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SUMMARY

If the safety depressurization and vent system of APR-1400, the
korean next generation reactor, is In operation, water, air and Steam
are successively discharging into a in—containment refueling water
storage tank through a sparger. Among the phenomena occurring
during the discharging processes, the air bubble clouds produce a
low-frequency and high—-amplitude oscillatory loading, which may
result in the most significant damages to the submerged structures if
the oscillation frequency is the same or close to the natural frequency
of the structures. The involved phenomena are so complicated that
most of the prediction of frequency and pressure loads has been
resorted to experimental work and computational approach has been
precluded. Thus, it i1s valuable to develop a computational model on
the air bubble cloud oscillation, whose loads should be considered in
the design of sparger and submerged structures. This report deals
with a numerical simulation on the behavior of air bubble clouds
discharging into a water pool through a sparger, by wusing a
commercial thermal hydraulic analysis code, FLUENT, version 4.5.
Among the multiphase flow models, the VOF(Volume Of Fluid) model
was selected to simulate the water, air and steam flows, since the
VOF model, which treats a first phase fluid, air, as a compressible
fluid, is proper for the simulation of large air bubble cloud. A
satisfactory result was obtained comparing the analysis results with
the ABB-Atom test results which had been performed for the
development of a BWR sparger. In addition, effects of air mass and
inlet condition of the pipe on the behavior of air bubble cloud were
included. It was found that the oscillation phases of two air bubble
clouds formed at the LRR and sparger head have an impact on the

pressure field in the pool.

_ﬁ_



mr

S = N I © - 0 Oy O

it

]
T T = 2 OSSP

A1 A

o

A 14 VOF =

=

-

A 2 A g4 v A (porous media)

<t
—

00
—

©0)
—

A AG(K) HBHo] TR S| A] ceereereerrememsseieeeisisei s

14

i

A

—
9p)

=1

<
<~

=

A3 wE YT

o~
Lo

o0
Lo

1ii



K
o
_>'|_|

Table 3_1 Boundary Condition at il’llet 1 ........................................................... 14
Table 3_2 Parameter at porous media region .................................................. 15
Table 3_3 K Value and inertial reSiStal’lce faCtor ............................................ 16
Table 4-1 Time at the specific event for case 1 ~ case 5 «rrrmeereereeeennnes 18

Table 4-2 Max. negative and positive pressures for case 1 ~ case 521
Table 4-3 Time at the specific event for the case of air mass change - 31

Table 4-4 Max. negative and positive pressures for the case of

air mass Change .................................................................................... 32
Table 4-5 Boundary condition at inlet 1 (Pinlet=Prestt0.3MPa) «weeeeeeeeeeeeeeee 44
Table 4-6 Boundary condition at inlet 1 (Pinjet=Prest—0.3MPa) «-eeeeeeeeeeeeesenees 44

Table 4-7 Time at the specific event for the case of inlet condition

Table 4-8 Max. negative and positive pressures for the case of inlet

COl’lditiOl’l Change .................................................................................... 46

_iV_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

o g o5 A

1-1 Schematic of safety depressurization system for APR-1400 ------- 1
3-1 Schematic of ABB-Atom unit cell test facility --seeeeeeeeeeeemeeeeeee. 9
3-2 Configuration of a sparger for APR—1400 -sswwseeesreeseresereserienee. 10
3-3 Location of sparger and PreSSUTe SENSOL - s wsrrsermsseesseruensec. 11
3-4 Pressure measurement for ABB-Atom test run 186 -::eeeeeeeeseeee 12
3-5 CoNfigUuration Of Grid - --s-wsseresseeeeseeesseresseemssesssenissenissesissessssenseseenesecs 13
4-1 Velocity and density of air at (12, 4) for case 1 - 19
4-2 Pressure measurement at P10 for ABB-Atom test --:--eeoeeeeeeeeeees 20
4-3 Wall dynamic pressure with various loss coefficients (I) «eeeeeee 22
4-4 Wall dynamic pressure with various loss coefficients (II) ===+ 23
4-5 Comparison of ABB-Atom test and simulation results ««-== 24
4-6 Configuration of bubble cloud with time (case 5) weereerseesseeeee: 27
4-7 Pressure distribution in the pool (Case 5) wsewserrsermsemsseeierienae. 29
4-8 Temperature distribution in the pool (case 5) wwewrermremrrmmemen 29

