3.11



ga b~ W N P

...................................................................................................................... 3.1-3
.................................................................................................................. 3.1-3
................................................................................................ 3.1-3
......................................................................................................... 3.1-15
....................................................................................................................... 3.1-79

1-1 Surry 1/A2 3.1-80

3.1-2



HPME High Pressure Melt Ejection
DCH Direct Containment Heating

PWR
DCH PWR
HPME DCH
NUREG/CR-6338
PWR HPME DCH
HPME DCH
3-1

3.1-3

HPME

DCH

3.3

DCH

2 MPa[gage]

2.0 MPaJ[gage]



5.5
FCI

MPalgage]

DCH

Ge

3.1-4

6.7

3-1

4.04MPa[gage]

FCI

8G/5Pb=0

1993

1.8



Henry-Fauske
Henry-Fauske 1 3-3
Henry-Fauske

3-3

FCI 3
FCI

2 R. E. Henry and H. K. Fauske, "The Two-Phase Critical Flow of One-Component
Mixtures in Nozzles, Orifices and Short Tubes," J. Heat Transfer, Trans. ASME, 1971.

3.1-5



FCI

MAAP Ricou-Spalding
Ricou-Spalding

MAAP Ricou-Spalding

3.1-6



FCI

MAAP

Ricou-Spalding

FCI
FCI

DCH
1 2.0MPa[gage]

2.0MPa[gage]

MAAP

3.1-7

UoO:2

ZrO2



MAAP

3.1-8




4 K. Kang, et, al,. Experimental Investigations on In-Vessel Corium Retention through

Inherent Gap Cooling Mechanisms, Journal of Nuclear Science and Technology, 2006

3.1-9



0T-T°€

3-1 DCH

1/2

Ricou-Spalding




2/2

3-1 DCH

3.1-11




BAREIAACOE T L 2 ok FRn AR

IZ B DML, 2 ERR

fEZHIETF L T A i - -

Ilri EMCIEAL FRs  MESERLY L2 5TF 4 F o 2 2RI
PE S R R -~ MBS M (R 1T IR

1R rEe N & ) 3,1 80

2 T IRA T O [ | A MRIEN G (8 3.3 DE)
EREELERLELE
WiE AL lzu-ra\‘ !_Aﬁl
W I AR S F iR~ v Fooak b s Lt
FEAE LR e @8t 2 L S e
1 -
i
B oqo b e e am s
Lk (#%9 1. 3 05RD)
1
(MPa[gage])
TP () 6. 7 850
N L CEE 4 1. 8UPa [ gage]
51
\ /Uﬂl’aigugv]
4] 1 | 1 ¥ i
0 2 1 G B 10
3-1

3.1-12



€T-TE

\4

v

A 4

\4

FCI

HPME
DCH

\ 4

A\ 4

v

A 4

A\ 4

v

v

A 4

A 4

3-2 HPME DCH

A\ 4




>

S

o

)

CRITICAL FLOW RATE G, Ibm/ft-sec X 103
Fo [+)} =]

[ ]

| | l | |

e ry nivRaiRE —

@ VAPOR
O LiQuib

SUBCOOLED LIQUID

A Popr® 214 psic

o A Pgure 314 psia
~Pgar= 314 psio o

SATURATED VAPCR

—

i o I !
0 00— - 400 600 800 1000 1200

STAGNATICN PRESSURE, B, psia

3-3 Henry-Fauske

3.1-14



4.1

10%

+10%

10%

4-1-1 4-1-8

3.3

2MPa[gage]

3.1-15




4-1-4

30ton

50% [ |

L]

50%

4-2-1 4-2-8

3.3

3.6

3.1-16




1/2

1/2

4-31 4-3-8

3.1-17




3.7MPa

Ricou-Spalding

0.87 2.05m
5.8MPa

MAAP

FCI
FCI

0.2 0.5MPa

3.1-18

1.8MPalgage]

3.7MPa

124K

2MPa



FCI

4-4-1 4-4-8

55

1 1.8MPa[gage]

3.1-19

1.8MPa




1.8MPa

FCI

MAAP

124K

FCI
FCI

0.87 2.05m

5.8MPa

0.2 0.5MPa

2MPa

2m

3.1-20



4-5-1 4-5-8

5.5

1.8MPa[gage]

3.1-21



4-6-1 4-6-8

5 JAERI-M 84-055

1984

3

MAAP

3.1-22

10

2MPa[gage]

14
14




Zr-

LOCA
75%
2
o 2
14
[k
L]
[k [] [k [ ]

[ K
[ K

3.1-23




4-7-1 4-7-8

26

4.3MPa

1 2MPa[gage]

26
1 2MPa[gage]

3.1-24



4-8-1 4-8-8

3.1-25



4-9-1 4-9-8

2MPa[gage]

