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Thermal-Hydraulic Analysis of Loss-of-Cooclant

Accident in the JMTR

Fumio SAKURAI and Rokuro OYAMADA
Department of JMTR Project,
Qaral Research Establishment, JAERI

(Received January 8, 1985)

The reevaluation of the Loss-of-Coolant Accident (LOCA) was required
through the process of a safety review for the Japan Materials Testing
Reactor (IJMIR) core conversion from the high—enriched uranium fuel
(Enrichment : 93%) to the medium—enriched uranium fuel (Enrichment : 45%).
The following were concluded by thermal-hydraulic analysis of a LOCA
caused by a double-ended pipe break in the JMTR primary cocling system.

(1) The fuel in the core does not burn-out as long as it is covered
with water.

(2) A larger siphon break valve (larger than ¢$60mm) should be installed
instead of the present one (¢25mm) on the primary cooling system in
order to prevent the core from being uncovered with water in case
of a LOCA caused by a double-ended pipe break. The present siphon
break valve was installed to keep the core covered with water in
case of a LOCA caused by a small pipe rupture.

In this analysis, the Siphon Breaker Analysis Code (SBAC) was written in
order to analyse the size of the siphon break valve and its accuracy was

confirmed to be within 5% through a verification experiment.

Reywords: Loss-of-Coolant Accident, Reactor Safety, Siphon Breaker,

Double-Ended Pipe Break, JMTR, Core Conversion, Accuracy.



JAERI-M 8&-001

H X
ST T 2 L S P PP 1
0 JTMTR 1 ZRSHITR OBESE «reeerre et e e s 2
3 LOCABICHET B JMTRIBLDEE e 5
4 Y4 T4 YT L= ZEROBEIT T — F 7
41 1 IREBHITR DR TR vt 7
4.9 BEREEFE T/ e e B RTLLIANIIS "
A3 BT T coeeereeeer e e s 8
B, S B A C D RRIE -+reeeerreeernromararinn sttt ettt e et e s r et e et e e 18
5.1 RREEZER TR ooore oo mmerecne st e e e e 18
B D BB EETEBR cccreere e L e e 20
5.3 %k = PP PP 21
6. AT HA T 4 ¥ T L — 2 FBDIIFR ovvreereerre e i 27
6.1 & 2 ST P P P PTPPP I AP 27
6.2 &t T P SRR PRPITRI 07
7. LOCAIH TS IMTR 1 REEZRDUIE  vvvreerervmmmrmmme s 39
8. P P TS 29
#H = RIILIT It 33
B TTHR vveeeeovereen et e e e 33

(3)



JAERI-M 85-001

Contents
1. Introduction ....... et N e asii et ettt e 1
2. Outline of JMTIR primary cooling SYSLem .......cecevesvenveanns 2
3. Integrity of core inm LOCA ....ve.vvrever. erear e seraae e 5
4. ©Siphon breaker analysis code ......vvevivnvnnnnenss B

4.1 Phenomena of water loss from the primary cooling

system ........ Phenr e i tes s reraenna B |

4.2 Pipe break model ...... e et iresras
4.3 Analytical Methods .....veivureeionrocenasasannns ceverienss B
5. Verification of SBAC ..... e ess e e T
5.1 System for verification experiment ...... et bt i e e e 18
5.2 Verifieation experiment ....... et rer e teesanrsnanes 20
5.3 Results ......... Cerear e e ssnan et tas ettt 21
6. Necessary size of siphon break valve ......... crreit i 27
6.1 AnAlysSis t.iviieiiiiiteiiieterae e b teear e 27
6.2 Results veveereeeens e rr et Beess et esnreenmanes e 27

7. Modifications on JMTR primary cooling system against LOCA .... 32

8. Conclusions ...... ce e s aanrenreens Gttt et e e e eveesss 32
Achnowledgement ....... tes e re et thbern e . X
Reference ....... crrrrrs et arean e emeraaeesan cerserrraraaran vees 33

(4)



JAERI-M B5-0C1

1. 24 U »  iZ

IMTRTCHEEDY 7 VEREAXBHTONBE DL LB NMERSELFFEZED TS, T
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EEARL, T, SOO0HFFRBELEFARFICEO TR, 1RIFNIREEFHREOHK
LT, KOBRE (BAXI0mme) CEEOHEBEO 2HOHBO MK PERICET 5l
WM AME L, COY, PMNEMABELLBETOOR S mmOHA 71 ¥ 7L -7 HFIKK
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1 RGEHFZD SOBIIKBRHBROBIFFE, RUBHIERFIZOVLTRT,
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2. JMTRI1IWREHAOBE

JMTRD 1 RGENMFZE, FLOBRBRELEDO DI 1 RBEKEFEDL EHATHBLOMICER
SHIEBERAGRT I RBHNAKOBRETCKEOER AT 5 BEIH» ORI NS. B
EOWENEEFLOBMICEEBE*RITORIBREREKRTH %,

