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Objectives: This study compared the accuracy of a Linear Equivalent model and a Fourier Transform
model in approximating the resonant frequency of a moving magnet oil-free linear compressor.
Furthermore, moving magnet linear compressor performance under resonance and off-resonance fre-
quencies was also examined via an experimental approach.
Methods: A Linear Equivalent model and a Fourier Transform model were developed and compared with
experimental results at low-pressure ratios of 2–2.5. By varying the operating frequency and compressor
piston stroke, the power consumption, compressor losses, efficiency, and cooling capacity are assessed
experimentally.
Results: This study showed that the disparities between resonance frequencies estimated by theoretical
models and experimental data were below 10 %. However, the Linear Equivalent model was more accu-
rate than the Fourier Transform model in forecasting the resonance frequency of the linear compressor at
a low-pressure ratio of 2–2.5. Both experimental and modelling results showed that the resonance fre-
quency of a linear compressor declined with the increasing compressor stroke but increased with increas-
ing pressure ratio. Experiments were also carried out to compare the performance of linear compressors
in resonance and off-resonance frequencies. Results showed that the lowest compressor input power of
91.96 W and the highest motor efficiency of 81.98 % was achieved when the linear compressor was oper-
ated at 38 Hz resonance frequency. Moreover, the cooling capacity has been found to increase by 270 W
approximately when the linear compressor piston operating stoke extends from 10 mm to 13 mm.
Conclusions: In all, this study showed that the linear compressor motor efficiency is the highest when
operating at resonance frequency. However, the cooling capacity of the linear compressor system does
not vary significantly with operating frequency. A higher cooling capacity can be achieved by increasing
compressor piston stroke.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As the global economy and human populations continue to
grow, the demand for automobiles is also escalating which in turn
causes the resulting energy shortage and environmental pollution
problems to become more conspicuous (Lü et al., 2018; Shen et al.,
2019; Zhang et al., 2021). Speeding up the development of electric
vehicles (EVs) can be an effective solution to relieve energy and
environmental tensions, it is also a strategic measure to accelerate
the transformation of the automobile industry (Ali and Söffker,
2018; Liu et al., 2018; Minh et al., 2021; Qi et al., 2019; Wu
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Table 1
Linear compressor parameters.

Parameter Value

Piston mass (kg) 0.66
Coil resistance for each compressor (X) 3.5
Distance between the datum position and cylinder head (mm) 7.57
Piston diameter (mm) 18.99
Piston length (mm) 31
Maximum stroke (mm) 14
Clearance between piston and cylinder (mm) 0.0125
Motor force constant (N/A) 30
Damping coefficient (N�s/m) 0.0475
Mechanical Stiffness (N/m) 16284.85
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et al., 2019). The air conditioning system is one of the major
energy-consuming systems of electric vehicles (Essa et al., 2021).
The results are confirmatory that air conditioning consumes over
32 % traction energy in daily commute, with a significant impact
on the all-electric range (Bellocchi et al., 2018). The development
of an energy-efficient electric air conditioning system is imminent
to foster the adoption of EVs worldwide.

Automobile refrigerator compressor can be categorised into the
conventional compressor and linear compressors, driven by a
rotary motor and linear motor, respectively (Liang, 2018). Conven-
tional compressors use a crank-link mechanism to turn the rota-
tional motion of the rotary motor to a reciprocal linear motion.
The drawbacks of cranks usage in mechanical conversion links
are high friction losses and high noise levels (Jomde et al., 2018;
Sharma and Parey, 2019; Xiao et al., 2019; Zhang et al., 2020). In
contrast to conventional compressors, linear compressors elimi-
nate the crank linkage mechanism so that the linear motor drive
directly drives the piston in a reciprocating motion. Moreover, at
present, nearly all compressors in electric vehicle air conditioning
systems utilise a lubrication system. The lubrication system will
increase the structural size and weight of the electric air condition-
ing system, and the lubricating oil also has adverse effects to the
heat exchange efficiency in the condenser and evaporator of air
conditioning system (Liang, 2017). As such, it is of great signifi-
cance to develop an oil-free linear compressor that can be used
in electric vehicle air conditioning systems.

