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P=0.1-19MPa
V=0.01-25m/s
D=1-38mm
L/D=7.7-792
Tsub=0-210C
g=0.03-21MW/m?

CHF

Thompson,B. ,AEEW-R3
56(1964)

P=3-9MPa
V=0.6-4.3m/s
D=10mm
L/D=200-800
Tsub=10-100C
q=0.33-2.1MW/m?

CHF

Wurtz,J.,R1S0,No.37
2(1978)

Freonl2

P0.57-1.1=MPa
V=0.3-1.7m/s
D=7.7-9.7mm
L/D=57-310
Tsub=12-33C
0=0.05-0. 25MW/m?

CHF

Barnett,P.G.,AEEW-R
443(1965)

Freonl2

P=1.1MPa
V=1.7-3.3m/s
D=5.3-16.1mm
L/D=28-337
Tsub=0.1-33.2C
q=0.02-0.3MW/m?

CHF

Stevens,G.F. ,AEEW-R
321(1964)

Freon2l

P=0.7-1.4MPa
V=0.38-2.1m/s
D=6.7-16.1mm
L/D=76-320
Tsub=0.05-0.70C
0=0.06-0.47MW/m?

CHF

Barnett,P.G.,AEEW-R
443(1965)

Chopped Cosine

P=3.8-12.5MPa
V=0.84-0.61m/s
D=9.5-15.9mm
L/D=63-386
Tsub=7.1-10.8C
q=0.96-3.3MW/m?

CHF

Lee,D.H. ,AEEW-R355(
1965) , AEEW-R479(196
6) , AEEW-R477(1966)

Chopped Cosine

P=6.9MPa
V=3.5-13.0m/s
D=10.2mm
L/D=480
Tsub=11-126C
q=1.4-3.2MW/m?

CHF

Casterline,J.E.,Col
umbia
Univ.,TID-21031(196

4)

Chopped Cosine/Outlet Peak

P=8.4-14.7MPa
V=0.73-5.0m/s
D=11.6-17.1mm
L/D=77-102
Tsub=0-259C
g=0.55-4.8MW/m?

CHF

Biancone,F. ,EUR2490
e(1965)




P=0.28-6.9MPa CHF Bennet,A.W. ,AERE-R5
V=0.32-3.6m/s 076(1966)
Cold Patch D=9.3-12.6mm
L/D=262-338
Tsub=7.0-55C
g=0.59-1.7MW/m?
P=4_1-13.8MPa CHF DeBortoli,R.,A.,WAP
V=0.04-10.4m/s D-188(1958)
Dh=2_4-4.7mm
L/Dh=32.7-242.3
Tsub=3.9-328.9C
q=0.13-6.2MW/m?
P=6.9-7.3MPa CHF Tipperts,F.T.,ASME
V=0.33-2.6m/s Paper 62WA162(1962)
Dh=11.4-20.5mm
L/D=45.8-82.8
Tsub=6.9-111.7C
g=1.5-3.2MW/m?
P=6.8-13.9MPa CHF Swenson,H.S. ,Babcoc
V=0.9-7.7m/s k&Wilcox,BAW-3238(1
Inlet/Outlet Peak D=11.3mm 964)
L/D=161.4
Tsub=4.8-173C
q=0.52-2.8MW/m?
Test fluid - Water K- z CHF S. El-genk, Int. J.
Flow direction - Upward + 0.2% Biasi | Heat Mass Transfer.
P-0.118MPa CHEFE 1.9% et Vol.31, No. 11,
Tinz 44 to75K 8% al.(1967),Macbeth( | PpP.2291-2304(1988)
(182 to 312kJ/kg) X 5% 1963),Bernath(196
500mm W:z0 to 260 kg/(rhs) 0),Block and
12.7mm X110 48% Wallis(1978)
20,21.8,25.4mm CHF correlation
Test fluid - Water CA CHF T. Schoesse,J. of
Flow direction - Upward T(TypeCA)z =+ Nucl. Sci. and Tech.,
P:-0.128MPa 0.5K Rogers(1982),El-Ge | Vol.34,No
Tinz7 to52K W + nk(1988) CHE | 6,p559-570(1997)
W20 to 280 kg/(rts) 2% correlation
1000mm q 1%
10mm
22mm
Test fluid = Water T(TypeK) + CHF Hong Chae Kim,
Flow direction = Upward 1.6K CHF Nucl. Eng. And Des.,
P-0.106 to 0.951MPa P * 1kPa :513 Shah(1987),Baek(1 | Vol 199, 49-73 (2000)
300 to 1770mm A hin =50 to 654kJ/kg W+ 2% 997),Katto(1984)
6,8,10,12mm W20 to 277 kg/(rks) q +5% CHF correlation
X:32.310125.1%
CpnF 2108 to 1598 KW/rA
Test fluid = Refrigerant-12 CHF G. P. Celata, Proc. of
Flow direction - Upward Transient
P - 3.5Mpa(Max) Phenomena in
2330mm W 1800 kg/(rds)(Max) Multiphase

7.5mm

flow,Dubrovnik,1987




Test fluidz R113 T(type CA) CHF
Flow direction - Upward B,47-423,p2191-2198
P:-0.318MPa (1981)
1500mm W =350 to 1700 kg/(rfs)
10mm Xinz 0.178 or —0.325
Xexit=0.2 t0 0.9
q -400 to 1800 kW/ih
Test fluid:- R-134a CHF I.L. Pioro,Int. J. of
Flow direction - Upward CHF | Heat and Mass
P -0.96 to 2.39MPa Trans., 45,4417-4433
450 to 2000mm W =500 to 3000 kg/(rfs) (2002)
6.92mm Kexit = -5 10 95%
Test fluid = R115 001 K CHF
Flow direction - Upward Katto(1984) B,62-597,1898-1905(
P:-1.5to 2.9MPa 1996)
250,1000,3000mm W 1090 to 6540 kg/(ras)
5mm A hinz-30 to 60kJ/kg
6 14.8mm R-113 0.1MPa CHF CHF 60
115mm CHF 570 P545
CHF | 551 6
Test fluid = water @ 0.5 CHF
(50mmx 2.25mm) Flow direction : Upward and B,55-517,2809-2813(
Downward 1989)
750mm P:0.1MPa
W : Upward:0 to 300 kg/(ts)
Downward = 15 to 1000 kg/(rfs)
Tin-4 to78K
Test fluid = R-12 CHF
Flow direction = Upward B,53-495,3363-3369(
P:1.47MPa 1987)
250 to 6400mm A hinz-35 to 32kJ/kg
3,5.8mm W =510 to 6055 kg/(rfs)
Test fluid - Water CHF D.C.
Flow direction - Upward Groeneveld,Nucl.
P:-0.1 to 20MPa 29,005 Eng. and
length/diameter = 80 to 2485 A hinz-1211 to 2711kJ/kg Des.,163,1-23 (1996)
P=3.9 - 11 Mpa CHF Lee, AEEW-R309,
9.7 mm W=1017 - 4068 kg/m2s (1963)
1.8 m A Hin=0 - 582 kJ/kg
P=6.9 Mpa CHF Lee, AEEW-R355,
9.5 - 11.8 mm W=2034 - 4068 kg/m2s (1965)
0.9 -3.7m A Hin=23 - 465 kJ/kg




P=3.9 - 19 Mpa CHF CHF Thompson, AEEW-R356,
2 - 38 mm W=30 - 10600 kg/m2s (1964)
0.1 -3.7m A Hin=12 - 648 kJ/kg
P=6.9 Mpa CHF CHF Dell,AERE-M2216,
6.2 mm W=1356 - 2712 kg/m2s 1969
0.9 - 5.5m A Hin=93 - 365 kJ/kg
P=3.5, 6.9 Mpa CHF Moeck, AECL-3656,
20 mm W=300 - 3000 kg/m2s (1970)
24 mm Xin=-0.2 - 0.5
P=7.0 Mpa CHF CHF Wurtz, Riso Rep. No.
10 mm W=500 - 3000 kg/m2s 372, (1978)
2.0 - 8.0m A Hin=53 - 476 kJ/kg
P=6.9 Mpa CHF Barnett, AEEW-R463,
9.5 - 96.5 mm W=680 - 2710 kg/m2s (1966)
14.1 - 102 mm A Hin=23 - 84 kJ/kg
P=6.9 Mpa CHF CHF Bennet, AERE-R5055,
12.6 mm W=689 - 2712 kg/m2s (1965)
1.8 -5.6m A Hin=21 - 542 kJ/kg
P=6.9 Mpa CHF Bennet, AERE-R5072,
12.6 mm W=1356 - 2712 kg/m2s (1965)
0.9 -3.7m Xin=-0.2 - 0.4
P=6.9 Mpa CHF Bennet, AERE-R5373,
12.6 mm W=407 - 5153 kg/m2s (1967)
5.6 m A Hin=47 - 163 kJ/kg

