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INTRODUCTION  

 The content of the doctoral thesis  

The study on refrigeration systems in the doctoral thesis was made at the Technical University 
of Civil Engineering of Bucharest (U.T.C.B) - Colentina Laboratories Complex. The chosen topic is 
aiming to contribute to the teoretical basis and practical research in terms of development and use of 
ecological refrigerants (AF). The thesis, entitled "Research on the contribution of refrigeration 
systems, air conditioning and heat pumps to global warming", considers the implementation of EU 
legislation in the field of refrigeration systems, heat pumps and air conditioning. The ecological 
refrigerants (AF) proposed in this scientific thesis are chemicals obtained by mixing in different 
proportions of various current ecological refrigerants with one or more natural or synthetic substances 
that have zero values of ozone depletion potential (ODP) and low global warming potential (GWP). 

This work considers the optimization of the TEWI factor on the domain of application of 
artificial cold (heat pumps, industrial, air-conditioning).  

Results from twelve years of studies in the domain of AF have been published in over 50 articles 
and papers, featured at conferences, exhibitions and workshops at the national and international level.  
 
 
 Objectives and approaches:  

 The general objective  performing scientific research, realised in order to identify new 
solutions to reduce greenhouse gas emissions         
            performing experimental validations of theoretical approach, for 
various refrigerants 

 Primary objective  the study of refrigeration systems for both an ecological point of view 
and of energy efficiency 
 

 Secondary objectives  

 Realisation of an experimental stand - heat pump designed to 
determine the performance of the refrigeration systems that can operate with R134a, MV3T, 
MV3TN in the Atmosphere Protection Laboratory, Colentina Laboratory Complex within the 
Technical University of Civil Engineering Bucharest. 

 Analysis of the current state of research in the domain of the 
ecological refrigerants which can be used in refrigeration systems; 

 Creating diagrams and tables with thermodynamic properties of 
the proposed refrigerant mixtures MVIZ1, MVIZ2, MVIZ3, MV3T and MV3TN; 

 Determining the equations for mixtures state;   

 Development of a new domain of research in the Faculty of 
Building Services Engineering of UTCB - in the field of refrigerants; 

 Analysis of several variants of refrigeration systems with various 
refrigeration fluids and proposals of new energy efficient and ecological technical solutions; 

 Use of high-performance simulation programs for the purpose 
thesis research; 
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CHAPTER 1. CURRENT STATE OF SCIENTIFIC RESEARCH IN THESIS’ 

DOMAIN     

In the last ten years, a lot of research has been done in the field of AF, at international level 

(see centralizing table), taking into consideration the severe restrictions stipulated by law: Kyoto 

Protocol, Regulation (EU) 517/2014, Paris Agreement / 2015, Kigali Amendment / 2016 / Montreal 

Protocol. 

 

 

 

 January 1, 2019 the Kigali amendment imposed regulations 
to reduce the production and usage of hydrofluorocarbons 
(HFCs), greenhouse gases (temperature increase 0.4°C)  

 all countries signing the Montreal Protocol agreed to phase 
out HFCs by more than 80% over the next 30 years 
(replacing environmentally friendly alternatives). 

 Kigali amendment (elimination of up to 80 billion tonnes of 
CO2 emissions by 2050)  

 Significant contribution to the objective of the Paris 
Agreement to limit the increase in global average 
temperature to a maximum of 2°C 

 

Centralizing table with the latest research 
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CHAPTER 2. THEORETICAL BASES        

2.1. General notions of chemical thermodynamics of ecological refrigerants. 
Equations of state . 

Chemical thermodynamics [3] is the branch of physical chemistry, that studies the chemical 
and physico-chemical transformations, through  methods of general thermodynamics.  
2.2 Thermodynamic and thermophysical properties of refrigerants, advantages 
and disadvantages. 

Thermodynamic properties of refrigerant HFC-134a 
Thermodynamic properties of refrigerant HFO-1234yf 
Thermodynamic properties of refrigerant R404A 

2.3 Impact of refrigerants on the environment and on the performance of 
refrigeration systems. 

The acquis communautaire Montreal Protocol 

                                        Kyoto Protocol 

2.3.1.Destruction of the ozone layer 
Life on Earth [5,6,17] depends on the existence of a thin shield of "poisonous" gas, placed at the 

top of the atmosphere: the ozone layer. 
The "holes" in the ozone layer.  In the early 1970’s that the Earth's ozone layer had become 

thinner due to the damage caused by the emissions of chemicals known as halocarbons, containing 
chlorides, fluorides, bromine, carbon and hydrogen.   
2.3.2.Global warming  

The terms "global warming" or "greenhouse effect" are usually used to describe the increase in 
average temperature of the Earth's surface over time. Under the Kyoto Protocol, the European Union 
is committed to significantly reducing its greenhouse gas emissions.  

