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ABSTRACT

A CFD-based analysis was conducted to investigate the gas lubrication film behavior of a plate-type foil gas thrust bearing.
The gas film thickness was varied to evaluate its effects on thermo-fluid characteristics, pressure distribution, and axial load
capacity. In addition, laminar and turbulence models were applied to examine transition effects and the influence of heat transfer
coefficients. The results show that decreasing film thickness significantly increases pressure gradients and shear stresses, leading
to higher axial load capacity and power loss, particularly in the thin film region. Thermal effects cause substantial temperature
rise due to viscous heating, strongly affecting bearing performance. Furthermore, the flow is predominantly laminar under thin
film conditions, while turbulence models tend to underestimate axial load in fully laminar regimes. These findings highlight the

importance of appropriate flow modeling and thermal boundary conditions for accurate performance prediction.
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Table 1 CFD results considering transitional turbulence and
thermal effects

Min. Film Rotating Wall Axial Power Max.
Thickness Heat Transfer Load Loss Temp
[mm] Coefficient [W/mK] [N] [W] [degC]
0.1 500 -0.981 132.5 107.6
0.05 500 0.588 712 110.9
0.02 500 19.52 167.9 305.1
0.01 500 110.6 366.4 891.8
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(b) Thickness = 0.05 mm

Pressure Temperature
Contour 1 Contour 2
2.567e+04 5.638e+02
2.365e+04 5.457e+02
2.163e+04 5.277e+02
1.962e+04 5.096e+02
1.760e+04 4.915e+02
1.558e+04 4.735e+02
1.357e+04 4.554e+02
1.155e+04 4.373e+02
9.534e+03 4.193e+02
7.517e+03 4.012e+02
5.500e+03 3.831e+02
3.483e+03 3.651e+02
1.466e+03 3.470e+02
-5.504e+02 3.289e+02
-2.567e+03 3.109e+02
-4.584e+03 " - i 2.928e+02
[Pa] - (K]
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(d) Thickness = 0.01 mm

Fig. 6 Pressure and temperature distribution depending on
min. film thickness when considering transitional
turbulence and thermal effects; thickness = 0.1 mm
(a), 0.05mm (b), 0.02mm (c), 0.01mm (d)
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Table 2 Turbulence model results neglecting thermal effect

I}[/Ihullc;l::: Axia[lN?oad Pow[eév] Loss Tgnli;reartautlfre
[mm] [C]

0.1 -1.37 125 100
0.05 0.39 111.8 100
0.02 12.36 172.8 100
0.01 49.62 2713 100
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Table 3 Laminar model results neglecting thermal effect

| et |

[mm] IN] [C]

0.1 -2.25 79.2 100

0.05 -1.57 90 100

0.02 18.04 158.1 100

0.01 7237 2771 100
pressure Turbulence pressure Laminar
Contour 1 Contour 1
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-6.924e+02 -1.357e+03
-1.015e+03 -1.531e+03
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-2.227e+03 -
-2.401e+03
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. 13 - -2.749e+03
Pal —_—— Pal ——n

(a) Thickness = 0.1 mm

-1.337e+03
-1.660e+03
-1.982e+03
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4333e+03 1.041e+03
3799e+03 7.395e+02
3.265¢+03 4.380e+02 —
2731e+03 1.365e+02
2.197e+03 -1.650e+02
1.663e+03 -4.665e+02
1.129e+03 76806402 |
59550402 -1.069e+03
6.162e+01 -1.371e+03
-4.723e+02 -1672e+03
-1.006e+03 -1.974e+03
-1.540e+03 2.275e+03
-2.074e+03 2577e+03
[Pa] [Pa) — =

(b) Thickness = 0.05 mm

Turbulence Laminar
Pressure Pressure
Contour 1 Contour 1
2.351e+04 3.172e+04
2.178e+04 2.959%+04
2.006e+04 2.746e+04
1.833e+04 2533e+04
1.660e+04 2.320e+04
1.487e+04 2.107e+04
1.314e+04 1.894e+04
1.141e+04 1.681e+04
9.681e+03 1.468e+04

1.255e+04
1.042e+04

8.290e+03
6.160e+03
4.030e+03
1.900e+03
-2.306e+02
Pal . o

(c) Thickness = 0.02 mm

7.952+03
6.223e+03
4.494e+03
2765¢+03
1.036e+03
-6.930e+02
-2.422e+03
[Pa]

Turbulence Laminar

Pressure Pressure
Contour 1 Contour 1

6632e+04 9.119e+04

6.184e+04 8.507e+04

5.736e+04 7.895e+04

5287e+04 7.284e+04

4.839e+04 6.672e+04

4.390e+04 6.060e+04

3942404 5.448¢+04

-9.408e+02 -5.810e+02

1Pa) ——

3.493e+04 4.836e+04
3.045e+04 4.225¢+04
2597e+04 3613404
2148e+04 30016404
1.700e+04 2.38%+04
1.251e+04 1.777e+04
80286403 11666404
35440403 5537€+03

Pal
(d) Thickness = 0.01 mm
Fig. 7 Pressure distribution comparison between turbulence
and larminar models without considering thermal
effect; thickness = 0.1 mm (a), 0.05mm (b), 0.02mm
(c), 0.01lmm (d)
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16336402 | 7.770e+01
1.306e+02 6.216e+01
9.797e+01 4662e+01 '
6.531e+01 3108601
3.266e+01 v 1554401
0.000e+00 o 000e+00
[Pa] _—
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Wall Shear Turbulence Wall Shear Laminar
Contour 7 Contour 7 N
5.085e+02 ' 4 4.452e+02 ’
4.746e+02 4.155e+02 N
4.407e+02 3.859¢+02
4.068e+02 3562e+02
3.729e+02 3.265e+02 L
3.390e+02 - 2.968e+02
3.051e+02 | 2671e+02
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(c) Thickness = 0.02 mm

Turbulence

Laminar

Wall Shear
Contour 7

7.566e+02 9.796e+02
7.061e+02 9.143e+02
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6.053e+02 7.837e+02 4
5.548e+02 7.184e+02 [
5.044e+02 6.531e+02
4.540e+02 5.878e+02
4.035e+02 {J >

0.000e+00 '

3.531 e+02
[Pa] [Pa]

(d) Thickness = 0.01 mm
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3.026e+02
2.5223»02
2.018e+02

3 918e+02
3.265e+02 |
2.612e+02
1.513e+02
1.009e+02
5.044e+01

1.959e+02
1.306e+02
6.531e+01
0.000e+00

Fig. 8 Wall shear contour comparison between turbulence
and larminar models without considering thermal effect
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Table 4 CFD results in fully laminar condition

Turbulence Min. Film Thickness | Axial Load | Power Loss
Intermittency [mm] [N] [W]
Laminar 0.005 245.63 865.042
Calculated 0.005 183.57 751.853
Specified with 0 0.005 183.57 751.853
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Table 5 CFD result for several heat transfer coefficients

Min, Film | Ro@ting Wall | e 1 power
. Heat Transfer Max. Temp

Thickness . Load Loss 5
(] Coefficient IN] W] [C]

[W/mK]
0.01 100 411.01 672.4 7594.6
0.01 500 116.01 385.4 888.2
0.01 1000 68.95 3212 359.8
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