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ABSTRACT: 
 The research problem has two parts. The first one expresses how to deliver air current (flow 

movement) due to wind pressure to cover all home parts. The other part expresses how to achieve the 

thermal comfort in the conditions of Egypt such as high temperatures and low wind speed of the 

prevailing cold wind. In this work, the effects of the geometrical characteristics of wind catchers on the 

internal natural ventilation is studied.  

 The aim of this study is to find a way to increase the wind speed from wind catcher all over the 

internal surrounding spaces. Small physical models is used to derivate the optimum geometrical 

characteristics of wind catchers that achieve the objective of this research than actual models. Also, the 

dimensions of the models of wind catchers are analyzed : The effect of the following items on air speed: 

The mainly second part discusses the controversial effects of the geometrical properties of wind catchers 

on air speed at wind catcher’s air entries (inlets) and air exits (outlets). These effects are:    

        

1- Different orientations of the entry openings.       

2-Different inlet/outlet area ratio.        

3-Different numbers and locations of air exits.    

4-Cross-areas of the air tunnel and its different forms.      

5-The roof angles of wind-catcher.  

 The conclusions of the paper can summarize the conditions under which air speed - at both inlet and 

outlet openings - increases as follows: When the long axis of the air-entry opening is perpendicularly 

placed to the wind direction. When the inlet opening area is smaller than the outlet opening area. When 

the outlet opening is faced inlet opening. When the air tunnel cross-area gets smaller or turns into a 

circular shape. And when the wind catcher roof angle is between 30º and 55º. 
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EXPERIMENTAL DESIGN: 
 Experiments are carried out using small 
physical models (151550) cm, 1111 cm 
surface area of the inlet opening and finally 
1111cm area of the outlet opening. 
 By studying the effect of the geometrical 
characteristics of wind catcher on air speed at 
both entry opening and exit openings, it is easy 
to derive the optimum geometrical chara-
cteristics of actual wind catchers that depends 
on the calculation air speed at both entry. And 
exit openings. 

RESULTS AND DISCUSSION: 
 The effect of the geometrical characteristics 
of wind catcher on air speed of both entry 
openings and exit openings. 

1-Entry Opening’s Orientations (Inlet 
Orientations):  

 It is found that the effects of different 
orientations of air entry openings according to 
wind direction, air speed at outlet openings are 
as follows: 
 It equals to 90% of the speed of the external 

wind, when the long axis of the wind catcher’s 
entry opening is perpendicular to the wind 
direction. 

 It reaches to 50% of the speed of the external 
wind, when the long axis of the wind catcher’s 
entry opening is at an angle between 10 to 80 
to the wind direction. 

 It is nil, when the long axis of the wind 
catcher’s entry opening is parallel to wind 
direction as given in table (1). It is concluded 
that air speed at outlet opening reaches its 
maximum value when the inlet opening is 
perpendicularly placed to the wind direction. 
It also vanishes when the surface of inlet 
opening is placed parallel to wind direction as 
shown in figure (1). 

2-Locations of Outlet Openings to Inlet 
Openings: 

 Air speed at outlet openings varies 
according to the location of the outlet with 
respect to the inlet openings. When the outlet 
opening faces the inlet opening, air speed 
increases to a double value of that when the 
outlet opening located in the same side of the 
inlet opening as given in table (2), and shown in 
figure (2). 

3-Location of Outlet openings to 
Ground Level : 
 It is found that the air speed at outlet 
opening increases when it is near to ground level 
as given in table (3), and as shown figure (3).  

4-The Number of the Outlet Openings: 

 The number of outlet openings-the surface 
area of each one of them equals 1111 cm- 
affects air speed at outlet opening. The smaller 
of the number of outlet openings, the increase of 
air speed as given in table (4), and as shown in 
figure (4). 

5-The area of the outlet openings: 

 It was observed that the percentage of the 
wind speed increases by the increase of the area 
of outlet opening as given in table (5) and shown 
in figure (5).  
 

6-The cross sectional-area of the air 
tunnel : 
 It was observed that air speed at outlet 
openings increases when the cross area of air 
tunnel decreases as given in table (6), and as 
shown in figure (6). 

7-The Angle of Wind Catcher’s Roof: 
 Studying the different angles of wind 
catchers’ roof, several values of air speed at exit 
opening are recorded:  
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  The maximum value reaches 94% of the 
external wind speed when the angle of wind 
catcher’s roof equals to 30O.  

 It Reaches 85% of the external wind speed 
when the angle of wind catcher’s roof equals 
0O (horizontal position).  

 It Reaches 57% of the external wind speed 
when the angle of wind catcher’s roof equals 
to 45°.  

 It reaches 30% of the external wind speed 
when the angle of wind catcher’s roof equals 
to 60°.  

