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ABSTRACT 
To maintain thermal comfort inside the car is possible by controlling the interior compartment temperature of a stationary 

automobile facing the solar energy from the sun. We introduce a very thin layer of PCM (Phase Change Materials) which is placed 

inside the ceiling of the car. The solar rays fall on the surface of the car which heat the surface during conduction of the heat energy 

from roof to PCM, the heat  is absorbed by the Phase Change Materials and its change its phase from solid to liquid. Until its 

freezing temperature attained after that it release the energy to atmosphere and change its phase from liquid to solid. As a result 

the temperature of the car interior is maintained in the comfort condition. 
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INTRODUCTION 
 

The problem that is faced by many car users today is a hot interior after certain hours of parking in open air 
or un-shaded parking area. The heat under such parking condition causes the car cabin and interior temperature 
to increase up to 80°C average. To decrease the temperature built up during the soaking period, drivers have to 
run the air conditioner at high speed, which ensures the necessary cooling to desired temperature. The decrease 
in the internal temperature by running the air conditioner is higher (50%) comparing to cases where air 
conditioner is turned off, reflecting the big influence of the air conditioning system (A/C) to obtain good thermal 
comfort . The increasing thermal load of the A/C system subsequently increases the fuel consumption of the 
vehicle as well as increased CO2 emissions. 

On the other hand, during the winter months, after turning on the heating system, it usually takes minutes 
before the comfort condition is reached. Some car models have extra heating systems installed in their seats to 
tackle the problem. The electrical energy necessary for running the seat heating system is provided by the car’s 
battery. Due to the addition of new auxiliary systems for monitoring and controlling functions in the cars over 
the past years, the power supply needed for their operation has steadily increased. In order to prevent demands 
for further increases in the battery’s capacity, and increasing the battery lifetime energy savings are necessary.  

Thermal energy storage via phase change materials (PCMs) is one of the most promising candidates as zero 
power usage means to decrease the temperature profile fluctuation in the car cabin for both summer and winter 
months. PCMs are latent heat storage materials that the thermal energy transfer occurs when a material changes 
from solid to liquid, or vice versa. Unlike conventional (sensible) storage materials, PCM absorbs and releases 
heat at a nearly constant temperature. The high heat transfer during the melting process and the crystallization 
process, both without any temperature change, is responsible for the PCM’s appeal as a source of heat storage. 
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1.1 Conceptualdesign: 
Fig. 1 shows the configuration of a PCM layer installed in the roof of the vehicle. The installed PCM layer 

in the roof is shown in blue color in Fig. 1. 
is transferred to the PCM layer for melting and causing the decrease in cabin temperature similarly when
interior temperature is above the PCM melting point the heating energy is transferred to the PCM for melting 
and causing the decrease in car temperature. On the other hand, when 
melting point, the thermal energy is released from the PCM by solidification

 

Fig. 1: The configuration of the PCM layer in the automobile’s headliner
 

Fig. 2: Cross-section of the automobile’s headliner using PCM
 
The basic components of the PCM

body of the automobile which eliminates the heat exchange with the en
 
2 Methodology: 
2.1 Designlayout: 

 

 
Fig. 3: Design layout 

 
2.2 Woodenbox: 

The box is made of wood which is act as a system (Car 
thickness of 0.5 inch and 1ft height.
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Fig. 1 shows the configuration of a PCM layer installed in the roof of the vehicle. The installed PCM layer 
in the roof is shown in blue color in Fig. 1. When the atmospheric temperature is higher than PCM layer the heat 

melting and causing the decrease in cabin temperature similarly when
interior temperature is above the PCM melting point the heating energy is transferred to the PCM for melting 
and causing the decrease in car temperature. On the other hand, when the car temperature is lower than the PCM 
melting point, the thermal energy is released from the PCM by solidification 

 
The configuration of the PCM layer in the automobile’s headliner 

 
section of the automobile’s headliner using PCM-temperature control system

The basic components of the PCM-temperature control system is shown in Fig. 2.  PCM layer and the metal 
body of the automobile which eliminates the heat exchange with the environment.  

