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Abstract

Stirling cycle was actualized as so called ‘hot air engine’ . It has been focused again lately as one
of measures for exhaust gas emission problem, but as small power engine because of its method of
heat addition . Recently marine power plants commenced to meet a stringent environmental
restrictions by international convention, Marpol so that diesel engines as main and auxiliarly
power plants are urged to be reformed to reduce NOx emission.

Author devised a compression ignition engine as a large marine power plants combined with
turbo charger based on stirling cycle, and analyzed the performance by means of basic
thermodynamic calculation.

Analyzed in this paper, were theoretical efficiency, mean effective pressure, required
equivalence ratio, gas turbine power ratio, maximum pressure, states of turbo-charger inlet gas
and exhaust gas, manifesting that the engine could be proposed as one of the future power plants
of marine use.
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Fig.2.1 Comparison of Stirling Cycle with Carnot
Cycle
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Fig.2.2 Double acting Piston CI Engine which actualizes Modified Stirling Cycle driven by Crosshead
type Crank Mechanism combined with Turbo-charger
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Fig.2.3 p—v Diagram of Modified Stirling Cycle
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Table 1 Set up of input parameters for calcula-
tion

value of parameter default

Max. min. temperature

X 25,29 33,3.7,4.1 3.3
ratio, T

Polytropic index, n 1.20, 1.25, 1.30, 1.35, 1.40| 1.3

Temperature efficiency

0.2,03,04,0.5,0.6 0.6
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Fig.3.1 Thermal Efficiency of Modified Stirling
cycle vs Compressor to Turbine Work
Ratio of Turbo-Charger at various
Compression Ratio (Temperature Ratio 7=
3.3, Polytropic Index n=1.3, Temperature
Efficiency of Heat Exchanger £=0.6)

0 me (23

M ™ SIS e

" o b w1 ne ne e a7 [

e <t Tt Ve Pl Re

Fig.3.2 Maximum Pressure vs Compressor/
Turbine Work Ratio of Turbo-Charger at
various Compression Ratio (Temperature
Ratio 7=3.3, Polytropic Index n=1.3,
Temperature Efficiency £=0.6)
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Fig.3.6 Mean Effective Pressure of Modified
Stirling Cycle at various Temperature
Ratio (Polytropic Index n=1.3, Tempera-
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Fig. 3.7Mean Effective Pressure of Modified
Stirling Cycle at various Polytropic Index
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Efficiency £=0.6)
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Fig.3.12 Turbine Inlet Gas Pressure of Modified
Stirling Cycle at various Temperature
Ratio (Polytropic Index n=1.3, Tempera-
ture Efficiency £=0.6)
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Fig.3.13 Turbine Inlet Gas Temperature of
Modified Stirling Cycle at various
Temperature Ratio (Polytropic Index n=
1.3, Temperature Efficiency £=0.6)
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Fig.3.14 Exhaust Gas Temperature of Modified
Stirling Cycle at various Temperature
Ratio (Polytropic Index n=1.3, Tempera
ture Efficiency £=0.6)
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