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1. INTRODUCTION 
 
 A Ventricular Assist Device (VAD) can be used in the treatment of patients with serious 
heart diseases awaiting transplantation or even as the destination therapy for patients with 
total heart failure [1]. The presented VAD is a 45 cubic centimeter device designed at the 
Prof. Z. Religa Foundation for Cardiac Surgery Development in Zabrze and investigated at 
the Institute of Turbomachinery, Lodz University of Technology with Computational Fluid 
Dynamics (CFD) methods. The VAD is a pneumatic pump with a membrane driven by air. 
This study shows how CFD is used to determine the best angular position (Fig. 1) of heart 
valves installed in the inlet and the outlet of a blood chamber during the diastolic phase when 
the membrane reaches its highest position. Steady state simulations of the blood flow through 
the blood chamber have been carried out with ANSYS CFX 14.0.  Main assumptions have 
included: stationary boundary conditions, motionless discs, rigid walls. One size of the inlet 
valve has been examined and compared. The obtained results allow one to find areas of low 
velocity of blood, which is considered to be a cause of thrombus deposition in the inner wall 
of the device. An influence of the angular position of the inlet valve on the magnitude of the 
low velocity area (area of stagnation zone, ASZ) is significant and the best position of this 
valve has been confirmed in further experiments. It has been shown that the position of the 
outlet valve does not affect substantially the blood behavior inside the blood chamber.     
 
 
2. MATERIAL AND METHODS 
 
2.1. Geometrical models 
 
 The valve position is defined by an angle between the plane passing through the axis of 
rotation of the disk in the plane perpendicular to the valve ring and the basic plane (Π) – α 
and β, respectively, for the inlet and outlet valve (Fig. 1). The angles α and β have been 
changed every 30° degrees, thus 144 (12x12) cases have been investigated for one size of the 
inlet valve. The inlet valve is assumed to be fully opened and the outlet valve is open at 5°. 
This allows one to converge the mass equation and does not influence the flow inside the 
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blood chamber of the VAD. The virtual geometry of the internal volume of the investigated 
VAD has been meshed using a hybrid mesh with tetrahedral elements inside channels and 
prismatic elements near the walls in the boundary layer.  

 

 

 
Fig. 1. Virtual model of the VAD (volume of the flowing blood) - left; angular position of the inlet valve (α) and 

the outlet valve (β) observed in Solid Works 2012 (in this case α = β = 30°) - right 
 
2.2. Flow parameters 
 

A modification of the Power Law model for non-Newtonian fluids has been used for the 
simulations where the dynamic viscosity (ߟ) is dependent on strain [2]. All of the internal 
walls of the VAD are considered to be rigid. All calculations have been performed with the 
ANSYS CFX solver. 

2.3. Results  
 

The obtained results show flow patterns inside the blood chamber. The regions in the 
vicinity of walls, where the blood velocity is very low, have been found (ASZ) and the 
percentage of those regions designated on the entire inner surface has been calculated for 
different angles α and β (Fig. 2). 

  
Fig. 2. Comparison of the blood velocity, the flow patterns shown in 3D as streamlines and the ASZ in the 

vicinity of the membrane: α= 30°, β= 0° (left) and α=270° , β=0°(right) 
 
3. DISCUSSION 

 
The results show that the position of the inlet valve strongly influences the blood behavior 

inside the blood chamber. The α angle equal to 30° ensures the best flow condition and the 
smallest risk of the thrombus formation.  
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