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Abstract 

 

Most of the luxury vehicles are equipped with ventilated seats. Ventilated seat cover can be used for vehicles which are not equipped 

with original equipment manufactured ventilated seat. On hot sunny days, seat surface become extremely hot due to direct sunlight, 

making it uncomfortable to sit also continuous driving increases the sweating under thighs and lower back. Ventilated seat cover is 

responsible for reducing human perspiration rate at back and thighs which are continuously in contact with seat cover surface. A DC 

centrifugal blower is used to blow air to the seat cover cushioning. Peltier device cools the air which runs on the car battery supply. 

Primary function of ventilated seat cover is to circulate cool air in the gap between the human body surface and seat cover surface. 

3 degree change in the temperature results in better cooling of human body surface hence improving the thermal comfort of driver 

to some extent. This paper explains the performance of cool air ventilated seat cover. Performance is measured by taking temperature 

reading of the gap between human body surface and seat cover surface. Temperature readings are taken at three different time of a 

day; morning 9 am, afternoon 2 pm and evening 6 pm.  Temperature readings are taken in different conditions like keeping air 

conditioning off in one case while keeping air condition on in its other case. The cool air ventilated seat cover works well by reducing 

temperature of the gap between human body surface and seat cover surface while it fails to reduce the humidity of the air. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

This paper relates to the art of automobile seating, more particularly to the ventilated seating wherein air may be drawn there 

through seat to enhance occupant comfort. The cool air ventilation seat cover relates to an external accessory fitment to seating 

system which is easy to install into a seat and which is easy to adapt to a wide variety of comfort solutions. Since 1997, original 

equipment manufacturers have adopted this technology and developed variety of comfortable seats to flagship their luxurious 

segment.   

However, ventilated seats are only available in premium and luxurious vehicles. For entry level segment cars require cost 

reduction of the ventilated seat. It gives rise to concept of ventilated seat cover. This paper includes the performance study of 

ventilated seat cover. Ventilated seat cover typically is designed to enhance occupant comfort by passing air through the covering 

of the seat itself.  

II. LITERATURE REVIEW 

Ventilated seat is a complex system. There are many parameters affecting the thermal comfort and is subjective in nature. The 

main purpose is to cool down seat surface with perforated cover. Compared with an HVAC system, seat ventilation system operates 

in a much more energy efficient manner. It also supports the HVAC by cooling the backside of the body (Ghosh, 2012). [10] 

Rutkowski (2010) did research to quantify seat ventilation as a system. Different factors introduced mathematically to model a 

ventilated seat. Also, the energy dissipation discussed from a human body. The greatest energy dissipation came from lower back 

and under the thighs, and the buttocks had the least energy dissipation. It is also taken into consideration that the body should not 

be undercooled. An optimal temperature of the seat should be between 34°C to 36°C. [20] 

When air is circulated in the ventilated seat, it is pleasurable in the beginning. But, once the person is cooled down, it can be 

less annoying. The most sensitive area of the human body is the lower back, where over cooling can cause cramps. The spot cooling 

can cause thermal discomfort (Walgama et al., 2006). [22] 

III. CASE STUDY OF VENTILATED SEAT COVER 

Ventilated seat cover comprises of different layers through which air is circulated within the body and seat surface. The lower one 

being high strength nylon fabric sheet as a base. A non-conductive rubber sheet is stitched to the base sheet to avoid air leakage.  

10 mm x 10 mm foam bars are pasted as a spacer and form duct for the air passage. The other side is pasted on the fiber sheet. 

Fiber sheet has the holes of 8 mm diameter in line with the duct and it forms the butterfly wing shape to perfect match with the 

human body contour. 5 mm thick nylon mesh is pasted on the fiber sheet for uniform circulation of air.  
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Fig. 1: Layout of Ventilated Seat Cover 

At last, above all perforated fabric is stitched over the mesh and cushioned the bolsters of seat cover for added comfort. 

