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Abstract—In this work we introduced the operation of a 

water source heat-pump with internal heat exchanger. The aim 

of this article is to demonstrate the maximum value of the 

coefficient of performance with using various refrigerants. The 

heat-pump’s components: the evaporator, the compressor, the 

internal heat exchanger, the condenser and the expansion 

valve. The mathematical model of this pump was used with 

concentrated parameters. The analysis was performed with the 

following refrigerants: R22/R134a/R407C/R410A. During the 

research we used the Solkane8 simulator. The obtained results 

are represented graphically.  

Keywords—heat-pump, refrigerant, coefficient of 

performance – COP, mathematical model 

Symbols: 
   [kW] cooling capacity 

   [kW] specific cooling capacity 

   [°C] temperature of the evaporator 

   [°C] temperature of the internal heat 
exchanger 

   [°C] temperature of the condenser 

   [°C] temperature of the subcooling 

   [bar] pressure of the evaporator 

   [bar] pressure of the internal heat exchanger 

   [bar] pressure of the condenser 

    [kJ/kg] evaporation latent heat 

   [kJ/kg] condensation latent heat 

  [W/  K] coefficient of heat transfer 

  [g/mol] molar mass 

  [kJ/kg] gas constant 

   [°C] melting point 

   [°C] boiling point  

  [bar] vapor pressure of the refrigerant 

 ̇ [  /s] volume flow of the refrigerant 

Greek letters: 

   [kg/  ] density 

   [-] efficiency 
 

 

I. INTRODUCTION 

The excellent possibility of using increased renewable 
energy sources is to apply a heat-pump. The heat-pumps 
facilitate the economical trade-in of fossil fuels with using 
renewable and waste energy sources, so they considerably 
reduce the power-supply‘s operating costs of the buildings. 
Of the aspect of energetic it is favorable to apply heat-pumps 
for heating and cooling constructions and producing hot 
water. Today heat-pump is the most effective device to save 
energy and to reduce carbon dioxide emissions. The biggest 
saving of energy can get with rationalizing the production 

and application of the energy, with decreasing the losses of 
heat of the constructions, as well as with the optimal 
selection and operation of heating systems. Short distance 
away from now the heat-pump expected will be essential 
equipment of updating the heating technologies in building 
engineering. For the correction of the energy efficiency we 
have to aspire to the most accurate description of the heat-
pump‘s operation and the processes that take place in heat-
pump, in addition to develop and refine physical and 
mathematical models. The mathematical model of the heat-
pump allows the formation of the optimal systems, the 
evaluation of the operating characteristics, besides the 
planning of the lifetime and costs. Nyers et al. [1], Zhang et 
al. [2], Garbai et al. [3], Kassai et al. [4], Poós et al. [5] 
engaged in the creation of the heat-pump‘s mathematical 
model, and Nyers et al. [6], Szánthó Z [7], Garbai et al. [8] 
with the optimization. The optimum energy of the heat-pump 
appears, when the coefficient of performance takes up the 
maximum value. We achieve the maximum energy 
efficiency, if we deliver the heat to the place of use with 
expending minimal invested mechanical work. In our current 
article we have investigated the coefficient of performance of 
the heat-pump with internal heat exchanger with using R22, 
R134a, R407C and R410A type of refrigerant, because the 
refrigerant attend in the cooling equipment‘s cycle as the 
means of transport. 

