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Stirling engine cycle is combined with a Spark Ignition (SI) engine cycle to recover the SI engine 
exhaust gas waste heat. One dimensional combustion simulation code is prepared for Spark Ignition 
type engine (M355G) simulation. The accuracy of numerical simulated results were validated with 
M355G experimentally.  The experimental generated power and exhaust gas temperature vary in the 
range of 84.1- 176.7 kW and 610-710 , respectively. The 1D code estimates the generated power with 
maximum 5.9% error and average exhaust gas temperature with 3.8% error in the operating range of the 
engine. Thermal analysis was done, and the results show that about 25% of input energy transfers by the 
exhaust gas are waste. The results indicate that, by installing a Stirling engine heater on the exhaust pipe 
of the SI engine about 8.4 kW of the waste heat can be recovered in the best condition. The simulation 
of Alpha-type Stirling engine was done by GT-Suit program and the Solo V161 experimental results 
were used for the validation. According to 9% error in generated power calculation for validation, the 
new Stirling engine is suggested for installation  in exhaust pipe. The generated power and thermal 
efficiency were estimated for Stirling engine in various exhaust gas temperature which occurred in 
various SI engine working conditions. The coupled engines heat balance showed that the thermal 
efficiency is about 2-3% more than the ordinary one.  
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Table 1 Technical specification of M355G and OM355 [14] 

    
OM355  

  
M355G  

      
  6  6  
  1:16  1  :10.5  

(mm)  128   128   
(mm)  150  150   

(mm)  280   280   
)cm3(  275   275   

  18TDC   20-13  
kW @ rpm  2200@179.9  2000@176.7  

N.m @ rpm  1600@858.7  1400@833  

1- OM 355 
2- Full load 

  
Fig.  1 Experimental and simulated power results of M355G 
engine [14] 
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Fig.  2 Experimental and simulated exhaust  gas temperature 
results of M355G engine  
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Fig.  3 Experimental and simulated exhaust heat load results of 
M355G engine  
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Table  2 Heat analysis of distributed energy to cooling system, 
exhaust system, ambient and useful power of M355G. 

 

(rpm)  (%)  (%)  (%)  (%)  

1000  31.2  26.3  27.9  14.6  
1200  35.1  26.6  24.2  14.1  
1400  35.8  25.8  24.8  13.6  
1600  36.6  24.6  25.7  13.1  
1800  35.5  23  26.1  15.4  
2000  35.9  22.8  26.6  14.7  
2200  35.7  22.4  27.5  14.4  
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Fig. 4 The calculation strategy for scalar and vector parameters 
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Fig. 5 The schematic of simulated Alpha Stirling engine  
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Table  3 Technical specification of Solo V161 and suggested 
engine 

    161  

(mm) 85 68 

(mm) 65 44 

(rpm) 1500 1500 

( ) 653 700 

   

( ) 55 30 

 (bar) 50 150 

  12 78 

(mm) 14 4 

 (mm) 200 200 

  200 80 

(mm) 1 4 

(mm) 45 45 

(W) ------- 9000 

 (W)  8400  8247  

   (%) ------- 30 

 (%) 20.9  27.3  

4  161. 
Table  2 Comparison between experimental and simulated 
results of Solo V161. 

 
(bar)   (kW)   

(kW)  
 (%)    

(%)  
30  1.6  1.5  6.2  22.1  
50  3  2.8  6.7  26.5  
70  4.6  4.1  10.9  27.8  
80  5.3  4.7  11.3  28.5  
90  5.9  5.3  10.2  28.6  
110  7.4  6.5  12.2  28.7  
120  7.9  7  11.4  28.8  
130  8.5  7.6  10.6  28.2  

6  .  
90  .

 .
168.2 8.4   . 

 
 .

   
   660 

710  7   . 
 - -

 .- 
7  .

    
  .660 710 

 92.2 92.8 70 
 .52  .  

  
Fig. 6 The hot and cold cylinder volume 
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Fig.  7 The Pressure-Volume diagram of simulated results for 
660 and 710  
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Fig.  8 The hot  and cold cylinder temperature of simulated 
Stirling engine 
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Fig.  9 The  mass  flow  rate  diagram  of  simulated  results  for  
heater, regenerator and cooler 
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Fig. 10 The heat transfer rate diagram of simulated results for 
heater, regenerator and cooler 
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Fig. 11 The Pressure-volume diagram of the combined cycle  
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Fig. 12 The M355G engine and combined engines generated 
power  
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Fig. 13 The M355G engine, suggested Stirling engine and  
combined cycle thermal efficiency  
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Fig. 14 The Stirling engine generated power in various 
pressures working against engine speed 

 14  

 .

 .
 .

16 
 3 5060 70 17 

 . 16 
1800-1400 70  

 .   
 -

    

  
Fig. 15 The Combined engines generated power in various 
pressures working against engine speed 
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Fig. 16 The Stirling engine thermal efficiency in various 
pressures working against engine speed 
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Fig. 17 The combined engines thermal efficiency in 50,60 and 
70 bar working pressure against engine speed 
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Fig. 18 The comparison between power of SI engine and 
suggested combined cycle 
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Fig. 19 The  comparison  between  efficiency  of  SI  engine  and  
suggested combined cycle 
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