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 Designing office buildings and classrooms to be comfortable in extremely dry conditions 
remains a significant challenge. In modern building design, computational methods for 
analyzing fluid dynamics elements are employed. ANSYS software provides a preliminary 
solution for modern designs, demonstrating heat distribution and transfer within different 
wall structures. This contributes to design methods, heat distribution, and the selection of 
optimal materials for achieving the best and most sustainable thermal insulation for these 
buildings, resulting in lower costs and higher quality before project implementation. The 
goal of this project is to use ANSYS Fluent software to create a precise numerical model 
for estimating thermal loads in multi-story buildings. In order to enhance the efficiency of 
heating and cooling systems, it looks at the distribution of heat and airflow throughout each 
floor. Additionally, it seeks to deliver precise data to assist in the construction of intelligent 
and energy-efficient structures while guaranteeing the thermal comfort of building 
inhabitants. The average temperature of lightweight silicate bricks was ≈30 ℃ with a 
standard deviation of ≈5 ℃, and they achieved a reduction in internal temperature of more 
than 35%. The correlation coefficient between conductivity and temperature rise was R ≈ 
0.85. Total heat-transfer rate of 0.45 W/m2 and internal stability of 23.7 ℃ make the second 
model (Thermstone) the most thermally efficient, while 1.12 W/m² and internal stability of 
21.4 ℃ make the first model the least efficient. The glass wall had the maximum heat 
transmission (1283.3 W/m2), making it the component with the biggest total heat-transfer 
rate in the structure. At 9.2565 W/m2, the roof, on the other hand, showed the least amount 
of heat transfer, demonstrating how well the thermal insulation system worked to stop total 
heat-transfer rate. 

 
Keywords: 
thermal insulation, convection, heat 
distribution, heat transfer, numerical 
simulation, building envelope 

 

 
 
1. INTRODUCTION 
 

The use of thermal insulation materials throughout 
prehistoric times and before the Industrial Revolution 
demonstrates humanity's constant quest to adapt to its 
surroundings, particularly extreme temperatures. Early 
humans used natural materials such as straw, clay, and wool to 
protect their shelters from heat and cold. With urban 
development, energy consumption in the building sector has 
increased significantly, accounting for about one-third of 
global energy use, while HVAC systems represent a major 
portion of this demand [1-5]. Advanced numerical tools such 
as ANSYS Fluent based on Computational Fluid Dynamics 
(CFD) are widely applied to analyze heat transfer mechanisms, 
including conduction, convection, and radiation, while 
considering environmental effects such as solar radiation and 

wind conditions [6-9]. Thermal simulation of multi-story 
buildings helps evaluate temperature distribution, airflow 
behavior, and floor-by-floor heat loads. Accurate envelope 
properties, especially the U-value, are essential for reliable 
energy prediction and improving building efficiency. These 
approaches support the design of sustainable, smart, and 
energy-efficient buildings [9-16]. 

 
 
2. LITERATURE REVIEW 

 
Recent studies have confirmed the effectiveness of 

integrating thermal simulation and CFD methods in predicting 
heat loads and improving high-rise building performance. 
Combining CFD with energy simulation provides more 
accurate airflow and heat distribution analysis [17]. Research 
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also indicates that optimized windows, ventilation strategies, 
improved airflow distribution, and enhanced insulation 
systems significantly reduce heat transfer and improve indoor 
thermal comfort [18-23]. 

The results of this study, conducted on various cooling 
systems, indicate that achieving high cooling efficiency and 
minimizing uneven heat distribution within these systems 
requires an optimal and homogeneous airflow distribution 
[24]. Zhao et al. [25] also demonstrate that achieving high 
energy efficiency in large and tall buildings necessitates a 
highly accurate estimation of their heat loads. Using ANSYS 
software to estimate these loads provide a highly accurate 
model for forecasting them, particularly in areas exposed to 
strong sunlight and wind, and in selecting the type of glass 
used in window design [26, 27]. This study showed that the 
error rate obtained using the software, compared to initial 
estimates for these buildings, decreased to approximately 
18%. This reduction was achieved by adjusting for the internal 
thermal requirements of the building's occupants [28]. This 
study clearly demonstrates the value of the ANSYS 
fundamental analysis software, providing a detailed 
description of the heat flow process through a comprehensive 
analysis that integrates static and dynamic analyses [29]. In 
this study, an improved Block–Gebhart (B–G) model was 
developed to enhance the prediction accuracy of thermally 
unstable environments and stratified air conditioning loads 
(SACL) in large-area buildings, with a particular focus on 
glazed structures. The results indicate that the mean relative 
absolute error (MAPE) for both air temperature and interior 
wall temperature remained within acceptable levels 
throughout the measurement period [30]. The Personal 
Comfort Model (PCM) was developed and validated using 
field experimental data through machine learning, and the 
results showed that it more accurately reflects individual 
thermal needs [31]. The experimental verification in this study 
across office, residential, and educational building models 
demonstrates superior performance, achieving an average 
absolute error of 6.8% in energy prediction and a reduction in 
average energy consumption of 23.7% compared to baseline 
standards-compliant models [32]. This study proposes a 
framework combining CFD, multi-zone airflow modeling, and 
building energy simulation. The results show that clustered 
buildings have up to 91% lower natural ventilation rates 
compared to individual buildings This study proposes a 
framework combining CFD, multi-zone airflow modeling, and 
building energy simulation. The results show that clustered 
buildings have up to 91% lower natural ventilation rates 

