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CFD STUDY ON THE COMBUSTION CHAMBER OF A 1 kw CLASS STIRLING ENGINE

J. Ahn,™ Y.S. Lee® and H.J. Kim?

The availability of the thermal energy has been deeply recognized recently to encourage the cascade usage of
thermal energy from combustion. Within the framework, a 1 kW class Stirling engine based cogeneration system has
been proposed for a unit of a distributed energy system. The capacity has been designed to be adequate for the
domestic usage, which requires high compactness as well as low emission and noise. To develop a highly efficient
system with satisfying these requirements, a premixed slot type short flame burner has been proposed and a series
of numerical simulation has been performed to establish a design tool for the combustion chamber. The thermal
radiation model has been found to highly affect the computational results and a proper resolution to analyze the
heat transfer characteristics of the high temperature heat exchanger. Finally, the combustion characteristics of the
premixed flame with the metal fiber type burner has been studied.

Key Words : &= <%l (Stirling Engine), Z1AH-A]%g (CFD:Computational Fluid Dynamics),
A4 (Combustion Chamber), ol&3+ <4~ (Premixed Combustion)
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Fig. 1 Piston free Stirling engine and modeling of its combustion
chamber; (a) 1 kW class Stirling engine; (b) Cross-section
of the combustion chamber
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Fig. 2 Two dimensional modeling of the combustion chamber;
(a) Engine surface without fins; (b) Engine surface with

fins
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Fig. 3 Temperature distribution inside the combustion chamber
with the engine without fins; (a) Air; (b) Combustion gas
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Fig. 4 Temperature distribution inside the combustion chamber;
(a) Engine surface without fins; (b) Engine surface with
fins
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Fig. 5 Effects of radiation model on the temperature distribution
inside the combustion chamber; (a) P-1 radiation model;

(b) 5x5 DO model
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Fig. 6 Three dimensional modeling of the combustion chamber;
(a) Computational domain and boundary conditions;
(b) Grid system
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Fig. 7 Velocity vectors from the 3D simulation; (a) Coarse grid
result (230,000 cells); (b) Fine grid result (1,100,000 cells)
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Fig. 8 Temperature fields from the 3D simulation; (a) Coarse grid
result (230,000 cells); (b) Fine grid result (1,100,000 cells)
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Fig. 9 Molar concentration of CH4 inside the combustion
chamber; (a) Coarse grid result (230,000 cells);
(b) Fine grid result (1,100,000 cells)
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Fig. 10 Molar concentration of CO inside the combustion
chamber; (a) Coarse grid result (230,000 cells);
(b) Fine grid result (1,100,000 cells)
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