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ARTICLE INFO ABSTRACT

. Reducing energy consumption in data centers is one of the most important issues that
Article type: should be considered. This article is written with the aim of reducing the energy
Research Paper consumption of these centers by using a thermoelectric cooler converter, and this
reduction has been measured in comparison with the performance of the

Article History: compression refrigeration cycle in real conditions. Also, the data of this research has
Received 05 December 2024 been collected from the data center of Mobinnet Communications Company in
Revised 04 January 2025 different time intervals. In this research, a compression refrigeration cycle using a
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thermoelectric cooler converter was designed, and energy and exergy analysis was
performed on the aforementioned cycle and each of the components using EES

software. Based on the results, by using a thermoelectric cooler converter in the
compression refrigeration cycle, the cycle efficiency coefficient has increased from
3.283 to 3.339. This replacement did not affect the rate of exergy destruction of the

Keywords: cycle components, and the exergy efficiency of the entire cycle remained constant,
Energy, but it led to an increase in cycle efficiency, which significantly contributes to
exergy, reducing the energy consumption of data centers operating with a compression

data center,

) refrigeration cycle.
cooling demand.
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Introduction

The Telecommunications Infrastructure Standard defines a data center as: A building or part of a
building whose primary function is to house a computer room and its support areas. Google defines a
data center as a building that houses multiple servers and communications equipment due to shared
environmental requirements, physical security needs, and ease of maintenance. According to two
definitions, a computer room is the primary physical environment of a data center that includes
computing equipment for data processing and other areas that provide support services to the computer
room [1]. Because IT operations are critical to business continuity, these centers generally include
additional or backup components and infrastructure for power supply, data communication
connections, environmental controls (e.g., air conditioning, fire suppression), and various security
devices. A large data center is an industrial-scale operation that consumes a large amount of electricity
[2]. A data center must be adequately cooled, as heat dissipation is a critical factor for the availability
and reliability of IT equipment. High temperatures can cause high junction temperatures, which affect
the reliability of IT components. In this research, the energy and exergy evaluation of a data center
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equipped with thermoelectrics is addressed, and by performing parametric analysis, the effect of each
parameter on system performance is evaluated.

Methodology

In compression refrigeration cycles, the refrigerant gas, after entering the compressor, is condensed by
the operation of the compressor and exits it at high pressure and temperature. After leaving the
compressor, it is sent to the condenser through a high-pressure pipe and in the condenser, it is
converted into a refrigerant liquid by losing heat. After leaving the condenser, the refrigerant liquid
enters the expansion valve or capillary tube and after leaving the expansion valve, its pressure is
greatly reduced and is sent to the evaporator through a low-pressure pipe. The refrigerant liquid in the
evaporator is converted back into a refrigerant gas by absorbing the heat of the environment. This gas
enters the compressor again and the compression refrigeration cycle is repeated. As the refrigerant in
the evaporator absorbs heat from the air or water or any other fluid, it causes the temperature of that
fluid to decrease. In this research, by replacing the condenser with a heat exchanger and connecting
the thermoelectric cooler exchanger to both ends of the heat exchanger, an attempt was made to use
the cooling produced by the thermoelectric cooler exchanger to increase the cooling produced by the
evaporator, which would lead to an increase in the cycle efficiency.

Results

Using a thermoelectric cooler exchanger increases the efficiency of the compression refrigeration
cycle, which is due to the amount of refrigeration produced by the exchanger. Considering the 50 kW
cooling capacity for the evaporator, about 1 kW of cooling production is also added to the cooling
capacity of the cycle through the thermoelectric exchanger. The compression refrigeration cycle in real
mode has a total efficiency of 3.283. Also, the compression refrigeration cycle using a thermoelectric
cooler exchanger has a total efficiency of 3.339. From the results of the analysis of the compression
refrigeration cycle using the thermoelectric cooler exchanger, it can be stated that the heat exchanger
with 39.9% and then the thermoelectric cooler exchanger with 32.86% have the highest percentage of
exergy destruction and are the main factor of the cycle exergy destruction. Also, the exergy efficiency
of the entire cycle is 11.4%.

Conclusion

In this study, a compression refrigeration system with a thermoelectric cooler exchanger for cooling a
data center was analyzed from an energy and exergy perspective. Using thermodynamic analysis, the
energy and exergy efficiency of the system components was calculated, and a parametric analysis was
performed on the effective parameters of the cycle.

The results obtained from the analysis of the cycles in two real cases and the next case using a

thermoelectric cooler exchanger are as follows:

e The compression refrigeration cycle in the real case has a total efficiency of 3.283. Also, the
results obtained from the exergy analysis show that the condenser with 809.9 kW and then the
compressor with 352.2 kW have the highest energy destruction.

e The compression refrigeration cycle using a thermoelectric cooler exchanger has a total
efficiency of 3.339. Also, the results of exergy analysis show that using a thermoelectric cooler
exchanger, the heat exchanger with 389.5 kW.
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