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Abstract

National economic growth drives rapid infrastructure development, with civil engineering
technology shifting from manual to Al and computer-based approaches due to the mature
development of the Internet. Against this backdrop, this study applies computer technologies—
specifically multimodal data—to enhance project rigor and safety. Taking an intelligent Trombe wall
in a specific temperature area as a case study, we use multimodal data analysis and a multi-view
algorithm to establish a systematic analysis process. Experimental results show that the four
temperature measurement points of the Trombe wall reach maximum temperatures of 25.7 °C (point
1), 24.7 °C (point 2), and 25.1 °C (points 3 and 4). These findings indicate that multimodal data
analysis can effectively improve the quality of civil construction.

Keywords: civil engineering; multimodal data analysis; multiview measurement algorithms; Trombe
walls

1. Introduction

Civil engineering encompasses all technical activities and constructed assets within the
engineering construction domain. Civil engineering projects maintain the most intimate connection
with the daily lives of citizens. This study uses the construction of an intelligent Trombe wall in severe
cold regions as a case study to analyze multimodal data associated with its implementation. Key
features of this smart wall include efficient solar heat collection and thermal storage, making it
prevalent in cold-climate construction. Compared to traditional floor heating systems, this wall-
integrated solution offers superior thermal insulation while utilizing solar energy —a renewable,
clean energy source. Thus, under national sustainable development frameworks, this thermal
insulation wall has emerged as a strategically significant construction option. Early Trombe walls
(conventional heat-collecting walls) relied on standardized construction with limited data
optimization, leading to uniform designs across diverse cold regions. This resulted in suboptimal
thermal performance, as walls failed to adapt to localized lighting and temperature conditions. This
study addresses this gap by analyzing and processing multimodal data from multiple angles to tailor
collector wall construction to regional environmental parameters.

Research on Trombe wall (heat-collecting wall) construction in civil engineering plays a critical
role in improving residential environments in cold regions, with several scholars contributing to this
field. Prior studies include: MT Chaichan optimized collector wall construction for civil projects,
achieving promising results [1]; Y Zhou redesigned Trombe wall configurations using novel
materials [2]; ] Dong integrated solar absorption devices into Trombe wall interlayers and conducted
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qualitative/quantitative data analysis [3]; T Wuest linked Trombe wall design to seasonal
temperature variations [4]; RB Slama addressed collector wall construction conditions and cost
optimization strategies [5]. These studies have advanced Trombe wall construction and optimization,
enhancing the alignment of collector wall processes and outcomes with local residential needs.
However, a critical gap remains: none of these studies provide specific methodologies for analyzing
and processing multimodal data from diverse angles during Trombe collector wall construction. This
omission can limit the performance of final wall systems in civil engineering applications. This study
addresses this gap by proposing a structured approach to process multimodal data for Trombe
collector wall construction.

Multimodal data processing involves collecting and analyzing key parameters of Trombe
collector walls, a topic explored by several researchers: W Threeanaew applied multimodal data
analysis to identify construction parameters for Trombe collector walls [6]; XUE developed a data
model for heat-collecting wall construction, proposing a new research direction [7]; Q Zhang
determined collector wall parameters via a novel multimodal data analysis method [8]; L Exin
analyzed heat-collecting wall parameters using neural pattern imaging [9]; X Yang processed heat-
collecting wall parameters via a new software tool [10]. Trombe collector wall construction requires
precise control of key parameters, as these directly impact thermal insulation and heat storage
performance. Traditional construction methods often focus on retrofitting existing insulated spaces,
neglecting multi-angle, multi-method optimization of Trombe wall design. This oversight limits the
full potential of thermal insulation and heat storage post-construction. Research indicates that
multimodal data analysis for Trombe wall construction stabilizes insulation performance and
facilitates system problem diagnosis.

This study conducts multimodal analysis of key parameters in Trombe collector wall
construction. For civil engineering applications, this data processing approach significantly ensures
finished product quality and alignment with design expectations.

