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propylene glycol were the three dielectric fluids being considered, at circulating rates of
1, 2 and 3 litres per minute. Among the three fluids tested, deionized water consistently
outperformed the others by maintaining the lowest outlet temperature across various
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cooling; electronic cooling; mineral intermediate heat transfer coefficient, which was 194.69 W/m2?:K, and mineral oil

oil; propylene glycol; deionized water  exhibited the lowest heat transfer coefficient at 74.44 W/m?K.

1. Introduction

Data Center is an amenity created to provide space, cooling and uninterrupted power to the
storage devices. Data centers are densely packed with heat-generating electronic equipment. Rapid
growth in the field of information technology has given rise to new challenges in the field of
computing [1,2]. The concept of modern electronic design is that smaller and faster is better. High
power densities, high operating temperatures, poor performance, and a short lifespan for electronic
equipment are all consequences of this trend [3-5]. By 2030, it is predicted that data center’s energy
consumption might account for up to 13% of the world's electricity production [6]. Typically, around
30% to 50% of the total energy consumption in a data center is allocated to cooling purposes [7-9].
Data centers’ energy requirements for cooling have significantly increased over the past decade as a
result of a considerable rise in heat generated per unit volume of space. Cooling the servers
effectively was the top priority rather than the energy efficiency in data centers. The challenge in
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front of the industry is to ensure the cooling needs of the data center without compromising on
energy efficiency. The majority of electronic thermal management research considers 85°C as the
maximum operating temperature for the safe and efficient operation of microprocessors. There are,
however, a few other references in the literature that suggest junction temperature limitations that
are slightly higher or lower [10]. Currently, the majority of data centers rely on traditional air cooling
for their operations. Traditional methods of cooling the data center may not be able to satisfy the
cooling demands soon [11]. The enhanced heat transfer capability of liquid cooling systems has
boosted interest in them for data centers. On the positive side, this results in lower temperatures
and more even heating of the electrical components. Conversely, the cooling system may function at
greater temperatures, improving energy efficiency and providing other benefits like quieter
operation. The working fluid for an immersion cooling system should be a good thermal conductor
but not conduct electricity [12]. In comparison to liquid cooling, air cooling is superior in terms of its
straightforward design, lightweight, low cost, and ease of maintenance. However, the cooling
effectiveness is poorer due to the low thermal characteristics of air. Liquid cooling can be categorized
as direct cooling or indirect cooling. Direct cooling is a method in which electronic components are
immersed in dielectric liquid and indirect cooling is a method in which liquid doesn’t directly come in
contact with the electronic components instead a heat exchanger is used. Single-phase immersion
cooling is a novel approach to the problem of high heat flux electronic equipment heating.
Additionally, it has a simple construction and less expensive cooling fluid as compared to two-phase
immersion cooling allowing power capacities in a single cabinet of up to 100 kW or even exceeding
200 kW [13-17]. Figure 1 depicts the commonly used data center cooling techniques. Out of all
techniques immersion cooling holds the promise of enhancing energy efficiency, minimizing
environmental consequences, and cutting costs, all while maintaining the reliability and scalability of
data center facilities. The selection of fluids and operating conditions in the context of immersion
cooling systems is of paramount importance. This study is primarily concerned with evaluating single-
phase immersion cooling, with a focus on the selection of suitable cooling fluids and ideal operating

conditions.
Data centre cooling
methods

[Conventional)

eqns

Room Row Rack Pool Spray _
Immersion Jet
= ot Bl i

Fig. 1. Data center cooling methods
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2. Literature Survey

