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Objective of work 

 

 The objective of this project work is to analyze the working of 

Peltier cooler. Scope of this work includes:   

Study of the principles and working of Peltier refrigerator; 

working parameters; performance parameters of the same.   

Exploring methods to improve the efficiency of the Peltier cooling 

systems and study the advancement in the field of thermoelectrics. 

  Studying new heat sink designs, which improves the performance 

of the Peltier cooler. 
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Abstract 
  

Refrigeration expending thermoelectric cooling methods have been in 

research for the past few decades due to its recompenses paralleled to a 

vapor-compression refrigerator is its lack of moving parts or circulating 

fluid, invulnerability to leaks, small size, and flexible shape. Likewise, 

portable refrigerators filled with refrigerants are a big hassle to carry 

around along with being dangerous. This portable mini refrigerator will 

be capable of cooling a soft-drink canister or multiple 200 ml bottles at 

its prototype size and based on the results, something finer can be 

constructed. This attempt of us at fabricating an eco-friendly 

refrigerator without having to deal with the prospects of handling a 

dangerous refrigerant is quite affordable when mass-produced and can 

be installed in glove compartments of a car or a separate refrigeration 

compartment can be installed in a vehicle. Furthermore, these can be put 

into use in organizations by individuals as often as possible. 

 

The concept of a Peltier module which is customarily used in electronic 

devices, to be used in a refrigeration device may be non-conventional 

but this is an attempt at reducing the use of refrigerants that contribute to 

the greenhouse effect and work out a way around them. Significant 

benefits of thermoelectric cooling systems are that they have no moving 

parts. This lack of mechanical wear and abridged instances of failure due 

to fatigue and fracture from mechanical vibration and stress increases 

the lifespan of the system and lowers the maintenance requirements. 
 

 

 

 

 



 

 

 

 

 

1. Introduction  
 

The term refrigeration means cooling a space, substance or system to lower and/or 

maintain its temperature below the ambient one. In other words, refrigeration is 

artificial (human-made) cooling. The energy in the form of heat is removed from a 

low-temperature reservoir and transferred to a high-temperature reservoir. The 

work of energy transfer is traditionally driven by mechanical means, but can also 

be driven by heat, magnetism, electricity, laser, or other means. Refrigeration has 

many applications, including household refrigerators, industrial freezers, 

cryogenics, and air conditioning. Heat pumps may use the heat output of the 

refrigeration process, and also may be designed to be reversible, but are otherwise 

similar to air conditioning units. 

Refrigeration has had a large impact on the industry, lifestyle, agriculture, and 

settlement patterns. The idea of preserving food dates back to at least the ancient 

Roman and Chinese empires. However, mechanical refrigeration technology has 

rapidly evolved in the last century, from ice harvesting to temperature-controlled 

rail cars. The introduction of refrigerated rail cars contributed to the westward 

expansion of the United States, allowing settlement in areas that were not on main 

transport channels such as rivers, harbors, or valley trails. 

 

1.1. Earliest forms of cooling 

The seasonal harvesting of snow and ice is an ancient practice estimated to have 

begun earlier than 1000 BC.[3] A Chinese collection of lyrics from this period 

known as the Shijing describes religious ceremonies for filling and emptying ice 

cellars. However, little is known about the construction of these ice cellars or what 

the ice was used for. The next ancient society to record the harvesting of ice may 

have been the Jews in the book of Proverbs, which reads, ―As the cold of snow in 

the time of harvest, so is a faithful messenger to them who sent him.‖ Historians 

have interpreted this to mean that the Jews used ice to cool beverages rather than to 

preserve food. Other ancient cultures such as the Greeks and the Romans dug large 



 

 

snow pits insulated with grass, chaff, or branches of trees as cold storage. Like the 

Jews, the Greeks and Romans did not use ice and snow to preserve food, but  

primarily as a means to cool beverages. The Egyptians also developed methods to 

cool beverages, but instead of using ice to cool water, the Egyptians cooled water 

by putting boiling water in shallow earthen jars and placing them on the roofs of 

their houses at night. Slaves would moisten the outside of the jars and the resulting 

evaporation would cool the water. The ancient people of India used this same 

concept to produce ice. The Persians stored ice in a pit called a Yakhchal and may 

have been the first group of people to use cold storage to preserve food. In the 

Australian outback, before a reliable electricity supply was available where the 

weather could be hot and dry, many farmers used a Coolgardie safe. This consisted 

of a room with hessian (burlap) curtains hanging from the ceiling soaked in water. 

The water would evaporate and thereby cool the hessian curtains and thereby the 

air circulating in the room. This would allow many perishables such as fruit, butter, 

and cured meats to be kept that would normally spoil in the heat.  

 

1.2. Refrigeration research 

The history of artificial refrigeration began when Scottish professor William 

Cullen designed a small refrigerating machine in 1755. Cullen used a pump to 

create a partial vacuum over a container of diethyl ether, which then boiled, 

absorbing heat from the surrounding air. The experiment even created a small 

amount of ice but had no practical application at that time. 

In 1758, Benjamin Franklin and John Hadley, professor of chemistry, collaborated 

on a project investigating the principle of evaporation as a means to rapidly cool an 

object at Cambridge University, England. They confirmed that the evaporation of 

highly volatile liquids, such as alcohol and ether, could be used to drive down the 

temperature of an object past the freezing point of water. They conducted their 

experiment with the bulb of a mercury thermometer as their object and with a 

bellows used to quicken the evaporation; they lowered the temperature of the 

thermometer bulb down to −14 °C (7 °F), while the ambient temperature was 18 

°C (65 °F). They noted that soon after they passed the freezing point of water 0 °C 

(32 °F), a thin film of ice formed on the surface of the thermometer's bulb and that 

the ice mass was about 6.4 millimeters (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin wrote, "From this experiment, 



 

 

one may see the possibility of freezing a man to death on a warm summer's day". 

In 1805, American inventor Oliver Evans described a closed vapor-compression 

refrigeration cycle for the production of ice by ether under a vacuum. 

In 1820 the English scientist Michael Faraday liquefied ammonia and other gases 

by using high pressures and low temperatures, and in 1834, an American expatriate 

to Great Britain, Jacob Perkins, built the first working vapor-compression 

refrigeration system in the world. It was a closed-cycle that could operate 

continuously, as he described in his patent: 

―I am enabled to use volatile fluids to produce the cooling or freezing of fluids, and 

yet at the same time constantly condensing such volatile fluids, and bringing them 

again into operation without waste.‖ 

His prototype system worked although it did not succeed commercially.  

In 1842, a similar attempt was made by an American physician, John Gorrie, who 

built a working prototype, but it was a commercial failure. Like many of the 

medical experts during this time, Gorrie thought too much exposure to tropical heat 

led to mental and physical degeneration, as well as the spread of diseases such as 

malaria. He conceived the idea of using his refrigeration system to cool the air for 

comfort in homes and hospitals to prevent disease. American engineer Alexander 

Twining took out a British patent in 1850 for a vapor compression system that used 

ether. 

The first practical vapor-compression refrigeration system was built by James 

Harrison, a British journalist who had emigrated to Australia. His 1856 patent was 

for a vapor-compression system using ether, alcohol, or ammonia. He built a 

mechanical ice-making machine in 1851 on the banks of the Barwon River at 

Rocky Point in Geelong, Victoria, and his first commercial ice-making machine 

followed in 1854. Harrison also introduced commercial vapor-compression 

refrigeration to breweries and meat-packing houses, and by 1861, a dozen of his 

systems were in operation. He later entered the debate of how to compete against 

the American advantage of unrefrigerated beef sales to the United Kingdom. In 

1873 he prepared the sailing ship Norfolk for an experimental beef shipment to the 

United Kingdom, which used a cold room system instead of a refrigeration system. 

The venture was a failure as the ice was consumed faster than expected. 

The first gas absorption refrigeration system using gaseous ammonia dissolved in 

water (referred to as "aqua ammonia") was developed by Ferdinand Carré of 



 

 

France in 1859 and patented in 1860. Carl von Linde, an engineer specializing in 

steam locomotives and professor of engineering at the Technological University of 

Munich in Germany, began researching refrigeration in the 1860s and 1870s in 

response to demand from brewers for a technology that would allow year-round, 

large-scale production of lager; he patented an improved method of liquefying 

gases in 1876. His new process made it possible to use gases such as ammonia, 

sulfur dioxide (SO2), and methyl chloride (CH3Cl) as refrigerants, and they were 

widely used for that purpose until the late 1920s. 

 

1.3. Types Of Refrigeration System:  
 

1. Natural Cooling:  

 

 Art of Ice making by Nocturnal Cooling 

 Evaporative Cooling 

 Cooling by Salt Solutions 

 

 

2. Artificial Refrigeration: 

 

 Vapour Compression Refrigeration Systems 

 Vapour Absorption Refrigeration Systems 

 Solar energy based refrigeration systems 

 Gas Cycle Refrigeration 

 Steam Jet Refrigeration System 

 Thermoelectric Refrigeration Systems 

 Vortex tube systems 

 

 

Types of refrigeration system 

 

1. 3.1. Natural Cooling: 
 

In olden days refrigeration was achieved by natural means such as the use of ice or 

evaporative cooling. In earlier times, ice was either: 

 Transported from colder regions, 

 Harvested in winter and stored in ice houses for summer use or, 



 

 

 Made during the night by the cooling of water by radiation to the 

stratosphere. 

