ISSN: 2685-6689

761

International Journal of Health, Economics, and Social Sciences (IJHESS)

Vol. 7, No. 2, April 2025, pp. 761~770
DOI: 10.56338/ijhess.v7i2.7285

Website: https://jurnal.unismuhpalu.ac.id/index.php/IJHESS

n"‘ﬁ

OPEN {?:}’f\\ URNALS
=

Analysis of Heat Transfer in Vehicle Engine Cooling Systems
Using Radiators with Fin Variations

Sayid Bahri Sriwijaya'", Tika Kristianti?

12Politeknik PGRI Banten

Article Info

ABSTRACT

Article history:

Received, 14 Mar, 2025

Revised, 04 Apr, 2025
Accepted, 24 Apr, 2025

Keywords:

Radiator,
Pan Displacement, Fin
Variation, Efficiency

This research discusses heat transfer analysis in vehicle engine cooling
systems, especially in radiators that use fin variations. The main objective
is to compare the performance of several fin designs, including straight,
zigzag, corrugated, and louvered, in terms of heat transfer efficiency and
pressure loss. The research method adopted was a comparative study
through secondary data collection from previous experimental results and
numerical simulation (CFD). Quantitative descriptive analysis was used to
compare key parameters such as inlet-outlet temperature difference (AT),
heat transfer rate, and pressure drop. The study results show that the
louvered and corrugated designs have the highest heat transfer rates,
especially at medium to high air and fluid flow velocities. However, the
improved thermal performance is accompanied by increased pressure loss,
which requires adjustments to the fan and cooling pump capacity. The
zigzag design offers a good compromise between cooling efficiency and
increased mechanical load, while the straight fin tends to produce the
lowest cooling efficiency, but with the lowest pressure loss.The practical
implication of this study is the importance of considering the balance
between increased cooling efficiency and the operational power
requirements of the cooling system. Proper fin design selection can
improve engine temperature stability, reduce the risk of overheat, and
extend the life of engine components. In addition, the development of high
thermal conductivity radiator materials and the production of more precise
fins also determine the performance and service life of the radiator. Thus,
the results of this research are expected to serve as a reference for the
automotive industry in selecting and designing optimal vehicle radiators
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INTRODUCTION

Vehicle engines generate mechanical energy through an internal combustion process that involves high
temperatures, resulting in excess heat that needs to be properly controlled. If not effectively controlled, this
heat can cause the engine to overheat, reduce fuel efficiency, and even cause permanent damage to engine
components (Dhumal et al., 2024). Therefore, vehicle engine cooling systems play an important role in
maintaining optimal engine performance. One of the most commonly used cooling systems is the radiator,
which works on the principle of convection heat transfer through fins to increase heat release efficiency (Hasan
etal., 2024). With an optimized cooling system, vehicle engines can run more stably and have a longer service
life. Innovations in cooling technology are constantly evolving to ensure better efficiency under various

operational conditions.
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Radiator fins serve to increase the surface area of the radiator resulting in greater heat release capacity.
The design, number and configuration of the fins greatly affect the radiator's ability to transfer heat from the
coolant to the air. Many vehicles still use radiators with standard fin designs that are not optimal in the heat
transfer process, especially in heavy traffic or low speed conditions in tropical climates such as Indonesia. This
condition can increase the risk of overheating, reduce engine life, and increase vehicle maintenance costs
(McKim et al., 2021). Therefore, choosing the right fin design is a key factor in maintaining vehicle engine
cooling performance. Research by Li et al. (2023) said that variations in fin design including the use of louvered
and corrugated fins have been shown to improve heat transfer efficiency in various applications.

Research that focuses on variations in the design of radiator fins is particularly important, given their
great potential to improve vehicle cooling efficiency in extreme environmental contexts (Gole et al., 2022).
Previous research has shown that heat transfer in radiators is affected by several factors such as fin surface area,
material type, fin spacing, and airflow pattern. However, more specific studies on the effects of fin shape and
design variations on cooling efficiency are still limited, especially in the context of four-wheeled vehicles
widely used in Indonesia. There are still many radiator designs that have not been optimized for tropical
environmental conditions with high temperatures and high levels of congestion. Therefore, there is still a wide
opportunity to research this aspect to find the optimal design that can improve cooling performance. This
research is important in order to develop a vehicle cooling system that is more efficient and able to work
optimally in various environmental conditions.

Optimal radiator efficiency not only impacts vehicle engine performance, but also contributes to fuel
efficiency and reduced exhaust emissions (Dhumal et al., 2024). Radiators that are able to better cool the engine
can reduce fuel consumption because the engine can operate at a stable and optimal temperature. Innovations
in vehicle cooling technology are very relevant in supporting efforts to reduce the environmental impact of
motorized vehicles. The current radiator fin technology offers a wide variety of shapes, such as straight fin,
corrugated, louvered and fin with certain additional surface textures, each of which has different heat transfer
characteristics. These design differences allow the radiator to work more effectively under different operational
conditions. Therefore, research on radiator fin design variations can provide more specific recommendations in
improving the efficiency of vehicle cooling systems.

