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ABSTRACT 

The apportionment of thermal mass inside buildings is the consequence of constitutional and architectural resolutions 

and can highly affect how the building interacts to internal heat gains, solar radiation or changes in outdoor conditions. 

Lightweight components interact readily to changes in interior gains and solar radiation. The phase change materials, 

PCM using in the building material is considered as one of methods to improve the thermal properties of the 

construction material. PCM plays an important role in shifting the thermal load especially during their peak values 

and contributes to reduce this load. In the present research the effectiveness of implementing PCM in the model is 

studied to estimate the response of the model interior temperature to the disturbance in the surrounding temperature 

that simulates the climate of Iraq. An experimental test rig is built by choosing proper material for the PCM wall and 

ensuring the required temperatures around the wall that simulates both seasons by proper hot and cold air injection in 

the exterior part of the wall. Temperature distribution across the PCM wall is measured during subjecting the wall to 

different temperature ramp changes, while the temperature inside the model is measured versus time. The experimental 

approach is used to validate the mathematical model. The mathematical model for PCM wall thermal behavior is based 

on model interior temperature response to various surrounding temperature disturbances. The theoretical and 

experimental results are compared together showing a reliable agreement with maximum error of 3.5OC at peak 

surrounding temperature. 
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INTRODUCTION 

Energy consumption has been increased in the last decade according to the industrial renaissance which considered 

the main effective factor in the environmental pollution. About 30-40 % of the total consumed energy in the world in 

the residence and commercial buildings are due to heating / cooling or ventilation. In Iraq the climate could be 

described in two basic seasons, hot dry and long summer, and cold short winter. The difference of daily range 

temperature is limited and causes the assemblage of heat in the building layers. The consumption of electrical demand 

is increasing, especially in hot regions due to using the cooling system where the consumption of electrical energy in 

the building sector in Iraq reach about 38% of the total energy which is produced. Many studies have been published 

in the last few decades that are considered with numerical and experimental effectiveness of integrating PCM with the 

buildings. D et, al 2003 [1] implemented buildings integrated with phase change material in ESP-r system to calculate 

the effect of integrating PCM with buildings structure with some refinements. The results obtained estimates the effect 

of the latent heat storage on the buildings thermal behavior. The latent heat of the PCM effect on thermal buildings 

behavior was almost slight during the daytime fluctuation temperature. Ravikumar et, al 2005 [2] studied the heat 

flowing through roof made up from different structure.  

The tests made on three structures: 1) Simple reinforced cement concrete roof, RCC. 2) Reinforced cement concrete, 

RCC roof covered by Withering Course, WC. 3) Reinforced cement concrete, RCC roof covered by Withering Course, 

WC implemented by PCM in the WC. Kuznik F. et, al 2008 [3] investigated the effect of applying wallboard made of 
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new PCM on the thermal behavior of the buildings and the enhancement achieved by this implanting  PCM in the 

internal face of the partition walls of the light weight buildings are studied experimentally. Haitian Yang et, al 2010 

[4] solved heat transfer problems for the phase change materials by using companion of Sigmoid function that based 

on the heat capacity smooth effect of the model with element-free Galerkin (EFG) method. The numerical model had 

been submitted and verified versus the numerical solution, as well as the effectiveness of the arrangements of the 

nodes proposed by EFG method and the parameters of the related to the sigmoid function were well investigated. N. 

Soares et, al 2013 [5] discussed the effectiveness of the PCMs on the energy performance by integration PCM with 

passive latent heat thermal energy storage (LHTES) systems and presented the previous research that concerned with 

PCMs’ integration in buildings’ construction physically and theoretically.  

Hong Ye et, al 2014 [6]  investigated the performance of stabilized shape of PCM implemented in buildings tested 

and demonstrated the buildings energy. ESI was used to establish the effectiveness of the actual building’s component 

and evaluate the performance of the building’s component in different climate regions and operating situations.  