 

1.3.1.1. Art of Ice making by Nocturnal Cooling: 
 

 The art of making ice by nocturnal cooling was perfected in India. In this 

method ice was made by keeping a thin layer of water in a shallow earthen 

tray, and then exposing the tray to the night sky. 

 Compacted hay of about 0.3 m thickness was used as insulation. The water 

loses heat by radiation to the stratosphere, which is at around -55°C and by 

early morning hours the water in the trays freezes to ice. This method of ice 

production was very popular in India. 

 

 

1.3.1.2. Evaporative Cooling: 
 

 As the name indicates, evaporative cooling is the process of reducing the 

temperature of a system by evaporation of water. 

 The water permeates through the pores of the earthen vessel to its outer 

surface where it evaporates to the surrounding, absorbing its latent heat in 

part from the vessel, which cools the water. 

 Evaporative cooling by placing wet straw mats on the windows is also very 

common in India. 

 

 

 

1.3.1.3. Cooling by Salt Solutions: 
 

 Certain substances such as common salt, when added to water dissolve in 

water and absorb its heat of solution from water (endothermic process). 

 This reduces the temperature of the solution (water+salt). Sodium Chloride 

salt (NaCl) can yield temperatures up to -20°C and Calcium Chloride 

(CaCl2) up to – 50°C is properly insulated containers. However, as it is this 

process has limited application, as the dissolved salt has to be recovered 

from its solution by heating. 

 

1.3.2. Artificial Refrigeration 
 

Refrigeration as it is known these days is produced by artificial means. Though it is 

very difficult to make a clear demarcation between natural and artificial 

refrigeration, it is generally agreed that the history of artificial refrigeration began 



 

 

in the year 1755, when the Scottish professor William Cullen made the first 

refrigerating machine, which could produce a small quantity of ice in the 

laboratory. Based on the working principle, refrigeration systems can be classified 

as vapor compression systems, vapor absorption systems, gas cycle systems, etc. 

 

1.3.2.1. Vapour Compression Refrigeration 

Systems: 

 

 Vapour compression cycle is an improved type of air refrigeration cycle in 

which a suitable working substance, termed as refrigerant, is used. 

 The refrigerants generally used for this purpose are ammonia (NH3), carbon 

dioxide (CO2), and sulfur-dioxide (SO2). 

 The refrigerant used does not leave the system but is circulated throughout 

the system alternately condensing and evaporating. In evaporating, the 

refrigerant absorbs its latent heat from the solution which is used for 

circulating it around the cold chamber and in condensing; it gives out its 

latent heat to the circulating water of the cooler. 

 The vapor compression cycle which is used in the vapor compression 

refrigeration system is nowadays used for all-purpose refrigeration. It is used 

for all industrial purposes from a small domestic refrigerator to a big air 

conditioning plant. 

 

1.3.2.2. Vapor Absorption Refrigeration Systems 
 

 The vapor absorption refrigeration is a heat operated system. It is quite 

similar to the vapor compression system. In both systems, there are 

evaporators and condensers. 

 The process of evaporation and condensation of the refrigerant takes place at 

two different pressure levels to achieve refrigeration in both cases. The 

method employed to create the two pressure levels in the system for 

evaporation and condensation of the refrigeration makes the two processes 

different. Circulation of refrigerant in both the cases is also different. 

 In the absorption system the compressor of the vapor compression system is 

replaced by the combination of „absorber‟ and „generator‟. 

 A solution known as the absorbent, which has an affinity for the refrigerant 

used, is circulated between the absorber and the generator by a pump 

(solution pump). 

 The absorbent in the absorber draws (or sucks) the refrigerant vapor formed 

in the evaporator thus maintaining a low pressure in the evaporator to enable 

the refrigerant to evaporate at low temperatures. 



 

 

 In the generator the absorbent is heated. Thereby releasing the refrigerant 

vapor (absorbed in the absorber) as high-pressure vapor, to be condensed in 

the condenser. Thus the suction function is performed by absorbent in the 

absorber and the generator performs the function of the compression and 

discharge. 

 The absorbent solution carries the refrigerant vapor from the low side 

(evaporator–absorber) to the high side (generator-condenser). The liquefied 

refrigerant flows from the condenser to the evaporator due to the pressure 

difference between the two vessels; thus establishing the circulation of the 

refrigerant through the system. 

 

 

1.3.2.3.  Solar energy based refrigeration systems: 
 

Attempts have been made to run vapor absorption systems by solar energy with 

concentrating and flat plate solar collectors. Several small solar absorption 

refrigeration systems have been made around the 1950s in several countries. 

Professor G.O.G. L f of America is one of the pioneers in the area of solar 

refrigeration using flat plate collectors. A solar refrigeration system that could 

produce 250 kg of ice per day was installed in Tashkent, USSR in 1953. This 

system used a parabolic mirror of 10 m2 area for concentrating the solar radiation. 

F. Trombe installed an absorption machine with a cylinder-parabolic mirror of 20 

m2 at Montlouis, France, which produced 100 kg of ice per day. 

 

 

1.3.2.4. Gas Cycle Refrigeration : 
 

Just as the vapors are used for cooling in the vapor compression cycle and vapor 

absorption cycle, the gas is used for cooling in the gas refrigeration cycle. When 

the gas is throttled from very high pressure to low pressure in the throttling valve, 

its temperature reduces suddenly while its enthalpy remains constant. This 

principle is used in a gas refrigeration system. 

In this system instead of using Freon or ammonia as the refrigerant, the gas is used 

as the refrigerant. Throughout the cycle there are no phase changes of the gas, 

which are observed in the liquid refrigerants. Air is the most commonly used gas, 

also called as refrigerant in this case, in the gas refrigeration cycles. 

 

 

1.3.2.5. Steam Jet Refrigeration System: 

 



 

 

 This system uses the principle of boiling the water below 100 Degree C. If 

the pressure on the surface of the water is reduced below atmospheric 

pressure, water can be made to boil at low temperatures. 

 Water boils at 6 degrees C, when the pressure on the surface is 5 cm of Hg 

and at 10 degrees C when the pressure is 6.5 cms of Hg. The very low 

pressure or high vacuum on the surface of the water can be maintained by 

throttling the steam through jets or nozzles. 

 

 

 

1.3.2.6. Thermoelectric Refrigeration Systems: 

 
 Thermoelectric cooling uses the Peltier effect to create a heat flux between 

the junctions of two different types of materials. This effect is commonly 

used in camping and portable coolers and for cooling electronic components 

and small instruments. 

 Applying a DC voltage difference across the thermoelectric module, an 

electric current will pass through the module, and heat will be absorbed from 

one side and released at the opposite side. One module face, therefore, will 

be cooled while the opposite face simultaneously is heated. 

 

 

 

 

1.3.2.7. Vortex tube systems: 

 
 It is one of the non-conventional type refrigerating systems for the 

production of refrigeration. 

 The vortex tube is a device that separates a high-pressure flow entering 

tangentially into two low-pressure flows, thereby producing a temperature 

change. The vortex tube has no moving parts and generally consists of a 

circular tube with nozzles and throttle valve. High-pressure gas enters the 

vortex tube tangentially through the nozzles which increase the angular 

velocity and thus produce a swirl effect. 

 There are two exits in the vortex tube. The hot exit is located in the outer 

radius near the far end of the nozzle and the cold exit is in the center of the 

tube near the nozzle. The gas separated into two layers. The gas closer to the 

axis has a low temperature which comes out through the hot exit. 

 

1.4. SCENARIO OF THERMOELECTRIC REFRIGERATION 



 

 

 With the rapid development of semiconductor industry, such as the heat 

transfer performance of thermoelectric materials has been greatly improved, and a 

series of new thermoelectric materials emerged. In recent years, the price of 

thermoelectric materials is declining, so the cost of semiconductor refrigeration 

production will decrease, and its performance has improved, which greatly 

contribute to the promotion of the technology of solar semiconductor refrigeration. 

   thermoelectric refrigerators are greatly needed in remote and rural areas for 

cold storage of vaccine and food, since the electric power supply is absent in these 

regions. Especially for people working outside, for example, mineral prospecting 

and road construction etc., they wish to keep their food fresh and their drink cold 

on sunny days.  

   

1.5.  SEMICONDUCTOR DEVICES  

 Semiconductor devices are electronic components that exploit 

the electronic properties of semiconductor materials, 

principally silicon, germanium, and gallium arsenide, as well as organic 

semiconductors. Semiconductor devices have replaced thermionic devices in most 

applications. They use electronic conduction in the solid state as opposed to 

the gaseous state or thermionic in a high vacuum. Semiconductor devices are 

manufactured both as single discrete devices and as integrated circuits (ICs), which 

consist of a number—from a few to billions—of devices manufactured and 

interconnected on a single semiconductor substrate, or wafer. 

