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ي  لُانتيا ااُاي ل الٛيخاحي هيا الىتييً الب حٖتيً ت لي لُي ل  َانتيا ال نيه لانيا َ تتي  ال ي : الخلاصة اء يعت العذل الٛخاحي في  ٖيتحاا النى يا لاي هام ا هم

الٛيخاحي لٗيتحاا النى يا ت لالُي  لَٛاتق الخاٚيً الٛخاحييًن اُتٗيً ليجلي ت ي يتح الىٛيّ الٛي ل  يليا َ ي يخ ٖيتحاا هٗ فيً يهذةلٖيًا لذيي ةي ا ةاء 

خُىي حاٌ َُ  ا ها لاتي طىا ٌ ا ائتً هفص لً يصف ئٙ حقتاً ها ا ل ه ت م ت لهعخفً هتى َأْتخا  ف  َٛستا أل َانتا اكُس ب الٛيخاحي ن أٖخييٍ اا

ي يً ال ي ٌ ت العيخا  ت في   ي خ خي  لايخ ا في  هت 5ن32م ي 4ن2م لاحَفي    2م طي ل للايخ   2لانا غخفيً ان ثٖتيً هيا ا لي ا٘ الع دليً يأيعي ة 

م لايخ ان َيم ي ي ء ْاْيً اني ثٔ هيا الٗيتحاا النٗ فيً يفٗي ي  3ن3م طي ل ت  1أغس سن َم ٚفخ ٚفيخي في  الٗيتاح الٗ ي ي  ال خيي  ي  يعي ة الُ لتيً  ي

يلا ٖيذأيا لايا طخييق لصيي ةيفتًٛ حقتايً سم ييتلا َاستما ت لَم َاستم الٗذء الٓ ا   6سم ف  اجه الفًُٛ ؛ َم َخك أٚتان  يفٗ ي ا ائتً  6ا ائتً 

هم ت لَم َاستم فٗ ي ال  اء ف  الٗتاح الٓ لّ يلا ْاًْ أٖذاء لاا طخييق لصيي ةيفتُٛتا حفتعُيتا هيا ا ل ه تي م ن ألصيٍٛ  1ها ا ل ه ت م يسني 

سم ييتلا اااس ما هيي الٗيتاحيا اٚيتان  فتي   6ٗ ي ال ُ ئٕ الُٗخيىتً أا كنتً ال سه الٛخاحي َ بفض لا ت دي ةي طىا ٌ ال  اء ن لا ت ها حاً الٗتاح يف

 ن٪ لانا الُ ال 21٪ ل 5ن11طىاُتا ها ال  اء لا خخ ْاِ طىا ٌ ها ال  اء ينغ اابف   كسه الٛخاحي 

1. INTRODUCTION 

 The external walls of the building are considered a thermal interface between the external and internal 

environments, and the demand of buildings for energy is closely related to their thermal performance, so it is 

necessary to build high-performance external walls to reduce heat gain and ensure low energy consumption. 

The research shows the design of a wall incorporating layers of air gap as a thermal insulator separated among 

themselves by aluminium sheets. It also explains the effect of air layers on reducing the cooling load resulting 

from heat gain and researching its effect on internal and external surface temperatures. 
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Abstract  
Thermal insulation in the building walls is an important factor to reduce heat 

transfer from the external environment, thus reducing the demand for air 

conditioning and achieving thermal comfort. In order to improve the thermal 

performance of building walls, the present work aims to construct hollow 

(double) walls experimentally; which are made of several air layers separated 

by thin aluminum sheets, and to find the extent of their impact on improving 

or reducing heat gain. Tests were conducted on a model room of sandwich 

panel with dimensions of 2 m length and 2 m width, and 2.4 m height (32.5 

latitudes) in kut city, Iraq, in August. A hole was drilled in the southwest wall 

with the following dimensions: (1 m long, 0.3 m wide). Three models of 

hollow walls with a 6 cm air gap were built in this hole; one was left with a 6 

cm air gap (without dividing), the second was divided into two parts by 

placing a thin sheet of aluminum 1 mm thick, and the third wall's air gap was 

divided into three parts by placing two thin sheets of aluminum. The 

experimental results showed that the quantity of heat gain was lowered when 

the air layers were increased. The heat gain decrease was 11.5 % and 21 %, 

respectively, when comparing the wall with a cavity of 6 cm (without 

splitting) with the two walls in which the air gap was divided into two and 

three layers. 

