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Numerical Simulation of Thermal Loading on Pistons by Laser
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' China North Engine Research Institute, Langfang. Hebei 065000, China
2 Key Laboratory of Mechanics in Advanced Manufacturing, Institute of Mechanics,

Chinese Academy of Sciences, Beijing 100190, China

Abstract Numerical simulation model of thermal loading on piston by laser is established. By virtue of the model,
the influence of different cooling matters on thermal loading of piston is investigated. The results show that
temperature fluctuations occur at thin-layer regional of piston top surface when cooling air is applied to piston top
surface and tunnel with cessation laser heating, which is in accordance with actual stable conditions. Temperature
fluctuations is not consistent with actual stable conditions of air cooling of piston inner chamber and tunnel or water
cooling of tunnel. Low-cycle fatigue with air cooling of piston top surface, water cooling of inner chamber and tunnel
can accelerate damage to piston. Meanwhile, these regions of concave, tunnel and inner chamber are most vulnerable
to form crack due to the cool medium contacting with them. The numerical results are in agreement with the

experimental results, which indicates that the established numerical mode is correct and reliable.
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Fig. 1 Finite element model of half piston
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Fig. 2 Illustration of laser loading regions
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Fig. 3 Loading model of laser
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Table 1 Convective heat transfer coefficient of different

cooling mediums [unit; W/(m? « C)]

Natural cooling Alr cooling Water cooling
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Table 2 Thermal physical properties of piston material

T/C A/IW/(m-¥] C/[)/(kg+ T)]
20 130 900

100 134 920

150 136 942

200 139 968

250 142 973

300 143 985

350 145 992

400 146 1007
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Fig.4 Air cooling through the inner chamber and
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tunnel of piston
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Fig. 5 Air cooling through tunnel and top surface of piston
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Fig. 6 Water cooling through tunnel
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Fig. 7 Water cooling through tunnel and inner chamber,and air cooling through top surface of piston
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Fig.8 Air cooling through tunnel, inner chamber and top surface of piston
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Fig. 10 Comparison of numerical and experimental results
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