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Abstract: In this study, a novel thermal management method
for lithium-ion batteries based on liquid—vapor phase change
was investigated. A battery pack, consisting of twelve
cylindrical 18650 cells, was placed in a chamber immersed
in R-141b refrigerant, and the effects of four key parameters
were experimentally evaluated: i.e., refrigerant immersion
height (0%, 50%, and 100% of the cell height), discharge
rate (from 1C to 4C), cooling method (no cooling, natural
convection, and forced convection using a fan), and initial
hydrogel temperature (10 °C and 24 °C). The results showed
that increasing the immersion height and using hydrogel with
a lower initial temperature led to the greatest reductions in
both maximum cell temperature and final chamber pressure.
At a 4C discharge rate, the maximum cell temperature in the
fully immersed condition was 31 °C lower than that in the
no-cooling condition. Additionally, using hydrogel reduced
the final chamber pressure by up to 44.4%. In the no-cooling
condition, the maximum temperature at 4C discharge
exceeded 71 °C, which is above the safe operating limit of
lithium-ion cells. However, with full immersion, this
temperature was reduced to 40 °C. With the use of hydrogel
at an initial temperature of 10 °C, it was further reduced to
approximately 34.5 °C.
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Extended Abstract

Introduction

Lithium-ion batteries have gained widespread
use in the recent years due to their high energy
density, long lifespan,  and reliable
performance—especially in electric devices.
However, one of the main challenges with these

batteries is the heat generated during charging
and discharging, which can reduce efficiency,
safety, and overall lifespan. This makes the
development of effective thermal management
systems essential. Battery thermal management
systems generally fall into two categories: active
and passive. Active cooling involves using
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external energy to circulate a cooling fluid,
whereas passive cooling relies on natural heat
dissipation. One promising approach in this field
is liquid-vapor phase change cooling, which
effectively regulates battery temperature due to
its ability to absorb large amounts of heat at a
constant temperature. This study explores the use
of this method.Unlike conventional approaches
that primarily use solid-liquid phase change
materials and active cooling systems, this
experimental research introduces a novel liquid-
vapor phase change cooling system using R141-b
refrigerant. Compared to traditional solid-liquid
phase change materials, which suffer from low
thermal conductivity over time, this method
enables much faster heat transfer. The study
examines battery performance under two main
conditions: with and without cooling. In the
cooling scenario, four key factors were
investigated:  immersion  depth,  ambient
temperature, forced convection, and the presence
of hydrogel.

Materials and methods

Twelve cylindrical lithium-ion 18650 cells were
assembled into a battery pack for this study.
Given that the refrigerant comes into direct
contact with the batteries, a dielectric refrigerant
was chosen to prevent electrical hazards.
Additionally, a low boiling point was a critical
selection criterion. Based on these requirements,
1-dichloro-1-fluoroethane (R-141b) was selected
as the refrigerant due to its dielectric properties
and a boiling point of 32°C at atmospheric
pressure. The battery pack enclosure was made
from Teflon, with a machined cavity measuring
82 x 110 mm (length x width) and 85 mm
(height). The enclosure walls were 10 mm thick.
The batteries were placed inside the cavity, and
an aluminum heat sink was mounted on top using
ten screws to enhance heat dissipation.

Result

Initial experiments were performed under four
discharge rates (1C, 2C, 3C, and 4C) without any
cooling system. As expected, battery temperature
rose significantly with increased discharge rates,
reaching a peak of 73.1°C at 4C, which exceeded
the safety threshold. The central cell (cell 2)
experienced the highest temperatures due to
limited heat dissipation in the core of the pack.
The temperature difference between the central
and edge cells reached up to 11.6°C under no
cooling conditions. The effect of refrigerant
immersion depth was studied under three levels:

0% (no immersion), 50% (partial immersion),
and 100% (full immersion). At 4C discharge:
Partial immersion reduced the maximum
temperature by 25.67°C (36.17%) compared to
the no-cooling case. Full immersion reduced the
maximum temperature by 31°C (44%), achieving
40°C, which is within safe operating limits.The
thermal gradient between cells also improved
significantly under full immersion, with a
reduction of AT to around 2.5°C.
Two additional strategies were tested to enhance
heat dissipation through the heat sink:

- Frced convection using a 1.5 m/s airflow had

negligible impact on temperature reduction
- Hydrogel insertion between the heat sink fins
proved more effective

When hydrogel at 24°C was used, the maximum
cell temperature dropped by 8.74%; with
hydrogel at 10°C, the temperature reduction
reached 13.88% compared to the fully immersed
case without hydrogel. Additionally, the final
chamber pressure decreased from 1.31 bar to:

- 1.02bar with hydrogel at 24°C (22.2%

reduction)

- 0.73bar with hydrogel at 10°C (44.4%
reduction)

These results confirm the effectiveness of

combining refrigerant immersion and high-heat-
capacity media like hydrogel in reducing thermal
stress and improving battery safety.

Discussion and Conclusion

This study experimentally investigated a novel
thermal management method for lithium-ion
batteries, based on direct refrigerant cooling
using a liquid—vapor phase change system. A test
rig was constructed featuring twelve 18650
cylindrical cells immersed in R-141b refrigerant,
and the effects of four main parameters—
immersion height, discharge rate, hydrogel initial
temperature, and cooling  method—were
comprehensively analyzed. The results clearly
demonstrated that full refrigerant immersion
drastically  reduced the maximum cell
temperature by up to 31°C (44%) at 4C
discharge. Moreover, using hydrogel at 10°C as a
supplemental cooling interface further reduced
the maximum temperature by 13.88% and
lowered the chamber pressure by 44.4%.
Although forced convection alone had minimal
impact, the combined effect of immersion and
hydrogel provided substantial thermal and
pressure regulation while promoting a more
uniform temperature distribution and reducing
the risk of thermal runaway. This hybrid liquid-
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vapor cooling approach, particularly when
augmented with high-capacity media like
hydrogel, represents a promising, passive, and
energy-efficient method for enhancing battery
safety, lifespan, and operational stability-

especially under high-discharge conditions.
Future research should explore scalability, long-
term reliability, and integration in real battery
modules under dynamic load scenarios.
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