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Validation on a Water Leak Calculation Module of SWACS by High Temperatufe

and Pressure Water Blowdown Tests

Report No.2: Study of Water Leak Rate from a Failed Heat Transfer
Tube in an LMFBR's SG

Hiroshi HIROI*, Osam MIYAKE*
and Minoru SATO%

Abstract

Blowdown tests of high temperature and pressure water from a long pipe
were carried out to validate the computer code SWAC-11 which is used for the
calculation of the water leak rate from a failed heat transfer tube in an
LMFBR's SG.

The steady leak rate, and transients of pressure and thrust force of the
pipe were measured. Especially, the short term transient of thrust force can
be obtained by a new measuring method using the spring-mass model.

These data were compared with calculation results of SWAC-11. As for
steady data, the Moody's model of the critical flow and the effect of the
two-phase multiplier were studied.

Major conclusions are as follows:

(1) The calculation results of SWAC-11 almost agreed with the steady data.
But in detail, SWAC-11 inclined to predict 10 v15% less than experimental
data of water leak rate and thrust force in the case of high pressure
saturated water. This discrepancy will be reduced by introducing the
Thom's correlation as the two-phase multiplier.

(2) The calculation results of SWAC-11 also agreed with the experimental data
after 5 msec since the blowdown was initiated.

(3) The flow model of SWAC-11 can be applied to the blowdown of the subcooled

water,

* Steam Generator Safety Section, Steam Generator Division, O-arai Engineering
Center, PNC.
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(4)

(5)

(62

The thrust force (F) immediately after the blowdown is the sum of the
wave force and the blowdown force. The relation of F, the initial
pressure Py, and cross section S can be given by the expressionm,

F/S*Pp =1.36.

Compared with caleculation results in detail, the profiles of experimental
data were found to be more complicated. This tendency was observed
markedly in the case of the subcooled water blowdowm.

Test results of superheated steam blowdown agreed with SWAC-11 predictions

as for unsteady data as well as steady data.
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Boti, (MENRLLTOZEERCEAMABEAR, COBLHE m? EOHT

Hb.) ERPSUTO EMERESIS,

(1) BRERPTOES(P~6B) KELTH, D2 FLTEEABIEMNLL, 0WFhb
ARERLFEF-HLTWV B,

2) HOMTOEN (P-8B) KBAL T, +77—VED/NS W8T, HEM/ Thom
EFNEHEM A/ M-NEFARKBHERHRRSERSE L, Moody EF & I E AR
o LU, EOEFAMHELOSE, =¥y e —H215~255 keal / ke DREF —
FHBRONTRVDT, IETER L,

4.5.3 WHRKEME
FTF v RUEETLTE msec ETOMESNAMODEAEL, SWAC— 11k L 3EE
FEREHBELT, Fig. 4 10RRLE, BL, HE8&BIMPHEL 0k ala ELELD
ThHD, AR 40 ~465kg/ a’a Th-t, BEPLLUTOC EHEBEINS,
1) 451 TEALSCENOYUMBET BT 2 LBRERL > TV B2, 5 msec &
TOESMEEMEESWAC — 11 &—4 3,
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46 BRESIHBRER |
AKETEH, FRYPTFTI7 - ke L 3ARERE2DPLIRERLCEh. AH T, BRESIC
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B 5, W362 WML TR TROFERR LTS, (FHEEIE, %1 #H Appendix 4.6 1)

Table 41 BHAEXIDEFBITH
W& W h FER®KHh
All=y ~8 Mo ( — )| 02192 0.2161
i O FE 5 Py (ke/a’a) | 0205 Po 0.246 Po
WOW %R (e/semd) | 472X 107 Po 465 X 10 Po
A5A LA E (ke/ml )| 0472Po—Po | 0493 Po—Pw
H O & B Tg ( °K )| 0876 To _ To

EFERB, To=585(CK)ELTHELLL DTS, W362DHREREHPo=44.5k ofa
TRATHE HBERLIULETE 5,

—F5, SWAC - 11 K&k B EHERIBOATVE, ZALDOHRE, KRBREESRT LD
TF&EIERY,

Table 4.2 W3620WRITBEzBERO L
f& r # 2
HAEAER
WrE R h ZEWHh | SWAC~11
EF OE M R (kg sec) 0.20 0.19 0.22 0.19
EBHAIZAMH(C kg ) 18..7 19.5 19.4 16
EEMOES Ge/ma)| 01 11.0 7.5 8.3
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—%L 7

(i) Moody ¥ WABERAEZDI, = 52 b HEEHKFHT 3.
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Table 2.1 Conditions and Major Results of Saturated Water Blowdown Tests
1tem Test Water Heater Condition Rupture Disk Total B1owdown Steady Flow Rate Thrust Force
. . tity s ies Description
Design |Bursting Quan . by InitialfInitial
Date |Temperature| Pressure Pressure|Method  |of Water|Duration |Average Turbine [Peak Quasi-steady Steady
Unit Initial inftal
Test NOY —_ GA"B' Tast N‘:f Test] kg/em?d | — kg sec kg/sec | kg/sec kg kg kg —_
c kg/cm?a
: (1) failed to measure.
W21 77 | 47 21.0 25 | spear | 176 | 208 | 0.56 | (| B (@)1 5u2.5((2) The Rupture sk iR/0)
218 21.0
abnormally burst.
W12 78 | Bl 1B 25 | spear | 1.05 | 230 | ous | — (| 65 20n23 910.5
254 41.0 (1)
W221 7/8 253 30.5 50 spear 1.72 2.38 0.72 —_— 50 36042 20023
s s (3} failed to measure
w222 ong | o0 || s0 [medified) g4y 06 | o.e0 W B 6 g because of the bursting
: 5pe method of the R/D.
255 46.0
223 11725 50 arc 2.10 2.84 0.74 0.88 36040 3343 21
253 45.0
277 .0
1231 7/ 56 |0 h% e | s spear | 2.48 | 278 | 114 [ 1.2 68 5457 29
4) {4) (#) (4)
276 61.0 ( (1) (4} The R/D tore open
w232 11718 269 5.0 75 arc 8.1 8.05 1.01 3842 45059 30 about 70%.
276 61.0
W233 11/19 27 56.0 75 arc 7.86 7.50 1.05 |1.0001.01( 41n44 4454 38
296 80.0 modified| - _{3) I )
W241 7/24 295 79.0 100 spear 4.44 3.64 1.22 |1.3101.32 40
206 81.0 modified ; (3) (3)
w242 g9/19 2687 71.0 100 spear 10.42 8.60 1.21- 111601, 27) — _ 52
296 81.0
244 11/14 100 arc 8.58 6.97 1.23 |1.22~1.35| 93~104 7181 54
287 73.5
326 121 modified {3) (3
We51 7/25 e T 150 spear 5.15 3.55% 1.45 571061 - 60
325 121 :
w252 1717 37 109 150 arc 8.61 5.66 1.52 |1.52~1.57 [120~1131 108116 7477
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Table 2.2 Conditions and Major Results of Constant Pressure Water Blowdown Tests

