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ABSTRACT 

Thermoelectric cooling uses the Peltier effect to create 

a heat flux at the junction of two different types of 

materials. A Peltier cooler, heater, or thermoelectric 

heat pump is a solid-state active heat pump which 

transfers heat from one side of the device to the other, 

with consumption of electrical energy, depending on 

the direction of the current. Such an instrument is also 

called a Peltier device, Peltier heat pump, solid state 

refrigerator, or thermoelectric cooler (TEC) and 

occasionally a thermoelectric battery. It can be used 

either for heating or for cooling, although in practice 

the main application is cooling. It can also be used as a 

temperature controller that either heats or cools. 

The primary advantages of a Peltier cooler compared to 

a vapor-compression refrigerator are its lack of moving 

parts or circulating liquid, very long life, invulnerability 

to leaks, small size, and flexible shape. Its main 

disadvantages are high cost for a given cooling capacity 

and poor power efficiency (a low coefficient of 

performance or COP). Many researchers and companies 

are trying  

 

 

to develop Peltier coolers that are cheap and efficient. 

A Peltier cooler can also be used as a thermoelectric 

generator. When operated as a cooler, a voltage is 

applied across the device, and as a result, a difference in 

temperature will build up between the two sides. When 

operated as a  

 

generator, one side of the device is heated to a 

temperature greater than the other side, and as a 

result, a difference in voltage will build up between the 

two sides (the Seebeck effect). However, a well-

designed Peltier cooler will be a mediocre 

thermoelectric generator and vice versa, due to 

different design and packaging requirements. 

1. INTRODUCTION 

Refrigeration is the process of heat-removal from a 

space in order to bring it to a lower temperature than 

surrounding temperature. In this context, my seminar 

topic, “Peltier cooling module” which works on 

thermoelectric refrigeration, aims to provide cooling by 

using thermoelectric effects rather than the more 

prevalent conventional methods like ‘vapour 

compression cycle’ or the ‘vapour absorption cycle’. 

There are three types of thermoelectric effect: The 

Seebeck effect, the Peltier effect, the Thomson effect. 
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From these three effects, Peltier cooler works on the 

Peltier effect; which states that when voltage is applied 

across two junctions of dissimilar electrical conductors, 

heat is absorbed from one junction and heat is rejected 

at another junction. 

Peltier coolers are basically used as a cooling element in 

laser diodes, CCD cameras (charge coupled device), 

blood analyzers, portable picnic coolers laser diodes, 

microprocessors, blood analyzers and portable picnic 

coolers. 

2. OBJECTIVES 

The objective of this work is to analyze the working of 

Peltier cooler. Scope of this work includes: 

 Study of the principles and working of Peltier 
refrigerator; working parameters; performance 
parameters of the same. 

 Exploring methods to improve the efficiency of 
the Peltier cooling systems and study the 
advancement in the field of thermoelectric. 

 Studying new heat sink designs, which improves 
the performance of the Peltier cooler. 

 
3. THERMOELECTRIC EFFECT 

The thermoelectric effect is the direct conversion of 

temperature differences to electric voltage and vice 

versa. A thermoelectric device creates voltage when 

there is a different temperature on each side. 

Conversely, when a voltage is applied to it, it creates a 

temperature difference. At the atomic scale, an applied 

temperature gradient causes charge carriers in the 

material to diffuse from the hot side to the cold side. 

The term "thermoelectric effect" encompasses three 

separately identified effects: the Seebeck effect, Peltier 

effect, and Thomson effect. 

 

Fig 1: Seebeck effect 

 

Fig 2: Peltier effect 

4. WORKING OF PELTIER COOLER 

The Peltier effect occurs whenever electrical current 

flows through two dissimilar conductors; depending on 

the direction of current flow, the junction of the two 

conductors will either absorb or release heat. In the 

world of thermoelectric technology, semiconductors 

(usually Bismuth Telluride) are the material of choice for 

producing the Peltier effect because they can be more 

easily optimized for pumping heat. Using this type of 

material, a Peltier device (i.e., thermoelectric module) 

can be constructed in its simplest form around a single 

semiconductor “pellet” which is soldered to electrically-

conductive material on each end (usually plated 

copper). In this configuration, the second dissimilar 

material required for the Peltier effect, is actually the 

copper connection paths to the power supply.  

 

 
Fig 3: Peltier Cooling with P Type Semi-Conductor 
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Fig 4: N Type Semi-Conductor 

   5. APPLICATIONS OF PELTIER COOLER 

 Thermoelectric cooling is used in medical and 
pharmaceutical equipment, spectroscopy 
systems, various types of detectors, electronic 
equipment, portable refrigerators, chilled food 
and beverage dispensers, and drinking water 
coolers. 

 Requiring cooling devices with high reliability 
that fit into small spaces, powerful integrated 
circuits in today's personal computers also 
employ thermoelectric coolers. 

 Using solid state heat pumps that utilize the 
Peltier effect, thermoelectric cooling devices 
are also under scrutiny for larger spaces such as 
passenger compartments of idling aircraft 
parked at the gate. 

 

6. LITERATURE REVIEW 

Thermoelectric material 

Material used in thermoelectric is largely dependent on 

Figure of merit. It is advisable to use the material which 

has higher value of figure of merit because it leads to 

higher cooling power of a module. As we have seen 

figure of merit in previous section, it depends on see 

beck coefficient, thermal conductivity and electrical 

conductivity. So, the properties which are considered 

for selection of thermoelectric material are: 

Electrical conductivity 

For figure of merit to be high, electrical conductivity 

must be high. Metals are typically good electrical 

conductors, but the higher the temperature, the lower 

the conductivity. This tendency can be explained in 

terms of the Drude conductivity formula:  

 
 
 

 n is charge carrier density 

 e is charge per carrier (elementary charge) 

 τ is carrier mean free time between scattering 
events 

 m is carrier mass 
 

For, metals as temperature increases, τ decreases while 

the other numbers stay constant, thereby decreasing. 

In contrast, the electrical conductivity of 

semiconductors generally increases with temperature. 

In semiconductors, carrier mean free time decreases 

with increasing temperature, however carrier density 

increases faster with increasing temperature, resulting 

in increasing σ 

7. CONCLUSION 

Since Peltier cooling is not efficient comparatively and 

due to its small size applications, it is not widely used. It 

found its application only in electronics cooling etc. But, 

we have seen that there is a huge scope of research in 

this field about thermoelectric materials, its fabrication, 

heat sink design etc. Researcher are working on 

reducing irreversibility’s in the systems, because Peltier 

cooler has more potential which we can see from the 

vast difference between value of first law efficiency and 

second law efficiency. 
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