A study by Park et al. (2002) highlighted that experimental
results showed that linear compressors are 20–30 % more efficient
than reciprocating compressors using rotary induction motors by
comparing the losses of linear and rotary induction motors. The
results of an experimental analysis of linear compressor by Brad-
shaw showed that it is up to 35 % more efficient than a conven-
tional crank-driven reciprocating compressor (Bradshaw et al.,
2013). A performance comparison between a moving magnet lin-
ear compressor and a reciprocating crank-driven compressor was
carried out in an experiment (Liang et al., 2014b). The results
showed that linear compressor has a much higher motor efficiency
(86 %), while conventional reciprocating compressor showed a
lower motor efficiency (60 %). The aforementioned studies set
out linear compressors present a superior performance as com-
pared to conventional compressors.

The linear compressor can be modelled as a mass-damper-
spring system with optimum operating efficiency is closely related
to that of the mass-damper-spring system’s frequency (Li et al.,
2021). The study of accurate prediction of the optimum operating
efficiency is important for achieving efficient compressor opera-
tion. Zou et al. (2020) developed a linear compressor dynamic
model and showed that the linear compressor system’s natural fre-
quency depends on the spring’s equivalent stiffness factor, the
mass of the moving piston assembly, and the equivalent damping
factor of the system. You et al. (2018) have studied the relationship
between resonant frequency and linear compressor’s intrinsic
parameters. It was shown that resonant frequency decreases with
increasing moving mass. Xia and Chen (2010) utilised computa-
tional fluid dynamics (CFD) and finite element analysis (FEA) to
investigate the frequency of linear compressors, unveiling that
the frequency of a moving magnet linear compressor is influenced
by mechanical springs and effective gas springs stiffness. Gas
springs stiffness is due to the presence of the axial clearance vol-
ume at the front of the compressor cylinder. For different types
of linear compressors, it is essential to effectively anticipate the
gas equivalent spring stiffness values so that the operating fre-
quency can be corrected to its optimum operating conditions.

In this paper, a Linear Equivalent model and a Fourier Trans-
formmodel were employed to estimate the stiffness of a gas spring
using a moving magnetic oil-free linear compressor (Liang et al.,
2

2016), and the validity of the two models is compared experimen-
tally. The variation in the performance of the linear compressor
system under offset resonant operation is also examined. Finally,
the effects of variable frequency control and variable stroke control
of the linear compressor system on cooling capacity and Coefficient
of Performance (COP) are compared.
2. Experimental setup

2.1. Moving magnet linear compressor

This experiment was carried out on a moving magnet linear
compressor designed by Liang et al. (2016). Different from the
other moving magnet linear compressors, its flex spring system
consists of two sets of axially separated flex springs, which are
mainly used to support the moving piston and limit its displace-
ment along the cylinder axis (Liang et al., 2016). Furthermore, high
radial stiffness of flexible spring effectively limits the radial dis-
placement of the piston, prevents wear on the piston and cylinder,
and reduces gas residues caused by radial gas leakage (Liang et al.,
2016). However, the gas residues are still unavoidable. The residual
gas affects equivalent gas stiffness and thus the resonant frequency
of the compressor, so it is necessary to model and experimentally
study this compressor. Table 1 shows the linear compressor
parameters of the designed experiment.

2.2. Test rig

Fig. 1 shows a schematic diagram of the experimental system
and Fig. 2 shows the complete test rig. The test rig is equipped with
a moving magnet linear compressor, a condenser, an evaporator,
four pressure transducers, six thermocouples, two mass flow
meters, two current transducers, and two displacement transduc-
ers. The pressure transducers are used to measure separately the
pressure at the compressor discharge, the evaporator inlet, the
compressor suction and the compressor body. The thermocouples
are used to measure the temperature in various parts of the sys-
tem, including compressor body, compressor discharge, condenser
outlet, evaporator inlet, evaporator wall, evaporator outlet, and
compressor suction. The mass flow meters are used to measure
the mass flow in the main and leakage circuits. The current trans-
ducers are used to measure the change in current in the two com-
pressor internal coils, and the displacement transducers are used
for the measurement of the compressor piston position. The instru-
ments model and accuracy for experimental system can be found
in the Table 2.

2.3. Date acquisition system

The linear compressor data acquisition system includes a low-
speed data acquisition system (LDAQ) and a high-speed data acqui-
sition system (HDAQ). Two NIUSB-6251 data acquisition cards are



Fig. 1. Schematic diagram of an experimental system (Chen et al., 2019).

