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Abstract

Conventional split-type air conditioners are limited by high electrical
consumption, noise from cooling fans, and bulky condenser coils
that restrict installation flexibility. However, the application of
immersion cooling in household AC systems remains largely
unexplored. This study investigates the feasibility of using Virgin
Coconut Oil (VCO) as a dielectric fluid for immersion cooling to
improve energy efficiency and thermal performance. An
experimental setup was developed using 20 L of SNI-compliant
VCO, with the outdoor unit modified for immersion operation. Key
performance parameters, including condenser coil and evaporator
coil temperatures and the Coefficient of Performance (COP), were
measured. Results showed condenser coil temperatures ranging
from 40 °C to 58 °C and evaporator coil temperatures between 6 °C
and 11 °C. The system achieved an average COP of 4.65 and
reduced electrical consumption by approximately 20 %, indicating
significant energy savings without compromising cooling efficiency.
VCO also demonstrated suitable dielectric properties, with a
breakdown voltage of 29.17 kV, near the IEC 156 threshold. These
findings highlight immersion cooling with VCO as a promising, quiet,
and energy-efficient alternative for household air conditioners.
Further work is recommended to assess long-term reliability under
varying operational conditions.
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INTRODUCTION

The split-type air conditioner is dominant in
the Indonesian household market. Compact and
practical for everyday use. The split type
indicates that the outdoor construction part is
separate from the indoor one. This type almost
always uses convection air cooling with electric
fans. This type of conventional cooling has
several obstacles, namely, the additional
electrical energy to drive an electric fan. There is
noise from the electric fans, and the large
condenser box is an obstacle to their placement.
Corrosion of the condenser coil can damage the
AC split installed in buildings near the coast. The
latest method to improve energy efficiency and
save more energy is to use immersion-cooling
fluid technology. The latest technology in

immersion cooling is a liquid dielectric [1][2] that
absorbs heat from components by convection
and releases it to the environment through a
single-phase or two-phase system [3]. Many
advantages of using liquid dielectrics have been
reported, including a high heat transfer
coefficient, stable hydrodynamic flow, and the
ability to directly cool heat-generating
components, resulting in  more uniform
temperature distribution and improved thermal
management performance [4]. Examples of
dielectric materials commonly used today include
mineral oil (MO) and virgin coconut oil (VCO) [5].
This cooling method is commonly used in
electronic devices such as computer servers
[6][7], data centers [8][9], solar PV [10], batteries
[2][11], and transformer strength [12][13].
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Immersion cooling can cool the entire
surface, unlike indirect cooling. Improves
temperature uniformity by reducing local heating.
It is possible to achieve high efficiency with
medium coolants that have high thermal
conductivity, low viscosity, and high heat capacity
[14]. Several problems are related to this system.
There were an electric short circuit and
electrochemical corrosion.  Therefore, the
consideration of choosing a dielectric material is
due to its ability to prevent electrical short circuits
[15][16], as well as safety and health concerns,
non-toxicity, good performance, chemical
stability, and non-flammability. Other potential
immersion refrigerants include deionized air [17],
silicone-based oils, or mineral oils [18]. Those
applications are proposed for electronic CPU
cooling in data centers.

Implementation of immersion cooling
across various equipment, including solar
photovoltaic systems. Solar radiation will be
optimal when the weather is sunny, cloudless,
and pollution-free, but this will also raise
temperatures. The heat generated by solar cells
must be managed to achieve high efficiency. The
energy produced by solar PV typically decreases
with increasing temperature. Birbarah et al [6]
reported that refrigerated solar PV can increase
its efficiency by up to 47%. The cooling system
utilizes air and water immersion technology,
which is more effective than other mechanisms.
The use of an immersion water-cooling system is
particularly beneficial. An immersion water-
cooling system is highly beneficial on sunny
days. Immersion cooling in the data center helps
control temperature rise, which, if left unchecked,
can damage electronic components. The
computing speed of computer servers and data
centers will decrease due to rising temperatures,

which can also increase electrical power
consumption at the same load.

One of the major problems in AC
performance is the buildup of heat in the

condenser and compressor components, which
reduces cooling efficiency and shortens
equipment lifespan. While efforts to improve
energy efficiency have been made, such as
variable refrigerant flow systems and inverter
technology, these still rely on forced-air
mechanisms and do not address core thermal
management limitations.

