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Abstract - Conventional refrigeration systems result in 

environmental concerns about global warming and ozone layer 

depletion due to use of Chloro Fluoro Carbons (CFCs) and 

Hydro Chloro Fluoro Carbons (HCFCs). Also these systems are 

not reliable and economical where compact design and noiseless 

operation is required. Due to environmental concerns and 

increasing demand for alternate cooling technology led us to use 

thermoelectric refrigeration. Currently thermoelectric 

refrigeration is considered to be popular cooling technology and 

which has potential to overcome problems regarding use of 

refrigerant based technologies. This paper provides a review of 

thermoelectric refrigeration system, performance analysis and 

potential applications of thermoelectric refrigeration. Use of 

thermoelectric technology in machining operations is innovative 

idea and it is outlined by suggesting experimentation work. 
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I. INTRODUCTION 

efrigeration has been defined as the science of providing 

and maintaining temperature below that of surrounding 

atmosphere[1]. Refrigeration provides temperature 

differential for processes like food preservation, food 

processing, storage applications etc. Another requirement of 

refrigeration is in developing scientific equipment and their 

operation under controlled environment to get reliable result. 

[2]. This can be achieved by using conventional refrigeration 

systems which uses Chloro-Fluoro-Carbons (CFCs) and 

Hydro Chloro-Fluoro-Carbons (HCFCs) as refrigerants. These 

CFCs and HCFCs are mainly responsible for environmental 

degradation such as Ozon layer depletion, global warming. As 

a result, there is need to develop clean refrigeration 

technology and hence extensive research is happening in field 

of thermoelectric refrigeration[3] 

Thermoelectric refrigeration works on principle of 

peltier effect. Jean peltier, a french physicist found the peltier 

effect in 1934. It is reverse of Seebeck effect. When a direct 

current is passed around a circuit of different materials, one 

junction gets cooled and another junction gets heated. This is 

known as peltier effect. This effect is attained in 

thermoelectric modules. These thermoelectric modules consist 

of P-N type semiconducting materials. N-type material is 

doped such that it has excess number of electrons (which are 

required to complete perfect molecular lattice structure). P-

type material has deficiency of electrons resulting into holes. 

Excess electron in N-type material and holes in P-type 

materials are the carrier of heat energy in thermoelectric 

module.[4]  

II. LITERATURE REVIEW 

This section includes background and various 

experimental works previously done on Thermoelectric 

Refrigeration. Different research papers are referred to study 

the performance characteristics of thermoelectric 

refrigeration. 

 Thermoelectric refrigeration works on the 

thermoelectric effects such as: 

Seebeck Effect: In pair of dissimilar metals, when two 

junctions are kept at different temperatures, emf(electromotive 

force) generates. This is known as Seebeck effect. After 

conducting tests on various combinations of a set of materials 

and by varying the temperatures of junctions, seebeck found 

that emf output is directly proportional to temperature 

difference, i.e ΔE α ΔT, where ΔE & ΔT the emf output and 

temperature of junctions.[5] 

 
Fig. 1 Seebeck effect[1] 

Peltier Effect: In a pair of dissimilar metals, when direct 

current is passed through it, there is heating at one junction 

and cooling at other junction. By varying the current, peltier 

observed the heating and cooling rate for different sets of 

elements. He found that q α I, where q is cooling or heating 

rate.[4] 

R 
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Fig. 2 Peltier effect[2] 

Jaspalsinh dabhi et al. [5] have done the analysis of 

thermoelectric refrigeration system and found effect of 

different input parameters on coefficient of performance of 

thermoelectric refrigeration system. In their study they 

observed that COP of TE system increases with increasing 

current upto certain value then it further decreases, COP 

decreases with increase in input power and temperature 

difference. These results are explained as follows 

Figure 3 shows that the COP of system increases 

with increasing the current up to certain value then it further 

decreases. 

 

 

Fig. 3 Variation of COP with current[5] 

 It can be observed from figure 4 that the COP 

decreases with increase in input power. 

 

Fig. 4 Variation of COP with input power[5] 

 

From figure 5 it can be observed that as the 

temperature difference (Th-Tc) increases, keeping Th constant 

the COP of system decreases. 

