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Rezumat. Lucrarea prezintă o parte din rezultatele obţinute în cazul analizei termodinamice teoretice a unei instalaţii 
frigorifice cu comprimare mecanică de vapori (IFV) într-o treaptă, ce foloseşte ca agent frigorific amestecuri aproape-
azeotrope pe bază de R404A şi dimetileter (DME). Studiul se încadrează în strategia actuală adoptată la nivel mondial 
referitoare la stabilirea de noi soluţii în vederea eliminării agenţilor frigorifici poluanţi. Se arată că prin amestecarea 
lui R404A cu DME dezavantajele ce apar atât în cazul funcţionării cu R404A (presiuni de saturaţie mari, sarcină 
frigorifica specifică masică redusă), cât şi în cazul funcţionării cu DME (lucru mecanic specific masic de comprimare 
ridicat, volum specific masic mare la aspiraţie în compresor, inflamabil şi explozibil), se reduc. Stabilirea concentraţiei 
optime în DME s-a obţinut pe baza unui studiu termodinamic comparativ pentru amestecuri cu concentraţie masică în 
DME cuprinsă între (0 ÷ 100)%. Pentru toate aceste amestecuri, la calculul mărimilor de stare în punctele 
caracteristice ale ciclului termodinamic s-a folosit programul REFPROP. În cazul folosirii unei concentraţii masice de 
(40 ÷ 55)% în DME, rezultatele scot în evidenţă avantajul substituţiei lui R404A cu noul tip de agent frigorific propus. 

1. INTRODUCTION 

R404A (HFC 404) is a near-zeotropic refrigerant 
blend obtained by mixing R125/R143A/R134A pure 
substances in 44/52/4 mass fractions. This refrigerant has 
a pressure and a thermal critical point high enough 
( crp =37.29 bar, crt =72 °C), to be used in the best con-
ditions as a substitute for refrigerants R502 (CFC 502) and 
R22 (HCFC 22) in the industrial refrigeration plants for 
cooling and freezing. It is not flammable and, though its 
ozone depletion potential is null (ODPR404A=0), while its 
global warming potential is rather high (GWPR404A=3260), 
R404A, together with R22, are included in the list of the 
pollutant refrigerants which are supposed to be prohibited 
on the medium term, according to the environmental 
protection strategies adopted worldwide [1, 2]. 

The dimethylether (DME), produced for the first 
time by Tellier in 1864, is one of the refrigerants to 
have been used since the beginnings of the artificial 
refrigeration [3], but because of its shortcomings (flam-
mable and explosive), it has been gradually abandoned. 
Nowadays, on the grounds of more and more severe 
measures adopted for eliminating CFC, HFC and 
HCFC refrigerants, synthetic substances which cannot 
be rapidly dissociated by nature and which, being 
accumulated in the atmosphere become polluting 
refrigerants, DME becomes an interesting option. 
[4 ÷ 6]. DME, with a pressure and a thermal critical 
point ( crp =53.4 bar, crt =127.15 °C) much higher than 
R404A, has a null ozone depletion potential and an 
almost null global warming potential (ODPDME=0, 
GWPDME=2). 

Relying on the former refrigerant comparative 
studies [2], by analyzing the advantages and dis-
advantages of using R404A and DME respectively, 
one finds that, paradoxically, exactly where R404A 
is inadequate (high saturation pressure, low mass heat 
load), DME proves to be the best refrigerant among 
the analyzed ones. And vice versa, where DME is 
inadequate (high specific mechanical work input, high 
specific volume at the compressor inlet, flammable, 
explosive), R404A is great. Therefore, the main idea of 
this thermodynamic study becomes obvious, namely 
trying to reduce the disadvantages of the two refrige-
rants (R404A and DME) considered, by mixing them. 

Eleven refrigerants are taken into consideration in 
the present study, mixtures of R404A and DME, for 
which the mass fraction in DME increases from 0%, 
(the mixture marked with 0A , actually R404A) up to 
100% (the mixture marked with 10A , actually pure 
DME), considering a 10 % mass fraction step. 

