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ABSTRACT    Driving in hot or humid weather condition causes discomfort and uneasiness to driver as well as 
passenger’s automotive air conditioning system becomes an integral part of automobile to improve comfort level of 
passengers.  It has become an essential part of the vehicles of all categories worldwide. This proper focuses on review of 
air conditioning system and application of computational fluid dynamics in analysis of air flow with variation of human 
load. 
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1. INTRODUCTION 
As per the ASHRAE, aerating and cooling is the study of controlling the temperature, dampness, movement 
and neatness of the air inside a nook. In a traveler/driver lodge of a vehicle, aerating and cooling implies 
controlled and agreeable condition in the traveler lodge amid summer and winter, i.e., control of 
temperature (for cooling or warming), control of mugginess (diminishing or increment), control of air 
dissemination and ventilation (measure of wind stream and crisp admission versus incomplete or full 
distribution), and cleaning of the air from scent, toxins, dust, dust, and so on before entering the lodge. 
While the A/C framework gives solace to the travelers in a vehicle, its task in a vehicle has twofold effect on 
fuel utilization: (1) consuming additional fuel to control blower for A/C activity, and (2) conveying 
additional A/C part stack in the vehicle constantly. What's more, the A/C running relies upon the climatic 
state of the concerned land locale and the time. The most essential effect on the efficiency is the point at 
which the A/C is running. Clodic et al. (2005) report the extra fuel utilization because of MAC task as 2.5 to 
7.5% (in USA/Europe) thinking about the climatic conditions, motor write (diesel or gas) and client profile. 
Relating CO2 emanation because of MAC activity is in the vicinity of 54.7 and 221.5 kg CO2 for each year per 
vehicle. Obviously, the effect on the fuel utilization is more noteworthy when the A/C is introduced in 
minimized and sub-compact vehicles 
 

