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Abstract
This paper introduces two distinct approaches for efficiently cooling high-density data centers with a capacity of up to 
1168 kW, aiming to achieve the optimal cooling method for extracting heat from electronic servers. The investigation involves 
a comparative analysis between air-based cooling, incorporating modifications to hot aisle containment, and liquid-based 
cooling utilizing a two-phase immersion system. Three-dimensional simulations are conducted employing computational 
fluid dynamics (CFD) analysis. Furthermore, the simulation examines the influence of introducing copper coating materials 
to server components in liquid cooling, varying the thickness to enhance heat transfer efficiency. The analysis demonstrates 
that, in liquid cooling, the maximum server temperature diminishes to 65 °C, and power usage effectiveness improves from 
2 in the air cooling system to 1.01 in liquid cooling. The application of copper coating results in a 13% enhancement in the 
gradual temperature distribution among servers, especially in high-power servers, and eliminates most hot spots by decreas-
ing the maximum temperature. However, the simulation indicates a comparatively modest temperature improvement of 8% 
when coating low-power servers.
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Introduction

Data centers are server rooms in any business organiza-
tion, institution, or government agency.

They provide capabilities of centralized storage, back-
ups, and networking of data. Data centers include IT 
racks that contain servers, storage devices, and network 
cabling. The power consumption of servers results in 
heat generation, necessitating the implementation of air-
conditioning systems to ensure optimal functioning and 
prevent potential shutdowns. Elevated temperatures pose 
a risk of equipment malfunction or damage, with internal 
components susceptible to burning up. The rate of tem-
perature increase directly impacts the failure rate of elec-
tronic circuits. Because data centers operate 24 h a day 
and 365 days a year, the cooling system must be designed 
to achieve continuous heat extraction to avoid failure [1]. 
The widespread adoption of internet applications has led 
to the rapid growth of high-density data centers in recent 
years, resulting in significant energy consumption chal-
lenges. Projections indicate that large-scale data centers 
are anticipated to account for around 20% of the world’s 
total energy consumption by the year 2030 [2]. The pri-
mary contributors to the high energy consumption in data 
centers are the IT equipment, cooling system, power dis-
tribution, and other associated requirements. Specifically, 
the cooling system alone can constitute as much as 40% 
of the average energy consumption [3], so cooling pro-
cedures have a significant interest in achieving efficient 
energy and saving costs. Also, CO2 emissions due to 
electric consumption represent a massive problem to the 
world [4]. Most researchers consider that the maximum 
allowable temperature for servers to avoid malfunctions is 
85 °C; however, for storage devices, the server’s tempera-
ture should not exceed 45 °C [5]. The prevalent method for 
cooling servers is through an air-cooled system, commonly 
employing CRAC units that are connected to the room. 
The function of these units is to cool the room, utilizing 
either a hard floor or raised floor setup. Cold air is released 
by the CRAC units beneath the raised floor, and perforated 
tile vents in the cold aisles of the raised floor distribute 
this cold air to the front of racks that are positioned facing 
each other. Subsequently, the hot air exits through the back 
of the racks into the hot aisles, facilitating the return of air 
to the CRAC units [6, 7]. ASHRAE recommends operat-
ing conditions for cooling air with a dry bulb temperature 
ranging from 18 °C to 27 °C. Additionally, it is advised to 
maintain humidity within specific parameters, including a 
dew point temperature of 5.5 °C, relative humidity at 60%, 
and a dew point temperature of 15 °C [8, 9].

