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ABSTRACT 

Refrigerant carbon dioxide has suitable thermodynamics properties and small influence to the environment. In 
this article there are studied and analysed pressure losses through the suction filter and the valve plate on 
discharge side of compressor and CFD simulations of the flow through these areas are carried out. CFD 
simulation’s results are compared with experimental measurements of pressure losses in the suction filter and 
on valve plate. Experimental measurements cover different areas of working envelope of the compressor. On 
the basis of CFD simulations were designed geometric and structural modifications of suction filter and valve 
plate to analyse the changes of pressure losses in the refrigerant flow. 
 

1. INTRODUCTION 

Using carbon dioxide as a refrigerant has engaged many researchers in their theoretical and experimental work. 
Yoon, Kim et al. (2003) in their work presented measured data to construct the characteristics of heat transfer 
coefficient and pressure drop obtained in the gas cooling process in a horizontal tube. Son and Park (2006) 
experimentally investigated the heat transfer coefficient and pressure losses in the cooling process with CO2 
in a horizontal tube (Son, Ch. H. and Park, S. J., 2006). Oldřich (2011) in his work dealt with the selection of an 
appropriate real gas equation of state for designing of compressors. Lisboa et al. (2010) investigated heat 
transfer of carbon dioxide using computational fluid dynamics (CFD). Jiang et al. (2008) investigated 
numerically and experimentally convective heat transfer of CO2 at supercritical pressures in a vertical porous 
tube (Jiang, P. X. et al.., 2008). Fard (2010) has developed CFD model to determine the convective heat transfer 
coefficient of carbon dioxide in two porous tubes. 
Undesirable pressure losses, which can affect the operation of the circuit and thus the mentioned economic 
and energy aspect. One of the most important component of the cooling circuit is the compressor, in which lot 
of pressure losses can be created, for example in suction filter, in the valve plate, in the inlet channels to the 
cylinder heads, etc. It is necessary to minimize these losses, for example with appropriate geometry of valve 
plate, suction filter, valves, channels and so on. This would achieve lower power consumption to drive the 
compressor, which can increase the overall energy efficiency of cooling circuits. 
However, in order to improve the design of the intake valves and filters, and consequently the efficiency of 
compressors, it is necessary to well understand the flow of refrigerant through these components. CFD 
simulation, which is based on the finite volume method, can predict the behavior of the gas flow with changing 
the geometrical parameters of the components and thus it can save considerable funds for the production of 
expensive prototypes, which are tested experimentally. 
Using carbon dioxide as a refrigerant in cooling circuits due to its physical properties and pressure conditions, 
reducing the pressure losses at the lowest possible values is required. To achieve low pressure losses it is 
necessary to know the behaviour of the refrigerant in circuit, especially its flow through different parts of the 
compressor. Using appropriate software, such as ANSYS CFX®, FLUENT, it is possible to achieve 
sufficiently precise simulation of refrigerant flow. 
Aim of this work is to measure the pressure losses through the discharge side of the valve plate and suction 
filter of compressor.  
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The paper deals with the analysis of pressure losses in the carbon dioxide refrigerant flow through the suction 
filter and valve plate of semi-hermetic reciprocating compressor. There will be analysed new designs of suction 
filter compared to serial design and modified valve plate compared to serial. There are three conditions of 
valve lift and four pressure levels to be measured and analyzed: 

 valve plate without discharge valves, with serial discharge valves and with modified discharge valves 
(increased valve lift from 2 mm to 3,5 mm) 

 discharge pressure levels: 50 bar, 60 bar, 70, bar, 80 bar 

The aim of this work is to carry out CFD simulation of refrigerant flow, which covers different areas of working 
envelope of compressor and compare the values of pressure losses with experimental measurement. By 
displaying the velocity and pressure fields it can be understood the behavior of the refrigerant flow in the 
suction filter and valve plate. CFD simulation will be the basis for the design of the new model of suction filter 
and valve plate geometry, which enables the reduction of pressure losses.  

2. MATHEMATICAL MODELLING 

2.1. Governing equations  

The instantaneous state of flowing viscous compressible fluid is given by velocity components  and 
fundamental thermodynamic values: static pressure p, density ρ and temperature T. The viscous compressible 
fluid flow is described by fundamental conservation laws, i.e. law of conservation of mass, momentum and 
energy, which are supplemented by other, so-called constitutive equations, which define the thermodynamic 
properties of a fluid. The system of fundamental conservation laws is described in (Šustek J. and Ruman R., 2013 
and Ruman R. and Šustek, J., 2013)  

2.2. Porous medium 

In the CFD simulation of pressure losses of the suction filter, filter must be considered as a porous or permeable 
zone respectively. There are known two principles of solution of flow through porous media. Generally it is 
required to set the pressure drop in the porous zone and predict the behaviour of the flow field to optimize the 
design or it is required to know the following properties of porous media: porosity, permeability and thickness 
of the zone, viscous and inertial resistance. Review of the basic equations of flow in porous media is described 
in (Šustek J. and Ruman R., 2013 and Ruman R. and Šustek, J., 2013).  