This study uses the Trombe heat-collecting wall as a case study in civil construction, focusing on
multi-source data collection during construction in severe cold regions. Such data collection
(covering structural parameters of each Trombe wall component) facilitates the realization of Trombe
collector wall performance during construction, which is critical for wall functionality. Data for the
Trombe heat-collecting wall was derived from field observations, with the goal of achieving superior
thermal insulation and cold protection compared to traditional methods. Field experiments showed:
solar radiation energy reached 1059 units with a corresponding heat exchange value of 69 in the
Trombe wall; when insulation material thickness was 20mm, heat loss reduction was comparable to
non-insulated Trombe walls; optimal performance was observed at 16 °C with a 6cm air gap, making
this configuration ideal for cold regions. These results confirm that multi-angle, multi-method data
collection in civil construction ensures and enhances the utility of finished products.

2. Multimodal Data Processing for the Construction of the Trumbu Wall

2.1. Multimodal Data of Trumble Walls

Trombe wall is also called heat collecting wall. The function of this kind of building is to improve
the living environment of people in cold areas. Because the land area is very vast, some areas will be
in the low temperature zone, and the living environment of the local residents is difficult for the
human body to cope with alone, which makes the local people take precautions against the severe
cold environment in which they are located [11]. Such a natural environment makes the demand for
buildings such as the trombe wall always exist. Similar to this, traditional buildings built to improve
the living environment have developed a lot, and some are still solving the living environment and
climate problems for local people. In order to improve the traditional buildings constructed in the
climatic environment, the following are listed in Figure 1:
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Figure 1. Several traditional buildings to improve the living climate zone.

Figure 1 contains five traditional climate-improving buildings. These buildings are the products
of local residents’ long-term living experience and corresponding cultural connotations. Its
practicality has also been confirmed by use and verification. Among them, Ayiwang in Xinjiang has
very similar functions to the Trump Wall mentioned in this article. The former is used in hot areas all
year round, and the temperature difference between day and night is huge. For people’s lives, it is
extremely important for buildings to dissipate heat at high temperatures and keep warm at low
temperatures. The difference is that the Trumbu collector wall in this article is mostly used in cold
areas, and the principle is to make a reasonable transformation and use of solar energy. In this period,
in addition to the consideration of improving the climate of houses, it is also necessary to combine
the concept of modern development of environmental protection [12]. For some severe cold regions,
the climate improvement is usually by burning coal for heating, the use of this method will destroy
the harmonious development of the environment, and this also occupies a lot of available natural
resources. The Trumbu wall mentioned in this article is a kind of improvement for cold climates by
changing the ventilation inside the building with the help of solar energy. The architectural design
of the solution to improve the climate in cold regions is similar to the Trumbu wall. There is also a
sun room, which includes two structures as shown in Figure 2.
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Figure 2. The main types of sunrooms.
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The structure of the two types of solar houses in Figure 2 belongs to the house type structure
that passively absorbs sunlight, and the house type of this structure can help to collect and absorb
the energy in sunlight [13]. The main principle is to rely on the internal structure of the house to
transmit the absorbed heat, and the change of this structure can well solve the temperature regulation
ability of the living environment in cold areas. The construction of the Trumbu wall in this paper is a
heat-collecting wall with better temperature control effect after the improvement of the above two
room types. The principle of the wall is through the rational use of the energy produced by the clean
energy sun. This creates a better condition for gas flow in the room [14]. The characteristic of this type
of house is that the energy consumption in temperature control can be adjusted in time through the
original structure of the house[15], which can greatly reduce the use of unclean energy. The working
process of the Trumbu collector wall in the cold state and the high temperature state can be
represented by Figure 3:
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Figure 3. Two types of working principles of Trumbu collector walls.

Figure 3 illustrates the Trumbu collector wall’s state under high and low temperatures. In
summer (high temperature), sunlight heats air in the airflow duct, generating natural wind to expel
indoor heat; in winter (low temperature), the heated air flows inward to raise indoor temperature,
achieving “warm in winter and cool in summer” via direction switches. Though applied in
construction, its effect varies by region. Thus, this study conducts multi-modal data analysis on its
construction for diversified adaptation. The analysis prioritizes building-oriented objectives,
collecting key data (solar radiation energy, absorbed/released heat energy) via various monitoring
instruments, which reflect heat characteristics during the wall’s operation.

