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Abstract 

The increase in demand for refrigeration universally in the field of air-conditioning, food preservation, medical services, vaccine 

storages, and for electronic components temperature control leads to more electricity consumption and consequently an increase 

in the CO2 concentration in the atmosphere which thus prompts a global warming and numerous climatic changes. An attempt is 

to make thermoelectric refrigeration as a new alternative that can create a cooling effect with minimum electricity consumption 

and also meet today’s energy challenges. Therefore, the need for thermoelectric refrigeration in developing countries is very high 

where long life and low maintenance are needed. The motivation of this study is to develop a working thermoelectric refrigerator 

to cool a volume of 40 L that uses the Peltier impact to cool and maintain a selected temperature range of 5°C to 25°C. The design 

prerequisites are to cool this volume to the temperature inside a brief timeframe and give maintenances of at any rate next of 60 

minutes. The design and manufacturing of thermoelectric refrigerators for required applications are presented.                
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Refrigeration implies the expulsion of warmth from a substance or space so as to convey it to a temperature lower than those of 

the common environment. Thermoelectric cooling is an approach to expel warm vitality from a medium, gadget or part by applying 

a voltage of steady extremity to an intersection between different electrical conveyors or semiconductors. Thermoelectric 

Refrigeration gives cooling impact by utilizing thermoelectric impact, for example, Peltier impact as opposed to the more 

predominant ordinary strategies like those utilizing the 'Vapour Pressure Cycle' or the 'Gas Pressure Cycle'. 

Thermoelectric Refrigeration discovers applications in electronic frameworks and PCs to cool touchy segments, for example, 

control speakers and microchips. Thermo Electric Refrigertor (TER) can likewise be utilized in a satellite or space application to 

control the outrageous temperatures that happen in segments on the sunlit side and to warm the segments on the clouded side. In 

logical applications like advanced cameras and charge-coupled gadgets (CCDs), TER is utilized to limit warm commotion, in this 

way upgrading the affectability and picture differentiate. 

The main motivation behind the project is to design and manufacture a working thermoelectric refrigerator that uses the Peltier 

impact to refrigerate and maintain a temperature between 5°C to 25°C. The design requirements are to cool the volume to a 

temperature within a short time and provide retention of minimum 30 minutes and a thermosiphon cooling system is used in remote 

locations in the world where there is no grid electricity, and where electrical power supply is unreliable when a solar panel charger 

is added for battery charging. 

A thermoelectric module, therefore, utilizes a couple of fixed junctions into which electrical vitality is connected making one 

junction become cold while the different remains hot. Since thermoelectric cooling is a type of strong state refrigeration, it has the 

benefit of being conservative and dependable. It utilizes no moving parts aside from certain fans and doesn't require massive 

funneling and mechanical blowers utilized in vapor-cycle cooling frameworks. Such strength supports thermoelectric cooling over 

regular refrigeration in specific circumstances. The smaller size and weight necessities, just as movability in the structure, discount 

the utilization of customary refrigeration. 
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Fig. 1: 3D modeling of the structure frame 

 

Thomas Seebeck in 1821 found that a ceaselessly streaming current is made when two wires of different materials are combined 

at the closures and warmed toward one side. This marvel is known as the Seebeck Effect. Although Peltier effect was discovered 

more than 150 years prior, thermoelectric devices have only been applied commercially during recent decades For cooling 

application, an electrical flow supply is given to the module, heat is exchanged from one side to the next, and the outcome is that 

the module will be turned out to be cooler at one side and more sizzling at the other side. 

      
Fig. 2: Thermo electric module                                                                      Fig. 3: Working module 

 

Figure 2 demonstrates a specific thermoelectric module that gets together. The primary focal points of utilizing TE modules in 

cooling applications are, they are a strong state, have no moving parts and are little in size, its dependability and adaptability in 

configuration to meet specific necessities. 