3. MEASURING LINE 

Pressure losses measurement of suction filter was carried out with the help of Emerson Climate Technologies 
in their engineering laboratory in Mikulov (Czech Republic). Measuring line, where the pressure losses of 
suction filter or valve plate are measured in the empty body of compressor, consists of a compressor for 
compressing the refrigerant to the circuit, ensuring stationary flow of carbon dioxide with required pressure 
through the tested section, an oil separator, Coriolis mass flow meter, gas cooler, control and shut-off valves, 
and pressure and temperature sensors. Measuring line scheme is shown in Fig. 1. Refrigerant enters the 
compressor at pressure  and temperature , where is compressed by 4 cylinder compressor (capacity 38 
kW) to pressure  and temperature . In the high pressure side refrigerant enters first into the oil separator, 
where the oil is separated and returned into the compressor. After separation of oil, the refrigerant enters the 
tested section, where the pressure losses through the valve plate on discharge side or suction filter are 
measured, while the suction valves are fixed. Control valves are placed in the discharge pipe and they regulate 
the discharge pressure  (Control valve ). Refrigerant mass flow rate is measured by Coriolis mass flow 
meter. Gas phase refrigerant enters the counter flow type of plate heat exchanger (gas cooler), in which the 
refrigerant is cooled to the desired suction temperature . The amount of water flowing through gas cooler is 
controlled by water control valve. Suction pressure  at the inlet to the compressor is regulated by control 
valves (Control valve ) similarly as in the case of discharge pressure. Throughout the whole cycle the 
refrigerant moves only in gaseous form without phase change. The maximum allowable operating pressure in 
circuit is 12 MPa. Suction pressure range is between 2-4 MPa and the suction temperature CO2 as the 
refrigerant operates at high operating pressures and it is necessary to ensure maximum safety. As can be seen 
from Figure 2 and Figure 3, sections were limited with the safety cage. 
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Figure 1. Scheme of measuring line 

Measurement technique has recorded the suction and discharge pressure, suction and discharge temperature, 
and refrigerant mass flow rate, pressure loss in the inlet channel of stator cover with and without built-in 
suction filter. Pressure loss of suction filter was measured by differential pressure transducer. Location of the 
measurement points can be seen in Fig.2. The first measurement point was connected to the shut-off valve, at 
the inlet of flow to the filter. The second measurement point recorded the pressure through the drilled hole in 
the stator, at the outlet of flow from suction filter. In the Fig. 3 can be seen the reference points of the 
differential pressure transducer in the discharge side of compressor, where the pressure losses through valve 
plate were measured. 

 
 

Figure 2. Measuring line with placing pressure and 
temperature sensors with compressor in safety cage

Figure 3. Measurement points of the differential 
pressure transducer in the discharge side 

 
As it was mentioned before, there were investigated four different pressure levels through the valve plate in 
tested section (5,6,7 and 8 MPa) and also the valve lift on the discharge side of tested compressor was changed 
(the valve plate without discharge valves, serial valve lift, increased valve lift from 2 mm to 3,5 mm). The 
valves on the suction side were fixed to prevent back flow of refrigerant to the body of compressor. Evaporating 
temperature was -10°C. The values of the temperature and pressure on the suction side of running compressor 
were 2°  and  2,65	 .  
 

4. RESULTS AND DISCUSSION   

4.1 Suction filter 

In this work we have tried to change the design of current suction filter (Figure 4) without changing the whole 
mold of stator cover (Figure 2). So our options were limited by the available space in the canal of stator cover. 
First alternative design of suction filter (Alternative A) was thinner and longer with 8.6% bigger  surface than 
serial filter and its bottom circular part was reduced to 2/3 of original diameter. The second design of filter 
(Alternative B) had the same length as Alternative A, surface was about 6.5% smaller than in the case of serial 

 

 
 

 

∆  

∆  

ICR 2015, August 16 - 22 - Yokohama, Japan



filter, and its bottom part was ended in the shape of natural cone. We have made several experimental 
measurements on the measuring line described in chapter 3, to determine the loss coefficient of these filters. 
The loss coefficients were calculated according to the Idelchik’s formula ( 2 ∗ Δ ∗⁄  for porous 
media, thin screens and grids, where  (kg.m-3) is density, w (m/s) is velocity and Δ  (Pa) is pressure loss of 
suction filter (Šustek J. and Ruman R., 2013). In the Chart 1 we can see the functionality of loss coefficients of 
alternative filters with various Reynolds number. 