 

1.5.1.  DOPING 

In semiconductor production, doping intentionally introduces impurities into 

an extremely pure (also referred to as intrinsic) semiconductor for the purpose of 

modulating its electrical properties. The impurities are dependent upon the type of 

semiconductor. Lightly and moderately doped semiconductors are referred to 

as extrinsic. A semiconductor doped to such high levels that it acts more like a 

conductor than a semiconductor is referred to as degenerate. In the context 

of phosphors and scintillators, doping is better known as activation. 

 

1.5.2. P-TYPE SEMICONDUCTOR 

 A p-type semiconductor (p for Positive) is obtained by carrying out a 

process of doping by adding a certain type of atoms (acceptors) to 
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the semiconductor in order to increase the number of free charge carriers (in this 

case positive holes). 

When the doping material is added, it takes away (accepts) weakly bound 

outer electrons from the semiconductor atoms. This type of doping agent is also 

known as an acceptor material and the vacancy left behind by the electron is 

known as a hole. When a sufficiently large number of acceptor atoms are added, 

the holes greatly outnumber thermal excited electrons. Thus, holes are the majority 

carriers, while electrons become minority carriers in p-type materials. 

 

1.5.3.  N-TYPE SEMICONDUCTOR  

 N-type semiconductors are a type of extrinsic semiconductor where 

the dopant atoms (donors) are capable of providing extra conduction electrons to 

the host material (e.g. phosphorus in silicon). This creates an excess of negative (n-

type) electron charge carriers. In N- type majority charge carriers are electrons and 

minority charge carriers are holes. 

 

1.5.4.  P-N JUNCTION 

A p–n junction is formed at the boundary between a p-type and n-

type semiconductor created in a single crystal of semiconductor by doping, for 

example by ion implantation, diffusion of dopants, or by epitaxy (growing a layer 

of crystal doped with one type of dopant on top of a layer of crystal doped with 

another type of dopant). If two separate pieces of material were used, this would 

introduce a grain boundary between the semiconductors that severely inhibits its 

utility by scattering the electrons and holes  

P–n junctions are elementary "building blocks" of most semiconductor 

electronic devices such as diodes, transistors, solar cells, LEDs, and integrated 

circuits; they are the active sites where the electronic action of the device takes 

place. For example, a common type of transistor, the bipolar junction transistor, 

consists of two p–n junctions in series, in the form n–p–n or p–n–p. 

 

1.6.  MATERIALS OF INTEREST 

 Strategies to improve thermoelectric include both advanced bulk 

materials and the use of low-dimensional systems. Such approaches to 

reduce lattice thermal conductivity fall under three general material types:  
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(1) Alloys: create point defects, vacancies, or rattling structures (heavy-ion species 

with large vibrational amplitudes contained within partially filled structural sites) 

to scatter phonons within the unit cell crystal.  

(2) Complex crystals: separate the phonon-glass from the electron crystal using 

approaches similar to those for superconductors. The region responsible for 

electron transport would be an electron-crystal of a high-mobility semiconductor, 

while the phonon-glass would be ideal to house disordered structures 

and dopants without disrupting the electron-crystal (analogous to the charge 

reservoir in high-Tc superconductors. 

(3) Multiphase Nano composites: scatter phonons at the interfaces of 

nanostructured materials, be they mixed composites or thin film superlattices. 

 

1.7.  MATERIALS FOR THERMOELECTRIC DEVICE  

1.7.1.  BISMUTH CHALCOGENIDS 

 Materials such as Bi2Te3 and Bi2Se3 comprise some of the best performing 

room temperature thermoelectric with a temperature-independent thermoelectric 

effect, ZT, between 0.8 and 1.0. Nano structuring these materials to produce a 

layered super lattice structure of alternating Bi2Te3 and Bi2Se3 layers produces a 

device within which there is good electrical conductivity but perpendicular to 

which thermal conductivity is poor. The result is an enhanced ZT (approximately 

2.4 at room temperature for p-type). Note that this high value has not entirely been 

independently confirmed. 

 Bismuth telluride and its solid solutions are good thermoelectric materials at 

room temperature and therefore suitable for refrigeration applications around 300 

K. The Czochralski method has been used to grow single crystalline bismuth 

telluride compounds. These compounds are usually obtained with directional 

solidification from melt or powder metallurgy processes. Materials produced with 

these methods have lower efficiency than single crystalline ones due to the random 

orientation of crystal grains, but their mechanical properties are superior and the 

sensitivity to structural defects and impurities is lower due to high optimal carrier 

concentration. 

OCCURENCE 
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                    Fig 1.1: Image of small crystals of bismuth telluride 

 

A scanning electron microscopy image of small crystals of bismuth telluride, in the 

same form as tellurobismuthite 

The mineral form of Bi2Te3 is tellurobismuthite which is moderately rare. There 

are many natural bismuth tellurides of different stoichiometry, as well as 

compounds of the Bi-Te-S-(Se) system, like Bi2Te2S (tetradymite). 

 

1.7.2.  LEAD TELLURIDE 

 In 2008 Jeffrey Snyder and his colleagues have demonstrated that 

with thallium-doped lead telluride alloy (PbTe) it is possible to achieve ZT of 1.5 

at 773 K. Later they reported ZT~1.4 at 750 K in sodium-doped PbTe, and ZT~1.8 

at 850 K in sodium-doped PbTe1-xSex alloy. Snyder‘s group has determined that 

both thallium and sodium alter the electronic structure of the crystal increasing 

electric conductivity. They also claim that selenium increases electric conductivity 

and reduces thermal conductivity. 

 

1.8.  MATERIAL SELECTION CRITERIA 

 

1.8.1.  FIGURE OF MERIT 

The figure-of-merit Z or ZT is the key Parameter that determines the 

efficiency of thermoelectric devices.   There are more performance parameters that 

are usually not presented in standard specifications of commercial TE coolers, but 

that play a very important role in a module characterization. These parameters are 
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the properties of material (thermal conductance (k), electrical resistance (R) and 

the Seebeck coefficient(α) combined as follows: 

       

The figure-of-merit Z has a unit of inverse Kelvin and therefore, often 

appears as a dimensionless product with an absolute temperature. To maximize the 

thermoelectric figure of merit (zT) of a material, a large thermopower (absolute 

value of the Seebeck coeffcient), high electrical conductivity, and low thermal 

conductivity are required.  

 The best ZT materials are found in heavily-doped semiconductors. 

Insulators have poor electrical conductivity that leads to a low thermoelectric 

effect. Metals are also poor thermoelectric materials because of their low Seebeck 

coefficient and high thermal conductivity. . It is estimated that materials with ZT>3 

are required to replace traditional coolers in most applications.  

            The figure of merit can be improved through the independent adjustment of 

these properties. 

 

1.8.2.  THERMAL CONDUCTIVITY 

κ = κ electron + κ phonon 

According to the Wiedemann–Franz law, the higher the electrical conductivity, the 

higher κ electron becomes. Therefore, it is necessary to minimize κ phonon. In 

semiconductors, κ electron < κ phonon, so it is easier to decouple κ and σ in a 

semiconductor through engineering κ phonon. 

 

1.8.3.  ELECTRICAL CONDUCTIVITY 

Metals are typically good electrical conductors, but the higher the temperature, the 

lower the conductivity, given by the equation for electrical conductivity: 

σmetal = ne
2
τ/m 

where 

n is carrier density 

e is electron charge 

http://en.wikipedia.org/wiki/Wiedemann%E2%80%93Franz_law


 

 

τ is electron lifetime 

m is mass 

As temperature increases, τ decreases, thereby decreasing σmetal. By contrast, 

electrical conductivity in semiconductors correlates positively with temperature. 

σ semiconductor = neμ 

where 

            n is carrier density 

            e is electron charge 

μ is carrier mobility 

Carrier mobility decreases with increasing temperature, but carrier density 

increases faster with increasing temperature, resulting in increasing σ semiconductor.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2. Literature survey 

 

Navdeep Jakhar  et al [1] 

State in their publication that Energy crisis has always been a major issue for 

the world. As energy demand is escalating day by day, everyone necessitate 

appliances that use less amount of energy because conventional appliances i.e. 

refrigerators and heaters consume large amount of power ranging from 200W to 

1500W. Proposed model is based on Peltier effect, and uses Peltier module (TEC1-

12706) which exhibit cooling at one side plate and heating on other one depending 

upon supply voltage biasing. For improving heating effectiveness Fresnel lens heat 

collector concept is also used. So in energy saving context, a model is proposed 

which can be used for heating as well as cooling purpose and draw less amount of 

energy. 

