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Abstract 

 

Fossil fuel-based power plants generate more than 65 percent of total energy generation. 

As a result of this situation, the cooling sector consumes more than 40% of total energy 

output. The importance of new refrigerant trends for alternative cooling systems is 

discussed in this paper. Low operating expenses and an effective cooling process are all 

advantages of using energy-efficient refrigerant ingredients.  

VARS (Vapor absorption refrigeration system) is a well-known cooling technology that 

uses low-grade heat energy sources and has no harmful side effects. In the research of 

cooling machine performance, the coefficient of performance is an important parameter. 

The maximum and minimum limits of the coefficient of performance (COP) of absorption 

cooling cycles are defined using the fundamental laws of energy and entropy formation. It 

is investigated the thermodynamics of a LiBr–H2O–based absorption refrigerator with a 

cooling capacity of 5TR. The principal heat source for operation is the VARS generator, 

which has a considerable impact on the COP. 

 

Keywords: - ODP, GWP, Tri-generation Systems, Absorbents, Absorption, Energy 

Performance Ratio. 

 

 



9 
 

 
 

Table of Contents  
 

Title Page No. 

Bonafide Certificate  2 

Declaration 3 

Approval Sheet 4 

Statement of Project Report Preparation  5 – 6  

Acknowledgement 7 

Abstract 8 

List of Abbreviations 10 

List of Tables  11 

List of Figures  12 

Chapter 1 - Introduction 13 – 14 

Chapter 2 - Literature Review 15 – 16 

Chapter 3 - Methodology 17 

Chapter 4 - Thermodynamic Models  18 - 26 

Chapter 5 - Thermodynamic Analysis  27 – 30 

Chapter 6 - Result And Discussion 31 - 34 

Chapter 7 - Conclusion 35 - 36 

References  37 - 39 

Publications  40 - 71 

Thesis Plagiarism Report 72 - 73 



10 
 

 

 

List of Abbreviations 
 

CCHP stands for Combined Cooling, Heating, and Power. 

CHP stands for Combined Heat and Power. 

CHRP stands for Combined Heat and Refrigeration Power. 

CFC stands for Chlorofluorocarbon. 

GWP stands for Global Warming Potential. 

IWH stands for Industrial Waste Heat. 

KCS (Kalina Cycle System) is an acronym for "Kalina Cycle System". 

ORC stands for Organic Rankine Cycle. 

ODP (Ozone Depletion Potential) is a term used to describe the potential for ozone depletion. 

TEC stands for Thermo Electric Cooling. 

Qref – Evaporator Heat  

Qgen – Generator Heat  

Qabs – Absorber Heat  

Qhex – Heat Exchanger heat 

Qcond – Condenser Heat  

Ta – Absorber Temperature  

Tg – Generator Temperature  

Te – Evaporator Temperature 

Tc – Condenser Temperature  

 

 



11 
 

 

 

List of Tables 
 

Table No. Table Title  Page No. 

1. Commercial & 21st century refrigerants 25 

2. List of Nano materials-based cooling agents 26 

3. LiBr-H2O (P-T-ξ-h) Calculation at Tg = 343°K 29 

4. LiBr-H2O (P-T-ξ-h) Calculation at Tg = 353°K 29 

5. LiBr-H2O (P-T-ξ-h) Calculation at Tg = 363°K 29 

6. LiBr-H2O (P-T-ξ-h) Calculation at Tg = 373°K 30 

7 Calculated values of COPcarnot, COP1, and COP2 for 

different conditions 

31 

8 Heat Transfer Calculated for each Components with 

Circulation Ratio 

31 

 

 

 

 

 

 

 

 

 

 

 



12 
 

 

 

List of Figures 
 

Figure No. Figure Title  Page No. 

1. Vapor Compression Refrigeration System 18 

2. Vapor Absorption Refrigeration System 19 

3. Vapor Adsorption Refrigeration System 20 

4. Ejector Cooling System 20 

5. Solar VARS System Schematic 21 

6. Combined Power Cycle 22 

7. Trigeneration System 22 

8. Organic Rankine Cycle 23 

9. LiBr-H2O (P-T-ξ-h) Chart 28 

 

10. 

Generator temperature (Tg) Versus Heat Transfer for each 

Component 

 

32 

 

11. 

Generator temperature (Tg) Versus Heat Transfer for each 

Component 

 

32 

 

12. 

Generator temperature (Tg) Versus Heat Transfer for each 

Component 

 

33 

 

13. 

Generator Heat (Qgen) Versus Coefficient of Performance 

(COPs) 

 

33 

 

14. 

Circulation Ratio (ƛ) Versus Coefficient of Performance 

(COPs) 

 

34 

 

 

 

 

 



13 
 

CHAPTER – 1 

INTRODUCTION  

 

The additional power consumption from industry and household cooling demand (600 

TWh/yr) is expected to absorb more than half of the entire generation. Increased electricity 

use would put a lot of strain on countries’ power grids. The rise of HVACs causes 

environmental difficulties due to the GHG emissions emitted during the production of 

energy needed to power HVACs, as well as the refrigerants used in their systems. CFC and 

HFC refrigerants are used in mechanical compression-based cooling systems; these types 

of cooling materials have a significant influence on the environment in terms of ozone layer 

depletion and global warming. The potential for heat re-use of discarded heat from industry, 

such as refineries, steel mills, and power plants, is enormous with new age cooling 

materials. The use of dumping heat recovery systems for combined heating, cooling, and 

power generation, as well as the use of new refrigerant trends. 

Refrigeration technologies have become more important in recent advances in thermal 

engineering in today's industrial applications, but significantly raising the COP of these 

refrigeration systems has always been a challenge for academics. Because they are both 

vapour cycles, the vapour absorption refrigeration system is comparable to the vapour 

adsorption refrigeration system. Unlike steam adsorption refrigeration, absorption 

refrigeration requires heat as an energy source. As a result, thermal drive or thermal energy 

drive systems are widely used to describe these systems. Heat is removed by evaporating 

the refrigerant at low pressure in both the vapour absorption and adsorption refrigeration 

cycles, and heat is removed by condensing the refrigerant at higher pressures in both. The 

main distinction is that the vapour adsorption system uses a mechanical compressor to 

create the pressure difference needed to circulate the refrigerant, whereas the absorption 

system relies on heat. The absorption system works with little or no effort because of this 

difference, but the energy must be delivered in the form of heat. If low-cost heat sources 

such as solar heat, electricity, and waste heat from heat are available, the system becomes 

more appealing. 
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Vapor Absorption Systems have a number of benefits, including the capacity to create 

cooling using any form of low-grade, low-cost heat energy, resulting in significant cost 

savings. It can run on steam or any other waste heat source instead of pricey and unstable 

electric power. Because there are no moving parts, the system is silent, vibration-free, and 

trouble-free to use. Furthermore, maintenance costs are low when compared to power-

driven mechanical devices. To provide the cooling effect, a pure refrigerant is employed 

instead of ozone-depleting chlorine-based compounds. 

The current thesis examines several cooling materials in terms of environmental safety, 

future refrigerant, ultra-cooling achievement, commercial application in all aspects, and 

enormous plant rejected heat utilization. In addition, an energy study of a LiBr–H2O based 

absorption refrigerator with a refrigeration effect of 5TR in which the VARS generator is 

the primary heat source for operation and its significant impact on VARS performance is 

calculated, as well as the influence of generator temperature (T_ gen) on VARS 

performance. The data show that the cooling machine’s COP increases as T_ gen increase, 

but that it drops after 100°C (343°K). For optimal COP values, the operational T_gen must 

shut off the generator temperature. 
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CHAPTER -2 

LITERATURE REVIEW 

 

Present literature work explain recent research and development of alternative and eco-

friendly refrigeration system. The significant research work on all types of refrigerants has 

been discussed in same chapter in terms of Alternative refrigerants future, 

Commercialization of refrigerants and its technological implementation.  

Won and Lee compared a double-effect absorption cooling cycle utilising a new working 

pair of H2O-LiCl to a cycle using the traditional H2O-LiBr solution. The use of H2O-LiCl 

created better system performance than the H2O-LiBr mixture, according to the findings. 

Won et al. conducted a simulation analysis on a double-effect absorption cooling cycle 

using a ternary mixture of H2O-LiBr-LiSCN and compared the system COP when two 

other pairs, H2O-LiBr and H2O-LiCl, were used. 

According to the scientists, the system that employed the H2O-LiBr-LiScN solution 

performed better than those that used H2O-LiBr and H2O-LiCl individually. The COP of 

the system improved by 3% when compared to the system using H2O-LiBr, according to 

the findings. Lee et al. presented a quintuple mixture of H2O-LiBr-LiNO3-LiI-LiCl as the 

solution in a double-effect absorption system in a serious flow scheme (mole ratio of 

LiBr:LiNO3:LiI:LiCl = 5:1:1:2). Using this recommended method, no crystallisation issues 

were detected in the air-cooled absorption equipment. 

The authors noted how using renewable energies to operate refrigeration systems (e.g., 

waste heat from industrial processes, wind, and solar energy) has become a more intriguing 

subject of research in recent years due to their long-term and abundant availability. 

Iyoki and Uemura used a ternary mixture of H2O-LiBr-LiNO3 as a better performing and 

less corrosive working fluid pair than the traditional binary mixture of H2O-LiBr. 

In an experimental study, Cai et al. studied the efficiency of a single-effect absorption 

machine cooled with air. NH3–LiNO3 and NH3–NaSCN were the two types of working 

pairings we used. The COP values produced with NH3–NaSCN ranged from 0.20 to 0.35, 

which were greater than those obtained with NH3–LiNO3 under similar conditions. The 
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findings of this study's tests were crucial in the creation of a superior NH3–salt absorption 

refrigeration system. Patel and his associates 

Yang et al. used a mixture of 20 different types of nanoparticles and 10 different types of 

dispersants to evaluate the diffusion stability of interruption in the NH3-H2O absorption 

system. 

