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Dynamic simulation of a novel double Trombe wall to
evaluate energy performance in the heating season
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ABSTRACT

In the residential building sector, a sustainable human-environment relationship can be achieved by encouraging both the use of
renewable sources and the enhancement of energy efficiency in technical systems and building envelopes. This article performs an
energy analysis to evaluate the reduction in energy demand attained by installing two Trombe walls on the south-facing wall of the
variable orientation test station at the University of Calabria. The two passive systems were symmetrically placed on either side of the
existing window system. The assessment of monthly energy demand during the heating season was conducted using the dynamic
simulation software DesignBuilder®. To determine the optimal configuration of the Trombe walls, the influence on energy demand
related to the materials used for the support structure, the type and number of glasses forming the solar space, the size of the solar
space, and the dimensions of the vents were evaluated. The findings indicate that the installation of the two Trombe walls, each
comprising two vents with an area of 0.1 m? and a solar space depth of 0.20 m, vertically enclosed by three glass walls with double low-
emissivity glazing, results in a 60.62 % reduction in winter energy demand.
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1. INTRODUCTION

The European Commission has embraced the necessity to
intervene in mitigating climate change effects through the Green
Deal, with the goal of positioning Europe as the first continent
wotldwide to achieve climate neutrality by 2050 [1]. This
initiative involves implementing strategies aimed at curbing
greenhouse gas emissions into the atmosphere. Among these
strategies, reducing the reliance on traditional energy sources to
meet building energy demands is crucial, accounting for 40 % of
energy consumption in Europe and 36 % of greenhouse gas
emissions [2], [3].

It is projected that by 2030, approximately 35 million
buildings will undergo renovation, focusing on enhancing
building envelopes and harnessing renewable resources [4]. Solar
energy theoretically has the potential to satisfy global energy
demand [5], although its current contributions to global

electricity and thermal energy are relatively modest, at 3.6 % and
0.7 %, respectively [6], [7].

Concerning building heating, solar energy integration employs
either active or passive systems [8]. In active systems, mechanical
and electrical energy powers pumps and fans to transfer solar
radiation-absorbing heat transfer fluids, interacting with the
environment to be heated. In contrast, passive systems do not
requite mechanical or electrical components to maintain
comfortable conditions using solar energy [9].

Passive heating systems are categorized into isolated gain,
direct gain, and indirect gain systems. Isolated gain systems
capture solar radiation through a system isolated from the
environment to be heated. Direct gain systems allow solar
radiation to enter indoor spaces directly through transparent
surfaces, where it is absorbed by capacitive masses within the
environment, releasing accumulated thermal energy during
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nighttime to maintain comfort conditions. Conversely, indirect
gain systems accumulate solar radiation in high thermal capacity
walls for delayed release into heated environments [10].

The Trombe wall belongs to the category of indirect gain
passive systems, comprising a structural building wall (typically
the south-facing wall in the northern hemisphere) with high
thermal capacity, adjacent to a glazed surface that creates an air
gap known as the solar space [11].

Trombe wall can be ventilated or non-ventilated, depending
on the presence of two vents, one upper and one lower, created
on the high thermal capacity wall [12]. Non-ventilated Trombe
wall absorbs incident solar radiation and, subsequently, this
accumulated thermal energy is transferred by conduction along
the massive wall, for then being partially exchanged by radiation
with other surfaces and partially released by convection to the air
present inside the adjacent wall [13]. Ventilated Trombe wall also
exploits the buoyancy forces generated as a result of the contact
between the air inside the solar space and the warm massive wall
to heat the indoor environment. Specifically, the air inside the
environment enters the solar space through the lower vent,
receives heat by convection, and is released warmer through the
upper vent [14]. To avoid the risk of overheating during the
summer petiod, fixed and/otr movable shading devices are
provided. Additionally, the installation of controlled openings on
the glazed surface allows for the exploitation of the chimney
effect to ventilate the indoor environment [15].