Birbarah et al., [18] experimentally demonstrated immersion cooling of electronics by using water
instead of dielectric fluids. The author used water to overcome the disadvantages associated with
the thermal properties of dielectric fluids. Printed circuit boards and electronic devices were
insulated using conformal layers of parylene C of thickness 1um, 5 um and 25 um. Cheng et al., [19]
modelled and simulated a CPU immersed in engineered fluid/ dielectric fluid 3 M Novec 7100 with
forced circulation using the software. The variables included flow rate and different materials for the
heat sink. The flow rates of 0.4, 0.8, and 1.2 m/s were considered and the materials of the heat sink
considered were aluminium and copper. The simulated results were evaluated with an experiment
test. The results showed that an increase in circulating speed reduced temperature, while the
considered material for the heat sink had no significant effect on the temperature. Ramdas et al.,
[20] studied how immersion cooling affects the thermo-mechanical properties of printed circuit
boards and their reliability. According to this study, PCBs do not suffer any detrimental effects when
submerged in dielectric fluid EC 100. Taddeo et al., [21] studied 54 open computing project servers
with a peak power of 400 Watts each were immersed and operated in a dielectric coolant. The
testing, data gathering, and model validation of this system were encompassed. Results
demonstrated how the system's thermal profile changed under both static and dynamic workloads,
and they also illustrated a link between server energy consumption and system temperature. The
system reaction to various cooling settings was investigated using the energy model, which was
presented, tested against actual data, and utilized. The study supports the need for additional
research and concludes by demonstrating the validity of the energy model. Shrigondekar et al., [22]
investigated the behaviour of heat transfer in a single-phase immersion cooling system using
dielectric fluids FC40 and PAO-6 in a 1 U server. The thermal performance of the system was
examined by several system factors, such as the fluid bypass (distance between the fluid tank and
the heat sink), suction fans, heat sink fin pitch, fluid flow rate, fluid intake temperature, and heat
load. Raising the fluid inlet temperature or heat load increased server temperatures and decreased
thermal resistance. Numerical simulations provided insights into flow patterns and temperature
distribution during fluid bypass [23]. White mineral oil and virgin coconut oil were the two fluids used
in this study's experimental analysis of single-phase immersion cooling. According to research,
temperatures achieved by immersion cooling were 13°C lower than those reached by traditional
cooling. Utilizing a fan with an 800-rpm spin and a 1.5 litres per minute (LPM) flow rate was the most
effective way to lower the temperature. Additionally, mineral oil outperformed virgin coconut oil in
terms of how effectively the dielectric fluids cool. After five months of immersion in the fluid, there
was no component degradation in the durability tests [24]. In this study, the reliability and
characteristics of computer hardware immersed in mineral oil were investigated. The study looks at
how mineral oil affected the physical characteristics of computer hardware, including its flow and
electrical strength. Researchers found that using mineral oil to cool data centers has advantages
including a reduction in problems like overheating, fan failures, noise, dust, and corrosion.

From the above discussions, it can be inferred that there is rising interest in cooling data centers
using the immersion approach and that there is sufficient scope for improvement from fluid selection
to ideal operating conditions for single-phase immersion cooling. It has been demonstrated via
several tests that electronics can be submerged in a die-electric fluid. In the experiment designed, a
heater of a size equivalent to 42 cubic millimetres was utilized to simulate the effect of a server rather
than actual electronics because the current study is solely concerned with the best operating
conditions and fluid selection. For heat inputs of 300, 400, and 500 watts, the heater with a surface
area of 0.0106 m2 is subjected to heat fluxes of 28.34, 37.79, and 47.24 kW/m2, respectively.
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3. Methodology

Table 1 shows the properties of fluids under consideration for the present study.

Table 1

Properties of Die electric fluids [25]

Fluids pat20°C C k U
(8/cc) (J/kg K) (W/mK) (cSt)

Deionised Water 0.998 4200 0.610 0.658

Mineral oil 0.84 1670 0.130 9.6

Propylene glycol 1.036 3433 0.34 40.54

Figure 2 shows the methodology adopted for the experiments; the experimentation process
involved the examination of three different fluids: deionized water, mineral oil, and propylene glycol.
The primary variables considered during the experiments were the flow rates, with values set at 1
LPM, 2 LPM, and 3 LPM. Additionally, the heat input was adjusted at different levels, specifically 300
W, 400 W, and 500W. Following preliminary trials that showed little temperature fluctuations after
100 minutes hence period of 100 min was chosen for the experiment. During the experiments, the
temperature at the inlet and outlet was recorded every 10 minutes for 100 minutes to gather
information about the heat transfer characteristics of each fluid under different conditions. A pump,
a valve with a rotameter for flow rate control and measurement, a variac for regulating heat input,
and a radiator with a fan for controlling fluid temperature were all included in the experimental
setup. Together, these components enable precise control and monitoring of fluid flow rate and heat
input, ensuring the reliability and accuracy of the experimental results.

