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Abstract 

The construction of the portable refrigerator is based on 
the Peltier effect, a    thermoelectric phenomenon which 
creates a temperature difference between two surfaces 
by passing current through a semiconductor device. In 
our case, we used a Peltier module TEC1 12706. To 
power the refrigerator, we used a 12V battery, making 
the device truly portable. The goal of the task was to 
develop a portable refrigerator at a competitive price. 
The importance of the project stems from the fact that 
the device is portable, inexpensive, and can be used in 
various situations. We learned how to work as a team 
towards a common objective. Also, we self-developed in 
researching, designing, constructing, and problem 
resolving. All of us are proud of what we achieved, and 
we cannot wait to share it with everyone. 

Key Words: Peltier module, Thermoelectric effect, 
Heat Dissipation, Thermal paste. 

I. Introduction 

Refrigerators are examples of critical appliances people 
use in their homes and operate on the basic principle of a 
heat pump which moves heat from the inside of the 
appliance to the outside, cooling in the process. However, 
in this case, our design uses Peltier module, heat sink 
and fan to push the heat from the inside of the chamber 
to the surrounding environment. 

As electric current passes a Peltier module which is a 
solid-state device, with two surfaces the temperature 
difference is created. The module has two sides whereby 
one side cooling and the other heating. In our design 
Peltier module is used to cool the inside of the chamber. 
Dissipating heat from the heatsink primary step to the 
surrounding environment the heat will be further 
removed by the Fan. With this simple setup, the heated 
air within the cabinet can be transferred to the outside 
environment. 

Less energy is consumed by the Peltier modules which is 
a key advantage to our design compared to traditional 
refrigerators. Having Peltier does mean the machine 
operates less noisily and works quietly because there are 
no moving parts in the Peltier. Lastly, the design also 
employs lightweight materials since there is no need for 

a compressor or condenser which makes the product 
easier to lift and store. 

II. Methodology 

- First, we constructed a 3D solid works model of the 
refrigerating unit with the given Peltier module 
dimensions, including its components. To facilitate the 
flow of refrigerant, each compartment was given a 
specific volume and simplified geometry which created 
minimal resistance to refrigerant flow. 

- Among several objectives, making the prototype weight 
optimized and low in cost were significant determination 
factors. To assist with this, we manufactured the frame of 
the refrigerator using cork board. 

- The insulating properties of the manufactured frame 
can be attributed to its foam like properties the 
composition of cork sheets contains small air pockets. 

- Two cooling fans were also attached along with the 
fans. The Peltier was mounted with two heatsinks on 
both its ends. A large heatsink and high rpm fan was 
employed as the cold side of the unit. 

- The heatsink Peltier and fans assembly was put at 
bottom of the refrigerator unit, which caused a mixed 
convection inside refrigeration chamber. Below, we give a 
sketch of the entire cooler module. 

III. Components required 
 

1. Peltier Module 

Thermoelectric or Peltier Modules are devices that are 
designed for heat transfer using the Peltier effect. As 
current flows through the junction of two ceramic 
substrates, one side of the junction produce heat while 
the other side absorbs heat. 
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Figure 1: (TEC1-12706) Module 

2. Heat Sinks 

Every heat sink has a distinguishing feature, Full area 
contact with the hot surface of the device. There are heat 
sinks. passive and active heat sink. Its purpose is to draw 
away and dissipate heat from a hot component. We have 
used a 125 x 80 mm Aluminum Heat Sink. Each of these 
heat sinks are capable of transferring, no extremes of 
temperature, and we can sustain their temperature range 
within certain limits which will not cause a damage. 

 

Figure 1: Heat Sink 

3. Cooling Fan 

A CPU cooling fan refers to a fan found within, or 
attached to, a computer case that is utilized for active 
cooling purposes. Two types of fans, axial and 
centrifugal, are incorporated in this project. We have 
used two DC-12 V fans in this phase. Each fan has a 
cooling speed of 1200 rpm and 2000 rpm. 

 

Figure 2: Cooling fan 

4. Thermal Paste 

A thermal paste or any sticky thermal interface material 
is critical so as to fill up any small gaps left in the 
interface which would otherwise trap air between the 
Peltier and heat sink and make it impossible for the 
Peltier to work effectively. The thermal paste used in this 
project is shown in figure 3. 

 

figure 3: Thermal paste 

5. 12V Battery 

A battery is a device use to give power to the system and 
it is portable to carry. We use 12V 7Ah DC battery. We 
connect all system in parallel series with the battery. 

