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Abstract: Phase change materials (PCMs) offer great potential as a latent heat energy storage technique to provide energy 

efficient systems in new and existing residential buildings. There are large numbers of PCMs that melt and solidify at a wide 

range of temperatures, making them attractive in a number of applicationsLow thermal conductivity of the walls and roof 

reduces the heat gain at a steady state condition. . Lauric acid (C12H24O2) as a phase change material (PCM) for a room was 

proposed in this paper to control the indoor air temperature for a better thermal comfort for human beings. Building 

concrete roof 0.7 × 0.7 m mixed with C12H24O2 (PCM) considered for analysis. A detailed thermal performance was carried 

by experimental study. The Results showed that this type of PCM room can decrease the indoor air temperature fluctuation 

by a maximum of 5◦C. 

Keywords: Latent heat storage, Phase Change Material, Building energy conservation. 

 

I. INTRODUCTION 

 There are many types of storage system using phase change materials is an effective way of storing energy and also to 

make advantage of heating and cooling systems are installed to keep temperatures within the well-being zone .PCMs have been 

extensively used in various storage systems.They are large number of PCMs which meld solidifies at a wide range of temperatures 

making them beautiful in a number of applications. Thermal energy storage technology with PCMs with many applications those 

technologies are very beneficial for the humans as well as the energy conversation.Nasser Mostafavinia, SamanEghvay [2015]this 

paper describe using the PCM as salt instead of paraffin wax to increase the solidification of storage system and It has high thermal 

conductivity and low cost compared to the paraffin wax.Mohamed M Abdulgalil et al [2014] was presented Effect of thermal energy 

storage in energy consumption required for air conditioning system in office building under the africanmediterranean climate the 

results shows that the new layer of ice formed on the surface of the existing ice lead to an increase of thermal resistance of heat 

transfer, which in return decreased cooling capacity. 

 A.Manivanan and M.T.Jaffarsathiqali [2015] Investigated the Simulation and experimental study of thermal performance 

of a building roof with a phase change material (PCM) the results shows that this type of PCM room can decrease the indoor air 

temperature fluctuation by a maximum of 4◦C.L.Venkatesh et al [2014] was presented the Phase Change Materials In Building 

Construction toReduce Room Temperature Fluctuations. Medrano M et al [2009] The review on thermal energy storage system 

using phase changing material and it’s widely used for many applications space heating and cooling in buildings solar application 

of peak energy storage on heat exchanger in improvement. It concentrates to raise in electric energy cost thermal 

storagetechnologies. In order to increase the content on the pcm .its prepared by using the macro packed pcm .its prepared by using 

n-octedecane,n-eicosane and n-docosaneto get the thermal conductivity was more than pure pcm .and also widely used in application 

material in buildings. 

II. EXPERIMENTAL SETUP 

 The Experimental set-up consists of two types of concrete roof, one concrete roof  is mixed with Phase change material 

another one normal concrete roof. The concrete roof was constructed by 0.7 × 0.7 × 0.05 M mixed with LAURIC ACID C12H24O2 

(PCM).During daytime, the PCM melts and absorbs part of the heat gain through the melting process, and at night, the PCM 

solidifies and releases the stored heat. The net effect is reducing the energy required for cooling during daytime and shifting it to 

other times.  

 PCM should be selected based on the operating month and working hour during the day for the best performance. The 

organic type of PCM is selected. The selected PCM is: lauric acid. To ensure that the PCM will melt and solidify during a day, the 

melting temperature of the selected PCM is within the variations of weather temperature of a day. The thermal conductivity of the 

PCM is less than the concrete, and therefore, the PCM acts as a good thermal resistor at a steady state condition. However, the 

thermal mass of concrete is higher than liquid or solid PCM, and therefore the concrete is a better heat absorber at transient condition. 

Table 1 shows the thermo physical properties of the concrete and PCM. 
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TABLE 1 

Thermo Physical Properties of the Concrete and PCM 
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Figure 1. (a) Experimental test room. (b) Mixed PCM & Cement. (c) Concrete roof with PCM. 
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 The basic structure was made from mortar, concrete & PCM as shown in figure 1. Temperature sensors were installed on 

the upper, lower side of the concrete and Indoor side of the test room. The sensors were used to measure the temperatures and 

recorded on every one hour. The same procedures followed by without PCM roof on the same day.   

