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ABSTRACT 

 
Today, the importance of refrigeration has 

increased due to the shortage of food, food storage, 
health, and industrial cooling. Global warming is the 
most important environmental problem that the 
world has faced recently. Global Warming Potential 
(GWP) values of HFC type refrigerants are high. In 
order to contribute to this environmental problem, 
HFC type refrigerants are replaced with alternatives. 
In some cases, especially when flammability is crit-
ical, alternative refrigerants are rarely preferred yet. 
Therefore, it is very important to use appropriate 
charge values. Cooling systems are modeled in order 
to use them under necessary and sufficient minimum 
conditions. While cooling system modeling, the 
most important problem is to choose the compressor 
model according to the appropriate refrigerant. In 
this study, a cooling system modeling code was 
developed and integrated with CoolProp software in 
MATLAB environment. The purpose of this investi-
gation is to develop a method comp simulation soft-
ware for determining which compressor model to 
use for a selected fluid. The modeling of refrigera-
tion cycle with and without Internal Heat Exchanger 

(IHX) cases has been investigated. Analyses were 
made on different compressor correlations and the 
results were compared with the experimental data 
from literature. As the second purpose of the present 
study a compressor model has been proposed in the 
literature. The proposed model results are good 
agreement with EN12900 and experimental results.  

 
INTRODUCTION 

Regarding the environmental consequences of 
HFC-refrigerants, as well as the usage of flammable 
refrigerants, have necessitated a reduction in the 
refrigerant charge in refrigeration and heat pump 
systems. At the component level, it can be seen that 
the primary refrigerant content is generally found in 
the heat exchangers. The charge may be decreased to 
exceedingly low levels by using compact designs 
Palm (2007) and Palm (2008). Optimal charging 
values can be calculated with modeling and each 
parameter can be checked beforehand with modeling. 
Cooling systems have been investigated both exper-
imentally and numerically using various modeling 
techniques in recent years. Based on the rapidly 
developing computer technology the number of nu-
merical studies has surpassed that of experimental 
investigations. Different methods have been devel-
oped to calculate compressor performance. In a 
modeling study by Sun et al.  (2016), thermody-
namic performances of R23/404A and R41/404A 
refrigerant couples in a cascade cooling system were 
compared using MATLAB software. The compres-
sion processes were considered adiabatic, and the 
target functions of optimization work were selected 
as Coefficient of Performance (COP), exergy 
destruction, and exergetic efficiency. It has been 
shown that R41 has better thermodynamics 
performance and thus can be used in low-
temperature cycles in cascade cooling systems Sun 
(2016). Another numerical study was conducted in 
Organic Rankine Cycle by Imran et al. in 2020 who 
listed different models in their study. By modeling, 
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they were able to examine the behavior of the system 
in terms of safe and efficient design and operation of 
the loop for heat sources Imran et al. (2020). In 2017 
a modeling work by Molinaroli et al., introduces a 
semi-empirical model of a rolling piston compressor 
and validates it by evaluating four different compres-
sors. Over 96 percent of the computed refrigerant 
mass flow rates and more than 97 percent of the 
calculated compressor electrical powers were found 
to match within 5% Molinaroli (2017).  Another 
work studied a compressor modeling comparing 
work in 2020. Modeling the compares compressor 
modeling platforms to aid in the selection of an ap-
propriate modeling platform for a broad research 
project. User-generated models for the reciprocating 
compressor are created in MATLAB and Modelica. 
The identical compressor is modeled using PDSim 
and GT-Suite, two modern compressor modeling 
tools. It has been emphasized that each program has 
its own advantages and disadvantages Tanveer  
(2020). Wang studied the properties of the RC01 re-
frigerant mixture, which consists of 55% R1234ze(E) 
and 45% R290 by mass, were extracted using 
REFPROP software and compared with other refrig-
erants. They concluded that RC01 could be used 
instead of R22 Wang et al. (2021).  Roskosch and 
friends studied that a differential compressor model 
in 2017 for reciprocating compressors is developed, 
which quickly predicts volumetric and isentropic 
efficiency and can be easily fitted with observed data 
at only one operation point of an existing compressor. 
The volumetric efficiency is found a mean forecast 
error of 3.0 percent, and the isentropic efficiency is 
found a mean prediction error of 2.3 percent 
Roskosch et al. (2017). In 2018 another modeling 
study carried out by Roy and Mandal investigations 
were made using R161 instead of R404A in the high-
temperature cycle based on the COP, exergy destruc-
tion, and second law efficiency of the system over 
different evaporator temperatures. The authors con-
cluded that R161 which has higher performance can 
be an alternative to R404A which is flammable. 
Compressor power was calculated using enthalpy 
throughout this study Roy and Mandal, (2018). 
Similarly, in 2019 and 2020, enthalpy differences 
were used for the compressor in the experimental 
and modeling studies of García del Valle et al. (2020); 
García del Valle et al. (2019). Dutra purposed a new 
approach indeed to simulate hermetic reciprocating 
compressors with a specific model for the electrical 
motor. The estimation of motor slip, and thus the 
compressor speed, is an important component of the 
suggested model.  Under a high-pressure ratio 
scenario (Te = −35 °C; Tc = 70 °C) the discrepancies 
between the predicted and measured values for the 
volumetric and isentropic efficiencies were 10.2 
percent and 7.8 percent for the standard model and 
5.3 percent and 5.6 percent for the suggested model, 
respectively Dutra et al. (2015). In 2013 C. K. Lee 

