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ABSTRACT  
Solar radiation is the main source of heat energy that raises the temperature of an adobe room mostly habituated by people in the 

rural areas of Northern part of Nigeria and in many other rural areas of the world. For this, it is important to study the 

temperature pattern inside the Adobe room. In this work a simulation using Sci-Lab is been carried out in order to predict the 

temperature pattern inside the adobe room in the work, an analytical model using Complex Finite Fourier Transform (CFFT) 

technique for the periodic solution is performed using SCILAB Software. The simulation model was also validated; again from the 

simulation, it was found that the deviation between the experimental and model for inside room temperature was only 10 percent. 

This shows that it is possible to predict the pattern of inside temperature for an adobe room by using Sci-Lab. 
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___________________________________________________________________________________________

1.0 INTRODUCTION 

Computer modelling is used in studying building behavior. Computer modelling of a system gives huge opportunities for better 

design. The behavior of a system (building) can be known before it is been built, also the model can easily calculate what will 

happen if given parameters are changed, in this way, the system can be optimized without producing and testing many prototypes. 

The transient heat transmission across various walls and roof of the room using SCILAB software program has been studied. A 

simulation is been done using outdoor and indoor parameters and these results into a model that led to obtaining the room hourly 

temperatures for the month of May 2009, the model is comparatively validated by using statistical and graphical techniques. 

 

1.1 Effect Of Thermal Properties On An Adobe Room  

Some researchers ( Akpabio and Eke, 2000: Akpabio, 1999: Akpabio and Ekpe, 1994) observed that knowledge of thermal 

properties of different walling materials is very important in the choice of the type of materials to be used in the construction of a 

passively cooled building design. Heat flow through any building material is dependent on the thermal properties of the material 

(Akpabio, 2000).  

 

Thermal characteristics according to Wilson (1979) should be found by how much heat a material can store, and how rapidly that 

heat can be transmitted through the material and released to the inside air.  

 

These characteristics are determined by four properties of a material: thickness, density, thermal conductivity and specific heat 

(Yumrutas et al., 2007).  

 

In the work done by Kaska and Yumrutas (2008) for comparing the highest heat gain with respect to wall thickness for different 

material walls, they found that the time of the highest heat gain occurs in different hours depending on heat storage capabilities 

and thermo-physical properties of the wall material. Heat capacity and thermal-conductivity are the dominant properties. The heat 

gain for each wall and differences in heat gains of the walls decrease as the wall thickness increases. 

Kaska et al. (2009) found that the thermal conductivity has a strong effect on the total equivalent temperature difference (TETD) 

values linked to heat gain. Heat gain and thus the cooling load increases with decreasing wall thickness, as a result, if a wall has 

lower thermal resistance, the TETD value will be higher.  
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Vijayalakshmi et al. (2006) investigated thermal behavior of opaque wall materials under influence of solar energy and analyzed 

the influence of thermo-physical properties of different wall types on the interior environment. They concluded that large heat 

storage capacity increases TL, and decreases DF, and that higher thermal diffusivity leads to opposite results.  

 

Collet et al. (2006) studied the thermal behaviour of clay wall facing south using TRNSYS simulation method, they found out that 

clay has a low thermal conductivity (0.4Wm
-1

K
-1

) compared with concrete (1.5–2.5 Wm
-1

K
-1

) and stone (1–3 Wm
-1

K
-1

1). Also 

clay wall has higher absorptivity values of 0.7 compared with stone wall with 0.6 and cement wall with 0.5.  

 

Thermal conductivity is an important criterion of building materials selection, as the thermal conductivity influences the usage of 

the material in engineering applications. Heat losses from buildings are dependent on the thermal conductivity of the materials in 

the walls and roof (Turgut and Yesilata, 2008: Clews, 1969). Building bricks have to minimize the heat flow from one side of the 

brick to the other side (Solemez, 1999). The thermal conductivity of bricks and other masonry materials depends on the density 

and therefore porosity of the material.  

 

Adobe material has relatively high thermal conductivity compared with other walling materials such as straw-thatch, fibre-glass 

and foam (Parra-Saldivar and Batty, 2006). A comparative study on houses made from different walling materials (adobe, stones 

and wooden houses) in which their indoor conditions were measured, it was discovered that even a poor insulating material can 

insulate effectively if it is large enough, which is the case of adobe construction (Baker, 1986; Martin et al., 2010).  

 

1.2 Building Simulation 

Technology and information today allow scientists and researchers to bring computer simulation tools to implementation in actual 

building design and construction (Kristensen and Madsen, 2003; Garde, 2004 and Shaviv and Shaviv, 2002). Study from Garde 

(2004) demonstrates the methodology of the above methods. The Specifications needed in the building design are firstly 

identified. For each specification a complete simulation is performed. The solutions are then implemented on the real projects and 

the experiment is finally validated.  