Opver the years, several variants of the conventional Trombe
wall have been proposed. At the NREL Visitor Centre, a
prototype of zigzag Trombe wall has been built, consisting of a
southeast-facing glazed wall (to provide light and heat in the
morning) and two classical Trombe walls arranged in a V shape,
to accumulate heat during the day and release it at night [16].
Water wall uses water as storage material instead of masonry,
aiming to reduce radiative losses to the exterior, given that the
water surface reaches lower temperatures compared to those
achieved by masonry [17]. To improve summer performance, a
hybrid Trombe wall prototype has been proposed in which
porous ceramics able to absorb water injected through nozzles
are inserted. The evaporation of water removes heat from the
solar space through the phenomenon of evaporative cooling [18].
Trombe wall with phase change materials (PCMs) exploits the
high latent heat of fusion of these materials to increase storage
capacity without excessively overloading the structure [19].
Composite Trombe wall consists of an external glass, a non-
ventilated solar space, a massive wall without vents, an air gap
and an insulated wall with vents. Energy is mainly transferred to
the heated environment through natural ventilation, with only a
small fraction being transmitted by conduction from the
insulated wall to the indoor environment. This configuration
helps reduce heat losses during the heating period and undesired
heat gains during the cooling period [20]. fluidized Trombe wall
contains highly absorbent and low-density material particles
within the solar space. Fluidized beds provide heat exchange
coefficients an order of magnitude higher than single-phase
airflow. Air is circulated within the solar space by fans and
absorbs heat from the fluidized particles. Filters are used to avoid
transport of particles by air into the environment [21].
Photovoltaic Trombe wall is characterized by photovoltaic
modules on the glass surface, in the solar space or on the surface
of the massive wall. The air circulating in the solar space heats up
and removes heat from the photovoltaic module, increasing its
efficiency in electricity production. Additionally, the colours of
the photovoltaic modules enhance the aesthetic appearance of

the Trombe wall [22]. Further performance enhancement can be
achieved by applying selective coatings onto the massive wall,
characterized by high values of solar radiation absorption
coefficient at short wavelengths and low values of emissivity
coefficient at high wavelengths [23]. Regarding the glazed
surface, the main influencing parameters are thickness, type and
number of glass layers, as they determine convective and
radiative heat losses to the outside [24], [25]. Zalewski et al. [20]
proposed a numerical model, validated by an extensive
experimental campaign, showing how the use of low-emissivity
double glazing compared to a single standard glass significantly
increases the thermal energy subsequently transferred to the
indoor environment. It is also evident that this increase depends
on the type of Trombe wall and the location considered. Briga-
Sa et al. [27] verified the performance dependence on the
thickness of the massive wall, achieving a maximum savings on
the thermal requirement of 16.36 %. Askari et al. [28] found that
the best energy performance of the Trombe wall is achieved for
a solar space depth of 0.2 m, resulting in a reduction in winter
energy consumption of 34 %. Chen et al. [29] proposed a wavy-
shape Trombe wall that improves airflow and air temperature
inside the solar space, resulting in a 68 % higher thermal flux than
that obtained with the conventional Trombe wall. Rabani et al.
[30] conducted an experimental study on a Trombe wall installed
on one half of the south wall of a test chamber in Iran. The wall
has three vertical glazed surfaces, one facing south, one east, and
one west, to capture solar radiation from sunrise to sunset.
Experimental results show that the maximum hourly stored
enetgy occurs in February, amounting to 5800 kJ/h, while during
the winter period, the indoor environment temperature remains
between 15°C and 30 °C. Simoes et al. [31] dynamically
simulated the behaviour of a Trombe wall to assess the
effectiveness of various solutions to reduce the risk of
overheating during the summer period. A parametric analysis was
conducted to evaluate the effect of solar space depth and vents
size on passive ventilation system performance, and it was found
that variations in both parameters between 5 and 30 cm slightly
influence the results. Night-time ventilation and the presence of
fixed and mobile shading devices help limit the increase in energy
consumption for cooling during the summer period. In the
winter period, a 20 % reduction in thermal requirement is
observed.