and friends studied on, three models for compressor 
models were analyzed for 4 different fluids. It was 
stated which compressor model should be rejected 
Lee et al. (2013). Likewise in 2011 Elgendy work on 
compressor model is proposed in the study on cool-
ing system modeling Elgendy et al. (2011). Similar 
to our study of Encabo Cáceres et al. (2017) 
performed an optimization study for the Organic 
Rankine Cycle using RefProp table data and model-
ing in MATLAB environment. The study, 39 heat 
transfer fluids were examined. The aim of his study 
is to determine the best performing fluid base on the 
energetic and exergetic performance assessment. In 
2016 Müller investigated the effect of IHX effect on 
zeotropic refrigerants. His calculations made for R22 
and R407C show that IHX is always improving the 
EER for the cycle with the refrigerant mixture, while 
there is no improvement in EER in the cycle using 
R22 with the low evaporation temperature. 
Compressor work was calculated as isentropic under 
the ideal gas assumption in Müller’s study Müllern 
(2016). Altunacar used EN 12900 as the theoretical 
compressor model in his experimental and theoreti-
cal study Altunacar (2020); DIN (2013). Also, there 
are numerous compressor models developed by 
various researchers such as Ramaraj et al.  (2014), 
Bell et al.  (2011) and Nelson James et al. James et 
al. (2016). In this present study, different compressor 
models used in cooling system modeling and these 
models effect on performance calculation are inves-
tigated. Despite the reduced charge values by using 
IHX, it has been reported that not choosing the 
appropriate compressor model will change the 
cooling performance values significantly. For this 
reason, a developed compressor model is suggesting 
to literature. The suggested model's outcomes show 
good agreement with those of EN12900 and 
experiments.  

 
PROBLEM DEFINITION 

 
Compressor models plays an important role 

that strongly affects of true calculation of EER and 
COP values in a refrigeration system. The work de-
veloped cooling system solver on MATLAB. Seven 
different compressor models were investigated in 
developed solver. Compressor models are given in 
Table 1 which are EN 12900 DIN (2013),  Ramaraj 
et al. model Ramaraj et al. (2014),  thermodynamic 
table from CoolProp software Bell et al. (2014), 
Elgendy et al. (2011), Lee et al. (2013), James et al. 
(2016) and isentropic approach under the ideal gas 
assumption. Developed code of cooling system on 
MATLAB can be solve with and without IHX. 
Pressure drops and heat losses from the system were 
neglected. Investigated refrigeration cycle with 
internal heat exchanger is mirrored in Fig 1. 

The basic equations of the developed codes 
are the following, 
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𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒
𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

       (1) 

Since super-heating and sub-cooling are done with 
an IHX, super-heating and the increase in 
compressor work are added to the definition of EER, 
it shown in Fig 2. 

 
Fig 1. Schematic representation of the investigated 

refrigeration cycle with internal heat exchanger. 
 