THRLRH I Fig | KU Fig 2lRART LS5k, THESR, TBELVT, BERV T, 85
Bz, B —vy vy, BRERCABE»OBERESN L, FLPOD 1 REEHKITHE -
YT THEG &, ENEERTHEL» LI EEHH - TV AR 00mm O FHEEORE
ZEOELCARImm OEERKE Y 7ADANy S BhNb, TEHETRCILLIEDN
ZES00mm OAFELDSHLNIBOTIRBEER Y FILEE, IBBE VT LIEABL, BLT
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BEGIEIZENEHORNET | REMBFHEMERRCH ERFICEC 5 R bicH
Mt 5 bhIlBBENTV S,

Fig 200 2L EBERF VT~ ¥, BXBER O~y FERENEBOHOES
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3. LOCAWKIzE AR LOESLY

| RIGHNEREFEOWMIZL - TLOCABNRELLBEICODVT, JMTRFPLOANES
HABREBIBEOBHADL SRHT 5,

IMTROBER YIS VETALIZTLOAETHIARBEEMLAREI VL, RUBH I -
NEASOEmm BT EAS, RFFOBEBIIARRCERI NIz A v+ -3ELTSH
B, T, BFFRELIZROBHRETOMRKEIFEERMCL - THREZI NS FHHEAITAN)
AT Shure PRV K LD BENZBICBEAER LT L2 ARULEEA V1, HICHHR
HERAFLLTISZZEELE, BETFELEZEOBRBRETOMARE Fig 3R,

s = At7? (1

2T
P, | BB (MW)
P, © BETFEES (MW)
t, @ ETHELRBE (sec)

ARV alBUTOXHIUEETH S,

b A R R (sec) A a
107 =t <10 0.0603 0.0639
100 <t, < 1.5x10% 0.0766 0.181
LEX10% <t < 4x10° 0.130 0.283
4x10° <t <2x10° 0.266 0.335

TETHARD L SICEERFES (FFFADEABF ) CLDRFFIEHEILT 505,
BEFFEEHELEORBOBHNEFRL L TROL I ULZMDIREET D,
1) BERFHASEL AR 1REGEAKREIT LML LT 5, EER, 1 RGAKRER
BEFFEASELERAKFCEIF[BEE Y 7HELELTH, BEHOH SO 1 REGEHIKREH 2% <
RoT/EHEBC LB, BEIREIRMINE, LrL, BESRHFLLT, RFHFHE
EiE ik LRI 1 RBNKRERBEND, RERRFFEATENSI KO AR
E-THElEan s &9 5, '
2) 1 BEIKIEL, REXEFL L2 LEAFBCHRNAREREICHETLLET 5,
PllroZHo TR ERoBRRMFEHEZ, RQATHARTRUT — ViR CX$ 5 Kutateladze
oR? AHOTRD B E 1.0x10° Keal /m®+ hr &% %,

014 L (gr) {oCr,—1) P )

L
9pos

zZE
Qygs | TR H
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Fig 3 cHohildL ik, RTFOBHEILERSRANCRGHELL, Fy P F v in
KH ZREHR AT OBFERIE 3.2 x 10° Keal /m° hr THH, B/PNERBEFELE 3.1 £715,
ThabhE, 1 RANFEECHBBEERESREL TS, PLOBASHES NG, BEO
BEIRES T IMTRELOBL2ERE NS,

T L} l T 11 e 1 ' t )

" i burn - out heat flux for pool boilling
Koy
R
\ £
= 1x10
o = A
>< . -
— - _]
’-} - —
=
F [~ —
<
(= A —
=

i fuel surface heat flux i

1x10° ) ] t | ! ' t ! ) |

{
0 : a0 ) . 100
TIME AFTER REACTOR SHUTDOWN (ec)

Fig, 3 Comparisdén of heat flux after reactor shutdown
with burn-out heat flux for pool boiling
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4, Y4 72T VL= ROMFra - K

41 1 RAEHROFHER
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BETHEIEESELTS, LirL, Table litimd ko, TMTRD 1 RGAKOEEFOR
SHEERBCTHAH, | KBHNKEABKIETITET LTS, 1 REGAKETAICET
BRUEEELL Y, #-T, IMTRO 1 KMHREEHEHFRICE TR, BKRKEGHNIFOD
EHACENBENOETER L - T IRBEHKPEH T I LS LRI,

Fig A iRRT 1 REHEREOHMBEEIC LD, 1 REBEKSHEL L THEHESAKLLS £,
FTETTAMO 1 RBHAKOHEHERI. BHOLSENBEHRHAKBASHhEZERICLOE
NEBRRNDO I REHNAPBREINEI L -TH#EFTT R, EABFBRKMS £, $TETTH
E, ENBEBERNEAGHR LS, 208, 1 RBHKIHEWD &EENEHERNKLEDOHE DA
BKAZIL L > THMT 5,

