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Abstract. In current study, a model is developed for a one-story building with specific dimensions, integrating photovoltaic panels 
and Trombe walls to generate electricity and reduce energy consumption. The location chosen for the study is Kermanshah, using 
real climate data from the Meteonorm software to ensure accuracy. The proposed system is constructed using the TRNSYS 
dynamic simulation program, supplemented by a plugin for simulating the building's physical properties. The goal is to analyze 
the power output of the panels, their energy efficiency, airflow velocity through the channel, and the building's exergy change 
resulting from the addition of the Trombe wall. Additionally, a parametric analysis is scrutinized over the previous year to 
examine the efficacy of duct depth on various functional aspects of the system. The findings reveal that the solar panels reach 
their peak power generation during July and August, with a highest output of 207 kW. The exergy efficiency of the panels 
consistently exceeds their energy efficiency across different months, reaching up to 20% and 22%, respectively. Moreover, 
incorporating a Trombe wall leads to a 3% decrement in the building's cooling and heating load, with exergy efficiency peaking at 
a wall depth of 10 (cm). Increasing the channel depth is found to decrease the heating requirement while improving airflow 
through the channel. 

Keywords: Trombe wall; Photovoltaic; Energy analysis; Exergy analysis; Solar energy. 

1. Introduction 

The world's power generation sector has seen significant changes recently due to continual industry advancements, 
innovative uses of energy resources, and continuous economic expansion. In the meantime, a sizable portion of power, cooling, 
and heating has come from renewable energy sources. The massive and continuous augmentation in energy demand that is 
reducing the use of traditional energy sources is one of the main issues [1]. The availability of traditional energy sources is limited, 
and concerns about the environment and fuel prices have grown significantly [2]. Due to its potential to reduce global warming 
and produce cleaner power, renewable energy (RE) has attracted a lot of attention [3]. Today's residential demands, in particular, 
may be partially satisfied by RE sources, particularly solar energy. One of the most researched subjects at the moment is the 
combination of solar cells with Trombe walls; this system is called a photovoltaic/Trombe wall (PV/TW). Homes can be heated, 
water can be heated, and energy can be produced all at once using a PV/TW system [4]. The building industry consumes the most 
energy globally, and our nation is not an exception to this norm; the building sector accounts for more than 40% of the nation's 
energy consumption [5]. Moreover, the building industry uses between 30 and 40 percent of global energy resources [6]. Up to 30% 
less energy can be used in buildings when Trombe walls are used [7]. Thermal or storage walls are other names for Trombe walls 
(TW) [8]. It is constructed from substantial concrete blocks, has a dark external paint job, and is coated with glass. This type of 
technology uses passive solar heating [9]. The south wall of any room or structure typically incorporates TW [10]. A Trombe wall 
contains one or two layers of glass on the outside, is 0.2–0.4 m thick, and is painted black or coated with another heat-absorbing 
substance [11]. As TW may provide both natural ventilation and heating, it is one of the approaches used in sustainable 
construction [12]. Chen et al. [13] scrutinized the free movement in the TW system of a building located in the northern cold 
climate region of China. In this research, the flow regime changes from calm to turbulent, while during free movement, the 
turbulent flow covers the mass wall's height. In this experiment, the temperature results were collected, averaged by the 
computer every 10 minutes, and then displayed. Based on the obtained results, the influencing factors on the room's air 
temperature are: the solar radiation's intensity (I), the temperature of the inner surface of the Trombe wall (Twi), the enthalpy of 
the air passing through the upper vent of the wall, and the temperature of the outside environment (Ta). Chen et al.'s [14] 
experimental study examined how the TW affects the temperature of room air. In this research, an experimental room and a 
main room are placed together. The test room includes the TW system, and the main room is without the TW system. The study's 
findings indicated that the test room's air temperature is three to five degrees Celsius warmer than the main room's in the 
building's southern section. The test room's temperature fluctuated more than the main room's because of the TW, but in general, 
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according to the graphs and results, the Trombe wall provided suitable conditions for the space inside the room. The thermal 
behavior of composite TWs was scrutinized by Shen et al. [15]. The outputs indicated that during the day, the fluctuations of the 
values obtained for the composite wall are lower than the fluctuations of the normal wall; moreover, the composite wall performs 
better than the typical wall, particularly on gloomy and chilly days. The heat transport in a composite wall solar chamber with a 
porous absorber was quantitatively studied by Chen et al. [16]. The outcomes showed that the separated state has a greater range 
of temperature changes than the direct contact state. This research investigated two types of absorbers. One of the absorbers is 
quartz, and the other is marble. The quartz absorber creates a higher temperature in the room than marble. Nwachukwu and 
Okonkwo [17] investigated the effect of an absorber plate with a variable distance from the wall on the performance of the TW 
system in the solar chamber. According to the findings, by raising the thermal plate's absorption capacity, the heat absorbed and 
transferred along the TW improved. Using TRNSYS software, Irshad et al. [18] produced a modeling approach of a test room with a 
PV/TW unit. Different kinds of glass cover and air mass flow rates were found to have an impact on the PV/TW system's 
efficiency. The findings show that while the PV efficiency rose, the cooling load and room temperature were significantly reduced 
in the double-walled PV/TW unit filled with argon gas. Algburi et al. [19] investigated the performance of a PV/TW system by 
building an experimental model and researching the impacts of phase transition materials, reflecting mirrors, and cooling 
techniques. They illustrated that the solar panel's productivity and wattage rose when DC fans and a heat exchanger were used to 
cool it. This resulted in a drop in the panel's temperature and less energy loss. Additionally, by absorbing heat, the phase change 
material's use assisted in cooling the solar panel. As it releases heat into the area where it is positioned, it also helps to increase 
the building's heating in the afternoon. Electrical energy increased as a result of increased solar radiation, which was facilitated 
by the use of reflecting mirrors. Combining these various layouts yielded the maximum electrical and thermal efficiency (10.42% 
and 78.59%, respectively). Using TRNSYS software to model the new TW with multi-energy nanogrid, Kalair et al. [20] examined 
the energy performance. The simple payback period ranged from 1.1 to 4.76 years, depending on the kind of structure, build, and 
energy costs. In the summer, the thermal wall could hold up to 55 °C of hot air, and in the winter, 40 °C. With solar collectors, the 
yearly thermal energy production was 2828 kW, and the TW produced 8677 kWh of energy. The proportion of yearly comfort level 
(CLP) has increased from 49% to 87.5%. The architecture could fulfill 45% of the need for energy during peak winters; the 
remaining 55% of energy was imported from the grid. On average, on subtropical days, the system could cover 85–90% of the 
thermal demands. Sheikholeslami and Al-Hussein [21, 22] investigated a new configuration of the Trombe wall using ANSYS 
FLUENT software. They proposed adding a new layer to the classic Trombe wall and offered various fin configurations to improve 
its performance. 