4-9 Wall dynamic pressure vs. distance from inlet pipe (case 5) -+ 30

4-10 Wall dynamic pressure with the change of air mass «eeeeee 32
4-11 Configuration of bubble cloud with time (m=0.2697 kg) -« 36
4-12 Pressure distribution in the pool (m=0.2697 Kkg) «weeeeemeemeeeseen 37
4-13 Temperature distribution in the pool (m=0.2697 Kg) «-eeeeeeeeeeeees 38
4-14 Wall dynamic pressure vs. distance from inlet pipe

(IU=0.2697 K) wwveeressessmsssssssssmsssisissssssssisssssssssisssss st bissss s sissssssass 39
4-15 Configuration of bubble cloud with time (m=0.1349 kg) -« 40
4-16 Pressure distribution in the pool (m=0.1349 Kkg) «weemeemeemseesnen 41
4-17 Temperature distribution in the pool (m=0.1349 Kkg) «-eeeeereeeeeeees 42

4-18 Wall dynamic pressure vs. distance from inlet pipe
<m201349 kg) ......................................................................................... 43
4-19 Wall dynamic pressure with the change of inlet pressure -----* 46

4-20 Configuration of bubble cloud with time (Piet=Prestt0.3MPa) -+ 49



Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

4-21 Pressure distribution in the pool (Piniet=Prestt0.3MPa) weeeeeeeeeeeeeee: 50

4-22 Temperature distribution in the pool (Pinet=Prestt0.3MPa) --eeeee-- 51
4-23 Wall dynamic pressure vs. distance from inlet pipe
(Pintet=Prestt0.3Pa) «++eeesereemsssmemisiinsisiistic s 52
4-24 Configuration of bubble cloud with time (Pinet=Piesi—0.3MPa) -+ 53
4-25 Pressure distribution in the pool (Piniet=Prest—0.3MPa) -eeeeeeeeeeeeees 54
4-26 Temperature distribution in the pool (Pinet=Prest—0.3MPa) =++e++ 55

4-27 Wall dynamic pressure vs. distance from inlet pipe

(Pinlet:Ptest_O~3MPa) ................................................................................ 56

_Vi_



0h]

M

o1 E

A1 A A

in—containment refueling

(IRWST

o

—~
o

water storage tank)7}

ek

il

1270 ¢] sparger”} <F

&

I Fig. 1-13} 7o)

9]

A17171 9

o
W
=
jant

1o

ol
~a
e
~~
0

B
ot
=

o7

BE

IRt

A 21 244 71 -]

2]

—_
0

&
[——
jant

of ol 7}

17} = 5H A $=(condensation) ¥ T}

—_
file}

7

Nlo

Pilot Operated Safety

Relief Valve

3

I

"

j%i

Sparger

- ———— -

N\

IIIII

Pressurizer

IIIIII

In-containment Refueling Water Storage Tank

Fig. 1-1 Schematic of safety depressurization

system for APR-1400



H

H} = A
FEA1] water jet, &7

i

YA
—a-

Al 7]

