
131
Copyright © 2014 Vilnius Gediminas Technical University (VGTU) Press
http://www.tandfonline.com/TESN

ENGINEERING STRUCTURES AND TECHNOLOGIES

ISSN 2029-882X / eISSN 2029-8838 

2014 6(3): 131–149

doi:10.3846/2029882X.2014.988756

MINIMIZATION OF INDOOR TEMPERATURES AND TOTAL SOLAR 
INSOLATION BY OPTIMIZING THE BUILDING ORIENTATION  

IN HOT CLIMATE

Maamar HAMDANIa, b, Sidi Mohammed El Amine BEKKOUCHEa, Tayeb BENOUAZb,  
Rafik BELARBIc, Mohamed Kamel CHERIERa

aUnité de Recherche Appliquée en Energies Renouvelables, URAER, Centre de Développement  
des Energies Renouvelables, CDER, 47133, Ghardaïa, Algeria
bUniversity of Tlemcen, BP. 119, Tlemcen R.p. 13000 Algeria

cLaboratoire Des Sciences De L’ingénieur Pour L’environnement Lasie, Universite De La Rochelle, France

Received 27 October 2013; accepted 13 November 2014

Abstract. In order to reduce the energy load, understanding the overall architectural design features and 
optimizing building orientation are important. They are guided by natural elements like sunlight and its 
intensity, direction of the wind, seasons of the year and temperature variations. The main aim of presented 
analysis is to give solutions for architects to design standard and low energy buildings in a proper way. The 
orientation effect of a non-air-conditioned building on its thermal performance has been analyzed in terms 
of direct solar gain and temperature index for hot-dry climates. This paper aims at introducing an improved 
methodology for the dynamic modeling of buildings by the thermal nodal method. The study is carried out 
using computer simulation. This study examines also the effect of geometric shapes on the total solar inso-
lation received by a real building. As a result, the influence of orientation changing depends on the floors 
and exterior walls construction materials, the insulation levels and application of the inseparable rules of the 
bioclimatic design. Solar radiation is the most major contributor to heat gain in buildings. 
Keywords: temperature, orientation, building materials, time lag, decrement factor, building size, geometric 
shapes.
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Introduction

During certain synoptic conditions building orienta-
tion can have a great influence on the thermal beha-
vior of different facades for two very different thermal 
regimes (for the very hot and very cold periods).

Design for orientation is a fundamental step to 
ensure that buildings work with the passage of the sun 
across the sky. Knowledge of sunpaths for any site is 
fundamental in design building facades to let in light 
and passive solar gain, as well as reducing glare and 
overheating to the building interior. Along with mass-
ing, orientation can be the most important step in 
providing a building with passive thermal and visual 

comfort. Orientation should be decided together with 
massing early in the design process, as neither can be 
truly optimized without the other. 

Raychaudhuri et al. 1965, present the results of a 
year-round experimental investigation carried out to 
study the effect of orientation on the indoor thermal 
conditions of thirty-two occupied dwellings of similar 
plans and design specifications but having eight differ-
ent orientations. From both the experimental observa-
tions and the theoretical computations, it is found that 
the dwellings facing south-east and south directions 
have better indoor climatic environment throughout 
the year. However, in 1985 (Anderson et al. 1985), the 
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study was carried out for 25 climates in the United 
States. It was found that in all climates, when the more 
extensively glazed exposure is oriented to south, total 
loads are significantly lower than those in the same 
building oriented east or west. North orientation also 
produces lower total loads than east or west orien-
tations in the southern two-thirds of the U.S., and 
roughly equivalent loads in the northern third. The 
impact of building location and climate and orienta-
tion on thermal comfort were investigated. Haase et al. 
2009, prove that the orientation of a building depends 
on the climate. 

Chwieduk, Bogdanska 2004 consider solar energy 
availability on different surfaces that constitute the en-
velope of a building. An analysis is presented to give 
recommendations for architects to help them design 
standard and low energy buildings in a proper way, 
including the integration of active and passive solar 
systems into building structure. For different periods 
of time, architects can decide on the orientation of the 
elements of a building envelope, including solar pas-
sive and active elements. To design the orientation and 
the inclination of building walls and roofs, to meet sea-
sonally varying energy needs, the irradiation data for 
different azimuth and inclination angles for different 
period of time should be known (or calculated). The 
resulting modeled internal heat source rate of bound-
ary elementary volume depends on the location of the 
volume, i.e. the orientation (azimuth) and the incli-
nation (slope) angles of the outer surfaces have direct 
contact with the ambient surroundings. It is proved 
that distributions of daily energy demands for heating 
or cooling in months of the averaged year by every 
hour of the day for a room with the orientation and 
inclination under consideration are very similar to dis-
tributions of the daily solar irradiance of the surfaces 
of the same orientation and inclination at every hour 
of a day (Dorota 2008). According to Morrissey et al. 
(2011), the best solution to have a low cost, is to ori-
ent buildings in order to maximize their passive solar 
benefits. Design adaptability by change of orientation 
was modelled across two scenarios; current building 
energy efficiency standards and pending improved en-
ergy efficiency standards. The effect of size and overall 
energy efficiency rating was included in consideration 
of variance across orientations (Morrissey et al. 2011). 
In other studies, the authors have treated the case of a 
careful orientation of existing designs in order to opti-
mize passive solar performance. This idea is the main 

concern of this contribution, which also serves to test 
the case made elsewhere that passive design is a poten-
tially significant contributor to thermal performance 
and, therefore, energy efficiency (Givoni 1991). Good 
orientation and location on site may potentially reduce 
the energy requirements of a typical dwelling by 20 
percent (Spanos et al. 2005). Therefore, they ensured 
that there are two ways to ensure optimal orientation. 
The first is to analyse various parameters and ensure 
optimal design and orientation on a building by build-
ing basis, and the second is to develop “adaptable” 
designs which perform well across a range of orien-
tations (Hoffman 1983; Balcomb et al. 1977). In addi-
tion, appropriate passive solar design should consider 
key building parameters such as building orientation, 
plan proportion and shape, facade glazing design and 
obstruction by surrounding buildings. Of these param-
eters appropriate orientation is the most fundamental 
and generally most easily addressed aspect of passive 
solar design. In addition, appropriate orientation can 
create potential for additional savings from more so-
phisticated passive solar techniques (Morrissey et al. 
2011; Numan et al. 1999; Aksoy, Inalli 2006). By com-
bining the optimization of shape and orientation, it is 
possible to obtain benefits that can lead to heat energy 
savings of 36% according It is generally agreed that a 
southern orientation is optimal for gaining heat in the 
winter and for controlling solar radiation in the sum-
mer. As a general rule, the longest wall sections should 
be oriented toward the south (Chwieduk, Bogdanska 
2004). However, orientation can also be studied with a 
view to optimizing other parameters such as the total 
solar radiation received, building shape, ground plan 
surface, and the annual energy demand in article of 
Aksoy, Inalli (2006). However, it is generally agreed 
that a southern orientation is optimal for gaining heat 
in the winter and for controlling solar radiation in the 
summer, and the longest wall sections should be ori-
ented toward the south. Orientation can also be studied 
with a view to optimizing other parameters such as the 
total solar radiation received, building shape, ground 
plan surface, and the annual energy demand (Min-
gfang 2002; Pacheco et  al. 2012). Indeed, Ozel et  al. 
(2007) found that for various wall orientations in both 
summer and winter conditions, the optimum location 
of insulation was obtained from consideration of time 
lag and decrement factor. In other research (Keplinger 
1978), there is proved that the cost of systems and so-
lar devices may be considered high, it is insignificant 
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compared to the irretrievable cost of improper orien-
tation or design. Once a building is poorly located or 
faultily oriented, the opportunity for correction is gone 
forever, or the cost is prohibitive. A building properly 
designed and oriented can greatly reduce the demands 
on the heating and cooling system, in turn reducing 
the needed area of expensive solar collectors. Reducing 
the initial costs of solar systems will speed acceptance 
and implementation of solar energy utilization. While 
Givoni (1994), discusses objectives and principles for 
building design, from the human comfort aspects, in 
regions with hot humid summers and mild winters. 
The issues discussed are: building layout, openings and 
ventilation, thermal mass, orientation with respect to 
the sun and the wind.