 It was found that the effect of the angle of 
wind catcher’s roof depends on two factors, the 
location of the outlet opening to the ground 
level, and the area of the outlet opening. 

 
Table (1): Air speed and orientation of inlet opening 

Angle of 
orientation 

The angle of inlet opening surface to wind direction 
90° 80° 70° 60° 50° 40° 30° 20° 10° 0° 

Air speed at 
outlet opening 90% 75% 65% 60% 60% 55% 35% 15% 7.5% 0% 

 
Table (2): Location of inlet/outlet openings and air speed 

Location of outlet openings The outlet openings faced inlet 
opening 

The outlet openings in the same side 
of inlet opening 

Average air speed at outlet 
openings 3 m/s 1.7 m/s 

 
Table (3): Location of outlet opening to the ground level 

Location to ground level 
Air speed at outlet openings meter/second 

Read 
(m/s) 

No 1 
(%) 

Read 
(m/s) 

No 2 
(%) 

Read 
(m/s) 

No 3 
(%) 

The outlet opening 
that face inlet 

opening 

Upper part 2.6 95 2.7 100 2.2 80 
Medium  2.2 80 2.7 100 2.2 7.5 
Lower 2.0 75 2.6 75 2 75 

Note: Opened upper 
outlet opening 

Opened medium 
outlet opening 

Opened lower 
outlet opening 

 
Table (4): Number of outlet openings and air speed 

The number of outlet openings 6 openings 3 openings 2 openings 
Average air speed at outlet 

openings 
1.7 m/s 

65% 
1.96 m/s 

75% 
2.55 m/s 

100% 
 

Table (5): Air speed and area of outlet openings 
Area of outlet opening (cm2) 14×10  13×10  12×10  11×10 10×10 9×10 

Air speed at outlet opening (m/s) 2.35  2  1.65  1.3  1  0.75  
  

Table (6): Air speed at outlet opening/and cross-area of air tunnel 
Cross areas of air tunnel (cm2) 121  144 155 169 196  225  

Air speed at outlet opening/ external wind speed (%) 90 76 73  66  65 60 
 

Table (7): Air speed and the angle of wind catcher’s roof 

Location The angle of wind catcher’s roof 
0 O (horizontal) 30O 45O 60O 

The average air speed at outlet opening 85% 94% 57% 30% 
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The cross area of wind catcher 

Outlet opening in the same 
side of inlet opening Outlet openings  

Faced inlet opening 

Fig. (0): The physical small model of wind catcher 

Wind direction 

The angle of wind catcher roof Inlet opening 

The upper  
outlet opening 

The medium  
outlet opening 

The lower  
outlet opening 

50 cm 

15 cm  15 cm 

Inlet opening 
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Fig. (2): The effect of location of outlet openings according to face inlet opening  

 

A
ir

 sp
ee

d 
at

 in
le

t a
nd

 o
ut

le
t o

pe
ni

ng
s 

fr
om

 e
xt

er
na

l w
in

d 
sp

ee
d 

90°  80° 70° 60° 50° 40° 30° 20° 10° 0° 
 

Fig. (1): The effect of the verity entry opening’s 
orientation according to wind direction  
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Fig. (3): The effect of location of outlet openings according to ground level 

Fig. (4): The effect of the number of the outlet openings 
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Fig. (5): The effect of area of outlet openings (cm2) 
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Fig. (6): The effect of area of cross area of air tunnel (cm2) 
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A-The location of the outlet opening: 

 Air speed Increases at outlet openings when 
the outlet is near to the ground level, when the 
angle of wind catcher’s roof equals to 30o, air 
speed at the outlet openings nearly equals the 
external wind speed. While when the outlet 
opening is located in the upper part, air speed at 
the outlet opening decreases to be just 80% of 
the external wind speed, as given in table (7-a), 
and as shown in figure (7-a). 
 

B-The area of the outlet opening: 

 Air speed at the outlet opening decreases as 
the area of outlet decreases, at the half area of 
outlet opening air speed records only 50 to 60% 
of external wind speed, as given in table (7-b), 
and as shown in figure (7-b).  

 The table (7-c) was summarized the three 
factors; the angle of wind catcher roof, the 
location of outlet openings and the area of outlet 
openings.  
 

