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Abstract - EU-APR1400, the Korean nuclear reactor design for European market adopts a so-called core catcher
for ex-vessel molten corium retention and cooling as a severe-accident mitigation system. Sacrificial material,
which controls melt properties and modifies melt conditions favorable for corium cooling and retention, is usually
employed to protect core catcher body from molten corium. Since molten corium can be ejected through a
breach of a reactor pressure vessel and impinged on the sacrificial material with enhanced heat transfer at a
severe accident, it is very important to predict ablation rate of sacrificial material due to corium jet impingement
accurately for core catcher design. In this paper, sacrificial-material ablation model based on boundary layer
theory is suggested and compared with the experimental results by KAERI.

Key words : EU-APR1400, Severe Accident, Core Catcher, Sacrificial Material, Liquid Phase Burning

1. A & Ak B S 97 SiAkaL giAARIE 710 &

s15) qkAEel F7ha o Ax|slelof sjm, o)

S9xd AES 98 AEEn 9= 3t A9 core catchergl EEl= =9 =4EGE
EU-APR1400-> 3 92H AR8AF a0 we} & YA E 7 Foloh FHALL A, 2 AE =418
Tee BehaA WA =] =88 i

"To whom corresponding should be addressed. }:jo]Q] TERAAY B S A7) ‘?4’3]'04
Central Research Institute, Korea Hydro & Nuclear Power Co., i/&]%%%jﬂr 7&;:‘1—{5].01 o o Ag/\é 3o =
P ol ARAE WA e AAg T F

Tel : 042-870-5722 E-mail : jssuh@khnp.co.kr



22 Sk

olck

ZtiAtaL Al AR 87071 S A ICT cable
o] YRR UlF-ele] Ado] oA cabled 77t 7MY
g e AR SRR = 8850 jetH
2 Y3 7|E T3 9 stagnation point flow2] &
o}

o] GHiete] Fxive] sAEAe] 4] vl

u%l-,ﬂ_za] Z’: olow 3] Ag%;d
(s} ;g&'%‘ﬁg] quﬂ-ti} o:]] =0 1—9,] 1_/\1%.8.‘3 1@71—/\—1
Hlo] AAo A w-¢- F 88t} o] =EolA= 719

= OolES Ee R AEFE jetol] 93t A
o] AARPL Foleti KAERIOW ?f‘sﬂﬂ !

2-1 %g]z% EEU

A S8 jorrh SRS FESAA WA

= 3 stagnation point flow2] FEI= crust2] A
ool ik (a)9t (b)2] 27H4 FEE YERA &
o, 1 Fel= Fig. 13} 2ok F A4S 25 3sd

oA sl 7]7]' w4 5= jetot &84 3
BEd AbolollM S5 FAIgRE 7HES viEew
gtk

2-2 Governing equations
22-1 €85 crust7h AAHA F& 4$

=4l 88w jetol 88 EH Abolol] Rt

Mo Jet

i )
Tiz)! HDI-UI.,._:\ =z rn-+

1 1
- ...t_‘ "j

T

i SHM
i Lo
T, Ya h Iy V.
Wel Poroue Sacoificsal Baelorsd (S0

*

Ya

ial

ou ou
u ot
ar 0z
2
2]
__LaiP_an 1 ou % U (1)
py or or roor 8%
Ju n 0wy (2)

ar r 0z

oT aT 9:T 18T 8T

NN IR )
or T or 8z

ar Bz

SAEE EW(z=0) X 75719 i A
s F-E(z=5)12] AAzAR %ﬂWfﬂ =4
o thea) gk

at z=20: u=0,w=jg, T= Tmp,sm (4)
atz=0:u=0,w=0, T=1T, (5)
atr=0: u=0 6)
atr=0,2=0: P=P,=F, (7)

T
kg(g)zzo + EU( ]—;4_ ﬂtp,sm)

[h’fs sm + Csm( ]—an‘,sm - TO) ] psmvm (8)
hj(Tj—TTi)
_ . [9L 4
- q( 92 )3:6+EU(T4 fZ—'m,p sm) (9)
o] x50 Fhew A8 Hed xrow
BMEA TN #5719 £%E9} potential

flowE ©]-83F jet impingement zoneolA1] SF&E=

it

18 ,
“ll H{:Hul_'_ﬁ "‘il r,_._ = U .:-

T _.Li "'“! j i i_. gy

T, V. b S
Wed Pormss Secrifficis Watens [ SN}
Yo
b)

Fig. 1. Schematic diagram of molten oxidic jet impingement on melting sacrificial material (a) no jet material crust

formation and (b) jet material crust formation
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Table 1. Material properties of sacrificial material
Parameters BE] 28D real size

com (J kg'K) 1015.26 | 1015.26 1015
hrsm (7 kg?) 7.55x10° | 7.55x10° | 7.55x10°

Tupsm (K) 1883.15 | 1883.15 1880

T, (K) 284.15 291.15 290

Y, 0.025 0.025 0.025

Psm (kgm™) 2800 2800 2800

Table 2. Material properties of molten corium jet
Parameters A8l Ash real size

¢ (J kg'K™h 818 818 591

d; (m) 2.57x107 | 2.46x107 0.5

fo 0.005 0.005 0.005

Tipj (K) 2963.15 2963.15 2500

T; (k) 3074.46 3048.15 2800

U; (ms™) 6.91 6.91 12.5

e 1.0 1.0 1.0

p (kgm™) 4700 4700 6960

Table 3. Material properties of steam vapor

Parameters Value
c. (J kg''KN 2200
ke (Wm'K™") 0.175

M, kg(kgmole)' 18.0
Pr, 0.92
ue (kg m's! 7.32x10°
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Table 4. Sacificial material ablation results

A2 E(mms”! AEl] As2 real size
SAA 0.752 0.989 -
A 0.931 0.850 0.513

23} (%) 23.8 14.1 -
Crust 243 O O x

Material

Fig. 2. Schematic diagram of corium jet impingement
experiment
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Fig. 3. Jet diameter-jet velocity curves below which
corium jet material crust formation occurs
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Fig. 4. SM ablation rate versus corium jet diameter:
Ui=12.5 m/s, Tj=2800K, Tmpj=2500K
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