According to the authors, low-grade heat sources (such as engine exhaust) and renewable 

energy sources can be used to power absorption refrigeration systems (e.g., solar energy). 

As a result, the system is very effective in reducing CO2 emissions and very promising in 

terms of energy savings. 

 Absorption refrigeration systems account for over 60% of all thermally driven refrigeration 

systems deployed in Europe, according to Henning. Some of the advantages of absorption 

refrigeration systems are as follows: 

1. Absorption refrigeration uses environmentally friendly refrigerants such as water, 

which have a low impact on the ozone layer and global warming; 

2. Because there are few high-speed moving parts in absorption refrigeration systems, 

they are quiet. This also makes their upkeep low-cost and straightforward. 

3. Absorption refrigeration systems can recover heat from virtually any system. 

4. An absorption refrigeration system produces minimal cycling loss during on-off 

operation, which is known to produce a lot of waste heat with traditional VCRSs; 

5. Absorption refrigeration systems have a 20–30-year life expectancy. 
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CHAPTER -3 
 

METHODOLOGY 
 

The present chapter discusses the methods used for the proposed project on Libr H2o-based 

cooling techniques for heat recovery purposes. The following steps have been  implemented 

for completion of the current project work 

1. Complete state of art Literature work on alternative cooling systems and 

refrigerants.  

• Review of all cooling systems and novel heat recovery thermodynamic 

systems 

• Review refrigerants in terms of alternative refrigerants, eco-friendly 

refrigerants, and commercialization. 

• Review on Vapor Absorption Refrigeration cooling system    

2. Detail Discussion of Libr -H2O Vapor Absorption Refrigeration system and its 

layout. 

3. Mathematical modeling of Vapor Absorption Refrigeration system. 

4. Data Collection of Vapor Absorption Refrigeration as per latest research 

publications. 

5. Thermodynamic Analysis  

6. Result and Conclusion  

7. Publications  
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CHAPTER -4 
 

THERMODYNAMIC MODELS 
 

Under the heading of thermodynamic models, we will discuss about Different Cooling 

Techniques, Waste Energy Recovery Thermal System, and Alternative Cooling Materials. 

• Different Cooling Techniques  

1. Mechanical Compression Refrigeration System (VCRS) 

2. Vapor Absorption Refrigeration Systems (VARS). 

3. Vapor Adsorption Vapor. 

4. Thermo-Electric Cooling System. 

5. Solar-Refrigeration System (Solar Thermal-VARS)   
 

Vapor Mechanical Compression Refrigeration System (VCRS) 

The mechanical compression-based cooling technique are commonly known as vapor 

compression refrigeratisystemstem (VCRS). The working refrigerant material undergoes phase 

change twice from liquid to vapor the at evaporator and again back to vapor to liquid at 

condenser side.  The four basic components of VCRS are linked via a conduit through which 

refrigerant flows. The evaporator is a fixed location where heat is extracted by the refrigerant 

in order to accomplish cooling. Low pressure and temperature were maintained via the 

evaporator. The liquid refrigerant turns in to low pressure vapor. After evaporator vapor 

refrigerant transferred to compression, here refrigerants will be compressed and convert into 

high pressure and temperature. Thermodynamically compression process is isentropic 

compression. The compressed superheated refrigerant vapor enters into condenser for heat 

rejection at same compression pressure. The vapor refrigerants return to a liquid state after 

leaving the heat. The saturated liquid refrigerant is transferred from the condenser to the 

expansion valve in an isenthalpic throttling operation. The refrigerants reach low pressure and 

temperature before returning to the evaporator. The VCRS system is widely used in 

applications such as ultra-low cooling solidification of gases, ice production, and HVAC.[11] 

 

 

Figure 1 – Vapor Compression Refrigeration System [14] 
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Vapor Absorption Refrigeration System (VARS)  

The evaporator sends low-pressure dry ammonia vapor into the absorber. Dry ammonia vapor 

is dissolved in cold water in the absorber, forming a strong ammonia solution. The heat 

generated during ammonia absorption is dissipated by flowing cold water through the 

absorber’s coils. A pump then transports the highly concentrated ammonia (known as Aqua 

Ammonia) to the generator through a heat exchanger. The hot weak solution returning from 

the generator to the absorber heats the strong ammonia solution in the heat exchanger. The 

warm solution is heated further in the generator by steam coils, gas, or electricity, and the 

ammonia vapor is forced out of the solution. Ammonia’s boiling point is lower than that of 

water. As a result, the vapors emitted by the generator are mostly ammonia. Weak aqua refers 

to the weak ammonia solution that is left in the generator. Through the heat exchanger, this 

weak solution is returned to the absorber. Water vapor may be present in the ammonia vapors 

emitted by the generator. If this water vapor is allowed to reach the condenser and expansion 

valve, it may freeze, causing the flow to get clogged. Before the condenser, the system includes 

an analyser and rectifiers. The analyser vapor separates ammonia from water vapor by passing 

ammonia vapor from the generator through a series of trays. The water vapor that had been 

separated was returned to the generator. After that, the ammonia vapor is rectified. Water vapor 

remaining present in ammonia vapor condenses in the rectifier, and the condensate is returned 

to the analyser. Following that, the nearly pure ammonia vapor goes through the condenser.[16] 

 

Figure 2 – Vapor Absorption Refrigeration System [14] 
 

Vapor Adsorption System 

The adsorption refrigeration system works similar to vapour compression refrigeration system. 

The thermal compressor is used in the adsorption system in place of mechanical compressor. 

It’s termed a thermal compressor since it works based on temperature change. The adsorption 

and desorption phenomena are used to replace the compressor’s function in this system. As a 

result, one adsorption bed will alternate between adsorption and desorption processes. The 

desorption process necessitates heating, while the adsorption process needs cooling.[17] 
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Figure 3 – Vapor Adsorption Refrigeration System [17] 
 

Thermo-Electric Cooling System 

The potential application of solid-state thermoelectric (TE) technology as green energy 

conversion devices has attracted a lot of interest. As a long-term cooling method, proper 

thermal management of thermoelectric coolers (TEC) is critical. The Peltier effect, which is 

used in thermoelectric technology, allows for electrical energy conversion in to temperature 

differential directly [34]. The thermoelectric cooler (TEC) uses the Peltier effect to distribute 

heat and eliminate hot spots from electrical equipment in an environmentally friendly manner. 

A TEC could be placed in a small space due to its capacity to be made in small sizes (micro-

chips). The cooling effect of TECs varies from milli watts to watts only, it depends on the 

application. The refrigeration effect and energy performance ratio are significant performance 

parameters of TEC. [35-36] 

 

Figure 4 – Concept of Thermo Electric Cooling [37] 
 

Solar Thermal Cooling system using vapor absorption refrigeration. 

Non-Toxic and zero global warming index-based refrigeration system integrated with solar 

thermal system. Solar heating operated this cooling machine is thermo-compression-based 

machine. The mechanical compression refrigeration system is replaced by the refrigerant pump 
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for pressure of cycle and generator unit provide high temperature to refrigerant. The popularly 

LiBr-H2O and H2O-NH3 vars system is commercially available which give the sufficient 

cooling (about 5 0C of cooling temperature) for food preservation, milk storage, water chilling 

etc.  It is a one-time investment with minimum running expenses. It is a pollution free system 

with very low maintenance cost. The components of a Solar Powered Vapor Absorption 

System are absorber, generator. [39-42] 

 

Fig 5 – Solar VARS System Schematic [40] 
 

• Waste Energy Recovery Thermal System 

Co-generation system 

Combined output power and heat process is defined as co-generation system. It that includes 

joint effect of two different power cycles at the same time, such as gas turbines and steam 

turbine systems, to simultaneously generate power and usable heat or process heat. The 

considerable quantity of energy is discarded from the power plant. Maidment and Tozer studied 

on different thermodynamic system which gives collective results of energy in form of heating 

and power in same thermal system. They looked at a number of different ways for combining 

energy generation, including cooling and engine technologies. [1,2] Bureau of energy 

efficiency summarized the well-known topping and bottoming cycle co-generation concept, 

which is suitable for manufacturing operations in which high-temperature heat is required in 

furnaces and kilns and high-temperature heat is rejected. Cement, steel, ceramics, gas, and 

petrochemical industries are examples of typical application sectors. Plants in the bottoming 

cycle are far less prevalent than those in the topping cycle. The furnace’s waste gases are 

utilized to make steam, which is subsequently used to power the turbine, which provides 

electricity. [3,4] 
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Figure 6 – Combined Power Cycle [13]  

 

TRIGENERATION SYSTEM 

Three forms of energy are produced via tri-generation techniques: electrical power, heating, 

and cooling. RI-generation systems combine a thermally powered refrigeration system with a 

CHP (Combined Heat and Power) or cogeneration system to provide cooling, electricity, and 

heat. This innovative thermal system has higher thermal efficiency with multiple effect of 

energy, and employable in power generation plants. [4,5] 

 

Figure 7 – Trigeneration System [13]  

 

ORGANIC RANKINE CYCLE (ORC) 

Chen and Goswami discussed many thermodynamic methods for utilizing waste heat, such as 

the Organic Rankine Cycle (ORC). This novel thermal system similar to vapour power Rankine 

cycle, but low boiling temperature alternative working fluid is employed in place of steam. 

