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Abstract— This paper focuses and presents literature studies 

on recent development in ejector or diffuser cooling system 

also the enhancement of the performance. Some of researches 

have conducted and categorized in working fluid selections, 

simulation and mathematical modelling of the ejector, 

geometrical and operation conditions optimization. However, 

most of the experimental studies which have been done in last 

two decades are still insufficient if compared with simulation 

modelling; more experiments studies and big scale work are 

required in order to come out with good understanding in real 

application. 

Objective: Design project which performers better than 

existing one; System must be compact; Improvement in cop; 

Set position for various components select suitable rating 

components 

Key words: Vapor Compression Refrigeration Cycle, Cop, 

Design, Performance, Diffuser, Ejector 

I. INTRODUCTION 

This paper focuses and presents literature studies on recent 

development in vapor compression refrigeration. Electrical 

energy consumption has become a worldwide research topic 

because refrigeration and air-conditioning systems 

consuming electrical energy approximately 15%. Ejector 

used vapor compression refrigeration system has some 

special advantages such as the simplicity in construction, high 

reliability and low cost compare to other refrigeration 

systems. 

Vapor compression refrigeration system is based on 

vapor compression cycle. Vapor compression refrigeration 

system is used in domestic refrigeration, food processing and 

cold storage, industrial refrigeration system, transport 

refrigeration and electronic cooling. So improvement of 

performance of system is too important for higher 

refrigerating effect or reduced power consumption for same 

refrigerating effect. Many efforts have to be done to improve 

the performance of VC refrigeration system. 

An every product require deferent storage temp for 

maintaining the quality of eatable or potable material. 

Keeping that aspect in view a low temp generating 

refrigeration system has been designed to maintain less than 

0°C. It is the process of removing heat from an enclosed 

space, or from a substance, and rejecting it elsewhere for the 

primary purpose of lowering the temperature of the enclosed 

space or substance and then maintaining that lower 

temperature. 

Rapid technological development leads to a big 

energy consumption. Therefore large efforts of engineers are 

needed to minimize energy losses. European Union published 

a few regulations to force countries to change standards in a 

machines design to protect the natural environment. Small 

vapor refrigerators are in common use in family houses and 

farms. About 80% of total refrigeration power is exploited by 

those small refrigerators. They are therefore, in the group of 

the machines of significant energy consumption. Therefore 

even a small improvements in those devices result in huge 

amount of energy saving [14]. The purpose of this research is 

to decrease energy losses in such type of devices. 

In 1805, American inventor Oliver Evans described 

in detail, but never built, a refrigeration system based on the 

vapor compression refrigeration cycle. An American living in 

Great Britain, Jacob Perkins, improved upon the design 

proposed by Oliver Evans and obtained the first patent. In 

1842, an American physician, John Gorrie, designed the first 

system for refrigerating water to produce ice. After reviewing 

the advancement in heat transfer technology from a historical 

perspective, the advantages of using some special equipment, 

System can be made more efficient and other cooling 

applications is discussed, and research done on various 

aspects of Vapor Compression Cycle performance is 

reviewed. This paper provides a roadmap of development in 

the thermal and fabrication aspects of VCRs. 

II. REVIEW STAGE 

As our project initiative is study based so for detail project 

study we referred many books and research paper regarding 

our project for the detailed study of subject. The aim of this 

study is to design the components of a VCRs one by one and 

to analyze the cycle. The effect of miniaturization on the 

pressure drop and the heat transfer in condensation and 

evaporation processes has been investigated. Moreover, an 

isentropic, reciprocating compressor has been designed for 

the system. Two alternative evaporator designs with different 

geometries have been suggested. The effect of poly-tropic 

compression process on the cycle COP has also been 

observed. 