Item Test Water Heater Condition Rupture Disk |Total 81 owdown Steady Flow Rate Thrust Force
Design |Bursting Quantity . by Initial|Initial Description
Date |Temperature| Pressure Pressure|Method |of Water Duration |Average Turbine jPeak Quasi-steady Steady
Unit i " '
Test NO —_— ey | T T kg/cm?d — kg sec kg/sec | kg/sec kg kg kg —_—
) °C kg/cm?a
151 41.0 nodified ) m| _m (1) (1){(1) The R/D tore open
W311 8/30 151 1.0 50 spear 4.7 3.85 1.22 — — - about 30%.
151 a1.0 modified {1) ) 1) (1) (1)
312 9722 50 5o 0 o] 935 | 7.00 | 1387 _{ — —
. (2) failed to measure
321 L i R mifﬂ;;fd 2.87 | 2.01 | 1.83 [1.19v1.8a] —£2) — @) 16u7.5{ " because of the bursting
: v method of the R/D.
W322 oz | 050 |0 mig;;;fd 6.61 | 7.32 | 0.90 |o.78v.11] 2 — @] 5
201 42.0 _ ‘ 3) (3) (3) The R/D abnormally
W323 11/20 “os % o arc 2.0 | 2.72 | 1.62 {1.181.24] 14 14025 3 |22 5025 phe &
W34 11/21 208 o8 46.0 g arc 8] 585 8y 1855 23 240,29 27 {8) failed to measure.
W325 s | Bl R arc | 4.82 | 3.11 | 1.55 [1.09v1.56] 12.5 12013 24
W33! o | ML |00 migl;;fd 1.64 | 2.06 | 0.80 |0.76v0.90] —(?) — (@
W332 | Ao 1460 arc 2.46 | 2.90 | 0.85 |0.7901.02] 25 26026 3336
(5) (5) (6) (6) (5)](5) Tese data are for the
W341 grz9 | Bl 170 natural| 339 | 3.06 | 1.11 [1.19v1.20] 36041 23026 4 saturate water of 71.0
: ata.
287 71.0 natural (5) (5) (6) (6) ) (6) The exact bursting
w342 9/20 579 s aturdl] 9.98 | 9.07 | 1.10 [1.1401.76| 43047 26 43 pressure was unknown.
(7) (7) (6) (6) (7)|(7} These data are for the
351 g7 | o | 1T mtwrall 488 | 301 | 1.67°[1.571.63| 26034 18020 5650 saturated water of 121
ata.
361 913 | 348 370 36.5 7 s mﬁ;;;;?d (8)| 338 (8) 8y _ — M} 12 [(8) not measured.
312 44.5 (8) (9) (8) (9) estimated by the
W32 11/22 308 23,0 50 ., arc — 3.16 0.19 . — 3942 16022 - 16 pressure decrease of
: | - water heater.

LE-2¢8 TV6NL ONd



Table 2.3 Initial Temperature Distributions of Saturated Water Blowdown Tests

Unit : °C
Tag No.
T-WH | T-1}T7-2 | 7T-3| 7T-4| T-5 | T-6 | 1-7 -8 | T-9 [ T-10| T-11 | T-12 | T-13 | T-14
Test No.

W211 217 | 203 | 206 | 197 210 | 213 | 218 | 219 | 219 209 | 197 | 203 { 205 | 209 | 199
W212 217 0211 | 217 ) 216 | 219 | 217 | 239 | 217 | 218 | 218 | 217 214 | 217 | 217 | 219
W221 254 | 245 | 252 | 253 | 256 | 251 | 273 | 255 | 255 | 269 247 | 245 | 251 251
W222 254 | 245 | 254 | 255 | 256 | 254 | 255 | 256 255 | 255 | 248 | 245 | 253 | 257 | 257
W223 255 | 248 | 258 | 259 | 256 | 258 | 259 259 | 259 | 253 | 255 | 251 253 | 259
W231 e77 | 267 | 275 | 276 | 278 | 276 | 277 | 278 | 276 | 278 | 275 272 | 276 | 279 | 277
W232 276 | 264 | 274 | 263 | 272 | 272 | 279 | 276 | 274 | 276.| 270 273 | 266 | 271 | 276
W233 276 | 264 | 273 | 265 | 275 | 274 | 285 | 275 | 275 | 277 | 276 | 9273 264 | 269 | 275
W241 296 | 274 | 292 | 295 | 297 | 291 | 309 | 297 | 307 | 303 | 297 289 | 306 | 299 | 263
w242 296 | 285 | 294 | 297 | 302 | 296 | 313 | 298 309 | 299 | 297 | 292 | 297 | 304 | 298
W244 296 | 284 | 293 | 296 | 299 | 296 | 315 | 296 | 294 296 | 290 | 293 | 292 | 298 | 298

W251 326 |
W252 325 [ 3171 | 320 | 320 ( 325 | 318 | 327 | 325 | 325 ! 329 | 326 | 317 317 | 323 | 327

L€-28 TV6NL ONd



Table 2.4 Initial Temperature Distributions of Pressure Constant Water Blowdown Tests

Unit : °C
Tag No. | -
T-WH[T-1 | T-2 1 T-3 | T-4|7T-5{T-6|T-7|7T-8|T7T-9 ] T-10]!7T-11]|T-12!7-13/!7T-14
Test No. :

