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SYNOPSIS 
A general observation from the Gulf States is 
that some buildings are completely dependent 
on mechanical air-conditioning. Due to the 
availability of cheap energy, some designers 
tend to overlook the importance of climate 
during the design process. As a result, a large 
amount of energy is needed for the mechanical 
control of indoor climate. It is estimated that 
approximately 65% of the electrical energy 
generated in the Kingdom of Saudi Arabia is 
consumed in buildings. There is no doubt that a 
large proportion of this energy is used in cooling 
the buildings during the long hot summer. This 
paper has also been influenced by the latest 
development plan of the Kingdom of Saudi Arabia 
which calls for energy savings. 

A complex set of factors influences the 
thermal performance of buildings and hence 
determines the amount of energy required for 
the mechanical control of indoor climate. This 
paper attempts to visualize the effect of 
orientation on indoor climate in the hot-dry 
region of Saudi Arabia. The study is based on an 
experimental survey carried out on the staff 
housing at King Saud University [ 1]. Some 
apartments were selected for the case study. 
These are similar in all aspects influencing 
thermal behaviour, such as materials, 
construction and form, but differ in orientation. 
Indoor air temperature and internal surface 
temperatures were recorded. The results are 
then analysed and evaluated. 

INTRODUCTION 
Solar energy provides a thermal input to all 
buildings either directly or indirectly. This input 
might be advantageous if it contributes usefully 
to the energy requirements for space and water 
heating, as in cold and temperate climates. On 
the other hand this heat input can be 
disadvantageous, causing high internal 
temperature conditions that may necessitate the 
use of energy for air cooling, as in many tropical 
regions. The amount of heat gained within a 
building from solar energy will depend on 
aspects of building design and construction, 
such as location, siting, orientation and layout. 
To improve the therm~! behaviour of buildings all 
these aspects should tie thoroughly evaluated 
and analysed and optimum solutions should be 
reached. However it is difficult to study all these 
aspects collectively since they interact with each 
other. To simplify the procedure, each factor 
could be considered separately while all other 
factors are assumed to be fixed .. Givoni [2] 
reported that building orientation -affects the 
indoor climate in two respects by its regulation 
of the influence of two distinct climatic factors, 
these are; solar radiation and its heating effect 
on walls and rooms facing different directions, 
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and ventilation problems associated with the 
prevailing winds and the orientation of the 
building. When designing in tropical climates. 
the analysis of these two factors may lead to 
conflicting requirements. One orientation may 
provide the best protection from the direct solar 
radiation, while another orientation could provide 
the best alternative of natural ventilation . Kanya 
[3] emphasized the importance of orientation in 
building design and that it is determined by the 
climatic factors of wind and solar radiation as 
well as by the view, noise and requirements of 
privacy. However Van Straaten [ 4] stated that in 
warm climates solar heat gain should be reduced 
wherever possible or preferably controlled. He 
reported that the best orientation for warm 
climates is the true north/south orientation with 
the longer axis of the building running east/west. 
Raychaudhuri, Ali and Garg [51 conducted an 
experimental study in Delhi and found that there 
can be a difference of as much as 2. 7K in air 
temperature in a building on summer afternoons 
between the worst and the best orientation . The 
importance of orientation on indoor climate is 
also emphasized b'i many researchers such as 
Mazria [6]. Siani [7]. BurberrJ [B] and Baffinton 
and Skinner [ 9]. Givoni [ 2 stated that the 
magnitude of the therma effect of wall 
orientation on the interior is dependent on many 
design and construction characteristics, and in 
practice this may vary from a negl ig ible to a very 
significant factor. 

SELECTION OF THE CASE STUDY 
To study the effect of orientation on thermal 
performance of buildings by field experiments 
demanded the construction of full scale models 
w ith different orientations while keeping all 
other factors such as form, layout or colour 
material fixed. The construction of such models 
is costly and time consuming. Another 
alternative is selecting an existing example 
which may satisfy some of the major 
requirements . The King Saud University staff 
housing complex at Ad-Darriyah provided a 
suitable alternative for a case study. Ad-Darriyah 
is located in the northern part of Riyadh (lat. 24° 
42'N, long. 46° 44'El. the capital of Saudi Arabia. 
The staff housing complex contains forty-four 
blocks of apartments similar in form, space, 
material, construction. colour and location but 
w ith different orientations. Each block of 
apartments consists of four wings meeting at 
right angles. with a central core allocated for 
vertical circulation. The blocks of apartments are 
constructed from reinforced precast concrete 
panels 0.14 m thick. The bedrooms are located at 
the external corners of each wing, each room 
having two of its walls exposed to the external 
environment. As shown in Figure 1, the selected 
room is 4.0 x 3.5 m with a window 1.1 x 1.0 m 
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having single glaz ing, wiremesh and a heavy 
curtain. Each w indow is provided with a ve rtical 
and a horizontal reinforced concrete sun breaker 
0.1 m th ick and 1.0 m wide . All the external 
surfaces are beige in colour except the window 
sun breaker wh ich is cream. Three examples are 
selected for this study, as shown in Figure 1. 
These are: 

Orientation (A), a room with two walls exposed 
to the external environment; these are the 
south-east and the south-west walls . 