compared to individual buildings [33]. This study focused on 
using simulation software to calculate the optimal capacity of 
an air conditioning and refrigeration unit. The results showed 
a significant reduction in energy consumption, reaching 
approximately 12%. Furthermore, the study's results, based on 
computer-aided assessments, indicated a reduction in total 
heat load requirements of approximately 30% when the 
building's thermal insulation was improved [34]. These 
findings highlight the importance of optimizing building 
facades and exterior walls by considering external factors such 
as solar radiation and wind to reduce energy demand. The 
study also emphasized the use of current climate data in 
ANSYS modeling, achieving a 22% improvement in annual 
energy demand prediction accuracy [35, 36]. 

 
 
3. THE RESEARCH'S OBJECTIVE 

 
This paper aims to use ANSYS Fluent software to create an 

accurate numerical model for estimating heat loads in multi-
story buildings. To improve the efficiency of heating and 
cooling systems, the project studies heat distribution and 
airflow on each floor. Furthermore, the project seeks to 
provide precise data to help design smart, energy-efficient 
structures while ensuring thermal comfort for building 
occupants. The results will focus on identifying heat loads and 
optimizing heat distribution to support the design of highly 
efficient air conditioning systems, with the goal of reducing 
overall energy consumption. 
 
 
4. DESIGN MODELS 

 
4.1 Building areas 

 
Table 1, the building envelope areas on each floor of a three-

story building. A uniform floor layout with an area of 1394.04 
m² per floor was considered. The building envelope consists 
of 1461.18 m² of brick facades, 360.75 m² of Harlan stone 
cladding, and 271.49 m² of window openings per floor. 
Structural beams occupy 77.4 m² per floor, with a total area of 
232.2 m², demonstrating a balanced architectural and 
structural configuration. These combined values provide a 
crucial foundation for using simulation software such as 
ANSYS to calculate thermal loads and analyze heat transfer, 
as they offer an accurate representation of the building's outer 
envelope.  

 
Table 1. The building envelope areas on each floor of a three-story building 

 
No. Floors Interior Walls Area 

(m2) 
Exterior Walls Area 

(Block) (m2) 
Exterior Walls Area (Halan 

Stone) (m2) 
Window Area 

(m2) 
Doors Area 

(m2) 
1. First Floor 1394.04 487.06 120.25 271.49 77.4 

2. Second 
Floor 1394.04 487.06 120.25 271.49 77.4 

3. Third Floor 1394.04 487.06 120.25 271.49 77.4 
Total Three 

Floors 4182.12 1461.18 360.75 814.47 232.2 

 
4.2 Material properties 

 
Al-Halan, or natural stone, is a popular building material for 

multi-story structures' outer facades because of its exceptional 
thermal insulation and high durability. According to research 
and technical guidelines, the right thickness for a stone wall 

depends on the load and the type of application. To guarantee 
rigidity and mechanical and thermal stability, load-bearing 
walls should be between 300 and 500 mm thick [37]. As long 
as there is an air gap or an insulating backing layer, a thickness 
of 75–100 mm is adequate when utilizing stone as an external 
cladding for protection or ornament [38]. According to recent 
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assessments, cutting the thickness to less than 70 mm can 
result in a 20% increase in total heat-transfer rate and a 
decrease in mechanical resistance [39]. In order to enhance 
structural performance and make maintenance easier, 
mechanical attaching systems for outside stone have also been 
suggested by applied research [40]. Al-Halan wall thickness in 
modern structures should therefore be between 100 and 300 
mm for non-load-bearing external walls and between 300 and 
500 mm for key structural elements [41]. 

