531 % 45 6 ] M= HF#| Vol. 31 No. 6
2016 4 6 A Journal of Aerospace Power Jun. 2016

XEHS :1000-8055(2016)06-1521-09 doi: 10. 13224/j. cnki. jasp. 2016. 06. 030

R SRR B L HESE
AR IED

B, XbE, KB, F45
(MR EE Tl R~ REURF S 5 TR BE . W /KIE 150001)

o

i . DI ARR R R R IR ST G T 1 B B T R A T T B R WS R
BB IE R 2. 454 Newton-Raphson 2% 18 A BR 224392 . H& K f# Reynolds J7 F2 AT W 16 R 2 7 2,
05 FLARAE T IR 8 Al iy ol 1) 7R A8 T e TR T S R A B L TR ST T W W A RO At K 55 4 S B0 Ik
TR Al R 2SR P 1 S I 5 SR R T R A SO L i R 1 Tl e R 2 0 TR TR R
L A 20N 11 532 o 7R T P 3 L9 R T 2R B AR B AR R A T 08 5 1k 9 R Tl R ) 22 2 1 BN T
10 I 2B VA% I 2 2R () I % i/ 22 85 A R1 T 9 1 i 2 A o 20 7™ A% 22 it A o) i) B2

* # W RIS MOR; SO ARG WA MimRE ) R R

RESES: V2297.2; THI33.37 XEERE: A

Static characteristics analysis of foil thrust bearing considering
the rarefield gas effect

YAN Jia-jia, LIU Zhan-sheng, ZHANG Guang-hui, WEI Ji-gin
(School of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: A modified Reynolds equation considering the rarefield gas coefficient for the
bump type gas foil thrust bearing was established based on the first-order slip velocity
boundary condition. The coupled modified Reynolds and lubricating film thickness equations
were solved using Newton-Raphson iterative method and finite deference method. The static
characteristics including axial load capacity and lift-off speed were obtained. The effects of
rarefied gas and bearing structural parameters on the static characteristics were analyzed and
discussed. The results indicate that with the influence of rarefield gas, the axial load capacity
decreases, and the lift-off speed increases. And the rarefield gas has a slighter effect under a
higher operating speed and a larger foil compliance coefficient. When the assembled clearance
is smaller than 10 pm, the lift-off speed increases rapidly with increasing of the assembled
clearance of the foil thrust bearing. Therefore, the axial clearance should be controlled care-

fully in assembling the foil thrust bearing.
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Fig. 1 Structure of bump type gas foil thrust bearing
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Fig. 3 Structural parameters of foil thrust bearing
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Fig. 4 Flow chart of numerical computation

R TE SMIE P A SRR BE 3 A R
HAN LA B
W' = hi;+ oChi;h — hi) (28)
K o il inim kA RE LAR n EE TR %
FRUEL. 78 3K f# i 7K Reynolds J5 8 [a] @), 0<<
<1 FE — 5 R b AT R Wi S T AR E i
S, A SCHL 0=0. 9.

4 HAFREE

R 4l SRR T 3 A7 RS B 43 A 45 2, T 15 3
FAAS 1k G R b R B 1) R 2O IR X

‘W:Jﬂiwm(ﬁfnﬂﬂﬁ (29)

W= p.REW (30)

GIATIEL 5 BT R 2R T B Ry CEE 2T B R -

0 ARASTE AT % 1k 4 25 9 000 1k 4 9 A il AR

INFREFEZ A B how = RV + 17 ) R IR HETH

FR - T RGN TAE R A Rl 2 AT Py AR

FHE 5 1 HE SR 55 20 00 1k HE b 2K ) 9 42 fi.

Wi o T S s b Tl R Y SR Bl R 2800 3

SR 7R B ) TR R 2 R AR R E R 8 K

W Po B 90 3RS 0k HE R B, Bk HEE

F bR R TR L PR AT L R YA A R

HETH R il AR R R

D) 455 IEHETE Rl R 1 22 28 A B R

5 AL A ROR-B T RGAA

Fig. 5 Foil thrust bearing-rotor system

2) fBUE A TR AL T AR A 0 22 0k o T
Jr Bl 5 B o 1k A A TRl B /INRIBR R b

3) THE AN 1k T R il 7K B e 1 Ak Y b
] 7K 2 A7 o i T AR A R4 5 AR - R SR B
RS W.

