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In desert regions, the orientation of buildings tesimportant influence in the inside
air temperature. In the present work, we carry oustady on the influence of the
buildings orientation as well as the thermal insidaton the internal temperature. To
do so, we have considered the case where onlyxffesed walls are isolated. The main
objective of the current work is to determine thengeratures of the building in
question with and without thermal insulation. Thisdy aims at assessing also the
geographic parameter enhancing or damping the roléhefmal inertia, providing a
variety of results.

As result, this work proves that stones play a mraatittory role on thermal comfort. We
have verified that thermal insulation is specifiedreduce heat transfer through the
building. Concerning the orientation, results ingies that the variation in orientation
does not influence significantly the internal aentperature of a well thermally
insulated building. Moreover, in hot period, whaevorientation considered, the
phenomenon of overheating presents a serious prolite minimize consumption of
energy and control of indoor temperature in caseébwoilding without insulation. The
numerical data was compared to the experimental measemts in order to validate
the mathematical model. In conclusion, to achieve téeebéhermal comfort arid and
semi arid regions, the habitation will have to liwated in south flan of a hill to satisfy
the two strategies (hot and cold)
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1. Introduction

The seventies housing crisis had inspired the estein bioclimatic architecture. As the most
nowadays built houses are intact and combustibé&ggnreserves are exhausted. Decline towards the
bioclimatic architecture becomes an issue. Thisggule of architecture requires first an adequéigice
of house location and orientation and then warmild aold requirements. Over the last years the
exigencies of thermal comfort have been signifisanmproved. In parallel to this improvement
numerical methods that predict the thermal behavidhe housing envelop have been elaborated. These
models allow the evaluation of internal temperaureterms of thermal comfort to be achiey&d?].

However, it is not appropriate to consider air déading, or heating systems without tacking
into account the outside temperature fluctuatitmgiding orientations, and the strength of the lasng
material to be used, internal charges and congtruataterials used... Classical methods used to ctempu
the energy consumption and energy demghd] are not adequate since the effect of interactibn o
different basic building constituents and the ssggg solution are not dealt wiff]. In several work$9-

14], it has be found that thermal resistance of eqvédahe index to define the insulation capaciiye
thermal performance of the building envelope cakarea significant contribution to reducing the overa
building energy usageso it is critical that we insulate the envelopetloé building as effectively as
possible.

Ghardaia region (32.4° N, 3.8° E) is located 600flom the coast, at an altitude of 450 m above
sea level. It is influenced by a dry climate, clotedzed by very low precipitations (160 mm/yeagry



high temperatures in summer and low temperaturegiriter (frosty from December to mid-February).
The climate is hot and dry in the summer with terapees variation between a maximum of around 45
°C and a minimum of 20 °C, thus giving a large dalrtemperature swing. Winter temperatures vary
between a maximum of 24 °C and a minimum of 0 t€nbrmal temperature in January is 10.4 °C, it is
36.3 °C in July. And the average annual range isuald2.2 °C amplitudes of monthly average
temperatures. They are more moderate in winter itn@aammer (average 11 °C in winter cons 13.5 °C in
summer). The monthly maximum amplitudes are lamgesummer than in winter fluctuates around 20 °C.
This Saharan climate result that insulation is ssagy, some requirements have been identified by N.
Fezzioui et a[15]. The Z. Chelghoum et &16] paper discusses adaptation for climate changeghra
local adaptation strategy at a variety of scalesysng how to manage high temperatures.

The orientation effect of a non-air-conditioned lbing on its thermal performance has been
analysed in terms of temperature index for hot-dimates. The evaluation is derived from a series o
computer simulations. This paper concentrates atyaimg the effect of insulation and the orientatad
the existing case of a typical house in Ghardaidirming the dynamic indoor air temperature fortkeac
orientation.

2. Description of house plan

In Ghardaia region, stones are the most used catistt materials. It is has been used for
centuries (since the foundation of the town at 12Pp@ue to their availability and also due the la¢k
other construction materials such as wood (Vegetatire low due to the climate). A typical most
commonly used construction in the region had bdersen. The figure 1 is a schematic outline of real
apartment building situated whether at the groundtdhe first floor of two storey building. The uns®e
has an area of 88%mwall heights are equal to 2.8 m while the othienehsions are shown in detail in
Figure 1.
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Figure 1: Associated descriptive plan, the dimensianare given by m.

