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ABSTRACT 
A combination of factor notably environmental concerns about global warming and ozone depletion due to refrigerants and 

the increasing demand for electronics and optoelectronic cooling led to renewed activity in alternative cooling technologies. 

Currently, thermoelectric cooling is considered a popular cooling technology. This paper provides a critical review of 

thermoelectric technology and assesses its potential applications in refrigeration. 

KEY WORDS: Design, Analysis, thermoelectric refrigeration 

1. INTRODUCTION 

Because of environmental concerns such as global 

warming, ozone depletion, and a lack of energy 

efficiency, it is necessary to investigate alternative 

cooling technologies to the refrigeration that uses 

refrigerants [1]. Thermoelectric cooling and heat 

pumping are alternatives that have recently attracted 

attention. Thermoelectric devices are solid-state 

devices in which electrons or holes equivalent to 

refrigerants in traditional vapor-compression system 

carry electricity and thermal energy under an electric 

field [2-8]. Therefore, they have many inherent, 

attractive features such as a long life and no moving 

parts, and they don't emit toxic gases, are lightweight, 

are low-maintenance, and are very reliable. In the 

past decade, there has been rapid development when 

it comes to the fundamental theory, materials, and 

devices related to thermoelectric. 

This paper provides a critical review of 

thermoelectric technology and assesses its potential 

applications in air conditioning and refrigeration. 

Also discuss the Fundamental of thermoelectric 

refrigeration system and basic analysis of the system 

by varying the various parameters such as current, 

voltage and ∆T and their effect on COP. 

2. Fundamentals of Thermoelectric Technology 

In this section, thermoelectric effects will be 

discussed 

Thermoelectric Effects 
Whenever direct current passes through a pair of 

thermocouples with junctions maintained at different 

temperatures, five effects are observed: Seebeck effect, 

Peltier effect, Thomson effect, Joulean effect and 

conduction effect.  

2.1Seebeck effect 
When the two junctions of a pair of dissimilar metals are 

maintained at different temperatures, there is the 

generation of emf (electromotive force).He conducted 

a series of tests by varying the temperatures of the 

junctions of various combinations of a set of materials. 

The emf output was found to be:  

∆E α ∆T                                                                   (1) 

Where ∆E and ∆T the emf output and the temperature 

difference of the junctions. The phenomenon of 

generation of emf is called Seebeck effect 

The proportionality constant of Eq.1is denoted by:  

αab = ∆E / ∆T                                                            (2) 

and is called Seebeck coefficient or the thermoelectric 

power. It is to be noted that αab(αa- αb) is the 

coefficient for a pair of different metals (A and B or P 

and N or p and n).  

2.2 Peltier effect 
If direct current is passed through a pair of dissimilar 

metals, there is heating at one junction, cooling at the 

other depending upon material combinations. Peltier 

varied the current and observed the heating and cooling 

rate for different sets of elements. He found that:  

q α I                                                                         (3) 

Where q is the cooling or heating rate.  

The proportionality constant of Eq. (3) is called as 

Peltier coefficient, πab (= volt) i.e., 

q= πab I                                                     (4) 

Where πab =πab - πab, is the coefficient for two different 

metals.  

2.3Thomson efect 
 It is a reversible thermoelectric phenomenon. When a 

current passes through a single conductor having a 

temperature gradient as exhibited in heat transfer is 

given by: 

δq/dx = τI(dT/dx)                                       (5)  

where τ being Thomson coefficient (Volt/K) and 

δq/dx, the Thomson heat transfer.  

Zemansky [9] using first and second laws of 

thermodynamics obtained the relation between Seeback 

and Peltier coefficient as:  

πab= αabT                                                                 (6) 

Using Eq (6) into Eq (4).it is found:  

q= αabIT                                                             (7) 

It is evident from   Eq(7) that to get the high value of 

cooling or heating, αabshould be high, otherwise large 

current would be required. But high current will render 

high heat generation due to Joulean effect.  

2.4 Joulean effect 
When the electrical current flows through a conductor, 

there is dissipation of electrical energy. According to 

Joule it is related as:   

qj= I
2
 R.                                                                 (8) 

Where I and R are the current and electrical 

resistance. This effect is called Joulean effect. 

