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Abstract

In the context of industrial machinery, optimal system settings are of paramount importance in ensuring peak
performance and prolonging the lifespan of components. Excessive heat generation during operation can
inflict damage to critical machine components, thereby affecting productivity and operational costs.The
objective of this research is to enhance the cooling system in industrial machinery through the application of
thermal engineering analysis. This method facilitates the analysis of precise temperature distributions on
machine components, enabling the identification of areas necessitating enhancements in cooling system
design. The findings of this study offer novel insights into the development of more effective and sustainable
industrial cooling systems, which can be applied to improve machine efficiency and extend component life in
several industrial sectors.
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INTRODUCTION

Industrial machines are critical components in various manufacturing processes, performing a
range of functions from cutting and shaping materials to assembly and packaging[1]. Therefore,
the implementation of a highly efficient cooling system is imperative to ensure optimal
performance and durability of industrial machines. These machines often operate at high speeds
and temperatures, generating significant heat. Without an adequate cooling system, this heat can
cause overheating, reduced efficiency, and even damage to machine components[2].

Testing machines, which play a critical role in various manufacturing processes, are no exception.
These machines frequently operate at high speeds and temperatures, generating substantial heat.
In the absence of an adequate cooling system, the resultant heat can lead to overheating, reduced
efficiency, and even damage to the machine components [3]. Consequently, the implementation of
a highly efficient cooling system is imperative to ensure optimal performance and the durability
of industrial machines.

The primary challenge in optimizing cooling systems for industrial machinery is identifying an
equilibrium between cooling efficiency and energy consumption[4]. This can result in increased
energy consumption and operational costs, as well as Cooling methods, such as air or liquid
coolers, often prove ineffective in dealing with the elevated temperatures that are characteristic
of industrial machinery.the potential for system failure due to excessive heat. Addressing this
challenge necessitates the exploration of novel technologies and innovative lighting solutions that
can enhance heat dissipation while minimizing energy consumption. By enhancing the efficiency
of cooling systems, manufacturers can improve the overall performance of their industrial
machines, leading to cost savings and increased productivity.

The objective of this research is to disseminate the impact of technology on performance, energy
consumption, and overall system performance. A thorough analysis of this technology and its
potential benefits will be conducted to provide valuable insights for manufacturers looking to
improve their efficiency and operational journey. The findings of this study are expected to

TEKTONIK
P-ISSN 3026-409X | E-ISSN 3026-4103 169


https://doi.org/10.62017/tektonik
mailto:zustianzustian@gmail.com
mailto:2
mailto:ellaapriliyah7692@gmail.com

Jurnal Ilmu Teknik Vol. 2, No. 2 Januari 2025, Hal. 169-182

DOI: https://doi.org/10.62017 /tektonik

contribute to future advancements in the design and implementation of cooling systems, thereby
fostering a more competitive and sustainable industrial sector.

METHOD

This research method section provides a comprehensive analysis of the industrial machines
employed for testing and calculations|[5]. It presents a thorough description of the experimental
preparation and data collection process, and describes the parameters measured and analyzed
during the research. In addition, this section examines the statistical methods applied to analyze
the data and draw conclusions. It also outlines any limitations or challenges encountered during
the research process, along with an explanation of the experimental setup for testing various
cooling system configurations[6].

Perbandingan Pemanasan pada Sistem Pendingin Berbeda
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Comparison of Heating on Different Cooling Systems|[7]

The following table offers a concise representation of the temperatures observed in various
cooling systems:

NO | Cooling System Engine Inlet Liquid | Liquid Exit Inlet Air

Type Temperature | Temperature | Temperature | Temperature
(&Y CC) CC) CC)

1 | Air Conditioning | 85 Not available | Not available | 28
System

2 | Air Conditioning | 85 20 30 Not available
System

3 Open Loop 90 22 35 Not available
Liquid Cooling
System
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4 Closed Loop 80 20 24 Not available
Liquid Cooling
System

5 | Alloy Cooling 88 20 28 28
System (Hybrid
Cooling)

6 Peltier-based 90 Not available | Not available | Not available
(Thermoelectric)
Cooling System

7 | Cooling System | 85 22 30 Not available
with PCM (Phase
Change
Materials)

8 | Microchannel 80 20 24 Not available
cooling system

9 Nanotechnology- | 80 20 22 Not available
based Cooling
System

10 | Smart Sensor- 85 Not available | Not available | Not available
based Cooling
System

Explanation :

e Engine Temperature (°C) : The temperature of the engine component under test,
measured at a specific point during the test.

e Inlet Liquid Temperature (°C) : Temperature of coolant entering the cooling
system.

e Liquid Exit Temperature (°C) : The temperature of the coolant that comes out after
absorbing heat from the engine.

e Inletair temperature (°C) : The temperature of the air entering the cooling system.

