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Numerical Analysis of Flow Field Formed by Air Bubble
Discharging through a Sparger
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Abstract

In both a boiling water reactor and an advanced type of pressurized water reactor
APR1400 being constructed in Korea, water, air and steam successively discharge into
a subcooled water pool through spargers, when a pressure relieving system is In
operation. During the discharging processes, the air bubble clouds produce a
low-frequency and high—amplitude oscillatory loading, which may result in significant
damages to the submerged structures if the resonance between bubble clouds and
structures occur. This study deals with a numerical analysis of the flow field due to
the oscillation of air bubble clouds by using a commercial thermal hydraulic analysis
code, FLUENT, version 4.5. The VOF (Volume Of Fluid) model was used to simulate
the interface of water, air and steam flows, since it is known to be suitable for the
large bubble simulation and it enables to treat air as a compressible fluid. A good
agreement between the analysis results and the ABB-Atom test results, which had
been performed for the development of BWR sparger, was obtained.



717}

W
et well2 W
&=

==

[}

=

H] =

[e) 7:] PN

o o TE(BWR
mn

g water re

aCtOr)

oﬂ /\1

A}_T_!/\

]

1_ }\1 =
7l

T Y
mﬂﬂmﬂ
% ;onaJ. ‘WH‘I
u%wvaﬁi/ﬂ
N d7L No 7T 1r
ﬂmeﬂﬂa RR®
io%me%\k,mo B o o 2
og%ﬂamﬂnma lomﬂﬂubﬂ]
% & & - ﬂ.ug_zlmzoog
O‘_.&u/mlu‘._yﬂ/me‘Ol @..H‘UI L.ch M.Td‘.rﬁ —
o ERl 1W%rﬂ%w e s
1;xwmé oo L.mnglé 2T E g
%iomo%ﬁsﬁ 17ﬂabﬁod zzswﬁﬂ
qor_:mmly.aﬂ ?ﬂﬂ@ﬂ%% T o & i oy =
ﬂof7Xlﬁo Lfoﬁ_zg.7z*o_z§ﬁ n_”oTrOM iﬂﬂo EoA&o
Mo =0 H_OIOWW m.AeL.,DF ]L. H_;n_u]n_AlE Jl.z,._._,&o
A o H et 0 o ° 0 Nd ATU < | N R No
<) T T = o = 9 W < { ﬂuﬂk s 5
uexZ]nq q%]%A .ET }almlomq o} m_.xmﬂlmn
T 1rto.h7A T ) zéq _ = J LﬂﬂA
ﬁﬁ ﬂue L.T]ﬂﬂo#o‘.r]o#uﬁ ATHMﬂ.EA ol G 0|
Eﬂ%ﬂbﬂmﬁ o o o o % 44%; alf;_ﬁ
ﬂ]]i7m ]%EHI]EO i ﬂﬂﬂﬁlx%olL AT)J.HoLM
ﬂxﬂo@tw wﬂﬂﬁwﬁzza%%ﬁfyw y%l%
= ° . no ) k = b _,__ﬁ ;o7A
; i85 5 %%%Qo@ﬁ?qaaﬁ¢%ﬂ TRIAT
n MAL . = ~ e _ZE\), 0| ha N N K
e R NH o g = W iy o Zﬁl. A_I o5 n ol Nd ol = Xo B ]o#a
u._zﬂ@,i.md Judpl}%.m U~ mﬂoﬁ.ﬂmdﬂ /NaEwr
11L}1ti B oo " T }E} = = X°
OMLuaoLon ;om.L .3 " Xszﬂ17o;o N ™
= @ 8 5 Eo}zvt 1311% o o DN o
ATAT _d,_iﬁo J.Po1r7 amﬂﬂu_le7 Eaﬂqo /kpibfov
b X k= xoao?mﬂmyoa1zo§ W %ﬁ@ﬂ
11WA5150 T s ° b ) N
%anvﬂTm o7§¢oTElo£ﬂmmm£@?ﬁa op Ehan e
= o & S w o ]ﬁu]q??.&ﬂof L,m-ﬁo sqorﬁ
_ivrmﬁ@ < lg onao}}g 5 _€1r1r o —_
ﬂ m FL X DWu i 1‘_% ﬂ O#E A ‘yAl o o \J m TL \Al_l ﬂﬂl jo o _ZTd Z#O j.L J]Oll
s (sﬁmﬂ} mulommﬂﬂ_%aﬁ: o H%Q%mﬁ moﬂqyugé
Nrodﬂﬂ_lA_ﬁ»A 7UJ|0,9|‘.AI‘W.OMH,ILH_INHXL‘| EEOH g o ﬂﬁao
o%ﬂunwm lﬂn}u Mwﬂﬂﬁfﬂmlﬁw TB@ #
B N Jmn_rmxﬁ hQ%7 EHEZNEA }ML@ﬂyl WA;omﬂM
ﬂiﬂdﬂ“weﬁxa AﬂLHOEOOt]o] Ta;ooLLﬂ_L - "
1ﬂawwﬂwﬂﬂ Hwﬁgg%ﬁﬂ%mbﬂ@gﬁow Iﬂmmﬁemﬁ
) Jl_ . )
ﬂﬁlzovm CIIS ﬂ%ﬁ&é% A%?Q:ﬁﬂmﬂ7 _smﬂ%n_uml
a] S W . 0 oaoaq _ l E NS
Eo@.%#uwlu.muﬂfrb %Jmoﬂ%xfngmm o oy O e
mzluawr%m@lma :Lﬁﬂoﬁ?#nﬂrze W E 5
,AJ-L,AL.R LIMI o Ho ﬁrLaJlg ruaéamc;
7€V0Pﬂ7ﬂmqo %Ebcggo?mw M @ﬂﬂai
dA@u_ﬂrluewwﬂ u.woaﬂz%s mrﬂnwul,
u@@nM%ﬁ%a%;gwmqmmaqw
dlw}?%mﬂ E?m&%%m@%ﬁ
7ﬂm§£ﬂ7} %;.Hs@:ora
‘._A.woﬂﬂ‘n_l;o,w OLJNyﬁOLIZI
EL.]L & N o
Njo Tor 0 i - e ol
oTc = * 1,\.._.V 5 WW o o mr
mﬁovﬂ_um HVHOF_AT
7§4mbﬁob
_ﬂm‘:o 1
Sﬂlﬂ;u
%o