 

 

D.Astrain et al [2] 
 

In his paper discusses a domestic refrigerator which incorporates in its 

interior a device to make ice cubes using thermoelectric technology has been 

developed. For its design a computational model has been implemented. This 

model solves both thermoelectric and heat transfer equations including the phase 

change equations. The inputs are the thermoelectric parameters as a function of the 

temperature and the boundary conditions: (room temperature and voltage supplied 

to the Peltier module). The outputs are the values of the temperature for all the 

elements of the thermoelectric ice-maker and the ice production 

 

 

Gao min et al [3] 
 

Published matters concerning a number of prototype thermoelectric 

refrigerators are investigated and their cooling performances evaluated in terms of 

the coefficient-of-performance, heat-pumping capacity and cooling-down rate. The 

coefficient-of-performance of a thermoelectric refrigerator is found to be around 

0.3–0.5 for a typical operating temperature at 5 °C with ambient at 25 °C. The 

potential improvement in the cooling performance of a thermoelectric refrigerator 

is also investigated employing a realistic model, with experimental data obtained 

from this work. The results show that an increase in its COP is possible through 

improvements in module contact resistances, thermal interfaces and the 

effectiveness of heat exchangers. 



 

 

 

 

Mayank awasthi et al [4] 

Address the issues of global warming and confers that the global increasing 

demand for refrigeration in field of refrigeration air-conditioning, food 

preservation, vaccine storages, medical services, and cooling of electronic devices, 

led to production of more electricity and consequently more release of CO2 all 

over the world which it is contributing factor of global warming on climate change. 

Thermoelectric refrigeration is new alternative because it can convert waste 

electricity into useful cooling, is expected to play an important role in meeting 

today‘s energy challenges. Therefore, thermoelectric refrigeration is greatly 

needed, particularly for developing countries where long life and low maintenance 

are needed. 

 

Ahmet Caglar [5] 

In this study, a portable mini thermoelectric refrigerator driven by a Peltier 

element is designed, constructed and tested. The Peltier element combined with 

fans on both sides is mounted onto a refrigerator box. An optimization for the 

operating conditions of the thermoelectric refrigerator is performed. The operating 

conditions of the system are the ambient temperature and voltages of the fans and 

Peltier element. Performance analysis for the optimum conditions obtained is 

presented. 

 

M.Mirmanto et al [6] 

Performed an experimental performance investigation 

on thermoelectric cooler box with several positions of the thermoelectric was 

performed. The cooling system of the cooler box comprised a thermoelectric 

module model TEC1-12706, a heatsink-fan, an inner heat sink, a bottle of water 

with a volume of 360 ml. The positions of the thermoelectric were at the top, on 

the bottom, and on the wall.  

 

https://www.sciencedirect.com/topics/materials-science/thermoelectrics


 

 

 

 

Dai et al [7] 

  Have designed and developed a thermoelectric refrigeration system powered 

by solar cells generated DC voltage and carried out experimental investigation and 

analysis. They developed a prototype which consists of a thermoelectric module, 

array of solar cell, controller, storage battery and rectifier. The system with solar 

cells and thermoelectric refrigerator is used for outside purpose in daytime and 

system with storage battery, AC rectifier and TER is used in night time when AC 

power is available. Experimental analysis on the unit was conducted mainly under 

sunshine conditions. The studied refrigerator can maintain the temperature in 

refrigerated space at 5–10oC, and has a COP about 0.3 under given conditions 

 

Wahab et al. [8]  

Designed and developed an affordable thermoelectric refrigerator powered 

by solar cells generated DC voltage for the desert people living in Oman where 

electricity is not available. In this study the researchers used 10 nos. of 

thermoelectric module in design of refrigerator. The finned surface (heat sink) was 

used to enhance and increase the rate of heat transfer from the hot surface of 

thermoelectric module. Cooling fan was used to reject the heat from the hot side of 

module to ambient surroundings. The experimental data collected from running 

one thermoelectric module indicate that it is possible to achieve temperature 

difference upto 26.6
o
C at current 2.5 A and voltage 3.7 V. The coefficient of 

performance of the refrigerator was calculated and found to be about 0.16. 

 

Putra [9] 

Designed, manufactured and tested a portable vaccine carrier box employing 

thermoelectric module and heat pipe. The position of heat pipe as a heat sink on 

the hot side of the TEM enhanced the cooling performance. The minimum 

temperature in the vaccine carrier cabin reached -10oC, which shows that vaccine 

carrier can store the vaccine at desired temperature 

 

 



 

 

 

Adeyanju et al [10]  

Carried out a theoretical and experimental analysis of a thermoelectric 

beverage chiller. Comparison were also made between the thermoelectric beverage 

chiller‘s cooling time with cooling times obtained from the freezer space and cold 

space of a household refrigerator. The result shows that for the refrigerator freezer 

space, the temperature of the water decreased linearly with increasing time and for 

thermoelectric beverage chiller the temperature of the water decreased 

exponentially with increasing time. 

 

Lertsatitthanakorn et al [11] 

Evaluated the cooling performance and thermal comfort of a thermoelectric 

ceiling cooling panel (TE-CCP) system composed of 36 TEM. The cold side of the 

TEM was fixed to an aluminum ceiling panel to cool a test chamber of 4.5 m3 

volume, while a copper heat exchanger with circulating cooling water at the hot 

side of the TE modules was used for heat release. Thermal acceptability 

assessment was performed to find out whether the indoor environment met the 

ASHRAE Standard-55‘s 80% acceptability criteria. The standard was met with the 

TE-CCP system operating at 1 A of current flow with a corresponding cooling 

capacity of 201.6 W, which gives the COP of 0.82 with an average indoor 

temperature of 27oC and 0.8 m/s indoor air velocity. 

 

Gillott et al. [12] 

Conducted an experimental investigation of thermoelectric cooling devices 

for small-scale space conditioning applications in buildings. They performed a 

theoretical study to find the optimum operating conditions, which were then 

applied in the laboratory testing work. A TEC unit was assembled and tested under 

laboratory conditions. Eight pieces of Ultra TEC were shown to generate up to 

220W of cooling effect with a COP of 0.46 under the input current of 4.8A for 

each module. 

 

 

Bansal et al [13] 



 

 

Conducted a detail study on energy efficiency and cost-effectiveness for 

vapour compression, thermoelectric and absorption refrigeration of similar 

capacity (about 50 liter). The investigated result show that vapour compression 

refrigerator was the most energy efficient (with a COP of 2.59) followed by 

thermoelectric (COP of 0.69) and absorption refrigerator (COP of 0.47). The Cost 

analysis results show that the total purchasing and operating costs over the life of 

the systems was the lowest for the vapour-compression unit at NZ$506, followed 

by the thermoelectric ($1381.2) and the absorption refrigerator ($1387.4). The 

researchers finally concluded that the VC refrigerator was the most energy efficient 

and cheaper unit followed by the thermoelectric and the absorption refrigeration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Problem statement 

Chip cooling is one of the bottlenecks in high density electronics. An 

enormous amount of heat flux is generated by the modern processor chip. 

Nowadays many complicated designs of air cooled heat sinks are used, but off late 

the heat fluxes have attained such a level that to handle them very large volume 

flow rate of air is required. So due to space constraint, in order to achieve large 

flow rates, air should be blown at very high velocities which in turn result in 

increased levels of noise. Another major disadvantage of air cooling is that we 

can‘t go below ambient temperature and as a consequence, tendency of chip failure 

in the computers working in ambient condition of about 35°C – 45°C increases a 

lot. 

 

For all these reasons it has become apparent that the heat fluxes have 

reached such a level that air cooling can‘t handle them efficiently. Thus the present 

scenario necessitates the use of active cooling devices. Thermoelectric coolers 

having the ability to cool below ambient and having advantage of being compact, 

lightweight, free of moving parts and precise temperature control have high 

potentials for chip cooling. 

 

It is known that the temperature of the thermoelectric module is the main 

criterion for its reliability and performance. The temperature rise of the hot side 

above ambient is dependent on the thermal resistance of the path that the heat sink. 

Reducing the thermal resistance of the heat sink contributes to the reduction of the 

thermal resistance of the path and hence an increase in the performance. So a liquid 

heat exchanger with spiral flow passage having dimples is used. Dimples result in 

effective heat transfer by creating turbulence and thus enhancing the performance 

of the system. 

 

 

 

 



 

 

 

3. Methodology 

 

 Work Plan 

 These are some of the important tasks that would be performed during this 

research 

 Understanding the basic concepts of thermoelectric cooling 

 Study of the existing CPU cooling techniques 

 Literature review regarding the topic and study about the effect due dimples 

along the flow of water 

 Deciding the various parameters for which system has to be designed 

 Deciding about the thermoelectric module which will produce the desired 

cooling effect 

 Design of the experimental set up and identification of the various 

equipments to be required 

 Market survey for all the required equipments 

 Procurement of the equipments 

 Design and fabrication of the dimpled water block 

 Design and fabrication of the heat exchanger 

 Preparation of the experimental set up 

 Carrying out experiments and obtaining the results 

 Analysis of results 

 Checking out the performance of the thermoelectric module used 

 Comparison of the designed water block with some commercially existing 

water block 

 Discussions and conclusion 

 Report writing 



 

 

4.THERMOELECRIC  REFRIGERATION 

 French watchmaker, Jean Charles Athanase Peltier, discovered 

thermoelectric cooling effect, also known as Peltier cooling effect, in 1834. Peltier 

discovered that the passage of a current through a junction formed by two 

dissimilar conductors caused a temperature change. However, Peltier failed to 

understand this physics phenomenon, and his explanation was that the weak 

current doesn‘t obey Ohm‘s law. Peltier effect was made clear in 1838 by Emil 

Lenz,. Lenz demonstrated that water could be frozen when placed on a bismuth-

antimony junction by passage of an electric current through the junction. He also 

observed that if the current was reversed the ice could be melted. 