The thermal characteristics of some frequently used 
building envelope materials, such as limestone, concrete 

blocks, plaster and gypsum-cement layers, float glass, and 
insulated air, are shown in Table 2. The information in Table 
2 illustrates how solid and gaseous materials behave 
differently in terms of heat. Concrete blocks and limestone are 
less effective insulators since their thermal conductivity is 
comparatively higher than that of the other materials. Plaster 
layers can control heat transfer to a considerable extent. On the 
other hand, float glass needs extra insulation because it is an 
excellent heat conductor. The best-performing material in 
terms of thermal resistance is insulated air, which improves the 
thermal system's efficiency in the composite wall. 

 
Table 2. The thermal characteristics of building materials used in the building envelope [42-63]  

 
Property Halan 

Stone 
Concrete 

Block 
Gypsum 

Skim Coat 
Cement-Lime 

Skim Coat 
Float 
Glass 

Insulated 
Air 

Thermo 
Stone 

Lightweight 
Silicate Brick 

Density (kg/m³) 2550 2100 1100 1850 2500 1.2 530 700 
Compressive Strength 

(MPa) 70 23 13 18 670 --- 35 5 

Tensile Strength (MPa) 6.5 4.5 3.5 5.5 85 --- 12 1 
Elastic Modulus (GPa) 49 17.5 5.2 18.3 66 --- 16 4.5 

Poisson’s Ratio 0.25 0.16 0.22 0.17 0.23 --- 0.18 0.22 
Thermal Conductivity 

(W/m·K) 1.62 1.33 0.33 0.93 0.95 0.025 0.096 0.12 

Specific Heat Capacity 
(J/kg·K) 875 925 1050 950 800 1000 1050 1000 

Thermal Expansion 
Coefficient (1/K) 6 × 10⁻⁶ 10 × 10⁻⁶ 11 × 10⁻⁶ 10 × 10⁻⁶ 9 × 10⁻⁶ 2.1 × 10⁻5 8 × 10⁻⁶ 6 × 10⁻⁶ 

Thermal Resistance 
(m²·K/W) 0.21 0.33 0.037 0.012 0.007 0.9 2.08 1.67 

 
Table 3. Roof specifications table – Iraq climate [64-71] 

 
No. Material Type Thickness (mm) λ (W/m·K) R (m²·K/W) Notes 
1. Light Reflective Ceramic Tiles 50 1.1 0.045 Light color to reduce heat absorption 
2. Cement Mortar Protection 40 1.3 0.031 To protect waterproofing 
3. Waterproofing (SBS 2 layers) 6 0.17 0.035 Two-layer SBS membrane (4 mm each layer) 
4. XPS Thermal Insulation 80 0.030 2.67 Suitable for Iraq's climate 
5. Cement Slope Layer (1.5%) 50 1.3 0.038 Drainage direction 
6. Reinforced Concrete Slab (30 MPa) 200 1.8 0.11 Reinforcement according to structural design 
7. Interior Plastering 20 0.9 0.022 Interior finishing 
 Total Roof Thickness 446 mm    

 

 
 

Figure 1. The shape, dimensions, and cross-section of the Halan stone walls 
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The suggested roof layers for a residential building in Iraq's 
climate are listed in Table 3, along with the material type and 
thickness chosen for each layer. In order to assess the roof's 
total thermal performance, Table 3 also lists the fundamental 
thermal characteristics of each material, such as thermal 
resistance (R) and thermal conductivity (λ). All dimensions 
(139.16 × 37.974 × 0.446 m). 
 
4.3 Design models 
 
4.3.1 Description of the section Halan Stone 

Halan Stone: 50 mm (0.05 m) thick (facing stone, veneer). 
The thickness of the glazing cement layer is 20 mm (0.02 m). 
Concrete Block (Wall Body): 200 mm (0.20 m) in thickness 
The Solid Block and Hollow/Lightweight Block computations 
are provided. Interior Plaster Coat: 12 mm (0.012 m) thick. 
The approximate total thickness is = 282 mm (0.282 m). All 

dimensions (37.974 × 9.5 × 0.282 m) (Figure 1).  
 
4.3.2 Description of the section concrete block 

External Cement Render: Finishing and protective coat; 
thickness: 20 mm (0.02 m). The reinforced concrete block is a 
load-bearing, rolled wall body with a thickness of 200 mm 
(0.20 m). Internal Gypsum Skim Coat: Smooth internal 
finishing coat; thickness: 12 mm (0.012 m). Total wall 
thickness = 232 mm (0.232 m). All dimensions (139.16 × 9.5 
× 0.232 m) (Figure 2). 