Figure 2 demonstrates the working of the thermoelectric module. At the point when a DC voltage is connected to the TE module, 

the positive and negative charge bearers in the pellet array assimilate heat vitality from one of the surfaces and reject it to the next 

at the contrary side. The surface region where heat vitality is consumed gets cooler; the contrary surface where heat vitality is 

discharged gets more smoking. Switching the extremity will result in turning around hot and cold sides. 

II. LITERATURE REVIEW 

Review of a number of patented thermoelectric refrigerator designs, a photovoltaic-direct/indirect thermoelectric cooling system, 

and research studies from the literature are described in the following section. A straightforward structure was proposed by Beitner 

in 1978 comprising of thermoelectric modules legitimately controlled by an outer DC source and an outside warm sink to scatter 

warmth to encompassing by utilizing normal convection cooling. Reed and Hatcher in 1982 proposed a compelling method to 

build the warmth dispersing capacity at the hot end of thermoelectric modules by utilizing the cooling fan. Park et al. in 1996 

presented the new structure of thermoelectric cooler by consolidating the advantages of super protection materials with the 

thermoelectric framework and stage change materials to give a naturally favorable framework that was vitality proficient and could 

keep up the generally uniform temperature for the all-inclusive timeframes with moderately low electrical power necessities. 

Gilleryand Tex in 1999 proposed the plan of a thermoelectric fridge by utilizing vanishing/gathering heat exchanger to improve 

heat scattering at the hot end of thermoelectric modules. 

According to non-equilibrium thermodynamics, cycle models of single-stage and two-stage semiconductor thermoelectric 

refrigeration were experimentally investigated. By using the  three  important parameters  which  governs  performance  of  
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thermoelectric refrigerator i.e. coefficient of performance (COP), the rate of refrigeration, and the power input, development of 

general expressions performances of the two-stage thermoelectric refrigeration  system  took  placed.  It was concluded that  

performance  of  thermoelectric  refrigerator  depends  on temperature ratio  of heat  sink  to cooled  space. 

III. PROJECT OBJECTIVES 

The primary objective is to build up a refrigeration framework with a limit of 40L of the cooling chamber. It is important to plan 

a framework equipped for keeping up the temperature of the materials between 10°C to 15°C for a long length. Since the framework 

must be utilized in remote regions where control is rare, elective wellsprings of vitality like the battery or sun-based power must 

be fused in the structure. Besides the framework is intended for open-air use which improves protection and radiation control 

required. So as to meet a more awful situation, despite the fact that the framework is to intended for keeping up a fixed chamber 

temperature all through the operational period, the plan ought to be with the end goal that it can versatile for refrigerating the 

chamber from surrounding temperature to the required temperature. 

 Geometry 

With the constraints imposed by the objectives of a double walled rectangular box with insulation sandwiched between the walls 

is selected and has the following dimensions 

Top and bottom panel dimensions = 0.35 x 0.35m  

Vertical side panel dimension = 0.35 x 0.35 m  

Front and back panel dimensions = 0.35 x 0.35 m 

IV. MATERIALS 

Mild steel sheets with thermal conductivity of 52W/mK were used as an outer wall. Expanded polystyrene (EPS) slabs with 5cm 

thickness having a density of 30kg/m3 and thermal conductivity of 0.33W/mK were used to give the required thermal insulation. 

Typical values range from 0.032 to 0.038 W/mK depending on the density of the EPS board. The value of 0.038 W/mK was 

obtained at 15 kg/m3 while the value of 0.032 W/mK was obtained at 40kg/m3. 

V. DESIGN CALCULATION  

 Design Procedure 

In order to achieve the performance objectives, estimated heat must be removed from the thermal load is calculated. Once the 

module is selected, the thermosiphon system for heat dissipation from the hot side of the module is designed based on the amount 

of heat that has to be removed. 

 Heat Load Calculation 

The two elements of thermal load in thermoelectric refrigeration systems include active and passive loads.  