 
Fig. 2.  The P-h diagram showing the regions of 
latent heat for sub-cooling and sensible heat for 

super-heating. 
 
For the calculation of performance, energy 
efficiency ratio (EER) is defined as in Eq. 7. 

ℎ𝑓𝑓𝑓𝑓 = ℎ𝑣𝑣𝑣𝑣𝑣𝑣 − ℎ𝑙𝑙𝑙𝑙𝑙𝑙        (2) 

𝑞𝑞𝑠𝑠ℎ = h1′
 − ℎ1           (3) 

𝑞𝑞𝑒𝑒𝑒𝑒𝑒𝑒 = ℎ𝑓𝑓𝑓𝑓 − �ℎ4 − ℎ𝑙𝑙𝑙𝑙𝑙𝑙� = ℎ𝑓𝑓𝑓𝑓 − 𝑐𝑐𝑝𝑝(𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒) 

      (4) 

𝑞𝑞𝑠𝑠𝑠𝑠 = h3′ − ℎ3     (5) 

𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = ℎ2′ − ℎ1′     (6) 

EER is the ratio of a unit’s cooling output relative to 
its input power adding superheat and subcooling 
effects. 

𝐸𝐸𝐸𝐸𝐸𝐸 =
ℎ1−h3′

 

h2′
 −h1′

      (7) 

 

Thermal Modeling of Cooling System 
The cooling system was initially modeled in 

MATLAB toward being able to apply the 
compressor models. CoolProp software has been 
integrated with the MATLAB environment. 
Flowchart of the code procedure is shown in Fig 3. 
Seven different models and approaches have been 
investigated, including the EN 12900 compressor 
standard, as shown in Table 1. 

 
Fig. 3. Flowchart depicting the code established in 

MATLAB to simulate the cooling cycle. 
 

Table 1. Investigated models and approaches. 

 

Model Explanation 

EN 12900 EN 12900 compressor model 
standard 

Ramaraj model Model of Ramaraj et al. in 
2014 

Nelson J. model Model of Nelson James et al. 
in 2016 

CK Lee approach The approach CK LEE et al. 
studied in 2013 

Ideal gas approach Ideal gas compressor work 
calculation, Eq. (5) 

Real gas approach CoolProp thermodynamics 
table value 

Elgendy model Model of Elgendy et al. in 
2011 
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The first model described in EN12900 standard 
defines the compressor performance in a polynomial 
form where the variables are calculated using the 
evaporation temperature at the suction point and 
condensation temperature at the dew point. It is used 
by giving polynomial coefficients based on the ex-
perimental data provided by the compressor manu-
facturers with the EN12900 standard. Therefore, the 
most appropriate values can be obtained for real 
results. The only problem is that the compressor 
model will change in the modeling system depend-
ing on the cooling capacity, evaporator and 
condenser temperatures, and the polynomial coeffi-
cients will constantly change. The results of this 
standard are used by software of compressor produc-
ers which are FrasCold and Bitzer. Where, X cooling 
capacity (W) or flow rate (kg/h) with according to C 
coefficients from standart, S is evaporator tempera-
ture (℃), D is condenser temperature (℃). With the 
EN12900 standard, compressor manufacturers 
present the performance data of the compressor they 
produce as a polynomial. However, the biggest 
disadvantage of this model is that it is product-based. 
The polynomial coefficients presented for a particu-
lar product are not fixed. It takes different values for 
different compressors. 

𝑋𝑋 = 𝐶𝐶1 + 𝐶𝐶2(𝑆𝑆) + 𝐶𝐶3(𝐷𝐷) + 𝐶𝐶4(𝑆𝑆2) + 𝐶𝐶5(𝑆𝑆 𝐷𝐷) +
𝐶𝐶6(𝐷𝐷2) + 𝐶𝐶7(𝑆𝑆3) + 𝐶𝐶8(𝐷𝐷 𝑆𝑆2) + 𝐶𝐶9(𝑆𝑆 𝐷𝐷2) +

𝐶𝐶10(𝐷𝐷3)     (8) 

Second model developed by Ramaraj et al. (2014) 
encompasses a compressor performance calculation 
method in a semi-empirical way. The model uses ex-
perimental data for the creation of a performance 
map. Where, 𝑊̇𝑊  compressor power [W], n poly-
tropic exponent,𝑚̇𝑚 mass flow rate [kg/s], P absolute 
pressure [kPa], Xoil mass fraction of oil, subscripts m 
is mixture of refrigerant, and ref is refrigerant.  