In this article, a dynamic analysis of the winter energy
performance of two Trombe walls installed on the south-facing
wall of the test station of the University of Calabria (Rende) has
been conducted. For this purpose, DesignBuilder software was
used. No article includes a parametric analysis varying all
construction parameters such as: the material constituting the
supportt structure of the Trombe walls, the type and number of
glass layers, the depth of the solar space and the size of the vents.
This parametric study is essential to evaluate the influence on
Trombe wall performance in terms of reducing thermal
requirements during the winter period.

In Section 2, geometric and thermophysical parameters of the
building and the proposed passive system, the assumed
operational conditions, and the climatic data used are provided.
Finally, the methodology employed to identify the optimal
configuration through various dynamic simulations is described.
Section 3 presents the results obtained from the simulations,
while Section 4 critically discusses these results considering the
relationship between key construction parameters, operational
conditions, climatic data, and the performance of the passive
system. Lastly, Section 5 summarizes the main findings, suggests
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potential applications for the proposed system, and outlines
future developments of this work.

2. METHODOLOGY

This study assesses the reduction in heating thermal
requirements achieved by installing two Trombe walls adjacent
to the window on the southern wall of the variable orientation
test chamber at the University of Calabria (Rende, Italy).
Additionally, it evaluates how this reduction depends on the main
construction parameters of the Trombe walls.

The internal dimensions of the heated volume are
4 X 4 X 3.2 m> The building comprises a single chamber defined
by three insulated vertical walls, the designated test vertical wall
for the installation of the Trombe walls adjacent to the window,
and a floor and ceiling. The glazed system, measuring
1.2 X 1.5 m?, features an aluminium frame with a thermal break
and double glazing 4/12ait.

The assumption of a grey body with an emissivity coefficient
(€) equal to the absorption coefficient (@) was made for the
insulated vertical walls and the test wall. Different values of these
coefficients were used for the two wall types, 0.3 for the test wall
and 0.6 for the insulated vertical walls [32], to account for the
different applied coatings, see Figure 1.

The test station includes an entrance door on the west-facing
insulated wall with an area of 1.9 m? and a steady-state thermal
transmittance of 2.5 W/(m? K). Table 1, Table 2, Table 3, and
Table 4 detail the composition of all building components, layer
thicknesses, thermal conductivities, and the corresponding
conductive thermal resistances. Table 5 lists internal and external
thermal conductances, thermal resistances and the steady-state
thermal transmittances of each opaque and transparent building
component. Hourly thermal requirements for heating were
calculated using the DesignBuilder dynamic simulation software.
To enable performance comparison, simulations were conducted
for both the reference building and the building improved with
two Trombe walls. The software identified the location by
entering a latitude of 39° 18, while climatic data on direct and
diffused solar radiation, temperature, humidity, and air velocity
were extrapolated from the National IGDG Database (Italian
Climatic data collection “Gianni De Giorgio”).

The test chamber was modelled in three dimensions using the
previously described layers. Additionally, the
conditions were imposed:

e Office as the intended use;

e Absence of occupants;

following

e Absence of artificial lighting;

e Infiltration of external air considered in the calculation
through a 5 % opening of the awning window;

e Natural gas heating system exclusively for maintaining
indoor air temperature at the setpoint value of 20 °C;

e On weekdays, the heating system operates at full load
from 05:00 a.m. to 07:00 p.m., turned off during the night
and on holidays.

The initial dynamic simulation aimed to determine the current
thermal requirements of the test chamber. Subsequently, passive
components were integrated to evaluate the associated reduction
in energy consumption. The Trombe walls were modelled as two
distinct cavities without inputs from heating systems, artificial
lighting, or occupants. Each solar space was horizontally
bounded by PVC extensions of the ceiling and floor, and
vertically by a single 4 mm thick glass (Sgl Clr 4mm) facing south,

Figure 1. Variable orientation test station.

with two vertical PVC walls, see Figure 2. The resulting solar
space measures 0.32 m in depth and 1.71 m in width. The wall
separating the solar space from the indoor environment was
coated with dark paint, having absorption and emission
coefficients of 0.9, while the external test wall maintained
coefficients of 0.3 between the Trombe walls.

