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Various configurations for Stirling engines have been presented. In Beta and Gamma type 
configurations, a displacer moves the working fluid between hot and cold sources. In the Alpha type 
there is no such part and it has a much simpler structure than the Beta and Gamma type. Therefore in 
this study, a novel configuration is introduced for Stirling engine where the displacer is replaced by two 
pistons and cylinders. With this replacement, the new configuration can be called 3-Cylinders Gamma 
configuration for Stirling engine. Similar to Alpha type engine, this configuration has a simpler 
structure and manufacturing process. For evaluation of new configuration, a simulated model of 
fabricated Gamma Stirling engine is prepared based on new configuration and geometry of ST-500 
engine. The modeling is developed in GT-Suit software which is an industry-leading simulation tool. 
Maximum error between the experimental results and simulation of the new engine is about 20 percent 
for heat consumption and 14.7 percent for power generated. Thermodynamic analysis of performance 
parameters is done after the validation. The thermodynamic analysis results indicate that the increment 
of engine speed does not have appropriate effect on the performance and this led to engine efficiency 
reduction. On the other hand, increasing the pressure and hot source temperature led to improvement in 
engine performance and higher thermal efficiency.   
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Fig. 1 The Stirling power thermodynamic cycle [2] 
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Fig. 2 The schematic of Alpha type of Stirling configurations [19]  
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Fig. 3 The schematic of Beta type of Stirling configurations [19]  
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Fig. 4 The schematic of Beta type of Stirling configurations [19] 
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Fig.  5 The schematic conversion of Gamma and Beta configuration 
displacer (a) with two cylinders and pistons (b) 
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Fig.  6 The schematic of new configuration of Stirling engines as 3-
Cylinder Gamma configuration 
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Fig. 7 Picture of ST-500 Stirling engine fabricated by IPCO [18]  
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Table  1 Physical and performance characteristics of ST-500 Stirling 
engine [18]   
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Fig. 8 Modeling of 3-Cylinder Gamma configuration in GT-Suit 
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Table  2 Comparison of heat Consumption and brake power between 
experimental data and simulation of new 3-cylinder configuration 
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Fig.  9 The  P-V  diagram  of  new  presented  structure  model  in  
comparison of experimental data of ST-500 (based on power piston 
pressure) 
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Fig. 10 The P-V diagram of new presented structure model based on 
introduced equivalent pressure 
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Fig. 11 Heat consumption versus its speed in constant pressure 
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Fig. 12 Brake power of Stirling engine versus its speed in constant 
pressure 
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Fig. 13 Indicatory power of Stirling engine versus its speed in constant 
pressure 
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Fig. 14 Efficiency of Stirling engine versus its speed in constant 
pressure 
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Fig. 15 Heat consumption of Stirling engine versus its feed pressure in 
constant speed 
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Fig. 16 Brake power of Stirling engine versus its feed pressure in 
constant speed 
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Fig. 17 Efficiency of Stirling engine versus its feed pressure in constant 
speed 
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Fig. 18 Heat consumption, brake power and efficiency of Stirling 
engine versus ratio of hot source temperature to cold source 
temperature in constant speed 
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