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Numerical simulation on air-cooled quenching process of FGH96
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Abstract: The cooling process following solution heat treatment significantly influences the microstructure
and mechanical properties of powder metallurgy superalloy turbine disks. This study investigates the effects
of air-forced cooling process parameters, including gas flow rate, air pipe diameter, and disk rotation, on
the temperature distribution and cooling rate of turbine disk billets. The results reveal that an increase in the
gas flow rate enhances the surface heat transfer of the turbine disk billet, creating a larger temperature
gradient and achieving a higher cooling rate. When the gas flow rate remains constant, reducing the air pipe
diameter leads to an increase in the local gas flow velocity, thereby strengthening the surface heat
convection and raising the cooling rate. During rotation, the internal temperature gradient of the disk is
reduced, resulting in a more uniform temperature distribution. The optimized air-forced cooling parameters,
namely a gas flow rate of 240 m/s, an air pipe diameter of 10 mm, and disk rotation, are validated through
experiments. After heat treatment, the grain size is uniformly distributed, measuring ASTM 7.5-8. The
closer to the surface of the turbine disk billet, the higher the cooling rate, the finer the ¥’ phase, and the
better the creep performance. Conversely, the core of the turbine disk billet has the lowest cooling rate, a
coarser y' phase size, and relatively poor creep performance. The grain size and creep properties of turbine
disk billets quenched by air-forced cooling are comparable to those quenched by conventional oil cooling.
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Moreover, the creep plastic elongation at 68 h during creep is superior to that of oil-cooled quenching.

Therefore, air-forced cooling quenching holds great promise as a turbine disk preparation process.

Key words: air-cooled quenching ;numerical simulation ; turbine disk ; powder metallurgy superalloy
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Fig.1 Schematic diagram of disk cross-section and temperature

monitoring points in air cooling process
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Fig.3 Grid division of disk air-cooling model
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Table 1 Air flow rate for three models

Air flow rate/(m+s 1)

Model

2 3 4 5 6 7 8 9
1 160 160 160 150 160 160 160 150 160
2 200 200 200 180 200 200 200 180 200
3 240 240 240 220 240 240 240 220 240
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Table 2 Simulation scheme of air cooling

Pipe diameter/  Disk rotate rate/

Simulation No. Model o
mm (remin~")
17 1 10 0
27 2 10 0
37 3 10 0
47 3 15 0
5% 3 20 0
6* 1 10 12
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Table 3 Maximum cooling rate and corresponding time of

different air cooling simulations

Max cooling rate/ Time at max

Model No. Point ) )
(Comin" 1) cooling rate/s
Model 1 1 158 44
2 137 48
3 812 1
4 467 4
5 1015 1
6 98 140
Model2 1 172 38
2 153 44
3 917 1
4 523 4
5 1099 1
6 107 128
Model3 1 189 34
2 167 46
3 1019 1
4 575 4
5 1175 1
6 115 129
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Table 4 Temperature of disk at different simulation time

Motion Simulation Max tem- Min tem- Temperature
state of disk ~ time/s perature/°C perature/°C  difference/C
Rest 60 1103 637 466

300 742 317 425

600 453 181 272
Rotation 60 1100 656 444

300 740 329 411

600 451 187 264
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Fig.11 Optical microstructure of disk at different monitoring points
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Table 5  Grain size at different positions of disk

Quench type ASTM
Air-cooled Oil-cooled

Point 1 7.5 8

Point 2 8 8

Point 3 8 7.5

Point 4 8 8

Point 5 7.5 7.5

Point 6 8 7.5
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Fig.13 v’ phase morphology at different positions of disk quenched by air and oil cooling
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Table 6 Creep property at different positions of disk

Quench type /% -
Air-cooled Oil-cooled

Point 1 0.136 0.141
Point 2 0.097 0.188
Point 3 0.068 0.093
Point 4 0.073 0.103
Point 5 0.088 0.129
Point 6 0.242 0.361

1090 700 C ep=0.2%
%00 . = Qil-cooled
- o Air-cooled
800
©
o
=
S 700
600
500 10 100 1000
t/h

14 PIRIA KA EN T R R 0.200 Bk AR 1Y
B A B ) - At £
Fig.14  Creep stress-life curves of 0.2% plastic strain at disk

rim with two types of cooling
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