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INTRODUCTION

A Vesicle is a body of
fluid enclosed within
a lipid bilayer mem-
brane.
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Schematic of a vesicle.

Why do we need to study lipid vesicles?
• It provides a basic model of red blood cells.
• It plays a vital role in drug delivery systems.
• Lipid composition influences fundamental pro-

cesses such as signal transduction and mem-
brane trafficking.

GOVERNING EQUATIONS

The vesicle of
interest has a
radius of 20
µm with differ-
ent properties
inside(−) and
outside(+) of
the membrane.
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Figure 1: A model computational
domain.

Fluid Field Equations
Incompressible Navier-Stokes,

D~u

Dt
= ∇ · ~T±,∇ · ~u± = 0 in Ω±.

No jump in velocity and inextensibility,
[~u] = 0 and ∇s · ~u = 0 on Γ.

Balancing of the forces on the interface,

n.[~T ] = ~fb + ~fγ on Γ,

~fb = kc
(
4H3 − 4HK + 2∇2

sH
)
~n,

~fγ = 2γH~n−∇sγ,

whereK,H ~T are Gaussian curvature, mean curvatures,
and hydrodyanmic stress tensor respectively.

Phase Field Equations
The surface concentration equation is,

ft + ~u · ∇f − ~n · ∇~u · ~nf = ∇s · ~Js,

where f is the phase concentration.

NUMERICAL METHOD
Interface Tracking: The interface motion is cap-
tured by tracking the level sets,

∂φ

∂t
+ ~u · ∇φ = 0.

Continuous Surface Fluid Model: Using the
Level Set, the non-dimensional hydrodynamic
equation is written in the single-fluid form as,

D~u

Dt
= −∇P +

1

Re
∇ · (µ(∇~u+∇T~u))

+ δ(φ)(∇sγ − γH~n)

+
1

ReCa
δ(φ)

(
4H3 − 4KH + 2∇2

sH

)
∇φ.

Non-dimensional equation for Phase Model is,

∂f

∂t
=

ν

Pe
∇2
s

(
∂g

∂f
− C2∆sf

)
,

where ν is mobility, Pe is Peclet number, and C is
Cahn number.
Algorithm

• Solve for the fluid flow using an iterative 3-step
Projection Method and obtain the velocity (~u) ,
pressure (P ) and tension (γ).

• Solve for the phase field.
• Solve the level set equation to advance the inter-

face.

ERROR CONVERGENCE

Figure 2: With a given patch solution on a sphere, the veloc-
ity u=(-y,x,0) drives the patch and the sphere in a rotational
motion. The error is computed after time 0.785 seconds. Con-
vergence study demonstrates that with decreasing grid size,
the numerical solution approaches true solution.

SURFACE PATCH ADVECTION

Figure 3: A patch on surface of a sphere rotating under the velocity field u= (-y,x,0). The figures show evolution
at time 0.0, 0.785, 1.57, 4.71 and 6.28 seconds.

RESULTS ON VESICLES

t=0.0 t=0.625 t=1.25 t=7.5

t=20 t=22.5 t=27.5 t=30 t=35
Figure 4: Time evolution of vesicle with phase separation under shear flow at 0.0, 0.625, 1.25, 7.5, 20, 22.5, 27.5, 30 and 35 seconds.

SUMMARY
• Modeled the motion of vesicles in shear flow using a level set-based Navier-Stokes solver.

• Tracked the motion of surface phase fields, such as lipids, through the use of a surface phase-field
method.

• Demonstrated convergence and qualitative vesicle results.

• This enables us to investigate the influence of lipid phase parameters on the dynamics of vesicles.
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