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PERFORMANCE RESULTS 
Figure 2 illustrates the head-flow performance curves for three 
rotational speeds.  Each data point corresponds to a steady state CFD 
simulation.  These results demonstrate the pump’s ability to deliver 2 
to 5 lpm at a pressure of 70 to 95 mmHg, depending on the operating 
rotational speed.  The CFD results further indicated best efficiency 
points ranging from 25% to 28%, which correlate well with typical 
efficiencies for blood pumps.[4,6] 
 
Since the impeller is fully suspended by magnetic bearings, a blood-
filled clearance exists between the impeller and housing due to the 
magnetically levitated design.  The pressure gradient between the exit 
volute and inlet volute causes retrograde flow through this clearance.  
Therefore, a small proportion (approximately 10%) of blood 
recirculates through the pump.  The thickness of the back clearance 
gap is designed to create a balance between minimizing exposure time 
and preventing excessive reguritant flow.  The fluid in this clearance 
exerts a force on the impeller in the positive axial or y-direction, which 
the suspension system must counteract to maintain the rotor’s optimal 
position and performance.  Hence, the force’s magnitude is critical to 
the magnetic suspension design.  Using a macro in the CFD program, 
the axial fluid force magnitudes were determined and ranged from 0.5 
to 2 N, depending on pump operating conditions. 

Figure 2.  Head / Flow Performance Curves 
 
In addition to calculating Reynolds’ averaged velocity flow fields, 
pressure gradients, and pump efficiencies, CFD includes the ability to 
determine the shear stress at any nodal location in the flow field.  
Qualifying and quantifying the shear stress within the pump allows 
designers to estimate whether hemolysis or thrombosis may occur and 
adjust the design parameters accordingly to reduce the likelihood of 
occurrence.  To account for the three-dimensional nature of the shear 
field, we adopted scalar shear stresses (τ) as originally introduced by 
Bludszuweit [7]: 
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Figure 3 displays the scalar stress values for the plane along the tip of 
the impeller blades.  This surface shows the highest magnitude of 
shear stresses in the pump.  In this plane, the higher shear stresses exist 
along the trailing edge of the impeller blade prior to entering the exit 
volute, on the suction of the blades, and directly along the blade tip 
surfaces, particularly at the trailing edge.  Maximum shear stress 
values of approximately 300 Pa are found in this plane; the fluid 
velocities are large enough to produce a residence time of only a few 
milliseconds in the impeller. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

Figure 3.  Shear Stress Along Blade Tip 
 
DISCUSSION 
This first generation design demonstrates the potential of this system 
to support pediatric patients.  The desired output flow, pressures, and 
efficiencies were achieved for a fully implantable pump design.  Shear 
stress levels throughout the VAD remained below 300 Pa, thereby 
signifying low levels of hemolysis.  A closer examination of the 
velocity profiles in the inlet volute, exit diffuser, and blade regions, 
however, revealed signs of possible irregular flow patterns in need of 
optimization.  Nevertheless, this design represents a good starting 
point for future work initiatives and model enhancements. 
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