The air-cooled system encounters several challenges, 
including a low heat transfer coefficient and increased 

complexity [4]. An alternative cooling method is liquid 
cooling, where a liquid acts as a coolant, flowing across 
the hot server components to dissipate heat. This is 
achieved by utilizing a dielectric fluid that does not con-
duct electricity. Liquids possess a significantly higher heat 
capture capacity per unit volume compared to air. This 
approach enables the liquid to extract heat more effec-
tively, resulting in a higher liquid supply temperature com-
pared to air cooling. The dissipated heat is then released 
into the atmosphere, and in some cases, it may be reused 
through a heat exchanger [10]. Implementing hot or cold 
aisle containment stands out as one of the most effec-
tive strategies for enhancing energy efficiency in a data 
center, as it enables the separation of air streams, mitigat-
ing issues related to air recirculation and bypass [11]. Ni 
et al. [12] demonstrated that HAC represents the optimal 
solution for improving cooling performance. Two distinct 
air distribution methods, namely, row-based and rack-
based cooling solutions, are employed to enhance cooling 
efficiency. Both in-row and rack-based cooling systems 
offer the advantage of shorter airflow paths, reducing fan 
power and eliminating recirculation [13]. Rack-based cool-
ing can support power density up to 50 kW per rack. How-
ever, rack-based and in-row cooling needs higher capital 
costs than room cooling due to a higher number of cool-
ing units. Moazamigoodarzi et al. [14] demonstrated that 
the in-row cooling approach enhances air flow distribu-
tion and improves overall cooling performance. Jin et al. 
[15] conducted a comparative analysis of energy efficiency 

Fig. 1   Air-cooled system

Table 1   Rack types

Racks A-type B-type

Number 40 60
Number of servers per rack 48 42
Rack area/m2 0.6 × 1.2 0.6 × 1.2
Height /m 2.4 2
Power per rack /kW 16 8.8
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between room cooling with raised floor and in-row-based 
systems for cooling data centers, revealing that in-row-
based cooling exhibits superior thermal performance and 
higher energy efficiency when compared to raised floor 
room cooling.

Liquid cooling can dissipate heat higher than conven-
tional air cooling [2] attributed to its higher heat transfer 

coefficient [15]. Various liquid cooling approaches exist, 
including single-phase direct-to-chip liquid cooling, single-
phase immersion cooling, two-phase direct-to-chip liquid 
cooling, and two-phase immersion cooling. In the case of 
two-phase immersion cooling, IT components are com-
pletely submerged in dielectric liquid. Heat is extracted 
from servers through the evaporation of the dielectric 
liquid coolant, which has a low boiling point. The vapor 
is subsequently condensed through heat exchanger coils, 
completing the cycle [16]. This method not only reduces 
power consumption and noise by eliminating air condition-
ers and fans present in air-cooled systems but also low-
ers PUE. PUE is the ratio between the total data center 
energy and the IT equipment energy [17], where the total 
data center energy includes the energy consumed by IT 
equipment as well as the energy required for cooling. When 
cooling energy is reduced, the PUE approaches to 1, indi-
cating a more efficient system. Zhang et al. [18] conducted 

Fig. 2   Liquid-cooled system

Table 2   Details of server tanks

Tank High-power Low-power

Dimensions /m3 1.875 × 2.985 × 0.615 1.875 × 2.617 × 0.615
Number of servers per 

tank
192 168

Server dimensions /m3 0.45 × 0.6 × 0.0445 0.45 × 0.6 × 0.0445
Total power per tank 

/kW
64 35.2

Fig. 3   Mesh dependence for 
high-power tank
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simulations on an integrated indirect liquid cooling system 
designed for edge data centers, comparing its performance 
with air cooling. Kuncoro et al. [19] proposed a cooling 
model aimed at enhancing the energy efficiency of data 
centers through the utilization of various fluid types. Liu 
and Yu [20] conducted a comparative analysis between lab-
oratory experiments and CFD simulations to assess the per-
formance of a two-phase liquid cooling system. This study 
also investigated the intervals between submerged servers 
at different loads and their impact on surface temperatures. 
An et al. [21] presented a three-dimensional simulation of 
a two-phase immersion cooling solution for high-density 
powered processor designs using ANSYS Fluent. Watson 
and Venkiteswaran [22] investigated two different types 
of cooling systems: an air cooling system with HAC and a 
single-phase liquid immersion cooling. Eiland et al. [23] 
conducted a study involving a single server fully immersed 
horizontally in mineral oil, demonstrating that the use of 
mineral oil significantly reduced the system’s thermal 
resistance compared to traditional air room cooling. Luo 
et al. [24] investigated the influence of the SiC/white min-
eral oil-based nanofluids as a new coolant on immersion 
cooling. Ali [25] simulated the thermal and stress analysis 
of enhanced copper spreaders for electronic chip nucleate 
boiling immersion cooling.