This apartment includes the following elements:

= Building envelops or outer wall consisting of a Weatructure generally constituted of stones jainte
and surrounded by two layers having thickness 6fcin of mortar cement. The most inner face is
coated with 1 cm thick plaster layer. The innerefaif these walls may have a thermal insulating
structure composed of an insulating polystyrenerayf thickness in the order of 6cm and an airdaye
of 1 cm.

= The inner walls (or splitting walls) whose side® an contact only with the internal ambient are
considered to be of heavy structure constructestafes of 15 cm width jointed and surrounded by two
mortar cement layer of 1.5 cm thick and two laya@r&cm thick of plaster.



= The flooring is placed on plan ground to lodge gheund floor. The concrete of the flooring is ditgc
poured on the ground thus minimizing losses. FHides are inter-imposed, it is an end coating tagis
to corrosion and chemical agents...

= The roof is composed of cement slabs and conctate rmade so that it handles the load and be
economical. A roof sloping of 5° allowed water ewation through several openings. Until now the flat
roofs are considered as nest infiltration and akitctural solution.

= Windows and doors contribute significantly to theemgetic balance. Their contribution however
depends on several parameters as: local climaentation, frame, relative surface (window-floorjing
and concealment performance during night and swlayg. In this case focus is made particularly on
windows and doors dimensions and all are made ofia{d7, 18]

3. Incident solar radiation

We will be forced to choose an efficient numericabdel to estimate the incident global
irradiation on the walls. The chosen method is @amad model that utilizes the atmospheric Linke
turbidity factor in order to compute direct andfuléie components of solar irradiation. Absorption an
diffusion caused by atmospherical particles areressged in terms of the Linke turbidity factors. fro
these factors direct and diffuse irradiation ar¢éedeined in case of clear sky modé&b-23]. We are
interested in determining the incident irradiation the roof (horizontal) and the vertical surfade o
external walls. Figure 2 presents instantaneousii@ns of solar irradiation incidents upon thefraad
wall of the flat for different orientations. Thegalues correspond to the days of June 02nd undar sky
condition. Whereas figure 3 represents instantam@atiation of solar irradiation incident upon difnt
surfaces of the flat for second day of June with fillowing orientations: South Ea@t = - 459, South
West(a = 459, North Eas{a = 1359 and North Wesfo = - 1359.
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Figure 3: Incident solar irradiation on walls,

Figure 2: Incident solar irradiation on walls, 02 lne. West rotation by 45°, 02 June.

Solar radiation is intense throughout the year \githaximum of 700 Wifiin winter and 1000
Wm? in summer, measured on the horizontal surface. désert 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 cdiinighthe thermophysical characteristics of the
building envelope such as, firstly, thermal inerdiathermal transmittance. Thermal inertia is amter
commonly used by scientists and engineers modetlgay transfers and is a bulk material propertyteel
to thermal conductivity and volumetric heat capaditis a measure of the thermal mass and thecitglo
of the thermal wave which controls the surface terajpre of a material. In heat transfer, a higleue
of the volumetric heat capacity means a longer fionghe system to reach equilibrium. In a simikay,
thermal inertia is the term used when a materialtha ability to store heat and retards the trarcffbeat
loss or gairj24, 25]

Several works have been performed in this fieldA.KDornelles et al[25] suggested that
constructive systems with high thermal inertia pdevmore comfortable environment and buildings with
low energy consumption. For example, A. Noren ¢2@] showed that thermal inertia has an influence on
the annual energy requirement for the heatinglufwse located in a country with a northern climates



lowest specific energy requirement is obtained &ithextremely heavy concrete construction. Alsbag
been proved in a more cold climate (Belgium, foaraple)[27], that thermal inertia is essential for
absorbing solar and internal gains during the a@ayetduce temperature rise inside. Only the innetmos
layers of the building mass play an active rol¢hia control of the indoor temperature fluctuatioreioa
daily cycle. This section discusses thermal ineztiact on measured indoor air temperatures inildibhg

in an arid region of Algeria.

In order to accomplish the measurement phase,aaadajuisition unit of type Fluke Hydra Series
Il which in spite of its high accuracy it accumestsome errors, not really considerable. Type K
thermocouples were used to measure temperatuess nikasuring principle is based on Seebeck effect.
In order to register the temperatures of southreorth walls, five thermocouples were placed inatiéht
locations of walls. Also, the temperatures of thieinal ambient air were registered by placing ofive
thermocouples in different points. The plotted tenapures experimental values are those correspgndin
to the average of the registered ones. We intratitiee thermocouples so that:

- First is located in the center of the sittingmoo

- The second and the third are placed on the migdke of the horizontal plane at 1.4 m in heighttsat
each thermocouple is at 20 cm of the Southern avallthe Northern wall.

