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ABSTRACT: In this study, a simple storage wall (Trombe wall) was built and tested in winter days in 

Baghdad City. The wall area was 1 m
2
 facing south. The wall consisted of wooden box isolated by glass wool 

layer and covered by a glass cover with 4 mm thickness. Thirty-three plastic water bottles were arranged inside 

the box each has a 1.5-liter capacity, and a quantity of paraffin wax as phase change material (PCM) was put 

after this layer in a glass box. The paraffin wax amount was about 10 kg, and an aluminum plate with 4 mm 

thickness was fixed after it. This plate was colored by non-selective black color to attract as high as possible 

from solar heat. 

The study conducted in Baghdad City winter days in December 2015 and January 2016. The temperature 

distribution of the different parts of the Trombe wall was measured, and the stored energy inside these parts 

was evaluated. The results revealed that this wall is efficient in storing solar energy. This wall can be used as an 

assistant method to heat homes after sunset. 

Keywords:Trombe wall, sensible heat, latent heat, paraffin wax, charging and discharging periods. 

 

I. INTRODUCTION 
The term thermal energy storage refers to several techniques that store heat in thermal storage 

containers to be used at other times. The stored heat is used to work as an energy balance between day and night 

[1]. This energy will be stored in containers at temperatures too high or even low temperatures, and this stored 

energy is used typically in heating and cooling applications [2]. The energy storage technologies are used by 

solar powered applications, as it contains solar energy stored in the morning to be employed after sunset in 

heating or even in the electricity production [3 & 4]. 

The phase change materials (PCM) are considered as heat reservoir materials, which are inexpensive 

and can be applied at temperatures suitable for home applications [5 & 6]. These materials which store energy as 

latent energy called as phase change materials (PCM), and it is one of the efficient ways to save energy and 

characterized by high storing efficiency compared to materials that store energy as sensible energy [7 & 8]. The 

PCM can conserve energy equal to 5 to 14 times greater than stored in the sensible storing materials like gravel, 

water or concrete [9 & 10]. 

One of the practical applications of solar energy is placing a wall facing the sun in the wintertime. This 

wall is made from high-energy storage materials such as concrete, water, or wax to store heat, covered with a 

glass lid to prevent air streams from cooling the trapped air by convection [11]. In general, the wall is painted 

with a dark color to absorb solar radiation as heat [12]. The solar radiation short- waves pass through the glass 

cover and the long wave spectrum reflect from the wall could not return because of the glass cover which works 

in the impact of the greenhouse. The amount of heat absorbed from the wall depends on the heat capacity of the 

wall material, and the angle of the sun fall on the wall, color, and its reflectivity [13 & 14].  

This wall is called the Trombe wall in proportion to the French Felix Trombe, who developed the idea of the 

wall in 1961, relying on the basic idea that of Edward Morse in 1881 [15]. Trombe Wall is used for heating in 

winter, where the wall heats the air trapped between it and the glass cover, which is raised by convection 

streams heading to the space to be heated from a top slot in the wall [16]. Also, Trombe wall can be used in 

ventilation in summer [17]. The wall thickness of 100 mm can be obtained theoretically at 8 hours heating, and 

practically Trombe wall can reduce the heat load up to 20 % [18 & 19]. 

Abaas built a simple type solar heat storage wall with an area of 0.91m
2
. The wall consisted of 18 

plastic water bottles (2.25 liter capacity) arranged in the wall. A reflector was put to increase solar energy 

reflected the bottles, and this mirror became as a cover at night. The wall was tested in Baghdad city at winter of 
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years 2006 and 2007. The results showed the ability of this wall as a sun energy storage device. The maximum 

water temperature reached was 64.6°C while the maximum metal plate temperature of the wall was 74.4°C [20]. 

Faris solved the problems of turbulent flow and heat transfer characteristics through a room with 

Trombe wall by employing the fully Navier-Stokes and energy equations and a finite volume method. The 

Trombe wall system was made from water collector to heat a room with dimensions of (1×0.8×0.8) m. The 

study used the winter climatic conditions of Baghdad city as the affected atmospheric conditions. The thickness 

of air gap was changed (1, 2, 3 and 4 cm) while the thickness of Trombe wall was considered constant. The inlet 

velocity of 2 m/s was assumed on this system. The speed and temperatures distribution are predicted and 

compared. The study revealed that air velocity increased depending on air gap thickness, and the stagnant core 

region represents the center of the room where losses are very high, where heat increases and the buoyancy 

forces become dominant and increases by reducing speed [21]. 

In his article, Chaichan studied the Trombe wall concept by designing and fabricating one. The wall 

built from simple, locally available and cheap materials. The study tests conducted in Baghdad-Iraq wintertime 

to confirm the suitability of such walls for the Iraqi houses. The designed wall results indicated that it is suitable 

for utilization in Iraq wintertime. PCM usage in such wall showed a significant effect on the results. The 

paraffin wax as PCM appeared adequate storing media, besides of its availability and low prices [22].   