Scope, objective and methodology

The elevation in server temperature significantly impacts 
server performance, posing a considerable challenge, espe-
cially given the growing dependence on data centers to 
manage systems in our daily lives. Previous research has 
predominantly focused on examining a limited number of 
electronic chips and servers, with insufficient exploration 
into the effects of oil cooling on the thermal and power effi-
ciency of integrated high-density data centers. The present 
study aims to eliminate the huge power consumption and 
cost associated with data center cooling systems, while also 
contributing to environmental conservation by reducing CO2 
emissions. The research involves a comparative analysis, 
employing three-dimensional full-scale modeling, between 
a two-phase immersion liquid cooling system and an air-
cooled system through ANSYS 18.1, CFD analysis. In the 
liquid-cooled system, servers are fully immersed in tanks 
containing dielectric oil with a low boiling point to enhance 

Fig. 4   Mesh at front servers’ plane, X–Y view

Table 3   FC-72 Oil Properties [28]

Properties Liquid/phase1 Vapor/phase2

Density /kg.m−3 1680 13.1
Viscosity /Pa.S 0.00064 0.000124
Specific heat /J.kg−1.°C−1 1100 900
Thermal conductivity/ W.m−1.°C−1 0.057 0.0235
Average molecular weight 338 338

Rack A

Rack B
In-row

Fig. 5   Data center layout
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cooling efficiency. In the air-cooled system, server racks are 
mounted on a raised floor, and HAC is implemented to pre-
vent hot air recirculation. Additionally, the study explores 
the impact of adding a copper coating to servers to improve 
liquid cooling efficiency. The analysis includes temperature 
distribution among servers and PUE for all scenarios.

Proposal systems

The evaluation of cooling methodologies is conducted 
within high-density data center. For conventional geom-
etry of the server air-cooled system [26], a three-dimen-
sional IT server room is simulated with dimensions meas-
uring 34 × 13 m2 and a height of 4.8 m. The raised floor 
is configured at a height of 0.5 m, featuring 10 rows, each 
containing 10 racks. Spacings for hot and cold aisles are 
set at 1.2 and 1.8 m, respectively. The raised floor com-
prises perforated tiles measuring 0.6 × 0.6  m2, with a 
porosity of 25%, while the racks have a porosity of 35%. 
Six CRAH units are employed to cool the servers, with 
an inlet air temperature set at 16 °C. HAC is installed 
and connected to the RA chamber, as illustrated in Fig. 1. 
HAC is considered as an enclosure for the hot air exits 
from servers and sends this hot air to the return air (RA) 
chamber then to CRAH units for continuous cooling. The 
IT server room accommodates two types of racks, namely, 
A-Type (high-power) and B-Type (low-power), with total 
power of 1168 kW, as indicated in Table 1.

In the liquid-cooled system, the configuration involves 
two types of tanks: 10 tanks designated for high-power 
racks and 15 tanks allocated for low-power racks, as shown 
in Fig. 2. Each tank accommodates four racks, and servers 
are vertically immersed in the tanks filled with dielectric 
oil FC-72, serving as the coolant. The servers are spaced 
apart with a gap of 15 mm between them. The specifics 
for the two types of tanks in the liquid-cooled setup are 
detailed in Table 2.

Various mesh element cells are simulated to achieve solu-
tion convergence and obtain accurate results with improved 
mesh quality and reduced computational time, as illustrated 
in Fig. 3. The assembly mesh method utilized is the cut cell 
approach with an average element quality of 0.94. The total 
number of mesh cells for high-power and low-power tanks 
are 1,603,584 and 1,272,544 cells, respectively. Section is 
taken at the plane of front servers to show mesh elements 
as in Fig. 4.

