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Feasibility Study on Design of Thrust Bearing
for Micro Gas Turbine Generator
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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 capacity, mass flow rates and stiffness. By the bearing force and mass flow rates analysis with the vari-
ation of supply pressure, bearing clearance and capillary radius, acceptable range of design parameters were sug-
gested 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.
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Fig. 1. Technologies for micro gas turbine.
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Fig. 2. Cut-away view of micro gas turbine.
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Fig. 3. Schematics of coupled control volume.
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Table 1. Properties of rotor and bearing
Ratational 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 INCONEL718
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APPENDIX
Nomenclature
Ao =reference curtain area of feeding hole,
m% Ao=27 1, ho
C =radial clearance, m

Joumnal of the KSTLE

olg - Y . 1%E -

C, = discharge coefficient
D = diameter of journal and outer diameter
of thrust bearing, m
=inner diameter of thrust bearing, m

h =film thickness, m; H,= h/C, Hy= hilh,
ho =reference film thickness of thrust bea-
ring, m

=mass flow rate, kg/s
p. P = pressure, Pa; P =pip,
P = ambient pressure, Pa
P P =supply pressure, Pa; P,=pJ/p,
po, Py =pressure at coupled boundary,

Pa; Po=polp.
R = gas constant, J/kg K
r =radius of feeding hole, m
T = absolute temperature, K
I; = dimensionless feeding parameter,

[ = (120-Cy- Ao JRT) pohiy

A,é = bearing number,
A=(6ua/p,)-(D/2CY, A=Ai

u = viscosity of gas, Ns/m2 -

£ =axial eccentricity ratio

K = adiabatic number

(0] = angular velocity, rad/s

6 =angular coordinates of journal and

thrust bearings

¢ = longitudinal 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

Coefficients

Pi+ !'
A= ZAgZ' (H;.i+l/2,j+'Agjﬂ"'H;.iH/Z,j- -A) (AD)
i+

Pi j+
A= TA'L?/‘Z‘(H}HJ‘H& AB., +H3,i-.j+l/2 -AB) (A2)
i+ 1

A= 'El'j%l(lﬁl 172,j+ Agn'*'Hu 1/2,j- AC) (A3)



&g 7k Bl

A= 2'2‘&/7(1"11:” v ABy +HG - ABY) (A4)
A Pz+l/ J
A5 2 (HJ P12+ -Aé,,,, 1 +H.IJ+1//2,]~ . ACJ) (AS)
A-P_
A= > (Hin+ AC/‘+I+Hj.i—I/2,j-'AC/) (A6)
Pul/zkH%i+l/2k(Ank+Ank+l)
= — 7
B="a0., U 2 (A7)
P k+l/2H%ik+1/2(A9i+A0:+l) ( AT]kH)
, = — = [ n, A
B="am, 2 JUm) @
_ Pr»l/’2,kH:;‘,l~]/Z,k(Ank+Ank+l)
5=, 2 (A9)
_ PicinHiivan Aei'*'Aem)( _%j
R U ) B
A ATy
Bs= AnkHT,MI/Z,kPHl/Z.k(w) (A1)
AN+ AN,
B, :AnkHT.r—l/l.l:PiH/Z.k(—-nk_a—ﬂL—l) (A12)

A olelg 22 AE wojge] dA) R el e A+ 475

Supply Flow Rate

2’( 172 2 x-1) P 2 (K-1}
g x - .| —_— —— — < —=—
Q=I5 Py-H (K‘+l) (K‘+1) ’ Ps—(K+l)

(A13)
o-rern ()7 )T
Pressure Gradients
88_}:172 P, kend)—Al;z(i, kena—1) (AI5)
%%/ _ Pf(i,jmd);;’é(i,jm— D (A16)
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