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Abstract: 

The complex nature of dynamic heat transfer through building parts is in need of computational analysis 

instead of applying simple mathematical techniques. An explicit finite difference method is applied to 

analyze a model wall of a building. And further computer simulation for results is done using MATLAB 

software by giving emphasis for parameters that can affect indoor atmospheric conditions.  The result of the 

analysis has showed that, to obtain a favorable indoor temperature of 298k an optimum wall thickness of 

25cm is required. The results from the numerical analysis have showed insignificant deviation of value 

around 5% from the actual analytical methods of analysis. Finally the research has indicated that in using 

PCM, the heat storage capacity of the wall will increase by 70% with a corresponding increase in 50% of the 

cost effectiveness in building construction. 
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Introduction: 

The importance of analyzing thermal (energy and comfort) performance in building design is growing, 

because of the increasing awareness of the role of energy usage in building life cycle costs and 

environmental impacts and the role of indoor conditions in the personnel’s productivity. However, thermal 

analysis is still often done using simple static calculations or even by statistical estimates. Accurate enough 

dynamic thermal simulation software’s have been available already for decades [4]. The main barrier of 

wider usage of dynamic thermal analysis methods has been the required big manual input work [7]. Most of 

the building element specific information needed in thermal simulation is described in the building 

information model. A researcher is planning in obtaining safe indoor condition of building. The simulation 

software is a freely available, user-friendly two-dimensional heat transfer model for analyzing the impacts of 

thermal energy in building components [1].  The researcher begins by describing simulation software as a 

tool for analyzing individual building components as well as envelope assemblies.  The goal of this study to 

explore different options in modeling site built products and their effects on energy performance of the 

whole building.  The building simulation takes into account the interaction of different building 

components, occupancy, schedules and lighting systems [8]. 

Many simulation programs have been developed to estimate energy performance by different scholars. To 

mention few of them that contributes for the integration of phase change material to building to create 

naturally air-conditioned room, such as Samira Haghshenaskashani and Hadi Pasdarshahri in their title 

“Simulation of Thermal Storage Phase Change Material in Buildings”, they investigated the application of 

commercial phase change material to building to control indoor temperature to minimize heating and 

cooling cost. 
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Mathematical Modeling and Programming: 

The model is based on the finite difference approach; each wall is divided in several layers, which allows the 

modeling of multi-layer walls. The zone being modeled is a living room with 100m2 floor area and four 

exterior walls. All exterior walls are (4 m) are facing west, east, south and north. The window area (shading 

factor 55%) is 20% of the exterior wall area. The opaque part of the walls has a U-value of0.266 W/m2.K (R-

21), while the double pane windows have a U-value of 0.95W/m2.K (R-6). The ceiling insulation level 

amounts to a U-value of 0.17 W/m2.K(R-32).The wall structure contains four layers; such as exterior finish, 

blocket, phase change material and interior finish. 

Assumptions 

 To study the system the following assumptions are made: 

 The temperature variation is two dimensional (across width and depth directions only) 

 The ambient temperature (Tamb) and solar heat flux (qs) are the functions of time over the day; 

 The material properties are constant within limited distance in x axis direction but full constant in 

y direction ; 

 Inside and outside heat transfer coefficients are constant; 

 Radiation heat exchange within the room is neglected 

 

 

Figure 1:  Model house for design  

The house has basically three components such as roof, wall and floor . And heat enter and leave  into and 

out of the room through this componets by means of radiation, conduction and convection . But most of 

the time one mode of heat transfer is dominant.In our case the dominant is conduction . Therefore it has 
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been limited in its scope only to simulation of wall heat distribution by conduction. And the analysis is 

done using finite difference method in the preceding sections. 

 

 

Figure 2: Side Section View of the Wall 

Figure 2 shows the different layers of wall for thermal analysis and modeling of the system.The layers are 

diffrentiated with different color and hatch.The centaral layer is PCM as shown above at the extream endes 

interiar and exteriar finishings are there. 
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Figure 3: For finite difference analysis meshes from MATLAB 

 

Figure 3 is element representation using number star by MATLAB and putting boundary condition and heat 

flow direction. There are 500 elements and 546 nodes. Each node is at different temperatures.  

General heat conduction equation 
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By neglecting heat generation and considering two dimensional  
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Initial condition  
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Boundary condition  
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 Two dimensional finite difference formulation of boundary condition (Explicit method) 

 Interior node  

 

Figure 4: Center Node Representations 

Now invoking energy balance equation  

stoutgin EEEE 
                                                                                                     (5)

 

There is no heat generation, therefore gE  is equal to zero and stored energy is equal to the time gradient of 

temperature .In and out  flow energies are the rate of heat energy as shown below. 
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The above e Equation13 is used for all interior nodes of the wall nodal temperature calculation. 

