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Numerical Analysis of Heat Transfer in Turbulent Reciprocating Flow in Stirling
Engine Heat Exchanger
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! MSc Student, Mech. Eng., K.N. Toosi University of Technology, Tehran, Iran.
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Abstract

Analysis of the reciprocating flow is significant due to the different natures of this flow. An application of
the reciprocating flow is in the heat exchangers of Stirling engines. Most research works have considered
the laminar flow, which is not appropriate for Stirling engines. In this study, a 3D numerical simulation of
the reciprocating flow in the heat exchanger of a Stirling engine is performed in a wide range of non-
dimensional flow displacements (20-100), frequencies (30-130 Hz), and working pressures (5.25-11.5 bar).
The flow is considered compressible and turbulent. The characteristic of heat transfer in the heat exchanger,
effect of variation in oscillation frequency, working pressure, and working fluid are studied. It was found
that increasing the kinetic Reynolds number, working pressure, and non-dimensional flow displacement
increased the heat transfer in a heat exchanger engines. In a ST500 Stirling engine, it was observed that 80
percent increases in the non-dimensional flow displacement, oscillation frequency, and working pressure
enhanced the Nusselt number by 14, 9, and 20 percent, respectively. By replacing the hydrogen gas with
helium, a 48 percent increase in the heat transfer was observed.

Keywords: Numerical Simulation; Reciprocating Flow; Heat Transfer; Stirling Engine.
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