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Corresponding Author 2 Abstract

The objective of the project is to develop a cooling system as a new alternative
to improve the efficiency of desktop-type computer equipment, allowing to
extend the useful life of the computer processors more and to obtain a better
performance. In manufacturing the system, the thermoelectric cooling
technique was used, using components such as Peltier cells, heat sinks, axial
fans, and thermal paste in the mechanical section, and temperature sensors
were applied to control them. In this sense, it was possible to reduce hot
temperatures from 33°C to 20°C on average while maintaining adequate
temperatures for the processor, among its characteristics is the energy
consumption of 0.18 kWh, the temperature of the hot unit 38.67 ° C, heat to
Keywords dissipate 132.27 W, cold unit temperature 2 ° C and airflow temperature at the
outlet of the system of 19.6 ° C, results obtained in real-time during the

C"”t.”’l" practical experimentation phase in various system testing tests Cooling. In
cooling; . h . . .
; conclusion, it is this system that allows reducing temperatures through the
heatsink; . . . .
delivery of air at a temperature lower than the ambient temperature, unlike
thermo sensors; . . . . . o
. active cooling systems that deliver airflow at an ambient temperature of 30 ° C.
thermoelectric;
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1 Introduction

Currently, the use of computers is an essential part of daily activities, especially in the growing virtuality that
is being experienced, becoming an indispensable work tool, whose benefits go from the collection of
information to its processing, that is why that are linked to most institutions, companies, and homes. The
progress generated from studies in the technological field in computer cooling systems, such as computers
that provide essential resources or methods that provide improvements in data collection time.

Studies such as that refer to work proposals for the design of a Peltier cell system that allows maintaining
temperatures, where mathematical formulas are used to determine computer temperatures, which is related
to algorithms running on the present system. Research by based on the Le Chatelier-Braun theory, and the
energy balance equation in the presence of electric current and heat flow. Likewise, establishes the cooling
and cooling needs of spaces to increase comfort have increased, and the technology based on the Peltier effect
presents more interest every day (Maury, 2010; Rota et al., 2006).

The fact of being able to cool a space with little noise and low mechanical wear due to friction parts allows
opening the doors to thermoelectricity. In this document, the analysis of the assembly of a refrigeration
module using Peltier cells is presented. The proposed system has two thermal energy dissipation modules, 12
Volt 0.6 Amp fans for airflow, and 6 6 Amp Peltier cells, connected in parallel. For the system test, two power
sources are used, one with a capacity of 15 Amps and 12 Volts and the other with a capacity of 14 Amps and
12 Volts, but despite this, the cooling capacity achieved is low. for the space in which the test was carried out,
which is why it should be noted that it is possible to optimize the design and improve the performance of the
proposed system (Gould et al.,, 2011; Rahman & Shuttleworth, 1995).

The present study consists of the development of a liquid cooling or water-cooling system that is more
effective and economical than conventional and commercial cooling systems for the application of
overclocking to computer equipment in gaming and rendering situations, said system consists of various
radiators or water blocks, which will have the function of regulating the high temperatures produced by the
integrated circuits of the CPU and GPU. The hydraulic circuit of this system will consist of a water store where
it will be driven towards the different water blocks that are in charge of cooling the liquid with the use of the
Peltier effect and in turn, this will be in charge of cooling the microprocessors, the heat emanated by the cells.
of Peltier will be compensated by heatsinks with fans or coolers (Septlveda et al., 2018).

2 Materials and Methods

This study is developed in the city of Portoviejo - Manabi - Ecuador located at a latitude of 1.0546 ° S, 170 feet
above sea level, at the facilities of the Paulo Emilio Macias Higher Technological Institute; to develop a
prototype of an automatic cooling system for desktop computers in the computer lab. Given the design of a
thermoelectric cooling system is proposed, because it is possible to lower the air temperature below the
ambient temperature, it is designed based on the experimental method.

