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Abstract – Thermal energy storage (TES) mediums can be integrated into Trombe walls to improve the utilization of solar energy to 

offset building energy loads. The vents at the top and bottom of a Trombe wall can be used to manage the flow of heated air through a 

Trombe wall to store and deliver thermal energy to match the demand profile in buildings. Herein we investigate the thermal energy 

stored in fire-clay bricks as a sensible storage medium integrated into a scaled Trombe wall prototype.  After 3.8 hours under a solar-

simulated light source at an intensity of ~325 W/m2, ~33 MJ/kg is stored in the fireclay bricks when the vents are open. In comparison, 

~37 MJ/kg is stored in the fireclay bricks under similar experimental conditions when the vents are closed. During the discharging 

phase, which begins when the light source is turned off, it takes ~3.5 hours for the amount of thermal energy stored in the fireclay 

bricks to decrease by 50% when the vents in the Trombe wall prototype are open. On the other hand, it takes ~4.4 hours for the amount 

of thermal energy stored in the fireclay bricks to decrease by 50% when the vents are closed. Improved management of solar thermal 

energy in Trombe walls can reduce the carbon footprint of residential and commercial buildings.  
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1. Introduction 
The building sector accounts for 30% of the global energy consumption [1] and for more than 40% of total energy 

consumption in the European Union [2]. Furthermore, about 70% of the fuel used for heating, cooling, and hot water in 

buildings is derived from burning fossil fuels [3]. The solar irradiance, which provides more energy at the earth’s surface 

than the global annual energy consumption, is widely recognized as a clean energy source that should be utilized to reduce 

energy consumption in buildings [1, 4-9]. However, solar energy is intermittent, and should be paired with Thermal Energy 

Storage (TES) systems to best provide for the energy demand profile in buildings [10]. TES systems provide a wide range 

of opportunities and benefits to reduce energy consumption and GHG emissions along the road to a sustainable, 

productive, environmentally friendly, and low-carbon building sector [11,12]. Although TES materials alone do not 

provide instant heating or cooling as a mechanical system does, they can be designed, through selection of materials, 

thicknesses and configuration, to offset building energy loads. In addition, peak loads can be reduced in summer and 

winter months by increasing the thermal inertia of the building, and in intermediate months, cooling and heating energy 

needs can be decreased [13].  

The integration of TES materials in a Trombe wall can further enhance building energy performance. Trombe walls 

absorb sunlight that passes through a glass cover. There are vents at the top and bottom of the Trombe wall and the heat 

generated within the Trombe wall induces a natural airflow that can be used to carry hot air into the building [14,15]. It has 

been recognized that control over when the Trombe wall vents are open and closed can enhance the ability of the Trombe 

wall to meet building energy demand profiles. For example, Liu et. al. have shown that Trombe wall vents should be 

opened 2-3 h after sunrise and 1 h before sunset for optimal performance [16]. However, more research in this area is 

required to determine the optimal vent operation in different Trombe wall designs and under varying solar irradiance and 

climate conditions [17]. Herein we experimentally and numerically investigate the potential for storing solar thermal 

energy within a Trombe wall prototype operating with open or closed vents. This Trombe wall utilizes fireclay bricks, a 

solid sensible heat storage material. This TES medium provides thermal reliability (no change in thermal properties), 

chemical stability (no decomposition or change in chemical composition after a large number of thermal cycles), and 

thermal stability (no degradation or weight loss at high temperatures). Results show that 50% of the solar thermal energy 
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stored in the Trombe wall prototype can be retained after removing the light source for a duration of 4.4 hours when the 

Trombe wall vents are closed as compared to 3.5 hours for the case when the Trombe wall vents are open.  