Chaichan designed and fabricated two Trombe walls to investigate the effect of adding nano-Al2O3 to 

the paraffin wax on its thermal conductivity, and on the charging and discharging period of the wall. The study 

results showed that adding nan-Al2O3 enhanced the charging and discharging times. The nano-paraffin wall had 

stored higher temperatures and its charging time was faster compared to the wall with wax only. The discharge 

of the stored energy was faster, depending on the entering outside air temperature and its mass flow rate. Adding 

nanomaterial to the paraffin wax in the studied Trombe wall had gained overall higher temperatures up to 

29.08% compared to the wax alone wall. The paraffin wax with nano-material temperatures discharges its stored 

energy faster than that for the wax alone case with about 42.68% [23]. 

In continuous of previous studies [24 to 51] in the Energy and Renewable Energies Technology Center, 

this paper investigated a simple solar storage wall (Trombe wall), which was designed and fabricated and fixed 

facing south and used in winter days. The sensible heat storage media (water) was used with the aid of latent 

heat storage media (PCM) in a Trombe wall at Baghdad city winter days. The study aimed to determine the 

energy supplied to the Trombe wall, the charging time and the practical conditions of its performance. 

 

II. MATERIALS AND METHODS 
Working Principle of Trombe Wall 

Trombe wall is a passive solar system, which its applications are simple, economical and suitable for 

variable latitudes locations. A Trombe wall, in general, consists of a massive thermal wall covered with a 

transparent glass cover and a convective air gap between the two materials [52 & 53]. The heated wall collects 

and stores solar radiation energy. The solar radiation during the day passes through the glazing cover and is 

absorbed by the dark surface of the massive thermal wall. This heat is stored in the wall and permeates through 

the wall slowly with a time delay about the wall surface. A high transmission glass is used to maximize the solar 

gained by the wall [54]. The stored energy is used as a space heating source, as well as, the air inside the wall 

gap moves by convections streams for this purpose. Also, the air movement can be used for ventilating the 

building. The thermal conductive characteristics of the Trombe wall states the space heating/cooling 

performance, as it depends on the airflow specification whether in the air gap or in the room itself. Sliding 

panels, shading devices may be used with Trombe walls to prevent overheating in summer months. Also, forced 

air recirculation can be equipped [55]. 

 

The studied wall design 

 Was to build a model of the wall of the treasurer of solar energy a component of wood box 

dimensions meters and thickness of 1 cm from the open top and an envelope from the outside of the glass wool 

insulation to increase the thermal insulation of the Fund. In the inner part of the wooden box and put a plate of 

aluminum painted in black and a thickness of 4 mm. Then put a glass sheet of 3 mm thickness at a distance of 1 

cm from the plate. The space between the plate and the bottle was filled with paraffin wax produced by Al-Dora 

Refinery in Baghdad-Iraq, which its specifications are included in Table 1. In front of the paraffin wax, 33 water 

bottles with 1.5-liter capacity each were arranged in the wooden wall. Fifteen thermocouple type K were 

distributed: 5 in different locations in the paraffin wax, 5 in variable water bottles, two on the aluminum plate 

and the last three were used to measure the air in the air gap. The tests were conducted in Dec-2015 and Jan-

2016 which represents the winter season in Iraq. The tests carried out in 8 days each month, and the average was 

taken to represent the wall parts behaviors. The experiments were conducted starting at 8 AM until the wall 

parts temperature return to equalize the outdoor temperature. Solar power meter type Iso-Tech ISM-410 

(Taiwan made) was used to measure the solar intensity each hour. 
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The instruments uncertainty 

In this study 15 thermocouples, type K were used. They were connected to a selector switch type 4XM, 

and the temperature was measured using a digital thermometer type GX5. All the measuring devices were 

calibrated in the laboratory, and their uncertainty was evaluated. The instruments uncertainty was 2.03 which is 

an acceptable value that confirms the efficient study results 

 

The following equations were used in the study: 

The thermal energy stored in the wax when it was in its solid state (from 8 AM till about 1 PM): 

 

𝑄𝑤𝑎𝑥 = 𝑚𝑤𝑎𝑥 × 𝐶𝑝𝑠,𝑤𝑎𝑥 × (𝑇𝑖+1 − 𝑇𝑖) 

 

When the paraffin wax started to melt (fusion phase) 

 

𝑄𝑤𝑎𝑥 =  𝑚𝑤𝑎𝑥 × 𝑕𝑓𝑔  

 

After all the paraffin wax turned into liquid 

 

𝑄𝑤𝑎𝑥 = 𝑚𝑤𝑎𝑥 × 𝐶𝑝𝑙 ,𝑤𝑎𝑥 × (𝑇𝑖+1 − 𝑇𝑖) 

 

The thermal energy stored in the water 

 