Globally, legal regulations have already been developed in an effort to reduce greenhouse gas 
emissions. In the EU, there is Regulation no. 517/2014 also known as "F-gases" [16]. 

Total equivalent warming impact (TEWI) [10,16], is a way to assess global warming by 
combining the direct contribution of refrigerant emissions to the atmosphere with an indirect 
contribution of carbon dioxide emissions, resulting the need for energy consumption for the 
refrigeration system. 

The calculation relationship for TEWI is presented in detail in standard SR EN 378-1 / 2017 
[10] and takes into account the amount of refrigerant in the installation, the amount of expandable 
refrigerant in the insulation, the amount of CO2 escaped into the atmosphere to produce the energy 
unit of the refrigeration system, the energy consumed for operating the refrigeration system during its 
operation, the efficiency and tightness of the refrigeration system, the production mode of the electric 
energy of the refrigeration system, the lifetime of the refrigerant. 

In conclusion, from an ecological point of view, the refrigerant must be chosen so that 
according to the regulations of the current legislation, it has zero ODP and GWP low and TEWI as 
small as possible. 

Safety requirements that refrigerants must meet, are provided by standards both at national and 
international level and refer to: flammability, danger of explosion, toxicity, danger of biological 
contamination and the effects they may have on the products to be cooled. The location of the 
refrigeration installation (dwellings, public places, industrial areas) as well as the amount of refrigerant 
contained in the installation must also be taken into account. 

Regarding to economic requirements, the price of the refrigerant must be taken into account, 
ensuring the lowest possible operating costs and the possibility of production in the country. In any 



Eng. Mioara Vinceriuc       Research regarding the contribution of refrigeration, air conditioning and heat pump systems to global warming 

 

6 
 

case, the choice of refrigerant must be made following rigorous technical and economic analysis in 
order to have the most efficient and ecological installation possible. 
2.3.3. TEWI Factor 

As mentioned earlier, when choosing a refrigerant or designing a refrigeration unit, air 
conditioning unit, or heat pump, it is important to evaluate the TEWI factor (the calculation of the 
effect of global warming during operation). In this way, not all economic aspects are taken into 
account. But when technological assessment is made and investment decisions are made, in addition 
to the environmental aspects, the economic aspects become objectively, extremely important. 
Regarding the refrigeration systems, reducing the impact on the environment often involves high costs. 
Thus, in many companies, discussions about minimizing environmental issues are often overlooked 
(as investment costs are crucial).  
2.4. The main refrigerants used  

Figure 3 shows the strategy for replacing refrigerants in the short, medium and long term. Data 
on refrigerants definitions, classification, TEWI factor, choice, etc. are found in SR EN 378-1 
(Annexes A, B, C, D, E, F, G, ZA, ZB) [10] and REGULATION (EC) NO. 517/2014 F-Gas [16]. 

SHORT, MEDIUM AND LONG TERM REFRIGERANTS 

 
 

Fig. 3. Classification of refrigerants [8] 
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CAPITOLUL 3. MATHEMATICAL SIMULATION 
3.1. Softwares used for calculation 
3.1.1. Overview 

Internationally, special calculation softwares are used in the design, research, and 
implementation stages. 
3.1.2. DUPREX versions 3.0 

DuPont's DUPREX software [14] is a special version of the KMKreis software that can design 
a refrigeration cycle considering different refrigerants in different refrigeration systems.  
3.1.3. KANSREF versions 1.4 

The KANSREF software [13] is applied only for natural refrigerants. This software is applied 
within the industry, namely in the design of refrigeration and air conditioning systems. Kansref builds 
the refrigeration cycle and calculates the TEWI factor. 
3.1.4. KLEACALC versions 5.0 

The KleaCalc software contains several calculation modules that use thermodynamic and 
thermophysical models of refrigerants.  
3.1.5. FORANE versions 3.0 

This software is made by ATOFINA for refrigeration and air conditioning. The software 
introduces the initial parameters of the installation, and the software generates the calculation of the 
COP performance coefficient.  
3.1.6. COOLPACK versions 1.46 

The CoolPack is a simulation software that can be used in the design, sizing, analysis and 
optimization of the refrigeration system. 
3.1.7. SOLKANE versions 6 