 
Figure 4. Current alternative design of suction filters A and B 

 

Figure 5. Functionality of loss coefficient with different Reynolds number 
 

It was surprising that Alternative A of suction filter showed the higher loss coefficient than other two 
alternatives, because at the beginning we thought that with bigger surface of filter we should achieve the 
reduction of pressure losses. It seems that total area of the filter is not the only one criterion, and we should 
also take into account the shape of the filter. The aim of the CFD simulation was to investigate the behaviour 
of carbon dioxide flow through these filters to see what is really happening inside the compressor. In CFD 
simulation the flow was set as isothermal, with properties of ideal gas, as a turbulence model was used standard 
SST  model, with moderate turbulence intensity (5%). Boundary conditions for fluid domain were 
defined with velocity-inlet and pressure-outlet type. Suction filter was set as porous medium with pressure 
jump boundary condition with defined permeability, pressure jump coefficient and the thickness of the zone. 
Results from CFD simulations are shown in the Fig. 6. Plane (thin-walled) grids, such as perforated sheets, 
wire and other screens are notable for their specific features: when a certain value of resistance coefficient in 
the cross section is attained at a finite distance downstream of the plane grid, the velocity profiles become 
overturned, so there is non-uniformity in the flow. It is because when the medium spreads over the front of the 
grid, the streamlines become distorted and they are moving in radial direction. With increase of the resistance 
coefficient of the grid all streamlines become to depart to the periphery, moving translationally only along the 
channel wall. So in the central part of cross-section appears the reversed flow and this overturned velocity 
profile develops downstream of the grid (Ruman R. and Šustek, J., 2013). This phenomena played the most 
significant role in the case of Alternative A, velocity profile was completely overturned and it led to the 
increase of loss coefficient. We can observe similar behaviour also in the case of serial suction filter, but its 
circular cross-section at the bottom had about 1/3 bigger diameter and the outlet of the flow was in the wider 
part of stator cover canal, so the decrease of pressure and detachment of the flow at the bottom of the grid was 
not so significant. Also we can see that Alternative B has got smaller total surface, but the velocity profile at 
the outlet is relatively uniform, so differences in total pressure drops between serial filter and Alternative B 
were really small. As we said, the results of loss coefficient in case of alternative A were surprising, so this 
case will be part of our further investigation with performing some additional experimental measurements. 
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Figure 6a. Displaying of the velocity fields in the empty canal of stator cover (left) and with built in serial filter (right) 

 

     
Figure 6b. Displaying of the velocity fields in the stator cover canal with Alt. A (left) and Alt. B (right) filters  

4.2 Valve plate 
 
First, the pressure losses through valve plate with different conditions were measured. These results were 
required for CFD simulation of refrigerant flow through discharge valves, which will be shown. For this 
simulation was used ANSYS CFX®. Boundary conditions for refrigerant flow were defined with pressure for 
inlet and with mass flow rate for outlet. The refrigerant CO2 was defined as a model of an ideal gas.  
On the chart 2 are shown the results of measured values of pressure losses for different conditions.  
 

 
Figure 7. Functionality of pressure losses on different pressure and different valve lift. 

 
As we can see, maximum pressure losses arise at the lowest pressure levels among four pre-set discharge 
pressures. Differences in pressure losses between the modified and serial valve plate geometry (changing the 
valve lift from the serial 2 mm to 3.5 mm) are only a few hundredths of a bar, which is not a significant change. 
Moreover, increasing the valve lift may result in higher depreciation of valve reeds. 
 
On the figure 8 can be seen the functionality of pressure losses to the mass flow rate in different pressure 
values. As seen in figure, the pressure losses of carbon dioxide for the fixed pressure of test section increases 
as the mass flow rate of carbon dioxide increases, and it has tendency to decrease as the system pressure 
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increases for given mass flow. This is because the density of carbon dioxide is higher if the system pressure is 
higher. The pressure drop decreases if the density increases at constant mass flow rate. 
 

 

Figure 8. Functionality of pressure losses to mass flow rate. 
 
In the Figures 9-14 it can be seen the CFD simulation of refrigerant flow through valve plate, specifically 
through the discharge channels of valve plate. The simulation was made for pressure level 50 bar, where the 
pressure losses were the highest. In the Figures 9-11 are displayed the velocity fields in discharge channels for 
different conditions of valve plate geometry. Here we can see as the refrigerant flows from cylinder through 
three discharge channels to cover of cylinder head. In the Figures 12-14 are displayed the total pressure fields 
in the discharge channels, again for different conditions of valve plate geometry. 
 

