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ABSTRACT 

Reciprocating compressors have high energy consumption due to friction between component parts. Linear 
compressors with fewer parts than reciprocating compressors are able to minimize friction and deliver energy efficient 
performance. This study examines the impact of changing frequencies in compressors used in household refrigerators on 
overall cooling capacity and COP. For this, two frequency settings of 56.5 Hz and 100 Hz were tested to predict changes in 
cooling capacity, compression work, and COP. Results from the numerical analysis showed that low frequency resulted in 
reduced cooling capacity and compression work but enhanced COP. Higher frequency resulted in lower COP but higher 
cooling capacity, allowing for higher output from the same volume.  
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INTRODUCTION 

Compressors are devices that compress 
refrigerant in the cooling cycle to produce high 
temperature and pressure; they are commonly used in 
household refrigerators, air conditioners and industrial low 
temperature warehouses. Refrigerators are used in a 
majority of households and industrial facilities and the 
compressor takes up about 80% of energy consumption in 
a typical refrigerating unit (1). 

Compressors commonly used in refrigerators can 
be classified into reciprocating compressors, scroll 
compressors, screw compressors and linear compressors.  
Reciprocating compressors utilize connecting rods to 
convert the rotating motion in the motor into the 
reciprocating motion of the piston that compresses the 
refrigerant. However, the reciprocating compressor has a 
great amount of friction between its component parts, 
which acts to lower compressing efficiency. Therefore, 
linear compressors are typically used in smaller 
refrigerators as a solution to this friction problem. Linear 
compressors use motors powered by strong magnets, 
allowing for the connecting rods used in reciprocating 
compressors to be removed. Thus, friction loss is 
minimized and the lower flow resistance makes this type 
of compressor 26% more efficient than the reciprocating 
compressor.  

The study of compressors has been steadily 
advancing since the 1950s. Amid ongoing studies on 
enhancing compression efficiency using simple one 
dimensional mathematical models (2), there have been 
studies on partial modelling (3~5) and modelling of the 
entire compressor(6,7) to make predictions based on 
numerical analysis. 

Economizers are currently used in compressors in 
order to maximize energy efficiency and enhance the 
Coefficient of performance (COP).Before the refrigerant is 
fed into the expansion valve; economizers divert some of 
the refrigerant into the secondary expansion valve, where 

it is expanded. It is then combined with the remaining 
refrigerant before it goes into the main expansion valve to 
enable heat exchange between the two, increasing super 
cooling and thus the endothermal capacity. The refrigerant 
coming out of the secondary expansion valve is fed into 
the compression chamber during the compression process, 
lowering the temperature of the refrigerant to reduce the 
compression work and thus enhance COP (8). There have 
been studies utilizing economizers in scroll and rotary type 
compressors to enhance the COP. Ma et al. (9) applied a 
sub-cooler and flush-tank to a scroll compressor with 
experimental results proving an approximate 4% rise in 
the COP of the flush tank. Navarr et al. (10) applied vapor 
injection (VI) to a scroll compressor to enhance COP by 
about 10%, while Wang et al. (11) enhanced COP in a 
scroll compressor by about 16% by bypassing a portion of 
the condensed refrigerant into the compressor. Self (12) 
analysed the variables affecting COP when applying an 
economizer to a vapor compressor and arranged variable 
impacts in order of evaporation pressure (36.6%), super 
cooling (14.9%), economizer pressure (1.3%) and 
superheating (0.8). Another well covered area of research 
is the linear compressor. Kim et al. (13, 14) studied 
performance changes in refrigerator ICM (Inherent 
Capacity-Modulated) linear compressors through 
numerical analysis and experiments, while Kim et al. (15) 
examined the dynamic characteristics of a linear 
compressor through numerical analysis and experiments. 
Yang et al. (16) conducted a study on the application of a 
linear compressor to a split-Stirling cryocooler and the 
resulting phases and strokes. 

There have also been studies on compressor 
frequency variation for high speed operation. Park (17) 
predicted through numerical analysis that cooling capacity 
goes down when compressor frequency is adjusted to 
above 90 Hz. Michael et al. (18) conducted an experiment  
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Figure-1. Schematic diagram of the typical 
refrigeration cycle. 

 
on frequency variation using a scroll compressor to show 
that total efficiency dropped 1% at 60 Hz compared to that 
at 50 Hz. However, our review has found a lack of existing 
research conducted on frequency variations in linear 
compressors. 