 

The box is made of wood which is act as a system (Car cabin). The material chosen for this is plywood with 
thickness of 0.5 inch and 1ft height. 
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Fig. 1 shows the configuration of a PCM layer installed in the roof of the vehicle. The installed PCM layer 
When the atmospheric temperature is higher than PCM layer the heat 

melting and causing the decrease in cabin temperature similarly when the car 
interior temperature is above the PCM melting point the heating energy is transferred to the PCM for melting 

the car temperature is lower than the PCM 

temperature control system 

temperature control system is shown in Fig. 2.  PCM layer and the metal 

. The material chosen for this is plywood with 
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Fig. 4:wooden box 

 
2.3 Aluminum Tray: 

 

 
 
Fig.5: Aluminum tray 

 
Tray is made up of aluminum and which act as a roof. The phase change materials Salt hydrate HS29 is 

highly corrosive. In order to prevent corrosion the tray is made up of aluminum. PCM HS29 in liquid form it 
moves more quickly because of absorbing more solar radiation which causes the improper cooling inside the 
vehicle to avid the movement of fluid movement of PCM HS29 inside the tray and to achieve complete cooling 
the tray is separated in to various segments using the aluminum bar.  

The partition is made like a diamond shape to control the flow (PCM HS29) inside the tray.   
Dimensions of tray :length = 1.5ft, Width = 1.25ft,    Height = 2.5 inch. 
Dimensions of Aluminum bar    : Width = 1mm, Height = 2    inch.   
Dimensions of diamond bar       : 4 inch * all sides. 
Thermal conductivity                  : 205 W/m k. 
 

2.4 Pcmselection: 
The phase change materialwas selected based on its melting point and the operating temperature range and 

its conversion cycle. 

 
 

Fig.6:PCM applied tray 
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Table 1: Properties of PCM HS29 
Property Value 
Base material Calcium chloride ( Cacl2) 
Melting temperature 29oC 
Freezing temperature 29oC 
Specific Heat 2.3 J/g.K 
Latent Heat 190 kJ/kg 
Thermal Conductivity 1.05 W/m.K 
Thermal Stability (cycles) 5000 

 
2.5 Experimentalsetup: 

 

 
 

Fig. 5:Experimental Setup 
 
3. Simulation: 

The model prepared in CATIA V5 was exported to ANSYS 13 to simulate the thermal process of the car 
cabin, where both radiation and convection heat transfer were included in the simulation. 

 
Initial and Boundary Condition: 

1. Initial cabin temperature = 350C 
2. The outside air temperature = 54.50C 
 

 
 

Fig. 6: Temperature Distribution of Cabin withoutPCM HS29 
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Fig. 7: Temperature Distribution of Cabin withPCM HS29 
 

RESULTSANDDISCUSSIONS 
 
The tests were performed on 2 different days with possibly minimum clouds, on March 2016. The time 

interval selected for the tests is from 9:00 AM to 5:00 PM, as the sun load within this period is at the highest to 
sun set. 
 
Table 2: Temperature measurement with and without PCM HS29 

Time Atmospheric temperature (0C) 
Cabin temperature (0C) 
Without PCM With PCM 

9:00 AM 38.1 37.6 32.5 
10:00 AM 40.6 39.1 33.1 
11:00 AM 48.8 43.5 33.9 
12:00 PM 54.1 46.2 34.2 
1:00 PM 54.5 46.5 35.8 
2:00 PM 52.3 47.2 36.1 
3: 00 PM 50.3 47.6 35.9 
4:00 PM 43.6 43.6 35.1 
5:00 PM 37.8 42.1 33.5 

 
 

 
 
 

 
 

Graph1: Temperature Distribution of Cabin Withand Without PCM HS29 
 

Conclusion: 
Usage of thermal energy storage system reduces the temperature about 20% inside the car cabin. Reduction 

in AC cooling capacity, fuel consumption and fuel emissions. Accordingly, its use is highly recommended. 
Approximately 8-10 % of fuel spend only for air conditioning in an automobile. By using thermal energy 

storage system we can save fuel consumption. 
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