 

Heat transfer through a building wall is a function of indoor and outdoor temperatures, temperatures of the surrounding and 

interior surfaces, heat transfer coefficients at the inner and outer surfaces, and solar radiation input on the outer surface of the wall. 

If the inner surface temperature of the wall can be obtained, heat transfer to the room may be calculated using this surface 

temperature, combined heat transfer coefficient at the surface, and the indoor temperature (Yumrutas et al., 2005).  

 

There are studies on the method of transient heat gain rates into air conditioned spaces by analytical and numerical methods. 

Sodha et al. (1986) compared the results obtained from the admittance and Fourier methods based on periodic solution of the one-

dimensional heat conduction equation for predicting heating/cooling loads for one layer wall and determined that the two methods 

give close results.  

 

Bansal and Bhandari (1996) compared the results of the periodic solution method developed in their study with the corresponding 

results obtained from TRNSYS and SUNCODE for light and heavy constructions and for different alternatives of physical as well 

as climatic parameters.  

 

Tsilingiris (2003) developed a numerical computer simulation model for the prediction of time varying conduction heat transfer 

through walls for cooling load calculation.  

 

In this work comparison through graphical and statistical techniques, were used in order to test the model validity 

 

1.3 Heat Balance in Building 

The knowledge of system components help in estimating the performance of buildings and this is essential to the design of passive 

solar buildings (Nayak and Prajapati, 2006). It includes; heat flows by conduction through various building elements such as 

walls, roof, floor, etc. Heat transfer also takes place from different surfaces by convection and radiation. Besides, solar radiation is 

transmitted through the windows and is absorbed by the internal surfaces of the building. There may be evaporation of Water 

(from Onions) resulting in a cooling effect.  

 

According to Nayak and Prajapati (2006); Chel and Tiwari (2009) and Kaushik et al. (2002), the components or factors that 

determine thermal performance of a building can be summarised as; 

 

(i) Design variables (geometrical dimensions of building elements such as walls, roof and windows, orientation, shading 

devices, etc.);  

(ii) Material properties (density, specific heat, thermal conductivity, transmissivity, etc.);  

(iii) Weather data (solar radiation, ambient temperature, wind speed, humidity, etc.)  and  

(iv) A building’s usage data (internal heat gains due to occupants, lighting and equipment, air exchanges, etc.). 

 

These factors have been represented by Nayak and Prajapati (2006) as shown in the form of blocks where they considered their 

effects on heat balances in a building shown in figure 1.1. 
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Figure 1.1: Heat balances of a building  (Nayak and Prajapati 2006). 

2.0 METHODOLOGY 

2.1 Room Construction And Dimensions 

The clay adobe room in this work was built from the sun dried clay brick having the dimensions shown in figure 2.1 and Table 

2.1. The dimension of each of the walls (North, West, South and East) as well as the roof been 2000mm x 2000mm in area.  The 

West, South and East walls contained two windows / ventilation one at the top and one at the bottom, each of 200mm x 200mm in 

area. The North wall contained one similar window at the top and a door of area 300mm x 400mm at the bottom.  

 

                                                     S (t)       

     

 

                                                                                                    TA(t) 

 

           Slab, K 

                                         ho hi                                                                      h3 

                                                                                                                                                                    window 

              TR (t)                                                                    

                                                   L                                h4                                                               L             

                                                                                                                                    h5 

                                                                              Isothermal mass             

                                                                                                                               Ground                y=0 

Figure 2.1 Illustration of a sketched adobe room. 

Table 2.1 Design details and thermal properties for an adobe room. 

S/N Items Values 

1. Thermal conductivity of improved clay brick, K 0.62 W/mK 

2. •Absorptivity of clay surface,   0.6 

3. •Emissivity of surface,  0.9 

4. Volume of room, VRM (2000 x 2000 x 2000) mm
3
 

5. •Specific heat of room air, Ca 1005 J/Kg K 

6. Total floor area of the room, ARM (2000 x 2000) mm
2
 

• Source Maduekwe et al. (2002 -I) 

x=0 

x=L 

DESIGN DATA 

(Orientation, Windows, 

Wall and roof types, 

CLIMATIC DATA 

(Radiation, 

  MATERIAL DATA 

(Density, Specific heat, 

BUILDING USAGE DATA 

     (Internal Gains, Air 

HEAT 

BALANCES IN 

BUILDINGS 
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Figure 2.2 The constructed Adobe room 

2.2 Measurement of Data  
The room was analyzed based on thermal performance over the month of May 2009 data. The analysis was done on a complete 

month input data’s from the Sokoto Energy Research Centre, Sokoto - Nigeria. Indoor and outdoor parameters were measured for 

the room on half hour interval, using hygrometer, thermocouple-thermometer and data logger, that logged the ambient 

temperature, outside room humidity, solar radiation, and wind speed 

 

The measured parameters were used in SCILAB simulation and the results of the simulation were validated. 