A growing body of research in thermal
engineering has highlighted the potential of
immersion cooling with dielectric liquids, such as
mineral oil or synthetic fluids, to directly absorb
and dissipate heat in electronics, data centers,
batteries, and photovoltaic systems.

However, despite proven applications in
high-performance computing and renewable
energy systems, there is a noticeable gap in the
literature on the use of immersion cooling in
residential air conditioning systems, especially
with natural, biodegradable coolants such as
Virgin Coconut Oil (VCO).

Table 1 presents a comparative analysis of
the thermophysical and dielectric properties of
VCO, mineral oil, and synthetic oil. The VCO
exhibits higher thermal conductivity and specific
heat capacity, which enhance its ability to absorb
and dissipate heat efficiently. In addition, its lower
viscosity improves convective heat transfer
performance.

Table 1. Comparison of key physical and thermal
properties of VCO, mineral oil, and synthetic oil
(Data compiled from [5,15,19, 20, 21]).

Virgin
Cocon Miner Synthe
ut Oil al Oil tic Oil
(VCO)

Property  Unit Remarks

VCO is
slightly
denser,
enhancing
convection
stability

Lower
viscosity of
Viscosity (25 ;p 25 30 40-50 3545 V<O
C) improves
convective
heat transfer

Higher heat
capacity
NE allows better
9 1.8-2.0 4ermal
storage and
stability

Higher
conductivity
enhances
heat
dissipation
efficiency.

Comparable
insulation
strength for
low-voltage
systems

VCO is
renewable
Partial and
environment
ally friendly

VCO
Locally supports
availabl Import Importe sustainable
e, low- ed d and local
cost supply

chains

900- 850- 820-

Density 920 890 860

kg/m?

Specific
Heat
Capacity

kJ/kg-

W/m-

021 012-

0.15

0.16—
0.18

Thermal
Conductivity K

Breakdown
Voltage (IEC kV
156)

2917 30-35 32-40

Biodegradab _

o Yes No
ility

Cost and
Availability
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From an environmental perspective, VCO is
biodegradable and locally available, making it a
more sustainable alternative compared to
conventional dielectric fluids. The implementation
of split AC with VCO oil-dielectric for submerged
cooling needs to be studied to assess its
effectiveness and the benefits obtained. How to
use electrical energy, a quiet cooling mechanism,
a more stable temperature, and a more compact
outdoor design are some of the advantages that
will be discussed, and the results can be used in
the research phase to improve the performance
of the split air conditioner.

This research aims to determine whether it
is possible to use immersion cooling technology
using VCO oil to be applied to split-type air
conditioners, determine the performance of the
condenser and evaporator temperatures, and
determine their effect on the performance (COP)
of the split AC.

The novelty of this study lies in its
experimental  application of  single-phase
immersion cooling technology, using VCO as the
dielectric medium, in a split-type AC outdoor unit.
To the best of the authors' knowledge, this is
among the first studies to evaluate the thermal
performance, energy efficiency, and feasibility of
using VCO in this specific context. This research
aims to determine whether immersion cooling
can effectively lower component temperatures,
reduce electricity usage, and provide a quieter,
more compact cooling solution suitable for
household AC systems in tropical climates. The
implications of this research are twofold: (a) it
introduces an environmentally friendly and
energy-saving alternative to conventional forced-
air cooling in residential AC systems, and (b) it
opens opportunities for further development of
sustainable cooling technologies using locally
sourced natural materials, which could reduce
dependence on synthetic coolants and enhance
thermal management in various domestic
applications. If proven effective on a larger scale,
this approach supports green building initiatives
and contributes to national energy efficiency
goals.

Additionally, its breakdown voltage of
29.17 kV meets the IEC 156 safety threshold for
household AC systems. Beyond technical
performance, VCO is biodegradable, non-toxic,
and locally available in tropical regions such as
Indonesia, offering both environmental and
economic advantages. These quantitative
attributes reinforce the novelty of this study and
justify the selection of VCO as a sustainable
dielectric medium for residential split-type air
conditioners [5, 15, 19, 20, 21].

