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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 with the same density
is applied to the simulations of drop deformation and breakup in shear flows and the effect of
the Reynolds number on the drop behavior is investigated. In the method, two particle velocity
distribution functions are introduced. Swift et al. model is used as an index function for calculation
of interface profiles, and the other distribution function is introduced for the calculation of pressure
and velocity of the fluid. In the simulations, a drop in a suspending fluid between two parallel
walls is considered. At ¢ = 0 the top and bottom walls begin to move with velocities u, and —u,,
respectively. The three dimensionless parameters of the present problem are the Reynolds number
Re, the capillary number Ca and the viscosity ratio. The other parameters are changed so that Re
= 0.20, 1.0 and 10, and 0.10 < Ca < 0.45. Both the density and the viscosity ratio between the drop
and the suspending fluid are assumed to be unity. From the results of simulations, it is seen that the
drop deforms more slowly as Re increases and that the drop deforms into an elongated ellipsoidal
shape more largely as Ca increases. In the cases of Re=1.0 and 10, the drops are ruptured at
Ca=0.30 and 0.20 respectively, although for Re = 0.20 and at Ca=0.30 and 0.20 the drops maintain
the ellipsoidal shapes. Hence, it is found that there exists clearly the effect of the Reynolds number
on drop deformation and breakup besides the effect of the capillary number. Also, the present drop
deformations D are compared with the existing experimental, numerical, and theoretical results for
very low Reynolds numbers (Re < 107%). The drop deformation D of the present results for Re=0.20
and at Ca=0.10, 0.20 and 0.30 agrees well with that of the existing results. However, the present
drop deformation for Re=0.20 and at Ca=0.40 is a little larger than the other results for very low
Reynolds numbers. Also, at Re=0.20 and Ca=0.45, the drop is ruptured, while for very low Reynolds
numbers the drops maintain an ellipsoidal shapes. It is found that this difference is due to the effect
of the Reynolds number. The present results for Re=1.0 and 10 also show the similar effect of the
Reynolds number, and the effect becomes larger as the Reynolds number increases. Namely, the drop
is easier to deform and to be ruptured as the Reynolds number increases.
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Fig. 2 Drop deformation in a shear flow. L : a major
axis; B : a minor axis.
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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 represents the
index function ¢ = (@max + Pmin)/2.

Fig. 5 Velocity vectors and contour lines of the index
function ¢ on the z —z plane cutting the center
of the drop at Re=0.20 and Ca=0.20.
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t*=39.8 t*=40.0
Fig. 6 Drop breakup at Re = 0.20 and Ca = 045
(t* =tI'). The contour surface represents the
index function ¢ = (Pmax + Amin)/2.
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Fig. 7 Drop breakup at Re = 1.0 and Ca = 0.30
(¢* =¢tI'). The contour surface represents the
index function ¢ = (dmax + Pmin)/2-
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t*=70.5

t*=68.1
Fig. 8 Drop breakup at Re = 10 and Ca = 0.20
(t* =tI'). The contour surface represents the

index function ¢ = (Pmax + Pmin)/2.
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