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Numerical Simulation of Thermal Loading on Pistons by Laser
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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

e/s

cooling mediums [unit: W/(m* « C)]

Natural cooling Air cooling Water cooling

5 100 6000
2 I EMR SR

Table 2 Thermal physical properties of piston material

T/C A/W/(m -] C/[J/(kg+ C)]
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
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

5 4k e

ST BE O B AT R G L T I SE WO B
7 RO M B L A TS [0 0 7 2 T 2E A
SRR IR . 45 S 2 W L 5 A 5 YOG B0 28 3
S THURIE W 7L R T 25 008 0 )5 2% 6 2 IV 3% 26 76 52 b
B 1T T T 0 3 W 0 X388 5 8 R A 25 0
SE R 5 S T2 AV 1 LT S PR B 3 3 AL 1 K 9



974 i ]

L 57 %

7 SR A J R A 40 I ] L RE n 2 T ZE Y B4 45
fi o X5 5 R E B I AR W) & Bk TR A AR
s

5 F X

1 Shi Peiwen, Du Aimin. Thermal analysis of pistons[]]. Internal
Combustion Engines ., 2006, (3): 7~10
B SC AL R R E Sh LI E AT L], A AL, 2006, (3):
7~10

2 Wang Xizhen, Shen Jisheng, Yan Zhaoda et al.. Finite element
analysis of piston thermal shock[]J]. Transactions of CSICE,
2002, 20(6): 564~568
FEAE RFEE UK F mEMHARITANI] AR
4R, 2002, 20(6) : 564~568

3 Liu Jinxiang, Zhang Weizheng. Design of thermal fatigue test-
bed by using infrared heat for the aluminum alloy piston[]].
Journal of Hebei University of Science and Technology, 2000,
21(3): 37~40
X4 1E . 7k TIE. 484 4 76 JE 20 A 2R #R AR 597 S0 30 & 2R WF o
[J]. A K55, 2000, 21(3): 37~40

4 Yu Xiaoli, Jin Ruibing, Shen Yuming e al.. Thermal fatigue

simulating test bench for the engine piston[ J]. Chinese Internal
Combustion Engineering , 1997, 18(4) . 43~47

AT /ANR Bk, TR AR S5, PR HILIE ZERE S7 BRI SE R A [ ],
RHKAL A2, 1997, 18(4); 43~47

Song Hongwei, Yu Gang, Wang Lixin e al.. Laser-induced
thermal loadings on pistons[J]. Chinese J. Lasers, 2006, 33(5) .
701~704

REM B W EH . WO RIS EMR G AL B
H. 2006, 33(5): 701~704

6 Song Hongwei, Li Shaoxia, Yu Gang. Intensity distribution

o

design for laser-induced thermal loading based on numerical
simulation[J]. Chinese J. Lasers, 2006, 33(6): 842~845
REM DB W T HUE B WOE B 5 DG 3R 43 A
B[], P E#k, 2006, 33(6): 842~845

H. Song. G. Yu, J. Tan et al.. Thermal fatigue on pistons

-

induced by shaped high power laser(part 1. experimental study of
transient temperature field and temperature oscillation) [J]. Int.
J. Heat, Mass Trans. , 2008, 51; 757~767

H. Song, G. Yu , A. F. H. Kaplan et al.. Thermal fatigue on

oo

pistons induced by shaped high power laser (part II: design of
spatial intensity distribution via numerical simulation) [J]. Int.
J. Heat Mass Tran. , 2008, 51. 768~778