Simulation of server liquid‑cooled system

The liquid-cooled system model will be constructed using 
ANSYS 18.1 [27], CFD analysis. Additionally, simulations 
will be conducted to assess the impact of copper coating 
on enhancing the liquid-cooled system. To ensure stability 
in results and achieve convergence in residuals, transient 
simulations are performed with time steps of 0.02 s for high-
power tanks and 0.1 s for low-power tanks. The multiphase 
model employs the volume of fluid approach to depict the 
gas–liquid interface and the motion of vapor bubbles after 
heat extraction from servers, tracking the volume fraction of 
each fluid in the domain. A realizable k-� turbulence model 
is utilized to characterize turbulence in the system. The liq-
uid FC-72 is employed for two-phase immersion cooling, 
possessing a low boiling point of 56 °C at atmospheric pres-
sure and a latent heat of vaporization of 88 J.g−1. FC-72 oil 
is widely used that has high chemical stability, long life-span 
and high thermal properties. Thermal properties of liquid 
and vapor phases of FC-72 at its boiling point are detailed 
in Table 3 [28]. The server walls are constructed from galva-
nized steel with a thermal conductivity of 51.9 W.m−1 °C−1, 
specific heat of 486 J.kg−1 °C−1, and density of 7870 kg.m−3.

Regarding boundary conditions, the heat flux is set for 
server walls, the top surface of each tank is designated as a 
pressure outlet, and other tank surfaces are adiabatic. The 
initial temperature of the liquid oil is set at the boiling point 
of 56 °C, and the initial volume fraction of the vapor phase 
is set to zero. The calculated simulation time to reach stabil-
ity is approximately 20 s for the high-power tank, involving 
11,400 iterations, while for the low-power tank; it is around 
18 s with 2050 iterations.

To improve the liquid-cooled system, a copper coat-
ing is applied to all servers, which has high thermal con-
ductivity (388 W.m−1 °C−1). This facilitates efficient heat 
transfer from the servers to the dielectric liquid, resulting 
in increased PUE and the maintenance of electronic servers 
at lower temperatures, thereby extending their service life. 
The modeling of copper material coating on server walls 
is executed considering different thicknesses such as 5, 10, 
100, 500 µm (μm), and 1 mm for both high and low-power 
tanks.
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Validation

Priyadumkol and Kittichaikarn [29] simulated the airflow 
in-row cooling system, especially the inlet rack temperature, 
to achieve higher efficiency for cooling racks. The layout of 
the data center, as shown in Fig. 5, is about 25.2 m2 with a 
3.1-m ceiling height. This setup includes two racks, each 
dissipating 3 kW of heat, along with in-row cooling equip-
ment. The airflow is set to be steady, incompressible, and 

turbulent, and the three-dimensional model was solved using 
the standard k–ε turbulence model. The boundary conditions 
of air from in-row cooling equipment are set as velocity inlet 
of 1.92 m/s with a temperature of 13 °C. A comparative 
analysis using Ansys 18.1, CFD was conducted, as depicted 
in Fig. 6, contrasting the results obtained by Priyadumkol 
and Kittichaikarn [29] with the outcomes from the proposed 
simulation. Good agreement has been found with 12% maxi-
mum deviation.

Fig. 7   Planes of a Z-direction b X-direction

Fig. 8   Temperature distributions of high-power server tank at Z-direction
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Mathematical model for CFD

The software solves many equations representing the con-
servation equations and Navier–Stokes equations for a flow 
to demonstrate the fluid motion and heat transport in three 
dimensions [30] Mass Conservation (Continuity) equation

Momentum equations in x, y and z directions respectively 
are

(1)
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Fig. 9   Temperature distributions of high-power server tank at X-direction

Fig. 10   Temperature distribu-
tions of high-power server tank 
at the server’s top

Fig. 11   Mass transfer rate through high-power server tank
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Energy equation

(5)

�
DE

Dt
= −div(pu) +

[

�u�xx

�x
+

�u�yx

�y
+

�u�zx

�z
+

�v�xy

�x
+

�v�yy

�y

+
�v�zy

�z
+

�w�xz

�x
+

�w�yz

�y
+

�w�zz

�z
+

]