The improvement of building thermal behaviour 
is a very important challenge because of the electrical 
consumption, thermal discomfort generates undesired 
temperatures either for the summer season or even the 
winter season, both situations result a need for heat-
ing and cooling within the building which urges to use 
automatically the electric power. The use of building 
thermal simulation software is necessary to achieve 
this task. But, before using such a program, one must 
ensure that its results are reliable. To do so, a method-
ology must be applied including the verification of nu-
merical implementation and experimental validation.

1. Objective of the study

This paper provides a simplified analysis method to 
predict the impact of the orientation for a building on 
its instantaneous temperature. A proposed model is 
developed based on detailed simulation analyses utili-
zing several combinations of building geometry, orien-
tation, thermal insulation level, glazing type, glazing 
area and climate. The aim of this paper is to determine 
the optimum orientation due to this type of climate to 
control the maximum indoor temperatures and direct 
solar gain. The originality of this paper lies in deter-
mining the favorable orientation taking into account 
the building compactness, the location of the zone, the 
geometrical shape, the building size and building ma-
terials

2. Nodal analysis applied to heat conduction and 
coupling with superficial exchanges

The computing of temperatures, whether for air or 
for layers of walls, and also the perception of dynamic 
aspect of thermal transfer are of paramount impor-

tance. A review of the literature reveals many applied 
methods of such modeling approaches for residen-
tial buildings. Polish standards (PN-B-03406: 1994;  
PN-EN 12831: 2006) on calculation methods of heat 
demand for space heating of buildings take into account 
averaged global monthly solar radiation incident on 
surfaces with inclination with different inclination and 
azimuth angle (Chwieduk, Bogdanska 2004). Energy 
flow can be modeled using a thermal resistance met-
hod corresponding to calculation of equivalent electri-
cal circuit flow (Gordon 2001). However, to describe 
the energy flow using the thermal resistance method, it 
can be assumed that heat transfer between temperature 
nodes is proportional to respective temperature diffe-
rence (Dorota 2008). It should be stated that the main 
aim of this paper is to present some aspects of mode-
ling the energy balance of a room in regard to the im-
pact of solar energy. Raychaudhuri et al. (1965) provide 
matrix method of computation used for predicting the 
indoor temperatures. This method, although it has its 
limitations, is certainly capable of presenting compara-
tive performance on variously oriented dwellings. But 
it would be rather impossible to take into account pre-
cisely the occupied-in conditions and other uncertain 
variables in the computation for occupied dwellings.

In this contribution, thermal nodal method was 
used to apprehend thermal behavior of air subjected 
to varied solicitations. The nodal analysis is a power-
ful method of investigation in thermal systems. It has 
been used in several branches such as solar energy 
systems (Saulnier, Alexandre 1985), micro-electronics 
(Auger et al. 1981) or also the spatial field (Chapman 
1984). We will gradually use this approach in the do-
main of building’s physics and we’ll interest ourselves 
in the automatic generation of nodal models.

A simplified approach allows representing the 
multilayer system by a model based on an electrical 
analogy proposed by Rumianowski et al. (1989), and 
then it was taken by Cron et al. (2003). It is often used 
when we intresse to the determination of the tempera-
ture of any node inside a wall. The following Figure 1 is 
an illustration of the decomposition principle.

The equivalent resistances are calculated by the 
following formulas:
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The energy balance of the building for surfaces is 
represented by equations 5–7:
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where e – thickness (m); n – number of node; a – absorp-
tion coefficient; ε – thermal emissivity; G – the incident 
global irradiation on the surfaces (W m–2); S – surface 
(m2); λ – thermal conductivity (W K–1 m–1); Cp – spe-
cific heat (J kg–1 K–1); ρ – density (kg m–3); F – form fac-
tor between the exchange surfaces; s – Stephane-Boltz-
mann constant (W m–2 K-4); VWind – wind speed (m s–1);  
hconv amb – coefficient of heat flux exchanged by convec-
tion (W).

In the multizone-zone model a given building 
is made up with a certain number of rooms, walls, 
doors and also glass windows. The physical model of 
the building is obtained by assembling thermal mod-
els of each element. The different zones’ temperatures 
(principal variables) are linked together through heat 
conduction and air movement.

We developed in Refs (Bekkouche et  al. 2009, 
2011, 2013a, 2013b) mathematical models based on 
first law of thermodynamics were elaborated to ob-
tain different air temperatures of the inside parts. But 
in this paper, we make a coupling between the equa-
tions proposed by Rumianowski et  al. (Mora 2003) 
and equations of a building thermal energy model 
found in the TRNSYS user manual (TRNSYS16 2004; 
Schmidt 2004; Sakulpipatsin et al. 2010). The building 
energy balance for a zone is a balance model with one 
air node per zone, representing the thermal capacity 
of the zone air volume. The building power balance 
for a zone is shown as equation 10 representing the 
variation of the power energy of the air in the zone in 
the time interval dt:
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With thermal powers are algebraic values: T – 
temperature (K); ρair – air density (kg m–3); Cair – the 
specific heat of air, it is assumed constant and estimated 
at 1008 (m2 s–2 K–1, J kg–1 K–1); Vair – air volume (m3); 
Qheating  – thermal power provided by heating equip-
ment (W); Qcooling – thermal power provided by cooling 
equipment (W); QInf  – thermal power gain due to air 
infiltration (W); QVent – thermal power gain due to air 
ventilation (W); QSurf – thermal power due to exchange 
between the air and, (i) walls inner surfaces and (ii) win-
dows and doors, (W); QGain – direct solar gain due to 
openings (W).

