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ABSTRACT A Thermoelectric Refrigerator works on the principle of Peltier effect- the presence of heating or cooling 

at an electrified junction of two different conductors. The production of heat at one junction and the absorption of heat 

at the other junction of a thermo electric module when current is passed around the thermocouple circuit, the heat 

produced is additional to the heat arising from the resistance of the wires. This effect is used to cool as well as warm 

the same chamber at required temperature point set by user with the use of thermostat.  This system is supported by a 

radiator for better and fast heat transfer outside the chamber and cooling fans inside the chamber. A pump is also used 

to circulate the coolant between fluid blocks that are attached to modules & radiator. All the components are supported 

by a power supply unit which takes AC current 50hz, 230v and gives DC current suitable to each component. 
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1. INTRODUCTION 

 

Conventional cooling systems such as those used in refrigerators utilize a compressor and a working fluid to 

transfer heat. Thermal energy is absorbed and released as the working Fluid undergoes expansion and compression 

and changes phase from liquid to vapour and back, respectively. Semiconductor thermoelectric coolers (also known as 

Peltier coolers) offer several advantages over conventional systems. They are entirely solid-state devices, with no 

moving parts; this makes them rigid, reliable, and quiet. They use no ozone-depleting chlorofluorocarbons, potentially 

offering a more environmentally responsible alternative to conventional refrigeration. They can be extremely compact, 

much more so than compressor-based systems. Precise temperature control (< ± 0.1 °C) can be achieved with Peltier 

coolers. However, their efficiency is low compared to conventional refrigerators. Thus, they are used in niche 

applications where their unique advantages outweigh their low efficiency.  

Although some large-scale applications have been considered (on submarines and surface vessels), Peltier 

coolers are generally used in applications where small size is needed and the cooling demands are not too great, such 

as for cooling electronic components.  

The objectives of this study is design and develop a working thermoelectric refrigerator interior cooling 

volume of 40L that utilizes the Peltier effect to  maintain a selected temperature from 5 °C to 35 °C. The design 

requirements are to cool this volume to temperature within a time period of 3 hours and provide retention of at least 

next one hour. The design requirement, options available and the final design of thermoelectric refrigerator for 

application are presented. 
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II. BASIC PRINCIPLES OF THERMOELECTRICS 

 

Thermo electricity is based upon the following basic principles consideration of which is essential for the 

project Seebeck effect,Peltier effect,Thomson effect,Joule effect&Fourier effect 

A  Seebeck effect 

 Thermoelectric power supply generators are based on the Seebeck effect which is based on voltage generation 

along a conductor subjected to a gradient of temperature.  When a temperature gradient is applied to a conductor, an 

electromotive force is produced. The voltage difference generated is proportional to the temperature difference across 

the thermoelectric module between the two junctions, the hot and the cold one. 

ΔV α ΔT 

B.  Peltier Effect The Peltier effect is the main contributor to all thermoelectric cooling applications. It is responsible 

for heat removal and heat absorbance.  It states that when an electric current flows across two dissimilar conductors, the 

junction of the conductors will either absorb or emit heat depending on the flow of the electric current. 

C Thomson effect  The Thompson effect governs the cooling and the heating of a material carrying a current and 

subjected to a temperature gradient. It states when an electric current is passed through a conductor having a 

temperature gradient over its length, heat will be either absorbed by or expelled from the conductor. 
𝑑𝑄

𝑑𝑥
= 𝜏𝐼  

𝑑𝑇

𝑑𝑥
  

D.Joule Effect 

When electrical current I flows through a conductor of resistance R, there is dissipation of electrical energy. 

This is well known joule effect. The energy dissipated is given by; 

𝑄𝑗 = 𝐼2𝑅 

E. Fourier Effect 

If the ends of any element are maintained at different temperatures, the heat transfer from the hot end to the cold end is 

related by;         𝑄𝐶𝑂𝑁𝐷 = 𝑈 𝑇𝑕 − 𝑇𝑐   ; 𝑈 =
𝑘𝐴

𝐿
 

The cooling and heating effects due to thermoelectric effect are given by; 

𝑄𝑐 = 𝛼𝑎𝑏 𝐼𝑇𝑐  

𝑄𝑕 = 𝛼𝑎𝑏 𝐼𝑇𝑕  
 

III. BASIC MECHANISM OF THERMOELECTRICS 

 

A. Peltier structure A typical thermoelectric module consists of an array of Bismuth Telluride semiconductor pellets 

that have been carrier–either positive or negative–carries the majority of current. The pairs of P/N pellets are 

configured so that they are connected electrically in series, but thermally in parallel. Metalized ceramic substrates 

provide the platform for the pellets and the small conductive tabs that connect them. 