+ div (k grad T) + SE

Turbulence models represent the effect of turbulence in 
the simulation of fluid flows; the Boussinesq eddy viscosity 
assumption is considered the basis of all two equations mod-
els. k-ε turbulence model is considered the most common 
in the numerical simulations and consists of two transport 

Fig. 12   Temperature distributions of low-power tank at Z-direction

Fig. 13   Temperature distributions of low-power server tank at X-direction
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parameters, k & ε, that can be calculated from the following 
equations:

where CM, C1 � and C2 � are constants.
Volume of the fluid model is used to simulate the boil-

ing process in the tank. Both vapor and liquid phases are 
assumed to behave as continuous media in this multiphase 
flow model. Eulerian–Eulerian approach is applied, 
Hertz–Knudsen stated equation [31] for the net mass flux 
over the vapor–liquid interphase during the evaporation 
process.

Results and discussion

Simulation results state temperature distribution contours 
for electronic servers at various planes and quantify the 
vapor produced during the cooling process. Additionally, 
the power usage of the systems is clarified. A comparative 
analysis between liquid and air-cooled systems is conducted, 
and the impact of coating on the cooling performance of 
both high and low-power servers is explored. The optimal 
coating thickness is selected to achieve the most effective 
enhancement.
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Fig. 14   Temperature distributions of low-power server tank at the 
server’s top

Fig. 15   Mass transfer rate through low-power server tank
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Liquid‑cooled simulation

For high-power servers, five planes are taken in Z-direc-
tion at different distances and four planes in X-direction, as 
shown in Fig. 7.

The temperature distribution of the high-power server 
tank is illustrated at various locations in the X–Y plane as 
depicted in Fig. 8. In the Z-direction, heat transfer is nonu-
niform, leading to the formation of hot spots due to boil-
ing. Small bubbles near the server walls are initiated, and 
a majority of these bubbles grow. At servers positioned in 

front of the tank [I], the lowest temperature distribution is 
observed, approximately around 57 °C. However, hot spots 
exceeding 59.7 °C are present at the top of four servers, 
attributed to the accumulation of vapor bubbles on the top 
surface. Moving to the second plane [II], temperatures 
increase to 63 °C at specific hot spots located on the top 
sides and near the middle of servers at 61.5 °C. The high-
est temperature distribution occurs at the middle plane of 
tank [III] and at plane [IV], surpassing 64 °C in the vicinity 
of the middle area of servers. At the rear servers, the tem-
perature decreases to less than 58 °C, yet numerous random 

Fig. 17   Temperature distribution of coated high-power server tank, Z-direction

Fig. 18   Temperature distribution of coated high-power server tank, X-direction
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hot spots at 61 °C. Regarding the X-direction, as illustrated 
in Fig. 9, the sides of servers exhibit lower temperatures, 
approximately around 57 °C, while the temperature of the 
oil vapor phase between servers increases.

Figure  10 illustrates the temperature distribution in 
Y-direction at the top surface of servers, with an average 
temperature exceeding 57 °C, except for a specific spot on 
one side that reaches above 67 °C. The vapor phase accu-
mulates at the top surface of servers, exhibiting an average 
mass flow rate of 0.25 kg m–3, as depicted in Fig. 11. This 
vapor phase will condense in the heat exchanger cycle, con-
tributing to a power of 860 Watts for each high-power tank.

For Low-power servers, Sections in the X-direction are 
analyzed similarly to high-power tanks, and five planes are 
intersected in the Z-direction at different distances, encom-
passing front servers, 1.98 m, 1.3 m, 0.6 m and at rear servers.

In the Z-direction, as shown in Fig. 12, the front and rear 
servers exhibit lower temperatures, while hot spots are con-
centrated at the top of servers, exceeding 59 °C. Conversely, 
three other planes at different distances have higher tempera-
tures, with random hot spots dispersed across the surfaces of 
servers, particularly at the top and middle, surpassing 60 °C. 
From Fig. 13, the sides of servers shown in the X-direction 
are at temperature of 56 °C. However, the vapor bubbles 
between them show an increase from the boiling point to 
60 °C. Figure 14 explains that the temperature distribution of 
top surfaces is about 57 °C for most areas. The average mass 
flow rate of vapor phase is approximately 0.17 kg m–3. S as 
in Fig. 15, at a temperature of 57 °C, with a power require-
ment of 500 Watts for each low-power tank.

