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Abstract

The efficient management of heat transfer from aircraft engines to the wings is vital for maintain-
ing thermal efficiency and structural integrity in modern aircraft design. Excessive heating of the
wings, caused by engine-generated heat, can negatively impact aerodynamic performance and
safety. This study focuses on analyzing heat distribution in a square aluminum 7075 plate to bet-
ter understand heat transfer mechanisms. Using the Laplace equation, implemented through
MATLAB (2023 Online Version), we aim to simulate and analyze heat distribution on the plate. The
numerical method employed in this research involves solving the Laplace equation with Neu-
mann boundary conditions, which represent insulated edges. The Liebmann method is used to
iteratively reduce error to less than 1%. Simulations are conducted on an aluminum 7075 plate
of dimensions 4x10~> m x 4x10~% m under various temperature conditions at the edges. Numeri-
calresults show that at the Sth iteration, the error reaches 0.71%, while MATLAB simulations yield
an error of 0.4681% at the same iteration. The heat distribution across the plate is clearly visual-
ized, and the analysis indicates that increasing the number of grids improves both the clarity and
accuracy of the simulation results. In conclusion, this study demonstrates that applying the La-
place equation via MATLAB is an effective approach for analyzing heat distribution in aluminum
7075 plates. The results show that a finer grid resolution enhances accuracy, with a 101-grid sys-
tem providing particularly clear and precise heat distribution patterns. These findings contribute
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to the optimization of thermal system designs, especially in aviation-related applications.
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1. Introduction

Efficient heat transfer in aircraft plays a critical role in enhancing thermal performance and pre-
serving structural integrity. Aircraft engines generate substantial heat during operation, making heat
management essential in modern aircraft design. The wings, as one of the main structural compo-
nents, are particularly vulnerable to excessive heating, which can impair aerodynamic performance
and compromise flight safety. These challenges necessitate a deep understanding of heat transfer
mechanisms and the development of effective technological solutions [1].

In aircraft design, heat distribution in aluminum materials is especially important due to alumi-
num's favorable mechanical properties, such as high tensile strength and an excellent strength-to-
weight ratio. Aluminum, particularly the 7075 alloy, is commonly used in aircraft structures like wings
for its ability to withstand heavy loads while remaining lightweight. However, its relatively high ther-
mal conductivity makes it critical to manage heat distribution effectively, as improper heat manage-
ment can lead to issues such as thermal deformation and material fatigue, which may jeopardize
flight safety.

Although previous studies have explored aspects of heat transfer in aviation, further research
is necessary to develop a comprehensive understanding of optimal heat distribution and strategies
to prevent overheating. This study aims to address this gap by analyzing heat distribution in aluminum
7075 plates, focusing on the heat transfer mechanisms from aircraft engines to wings [2]. Mathemat-
ical models are required to explore the properties of heat transfer, often utilizing numerical methods
like elliptic partial differential equations, which can be solved through computational techniques.
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The heat distribution phenomenon on a square plate is used to describe temperature distribu-
tion within a given domain. Lukman Samatowa et al. demonstrated that temperature distribution in
steady-state heat flow models on metal plates can be accurately represented using Microsoft Excel
software [3]. Key factors influencing the accuracy of temperature distribution include grid size selec-
tion, boundary conditions at the plate edges, and internal heat sources. Imam Noor et al. (2020) fur-
ther explained that temperature distribution in thin brass plates is higher compared to thiniron plates
[4]. Yaochuang Han et al. highlighted the dependency of numerical results for the Stokes flow equa-
tion on Gaussian quadrature [5], while Rachmawati demonstrated the application of MATLAB for
solving partial differential equations [6].

In summary, previous research has shown that software tools like Microsoft Excel can model
temperature distribution on metal plates with accuracy, with factors such as grid size and boundary
conditions being critical [3]. Variations in heat distribution between different materials, such as brass
and iron, have been observed [3]. Numerical methods remain vital for accurate analyses [5], and
MATLAB has proven useful for solving partial differential equations [6]. Nevertheless, there is a lack
of research on heat distribution in aluminum 7075 for aviation applications using the Laplace equa-
tion with MATLAB. This study seeks to address this gap by performing a comprehensive heat distribu-
tion analysis on aluminum 7075 square plates using the Laplace equation in MATLAB.