This organic fluid able to recover the discharged heat from low grade energy source. The cycle 

includes an expansion turbine, condenser, pump, boiler, and superheated water (provide 

superheat is needed). HCFC123 (CHCl2CF3), PF5050 (CF3(CF2)3CF3), HFC-245fa 

(CH3CH2CHF2), HFC 245ca (CF3CHFCH2F), isobutene ((CH3)2C=CH2), n-pentane, and 

aromatic hydrocarbons have all been used to study organic Rankine cycles. Power plants, 

cement plants, desalination plants, processing plants, and manufacturing plants are all 
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examples. There are three types of working fluids: dry, wet, and isentropic. An isentropic or 

dry fluid was recommended for ORC to avoid liquid droplet impingement in turbine blades 

during expansion. If the fluid is excessively dry, the expanded vapor will exit the turbine with 

a lot of superheats, which is a waste and will increase the cooling load. [6,7-10] 

 

Figure 8 – Organic Rankine Cycle [12] 

 

• Alternative Cooling Materials (Nano-Fluids & Thermo-Electric Materials) 

In advanced materials technology a particle is defined as a small item that has the same 

transport properties as a full unit. Nanoparticles range in size from 1 to 100 nanometres (1x109 

and 1x107 m). Nanoparticles include tubes and fibres with only two dimensions less than 100 

nm. At a threshold length scale of 100 nm, novel features that distinguish particles from bulk 

material often emerge. Ceramics, metals, and metal oxides are used to create them. [33] 

Nano-Refrigerants 

Nanofluids are nanoparticle colloidal suspensions in base fluids that have been tailored to 

improve their properties at low concentrations. Nanofluids feature 1) greater heat transfer 

between particles and fluids than regular solid-liquid suspensions due to the increased surface 

area of nanoparticles. 2) Improved dispersion stability with Brownian motion as the main 

motion in comparison to the base fluid, there was less particle blockage and less pumping 

power. 

The lubricant nanoparticles mixture is known as nano lubricant, and it can be added to the 

lubricant (compressor oil). Nanoparticles can also be added to refrigerant, and the refrigerant 

nanoparticles mixture is referred to as nano refrigerant. Pure refrigerant can be mixed with 

nano lubricant to make nano lubricant-refrigerant. Nanofluids include nano lubricant, nano 

refrigerant, and nano lubricant-refrigerant. Nano lubricant enhances tribological properties in 

refrigeration systems, boosting compressor performance; thermo-physical characteristics of 

nano refrigerants are improved., increasing cooling effect. The addition of nanoparticles 

improves the solubility of oil and refrigerant, allowing more oil to be returned to the 

compressor. [33]. Table 4 all the Nano-refrigerants are mentioned in this table. 
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Thermo-Electric Materials 

Thermoelectric material specifications. 

• Because of their room-temperature functioning, semiconductors with narrow band gaps 

have a high electrical conductivity (to reduce electrical resistance, a source of waste heat) 

• Low thermal conductivity (i.e., heat does not flow back from the heated to the cold side); 

this typically means heavier components. 

• Complex structure with a large unit cell. 

• Compositions that are complex. 

•  Extremely anisotropic or symmetric 

 

Bismuth telluride, lead telluride, silicon germanium, and bismuth-antimony alloys are common 

thermoelectric materials used as semiconductors. Bismuth telluride is the most often utilised 

of them [35]. 
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Table 1 – Commercial & 21st century refrigerants [38-42] 

 

Refrigerants Designation Refrigerants  Temp_boiling 

(K) 

Temp_freezing 

(K) 

Temp 

_critical 

(K) 

Pressure 

_critical 

(bar) 

ODP GWP 

Chlorofluorocarbons        

R113 

R11 

R114 

R12 

R115 

Trichlorofluoromethane 

Trichlorofluoromethane 

Dichlorotetrafluoroethane 

Dichlorodifluoromethane 

Chloropentafluoroethane 

320.73 

296.98 

276.94 

243.37 

233.83 

238.16 

162.05 

179.27 

115.38 

167.05 

487.3 

471.2 

418.9 

385.2 

353.1 

34.4 

44.1 

32.6 

41.2 

31.5 

0.9 

1 

0.7 

1 

0.6 

5200 

4000 

16600 

12200 

39200 

Hydrochlorofluorocarbons        

R141b 

R123 

R22 

Dichlorofluoromethane  

Dichlorodifluoromethane 

Chlorodifluoromethane 

305.16 

301.03 

232.40 

- 

166.01 

113.16 

483.35 

457.15 

363.15 

46.4 

36.76 

49.78 

0.15 

0.02 

0.05 

600 

80 

1480 

Hydrofluorocarbons        

R245fa 

R134a-21st  century 

refrigerants 

R507 

R125 

R32 

R23 

Pentafluoro propane 

Tetrafluoroethane 

Azeotrope- Blend 

Pentafluoro ethane 

Difluoromethane 

Triflouromethane  

288.44 

247.00 

226.05 

224.59 

221.44 

191.10 

166.49 

176.55 

255.38 

170.01 

137.05 

118.16 

383.4 

374.25 

344.05 

339.25 

351.4 

298.75 

31.5 

40.67 

37.92 

36.2 

58.08 

48.37 

0 

0 

0 

0 

0 

0 

790 

1160 

1400 

3360 

440 

24000 

Hydrofluoroellifins 

R1234yf-21st century 

refrigerants 

 

2,3,3,3-Tetrafluoropropene 

 

244.15 

 

220.00 

 

367.85 

 

33.82 

 

0 

 

4 

Fluorocarbons/ 

Perfluorocarbons 

       

R218 

R14 

Octofluoropropane 

Tetrafluoromethane 

241.66 

145.22 

113.16 

89.27 

344.95 

227.65 

26.8 

37.43 

0 

0 

9300 

6500 

Hydrocarbons          

R600 

R290-21st century 

refrigerants 

R170 

R1150 

R50 

Butane 

Propane 

Ethane 

Ethylene 

Methane  

272.66 

231.07 

184.35 

169.44 

111.66 

134.66 

85.49 

90.38 

104.27 

90.94 

425.12 

369.83 

305.32 

282.34 

190.56 

37.7 

42.1 

48.5 

50.3 

45.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Inorganic Compounds        

R718 

R717 

R744 

R728 

R702n 

R50 

Water 

Ammonia 

Carbon Dioxide 

Nitrogen 

Hydrogen  

Helium  

373.16 

239.83 

194.72 

77.38 

20.38 

4.22 

273.16 

195.44 

216.55 

63.16 

13.99 

- 

647.13 

405.65 

3.4.21 

126.2 

33.19 

5.2 

219.4 

113.0 

73.9 

33.9 

13.2 

2.3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Hydrofluoroether         

HFE-7100 

HFE-7200 

HFE-7000 

Methoxynonafluorobutane 

Ethoxynonafluorobutane 

Methoxyheptafluoropropane  

334.16 

349.16 

307.16 

138.16 

135.16 

150.38 

468.45 

482.0 

438.15 

22.3 

19.8 

24.8 

0 

0 

0 

320 

55 

400 
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Table 2 – List of nano materials-based cooling agents [19-32] 

 

Research Conducted Cooling 

materials 

Nano-materials and 

base materials 

Research Outcome 

Maheshwari [19] R-134a  ZnO The heat conduction of spherical nanoparticles increased by 

25.26 per cent, whereas cubic nanoparticles increased by 42.5 

per cent. 

 

Rezaeinjoybari [20] R600a  CuO / POE oil Between 1.5 and 2 percent concentration, the heat transfer 

coefficient was increased.  
Kumar [21] R134a, R12, R22, 

R600, R600a 

Al2O3 / POE 11.5 % reduction in energy use.  

Coumaressin and 

Palaniradja [22] 

R134a  CuO  With nano refrigerant, the evaporator heat transfer coefficient 

is enhanced. R134a/CuO is an excellent refrigerant to utilize.  

Diao [23], Peng [26] R141b Cu – SDBS Boiling’s heat transmission coefficient increased as the 

volume increased. 

 

Sanukrishna [24] R134a  SiO2 – Poly alkaline 

glycolnano lubricant 

Heat conduction improves and reducing friction with SiO2 – 

PAG lubricant.  

Tang [25] R141b POE 𝛿- Al2O3 with SBDS as 

surfactant  

The heat transmission coefficient of a pool that is boiling has 

been improved.  

Wang [27] R410a NiFe2O4 – MNRO as 

lubricant  

By changing the lubricant, the energy efficient ratio (EER) 

was increased by 6%.  

Kumar [28] R134a  Al2O3 – PAG  The co-efficient of performance   is increased by 9-10% less 

energy use when 0.2% is applied.  

Peng [29] R113 Diamond  Nucleate pool boiling heat transfer coefficient increased by 

63.3%. 

Trisaksri and Wongwises 

[30] 

R141b TiO2 The energy rate fell as the volume fraction increased. 

Bi [31] R600a TiO2 With nano-refrigerant, the performance enhanced. There was 

a 9.6% reduction in energy consumption. 

 

Adelekan [32] R600a Graphene  The smallest power consumption was 65W, the highest PPTR 

was 5.22, and the maximum increased COP was 0.76. 
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CHAPTER – 5 
 

THERMODYNAMIC ANALYSIS 
 

Energy Calculation for the System  

Energy Calculation of the system entails calculating the system Coefficient of Performance 

(COP) by determining critical parameters such as enthalpy, mass flow rates of absorbent & 

absorbate, and circulation ratio for the entire system. These values will subsequently be used 

in the system’s design. First, by applying mass and energy balance to each component, a set of 

thermodynamic equations in terms of mass flow rates and enthalpy has been generated. The 

actual system conditions, such as temperature, pressures, and enthalpies, are then substituted 

into the equations to produce the system's COP value. 

The following assumptions are used to conduct the system's thermodynamic analysis. 

