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Abstract 
 
In the present work, investigations have been carried out experimentally to 

study and investigate the thermal performance of the roof of a construction 

integrating PCM for thermal comfort in residential building. Two models 
were used and the theoretical performance of both are compared by 

considering one as the reference case. A PCM integrated roof has the 

potential to maintain a fairly constant temperature privileged the chamber 

because of its large heat absorbing and storing capacity in a passive manner, 
whereas the ceiling temperatures always fluctuate in a Non-PCM room (RCC 

room) throughout the day. The results of ceiling temperatures, heat flux and 

heat transfer rate in the Non-PCM and PCM room were observed and better 
results are found for PCM Room. In India, cooling of buildings consume 

considerable amounts of energy due to the climatic conditions. Sensible heat 

storage has been used since prehistoric times. To overcome the above 
mentioned problems the use of phase change material (PCM)as latent heat 

storage medium in building began to receive serious consideration in last two 

decades. “Increasing thermal storage capacity of a building can enhance 

comfort by decreasing the frequency of internal air temperature”.   
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The simulation work is carried out in ANSYS to validate the inside 

temperature of the chamber. 

 
Key words: Phase change material (PCM),Encapsulation, Space cooling, 

Latent heat thermal energy storage,Building energy conservation 

 

1 Introduction 
 

PCM Material assumes a key function in material industry for attire in 
cool meeting and warm solace for people. The essential purpose for settling 

on inorganic PCM is that they are not flamable and will have more 

noteworthy warmth conductivity [1]. During cementing measure no 
subcooling is happened, the dormant warmth is 182.7 J/g and LA–SA blend 

as a PCM is adequate for the warm stockpiling framework [2]. PCMs are 

segments with a high dormant warmth of combination. It can store inert 

warmth all through the progress stage. A PCM holds warm energy and stores 
it at some stage in a strong to-liquid stage change, empowering the 

temperature to be kept up near the liquefying point. Inactive warmth 

stockpiling is valuable as it requires a littler temperature contrast between the 
capacity and delivering highlights than savvy heat, making PCMs ideal for 

saving up temperatures inside a temperature limit [3]. 

PCMs are used on account of their high idle warmth limit; they can keep 
up internal temperatures at whichever temperature is needed. In view of the 

expanding main focus on ecological substitute and the use of sustainable 

power source, PCMs have been explored and built up significantly over the 

ongoing decade. This is a direct result of PCMs' ability to keep up inside 
temperatures without the use of gas or fuel. They have a gigantic force 

stockpiling thickness, which is accessible inside a thin temperature extend. 

There are numerous sorts of area substitute substances which all have their 
favors and disservices. The three transcendent kinds of PCMs are inorganic, 

regular and bio-based. In warm energy stockpiling applications, the PCM 

assumes a noticeable function to store the energy and diminished the super 
cooling issues happened. Including additional water can forestall the 

development of the hefty anhydrous salt that can stifle sub-cooling yet 

decreases the warmth stockpiling power of the PCM [4-6]. The structure 

temperature is diminished during summer by applying cool material on the 
dividers and rooftops [7]. Usage of PCM in structures, low energy is 

utilization and generally speaking cooling effectiveness is expanded 

contrasted with typical structures [8]. The outcomes clarified that, by 
utilizing PCM low warmth misfortune happened and to manufacture the gear 

is likewise simple. To lessen the heap during summer meeting, PCM can go 

about as a temperature balance [9-10].  
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The heat transfer coefficient and suggested non-dimensional period can 

be utilized to assess the measure of traded warmth and time for essential 

stage adjustment to be finished for various speed and temperature 
circumstances [11]. The warm exhibition of dividers with and without 

PCMTS was assessed utilizing a unique divider test system. The previous 

period of PCM fundamentally influenced the PCM's capacity to ingest heat, 

which showed itself in the level of warm execution enhancements of dividers 
[12]. Abundance energy at raised temperatures is put away and given back at 

a specific temperature, bringing about an expanded warm mass in a limited 

temperature run. The current properties of accessible PCM's don't yet appear 
to be ideal for wide spread structure applications. Just scarcely any materials 

are known with a progress around comfort temperature, and those current do 

have a moderately low warmth of combination [13]. Energy accumulating 
can be used for warming similarly as cooling. So PCM cold amassing with 

night freshening called permitted cooling should be picked so much that 

dissolving and setting centers enable a complete solidifying and relaxing 

cycle. The valuable existence of the structure was a significant factor. Thus, 
for valuable life times of more than ten years, the heaviness of emanations 

into the environment during assembling measure was slight in contrast with 

total of the two components (warming and cooling and materials). The best 
arrangements were discovered when the structure had 4-6 stories [14-15]. 