(2.5x25.4mm)
100%

P=13.8MPa
G=510-2700kg/m2s

WAPD-188(Table26)

10mm
R-113

65 165kg/h
0.7 0.95
0.3 MPa
8x 104 kcal/h

CHF

44 377
P191 199 53

(2.5x25.4mm)
100%

P=13.8MPa
G=510-2700kg/m2s

WAPD-188(Table26)

10mm
R-113

65 165kg/h
0.7 0.95
0.3 MPa
8x 104 kcal/h

CHF

44 377
P191 199 53




15mm 58
610mm CHF 548 P1234
R-113 0.1MPa 1239 4
6 14.8mm 113 0.1MPa 18 CHF B
243m 300kg/m2s qcr = (3.7 26)x 104 W/m2 CHF 64 624 P2578
2585 10
34 & R-113 0.1MPa CHF CCFL B 68
36mm 26 35mm 675 P3152
0.5 10mm 3160 11
20 mmwide x 10 mm high 50°C Proc. of 4th
x 830 mm long. SUSD.2 thickx | G = 169 ~ 4220 kg/m’s  Ug = 0 ~ 19 CHF JSME-KSME
5 wide x 40 mm long m's qw =~ 7.0x10°kW/m* flow state: Thermal Eng. Conf.,
disp ersed-annular flow~ aslug flow. Vol. 1, P1-445 229,
Oct., 2000
10mm 65 165kg/h
R-113 0.7 0.95 44 377
0.3 MPa P191 199 53
8x 10* kcal/h
D = 34, R-113 0.1 0.2MPa G 2001
36, and 46 0.5, 1.0, 2.0,5.0 | =102 ~ 103 kg/m2s CHF ASME International
and 10.0 Mechanical
Engineering
Congress, and
Exposition, Heat
Transfer Div.,
CD-ROM,
IMECE2001/HTD-24
219, Nov.,, 2001
20w  10H mm, 660 mm Glass beads of 0.6 mm 10th
long SUS 0.2t 5W | diameter 2,700 kg/m3 CHF International
40L mm Subcooling= 40 C Water mass flux: Conference on
170 6,700 kg/m2s, Heat fluxz 0 Nuclear Engineering
8.0 103 kW/m2 Volumetric CD-ROM,
introduction ratio of the particles : ICONE10-22470,
up to 28%. Aprilo, 2002
20 mm wide 10 mm high 6th
830mm long SUS0.2 mmt | 50K water mass flux of 170 ~ 3400 CHF ASME/JSME
5mmw 40 mm long kg/m2s heat flux of 0 — 8.0 103 Thermal

kW/m2.

Engineering Joint
Conference-AJTEC2
003, CD-ROM 319,
Mar., 2003




Outer pipe (heated R-113 0.1MPa 11th
test section):- copper pipes, 1.D. 40 International
or 41 mm, Heating length 204 mm CHF Conference on
Inner pipe: glass pipes (non-heated) CCFL Nuclear
or copper pipes (heated), O.D. 30, Engineering,
36, 38 or 40 mm Clearance o : CD-ROM,
0.5, 1.0, 2.0 and 5.0 mm ICONE11-36226,
April, 2003
Outer pipe (heated 0.1MPa 40
test section): copper pipes, 1.D. 40 \ol.
or 41 mm, Heating length 204 mm CHF P131 132 15
CCFL 5

Inner pipe: glass pipes (non-heated)
or copper pipes (heated), O.D. 30,
36, 38 or 40 mm  Clearance & :
0.5, 1.0, 2.0, 5.0, 10 mm and no
inner pipe.




3 19 P=6.9 - 13.8Mpa Macbeth, AEEW-R358,
W=680 - 5420kg/m2s (1964)
A Hin=60 - 700 kJ/kg
235 | P:z1.3tol7MPa 11077 EPRI
G - 54t06050kg/(m  s) 1% q” vol.2 NP-2609(1982)Vol1
A hinz7t01140kJ/kg 3
q”:0.22t03.94MW/ h
P=7 MPa 67
12.3mm G=400 to 1500 kg/nrs 1.5% 654 ,B
:16.2 mm Hsub=50 kJ/kg 2001 2 ,
3708 mm 269
X P -600 1400psia 3psi GEAP-5616 1968
G:0.3 1.25Mlb/h ft2 1.5%
4Btu/Ib
1%
X P -800,1000psia GEAP-10221-12
G:-0.25 1.0Mlb/h ft2 1972
Hsub:23 250Btu/Ib
BWR 8x 8 P=5.5 - 8.6 Mpa
W=267 - 2055 kg/m2s OECD/NEA Vol .40, No.10
A Hin=25 - 126 kJ/kg (1998)
BWR 9x 9 P=5.5 - 8.6 Mpa
W=300 - 1950 kg/m2s Vol.1, No.4
A Hin=25 - 126 kJ/kg (2002)
BWR P=7MPa, POST-BT
W=1400-500kg/m2
Hsub=50 kJ/kg 1.5% V0.59,No.565(1993),
p.2715
BWR,PWR 4x 4 BWR, PWR 0.5mm o.d. 150Hz Iguchi
P: 2-18MPa JAERI-Research
(2001)2001-013,
(2001)2001-060
PWR P=4.9-16.6MPa NUPEC
(5% 5 6x 6) G=1000-5000kg/m?s ,\0l.36,No.1 (1994)
Ahin=125-800kJ/kg
PWR P=4.9-16.6MPa NUPEC
(5% 5 6% 6) G=1000-5000kg/m?s ,v0l.36,No.1 (1994)
Ahin=125-800kJ/kg
PWR (4x 4) P=10.4-16.5MPa Hill, K.W.,
65% G=2030-4750kg/m2s ASME 74-WA/HT-54

EPRI,
NP-2609(test150,152

)




PWR  (4x 4)
20%

P=10.4-16.5MPa
G=2030-4750kg/m2s

Hill, K.W.,,
ASME 74-WA/HT-54
EPRI,
NP-2609(test149)

d=7.94mm p=1.3,1.7mm

PWR (4% 4) P=10.3-16.9MPa Hill, K. W, ASME
G=1900-4750kg/m2s 75-WA/HT-77
85% Nagino, Y.,J. of Nucl.
Sci. and Tech., 15[8],
568-573 (1978)
Nagino, Y.,J. of Nucl.
Sci. and Tech., 15[12],
943-945
(1978)EPRI,NP-2609(t
est167,168,169)
PWR (5% 5 ) P=10.4-16.5MPa Markowski, E.S.,.
50% | G=1900-4750kg/m2s ASME 77-HT-91
EPRI,
NP-2609(test65,67,69)
P=7.2 MPa, ,
W=1400-284 kg/m2 \Vol.1,N0.3(2002),282
Hsub=50 kJ/kg 1.5%
4 7 P=1 3.9MPa
G=460 4270kg/cm2/s JAERI-M 90-044
(10ms)
4 7 P=4 15.8MPa JAERI-M 91-055
G=470 3830kg /cm2/s
7 P=15.5MPa
G=1000 4400 kg /cm2/s JAERI-Research
91-055
7 P=0.98 8.51 MPa
G=0 2515 kg /cm2/s Nucl. Technol., 143,1
R113 0.254mm Chan
X in-line ASME J.of Heat
d=19.05mm Transfer Vol.109
p=23.8mm(Vertical) (1987)752-760
31.75(horizontal)
R12 0.5mm o.d. Cumo
X staggered P - 7.85bar Nuclear Tech.,
d=13.6mm p/d=1.25 G : 50-500kg/ms Vol.49(1980)
1=24mm xz 0-0.3 337-346
R113 Leroux
5x 27 in-line P:-1.5,5bar ASME J.of Heat
G - 50-500kg/ms Transfer Vol.114

(1992)179-184




d=19.1mm p/d=1.5
3x 16 in-line

R113

G : 132-560kg/rs
Re: 4886- 20729
Subcooling = 0-6

Yao

Int. J. of Heat and
Mass Transfer
Vol.32N0.1(1989)
95-103

X staggered R12 P:- 7.85bar 0.5mm o.d. Cumo, Nuclear Tech.,

d=13.6mm p/d=1.25 Gz 50-500kg/rAs Vol1.49(1980)