For these blends, based on the calculations made 
using the RefProp software [7], Fig. 1 shows the 
variation of the saturation temperature with respect to 
R404A mass fraction for various pressures ( satp = 1, 5, 
10, 20 and 30 bar), both for the saturated liquid (x=0, 
marked with continuous line), as well for the dry 
saturated vapor (x=1, marked with discontinuous line). 
The figure shows that the mixtures are near-zeotropic, 
without zeotropic singularity point. 

In order to determine which of these analyzed 
refrigerants is the best and which is the most re-
commended DME mass fraction, this paper compares 
the single-stage vapor compression refrigeration system 
performances obtained when using each of the eleven 
refrigerants. The performances have been determined 
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based on the blend thermodynamic properties provided 
by the RefProp software. 

 

 
 

Fig. 1. Saturation temperature variation with respect  
to R404A mass fraction and pressure. 

2. COMPUTING METHODOLOGY 

In order to prove which is the best substitute for 
R404A, from the eleven blend refrigerants previously 
defined and, respectively which is the most recommen-
ded concentration in DME, a comparative thermodynamic 
analysis is carried out on the theoretical performances 
of a single-stage compression refrigeration system 
(Fig. 2), operating with each of the blend refrigerants. 

The theoretical analysis of the thermodynamic 
refrigeration cycle (Fig. 2 b), which requires a certain 
value of the refrigeration capacity ( 0Q&  [kW]), has been 
done using the following study parameters:  evaporating 
temperature ( 0t  [oC]); condensing temperature ( Ct  [oC]); 
superheating ( sitΔ  [dgr]); subcooling ( srtΔ  [dgr]). 

Based on the values adopted for these parameters, 
the following have been computed: 

– refrigerant temperature at the expansion valve inlet:  
 3 C srt t t= − Δ [oC]  (1) 

– refrigerant temperature at the compressor inlet: 

  1 o sit t t= + Δ  [oC]  (2) 

In order to determine the properties of the 
refrigerant at the compressor outlet (2), a compression 
efficiency has been estimated as ratio between satura-
tion temperatures corresponding to compressor inlet 
and outlet pressure [8]: 
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Moreover, the specific mass and volume cooling 
loads have been computed with: 

– the evaporator mass cooling load:  

 0 4 1" 1" 4q q h h−= = −  [kJ/kg]  (4)  

– the evaporator volume cooling load: 

 0 1Voq q v=  [kJ/kg]  (5) 

where 1v  [m3/kg] represents the refrigerant specific 
mass volume at the compressor inlet. 

– the specific mass mechanical work input:   

  1 2 2 1l l h h−= = −  [kJ/kg]  (6)   

– the condenser specific mass heat load: 

 2 3` 2 3`Cq q h h−= = −  [kJ/kg]  (7) 

– the overheating specific mass heat load: 

  1" 1 1 1"siq q h h−= = −  [kJ/kg]  (8) 

– the subcooling specific mass heat load: 

 3` 3 3` 3srq q h h−= = −  [kJ/kg]  (9)  

– verifying the energy balances:  

 0 si C srq q q q l+ − − = −   (10)  

– the coefficient of cooling performance: 

 oqCOP
l

=  [-]  (11) 

 

   

 (a)  (b) 

Fig. 2. Configuration (a) and thermodynamic cycle (b) of the refrigeration system. 
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And the refrigerant mass and volume flow rates at 
the compressor inlet have been computed with: 

– the refrigerant mass flow rate:   

  o om Q q= &&  [kg/s]  (12);  

– the compressor inlet volume flow rates: 

 1aV m v= ⋅& &  [m3/s]  (13) 

3. RESULTS 

Using the computing methodology described before, 
for a refrigeration capacity of 0Q& =30 kW and for the 
following values of the analyzed parameters Ct  = +40oC; 

10srtΔ = dgr; 20sitΔ = dgr, calculations have been made 
for various vaporization temperatures 0t = –25oC ÷  
÷ +10oC, with 5dgr as step. 

