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Abstract: Gas foil thrust bearings (GFTBs) support axial loads in oil-free, high speed rotating machinery using
gas as a lubricant. However, under low-speed and high-load conditions, such a bearing experiences friction, lead-
ing to wear and a reduced lifespan. Therefore, a pressurized GFTB (PGFTB) that combines hydrostatic and
hydrodynamic lubrication by supplying pressurized gas through the supply hole of the top foil has been devel-
oped, and various studies have been conducted. In this study, we develop mathematical models of PGFTBs with
sloped and stepped recesses and predict its load support performance. The PGFTB maintains a minimum film
thickness of approximately 20 um at rest (0 rpm), regardless of the type of recess, indicating a sufficient hydro-
static pressure to lift the runner at a low rotor speed. Furthermore, the minimum film thickness increases slightly
as the numbers of feed holes in the in- and outward radial directions relative to the centerline of the PGFTB pad
increase. These findings highlight the importance of supply hole placement in enhancing load support per-
formance. As the rotor speed increases, the minimum film thickness increases rapidly, regardless of the number
of supply holes, and without pressurization, sufficient hydrodynamic pressure is generated to lift the runner upon
exceeding a certain rotor speed. When comparing the sloped and stepped recesses, the PGFTB with the sloped
groove exhibits a superior overall load support performance.
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A, : Area of supply hole (m’) (7]% ©3)

¢ : Bearing clearance (m) (Hlo1¥ 7H=)

C, : Discharge coefficient of orifice (—
@dIx 1= A

e : Thrust runner eccentricity (m)

(&HXE 2y B9
h : Film thickness (m) (2 F71)
he : Ramp height (m) CAAMAIRE =0])
k : Ratio of specific heat (-) (2% H])
Ky : Bump stiffness per unit area (N/m’)
(&S] WA HE 7Hd)
N,y : Number of supply holes () (F71% <)
Nypwa © Number of pads (-) (@FZE )
P pressure (Pa) (2 =)
P, : Ambient pressure (Pa) (t7]%})
P

= P/P,. Dimensionless pressure (—)
AL 81

P, Supply pressure (Pa) (35 42)

P, : = P/P.. Dimensionless supply pressure (—)
A = )

O, : Dimensionless supply pressure (Pa)
A A= /)

r : Radial coordinate (m) ({3 F3%)

r;: Top foil inner radius (m) (FXY U 7H43)

7o 1 Top foil outer radius (m) (FEY 5 7H4)

7wy - Radial coordinate of supply hole (m)

@713 13 W $1A)

Radius of supply hole (m) (5713 HH3)

Axial load (N) & &%)

Dimensionless supply coefficient (—)

A 571 Al

Dimensionless bearing speed number (-)

(rAk ol £ )

Angular velocity (rad/s) (255

Bump foil deflection (m) (HX ¥ W=

Angular coordinate (rad) (Z}'= 3%)

Whirl frequency (rad) ((F2Y 2%)

Whirl frequency (rad) (&AI2 Z15)
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Fig. 1. Schematic view of typical gas foil thrust bearing.
(a) top view, (b) cross-section view(A-A).
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Fig. 2. Schematic views of a single pad of PGFTB with
(a) sloped recess and (b) stepped recess.
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Table 1. Geometry and operating conditions of PGFTB

Parameter Value
Number of pads (N,u) 6
Top foil outer radius (r,) 0.055m
Top foil inner radius (r;) 0.0275 m
clearance (c) 0.000035 m
Pad angle (6.) 55°
Recess angle (6,) 23.5°
Recess height (/) 0.000035 m
Bump stiffness per unit area (Kj) 15.3 GN/m’
Supply Pressure (Ps) 4 barG
Axial load (W) 100N
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Fig. 3. Predicted pressure versus pad angle for increasing
speeds. Comparison to predictions in ref. [7].
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Table 2. Predicted cases with different recess type, number of supply holes, and hole locations

Number of supply holes,

Radial coordinate of supply Angular coordinate of

Case No. Recess type Novir [-] hole, 7, [mm] supply hole, 6, [deg]
0 n/a n/a
2 1 41.2 38.5
sloped
36.7 38.5
3 2
45.8 38.5
0 n/a n/a
. J 1 41.2 38.5
Steppe
PP 36.7 38.5
6 2
45.8 38.5
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Fig. 4. Minimum film thickness versus rotor speed for
increasing number of holes. Static load of 100 N. Sloped
recess.
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Rotor speed [krpm]

Fig. 5. Minimum film thickness versus rotor speed for
increasing number of holes. Static load of 100 N. Stepped
recess.

