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Abstract - This review paper presents a comprehensive
analysis of the evolving landscape in automotive cooling
systems, focusing on the utilization of advanced computational
fluid dynamics (CFD) techniques for assessing the performance
of automobile radiators. The study investigates the integration
of cutting-edge carbon-based hybrid nano coolants to enhance
heat transfer and overall efficiency in cooling systems.
Through a meticulous exploration of research findings, this
review consolidates and evaluates the impact of nano coolants
on thermal conductivity, viscosity, and heat dissipation within
the radiator. The paper highlights the pivotal role of CFD
simulations in elucidating the intricate fluid dynamics and
thermal behavior within the radiator, offering insights into the
potential improvements brought forth by carbon-based nano
coolants. Additionally, challenges, opportunities, and future
prospects in this field are deliberated upon, outlining
pathways for further advancements in automotive cooling
systems' efficiency and sustainability. By synthesizing a
multitude of research findings, this review offers a
comprehensive evaluation of how nano coolants, with their
unique properties, impact critical aspects such as thermal
conductivity, viscosity, and heat dissipation within the
radiator. The synthesis encompasses diverse studies that have
employed CFD simulations to unravel the intricate fluid
dynamics and thermal behaviour occurring within the
radiator. Central to the exploration is the elucidation of how
carbon-based hybrid nano coolants influence the thermal
performance of radiators. These nano coolants, with their
enhanced thermal conductivities and tailored characteristics,
present promising prospects for optimizing heat transfer and
mitigating inefficiencies within automotive cooling systems.
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1.INTRODUCTION

Automotive cooling systems are pivotal for ensuring the
optimal functioning and longevity of vehicles, with radiators
standing as a critical component in managing engine
temperatures. In recent years, the pursuit of enhanced

efficiency and performance in these systems has sparked a
paradigm shift towards the integration of advanced
technologies. Among these innovations, the utilization of
computational fluid dynamics (CFD) analysis coupled with
novel coolants, specifically carbon-based hybrid nano
coolants, has emerged as a promising avenue for
revolutionizing automotive radiator design and function.

This review embarks on an exploration of this dynamic
landscape, delving into the integration of CFD simulations to
comprehensively analyse and optimize the performance of
automobile radiators. The focus centres on the
transformative potential brought about by the incorporation
of carbon-based hybrid nano coolants, designed to augment
heat transfer capabilities within these systems. The intrinsic
properties of nano coolants, including heightened thermal
conductivity and tailored molecular structures, present an
avenue for overcoming traditional coolant limitations and
inefficiencies.

By surveying a spectrum of research endeavours, this review
aims to distill the collective knowledge surrounding the
impact of nano coolants on critical parameters such as
thermal conductivity, viscosity, and heat dissipation within
radiators. Furthermore, it aims to elucidate the crucial role
played by CFD simulations in unravelling the intricate fluid
dynamics and thermal behaviours inherent in these systems,
offering a comprehensive understanding of the interactions
between coolant, radiator structure, and heat exchange
processes.

As automotive industries gravitate toward eco-friendly and
energy-efficient solutions, this review seeks to delineate the
advancements, challenges, and prospects associated with the
fusion of carbon-based hybrid nano coolants and CFD
analysis, heralding a new era of innovation in automotive
cooling systems.