1I=24mm xz 0-0.3 337-346

R12 0.5mm o.d. Cumo
X staggered P:- 7.85bar Nuclear Tech.,

d=13.6mm p/d=1.25 G- 50-500kg/ms Vol.49(1980)

1I=24mm x> 0-0.3 337-346

241  kettle reboiler R113 Shuller

inline First U.K National

d=19.05mm, p=25.4mm

q” - 10-100kw/rh

Conference on Heat
Transfer, No.86,
\Vol.2(1984)795-805

241  kettle reboiler
inline
d=19.05mm, p=25.4mm

R113

q” - 10-100kw/rh

Shuller

First U.K National
Conference on Heat
Transfer, No.86,
Vol.2(1984)795-805




D = 34, R-113 0.1 0.2MPa G 2001 ASME
36, and 46 0.5, 1.0, 2.0, 5.0 | =102 ~ 103 kg/m2s International Mechanical
and 10.0 Engineering Congress, and
Exposition, Heat Transfer
Div.,, CD-ROM,
IMECE2001/HTD-24219,
Nov., 2001
P=7.6, 13.8MPa Sher,N.C.,
2.5x25.4mm G=1000-6800kg/m2s Chem. Engr. Prog. Symp.
1.3x25.4mm) Series, Nucl. Engr., Part VI,
Vol.55, No.23 (1959)
P=13.8MPa WAPD-TH-437 (1961)
(De=5.1mm) G=950-2700kg/m2s
no void - bulk boiling
P=13.8MPa WAPD-AD-TH-502 (1959)
(De=8.8mm) G=400 - 700 kg/m2s
local — bulk boiling
P=13.8MPa UCLA, COO0-24 (1951)
(De=5.4mm) G=1300 - 2600kg/m2s
P=11.0MPa WAPD-TH-410 (1958)
(De=4.5mm) G=430 — 5100kg/m2s
P=0.1-0.6MPa Int_J.Multiphase
JG=10-50m/s Flow,24(4),587-603(1998)
JL=0.04-0.3m/s
D=9.5-31.8mm
dp/dz=1-30kPa/m
1.5cm, 460cm — CISE-R-184(1971)
( 1.5cm, P=71 kg/cm2
:1.7cm, :320cm) G=110 to 380g/cm2/s
( 1.0cm, X=-0,3 t0 0,.8
:1.5cm, :80 and 120 cm)
79mm — CISE-NT76.067(1976)
P=45 bars
G=90 to 360 kg/m2/s
X=-0.04 to 0.47
32mm — CEGB R/W/R 172(1973)
P=110 to 187 bars
G=380 to 3500 kg/m2/s
X=-0.05 to 0.70
9.2mm — CISE-R185(1967)

P=71 bars
G=1100 to 3800 kg/m2/s
X=-0.1 to 0.6




15.2 to 24.9mm

P=50 bars
G=1100 to 3800 kg/m2/s
X=-0.05 to 0.6

CISE-R1861963)

15mm — CISE-R1221964)
P=67 bars
G=1100 to 3800 kg/m2/s
X=-0.1 to 0.6
56 532
210mm P3750 3755
30.5m Ug0 55m/s UIO 4m/s




19rod cluster( I7.7mm)

P=45 bars
G=220 to 690 kg/m2/s
X=-0.04 to 0.2

CISE-NT76.067(1976)

19rod cluster( 27.7mm)

P=51 to 71 bars
G=800 to 3000 kg/m2/s
X=-0.025 to 0.6

CISE-R339(1976)

BWR

P=7Mpa, W=1400,833kg/m2
X=5,10,15,20 %

vol38,No.9,PP771(1996)

P=7.2 MPa,
W=1400-284 kg/m2
Hsub=50 kJ/kg
X=0 to 25%

2 3 301(2003

36

P=0.1MPa
Re=2000 100000

JAERI-M 91-055

BWR 8x 8

P=0.1, 1,0, 7.2, 8.6 Mpa
W=267 - 2055 kg/m2s
X=0 - 0.25

I+

Vol .40, No.10 (1998)

BWR 9% 9

P=0.1, 1,0, 7.2, 8.6 Mpa
W=300 - 2100 kg/m2s
X=0 - 0.25

I+

Vol .1,

No.4 (2002)




R113
AT4=0,10,20,30K
100mm; $20 (Cu)

20mm

5%

B
Vol.58 N0.547,P845(1992
)

R113
AT44=0,10,20,30K
D=8, 16, 30, 50.8 mm SUS

8%

B
Vol.58,N0.547,P845(1992
)

=0.1 0.6kg/ms B
#320 50x 230 mm 10% Vol.64,N0.624,P2547(199
8)
P=0.1MPa Ohtake et a., Proc. 4th
u=0 10m/s AT4=10,20,30K JSME-KSME ~ Thermd|
L =110mm; ¢50 10% Eng. Conf, Vol. 2
P361(2000)
R-113 Breen-Westwater, Chem.

D=6.35, 7.95 127, 17.1, 213, 421,
48.1mm(SUS)

Eng. Prog.Vol.58, No.7,
P67(1962)

u=1-45m/s ATgp=22-72K
L =200mm(Cu)

Wang, B.-X. and Shi,
D.-H., , | nt. J. Heat Mas
Transf., Vol. 28, No. 8,
P1499(1985).

u=0.27 0.85m/s ATqp,=9 38K
L =110mm

B
Vol.62,N0.594,P734(1996
)

u=0.61 4.11m/s ATgp=7.2, 15.6K
L =183mm

Greitzer, E. M. and
Abernathy, F. H., | nt.
Heat Mass Transf., Vol.
15, No. 2, P475(1972).

#2000 # 80
15% 15% 60 mm(Cu)

Ohtake et a., The 6th
ASME-J SME Thermd
E ngineering Jaing
Conferenc g,

TED-AJ 03-319, (2003).

R-113

Haramura, ASME/J SMH

#400 #80 Termal Engineering Proc .
$63.5% 15.2 (Cu) Vol. 2, P59, (1991).
PWR P=9.8-16.6 MPa NUPEC ,
(5%5) G=1390-4170kg/m2s 2002
, 14
P=16.8 — 21.5 MPa Bishop, A.A,,
(2.5,5.1mm) ASME 65-HT-31
*R113 R. S. Dougall & W. M.
1 2 P=0.1MPa Rohsenow,
10.4mm, 4.6mm 1 [ 1 MIT-TR-9079-26(1963)
381mm W= 580-1109kg/m’s(  10.4mm),X<0.1
2) 450-540kg/m?s( 10.4mm),X<0.5
13.0mm 2) [ ]
229 W=897kg/m?s( 10.4mm)




1)
12.3mm
2m
22mm

2) X5
12.3mm
3.7m

1
P=3MPa
W= 110-310kg/m?s,0<X<0.9

2) X5
P=3-12MPa
W= 21-780kg/m?s,0<X<0.9

Y. Koizumi, et al.,

3rd Int. Topl. Mtg. on nuclear
Reactor Thermal -
Hydraulics

(1985)

1) (( 2.5-22mm) POST-BT D.C. Groeneveld, ,U. S.
: 1 Atomic Energy
P=6.8-21.5MPa Commission(1973)
2) W= 700-5300kg/m?s,0.1<X<0.9
: 2)
W= 800-4100kg/m?s,0.1<X<0.9
8X8 1 D. G. Morris, et al.,
[PWR17X17 ] P=4-13MPa Nuclear
W= 40-800kg/m’s Technology, 69(1985)
0.15< g<1.40
2) ( )
P=5-12MPa
W= 145-1100kg/m’s( 10. 4mm)
0.15< g<1.50
1 1 Y. Koizumi, et al.,
12_3mm P=3MPa 3rd Int. Topl. Mig. on nuclear
2m W= 110-310kg/m?s,0<X<0.9 Reactor Thermal -
22mm 2) X5 Hydraul ics(1985)
P=3-12MPa
2) X5 W= 21-780kg/m?s,0<X<0.9
12.3mm
3.7m
Outer pipe (heated R-113 0.1MPa 11th

test section) = copper pipes, 1.D. 40
or 41 mm, Heating length 204
mm Inner pipe: glass pipes
(non-heated) or copper pipes
(heated), O.D. 30, 36, 38 or 40 mm
Clearance 6 - 0.5, 1.0, 2.0 and 5.0
mm