Let Mr =Refrigerant mass flow rate, (kg/s) 

Mss =Strong solution mass flow rate, (kg/s) 

Mws=Weak solution mass flow rate, (kg/s) 
 

Mass (M)balance for the system: -Mss = Mr + Mws 

ƛ = Mws/Mr        Therefore, Mss = Mr(1+ƛ)    { Where ƛ is the circulation Ratio } 

 

Heat (Q) balance for each component :- 

S No. Component Heat (Q) Heat (Q) balance Equations for each 

component 

1. Absorber Qabs Qabs = Mrh10 + ƛMrh6 – Mr(1+ƛ)h1 

2. Heat Exchanger Qhex Qhex = Mr(1+ƛ)(h3-h2) 

3. Generator Qgen Qgen = Mrh7 + ƛMrh4 – Mr(1+ ƛ)h3 

4. Condenser Qcond Qcond = Mr(h7-h8) 

5. Evaporator Qref Qref = Mr(h10-h9) 
 

Coefficient of Performance (COP) :- 

The heat absorbed by the refrigerant in the evaporator is the net refrigerating effect in this 

system. The sum of the work done by the pump and the heat supplied by the generator is the 

total energy given to the system. As a result, COP1= Heat Absorbed in Evaporator / (Work 

Done by Pump + Heat provided to Generator) is the system’s Coefficient of Performance 

(COP1).  

Or COP1 = Qref / (Qgen + Wp) 

Now, Neglecting the pump work   

Therefore,   COP 1 = Qref / Qgen   Also  COP 2 = COP 1 / COPcarnot 
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Thermodynamics of 5-ton LiBr-H2O Vapor Absorption Refrigeration Plant 

Operating  Temperatures :-  

1. Absorber Temperature (Ta) – 20° - 30°C      [293 – 303]°K 

2. Generator Temperature (Tg) – 60° - 110°C   [333 – 383]°K 

3. Condenser Temperature (Tc) – 25° - 50°C    [298 – 323]°K 

4. Evaporator Temperature  (Te) – 2° - 10° C    [275 – 283]°K 

COP Carnot :-  

A Carnot refrigeration cycle’s COP is solely determined by the cycle’s upper and lower 

temperatures, and it is true that the reversed Carnot cycle is the most efficient refrigeration 

cycle while running between these two temperature ranges. 

COPcarnot = [(Te/Tc-Te)*(Tg-Ta/Tg)] 

 

Capacity of the system or Refrigerating effect :- 

Cooling Plant Refrigeration Effect (Qref) = 5TR                     ( Also 1TR = 3.5 KW ) 

Therefore,  Qref = 5TR = 5*3.5 = 17.5 KW  

 

Calculation of Enthalpy (h) at each of the system’s designated points :- 

• At any temperature, steam tables can be used to compute the enthalpy of pure water 

and superheated water vapors. 

• The LiBr-H2O (P-T-ξ-h) Chart is used to calculate the enthalpies of solutions. 

 

 

Fig – 9 LiBr-H2O (P-T-ξ-h) Chart 
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LiBr-H2O Enthalpy – Pressure – Temperature – Concentration Tables 

 

Table 3 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.05199 -165 0.48 

3. 323 0.05199 -120 0.48 

4. 343 0.05199 -100 0.57 

5. 298 0.05199 -185 0.57 

6. 295 0.00933 -185 0.57 

7. 343 0.31162 2626.9 - 

8. 306 0.05199 138.2 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 

 

Table 4  

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.06399 -165 0.48 

3. 323 0.06399 -80 0.48 

4. 353 0.06399 -72 0.59 

5. 298 0.06399 -185 0.59 

6. 295 0.00933 -185 0.59 

7. 353 0.47360 2643.8 - 

8. 311 0.06624 159.1 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 

 

Table 5 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.07999 -165 0.48 

3. 323 0.07999 -72 0.48 

4. 363 0.07999 -65 0.62 

5. 298 0.07999 -185 0.62 

6. 295 0.00933 -185 0.62 

7. 363 0.70109 2660.1 - 

8. 316 0.08639 180.0 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 
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Table 6 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.09865 -165 0.48 

3. 323 0.09865 -68 0.48 

4. 373 0.09865 -56 0.65 

5. 298 0.09865 -185 0.65 

6. 295 0.00933 -185 0.65 

7. 373 1.0133 2676.0 - 

8. 321 0.11162 200.9 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 
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CHAPTER – 6 
 

RESULT AND DISCUSSION 
 

• We have devised a computation approach based on simple analytical data that relates 

the thermodynamic variable of the H2O-LiBr fluid couple in this study. 

• We have calculated the heat transfer for each component and the COPcarnot, COP1, 

and COP2 for the system, all the calculated values are mentioned in Tables 7 & 8. 

 

Table 7 – Calculated values of COPcarnot, COP1, and COP2 for different conditions 

Conditions COP Carnot COP 1 COP 2 

Case 1  

Tg =343°K, Te = 277°K, Tc = 306°K, Ta = 295°K 

1.33668 0.01026 0.007681 

Case 2 

Tg =353°K, Te = 277°K, Tc = 311°K, Ta = 295°K 

1.33861 0.01062 0.007933 

Case 3  

Tg =363°K, Te = 277°K, Tc = 316°K, Ta = 295°K 

1.33050 0.01063 0.007990 

Case 4  

Tg =373°K, Te = 277°K, Tc = 321°K, Ta = 295°K 

1.31647 0.01054 0.008006 

 

 

Table 8 – Heat Transfer Calculated for each Components with Circulation Ratio 

Conditions ƛ (Circulation Ratio) Qref 

(KW) 

Qhex 

(KW) 

Qgen 

(KW) 

Qabs 

(KW) 

Qcond 

(KW) 

Tg =343°K 5.33 17.5 170.12 1704.28 1550.84 1486.40 

Tg =353°K 4.36 17.5 272.11 1647.64 1562.43 1484.01 

Tg =363°K 3.42 17.5 245.50 1646.07 1573.66 1481.26 

Tg =373°K 2.82 17.5 221.30 1659.09 1587.27 1478.27 
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Graphs 

 

Fig 10 – Generator temperature (Tg) Versus Heat Transfer for each Component 

 

Fig 11 – Generator temperature (Tg) Versus Coefficient of Performance (COPs) 
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Fig 12 - Generator temperature (Tg) Versus Circulation Ratio (ƛ) 

 

 

Fig 13 – Generator Heat (Qgen) Versus Coefficient of Performance (COPs) 
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Fig 14 – Circulation Ratio (ƛ) Versus Coefficient of Performance (COPs) 
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CHAPTER – 7 
 

CONCLUSION 
 

➢ The powerful greenhouse gas emissions CFCs, HCFCs, and halons deplete the world's 

protective ozone layer, which protects the globe from damaging ultraviolet (UV-B) 

radiation released by the sun. These synthetic refrigerants also cause global warming 

and have a significant impact on climate change. The current review study looks at the 

advancement of low-GWP and low-ODP refrigerants. Natural refrigerants like CO2, 

NH3, and H2O, as well as hydrocarbons like R290, R600, R600a, and blends of 

hydrocarbons, are potential answers to this problem and are being used in a variety of 

cooling techniques. The following are some of the most noteworthy observations. 

1. Because of their great energy efficiency, good thermodynamic properties, low price, and 

excellent co-efficient of performance, HCs are a feasible solution for medium-scale cooling 

applications. 

2. Many refrigerants have been used in auto-mobile air-conditioning systems for electric 

vehicles, including Propane, Iso-butane, Propylene, Ethyl fluoride, Tetrafluoro propylene, and 

Tetrafluoro propene. The literature on electric vehicles (EVs) suggests propane and tetrafluoro 

propylene as promising 21st-century refrigerants, particularly for cooling and millage issues. 

3. The use of nano-refrigerants with improved thermo-physical and heat-transfer capabilities. 

Heat conduction of TiO2-R134a based nano-refrigerant increases by 30-32 percent when nano-

particle concentration is 1.5-2 percent, according to studies. There are limited research in the 

open literature on the use of nanoparticles with natural refrigerants like hydrocarbons, NH3, 

and CO2. Commercial and industrial uses necessitate these studies. 

4. Because there is little study on the usage of an oil and refrigerant combination, more research 

with different oil concentrations is needed. 

5. The advantages of thermoelectric cooling systems over typical refrigeration machines are 

compact size, light weight, high dependability, lack of motorised parts, no refrigerants required, 

direct power supply, and ease of switching between heating and cooling modes. New high-

performance TEC materials are currently being developed. 
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6. In the rural livelihood industry, the use of solar thermal energy for alternative cooling 

systems such as vapour absorption, vapour adsorption, and ejector cooling can play a vital role 

in low cooling applications without the use of high-grade energy. By reusing discharged heat 

from captive industries, the refrigeration systems stated above can offer significant cooling. 

7. New age cooling materials with a tri-generation thermal system, ORC, and Kalina system 

offer significant potential for remarkable cooling effects. 

 

➢ The system's COP is heavily impacted by the temperature of the system. The effect of 

temperature on system COP has been investigated for the condenser, generator, 

absorber, and evaporator. The findings revealed that all four parameters had a 

significant impact on the system's COP. 
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Abstract 

More than 65 percent of overall energy generation comes from fossil fuel-based power plants. As a 

consequence of this circumstance, the cooling sector consumes more than 40% of all energy generated. This 

study discusses the significance of new refrigerant trends for alternative cooling technologies. The use of 

energy-efficient refrigerant materials has a minimal environmental impact, as well as low operating costs 

and an efficient cooling process. The employment of new age refrigerant capable to recover the waste heat 

for tri-generation effect (cooling heating and power). The thermo-electric cooling techniques can play the 

essential role in micro-electronics industry with its efficient cooling. The present state of the art review, as 

well as a technical appraisal of each technology's potential to reach the market as a complement to or 

replacement of conventional and high energy paid cooling systems in the future. 