2. LITERATURE SURVEY 
Jin-Long Lin et al. [1] a control strategy with flow distribution capability is proposed for multi-evaporator 
air conditioners to accommodate different thermal demands in different rooms. The structure in the control 
strategy is based on a low-order, linear model obtained from system identification. To determine 
appropriate control parameters, theorems regarding stability of the closed-loop system are given. 
Experiments indicate that the proposed strategy can successfully regulate the indoor temperatures 
regardless that the reference settings for respective rooms are different and the settings are switched in the 
middle of the control process. It is assumed that the MEAC machine is operated in the mode that both (all) 
the evaporators are on throughout the control process. Although one can apply the results in the paper to 
design a control strategy for each of the modes, whenever a mode switching occurs, directly switching one 
control strategy to another could lead to discomfort to the users in the room (s) where the temperature(s) 
has (have) already been settle.  
 Abdullah A.A.A. Al-Rashed [2] R32 an optimized finned-tube evaporator with R600a (isobutane), R290 
(propane), R134a, R22, for R410A is evaluated and analyzes the evaporator effect on the system coefficient 
of performance (COP). Results concerning the response of refrigeration system simulation software to an 
increase in the amount of oil flowing with the refrigerant are presented. The results of a refrigeration 
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system simulation software to an increase in the amount of oil flowing with the refrigerant show that there 
are optimal values of the apparent overheat, for which either the exchanged heat or the refrigeration COP is 
maximized. In this study, they evaluated the performance of R600a, R134a, R290, R22, R410A, and R32, in 
which at critical temperatures and other thermo physical properties there is changes. The optimization is 
takes place for the evaporator by using non Darwinian evolutionary scheme and simulation is performed for 
optimized evaporator. The selection of compressor and other equipment sizing is affecting the COP of 
system. 
Xuquan Li a et al. [3] the refrigerant flow control is improved by using electronic expansion valve (EEV) 
which is driven by a stepper motor in automobile air conditioning system. During the change in speed of 
vehicle and at the time of thermostatic on/off condition (EEV) make the quick response. The flow rate 
characteristic of the EEV for automobile air conditioning was presented. A microcontroller is used to receive 
the input signal and generate the output signal to control the opening of the EEV. New control method can 
feed adequate refrigerant flow in evaporator, this has been proven by experimental testing. There is drop in 
the evaporator discharge temperature with 3⁰ C. In conclusion, flow rate characteristic of the EEV for 
automobile air conditioning was presented and develop an EEV for automobile air conditioning system. By 
using EEV and fuzzy self-tuning control algorithm, a new refrigerant flow control method has been 
proposed. Under abrupt changing of the compressor’s speed, the experiments showed that fuzzy self-tuning 
control algorithm could feed adequate refrigerant flow into the evaporator. The evaporator discharge air 
temperature has dropped by approximately 3⁰ C.  
 Chen Wu a et al. [4] The suction pressure was taken as the controlled variable to modulate the speed of its 
compressor, and at the same time, the room air temperatures were taken to regulate the openings of 
individual electronic expansion valves (EEV). A self tuning fuzzy control algorithm with a modifying factor 
was incorporated in the controller. A controllability test was conducted with a dynamic thermodynamic 
model developed with a special modeling methodology. The controllability test has shown that the control 
strategy and algorithm are feasible and can achieve desirable control results. In this paper, a simplified 
lumped parameter dynamic thermodynamic model for a TEAC has been developed with a special modeling 
methodology. It can be concluded that such a novel control method, including the control strategy and 
algorithm, is feasible and valuable for MEAC product development work in practice. 
[5] Huang Xiang et al (2006), suggest that because of the detriment of enormous air channels and high 
vitality utilization because of current evaporative cooling frameworks utilized and the upside of roof cooling 
framework giving solace and furthermore lessening vitality use. In this manner, a consolidated framework 
containing evaporative cooling framework and roof cooling framework in which evaporative framework 
handles the heap and furthermore manages one a player in the sensible load while then again roof cooling 
framework manages other piece of sensible load in the cooling zone along these lines keeping away from 
buildup of brilliant board and absence of cooling limit. The new air-cooling framework and as of now 
introduce open air evaporative cooling framework are basically connected in a venture Lanzhou city. The 
Energy devoured investigation are completed by utilizing the vitality utilization code and the speed of air 
and the circulation of temperature is computed utilizing CFD and therefore comes about got from both the 
frameworks were looked at. The new framework requires less vitality, bound space, better warm solace and 
less introductory cost. Later it was clarified that the consolidated framework involving roof cooling 
framework and evaporative cooling framework has less vitality utilization, less possessed space and can be 
utilized as a part of open structures in parched regions and half dry regions. 
[6] Alireza Kermani (2015), investigated that good Efficiency of ventilation can offer reduction in cooling 
energy utilization of buildings, thus reducing risk of infection through air, increasing the level of comfort 
increasing comfort in hospital cabins. CFD analysis of hospital room was conduced considering natural 
ventilation and forced ventilation. The usage of CFD technique was justified in improving air ventilation and 
enhancing comfort level of hospital building. Good air ventilation also helps in minimizing the risk of air 
borne infection in building with the help of CFD we can study aerosol contamination flow characteristics 
thus optimizing the air flow in building. 
[7] IkramuddinSohail Md (2015), suggested that CFD is essential in engineering analysis. Classic air 
conditioning system is analyzed at different positions by preparing model of window air conditioner and 
thus found that mass of air flowing through the system is 0. 27kg.s2 on basis of the model geometry the fluid 
velocity ranges from 1.329ms-1 to 14.083ms-1 and variation in static pressure ranges from -1.356 Pa to 
+0.348 Pa at inlet and outlet sections of designed air-conditioner. CFD analysis of window air conditioner is 
performed. The continuity equations were satisfied and the flow was physically efficient, different contours 
were constructed at different position for different variables. The velocity over cooling coils should be 
between 1.5m/s to 3 m/s for air conditioning applications therefore velocity in this case was kept between 
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1.6m/s to 1.7m/s so that the capacity of cooling of coils remains efficient and thus vapor quantity of 
refrigerant in tubes is expected to be in vapor state so that there is no liquid at suction and compressor 
operation continues. The developed model can be used in prediction of changes in design and thus more 
accurate results can be obtained by using exact material properties and positions where temperature is 
known.  
[8] T.T. Chow et al (2011), investigated that the use of split air conditioners has nowadays become very 
popular in Hong Kong, since it has very effective heat rejection at outdoor condensing units. When these 
units working together at outdoors the heat rejected by one unit may affect the rejection rate of heat of 
other unit and hence reduce their performance. It becomes difficult for HVAC engineer to foresee the 
thermal effects while replacing numerous units in a single building. The simulation method is used to tackle 
the problem and by providing proper spacing between condensing units. CFD simulation techniques have 
been popular for analysis of condenser and heat dissipation from buildings. Turbulence model used for 
analysis is k-epsilon with energy evaluation.CFD simulation results were in close agreement with identical 
thermal analytical studies..In practical it was demonstrated through application example.   
 