The boundary conditions of the system include 
the nodes of the inner surface for all surfaces of the 
zone, including radiative energy flows. We also note 
that the energy of an active layer and the energy stored 
in the walls are not part of this energy balance, but 
they are part of detailed balance for surfaces.

The transfer rates of thermal energy of infiltration 
and ventilation air flow are respectively calculated by 
equations 11 and 12.

 ( )
. .

InfInf air air outQ m C T T= − ; (11)

 ( ). .
, ,VentVent p Vent out Vent intQ m C T T= − , (12)

Fig. 1. Wall spatial discretisation and conduction model
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where 
.

Infm   – the air flow due to infiltration (kg/s); 
.

Ventm  – the air flow due to ventilation (kg/s); Tint – ir tem-
perature inside the building (K); Tout – air temperature 
outside the building (K); TVent,out – air temperature at the 
ventilation outlet (K); TVent,int – air temperature at the in-
let ventilation (K).

Thermal energy due to exchange between the air 
and walls inner surfaces are calculated by equation 13:

 ( )Surf Conv Surf airQ S h T T= −∑ , (13)

where TSurf   – air temperature walls inner surfaces (K); 
hCon – the convective transfer coefficient (W m–2 K–1). 
Numerical formulas are given in Table 1.

3. The nodal structure and description  
of the building

A given building is composed of a certain number of 
rooms, walls, doors and also glass-windows. At the 
beginning of this variable description, the building’s 
decomposition into a certain number of zones is a 
simulation parameter. Therefore, the splitting up of 
the building into thermal zones induces the setting of 
nodes of temperature by zone. A certain number of 
information fields are connected to a node, traducing 
for instance the allocation of a node to a zone or also 
the topology of the global electrical network associ-
ated with the building. Considering the objective to 
be reached, we have been induced to assign a type to 
each node. Indeed, relative to the equations, the nodes 
are concerned with different phenomena. For instan-
ce, a wall node is going to concern terms of heat con-
duction. This same node, depending on its location, 
can also concern convective process. On the external 
face of the envelope’s wall, the surface node is concer-
ned with outdoor radiative and convective exchanges. 
We have to note that the size of this structure can qu-
ickly become significant, a building having most of the 

time several zones and for each zone several walls and 
glass-windows. This structure’s size being linked to the 
dimensions of the systems to be solved, the notion of 
calculation time must not be overlooked.

The study was carried out on a building in 
Ghardaïa. The exterior envelope, apart from contrib-
uting to the energy savings during the entire life span 
of the building by controlling the energy exchange be-
tween indoor space and environment, also promotes 
the development of a comfortable indoor environ-
ment. Figure 2 is a schematic outline of apartment 
building, the house has a habitable area of 71.3 m2, 
and wall heights are equal to 2.8 m while the other 
dimensions are shown in detail in Figure 2. The floor-
ing 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-

Table 1. Expression of convective transfer coefficients (George 1999)

Surface description Flow regime Condition Expression

Vertical wall
Laminar regime 104 < Gr Pr < 109 hConv = 1.42 (ΔT/L)1/4

Turbulent regime Gr Pr > 109 hConv = 1.31 (ΔT/L)1/3

An upper surface of an hot horizontal plate  
or an underside surface of a cold plate

Laminar regime 104 < Gr Pr < 109 hConv = 1.32 (ΔT/L)1/4

Turbulent regime Gr Pr > 109 hConv = 1.52 (ΔT/L)1/3

An underside surface of a hot plate or an upper 
surface of an cold plate

Laminar regime 104 < Gr Pr < 109
hConv = 0.59 (ΔT/L)1/4

Turbulent regime Gr Pr > 109

Note: Gr – Grashof number; Pr – Prandtl number; L length of the plate (m); ΔT – temperature difference between the surfaces 
and volumes exchange (K).

Fig. 2. Descriptive plane: southern orientation
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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 
architectural solution. Windows and doors contribute 
significantly to the energetic balance. Their contribu-
tion 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. The apartment has a surface of 95.74 m2 with 
an occupied space of 71.3 m2. 

A certain number of information fields are con-
nected to a node, traducing for instance the alloca-
tion of a node to a zone or also the topology of the 
global electrical network associated with the building. 
We have been induced to assign a type to each node. 
Indeed, relative to the equations, the nodes are con-
cerned with different phenomena. Then, it appears 
necessary to attribute a type to each node. Table 2 gives 
the types of nodes encountered. For a given building, 
when the node structure is established, it is easy to fill 
up each element of the mathematical model. Indeed, 
we have just to sweep the node structure and attribute 
the relevant terms. Then, the structure will include six 
zones’ numbers (Figure 3). 

Fig. 3. Descriptive plane: southern orientation

Table 2. Types of nodes encountered

Node Type

 Outdoor surface node of outside wall

 Internal node of outside wall

 Indoor surface node of outside wall

 Outdoor surface node of window

 Internal node of window

 Indoor surface node of window

 
Indoor surface node of inside and outside door
Outdoor surface node of inside door
Outdoor surface node of outside door

 Internal node of inside and outside door

 Outdoor surface node of outside door
 Dry indoor air temperature

 Outdoor and indoor surface node of inside wall

 Internal node of inside wall

 Surface node of ground

 Internal node of ground

 Terminal node of ground

 Outdoor surface node of outside roof

 Internal node of outside roof

 Indoor surface node of outside roof

Kitchen
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Bathroom + WC

Room 2

Room 1

Hall

Sitting room

Room 1 Sitting room

2
.8

In Ghardaïa region building envelops or outer 
wall consisting of a heavy structure generally consti-
tuted of stones (40 cm thick), jointed and surrounded 
by two layers having thickness of 1.5 cm of mortar ce-
ment. The most inner face is coated with 1 cm thick 
plaster layer. The inner walls (or splitting walls) whose 
sides are in contact only with the internal ambient are 
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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 (Table 3).

Windows and doors contribute significantly to the 
energetic balance. Their contribution however depends 
on several parameters as: local climate, orientation, 
frame, relative surface (window-flooring), and con-
cealment performance during night and sunny days. 
In this case focus is made particularly on windows and 
doors dimensions and all are made of woods. Win-
dows and doors have significant impacts on a build-
ing’s energy usage, as they contribute to a building’s 
heating and cooling loads as well as lighting if day-
lighting sensors and controls are deployed. Windows 
shall be designed to limit air leakage. The air infiltra-
tion rate shall not exceed 2.8 m3/hr per linear meter 
of sash crack when tested under a pressure differential 
of 75 Pa (George 1999). The used characteristics are 
given in Table 4.

