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Cooling of an Electronics Component like Graphics
Processing Unit Using Euler's Method as Application
of Numerical Methods.
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Abstract— "Science and technology multiply around us. To
an increasing extent, they dictate the languages in which we
speak and think. Either we use those languages, or we remain
mute." - J. G. Ballard. Electronic components like GPUs
require efficient cooling to operate reliably and last. MATLAB
is used to simulate and analyze an electronics component's
cooling dynamics using Euler's method. A first-order ordinary
differential equation models the GPU's temperature, cooling
constant, and ambient temperature during cooling. The
simulation divides time and estimates temperature iteratively
using Euler's method in MATLAB. The study examines
beginning temperature, ambient temperature, cooling
constant, and time step to understand cooling process
transients. The simulation uses MATLAB scripts to
demonstrate numerical methods in electronic cooling. Plots
show temperature evolution over time, helping explain
electronic component thermal management solutions. This
research applies numerical methods to electronics cooling
utilizing a popular computational tool. Engineers and
researchers can use the MATLAB implementation to
demonstrate numerical simulations' thermal performance
prediction and optimization capabilities. The study emphasizes
the necessity of computational methods in heat management
solutions for real-world electronic component reliability and
efficiency.
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I. INTRODUCTION

The effective cooling of electronic components is
crucial for modern electronics to ensure optimal
performance and durability [2]. Heat output has increased
due to the demand for high-performance electronics. This
can generate heat issues that affect component reliability
and operation if not addressed properly [7]. For this,
engineers and scientists use numerical methods like Euler's
method to simulate and study electronic component heat
properties [5]. Since it solves differential equations, Euler's
method is a crucial numerical tool [4][6]. It's a electronics
cooling tool that estimates component temperature
distribution and heat transfer over time. Euler's approach
can reveal how cooling strategies affect temperature profiles
and electrical device dependability [10].

In this case study, we'll use Euler's approach to
investigate electrical component cooling. Electronic device
cooling requires heat transport concepts like conduction,
convection, and radiation, which the course will cover [8].
This case study explains how Euler's technique improves
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electronic component temperature management using
numerical simulations and mathematical models [9][10].

Key objectives of this case study include:

e Understanding electrical component heat transfer
basics.

e Introduction to Euler's numerical heat transfer
equation solution technique.

e Creating cooling simulation models.

e Comparing cooling techniques' efficacy.

¢  Understanding temperature dispersion and thermal
behavior throughout time.

A thorough investigation of this example will help
comprehend the importance of numerical approaches in
solving engineering problems, particularly in electronics
cooling. The case study will demonstrate how math and
computers may improve electrical device reliability and
performance [3]. This will significantly advance electronics
and technology.

II. METHODS

A. Data

In a case study focused on the cooling of an electronic
component like a Graphics Processing Unit (GPU) using
Euler's Method as an application of numerical methods, the
primary data used includes temperature values at different
time intervals. The data was collected through numerical
simulations and modeling. This case study models and
analyzes a graphics card's thermal management. Euler's
Method, a way to solve ordinary differential equations
numerically, is used to estimate and explain graphics card
temperature fluctuations during operation [12]. We decided
to use three types of cooling to compare the differences
between the types of cooling processes [3][13]. We used
MATLAB, a powerful tool for numerical simulations, data
analysis, and visualization, to show the heating of the
graphics card and also for the cooling of a graphics card with
Euler's Method [14].

B. Workflow
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Figure 1. shows the whole process of conducting the study.
The first step is data collection, which involves gathering
relevant data. This is followed by the input , which involves
supplying the parameters required to set up the simulation,
conduct our analysis, and import the existing datasets,
temperature measurements, or other relevant data into our
modeling or analysis tools. Next is the graphical simulation,
where we use MATLAB with the use of Euler's Method to
see how the heating and cooling process flows with the
visualization of the graph. And lastly, we analyzed the
results.

C. Experiments and Simulations

The structural procedure performed in this study was to
build and test a classification model to show the heating of
graphics cards and the cooling process with the Euler's
Method application. The MATLAB software was used to
simulate the flow of the heating of the GPU without the
application of the cooling process. After the simulation of
heating of the GPU, we then simulated the three cooling
processes one by one with the application of Euler’s
Method. First is the simulation of Active cooling fans used
to increase airflow around the graphics card. Next is the
simulation of Liquid cooling systems that use a coolant to
dissipate heat. The third simulation is Heat sink cooling to
cool electronic components, such as computer processors,
graphics cards, and integrated circuits. Lastly is the
comparison between the three cooling methods in one graph
so we can see which is the most to least effective when it
comes to cooling GPUs. After we performed the simulation,
we analyzed the results.