To better understanding of how controllable variable 

impact on a compression refrigeration cycle efficiency, 

statically designed experiments were conducted and data 

were analyzed. Results shows that for inlet water temperature 

in condenser, which must be set at low level, the remaining 

variable must be set at high level or closes it to maximize the 

cycle performance. From this paper we found experimental 

set up and their calculation. And also find performance 

parameters and what graphs necessary for our project. [1] 

Study of Vapor compression Refrigeration system 

using diffuser and sub-cooling carried out to improve 

Coefficient of Performance (COP). And shows compression 

between new and existing system. COP of new system 

increases and rate of heat rejection is decreased and size of 

condenser will reduce. From this paper I found that different 

way of increasing COP with diffuser and sub-cooling. [2] 

VCR having an ejector, Which can effectively 

prevent heat radiating capacity of a radiator from being 

greatly reduced and this system used for vehicle air-

conditioner and design of ejector. By using an ejector, in 

VCR cycle various mode of pressure controlled and 

compressor work relates and paper also shows graphical 
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conditioning of VCR at different stage. Get an idea about 

system design, various graphical situation. And the important 

that I found from this paper is design of ejector. [3] 

In this Paper, by experiment method with different 

pressure and temperature change find optimal condition. And 

it includes that most of losses occurs at starting of 

compressor. And also find energy of cycle is depends on 

refrigerated mass. With use of adiabatic tank with proper size 

and compressor, it helped to minimizes losses. There are 

losses occurs in; compression due to wear; irreversibility in 

flow and increase entropy; electric energy converted to 

mechanical energy so increase temperature of cooled liquid; 

losses in piston of compressor. It useful for increase COP; 

Value of average unit power energy decreased as cooled 

liquid; For high cooled liquid require less energy or given 

mass; Find optimal amount of cooled liquid for reduce power 

loss. [4] 

Heat pump offer the advantage of reduce energy 

consumption. Here tested heat pump on single stage cycle, 

sub-cooling cycle and two stage cycle. when positive 

displacement pump connect to heat pump it will improve cop; 

Increase compressor efficiency; reduce the discharge; Ejector 

use thus KE of gas increase suction at compression and 

reduce irreversibility. [5] 

Pressure exchanging ejector is combine as ejector-

compressor with VCRs system. Study in mass fluid ratio, if 

drop in mass flaw ratio more fluid needed to work with 

circuit. Also this paper shows study on experiment ratio and 

with different phase of liquid. In this research, using of 

pressure exchange in order to minimize the entropy rise. This 

is used effectively where heat is available. And water is used 

as a refrigerant in this system successfully. There is pressure 

exchange between primary flow and secondary flow through 

nozzle. [6] 

This paper shows working with VCRs to improve 

cop of system. Here theoretical analysis is presented and with 

graps and some calculation, study shows that how can we 

improve system and make it better and efficient. And results 

show that at very low evaporator temperatures, the COP 

becomes very low and also the size of the compressor 

becomes large (due to small refrigeration effect). It can also 

be shown that the compressor discharge temperatures also 

increase as the evaporator temperature decreases. From this 

paper we understand pressure and temperature effect on 

cycle.[7] 

This paper provides a roadmap of development in 

the thermal and fabrication aspects of micro-channels. From 

this we are able to understand Heat and Mass Transfer in 

Biological Systems.[8] 

This paper provides a detailed exergy analysis for 

theoretical vapor compression cycle using R404A, R407C 

and R410A>Determination of Optimum Conditions R-22 and 

R404a Refrigerant Mixtures in Heat Pumps Using Taguchi 

Method. The COP and efficiency of R407C are better than 

that of R404A and R410A. The EDR of R410A is higher than 

that of R407C and R404A. This analysis performed at 

condenser temperatures 40 °C and 50 °C and evaporator 

temperature ranging from 50 °C to 0 °C. [9] 

The objective of this research paper is to study the 

performance of a vapor compression refrigeration system 

with and without a Matrix Heat Exchanger. Install heat 

exchanger in VCRs make system more efficient. Energy 

consumption can be reduced by using counter flow matrix 

heat exchanger. Performance improvement of an air 

conditioning system using matrix heat Exchanger. [10] 

III. MATH 

 

A. Units 

A ton of refrigeration (TR), also called a refrigeration ton 

(RT), is a unit of power used in some countries (especially in 

North America) to describe the heat-extraction capacity of 

refrigeration and air conditioning equipment. ... A 

refrigeration ton is approximately equivalent to 12,000 

BTU/h or 3.5 kW. 