Francesco Guarino et, al 2015 [7]  analyzed the Phase Change Materials (PCMs) performance that was implemented 

in residential buildings for different climates.  The testes results showed a high increase in the thermal mass of the 

hut’s room which consequently reduced the daily temperatures fluctuations in the hut. Energy-Plus was used in order 

to simulate the model that’s showed the analyzed cold climate temperatures in both of Canadian and Mediterranean 

regions.  Muriel Iten et, al 2016 [8] discussed and reviewed the application of TES in general and air-PCM-thermal 

energy storage system technologies and studies for the free cooling/heating of buildings particularly. The advantages 

of the passive method is the low and running costs while the disadvantages is that the heat storage is limited and not 

in the optimal performance in the hot weather in which the temperature difference is high. Francesco Guarino et, al 

2017 [9] analyzed the benefits of using PCM thermal properties by integrate it with buildings for the cold winter 

regions by storing the solar energy which reduces the daily temperatures fluctuation.  

The simulation results of using PCM as a thermal storage systems approved that it is a significant solution to reduce 

the heating loads during winter of the cold climate regions about 17.4% of the yearly consumption energy and shifting 

the peak load time about 6-8 hours during the night, it’s advisable to design buildings including passive ventilation 

which largely reduces the energy consumption for cooling load and the peak temperature during summer season. 

Saffari M. et, al 2017 [10] presented a study of simulating based on the methodology of both Energy-Plus and Gen-

Opt with building function of an enthalpy-temperature (h-T) which study the optimization of the PCM melting 

temperature in the peak load to reduce the yearly consumption energy for heating/cooling of the different climate 

temperature for residential buildings based on the classification of the Köppen-Geiger method. Jaber et, al 2017 [11] 

addressed, analyzed and optimized the dynamic energy simulation of the performance of implementing PCM with 

buildings that’s considered as zero energy buildings as a passive technique. Uppal al. 2017[12] studied the 

effectiveness of choosing of integrating PCM RUBITHERM 21 with buildings to acquire zero energy buildings and 

reduce the fluctuation of outside temperature which effect on the energy consume and peak load time.  

Ezzat et, al 2018 [13]  investigated the effectiveness of incorporate PCM with buildings construction to minimize 

heating load and sheer solar cells and TSC in windows for utilizing the generated electricity from these cells for 

lighting the buildings. Mushtaq I. et, al 2018 [14] Studied experimentally and theoretically the effect of integrated 

PCM with wall and ceiling of the model on thermal performance and comfort of the system. The experiments verify 

the different results of using paraffin wax as a PCM in the model with different orientation and thickness. The results 

showed that using PCM in the second room was for decreasing the heating and cooling load which reduces the 

consumption energy. Yang et, al 2019 [15] investigated the improvements on the thermal comfort of the buildings 

that’s integrated with PCM and the method of the application. ASHRAE Standard 55 was used to investigate the 

thermal performance under different conditions and estimate the climate parameters that effect on the performance of 

buildings integrated with PCM, the type of PCM suitable for the buildings in different climates and the enhancement 

of thermal comfort and applications. Cesare Forzano et, al 2019 [16]  presented a comprehension between different 

types of PCMs integrated with buildings and analysed the performance of these buildings to equip appropriate design 

criteria  and selection for this technology.  
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M. Mahdavi et, al 2019 [17]   studied the thermal parameters that effects  on the thermal comfort of NZEB and draw 

comparison between them. Secondly, they introduced mathematical analyses to determine the thermal comfort 

temperature by simulating dynamics model. The results of this study showed that solar energy is not enough to achieve 

the energy of NZEB. Majdi Hazami et, al 2020 [18] investigated the effect of implementing PCM on the indoor 

buildings thermal comfort. The results showed that the temperature of the test room was 25OC during the day while 

it’s 27 OC in the outside and during the night. The room with PCM reduced to be 20OC inside the buildings. The 

present research objectives could be summarized as follows: 1) Design and Build a test room capable to simulate the 

temperature variations versus daily hours during hottest day in Iraq. 2) Study the effect of PCM thermal characteristics 

and dimensions on energy saving during simulated summer season in Iraq. 3) Optimize PCM thickness versus heat 

loss and gain during different seasons. 4) Validate the mathematical model that simulates PCM melting and 

solidification during temperature variation process using the experimental results.  