The goal of this research is to deepen the understanding of heat distribution on square alumi-
num 7075 plates by applying the Laplace equation through MATLAB simulations. Itis anticipated that
the findings will provide valuable insights into heat transfer characteristics, contributing to the design
and optimization of more efficient and thermally secure aircraft. The results of this study may also
inform the development of advanced thermal system designs across various engineering and tech-
nological fields, particularly for aircraft wing materials.

2. Methodology

This research employs a numerical method, specifically the Laplace equation, facilitated by
MATLAB Online Version 2023, to model heat distribution. MATLAB offers a powerful and flexible en-
vironment for solving partial differential equations and other numerical problems.

2.1. Numerical Methods

In this study, Neumann boundary conditions are applied at the plate edges to simulate insula-
tion and modify heat transfer with the surrounding environment. This approach creates a simulation
environment that closely reflects real-world conditions.

Additionally, the Liebmann method is used for numerical solutions to iteratively achieve an er-
ror of lessthan 1% [7]. The Liebmann method is a simple yet effective numerical technique for solving
the Laplace equation, making it particularly well-suited for analyzing heat distribution in materials
like aluminum 7075 [8]. Its advantages include ease of implementation, efficient memory usage, and
stable convergence, which can be further improved with relaxation parameters. Moreover, the
method is highly flexible, capable of accommodating various boundary conditions and complex ge-
ometries. These features make the Liebmann method a reliable tool for heat transfer modeling, con-
tributing to the development of more efficient and accurate thermal designs in engineering applica-
tions, including those in the aviation industry.

The use of MATLAB further enhances this research by providing speed, accuracy, and flexibility
in applying numerical methods to solve the Laplace equation [9]. This combination of tools and tech-
niques supports robust heat transfer analysis, aiding in the design of advanced thermal systems.

T_top = 1ee°C

T_bottom = @°C

Figure 1. Computational domain diagram with applied boundary conditions
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2.2. Boundary Conditions

The boundary conditions applied in this research are highly relevant to real-world scenarios.
Neumann boundary conditions, which describe edges with constant or zero temperature gradients,
are ideal for modeling thermally insulated parts of aircraft wings to prevent heat loss. On the other
hand, Dirichlet boundary conditions, which fix the temperature at the plate edges, represent parts of
the wingin direct contact with the engine or other heat sources, providing a realistic depiction of heat
distribution within the aircraft structure. By incorporating these boundary conditions, the simulations
offer a more accurate and practical representation, delivering crucial insights for the design of ther-
mally efficient and safe aircraft systems. Figure 1 shows a diagram of the computational domain with
the applied boundary conditions.

The heat distribution process is modeled on a 7075-aluminum plate with dimensions of 4x1072
mx 4x107>m [10]. Initially, the temperature at the plate's boundaries is set as follows: 50°C on the
right, 75°C on the left, 100°C at the top, and 0°C at the bottom. This setup assumes that the bottom
edge is insulated, maintaining a constant temperature, as shown on Figure 2. The plate is heated to
a certain temperature with A=1.5 and £€,=1% based on Liebman method. The temperature measure-
ments are taken at specific points along the four edges of the plate, as shown in Figure 3. The re-
search follows several key steps, including establishing a mathematical model for temperature dis-
tribution on the thin plate, converting the analytical equations into a numerical format using the finite
difference method for the Laplace equation, performing computational calculations using MATLAB,
analyzing the resulting heat distribution profiles, and compiling the findings in a comprehensive re-
port [11].
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Figure 2. Aluminum 7075 thin plate elements are in equilibrium
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Figure 3. Boundary conditions and grids in the model

3. Results and Discussion

The heat distribution simulation in this study employs the Liebmann method to iteratively solve
the Laplace equation for temperature distribution [12]. The numerical solution is presented below.
For 1stiteration