o)
wr
TR o B
mwﬂaw@momawﬂﬂ1
% ﬂu%.mm%.moma ﬂl
7zﬂ§ﬂﬂqu w © R T TR
%#%gﬁ%@@%ﬂgwﬂu DRANOR 5o %
—_ ) _ _ = ﬁwﬂl e —~ — X _W ,
7%Tﬂﬂ%ﬂ I LLON W 4 T °
oy o 2 2y O g Fogr T w2 M o oo T I
o R TN o MO o o o= m 0 A T O
g o= o2 o WeoR o W Lo oo = X o
o BS Jm_u "o N N X o .Ul _ﬁ d_ﬂ H_T_ Zﬁ =
g ot W NOE () oF my — 0 oI W o B o — oy = m o
S Moo N oy = O KT o o N oau w No = 5 Mo ™ Ho
o o o T o MR 4 A AR
r Mo w oo X MR o h o =0 5T &
N ol op oy < = < N ~+ KO w6 o o K
< o S Lom = 0 P o ax A
R S Tl ha. L A XA
ﬂa$%7%%§wwwﬁ%q1daqug T E s
Ca LE%QQW%, oﬂu%%%mm_cmﬁﬂﬂ% __mﬂmuh
EEN N P F — T gl oE RO o B Wo o < X
oo D L ° ﬂ%l_nsnar.m_ﬁ gk
4 B8 0T W < o - oF 9 ™ 2 o B
<= 0% _— A — 0 B = =y o s B ) = 1o
mxwmwo74Aﬂﬂﬂﬂnoﬂ¢a%w$ﬂw o A BN
[ o o~ — N —~ —_— T = —_
o o X B #L)K .mﬁ w ‘WI m._.m Mnr_% > | ‘Jm.__m ‘Nﬂl Mﬁ O. Mo W_.m 3 0 JI ol o) ®
N a3 2% T 7N %ﬂu'_s o T & W o=
?M%ﬂ7omﬁ%iﬁ uozg_ﬂﬂaﬂﬂ o T B X
<+ o Y dl o o1 ot o e o A H N~ ~ ) . o= 2 W hs
ot = % Moo XX o Mo T oy Mo o W o : N
— N 5 — = B — o H ok ! ™ k)
vazlmﬂawﬂ_flo oy 0T P e S m%a%z%
~ GRS T 0 =0 o) =~ —_ - — il ;.Ow_ - =t )
o op £ B B A m %A of B =
— B bl = = woR T = omo p W —, N5l 7 N
oﬂﬂﬂﬂﬂa7%% S‘u\lmﬂ;mu = N o
No BR W o — Lﬁ — — W= o ~N oD o = o NJo <
B o T w ° W o D w B M T o F = ﬂg o+ T RT o ==
_xo_zﬂmli@g ﬂﬁﬂ?%hﬂ%? g o
~ w3 Md_u ERNNSEE C — M a9 g l/o T
fils} ,ﬂuﬁ J— ° N <) ll ‘_ui_me s mb 0 ;O.._
~ ﬁl il e anl 2o O E.E Y
TR < = 5 c
on XM o))



_
1o

%
o

™

~
110

Ho
i

b
B

—

NI
i

=)
=

IRWST WelAe =/371/F719

=]
=

TolA = WE o

yf

B

~
110
Gl

o] o
=2=

491 8H(CFD) 3fiA =

O -
2%

%

d

—=
"o

Sparger 7S 9

el

-
T

folm =, & Aol A

S|

=]
5

T
o
T

2 9] o A
Aut Fo

44

4

[
5\

3t

K

9t Sparger /1S 98] ABB-Atomeo] &

)

7 £l

=
=

dl o] B

I3
=

a4

A # A sparger

A1

=
=

FLUENT wversion 4.5

il

VOF(Volume Of Fluid) =¥& A}

OR=
AA -

PN
T

tol =/871/57]

5]

&

ool
<
™

~
file)
o

+

ol

—=
"o

~
file)

oy
L
s
]
iy

—

0
o)

T
o
W

)
0

A mAA

el

—=
1o

=K

~
file)

il

I[N

= 37 %

gl

of &4

=]
T

FATH ob=® wja Wi

7}&

3



HMH2d =

1
2
o
&

A 14 VOF =4

FLUENT z=o] A" s a2 ma Foax 71xse A5
FFAFSHA el e ¢ qle Edd = VOF &

Atk 71E s e AES EAFSHZ] o= Eulerian multiphase R &o] %
stal A 9k Eulerian multiphase & |E JAF A FAdEH=

[}
AES B = Q= Edo] F71H A ol Eulerian multiphase 29 ==
3]

dl 3} Eulerian multiphase = 9l0]

moﬂl

i)
2
rlr

L
N

+
E
=
©
EY
~
b
i
kS
N
offt

o

A (compressible) &S &g

break-up®] €%, HA LMol oY sz $A4Y, @ ¥A F FA A
F, AAsh b AW 25 S| H8F 5 A

VOF malolA Adigolebs Ade AHgstel 2 42 Trach wef

er=0 1 AAA Al A FA7F H3 glE.
0<e <1 o Alof A H o] vpd-fs2o FA™ A= %

2 AAA A AN = A E e e 722 sto] 4ET Meg R 2AA

o] @HA "k 7} Fo] ol F= AAUS AT I A5UA

o



B

(2-1)

= Se/e

aek
Gxi

+%j

3€k
ot

H
H

e

X
vl

wK

¢

0

KH

i
T

(2-2)

b= 2le10;

A7IA ¢

(2-3)

e0,;,C

ngpk

o

B

)

(2-4)

Zekpkhk
Zektok

hb:

