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ABSTRACT

This paper investigates the thermal performance of prefabricated exterior walls using the Computational Fluid
Dynamics method to reduce energy consumption. The thermal performance of the prefabricated exterior wall
was numerically simulated using the software ANSYS Fluent. The composite wall containing the cavity is taken
as the research object in this paper after analysis. The simulation suggests that when the cavity thickness is 20 mm
and 30 mm, the heat transfer coefficient of the air-sandwich wall is 1.3 and 1.29, respectively. Therefore, the opti-
mal width of the cavity is 20 mm, and the most suitable material is the aerated concrete block. In addition, a
comparative analysis is conducted on the cavity temperature in the wall under different conditions. It is proven
that an intelligent environment control system can significantly improve thermal efficiency and provide a solid
theoretical basis for further research in the external insulation of prefabricated buildings.
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1 Introduction

The rapid development of modern society is inseparable from the reserve energy, a critical material basis
for the continuation of human culture [1]. Therefore, countries worldwide attach particular importance to
strategic energy planning. Global energy resources are finite. However, industrialization constantly
increases the demand for traditional energy sources [2].

Building energy efficiency has become a rigid index for the modern construction industry [3]. Energy
loss of the whole building mainly refers to the loss of heat energy diffusing to the external space through the
outer protective structure of facilities, such as walls and windows. Walls occupy the largest area of the
defensive design, and heat loss through walls accounts for 25% of a building’s total energy loss. Thus,
walls play a critical role in buildings’ energy conservation. Because of its low thermal conductivity, air
has a better thermal insulation effect than general thermal insulation materials. Air interlayers are
commonly used in the peripheral protective structures of prefabricated buildings for thermal insulation,
such as multi-layer glass windows, exterior walls, and exterior solar chimneys [4]. The thermal insulation
board in the building can keep the indoor environment at a reasonable temperature by controlling the
distribution of the airflow field. Traditional thermal insulation boards are usually designed based on
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experience and simple theoretical analysis. Applying fluid mechanics can optimize the conventional thermal
insulation boards. It can accurately calculate the distribution of gas flow and flow field in the interlayer in the
thermal baffle, which is convenient for studying the board’s thermal performance. Scholars have conducted
various studies and attempts on the thermal properties of different materials. For example, Fathabadi [5]
evaluated the effect of graphite composite on the performance of lithium-ion batteries; Lamrani et al. [6]
studied the thermal performance of the solar wood dryer. However, these studies mainly adopted
traditional architectural research methods and rarely used related software for simulation analysis.
Besides, there are few studies on the fluid properties of thermal insulation boards.

This paper uses the average heat flux as the thermal performance evaluation index. The FLUENT
software is used for experimental simulation to analyze the thermal performance of the exterior insulation
board. Several significant factors affecting the heat transfer of the wall are discussed to determine the
most crucial factors affecting the thermal performance of the insulation board [7]. The innovation of this
research lies in using the related software for simulation analysis combined with the relevant fluid
mechanics principles, which were seldom used by predecessors. This research aims to use the air
interlayer to improve the thermal performance of the composite wall, reduce the heat loss of the
surrounding wall panels, improve the utilization rate of building thermal energy, and enhance the thermal
insulation effect. Therefore, this exploration has promising application prospects and crucial practical
significance.

2 Simulation Analysis of Thermal Performance of Air-Sandwich Insulation Boards

2.1 Basic Structure of Building Walls

There are diverse ways to classify walls in the building. According to their position in the building, they
are divided into internal and external walls; according to the layout direction, they are divided into horizontal
and longitudinal walls; according to whether they are stressed or not, they are divided into load-bearing and
non-load-bearing walls; according to building materials and pouring methods, they are divided into solid,
hollow, and composite walls. The research object reported here is the building’s exterior non-bearing
thermal insulation wall.

2.2 Fluid Dynamics

The thermal performance of the air interlayer in the wall is closely related to the airflow in the wall.
Computational Fluid Dynamics (CFD) is a branch of fluid dynamics. Its development primarily depends
on the progress of the aerospace industry and is influenced by methods or theories, such as grid
generation, numerical calculation, and differential equations [8]. CFD uses numerical solutions of the
governing equations of fluid dynamics to quantitatively describe discrete flow fields to accurately predict
fluid motion [9].

The basic conservation laws of mass, momentum, and energy are derived based on the assumption of the
energy continuum [10—12]. These laws’ general integral form can be written as Eq. (1).

