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Abstract— In internal combustion engine, car air-

conditioning system consumes large amount of energy about 

30% of the fuel in tropic areas. In this experiment, ANOVA 

manual method is used to reduce car AC energy 

consumption and for optimization of efficiency of the 

system. People set their AC to operate at temperature 18, 

even though we can set indoor temperature in between 200 

to 240 according to human comfort chart. In this 

experiment, AC efficiency is optimized by taking various 

readings at different rpm and different temperatures. There 

are various techniques to enhance efficiency of car AC. One 

of the techniques is to set slightly higher indoor temperature 

as per human comfort chart. The study shows that increasing 

indoor temperature 200 to 240 save about 22% of 

compressor work and also increases the Coefficient of 

Performance (COP). 
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I. INTRODUCTION 

A car AC system consists of a compressor, an expansion 

device, a condenser and an evaporator. The refrigerant is 

compressed in compressor and it circulates refrigerant to the 

required pressure and temperature. It is coupled to the motor 

shaft in an IC engine car or is driven by an engine shaft. It 

takes up most of the total energy consumption of an AC 

system. From the compressor, refrigerant enters into the 

condenser, which is normally installed near the car cooler. 

The refrigerant flowing through condenser rejecting heat to 

surrounding. The refrigerant changes phase from 

superheated vapors to vapor-liquid mixture or even to sub 

cooled liquid. The fluid then enters the expansion valve 

where its pressure and temperature decreases up to 

evaporator pressure. This low-temperature liquid refrigerant 

then flows into the evaporator, and start absorbing heat from 

cabin or refrigerated space. The working medium 

(refrigerant) is currently R22 used in many refrigerating 

system or AC system. Unfortunately, it has high global 

warming (GWP) potential and will expire under the terms of 

the Kyoto Protocol. R134a has been suggested. 

Nowadays standard of living of people is increased. 

In India, so many people depend on the car's air 

conditioning to maintain comfort in the car. The volume of 

the car cabinet is not large, but while driving, the car is 

exposed to sunlight and heat is generated in the car, which 

causes an extremely huge amount of heat load. The 

maximum heat load can be 10 times the minimum load in 

car cabin in summer season. In internal combustion engines, 

the compressor of the vehicle air conditioning system is 

driven by the engine crankshaft and the cooling capacity is 

limited to the engine speed and proportional to the engine 

speed. The ratio of the maximum / minimum output capacity 

is more than three times. It needs to reduce the energy 

consumption of the compressor to increase the life of the 

vehicle and reduce fuel consumption. The need for vehicle 

air conditioning is power and the temperature in the car may 

rise when the vehicle starts or is in a low speed state up to 

40 °C due to sun exposure. However, the performance of the 

car air conditioner is low due to the low engine speed, and 

the heat input / output is unbalanced, making the passengers 

uncomfortable in car [16]. After that car has been driven for 

at the same time as, the temperature in the car slowly but 

surely start decreasing result in decrease in heat load. The 

cooling capacity is high because the car is in high speed, but 

at the same time fuel consumption increases due to increase 

in load on engine shaft due to power consumed by 

compressor of AC system as load on AC increases. 

A. Maintaining the comfort effect of the vehicle air 

conditioning system by reducing energy consumption of 

compressor. 

In modern vehicles air conditioning system is now important 

part of the standard equipment. It gives drivers and 

passengers a comfortable environment in the cabin of car. 

However, switching on the air conditioner, it increases load 

on engine and power loss. So many factors that influence the 

vehicle's energy consumption are like driving habits, 

weather status, traffic status, vehicle status, etc. Along with 

others, the one that affects oil consumption of vehicle during 

air conditioning, and average oil consumption increases up 

to 21%. In the case of an electric vehicle, the lifespan after 

starting the air conditioning or the electric heater obviously 

decreases by over 50%. Therefore, the development of an air 

conditioner with low energy consumption becomes an 

important indicator for the future vehicle development. 

B. Objective 

1) Experimental study of the working principle and 

working parameter and its effect on Air Conditioning 

System. 

2) Exploring methods to improve the efficiency of 

Automotive Air Conditioning system by Taguchi 

method. 

3) To verify the effect of rpm on cooling of AC of car. 

4) Find the optimization range for Air Conditioning 

system under various performance parameters. 

C. System Description & Work 

1) Vehicle Air-Conditioning System. 

The vehicle air conditioning system provides cooled, heated, 

dehumidified air to the cabin of car depending upon load on 

cabin. This is mainly the pulley compressor system. The AC 

system consists of compressor, a condenser, an evaporator 

and a four-way valve. In this, the compressor is the most 

critical due to space available for fitting compressor. The 

additional important structure is the air mix box, which 

mixes both warm and cold air. Currently, most vehicle air 

conditioners use an air mixing method to effectively control 

the temperature in the car. The belt drive car engine usually 

works at maximum performance, which not only shortens 

the life of the part but also waste unnecessary energy during 

the air conditioning process. 
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2) Pulley Compressor.  

