION HEAT PLOUX oRr-

] 0.601230620) 0.3625520240)

PADIATION TO COLD RODS - LEVEL P (BTO/NR PYOeD)

ROC TYPE RADIATION HEAT PLOX +OR-
2 0.30249662+01) 0.12)508084013
] 0.33975542+0) 0.18586268R40)

. C. 78900850003 0.35539%¢e2+0)
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RESULYS OF REAT TRAUSPER CORFITATIONS PO? LEVEL &

#0D TTPR STRAR Tie . DELTA 3000 /750 oRLTA soarace Q*
oG ? STRAN TRAP. oRG r TSORP/TSEE sTo/ar PT2
Al 0.10%5008+08 0. 156798402 0. 133030000 0.58912p¢01 0.912548+ 00
: C. 1086 3Re 08 0. %a184pe02 0. 13608240% 0.358828¢02 0. 909670000
5 0.954792+03 0.213898+02  0.125682+08 0. 1208 70002 0.957592+08
L] 0.8%58822403 0. 205658402  0.120800¢00 0.58996 2401 0.912%82008
ARSOLYS OF WEAT TRADSPER COSPUTATIONS POR LEVEL G
200 TYPR LRl DELTA PILA TRND. DBLYTA
BTO/ER PT2 P LI g bee PILY TRAMP.
1 0. 1255488402 0. 198518409 0.119028¢08  0,.107852402
] 0.301982+02 0. 371520401 0.120368¢08 0.290332002
] 0.31703R02 0. 266142+0 N. 110588« 08 0.169188+02
L] 0.26113%002 0. 278282401 0.103380e 08 0.172328402
DIRENSIONLESS PARANETERS POR IPVEL G
ROD TYPE FE BOLESCDI DELTA BEZ ROLK/BODI ELTA PR BOLK TERP
RE AOLK/SCDI RE EOLK/BODI
1 0,386992+04 0. 58624203 0. 3)66A%0S 0.33603260) 0.91213E%00
3 0. 379262404 0. 378682001 0. 33755800 2.3338ee0) 0.9128a2000
S 0.352180+04 0.3688%92+03 0. 16086208 0.3775720) 0.935262400
L] 0.331052¢04 0.369122+0) 0. 38790203 0.8329508+0) 0.976132+00
DIARBSIONLESS PARAMETERS POR IRVEL G
ROD TTRPE FE FILA/SCODI DELTA RE PILA/BODI CELTA PR PILA TEWP
RE PILA/SCDY AE PILR/BODY
' 0. 352560004 3.317678+03 0. 30673Re00 0.2931782¢03  0.892352000
i C.IN172Re 00 0.357852+03 0. 08 140 0, 31389pe0) 0.A9097R+00
S 0. 316650¢08 2.31787800 ) 0. 128 10%e08 0. 1249800} 0.90286R+00

L] 0.29069E+00

0.293658+01

0. 3806 1re0s

0. 1sa07ReD)

0.915392¢00

ORLYTA
soarace Q"

0. 00000800
0. 906832402
0. 175178003
0. 00000200

DELTA
¥ SULK TEAP.
0. 288482-02
0.202012-02
c.e827888-02

0. 'e870R-01

DELTA
PR PILN TRNP

0.111872-02
0,201582-02
0. 239%02-02

0,.337192-02



Bop YRR

ROD TIPE

HTRANY

0.188700002
0.186198402
0. 155208002
n.138788002

RTRAR, C2

0.123320002
0.12180R+02
0. 118758402

0.10876R+02
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SEAT TRASSPER CORRELATION CALCULATION POR LEVEL G
(sTome P22 )

DELTA
TRAN/W
0. 345758001
0.385228+0)
0,355 10001
0.988 18800

LA L P )

9. 23000800
9.00000R¢90
0.000008000
2. 700002400

DELTA

RLAR ¥
0.000008¢00
0.0000082400
G. 000000600
€. 00000800

nronse

0.500002¢00
0.000008600
0.000308+00
0.000008+00

SEAT TRANSPRD CORRBLATION CALCOLATION POR LEVEL &

DELTA
ATRAN/CE
0.20186240
0.196918+0
D.21018840
0.22%88800

(sru,me PR2 P
ALanscE [ELTA
NLIAR/CR
0.000002¢00 0. 00000 2e00
0. 00000200 0.00000 800
0.000002¢00  0.00000R¢00
0.00000P¢00  0.000002400

RTYOR/CR

0.00000E+00
0.000008+00
0.000008¢00
0.000008¢00

HEAT TRLNSPRR CORRRLATION CALCULATION POR LEVEL &

ROD TYPR

(sru/mn re2 v

1880

0.195660002
0.196380e02
0. 198070602
0.201092402

DELYR
H/88W

0.185520+01
0.181898¢0
0.209982+01

0.20888240"