𝑄𝑤𝑎𝑡𝑒𝑟 = 𝑚𝑤𝑎𝑡𝑒𝑟 × 𝐶𝑝𝑤𝑎𝑡𝑒𝑟 × (𝑇𝑖+1 − 𝑇𝑖) 

 

As the aluminum plate is in contact with the wax, the plate temperature will be equal to the paraffin wax 

temperature. For the aluminum plate: 

 

𝑄𝐴𝑙 = 𝑚𝐴𝑙 × 𝐶𝑝𝐴𝑙 × (𝑇𝑖+1 − 𝑇𝑖) 
 

The hourly efficiency for the wall 

 

𝜂𝑕 =
𝑄𝑡𝑜𝑡𝑎𝑙

𝐼 × 𝐴
 

 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑤𝑎𝑥 + 𝑄𝑤𝑎𝑡𝑒𝑟 + 𝑄𝐴𝑙  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSIONS 
In this study, we had designed and manufactured Trombe Wall suitable for home heating applications 

in Iraq. Winter is characterized by a moderate degrees atmosphere of Iraq most he time, not less than 10ºC in the 

morning, and goes down below zero Celsius at night. The highest value for the intensity of solar radiation in the 

winter ranges from 290 to 450 W/m
2
. 

 

Fig. 1, the studied Trombe wall 
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In the current Trombe wall, a combination of the two methods of storing heat (sensible and latent) was 

used. Water was used to store the sensible heat and the Paraffin wax as a phase change material for the storage 

of latent heat. The mixing of two storage methods was for the purpose of creating a thermal storage wall with a 

potential dynamic air heating. 

Fig. 1 represents the solar intensity for the tested period. The figure reveals that the solar intensity in 

Dec.-2015 was less than Jan.-2016. These differences in solar intensity have a significant effect on the heat 

gained by the wall. From the measured solar intensity, we can assume that the heat acquired by the wall will be 

higher on Jan. compared to that of Dec. 

Figs. 3 & 4 indicate the temperature of the central parts of the wall. For the three sections, the 

temperature increased from the first morning until 1 PM, and then it declines after 4 PM. This period from 8 

AM to 4 PM can be represented as the charging period where the wall parts heated till its reach its maximum 

storage ability. For the time from 8 to 12 AM, the wax temperature was higher than the water temperature 

although the most incident solar radiation was falling on water as it was at the front of the wall. The high water 

specific heat made the increments in temperature lower than that for the wax which has less specific heat. For 

the period from 12 AM to 4 PM. The water temperature exceeded the other parts temperatures, and the sensible 

heat of storage rose. For the time from 4 PM till 10 PM, this period can be named as discharge period, where all 

the storage heat will be transferred to the cold air to heat it. In this time the water temperature declines faster 

than the other parts, due to two reasons: first, the air comes into contact with the bottled water entirely as it 

entered the wall, while touching one end of the wax. The aluminum plate, as it is the last part of the wall isolated 

from the air by the wax, its temperature remain higher than the other parts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The time needed to equalize the wall parts temperature with the air temperature was 6 hours (which 

represents the discharge period). This period is long enough to confirm the success of the designed wall. The 

increase of the discharge time depends mainly on the wall size. As a comparison between figures 3 & 4, at 

January the wall parts were higher due to higher solar intensity. 

Fig. 4 shows the average thermal energy stored in the fabricated Trombe wall for the two winter months. The 

aluminum plate has low energy storage capability due to its small mass and specific heat. The wax storage 

energy was less than the water due to the weight of the water used in the experiments was higher several times 

than that of wax. In addition to the water specific heat is greater by more than double of those of paraffin wax. 

In general, the total heat stored in the wall during the charging period was high, which confirm the success of 

employing this cheap and easily manufactured wall for heating applications in Iraq. 

Fig. 5 clarifies the hourly efficiency during the tests period. The efficiency depends mainly on how much 

utilized from the solar radiation falling on the wall. The results reveal high efficiencies were gained, although 

most of the solar devices have low efficiencies. This result confirms the suitability of this wall for heating 

applications.  

Fig. 3,the temperature of the Trombe wall parts 

during December test period 
Fig. 2,the average solar intensity values for the 

two months. 
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IV. CONCLUSIONS 
In this study, a hybrid Trombe wall was designed and manufactured to run on both sensible and latent 

heat storage modes. This wall characterized by simple and inexpensive parts. The experiments were conducted 

on the wall in the winter days of Baghdad city of Iraq (December-2015 and January-2016). The study results 

confirmed the success of this type of wall to be applied for heating air in Iraq. The high solar intensity of Iraq 

enables the wall of storing temperature as sensible and latent heat. This stored thermal energy is the heat source 

for the air at night. The majority of the stored heat was by the water due to its high mass and specific heat 

compared with the other wall parts. Although the paraffin wax has lower mass and specific heat compared to 

water, it contributed significantly to the heat stored during the phase change period and in heating the air in the 

discharge time. 
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