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Data Report on Spray Cooling Test
by ROSA-ITI, 2

Makoto SOBAJIMA, Hideo MURATA and Masayoshi SHIBA
Division of Reactor Safety
Tokai Research Establishment, JAERI
(Received August 19, 1980)

A separate effect test on spary cooling was carried out using
one core channel of ROSA-III BWR-LOCA test facility.
This report describes a heating experiment with reflood process
in the series of runs
(1) The CCFL at the upper tie-plate was not caused at the
performed conditions only by evaporated steam flow due to
spray water
(2) Although core cooling by falling water is irregular and
unstable and is not to be relied on, core cooling by
reflood due to level swell, if it takes place, was suffi-
ciently attained.
(3) When spray temperature was raised, carry-over rate increased
due to decrease of condensation.

Keywords: BWR, LOCA, Spray Cooling, ROSA-III Facility, ECCS,
Counter-Current Flow Limit, Falling Water, Reflooding,
Level Swell
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Table 1 Specified Experimeuntal Conditions cof Spray Cooling Tests
o oSyt ISt Elier Bowo. ity S8 132587 E00 | B s | et | Shoemter

1 5 100 1.0 25 5, 12.5 Low | Small

2 5 150G 5. 125

3 ] 200 3, 13

4 10 100 3, 125

5 10 150 5, 10

8 10 250 3, 125

7 10 300 3, 15

8 30 400 3,. 12.5

9 30 300 5, 10

10 30 300 10 150 400

11 30 250 5, 10

i2 30 400 100 5, 20

13 30 300 5, 125

14 30 250 5, 125

15 10 300 3, 25

16 10 250 3, 20

17 30 300 15 150 400

18 30 400 25 5, 15 Large

19 30 300 5, 125

20 30 259 5, 10

21 10 360 a, 15 High

22 10 360 90 0.8 3, 125

23 10 300 75 0.8 10 150 400

24 10 300 753 0.8 3, 15

25 30 400 100 0.8 3, 12.5 Low Sma [ |

26 30 300 75 0.8 5, 10

27 30 300 75 0.8 10 150 400

28 10 250 625 0.8 5, 125

29 10 250 62.5 | 0.8 10 150 400

30 10 300 40 0.88 5, 15

31 190 300 40 0.88 10 150 440

32 5 200 50 0.8 5, 125

33 5 175 438 | 0.8 5, 125

34 5 175 43.8 | 08 10 150 400

35 3 175 43.8 | 0.8 10 150 400
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Table 1. Cont inued

< | System |Stesm Flowhater Hew| . Spray Spray Flow| Fuel Imitial | Outlet| Ountlet
HUN No. PressaigiBateKg~h Rate Kg/hQﬂahtY Temp. C|{ Rate {</min PowerIﬂVrI%ﬁp(.l&'ci Level | Diameter

36 10 300 100 0.75 25 10 130 400 Low| Bmall

37 10 300 100 0.75 5, 12.5

38 10 300 75 0.8 15 150 400

39 10 300 75 10 150 250

40 10 300 75 10 150 550

41 10 300 75 10 210 400

42 10 300 75 10 320 400

43 10 300 75 70 10 130 400

44 10 300 78 100 10 150 400

45 5 200 1.0 100 10 150 400

46 5 200 25 10 150 400

47 5 200 20 150 400

48 5 200 20 150 550

Table 2. Actual Conditions of Test Runs in the Present Report

\ System S team NowWater Flow ., [Spray Spray Flow| Fuel Initial JOutlet| Qutlet
BN No. Press.atg|Rate Kgh|Bate Kgh Quality Temp.C | Rate £/min| Power .KW%;%%_%adLevel Diameter

