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SIMMER-II Analysis of Gas-Liquid Flow with Large Liquid Density

Tohru SUZUKT* and Yoshiharu TOBITA**

Abstract

The transition phase analysis code SIMMER-II has been developed to appropriately
evaluate the core disruptive accident in a fast breeder reactor. The momentum exchange
model used in the fluid dynamics portion of the code uses the conventional correlation based
‘on ordinary flows such as air-water flows. It has already been confirmed that this code can
represent the experimental results of ordinary flows. However, more detailed research is
needed to confirm that this code is applicable to two-phase flow with large liquid density,
which would be formed in an actual molten core pool. In addition, since the shapes of bubbles
affect their drag in the bubbly flow where the liquid and the gas form continuous and
dispersed phases, respectively, it is necessary to take this effect of bubble shape into account
to improve SIMMER-III’s analytical precision. |

In this study, using experimental results obtained through a joint research program with
Kyoto University, the momentum exchange model of SIMMER-II is assessed with regard to
the bubbly flow regime of two-phase flow with large liquid density, on which experimental
data and information on bubble shapés had been lacking. This study suggests that the original
SIMMER-II can appropriately represent the characteristics of bubbly flows containing
ellipsoidal bubbles with relatively small gas flux. Moreover, this study shows that the
precision of SIMMER-II for bubbly flows containing cap bubbles with relatively large-gas
flux is much improved by using Kataoka-Ishii’s correlation to determine the drag coefficient
of bubbles in the momentum exchange model.

*  Fast Reactor Safety Engineering Group, Sodium and Safety Engineering Division, O-arai Engineering Center, JNC.

** Nuclear System Safety Research Group, System Engineering Technology Division, O-arai Engineering Center, INC.
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LTV O TCHEERENEREE LTS, BB, RE)BEKE, THF—NLAD2
KR REBRODEREER TV EO T, Zh % SIMMER-IITHAAA THENTZ
oL, BROPEFTECEELTLED Z L2252, Case 1 OEFTRERSER
#*% L AEED LRV D, AHEOLEL T TIEZ OBRBOZRIESE
R B X AN EVWEBbh B,

4.4, VHRESS EFHRA FE
ER-AZOL I REEBELOZHRECIIERR LB 22 L LML T
CHENER (Flow Regime) MR2YV, ARAKCR—0 FY 7 MNEEXRZFEATE
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BRA REE< o>, & ERTEE L BTEEHRARRR< 5, > OBFERLILLOTH
Do LBODIZRBRERBE LN, ERTIX H, i< o>, TEXIFETRET
X ole, RFOMERIZE L TiE 4.5 TRRT S, |

Fig. 9 A& KataokaIshii ® F Y 7 MEER(6)% R\ e Casel DIEFERIIF Y v
REAENEN B & 5 REERRS RS RERTERERE LFHRLTBY,
Hyli<a> KHLTIRLACHE LRV LBDIS,

COHEAEHELIARL DA LKERRE S 2, H, 0AEELETHHNTZ
T, Fig. 10 ZF—VEEIC BT 5 ERTIABRS 5" >% 0331 (< j;>=443X
10%m/s) CEE LIEBEOBTRRERLEbDOTHY, & Hy BT3RS FEq
DLFTE L ORI j, DA ERLTWE, ZOENMPL, E0 Hy OFEBERIT
L3 TERBELTWAEFT (EFDELE ZBRWVT, R4 FERLBRIEVEHT
TIRIFERE bR ERMER L D, BA FERSFAIVREOEERII -V TRELKE
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S>THIEBIENL DO TH BN, BITOWINT H, Lo ThENIELRERE
Witiel . BEFAO EOMABIZBOTHRIEIOMBIRRIIELL Thiane3E
zZbhd, ZOZ LEAHRLERID LMD b, BV, FFEOEHEF
TIERO LB E TR TCRRIEBRBELT 52 Lidal, LORESITBOTHRIK
TR U OEB R BN ITOI B e, Hy i< o>, ORFTRHERICEERE 5220
SfEBELBNB,