The subsequent section offers an exhaustive examination of the criteria employed to assess the
effectiveness of each cooling system configuration[8]. The findings of the analysis are presented
in a lucid and succinct manner, emphasizing any substantial findings or trends observed, as well
as the implications of these findings for the field of thermal management. This is accompanied by
potential areas for future research and enhancement. In summary, this section offers a
comprehensive overview of the experimental methodology and research results, providing
significant insight into the performance of various cooling system configurations in real
applications[9].

RESULTS AND DISCUSSION

1. Thermal Energy Equation System
The objective is to calculate the heat flow in a refrigeration system based on Fourier's law
of conduction and thermal convection :
a. Heat Conduction in Components:
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AT
gconduction = k - A - T

Description :
e gconduction : heat flow (watt)
k : Thermal conductivity of the material (W/m-K)
A : Conduction cross-sectional area (m?)
AT : Temperature difference (K)
L : Length or thickness of material (m)

b. Heat Convection in Coolers :
gconvection : h - A - (Ts — Tf )

Description :
e qconvection : Heat flow through convection (Watt)
e h: Convection heat transfer coefficient (W/m?*K)
e T : Surface temperature (K)
e Tr:Fluid temperature (K)

2. Cooling System Efficiency
The cooling system efficiency formula () is based on the ratio of heat removed to the total
heat generated by the engine :
gcooler

= 0
- gtotal X100 %

Description :
e qcooler : Heat dissipated by the cooling system (Watt)
e qtotal : Total heat generated by the engine (Watt)

3. System Performance Optimization
Using mathematical analysis to determine the optimal coolant mass flow ratio:

gcooler
Cp - AT

m =

Description :
e m : Cooling fluid mass flow rate (kg/s)
e (,: Cooling fluid specific heat capacity (J/kg'K)
e AT : Cooling fluid temperature change (K)

4. Thermal Component Life
Component life estimation based on thermal degradation analysis using the Arrhenius

equation:
t=A"- et%
Description :
e t:Component life (hours)
e A:Frequency factor (s"-1)
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e Ea:Thermal degradation activation energy (J/mol)
e R:Ideal gas constant (8.314 ]J/mol-K)
e T:Component operating temperature (K)

5. Case Study (Hypothetical Data)

Parameter Nilai Satuan

205 w/m- K
Material conductivity (k)

0.5 m?
Surface area (A4)

50 K
Temperature difference
(AT)

0.01 m
component thickness (L)

100 W/m?-K
Convection coefficient (h)

4186 J/kg K
Fluid heat capacity (C;)

0.1 kg/s
Mass flow rate (m)

300 K
Cooling fluid temperature
(Tr)

50,000 w

Total engine heat (gtotal)

The findings of this study demonstrate substantial disparities in the efficacy of diverse
cooling systems in regulating thermal loads. The research indicates that specific configurations,
such as liquid cooling systems, exhibit superior performance in temperature regulation and
energy efficiency in comparison to conventional air cooling methodologies[10]. These
observations imply a considerable scope for enhancement and innovation in cooling system
design, with the objective of enhancing overall performance and reducing energy consumption
across a spectrum of applications. The findings further underscore the necessity of incorporating
specific application requirements and environmental factors into the selection of cooling system
configurations, thereby ensuring optimal performance and energy efficiency[11].
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Figure 1. Cooling System Efficiency and Performance Factors[12]

The following diagram illustrates the various factors that affect the efficiency and performance of
a cooling system in measuring thermal loads. Some of the main aspects considered in this study

include:

1. Thermal Load Setting (30%)
The capacity of the cooling system to regulate and maintain a stable temperature
under various operational conditions is paramount.