 

2.1. Trombe Wall Experimental Model 
The Trombe wall prototype is shown in Figure 1. This model was built using 3.8 x 3.8 cm wooden frames because of 

their low thermal conductivity. The overall dimensions of the model frame is 58.4 x 38.1 x 66.0 cm. The frame is insulated 

using 1.5-inch thick FOAMULAR extruded polystyrene insulation boards. Silicon sealant was used to assemble the 

prototype. The front surface of the Trombe wall prototype was made from a 3 mm thick clear acrylic sheet that was tightly 

fitted in the insulation board frame and then sealed using silicon sealant at its edges. These seals were subsequently 

covered with sheathing tape. The side of the Trombe wall prototype was designed as an insulated door to allow users to 

change the TES medium and adjust other parameters including the dampers on the air vents.  

The TES medium used in this work is fire clay bricks. There is a total of 18 fire clay bricks in the setup (2 bricks 

across x 3 deep x 3 high) that are used to store and release heat. The dimensions of each brick is 5 x 10 x 22.5 cm, making 

the overall volume of the bricks 15 x 45 x 30 cm. Black spray paint was applied to the front surface of the bricks to 

increase the amount of light they absorb. Two 4 in x 11 in ducted air vents are located at the back of the Trombe wall 

model above and below the fireclay bricks to allow for air flow through the Trombe wall prototype and across the front 

face of the bricks. The air vents are made of standard 4 in diameter ducts that extend to the ambient air of the lab. The 

Trombe wall prototype is mounted with the acrylic side facing a solar simulator light bulb. The light bulb is a 1000 W 

Hortilux Blue W Metal Halide bulb mounted vertically with a reflector behind it. This light source is 35.6 cm away from 

the front surface of the acrylic sheet.  

Type K thermocouples were mounted in locations of interest to analyze the thermal energy storage potential of the 

fireclay bricks within the Trombe wall prototype. The first thermocouple is installed at 5 cm from the glass and attached to 

the top insulation panel, which is used to measure the highest temperature in the air gap. The second thermocouple is 

mounted at the front surface of the bricks; the third thermocouple is mounted at the back of the first brick. The final 

thermocouple is mounted at the back of the bricks at the brick-insulation interface. The positions of the thermocouples are 

shown in Figure 2a. 

Figure 1: (a) 1000W metal halide light functioning as a solar simulator, (b) Isometric view of the experimental setup, (c) Side view of 

the Trombe wall prototype and TES medium, (d) front facing view of the experimental setup 
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2.2. Experimental Method 
Experiments were conducted to determine the effects of operating the vents in open and closed positions on the 

temperature profile of the TES medium. Herein, we refer to the time durations when the light is on and off as the charging 

and discharging phases, respectively. Experiments were performed with (1) the vents closed while charging and open while 

discharging, (2) the vents open during both the charging and discharging phases, and (3) the vents closed during both the 

charging and discharging phases. 

 Before initiating an experiment, it was ensured that all thermocouples were properly mounted in their positions. The 

air vents and Trombe wall door were then closed before turning on the thermocouple logger to record the temperature. The 

1000 W metal halide bulb was then turned on and the temperature was continuously recorded, every 10 seconds, over the 

duration of the experiment. After about 4 hours the metal halide light bulb is switched off, and the temperature continued 

to be recorded as the system cooled. For the experiment wherein the vents are closed and open during the charging and 

discharging phases, respectively, the vents were opened at the same time the light was switched off.  

 

2.3. Analytical Method 
A two-dimensional model of the Trombe wall prototype was first setup using Ansys Fluent. As shown in Figure 2a, 

the model consists of an air gap, an acrylic panel, and bricks as the TES medium. Furthermore, in this model the Trombe 

wall prototype is situated within a room of width 1.3 m and height 0.8 m that is filled with air (to represent the enclosure in 

which the prototype resides).  
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Fig. 2: (a) Two-dimensional model of Trombe wall, (b) dimensions used in the model 

 

The dimensions used for the Trombe wall prototype in the 2D model are shown in Figure 2b. The dimensions of the 

Trombe wall prototype are 633 x 300 mm. The front face (left side) of the Trombe wall prototype is an acrylic sheet with 

dimensions of 3 x 633 mm. The TES medium occupies the green 45 x 300 mm square at the rear side of the Trombe wall 

prototype. The properties of the materials used in the ANSYS simulation are provided in Table 1.  