International
Conference on Nuclear
Engineering,

CD-ROM,
ICONE11-36226, April,
2003

L 15.9mm, 2.9mm]
[ 31.5mm]
I, : Na

P=7, 10, 12, 15MPa
W= 720, 1400, 2400, 3200kg/ms

C. M. Gerge & D. M.
France, Nuclear
Engineering and
Design (1991)




10mm 65 165kg/h 0.7 0.95 45 395
R-113 0.3 MPa 8x 104 kcal/h 395 P1021
1028 54
50mm Cu Brass B 64
230mm 25mm 0.096 0.638kg/ms 624  p457 2555
10
50mm Cu Brass B 64
230mm 25mm 0.096 0.638kg/ms 624  p457 2555
10
1.3 103 Li, X., International
—104°C +0.5°C Journal of Heat and
8.1mm 2 9um CED Mass Transfer, Vol. 46,
25mm 7,500 22,500 6.3 12.6% 2003, pp. 2279 -2290.
22.5mm

+20%




1) POST-BT Y. Koizumi, et al., J.
2)5X5 1 Nuclear Science and
P=3.0MPa Technology, vol.25,
W= 100-310kg/m?’s,0.4<X<1.0 NO.1(1988)
Tw-Tsat=25-420
2)5X5
P=3.0-12.0MPa
W= 115-600kg/m?s,0.75<X<1.0
Tw-Tsat=25-325
3X3 P=105-120kPa T. Kuzla, te al,
W= 0.1-26kg/m?s,0.75<X<1.0 NUREG/CR-5095(
A Tsub=40-0.4
q=5-43kW/m?
BWR9x9 NUPEC
5.5 8.6Mpa BWR
300 1650kg/m2s (TRAC ) Vol .1,No.4,P384(200
50kJ/kg 2)
BWR9x9
5.5 8.6Mpa
300 1650kg/m2s Vol .1,No.4,P384(200
50kJ/kg 2)

12.7mmx 2m
x 3.7mBWR

21 780 kg/m2s 3 12MPa
0 09

Koizumi, Nuclear

Engineering and

Design Vol. 99, P157
165, Feb., 1987




10mm R-113 65 165kg/h 0.7 0.95 45 395
0.3 MPa 8x 104 kcal/h 395 P1021 1028
54
D = 34, 36, R-113 0.1 0.2MPa G 2001 ASME
and 46 0.5, 1.0, 2.0, 5.0 and | = 102 ~ 103 kg/m2s. International
10.0 Mec_hanic_al
Engineering Congress,
and Exposition, Heat
Transfer Div., CD-ROM,
IMECE2001/HTD-2421
9, Nov,, 2001
50mm Cu Brass B 64
230mm 25mm 0.096 0.638kg/ms Gig p457 2555
20 mmwide x 10 mm high 50°C Proc. of 4th
x 830 mm long. SUSD.2 thic kx | G =169~ 4220kg/m’s Ug=0~ 19 m/s JSME-KSME  Thermal
5 wide x 40 mm long qw = ~ 7.0x10° kW/m?> flow state: Engineering

disp ersed-annular flow~ aslug flow.

Conference, Vol. 1,
P1-445 229, Oct., 2000

20W  10H mm, 660 mm
long SUS 0.2t
5W 40L mm

Glass beads of 0.6 mm
diameter 2,700 kg/m3
Subcooling: 40 C Water mass flux:
170 6,700 kg/m2s, Heat flux: O

10th
International
Conference on Nuclear
Engineering CD-ROM,
ICONE10-22470, Aprilo,

8.0 103 kwW/m2 Volumetric 2002
introduction ratio of the particles:
up to 28%.
241  Kkettle reboiler R113 Cornwell
inline ASME Paper(1980)
No0.80-HT-45

d=19.05mm, p=25.4mm

g’z S0kwin




1x2cm2

8.8mm

FC-72 FC-87
1.72

+0.2°C

CFD

FC72

FC87

Lin, L, International
Journal of Heat and
Mass Transfer, Vol. 46,
2003, pp. 3737 —3746.

Q=0.3-8l/h, Q,=(0,)40-120 I/min
$15(Cu)

8%

Ohtake et a., Proc .
| MECE’03,
| ME CE 2003-41604(2003).

4 6 8 10D
D

5000 10,000
15,000 20,000

+0.7°C

+7.9%

+5.8%

+3.6%

CFD

Su, L. M., International
Journal of Heat and
Mass Transfer, 2003, to
appear

8.1mm
25mm

22.5mm

1.3 103
-104°C
2 9um
7,500 22,500

+0.5°C

6.3 12.6%

+20%

CFD

Li, X., International
Journal of Heat and
Mass Transfer, Vol.
46, 2003, pp. 2279
—2290.




r=0.1 0.6kg/ms

B

# 320 50x 230 mm 10% Vol.64,N0.624,P2547(199
8)
20mm
ATg¢,,=0,10,20K B
D=1mm(Pt) 250 450 5% Vol.66,N0.652,P3143(200
0)
Bui and Dhir, Trans.
ASME, J. Heat Transf.
H=103.4mm(Cu) #600 Vol. 107, No.4,
P756(1985)
AT4=0,10,20, 30K B

D=2mm(Pt)

Vol.53,N0.490,P1781(198
7

u=0-0.45m/s ATg;=0-50K
D=19mm(SUS,Ag,Cu), 25.4mm(SUS)

Dhir-Purohit, Nucl. Eng
Des., Vol.47, P49(1978).

R ,
AT ¢,,=0-80K , Vol. 75, No. 4,
$10(Ag) P634(1989).
0.26-0.30MPa R-113
G=412,629,1037,1466 kg/mPs( B
-0.29(AT4,=39.1K) 0.60) Vol.53,N0.496,P3748(198
10mm(Cu) 7)
P=2-9MPa D.C. Groeneveld & J. C.
8.9mm 1.5m W=115-2772 kg/m’s Stewart, 2nd Int.
600 -0.125<Xeq<0.116 Topical. Meeting on
DC Nuclear Reactor
Thermodynamics(1983)
P=0.3-1.0MPa 0. C. Iloeje, et al,
12.5mm 25.4mm W=67-339kg/m’s Tran. ASME,
( ) 0.3<Xeq<01.0 J. Heat Transfer(1975)
102 m
X-750
BWR4X4,8X8 P=6-7Pa K C. Chen, et al., 7th
W=110-1485kg/m?s Int. Heat Transfer
Tw-Tsat=60 390 Conference(1982)
5x 5x 0.5 12MPa koizumi,Nuclear
3.7mBWR Ul 0.3 &1.2m/s Engineering and
920K Design, Vol.120,

No.2&3, P301 310,
June, 1990




P=0.IMPa R113

B
10x40mm Vol.63,N0.614,P3353(199
7
P=0.1MPa Ohtake et al., 10th | nt|

u=0.27 4.6m/s ATg;,=20,30,40K
#1000 #600 # 320
3x26mm

Topica Meeting Nuc].
Resac tor Thermal
Hy draulic s
(NURETH-10), C001086,
(2003)




4-250kW/m?

10-70 73
0-30g/sec
0.6-1.0x10% m?
100kW/rod 2000
380kg/m?2-s (6)
MPa
2000
E28
0.21-0.41MPa S.Nakanishi, S. Ishigai, M. Ozawa
6.98mm 50-90kg/h et al., Flow Instibilities in Boiling
10.0mm 400-2500W Channels: Density Wave
10-60K Oscillation in a Single Channel
2.68m Boiling System, Theoretical and
R-113 Applied mechanics, \ol.26,
pp.421-430(1976).
0-3KW NT Vol.143,P77
1-5bar MANERA
70-98
0.1-0.3L/sec
20.4mm
12.5mm
10mm
0.3-0.42MPa M.Ozawa et al., Density Wave
5.0mm 60-300kg/m2s Oscillation in a Natural
6.0mm 4.2-76.2kW/m2 Circulation Loop of Liquid
7.0-12.0K Nitrogen, Instabilities in
0.9m Multiphase Flows, Plenum Press,
New York, pp.113-124 (1993).
6.9 5.5 MPa BT 1. Y.Ito, Proc.4™ Int. Top. Mtg. on
129 116 kJ/kg Nuc. Therm. Hydr., Operations and
( 11.0mm., :1 2x 10  kg/m*h Safety (1994)
14 _.3mm, 3708mm) : 2. 1994 J23

3. 1994 J24




2ch-

22mm
1.7m

7Mpa
10 60

1kW 64kWi/ch

0.1sec

TRAC
RELAP

BWR

1. M.Furuya, et al. NURETH7
\Vol.2, pp.923-932, 1995-9.

2. M. Furuya, etal. NURETHS8
\ol.3, pp.1778-1784, 1997-10.

3. M. Furuya, et al. Proc. Single
and Two-Phase Natural
Circulation Conference,
EUROTHERM Seminar 63, B6,
Genoa, Italy, 1999.

4, , B61, 591,
pp.4074-4080, 1995.