The innovation of the present research lies in its comprehensive exploration of the integration of photovoltaic panels and 
Trombe walls to optimize energy efficiency in building structures. While previous research has often focused on individual 
energy-saving techniques, such as photovoltaic systems or passive heating methods like Trombe walls, few studies have delved 
into their combined utilization within a single building system. By combining these technologies, the study addresses a notable 
research gap in the field of sustainable building design. Additionally, the investigation conducts a detailed parametric 
examination to evaluate the impact of channel depth on various functional aspects of the system. This nuanced approach adds a 
new dimension to existing research by providing insights into the optimal design parameters for maximizing energy efficiency 
and reducing heating and cooling loads in buildings. Through this innovative approach, the study contributes to advancing the 
understanding of integrated renewable energy systems and their potential to revolutionize the way buildings are designed and 
operated for enhanced sustainability. 

2. Description of Model 

The PV/TW system takes into account the optimal technology and utilizes solar energy to generate power and heat and cool 
different temperature zones. Figure 1 depicts the configurations of the PV/TW unit [23]. As a heat absorber, the PV panel is 
mounted on the south side of the space. In winter, two air slots are used for heating, while in summer, two more slots are meant 
for cooling. The summer air holes are closed and the winter air slots are opened to warm the air. The buoyancy effect causes room 
air to enter the air duct through the Down winter slots. This lowers the temperature of the sun cell in addition to producing 
thermal heat and energy. The temperature from the PV panel is extracted by the air inside the duct before it reaches the space. In 
contrast, the behavior is the reverse during the summer [14]. The goal of current work is to scrutinize the power output of the 
panel, its efficiency in terms of energy production, the air flow rate via the channel, and the effect of adding the Trombe wall on 
the building's energy. Additionally, over the course of a year, a parametric investigation of the impact of channel depth on a few 
functional aspects of the system was conducted. 

