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Temperature calculation and static and dynamic characteristics analysis of

bump foil gas bearing
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Abstract; To calculate the temperature field of bump foil gas bearing, and to analyze its thermal characteristics,

considering outer cooling condition and specific foil structure, the equivalent heat convective coefficient on the inner

side of top foil is derived, and the heat conductive and convective models of bearing sleeve and rotor are established

respectively. Non-isothermal Reynolds equation, energy transfer equation of gas film and foil deflection equation are

solved. The influences of bearing load, out cooling condition, bearing speed, etc. on bearing temperature are finally

obtained, and the static and dynamic performance of the bearing is calculated. The results indicate that the bearing

temperature is very sensitive to the bearing speed, and the cooling efficiency of the out cooling flow becomes weak

with the increase of the cooling mass flow rate. The smaller nominal clearance plays a more important role in

influencing the bearing temperature than the larger one. In addition, with the temperature effects considered, the

bearing will achieve higher load capacity, larger dynamic stiffness and damping coefficients.
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Fig.1 Schematic of the structure of bump foil bearing
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Fig.2 Energy transfer model of the bearing system
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Fig.3 Schematic of heat flow transfer in the foil structure
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Tab.1 Initial calculating parameters

WREJI/MPa S5 GHREAR/ (W - (K- m)™) ZHERE/K  ERERRAE/(T- (kg - K)™')  NAHSKTHEE/ (m-s!)
0.103 4 2.63x1072 298.18 1 004 0.05
F2 HEMAZEHMBSH
Tab.2  Structural parameters of the bump foil bearing

LN Y TR/ P/ Wi R R/ WHIRRE/ SRR, AR R

mm mm mm mm m wm (N-m?)

50 41 4.064 1.778 127 127 2.07x10"
i R H WG48 (] B/ s HYTSMER HTHAEKREY HRSRER ARk EE
BedE R

" " pwm mm (W-(K-m)™) K™! (W-(K-m)™) K™!
0.29 20 28 42.7 12.3x107° 16.9 12.1x107°

22 BEFITERREER

B R REEME 4 frR, St SE A
ARG AR TR R SRR ) R i R
Ty AR AR BE A, AR O AR TR B
B UBEEE E 5 hR SEAR R E SH RUBERRE S 8 O
FEMLEERE SR ARG IR 21 T 19 Reynolds J7 2. #%
MRS e AR A 7 5K, B BB RS 15 B Wi S0 SR
J3 RBEIEBE 534 5 SRR 73 A
23 EFWIE

K 1.2 h PG S8 T A R

2.0x10* ~5.0x 10" r/min , A ] 2 faf 214 T A b 7 g
(BRI BRI T EE -5 SOk v i) S 50 B0 X E 4t SR
e s i,

ES Hal LLE Y LS T A RS SOk A
A 2 I E R 1 A 0 {1 ek T A ) 2 il
TR 5 B0 45 SR 1 A0 RE 06 {1 YL I 4 5
B — o A R 3, (R AL A A B . B
W5 S0 45 SR SO HE il R I S S e SR 1)
FEHRE A FFER, e A 2 R AR (558
BRI T, — B FE I LR TR G v R



- 50 - /S =S B A N S ¢

5 49 %

TR
HEUBRE |-
+ e
AMRZRE) | Ty
P RIS A U
HHESH
Y
FUALE T A
SR 2 AR

B4 BFITEREER
Fig.4 Flow chart of the calculating program
250 [ —— SR -- - HHS AR

2001

@ 150

&

e 3.0x10° t/mi
%% 3. r/min

# 100t e

4 e 2.0x10* r/min

50

0 50 100 150 200 250
AR AT /N
B 5 AEERERSHA TREREEREITEE S 15] 31t

Fig.5 Theoretical and experimental peak film temperatures

under different bearing load and speed conditions
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Fig.6 Bearing peak temperature changing with external cooling flux
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