II. THE PHYSICAL MODEL OF THE HEAT-PUMP WITH 

INTERNAL HEAT EXCHANGER 

The equipment has 5 principal structural component, 
these are the evaporator, the compressor, the internal heat 
exchanger, the condenser and the expansion valve.In the 
evaporator the refrigerant evaporates, takes over the heat 
from the cooled medium with lower degree of heat, then the 
formed vapor from the  evaporator‘s temperature and 
  pressure adds into the internal heat exchanger, here the 
evaporation temperature decreases to the   the temperature 
of the internal heat exchanger, while the evaporation 
pressure increases to    the pressure of the heat exchanger at 
some level. At the end of the evaporation will take place 
some superheating what means the refrigerant‘s temperature 
will be higher with a few Kelvin from the evaporation 
temperature. The obtained refrigerant-vapor with specified 
condition gets into the compressor. The function of the 
compressor is to transform the refrigerant-vapor with 
specified volume flow from a lower pressured place to a 
higher one, in effect the compressor raises it to a higher 
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energy level, namely compresses to the   condensation 
pressure. Everything proceeds by investing mechanical 
work. The function of the condenser is to hand down the 
taken heat flow from the evaporator and the added energy 
flow from the compressor to an atmospheric medium (water 
or air), during condensing the arrived refrigerant from the 
compressor. As the refrigerant-vapor arrives in superheated 
state into the condenser, first of all necessary to deprive the 
superheat temperature, then the vapor reach the   saturation 
temperature, begins the condensation. After this the 
superheated vapor replaces the evaporated refrigerant in the 
evaporator and in the internal heat exchanger. The fluid flow 
with condensation pressure subcooles to the    temperature 
through the internal heat exchanger. Besides the same 
conditions decreases the volume flow by the subcooling, 
therefore the subcooling repairs the power factor of the 
cycle. The expansion valves are the 5th component of the 
cooling equipment, in them takes place the decompression 
from the condensation pressure to the evaporation pressure, 
the addition of the needful amount of the refrigerant into the 
evaporator for the system‘s correct operation, in addition to 
block the section between the condenser and the evaporator 
in case at shutdown. 

 

Fig. 1. Schematic representation. 

III. MATHEMATICAL MODEL OF THE HEAT-PUMP 

WITH INTERNAL HEAT EXCHANGER 

Specific heat removal:  

             *
  

  
+ 

Specific heat dissipation: 

         *
  

  
+ 

Specific work of compressor: 

         *
  

  
+ 

Heat balance of the cycle: 

          

Mass flow of the refrigerant: 

  ̇  
 ̇ 

  
*
  

 
+ 

The ideal performance of the compressor: 

     ̇    [  ] 

The volume flow of the exhaust vapor by the compressor: 

  ̇   ̇    *
  

 
+ 

The theoretical supplier performance defined by and 
mortise, an s stroke, nrevolution, znumber of roll: 

  ̇    
    

 
   

 

  
  *

  

 
+ 

Factors which decrease the transport of the refrigerant in 
the compressor, taking into consideration with transmission 
rate: 

  ̇    
 ̇

 

*
  

 
+ 

              

Volumetric heat removal, expressed cooling effect by per 
unit volume refrigerant: 

     
  

   
*
  

  + 

Knowing these details the volume flow of the refrigerant 
transported by the compressor: 

  ̇  
 ̇ 

   
*
  

 
+ 

Mass flow of the circulating refrigerant: 

  ̇  
 ̇    

   
*
  

 
+ 

Refrigerant flow in the internal heat exchanger: 

              (      ) 

               ( 
 
    ) 

   
 
    

    

Specific cooling capacity or also known as COP-
coefficient of performance, which determines the ratio 

between the  ̇  and the P performance: 
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Fig. 2. Representation the cycle‘s log p-h diagram. 

IV. ANALYZING THE WORKING FLUID OF THE 

HEAT-PUMP WITH INTERNAL HEAT EXCHANGER 

The refrigerants transport the heat in a locked cycle, 
which takes place in the internal domain of the cooling 
equipment. We have analyzed the following refrigerants: 
R22, R134a, R407C,R410A. Every liquid or liquid-mixture 
is employable as a refrigerant, which is easily evaporable and 
condensable along a lower temperature, well operable on the 
borders of the temperature and the pressure. They need to 
comply with requirements related with specified chemical, 
ecological, cooling functions, the storage to be used. Each 
refrigerant has an own log p-h diagram and a vaportable. We 
demonstrated severalthermodynamic and the physical 
characteristics of the refrigerants by the following tables. 