%///VQdV + f#Fi(0) - ndS = fF,(Q) - ndS +J ()

In Eq. (1), Vrepresents the control volume; S denotes the boundary of the control volume; Q refers to the
conserved quantity; Fi (Q) indicates the convective flux; Fv (Q) indicates the diffusive flux; J stands for the
production term (a volume force of momentum equation modeled by the Boussinesq Approximation). The
total energy of unit mass £ and the viscous stress e are calculated according to:
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where Cv represents the specific heat at constant volume, and T refers to the temperature.

The diffusive flux in the energy equation can be expressed as:

Ox = UTyy + VT + WT, — KTk 4
@y = Uty +v1,, + wr, — kT, (5)
Or = UTz + VT + Wi, — KT (6)

where ¢,, ¢,, and . represent the energy change in different directions, and x stands for the heat
conductivity, as shown in Eq. (7).
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The calculation domain is re-divided to solve the governing equation. The governing equation is

discretized in time and space and separated into finite non-overlapping control bodies. The governing
equation is discretized in integral form. The governing equation can be written as Eq. (8).
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In Eq. (8), Fi, ny , and Sy represent the flux, normal external vector, and area of the A-th surface of the
control volume, respectively; Ny refers to the number of bins of the control volume. For the bin in a two-
dimensional space, the adjacent control volume may form an interruption at the boundary. After
calculating the inviscid flux F;(Q) and viscous flux F,(Q) of the bin, the flux of the bin can be obtained
by constructing discrete spatial variables.

In addition, Eq. (9) describes the turbulent viscosity model.
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In Eq. (9), @ represents the tensor of incompressible turbulent motion; 90 ), ( 2 ), and O(OV:)
0z Os dy. 0z

indicate the time mean value of product derivatives of three pulsating quantities, respectively.

A high-quality computational grid needs to be characterized by reasonably sized cells. The automatic
construction algorithm for adaptive-sized cells dramatically reduces the frequency and intensity of user
interaction. The core data architecture of the grid generation module is extended. The liquid solution uses
the standard CFD General Notation System format, and the solid solution adopts the Bitmap Distribution
Format. The algorithm model is designed through the top-up process, and the boundary recovery
algorithm is used to insert a specific number of Steiner points. The P-multi grid is different from the
original grid and iterates with different precisions to speed up convergence. Its error frequency is high in
high-order accuracy, and result correction can accelerate the convergence. The turbulence model used
here is the Spalart-Allmaras model, which has low computational complexity and can achieve an
excellent measurement effect on relatively complex boundary layer problems.
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2.3 Prefabricated Buildings and Existing Assembly Systems

A prefabricated building is a new type of building. Its standard components or accessories (such as
floors, wallboards, and stairs) are processed and produced in batches in the factory and then transferred to
the construction site for direct assembly through specific connection methods [13]. Unlike the traditional
construction method, many components of prefabricated buildings are directly processed by the
production workshop, improving work efficiency and meeting green buildings’ requirements [14].

At present, there are multiple mainstream assembly systems in the construction industry, including fully
prefabricated shear wall systems, double-sided composite shear wall systems, and PCF + PC shear wall
systems. The main difference among them lies in the design of exterior wall panels [15]. The PCF + PC
shear wall system integrates precast concrete facade (PCF) panels and precast concrete (PC) panels. PC
panels are divided into external and internal wall panels. Generally, the exterior wall panel has high
requirements for thermal insulation, fire prevention, noise reduction, and impermeability performance. At
present, the PCF + PC shear wall system is mature and extensively used in the market. Still, its
production efficiency needs to be improved because its non-planar parts are manufactured by machine.
Prefabricated buildings are easy to build and disassemble, so this paper selects the wallboard of
prefabricated buildings as the research object, which is convenient for software simulation and analysis.

2.4 Building Cavity and Indoor Thermal Environment

The indoor thermal environment of a building is a crucial index to measure the heat of the building
cavity. There is an inevitable interplay between the indoor thermal environment and residents’ activities
[16]. The building is the carrier of the indoor thermal environment that is directly affected by airflow
velocity, temperature, and humidity. It is thus clear that the indoor thermal environment of the building is
the result of the joint action of humans, buildings, and the local climate. Among the three factors, the
external protective structure of the building can isolate people from the external environment. The indoor
space is the premise of forming the indoor thermal environment. Thereby, the exploration of the indoor
thermal energy loss in the building should focus on the thermal insulation and heat dissipation
performance of the envelop enclosure of buildings. Fig. 1 displays the source and loss of heat in the
indoor thermal environment.