3 Results and Discussions

For design purposes, the nominal temperature of the ambient air will be evaluated and a series of tests with
the automatic thermoelectric cooling system will be evaluated to lower the temperature to 10 ° C as the
output flow of the system. the static pressure drop of the SP fans is low due to its direct installation (without
ducts). To obtain data as part of the information gathering, digital measuring instruments such as the
temperature meter (hygrothermal) were used in various intervals of time, which will be recorded in an
experimental observation file (Wiriyasart et al., 2019; Choi et al., 2012).
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Design of the thermoelectric cooling system

The design of the thermoelectric cooling system conforms to 3 Peltier cells Model TEC1-12600 fed at 12 volts
(V) and 6 amps (A), which allows obtaining 15 ° C (centigrade) at the bases of the heatsinks. On the other
hand, it is made up of 2 heat sinks of 12 centimeters squared (cm2), indispensable means to carry out heat
transfer and to be able to remove through the 2 axial fans with their measurements of 12 centimeters squared
(cm2) and 2.5 centimeters (cm) with a rotation speed of 1200 revolutions per minute (RPM).

For the control of the cooling system, an Arduino Mega 16 board is incorporated, this allows us to program
several variables such as control temperatures, and they are also installed DHT11 thermo sensors for
capturing physical quantities (temperature) and being translated into electrical pulses as signals for control.
In this sense, these temperature values recorded by the system are displayed using 1 liquid crystal display
(CD) monochrome, likewise, 4 relays model ESP32 type normally open (NO) and normally closed (NC)
powered at 5V are integrated, which is responsible for opening or closing the circuit.

Experimentation
In this phase, the environmental temperature is initially evaluated, then the dissipators with an area of 12 x
12 are selected. x 2.5 the 12 x 12 x 2.5 fan at an angular rotational speed of 1200 revolutions per minute. Table

1 referring to the variable interval test is presented below.

Table 1
Automatic cooling system test data

Test Operating time Temp. Ilirantps'ink Heat to Temp(.)Cold g;:tlfm
Start End Ambient C) dissipate (W) sink (° C) airflow
1 10:00  12:00 30.1 38.40 131.50 1.96 19.0
2 14:00  16:00 30.2 38.45 131.67 1.99 19.2
3 10:00  12:00 30.3 38.47 131.73 2.10 19.5
4 14:00 16:00 30.5 39.00 133.55 2.15 19.8
5 10:00 12:00 30.3 38.46 131.70 1.965 19.5
6 14:00 16:00 30.1 38.40 131.50 1.96 19.0
7 10:00  12:00 30.3 38.47 131,73 2.10 19.5
8 14:00  16:00 30.5 38.40 131.50 1.96 19.8
9 10:00  12:00 30.0 39.0 133.60 2.10 19,0
10 14:00  16:00 30.5 39.00 133.55 2.10 19.8
11 10:00 12:00 30.2 38.46 131.70 1.965 19.2
12 14:00 16:00 30.5 38.90 133.21 2.00 19.8
13 10:00 12:00 30.5 38.40 131.50 1.96 19.8
14 14:00  16:00 30.4 38.75 132.69 2.00 19.7
15 10:00  12:00 30.3 38.40 131.50 1.96 19.5
16 14:00  16:00 30.4 38.7 132.52 2.00 19.7
17 10:00 12:00 30.5 39.05 133.72 2.10 19.8
18 14:00 16:00 30.4 38.75 133.60 21 19.8
19 10: 00 12:00 30.5 39.02 133.62 2.00 19.8
20 14:00  16:00 30.5 39.00 133.55 2.10 19.8

As seen the average environmental temperature is 30.35 2C and the minimum reaches Adopted by the system
is 19.6 °C, in this sense, it was possible to achieve a reduction of 10 ° C as proposed in the study, likewise, its
average consumption is 0.13 Kw / h. According to (Villarrubia, 2001), This is justified because thermoelectric
cooling is based on the Peltier effect and constitutes a system for direct conversion of electricity into cold,
without going through mechanical or thermal energy. completely static, without moving parts, and powered
only by direct current, it is very useful in all those applications where the load to be refrigerated is in motion
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(Rafati et al., 2012; Qiao, 2006). On the other hand, it is essential to establish heat parameters to be dissipated
by the aluminum heatsink to have a balance between the hot and cold zone to obtain adequate operational
values of the thermoelectric cooling system. Figure 1 shows the heat to be dissipated versus the temperature
of the heat source.
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Figure 1. Heat to d1551pate versus the temperature of the hot source

Source: Authors of the Project

In another context of the experimental phase, it was possible to obtain data referring to the temperature of the
airflow and the system concerning the cold unit of the heatsink where the linear correlation that exists in the
face of changes in the physical magnitude of temperature is appreciated, in other words, that the outlet
temperature of the airflow from the thermoelectric system depends on the external environmental
temperature. In figures 2 and 3 the aforementioned is plotted (Nozariasbmarz et al., 2020).
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Figure 2. Airflow temperature concerning the heat sink temperature of the cooling unit
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Figure 3. Airflow temperature concerning the heat sink temperature of the heating unit.
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Source: Authors of the Project

Given the above, the linear correlation of the ambient temperature with the airflow temperature of the cooling
system is graphically evidenced, the relationship being strongly positive with r2= 0.9. It is represented in
figure 4.