Stability criteria  
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 Node at plane surface with convection  

 

Figure 5: Side Node Representations 

In the case of side nodes only inflow energy is there, therefore we equate inflow energy to stored energy. 
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The above equation 22 is used for all side nodes of the wall to know nodal temperature. 

Stablity criteria  
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 Node at exterior corner with convection  

 

 

Figure 6: Corner Node Representation
 

In the case of corner nodes only inflow energy is there, therefore we equate inflow energy to stored energy. 

stin EE                                                                                                            (24) 

t

TT
xCE

p

nm

p

nm

st







,

1

,2 1.
4

1
.                                                                           (25) 

  ))(1.( ,,,

p

nmnm TTxKq   2.29 



 

                      

 

 

© 2015.  The Authors Published under Afro Asian Journal of Science and Technology  

238 

 

    Dinku Seyoum Zeleke et al, Afro Asian J SciTech,2015,2(1),231-242                ISSN 2349-4964 

 

 
x

TTy
Kq

p

nmn

p

m

nmnm









)(
)1.

2
(

,,1

,,,1                                                                   (26) 

 
x

TTx
Kq

p

nmn

p

m

nmnm



 



)(
)1.

2
(

,1,

,,1,                                                                   (27) 

     
t

TT

t

x
CTTxhTT

K
TT

K
p

nm

p

nmp

nm

p

nm

p

nm

p

nm

p

nm













,

1

,
2

,,1,,,1
4

1

22


       (28)
 

 
t

TT

tK

x
CTT

k

xh
TTT

p

nm

p

nmp

nm

p

nm

p

nm

p

nm
















,

1

,
2

,1,,,1
2

12
2                           (29) 

 
  BiTTTFTBiFFTT p

nmnm
p

OnmOO

p

nm

p

nm 22*)441( 1,,1,,

1

,                 (30) 

 The above equation is used for all 4 corner nodes, to obtain the temperature at those corners. 

Stability criteria  
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There are four interfaces and there thermal properties are the average of the two material properties. The 

analysis is done individually and assembled finally. 

Developing simultaneous equation  

For center nodes stability is a criterion for explicit method is 
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The above Equations show the simultaneous solution for all center nodes. To build system matrix combine 

side, corner and center node equation together.Then the global matrix is developed in the following 

manner: 
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 This global matrix has been developed by invoking tridiagonal matrix principle. 

 

Figure 7: Temperature Variation along x and y Direction 

Figure 7 shows the temperature variation along y and x direction and the graph was obtained using finite 

difference method and imposing boundary condition to the MATLAB7. The temperature profile is straight 

line at higher temperature. But when the temperature decreases this variation is changed to parabolic 

shape. This parabolic shape shows the temperature variation is slowly decreasing. Therefore the optimum 

thickness in which the comfortable temperature obtained is 25cm. The values of the temperature given in 

the graph are all in degree Kelvin (K). 
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Figure 8: Temperature Variations through the Wall at Different Time Step 

Figure 8 show temperature variations with thickness of the wall at different time step using finite difference 

method. From the graph above we can observe, the temperature variation is very high when the time 

increases and at time equal to zero or at initial time temperature is nearly constant. Therefore can be 

concluded that the temperature variation through the wall thickness is not linear instead it is half parabolic 

curve.  And at small time step the solution is stable and fails under the optimum length. 
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Figure 9: Temperature Variations with Time for Different Nodes 

Figure 9 shows the variation of temperature at different node with time using finite difference method. And 

from figure above we observed the following things: for node 20 the temperature variation within 0.2hr 

time is 4oC, for node 10 the temperature variation within 0.2hrs time is 8oC, for node 6 the temperature 

variation within 0.2hr time is 11oC and for node 2 the temperature variation within 0.2hr time is 

4oC.Therefore this shows that, the temperature change at inside surface of wall and outside surface of the 

wall is affected by different factors such as environmental condition, type of wall material and inside room 

appliances. Therefore the temperature variation is maximum at inside and outside surface nodes.  

Conclusion: 

The storage density of PCM-integrated wall is much higher, which allows providing the necessary storage in 

a relatively thin layer. Longer cycles between charge and discharge can be mastered with higher thermal 

storage capacity. The additional storage capacity can be provided by multiple layers or thicker layers of 

PCM-integrated wall. In conclusion, the use of PCM will result a 70% increase in heat storage capacity of 

the wall.. Therefore to control the cooling and heating of the wall instead of using air-conditioning system 

it is so better to use phase change materials to eliminate the operation cost of air-conditioning system that 

are used to cool or heat a building. The basic numerical analysis is done using an explicit finite difference 

method the results are obtained from MATLAB program. 
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