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ABSTRACT 

The present work shows the importance of using thermal 

insulation for new building walls. To decrease cooling and 

heating load, so the electric power consumption for air-

conditioning equipment drop to more than 50% of that 

without insulation. The experimental work includes building 

of two models of (1X1X1)m width, length and height located 

at (32.5 latitude) kut city, Iraq. The model is set to be each 

wall faced south, east, north and west direction exactly. The 

models built from brick. Many type of insulation material 

were tested & compared with normal brick wall; 

polyurethane, polystyrene and composite of newspaper waste 

mixed with cement mortar (NC). The heat gain was calculated 

for all the above insulations compared with brick model. The 

results showed that the maximum percent of energy saving 

was for polyurethane 61.76% and the others as follow: 

(polystyrene58.82%, NC 31.42%) . 

General Terms 

Qo : Heat dissipation rate. (w), A : Area (m2), R : Thermal 

resistance (m2.°C/W), T : Time, Temperature (Sec, °C), K: 

Thermal conductivity  (W/m. °C),  

Keywords 

Thermal insulation, Saving energy by insulation, composite 

insulation.  

1. INTRODUCTION 
Iraq is located in the sub-tropical region hot and dry, which is 

dominated by desert climate. Where, the summer lasts for 

more than seven months. The sun shines during these months 

for long time (more than a 12hr / day), and the shadow 

temperature reaches more than (45˚C) so the external wall of 

models exposed to thermal waves and its strength proportion 

to the time [1]. The outside walls and roofs should be 

protected from radiation of the sun and the changing climatic 

conditions by an appropriate thermal insulation material. The 

radiation of sun is more than 780 watts/m2 on the horizontal 

surfaces in the summer season which leads to uncomfortable 

inside temperature. The cooling and heating equipment are 

considerably decreases in case of using thermal insulation 

materials which leads to save the consumption of electrical 

energy.  

According to World Watch Institute Estimations, buildings 

are responsible for 40% of the total energy consumption 

worldwide with a greater percentage in the industrialized and 

urbanized countries (Graham[2], Oldewurtel et al., [3]). In 

Iraq, the building sector in Baghdad is responsible for 48% 

residential, 29% industrial, 13% offices, 6% commercial and 

4% agricultural of energy consumption (Alsammarae, [4]). 

Most of the energy consumption in Iraq is for cooling and 

heating that require a great amount of energy loads as 

compared to lighting and other uses. Hasan [5]  indicated that 

69% of the annual energy use in houses in Baghdad consumes 

for cooling by 42% and 26% goes for heating. 

The thermal insulations are materials or composite of 

materials which used mainly to afford resistance to heat 

flow. Insulations are heterogeneous materials with low 

thermal conductivity, and they include air pocket. The 

purpose of using air is due to low thermal conductivities 

and availability of it. The optimum thickness of the 

thermal insulation (polystyrene) is investigated by 

Jozsef Nyers, et al. [6] who is found that is 9 cm if the 

minimum payback period of the investment is 1.98 

years and if the heat source used is electric energy with 

the price of 0,08 eu / kWh. The optimum thickness of 

insulation for extruded polystyrene studied by Meral 

Ozel [7], who is found that is for south oriented wall 

was 5.5 cm and for west north, and east oriented walls 

was 6 cm. Implicit finite-difference method were used 

to  determine the yearly cooling loads of building walls 

for the climatic conditions of Turkey.  Value of energy 

consumption and the cost of insulation material based 

on  10 years lifetime cost of the building was used to 

calculate the energy savings, payback periods. Ehssan 

F. A, Judat A. Y. [8], Investigated "the effect of using 

insulation on the energy saving in buildings by  

analyzing the thermal performance of a building which 

is about 600 m³ sizes. The building is built in three 

different models. In the first model, walls are built with 

brick. In the second model, a layer of foam 

(Polystyrene) of 4 cm thickness has been used as an 

insulation layer inside walls and on the roof. In the third 

model, walls are constructed of two parts separated by 

an air gap of 8 cm wide; moreover a secondary roof is 

added to this model. A Qbasic program is prepared to 

simulate the required mathematical equations in finite 

difference method and the weather conditions data of 

Baghdad city in January, 1994. The results of the 

simulation showed that the ratios of the saved energy by 

the second and third models with respect to the first 

model are 29.96%, and 35.40% respectively.  