2.2. Processing of Multi-Modal Data by Multi-View Measurement Algorithm

The premise of multi-modal analysis of the Trumbu collector wall is to construct the wall in
different categories. This paper designed three different Trumbu collector walls according to the
building climate environment in different places [18]. And in order to make more reasonable settings
for the construction of the three types of Trumbu heat collection walls, first, it is necessary to
determine the diameter of the air flow ducts in the structure, the specific heat capacity of the glass
and temperature control wall materials used, and the monitoring of the amount of solar radiation.
The structures of the corresponding three types of Trumbu collector walls are shown in Figure 4:
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Figure 4. Three types of Trumbu collector walls.

Figure 4 Trombe collector walls adjust room temperature via distinct ventilation modes: two-
way (integrates solar-heated and room air, suitable for low temps [19]), external layer (circulates
heated air for colder areas), internal circulation (drives natural wind). Air layer spacing affects
thermal convection [20]; this study optimizes thickness by first calculating lower-end heat exchange.
Formula follows:

Ad Dty Ad Ad

Qqspsﬂs 7Cw F - kg,q—s 7Cw (tl,l _ts,1)+ kg,q—s 7 ks (tl,l _ts,1)+ psqus (tm _ts,l) (1)

The *™ in the formula represents the distribution of the temperature from the lower part to
the upper part of the air spacer. Qqs is the heat capacity value of air. Ps represents the density of
air. ™ represents the air temperature in the room. U s the ventilation volume of the air spacer.

94975 s the parameter value representing the heat convection exchange between the wall of the
Trumbu collector wall and the air spacer [21]. The left side of the equal sign in the formula represents
the amount of sunlight heat absorbed by the air spacer. The right side of the equal sign corresponds
to the amount of heat exchange between the air spacer and the collector wall, the heat exchange value
between the air spacer and the outermost wall, and the heat in the air spacer that increases the
temperature. The next step is to define the magnitude of the natural wind passing through the air
spacer. The corresponding mathematical expression is as follows:

@)

In the formula, it represents the area that can be ventilated in the air spacer, and in the formula,
it represents the coefficient of air flow calculation, and represents the distance between the upper and
lower vents. This formula specifies the amount of air flow in the spaced ducts in the air layer. And
this has a direct effect on the calculation of thermal convection by the air spacer in three different
types of Trumbe collector walls [22]. The air heated by sunlight will generate the power of air flow
due to the difference of internal and external air pressure, and the area of the spacer layer will directly
affect the exchange of air at different temperatures inside and outside. The next step is to define the
formula for the heat exchange at the middle and upper ends of the air spacer. Its mathematical
expression is as follows:

Dt .
QqspsnsAde %tj = kg,q—sAde(tl,i _ts,j)+ kg.q—sAdw(tg,j _ts,j)+ps:qus(ts,j _ts,j+1) (3)

The ! in the formula represents the temperature in the air compartment at the position J ,

t
and the 1™ in the same formula represents the temperature in the air compartment at the position
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I+ 1. The meanings of the terms on the left and right sides of the formula are the same as those in
Formula (1). The above process describes heat changes and temperature distribution in the air
compartment, but some calculation parameters require diverse testing methods. Applying measured
data via Formulas (1)(2)(3) constitutes multimodal data analysis for Trombe collector wall
construction [23]. Key parameters (air heat capacity, temperature, density, ventilation volume) need
diverse acquisition methods and are treated as feature views, which require optimization via

linear/non-linear combination. First is linear direct correlation summation; formula follows:

T(ax’ay):Zr:Tt(aX’ay) 4)
t=1 /

The formula corresponding to the second linear correlation method is as follows:

T(bX’by):Zr:gtTt(bX'by) )
t=1 ’

For the application of Formula (4) and Formula (5), the three Formulas (1), (2) and (3) can be
optimized respectively for the calculation results of three types of Trombo heat collecting walls. In
addition, for the application of a small number of characteristic parameters, the corresponding
formula for processing optimization will be considered as follows:

T (cX .C, ) = exp(— > gththyj ©)
t=1 4

T(dx,dy):exp[go+thdX“Ttdyj @)

t=1

The Formula can exponentiate the corresponding results of Formulas (1) (2) and (3), so that the
research subjects with fewer characteristic samples can obtain more accurate results. The calculation
methods of Formula (4) to Formula (7) are mainly based on the combination of features for the
samples of the feature view, so as to optimize the key parameters of each feature in the construction
process of the Trumbu collector wall [24,25].