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

Indeed, we judged that five thermocouples are lgrgaifficient because the temperature
gradients are not really significant. Accordingte measurements in summer and for any positidgheof
vertical plane, the maximum difference betweerteximperature at a point near the roof and anothiet po
on the same normal and at proximity to the grouoesdnot exceed the value of 0.85 ° C. Similarly, fo
any height, the maximum variation in temperaturatisut 1 °C between two points, one near the sauthe
wall and the other near the northern wall, whighdlong the same axis and same horizontal plaren Th
to measure the temperatures of the walls, we intred the five thermocouples on surfaces of theswall
by respecting the same distances. The first wilabéhe center, the second and the third will behen
vertical line which passes by the center and teetl@ermocouples will be on the horizontal line ebhi
passes by the center.

Figure 4 shows the measured temperature of theoinglad outdoor environments for two days
(July 20 - 21, 2008) during a very hot period. Hoame the experimental temperatures obtained in May
28, 2008 for air and some sitting room walls areegiin figure 5.
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Positive values diting_ room ~Tambient traced on figure 6 indicate that the temperatsredoler
outside than inside the home. As shown, the hautseidr is usually warmer than the outside for nmafst
the evening hours (from 20 to 32 hours for figuransl from 23:15 concerning figure 5), with the iae
air temperature being lower than the outside aimduthe exterior interval of time (figure 5). Thigher
interior air temperature during the evening hogrsaused by the thermal storage. Thermal storage or
Thermal Inertia of any wall can be defined as thaximum minus minimum surface temperature
(temperature variation interval). The temperatufeaomaterial with low thermal inertia changes
significantly during the day, while the temperatofea material with high thermal inertia does nloaiege
as drastically. It can be also characterized by dhference between time of maximum outside air
temperature and time of maximum inside air tempeeafphase difference); a material with hight thalrm
inertia dephases significantly. In our case, thisrage difference is about four hours. Whereas, the
difference in temperature between nighttime andidegyis not larger in summer, all these charadiess
are consistent with the scenarios described ablovether terms, the temperature variations are more
apparent in buildings with low thermal inertia tharthe buildings with high thermal inertia.

The stone wall predominantly acts to retard heat firom the exterior to the interior during the
day. The high volumetric heat capacity and thicknpeevents heat from reaching the inner surface.
Besides, wall stone thermal inertia is used fod&ibrage. It means that walls will accumulate ¢kl
during the night and will restitute it in the aihan temperature increases during the day. But frahid
climates (e.g. desert), the problem is that in semmutdoor ambient temperatures are almost always
high even during the night. Consequently, in veog period, we can not avoid outdoor heat to come
indoor during 24 hours. We can retain that the svdalermal inertia in these situations, play a
contradictory role because the nights are not fresh

5. Mathematical model

In Building energetic field, predictive numericalodels have been widely used. A developed
model consisting of an elaborated computing progaapropriate to the current application was progose
in [11, 12] To do so mathematical models based on thermodgnfirst principle were elaborated to
obtain different air temperatures of the insidegaiowever these models took into account onlyntlag
exchanges thus air stratification, whereas wintharfce on air infiltration and water diffusion intalls
body were not considered. Also states changes @reansidered therefore storage of latent heat and
moisture effects were neglected. Implementing #@egal law of building energy conservation, wevarri
to a non stand alone system governed by hundretixside non linear ordinary differential equatioiis.
do so, we suppose that:
= Thermal transfer over walls sides are supposecetaridirectional, in perpendicular direction to the
wall faces.

= Temperature distribution over external and intemwalls surfaces is uniform. Thus, the mathematical
models delivered only the average temperaturelseo€onsidered air and surfaces.

= The dynamic regime is permanent over walls wherflthepasses from one layer to another.

= The convection is natural and the flow is laminar.

= Doors and windows are supposed to be closed and nfadoods. Their temperatures are measured and
considered in the over all energetic balaiiée19].

An adequate comparison between temperatures oeambiernal air and wall inner side allowed
the determination of the direction of the heat d4fan The preliminary remarks during hot period ted
decide and judge that:

In case of room 1:

TSouthem all > TEastem wh > TCeiIing > TAir > TWestem wh >TGround> TNorthern vall
In case of sitting room:

TSouthemaH > TWesternvMa > TCeiIing> TAir > TEastem vua> TGround> TNorthem il

Energy balance of internal and external surfacethefEast wall and ambient room 1 internal air for



example are given by equations 1, 2 and 3.