2. LITERATURE SURVEY

S.A. Angayarkanni et al [1] Nanofluids, combinations of
nanomaterials in base fluids, have sparked immense interest
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for their anomalous thermal conductivity enhancements.
Despite controversy surrounding their behavior, studies
focus on mechanisms like Brownian motion and interfacial
resistance to elucidate these enhancements. Recentresearch
shifts from understanding properties to tailoring nanofluids
for superior thermal conductivity, especially in heat transfer
applications and thermal energy storage, including phase
change materials (PCMs) and hybrid nanofluids. This review
extensively covers nanofluid preparation, stabilization,
thermal properties assessment, theoretical models, and their
integration into PCMs, catering to both advanced researchers
and newcomers seeking comprehensive insights. Nor
Azwadi Che Sidik et al [2] Nanofluids offer a revolutionary
approach to engine cooling, leveraging high thermal
diffusivity for swift response to thermal fluctuations in
vehicle engines. Enhanced by nanoparticles, nanofluids
facilitate superior mixing and heightened thermal
conductivity compared to conventional fluids, notably
improving heat removal efficiency in radiator systems and as
lubricants within the engine. Hussein S. Moghaie et al [3]
Experimental investigation of y-Al203/water nanofluid in
engine cooling reveals enhanced convective heat transfer,
directly correlating with increased flow velocity and reduced
bulk temperature, achieving a 78.67% rise in heat transfer
coefficient at 1% nanoparticle volume concentration
compared to pure water. However, limitations exist in its
application for cooling castiron engine components despite
its efficacy. = Ahmad Moradi et al [4]
This study investigates the heat transfer characteristics of
multi-walled carbon nanotube aqueous nanofluids within a
countercurrent double-pipe heat exchanger utilizing
aluminum porous media (e=67%). Implementing plate
porous media notably enhances heat transfer coefficients by
up to 35%, particularly evident at lower mass fractions (0.04
mass%) with three-plate porous media configurations, while
higher mass fractions show reduced enhancement.
Furthermore, lower volume flow rates exhibit significant
improvements in enhancement coefficients compared to
higher flow rates within the tested range. Mohammad Fares
et al [5] This experimental study examines graphene
nanofluids' impact on convective heat transfer within a
vertical shell and tube heat exchanger, derived from sugar-
based graphite foam. Varying nanofluid concentration, flow
rate, and inlet temperature revealed a 29% increase in heat
transfer coefficient using 0.2% graphene/water nanofluids,
enhancing the heat exchanger's thermal performance by
13.7% on average, validating graphene's efficacy in
enhancing thermal efficiencies. Ferhat Kilin et al [6] This
study investigates the cooling performance of a vehicle
radiator using pure water, graphene oxide (GO), and
graphene nano ribon (GNR) nanofluids, varying inlet
temperatures and flow rates. At 0.01% and 0.02% vol.
concentrations, GO/water nanofluids demonstrated overall
heat transfer coefficient enhancements of 5.41% and
26.08%, while GNR /water nanofluids showed enhancements
0f 15.62% and 20.64%, validating their efficacy in improving
heat transfer in the radiator. Mohammad Hatami et al [7] et