Thus, this study aims to predict the impact of 
operation frequency variation on performance in 
compressors. For this, we examined changes in internal 
flow depending on frequency variation and predicted 
cooling capacity from the inflow of refrigerant from the 
suction valve. Finally, a P-V diagram was used to predict 
compression work in order to calculate changes in COP. 
   
Analysis method and conditions 

The fluid flow considered in this numerical 
analysis was axi-symmetric, compressible, unsteady, 
turbulent. The actual physical properties of isobutene 
(R600a) (19) were used, while the Fluent supported 
dynamic mesh layering method, as shown in Figure-2, was 
used to describe the suction-expansion-compression-
discharge process within the compression chamber. The 
initial temperature within the cylinder was 25°C and the 
heat transfer on the cylinder wall surface was assumed to 
be at insulation condition. 

Figure-3 shows a schematic diagram of the 
compressor used in the numerical analysis. Piston 
frequencies were assumed to be 56.5 Hz and 100 Hz, 
respectively. The suction, compression, expansion and 
discharge process is described using dynamic mesh and 
divided into the moving zone and fixed zone, as shown in 
Figure-4. The cell height at which layering occurs is 0.3 
mm. Figure-5 shows the internal pressure within the 
cylinder according to the piston phase and the discharge 
valve is described as open when cylinder pressure rises 
above the designated discharge pressure and closed when 
phase angle is at TDC (Top dead center). 

84, 000 hexahedral and tetrahedral meshes were 
used, while Fluent was used in the compressor modelling 
and numerical analysis. Inflow from the inlet valve, 
pressure and cylinder internal pressure were monitored at 
intervals of 5x10-6 seconds to calculate cooling capacity 
and compression work. 

 
 

Figure-2. Layering mesh (a: compression process, b: 
expansion process). 

 

 
 

Figure-3. Schematic of the numerical analysis model. 
 

 
 

Figure-4. Mesh system. 
 

 
 

Figure-5. Valve timing with piston phase angle. 
 
RESULTS AND DISCUSSIONS 
 
Numerical analysis of cylinder internal flow depending 
on operation frequency variation 

Figure-6 shows the internal flows of the 56.5 Hz 
and 100 Hz models at piston phase angle 269°during the 
suction process. The 100 Hz model exhibited a refrigerant 
influx velocity of 24 m/s at the suction valve, which was 
73.1% faster than that of the 56.5 Hz model. This meant 
that volume efficiency was reduced by about 3.9% at high  
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(a) 56.5 Hz piston phase angle = 269° 

 

 

(b) 100 Hz piston phase angle = 269° 
 

Figure-6. Change in internal flow of the cylinder at 
varying piston phase angles. 

 

 

(a) 56.5 Hz piston phase angle = 269° 

 

 

(b) 100 Hz piston phase angle = 269° 

 
 

Figure-7. Change in internal pressure of the cylinder with 
varying piston phase angles. 

 
speed. When the velocity of the refrigerant entering 
through the suction valve increases, the cooling capacity 
also increases. 

Figure-7 shows the changes in internal flow 
within the cylinder during the suction process at piston 
phase angle 269°. The difference in pressure between the 
compression chamber and within the piston was 407 Pa in 
the 56.5 Hz model and 1,256 Pa in the 100 Hz model, 
making the latter about 2.1 times higher than the former. 
This causes the velocity of the refrigerant influx into the 
compression to rise. 
 
Numerical analysis of changes in suction valve flow 
and pressure depending on operation frequency 
variation 

Figure-8 shows changes in refrigerant flow at the 
suction valve depending on changes in the operation 
frequency. When the operation frequency went up from 
56.5 Hz to 100 Hz, the pattern of refrigerant suction into 
the suction valve remained similar but the mass flow 
increased with changes in the piston phase angle, resulting 
in a 67.6% increase in mass flow.  

Figure-9 shows pressure changes in the suction 
valve according to changes in operation frequency. The  

 
 

Figure-8. Variation of piston phase angle with normalized 
suction valve mass flow rate for 56.5 and 100 Hz. 

 

 
 

Figure-9. Variation of piston phase angle with normalized 
suction valve pressure for 56.5 and 100 Hz. 

 

 
 

Figure-10. Variation of normalized mean refrigerants 
mass flow rate per cycle for 56.5 and 100 Hz. 

 
lowest and highest pressures at 56.5 Hz were 4.6% lower 
than the suction pressure and 2.5 % higher than the suction 
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pressure, respectively, while the corresponding values at 
100 Hz were 8.4 % lower and 3.5 % higher than the 
suction pressure, respectively. The shapes of the two 
models were identical but a simple increase in frequency 
from 56.5 Hz to 100 Hz lowered the minimum pressure 
and raised the highest pressure, increasing the inflow at 
the suction valve. 