 

Keywords – ODP, GWP, WHR, Eco-friendly Refrigerant, ORC,Tri-Generation systems, TEC 

 

1. Introduction  

The additional power consumption from industry and household cooling demand (600 TWh/yr) is expected 

to absorb more than half of the entire generation. This increased electricity consumption would put significant 

strain on countriespower sectors. Due to the GHG emissions released during the production of energy needed 

to power HVACs, as well as the refrigerants utilized in their systems, the rise of HVACs creates 

environmental challenges. The mechanical compression-based cooling system uses CFC & HFC refrigerants, 

these category of cooling materials have severe impact on environment in terms of ozone layer degradation 

and global warming. The new age cooling materials have tremendous potential for heat re-utilization of 

discarded heat from industry such as refineries, steel industry, power generation, etc. The employment of 

dumped heat recovery systems for combined heating-cooling and electricity production, including the 

involvement of new refrigerant trends. 

The present research work discusses the comprehensive review of various cooling materials in terms 

environment safety aspect, future refrigerant,ultra-cooling achievement, commercial application in all 

aspectand discarded heat utilization of massive plant. 

 

2. Cooling Techniques 

All cooling systems function by transporting heat from one location to another, chilling that location and 

reversing the natural flow of heat with the use of external energy. The following refrigeration systems have 
been developed and commercialized for food preservation, maintaining low temperature, solidification of 

gases, Micro-Chip manufacturing, Tele communication, cryogenics and industrial cooling process. 
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A- Mechanical Compression Refrigeration System (VCRS) 

B- Vapor Absorption Refrigeration Systems (VARS). 

C- Vapor Adsorption Vapor. 

D- Ejector Cooling System. 

E- Thermo-Electric Cooling System. 

F- Solar-Refrigeration System (Solar Thermal-VARS) 

 

2.1. Vapor Mechanical Compression Refrigeration System (VCRS) 

The mechanical compression-based cooling techniques commonly known as vapor compression 

refrigeration system (VCRS). The working refrigerant material undergoes phase change twice from liquid 

to vapor at evaporator and again back to vapor to liquid at condenser side.  The four basic components of 

VCRS are linked via a conduit through which refrigerant flows. The evaporator is a fixed location where 

heat is extracted by the refrigerant in order to accomplish cooling. Low pressure and temperature were 

maintained via the evaporator.The liquid refrigerant turns in to low pressure vapor.After evaporator vapor 

refrigerant transferred to compression, here refrigerants will be compressed and convert into high pressure 

and temperature. Thermodynamically compression process is isentropic compression. The compressed 

superheated refrigerant vapor enters into condenser for heat rejection at same compression pressure. The 

vapor refrigerants return to a liquid state after leaving the heat. The saturated liquid refrigerant is transferred 

from the condenser to the expansion valve in an isenthalpic throttling operation. The refrigerants reach low 

pressure and temperature before returning to the evaporator. The VCRS system is widely used in applications 

such as ultra-low cooling solidification of gases, ice production, and HVAC. [11]. Fig 1 comprises of the 

functioning of the vapor compression refrigeration system. 
 

 

 

Figure 1 - Vapor Compression Refrigeration System [14] 

 

2.2. Vapor Absorption Refrigeration System (VARS)  

The evaporator sends low-pressure dry ammonia vapor into the absorber. Dry ammonia vapor is dissolved 
in cold water in the absorber, forming a strong ammonia solution. The heat generated during ammonia 

absorption is dissipated by flowing cold water through the absorber's coils. A pump then transports the highly 
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concentrated ammonia (known as Aqua Ammonia) to the generator through a heat exchanger. The hot weak 

solution returning from the generator to the absorber heats the strong ammonia solution in the heat 

exchanger. The warm solution is heated further in the generator by steam coils, gas, or electricity, and the 

ammonia vapor is forced out of the solution. Ammonia's boiling point is lower than that of water. As a result, 

the vapors emitted by the generator are mostly ammonia. Weak aqua refers to the weak ammonia solution 

that is left in the generator. Through the heat exchanger, this weak solution is returned to the absorber. Water 

vapor may be present in the ammonia vapors emitted by the generator. If this water vapor is allowed to reach 

the condenser and expansion valve, it may freeze, causing the flow to get clogged. Before the condenser, the 

system includes an analyzer and rectifiers. The analyzer vapor separates ammonia from water vapor by 

passing ammonia vapor from the generator through a series of trays. The water vapor that had been separated 

was returned to the generator. After that, the ammonia vapor is rectified. Water vapor remaining present in 

ammonia vapor condenses in the rectifier, and the condensate is returned to the analyzer. Following that, the 

nearly pure ammonia vapor goes through the condenser. The ammonia vapor’s latent heat is transferred to 

the cooling water pumped through the condenser, and the vapor is condensed into liquid ammonia. An 

expansion valve, also known as a throttle valve, controls the flow of high-pressure liquid ammonia. The high 

temperature of the liquid ammonia is reduced to a low value, and the liquid ammonia partially evaporates as 

a result. The water is then piped to the evaporator. The liquid completely vaporizes in the evaporator. The 

latent heat of evaporation is extracted from the brine or other cooling medium. The cycle is completed when 

a low-pressure ammonia vapor leaving the evaporator and pass in the absorber. The refrigerating effect is 

achieved by repeating this cycle.[16]. Fig 2comprises of the functioning of the vapor absorption refrigeration 

system. 

 

 

 

Figure 2 - Vapor Absorption Refrigeration System [14] 

 

2.3. Vapor Adsorption System 

The adsorption refrigeration system works similar to vapour compression refrigeration system. The thermal 

compressor is used in the adsorption system in place of mechanical compressor. It's termed a thermal 

compressor since it works based on temperature change. The adsorption and desorption phenomena are used 

to replace the compressor's function in this system. As a result, one adsorption bed will alternate between 

adsorption and desorption processes. The desorption process necessitates heating, while the adsorption 

process needs cooling.[17]. Fig 3 It represents the Vapor Adsorption Refrigeration System. 
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Figure 3 - Vapor Adsorption Refrigeration System [17] 

2.4. Ejector Cooling 

A vapour compression cycle with an ejector refrigeration system is a variation on the classic vapour 

compression cycle (VCC). An ejector replaces a compressor to pressurise and release refrigerant vapour 

from an evaporator to a condenser. The pressure and temperature of working fluid can be increases by 

thermo-compression process of ejector cooling system. The pressurised working fluid passing through the 

nozzle it high speed and capture the motive steam from the evaporator. The nozzle ejects the mixed vapour 

steams into the condenser, where they cool and condense into liquid fluids. Through an expansion valve, 

some of the liquid refrigerants return to the evaporator, while the rest is sent to the generator. Air conditioning 

in trains and large buildings can benefit from ejector cooling technology.[18]. Fig 4 It is the schematic 

representation of Ejector Cooling. 

 

 

 

Figure 4 - Ejector Cooling System [18] 
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2.5.Thermo-Electric Cooling System 

The potential application of solid-state thermoelectric (TE) technology as green energy conversion devices 

has attracted a lot of interest. As a long-term cooling method, proper thermal management of thermoelectric 

coolers (TEC) is critical. The Peltier effect, which is used in thermoelectric technology, allows for electrical 

energy conversion in to temperature differentialdirectly [34]. The thermoelectric cooler (TEC) uses the 

Peltier effect to distribute heat and eliminate hot spots from electrical equipment in an environmentally 

friendly manner. A TEC could be placed in a small space due to its capacity to be made in small sizes (micro-

chips). The cooling effect of TECs varies from milli watts to watts only, it depends on the application. The 

refrigeration effect and energy performance ratio are significant performance parameters of TEC. [35-36]. 

Fig 5 It represents the concept of Thermo-Electric Cooling 

 

 

Figure 5 -Concept of Thermo Electric Cooling [37] 

2.6 SolarThermal Cooling system using vapor absorption refrigeration. 

Non-Toxic and zero global warming index-based refrigeration system integrated with solar thermal system. 

Solar heating operated this cooling machine is thermo-compression-based machine. The mechanical 

compression refrigeration system is replaced by the refrigerant pump for pressure of cycle and generator unit 

provide high temperature to refrigerant. The popularly LiBr-H2O and H2O-NH3 vars system is 

commercially available which give the sufficient cooling (about 5 0Cof cooling temperature) for food 

preservation, milk storage, water chilling etc.  It is a one-time investment with minimum running expenses. 

It is a pollution free system with very low maintenance cost. The components of a Solar Powered Vapor 

Absorption System are absorber, generator. [39-42]. Fig 6 It represents the Solar – VARS system. 

 

 

 

Fig 6 – Solar VARS System Schematic [40] 
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3. Waste Energy Recovery Thermal System 

3.1. Co-generation system 

Combined output power and heat process is defined as co-generation system. it that includes joint effect of 

two different power cycles at the same time, such as gas turbines and steam turbine systems, to 

simultaneously generate power and usable heat or process heat. The considerable quantity of energy is 

discarded from the power plant. Maidment and Tozer studiedon different thermodynamic system which 

gives collective results of energy in form of heating and power in same thermal system. They looked at a 

number of different ways for combining energy generation, including cooling and engine technologies. 

[1,2]Bureau of energy efficiency summarized the well-known topping and bottoming cycle co-generation 

concept, which is suitable for manufacturing operations in which high-temperature heat is required in 

furnaces and kilns and high-temperature heat is rejected. Cement, steel, ceramics, gas, and petrochemical 

industries are examples of typical application sectors. Plants in the bottoming cycle are far less prevalent 

than those in the topping cycle.The furnace's waste gases are utilized to make steam, which is subsequently 

used to power the turbine, which provides electricity. [3,4]. Fig 7 It shows the graphical representation of 

the Combined Power Cycle. 

 

Figure 7 - Combined Power Cycle [13] 

3.2. TRIGENERATION SYSTEM 

Three forms of energy are produced via tri-generation techniques: electrical power, heating, and cooling. RI-

generation systems combine a thermally powered refrigeration system with a CHP (Combined Heat and 

Power) or cogeneration system to provide cooling, electricity, and heat.This innovative thermal systemhas 

higher thermal efficiency with multiple effect of energy, and employable in power generation plants [4,5]. 