al This comprehensive review explores nanofluid
applications in internal combustion engines (ICEs),
emphasizing nano-coolants' impact on radiator, exhaust
EGR, and cylinder cooling. Evaluating diverse base fluids and
nanoparticles, it amalgamates experimental and numerical
findings to identify optimal nano-coolants, presenting the
most efficient options for specific engine applications within
ICEs. R. Prasanna Shankara et al [8] The study investigates
graphene oxide (GO) nanofluids combining ethylene glycol
(EG) and deionized water (DW) in varying ratios for car
radiator cooling, revealing enhanced heat transfer
properties. The optimized 60% EG, 40% DW, and 0.1 wt%
GO combination exhibit substantial heat transfer
enhancements of 42.77% at 300 LPH, 18.14% at 360 LPH,
and 71.1% at 240 LPH. This nanofluid application potentially
reduces radiator frontal area, offering design flexibility,
fostering eco-friendly vehicles with reduced drag, and
subsequently lowering fuel costs. Farrukh Abbas et al [9]
The study investigates graphene oxide (GO) nanofluids
combining ethylene glycol (EG) and deionized water (DW) in
varying ratios for car radiator cooling, revealing enhanced
heat transfer properties. The optimized 60% EG, 40% DW,
and 0.1 wt% GO combination exhibit substantial heat
transfer enhancements of42.77% at 300 LPH, 18.14% at 360
LPH, and 71.1% at 240 LPH. This nanofluid application
potentially reduces radiator frontal area, offering design
flexibility, fostering eco-friendly vehicles with reduced drag,
and subsequently lowering fuel costs. Gurpreet Singh
Sokhal et al [10] The study investigates graphene oxide
(GO) nanofluids combining ethylene glycol (EG) and
deionized water (DW) in varying ratios for car radiator
cooling, revealing enhanced heat transfer properties. The
optimized 60% EG, 40% DW, and 0.1 wt% GO combination
exhibit substantial heat transfer enhancements of 42.77% at
300 LPH, 18.14% at 360 LPH, and 71.1% at 240 LPH. This
nanofluid application potentially reduces radiator frontal
area, offering design flexibility, fostering eco-friendly
vehicles with reduced drag, and subsequently lowering fuel
costs. Farrukh Abbas et al [11] The study investigates
graphene oxide (GO) nanofluids combining ethylene glycol
(EG) and deionized water (DW) in varying ratios for car
radiator cooling, revealing enhanced heat transfer
properties. The optimized 60% EG, 40% DW, and 0.1 wt%
GO combination exhibit substantial heat transfer
enhancements of 42.77% at 300 LPH, 18.14% at 360 LPH,
and 71.1% at 240 LPH. This nanofluid application potentially
reduces radiator frontal area, offering design flexibility,
fostering eco-friendly vehicles with reduced drag, and
subsequently lowering fuel costs. Jodh Singh etal [12] This
experimental study investigates the thermal conductivity of
hybrid nanofluids (GO-CuO/DW), along with mono
nanofluids (GO/DW, CuO/DW) at particle concentrations of
0.03, 0.1, and 0.3 wt%. Notably, at 60°C and 0.3 wt%
concentration, enhancements of 12.4%, 51.6%, and 30% in
thermal conductivity were observed for CuO/DW, GO/DW,
and GO-CuO/DW nanofluids, respectively. Additionally, the
thermal conductivity of CuO/DW was compared with
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theoretical model values, validating the experimental
findings. Xiaoke Li et al [13] This study explores ethylene
glycol-based silicon carbide-multiwalled carbon nanotubes
(SiC-MWCNTSs) hybrid nanofluids as automotive engine
coolants, revealing a significant 32.01% thermal conductivity
enhancement at 0.4 vol.%. These nanofluids exhibited
Newtonian behavior and displayed increased viscosity with
particle loading but decreased with temperature. Notably,
the nanofluid showcased a 26% higher convective heat
transfer coefficient than pure EG, indicating its promising
application in car radiator systems. Iman Fazeli et al [14]
This study utilizes a new surfactant mixture to stabilize a 0.1
wt% hybrid nanofluid (MWCNT-CuO) in a brazed plate heat
exchanger, demonstrating suitable stability without
sedimentation. Hybrid nanofluid showcases substantial
increases in convective heat transfer coefficients compared
to water, peaking at 139.19% at a volume flow rate of 24.4
L/min for a consistent hot fluid temperature of 35°C.
Analysis of variance (ANOVA) and response surface
methodology were employed to validate factors and
interactions, establishing an empirical relationship and
optimization for convective heat transfer coefficients.

3. NANO COOLANT

Nano coolants, also known as nanofluids, are engineered
fluids created by dispersing nanoparticles (typically in the
range of 1-100 nanometers) into conventional heat transfer
fluids like water, oil, or ethylene glycol. These nanoparticles,
such as metal oxides, carbon-based materials, or metallic
nanoparticles, are mixed at low concentrations to enhance
the thermal conductivity and heat transfer properties of the
base fluid.

Nano coolants are used in various applications, including but
not limited to automotive engines, electronic cooling
systems, industrial heat exchangers, and HVAC systems.
Their improved thermal properties make them attractive for
efficiently  transferring heat, reducing operating
temperatures, and enhancing overall system performance.
Nano coolants have garnered attention for their potential in
optimizing energy efficiency, especially in systems where
effective heat dissipation is crucial.

3.1 Engine Radiator Nano-Coolant

Engine radiator nano-coolants refer to nanofluid-based
solutions specifically designed for use in the cooling systems
of internal combustion engines, particularly in vehicle
radiators. These coolants incorporate nanoparticles into
traditional coolants like water or ethylene glycol to enhance
their thermal conductivity and heat transfer properties.