Every modeling in the computer needs verification in order to be sure of the accuracy of the output obtained from that 
modeling. To confirm the outcomes produced by the programme, the experimental results of a solar panel in 18 days have been 
investigated with a fixed angle of 34 degrees in Cape Town, South Africa [24]. Figure 2 shows the accuracy of the modeling done 
with good experimental results and the error is less than 5%. 

 

 

Fig. 1. Photovoltaic/Trombe wall [23]. 
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Fig. 2. Verification of the results obtained from the model and experimental data Africa [24]. 

  
(a) (b) 

Fig. 3. (a) Schematic of the intended building (b) Heat transfer through the wall. 

3. Materials and Methods 

3.1. System modeling software 

A framework for software simulation based on graphics called TRNSYS is implemented to simulate the behavior of transient 
systems. Though most modeling concentrates on assessing thermal and electrical energy performance, TRNSYS may also be 
used to represent other dynamic units like biological processes or traffic flow. TRNSYS consists of two components. The engine, 
sometimes referred to as the core, is the first component and is responsible for reading and processing the input file, solving the 
system repeatedly, determining convergence, and determining the variables of the energy system, such as thermophysical 
characteristics, matrix inversion, linear regressions, and crunching handles external data files. A vast library of components, 
each of which simulates the operation of a different system component, makes up TRNSYS' second section. About 150 models, 
from pumps to multifunctional structures, wind turbines to electrolyzer, meteorological data, and simple air conditioners utilized 
as cutting-edge machinery, are included in the standard library. Models are constructed so that users may add new features, 
change old ones, and expand the environment's capabilities. 

3.2. Standard elements and weather data 

TRNSYS has a library of extensive standard components to start modeling and simulation. Over the years, a number of other 
components and alternative libraries have been created by users. Links are found to some of the most well-known Thermal 
Energy Systems (TESS) experts. TRNSYS can read different types of weather data files. One of the most famous of them is the 
weather elements of TMY2 (Typical Metrological Year). This software also includes a method to create new components that are 
not available in the standard package. For more than thirty years, various applications have been supported by this simulation 
package. 

3.3. Description of the simulated building    

Figure 3(a) shows the schematic of a building, which is investigated in this study. In this building, for the heat transfer from 
the walls, it is founded on the heat transfer rules of conduction and convection. Two thermal resistance models can be imagined 
for the walls; Fig. 3(b) displays the initial model and Fig. 3(c) displays the second model. The building and related elements are 
modeled in TRNSYS software with applied assumptions. Table 1 provides a brief description of each component of the TRNSYS 
software that is used. (It should be noted that the relations used in this section are extracted from the relations of the TRNSYS 
library and the software uses these relations to solve and extract the outputs). As explained, Fig. 3(a) shows the schematic of a 
building investigated in this research. And Fig. 3(b) shows the initial thermal resistance model for the wall. And we also know 
that in this building heat transfer from the walls is based on the laws of conduction and convection heat transfer which is shown 
for a wall in Fig. 3(b). 

4. Mathematical Modeling 

The principle of conservation of energy is one of the most fundamental laws of nature. According to this theory, energy 
simply transforms from one shape to another and is never generated or destroyed. In fact, it shows the relationship between the 
system or the control volume of mass transfer, heat exchange and work with the surrounding environment. Energy has both 
amount and quality, according to the second rule of thermodynamics, and actual actions take place to lower the quality of 
energy. 
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Table 1. The elements used in TRNSYS software and their functions. 

Element Model Function 

Building Type 56 
It simulates a structure with several temperature zones. The input of this element type 

should be a simulated building and weather data file. 

Integrator Type 24 
It is an integrator (a type of adder) and its use is when the user wants to measure the sum 

of a parameter in a period of time, for example, a month. 

Trombe Wall Type 36b 

Trombe thermal energy storage wall is a wall with high thermal capacity to be coupled 
with the desired space. Absorbed solar energy can be transferred inside in two ways. One 

through radiation and the other through the heating of circulating air inside the room into 
the wall. Also, this wall models the heat loss of the wall. 

Graph plotter Type 65a One type of output is a graph plotter and saves the data in a text file. 

soil temperature Type 77 
This model models the soil temperature every hour and is used in buildings that are 

located on the ground floor and the floor is in contact with the soil. 

Weather data Type 15 
It is a climate data element and it models the environmental conditions according to the 

desired climate that has been given to it in advance. 