Fig. 19   Temperature distributions of coated high- power server tank 
at the server’s top

Fig. 20   Mass transfer rate through coated high-power server tank
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Fig. 21   Effect of coating thickness on temperature distribution for low-power tank
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Coating thickness effect on cooling performance

For high-power servers, the impact of coating all servers 
with thicknesses 5,10,100,500 μm and 1 mm on temperature 
distribution percentage is illustrated in Fig. 16. Additionally, 
a comparison between the coating effects and a system with-
out coating is presented. Temperature distribution percent-
age (λ) signifies the area occupied by contours representing 
various surface temperatures. All different coating thick-
nesses result in the reduction of higher temperatures in hot 

spots, limiting the maximum temperatures to 61 °C, except 
for the 1 mm thickness, which restricts it to 59 °C. Among 
the various thicknesses, the 100 µm coating exhibits an 
optimized heat transfer effect, yielding a higher percentage 
increase in lower temperatures without the need for a thicker 
copper layer, such as the 1 mm option. The 100 μm thick-
ness indicates a maximum improvement of approximately 
13% compared to servers without coating and represents the 
lowest temperature distribution percentage for temperatures 
exceeding 60 °C. Coating high-power servers with copper 
particles at a size of 100 µm results in a 1 °C decrease at the 

Fig. 22   Temperature distribution of coated low-power server tank, Z-direction

Fig. 23   Temperature distribution of coated high-power server tank, X-direction
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top hot spots for the front servers [I], as displayed in Fig. 17 
in the Z-direction. For plane [II], coating eliminates all hot 
spots except for one region with a maximum temperature 

of 60 °C, and the temperature distribution is more uniform 
than servers without coating. For plane [III], the tempera-
ture of 100 μm coating servers gradually increases near the 
middle of servers with elimination of hot spots except for a 
small area of 61 °C, indicating enhancement. For the last two 
planes, coating eliminates the hot spots and decreases tem-
perature. However, planes in the X-direction show that tem-
perature increases by 1–3 °C compared to that without coat-
ing, as shown in Fig. 18. At top surface of servers, as shown 
in Fig. 19, temperature increases about 1 °C compared to the 
state before coating. The flow rate of vapor phase in Fig. 20 
exhibits similarity to the system before coating, indicating 
the same power requirement for the high-power tank before 
adding the copper coating.

In the case of low-power servers, the maximum tempera-
tures of hot spots decrease by 1.5 °C for various coating 
thicknesses, as described in Fig. 21, and by 2.5 °C for 1 mm 
thickness. The thickness of 10 μm demonstrates a higher 
improvement percentage, approximately 8%. Additionally, 
it exhibits the lowest temperature distribution above 58.5 °C 
until it reaches the.

Maximum point above 59 °C, covering a minimal area 
within the contours.

Temperature distribution contours of 10 μm coating are 
shown in Figs. 22 and 23. In the Z-direction, plane [I] exhib-
its lower temperatures with a small area of maximum hot 
spots at 58 °C, similar to the rear servers; the maximum 
temperature at the top is approximately 57.5 °C. Planes [II] 
and [III] have higher temperatures that increase from the 
outer sides to the middle with a uniform distribution and 
maximum hot spots reaching 59 °C. The plane at [IV] has 
a larger area with a maximum temperature of 58.5 °C. For 
X-direction, the coated server sides have higher temperatures 
compared to before coating. Figure 24 explains some hot 
spots above 58 °C at the servers’ top.

At the top surfaces of high and low-power tanks, the 
mass transfer rate of vapor phase remains consistent with 
the system without coating, as in Fig. 25. The total power 
required for all tanks after coating is about 16 kW, indicat-
ing that PUE remains nearly unchanged, standing at around 
1.01. Consequently, the coating on servers enhances heat 
transfer without introducing additional operating costs to 
the system.

