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Module Development for Steam Explosion Load Estimation— I. Methodology and
Sample Calculation

o]
x4
4o

o

o

—

7U

o
o

oL

223
o] alAl 7

R

2

s

b o,

o]

i

=

o A &

}

9
pad

°]-&

=

=

2 o

A 4T 9% 150
FAl A 2=l TEXAS-Vol thaf =3 aL,

171 #1381 TEXAS-V

F71 918 \A F715 8

o

% #u

- o
o=

_]

A
&

o
00

‘mvﬂo

T
o
=
Hr
Njo

B
B

T

\=)
B4

el

}\01-

ES

AzeFA 5

<

o] 20%¢] 197kgel

q4 &6=

]

e}
H

E
=

+

A7 015m¢l &&= AETF Im/so Z7|EER FAE o] 0.74%¢0 947kgel &&=l

FA Tt
1719}, 363K, 1.Im zlo]e] Wzhrel] FQJ Q1L o] ZFollA

0|

Al

1)
T2
o))
00
Bo

BN

H

A 4ol

<
R

1250

o
R84

o]

-

o

o= Ys . o

Abstract

=z -
T 7)'1

n 2] 7] wjEo]mw o]
explosion load under the integral code structure. As the first step of module development,

A methodology has been suggested to develop a module, which is able to estimate the steam



TEXAS-V, which is a one-dimensional mechanistic code for steam explosion analysis, was
selected and sample calculations were done. At this stage, the characteristics of the
TEXAS-V code was identified and the analysis capability was setup. A sensitivity study was
also performed on the uncertain code parameters such as mesh number, mesh cross—sectional
area, mixing completion condition, and triggering magnitude. The melt jet with the diameter of
0.16m and the velocity of 9m/s was poured into the water at 1 atm, 363K, and 1.1 m depth
during 0.74 sec. 197kg of melt was mixed with the water among the total of 947kg. The
explosion peak pressure, propagation speed, and conversion ratio considering the mixed melt,
were evaluated as 40MPa, 1500m/s, and 2%, respectively. The triggering magnitude did not
show any effect on the explosion strength once the explosion would be started. The explosion
violence was sensitive to the mesh number, mesh area, and mixing completion condition,
mainly because the mixture condition is dependent upon these parameters. The additional

study on these parameters needs to be done.

1. A&
MELCORE: 9A4#uds Fuin 2y 2 BHET2A AgHs dEAQ Adases
o)% olgdlel BE QARG We)e T BE ARYS BAD MY 5+ Jon By
P ONRE D BRAA BAL FAT 5 A ER o) ZuEE ATAE A8 we ANSa
8

al
A otk e AnAt shtel AmAtel e nXE %L ZARD Jth §8F
gzt st 2o AW AR dAAE A A5 ABe WA Yo B
om Felde FAS AU s TAFL Aok oFA §FER WaAFY Aol
FEFs EAH 9] el o WMo AF FF/WA, FawAl, e F7)Ewe
B7H7k oGk Aot
E8, $4E% W45 o A% F/1EW Pk wREHD ok A F4 G%Y wHo
2 QAR NTAF BATE D3k BE Abn bede WAED Qo F/1E0E A% 9
A2g7] STl 27)v%E D AAZIE e HEe A $As WA ofHeh 2
A287) VT Fe ARZFE Wl FES PAANG AF UM Fgo] A7) WEA F
BAba Gk FEmee F71%% mEe] Frb} T 37158 @] v Byd e
7] wEe Aad gAel A olE HMsE AL WS oYtk ¥
} 3



]J_

(L o

S

o
a

Al
A

A o
she}

d}
=

ol 21 GARA FUE

o

Al
% A% TEXAS-V =

= o] E ]SO
co 548

A Y 2=

}\01-

o

]

o

d}
=

7%

=

o

ol A <]

35

A} 2

]

s
R

bl 4

o

E

o

re

A
i

FATE o] Al A

o

U

)

il
el

0

wr

= wegAn. 2, A3

o

al

7

N
T Aoz gEslen ofd o

i3

ol
00
Bo

_E_ﬂ

!

ol
o
2

el

0
il
I

I

N
]

=
=

43 delH

olth. whebA

B
0

;Ov_

BjN

el
o
T

oy
X
o
)
R
A
o
xr
o
o

Hr

o
T

i
N
o
Br
B
)

o

Hr
o))
=
s}
T
Tor
B
B

o

Jo

olo

]
|

47

EIAS|

)

o

oo

N

H

%l-

4 %

]

ZI

|

=l

N
N

K

Al, #2414 odE 5

H]_]T_

T

o

ol A

d

£

o

o

Hr
Njo

—_
fi%e)