DELTA

Tosse
0.00000R¢00
0. 000008« 00
0.000008+00
0.000008+00

DELTA
HrToRsCE
0. 00000R+00
0. 00000200
0. 00000800

0. 0000000
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BESULTS OF NEAY TRANSPRR CONPOYATIONS POR LEYEL P

200 TIPR STREAR TEADR. OBLTA TSORP /TSN oRLTA sosrace Q* DELTA

oes r STEAS TERP. oEG » TSORP/TSAR pYO /R PT2 STRFACE Q*
) 0.689 12403 0.702728+01 0. %0972%e04 0. 350 T7e0 0.935890¢08  0.527040402
2 0.68890R+0) 0.6884%000 0. 109322008 0.729150e01 O.982080008 0. 509100402
3 0.68R37RD3  0.678195400 0. 10868200 C.1I5130002 0.979082408 0. 930862402
. 0.687858003 D.659928e00 0. 10563208 0. 47598 0o 0.915890+08 0, 586928402
S 0.,6620 10403 0.771348001 0. 106840+008 0.66748Re01 0.989768+ 02 0. 137938003
L] C.6)518R+03  0.912098401 0. 101502+ 08 0.58930 800 0.938572+08 0. 000008+00

WESULTS OF NEAT THAOSPER CONPUTATIONS PO LEVEL P

W0 TR LI 4 DELTA PILE TENE. DELTA

aTo/ma P2 P LI 1) oRe v PILY TERP.
1 0.2298)2402 0. 46108E+00  0.893312e03  0.528098+01
‘ 0.203088002 2.681872400  0.89104Re 03 0.70680F¢01
} 0.245782¢02 0.960a9%2+00 0. 887582403 0.101270+02
. 0.251902+02 9.579992+00 0.87207Re01} 0.567930e0
S 0.255828402 0. 7660700 D.85%8 12+ 0} 0. 7198 10t
L} 0.247182402 0, 706882000  0,.825072401 0.7507 18001

DIMENSIONLESS PARARETERS POR 1RVEPL P

ROD TYPE FE BULK/SCOI DELTA "R AULK/BODI CRLTA PR BOLE TRRP DELTA
RE MULR/STRI BE POLE/BODI PR BULR TEWP.
1 0.514272400 0.4976 1200 3 D.8a7518+00 0.81292203 0. 1158680010 0. 1088 12-01
2 0.509ams 00 2.89250200) D.847e98eCa 0.8412002403 0. 115% 000 0. Weire-0
1 €.503320+00 0.88612840) 0.487570e04 0.0 260003 0. 118028¢ 00 . 10385e-00
L 0.897208008 0.879730e0) 0.008258408 0.832502403 0. 11610801 0. 191%02-00
5 0,850 aR 00 0.859728e02 0.868118404 0.4 M58 2402 0. 119912000 0. 103270-01
6 0.81:36TRe 08 0.42026R+01 0.388 71208 0.50179+0) 0. 128260401 0. 163938-00

DINEPSIONLESS PARASRTERS POR IBVEL P

00 TYPER B8R PILN/SCDI oELYA RE PiLR/MODI LT PR PILN TENP DELTA
R PILASSCDY RE PILA/BODI PR PILN TEAP
1 0.838022408 2. 80358203 0. 17760200 0.351118%0) 0. 9585 1R+ 00 0. 2385718-02
i C.e308 3R 08 0.80621840 ) 0. 378282008 0.356948 2003 0.95955¢2+00 0. 319852-02
3 0.826138000 2. 81231000) 0. 37927208 0. 36697003 0.96 1172400 0. 463082-92
. 0.425752408 0.397512+2) 0.38:872e00 0.3%3)82:9) 0.9 A888+00 0.29% 7802
L 0.380002+04 0. 359518403 0. 1839e0+00 0. 367972003 0.978108+00 0. 41055802

L C.360098e 00 0.323030+03 0. 19845700 0.378500+0) 0.997782+00 0. 525242-02



ERAT TRAGSIR2 BABLATION CMLCOLATION POR LERYEL P
Yo /AR rT2 P

DELTA

TR N
20003800 9 00R+00 0 01 . 1909980
J0000R00 00000+ nD » n 0 0. 183300e0
000008+09 7 e. ] « 197520000

9883+ 0.9 ») 0 ) 3.0 Eed0

AL R4 | 20 B y » 0 ) . 500008000

ERRL R LA 0.900C3%:00 o 0 J050R000

AEAT TRANSPER COBRELATY
BTOM

SEAY TRANSPER . Al
TOMR PR Y

0.32%%1m+02 0.202%6Re¢0)
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OUTPUY RESULTS PO TEST 3,.02.%¢

