TRR 29 4 BEJF - F A R R R 3k Hﬁﬂm
—AIERNFTE ORI

[17015]

IS HREFRREEEIC & HRF TR

Critical Heat Flux with Radiation Induced Surface Activation

M ARZFFNGIRB— D NN X2y BT T A a2 B aAng B REEZD JIIERD
Koji Okamoto #4, Shunichi Suzuki #,Nejdet Erkan P),Laishun Wang ®, Haigun Gong®,
Takayuki Saimu B , Akihito Kawashima B
A Nuclear Professional School, the University of Tokyo
B) Department of Nuclear Engineering and Management, the University of Tokyo

Abstract

The Critical Heat Flux (CHF) is very important for boiling heat transfer. Under the irradiation condition, the CHF
increases because of the surface wettability improvement. For the advanced nuclear power plant, the in-vessel melt
retention (IVMR) is one of the most important strategy to reduce the risk of severe accidents. When the melt relocation
happens, the lower plenum will be very high radiation conditions. Therefore, if the radiation affects the CHF, higher heat
removal can be assumed. To confirm the CHF characteristics under irradiation conditions, the CHF experiments had
been carried out at Takasaki Laboratory. The Co-60 gamma-ray source and Electron beam were applied to the test
section. For the electron beam irradiated surface, CHF had shown degradation for flow boiling conditions.

Also, the boiling heat transfer is widely used inside the Heat Pipe system. To confirm Heat Pipe performance under
irradiation conditions, the inner pressure measurements and heat removal tests by heat pipes after gamma-ray irradiation
had been carried out. Results show that with increasing the irradiation dose, the performance of heat pipes degrade
remarkably because of the gas generation by water radiolysis, while results also suggest the effectiveness of catalysts
setting inside the heat pipe

Keyword: Critical Heat Flux, In-Vessel Melt Retention, Radiation Induced Surface Activation, Heat pipe, Water
radiolysis

1. [FC®HIC BRE DT 2 FER R SN2, CHF 13, &8
11 HEY HPEIR & BIEDTRN Z & 28D 2o TV D, TD72D),
' ztxﬁrﬁa:r BRI 21T o 7o MR ENIC DN T

BABAT A EIC 52 5 RISADROWBETT  SEM (= ) 2 2fii% 37 7=, TSI, 30KGy, 300kGy
-, HTRE S LB %, EBEEITA b oo IR B o, T E 2 e R
Hind W HIEERATT O MONDMRLED . IgmRSh TR, ZoC . BHICL 5
RISA BV (HOH RIS BRI SRR RIC 52 e b OB (L Clae < . L2 T 2
LEBIZOWTRMNT D, ZhbDERTHEOND Mk@/ﬁﬂm CHF % L& Z & Wé LEhT,
AL Ll L. RISA Zh 3R R I 5 % % 2 \ \

WZOWTHFTT 2, £72, WIgEVEZEZIEHT5
— b T2 T, AR RISA ZhRIZ X - T,
PEEEAS BN D FTREME RIS, o4, B— hoSa
TNZOWNWTIX, BHAZMNTOKOBEIZ X 5KHE

ERROFELEET HLEND Y | RISA DE L kFE N EE A B

DDA % B ot T EMGT 5, Fig. 1 1 ?ﬁ %kCHF
== S = 4

2. RERUSBRESR 2.2 BT I A A 56 AT AR

2.1 CHF & MBEFEIFRE IR
MEEE D EBRIZ L > T, B ERE L7281 CHF

#okamoto@n.t.u-tokyo.ac.jp



[17015]