On each massive absorbing wall, two vents were modelled:
one lower for air intake from the indoor environment and one
upper for releasing heated air into the environment. The vents,
symmetrically positioned relative to the transmission surface
with the indoor environment, measured 1.0 m in width and 0.5 m
in height, and remained open from 8:00 am. to 6:00 p.m.
Following the Trombe wall modelling, a second dynamic
simulation was conducted to compute the new winter thermal
requirement.

To identify an optimal configuration for reducing heating
thermal requirements, various dynamic simulations were
performed, varying the main construction parameters of the
Trombe walls, see Table 6.

Initially, the support structure material was varied, comparing
the consumption impact of aluminium versus PVC. While a
slight consumption improvement was noted with aluminium, the
cost difference did not justify its application. Subsequently, the
influence of the type of vertical glazed surface was evaluated. The
single Sng Clr 4mm glass was replaced with standard Dbl Clr
4/12air and low-emissivity Dbl LoE Clt 3/13air glass (¢ = 0.2),
showing significant improvement with the latter.

Continuing with low-emissivity double glass, simulations were
conducted using three glazed surfaces to increase solar radiation
transmission, see Figure 3. Glazed surfaces facing west and east
wete also of Dbl LoE Clr 3/13air glass, supported by a PVC
structure. Results indicated substantial reductions in heating
thermal requirements compared to configurations with only
south-facing glazed surfaces.

Figure 2. Three-dimensional model of the building equipped with two
Trombe walls.
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Figure 3. Vertical glazed surfaces on the west, south and east exposures of
the solar spaces.

The study then varied the vent cross-sectional area, fixing the
nominal width at 1.0 m while varying the height from 0.1 m to
0.6 m in increments of 0.1 m. Similarly, with a fixed height of
0.5 m, the width ranged from 0.4 m to 1 m in increments of
0.1 m.

Results showed that winter thermal requirements increased
with larger cross-sectional areas, mainly influenced by total area

Table 1. Stratigraphy of insulated vertical walls.

rather than individual dimensions. Comparing to a nominal
cross-sectional area of 0.5 m?, the smallest area evaluated was
0.1 m?, derived from a width of 1 m and height of 0.1 m. These
dimensions were chosen for a parametric analysis varying solar
space depth.

Compared to the nominal 0.32m, reduced thermal
requirements were observed at depths of 0.1 m and 0.2 m, with
an increase at 0.4 m; the maximum reduction occurred at 0.2 m.

Ultimately, the optimal configuration for reducing heating
thermal requirements featured a solar space depth of 0.20 m,
supported by a PVC structure with three glazed surfaces of low-
emissivity double glass and a 13 mm air gap. This setup included
two vents, each with an area of 0.1 m? ensuring natural air
circulation, see Table 6.

3. RESULTS

Referring to Table 6, this section details the findings from
dynamic simulations performed with DesignBuilder, focusing on
the primary energy consumption of the heating system.
Simulations were conducted on an houtly basis, and to facilitate
comparison between different Trombe wall setups, the results
were aggregated monthly and standardized to the net floor area
of the test chamber, which is 16 m? Upon determining the
optimal configuration, a more detailed analysis was provided by

. P c A R
layer  Material t(m) (keg/m?) (1/(kgK)) (W/(m-K)) (m2K/W)
1 Plaster 0.02 1800 910 0.900 0.022
2 Perforated brick 0.08 1000 840 0.360 0.222
3 Insulator (Styrodur) 0.30 15 1220 0.035 8.571
4 Perforated brick 0.08 1000 840 0.360 0.222

5 Electrowelded mesh 0.0005 7870 1990 80.000 0.000006
6 Plaster 0.02 1800 910 0.900 0.022
Table 2. Stratigraphy of test wall and double-glazed window.

. P c A R
layer  Material t{m) (ke/m?) (0/(kg-K)) (W/(m-K)) (m2-K/W)
1 Plaster 0.015 1800 910 0.900 0.017
2 Brick (RDB) 0.30 650 840 0.231 1.299
3 Plaster 0.015 1800 910 0.900 0.017
4 Glass 0.40 2000 830 0.900 0.004
5 Air gap 0.12 1.200 1000 0.035 0.034
6 Glass 0.40 2000- 830 0.900 0.004

Table 3. Stratigraphy of floor.