 

Figure 4: 12V 7Ah battery 

6. Temperature sensor with display 

A temperature sensor is an object that measures 
temperature. There is a display built into the 
temperature sensor which displays temperature as the 
output. 

 

Figure 5: Temperature sensor with display 
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IV. Novelty 

In this we assembled three Peltier module three cooling 
fan and two heat sinks in parallel combination to 
increase the ampere and cooling rate. 

 

1 

 

2 

V. Result and Discussion 
 

 

  Working model of refrigerator  

In result and disscussion we analyse that after connect 
three Peltier module, three fans and two heat sinks in a 
parallel combination the cooling rate becomes high it 
cools the environment faster than single module. 

 

Results 

The Peltier refrigerator was built with three Peltier 
(TEC1-12706) modules, three cooling fans, and two heat 
sinks in a parallel electrical configuration. The following 
observations were noted: 

1. Temperature Performance 

- Initial Ambient Temperature: 35°C 

- Minimum Achieved Temperature Inside the Cooling 
Chamber: 10°C (after 30 minutes of operation) 

- Hot Side Temperature (Heat Sink): 55°C (with active fan 
cooling) 

- Cooling Efficiency: The system had a temperature 
difference (ΔT) of approximately 22°C between the cold 
and hot sides. 

2. Power Consumption 

- Total Input Voltage: 12V DC 

- Current Draw per Peltier Module: ~ 6A (each) 

- Total Current in Parallel: ~18A (since the voltage is kept 
constant by parallel connection but it increases the 
current) 

- Total Power Consumption: ~144W (12V × 12A). 

3. Cooling Fan Performance 

- The three cooling fans efficiently dissipated heat from 
the heat sinks to prevent overheating. 

- Without the fans, the temperature of the hot side was 
more than 70°C, lowering the efficiency of cooling. 

4. Insulation Impact 

- Without insulation, the temperature of the cooling 
chamber reached an equilibrium of 15°C. 

- With the inclusion of polystyrene insulation, the 
temperature further decreased to 10°C. 

5. Comparison with Peltier module 

Parameter Single Peltier 
module 

Three Peltier 
module 

Min Temp archived    20°c  10°c 

Cooling speed Slow(40 minutes to 
reach 15°c) 

Faster(25 minutes 
to reach 10°c) 

Power 
consumption  

48W(12v x 6A) 144W(12v x 18A) 

Heat Dissipation Moderate (Single 
fan) 

Better(Three fans + 
large heat sink 
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Discussion 

1. Effectiveness of Parallel Peltier Configuration 

- Adding more Peltier modules improved the cooling 
capacity of the system in parallel over single module 
configuration. The combined cooling effect of the three 
Peltier modules was significantly greater than that of one 
module alone. 

- Power consumption, however, increased proportionally, 
rendering the system less energy-efficient than standard 
compressor-based refrigerators. 

2. Role of Heat Sinks and Cooling Fans 

- The dual heat sinks and three fans were instrumental in 
ensuring the hot side temperature remained reasonable 
levels (~55°C). 

- Poor heat dissipation would have caused thermal 
runaway, shortening the Peltier modules' lifespan. 

3. Limitations 

- High Power Consumption: The system took 144W, 
which is inefficient relative to normal refrigerators. 

- Limited Cooling Capacity: Only a small chamber (≈5 
liters) could be cooled efficiently by the refrigerator. 

- Dependency on Ambient Temperature: Operation was 
less efficient in warm ambient temperatures (>35°C). 

4. Possible Improvements 

- Use of PWM Controller: To control power and maximize 
cooling vs. energy consumption. 

- Better Insulation: Vacuum insulation or additional foam 
could increase efficiency. 

- Larger Heat Exchangers: In order to provide better heat 
dissipation and decrease hot side temperature. 

VI. Conclusion 

The three modules connected in parallel in the Peltier 
refrigerator was able to realize a lower temperature 
(10°C) than for a single module. The limited cooling 
capacity and high power consumption, however, limit its 
suitability to small-scale applications. In future research, 
heat dissipation and energy efficiency need to be 
improved for application. 

Examination of Overall Performance 
With the help of active cooling fans and heat sinks, the 
built Peltier-based refrigeration system showed that it 
was possible to use three Peltier modules in parallel to 
achieve sub-ambient cooling (10°C). The thermoelectric 
cooling principle was successfully validated by the 

project, but its effectiveness and viability were impacted 
by a number of important factors. 
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