The new SOLKANE software [12] version 6 calculates thermodynamic properties for 
refrigerants under the SOLKANE brand.  
3.1.8. REFUTIL versions 1.1 

Refutil version 1.1 uses a variety of refrigerants with four types of refrigeration. 
3.1.9. Refprop versions 8.0 

The Refprop software reproduces the thermodynamic properties of pure fluids mixed fluids.
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Personal Contribution: Implementation of a mathematical model - EES 
(Engineering Equation Solver) –  

The results from the simulations performed with the help of the high-performance software 
EES (Engineering Equation Solver) for the refrigerant R 134a (Fig. 3.1) for the air-water heat pump, 
are shown below.  

Where: T0- represents the vaporization temperature; Tc - represents the condensation 
temperature; Pk- Total compressive strength; lk - mechanical compression work; Qm - freon mass 
flow, P0- vaporization pressure, PC- condensing pressure, Ф0- refrigerating power  
 
Simulation results with the EES software for R134a  

 

Fig. 3.1. Simulation results with the EES software for R134a  

 
Simulation results with the EES software for R 152a  

 Fig. 
3.2. Simulation results with the EES software for R152a  
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Simulation results with the EES software for R1234yf  

 

Fig. 3.3. Simulation results with the EES software for R 1234yf 

 

Mathematical modelling flow-chart of thermodynamic processes related to the 
refrigeration system R 134a, MV3T , MV3TN  

 

Fig. 3.4 Logical calculation scheme for the mathematical model - personal contribution  
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Mathematical modelling of thermodynamic processes for the refrigeration systems 

 

 

Calculation interface related to the mathematical model of thermodynamic 
processes for the R134a AIR-WATER PC system 

 

Fig.3.5 Calculation  interface to the mathematical model for systems AIR-WATER HP works with R134a 
refrigerant 

R134a 
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Mathematical modelling of the thermodynamic processes related to the 
refrigeration system operating with the refrigerant MVIZ3 şi MVIZ1  

 

Fig. 3.6 Calculation interface related to the mathematical model MVIZ1 of thermodynamic processes for the 
refrigeration system with scroll compressors [9]    

 

Simulation of thermodynamic properties of refrigerants for R 134a, R152a, MV3T , MV3TN si 
HFO 1234yf - experimental model AIR-WATER HP 

Fig. 3.7 Pressures of the three refrigerants 
R1234yf, R134a and R152a depending on the 

temperature 

 

Fig. 3.8 Latent heat of vaporization for refrigerants 
R1234yf, R134a and R152a depending on the 

temperature 
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Simulation of properties of ecological alternatives of refrigerant R404A 

The simulations were performed for the experimental model of a refrigeration system with digital 
scroll compressor. 
In addition, a comparative analysis between the refrigerant R404A and two other alternatives 
(MVIZ1, MVIZ3) was presented in the thesis. 
 

 

Fig. 3.9 Pressure regime of refrigerants vs.temperature 
 

 

Fig. 3.10 Latent heat of vaporization vs.temperature 
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Simulation of properties of ecological alternatives for refrigerant R404A  
The simulations were made for the experimental model of a refrigeration system with digital scroll 
compressor.  
Comparative analysis between the refrigerant R404A and two other alternatives (MVIZ1, MVIZ3). 

 
Fig. 3.11 The COP of the installation vs. temperature Fig. 3.12 TEWI factor vs. temperature 

 

 

Simulation of thermodynamic properties of refrigerants R 134a, MV3T, MV3TN and HFO 
1234yf  
 
All the experimental model AIR-WATER HP[58] comparative studies are presented for the 
alternatives MV3T, MV3TN, R1234yf and R134a. 

Fig. 3.13 shows that smallest (advantageous) working pressure has MV3TN. 

 

Fig. 3.13 Pressure vs. temperature Fig. 3.14 Density vs. temperature 
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Fig.3.15 Temperature vs. latent heat of vaporization 

 

The MV3T mixture has higher latent heat than the MV3TN being more advantageous. 

