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Abstract — In the advanced nuclear power plants including APR1400, the SDVS (Safety Depressurization
and Vent System) is adopted to increase the plant safety using the concept of feed-and-bleed operation. In
the case of the TLOFW (Total Loss of Feedwater), the POSRV (Power Operated Safety Relief Value)
located at the top of the pressurizer is expected to open due to the pressurization of the reactor coolant sys-
tem and discharges steam and/or water mixture into the water pool, where the mixture is condensed. During
the condensation of the mixture, thermal-hydraulic loads such as pressure and temperature variations are
induced to the pool structure. For the pool structure design, such thermal-hydraulic aspects should be con-
sidered. Understanding the phenomena of the submerged steam jet condensation in a water pool is helpful
for system designers to design proper pool structure, sparger, and supports etc. This paper reviews and eval-
uates the steam jet condensation in a water pool on the physical phenomena of the steam condensation
including condensation regime map, heat transfer coefficient, steam plume, steam jet condensation load, and
steam jet induced flow.

.M =
7 %le1A POSRVZ} 948 F717}F wids
e e A2 7S B3l 31E

Al §50] A B 4 YEF BolFe

= ZGa7 AR AR A IRWST)] S50 3
3 ukEE
EL08 B

Jee g,

A AZRCS)® 2113 YAAE WE3le] 4
& Pl FAFYYT RCSE Eol7t AlE W7s)
o kAR 2 £ URF 3 TR Y
ZHAB(SCS)e] RCSell 7€ 4 9l=F RCSE AWt
317 gloh. APR14002) SDVSE 7st7) Altel] E=9z)
= QAukE B (POSRV) 470} 12702} 13 Sparger(I-
Sparger), 12]Z 9 WIREZE o[Fe1X . I-Sparger

74

EPRI®] ALWR Z2138o|uv} APRI4007} 722 A}A|0)
AR A= IR HAS $RA7)7) 938}
o] SDVSe}t 2 Al%-S =Yt ¢}
I-Spargeroll:= 4§54 73 (Load Reduction Ring, LRR)
W&, vled WS T(¢25 mm), 121 144709 2R 3
(010 mm)e] el wiEFt FHE Fsle] FV|7)
A "k Fig. 1 32). 2AH 71 IRWSTS| 4



LRR 6'SCH.408 144 - y10Holes
Steam $25Hole
450
215 }4—~—:j
S 1955
e !

Fig. 1. Configuration of the APR1400 I-Sparger.
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Fig. 2. Steam jet condensation regime map.
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ARBZ1S
a :the ratio of the overall speed (u) to a characteristic
molecular velocity or distance from jet virtual
origin to end of nozzle (see Fig. 9)
. . . o(T,-T.)
B :driving potential for condensation, T
D :nozzle diameter
D, :plume diameter at external expansion
G :steam mass flux [kg/m’-sec}
H :nozzle submergence
h, :interfacial heat trensfer coefficient [W/m>-°C]
h;, :latent heat of evaporation [J/kg]
I, :shape factor for sparger (P/D)
j :condensation mass flux [kg/m’-sec]
p,cp’AT
Ja :Jacob number,
pihy,
k :specific heat ratio
I, : dimensionless plume length
M : molecular weight
P :pitch of sparger hole
p :absolute pressure
p. :characteristic pressure
p. :saturation pressure in steam plume
r :plume radius at z
R :universal gas constant or radius of curvature of
the steam plume in z-y plane
r, :radium of nozzle
N, :location of y where u=u,/2

olURIBs 123 M2 20033 &2

2
)

%)
=

3} -

7.

7
Re : Reynolds number, p.vd
St : Stanton number, —— , or Strouhal number, fﬂ)—'
c,u v
T :absolute temperature
T, :temperature at x=/, y=0
T, :condensate surface temperature
AT : T-T.
AT, T(x, 0)-T. for x>/
u :overall velocity (sj/p,) [m/sec]
u, :ud, 0
u, :ulx, 0) for x>/
vy :steam velocity
2
We : Weber number, p“:;D
x :radial distance from the nozzle or the center
of the [-Sparger
1 :plume shape factor
p, :density of vapor [kg/m’]
6 :condensation coefficient or surface tension [N/m]
D28

. Kim, Y.S. et al.: An Experimental Investigation of
Direct Condensation of Steam Jet in Subcooled
Water, J. of the Korean Nuclear Society, 29(1), 45-
57 (1997).