3.1-26



1/10

1/10

4-10-1 4-10-8

1/10

2MPa[gage]

3.1-27



2MPa[gage]
1 2MPa[gage]

+10%

3.1-28



[] [ ]
[ Im [ ]m
L] [ ]
L] [ ]

1 2
[k [k
[ ] [ ]
[] []
[] [
4-11-1 4-11-10
67

2MPa[gage]

3.1-29

15




5.5

4.9

15

2MPa[gage]

2MPa[gage]

4-11-9
3.2
DCH
2MPa[gage]
1
1
2MPa[gage]
1 1
5.0
2MPa[gage] 5.6
0.5

3.1-30



4-11-4

4.9

5.0
5.6
0.6
1
5.5 2MPa[gage]
1
2MPa[gage] 0.5
0.6
2MPa[gage]
2MPa[gage]

0.6

3.1-31



2MPa[gage]

1 2MPa[gage]

3.1-32



L 2 X [
1) 2 X [ |
(2 2 X [ |
3 L 2 X [ |
4 L 2 X [ |
) L 2 X [ |
(6) * X [ |
() 4 X [ |
® . xo m
) L 2 X [ |
r ¢ 1 RFRBERE
(0 * X [ | X FHILFLESAFHE
L 1RFZFEN2MPaGLLTF
(1) L 2 X [ | LR ck=t 2ie ]

3 35 4 45 5 55 6 6.5 7

3.1-33



the Electric Power Research

Institute

20

15f

10r
(WPa[gage])

i‘ kq//// 2_0MPa[gage]

(hour)
4-1-1

10

(m

4-1-2

3.1-34



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-1-3

10

4-1-4

3.1-35

10



200

150

100

T

(ton)

4-1-5

1.2

1.0f

0.8r

0.4r

) .0k

L

0.0

4-1-6

3.1-36



1.2

0.8

0.6

0.4r

() 0.7

L
\_

0.0

4-1-7

50x10°

(kg)

(hour)

4-1-8

3.1-37



20

15f

10}
(MPa[gage])

Lé///// 2.0MPa[gage]

(hour)
4-2-1

10

(m

4-2-2

3.1-38



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-2-3

10

4-2-4

3.1-39

10



200

150

100

(ton) S0r

4-2-5

1.2

0.8r

0.6r

) o0k

L

0.0

(hour)
4-2-6

3.1-40



1.2

1.0r

0.6

0.4r

() 02

L
%:

0.0

(hour)
4-2-7

50x10°

8 10

(kg)

Attt bttt oA, §

(hour)

4-2-8

3.1-41



20

15f

10}
(MPa[gage])

Lé///// 2.0MPa[gage]

(hour)
4-3-1

10

(m

(hour)

4-3-2

3.1-42



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-3-3

10

4-3-4

3.1-43

10



200

150

100

(ton) 0r

4-3-5

) 0.2t

4-3-6

3.1-44



1.2

0.8

0.6

0.4r

¢ 02

L
Mooomoo------

0.0

(hour)
4-3-7

50x10°

(kg)

(hour)

4-3-8

3.1-45



20

15f

10}
(MPa[gage])

Qé///// 2.0MPa[gage]

(hour)
4-4-1

10

(m

4-4-2

3.1-46



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-4-3

10

4-4-4

3.1-47

10



200

150

100

(ton) 0r

4-4-5

) oo

4-4-6

3.1-48



1.2

0.8

0.6

0.4r

() 0.2r fmememmeeaoiao-

L

0.0

(hour)
4-4-7

50x10°

(kg)

oA Ak LA AR

8 10

(hour)

4-4-8

3.1-49



20

15f

10}
(MPa[gage])

/ 2.0MPa[gage]

8 10

o

4-5-1

10

(m

4-5-2

3.1-50



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-5-3

10

(hour)
4-5-4

3.1-51

10



200

150

100

(ton) 0r

4-5-5

) 0.2t

8 10

4-5-6

3.1-52



1.2

1.0

0.8

0.6

0.4

() 02 J
0-0 2 4 ' 8 10
4-5-7
50x10°
(kg)

AL AL |

4-5-8




20

15}

10
(MPa[gage])

| | i\ Lﬁ/zzj:////Z.OMPa[gage]

1

0 2 4 6 8 10

o

(hour)
4-6-1

10

(m

4-6-2

3.1-54



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

4-6-3

(hour)

10

4-6-4

3.1-55

10



200

150

100

(ton) 0r

4-6-5

) 0.2t

8 10

4-6-6

3.1-56



1.2

0.8

0.6

0.4r

() 02

L
L

0.0

(hour)
4-6-7

50x10°

(kg)

st e b b S AN

(hour)