™
olo

N

<

2o

jind

N

—r

0

&

—_
fife)

(2-5)

au]'
axi )-f—pg]-f—F]

ou;
6’x]-

0P
ox;

(puz'uj) = -

0
ax,-

_d
at(puj)+



0 _0 _ 0 4 oT
at(ph)-i— 6’xz~(pulh)_ 8x~k( )+Sh (2-6)

[ axi

A 2 A oF-&A vl & (porous media) B2

o

el FHAS FFAT7] $ke] spargere 3dlE A% ¥ (Load Reduction
Ring), sparger ¥W(head)e] 22> 4 % W (bottom)e] THES] EA
3= Al 99S g Al vl A (porous media) GG o2 AAEA ). Sparger W
FHAA Ay ok FH AT A G Ao wEFo] AEAS
#(K-factor)oll &3] Aujevt, 5 x7F wi-¢ 29 AAFE
At 2 A A WEA Hehe] oHe Algto] A ke

&
e
o
By
ot
X

2] %= A (permeability) T

factor)soll odte] &&= WstE vErd = A Ho] Aok Aol A
LRR¥} sparger head % bottom<®] A o

Rostu g AAAAZAT s AREste] hEEAY F o] AitdEn 9
Aol =gelr] A7MA = AFEE B ARA T oot ™I ol
Ha, dA A =i HW e Adud 99 st #AY
< AxpA A ot gabE A

FLUENT =9 tvgAdujdolMe edeAAL g3 22 5%

4R g Fbskel AxAgY,

ol

o
N

X

Sy

JP>
O
HH
ke
ol
i
LN
=
b
(@)
[oN
<
o)
o
&
g,
=
)
iy

Jj v+ C2(é ov| VI) (2-7)

A7 o 9 G & 77t AgAT ATk AW golv], 4= 7 74
=]

whakol I EA (permeability: m9)E YUERNIL, G = B AIAS



(inertial resistance factor: m )& e
= Ao dE AC-DAA AAFES glela, A4 e ARESe] ¢
£ gS3 o] dests gt

% = C&(é ou] ul|> (2-8)

1% A%el ik 72 ¥Fl thatel el et 2ok

Ap; = Cz/lm(épvilvil)
ap; ~ Cyni{ L o) v))
Ap,, = Czkdnk(épvkl Ukl) (2-9)

A3 A s 2l

FLUENT # =04 o] A7) A9 # (ideal gas law)S A Eidte] WxZ A4k

3
& Aol BEE ohga o] Akt

P,tP
p:

RT z% (3.2.54)

o

o] 71 R& 7] A A< (universal gas constant), m,= TFAAE ;7o 2
& (mass fraction), M;+ T4 E ;79 A (molecular weight), P,,+<
AL g7 AYstE A9 (operating  pressure), Py 5394 # (local
pressure)= ZH7b UERATh 2 Ao A= Al 140 Il disiATE k=

4 Bdo] HgEo] Arto]l FHH AT

=]
RUN



A 4

iy

ol Al YEd 752 Reynolds

44

o



A 3 ZE

=lol__l
1
0II
s

A1 s R AR

H] 57 4% (boiling water reactor) sparger IS 3 FHFHAG

ABB-Atom®] unit cell 2&8Ye Mgy oz 39t Unit cell 28

19743 3} 19753 4 A ABB*Atomoﬂ/ﬂ A R (full scale)® T3P H Ao
W 32 WE2I)PAgAN e EHES H28EE sparger AFYS AA S
= FHES FAT ol FIWEUErE 2l wf v F99 Eo] i
I YHE=E wy Sortes AS WA GEH] Yo JFHE (vacuum valve) A4

S S/l o] Wzt W] gfeets SA ] wet

Lotmosd val Palal waive
i
ey
—- Flange, I
WORAT W

Ppe

“elume 1 m)

Fig. 3-1 Schematic of ABB-Atom unit cell test facility



AR 493]¢] oH] %

=

Unit cell AelA ol 7k deje] sparger
SHHANAMY FHSEstTe AT Ay dYstss HALstste= HAH
sparger= MI15022 AAHAE.  MI50  spargerd] 5 A7 (Load
Reduction Ring)& 849 ZALZrE o2 whEulst QoA B = unpebubsko
= W=d A Fol o Ak 7 2 =] 1095mm, 2174 195mm, 4
o] 1756mm= &°] zt & 45°¢] tAS i AAEo] vk Sparger head
T oFol WYgow 9F wAWFom 225 HAoR 1682 A4 10mm
holeo] 14478 X% o] Qo™ sparger bottome wlHol+= 25mm<e| hole©]
Frutggo 2 & ) AXHo| vk M150 sparger®] ¥4 Fig. 3-29]
LR 3