 

                   Fig.3.16 TEWI Factor 

 

The above figures evidence that: 

- The lowest (advantageous) working pressure is MV3TN (Fig.3.13 ); 

- Mixtures MV3T and MV3TN have average values (advantageous); 

- The mixture MV3T (Fig.3.15 ) has higher latent heat than MV3TN making it more 

advantageous; 

- From an ecological point of view (Fig.3.16) the MV3TN mixture (GWP = 560) is the 

most advantageous compared to R134a (GWP = 1430). 
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CHAPTER 4. EXPERIMENTAL RESEARCH  AND VALIDATION   

4.1. Experimental air-to-water heat pump model  

4.1.1. Overview.  

Throughout this doctoral thesis it was followed a development direction of research aiming to 
obtaining new mixtures of ecological refrigerants that could replace the refrigerants currently used in 
refrigeration system, that have a zero ODP and GWP as small as possible; the realization of an 
experimental stand equipped with a refrigeration system with mechanical vapor compression in one step 
(Fig.4.1 - 4.2) with the possibility of future connection to a solar panel, allowing the use of unconventional 
energies so that the energy consumption is as low as possible inside the Technical University of Civil 
Engineering Bucharest (UTCB) - Colentina Laboratory Complex. The air-to-water heat pump (PC) can 
use three types of energy sources: ambient air, sun and electricity, for domestic hot water production. 

Although the air-to-water pump has the lowest COP of all the pumps I refer to, it is, along with the 
ground-to-water PDC, one of the most common in Europe. The air-water system is a relatively simple 
system to install and does not require special fitting works (digging, drilling, etc.). The major disadvantage 
of the system is it cannot operate monovalently at very low temperatures (starting from about -15ºC). 

They can operate bivalently - parallel monoenergetically by using an electrical resistance which 
comes into operation at very low temperatures (below -15º C). Due to this, the heating power is limited.

      
4.1.2. Description of the experimental stand 
The air-to-water heat pump (Fig.4.1) used in the doctoral thesis, consists of the following 

equipments: 

 hermetic piston compressor; 

 helical tube condenser in the double casing; 

 bladed pipe evaporator (Cu/Al);  

 thermostatic lamination valve;  

 two-stage radial fan;   

 double enameled hot water tank  with a volume of 270 liters. 

The refrigerants proposed the replacement of the refrigerant R134a are MV3TN and MV3T and 
the domain of application of the air-water heat pump is from +6°C to +35°C. The working pressure is 
between 6÷12bar and the maximum working temperature is 55°C..  

In order to reduce direct emissions there are multiple EU restrictions (MAC Directive - 
2006/40/EC) [41] and Regulation (EU) 517/2014 [16].  

Consequently, the R134a refrigerant that has been used so far, had to be replaced by another 
refrigerant which has as low as GWP as possible. 
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Fig. 4.1 Construction of the air-to-water heat pump 

The experimental model analyzed from the technical and constructive point of view has the role of 
preparing hot water for 13 students throughout the year, regardless of the season, and the residual cold is 
used to lower the temperature in a teaching laboratory of about 48 sqm . 

Fig. 4.2 The experimental model of the air-water heat pump 
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4.3. Analysis and interpretation of experimental data 

4.3.1. Case of refrigerant R134a  

In the figure 4.3 below is presented the normal decrease of the COP for the operation of the air-

water heat pump in cooling and heating regime with the increase of the compression ratio. 

  

Fig. 4.3 Variation of COP on cooling and heating depending on the compression ratio. 
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4.3.2 Case of refrigerant MV3T 

In the figure 4.4 below is shown the normal decrease of the COP for operation in cooling and 

heating mode with the increase of the compression ratio depending on the compression ratio. 

 

Fig. 4.4 Variation of COP on cooling and heating depending on the compression ratio. 
 

4.3.3 Case of refrigerant MV3TN 

In Fig. 4.5 is shown the COP variation on the cooling side depending on the cooling capacity in 

the vaporization process. There is an increase in the performance coefficient of the PC with the increase 

of the cooling capacity. 

 

Fig. 4.5 COP variation on the cooling side depending on the cooling capacity 
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4.4. Validation of experimental data with the mathematical model 

4.4.1. Case of refrigerant R134a 

The author of the study considered that it is important to consider the cooling load calculated in 
comparison with the one measured for the R134a refrigerant used in the AIR-WATER HP experimental 
stand. In Fig.4.6 below is presented for the cooling capacity the proof of validation of the experimental 
model with the mathematical one, observing a degree of error less than 3%, that falls within the acceptable 
technical error range. In Fig.4.7 below is presented the COP on the cooling side calculated in comparison 
with the one measured for the R134a refrigerant used in the AIR-WATER HP experimental stand. 