W311 151 151 155 | 146 | 155 | 146 | 161 166 | 150 | 152 | 126 | 152 | 154 | 156 | 152
W312 151 150 | 153 | 148 157 | 154 | 151 155 | 153 | 147 | 189 | 154 | 152 | 154 | 148
W321 201 | 195 | 200 | 196 | 207 | 194 | 209 | 216 | 204 | 204 | 172 { 202 | 198 | 201 | 196
W322 220 | 218 | 123 | 215 | 225 | 216 | 228 | 238 | 222 | 218 | 220 | 218 | 217 | 221 | 216
W323 201 195 | 202 | 194 | 203 | 196 | 210 | 218 | 202 | 192 | 210 | 198 | 197 | 202 | 202
W3z4 208 | 204 | 210 | 198 | 208 | 203 202T 211 210t 210 | 217 | 210 | 210 { 214 | 213
W325 207 | 203 {209 | 200 | 205 | 203 | 207 | 213 | 204 | 207 | 215 | 202 201 205
W331 241 | 236 | 242 | 229 | 241 | 231 | 252 | 249 | 241 | 247 | 220 | 238 | 238 | 242 | 239
W332 247 | 244 | 252 | 235 | 244 | 236 | 248 | 252 | 248 | 240 | 246 | 238 | 241 246 | 249
W341 287 | 276 | 286 | 289 | 290 | 280 | 202 | 255 | 291 | 291 | 253 | 249 | 269 | 275 | 277
W342 287 276 286 289 | 290 | 276 | 311 230 | 278 | 313 | 208 | 282 | 301 | 324 | 285
W351 326 | 314 320 | 326 | 329 | 314 | 346 | 282 | 333 | 336 | 148 | 184 | 302 | 432 | 292

W361 348 '
W362 312 | 317 | 313 | 275 | 335 | 255 | 257 | 318 | 309 | 310 | 273 | 308 312 | 307

LE€-28 TV6NL ONd



PNC TN941 82-37

PRESSURE (KG/CMxx2)

BUN-W223
P-5h
------- P58

50

|
:
|

()
"
| | | ]
0.000 ‘ 0.005 0.010 0.015
TIME (SEC)
o
L
%ﬁ L
ft, et T 4 PR _"‘\’"'\ﬂ""""‘/ S| N A
O WAt g
= f ?wimpw -
“ﬂ“ﬁmﬁwmmhw
. g
)
o
oLl
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

T IME (SEC)

Fig. 2.3 Comparison of Pressure Data Measured by Different Pressure Taps

(W223, P-5)




PNC TN941 82-37

P-65A  RUN-W223
°-68

50

-
\
B
N ra
C

< \N}"—"i‘ WWVW%
O
—
\J
5
% o L |
=>_  (0.000 0.005 0.010 0.015
o
™~
& T ITME (SEC)
x7
L
o
=
U |
U_} =] ‘np. LN
Ll—l I o e e e ™ e e = -
e -
D_ .
g %Mwmmw
: %‘! i Paftefored ) g
o %‘ ﬂ-ﬁm i {thw a~
ol
T T N T
0.00 0.01 0.02 0.03 0.04 0.05 0.05 0.07 0.08 0.09 0.10
TIiME (SEC)
Fig. 2.4 Comparison of Pressure Data Measured by Different Pressure Taps

(w223, P-6)



PNC TN941 82-37

70

60

50

70

60

PRESSURE (KG/CMxx2)

50

40

-

RUN-W
F) . ES Fq 2532
e P-5P
“”“ﬂkfﬂwﬂﬁf\vhhfnp~—av4,4waﬁ
x 7 R ARSI
L l I |
0.000 0.005 0.010 0.015
TIME (SEC)
ﬂﬁmﬁ
R o e e g
%mMTMMMﬁmNi, wmwﬁwwm$
N
I | | |

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

T IME (SEC)

Fig. 2.5 Comparison of Pressure Data Measured by Different Pressure Taps

(W232, P-5)




PNC TN941 82-37

= — P_BQ RUN-Wz232
e P-6B

8 VN“\M\"M.J\N

Y=y ve Wi N g e Vs

o

LO

DDnOUU 0.005 0,010_ 0.015
T IME (SEC)

o)

~

+ 7
bl .

PRESSURE (KG/CMxx2)

30

| J i | I | | | l l |
o
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 2.6 Comparison of Pressure Data Measured by Different Pressure Taps
(W232, P-6)




PNC TN941 82-37

-8 Experimental Data

‘Calculation Result of SWAC-11

——— e — HEM/Thom Mode]
—_— 00— O — Moody Model

2.0
$ 1.5
Y
g
[}
o
5]
o
z 1.0
o
-
[h}
)
(=]
=
5 0.5
4
L=

0 . ' '

0 20 40 60 80 100 120

Pressure of Tank {kg/cm?a)

Fig. 3.1 Comparison of Avérage Water Flow Rates and
Calculation Results




PNC TN941 82-37

30

20

NMlev\ﬂnn/\fl\f\/\n n/.\\}'/"”\f\r\ D)

Experimental Data (processed)

Calculation Result of SWAC-11
|

THRUST FORCE (KG)
10

|

|

|
0.010

0.005 0.015

. TIME (SEC)
D
h
—Q | I R I

I 1 i ] 1
tfj Experimental Data (unprocessed)
am ——-— Calculation Result of SWAC-11
O
L
oLl
g LA A g0 Moo, .
. T —_— AR AWala® O
=

O P I

0.00 0.01

a.