2. THE OBJECTIVES 

Saving energy of the Iraqi buildings by using standard thermal 

insulation and new thermal insulation. 

3. THEORITICAL EQUATIONS 
The of heat conduction rate is directly proportional to the 

thermal conductivity, the temperature difference and the area 

of the wall, on the other hand  its inversely proportional to the 

thickness of the wall. 
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𝑄𝑐𝑜𝑛𝑑 .𝑤𝑎𝑙𝑙
𝑜 = 𝑘𝐴

𝑇1−𝑇2

𝐿
                                              (3.1) 

Rwall =  
L

kA
   (℃ 𝑊 )                                              (3.2) 

Convection Resistance: Is the surface thermal resistance 

against heat convection.  

 

𝑄𝑐𝑜𝑛𝑣
∙ = ℎ𝐴𝑠 𝑇𝑠 − 𝑇∞                                                        (3.3)  

Rconv =
1

hAs
    ℃ w)                                                        (3.4)  

Radiation Resistance: Is the surface thermal resistance 

against heat radiation.  

Schematic for convection and radiation resistances at a 

surface. 

𝑄𝑟𝑎𝑑
∙ = 𝜀𝜎𝐴𝑠 𝑇𝑠

4 − 𝑇𝑠𝑢𝑟𝑟
4  = ℎ𝑟𝑎𝑑 𝐴𝑠 𝑇𝑠 − Tsurr  

=
Ts − Tsurr

Rrad
                     (3.5)    

Rrad =
1

hrad As
  (K W)                                     (3.6) 

Rradiation heat transfer coefficient 

hrad =
Qrad

∙

As(Ts − Tsurr )
= εσ Ts

2 + Tsurr
2   Ts

+ Tsurr     (W m2. k) … (3.6)  

4. EXPERIMENTAL APPARATUS 
Experimental apparatus deals with room models, installations 

of insulations and measurements device 

4.1 Room Models 
Two brick model (fig. 1&2) where constructed of(1*1*1 m) 

dimensions, one of them insulated with three type of 

insulation : polyurethane, polystyrene and NC, and the second 

model is kept without using insulation in order to compare it 

with the first model. 

 

Fig. (1) show the brick model 

 

Fig. (2) show the brick & insulation model. 

4.2 Installations of insulations and 

Thermocouple 
Thermal insulation is installed on the external wall of the 

model by using 1m2 insulation materials with 5cm thickness 

fixed to model by adhesive tape and supporting by rope. The 

thermocouples distribution was For each model used 11 LM 

wires have installed to measure the temperature distribution 

over the model where 8 LM wires are installed in the two side 

of the walls(each side has 4 LM wires) of the model besides 

one LM wire in the center as well as two LM in both sides of 

the roof of the model. As insulation is attached to the model 

more 4 LM installed in outer surface. 

4.3 A measurement device 
Two devices are used in this study for  measuring the 

parameters where Data logger device type lapjack U3 is used 
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for measuring the temperature of the model. And an extension 

is used to increase the number of measuring point, while Solar 

power meter device type TES-1333/1333R is used for 

measuring the solar power during each day of experiment by 

put it on horizontal surface, then read the value directly on the 

models, the measuring  unit w/m² is adjusting in this study.  

5. RESULT AND DISCUSSIONS 
The Fig1: The south & west walls temperature gradients, at 

inside (Si , Wi ) & outside of (So , Wo ) for Polystyrene 

insulation model and for brick model in the same day. Figure 

(B) for brick model, , shows the temperature between inside & 

outside surface of both walls (south & west), where starting 

increase during the day time up to a maximum value at a 

certain time, then decrease in low value at evening. For south 

wall at 6 a.m. the value of tSo –   tSi about 1.3oC, then increased 

to maximum value 15oC at 2 p.m. again decrease to minimum 

at 7p.m. 1.4oC. For west wall at 6 a.m. the value of tWo –   tWi 

about 1.15oC, then increased to maximum value 8.9oC at 2 

p.m. again decrease to minimum at 7p.m. 1.26oC. Figure (A) 

for Polystyrene insulation model, shows the temperature 

between inside & outside surface of both walls (south & 

west), where starting increase during the day time up to a 

maximum value at a certain time, then decrease to low value 

at evening. For south wall at 6 a.m. the value of tSo –   tSi about 

5oC, then increased to maximum value 17oC at 2 p.m. again 

decrease to minimum at 7p.m. 8.7oC. For west wall at 6 a.m. 