𝑊̇𝑊 = 𝑛𝑛
𝑛𝑛−1

� 𝑚̇𝑚
𝜌𝜌1𝑚𝑚

� (𝐶𝐶17 + 𝐶𝐶18𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜 + 𝐶𝐶19𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜2 )(𝐶𝐶20𝑃𝑃1 +

𝐶𝐶21) ��𝑃𝑃2
𝑃𝑃1
�
𝑛𝑛−1
𝑛𝑛 − 1�   (9) 

𝑛𝑛 =
ln�𝑃𝑃2𝑃𝑃1

�

ln�𝜌𝜌2𝑚𝑚𝜌𝜌1𝑚𝑚 �
      (10) 

𝜌𝜌𝑚𝑚 = 𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟
(1−𝑥𝑥𝑜𝑜𝑜𝑜𝑜𝑜)𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜+𝑥𝑥𝑜𝑜𝑜𝑜𝑜𝑜 𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟

    (11) 

In the Ramaraj model lubrication is also taken into 
account as a mass fraction of oil is 0.1. Third model 
published by Nelson James et al. James et al. (2016). 
The frictional losses within the machine are consid-
ered to be precisely proportional to the rotational 
speed (ω) at which the compressor runs, according 
to the research. Also, it was emphasized that the 
compression process has two steps. The first 
involves isentropic compression of a fluid mixture 
along the machine's internal volume ratio. A 

comparison is done after the isentropic compression 
process to check if the pressure after compression is 
lower than the pressure in the discharge plenum. If 
the fluid is under compressed, further work must be 
done to bring it up to the discharge pressure.  

𝑊̇𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 2𝜋𝜋𝜏𝜏𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔    (12) 

𝑊̇𝑊𝑠𝑠 = 𝑚̇𝑚(ℎ2 − ℎ1)    (13) 

𝑊̇𝑊𝑣𝑣 = 𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖(𝑃𝑃2 − 𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖)     (14) 

𝑊̇𝑊 = 𝑊̇𝑊𝑠𝑠 + 𝑊̇𝑊𝑣𝑣 + 𝑊̇𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓         (15) 

Where 𝑊̇𝑊  is total power and compression along 
internal volume ratio 𝑊̇𝑊𝑠𝑠, compression of discharges 
process 𝑊̇𝑊𝑣𝑣  , [W], 𝜏𝜏𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  frictional torque [N.m], 𝜔𝜔 
angular velocity [Hz]. Fourth model studied by Lee 
et al. (2013). Three different models were compared 
in his study. One of the models used under the con-
dition of a constant specific heat capacity. 

𝑤𝑤 = ℎ2 − ℎ1 −
(𝑠𝑠2−𝑠𝑠1)(𝑇𝑇2−𝑇𝑇1)

ln�𝑇𝑇2𝑇𝑇1
�

     (16) 

Fifth approach ideal gas, the gas enthalpy at evapo-
ration pressure can be taken as the compressor inlet 
enthalpy. Under the isentropic compression assump-
tion, the enthalpy value at the evaporator pressure is 
calculated so that the input entropy equals the output 
entropy. Specific work of compressor can be 
described by an equation of an isentropic work of the 
heat capacity for ideal cooling cycle and cooling 
cycle with IHX. 

𝑤𝑤 = 𝑛𝑛
𝑛𝑛−1

𝑃𝑃1𝑣𝑣1 �1 − �𝑃𝑃2
𝑃𝑃1
�
𝑛𝑛−1
𝑛𝑛 �      (17) 

Sixth approach used for the calculation of compres-
sor performance in this study utilizes enthalpy tables. 
CoolProp software is integrated into MATLAB pro-
gram in order to automatize the use of thermody-
namic data. Compressor performance can be calcu-
lated from the inlet and outlet enthalpy differences.  
Thermodynamic table values were obtained using 
CoolProp software which was created and published 
by  Bell et al. (2014). Seventh model is published by 
Elgendy et al. (2011).  In the study has a correlation 
of gas engine energy consumption as a function of 
compressor power, engine speed. It has been estab-
lished based on experimental data. Isentropic effi-
ciency, 𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖 is included, Φ and γ represent the 
coefficients of the linear law of the pseudo-
isentropic efficiency and Neng is the engine speed of 
the compressor. Coefficient a, b, c, d, e are from the 
article.  

𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖 = 𝜙𝜙 �𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖
𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠

� + 𝛾𝛾    (18) 

𝑌𝑌 = exp�𝑎𝑎𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑐𝑐𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑒𝑒� (19) 

𝑊̇𝑊 = � 𝑚̇𝑚(ℎ3−ℎ2)
𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

� + 𝑚̇𝑚𝑣𝑣3(𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖)  (20) 
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Suggested Compressor model 
Compressor manufacturers provide EN12900 

standard data for each compressor. These polyno-
mial values obtained with experimental data are 
product-based. For this reason, it limits the ability of 
parametric programming. Nelson-James compressor 
model and Ramaraj model are the closest models to 
EN-12900 results among the models investigated. In 
this study, the approaches of Ramaraj and Nelson-
James were examined in the proposed model. In the 
proposed developed compressor model, frictional 
losses and the effect of lubrication are taken into 
account. The model was developed on the basis of 
compressor inlet and outlet pressures, enthalpy dif-
ference, mass fraction of oil and shaft torque. 
The mean density expression is used in equation 21 
as suggested by Ramaraj et. al Ramaraj idr., (2014).   

𝜌𝜌1𝑚𝑚 = 𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟,1
(1−𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜)𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜+𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟,1

   (21) 

Where ρm from Ramaraj average density [kg/m3]. 
ρref,1 inlet refrigerant density and ρref,2 outlet refriger-
ant density. ρoil is oil density, constant 981 kg/m3.  n 
isentropic exponent. 

𝑛𝑛 =
ln�𝑃𝑃2𝑃𝑃1

�

ln�𝜌𝜌2𝑚𝑚𝜌𝜌1𝑚𝑚 �
      (22) 

𝑤𝑤 = 𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖(𝑃𝑃2−𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖)
2

+ 𝑛𝑛
𝜌𝜌1𝑚𝑚(𝑛𝑛−1)

(42 − 8𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜 +

23𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜2 )(14𝑃𝑃1 + 1676) ��𝑃𝑃2
𝑃𝑃1
�
𝑛𝑛−1
𝑛𝑛 − 1� + 0.5(ℎ2 −

ℎ1) + 𝜋𝜋𝜏𝜏𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔
𝑚̇𝑚1000

     (23) 

All terms in the suggested compressor model are 
kJ/kg since the product of specific volume and 
pressure is kJ/kg. In the second term, the enthalpies 
are taken directly as kJ/kg. In the third term, since 
the product of torque and frequency will give Watt, 
it is used by dividing it by the mass flow rate. In the 
equation 23, indices 1 are compressor input, and 
indices 2 are compressor output indices. The 
pressure and enthalpy values at the inlet and outlet 
of the compressor and the density and specific 
volume value at the compressor inlet were calculated. 
Shaft torque can be obtained from compressor 
manufacturers and is available in the literature for 
many capacities and evaporation temperatures. It is 
the product of the shaft torque of the compressor and 
the friction factor. The shaft torque can be obtained 
from the manufacturer's data. But this value could be 
taken as τ = 0.65 Nm. The frictional torque τloss 
value can be calculated by multiplying the shaft 
torque by the friction coefficient. The friction 
coefficient is around µ~0.008 and it can be seen in 
2014 study of  Hwang et al. (2002). Mass fraction of 
oil in the equation 0.1 was taken. Inlet refrigerant 
density X mass fraction. τ shaft torque. ω is 
rotational speed. As an example of calculation 
R1234yf refrigerant, for a 2.7-kW cooling capacity, 

the work consumed by the compressor for the 
evaporator temperature of 10 °C and the condenser 
temperature of 50 °C was examined. 𝜔𝜔 =
50ℎ𝑧𝑧, τloss = 0.65 Nm, v1 = 0.041 𝑚𝑚3,𝑃𝑃2 =
1302.32 𝑘𝑘𝑘𝑘𝑘𝑘,𝑃𝑃1 = 437.53 𝑘𝑘𝑘𝑘𝑘𝑘, 𝑋𝑋𝑜𝑜𝑜𝑜𝑜𝑜 = 0.1, ℎ2 =
388.94 𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘
, ℎ1 = 369.70 𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘
.   [w=33.1 kJ/kg] 