 

 

 

 

 

Fig. 5 Variation of COP with temperature difference[5] 

V. Rajangam et al. done the experiment on the 

thermoelectric cooling system and evaluated design 

parameters such as heat load heat sink design, TE module 

selection and material selection. They fabricated a prototype 

of 1.5 liter container and it is operated between 8 to 35
0
C. An 

experiment work is carried out to obtain a temperature upto 5
0
 

C. Further they concluded that the performance can be 

enhanced with use of different thermoelectric materials.[6] 

Onoroh Francis et al. have studied the performance 

evaluation of a Thermoelectric Refrigerator. In the 

performance evaluation they focused on simulation of a 

thermoelectric refrigerator maintained at 4
0
 C using matlab 

under varying conditions. Refrigeration chamber, 

thermoelectric modules, heat source and heat sink are used to 

construct thermoelectric refrigerator. Coefficient of 

Performance is the main criteria of performance for such 

device is function of temperature difference between the 

source and sink. In addition to this, when temperature 

difference of 20
0
 C is kept, maximum coefficient of 

performance i.e 0.2934 is recorded. Therefore result showed 

that to have maximum efficiency, temperature difference 

should be kept as minimum as possible.[4]  

Manoj Kumar Rawat et al. explained developmental 

and experimental study of solar powered thermoelectric 

refrigeration system in detail. In addition to this, theoretical 

physical characteristics of the thermoelectric cooling module 

used in their research also investigated. Prototype of 

thermoelectric refrigeration system working on solar photo 

voltaic cells generated DC voltage has been designed and 

developed by authors. Refrigeration space of 1 liter capacity is 

refrigerated by using four number of peltier module and a heat 

sink. The experimental results shows a reduction of 11
0
 C 

without any heat load and 9
0
 C with 100 ml water kept inside 

refrigeration space in 30 minute with respect to 23
0
 C ambient 

temperature with the COP of 0.1. Also authors have been 

experimentally found that when battery is fully charged with 

solar panel, it gives optimum performance at 2.5A, 8V. Hence 

developed thermoelectric refrigeration system has potential 

application of storage and transportation of life saving drugs 

and biological materials at the remote areas where electricity 

is not available.[7]   

 In addition, Umesh V. Sangale et al. also have done 

similar study on thermoelectric refrigeration by using solar 
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energy for domestic appliance and understood the potential 

application of TER.[3] 

 S. A. Omer et al. have presented experiment 

investigation of a thermoelectric refrigeration system 

employing a phase change material integrated with thermal 

diode (Thermosyphons). Their work involved design, 

fabrication and test of a 150 W thermoelectric refrigeration 

system. Firstly conventional heat sink at the cold heat sink, 

system was fabricated and tested. Again the system was 

remodeled and tested using an encapsulated PCM as a cold 

sink. Result of tests of the remodeled system showed an 

improved performance compared with former system. Overall 

the system can be operated using renewable energies and is 

well well-matched for food and medicine storage.[8] 

 Gao Min et al. have done experimental evaluation of 

prototype thermoelectric domestic refrigerators. In this study 

cooling performances are estimated in terms of coefficient of 

performance, heat pumping capacity and cooling down. COP 

of refrigerator is found to be around 0.3-0.5 for a typical 

operating temperature at 5
0
C with ambient at 25

0
C. The 

experimental data obtained from this work show that an 

increase in its COP is possible through improvements in 

module contact resistances, thermal interfaces and 

effectiveness of heat exchangers.[9]  

Table I 

SUMMARY OF HIGH FIGURE OF MERIT MATERIALS[10] 

Sr 

No 
Material Type ZT Value Temperature 

1 
Bi-doped 
PbSeTe/PbTe(QDSL) 

n-type 3 550K 

2 
In0.2Ce0.15Co4Sb12 

Skutterudite 
n-type 1.43 800K 

3 Pb0.25Sn0.25Ge0.5 p-type ~0.95 670K 

4 (Bi0.25Sb0.75)2Te3 p-type 1.27 298K 

5 Bi2(Te0.94Se0.06)3 n-type 1.25 298K 

6 K0.95Pb20Sb1.2Te22 n-type ~1.6 750K 

7 PbTe-SrTe p-type 1.7 ~800K 

8 
Binary crystalline 

In4Se3-δ 
n-type 1.48 ~705K 

9 AgPbmSbTe2+m n-type ~2.2 800K 

 

 Dongliang Zhao et al. studied thermoelectric 

materials and its applications. Their review work focuses on 

the development of thermoelectric cooling in recent decade 

with particular attention and advances in materials and 

applications. Primary criteria of figure of merit (ZT= α
2
σT/k) 

has shown a good thermoelectric material should have high 

seebeck coefficient, high electric conductivity & low thermal 

conductivity. Conventional thermoelectric materials are bulk 

alloy materials such as Bi2Te3, PbTe, SiGe and CoSb3 among 

which Bi2Te3 is the most commonly used. The best 

commercial thermoelectric materials currently have ZT value 

around 1.0. It is assessed that thermoelectric coolers with ZT 

value of 1.0 operates at only 10% carnot efficiency. Bell also 

stated that if the average ZT reaches 2.0 domestic and 

commercial solid state heating and ventilating and air cooling 

system using thermoelectric material would become feasible. 