By dispersing nanoparticles, such as metal oxides or carbon-
based materials, in the coolant, nano-coolants aim to
improve heat dissipation, enhance cooling efficiency, and
maintain stable operating temperatures in the engine. These
enhanced thermal properties can potentially contribute to

better engine performance, reduced wear and tear, and
improved overall efficiency in managing heat generated
during combustion.

The utilization of nanofluid-based engine radiator coolants
continues to be an area of active research and development
within automotive engineering to achieve better thermal
management and optimize engine performance.

3.2 Water Based Nano-Coolant

A water-based nano-coolant refers to a type of nanofluid
where nanoparticles are dispersed in water, creating a
coolant solution with enhanced thermal properties. This
coolant typically consists of water as the base fluid and
nanoparticles, such as metal oxides, carbon-based materials,
or metallic nanoparticles, in small concentrations.

Water-based nano-coolants are used in various heat transfer
applications, including engine cooling systems, electronics
cooling, industrial processes, and more. The addition of
nanoparticles to water enhances its thermal conductivity,
which can significantly improve heat transfer efficiency
compared to traditional coolants like pure water or water-
ethylene glycol mixtures.

The increased thermal conductivity of water-based nano-
coolants allows for better heat dissipation and more effective
cooling, which is particularly beneficial in applications
where efficient thermal management is crucial. These nano-
coolants are continually researched and developed to
optimize their properties and applications in diverse
industries requiring advanced heat transfer solutions.

Table 1: Water Based Nano Coolants

Base | Engine Nano - Size Main effects

Fluid | /radiator particle | /concentratio
details s n

Wate | Maruti Ferro 1-6% Maximum

r 800cc 13.26%increase in
motor car passed distance [15]
3L

Wate | Diesel MWCN | 0.1-0.5%vol. Mechanical efficiency

r engine T 50-80nm and total fuel
(Kirloskar consumption of
SHP, 0.3%nanofluids had
single maximum
cylinder) 18%improvement.

[16]

Wate | Automobil | Al3, 03 0-0.2%vol., An enhancement in

r e radiator 50-200nm heat transfer rate
with was found to be the
metallic maximum up to
duct and 4429%at
exhaust 0.2%volume fraction.
fan [17]

Wate | Model TiO4,, 44nm TiO4,, -

r FIAT waternanofluid with
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DOBLO 0.2%concentration 25C.[25]
1300cc. enhanced the
MJTD effectiveness of car EG Lab. CuO- AI203 | 0-0.2% CuO-EG nanofl

radiator by 47%as - Ti02 uids lead to a
compared to 0.land rapid decrease
0.3%concentrations oftemperature
and pure water. [18] at the
boundary
Wate | CAT-AVL CuO 0- Temperature layer. [26]
r 4-strokes 2.5%vol.,20n reduced up to
biodiesel m 13.6%on the exhaust EG Car radiator Al203 008%, 0.5% Ti02-EG had
engine valve seat and up to with wire and1%, 40 the minimum
4.1%on the exhaust coil inserts nm temperature
valve spindle. [19] profiles
Coils inserts
Wate | Ductsetup 0-2%vol, 21- | The highest heat enhanced heat
r 37nm transfer coefficient transfer rates
improved up to 9%,
78.67%which thermal
achieved at performance
1%volume enhanced up to
concentration 5%, Nanofl uid
Maximum caused 11.8%
enhancement of heat higher friction
transfer coefficient factorand 13%
was 43.54%. [20] enhancement
- in Nusselt
Wate | Radiator Al203 0.1-1vol Enhanced the heat number. [27]
r with %,20nm transfer efficiency up
34vertical to 45%in EG Turbo- Cu 0-0.2% 3.8% heat
tube comparison with charged transfer
pure water. [21] diesel enhancement
) engine of achieved with
Wate | Finned CuO 0.15- Greater overal_l hegt type the 2% copper
r tubes . and 0.65%vol. transfer.coefﬁaent. in TBD232V- particles
auton_rlobll Fe4, 03 comparison  with 12 addition
e radiator water up to 9%. [22] and12.13%
Wate | Crossflow | CuO 0.04- Increased the extra pumping
r automobil 0.4%vol., overall heat transfer power, 45.2%
e radiator 60nm coefficient up to 8%. heat transfer
[23] enhancement.
[28]