. Cho, S. er al.. Experimental Study on Dynamic
Pressure Pulse in Direct Contact Condensation of
Steam Discharging into Subcooled Water, Ist Sy-
posium on Nuclear Thermal Hydraulics and Safety,
NTHAS98, Pusan, Korea (1998).

. Block, J.A.: Condensation-Driven Fluid Motions, Int.
J. Muitiphase Flow, 6, 113-129 (1980).

. Collier, J.G. and Thome, J.R.: “Convective Boiling
and Condensation”, Clarendon Press, Oxford (1994).

. Mills, A.F. and Seban, R.A.: The Condensation
Coefficient of Water, Int. J. Heat Mass Transfer, 10,
1815-1827 (1967).

. Kim, Y.S. and Park, J.W.. Determination of the

Steam-Water Direct Condensation Heat

Transfer Coefficients Using Interfacial Transport

Models, National Heat Transfer Conf., Baltimore,

Maryland U.S.A, HTC-Vol. 10, 110-117 (1997).

Fukuda, S. and Saitoh, S.: Pressure Variation due to

Contact

Vapor Condensation in Liquid, (I) Classification of
Phenomena and Study on Chugging, Journal of
Japanese Nuclear Society, (in Japanese), 25(5), 372-



10.

11.

12.

13.

380 (1982).

. Weimer, J.C. et al.. Penetration of Vapor Jets

Submerged in Subcooled Liquids, AIChE Journal,
19(3), 552-558 (1973).

. Tin, G.D. et al.: Experimental Study on Steam Jet

Condensation in Subcooled Water Pool, Proc. of the
3rd Multi-phase Flow and Heat Transfer Symposium-
Workshop, Miami Beach, Fi, U.S.A (1983).

Hong, S.J.: “Dynamic Characteristics of Steam Jet
Condensation in Sparger”, Seoul National University
Ph.D Thesis (2001).

Fukuda, S.: Pressure Variation due to Vapor Con-
densation in Liquid, (II) Phenomena at Large Vapor
Mass Flow Flux, Journal of Japanese Nuclear Society,
(in Japanese), 24(6), 466-474 (1982).

Arinobu, M.: Studies on the Dynamic Phenomena
Caused by Steam Condensation in Water, Proc.
ANS-ASME-NRC Int. Topical Meeting on Nuclear
Reactor Thermal Hydraulics, Saratoga Springs, New
York, Vol. 1, 293-302 (1980).

Simpson, M.E. and Chan, C.K.: Hydraulics of a
Subsonic Vapor Jet in Subcooled Liquid, ASME 1J.

14.

16.

AF Az 83

of Heat Transfer, 104, 271-278 (1982).

Damasio, C. er al.: Experimental Study on the Un-
stable Direct Contact Condensation Regimes, Proc.
of 3rd Int. Topical Meeting on Reactor Thermal
Hydraulics, Newport, RI, US.A., 6.C-1-6.C-8 (1985).

. Cho, S. et al.: Multiple-Hole Effect on the Perfor-

mance on a Sparger during Direct Contact Con-
densation of Steam, KSME Int. Journal, 15(4), 482-
491 (2001).

Gamble, R.E. et al.: Pressure Suppression Pool
Mixing in Passive Advanced BWR Plants, Nuclear
Engineering and Design, 204, 321-336 (2001).

. Abramovich, G.N.: “The Theory of Turbulent Jets”,

The MIT Press, MA (1963).

. Kudo, A. er al.: Basic Study on Vapor Suppression,

Proc. 5th Int. Heat Transfer Conf., Tokyo, Vol. 3
(1974).

. Young, R.J. et al: Vapor-Liquid Interaction in a

High Velocity Vapor Jet Condensation in a Coaxial
Water Flow, Proc. of 5th International Heat Transfer
Conf., Tokyo, Vol. 3 (1974).

Energy Engg. J (2003), Vol. 12(2)