) P c A R
layer  Material t(m) (keg/m?) (1/(kgK)) (W/(m-K)) (m2K/W)
1 Tiles 0.01 2300 840 1.000 0.010
2 Slc with expanded clay 0.15 1200 800 0.160 0.938
3 Insulator (Styrodur) 0.30 15 1220 0.035 8.571
4 Concrete 0.05 2300 1000 1.160 0.043

Table 4. Stratigraphy of ceiling.

p c A R
layer  Material t(m) (ke/m?) (1/(kg-K) (W/(m-K) (m2-K/W)
1 Plaster 0.02 1800 910 0.900 0.022
2 Hollow-core concrete slab 0.16 1700 850 0.900 0.178
3 Insulator (Styrodur) 0.30 15 1220 0.035 8.571

4 Eaves gutter 0.0008 2700 900 52.000 0.00002

ACTA IMEKO | www.imeko.org

December 2024 | Volume 13 | Number 4 | 4



Table 5. Internal and external conductances, thermal resistances and steady-state thermal transmittance of building components.

hi he Ri Re u
Component (W/(m?K)) (W/(m2K)) (m2 K/W) (m2 K/W) (W/ (m2K))
Insulated vertical wall 8.15 25.00 0.123 0.040 0.108
Test wall 7.7 25.00 0.130 0.040 0.667
Floor 7.7 25.00 0.130 0.040 0.103
Ceiling 7.7 25.00 0.130 0.040 0.112
Door - - - - 2.500
Double-glazed window 7.7 25.00 0.130 0.040 4.690

Table 6. Analysed configurations.

Configuration Supporting material Type of glazing

[-] [-] [-1

Number of glazings

Vents cross-sectional area Solar space depth

[-] (m?) (m)

0 - - - - -
1 PVC Sng Clr 4mm 1 0.50 0.32
2 Aluminum Sng Clr 4mm 1 0.50 0.32
31 i Dbl Clr 4/12i 1 0.50 0.32
3.2 Dbl LoE Clr 3/134; 1 0.50 0.32
4 PVC Dbl LoE Clr 3/13.ir 3 0.50 0.32
5.1 0.10 0.32
5.2 0.20 0.32
5.3 0.25 0.32
5.4 0.30 0.32
PVC Dbl LoE Clr 3/13air 3
5.5 0.35 0.32
5.6 0.40 0.32
5.7 0.45 0.32
5.8 0.60 0.32
6.1 0.10
6.2 PVC Dbl LoE Clr 3/13air 3 0.10 0.20
6.3 0.40
Optimal PVC Dbl LoE Clr 3/13.i 3 0.10 0.20
presenting the thermal requirements on an hourly basis for each
month. Furthermore, the average temperature of the heated
space was illustrated. 50

Figure 4 displays the monthly heating thermal requirements
for the test station in its baseline state (configuration 0) and with
the two Trombe walls in the standard setup (configuration 1).
Figure 5 presents a comparison of monthly thermal requirements
based on the material of the support structure for the glazed
surface (aluminium versus PVC). Figure 6 depicts the monthly
fluctuations in heating thermal requirements concerning the type
of glazed surface, including single glass, double glass, and double
low-emissivity glass. In Figure 7, the comparison of heating
energy consumption is illustrated based on the number of
vertical glazed surfaces enclosing the solar space. Configuration
3.2 features a single vertical glazed surface oriented south, with

EConfig 0 EBConfig 1|

Heating thermal demand [kWNm2]
O = =N W W
ot owmboiot
I

Month

Figure 4. Monthly heating thermal demand of the test station without
Trombe walls and with Trombe walls in the standard configuration.

45 B Config 1 ™Config 2
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Figure 5. Monthly heating thermal demand as a function of the support
structure of the Trombe walls.
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Figure 6. Monthly heating thermal demand varying with the type of glazed
surface.
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Figure 7. Monthly heating thermal demand varying with the number of
glazed surfaces defining the solar space.

the east and west vertical surfaces made of PVC panels.
Conversely, in Configuration 4, the solar space is enclosed by
vertical glazed surfaces consisting of low-emissivity double
glazing on all three sides.

