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Fig.1 Main structure of high pressure gas quenching furnace and

gas flow paths: (a) flow path 1 and (b) flow path 2
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Table 1 Main parameters of HZQL-80 vertical high pressure

gas quenching vacuum furnace

Uniform temperature ~ Maximum Working Gas quenching
zone size/mm temperature/'C ooy m/ pressure/x10° Pa
P 107 Pa
$500x600 1350 1.33 0~6
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Fig.2 Size of Ti2AINb hollow workpiece
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Solid solution and aging heat treatment process of

Ti2 AINb workpiece
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Fig.4 Geometric model of heat exchanger
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Fig.5 Pressure distribution of x (a) and y (b) direction

x2 TREIRNBETER
Table2 Pressuredrop under different flow velocities

Velocity/m-s™ 36 9 12 15 18
 Pressure drop 266 1037 2240 4067 6314 9049
in x direction/Pa
Pressure drop
in y and z direction/Pa

108 424 958 1711 2641 3737

#=3 AEAEMEEEDERMNIRER DR
Table 3 Viscous resistance coefficient and inertial resistance

coefficient at different directions

Viscous resistance

Inertial resistance

Direction coefficient, 1/a coefficient, C;
X 110 000 32.057
v,z 2 400 000 12.5
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F4 Ti2AIND & ETRBRETHASEMERE
Table4 Thermal conductivity and specific heat capacity of Ti2AIND alloy at different temperatures
Temperature/'C 100 200 400 500 600 700 800
Thermal conductivity/W-m™-°C™! 7.25 9.23 13.7 16 18.1 19.9 21.1
Specific heat capacity/J-kg™'-"C™" 438 465 521 548 576 603 631
#*5 Ti2AIND A€ EARIRE THNEMRSERAEKAR
Table5 Mechanical properties and thermal expansion coefficient of Ti2AINb alloy at different temperatures

Temperature/C 100 200 300 400 500 600 700 800

Thermal expansion coefficient/x10°® C*'  8.22 8.91 9.4 9.71 9.92 10.04 10.38 10.63
Elastic modulus/GPa 120 115 110 110 110 110 105 105

Tangent modulus/GPa 1.2 1.13 1.11 1.08 1.07 1.04 1.03 1.00

Yield strength/MPa 1078 985 870 823 800 760 680 550
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Fig.6 Selected section of high pressure gas quenching furnace (a)
and velocity distribution of flow field (b) during high

pressure gas quenching
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Fig.7 Velocity vector distribution of flow field during high
pressure gas quenching: (a) flow path 1 and (b) flow

path 2
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Fig.8 Temperature distribution in the furnace during high pressure gas quenching at different time: (a) 30 s, (b) 400 s, (c) 910 s, and

(d) 1800 s
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Fig.9 Temperature distribution of Ti2AINb workpiece during high pressure gas quenching at different time: (a) 10 s, (b) 900 s ,

and (c) 1800 s
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Fig.10  Comparison of simulated and experimental cooling
curves at the monitoring point (a) and cooling curve of

area A marked in Fig.10a (b)
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Table7 Flatnessof Ti2AINb workpiece before and after heat

treatment
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Stress-time curves of Ti2AINb workpiece during high pressure gas quenching: (a) equivalent stress, (b) x axial stress, (c) y axial
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Numerical Simulation on High Pressure Gas Quenching Process of Ti2AINb Wor kpiece

Liu Xiaoyan', Zhang Qi', Yang Yanhui’, Yang Xirong', Gao Feilong'
(1. School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Due to the large cooling rate, the workpiece often produces thermal stress during the high pressure gas quenching process, and
even plastic deformation or cracking occur. Therefore, it is particularly important for industrial production to accurately predict the thermal
stress distribution of the workpiece during the high pressure gas quenching process. In this study, the numerical heat transfer and
turbulence model of an exchange flow type vertical high pressure gas quenching furnace was established using computational fluid
dynamics method, to simulate the gas quenching process of a Ti2AINb hollow workpiece processed by superplastic forming/diffusion
bonding, and the thermal stress distribution of Ti2AINb workpiece during gas quenching was calculated by indirect coupling method. The
mesh of simplified furnace model was built using finite volume method and the boundary conditions were set according to the actual
working conditions. The simulation results show that at the beginning of gas quenching, the edges around the Ti2AINb workpiece cool
faster than the core. As time increases, the both sides cool faster than the core. The temperature distribution determines the thermal stress
distribution. Ti2AINb workpiece has a high temperature in the core and low temperature at the edges, which causes the core to be restricted
by the edges and cannot expand freely, so the core is under compressive stress. During the gas quenching process, the thermal stress does
not exceed the yield strength, which belongs to the elastic range.

Key words: high pressure gas quenching; computational fluid dynamics; temperature distribution; thermal stress distribution
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