 In 1909 and 1911 another scientist Altenkirch derived the basic theory of 

thermoelectric. His work pointed out that thermoelectric cooling materials needed 

to have high Seebeck coefficients, good electrical conductivity to minimize Joule 

heating, and low thermal conductivity to reduce heat transfer from junctions to 

junctions. Shortly after the development of practical semiconductors in 1950‘s, 

Bismuth telluride began to be the primary material used in the thermoelectric 

cooling. 

4.1 THERMOELECTRIC EFFECTS 

The thermoelectric effect is the direct conversion of temperature differences 

to electric voltage and vice-versa. A thermoelectric device creates a voltage when 

there is a different temperature on each side. Conversely, when a voltage is applied 

to it, it creates a temperature difference. At the atomic scale, an applied 

temperature gradient causes charge carriers in the material to diffuse from the hot 

side to the cold side, similar to a classical gas that expands when heated hence 

inducing a thermal current. 
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The term "thermoelectric effect" encompasses three separately identified 

effects:  Seebeck effect, Peltier effect and Thomson effect. Joule heating is the heat 

that is generated whenever a voltage is applied across a resistive material is related 

though it is not generally termed a thermoelectric effect. The Peltier–Seebeck and 

Thomson effects are thermodynamically reversible whereas Joule heating is not. 

 

4.1.1 SEEBECK EFFECT 

                                            

                       Fig 4.1 Circuit of Seebeck effect.  A and B are two different metals. 

 The Seebeck effect was discovered by Thomas Seebeck in 1821. It is 

associated 

with the generation of a voltage along a conductor subject to a temperature 

gradient ΔT=T2-T1 .If a temperature gradient applies to a  conductor, an 

electromotive force ΔV=V2-V1 will occur between the hot and cold ends due to 

charge carrier diffusion and phonon drag.  

4.1.2 PELTIER EFFECT 

                                 

http://en.wikipedia.org/wiki/Joule_heating
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               Fig 4.2: Circuit of Peltier effect.  1and 2 are two different metals. 

 

When two different materials are joined together to form a loop, there will 

be an abrupt change in heat flow at the junctions because the two materials have 

different Peltier coefficients.  

The Peltier heat  absorbed by the lower junction per unit time is equal to 

 

Where ΠAB is the Peltier coefficient for the thermocouple composed of 

materials A and B and ΠA (ΠB) is the Peltier coefficient of material A (B). Π varies 

with the material's temperature and its specific composition. 

The Peltier coefficients represent how much heat current is carried per unit 

charge through a given material. Since charge current must be continuous across a 

junction, the associated heat flow will develop a discontinuity if ΠA and ΠB are 

different. Depending on the magnitude of the current, heat must accumulate or 

deplete at the junction due to a non-zero divergence there caused by the carriers 

attempting to return to the equilibrium that existed before the current was applied 

by transferring energy from one connector to another.  

4.1.3THOMSON EFFECT   

The Thomson effect was predicted and subsequently observed by Lord 

Kelvin in 1851. It describes the heating or cooling of a current-carrying conductor 

with a temperature gradient. 

Any current-carrying conductor with a temperature difference between two 

points either absorbs or emits heat, depending on the material. If a current 

density J is passed through a homogeneous conductor, the heat production q per 

unit volume is: 

http://en.wikipedia.org/wiki/William_Thomson,_1st_Baron_Kelvin
http://en.wikipedia.org/wiki/William_Thomson,_1st_Baron_Kelvin


 

 

 

Where ρ is the resistivity of the material, dT/dx is the temperature gradient 

along the wire and μ is the Thomson coefficient. Lead is commonly stated to have 

a Thomson coefficient of zero. 

 

 

4.2 COMPONENTS  

The main components of the thermoelectric refrigerator include 

 Thermoelectric module. 

 Battery  

 Heat sink (or finned surface)   

 Cooling fan. 

 Thermal Grease 

 Cooling box 

 Play wood pads and glass wool 

 Digital Thermometer  

 Voltmeter 

 Ammeter 

 

4.3 THERMOELECTRIC MODULE 

A thermoelectric (TE) module is a semiconductor-based electronic 

component that functions as a small heat pump. The basic principle on which it 

works is thermoelectric effect. 

http://en.wikipedia.org/wiki/Resistivity
http://en.wikipedia.org/wiki/Lead


 

 

                                  

                                Fig 4.3: Thermoelectric module 

  

                                             

 

                                  Fig 4.4: Simplified Scheme of TE Module  

  By applying a low voltage DC power to a TE module, heat will be moved 

through the module from one side to the other. One module face, will be cooled 

while the opposite face is simultaneously heated. It is important to note that this 



 

 

phenomenon may be reversed whereby a change in the polarity of the applied DC 

voltage will cause heat to be moved in the opposite direction. A thermoelectric 

module may be used for both heating and cooling. 

 The thermoelectric module consists of a number of N-type and P-type 

semiconductor thermo elements connected in series by copper strips and 

sandwiched between two electrically insulating, but thermally conducting, ceramic 

plates. The only limitation of the module is that it must only be operated under a 

certain temperature difference between the cold and hot sides depending on the 

electrical input and the thermoelectric material properties. 

                 

                                             Fig 4.5: Doped module 

 Cooling capacity (heat actively pumped through the thermoelectric module) 

is proportional to the magnitude of the applied DC electric current and the thermal 

conditions on each side of the module. By varying the input current from zero to 

maximum, it is possible to regulate the heat flow and control the surface 

temperature. 

 

 

 



 

 

 4.3.1 BISMUTH TELLURIDE SEMICONDUCTOR MATERIALS 

Bismuth telluride  

Bismuth telluride (Bi2Te3) is a gray powder that is a compound of bismuth and 

tellurium also known as bismuth telluride. It is a semiconductor which, when 

alloyed with antimony or selenium is an efficient thermoelectric material for 

refrigeration or portable power generation. Topologically protected surface states 

have been observed in Bismuth telluride. 

 

 

 

 

 

 

Table 1: Properties of Bismuth telluride 

Molecular Formula    Bi2Te3 

Molecular mass    800.761 g/mol 

Appearance     grey powder 

Density     7.7 g/cm
3
 

Melting point     585
0
C 

Surface Crystal Structure   Trigonal, hR15, Space Group = R-

3m,        No.166 

Bismuth telluride is a narrow gap layered semiconductor with a trigonal unit 

cell. The valence and conduction band structure can be described as a many-

ellipsoidal model with 6 constant-energy ellipsoids that are centered on the 

reflection planes. Bi2Te3 cleaves easily along the trigonal axis due to Van der 
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Waals bonding between neighboring tellurium atoms. Due to this, bismuth 

telluride based material that is used for power generation or cooling applications 

must be polycrystalline. Furthermore, the Seebeck coefficient of bulk Bi2Te3 

becomes compensated around room temperature, forcing the materials used in 

power generation devices to be an alloy of bismuth, antimony, tellurium, and 

selenium.  

 In one such instance n-type bismuth telluride was shown to have an 

improved Seebeck coefficient (voltage per unit temperature difference) of −287 

μV/K at 54 Celsius, However, one must realize that Seebeck Coefficient and 

electrical conductivity have a tradeoff; a higher Seebeck coefficient results in 

decreased carrier concentration and decreased electrical conductivity.  

Bismuth telluride has 

i) High electrical conductivity of 1.1×10
5
 S·m/m

2
  

ii) Very low lattice thermal conductivity of 1.20 W/(m
2
·K), similar to ordinary 

glass. 

 

 

 

4.4 BATTERY 

Since solar energy is not continuous, in order to ensure that the refrigerator 

can be worked continuously at night and cloudy days, the system is equipped with 

battery and it is also equipped with a controller which has the function of 

protecting battery to avoid over charge and over discharge. Electrical energy is 

converted into chemical energy and is stored in battery. 

http://en.wikipedia.org/wiki/Van_der_Waals_bonding
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The role of battery is storage energy when solar cell converted and to keep 

power supply at any time to load. The battery used in solar power generation 

system has some basic requirements, such as low self-discharge rates, long life, 

and deep discharge ability, charging efficiency, less maintenance or maintenance-

free, wide working temperature range and low prices. Battery used in this paper 

can achieve with the discharge depth of about 80% of the deep discharge 

maintenance-free battery. It should consider the output voltage and capacity. Its 

output voltage should match with the controller in the system and its capacity 

should insure the refrigerator working normally for some time when the system at 

no sunlight circumstances.  