5. B63-612,
pp.163-169, 1997.

6. M. Furuya, et al. Heat and Mass
Transfer, Vol.37, pp.111-115, 2001.

100kW/rod
400-667kg/m?2-s
2- MPa

0.1sec

T.lguchi et al. NURETH-10
A00511, 2003-10.

0.1sec

1. 2003

Ji2,
2. Y.Shibamoto, et al.
ICONE-36298, 2003-5

T.lguchi, et al. ICONE-36452,
2003-5

t11.2

:7MPa :28-115kJ/kg
:1-2x 10 kg/m2h

Proc.4™ Int. Top. Mtg. on Nuc.
Therm. Hydr., Opera -tions and
safety (1994)

BWR

14.3mm,

11.2mm.,
3708mm)

17 MPa
:28-115 kJ/kg
:1-2x 10 kg/m2h

Mitsutake, Proc.4™ Int. Top. Mtg.
on Nuc. Therm. Hydr., Opera
-tions and safety (1994)

BWR

16.2mm,

12.3mm.,
3708mm)

7 MPa
:28-115 kJ/kg
:1-2x 10 kg/m2h

Enomoto, 3rd Int. Top. . MTG on
Reactor Thermal-Hydraulics,
9-B, (1985)




2ch- TRAC 1.M.Furuya, et al. ICONE-9593,
2ch) 7MPa 0.1sec RELAP 2001
2. )
10 60 Vol.43, No.10, pp.1027- 1038,
22mm BWR 2001-10.
1.7m 1KW 64kWi/ch 3.M.Furuya et al. NURETH-10

A00503, 2003-10.

64%-77% LPRM LPRM OECD/NEA NEA/NSC/DOC(94)15

3600-4200Kg/sec Lefvert

MPa LPRM
1
64%-77% LPRM | LPRM NEA/NSC/DOC(94)15
3600-4200Kg/sec OECD/NEA Lefvert
MPa
LPRM
1
EPRI-NP-564
Carmichael
Dedewaard 0-180MWth Van Der Hagen TH J et
0-1300Kg/sec al. ,Nucl.Eng.Des. \ol.200,No.1/2
0-8 page 177-185(2000)

40-70bar
Van Der Hagen TH J et al., Ann
Nucl Energy Vol.24, No.8,page
E.659-669(1997)

BWR4 30-100 LPRM SMORN-VII
30-100 Anegawa

7MPa




P=8.3, 11.0, 13.8MPa

Maurer,

2.2x25.4mm 540 — 5400kg/m2s + 5% WAPD-BT-19,59-70(19
( )
60)

P=13.8MPa Egen, R.A,,
(2.62x25.4mm) G=950, 1200kg/m2s BMI-1163
Annularr P=10 50 bars saha-Zuber Rouhani,S.Z AE-336

12mmIDx25mmOD G=650 1450 kg/m2s AE-238, AE-239

L=1090mm X=0 12 %

P=8 to 43.2 ata Saha-Zuber Marchaterre
93.7 x 11.1 mm G=366 to 501 kg/m2/s + 2.5% ANL-5522(1956)
( )

X=0-t08.2%

P=43.2 ata Saha-Zuber Cook,W.H.
93.7 x 11.1 mm G=173 to 457 kg/m2/s7] + 2.5% ANL-5621(1956)
( )

X=0t014.1%

P=45.8,123 psia DIX, California
0.374in ID G=0.074 to 0.153 x10(Ib/ft2h) Berkley Ph.D
(
0.734 in OD) Freon-114 Thessis(1971)

P=3 -7 MPa Christensen, H.,
(11.1x44.4mm) v=08-12m/s + 2.5% ANL6385 (1961)

(0.02-5Hz

(12.7mm1Dx22mmOD)

ATg,,=10-60K
m=0.01-0.2kg/s
q=0.1-1.2MW/m?
P=1.05bar

Bibeau,E.L., 1JHNT,37,
2245-2259(1994)

(12.7mmx12 . 7mm)
FC87

AT, =2-5K
G=-666-319kg/m?s
q=1.3-14..6kI/m?
P=1bar

Thorncroft,G.E., IJHMT
,41,3857-3871(1998)

(12.7mmIDx22mm0OD)

AT,,=10-60K
U=0.08-0.84m/s
g=0.1-1.2MW/m?
P=1.05-3bar

Prodanovic,V., 1JHMT,2
8,1-19(2002)

(19.1mmx38.1mm)

T,,=93.4-98C
G=497-570kg/m?s
q=54-108KW/m?
P=1bar

Situ,R. , 1JHNT, 47,3659
-3667(2004)

AT,,=3.8-4.9K
U=0.49-1.04m/s
0=106-178kW/m?
P=120kPa

Okawa,T.,Exp.-Ther_Flu
id
Sci.,29,287-294(2005)




1x4

P=2.8, 8.3, 13.8 MPa
G=340 - 4070 kg/m2s

Williams,C.L.,
Nucl. Sci. and Tech.,
68, 155-169 (1978)

d=19mm,p/d=1.25

Grant, Chisholm
ASME : J.of Heat

5 x 11 Transfer 101-1
(staggered) (1979) 38-42
5 483x%
95.5mm
Rec tangular (MPa)4.1,5.5,9.6 Hosler,E.R.,WAPD-T
(3.4mmx 25.4mm) (kg/m2s):135 to 1356 M-658(1967)
Subc ool t00.70
Tube (MPa) 3.4,6.9 A.E.Bergress,NYO-3
(9.7mm (kg/m2s):525 to 1268 304-13(1968).
- Subc ool  t00.28
Tube (MPa) 3.4,6,9 A.E.Bergress,NYO-3
(20.9mm (kg/m2s):264 to 1353 304-13(1968).
— Subc ool  t0 0.28
Tube (MPa) 3.4,6.9 Observ ation A.W.Bennet,, AERE-
(12.62mm) (kg/m2s):406 to 1356 Flash X-ray Pic ture R-4874(1965)
0 0043
Tube (MPa) 6.9 Xray void signd
(15mm) (kg/m2s):305 to 1389
0t00.48 Vol17,N0.2(2003),164.
10 Ug =0.12 5m/s 59
26mm 1.56m Ul =0.004 0.2m/ 567 P3537 3543
5

6 R-113 0.1MPa Ug B 63

26mm 1.5m 2.7m/s Ulo 0.08m/s 606 P616 623

9




P=5.17 and 2.75 MPa
G = 1354, 2710, 4060 kg/m’s

Rowe, D.S. et al., Pacific
Northwest Laboratory
Report, BNWL-371 Pt.3
(1969)

Petrunik, K.J. et al., Can.

KNO; J. Chem. Eng. Vol48
(1970), pp.123-125
G =99 to 197 kg/m’s 5%
x=20to 98 %
Rudzinski, K.F. et al., Can.
P=0.34 MPa KNO; 2.197C21)16m. 29E7n§.99 Vol.50,
> Pp- -
G =680 to 2030 kg/m’s 10%
x=0.002 to 32%
Sadatomi, M. et al., Proc.
of Int. Symp. on
Two-Phase Flow
11 .
G =100 to 2000 kg/m’s Modelling and
Xx=10.3t040 % Experimentation 1995,
a=41t097 % 15% (1995), pp.403-409
(V]
25%
15%
50%
B 61 583
11 1995  pp.861-867
ju=1.0and 1.5 m/s
jc=3.3and 4.0 m/s
a=60%
9
1 (1995) pp.26-36
11
jL=0.1to2m/s
jc=0.05t0 4.0 m/s
a=5t097% 15%
25%
15%
50%

ju=1.0and 1.5 m/s
jc=3.3 and 4.0 m/s
a=60%

II

Sato, Y. et al., Chem. Eng.
Comm., Vols.141&142,
(1996), pp. 399-413




II

Kawahara, A. et al., Proc.
2nd Japanese-German
Symp. on Multi-Phase
Flow, (1997), pp.55-64

jL=0.1102.0m/s
jc=0.1to0 40 m/s
a=9t094 % 20% 30%
Kawahara, A. et al.,
Nuclear Engineering and
I Design, Vol.175, (1997),
jL=0.1t0 1.0 m/s pp-97-106
a=10t0 97 %
20% 30%
Kano, K. et al., Proc. 5th
JSME-KSME Fluids
II Engineering Conf., (2002),
jL=0.1t02.0 m/s 6pages in CD-ROM
jc=0.1to35m/s 15%
a=091t0 94 %
Bellil, A. et al., Proc. Ann.
NaCl Conf. Can. Nucl. Soc.,
Vo.l, No.l, (1998),
Gy = 1600, 2500 and 3000 kg/m?s pp-510-530
a= 1410 58%
Kawahara, A. et al., Proc.
Third Int. Conf. on
0 Multiphase Flow,
jL=0.03 to 0.5 m/s _ICMF-98, (1998), 8 pages
i =10 t0 4.0 m/s 15% in CD-ROM
a=85t0 98%
B 66
I 649 (2000)
jL=0.051t0 0.2 m/s pp-2359-2363
jc =20 to 50 m/s 10%
Sadatomi, M. et al., Proc.
4th JSME-KSME Thermal
Eng. Conf. Vol.2, (2000),
.605-609
2% pp
Kawahara, A. et al,
Nuclear Engineering and
I Design, Vo0l.202, (2000),
jL=0.1,0.2 and 1.0 m/s pp-27-38
jc=0.1t0 40 m/s
a=91t096 % 20% 30%

