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Indesertregions, the orientation of buildings, thermal insulation and eaves have an important influence in
the inside air temperature. The main objective of the current work is to minimize interior temperatures
by these three techniques. This study aims at assessing also the geographic parameter enhancing or
damping the role of thermal inertia, providing a variety of results.

As result, this work proves that stones play a contradictory role on thermal comfort; it has been found
that changing orientations of building is not beneficial in terms of thermal comfort particularly in the hot
season in case of a building without insulation. Consequently, the insertion of the eaves is recommended
to achieve a better thermal comfort in arid and semi arid regions and the habitation will have to be
situated in south flan of a hill to satisfy the two strategies (hot and cold).

© 2011 Published by Elsevier B.V.

1. Introduction

The seventies housing crisis had inspired the interest in biocli-
matic architecture. As the most nowadays built houses are intact
and combustible energy reserves are exhausted. Decline towards
the bioclimatic architecture becomes an issue. This principle of
architecture requires first an adequate choice of house location
and orientation and then warmth and cold requirements. Numer-
ical methods that predict the thermal behavior of the housing
envelop have been elaborated. These models allow the evaluation
of internal temperatures in terms of thermal comfort to be achieved
[1,2].

However, it is not appropriate to consider air conditioning, or
heating systems without tacking into account the outside temper-
ature fluctuations, building orientations, and the strength of the
insulating material to be used, internal charges and construction
materials used. Classical methods used to compute the energy con-
sumption and energy demand [3-7] are not adequate since the
effect of interaction of different basic building constituents and the
suggested solution are not dealt with [8].

Ghardaiaregion (32.4°N, 3.8°E) is located 600 km from the coast,
at an altitude of 450 m above sea level. It is influenced by a dry
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climate, characterized by very low precipitations (160 mm/year),
very high temperatures in summer and low temperatures in win-
ter (frosty from December to mid-February). The climate is hot
and dry in the summer with temperatures variation between a
maximum of around 45°C and a minimum of 20°C, thus giv-
ing a large diurnal temperature swing. Winter temperatures vary
between a maximum of 24°C and a minimum of 0°C. Its normal
temperature in January is 10.4°C, it is 36.3 °C in July. And the aver-
age annual range is about 12.2° amplitudes of monthly average
temperatures. They are more moderate in winter than in sum-
mer (average 11° in winter cons 13.5° in summer). The monthly
maximum amplitudes are larger in summer than in winter fluctu-
ates around 20°C. Solar radiation is intense throughout the year
with a maximum of 700 Wm~2 in winter and 1000 Wm~2 in sum-
mer, measured on the horizontal surface. This Saharan climate
result that insulation is necessary, some requirements have been
identified by Fezzioui et al. [9]. Chelghoum et al. [10] paper dis-
cusses adaptation for climate change through a local adaptation
strategy at a variety of scales, showing how to manage high tem-
peratures.

With the present studies, we can aim the optimal advantage of
the sun for passive solar heating and cooling. The orientation effect
of a non-air-conditioned building on its thermal performance has
been analysed in terms of temperature index for hot-dry climates.
The evaluation is derived from a series of computer simulations.
At the end of study, we will give some solutions that can provide
positive improvements.
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Fig. 1. Associated descriptive plan, the dimensions are given by m.

2. Description of typical house plan

In Ghardaia region, stones are the most used construction mate-
rials. It is has been used for centuries (since the foundation of the
town at 1200J) due to their availability and also due the lack of
other construction materials such as wood (Vegetation are low due
to the climate). A typical most commonly used construction in the
region had been chosen. Fig. 1 is a schematic outline of real apart-
ment building situated whether at the ground or at the first floor of
two storey building. The house has an area of 88 m?2, wall heights
are equal to 2.8 m while the other dimensions are shown in detail
in Fig. 1.

