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Abstract— Air-conditioning is an important part of today Car, 

its main role is to provide human comfort and some extent 

safety during Car driving with varied atmospheric conditions. 

In India 96 % car have factory built air conditioning system 

in manufactured car in 2005. From the literature review we 

observe that in summer days, when atmospheric temperatures 

is rich 20 oC to 45 oC, Co-efficient of performance of car AC 

is decrease by about 40%. Also we found that current car AC 

system is reduce fuel economy of car is 1.52 to 2.54 km per 

liter. In a Car Air Conditioning system is most energy 

consumptive components, so that its optimization and 

performance enhancement is a technological need and 

requirement of today era. So that here performance 

investigates & enhancement is carried out for the Car AC, 

with added a plate type liquid heat exchanger in Car AC vapor 

compression refrigeration circuit, for the purpose of sub 

cooling, with main three objectives are Ecology, Economy 

and Energy. 
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I. INTRODUCTION 

Current automotive air conditioning system reduces fuel 

economy of car by 1.52 to 2.54 km per liter, so its 

optimization and modification is required. From literature 

survey we found that by sub cooling in condenser we can 

increase the overall efficiency of car air conditioning system, 

but at during practical training at Khushbu Car AC garage I 

found that in actual no any sub cooling device is used in Car. 

Also to enhance the performance of Car I used Vortex tube 

etc. By plate type heat exchanger we can sub cooling in 

condenser and we can increase the Co-efficient of 

performance of the Car AC. With main objective of 3 E’s: 

energy, ecology and economy. 

II. HISTORICAL PERSPECTIVE - EARLY STEPS 

R. Cipollone et al (2012) [1]  has been investigate that, in very 

hot summer days; when atmospheric temperature goes 20 oC 

to 45 oC, COP decreases by about 40 %. A 20 % bigger 

condenser could achieve a 7 % higher COP. Liquid cooled 

condenser is increase COP up to 40 %, because it is not 

related to the change of external air temperature and flow rate. 

Eric B. Rattsa, in 1999 [2] has been investigated that, from 

the second law of thermodynamics, has been find that 

location of largest losses in Car Air-Conditioning. He found 

that compressor cycling and thermal dissipation in the 

condenser is the biggest sources of losses. The overall 

efficiency of Car AC is increase by replacing compressor to 

variable capacity compressor or electrically driven 

compressor. Md Shahid Imam et al (2013) [3] has been 

concluded that the cooling capacity does not depend with the 

variation of refrigerant charge, but increase with the increase 

evaporator air-side temperature, and decrease with the 

increase of condenser water temperature. COP of the system 

decrease with the increase of evaporator air side temperature. 

Dilek Ozlem et al (2007) [4] has been found that COP of the 

automotive AC system is increasing with increasing 

evaporator load and with decreasing compressor speed and 

condensing temperature.   The exergy destruction in each 

component is increasing with increasing in compressor speed. 

Mr.Weiwu Ma et al (2017) [5] has been investigated that COP 

is increase with increase of evaporator air side temp., 

decrease with the increase of condenser water temp. Mr. 

Gustavo Pottaker et al (2014) has been concluded that by sub 

cooling of condenser we can increase COP of Car air 

conditioning system. R 1234yf is a best suitable refrigerant of 

R-134a for Automobile refrigeration. Adballa Gomaa et al 

(2015) [6] has been investigated that if we increase 5 % 

condensing temp. then cooling capacity is decrease about 27 

%. R1234yf have a similar performance as R134a in all 

parameters. Prof. Jignesh  K Vaghela et al (2016) [7] has been 

investigate thermodynamic properties of different alternative 

refrigerant i.e R290a, R600a, R407C, R410A, R404A, R15a 

and R1234yf, then author is compare to R134a performance, 

found that R1234yf is most appropriate alternative refrigerant 

of R-134a, among all the refrigerant. 

Refrigerant C.O.P G.W.P 

R134a 2.562 1430 

R1234yf 2.4 4 

Table 1: C.O.P Comparison Bet. Two Refrigerants 

Soudabesh Golzari et al (2016) [8] has been found 

that HFO-1234yf is alternative refrigerant of HFC-134a. 