Table 2: Ethylene Glycol Based Nano Coolant

Base
fluid

Engine/
radiator
details

Nano-
particles

Size/

concentration

Main effects

EG Laboratory
test setup

J3-CD-Ti02-

Ag

nm

0-0.1%vol.15

Thermal
conductivity
was enhanced
due to the
effect of
thermal
vibration
intensity  of
antifreeze
molecules.
[24]

EG Laboratory
test setup

MgO-

FMWCNTSs

0-0.6%vol. 40
nm. 5-15 nm

Maximum
enhancement
of thermal
conductivity
was 21.3%,
which
happened at
solid volu me
fraction
of0.6%  and
temperature of

4. NANO COOLANT EFFECT ON ENGINE
PERFORMANCE

Nano coolants, with their enhanced thermal properties due
to dispersed nanoparticles, can potentially impact engine
performance in several ways:

4.1. Improved Heat Transfer: Nano coolants can enhance
heat dissipation from the engine, maintaining optimal
operating temperatures. By efficiently transferring heat
away from critical components, they may contribute to
improved engine performance and longevity.

4.2.Reduced Hot Spots: Enhanced heat transfer capabilities
can help mitigate hot spots within the engine, preventing
localized overheating that might lead to engine damage or
reduced efficiency.

4.3. Efficient Cooling: Effective cooling provided by nano
coolants may lead to better overall engine efficiency by
allowing the engine to operate within the optimal
temperature range, thus potentially improving combustion
efficiency and reducing energy losses.
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4.4. Minimized Wear and Tear: Stable operating
temperatures facilitated by efficient cooling might reduce
thermal stress on engine parts, potentially minimizing wear
and tear, prolonging component life, and reducing
maintenance needs.

However, the overall impact on engine performance can
depend on various factors, including the specific engine
design, operating conditions, nanoparticle types used, and
the concentration of nanoparticles in the coolant. While nano
coolants offer promising benefits, their widespread adoption
in automotive applications may require further research and
optimization to ensure compatibility, stability, and long-term
effects on engine performance.

5. TYPES OF NANO PARTILCES

Several types of nanoparticles are used in nano coolants to
enhance their thermal properties. Some common types
include:

5.1. Metal Oxides: Examples include nanoparticles of
aluminum oxide (AlI203), titanium oxide (Ti02), copper
oxide (CuO), and iron oxide (Fe203). These metal oxide
nanoparticles offer good thermal conductivity and stability
in the coolant.

5.2. Carbon-Based Nanoparticles: Carbon-based materials
like graphene, carbon nanotubes (CNTs), and graphite are
used due to their excellent thermal conductivity and
stability, making them effective additives for enhancing
coolant properties.

5.3. Metallic Nanoparticles: Metals like silver (Ag), gold
(Au), and copper (Cu) nanoparticles are employed for their
high thermal conductivity, potentially improving the heat
transfer efficiency of the coolant.

5.4. Hybrid Nanoparticles: Combinations of different types
of nanoparticles, such as a mix of metal oxides and carbon-
based materials (e.g., AI203-CNTs), are utilized to leverage
the advantageous properties of each nanoparticle type and
create enhanced nano coolants.

These nanoparticles are dispersed in base fluids like water,
ethylene glycol, or oil at low concentrations to form
nanofluids or nano coolants, aiming to significantly improve
thermal conductivity and heat transfer characteristics for
various industrial applications, including automotive cooling
systems, electronics cooling, and heat exchangers.

Examples of nano particle for nano coolant Certainly,
here are some examples of nanoparticles commonly
used in nano coolants:

1. Graphene Oxide (GO): GO, derived from graphite, is used
for its high thermal conductivity, stability, and ease of
dispersion in coolants.

2. Multi-walled Carbon Nanotubes (MWCNTs): MWCNTs
exhibit excellent thermal conductivity and mechanical
strength, making them valuable additives for enhancing
coolant properties.

