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Abstract —This paper presents a hydrostatic bearing design and rotordynamic analysis of a turbo expander for
a hydrogen liquefaction plant. Th~e turbo expander includes the turbine and compressor wheel assembled to a
shaft supported by two hydrostatic radial and thrust bearings. The rated speed is 75,000 rpm and the rated power
is 6 kW. For the bearing operation, we use pressurized air at 8.5 bar as the lubricant that is supplied to the bearing
through the orifice restrictor. We calculate the bearing stiffness and flow rate for various gauge pressure ratios
and select the orifice diameter providing the maximum bearing stiffness. Additionally, we conduct a rotor-
dynamic analysis based on the calculated bearing stiffness and damping considering design parameters of the
turbo expander. The predicted Cambell diagram indicates that there are two critical speeds under the rated speed
and there exists a sufficient separation margin for the rated speed. In addition, the predicted rotor vibration is
under 1 pum at the rated speed. We conduct the operating test of the turbo expander in the test rig. For the oper-
ation, we supply pressurized air to the turbine and monitor the shaft vibration during the test. The test results
show that there are two critical speeds under the rated speed, and the shaft vibration is controlled under 2.5 pm.
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Nomenclature C, : Discharge coefficient (22|32 A7)
H : Dimensionless film thickness (72 S-&=-74))
A4, : Orifice curtain area (m”) (2-2]7]2 THHZ) h :Film thickness (m) (&2t )
C :Radial clearance (m) (M%) 7)) k : Specific heat ratio (H]&H])

L :Bearing length (m) (H]o1® 4oJ)

m, : Mass flow rate (kg/s) (A5 -
Tel: +82-42-868-7662, Fax: +82-42-868-7098 R (kefs) (7 o °O)L
E-mail: donhyun2@kimm.re.kr P : Dimensionless pressure (TZ}ML Ha)
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p. : Ambient pressure (bar) (F171%)

ps : Supply pressure (bar) (35%E)

R :Bearing radius (m) (H|o1¥ W)

R, : Gas constant (J/kgK) (7}~ 73<7)

T : Temperature (K) (21)

t :Time (s) (A7)

m : Viscosity of lubricant (Pas) (&&A] Hx)
w : Rotating speed (rad/s) (3]4& %

o, : Whirling speed (rad/s) (BH&E
: Circumferential coordinate (rad) (Y533 )
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Fig. 1. Schematic of the turbo expander.
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Fig. 2. Illustration of the hydrostatic radial bearing.

Table 1. Design parameters for hydrostatic radial bearing

Properties Symbol Unit Value
Diameter D mm 33
Length L mm 60

Rotating speed o rpm 75,000
Discharge coefficient Cy - 0.8
Operating temperature T °C 20
Orifice number - EA 16
Supply pressure Ds bar 8.5
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Fig. 3. Rotordynamic analysis model for turbo expander.
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