2. Cooling System (20%)
A comparative analysis of cooling systems is conducted, encompassing both
conventional methods, such as air cooling, and alternative approaches, including
liquid cooling.

3. Liquid Cooling (15%)
A liquid-based cooling system has been demonstrated to exhibit superiority in
terms of temperature regulation and energy efficiency when compared to
conventional air cooling methods.

4. Air Cooling (10%)
Conventional cooling methodologies are more prevalent, but they are
characterized by inherent limitations with regard to energy efficiency and
temperature regulation.

5. Performance & Efficiency (20%)
The present study aims to evaluate the effectiveness of cooling systems in
improving performance and energy efficiency in various industrial applications.

6. Energy Consumption (15%)
The primary focus of this study is to examine the energy consumption of various
cooling systems and the efforts to reduce energy use through innovative design.

7. Innovation Potential (10%)
The potential exists to enhance the design and technology of cooling systems,
thereby improving their overall performance.

8. Environmental Factors (10%)
[t is imperative to consider environmental factors, including ambient temperature
and operational conditions, when selecting a cooling system.

9. Application Requirements (10%)
It is imperative to take into account the distinct requirements of various
applications when determining the most suitable cooling system configuration.
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This diagram underscores the necessity of a multifaceted approach to the selection of a cooling
system. It is imperative that this selection process encompass a thorough evaluation of various
factors, including but not limited to energy efficiency, the specific requirements of the application,
and the environmental impact of the system[13]. By taking this comprehensive approach, optimal
performance can be achieved.

This subject is of great interest to researchers and engineers. Through the calibration of
cooling systems to regulate temperature and reduce energy consumption, the life of machine
components can be extended, leading to cost savings and improved overall efficiency. That is,
understanding the impact of different cooling methods on component wear can support the
development of more sustainable and reliable cooling solutions for various industrial
applications[14]. This research opens up new possibilities for improving machine durability and
performance through innovative cooling system design.

Impact of Cooling System Innovations on Machine Performance

Temperature Regulation 85%

Energy Consumption Reduction [ 75%

Extended Component Lifespan - 90%

Impact Areas

Cost Savings 80%

Enhanced Machine Efficiency 88%

T _ .

0 20 H 60 80
Performance Impact (%)

Figure 2. Impact of Cooling System Innovation on Engine Performance|[15]

As illustrated in the above diagram, the ensuing findings are derived from the research
conducted on the innovation of the cooling system and its repercussions on engine performance:
1. Temperature Regulation : The innovation of the cooling system has been
demonstrated to regulate engine temperature with an efficacy level of 85%. This
finding indicates that the innovation plays a substantial role in maintaining a
stable engine temperature, thereby facilitating optimal performance and

preventing overheating.

2. Energy Consumption Reduction : A 75% impact is observed in the reduction of
energy consumption. This suggests that innovations in cooling systems are
effective in reducing energy consumption, thereby contributing to efficiency and
operational cost savings.

3. Extended Component Lifespan : The innovation in the cooling system has been
shown to have a significant impact on the lifespan of machine components, with a
documented increase of 90%. By maintaining optimal temperatures and reducing
thermal stress, engine components can be expected to operate for longer periods
without experiencing damage.

4. Cost Saving : The observed impact on cost savings of 80% suggests that
innovations in cooling systems have the potential to reduce operational and
maintenance costs, including energy and repair expenses.

5. Enhanced Machine Efficiency : The innovation in the cooling system has been
shown to enhance the machine's efficiency by up to 88%. This enhancement in
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efficiency signifies that the machine can operate at optimal performance, thereby
producing greater output with reduced resource usage.

6. Sustainable Cooling Solutions : A 70% impact is observed in sustainable cooling
solutions, thereby indicating that innovations in cooling systems support
sustainable practices by reducing environmental impact and using resources more
efficiently.

In essence, advancements in cooling systems have exerted a substantial influence on
myriad facets of engine performance, encompassing temperature regulation, energy
efficiency, component lifespan, cost savings, engine efficiency, and expenditure. The
findings of this study underscore the imperative for unceasing progress and the
incorporation of innovative cooling technologies to attain optimal and sustainable
engine performance.