Immersion Cooling
Methodology

1
I T 1
Deionized White Propylene
water mineral oil glycol

Variables

Flow Rate Heat input
1 1
n L] 1 n L] 1
1LPM pARYY 3 LPM 300 W 400 W 500 W

Fig. 2. Methodology

Figure 3 shows the modelling of the experimental setup and the fabricated experimental test rig.
The immersion cooling structure has the following measurements: length of 320 mm, height of 240
mm, and width of 180 mm. A diaphragm-type pump was used in the experimental setup to circulate
the fluid throughout the apparatus. By adjusting a valve, the fluid's flow rate was managed. A glass-
tube rotameter with a float, which offers readings of the fluid's flow rate in real time, was used to
precisely monitor and manage the flow rate. A standard variac with manual voltage adjustment was

144



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 111, Issue 2 (2023) 141-153

also used to examine the impact of various heat sources on the fluid. The system's heat input may be
regulated and altered as necessary for the tests by altering the variac. A radiator with a fan was
integrated into the setup to cool the liquid before recirculation.

/ Rotameter

_— Energy meter

Thermometer
(Outlet temp)

Input
Heater &

Thermometer
(Inlet temp)

(a) ) (b)

1.Heater

6.Energy meter

2 & 3.Thermocouples
7.Rotameter

4. Variable heat input
8.Pump

5.Radiator with cooling fan

(c)
Fig. 3. Experimental setup (a) Front view of three-dimensional modelling (b) Isometric view of three-
dimensional modelling (c) Fabricated experimental test rig

4. Results and Discussions
Three distinct fluids were chosen as the working mediums for the experiments, namely deionized

water, mineral oil, and propylene glycol and analyzed their heat transfer characteristics under varying
conditions.
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4.1 Effect of Varying Heat Input and Flow Rate on the Temperature of Various Fluids

Figure 4, 5 and 6 show the effect of varying heat input and flow rate on the temperature of various
fluids. Deionized water performed best among the three fluids because it has the lowest outlet
temperature across all heat inputs and flow rates. The lower temperature of deionized water would
be the result of its greater capacity to remove heat. Propylene glycol was the second-best fluid
considering the outlet temperature.

62 +D'I' " It (Ollln T " )l T T T T T 62 62 T T T T T T T T T T 62
eionized water utiet temperature, . J ized (t Outlet tem eralure) 1
60 - o Heat Input : 300 W - 60 60 - —®— Deionized water (Ou P! . 60
o - Deionized water (Inlet temperature) p = s ] - Deionized water (inlet temperature) Heat In put: 300 W_ o
- Mineral oil (Outlet temperature) Flow rate: 1 LPM ] —A— Mineral oil (Outlet temperature) Flow rate: 2 LPM
56 4-/— Mineral oil (Inlet temperature) - 56 56 1 —A— Mineral oil (Inlet temperature) 156
54 ]~ Propylene glycol (Outlet temperature) - 54 54 | —— Propylene glycol (Outlet temperature) - 54
2 _{} Propylene glycol (Inlet temperature) 1 52 ] —— Propylene glycol (Inlet temperature) 1s2
— 50 450 ~ 50 J50
o‘j, 48 J a8 c&’, 484 J 48
L 46 16 L 46 146
E] 2
= 444 Jaa g 4 Jaa
5 < 42 ]
g_ 42 - 42 3 42 42
£ 404 440 £ 40 440
< o
~ 384 438 = 38 - 38
36 - 436 36 _ B 36
344 434 34 34
32 - 32 32 = - 32
30 - 30 30 30
28 T T T T T T T T T T 28 28 T T T T T T T T T T 28
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time (Minutes) Time (Minutes)
(a) (b)
62 T T T T T T T T T T 62
60 -| @ Deionized water (Outlet temperature) . Je0
8 — Deionized water (Inlet temperature) Heat InpUt 1300 W 58
"] —A— Mineral oil (Outlet temperature) Flow rate: 3 LPM 7
56 4 —A— Mineral oil (Inlet temperature) - 56
54 | —@— Propylene glycol (Outlet temperature) 54
52.] —— Propylene glycol (Inlet temperature) 15
~ 50+ - 50
< 4] a8
2 46 46
2
s 44 4 - 44
O 424 - 42
o
£ 40 4 - 40
]
= 38 - 38
36 4 - 36
34 ] J34
324 -4 32
304 - 30
28 28
0