29.8 29.9 30 30.1 30.2 303 304 30.5 306
Figure 4. Correlation between ambient air temperature concerning the system
Source: Authors of the Project

Energy costs

Table 2 shows the total cost of energy consumption of the cooling system with Peltier technology, concerning
the number of hours in operation. On the other hand, Table 3 shows the characteristics of the thermoelectric
system.

Table 2
Annual consumption of the thermoelectric cooling system

Energy . Total Energy Total Cost Total Cost
) Peltier ; Hours of
Consumption Cells Consumption  CostKw-h  per hour operation per day ($)
per cell (kW-h) Kw-h) ($) P - 8 hours
0.06 3 0.18 0.08 0.0144 8 0.11
Table 3

Operating characteristics of the cooling system

Characteristics of the Thermoelectric system

Temp. Heat sink (°C)  Heat to dissipate (W)  Temp. Cold sink (°C)  Temp. System airflow
38.67 132.4795 2.0285 19.6

As part of the automatic design, the cooling system works concerning the increase in temperatures that are
generated in the processor, through electrical signals that are measurable and interpretable to electronic
components such as the Arduino, activating or deactivating the thermoelectric system (Omer, 2015; Hong et
al,, 2020). For this purpose, the components used are described, described in table 4 below.

Table 4
Description of the elements of the system

Description Model
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Cell Peltieer TEC1- 12706)

Power supply Altek P4-750W

Heatsink Al RE

fans, Axial 1200 RPM, 12 cm
Arduino Mega 16
Monochromatic Led [2¢ 1602
Temperature sensors AM2301

Relays 5VDC. V-12

On the other hand, the mechanical design of the prototype of the automatic cooling system is shown in figure
5.

Figure 5. Design of the prototype of the cooling system
Source: Project authors

The calculations are based on the methodology and the results are adjusted to the objective of the research,
thus, during the information gathering process through the baseline, it was possible to know the types of
cooling applied in processors of desktop computers. Through the review of specialized sources, the design
criteria involved in the thermoelectric cooling system were selected as mechanical components, citing
heatsinks, thermal paste with a high coefficient of thermal conductivity (K) of 0.9 W/mK, fans low static
pressure (SP), and rotation speed according to low sound decibels (dBA), heat sinks with high thermal
conductivity (K) such as 205 W / mK aluminum, Peltier cells with technical characteristics of Operating
voltage: 0 to 15.2 VDC, operating current of 0 15A, maximum power consumption of 231 Watts,
thermosensors in the range of 10 to 90 ° C of operation and Arduino Mega 16 for the programming of the
system regarding control (Pourkiaei et al.,, 2019; Chiu et al,, 2011).

The characteristics of the prototype automatic thermoelectric cooling are the hot unit temperature of
38.67 ° C, heat to dissipate of 132.4 watts, cold sink temperature 2.1 ° C and the system outlet volumetric flow
temperature. it is 19.6 ° C. The findings indicate that the thermoelectric cooling system in its operation is
essential for the integral care of the processor, in conditions of correct use or conditions that are demanding.
The statements are related to the analysis of (Gonzalo Toledo, 2020) and (Mariscal et al, 2011) in their
research on a thermoelectric cooling system with Peltier cells mention that the magnitude of thermal
resistances influences the performance of the Peltier cell, it is also mentioned that to keep the help of a control
system is needed to maintain it regardless of the temperature variations of the external environment.

In this sense, the technology of the Peltier effect was used by applying a potential difference to the
electrical circuit which creates a cooling effect, in this context the equation 1, design conditions applied by
Jean Charles Athanase Peltier. On the other hand, the SETA prototype installation has elements of reduced
dimensions compared to other systems that require other bulky elements to reach temperatures below
ambient, which is articulated with other studies carried out by MC Higinio Acoltzi Acoltzi on cooling systems
thermoelectric.
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1JPSE e-ISSN: 2550-6943 L1 p-1SSN: 2550-6951 31
P=Qh-Qi (1)

Where:
QhEHeat that moves to the interior or focus to cool

Ql@ heat displaced to the environment.