EXPERIMENTAL APPROACH 

To simulate the effect of climate variation in Iraq on the temperature fluctuation inside a residential building, a test 

room is designed and fabricated to study temperature response estimation inside the model to different disturbance 

functions. 

Test room   

A test room is designed to simulate the climate variation in Iraq. The room shape is cubical with 1m side length. The 

room is thermally isolated from the surrounding using proper thermal insulation material. The test room is supplied 

with hot dry air to simulate the weather during summer season and cold humid air during winter season. In the heating 

process a heater was fixed inside the test room to various the temperature on the air surrounding the model be control 

the heater temperature. For cooling process the model was placed inside freezer with the same size and of the test 

room in the heating process, the freezer was controlled temperature and varied through controller that controls through 

change the resistance of the thermocouple.  

 

Plate 1. Test room with the model inside it. 

Model design 

The test model represents a typical zero energy building with their real dimensions in the experimental part of the 

research. For the purpose of minimizing the time interval required to simulate the whole day temperature variation, 

the dimensions of the model are scaled down by reducing model volume and calculating the time scale from the ratio 

of heat transfer area and heat affected zone volume in both real and model scales. Only one face is chosen to represent 

the whole heat transfer areas in the real scale, while the other sides and roof are fully thermally insulated. The 

dimensions of the model volume, walls and roof surface areas are 0.05m3 & 0.5m *0.5m respectively. The thickness 
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of thermally insulated walls and roof is 4 cm. The thickness of the PCM inside the 1 mm thickness aluminum wall is 

5cm. The height and the width of the PCM walls are 0.405 m and 0.5 m respectively. A glass part is fixed on the top 

of the PCM slab which represents the portion of the windows area within the real building scale. The glass dimension 

is 9.5cm * 50cm. The other three side walls and roof are thermally isolated from the ambient. Ten thermocouple 

sensors are penetrated the upper aluminum cover of the PCM slab. Two of them are fixed on the outer and inners PCM 

surfaces, four of them are distributed along PCM thickness in equal distances of 10 mm, two of them are fixed in the 

upper and lower part of the PCM slab, while one of them is fixed within the space between test room and test model 

and the last one is fixed inside test room.  

 

Plate 2. Residential building model implemented in the experiments 

Real dimensions of the room buildings  

𝑉𝑟 = 100 ∗ 3 = 300 𝑚3  

𝐴𝑟 = 3 ∗ (4 ∗ 10) + (10 ∗ 10) = 220 𝑚2  

Model dimensions relative to the real room  

𝑉𝑚 = 0.2 ∗ 0.25 = 0.05 𝑚3   

𝐴𝑚 = 0.5 ∗ 0.5 = 0.25 𝑚2  

Δ𝑡𝑟

Δ𝑡𝑚
=

𝑉𝑟 ∗∆𝑋𝑟

𝐴𝑟
∗

𝐴𝑚

𝑉𝑚∗∆𝑋𝑚
=

300

220
∗

0.25

0.05
= 6.82  

No. of intervals = 24 

∆𝑡𝑟 = 1 hrs   

∆tm = 1/6.82 ≅ 0.147hr = 8.8 min   

Total model test time interval = 24* 0.147 = 3.53 hrs 

THEORETICAL APPROACH 

Theoretical approach is based on solving the governing equations related to the response of air temperature inside the 

model to the temperature disturbance of surrounding air between the test room and the model represented by multi 

ramp functions. The mathematical model used to calculate the temperature variation inside the model versus time is 

based on the following assumptions: 
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• The down scaled time intervals ∆tm estimated in paragraph 2.2 is used in the mathematical model.  

