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Introduction
Red blood cells make nearly 45% of the human blood and hence,
RBC deformation investigation occupied a significant part of re-
search interest. Unlike a drop, a RBC keeps its surface unchanged
during the deformation. As such, an inextensible membrane is mod-
eled as a prototypical model of a RBC suspended in a shear flow
using isogeometric boundary integral method (IGA-BIM).

Boundary integral method (IGA)
Figure 1 shows the object Ω(2) suspended in the matrix fluid (Ω(1))
where both fluids are Newtonian with the same viscosity with ne-
glegible inertia effect.
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Figure 1 Schematic representation of the fluidic domains.
BIM [1] is employed to obtain the velocity of any point x0 ∈ Γ by

u(x0) = u∞(x0) −
1

8π

Z

Γ

G(x, x0)f (x)dΓ(x), (1)

where u∞ is the far-field imposed shear velocity and G is the
Green’s function given by

G(x, x0) = G(x̂) =
I

|x̂|
+

x̂ ⊗ x̂

|x̂|3
, (2)

with x̂ = x − x0. f is the stress discontinuity across the interface
which is f = 2τHn − ∇sτ where H is the mean curvature, n is
the unit normal vector and τ is the surface tension which keeps the
surface area constant.

Isogeometric analysis (IGA)
The key ingredient of this isogeometric analysis is that we employ a
B-spline representation of the object’s surface. The B-spline basis
functions are defined recursively beginning with:

Ni,0(ζ) =

(

1 ζi ≤ ζ < ζi+1

0 otherwise
(3)

where ζi is the ith knot, i is the knot index and p is the polynomial
order. The higher-order B-spline shape functions then follow as [2]:

Ni,p(ζ) =
ζ − ζi

ζi+p − ζi

Ni,p−1(ζ) +
ζi+p+1 − ζ

ζi+p+1 − ζi+1
Ni+1,p−1(ζ) (4)

Results
Figure 2 represents the surface tension distribution over the stable
shape of the cell for an initial ellipsoid with the axes ratio r = 2. Ob-
viousely, the surface tension τ is inversely proportional to the mean
curvature which is also reported in [3].
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Figure 2 Tension distribution over the surface of a cell.

The evolution of the inclination angle θ over time is shown in Fig-
ure 3 which expresses that the final inclination angle for θ0 = 0◦,
θ0 = 45◦ and θ0 = 90◦ is similar and therefore, is independent from
its initial inclination angle.
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Figure 3 The evolution of the cell’s inclination angle in time.

Figure 4 displays a biconcave shaped cell (which resembles a real
RBC) in a shear flow and reveals that it deforms dramatically and
becomes ellipsoidal, while the membrane rotates around the inte-
rior. In fact, the stable shape of the cell in the shear flow is inde-
pendent from the initial shape and it is concluded that the deflation
parameter (the ratio between the actual volume of the cell and the
volume of the sphere with the identical cell’s area) governs the sta-
ble shape of a cell with an inextensible membrane in a shear flow.

Figure 4 The initial and stable shape of a biconcave cell with the area
difference less than 1%.

Conclusion
Applying IGA-BIM to an inextensible membrane is non-trivial due
to the presence of the inextensibility condition which results in an
implicit definition of the surface tension through the solution of a
surface partial differential equation. IGA-BIM for the inextensible
membrane is found to be robust for a relatively wide range of 3D
initial shapes.
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