 
Figure 3.1.1 Peltier structure 

  

 The semiconductor in this examples N type (doped with electrons) therefore, the electrons move towards the 

positive end of the battery. 
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When a p type semiconductor (doped with holes) is used instead, the holes move in a direction opposite the current 

flow. The heat is also transported in a direction opposite the current flow and in the direction of the holes. Essentially, 

the charge carriers dictate the direction of heat flow. 

 

B. Method of Heat Transfer 

Electrons can travel freely in the copper conductors but not so freely in the semiconductor. As the electrons 

leave the copper and enter the hot-side of the p-type, they must fill a "hole" in order to move through the p-type. When 

the electrons fill a hole, they drop down to a lower energy level and release heat in the process. As the electrons leave 

the copper and enter the hot-side of the p-type, they must fill a "hole" in order to move through the p-type. When the 

electrons fill a hole, they drop down to a lower energy level and release heat in the process. Next, the electrons move 

freely through the copper until they reach the cold side of the n-type semiconductor. When the electrons move into the 

n-type, they must bump up an energy level in order to move through the semiconductor. Heat is absorbed when this 

occurs. Finally, when the electrons leave the hot-side of the n-type, they can move freely in the copper. They drop 

down to a lower energy level and release heat in the process. 

 

C.  Electrically and thermally parallel multiple pellets 

 To increase heat transport, several p type or n type thermoelectric (TE) components can be hooked up in 

parallel. However, the device requires low voltage and therefore, a large current which is too great to be commercially 

practical. 

 

 
Figure 3.3.1 Electrically and thermally parallel multiple pellets 

 

D. Thermally parallel and electrically in series multiple pellets 

 

 The TE components can be put in series but the heat transport abilities are diminished because the inter 

connections between the semiconductor creates thermal shorting. 

 

 
 

Figure 3.4.1 Thermally parallel and electrically in series multiple pellets 
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E.   n and p- type  Peltiers 

 

 The most efficient configuration is where a p and n TE component is put electrically in series but thermally 

in parallel. The device to the right is called a couple. One side is attached to a heat source and the other a heat sink that 

convects the heat away. The side facing the heat source is considered the cold side and the side facing the heat sink the 

hot side. Between the heat generating device and the conductor must be an electrical insulator to prevent an electrical 

short circuit between the module and the heat source. The electrical insulator must also have a high thermal 

conductivity so that the temperature gradient between the source and the conductor is small. Ceramics like alumina are 

generally used for this purpose. 

 

 

  
 

Figure 3.5.1 n and p- type  Peltiers  Figure 3.5.2 n and p- type  peltiers current flow 

 

 

IV. THERMOELECTRIC MATERIALS 

A Thermoelectric materials  

Semiconductors are the optimum choice of material to sandwich between two metal conductors because of the 

ability to control the semiconductors’ charge carriers, as well as, increase the heat pumping ability. The most 

commonly used semiconductor for electronics cooling applications is Bi2Te3 because of its relatively high figure of 

merit. However, the performance of this material is still relatively low and alternate materials are being investigated 

with possibly better performance. Alternative materials include:  

 Alternating thin film layers of Sb2Te3 and Bi2Te3. 

 Lead telluride and its alloys.  

 SiGe. 

 Materials based on nanotechnology. 

A plot of various p-type semiconductor figures of merit times temperature vs. temperature are shown. Within the 

temperature ranges concerned in electronics cooling (0-2000C) Bi2Te3 performs the best. 

 
 

Figure 4.1 graph 1 Similar results are shown for n-type semiconductors below 
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Figure 4.2 graph 2 

 

B. 𝑩𝒊𝟐𝑻𝒆𝟑 Properties 

  

Below is a plot of the figure of merit (Z), Seebeck coefficient, electrical resistivity, and thermal conductivity, as a 

function of temperature for Bi2Te3. Carrier concentration will alter the values below. 

 

 

 
 

Figure 4.2.1 graph 3 

 

𝐵𝑖2𝑇𝑒3 figure of merit as a function of tellurium concentration is given below. 