Different high figure of merit materials have been reported in 

table I.[10]  

Applications of Thermoelectric Refrigeration: Due to low 

COP application of thermoelectric refrigeration is restricted to 

space mission, scientific and medical equipment where COP 

is not as important as availability of reliability and quite 

operation environment. However due to technology 

improvement more and more new applications are evolving. 

They are categorized as follows: 

1) Domestic Market- Thermoelectric devices are used 

for cooling small enclosures such as domestic and 

portable refrigerator, portable beverage cooler and 

picnic basket. 

2) Medical Applications- Potential avenue for wider use 

of thermoelectric devices may lie in therapeutic 

medical applications such as temperature controllable 

blankets and couches. These devices are used for 

Thermoregulations of cancer patients.  

3) Automobile Applications-Thermoelectric devices can 

be found in automobile industry such as automobile 

mini refrigerators, thermoelectric heaters/coolers in 

car seats.   

4) Electronic Applications- Electronic devices such as 

PC processors are cooled with the help of 

thermoelectric coolers. Phelan et al. reviewed current 

and future miniature refrigeration cooling technology 

for high power microelectronics and concluded that 

only thermoelectric coolers are now commercially 

available in small sizes. 

5) Laboratory and Scientific Equipment- Due to 

reliability and quite operation, thermoelectric cooling 

is used in laboratory and scientific equipment cooling 

for laser diode or integrated circuit chip.[10]  

III. DISCUSSION 

Lon E. Benn mention that if average figure of merit 

reaches to 2, domestic and commercial solid state heating 

ventilating and air cooling would become possible with the 

help of thermoelectric material. In addition to this, Gao Min et 

al. have found COP of thermoelectric refrigerator around 0.3 

to 0.5 for typical operating temperature at 5
0
C with ambient at 

25
0
C. He also concluded that COP can be increased through 

improvement in design of thermoelectric refrigerator.  
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Dongliang Zhao et al. presented advancement in 

thermoelectric materials and showed that recent research 

provides possible way that may lead to significance progress 

in thermoelectric cooling. In addition to this, they also 

presented potential applications of thermoelectric refrigeration 

in five different categories such as Civil, Medical, 

Automobile, Electronics, laboratory and equipment etc. All 

these study of different researchers provides avenue to 

identify future of thermoelectric refrigeration. 

IV. SCOPE 

Efficient cooling strategies in the metal cutting 

industry are an important part of a sustainable and profitable 

production. With increasing demands on the machining new 

cooling systems are needed. Apart from Conventional cooling 

methods, Thermoelectric Cooling is innovative idea to 

compete with available cooling system for 

machining.Machining has been tremendously increased now-

a-days. It faces problems such as reduced tool life, decreased 

surface finish of workpiece due to increase in friction. In 

addition to this, coolant used during operation at normal 

temperature may be not as much effective as refrigerated 

coolant.  Designing thermoelectric refrigeration system to 

cool the coolant before introducing it on workpiece, 

evaluation of changes in tool life and surface finish by means 

of suitable tests on selected workpiece where spindle speed, 

material of workpiece and tool, temperature difference 

between hot and cold side of device are all fixed for ease of 

experimentation on selected Lathe machine.     

V. METHODOLOGY 

Use of thermoelectric refrigeration system in 

machining operation is unique idea to cool the coolant used 

during machining process. This can be achieved by 

 

 

 

 

 

  

 

 

 

 

 

VI. CONCLUSION 

After referring study of different researchers in 

thermoelectric refrigeration it has been seen that 

thermoelectric refrigeration has great scope in future. 

Thermoelectric refrigeration offers several advantages over 

conventional refrigeration system, since thermoelectric 

devices are more compact, free of noises and vibrations, 

provide high quality temperature control and requires less 

maintenance. These significance facts led to the development 

of original and interesting thermoelectric refrigeration 

devices.Thermoelectric refrigeration covered all the major 

areas of application except the manufacturing and production. 

Hence it can be an innovative idea to introduce thermoelectric 

refrigeration in machining operations such as coolant cooling 

which will help in reducing tool wear, improving surface 

finish and tool life. Feasibility of thermoelectric refrigeration 

in machining operations has to be identified by doing proper 

experimentation work. 
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Fix parameters such as i) Material of workpiece and tool ii) 

Temperature difference iii) Type of coolant and its proportion 

iv) Machine speed 

Estimate Refrigeration load 

Selection of number of Peltier Device according to load 

Construct Experimental Setup 

Take tests on experimental setup at different temperature 

ranges 

Analyze change in surface finish of workpiece and tool life 