= Eastern wall

mC, (dT/dt) =Y Qucenea— > Qussuea @)
Supposing that:
Qusz = Sean (To = T2) 1 [(220/0,)+ (/M) +(e,/0,)] 2

We found that:

PaV2C, (dT, /dt) = Qg + Quz = Qrzs = Qr2s = Qras = Qr26 = Qrzr = Qi = Qrar 3)
External eastern wall

PeVC( ATy /1) = (SuaaEons* N agSeas Tay = To )= Quas * NregroundoSeas ( Toxgauna = To ) )

= Interior air

ParViCar (AT, /dt) = Quua * Quura + Qe * Quras ~ Qs ~ Quvis ~ Qessr ~ Qo (5)

The internal thermal insulation of wall by 6 cmdhkipolystyrene layer, air layer of thickness in
the order of 1 cm and 4 cm thick plaster layer égample dictate that some modification have to be
introduced in the equations governing the enerdetlance of wall and its outer side. The modifimasi
are in particular made in conduction related equati(6) and in parameters characterizing physical
properties of materials (specific heat, volume dgrad thermal conductivity).

By putting
Qw2 =S, (T, - T,) / Ry (6)
Ry = (284/A,)* (€/A) + (/) + (€0/Nior) + (e Nt * (€3N (@)
Equations 3 and 4 become:
= Eastern wall
PptaserVz Cpster (AT, /1) = Qo2+ Q15 = Q5= Quzg = Qo = Quze = Qar = Quzp = Qs (8)
= External eastern wall
PVeC, (AT, /dt) =0 St D eSunsd Ty = To) = Q2 + N grounas St | Torigouns=To ) ©)
[17, 18]

The computing of temperatures and also the perrejofi dynamic aspect of thermal transfer are
of paramount importance. Subsequently, it is egdetd implement numerical methods that compute
these temperatures. Designed to solve such propblRemsge-Kutta fourth order numerical method was
used to apprehend thermal behavior of walls andsaljected to varied solicitations. The elaborated
interactive programs allowed a better understandliegt transfer phenomenon of walls and air under
dynamic regime.

6. Comparison and model validation

In this section, values of temperatures obtainedguthe mathematical models described above



will be compared to the experimental values. Thegrttal insulation of walls exposed to the sun raaliat
is fulfilled using 6 cm thick layer of polystyrerend 1 cm thick air layer, whereas, the inner reof i
insulated with 4 cm thick polyester layer.

In Saharan regions, it is well known that the upfmors are the most heated. Such results can be
attributed to the fact that in addition to wallgofs are also exposed to solar irradiations. Thilsmake a
great deal of difference on energetic bills. Ther,took advantage of the natural difference in @mbi
temperature between summer and winter to compaidtical and experimental values of temperatures
in winter. The objective is to determine the effeftmoderate change in building temperatures. This
evaluation is based on our adaptive approach. Tdleperformances of these dwellings were evaluated
for winter in the fifth and sixth days of Januag03. Ambient temperature varies from 3 °C to 16 °C.

Figure 7 illustrates measured and estimated aipéeatures in the sitting room with and without
thermal insulation. The empirical values of thetaimperatures are measured in the absence of therma
insulation. The observations show that climatic areteorological conditions during this period spadn
a cold days even under shadow and at night tinmile&8ly to figure 7, figure 8 shows the temperatuire
room 1. In this case, the measured temperaturegbéained with thermal insulation. We compare iis th
figure, the difference between experimental andriktgcal temperature.
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Figure 7: Sitting room temperatures, January 05 - 6, 2009.
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Figure 8: Room 1 temperatures. January 05 — 06, 2009

From the discussion above, we can deduce that #iensulation in buildings is an important
factor to consider for achieving acceptable theromahforts. Insulation reduces unwanted heat (loss o
gain) and can reduce the energy demands. Othenn@dation materials can be employed to slow heat
loss (transfer). Further more, thermal inertiasrited insulations and buildings orientations arecefht
techniques that should be considered when addgedisen problem of the main heating transfer mode
(conduction, radiation and convection materials).

To make house heat proof, thermal insulation isoadgchoice. An insulated home is more
comfortable as the temperature remains consisi@ntweather changes. It makes the house comfortable
and keeps the temperature cool in summers and \wawinters. It is very useful to keep the temperatu
of the house independent from outside temperaflinerefore, proper use of thermal insulation in
buildings enhances thermal comfort at less opeyatost. However, the magnitude of energy savings as



result of using thermal insulation vary accordinghe building type, the climatic conditions at athithe
building is located as well as the type, thicknessl location of the insulating material used.