Indonesia, which has a tropical climate with high temperatures throughout the year, provides its own
challenges in the design of vehicle cooling systems. The radiators used must be able to deal with high heat
loads, both due to ambient temperatures and operational conditions such as traffic jams that cause airflow to
the radiator to be less than optimal (Huang & Chung, 2021). In addition, traffic conditions that are often
congested require vehicles to operate in a stationary state or at low speeds, which can reduce the effectiveness
of heat transfer through the radiator. Under these conditions, a radiator fin design that is able to improve heat
transfer even at low air velocities is a crucial factor that needs to be investigated. Fin design optimization can
help overcome this challenge and improve the vehicle's endurance against harsh operational conditions (Koca
et al., 2024). With a better cooling system, vehicle performance can be more stable and fuel consumption more
efficient.

Improved radiator heat transfer efficiency also has a direct impact on vehicle energy savings. A more
efficient radiator allows the engine to operate at optimal temperatures with lower energy consumption for the
cooling fan and water pump. This reduces the electrical and mechanical load on the engine, thereby increasing
the vehicle's lifespan and reducing the vehicle owner's operating costs. In addition, the reduction in engine
workload can also help reduce exhaust emissions, which is one of the major factors in air pollution. Thus,
optimizing radiator design not only benefits vehicle owners, but also has a positive impact on the environment.
Therefore, this study aims to examine in depth how fin design variations can improve vehicle cooling efficiency.

In industry practice, vehicle manufacturers are constantly working to develop more efficient radiator
designs. However, such innovations need to be scientifically tested to ensure their effectiveness under realistic
operational conditions. Experimental tests are needed to understand how variations in radiator fin design affect
overall heat transfer. In addition, the results of this study can serve as a reference for manufacturers in
developing radiators with better designs that suit the needs of vehicles in various operational conditions.
Therefore, this study aims to experimentally analyze the effect of radiator fin variations on heat transfer in order
to find the most optimal design in improving vehicle cooling efficiency. With this research, it is hoped that a
solution can be found that can be applied in the automotive industry scale.

In addition to contributing to the development of automotive technology, this research can also provide
recommendations for the local automotive industry in improving the competitiveness of its products. With the
increasingly competitive global automotive market, the development of more efficient radiators can be one of
the key factors in improving vehicle quality and durability. Vehicles with better cooling systems will have
more optimized performance, longer service life, and more efficient fuel consumption. In addition, optimizing
the cooling system can also support sustainability efforts in the automotive industry, especially in reducing
energy consumption and exhaust emissions. Therefore, this research is not only beneficial from a technical
perspective, but also plays a role in supporting innovation and sustainability in the automotive industry.
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Furthermore, a better understanding of radiator fin design can help the automotive industry meet
environmental standards and vehicle safety regulations. With the right innovation, more efficient cooling
systems not only benefit vehicle performance but also contribute to reducing negative impacts on the
environment. Higher cooling system efficiency can help vehicles meet stricter emission standards, which are
increasingly important in the face of global environmental regulations (Prabu et al., 2021). In addition, this
research can also provide insight for automotive technology developers to continue to innovate in the field of
engine cooling. Therefore, this research is very important from technical, economic, and environmental aspects.

METHODOLOGY

The research method used in this research is a comparative study, with qualitative and quantitative
approaches based on secondary data analysis. This research aims to examine in depth the effect of variations in
radiator fin design on the effectiveness of heat transfer in vehicle engine cooling systems. The data used in this
study were obtained from various sources of scientific literature such as indexed journals, previous research
reports, textbooks, and online publications relevant to the research topic. The first stage in this study was the
collection of secondary data which included the results of previous studies on various radiator fin designs such
as straight fin, corrugated, louvered, and textured fin. The data collected includes previous experimental results,
numerical simulation results, and theoretical analysis that have been published. The data collection process
was carried out using structured and systematic documentation techniques.

Furthermore, the collected data were comparatively analyzed using a quantitative descriptive approach,
where the heat transfer performance of each fin design was compared in the form of tables, graphs, and narrative
descriptions. The main parameters compared include heat transfer efficiency., radiator output temperature, and
convective heat transfer coefficient. This analysis aims to identify the advantages and disadvantages of each
fin design based on the available data. After the comparative analysis process is complete, this research then
synthesizes the results of the analysis by conducting an in-depth discussion of the differences found between
variations of radiator fin designs. The discussion is carried out by considering the operational conditions of
vehicles commonly found in Indonesia, such as high temperature conditions, traffic congestion, and low airflow
velocity. Thus, the results of this research are expected to have high practical relevance to be applied in the
national automotive industry.