2.3. Experimental Design and Data of the Trumbu Thermal Wall

This study focuses on three Trombe collector wall configurations for cold-climate deployment.
Air layer spacing optimization for each configuration is guided by local climatic conditions and post-
irradiation energy consumption variations, requiring three prototype houses. Key structural
parameters include: 3mm light-absorbing coating on the outermost glass, 200mm energy-storing
brick wall, 95mm innermost insulation wall, and 200mm air gaps between both inner-outer walls and
energy-storing-insulation walls (see Figure 4). Relevant parameters are summarized in Table 1.

Table 1. Structural Parameters of Trumbu Collector Walls.

3
Thermal i m specific heat
Construct name  Thickness(m) . Density(kg/ P ]
Conductivity(W/m) ) capacity(J/kg)
glass wall 0.003 0.78 2540 770
Outer air spacer 0.02 — — —
thermal storage
0.02 0.14 1050 500
wall
Inside air spacer 0.02 — — —

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2503.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2025 d0i:10.20944/preprints202512.2503.v1

7 of 13

temperature
0.01 0.14 1050 500

control wall

The data in Table 1 is the statistical result of the key data in the stratification of the Trumbu wall
structure, and these parameters are consistent with the structure of the three types of houses in Figure
4. However, these parameters are measured based on the complete as-built product. Some key
parameters of the main construction materials such as concrete, steel plates, steel bars and thermal
insulation boards also need to be collected for the cement and the adhesive mortar used for the wall
construction, the red bricks used in the construction. The corresponding results are shown in Table
2:

Table 2. Structural parameters of construction materials.

3
Thermal : m specific heat
Material name Thickness(m) Density(kg/ P
Conductivity(W/m) ) capacity(J/kg)
cement mortar 0.02 0.87 1700 1050
red brick 0.23 0.81 1800 1050
200 thick
0.02 0.81 1800 1050
concrete block
60 thick benzene
0.06 0.032 35 1380
board
80 thick benzene
0.08 0.032 35 1380
board
100 thick benzene
0.10 0.032 35 1380
board
Double-layer
sandwich color 0.12 0.22 700 870
steel roof

Table 2 parameters are derived from testing materials for the structures in Table 1.&nbsp;These
parameters enable calculation of air flow and heat convection in Trombe collector wall air gaps via
Formulas (1)-(3). Beyond these, this study focuses on how air gap width affects energy consumption
of three Trombe wall types post-solar irradiation.&nbsp;Thus, we present both structural property
parameters and wall dimensions in Table 3:

Table 3. Trumbu collector wall dimensions.

Size part Unit Numerical value
Length m 1.2
Radiation area m? 0.9
Upper vent size m? 0.038
Lower vent size m? 0.038

The data in Table 3 is used to calculate the size of the Trumbu collector wall for a better
comprehensive calculation of the energy consumption under sunlight radiation. The structure of the
Trumbu collector wall is divided into three types in structure, and the characteristics of these three
types are different according to their own property parameters and size, and the heat generated
during work is different.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Results Analysis

3.1. Thermal Variation of Trumbu Wall Structures

The purpose of the construction of the Trumbu wall structure is to realize the change of the
temperature in the house through the rational use of solar energy. And a building with a Trumbu
wall is the most important part of the process of solar energy absorption. In this paper, three types of
Trumbu walls are compared and studied, and the best way to study the working efficiency of these
wall structures is by monitoring real-time temperature changes, as well as solar radiation. The first is
the monitoring of temperature changes, and the results are shown in Figure 5:
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Figure 5. The temperature of the temperature measuring point changes with time.

Figure5 shows four temperature measurement points on the Trombe wall exhibit a rise-then-fall
trend: peaks are 25.7 °C (pointl),24.7 °C(point2),25.1 °C(points3&4), all at13:00 after rising from8-13.
Position-dependent solar radiation causes varying temp changes. To analyze time-varying heat
exchange on the wall, Figure6 presents the relationship between solar radiation and wall heat

exchange:
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Figure 6. Relationship between solar radiation and heat exchange.