Fig. 2. The complete test rig for the moving magnet linear compressor system.

Table 2
List of instruments for the experimental system.

Instruments Model Accuracy (refer to value)

Pressure transducer DRUCK PMP1400 ±0.15 %
Thermocouple K-type ±1.5 �C
Current transducer LA LEM 25-NP ±0.5 %
Voltage attenuator Fylde 261HVA HV ±0.5 %
Mass flow meter Hastings HFM-201 ±1%
LVDT Lucas Schaevitz 0.025 mm

Table 3
The test conditions.

Parameter Value

Working fluid R134a
Refrigerant charge(g) 309
Pressure ratio 2.0, 2.5
Stroke(mm) 10–13.5
Condenser outlet temperature (�C) 50
Evaporator inlet temperature (�C) 6–27
Suction temperature (�C) 24–30
Superheat(K) >5
Ambient temperature (�C) 20
Compressor body temperature (�C) >45
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used in both LDAQ and HDAQ. NIUSB-6251 has 16 analogue inputs
(16 bits) and 2 digital outputs with a maximum sampling rate of
1.25 MHz for a single channel. The LDAQ is used to collect param-
eters such as pressure (discharge, suction, compressor body, and
evaporator inlet), temperature (discharge, suction, condenser and
evaporator inlet and outlet, compressor body), and mass flow
(main flow and leakage flow); the HDAQ is used to collect data
on pressure, voltage, current and displacement, the HDAQ has a
sampling rate of 5000 Hz. More details can be found in the previ-
ous study (Bao et al., 2021).
2.4. Test conditions

The test condition of this study was set as in Table 3. When the
measured pressure and temperature have reached steady-state
3

and there is no vapor in the condenser and no liquid in the evapo-
rator, the data acquisition system starts recording and saving the
data.

2.5. Uncertainty analysis

Uncertainty analysis is carried out according to the combined
uncertainty equations for two independent uncertainties which
can be expressed as:

ux� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2x� þw2

x�

q
ð1Þ
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Where sx� and wx
� are the Type A and B uncertainty.

u2
R� ¼

Xn
i¼1

ðuxi�
@R
@xi

Þ
2

ð2Þ

Based on Eq. (1) and Eq. (2) (Shen et al., 2022), power consump-
tion, volumetric efficiency, cooling capacity, and COP have a rela-
tive uncertainty of 0.95 %, 0.24 %, 2 %, and 2.2 %.

2.6. Mathematical model and experimental verification of resonant
frequencies

2.6.1. Linear equivalent model
Linear compressor resonance frequency f res can be expressed

using Eq. (3), wherem is moving mass, ks is mechanical spring stiff-
ness, and kg is equivalent gas spring stiffness of a linear compressor
(Liang, 2018). The presence of a clearance volume at the front end
of the compressor cylinder causes residual gas always exists inside
the compression chamber during the operation of the compressor.
The energy stored in the residual gas is acting as an energy storage
spring, and it is therefore modelled as an equivalent gas spring.

The value of kg was estimated based on Eq. (4), where Pd and Ps

are linear compressor discharge and suction pressures, Ap is piston
surface area, and S is piston stroke. The slope for Eq. (4) was
acquired based on the slope (green dotted line) between the start-
ing point of the compression stroke (1) and expansion stroke (3) in
Fig. 3 (Kim et al., 2011).

f res ¼
1
2p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
kg þ ks

m

r
ð3Þ

kg ¼ Pd � Ps

S
Ap ð4Þ
2.6.2. Fourier Transform model
The gas equivalent spring stiffness for the Fourier Transform

model kg is given by Eq. (5) (Zou et al., 2014):
Fig. 3. Pressure-displacement diagram for linear compressor operated u

4

kg ¼ � a1
S

ð5Þ

The a1 is part of the instantaneous gas force (Eq. (6)) (Tang et al.,
2018). The instantaneous gas force is a periodic function that can
be expanded into a Fourier series, i.e. the sum of an infinite number
of harmonic functions with constant terms. The higher harmonic
components of the gas forces have a smaller effect on their ampli-
tude. Therefore, for vibrations at a certain fundamental frequency
excitation, it is sufficient to take the first-order harmonic compo-
nent with the direct current (DC) component. The instantaneous
gas force is the sum of an equivalent spring force, a damping force,
and an equivalent static force, given by Eq. (5) (Tang et al., 2018),
where a1 is related to the equivalent gas spring stiffness (Eq. (7)),
b1 is related to the damping coefficient, and Fs is related to the pis-
ton offset (Li et al., 2022).