The main objective of this research is to fill
an existing research gap by experimentally
evaluating immersion cooling with Virgin Coconut
Oil (VCO) in residential split-type air conditioners.
Specifically, the study aims to evaluate the

feasibility, thermal performance, and energy
efficiency of VCO as a dielectric medium by
analyzing condenser and evaporator

temperatures and determining
Coefficient of Performance (COP).

the system's

METHOD
Experimental Setups

This study employed an experimental
approach to evaluate the feasibility of using
Virgin Coconut Oil (VCO) as a dielectric cooling
medium for the outdoor unit of a residential split-
type air conditioner. The original outdoor unit—
comprising the compressor, condenser coil,
expansion valve, and fan—was modified by
replacing the air-cooled section with a sealed
immersion chamber filled with VCO. The design
aimed to achieve direct heat transfer between the
condenser coil and the dielectric fluid, thereby

eliminating fan energy consumption and
improving overall heat dissipation.
The experimental configuration was

developed to ensure complete fluid contact
around the condenser coil and to maintain a
stable convective flow within the chamber. This
setup allowed accurate monitoring of thermal
behavior while maintaining realistic operating
conditions representative of household
environments.

Dielectric Fluid and Its Properties

Virgin Coconut Oil (VCO) sourced from a
certified Balinese producer was used as the
immersion medium. The oil complies with the
Indonesian National Standard (SNI) for purity and
quality. Its key properties are: density 900-920
kg/m3, ~ moisture content 0.1-0.5%, and
breakdown voltage 29.17 kV (IEC 156). Although
slightly below transformer oil specifications, this
dielectric strength is sufficient for low-voltage
(220-240 V) residential AC systems. The
selection of VCO was based on its
thermophysical advantages—Ilow viscosity, high
specific heat capacity, and biodegradability—
making it suitable for safe, quiet, and energy-
efficient cooling applications.

Testing Conditions and Procedure

The experiment was performed under
controlled ambient conditions at 27 °C. The
indoor unit cooled a 9 m? test room subjected to a
constant 500 W heat load to simulate typical
residential operation. The system used R410A

A. Wibolo et al., Possibility of using immersion cooling technology with virgin coconut oil ...

461



SINERGI Vol. 30, No. 2, June 2026: 459-468

refrigerant, and pressure-temperature readings
were monitored at both the high- and low-
pressure sides during operation.

Key performance parameters, including
condenser and evaporator temperatures and total
electrical power consumption, were continuously
measured for 3000 minutes. All instruments were
calibrated in accordance with ASHRAE standards
to ensure accuracy. The data were used to
evaluate the system's Coefficient of Performance
(COP) and overall energy efficiency.

Experimental Rationale

The experimental configuration was
designed to simulate realistic tropical operating
conditions while enabling direct assessment of
immersion-cooling performance. As illustrated in
Figure 1, the system employed approximately 20
liters of VCO to ensure complete submersion of
the condenser coil, thereby promoting efficient
heat transfer and maintaining dielectric insulation.
Removing mechanical fans eliminated parasitic
power losses and enabled a more accurate
evaluation of the system's thermal and energy
behavior. Overall, this setup provides a robust
framework for assessing the practical feasibility
of VCO-based immersion cooling in residential
HVAC applications.

Data Analysis

The system performance was evaluated
using the Coefficient of Performance (COP),
defined as:

COP = Q_cooling / W_input (2)

Where Q_cooling is the cooling capacity (kW),
and W_input is the electrical power input (kW).
Data were logged and processed using Microsoft
Excel to generate temperature and performance
curves. The analysis focused on comparing the

-~

———————

7

(

Outdoor Unit

immersion-cooled system's efficiency,
temperature stability, and potential for energy
savings with conventional cooling approaches.

RESULTS AND DISCUSSION

Excessive heat generation in air
conditioning systems, especially within the
condenser and compressor components, poses
significant challenges to performance efficiency
and equipment lifespan [26][27]. This study
evaluated the effect of immersion cooling using
Virgin Coconut Oil (VCO) on the thermal and
energy performance of a split-type air
conditioner.

Condenser Temperature Performance

The condenser temperature profile
throughout the 3000-minute operation period is
shown in Figure 2. The temperature fluctuated
between 40°C and 58°C, reflecting stable thermal
performance and effective heat dissipation
through the VCO medium.

Compared with a conventional fan-cooled
condenser, which typically operates between
45°C and 65°C under similar ambient conditions,
the immersion configuration demonstrated
reduced temperature fluctuations and improved
uniformity. This result confirms that direct liquid
contact between the condenser coil and the VCO
enhances heat transfer, minimizes localized
hotspots, and maintains a more consistent
surface temperature.

Similar findings were reported by M. Asim
et al. [22], who observed that immersion cooling
in electronic systems provides better thermal
uniformity than forced-air methods due to
superior convective heat transfer.

