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Currently, the time limit for an explanted human heart to remain viable is only 4.5 hours when the heart 

is kept submerged in a saline solution at a temperature close to that of freezing water. In most cases, the 

donor and the recipient of the compatible heart are at vastly different geographic locations. This means that 

the current 4.5 hours limitation must cover transportation from the site of harvesting to the nearest airport, 

flight time to the airport nearest to the recipient’s location, and travel time from that airport to the hospital 

where the recipient is located. In practice, this leaves at most two hours for air transportation of the heart, 

which is insufficient to cover even half of the territory of the United States.  

Design and analysis of conceptually different cooling systems for the human heart preservation were 

investigated numerically. A heart cooling container was designed computationally for a normal size human 

heart. A three-dimensional, high resolution human heart geometric model obtained from CT-angio data was 

used for simulations. Nine different cooling designs were introduced in this research. The first cooling 

design (Case 1) used a cooling gelatin only outside of the heart. In the second cooling design (Case 2), the 

internal surfaces of the heart were cooled by pumping a cooling liquid inside both the heart’s pulmonary 

and systemic circulation systems. An unsteady conjugate heat transfer analysis was performed to simulate 

the temperature field variations within the heart during the cooling process. Case 3 simulated the currently 

used cooling method in which the coolant is stagnant. Case 4 was a combination of Case 1 and Case 2. A 

linear thermoelasticity analysis was performed to assess the stresses applied on the heart during the cooling 

process. In Cases 5 through 9, the coolant solution was used for both internal and external cooling. Case 5 

used laminar flows for coolant circulations inside and outside of the heart. Effects of turbulent flow on 

cooling of the heart were studied in Case 6. In Case 7, an additional inlet was designed on the cooling 

container wall to create a jet impinging the hot region of the heart’s wall. Unsteady periodic inlet velocities 

were applied in Case 8 and Case 9. Multi-objective constrained optimization was performed for Case 5. 

Inlet velocities for two internal and one external coolant circulations were the three design variables for 

optimization. Minimizing the average temperature of the heart, wall shear stress and total volumetric flow 

rates were the three objectives.  

The complete 3D forced convection cooling predicts that a human heart can survive for 10.5 hours 

which will enable transport and transplantations throughout North America and save many more lives. 
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