If we consider that the habitat is poorly insulat-
ed, we use the U-value in the first case for glazing, 
and if the thermal insulation is reinforced, we use the 
values   of the second case. For our study, we consider 
that the window composition comprises in addition 

to the configuration given in table 4, wood blinds 
usually separated from the previous configuration by 
an air gap of 2 cm. We assume that the heat trans-
fers through windows are only by conduction. How-
ever, the doors are made of wood with a thickness of 
2 cm: λ  = 0.14  Wm–1 K–1, ρ  = 500 kg m–3 and Cp  = 
2500 J  kg–1 K–1, λ, ρ and Cp are respectively thermal 
conductivity, density and specific heat). Each wall type 
is described in Table 3. Some thermal properties of the 
materials are the usual values found in reference (Bek-
kouche et al. 2013a, 2013b; Silvana et al. 2009; Mazi-
oud et al. 2010; Howlader et al. 2012).

Table 3. Thermal properties, thicknesses of walls and building envelope characteristics

Material and wall composition L, m λ, W m–1 K–1 ρ, kg m–3 Cp, J kg–1 K–1

Exterior 
walls

Type-1 wall Mortar cement 0.015 1.4 1800 1000
Stone 0.4 2.3 2000 1000
Mortar cement 0.015 1.4 1800 1000
Plaster 0.01 0.56 1400 1000

Type-2 wall Plaster 0.015 0.56 1400 1000
Brick 0.3 0.81 1800 835
Plaster clay 0.005 0.45 1200 840

Interior 
walls

Type-1 wall Mortar cement 0.015 1.4 1800 1000
Plaster clay 0.01 0.45 1200 840
Stone 0.15 2.3 2000 1000
Plaster clay 0.01 0.45 1200 840
Mortar cement 0.015 1.4 1800 1000

Type-2 wall Plaster clay 0.01 0.45 1200 840
Brick 0.2 0.81 1800 835
Plaster clay 0.01 0.45 1200 840

Ground Tiling 0.025 6.14 2300 875
Cement 0.02 1.4 1800 1000
Concrete dense 0.2 2.4 2400 800

Roof Plaster 0.015 0.56 1400 1000
Lightweight concrete 0.12 0.33 800 719
Mortar cement 0.015 1.4 1800 1000

Table 4. Thermal properties, thicknesses of walls and building 
envelope characteristics

Glass Type U-Value

Flat Glass
Case 1: without 
thermal insulation

Single pane, clear
For all windows

5.91

Insulating Glass
Case 2: with 
thermal insulation

Double pane, clear, 12.5 mm 
air space
For WC and bathroom

3.18

Double pane, with low 
emittance coating e = 0.20
For rooms 1 and 2, kitchen  
and sitting room 

2.21
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4. Experimental validation

This model 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 conside-
red therefore storage of latent heat and moisture effects 
were neglected. The moisture problem does not arise in 
this building and in addition the climate is dry and the 
used building materials are generally ecological mate-
rials. Implementing the general law of building energy 
conservation, we arrive to a non stand alone system 
governed by one hundred and forty one non linear 
ordinary differential equations. Subsequently, it is es-
sential 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 subjec-
ted to varied solicitations. The elaborated interactive 
programs allowed a better understanding heat transfer 
phenomenon of walls and air under dynamic regime. 
Windows and black-out curtains remained closed all 
over the period. The instantaneous temperatures of air 
and wall surfaces were calculated by entering the mea-
sured meteorological data.

The steps of this scientific method are: test of 
the hypothesis by doing an experiment, data analy-
ses, communicate the results and draw a conclusion. 
The scientific method, used for most experiments, has 
several steps that we will need to follow carefully in 
order to make sure that the experiment is accurate and 
accepted as possible. The experimental method is usu-
ally taken to be the most scientific of all methods. In 
order to accomplish the measurement phase, a data 
acquisition unit of type Fluke Hydra Series II which in 
spite of its high accuracy, it accumulates some errors, 
not really considerable. Data acquisition systems are 
used extensively in many fields in order to accurately 
acquire and log data for measurement and analysis. 
Technicians know that they can count on Fluke to 
deliver quality measurements which meet all of their 
acquisition and analysis needs. Fluke data acquisition 
systems are perfect for small to medium scale process 
monitoring and testing, plugs into existing network al-
lowing to quickly and easily sending data directly to 
PC. Hydra Fluke for Windows is a configuration and 
data management program. This program is available 
as a 32-bit application, contains modem support for 
remote data communications, and is available with or 

without Trend Link for Fluke trending and data analy-
sis capabilities. Trend Link is a comprehensive trend 
plotting and analysis package that plots data graphi-
cally in real time. Calibrated type-K thermocouples 
were used to measure temperatures, their measuring 
principle is based on Seebeck effect. It produces a volt-
age when the temperature of one of the spots differs 
from the reference temperature at other parts of the 
circuit. For recording the temperatures of south and 
north walls, five thermocouples were placed in differ-
ent locations of walls. Also, the temperatures of the in-
ternal ambient air were registered by placing other five 
thermocouples in different points. The plotted temper-
atures 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 thermo-
couple, 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 sufficient because the temperature gradients 
are not really significant. According to the measure-
ments in summer and for any position of the vertical 
plane, the maximum difference between air tempera-
ture 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 temperature 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 horizontal line which 
passes by the center. The data were collected at 30 min-
utes intervals.

One of the main problems with most buildings in 
Ghardaïa, is that the envelope is not designed to cope 
with the extreme summer climate. The hot summer 
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outside air penetrates into the building and increases 
the cooling load. The external walls also readily con-
duct solar gains to the inner wall surface, which then 
warm and radiate into the room. 

For the purpose of proper design of a modern 
low energy building it is necessary to calculate solar 
radiation on surfaces with different inclinations and 
orientation. The sets of averaged hourly sums of so-
lar radiation, global and difusse, are applied as input 
data for simulation of solar radiation availability for 
various surfaces. To estimate the incident global irra-
diation, we have selected Perrin Brichambaut model 
that utilizes the atmospheric Linke turbidity 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 (Capderou 1987; Mefti et al. 1999; Kasten et al. 
1980, 1989, 1996). We are interested in determining 
the incident irradiation on the roof (horizontal) and 
the vertical surface of external walls. Solar radiation 
distributions on the exterior façades of the zone, as in 
20 min time steps for January and July are shown in 
Figure 4 under clear sky condition.

As seen, south façades receive the greatest total 
annual irradiation; they do not receive the maximum 
in summer, because the sun is too high in the sky. 
During winter the sun is at a much lower altitude and 
it is then they receive the maximum radiation. The 
two peaks in the morning and evening at respectively 
eastern and western walls are due to the influence of 
direct gain during these hours; the dome in between 
represents exclusively the diffuse radiation that occurs 

at these times. At the east, high direct gain occurs in 
the morning hours and only diffuses radiation in the 
afternoon. The direct solar beam drops down at solar 
noon. At the south, diffuse and direct radiations coex-
ist with a peak at solar noon. 