                              

                                              Fig 4.6: Battery  

SPECIFICATIONS OF THE BATTERY 

Voltage: 12 volts 

Current: 7.2 amperes 

  

 

 

 

 



 

 

4.5 HEAT SINK 

In electronic systems, a heat sink is a passive component that cools a device 

by dissipating heat into the surrounding air. Heat sinks are used to cool electronic 

components such as high-power semiconductor devices, and optoelectronic devices 

such as higher-power lasers and light emitting diodes (LEDs). Heat sinks are heat 

exchangers such as those used in refrigeration and air conditioning systems, or 

the radiator in an automobile. 

                     

               Fig4.7: Heat sink 

A heat sink is designed to increase the surface area in contact with the 

cooling fluid surrounding it, such as the air. Approach air velocity, choice of 

material, fin (or other protrusion) design and surface treatment are some of the 

factors which affect the thermal performance of a heat sink. Heat sinks are used to 

cool computer central processing units or graphics processors. Heat sink 

attachment methods and thermal interface materials also affect the 

eventual die temperature of the integrated circuit. Thermal adhesive or thermal 

grease fills the air gap between the heat sink and device to improve its thermal 

performance. Theoretical, experimental and numerical methods can be used to 

determine a heat sink's thermal performance. 
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4.5.1 BASIC HEAT SINK HEAT TRANSFER PRINCIPLE 

A heat sink is an object that transfers thermal energy from a higher 

temperature to a lower temperature fluid medium. The fluid medium is frequently 

air, but can also be water or in the case of heat exchangers, refrigerants and oil. If 

the fluid medium is water, the 'heat sink' is frequently called a cold plate. 

In thermodynamics a heat sink is a heat reservoir that can absorb an arbitrary 

amount of heat without significantly changing temperature. Practical heat sinks for 

electronic devices must have a temperature higher than the surroundings to transfer 

heat by convection, radiation, and conduction. 

Consider Fourier's law of heat conduction. Fourier's law of heat conduction, 

simplified to a one-dimensional form in the x-direction, shows that when there is a 

temperature gradient in a body, heat will be transferred from the higher 

temperature region to the lower temperature region. The rate at which heat is 

transferred by conduction, , is proportional to the product of the temperature 

gradient and the cross-sectional area through which heat is transferred.  

    

       

                                                Figure4.8: Sketch of a heat sink  

http://en.wikipedia.org/wiki/Thermodynamics
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Consider a heat sink in a duct, where air flows through the duct, as shown in 

Figure 4.11. It is assumed that the heat sink base is higher in temperature than the 

air. Applying the conservation of energy, for steady-state conditions, and Newton‘s 

law of cooling to the temperature nodes shown in Figure 2 gives the following set 

of equations. 

(1) 

(2) 

Where 

(3) 

            Using the mean air temperature is an assumption that is valid for relatively 

short heat sinks. When compact heat exchangers are calculated, the logarithmic 

mean air temperature is used.  is the air mass flow rate in kg/s. 

The above equations show that  

 When the air flow through the heat sink decreases, this results in an increase 

in the average air temperature. This in turn increases the heat sink base 

temperature. And additionally, the thermal resistance of the heat sink will 

also increase. The net result is a higher heat sink base temperature. 

 The increase in heat sink thermal resistance with decrease in flow rate will 

be shown in later in this article. 

 The inlet air temperature relates strongly with the heat sink base 

temperature. For example, if there is recirculation of air in a product, the 

inlet air temperature is not the ambient air temperature. The inlet air 

temperature of the heat sink is therefore higher, which also results in a 

higher heat sink base temperature. 

 If there is no air flow around the heat sink, energy cannot be transferred. 
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 A heat sink is not a device with the "magical ability to absorb heat like a 

sponge and send it off to a parallel universe". 

 Natural convection requires free flow of air over the heat sink. If fins are not 

aligned vertically, or if pins are too close together to allow sufficient air flow 

between them, the efficiency of the heat sink will decline. 

4.5.2 MATERIAL FOR HEAT SINK 

The most common heat sink materials are aluminium alloys. Aluminium 

alloy 1050A has one of the higher thermal conductivity values at 229 

W/m•K 
[6]

 but is mechanically soft. 

Copper has around twice the conductivity of aluminium, but is three times as 

dense and, depending on the market, around four to six times more expensive than 

aluminium.  Aluminium can be extruded, but copper cannot. Copper heat sinks are 

machined and skived. Another method of manufacture is to solder the fins into the 

heat sink base. Diamond is another heat sink material and its thermal conductivity 

of 2000 W/m•K exceeds copper five-fold.    

4.6 COOLING FAN 

  The axial-flow fans have blades that force air to move parallel to the shaft 

about which the blades rotate. Axial fans blow air along the axis of the fan, 

linearly, hence their name.  
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                                                 Fig 4.9: Axial flow cooling fans 

 

 This type of fan is used in a wide variety of applications, ranging from small 

cooling fans for electronics to the giant fans used in wind tunnels. Axial flow fans 

are applied for air conditioning and industrial process applications. Standard axial 

flow fans have diameters from 300-400 mm and work under pressures up to 800 

Pa. 

 

4.7 THERMAL GREASE 

            Thermal grease is primarily used in the electronics and computer industries to 

assist a heat sink to draw heat away from a semiconductor component such as IC‘s. 

                 Thermally conductive paste improves the efficiency of a heat sink by 

filling air gaps that occur when the imperfectly flat and smooth surface of a heat 

generating component is pressed against the similar surface of a heat sink, air being 

approximately 8000 times less efficient at conducting heat than, for example, 

aluminum (a common heat sink material). Surface imperfections and departure from 

perfect flatness inherently arise from limitations in manufacturing technology and 

http://en.wikipedia.org/wiki/Wind_tunnel
http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Semiconductor
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range in size from visible and tactile flaws such as machining marks or casting 

irregularities to sub-microscopic ones not visible to the naked eye. Thermal 

conductivity and "conformability" (i.e., the ability of the material to conform to 

irregular surfaces) are the important characteristics of thermal grease. 

                In compounds containing suspended particles, the properties of the fluid 

may well be the most important. As seen by the thermal conductivity measures 

above, the conductivity is closer to that of the fluid components rather than the 

ceramic or metal components. Other properties of fluid components that are 

important for thermal grease might be: 

 How well it fills the gaps and conforms to both the components and the heat 

sink's uneven surfaces. 

 How well it adheres to those surfaces 

 How well it maintains its consistency over the required temperature range 

 How well it resists drying out or flaking over time 

 Whether it degrades with oxidation or breaks down over time 

              The compound must have a suitable consistency to apply easily and remove 

all excess to leave only the minimum needed. 

THERMAL CONDUCTIVITES 

           For comparison, the approximate thermal conductivities of various materials 

relevant to heatsinks in W/mK are: 

 Air  0.034 

 Thermal grease about 0.5 to 10 

 Unbranded grease typically 0.8; some silver-and graphite-based greases 

claim about 9 

 Aluminium oxide (surface layer on aluminium) 35 

http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Thermal_conductivity


 

 

 Steel About 40, varies for different types 

 Aluminium 220 

 Copper 390 

 Silver 420 

These are bulk thermal conductivities; the thermal resistance of a particular interface 

(e.g., a CPU, a thin layer of compound, and a heatsink) is given by the thermal 

resistance, the temperature rise caused by dissipating 1 W, in K/W or, equivalently, 

°C/W. 

4.8 COOLING BOX  

            In this design of the thermoelectric refrigerator we make a cooling of metal 

aluminum alloy because the of the metal has the following properties. 

Aluminum alloys 

            Aluminum alloys are alloys in which aluminum (Al) is the predominant 

metal. The typical alloying elements 

are copper, magnesium, manganese, silicon and zinc. There are two principal 

classifications, namely casting alloys and wrought alloys, both of which are further 

subdivided into the categories heat-treatable and non-heat-treatable. About 85% of 

aluminium is used for wrought products, for example rolled plate, foils 

and extrusions. Cast aluminium alloys yield cost effective products due to the low 

melting point, although they generally have lower tensile strengths than wrought 

alloys. The most important cast aluminium alloy system is Al-Si, where the high 

levels of silicon (4.0% to 13%) contribute to give good casting characteristics. 

Aluminium alloys are widely used in engineering structures and components where 

light weight or corrosion resistance is required.  

Alloys composed mostly of the two lightweight metals aluminium and magnesium 

have been very important in aerospace manufacturing since somewhat before 1940. 
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Aluminium-magnesium alloys are both lighter than other aluminium alloys and much 

less flammable than alloys that contain a very high percentage of magnesium. 

 

               Aluminium alloy surfaces will keep their apparent shine in a dry 

environment due to the formation of a clear, protective layer of aluminium oxide. In a 

wet environment, galvanic corrosion can occur when an aluminium alloy is placed in 

electrical contact with other metals with more negative corrosion potentials than 

aluminium. 