4-6-8

3.1-57

8 10



20

15f

10f
(MPa[gage])

i Z(//// 2.0MPa[gage]

o

(hour)
4-7-1

10

(m

4-7-2

3.1-58



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-7-3

10

4-7-4

3.1-59

10



200

150

100

(ton) 0r

4-7-5

) oo

4-7-6

3.1-60



1.2

0.8

0.6

0.4r

() 02

L
\—

0.0

(hour)
4-7-7

50x10°

(kg)

0t A S L b NN

(hour)

4-7-8

3.1-61

8 10



20

15f

10f
(MPa[gage])

Lf///// 2.0MPa[gage]

o

(hour)
4-8-1

10

(m

4-8-2

3.1-62



(

(

)

)

500

400

300

200

100

4-8-3

2000

(hour)

10

1500

1000

500

4-8-4

3.1-63

10



200

T

150

100

(ton) 0r

o
L

4-8-5

1.2

1.0

0.8r

0.6f

0.4F

) .0

L

0.0

4-8-6

3.1-64



1.2

0.8

0.6

0.4r

() 02

L
L

0.0

(hour)
4-8-7

50x10°

(kg)

flide g
AL AR

(hour)

4-8-8

3.1-65




20

15f

10f
(MPa[gage])

kf//// 2.0MPa[gage]

L

o

(hour)
4-9-1

10

(m

4-9-2

3.1-66



(

(

)

)

500

400

300

200

100

4-9-3

2000

(hour)

10

1500

1000

500

4-9-4

3.1-67

10



200

150

100

(ton) 0r

(hour)
4-9-5

1.2

1.0

0.8r

0.4F

) 0.2t

L

0.0

(hour)
4-9-6

3.1-68



1.2

0.8

0.6

0.4r

() 02

L
L

0.0

(hour)
4-9-7

8 10

50x10°

(kg)

(hour)

4-9-8

3.1-69




20

15}

10
(MPa[gage])

k{//// 2_0MPa[gage]

1

1

6

(hour)
4-10-1

10

10

(m

4-10-2

3.1-70




(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-10-3

10

4-10-4

3.1-71

10



200

150

100

(ton) 0r

4-10-5

) g0tk

4-10-6

3.1-72



1.2

0.8

0.6

0.4

() 021

L
L

0.0

4-10-7

50x10°

(kg)

1 A MM UM

8 10

(hour)

4-10-8

3.1-73



20

15

10
(MPa[gage])

/ 2.0MPa[gage]

8 10

4-11-1

10

(m

4-11-2

3.1-74



(

(

)

)

500

400

300

200

100

2000

1500

1000

500

(hour)
4-11-3

10

4-11-4

3.1-75

10



200

150

100

T

(ton)

4-11-5

) oo

4-11-6

3.1-76



1.2

0.8

0.6

0.4r

() 0.7

L

0.0 L J .

4-11-7

50x10°

(ko)

Pal r’
MMM Ak AL

M

(hour)

4-11-8

3.1-77

8

10



300

250

200 1

150

100 [
(kg/s)

4-11-9

10

300

250
200
150

kg/
(kg S)100 |

50 -

4-11-10

3.1-78

10



HPME DCH

Ricou-Spalding

Ricou-Spalding
MPa

2MPa[gage]

3.1-79



1-1 Surry 1/ 42

BNL Surry 1/42
[1]
1
2
f Kutateladze
G f 1/(1+0.001G?)
Kutateladze 7
0.9 0.95
500K 0.4m
2.38MPa

[1] N. K. Tutu, et al.,“"Low Pressure Cutoff for Melt Dispersal from Reactor
Cavities”, Fourth Proceedings of Nuclear Thermal Hydraulics, ANS Meeting,
October 30 . November 4, 1988.

3.1-80



o B
- Fairg Boee

B Wt 19 4]
-

| e weg ar b are
—ppa i g iyt s e

I qpig s aogps o Fpnma

| (L ITrRrT.

DETAIL D

Debeds Collescion
Tank

?QQ@

KiH
-— Z66mm |0,

Ernclosure [or Fro=Heat 1|15

av /Clvl.h:r

N,~WATER, d, = 2.53mmQ
M,~WATER, d = 6.75mma
N2-WkTEFI. d,= 4T9mm+

1/42

HE-WATER. o =~ 9.53mmQ
HE<WATER, d,= 8.75mm v
HE-WATER, dn ® 4T78mm X

1.00
S gy, ©
B AR
v d By &
58 e + Ox
39 e Vepd %
%> [~ +
I + [ ] <
9k + B
=% 80|
g5 a
wl -
58 .
Z3 40f
2a “
23 B
g % 20f- M WOODS METAL (WM) ® WM = N, dos 8.75mm
- = N, dy=9.53mm V¥ WM - Hellum, dye 8.75mm
i AWM - "t' dp= 4.78mm
0.00 1 ! L | : [ : I '
1.5 8.5 1S 185 215 26.5

Ny (;?E)“""

Kutateladze

3.1-81