• No heat loss from the test room to the surrounding 

• The PCM material is homogeneous. 

• The effect of density variation between liquid and solid phase on their distribution along the wall height is 

neglected.  

• There is no heat loss inside the model structure materials rather than PCM.  

• The heat transferred from surrounding to the model interior is absorbed by the PCM layer when this 

temperature exceeds melting temperature.  

• Time intervals that follows the one at which the outside surface of model wall equals to PCM meting 

temperature are used to calculate the melted thickness within each time interval based on the latent heat of 

PCM fusion, hfg.   

• The layers of the PCM are considered either liquid or solid during each time interval.  

• The thermo-physical properties (Cps, Cpl, hfg, Ks, Kl, ρs ρl ) of the PCM in its liquid and solid phases did not 

depend on layer temperature. 

In general the temperature variation of model air versus time according to effect of temperature variation between 

surrounding air temperature and model air temperature could represented by simple transient heat transfer case study 

as shown below:  

Ts(t)−Tr(t)

Req
= ρa ∗ cpa ∗ Va

dTr(t)

dt
                                                                                                                                          (1) 

The first part of the time intervals for Two < Tm:  

The first part of time intervals at which the PCM wall outside temperature, Two is lower the melting temperature of 

the PCM, Tm are covered using the following heat balance equation (2) by modifying equation (1):  

𝑇𝑠(𝑡)−𝑇𝑟(𝑡)

𝑅𝑝𝑜+𝑅𝑝𝑠+𝑅𝑝𝑖
+

𝑇𝑠(𝑡)−𝑇𝑟(𝑡)

𝑅𝑤𝑜+𝑅𝑤+𝑅𝑤𝑖
= 𝜌𝑎 ∗ 𝑐𝑝𝑎 ∗ 𝑉𝑎

𝑑𝑇𝑟(𝑡)

𝑑𝑡
                                                                                                                (2) 

Thus  

𝑇𝑠(𝑡)−𝑇𝑟(𝑡)

𝑅𝑒𝑞1

+
𝑇𝑠(𝑡)

−𝑇𝑟(𝑡)

𝑅𝑒𝑞2

= 𝐶 ∗
𝑑𝑇𝑟(𝑡)

𝑑𝑡
                                                                                                                                         (3) 

Where: 

C = ρ ∗ cpa ∗ V                                                                                                                                                                         (4)                 

1

𝑅𝑒𝑞
=

1

𝑅1
+

1

𝑅2
                                                                                                                                                                      (5) 

Req =
R1∗R2

R1+R2
                                                                                                                                                                           (5a) 

R1 = Rwo + Rw + Rwi                                                                                                                                                   (5b) 

R2 = Rpo + (Rpsfor solid phase or Rplfor liquid phase) + Rpi                                                                                       (5c) 

 

Rwo =
1

ho∗Aw
       Rwi =

1

hi∗Aw
      Rw =

∆𝑋𝑤

kw∗Aw
                                                                                                                       (5d)           

Rpo =
1

ho∗Ap
        Rpi =

1

hi∗Ap
        Rps =

∆𝑋𝑠

ks∗Ap
       Rpl =

∆𝑋𝑙

kl∗Ap
                                                                                  (5e) 

𝜏𝑒𝑞  (time constant) =   Req ∗ C                                                                                                                                        (6)  



 Thermal Characteristics Optimization Of Phase Change Walls In Zero Energy Buildings 

 

320 

 

Substitute equation (5) into equation (2) and take the Laplace transform   

𝜏𝑒𝑞s ∗ (Tr (s)) + Tr(s) = Ts (s)                                                                                                                                              (7) 

Tr(s) =
Ts(s)

τs+1
                                                                                                                                                                             (8) 

Equation (8) is a general response function for first order system.  