Text output Type 25d It is an output element that only displays data as text and does not output graphs. 

solar panel Type 50 It is used to model the solar panel. 

4.1. Analysis of the process from the point of view of the first law of thermodynamics 

For the purpose of the thermodynamic analysis of the process, each of its components is considered a control volume, and 
the following applications of the principles of conservation of mass and energy are made to it: For steady-state processes, 
neglecting changes in kinetic and the following is the expression for potential energy in terms of the principles of conservation of 
mass and energy [25]: 

∑ �̇� = ∑ �̇� (1) 

∑ �̇		
+ ∑ �̇� ℎ� = ∑ �̇




+ ∑�̇� ℎ� (2) 

The heat transfer to the control surface is denoted by �̇	, the work done is denoted by �̇
, the mass flow rate is represented 
by �̇, the enthalpy by ℎ, and the flow in and out of the control volume is denoted by the indices i and e, respectively, in the 
aforementioned equations. 

4.2. Process analysis from the perspective of the second law of thermodynamics 

The examination of the procedure from the perspective of the first law was discussed in the preceding section. Actually, the 
first law quantitatively analyses thermodynamic processes. However, it doesn't offer details on the kind and quantity of energy. 
For this reason, in order to learn more about identifying the quality of energy supplies, it is necessary to use a new concept called 
exergy or accessibility. 

Work cannot take place when a system in a process finds equilibrium with its surroundings since no spontaneous state 
change can happen at that point. Thus, a system has completed the maximum amount of reversible work when it achieves a 
condition of balance with its surroundings and is fully reversible. This means that the capacity to perform the greatest amount of 
work that the system is capable of is exergy in its initial condition.  

The concepts of reversible work and exergy may be conveyed by drawing comparisons between an ideal system and a real 
system that have the same flows and input and output states. Reversible work is the least amount of work that can be supplied 
to the system or the greatest amount that can be gained from a certain combination of flows and heat transfer. The efficiency of 
the second law is determined by comparing the actual work to the maximal theoretical work. The efficiency of the second rule 
may also be applied to systems without shaft work, such as heat exchangers, by using the idea of exergy. In this instance, the 
ratio of exergies is utilized rather than the ratio of energies in the first rule when comparing the exergy production from one 
stream to the exergy received by another stream.  

In contrast to energy, exergy is not always sustainable and can be destroyed. In fact, all of the exergy in a system that has 
achieved any kind of balance with its surroundings has been destroyed. In the absence of the effects of nuclear, magnetic, 
electric energy and surface tension, flow exergy is defined as follows [25]: 

�̇ = �
̇ + ��̇ + ��ℎ̇ + ��ℎ̇  (3) 

Kinetic exergy [26]: 

�
̇ = 1
2 ṁ�2 (4) 

Potential exergy [26]: 

��̇ = ṁ�� (5) 

 
Physical exergy [26]: 

��̇ℎ = ṁ{(ℎ − ℎ0) − �0(� − �0)} (6) 
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If the system has no chemical reaction, the amount of chemical exergy will be zero. Also, if kinetic exergy and potential are 
omitted, we will have only physical exergy from Eq. (6). In this case, the exergy balance equation will be as follows [25]: 

�!̇ − �̇ = ∑ �̇�"� − ∑�̇�"� + �#̇ (7) 

The mass flow rate (�̇), heat transfer rate (�̇) to the control volume, work rate (�̇ ) performed by the control volume, input 
exergy rate (∑ �̇�"�), and Output exergy rate (∑ �̇�"�) are all represented by these numbers. The terms "exergy destruction rate" 
(�#̇) and "Exergy heat transfer rate" (�!̇) have the following definitions [25]: 

�!̇ = ∑ (1 − �0� ) �̇ (8) 

In the above formula, �0 is the ambient temperature. 