 

2.3  Validating the SCILAB Model Using Graphical and Statistical Techniques 
Model validation as stated by El-Haik and Al-Aomar (2006) is the process of checking the accuracy of the model representation to 

the real-world system that has been simulated 

 

In this work, an analytical model using complex finite fourier transform (CFFT) technique for periodic solution is performed 

using SCILAB Software and the flow chart figure 2.3 

 

 

Figure 2.3: Computational flow chart for main programme (Enibe, 2015). 
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2.4 Root Mean Square Error 
The Root Mean Square Error (RMSE) is a measure of the variation of predicted values around the measured values if N is the 

number of data pointsy and x are the variables, the the RMSEwas determine using the relation: 

 

 
1/2

2

1

N

i ii
y x

RMSE
N


 
 
 
 



                      (2.1) 

2.5 Root mean square of percentage deviation (e-value) 
The root-mean-square deviation (RMSD) is a frequently used measure of the differences between values predicted by a model or 

an estimator and the values actually observed. The closeness of predicted values and experimental data can be presented in terms 

of root mean square of percent deviation. If eis the RMSD, eiis the point RMSD, and nis the number of data points,then, 
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                       (2.2)  

where    
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exp
x

X

XX
e

pred

pred

i


                       (2.3) 

and  i = 1 to n (number of observations) as given by Chel and Tiwari (2009). 

 

3.0 RESULTS AND DISCUSSION 

Indoor and outdoor parameters for an improved clay adobe room were measured on half hour interval, using hygrometer, 

thermocouple-thermometer and data logger that logged the ambient temperature outside humidity, solar radiation, and wind speed. 

 The readings from the measuring instrument were converted to hourly interval and then to hourly average for the month of May, 

2009. These readings were used in the simulation.  

 

Figure 3.1 Graph of the experimentally measured results of the variation of the inside 

room, hourly temperature (K) with time (day) for the month of May 2009. 
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Figure 3.2 Graph of the simulated results of the variation of the 

 inside room,hourly temperature (K) with time (day) for the month of May 2009 

 

Figure 3.3 Shows the simulated and measured results of the variation of the inside 

room, hourly temperature (K) with time (day) for the month of May 2009 
 

Figure 3.1 shows the variation of the inside room, hourly temperature (K) with time (day) for the month of May 2009, as 

experimentally measured results. 

Figure 3.2 shows the variation of the inside room, hourly temperature (K) with time (day) for the month of May 2009, as 

simulated results. The result is obtained by using the SCILAB software simulation method with code 5.5.2. The procedure 

employed follow the flow chart shown in figures 3.1. 

Figure 3.3 shows the simulated and measured results of the variation of the inside room, hourly temperature (
0
C) with time (day) 

the matching can be seen. The variation between the simulated and measured results is more pronounced from day one to day five 

which could be due to the simulation error. However the variation is minimal for the remaining days of the month. 
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And the RMSD and the RMSE values were found to be 30 percent and 0.9 respectively. 

 
Figure 3.4 Graph of daily measured, model inside room temperatures (K)and deviation against time (day) for thirty days of the 

month of May 2009 

 

 

Figure 3.4 shows the deviation of the model against the experimental measured result, from the figure it can be seen that the 

deviation is within the range -0.1 to 18.6 

 

 
Figure 3.5 Comparison between experimental measured inside room temperature (K) and  

the model inside room temperature (K) 

 
Figure 3.5, shows the correlation for the inside room temperature (K), between the experimental values and the model values. 

There exists a regression coefficient R of value 0.14. The regression value is greater than zero, which indicated that there is 

positive correlation between the experimental values and the model values of the inside room temperature.  

4.0 CONCLUSION 

This work on the analysis and adobe room studies has shown the accuracy of SCILAB building energy analysis tools in predicting 

the performance of an adobe clay building. The comparison of experimental and simulated results shows that the agreement 

between the experimental, simulation and model is generally good. The deviation between the experimental and model for inside 

room temperature was only 10%. So, in general, this work has shown that it is possible to use the SCILAB simulation tool to 

predict the indoor condition of temperature for an adobe room.  
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