The active load is considered whenever part of the load actually produces heat. For example, in an electronic circuit, the circuitry 

would dissipate wattage depending upon its voltage and current requirements. To maintain a temperature difference between the 

thermal load of the system and the ambient environment, a small amount of energy must be continually moved into or out of the 

load. The rate at which this energy is moved is the passive load. 

With a TE system, the main aim is to keep the thermal load colder than the ambient temperature. But unfortunately, no matter 

how well the design of the system, there will be some leakage in the system. There is no insulation available with an infinite 

thermal resistance, so some heat will pass right through the primary line of defense. Furthermore, seals used to cope with the 

inevitable holes will also be imperfect. Thus, in a cooling application, some heat leakage into the thermal load will occur from the 

ambient environment. 

Passive heat load: It is necessary to identify the highest temperature difference between the thermal load and the ambient 

environment that can occur. For cooling, what is the most elevated surrounding temperature and how chilly will the heap be in that 

condition. This is commonly the most pessimistic scenario. In the event that we plan the framework so we will have the required 

cooling limit in that most pessimistic scenario, we will have all that could possibly be needed potential for each other circumstance. 

The most pessimistic scenario distinction between the surrounding and burden temperatures will be the temperature contrast, „ΔT‟ 

in the conditions which pursue. Counting both the conductive and convective warmth exchange segments of the heap, we can 

utilize the following condition: 

 
Temperature to be maintained inside the cabin = 10°C 

Outside temperature or ambient temperature    = 30°C 

Temperature difference between the cabin walls = 30 –10 = 20°C 
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KMS = 52 W/mK 

 
Our known design values are:  

Q = 25 Watt heat load 

TA = 30°C maximum ambient air temperature  

TC = 10°C required temperature of the cabin 

Then identify the hot side temperature (TH) and the resultant temperature differential across the module (ΔT). The temperature 

at the hot side will be equal to the sum of ambient temperature (TA), the rise in temperature across the heat sink from rejecting the 

heat load (Q) and the TE module power (V x I). 

TH = TA + (V x I + Q) RQ 

Where, 

RQ is the thermal resistance of heat sink in °C temperature rise per Watt dissipated. 

In this design, we will keep the increase of temperature of the heat sink to not more than about 15°C above ambient. This would 

give us a thermoelectric module hot side temperature of about 45°C. 

TH = 30°C + 15°C = 45°C 

The temperature differential across the thermoelectric module can be calculated as follows: 

ΔT = TH– TC= 45°C – 10°C = 35°C 

 Selection of Thermo Electric Cooler (TEC) 

The requirement is to pick a TEC module that not just has adequate cooling ability to keep up the correct temperature, yet 

additionally, meet the dimensional prerequisites forced by the lodging. A module is arbitrarily chosen by considering the 

geometrical constraints imposed due to the size of the cabin and also appears to have appropriate performance characteristics. The 

performance data is presented graphically and referenced to a specific heat module. To derive relevant parameters for making 

mathematical calculations the performance graphs for this TEC module is usually considered. In order to begin the design process, 

we must first evaluate the heat sink and make an estimate of the worst case module hot side temperature (TH) and module 

temperature differential, ΔT. The heat in-leak or heat load QC should be calculated. In this problem since it is required only to 

maintain the required temperature, only heat infiltration & other heat losses contribute to the heat load, QC. 

The TEC module was chosen by considering a few factors, for example, measurements, QC, control supply and so on. The 

model number of the module is TEC1-12706. It is chosen to choose a TEC module which has a cooling power more noteworthy 

than the determined cooling load. TEC1-12706 works with an ideal voltage estimation of 12V. It has the most extreme voltage of 

15.4V. 

