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Feasibility Study on Design of Thrust Bearing
for Micro Gas Turbine/Generator

H.D. Kwak’, Y.B. Lee’, C.H. Kim" and GH. Jang™

:'Tribology Research Center, Korea Institute of Science and Technology
Department of Precision Mechanical Engineering, Hanyang University

Abstract — Feasibility study of gas-lubricated bearing in micro gas turbine was performed. Based on
Reynolds equation, finite difference method with coupled boundary was developed to analyze
bearing characteristics, such as load-carrying capacity, mass flow rates and stiffness. By the bearing
force and mass flow rates analysis with the variation of supply pressure, bearing clearance and
capillary radius, acceptable range of design parameters were suggested in terms of load capacity and
stiffness of bearings. Additionally, coupled boundary effect on pressure distribution was investigated
and it is stated that coupling could reduce an excitation force due to narrow pressure distribution.

Keywords — Micro Gas Turbine, L/D ratio, gas bearing, load-carrying capacity, stiffness

1. 4 &8

#2, MEMSMicro Electro Mechanical
System) ¥ MST(Micro System Technology) 71
o A TP E 7oz e oF
(F2) 71&EH 5% 74T Sbed 2 4%
9z 7}E71E 716e R sk 714 7HE 7]
2 UE £ ey, 9’ AF 7xE
& 713t dolA oy dals d 24
8 AA"e dAsD AFdee ReE o
a2 Foste Ak

1 % Power MEMS 71&& 3A ¥ ¥ &
2 UE F ded st 1% (output)

] off & of o] E{(actuator),

248 @ ¥ ¥

273

Zx)el 2AE A # o) El(generator), PIol3
2 AT AA(fuel cell), 2T Tlo]TE A
HAE(hrushsE T & A I 7k
%248 712 B A Micro Gas Turbine)
o}2] Power MEMS 7}2dl 7} &€ F3
=g qux 427t dA9 F ol AA
of ulste] 10 w} o] $58te], vige] A
g tsAde #F o Eoln Utk olHF
e oUA YEE MR E 248 M2 H
B o] AFHoez MEE ¥, ERE
U ZA18 UAV(Unmanned Air Vehicle), B+
ol 28 Aade Ay FF FAZ AHE
2 5 ed, 53] dHA 849 AA Y
&8 71ed v &8 ¥4 Ve 88
7} 38t

A 5 Foko] AF 2§ 1= MITH

A7 ¥%e 2 59 10wWe BUe A
22 T vg ARE &3 1,000,000



_ Conteptus}
- Deslgn’ -

Stability ©

R T T N S R TR T

-Aerodynamic ' v
Hydrodynamic

‘;Tl:l‘ll
. "(npmil\ 'fg', - (Relinbility/1ife) -
© Stbiliy RS

: (‘ ATy mg

P
Turbine

> Milli Structure
; Micromachine
: lulmolog\ -

> l)rrpRc'\cme ;
: Jon Hrhing L

> .]A_‘]igh .
v b
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Fig. 3 Schematics of coupled control volume

F ok 2 dloly B4 Weld AF $g
o #Fol WA ¥F ¢ Yol ¥ge 45
o Mstd FRoz e gE AR
93 94 ZA Nl Y ete Yol
BH gege H0s FgaA 99
q AANNY §F A% 23 4 [5)9
Zol £4 7 4 9t

ﬂ‘;g +”:"7=0 [5]
4714, 2t HFE o go] FErh

H) 0P, _ PG, /)H)(,)) 0P,

M= Phuac ™" 1mRT o [61
o, 3 08 B(.KHG,K) 0Py
n= P uen 12uRT 7y (7

4 61 4 [71€ A [5]°] hdste] e
gt g3t 22 g4 dg + Utk

3., 11 OB 3.,  OF
HGKY ST+ B, )T =0 (8]

2819 4y FulE F¢ AEAL FHE
8lo] o] ArEHA15-A16)8t 3, AA A A A9
FHAE Qe 7ML HESHE, A [9)
% Zol d4 d HEHIMY gHe 7
4= St

_ 1 THGK 0 H D
R’-H;(i,k)__.' +Hj(i.j) 7 [ A Blik g l)"’"z_PJ(’JM )]
Y] -4
]

4. Ho{E@e| dA 9 M A

4.1 AA NS _

AA 248 k2 H A2"e 2EHY
2 7o) sdulE, AA AAH AU}
40dejrle] AE=2 o$ AL g shAch

FH, 2 Aage] HLE= wojge] 4F
A EE A vioF e FAAFTH
A4 9 74 AF agn dFAANY dFol

o)y o]g A Ao &Ity
k. ey, wWol¥e Ae H4¥E A4 3
719 BHEZ £33 AL ALY 24,
Z8 9 3 Y A= A8 m$ 43
o wEhA, B dAFdME 2:18 AVR
scaled-up E2-& Ao, vojgde 4
A U HYL scaled-up RS J|ROE &}
of #YEHU.