45 56 180 1.0 96 10 138 400 Low | Small

46 58 180 33 10 138 400

47 58 180 34 20 138 400

48 5.8 180 37 290 138 550
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Table 3 Measurement I.ist foer Spray Cooling Test(l)
gi‘- Ttem Symb Tocation ROalFf,g:utB ‘:‘;’2; (NH: Ttem | Symb Locstion gz:‘_gpeu% ?‘;s;
1 Press | P-1 | Lower Plenum 0“'3’9}%%/\?“‘2
2 #” P-2 | Vessel Out!eﬁ D"Suofﬁﬁ’%mg
4 P P-4 | Domncomer Bottom 0"'1009,%/1}"“‘2
55 | Power | PW-1 | Core Heater DNIEG%F%VA
56 z” PW-2 | Boiler Heater D—;ﬁll})g%ﬁ&
55 | Signal | S -7 | LECS Valve Clgse-Dgen
60 | Level | LL~1 | Lo End of Outet Tube 1 OO'L']OOf\f
61| # | il-2 | Lo Bt of Outer Taez | U 0ONS
On-0fF
64 ) Temp | T- § | Stem Supply Line 00;120%0:
65 # T- 2 | Lower Plenum 00:120-.5105"
16 |Diftf P | DP-1 | Gore Inlel-Outlee | ©~§5FKggem® 66 | » | T-3 |Upper Plenum L o s
17 " LP-2 { Upper Plenum Head D'?‘EKE/\?'mZ [ 7 T-4 | Upper Plenum M 00;120_510
18 P DP-3 | Dump Tank Hesd 0 95K gm’ 68 | » T-5 | Upper Pienum 1 oG
19 " 38 | Lower PLBottom-Middle U"%{Kﬁ,/&"'z 66 | « | T-6 | Vesset Ouliet b
20 " D -4 | Downcomer [load OM;'O /;sz 70 ” I~ 7 | Condencer Outlet 00:120.5]05
71 ” T- 8 | Secondary Inlel 00-.-12051D.
72 ” T-9 | Secondary Qutlet 05:120?]0; ;
73 # T-10 | LPCS Iptection 00;120-510'
i 74 » T-11 | Vesse! Drain Line 5%120?10_;
75 " T-12 | Duwp Tank 00:120510‘ r
76 I T-13 | lipper Downcomer uo-:]zo?lo;:,cv
77 ” T-14 | Lower Downcomer 00.__120510
36 Flow FR-1 | Steam Supply O‘T?_O:{i%/h
37 # FR-2 | Condenser Cullet 0'_500._'56’9”
38 ” FR-3 | Secondary Water %36)9_';{)%' "
39 ” FR-4 | Water Supply D~{ ?_Kf@ni"
40 » F-9 | LPCS lnjection UF'%?,_'%QV”'
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‘ Table 3 Measurement List for Spray Cooling Test(2)
O Ttom | Symb Location %‘:ﬁ“ﬁ;f peon T Teem| Symo Location Tange 8 Ace

151 | Temp| TF2-48| A-77 Fuel Rod Pos, 2 031%@(:
152 TF2-49 #” 3 #
153 T FzZ-50 s 4 ”
154 TPF2-51 " 5 P
155 TF2-32 w 6 ”
156 TF2-53 " 7 -

]

L

i
166 | Temp T-15% ’ Water Supply 8:120?1%'(“,
o To16 [ Mised Fruia SRR
168 TS-15] Dummy RloK Pride 3 Oa-_ﬂ}lgf\lft
169 TS-1B | Dammy Bleck Bside E: T Oé‘jl%gc
170 TS-24| Dummy Block Oside 9 | 94000
1 TS-24| Dunmy Dlock Oside 12 Bl;floow

176 | Temp | TS- 28| PV Wall Enaide 1-1 | 04000

177 TS-30| BV Tmer Surfaee 1-2 | 05-400C

128 | Temp | TF2-25 | A-35 Fuel Bod Pos, 5 | O 23%0C 178 TS-21| PV Imer Surfuce 1-3 | 0~4020C

129 TF2-2 6 | A-37 Fuel Rod Pos, 3 o 179 TS-32 | PY Wall lnside 2 | 954000
130 TP2-27 " 4 ” 180 TS-33 | PV Well Inside 3 | 0540

131 TF2-2 8 #” 5 # 181 TS§-234]| PV Wall laside 4 A
132 TFZ-29 | A-5% Fuael Hod Pos, 3 ” 182 TS5 - 35 Lower PL Imer Surare ”
133 TF2-30 # 4 # 183 TS8-36 | Lower P1Wail Inside "