A DC centrifugal blower is placed at the start of duct as shown in fig 1. It is used as a prime mover of air to the system. It is 12 

volt 12 watt blower with the capacity of 34.9 CFM. Air in the system is cooled using thermoelectric device. Thermoelectric device 

is an assembly of thermoelectric diodes. Thermoelectric device has tendency to cool down one side while it heats up the other side 

when electricity is passed through the device. TEC1-12706 is used as a Peltier thermoelectric device. It works on 12 volt 60 watt 

electricity supply. It has capacity to lower down the temperature to the difference of 15 degree Celsius than the hotter side. The 

heat sink is attached to both the sides of the Peltier module, the thermoelectric device. The heat exchanger body is made up of 

acrylic material as it is cheap to manufacture and customize. Axial fans are mounted at on both heat sink to blow air on the heat 

sink fin surface. Air blown on cold side losses its heat and sucked by the blower while air blown in the hotter side is exhausted to 

keep the temperature low on the hotter side of the module. 

IV. THERMAL ANALYSIS 

Heat exchanger reduces the air temperature. The 3D model of heat exchanger is using CREO software. The inlet has the rectangular 

cross section of 1611 sq. mm while the outlet has a circular cross section of 506 sq. mm. Finite element thermal analysis is carried 

out in ANSYS. CFD Fluent solver is used solving in finite element analysis. The analysis concentrates on the heat transfer from 

cooling fins to suck air.  For meshing unstructured grids of have been adopted as shown in fig 2. The mesh size is divided by 

184135 elements sizing from 20 microns to 4 mm with 35877 nodes. Laminar model with energy equation is selected for 

calculation. 

 
Fig. 2: Finite element meshing. 

The interior space of the car has been given the boundary conditions. The window glasses are kept down for better ventilation 

with the surrounding ambient. The analysis is carried out with temperature reading of 9 am, 2 pm and 6 pm time of the day. The 

suction air velocity is taken as 4.39 m/s and pressure is taken as 344 Pascal. Cooling fin is directly attached to the cold side of 

peltier module. Peltier module has the capacity to produce 14 degrees lower than ambient temperature. Hence, Cooling fin 

temperature is assumed to be 14 degrees lower than the ambient temperature. Aluminium material properties are selected for fins. 

The energy lost by air at heat exchanger is calculated as, 

Q1 = hc1A1(T1 − T2) 

where,  

ℎ𝑐1 = 10.45 − 𝑣1 + 10√𝑣1 
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ℎ𝑐1= The heat transfer coefficient of forced convection air. 

𝑣1=The relative velocity of air. Velocity is calculated from  

v1 =
Airflow

Cross section area
 

Air flow values are taken from blower manufacture’s catalogue. 

𝐴1= The contact area of heat transfer. 

𝑇1 =Ambient air temperature 

𝑇2 =Temperature of the air leaving heat exchanger, resulted from FEA of heat exchanger. 

15% transmission losses are considered, 

Q2 = Q1(1 − 0.15) 

This 𝑄2 will be cause for reducing the human body temperature on the surface of seat cover, 

𝑄2 = ℎ𝑐2𝐴2(𝑇3 − 𝑇2) 
where,  

ℎ𝑐2 = 10.45 − 𝑣2 + 10√𝑣2 

ℎ𝑐2= The heat transfer coefficient of forced convection air. 

𝑣2=The relative velocity of air. Velocity is calculated from  

v2 =
Airflow

Cross section area
 

Air flow values are taken from blower manufacture’s catalogue. 

𝐴2= The contact area of heat transfer. 

𝑇3 = Human body surface temperature. 

𝑇2 =Temperature of the air leaving heat exchanger, resulted from FEA of heat exchanger.  

The time required to cool down the human body surface is calculated by,  

ln
T4 − T2

T3 − T2

= −
hc2A2t

ρVCp

 

𝑇4= Final temperature of human body surface after time t. 

𝑡 = The time required to attain thermal stability. 

𝜌 = Density of human body. 

𝑉= Volume of human body in contact with seat cover. 

𝐶𝑝= Thermal conductivity of human body. 

V. EXPERIMENTATION 

Experimentation includes the assembly of ventilated seat cover in the car seat and taking the temperature at three times in a day at 

9 am, 2 pm and 6 pm. Experimentation is conducted on the continuous driving condition with windows rolled down and air 

conditioning kept off in first case. The driver is advised to drive the vehicle at given timings. The thermometer is placed in the gap 

between human body surface and ventilated seat cover surface. First the system is kept off and temperature reading is taken once 

the stable temperature reading is obtained. Next, the system is turned on and let the temperature readings be stable to note down. 