Keywords: air gap layers; thermal insulation; heat gain in wall; aluminum sheets. 
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The air gap in a closed form can act as an insulating layer and increase the overall resistance of the installation 

because the thermal conductivity of air is much lower than that of other building materials. The amount of thermal 

resistance is determined by a number of elements, including (the cavity thickness, the air cavity inclination, the 

direction of heat transfer, the cavity temperature, and the emission of long electromagnetic waves for the cavity 

surface). The part of heat transfer by convection and conduction is affected by (the location of the air cavity, the 

direction of heat transfer, the difference in temperature of the two surfaces, and the thickness of the air cavity), 

while the part connected to radiation is affected by the temperature and characteristics of the boundary surfaces 

(absorption, transmittance, and reflectivity) [1].  

The study of Zhang and Yang included a numerical simulation for transmission of heat across the air layers. To 

improve the air layer's thermal insulation, two measures were determined: the optimum thickness of the air layer 

and the reduction of surface emissivity. It was found that the optimal thickness of the air layer was 20-30 mm 

according to the conditions of the temperature limits, and that the thermal resistance of the air layer improved by 

87.15 - 172.73% when the emissivity decreased from 0.95 to 0.2 [2].    

 Ujma and Umnyakova conducted the thermal protection of the air gap is affected by the temperature difference 

on both sides of the surface of the gap and according to the thickness of the gap. When the thickness of the air gap 

was small, the thermal protection was not affected by the temperature difference between the two sides of the air 

gap, but with the increase in thickness, the effect of the difference between the temperatures on both sides of it 

increased. This is due to the increase in heat exchange by convection. The surface emissivity also has a substantial 

impact on the thermal protection of the air layers. When the emission decreases from 0.6 W/m
2
K

4
 to 0.2 W/m

2
K

4
, 

the thermal protection of the air gap increases by 4 times [3].    

Lorente and Bejan studied the possibility of improving the internal structure of a hollow wall by combining 

thermal insulation with its mechanical strength, as they found that reducing the natural convection currents to a 

minimum enhances the wall's total thermal resistance. As a result, the ideal number of air cavities will grow when 

the influence of natural convection increases and the wall stiffness lowers [4]. 

Lapena and Kara developed the thermal insulation system by dividing the air gap inside the building envelope into 

multiple layers using reflective and low-emission panels. The sheets of low emissivity aluminum and 

polyethylene were examined with a heat box, where the air gap with a thickness of 40 mm was divided into two 

parallel cavities using a sheet of aluminum and polyethylene with a thickness of 2 mm. This led to an increase in 

the thermal resistance calculated from 0.34 m
2
K/W  to 1.357 m

2
K/W [5]. 

Antar and Baig studied heat transfer (conductivity and normal convection) through a hollow block is numerically 

investigated. The results indicate that increasing the number of air gaps to two and then to three, while keeping the 

total block width constant, reduce the air velocity inside the air gaps by 30.34% and 40.56%, respectively, and 

increases the total thermal resistance by 28% and 36%, respectively [6]. 

Researches had shown that the effect of the thickness of the air gap in the double walls on the decrease of its 

surface transmission coefficients. The amount of reduction increased from 23.44% in the single wall to 38.7% in 

the double wall [7]. 

The research indicates that when an aluminium plate with a thickness of 1 mm is installed on the south and east 

facing walls, in addition to an air gap confined between the plate and the wall, the heat flow of the east and south 

facing wall will decrease by 20% and 23.5%, respectively, [8]. 

2. The EXPERIMENTAL WORK 

The experimental work included the construction of a room-model to know the thermal insulation of the 

layers of the air gap separated between them by thin aluminum sheets in the walls of the building and to know 

the extent of their impact on the inner and outer temperatures within 24 hours in (August 2021). This room 

was built to be in touch directly with the sun's rays at Wasit University (Kut city) and a wall oriented to the 

southwest was chosen for this work. 