This apartment includes the following elements:

¢ Building envelops or outer wall consisting of a heavy structure
generally constituted of stones jointed and surrounded by two
layers having thickness of 1.5cm of mortar cement. The most
inner face is coated with 1 cm thick plaster layer. The inner face of
these walls may have a thermal insulating structure composed of
an insulating polystyrene layer of thickness in the order of 6 cm
and an air layer of 1 cm.

The inner walls (or splitting walls) whose sides are in contact only
with the internal ambient are considered to be of heavy structure
constructed of stones of 15 cm width jointed and surrounded by
two mortar cement layer of 1.5 cm thick and two layers of 1 cm
thick of plaster.

The flooring is placed on plan ground to lodge the ground floor.
The concrete of the flooring is directly poured on the ground
thus minimizing losses. Floor tiles are inter-imposed, it is an end
coating resisting to corrosion and chemical agents.

The roof is composed of cement slabs and concrete slab made so
that it handles the load and be economical. A roof sloping of 5°
allowed water evacuation through several openings. Until now
the flat roofs are considered as nest infiltration and as architec-
tural solution.

e Windows and doors contribute significantly to the energetic bal-
ance. Their contribution however depends on several parameters
as: local climate, orientation, frame, relative surface (window-
flooring), and concealment performance during night and sunny
days. In this case focus is made particularly on windows and doors
dimensions and all are made of woods [11,12].

3. Solar radiation for buildings

Heat transfer through walls and openings depends on site loca-
tion of the building, receiving surfaces and orientation. For this
reason the incident solar radiation for a vertical plane facing north,
east, south, and west was determined using numerical models. In
this regard, solar maps of Algeria for a totally clear sky have been
made by the Liu and Jordan model [13,14]. The objective is to have
anideaonthereceived energy by each facade to control the incident
solar flux following the season and the orientation building.

Fig. 2 shows two solar maps of Algeria that provide the sum of
all daily global solar radiation on a vertical south plane respectively
in the two seasons, winter and summer.

From these maps, we notice that the sum of the daily Global solar
radiation on a vertical south plane exceeds the value of 19 kWh/m?
in winter season. In other hand, this value is less than 11 kWh/m? in
summer in Ghardaia zone. Similarly, we can appreciate the incident
solar energy on other facade. It is legitimate to find that the energy
intercepted by the north facade is clearly the least important. The
results indicate that in winter the obtained value is between 0.94
and 0.99 kWh/m?. But in summer season this value is between 3 and
4KkWh/mZ2. With regard to the sum of daily global solar radiation
on a vertical east and west plane, the results indicate that in winter
the obtained value is between 9 and 10 kWh/mZ. But in summer
season this value exceeds 11 kWh/m?2.

Consequently, solar radiation intensity on a major part of the
Algerian territory requires most of the time the use of installations
of air conditioning, to improve the internal conditions of comfort.
The collected data indicate that Ghardaia has a strong potential for
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Fig. 2. solar maps of Algeria for a totally clear sky, sum of all daily Global solar radiation on a vertical south plane: (a) winter and (b) summer.

solar energy applications. For this reason, two solutions for example
can be envisaged:

- The warm and dry climate imposes mostly to have closed fagades,
with openings of small dimensions and introverted towards the
courtyard.

- The exploitation of effects of the shape and building orientation,
this solution will allow sometimes to avoid (or at least limiting)
appeal to the solutions of artificial air conditioning, with all that
it implies of running costs and maintaining problems.

We will be forced to choose an efficient numerical model to
estimate the incident global irradiation on the walls. The chosen
method is Capderou model that utilizes the atmospheric Linke tur-
bidity factor in order to compute direct and diffuse components of
solar irradiation. Absorption and diffusion caused by atmospherical
particles are expressed in terms of the Linke turbidity factors. From
these factors direct and diffuse irradiation are determined in case
of clear sky model [15-19]. We are interested in determining the
incident irradiation on the roof (horizontal) and the vertical surface
of external walls. Fig. 3 presents instantaneous variations of solar
irradiation incidents upon the roof and wall of the flat for differ-
ent orientations. These values correspond to the days of June 02nd
under clear sky condition.

