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Abstract

Since the implementation of the GB17691 China Six Emission Standards, the first batch of equiva-
lent combustion natural gas engines with EGR has been running for nearly one year. From the
market application effect, because the sulfur content of natural gas in our country is very high, so
the long high temperature state time will lead to sulfuric acid production inside. At the same time,
the natural gas will produce more water vapor after combustion, and in the case of high tempera-
ture, multi-water and sulfuric acid, the parts are easy to corrode, causing high market failure rate
of EGR parts. In this situation, when discussing natural gas engine with equivalent ratio combus-
tion for vehicle, this paper solves the problem of heat load of natural gas engine without EGR
equivalent combustion by adopting cylinder head double layer water jacket structure, cylinder
block cross channel structure, optimizing piston oil cooling chamber structure, improving com-
bustion chamber shape and compression ratio, increasing pump flow rate, adopting new materials
for piston and valve. In order to improve the development process efficiency, especially the heat
load of piston, simulation and temperature test are adapted. Finally, based on the whole machine
825 hours reliability test verification, engine reliability is proved to meet the requirements.
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Table 1. Basic parameters of natural gas engine
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Figure 1. Double water jacket for cylinder head
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Figure 2. Single layer water jacket structure
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Figure 3. Cross-channel structure
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Figure 4. Piston cooling oil channel structure
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Figure 5. Comparison of flow rate before and after water pump improvement
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Table 2. Comparison of piston materials
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Table 3. Comparison of valve seat rings for diesel and natural gas engines
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Figure 6. o type combustion chamber
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Figure 7. Basin type combustion chamber
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Figure 8. FEM grid model of piston
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Table 4. Finite element mesh information of piston
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Table 5. Main physical and mechanical properties of piston materials
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Table 6. Calculated temperature value at key piston parts
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Figure 9. Cloud map of piston temperature field distribution
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Figure 10. Schematic diagram of piston surface temperature test points
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Figure 11. Piston installed with hardness plug
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Figure 12. Piston surface temperature test
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Figure 13. Average temperature of piston surface temperature test
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Figure 7. Comparison between measured and simulated values of temperature at important measuring points of the piston
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Figure 14. Photos after piston reliability test
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