Indoor Unit

Termocouple probe,
daq aquisition

Power meter

Figure 1. Experiment setup, installation of the AC split, outdoor unit, and instruments
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Figure 2. The variations of condenser temperature

Evaporator Temperature Performance

Figure 3 shows the evaporator

temperature, which remained stable between 6°C
and 11°C throughout the experiment.
This consistency indicates that the modified
outdoor immersion cooling system does not
compromise the evaporator’'s thermal
performance or indoor comfort level, maintaining
a room temperature of around 22°C under a
constant 500 W internal load.

Compared to conventional AC systems,
which may experience +3 °C evaporator
temperature oscillations under variable
compressor loads, the immersion-cooled system
maintained more stable thermal control. This
suggests that improved condenser efficiency
directly contributes to smoother evaporator
operation. The result aligns with the observation
of Birbarah et al. [6], who found that enhanced
heat regulation in immersion-based thermal
systems results in greater overall energy stability.

Energy Efficiency and COP Analysis

The system’s energy consumption data
were analyzed to determine its Coefficient of
Performance (COP), as shown in Figure 4. The
average COP recorded was 4.65, representing a
significant improvement in energy efficiency
compared with a baseline conventional system,
which typically achieves a COP of 3.8—4.0 under
similar operating conditions.

The implementation of VCO-based
immersion cooling reduced total electrical energy
consumption by approximately 20%, primarily by
eliminating fan power and enhancing heat
transfer within the dielectric fluid. This finding
supports earlier studies on immersion cooling in

high-performance computing and energy storage
systems, which reported efficiency gains of 20—
30% through direct liquid contact [19].

Overall, these results confirm that
immersion  cooling with VCO  provides
measurable thermal and energy advantages over
conventional air-cooled systems, making it a
promising alternative for quiet, efficient, and
environmentally sustainable air conditioning
applications.

Discussion on Heat Transfer Mechanism

The thermal performance of VCO as a
dielectric coolant is primarily attributed to its
relatively high liquid-phase heat transfer
coefficient and stable insulating properties.
Based on Newton’s Law of Cooling, effective
convective heat transfer occurs when a fluid
exhibits a large temperature gradient and a
sufficient surface area for contact. The finned
immersion chamber in this experiment enhanced
that effective surface area, promoting efficient
heat dissipation from the condenser coil. The
observed condenser temperature range of 40-58
°C indicates that the VCO medium successfully
maintained thermal equilibrium within the system.

Furthermore, while mineral oils are widely
used in immersion-cooling applications, VCO
offers a renewable, biodegradable alternative
with  promising thermal and  electrical
characteristics. Its breakdown voltage of 29.17
kV, although slightly below transformer-grade
standards, is sufficient for the AC's operating
voltage range. Additionally, the absence of a
forced fan reduces noise and simplifies the
system design.
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Figure 3. The variations of evaporator temperature
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Figure 4. The variations of the coefficient of performance.

Table 2. A quantitative comparison between selected previous studies
on immersion cooling and the present work

Reference

Dielectric
Fluid

Application TempRange ., Energ(y%?avmg

Notes

Birbarah et al. [6]
(2020)

Dubey et al. [16]
(2021)

Zhang et al. [19]
(2025)

Jiang et al. [20]
(2025)

Liu et al. [28]
(2025)

This study (2025)

High-power

A Water
electronics

~15

Li-ion battery

module 30-50 B

Mineral oil 20-30

Data center

35-60 -
servers

Synthetic oil ~25

Automotive battery

pack 30-55 -

Mineral oil ~20

Battery cooling
with PCM +
immersion

Mineral oil 32-52 - ~22

40-58
(condenser) / 6—
11 (evaporator)

Split-type
residential air
conditioner

Virgin Coconut

Oil (VCO) 4.65

~20

Improved heat
removal, but
not applied to
HVAC systems
Demonstrated
improved
thermal
management,
no COP data
Enhanced
temperature
uniformity, no
residential AC
application
Focused on
battery
systems, not
HVAC

Hybrid cooling
approach, not
directly
applicable to
AC systems
First
application of
VCO
immersion
cooling in
residential AC,
achieving
significant
efficiency
gains
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The improved thermal behavior is largely
attributed to the higher heat transfer coefficient of
liquids over gases [23], as well as the continuous
surface contact in immersion cooling. Newton's
law of cooling governs convection, in which a
fluid with a lower temperature can extract heat
more efficiently from solid surfaces [24][25].
Additionally, the use of finned chambers
increased the heat exchange surface area,
enhancing the cooling effect [26][27].

