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The Design of a Linear Compressor Based on the Resonance
Characteristics for the Air Conditioner

Yong-Ju Hong™ Seong-Je Park’ Hyo-Bong Kim™

ABSTRACT

The compressors in the air conditioner have the role of the pressurization and circulation of the
refrigerant. The hermetic reciprocating compressors driven by rotary motor have been used for the
air conditioner. The linear compressor has very simple structure and enhancement in the efficiency
in comparison to that of conventional reciprocating compressor. The linear compressors are widely
used for the small cryogenic refrigerator (below 1 kW), such as the Stirling refrigerator and pulse
tube refrigerator. In the cryogenic application, the pressure ratio of the linear compressor is below
1.5, but the linear compressor for the air conditioner should overcome the high pressure ratio and
the large pressure difference between the each sides of the piston. The resonance characteristics
of the linear compressor has the significant impacts on the power consumption. To minimize the
power consumption, the linear compressor should be operated at the resonance point. In the
resonance characteristics, the role of the mechanical and gas spring should be considered. In
present study, the cycle of the analysis of the vapor compression refrigeration cycle with the
different refrigerants (R134a, R410a, R600a) and the designs of the linear compressor are
performed. The effects of the stiffness of the mechanical spring on the electromagnetic forces
would be discussed. Finally, the results show the design specification of the linear compressor for
the air conditioner.

Key Words : Linear compressor (413%}+%7]), Vapor compression refrigeration cycle (714354 W%
°]Z), Cycle analysis (AFo]E384]), Refrigerant (W ull), Resonance characteristics (&7 &
gas spring (7}=2~2 )
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Table 1. Specification of the refrigeration cycle

Operating condition

Evaporating temperature 7C

Condensing temperature 46C

Cooling capacity 7 kW

Table 2. Suction and discharge conditions of
the compressor

Refrigerant
R134a | R410a | R600a
Pressure
(kPa) 374.80 | 988.60 | 200.60
Suction Temf%rft“re 1000 | 1000 | 10.00
Density | 1215 | 3740 | 530
ngg m")
ressure
(kPa) 11904 | 2781.8 | 6155
Difschsres Temf%rf‘t“re 5650 | 67.90 | 47.80
Density
(kg/mz) 55.20 | 96.10 15.80
Mass flow rate (g/s) 487 45.1 27.3
Pressure ratio 3.18 2.81 3.07
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Fig. 2 Pressure and volume variation in the
cylinder of a compressor

Table 3. Basic dimensions of the linear compressor
with the different refrigerants

Refrigerant
R134a | R410a | R600a

Theoretical volumetric
. 092 | 095 | 092
efficiency

Suction gas volume

44.87 | 20.08 | 85.69
(cc)

Swept volume (cc) 487 | 21.2 | 934
Dead volume (cc) 244 | 1.06 | 4.67
Diameter of cylinder

394 | 26.0 | 545

(mm)
Stroke (mm) 40.0 | 40.00 | 40.00
TDC height (mm) 2.0 2.0 2.0
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k : H]<€H] (specific heat ratio)
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linear compressor
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