Cold air
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Water vapor
discharge
Floor heat
dissipation

Hot water
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Figure 1: Heat exchange in the indoor environment

The heat of the indoor environment mainly comes from the following aspects:
(1) the heat emission of the human body in a building;
(2) sunlight transmitted to the room through walls and windows;

(3) the heat provided by the heating equipment inside the building;
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(4) the heat emitted by household appliances in use.

The heat loss of the indoor thermal environment is manifested in the following aspects:
(1) heat loss through the floor;

(2) heat absorbed by indoor water evaporation;

(3) the heat transferred from the room with a higher temperature due to the temperature difference on
both sides of the envelope structure, such as walls and windows.

2.5 Air Interlayer and Building Envelop

2.5.1 Composition and Classification of Multi-Cavity Air-Sandwich Insulation Wall

The air interlayer placed in the multi-cavity composite wall has an excellent insulation effect due to the
poor thermal conductivity of air. The built-in air interlayer is also called a cavity, which can balance the
pressure inside and outside the wall and remove the moisture inside the wall [17]. The multi-cavity
composite wall comprises the outer panel, air interlayer, and inner panel. The air interlayer forms a cavity
between the inner and outer panels. New materials such as activated carbon and lightweight cement can
be used in outer and inner panels.

The air interlayer in the multi-cavity composite wall can be divided into closed interlayers and
circulating interlayers. The difference lies in whether the interlayer is sealed or not. Circulating interlayers
involve mechanical circulation and natural circulation. In addition, the height and width of the air
interlayer are relatively large, but the gap is very narrow. In addition, most of the air interlayers are tall
and wide, but the gap is very narrow. Functionally, the air interlayer can improve indoor thermal comfort
by reducing the cooling and heating load of the building by supplying cooling and heating. Fig. 2
presents the characteristics and performance of the air interlayer. A closed sandwich allows thermal
insulation and passive cooling. The natural circulating interlayer can realize passive cooling, natural
ventilation, and hot air heating. The mechanical circulating interlayer can complete the air circulation of
hot air heating, fresh air feeding, and heat dissipation photovoltaic panels.

Air interlayer in building envelope

) T

Natural circulating
interlayer

Closed interlayer Mechanical circulating interlayer

Heat
Thermal Passive Natural Hot air Dissipation Fresh air
insulation cooling ventilation heating of PV suppply
panels

Figure 2: Characteristics and performance of the building envelop with air interlayers

2.5.2 Application of Air Interlayers in the Building Envelop

It has been common to use the internal air interlayer in the building envelope for insulation in recent
years. For example, the air interlayer is applied to the external windows and exterior walls. Exterior
windows include multi-layer windows and multi-glazed windows [18]. Practice has proved that
increasing the number of glass layers of external windows can effectively enhance the sealing
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performance of the enclosure structure and reduce the heat loss in the building. At present, single-layer,
double-layer, and multi-layer glass windows are widely used, which constitute one or more closed air
interlayers inside the window to enhance the overall heat transfer performance. Fig. 3 displays the effects
of the double-glazed window, triple-glazed window, and four-glazed window. There is an optimum range
of widths for the air interlayer between the two glazings in double-glazed windows. Within this range, the
larger the width, the smaller the heat transfer coefficient; outside this range, increasing the width of the
gap will only increase the cost and cannot continue to optimize the heat-retaining property. The
experimental results demonstrate that the triple-glazed window can reduce the window heat transfer loss
by half compared with the double-glazed window [19].

Exterior Interior Exterior
Exterior Interior Interior
|

Double- .
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glazed lr;gefi Four
window g glazed
windows windows

Figure 3: Physical models of double-glazed, triple-glazed, and four-glazed windows

2.6 Thermal Performance Parameters of Wallboards

2.6.1 Heat Transfer Coefficient and Thermal Resistance of Walls
Under the condition of stable heat transfer, when the air temperature difference between the two sides of
the enclosure structure reaches 1°C, the heat transferred per unit area in unit time is the K value of the heat
transfer coefficient (unit: watt). Eq. (10) describes the heat transfer coefficient K of the wall, and Eq. (11)
indicates the thermal resistance of the wall.
1

In Eq. (10), R, represents the heat transfer resistance of the wall.
R=R;+R+R, an

In Eq. (11), R; denotes the heat exchange resistance of the internal surface of the wall; R, signifies the
heat transfer resistance of the external surface of the wall; R refers to the overall thermal resistance of the
envelop enclosure.