-

o
;0\_
fi%e)
»AO

j—

Q)
i

il
=
fi%e)
Tl

]
—_

imE

el

o

el

__éo

7K

3 EAE Y=s + Utk

o

B
il
—_

—_—

0

e
A
B

N
N
wK



A
]
zl
J8
o)
of
b
oft
X
24
oft
ol
&
o,
il
oo
ot
1>
s
Y
g
o
>~
>
ofo
21'4
s
I
]
2
o)
ofy

= IZ Yk AF BH A = [ — A A
Derm mo A BA) p| S2IZE SAIBHA0 0IXI= 2E B 204
(BFSTHHE DI ZAIE, A X4, 0| =)
Derm moHAE A | SO0l »as 0IXle I 20X DA
ﬁﬁﬁﬁﬁ =S 00 T (d 20,25, 23/E8S XA 55,25
Ol Kl HI & » et So1=g sg=24
RIAE 24 > IS HA2IDH
RIAE 24 > ZIIQIR AF 2 A5t &
Ml 2 Sl
v Chatal
o2 2A4 _ _ N2 AN
Som oot > ZIIQIR & 2225 HBH ZA e
TSN T
TEXAS-V ~ s
5 Euler & ata - SEE A0 A5HEHON A
(2D == = &) Ll =gtad H Ak U CHE
CE2R MMEZ2OY TET AR =
v Ml 3 Al
= p— = o DS (=13
Cratal g2ty > CHEOSE 222SHY E:*;':gminié
= =5
MELCOR 0l &2

P v I = fx131), Ppoar or I = Rx9.31), .oy Ppoa or I = Rxg )
Pﬁeak or I = f(x1,y2), Ppeak orl = f(JCz,yz), ey Ppeak or I = f(xK,yZ) (1)
Ppeak or I = f(x1,yL), Ppeak or I = f(xz,yL), N Ppeak orl = f(xK,yL)

q7IA, x, y& W4T BEE 529 €94 2o v Lagrangian HIPHS ARESte T

o7 A ol ke w: FA%L AT + A

Ax) = Bon ] 200 xew) @

Sk ) = =g iy %, 8..y) = ITi—g i+

ogy By
4

KR
=
Lagrangian ®.3b9e] @S Hebd 5 Q= o 7Hx] BIbYo] gloy whop Adeitgo] 7hs 3



pock
o
vl
o,
v
o,
o
i
o
fru
olN
N
A
i

2Es M) A v deE 230w S71%
<

TS AAE d e AR FU1ES A S Zevk dest S5 A4S 9% o
s AR A= IFCI [Young., 1987], TEXAS-V [Corradini et al., 1997], PM-ALPHA&
ESPROSE.m [Theofanous et al, 1995], #]32 TRACER-II [Park et al, 2000] %°] <At}

TEXAS-V &= &3 Fds 14 oz 43 4 gl Jdda=24 KROTOS 3 FARO 4
#[Magallon et al. 1995, 1997] £4& S 2 Btddo] AsHAom, o = ddie <t

g A A48% v vk B AFelME TEXAS-V 2=8 44 84 2=z dEse] 57

3. TEXAS-V 3=

TEXAS-V mZE=: Wz}

I 7143 A4 Eulerian® 2 A 2] 5
A= At oA &
zo F

Jo} &8EL Lagrangian

£

2R
3 SEo FENAA FAT e ddHer BAT F due Aol
Atk TEXAS-V :=e] 3ets] ] Bde §82 AE7 d4542 AFsq 5= @

i Aol = d= FHeFHe A< Rayleigh-Taylor instabilities (RTI), Kelvin-Helmholtz

instabilities (KHI), boundary layer stripping (BLS)9] A 71x delE xm#sta k. 29 194

o} o] TEXAS-VollA &= &8& AES dHoAes F2 KHIY o8, 5= AES] HF F

Lol 4= F& BLSO oA &858 AEZ 24 AF &5E A7 AP o7 AgE

A &6 E A= RTIO 98id o 242 &8 A= didn 2= idogs 2 &
%!

S 7R dAke] Fejolm @A 1 ko] FLAGO &l Ah&2 o] Azt

L)

r_{

2]

=
RTI= AR For gHol= F FATd 450 7124 mdz SE4Zdo)7F &o 4=
o

d S5=° A&dn. &5=dATF RTIO &) /A= 45 A9 A7l bva Hoz d=

D= D"(1— Co AT We'%) (4)
o714, n¥ n+le ZzZb eold ¥ tE  time  steps  UEHW, AT
7_3_'

—u, (" =)Dl (o) D T AT BAWE Wel = (p.u2D}) /o )= AFul s



g9 A KHIZ Q48 485 4% nege b How agdn.