—F., 1 REGEMKOFENREBEHBERICE ST, Y47+ YT L -7 HREFOFRMBD 1
WBHIKEABRQTETRERE E, Y47+ 7 v —2Hh 56BN 1 RGHEE R R
AFENB, ¥4 72T — 0 Rh o+ HHEERABBEEANCEASHNE, 1 KGEHKDH 4
74 VHBIRLIHEHE, EABRERKLL, TELT 5,

LED 1 REBHIKKBORRE, BEEEKENE L LEABREOBKEHNFOLOC AR
Fo— FTHMEITTER L, 2Ok, ¥4 742 YT v— 7250 1 REBNFRD SOBHIK
RHBEEAERITL, ¥4 7 1 VERABILETEZCLBENUHA 72 YTV -2 HROINBREZRET
5D BEI—-FSBACEZM R LT, SBACRK, EABBAKUM L ETHETL, EA
BEEASKRGHEBRENL - -H% O 1 RE\BHANAKOHERZEWMJE S LB TE 5.

4,2 ETHEETTIL

| RAHERE TSR RRE L-BEe0 | REMAKKEEIEIH T 24 7+ v T v —0Ff
O AY T 572, Fig. 5 RO Table 2 icmdkHEFo¥ 28 LA, T, BEY
EBORELIZ L CENEERCSE LV BRABSSHRE TP T, A MEQ -QMOE
MARH, 3, #4721 YTV -2 FPORAShEBIMBALTY 2 L KBEHIKE, T2
WEREKICDHL LB KAETRT,
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Q = ¢f @, dt (%)
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2 2

P P
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Table 1 Design features of JMIR

1 AikpE
FFFEEA

hiETE (BR)

fERHE

AR HET
BREANER

MEHR

mUSHR

HiEEE

Wi &
mEl7 07

R

I-t

HUSHR

FIEEDR
EE (MwW) 50 HEES EESE 2HBE (BAk/k) 20~ 25
HAEGEREE (MW) +1 (FE T H4E0 5 R HIE)
! ey a e AERIGE (BA) (LK) 15
iﬁﬂﬁﬁiﬁz? (n/cm’+3) - : : :g“ BIGE 5 » 2 (50 MW— 12 B:E#)
¥y Hv Uy ARINHE (P (BAkK) 41
R EHEFRIR ¢ ~4x10" MEETh R (HBAk/K) 4.8
s ~1x10" BESLUERRE (BAWK 0.8
. . & 3 (BAKWK 9.7
gﬁgk‘“mﬁﬁ“ gi BERGEE (BAK/K 12~13
YL %mﬁﬁﬁ%ﬁ (°c;) L1x10™
PR UeALAS b AUEE () 750
EEN AlsS B D oz
S TS Faieva FHFECE (mm) 416
. */fjﬁﬁiﬁl‘t (EEE) 3.45
puE 27y Lim i sy 627
BFFEEHNESE AF VL2 o i
It R SHEFHM (s) 75 x 107°
FREMPUR (k) 6.6
. Bk HEFHET
iﬁ(mm) ii?ﬁi% “RADKRE  HHAADEE (T &% 49
; REREO®RE (°C) &= 58
e FHR 19K -
WS (mm) 127 PEEREHEE CC) ¥ 150
&5 (mm) 778 ‘ MBS (C) #1200
WAL S (mm) 0.385 i & ISR (EREMEER) {rr:x;’T)s o
. x
& (mm) 0.50 PEHRMFE (m/s) 0
Hi#&k {(mm) 750 ’ i
B (mm) 616 EREREE R M D iR (m'/h) 140
ol - 0 iR (m/h) 6,000
SEERIE (w/o) 21.5 ‘
EREMEEE (m'/h) 2,800
EXULY (@ 279 3
s (%) o3 K7 407 (m'/h) 900
B 92 FeFEFLY (/D) 2,300
HENTKE S B AO (kgiem G) 15
BE FTHEAR#GHAS, #87ro7dE | BATEHE (kgicm') 3.3
B BX 7 REK RS H S ERREEMR (mm)
wH NnT=OL 12 x2.67. 2 x282
Bk (mm) 63.550x 800 4 %3.02
Ay 2 AR #AEHR™ (mm) 66.6
Rt ETR & BT + 0 7TREURERE (mm) 2.59
R4k (mm) 63.60 x 390 WEURM (mm) 54
&5 i 16 £ MEERTR S HiEd (Qem) =>5x10°
®E (mm) 1.27 pH 55~170
£% (mm) 769 g Wt | ERRREFR LD (o) 1.76
HAFEX (mm) 0.38 WET7 a7 (o) 1.21
X (mm) 0.51 | (m) 41.46
HHEX (mm) 750 HAE R HFiL LY (kW /1) 492
ekt (wo) 215 BS®EEESE W/ 621
BERALD (p 195 — RS HKRER (') # 140
REE (%) 93 RFFEEHAESBA (o) # 60