Air‑cooled simulation

The simulation is performed for the optimal case in the study 
utilizing a cooling system with a raised floor and HAC. In 
the hot aisles, the air temperature difference ranges from 
26 to 30 °C. Within the six rows of low-power racks, the 
temperature gradually increases from 55 °C at the rack walls 
adjacent to cold aisles to 80 °C closer to hot aisles. The hot 
spots reach about 90 °C at the sides of the front and rear 

Fig. 24   Temperature distributions of coated low- power server tank at 
the server’s top

Fig. 25   Mass transfer rate through coated low-power server tank

Fig. 26   Temperature distribution of air-cooled racks
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racks near hot aisles. In the air system, these hot spots arise 
due to the nonuniform distribution of airflow across various 
walls of the racks. For the four rows of high-power racks, 
the temperature range rises gradually from 65 °C to 122 °C, 
with the majority falling between 75 °C and 90 °C, as in 
Fig. 26. The operational net cooling power of air condition-
ers is 1168 kW, as mentioned in the paper [26], resulting in 
PUE of approximately 2 for HAC system with a raised floor 
during normal operation.

Comparison between air‑cooled and liquid‑cooled 
systems

Simulation results show a significant effect of cooling with 
liquid oil compared to air cooling. Illustrated in Fig. 27 is the 

difference in temperature ranges between liquid cooling and 
air cooling. It is evident that liquid cooling restricts tempera-
tures to 65 °C, whereas air cooling results in approximately 
60% of rack surfaces ranging from 65 °C to 120 °C. Server 
liquid cooling not only improves power efficiency but also 
reduces PUE from 2 in the case of air cooling to 1.01, thereby 
lowering electricity running costs. As described in Fig. 28, 
liquid cooling achieves a remarkable 99% reduction in power 
consumption for cooling when compared to air conditioners. 
In terms of modeling, the liquid-cooled system occupies a 
space approximately 50% smaller than the air-cooled system.

Conclusions

Numerical simulation utilizing ANSYS18.1, CFD, was 
employed to compare the cooling effectiveness of liquid 
cooling and air cooling, yielding the following findings:

•	 The simulation of air cooling, employing the optimal 
configuration with a raised floor and hot aisle contain-
ments. Temperatures for low-power racks range from 
50 °C to 90 °C, while higher power racks exhibit tem-
perature ranges between 65 °C and 122 °C. Hot spots are 
more prominent due to nonuniform distribution of air 
flow.

•	 The simulation of two-phase immersion liquid cool-
ing with FC-72 dielectric oil demonstrates a significant 
improvement for low-power server tanks, with tempera-
tures ranging from 56 °C to maximum hot spots below 
61 °C. For higher power servers, temperature ranges are 
between 56 °C and 65 °C at maximum hot spots. The 
heat transfer enhancement is attributed to the higher heat 
transfer coefficient of the oil compared to air.
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•	 The total power consumption for all high-power tanks 
is approximately 8.5 kW, while for low-power tanks, it 
is 7.5 kW. Consequently, the PUE of liquid cooling is 
about 1.01, representing a 50% reduction compared to 
air cooling with a PUE of 2. This enhancement leads to 
electricity savings and lower operational costs.

•	 The liquid-cooled system reduces design and control 
complexities, occupies less space, and contributes to 
environmental preservation by minimizing CO2 emis-
sions due to reduced power consumption.

•	 Copper coating of servers enhances temperature distri-
bution uniformity and eliminates hot spots owing to its 
higher thermal conductivity. The coating is particularly 
advantageous for high-power servers, decreasing the 
maximum temperature by 3 °C, and for low-power serv-
ers, reducing it by 1.5 °C. The maximum improvement 
percentages for high-power and low-power servers are 
13% and 8%, respectively.

•	 The PUE of servers with copper coating is approximately 
1.01, comparable to the power of servers without coating.

For future work, the research should focus on studying 
the complete cycle of the liquid cooling system, including 
heat exchangers, pumps, and pipes, to analyze the system’s 
efficiency. Studying how the use of different new technolo-
gies of dielectric oils affects cooling performance.
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