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(a) Qualitative comparison; (b) quantitative comparison.
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Fig. 2. Schematic of computational domain.

114701-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114701

2.4 MRBFTKMETH

NRAE A% TC IR ME, B3 45 T 4 R0 A [F) &
JEE R S0 X% T i R 1 J3E B BB S B N T8 # 1)
GG, B AIEEAAR N 10 pm. AR E TR
HR TR PRAUETH SR L, 0 A Bl DX sk R et AT
JEER AN, B 3 A RS RUSE s e R R A

100 F o —4—0.0496 pm?
— — 0.0402 pm?
s0F & —0—0.0332 pm?
——0.0279 pm?
g 60
=
=
= 40t
20
0 -
1 1 1 1 1 1
0 10 20 30 40 50 60
t/us

3 NIRRT r o R i BE X EE
Fig. 3. Comparison of central film height in different
grids.

Fh P13 T, B0 R o o E
KBTS HOBEIR. 730 ps <t <45 pshf, A
RS 0 1548 R 7 0 5 5 B L 7 e

AN SE A A ). Bl s ST, AR i %2,
ST TR e A A M B /M FT AE
SR, P RSFIA$) 0.0332 pm? B, A&
JEE s /M T CE I TR) R A AN e A AR 4. BRI, 3 FH R
~}40.0332 pm? (KRR R A T R 4

3 R 50
3.1 SifANIEN

P 4 Ay i 9 A o 2 AN [ O /N A P it B
WHEEEALE. B4a). B4b)fME4(c)F
SILEARSH1410, 20, 125 wm, TR EARE 2 N
50 pm, HRSHMAE 1.

B 4 (a) ITLAE H, 24323 NINIFGRET, i
2 52 I A A P A R 1 R LA R R, i
JIGJ5 AT B T A3 BTG, P L R AE R BT ) b
HATRR I E SRR B2, HARE I A 15 P 38 58 L7
O G U871 W EOTiTR e =121 N S 7 e - <
053 20 R 46 Sy I ) P N IZ B (R Bl e, s B 7Y
K P J7 1) FREAAAE S R RS D) MR, RIBAE
PRRRAS [5] 7 1l (O RGP BT ) 0 ) SE RE I R R LR TR
DU HAEAMERTE. Mt = 6 usif, SIEMAERE
FEFEIE B KR, A EERELF, Bk BRI

" e

1 ps 6 us 13 ps 35 us 37 ps
1 ps 7 ps 25 ps 100 ps 160 ps

()

1 ps 6 us

K4 AFEKRADHAELTRE

(a) 10 pm; (b) 20 pm; (c) 25 pm
Fig. 4. Evolution process of different sizes of bubbles: (a) 10 pm; (b) 20 um; (c) 25 pm.
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(a) d < 20 pm; (b) d > 20 pm.
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Fig. 7. Influence of bubble position on shape parame-

ter: (a) d =10 pm; (b) d =20 pm; (¢) d = 30 pm.
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Numerical simulation of deformation and rupture
process of bubble in an oil film impacted by
an oil droplet”
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Abstract

Impact of oil droplet on oil film usually takes place in the lubrication process of rotating mechanical parts and
machinery which can easily lead to bubble entrainment. Bubbles have important influences on the motion process of
the oil droplet impacting on the oil film and also on the formation quality of the oil film layer. An oil droplet impacting
on the oil film which contains a bubble is simulated numerically based on the coupled level set and the method of
determining volume fraction. The bubble deformation process in the oil film during an oil droplet impacting on the oil
film is investigated by the simulation method. The influences of the bubble size and the bubble position on the bubble
deformation characteristic are also analyzed. The dynamic mechanism of the bubble rupture is discussed. The numerical
results show that as the oil droplet impacts on the oil film, the bubble may rupture on the free surface, presenting stable
deformation, or rupture in the oil film, which is greatly influenced by the bubble size. When the bubble diameter is in
a range between 10 pm and 20 pm, the bubble deformation becomes more serious with the increase of bubble diameter,
and the rupture of bubble on the free surface may occur over time. When the bubble diameters are in a range between
20 pm and 30 pm, the bubble rupture occurs in a short time after the bubble has reached a maximum deformation, and
there is no obvious relationship between the maximum bubble deformation and the bubble diameter. The diameter of
20 um is a critical value for a bubble to rupture on a free surface or inside an oil film, with which a bubble can keep
stable in an oil film layer. As the bubble position changes, the bubble deformation process changes correspondingly.
Under the same impact conditions, bubbles at the top of the oil film are more likely to deform than those in the center
of the oil film. Bubbles at the bottom of the oil film have the smallest total deformation and finally attach to the wall.
The bubble rupture is caused by the instability of the gas-liquid interface and the surface tension. The viscous shear

force also plays an important role when the bubble rupture takes place in the oil film.

Keywords: oil droplet, oil film, bubble rupture, numerical simulation
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