3. PROPOSED WORK 
The research involves analysis of automobile cabin in transient state thermal CFD analysis. The CAD model 
of car cabin is modeled using Creo 2 which is sketch based parametric 3D modeling software developed by 
PTC and converted to .iges format which is then imported in ANSYS CFX for CFD analysis. CFD stands for 
computational fluid dynamics which involves three stages, pre-processing, solution and post processing 
stage. The pre-processing stage involves CAD modeling, meshing, applying loads and boundary conditions. 
The solution stage involves matrix formulation, inversion and multiplication. Post processing stage involves 
contour plot of results viz pressure plot, temperature plot etc.   
Various components used in air conditioning system as given below  
1. Turbine  
2. Compressor  
3. Condenser  
4. Expansion device 
 5. Evaporator 
 6. Exhaust gas carrying coil 
 7. Directional control (DC) valve. 
Turbine: A turbine is a mechanical device that extracts thermal energy from pressurized exhaust gases from 
exhaust manifold, and converts it into rotary motion. It has almost completely replaced the reciprocating 
piston steam engine primarily because of its greater thermal efficiency and higher power-to-weight ratio. 
Because the turbine generates rotary motion, it is particularly suited to be used to drive a compressor of the 
AC system. The turbine is a form of heat engine that derives much of its improvement in thermodynamic 
efficiency through the use of multiple stages in the expansion of the exhaust gases, which results in a closer 
approach to the ideal reversible process.  
Compressor: The low pressure and temperature vapour refrigerant from evaporator is drawn into the 
compressor through the inlet or suction valve, where it is compressed to a high pressure and temperature. 
This high pressure and temperature vapour refrigerant is discharged into the condenser through the 
delivery or discharge valve where the high pressure and temperature vapour refrigerant is cooled and 
condensed. The refrigerant, while passing through the condenser, gives up its latent heat to the surrounding 
condensing medium which is normally air or water.   
Condenser: The condenser or cooler consists of coils of pipe in which the high pressure and temperature 
vapour refrigerant is cooled and condensed. The refrigerant, while passing through the condenser, gives up 
its latent heat to the surrounding condensing medium which is normally air or water.  
Expansion device: It is also called throttle valve or refrigerant control valve. The function of the expansion 
valve is to allow the liquid refrigerant under high pressure and temperature to pass at a controlled rate after 
reducing its pressure and temperature. Some of the liquid refrigerant evaporates as it passes through the 
expansion valve, but the greater portion is vaporized in the evaporator at the low pressure and temperature  
Evaporator: An evaporator consists of coils of pipe in which the liquid-vapour refrigerant at low pressure 
and temperature is evaporated and changed into vapour refrigerant at low pressure and temperature. In 
evaporating, the liquid vapour refrigerant absorbs its latent heat of vaporization from the medium (air, 
water or brine) which is to be cooled.  
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Exhaust carrying coil: Exhaust carrying coil is a special type of heat exchanger used for providing or 
supplying warm air in winter and monsoon season for car A/C system, the exhaust gases of an engine are 
passed through this coil around 400 to 500oC temperature range. 
 

4.  WORKING OF SYSTEM 
The working of the our system is like a conventional year round air conditioning system, the system worked 
on two seasons, which are below  
Summer weather: Below A/C system consists of a compressor, condenser, expansion valve, evaporator and 
exhaust carrying coil. Here we are introducing a turbine to the system which is driven by the engine exhaust. 
Turbine runs the centrifugal compressor. That is drop in enthalpy gain in kinetic energy of the exhaust is 
used to run the gas turbine which in turn runs the compressor by a shaft. The high pressure and compressor 
temperature vapour refrigerant from the compressor is transferred to the condenser. Condensed refrigerant 
is in the form of liquid (Latent heat of condensation), slight drop in pressure (negligible), change in its phase 
from vapour to liquid. The refrigerant then made to expand in the hand operated expansion valve to ensure 
pressure drop drastically very close to atmosphere pressure. The low pressure andexpansion temperature 
liquid refrigerant then enter into the evaporator absorb heat from the cooling space their by undergoing the 
change from liquid to gaseous state (Latent heat of vaporisation). This change of phase equals the amount of 
heat absorbed resulting in cooling of the space (refrigerating effect) in summer season. 

 
Figure 1: Car Air Conditioning Unit 

 

Cold weather: During cold season, the exhaust gases pass through exhaust gas coil via directional control 
(DC) valve when the VCC system is off. In exhaust gas coil the temperature range of exhaust gases is 400 to 
500oC and heat is transferred from high temperature gases to air from evaporator fan. Ultimately air 
temperature increases and sends to the cabin and we achieve heating effect without any power source.  
 

5. COMPUTATIONAL FLUID DYNNAMICS 
It solves the mathematical equations governing these phenomena. CFD is becoming a powerful tool, in 
combination with usual design techniques, to analyse the problems.   
Advantages of CFD simulation  
 

Steps of CFD   
 

1> Visualizing designs   
2>  Complete Information   
3>  Making prediction using results.  
4>  Improved design ability   
5>  Low Cost   
6>  Ability to Simulate Real Conditions   

 

1> Pre-processing 
2>  Solving  
3>  Specifying the fluid and flow properties   
4>  Choosing the discrete scheme 
5>  Post processing   

 

Fluids Dynamics are derived from the basic physical laws of conservation of mass, momentum, and energy. 
Logical solutions of such problems are possible only for very simple flow domains with certain assumptions 
made. For usual designs designers have to trust the empirical formulae, rules of thumb, and 
experimentation. Though, there are many intrinsic problems associated with these usual designs. Empirical 
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formulae and rules of thumb are extremely precise to the problem and are not globally used because of the 
non-linearity of the governing equations thus making experimentation the leading design technique. 
 

6. CONCLUSION 
Experimental testing of air flow and air quality is costly and difficult also. To reduce the cost and time CFD 
simulation testing can play a significant role in air-conditioning testing to get appropriate results and thus 
comparing with numerical values. Changing vent location can also play a pivotal role in achieving optimal 
cooling with limited power consumption. 
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