 
RESULTS AND DISCUSSIONS 

 
The developed compressor model has been in-

vestigated in the modeled cooling system on 
MATLAB for cases with and without IHX. 
Investigations were made for R134a, R404A, R407C 
and R1234yf refrigerants. The EN12900 standard is 
the presentation of the polynomial function based on 
the evaporator and condenser temperatures of the 
compressor's experimental data produced by the 
compressor manufacturers DIN, (2013). Various 
compressor models are available in the literature. Six 
of these models were compared to EN12900, as pre-
sented in Fig. 4. and Fig. 5.  
 

 
Fig. 4.  Specific compressor work of present 

developed model without IHX R407C, Qe = 10kW, 
calculated; Tc=57.6 °C. 

 
Models are investigated in a cooling system with 
R407C refrigerant, evaporator temperature Te = 
6.770 °C, compressor temperature Tc = 57.609 °C 
with internal heat exchange. Fig 5 shows that the 
models in the literature give results that are far from 
the EN12900 standard data. Among the models ex-
amined, the closest to EN12900 is the Ramaraj and 
Nelson-James model. The results are examined, the 
theoretical compressor models and the experimental 
based compressor models are clustered among them-
selves. Therefore, while making the investigation, 
the models were also compared with different stud-
ies in the literature. Theoretical and experimental 
studies were selected from the literature. for example, 
compressor models were compared with the theoret-
ical work of Arora et al. (2008). COP values was 
evaluated with -50°C to 0°C different evaporator 
temperatures in Fig. 6.  for condenser temperature Tc 
= 55°C and R404A refrigerant. Theoretical 



 
J. CSME Vol.44, No.4 (2023) 

-394- 
 

approaches and experimental-based models formed 
two separate groups. The theoretical calculation 
made by Arora et al. (2008) is good agreement with 
the ideal gas approach. 
 

 
Fig. 5.  COP changing with evaporator temperature 
of present developed model without IHX, R407C, 

Qe = 10 kW, Te=6.7°C, Tc=57.6 °C. 
 

 
Fig. 6. Comparison of the change of COP according 

to evaporator temperatures with the theoretical 
study of Arora et. al, refrigerant R404A without 

IHX, Tc=55°C. 
 
The effect of friction and lubrication should also be 
included in the compressor calculation to be 
compatible with the experimental calculations. 
Experimental results differ from theoretical results. 
There are many reasons for this. Irreversibility, the 
effect of lubrication are examples. It is necessary to 
compare experimental-based models with experi-
mental data. Oruç et al. (2020) published experi-
ments for different evaporator and condenser 
temperatures and evaporator capacities. The experi-
mental results and the Nelson-James model, the 
Ramaraj model, and the results of the compressor 
model proposed in this study were compared. As 
shown in Fig. 7. the evaporator temperature is -5°C 
and the condenser temperature is 30°C, the 
compressor work is 940W, while the result of the 
purposed model in present study is 971W. The 

deviation is of the order of 3 %. Similarly, for the 
experiment with the evaporator temperature of 0 °C 
and the condenser temperature of 30 °C, the 
deviation is in the order of 0.5%. it can be seen that 
the model proposed in this study has a good 
agreement with the experimental results. 
 

 
Fig. 7. Comparison of the experimental results of 
Oruc et. al and the model proposed in this study, 

refrigerant R404A without IHX. 
 

 
Fig. 8. Comparison of the Experimental results 

Llopis et al. 2019 and the proposed model, Te=0°C. 
 