L 1————
Load
Reduction - - 3|
Ring 7Y v 8
| - A4 0-0-0-¢4- 85
00044 3
3,350
-16-6- 6——0-0-8-
Unit: mm
-79@ 0—0—0-4b- —
1,
w“ : _Q H‘,,,i,
@ =l
1055 @/
©oo (+107.800)
005 b
(el
[ele]e]
ooo| |*°
J S S

Fig. 3-2 Configuration of a sparger for APR-1400

_10_



B iMooz AlgE ABB-Atom AdS HA sparger® A MI150
spargers ARE3te] 8% run 18622 Fig. 3-30] el vie} o] g1z
= WA 16m =] 6.6m <l vigo] T FEHE Zte AUy FoEA] BHA
Hlg o 2 BE oF 55m7tA] Eol AA Sk T3 spargers WE dl# &
o H-z#ro] 9lom sparger bottome B A HlHHOZEE oF 0.5m oA
o B2 o= FAAZASRE sparger bottom O ZHE 55m @o]Zl
Jd gHE(PHS AFEslga B3 vgozRE 15m "olx 83
A F4¥ F¢P10)S A aet vlusidth. Run 186 A olA =

o Fig. 3-40lA Hojx|:= ute} zFo] P3(SRV stdh), PA(EE &

Akl 1), P6(sparger head 3leh) 9 x|o A WEwjd o A
A wistel WA nped sy dHo e FF Folth

32

o

rJ
=2

A =

=

N

He
g

fo 4

o
!

&
ol M
i

.}

), P5(
of

il
(o]

e

(2)
o
. 3
Unit: mm -
o
o
©
P L
S
o
3 8
Load
Reduction | |
Ring
o P10
o
o
[aV}
Sparger S
Head o
— o
168 3
3200

Fig. 3-3 Location of sparger and
pressure sensor

_11_



Fla, 12

RUM 188

gl

it - ETE

IDEA.T

CREELER

m 3,568 ozirm

{ fLBSE
FZ [ |
P4 217
] i, 15K
] = b

.

="m
=T

AE-BL= 1530

—
-'”’IPF. F

-
PL_ e
o e R =
s e A
e I
'.F-'-'-:'-Ff p
e .
o e '
e
e e
———— ' N
] -
J'F - |
'f‘-'ﬂ-.- '
e !
I S -
s
———
—_—
Y -1
7 i
W |
I
— —ﬁ:::r———:7‘=’_7i=:i__F
e _.-I fal
— - .

iGee  +—— E{=ul §o8

Fig. 3-4 Pressure measurement for ABB-Atom test run 186

_12_



A Inlet 1

C S ] B : Il’llet 2
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E Fo wEmay 25 dZ435t3 A= AS v vl (porous media)
9<9; PM 1(LRR), PM 2(sparger head), PM 3(sparger bottom)°o & z}7z}t
By

td
e

A 2 A A dExE 9 Ax}

3L
[}

N

19} S717F €012+ inlet®®] o= % 2% X3S ABB-Atom unit
cell 23] run 1867l vpehd Z4gke AR A48 gith FLUENT 3=
Ao PR A= dE I 2=

A A& (stagnation temperature)o] 22 =A% A <t(static pressure)S 7}
A3 ol FEHA H=d, wid dF mksk(Mach number)ZF 9F 0.1 ~
028 A7) wio AAYES 49 Bdd sdsivtar 7HAs o AA
L AGA] 2o o] F &2 A (static temperature)Qt ZTha 1A E AL, HL

2 a7 A9 ded 2 4EH FE WAL g

= A A 93 (stagnation pressure) £F

(7= (%) o

Table 3-1 Boundary condition at inlet 1

Time (s) Pressure (MPaG) Temperature (°K)
0 0 293
0.041 1.06 590
0.237 1.33 626
0.463 1.11 597
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Table 3-12 XAl AH&E =, 37 B S717F 4 ¥+= 47 (inlet®)ol
o