191 o
o A" o

| =’

/\],_g_

°

=

=

=
vO =9l
Olume Of ENT V
Fluid) uersion 45
2ds )
= AHE-
e}

3



2. 7ot 2l HE

2-1. VOF =4
FLUENT =] WAe vdfe i 2l oA i3

Fr ] 7%

Ao w3k Al 14 el 4EAd (compressible) fES Relgh
A mdg MAstr

VOF 4o AAE&oletes MdS AbEste] 7 s gttt woF s Al

2= gl o] A k‘ﬂwﬂ A ¢ xﬂ"l_'—%e g, B BAE w, g,=0 & AAAH EHA FA

FAZ AFE A ASFE 0Kl & A

oju| e}, whebA Zb A o] A Al A= A A

e 47
TE e, B 7lz‘ai shol A Mgt B 24A ] EFEHA Ak AuigE A 1 o=
A] o

o
o

de, de,
ot T o, = Seh ()
ME g ) deEy
¢:2€k¢k (2)
2l
Cp: zekpkcgk (3)
ErOp
g
zekpkhk
== 4
hp Zekpk @
ST EA Y
0 0 __ 0P
P du;  Ju, )
+ ox; ﬂ( ox; + ox; togt




- k( 83)+Sh ©)

@

.- w FEA R A
FAZ FhEE d9ele ‘&%E%‘% aefstelo moh AE s Ads AL F
Aok B AFelN e fEsidel A dnHoR AgHE dHREA BE ke 27

e FHAS FAAT 7] Y] spargerd dF A7 (LRR: load reduction ring),
sparger 9 (head)9] #2 94 % TH(bottom)e] FHES] &= HOPb A ds o34
1l 2 (porous media) <o
EAgma Jode HEA 7} A4 (inertial resistance factor)% ©ll
olste] F & WstE Yekd & A Hol vk 2 s e A= LRR¥ sparger head

= RojstRR AGAGAT e AFE-
G3l7] A7AE AHEE BAAA A S
j=3

A

(o)
g

)

Q

o
=

=

NI

B
)

o

Y

o%

L
of oste] g} fFgo] A, YARAN R HW GIyAvE JdS Tt
= A FE5ES Axd e wet @akd dAFS R A (fixed velocity)H Al H T

el Al 1744

H A (ideal gas law)e AE&3tAa, d=H> &4 o) 5}
A8 EE MEAlSS A Agste] ALkt

3-1. s od 2 A=

oA iAo ALE-E ABB-Atom 2 S HZ sparger® AAHE MIS0 spargers A
2359 3% unit cell test?] run 186702 WEu]P e Al 7to] wlE <t slel e

A vtgdy A e F9 TS AU Fig. 1 @ #Zo] ®¥Aaxs A% 32m =9l



Hiet o 2 R oF 55m7bA] Eo] YA 93l spargeri= W
sparger bottom< ®= wlgH o 2 RE oF 05m "ol A
2 sparger bottom&. ZHE 55m "WojR uj@oA SHE
AW A FHE FHP10)S A A} v w3
Spargeroﬂ’ﬂ 717 wEEY FAEE oY 7IEe] 4L o FARSE ol BE o
2b Fd A AARE sjAo] JhestER olakd Ui AAH(141 x 61)F AFEshe] EA
< T Fig. 2 oF 22 A AAe] AHAAS] #A5 s =, &7 9 717
¥ = dFGnletD)Z, BAEAAY] 5 AhHe F o722 AwsEe de &
(outlet) = R AT @ FLUENTO| A+ f=-bge] AAZAQ] Afde 7%
inleto. & X A3}A FHo oz B M= 75 inlet@= AAsIAT. T3 C,
Do} E Ho] wEm#y x5 AZdsta Jde AS 3w Z(porous media) 4,
PM 1(LRR), PM 2 (sparger head), PM 3 (sparger bottom)gi 7}z wdl g3l o),

olO—ELIM

o

Unit: mm

500

|
Lf 1500
T

1500
6600

Load ||
Reduction [__1
Ring

2000

Sparger
Head

1500

o
168 3

3200

Fig. 1 Location of sparger
and pressure sensor
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Fig. 2 Configuration of grid
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Table 1 Boundary condition at inlet 1
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Time (s) Pressure (MPaQG) Temperature (“K)
0 0 293
0.041 1.06 590
0.237 1.33 626
0.463 1.11 597




