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The Stirling engine is a combustion engine that converts mechanical work into
electricity. Stirling engine needs a working fluid to work and usually, air, helium,
hydrogen, nitrogen, etc. are used. Among the mentioned operating fluids, only air is
free, but unfortunately, it has lower power and efficiency compared to other working
fluids. It is expected that the desired power and efficiency can be obtained at a lower
cost by combining two working fluids such as air and helium. However, to check this
issue, it is needed to analyze the sensitivity of different input parameters on the
outputs. Therefore, in this study, the non-ideal thermodynamic model was
investigated, and the results of the presented model were validated by experiments,
and then with the help of Design Expert software, 1260 designs were considered.
Finally, the effect of changes in input parameters such as the speed, gas injection
pressure, temperature, and helium percentage on outputs such as power, efficiency,
heat loss, and cost were investigated. It was found that the cost was only a function of
the gas injection pressure and the percentage of the fluid composition. Moreover, the
results showed that with the increase of the temperature, pressure, speed, and
percentage of helium, the power increased by 189%, 178%, 82%, and 54%,
respectively. With increasing the temperature, speed, and pressure, efficiency
increased by 42%, decreased by 23%, and decreased by 17%, respectively. With the
increase in the temperature, speed, and pressure, the heat loss increased by 85%,
71%, and 357%, respectively.
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Source Sum of Squares df Mean Square F-value P-value Effectiveness
Mean vs Total 8.099E+08 1 8.099E+08
Linear vs Mean 2.144E+08 4 5.359E+07 2741.24  <0.0001
2FI vs Linear 1.930E+07 6 3.216E+06 802.63 <0.0001
Quadratic vs 2FI 2.159E+05 4 53974.24 14.04 <0.0001
Cubic vs Quadratic 3.369E+06 20 1.684E+05 149.84 <0.0001
Quartic vs Cubic 7.768E+05 35 22194.05 44.70 <0.0001 Suggested
Fifth vs Quartic 2.044E+05 55 3716.36 10.98 <0.0001 Aliased
Residual 3.790E+05 1120 338.36
Total 1.049E+09 1245 8.422E+05
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Source Sum of Squares df Mean Square F-value P-value Effectiveness
Mean vs Total 59684.73 1 59684.73

Linear vs Mean 2827.46 4 706.86 1991.63 <0.0001

2FI vs Linear 25.12 6 4.19 12.45 <0.0001

Quadratic vs 2FI 104.03 4 26.01 102.80 <0.0001

Cubic vs Quadratic 147.04 20 7.35 54.13 <0.0001

Quartic vs Cubic 153.00 35 4.37 442.66 <0.0001 Suggested
Fifth vs Quartic 9.44 55 0.1717 88.25 <0.0001 Aliased
Residual 2.18 1122 0.0019

Total 62952.99 1247 50.48

Sl Sl el laosly Cplas s 0 Jgia

Source Sum of Squares df Mean Square F-value P-value Effectiveness
Mean vs Total 1.111E+11 1 1.111E+11
Linear vs Mean 3.077E+10 4 7.693E+09 2479.02 <0.0001
2F1 vs Linear 2.724E+09 6 4.541E+08 501.56 <0.0001
Quadratic vs 2FI 4.096E+08 4 1.024E+08 178.27 <0.0001
Cubic vs Quadratic 1.868E+08 20 9.341E+06 21.77 <0.0001
Quartic vs Cubic 3.659E+08 35 1.046E+07 80.57 <0.0001 Suggested
Fifth vs Quartic 8.770E+07 55 1.595E+06 27.67 <0.0001 Aliased
Residual 6.438E+07 1117 57636.43
Total 1.457E+11 1242 1.173E+08

poaln aa (gly odly Comlus Lo T Joda

Source Sum of Squares df Mean Square F-value P-value Effectiveness
Mean vs Total 9.910E+09 1 9.910E+09

Linear vs Mean 5.878E+09 4 1.469E+09 3183.75 <0.0001

2F1 vs Linear 5.792E+08 6 9.653E+07 3.029E+06 <0.0001

Quadratic vs 2FI 8688.61 4 2172.15 86.90 <0.0001

Cubic vs Quadratic 5984.38 20 299.22 14.58 <0.0001

Quartic vs Cubic 3937.19 35 112.49 6.32 <0.0001 Suggested
Fifth vs Quartic 4441.62 55 80.76 5.47 <0.0001 Aliased
Residual 16755.59 1135 14.76

Total 1.637E+10 1260 1.299E+07
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