The standard unit of refrigeration is ton refrigeration 

or simply ton denoted by TR. It is equivalent to the rate of 

heat transfer needed to produce 1 ton (2000 lbs) of ice at 32 

0 F from water at 32 0 F in one day, i.e., 24 hours. The 

enthalpy of solidification of water from and at 32 0 F in 

British thermal unit is 144 Btu/lb. In general, 1 TR means 200 

Btu of heat removal per minute. Thus if a refrigeration system 

is capable of cooling at the rate of 400 Btu/min, it is a 2 ton 

machine. A machine of 20 ton rating is capable of cooling at 

is currently in use in the USA, the UK and India. In many 

countries, the standard MKS unit of kcal/hr is used.If Btu ton 

unit is expressed into SI system, it is found to be 210 kJ/min 

or 3.5 kW. Refrigeration effect is an important term in 

refrigeration that defines the amount of cooling produced by 

a system. This cooling is obtained at the expense of some 

form of energy. Therefore, it is customary to define a term 

called coefficient of performance (COP) as the ratio of the 

refrigeration effect to energy input.  

B. Nomenclature 

A area (m2) ;h enthalpy (kJkg); 

m mass flow rate (kgs); P pressure (Pa); 

Q heat load (kW); R radius (m); 

T temperature (K); V velocity (m/s)  

W work (kW) 

C. Subscripts 

c compressor; CA condenser A; CB condenser B; B booster; 

e evaporator; ej ejector; g generator; m ejector mixing 

chamber; p pump. 

Helpful Hints: Figures and Tables 
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Fig. 1: Vapour Compression Heat Pumps with (A) Rankine 

and (B) Carnot Cycles 

 
Fig. 2: Cycles with (a) Vortex Tube and (b) with Expander 

 Important cycle which help us to find various cyclic 

condition and from that we can make further calculation. 

 Flowchart for Vapor Compression Cycle process 

 
Fig. 3: Flowchart of Vapor Compression Cycle 

D. Equations 

Qevap = ̇ mwater*Cpwater (Toutevap −Tevap) (2) 

Notation and variable units are as follows: 

̇ Qevap—Refrigeration power (W); ̇ mwater—Water 

mass flow rate in evaporator (kg/s); Cpwater— Specific heat 

of water at constant pressure (4.18 kJ/kgK); Tevap—Inlet 

water temperature in the evaporator (°C); Toutevap—Outlet 

water temperature in the evaporator (°C). 

The ratio between the Refrigeration ( ̇Qevap) and 

Electric ( ̇ Welect) powers is a metric used currently to assess 

the refrigeration cycles efficiency (Dabas, Dodeja, Kumar, 

&Kasana, 2011; Dincer, 2004; Mackensen, Klein, &Reindl, 

2002; Pfister, 2004). This metric is called Coefficient of 

Performance (COP) and is defined as, 

COP = ̇Qevap /Welect (1) 

Refrigerant Information (Ref. danfoss.com ) 

 
Fig. 4: Refrigerant Information 

IV. CONCLUSION 

Various set of conclusions that are derived at the end of the 

work are as follows:  

 COP of VCR System has been compared with and 

without diffuser.  

 It has been observed that COP with diffuser along with 

sub-cooling has been increased. Rate of heat rejection is 

also increased due to the increase in temperature. 

The design and analysis of experiments to 

investigate refrigeration cycles is a novel approach in 

thermodynamics and results give confidence to use this 

approach for refrigeration cycle design and operation 

improvement purposes. Therefore, as future research, we plan 

to apply this methodology in domestic and industrial 

equipment as well as in other thermodynamic cycles. 

Simultaneous optimization of models fitted to refrigeration 

and electric power responses is another alternative 

optimization strategy to maximize refrigeration cycle 

efficiency. To test other refrigeration fluids and compressor 

types can also be considered in future research studies. 

In this review, many alternative vapor compression 

cycles applied to heat pumps have been identified and 

presented. These vary from simple to complex cycles as well 

as from single-stage to multi-stage cycles, all emphasising 

any improved performance achieved. In general, the 

alternative cycles all offer several benefits to vapor 

compression heat pumps such as reduced losses, increased 

performance, decreased energy consumption etc. when 

compared to the conventional basic vapor compression heat 

pumps at the same capacity. Along with improved 

performance, the complexity of the cycles and the cost of 

systems increase due to the increased number of stages and 

the addition of new components. 
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