4.3. Photovoltaic/thermal system modeling 

The equation for the energy balance for every location along the collector's surface may be expressed as follows in order to 
represent the photovoltaic system [27, 28]: 

�̇'()*+(�, = �̇-*))./*�.�*01 + �̇-*))./*�.+', + �̇-*)).('�
 + �̇2 (9) 

where �̇-*))./*�.�*01, �̇-*))./*�.+',, and �̇-*)).('�
 represent the heat lost by convection heat transfer and radiation energy loss from the 

top and back of the collector, respectively. Also, �̇2 is the amount of energy added to the current by the collector. All the above 
sentences are calculated as follows [14, 24]: 

�̇-*))./*�.�*01 = ℎ̇*2/�+3(�5̅67 − �'8() (10) 

�̇-*))./*�.+', = ℎ̇+',3(�5̅67 − �)
9) (11) 

�̇-*)).('�
 = 3�'̅()*+(�, − ��̅0)�,�:;'�

 (12) 

In Eq. (13), the absorbed energy can also be expressed as follows [28, 29]: 

�̇'()*+(�, = <3̇(=>)(1 − ?56 ) (13) 

where <,̇ 3, => and ? represent the total radiation received from the sun, the panel area, the absorption coefficient for the sun 
panel and the solar panel's efficiency, respectively. Finally, the power of photovoltaic panels is as follows [27, 28]: 

�̇567 = <3̇(=>)?56  (14) 

The exergy balance for the collector is suggested as follows [29]: 

∑ �@̇�0 = ∑ �@̇*2/ + ∑�@̇# 
∑ �@̇)20 = ∑ �@̇/ℎ�+8'- + ∑ �@̇�-��/+��'- + ∑�@̇# 

(15) 

As it is clear from Eq. (16), The exergy loss is equal to the input exergy from solar radiation less the thermal and electrical 
exergy, where [30] is the value of the sun's received exergy (�@̇)20): 

∑ �@̇)20 = [1 + 1
3(�0�C

)4 − 4
3 (�0�C

)] �̇C20 (16) 

where �C represents the temperature of the sun. 
The total amount of energy, the rate of electrical energy generated, and the rate of energy squandered from the cell's surface 

to the environment equals the amount of energy that is received from the sun. 
Two fundamental equations were given above in general. The energy and exergy analysis of PVT collectors is based on these 

two equations, from which more useful equations can ultimately be derived. Finding the ideal places in the functional and design 
characteristics to maximise energy efficiency has been the aim of this research. 

4.4. Simple wall heat transfer 

Equation (17) shows the differential equation of thermal balance, which is the basis of simulation [31]: 

GH
I�HIJ = ∑�̇�

KLM

�=1
+ ∑ ℎ�3�(�)� − �H)

KLOPQRSTL

�=1
+ ∑ �̇�G�(�H� − �H) + �̇�0U

KVWXTL

�=1
G�(�∞ − �H) + �̇)9) (17) 

The relationship's left side corresponds to the variations in energy stored in the area under investigation, where �H is the 
temperature of the target space and the coefficient GH is obtained from Eq. (18) [31]: 

GH = Z'�+G� (18) 

where Z'�+ is equal to air density and G� is air heat capacity. 
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In Eq. (17), on the right side, respectively, the total heat transfers of internal convective loads (related to elements inside the 
space, including lamps, electrical appliances, etc.) �̇�, convective heat transfer with surfaces heat transfer coefficient 
displacement expressed in terms of (ℎ�) and difference the surface temperature of the walls (�)�) and the temperature of the space 
(�H), the heat load resulting from the air mixing in areas with varying comfort temperatures measured by the air mass flow rate 
(�̇�) and the temperature differential between the areas (�H� − �H), the heat load resulting from the air piercing in terms of The 
temperature differential between the infiltrating air and the interior air (�∞ − �H), the mass flow rate of the infiltrating air (�̇�0U ), 
and the energy used by the air conditioning system for heating or cooling are all reported. The energy provided by the system is 
obtained from Eq. (19) [31]: 

�̇)9) = �̇)9)G�(�)2� − �H) (19) 

The following formulas can be used to calculate the heat transfer from the building's walls. Each of the equations expresses 
the exchange energy in the outer and inner half of the wall [31]: 

G I�1IJ = −[*"3 + �2 − �1:  (20) 

G I�2IJ = [�"3 + �1 − �2:  (21) 

The left side of the relationship is equal to the energy changes stored inside the wall. The displacement heat transfer via 
convection from the outside and inner surfaces of the wall is represented by the values [*"  and [�", respectively, on the right side of 
the equation. The following formulae provide these values [31]: 

[*" = ℎ(�* − �1) (22) 

[�" = ℎ(�� − �2) (23) 

Relations (24) and (25) obtain the G and : coefficients: 

G = Z]�^32  (24) 

: = ^
_3 (25) 

In all equations, heat transfer is in terms of [J] and temperatures are in terms of [K]. 