B 66 644
(2000) pp.1191-1197




2 Tapucu, A. et al., Nuclear
3% Engineering and Design,
3% Vol.105, (1988),
.295-312.
G, =3000 kg/m’s pp
Ggi(0)=21.8, 12.1 and 1.4 kg/m’s
1(0) =58.7,50.4 and 16.8 % 6 12%
10% 60%
1%
2 Teyssedou, A. et al., Int. J.
5% Multiphase Flow, Vol.15,
No.1, (1989), pp.65-79
G, = 2000 kg/m’s
Gg = 10 kg/m’s
a=60%
3 12% Teyssedou, A. et al, Int. J.
Multiphase Flow, Vol.15,
No.4, (1989), pp.605-626
GL = 2000 kg/zmzs 6 12%
Ge =10 kg/m’s
a=60%
1% Tapucu, A. et al., Int. J.
Multiphase Flow, Vol.16,
NO0.3, (1990), pp.461-479
G, =2000 kg/m’s
Gg = 10 kg/m’s
a=60%
No. 968-2,
(1996), pp.140-142
jL=0.3t0 1.5m/s 2%
jc=1.0to 32 m/s
a=41t092 % 5%
Sadatomi, M. et al., Proc.
1997 ASME  Fluids
Engineering Division
j=1.0and 1.5 m/s 2% Summer Meeting, (1997),
jl(_; = 1. 0to8 () m/s ’ 7 pages in CD-ROM
= 0,
a=411073% 5% Sadatomi, M. et al., Proc.
4th  Int. Seminar on
da = 0.05 Subchannel Analysis,

(1997), pp.87-104




Kawahara, A. et al., Proc.
Fourth Int. Conf. on
Multiphase Flow,
ICMF-2001, (2001), 11

jL=0.2t02.0 m/s 204 :
jc=0.1to 23 m/s pages in CD-ROM
a=181t092 % 50
Chisholm
Kano, K. et al., Proc.
Compact Heat
Exchangers, A Festschrift
j=0.3to 1.5 m/ 0 on the 60th Birthday of
}; ~ 043 10 23 mis 1% b Ramesh K. Shah, (2002),
a=201t093 % ’ pp. 419-424
5%

1%




jL=0.5t0 1.5m/s
jc=2.0to 4.0 m/s
a=571t0 63 %

B 56 528
(1998) pp.2327-2333

Sadatomi, M. et al,
Nuclear Engineering and
Design, Vol.148, (1994),
pp.463-474

jL=0.3to .5m/s
jc=1.0to32m/s
a=41t092%

Sadatomi, M. et al., Proc.
3rd KSME-JSME Thermal
Eng. Conf,, VolLI, (1996),
pp-339-344

ju=1.0and 1.5 m/s
jc=1.0to 8.0 m/s
a=41to073%

Sadatomi, M. et al., Proc.
1997 ASME Fluids

Engineering Division
Summer Meeting, (1997),
paper No.

FEDSM97-3557, 7 pages
in CD-ROM

Sadatomi, M. et al., Proc.
4th Int. Seminar on
Subchannel Analysis,
(1997), pp.87-104

jL=02to 1.5m/s
jc=0.2t0 32 m/s
a=201t092%

Kawahara, A. et al., Proc.
4th JSME-KSME Thermal
Eng. Conf. Vol.2, (2000),
pp.611--616

jL=0.2t02.0 m/s
jc=0.1to 23 m/s
a=181092%

2%

5%
2%

5%
Sda.=0.05
2%

5%
da = 0.05
2%

5%
da = 0.05
2%

5%

Chisholm

Kawahara, A. et al., Proc.
Fourth Int. Conf. on
Multiphase Flow,
ICMF-2001, (2001), 11
pages in CD-ROM




jiL=02t02.0m/s
jc=0.7 to 20 m/s
a=30to 92%

5%

Chisholm

2%

pp.43-46

2003
(2003)




o= 0.5mm 40(333),1395-1403(1974)
25x50mm U=0.5-3.5m/s
db=2-6mm
, -0.045-0.93 1mm S. Hosokawa, et al.,NTHAS2,
20mm m/s pp.247-252 (2000)
Air-water - 0.-0.018
m/s
; 0.045 m/s 1mm S. Hosokawa, et al, 5t
20mm - 0.-0.006 JSME-KSME Fluids Eng. Conf.
Air-water m/s (2002)
93.7x11.1 P=0.8to4.1Mpa, % Marchatere,J.F.,ANL-5522(1956)
W=366t0501kg/m2s 8%
X=0 to 8.2 %
P=2to4.4Mpa Rouhani.S.Z.,AE-239(1966)
12mm W=366t01064kg/m2s
25mm X=0 to 7.5 %
P:30,50,70 Quick Colsing Valve G.Agostini.CISE-R291(1969)
9.1 mm G=40 to 350 g/cm2/s
414cm Qyality: to 0.8
100 to 410
3MPa Koizumi,Nuclear Engineering
12.27mm and Design, Vol.132, No.3, P381
22mm 3.6m 391, Jan., 1992
qw =11 133 kW/m?2
12mm
22mm 3.6m
Ug 25m/s Ul=0m/s
58 547
10 26 mm Ug 9Im/s P904 910 4
1.6m Ul0 0.095m/s
X CT 56 532
210mm P3745 3749
30.5m Ug0 55m/s UIO 4m/s




312x 89.4x 1,400
mm

Ug= 09m/s UI=0

Osakabe,Journal of Nuclear
Science and Technology Vol. 21,
No. 11, Vol. 21, No. 11, P882
884 , Nov., 1984

B 63 606

6 26mm R-113 0.1MPa Ug
1.5m 2.7m/s Ul0 0.08m/s P616 623 9
Test wvessel - Microscopic 2002 ASME
holes at the bottom International Mechanical

150 150 mm wide and
90 mm deep.

diameterz 0.05, 0.10 and 0.3
mm numbers: one, 4 4 with
a 1 mm pitch and 6 41 with
a 1 mm pitch Hole density:
1.0 106 holes/m2 (Close to
the nucleation site density of
the pool boiling of water.)

Engineering Congress and
Exposition, Heat Transfer Div.,
CD-ROM, IMECE2002-33221,
Nov., 2002




BWR 8x 8 P=1.0- 8.6 Mpa 0.3mmx 0.3mm X CT Inoue, J. Nucl. Sci. Technol.,
W=284 - 1988 kg/m2s 8% OECD/NEA Vol .32, No.7 (1995)
X=0 - 25 % 3% CFD
2%
BWR 8x 8 P=1.0- 8.6 Mpa 0.3mmx 0.3mm X CT Vol .37,
W=284 - 1988 kg/m2s 8% OECD/NEA No.8 (1995)
X=0 - 25 % 3% CFD
2%
PWR P=9.8-16.6 MPa Y CT NUPEC Akiyama, Y.,
(5x5) G=1390-4170kg/m2s The 3rd International Seminar

on Subchannel Analysis,
pp47-62, Stockholm, 1995

19 Rod cluster

P:30,50
G=20 to 350 g/cm2/s
Qyality: to 0.5

Quick Colsing Valve

G.Agostini.CISE-R209(1969)

6,36 Rod cluster P=3to7Mpa % Nylund 0., Asea

W=472t02011kg/m2s Res.,1063(1969)

X=0 to 44.5 % Nylund ,0., FRIGG4(1970)
BWR P=1,0.5Mpa 1mm x 1Imm

W=1400,800kg/m2s vol .30,No.10,P925(1988

X=1-12 %

R113 Chan et al.
d=19.05mm, 1I=520mm ASME : J.of Heat
p (vertical)=23.8mm, Q=1.0-19.0kW Transfer
p (horizontal)=31.75mm 109(1987)753-760
3x 3,3x 9
Shrage

d=7.94mm,p/d=1.3 P: 1-3atm AIChE J. Vol. 34 No0.1(1988)
5x 24, in-line x: 0.0003-0.68 107-115