Author is found that HFO-1234yf has a high exergy 

efficiency compared to HFO-134a. When evaporator inlet 

temperature is increase exergy efficiency and destruction is 

decrease. In compressor maximum entropy generation and 

exergy destruction occurred, like 53 % excergy destruction 

among the system components is occurred in compressor. 

Afiq Aiman Dahlana et al (2014) [9] has been concluded 

that…by replacing common automotive compressor (CAC) 

to electrically driven compressor (EDC) we get higher 

thermal comfort on passengers, with 3 % to 14.69 % lower 

fuel consumption. Because when speed is increases 

thermodynamic losses occur and mass flow rate of refrigerant 

is not stable in common automotive compressor, in 

electrically driven compressor mass flow rate is stable 

because the compressor speed is independent from engine 

speed. 

Cooling 

Capacity 

Power required to 

EDC 

Power required to 

CAC 3500 W 525 W 800 W 

800 W 120 W 185 W 

Table 2: Power Consumption Comparison Bet. Two 

Refrigerants 

Mr. Kaustubh Shete et al (2015) [10] Current 

automotive air conditioning is reduce the fuel economy of 
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vehicles by a 1.52 to 2.54 km per liter. R. Farrington et al 

(2000) [11] is found that by various method like recalculated 

air, advanced glazing’s, climate control we can decrease the 

air conditioning load. By the case study of Wagon R Car, 

author is found that 2570 W AC cooling load is required to 

maintain the comfort level of Car. 

III. PROBLEM DEFINATION 

 Low refrigeration efficiency at high ambient 

temperature. 

 Low cooling at high ambient temperature. 

 Very low C.O.P of Automotive AC between 1.5 to 3. 

IV. RESEARCH OBJECTIVE 

Through Effective & Efficient Design of Car Air 

Conditioning System Concentration on Three 3 E’s. 

A. Energy 

Save the precious fuel energy. 

7 billion liters fuel used per year for Automotive in Europe 

B. Ecology 

Save the environment problem…as we know the problem our 

capital city of India: Delhi, also in Ahmadabad. 

Environmental rules & regulations are stringent day by day. 

C. Economy 

Running cost of vehicles is less. 

V. MODIFIED DESIGN OF CAR VCR SYSTEM 

We all are known that current car air condition system is work 

on vapor compression refrigeration system (Reversed Carnot 

Cycle). From the literature review we found that if we 

decrease 5 oC temperature of refrigerant after condenser we 

can increase the COP of Car air conditioning system. Here in 

below fig. modification in car ac line diagram shown. 

(Fig. 5.1: Current Car AC 

Line Diagram) 

 
(Fig. 5.2: Modified Car AC 

Line Diagram) 

Components Required For Modified Car AC System 

 Compressor.  

 Condenser 

 Expansion Valve 

 Evaporator 

 Plate type heat exchanger 

 

 
Fig. 5.3: Plate type heat 

exchanger 

 
Fig. 5.4: Modified Nano 

Car AC 

A schematic view of the modified VCR system for 

CAR AC we have seen in above fig. At the place of Khushbu 

Car AC Garage Mehasana we prepare experimental set up in 

my Car TATA Nano (GJ 18 AH 6617) under the guidance of 

Mr. Sanjay K. Patel, who has the experience more than 17 

years in Car AC.  From the experiments done on 30/01/2018, 

we get the result shown in below. 