4.5. Heat transfer from the wall of heat storage 

The complicated heat transport model presented in [32] can be reduced to a simpler version. Under the assumption that 
temperature and air density have a linear relationship, the air velocity on the wall may be computed as follows: 

` = [ 2gh
G�d/ (3e31)

2 + G�0/

�' − ��0�'
] 

(26) 

where the air passage's pressure decrease is G�d/ (hihj)
2 + G�0/. In addition, h, �', and ��0, respectively, represent the wall's height 

and the interior and exterior temperatures. 
The air layer's thermal resistance as heat moves from the outside inward is equal to [33]: 

: =
38[(2ℎ�38�̇G� )(exp(−2ℎ�38�̇G� ) − 1) − 1]

�̇G�(exp(−2ℎ�38�̇G� ) − 1) ] (27) 

where �̇ and ℎ� stand for the acronyms for the mass flow rate in the air channel and the air heat transfer coefficient, 
respectively, and 3 and G� denote the area and heat transfer coefficient. The following formula determines the heat transfer 
coefficient depending on either turbulent or smooth flow: 

op = 0.0158:"0.8                      Laminar (28) 

op = 0.0606(wTxP yℎ{ )1.2
1+0.0909(wTxPyℎ{ )0.75+0.17        Turbulent (29) 

where the Reynolds and Prandtl numbers are represented by :" and ��, respectively, and op is the Nusselt number. The above 
relationships are adapted from the TRNSYS software library, which is used to model the thermal storage wall [28]. 

The following reports provide information on the exergy efficiency of the solar panel and the wall that is linked to the room 
[34]: 

?56 = �̇56
�̇@)20

 (30) 
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�!̇ = ∑ (1 − �0�+**8
)�̇/*.+**8 (31) 

where ?56  is equal to the exergy efficiency of the solar panel and (�!̇) is the room's thermal exergy value. Also, the panel's total 
efficiency, which is called ? for short, is equal to [34]: 

? = ?/ℎ + ?�-� = �̇567 + �̇567
�̇@)20

 (32) 

where ?/ℎ is equal to [34]: 

?/ℎ = �̇567
�̇@)20

 (33) 

Also, TRNSYS software has put the efficiency output in the definition of some PVT elements, so if we do not want to use the 
software to get the efficiency, the efficiency of the solar panel is equal to [29, 34]: 

?�1 = ?+�U(1 − β+�U(��1 − �+�U)) (34) 

where the subscript ref indicates the reference values. 

5. Results and Discussions 

This study's simulations are divided into three sections, which are respectively: simulation of a simple building with a 
thermal area; simulation of a solar panel; and finally, simulation of the proposed building, solar panel, and Trombe wall together. 

5.1. Reviewed building model 

The characteristics of the modeled building in the condition without the Trombe wall are shown in Table 2 and Fig. 4. The 
materials in the TRNbuilt plugin are modeled by TRNSYS software, and for this purpose, Google Sketchup software must be 
installed beforehand to be able to create a building model. Figure 3(a) displays the building schematic as it appears in the 
SketchUp software. This building is modeled at a height of 3 meters and on a land area of 144 square meters, and the goal is to 
find performance parameters for this building. The important point is that in using the TRNbuilt software, the materials and 
layers used are used according to Fig. 4, and if the materials are not available in the software library, it can be done by giving its 
specifications according to Table 2. 

It should be noted that the use of insulation is optional, and the insulation layer can be removed. Because in heat transfer 
calculations by software, the use of insulation reduces heat transfer and declines the accuracy of temperature results. Table 3 
depicts the final information about the desired thermal area. For instance, based on the materials utilized, the area's volume is 
433 and its thermal capacity is determined to be 519.6. 

 

Fig. 4. Schematic of modeled building walls. 
 

Table 2. Specifications of building walls. 

The name of the layer Conductivity K (W/K.m) Density (Kg/m3) Specific heat capacity Cp (J/Kg.K) 

Stone face 2.9 2590 860 

Cement 1.75 1300 750 

Brick 1.34 1900 900 

Cement layer 0.72 1860 800 

 



Numerical assessment of solar system including trombe wall and photovoltaic module 749 
 

Journal of Applied and Computational Mechanics, Vol. 11, No. 3, (2025), 742-753 

Table 3. Characteristics of different areas in the building. 