               Aluminium alloy compositions are registered with The Aluminum 

Association. Many organizations publish more specific standards for the manufacture 

of aluminium alloy, including the Society of Automotive Engineers standards 

organization, specifically its aerospace standards subgroups, and ASTM 

International. 

4.9 DIGITAL THERMOMETER 

THERMOCOUPLE: 

              A thermocouple is a sensor for measuring temperature. It consists of two 

dissimilar metals, joined together at one end. When the junction of the two metals is 

heated or cooled a voltage is produced that can be correlated back to the temperature 

              A thermocouple is available in different combinations of metals or 

calibrations. The four most common calibrations are J, K, T and E. There are high 

temperature calibrations R, S, C and G,B. Each calibration has a different temperature 

range and environment, although the maximum temperature varies with the diameter of 

the wire used in the thermocouple. Although the thermocouple calibration dictates the 

temperature range, the maximum range is also limited by the diameter of the 

thermocouple wire. That is, a very thin thermocouple may not reach the full temperature 

range. The table includes international color codes for thermocouple alloys, temperature 
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range and limits of error for almost every kind of thermocouple.  

 

              Because a thermocouple measures in wide temperature ranges and can be 

relatively rugged, thermocouples are very often used in industry. The following criteria 

are used in selecting a thermocouple: 

 Temperature range 

 Chemical resistance of the thermocouple or sheath material 

 Abrasion and vibration resistance 

 Installation requirements (may need to be compatible with existing equipment; 

existing holes may determine probe diameter) 

 

                Sheathed thermocouple probes are available with one of three junction types: 

grounded, ungrounded or exposed (see graphic below:"Thermocouple Tip Styles"). At the 

tip of a grounded junction probe, the thermocouple wires are physically attached to the 

inside of the probe wall. This results in good heat transfer from the outside, through the 

probe wall to the thermocouple junction. In an ungrounded probe, the thermocouple 

junction is detached from the probe wall. Response time is slower than the grounded style, 

but the ungrounded offers electrical isolation. 

The thermocouple in the exposed junction style protrudes out of the tip of the sheath and 

is exposed to the surrounding environment. This type offers the best response time, but is 

limited in use to dry, noncorrosive and non-pressurized applications. A time constant has 

been defined as the time required by a sensor to reach 63.2% of a step change in 

temperature under a specified set of conditions. Five time constants are required for the 

sensor to approach 100% of the step change value. An exposed junction thermocouple is 

the fastest responding. Also, the smaller the probe sheath diameter, the faster the response, 

but the maximum temperature may be lower. Be aware, however, that sometimes the 

probe sheath cannot withstand the full temperature range of the thermocouple type. 



 

 

Table 2: Specifications of Thermocouple 

 

A thermocouple probe consists of thermocouple wire housed inside a metallic tube. 

The wall of the tube is referred to as the sheath of the probe. Common sheath materials 

include stainless steel and Inconel. Inconel supports higher temperature ranges than 

stainless steel, however, stainless steel is often preferred because of its broad chemical 

compatibility. For very high temperatures, other exotic sheath materials are also available. 

View our line of high temperature exotic thermocouple probes. The tip of the 

thermocouple probe is available in three different styles. Grounded, ungrounded and 

exposed. With a grounded tip the thermocouple is in contact with the sheath wall. A 

grounded junction provides a fast response time but it is most susceptible to electrical 

ground loops. In ungrounded junctions, the thermocouple is separated from the sheath 

wall by a layer of insulation. The tip of the thermocouple protrudes outside the sheath wall 

with an exposed junction. Exposed junction thermocouples are best suited for air 

measurement. 

 

 

 

Material Maximum 

Temperature 

Application Atmosphere 

Oxidizing Hydrogen Vacuum Inert 

304 SS 900°C (1650°F) Very 

Good 

Good Very 

Good 

Very 

Good 

Inconel 

600 

1148°C (2100°F) Very 

Good 

Good Very 

Good 

Very 

Good 

http://www.omega.com/toc_asp/subsectionSC.asp?subsection=A06&book=Temperature


 

 

4.10 VOLTMETER AND AMMETER 

4.10.1 VOLTMETER   

A voltmeter is an instrument used for measuring electrical potential difference 

between two points in an electric circuit. 

 

Fig 4.10: circuit of voltmeter 

Technically specified, all types of voltmeters are Ammeters because they measure 

current rather than the voltage. A voltmeter measures voltage only when current is 

transmitted in a circuit through a resistance. Due to this reason, voltmeters are 

sometimes referred to as high resistance Ammeters too. They also measure 

differences of electric potential in volts or units that are fractions or multiples of 

volts. 

 

WORKING PRINCIPLE OF VOLTMETER: 

A Voltmeter can be called a versatile instrument because it measures not only voltage 

but also current and resistance. It can measure voltages of both types of electric 

currents- direct current (DC) or alternating electric current (AC). A typical voltmeter 



 

 

scale is graduated in volts, millivolts (1/1000 volt), or kilovolts (1,000 volts). A 

laboratory standard voltmeter instrument employs electromechanical mechanism for 

functioning and typically covers ranges within 1000 - 3000 volts (V). 

 The voltmeter measures voltage by passing current through a resistance. 

 It is designed in such a way so as to offer minimum disturbance to the 

circuit. This is made possible by using a sensitive ammeter in series with a 

high resistance. 

 The moving coil galvanometer is a type of voltmeter working on this 

principle. 

 The sensitivity of a voltmeter is usually specified in ohms/volt. 

4.10.2 AMMETER 

An ammeter is a measuring instrument used to measure the electric current in a 

circuit. Electric currents are measured in amperes (A), hence the name. Instruments 

used to measure smaller currents, in the mill ampere or microampere range, are 

designated as milliammeters or microammeters. Early ammeters were laboratory 

instruments which relied on the Earth's magnetic field for operation. By the late 19th 

century, improved instruments were designed which could be mounted in any 

position and allowed accurate measurements in electric power systems. 



 

 

 

Fig4.11: circuit of ammeter 

 

AMMETER WORKING: 

               An ammeter works by measuring the voltage dropped across the shunt 

resistor. For measuring the current flowing in a particular closed circuit, the circuit is 

first broken and the ammeter is connected in series. When the circuit is reactivated, 

current flows through the ammeters shunt resistor which causes a voltage drop across 

the resistor. This voltage drop is then displayed on a voltmeter that is calibrated in 

amps. If the amount of current is unknown, a fuse is used in series with the shunt 

resistor. This protects the shunt resistor from getting damaged if the current range is 

exceeded. An ammeter set to its highest current range that progressively moves down 

the scale until the proper range is found is safe to work with 

               Experienced and careful ammeter manufacturers make ideal ammeters 

having zero input impedance. Ammeters are always placed in series with the circuit 

to be measured. Therefore an ammeter has to have a  low input impedance so that 

there is minimal effect on the circuit under examination. 



 

 

5. EXPERIMENTATION SETUP UP 

5.1 SETUP OF THERMOELECTRIC REFRIGERATOR 

               The major components of the thermoelectric refrigerator include 

thermoelectric module, aluminum tin, MDF sheetss, finned surface (or heat sink), and 

the cooling fan. In this study, single thermoelectric module was used in the design of 

the refrigerator. 

A  battery, which stores electricity the form of chemical energy. The module and fan 

is connected to the battery. The entire set up is assembled in a wooden box with nuts 

and bolts. The module is placed such that hot side faces the heat sink and a spacer 

block is placed on the cold side of the module by applying thermal grease. The fan is 

studded to the heat sink to reject the extra heat. A aluminum container  is insulated by 

polystyrene. Cooling transfers from module to spacer block and container. for 

measuring the temperature in the container a thermo couple is connected to digital 

meter. 

 

               The components are connected together intesting the operation of the 

thermoelectric module. The red wire of the thermoelectric module is connected with 

the positive power supply (i.e., solar cells) and the black wire of the module is 

connected with the negative power supply. Due to this method of wire connection, 

the lower surface of the thermoelectric module became the hot side of the module, 

while the other side became the cold side of the thermoelectric module. The cold side 

of the thermoelectric module is needed to be set inside the refrigerator and the hot 

side to be set outside. The temperatures of the hot and cold sides of the thermoelectric 

module were measured by thermocouple wires which were connected to the sides of 

the module. One end of the thermocouples was connected to the hot side of the 

module whereas the other end was connected to the cold side. The thermocouple was 



 

 

connected to a data logger so the electric current was converted and recorded in 

temperature units. The hot side of the thermoelectric module was attached to the heat 

sink whereas the cold side of the thermoelectric module was used to cool the 

refrigerator cabinet. The heat sink was attached to the hot side of the thermoelectric 

module to release heat more efficiently out into the atmosphere. The back side of the 

heat sink was connected with the fan that was used mainly to help in rejecting the 

extra heat out into the atmosphere. 

 It can be seen that the temperature of the cold side of the thermoelectric 

module will decrease and the temperature of the hot side of the thermoelectric 

module will increase. 