 

 
Fig.4.6 The calculated vs. measured cooling capacity 

of the R134a refrigerant used in the experimental 
stand of AIR-WATER HP 

 
Fig.4.7 The calculated vs. measured cooling COP of 
the R134a refrigerant used in the experimental stand 

of AIR-WATER HP 

 

Fig.4.8 COP on the calculated vs. measured heating side of 
the R134a refrigerant used in the experimental stand of 

AIR-WATER HP 
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4.4.2 Case of refrigerant MV3T 

In Fig.4.9 is presented, for the cooling capacity, the proof of validation of the experimental model with the 
mathematical one [61], observing a degree of error less than 4% that falls within under the acceptable technical 
error range.  

 

Fig.4.9 Calculated vs. measured cooling capacity of the 
MV3T refrigerant used in the experimental stand AIR-

WATER HP 

 

Fig.4.10 Calculated vs. measured cooling COP of the 
MV3T refrigerant used in the experimental stand 

AIR-WATER HP 

 

Fig.4.11 COP on the calculated vs. measured heating side 

of the MV3T refrigerant used in the experimental stand 

AIR-WATER HP 

Also, the degree of error of less than 4% is found, which falls within the acceptable technical 

error range. 
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4.4.3 Case of refrigerant MV3TN 

Fig.4.12 below shows for the cooling capacity the proof of validation of the experimental model with the 

mathematical one, observing a degree of error less than 4% which falls within the acceptable technical error 

range.  

 

Fig.4.12 Calculated vs. measured cooling capacity of 
the MV3TN refrigerant used in the experimental 

stand AIR-WATER HP 

 

Fig.4.13 The calculated vs. measured cooling COP of 
the MV3T refrigerant used in the experimental stand 

AIR-WATER HP 
 

 

Fig. 4.14 COP on the calculated vs. measured heating side of 

the MV3TN refrigerant used in the experimental stand 
AIR-WATER HP 
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CHAPTER 5. GENERAL CONCLUSIONS AND PERSONAL 

CONTRIBUTIONS  

5.1. General conclusions   

The research program proposed in the doctoral thesis "Research on the contribution of 
refrigeration systems, air conditioning and heat pumps to global warming" has accomplished the 
principal objective of the work for studying refrigeration systems both from the point of view of 
ecological and energy efficiency, with emphasis on the contribution of refrigerants, by greenhouse 
effect, to global warming.  

Also, the general objective of the thesis, of carrying out scientific research in order to reduce 
the emissions of greenhouse gases, with particular reference to the refrigerants that contribute to global 
warming and climate change, in order to comply with the international legislation in the domain, has 
been achieved. 

In the doctoral thesis entitled: "Research on the contribution of refrigeration, air 
conditioning and heat pump systems to global heating", one objective was the realization of an 
experimental stand air-water heat pump, designed to determine the performance of the refrigeration 
system operating with the refrigerant R134a and to find new ecological refrigerants of mixture type 
MV3T, MV3TN. 
 This thesis brings together the synthesis of a topical bibliographic material with the results of 
own theoretical and experimental studies carried out within a complex research program. 
 Internationally and nationally, the issue of refrigerants which contributes to global warming 
is not yet resolved, this being a topical issue. At national level there are very few researches, given the 
lack of specialists in the area of chemical thermodynamics and of the dedicated equipment (gas 
chromatograph, spectophotometer, analyzer) which can experimentally determine the thermophysical 
and chemical characteristics of some mixtures of refrigerants with various concentrations.  

In the thesis are theoretically analyzed both the simple substances and the mixtures proposed 
on the basis of several programs specific to refrigerants, including the REFPROP software and an EES 
(Engineering Equation Solver) calculation software with which the COP of the installation and the 
TEWI factor for each proposed refrigerant were simulated. The thesis presents the current investigation 
in the domain and a bibliographic material regarding the research of mixtures of refrigerants by the big 
producers at international level. During the doctoral thesis elaboration, the theoretical partial results 
were published and communicated in journals and scientific national and international events. 
        