the value of tWo –   tWi about 4.8oC, then increased to 

maximum value 13.8oC at 2 p.m. again decrease to minimum 

at 7p.m. 8.5oC. Comparing figure (a) & (b), it can notice that 

the maximum difference between inside & outside was 17oC 

for Polystyrene insulation wall, while for brick at the same 

time was 15oC due to their resistance of brick comparing with 

Polystyrene insulation, maximum save percent is 11.76%. 

The Fig 2: illustrates the south & west walls temperature 

gradient, at inside (Si , Wi ) & outside of (So , Wo ) for 

Polyurethane insulation model and for brick model in the 

same day. Figure (A) for brick model, shows the temperature 

between inside & outside surface of both walls (south & 

west), where starting increase during the daytime up to a 

maximum value at a certain time, then decrease in low value 

at evening. For south wall at 6 a.m. the value of tSo –   tSi about 

2.7oC, then increased to maximum value 8.24oC at 2 p.m. 

again decrease to minimum at 7p.m. 5oC. For west wall at 6 

a.m. the value of tWo –   tWi about 2.5oC, then increased to 

maximum value 8.15oC at 2 p.m. again decrease to minimum 

at 7p.m. 4.85oC.  Figure (B) for Polyurethane insulation 

model, shows the temperature between inside & outside 

surface of both walls (south & west), where starting increase 

during the day time up to a maximum value at a certain time, 

then decrease to low value at evening. For south wall at 6 a.m. 

the value of tSo –   tSi about 3.95oC, then increased to 

maximum value 15.05oC at 2 p.m. again decrease to minimum 

at 7p.m. 9.33oC.For west wall at 6 a.m. the value of tWo –   tWi 

about 3.6oC, then increased to maximum value 14.89oC at 2 

p.m. again decrease to minimum at 7p.m. 8.12oC. Comparing 

figure (a) & (b), it can notice that the maximum difference 

between inside & outside was 15.05oC for Polyurethane 

insulation wall, while for brick at the same time was 8.24oC 

due to their resistance of brick comparing with Polyurethane 

insulation, maximum save percent is 45.24%. 

The Fig 3: represent the south & west walls temperature 

gradient, at inside (Si , Wi ) & outside of (So , Wo ) for (NC) 

insulation model and for brick model in the same day. Figure 

(A) for brick model, shows the temperature between inside & 

outside surface of both walls (south & west), where starting 

increase during the day time up to a maximum value at a 

certain time, then decrease in low value at evening. For south 

wall at 6 a.m. the value of tSo –   tSi about 0.4oC, then increased 

to maximum value 8.3oC at 2 p.m. again decrease to minimum 

at 7p.m. 0.5oC. For west wall at 6 a.m. the value of tWo –   tWi 

about 0.3oC, then increased to maximum value 7.7oC at 2 p.m. 

again decrease to minimum at 7p.m. 0.3oC.  Figure (B) for NC 

model, shows the temperature between inside & outside 

surface of both walls (south & west), where starting increase 

during the day time up to a maximum value at a certain time, 

then decrease to low value at evening. For south wall at 6 a.m. 

the value of tSo –   tSi about 0.5oC, then increased to maximum 

value 9.9oC at 2 p.m. again decrease to minimum at 7p.m. 

0.53oC.For west wall at 6 a.m. the value of tWo –   tWi about 

0.35oC, then increased to maximum value 9.65oC at 2 p.m. 

again decrease to minimum at 7p.m. 0.48oC.  Comparing 

figure (a) & (b), it can notice that the maximum difference 

between inside & outside was 9.9oC for (NC) insulation  wall, 

while for brick at the same time was 8.3oC due to their 

resistance of brick comparing with (NC) insulation, maximum 

save percent is 16.16%.  

