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  ABSTRACT 

Generally refrigeration system is based on the evaporator, compressor, condenser and expansion device .The refrigerant like 
halons, chloro fluoro carbon and hydro chloro fluoro carbon are used in the refrigeration system. Due to use of this refrigerant 
global warming potential and ozone depletion potential raised. Because of this ultraviolet radiation enters in earth’s 
atmosphere, the effect of this are skin cancer and eye damage. It also effect on non-human animals and crops. TO avoid this we 
need alternative refrigeration system like thermoelectric cooler which is eco-friendly in nature. 
Many athlete’s ,fire fighter, construction workers, welders and various type of sports injuries need to control their body 
temperature for these purpose cooling vest is used . The concept of thermoelectric refrigeration system is using in cooling vest 
to control body temperature. This is light in weight, portable, durable, and high heat removal rate compare to vapour 
compression refrigerator. 
 

Index Terms: Cooling Vest, Principle of thermoelectric effect, Prototype design of thermal vest, and thermoelectric module. 

 

1. INTRODUCTION 

To understand the thermoelectric refrigeration system, 
it is necessary to understand how it differs from 
conventional system? The components used in the 
conventional refrigeration system are evaporator, 
compressor, condenser, and expansion device. 
Evaporator is used to absorb the heat from the system. 
Compressor is used to compress the refrigerant to 
increase the temperature above ambient temperature 
and expansion device is used to decrease pressure and 
temperature of refrigerant [1]. figure.1 (a) shows the 
convention refrigeration system. 
 
Thermoelectric cooler is similar to above system only 
difference is that the refrigerant is replaced by two 
dissimilar conductors. In thermoelectric cooler cooling 
junction is used as the evaporator, compress is replaced 
by DC power source which transfers electrons from one 
semiconductor to another and hot junction replaced by   
condenser. In thermoelectric cooling system use of 
mechanical device is absolute. Figure.1 (b) shows the 
thermoelectric refrigeration system. 
 
 Difference between conventional refrigeration system 
and thermoelectric refrigeration system is shown in 
figure.1 (a) and figure.1 (b).  

 
 

Figure 1(a): Conventional Refrigeration System 

 

 

Figure 1(b): Thermoelectric Refrigeration System 

Fire fighters, many athletes, construction work and 
welders the temperature of body increases above 
surrounding temperature. Due to this, heat stress and 
heat related illness increases. To overcome this problem 
thermoelectric cooling vest is used [2-3]. 

 

2. THERMOELECTRIC COOLER 

2.1 BASIC OF THERMOELECTRIC COOLER 

Thermoelectric refrigeration system is based upon the 
principle of thermoelectric effect. This effect is based on 
the following law. 
 
2.1.1 SEEBECK EFFECT 
When the two junction of a pair of dissimilar metals are 
maintained at different temperature, there is the 
generation of EMF (Electro Motive Force).Fig. (2) Shows 
the seebeck effect. Mr.Seebeck conducted an experiment; 
He found that output EMF is proportional to 
temperature difference between two junctions. 
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 E = αab T 

Where,   αab= (αa-αb) =Seeback coefficient. 

                E= EMF Output. 

               T=Temperature Difference between two      
junctions.                               

 
 

Figure 2:  Seebeck Effect 
 
2.1.2 PELTIER EFFECT 
When electric current is passed between two electrically 
dissimilar materials, there is heating at one junction, 
cooling at other depending upon material combination. 
Peltier found that,  

Q  I 

Q=ab. I 

Where, Q = rate of heating or cooling. 

       I = current passing through the junction. 

       ab = (a-b)=Peltier coefficient. 

 

Figure 3: Peltier Effect 
 

2.1.3 THOMSON EFFECT 
When material carrying current along temperature 
gradient, heat will be absorbed or expelled from 
conductor. It depends upon direction of both electric 
current & temperature gradient [3-4]. According to 
Thomson effect;  

δq/dx=l (dT/dx) 

Where, =Thomson coefficient (Volt/K) and 

           δq/dx =Thomson heat transfer 

 

Figure 4: Thomson Effect 

2.2 HEAT FLOW IN THERMOELECTRIC MODULE 

“A pair of P-Type and N-Type semiconductor thermo 
element forming thermo couples which are connected 
electrically in series and thermally in parallel is known 
as thermoelectric module[1].” 
 
 In N-Type semiconductor extra valence electrons are 
added. These electrons are repelled by the negative pole 
of the power supply and attracted by positive pole. Heat 
flow is takes place in direction of electron flow. In P-type 
semiconductors which are missing the fourth valence 
electron, creates “Broken Bonds” (Holes) that are free to 
move. These “holes” are repelled by positive pole of 
power supply. Heat flow takes places in direction of hole 
flow [1-2]. Which show in figure (5). 
 

