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Analysis of Flow Behaviors in Sparger and its Upstream Piping System
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Abstract

The In-containment Refueling Water Storage Tank (IRWST) has the function of heat sink when
steam is released from the pressurizer. The steam having high pressure and temperature pass through
various type of tubes, such as reducer, expander, and 90° elbow etc., and finally discharged into
condensation pool through spargers submerged into it. The hydrodynamic behaviors occurring at the
sparger are very complex because of the wide variety of operating conditions and the complex
geometry. Hydrodynamic behavior when air is discharged through a sparger in a condensation pool is
investigated using CFD techniques in the present study. The effect of pressure acting on the sparger
header during both water and air discharge through the sparger is studied. In addition, pressure
oscillation occurring during air discharge through the sparger is studied for a better understanding of



mechanisms of air discharge and a better design of the IRWST, including sparger.
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Fig. 2 Pressure distribution, Pgriver = 15,508,929 Pa, Pgriven = 101,325 Pa, Time = 0.0002 sec.
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Fig. 3 Outline of the 90° elbow.
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Fig. 4 Pressure distribution in a 90° elbow (LHS = 2-d analysis, RHS = 3-d analysis).
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Fig. 5 Force acting on the wall in the x-direction for a 90° elbow having a zero of radius at the
corner.
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Fig. 7 Schematic of I-type sparger.
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Fig. 10 The shape of the bubble during air discharge (a) Time = 0.0 sec, (b) Time = 0.0325 sec, (c)
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Fig. 11 IRWST wall pressure on sparger head elevation during air cleaning through a load reduction
ring.

LRR O OO0 O0O0O0OO0O OO0 OO0 OOOO IRWST 00000 oboo oooo
000 0000 OO0 O O 00000 OO0 OO0 OO0 obood. Figure 12(a)0
LRRO sparger head O OO0 O0O0OO ODODOO OO IRWST OO DOOO0O ODOOO
O. Figure 12(b)~(d)0 LRRO OO0 OOO0OO OOO OO IRWST OO OODODO O
00 OOdo. ooobo oooo o0 IRWST OO0 O00oUod oo oo ooo. oo
LRR [0 sparger head 0 OO0 IRWST O OO0 OO0 OO OOOODO DOO
IRWST U0 00000 O0OO0O0O 000 00 OO0 oo oodo boo ooo o
O000. 00 O0DO0O0O OD000 00 IRWST ODO00D00O Fig. 12()d0 OO0 OO O



U0 OO0 DOO0OO. RFigure 10 OO0 DOD DO0OO OD0 LRROO OOOO OO
00 00O OO0 boobo o s0m/s 000 OOOODO ODOD DODOO.OODO
ooooo 0oboo oo 0 Oooobb0 0ooo boboo, b Dooob o boo
0O 1570 ms O OO 0OOOOO. OO OO OOO DOOO0 OO0OO OO bOOo
(hammering)l OO 0O0O0O OO0 O0OO ODOQDO. 00 O0OOOO ODOOD OODOO
U000 IRWST OODO0ODO DODO DODO sparger header 0 OOOO OO0 LRRO O
o0 IRWST OO0 00 0D0O0O0O OO0 DOo0o oboo.

00000 obodbo 00O0ob 00 OO0 obOo0oDb ODoOO0bo oDob Oooo O
OO0, OO0 IRWST OO O ODO0OO (pressure oscillation) OO O OODOOO OOO
O0O.LRRO OODO OOODOO OQOOO UODOO ODODO IRWST OO OoOoooo o
000 OO0 IRWST OO0 OD0O0OD0OO0O ODODOOOD. IRWST OO0 bDOoooobo ooo
0O 000 DODO0O0 ODDOODO OO sparger tube O OO DOODO DOOO, 00 OO
sparger head O OO IRWST O0O0O0O0O OO0 ODOOD OO0 OO.00 ODOODO ODOO
o0oooo0o Ooboo 0oo. 00 000 D000 0OboOo Doboo ooobo bo b
ooooo oob 0oobo0 OO ObOo OobOo Ooboob boobo oooo. oo
OO0 Oobo0db0 OO0 00 O0bO0ob0 Oo0bDo oobh OO0 OO ooboo booo.
0 00 000 OO0 U0O0O0ODbO ObdO(@rig. 12 00). 000 DOO ODODOODO O
00000 OO0 O0O0000Db0OD FLUENTO O0OO OD0ODO ODOO ODOO DO
O00. 000 0O0O0ODO OO0 DODOO0O IRWST D000 OO0 oOobob ooo
Oo0oooo0 ooobo Oob 0O OO0 0o0b0 000 Obbo bDoboboo oboo oo
000 OO0 DOo0ODOO0O 000 IRWST OD0ODO0OO0 0000 OO0 Oobob boo oo
00 00O OO0 OO0 0O 0o o bo.

(a) (b) (c) (d)
Fig. 12 Pressure distribution during water and air discharge (Pa), (a) Time = 0.002 sec, (b) Time =
0.0325 sec, (¢) Time = 0.035 sec, (d) Time = 0.0375 sec.
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