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Abstract — Load reduction ring (LRR) was installed on the ABB-Atom sparger to reduce the oscillatory
loadings due to the air bubble clouds in the water pool in case of safety relief system operations. In order to
investigate the effect of LRR on the pressure field, a numerical simulation on the behavior of air bubble
clouds discharging into a water pool through a ABB-Atom sparger without LRR was performed by using a
commercial thermal hydraulic analysis code, FLUENT 4.5. Among the multi-phase models contained in the
code, the VOF (Volume Of Fluid) model was used to simulate the interface of water, air and steam flows.
By comparing the analysis results with the previous ones, the load reduction ring has an effect on reducing
the oscillatory loads at the wall. It also includes the effect of air mass and inlet boundary conditions of the
pipe on the pressure oscillations at the wall.
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Fig. 1. Location of sparger and pressure sensor (ABB-
Atom test).
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Table 1. Boundary condition at inlet 1.

A7k (s) 3+ (MPaG) 2 (K)
0 0 293
0.041 1.06 590
0.237 1.33 626
0.463 111 597
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Table 2. Parameter at porous media region.
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2 =M (m?) 0.25133 0.04524
2= o] (m) 0.04 02
IR LT (m/s) 16.65 4,02
K 3t 7.8 7.8

A A A4 (m™) 96291 331089

AE Az A& AR D f 5L sl 25
X107~1.0X 107& A3, 48 2712 Aol o
;M 1.0X10° o]3k2, = 1l {FF 2] AL o]
2]¢] W M= 1.0X 107 o|3}2 A3},
I HellM Al EEEkl ko R FH/ET(9.8
m/s’ Y EAEE 7

ARt Azl ohgat 3.

- B9 49, 4 § 2229 A RS AAE
I AARE A Az B 3719 FUs Wt
£ Axg & =E gd.

- 371 el AR WEia g 707} skt
7] ARk, 3719} 22 ZAHe] s17slAl sparger
head®} bottomSZ E-o] wx]7] Alxtghe}.

- 75 3719 FE AAEEXESEXTHAH X AIZH
sled Az YAFE AAHANM F7)S] FUE A3
3L YAA RS F7IS WA o] AHFE] F7)
o} F719] FHAHo] AAAHA} Hell HAAH7] A=kl

- PM 122 A 2|3t sparger headol|d f-5°] YA=
Ze)| x4 =™ sparger head A9} £ AAH
A3} Az S TEEle Sl YA 2 3 (fixed
velocity)Slt}. Sparger head®] oJ3] A& &£571 1A=
£ AMo] T2 4 2lomz o) Teek A 458
AR

- F7V7} sparger head® £F513] 43P sparger head
9] porous AL wallZ W=, ol A wiH WF-
= wallZ WAE] 719 £ 9& Az

4, 43 3 E9|

4-1. LRRO| ¥& eHTEo DXl ¥E

ABB-Atomell M $3§319dwl AgFAM #A sparger
Q] MI150& H-23} run 186 A1EY] wiF el =} 9]
E 378 o 04046 kgoE AAMEHY 2 E R B Y
AME= FUd o] FrI7) 22 wlEse] Fse
A4S LRRe] Sl 73709 vlasisio)

Table 3 inlet 1ol] 37]7} So]e7] AlAlsl= Az,
7] W&o gg=e] LRR 9 A wiRE A3t A7t
=2 Yepd Zleloh LRRo| Sl A% €5 3717} wh
e wET7E 2082 inlet 19 717 ol
AlZh 9 A el FE ZPAgE AJ7ke] LRRe] Sl 7491
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Table 4. Comparison of the cases with and without
LRR.
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Fig. 3. Comparison of wall dynamic pressure (P10
of Fig. 1).
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0.733 s

Fig. 5. Pressure distribution in the pool.
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Fig. 6. Temperature distribution in the pool.
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Table 5. Maximum pressures and frequency with
the change of air mass.

7% (kg)
0.2023 0.4046 0.6069
Au] 29k (Pa) | —61000 —61800  —63000
Za] °Fst (Pa) 196500 174200 187600
Z34* (Hz) 6.02 4.10 3.17
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2000004 | —o—: m=0.6069 kg
—a—:m=0.4046kg |
—+—:m=0.2023kg |.

150000

100000

Pressure (Pa)
g
s

Table 6. Inlet 1 boundary conditions.

Intet 1 943 (MPaYInlet 1 &% (K)
Time (s) atg o] 03MPa o] 0.3 MPa
ZAag A% Z7he A5
0 0/293 0/293
0.041 0.76/542 1.36/630
0.237 1.03/586 1.63/662
0.463 0.81/551 1.41/636

300004 Table 7. Maximum pressures and frequency with
the change of inlet 1 boundary condition.
-100000 T r T r T T
00 02z 04 06 08 10 12 14 Inlet 1 3 W3}

Time (sec.)

Fig. 8. Wall dynamic pressure with the change of
air mass (P10 of Fig. 1).

o velgls RE IHE ARSI

Table 5= ¥ (Fig. 12] P10yIA] gt} T3t
5 vebd Zloloh. £ A4t ddelMe F71Fel |
mEel Pl e A vehbA] kst 1
v}, Bae 0 739 H3y 71X AF) dig @M
Rayleigh-Plesset WAAl2- Al8s) sM3led, Frigdo] 2f
S HEEE AXE AT 9. M2 Aelst
AZZ Hoj= 2 o|f4F2] b Bac FleiME 7]
2o} 539 HANM 7] R AAZAE F2 N5
gdor} B AxkMde 7)F M Ha] HejAl ulghell A
Z2A4Y 2AE MBI dE Aol dAdse F
F oo widl WU EAMe] oY, Fue 7]
o] S7RIEE zolA| = AL Hol gle, WiF 7]
o] AS Fupe 71X u¢l uhlEse dukEgl
ZAspet A dA|siedt.

Fig. 8% HA(Fig. 12| PLOpIA2] E3hE vehd A
olch wist W Frigkel #E&pF F7] MiEAZel &
ol =2 F7| 7|1%7} AEE AR Al weEkA
= A%E & 4 x

4-3. HiZ T=d0| Ye AHTZO| O|Xls HE

vl gtz Ale] W Rl Fol X FE &
o}17) $js] Table 19 19}l ABB-Atom &2 w)
F J7EA ol9e] 4L 0.3 MPa T STRIFIE A
$-9} 0.3 MPa THF FHAAF)= RSl gk Aars 5
Aoy, i W) FT71S 04046 kg& MBI o)
2 ofoe] W Table 200 YRRIE $AE IR A}
2310}, Table 72 AlAbol] ARSH et 72 ol

Table 62 H{H(Fig. 18] P10)IAe] o4tz =}
2 vehd Aotk Ml YT ¢Ho| FRE F

0.3MPa ABB-Atom ¥ 0.3 MPa

A Y 7}
Au] &3} (Pa) | —57600 —-61800 —68220
o] kst (Pa) | 140100 174200 234500
514> (Hz) 3.60 4.10 432

—o-— Increase of 0.3 MPa
250000 A —a—: ABB-Atom test
& | —+—: Decrease of 0.3 MPa

Pressure (Pa)

00 02 04 06 08 10 12 14

Fig. 9. Wall dynamic pressure with the change of
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