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Oscillation of Air Bubble Discharging through a Sparger without
Load Reduction Ring
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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 case of safety relief system
operations. This study presents a numerical analysis on the oscillation of air bubble
clouds discharging through a sparger without LRR by using a commercial thermal
hydraulic analysis code, FLUENT, version 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 almost by half. 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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pressurized water reactor)ol Al AFaLA] oA 7S A Eo] ZEdHH
Wzt FxE WEskA A oled W AAd SAEE A
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o] FEAS FAAT 7] YEte] sparger head®] & F9 2 sparger bottom® T
© 99 tEdld(porous media) G oz AASGAT o] 9HL T
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Fig. 1 Location of sparger
and pressure sensor
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Table 12 a4 A AFEH & &7 @ F717F 955 7-(nlet Dol A& A zke] uw
2 otg 2 em 2 Nilsson”o YERG ABB—AtomA ZAS AR AR,
o] F AIZE o]9] o] A7kl A e] be W &= MY HtHow A" ke AFEEY \:}

7

Z7 oF¥e Aok(static pressure) 0 Pa, A& 2 (body force) 9.8 m/secS AF2319)
th 27|z 708 Fxo $HGHES 100 Pa® AR, o £¢ o4 2 013}1‘4 A Aol
el o AZEES 247 03 12 AAstgnh 2o WxE 1000 ke/m’, £71¢ 2
T 10 kg/m'= AASAY. A 149 4AE U2 AR, 37 d%aﬂﬂ—t« o]
7V A Aol o)) fHel wE "Wyl vl st s skt

Table 1 Boundary condition at inlet 1

Time (s) Pressure (MPaG) Temperature (°K)

0 0 293

0.041 1.06 290

0.237 1.33 626

0.463 1.11 097
Table 2+ taA w2 g9 H4E vepdth vadmd 99& 3= 5719
AA F48 sparger head ¥ bottome] A WAL A WP o2 g gholl A
371 YA FEE Aol = 370 m/s ARE)s weke] AR fEel dAIF
=gt s¥ A" dAREe R A (fixed velocity) BTt g vl A G Ao &
T WEE WAAYATE AHEEe] dEhidT. e A 03‘9“%%1 sparger head %
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Hogf Mo AFEE VOF EdolA Ho Courant Number He 0.25
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Table 2 Parameter at porous media region

Real area (m®) | Grid area (m®)
Real area (m®) 0.01131 0.00049
Grid area (m®) 0.25133 0.04524
Grid length (m) 0.04 0.2
Fixed velocity (m/s) 16.65 4.02
K value 1.8 1.8
Inertial resistance factor (m ') 96291 331089

- =9 9, 48 T 2V BAAERAS dAstaL AES A EET Azl mE
719 F9F Hwsks ALY ¢ JEE Sy

- 377 Yol AEEHWA WHEud e F7)7F 7S] AlReka, 3719 5o A A
Ho] 373 H A sparger head®?} bottomC & &0 whx| 7| A Zsku}

- F99 F79 %S AMHEE x 5 x 13 x A7Hdke] Ad gty dA e Al H
A E71Y FYE Ads JTAAXDS SR HASH o] AIFRY F7]9
Ch

- PM 1%2= X3 sparger headel* A
head Ao HEE HAAHAIL AXHA 2
(fixed velocity) ¥ t}. Sparger head®] o8 A& %7l AT E A|Ho] & +
Ronmw ofF uHste A HEE aAFAZIY

- &7)7} sparger head® $#3] F3#3}H sparger head®] porous AL wallZ ¥7
QJ— obgd A M WF% walle WA F7]8 X Y& AdAzITh

4. A3t 2 E9

4-1. LRRe| ¥H =€ Fol nx &= J&&F
ABB-Atomel|l 4 4839 E run 186 A (H 4 spargerd] MI150 F-2Hoj A 1)
ol 2 9l FIHE oF 04046kgo.E AFHAonT B HHgNR T
7}z wEEo]l IEsE @4 woste] LRRe] JdE A97e vlas
Table 3& inlet 1o E7]7} €0127] A &&= AIzE, 7] WaEo] 8500 LRR %
¥l #-& blockingd A|7F 58 yERA Aotk LRRe] §& A% =3 F717F w7
Z77F AA H2=Z inlet 19 F717F €912+ A7F ¥
ARES & F ok

(N ()



Table 3 Time at the specific events

With LRRY | Without LRR

Steam at inlet 1 (s) 0.192 0.203
LRR blocking (s) 0.361 N/A
All pipings blocking (s) 0.439 0.496
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Table 4 Comparison of the cases with and without LRR

With LRRY | Without LRR

Net negative pressure (Pa) -50800 -61800
Net positive pressure (Pa) 82700 174200
Frequency (Hz) 4.37 4.10
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3 Comparison of wall dynamic pressure

(P10 of Fig. 1)
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Fig. 5 Pressure distribution in the pool

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

Air mass (kg)
0.2023 0.4046 0.6069
Net negative pressure (Pa)| -61000 -61800 -63000

Net positive pressure (Pa) 196500 174200 187600

Frequency (Hz) 6.02 4.10 3.17

200000+ | —o—:m = 0.6069 kg
—4—:m = 0.4046 kg
—+—:m=0.2023 kg
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-50000
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T T T T T T
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Fig. 7 Wall dynamic pressure with the
change of air mass (P10 of Fig. 1)
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Table 6 Inlet 1 boundary conditions

Inlet 1 pressure (MPa) / temperature (°K)

Time (s) Case of pressure Case of pressure
increase by 0.3 MPa | increase by 0.3 MPa
0 0/ 293 0/ 293
0.041 0.76 / 542 1.36 / 630
0.237 1.03 / 586 1.63 / 662
0.463 1.03 / 586 1.63 / 662

Table 7 Maximum pressures and frequency with
the change of inlet 1 boundary condition

Inlet 1 pressure
Decrease | Same as |Increase by
by 0.3 MPa/ABB-Atom| 0.3 MPa
Net negative pressure (Pa)| -57600 -61800 -68220
Net positive pressure (Pa) 140100 174200 234500
Frequency (Hz) 3.60 4.10 4.32




300000

—o —: Increase of 0.3 MPa
250000 — —4—: ABB-Atom test
—+—: Decrease of 0.3 MPa
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Fig. 8 Wall dynamic pressure with the change
of inlet 1 boundary condition (P10 of Fig. 1)
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