All the presented values are subjected to unceytaimargin as is always the case of any
comparative study. This uncertainty is due in oarchto the inaccuracies in the implemented model an
on the other hand to the inaccuracies of the mempinstrument being in use. In principle, for datty
clear sky and low wind speed and even with tempegatthat vary in a way that approaches the periodi
form, it must be found resulting temperatures ttzay in a way that s' also approach the periodimftor
both of the experimental or theoretical valuesoun model, we respected these three quoted consljtib
is for this reason that we found temperatures wktebngly approach with the periodic form. Moreqver
the experimental temperatures undergo sometimégrpations. These perturbations are certainly due t
the cloudy passages, they are the main causerefised errors.

We note for example the perturbed behavior ofrgjttioom temperature around 20:00 June 5,
20009. It is completely logical to say that thesetymbations are late. We noticed that the cloudsspges
were visible during the day at about 15:50. We say that these disturbances were visible cloudsglur
the day at about 15:50. We must not forget thahtlginertia retards the transfer of heat lossaing
In spite of these, the resulting errors are actxd¥pta

7. Orientation effect, comments and interpretations

Generally, in the south of Algeria, the buildinglipp is the same as its homologue in the North.
However, such policy has been failed due to théewihce in their climates. The northern regions are
characterized by a Mediterranean climate (wet wiated dry summer) while the southern regions are
characterized by a very rough Saharan climate (ewyprecipitations and heavy sandy winds). Theduse
building architecture is not efficient in term déetrical demand. Due to the climatic specificasiari the
regions, the electrical consumption of the heatiagvell as the cooling systems is very high. Initaatd
to that, the arbitrary orientation of building résia direct expose of solar constraint.

The main objective of this part of the work is tady the impact of orientation on the internal
temperature of the building. This is carried oytdvaluating the building energetic demand foreddht
orientations using thermal insulation. Indeed tlaeed curves of temperature profiles governing Rdom
living Room and Room 2 show clearly the enhancertfeitcan be made to thermal comfort.

By varying the building orientation by 45° towarttee West or 45 towards the East, a slight
change of internal air temperature has been obdehlvehould be noted here that internal air terapee
change depends on the used construction matedahanwall surfaces. Therefore, we propose to ttaey
orientation angle by 90°.

Figures 9 and 10 present the simulated temperagirofiles of the sitting room for different
orientations during June the "Y2and 0% 2008. Parallel study was carried out on groundrrand
another of the first floor without implementing ttechnique of thermal insulation. It has been fothat
the temperatures values in the first floor arehtighest. This may be explained by the fact thatttiel
exposed surface to the Sun and consequently thararob absorbed thermal energy by the first floor i
more important than that of ground floors. The tiota of the Building by 90° to the West direction
induces to a reduction of cooling demand. In fadias been found that this reduction of coolinghdad
is significant before 18:30. Whereas the orientati the Building by 90° towards the East will alla
reduction of cooling need after 18:30.
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Figure 9: Influence of the orientation on temperatues of the sitting room
without thermal insulation (Ground Floor).
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Figure 10: Influence of the orientation on temperatires of the sitting room
without thermal insulation (First Floor).

The simulation results presented in figure 11 hgittlthe effect of building orientation on the
internal temperature of room 1. Several possibgitiave been tested. The corresponding results tsladw
before 17:00, the temperatures are low when th&libgi is oriented towards the North or the West.
Whereas in full South of Full East oriented builglithe results show that the temperatures get |fnvar
17:00. Thus it is evident that the orientation vébuhave a more pronounced effect if the roof is not
exposed to sun irradiation and the number of walbsed to sun rays would be no more than two.
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Figure 11: Influence of the orientation on temperatires of the room 1
without thermal insulation (Ground Floor).

From figure 12, it is evident that the models fieguately to describe the effect of the building
orientation on the inside temperatures. The sups@ipo of the obtained curves showed that theifij@®
are similar to those plotted in previous figurebeTresults of the simulation procedure showed tthat
sitting room temperature margin was 1°C. This caratiributed to the impact of thermal insulatioheT
temperature difference obtained between full Séating building and other orientations doesn’t ede
0.5 °C.
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In the following section, we propose an examplett@frmal behavior of room 1 by varying
orientation without and with thermal insulation.uehfigures 13 and 14 give the computed temperatures

values for four orientations. As can be seen frbesé figures, the same scenario is repeated (same a
curves forms during hot periods).
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Figure 13: Influence of the orientation on temperatires of the Room 1
without thermal insulation (Ground Floor).
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Figure 14: Influence of the orientation on temperatires of the Room 1
with thermal insulation (Ground Floor).