At 12V it draws and most extreme DC current of 6 A. The ostensible power rating or the cooling power is 60 W. It has a greatest 

working temperature of 200°C. Δτ of the TEC is 68 when hot side temperature is 25°C. It had been chosen to pick 6TECs of a 

similar model with the goal that when the intensity of all the 6 TEC modules are more prominent than the determined cooling load. 

The base power rating for 6 TEC modules included was more than the cooling load determined. Increasingly number of TEC 

decreases the time required for cooling of a specific material. 

 Specification of Thermo Electric Cooler 
Table - 1 

Specifications of TEC 

Product TEC-12706 

Operational voltage 12V DC 

Current max 6 Amp 

Voltage max 15.4 V 
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Power max 92.4 

Power nominal 60 

Couples 127 

Dimensions 40 x 40 x 3.5 mm 

 Heat Sink Selection 

The results got in the previous examination are utilized to survey in general framework achievability. We need to qualify our 

presumption of 15°C temperature ascends crosswise over the warmth sink. The productivity of the warmth sink impacts the warmth 

siphoning capacity of the thermoelectric module. The hot side of the module must interface with a proficient warmth evacuation 

framework so as to accomplish a helpful temperature differential over the thermoelectric module. 

Characteristic convection type constrained convection type, and fluid cooled are three of the most well-known assortment of 

warmth sinks. Warm obstruction changes among the distinctive kinds and sizes of sinks in which regular convection being the 

least productive and fluid cooled the most proficient. Most of the thermoelectric cooling applications use forced convection heat 

sinks with thermal resistance values (Rht) ranging from 0.10°C /W to 0.5°C /W. 

Using the known values for TA, V, I, and Q, Rht is solved to determine if it is reasonable 

R HT = (TH - TA) / (V x I +Q) 

R HT = (45 - 30)/ (12 x 5 + 20) = 0.176 °C /W 

Our proposed framework utilizing a TEC1-12706 module and a thermosiphon water cooling framework meets the criteria for 

this application.  

Heat load to be disseminated from hot side: The Peltier module is running at 12V and 5 amps of current at ostensible task. 

Q H = PTEC + Q T  

= 6 x V x I + Q T 

= 6 x 12 x 5 + 25 = 385 W 

So Aluminum tank of Thermosiphon system must carry the sufficient amount of water to carry away the heat. 

 Design for Thermosiphon Water Cooling System 

Thermosiphon is a cooling strategy utilized in early vehicle motors. In this framework, the dissemination of water is gotten from 

the distinction of densities of hot and the hilly areas of cooling water. In this venture, this framework comprises an Aluminum 

tank, a radiator, and a cooling fan. The hot side of the TEC is appended to the other side of the Al tank which contains water. The 

warmth rejected from the TEC is consumed by the water in the tank, its thickness gets differ. This variety of thickness prompts the 

flow of water in the framework. The high temp water which achieves the radiator is cooled by constrained show by the cooling 

fan. This framework is given outside the cooling space. 

The volume of water needed to dissipate the heat can be found by the equation,  

Q = m Cp ∆ T 

Where Q is the amount of heat to be dissipated,  

            m is the mass of water, 

            Cp is the specific heat capacity of water and 

            ∆ T is the temperature difference. 

Volume of water = 6.199 x 10-6 m3 

i.e., 6.199 x 10-6 m3 of water is needed to remove 385W of heat. 

By consideration for keeping the inclination of tube connecting the aluminum tank and radiator is in between 10 to 15°C, the 

proposed dimensions of Al tank is 32.5 x 12 x 5 cm 

Therefore, Volume of the tank = 0.325 x 0.12 x 0.05 = 1.95 x 10-3 m3 

So the volume of water contained in the Al tank is higher than the volume of water expected to disseminate the warmth. In this 

way, the thermosiphon heat sink configuration meets the prerequisite. 