Fig 8 It is the schematic representation of the Trigeneration System. 

 

Figure 8 - Trigeneration System [13] 



47 
 

3.3. ORGANIC RANKINE CYCLE (ORC) 

Chen and Goswami discussed many thermodynamic methods for utilizing waste heat, such as the Organic 

Rankine Cycle (ORC). This novel thermal system similar to vapour power Rankine cycle, but low boiling 

temperature alternative working fluid is employed in place of steam. This organic fluid able to recover the 

discharged heat from low grade energy source. The cycle includes an expansion turbine, condenser, pump, 

boiler, and superheated water (provide superheat is needed). HCFC123 (CHCl2CF3), PF5050 

(CF3(CF2)3CF3), HFC-245fa (CH3CH2CHF2), HFC 245ca (CF3CHFCH2F), isobutene ((CH3)2C=CH2), 

n-pentane, and aromatic hydrocarbons have all been used to study organic Rankine cycles. Power plants, 

cement plants, desalination plants, processing plants, and manufacturing plants are all examples. There are 

three types of working fluids: dry, wet, and isentropic. An isentropic or dry fluid was recommended for ORC 

to avoid liquid droplet impingement in turbine blades during expansion. If the fluid is excessively dry, the 

expanded vapor will exit the turbine with a lot of superheats, which is a waste and will increase the cooling 

load. [6,7-10].Fig 9 It is the schematic representation of the organic rankine cycle. 

 

Figure 9 - Organic Rankine Cycle [12] 

 

3.4. DUEL FLUID POWER GENERATION SYSTEM 

AleksanderKalia established a two fluid-based combined power & cooling system in 1970-80s. As a source 

of power and cooling, the Kalina cycles system (KCS) uses a working fluid based on an ammonia-water 

(Binary fluid) mixture. Ammonia is the refrigerant in this cycle, while water is the solvent, because to the 

significant difference in their boiling temperatures and high enthalpy. The corrosivity of ammonia is another 

problem. Copper and zinc are highly corrosive to ammonia, and contaminants in liquid NH3, such as air or 

CO2, can produce stress corrosion fracture in mild steel. [5,15].Table 1, 2 and 3 are explaining all 

commercial refrigerants which is selected as per the environmental impact criteria and thermal properties of 

refrigerants. Fig 10 It is the thermodynamic representation of the Kalina Model. 
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Figure 10–Kalina Thermal Model [13] 
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Table 1 – Commercial&21st century refrigerants [38-42] 

 

Refrigerants Designation Refrigerants  Temp_boiling 

(K) 

Temp_freezing 

(K) 

Temp 

_critical (K) 

Pressure 

_critical 

(bar) 

ODP GWP 

Chlorofluorocarbons        

R113 

R11 

R114 

R12 

R115 

Trichlorofluoromethane 

Trichlorofluoromethane 

Dichlorotetrafluoroethane 

Dichlorodifluoromethane 

Chloropentafluoroethane 

320.73 

296.98 

276.94 

243.37 

233.83 

238.16 

162.05 

179.27 

115.38 

167.05 

487.3 

471.2 

418.9 

385.2 

353.1 

34.4 

44.1 

32.6 

41.2 

31.5 

0.9 

1 

0.7 

1 

0.6 

5200 

4000 

16600 

12200 

39200 

Hydrochlorofluorocarbons        

R141b 

R123 

R22 

Dichlorofluoromethane  

Dichlorodifluoromethane 

Chlorodifluoromethane 

305.16 

301.03 

232.40 

- 

166.01 

113.16 

483.35 

457.15 

363.15 

46.4 

36.76 

49.78 

0.15 

0.02 

0.05 

600 

80 

1480 

Hydrofluorocarbons        

R245fa 

R134a-21st  century 

refrigerants 

R507 

R125 

R32 

R23 

Pentafluoro propane 

Tetrafluoroethane 

Azeotrope- Blend 

Pentafluoro ethane 

Difluoromethane 

Triflouromethane  

288.44 

247.00 

226.05 

224.59 

221.44 

191.10 

166.49 

176.55 

255.38 

170.01 

137.05 

118.16 

383.4 

374.25 

344.05 

339.25 

351.4 

298.75 

31.5 

40.67 

37.92 

36.2 

58.08 

48.37 

0 

0 

0 

0 

0 

0 

790 

1160 

1400 

3360 

440 

24000 

Hydrofluoroellifins 

R1234yf-21stcentury 

refrigerants 

 

2,3,3,3-Tetrafluoropropene 

 

244.15 

 

220.00 

 

367.85 

 

33.82 

 

0 

 

4 

Fluorocarbons/ 

Perfluorocarbons 

       

R218 

R14 

Octofluoropropane 

Tetrafluoromethane 

241.66 

145.22 

113.16 

89.27 

344.95 

227.65 

26.8 

37.43 

0 

0 

9300 

6500 

Hydrocarbons         

R600 

R290-21stcentury 

refrigerants 

R170 

R1150 

R50 

Butane 

Propane 

Ethane 

Ethylene 

Methane  

272.66 

231.07 

184.35 

169.44 

111.66 

134.66 

85.49 

90.38 

104.27 

90.94 

425.12 

369.83 

305.32 

282.34 

190.56 

37.7 

42.1 

48.5 

50.3 

45.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Inorganic Compounds        

R718 

R717 

R744 

R728 

R702n 

R50 

Water 

Ammonia 

Carbon Dioxide 

Nitrogen 

Hydrogen  

Helium  

373.16 

239.83 

194.72 

77.38 

20.38 

4.22 

273.16 

195.44 

216.55 

63.16 

13.99 

- 

647.13 

405.65 

3.4.21 

126.2 

33.19 

5.2 

219.4 

113.0 

73.9 

33.9 

13.2 

2.3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Hydrofluoroether        

HFE-7100 

HFE-7200 

HFE-7000 

Methoxynonafluorobutane 

Ethoxynonafluorobutane 

Methoxyheptafluoropropane  

334.16 

349.16 

307.16 

138.16 

135.16 

150.38 

468.45 

482.0 

438.15 

22.3 

19.8 

24.8 

0 

0 

0 

320 

55 

400 
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Table 2 – Zoetrope’s & Azeotropes Refrigerants [38] 

 

Number Global 

Warming 

Potential 

(GWP100) 

Bubble 

Point, ᵒF 

Dew Point, 

ᵒF 

Bubble 

Point, ᵒC 

Dew Point, ᵒC 

Zeotropes 

R-407F 1670 -51.00 -39.50 -46.10 -39.70 

R-407G N/A -20.60 -17.00 -29.20 -27.20 

R-407H N/A -48.50 -35.70 -44.70 -37.60 

R-407I N/A -39.60 -27.40 -39.80 -33.00 

R-417B 2740 -48.80 -42.70 -44.90 -41.50 

R-417C N/A -26.90 -20.60 -32.70 -29.20 

R-419B N/A -35.30 -24.70 -37.40 -31.50 

R-422E N/A -43.20 -33.50 -41.80 -36.40 

R-436C N/A -42.70 -39.10 -41.50 -39.50 

R-439A 1830 -61.60 -61.20 -52.00 -51.80 

R-440A 156 -13.90 -11.70 -25.50 -24.30 

R-441A 5 -43.40 -4.70 -41.90 -20.40 

R-442A 1750 -51.70 -39.80 -46.50 -39.90 

R-443A 4 -48.60 -42.20 -44.80 -41.20 

R-444A 89 -29.70 -11.70 -34.30 -24.30 

R-444B 295 -48.30 -30.80 -44.60 -34.90 

R-445A 118 -58.50 -10.30 -50.30 -23.50 

R-446A 461 -56.90 -47.20 -49.40 -44.00 

R-447A 572 -56.70 -47.60 -49.30 -44.20 

R-447B N/Aᶜ -58.20 -50.80 -50.10 -46.00 

R-448A 1360 -50.60 -39.60 -45.90 -39.80 

R-449A 1280 -50.80 -39.80 -46.00 -39.90 

R-449B 1300 -51.00 -40.40 -46.10 -40.20 

R-449C N/A -48.30 -36.60 -44.60 -38.10 

R-450A 547 -10.10 -9.00 -23.40 -22.80 

R-451A 133 -23.40 -22.90 -30.80 -30.50 
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Table 3 - Natural Refrigerants [38] 

 

REFRIGERANT  ODP GWP (<100) BOILING 

TEMPERATURE  

MINIMUM 

TEMPERATURE  

CRITICAL 

PRESSURE  

R-718 

(Water) 

0 0 100 373.9 217.7 

R-729 

(Air) 

0 0 -194.5 - - 

R-717 

(Ammonia) 

0 0 -33 132.4 132.4 

R-744 

(Carbon Dioxide) 

0 1 -78 31 73.8 

R-170 

(Ethane) 

0 6 -89 32 49.7 

R-600a 

(Isobutane) 

0 3 -12 134.7 36.5 

R-290-21st 

sanctuary 

refrigerants 

(Propane) 

0 3 -42 96.7 42.5 

R-1270 

(Propylene) 

0 2 -48 91 46.1 
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4. Alternative Cooling Materials (Nano-Fluids & Thermo-Electric Materials) 

In advanced materials technology a particle is defined as a small item that has the same transport properties 

as a full unit. Nanoparticles range in size from 1 to 100 nanometres (1x109 and 1x107 m). Nanoparticles 

include tubes and fibres with only two dimensions less than 100 nm. At a threshold length scale of 100 nm, 

novel features that distinguish particles from bulk material often emerge. Ceramics, metals, and metal oxides 

are used to create them. [33] 

4.1 Nano-Refrigerants 

Nanofluids are nanoparticle colloidal suspensions in base fluids that have been tailored to improve their 

properties at low concentrations. Nanofluids feature 1) greater heat transfer between particles and fluids than 

regular solid-liquid suspensions due to the increased surface area of nanoparticles. 2) Improved dispersion 

stability with Brownian motion as the main motion in comparison to the base fluid, there was less particle 

blockage and less pumping power. 