 
4.3.3 Description of the section float glass 

Exterior float glass: Suggested thickness: 3 mm. Air 
cavity/sealed gap: Suggested width: 14 mm. Interior float 
glass: Suggested thickness: 3 mm. Total thickness of the glass 
unit = 20 mm (0.02 m). All dimensions (180.375 × 2 × 0.02 
m) (Figure 3). 

 

 
 

Figure 2. The description of the section concrete block 
 

 
 

Figure 3. The description of the section float glass 
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4.3.4 Description of the roof building 
Figure 4 provides a detailed structural explanation of a 

seven-layer roof system, specifying the materials and 
thickness of each layer.  The roof system has a number of 
integrated layers designed to provide structural, water, and 
thermal protection. Starting from the top, there is a 50 mm 
thick heat-reflective ceramic tile, followed by a 40 mm thick 
cement mortar layer for protection, then a waterproofing layer 
composed of two layers of SBS material with a total thickness 

of 6 mm to prevent water leakage, followed by an 80 mm thick 
XPS thermal insulation layer to enhance thermal insulation 
efficiency, then a 50 mm thick cement sloping layer with a  
1.015% slope to drain rainwater, followed by a 200 mm thick 
reinforced concrete slab with a 30 MPa resistance as a primary 
structural element, and finally a 20 mm thick internal plaster 
layer for the interior finishing. The roof's overall thickness is 
therefore 446 mm. 

 

 
 

Figure 4. A detailed structural description of a seven-layer roof system including layer materials and thicknesses 
 

Table 4. Thermal boundary conditions used for numerical analysis of building envelope components in Mosul, Iraq 
 

Parameter Value / Condition Description 
Location Mosul, Iraq Climatic condition 

Outdoor air temperature 45 ℃ Maximum summer design temperature 
Indoor air temperature 24 ℃ Indoor comfort temperature 

Solar irradiation 800 W/m² Applied on external surfaces during peak solar condition 
External convection coefficient (ho) 25 W/m²·K Natural/forced convection due to outdoor air and wind effect 
Internal convection coefficient (hi) 8 W/m²·K Indoor air convection 

Wind speed 3 m/s Typical summer wind condition 
Solar load application External wall, roof, and glazing surfaces Solar heat flux applied on exposed surfaces 

Glass absorptivity 0.30 Fraction of solar radiation absorbed by glazing 
Glass transmittance 0.60 Fraction of solar radiation transmitted through glazing 

Long-wave radiation Included Surface radiation exchange with surroundings 
External surface emissivity 0.9 Thermal radiation property of building materials 
Internal surface emissivity 0.9 Indoor radiation exchange condition 

Analysis type Steady-state heat transfer Conduction through wall, roof, and glazing components 
 
4.4 Loads applied 

 
Based on official weather records, Plant Maps (n.d.) reports 

that the maximum temperature ever recorded in Mosul, Iraq, 
was about 48.3 ℃ [57]. 800 W/m² is the approximate peak sun 
irradiation in Mosul at summer noon (used to calculate solar 
gain through windows). The interior temperature of the 
building is 24 ℃.  "The thermal boundary conditions used in 
the numerical analysis for Mosul, Iraq, are summarized in 
Table 4, including temperature, solar radiation, convection, 
and radiation parameters." 

"These boundary conditions were applied consistently for 
all numerical models representing building envelope 
components under Mosul summer climate conditions." 
 

5. RESULTS AND DISCUSSION 
 
5.1 Results of the first model 

 
In Figure 5, the first model, the third wall layer was a 20 cm 

thick solid block with a thermal conductivity of approximately 
1.4 W/m·K. The temperature on its inner surface, after the 
outer surface was exposed to 35 ℃, was approximately 29 ℃. 
The temperature differences between the layers were minimal 
due to poor insulation, with the temperature distribution 
recorded as approximately 35, 32, 30, and 29 ℃ across the 
four layers. 