JZFol 9l o] AJzbel A o] §F¥ H

o
k)
N
2
)

>~

=7 4He AY(static pressure) 0 Pa, A= (body force) 9.8

10° Pa® 23, &
|

m/sec S AHESLATE 27 2AL Fxo SAY
2}

of tair =9 AAEeS

o
q]oﬂj\ = Ho q]x%]ﬂga 0o =2 )Hx%o]. 1:} %94 )

£ol G wEe Adae Asne Al 129

g3Adud 949s st 719 94 F%52S LRR, sparger head %
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Table 3-2 Parameter at porous media region

Real Area Grid Area | Grid Length | Fix Velocity
(m®) (m?) (m) (m/s)
PM 1
0.00285 0.03519 0.04 29.97
(LRR)
PM 2
0.01131 0.25133 0.04 16.65
(Sparger Head)
PM 3
0.00049 0.04524 0.2 4.02
(Sparger Bottom)
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Table 3-3 K value and inertial resistance factor

K Value / Inertial Resistance Factor (m )

PM 1 PM 2 PM 3

(LRR) (Sparger Head) | (Sparger Bottom)
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 5 5.2 / 19814 7.8 / 96291 7.8 / 331089
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N
&

o
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1o

A1 A EAAFEK Hete wE 4

ABB-Atomel A 339 Y run 186 A (FH A spargere! MI150 H-Zh)ol
Al el 2 e F7IHS oF 04046kgl 2 AlAEJQom R EogA
M= A7 Fo] 77t FxE wEH Aedhes A4S 57FA 9] case
of thal X3 th Case 1S Table 3-3 oA HoJx%o] LRR, sparger
head, & sparger bottom? £2AAFE 717 TUdHA 2622 39S H
o]al, case 2% ZtZt FHUSA 522 9 S A O]Uﬂ case 3 7}7} %?—l?‘?}
A 78% ste AFolth E3 case 4+ LRRJ EAAFE b22 F)
sparger head®} sparger bottome] <E=HAAFE 247 2602 3 A9
case b= LRR9 =4 74]%5% 5.2% 3}al sparger head®} sparger bottom<]
EAATE 2 7802 3 A Soltt dA ABB-Atome] I3 spargerel| o
& EAATFE A5T F U= X}JL% glom thuk Idelchik®™'oll A vkt 3 g
9] spargerol Al £AATFE 1 ~ 11 A2 FHsa A= vf, 2 4 case

oAE o Wl uel gt @ Abgstar

—{o

i

SIS

Table 4-1 Time at the specific event for case 1 ~ case b
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.

_18_



Table 4-1 & Z} #]4] cased] @ W@ Y T F717F EoL27] AFste
AlZr, LRRE 5% 37 %2 ] ﬂﬂﬂoi LRR< blocking@H(W3Z A &) A
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Fig. 4-1 Velocity and density of air at (12, 4) for case 1
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Fig. 4-2 Pressure measurement at P10 for ABB-Atom test
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Fig. 4-2% ABB-Atom 2 39| run 186914 =4 W (P10)ol A9 ¢+
S Yepdt F71712 HFo 93 ¢hgo] WAstE s & ¢ e
=4 ¥ max. negative pressure= -44700 Pa ©]%l 3l max. positive pressure

= 65100 Pa ©°lt. T34 (max. positive pressure2} 2nd
pressure Abo]):= 518 Hzo|Qlal A|7to] A& 4E Fua4s

e Hola ed ole V|Edol AEHE FUI7F fFAEH st
el Al
Table 4-2+
(ABB-Atom 3¢ P10

max. positive

A Arste

&l AxE132, 62)0] YERE W
dH A7 A A A )o A max. negative
LHERU S
ABB-Atom unit cell 2do]A =4 % max. negative pressure?] -44700 Pa
2 max. positive pressure¢l 65100 Pgell ®|8] A3 & ZA¥E HF

o] % case 57} max. negative pressure -50800 Pa, max. positive

Ao,
pressure’} 82700 Pa=A] 5] SA gkl 7Hd S-S HoFo)