Whereas Fig. 4 represents instantaneous variation of solar irra-
diation incident upon different surfaces of the flat for second day of
June with the following orientations: South East (= —45°), South
West (o =45°), North East (o =135°) and North West (o =—-135°).

Solar radiation is intense throughout the year with a maximum
of 700Wm~2 in winter and 1000 Wm~2 in summer, measured on
the horizontal surface. The desert Sahara has a huge potential of
solar energy, which would permit solar power generation.

4. Experimental data and thermal inertia properties

Energy conscious building design consists in controlling the
thermophysical characteristics of the building envelope such as,
firstly, thermal inertia or thermal transmittance. In heat transfer, a
higher value of the volumetric heat capacity means a longer time
for the system to reach equilibrium. In a similar way, thermal iner-
tia is the term used when a material has the ability to store heat
and retards the transfer of heat loss or gain [20,21].

Several works have been performed in this field. Dornelles et al.
[22] suggested that constructive systems with high thermal iner-
tia provide more comfortable environment and buildings with low
energy consumption. For example, Noren et al. [23] showed that
thermal inertia has an influence on the annual energy requirement
for the heating of a house located in a country with a northern cli-
mate. The lowest specific energy requirement is obtained with an
extremely heavy concrete construction. Also, it has been proved
in a more cold climate (Belgium, for example) [24], that thermal
inertia is essential for absorbing solar and internal gains during the
day to reduce temperature rise inside. Only the innermost layers
of the building mass play an active role in the control of the indoor
temperature fluctuation over a daily cycle. This section discusses
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Fig. 3. Incident solar irradiation on walls, 02 June.
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Fig. 5. Indoor and outdoor temperatures, May 28, 2008.

thermal inertia effect on measured indoor air temperatures in a
building in an arid region of Algeria.

In order to accomplish the measurement phase, a data acqui-
sition unit of type Fluke Hydra Series Il which in spite of its
high accuracy, it accumulates some errors, not really considerable.
Type K thermocouples were used to measure temperatures, their
measuring principle is based on Seebeck effect. For recording the
temperatures of south and north walls, five thermocouples were
placed in different locations of walls. Also, the temperatures of the
internal ambient air were registered by placing other five thermo-
couples in different points. The plotted temperatures experimental
values are those corresponding to the average of the registered
ones. We introduced the thermocouples so that:

- First is located in the center of the sitting room.

- The second and the third are placed on the middle axis of the
horizontal plane at 1.4 m in height so that each thermocouple is
at 20 cm of the southern wall and the Northern wall.

- The others thermocouples were inserted into the normal
line which passes through the first thermocouple, they were
implanted in such way the distance between the thermocouples
and the walls (the roof and floor) will be about 10 cm.

Indeed, we judged that five thermocouples are largely suffi-
cient because the temperature gradients are not really significant.
According to the measurements in summer and for any position
of the vertical plane, the maximum difference between air tem-
perature at a point near the roof and another point on the same
normal and at proximity to the ground does not exceed the value
of 0.85 °C. Similarly, for any height, the maximum variation in tem-
perature is about 1°C between two points, one near the southern
wall and the other near the northern wall, which lie along the same
axis and same horizontal plane. Then to measure the temperatures
of the walls, we introduced the five thermocouples on surfaces of
the walls by respecting the same distances. The first will be at the
center, the second and the third will be on the vertical line which
passes by the center and the last thermocouples will be on the hori-
zontal line which passes by the center. However, the experimental
temperatures obtained in May 28, 2008 for air and some sitting
room walls are given in Fig. 5.