 
Table (7-a): The effect of the location of outlet opening according to ground level with the angle of 

wind catcher roof in the case of complete outlet openings 

Locations 
The angle of wind catcher’s roof 

0º (horizontal) 30º 45º 60º 

The occupancy rate of 
external wind speed 

The upper outlet opening 79% 80% 70% 14% 
The medium outlet opening 80% 96% 45% 35% 
The lower outlet opening 95% 105% 55% 36% 

 
Table (7-b): Average air speed, area of outlet, and the angle of wind catcher’s roof 

Locations 
The angle of wind catcher’s roof Average 

read 0º 30º 45º 60º 
The air speed at outlet 
opening/external wind 
speed at outlet opening 

Full area of outlet opening 85% 94% 57% 30% 66.5% 
Half area of outlet opening 65% 60% 50% 10% 46.25% 
Quarter area of outlet opening 65% 50% 32% 0.67% 37% 

 
Table (7-c): Air speed, outlet location, area of outlet, and the angle of wind catcher’s roof 

Locations 
The angle of wind catcher’s roof 

0º 30º 45º 60º 

The air speed at outlet 
opening/external wind speed 
(Full area of outlet opening) 

The upper outlet opening 79% 80% 70% 14% 
The medium outlet opening 80% 96% 45% 35% 
The lower outlet opening 95% 105% 55% 36% 

Average 85% 94% 57% 28% 

The air speed at outlet 
opening/external wind speed 

(Half area of outlet opening) 

The upper outlet opening 72% 68% 65% 10% 
The medium outlet opening 75% 60% 43% 20% 
The lower outlet opening 50% 47% 44% 2.5% 

Average 65% 60% 50% 10% 

The air speed at outlet 
opening/external wind speed 

(Quarter area of outlet opening) 

The upper outlet opening 71% 48% 45% 0.72% 
The medium outlet opening 60% 58% 32% 0.3% 
The lower outlet opening 65% 45% 27% 1% 

Average 65% 50% 35% 0.67% 
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 Fig. (7): The effect of the angle of wind catcher roof 
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 Fig. (7-a): The effect of the angle of wind catcher roof on the complete 

outlet openings with location of outlet openings 
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 Fig. (7-b): The effect of area of outlet openings with the angle of wind catcher roof 

85% 
94% 

1% 

50% 

30% 

Complete 
outlet 

openings 

½ outlet 
openings 

65% 

32% 

10% 

50% 

60% 
57% 

¼ outlet 
openings 



Ass. Univ. Bull. Environ. Res. Vol. 10 No. 1, March 2007 

-10- 

 

CONCLUSIONS: 

 From the above study, it can be concluded 
that the effects of the geometrical characteristics 
of wind catchers on the air speed at outlet 
opening, takes the following forms :  

 When the long axial of wind catcher’s inlet 
opening is perpendicular to wind direction.  

  When the outlet opening faces the inlet 
opening. 

  When having fewer number of the outlet 
openings. 

  When the surface area the outlet opening 
increases. 

 When the cross area of air tunnel decreases.  

 When the angle of wind catcher’s roof equals 
to 30o. 

 When the outlet opening is located near of 
ground level. 

RECOMMENDATIONS: 
 Aerodynamic studies should be encouraged 
to reach the thermal comfort in the indoor 
environment to reduce the loads on energy used 
in air conditioning and artificial ventilations. 

 Future studies should be carried out to 
investigate the performance of real models 
similar to the models studied in this paper. 
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  تأثیر الملاقف وخصائصھا الھندسیة على التھویة الطبیعیة الداخلیة
  الناشئة عن ضغط الریاح لتتلائم مع المناخ المصرى الحار

  )دراسة لنموذج مصغر للملقف(
  **محمد عبد الموجود عبد الغفار، *أحمد عبد الوھاب أحمد رزق

  جامعة طنطا -لهندسة كلیة ا -مدرس بقسم الهندسة المعماریة  **، الأستاذ المساعد*

  

یهدف البحث نحـو زیـادة سـرعة الهـواء عنـد فتحـات مخـارج الهـواء للملقـف عـن طریـق اسـتغلال الخصـائص 
لاتجاه الریاح والعلاقة العددیة والمكانیة بین فتحة المدخل وفتحات  اً لملقف مثل توجیه فتحة المدخل طبقالهندسیة ل

زاویة  اً وأخیر  ،حتها أو مساحة مقطع الملقفتها بالدور الأرضى أو مسامخارج الهواء للملقف وفتحات المخارج وعلاق
  . میل الملقف ویتم بواسطة تجارب على نموذج مصغر للملقف وجهاز قیاس سرعة الهواء ومروحة هوائیة

  : وتوصلنا إلى أن سرعة الهواء تزداد عند فتحات مخارج الهواء فى الحالات التالیة
  بمحورها الطویل بصورة عمودیة على اتجاه الریاحعند توجیه فتحة المدخل .  
 عندما تكون فتحات مداخل الهواء أصغر من فتحات مخارج الهواء للملقف. 

 عندما تواجه فتحات المخارج فتحات مداخل الهواء للملقف. 

 عندما تقل مساحة فتحة المخرج . 

 عندما تقل المساحة الداخلیة للملقف. 

 30سقف الملقف حوالى  عندما تكون زاویة°. 
 