» BHBEECGLT. BOERAREZINGOT, itk » TRHEROERERICIEIETOBENS 5.
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Z
—— Reactor %-«"Siphon break valve
pressure
vesse] Inlet pipe
I3 [ 1
Z
fal .
Rizﬁ:r /)/
7
Lol _ /
Cutlet Ipipe

Fig. 4 Modeled primary coocling system with double-ended
break

Po

Siphon break valve

Pa, us

| Alr
bubble

E’W@ 53

Pg

Po, us

Fig. 5 Pipe break model
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Table 2 Nomenclatures used in pipe break model

Variable

Py Atmospheric pressure

Py Water pressure at point (j

Py Air bubble pressure

Az Flow area between points C) and C)

Ag Flow area at the siphon break connection

Ay Break flow area

Aegq Equivalent flow area between points (j
and

H, Water level in pressure vessel above break

Hjy Siphon break valve connection level above
break

Heq Equivalent water level above break

uj Water flow veleocity in pressure vessel

ug Water flow velocity between points (:) and C)

uy Water flow velocity at break

v Water flow out from break
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( START ’

Cooling system data
Hy
A'l' Aa, A‘, Aeq
Vaa
| L'3: L4
Ow
B, . H
INFUT |
Siphon break valve datum
Cqg
Rated flow data
‘I}R
P, Py
V34 - Pipe volume
=00 between points @
and @
3
dl
Ly=| =
H=H, oA
Heq=ts L= f ‘al
=1y YU A
=0 HY:H et T=0
QRG=10
v? vat T=0
Qg=0
HY : Condition for stopping

calculation

Fig., 6 TFlow diagram of SBAC
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DH=H,— {2 —(—H) }
Aeq
Q
DH=H1———-A:Q
v g ag P L 11
dt Ly (DH Y [T(‘un)z 29 ((A.t)z (Al)z)D
{by Runge-—Kutta method)
vi{l=v

1

- et 2 ol NPy T, dv
Py =P +5(H,—H)+ 20 v ((Al)z (Aa)z) (vn) P gL

S

Py(D=P,

Yes

No

Fig. 6 (Cont'd)
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Y

pl 2

£ 7D
YTTTC
i—1
L Py
Ps=—773
B o5
Py

Yes

Yes

Qc

Qg,""Qxle

QG=QG+Qg(Nx4T

Q

_ QeU-1)+Qg(D)

Q

2

Qg{I)

QG

Heg=Hy—

T=T+d4T

Fig. 6

- lﬁi

(Cont'd)

Qe=QstQx4T
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V=V+uvxdT
o V
H1=Hl_j(1

Heg< 0

Yes

END

Fig. 6

_ QG-
Qi)

T=T-d4T'

No

=V—1:XATI

4,

QG=0.0
Qc =00
Heq=H,

{(Cont 'd)
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5 SBACORE

51 BREXERR

SBACDEYM ALY, IMTROBEREREE (CFID7/-ABEBREZLTACT
EBRAEIT -7, CF7 - ABERICEZ, ABROmm OH A4 7 4+ v 7V — 7 HFBERESINTED,
BEAOEEE (AR 150mm ) OfBEKEIRS, 94 7+ YERICK ST - VKFEHE Y4
TA YT L RATELETLEPEREINT VS, CF7-VERRO S BRIEERIC
FRHLALESOEBR A Fig 7R d.

SBACOZYUMAZERILLDF~SZoHicid, RORTObobrBLI1K, b oFHENRK
B (rated flow rate, v®*)iCE 3 2 LB RO ENELPY, PR AT -THLENS S,
Lirl, CF7—nREZFOSHSAOERTHEA LA CEVTRE, RERVEHOE
FEERETER D, v, PR PEALTOL i LTk,

1) HEO-@MOENEL (P)

ST 4T —FHFV-210-34 ZEAULIKETHV-210-24%B8 & LcHSH, Bernolli
OER L DEEANOFRER

u = C +2gH, . 0
LT
C, @ HEEH

H, | 77—k
THZbNE. ROEMOTY — /KL H, = 1940 cm & U H, = 1880 om T & 1 B ift & %l

T5&

u(H,=1880cm)
u(H,=1940cm )

THbo i->T, 77— kil 1940cm ~ 1880 cm DR D FE I3 7 — VKA ICIKFER T —E, T
BhLBECEER S —ETHEEBBLTHRY, £k, 77— VAKEu, &7 —VRkEHED
WEu, KT 5 &

— = = 1,2x10"" )

LT
A, D - OB R
A, | BEOWHEEMEE
THo, u,du, REBLTEFCHAS V., BLEXY, ¥4 7+ 7V —7H %A L LIRE
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TCF 77— WKEKL 1940cm > 5 1880 cm T THi/K T 314, RE@EKRXDLH>IKRES,

+hy, i)

i, NEC-OMOEBEAKEL, IHBvO 2BIHFAT 0T
h,, = G, v (19

LT
C, : BEKFEHK
ERTE, ROEFRKOEHCRE S, .