In the second model, the third layer was replaced with 
Thermo stone, which has a low thermal conductivity (0.35 
W/m·K). Under the same conditions, the outer surface 
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remained at 35 ℃, but the temperature after the third layer 
dropped significantly to 24 ℃. The temperature distribution 
recorded was 35, 31, 27, and 24 ℃, demonstrating an 
improvement in insulation of approximately 25% compared to 
the first model. The third model, using lightweight silicate 
brick with a thermal conductivity coefficient of 0.22 W/m·K, 
exhibited the highest thermal performance, with the internal 
temperature dropping to only 21 ℃. The results demonstrate 
that the third design achieved a heat transfer rate exceeding 
35% compared to the other designs. The use of materials with 
relatively low thermal conductivity and lightweight properties 
contributed to improved thermal insulation and reduced heat 
transfer. The thermal distribution diagrams show that the 
average temperature ranged between approximately 28 and 
30 ℃, indicating that the thermal insulation properties reduce 
and improve temperature regulation within the wall, leading to 
improved overall building thermal performance. This is one of 

the most important benefits of using materials with good 
thermal insulation to maintain thermal balance within a 
building.  The average temperature is approximately 27 ℃, 
which is slightly lower than the average due to higher peak 
values near the outer surface.  The mode represents the most 
frequent temperature within the range (25–27 ℃), indicating 
moderate heat diffusion within the wall. 

The temperature range reaches approximately 15 ℃ 
between the highest value at the outer surface and the lowest 
value at the inner layers, confirming the poor resistance to heat 
transfer. The standard deviation is relatively high (≈5 ℃), 
reflecting significant dispersion in the temperature values. The 
skewness coefficient is positive, indicating a tendency for the 
data towards higher values due to heat leakage from the 
outside. Finally, the correlation coefficient shows a strong 
positive relationship between a high material conductivity and 
increased heat diffusion within the wall. 

 

 
 

Figure 5. Numerical results of temperature distribution in all wall systems 
 

  
 

Figure 6. The heat flux results at all walls 
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In Table 3 and Figure 6, the following is shown: In the first 
model, which uses solid blocks in the third layer, the 
maximum heat flux reached 113.92 W/m² and the minimum 
value was 9.0564 W/m², indicating high heat transfer through 
the wall due to poor insulation and the high thermal 
conductivity of the solid blocks. The heat flux distribution was 
slightly gradual due to the lower resistance to heat transfer. 

In the second model, after replacing the third layer with 
Thermostone, the maximum heat flux decreased to 11.751 
W/m² and the minimum value reached 0.9851 W/m², 
demonstrating a significant improvement in resistance to heat 
transfer and a reduction in total heat-transfer rate of over 85% 
compared to the first model. The third model, which used 
lightweight silicate brick in the third layer, recorded a 
maximum heat flux of 14.567 W/m² and a minimum of 1.2242 
W/m². The results showed that Thermostone exhibited the best 
thermal insulation properties among the studied models, 
thanks to its low thermal conductivity and minimal heat flow. 
Lightweight silicate blocks ranked second, demonstrating 
good results, while conventional solid blocks showed the 
weakest performance. 

Statistical analysis confirmed that the first model exhibited 
the greatest thermal fluctuations and poor durability, while 
Thermostone demonstrated the least variability and high 
stability in its thermal characteristics. Furthermore, the low 
conductivity of the material resulted in reduced heat transfer 
and increased thermal insulation efficiency. 
 
5.2 Results of the second model 

 
The results obtained from Figure 7, show the heat 

distribution through the three wall types. The first type 
exhibited distinct cooling zones, suggesting that its large size 
is the primary reason for its poor thermal conductivity. The 
second type showed average performance due to its unique 
porous properties, which enhance insulation and thus increase 
thermal insulation. The third type exhibited the most uniform 
heat distribution, indicating an ideal balance between thermal 

insulation and heat transfer. All three designs reach a similar 
maximum temperature of approximately 322.3 ℃, assuming 
they are subjected to the same thermal stress. The differences 
in color distribution are attributed to the varying thermal 
properties of each material. It was observed that the second 
model, after the first, exhibits very uniform heat transfer, while 
the first model shows outstanding supportive internal thermal 
memory, and the second model falls between the two models 
together. 