The house interior is usually warmer than the outside for most
of the evening hours from 23:15, with the interior air tempera-
ture being lower than the outside air during the exterior interval of
time. The higher interior air temperature during the evening hours
is caused by the thermal storage. Thermal storage or thermal inertia
of any wall can be defined as the maximum minus minimum surface

temperature (temperature variation interval). The temperature of a
material with low thermal inertia changes significantly during the
day, while the temperature of a material with high thermal iner-
tia does not change as drastically. It can be also characterized by
the difference between time of maximum outside air temperature
and time of maximum inside air temperature (phase difference); a
material with high thermal inertia dephases significantly. In our
case, this average difference is about four hours. Whereas, the
difference in temperature between nighttime and daytime is not
larger in summer, all these characteristics are consistent with the
scenarios described above. In other terms, the temperature varia-
tions are more apparent in buildings with low thermal inertia than
in the buildings with high thermal inertia.

5. Orientation effect

Generally, in the south of Algeria, the building policy is the same
as its homologue in the North. However, such policy has been failed
due to the difference in their climates. The northern regions are
characterized by a Mediterranean climate (wet winter and dry sum-
mer) while the southern regions are characterized by a very rough
Saharan climate (very low precipitations and heavy sandy winds).
The used building architecture is not efficient in terms of electrical
demand. Due to the climatic specifications of the regions, the elec-
trical consumption of the heating as well as the cooling systems is
very high. In addition to that, the arbitrary orientation of building
results a direct expose of solar constraint.

In this sense, the main objective of this part is to study the
impact of orientation on the internal temperature of the building.
This is carried out by evaluating the building energetic demand for
different orientations using thermal insulation. Indeed the traced
curves of temperature profiles governing room 1, living room and
room 2 show clearly the enhancement that can be made to ther-
mal comfort. To make these studies, we developed in Refs.[11,12] a
mathematical models based on thermodynamic first principle were
elaborated to obtain different air temperatures of the inside parts.
However these models took into account only thermal exchanges
thus air stratification, whereas wind influence on air infiltration and
water diffusion into walls body were not considered. Also states
changes are not considered therefore storage of latent heat and
moisture effects were neglected. Implementing the general law of
building energy conservation, we arrive to a non stand alone system
governed by hundred and twelve non linear ordinary differential
equations. However, the computing of temperatures and also the
perception of dynamic aspect of thermal transfer are of paramount
importance. Subsequently, it is essential to implement numerical
methods that compute these temperatures. Designed to solve such
problems, Runge-Kutta fourth order numerical method was used
to apprehend thermal behavior of walls and air subjected to varied
solicitations. The elaborated interactive programs allowed a better
understanding heat transfer phenomenon of walls and air under
dynamic regime.

By varying the building orientation by 45° towards the West or
45° towards the East, a slight change of internal air temperature has
been observed. It should be noted here thatinternal air temperature
change depends on the used construction material and the wall
surfaces. Therefore, we propose to vary the orientation angle by
90°.

Figs. 6 and 7 present the simulated temperature profiles of the
sitting room for different orientations during June the 02nd and
03rd 2008 while the ambient temperature varies from 20 to 36°C.
Parallel study was carried out on ground room and another of the
first floor without implementing the technique of thermal insu-
lation. It has been found that the temperatures values in the first
floor are the highest. This may be explained by the fact that the
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Fig. 6. Influence of the orientation on temperatures of the sitting room without thermal insulation (ground floor).

total exposed surface to the Sun and consequently the amount of
absorbed thermal energy by the first floor is more important than
that of ground floors. The rotation of the Building by 90° to the
West direction induces to a reduction of cooling demand. In fact,
it has been found that this reduction of cooling demand is signifi-
cant before 18:30. Whereas the orientation of the Building by 90°
towards the East will allow a reduction of cooling need after 18:30.

Thus it is evident that the orientation would have a more pro-
nounced effect if the roof is not exposed to sun irradiation and the
number of wall exposed to sun rays would be no more than two.

From Fig. 8, it is evident that the models fit adequately to
describe the effect of the building orientation on the inside tem-
peratures. The superposition of the obtained curves showed that
their profiles are similar to those plotted in previous figures. The
results of the simulation procedure showed that the sitting room
temperature margin was 1 °C. This can be attributed to the impact of
thermal insulation. The temperature difference obtained between
full South facing building and other orientations does not exceed
0.5°C.