The ambient temperature reading is taken from thermometer placed in the interior of the car. 

 
Fig. 3: Experimental set-up 
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In second case, air conditioning is kept on with windows rolled up. Air conditioner is set to maximum cooling. Temperature 

reading is taken once the stable temperature reading is obtained. Next, the system is turned on and let the temperature readings be 

stable to note down. The ambient temperature reading is taken from thermometer placed in the interior of the car. 

VI. RESULT & DISCUSSION 

ANSYS Simulation software is used for the purpose of obtaining the temperature of the suction air so that the performance of the 

heat exchanger can be judged. 

  
Fig. 4: Temperature readings at 9 am without air conditioning Fig. 5: Temperature readings at 9 am with air conditioning 

From fig 4, fig 6 and fig 8, temperature difference in suction air achieved without air conditioning at the end of end of the heat 

exchanger is 5 degree Celsius. By using this temperature difference the final human body temperature is calculated. 

  
Fig. 6: Temperature readings at 2 pm without air conditioning Fig. 7: Temperature readings at 2 pm with air conditioning 

  
Fig. 8: Temperature readings at 6 pm without air conditioning Fig. 9: Temperature readings at 6 pm with air conditioning 
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Table – 2 

Experimental temperature readings. 

Time of day Ambient Temperature (°C) Initial Temperature (°C) Final Temperature (°C) 

9 am 28 33.9 30.3 

2 pm 36 37.1 35 

6 pm 32 35.6 33.4 

From table 2 temperature reading denote that the temperature in the gap between human body surface and ventilated seat cover 

is reduced. This reduced temperature of human body reduces the perspiration rate of a human body. 

 
Table – 3 

Time readings 

Time of day 
Cooling time required 

Theoretical Experimental 

9 am 149 sec 220 sec 

2 pm 165 sec 271 sec 

6 pm 152 sec 138 sec 

Table – 4 

Experimental temperature readings 

Time of day Ambient Temperature (°C) Initial Temperature (°C) Final Temperature (°C) 

9 am 20 24.5 20.6 

2 pm 24 29.4 26.9 

6 pm 23 27.9 25.1 

From table 3 the time required for cooling the human body surface by theoretical approach and from experimental readings is 

shown. 

From fig 5, fig 7 and fig 9, temperature difference in suction air achieved with air conditioning at the end of end of the heat 

exchanger is also 5 degree Celsius. By using this temperature difference the final human body temperature is calculated. 

From table 4 temperature reading denote that the temperature in the gap between human body surface and ventilated seat cover 

is reduced. This reduced temperature of human body reduces the perspiration rate of a human body. 
Table – 5 

Time readings 

Time of day 
Cooling time required 

Theoretical Experimental 

9 am 124 sec 180 sec 

2 pm 132 sec 213 sec 

6 pm 128 sec 195 sec 

From table 5 the time required for cooling the human body surface by theoretical approach and from experimental readings is 

shown. This cooling time varies per human personality and ambient temperature and humidity. 

VII. CONCLUSION 

Hence, ventilated seat cover reduces the human body temperature more efficiently in case of air conditioning on by blowing cool 

air in the gap between human body surface and ventilated seat cover. This cool air circulation reduces the human body temperature 

by 2-3 degree Celsius. In the morning experiment session at 9 am, the 3.6 degree celsius temperature drop is achieved without 

using air conditioning of vehicle. When the air conditioner turned on, temperature drop increased to 3.9 degree celsius. In the 

afternoon experiment session at 2 pm, the 2.1 degree celsius temperature drop is achieved without using air conditioning of vehicle. 

When the air conditioner turned on, temperature drop increased to 2.5 degree celsius. In the evening experiment session at 6 am, 

the 2.2 degree celsius temperature drop is achieved without using air conditioning of vehicle. When the air conditioner turned on, 

temperature drop increased to 2.8 degree celsius.  
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