Figure 8 depicts the winter thermal demands based on the
cross-sectional area of the vents. For consistency in the
representation of results, the requirements for areas of 0.15 m?
and 0.55 m? were derived through linear interpolation. The
results were aggregated annually to facilitate a clear comparison
of consumption differences between configurations, as monthly
variations are minimal. Figure 9 illustrates how monthly thermal
requirements vary with the depth of the solar space.

For the optimal configuration 6.2, the houtrly heating thermal
demands for each winter month are depicted in Figure 10,
Figure 11, Figure 12, Figure 13, and Figure 14. For each month
of the heating season, the trends in thermal demand and average
indoor temperature on an hourly basis for two characteristic days
are presented. The period from January 6th to 7th was chosen as
it represents the system's behaviour after a heating plant
shutdown phase, see Figure 10 and Figure 15.
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Figure 8. Annual heating thermal demand varying with the cross-sectional
area of the vents.
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Figure 9. Monthly heating thermal demand varying with the depth of the
solar space.
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Figure 10. Hourly heating thermal demand for the month of January.
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Figure 11. Hourly heating thermal demand for the month of February.
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Figure 12. Hourly heating thermal demand for the month of March.
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Figure 13. Hourly heating thermal demand for the month of November.
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Figure 14. Hourly heating thermal demand for the month of December.
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Figure 15. Hourly trend of the heating thermal demand and the average
temperature from January 6% to 7t.
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Figure 16. Hourly trend of the heating thermal demand and the average
temperature from February 13t to 14,
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Figure 17. Hourly trend of the heating thermal demand and the average
temperature from March 4" to 5t
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Figure 18. Hourly trend of the heating thermal demand and the average
temperature from November 27t to 28t.
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Figure 19. Hourly trend of the heating thermal demand and the average
temperature from December 23 to 24,

Figure 16 illustrates the trends for two days in mid-February.
In reference to Figure 12 and Figure 13, the two days in the
middle of the operational period of the heating system are
highlighted in Figure 17 and Figure 18. Lastly, Figure 19 shows
the period from December 23rd to 24th, featuring the peak
houtrly winter thermal demand, which reaches 50.79 W h/m?.

4. DISCUSSION

The current winter energy demand per unit area of the test
structure stands at 17.23 kW h/m?. Upon implementation of
Trombe walls in the standard layout, this requirement drops to
11.47 kW h/m?, matking a 33.43 % dectease. As depicted in
Figure 5, utilizing aluminum for the support structure results in
a marginal 0.77 % reduction in energy consumption compared
to the standard configuration. Given this slight improvement and
the cost differential between aluminum and PVC, the parametric
analysis proceeded with PVC support structures.

Conversely, Figure 6 illustrates significant enhancements in
monthly thermal requirements when employing both double
glazing and low-emissivity double glazing, achieving reductions
compared to the standard setup of 6.51 % and 12.30 %,
respectively. The benefit derived from low-emissivity double
glazing over simple double-glazing amounts to 6.20 %. This
improvement is attributed to the reduction of convective losses
to the external environment by the air gap in double glazing,
while low-emissivity double glazing further mitigates radiative
losses at longer wavelengths.

Figure 7 demonstrates that Trombe walls featuring low-
emissivity vertical glazed surfaces on both east and west
exposures lead to decreased monthly thermal demands due to
enhanced solar radiation absorption in the solar spaces.
Specifically, total consumption during winter is reduced by
17.33 % compared to surfaces with low-emissivity glazing only
on the main south exposure. Moreover, in this configuration, the
passive solar system completely offsets the heating load in April.

Figure 8 emphasizes the direct correlation between annual
winter thermal demand and vent area. Reducing the vent size
from 0.5 m? to 0.1 m? results in a 4.53 % decrease in total winter
consumption. This improvement stems from reduced air flow
rate due to increased pressure drop associated with the smaller
cross-sectional area. Consequently, under similar solar radiation
conditions, a lower air flow rate results in higher enthalpy
content, offsetting the adverse impact of introducing less heated
air into the environment.