4.5. K7 MEB L DLERE X URBREELOLR |
FFECRERFELNTELS LB X bW, REELOKK T —VEHY £
F TN B3 SIMMER-IT =2 — RO R &0 5 BLRD b IR FE 0BG BRI 5
K[BFEELOEBEZRETALERD S, UL, [RIEZHEWIZBWTRREEL
RO SEERT— 2 132V DT, BE KRR EOBE ORI BT
L CTHR ENERMICHRIE SN T 3 BEFO4HRE % 525 B SR AR OfpiTHe &
LTS ORHERFETH D, .
- BEEELOKBEMARICRWNT, EH - BRETEHRA FR< o>, & BRITEMAHR
W<j > OBRIZFY 7 VREM Pz v kRO L HicREh D,

0.25
> . A
., where V[ =V/ (E%EE) ®



JNG TNS400 2000-019

KB ESNT< @>, < j, > OBREBDIIE, FFCSCEE R 7 MRE V,
BLODNT A —F C, BBEL 2B, Fig 9 {7 LT Bi#tid Kataoka-Ishii 235 ¥ v
FREGIEIEH LTEXRE)D RY 7 MEE V,; LR TREND P —/VETEFE
WOBEDRTNT A—F CERERAAL TRDE LD TH D,

I OWERERE, % v TRKIEATENS L) RER (TRDLRMEIERARE
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Case 1 OENTHE SRR L CERRE R, BEBELOTERICN L TR T 58EF
D FY 7 MEEERERTE B L 8b15, BV#AIE, AFEORET TR &
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I, AHETRE L BRI A v A RILEED FBR DYTRIF L A
HE 2 R > TWB T, UDH/%P&%%@%EQF*LU”*—JWL?TLT LEATE
5bDEEZBND,

4.6. KAHZEIZEET D8

SIMMER-II =t— RV BT 5 BB BT B O Z S 2 A D BRIC IR K
NEDBHREC BT 2B OEIRERERIET B RERD D, ZHE, FLFHRO
FRATVE, IREHE S IS OB 7 — NV b P LB ORI VETENRET S
DT, BSERIBIT AR — A OXKNBEREWHEETEET 215 TH D,

4.5. TR X 5 1T, AFEOEET CIRERORELNES RIS 2 58
BREEECIER Do DT, PN ORIENEESRRIICE X DHERERET DT
1%, oK — KRR OBEBELOERTF—FERVH I LRARTHE LEZ DN
B, FrC, 8 —KRERNEL LEEBEOERT—F 0 ) b, ¥y vy TRARSE
e b U U513 fmi4-5 = L I & - C, Kataoka-Ishii 3% IV 7z SIMMER-HL D 2%
WHER R LTz, .

AL THTONER S Ui BB E SR T — NV DERTIE, ERTAKHE Dy
3 18.0 Tholkdit, F¥ v 7RIKEBEND F—VBEHHITT B OITH(EGD F
J 7 NEEZ Ve, Katacka-Ishii 12 Dy 7% 30 £ Y KEWHEDF v v TRIIWD
EFRE L LTROEFREL TV AN

-0.157 - 0.25
V,;=0. 030[” ) pr“’-“’—(i‘-g—fﬁ) for Dy 230and N, £22x107 (9)
Ps Pt

KON Dy BEERTORVOR, KAEND BEEL biT k&< 25 L, KA
SEFRIKRDBOEEEZ TR REIPLTHS,

o0, ROERVE Case 1 1Kz, KABBREVESIZ, ROZAVTR
VI DIEFARECE TR L7 Case LT b1T 27, 72721, SIMMER-IIOER R



JNC TN9400 2000-019

B ORI AV e 2o R — AR OERT — & 11, IR0 T— et LTEbRE b
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P
Ps

C,=12-02 for a round tube o _ (10)