2.6.2 Thermal Effusivity and Thermal Inertia Index of Wall Materials

In areas with indoor heating, heat loss from buildings is roughly a unidirectional but dynamic process in
summer or winter. In this case, it is not enough to evaluate the heat transfer only by using the value of heat
transfer coefficient K. The thermal inertia index D must be used to evaluate the thermal properties of the wall.
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The thermal storage coefficient refers to a material’s ability to exchange heat with the surrounding
environment. When the ambient heat on both sides of the wall changes and the wall surface temperature
fluctuates to 1°C, the maximum heat flux introduced into the object only depends on the thermophysical
properties of the material itself. The thermal storage coefficient is solved by Eq. (12).

2TpcA
S = 12
Ve (12)

In Eq. (12), S refers to the thermal storage coefficient of wall material; p stands for the density of wall
material; C represents the specific heat capacity of wall material; 4 denotes the thermal conductivity of wall
material; 7 signifies the fluctuation period of temperature.

Eq. (13) shows that the density, specific heat capacity, and thermal conductivity of materials are
positively correlated to the thermal effusivity of wall materials. The higher the value of these physical
quantities, the stronger the wall’s heat storage capacity and the stronger the resistance to temperature
fluctuations.

The thermal inertia index D measures the periodic fluctuation and attenuation degree of the internal
temperature of the wall, as presented in Eq. (13).
D=RxS (13)

In Eq. (13), D, R, and S are the thermal inertia index, thermal resistance, and thermal storage coefficients
of the wall material.

2.6.3 Wall Heat Flux

Heat flux is a vector to measure the amount of heat transferred per unit interface area per unit time. Heat
can be transferred via different mechanisms, like conduction and convection. The magnitude and direction of
the heat flux reflect the extent and route of heat transfer. Heat flux is calculated according to Eq. (14).

_9
S°t

In Eq. (14), g denotes the heat flux, O represents the total heat transferred, S indicates the cross-sectional
area during heat transfer, and ¢ refers to the time spent in heat transfer.

q (14)

The 1 is calculated according to Eq. (15).
= [T(el)T(e2)T(C3)]

g1 012 013 (15)
= | 021 022 023
031 032 033

In Eq. (15), T(€)T(€)T(®) constitute the basic coordinates of the vector, representing different stress
calculation directions; T(e‘), T(eZ), and T(®) represent the X, Y, and Z-axis coordinates; 11, 0,1, and g3;
denote the stress in the X-axis direction; o1, 622, and a3, signify the stress in the Y-axis direction; o3,
073, and o033 represent the stress in the Z-axis direction.

2.6.4 Thermal Principle and Structural Design of Multi-Cavity Composite Walls

The composite air-sandwich wall has two different thermal principles: heat preservation and insulation.
Heat preservation means that the wall prevents the transfer of indoor heat to the outside, reducing the heat
loss in the building in cold winter; heat insulation means that the wall prevents the outdoor heat from entering
the building to maintain the low-temperature state of the wall in summer [20]. The heat transfer and internal
resistance coefficients are adopted to evaluate the thermal insulation performance of wall materials under a
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given highest temperature of the internal components of the wall in summer. Fig. 4 presents the design of the
thermal insulation cavity structure. There is a hollow air interlayer between the two panels of the building’s
outer wall for the circulation of air and fluids, heat preservation, and thermal insulation.

OutDoor InDoor

JAe[RUI ITY

Figure 4: Design of the thermal insulation cavity structure

2.7 Simulation Analysis on Thermal Performance of the Prefabricated Air Sandwich for Exterior
Insulation Walls

2.7.1 Principal Influencing Factors of Thermal Performance of Multi-Cavity Composite Walls

The analysis of the heat transfer coefficient K and thermal resistance R of the wall suggests that the
thickness of the air interlayer is directly related to them. Under various cavity thicknesses, the air velocity
inside the air interlayer will have different effects on convection [21]. The natural convection in the air
interlayer is mainly concentrated on the inner and outer interfaces, and heat transfers from the high-
temperature side to the low-temperature side. Increasing the thickness of the cavity can enhance the
thermal resistance, the most common example being double-glazed windows. In addition, the temperature
difference between the wall panels on both sides of the air sandwich also affects the thermal performance
of the cavity. For instance, the temperature difference between the inside and outside of the building is
large in winter, which will lead to poor insulation effect of the wall. Moreover, the thickness and
permeability of the wall material will also affect the thermal properties of the wall, such as the heat
transfer coefficient.