Currently, the vehicle air conditioner of an oil vehicle is 

driven by an internal combustion engine. The motor turns to 

drive the compressor through the pulley. Once the 

evaporator has absorbed the heat in the car, the heat is 

released through the condenser to the outside environment 

to create a cooling effect. The heating effect is obtained by 

directing the engine cooling water into the thermal core of 

the air conditioning system. The air flow in the car flows to 

warm up on the heat core and is directed towards the room 

of the car. To maintain comfort in the car, cold air and warm 

air must be mixed to obtain the thermostatic effect. The 

heating effect is obtained by directing the cooling water 

from the engine into the thermal core of the air conditioning 

system. The air flow in the car flows to warm up on the heat 

core and is directed towards the room of the car. To 

maintain comfort in the car, cold air and warm air must be 

mixed to obtain the thermostatic effect. 

3) Arrangement of Premeditated Inventive Control System 

The most remarkable feature of this study is the construction 

of an intelligent air conditioning system with low energy 

consumption without modifying the devices of the vehicle's 

air conditioning system. The system can detect the vehicle 

thermal load and the control center tracks the vehicle 

thermal load to monitor the cooling performance of the air 

conditioning system. When the environment in the car 

reaches the set temperature, the compressor stops at an 

appropriate time. The space in the car maintains the air 

temperature in the range, comforting the human body and 

reducing the oil consumption of the vehicle, which meets 

both comfort and environmental requirements. Air 

conditioning performance can also be improved by using the 

air mixing mode to control the temperature control system. 

In this operating mode, however, the compressor has to run 

continuously, which extremely energy is consuming. In 

addition, the vehicle's air conditioner is directed against high 

internal and external thermal loads which change 

immediately. If we adapt to the load characteristics and 

discover the optimal control method and allow the vehicle's 

air conditioning system to provide cooling energy per 

thermal load actually required, we can achieve a balance 

between supply and demand and create the most pleasant 

environment in the car with the lowest energy consumption. 

The motivation for conducting this study is to find the 

optimal control method for the vehicle's air conditioning 

system. With regard to the "Immediate Change" function of 

the vehicle's air conditioning load, we have investigated to 

alleviate the existing shortcomings, which include low 

temperature / humidity and high oil consumption. The 

following figure shows a block diagram and a temperature-

entropy diagram of the vapor compression cycle. 

 
Fig. 1: Block diagram of Vapor Compression    Cycle 

 
Fig. 2: Temperature–Entropy diagram 

II. EXPERIMENTAL SETUP 

Sr. 

No 

Air Flow 

(kg/min) 

Air 

Inlet 

temp 

Air Inlet 

Humidity 

TXV 

In 
TXV Out 

1 
3, 4, 6, 

8, 8.7 
40°C 

40% RH, 

dry 

15bar, 

50°C 

2.93 bar, 

5K 

superheat 

Table 1: Experiment Test Condition 

 
Fig. 3: Compressor and Evaporator 
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Fig. 5: Thermostatic Expansion Valve (TXV) and Condenser

 

 

A. Result Table 

 

B. Taguchi Method for Analysis 

The Taguchi Orthogonal Array (OA) design is a kind of 

general fractional factor design. It is a very fractional 

orthogonal design based on one of the design matrix 

proposed by Genichi Taguchi is based and allows you to 

consider a selected subset of combinations of several factors 

at several levels. The experimental region has been decided 

as per Taguchi design approach. The process parameters 

have been segmented and listed in following categories. The 

process can be done by changing parameters. The selected 

parameters, along with their ranges, are presented in Table, 

III. RESULT AND DISCUSSION 

 
Fig. 7: Main effect plots for Mean 
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Fig. 8: Main effect plot for SN ratios 

 
Fig. 9: Main effect plot for SN ratios 

 
Fig. 10: Compressor power consumption under various rpm 

 
Fig. 11: Performance of Air Conditioning system under 

various parameters 

From above table and graph it is found that for 

1060 rpm, air flow 3 kg/min the power consumption is 0.59 

at that time temperature of air coming from evaporator is 

11.17o C, SNRA1 and MEAN1 is .7242 & 0.92 respectively 

this is minimum condition while for 2582 rpm, air flow 3.4 

kg/min the power consumption is 1.58 at that time 

temperature of air coming from evaporator is 12.52o C, 

SNRA1 and MEAN1 is -3.9731 & 1.58 respectively is 

maximum condition so set vehicle inside air condition  

having dry bulb temperature range 24 OC to 26 OC and 

relative humidity 40 to 60 %. So that compressor power is 

reduced ultimately low fuel consumption. 

IV. CONCLUSION 

From the experimental result, we can see that the planned 

system can benefit significantly from the thermostatic 

control of the vehicle air conditioning system. The average 

temperature in the car can be kept within 24 ° C to 26 ° C. 

