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Numerical Simulation of Flow in a Total Artificial Heart

S. H. Kim*, K. B. Chandran**, and C. J. Chen***

In this paper, a numerical simulation of steady laminar and turbulent flow in a two dimensional
model for the total artificial heart is presented. A trileaflet polyurethane valve was simulated at the
outflow orifice while the inflow orifice had a trileaflet or a flap valve. The finite analytic numerical
method was employed to obtain solutions to the governing equations in the Cartesian coordinates.
The closure for turbulence model was achieved by employing the k-¢-E model. The SIMPLER algo-
rithm was used to solve the problemn in primitive variables. The numerical solutions of the siulated
model show that regions of relative stasis and trapped vortices were smaller within the ventricular
chamber with the flap valve at the inflow orifice than that with the trileaflet valve. The predicted
Reynolds stresses distal to the inflow valve within the ventricular chamber were also found to be
smaller with the flap valve than with the trileaflet valve. These results also suggest a correlation be-
tween high turbulent stresses and the presence of thrombus in the vicinity of the valves in the total
artificial hearts. The computed velocity vectors and trubulent stresses were comparable with previ-
ously reported in vitro measurements in artificial heart chambers, Analysis of the numerical solu-
tions suggests that geometries similar to the flap valve(or a tilting disc valve) results in a better

flow dynamics within the tolal artificial heart chamber compared to a trileaflet valve.
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Table 1 The dimensions of the model and each valve

Height =45

Chamber e‘qg
Width=74
Di ter=19

Inflow channel rameter
Length=13
Di ter=1

Outflow channel tameter=19
Length=32
Standard : W,=2.6, H.= 8

Trileaflet valve | Type I W,=3.3, Hi= 8
Type I : W,=2.6, H=10

o) | Wi= 6.5

ap valve
P H;=17.5
All dimensions are in mm.
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Fig. 1 Geometry of the total artificial heart models

(a) Trileaflet inflow valve
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Fig. 2 Grid distribution of the total artificial heart models
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Fig. 3 Flow patterns with trileaflet inflow valve
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(b) uv/ V.

Fig. 4 Velocity profiles of V/V, and uv/V.? with trileaflet inflow valve
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