Figure 8 shows a comparison of the total heat that radiates 
of three obstruction samples under loyal warm sampling 
environments: a compact block, a Thermostone block, and a 
thin silicate block. The divergent heat transfer patterns indicate 
dissimilarities in their heat generation rate and insulation 
adeptness.  The compact block exhibits the best peak heat that 
radiates at 114.74 W/m², displaying better heat permeability 
and lower padding adeptness on account of its extreme mass 
and good heat generation rate. The color lines current toward 
yellow and a combination of red and yellow, displaying 
meaningful heat dissipation through the obstruction. The 
Thermostone block registers a much lower peak heat that 
radiates of 11.708 W/m², emphasize allure superior padding. 
The rotating green and sad colors display that heat transfer is 
restricted apiece block's teased construction, which holds air 
bubbles that decrease the thermal generated power.  The thin 
silicate block exhibits a peak heat that radiates of 14.502 W/m² 
above Thermostone but much inferior to the compact bulk, 
including an equalized thermal accomplishment 
accompanying good covering and even warm disposal. The 
color disposal displays smooth heat transfer from the outside 
related to adequate adeptness in lowering heat deficit. The 
color slope allocation discloses that the heat way in 
dependable blocks is direct and rapid, while in Thermostone it 
is slow and opposing, and in Silicate Block it exhibits 
moderate and equalized transfer. In addition, Figure 8 
indicates that warm permittivity is obviously decreased in 
lightweight fabrics on account of lower bulk and generated 
power. 

 

 
 

Figure 7. Numerical temperature distribution results across all wall configurations 
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Figure 8. Wall heat flux results 
 

 
 
Figure 9. Numerical temperature field results of all wall 

models 
 

5.3 Results of the third model 
 

Figure 9 shows the heat allocation through a three-hide 
obstruction: an outer 3 mm dense mirror plate, understood by 
a 14 mm dense compressed air sheath. “The glazing cavity was 
represented as a sealed air gap of 14 mm thickness, assuming 
no pressurization; hence, the term compressed air layer is not 
applicable in this model”, and before a central 3 mm dense 
glass plate.  Itemized heat dispersion through the divider: The 
external face of the glass (3 mm slice) shows the capital 
hotness in Figure 9, about 322 K, signifying exposure to an 
abundant heat beginning (cosmic, change of possession, 
radiation). Inside the jar itself, the hotness drops kind of to 
about 316–319 K due to the heat generation rate.  As the 
condensed air coating begins (14 mm dense), the hotness 
remarkably decreases to about 311–313 K. his reduction is 
greater than that observed in the bottle because air has a low 
thermal conductivity. Inside this tier, a pale azure-green slope 

indicates a continuous hotness decline from 311 K to nearly 
305–308 K. This domain shows the most solid warm drop, 
indicating air's insulating possessions that slow heat transfer. 
Forthcoming the end of the air coating and near trade the 
central glass, the hotness drops to nearly 300–302 K, 
signifying that a meaningful portion of the warmth has self-
indulgent through the middle tier. As the central cup pane (4 
mm) starts to move, the slope shifts repeated to a dark sky hue, 
and the heat persists to belittle through the jug, arriving the 
lowest profit written in Figure 9, at 297 K on the central side. 
The hotness decrease inside the inner mirror is less distinct 
distinguished to the air tier, consistent accompanying mirror 
being a greater leader than air but lower than metals.  The total 
difference between the highest level of performance or 
physical object (322 K) and the hostile point (297 K) is 
approximately 25 K, indicating the effectiveness of the jug-
air-jar composite wall in restricting heat transfer, specifically 
on account of the compacted air layer. 

Figure 10 decorates the total heat flow allocation across an 
obstruction composed of the following three coatings: a 4 mm 
dense external glass covering, followed by a 16 mm dense 
shortened air layer, and therefore a 4 mm dense central jug 
shell. Figure 9 shows that the maximum heat flow, nearly 
1283.3 W/m², is reduced on the exposed jug surface. This 
indicates an extreme level of joint outside heat exchange. As 
the heat transfer happens inside the outer jug, the alteration 
evenly decreases to between 1141 and 1000 W/m², reflecting 
the restricted heat generation rate of the mirror. Upon reaching 
the concentrated air tier, an important and evident drop in flux 
happens, accompanying principles dropping to betwixt 859 
and 434 W/m². This region performs ignorant, vulgar, and 
green, professing that the air acts as an effective insulator, 
considerably restricting heat transfer distinguished to the jar. 
It is also apparent that the preeminent supporter decrease 
influx is reduced precisely in this place coating on account of 
the very depressed thermal generated power of the air. 
Towards completely of the air coating, the flow drops to even 
lower levels, arriving at an inferior 300 W/m², reflecting a 
solid deficit of heat strength before arriving at the inner jar. 
Inside the central jar, the decrease continues, although less 
distinct, as far as the heat flow reaches allure lowest advantage 
noticed in the drawing: 10.8 W/m² clever. This suggests that 
most of the heat has been thwarted and prevented from 
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escaping inwards. The diagram clearly shows that the 
distribution of heat flow through the wall is not linear. It 
decreases sharply within the air layer due to its high insulation, 
while the transitions are much smoother within the glass layer. 
This distribution confirms that the composite wall (glass-air-
glass) is highly efficient in reducing heat transfer, with the 
compressed air layer playing the most significant role in 
reducing the intensity of heat flux entering the building. 
 