 

 

 

5.2 EXPERIMENTATION 

5.2.1 EXPERIMENT FOR MINIMUM TEMPERATURE 

           In this experiment the container is filled with water,. Initially the room 

temperature is -----
0
 C. Then the connections are made and switched on for every 10 

minutes of time interval .we recorded the temperature difference through thermo 

couple which is inserted in to the container which is connected to data card ,we 

conducted this experiment for --- minutes finally we got temperature of water as -
0
 C. 

 

 

 

 



 

 

6. RESULTS AND DISCUSSION 

6.1 RESULTS 

Table 3:  Results obtained  for minimum temperature 

 

S. No 

 

 

Variation of water 

Temperature 

(
o
c) 

 

Starting 

time 

in (min) 

 

Temperature 

difference for 

10min 

   1 38       00  - 

   2 28       10 5 

   3 26       20 2 

   4 26       30 0 

   5 25       40 1 

   6 25       50 0 

   7 24       60 1 

   8 24                  70 0 

 

Total time taken to reach 24 C from 38 C is 60 minutes 

(interior temp = room temp) 

 

 



 

 

                                                          

 

S. No 

 

 

Variation of water 

Temperature 

(
o
c) 

 

Starting 

time 

in (min) 

 

Temperature 

difference for 

10min 

   1 60       00  - 

   2 39       10 21 

   3 31       20 8 

   4 27       30 4 

   5 26       40 1 

   6 25       50 1 

   7 24       60 1 

   8 23               70 1 

 

 

 

In running condition (Inner temp = 25 C) 

 

 

 

 

 

 



 

 

 

 

S. No 

 

 

Variation of water 

Temperature 

(
o
c) 

 

Starting 

time 

in (min) 

 

Temperature 

difference for 

10min 

   1 80       00  - 

   2 54       10 26 

   3 38       20 16 

   4 33       30 5 

   5 29       40 4 

   6 26       50 3 

   7 24       60 2 

   8 23                   70 1 

 

(Inner temp = 24 C) 

 

 

Lowest recorded temperature with this portable 

refrigerator is 22.8 degree Celsius 

 

 



 

 

Result discussion : 

 Thermoelectric cooler is usually used for temperature control tools, for 

example, scientific instruments for electronic and optoelectronic systems. 

Sometimes it is also used in precise temperature instruments for example 

to cool the laser temperature and infrared detectors. Therefore, it is very 

convenient to build small-scale thermoelectric cooling machines for these 

applications. 

                                     Therefore, in this study, we have constructed a mini 

thermoelectric refrigerator as shown in figure. The study also comprises of 

computer simulation using the governing equations. To illustrate the 

movement of energy from inside the cooler to the outside, a thermal 

resistance circuit had been illustrated in figure . The mini thermoelectric 

cooler contains an internal heat sink, a thermoelectric model and an 

external heat sink. R1 and R2 are the internal and external heat sink 

resistance. To design a mini Peltier cooler, it is essential to know the 

design requirement such as the amount of heat removed from the internal 

heat sink, Qc and the external electric power, W is to be applied to the 

TEC to flow the energy from a low temperature to a high temperature. The 

performance of the mini cooler is assessed by the coefficient of 

performance (COP). The COP is a function of Qc divided by the W. To 

calculate Qc and W, one need one needs to determine the Tc (TEC cold 

surface temperature) and Th (TEC hot surface temperature). However, the 

value of Tc and Th are not known initially because they depend on the 

design of all components. 

 

 

 

 

 

 

References 



 

 

1.  Jakhar, N., Baheti, N., Gurjar, M.C. and Sharma, P., 2016, December. Model 

development of refrigerator and heater based on Peltier module and Fresnel lens. 

In 2016 International Conference on Recent Advances and Innovations in 

Engineering (ICRAIE) (pp. 1-4). IEEE.  

2. Astrain, D.E., Vian, J.G. and Domınguez, M., 2003. Increase of COP in the 

thermoelectric refrigeration by the optimization of heat dissipation. Applied Thermal 

Engineering, 23(17), pp.2183-2200. 

3. Rowe, D.M. and Min, G., 1998. Evaluation of thermoelectric modules for power 

generation. Journal of power sources, 73(2), pp.193-198. 

4. Awasthi, M. and Mali, K.V., 2012. Design and development of thermoelectric 

refrigerator. International Journal of Mechanical Engineering and Robotic 

Research, 1(3), pp.389-399. 

5 – Çağlar, A., 2018. Optimization of operational conditions for a thermoelectric 

refrigerator and its performance analysis at optimum conditions. International 

Journal of Refrigeration, 96, pp.70-77. 

6 Mirmanto, M., Syahrul, S. and Wirdan, Y., 2019. Experimental performances of a 

thermoelectric cooler box with thermoelectric position variations. Engineering 

Science and Technology, an International Journal, 22(1), pp.177-184. 

7. Dai, Y.J., Wang, R.Z. and Ni, L., 2003. Experimental investigation and analysis 

on a thermoelectric refrigerator driven by solar cells. Solar energy materials and 

solar cells, 77(4), pp.377-391. 

8. Abdul-Wahab, S.A., Elkamel, A., Al-Damkhi, A.M., Is' haq, A., Al-Rubai'ey, 

H.S., Al-Battashi, A.K., Al-Tamimi, A.R., Al-Mamari, K.H. and Chutani, M.U., 

2009. Design and experimental investigation of portable solar thermoelectric 

refrigerator. Renewable Energy, 34(1), pp.30-34. 



 

 

9. Putra, N. and Iskandar, F.N., 2011. Application of nanofluids to a heat pipe liquid-

block and the thermoelectric cooling of electronic equipment. Experimental Thermal 

and Fluid Science, 35(7), pp.1274-1281. 

10. Manohar, K. and Adeyanju, A.A., 2014. Comparison of the experimental 

performance of a thermoelectric refrigerator with a vapour compression 

refrigerator. International Journal of Technical Research and Applications, 2(3), 

pp.1-5. 

11. Lertsatitthanakorn, C., Wiset, L. and Atthajariyakul, S., 2009. Evaluation of the 

thermal comfort of a thermoelectric ceiling cooling panel (TE-CCP) system. Journal 

of electronic materials, 38(7), pp.1472-1477. 

12. Gillott, M., Jiang, L. and Riffat, S., 2010. An investigation of thermoelectric 

cooling devices for small‐scale space conditioning applications in 

buildings. International Journal of Energy Research, 34(9), pp.776-786. 

13. Bansal, P.K. and Martin, A., 2000. Comparative study of vapour compression, 

thermoelectric and absorption refrigerators. International Journal of Energy 

Research, 24(2), pp.93-107. 

 

 



 

 

CONCLUSION 

       A mini Peltier cooler was fabricated by using a thermoelectric Peltier 

cell coupled with fan-cooled heat sinks. The use of Peltier thermoelectric 

module has the big potential to replace the oversized conventional vapour 

refrigeration in designing a mini cooler for specific applications. The 

objective of this study is to design, fabricate and to validate a model of the 

mini thermoelectric cooler that operates in the actual conditions. This 

study consisted of modelling a theoretical background of the Peltier cooler 

to predict its performance. The performance that had been assessed 

including the minimum achievable cold temperature, the rate of heat 

removal from the refrigerated space and coefficient of the performance of 

the cooler. For the theoretical modelling, the temperature difference 

between the internal space of the cooler box and the ambient were firstly 

assumed. The assumed value was used in the simulation to predict the hot 

and cold temperatures of the Peltier cell surfaces. This value is essential in 

predicting the Peltier cooler performance such as the coefficient of 

performance (COP) and the heat removal from the mini cooler.The study 

was followed by designing, fabricating and testing of the mini cooler 

prototype. For the actual testing, the ambient temperature, the internal and 

external air temperatures of the foam box and hot temperature and cold 

temperature of the plate were measured. The experimental data gathered in 

the testing were used to validate the theoretical model. It was found that 

the error between the experimental and simulation data were less than 1% 

which ensured the validity of the model. The testing results showed that 

the internal cooler box temperature drops significantly more than 10°C 

from its original temperature before reaching a steady state temperature. 

Meanwhile, the measured cold surface temperature of the Peltier cell 

extremely slumped to lower than 9°C while the hot surface temperature 

peaked up to higher than the ambient temperature at 45°C. This big 

temperature gradient created across the thermoelectric cell surfaces 

showed the effectiveness of the Peltier effect. In term of performance, the 

mini cooler was capable to remove approximately 25W of internal heat 



 

 

with 0.5 coefficient of performance (COP). The cooler COP was found 

above than the previous study by other researchers. There are few 

recommendations for future study could be made to enhance the mini 

cooler performance: To use better performance passive heat sinks for heat 

dissipation such as heat pipe heat sink. To use active cooling liquid heat 

sink for removing external heat from the Peltier module. To use high-

performance Peltier cell. To use high conductivity thermal interface 

material for linking the heat sinks and the Peltier cell.  
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