Orientation (8), a room with two walls exposed 
to the external environment; these are the 
north and west walls . 

Orientation (C). a room with two walls exposed 
to the external environment; these are the 
east and north walls. 

Method of Measuring. Four automatic digital 
temperature recorders were provided for the 
study. Each temperature recorder can record up 
to twenty-four readings, printing each reading in 
half a second, and could be programmed to suit 
five types of thermocouples. The accuracy of the 
thermometer is ::t:0.5K for a temperature range 
from -200 to 600K. The output is given in a 
digital display together with a print-out. The 
output includes the number of the channel 
whose temperature is being measured, the 
temperature value in degrees C up to five digits 
with a decimal point and a minus sign for 
negative values. the date and the time of 
recording. Copper-constantan thermocouples 
were used for measuring surface and air 
temperatures. The thermcouple is carefully 
mounted on the surface covered with an 
effective insulating material to insure adequate 
accuracy of temperature reading. Thermocouples 
were mounted on the centres of walls and 
ceilings for recording surface temperature. For 
recording indoor air temperature the 
thermocouple is located at the centre of the 
room about 1.2 m high. For recording the 
external air temperature, the thermocouple is 
located outside about 0.3 m from the external 
wall. 

Period of Measurements. Since the objective of 
this paper is to study the effect of orientation on 
the indoor climate of housing during the summer 
season, a brief climatic analysis was carried out 
to determine a suitable period for the 
measurements . From the climatic data for 
Riyadh provided by the Ministry of Defence and 
Aviation [ 10] it was concluded that June. July 
and August are the hottest three months of the 
year, with average maximum temperatures 44.4, 
44 .6 and 44 .5°C, and the average mean 
temperatures 32 .2, 32.4 and 32.3°C and the 
average minimum temperatures 21.5, 22.2 and 
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Figure 1 
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Selected examples: Top Example A. south-east 
and south-west exposures; Middle Example B, 
west and north exposures; Bottom Example C, 
east and north exposures. 
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22.3°C respectively. On the ether hand, the 
same three months, June, July and August are 
characterized with the lowest relative humidity. 
During these months the average minimum 
relative humidity values were 4.5%, 5.5% and 
6.5%, average mean values were 17.0%, 16.5% 
and 17.0% and the average maximum values 
were 32.0%, 31.5% and 35.0% respectively. 
From the above analysis it was concluded that 
the period extending from June to August would 
represent the hottest season of Riyadh. Another 
factor which was taken into consideration was 
that temperature recording should take place 
when no air-conditioning is used for a reasonable 
period of time to make sure that the structure 
will behave naturally. This demanded that the 
apartments should be vacant before and during 
temperature recordings. Fortunately all the 
apartments selected for the case study were 
vacant for temperature recording during the 
period from June to September in 1983. 

ANALYSIS OF RES UL TS 
Six temperature values were recorded at 30 
minute intervals for a minimum period of 
seventy-two hours. These temperature values 
represent outdoor air temperature, indoor air 
temperature and internal surface temperatures 
of the walls. The external and internal air 
temperature values for examples (A). (8) and (C) 
are represented graphically in Figure 2. Indoor air 
temperature for example (A) varied from a 
minimum of 36.2°C recorded at 7.00 a.m. to a 
maximum of 38.5°C recorded at 6.00 p.m. Indoor 
air temperature for example (8) varied from a 
minimum of 34.1°C recorded at 7.00 a.m. to a 
maximum of 36.4°C recorded at 6.00 p.m. Indoor 
air temperature for example (C) varied from a 
minimum of 33.9°C recorded at 6.30 a.m. to a 
maximum of 35.6°C recorded at 7.00 p.m. 

The surface temperatures of the four walls 
for example (A) are represented graphically in 
Figure 3. The largest temperature variation was 
recorded for the south-west wall. The surface 
temperature value for this wall varied from a 
minimum of 34.6°C at 8.00 a.m. to a maximum of 
41.5°C at 6.00 p.m. The surface temperature of 
the south-east wall varied from a minimum of 
36.3°C at 8.00 a.m. to a maximum of 39.3°C at 
6.00 p.m. The south-west and south-east walls 
are exposed to the external climate and their 
surfaces are influenced by the combined effect 
of solar radiation and the external air 
temperature. The north-east and north-west 
walls are not exposed to the external climate and 
hence their temperature variations are minimal. 
The maximum temperature for the ,north-east 
wall is 38.0°C recorded at 11.00 p.m. and the 
minimum temperature is 36.6°C recorded at 
12 noon. The maximum temperature for the 
north-west wall is 38.0°C recorded at 11.00 p.m. 
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Figure 2 
External and internal air 
temperature . 
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Figure 3 
South-east and south-west 
exposures. 
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and the minimum temperature is 36.4°C 
recorded at 12 noon. 