In the following section we propose an example of thermal
behavior of room 1 by varying orientation without and with ther-
mal insulation. Thus Figs. 9 and 10 give the computed temperatures
values for four orientations in such way that ambient temperature
varies from 3 to 16°C. As can be seen from these figures, the same
scenario is repeated (same as curves forms during hot periods).

In the case of room 1, the air temperature oscillates between
14 and 16.6°C. Whereas, the isolated air temperatures oscillate

tion of air heat losses through the side walls. It is worth mentioning
that these results concern the current state in thermal building
view point. In Saharan region, this type of construction will have
to respect at least technical of thermal insulation to improve the
energetic performances in winter period. Also the obtained results
show that the temperature value is high if the building is South or
West facing.

6. Control of solar gain

Tighter building regulation requirements have focussed atten-
tion on preventing the overheating of buildings. This principally
requires a reduction in solar gain from incoming solar radiation.
However, the answer is not simply to use smaller areas of glazing
as there is a need for daylighting and views out, and the appear-
ance of the building has to be considered. In this situation we will
require to change the orientation of the building to determine the
direction that favors minimizing solar gain. They are calculated by
the following equation:

Qs = 24215]»55j (1)

Qs is the solar gain (Wh), the sum is over all directions j; I is the
solar irradiation for orientation j, it is expressed in W/m?2; Sgj is the
receiving surface of j orientation (m?2), is computed as follows:

between 17.4 and 18.5°C. The thermal insulation allowed reduc- Ssj = ASFs (2)
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Table 1
Average daily irradiation (Whm~=2).
January February March April May June July August September October November December
Vertical South 6764 6576 5492 3929 2695 2153 2350 3198 4470 5649 6313 6478
Vertical North 260 307 382 689 1423 2084 1751 978 528 402 312 258
Vertical East and West 2653 3269 3773 4216 4256 4240 4106 3942 3616 3158 2690 2323
The following table gives the average values of daily irradiation Summer Sun
calculated for each month and for the four possible orientations | |
(Table 1) [13,14]. )
The obtained Fig. 11 presents the variation of the average daily Winter Eave

solar gain calculated by Eq. (3) according to the four classical orien-
tations: South, North, East and West. In the fifth curve (black color),
we illustrate the average daily solar gain of the habitat oriented in
full South but with considering that there are not openings in the
Northern facade.

Calculations showed that to protect itself from the summer
overheating caused by the solar gain, it is recommended to choose
the Southern orientation between Mars and September and the
Western orientation for October. On the other hand, to benefit from
this solar gain, it is preferably to choose the Eastern orientation for
February and Southern orientation between November and Jan-
uary. However, we can say that the prevailing orientation is South.
Even if we refer to February and October remarks, we can see that
the difference in solar gain is not considerable compared to the
Southern orientation. We can also draw from this study that closing
openings of North facade reduces the solar gain in hot weather. Con-
sequently, this initial study shows that to effect significant energy
savings, specialist forms of shading are needed, combining low solar
transmittance in summer with useful solar gain in winter.

These situations lead us to think about the integration of eaves.
In winter the angle between the rays and the horizontal is less
important in summer many winter rays pass under the eaves and
reach the facade. While some summer rays reach the facade; they
are stopped by eaves.

7. Integration of eaves

The eaves of aroof are its lower edges, usually projecting beyond
the walls of the building to provide weather protection. The eaves
can be designed to control the amount of the solar gain and heat
crossing the windows and walls respectively. The use of eaves can
reduce overheating by creating shade. Automatically, we eliminate
the direct irradiation incident on the south wall. This means that
calculations and simulation programs, do not take into considera-
tion the diffuse irradiation incident on the south facade. Fig. 12 isa
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10000 A

8000 +
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Fig. 11. Average daily solar gain for each month.
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]
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Fig. 12. Descriptive diagram shows an example of integration of eaves.

descriptive diagram showing the position and height of the sun in
summer and winter.