Table 2 Parameter at porous media region

Real Area Grid Area Grid Length | Fixed Velocity
(m*) (m*) (m) (m/s)
PM 1 0.00285 0.03519 0.04 29.97
PM 2 0.01131 0.25133 0.04 16.65
PM 3 0.00049 0.04524 0.2 4.02

Table 3 K value and inertial resistance factor

K Value / Inertial Resistance Factor (m ')
PM 1 PM 2 PM 3
Case 1 2.6 / 9907 2.6 / 32097 2.6 / 110363
Case 2 5.2 / 19814 5.2 / 64194 5.2 / 220726
Case 3 7.8 / 29721 7.8 / 96291 7.8 / 331089
Case 4 5.2 / 19814 2.6 / 32097 2.6 / 110363
Case b 5.2 / 19814 7.8 / 96291 7.8 / 331089
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o] 3algl AAGEo R A (fixed velocity)Eth. LRR

=
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Table 4 = 2z} A caseol wet iAo F717F 5927 Al#ski= A7, LRRS
=3 7] o] ¢85 o] LRRE blocking3t A7k sparger headS %3+ 37] o]
dxro] A w#E blockingdt A1ZF 52 YERH Fo|oh @] Tl F7|7F E0] L7

AFpeh Az MBY T EEQ) AR, HolA AR mE F7] SEeh WEE T
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Table 4 Time at the specific event for case 1 — case 5

Steam entrance LRR blocking All pipings

at Inlet 1 (Wall 3) blocking (Wall 4)
Case 1 0.165 sec. 0.265 sec. 0.307 sec.
Case 2 0.181 sec. 0.330 sec. 0.380 sec.
Case 3 0.194 sec. 0.376 sec. 0.445 sec.
Case 4 0.170 sec. 0.285 sec. 0.310 sec.
Case 5 0.192 sec. 0.361 sec. 0.439 sec.
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Fig. 4 Wall dynamic pressure with various loss coefficients (P10 of Fig. 1)



Table 5 Max. negative and positive pressures

Max. negative Max. positive
Time (sec.) / Press. (Pa) | Time (sec.) / Press. (Pa)
Case 1 0.400 / -58300 0.555 / 165000
Case 2 0.474 / 56000 0.607 / 125000
Case 3 0.539 / 55700 0.669 / 137000
Case 4 0.422 / 64800 0.527 / 256000
Case 5 0.542 / -50800 0.686 / 82700
ABB-Atom NA / -44700 NA / 65100

Table 5 = Z+7+e] caseol] W&l AA# (132, 62)°0] YElHE HHA(ABB-Atom 23 9
P10 =AM 7 91238F A &) A 2] max. negative pressure % max. positive pressure
7b HAEE A1k @715 YERW AT ABB-Atom unit cell 2 @A FAHE tH o
Hlal dojgho] 4ds & AdE HoFi o, o] F case 57} ¥ Szl 7HE
SRS HolE

Fig. 5 © case 59} ABB-Atom 2 & ¥}2] vlal A3E Yehdl Aot} of 7]l AlZkE
< ABB-Atom A@#e] vluE fa] HA AL AZEFO A SF 0224 sec ©]-sAF T
| A A3 oA max. negative pressurer= -50300 Pa®E 4 ABB-Atom 23 =437kl
-44700 Pa ®Ht} ¢ 15% ZA A2FE QoW max. positive pressurer= 82700 Pa#® A
ABB-Atom 2% FA 7kl 656100 PaR vt} ¢F 30% ZA AAEAG. Fu345 437 Hz2

100000

80000 —m—: Code simulation (Case 5)

—o—: ABB-Atom test

60000
40000
20000

0 <

Pressure (Pa)

-20000

-40000

-60000

0.0 0.2 0.4 0.6 0.8 1.0
Time (sec.)

Fig. 5 Comparison of ABB-Atom test and simulation results (P10 of Fig. 1)
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Al Folm ) 0361 sec= LRRel F7|7F Ed3lo] o] HiES wall® AHEg AlHES 0439
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(h) 0.361 sec. (c) 0.439 sec.
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(f) 0.686 sec.

(g) 0.841 sec.  (h) 1.041 sec.

(d) 0542 sec.

(i) 1.241 sec.

(e) 0.641 sec.

() 1.400 sec.

Fig. 6 Configuration of bubble cloud with time
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Fig. 7 Pressure distribution in the pool
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Fig. 8 Temperature distribution in the pool
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Fig. 9 Wall dynamic pressure vs. distance from inlet pipe
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