4) SRR AT P iR, 4 W= P, i,
Xof o 6 RISy 1E HE Rl R 0 A

5 TEERKRSH

AR ATy ELAE 5T 0 30 4 B SR Lk HE S R R
GEM SRR 1 TR, T8 B ik FH Inconel 718 #
BB ER MR E M. £ 1 PRAH TF
6 5 I 9E AR Y S 8L

£1 SELESERRITESH

Table 1 Calculating parameters of gas foil thrust bearing

EAN gl

7R SME R, /mm 22

&R R /mm 11

BB FL sk B/ () 90

WHELL b 0.5
B/NVRIEEE he /mm 0.8X10?
{4 T 725 8/ mm 3.2X10°?
M SRR 1/ (Pa - ) 1.932X107°

JA PR IE R E )/ Pa 1.01325X10°
¥/ (r/min) 30000
98 R IR /mm 0.16
W9 5 /mm 0.16
B A IR E /mm 4.2
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Table 3 Comparison of dimensionless axial load capacities of single pad with numerical results in Ref. [2]

i ' a=0 a=1 a=14
(] B2 Lt AR W/10? W/107? w/10?
. A PEwT— i 2=/ % P 2%/ % - W2/ %
SCEER kAR ARICEER SCHRE ARICEER SCEREE R
0.1 0.0141 0.014 0.71 0.014 0.014 0 0.014 0.014 0
1 0.144  0.144 0 0. 145 0. 145 0 0.147  0.147 0
2 10 1.615 1.612 0.19 1.524 1. 520 0. 26 1.218 1.214 0.33
20 3. 339 3.33 0.27 2. 745 2. 736 0.33 1. 839 1.828 0. 60
40 6. 265 6. 246 0. 30 4.260  4.239 0. 50 2. 426 2. 406 0. 83
0.1 0.191 0.192 —0.52 0.203 0. 204 —0.49 0. 206 0. 206 0
1 2. 341 2. 343 —0.09 1. 841 1. 833 0. 44 1.172 1. 164 0. 69
5 10 22.358  22.2 0.71 6. 705 6. 633 1.09 2.724  2.697 1. 00
20 34.973  34.66 0. 90 8.250  8.135 1.41 3.421 3. 362 1.75
40 46. 985 46. 4 1.26 9.396  9.231 1.79 3.691 3.612 2.19
0.1 0. 659 0. 66 —0.15 0.663  0.661 0. 30 0.467  0.464 0. 65
1 8.901 8.818 0. 94 3.203  3.170 1. 04 1. 637 1. 619 1. 11
v 10 61.501  60.38 1. 86 8.302  8.109 2.38 3.382 3.323 1.78
20 88.643  86.84 2.08 9.640  9.457 1.94 3.706 3. 627 2.18
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Table 4 Axial load capacities under different rotating

speeds with and without rarefied gas considered

Bl i 7R A4 1 /N % SR T
I e/ N ‘
Cjminy  ITHRE GRS i
Sfksy KM HES/%
1000 0.414 0.402 97.08
10000 5.078 4.911 96. 70
20000 10. 760 10. 455 97.17
30000 15. 987 15. 603 97. 60
40000 20. 643 20. 213 97.92
50000 24.793 24. 335 98. 15
60000 28.517 28. 041 98. 33
70000 31. 882 31. 396 98. 47
80000 34. 945 34. 452 98.59
90000 37.749 37.254 98. 69
100000 40. 331 39. 834 98. 77
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Table 5 Axial load capacities under different foil
compliance coefficients with and without

rarefied gas considered

R AT fih i 7R 2% F1 /N % R WA
FER  Rimm ZIERW 20 b 7K 2
a SR KM TESIE/%
0 17. 81 17. 26 96. 93
0.14895 15. 99 15. 60 97. 60
0.5 13. 00 12. 77 98. 23
1 10. 64 10. 49 98. 58
1.5 9. 206 9.092 98. 76
2 8. 206 8.114 98. 88
3 6. 867 6. 800 99. 03
4 5. 985 5.932 99.12
6 4. 857 4. 820 99. 24
8 4. 144 4.115 99. 32

