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Lattice Boltzmann Simulations of Drop Deformation and Breakup in Shear Flows
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The lattice Boltzmann method for multicomponent immiscible fluids is applied to the simulations of
drop deformation and breakup in shear flows for various capillary numbers and at three different Reynolds
numbers. The effect of the Reynolds number on the drop behavior is investigated. From the results of
simulations, it is found that the drop is easier to deform and to be ruptured as the Reynolds number

increases.
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Fig. 1 Computational domain.

Fig. 2 Drop deformation in a shear flow. L : a major axis;

B : a minor axis.

ubbdr, 00000000000000000000000
gobbooooooboooobod sOOObOOOOOOO

— /oo (g—f) s, (13)

oooo¢nooooooooooo Y g

3. 00oooooono

Fig. 1000000000 HOOOODOOOOOOOO R
OR/H =0125000000000000000000000
000000000000000000 w, 000000000
00000000000 ¢=0000000000000000
0000000O00ooOoooooooooooooooo (9
00000000000000000000000000000
0000000000000 128x64x12800000000
000000000000000000000 Re = pl'R?/p.0
0000000 Ca=pul'R/e 000000 5= pa/pe 00
0000007 =2w,/HOOOOODOOw 0000000
000w 00O000D000O0000000000a = 9/490
b=2/2107T =0.5500000 0 pmax = 4.8950 dmin = 2.211
0000000k; = 0.01(Az)?07; =0.70R = 16Az 0000
0000000000 uwO7,0ky 0000O0Re = 0.20,1.0, 100



0.5

0.4

— 0.3

0.2+

0.1} el

Fig. 3 Time variations of drop deformation D (t* =tI"). (a)

Re=0.20, ------ Ca=0.10, - - - Ca=0.20, — — — — Ca=0.30,
—— Ca=0.40; (b) Re=1.0, - — — Ca=0.10, —— Ca=0.20;
(c) Re=10, — — — Ca=0.10, —— Ca=0.15.
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Fig. 4 Stable shapes of the deformed drop at Re = 0.20.
(a) Ca=0.10, t*=2.73; (b) Ca=0.20, t*=4.69; (c) Ca=0.30,
t*=7.05; (d) Ca=0.40, t*=22.7. The contour surface repre-
sents the index function ¢ = (dmax + Pmin) /2.
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Fig. 5 Velocity vectors and contour lines of the index function
¢ on the x—z plane cutting the center of the drop at Re=0.20
and Ca=0.20.
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Fig. 6 Drop breakup at Re = 0.20 and Ca = 0.45 (t* =

tI"). The contour surface represents the index function

d) = (¢max + ¢m1n)/2
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Fig. 7 Drop breakup at Re=1.0 and Ca=0.30 (t*=¢I"). The

contour surface represents the index function ¢ = (dmax +

Bmin) /2.
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Fig. 8 Drop breakup at Re=10 and Ca=0.20 (t*=¢I"). The

contour surface represents the index function ¢ = (Pmax +

Bmin) /2.
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Fig. 4 The relation between the capillary number Ca and
drop deformation D (n = 1.0). A Re=0.20, ¢ Re=1.0, m
Re=10.0, present results; — Cox®; O Rumcheidt et al'®;
O De Bruijn®; O Li et al.(9
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