Time (Minutes)
(c)
Fig. 4. Temperature variation for various fluids with 300 W heat input and varying flow rate(a) 1 LPM (b) 2
LPM (c) 3 LPM

62 T T T T T T T T T T 62 62 T T T T T T T T T T 62

60 -] ~® Deionized water (Outlet temperature) Heat Input : 400 W ] 4, 60 -] = Deionized water (Outlet temperature) Heat Input : 400 W 4 6

s8] —+ Deionized water (Inlet temperature) Flow rate: 1 LPM ] 58 58] Deionized water (Inlet temperature) p ) Jss

—A— Mineral oil (Outlet temperature) . —A— Mineral oil (Outlet temperature) Flow rate: 2 LPM

56 4 —/— Mineral oil (Inlet temperature) - 56 56 4 _A— Mineral oil (Inlet temperature) 756

54 | —@— Propylene glycol (Outlet temperature) 54 54 4 —@— Propylene glycol (Outlet temperature) 54

52 ] —O— Propelene glycol(inlet temperature) 1s2 52 - —O— Propylene glycol (Inlet temperature) 452

~ 504 Js0 . 504 - 50

< 48 1 L 481 J4s

O 46 46 o 67 14

3 35 44 Jaa

g 4 14 S 42 ] 42
D 42 - 42 [

=% Q 40 - 40

g 404 1% 5 s8] J38

~ 38 38 = o361 J36

36 - 36 34 - 34

34 4 34 32 4 - 432

32 32 30 4 - 30

30 - 30 28 28

28 T T T T T T T T T T 28 26 T T T T T T T T T T 26

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time (Minutes) Time (Minutes)

(a) (b)

146



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 111, Issue 2 (2023) 141-153

62 T T T T T T T T T T 62
60 -| —=— Deionized water (Outlet temperature) . J 60
58] —— Deionized water (Inlet temperature) Heat Input 1400 W 1ss
56 +M?nera| o?l (Outlet temperature) Flow rate: 3 LPM 56
1 -2 Mineral oil (Inlet temperature) 7]
54 4 —@— Propylene glycol (Outlet temperature) - 54
52 ] —O— Propylene glycol (Inlet temperature) 152
50 4 - 50
O 18 148
R
o 464 - 46
=
3 44 4 - 44
g 42 142
Q. 40 - 40
QE) 38 4 138
= 36 4 - 36
34 ] J3a
324 - 32
304 - 30
28 4 - 28
26 T T T T T T T T T 26

T
0 10 20 30 40 50 60 70 80 90 100
Time (Minutes)

(c)
Fig. 5. Temperature variation for various fluids with 400 W heat input and varying flow rate(a) 1 LPM (b) 2
LPM (c) 3 LPM

64 T T T T T T T T T 64 62 T " T © T ’ T )l T T T T T 62
62 -| —®— Deionized water (Outlet temperature) . J62 60 = Deionized water (Outlet temperature; . 160
60 —1 Deionized water (Inlet temperature) Heat lnpUt 1 500 W 60 —+ Deionized water (Inlet temperature) Heat InPUt 1 500 W
—A— Mineral oil (Outlet temperature) Flow rate: 1 LPM 58 + _a— Mineral oil (Outlet temperature) Flow rate: 2 LPM 1] 58
58 4 _A— Mineral oil (Inlet temperature) 58 56 4 —— Mineral oil (Inlet temperature) - 56
56 -{ —@— Propylene glycol (Outlet temperature) - 56 54 | —#— Propylene glycol (Outlet temperature) 54
54 ] - Propylene glycol (Inlet temperature) 154 52 —{— Propylene glycol (Inlet temperature) 5
524 1%2 50 - 50
G w0 1% L 41 48
48 4 48
I L 464 - 46
2 *°7 1% 24 44
g 44 ] Jaa g ] ]
a 42 Ja2 8 421 14
g 40 ] 140 g 404 440
F 38 J38 = 384 438
36 J36 36 - 36
34 - 34 344 434
32 432 32 432
30 - 30 304 <30
28 T T T T T T T T T 28 28 T T T T T T T T T T 28
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time (Minutes) Time (Minutes)
(a) (b)
60 T T T T T T T T T T 60
58 -| —® Deionized water (Outlet temperature) Heat |nput : 500 W4 s8
—{+ Deionized water (Inlet temperature) .
56 -1 _a— Mineral oil (Outlet temperature) Flow rate: 3 LPM - 56
54 4 -A— Mineral oil (Inlet temperature) - 54
52 ] —&- Propylene glycol (Outlet temperature) 1s2
—{~ Propylene glycol (Inlet temperature)
50 4 - 50
o 484 4 48
)
o 46 - J a6
3 44 A - 44
o
g 42 - 42
£ 40 - 40
@ 384 38
36 - 36
34 434
324 - 32
30 4 - 30
28 T T T T T T T T T T 28
0 10 20 30 40 50 60 70 80 90 100