134 TF2-31 » 5 - 184 TF2-1| ALl Fuel Rod Pos. 3| 0~1200C
135 TFz-32 | A-53 Fuel Rod Pas. 3 " 185 TF2 -2 w 4 05»110
136 TF2-33 ” 4 " 186 TF2-3 " 5 "
137 TF2z-34 #” 5 w 187 TF2-4/| A 13 Foel Rod Fos 3 o
138 TF2-25 | A-67 Fuel Rt Pos. 3 # 188 TFZ-5 » 4 ”
139 I TF2-36 “ 4 | OpLBEec 18 TPZ-6 " 5 ”
140 TF2-3 7 " 5 " 190 TF2-7| A-15 Fuel Rod Pos. 3 o
141 TF2-3 8 | A-71 Fuel Rod Pos. 3 # 191 Trz-6 o 4 w
142 TFz-3 4 " 4 " 192 TF2-9 o 5 ”
143 TF2-40 ” 5 v 183 TF2-10 | A-17 Fucl Red Fos. 3 ”
140 TP2-41 | A-72 Fuel Rod Pos, 3 "o 194 TF2-11 # 4 "
145 TF2-4 2 " 4 ” 193 TFz-12 ” 5 ”
146 | TF2-4 3 " 5 ” 196 TF2-13 | A-31 Fuel Bod Pos. 3 "
147 TF2-44 | A-75 Fuel Rod Pos, 3 " 197 TF2-14 ” 4 ”
148 TF2-4 3 " 4 " 198 TF2-15 » 5 "
149 TFZ-4 & " 5 " 198 TF2-16 | A-33 Fuel Rod Pos. 1 #

150 TFz-47 | A-77 Fuel Rod Pos, 1 ” fal) TF2-17 ” 2 #
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Table 3 Measurement List for Spray Cocling Testi3)

EIE Item Symb Location R&]“Lizts ‘:g; gg‘ Iiem S_ymh Location R'O‘;"Lg:utg 2:2":

201 | Temp | TF2-18 | A-33 Fuel Rod Poa 3 | FLE30E

202 TF2-19 " 4 "

202 Tkz-20 towm 5 “

204 TF2-21 » & #”

205 TFZ-22 o 7 )

206 TF2-23 | A~35 Fuel Rod Poz 3 w %6 { Temp | TB- 1 | GBInSurface Poa-1 | "357%80

207 TP2-24 » 4 “ w7 2 T "
58 3 A-3 "
259 4 A-d ”
20 5 A-5 a
261 3 A-6 ”
262 7 AT "
263 8 ! (B.Jn.Surface Pos A-8 ”
264 g A-9 ”
263 10 A-10 14
266 1l A-11 o
267 1e A1z "
268 13 A-13 4
269 14 A4 ”

2% | Temp | TF2-117 | A-55 Tie Bod Pos. 1 | O5578C

221 TF2-118 o 2 #

222 Tr2-119 “ 3 "

223 TF2-120 " 4 #

224 TF2-121 " 5 u

225 TF2-122 o 6 "

226 TF2-123 ” 1 " 276 | Temp | TP- 7 | Lower PL Center Low RS
277 TPr- 8 woo” Bottom "
s TP- 9 # Guide Tube "
279 TP-10 # Cuter Notton »”
280 TG 2 -1 | Upper Tieplate A Up.l #
31 Tee-2 2 ”
282 TG2 -3 3 ”
283 TG2-~14 4 »
281 TG2-5 5 "
265 TG2-6 6 p
26 TG2-T 7 P
287 TGz-8 8 7
288 Thz-8 9 #”
289 TGz-10 10 ”
290 TG2-1 1 | Upper Tieplaie AlLowll "
21 TGZ-1 2 12 "
292 TG2- {3 13 "
293 TG2-1 4 14 ”
294 TG2-1 5 15 #
25 TG2-1 6 16 ”
206 TGz-17 17 "
207 TG2-18 18 "

M8 [Temp | TC -1 | Chanmel Pox Adueler | 955770 298 TGz-1 9 19 "

249 TC-2 | Channet Box AOutlet " 209 TG2-2 0 20 "
300
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Table 4. List of Variables Calculated from Test Data.