Fig, 11(2)i 38R K Y 7 MEE VST 5 Dy OFFRBE LT, BE—AKR0O%E
B — & ISIY Case 0 DREATRER L R B LD OTHS, T2 T, Case 0D V"
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Fig. 11(@ICR L X S IZB8~KROERTE Bht V, ;1% Dy <30 OBAIIX
Dy & L HITHEML, Dy">30 OBAIITE Dy OFBEZZIFTnRy, IS,
Case0 OFIERERP LB/ONE V,  1ELHH b o T Dy OEBEIELAERITT
WiRWZ ERbhd, Thit. U PFA0 SIMMER-TL G OEEBAHIC
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HELTW3Z LBbhd,
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PENTHEEIX E DO R D ERER & RAARIC, Kataoka-Ishii DREFERLTWAHZ &3
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AFATIE, ER—RCRAARIKETS SIMMER-IIOEEMRIEILX, ERTKA
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ERFLE TRV &, BEWFig. 110 TR LEE 51288 —KR T D >30 i<
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E5b0eELBND,

4.7. SINMER-TI~O)RBLIZ HT= > TOHE
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EREROETFAEFER L, %% v 7REEPEN 5 4l Kataoka-Ishii DEFN%
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RTEBDEBbh3, _

% ZC. Fig. 13 Lf; £ HT, [EMEALE 3 2FIL, 0<a<aglZBWTHE
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TRBFRTBEZELEART L ¥+ v PTREVEFLRREO BATWSIHR SH B
EWVWIETFNERRT D, £, ZOEFATag<a<ay KBIT2BHIERIT
F¥ v TIRKIBEELTRM L BEMOBEATRE BB T, Ihbltkb, k0
SIMMER-II & [ HAEA iRk MR e, & 6 (T Kataoka-Ishii 0% 7 /L OFAL
Riadhd,
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BB, '
(Do BEPa DEEZEDLESICLTRET B0

() ap DEIZHEREFRRIZ 03 ZANBZ LR TES N

hHnd s, ()W LT, Fig 8 I2B1T 5 Case 0 B X TR Case 1 DFEFTHER%EE
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TERMEE K Y BB L TR HERR AT HFELEL LIS, HE
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Grace OFRE T M OERZPPDL BT, Re>12 20 Eo>40 DBEFITH: ¥ v FRD
[HABZND & LTWBR, RFFFOMIER e B8 B RIR TR 0 RBR T,
MIZ1X10BT—ETHY, Re BLQ Eo IXFRFH 1X10°~3X10* B LT 25~80
DFEEATEE LTS, Lo T, FH{EERTHER Sk X 3 RREFMROEL
IX Grace DFREMPO bR TE S, ZORROHUESRME% SIMMER-IIICHEIATE
& PIZIE Bo=35 BL 45 2 5 2B RA FBE2EN T ay BEIWa e & T,

- REFTRRRENREE B E L CTRERKIE OEFRAEE TV L Kataoka-Ishii D F ¥ « 7
AR DB E TN EZENTIT D ERFBERD EELBND,

FEle, QIBEL T, BED SIMMER-ITTAWSLN T WS oy DE 03 i, BEH
ELO7— VI U TRBENICEA T b O TH 30, BEELORIK _FEF Tk
EOEENBEE LY 1IFREVTD Re b 1 FFEERE < 2V, [IRFPRTENRE
LV REEIZRDbOLTFHREND, LEaBoT, REELOTKE AR TiXay
203 LYV BPEVETF ¥ —VEBR~DBBIELL O L TFREIND, LvL,
Fig. 9 THEB &N Te & 5 @R A FERBHY 03 DHA T b Kataoka-Ishii DEF V& B ic
Case | DEFTHRRIIEREREZRFBERL VDD, REBEELOT—AHOHET
bag DEIZ 03 TAND Z LIIRRHICHY THDI BB,