pressure 2 max. positive pressure’} WAsE Al 7MY A7) 2

Table 4-2 Max. negative and positive pressures for case 1

~ case b

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
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Fig. 4-32 case 1 ~ case 3°] ti3l], ABB-Atom 232 P10 &
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Fig. 4-3 Wall dynamic pressure with various loss coefficients (I)
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Fig. 4-4 Wall dynamic pressure with various loss coefficients (II)
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Fig. 4-5 Comparison of ABB-Atom test and simulation results
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Fig. 4-6 Configuration of bubble cloud with time (case 5)
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Fig. 4-7 Pressure distribution in the pool (case 5)
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Fig. 4-9 Wall dynamic pressure vs. distance from inlet pipe (case 5)
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Table 4-3 Time at the specific event for the case of air mass

change
Steam entrance LRR blocking All pipings
at Inlet 1 (Wall 3) blocking (Wall 4)
m.ir=0.4046 kg 0.192 sec. 0.361 sec. 0.439 sec.
m.ir=0.2697 kg 0.148 sec. 0.346 sec. 0.437 sec.
m,i=0.1349 kg 0.099 sec. 0.334 sec. 0.432 sec.
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Table 4-4 Max. negative and positive pressures for the case of

alr mass change

Max. negative Max. positive
Time (sec.) / Press. (Pa) | Time (sec.) / Press. (Pa)
m,;i-=0.4046 kg 0.542 / -50800 0.686 / 82700
mair=0.2697 kg 0.535 / -65100 0.662 / 212100
m,ir=0.1349 kg 0.503 / -59800 0.588 / 173300
240000
200000 + ; —o—:m = 0.4046 kg
- ; —A—:m=0.2697 kg
160000 4 % gg —+—:m=0.1349 kg
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Fig. 4-10 Wall dynamic pressure with the change of air mass
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Table 4-5 Boundary condition at inlet 1
(Pinlet:Ptest+O.3MPa)

Time (s) Pressure (MPaQG) Temperature (°K)
0 0 293
0.041 1.36 630
0.237 1.63 662
0.463 1.41 636

Table 4-6 Boundary condition at inlet 1
(Pinlet:Ptestio.BMPa)

Time (s) Pressure (MPaG) Temperature (°K)
0 0 293
0.041 0.76 542
0.237 1.03 586
0.463 0.81 551
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Table 4-7 Time at the specific event for the case of inlet

condition change

Steam entrance LRR blocking All pipings

at Inlet 1 (Wall 3) blocking (Wall 4)
Pinlet=Piesi +0.3MPa 0.144 sec. 0.301 sec. 0.392 sec.
Pinlet=Prest 0.192 sec. 0.361 sec. 0.439 sec.
Pinet=Piesi—0.3MPa 0.222 sec. 0.416 sec. 0.519 sec.
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Table 4-8 Max. negative and positive pressures for the case of

inlet condition change

Max. negative Max. positive
Time (sec.) / Press. (Pa)| Time (sec.) / Press. (Pa)
Pintet=Ptest+0.3MPa 0.477 / -72400 0.592 / 310400
Pintet=Prest 0.542 / -50800 0.686 / 82700
Piniet=Prest—0.3MPa 0.629 / -55500 0.751 / 126500
350000
300000 - g
. @ —o— Increase of 0.3 MPa at inlet 1
250000 4 o —aA—: ABB-Atom test
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Fig. 4-19 Wall dynamic pressure with the change of inlet pressure
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Fig. 4-20 Configuration of bubble cloud with time (Piner=Prestt0.3MPa)
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If the safety depressurization and vent system of APR-1400, the korean next
generation reactor, is in operation, water, air and steam are successively discharging
into a in-containment refueling water storage tank through a sparger. Among the
phenomena occurring during the discharging processes, the air bubble clouds
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involved phenomena are so complicated that most of the prediction of frequency and
pressure loads has been resorted to experimental work and computational approach
has been precluded. Thus, it is valuable to develop a computational model on the
air bubble cloud oscillation, whose loads should be considered in the design of
sparger and submerged structures. This report deals with a numerical simulation on
the behavior of air bubble clouds discharging into a water pool through a sparger,
by using a commercial thermal hydraulic analysis code, FLUENT, version 4..
Among the multiphase flow models, the VOF(Volume Of Fluid) model was selected
to simulate the water, air and steam flows. A satisfactory result was obtained
comparing the analysis results with the ABB-Atom test results which had been
performed for the development of sparger. In addition, effects of air mass and inlet
condition of the pipe on the behavior of air bubble cloud were included. It was
found that the oscillation phases of two air bubble clouds formed at the LRR and
sparger head have an impact on the pressure field in the pool.
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