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Abstract - The idea was to build an alternative for refrigerator and to provide refrigeration effect. A miniature prototype of 
thermoelectric cooling system for a conventional refrigerator to provide refrigeration was built. The system was targeted as a 
refrigerator and temperature of the cooled air should be lowered 20 degree Celsius from ambient temperature. Secondary 
objective was design of a DC power supply and a temperature controller circuit. It involves the development of a suitable 
cooling module designed with a refrigerator to cool the surrounding air. This cooling system needed to be powered up by a 
DC power supply, which is designed or using a suitable off-shelf power supply. The idea of refrigeration is based on Peltier 
effect, as when a dc current flows through TE modules it generates a heat transfer and temperature difference across the 
ceramic substrates causing one side of the module to be cold and the other side to be hot. The analysis shows that for the 
prevalent conditions in Eliath, the compressor less refrigerator is significantly more economical to own and operate then the 
conventional refrigerator. In spite of a slightly higher initial cost, the thermoelectric refrigerator proves to be more 
economical, mainly due to its significantly lower operating cost exchanger. 
 
 
I. INTRODUCTION 

 
Conventional compressor run cooling devices have 
many drawbacks pertaining to energy efficiency and 
the use of CFC refrigerants. Both these factors 
indirectly point to the impending scenario of global 
warming. As most of the electricity generation relies 
on the coal power plants, which add greenhouse gases 
to the atmosphere is the major cause of global 
warming. Although researches are going on, better 
alternatives for the CFC refrigerants is still on the 
hunt. So instead of using conventional air 
conditioning systems, other products which can 
efficiently cool a person are to be devised. By using 
other efficient cooling mechanisms we can save the 
electricity bills and also control the greenhouse gases 
that are currently released into the atmosphere. 
Although Thermoelectric (TE) property was 
discovered about two centuries ago thermoelectric 
devices have only been commercialized during recent 
years. The applications of TE vary from small 
refrigerators and electronics package cooling to 
Avionic instrumentation illumination control and 
thermal imaging cameras. Lately a dramatic increase 
in the applications of TE coolers in the industry has 
been observed. It includes water chillers, cold plates, 
portable insulin coolers, portable beverage containers 
and etc.  As conventional refrigerators are commonly 
available in the market, a TE cooling module 
installed on it will be an easy and efficient way to 
cool a person.  An effort to build a refrigeration 
system was the main aim of this project. Sizing and 
designing of the cooling system was performed and 
tested with a designed DC power supply. The 
conventional refrigerator together with the cooling 
module can be termed as Thermoelectric Cooled 
Cooling refrigerator. 
 
 

II. EXPERIMENTAL 
 
A. Components Used - 
Thermoelectric module, cooling fan (conventional 
fan). 
Controller circuit which controls the fluctuations. 
One long heat sink is fitted to the hot side of TEC to 
absorb heat. Aluminum heat sinks that are attached to 
the cold side. An AC source which is given to 
transformer. A Transformer (Step down). A Rectifier 
to converts the AC into DC supply.  Dc power supply 
is used to drive the TEC. Containing Box. 
 
B. Basic Principle 
A semiconductor (called a pellet) is used because 
they can be optimized for pumping heat and because 
the type of charge carriers within them can be chosen. 
The semiconductor in this examples N type (doped 
with electrons) therefore, the electrons move towards 
the positive end of the battery. The semiconductor is 
soldered to two conductive materials, like copper.  
When the voltage is applied heat is transported in the 
direction of current flow. 
 

 
 
When 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 
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direction of the holes. Essentially, the charge carriers 
dictate the direction of heat flow. 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. 
 
C. Physical Properties 
Before beginning any thermoelectric design activity it 
is necessary to have an understanding of basic 
module performance characteristics. Performance 
data is presented graphically and is referenced to a 
specific heat sink base temperature. Most 
performance graphs are standardized at a heat sink 
temperature (Th) of +50°C and the resultant data is 
usable over a range of approximately 40°C to 60°C 
with only a slight error. Upon request, we can supply 
module performance graphs referenced to any 
temperature within a range of -80°C to +200°C. To 
demonstrate the use of these performance curves let 
us present a simple example. Suppose we have a 
small electronic "black box" that is dissipating 15 
watts of heat. For the electronic unit to function 
properly its temperature may not exceed 20°C. The 
room ambient temperature often rises well above the 
20°C level thereby dictating the use of a 
thermoelectric cooler to reduce the unit's temperature. 
For the purpose of this example we will neglect the 
heat sink (we cannot do this in practice) other than to 
state that its temperature can be maintained at 50°C 
under worst-case conditions. We will investigate the 
use of a 71-couple, 6-ampere module to provide the 
required cooling. 
 