SYSTEN PARANETER

SYSTER PRESSORE 0.100899212 08
INLET FLOW 0.187461202401

D.767%0885240)
OUTLETY PloW 0.692177588+02

0.750852208240)
BUNDLE ®ASS MLOX 0.112910122+0%
INLET TERPERATORE 0.466092002+0)
OUTLET TEAPEBATORE  0.48112876240)

COLLARPSED LL 0.617108912¢01

TS BASS IRV, 0.22¥1%1178402

ANN BASS INV. 0.995893652+02

som-

*OR~
“oR~

SOR~
“op-

OB~
+OR-
SO~
“Om-

DELTA

SONBARY

0.822872698+01

0.800000002~01
0,327%6109%:02

0.35000000801
0.385997978+02

0.5680088072¢03
0.299635172e00
0.323888942¢0
0.373680652400
0.808879762-01

DELTA -0.8165618%2-01

SOBCHA4NEL TENPRAATURES POR LEVEL G (DRSS )

INTERWAL SUBCHANSEL TERP 0. 1006994RPe 08 sCR-
COLD ROD SUBCHANGEL TERP 0. 102863942408  scR-
COBNER SUBCSANSEL TEAP 0, T96T21GIP403  eCR-
UALL SUBCHANNEL TONP 0. 921805102403  oCR-

SUBCHANSEL TEAPERRATORES POR LEVEL P (DEG P)
INTERWAL SUBCHANNEL TEWP 0.750956512+03 0B~
COLD ROD SUBCHARNEL TERP 0.743430712003  scR-
CORNER SOUBCHANNEL TERP 0.688477052¢03 0B~
UALL SOBCRANNEZL TESP 0.699518942:03 erm-

PSIA

Gea

LAn /AR

GPa

Las/¥e

LBR /RS PRee)
o% P

osG r

reee

LBR OVER SCAN

LER OVE. SCAR

0.158672298402
D. 123588898002
0,176 95913002

0. 18665 7888+02

0.871590072+01
0,787 387668401
0.782092648+01

0,886 833278401
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RADIATION PLOX SUMMARY - LEVEL G (BTU/8R PTes)

ROD ITPE  RADIATION WEAT FLOX sor-
' 0. 36579792008 0. 19970760+ 08
3 0.82383218008 0.19917752000

RADIATION PLUX SONRARY -~ LEVEL P (BTU/KR PTee2)

ROD TYPE  RADIATION NEAT PLOUZX R~
1 0.32611178¢08 0. 13208872008
i 0.36139170+08 0.12780152+08
| 0.38227612408 0.12087720008
. 0.39387992+08 0.12833812008

RADIATION PLOX SOARARY - LEVEL G (DEG M)

ROT BOD TEAPS 0.18122002+04
COLD ROD TEWNPS 9. 11551852404  sOR- 0.5 1172800402

SADIATION PLOX SOURRARY - LEVEL P (DES ¥)

ROT 2QD TERMPS 0.121608080008
COLD ROD TEAFS 0.086899582+03 +OR- 0. 50015708002

PADIATION TO COLD RODS - LEVEL G (BTO/HR PTee2)

ROD TYVR RADIATION HEAT PLOX soR-

3 0,.8097368800) 0.388348542+0)

BADIATION TO COLD BODS - LEVEL P (BTO/HR PTee2)

BOD TYPR RADIATION “mAT FLOX OR-
2 0.88888592¢03 2.17M17552000
] 0.82521312403 0.2386700%¢0)

. 0.12852508+08 D.8%39921240)
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BESOULTS OF HEAT TRANSPER COSPOTATIONS POR LEBVEL G

ROD TYPR STEAR TERP. OELTA TSORP /TSR CELTA SORPACE Q"
oG . STEAN TRRP. oeG ¥ TSORP/TSHR pTO/NR PY2
1 0.108708+08 D.158478402 0. 18 368Ee00 0.627928401 0.1257820%
3 0.101782+04 2.139138002 3. 181230000 0.228138002 0. 125398405
0.98482080013 0.170662+02 0. 1381312408 0.15%308:02 0.126860+0%
. 0.921652+0) 0.17609R402 0. 132872408 0.610592+01 0.126072+0%
RESOLTS OF HEAT TRANSPER COMRPOTATIONS POP LEVEL G
R0OD TTPR LIRS DELTA PILE TENE. DELTA

BTU/RR FT2 P LI g oRG ¥ PILR TERP.