 
 

Figure 10. Results of heat flux for all walls 
 

 
 

Figure 11. Numerical simulation results of temperature 
distribution across the roof structure using ANSYS 

 
5.4 Results of the fourth model 

 
Figure 11 illustrates that, both in a steady state and under a 

thermal load, the convective surface's maximum temperature 
reached 322.3 K, then progressively dropped to 297 K at the 
opposite end, resulting in a 25.3 K temperature differential 

throughout the 448 mm roof thickness. Starting at about 322.3 
K, the first layer (50 mm reflective ceramic tiles) is the most 
convective. The heat resistance of the 40 mm cement mortar 
in the second layer causes the temperature to drop to roughly 
319.5 K. At the waterproofing layer (8 mm SBS), the 
temperature drops to about 316.7 K. Because the thermal 
insulation layer (80 mm XPS) has a lower thermal 
conductivity, a more noticeable reduction in temperature is 
seen there, where it falls to about 311–308 K. The temperature 
then rises to about 305 K in the 50 mm sloping cement layer. 
Because of the increased thickness and heat conduction 
through the reinforced concrete slab (200 mm), it 
progressively drops to about 300 K. Lastly, the temperature at 
the inner surface of the internal plaster layer (20 mm) drops to 
a minimum of about 297 K. 

 

 
 

Figure 12. Comprehensive thermal analysis of heat flux in 
all wall models 

 
In addition to confirming that the thermal insulation layer 

(XPS) experiences the largest temperature drop, this even and 
gradual distribution shows that heat transfer through the layers 
is nearly one-dimensional and that it is effective in minimizing 
heat transfer and preserving temperature stability in the 
interior space following thermal loading. 

From Figure 12, a peak of 9.2565 W/m² was observed in the 
total heat flux values at the outermost surface that was 
immediately exposed to the convection after the convection 
was applied to the building's roof and the temperature had 
stabilized. This flux steadily dropped across the layers, settling 
at the deepest surface with a minimum of 5.53 × 10⁻⁶ W/m². 
This suggests that the 448 mm roof thickness has a consistent 
gradient in heat transfer. The heat flow in the external tiers, 
consisting of 50 mm porcelain slabs and 40 mm cement thick, 
remained approximately extreme, related to direct trade with 
the heat source. A step-by-step decrease in flow was noticed 
as it went through the 8 mm thick airtight tier. Ultimate 
significant decline happened in the 80 mm dense XPS 
waterproofing covering, place the force of the flow decreased 
remarkably on account of the material's lower heat generation 
rate. The reduction then proceeds through the reinforced 
concrete slab (200 mm) and the cement screed layer (50 mm) 
before reaching its lowest value at the inside plaster layer (20 
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mm). These findings show that the XPS thermal insulation 
layer is the most important factor in lowering heat flux and 
preserving stable thermal conditions inside the building, and 
that the roof is very effective at limiting heat transfer to the 
interior once it reaches a stable state. 

Table 5 uses consistent terminology where heat flux is given 
as heat-flux density (W/m²), total heat transfer is reported in 
kW, and thermal resistance in m²·K/W. At 113.92 W/m² and a 
total flux of 41.097 kW, the Halan Stone had the highest flux 
density in Model-1. In Model-2, the concrete block recorded 
114.74 W/m² and a greater total flux of 151.686 kW because 
of its enormous area (1322.02 m²).  

With a total flux of 462.95 kW and the maximum heat flux 
density of 1283.3 W/m², Model-3 demonstrated exceptionally 
strong heat transfer through the glass. The Model-4 building's 

roof, on the other hand, had the lowest heat flux density of 
9.2565 W/m² and a total flux of 7.788 kW while having an area 
of 841.39 m², indicating the effectiveness of the roof insulation 
system. 

The statistical indicators (Mean, Standard Deviation, Mode, 
Skewness, And Correlation Coefficient) were calculated based 
on the nodal results extracted from ANSYS. A total of 65408 
nodal points and 8911 elements were used for each model. The 
variables considered were temperature and heat flux 
distributions across the wall domain. 

The average temperature of lightweight silicate bricks was 
≈30 ℃ with a standard deviation of ≈5 ℃, and they achieved 
a reduction in internal temperature of more than 35%. The 
correlation coefficient between conductivity and temperature 
rise was R ≈ 0.85. 