 Fabrication and Assembling 

a) Fabrication of the Cabin 

Cabin Walls- The rectangular twofold walled lodge is made utilizing Mild steel sheets of 1mm thickness. The Designed 

measurement (35cm x 35cm x 35cm), of the lodge, is acquired by performing reasonable twisting activities on the MS sheet. The 

sides are welded and bolted to give better surface completion. The top entryway board of the lodge is affixed utilizing spot welding. 

Elastic beading is given to avoid the warmth spillage, through the sides of the top entryway board. To counteract radiation heat 

exchange and to give better surface completion, the outside of the lodge is covered with dark paint. Protection EPS sections with 

50 mm thickness which is having a thickness of 30kg/m3 were utilized to get the required warm protection. For the chosen extended 

polystyrene froths the mechanical obstruction fluctuates from 0.4 to 1.1 kg/cm2. There are different evaluations of froths accessible 

with thickness shifts from 10 to 33 kg/m3, and furthermore with warm conductivities that are brought down with the expansion in 

thickness. The pieces having a warm conductivity of 0.33 W/mK, were glued to within dividers of the lodge. The holes between 

the dividers are loaded up with silicon glue. 
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b) Assembling Module Unit with Cabin 

 
Fig. 4: The „exploded view‟ of assembly of the TER 

 

It is ready to be installed on the insulated double walled cabin once the TE module has been mounted. Using fastening screws, the 

module assembly is integrated into the cabin. The cold plate (Al) should be the same as the inner wall and the fine should be 

externally exposed. 

The screws are extended to the inside cabin space to enhance the cooling rate. The lateral side of the module assembly and all 

other exposed sides are insulated. Cooling fans are provided in order to increase the convective heat transfer through the plate. 

Provisions are provided for mounting the cooling fan on the outer shielding cover. Includes the control panel and power input 

socket as well as the shield cover. 

The associated components include, for continuous operation, battery charging unit, 12 V DC battery, etc. 

A 12 V dc adapter is used as a power source for the thermo-electric module during the experimental investigation. Figure 6.2 

shows the TEC assembled to the cooling cabin. 

VI. RESULTS AND DISCUSSION 

An experimental and performance analysis was conducted on the manufactured thermoelectric cooler. In the system, the cold end 

of the thermoelectric module was used to cool the refrigerator cabin and the temperature is measured using a digital thermometer. 

For heat rejection, the hot end is attached to a heat sink. On the system was conducted to validate the performance of the system 

cool down experiment. 

 Cool Downtest 

For analyzing the performance of system, water load is considered is considered as the active heat load. 

 
Fig. 5: Variation of temperature with time 
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Figure 5 shows the variation of temperature with time in the given setup. The lower steady temperature was attained around 

13°C in 450 minutes. It took about 7 hours and 30 minutes to attain the same from 33°C (ambient temperature). The cabin 

temperature drop was at an average rate of 2.67°C per hour. 

 Performance of the Thermoelectric Refrigerator 

 
The COP of this refrigerator system is lower than the conventional refrigerator. This is because the efficiency of thermoelectric 

modules is usually four times lesser than that of the vapor compression system. And the heat leakage is also detected through 

doors; this too reduces the efficiency of the system. 

 
Fig. 6: Working module using Solar 

VII. CONCLUSION 

We have succeeded in designing a system that meets the proposed objectives. However, we realize this system's limitations. The 

present design can be used to lower its temperature to a specific temperature only for light heat load. The system cannot handle 

load fluctuations. Before it can be released for efficient field use, extensive modifications need to be incorporated. This is one of 

the most advantageous projects to drive the refrigerator using low power. This project work has given us an excellent opportunity 

to use our limited knowledge and experience. Thermoelectric cooling is one of the key areas of interest to researchers. Some of the 

area's recent advances surpass some of the inherent demerits such as adverse COP. For its application, the Cascaded module 

architecture has set new limits. In addition, the recent breakthrough as a thermoelectric material in organic molecules ensures an 

excellent future for TER. Renewable energy integration as a power source can be used remotely with this refrigerator. 
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