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A Study on Performance Analysis of Cryogenic Hydrostatic
Journal Bearings : the Effects of Turbulent Flow,
Pressure Drop and Variable Liquid Properties

Sung-Gi Kim', Ji-Hoon Kang and Kyung-Woong Kim

Department of Mechanical Engineering, KAIST

Abstract — In this paper, static characteristics of a cryogenic hydrostatic journal bearing which has 2-rows stag-
gered recesses are numerically analyzed. The regime of operation of this bearing is fully turbulent with large fluid
inertia effects. The turbulent lubrication equation is solved under the assumption that turbulence parameters are
decided by the Reynolds numbers. Pressure drop caused by inertia effect at the recess edge is considered in this
analysis. Also density and viscosity of working fluid are considered as function of only pressure. Numerical
results for a cryogenic Hydrostatic journal bearing show pressure distribution, load capacity, flow rate, and recess
pressure. The effects of turbulent flow, pressure drop and variable liquid properties are discussed.

Key words — cryogenic, 2 row hydrostatic journal bearing, turbulent lubrication, inertia effect.
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Fig. 1. Geometry of hydrostatic journal bearing.
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Table 1. Journal bearing dimensions

Bearing diameter D 42.0 mm
Bearing width L 22.0 mm
Radial clearance C 0.05 mm
Recess length b 5.78 mm
Axial width of recess / 2.20 mm
Recess alignment L 6.60 mm
Orifice diameter dy 0.6 mm
Orifice discharge coefficient C, 1
Table 2. Working fluid properties
Temperature T 30K
Supply pressure P 2.35 MPa
Ambient pressure P, 1.5 MPa
Density of supply fluid Ds 51.18 kg/m’
Density of ambient fluid Pa 42.29 kg/m’

6.10 x 10°° Pa-sec
4.04 x 107 Pa-sec

Viscosity of supply fluid s
Viscosity of ambient fluid 7,

p(kg/m’) = 10.46P(MPa) + 26.60 (1

1n(Pa - sec) =2.43P(MPa) + 0.39 2)
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Fig. 2. Pressure drop at recess edge.
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Table 3. Data assortment
Turbulence P Drop pon Case

X X Variable i

X X Supply value ii

O O Variable iii

@) O Supply value iv

O O Ambient value v

O b Variable vi

O X Supply value vii
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Fig. 4. Total flow rate and load capacity vs. eccentricity
ratio.
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Fig. 5. Total flow rate vs. rotation speed.
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b recess length

C clearance of the bearing

Cy orifice discharge coefficient

D bearing diameter

dy orifice diameter

G, G turbulent viscosity correction factors

H dimensionless local film thickness, A/C

h local film thickness

h, h=ho+h,

h. bearing film thickness at recess edge

Ao recess depth

L bearing width

/ axial width of recess

2 recess alignment

P dimensionless pressure in fluid film,
P = p)(pi—pa)

)4 pressure in fluid film

Q. dimensionless flow rate from i-th
recess, Q;= ql(C(p,— p)IN)

Q, dimensionless total flow rate,
0:=a/(C'(p.~pin)

qi flow rate from i-th recess

G total flow rate

R bearing radius

Re Couette Reynolds number, puh/n

Re' Poiseuille Reynolds number, pu,h/n

U dimensionless mean velocity in fluid
film, U= ul(C*(p,~ p.)n.D)

U. dimensionless velocity of a moving
surface

u mean velocity in fluid film

u, velocity of a moving surface

u, mean velocity in the fluid film due
to the pressure gradient

F, Y-directional dimensionless force,

JHLD(p:= p2)
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Y-directional force
dimensionless load capacity,
w/(LD(p:— p.))

load capacity

coordinates in load direction
coordinates in angular direction
coordinates in perpendicular direction
to load

coordinates in axial direction

recess depth ratio, ((ho+ h.)/h.)
dimensionless orifice parameter
eccentricity ratio

dimensionless coordinates in the axial
direction, z/L

absolute viscosity

dimensionless pressure drop parameter
bearing number
dimensionless coordinates in angular
direction, x/D

density

angular velocity of rotor

Subscript

a

C

~ S

[

L.

ambient condition
Couette flow condition
recess edge

i-th recess

Poiseuille flow condition
recess condition

supply condition
angular direction

axial direction
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