! 1
H, = | — +C, ) v? &0
: ( 2g (A, h)v

CF7— kKb H,», ®PHERdt OiKdH, X3 T dhid, ERoRicL-»T
—A,+dH, = v»dt e
HESH, CF7F—wkMH #(H), »5 (H), ETTHREST HRMEt E

.
g = =1 Ay, @
(Hy) v
TEHZ SN,
R0, @k DIEEKEEHC, £KD 5 &

t? 1
4CADPVTHD, -V (HD)?  2g(A)?

C, =

L5,
A 72T L= V—210—-34 2 CKETV-210-24% &L, 77— WAKALEH, &
(H,),=1940cm 5 (H,),= 1880 cm 2 TTHAHMt 2 ME L, AB LV ERFOENE

RERC, ARET S, COMOKB VIR

= 4
t

VR’ A1'((H1)1—(H1)2)

kD BOoND, #-T, NBEQ-@HOEAHBEEPY ARV EZFRAL TRATE LS
hz,

PR = rnf = rc, (vF)? &)

2 MBO-@MoFENE% (P
CF7—ABEELBEVCE, KB vKE03MBEO-QMOENBREP2ERICLD R
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ETEXHVLOT, RRiwL kv,

R\2
Plgzrh1§= r (8 +4+8) ) @
2g
LT
£, MEORSUIEBRANEHBREK (=0.03)"
L, | BEBICLIENBREGR
¢
=}“d_
BL, » @ REERER (=003)"
d EERNE
{ EEEOEZ
L, 0 Y FOENBEGEK (=027
5.2 BIEER

FEFROrated flow rate, v', RUCOvr ek} sMEROENEEPE, PR 2R,
BRUBICEDKRD S0, TFCF 7 —AKEKNMH = 1950cm» 5 1880 cm £ TH A 7
# Y7 V= V-210-30 ZF U/ RETHKL, Z0ZBWMENE L. RKKCF 7 -
KEH, =1880cm THA 747 —7HV-210-39%2R&EL, ZDHRICLDCF 7T — K
DHBEBHA 75 7T —72 1< 1750cmTELTE2ETOBEBEZEIEL:,

KRBV AT+ v T - HRDPOLBAINIEROBRFZDS2E NS BACORITE
BiIL5A2EBAHENIBNT, RO27—ARKDVTEBE LK,

E 7

FV-210-24% 1720 &4 3,
F—wkogikmERA IS, MBEOC-QMOENRKIIIV, #-T, RE)DS
bhBEI5CHA T+ T LI HPLOBEIRARBRBDL L,

£ B I

BV-210—-24 2 2B & T 5,
F—WIKOHERRESPE Wi, MEDO-@HOENBERIREV, -THA 74+ 7
L= oDERBRARGE V. £, HKERYBE VLY, ¥4 71T L—-0Fh
SHMAshAZERR, B - DM OBEELELZEINIC T - Vv KICEIATHTEESN
b4 e eSS 5,

BERER%E Table 3IKRd, &51C, Table 3OMEHEEEZACTRAY, HRUBL SRE
Lizvh, PR, PS % Table 4ic/Rd, %4, ERASBACEHVTRTT AN DEAL
1235 — % % Table 5 RU Fig. 8 iK/R T,
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5.3 # 2

ERERERUSBACRLAZEITEROLEAXFig 9, 10KKRT,

474 YT -0 HFV-210-39 ZFA L~ RETCF 7—wKEH, & 1940 mm A & 1880
mm &5 TOERE, FV-210-24% 1/2HELAEBRITHVT, RULHELLE
BRICEVTHHEBEENBEAEF IR —K i, ChiRk, AERY - RICBLTV,
PRRUPYARERCFMHTE LI LERT,

H4 7+ YT L—2FHV-210-33%2CF 7~ wAKAMH =1880em THRHELTHPSH M1 7 »
YT =7 UNUH, = 1750 em KB O THHFIL LB ETORMIE, RBR1DBEHEMEL
HHEEDEIEI3%, RFRIOEABHETH-7/c. EROIMER LIt L THEE L ERHE
CDEMRKEL B> ELLZERE, FEESEHEIDRECCELOHELT, FV-210
— A0 AL TALHEERBHERBICKRELED, ¥4 74+ 7L —0HV-210—-3% » o6&
ASHEBREIMNBER - OB ORELELBONCCF I —vKicEIAT N TEEAICEHT
LEofchchEBbh b,
FBRIRVTICSDVT, ¥4 72 v T L= RERELTHLOLY AT T -7 LRAT
CF7-nkoRtpib: sMoRED - OMOEIHEuEZRALDRD D L,