The final stage of this research is the preparation of conclusions and recommendations based on the
results of the comparative analysis that has been carried out. This conclusion will provide an overview of the
most effective radiator fin design in improving the heat transfer performance of the vehicle cooling system.
Furthermore, this research will provide recommendations regarding the optimal design that can be applied by
vehicle radiator manufacturers to improve engine cooling efficiency and overall vehicle performance.

Table 1 Previous Research
Main
Parameters Key Findings

Researcher  Research Focus/

No

(Year) Object of Study

Tested
The louvered fin
Air flow design increases the
. contact area of the
Performance discharge, : .
. . . air and the fin
. analysis of . . cooling fluid
Suryadi et al. Experiments in the surface, thus
1 louvered type flow rate, . X
(2018) . - laboratory . increasing the heat
radiator in four- radiator .
. . transfer efficiency
wheeled vehicles inlet/outlet
temperature by up to 10%
P compared to straight
fins.
The simulation
. . results show that the
Air velocity,
. - smaller the wave
Numerical fluid pressure, : .
: spacing (corrugation
2 Rahman et al. modeling of CED wavelength ch). the hiaher th
(2019) radiator with i i (corrugation) pitch), the higher the
. Simulation ' | heat transfer factor,
corrugated fin heat transfer
s but offset by an
coefficient . ;
increase in pressure
loss.
Comparative . Heat The zigzag fin
3 M;ngk?gggg)ra study of straight Cé;i%?ﬁ;“’e dsgfa(;y transfer proved to be more
' vs. zigzag fin Y coefficient, effective in
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performance pressure loss, improving heat
on therm | transfer at medium-
commercial al efficiency high air velocities,
vehicles although it resulted
in an increase in
pressure loss of
about 5%.
The thinner the fin
material with high
Optimization of Fin thickness, thermal
radiator design material conductivity, the
4 Park and Lee using Louvered | Experimentation& therm more effective the
(2021) Fin with material Simulation al conductivity, | heat release. The use
thickness ambient of special aluminum
variation temperature alloys increases
efficiency by up to
15%.
The texture onb
the fin surface
Turbulent force increases flow
Effect of Industry (air profile), turbulence, thus
5 | Hidayat (2022) turbulent alrflpw collaboration temperature improving heat
on textured fin X difference, transfer
. experiment - -
radiator coollr_lg significantly,
capacity especially at
moderate to high
heat loads.

RESULTS

Descriptive statistical analysis was carried out on the variables used in this study, namely Leverage,
Profitability, Dividend Policy and Stock Price. The description of each variable of this study is from the food
and beverage industry listed on the Indonesia Stock Exchange during the 2021-2023 period which is explained
in the descriptive statistical analysis as follows:

Table 2 Example of Data from Previous Experiments
Fluid

Radiator ~ Radiator Heat
Flow Air Inlet Outlet Transfer  pressure
Researcher _ Rate Velocity 1emperat  Temperat | C) Rate Drop
No.  (Year)  FinType (L/min Y ure(°C)  ure(°C) (KW) (kPa)
) (m/s)
1 ilt"éagl':)t towered |49 30 % 75 15 52 12
Mangkunega
raetal. i
2 (2020) Z'giznag 12 35 85 70 15 57 16
3 '?;g%"’)‘t Te’;ti‘;md 10 25 92 77 15 55 14
Description:

1. Fluid Flow Rate (L/min): Indicates how fast coolant is flowing through the radiator.

2. Air Velocity (m/s): Indicates the rate of air passing through the radiator fins, usually regulated by a
fan or vehicle airflow.

3. Radiator Inlet/Outlet Temperature (°C): Describes the coolant temperature before and after passing
through the radiator.

4. AT (°C): The temperature difference between the radiator inlet and outlet. The larger the AT,
generally indicating better cooling capability of the radiator.

5. Heat Transfer Rate (kW): Describes the amount of heat energy released by the radiator to the air per unit
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time
6. Pressure Drop (kPa): The pressure loss that occurs in the radiator due to flow resistance, influenced
by fin density and fin design

Table 3. Example of Data from Previous Experiments

;Imd Radiator ~ Radiator Heat
ow
. Inlet Outlet Transfer
Researcher ) Ratg Ve’lbc\)léi t | Temperat Terrl:perat AT (°C) Rate Prl'gi(s):re
(Year) Fin Type (L/min (mfs) Y ure (°C)  ure(°C) (kW) (kPa)
)
Rahma n et ANSYS
1 | al-(019) | corrugated | Fyyent 30 90 76 120 18 1
Louvered
Park & Lee Fin + Al Solidwi
(2021) Alloy ofiavvor
2 Material ks Flow 4,0 85 70 130 2,0 2
Rahman et CorrL_Jgated
al. (2019) (pitch ANSYS
3 ' variation) Fluent 50 90 74 135 2,2 3
Description:
1. CFD (Computational Fluid Dynamics) Software: Applications used for modeling fluid flow and heat
transfer,

e.g. ANSYS Fluent, SolidWorks Flow Simulation, etc.