02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 3.2 Comparison of Thrust Force Transient in W212



PNC TN941 82-37

. RUN-W221
(D
. EES -
a V\xNAvushkaﬁV\pqug,ﬂ.
- W — P
- Rt T P
I
LL.
Experimental Data (processed)
— —-—— Calculation Result of SWAC-11
w)
Rl | |
1
= | l |
0.000 0.005 0.010 0.015
TIME (SEC)
D
x-
L Experimental Data (unprocessed)
) —-—-— Calculation Result of SWAC-11
o |
O 5
L
— l v\fbva ﬂgvjb\ﬁ .
0 Y
5 ._._mmg/.m__.&w\:
-
T O
I_.._
o
L f ! F | | | | l | |
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

T'IME (SEC)

Fig. 3.3 Comparison of Thrust Force Transient in W221



PNC TN941 82-37
O

= RUN-W231 -

1

THRUST FORCE (KG)
50
>

Experimental Data (processed)
—-—~ Calculation Result of SWAC-11

O e | i
l | I |
0.000 0.005 0.010 0.015
— TIME (SEC)
D
=8 I |
— O
- '! | ] | ! |
() Experimental Data (unprocessed)
- ——-=— Calculation Result of SWAC-11
= |
L
F l\
(ﬂ L% ?'!\/"’M 'f\.nv IJ “\Mr\
- e M ] ‘
CC .""""-—"—--—-....__________.‘__—“__—‘-*
1 V\-‘\’”__.__..________
- \xx%h»,ﬁﬂmxhdmeg
(o]

l I | | I | l | | i |
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 3.4 Comparison of Thrust Force Transient in W23}




PNC TN941 82-37

— RUN~-W244
D
=
L
AN .
RS S m
DC) r—— —  —
1 D
o Experimental Data (processed)
p) —-—— Calculation Result of SWAC-11
o 1 1
o
= T |
| | | |
0.000 0.005 0.010 0.015
TIME (SEC)
. Experimental Data (unprocessed)
Do ——-— Calculation Result of SWAC-11
<70
Cold
-
o
DC)
EL.
— M
: - VA A AR
5o “EMQMWKWWWW““ e
Ty ¥ = R :
o iE - :
I
I'_
O

I | I | I | I | I | |
0.00 0.01 0.02 0,03 0.04 0.05 0.06 0.07 0.08 0.09 0.1C

TIME (SEC)

Fig. 3.5(1) Comparison of Thrust Force Transient in W244




PNC TN941 82-37

_ RUN-W244
o |
o | | |
Experimental Data (unprocessed)
—_ ———-— (alculation Result of SWAC-11
Do
KLD
Ll
-
0 >
O =
.
b—
Ep)
—
-
I
l__
(an]
[
e
[
(am]
O
|
0.00 0.10 0.20 0. 30 0. 40 0.50

TIME (SEC)

Fig. 3.5(2) Comparison of Thrust Force Transient in W?244



PNC TN941 82-37

o BRUN-W252

(]

J I 1

Experimental Data (processed)
— —-~—— Calculation Result of SWAC-11
Do
Ll
)
S5 2,
2 VA‘}LW\J "A-“VM WWA\
L AML
- — T ——— 4 )

I._
U
T
a—
1
[.,......

D Mvmvh\'h . ’\'n"n\l

O

D

:

o

O

I

g0.000 0. 005 0.010 0.015
TIME (SEC)

Fig. 3.6(1)} Comparison of Thrust Force Transient in W252



PNC TN941 82-37

I l | l  RUN-W252
o
3 ]
l | | | | |
Experimental Data (unprocessed)
—-—-— C(alculation Result of SWAC-T1
(-
[
[ Q)
Oo
KLF‘J
L
T v
0~ o J\,/J\l\
©° M \
(. i
"'-..\.
|_ "-'"\.-_ )
w REYvsA T e S A VYW )
-
1
I_
(]
o
T3}
!
o
o
[

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 3.6(2) Comparison of Thrust Force Transient in W252



PNC TN941 82-37

100 I | : i | |
—o- Experimental Data
Calculation Result of SWAC-11
90 F — o —— HEM/Thom Mode1
—_— G Moody Model
80
70 -
|
60
7
— —— ////
2 —er -
= 50 |-
- /
o 8
e
W40
= .
L
-
=
[1=]
330 F
1)
20
10
| | |
0 20 40 60 80 100 120

Pressure of Tank

Fig. 3.7 Comparison of Steady Thrust Force Data and

Calculation Results

—42-—




PNC TN941 82-37

160 T l T ]
# Experimental Data

140 | ———m—m—m Calculation Results of SWAC-T1

120

100

80 | *

60 -

Initial Quasi-Steady Thrust Force {(kg)

s

20 | @

0 | | ]
0 20 40 60 80 100 120

Initial Pressure (kg/cm?a)

Fig. 3.8 Comparison of Initial Quasi-Steady Thrust Force Data
and Calculation Results



PNC TN941 82-37

Initial Peak Value of Thrust Force (kg)

160

140

120

100

80

60

40

20

imental Data

|

40 60 80

100

Initial Pressure (kg/cm?a)

rig. 3.9 Total Thrust Force

120



PNC TN941 82-37

(kg/cm?a)

Pressure

40
RUN-KW212
30 Experimental Data
F) L ES Fq ——-— Calculation Result of SWAC-11
20 R YV . e Arui e S e MAM—AH’Q-A"W.- e --—-—--————--’><
10
30 P 6 Q
‘\W Yo 7Y ZX AL yi - - -
20 = yreTTY T TR R eV AV M_J\/\,.,A.T:.
10
“lP-7
20 ~r WM T s - R N ——
V x\'—f\,\ ——— ]
10
"l P-8R
) e
\'u..____ .
AR N N TN NN
“'-...,..______'_-__“. :‘QK
10 - ‘
0
0.000 D.005 0.010 0.015

TIME (SEC)

Fig. 3.10° Comparison of Pressure Transients in W212



PNC TN941 82-37

(kg/cm?a)

Pressure

60
' RUN-We21
50 Experimental Data
F) _ ES Fq ——-— Calculation Result of SWAC-11

40 %M@iw“—\_ v-'-'.’\ — ,ﬁ,_'“
30
50
40 T e An . s .
30
50
40 Vm"!-——‘_'_“ \.EL&.\

’wﬁVh~V\Vw«“—4~\xvv—~”“ .H““'““—h--uh__
50 ‘D
40 N

N\
. '\‘\

30 kVA\/\qFNA\‘\_ A”\A*~JLKWVN\VVJﬁV_~\;ﬂ\

m L

\'-’—“-__ —_ 3
20 - T T S e
0.000 0.005 0.010
TIME (SEC)

Fig. 3.11

Comparison of Pressure Transients in W221




PNC TN941 82-37

100
RUN-W231
Experimental Data
FD o ES Fq —-—-—— Calculation Result of SWAC-11
e N &
50
100
50 P sl e TE
100
)
s P -/
=
g 50%"““‘"‘“\
£
50 ~——V‘~\\‘\
0
0.000 0.005S 0.010 0.015
TIME (SEC)

Fig. 3.12 Comparison of Pressure Transients in W231



PNC TN941 82-37

100
RUN-W244
”“‘\\_-__:;~;d_r,;~w~—~Mqﬂiﬁ__my,_\ﬂl_ﬁ_Mthﬁ»;“-
Experimental Data
50 F> T ES Fq —-—-— Calculation Result of SWAC-11]
100

o I —0OH

100

Jﬁ
|

T

(/

/,

|

|

50
100

Pressure

»0 . \%:ﬁw WM
| ~— 3¢

—u.—.-.._...-—_....—v-—-_._._.._. .