3. Aluminum Oxide (Al1203): Nanoparticles of aluminum
oxide offer good stability and thermal conductivity, often
used in nanofluids to improve heat transfer efficiency.

4. Copper Oxide (Cu0): CuO nanoparticles contribute to
enhanced thermal properties and are utilized in nanofluids
for better heat dissipation.

5. Titanium Dioxide (Ti02): TiO2 nanoparticles are known
for their stability and are used to improve thermal
conductivity in coolants.

6. Silver (Ag) Nanoparticles: Silver nanoparticles possess
high thermal conductivity and are employed in some
nanofluids for their heat transfer enhancement capabilities.

These nanoparticles are carefully chosen based on their
specific thermal properties, stability, and compatibility with
the base fluid to create effective nano coolants that improve
heat transfer efficiency in various applications.

6. COMPUTATIONAL FLUID DYNAMICS

Computational Fluid Dynamics (CFD) is a branch of
engineering that uses numerical methods and algorithms to
simulate and analyze the behavior of fluid flows. It involves
the computational modeling of fluid motion, heat transfer,
and other related phenomena, providing insights into
complex fluid dynamics in various industries, from
aerodynamics in aviation to thermal management in
engineering systems.

In Computational Fluid Dynamics (CFD) analyses of
automobile radiators with nano coolant, several
mathematical equations are employed to model the fluid
flow, heat transfer, and behavior of the coolant. Some of the
key equations and models commonly used include:

Navier-Stokes Equations:

These equations describe the conservation of momentum
and are fundamental in modeling fluid flow. They account for
the velocity, pressure, viscosity, and density of the nano
coolant within the radiator.

dp/ot+ V- (pu)=0
p(du/ot+u-Vu)=-Vp+V-1+pg
Energy equation:

This equation accounts for heat transfer within the coolant
and between the coolant and the radiator walls. It involves
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terms representing conduction, convection, and radiation
heat transfer mechanisms.

pCp(0T /0t +u-VT) =V - (kVT) + i
Turbulence Model

Turbulence within the coolant flow is often simulated using
turbulence models like the k-¢ model or the Reynolds-
averaged Navier-Stokes (RANS) equations. These models
account for the effects of turbulent fluctuations in flow
properties.

d(pk)/0t+V - (pku) =V - [(u + pe/ 01 Vk] + Gy - pe

d(pe)/ot + V - (peu) = V - [(u + pe/0o)Ve] + C1(e/k)(G e -
C2p(€*/k))

Species Transport Equation (For Nanoparticles):

For nanofluids, equations to track the concentration or
dispersion of nanoparticles within the coolant might be used.
These equations help understand how nanoparticles move
and disperse within the fluid.

d(pp)/0t+V - (pup) =V - (I'Ve)
Continuity equation:

This equation represents the conservation of mass and
ensures that the mass of the fluid entering the radiator is
equal to the mass leaving it.

V-u=0

These equations, often solved using numerical methods like
Finite Volume or Finite Element methods, help simulate the
flow, heat transfer, and behavior of the nano coolant within
the radiator. They allow engineers to predict and optimize
the performance of the radiator, taking into account the
enhanced heat transfer properties offered by the nano
coolant.

7. CONCLUSIONS

In conclusion, nanoparticles play a pivotal role in enhancing
the thermal properties of nano coolants, offering a diverse
array of options for improving heat transfer efficiency.
Examples such as graphene oxide, multi-walled carbon
nanotubes, aluminum oxide, copper oxide, titanium dioxide,
and silver nanoparticles illustrate the range of materials
utilized in these applications. Each nanoparticle type brings
unique benefits, from high thermal conductivity to stability
and dispersion characteristics, contributing to the
effectiveness of nano coolants. Understanding and
harnessing the specific advantages of these nanoparticles are
crucial for optimizing the performance of nano coolants in
various systems, including automotive engines, electronics
cooling, and industrial heat exchangers. This comprehensive

overview highlights the significance of nanoparticle selection
and its impact on enhancing thermal conductivity, offering a
foundation for further advancements in nano coolant
technology across multiple industries.
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