Tipqj+ Ticgj + Tijoa + Tijog |
Ti,j = 4 ( )

0+75+0+0
n=——p —— = 1875
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TheW = AT + (1 - VT (2)

Ty, = 1.5 X 18.75 + (1 — 1.5) x 0 = 28.125

Fori=2, j=1
0+ 28,125+0+ 0
Toy = = 7,03125
4
T», = 1,5(7,03125) + (1 — 1,5)0 = 10,54688
Fori=3, j=1
50 + 10,54688 +0+ 0
T3y = = 15,13672
4
T3, = 1,5(15,13672) + (1 — 1,5)0 = 22,70508

Since all initial temperatures T;; start from zero, the relative error €, for all points in the first
iteration is 100%. The error for Ty 1 is calculated as follows:
) 32,51953 — 28,125 100% = 13.5%
& = = ,
a1l 32,51953 ° °
Since this error exceeds the threshold of 1%, the iteration process continues until the error falls
below the acceptable value (<1%). After several iterations, the error decreases gradually. In the 9th
iteration, the error for T, ;is reduced to 0.71%, which satisfies the convergence criterion of less than
1%. The error calculation for Ty ; in the 9th iteration is shown as:

43,000~ 42995
43,000 | 0T DI

This result indicates that the temperature distribution has converted to a stable solution within
the desired accuracy.
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Figure 4. Heat distribution on the plate as a result of numerical calculations

From Figure 4, the results of the numerical calculations on the heated plate with specified
boundary conditions—100°C on the top edge, 50°C on the right edge, 75°C on the left edge, and 0°C
on the bottom edge—demonstrate the effectiveness of the Liebmann method. The error value stead-
ily decreases over the iterations, falling below 1% at the 9th iteration, with a final error of 0.71%.
When using MATLAB for the same simulation, the error at the Sth iteration is recorded as 0.4681%,
highlighting MATLAB's efficiency in achieving more precise results under the same conditions.

3.2. Simulation results on MATLAB

The MATLAB simulation results demonstrate how the temperature distribution on the plate
evolves over the iterations, converging towards a solution with an error of less than 1%—specifically
0.4681%—by the 9th iteration. The boundary conditions, set as 100°C at the top, 50°C at the right,
75°C at the left, and 0°C at the bottom, dictate how heat spreads across the plate.

The simulation results using MATLAB reveal a reliable temperature distribution across the alu-
minum plate, with accurate convergence after only 9 iterations, as shown in Table 1.
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Table 1. Results of the 9Sth iteration calculation using MATLAB

Tnode 1 2 3 4 5 6 7 8 9
Iteration 1 100 100 100 100 100 100 100 100 100
Iteration 2 82,74 82,00 77,65 68,50 48,80

7% 77 73 09 38 89 0 0 50
Iteration 3 72,48 67,03 59,15 46,81 28,48

75 16 57 36 48 67 0 0 50
Iteration 4 5 64,28 54,16 43,63 32,35 17,96 0 0 50

61 58 65 39 29

Iteration 5 54,49 40,26 30,27 21,13 11,09

7% 97 57 27 51 64 0 0 50
Iteration 6 37,70 23,67 16,11 10,63 5,41

75 15 22 41 15 96 0 0 50
Iteration 7 75 50
Iteration 8 75 50
Iteration 9 0 0

3.3. Heat distribution results analysis on grid model variance

The analysis of heat distribution simulations using different grid resolutions (5, 81, and 101
grids) provides valuable insights into the accuracy and detail of thermal modeling. In the simulation
with 5 grids, as shown in Figure 5, the temperature distribution is coarse, providing a basic approxi-
mation of the heat flow across the plate. With fewer grid points, the model lacks detail, and the tem-
perature transitions between boundary conditions are less smooth. This grid size might be useful for
initial testing or quick estimations but lacks precision.
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Figure 5. Heat distribution result on a 5 grids model

As the number of grids increases to 81, as shown in Figure 6, the simulation provides much
more detail and accuracy in the heat distribution. The temperature gradients are smoother, and the
results more closely approximate the actual heat distribution across the plate. This grid size is suffi-
cient for many engineering applications where moderate accuracy is required, as it strikes a balance
between computational cost and precision.