Air Velocity (m/s): An input variable set in the simulation to represent real-world airflow conditions.

3. Radiator Inlet/Outlet Temperature (°C): Predicted simulation results that show how effective
the cooling process is.

4. Coef. Heat Transfer (W/mz2-K): An indicator of the ability of the radiator surface to transfer
heat to the air. The value is affected by fin design and material type.

5. Pressure Drop (kPa): Flow pressure loss due to the resistance of the fin geometry. The more
complex (e.g. corrugated and louvered), generally the higher the pressure loss.

N

Figurue 1. Heat Transfer Rate Comparison
Perbandingan Heat Transfer Rate Tiap Desain Fin
6 -

%]
T

B
T

N
T

Heat Transfer Rate (kW)
w

=
T

Zigzag  Corrugated Louvered
Tipe Fin

.
Lurus
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Figure 2. Pressure Drop Comparison
Perbandingan Pressure Drop Tiap Desain Fin
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Based on the Heat Transfer Rate comparison graph, it appears that the louvered fin design has the
highest heat release value compared to other fin types (corrugated, zigzag, and straight). This condition
indicates that the louvered fin geometry is more effective in increasing the turbulence of the airflow so
that the thermal contact between the fin surface and the air increases. Meanwhile, the straight fin has the
lowest heat transfer capacity, which can be caused by the airflow flow that tends to be more laminar and
the lack of effective surface expansion for the heat release process. In the Pressure Drop comparison graph,
it can be seen that more complex fin designs (such as louvered and corrugated) tend to generate greater
pressure loss. This is because their geometry creates resistance to fluid flow (both air and coolant), requiring
additional energy from fans or pumps to maintain flow. On the other hand, straight fins which have the
simplest design incur the lowest pressure loss, although the compensation is their relatively small heat
transfer rate.

Overall, the data suggests a compromise between heat release capability and the magnitude of
pressure loss. The louvered fin design offers the best cooling efficiency, but comes with increased power
requirements to combat flow resistance. The choice of the ideal fin design is determined by the operating
conditions of the vehicle: if the main priority is to keep engine temperatures low under high loads and hot
ambient temperatures, louvered or corrugated fins can be an excellent choice. However, if fan/pump power
efficiency is more important, a zigzag or straight design can be chosen despite its slightly lower cooling
capacity.

DISCUSSION
Thermal Perfomance Analysis of Various Fin Designs

The thermal performance of the radiator is greatly influenced by the fin design, as it is these fins
that expand the contact surface between the cooling fluid and the air. The higher the contact surface area,
the greater the ability of the fins to release heat. In this study, louvered and corrugated designs were shown
to provide superior performance compared to zigzag or straight designs. The improved thermal
performance in the louvered design is due to the effect of more intense turbulence. The turbulence breaks
the thermal boundary layer thus increasing the heat transfer coefficient (Dhumal et al., 2024). While in
straight fins, the airflow tends to be more laminar, so the heat transfer process is not as effective as other
more complex designs. In addition to surface area, fin material thickness also has a significant effect. The
thinner the material used, the faster the heat propagates from the cooling fluid to the air. However, a
thickness that is too thin could potentially lower the mechanical strength of the fin and make it susceptible
to damage, especially under vehicle vibration conditions.

Differences in operational conditions (e.g. air flow rate, coolant flow rate, and ambient temperature)
also affect the thermal performance of each fin design. At high air velocities, fin designs that have a certain
angle of inclination (such as louvered) are able to break the flow into turbulence which is more efficient in
dissipating heat (Grochalski et al., 2023). The results of this study also indicate that corrugated fin designs
tend to be effective in the medium speed range. In line with the research conducted by Miao et al. (2023)
who said that the corrugated design also showed positive results, especially in the medium speed range but
not as effective as louvered at very high flow conditions. At too high a velocity, the pressure loss (pressure
drop) increases sharply, so more fan or pump power is required to push air and liquid through the radiator.
The heat transfer coefficient can increase rapidly when the fin is able to optimize flow mixing. In the
zigzag design, this phenomenon apperas when the floe passes through the grooves that cause flow rotation,
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but the intensity is not as high as corrugated or louvered.