The values of the thermodynamic proprieties  (p 
pressure, t temperature, h enthalpy, s entropy and     v 
specific volume) in the characteristic points of the 
theoretical cycle [8] (thermodynamic states 1”-1-2s-2- -
3`-3-4) have been determined by using programs 
developed in RefProp software, for each of the considered 
refrigerants (from the 0A  blend, with DME 0%, up to 

10A  blend, with DME 100%, with 10% as step). 
Thus, Fig. 3 shows the variation of the saturation 

pressure ( )satp t  with respect to evaporating temperature 
( 0t ) for each of the studied blend refrigerants. One may 
notice that the saturation pressure decreases signi-
ficantly up to a 50% mass fraction in DME. The 
decrease of the saturation pressure with the increase of 
the DME mass fraction is an important advantage in 
case of blending R404A with DME. When the mass 
fraction of DME increases above 50% the decrease of 
the saturation pressure is smaller and smaller. 

Fig. 4 presents the variation of refrigerant specific 
mass volume at the compressor inlet ( 1v ) with respect 
to evaporating temperature ( 0t ) for each of the studied  

blend refrigerants. At 0 ct.t = , it results a monotone 
increasing of 1v  with DME mass fraction increase.  

The variation of the refrigeration system COP with 
respect to DME mass fraction shown in Fig. 5 points 
out the following important aspects: 

– for low evaporating temperatures (-25°C ÷ -
20°C), the COP increases continuously with the 
increase of DME mass fraction. This fact recommends 
the use of a refrigerant with a high DME mass fraction, 
but at the same time the flammability and the explosive 
potential of the mixture increase; 

– for medium and high evaporating temperatures 
(–15°C ÷ +10°C), the COP presents a minimum value 
corresponding to a certain DME mass fraction between 
20% and 40%, which should be avoided. 

In order to underline the advantage obtained  
by replacing R404A with one of the mixtures 

( 0 10)Ax A A∈ ÷  for a given evaporating temperature, 
the term of relative COP increase is defined: 

 ( ) ( 0)100
( 0)

COP Ax COP ACOP
COP A

−
Δ =  [%] (14) 

Therefore, based on the relation (12), Fig. 6 
presents the relative COP increase with respect to 
R404A operation case and DME mass fraction, for 
different evaporating temperature ranges taken into 
consideration. In conclusion, by replacing R404A with 
a more ecological refrigerant obtained through blending 
R404A with DME, the increase of the COP may have 
values from (1 ÷ 16)%, for low temperature 
applications (LT), values from (1 ÷ 12)%, for medium 
temperature applications (MT) and, respectively values 
from (1 ÷ 9)%, for air conditioning (AC). 

For instance, if one wants a relative COP increase 
by (4 ÷ 6)%, then, as shown in Fig. 5, depending on the 
thermal conditions in the evaporator, the following 
mass fraction values need to be adopted : 

– for LT: (40 ÷ 55)% in DME;  
– for MT: (52 ÷ 70)% in DME;  
– for AC: (68 ÷ 83)% in DME. 

 

               

 Fig. 3. Saturation pressure variation with respect to        Fig. 4. Specific mass volume at the compressor inlet 
 evaporate temperature for dry saturated vapor (x=1). variation with respect to evaporating temperature. 
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 Fig. 5. COP variation with respect to DME mass Fig. 6. Relative COP increase variation with respect to 
 fraction for different evaporating temperatures. DME mass fraction and evaporating temperature. 

 
4. CONCLUSIONS 

The paper presents the results of the thermodyna-
mic theoretical analysis on the possibility of replacing 
the polluting CFC, HFC and HCFC refrigerants, 
especially R404A, with more ecological refrigerants 
obtained by blending R404A with dimethylether. The 
thermodynamic analysis is carried out for a single-stage 
vapor compression refrigeration system using as a refri-
gerant near-zeotropic blends, without zeotropic singularity 
point, obtained by mixing, in various proportions 
R404A with dimethylether (DME). Thus, eleven types 
of refrigerant mixtures are taken into consideration, and 
for each of them the mass fraction of DME increases 
from 0% (the mixture marked with 0A ) up to 100% 
(the mixture marked with 10A ), with a step of 10%. 

