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Simulation Trial and Finite Element Simulation Study on
Temperature Field of Pipes in Walking Beam
Reheating Furnace

Xu Letian', Liu Liangyong', Li Yunlong', Xu Yaowen', Wan Wuxia®
(1 School of Materials Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081,
China;2 Steel Pipe Products Institute Daye Special Steel Co., Ltd., Huangshi 435001, China)

Abstract: The heating process of 4140 alloy steel pipe in the walking beam reheating furnace was studied by means of ex-
periment and three-dimensional finite element numerical simulation, the temperature change and distribution of the pipe
were analyzed. The results showed that the temperature of the head of the steel pipe entering the furnace first was 30-50 “C
higher than that of the middle and tail part, and there was uneven heating phenomenon along the circumference of the steel
pipe. When the temperature exceeded 800 C, the temperature difference between each part of the pipe gradually de-
creased, and the overall temperature tended to be uniform. Below the austenitizing temperature , the heating rate gradually
decreased from 0.35 °C/s to 0 ‘C/s, and when the austenitization was complete, it increased slightly and then decreased
again. Compared to the middle section, the temperature was higher at both the end and the head of the steel pipe, and the
influencing area was less than 200 mm. When the temperature was about 400 °C, the temperature difference between the
end surface and the middle was the largest, reaching 117 “C. However, the temperature difference gradually decreased to
less than 2 ‘C at the end of the calculation. The simulation results were in good agreement with the measured value. When
the inner surface of the steel pipe was treated as adiabatic boundary, it had relatively little influence on the temperature,,

which could make it possible to simplify the model roughly.
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Fig. 1 Schematic diagram of steel pipe modeling dimensions

and thermocouple layout

1.2 BT %
12,1 SRl SRR

AP B S A R Sk FE B AR R 485
TR B AN B, A [l T BRI . o T
DU AR — A0 Z o B, R PR E AR 1 T A7 |
WS B RE S TR (1) B4 A AS 52 ) 4 9 3B

(2) Z W& 525 2 2 (R B #8465 (3) /< BB
5B R BN R AR 5 (4) 58 AU JE ) AR A A
FHIE 5 (5) AR RV AS [R5 A M S 50M TR 5
(6) W k2 A TR B8R () P =R EAR
FHEE 5 (8)ANH I AR K 152
1.2.2  S#Glo i
AL EM SR R, (1)
AT A [T  &T T
dt:pc(ax2+8y2+8z2)+;c )
AT, Ko NI, s5x,y,2 0 E AR
bR 2 0 = A3 B 7 B AR AR, ms A IR L
W/(m-K) ;p A ke/m’s e LI T/(kg K) 59 A
PR A R A, ) o
1.2.3 Y
4140 i 55 W 1 4k 22 B 53 (wt.% ) B Fe-0.4C-
0.93Mn-0.25Si-1.0Cr-0.22Mo, H:Z LA S
HAEBIE L,

®1 AEIRET 4140 WE A IES
Table 1 Thermal conductivity parameters of 4140 steel at
different temperatures
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Table 2 Thermal conductivity parameters of the air at dif-
ferent temperatures
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0 1.2920 1.006 0.243
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400 0.523 8 1.051 0.509
500 0.456 7 1.075 0.559
600 0.404 3 1.099 0.611
700 0.362 6 1.121 0.663
800 0.3289 1.159 0.713
900 0.300 9 1.183 0.762
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Fig. 2 Grid division of steel pipe
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Table 3 Three initial and boundary conditions of simulation on heating steel pipes
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Fig. 3 Comparison of simulated temperature curves using dif-

ferent boundary conditions on inner surface
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Fig. 4 Measured and simulated temperature curves along the steel pipe axis :

(a) head, (b) middle, (¢)tail
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Fig. 5 Measured and simulated temperature curves along the pipe wall direction :
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Fig. 6 Comparison of simulated temperature results at different

positions along the pipe wall direction
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Fig. 7 The relation between the heating rate and temperature

in the central outer layer
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Fig. 8 Temperature field simulation of the pipe at the end of heating process
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Fig. 9 Comparison of simulated temperature curves using dif-

ferent boundary conditions on inner surface
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