As part of the calculation methodology, Fourier's law was used considering the difference in temperature from
the outside with the other medium to be cooled (processor), the thermal conductivity, thermal resistance
between the hot and cold unit, the electrical power supplied to the Peltier cells. , thickness and area and
coefficient of thermal conductivity of the heatsinks; agreeing with the calculations developed by a
thermoelectric refrigeration system of Ing. José Luis del Rio Valdés This agrees with the analysis of results,
through the analysis and verification of the process in the experimentation phase, allowing the decrease of
temperatures, providing reliability to the processor throughout the running computational operations (Eom
etal, 2017; Saber etal., 2019).

4 Conclusion

The contribution of a prototype of an automatic cooling system is the reduction of the ambient air
temperature and adaptable to the installations of a desktop computer, using aluminum heatsinks due to their
high heat transfer coefficient, allowing to cool the processor in specific design tasks, reducing overheating,
delivering stability, and extending its useful life.

Acknowledgments
We are grateful to two anonymous reviewers for their valuable comments on the earlier version of this paper.

Farfan, R. F. M., Zambrano, T. Y. M., Sosa, V. M. D., & Zambrano, R. A. M. (2021). Design and construction of a
thermoelectric system for high performance computers. International Journal of Physical Sciences and Engineering,
5(2), 25-33. https://doi.org/10.29332/ijpse.v5n2.1359



32 e-ISSN : 2550-6943 LI p-ISSN : 2550-6951

References

Chiu, H. C,, Jang, ]. H., Yeh, H. W., & Wu, M. S. (2011). The heat transfer characteristics of liquid cooling heatsink
containing microchannels. International Journal of Heat and Mass Transfer,54(1-3), 34-42.
https://doi.org/10.1016/j.ijheatmasstransfer.2010.09.066

Choi, |, Jeong, M., Yoo, J., & Seo, M. (2012). A new CPU cooler design based on an active cooling heatsink
combined with heat pipes. Applied thermal engineering, 44, 50-56.
https://doi.org/10.1016/j.applthermaleng.2012.03.027

Eom, Y., Wijethunge, D., Park, H., Park, S. H., & Kim, W. (2017). Flexible thermoelectric power generation
system based on rigid inorganic bulk materials. Applied  energy, 206, 649-656.
https://doi.org/10.1016/j.apenergy.2017.08.231

Gould, C. A, Shammas, N. Y. A, Grainger, S., & Taylor, 1. (2011). Thermoelectric cooling of microelectronic
circuits and waste heat electrical power generation in a desktop personal computer. Materials Science and
Engineering: B, 176(4), 316-325. https://doi.org/10.1016/j.mseb.2010.09.010

Hong, M., Zheng, K., Lyv, W,, Li, M,, Qu, X,, Sun, Q,, ... & Chen, Z. G. (2020). Computer-aided design of high-
efficiency GeTe-based thermoelectric devices. Energy & Environmental Science, 13(6), 1856-1864.

Mariscal, D., Del Muro, B., & Pineda, ]. (2011, 04 27). The National Polytechnic Institute.

Maury, E. (2010). Changes in protein composition of mature breast milk during storage by
freezing. Pediatr.(Asuncion), 187-194.

Nozariasbmarz, A., Collins, H., Dsouza, K., Polash, M. H., Hosseini, M., Hyland, M., ... & Vashaee, D. (2020).
Review of wearable thermoelectric energy harvesting: From body temperature to electronic
systems. Applied Energy, 258, 114069. https://doi.org/10.1016/j.apenergy.2019.114069

Omer, A. M. (2015). Performance, modeling, measurements, and simulation of energy efficient for heat
exchanger, refrigeration and air conditioning. International Research Journal of Engineering, IT and
Scientific Research, 1(1), 24-44.