0.322672+02 0. 138388401 0. 120192¢00 0.1087 30002

0,31886R¢02 0. 232692+0 0.12250%+ 00 0.1836 32402

0.310052+02 0. 1859%eR+0 0.11836Ee08 0. 163520402

0.30970802 0.182672401 0.112%28+08 0. 11857202

DIAZESIONLESS PARAAPTYERS POR 1RVEL G
ROD TIPE PR BULR/SCDY pELTA BF BOLK/BODI CELTA PR BULK TERP
RE BOLK/SCOI W2 BOLK /BOUDI
1 0.589192+08 0.366498+03  0.512778+0a 0.31Was52:0) 0.912888400
i 0.5798 304 0.3588 18403 0.516062¢04 0.3156 18003 0.718 260400
S 0.523852+08 0.338212+03 0.536172+08 0.382070s0) 0.926478000
L] 0.8793112e08 0.310338403  0.561622+08 0.3€3628+0) 0.948178000
DINENSIOBLESS PARANETERS POR L2VEL G
RO5 TYPE 82 PILA/SCDY DELTA RE PILA/BODY CELTA PR PILA TEMP
RE PILA/SCDI A% PILA/MODY

1 0.518728+08 0,101878+0) 0. 85129000 0.262208 2003 0.887298+00
L] 0.512)88+08 0.3220€2+03  0.35603%e08 0.28664240) 0.R88481Re00

0.857340e06
0.41099F: 08

0.282918+02
0. 285902003

0.368102e04
0.88625%7008

0. 2895 700)
0.288017200)

0.892962+00
0.89999%+00

DELTA
SosraCE Q*

C. 290079002
0. 158972403
0. 897758002
0.683058002

DELTA
PR BOLK TERP.

0.282662-02
0. 266568-02
D.826528-02
0. 429798-02

DELTA
FR PILE TESP
0.936028-0}
0. 165388-02
0. 170982-02
0. 1558 18-02



ROD TY®R

ROD TYPR

NTRAR/W

0.000008¢00
0.C00008+00
2.00000R+00
0.298112402

sTRAN/CR

0.2186 82002
0.210128002
0.2026 18002

0.19276R+02
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NEAT TRANSPER CORBELATIONR CALCULATION POR LRYEL &
(sTO MR PT2 P)

DELYA
TaARY
0.000008+00
7.000008+00
9.000008¢00
0. 389528001

ELanw

0.000002+00
0. 00000Ren0
0.000008+00
0.000002e00

DELTA

BLAR/Y
0.000008+00
0.0000082+00
0. 000008Re00
0.00000800

ArTuR/w

0.306388+02
0. 10%308+02
0.303828002
0.0000082+90

HEAT TRANSPER CORRRLATION CALCOLATION POR LRVEL G

DELTH
HTRAR/CE
9. 224758+01
0. 21865840
2.23120801
0.233038¢0

(sromn re2 )
sLaa/CE m®mra
ALan/sce
0.000002+00 0.000002+00
0.000008+00 0. 000002400
2. 000002400 0.000008¢00
0.900002+00 0. 00000800

HroR/CR

2.000002s00
0, 000092400
0.000008+00
0.00000E+00

FUAT TRANSPER CORRERLATION CALCOLATION POR LEVEL G
(

R0D TIPE

sro/an PY2

n/880

0.273078002
0.273720002
0.2780182002
0.282572002

n

oELTA
LV L)

0.176290001
0.17069200)
0.19001840"
0.199762+01

DELTA
nTOR/N
0. 218898401
0. 220892+0
0. 233238 Y
0.00000R+00

ORLTA
BroR/Ct
0. 000008+00
0. 00000E+00
0. 00000R+00
0.00000R+00
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AESULYS OF REAT TRASSPRR CORPUTATIONS POR LRVEL P

20D TYIPR  STEAR TREP. omLTA TSORY/TSAR DRLTA SORPACE ¢* OBLYA

oG v STRAN TREP. oRG » TSORP/TSNE o/ /R PY2 soRrace g*
1 0.75096240) 0. A7159R+01 0, 12608Pe08 0.50066 2401 0.72707240%  0.827518002
2 0.765088+03  0.885538401 0. 12351R408  0,97276 2401 0.127828+40% 0, 128152+0)
3 0.787208+03  0.91947R¢01  0.119782+04 0. 130742402 0. 127438405 0. Y61550¢0)
. 0.78532800) 2.793610401  0.110232e00 0.95190 1 et 0.125158405 0, 965598402
s 0.725208¢03  0.87901B¢01 0. 117252008 0. 120002402 0.12°878+05 0. 14709R+0)
L] 0.699628+03  0.AS664E0Y 0, 1712692408 0.612690001  0,)20128+0% 0, 853488402