 
Fig. 9. Displaying of velocity field 

in the discharge channels  
(without discharge valves) 

Fig. 10. Displaying of velocity field 
in the discharge channels  
(serial discharge valves) 

Fig. 11. Displaying of velocity field 
in the discharge channels  

(modified discharge valves) 

 

 
Fig. 12 Displaying of total pressure 

field in the discharge channels 
(without discharge valves) 

Fig. 13. Displaying of total pressure 
field in the discharge channels  

(serial discharge valves) 

Fig. 14. Displaying of total pressure 
field in the discharge channels 

(modified discharge valves) 

5. DISCUSSION 

5.1 Suction filter 

The contour plots above (Fig. 6a and 6b) show that minor pressure losses originate in the refrigerant flow 
wherever there is a sudden change in the size or direction of the velocity. In these places there is a detachment 
of fluid flow from the wall and eddies are created. The values of pressure losses from experimental 
measurement of intake channel with serial and alternative suction filters for a given condition are entered in 
Table 1. The maximum deviation between experimental data and results calculated from CFD simulation were 
about 17%. Differences of CFD simulation results in comparison with measured values are due to the fact 
that in the CFD simulations were used simplifications of geometry and physical model.  
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Table 1. Experimental measurements of pressure losses and loss coefficient with various Reynolds number 

Condition 
Serial filter Alternative A Alternative B 

∆  
Re 

.10E+06 
 ∆  

Re 
.10E+06

 ∆  
Re 

.10E+06 
 

 (Pa) (-) (-) (Pa) (-) (-) (Pa) (-) (-) 

1 2055 0,47 1,87 5224 0,46 4,80 2883 0,46 2,64 
2 2486 0,58 1,73 6296 0,57 4,47 3424 0,57 2,42 
3 3145 0,66 1,75 8020 0,66 4,55 4133 0,66 2,34 
4 3934 0,77 1,72 9629 0,78 4,39 4838 0,78 2,20 
5 6426 0,84 2,32 13529 0,89 5,02 7392 0,89 2,76 
6 6039 1,04 1,76 15365 1,01 4,86 6847 1,03 2,08 

7 7939 1,08 2,12 19130 1,11 5,34 8603 1,11 2,44 

 

5.2 Valve plate 

Pressure losses can be defined as total pressure difference and these losses are resulting from the sudden change 
of velocity direction. Then we can see from the Figures of CFD simulation that the smallest pressure losses 
arise when using geometry of valve plate without valves because of smooth transition of refrigerant through 
the channels. Differences between using serial and modified discharge valves aren’t significant, but we can 
see smoother transition of refrigerant using modified valves and so the pressure losses are higher when using 
serial discharge valves. In the Table 2 is shown the comparison of the measured values of pressure losses with 
the simulation data. As we can see, there is difference from 12.9 to 14.4%, so the CFD model can be considered 
relatively accurate. 

Table 2. Comparison of the measured values with the simulation 

Condition of 

valve lift 

 

(MPa) 

 

(°C) 

 

(MPa) 

∆  experimental 

(bar) 

∆   

CFD model 

(MPa) 

Difference 

(MPa) 

Difference 

(%) 

without 5 2 2.65 2.2 0.189 0.031 14.1 

serial 5 2 2.65 2.29 0.197 0.032 14.4 

modified 5 2 2.65 2.23 0.194 0.029 12.9 

6. CONCLUSIONS 

The paper deals with the analysis of pressure losses in the refrigerant flow in the suction filter of compressor 
and the pressure losses in the discharge channels of valve plate of reciprocating compressor with carbon 
dioxide as a refrigerant. The aim of this paper was to analyse different designs of suction filter and valve plate 
geometry (without discharge valves, using serial valve lift, using modified valve lift) and also different pressure 
levels were used. The main objective of the first part was to investigate the influence of geometrical parameters 
of suction filter on the flow behavior and pressure losses. The maximum deviation between experimental data 
and results calculated from CFD simulation was 17%. From the experimental measurements and CFD 
simulation is observed that the most significant impact on velocity profiles and pressure losses has got circular 
cross section area at the bottom part of the filter, which is perpendicular to the main flow direction. The main 
objective of the second part was measuring of the pressure losses through valve plate with different conditions 
and these results were used for CFD simulation. Simulation may be considered precise because of maximum 
deviation of 14.4% comparing to measured data. Reduction of pressure losses using modified valve plate 
geometry wasn’t significant, but CFD model can be used for another geometry change without previous 
measurement because of its accuracy, for example changing diameter or edge of discharge channels. 
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7. NOMENCLATURE 

  components of body forces (N) 
  component of gravitational acceleration ms  
  heat flux Wm   
   components of velocity vector ms   
  Kronecker tesnor  

   bulk viscosity (Pa s) 
  thermal conductivity W	m K ) 
  dynamic viscosity kg	m s )  

  viscous stress tensor (N m-2) 
  medium porosity (-) 
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