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The Stirling engine is an external combustion engine that works with different thermal energies such as
solar energy, biomass, fossil fuels, etc. The purpose of this study is to investigate various parameters to
increase the performance of the helium-air hybrid Stirling engine. In this study, by three thermo-
dynamics models, including isothermal, ideal adiabatic, and non-ideal adiabatic, a simulation was done
for the Gama-type Stirling engine and their results were compared to experimental data. After
determining the superior model, the effect of combining two helium and air gases at different
percentages, the speed, the temperature, and the pressure was investigated and the sensitivity analysis
of these parameters was performed, using the MINITAB software and the regression analysis. Obtained
results of the sensitivity analysis showed when the percentage of helium from 0% to 35%, the power
increases, and then by increasing the percentage of helium from 35% to 75%, the power is constant and
from 75% to 100% the power starts to increase again. In total, by increasing the percentage of helium
from zero to 100%, the power will increase by 42%. It was also found that by increasing the percentage
of helium from zero to 100%, the efficiency will increase by 95%, and by increasing the percentage of
helium from 0 to 100%, heat loss will be reduced by 35%.
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Fig. 1. The distribution of the temperature in the isothermal model [3].
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isothermal, ideal adiabatic and non-ideal adiabatic in the third case.
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Table 3. The comparison of the output power from the experiment with
the power (W), predicted in thermodynamic models.

Test conditions Case A Case B Case C
Experiment [26] 465.11 363.70 238.00
Isothermal model 969.19 711.92 458.50
Ideal adiabatic model 1016.91 739.40 478.56
Non-ideal adiabatic model 551.00 418.00 308.00
Percenta?ge of relative 108.37 95.74 92.64
error of isothermal model

Percentage of relative

error of the ideal 118.63 103.30 101.10
adiabatic model

Percentage of relative

error of non-ideal 16.00 13.00 23.00

adiabatic model

G ksl - #
Dl 13503 9 sl 0l 03kl W £55 Sl sl 5390 51 czrinn Hlas! Gl
Ee Qo2 Gl S b odd didigd US55 ouds Gt OlgS Olie 9 2>
Jgdr oS ol ouds planil Calizen Cl> dus ) dulie ol Slouss duwlie [Y7]
23 Ol |y 5390 (58 Jasl s (Y)

b calisee cdlo du 53 e -lad Slajlaged 36 (3) 9 (A) «(V) slagSs
lad layloged dgd 2 sddlice () U (V) i duw 4o 45 43gSlen . ada 2 Olad
36 (S Blucil aalyd 5o JTodl e SELLST Jue Cdlo ) ouds yanyi 2>
25 pds 9 blus! auis 4 sisd 0393 33 0T e 45 sl i3S 1,3 (3,25 ok
Glodards S 53 deis sl dS ol gindd dle el 3y (78,8 L
lad $9) ; by 86 4 dzrgil 9 ubl (3,25 Jde 31 YL boludl dladme gled
AL 35 Jde S YL GGledads SIL s - 5Lad Hlagel 3 Easly

95 (2l )3 s SaS39)9 Wi ) U9
Table 1. Details of problem inputs in this study.

Running
Number number of
Parameters of Input levels the
levels MATLAB
code
Hot source
temperature 6 350, 450, 550, 650, 750, 850
(°C)
Pressure (bar) 5 4,6,8,10, 12 1260
Speed (rpm) 7 600, 700,800, 900, 1000,
1100, 1200
Helium 6 0, 20, 40, 60, 80, 100

percentage (%)

V] el Jole b b LB 895 Sl il 55390 (5 Jasl .Y Jgor
Table 2. Operating conditions of gamma type Stirling engine with helium
working fluid [27].

Yy

Conditions Case A Case B Case C
Pressure (Pa) 810000 620000 460000
Cooling temperature (°C) 33.5 40 35
Heater temperature (°C) 353 350 355
Speed (rpm) 970 950 800
Indicated power (W) 465 364 238
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Fig. 7. The comparison of experimental test results with three models of

isothermal, ideal adiabatic and non-ideal adiabatic in the first case.
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Table 4. The accuracy of the regression model for different objective
functions.

Objective functions R? (%) P-Value (-)
Power 97.41 0.000
Thermal efficiency 96.75 0.000
Heat loss 73.54 0.000
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Fig. 13. The effect of Helium percentage, speed, pressure, and temperature parameters on the power of the Gamma-type Stirling engine.
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