Fg ¼ a1cosxt þ b1sinxt þ Fs ð6Þ

a1 ¼ 1
p

R 2p
0 ₣g tð Þ cosxtd xtð Þ

¼ Apps
p

Rh2
0

2X0þS
2X0þS cosxt

� �n
cosxtd xtð Þ þ Appd

p

Rp
h2

cosxtd xtð Þ

þ Apps
p

Rh4
p

2X0þS cos h4
2X0þS cosxt

� �n
cosxtd xtð Þ þ Apps

p

R2p
h4

cosxtd xtð Þ

ð7Þ

h2 and h4 are angular positions of the harmonic piston motion at
points 2 and 4 respectively in Fig. 3, given by Eqs. (8) and (9) (Kim,
2000). X0 is the sum of the axial clearance length and half of the

piston stroke which can be found in Fig. 3. , on the other

hand, is expressed by Eq. (10) where PcðtÞ is the in-cylinder gas
pressure, Pb is compressor body pressure (Sun et al., 2021).

h2 ¼ cos�1 2X0

S
Ps

Pd

� �1
n

1þ S
2X0

� �
� 1

 !" #
ð8Þ

h4 ¼ cos�1 2X0

S
Pd

Ps

� �1
n

1� S
2X0

� �
� 1

 !" #
ð9Þ
nder 38 Hz frequency, pressure ratio 2.5, and piston stroke 11 mm.
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₣g tð Þ ¼ Ap Pc tð Þ � Pbð Þ ð10Þ
To simplify the calculation of gas forces, it was assumed that

there are no pressure fluctuations in the suction and discharge pro-
cesses. Such assumption was based on a study showing that pres-
sure fluctuations in the suction and discharge processes have only
insignificant effect on gas forces (Li et al., 2022). The cylinder pres-
sure PcðtÞ can be then expressed as Eq. (11) (Kim, 2000).

PcðtÞ ¼ Pr
Xr

x tð Þ
� �n

ð11Þ

Where Xr is reference position, Pr is pressure at that reference
position, and n is adiabatic index at 1.13. The reference position
is the upper extreme for compression process and the lower
extreme for expansion process, which are denoted by X1 and X3

respectively in Fig. 3.
3. Result and discussion

3.1. Estimation of linear compressor resonant frequency

Fig. 4 compares the estimated linear compressor resonant fre-
quency with that obtained experimentally. Compressor pressure
ratios 2.0 and 2.5 are considered in this study with compressor
stroke varying from 10 � 13.2 mm. Overall, the resonance fre-
quency of the compressor declines with the increase of compressor
operating stroke. Nonetheless, the resonance frequency rises with
the elevation of the compressor pressure ratio. Both models exhibit
an estimation error of less than 10 %, but the Linear Equivalent
model is notably more accurate than the Fourier Transform model
in approximating the resonant frequency.

The discrepancies between theoretical models and experimen-
tal data can be attributed to the existing theoretical models consid-
ering only the residual gas due to the clearance volume at the front
end of the compressor cylinder and in between piston and cylinder.
The presence of a clearance gap between piston and cylinder
causes a fraction of the intake gas to be not compressed thus unde-
sirably leading to an energy loss. In practice, however, the residual
gas also penetrates the vent and escapes through valves during the
gas exchange process (Hwang and Lee, 2019). The gas leaking
through valves was not considered in the present model, thus
resulting in a less accurate estimation of the equivalent gas spring
stiffness and resonant frequency.

Furthermore, it can be observed also that the Fourier Transform
model exhibits a considerably lower accuracy than the Linear
Fig. 4. Comparison of experimental values and calculated values from two models.
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Equivalent model in approximating the compressor resonant fre-
quency. The equivalent gas spring stiffness exhibits highly non-
linear characteristics at a high-pressure ratio operation (Liang,
2018), but at the present experimental pressure ratios (2.0 and
2.5) where the non-linear characteristics of the equivalent gas
spring are less pronounced, the Linear Equivalent model turns
out being a more reliable tool in estimating the equivalent gas
spring stiffness and linear compressor resonant frequency. At a
higher pressure ratio where non-linear characteristics of the equiv-
alent gas spring are magnified, the Fourier Transform model is
expected to give a more accurate estimation of resonant frequency
(Bijanzad et al., 2020). The present study shows that the Linear
Equivalent model is a more precise tool for estimating the linear
compressor resonance frequency at pressure ratios 2.0 and 2.5, a
regime where non-linear characteristics of the equivalent gas
spring are less prominent.