BT TR e — bS8 PR E LT BRICNER
AT HDHABEWET D720, VEOKEEA
L7 AT v L ABURGRITH L y BRI 21T JET)
FHEAVTRETI T AREZME L, BAMICI
REasNIREEE 2%, 20%DfiKEZE A LIZAT LA
BARRE 20ml) O EEICESFEZERD 1T, v %
(L0kGy/h) % FEST L, BEWNIICIHAE LT A &OHIE
AT o7 KE 2%, 20% & b2 RS E OB £E
WEREICNEIX ER/- ULz, ER ULEEDEE GEE
REEFFEANSRO-BERMEE L &L TEBY,
BARIZ B W TIIKTE - BEOBREEKISNIZE A
EEUTW RWERME SN, ZORENS, BE—
RoSA T m R T O LR, R E o8N
&L BITEBICIEEEENE T AN E D | BREVEREA
WAL T ZERBEESNIZT=D, RRE LTk
BT X B IEEHEIEN R L OSSR R MR LT,
FEETIX, Ml L THERE IR v v 2 2 EFAR

FICEE ., T2y e B LEBRoNEDOEL
ZHEGR LTz, TOME, X2 1TRT X, Adfl

BOXERNRE S RDIEENED LR TIMA B,

H&A Y v a (AefERmg 4. 0X10°m?) Z & A

L7eBROWNED FAEITFEE AR E 2700 kGy 2

xtL 15 kPa D LR ETIMAND Z & PHER I N,
70 . . .

65 © B=:M50[cm]
60 x BE#ER100[cm]
[ o B&Xvya v
55+ B & ##30[cm] v v 1
50 v AL v v
© 45
v
=, 40
E 35
i 30 Q
4 25 v o
20 v o2
15 v o -]
10 - £ x x x .
5. 7 o-H° -
0 a
0] 500 1,000 1,500 2,000 2,500
BHERITRE [Gy]

Fig 2. Effect of catalysts tor the gases generation

2.2 S b — b3 oA 7Bk

MTIRDO b — s 3o 7% W T y IR 2170 R
HoOB@EgIEE A Lo, EREEIL. HOoAoT
HIZAE—=T—, T 7 A=)V HWTWEHf, E
— ko7 E LTOKKDAST=H 7 DR S 1L
Do B M TEEIIOKAK, WERIZ 7 T A
—Jb, TR A B S, OKAKIZI 40mm S
1230mm & — hAA TRRDL X DITRE Lz, WD
BiX100m BE L L, BE— h o ZESIT. JKKIZ
LV oC-EEhrLolcLiz, AL LT, —
HZE L%, E— b3S T Lo TREAIND
HWOBERTEZFHMTIZ gk, BdakEs 5
U7, EBRIZIE 200 KOV 300mm ED B — kXA
6 AT OHWTHHARBRAI T2,

¥ 312 200mm £ & — k3o 7% T OB L &
FHEEBROFER Z R T, RV A XORME 1

SRR 28 4 B I - A St R R R RIS
—IEFEINFTE R RS

B A E— 3% = (200mm)

® -—ki1F0_200

0.035
E—hriq71_200
E—hi472_200
0.03 T & E—HiAF8_200
® E—hiAT4 200
. 0.025 * E—RiAF5_200
X L4 W E—hifF6_200
\ 0.02 T = @1 7200
g ' A ® & —frif T 00T
:HH 1 — 3 (£ — b o T 2007 1Y)
3 0.015
P
# 001
0.005 Z
0
1 10 100 1000 10000
R4 & (kGy)
Bk BT, 90006 WIK Th o7,  E—

hXA T OMERIT D BEO T < RFEE AR E TR
X KT L. 600kGy LA ETIXARME S & RIFLE D
Bk E TR L,

— 77, 300mmél/ S A 7 & U 7o Bl % B E I SRR
TIEARIHM OFEIEITH 0.02W/IK Th-o7-, M4
W K oIT, WA CIXERR IR R R R
PEREDMIRT LR, 185 KGy TARIBSIAS & [FIFEE D
Bt E TR T L,

FEEL IR A0 KGY Db — k3 FIZHONWT A
AT AT S Tof R, KR, BEREZXENEN
26vol%, 20vol% ToH V| HGF L7z — b 3og Tk
BES LA IR 2T 225 h SRR K 5 = & ISHERR
<H-. EHERBSHREKGy)

Fig 3. Heat pipe performance with irradiation (L:200mm)
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Fig. 4. Heat pipe performance with irradiation
(L:300mm)
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