Following ramp change disturbance is used to simulate surrounding temperature variation from its initial value to its 

value when the outside PCM wall temperature reaches to its melting temperature.   

Ts(s) = 𝑇𝑠𝑖 + ∆𝑇𝑠 ∗ 𝑡                                                                                                                                                                                                    (9)                                                                                                     

Where, ∆𝑇𝑠 = (Two – Tsi) / Δtm                                                                                                                                             (10) 

∆𝑇𝑠 =
32.5−25

1500
= 0.005OC/s 

𝑇𝑟(𝑡) = 𝑇𝑟𝑖
+ ℒ−1 ∆𝑇𝑠

𝑠∗(𝜏𝑠+1)
                                                                                                                                                  (11) 

𝑇𝑟(𝑡) = 𝑇𝑟𝑖 + ∆𝑇𝑠 ∗ [𝜏𝑒𝑞 ∗ 𝑒
−

𝑡

𝜏𝑒𝑞 + 𝑡 − 𝜏𝑒𝑞]                                                                                                                      (12) 

Second part of time intervals for To ≥Tm:  

The second part of time intervals at which the PCM wall outside temperature, Two exceeds the melting temperature of 

the PCM, Tm till the surrounding temperature reaches its maximum value are covered using the following heat balance 

equation (13) by modifying equation (1):  

𝑇𝑚(𝑡)−𝑇𝑟(𝑡)

𝑅𝑒𝑞1

+
𝑇𝑠(𝑡)−𝑇𝑟(𝑡)

𝑅𝑒𝑞2

= 𝐶 ∗
𝑑𝑇𝑟(𝑡)

𝑑𝑡
                                                                                                                                  (13) 

𝑇𝑚(𝑡)−𝑇𝑟(𝑡)

𝜏1
+

𝑇𝑠(𝑡)−𝑇𝑟(𝑡)

𝜏2
=

𝑑𝑇𝑟(𝑡)

𝑑𝑡
                                                                                                                                             (14) 

In order to take effect of molten PCM on both its solid phase and liquid phase thicknesses versus time the energy 

balance equation (15) is used:  

𝜌𝑠 ∗ (𝐿 ∗ 𝐻𝑃𝐶𝑀) ∗ ∆𝑋𝑚 ∗ ℎ𝑓𝑔𝑠 = ℎ𝑜 ∗ 𝐴𝑃𝐶𝑀 ∗ (𝑇𝑠𝑛+1
− 𝑇𝑚)                                                                                           (15) 

∆𝑋𝑙 = ∆𝑋𝑚                                                                                                                                                                    (16) 

∆𝑋𝑠 = ∆𝑋𝑡 − ∆𝑋𝑚                                                                                                                                                            (17) 

𝑇𝑚(𝑡)

𝜏1
−

𝑇𝑟(𝑡)

𝜏1
+

𝑇𝑠(𝑡)

𝜏2
−

𝑇𝑟(𝑡)

𝜏2
=

𝑑𝑇𝑟(𝑡)

𝑑𝑡
                                                                                                                                  (18)      

𝑇𝑚(𝑡)

𝜏1
+

𝑇𝑠(𝑡)

𝜏2
=

𝑑𝑇𝑟(𝑡)

𝑑𝑡
+

𝑇𝑟(𝑡)

𝜏1
+

𝑇𝑟(𝑡)

𝜏2
                                                                                                                                  (19)    

1

𝜏𝑒𝑞
=

1

𝜏1
+

1

𝜏2
=

𝜏1+𝜏2

𝜏1∗𝜏2
                                                                                                                                                           (20) 

Use equation (20) into equation (19) 

𝑇𝑚(𝑡)

𝜏1
+

𝑇𝑠(𝑡)

𝜏2
=

𝑑𝑇𝑟(𝑡)

𝑑𝑡
+

𝑇𝑟(𝑡)

𝜏𝑒𝑞
                                                                                                                                                  (21)  