The developed compressor model is compared 
work of  Llopis et al. (2019). In the results presented 
in Fig. 8.  6 different datapoints were examined for 
two different refrigerants with R152a 2 K subcooling 
degree and 4K subcooling degree for R134a 
refrigerants. As a result of the examination, it was 
seen that the developed model was below ten percent. 
The developed model and the experimental results 
are in good agreement. In the study of  Devecioglu 
(2018), R1234ze(E), R1234yf, R134a refrigerants 
were examined for 5 K subcooling degree. When the 
results were examined, the error in the examination 
of R1234ze(E) and R134a fluids was below ten 
percent as shown Fig. 9. Compared to R1234yf 
refrigerant, the error rate increased to over ten 
percent as the condenser temperature increased. is at 
the level of 11 percent. 
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Fig. 9. Comparison of the Experimental results 
Devecioglu et al. 2017 and the proposed model. 
 

 
Fig. 9. Comparison of the Experimental results 
Khaaton et al. 2023 and the proposed model,  

Tcon=35°C, Qeva=10 kW. 
 

In the study of  Khatoon et al. (2023), R134a, 
R1234yf refrigerants were examined. It was 
observed that the error increased in the proposed 
model as the difference between the evaporator 
condenser temperatures increased as shown Fig. 10. 
All inspections as a result of the inspections, the 
error rate was found to be in the order of ten percent 
and below. Experimental data provided to us by the 
laboratories of Bitzer company have been compared 

with the purposed model for R134a and R404A as 
shown Figure 11.  

 

 
Fig. 10. Comparison of the Experimental results 

and the proposed model. 
 
It was observed that the error rate increased as the 
evaporator condenser temperature difference 
increased. The investigation reveals that the 
proposed model had a deviation rate of less than 10%. 
The developed model and the experimental data 
correlate well. 
 

CONCLUSION 
 

CoolProp software has been integrated 
MATLAB Software which was used as the modeling 
environment in the current study. The compressor 
models were also applied to MATLAB code. 
- Compressor models were compared. The 

compressor model selection results for Cooling 
System simulation are at the following for Fig 4-
7. The specific compressor work and COP values 
of EN 12900, Nelson J. and Ramaraj models are 
close to each other. Also, the Elgendy model has 
a minor difference. However, there is a great 
deviation of the values of ideal and real gas 
approach from those of the EN12900 model. 
EN12900, Nelson J. and Ramaraj models differs 
from other theoretical models. Other theoretical 
models are also compatible with each other. This 
is because of the difference between ideal and 
real working conditions.  

- When the case with an internal heat exchanger is 
compared with the case without an internal heat 
exchanger, the results are similar. 

- With the compressor model developed within the 
scope of this study, the closest results to the 
EN12900 standard data presented by compressor 
manufacturers were obtained, compared to other 
models. 
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- The compressor model proposed within the 
scope of this study, the results obtained for IHX-
containing and without IHX cases are in 
accordance with EN12900 results. 

- EN12900 is product bases, so it is not suitable for 
programming and parametric analysis. The de-
veloped compressor model offers the advantage 
of parametric programming, because of this 
model mainly dependent on inlet and outlet con-
ditions. So, this model is not product bases ex-
cept torque. But frictional torque loss could be 
taken consant values as given section 2.2.  

- The agreement with the experimental results with 
developed compressor model for the 30 K and 35 
K temperature difference between the evaporator 
and condenser temperatures is at the level of 5%, 
Fig 7-11. 

- For the three refrigerants investigated in this 
study, the proposed compressor model was good 
agreement with previous empirically based mod-
els. It has been found that it is appropriate to use 
the recommended compressor model. Finally, 
best model must be searched for the specific 
refrigerant. 
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NOMENCLATURE 

 
w: Specific compressor work [kJ/kg] 
W ̇: Compressor power [W] 
h: Enthalpy [kJ/kg] 
cp: Specific heat capacity [kJ/(kg K) ] 
ρ: Density [kg/m3] 
P: Pressure [kPa] 
T: Temperature 
 
Subscripts 
1: Inlet of compressor 
 2: Outlet of compressor 
eva: Evaporator 
con: Condenser 
comp: Compressor 
fg: Latent heat 
vap: Vapor 
liq: Liquid 
sh: Superheat 
sc: Subcooling 