5. ¥

BEENSE A RKERE 2T 356 OREEFE SIMMER-TTTIT1Y,
FRORDOERER BT Z LI ko CERBSBREFNVERE L, Bl
HMRIZHUTOEY TH B,

(1) K[HBFERIN/NDEDBESIIBEAROGIEBEN., KEWESITHF Y vy RO
KIBEN B, |

(2) TITAWSELORE JIZIBITHRCHD I VRBELRN,

(3) HBHREEIPBENDEHE. BRO SIMMER-TLOEFTERIIRY TH B,

(4) *x v 7REBWBPBENLDHE. BIRO SIMMER-ITIZZER « RFEAEHRA KR
% 2 53R  WIBKFHETS 5 25, EENEZRZHAEAEC Kataoka-Ishii @ F U 7 MEE
A& AWTKIROEFREEZ ML, R4 FECHEHEIIISIEERTE
5,
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(6) RBFZ0LMT IRt 5 BE L OBEIEEE T2V, Zhidm

BERSE S — VO RCERGERSBEORBE MM T —1D K
7 MEBLBFETELINLTH S,

(7) EBIEASHERE T Kataoka-Ishii ® KU 7 Hﬁﬁfw%mm& IRINBEDOREE

BHEHTE 5,

PLEND, BRI L=V CE T 5 L 5 REBE ERE AR O [RRBFRET BN
TH ¥y v TREEIEAN B ES, EHERZHRBEI T Katoka-Ishii DFRE AR,
SIMMER-II D FEEE KB BT 5 L E2 DILD, S, BE, SIMMER-II
TRAVLR TV AMEERETF L L OBAEEZEY 2285, Z @ Kataoka-Ishii D%
SIMMER-II DEB B AT T MCRARRADFETH D,

o
30
St

specific interface area [1/m]

distribution parameter | [-]
drag coefficient : []
diameter of bubble | [m]
hydraulic diameter : [m]
dimensionless hydraulic diameter (=Dy/( o/ (g 4p)"*) [-]
Eotvos number defined by Eq. (12) [l
function of void fraction defined by Eq. (4) ' [-]
gravitational acceleration [m/s?]
initial liquid level [m]
volumetric gas flux [m/s]
dimensionless volumetric gas flux (=J,/ (g 4p/ p:*)"*) [-1
volumetric gas flux averaged over the cross section of the pool _ [m/s]
dimensionless volumetric gas flux averaged over the cross section of the pool  [-]
volumetric liquid flux [m/s]
momentum exchange function of SIMMER-IIL - [kg/m’s]
Morton number defined by Eq. (13) [-]
viscosity mumber (= i/ ( po( o/ g A4p)"*)"*) . [-]
radius of bubble - [m]
Reynolds number defined by Eq. (11) | A [-]
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U terminal velocity of a bubble [m/s]
Vi drift velocity [m/s]
V" dimensionless drift velocity (= V,;/ (og 4p/ p. %)) [-]
Vg, velocity defined by Eq. (5) [m/s]
a  void fraction | [-]
<a>, void fraction averaged over the pool _ [-]
J78 viscosity of continuous phase [Pa-s]
e viscosity of liquid [Pa-s]
Mo viscosity of gas-liquid mixture [Pa-s]
Ap difference of density between gas and liquid [kg/m’]
P density of liquid [kg/m’]
P density of gas - [kg/m’]
o surface tension _ [N/m]

AWFRITEITER TR D 3 FTHRE E OXRAME [EHBEE SR BRIz
5 EHEITE] OMBRREZFA L TCOVET, BRT —F O T T LEROE
BUE 1T > OOV ERBREEFFERT BERTHFCERHRLET,
Ehe, AREEEERTHICHL VB4 0BRELHIEE - =52 B0 £ L KEkT
FE U -RBFERSTE SN — T DWHE lﬂifﬂﬁ—7" V—F—lzBE]#LELE
FET,
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Fig. 1. Schematic drawing of experimental apparatus.
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(b)Cap bubbles (for higher volumetric gas flux)

Fig. 2. Classification of the shape of bubbles.
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The numbér of horizontal cells; 10 or 40

<—100 mm——> |

A < Atmospheric pressure
o
(=)
o~
$oe
5] P ] Y
O = T e
k<) The temperature of system
13 = was kept at 473K
tu .
g &
E o
> &
kS |
3 Initial liquid level - =
g H =90, 140 and 290mm
g o |
Q (Single phase)
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\ <Y Sum of hydrostatic head and

atmospheric pressures

<—80 mm—>
Gas velocity was given
by experimental data

Fig. 3. Geometric model for analysis.
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t=3.0sec t=15.0sec t=17.0 sec