0.000 0.005 0.010 | 0.015
TIME (SEC)
Fig. 3.13(1) Comparison of Pressure Transients in W244




PNC TN941 82-37

100 ; T
RUN-W244
P R i
NVMANMkMMW*MHMk‘LL:::::::TMti:::wf:i:::f?t:j:tTmI::::ﬁmq§
50 F) a ES ES
100

. P-08

100
=
\
n
o

Pressure

50 Wwﬁ%w%w%wEI:m
ﬂnﬂﬂwﬁﬁ%
B ”Mm,wwwr
waWMWmemrﬂwﬂammmuﬂﬂf, . W K

0
Experimental Data
© —-—-— C(Calculation Result of SWAC-T11
-50
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 3.13(2) Comparison of Pressure Transients in W244



PNC TN941 82-37

Pressure

(kg/cm?a)

100 .
RUN-WZ44
100 ‘ fmwwhwh““*“ﬁ»hh‘ PCL A
50|
100
ﬁﬁmﬂmﬁduwﬂwpyz
50.
Y P P T
0
Experimental Data
———— (Calculation Result of SWAC-T1
-50 ‘ —— ,
0.00 0.10 0.20 0.30 0.40

TIME (SEC)

Fig. 3.13(3) Comparison of Pressure Transients in W244

G.

o0



PNC TN941 82-37

(kg/cm?a)

Pressure

150

100
150

100
150

100
150

RUN-W252

Experimental Data.
—-—— Calculation Result of SWAC-11

Ww—\'\/mW .\.
”“”MJW~¢M"4bhHh~\V:kh<

—

=/

> -8H

MMM_Tm\\
xvﬂwawf”MHM\ghhw

i

100] t\
NN
\\\\\ _\_-“wxv“ﬂiahﬂdh““*”“-\-
50 .
0.000 0.005 0.010
TIME (SEC)

Fig. 3.14(1) Comparison of Pressure Transients in W252

0.015



PNC TN941 82-37

RUN-W252
WIS TN
: | - “MﬁwﬁmM\"““"~w-‘;;g
100 T —
P-5SE TN
50 T T
150
mapmphi— "\' .
NS .
i \._\
R NS . R

(kg/cm?a)

Pressure

150

50 .
150
100
- hhhm“‘“ﬁhﬁh
[T e _“_M-——#‘me M‘{
0
Experimental Data
—-—— C(Caiculation Result of SWAC-11
50 I N N I

0.00 0.0t 0.02 0.03 0.04 0,05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 3.14(2) Comparison of Pressure Transients in W252



PNC TN941 82-37

Calculation Result of SWAC-11

—_—— . — HEM/Thom
—O——<C— Moody
100 T T T
® p-6B
: e
80 y
s
@
G
5 60|
S
o
=
[1}]
5
@ 40
48]
S
o,
20 |
0 ] ] |
60 I I |
© —
5w - - |
> ./-, @
> : 4 — b
o/ 7 -
e . /
> . L~
a 20 | — ®
: ]
Z |
0 | [ I

0 20 40 60 80 100 120

Pressure of Tank

Fig. 3.15 Comparison of Steady Pressures



PNC TN941 82-37

Water Heater Tank
P-5B P-6B P-8B
4 —b e
120 ' i 1 | T I — T
I : ]'
| _
W244 , I |
! ! ‘
100 F , | |
| ! I
| l |
I I |
; I !
~80g . | |
= : ! |
NE T I:
o I I
.\ ~
§?60 @ Experimental Data ! !
— B |
& Calculation Result of SWAC-11 |
n !
a ~4—o—  Moody |
o L A
40 {1~ —————  HEWThom ! .
. I |
|
: |
20 | | | ®
| I I
| I |
_ | ! [
0 ' L | L l | I - |

0 1 2 -3 4 5 6 7

Distance from Tank (m)

 Fig. 3.16 Comparison of. Pressure Distribution in W244.

1o




PNC TN941 82-37

Water Heater Tank

P-58 P-6B P-8B
bt e B i | |
]20 T I i 1
i
]
|
|
|
I
80 |- :
;;; -] Experimental Data B\ |
= - |
2 Calculation Result of SWAC-1T | '
< 6o | '
: -—o— Moody !
o |
& —_———— HEM/Thom |
] |
@
L 3N
& 40 - : ;
| b
I i
] ! )
20 - I | |
| |
[ ' '
| | '
0 ! I ! | | | I
0 1 2 3 4 5 6 7

Distance from Tank {m)

Fig. 3.17 Comparison of Pressure Distribution in W252



PNC TN941 82-37

100 I r : _ '
-————  Calcuflation Results of SWAC-11
80 .
2;. Experfimental Data
5
S
X 60
&
=
(%]
g
A 40
4
48]
=
=
o
220 1
0 l I |
0 20 40 60 80 100 120

Initial Pressure (kg/cm?a)

Fig. 3.18 Outlet Pressure just after Rupture Disk Burst



PNC TN941 82-37

@ Experimental Data
Po = 40~46.5 kg/cm?a
i HEM/Thom

_____ HEM/M-N ¢ Po =40 kg/cm?a
L = Moody
2.0 T i

Average Water Flow Rate (kg/sec)

@
N @
0.5 F . -
0 | l
200 220 240 260 280

Enthalpy of Tank (Kcal/kg)