A. Design Input Data 

Refrigeration Capacity: 1 TR (3.5 Kw) 

Date: 30/01/2018 

Place: Khushbu Car AC Garage, Mehasana 

Ambient Temp.: 32 oC 

Refrigerant Name: R134a 

Compressor Inlet Pressure: 34 PSI (0.2344 MPa) 

Compressor Outlet Pressure: 210 PSI (1.4479 MPa) 

Cabin Air Temp.: 6.5 oC 

Compressor Inlet Temp. : 22 oC   

Compressor Outlet Temp. : 97 oC   

Effect of Sub Cooling: 4.5 oC 

Enthalpy at point 1:  h1 = 419 kj/kg 

Enthalpy at point 2:  h2 = 478 kj/kg 

Enthalpy at point 3:  h3 = 276 kj/kg 

Enthalpy at point 4:  h4 = 267 kj/kg 

Enthalpy at point 5:  h5 = 267 kj/kg 

B. Derived Output Data 

For cooling capacity, Qe = 1 TR (3.5 kW) to find COP of 

overall system given that, 

 
Fig. 5.5 – P-h Diagram with Sub-Cooling for Modified VCR 

System 

 Co-efficient of Performance 

Refrigerating effect / Work input in compressor   

= m (h1 – h4) / m (h2 – h1) 

= (419-267) / (478-419)  

= 2.576             …..(1) 
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For the same we calculate reading without sub 

cooling, with existing design of Nano Car AC on 27/01/2018 

is some calculation f COP is given below. 

Date: 27/01/2018 

Compressor Inlet Pressure: 32 PSI (0.2206 MPa) 

Compressor Outlet Pressure: 210 PSI (1.4479 MPa) 

Compressor Inlet Temp. : 20 oC   

Compressor Outlet Temp. : 100 oC   

Cabin Air Temp.: 6.5 oC 

Enthalpy at point 1:  h1 = 417 kj/kg 

Enthalpy at point 2:  h2 = 476 kj/kg 

Enthalpy at point 3:  h3 = 278 kj/kg 

Enthalpy at point 4:  h4 = 278 kj/kg 

 
Fig. 5.6: P-h diagram for Existing VCR System 

Co-efficient of Performance =  

Refrigerating effect / Work input in compressor   

    = m (h1 – h4) / m (h2 – h1) 

    = (417-278) / (476-417)  

    = 2.355                        …..(2) 

 
Fig. 5.7: Comparison of COP bet. Old & New AC System 

 

Fig.5.8 Comparison of car cabin inside air temp. bet. old & 

new ac system 

We concluded that, after adding plate type heat 

exchanger in existing AC system, we get a sub cooling 4.5 oC 

in the plate type heat exchanger, so that Nano Car COP is 

increase 2.355 to 2.576, also Cool air temperature inside the 

cabin of Car is decrease from 9.5 oC to 6.5 oC.   

So that Nano Car AC overall efficiency is increase 

9.38 % by adding plate type liquid heat exchanger between 

evaporator to compressor pipe and condenser to expansion 

valve pipe. 

Also we take a first law-energy analysis for this system. 

  
Fig. 5.9: First Law Energy Analysis of Modified Car AC 

System 

Here in the whole system total heat input is equal to 

total heat output, input 7.30 kW (211%) ≈ 7.30 kW (211%) 

output so, this agreement is satisfactory. 

VI. CONCLUDING REMARKS 

In this dissertation work, the performance investigation & 

enhancement of car air conditioning system carried out using 

plate type heat exchanger are satisfactory. It can be concluded 

follows: 

1) Co-efficient of performance is increase 2.355 to 2.576 of 

Tata Nano Car vapor compression refrigeration with 

plate type heat exchanger. 

2) So that we can write overall efficiency of Car AC system 

is increase up to 9.38% with modified vapor compression 

system 

3) The temperature is decrease 9.5 oC to 6.5 oC of the cooled 

air inside the car cabin, so that we can write that, 

modified VCR system have a high cooling at high 

ambient temperature as compare to existing VCR system 

of Car AC. 

4) Through effective & efficient design of solar hybrid 

system of Three E’s can be saved. 

1) Energy  

 Save the Precious Fuel Energy.  

 7 billion liter fuel used per year for Automotive AC in 

Europe. 

2) Ecology 

 Save the Environment Problem…as We Know the 

Problem of Pollution in Our Capital City of India: Delhi, 

also in Ahmedabad. 

 Environmental Rules & Regulations are Stringent Day 

by Day. 

3) Economy 

 Running Cost of Vehicles is less. 
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