With 101 grids, as shown in Figure 7, the heat distribution is even more refined, showing a highly
detailed and smooth transition between temperatures across the plate. This finer grid resolution en-
hances the accuracy of the simulation, allowing for more precise predictions of how heat will flow
from the high-temperature regions (e.g., near the engine) to the cooler parts of the plate. The use of
a 101-grid system is ideal for applications where high accuracy is essential, such as in the thermal
design of aircraft components.
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Figure 7. Heat distribution on a 101 grids model

The simulation results using MATLAB demonstrate high consistency with similar studies con-
ducted with other software, such as Excel, with only minimal differences in outcomes [3]. Larger dis-
crepancies observed in studies involving different materials highlight the importance of considering
material properties in thermal simulations. MATLAB has proven to be a reliable and accurate tool for
modeling heat distribution, contributing to improved thermal design in aerospace and other engi-
neering applications.

The simulation results obtained using MATLAB show detailed temperature distributions across
various grid sizes. The visualizations of heat distribution from the different grid divisions indicate that
the highest temperature is located at the top edge of the plate, decreasing towards the bottom edge.
This behavior aligns with the specified boundary conditions and the fundamental principles of heat
transfer, where heat moves from regions of higher temperature to lower temperature. These results
demonstrate that areas of the plate closer to the heat source (e.g., the aircraft engine) experience
higher temperatures, while areas farther away exhibit lower temperatures.

This heat distribution pattern is particularly relevant for the thermal design of aircraft wings.
Components of the wing that are near the engine must be designed to withstand high temperatures
without compromising structural integrity or aerodynamic performance. Materials such as aluminum
7075, which was used in this research, show predictable and well-controlled temperature distribu-
tions, making them ideal for such applications. The application of these results can lead to more ef-
ficient and safer aircraft wing designs by ensuring even heat distribution and avoiding hotspots that
could cause damage or structural failure.
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4. Conclusions

From the calculations and simulations, it can be concluded that the heat distribution process
on an Aluminum 7075 square plate, applying the Laplace equation using the 2023 version of the
MATLAB Online application, achieved a numerical solution in the 9th iteration with an error of less
than 1%, specifically 0.71%. When using MATLAB, the error at the 9th iteration was further reduced
10 0.4681%. The heat distribution in equilibrium conditions on the aluminum plate is clearly and ac-
curately represented using MATLAB, providing a better understanding of the temperature distribution
pattern in this material. Comparisons with similar studies demonstrate consistency in the results,
with only minimal differences attributed to variations in numerical precision and material properties.
Factors that influence the appearance and accuracy of heat distribution include the grid size and the
boundary conditions applied at the plate's edges. Based on the MATLAB simulation results using a
101-grid system, the heat distribution on the plate is more clearly visible, confirming that increasing
the grid resolution improves both clarity and accuracy.

These findings provide valuable insights into heat distribution in aircraft wing materials, which
is essential for efficient thermal design. A better understanding of temperature distribution patterns
enables engineers to design aircraft components that can withstand heat while ensuring optimal per-
formance. The use of materials like Aluminum 7075, which exhibits well-controlled temperature dis-
tribution, enhances the safety and operational efficiency of aircraft. This research also highlights the
importance of simulation software, such as MATLAB, in conducting detailed thermal analyses and
supporting the development of advanced aviation technologies. However, there are some limitations
to this heat distribution analysis, particularly the use of a fixed grid size, which can affect the accu-
racy of the final results, and fixed boundary conditions, which may vary over time in real-world appli-
cations. Further research is recommended to explore simulations with higher resolution grids and
dynamic boundary conditions to improve accuracy.

Supplementary Documentation

More detailed MATLAB coding has been provided in the Supplementary Document. To access
the Supplementary Document, please visit the article homepage.
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