6~ 8 Z5il T3R8 1 ILHETH A il 7K B A B
B RN B TR 3 23 A B 3 A Knudsen %1
A3 e Tl AR B Y Knudsen #0317 1077 ~
910 3 il P 1HG IS s 98 AR 0007 79 52 W) S A 7

4. 7 B JE U BRAGUAR TR 358 23 o T OB A SR 1) 52
Wi o e 3 9 L 588 5 T 17 32 9 38 K 7 W SO R
OB IE o N NS b N R (T 3 i s e ]
TG A 0 SR B PR T 5 T R
JE LB U JE 249 8 35 858 100 B A5 A 5 IR 0 i AR 18 5 1R)
22 B G KR /N E . 5 R T3 KX R
J1 A KT #R 23 B4 728 R BURE R o3 1 AR
AE 7K - T 5 40 ARk T 5 DX s A A T 2%

0.024

0.016
. 0.016

735 0.0 0.008

L ”"f/f?) 00

ﬁ_\hl jm

El6 JRIGSHCT IR Rl g ) 41
Fig. 6 Pressure distribution for the foil thrust bearing

under original parameters

0.024
0.016
007 0008, iy
B 7 RS ECT IR iR SRR BE 43 A [
Fig. 7 Film thickness distribution for the foil thrust

bearing under original parameters

= Knudsen#/10-

0.016 0.024

ey, O 0.008
’j/fb ?H‘”] Jm

B8 JRIGESHCT 1k Al 7K Knudsen #5370 &
Fig. 8 Knudsen number distribution for the foil thrust

bearing under original parameters

9 38 1 AN TR fie /N AU RE BE T IR 4 9 7 b
ARG 1) AR A8 T 5 B TR U BT IR R Y O &R R I
A die /N TR JEE 0 R b R S R AR 4 Bl e R
A3 ]I AR o I AR 2 A B 3l T EOR B D



1528 to= @ o R ERIE
25 A TR T Y R R, R 5 il 1) R 2R 2

% h,=6 pm
TS A h,=8 pm
' = h,=10 pm
.3/"—“‘\\5

7
0.008 0.032 0.056 0.080
J3i 15 FLAR0 i 25 FEE fmm

L9 B B FUABTARH TR e 2 - 1) 7K ) il £
Fig. 9 Axial load capacity versus the height of the

i) Ak /N

sector ramp

5553 5 L U5 T v 2 A il ) R 28 B B S R
Ja W/ IS AR B DR T A7 A 18 ik 1) 7R 28 7 38 21 i K
{9 i D 5 A0 A v B 5 AL e UL A0 T 5 B8 O AN 2 —
AN TE (L B F /N ORS8O 384 Rt Ay BT 4 K.

5.3 BXEELR

20 52 1A R A 22 22 BT B B = 20 o
TR AT Py R 25 N, 5 0k HE 96 H dil R
A A T B BEE TR Lk T A R 5 B T kA
FEIA) A Fe/INET B ho R 1 e, TR S A /)N )
>4 10 r/min.

%6 NAEE 7 AT L R BT % AR R
PRG0N BT I L A 0 Bl A RS TR . B A 9
AR 2R AR RO K L A T el R 0 Bl ) R 2
DU IS PNNER SIS S C PN
K6 TRBEAERZERETERHESEREINE

ECHEER
Table 6 Lift-off speeds under different foil compliance

coefficients with and without rarefied gas considered

R AR I A K H/ (r/min) R
REAM ORimW mEmw MR

a SRy RMEs AR/
0 1380 1620 17. 39
0.1 3750 4040 7.73
0.14895 5040 5350 6.15
0.2 6490 6850 5. 55
0.3 9800 10250 4.59
0.4 13870 14430 4. 04
0.5 19030 19740 3.73
0.6 25880 26770 3. 44
0.7 35690 36890 3. 36
0.8 52040 53850 3.48
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