3.2. Resonance characteristics of the linear compressor

Fig. 5 shows the variation of shaft force, spring force, inertia
force and damping force over time for a linear compressor under
resonance frequency 38 Hz. The shaft force varies continuously
with armature, piston position and instantaneous excitation cur-
rent, so it is difficult to measure the shaft force of the motor
directly. The shaft force can be calculated from the Force-
Current-Displacement calibration map (Zhu et al., 2021). The shaft
force varies sinusoidally over a cycle and peaks at 56.8 N at
0.0128 s. The spring force is related to the mechanical spring stiff-
ness and piston displacement. The mechanical spring stiffness of
the linear compressor is 16284.85 N/m. The real-time displace-
ment in the cylinder can be determined from the piston position
measured by a displacement transducer. The piston is closest to
the top of the cylinder at 0.0054 s. and the mechanical spring force
reaches a maximum of 90.1 N. The damping force is dependent on
the damping coefficient and piston velocity, and the inertia force is
determined by the moving mass and piston acceleration. Viscous
damping is the most important form of damping for linear com-
pressor pistons. In the calculation of the damping coefficient, the
flow in the radial clearance is assumed to be laminar and the radial
clearance is a fixed value (Liang et al., 2014a). Linear compressor
damping coefficient is about 0.0475 N*s/m and moving mass is
0.66 kg.

3.3. Off-resonance characteristics of the linear compressor

Linear compressor off-resonance characteristics were also
examined in the range of 36–40 Hz band using a linear compressor
with an 11 mm stroke and a 2.5 pressure ratio. Fig. 6 illustrates
Fig. 5. The variation of shaft force, spring force, inertia force and damping force
over time for a linear compressor under resonance frequency.



Fig. 6. Compressor input power and power factor against operating frequency. Fig. 7. Copper loss and seal loss against operating frequency.

Fig. 8. Motor efficiency, isentropic efficiency, and volumetric efficiency against
operating frequency.
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compressor input power and power factor as a function of operat-
ing frequency. Compressor power input _Win was calculated based

on the measured voltage and current _Win ¼ 1
t

R t
0 UIdt, where U is

voltage, I is current, and t is operating period (Sun et al., 2021).
The linear motor power factor reflects the utilization ratio of the

power input. It can be expressed as PF ¼ _Win
UrmsIrms

(Sun et al., 2021).
The power input is lowest at operating frequency of 38 Hz
(91.96 W), and the power factor is maximum (0.998). As the oper-
ating frequency deviates from 38 Hz, power input rises noticeably.
The input power rises to 102.3 W at 36 Hz and 99.09 W at 40 Hz.

One of the possible reasons that contribute to the lowest input
power needed at 38 Hz operating frequency in Fig. 6 is the copper
and seal losses are found to be minimal at this specific operating
point as demonstrated in Fig. 7. The copper loss is the energy loss
due to resistive heating. The copper loss _Wcopper was calculated

using _Wcopper ¼ Irms
2R (Chen et al., 2020a). Where R is the total coil

resistance and Irms is root mean square (RMS) value of current sup-
plied to the compressor. The seal leakage power loss _Wseal is
expressed by Eq. (12) (Liang et al., 2013), where c is radial clear-
ance, l is viscosity constant, L is clearance length, and P1a is
amplitude.

_Win � pfDc3

24lL

I
P1a

2 sin 2pft 2PbþP1a sin 2pftð Þ
PbþP1a sin 2pft

ð12Þ

With reference to Fig. 7, the copper loss is minimum at the
operating frequency of 38 Hz (�10 W). At lower (36 Hz) and higher
(40 Hz) operating frequencies, the copper loss elevates by � 5.1 W
and � 2 W, respectively. The seal loss does not vary significantly
with operating frequency, fluctuating at about 3.08 W, as seen in
Fig. 7. This signifies that the seal loss is weakly dependent on the
operating frequency.