Fig. 4.1 Comparison of Steady Water Flow Rates
and Calculation Results



PNC TN941 82-37

o RUN-K332
= |
. Efj o %\
o "
© \ e~
- B D v, o N
b— LAY
A _
) Experimental Data (processed)
[am ———— Calculation Result of SWAC-11
I(D .. Aﬁvh,«_n . I
— I
| | | |
0.000 0.005 - 0.010 G.015
TIME (SEC)
gég . > Experimental Data (unprocessed)
N ——--— Calculation Result of SWAC-11
Lt
-
o
OB
L.
g N MW/MVN NRJQ
- B . . § — P — ., . .
o
1T
—
o = .
| I I | | | | | | | |
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 Q.10

TIME (SEC)

Fig. 4.2 Comparison of Thrust Force Transient in W332




PNC TN941 82-37

o RUN-W325
= |
-
\_/D I
L) w ] -
() Experimental Data (processed)
0 \ —.—— Calculation Result of SWAC-11
O
B \
— : -
(_f‘j \./- - . .o . .
m: .
IDAI‘\-M\AW_AMA-A
|_
| [ | |
0.000 0.005 . : 0.010 0.015

. TIME (SEC)
D
x7 ' -
- S R
() Experimental Data (unprocessed)
" ——-— Calculation Result of SWAC-T11
O 5
N |
— : | '
s |
D ! ' N““nm
T /N
T MMWW‘\A .
[ ﬂwk\b“ﬁ

S

LN

|

| | | | | | |
.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 4.3 Comparison of Thrust Force Trarsient in W325

Q —
(o]
(an]
g | —
(am]
—
[ ) S
(]
(R
O —



PNC TN941 82-37

@ Experimental Data
Po = 40~46.5 kg/cm?a

~——=+— = HEM/Thom
mmm— === HEM/M-N } Po =40 kg/cm*a
—&— O— Moody

40 T I
=
= 30 F @ -1
& @ / —
g $ e * @\.
L ~
o 20 ‘ #e
E <€67 ~D
|—
>
o
(]
8 10 F : -
[7g]
| 1
200 220 240 260 280

Enthalpy of Tank (Kcal/kg)

Fig. 4.4 Comparison of Steady Thrust Force Data
and Calculation Results




Initial Quasi-Steady Thrust Force (kg)

\

50

40

30

20

10

Experimental Data (Po =40~46.5 kg/cm?a)

Calculation Results of SWAC-11 (Po =40 kg/cm?a)

L

|

¥ Initial Pressy

re was unknown.

720

¢ N —
///////// * {
’/////,,/” ir ) 15
I | - | g I
200 220 240 300 320 340 360 700

260 280

Initial Enthalpy (Kcal/kg)

Calculation Results

Fig. 4.5 Comparison of Initial Quasi-Steady Thrust Force Data and

LE-28 TV6NL ONd



~ Initial Peak Value of Thrust Force (kg)

® CExperimental Data

(Po =40~46.5 kg/cm?a)

* Initial Pressure was unknown.

Initial Enthalpy (Kcal/kg)

Fig. 4.6 Total Thrust Force

50 T € T T {§ T
F/S'Po=1.0 (Pd=45 ata) : |
40 } 'é&__
F/S-Po=1.0 _(Pd=140 ata) %_ @
- r- — il _
] * _
]
@
20
@
10 i
0 ] J I 1 % I
200 220 240 260 280 300 320 340 360 700

720

LE€-28 TV6NL ONd



PNC TN941 82-37

60

Experimental Data RUN-W332
—-—-— Calculation Result of SWAC-11

50

40
50

AP . . .
50 S AT A w-\/—' = IS e
- -0bH o

40’\,\/\\&\“\ _
m..——-__
J\J\/«M

g R N A —

::E ""~—-.,__\

g 30 .o

x P 7

:

2 40

u .

o T W}K
30 \""-\ /‘Mf

20 ] et

10

0.000 0.005 0.010 | 0.015

TIME (SEC)

Fig. 4.7(1) Comparison of Pressure Transient in W332



PNC TN941 82-37

100 . .
RUN-W332

50

WWWWWWMWMW#HMWW }

(ka/cm?a)
-

| .
)
Y

e ol |
5 50
9
a.

0

Experimental Data (unprocessed)
——-— (Calculation Result of SWAC-11
B | A O Y R
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 4.7(2) Comparison of Pressure Transient in W332



PNC TN941 82-37

60
| RUN-W325

50
Experimental Data

VAJ&HJW\I\AAJVA“X:\ —-—-— Calculation Result of SWAC-1T
40 '

-~ —bH

e
AP | N AV WP

50

40 l ' - iz
\

. \ MWU‘V‘V\ n
N‘U -
E 20 \ W\/\/N
S 50 . M . D . : -
8 w |
g 40 | Nama T T —

’ |

20

10

0.000 0.005 0.010 0.015

TIME (SEC)

Fig. 4.8(1) Comparison of Pressure Transient in W325



PNC TN941 82-37

100 — T ‘
BUN-W325
50
[ s oy fy
O S L s WL A SO TNUN I R iy
L~ MWV
0
50 LAty o
2; ‘
Ei | e g e O SR L, Y
n
: P-08
@ 0
o 50 prmrtrey]
o
mw*"“"‘”
lﬁi’&ﬁfﬁi’ﬁ?f AR me LWEZ
’ \—-— N e ¢ m——— P 8 B
O .
Experimental Data
~—-——— Calculation Result of SWAC-11
-50
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

TIME (SEC)

Fig. 4.8(2) Comparison of Pressure Transient in W325




PNC TN941 82-37

Pressure (kg/cm?a)

Pressure (kg/cm?a)

40

30

20

10.

