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Abstract : In this communication, performance analysis of 

thermoelectric refrigerator is carried out. The thermoelectric 

refrigerator is developed in the laboratory and onsite 

experimental work has been done. The complete system cost 

is very low approximately 49.66 USD. The COP is varying 

from 0.17 to 0.26 at different cooling load condition and the 

lowest temperature can be achieved 2.3C to 10.5°C without 

load and full load within 28 minutes, respectively. The 

material research and cascading of the modules are required 

to increase the cooling effect as well as capacity of the 

refrigerator.  

Key word: Refrigerator; Peltier-Seebeck effect; Thermo-

Electric Refrigerator (TER) 

 

Introduction 

In present era a new technology is required to meet the 

refrigeration load of the world, to minimize the utilization of 

CFC and HFC’s for eco-friendly concern. Peltier effect and 

Seebeck effect were first discovered to present in metals as 

early as 1820s–1830s [1].Beitner [2-3] proposed a simple 

design of thermoelectric module which can produce heating 

effect at one side and cooling effect at another side. Reed and 

Hatcher [4] introduced a fan to enhance the heat dissipation at 

hot side of TER. The super insulation material and phase 

change material were introduced by Park [4-5], these materials 

improved the energy efficiency of the system and extended the 

time period. Guler and Ahiska [7] experimentally investigated 

the performance of a portable TER medical cooling kit. Chen 

[8] analysed the heat transfer rate and efficiency of TE 

(thermoelectric) cooling systems, and observed a low 

efficiency. 

 The purpose of a TER is to maintain the junction 

temperature of an electronic device below a certain 

temperature by removing heat from the device [9]. Peltier 

cooling appliances can provide rapid cooling. For example, a 

solar Peltier refrigerator is capable for reducing the 

temperature from 27 °C to 5 °C in about 44 minute. TER is a 

light, rugged, reliable and noiseless medical cooling kit.  

 Dai et al. [10] proposed the merits of the TER as 

follows: light, reliable, noiseless, rugged and low cost in mass 

production, uses electron rather than refrigerant as heat carrier, 

low starting point and it is feasible to be used solar cells. 

Astrain et al. [11] developed a computational model based on 

finite difference method to simulate the thermal and electric 

performance of thermoelectric refrigerator. Author was 

observed that thermoelectric refrigerator is more ecological, 

silent and robust as compare to vapour compression cycle-

based refrigerator.  

 Sabah et al. [12] built an affordable solar 

thermoelectric refrigerator for the desert people of remote area 

of Oman. That was designed to store and transport the 

biological material and medications. Author was stated that 

TER can reduce the temperature of water from 27 C to 5 °C 

within 44 minute, evaluated the COP of that TER was 0.16. 

Putra [13] designed, manufactured and tested a portable 

vaccine carrier box employing thermoelectric module and heat 

pipe. The heat pipe is working as a heat sink when it fixed at 

hot side of the TER, it was reported that by heat pipe cooling 

performance found better than without heat pipe. The 

temperature in the vaccine carrier has reached up to -10 °C 

within a hour. It shows that the vaccine carrier can store 

medicine at any desired temperature. Adeyanju et al. [14] 

theoretically and experimentally compared the chilling time of 

water between freezer space of conventional house hold 

refrigerator and beverages TER and observed that the TER 

reduces temperature exponentially to time as compared to 

conventional VCR varies linearly. TER gives the fastest 

cooling as compared to conventional refrigerator. Gillott et al. 

[15] experimentally investigated a thermoelectric cooling 

(TEC) devices built in laboratory for small-scale space 

conditioning applications in buildings. They were find out an 

optimum solution for operating the TEC. The COP of the TEC 

was observed by 0.45 for cooling effect of 200 W for which 

the input current supplied by 4.8A for each module. 

Thermoelectric refrigerators applications are concerned with 

environment friendly refrigeration in electronic industry, 

medical services, space applications, milk industry, 

transportation tools, and military devices [16]. TER 

refrigeration devices are a low cost in mass production if 

charge carriers in the thermoelectric material are used rather 

than refrigerant as the heat dissipation carrier. Zhou and Yu 

[2012] presented a generalized theoretical model for the 

optimization of a thermoelectric cooling system. Their 

analysis showed that the maximal COP and the maximal 

cooling capacity can be obtained when the finite thermal 

conductance is optimally allocated. 

 Ranjana et al. [17] experimentally studied the 

thermoelectric cooler driven by photovoltaic system. They 

determined that the unit can maintain 10-15 degree Celsius 

temperature and revealed COP was 0.34. Authors also stated 

that the performance of the system is function of solar 

insolation rate and temperature difference of hot and cold sides 

of TE modules. Researchers also designed it for personal 

cooling like for electronic cooling [18].Twaha et al. [19] 

reviewed the TER / TEG technology for application, 

modelling and performance improvement. Hence, to reduce 

the power consumption rate in urban area; to improve the 

leaving life of rural area and to save the deteriorating 

environment due to various refrigerants (CFC and HFC) more 
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research work is required for thermo electric refrigerators / 

coolers.  