This summer period was characterized by sunny 
days with high solar irradiance. The outdoor air tem-
perature oscillated between 30.55  °C and 46.75  °C, 
with a mean value around 37.98  °C. The results, i.e., 
the simulation and the experimental temperatures for 
the air temperature profile are presented in Figure 5 
for the type-1 walls.

The sitting room air temperature reaches its cal-
culated maximum value of 37.54 °C and its measured 
maximum value of 37.74 °C around 23:00, and reaches 
its calculated minimum value of 36.1 °C and its meas-
ured minimum value of 35.58  °C around 11:00. The 
mean thermal amplitude was 3 °C on the temperature 
for calculated values and 2.79 °C on the temperature 
for measured values.

Fig. 4. Solar radiation at the exterior zone façades: the 21 of July (a) and 21 of January (b)

Fig. 5. Measured and simulated temperature of sitting room
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Indeed, this new numerical model for this build-
ing was also applied to the days of the winter season. 
Figure 6 shows the measured temperatures and those 
predicted by the identified model; represents tempera-
tures curves of the internal air. All time traces shown 
are for the 54 hour time period mentioned above, the 
inputs used for these simulations are obtained from 
measured data during midnight of January 10, 2009 to 
06:00 of January 13, 2009, which is part of the valida-
tion data set. The calculation result is compared with 
the measurement result. These days correspond to a 
clear sky and an ambient temperature between 6  °C 
and 14.5  °C, wind speed varies randomly between 
3  m/s and 5 m/s in time. Running the program for 
several solicitations allows us to obtain this figure. 

The found results show that the measured tem-
peratures of the sitting room were found to be between 
17.7 °C and 19.3 °C and between 17.55 °C and 19.2 °C 
for the simulated temperatures. The comparison 
proves as a whole acceptable, with a mean difference 
which not exceeds the order of 0.8 °C for air tempera-
ture. The margin of error is greater in this period com-
pared to the summer. This margin is justified by the 
weather which is not stable: wind speed varies greatly 
in very complex. The input data, ie, ambient tempera-
ture and wind speed were included in the program 
by determining an interpolation function (polishing 
polynomial) that identifies each parameter to ensure 
the execution speed of the program designed. In this 
situation, randomized evaluation of these parameters 
does not establish the exact functions that properly ap-
proaching the experimental values.

The prediction of air temperatures from this 
model of a whole building is a step forward in the 

simulation process that helps the comprehension of 
the building behavior, the improvement of the build-
ing envelope, and the estimation of the comfort levels 
inside it. This simplified method is good approach to 
the understanding of the thermal behavior of air in a 
real building.

5. Result and discussions: ideal orientation

Along with massing, orientation can be the most im-
portant step in providing a building with passive ther-
mal and visual comfort, generally used to refer to solar 
orientation which is the sitting of building with res-
pect to solar access. Although any building will have 
different orientations for its different sides, the orien-
tation can refer to a particular room, or to the most 
important facade of the building. In these studies, the 
orientation of the building as well as the relative di-
mensions of surfaces facing different directions would 
have to be considered. These studies are very useful for 
good planning to ensure design which agrees with a 
low-energy building.

5.1.Indoor temperature
5.1.1. According to the area’s location

Figure 7 gives an overview of the sitting room tempe-
ratures during the days of July 24–25. These two days 
are characterized by a totally clear sky, an intensive so-
lar radiation, an outdoor ambient temperature betwe-
en 32 °C and 47 °C in the shade and a very low wind 
speed. In summary, the climatic conditions correspond 
to extremely hot days. From these results, we note that 
the obtained temperatures are very high. 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 maxi-
mum minus minimum surface temperature (tempera-
ture variation interval). The difference between the pe-
aks of air temperature does not exceed the threshold of 
1.7 °C; this can be justified by the high thermal inertia 
that promotes stable indoor temperatures because the 
difference between the peaks of external air tempera-
ture can reach around 15 °C.

It is known that, in the East and West facades, 
the low position of the sun can not  glare treatment. 
The results predict that the west orientation is the least 
favorable. In the afternoon, the room is very glare and 
overheated, the sun leads to the overheating due to the 
long exposure time (07 hours: see Figure 4). In addi-
tion to that, the largest amount of daily radiation in-Fig. 6. Measured and simulated temperature of sitting room

Measured

Calculated

20–21 January 2009

Legal time (h)

0 8 16 24 32 40 48 56

17.5

18.0

18.5

19.0

20.0

S
it
ti
n
g

ro
o
m

te
m

p
e
ra

tu
re

(°
C

)
140 M. Hamdani et al. Minimization of indoor temperatures and total solar insolation by optimizing ...



cident on the West side will be received during this 
period. It has approximately 92.56% of the total daily 
radiation which is estimated at 4025 Wh/m2. In ad-
dition to this, the thermal phase shift caused by the 
high thermal inertia is another indicator that reflects 
the number of hours required (it is estimated at 06:03, 
show Figure 7) for the heat transfer through the wall. 
Moreover, the South and East orientations are more fa-
vorable before 21:00 with a slight advantage for South 
orientation in the morning and a net advantage to the 
East direction in the evening. Regarding the north di-
rection, it may become more favorable between 24:00 
and 07:30. Knowing that the maximum value of the 
room temperature is reached at 14:42, we found that 
the thermal phase shifts of the South, North, East and 
West directions are estimated at 07:49, 06:07, 07:51 et 
06:03 respectively. It can be drawn from these indi-
cations that the thermal phase shift depends on the 
building’s orientation.

Some variables with that are related to building 
shape and which influence heating and cooling require-
ments are the following: compactness index; the height 
of walls, climate; and the characteristics of the build-
ing envelope. These characteristics are crucial variables 
that should be taken into account because they are 
relevant to the energy requirements for maintaining 
the building at a comfortable temperature. The proper 
use of compactness index parameters will noticeably 
improve the internal temperature of the building. The 
compactness of a building, indicated by the S/V ratio 
(S: area of building envelope surface, V: volume of the 
building) has a considerable influence on the heating 
energy demand of buildings. The compactness is better 
when the compactness index is lower.

In this example, it is assumed that the building is 
a house with two fronts; the South and the North side 
if we refer to Figure 2. That is to say, we assume that 
the building is in a rural region. This means that the 
compactness index will decrease from 0.5882 (the case 
of the first example) to 0.27. 