The Fig 4: shows the temperature variation of outside 

air temperature comparing with inside air temperature 

for polyurethane model & for brick model, the 

temperature difference between Ta –Ti increase for 

starting from morning to maximum value at 2 p.m. the 

value for brick model was 9 oC,while for polyurethane 

at the same time the difference reach to 15 oC, that 

means the insulated wall better than commercial brick 

wall.  

The Fig 5: shows the temperature variation of outside 

air temperature comparing with inside air temperature 

for polystyrene model & for brick model, the 

temperature difference between Ta –Ti increase for 

starting from morning to maximum value at 2 p.m. the 

value for brick model was 10 oC,while for polystyrene 

at the same time the difference reach to 12 oC, that 

means the insulated wall better than commercial brick 

wall.  

The Fig 6: shows the temperature variation of outside 

air temperature comparing with inside air temperature 

for NC model & for brick model, the temperature 

difference between Ta –Ti increase for starting from 

morning to maximum value at 2 p.m. the value for brick 

model was 8.5 oC,while for NC at the same time the 

difference reach to 9 oC, that means the insulated wall 

better than commercial brick wall.  

The Fig 7: shows that the maximum value of the heat gain in 

the brick model is (17 watt/m2) at 1p.m., while the maximum 

value of the heat gain in the polyurethane insulation model is 

(6.5 watt/m2) at 2p.m., the  saving energy percent is 61.76%. 

The Fig 8: shows that the maximum value of the heat gain in 

the brick model is (17 watt/m2) at 2 p.m., while the maximum 

value of the heat gain in the polystyrene insulation model is 

(9.2 watt/m2) at 2p.m., the  saving energy percent is 58.82%. 

The Fig 9: shows that the maximum value of the heat gain in 

the brick model is (17.5 watt/m2) at 2 p.m., while the 

maximum value of the heat gain in the NC insulation model is 

(12 watt/m2) at 2p.m., the  saving energy percent is 31.42%. 

The Fig 10: depicts the comparison of the solar beam 

radiation of experimental and numerical results (which get 

from Ecotect program) which are agreeing well with 

convergence percentage of (84%) 
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The Fig 11: depicts the comparison of the solar beam 

radiation of experimental and numerical results which are 

agreeing well with convergence percentage of (82%) 

The saving energy of polystyrene of the present study is 

compared with Ehssan study [8], which deals with 600m3 and 

thickness 4cm. The saving energy of Ehssan is 29% while the 

saving energy of present study  is 55%. This difference is 

attributed to the high zone area of Ref[8] which leads to more 

dissipation of heat rate as well as the smaller insulation 

thickness retires heat flow lesser than that of present study.  

 

(A) Polystyrene insulation model 

                    

(B)Brick model 

Fig 1: show the south and west wall temperature gradient 

of A&B model 12 August 2015. 

 

(A) Brick model 

 

(B) Polyurethane insulation model 

Fig 2: show the south and west wall temperature gradient 

of A&B model (11 June 2015). 

 

(A) Brick model           

                      
(B) NC insulation model 

Fig 3: show the south and west wall temperature gradient 

of A&B model. 
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Fig 4: thermal behavior of brick and brick insulated 

outside by polyurethane model wall. 

 

Fig 5: thermal behavior of brick and brick insulated 

outside by a polystyrene model wall. 

 

Fig 6: thermal behavior of brick and brick insulated 

outside by NC model wall. 

 

Fig 7: Heat Flux Flow into Internal Surfaces of brick 

model insulated outside with polyurethane.  

 

Fig 8: Heat Flux Flow into Internal Surfaces of brick 

model insulated outside with polystyrene.  

 

Fig 9: Heat Flux Flow into Internal Surfaces of brick 

model insulated outside with NC.  
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Fig 10: The incident solar radiation on roof of brick model 

insulated with polyurethane, 13  August 2015. 

 

Fig 11: The incident solar radiation on roof of brick model 

insulated with polystyrene, 12  August 2015. 

6. CONCLUSION 
 The insulated of south and west walls are more 

effective than that of northern and eastern walls. 

 The saving energy for experimentally tested 

insulation can be arranged from maximum value of 

saving as follow : 61.% polyurethane. the others as 

follow : (polystyrene58.82%, NC31.42) 
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