Figure-10 shows the mass of the refrigerant 
flowing into the cylinder per cycle. The period for a single 
cycle at 56.5 Hz was 0.017 seconds; this period was 0.01 
seconds at 100 Hz. The mass of refrigerant inflow per 
cycle went down about 5.6% at 100 Hz. This was because 
the shorter cycle meant less refrigerant flowing into the 
cylinder, reducing the volume efficiency. This shows that 
when frequency is increased in a compressor, the volume 
efficiency is lowered. Thus an optimal refrigerant suction 
system has to be designed in order to enhance volume 
efficiency during high speed operation. 
 
Numerical analysis of performance depending on 
operation frequency variation 

Figure-11 shows the P-V diagram for varying 
operation frequencies. Pressure difference did not occur as 
the system was designed to open the suction valve at the 

operating pressure, close the suction valve and open the 
discharge valve at the designated discharge pressure.  
 

 
 

Figure-11. Variation of cylinder volume with normalized 
cylinder pressure for 56.5 and 100 Hz. 

 
Table-1. Comparison of cooling capacity, compression work and COP. 

 

 56.5 Hz model 100Hz model 
Difference between 
56.5 Hz model and 

100 z model 

Frequency 100% 177.0% 77.0% 

Cooling capacity 100% 167.6% 67.6% 

Compression 
work 

100% 171.9% 71.9% 

COP 100% 97.5% -2.5% 

 
However, the timing of the opening of the 

discharge valves varied slightly, as the valve opened at the 
piston phase angle of 138 °for 56.5 Hz, and at 139 °for 
100 Hz, making the latter about 0.6 % slower. The delay 
in the opening of the discharge valve was due to 
insufficient influx of refrigerant into the cylinder, causing 
about 4% difference in pressure during the compression 
process. This was due to the lowered volume efficiency in 
the 100 Hz model.  

Table-1 shows differences in cooling capacity, 
compression work and COP in the 56.5 Hz and 100 Hz 
models. When the frequency was increased by 77% from 
56.5 Hz to 100 Hz, cooling capacity was enhanced by 
67.6 % but compression work rose by 71.9 %, resulting in 
an overall 2.5% drop in COP. Although the rise in 
compression work should be accompanied by a 
corresponding rise in cooling capacity, the reduction of 
volume efficiency led to a drop in the refrigerant influx at 
the suction valve, resulting in a 2.5% drop in COP.  
However, at a higher operation frequency, the volume 

required to achieve the same cooling capacity is only 60% 
of that required at a lower frequency. This means that 
refrigerator space can be used more efficiently just by 
adjusting the operation frequency.  
 
CONCLUSIONS 
 This study was conducted under the aim of 
understanding the impact of operation frequency change 
on compressor performance for refrigerator compressors. 
In order to do this, CFD was used to analyse axi-
symmetric, unsteady and turbulent flows in the 
compressor cycle and predict the cooling capacity, 
compression work and COP. This study yielded the 
following conclusions. 
 
a) When operation frequency increases from 56.5 Hz to 

100 Hz, the refrigerant velocity and pressure change 
are increased due to the rise in piston speed. 
Maximum refrigerant speed goes up about 73 % while 
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refrigerant pressure change in a single cycle increases 
by 68 %. Mass flow increases, enhancing the cooling 
capacity but COP drops as volume efficiency is 
reduced. 

b) When operation frequency increases from 56.5 Hz to 
100 Hz, mass flow increases about 67.6%. This means 
a 5.6 % drop in volume efficiency. Thus, the optimal 
refrigerant suction system has to be designed in order 
to enhance volume efficiency during high speed 
operation.  

c) When compressor operation frequency increases from 
56.5 Hz to 100 Hz, cooling capacity is enhanced by 
67.6 % but compression work rises 71.9 %, resulting 
in an overall 2.5% drop in COP. However, at a higher 
operation frequency, the volume required to achieve 
the same cooling capacity is only 60% of that required 
at a lower frequency. This means that refrigerator 
space can be used more efficiently just by adjusting 
the operation frequency. 

d) Finally, this study points to the necessity of future 
studies regarding methods to improve volume 
efficiency in high speed refrigerant compressors. 
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