When the heat load in the car is stable, the temperature 

fluctuation range is tiny. The average humidity in the car 

can be kept between 40% and 60%. Both parameters are 

within the proposed range, so that passengers in the car can 

enjoy the comfortable environment. If the environment in 

the car is kept in a comfortable temperature range, stopping 

the compressor can reach 14 to 21 times and save fuel. The 

fuel saving percentage reaches 21% to 28%. We draw the 

conclusion from the experimental result: vehicles with low 

emission capacity can achieve a better fuel-saving effect. 

The reason why in this study we address the control system 

for intelligent vehicle air conditioners with low energy 

consumption is to offer the driver and passengers a 

thermostatic environment in the car.  

REFERENCE 

[1] Z. Tian, W. Gan, X. Zhang, B. Gu, And L. Yang, 

“Investigation On An Integrated Thermal Management 

System With Battery Cooling And Motor Waste Heat 

Recovery For Electric Vehicle,” Applied Thermal 

Engineering, Vol. 136, Pp. 16–27, 2018.   

[2] J. Cen, Z. Li, And F. Jiang, “Experimental Investigation 

On Using The Electric Vehicle Air Conditioning 

System For Lithium Ion Battery Thermal 

Management,” Energy For Sustainable Development, 

Vol. 45, Pp. 88–95, 2018.   

[3] K. Liu, J. Wang, T. Yamamoto, And T. Morikawa, 

“Exploring The Interactive Effects Of Ambient 

Temperature And Vehicle Auxiliary Loads On Electric 

Vehicle Energy Consumption,” Applied Energy, Vol. 

227, Pp. 324–331, 2018.  

[4] D. Wang, B. Yu, J. Hu, L. Chen, J. Shi, And J. Chen, 

“Heating Performance Characteristics Of Co 2 Heat 

Pump System For Electrical Vehicle In a cold climate,” 

International Journal of Refrigeration, vol. 85, pp. 27–

41, 2018.  

[5] S. Barbusse, D. Clodic, and J. P. Roumegoux, ´ 

Automobile Air Conditioning: Effect in Terms of 

Energy and  Environment , vol. 60, pp. 3–18, Elsevier 

Science, Amsterdam, Netherlands, 1998.  

[6] Air Conditioning System. 

http://www.autoaircoalmere.nl/ Werkwijze.html.  

[7] A. Lahlou, F. Ossart, E. Boudard, F. Roy, and M. 

Bakhouya, “A dynamic programming approach for 

thermal comfort control in electric vehicles,” in 

Proceedings of the 2018 IEEE Vehicle Power and 



Optimization of the Climate Control System for Pure Electric Vehicle 

 (IJSRD/Vol. 8/Issue 7/2020/072) 

  

 All rights reserved by www.ijsrd.com 345 

Propulsion Conference (VPPC), Chicago, IL, USA, 

August 2018. 

[8] ASHRAE, Standard 55a, Thermal Environmental 

Conditions for Human Occupancy, ASHRAE, Atlanta, 

GA, USA, 2017.  

[9] ASHRAE, Standard 90.1, Energy Standard for Building 

except Low-Rise Residential Buildings, ASHRAE, 

Atlanta, GA, USA, 2016.  

[10] ASHRAE, Standard 62, Ventilation for Acceptable Air 

Quality, ASHRAE, Atlanta, GA, USA, 2013.  

[11] ASHRAE, Standard 55, Thermal Environmental 

Conditions for Human Occupancy, ASHRAE, Atlanta, 

GA, USA, 2017 

[12] Mohammad Ali FayazBakhsh, Majid Bahrami, 

“Comprehensive Modeling of Vehicle Air Conditioning 

Loads Using Heat Balance Method”, SAE International, 

2013-01-1507. 

[13] T. C. Kandpal, “Improved Efficiency Compressors for 

Air Conditioning”, International Compressor 

Engineering Conference, Paper 260, 1978. 

[14] MR. KaustubhShete, “Influence of Automotive Air 

Conditioning Load on Fuel Economy of IC Engine 

Vehicles”, International Journal of Scientific 

&Engineering Research, Volume 6, Issue 8, August-

2015. 

[15] Alison Subiantoro, Kim Tiowoi, Ulrich Stimming, 

“Energy Saving Measures for Automotive Air 

Conditioning (AAC) System”, International 

Refrigeration and Air Conditioning Conference. Paper 

1361, 2014. 

[16] S. Kamaruddin, Zahid A. Khan and S. H. Foong, 

“Application of Taguchi Method in the Optimization of 

Injection Moulding Parameters for Manufacturing 

Products from Plastic Blend”, IACSIT International 

Journal of Engineering and Technology, Vol.2, No.6, 

December. 

[17] SrinivasAthreya, DrY.D.Venkatesh, “Application Of 

Taguchi Method For Optimization Of Process 

Parameters In Improving The Surface Roughness Of 

Lathe Facing Operation”, International Refereed 

Journal of Engineering and Science (IRJES), Volume 1, 

Issue 3 November 2012 