Time (Minutes)

(c)
Fig. 6. Temperature variation for various fluids with 500 W heat input and varying flow rate (a) 1 LPM (b) 2
LPM (c) 3 LPM

147



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 111, Issue 2 (2023) 141-153

4.2 Effect of Varying Heat Input and Fluid on Temperature at Various Flow Rates

in exit temperature for all fluids at all heat inputs. The increase in flow rate had less of an impact on

To investigate the impact of flow rates on heat transfer, three different flow rates were employed
1 LPM, 2 LPM, and 3 LPM. Figure 7, Figure 8 and Figure 9 show the effect of varying heat input and
fluid on temperature at various flow rates. This allowed for the assessment of how fluid flow rate
affected heat transfer performance. It can be stated that increasing the flow rate resulted in a drop

fluid temperature at 500 W heat input than it does at lower heat inputs.
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Fig. 7. Temperature variation of deionized water with varying flow rate and heat input of (a) 300 W (b) 400
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4.3 Effect of Varying Flow Rate and Fluid on Temperature at Various Heat Input

Figure 10, 11 and 12 show the effect of heat input for three levels: 300 W, 400 W, and 500 W.
This variation in heat input helped in assessing the influence of different heat levels on the heat
transfer process. For all the fluids considered increasing heat input has increased outlet temperature.
At 300 W of heat input, the highest outlet temperature of 53°C is observed at 1 LPM in mineral oil
whereas the lowest temperature recorded was deionized water at 39°C and 3 LPM and propylene
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glycol’s temperature was very close to the temperature of deionized water. At 400 W of heat input,
the highest outlet temperature of 55°C was observed at 1 LPM in mineral oil whereas the lowest
temperature of 40°C recorded was deionized water at 3 LPM and propylene glycol’s temperature was
very close to the temperature of deionized water. At 500 W of heat input, the highest outlet
temperature of 53°C was observed at 1 LPM in mineral oil whereas the lowest temperature of 42°C
recorded was deionized water at 3 LPM and propylene glycol’s temperature was very close to the
temperature of deionized water. It is important to note the volume of fluid in which the heater is
immersed also plays a significant role in the temperature.
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Fig. 12. Temperature variation of propylene glycol at varying heat input and flow rate (a) 1 LPM (b) 2 LPM
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5. Conclusions

After collecting the data, detailed analysis and comparisons were conducted to determine how
the choice of fluid, flow rate, and heat input influenced the heat transfer performance in the
experimental setup. This investigation gave vital insights into their heat transfer behaviour and
performance. It is worth emphasizing that the volume of fluid surrounding the heater has a
substantial impact on temperature regulation. Furthermore, it's evident that augmenting the flow
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rate consistently led to a reduction in exit temperature for all fluids at all heat inputs. This observation
highlights how varying heat input levels can aid in evaluating their influence on the heat transfer
process. For all the fluids examined, it's evident that increasing heat input invariably resulted in
higher outlet temperatures. Deionized water consistently outperformed the other two fluids by
maintaining the lowest outlet temperature across various heat inputs and flow rates, primarily due
to its higher thermal conductivity and specific heat. The average heat transfer coefficient for
deionized water was calculated as the highest, with a value of 349.29 W/m?-K. Propylene glycol had
an intermediate heat transfer coefficient, which was 194.69 W/m?:K, and mineral oil exhibited the
lowest heat transfer coefficient at 74.44 W/m?-K. Based on the heat transfer coefficient values, it is
clear that deionized water has the lowest temperature due to its significantly higher heat transfer
coefficient, and the same trend applies to the other fluids.
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