RESULTS OF NEAT TRANSPER COMPUTATIONS POB LEVEL P

ROD TYPR " RXP DELTA PILR TRAP. DELTA

sTo/me PT2 P LI 1d oRe ? PILA TRWP.
1 0.209242402 0.526952+00 0.100592¢08 0.7060 3R+0 1
2 0.262200+02 0.763702400 0.992072¢0) 0.90918200Y
3 0.282772+02 0.103252+01% f.9725220 03 0. 106352+02
‘. 0.286362402 0.659382+00 0.963830e0) 0.6562 1200
S 0.280002+02 0.10128001 0.9¢8862+ 03 0.103958¢02
L3 0.29984R+02 0. 758900 +00 0.91323@0 03 0.738662e01

DIAERBSIOBLESS PARARETERS POR 1PVEL P

ROD TYPR P2 BULR/SCDY DEL"A RE BULK/BODY oELYA PR BOLK TRRP DELTA
BE BULR,.CDI BR PULK/BODI PR BULK TRAP.
1 0.7a0152000 D.83539E+01 0. 688107008 0.37887240) 0. 106558+ 01 0. 0086R-01
2 0.73a128008 0.830260#03  0.64513Re00 0,378112403 0.108677001 0. 988008-02
3 £.726012408 0.821962+03 0,688 168¢08 0.377138e0) 0. 10700801 0.971588-02
. 0.717870s00 0. 817670001} 0.687202e08 0.376552+0) 0.10723Re01 0.958052-02
L 0.643328004 0.379620402 0. 658858008 0. 18855840 0.10990R+01 0. 12ve58-00
L] 0. 579108408 0.3319158+013 0.67268800 0.39730840) 0. 11801040 0. 1s0808-01

DIMENSIONLESS PARAAPTERS PCR IRVPL *

ROD TYPE B2 PILA/SCDI oELTA RE PILR/BTOT oLTA PR FILN TEAP DELTA
RE PILA/SCOI 8F PILA/BODIL PR PILR TRAP
1 0.608742s08 0.382568+01 0.52786008 0.2901800) 0.921128+00 0.6 8 302-02
2 0.606868¢04 0.35170840) 2.533130000 0. 10972402 0.928862400 0.222e02-02
L] 0,.807572008 0. 359612401 0.5a078"s 08 €.320062+0) 0.9296)32¢00 0. 28830202
K 0.601687+08 0.31988E+03  0.58821P008 0. 106088501 0.932V12+00 0. 188982-02
5 C.517818008 0. 317928403 0.550272+08 0.3250082+03 0.938702400 0. 122822-02

. O 982 1ARe08 0.278%78401) 0.565212+00 0.322198+0) D.9% 98,8400 0. 285a50-02



ROD TYPE

LI

TR

nTRAR,?

0.0C0008+00
£.000008+00
©.00000800
0.000008+00
0.000008+00
0.000008+20

HTRARCE

0.232080002
0.2311662002
e.23M 002
0.23087¢02
0.2220002
0.216380402
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HEAT TRAUSPER CORBELATION CALCOLATION POR LBVEL P
(sTU/MR PT2 P)

DELTA
HTRARY
0.000008+00
9.500008¢00
0.000008+00
0.000008+00
0.000008+00
0.000008+00

HLanm

0.002008+00
0.000000+99
0.000002¢00
0.000008400
0.000002420
0.000002¢00

orLTA

HLAN/W
0. 000002+00
€. 000008400
0.000008+00
0.00000R00
0.00000R+00
C.000008400

HTIR/0

0.272982402
0.27277Re02
0.272588402
0.27286R402
0.278120002
0. 200892402

WEAT TRANSPRE CORRELATION CALCULATION POR LEVEL P
(sTome PT2 M)

DELTA
ATRAN/CE
0. 218298401
0. 213110000
9. 2V190me01
0.210770401
0. 21818000

D.219e 3400

HLAR/CE

9. 00000800
0. 00000800
0.009002+00
0.000008+00
0.000002+00

0.930002+00

TeLTA
Anan/ce
0.000002¢00
0.00000R+00
0.000008+00
0. 000008+00
0.000008+00
0.000008+00

HTUR/CR

0.000008+00
0.000008+00
0.000008+00
0.000008¢00
0,000008400
0.000008¢00

HEAT TRABSPER CORRELATION CALCOLATION POR LEYEL P
. L]

ROD TEPR

(svo/m

L L)

0.267068+02
0.268168+02
0.269018402
9.269882002
0.279078+02
0.290758+02

DELTM
L] ]

0.155120e01
0.158220401
0. 153198401
0.15255 01
0.162692401

0. 18813040

DELTA

HTOR/ W
0. 162202001
0. 168338401
0. 165848401
0. 18787040
0. 17063001
0. 166712401

DELTA
aronsce
0.00000R¢00
0. 00000800
0. 000008400
0. 00000E+00
0. 00000R+00
0. 00C00R+00
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OUTPOYT RESULYS PUR TEST 1.02.10N