Geometry factors, such as fin density or fin spacing, should not be ignored. Too high a density
increases the surface area, but also reduces the space for airflow, leading to an increase in pressure. On the
other hand, a density that is too low decreases the cooling efficiency (Park & Kim, 2019 & Baou et al.,
2019). Material effects are also important to assess. Many manufacturers use aluminum alloys, which are
lightweight and have good thermal conductivity. Some studies suggest the use of copper or copper alloys
can further improve heat transfer, but they tend to be expensive and heavier, affecting the overall design
of the engine. Such as the research conducted by Alkhalidi et al. (2019) & Li et al. (2019) stated that in
addition to commonly used aluminum-like materials, copper or copper alloys can improve heat transfer
efficiency, but considering cost and weight is crucial in the final design. This research provides empirical
evidence that fin design is not only about improving heat transfer capacity, but also long-term reliability.
Complex fin designs may require a more meticulous manufacturing process, especially regarding brazing
or soldering methods to ensure each joint is tight and does not leak. Overall, the thermal performance
analysis concluded that the choice of fin design depends on operational needs and resource availability.
Louvered and corrugated are the best options to improve cooling performance, especially for engines
operating at high heat loads. However, the improved thermal performance must be weighed against the
consequent increase in pressure and manufacturing costs.

Implication for Industrial Application and Development Opportunities

The discovery that louvered and corrugated designs have the highest heat transfer efficiency provides
a great opportunity for the automotive industry to improve cooling performance. In line with Erbay et al.
(2017) who in their research showed that louvered fins can increase heat transfer capacity by two to three
times compared to equivalent flat surfaces, without increasing flow resistance. With better efficiency, the
engine can run at a lower and stable temperature, which in turn extends the life of engine components (Atefi
et al., 2020). In terms of fuel efficiency, an optimally cooled engine will have a more stable combustion
efficiency. Too high engine temperatures tend to increase fuel consumption and exhaust emissions
(Andersson & Jonsson, 2018). With effective radiators, the industry can contribute to reducing the carbon
footprint of vehicles on the market. However, the implementation of more complex fin designs such as
louvered and corrugated demands improved manufacturing quality. Braze welding technology, precision
metal cutting, and quality control need to be improved to ensure that each fin has the right dimensions and
does not leak (Islam et al., 2021). This is both a challenge and an opportunity to raise industry standards.
From a market perspective, the adoption of high-tech fin designs can improve the competitiveness of the
automotive industry, both locally and globally. Vehicles that are able to maintain engine temperature in
various conditions will be more desirable, especially in tropical countries that have high temperatures and
humidity throughout the year.

This research also opens up opportunities to develop new materials that are lighter but have better
thermal conductivity. With such materials, the industry can produce radiators with thinner and more
complex designs, while still meeting safety standards (Islam et al., 2021). Implementation of new designs
needs to take into account product life cycle assessment to ensure that improvements in cooling efficiency
are not offset by increased energy required in production or difficult-to-manage waste (Andersson &
Jonsson, 2018). Despite improved cooling performance, if the production of the radiator requires more
energy or generates unmanageable waste, then the overall environmental benefits may be reduced. There
are also opportunities for the integration of sensor technologies in radiators, such as temperature and
pressure sensors to monitor the performance of the cooling system in real-time. With accurate monitoring,
potential overheating can be detected early, and cooling fan speed settings can be made dynamic for energy
efficiency.Further research could focus on long-term testing of various fin designs under real operational
conditions, including road tests in various terrains and climates. This is important to assess the reliability
and peformance of the radiator in more varied situations than laboratory conditions.

For the aftermarket industry, the results of this study can serve as a guide for the development of
custom radiator products aimed at vehicle users with special needs, such as racing, off-road, or heavy-duty
vehicle modifications. With the information from this study, aftermarket manufacturers can offer a wider
variety of radiators. As such, the industry implications and development opportunities of these findings are
vast. Better engine cooling efficiency not only improves vehicle performance, but also helps reduce
emissions and extend engine life. In the future, collaboration between academia, industry and government
is needed to apply radiator design innovations on a large scale, so that their impact can be felt in improving
competitiveness and environmental sustainability.

Application and Implementation Recommendations in the Automotive Industry
Based on the analysis of thermal performance, technical-economic-operational impacts, as well as
various development opportunities that have been highlighted, the next stage is to formulate application
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recommendations that can be adopted by automotive industry players. These recommendations cover the
design, production, and maintenance of radiators that use fin variations according to market needs and
environmental conditions.As a first step, the industry can prioritize louvered or corrugated fin designs for
vehicles that operate under high heat loads, such as transport trucks, intercity buses, and vehicles in high
ambient temperature regions. Both designs have been shown to have the highest heat transfer efficiency
despite the increase in pressure drop (Bargal et al., 2024). For small passenger vehicles or family cars that
generally prioritize fuel efficiency and comfort, the zigzag design can be an ideal compromise. Zigzag fins
are able to increase heat transfer compared to straight fins with a moderate increase in pressure drop, so the
energy consumption of fans and pumps does not increase dramatically (Astrouski et al., 2020).