30

20

10

Fig. 4.9 Comparison of Steady Pressure

Experimental Data

(Po =42~46.5 kg/cm?a)

HEM/Thom
HEM/M-N
Moody

} {Po =40 kg/cm?a)

<>m

200

220
Enthalpy

240 260
of Tank (Kcal/kg)

280



PNC TN941 82-37

é Ekberimenta] Data (Po=40~46.5 kg/cm?a)

Calculation Results of SWAC-11
(Po =40 kg/cm?a)
40 T T

[#3]
<

—_
o
|
|

Outlet Pressure (kg/cm2a)
3

0 i ‘ |
200 220 240 260 280

_Initial Enthalpy (Kcal/kg)

Fig. 4.10 OQutlet Pressure immediately after
Rupture Disk Burst




PNC TN941 82-37

THRUST FORCE (KG)

RUN-W362
Non-Processed /\
o
Lm
N\\\//\\--//\\_//n\\//[D
(]
Experimental Data
——-— Calculation Result of SWAC-11
o Processed %
- |
- A —— ED
o ...q'..._l\ A"‘\v—.&‘AwAv" MPocr ] porg oo,
0.000 0.005 0.010 0.015
Fig. 4.11(1) Comparison of Initial Thrust Force Transient in W362



PNC TN941 82-37

~ RUN-W362
| l I
EES Experimental Data
X o ——— Calculation Result of SWAC-11
O
L)
O
-
)
L
— l
ok~ |
D !
-
I
[..__
WM%WMO

D A .l'u

)

LD

1

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

TIME (SEC)

Fig. 4.11(2) Comparison of Initial Thrust Force Transient in W362




PNC TN941 82-37

Experimental Data
e CaTcuIation,Resu1t of SWAC-1]

RUN-W362
— 100
N
>
N 75
r!—
Ve
Lt
%
)
N
)
L
4 . _‘
O 0.0 5.0 10.0

TI_ME(’SECJ X10-3

Fig. 4.12 Comparison of Pressure Transient in W362



PNC TN941 82-37

Appendix 1 SWAC-11D4 7y F YR b

SWAC - 11 OHHEH (541 725 o 7, BRSEE, BRF—5Z )13, F¥rELIRE
R ThH3, ft-T, Mg 1 @ESBINIG,

L
ggﬁég ----- 153&1- POST;QNQLYSIS OF UATER BLOUDOUN TEST —----
Vcl .
¢0030 6 10689 ‘
49 11 S 2¢ 299 29 2ee

i
56

565.E~3

i
)
1
220 , 5
23350 15 f } 16 189 20 2e9
1
1
]
it PaTa (HATSED)
188 9

o129 SKAC-

89139 1 6 5 f ) 28
D40 1 £
33159 T 2 1 6 9
o170 89 6 1 1 2 @ <] H
80180
0190 1 i 7.428
Q0200 5 1 S.QE-5
20210 7 1 1.571
RS20 11 3 1.9 1.9 1.8
OO230 14 s 50.E-6 58.E-6 S0.E-6 5¢.E-6 5¢.E-6
G240 c4 2 i.0 1.9
o259 31 4 81. 8t. 313.¢ 313.9
20260 44 1 ‘1.9
20270 4= 1 8.5
Q0299 111 4 49.E-3 1.82€-3 3i.12E~3 i.15
2030Q 15t 5 ¢.e 0.89 9.493 0.668 1.941
00210 156 S 1.353 1.743 1.943 c.243 2.51¢
20220 161 S 2.956 3.233 3.453 3.693 3.743
00330 leb S 4.0414 4.240 4.47¢2 4,829 4.942
00340 171 5 5.462 5.962 6.647 7.192 7.273
Qe 3sn 176 3 7.312 7.398 7.422
@a360 201 S 81. 81. 21, 8t. 81.
@379 285 5 81. 81. 81. 81. 81.
00350 ceit g 81. 81. 81. ai. 81.
29390 2i6 s 81. 81, 81. 81. 81.
00409 =3 5 a1. 81. 81. 81. 81.
00410 226 3 31, Bs. 81,
60420 251 5 313.0 313.6 313.8 313.9 313.0
89430 256 5 313.0 313.0 313.8 313.9 J13.¢
2449 261 5 313.9 313.¢ A3.e 313.¢ 313.0
00450 266 3 313.¢ 313.9 313.2 313.8 313.8
20469 271 5 313.¢ 313.8 3i3.¢ 313.9 3.9
80470 276 3 313.8 313.8 313.8
20420 351 5 21.2€-3 21.26~3 21.ce~3 21 .2€-3 ci.2E~-3
92499 356 5 21.28-3 21.86-3 21.26-3 e2i.2E-3 2i.28e-3
361 g 21.2E-3 21.8E-3 2i.2g-3 21.2E-3 2l.2E-3
80510 366 5 1.26-3 i18,.8-3 19.9¢-3 19.8€-3 ie.9E-3
69529 n 5 19.98-3 16.8E-2 19.9E-3 18.9E~-3 19.9E-3
29538 376 2 10.9-3 10.9E-3
20549 481 ] 34.0E-23 34.05~3 34.8E-3 34.8E-3 34.6£-3
92559 4&8 ) 34.0E-3 34.66~3 34.0E-3 34.8E-3 34.€E-3
&0569 411 ) 34.8E-3 34.8E-3 34.6€-3 34.8E-3 34.88-2
e38570 446 5 34.6E-2 i7.38-3 17.36-3 17.3€-3 17.3E-3
QR5E0 421 ] 17.3E-3 17.38-3 17.3E-3 17.3E-3 17.38-3
S8 4256 e !?-32"3 17.3E-3
NG 454 5 8.8 0.1 8.1 8.9 2.0
0610 456 S 22.97 2.8 6.1 é.1 8.8
461 S 0,98 2.8 22.07 2.1 6.9
02439 465 ] 9.8 2.8 6.1 2.9 9.1
$0649 471 s 8.9 9.9 9.0 2.9 0.9
00659 476 3 0.1 8.9 9.0
60660

END OF DATA SET




PNC TN941 82-37

Appendix 2 PHEZRKEHZEDOKET

ARBOICHEO» SHNY 2 R/KEHE
i}, Fig. A.2—-1kRLELSK, XK
M#BATOBR (W, ) & v T TR
RBRFCEEL TR KOBR ( THOSH
=V, LEREZ Vi LF5LVri TRDE
Na)OMTH3,