 
Table 1: Properties of the materials used in the ANSYS simulation 

M

aterial 
Density (kg/m3) 

Thermal 

conductivity 

(W/m·k) 

Specific heat 

(J/kg·k) 

Viscosity 

(kg/m·s) 

Ai

r 

* 

 

0.0242 1006.43 1.7894e-5 

Br

icks 
1920 0.9 790 N/A 

Ac

rylic 
1390 0.2 1360 N/A 

* R = universal gas constant, Mw = molecular weight of the gas, pop= operating pressure, T = temperature 

 

To represent the light energy absorbed and converted to heat, a 5 mm thick heat generation slab is situated at the front 

face of the TES medium. The heat generation rate in this slab is set to be equivalent to the radiant power from the lamp that 

is incident onto the TES medium. The average incident light intensity during the experiments was 326.1 W/m2. The front 

surface of the TES medium, which is illuminated by solar-simulated light, has an area of 0.3 x 0.45 m = 0.135 m2. Using 

this light intensity and surface area it is assumed that 44.02 W of light energy is absorbed and converted to heat at the front 

face of the bricks. The heat generation rate in the 5 mm thick heat generation slab at the front of the TES medium is then 

determined using the equation below: 

 
𝑄

m3
(ℎ𝑒𝑎𝑡 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) =

44.02 W

0.45 m∗0.3 m∗0.005 m
= 65214.8

W

m3   (1) 

 

The mesh used to carry out the simulations is shown in Figure 3. The mesh consists of quadrilateral cells of varying 

sizes within the domain. In the TES medium (i.e. the fireclay bricks) the element size remains constant at 5 mm. In the heat 

(a) (b) 
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generation slab the size of the mesh element is 2.5 mm. In the outer domain that represents the surrounding environment, 

the element size was 10 mm with a growth rate of 1.2 from the edges of the Trombe wall.  

 

 
Figure 3: Ansys mesh of the Trombe wall prototype 

 

For all simulations it was assumed that the top, bottom, and right side of the Trombe wall were perfectly insulated and 

there is zero heat flux through these surfaces. A pressure outlet wall boundary condition is assigned at the outer surfaces of 

the surrounding environment. The ambient temperature is set to 293 K which is also the initial temperature for the entire 

domain. The simulation was ran in transient mode for about four hours with the heat source generating 65214.8 W/m3. The 

power from the heat source was then set to zero, which is consistent with turning off the light source in the experiments. 

Furthermore, simulations were performed with the same boundary conditions and settings, but with the mesh sizes 20% 

smaller than that shown in Figure 3 across all domains to ensure the results are independent of the mesh size. The results 

for the case when the mesh size was 20% smaller differed by less than 1% as compared to the results attained using the 

original mesh sizes. 

 

3. Results 

3.1. Experimental Results 
 The resulting temperature profiles for the first case, wherein the Trombe wall vents are closed while the solar-light is 

on, and then opened when the light is turned off at the four-hour mark, are shown in Figure 4. The initial temperature was 

22.8 °C, and at the end of the charging time the front surface temperature had increased to 55.2 °C. Using the temperature 

of the first brick as an approximation for the average temperature of the TES medium, a first order estimate of the total heat 

stored during the charging time was acquired using the following formula: 

      𝑄 = ∫ 𝑚 ∗ 𝑐𝑝 ∗ 𝑑𝑇
𝑇𝑓

𝑇𝑖
                                  (2) 

For the first case the total energy stored during the charging phase is then estimated to be 670 kJ. The ducts were 

opened when the light source was turned off, allowing air to flow through the Trombe wall prototype via natural 

convection. 3.5 hours after the light had turned off the thermal energy stored in the fireclay bricks had reduced by 50%. 
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Fig. 4: Temperature profiles in the Trombe wall prototype for the case when the vents are closed while the solar simulator is on, 

and then opened when the solar simulator is turned off. 