GRAPH: Qc vs. I This graph, shown in Figure (9.1), 
relates a module's heat pumping capacity (Qc) and 
temperature difference (DT) as a function of input 
current (I). In this example, established operating 
parameters for the TE module include Th = 50°C, Tc 
= 20°C, and Qc = 15 watts. The required DT = Th-Tc 
= 30°C. 
 
It is necessary first to determine whether a single 71-
couple, 6-ampere module is capable of providing 
sufficient heat removal to meet application 
requirements. We locate the DT=30 line and find that 
the maximum Qc value occurs at point A and with an 
input current of 6 amperes. By extending a line from 
point A to the left y-axis, we can see that the module 
is capable of pumping approximately 18 watts while 
maintaining a Tc of 20°C. Since this Qc is slightly 
higher than necessary, we follow the DT=30 line 
downward until we reach a position (point B) that 
corresponds to a Qc of 15 watts. Point B is the 
operating point that satisfies our thermal 
requirements. By extending a line downward from 

point B to the x-axis, we find that the proper input 
current is 4.0 amperes. 

Figure 1:  
Heat Pumping Capacity Related to Temperature Differential 

as a Function of Input Current for a 71-Couple, 6-Ampere 
Module 

 
GRAPH: Vin vs. I This graph, shown in Figure 
(9.2), relates a module's input voltage (Vin) and 
temperature difference (DT) as a function of input 
current (I). In this example, parameters for the TE 
module include Th = 50°C, DT = 30°C, and I = 4.0 
amperes. We locate the DT=30 line and, at the 4.0 
ampere intersection, mark point C. By extending a 
line from point C to the left y-axis, we can see that 
the required module input voltage (Vin) is 
approximately 6.7 volts. 
 
GRAPH: COP vs. I This graph, shown in Figure 
(9.3), relates a module's coefficient of performance 
(COP) and temperature differential (DT) as a function 
of input current (I). In this example, parameters for 
the TE module include Th = 50°C, DT = 30°C, and I 
= 4.0 amperes. 
 
We locate the DT=30 line and, at the 4.0 ampere 
intersection, mark point D. By extending a line from 
point D to the left y-axis, we can see that the 
module's coefficient of performance is approximately 
0.58. 
 
Note that COP is a measure of a module's efficiency 
and it is always desirable to maximize COP whenever 
possible. COP may be calculated by: 
 

 
 
An additional graph of Vin vs. Th, of the type shown 
in Figure (9.4), relates a module's input voltage (Vin) 
and input current (I) as a function of module hot side 
temperature (Th). Due to the Seebeck effect, input 
voltage at a given value of I and Th is lowest when 
DT=O and highest when DT is at its maximum point. 
Consequently, the graph of Vin vs. Th usually is 
presented for a DT=30 condition in order to provide 
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the average value of Vin DT=O and highest when DT 
is at its maximum point. Consequently, the graph of 
Vin vs. Th usually is presented for a DT=30 
condition in order to provide the average value of 
Vin.  
 

 
 

 
 
 

 

CONCLUSION   
 

The project aims to design and build a miniature  
prototype of thermoelectric refrigeration system for a 
conventional refrigerator to provide refrigeration. The 
system was targeted as a refrigerator and temperature 
of the cooled air should be lowered 20 degree Celsius 
from ambient temperature. Secondary objective of the 
project includes design of a dc power supply and a 
temperature controller circuit. The idea of 
refrigeration is based on Peltier effect, as when a dc 
current flows through TE modules it generates a heat 
transfer and temperature difference across the 
ceramic substrates causing one side of the module to 
be cold and the other side to be hot. The analysis 
shows that for the prevalent conditions in Eliath, the 
compressor less refrigerator is significantly more 
economical to own and operate then the conventional 
refrigerator. In spite of a slightly higher initial cost, 
the thermoelectric refrigerator proves to be more 
economical, mainly due to its significantly lower 
operating cost. 
The authors want to thank Amity University 
Rajasthan for the continuous support and 
encouragement for the completion of this literature. 
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