2.7.2 Establishment of the Calculation Model

The heat transfer process of wallboard is quite a complex problem in real life. The wall panel structure,
the material of the insulation layer, and the temperature difference between the indoor and outdoor all
significantly impact the heat transfer of the wall panel. To simplify the problem and facilitate the
simulation experiment, it is assumed that the convection of the air interlayer inside the wall is natural
convection in the heat transfer process of the wall panel; the air density inside the interlayer is only
affected by the ambient temperature; the influence of indoor and outdoor temperature difference on the
physical properties of wall materials is not considered. Fig. 5 reveals a simplified model of the multi-
cavity composite wall. The air and fluid in the cavity form an insulating layer. The circulation of air and
fluid will store heat in the wall and reduce the heat transfer energy consumption.
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Figure 5: Structure of the multi-cavity composite wall

2.8 Simulation Experiment

The Time in the FLUENT Solver is set to steady state, and the Space is set to a three-dimensional structure.
The governing equations contain the flow, energy, and turbulence equations. The air density parameter is 1.225,
the constant pressure specific heat is 1006.43, and the thermal conductivity is 0.0242. There are
2,716,985 meshes to enhance the simulation effect. The air inlet is set as the speed inlet, and the air outlet
is set as the pressure outlet. The fluid type of other indoor objects is set as the wall, the air value on the
wall is set as 0, and the power value of lamps in the building is 40 W. The uncoupled implicit algorithm in
FLUENT is adopted to solve the fluid equation. This fairly mature algorithm has been extensively validated
in applications to simulate CFD problems of low-velocity flows. The finite element method is used as the
spatial numerical scheme of this paper to divide the solution region into connected and non-overlapping
finite sub-regions. The approximate solution is the product of the node function value and the basis
function. The numerical solution can reach second-order or even higher accuracy [22,23]. At different grid
nodes, the specific heat and thermal conductivity of the object will change due to different temperatures and
materials. Some experimental data after meshing are summarized in Table 1.

Table 1: Experimental grid data

No. Number of Specific heat at ~ Mean heat Thermal
grid points  constant pressure capacity conductivity
1 234 946.75 33.12 0.0134
2 246 927.35 65.23 0.0337
3 279 1023.13 34.67 0.0234
4 258 892.56 79.13 0.0267
5 284 1011.45 67.14 0.0246
6 357 1005.34 68.13 0.0278
7 345 1239.12 76.35 0.0168
8 376 1123.78 68.94 0.0137
9 385 1234.01 78.47 0.0196
10 378 1213.12 96.38 0.0258
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3 Results and Analysis

3.1 Analysis of Simulation Results under Different Cavity Thickness

The influencing factors of the average heat flux of wallboards are analyzed by software to study the
thermal properties of insulation boards. In this experiment, FLUENT software is used to compare the
temperature differences between the inside and outside of the multi-cavity wall under different cavity
thicknesses, materials, and wall thicknesses. Fig. 6 illustrates the changing trend of average heat flux
corresponding to different cavity thicknesses through the experimental simulation. It reveals that the heat
transfer coefficient of glass decreases with the increase of the air interlayer thickness at the beginning.
When the air interlayer thickness is 14 mm, the heat transfer coefficient of the outer window is the
lowest, about 2.722. Subsequently, the heat transfer coefficient does not change significantly with the
thickness of the air interlayer. Therefore, the optimal inner cavity thickness of double-glazed windows is
14 mm. In Fig. 6, the upper abscissa represents the wall thickness, and the right ordinate denotes the
average heat flux. Fig. 6 suggests that the heat flux is dramatically reduced when the wall thickness
increases from 10 mm to 20 mm, and the heat flux of the 20 mm-wall is 29.61% lower than that of the
10 mm-wall. Moreover, the heat flux change tends to be stable when the wall thickness exceeds 20 mm,
indicating that the optimal thickness should be 20 mm.

Cavity thickness/mm
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Figure 6: Relationship between air interlayer thickness and heat transfer coefficient

3.2 Analysis of Simulation Results under Different Cavity Heights

Furthermore, this experiment simulates the effect of wall height on the temperature change and average
heat flux at the current measurement location of the multi-cavity composite wall. The FLUENT software sets
the wall heights to 600 mm, 900 mm, 1200 mm, and 1500 mm in sequence. Fig. 7 provides the statistical
simulation results, demonstrating that the growth of cavity height causes a minor decrease in the average
heat flux of the wall. Meanwhile, increasing the cavity size can significantly reduce the average heat flux.
Hence, cavity height within a specific range slightly influences the thermal performance of walls.