Quantity Amount Unit 

The volume of the thermal area 433 m3 

Heat capacity 519.6 kJ/K 

Initial temperature 20 °C 

The initial relative humidity of the area 50 % 

5.2. Weather data 

The sun and weather cycles are crucial for getting accurate results from the triple generation system simulation, as the input 
data from Kermanshah's weather conditions directly impacts the controllers' performance. Figures 5 and 6 display the ambient 
temperature and horizontal sun radiation for Kermanshah, respectively. In Fig. 5, the color green denotes the highest 
temperature at that period of the day, while the color light green denotes the lowest temperature. Also in Fig. 6, the orange colors 
show the amount of diffuse radiation, and the yellow color shows the total radiation. The Standard Typical Metrological Year 
(TMY2) format data file containing this data was derived from Type 109 [29, 34]. Also, the data was used from Meteonorm 
software, which uses the Kermanshah station to obtain meteorological information. To get climatic data, the average of the years 
2000–2019 has also been used. A closer look at these data highlights how crucial it is that solar radiation not exceeds 220 kW/m2. 
Furthermore, the summertime temperature has risen from -10 degrees Celsius to 41 degrees Celsius. The photovoltaic system 
has a lot of room to increase its performance, as these Figs demonstrate. 

In this investigation, the utilization of input data derived from the weather conditions in Kermanshah directly influences the 
efficacy of the controllers. Figures 5 and 6 depict the ambient temperature and solar radiation on the horizontal plane for 
Kermanshah, respectively. Additionally, pertinent initial parameters include a temperature of 20 °C, a relative humidity of 50%, 
and a heat capacity of 519.6 kJ/K, based on the materials employed. Furthermore, the temperature range extends from -10 °C in 
winter to 41 °C in summer. These findings underscore the significant potential for enhancing system performance within the 
PV/TW setup. 

According to the modelling done and the relationships in the fourth section, Fig. 7 illustrates how the solar panel's output 
power might be expressed for various months. According to this Fig, which can be calculated from Eq. (12) and is measured as an 
integral over a month, it is shown in Fig. 7. Production capacity in the early months of the year is lower than in the hot months 
owing to radiation. Also, due to the fact that the radiation angle has an effect on the amount of production power, this 
importance can be seen in the production power of the hot months within the year. The greatest output power, which happens 
in August–September, is 207 kW. 

Another crucial aspect worth verifying is the solar panel's energy efficiency and output across different seasons, as illustrated 
in Figs. 8 and 9. It is noteworthy that the exergy performance of solar panels frequently surpasses their energy efficiency. The 
peak efficiency values are 22% for energy efficiency and 20% for exergy efficiency. Additionally, it is imperative to consider that 
solar panel efficiency is influenced by temperature, with efficiency often increasing during colder months of the year. 

  

Fig. 5. The annual temperature changes of Kermanshah obtained from 
Meteonorm software. 

Fig. 6. Kermanshah radiation changes obtained from Meteonorm 
software. 

  

Fig. 7. Variations in the amount of power generated by solar panels 
throughout the year. 

Fig. 8. The energy efficiency of solar panels varies according to the 
month of the year. 

 



750 E. Azizi and H. Safarzadeh, Vol. 11, No. 3, 2025 
 

Journal of Applied and Computational Mechanics, Vol. 11, No. 3, (2025), 742-753 

  

Fig. 9. variations in the exergy efficiency of solar panels throughout the 
year. 

Fig. 10. Variations in the thermal area's exergy received throughout the 
year. 

  

Fig. 11. Changes in the flow of air passing through the channel at 
different times of the year. 

Fig. 12. Impact of the depth of the Trombe wall channel on the received 
exergy of the desired space. 

  

Fig. 13. Impact of the depth of the Trombe wall channel on air flow 
through it. 

Fig. 14. The efficacy of the depth of the Trombe wall channel on the 
annual heating load. 

Figure 10 illustrates how the amount of exergy in a room increases as radiation levels rise during the course of the year. 
Considering this Fig, in June and July, 100 kilowatts enter the exergy room through radiation. The air moving through the Trombe 
wall is one-way heat that is transferred from the wall into the space, and in Fig. 11, these flow rate variations throughout the year 
are displayed. 

Figure 12 illustrates how the channel depth affects the room's received exergy. According to this Fig, it increases at first and 
subsequently diminishes as the channel's depth increases, and it rises to a maximum value of 27740 kW during a year. The 
important thing to note is that because of the summertime rise in flow rate and the room's drop in temperature caused by the 
Trombe wall, the received exergy does not change much. 