(H)~H,) %A, -
Ay XT

e

21

C7T

HY D #4747 Vv—2H%5M&ELABEAOCFEF 7— vk

T | 947277 b —2UL~XATCF 77— nkGiidHELST S F TORRM
FEB ] OEST=60cm, sec, EBRNDEEU=80cem, sectb. -7, SBACORE

0 <60cm sec LBNTIHHS5%, 60cm.sec = u =80cm sec TIEWNW0%TH 5,
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Siphon break valve

gs V-210-39

4 = z _,/ $40
//’1‘ CF pool s /
7 socoxson f @ 2
/ % 5150
7 il /
5 2 7
7 T UL
7 /X V-210-24
y f g
y e 7 -
7777777, 2
2570~ T
@ I B
15,000 ]

Fig. 7

System for verification experiment
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Table 3 Data measured in verification experiments

CF pocl Experiment I Experiment II .
Valve V-210-24 Valve V-210-24 Siphon Break
water level ( 1/2 open. . ) fully open ) Valve V-210-24
(cm) Time (sec) Time (sec) Condition
1950 0 0
1940 54 40
1930 85 53
1920 117 70 close
1910 149 85
1900 181 101
1980 212 117
1880 246 135
1870 281 163
1860 318 194
1850 358 297
1840 398 261
1830 442 296
1820 489 392
1810 538 371 open
1800 592 416
1790 654 459
1780 717 508
1770 799 560
1760 908 618
1750 1100 688

Table 4 Rated flow rate and pressure loss for rated flow rate

Rated flow rate
Experiment pressure 14 13
No. oss _cm3/sec kg/cm? kg/cm?
I
Valve V-210-24 4., 7x10" 1.9 0.1
1/2 open
IT )
(Valve V-210-24 9.4x10"% 1.8 0.2
fully open
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Table 5 Features of system for verification experiment
and JMTR primary cooling system

1.9

Verification
experimental ]
TTEM system JM;i primary
Experiment | Experiment cooling system
I ; il
Initial water level in RPV
or CF pool above break , 1880 665
HY (cm)
Siphon break valve
connection level above 1750 567.5
break, Hz {(cm)
Flow area in RPV or CF 5 b
pool, A; (em?) 1.57%10 7.07x10
Flow area at the siphon 3
break connection, Agj (cm?) 176.7 6.36x10
Break flow area, Ay (cm?) 176.7 6.36x103
Equivalent flow area
between points C) and (), 352.6 1.22x10°
Aeq (cm?)
Diameter of siphon break 40 25 — 125
valve (mm)
Siphon break valve gas
sizing coefficient, Cg 1130 440 — 9300
Pipe volume between 5 1T
points and ()’ V3q(0m3) 6.17x10 6.90x10
3 41 -1
L3 (= fl =) (em™h) 2.55 0.12
a1 1
L, (= [ =) (e™h 19.8 1,36
1
|
|
Rated flow rate, 4.7%10% | 9,4x10 1.69x108
v (cm®/sec)
|
Pressure loss for rated
flow between points (D) 0.1 ! 0.2 3.2
and (), P§3 (kg/cm?) :
[
Pressure loss for rated !
flow between points : 1.8 6.6
|
I

and @), PX, (kg/cm?)
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16

Fig. 8 Gas sizing

DIAMETER (in)

coefficient of siphon break valve
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1200 - Valve V-210-24: Yszopen

1100

T

calculated results

1000 . measured results

800 -
700

600 -

TIME (sec)

500 -

400 siphon break valve
open

|

300

200
siphon break

100 | level

1 1 1 1 13 ) 1

0 Pl 1 ]
1950 1930 1910 1880 1870 1850 1830 1IB10 1790 1770 1750

WATER LEVEL (mm)

Fig. 9 Comparison of calculated results with measured
results from experiment I

1000 | Valve V-210-24 :fully open

calculated resulis

900
. measured results
BOC
1001

600

500 |

T!ME (sec)

300 siphon break valve
open

200
siphon break
level

0 i 1
1950 1930 1910 1890 1870 1850 1830 1816 1790 1770 1750 1736
WATER LEVEL (mm)

Fig, 10 Comparison of calculated results with measured
results from experiment II

