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Abstract: The material used for the lower head of the advanced pressurized water reactor pressure
vessel is low-carbon steel SA508. The surface of SAS08 is easy to oxidize, which may have a signifi-
cant impact on the Critical Heat Flux (CHF) of the In-Vessel Retention (IVR) strategy, thus affecting
the safety margin of the strategy. In this study, the influence of the different degrees of surface oxida-
tion on CHF of low-carbon steel SA5S08 was first investigated through experiments. Then the CHF
enhancement effect of nanofluid was studied under the condition of surface oxidation of low-carbon
steel. It was found that the surface oxidation of low-carbon steel SA508 significantly affected the CHF
in downward-facing pool boiling. With the deepening of the oxidation degree, CHF increased rapidly and
finally reached stability. The stability value of CHF under complete surface oxidation was about two
times that under slight surface oxidation. Boiling experiments were carried out on the surface of fully
oxidized low-carbon steel in a nanofluid. It was found that the nanofluid could continue to increase the
CHF of the fully oxidized surface, but the effect was significantly reduced. The increase in CHF was

due to the water absorption ability of the surface nano-particle deposition layer. The results may
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help determine the actual safety margin of IVR and which is the effective enhancement method.

Key words: IVR (in-vessel retention) strategy; surface oxidation; nanofluids; CHF (critical heat flux)

enhancement effect

B Lk B R I R R, 5 3N
T~ AP1000 25 3% FH HE 05 % Bl ) it 83 (IVR, in-vessel
retention) 5 W& & 37 [ SRIE I 19 07 ORI H 145
ar NESEL, EHESTER SO R R e Y
o ok P HEUS J l BR E R D A5 AR T Bk R
H AP R PAE E E R T, YARE E R F
llfg L 437 % & (CHF, critical heat flux) B, 3 % BX
G ox AL A Wl I 72 S0y RSl I, 3R T ) IR 5 )
HIFE 1000 °CA A, M FEE TR beS . A
$ET+ CHF, EWNAh3 4T TIF 258, KBE
YR R AN TNz —. P2 A,
g K Uk 27 4 & R UUAFURG B, X ek TR
/Y 9 3% PE ( Kim et al., 2007; Ciloglu et al.,
2015; Kamel et al., 2018; Fang et al., 2016) ., 7E4H
RABURE B R R TR AR L /AR R A AR A 7 e 4 Joi
RSB, ML R E(HTC, heat transfer co-
efficient) #l1 CHF A # i & #2 5 (Sheikholeslami et
al., 2014; Rao et al., 2014; Sheikholeslami et al.,
2017; Christensen et al., 2019) .

SRIMT, REZEOE T 9K ARG 5% CHF 1Y AH ¢
F 5 i fift FH %) 4 3R TR o B sl B5 89, T B vy o
JE 325 Tl A 4 SR AR R RBR- Y SAS08, X J2:
—Fh Gy SE AL R, Lee etal.(2012) & HH, {RARAIE
AT TE 7K H s 15 B 2508 i — )2 Fe, O, 840 2, Bl
TR A E R, BE9R T CHF. BEFE W 9 ) 35
o, AALFREERHZ N . Mei et al.(2018) 7E L5
L SAS08 fY) CHF {i Bifi % 4 1 4 £k 117 12 7 48
T A LEH], RBA R A CHF 25 T Cuk
M, —Le22 R A, TEUshih s, (R R
ma kA Ak, B Fe,0,A1L)2, Afb)Z8ER
I, #80 CHF (Chang et al., 2017; Trojer et
al., 2018),

S IP O A BT =R AP0 i 1 T N R
CHF s ma i 5 3 /0 , A 0 BEUR A B S8 AR Bk 4K 2% 1
AN [r) R B 2R T AR AR X AT 5 CHF B 520 . itk
PSP R o e sl R L I N BT = R
AN B G OK I AR G ik CHF RN, 3% A 6 W &
S5k . T T AR Ak 2 AR 2R T v A
Fetk, e R AIE T, 94K AR 1 o
CHF MRCR g2 A As o

EEXSLA LI, ARSCE Jebbse 1R S SA508
T AE AN [R) B s I 1], 2 0 AN ] S AR A B X T
I R 00 CHF S2 00 . Ak, Sd i il A 4R
P A B B0 2 T/ K SRR AT W BB 528, 5
TRAREE O IEAT XL, RAIEDIK AR 2
S8 A A AL IRRR 9 2 THT A CHF B9 3R ACR

1 SRR

FE IVR 5B Ly, R HIKETE R A4 T
BN, A TR RS, R A RTEHRE
H, B RGERL, 76T B3k R i i
AHIFGE R T W s S0 8 T, 5 IVR 3R
SEPRAE IR AT o W I T T — A A )
TR SR R, R, EEARFE 24
TNFEE B BKAR . SISk L AR R AR B SR E R
o, KA FR AN KA RN KA L, (R 4K 2 1
I F PR AR AT , 7K 6 JES 5B i A4 fif 7K 4 +F
TEAR AN S IR B s T A% T Bk ARl 00~
90° I MBI A ELLTH, S8 BTG A RO IR
e, PRI A S 0 3 a9 A K AR SR e R
AT 1) R I 5 K AR O 150, FSETE 15°
A T 9 2R 1T AU fk 45 256 CHF 520

LS

A A

S
[eE 1]

——{ s
P NoB S S K B R

Fig. 1 Diagram of pool boiling experimental device
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Fig. 2 Diagram of the experimental head structure
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Fig.3 CHF changes with boiling time
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Fig. 4 Surface diagram of low-carbon steel after

different boiling time test
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Fig. 5 Surface contact angle at different boiling time
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Fig. 6 Comparison diagram of experimental CHF value

and formula calculated CHF value
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Fig. 7 Boiling curve of clean surface

and oxidized surface in nanofluids
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Fig. 8 Surface of low-carbon steel after nanofluids boiling
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