 

 
 

Figure 4.2.2 graph 

 

Specification of TEC 

Product TEC-12706 

Operational voltage 12V DC 

Current max 6Amp 

Voltage max 15.4V 
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Power max 92.4 

Power nominal 60 

Couples 127 

Dimensions 40×40×3.5 mm 

 

V. DESIGN FOR THERMOSIPHON WATER COOLING SYSTEM 

 

  Thermosiphon is a cooling technique used in early automobile engines. In this system, circulation of water is 

obtained from the difference of densities of hot and the cold regions of cooling water. In this project this system 

consists of an Aluminium tank, a radiator and a cooling fan. The hot side of the TEC is attached to one side of the Al 

tank which contains water. The heat rejected from the TEC is absorbed by the coolant liquid, its density gets vary. This 

variation of density leads to the circulation of coolant in the system. The hot coolant which reaches the radiator is 

cooled by forced convention by the cooling fan in radiator. This system is provided outside the cooling space. The 

volume of coolant needed to dissipate the heat can be found by the equation, Q = m C
p 
Δ T  

 Where Q is the amount of heat to be dissipated, m is the mass of water, C
p 
is the specific heat capacity of water and Δ 

T is the temperature difference.  

Volume of water = 6.199 x 10
-6 

m
3 

 i.e., 6.199 x 10
-6 

m
3 

of water is needed to remove 385W of heat.  

 

 Fabrication of the Cabin  

Cabin Walls- The rectangular double walled cabin is made using hylam sheets of 3mm thickness. The Designed 

dimension (40cm x 40cm x 40cm), of the cabin is obtained by performing suitable operations on the sheet. All the 

sheets and insulating material within the sheets are aided by aluminium foiled lining. Rubber beading for the door way 

is given to prevent the heat leakage, To prevent radiation heat transfer and to give better surface finish, the outside of 

the cabin is also aided by further lining.  

Insulation- Thermocol slabs with 5 mm thickness which is having a density of 10kg/m
3 

were used to obtain the 

required thermal insulation. The slabs having a thermal conductivity of 0.08 W/mK, were pasted inside walls of the 

cabin. A rubber beading is provided to prevent leakage at the door. 

 

 Performance of the thermoelectric refrigerator  The active heat load is expressed as the equivalent cooling power 

that the unit will need to provide when the sample at ambient temperature is placed in the container. It was decided that 

two litre of water at room temperature took as the test sample .When the designed thermoelectric refrigerator was tested, 

it was found that the inner temperature of the refrigeration area was reduced from 33.1 ˚C to 13.2 ˚C in approximately 

450min. Coefficient of performance of the refrigerator (COP
R
) was calculated. Water is used in place of vaccine for 

taking measurements and calculation. In these calculations, the properties of water are (density = 1 kg/L and C
P 

= 

4187J/kg).V = 2.0 L. 

 Coefficient of performance of the refrigerator (COP) is 

𝐶𝑂𝑃𝑅 =
𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔

𝑊𝑖𝑛𝑝𝑢𝑡

 

Q = m C
P
Δ T  

Mass of coolant,  m = density x volume = 2 kg  

Total heat removed from the coolant = 166642.6 J 

𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 =
𝑄

∆𝑇
=

166642.6

450 × 60
= 6.17𝑊 

Power given to the system for working, 

𝑊𝑖𝑝𝑢𝑡 =  𝑉 × 𝐼 + 𝑓𝑎𝑛 𝑖𝑛𝑝𝑢𝑡 =  12 × 4 + 2 = 50𝑊 

Coefficient of performance of this refrigeration system is given by, 
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𝐶𝑂𝑃 =
𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔

𝑊𝑖𝑛𝑝𝑢𝑡

=
6.17

50
= 0.124 

 

COP of this refrigerator system is lower than conventional refrigerator. This is because the efficiency of 

thermoelectric modules is usually four times lesser than that of vapour compression system. And the heat leakage is 

also detected through doors; this too reduces the efficiency of the system. To increase heat transport, several p type or 

n type thermoelectric components can be hooked up in parallel. 

 

VI. CONCLUSION 

We have been successful in designing a system that fulfils the proposed goals. However we do realize the 

limitations of this system. The present design can be used only for light heat load to lower its temperature to a 

particular temperature. The system is unable to handle fluctuations in load. Extensive modifications need to be 

incorporated before it can be released for efficient field use. This is one of the advantageous project which uses low 

power to drive refrigerator. This project work has provided us an excellent opportunity and experience, to use our 

limited knowledge. Thermoelectric refrigeration is one of the key areas where researchers have a keen interest. Some 

of the recent advancements in the area surpass some of the inherent demerits like adverse COP. Cascaded module 

architecture has defined new limits for its application. Moreover recent breakthrough in organic molecules as a 

thermoelectric material assure an excellent future for TER. Integration of renewable energy as power source this 

refrigerator can be used for remote rural places where there is no electric supply. 
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