The flow through the channel is seen in Fig. 13 as the channel depth increases. According to this Figure, It is evident that 
when the channel's depth increases, the passage of the flow rate through the channel is also increasing, and its highest annual 
value occurs at a depth of 0.5 meters, which is equal to 29,000 kg/h. 

Another useful parameter that has been studied is the efficacy of increasing the channel's depth on the needed heating load 
during the winter which is shown in Fig. 14. Considering that the speed at which air passes through the channel augments with 
the rise in the depth of the channel, it can be predicted that the required heating load will also decrease, and by reducing the 
depth of duct, we will have the highest heating load (annually), which is equal to 68676 kW. 

Figure 15 depicts the efficacy of the duct depth on the wall efficiency, PV, total, and total second law. The system's behavior is 
influenced by two factors: buoyancy forces and frictional losses. Both of them peak at the channel's lowest depth, however 
frictional losses outweigh buoyancy forces. Flotation forces take over as the channel gets deeper. The hydraulic diameter has the 
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most impact on buoyancy forces and friction losses; however, there are several other factors as well. Both of them reduce quickly 
as the channel's depth grows, and when the depth increases yet further, they eventually approach constant values. This causes 
the system's efficiency at low channel depths to rapidly fluctuate and approach constant values in terms of parameters. 
Consequently, the maximum mass flow rate and thermal efficiency determine the ideal channel depth. As may be observed, the 
channel's depth of 5 to 15 cm is ideal for maximizing thermal efficiency. Since the heat transmitted from the PV to other 
components determines the PV temperature, an increase in channel depth causes to a drop in PV temperature and 
intensification in electrical efficiency. In actuality, the mass flow rate rises along with the channel's depth, but the exit air 
temperature falls. The prevalent circumstances determine how the second law of thermal efficiency changes. It is evident that 
thermal efficiency and the second law's thermal performance curve are comparable. 

Finally, the investigated building has been modeled for the climate of Kermanshah by using these types of walls, and the 
effect of cooling and heating loads on it has been observed. Figs 16 and 17 depict the heating and cooling requirements for the 
structure under consideration in the scenarios with and without the Trombe wall, respectively. According to Fig. 16, the building 
needs an average heating demand of 8000 kJ/h and a maximum cooling demand of 8000 kJ/h without Trombe wall installation. 
Fig. 17 shows that after integrating PV-TW into the walls of the building, the house's requirements for heating and cooling drop 
dramatically (by around 3%). Using a Trombe wall lowers the heating and cooling loads, which in turn lowers the size of system 
components, which saves money. 

  

(a)  (b)  

  

(c)  (d)  

Fig. 15. Efficacy of channel depth on (a) wall efficiency, (b) PV efficiency, (c) total efficiency, (d) total second law efficiency. 
 

 

 

Fig. 16. The anticipated loads for the building in the absence of a Trombe wall. 
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Fig. 17. The building's anticipated cooling and heating loads with the Trombe wall. 

6. Conclusion 

This study aimed to reduce building energy consumption through the implementation of photovoltaic Trombe walls, with an 
additional focus on identifying irreversible energy sources through energy analysis. The modeling was conducted using TRNSYS 
software, utilizing weather data from Kermanshah. The key findings of this study are as follows: 

 The solar panel exhibits maximum power production of 207 kilowatts, occurring in July. 
 Solar cell temperature significantly influences panel performance, with improved efficiency observed in cooler months 

with high radiation, such as August and September. 
 Exergy efficiency surpasses energy efficiency due to the lower exergy received by the panels relative to energy received. 
 Maximum exergy efficiency is achieved with a Trombe wall depth of 10 cm. 
 Utilizing a Trombe wall reduces building heating and cooling loads by 3%, with optimal exergy efficiency also achieved at 

a 10 cm wall depth. Additionally, increasing channel depth reduces heating requirements and enhances channel flow. 
 December sees peak energy efficiency due to intense solar panel exposure. 
 The implementation of a Trombe wall decreases building heating and cooling demands by 3%. 
 Increasing channel depth results in buoyancy forces becoming predominant, with hydraulic diameter exerting significant 

influence on buoyancy forces and friction losses. Buoyancy forces and frictional losses decrease rapidly as channel depth 
increases, eventually stabilizing at constant values. 

Future research endeavors may involve integrating TRNSYS outputs with ANSYS FLUENT software and incorporating a 
paraffin layer within the system to further enhance performance. 
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