Pourkiaei, S. M., Ahmadi, M. H., Sadeghzadeh, M., Moosavi, S., Pourfayaz, F., Chen, L., .. & Kumar, R. (2019).
Thermoelectric cooler and thermoelectric generator devices: A review of present and potential
applications, modeling and materials. Energy, 186, 115849. https://doi.org/10.1016/j.energy.2019.07.179

Qiao, H. (2006). A systematic computer-aided approach to cooling system optimal design in plastic injection
molding. International journal of mechanical sciences, 48(4), 430-439.
https://doi.org/10.1016/j.ijmecsci.2005.11.001

Rafati, M., Hamidi, A. A., & Niaser, M. S. (2012). Application of nanofluids in computer cooling systems (heat
transfer performance of nanofluids). Applied Thermal Engineering, 45, 9-14.
https://doi.org/10.1016/j.applthermaleng.2012.03.028

Rahman, M., & Shuttleworth, R. (1995, November). Thermoelectric power generation for battery charging.
In Proceedings 1995 International Conference on Energy Management and Power Delivery EMPD'95 (Vol. 1,
pp. 186-191). [EEE.

Rota, MMI, & Gonzalez, GDVR (2006). Effect Of Storage Time At -18 ° C On The Bacteriological And Physical-
Chemical. CHARACTERISTICS OF FLYINGFISH FILLETS (Dactylopterus volitans). Scientific Journal , 16 (2),
195-201.

Saber, H. H.,, AlShehri, S. A., & Maref, W. (2019). Performance optimization of cascaded and non-cascaded
thermoelectric devices for cooling computer chips. Energy Conversion and Management, 191, 174-192.
https://doi.org/10.1016/j.enconman.2019.04.028

Sepulveda, ADC, Perez, JJA, Delgado, JHP, Arias, WNS, & Ovalles, FO (2018). Implementation of a liquid cooling
system for a computer equipment based on peltier cells. FESC World , 8 (16), 30-34.

Toledo Cruz, GS (2020). Productive collective housing in the La Tola neighborhood.

Wiriyasart, S., Hommalee, C., & Naphon, P. (2019). Thermal cooling enhancement of dual processors computer
with thermoelectric air cooler module.Case Studies in Thermal Engineering, 14, 100445.
https://doi.org/10.1016/j.csite.2019.100445

IJPSE Vol. 5 No. 2, August 2021, pages: 25-33


https://doi.org/10.1016/j.ijheatmasstransfer.2010.09.066
https://doi.org/10.1016/j.applthermaleng.2012.03.027
https://doi.org/10.1016/j.apenergy.2017.08.231
https://doi.org/10.1016/j.mseb.2010.09.010
https://doi.org/10.1016/j.apenergy.2019.114069
https://doi.org/10.1016/j.energy.2019.07.179
https://doi.org/10.1016/j.ijmecsci.2005.11.001
https://doi.org/10.1016/j.applthermaleng.2012.03.028
https://doi.org/10.1016/j.enconman.2019.04.028
https://doi.org/10.1016/j.csite.2019.100445

IJPSE

e-1SSN: 2550-6943 [ p-ISSN: 2550-6951 33

Biography of Authors

Ricardo Fabricio,

Mechanical engineer, specialized in energy efficiency aimed at cleaner production
dedicated to industrial sustainability processes; creative, dynamic, and analytical.
Email: rmf.solucionesdeaire@gmail.com

1] Qualification Projects of the Higher Technological Institute Paulo Emilio Macias.

Telly Yarita,
Industrial Engineer, specialization Projects. Master in Agricultural Engineering.
Teacher - Researcher. Specialist in Research Methodology and Investment and

General Project Advisor, Beekeeping and Meliponiculture.
Email: itspem.tmacias@gmail.com

Victor Manuel,
Teacher at the Instituto Tecnolégico Superior Paulo Emilio.
Email: vmdelgado@gmail.com

Roque Alexander,

Supervision of electricity cut and reconnection work, news reporting and
reporting.

Email: ro.mendoza@hotmail.es

Farfan, R. F. M., Zambrano, T. Y. M., Sosa, V. M. D., & Zambrano, R. A. M. (2021). Design and construction of a
thermoelectric system for high performance computers. International Journal of Physical Sciences and Engineering,

5(2), 25-33. https://doi.org/10.29332/ijpse.v5n2.1359


mailto:rmf.solucionesdeaire@gmail.com
mailto:itspem.tmacias@gmail.com
mailto:vmdelgado@gmail.com
mailto:ro.mendoza@hotmail.es