According to Figure 8, the most favorable orienta-
tions are those of the South and North with a small ad-
vantage for the North orientation. These results can be 
explained by the amount of solar radiation received by 
each façade. The total daily solar radiation is estimated 
at 2486 Wh/m2 and 1514 Wh/m2 for the South and the 
North orientation respectively. The obtained tempera-
tures for the East and West directions are higher due to 
the long exposure time, and to the important amount 
of the incident daily radiation, which is of the order 

of about 4025 Wh/m2. We can also draw that internal 
temperatures of the room are great for west orienta-
tion during most of the day (before 20:00), then they 
become the lower in the morning. These observations 
coincide with the long duration and timing (morning 
or evening) of exposure which is always justified by 
the thermal phase shift caused by the high thermal 
inertia. We conclude that the building orientation de-
pends largely on the compactness index and the con-
tact mode with the outside. 

5.1.2. According to building materials

For the region of Ghardaïa, the influence of orienta-
tion changing depends on the floors and exterior walls 
constructing materials, the insulation levels and appli-
cation of the inseparable rules of the bioclimatic desi-
gn (Bekkouche et al. 2011, 2013a, 2013b; Cherier et al. 
2013). For enhanced thermal insulation (the use of 

Fig. 7. Sitting room temperatures, S/V ratio = 0.5882, 
July 24 and 25, 2008

Fig. 8. Sitting room temperatures in the case of stone,  
S/V ratio = 0.27, July 24 and 25, 2008
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massive brick for example: type-2 wall). Figure 9 con-
firms almost the same observed scenario for the case 
of stone described in Figure 7, the difference appears 
only at the order of values.

However, we spent another study to appear the 
influence of the orientation of this habitat during the 
winter, January 06 and 07, 2013. We selected two days 
characterized by a totally clear sky and an outdoor 
ambient temperature between 8 and 19 °C, the maxi-
mum value is reached around 16:30. The wind speed 
varies between 0 and 2.5 m/s. Numerical simulation 
certifies that the positive orientation is the Southern 
whose compactness index of the construction equal to 
0.27 (Fig. 10). One can interpret this result by the fact 
that the amount of the incident solar radiation on the 
Southern wall is the highest. By numerical calculation, 
the daily global radiation incident on the South wall is 
estimated at 6602 Wh/m2. The Northern orientation is 

less favorable due to the very low amount of the inci-
dent solar radiation (251 Wh/m2) which is much less 
than the amount of the incident solar radiation on the 
East and West walls (2373 Wh/m2).

The calculated values   of daily global radiation are 
based on work previously published (Yaïche, Bekk-
ouche 2008, 2009, 2010).

5.1.3. According to the building size

In this section, we will study the influence of the enlar-
gement of an individual building fully exposed to the 
sun (at the roof and walls). The plan enlargement cor-
responds to multiplying each surface “S” by the “Agr” 
expansion parameter, and consequently we multiply 
the internal volume by “Agr Agr ”. 

With respecting results of the literature and refer-
ence (Bekkouche et al. 2013a), the obtained tempera-
tures for each area prove that the enlargement of this 
construction improves the level of thermal inertia and 
provide higher thermal insulation performance. The 
increasing size consolidates the thermal insulation of 
the building external envelope and allows maintaining 
and limiting temperature fluctuations. Thermal insu-
lation can keep an enclosed area such as a building 
warm, or it can keep the inside of a container cold. 
Therefore, we can discover the appearance of the high 
thermal inertia which provides more stable tempera-
ture change. The calculated temperatures of the inter-
nal air in sitting room are given below respectively in 
Figures 11 and 12 below. The chosen initial conditions 
are the final conditions of the previous day (23 July).

We consider this time that only the south and 
north facades are in contact with the outside which 
corresponds to a compactness index equal to 0.1977, 
knowing also that the sitting room is subjected to 
the outside air through one façade that contains the 
opaque wall and window.

Increasing the size promotes thermal comfort; 
therefore we must privilege the tall buildings. A very 
simple example is shown; consider a cube of side length 
L = 4 m, the corresponding index value is 1.25, when 
we compare to a cube of side length 8 m, we observe 
that the compactness index of the new cube is 0.625.

In both cases, the most favorable orientation is 
the North, since firstly, one façade is subject to the 
external environment and, on the other hand, the ob-
tained values from software designed by Yaïche, Bekk-
ouche (2008, 2009, 2010) show that the received power 
in the north side is lowermost 1514 (Wh m–2). The 

Fig. 9. Sitting room temperatures in the case of massive brick 
S/V ratio = 0.27, July 24 and 25, 2008

Fig. 10. Sitting room temperatures, S/V ratio = 0.27,  
January 06 and 07, 2013
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daily solar radiation amounted to 2486 Wh m-2 for the 
vertical South and 4025 Wh m–2 for the vertical East 
and West for the day of July 24. As a result, one can 
see that the behavior of temperatures undergoes the 
same scenario by comparing it with the evolution of 
the incident solar irradiance on different planes.

5.2. Total solar radiation: effect of geometric  
shapes and heat exchange surfaces

Vertical surfaces are the most critical to the impact of 
solar radiation. This study examines the effect of ge-
ometric shapes on predicting temperature and total 
solar radiation in the sitting room. Two generic shapes 
(square and rectangular) have been studied with va-
riations in building orientation using the computer 
simulation program. Further analysis focuses on the 
optimum shape for both basic geometric shapes. We 
show in Table 5 the contribution of the orientation 
according to geometric shapes. As indicative example, 
we choose the day of July 25 for the predicted values of 
the total solar radiation. The obtained values (Yaïche 
et al. 2008, 2009, 2010) show that the daily solar radi-
ation amounted to 2505 Wh m–2 for the vertical South 
and 4022 Wh m–2 for the vertical East and West. Table 
5 depicts three possible cases:

 – Case 1: Total exposure;
 – Case 2: Building with two facades, Exposition of 
South and North walls with exposed roof;

 – Case 3: Building with two facades, Exposition 
of South and North walls with unexposed roof.

From this purely geometric analysis, we propose 
to compare the change in the zone compactness rela-
tive to the geometric shape at constant volume ac-
cording to the Figure 13. That is to say, by fixing the 
volume, one can determine the corresponding value 
of the compactness index. For the sitting room, we 
choose the following dimensions:

 – V = 3.2×10×3 (m3) for a parallelepipedic form, 
whose the height is 3 metres.

 – V  = 4.5789×4.5789×4.5789 (m3) for a cubic 
form.

Fig. 11. Sitting room temperatures for an ordinary plane in the 
case of stone, S/V ratio = 0.1977, July 24 and 25, 2008

Fig. 12. Sitting room temperatures for an expansion parameter 
Agr = 3 in the case of stone, S/V ratio = 0.1977,  

July 24 and 25, 2008
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Table 5. Total solar radiation received by the sitting room according to the orientation and geometric shapes

Type of the building 
exposure

Geometric shape of the 
sitting room

Compactness index
of the sitting room

Total solar radiation received by the sitting room 
according to the orientation Wh

South East West North

Case 1
Parallelepipedic form 0.7458 367110 398052 388270 336540
Cubic form 0.6552 302830 302830 281470 281470

Case 2
Parallelepipedic form 0.6458 113760 144708 134930 83191
Cubic form 0.4368 218510 250310 250310 197140

Case 3
Parallelepipedic form 0.3125 75150 120660 120660 44580
Cubic form 0.2184 52521 84325 84325 31155
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For this type of building, the results revealed that 
the cubic shape with S/V ratio  = 0.2184 is the most 
optimum shape in minimising total solar insolation. 
The cubic shape of sitting room in a north orientation 
receives the lowest total solar insolation compared to 
other orientations. 