 In this paper, authors have developed a thermo 

electric refrigerator / cooler that is operated by solar cells. It is 

also determined the cooling capacity and coefficient of 

performance of the developed refrigerator. This system is 

suitable in rural areas for storage of food and vaccines. So, 

more experimental and numerical analysis are required for 

acceptance of this technology.  

1. Materials and Methods: 

The experimental set-up is developed in Laboratory 

of Department of Mechanical Engineering, Poornima Groups 

of Institutions, Jaipur [Latitude and Longitude 26° 55' 19" N, 

75° 46' 43" E]. The various parts like Peltier principle base 

TER, Ice box, fan, heat sink is used and observations have 

been taken for one hour.  

1.1 Experimental Set-up: 

Thermoelectric cooling uses the Peltier effect to 

create a heat flux between the junctions of two different types 

of materials. A Peltier cooler / heater / thermoelectric heat 

pump is a solid-state active heat pump as shown in Figure 1, 

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

with consumption of electrical energy, depending on the 

direction of the current. Thermoelectric Peltier Modules are 

used in various applications where electricity is not reached at 

now, and it runs by solar panel: Water Machines, Medical 

Equipment, Cooling boxes and small fridges, Massagers, 

Electronic Parts cooling (Processors, Integrated circuits) and 

many more. 

 
Fig. 1Principle of Thermoelectric Refrigerator 

The experimental set-up was built in the Laboratory 

of college; it consists with a Peltier module TEC1-12706, 

Battery, Cooling fan, heat sink and a cooling box. The 

construction detail of module is shown in Figure 2. and 

specifications are shown in Table 1. 

 
Fig. 2: Schematic diagram of Thermoelectric Cooler Module 

(TEC1-12706), Solder  

Construction: 138°C, Bismuth Tin (BiSn) 

 

Table 1: Specification of TER module 

Model 

No. 

Th=30°C Measurements 

W,      L,  T 

in mm 

 

Imax, 

Amp 

Tmax, 

°C 

Vmax, 

Volt 

Qmax, 

W 

 

TEC1-

12706 

6.0 ≥67 15.0 51.4 40     40      

3.6 

 

The following safety features have been used for 

using TEC module: Heating or cooling with the same module 

is possible simply by reversing polarity. Lettered side of 

modules are the “hot side”. Do not attempt to use TEC1 Peltier 

Modules without a fan or liquid cooled heat sink.Due to 

extreme      temperature differentials, module damage, fire, 

or operator injury can occur when sufficient thermal resistance 

is not present. 

 The nomenclature of the module is clearly indicating 

system configuration as shown in Figure 3. 

 
Fig. 3: Nomenclature of Thermoelectric Cooler Module 

 

The Cooling box/freezing box is made by thermocol, 

and the box outer size 200200200 mm and inner size is 

170170170mm. The Properties of thermocol are: 

 

Table 2: Properties of thermocol 

S.No. Types of Properties Properties 

1 Thermal conductivity at 10°C  

mean temperature 

0.028-0.031 Kcal-

m/hr. m
2
 .°c 

2 Compressive strength 0.8-1.6 Kg/cm
2 

3 Cross breaking strength 1.4-2.0 Kg/cm
2 

4 Tensile strength 3-6 kg/cm2 

5 Application range -200 +80 °C 

6 Water absorption by % 

volume for 7 days in water 

0.5% 

7 Self-ignition point 300 °C 

8 Melting point 100 - 200 °C 

 

A complete assembly of TER is shown in Figure 4 

with module, fan and heat sink. All the specifications of TER 

module is presented above, whereas the ADDA make cooling 

fan operating at 20A and 0.20A DC power. The 4040 mm 

https://en.wikipedia.org/wiki/Thermoelectric
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/Electrical_energy
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aluminium heat sink is used to dissipate the hot side heat into 

atmosphere. The Complete assembly is fastened with the help 

of steel screws. A luminous make battery is used to supply the 

DC power to the TER unit, which shown in Figure 5. A 

charger is also used before the battery for continuously 

charging the battery, whereas AC power is supplied to the 

system through charger.The parts of the TER system are 

purchased from market by 49.66USD. 

 
(a)TEC1-12706 module 

 
(b)Cooling Fan 

 

 
(c)Heat Sink with Fins 

 
(d)TER pannel assembly.  

 

Figure 4.. TER Pannel assembly with module, fan, and heat 

sink 

 

 
Fig. 4 Photo of Experimental Thermoelectric Refrigerator  

 

1.2 Mathematical Modelling: 

The proposed methodology for performance analysis by Riffat 

and Ma [1] is used to evaluate the COP of the thermoelectric 

cooler.The thermoelectric cooler is working on Peltier effect, 

where the thermoelectric cooling effect is given by, 

            (1) 

Where,   is the average Seebeck coefficient of the 

thermoelectric material, I is current supplied to the couple, and 

Tc is the cold junction temperature in °C. 

The current flow is producing resistive or Joule heating in the 

thermoelectric material. The Joule heating is given by, 

    
      (2) 

Where, R is the resistivity of the couple. 