—— jf= 1.00 m/s et

_ { upper: measured void, middle: calculated void, lower: calculated flux )
- Fig. 4. Transition of void fraction and volumetric liquid flux
~ for ellipsoidal bubbly flow. (<j,>=5.53X10"m/s)
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t=9.0 sec t=09.5sec t=10.0 sec

e

[Cad
25
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&

I
g.
< g
2%
W

Je= l.OOs
( upper: measured void, middle: calculated void, lower: calculated flux }
Fig. 5. Transition of void fraction and volumetric lquid flux
for cap bubbly flow. (<j,>=6.62X10"m/s)
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base vedar :_ jf= 1.00 me hase veclor ": jf= 1'00 rnjs
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1 o F : LI
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RERTEERS
: P
R I '
e
e T ‘éf*""’"--—.w Sl Sl el
(i) small cell (£=2.5 sec) (ii) lacge cell (£=2.5 sec)
(a) Lower volumetric gas flux, <j, > = 5.53 X 10" m/s ( ellipscidal bubble )
, Jg
mens . 4= 1,00 m/s mew - fe=1.00 m/fs
o=1.0
SRS
d
CIIIT
i ;\ LT
i 1 l / : |
SARI
DA ]1

(b)Higher volumetric gas flux, <j, > = 6.62 X 10 m/s { cap bubble )

Fig. 6. Effect of cell size on void fraction and velumetric liquid flux.
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(ii) small cell
(a) Lower volumetric gas flux

(i) cap bubble - (ii) sméﬁ cell | (iii) large cell
(b) Higher volumetric gas flux

©21:0.7<a<1

Fig. 7. Effect of cell size and bubble radius on local void fractions.
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AQ-( 0.5 I ] 1 I_‘Illlll I 1 Il!lll 1 ] ll|lll-

S - | ¢ Expeimental data ©

_\in " |0 Case0 (original) ]

8 0.4 r|DCasel (with Eq. (6)) -

a, 0
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5 03 [ ¢ ]

g 0.
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= 02 [ ° 4 -

g OO ¢

: 9
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g .Ed-? H,=0.14m

o D" =180

'S E? 8‘3 P ey

S 0.0

10'2 10- 100 101

Dimensionless volumetric gas flux, < jg+>

Fig. 8. Comparison of the void fraction averaged over the pool.
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\% - | A H,=0.14, Experiment ]
-—61‘ 0.4 [ | @ H,=0.29, Experiment N
S . | | O Hy=0.09, Case 1(with Eq. (6)) R
g L | A Hy=0.14, Case 1(with Eq. (6)) .
= : 0 H,=0.29, Case 1(with Eq. (6)) :
§ 0.3 Case 1 (SIMMER-I with Eq. (6)) ]
o [ -
3 - Eq. (8) with Eq. (6) ]
e A f i
8 02 [ | .
5 I ]
> I i
s i |
5 [ o -
£ 01| (N,-Pb/Bi) 4
5 I ]
N i w0 Dy =18.0
:9 o ik
o 0 _O : 11 IR NN

1ol

Dimensionless volumetric gas flux, <j g+>

Fig. 9. Effect of initial liquid level on the void fraction

averaged over the pool.
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Dimensionless drift Velocity, Vg j+[']

\ (air-water) -
Eq. (6) & Experimental data |
0 Case0 (original)
1071 | aail ta 00y
100 101 102 103

Dimensionless hydraulic diameter, D*[-]

(a) Effect of the hydraulic diameter on drift velocity (Case 0)

Dimensionless drift velocity, Vq j+[-]
= =
@ —

p—
Lo
_—

TTT

Eg. (9)

(air-water) |

& Experimental data

O Casel (with Eq. (6))]1

< Casel' (with Eq. (9))

100

10!

102

103
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Fig. 11. Comparison of dimensionless drift velocity for various modifications.
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Fig. 12. Variation of dimensionless drift velocity
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Fig. 13. Pool flow regime map.