2.5 Conduction effect 
If the ends of any element are maintained at different 

temperatures. There is heat transfer from the hot end to 

the cold end and is related by.  

qcond = U(Th-Tl)                                                       (9) 

Where U being overall conductance and Th, Tl, are the 

high and low temperatures, respectively. If there is only 

one conductor of cross-sectional area A, conductivity k 

and length L, the overall conductance is given by: 
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U = kA/L            (10) 

3 ANALYSIS OF THERMOELECTRIC 

REFRIGERATOR 

In this section we are discusses the analysis of 

thermoelectric refrigerator by varying the various 

parameters such as current, Voltage and temperature 

difference their effect on COP For fix geometric  

parameters with the help of computer program. 

3.1 Influence of Current on COP 

The Coefficient of Performance (COP) is obtained by 

the following empirical equation.  

COP = qc/Energy supplied 

         = {αabITl- I
2
R/2 - U(Th-Tl)}/ { αabI(Th-Tl) + I

2
R} 

                                                               (11) 

Figure.1 shows that the COP Increase with increasing 

the current up to certain value then it further decreases, 

i.e there existed an optimum current at particular high 

voltage when all other parameters has been kept 

constant.  

 
Figure.1 Variation of COP with current 

Table-1: Variation of COP At various values of 

Current 

 
3.2 Influence of input power on COP 

From the Figure.2 it can be observed that the COP 

Decreases with increase in input power. This happens 

due to increase in voltage ,the current increase hence 

more heat is being transferred at the hot end that 

results in lower the cold end temperature. 

 
Figure.2 Variation of COP with input power 

Table-2: Variation of COP at various values Input 

power 

  
3.3 Effect of Temperature Difference on COP 

From the figure 3 it can be observed that as the 

temperature difference (Th-Tc) increases, with the 

constant Th the COP of the System decreases. This is 

due to the fact that more work has to be supplied in 

the form of electrical power which results in more 

heat losses due to Joule Effect.  

 
Figure.3 Variation of COP with Temperature 

Difference 

Table-3: Variation of COP At various values ∆T 

 
4. CONCLUSION 

From this analysis we are obtaining the following 

results. 

1. The COP Increase with increasing the current up 

to certain value then it further decreases. 

2. The COP Decreases with increase in input 

power. 

3. The COP Decreases with Increase in the 

Temperature difference. 

REFERENCES 
1. AHRl. 2008. The Air-Conditioning. Heating, and 

Refrigeration Institute, www. ahri.org/. 

2. Goldsmid, H.J.and R.W. Douglas. 1954. The use of 

semiconductors in tlicrmoelectrie refrigeration. British 
Journal of Applied Physics 5(11):386. 

3. loffe, A.F. 1957. Semiconductor Thermo elements and 
Thermoelectric Cooling. London; Inforscarch Limited. 

4. Goldsmid, H.J. 1964. Thermoelectric Refrigeration. 

New York: Plenum Press. 
5. Ulrich, M.D., P.A. Barnes, and C.B. Vining. 2001. 

Comparison of solid-state thermionic refrigeration with 



                               International Journal of Advanced Engineering Research and Studies     E-ISSN2249–8974 

IJAERS/Vol. I/ Issue II/January-March, 2012/259-261 
 

thermoelectric refrigeration, Journal of Applied Physics 

90(3): 1625-31. 

6. Nolas, G.S., J. Sharp, and H.J. Goldsmid. 2001. 
Thermoelectric: Basic Principles and New Materials 

Development. Berlin: Springer Verlag. 

7. Chen, G., M.S. Dresselhaus, G. Dresselhaus, J.P. 
Fleurial, and T. Caillât. 2003. Recent developments in 

thermoelectric materials. International Material 

Reviews 48( t ):45-66. 
8. Rowe, D.M. 2005. Thermoelectric Handbook: Macro to 

Nano. Boca Raton, FL: CRC Press. 

9. Seebeck. T.J. 1821. Magnetic polarization of metals 
and Minerals. Abhandlungen der Deutschen Akademie 

der Wissenschaften zu Berlin 265:1822-23. 