Furthermore, VCO as a dielectric fluid
offers a sustainable and safe alternative to
synthetic oils. Based on SNI 7381:2008 [34] and
tested under IEC 156 [35], VCO exhibited a
breakdown voltage of 29.17 kV, deemed
sufficient for household AC units operating at
220-240 V.

Table 2 clearly demonstrates that previous
immersion cooling studies have predominantly
focused on electronic and electrochemical
systems, with limited applicability to HVAC
systems. In contrast, the present study provides
direct experimental validation of immersion
cooling performance in a residential air
conditioning system using VCO, including key
performance indicators such as COP and energy
savings.

To further emphasize the research gap,
Table 2 presents a quantitative comparison
between selected previous studies on immersion
cooling and the present work. As shown, most
existing research focuses on electronic devices,
data centers, and battery systems, with limited
data on performance indicators, such as the
Coefficient of Performance (COP) and energy
savings, relevant to air conditioning applications.
None of these studies has explored the use of
Virgin Coconut Oil (VCO) or applied immersion
cooling to residential split-type air conditioners. In
contrast, this study demonstrates the first
experimental  application of  VCO-based
immersion cooling in a household AC system,
achieving a condenser temperature range of 40—
58 °C, an evaporator temperature range of 6—11
°C, a COP of 4.65, and approximately 20%
energy savings. These results highlight the
novelty and contribution of the current research in
bridging the gap between immersion cooling
technology and residential HVAC applications.

Furthermore, Kussumardianadewi et al.
[37] emphasized the importance of integrating
energy-efficient, sustainable technologies into
building systems to improve overall performance
and reduce operational costs. The approximately
20% reduction in electrical energy consumption
observed in this study indicates that immersion
cooling with VCO can help achieve these
sustainability goals, particularly in residential

HVAC applications.

In addition, Iskandar et al. [38] highlighted
that system performance optimization is strongly
dependent on system design and operating
conditions. The stable temperature profiles
observed in both the condenser and evaporator
components in this study indicate that the
proposed immersion-cooling configuration
provides a more uniform and controlled thermal
environment than  conventional air-cooled
systems.

Overall, compared to previous studies by
Sukarman et al. [36], Kussumardianadewi et al.
[37], and lIskandar et al. [38], this research
introduces a novel application of immersion
cooling in residential air conditioning systems
using a biodegradable dielectric fluid. This
approach not only improves thermal performance
but also enhances energy efficiency and
environmental sustainability.

Compared to previous studies, the present
work demonstrates a novel application of
immersion cooling in residential HVAC systems
using a natural dielectric fluid. Most prior
research has focused on electronics, batteries,
and data centers, with limited evaluation of
system-level performance such as COP in air
conditioning systems. The obtained COP value of
4.65 and the approximately 20% energy savings
are consistent with, and in some cases exceed,
those reported for electronic cooling applications.
This indicates that immersion cooling using VCO

is not only technically feasible but also
competitive  with  conventional  air-cooling
technologies, particularly in tropical climates

where thermal loads are relatively high.

CONCLUSION

This study demonstrates the feasibility of
applying immersion cooling technology using
Virgin Coconut Oil (VCO) as a dielectric medium
in residential split-type air conditioning systems.
The system  achieved stable thermal
performance, with condenser temperatures
ranging from 40 °C to 58 °C and evaporator
temperatures between 6 °C and 11 °C. An
average Coefficient of Performance (COP) of
4.65 was obtained, along with approximately 20%
reduction in electrical energy consumption.

The results confirm that VCO possesses
suitable thermophysical and dielectric properties
for effective cooling. Compared to conventional
air-cooled systems, the proposed approach offers
advantages in energy efficiency, noise reduction,
and environmental sustainability.

The findings highlight the potential of VCO-
based immersion cooling as an energy-efficient,
low-noise, and eco-friendly alternative for future
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air-conditioning technologies, particularly in
tropical regions. Future work should focus on
long-term reliability testing, oil aging behavior,
and system integration studies to validate
commercial scalability and lifecycle performance.
This research contributes to expanding the
application of immersion cooling technology from
electronics to HVAC systems. Future work should
focus on long-term operational stability, oil
degradation  characteristics, and  system
scalability to support real-world implementation.
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