The use of straight fins is still relevant for low-cost vehicles or more price-sensitive market
segments. With simpler manufacturing, production costs can be reduced (Bartuli et al., 2023). However,
to remain competitive, radiator manufacturers can make adjustments to the inter-fin spacing or utilize new,
more conductive materials to replace the traditional straight fin design. In terms of materials, special
aluminum alloys can be a top choice due to their light weight and relatively good thermal conductivity
(Fetuga et al., 2022). The industry can further research aluminum alloys with reinforcing elements (e.g.
magnesium or silicon) that can maintain the strength of the fin structure while maximizing heat
propagation. For extreme applications such as racing, rally, or off-road competitions, adopting a very
aggressive fin design (e.g. high-louver louvered type) is recommended. Despite the higher pressure drop,
the resulting cooling performance has the potential to significantly reduce the risk of overheat under
extreme engine loads (Kumar et al., 2023). In terms of production, the implementation of complex fin
designsrequires better mastery of brazing and precision metal cutting technologies. Radiator manufacturers
need to improve quality control to ensure all fins are neatly attached, no leaking occurs, and ensure fin
thickness and dimensions remain consistent at mass production scale.

In the supply chain, coordination with alloy material suppliers, production tool providers and quality
inspectors must be improved. Timeliness of material delivery and price stability will affect the smooth
production of radiators, especially if the design is increasingly complex and requires high-quality
materials. In terms of maintenance, the industry and authorized workshops need to educate consumers on
the importance of keeping radiators clean. The dense and tight fin design is more prone to accumulation of
dust or dirt. Therefore, scheduling periodic cleaning should be part of the standard vehicle maintenance
procedure.Overall, the implementation of a more efficient radiator fin design depends on the specific needs
and carrying capacity of the industry. Applying the right design can increase engine life, reduce emissions,
and strengthen the competitiveness of local and global automotive products. By following these
recommendations, the industry is expected to provide reliable, efficient and sustainable engine cooling
solutions.

5. CONCLUSION
Based on the findings of this study, it can be concluded that:
1. Complex radiator fin designs, such as louvered and corrugated types, offer higher cooling efficiency
compared to straight fins.
2. Thisincrease in efficiency is due to fin geometries that create more intense flow turbulnace, enhancing
heat transfer from coolant to the air.
3. The improved efficiency conesw with increased pressure losses, which must be considered when
designining, vehicle cooling system.
There is a trade-off between increased cooling caapcity and the additional load on the pump or fan.
The zigzag fin design provides a reasonable balance between heat transfer efficiency and pressure
rise.
6. Other influencing factors include fin thickess, spacing between fins, and the use of materials with high
thermal conductivity, all of which affect overall radiator performance.
7. The selection of the ideal fin design depends on the vehicle's operational requirements and the
automotive industry’s priorities.
8. Vehicles with high heat loads are better suited for louvered or corrugated fin types, while general
applications can utilize zigzag or straight designs that are more cost-effective.
9. Innovation in design, material selection, and production optimization is key to developing radiators
that are reliable, efficient, and long-lasting.

o &

REFERENCES

Alkhalidi, A., Khawaja, M., & Kelany, A. (2019). Investigation of repurposed material utilization for
environmental protection and reduction of overheat power losses in pv panels. International
Journal of Photoenergy, 2019, 1-9. https://doi.org/10.1155/2019/2181967

Andersson, J. and Jonsson, P. (2018). Big data in spare parts supply chains. International Journal of

IJHESS, Vol. 7, No. 2, April 2025, pp. 761~770



https://doi.org/10.1155/2019/2181967

ISSN: 2685-6689 0 769

Physical Distribution & Logistics Management, 48(5), 524-544. https://doi.org/10.1108/ijpdIm-
01-2018-0025

Astrouski, I., Raudensky, M., Ktdelova, T., & Kroulikova, T. (2020). Fouling of polymeric hollow fiber
heat exchangers by air dust. Materials, 13(21), 4931. https://doi.org/10.3390/mal13214931

Atefi, Y., Ahearne, M., Hohenberg, S., Hall, Z., & Zettelmeyer, F. (2020). Open negotiation: the back-
end benefits of salespeople’s transparency in the front end. Journal of Marketing Research, 57(6),
1076-1094. https://doi.org/10.1177/0022243720951153

Baou, M., Afsharpanah, F., & Delavar, M. (2019). Numerical study of enhancing vehicle radiator
performance using different porous fin configurations and materials. Heat Transfer-Asian
Research, 49(1), 502-518. https://doi.org/10.1002/htj.21624

Bargal, M., Allam, A., Zayed, M., Wang, Y., & Alhems, L. (2024). Comprehensive parametric study and
sensitivity analysis of automotive radiators using different water/ethylene glycol mixtures:
toward thermo-hydraulic performance and heat transfer characteristics optimization. Heat
Transfer, 54(1), 244-270. https://doi.org/10.1002/htj.23176

