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Computational Fluid Dynamics Based Thermal Stain Analysis of Air
Foil Thrust Bearings in Hydrogen Electric Vehicle Compressors

Hyun Jang Shin®"

“ Department of Mechanical Engineering, Yonam Institute of Technology

This study examined the thermal behavior of airfoil thrust bearings used in
high-speed air compressors for hydrogen electric vehicles. These bearings operate
at extreme rotational speeds , generating heat owing to air viscosity, which can

cause thermal stains and bearing coating degradation. Temperature distribution
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and thermal damage causes were accurately predicted using a full-model
computational fluid dynamics analysis. Simulations showed that an air thickness
of 4.5 um is optimal for identifying the rotor's equilibrium position based on axial
force balance, resulting in a peak temperature of 211.5°C, which is below the
thermal limit of 230°C. Temperature saturation tests confirmed the simulation's
accuracy, with thermal stain patterns closely matching the predicted heat flux and

temperature contours. Conduction heat transfer was found to play a more
important role than convection in thermal stain formation. These findings provide
valuable insights for improving the thermal durability and design of thrust
bearings in hydrogen-powered automotive applications.
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Fig. 3 3D model of air compressor

Fig. 4 Mesh for CFD
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Table 1 Specification of air compressor

Target Unit

Max pressure 29 bar
Max mass flow 622 kg/h
Iron+copper+sleeve 1212 W

Front thrust bearing |

Fig. 5 Airgap between front thrust bearing and disk rotor
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Table 2 Temperature, axial force as a function of air gap

Air gap 3 45 4.7 5 um
Max temp. | 234.9 211.5 206 202.8 °C
Axial force 81.2 2.1 -11.8 -15 N

Temperature
FrontBearing

.’ 200.000

r 198.889
[ 197.778
[ 196.667
[ 195.556
[ 194.444
[ 193.333
r 192.222
I 191.111

190.000

[c]

)

Fig. 6 3 um Front bearing temperature distribution

Temperature
FrontBearing
200.000
r 198.889
r 197.778
[ 196.667
[ 195.556
[ 194.444
[ 193.333
r192.222
I 191.111
190.000

[C]

Fig. 7 4.5 ym Front bearing temperature distribution
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Fig. 8 4.7 um Front bearing temperature distribution
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Fig. 9 5.0 um Front bearing temperature distribution
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Axial Force vs. Air gap
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Fig. 12 Thermal stain on thrust bearing surface after temperature
saturation test

30000.000
20000.000

10000.000

0.000
Wm"-2]

Fig. 13 Wall heat flux distribution in the red-dotted region of
the front thrust bearing
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Temperature
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Fig. 14 Temperature distribution between bumps on the front
thrust bearing
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