 

Figure 5 plots temperature vs time at the thermocouple positions indicated in Figure 3a for the case in which the vents 

at the back of the Trombe wall are open over the entire duration of the experiment. In this case the initial temperature was 

22.5 °C. The temperature at the front surface of the bricks increased to 50.3 °C over the four-hour duration when the light 

was on. The temperature at the first brick when the light was turned off was 44.1 °C, and the total energy stored at this 

point was estimated to be 640 kJ. Thus, as compared to the case when the vent was closed, natural convective cooling 

through the open vents resulted in a decrease in the amount of thermal energy stored of ~ 30 kJ. 3 hours after the light had 

turned off the thermal energy stored in the bricks had reduced by 50%. 

  
Fig. 5: Temperature profiles in the Trombe wall prototype for the case when the vents are open for the entire duration of the 

experiment. 

 The temperature profiles for the third case, wherein the Trombe wall vents were closed for the entire experiement, 

are shown in Figure 6. The initial temperature when the light was turned on was 23.6 °C. When the light was turned off 

after almost four hours the temperature at the front surface of the bricks was 57.1 °C. The temperature of the bricks and 

amount of energy stored in the bricks at the time the light was turned off was  47.8°C and 750 kJ, respectively. 4.4 hours 

after the light had turned off the thermal energy stored in the bricks had reduced by 50%. 
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Fig. 6: Temperature profiles in the Trombe wall prototype for the case when the vents are open for the entire duration of the 

experiment. (The temperature profile at the last block is not available for this case due to thermocouple malfunction) 

 
Table 2: Summary of selected results for the three cases studied 

Case Closed-Open Open-Open Closed-Closed 

Air gap temperature after light is on for 3.8 h (℃) 58.7 47.2 59.4 

Surface temperature after light is on for 3.8 h (℃) 55.2 50.3 57.1 

First block temperature after light is on for 3.8 h (℃) 45.1 44.1 47.8 

Energy stored after light is on for 3.8 h (kJ) 670 640 750 

Energy stored after light is on for 3.8 h (MJ/m3) 33.0 31.6 37.0 

Time taken (after light turned off) to lose 50% of the 

energy stored (h) 
3.5 3.0 4.4 

 

Table 2 summarizes the experimental results for all three test cases. The data shows an increase in the air gap 

temperature, surface temperature and energy stored after the light had been on for 3.8 hours for the cases when the vents 

were closed during the charging phase. As expected, the energy stored 3.8 hours after the light was on for the cases 

wherein the vents were closed during the charging phase are greater than that for case 2, wherein the vents were closed 

during the charging phase. However, there is a large difference between the energy stored at the 3.8-hour mark for cases 1 

and 3 (670 kJ vs 750 kJ). It was expected that these measured values should be closer, because the experimental conditions 

for the two test cases are identical for the first 3.8 hours of the experiment. One factor contributing to this difference may 

be the temperature of the surroundings at the beginning of the experiment, which was 22.8 °C and 23.6 °C for test cases 1 

and 3, respectively. When the ducts were closed during the discharging phase the energy stored in the fireclay bricks was 

retained for a longer amount of time. That is, from the time the light was turned off it took 4.4 h for the amount of thermal 

energy stored to be reduced by 50% for test case 3. On the other hand, it took 3.5 and 3 hours for the amount of energy to 
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decrease by 50% from the time the light was turned off for cases 1 and 3, wherein the vents were open during the 

discharging phase.    