For the other areas (rooms), this same method is 
used to determine the appropriate geometrical shape 
and the optimal orientation of these rooms to derive 
the optimum orientation of the house.

But for regulating the temperature by controlling 
solar radiation, we would like to choose the Southern 
orientation to implement passive bioclimatic design 
strategies.

Another reason again, the difference between the 
total solar radiation received by both the Southern and 
the Northern orientations is not really decisive.

5.3.Time lag and decrement factor

Two factors characterize the wall: the time lag φ and 
the decrement factor f, defined by Asan and Sancaktar 
(1998). They were found that thickness of material and 
the type of the material have a very profound effect on 
the time lag and decrement factor.

 min ,min ,minTi Tot tϕ = − ; (14)

 max ,max ,maxTi Tot tϕ = − ; (15)

 

,max ,min

,max ,min

i i

o o

T T
f

T T
−

=
−

, (16)

where tTo,min, tTi,min, tTo,max, and tTi,max are the times 
when exterior and interior surface temperatures re-
aches their minima and maxima. To,min, Ti,min, To,max, 
and Ti,max are the minimum and maximum surface 
temperatures on the interior and exterior sides.

The time lag “ φ = (φmax + φmin)/2 ” is the time 
required by the maximum (or minimum) of a tem-
perature wave of period P, to propagate through a wall 
from the outer to the inner surface (Asan, Sancaktar 
1998). The decrement factor f is defined as the de-
creasing ratio of its temperature amplitude during the 
transient process of a wave penetrating through a solid 
element. The time lag and decrement factor were ex-
tensively studied in the heat transfer literature (Asan, 
Sancaktar 1998; Asan 2000, 2006; Kontoleon, Eumor-
fopoulou 2008), as well as their dependence upon wall 
thickness, materials, thermo physical properties, solar 
absorptivity...

In our contribution, we are interested in deter-
mining the orientation influence on these two factors. 
The developed simulation model gives Figure 14 which 
is deduced from the variation of inner and outer sur-
face temperatures of the South wall of sitting room if 
we refer to Figure 2. The calculated values   are given in 
Table 7, Appendix.

The estimation of the time lag of type-1 wall shows 
that, because the outdoor and indoor temperatures are 
not sinusoidal, the values of φmax and φmin are dif-
ferent. An analysis of obtained values shows that the 
highest time lag (φ = 5 h: 54 min) is that which cor-
responds to the South orientation while the minimum 
value is reached by the walls oriented to North. We 
find by calculation that the time lag for West, North 
and East directions are 5 h: 17 min, 3 h: 40 min and 4 
h: 59 respectively. 

Similarly, for the type-2 wall, the South orien-
tation corresponds to the highest value of the time 
lag. The calculated time lag for South, West, North 
and East directions are 8 h: 24 min, 7 h: 25 min, 6 h: 

Fig. 14. Time lags φmax and φmin (a) and decrement factor f (b) for type-1 and type-2 walls for a typical summer day, 25 July 2008
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40 min and 7 h: 41 respectively. These values   are sig-
nificantly higher compared to the previous case; it is 
logical, a thermal insulater is a material through which 
heat moves slowly.

Also walls with low decrement factor are pre-
ferred, so from this point of view the type-2 wall is 
better than type-1. Another consideration must be 
pointed out. A low decrement factor is not sufficient 
to ensure the indoor thermal comfort, i.e. a lightweight 
insulated can have f-values as low as 0.008, but when 
the initial conditions correspond to very hot tempera-
tures, the indoor air temperature could rise beyond the 
acceptable comfort limits. The thermal mass of a type-
2 wall considerably decreases the exterior temperature 
swing with an acceptable time delay. Under hot initial 
temperature, the higher interior air temperature can be 
caused also by the thermal storage because the brick 
wall is characterized by both its high thermal inertia, 
and that better thermal insulation compared to the 
stone wall.

In conclusion, a sufficient time lag and a low dec-
rement factor will delay the hot outdoor temperature 
which will comes at the end of the day in the build-
ing, period in which it is more easy to cool off with a 
single opening windows. We can say also that the time 
lag and the decrement factor depend on the building’s 
orientation.

5.4. Direct solar gain

A direct gain system includes facing windows and a 
large mass placed within the space to receive the most 
direct sunlight in cold weather and the least direct 
sunlight in hot weather. In this type of system, sunlight 
passes through the windows, and its heat is trapped by 
the thermal mass in the room. In this situation we will 
require to change the orientation of the building to de-
termine the direction that reduces the need to use he-
ating and cooling systems by minimizing direct solar 
gain in summer and maximizing direct solar gain in 
winter. They are calculated by the following equation:

 
24s sj sjQ I S= ∑ , (17)

where Qs  – is the solar gain (Wh), the sum is over all 
directions j; Isj – is the solar irradiation for orientation j, 
it is expressed in W/m2; Ssj – is the receiving surface of j 
orientation (m2), is computed as follows:

 sjS ASFs= , (18)

where A  – is the surface openings (m2); Fs  – is the 
correction factor for shading: for Northern Fs = 0.89, for 

the South Fs = 0.72 and finally for the East and West Fs = 
0.67; S – is the solar factor; is the ratio of the total solar 
energy flux entering the premises through the glass to the 
incident solar energy flux., it’s all just the contribution of a 
window to the heating of the room.

Surface openings, South side A = 3.36 m2.
Surface openings, North side A = 3.36 m2.
Surface openings, East side A = 2.068 m2.
Surface openings, West side A = 2.508 m2.
Then we deduce Ssj: Ss_South = 1.0644 m², Ss_North = 

1.3158 m², Ss_East = 0.6096 m² and Ss_West = 0.7394 m².
So we can write:

_ _ _ _

_ _ _ _ ,
s s South s South s North s North

s East s East s West s West

Q I S I S
I S I S

= + +
+    (19)

where Is – is the daily irradiation incident on the con-
sidered direction (Wh/m2).

We are required to calculate the average values of 
daily irradiation calculated for each month and for the 
four possible orientations in Ghardaïa, El Bayadh and 
Biskra region (see Table 5).

Table 6 presents values of the average daily solar 
gain calculated by equation 19 according to the four 
classical orientations: South, North, East and West. We 
illustrate also the average daily solar gain of the habitat 
oriented in full South but with considering that there 
are not openings in the Northern façade.