2.1.Description of the room-model  

The present investigation was conducted in a small room-model. The roof and all of the room's walls are 

composed of sandwich panel material with a thickness of 5 cm and a thermal conductivity of (0.034W/m
 
K), while 

the floor is 17 mm thick wood. The room's dimensions are (2 m long, 2 m wide, and 2.4 m high) and all of its 

walls in close contact with the environment. In the southwest wall, an opening of dimensions (1 m in height and 

0.3 m in width) was made as in Figure (1).  
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Figure 1 Room model 

This opening was divided into three sections. In each section, a model of a double brick wall was built (brick 

thickness 10 cm, K = 0.54 W/m K) containing an air-enclosed cavity (6 cm) thick ,5cm thick cork insulation 

fixed between each section (Figure 2). The first wall model kept with 6 cm air gap, while in the second wall 

the air gap was divided into two equal parts, and in the third wall it was divided into three sections by placing 

aluminum sheets with a thickness of 1 mm. The three walls were encased with cement from the exterior 

(Ficus, k = 0.72 W/m
 
K) with a thickness of 1 cm after which it was painted white because it reflects the most 

falling solar radiation and thus gives the lowest external surface temperature [9], while from the interior it 

were encased with plaster and gypsum (kp = 0.36 W/m
 
K, kg = 0.81 W/m

 
K) with a thickness of 2 cm     

Figure (3). 

 

Figure 2 Cavity walls with air gap layers 
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                                           [a] External surface                                    [b] Internal surface  

Figure 3 Cavity wall surfaces and thermocouple sites 

4. MEASURING DEVICES 

4.1.Temperature measurement 

The temperature of the walls was measured using TP-01 K thermocouples. Two thermocouples were employed in 

each of the three walls: one to measure the inner surface temperature of the wall (T i) and the other to measure the 

outer surface temperature (To). As shown in Figure (4), one thermocouple was put inside the room at a height of 1 

m to measure the room's temperature (Tr), and another was placed outside the room (in the shadow) to measure 

the ambient  air temperature (Ta). 

 An electronic data recorder of the type (Pico log) model (TC-08) produced in the UK was used to record 

temperature values. Thermocouples are attached to a data logger that has eight sensors with a temperature 

measurement precision of (± 0.2%)°C and is connected to a computer to record readings. 

 

 
Figure 4 Indicate to connection temperature measurement equipment. 

4.2.Solar power meter 

Throughout all tests, a solar energy meter of the type TES-1333R is used to detect solar radiation intensity in 

W/m
2
 during the day. 
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4.3.Air-condition unit 

A cooling unit was used inside the room (split unit) with a capacity of 3500W, LG.Company, to maintain a 

consistent room temperature (23-25 °C) during the experiment. 

5. RESULTS AND DISCUSSIONS 

5.1. Inner surface temperature of the walls (Ti)  

 Previous studies demonstrated the effect of natural convection and surface emissions on heat transfer through 

walls. In this study, the air cavity was divided into layers by placing aluminum sheets between them, because 

these sheets are reflective insulators, which are characterized by low thermal radiation. The presence of multiple 

layers of air improves the thermal insulation of the air cavity, due to the restriction Air movement within the gap, 

thus raising the overall resistance of the wall. 

Figures (5 and 6) demonstrate the influence of increasing air layers in cavity walls on the inner surface 

temperatures over the summer. In these graphs, four values were displayed; Ti for three cavity walls  to compare 

(Ti6 & Ti.AL.1) and (Ti6 & Ti.AL.2), room temperature (Tr) and solar radiation (Ir). In all cases, room temperature 

(varying from 23 to 25 °C) and solar intensity followed the same pattern, increasing at sunrise at 7 a.m. to a peak 

at midday, then gradually decreasing till reaching zero at sunset. The major sources of heat gain that raise wall 

temperatures are solar radiation and ambient temperature. 