Table 12 scaled-up 229 FQ X4 4
AHFE RBolm Aok AA A X5 A
2€¥3 FUg DNEH(Diameter to Number of
revolution)& FA|3EFH JALHEE 670,000
pmlE BAHAOH, ZH U A o
g 273 7 10, 12498 vlElo|t}. &,
g wojy el Zdol= 19gvly Fx9 @
S 7 Ed, Ad Hoige Ho] o FA
H|(L/D ratioyE AlAtd B 0.083Y =]
& 7kAA €tk ol: dA MEMS &%
el gANA 7AEE HojR e YAitu] o
Ak BAZ gt $¥, scaled-up E@o)
Al4-E+& ZE & INCONEL 7188 42 &
o 5% AY Do 2LFsA .

Holyg e g AA b2 973 9 Y
7, El(clearance), F7159 AA, ME
AR, F71¢ ol A, 2y, #oFe
17 W A AL AA AAge] F7)
Ag, 4&7) 9 B dA¢e] AA4 F
2 FAZR A AfHO eod, FU|Y
A GE71 4 dA o= U dA
o] oo, wetA, £ AT E WP
BN ¥ 37139 A, A wE &%
AN2AsY 9 A4 e Fsigion, of
28 AYAFARAY ¥ 1FH

Table 1 Properties of rotor and bearing

Rotational speed 670,000
rpm
Diameter of rotor 10 mm
Diameter of journal bearing | 12 mm
Length of journal bearing 1 mm
Outer radius of thrust bearing | 6 mm
Inner radius of thrust bearing | 5 mm
Material of rotor INCONEL
718
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APPENDIX

Nomenclature

Ap = reference curtain area of feeding
hole, m% A, =271, by

C = radial clearance, m

Ca = discharge coefficient

D = diameter of journal and outer
diameter of thrust bearing, m

d = inner diameter of thrust bearing, m

h = film thickness, mi
H,=h,/C, Hy=h./h,

ho = reference film thickness of thrust

bearing, m

" = mass flow rate, kg/s

p. P = pressure, Pa; P=p/p,

Pa = ambient pressure, Pa

ps, Ps = supply pressure, Pai P =p /p,

po. Po = pressure at coupled boundary, Pa;
R=p,/p,

R = gas constant, J/kg K

Is = radius of feeding hole, m



absolute temperature, K
dimensionless feeding parameter,
I, =(12p-C, 4 VRT)/ pJg

= bearing number,
A=(6uo!p,)-(DI2CY+ A=Ai
viscosity of gas, Ns/m

axial eccentricity ratio

= adiabatic number

angular velocity, rad/s

A9
[}

1

>
I>

L X O
I

thrust bearings

¢ = |ongitudinal coordinates of journal

bearing

n = radial coordinates of thrust bearing

Subscript

i = arbitrary grid point number on @ axis
j = arbitrary grid point number on ¢ axis
k = arbitrary grid point number on 7 axis
J = journal bearing

T = thrust bearing

angular coordinates of journal and

B,

5= PyoiaHl s (86, +A8,, ){m . MMJ [A8]
ATy \ 2 2
_ PoiaaHriis {4n, +A’7m) [A9]
mad  \ 2
- E.&-IIZH;'.M-IIZ (86,+46,, )('7 _ﬂ) [A10]
Ag, A 2 to2
An, +An,,
B = AﬂkHrmlz;R«uu(_kz—lU') [All]
[A12])

By=AnHr; 1058024

(A’h +A’7k4l)
2

Supply Flow Rate

2'( I/2( 2 Hx-1) P ( 2 )A'/(A‘—l)
=T,-P-H| 2| | = g =
Os =Tk (K+l) x+l) > P \x+l

[A13]

i i X Lag X 172
Coefficients o V[ P (PN P (2
S A N N R e L2
P x-1 F 5 P \k+l
A4, = m_i-(”/].iﬂ/z.j# AL+ H;./»Hz.j— 'Ag,')
iet [A14]
(A1}
P Pressure Gradients
4, = TZZZI‘L(HJJM,,'.IH 'Aalol + H},l-.;.uz 'Agi)
isl . .
0P _ Bikpg) = Bk =1) [A15]
(a2]  on An,
P.- s . - POy _
4y = —Zl—A”;._j(H}.i-uZ.j# ALt H;./—uz./- ‘ACJ') aﬁ=———————ﬂ(l’j'"d) By Jows = 1) (Al6]
i o¢ Agj
[A3]
ay= B gy e+ H D, 06,)
4 2A£1 Jde j-112 i+l Ji=j=112 i
{A4]
A 'Pio 1
A5 = _2ﬂ(HJ.i+IIZ.j¢ CAG G+ H.I,iolll.j—Agj)
[A5]
A-P_
A = _ZLZJ(HJJ-I/Z.]+ 'Agju + Hl,i—l/!.j—Agj)
[A6]
[A7)

B = Eu/uH;m/z.k(Am +A77hl)
ona8., U2
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