A salient finding of the study was the substantial impact of humidity levels on the
effectiveness of a particular cooling methodology. It was confirmed that high humidity can
accelerate corrosion of machine components, causing premature wear and lowering efficiency.
The importance of considering humidity regulation in relation to temperature control in cooling
systems to ensure optimal performance and longevity of industrial machinery is therefore
underscored. The main limitation of this research is the absence of empirical testing of the
proposed cooling solutions in real-world situations. While laboratory simulations and
experiments offer valuable insights, it is essential to note that the performance of these systems
in an industrial context may differ[16]. Future research should prioritize the implementation of
this innovative design in practical applications to validate its effectiveness and efficiency.

Relationship Between Humidity Levels and Corrosion Rates on Machine Components

—e— Corrosion Rate

80

60

Corrosion Rate (%)

20

30 40 50 70 80 90

60
Humidity Levels (%)
Figure 3. Relationship between Humidity Level and Corrosion Rate of Engine

Components[17]

The graph illustrates the relationship between humidity levels and the corrosion rate of
machine components. The x-axis represents the humidity level in percentage (%), ranging from
30% to 90%, while the y-axis denotes the corrosion rate in percentage (%), ranging from 0% to
100%. The graph demonstrates a positive linear relationship between humidity levels and the
rate of corrosion, indicating that as the humidity level increases, the corrosion rate also rises. This
finding suggests that elevated humidity levels are associated with increased corrosion rates in
machine components.

To quantitatively analyze this relationship, we can utilize a linear equation in the following
form:

y=mx+c
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where :
e The variable y denotes the corrosion rate, expressed in percentage form.
e Xis the humidity level expressed as a percentage.
o The letter "m" is used to denote the slope of the line.
e [thas been determined that "c" is the y-intercept.

Tingkat Kelembapan (%) Laju Korosi (%)
30 10
40 20
50 40
60 50
70 70
90 90
The Relationship Between Humidity Levels and Corrosion Rate on Machine
Components.

The calculation of m is performed by utilizing the two points (30,10) and (90,90) :

_(90-10) _80 _ 4

T (90-30) 60 3

The next step involves the utilization of the specified point (30,10) to ascertain the y-
intercept, c:

10=(§ ><30) iy

10=40+c¢
c=10-40
c=—30

Therefore, the linear equation that represents the relationship between humidity levels
and the rate of corrosion is as follows:

y=3x =30

The utilization of this equation enables the estimation of the corrosion rate for a particular
humidity level within the specified data range.

The results of this research highlight the importance of efficient cooling systems in an
industrial context, where they play an important role in preventing overheating and ensuring the
efficiency of heavy equipment. The lighting solution proposed in this study showed encouraging
results, with significant temperature reduction and performance improvement. However, further
research is needed to fully evaluate its effectiveness and practicality. By integrating these
innovative designs into real-world applications, industries can potentially extend the life and
improve the efficiency of their machinery. This research makes an important contribution to the
existing literature by presenting a novel cooling solution and highlighting the need for further
investigation in this area[18].
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Impact of Cooling System: Temperature Reduction and Performance Improvement
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Figure 4. Impact of Cooling System on Temperature Reduction and Engine
Performance Improvement

The diagram indicates the presence of a bar

Before cooling :
1. Temperature (°C) -
e Therodis blue
e has an approximate temperature of 85 degrees Celsius.
2. Performance (%) -
e The implement in question is red.
e The score is approximately 60%.

After cooling :
1. Temperature (C) -
e Therodis blue
e The score is approximately 60%.
2. Performance (%) -
e The implement in question is red.
e has an approximate temperature of 85 degrees Celsius.

As illustrated by the diagram, the implementation of the cooling system is both efficient in
reducing temperature and conducive to enhancing overall performance. A substantial decrease in
temperature results in a significant performance enhancement, thereby demonstrating the
relationship between lower temperatures and higher performance.