 
Figure 5: Heat Flow in Thermoelectric Module 

 
The amount of heat flow in above case is less, to increase 
heat flow arrange P and N Type pellet in couple and form 
a junction between them with copper tab. Free end of N 
and P Type pellets connects to the positive voltage 
potential and negative side of voltage respectively. 
Electrons are continuously flow from negative pole of 
supply to positive pole of voltage supply, through N and 
P Type semiconductors. 

 
Figure 6: Simple Thermoelectric Module 
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In above series circuit configuration keeps all of the heat 
moving in the same direction through the pellets. When 
a positive DC voltage is applied to as shown in figure.6 
electrons flow from the P-Type to the N-Type 
semiconductor. The temperature of cold side decreases 
as electron absorbs heat, untilled equilibrium reached 
[5]. 
 

3. THERMOELECTRIC COOLER USE IN COOLING 
VEST 
 
The purpose of cooling vest is to provide cooling 
mechanism. The thermoelectric cooler is used to chill 
water in reservoir. Figure.7 shows liquid cooling vest 
design. In liquid cooling vest, line tube is absorbs heat 
from human body. The liquid in vest lined tube is passed 
through expansion valve, where temperature and 
pressure of liquid reduces. This liquid is then transfer to 
fluid reservoir. Thermoelectric cooler is used to absorb 
heat from liquid stored in reservoir and transfer to 
atmosphere, due to which temperature of liquid stored 
in reservoir decreases. This liquid is pumped and 
transfer through vest line tube [6]. This cycle is repeated. 
This Configuration Shown in fig.7. 
 
 

 
 

Figure 7: Liquid Cooling vest Configuration  
 

4. FINAL PROTOTYPE DESIGN 
 
Vest Interface and a cooling module are main parts of the 
liquid cooling vest. Vest Interface is consists of 
conductive fabric vest tubing and an insulating fabric. 
Water in vest line tube is cooled by cooling module using 
thermoelectric cooler, which absorb heat from liquid and 
transfer to atmosphere. Thermoelectric cooling vest 
shown in figure.8 
 
 

 
 

Figure 8: Model of Thermoelectric Cooling Vest 
 

4.1 VEST INTERFACE 
 
The main function of vest interface is to provide the high 
thermal efficiency and comfort to user. Vest Interface is 
consisting of internal layer, tubing and external layer.  
 

 
 

Figure 9: Vest Interface 
 
Internal layer is first subcomponent of vest interface 
which has to keep tight and comfortable to fit the user. 
The tubing was sewn on internal layer. The second sub 
component of vest interface is tubing, which is thermally 
conductive to circulate cool water throughout cooling 
vest. The tubing in vest extracts heat from body and 
transferred to fluid moving through it. External layer is 
final subcomponent of vest interface use to provide 
insulation to device. External layer is use to increase 
thermal efficiency. 
 
4.2 COOLING MODULE 
 
The heat dissipation assembly and the cooling reservoir 
are the main sub components of cooling module. Cooling 
module is used to cool the water store in reservoir. 
Cooling module is attached to thermal vest by an 
attachment clip. 
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Figure 10: Expanded View of Cooling Module 
 

The cooling reservoir is used for extracting heat from the 
circulating water to and from the body vest interface. 
The circulated water from vest is circulated though 
reservoir acts as heat exchanger. To increase the 
efficiency of system thermoelectric module is 
surrounded with insulting material. 
 
In heat dissipation assembly, atmospheric air and 
working fluid is used to dissipate heat from cooling 
reservoir to atmosphere. Atmospheric air is drawn by 
fan to cool heat exchanger and water is circulated 
through heat dissipation assembly to cool heat 
exchanger [7-8]. 
 

5. CONCLUSION 
This paper explained about thermoelectric cooler use in 
cooling suit and its advantages over conventional cooling 
system. Thermoelectric cooler works on principle of 
peltier effect. It reduces use of conventional refrigeration 
system, therefore effect of skin cancer, ozone depletion 
potential and global warming potential reduces. 
Thermoelectric cooler is compact in size and it is eco-
friendly in nature. In thermoelectric cooler, there are no 
moving parts which make them reliable.  Because of all 
these reason thermoelectric cooler is use in cooling vest 
and it is maintain precise temperature control. 
Thermoelectric cooler consist of vest interface and 
cooling module. Function of vest interface is to provide 
thermal efficiency and comfort to user. Cooling module is 
use to cool fluid store in reservoir. Thermal resistance 
and cooling suit size slightly decrease the thermoelectric 
cooling capacity on human. 
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