4.2 HER 2MA 7132 HEF (Cases 4-6)

Fig. 5= AT gMEE 2= PGFTBO w713 A
T 7Y w2 HA Fu FAE BHAET F1E &
ol BAIgle] HAFAE 3H&=r} Sl w
g Hagdog Skt J71% flo] 5%t fAlE
POF 3= Case 4 (N = 0)°] 735 HA el
Me FEFATE EAEIA e W, H718e] EAl8t
= 73% (Case 5, Case 6= AAIEAE 19.1 um
opde] HAFEFAE 2t SIHEE10 kepmoll A &
7150] SIE A2 e O 44 umelH F71%
o] ahfel FHY W= 72 ©F 203 pum ©F 22.7 ym=
717} 363.5% 9F 417.4% Z7Faich. 87139 550 u}
2 H2FLFA] 2ol 100 krpm ©1delx] wi¢- 2t
t}. Fig. 49} Fig. 59] a4 A3 vlale §71% f-7l
IAIe] BARE BHIZE 2= PGFTBY sleAA5
o] T %S HAFL S, F7]50] AR TY
o WA P3RS AT 2M2~E 2H= PGFTBY] 3%
o B& FElaitt.



ZAAEZ AGY gHAAE zhs 71 Tk Y A AE H|o]He] S5 Al & 156

5.4 =
2 Rl AA83 ARY IALE 2 7
Y 7k 2 14 58

) sﬂ* o Alﬁﬂ PGFTBe] 3¢
M= W}‘d A28 57t AT
FTAAEY ol felsit.

) 85 A= Sl Lash °iﬂ£°‘°1 o] I
X e AL I PN E B71sE S8 I

gkl TS e SN + At
®) 1T W7 B5E S5 5ol 3
AL, 139l A1 A= Sl

T 7 e AT F Bde 24 &
Acknowledgements

A7 20249 ARIEAR-e] Afelo R Bt
AR 7143 71+ (KETEP)Q] RS wrol 33} “Al/
ICT 7|9k 7HHE §A21717] AAl, s 918k 7]9t
ZHE 7ls ¢ 233 Al i A7HA| (2021
202080026D)2] dgtoz x| om, oo AAR} o
A A=Y

References

[1] Heshmat, H., Walowit, J. A., Pinkus. O., “Anlaysis

(4]

[5

—

of gas lubricated compliant thrust bearings”, J. Tri-
bol., Vol.105, No.4, pp. 638-646, 1983.

Kim, T. H., Park, M., Lee, T. W., “Design Optimi-
zation of Gas Foil Thrust Bearings for Maximum
Load Capacity,” J. Tribol., Vol.139, No.3, p.031705,
2017.

Hawng, S., Mehdi, S. M., Kim, T. H., “Static Per-
formance Measurements and Model Predictions of
Gas Foil Thrust Bearing with Curved Incline Geom-
etry,” Lubricants, Vol.11, p.480, 2023.

Hawng, S., “Effects of External Pressurization on
the Static Performance of a Gas Foil Thrust Bearing
with Curved Inclined Surfaces,” Doctoral Thesis,
Division of Mechanics and Design, Kookmin Uni-
versity, Seoul, 2022.

Hawng, S., Kim, D. Y., Kim, T. H., “Effects of Sur-
face Roughness on the Performance of a Gas Foil
Thrust Bearing”, Tribol. Lubr., Vol.39, No.2, pp.81-
85, 2023, https://doi.org/10.9725/kts.2023.39.2.81
Cho, H., Kim, Y., Kwon, Y., Kim, T. H., “Effects of
Increasing Ambient Temperatures on the Static Load
Performance and Surface Coating of a Gas Foil
Thrust Bearing”, Tribol. Lubr., Vol.40, No.3, pp.103-
110, 2024, https://doi.org/10.9725/kts.2024.40.3.103
Lee, D., Kim, D., “Design and performance predic-
tion of hybrid air foil thrust bearings”, J. Eng. Gas
Turbines Power, Vol.133, No.4, pp.042501, 2011.
Ebewele, E., Kim, D., Ki, J., “Analytical Study on
Hybrid Thrust Foil Bearing, Structural Characteriza-
tion and Measurement of Static Performance”, Tri-
bol. Int., Vol.200, pp.110079, 2024.

Shapiro, A. H. Dynamics and Thermodynamics of
Compressible Fluid Flow, The Ronald Press Com-
pany, New York, 1954.

Vol. 40, No. 5, October 2024