CH. No. Ttem Symb. Location Range & Cutput
401

402

403

404

405

406

407

108

409

410

411 | Flow w -1 Vessel Inlet 0 —036Kg s
412 w -2 LPCS Injection 0 —1.2 Kg’'s
413 w =3 Subtracted Fall 0 —1.2 Kg7s
414 W o —4 Vessel Outlet 0 —12 Kg~s
415 W —35 Secondary Water 0 —6.0 Kg's
416 | Flow WW— 1 Dump Tank Increase 0 —1.2 Kg“s
417 Ww-— 2 Core—-L.P Increase —0.2—-1.0 Kg“'s
418 WW -3 Upper Plenum Increase ~0.2- 1.0 Kg“s
419 | Flow W5~ 0 Steam Rise —0.6— 06 Kg s
420 WS —1 Steam Generation —02—1.0 Kes
421 WS —2 Steam Condensation —0.2— 1.0 Kgs
422 W5 ~3 Net Steam Increase ~0.6— 0.6 Kg/s
423 | Mass WM—1 Dump Tank Water 0 —360Kg
424 WM— 2 Core-LP Water 0 — 240Kg
425 WM~ 3 Upper Plenum Water 0 —18 Kg
426 | Mass WT—2 Total Injected Water 0 —600Kg
427 | Quality X —1 Vessel Inlet 0 —1.2 —
428 X 4 Vessel Outlet 0 —12 —
429 | Heat QD -1 Core Input 0 —120Keal/s
430 QD—2 System Loss 0 —12 Keal”s
431 QD—-3 Core Storage —40— 80 Kecal/s
432 Q -1 Core Input 0 —120Meal
433 Q —2 System Loss 0 —12 Meal
434 Q —3 Core Storage —40— 80 Mesal
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JAERI-M 9080

3B
B 1148
Steam Water Inlet \ %
2B
158
1148
P 2B
1 114B 3B
F~T Section
118
PS4
Connection | .
to Dump Tank PS12
1148 . 1B
%8

G~GSection

1148

T Connect ions to Dump Tank

H~Hgection

Fig.5b {2)

20~



JAERI-M 9080

“wnuelg deddn yo uwoijisodmop

Feiv

RPN TR

== I L T
_m|: | . O Hﬁ LYWTIVE (%7
=" LE2a i LY [ E7
R Ui .ok B4 Tﬁﬂ«ﬂ T
FETIe [ Y HTLY i
T T T AT 77
L ,_
+ e
7
ety
. —
7
T £
- T i
- [
P dikail S 2
A oW aaal ¥
=
AT 7
et o4 & 5
TR R WY
A L)
“\ -
T
[,
P o B
e
T (osveregs) TrE
H FYRd b 7 o R (i
FAL IHI _ F
) -
] ; r, !
: 8 A i
T ) L)
PSP S R
— - 5= Wﬂ @..
—— -
. i e .
(P oYLl - F | m-.,n v
Lo = - I teer ey
rrempmE e
e b — ! v T} ' T T _ . B u..« \
b= - Jﬂnd j\‘. - L T gE 3y : ] AL
t e Bt [
N E T . i e e -— -
" iy il e iy = \ o
if - ress i -
s D NP - o pap ——— - rar -
SR T - V... ¢ N . .
e L " i -
o I3 kY
v
3 H i
< [ N

8 W LT

e

I35

-91=




JAERI=M: 9080

 EEEHEEREEEE

L E F Y S

M:!‘!ﬂ/r

43, mF-

18} %0, o
PP

DT T

v

.
L1
|
4
| ]
)
-
P
-
g
a
©
] o
3 o
)
¢ ]
~
= & .-
. : F‘El
B a4 o iE
e ae >
& E
Pk 4
i 5
E
L <3 &
5 ' L
o * - e ¥
3 = e
2 :
j_a
L]

[T T

T

FEETY]
s

—22-




JAERI-M 9080

180°

90° 270°

00
Nerth

al ul, : ﬂ_

| -Q
Connection :

to Test Vesge
eafe.

Section

b=
()
3
Connection s
to Steam Line f— A B wpee T
f N —_— 12
2148 ' 2128
: — 280 oz —
B~B

Section

J g
. - Connecti on?:

to Test Veé"sgl +

725

487

-

Fig.8 Dump Tank and Its Nozzles _
- 148 Section



JAERI~M 9080

682¢

1472

=1302

42 x31

™
-
&
=
2
-
. g DL
& 4
o k-3 . W
b 4
R l.
2 i
-+

—anf]ee 4 .51

100

1382

re— 150 —w

H

130

§30

30,

Constitution of Condenser

__2 4_




JAERI-M 9080

nC

North

( 0°)

Filler Block

N

To Intact
Loop JP

= T/
e
I e J
ALARL ALRAS I CELAT AELLLE ARRRELE SRR R ANY ANSNINNSNSSY
AR NR AR SAANRS SRS NC OSSN RYS RV SRSV i o
AR SANANIRRSSRRNES N SNSYRCINSSSA T 1
AN R ) “.—V/////////A///.r/ AN SNART //./A/////A.ﬂ:—
-
!
o >
AR A o ™~ o o~ o~ o ™~
oHn b= ~i et — ¥ — O
i O ™ o) O o~ [+ Ly
= o hal ~ ™~ o3 — 1
° o 3 = 1 2 =
e & A 2 a m A
o P~ oo
~ 4 —
2] (9 wn
@ = =

p P

.