SYSTRER PRESSURE 0.387261192403 +0p-  0.782801788+01 PSIA
IsLeT PLOW 0.173365592+01 +08- 0.80000000%-0) GPA
0.76282204803 0B~ 0.352026842:02  LPA/ER
OOTLET PLOV 0.192306112¢03 +OR-  0,350000002+21 GPA
0.813339872+03 +0R-  0.226055382:02 LAA/ER
BURDLE RASS PLOX 0.122306752+05 e0B- 0,3605388 1203  LAR/HROPTOS)
ISLET TRAPERATORE 0.370670478003 0B~  0,.699607132000 O2G P
OUTLET TEEFESATURE  0.815005138e03 OB~ 0.3562655a00 oG ?
COLLAPSED LL 0.427022362+01 +0R- 0.333209728e00  PEEY

TS RASS I8V,

ANY RASS 19V,

0.192570622402

0.295%978 400

DELTA -0. 18387164200

DELTA -0.5552)362%00

LAS OVER SCAM

LAR OVER SCAR

SOBCHANREZL TRAPRRATURES POR LEVEL G (DEG ¥)
INTERNAL SOBCHANNEL TERP 0. 101681132008  eOR-
COLD BOD SUSBCHANNEL TERAP 0,.980122232+03 sOR-
CORWER SOBCHANNEL TENF 0.095733692+403 OB~
WALL SUBCRABNEL TERP 0.83737929R+03 eOR-

SUBCHANSEL TEAPRRATORES POR LEVEL P (DEG 7)
TYTERNAL SOBCHANNEL TEWP 0.646602572+0) e00-
COLE ROD SOBCHNANNEL TRAP 0.61942082800) s0¥-
COBNER SOBCRANNEL TEAP 0.532175978+013 soOR-
WALL SOBCHAENNEL TENP 0.582782378+03  eCR-

0.602080 %% 92+02
0.391177738002
nN.850676268°02
0.519921288402

0.203051808+02
0. 170719198402
0.168502298+02
0.201323908402



50

BADIATION FLOX SORMARY - LEVEL G (DTOU/EN PYee])

90D TYPE JADIATION REAT PLOX R~
1 0. 30111948408 0. 15599098 +08
3 0.37766020+00 0.16712190000

PADIATION FLOY SONAARY - LEVEL 7 (BTO/HR PTee2)

BOD TYPE  RADIATIOF REAT FLOI or-
1 0.26170218008 0.932009%8+0)
H 0.32959571+008 0.963%691200)
¥ 0.2008 7652000 0.951888a200)3
L] 0.9184501004 0.99221750+0)

BADIATION PLOS SORRARY - LEVEL G (DEG 7)

HOT ROD TERPS 0. 18083112400
COLD ROD TEAPS 0. 11088402 +08 sOR- 0.8C0527080002

RADIATION PLOT SUAMARY - LEVEL P (DRG ™

ROT 20D TRAPS 2. 11888172008
CCLD ROD TEWPS 0.78872472401 OR- 9.6020%942+02

BADIATION TO COLD RODS - LEVEL & (BTO/NE PTee)

soD TIPR RADIATION ABAT PLUR *on-

3 0.90908762+03 0. 31086152+00

FADIATION PO COLD RODS - LEVEL P (BTO/ 4% PTeeQ)

ROD TYRE BADIATION HEAT FPLOUX sOR-
? 0.61680588:0) 0.158771924+0)
L] 0.623)835800) D.21688 082400

. 0. 17880008004 0.8889%51000)