5.2. Personal contributions  

 In the doctoral thesis, the following personal original contributions were made, accomplishing 
the several objectives of the doctoral thesis: 

 Analysis of the current state of research on the domain of ecological refrigerants that can 
be used in refrigeration systems (Chapter 2); 

 Creation of diagrams and tables with thermodynamic properties of the mixtures of 
refrigerants proposed MV3T, MV3TN, as well as MVIZ1, MVIZ2, MVIZ3 (ANNEX 2); 

 Determination of the equations of state of mixtures (Chapter 3);   
 Development of a new domain of research inside of Faculty of Building Services 

Engineering (of the UTCB), namely of the refrigerants field; 
 Analyzing the different variants of refrigeration systems with various refrigerant fluids 

and proposing optimal solutions from an energy and ecological point of view (Chapter 
3); 



Eng. Mioara Vinceriuc            Research regarding the contribution of refrigeration, air conditioning and heat pump systems to global warming 
 

23 
 

 The use of high-performance simulation programs for ecological analysis and energy 
efficiency for various applications in the domain of cold and air conditioning (EES, 
REFPROP, CLIMACHECK) (Chapter 3); 

 Realization of an experimental stand - heat pump designed to determine the performance 
of the refrigeration system that can operate with R134a, MV3T, MV3TN in the Laboratory 
of atmosphere protection, Colentina Laboratories Complex inside of  the Technical 
University of Civil Engineering Bucharest (UTCB) (Chapter 4). 

 

Other personal contributions: 

 Making a technical documentary regarding the research in the domain of refrigerants at 
international level in the last 10 years (Chapter 1);  
 The use of various simulation programs existing at international level, for ecological 
analysis and energy efficiency for applications in the domain of refrigeration and air 
conditioning (Chapter 3-below chapter 3.1); 
 Making a technical documentation regarding the contribution of refrigeration systems, 
air conditioning and heat pumps to global warming evidenced by the presented bibliography;  
 Proposal of new ecological refrigerants of mixture types for which the mass 
participations have been established following a thermodynamic analysis (Chapter 3) for an 
experimental stand compressor group – digital condenser with scroll compressor modulation 
[9]; 
 Making diagrams and obtaining thermodynamic properties for the mixtures of 
refrigerants proposed for the experimental stand compressor group – digital condenser with 
modulation of the scroll compressor [29]; 
 Elaboration of a calculation algorithm, a mathematical model and a personalized 
simulation program for the air-to-water heat pump system operating with the refrigerant 
R134a, MV3T, MV3TN; 
 Obtaining some mixtures of refrigerants, namely MV3T, MV3TN with GWP less than 
750 [according to Regulation (EU) 517/2014] [16], in order to align with the European 
legislation; 
 The processing of experimental data led to results comparable to those from the use of 
the mathematical model (Chapter 4), at the validation of the experimental model with the 
mathematical one, observing a degree of error less than 3% (0.75-2.9) that falls in  the 
acceptable technical error range.  
In accordance with the subject of the doctoral thesis, a number of over 50 scientific articles 

have been elaborated as follows:  
►- 13- articles can be found on the site IIFIIR  

►- 25 – Google Academic (from 2014- present) 

►- 8 - articles on the site https://orcid.org/0000-0003-0079-1562 (Scopus - Elsevier) 

►- 14 https://publons.com/researcher/3110311/vinceriuc-mioara/publications/  

Web of Science Researcher ID Y-1626-2019  

►- 1- http://www.riss.kr/search  
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Between the above mentioned papers, 5 (five) are published as first author at national and 

international scientific events such as SGEM 2018, CLIMA 2019, BELGRAD 2019, TIMISOARA 

2019, DSC 2020.   

 

5.3. Issues of perspective 

The doctoral thesis can be considered a continuation of the accomplished researches in the 
domain of refrigerants at national level.  

 
Future research directions may involve: 

 Finding ecological alternatives with low or zero GWP in order to align with EU legislation; 
 The use of an existing refrigeration system (designed in optimal conditions) that is subjected to 

different functional regimes from the nominal one with the mixtures MVIZ1, MVIZ2, MVIZ3 
and others for the experimental stand of the compressor group – digital condenser with 
modulation of the scroll compressor; 

 Discovery of new green (ecological) refrigerants that do not directly contribute to global 
warming (GWP =O, ODP=0); 

 Development of the experimental stand of the compressor - digital condenser group with 
modulation of the scrool compressor and its use for the validation of the theoretical results 
obtained from the research directions mentioned above; 

 Analysis of thermodynamic and ecological performances of refrigerants for automotive climate 
systems with the realization of mathematical simulations followed by experimental validations; 

 Applying on the results of the research in the area of refrigerants for various domain. 
 

The analyses made in the thesis with the title: „Research on the contribution of refrigeration, 
air conditioning and heat pump systems to global warming” can be a basis for future studies in the 
domain of refrigeration systems that use renewable energies (eg. solar energy) in order to implement 
in systems with air-water heat pumps with solar panels. 
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In the thesis, the bibliography chapter includes 131 references of which the most 

important ones were presented and which are found in the summary of the thesis. 
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