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Abstract:  The human comfort inside the vehicle is main problem when vehicle is parked in hot sunny condition for 30 to 180 

min. As India is tropical country where temperature during summer increases above 450C. If we park the vehicle in such severe 

condition for few hours then inside temperature increases up to 800C. In such condition if vehicle owner or driver enters in 

vehicle then it is impossible to travel because of heat suffocation inside the vehicle. If the child or pet is remaining inside parked 

vehicle then child or pet will die due to heat stroke and many cases happen in world wide. Now a days to control the inside 

temperature driver or owner will swich on the air condition or open all the windows. To overcome this problem by controlling the 

heat transfer inside the vehicle by using different I-Cool materials like phase change materials, thermoelectric materials and 

organic dye cell materials. In this paper focusing on phase change material which is having good thermal conductivity and they 

can change phase by absorbing the high amount of latent heat from sun to maintain temperature inside the vehicle.  

 

Index Terms - Latent heat, Phase Change Material, Specific heat, Thermal comfort 

I. INTRODUCTION 

 

Today’s HVAC system is used to control the inside temperature but this system works when vehicle is in running 

condition. To run air conditioning system in vehicle significant amount of energy is required, it can be greater than engine energy 

required to run the small size vehicle at a constant speed of 56 km/hr. if engine is having 400 W load on then it reduce the fuel 

economy by 0.4 km/L[1,2]. Now a day’s many of the automotive industries are doing the research to control the inside climate of 

their vehicle during standalone condition in severe hot condition. During summer ambient temperature is very high during 12 to 3 

pm at this time need to maintain the temperature inside the standalone vehicle because sun light directly come on the roof and 

door panel. The temperature rise inside the vehicle cabin is very high during this time due to sun angel.[3] 

 

  

 
Figure 1: Average rise in temperature inside the vehicle over time [1] 

 

The figure 1 shows average temperature rise inside the vehicle over a time. As vehicle is parked in sunny condition 

having high ambient temperature for 60 minutes then inside temperature rise is about 430 C. Many of the accidents happen due to 

heat stroke involving child or pets remain inside the parked vehicle. In last decade (2011 to 2020), 40 fatalities of children 

occurred in 23 incidences across India. All these incidences occurred during the summer. The 65% of child’s were 4 to 6 years of 

age, died due to heat stroke and hyperthermia injury [4]. Now a days most of the vehicle owner, cab driver will swich on the air 

conditioning system to control the temperature but this system consumes more amount of fuel and cause the pollution. Other 

option used by the drivers by keeping windows open but internal climate will not remain clean and high domain noise will disturb 

the driver. So many of the phase change material having ability to store the heat during change of phase.  
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1.1. Factors affecting vehicle inside temperature:  

The evaluation of human comfort inside vehicle is related with different factors like environmental, factors regarding the 

human organism and factors regarding the clothing [5]. By considering the comfort of most of passengers the influencing factors 

are considered [6]. Mainly there are the two factors such as measurable and personal factor. The measurable factors include air 

velocity, air temperature, radiant temperature and relative humidity. The personal factors include clothing insulation and activity 

level. The factors are shown in figure [7]  

 
Figure 2: Factors affecting the thermal comfort [6] 

 

The air speed, air temperature, relative humidity and radiant temperature are the environmental factors. The age, weight, 

gender, type of activity and metabolic rate are the human organism factors. The material structure, thermal resistance of wear and 

number of layers are the factors of clothing. All these factors affect the thermal comfort of passengers. The sun light is the major 

factor to affect the human comfort when shining on peoples enclosed spaces such as vehicles [8]. As shown in figure when 

sunlight exposed inside the vehicle will affect the passenger’s comfort and to control this air conditioning energy is required.  

 
Figure 3: Sunlight contribution to thermal comfort [6] 

 

When vehicle is parked in sunlight the inside components like seat, dashboard absorb the heat by solar radiation 

transmitted through roof, door panel and glass the thermal radiation takes place inside the body. The amount of heat absorbed by 

component is depends on effective projected area and absorptivity of component materials [9]. The heat transfer can take place by 

conduction, convection and radiation. The conduction is take place when sunlight passing through roof, glass, the convection is 

take place inside the vehicle and radiation takes when inside vehicle due to components [10]. The figure shows that how the heat 

transfer can take place inside the cabin.  

 
Figure 4: Energy conservation inside the body [11] 
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The vehicle is parked in environmental conditions suffers from fluctuations in air velocity, sun radiations and air 

moments. These fluctuations create some problem in evaluation of thermal condition inside the vehicle [12]. 

 

The thermal comfort of passenger inside the vehicle is rising concern due to health and safety of passengers. The 

automobile industry focus on improving efficiency of vehicle by efficient use of energy resources [13,14]. The thermal comfort in 

vehicle is reduced due to two reasons in earlier days vehicle design and solar radiation. To increase the thermal comfort must 

focus on vehicle design to reduce heat load that enter the passenger compartment and less amount of solar radiation enter in the 

vehicle. To increase thermal comfort in vehicle must concentrate on heating and cooling of vehicle cabin and efficient use of 

energy resources [15,16]  

To improve the thermal comfort inside the parked vehicle, need the effective heating, cooling and ventilation system in 

vehicle. When vehicle is parked only heating takes place, for the cooling and ventilation we need to switch on the air conditioning 

system or open the windows at the time of parking and which in not possible due to many reasons. Another option to maintain 

thermal comfort inside the vehicle is use of different I-Cool materials like phase change materials, thermoelectric materials and 

organic dye cell materials [17]. 