Figure 9 illustrates that an optimal solar space depth of 0.20 m
(configuration 6.2) reduces winter thermal demands by 14.52 %
compared to the nominal depth of 0.32 m (configuration 5.1).
This behavior mirrors that of vent size optimization. However,
further reducing the passage area to 0.10 m (configuration 6.1)
increases winter consumption, indicating that insufficient heated
air introduction outweighs any benefits from narrower solar
spaces.

Configuration 6.2 emerges as the optimal solution, with a
winter thermal requitement of 6.79 kW h/m?, corresponding to
2 60.62 % reduction compared to the test station's winter thermal
demand without Trombe walls integration. For this
configuration, it is evident that in March the thermal energy
demand is present only at the beginning of the month;
subsequently, the passive system completely compensates the
winter heating load. Similarly, in November, the heating system
only operates during the last few days of the month. On January
6th, despite the heating system being off, due to convective,
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radiative, and natural ventilation phenomena typical of the
Trombe walls, the average indoor temperature decreases
following a mitigated free evolution. Between 12:00 and 13:00,
due to the peak solar radiation, the temperature rises to 17.35 °C
and then decreases to 15.92 °C. On January 7th, during the
activation phase of the heating system, a peak of 40.66 Wh/m?
is observed, necessaty to restore the temperature in free
evolution back to the 20 °C set-point. Subsequently, despite the
ambient temperature remaining at 20 °C, the thermal demand
decreases due to the Trombe walls. From 15:00 to 19:00, the
thermal requirement increases due to the absence of solar
radiation. However, this increase is limited by the release of
accumulated thermal energy within the Trombe walls. On
February 13th, it can be observed that even during the night-time
heating system shutdown phase, the temperature remains above
19 °C. Again, a thermal requirement peak is recorded during the
heating system activation, but this time the requirement
decreases to zero during the solar radiation peak, with an increase
in the average room temperature to 20.19 °C. Between 16:00 and
19:00, the thermal requitement slightly increases and
subsequently, when the system is turned off, the temperature
decreases until 05:00 on February 14th. At this point, the heating
system is turned back on to restore the temperature from
19.26 °C back up to 20 °C. Once again, the thermal demand
drops to zero at 12:00 and the average room temperature reaches
20.67 °C at 14:00. However, in this scenatio, the thermal energy
released by the Trombe walls manages to offset the heating load
for the rest of the day. On December 23rd, due to the system
being off in the two previous days, the maximum winter period
thermal trequirement is observed, equal to 50.79 W h/m?,
necessary to raise the room temperature from 15.13 °C to the
set-point value. Subsequently, the thermal demand rapidly
decreases until 15:00 and stabilizes at nearly constant values until
19:00. During the night, the temperature drops and reaches
17.46 °C by 05:00 on December 24th. At this point, the heating
system turns on, restoring the temperature to 20 °C and a
consumption trend similar to that of the previous day is
observed, but with lower values, since starting from a higher
initial temperature condition.

5. CONCLUSIONS

This article presents a dynamic analysis of the energy
performance of two Trombe walls installed on the south-facing
wall of the University of Calabria's test station in Rende, Italy.
Utilizing DesignBuilder dynamic simulation software, the study
aimed to determine the most effective configuration of Trombe
walls by varying key construction parameters.

The findings indicate that the winter energy efficiency is
minimally impacted by the material used for the support
structure of the glazed surface and the size of the vents. In
contrast, a significant correlation exists between energy savings
and the type and quantity of glazed surfaces defining the solar
space. Similarly, the depth of the solar space plays a crucial role
in the passive system's energy performance.

Through this parametric study, the optimal configuration
reduces heating energy demand by 60.62 % compared to the
current setup without Trombe walls. Furthermore, the presence
of Trombe walls enhances thermal inertia within the building,
resulting in gradual cooling even after the heating system is
deactivated. This cost-effective and straightforward solution
holds promise for retrofitting existing buildings.

Future research will expand on these findings with
Computational Fluid Dynamics (CFD) analysis of the identified
optimal configuration. This analysis will assess local velocity and
temperature distributions within the solar space and the heated
environment, providing deeper insights into the system's
performance behaviour.
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