1001
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6. LELRHA4TrTL-sRoOk

6.1 ™ #

I RIGHREECWRBENSRE LLEACBLTS, FLUBBHT ALUNIICY4 7+ VB
RILE B 1 REBHKOFBBABETEE2H 472V 7T v— 2 HDOORA2SBACABH VTR
T 5,
Figg NIRRT LI I RBANZEFEOE LM EBEKEREL, S O0BAIKBI 51K
AHIKFEHIE DWW TR L. TOEREL Table 6 IK/RT, Chbhohbhrdkoic, MEDT
BHObERTHRBELEO~y ¥ —HORE 900 mm OEE O MR MK SFE LB KLERIIH L TE
HEVEEARIET, UEXY, 947+ v 7T —2ROOFRERTET H-DIK, bR
IRBHBPORERBLE LT, RABRHSBRALL S, BEHEFSRLEVMED, BAERZOD
AETHOEERRBELE I~ ¥ —HOANE WO mm ORELERENZ LA RSE2EES
Ba
RYFPENBSENOFLEORSMEBEMEL. Fig 1210Rd, BT Y- TRUTOBDE
2 OREE Ui,
1) FHEZERINLILLROEREROBMLA T HEEL T, 2HEERHKFET T
L5447 2TV -0 HD535, 1AOAHBEHET 5,

2 WFAEHAEEAKOESY (B ETI2RHRAICETS 1 RKGHVKK BAE TR E R B
DEET S, Chid, RKO220BHIZLDHBUEETH S,
a,. ENBHEIRIERELZET(ENBEHRAKMESK L, KIHETEET) DBHKDF
Hid, ADREELLOEFEDZRICL->TETTI2O0THANREEIN S,
b, HERMERBIKEBRR Y 7BBILEST 240, KBRIETT 3,

B, ¥4 74+ Y7 rv—sHOO0FE LTHEDSmm B SH A7+ ¥ T V-7 BREZED
HEREKFELVI125mm 2 TOHMAE N A - L L TEBLL BARKEALLF—4 %
Table 5 XU Fig. 8 iLRd . T T T, rated flow rate, v¥, RO v +23EHB%E
P PARERBENOAEETH S,

6.2 # L

- HWEBmm ~125mm OH A4 7 TV — I HERBELALBEO | REMKBHERICOL

TET L, UToEREE

O HEABEAKL L TIREHMKOTKHE2EIEEE3-0iIciE, OBH 60mmbl Loy 4
T4 YT V- IRDBHETH S,

@ O]125mm O¥4 72 YT v— 0 HEZRELILBE, ENEBAKEL 5, £, T
IREHKOKEPELETE2EITRET ZEBMIEINBH TS S,
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1 RBEHKRBENBEZAKL L, 6 4, s THRET IR OEEAEEREEZARAMEH TR
HHE, AEBmm DY A 74 7 Lb—HFOBEU=38cm sec THY, 125mmDH 4 7
A YTV — OB E&u= 1.5cm sec THbDH, CDXHINHMEGLEILFHE TS5 S BACOHEIT
FEE, SETRLALLOIRKNLISTH S,
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Reactor pool

A

EL+300

INANANANNNRNNNNN

8,000

ANANNNANNAA

0,125

EL-9575

EL-10425

RN

¢ 3.000

- Reactor  pressure
vessel

L
bop——— —— — ———
Reactor
core
5

\

EL-4000
Siphon break
valve
Connecting
-~ pipe
#125
Primary
|, coolant
_T\/ outlet Pipe
¢ 900 —= 3125
_____ N
| S
= ~==— £ 1.-8,500

| S |

= Q%EL-Q,UZS
EL-5475

\

\

Primary coolant
outlet pipe

(unit mm)

Fig. 12 Reactor structure schematic (vertical cross-section)
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7. LOCAICx$T2 IJMTR 1 R&EHADKE

JMTRIEEWTI, BRLWBLBELLT, BRREFPBRARENLS, HEEHRIBELEVA
BO, BRAHRETOHMEBEHMIZLB3LOCABA—RELLZBAETH, 20RELR/NBI
kB 5iw, EAOBATERERB AT, 1RENROREEXTHIC LT Lz, ENKEHE
RICTRT .

1) RITOOFRBmm DY A 747 L—2HE0OFR125mm ODbOREEL, Ei, #E
EERINZELROILHBEABR LML TABBoB—WEAKELT, Thi2 M@
HWHiTREST %2, /o, CO2fOH 4727 Lv—2fFfE, TNTHHEHERRUE
HHT+—¥VvER (F#ik) XBET5,

2 BFFEAOEHETFOES (2out of 3) kD,
© HTFE*B#EILT S,

@ H$47xTVv—rHEEBHEET S,

@ WEKBZTEZHLUVERT S, TRRF VY 72HBELL, S EHERHLE

AR y7HOREEEHEAHET 3,
@ FHHEROHMBHBBREZEZRBICOIL - THERTELD, Fr-rvEEHFZHTMET 5,

8 £ B

1) LOCABO]MTRELOBEMAEREERDBIKEHSE L TEHRELBINT — ik
BEEEAAOCTANBIRET 2R, FLOBKVBEBRTEIHIT, RBoRkiEBRrEC S
BT &x@R L.