II. THERMAL ANALYSIS  

     As India is a tropical country where during summer temperature rise above 450C. The thermal analysis is carried out with 

help of conduction, convection and radiation equations for hottest cities of India. The below figure shows the thermal analysis of 

hottest cities.  

 

 
Figure 5: Thermal analysis of temperature rise inside the vehicle  

 

The above figure shows that temperature rise inside the vehicle is high when it is parked in hot sunny condition. To 

control this temperature, rise the I-Cool material is used in various parts of vehicle here in this paper main focus is on phase 

change materials.  

Phase change materials (PCM) is one of the I – Cool materials having a high heat of fusion that melts and solidifies at 

some temperatures. This material is capable of storing and releasing a large amount of energy. Heat is released or absorbed when 

the material changes its phase from solid to liquid and vice versa. Thermal energy stored in phase change material is one of the 

promising materials to control the temperature fluctuation in the vehicle cabin in both summer and winter [18].  

 

 
Figure 6: PCM Classification [17] 

 

PCM most commonly divided into three groups first organic PCM, second inorganic PCM and third eutectic. Organic 

PCM are compound based on paraffin where the melting temperature of the material varies in relation with the number of carbon 
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atoms present. Pure paraffin contains 14 to 40 carbon atoms whereas in paraffin waxes contain 8 to 15 carbon atoms are present. 

This type of PCM have more advantages like wide range of melting points, nontoxic, noncorrosive, non-hygroscopic, chemically 

stable, compatible with most building materials, has a high latent heat per unit weight, most importantly exhibit negligible 

supercooling. these PCM materials possess some limitations as high cost, low density and low thermal conductivity.  

Inorganic PCM contains the chemicals such as hydroxides or oxides, that have been diluted in acid solutions and are known as 

salt hydrates or molten salt. The advantages of this type of PCM are low cost as compare with organic PCMs, having high latent 

heat per unit mass and volume, having high thermal conductivity, and a wide range of melting points from 7 – 1170C. The main 

disadvantage is that there will be decomposition of salt hydrates over a time due to the process.  

Eutectic PCMs are the combination of two or more compounds of organic, inorganic or combination of both. The main drawback 

of this PCM is to have high cost [19].  

 

At the time of selection of phase change materials thermal, chemical and some physical properties, its economic and 

availability of material are considered. The selected phase change material should have high latent heat, high physical heat 

storage, high the thermal conductivity [20]. 

III. SELECTION OF PHASE CHANGE MATERIALS: 

The selection of proper phase change material is important aspect to control inside vehicle temperature during standalone 

condition. The below figure shows that different types of phase change materials and its temperature range of phase change. 

  

 
Figure 7: Different types of Phase Change Materials. 

 

PCMs are classified in two groups; based on temperature first type is the material that’s works below 00 C and other are 

ones that works above 00 C. The PCM works below 00 C have two groups first is eutectic solutions and another alcohol range. 

The eutectic solutions (E range) work between -650 C to 00 C and alcohol range (L range) works between -1000C to -220 C.  

 

The PCM works above 00 C have five groups works in different temperature range. The metallic PCM (M range) works 

between 3800 C to 12000 C. Another group of PCM is high temperature (H range) works on 1050 C to 8850 C whereas hydrated 

salt group (S range) works between 70 C to 1170 C, organic solution group (A range) works between 10 C to 1670 C and solid 

PCM works between 250 C to 1800 C [21,22].  
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Figure 8: Graph of Phase change material Vs Latent heat capacity 

 

The above graph shows that phase change material latent heat storage capacity. The total six material is having near 

about 200 KJ/Kg latent heat capacity. In these six materials five are the organic PCM and one is inorganic PCM. Here the 

material having highest latent heat capacity (OM30) is selected for experimental analysis  

IV. CONCEPTUAL DESIGN:  

The selected phase change material is fitted in vehicle at two positions roof and door panel. The following figure shows 

configuration of PCM in roof.  

                                                                                                                    

                                                                                                                     

                                                                                                                                                                                                                                                    

 

 
 

 
Figure 9: Configuration of PCM in roof 

 
 

Fig. 10 PCM configuration in roof and CAD model 

V. CONCLUSION 

The above study shows that if vehicle is parked in hot sunny condition for long time, then inside temperature rises above 

800 C. If the passengers, car owners are travelling through such hot vehicle then they fill suffocation until temperature come 

down. If any child or pet remain in such hot vehicle then they may die due to heat stroke. Now a days air conditioning is used 

when you seat inside the such hot vehicle but it will reduce the engine performance. A new technique to control the inside 
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temperature is incorporating the PCMs (Phase Change materials) in various parts of vehicle. The PCM absorb latent heat from 

heated surface and maintain the inside cabin temperature low. This phase change materials helps us to reduce the temperature rise 

inside the vehicle by 100C. This material will also reduce the load on engine by reducing the time of air conditioning system 
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