The lubricant nanoparticles mixture is known as nano lubricant, and it can be added to the lubricant 

(compressor oil). Nanoparticles can also be added to refrigerant, and the refrigerant nanoparticles mixture is 

referred to as nano refrigerant. Pure refrigerant can be mixed with nano lubricant to make nano lubricant-

refrigerant. Nanofluids include nano lubricant, nano refrigerant, and nano lubricant-refrigerant. Nano 

lubricant enhances tribological properties in refrigeration systems, boosting compressor performance; 

thermo-physical characteristics of nano refrigerants are improved., increasing cooling effect. The addition 

of nanoparticles improves the solubility of oil and refrigerant, allowing more oil to be returned to the 

compressor. [33]. Table 4all the Nano-refrigerants are mentioned in this table. 

 

4.2 Thermo-Electric Materials 

Thermoelectric material specifications. 

• Because of their room-temperature functioning, semiconductors with narrow band gaps have a high 

electrical conductivity (to reduce electrical resistance, a source of waste heat) 

• Low thermal conductivity (i.e., heat does not flow back from the heated to the cold side); this typically 

means heavier components. 

• Complex structure with a large unit cell. 

• Compositions that are complex. 

•  Extremely anisotropic or symmetric 

 

Bismuth telluride, lead telluride, silicon germanium, and bismuth-antimony alloys are common 

thermoelectric materials used as semiconductors. Bismuth telluride is the most often utilised of them [35]. 
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Table 4 – List of nano materials-based cooling agents [19-32] 

 

Research Conducted Cooling 

materials 

Nano-materials and 

base materials 

Research Outcome 

Maheshwari [19] R-134a  ZnO The heat conduction of spherical nanoparticles increased by 

25.26 per cent, whereas cubic nanoparticles increased by 42.5 

per cent. 

 

Rezaeinjoybari [20] R600a  CuO / POE oil Between 1.5 and 2 percent concentration, the heat transfer 

coefficient was increased.  
Kumar [21] R134a, R12, R22, 

R600, R600a 

Al2O3 / POE 11.5 % reduction in energy use.  

Coumaressin and Palaniradja [22] R134a  CuO  With nano refrigerant, the evaporator heat transfer coefficient 

is enhanced. R134a/CuO is an excellent refrigerant to utilize.  

Diao [23], Peng [26] R141b Cu – SDBS Boiling's heat transmission coefficient increased as the 

volume increased. 

 

Sanukrishna [24] R134a  SiO2 – Poly alkaline 

glycolnano lubricant 

Heat conduction improvesand reducing friction with SiO2 – 

PAG lubricant.  

Tang [25] R141b POE 𝛿- Al2O3 with SBDS as 

surfactant  

The heat transmission coefficient of a pool that is boiling has 

been improved.  

Wang [27] R410a NiFe2O4 – MNRO as 

lubricant  

By changing the lubricant, the energy efficient ratio (EER) 

was increased by 6%.  

Kumar [28] R134a  Al2O3 – PAG  The co-efficient of performance  is increased by 9-10% less 

energy use when 0.2% is applied.  

Peng [29] R113 Diamond  Nucleate pool boiling heat transfer coefficient increased by 

63.3%. 

Trisaksri and Wongwises [30] R141b TiO2 The energy rate fell as the volume fraction increased. 

Bi [31] R600a TiO2 With nano-refrigerant, the performance enhanced. There was 

a 9.6% reduction in energy consumption. 

 

Adelekan [32] R600a Graphene  The smallest power consumption was 65W, the highest PPTR 

was 5.22, and the maximum increased COP was 0.76. 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

 

ABBREVIATIONS 

CCHP stands for Combined Cooling, Heating, and Power. 

CHP stands for Combined Heat and Power. 

CHRP stands for Combined Heat and Refrigeration Power. 

CFC stands for Chlorofluorocarbon. 

GWP stands for Global Warming Potential. 

HCFC stands for Hydrochlorofluorocarbons. 

HFC stands for Hydrofluorocarbons. 

HFO stands for Hydrofluoro-olefins. 

IWH stands for Industrial Waste Heat. 

KCS (Kalina Cycle System) is an acronym for "Kalina Cycle System". 

ORC stands for Organic Rankine Cycle. 

ODP (Ozone Depletion Potential) is a term used to describe the potential for ozone depletion. 

TEC stands for Thermo Electric Cooling. 

WHR stands for Waste Heat Recovery 

 

 

Conclusion 

The world's protective ozone layer is destroyed by the power full greenhouse gas emission CFCs, HCFCs 

and halons, which shelter the earth from damaging ultraviolet (UV-B) radiation released by the sun. These 

synthetic refrigerants also cause the warming of lower atmosphere of earth, and severe impact on climate 

change.The current review study discusses theevolution of refrigerants which has low GWP and ODP.The 

natural refrigerants such as CO2, NH3, H2O and hydrocarbons such as R290, R600, R600a, and blends of 

hydrocarbons are potential solutions to this problem and are now in use in a various cooling technique.The 

following most notable observations are discussed below. 

 

1. HCs are a viable choice for medium scale cooling applications due to their high energy efficiency, 

superior thermodynamic features, minimum price, and excellent co-efficient of performance. 

2. Many refrigerants, including Propane, Iso-butane, Propylene,Ethyl fluoride,Tetrafluoro propylene, 

andTetrafluoro propene, have been utilised in auto-mobile air-conditioning systems for electric 

vehicles. (EVs) literature offers propane and tetrafluoro propylene as propitious refrigerants of 

21stcenturyspecially for electric vehicles cooling and millage issue.  

3. The inclusion of nano-refrigerants capable to improve the thermo-physical and heat transport 

properties. When nano-particle concentration is 1.5-2%, studies reveal that the heat conduction of 

TiO2-R134a based nano-refrigerant increases by 30-32%.In the open literature, there are few studies 

on the utilisation of nanoparticles with natural refrigerants such hydrocarbons, NH3, and CO2. 

These researches are required for commercial and industrial applications.S 
4. There is limited research on the use of an oil&refrigerant combination, as a result, additional 

research with various oil concentrations is required. 

5. Compact size, light weight, high dependability, lack of motorized parts, norefrigerants required, 
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direct power supply, and easy to switch in heating – cooling mode are all advantages of 

thermoelectric cooling systems over traditional refrigeration machines. New high-performance TEC 

materials are in underway. 

6. The utilisation of solar thermal energy for alternative cooling system such as vapour absorption, 

vapour adsorption and ejector cooling can play key-role for low cooling application without 

consumption of high-grade energy for rural livelihood industry. The mentioned refrigeration 

systems can provide the significant cooling by re-use of discharged heat from captive industry. 

7. Using a tri-generation thermal system, ORC, and Kalina system, new age cooling materials offer 

tremendous potential for exceptional cooling effects. 

 

The comprehensive review demonstrate that market participants are well attentive on the serious 

environmental impact as it relates to HFCs and HCFCs re, as well as the knowledge that natural refrigerants 

are viable alternatives. However, the risks connected with these natural refrigerants, such as HCs are high 

flammability, NH3 is highly toxic, and CO2 has high working pressure, are preventing their widespread use. 
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Abstract 

The vapor absorption refrigeration system (VARS) is well-known cooling equipment that uses low-grade 

heat energy sources and has no hazardous side effects. The coefficient of performance is a significant 

parameter of cooling machines’ performance study. The fundamental laws of energy and entropy generation 

are used to define the maximum and minimum limits of the energy performance ratio of absorption cooling 

cycles. The energy study of a LiBr–H2O–based absorption refrigerator with a refrigeration effect of 5TR is 

carried out. The VARS generator is the primary heat source for operation and its considerable impact on 

VARS performance. The influence of generator temperature (T_gen) on VARS performance is investigated 

in this work. The results indicate COP of the cooling machine is increases with the T_gen but after 100 0Cis 

it found that COP decreases. The operating T_gen is required to cut off the generator temperature for 

optimized COP values. 

 

Keywords –Cooling System, Absorbents, Absorption, Energy Performance Ratio, Generator Temperature 

 

1. Introduction  

The vapor absorption refrigeration system is comparable to the vapor adsorption refrigeration system 

because it belongs to the same class of vapor cycles. In contrast to steam adsorption refrigeration 

systems, absorption systems require heat as an energy source. Therefore, these systems are well known 

as thermal drive systems or thermal energy drive systems [3-5]. Heat removal is achieved by evaporating 

the refrigerant at low pressure, and heat removal is achieved by condensing the refrigerant at higher 

pressures in both the vapor absorption and adsorption refrigeration cycles. The basic difference is that 

the vapor adsorption system uses a mechanical compressor to generate the pressure difference required 

to circulate the refrigerant, while the absorption system uses a heat source. Due to this difference, the 

absorption system works with little or no effort, but the energy must be provided in the form of heat. 

