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       Recently, more diverse challenges in the community have appeared such as 

climate change and lack of energy supply security. As a result, energy especially 

renewable energy has been focused on these challenges by converting systems based 

on classic energy (fossil fuels) into systems based on renewable energy, Thermal 

storage wall (Trombe wall) one of these systems. The thermal efficiency of a thermal 

storage wall depends on many factors; the most important is the absorbent surface. 

For this purpose, an experimental and theoretical study has been conducted on three 

models of thermal storage wall (Trombe Wall) made of concrete with thickness 10 

cm, the absorbent surface of the two models was treated by adding a layer of Copper 

and Aluminum chips, and the third model is a classic Trombe wall. Two test rooms 

were constructed with similar dimensions from PVC sandwich panels except the 

south facade, to install thermal storage wall and glass cover, with leaving 25 cm 

distance between them as air channel. Each model contains two vents (7cm x 30cm) 

to allow the air to circulate within the system. 

       Experiments were carried out on the thermal system for two months under the 

actual weather conditions of the Kirkuk city/ Iraq. Where, the classical and Copper 

models were tested from 1-27th January, 2018. While, from 1-28th February for the 

same year, the classical model was tested with Aluminum model, taking into 

account, adding thermal insulation to the southern facade for some days at night. A 

mathematical model has been built based on Heat equation and Energy balance, the 

model simulated using Central Finite Difference. The effect of surface treatment on 

the performance of the system has been studied by calculating the Nusselt number in 

certain locations along the channel and the thermal efficiency of the system. 

       The experimental results showed that the rate of enhancement in room 

temperature difference from the outdoor temperature for Copper and Aluminum 

model in comparison to the classic model reaches (32.79 and 25.58 %), respectively 

at day. During the night, it reaches with the presence and absence of the thermal 

insulation (40.5 and 32.17 %) for the Copper, respectively. While, for Aluminum 

model it reaches (2.8 and 13.68 %), respectively. Calculating Nusselt number at three 

different levels along the channel, showed that the highest level within the channel 

gives the highest Nusselt number rate and was greater than level low and medium by 

(171.53 and 65.31 %) in the classical model, (176.21 and 55.81%) in the Copper 

model, and (138.76 and 38.86%) in the Aluminum model, respectively. Adding 
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thermal insulation to the Copper model effect on Nusselt number, where it retains its 

values and does not decrease. While the Aluminum model, shows an inverse pattern, 

where it values decrease below classic model values. 

       Taking the rate of thermal efficiency for each model and comparing it with 

classic model, it was found that the rate of enhancement in Copper and Aluminum 

model reaches (17.07 and 4.87 %), respectively. An empirical equation was reached 

to calculate thermal efficiency for each model based on temperature difference 

between rooms and ambient over solar intensity, the empirical equations are: 

ɳ = 0.6066 − 1.8222
Tr − Ta

It
        for Copper model 

ɳ = 0.5471 − 3.3941
Tr − Ta

It
      for Aluminum model 

ɳ = 0.5293 − 1.29
Tr − Ta

It
         for Classic model 

       In order to verify the accuracy of the experimental results for each model, they 

were compared with the theoretical results, and found out that there was a great 

match between them. Where, the error percentage didn’t exceed                          

(5.88, 5.16, and 4.27 %) for Aluminum, classic and Copper model, respectively. 

 