Bartuli, E., Bohacek, J., Mraz, K., & Hvozd’a, J. (2023). Polymeric hollow fiber heat exchangers for
automotive applications.. https://doi.org/10.11159/ffhmt23.191

Chiranjeevi, P., Ashok, V., Srinivasan, K., & Sundararajan, T. (2023). Optimization of novel flat serial
single-phase radiators for spacecraft thermal control. Proceedings of the Institution of
Mechanical Engineers Part G Journal of Aerospace Engineering, 237(13), 3002-3017.
https://doi.org/10.1177/09544100231170416

Dhumal, A., Ambhore, N., Kore, S., Naik, A., Phirke, V., & Ghuge, K. (2024). Investigation of the effect
of different fins configurations on the thermal performance of the radiator. Journal of Advanced
Research  in  Fluid  Mechanics and  Thermal  Sciences, 116(1), 27-39.
https://doi.org/10.37934/arfmts.116.1.2739
Energies, 14(4), 844. https://doi.org/10.3390/en14040844

Erbay, L., Dogan, B., & Oztiirk, M. (2017). Comprehensive study of heat exchangers with louvered fins..
https://doi.org/10.5772/66472

Fetuga, 1., Olakoyejo, O., Ewim, D., Gbegudu, J., Adelaja, A., & Adewumi, O. (2022). Computational
investigation of thermal behaviors of the automotive radiator operated with water/anti-freezing
agent nanofluid based coolant. The Journal of Engineering and Exact Sciences, 8(2), 13977-01e.
https://doi.org/10.18540/jcecvI8iss2pp13977-01e

Gole, P., Sable, M., & Bhalla, V. (2022). Numerical simulation of hybrid passive heat sink for onboard
ev charger.. https://doi.org/10.46254/in02.20220670

Grochalski, K., Rukat, W., Jakubek, B., Wieczorowski, M., Stowinski, M., Sarbinowska, K., ... & Grabon,
W. (2023). The influence of geometry, surface texture, and cooling method on the efficiency of
heat dissipation through the heat sink-a review. Materials, 16(15), 5348.
https://doi.org/10.3390/mal6155348

Hasan, A., Abdullah, M., & Sazid, A. (2024). A computational analysis of air-cooled heat sinks designs
for pv solar panel cooling with different fin numbers. Heat Transfer, 54(2), 1462-1475.
https://doi.org/10.1002/ht}.23236
Huang, C. and Chung, Y. (2021). Optimal shape of non-linear partially wet annular fins for
maximum efficiency.

Islam, S., Islam, M., & Abedin, M. (2021). Review on heat transfer enhancement by louvered fin.
International Journal of Engineering Materials and Manufacture, 6(1), 60-80.
https://doi.org/10.26776/ijemm.06.01.2021.06

Koca, A., Senturk, O., Akbal, 0., & Ozcan, H. (2024). Techno-economic optimization of radiator
configurations in power transformer cooling. Designs, 8(1), 15.
https://doi.org/10.3390/designs8010015

Kumar, R., Gupta, S., & Patil, V. (2023). High-performance cooling systems for racing: The role of
advanced fin designs. Journal of Thermal Management, 38(1), 92-105.

Li, H., Liu, E., Zhou, G., Yang, F., Su, Z., Xu, Y., ... & Shi, S. (2019). Influence of fin thickness on heat
transfer and flow performance of a parallel flow evaporator. Thermal Science, 23(4), 2413-24109.
https://doi.org/10.2298/tsci1904413|

Liu, Z., Zhang, L., Xu, W., Zhong, L., & Feng, A. (2023). Heating performance enhancement in panel-
type radiators based on vortex generators and fin form optimization. Journal of Physics
Conference Series, 2592(1), 012030. https://doi.org/10.1088/1742-6596/2592/1/012030

McKim, B., Jeevanjee, N., & Vallis, G. (2021). Joint dependence of longwave feedback on surface
temperature and  relative  humidity. = Geophysical =~ Research  Letters, 48(18).
https://doi.org/10.1029/202191094074

Analysis of Heat Transfer in Vehicle Engine Cooling Systems Using Radiators with Fin Variations (Sayid Bahri Sriwijaya)


https://doi.org/10.1108/ijpdlm-01-2018-0025
https://doi.org/10.1108/ijpdlm-01-2018-0025
https://doi.org/10.3390/ma13214931
https://doi.org/10.1177/0022243720951153
https://doi.org/10.1002/htj.21624
https://doi.org/10.1002/htj.23176
https://doi.org/10.11159/ffhmt23.191
https://doi.org/10.1177/09544100231170416
https://doi.org/10.37934/arfmts.116.1.2739
https://doi.org/10.3390/en14040844
https://doi.org/10.5772/66472
https://doi.org/10.5772/66472
https://doi.org/10.18540/jcecvl8iss2pp13977-01e
https://doi.org/10.46254/in02.20220670
https://doi.org/10.3390/ma16155348
https://doi.org/10.1002/htj.23236
https://doi.org/10.26776/ijemm.06.01.2021.06
https://doi.org/10.3390/designs8010015
https://doi.org/10.2298/tsci1904413l
https://doi.org/10.1088/1742-6596/2592/1/012030
https://doi.org/10.1029/2021gl094074