To show the advantage of eaves we chose the days of 08 and 09
July 2009, these days correspond to a completely clear sky and an
ambient temperature between 30 and 45 °C. Running the program
for several solicitations allows us to obtain Fig. 13. It represents the
change in temperature inside the sitting room for three different
cases: if the habitatis in its original state, if the habitat is with eaves
in the south side and finally if the habitat is well insulated and with
eaves of the south side. The interior thermal insulation has been
made by introducing an air layer of 1 cm and a polystyrene layer of
8cm.

The present study demonstrates that the inclusion of eaves
slightly reduced the temperature of sitting room; the difference
maximum (1°C) is at 19:45. Consequently, we can say that the
integration of this architectural technique does not achieve ther-
mal comfort. Even if we consider that the habitat is well insulated,
it can not achieve the desired comfort temperature (27 °C). So it
is necessary to increase the thermal resistance of the outer enve-
lope and insert other architectural techniques such as the attic
space.

8. Discussion of principal results
In the arid and semis-arid region, the problem of energy con-
sumption is of great importance due to the air-conditioning cost.

Several results have been obtained, we summarize them as follows:

37
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36 4------ —=e— Well insulated house with eaves 2009

o
/
J

3

Temperature of sitting room (°C)

»
000".
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Fig. 13. Temperature of sitting room, July 08-09, 2009.
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- Measurements of temperature indicate that thermal inertia is the
key property in controlling temperature oscillations. The correct
use and application of thermal mass depends on the prevailing cli-
mate. The thermal insulation in this case is insufficient due to the
fact that several walls are exposed to the sun radiations. In addi-
tion to that, stones are an ideal material for thermal mass (with
high specific heat capacity and high density). In other words, in
hot season of Saharan climates, the use of high thermal inertia
walls in buildings can not avoid outdoor heat to come indoor
during 24 h. We can retain that the walls thermal inertia in these
situations, play a contradictory role because the nights are not
fresh. So even in the presence of a high thermal inertia, reduc-
tion of energy consumption in buildings is a major aim and is a
particular challenge in desert climate.

- For the region of Ghardaia, it has been found that changing orien-
tations of building is not beneficial in terms of thermal comfort
particularly in the hot season because they conduce to overheat-
ing. The influence of orientation changing depends on the floors
and exterior walls constructing materials, the insulation levels
and application of the inseparable rules of the bioclimatic design.

- In the case of thermal insulation, it has been found that the
changing of building orientation has a low effect on its internal
temperature.

9. Conclusion

The objective of this paper is to address the envelope impact
on the interior temperature of a building in Saharan climates.
In this work, we analyze features considered to have an impact
on the building such as the building orientation, thermal inertia
and thermal insulation. According to these studies, we concluded
that heat gains through walls and openings are certainly the main
cause of overheating in these habitat types. But the sun protec-
tion should cover all the outer walls of housing: roof, walls and
windows. This is an important step in bioclimatic design. Conse-
quently, the achievement of effective sun protection is the second
phase of the fundamental design of thermally and energy efficient
homes.

The optimum house design in the Ghardaia is South facing,
but in order to avoid the excess of heat during summer, one
must create up eaves. These results are strongly coincided with
those found by Fezzioui et al. [9] and Chelghoum et al. [10].
The difference is that these authors consider that the walls are
built in hollow concrete. But they have almost the same thermal
resistance compared to the stone walls resistance in our stud-
ies.

The design of passive houses in an arid region is based on several
points, we quote as an indication: the calculation and the control of
solar gains, knowledge with precision the impact of thermal mass
on indoor temperatures, the correct choice of building materials
and the strengthening of the thermal insulation, the building ori-
entation and the optimal uptake of solar energy through the roof
and eaves.
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