(Ho i g
PRENH L
1

RS

Location of thermocouple in filler blocks

Fig 10

—25~(26)—



SETTING POSITION

A&  CAPACITANCE TYPE VOID METER

SETTING POSITION

() THERMOCOUPLE POSITION
SETTING POSITION

£ FESISTANCE TYPE vOID METER

0  LIWID LEVEL TRAMSDUCER

AOSA-H1 CORE AND LOWER PLENUN INSTRUMENTATION ( ASSEMBLY MO0. 2 )

t | | z gt e
IR R 5/ Eans -
-7 TR EL frqn Y | .9 - 3 S
- R . ~ § . 1 : :
Y e g ‘ + N R B
i gr T I : _%ﬁmﬁ = 8 “ 18 o T
. N . o et N - a
N, B & e L g Z
Lo - v [ —5 3 \ - &
-'% ' %— ‘ - | =%} =8 4 g &
‘ - : T A vy = —
1 ‘, ] T : N g- (N q - o
o N " 5 | J =
o 7 689 0 & b Y -
- % ; W 2 N 5 -
g g 21413 T i | D 3
LT g g ? -
i % ; """ §RI W = _
E =[TEBa g 2 L8
- _ . E{ RS S kg
! I 366
! 1 gi‘/ 1 ' E Kokl T 5
L S wst W . LRe=—
b Wt 10 1 g
. l%;_ et = 3 I - = Q
- | 1 HEE. e ©*_____
b ';;;_j'_ﬁiﬂtm | - %E"
- T | s o B~ - '
| ERI _ 1 5| 2l o “
L I P kf_‘:{ | _a _
- - BZ — — 35—
i E éEsz b KR R[ - =g
s B3 ~Ed ek 3 2.0 87 t_%h
3 33 EHED [N =3 @ G @ @@@@
- R < e
; o ofmIEz W I I a=
| g Ywigz ~ ‘
P T - i ;‘.__] T L ;;
™ e S* g [ ‘ %E:' WA
g %3 LSy = .
gl 982z — F i | |
ey £ - et 03 eeea e
| g T — < H H —_— = b & T N
BE g e LI -1 . ¥ 3 ‘
| I - AR Bt ee
~ o .:M
a b =
| of 28615 W ol | 53 | ‘3}—**{5 3 A3
i l JrEE J: ' = e ER—— g :)_{
P = ] 1 - .- el wma
i » N o 2
P y Dgoe W ; S =il Bk e@@
! z § b A— = o099 W
L] : : k . | !
3 =il = ] 1l
i / Rt § & ' ‘ )
1 .. — “;,_.a: - e —— £ = 2\ fe ) Fo
i SdET I : L Seeseene 83806 8
= iH N g _'—‘Y_—"——_‘——/ el S ]
| 23 = y = B = g §§
1 : ﬂ|%|\ T - - = § § § g 2 5o
| £ g = E o < o ] Z 55
* = iwv : z : : § st
g L ' = = = =
i =2 2 = g~ 8 ffree
=2 = - = LR
| : 52 =3 25 £2 g %%_‘_I_'
=g ig 5g 5 5 FgEEE
wE o= wE wg AR omo
25 23 23 235 g 5 =558
32 o o 32 E EES3ZS
E 7
=
= 528
sg T53 S
o
Ay =N (¥ 2
= - . [==1
I s A
CYCYL W = = PNV 1 w
HEEEERREREE E}C{;r\o AT Sk
- SBOAIENO = 2R
E R AT AT AY OO 8&
o = s r\<>r\c" N £
@@@@@e@@@ ] Z2 | O OAPA AATATAY IS &
> 2> AN A NN AV :@,E -~
15 ” | IIOIOIPICICION |~ w4+ B
s PP OO | §=2
: CITORIOIRL | B2
3 G B
87 PO UPY) E=
g 2
o~

{NEST)

—27~28—

¢ TOP VIEN )

SECTION -8

Instrumentation inside the Test Vessel

Fig, 11
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