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A Numerical Analysis on the Rotordynamic Characteristics
of a Hybrid Journal Bearing with Pair-Type
Angled Injection Orifices

Chang-Ho Kim and Yong-Bok Lee

Tribology Research Center, KIST

Abstract—The stability of a rotor-bearing system supported by swirl-controlled hybrid journal bear-
ing with pair-type angled injection orifices is investigated for improvement of the whirl frequency ra-
tio by allowing effective control of the tangential flow inside the bearing clearance, i.e.. by achieving
more freedom in controlling strength and direction of the supply tangential tlow inside the bearing
clearance. It is suggested that the system instability can be improved through the change of bearing
dynamic characteristic parameters with the swirl control. The orifice diameter d, and recess injection
angle o along with combinations of swirl/anti-swirl supply pressures and directions (3.0~3.0 MPa, 4.
0~2.0 MPa, 2.0~-4.0 MPa) are sclected for design parameters for swirl-controlled effective factors de-
pendent on journal speeds (3000, 9000, 15000, 21000 rpm). It has been found that the orifice di-
ameter d, shows strong effects on effective maneuverability of direct-stiffness and direct damping
values, while recess injection angle o results in substantial effects on the magnitude and direction of
cross-stiffness. Specifically, recess injection parameters which are functions of angle of orifice fe-
eding flow and recess dimensions showed very feasible effect on the stability control of swirl-con-

trolled rotor-bearing system.

Key words—hybrid journal bearing, pair-type angled injection orifices.
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Fig. 1. Conceptual description of a swirl-controlled hy-
brid journal bearing.
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Fig. 2. Geometry of a swirl-controlled hybrid journal
bearing.
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Fig. 3. Model of pressure distribution at hybrid jour-
nal bearing pocket.
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Table 1. Description of 8 recess swirl-controlled hy-
brid journal bearing studied experimentally by Kim,
Lee and Choi (1996). Bearing geometry and operating
conditions [4]

Geometry:

Diameter=50 mm Length=50 mm

Recess length and width 9.65 mm, 11 mm
Clearance C=0.1 mm
Recess depth Hr=1 mm, 5
Orifice diameter d,=1.0 mm, 1.5 mm, 2.0 mm

mm, 10 mm

Fluid: Fluid Temp. at 40°C
Viscosity: 0.0005 Pa-s
Density: 986 kg/m’

Pressure supply: 2.0~4.0 MPa
Rotor speed: 3000,9000,15000,21000 rpm

Dimensionless parameters:
Rotation Reynolds number; 1548~ 10841

Nb
L/D=1, I/L=.193 ——=.56, C/R=0.004
/D /L. ) /R
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Fig. 4. Pressure distribution change due to supply
pressure conditions (3000 rpm, =0, a=60°).
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Fig. 10. Theoretical whirl frequency ratio versus jour-
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