The heat is conducted for hot end to the cold end through the 

thermoelectric material during operation; this rate of 

conductive heat can be evaluated by 

      (     )                    (3) 

 

Where k is the thermal conductivity of thermocouple, and h & 

c indicates the hot and cold ends. The above equation (3) 

indicates that     increases with increases the temperature 

difference across the couple. For the energy balance equation, 

combining equation (1), (2) and (3) as given by 

 

                                (4a) 

            
        (4b) 

 

Above equation (4) is the standard equation for evaluating the 

cooling effect. The electrical energy consumed by the TER can 

be estimated by 

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimuf2P6J7UAhVJNY8KHdidDFgQjRwIBw&url=http://www.amazon.in/Crazycon-GDEL-Dreammall-20000007-Tec1-12706-Thermoelectric-Peltier/dp/B002UQQ3Q2&psig=AFQjCNF-gA1vqNMjqyRL1R5DsipDwG7SIw&ust=1496480952591556
https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjvoMvM6Z7UAhVCsI8KHUyeAfsQjRwIBw&url=https://www.americool.com/basics.htm&psig=AFQjCNGS18wlnI19SPxyp8DF39p0UnmYig&ust=1496481240562656
http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjs9YLs6Z7UAhULuo8KHRDSDscQjRwIBw&url=http://www.ebay.com/itm/TEC1-12706-12V-60W-Heatsink-Thermoelectric-Cooler-Cooling-Peltier-Plate-Module-/311245305641&psig=AFQjCNGS18wlnI19SPxyp8DF39p0UnmYig&ust=1496481240562656
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                        (5) 

 

Where, I is the current. The Coefficient of Performance (COP) 

of the TER can be calculated by dividing the equation (4) and 

(5), and we get 

    
  

  
 

         
      

        
  (6) 

 

By solving above equation for condition 
    

  
  , Current can 

be optimised and for optimum current optimum COP can be 

estimated. The final equations for Optimum current and 

optimum COP is given by, 

     
     

(√       )
             (7) 

 

By outing the value of I in equation (6) and we get, 

    
  (√      

  
  
)

(     )(√       )
            (8) 

 

Where,         , Z is the figure of merits and it depends on 

the properties of the material. It should be higher for 

maximum COP of TER.  

 

2. Results and Discussions 

The experimental work for TER was carried out for 

operating on conventional energyon April 3, 2017. The Figure 

6 shows the variation of temperature with respect to time at 

different-different conditions such as without cooling load, 

with 200, 400, 600 ml water cooling load. Initial condition for 

all loading conditions is same as at 30.9°C and the minimum 

temperature after 28 minute is observed for without load 

condition such as 2.3°C and maximum temperature for 600 ml 

loading is found to be 10.5°C.  

 

 
Fig. 5. Performance of TER on April 3, 2017 (Operating on 

conventional energy) 

 

The cooling rate is very high and capacity of the 

module is low. For increasing the cooling capacity, number of 

panel can be fitted in the cooling box/refrigerator. The COP of 

the TER system is very low and it observed by 0.26, 0.22, 0.18 

and 0.17 for without cooling load and with 200, 400, 500ml 

water cooling load, respectively. TER run by conventional 

electricity is not feasible at now but for small cooling like for 

electronic cooling it is acceptable and found suitable option. 

TER can be run on solar cell. The solar energy is available 

freely and in abundant quantity. The cost of the complete 

system is estimated by 49.66USD (1 USD=64.44Rs as dated 

on June 2, 2017). 

 

3. Conclusions 

Thermoelectric refrigerator is new and renewable 

technology for the scientific community; so many researchers 

are doing their work on improving the performance of TER. It 

can be possible only due to increasing the value of figure of 

merit of thermoelectric material. The performance analysis has 

been carried out with the experimental observations at Jaipur 

India. It is concluded that lowest temperature for without 

cooling load to 600ml cooling load have been achieved by 

2.3°C and 10.5°C for the interval of 28-minute time. The COP 

of the system is estimated by 0.22, 0.18 and 0.17 for without 

cooling load and with 200, 400, 500ml water cooling load 

respectively. The system cooling effect can be increased by 

cascading of the module and by putting the number of module 

at different places on the sides of the Refrigerator. It can be 

run by solar energy, means its application can be widely 

increases up to interior areas of the country, where no 

conventional electricity till now. 

Nomenclature: 

    Coefficient of Performance 

  Current (A) 

  thermal conductivity of thermocouple (W m-K_1) 

  electrical resistivity of the thermocouple (VA
_1

) 

   Cold side Temperature ( °C) 

   Hot side Temperature ( °C) 

DT temperature difference between hot and cold end 

(8C) 

   heat flow at cold side (W) 

    heat conduction from the hot end to cold end (W) 

   electrical energy consumption by the module, W 

   heat flow at hot side (W) 

   joule heat generation rate (W) 

    Peltier heat pumping rate (W) 

  Seebeck coefficient of thermoelectric material 

(W/A-K) 
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