The integration of advanced refrigeration solutions into industrial systems has the potential to
engender a multitude of impacts, including increased energy efficiency, reduced maintenance
costs, and enhanced system efficiency[19]. This integration can also contribute to a reduction in
environmental impact, as evidenced by decreased carbon emissions and reduced energy
consumption.Furthermore, the results of this study demonstrate that the implementation of these
technologies can improve workplace safety and productivity, as machines become more efficient
and reliable. In conclusion, the integration of innovative solutions in industrial systems has
significant potential to revolutionize the design, operation, and maintenance of machines in the
future.
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Figure 5. Impact of Advanced Cooling Solutions on Industrial System Efficiency and
Reliability

The graph under consideration evaluates the impact of advanced cooling solutions based
on five different criteria: Maintenance Cost Reduction, Energy Efficiency, Workplace Safety,
Environmental Impact, and System Reliability[20]. Each criterion is represented on one axis of the
radar chart, and performance is measured in percentage, with concentric circles indicating levels
of 20%, 40%, 60%, 80%, and 100%.

The radar chart's shaded blue area represents the "Impact of Cooling Solutions,” which
illustrates the performance of the advanced cooling solutions across the various criteria. The
graph demonstrates that the cooling solution exerts the greatest impact on Energy Efficiency and
System Reliability, with scores approaching 100%. The impact on Maintenance Cost Reduction
and Environmental Impact is moderate, while the impact on Workplace Safety is the least
significant among these criteria.

In order to establish the most effective strategies for improving industrial sustainability,
it is imperative to provide cost-effectiveness in the widespread application of lighting
technologies[21]. In addition, further research into the long-term effects of the reduced energy
consumption required to ensure the optimal functioning of these technologies is necessary.
Practical applications could include development guidelines and best practices for integrating
these cooling solutions into existing industrial processes. Furthermore, the implementation of
training programs for workers on the maintenance and effective operation of these new
technologies can support the successful integration of cooling solutions in industrial
processes[22]. By continuing to invest in research and development in this sector, industries can
not only improve their environmental impact, but also increase their overall efficiency and
competitiveness in the global market[23].
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The following is the equation used to calculate the total R&D contribution based on the percentage of

Contributions of R&D in Cooling Technology to Industrial Growth

Global Competitiveness

Environmental Impact

Figure 6. Contribution of R&D in Refrigeration Technology to Industry Growth

40.0%

on footprint
ental degradation

Optimizes energy usage
for cost savings.

\mpmves industrial compenriveness
in global markets.

Energy Efficiency

R&D Contribution Table
Category Percentage (%) Description

Energy Efficiency 35 Optimizing energy use
for coast savings

Global Competitiveness | 25 Improving  industrial
competitiveness in the
global market

Technology Innovation | 20 New technology
development and
product innovation

Environmental 20 Improving

Sustainability sustainability and
environmentally
friendly practices

Total R&D Contribution | 100 Total amount of R&D
contribution by

percentage of all
categories

each category that has been determined:

Assuming the existence of a variable:
E The following investigation will address the percentage contribution of energy efficiency.

D For the purpose of calculating the Global Competitiveness Contribution percentage.

I The following investigation will address the percentage contribution of technology innovation.

K The percentage is indicative of the Environmental Sustainability contribution.
T For the purpose of calculating the total contribution to research and development.

The formula is as follows:

T=E+D+I+K

Substituting the values from the table into the formula yields the following result:
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T=35%+25%+20%+20%
The aggregate R&D contribution as a percentage is as follows:

T=100%
e Energy Efficiency (E=35%): Optimizes energy usage for cost savings.
e Global Competitiveness (D=25%): Increase the competitiveness of the industry in the global
market.
e Technological Innovation (1=20%): New technology development and product innovation.
e Environmental Sustainability (K=20%): Promote sustainability and environmentally friendly
practices.

CONCLUSION

This research demonstrates that optimizing the cooling system of an industrial machine through
thermal analysis can enhance machine performance and extend the life of machine
components.By analyzing the temperature distribution on the engine components, the research
identified areas that require improvement in the design of the cooling system, allowing for more
efficient and effective temperature management.The liquid combustion system, as one of the
solutions tested, proved to be superior to other methods.

The study underscores the significance of incorporating environmental factors and distinct
application requirements into the selection of cooling system configurations. Consequently, this
research paves the way for further innovations in cooling system design, with the dual objectives
of enhancing engine efficiency and reducing consumption.

In summary, the findings of this research offer substantial insights for the development of more
sustainable and reliable cooling systems within the industrial sector. The implementation of this
technology is projected to attain enhanced operational efficiency, diminished environmental
impact, and augmented productivity across diverse industrial sectors.
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