Gz 55-680kg/ms

Re - 200-6800

Dowlati
d=19.05,12.70mm AIChE J. Vol.36, No.5 (1990)
p/d=1.3,1.75 xz -0.33 765-772
1I=80mm G: 27-818kg/rAs AIChE J. Vol.38, No.4 (1992)
5x 20 Re: 520-15700 619-622
staggered in-line
;206 100mm

staggered in-line
d=9.79mm, p/d=1.28

P:- 1-2atm

x - 0.001-0.68

G : 37-658kg/ms
T:- 25

Xu

Int.J.of Multiphase
Flow24(1998)
1317-1342




Kondo

d=25mm Bulletin of the JISME, Vol.23, No.
p/d=1.4,1.28, 1.08 Jg:- 0.015-0.5m/s 177(1980)385-393
lines 5 j§1:- 0.00032- 0.0032m/s
rows 7,9,11,13,15,20 xz 0.005-0.9
R114 20x 20mm 30kHz Hanquet
x in-line P - 9bar Proc. of the 2 ICMF(1995)
p=19.5mm T:- 78 TT17-22
q”:z 0-20kW/rh
R113 Chan et al.
d=19.05mm, 1I=520mm ASME : J.of Heat
p (vertical)=23.8mm, Q=1.0-19.0kW Transfer
p (horizontal)=31.75mm 109(1987)753-760
3x 3,3x 9
WH PWR SG 6.5MPa 11m Proc. of Thermal
height SG U Hydraulics of Nuclear Steam

Generator/Heat Exchangers,
1988 ASME Winter Annual
Meeting, HTD-Vol. 102, P21 28,
Nov., 1988




500, 1200psia

J. E. Casterline Columbia

-10.7mm 1, 2, 3 x108 University Report CU-187-2,
-14.1 Ib/hr-ft2 (1969)
1.52m
0.16
1000psia R. T. Lahey, Journal of Heat
-14.5mm 0.5 1.0 x108 Transfer, May 1971
:18.7mm Ib/hr-ft2 R. T. Lahey, AEC Reserch and
1.8m Development Report, GEAP-13049,
0.3 (1970)
70bar H. Herkenrath 2" Multi-Phase
-15mm 1000, 1500, Flow and Heat Transfer Symposium
-19.5 2000 kg/m2.s Workshop Miami Beach, USA (Apr.,
3.66m 0.02 16-18, 1978)

0.31

H. Herkenrath EUR 6585 EN (1979)




:0.5-1.0 m/s 74 um LDV S. Hosokawa and A.
_ 30mm : 0.017-0.023 m/s Tomiyama,
Air-water ICONE-7, No. 242
(1999)
20.045-0.93 m/s 74 um LDV S. Hosokawa, et
20mm = 0.-0.018 m/s al.NTHAS2,
Air-water pp.247-252 (2000)
20.045 m/s 74 um LDV S. Hosokawa, et al., 5t
20mm - JSME-KSME  Fluids
Air-water = 0.-0.006 m/s Eng. Conf. (2002)
1cSt
5400mm 30mm | 500cSt  1000cSt  3000cSt 2003
Re = 0.02 4 o P17 18
Re =2.6 6.5
x 103
:0.5-1.0 m/s 74 um LDV S. Hosokawa and A.
_ 30mm - 0.017-0.023 m/s Tomiyama,
Air-water ICONE-7, No. 242
(1999)
20.045-0.93 m/s 74 um LDV S. Hosokawa, et
20mm - 0.-0.018 m/s al . NTHAS2,
Air-water pp.247-252 (2000)
20.045 m/s 74 um LDV S. Hosokawa, et al., 5t
20mm - JSME-KSME  Fluids
Air-water = 0.-0.006 m/s Eng. Conf. (2002)




PDA

CJBates et al, Flow

32mm 2257,4091, 5451, 6885, 786kgm?’s Mesas. Instrum.(1992)
73m
130, 160, 190, 250, 315, 400, 475,
625kgim?s

Re 10 SMFarwagi et al,
102mm 0207 double-flash Phsico Chemical
4m photograph ms Hydrodynamics(1983)

Azzopardi,Bxperiments
318mm 125mm 10kgh’s  160kgh’s Andreussi in Fluids,(1985)
42Tm 4

437kghds  1032kgihds
10mm 32mm AzzopardiExperiments
20mm 4lkghvs 137kgimds in Fluids,(1991)
150ar
53kgim’s 105 kgih’s
22, 3RB33, 4444, 5556, Azzopardi 19801985 DMJepson et al,
1026mm 6667mks IntJMultiphase
3m 40,60,80, 100, 120, 140kgim?s Flom1989)
150ar - -

Re 10 SMFawegi et al,
102mm 0207 Phsico Chemical
4m Hydrodynamics(1983)

PDA CJBates et al, How
32mm 2257,4091, 5451, 6885, 78 6kgim?s Mesas. Instrum.(1992)
7.3m
130, 160, 190, 250, 315, 400, 475,
625kgim?s
11515521195 10mmx (1982)
264mm 11034295 20mm
1850mm
168283338ms MgO Cousins & Hewitt Farmer et al JHeat
127mm Transfer(1970)
152m depasition
constant  A(in?)
468MPa LOCA YKondo et dl,
95mm 250,276,295 NURETH-10(2003)
1700mm 250mm 5 70
2245100kgh
10mm 65 165kgh 07 095 03
R-113 MPa a4 317
P191 199 53




05MPa
5. 7cmds

100um

115m 05MPa 547 106m3s

Moriyama, A,
Atomisation and Spray
Technology, Vol. 3,
1987, pp. 169186.

TGO3, Spraying Systems Co.
051mm

049MPa

#018mfs
246mks

05mm
537 106m3s

049MPa
60

Kato, H., Proc. 4th
JSMEKSME
Thermal Engineering
Conference, Vol. 1, pp.
343-348, Kobe, Japan,
(October, 2000).




22 BB, 4444, 5556, DMJepson et al,
1026mm 66.67mfs IntJ.Multiphase
3m 40, 60,80, 100, 120, 140kg/h’s Fonm1939)
P=6.9Vpa Beret, ARE-R076,
2.6m WE20B4 - 2712kg/hos (1965)
3.7m X9-3B%
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McCoyetal., ICHMT
254mm 5591,15221.3274ms (1979)
945m
11515521195 (1982
264mm 11034295 7mm
1850mm + 5%
10
Re 10° SMFamwegi et al,
102mm 0207 Phsico Chemical
4m Hydrodynamics(1983)
P=6.9Vpa 1 BAR 2. Hewitt,  AERE-R6118,
12.6 m W=1356 - 2712kg/os 3. Utsuo, Nucl. Sci. Tech. 3[9], po. | (1969)
5.8m X=14 - 54.% 643-653 (1996)
q =0.5 - 1.91 M2
10mm 65 165kgh
R-113 07 095 4
03MPa 377  P191 19
53
Wog=40-701v/h L.B.Cousins, AERE-RS657
D=9.5m WI=30-5001vh (1968)
P=20-35PSIA
WeES00-7001v/h L.B.Cousins, ABRE-FR5657
D=3L.8m WI=160-6001vh (1969)
P=30PSIA
Gor63-210ky/iPs A.H.Goven,Proc.2nd K
D=31.8m GI=28-500kgy/ifs National Heat Transfer
P=2.1-3.60ar Conf. ,33-48(1983)
Wo=2.8-28y/s M.A.Lopez de
D=9.53m WI=5.3-38y/s Bertodano, IV, 27,685~
P=140-660kPa 699(200D)