Fig. 8 shows the motor efficiency and isentropic efficiency
against operating frequency. The motor efficiency gm and isen-

tropic efficiency gisen can be expressed as:gm ¼ _Win� _Wcopper
_Win

and

gisen ¼ _m h2�h1ð Þ
_Win

(Sun et al., 2021). Where h2 is the isentropic dis-

charge enthalpy of the compressor and h1 is the suction enthalpy
of the compressor. Owing to the compressor losses being minimum
at 38 Hz, the maximum motor efficiency and isentropic efficiency
were acquired at 38 Hz operating frequency, with a motor effi-
ciency of 81.98 % and an isentropic efficiency of 51.31 %. The motor
efficiency and isentropic efficiency both fell by 3.32 % and 4.47 %,
respectively, when operating at 36 Hz. When the compressor
stroke is fixed, volumetric efficiency does not change considerably
with the compressor working frequency. The largest change in vol-
umetric efficiency while the compressor runs at 36–40 Hz is about
3.2 %. As a result, the compressor that operates at off-resonance
6

consumes approximately 2.8 % more energy than that at the reso-
nance frequency.

Cooling capacity and COP are important indicators for evaluat-
ing the performance of refrigeration systems. In contrast to con-
ventional compressors with start-stop regulation and frequency
regulation, linear compressors can regulate cooling capacity by
varying the drive frequency and piston stroke. Cooling capacity
Qc can be calculated using Qc ¼ _mðh1 � h5Þ (Chen et al., 2020b).
Where, h5 is refrigerant enthalpy at compressor inlet. COP was cal-
culated using COP ¼ Qc

_Win
(Chen et al., 2020b). Fig. 9a shows the COP

and cooling capacity at a variable drive frequency for a fixed stroke
of 11 mm. The cooling capacity does not change substantially with
frequency when the compressor is operating near the resonance
frequency. The COP, on the other hand, has a nearly symmetrical
tendency over the frequency range. The highest COP is 3.39 and
the cooling capacity is 312.17 W when the operating frequency
is at the resonance frequency. This is because the input power is
low at the resonance frequency. Nonetheless, as the operating fre-
quency is changed from the resonance frequency, the input power
increases and the COP declines. The COP reduces to 3.01 at 40 Hz.

The COP and cooling capacity at the resonant frequency with
varying compressor strokes are shown in Fig. 9b. With an increas-
ing stroke, cooling capacity and COP rise in a roughly linear fash-
ion. The maximum cooling capacity is 457.96 W and the
maximum COP is 3.42 at a stroke of 13 mm. Sun et al. (2021) also
found that when piston stroke increases, compressor input power
operating at a given frequency with changing strokes also rises.
The cooling capacity and input power both increase linearly as



Fig. 9. (a) Cooling capacity and COP at a variable drive frequency for a fixed stroke
of 11 mm (b) Cooling capacity and COP at a variable stroke for a fixed frequency of
38 Hz.
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the compressor stroke extends, however, the rate of increase in
input power is notably lower than the cooling capacity.
4. Conclusion

This study unveils that the linear compressor resonance fre-
quency exhibits a linearly decreasing trend with the increase of
compressor operating stroke. Nonetheless, the linear compressor
resonance frequency increases significantly (�3 Hz) as the com-
pressor pressure ratio elevates from 2.0 to 2.5. The Linear Equiva-
lent model is more accurate in estimating the compressor resonant
frequency than the Fourier Transform model, despite the errors for
both models being less than 10 % when compared with experimen-
tal data. The Linear Equivalent model is evidently a more reliable
tool than the Fourier Transform model in approximating linear
compressor resonant frequency for pressure ratio 2–2.5.

The input power required to operate the compressor is the low-
est when the compressor is operating at the resonance frequency.
The compressor input power increases by a factor of approximately
1.2 as the compressor operating frequency reduces by 2 Hz. Con-
currently, the compressor isentropic efficiency reduces
by � 3.1 % as the compressor operating frequency lowers by
2 Hz. The cooling capacity of a linear compressor system does
not vary significantly with the operating frequency; the COP is
highest (3.42) at the resonance frequency. The cooling capacity of
a linear compressor system can be increased by increasing the
compressor operating stroke. The cooling capacity has been found
to increase by � 270 W when the compressor operating stoke
extends by 3 mm.
7
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