III. RESULTS

In this section, we'll be discussing the outcomes derived
from the programmed code. We utilized Euler's method to
simulate and compare three different cooling techniques for a
graphics card: active cooling with fans, liquid cooling, and
heat sink cooling. We used the standard heat transfer model.
In this model, we will be demonstrating the heating of a
graphics card caused by its workload and calculate the time-
dependent temperature change. This simulations is simplified
for demonstration purposes.

A. Programmed Simulations

The typical operational temperature range of a graphics
card is susceptible to fluctuation due to factors like the
particular model of the graphics card, the intensity of its
workload, and the effectiveness of its cooling mechanism.
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Heat from a graphics card is shown in Figure 2. It
maintains a consistent heating rate and limits temperature to
a safe level. Temperature variations during simulation are
shown by the algorithm. Graphics card models, workload
intensity, and cooling mechanism effectiveness affect their
operational temperature range. A graphics card's usual
operating temperature depends on its type, workload, and
cooling system.

We modelled Euler's cooling effect in MATLAB using
Active Cooling-Fans, Liquid Cooling, and Heat Sink
Cooling.

1. Euler's method can replicate active cooling using fans
for a graphics card by calculating the workload's heating and
fans' cooling.

Graphics Card with Fan Cooling (Eulers Method)
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Figure 3. Graphics Card with Fan Cooling (Eulers Method)

Figure 3 illustrates a graphics card with Euler's active
cooling technology. It models heating from the graphics
card's workload and fan cooling. The findings demonstrate
active cooling temperature variations over time. Control the
simulation's heating and cooling speeds by adjusting the
settings.

2. Modeling heat transfer between the graphics card and
cooling system makes Euler's method's liquid cooling
simulation more complicated than the previous instances.
The graph code simplifies a simulation assuming the liquid
cooling system efficiently conducts heat. We used a cooling
constant in this code, but a liquid cooling system would
require additional thermal analysis and modeling.

Graphics Card with Liquid Cooling (Eulers Method)
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Figure 4. Graphics Card with Liquid Cooling (Euler’s Method)



Figure 4 displays Euler's method simulation of a liquid-
cooled graphics board. Cooling is the difference between the
graphics card's temperature and ambient temperature
multiplied by a cooling constant. The results display liquid
cooling temperature variations over time. Adjust the cooling
constant and heating rate settings to regulate simulated
cooling and heating. Note that this simple model might not
accurately represent a liquid cooling system. Euler's method
is more complicated than the previous examples since it
models heat transfer between the graphics card and the
cooling system. With the assumption that the liquid cooling
system efficiently releases heat, the graph code simplifies
such a simulation. In this code, we used a cooling constant,
but a liquid cooling system would require additional thermal
analysis and modeling.

3. Simulating heat sink cooling for a graphics card using
Euler's method is more straightforward than liquid cooling
but still involves modeling heat transfer between the graphics
card and the heat sink. In this example, we'll assume the heat
sink efficiently dissipates heat.

Graphics Card with Heat Sink Cooling (Eulers Method)
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Figure 5. Graphics Card with Heat Sink Cooling (Euler’s Method)

A graphics card with Euler's heat sink cooling is shown
in Figure 5. The cooling effect is the graphics card's
temperature less the ambient temperature times a cooling
constant. Plotting heat sink cooling temperature changes over
time. You may regulate simulated cooling and heating rates
by adjusting the cooling constant and heating rate settings.

4. Simulate and display temperature changes over time
for active cooling with fans, liquid cooling, and heat sink
cooling on a graphics card. This will show how each cooling
strategy influences graphics card temperature.
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Figure 6. Graphics Card Cooling Comparison (Euler’s Method)
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Figure 6. shows the graph demonstrating the simulation
of fans, liquid cooling, and heat sink cooling on a graphics
card. It depicts the temperature variations over time for each
cooling technique. You have the option to modify the
cooling rates for each method in order to observe the distinct
impact they have on the temperature of the graphics card.

B. Tabular Form
Table 1. Temperature data for Active Cooling with Fans

Time (seconds) Temperature (°C)
0 40.0
1 40.3
2 40.6
3 40.9
4 41.2

Table 1. Presents a time series of temperature data for a
graphics card under active cooling with fans. It illustrates
that the temperature remained stable, with minor
fluctuations, throughout the simulation period. This data
suggests that active cooling with fans effectively maintained
the graphics card's temperature within an acceptable range.