 

A. Methodology for Calculations. 

 

 In order to analyze the thermal performance of the building roof with phase change material. Under these conditions the 

heat flux at the indoor surface can be obtained from the equation below. 

 

Qis=hi (Ti-Ti∞)                    (1) 

  

 In this equation (Qis) is heat flux at the indoor surface, (Ti) is the indoor surface temperature in (ºC), (Ti∞) is the indoor 

air temperature in (ºC), (hi) is the indoor surface convection coefficient in (W/m2K). Furthermore, from text book of “Heat and 

Mass Transfer by (Cengel)”[6]. (hi) the indoor surface convection coefficient can be calculated using the equation in given below. 

 

hi=    K/Lc  ×Nu                   (2) 

  

 In above equation (K) is the thermal conductivity in W/mK , (Lc) is the characteristic length of the horizontal slab in (m), 

(Nu) is the nusselt number.  In order to obtain the indoor surface convection heat transfer however, it is necessary to calculate a 

value for the nusselt number (Nu). This is done by first calculating Grashof number and prandtl number. RaL is the Rayleigh 

number, which is the product of the grashof and prandtl number in equation. 

 

RaL  = (gβ(Ts-T∞)Lc3) / ( γ2)×Pr                  (3) 

 Where, (g) is the Gravitational acceleration in (m/s2), (β) is the Coefficient of volume expansion in (1/K), (Ts) is the surface 

temperature in (ºC), (T∞) is the air temperature in (ºC), (Lc) is the characteristic length of the horizontal slab in (m), (γ) is the 

Kinematic viscosity in (m2/s), (Pr) is the Prandtl number. 

 The simple empirical correlations for the average nusselt number (Nu) in natural convection.Nusselt number for horizontal 

surface selected from the range of the grashof and prandtl number are in equation. 

104 − 107= Nu  = 0.54(𝑅𝑎𝑙)
1
4⁄ (4) 

107 − 1011 = Nu= 0.15(𝑅𝑎𝑙)
1
3⁄                          (5) 

III. RESULTS & DISCUSSIONS 

 Results are shown in reduction indoor temperature while using PCM material in concrete roof compared to without using 

PCM material in concrete roof. Temperatures were recorded on the outer surface of the concrete, inner surface of concrete and 

indoor temperature of the test room.   

A. Temperature Variations. 

 Figure 2 shows the comparison of concrete surface temperature with and without PCM. The temperature recorded at 10 

AM to 4 PM.  Large difference is occurred at 1 PM to 4 PM, because at that time the atmosphere temperature is very high, so 

concrete surface temperature is high compared to PCM melting temperature. The PCM is melted and stored the surrounding heat 

from concrete surface,   

 

Figure 2 Comparison of Concrete Surface Temperature 
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 Figure 3 shows the comparison of Indoor temperature difference with and without PCM. The recorded temperature varies 

at 12 PM to 4 PM, because that is time for PCM will be melted. So the melted PCM stored the surrounding heat and does not release 

it. The indoor temperature reduced when compared to without PCM roof. The maximum 4ºC reduced at 1 PM. 

 

Figure 3 Comparison of Concrete Surface Temperature. 

 

Figure 4 Comparison of Heat Flux Variations. 

 Figure 4 shows the comparison of heat flux variations with and without PCM. A heat flux variation is calculated with 

respect to time. The maximum variations occurred at 1 PM. 

IV. CONCLUSIONS 

 Through experimental studies on the thermal performances of the room, the following conclusions can be drawn. 

 The PCM is capable of absorbing the heat gain in the roof through the melting process before it reaches the indoor space, 

and thus reducing the heat gain.   

 The results indicate that heat gain is strongly affected by the value of PCM melting temperature.   

 The PCM melting temperature of PCM should be selected based on the operating month and working hour period during 

the day for the best performance. 

  During working hours of 10 AM to 4 PM, the results indicate that the heat flux at the indoor surface of the roof can be 

reduced. 
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