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Abstract— Refrigerator and air conditioning system is the 

most electric energy-consuming device. In this system, there 

are many problems like many rotating and moving parts 

consist in the system which produce vibrations and noise. The 

major disadvantage of traditional refrigeration uses the 

working fluid which is the increase in global warming by the 

emission of harmful gases. This type of refrigeration system 

is not eco-friendly. For this reason, many scientists and 

researchers have developed other refrigeration systems. 

Thermoelectric refrigeration is one of the most techniques 

which are producing the refrigeration effect. In 

thermoelectric refrigeration is used the thermoelectric 

module is also known as the Peltier module. The major 

advantage of thermoelectric refrigeration is the lack of 

moving parts, no working fluid, very long life, small size, and 

flexible in use. 
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I. INTRODUCTION 

Refrigeration means the removal of heat from a place so that 

it can be decrease the temperature than the natural ambient 

temperature. Thermoelectric cooling is the process to remove 

thermal energy from a component. In this context, my 

presentation topic “Peltier thermoelectric module” which is 

works on the thermoelectric refrigeration. It aims to provide 

cooling by thermoelectric effect. There are some types of the 

thermoelectric effect like the seabeck effect, the peltier effect 

etc. By applying a low voltage DC power to the 

thermoelectric module, heat will be moved by the module 

from one space to other space. 

 Peltier module is used in many applications like 

portable picnic cooler, blood analyzer, microprocessor, and 

CCD cameras (charge coupled device). 

II. THERMOELECTRIC EFFECT: 

The thermoelectric effect is the conversion of electric voltage 

to the temperature difference and vice versa by the 

thermoelectric device. When the voltage is applied to the 

thermoelectric, it creates the temperature difference on both 

sides. At the atomic level, applied the voltage and create the 

temperature difference due to charge carrier in the material 

diffuse from the hot side to cold side. The thermoelectric 

effects are basically three types (i) Seabeck effect (ii) Peltier 

effect (iii) Thomson effect. 

A. Seabeck effect:  

The seabeck effect is the transformation of the heat into the 

electricity. In the seabeck effect, two junctions are made by 

the two dissimilar conductors. This effect is founded by the 

German physicist Thomas Johann Seabeck. 

 
Fig. 1: Seabeck effect 

 In the figure 1, there are two different metal 

conductor are denoted by the material X and material Y. The 

junction A temperature is used the reference temperature. The 

junction B temperature is higher temperature than junction A 

temperature. When heat applied to the junction B, EMF 

(electromotive force) will detect across the terminal T1 and 

T2. This voltage is known the seabeck EMF. It can be 

expressed- 

Eout = α (Th-Tc) 

B. The peltier effect: 

The peltier effect is discovered by a French physicist Jean-

Charles peltier in 1834. 

 
Fig. 2: The Peltier effect 

 As show in the figure 2, when an electric current 

flow in the closed circuit then one dissimilar metal junction 

absorbed the thermal energy and other junction is expelled 

the thermal energy. When the change in the direction in 

electric current flow then the effect will be changed i.e. the 

direction of the heat flow will reversed.  

III. WORKING OF PELTIER COOLER: 

The peltier effect show when electric current is flow by the 

two dissimilar metal conductors depends upon the direction 

of current then one junction will absorb the heat and other 

junction will release the heat. Peltier device is made of 

semiconductor material with coupled of P-N junctions 

because the heat pumping capacity is good. By giving DC 

power supply, heat will be moved in the direction of electric 

current due to electrons and holes diffusion movement i.e. 
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heat is moved from one side to other side. The effect is known 

is peltier effect. 

 In simple terms, heat is absorbed from one side and 

transfer to other side so one side gets cooled and other side is 

hot. 

IV. PELTIER COOLING WITH P&N TYPE OF 

SEMICONDUCTOR: 

 
Fig. 3: Configuration of P-N junction 

In peltier module arranging the P-type pellets and N-type 

pellets are forming the junction on the plated copper. This 

junction is formed in the series configuration because all heat 

is moving in one direction. 

 As show in the figure, the free end of P-pellet 

connected to the negative side of the voltage and free end of 

the N-pellet connected to the positive side of the terminal. 

V. FABRICATION OF THE PELTIER MODULE: 

As shown in the previous section, thermoelectric effect is 

produced by the P-type and N-type semiconductor. By 

applying the current then one side is absorbed the heat and 

release the heat another side. So, when P-N junctions are 

connected electrically in series and thermally connected in 

parallel as shown in the figure 4 

 
Fig. 4: Semiconductor arrangement in Peltier module 

A thermoelectric module includes the two highly thermal 

conductive substrate that are cold and hot plate. In Peltier 

module P-type and N-type semiconductor are connected 

electricity in series between the substrates in sandwiched 

form. Thermoelectric module is normally attached to heat 

absorption side i.e.  Cold side and heat sink is attached to the 

heat releasing side which are hot side. In figure 4 are show 

the single state peltier module.     

VI. NOMENCLATURE OF PELTIER MODULE: 

TEC1-12706 

TEC = Thermoelectric cooler 

1 = Single stage 

127 = No. of couples  

06 = Maximum current input (6A) 

VII. GOVERNING EQUATIONS: 

In below the equations Th and Tc are temperature of the hot 

side and cold side of Peltier module. Qc is cooling power 

capacity and dTmax is maximum possible temperature 

difference between heat sink and peltier module. Imax is 

maximum current input and Vmax is maximum voltage of 

direct current at Qc=0.   

1) Seabeck voltage: 

𝛼𝑚 =  
𝑉𝑚𝑎𝑥.

𝑇ℎ

 

2) Electrical resistance: 

𝑅𝑚 =

𝑇ℎ − 𝑑𝑇𝑚𝑎𝑥

𝑇ℎ

 ×  
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥

 

3) Thermal conductance: 

𝐾𝑚 =
𝑇ℎ −  𝑑𝑇𝑚𝑎𝑥

2𝑑𝑇𝑚𝑎𝑥

 ×  
𝑉𝑚𝑎𝑥 ×  𝐼𝑚𝑎𝑥

𝑇ℎ

 

 

4) Cooling power: 

𝑄𝑐 = (𝛼𝑚 ×  𝑇𝑐 × 𝐼) − (
𝐼2  ×  𝑅𝑀

2
) − (𝐾𝑀(𝑇h − 𝑇𝐶)) 

5) Power consumed: 

𝑊 =  𝛼𝑚 × 𝐼 × (𝑇ℎ − 𝑇𝑐) +  𝐼2𝑅𝑚 
6) Coefficient of performance: 

𝐶𝑂𝑃 =  
𝑄𝑐

𝑤
 

VIII. 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 eld about 

thermoelectric materials, its fabrication, heat sink design etc. 

Researcher are working on reducing irreversibilities in the 

systems, because Peltier cooler has more potential which we 

can see from the vast difference between value of rst law 

efficiency and second law efficiency. 
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