EZAT, W, BEEFICL- THAZE
nNTHh3,

—h, "V ITEHLIREORRERSE
Fig.A .2 —-2itmRLt, HBOHELE
B, TOKORENTEYLERET £33
VY Thhb,

- T, N THHOTO I
O oL keI,

(W, +Vri —Vr ) TEbshi,

V=575(ce® )T, AHBTT o—
5o ERBEIPOBIRIZ (VI —VT)
REALEBERTVETHD. LHAL, To-—

o FESES, W, 4810 kel EORT, ¢
MM NEL AL, ri &7 RFAIEE

EBR DT, 2ERW, TERYTE 3,

= B i

/////// Xv7777775

///// X

N

Fig. A, 2—1 HEREjHEDIREE

B
W THEBMES \
P i >
|
BENEN ﬁ?\\\
|
i rd
|
HEE KA HER
i
B R
Fig A 2—2 SHBREBOKRREEL -



PNC TN941 82-37

Appendix 3 EHZEHIIEEET ZEDRER DT/

FRBZRTORAES 1 U@, RATHEDLSAB,

2 ) 2

5@4—5mi(hi+~zi)==5W4-ﬁme(he+-XE)-Fd(U+-mV2) --------- (A31)
. 48 . 2g 2g .
T, 0Q A # OW: A~oHE
dm [ REWATIHE h I REHATBEZ s 4=
v B U ZOARLFz R~
REL R A, e H

CCTHERIEERL, RENBRIATVWI LT3 L,

Q=0 , O0W=0 , Om.=0 E P (A32)
¥ 7, HHzx v F-EET 2L, '
dmihi = dU | |
MAEBAT 2L (BEREONBI A L F =2 U, |, KRBz AL S —Fu, &9 52 )
mihi = Uz = mius _ T e, (A33)
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Appendix 4 Run-W212 #BRT — %

Fig. A.4-1~A.4-3 Thrust Force Transient
Fig. A.4-4 Pressure Transient

Fig. A.4-5 Pressure and Temperature
in Water Heater Tank

Fig. A.4-6~A.4-10 Temperature Transient
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Appendix 5 Run-W221 &7 —7

Fig. A.5-1~A.5-3 Thrust Force Transient
Fig. A.5-4 Pressure Transient

Fig. A.5-5 Pressure and Temperature
in Water Heater Tank

Fig. A.5-6~A.5-10 Temperature Transient
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Appendix 6 Run-W231 #HEx7— %

Fig. A.6-1~A.6-3 Thrust Force Transient
Fig. A.6-4 Pressure Transient

Fig. A.6-5 Pressure and Temperature
in Water Heater Tank

Fig. A.6-6~A.6-11 Temperature Transient



PNC TN941 82-37

THRUST FORCE (KG)

100

50

50

-50

Non-Processed Data

[\V/\/\/\ JAVANPN

Processed Data

n/\MﬂW“”MWMVVUWW“wMWAmm

o

0. 000 0.005

TIME (SEC)

Fig. A.6-1 Thrust Force Transient

0.010 0.015



PNC TN941 82-37

THRUST FORCE (KG)

50

o0

o

)]
i p]
I

RUN-W231

[,

e, o o P
BT

i

0.000 0.005 0.010 0.015 0.020 0,025 0.030 0.035 06.040

100

-50

TIME (SEC)

I\"h

M

Ve

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Fig. A.6-2 Thrust Force Transient

TIME (SEC)




PNC TN941 82-37

THRUST FORCE (KG)

RUN-W231
(o]
L
wawwmwwwwﬁwo

o .
(]
[,flj

0.00 0.10 0.20 0.30 0. 40 0.

TIME (SEC)
o
(am]
|

O
af

T'IME (SEC)

Fig. A.6-3 Thrust Force Transient



PNC TN941 82-37

100

D_5A RUN-W231
50 ' <
100

50
100

{(kg/cm?a)

30 : Mo, Mw_i—\‘—'\/j\amw—- . SERP N

100

Pressure

50 ﬁﬁﬂ—kh-\~“wh’q\f\

0.000 0.005 0.010 0.015

TIME (SEC)

Fig. A.6-4 Pressure Transient

— 100~




PNC TN941 82-37

RUN-H231 |

70

P -

60

(KG/CMxx2)
50
1

40

30

PRESSURE

300

T—WH

250

200

150

TEMPERATURE (BEG C)

0

TIME (SEC)

Fig. A.6-5 Pressure and Temperature in Water Heater Tank

—-101-—




PNC TN941 82-37

RUN-#H231

@ "[(1
2 |
N |
o | |
= T-¢
5 s ) n
O 2
ERYY
-
£ '
S ® -3
- n
I T
n o ] |
> .
= o |
& 1 -4
- S Ep—
o l I
o | | | | |
0 e 3 4 5
TIME (SEC)

Fig. A.6-6 Temperatufe Transient

-102—




PNC TN941 82-37

TEMPERATURE (DEG C)

200

300

250

300

250

150

RUN-i231
1
T-5
_-\___‘_,-— _\N—_— A
!
T-6
""H/-]L
T
T
\‘,fjﬂff/#ﬂf
| |
[ l I I I

TIME (SEC)

Fig. A.6-7 Temperature Transient

—103-



PNC TN941 82-37

TEMPERRTURE (DEG C)

200 250 300

150

150 200 250 - 300

100

| RUN-W231
e T-7
xﬁﬁﬁfﬁfﬁ
:l"‘ﬁrf
Lfﬁf

N

TIME (SEC)

Fig. A.6-8 Temperature Transient

~104—

un




PNC TN941 82-37

300

RUN-W231

250
A

200

X

C)
150

300

200

TEMPERRTURE (BDEG
250
A
)

150

100

TIME (SEC)

Fig. A.6-9 Temperature Transient

—105—



PNC TN941 82-37

TEMPERATURE (DEG C)

200

250 300

200

300

250

150

RUN-W231

TIME (SEC)

Fig. A.6-10 Temperature Transient

—106—




PNC TN941 82-37

TEMPERATURE (DEG C)

300

250

200

150

300

250

200

150

RUN-W231

T-13

TIME (SEC)

Fig. A.6-11 Temperature Transient

-107-



PNC TN941 82-37

Appendix 7 Run-W244 BT — 75

Fig. A.7-1~A.7-3 Thrust Force Transient
Fig. A.7-4~A.7-8 Pressure Transient

Fig. A.7-9 Presure and Temperature
in Water Heater Tank

Fig. A.7-10~A.7-15 Temperature Transient
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Appendix 8 Run-W252 #BR7T—%

Fig. A.8-1~A.8-5 Thrust Force Transient
Fig. A.8-6~A.8-10 Pressure Transient

Fig. A.8-11 Pressure and Temperature
in Water Heater Tank

Fig. A.8-12~A. 8-17 Temperature Transient
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