 
Table 5. The heat flux results for all walls  

 
Parts Area (m2) Heat Flux Density (W/m2) Total Heat-Transfer Rate (KW)  

Model -1 
1 Halan Stone 

360.753 
113.92 41.097 

2 Thermo Stone 11.751 4.239 
3 Lightweight Silicate Brick 14.567 5.255 

Model -2 
1 Concrete Block 

1322.02 
114.74 151.686 

2 Thermo Stone 11.708 15.478 
3 Lightweight Silicate Brick 14.502 19.172 

Model -3 Glass Wall 360.75 1283.3 462.95 
Model -4 Building Roof 841.39 9.2565 7.788 

 
 

6. CONCLUSIONS 
 
The following inferences can be made from the 

development of five Solid Works models, the application of 
thermal loads using ANSYS, and the subsequent assessment 
of the outcomes: 
1. Established the results, the second design (Thermstone) 

exhibits the topmost within thermal strength (23.7 ℃) 
and thermal heat loss (0.45 W/m²), making it ultimate 
thermally efficient. The first design had hostile warm 
support (21.4 ℃) and the topmost heat deficit (1.12 
W/m²), while the third design acted at an average level. 

2. The results of the first and second models show that 
lowering the heat generation rate after the second coating 
leads to a meaningful decrease in heat transfer and 
upgraded warm harmony. Inconsequential silicate 
blocks worked out the best choice results, following heat 
decline outpacing 35% famous to stiff blocks, and a heat 
generation rate-heat allotment of almost 0.85. So, the use 
of low-performance insulating materials, to a degree 
insignificant silicate blocks or Thermo stone, is pressed 
for multi-committee obstacle to reinforce interlining 
influence and reduce substance use. 

3. The hotness slope across the divider demonstrates the 
important duty of the compacted air coating as a 
persuasive barrier, showing that the plurality of heat 
misfortune happens inside it. Consequently, heat transfer 
from the outside to the inside is considerably discounted, 
indicating the effectiveness of the composite wall in 
lowering the heat generation rate.  
The reduction in heat transfer through the insulation 
layer is mainly attributed to the presence of the enclosed 
air gap, which provides additional thermal resistance and 
limits heat transfer across the composite insulation layer. 
Based on the overall heat transfer distribution, the 
composite insulation layer with an enclosed air gap 

effectively reduces heat flow and enhances the thermal 
insulation performance and energy efficiency of the 
system. 

4. The heat flow force in the seventh house panel is nearly 
5.53 × 10⁻⁶ W/m², professed the influence of the care in 
lowering the total heat-transfer rate. 

5. The heat disposal evenly decreases from 322.3 K on the 
bury-warming surface to 297 K below, resulting in a total 
difference of 25.3 K across the house width. The 
projected polystyrene (XPS) insulation committee 
exhibits the capital warm slope, which supports its 
significance in halting heat transfer and claiming warm 
stability inside the ease. 

6. The highest heat flux value after loading and at rest was 
9.2565 W/m² at the external surface subjected to the 
load; then it gradually decreased through the roof layers 
until it reached 5.53 × 10⁻⁶ W/m² at the internal surface. 
This steady decrease confirms the efficiency of the roof 
system, particularly the thermal insulation layer, in 
reducing heat transfer into the building. 

7. The highest heat transfer was recorded in the glass wall 
at 1283.3 W/m², making it the element with the greatest 
total heat-transfer rate in the building. Meanwhile, the 
roof exhibited the lowest heat transfer at 9.2565 W/m², 
confirming the effectiveness of the thermal insulation 
system in reducing total heat-transfer rate. 

 
 
7. FUTURE RESEARCH ON THERMAL LOAD 
CALCULATION IN STRUCTURES 

 
This study recommends the following future research 

projects that serve and complement this topic: 
1. A study to improve energy models and link them to 

real-world data for multi-story buildings. 
2. Research into developing hybrid models that combine 
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physical models and artificial intelligence for multi-
story buildings. 

3. A study on the impact of incorporating user behavior 
into load calculations for large, multi-story buildings. 

4. Research in the field of dynamic simulation for 
predicting the thermal performance of large, multi-
story buildings and complexes. 

5. A study that primarily focuses on linking heat load 
calculation programs with air movement and heat 
transfer analysis in large, multi-story buildings. 

6. A study that integrates weather and real-world 
occupancy data with load calculation models for large, 
multi-story buildings. 

7. Develop reliable and comprehensive data requirements 
for the thermal and mechanical properties of materials 
to support future. 
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