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SUMMARY 

The Red Blood Cells (RBCs) play a crucial role in delivering 

oxygen and nutrients to tissues. Therefore simulation of these 

blood cells has been always a matter of importance to 

researchers. In this study a two dimensional model is 

developed using Fluid Structure Interface (FSI) method to 

investigate movement and deformation of the red blood cell 

through a capillary. Based on this method, the structure and 

fluid are the red blood cell and plasma respectively. Analysis 

of this model is done using ADINA software, which uses the 

Finite Element Method (FEM). Because of RBC movement 

there will be needed to change the mesh size in the fluid 

model, thereupon, to achieve a better simulation, adaptive and 

moving mesh has been utilized simultaneously. In this study 

the biconcave shape has been utilized as initial red blood cell. 

According to the results of this simulation, red blood cells 

have a semi-parachute deformation. The other outputs of this 

model are stress contour of the RBC, pressure, and velocity 

contour of plasma. 

 

INTRODUCTION 

A healthy human RBC is a liquid capsule which is biconcave 

disk-like shape with the average diameter of 8 μm and 

maximum thickness of 2.5 μm, have very flexible cellular 

membrane [1]. Some experimental, theoretical, and numerical 

studies have been conducted on mechanical behavior of RBCs 

in fluid flow, especially in Poiseuille flow. RBCs will be 

deformed during moving through the capillary due to blood 

flow. 

 

In some previous works, using a lubrication method for 

axisymmetric RBC motion in narrow tubes, it has been 

concluded that RBCs have a parachute shape [2]. Recently a 

particle-based model has been developed to investigate this 

kind of motion, in which the RBC membrane is replaced by a 

set of distinct particles connected by springs [3].  

 

In this study axisymmetric RBC motion in blood has been 

simulated, using fluid structure interaction method. 

 

 

METHODS 

Figure 1 shows a schematic shape of two-dimensional RBC in 

the capillary. Fluid velocity in the capillary is in the range of 

0.5 to 2.5 mm/s. In present study Poiseuille flow with the 

velocity of 2 mm/s has used as fluid boundary condition. 

RBCs have three common shapes with different diameters 

including ellipse, circle, and biconcave. In this simulation, the 

biconcave shape has been utilized as initial red blood cell with 

the diameter of 7.2 μm. It is assumed that the capillary has a 

diameter of 10 μm and a length of 100 μm. The RBC shape is 

obtained from equation developed by Evans and Fung (1972) 

[4].  

 

 
𝑥 = 𝑥0 + 𝑟 cos 0.1035 + 1.0013 sin2 𝜃 + 0.5614 sin4 𝜃 

𝑦 = 𝑦0 + 𝑟 sin 𝜃                                                                            
            (1) 

 

Where  𝑥0, 𝑦0  is the center of RBC, r the RBC radius of 3.6 

μm, and θ the polar angle variable ranging from 0 to 2π. The 

fluid is considered to be plasma. Capillary wall and RBC are 

assumed to be rigid and solid elastic disk respectively. The 

mechanical properties of the materials are summarized in 

Table 1.  

 

Table 1: Mechanical properties of materials.  

 

 Material 
Density 

(kg/m3) 

Young 

Modulus 

(kPa) 

Viscosity 

(Pa.s) 

Fluid Plasma 1000 - 0.0012 

Structure RBC 1050 450 - 

 

Analysis of this model is done using ADINA software. This 

model is solved using FSI boundary on the RBC surface. In 

fluid structure interface analysis, the fluid force causes solid 

deformation, in which this solid deformation consequently 

results in change in fluid domain. Because of RBC movement 

there will be needed to change the mesh size in the fluid 

model, thereupon, to achieve a better simulation, adaptive and 

moving mesh has been utilized simultaneously. 

 

 
 

Figure 1:  A schematic shape of biconcave RBC in a capillary 



RESULTS AND DISCUSSION 

 

Numerical simulation of RBC motion in capillary is developed 

by considering FSI boundary condition. Results are obtained 

in the form of velocity and pressure contours of plasma. Also 

stress, displacement, and deformation contour of RBC are 

derived. 

 

Figure 2 shows deformation of RBC. As it’s shown in this 

figure, because of 40 μm movement of RBC, the fluid model 

must be remeshed in each time step. 

 

 
 

Figure 2:  RBC motion and deformation at different time 

steps. 

 

Von-Mises stress contours applied to solid RBC is presented 

in Figure 3. As it’s clear in this figure, maximum stresses are 

seen in concaveness region. 

 

 

 
 

Figure 3:  Stresses applied to RBC at different time steps. 

 

 

 
Figure 4:  Fluid (plasma) pressure distribution at different 

time steps. 

 
Figure 5:  Fluid velocity vectors at different time steps. 

 

Figure 5 shows fluid pressure distribution during motion. As 

it’s demonstrated in this figure, the values of maximum and 

minimum pressure relate to behind and front of RBC 

membrane respectively. Around RBC, the cross-sectional area 

of the flow regime has its minimum value. Therefore in this 

section, the velocity of plasma reaches to its maximum, which 

is equal to 0.004 m/s (Figure 5). 

 

 

CONCLUSIONS 

 

In this study, adaptive and moving mesh technique and FSI 

method have been used to numerical simulation of RBC 

movement through a capillary. Results could represent RBC 

deformation as semi-parachute shape during movement and 

maximum Von-Mises stress can be seen in concaveness 

region. The outputs are in good agreement with previous 

studies. Because of reverse flow in front of RBC, negative 

pressure can be seen in this region. Also velocity and pressure 

distributions obtained in this simulation, are verified 

physiologically.  
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