100 TIPR

ROD TYPR

ROD TIPR

RESOLTS OF URAT TRANSPER CONPUTATIONS PON LEVEL &

51

STRAR TENP. ORLTA TISoRP/TSAR DELTA sopraACe Q*
oec v STEAN TRRP. oge tSoRr/TSHE aTe/an rY2
0. 101680404 0.602000+02 0, 188120000 0.888130e0 0. 129918¢0%
C.978200¢0) 0.496810+02 0. 180830400 0. 100830002 0. 133820408
0.926918403  0.56119R+02 0. M157Re 08 0.97%9% 2001 0. 134312008
0.886730+0) 0.5231280402 0. 134827008 0. 70880001 0. 130788005
RESOLYS OF NEAT TRASSPRER CORPUTATIONS PON LEVEL G
ROD TIPER LI 1J DELTA PILA TENP. DELTA
aTo/ER P2 P 4 ey oea r PFILA TRAP.
1 0. 308458402 0. 4380580 0.122900+08 0, M36)R002
] 0.3101 78002 0. 37398R+01 D.119130008 0.2988 72502
9 0.27478R402 0. 3236740 0.117130e 00 0,329 40002
* 0.260798402 0.274762401 0. 109758+ 08 0.2971 1002
DIMRNSIONLESS PARARETYRRS POR IEVEL G
"B BOLR/SCODI DELTA RE BOLR/BODI CRLTA PR BOLR TRNP
RE BULR/SCODI "R ETLE/RODY
0.66 1852+ 08 D.87598040 0,575810e00 0. 0189700 0.9 150000
0. 865598408 0.8I891R¢03 0,592)19Ee00 0.3187088+0) 0.9082%2+00
0.602112+08 0.832788+01 D 616272408 0.882968:0) 0.913858400
0.561228+08 0.80178840) 0.657592e08 0.470770e0) 0.9259708+00
DINRNSIOPLESS PARARETERS POR 1BVEL G
"2 PILR/SCDI DELTA o2 PILA/BODI CRLTA PR OPILA TRNP
"E PILA/SCOX R PILR/BODD
0.572160408 0.286322+0) D.89778%e00 0.20736200)  0.88)3828+00
0.5733280008 0.271208+03 0.510272000 0.20118800) 0.886 170400
0,50512R0+00 0. 2508884013 0. 517010008 0.256)80e0) 0.827512000
N.8630 1200 D.22071Re0 3 D.SANATReON 0.283000+0) 0.8% 330000

DRLTA
soarace Q*

0. 00000800
0. 137132003
0.2297 72402
0. e8)31R002

DELTA
PR BULE TRAP.

0.830%8-02
0.605738-02
0. 822898-92
0. 109988 -0

DELTA
PR PILN TERP

0. 185292-02
0. 188822-02
0. 216880-02

0. 20956802



ROD TYPR RTRAN/Y
1 0.000008+00
3 0.000002+00
s 0.000008+00
L] 2.000008+00
0D TYPR HTRAW/CY
1 5.230818002
] 2.2290882402
S c.218010002
. 0.207768402
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HEAT TRANSPES CORRELATION CALCULATION POR LEVEL G
(srume P22 W)

OELTA
TRANY
0.9%00002s00
0.00000Re00
0.000002¢00
0.000002¢00

WEAT TRAWSPER CORREL.

DELTA
HTRAN/CE
0.37310840
0. 330362001
0. 388690
3. 35552e00

ALAn/Y DELTA rrOoR/®
HLAN/Y
0.000008+00 0.000008¢00  0.299572402
0.000002¢00 0.000002¢00  0.293608+02
9.900002¢00 C.00000R400  0,.292072002
0.000002+00 C.000008000  0.280298+02
79 CALCOLATION POR LEVEL G
(Mo, PR2 F)
ALan/ce reLTA RTOR/CR
Nlansce
0. 000002+ 00 0.000000+00 0.000008+020
0.000002+00 0.000008+00 0.000008+00
0.000002+00 0.00000R+00  0.000008+00
0.00000%000 0.000002+00  0.00000E+00

SRAT TRAFSPER CORRRLATION CALCULATION POR LEVEL G

"D TYPR

(arear re2 )

LR L

0.275238002
9.273082+02
0.2761V70e02
0.276613R+02

DELTA
n/new

0.327100+0)
0.295130+0)
0.328828+01

0.32918 0400

DELTA
RTOR/¥
0. 41573200
ENELY LY TN A
0. 80659200
0. 387362400

oRLTA
HTOR,CE
0. 000008¢CD
0. 00000R+00
0. 000008+00
G. POONCE «00



RESOLYS OF NEAY THRANSPER COSPUTATIONS POR LEVEL P

#OD TYPE  STRAR :'l'.
L]

1 0.686668+0)
2 0.639858+0)

0.63304ge0?
0.62623m40)
0.61470%+0)

* » e

0.58608200)

DELTH
SUBAN TRAP.

0. 203058+02
2.228978002
n 206892402
0. 188808402
0.222190002
0. 203558402
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TSORP/TSHE
oG v

0.122210000
0. 122070000
0. 118908+08
0. 118878400
0. 120847408
0. 11587808

teLTA

TSORP/T SRR

0. 100858002
0. 181188002
0. 505088402
0. 58656 2e0"
0. 862072e0
0. 70106 2e0Y

RRESULTS OF ARAT TRAUSPER CORPOTATIONS PON LEVEL P

SORPACE Q"
BTO/AR P2

0.132602+05
0.13677R00%
0.138698+05
0. 129808405
0.13734000%
0. 133488005

ROD TIPR LR 14 DELTA PILA TRNR, DELTA

BTO/NR PR2 P LI 3 J DEG ? PILA TERP.
1 0.2308 18002 0. 105318401 0.938392+0) 0.171758002
2 0.232298+02 0.10781R+01 0.9382%e+0? 0. 183072402
3 0.261088+02 0. 281582401 0.89103240) 0, 155962402
" 0.230788+02 0. 818882400 0.907082¢01 0. 121732002
5 0.2311328002 0. 989582400  0.911552:0) 0. 158208402
6 0.213118002 0. 880652400 0.872398+0) 0. Y368 32402

