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Calculation of Heat Transfer Coefficient of Heavy Rail Steel in
Quenching Process Based on Finite Element Method

Chen Lin, Wang Huijun, Chen Kunyu and Liu Zhimin
(School of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010)

Abstract A method to calculate the heat transfer coefficient is proposed by using finite element software combined
with experimental calculation that is based on measured temperature curves, carrying out the nonlinear coupling on various
factors which have influence on the heat transfer coefficient of U75V rail steel (/% ; 0. 74C, 0.76Si, 0. 82Mn, 0. 014P,
0.028S, 0.071V), the geometric model of the heat transfer coefficient of steel in quenching process is established and the
heat transfer coefficient is obtained by iterative program of calculated heat transfer coefficient prepared with Python lan-
guage. Using calculated heat transfer coefficient as a known boundary conditions, the simulation on temperature field of rail
spray quenching coupled with phase transition in the DEFORM-3D is carried out. The simulated-calculation cooling-curve

corresponds to the measured cooling curve.
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Fig. 1 Calculation flowchart
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x1 UISYVHPULERS /%
Table 1 Chemical composition of U75V rail steel /%

C Si Mn P S \'
0.74 0.76 0.82 0.014 0.028 0.071

R2 UISVREANESH
Table 2 Thermal parameters of U75V rail steel

RE/ HHA/ RERFH BREE/ T
T [J-(kg-C)"'] 103 GPa s
30 492 0.067 209 0.30
200 502 0.179 109 0.26
300 531 0.321 - -
350 - - 189 0.23
400 549 0.490 - -
600 665 0.831 168 0.13
700 753 1.000 - -
800 715 1.120 - -
850 - - 133 0.12
900 635 1.300 109 0.12

K2 i

Fig.2  Schematics of installation of thermocouple
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Fig.3  Quenching device structure
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Table 3 Spray quenching parameters of U75V rail steel
K/ Kt/ AU/ WEFEF AEKIRE/
mm (m®+h71) MPa s X
500 1.2 0.25 200 887
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Fig.4 Measured temperature curve of rail head
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Fig.5 Corresponding to 20 mm place at node P, in ABAQUS
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Fig. 6 Calculated value of heat transfer coefficient: (a) rail spray quenching; (b) round body
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Fig.8 Calculated and measured temperature curve
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