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Abstract : In order to investigate the unsteady motion characteristics of bubbles within shear-thinning fluid, the effects of

Galileo number and Eotvés number on the hydrodynamic characteristics of bubbles were studied by using the VOF

method in combination with a continuous surface tension model. The results show that the hydrodynamic characteristics

of bubbles moving in shear-thinning fluids are closely related to Galileo number and Eotvés number. When rheological

index and characteristic time are fixed, an increase in Galileo and E6tvés numbers (i. e. , a decrease in surface tension

and zero-shear viscosity) will lead to the emergence of bubble unstable motion. Therefore, increasing Galileo number

and Eotvos number can promote the unsteady motion of bubbles in shear-thinning fluid, which is beneficial to mass and

heat transfer between phases.

Keywords : shear-thinning fluid ; unsteady bubble ; VOF( Volume of Fluid) method ; hydrodynamic characteristics ; Galileo

number ; E6tvos number

IRPIART BN 2 A7 AE T KA B A= il 25 %
T AR TAV e ARG TR RYIR
ARREEHRS TRAERIER" o Bk RARE
AERA CRE AR 0RO ) w7k 3l 12 b
Xt 48 e RO 1] ) 12 o AR AR LA e et Tl ik

I %5 H 87 :2022-09-14 ;& [E] B #A :2023-01-06

M B TR A HEEN,

KAt BRI AR T 17K 3l 7 2= R Pk g
i S I RS AR RS 2 FRRAE . X ARSI, 3
MR(3],[4]%5298 £ 300 TUAI[5] 4T T KREm
1B, A FRGAR . X TEHERAS A, EIERE T 2

FE—EFEB N RA(1976), 5, RHEN, WL, TRG, £ 2WFFE 5 w5 98 4% F1 4 A 83t . E-mail: lijun. liang @

sterntechnik. com



(iR - i&it]

RILE, % : Galileo HH] Eotvos HNBILIRILTIANBIRSE IR <11

FPRFAE : — 2 TR EORFR XS PR, (H 23 H 30 R M iR
GBS 5 o) — R AR R AR SR R
TEARAFXTFRI S kAR S EE) .

Tripathi 25" ) FH 9 AR A B (VOF) 3 i # 401
KIN, Y Galileo( Ga ) B Eotvos ( Eo ) BUHR R IT, <
WL B OB B4 . Oshaghi %7 SCI6BF 5% 25,
WERFREMR P LA E CMC Hmib A BT
B, R T IEARAEREIE 5 2L 308 Z 8] 8 W PR 4
A9, XTI A TP BT B4 , Sharal 25 0y
HG S FRE LA B A — R WOE R YRR
FCRIE B K 10 77 B, A0 4 B O B R B4
Ohta %"/ F| F§ CLSVOF ( couple of level set and VOF)
7 BB 5 BR324 v A K B g 2
B & A B O B R B G S ST AR T AR AT 5% 5
TEFIRIBY Eo RN Morton (Mo ) U , MR TR R BRIE
I LA BRI SO 25 2 B D R B 4

XTI ARA S B B kAR Sz g,
FLYE 1956 4F, Saffman " 5 47 38 H A 453 1A e R
S AT TR M s R E a5 R M, ]
LR R P SR . W 25 S0 K
MY R EART 1.5 mm B, SR R 2
FILSKIR iz g, MifEdE A=W i, & 24 i e
FEPES IR SR AR B S I B Xu 261 S B
FEHIAEAFH S CMC b Btz s, & BLRE
& CMC B0k B2 i FAIG, SO  AE R 2802 3 A2 15
%1, Ohta 2" F1 Premlata 257 4351 5% F CLSVOF 3
F1 VOF LB B =4 S e 59 VIR Ak ik v B |
A R BB BT YD AR i 1 5 2 R BUAE
iz

2R LRTR RS ER E A AR R AT T —
FE MBI HBUS T — S MR 4508, (HJ2 XA ¢
PRI G R PRATL P B BRAR AN B 8 T R AP AR
B UM Ak U AR AR A S B (3 18T J7 RN VRORE 00 46
FE) M IEARRR S K S 1 2= iy s e, £ AL VOF 2%
S EEFR MK IR B AT T 3T iR N,
FR U5 7 AR 46 Z6 BT AR AR S K B 2 ek
AN B 5 5 e ML B . SR TET 5K 7 52 ) Eo £
(FIURE S HSRMK S Z ) Fom , WAV G FEE 152
i Ga B0 (FRoRE I S5 Z ) Fomo

1 HEFE
1.1 HiBEsl

WE 1 Fr7R , R R R 2R AR s 2 4 0 1 AH O 3l
CBRAA N AR, AR #2420 R =3 mm HILG
TR BRI 18I0 A S e L B VI A AR 5
FEIE(0,0,5R) i AL, SAEPE I VERTT  1E
Hh Brtizshe MBIk b R sz BE T AR
EAMREFE 73k Bis SR A, 2858 e R JH 3 S R
1R x xy xz = 10R x 10R x 50R ; T8 458, 1) DY J& 1 i e
T4 5R R R 10 A0 TR iy s g S 11 0 g
J5 1) 2 B T7 18]

50R

SO
Vg N
<
P
~

10R
(a) THELX I

(b) MF& K153

B 1 JUATAR R o 4K 5

Figure 1 Geometric model and mesh generation
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Figure 2 Curve of bubble rising height with

time under different grids
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Figure 3 Curve of bubble rising height with

time under different time steps
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Figure 4 Effect of Eo number on bubble shape in same shear-thinning fluid
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Figure 5 Bubble shape in figure 4 after bubble stabilization or at moment before breakage
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Figure 6 Velocity field distribution around bubble in

shear-thinning fluid with different Eo numbers
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Figure 7 Effect of Ga number on evolution of bubble shape with time in shear-thinning fluid
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Figure 8 Distribution of apparent viscosity of liquid around bubbles in shear-thinning fluid
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