dm
de = C()A,O m max;t max

0
T, B BT AAE(1/sec), 1B A= BRIl Hul 34 (m)eo] o).

BLSE &§% AE7 W245e 440z 458 o Hdste 57 dddd o &§%
AES HF RRAA &85 EAZ0 Fo WAL o8 ARAs} BeHe AP 14
sto] ol oa Aol Bg oz Folzth
am
de = pff27mm’r at R over region 6)
A71A, R& §8§% AES WAE 6 =0.5V4v/uy 7R)T v g AA FA, 18
u= ypexp( —y/0))E AAZFT UF HE2ZA, o714 A y= &85 HF(eading edge)el %
AZ vZEAgA 88 S0, yvas &FE 9] 54 374 (kinematic viscosity) o]tk
jet body
KHI
breakup
free particle group #2
e RT| breakup
RTI .
free particle group #1
:z‘?:’: :zg:&?. /BILbLeakup\
'C'e<
leading edge ball
BLS breakup
/
|Egtsf 7id 2 Z=WFo Aeid
TEXAS =] dAstez] Rimde Sesthel avel 449 ans add s ¥ 9
Fod Ax §§E wAAH

o]
55 o] 83l w4 E F (semi-empirical) @S o] &34 T}



(7)

m~ C 0 AR 1,(

oo E o W TR Mo XM W o oo o T
g Mo of oo g X T Ho W mo o S
¢ o+ B oo = T M g BN R
LT W BT wMow 5T
T - Ho % nw T o% o = wrm K
,MH —_— ﬂi o 1_11_ o 9 “% 1% —_— T at =
T & o © % R odo oy M ﬂuml%ml
sl m KW o - = T o o= o E B
S or kJ N o o
o oo om @ N . oy = TR
g o M ul ﬂmm N ~ W T g W
oo £ 9T _@ oy *® .mSﬂ N o— g =
~ oS gy LT o o wr #
~ J ~  — — ~N
L 54 B 9357 2ETee
: S —~ X B —_ %o
S fpaoy m%®agd
oo < i o o w2
w 1 ¥ g & o Now DRy g
Eez S SirE pfoif
o= 5 oS5 = - TR
e T L ox e X e ™ g ® o
% & T T W = o i N " % T o W
S R ) T - B )
FoEoe - B R " N
~ g v ﬁ T M Foow oy o m_. = W
ol 7 — J - N
x o = ww §5 = =0 o B X
o ah S o T = o Jm odo T O T " L K
N SER I R = S A
T il MW oo o B 9 o T o
oo No W — _T. /mm e TR K A o R A g
R, - oo @ o N W =T
oo g N 2
—_ 3 B N ~ oF
ik mm ~ S T Njo X O I ..
N BN T — &9 i THDY
B “IU_‘O 1 X0 N X A_I ;MH ) ol ol HI
N, ) S M RN o Tw o o F o ow
<= 0 oo |
0 1:.._ 1_ X ! q\_ — ¢ = .
R o d = = by o D —
» 33 kY T e L F TS
4 b2 X o T oy IR
o y W3 X Mo N e o) oo B S oo
~ Lﬁ ~ i n N N oopy do o R = N
F W o 2 . % 2 Re _mTw 4
< N B z AP T = T 5 R
=N S < SO ° & g T oM oL e ® o
o N T = W W < = T T o U

iz

E N

o

R,
f

shurol

o At

Z
SERPY
1o}

k)
hul

A2 87]
=

Rs

2

T

B} &}

S

Q

=485 =0l
[

t=d o

A A Ayker T

Aol A e
Bl

715

3k F
= =
= T

=
°©

E ARE 9

(e

o
=

AR 2350 A o]

Z71%we a9 3049 2ol

-

o

&l TEXAS-VAE=Y QaAw

ol M

A2 35l A
o

2

=

<

A3 5o A o)

ol o},

41.
)

2715 74

.]
[e]

A



o B APdNE §8EAET AARTE] vigel 2%e Aol 7|Fo
L EF 1EAR dE FAA BAE A8 dAold. weRo

B
[Magallon, et al. 1995]¢] A E=Z 7G| dist wk-&-8&7] 2 7n] 79 3u)d] T3} gholr}.

40.15F
4& m *) Fuel Injection Point
N~ =8.0m

Reactor Vessel
#13~#81 meshes
Mesh Length=0.1m

¢« Vapor(0.1MPa,373K)
Free Height=7.0m
\ / Area=7.54m2

Reactor Cavj

#2~4#12 meshes

: ‘ Mesh Length=0.1m
. Water(0.1MPa,363K)
Depth=1.1m

5 Area=7.54m2

5

+
| #1=Bounaary Cell |

Ll
o
w
1{2
)
fe
of
offt
of\
~N
B[t
e
=
o
k1

a

2 TEXAS-V Axud

E 1L 9REFE F/1B0A q3HE 95y 27

Component Property Results
Jet diameter(m) 0.15
Jet Velocity(m/s) 9.0
Melt ’I‘em.pera’tl‘ire(K) 2800.
Melting Temp.(K) 2700.
Density(kg/m”) 8000.
Specific heat(J/kgK) 565.
Pressure(MPa) 0.1
Water Temperature(K) 363
Depth(m) 1.1
. Height(m) 8
Test Section Area(m®) 7,54
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