Wg=2.8-280/s MALlopez  de
D=9.53m WI=5.3-38/s Bertodano, IO,
P=140-660kPa 27,685-699(200L
)
Gl-Mibvhr_f2 G.F.Hewitt, ARE
D=12.6m x0.1-0.55 -R6118(1969)
P=140-660kPa
Wg=18-500/s P.Andreussi, IV
D=24m WI=9.7-200y/s F,9,697-713(198
P=1bar 3)
Jg20-1200/s S.A.Schecell, IV
D=05.4-57.2m 6l=1.2-10y/sar? F,16,363-374(19
€0
Ggr173-440kg/ts T.Okana, IHT, 4
D=5m GI=196-1264kg/s 8,585-598(2005)
P=215-500kPa
GoE111-440kgy/fs T.Okana, NST, 41
D=5m GI=98-1000kg/ifs ,871-879(2004)
P=138-753¢a
P=6.9e Singh, AICE J.
12.5m W=272 - HAokg/Ds 15 [1], P51-5%6
25m X=30 - R % 199
(Adiiabatic)
P=3.4, 6.9%a Keays,
12.6 m We134 - 2765ky/Ps AFRE-RE2R,
3.7m X=15 - 58 % 1970
(Adiiabatic)
P=3.0 - 9.0vpa. WWirtz, Riso Rep.
10, 20m W=500 - 3000kg/m2s No. 372, (1978)
9.0m X8 -70%
(Adiabatic)
P=6.9Vpa Berret,
12.6 m We134 - 2726ky/Ps AFRE-R5309,
3.7m X=18 - 49 % (1959
g =0.75 - 1.49 M2
P=6.9/p Keeys,
12.6m W=1356 - 2712kg/Ds AFRE-R62H4,
2.1-37m X=19 - 45 % 970
o =0.97 - 1.34 M2
P=3.0 - 9.0Vpa. Wurtz, Riso Rep.
10 m W=500 - 3000kg/m2s No. 372, (1978)
2.0-6.0m X=16 - 80 %
g =0.5 - 1.5 M
Tube : P.B.Whayll
318mm x 189m (kg/m2s): 3210 213 ey,AERE-R
— (kg/m2s): 16 to 630 7521(1973)




P=0.12-0.2MPa Cousins, L.-B. ,Proc.Synp. Two-P
D=9.5m (G=80-530kgy/irfs hese Flow,CA(1965)
x=15-93)h
P=0.14-0.25/Pa Cousins,L.B. ,AERE-R5657(1968
D=9.5,31.8m G=107-877kg/hfs )
*=8-81%
P=0.24-0.45/Pa Hewitt, G.F. ,ATRE-R5374(1969)
D=9.3m G=297ky/s
X=14-76)
P=0.34VPa 971)
D=12m G=139-278g/hfs
x=11-80
P=3.0-9.1\Pa Wrtz,J. ,RISO,N0.372(1978)
D=10,20m (G=500-3000kgy/Ps
X=8-T0h
P=3.56.9\Pa Keeys,R.F.K. ,AFRE-R6293(1970
D=12.7m G=1300-2740kgy/nPs )
x=15-6%
D=13.3m G=500-4000kgy/ifs Nigratulin,B. 1., Teploenerget
*=10-75) ika,23(5),66-63(1976)
P=0.12-0.%\Pa WWhalley,P.B. ,AFRE-R7521(1973
D=3L.8m G=79-T92kgy/hts )
*=10-91%
P=6.9Pa Singh,K. ,AIChE
D=12.5mn G=271-963/rPs J.,15(1969)51-56
*%=28-93h
P=0.38/Pa Bernet, A.W. ,AFRE-R5076(1966)
D=9.3m G=297kg/ts
x=20-800
P=0_24\Pa Onen,D.C. ,PCH
031.8=m G=120-560kg/fs Physicothenical
X=17-82% Hydrodynamics, 6(1/2)115-131(
1985)
P=0.1\Pa Asali,J.C_,PD
022.9,42=m G53-57kg/ts Thesiss,Uniiv. HTinois(1983)
X=25-92%
BWR4x4
2123mm 50ms Vol 12No2)p144(1998)
162mm 02mks
P=  ata Andersen,IntJ.Muktiph
z17mm G= 602,1200 kg/irs ase FlowMol.1,pp.585 (
2272mm 19 X% )
3500mm
6 9 Wa
12 6mm 134 2726 kg s Bennett al AERE-R5809
3 7m 0 180 49 1969




6 25mm 165m SUS B 6 638
P3414 3421 11
10
Cer86-628ky/rs T.0kana, IJHT, 48,585-598(200
D=5m GI1=89-1610kgy/iPs 5
P=136-764kPa
R113 SUS34 2000 ASME
250mm 17m Intemational Mechanical
Engineering  Congress and
Cross-correlation BExposition,  Proc Heat
Transfer Div. Vol2, P197
203, Nowv,, 2000
45° 0.1m Moran K. , Int.J.MultiphaseFlo
Re=11-220 W, 28, 731-7565(2002)
Re=14-24 Liu,J.,J-Fluidvech. ,250,69-1
01(19%3).
56 532
210mm P3750 3755
30.5m Ug0 55m/s UIO 4m/s
6 25mm SUS B 65
1.65m 638 P3414 3421 11
10
SUS34 250mm 17m 2000 ASME
Intemational Mechanical
Engineering Congress  and
Cross-correlation BExposition,  Proc Heat
Transfer Div. Vo2, P197
203, Nov,, 2000
5400mm 30mm 500cSt  1000cSt  3000cSt
Re=002 4 Re=26 2003 P17
65% 103 18 5 7
Tube (MPa) 3.4,6.9 A.E.Bergress,NYO-3
@7m (kg/m2s):525 to 1268 304-13(1968).
- 0028
Tube (MPa) 3.4,6,9 A.E.Bergress,NYO-3
(209 (kg/m2s):264 to 1353 304-13(1968).
— 0028
P=3.0-9.1\Pa Wurtz,J. RISO,No.372(1978)
D=10,20m G=500-3000kgy/irfs

X=8-70%




6 25mm

B 6 638

1.65m SUS P3414 41 11
10
12 LEGill, AERE-R3%5
-6168 10%kgs
:13to7& 103 kg/s
Tube P.B.Whaylley, AERE
31.8mm x 189m (kg/m2s): 32 to 213 Conductive -R7521(1973)
— (kg/m2s): 16 to 630
20 mm wide (010 mm high The 6th
0830mm long SUSD.2 mmt 50K water mass flux of 170 ~ ASME/JSME
0 5mmw O 40 mm long 3400 kg/m2s  heat flux of 0 ~8.0001103 Thel.'mal . .
kW/m2. Engineering Joint
Conference -
AJTEC 2003-,

CD-ROM 319, Mar.,
2003

BWR - Nishida,Subchannel
3x3,9x9,8x8 analysis in nuclear
jg=16.7,13.5,13 m/s reactors,|AE,ISBN4-
jI=0.06 t0 0.26 m/s 9900222-0-3,pp215
BWR -
3x3,9x9,8x8 pp95798
jg=135t020 m/s
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Fluid Eng.Conf.
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651-658




, -0045m/s 01mm S. Hosokawa, et al, 50
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JG=00130052mk duble- Hibiki T, Takamasa T, IshiiM
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.. Transaction of ANS,
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JG=0062062ms four- SKim, XY. Fu, X. Wang, M.
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3750 conductivity
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Jg=00350253ms 16 Bensker, P. H,, Ph. D. thesis,
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_§0=0012300619ms 5 Takamaesa, T, Int J
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381mm JFE0376-1.39mbs Northmestemn University,
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§g=0018054m% 2 Serizang, A, Multiphase
300mm JFE05050ms Science  and  Technology,
P=01MPa Vol 6(1991)
J0o=003130910ms 20 Hibiki, T., Int. J. Heat Mass
191mm JE0272208mis % Transfer, Vol 46(2003)427-441
P=01MPa
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P=0.1MPa
§0=00480121ms 5 Sun, X, BExp. Thermal Huid
102mm JH0058-102mis 10% Sdi, Vol.27(2002)97-109
P=01MPa
Jo=00350253mk 16 Bensler, P. H., Ph. D. thesis,
40%40mm _J=0503300mk Institut National
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France (1990)
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Jo=003584.87mk 18 Hibiki, T., Int. J. Heat Mass
508mm _JF=0491-500mbs % Transfer,
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§9=0012300619m/s 5 Takamesa, T, Int J
90mm _§=0580-1.00mk 10% Multiphase Flow,
P=01MPa vol.29(2003)395-409
Jo=00560.332mk 17 KalkadvNavarro, S, Ph. D
381mm JE0301.25mk thesis, Rensselaer Polytechnic
P=01MPa Institute, USA (1992)
Jo=0212-1.3mk 52 Kocamustafaogullari, G,
503mm JFE=374655mk Nucle. Eng. Des.
P=01MPa vol.148(1994437-453
Jo=0027034mk 2 Liu, T. J, Ph. D. Thesis
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Heat flux=100-150 KWIm"™2 ™0 =11 Y, Ishii, M, Experiments
Inlet liquid temperature=950980C in Fuids, wvol. 37 (2004
P=01MPa 589603,
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(2004) 631-644.
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Int J. Multiphase
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LD=60 JG=01-04mks Vol.23, No. 6,
JL=20m’s Ppp1085,1997
P= hotfilm Grossetete
381mm Tin=30 anemometer Proc. ICMF1995,
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