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Performance Analysis of an Orbiter Air Compressor
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ABSTRACT: This paper introduces a new concept compressor in which piston orbits in the
cylinder having an annular space formed between two concentric circular walls. In this con-
figuration, two gas pockets are formed with 180° phase difference: one between the wrap of
the orbiting piston and the inner cylinder wall and the other between the piston wrap and the
outer cylinder wall. This alternating feature of gas compression and discharge processes
yields several advantages such as low torque variation and low gas pulsation. Computer si-
mulation program has been developed to evaluate the compressor performance. The volume-
tric, adiabatic, and mechanical efficiencies of the orbiter compressor are calculated to be 85.6
%, 97.2%, and 95.2%, respectively, when it is used as an air compressor.

Key words: Orbiter compressor(2HE] $+%7]), Performance analysis(4d%5314), Efficiency(&
%), Pressure ratio($+H}), Flow rate(f %)
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Fig. 1 Schematic of orbiter air compressor.
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Fig. 3 Design parameters of compression parts.
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Table 1 Orbiter specifications

Symbol Description Dimension

Vsa A chamber volume 60.8 cc

Vg B chamber volume’ 50.1 cc
H Wrap height 40.0 mm

t Wrap thickness 5.0 mm
799 | Orbiter wrap inner radius| 46.5mm
73 Cylinder outer radius 56.0 mm
71 Cylinder inner radius 42.0 mm

e Eccentricity 4.5 mm
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Fig. 4 Integral of area.
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Fig. 7 Tip leakage length vs. crank angle.
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Table 4 ILoss analysis

START
INPUT
Orbiter profile
Geometry Cylinder, Frame,
Operating condition O/R, $/B etc
. Volume of compression chamber
. Leakage length
GAS PRESSURE VALDYN
P-V(P(§ ).Iwmdi, ) s Discharge valve
GAS FORCE

Gas force cal.
( th' Frg' Fa' Fd )

I

DYNAMIC

Orbiter, O/R, $/B Dynamic
Reaction Forces
(Fspy» Fsge Fy. Fa, Fg, Fy, Fy)

¥

Friction losses
/B, T/B

}

OUTPUT

Kv ’Knech’lgd’lg’ mdon W

calculation.

Fig. 13 Flow chart of compressor performance

Table 2 Operating conditions

Notation Description Value
T, Suction temperature 20°C
P, Suction pressure 1 bar
P, Discharge pressure 7 bar

pm Compressor speed 1750

Table 3 Performance index

Notation Orbiter Reciprocating(‘“
Q; 10.0 [m*/hr] 9.9 [m*hr]
w, 0.9 [kW] 15 [kW]
7, 85.6% 57.9%
- D 97.2% -
" Domech 95.2% -
T, 92.5% -

Useful work 100
Gas compression loss 2.83
Mechanical loss ) 510
Drive bearing 2.69
Shaft bearing 1.40
Wrap flank 0.27
Thrust surface 0.73
Oldham-ring 0.01
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