From a pragmatic perspective, a more efficient assessment of the different 

PCM coordinated in building structure is required, specifically in genuine use 

condition. Such investigation can be mathematical however consideration 
must be paid to mathematical displaying presumptions: convective warmth 

move coefficient, utilization of stage graph [16]. The blending paraffin PCM 

with cellulose and afterward introducing into divider depressions, in both 
10% and 20% focuses, diminished the pinnacle heat motions across divider. 

The hydrated salt PCM blended in with cellulose protection didn't diminish 

the pinnacle heat motion over the divider generally [17]. The PCM to be 
utilized in the structure need to meet warm solace rules, which means the 

stage change temperature of PCM's ought to somewhere in the range of 18
0
C 

and 30
0
C. What's more, the properties, for example, compound strength, fire 

attributes and compatability with constructional materials additionally should 
be considered in PCM's choice [18]. 
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2 Literature Survey 
     Literature survey for Existing work is tabulated in table 1. 

 Table 1: Literature survey for Existing work 

 
S.No Author  Important findings  

1.  HaoshanGe, et.al., [1]. PCM Material assumes a key function in 
material industry for attire in cool meeting 

and warm solace for people. 

2.  Sari A et.al., [2]. During solidification process no subcooling 

is occurred, the latent heat is 182.7 J/ g and 

LA–SA combination as a PCM is acceptable 

for the thermal storage system. 

3.  Mondal. S et.al., [3]. In the die injection molding, by utilization of 

PCM the required temperature is maintained 

inside the die 

4.  Kandasamy R et.al., 

[4]. 

PCM can used for smart textile industry  

5.  N.Tsoukpoe, K.E et.al., 
[5]. 

Including additional water can forestall the 
development of the substantial anhydrous 

briny solution that will smother sub-cooling 

however decreases the warmth stockpiling 

force of the PCM. 

6.  Tgagi.VV et.al.,  [6] In thermal energy storage applications, the 

PCM plays a prominent role to store the 

energy and reduced the super cooling 

problems occurred.  

7.  Santamouris M et.al.,  

[7] 

The building temperature is reduced during 

summer by applying cool material on the 

walls and roofs. 

8.  Arkar C et.al.,  [8] Utilization of PCM in buildings, low energy 

is consumption and overall cooling efficiency 

is increased compared to normal buildings. 

9.  Agyenim F et.al.,  [9] The results explained that, by using PCM 
low heat loss occurred and to fabricate the 

equipment is also easy.  

10.  Pasupathy et.al.,  [10] Impact of twofold layered stage change 

materials in building rooftop for all year 

warm administration. 

 

3 Modeling in CREO 2.0 
 

The RCC model is designed in Creo and assembled as per the 

requirements. The figure 1 is the drawing of RCC Roof with and without 
PCM given below. 
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Figure 1:   (a) Dimensions of the RCC roof with width, height & thickness (b) 

Dimensions of the roof with PCM added on the top surface 

 

4 Boundary Conditions  
 

Through there are various methods of incorporating PCM in the building 
envelope. An attempt is made in the present research for the modeling and 

simulation of a PCM integrated roof and a simple RCC roof as shown in fig. 

the RCC roof is considered as a reference case to compare the performance 
of a PCM integrated roof. Initially the theoretical thermal performance of 

two roofs is studied.   