Figure (5) shows the inner surface temperatures of the test that was conducted on the two hollow walls with a 

cavity thickness of 6 cm Ti6, one of them was divided into two hollows by placing an aluminum plate T i.AL.1 to 

compare them. The temperature of the internal surface of the two walls has been observed to rise as of sunrise at 7 

a.m. and keeps rising until it reaches its peak value at 6 p.m (28.60 °C for Ti6 and  26.2 °C for Ti.AL.1), hence the 

difference was (2.4°C), this is due to heat gain through the wall caused by an increase in solar radiation (Ir), which 

begins to rise at 32.5 W/m
2
 at 7 a.m. and reaches a peak of 773.4 W/m

2
 at 12 p.m. The reduce in the temperature 

curve of the inner surface of the wall containing two layers of air was within a 24-hour period, where the average 

inner surface temperature in it         is (24.6 °C), While the average inner surface temperature of the wall with 

an air layer with a thickness of 6 cm     is (26.85 °C), i.e. the amount of decrease achieved is equal to (2.25 °C), 

as a result of the decrease in the effect of natural convection inside the air layers. 

Figure (6) shows the inner surface temperatures of the test performed on two hollow walls with a cavity thickness 

of 6 cm Ti6, one of which was divided into three air layers by placing two aluminum plates (T i.AL.2) to compare 

them. Since sunrise at 7 a.m., the temperature of the inner surface of the two hollow walls has been rising, 

reaching a maximum value at 6 p.m. (28.78°C for Ti6  and 25.35°C for T i.AL.2), as a result, the difference between 

them was 3.43°C, The reason for this increase is heat gain through the wall caused by an increase in sun radiation 

(Ir), which starts at 36 W/m
2
 at 7 a.m. and peaks at 790 W/m

2
 at 12 p.m. The reduce in the temperature curve of 

the inner surface of the wall containing three layers of air was within a 24-hour period, where the average inner 

surface temperature in it         is (24.3 °C), While the average temperature of the inner surface of the wall with 

an air layer with a thickness of 6 cm     is (27.42 °C), i.e. the reduction is equal to (3.14 °C), as a result of the 

decrease in the effect of natural convection inside the air layers.  
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Figure 5 Inner surface temperature of the wall with  air layers, room temperature and solar radiation (Ir) at (17-Aug. -2021). 
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Figure 6 Inner surface temperature of the wall with  air layers, room temperature and solar radiation (Ir)  at (19-Aug. -2021). 

5.2. External surface temperature of the walls (To)  

Figures ( 7 and 8) indicate that the comparison of the external surface temperature of the two hollow walls with 

ambient air temperature and solar radiation. It can be seen that changes in the number of air layers had no effect 

on the temperature of the external surface of the hollow wall, where they are almost identical and had the same 

rate as the increasing or decreasing since the surfaces were all subjected to the same environment condition. 

Figure (7), illustrates a comparison of two hollow walls' exterior surface temperatures with  a cavity thickness of 6 

cm Tout.6, one of them was divided into two air layers by laying an aluminum plate Tout.AL.1, solar radiation (Ir) and 
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ambient air temperature (Ta) for   24 h. The temperature of the two walls' exterior surfaces began to increase at 7 

a.m., reaching a maximum of 49 °C at 4 p.m., corresponding with the rise in ambient air temperature, which 

reached a maximum of 45 °C at 4 p.m. The cause for this increase is due to solar radiation (Ir), which begins to 

increase at 32.5 W/m
2
 at 7 a.m. and peaks at 773.4 W/m

2
 at 12 p.m.,after then, it starts to decrease. After 12 am, 

the temperature of the outer surface of the walls drops more than the temperature of the ambient air. The reason 

for this decrease is that the wall releases the heat stored in it to the environment at night, so the ambient air 

temperature will rise. At 7 p.m., (Ir) reaches zero, resulting in a drop in (Tout.6 and Tout.AL.1) and ambient 

temperature (Ta) until they reach at least 27 °C and 28 °C, respectively, at 5 a.m. 