By comparing the results for the thermodynamic 
performances of the refrigeration system functioning in 
the same required conditions (refrigeration capacity, 
evaporating and condensing temperatures) with R404A 
and, respectively, with studied refrigerant blends, the 
following advantages resulted: 

– operation at a lower pressure level, without any 
vacuum risk; 

– higher evaporator mass heat load, thus, lower 
refrigerant mass flow rate; 

– lower power consumption; 
– higher COP. 
Also, the thermodynamic results obtained under-

line the fact that blending R404A with DME has as 
main disadvantage the need to use compressors with 
bigger displacement and dimensions. 

In case of replacing R404A with a mixture of 
R404A and DME, if one wants the COP increased by 
(4 ÷ 6)%, based on the calculations performed, it has 
been shown that, depending on the thermal conditions 
of the evaporator, the mass fraction of DME must be, 
as follows: for LT applications (40 ÷ 55)%, for MT 
applications (52 ÷ 70)% and (68 ÷ 83)% for AC appli-
cations. 

As a result, the theoretical research done in this 
paper points out important advantages given by repla-
cing R404A with a R404A and DME mixture, which 

fully justifies the new solution proposed for the 
replacement of the polluting refrigerants. Taking into 
consideration that, together with the increase of DME 
mass fraction , there is also an increase of the flam-
mability and explosive indexes of the mixture, this 
study demonstrates that the new group of suggested 
refrigerants is recommended especially for LT applica-
tions, in which case the recommended DME mass 
fraction is between (40 ÷ 55)%. 

In order to actually prove that the mixture of 
R404A with DME is a viable practical solution for the 
replacement of the polluting refrigerants, there is the 
need to carry out experimental research for confirming 
the endurance and reliability performances. 

BIBLIOGRAPHY 
1. Târlea M.G., Popescu G., Chiriac F., Mărăcine I., Apostol V., 

Sinca O., Implementarea aquis-ului de mediu al Uniunii 
Europene în România - agenţi frigorifici ecologici", 
Contract Research Report nr. 214/20.07.2006 (Stage I), 
National Research Program CEEX’06, AMCSIT – UPB, 
Bucharest, 2006. 

2. Marinescu C., Popescu G., Apostol V., „Nouă Familie de 
Agenţi Frigorifici Ecologici”, Contract Research Reports 
nr. 1915/15.09.04, National Research Program RELAN-
SIN’04, AMCSIT – UPB, Bucharest, 2006. 

3. Kuprianoff J., Plank R., Steinle H., Handbuch der kälte-
technik – Die kältemittel, Springer - Verlag., Berlin 1956. 

4. Lorentzen G., Pettersen J., New possibilities for non-CFC 
refrigeration, in Pettersen J. Editor, Paper of International 
Symposium on Refrigeration (IIR), Energy and Environ-
ment, p. 29-34, Trondheim, Norway, 1992. 

5. Lorentzen G., Revival of carbon dioxide as a refrigerant, 
Int. J. Refrig., Vol. 17(5), p. 292-301, 1993. 

6. Lorentzen G., The use of natural refrigerants: a complete 
solution to the CFC/HCFC predicament, Int. J. Refrig., 
Vol. 18(3), p. 190-197, 1995. 

7. Lemmon E.W., McLinden M.O., Huber M.L., Reference 
Fluid Thermodynamic and Transport Proprieties (RefProp) 
Program, NIST Standard Refrigerant Database 23, 
Version 8.0, April 12, 2007, Copyright 2007 by the U.S. 

8. Popescu G., Apostol V., Porneală S. Dobrovicescu Al. 
Vasilescu E.E., Ioniţă C., Echipamente şi Instalaţii 
Frigorifice, “PRINTECH” House, Bucharest, 2005. 

 