This makes the system more attractive if cheap heat sources such as solar heat, electricity and waste heat 

from heat are available.[1,2,6-9] 

Vapor Absorption Systems provide a number of advantages, including the ability to use any type of low-

grade, low-priced heat energy to create cooling, resulting in significant cost savings. Instead of using 

expensive and unstable electric power, it can run on steam or any other waste heat source. There are no 

moving parts, thus operation is quiet, vibration-free, and trouble-free. Furthermore, when compared to 

power-driven mechanical devices, maintenance expenses are minimal. Instead of ozone-depleting 

chlorine-based molecules, a pure refrigerant is used to generate the cooling effect.[13-14] 
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2. Refrigerant-Absorbent combinations for Vapour Absorption Cooling Systems: 

 

On the market today, there are two basic versions of absorption machines. For applications over 50°C, 

the cycle uses lithium bromide/water (mainly air conditioning). For applications below 50°C, the 

ammonia/water cycle is used, with ammonia as the refrigerant and water as the absorbent.[15] 

Desirable Properties of Refrigerant-Absorbent mixtures: 

Vapour Absorption using refrigerant-absorbent combinations, the refrigerant should be more volatile 

than the absorbent, which means that the refrigerant's boiling point should be substantially lower than 

the absorbent's. The boiling temperatures of the refrigerant and absorbent must be far apart (more than 

2000°C) so that the solution in the Generator only needs to be heated to the temperature required to boil 

off the refrigerant. This guarantees that only pure refrigerant is used in the refrigerant circuit (condenser-

expansion valve-evaporator) [9-10]. The refrigerant in the absorber solution should be extremely 

soluble. The absorbent should be strongly attracted to the refrigerant. The amount of refrigerant that 

must be cycled is reduced as a result. Operating pressures should be kept as low as feasible to avoid 

having to use thick shells and connecting pipes. Within the system, it should not crystallise or solidify. 

The free flow of solution in the line will be impeded as a result of crystallisation. The mixture must be 

safe, chemically stable, noncorrosive, inexpensive, and simple to get. A high vaporisation heat should 

be present in the refrigerant. [4-5] 

Refrigerant-Absorbent pairs:[5] 

1. Water-Lithium Bromide (H2O-LiBr) System – It is employed in applications that require moderate 

temperatures (over 50°C), such as air conditioning. The refrigerant is water, while the absorbent is lithium 

bromide. 

2. Ammonia-Water (NH3 - H2O) System – It uses ammonia as the coolant and water as the absorbent in 

low-temperature refrigeration applications (less than 50°C). 

 

 

Fig – 1 Schematic of Vapor Absorption Refrigeration System 

 

3. Energy Calculation for the System  

Energy Calculation of the system entails calculating the system Coefficient of Performance (COP) by 

determining critical parameters such as enthalpy, mass flow rates of absorbent & absorbate, and circulation 
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ratio for the entire system. These values will subsequently be used in the system's design. First, by applying 

mass and energy balance to each component, a set of thermodynamic equations in terms of mass flow rates 

and enthalpy has been generated. The actual system conditions, such as temperature, pressures, and 

enthalpies, are then substituted into the equations to produce the system's COP value. 

 

The following assumptions are used to conduct the system's thermodynamic analysis. 

Let Mr =Refrigerant mass flow rate, (kg/s) 

Mss =Strong solution mass flow rate, (kg/s) 

Mws=Weak solution mass flow rate, (kg/s) 

Mass (M)balance for the system: -Mss = Mr + Mws 

ƛ = Mws/Mr        Therefore, Mss = Mr(1+ƛ)    { Where ƛ is the circulation Ratio } 

Heat (Q) balance for each component :- 

 

S No. Component Heat (Q) Heat (Q) balance Equations for each 

component 
1. Absorber Qabs Qabs = Mrh10 + ƛMrh6 – Mr(1+ƛ)h1 

2. Heat Exchanger Qhex Qhex = Mr(1+ƛ)(h3-h2) 

3. Generator Qgen Qgen = Mrh7 + ƛMrh4 – Mr(1+ ƛ)h3 

4. Condenser QCond Qcond = Mr(h7-h8) 

5. Evaporator Qref Qref = Mr(h10-h9) 

 

Coefficient of Performance (COP) :- 

 

The heat absorbed by the refrigerant in the evaporator is the net refrigerating effect in this system. The sum 

of the work done by the pump and the heat supplied by the generator is the total energy given to the system. 

As a result, COP1= Heat Absorbed in Evaporator / (Work Done by Pump + Heat provided to Generator) is 

the system's Coefficient of Performance (COP1).  

Or COP1 = Qref / (Qgen + Wp) 

Now, Neglecting the pump work   

Therefore,   COP 1 = Qref / Qgen   Also  COP 2 = COP 1 / COPcarnot 

 

4. Thermodynamics of 5-ton LiBr-H2O Vapor Absorption Refrigeration Plant 

Operating  Temperatures :-  

1. Absorber Temperature (Ta) - 20° - 30°C      [293 – 303]°K 

2. Generator Temperature (Tg) - 60° - 110°C   [333 – 383]°K 

3. Condenser Temperature (Tc) - 25° - 50°C    [298 – 323]°K 

4. Evaporator Temperature  (Te) - 2° - 10° C    [275 – 283]°K 

COP Carnot :-  

A Carnot refrigeration cycle's COP is solely determined by the cycle's upper and lower temperatures, and it 

is true that the reversed Carnot cycle is the most efficient refrigeration cycle while running between these 

two temperature ranges. 
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COPcarnot = [(Te/Tc-Te)*(Tg-Ta/Tg) 

Capacity of the system or Refrigerating effect :- 

Cooling Plant Refrigeration Effect (Qref) = 5TR                  ( Also 1TR = 3.5 KW ) 

Therefore,  Qref = 5TR = 5*3.5 = 17.5 KW  

 

Calculation of Enthalpy (h) at each of the system's designated points :- 

• At any temperature, steam tables can be used to compute the enthalpy of pure water and superheated 

water vapors. 

• The LiBr-H2O (P-T-ξ-h) Chart is used to calculate the enthalpies of solutions. 

 

 

Fig – 2 LiBr-H2O (P-T-ξ-h) Chart 

 

5. LiBr-H2O Enthalpy – Pressure – Temperature-Concentration Tables 

Table 1  

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.05199 -165 0.48 

3. 323 0.05199 -120 0.48 

4. 343 0.05199 -100 0.57 

5. 298 0.05199 -185 0.57 

6. 295 0.00933 -185 0.57 

7. 343 0.31162 2626.9 - 

8. 306 0.05199 138.2 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 
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Table 2  

 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.06399 -165 0.48 

3. 323 0.06399 -80 0.48 

4. 353 0.06399 -72 0.59 

5. 298 0.06399 -185 0.59 

6. 295 0.00933 -185 0.59 

7. 353 0.47360 2643.8 - 

8. 311 0.06624 159.1 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 

 

Table 3 

 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.07999 -165 0.48 

3. 323 0.07999 -72 0.48 

4. 363 0.07999 -65 0.62 

5. 298 0.07999 -185 0.62 

6. 295 0.00933 -185 0.62 

7. 363 0.70109 2660.1 - 

8. 316 0.08639 180.0 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 

 

Table 4 

 

State Points  Temperature 

(°K) 

Pressure (bar) Enthalpy (h) 

(Kj/Kg) 

Concentration (ξ) 

1. 295 0.00933 -165 0.48 

2. 295 0.09865 -165 0.48 

3. 323 0.09865 -68 0.48 

4. 373 0.09865 -56 0.65 

5. 298 0.09865 -185 0.65 

6. 295 0.00933 -185 0.65 

7. 373 1.0133 2676.0 - 

8. 321 0.11162 200.9 - 

9. 277 0.00813 2508.9 - 

10. 293 0.02337 2538.2 - 
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6. Result And Graphs  

We have devised a computation approach based on simple analytical data that relates the 

thermodynamic variable of the H2O-LiBr fluid couple in this study. 

We have calculated the heat transfer for each component and the COPcarnot, COP1, and COP2 for the 

system, all the calculated values are mentioned in Tables 5 & 6. 

 

 

Table 5 – Calculated values of COPcarnot, COP1, and COP2 for different conditions  

 

Conditions COP Carnot COP 1 COP 2 

Case 1  

Tg =343°K, Te = 277°K, Tc = 306°K, Ta = 295°K 

1.33668 0.01026 0.007681 

Case 2 

Tg =353°K, Te = 277°K, Tc = 311°K, Ta = 295°K 

1.33861 0.01062 0.007933 

Case 3  

Tg =363°K, Te = 277°K, Tc = 316°K, Ta = 295°K 

1.33050 0.01063 0.007990 

Case 4  

Tg =373°K, Te = 277°K, Tc = 321°K, Ta = 295°K 

1.31647 0.01054 0.008006 

 

Table 6 – Heat Transfer Calculated for each Components with Circulation Ratio 

 

Conditions ƛ (Circulation Ratio) Qref 

(KW) 

Qhex 

(KW) 

Qgen 

(KW) 

Qabs 

(KW) 

Qcond 

(KW) 

Tg =343°K 5.33 17.5 170.12 1704.28 1550.84 1486.40 

Tg =353°K 4.36 17.5 272.11 1647.64 1562.43 1484.01 

Tg =363°K 3.42 17.5 245.50 1646.07 1573.66 1481.26 

Tg =373°K 2.82 17.5 221.30 1659.09 1587.27 1478.27 

 



65 
 

 

Graph 1 – Generator temperature (Tg) Versus Heat Transfer for each Component 

 

Graph 2 - Generator temperature (Tg) Versus Coefficient of Performance (COPs 
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Graph 3 - Generator temperature (Tg) Versus Circulation Ratio (ƛ) 

 

 

Graph 4 – Generator Heat (Qgen) Versus Coefficient of Performance (COPs) 
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Graph 5 –Circulation Ratio (ƛ)Versus Coefficient of Performance (COPs 

 

7. Conclusion  

The system's COP is heavily impacted by the temperature of the system. The effect of temperature on system 

COP has been investigated for the condenser, generator, absorber, and evaporator. The findings revealed 

that all four parameters had a significant impact on the system's COP. 

 

ABBREVIATIONS 

Qref – Evaporator Heat  

Qgen – Generator Heat  

Qabs – Absorber Heat  

Qhex – Heat Exchanger heat 

Qcond – Condenser Heat  

Ta – Absorber Temperature  

Tg – Generator Temperature  

Te – Evaporator Temperature 

Tc – Condenser Temperature 
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