As real time problem, 2 identical experimental test rooms have been 
made to study the thermal performance of the two roofs. Two experimental 

test rooms of identical sizes of 120*120*120 cm
3 

are constructed to conduct 

experiments with the size of the two roofs were taken as 120*120 cm
2 
area.  
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Roof  - 1  : simple RCC roof 10 cm thick  

Roof - 2 : PCM integrated roof {PCM panel 4 cm thick between of 3 cm 
of RCC} of thick 10 cm.  

The temperature distribution inside the roof is analyzed in the ANSYS 

12.0 by finite  element analysis. The parameter values are shown in the Table 
2 

Table 2: Calibrated values of different materials by using theoretical formulae 

Name of the Material 
Density of the 

material  (kg/m
3
) 

Thermal 

Conductivity of 

the material 

(W/mK) 

Specific Heat 

of the material 

(J/kg K) 

Concrete Slab (RCC) 2300 1.279 1130 

Roof top slab (mixture of 

Brick + lime) 
1300 0.25 800 

Phase Change 

Material(PCM) 

CaCl26H2O 

1500 1.01 1440 

Latent heat 188 

 

5 Results and Discussions 
 

The assembled model in Creo is renewed into STEP file and imported to 
ANSYS. To get accurate results in the mesh element size should be 

minimum. Hexagonal fine mesh is applied to the assembled body. The 

boundary conditions are mentioned above, are applied to the RCC Roof. The 
meshed and unmeshed models of RCC roof are mentioned in the Figure 2. 

 

 
(a)                                                    (b) 

Figure 2 : (a) Imported model from the Creo modeling software (b) Hexagonal 
meshed body. 
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By using Creo modelling software, it is measured that the total nodes and 

elements count are  833760 and 239869 respectively. These nodes and 
elements count represent the shell elements of a hexagonal mesh.The element 

quality is mentioned in Table 3 given below. 
Table 3 : Interpretation of the values generated from the mesh quality 

Mesh 

metric 

Element 

quality 

Aspect Ratio Skewness Orthogonal Quality 

Min  0.12421 1 1.30e-10 5.44e-2 

Max 1 16.046 0.94559 1 

Avg 0.92732 1.3557 9.976e-2 0.89967 

Standard 

Deviation 

0.11548 0.56134 0.16725 0.16721 

Boundary conditions and Temperature distribution of the RCC roof that 
are analyzed from both Creo and ANSYS Fluent software are shown in the 

Figure 3 and 4 respectively.   

 
Figure 3 : Boundary conditions are applied to the RCC 

 

 
Figure 4 : Temperature distribution inside the RCC Room by using ANSYS Fluent 
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Figure 5: Graphical representation of temperature of the RCC - with and without 

PCM recorded on different days at 1PM 

From the Figure 5, the results stated that the temperature for ceiling with 
PCM is maintained at low temperature that are compared with PCM and 

without PCM slabs. The PCM material is rejecting the temperature from the 

surroundings and keeping low temperature inside the room. The temperature 

difference between with and without PCM is approximately 6-8
0
C. By 

considering these results, the person can stay comfortable inside the PCM 

Room. Similarly, the results are noted for the 2PM and are mentioned in the 

Figure 6  

 
Figure 6 : Graphical representation of temperature of the RCC - with and without 

PCM recorded on different days at 2PM 

 
Figure 7:  Heat transfer rate (W) - with and without PCM at different days at 1 & 2 

PM 
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From the figure 7, the simulation results stated that very low heat is 

transferred to the RCC room by using PCM. With these results, the person 

can stay comfortable during summer. The Heat Flux v/s Time graph 
representing the results obtained through calibrated values are shown in the 

figure 8 

 

 
Figure 8:   Heat flux (W/m2) - with and without PCM at different days at 1 &  2 PM 

 

6 Conclusion 
 

A PCM integrated roof has the potential to maintain a fairly constant 
temperature inside the room due to its large heat absorbing and storing 

capacity in a passive manner. Whereas, the ceiling temperatures always 

fluctuate in a Non-PCM room (RCC room) throughout the day.The 

temperature difference between with and without PCM is approximately 6-
8

0
C. The heat flux entering the PCM rooms is observed to be 10-18 w/m

2
 and 

for non-PCM Room 140-160 w/m
2. 
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