Figure 4 shows the temperature values for 
example (8). The largest temperature variation 
was recorded for the west wall. The surface 
temperature of this wall varied from a minimum 
of 33.8°C at 8.00 a.m. to a maximum of 42.0°C at 
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6.00 p.m. The second largest temperature 
variation was recorded for the north wall. The 
surface temperature of this wall varied from a 
minimum of 32.0°C recorded at 8.00 a.m. to a 
maximum of 38.6°C at 6.00 p.m. The east and 
south walls are not exposed to the external 
climate and hence their temperature variations 
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Figure 4 
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are relatively smaller. The surface temperature 
of the east wall varied from a minimum of 33.4°C 
recorded at 12 noon to a maximum of 35.5°C 
recorded at 12 midnight. The surface 
temperature of the south wall varied from a 
minimum of 33.0°C recorded at 10.00 a.m. to a 
maximum of 35.3°C at 2.00 p.m. 

... ";J1' • \ ., 

6 18 6 

Figure 5 
East and north exposures. 

1 8 6 

Figure 5 shows the temperature values for 
example (C). The largest temperature variation is 
recorded for the east wall. The surface 
temperature of this wall varied from a minimum 
of 33.3°C recorded at 8 .00 a.m. to a maximum of 
38.9°C recorded at 4.00 p.m. The second largest 
temperature variation is recorded for the north 
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wall. The surface temperature of this wall varied 
from a minimum 32 .5°C recorded at 8 .00 a.m. to 
a maximum of 38.5°C recorded at 6.00 p.m. On 
the other hand, temperature variations for the 
west and south walls are very small. The surface 
temperature of the west wall varied from a 
minimum of 33 .4°C recorded at 10.00 a.m . to a 
maximum of 35.1°C recorded at 10.00 p.m .. 
while the surface temperature of the south wall 
varied from a minimum of 33.6°C recorded at 
10.00 a.m . to a maximum of 35.2°C recorded at 
10.00 p.m . 

Table 1 and Figure 6 present a summary for 
the recorded temperature values for the three 
examples. The highest surface temperature is 
42.0°C recorded for the west wall of example 
(8), followed by 41 .4°C recorded for the 
south-west wall of example (A) and the 38 .3°C 
for the east wall of example (C) . The highest 
maximum indoor air temperature is 38.8°C 
recorded for example (A), followed by 36 .3°C 
recorded for example (8) and 35.4°C recorded for 
example (C) . Similarly the highest minimum 
indoor air temperature is 36.3°C recorded for 
example (A). followed by 32.8°C recorded for 
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Table 1 Summary of output data: Air and Internal Surface 
Temperatures (see also Figure 6). 

Example Location Temperature °C 
Maximum Minimum 

A Indoor air 38 .0 36 .2 
North-east wall 38.0 36.6 
North-west wall 38.0 36.4 
South-east wall 39.2 36.3 
South-west wall 41 .5 34.6 

B Indoor air 36.4 34. , 
North wall 38.6 32 .0 
East wall 35 .5 33.4 
South wall 35.2 33 .0 
West wall 42 .0 33.8 

c Indoor air 35 .6 33 .9 
North wall 38 .5 32 .5 
East wall 38 .9 33.3 
South wall 35 .2 33 .6 
West wall 35 .1 33.4 
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example (C) and 32.6°C recorded for example 
(B). 

CONCLUSION 
The recorded temperature values reflected the 
influence of the orientation on indoor climate in 
Riyadh region . There is a difference of 2.4K in 
the maximum indoor temperature and a 
difference of 2.3K in the minimum indoor 
temperature between the best and worst 
orientation. This difference seems to be due to 
the fact that the structure of the envelope is 
composed of very thin reinforced concrete 
panels without any insulation. 

The highest surface temperature is 42.0°C 
recorded for the west wall in example (B). The 
second highest surface temperature is 41 .5°C 
recorded for the south-west wall in example (A), 
while the lowest surface temperature of walls 
exposed to the external environment is 38.5°C 
recorded for the north wall of example (C). This 
shows that for the selected orientations the 
west wall is the most affected by the external 
environment while the north wall is the least 
affected by the external environment. 

The results of the experiments also indicated 
that the thermal behaviour of a room having its 
north and east walls exposed to the external 
climate (example C) is better than the other two 
orientations. The worst thermal behaviour is 
recorded for orientation (A) which has both of its 
exposed walls facing the south-west and 
south-east directions. 

Although the highest internal surface 
temperature was actually recorded for the west 
wall of example (B), the overall performance of 
example (A) is inferior due to the total influence 
of all four walls. 
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