Multiply equation (21) by (𝜏𝑒𝑞) and rearrange of the Laplace transform  

 (𝜏𝑒𝑞 ∗ 𝑠 + 1) ∗ 𝑇𝑟(𝑠) =
𝜏𝑒𝑞∗𝑇𝑚(𝑠)

𝜏1
+

𝜏𝑒𝑞∗𝑇𝑠(𝑠)

𝜏2
                                                                                                                       (22)  
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Equation (22) could be simplified to: 

𝑇𝑟(𝑠) =
1

(𝜏𝑒𝑞∗𝑠+1)
∗ [𝐴 ∗ 𝑇𝑚(𝑠) + 𝐵 ∗ 𝑇𝑠(𝑠)]                                                                                                                              (23) 

Using following ramp temperature disturbance functions in equation (23): 

Ts(t) = 𝑇𝑟𝑖 + ∆𝑇𝑠 ∗ 𝑡            Ts(s) = ∆𝑇𝑠/𝑠                                                                                                                     (24) 

Tm(t) = 𝑇𝑟𝑖 + ∆𝑇𝑚 ∗ 𝑡          Tm(s) = ∆𝑇𝑚/𝑠                                                                                                                     (25) 

Using inverse Laplace transform:                                                                                                     

𝑇𝑟(𝑡) = 𝐴 ∗ 𝛥Tm ∗ (1 − 𝑒
−

𝑡

𝜏𝑒𝑞) + (𝑇𝑟𝑖 + 𝐵 ∗ ∆𝑇𝑠 ∗ [𝜏𝑒𝑞 ∗ 𝑒
−

𝑡

𝜏𝑒𝑞 + 𝑡 − 𝜏𝑒𝑞])                                                                  (26)         

𝑇𝑟(𝑡)
= 𝜏𝑒𝑞 ∗

∆𝑇𝑚

𝜏1
∗ (1 − 𝑒

−
𝑡

𝜏𝑒𝑞) + (𝑇𝑟𝑖 + 𝜏𝑒𝑞 ∗
∆𝑇𝑠

𝜏1
∗ [𝜏𝑒𝑞 ∗ 𝑒

−
𝑡

𝜏𝑒𝑞 + 𝑡 − 𝜏𝑒𝑞])                                                                   (27) 

Now we calculate the constants: 

Req1 = 0.99+1.23= 2.22 ˚C/W  

Req 2 =8.53 ˚C/W 

C = 61.8 J/˚C 

𝜏1 = 𝑅𝑒𝑞1 ∗ 𝐶 = 2.22 ∗ 61.8 = 137.2 𝑠  

𝜏2 = 𝑅𝑒𝑞2 ∗ 𝐶 = 8.53 ∗ 61.8 = 527.2 𝑠  

𝜏𝑒𝑞 =
𝜏2∗𝜏1

𝜏2+𝜏1
=

137.25∗527.25

137.25+527.25
= 109 𝑠  

Now we have to define ∆𝑇𝑚  & ∆𝑇𝑠 

∆𝑇𝑚 : the difference between melting temperature (32 ˚C) and the initial room temperature , Tri immediately after Two 

reaches to Tm  

∆𝑇𝑠𝑢 =
𝑠𝑢𝑟𝑟𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑒𝑚𝑝. (𝑝𝑒𝑎𝑘) − 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑡𝑒𝑚𝑝. ( 𝑎𝑡 𝑇𝑤𝑜 = 𝑇𝑚) 

𝑡𝑖𝑚𝑒 𝑠𝑙𝑜𝑝𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡 = 0 → 𝑡𝑚

 

∆𝑇𝑠𝑑 =
𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑡𝑒𝑚𝑝. ( 𝑎𝑡 𝑇𝑤𝑜 = 𝑇𝑚) − 𝑠𝑢𝑟𝑟𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑒𝑚𝑝. (𝑚𝑖𝑛)