TABLE I PHYSICAL CHARACTERISTICS OF THE 

REFRIGERANTS 

Denomin. Composition Boiling point Evaporation 

R22 CH  Cl -40,75 °C 234 kJ/kg 

R134a    F-C   -26,2 °C 215 kJ/kg 

R407C zeotrop -44,0 °C 247 kJ/kg 

R410A azeotrop -52 °C 237,8 kJ/kg 

TABLE II VAPOR PRESSURE OF THE REFRIGERANTS ON 

VARIOUS TEMPERATURE 

Denomination Vapor pressure 

-30 °C -0 °C 40°C 

R22 1,64 bar 4,97 bar 15,36 bar 

R134a 0,85 bar 2,93 bar 10,16 bar 

R407C 1,37 bar 4,52 bar 15,17 bar 

R410A 2,75 bar 10,82 bar 23,98 bar 

V. PRESENTING SIMULATION RESULTS 

In this article we have investigated the operation of the 
heat-pump with internal heat exchanger, we used the 
Solkane8 simulation program. The obtained results are 
demonstrated on graphics. 

A. Initial parameters of the simulation 
Evaporator:  Compressor: 
  = 0 °C    = 0,8 
     = 5 K  Heat exchanger: 
    = 0,5bar    = 5 K 
    = 10 kW 
Condenser: 
  =45 °C 
    = 0,5 bar 

 
Fig. 3. Coefficient of performance. 

 
Fig. 4. Performance of the compressor. 
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Fig. 5. Volume capacity of the refrigerants 

 
Fig. 6. Performance of the internal heat exchanger. 

 
Fig. 7. Pressure difference. 

 
Fig. 8. Pressure ratio. 

VI. ANALYZING THE SIMULATION RESULTS 

After concluding from of the simulation results by these 
obtained boundary conditions that the maximum value of the 
COP of the heat-pump with internal heat exchanger (Figure 
3) is available if we apply the R134a refrigerant, while we 
get the lowest value of the COP of the heat-pump by using 
the R410A refrigerant of the analyzed ones. On the figure 4 

is evidence that this trend turns around. The heat-pump‘s 
performance of the compressor is the lowest when we use 
the R134a refrigerant, during if we apply the R410A 
refrigerant it is the highest, which refrigerant naturally 
effected the lowest coefficient of performance. On the 
figure5 we demonstrated the volume capacity of the 
refrigerants, it follows the fourth figure‘s line-up. After 
checking-up these results we can conclude that the R134a 
refrigerant has the highest mass flow, because his latent heat 
is the lowest as we can see in the table 1. The pressure 
difference of the refrigerants are represented on the figure 7. 
The highest pressure difference dominates in the heat-pump 
by applying the R410A refrigerant because he has the lowest 
mass flow, these results envolve that the R410A refrigerant 
has the highest performance of the compressor. During at the 
R134a refrigerant weget the lowest value of the performance 
of the compressor. The performance of the internal heat 
exchanger is shown on the figure 6 we can diagnose the 
lowest value of the performance by using the R22 
refrigerant. On the figure 8 we can see the pressure ratio of 
the refrigerants, and the R134a refrigerant has the lowest 
partial pressures. Then we can say that the R134a refrigerant 
is well-used at the heat-pumps with lower performance, at air 
conditioner, because low pressure dominates in the heat 
exchanger, does not geometrically demand the robust size. 
After investigating the received results we are able to affirm 
that the maximum value of the COP of the heat-pump with 
internal heat exchanger is given by applying the R134a 
refrigerant. This refrigerant appeared at the beginning of the 
1990s, as the alternative of the R12. His thermodynamic 
characteristics are very favorable, but because it is a 
halogenated hydrocarbon, it is not friendly from the side of 
environment. By taking part in the global warming 
(GWP=1300) the EK 842/2006 banished from the 
automotive applications as a refrigerant. However nowadays 
the R134a is able to find in passenger cars, or in heating and 
cooling equipment as a refrigerant. 
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