3.3 Analysis of Simulation Results under Different Wall Materials

Fig. 8 shows that different materials’ average heat flux also has some differences under the same cavity
thickness. The heat flux of the concrete slab is the largest among the three materials, and that of the aerated
concrete block is the smallest. The heat flux of the wall is linearly proportional to the thermal conductivity of
the wall material. In conclusion, the insulation effect of aerated concrete blocks is the best. Compared with an
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aerated concrete block of 40 mm, the heat flux of the 60 mm-block is not apparent. The results suggest that
the change of wall material has a more significant effect on heat flux than the thickness of the cavity.
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Figure 7: Variation of average heat flux under different cavity heights
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Figure 8: Effect of different materials on average heat flux of walls (the abscissa signifies the three types of
materials for comparison; A is concrete slabs, B is hollow concrete bricks, and C is aerated concrete blocks)

3.4 Analysis of Simulation Results under Different Temperature Differences

FLUENT sets two experimental groups with a temperature difference of 16°C and 8°C to compare and
analyze the temperature changes in the cavity. The experimental results in Fig. 9 demonstrate that the more
significant the temperature difference, the faster the gas velocity in the cavity. In other words, changes in the
external ambient temperature accelerate the airflow in the cavity.

3.5 Discussion of Results

The above results prove that the cavity thickness, the material and thickness of the wall panels on both
sides of the cavity, and the temperature difference between the inner and outer walls all change the thermal
insulation performance of the wall. The temperature difference inside and outside the cavity and the wall
material significantly affects the heat flux. Nonetheless, wall height has no significant effect on heat flux.
In short, the 20 mm thick thermal insulation wallboard with aerated concrete blocks can maintain the best
thermal insulation effect when the temperature difference between the inner and outer walls is 8°C.
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Figure 9: Temperature change inside the cavity under two kinds of temperature differences (the abscissa is
the distance between the current measuring point and the lower edge of the wall, and the ordinate is the
temperature of the current measuring point)

Manoram et al. [24] found that the temperature difference and heat transfer rate between the two walls
changed significantly with every 2 mm increase in furnace wall thickness. This conclusion is consistent with
this paper. Tang et al. [25] numerically simulated the fluid and heat transfer of biological tissues. They also
considered the stable and periodic blood pressure at the entrance of the capillary network based on the
immersion boundary method strategy, which had reference value for fluid dynamics and material
processing. Aissa et al. [26] conducted a numerical study of pressure-driven gas flow in microchannels
with sliding boundaries, and they accurately predicted the pressure-driven flow in microchannels. Basri
et al. [27] studied the fluid-structure interaction in the complications of patients’ specific aortic valve
implantation based on fluid dynamics, which was of great significance for recirculation flow and
thrombosis. [I’inykh et al. [28] investigated the fine structure of freely falling droplet diffusion mode in
the still fluid. They found that the conversion of available potential energy was conducive to fluid
acceleration when the free surface of coalescence fluid disappeared. In conclusion, fluid mechanics is
extensively used in materials and buildings and has vital reference and application value in medical
arterial diseases.

4 Conclusion

The total energy resources in the world are limited. With the increasing demand for traditional energy in
modern society, energy conservation and emission reduction has become an inevitable social development
trend. Based on the relevant fluid mechanics principles, the thermal performance of prefabricated
buildings’ enclosure structures is studied through software simulation analysis. The experimental results
show that the average heat flux, the cavity thickness, the wall materials’ thickness, and the temperature
difference between the two sides of the cavity all affect the thermal insulation performance of the
composite wall. The clear inference is that using 20 mm air interlayers can significantly improve the
thermal insulation performance of prefabricated buildings. Due to the air interlayer in the multi-cavity
composite wall, particular components need to be added between the inner and outer panels to increase
stability. Still, these components may form a building thermal bridge. Although this paper has achieved
the expected outcomes, there are still some deficiencies. On the one hand, the model is simplified for
convenience. On the other hand, the influence of the thermal bridge effect formed by stability maintaining
components on building energy consumption is not considered, which may lead to some errors in the
experimental results, which may cause some errors in the experimental results. Therefore, future research
will establish a more comprehensive model and comprehensively analyze building energy consumption
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factors. Besides, the multi-cavity composite wall of prefabricated buildings will be further optimized to
reduce the building energy consumption and promote energy conservation and emission reduction in the
construction industry.
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