𝑡𝑖𝑚𝑒 𝑠𝑙𝑜𝑝𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡 = 𝑡𝑚 →  𝑡𝑓

 

𝑇𝑟𝑖 : Room temperature when 𝑇𝑤𝑜 = 𝑇𝑚   

RESULTS DISCUSSION 

The model was tested for maximum ambient temperatures 52 and 62 and the results of PCM effectiveness 

implemented in the test model are illustrated in figures (1-6).  

a) Figure (1) shows the experimental results of both disturbance function illustrated by surrounding ramp 

temperature increase up to 52OC and then its ramp decrease to 25OC and the response function of the model 

temperature illustrated by the room interior temperature versus time.  The figure shows that model interior 

temperature saturates at temperature almost close to PCM melting temperature.  

b) Figure (2) shows the behaviour of the model interior temperature versus time according to the surrounding 

temperature fluctuation between 25OC and 52OC estimated from theoretical model. Same behaviour for interior 

model temperature is concluded from this figure despite the minor differences between the experimental and 

theoretical surrounding temperature values. 
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c) The figures (3) show the comparison between the experimental and theoretical values of model interior 

temperature affected by the ramp temperature disturbance in surrounding temperature. The initial theoretical 

temperatures showed higher values than the experimental values of around (3-6OC) due to both the effect of 

time delay between the experimental and theoretical values of surrounding temperature and the effect of the 

assumptions implemented in the mathematical model.  

d) Figures (4-6) illustrates the same behaviour of both model experimental and theoretical temperature values 

clarified in figures (1-3), however the room interior temperature exceeds the melting temperature of the PCM 

due to the sensible margin between surrounding temperature and PCM melting temperature. 

e) The time lags in theoretical results between model interior temperature and surrounding temperature for both 

52OC and 62OC is not so clear due to the effect of small time constant values governed with the mathematical 

model.  

 

 

Figure 1. Experimental surrounding and model interior temperatures versus time based on maximum surrounding 

temperature of 52OC. 

 

Figure 2. Theoretical surrounding and model interior temperatures versus time based on maximum surrounding 

temperature of 52OC. 
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Figure 3. Experimental and theoretical model interior temperatures versus time based on maximum surrounding 

temperature of 52OC. 

 

Figure 4. Experimental surrounding and model interior temperatures versus time based on maximum surrounding 

temperature of 62OC. 
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Figure 5. Theoretical surrounding and model interior temperatures versus time based on maximum surrounding 

temperature of 62OC. 

 

Figure 6. Experimental and theoretical model interior temperatures versus time based on maximum surrounding 

temperature of 62OC. 

CONCLUSIONS  

• The PCM used in the tests is paraffin wax mixed with the paraffin oil to reduce its melting temperature to 32OC, 

based on the climate weather in Baghdad which is very high in the summer and cold in winter, also there is high 

temperature difference between day and night time intervals. 

• The tests showed that implementing PCM in the model wall was very effective to reduce the heat transferred 

from the model surrounding to its interior. 
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• The experimental results proved peak temperature shift with a time lag of about 50 minutes. This time lag is 

restricted to only 20 minutes in theoretical results due to the effect of ignoring some factors from the 

mathematical model for the purpose of solution simplicity.  

• The difference between the peak values of surrounding and model interior temperatures fluctuated between 15OC 

and 20OC justified by the effect of reduction in thermal energy transferred between them due to energy absorbed 

by PCM.  

• The theoretical values of model interior temperature exceeded surrounding temperature at the last 30 minutes of 

the tests intervals. This augmentation realized during the solidification period of the PCM due to ignoring the 

heat lost from PCM to surrounding in the mathematical model. Still this portion of energy is small due to the 

minor temperature difference between molten PCM and surrounding. 

• PCM integrated walls is very effective in thermal isolation and cost reduction in zero energy buildings. Many 

future studies could be conducted in this field by choosing different PCM material and their implementation in 

different locations within residential buildings. 
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