2 LOCABICED 5 1 RKBANAKFILARERBIT LFELCOBAKBERTE 20Er28H
TEHELDOHEI-—FSBACERERK LA, IJMTRCOZ - VERREAVIRILER
kD, SBACO 1 KBHKAHRZOFEHERIHWOIX THLL LEHAL .

8y SBACKXABITOKER, BLuIBABEALL T, MEBMKERAREL S, HEGERN
BRLBEVWNED, BAEREEORMKBEFHSRELLBECBVTHFLOEKEHRFT
LZf-icid, OROMmUEDH A 74 v T v — 9 RBUBETHBCENELP T,

4 LOCAXNHLLTHAOORSMMOHY A4 727 —2HF20F126mmDbDIC
T BT L& L1,
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7. LOCAITAIMTRI1RZREHNIZOKE

JMTRIZEWTE, RLIBLEBELLT, RRENBEKENLZ, BHEEHIREGE VA
BO, BRAREEREFOMGEBHEHICLALO0OCANF—RELLBATS, TOREBLR/HEIK
ks, LRAOBTEREREIAT, 1RANROREETHICEL L, FUREAS
RICIRT o

1) RTOOEBmMmODY A 747 L—-2FA0F125mm OLDIKEFEL, Bic, B

EERINZBRL2FOILHEREZROE LA T2RBoB-WEmIHEL LT, Th%E2 M@

WHicEET 2. /2, TO2HDH 4727 L—rfiIKiR, ThENFHEEREUFHE

ERT+—€VEBER (ENEE )L DBEET S,

2 BEFFEFAOEAEKETOES (2o0ut of 3)RELD,

O BETFEA*B#HELT 3, '

@ 47+ TVv—IHEBBHALT S,

® RARACEBLDERT 40, THERAY 7HEBBIL L, EwsEHRERBLE

BipEE vy 7HOSEZHHHEET 3,
@ BHEOHBEHRBRLAZRMPTOIL-THRERTZID, F7r-VEBHFEZETMEET 5.

8. - AE

I} LOCABO JMTRELOBLHUAZBHEROBIKESHE L THBIBENT —1v#
BEGEEHOCTHRNMBITE2T &R, FLORKS#ETINET, REoBEREC &
MO EEWHA L,

2 LOCABIEZBIAZ 1 RKGHKHELHREREBET LELOEKMEERTEZL20E1 2R
TE5.00HETI-FSBACEER Lo IMTRCOZ7 - VERFZEZHVIRIEER
kb, SBACO 1 RIGHAKKREREOFEHRBEEINIETHLZ XA L 1,

3) SBACIRLAZMITOER, BOFTRUBALL T, RABRMNEALL S, WHEHH
BEbHEVHED, BAEREEOHMBENSRAE LABARBVTOFLOEKE#HE T
Zizpicid, ORBOmMmL EDH A 75 YT v— I RBUBETHITEHBEL ML E -T2,

4 LOCAXWELLTEFTOORSMmMOHYA 72 7L —2HF%20O8125mm D b DIT
BT A EE LT
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| [

ARREZEDHLHIDERUCHE, CHEFLEORLE, SRARETEERAL TORL
WIAHMHARFTNEERRERRICE(CHEEZZLE T,

Flh, ¥4 74+ 77 - 7 REOHUBRL DV TTHERA VAL VABETFE 2 BL A BHEE,
RUBAFEICODOTCHMEF VAL VARFR LY v v 7 —EFHREMFREANY K
BB LET, Hic, B3 - FSBACORIMERIZCRANVAL VLRTFHESE 2 B+ itk
K, RTHH 1 RBEEER, ROHEROERCRBLET,

2 £ X W

(1) Shure,K : WAPD -BT-24 (1961)

(2) Kutateladze, S.S. : AEC—tr—3770 (1859)

{3) General Electric Company : ENDO—12622 (1977)

@) HEBEBA I CEIEL o T " A4 — L3 (1963)
(6] HERHMP2E @ “HBHETHEE " (1979)
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AMELEDBICH LD ERTCHE, CHEEVLLE, $LAREBEAERLTOLE
WEMBARFRLEEREEARICECHEERLE T,

T, ¥4 74 YT - I NBEORBCOVTIHE RO AL VAR FFS 2 RABHEE,
RUBFFEIC OO TCHEECLLVRRFF LY« ¥ 5 —RFNLLBFHEATNS KK
BHLES. €ic, fiH - FSBACORTEERK CRN VAR ARTHE 2 BRI
K, RPFH I RRFBER, ROHEROBERCBHLET.

2 £ X W

(1) Shure,K : WAPD-BT—-24 (1961)

(2) Kutateladze, S.S. : AEC—tr—3770 (1859)

{3) General Electric Company : ENDO—12622 (1977)

@) HEBERHEA D CE{EL oS T A — L3 (1963)
6] BHEARHMFPRE | “HBHETHEE” (1979)



