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___________________________________________________________________________ 

Abstract: The house is one of the first needs of mankind who works daily to improve his life. 

Therefore, the surrounding conditions parameter and their effect on the environmental 

performance inside the house are investigated. The environmental conditions in desert regions 

required building the house such that the thermal comfort is achieved for the occupants with 

minimal electrical energy consumption. The use of passive design strategies to achieve 

natural ventilation and consequently thermal comfort requirements inside the house in 

summer region instead of mechanical ventilation is a main goal set forth by of the architects, 

planners, building designers and all those  concerned by the energy saving.  

This paper studies the impact of passive-strategy design and is particularly interested in 

natural ventilation (as part of this strategy) for thermal comfort inside a farmer house. The 

aim is to reduce dependency on the mechanical methods to achieve thermal comfort during 

summer especially in the dry desert areas.  

This study was divided into two parts; the first part involves experimental tests on the farmer 

house model using a wind tunnel to illustrate the flow pattern inside the house. The second 

part involves a numerical study using CFD software package (ANSYS) to search for the most 

suitable design of a farmer house. The output of the numerical work consists of the local and 

average air speed inside each room of the house model in the form of contours and vectors. 
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1.1.  INTRODUCTION 

The main consumer of the total electrical power in the building sector is the HVAC systems 

which are used to achieve the thermal comfort requirements for the occupant. The passive 

system design tools or strategies make an acceptable environmental which may be in rang of 

thermal comfort region and on the other hand save the electrical power consumption. 

From previous studies on this subject was found that most research and studies that have been 

discussed the importance of thermal comfort and natural ventilation devices such as 

controlling the speed of the air space occupied inhabitants by controlling the opening such as 

windows as well as the entry angle of the air with respect to the front façade to get large air 

speeds and much more circular motion in living room to remove heat. There are several 

previous works on the field of thermal comfort and natural ventilation and also in the field of 

the energy saving in the desert area. Dominique [2] studied the using of ventilation heat 

recovery system and heat pumps. Rao [3] studied of the effects of evaporating cooling of the 

external walls on the interior temperatures for the tropics area which helps to save electrical 

energy. The walls were wetting with water which acts as umbrella (a shaded) and helps to 

increase the heat transfer rate from the skins. Nour [4] investigate the impact of shading 

devices of buildings in Bahrain and found that the northern part of the building is colder and 



always is own self-distorted with direct sunlight and about 50% of the energy can be saved 

comparing with the southern walls. Stritih [5] explain the building cooling systems using 

materials of the ability to change its situation these materials must be at melting point in the 

human thermal comfort zone. These materials were manufactured in the form of suspended 

ceilings installation and placed in the roof area to process cooling of the room during the day. 

Abdou [6] discussed the results of a study on climatic conditions in traditional Interior House 

in the desert of Algeria. The climatic readings such as air temperature, humidity and air speed 

were recorded. The results of the study concluded that, in addition to the impact of traditional 

building materials with high thermal capacity there are three architectural elements have large 

effect on thermal motivating buildings. These materials are reception, moon roof, and stairs. 

Chouia [7] explained the importance of the solar energy to become an important part in the 

process of the designing. 

 

1.2. Methodology of Experimental work 

A farmer house model was built from  transparent plexiglass sheet of thickness 5 mm. The 

model consists of three bed rooms, a bathroom, an internal half-coverd courtyard, kitchen, 

small bathroom. In the back yard there are two animal hangers with an  exposed courtyard.  

Figures 1, 2 show sketch and photograph of the farmer house model. The air flow inside the 

model was visualized. The theory of this machine depend on heating the kerosene to the 

boiling therby the evaporating white fumes of steamed kerosene going with air in and around 

the test model, giving a visual image of the air movement under various wind direction with 

respect to the farmer house model using a video and digital cameras. 
 
 

 

 

 

 

 

 

 

 

 

Fig. 1 Farmer's House. 

 

 

 

Animal's  
hunger 

bedroom 

bedroom bedroom kitchen 
Chicken 
hunger 



 

 

 

 

 

 

 

 

 

Fig. 2 Photo of the Farmer's  House Test Model. 

 

1.3. Computational Work 

The distributions of air speed and direction inside the farmer house model for several 

orientations relative to the prevailing wind angles were computed in the form of contours and 

vectors using the commercial CFD software ANSYS CFD FLOTRAN [1] computer package 

to predict flow patterns, pressure and velocity contours. The program is based on the finite 

element approach and uses the k- turbulence model, solving the Reynolds equations, the 

energy equation and the equations for turbulence energy and its dissipation. In the present 

work, the boundary conditions stipulated that the flow velocity at all the solids surfaces is 

zero (i.e. viscous fluid flow). 

 

1.4. Smoke Test Results and discussion 

Laboratory tests were carried out on the above model using smoke to visualize the airflow 

around and inside the model for various orientations with respect to prevailing wind. Figure 4 

shows photographs of smoke movement within the farmer house model in case of the wind 

normal to the main facade. It is illustrated that the air flow enters to the farmer house from the 

main façade and from the opening in the room facing the entrance. Figure 5 shows 

photographs of smoke movement inside the farmer house in case of south-west wind. It is 

observed that eddies were increased in the main bed rooms. When wind is south-east, Figure 

6 shows photographs of smoke movement inside the model. It is observed that the circulation 

of the air flow inside the farmer house model has increased.  



 
 

Figure 4 Photos of smoke movement with wind normal to front facade 

 
 

Figure 5 Photos of smoke movement with south-west wind.(45
o
 to façade) 



 

 

Figure 6 Photos of smoke movement with south-east wind 

 

1.5. CFD Results and Discussions 

A simulation study using CFD computer software to determine distributions of the air flow 

and evaluate the air speed inside the farmer house model and extract the results in the form of  

contours and vectors for several wind directions with respect to the main façade as shown in 

figures 7, 8, and 9 respectively.    

Figure 7 shows a picture of contours and vectors of the airflow inside the farmer house at 

wind direction coming normal to the main façade. It is note that the air flow going through the 

front openings into the house and generate turbulent and circulation of the air in side rooms. 
  

 

 

 

 

 

 

 

 

 
 

Figure 7 Contours and Vectors of Airflow inside House Model with wind Normal to Front Façade 

Air flow 



Figure 8 illustrate a visualization of contours and vectors of the airflow inside the farmer 

house model when the wind coming from south-west. It is observed that the circulations of 

the air flow in front rooms are increased and gradually decreasing in the rear areas.  
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Figure 8 Contours and Vectors of Airflow inside House Model with South-West Wind 

Figure 9 demonstrates a picture of contours and vectors of airflow inside a farmer house 

tested model when the winds are coming from south-east. It is obtained that, the airflow enter 

the model through the front to the rear rooms especially to the animal hangers. Also, it can be 

shown that the circulations of the air flow are better than the other case shown in Fig.8. 
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Figure 9 Contours and Vectors of s Airflow Inside House Model with south-east Wind. 

 



1.6 Conclusion 

From the results of laboratory and theoretical studies it can be concluded that: 

1- It must be taken into account with natural ventilation to separate living rooms from 

animal's hangers in order to reduce pollution. 

2- There is good agreement between experimental findings (visualization) and the 

computational results. 

3- South-East wind gives better air flow distributions and ventilation. 

4- Effects of surrounding environmental conditions on the performance of the farmer house 

must be examined. 
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