Table 2: Temperature Data for Liquid Cooling

Time (seconds) Temperature (°C)

0 40.0
1 39.8
2 39.6
3 39.4
4 39.2

Table 2. Presents a time series of temperature data,
showcasing a consistent decline in temperature throughout
the simulation. This data demonstrates the effectiveness of
liquid cooling in maintaining a lower and stable operating
temperature for the graphics card.

Table 3: Temperature Data for Heat Sink Cooling

Time (seconds) Temperature (°C)
0 40.0
1 40.1
2 40.2
3 40.3
4 40.4

Table 3. Presents a time series of temperature data,
illustrating the effectiveness of heat sink cooling in
maintaining the graphics card's temperature within an



acceptable range. Although exhibiting a more gradual
cooling rate compared to liquid cooling, this method
effectively controls temperature.
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Figure 7. The comparison of the cooling effects of fans,
liquid cooling, and heat sink cooling on a graphics card.

Overall, the issue of thermal management in graphics
cards is a common concern, particularly among individuals
who prioritize achieving outstanding performance and
extended lifespan for their graphical processing units
(GPUs). The use of efficient cooling techniques is crucial in
ensuring that the temperature of the GPU remains below
acceptable thresholds. Comparing the cooling techniques
becomes obvious that active cooling utilizing fans and liquid
cooling demonstrates a high degree of effectiveness in
regulating the temperature of the GPU to a level that is
considered acceptable. The utilization of fans for active
cooling is a financially viable alternative and is applicable to
a wide range of scenarios. In contrast, liquid cooling shows
enhanced efficiency and offers a greater cooling capacity,
rendering it a very suitable option for high-performance
configurations. While heat sink cooling may not be as
effective, it is an acceptable choice for graphics cards that
have moderate heating demands. It is important that the
selection of a cooling technique should consider many
criteria, including cost, space availability, and the unique
cooling needs of the graphics processing unit (GPU). The
selection of a cooling strategy should be in accordance with
the unique requirements and limitations of the user, therefore
guaranteeing the effective and dependable functioning of the
GPU.

IV. DISCUSSION

As mentioned in this study, the cooling of an electronic
component was examined through the utilization of Euler's
method as a practical application of numerical methods. The
main results and contributions of the current scrutiny
suggested that the simulation of active cooling with fans
provides an increase in airflow surrounding the graphics card
which can effectively disperse heat. In order to dissipate heat
from the graphics card, liquid cooling provided a more
complex cooling process. However, compared to liquid
cooling, heat sink cooling shows a more steady pace; this
technique successfully regulates temperature. During the
simulation time, the temperature in active cooling stayed
steady with just minimal variations. This information implies
that active cooling with fans was helpful in keeping the
temperature of the graphics card within a reasonable range.
The temperature data is presented as a time series for liquid

27

cooling, demonstrating a continuous decrease in temperature
over the course of the experiment. These numbers show how
well liquid cooling works at keeping the graphics.

The card's operating temperature is low and steady.
Although it cools more slowly than liquid cooling, the heat
sink cooling method successfully regulates temperature and
keeps the graphics card's temperature within reasonable
bounds.

Accordingly, this case study provided a real-world
example of how arithmetic and computer technology might
be used to improve the performance and dependability of
electrical equipment. An estimation and an explanation of the
operating temperature changes of graphics cards are provided
using Euler's Method, a numerical approach for solving
ordinary differential equations. Numerical simulations, data
processing, and visualization may all be accomplished with
the help of MATLAB. Through it, many pre-cooling
scenarios with various cooling requirements were examined.
Despite this, further research is required to determine how
cooling via fans, liquid cooling, and heat sink cooling affects
a graphics card.

V. CONCLUSION

All things considered, the study's conclusions have

significant ramifications for the effective cooling of
electronic components to ensure their optimal performance
and prolonged longevity. According to evidence from earlier
studies, the need for high-performance electronic devices
has increased heat output. Thermal issues could potentially
affect the dependability and functionality of these
components if they are not properly maintained. The
objectives of the current study were successfully attained by
addressing the urgent need to comprehend the fundamental
theories of heat transfer in electronic components,
introducing Euler's numerical heat transfer equation solution
method, creating mathematical models to simulate the
cooling process, and contrasting the efficacy of various
cooling strategies, and comprehending temperature
dispersion and thermal behavior over time.
It is recommended to study the enhancement of heat transfer
with nanoparticles with high conductivity mixed in liquid.
Understand the underlying physics of the effectiveness of
the presence of nanoparticles.
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