ROD TYPE K¥ BULKR/SCODI

1 0.9181 3808
2 0.9120 30+ 00
] 0.9083 18e00
. 0.908150004
L] D.80786Re00
L] 0.731138¢08

ROD TYPE PE PILA/SCDI

1 0.708228+08
2 0.69726R+ 04
L] 0. 712060008
- 0.69016R+ 08
5 0.50% 082400
L] C.54%are 00

DINERSIONLESS PARAAETERS PFOR LEVEL P

DELTA
A? BOLK/SCOI

0.526%ap40)
0.508178¢0 3
0.881708+01
0.859938+013
0. 885608403

0. 392380003

RE BOLK/BNDI

0. 79530008
0.8018138e008
0.B08NaRe 08
0.815138e08
0. 826662000

0.856672+08

reLYa
B2 POLE /BODI

0.85778200)
0.%8306 R+0)
C.a28782+0)
C.aesr 3
0.8" 9ms0)
0.4997 18402

DINESSIOBLESS PARARETERS FOR IBVEL P

DELTA
#E PILA/SCDI

0.290818+0)
0.293171p40)
D.802978+0)
0. 26056840}
0. 208288+01

0. 21852800

A2 PILA/BUDY

0. 612672008
0.612742e08
0.638 110008
0.625828000
0.62374%e00

0.683792¢00

CRLYA
RE PILA/BODL

0. 25266 2003
0.25811000)
0.358e62e0)
0.2M51800)
0.2%003000)

0.251360e0)

PF BULK TENP

0.101262+01
0. 10 168800

. o~ T
0.102608¢01
0. 103878000
0.105988:01

PR PILE TRWP

0.912888000
0. 912668+00
0.920228+00
0.917188¢00
0.916458+00

0.921962+00

oRLTA
soprace g*
0.721318401
0. 149312003
0. 28388800)
0. 782082002
0.203022083
2. 491280402

DELTA
PR BOLK TERP.

0. Y266 22-01
0. 127868-01

o

. 12722000

1268 12-01
0. 16000891

e

. 18392200

DELTA
PR PILA TRRP

0.263592-02
0. 2808 4R-02
0.832070-02
0. 2V1578-02
0. 261842-02

0.277197e-02



ROD TIPE

. » e N

200 TYPR

LAd 1Y W)

0.000008000
€.000008+00
2.000008000
€.000008+00
€.000008+00
2.00000200

ATRAN/CE

0.2e07%2002
0.201028002
C.281290002
0.207830¢02
0.238188002

0.2286 10402
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ERAT TRASSPRR CORRELATION CALLOLATION POR LPVEL P
(sTO/MR PT2 P)

DELTA
mas
2.000008+00
0.000008+00
0.000008400
9.000008400
0.000008400
0.000008+00

sLanw

0.000008000
0. 000008400
0.000008+00
0.00006R+00
9. 000002400
0.00000pe00

OELTA

wLAN/W
0.000008+00
0.0000082e00
0.000008¢ ©
0.000008+00
0. 00000800
0. 000008000

sToaw

0.200782¢02
0. 204800004
0.282)32002
0.203988402
0. 2888384 02
0. 291500002

HEAT TRANSPER CORRRLATION g-:-l'l. PoR LEvEL ?

omT)

ATRAN/CE
0.2992 1200
0. 287958001
0. 23826000
0.225278+01
0. 253988401
0. 28835200

(ero M Py
aLAR/CE rELTA
Las Lyged
0. 00000R+00 0.00000R¢00
0.000002e00 0.000008+00
2. 000000000 0.00700 £+00
0.000008e00 0.000002+00
0.000002000 0.000008+00
0. 000008400 0.000008000

aTeR/CR

0.000008+00
0.000008¢020
0.000008¢00
0.00000%+00
0.000008+020

0.000902+00

ARAT TRASSPRN CORREBLATION CALCULATION POR LRVEL P

ROD TYPR

(o ue re2 1)

LI L

0.250608+02
0.351218002
0.25 1988002
0.2920080+02
0,259702+02
9.268528002

DELYS
H/BE0

0.19906 820"
0.189518¢01
0.17998p0Y
0.17035¢2+01
0.1971 30000

0. 193380y

DELTA

aToaRse
0. 218528001
0. 207922000
0. 22%8 78400
. 177882000
0. 20542800
0. 195112000

DELTA
AToR/Ce
0.000002+20
0. 00000220
0.000008+20
0. 000000400
0. 000008400
2. 00000800
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