The results in Figure 6 show that the radiant energy of the sun gradually increased to 1059,
followed by a decrease, which is in line with the changes in radiant energy in daily life. At the same
time, the corresponding trend of heat exchange in the Trumbe wall is also the same, reaching a
maximum value of 69 which is consistent with the maximum value of radiation. For the calculation
of heat exchange, the energy and intensity of different parts can be calculated with the help of
Formula (1) and Formula (3). In addition to the discussion of the change between solar radiation and
heat exchange, there is also the influence of the insulating material in the Trumbu wall structure on
the heat storage of the temperature control wall. The corresponding results are shown in Figure 7:
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Figure 7. Influence of thermal insulation material layer on thermal storage of Trumbu wall.
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Figure? illustrates the effect of insulation layer thickness on the thermal storage capacity of
Trombe walls. We observe that the insulation layer significantly enhances thermal storage capacity,
which increases with thickness—this is because thicker insulation reduces heat dissipation. At 20mm
thickness, heat loss reduction stabilizes at 31.1% relative to uninsulated Trombe walls.

3.2. Influence of the Air Layer on the Heat of the Trumbu Wall

The main purpose of this paper is to investigate the effect of the air spacer in the Trumbu wall
on the thermal storage capacity of the Trumbu wall. This effect is embodied in the effect of the width
of the air spacer on the overall thermal storage capacity of the Trumbu wall. The first is the effect of
the same width of the air spacer on the thermal storage capacity of the Trumbu wall. The purpose of
this study is to compare the three types of Trumbu walls in this paper. The corresponding results are
shown in Figure 8:

8 8
@— Dual ventilation —&— control @ Internal ventilation — & outside ventilation|
— D -
6 6 - B
4 [ = 4 =
4 o9 = a4 %
=
{= 18
2 5
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02 4 6 810121416 18202224 0 2 4 6 8 1012 14 16 18 20 22 24
time time

Figure 8. Different types of Trumbe walls and temperature differences.

Figure8 presents results on room temperature difference control for Trombe walls with identical
internal configurations but varying ventilation modes. Among the tested rooms, the blank control
(ordinary house) exhibits the largest temperature difference variation, reaching 5.17 °C at 8:00, while
the other three Trombe wall-equipped rooms show similar variations. Specifically: double ventilation
mode yields an indoor-outdoor temperature difference of -5.79 °C at 18:00, external passage -6.07 °C,
and internal passage -6.17 °C. These results indicate that different Trombe wall types directly affect
indoor-outdoor temperature differences, with external ventilation type achieving the best control.
However, for the same Trombe wall type, varying air gap widths lead to different overall thermal
storage effects; the relationship between indoor temperature and air gap width is shown in Figure9:
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Figure 9. Relationship between air spacer width and temperature difference.

The results in Figure 9 are the type of results corresponding to the control effect of different sizes
of air layer spacing in one type of Trumbu wall on the house temperature difference. It can be seen
from the results of the figure that when the width of the air spacer layer is 6cm, the minimum
temperature difference is 3.7. In the continuous temperature change, it can be seen that the Trumbu
wall with a temperature of 16 °C and an air interval of 6cm is the most suitable for applications in
cold areas. Summarizing the parameters in the above content, through the processing of Formula (5)
and Formula (6), the processing of multimodal data in this paper can be realized.

3. Conclusion

1. This study explores multimodal data application in civil engineering, using multi-view
algorithms to process Trombe wall structural data for optimized key parameter observation —
its analysis method stabilizes heat loss reduction at 31.1% for 20mm insulation thickness.

2. Aligning with low-carbon demands, Trombe walls (solar-reliant without extra material
consumption) show controlled indoor-outdoor temperature differences between -5.79 °C and -
6.17 °C across different ventilation modes.

3. Comprehensive Trombe wall characteristic analysis provides a reference for multimodal data
analysis of other constructions, enhancing thermal storage performance observation efficiency
via structural data processing.
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