Calculations showed that to protect itself from 
the summer overheating caused by the solar gain, it 
is recommended to choose the Southern orientation 
between March and September and the Western orien-
tation 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 be-
tween November and January. 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 re-
duces the solar gain in hot weather. Consequently, this 
initial study shows that to effect significant energy sav-
ings, special shading systems are needed, combining 
low solar transmittance in summer with useful solar 
gain in winter.

Engineering Structures and Technologies, 2014, 6(3): 131–149 145



Conclusions

The buildings thermal performance can be characte-
rized by the balance between the heat losses and heat 
gains taking into account their heat storage capacity. In 
this balance the three fundamental parameters are the 
insulation level, thermal inertia use and solar radiation 
control. A new approach to modelling of multizone 
buildings in Saharan climate was introduced. Thermal 
nodal method was used to apprehend thermal beha-
vior of air subjected to varied solicitations. 

The main findings were summarized as follows:
This simplified method is good approach to the 

understanding of the thermal behavior of walls and 
air in a real building. The proposed numerical model 
is one of the tested methods that correctly predicted 
the experimental value of the time lag under stable 
meteorological conditions and a completely clear sky. 
But, climatic disturbances can cause some problems, 
especially for estimating the time lag and the decre-
ment factor.

Solar radiation is the most major contributor to 
heat gain in buildings. In Saharan climate, the highest 
level of daily average solar insolation is received on 
the horizontal, followed by the south, east/west and 
north wall.

Simulated temperatures prove that the optimal 
building orientation depends largely on the build-
ing materials, thermal inertia and compactness index 
which characterizes the building size, the geometric 
shape and the contact mode with the outside.

It has be found that to keep the sun of glazed 
openings in the summer and to let the sun fall on the 
glass in the winter, south is the most favorable orienta-
tion. A building that faces South is generally easier to 
shade for summer coolness than one that faces East or 
West. In addition, using southern exposure for solar 
heat gain is recommended to reduce heating loads in 
the winter season. Southern exposure allows also us-
ing shading strategies to reduce cooling loads caused 
by direct solar gain on south façades. They have to 
be equipped with shading devices like overhangs for 
summer time. These results are coincided with those 
found by Raychaudhuri et al. (1965). From both the 
experimental observations and the theoretical com-
putations, they found that dwellings facing south-east 
and south directions have better indoor climatic envi-
ronment throughout the year. The observed effective 
temperatures are found to be within the comfort zones 
only during the winter afternoons while for the rest 
of the periods of observation in the year; it is beyond 
the comfort zones in all the houses. On the contrary, 
in our case, we can not reach the comfort zone for 
some causes. Wall stone thermal inertia is used for 
cold storage. It means that walls will accumulate the 
cold during the night and will restitute it in the air 
when temperature increases during the day. But in hot 
arid climates (e.g. desert), the problem is that in sum-
mer, outdoor ambient temperatures are almost always 
high even during the night. Consequently, in very hot 
period, we can not avoid outdoor heat to come indoor 
during 24 hours. We can retain that the walls thermal 

Table 6. Average daily irradiation (Wh m–2) for Ghardaïa, El Bayadh and Biskra region respectively

Ghardaïa El Bayadh Biskra
South 
and

North
East West

South, No 
openings 
in North

South 
and

North
East West

South, No 
openings 
in North

South 
and

North
East West

South, No 
openings 
in North

January 11121 10840 9942 10778 11668 11336 10364 11387 10269 9914 9076 9921
February 11813 11949 11085 11409 12374 12527 11599 12038 11269 11305 10474 10851
March 11438 12147 11447 10935 11733 12523 11789 11313 11194 11771 11076 10664
April 10776 12031 11602 9869 10880 12312 11877 10076 10704 11810 11359 9802
May s10482 11725 11594 8610 10395 11877 11748 8692 10465 11615 11438 8701
June 10754 11798 11857 8011 10582 11940 11998 8094 10621 11630 11616 8151
July 10344 11419 11393 8040 10221 11581 11557 8125 10290 11296 11214 8157
August 10009 11142 10865 8722 9986 11331 11048 8860 9942 10937 10632 8684
September 10331 11142 10610 9636 10583 11545 10983 10010 10134 10797 10267 9394
October 10802 11070 10351 10273 11289 11605 10824 10863 10325 10483 9795 9764
November 10759 10597 9771 10348 11434 11257 10348 11102 9949 9707 8939 9524
December 10368 9958 9099 10029 10958 10480 9541 10681 9628 9186 8387 9281
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inertia in these situations, play a contradictory role be-
cause the nights are not fresh.

This study guides designers on choosing optimum 
geometric shape and appropriate orientation for this 
type of building. The results of parametric analysis in-
dicate that the effect of building shape on total build-
ing energy use depends on the building compactness 
and the level of thermal insulation. With a compact 
cube shape and with an orientation towards the South-
North direction, we can approach to the thermal com-
fort.

The calculations show that under real meteoro-
logical conditions, the time lags and decrement factors 
of walls change their values depending on the varia-
tions of the outdoor temperature, wind velocity, solar 
radiation and the building’s orientation. A sufficient 
time lag and a low decrement factor will delay the hot 
outdoor temperature which will comes at the end of 
the day in the building, period in which it is more easy 
to cool off with a single opening windows. 

The proposed computer program can be coupled 
with a professional interface that is manipulated by a 
user-friendly scientists, architects and teachers. The 
advantage of this program is to integrate the calculat-
ed data for optimizing thermal and photovoltaic solar 
systems. 
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Appendix
Table 7. Values of time lag, decrement factor and corresponding temperatures for type-1 and type-2 walls,  

case of a typical summer day, 25 July 2008

South West North East
Type-1

wall
Type-2

wall
Type-1

Wall
Type-2

wall
Type-1

wall
Type-2

wall
Type-1

wall
Type-2

wall
ti,min 10.55 13.17 8.11 9.45 9.52 13.1 11.46 13.98
Ti,min 34.53 35.34 35.46 35.71 34.71 35.4 35.31 35.25
to,min 5.58 6.1 5.58 5.72 5.58 5.79 5.65 6.14
To,min 30.54 28.89 30.97 28.96 30.53 28.97 31.68 28.91
φmin 4.97 7.07 2.53 3.73 3.94 7.31 5.81 7.84
ti,max 21.8 24.94 19.2 22.52 22.31 24.94 22.49 26.03
Ti,max 37.55 36.15 39.41 37.09 37.32 36.07 39.88 36.91
to,max 14.97 15.2 11.16 11.43 18.92 18.93 18.32 18.5
To,max 42.22 42.29 47.45 48.2 40.34 39.74 51.34 52.69
φmax 6.83 9.74 8.04 11.09 3.39 6.01 4.17 7.53
f 0.2586 0.0604 0.2397 0.0717 0.2661 0.0622 0.2325 0.0698
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