ISSN: 2685-6689 a 770

Miao, L., Wan, R., Wu, H., Liu, Z., & Wang, S. (2023). Heat transfer and pressure drop characteristic
research  of sine  wavy  flying-wing  fins. Scientific Reports, 13(1).
https://doi.org/10.1038/s41598-023-42872-x

Park, M. and Kim, S. (2019). Heating performance enhancement of high capacity ptc heater with modified
louver fin for electric vehicles. Energies, 12(15), 2900. https://doi.org/10.3390/en12152900

Prabu, N., Venkateshwaran, P., & Murali, G. (2021). Heat transfer analysis of pin-fin profiles for
aerospace application using cfd.. https://doi.org/10.21203/rs.3.rs-444406/v1

Jang, J. and Chen, C. (2015). Optimization of louvered-fin heat exchanger with variable louver angles.
Applied Thermal Engineering, 91, 138-150.
https://doi.org/10.1016/j.applthermaleng.2015.08.009

Khaled, B., Attia, A., & Abd-Ellatif, O. (2022). Experimental study on convective heat transfer using fins
for cooling pv cells. Journal of Al-Azhar University Engineering Sector, 17(65), 1276-1289.
https://doi.org/10.21608/auej.2022.265716

Kim, J. and Nam, Y. (2019). Study on the cooling effect of attached fins on pv using cfd simulation.
Energies, 12(4), 758. https://doi.org/10.3390/en12040758

KIM, N. (2020). An experimental investigation on the airside performance of fin-and-tube heat
exchangers having corrugated louver fins - part ii; wet surface. Journal of Thermal Science and
Technology, 15(1), JTST0005- JTST0005. https://doi.org/10.1299/jtst.2020jtst0005

Kumar, R., Kumar, P., & Rajan, A. (2023). Thermal performance of automobile radiator under the
influence of hybrid nanofluid. Materials Today Proceedings, 76, 251-255.
https://doi.org/10.1016/j.matpr.2022.10.099

Li, C.,, Sun, X,, Gao, H., & Zhang, Y. (2023). Pre-research on enhanced heat transfer method for special
vehicles at high altitude based on machine learning. Chinese Journal of Mechanical Engineering,
36(1). https://doi.org/10.1186/s10033-023-00873-x

Mittal, A., Misra, A., Sharma, A., Gupta, A., & Ansari, N. (2020). Design and analysis of modified
radiator fins to improve overall cooling efficiency.. https://doi.org/10.4271/2020-01-2029

Ramadan, K. and Slyusarskiy, K. (2024). Effect of fin type and geometry on thermal and hydraulic
performance in conditions of combined-cycle nuclear power plant with high-temperature gas-
cooled reactors. Thermo, 4(3), 382-393. https://doi.org/10.3390/thermo4030020

Ramadan, K. and Slyusarskiy, K. (2024). Effect of fin type and geometry on thermal and hydraulic
performance in conditions of combined-cycle nuclear power plant with high-temperature gas-
cooled reactors. Thermo, 4(3), 382-393. https://doi.org/10.3390/thermo4030020

Sahoo, R., Ghosh, P., & Sarkar, J. (2017). Performance comparison of various coolants for louvered fin
tube  automotive  radiator.  Thermal  Science, 21(6 Part B), 2871-2881.
https://doi.org/10.2298/tsci150219213s

Yu, W., Zhang, G., Liu, C., & Fan, S. (2020). Hard carbon nanotube sponges for highly efficient cooling
via moisture  absorption-desorption  process. Acs Nano, 14(10), 14091-14099.
https://doi.org/10.1021/acsnan0.0c06748

IJHESS, Vol. 7, No. 2, April 2025, pp. 761~770


https://doi.org/10.1038/s41598-023-42872-x
https://doi.org/10.3390/en12152900
https://doi.org/10.21203/rs.3.rs-444406/v1
https://doi.org/10.1016/j.applthermaleng.2015.08.009
https://doi.org/10.21608/auej.2022.265716
https://doi.org/10.3390/en12040758
https://doi.org/10.1299/jtst.2020jtst0005
https://doi.org/10.1016/j.matpr.2022.10.099
https://doi.org/10.1186/s10033-023-00873-x
https://doi.org/10.4271/2020-01-2029
https://doi.org/10.3390/thermo4030020
https://doi.org/10.3390/thermo4030020
https://doi.org/10.2298/tsci150219213s
https://doi.org/10.1021/acsnano.0c06748