Figure (8), illustrates the exterior surface temperatures of two hollow walls with a cavity thickness of 6 cm Tout.6, 

one of which was divided into three air layers for 24 hours by putting two aluminum plates Tout.AL.2, solar radiation 

(Ir) and ambient air temperature (Ta). The temperature of the two walls' exterior surfaces began to climb at 7 a.m., 

reaching a maximum of 50 °C at 4 p.m., corresponding with the rise in ambient temperature, which reached a 

maximum of 47 °C at 4 p.m. The cause for this increase is due to solar radiation (Ir), which begins to increase at 

36 W/m
2
 at 7 a.m., peaks at 790 W/m

2
 at 12 p.m., and then begins to fall. It drops to zero around 7 p.m., causing a 

drop in exterior surface temperatures (Tout.6 and Tout.AL.2) as well as the ambient temperature till they reach a 

minimum of 29 °C and 31 °C at 5 a.m. 
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Figure 7 Outer surface temperature gradient of the wall With air layers, ambient temperature, and solar radiation at (17-Aug. -

2021) 
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Figure 8 Outer surface temperature gradient of the wall With air layers, ambient temperature, and solar radiation at (19-Aug. -

2021) 

5.3.  Heat gain through cavity walls(Q)  

The Radiant Time Series (RTS) method was used to calculate heat gain through the walls that is derived from the 

heat balance [1]. 

Conductive heat loss of using Conduction Time Series 

                                                                                     (1) 

Where:  

      : Hourly conductive heat gain for wall, W. 

U: Overall heat transfer coefficient for the wall, W/(  K).  

A: Surface area,      

       : Sol-air temperature n hours ago, °C.  

       : Presumed room air temperature n hours ago, °C. 

The conductive heat gain through the walls can be calculated using conductive heat input for the current hour and 

for the past 23-hours. 

                                                                (2) 

  : Hourly conductive heat gain for the wall, W. 

    : Heat input for the current hour, W.      

        Heat input n hours ago, W. 

   ,   , etc.: Conduction time factors. 

Figure (9) illustrates the heat gain of two hollow walls with a cavity thickness of 6 cm, one of which was 

separated into two air layers by the placing of an aluminum plate. When compared them, the heat gain curve of 

the two-layer wall shows a reduction over 24 hours, where the average heat gain rate of the wall with two air 

layers       was 16.8 W/m
2
, while the average heat gain rate of the wall with an air gap of 6 cm    was (19 

W/m
2
), indicating that the rate of reduction relative to the heat gain was 11.5 %. 

Figure (10) displays the heat gain rate of two hollow walls with a cavity thickness of 6 cm, one of which was 

separated into three air layers by putting two aluminum plates in the cavity. When compared them, the heat gain 
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curve of the three-layer wall shows a reduction over 24 hours, where the average heat gain rate of the wall with 

three air layers       was 17.4 W/m
2
, while the average heat gain rate of the wall with an air gap of 6 cm    was 

(22 W/m
2
), indicating that the rate of reduction relative to the heat gain was 21%. 

It can be concluded that when the air layer is divided into more than one layer, the heat gain through the wall will 

be decreased due to the increased thermal resistance of layers by reducing the convection motion of air trapped 

inside the layers. 
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Figure 1 Comparison of heat gain through walls with air layers  at (17-Aug. -2021). 
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Figure 10 Comparison of heat gain through walls with air layers  at (19-Aug. -2021). 
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5. CONCLUSIONS 

Through the results of experiments conducted on hollow walls with a cavity thickness of 6 cm, and this cavity was 

divided into layers separated by aluminum sheets with a thickness of 1 mm, oriented towards the southwest during 

the month of August, the following was concluded: 

1. The average interior surface temperature is reduced by using closed air layers in the walls. The higher 

number of air layers, the lower the average inner surface temperatures, where the average inner surface 

temperature of the wall that contains three air layers was (24 °C), It is close to room temperature, which 

means less heat gain through the wall. 

2. As a result of the thermal resistance demonstrated by the air layers, the average interior surface 

temperature decreases as the number of insulating air layers in the wall increase. Where the amount of 

reduction for walls containing a cavity with a thickness of 6 cm when compared once with the wall in 

which the air cavity was split into two parts and once with the wall where the air cavity was split into 

three parts were 2.24 ° C  and 3.14° C  respectively. 

3. The temperature of the outer surface of the hollow walls did not change when the air layers were 

increased, therefore the difference between them may be ignored in all studies. 

 

4. The more layers of air, the less heat gain through the walls as a result of  its role in reducing the 

natural load currents, and thus the thermal resistance of the wall increase. The rate of decrease in 

heat gain between (   &      
) and (   &      

) were 11.5% and 21% respectively. 
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