 

3.2. Simulation Results 
The simulations were carried out for the third case, wherein the vents on the rear side of the Trombe wall were closed 

while the light was on and off.  The temperature at the points indicated in Figure 3a are plotted as a function of time in 

Figure 7a. The initial temperature was set to 293 K. At the 4-hour mark when the light was turned off (e.g. the heat 

generation in slab at the front face of the TES medium was set to zero) the surface temperature of the bricks was 56 oC and 

the temperature of the last brick was 34 oC. The total heat stored in the bricks at the 4-hour mark was 676 kJ. Even though 

the simulations are carried out in 2D, the surface temperature of the bricks at the end of the charging phase was similar to 

that from the experiments. 

 

 
Figure 7: (a) Temperature plot over time, (b) Temperature contour at the 4-hour mark (ranges from blue 305 K to red 329K), (c) 

Temperature contour after 20 hour cooling time (ranges from blue 209 K to red 304 K). 

 

4. Discussions 

4.1. Experimental Results 
 The trends recorded during the charging phase, when the light source is on, are similar for all three cases. The 

radiation from the light source strikes the front surface of the bricks which raises its temperature. Heat then transfers to the 

second and third rows of blocks at a decreasing rate. As shown in Table 2, the temperature at the top of the air-channel is 

about 10 °C higher at the end of the charging phase when the vent is closed as compared when it is open. Also shown in 

Table 2, as expected, thermal energy can be stored for a longer duration after the solar-simulated light source has been 

removed by closing the vents. These results suggest that closing vents can be used as a simple way to retain thermal energy 

in Trombe walls such that thermal energy can be provided after sunset, which better-matches the heat demand profile for 

many buildings. Future experimental work will investigate the effects of altering the dimensions of the Trombe wall 

prototype, applying forced airflow (e.g. using a fan in the vents), and using different TES mediums, such as latent heat 

storage materials.      
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4.2. Simulation Results 
Simulations can assist with the rapid investigation and optimization of Trombe wall geometries, materials, and 

operation under different environments with vents in the opened or closed position. Initial two-dimensional simulation 

results for the Trombe wall prototype are presented in Section 3.2 for the case in which the vents are in the closed position 

during both the charging and discharging phases. The trends in the simulation (Fig 7) are well matched to those observed 

in the experiment (Fig 6), although there are some significant differences. The cooling rate during the discharging phase is 

much lower for the simulations as compared to the experimental results. This may be due to the fact that the simulations 

are carried out in two-dimensions and the assumption that the upper, lower, and rear sides of the Trombe wall are perfect 

insulators. Nevertheless, the results achieved in these initial simulations by using a heat generation medium to represent the 

solar-thermal energy generated at the front face of the Trombe wall shows promising similarities to results observed during 

the charging phase in the experiments. Further work is required to improve the model, initially to validate that it can be 

used to represent experimental data for the Trombe wall prototype and subsequently for full-size Trombe walls. Future 

work can also focus on improving the simulations to investigate the effects of using forced airflow (e.g. by equipping the 

Trombe wall vents with a fan) to optimize the delivery of solar energy from the Trombe wall to the building interior. 

 

5. Conclusions 
The TES medium within the Trombe wall prototype is able to store and deliver heat at different rates by operating the 

vents in open and closed positions. When the vents within the Trombe wall prototype were open, 637.8 kJ of energy was 

stored in the TES medium after being subjected to solar-simulated radiation at an intensity of 326.1 W/m2 for 3.8 hours. 

When the vents were closed while the TES medium was subjected to solar-simulated radiation for 3.8 hours, 748.5 kJ was 

stored. Results from two-dimensional numerical simulations performed in Ansys Fluent showed that 676 kJ are stored in 

the TES medium. Also, after the light source had been removed, thermal energy was stored in the Trombe wall prototype 

for a longer duration by having the vents closed. That is, 50% of the stored energy had been lost from the fireclay bricks 

within the Trombe wall after ~3.5 and ~4.4 hours when the vents were in the open and closed positions, respectively. 

Thermal management in Trombe walls using simple techniques such operating its vents has potential for reducing 

greenhouse gas emissions in the building sector.     
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