In the case of room 1, the air temperature osesléetween 14 and 16.6°C. Whereas, the isolated
air temperatures oscillate between 17.4 and 18.9h€ thermal insulation allowed reduction of adah
losses through the side walls. It is worth mentigntihat these results concern the current stateermal
building view point. In Saharan region, this tygeconstruction will have to respect at least techhof
thermal insulation to improve the energetic perfanges in winter period. Also the obtained resuitsis
that the temperature value is high if the buildm&outh or West facing.

8. Conclusion

The objective of this paper is to address the @palmpact on the interior temperature of a bugdim
Saharan climates. In this work, we analyze featuoesidered to have an impact on the building ssh
the building orientation, thermal inertia and thalnmsulation. In the arid and semis-arid regidme t
problem of energy consumption is of great imporégadae to the air-conditioning cost. Several results
have been obtained, we summarize them as follows:
+« The model presented in the theoretical study isdat#d using the experimental results obtained
during the trials conducted. This model has bee e investigate some key building parameters to
improve the thermal comfort (especially indoor temgiure) and to reduce energy consumption in the
building. From this model, we have already seenrtipgact of thermal inertia, orientation and thermal
insulation. These three elements of bioclimatidgteare considered as key parameters and techniques
used to reduce energetic consumption.

+ For the region of Ghardaia, it has been found tietnging orientations athis building is not
beneficial in term of thermal comfort particularip the hot season because they conduce to
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overheating. The influence of orientation changidgpends on the floors and exterior walls
constructing materials, the insulation levels apgliaation of the inseparable rules of the bioclima
design. These results are strongly coincided wittsé found by N. R. Fezzioui et @I5] and Z.
Chelghoum et al16]. The difference is that these authors considdrttieawalls are built in hollow
concrete. But they have almost the same thermataese compared to the stone walls resistance in
our studies.

Buildings in the region of Ghardaia are subjectordl to high ambient air temperatures, but also to
strong solar radiation, which strikes the buildingurn as the sun moves around a clear sky. Aspect
such as building geometry and building spacing rbaesiaken into consideratiam order to choose the
optimum orientationWe can conclude in this situation that it is do@structor who must make effort
of adaptation. The desirable features that shoalddopted in buildings are if, 5].

In the case of thermal insulation, it has been dotmat the changing of building orientation ha®wa |
effect on its internal temperature.

In urban settings, orientation may be strongly wheileed by local regulation, view easements, and
urban design regulations. The orientation can refer particular room, or to the most importanefde

of the building. Orientation strongly relates altimg to the natural environment, proper use of the
thermal inertia, thermal insulation, the sun, wingather patterns, topography, landscape, and views
Decisions made in site planning and building oaéot will have impacts on the energy performance
of the building over its entire life cycle.

Nomenclature

0

CoNohRwNMNRQOTR T

Fered4s0ew

Surface (n

Density (kg / i
The specific heat (J / kg K)
Volume ()

Temperature (K)

Wall thickness (m)

Thermal conductivity (W / K m)
Absorption coefficient

Kylo- Exchange coefficient by radiation betwees $ky and the external surface of the eastern wall
rexgroundd EXChange coefficient by radiation between thegat ground and the external surface of the eastafl

The door

The window

Cement

Stones

Plaster

Southern wall

Eastern wall

Ceiling

Interior air

Western wall

Ground

Northern wall

External southern wall face
External eastern wall face

Some physic characteristic

e,= 0.015m
g= 04m

e= 0.01m
&= 0.01m.

C,= 871J/kgkK
C.= 1000J/kgK,
Cai = 1008 J / kg °K.

pa= 2000 kg /mh
Pair = 1.2 kg / rﬁ
pc= 825kg/nd
Ppoly =29 kg / i
A= 115W/Km
)\b: 2.8W/Km
A= 025W/Km
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A= 0.026 W/Km
Apoy= 0.026 W / K m

Annexe

Heat Transfer by Radiation

Heat flux irradiated by long wave radiation betweo surfaces say i and j is given by the following
relationship:
Q;=F S 0('|]4—Tj4)=F,-i S 0(T14_Ti4)

1
If ¢ #F F =
i ij ij
i_1+i+i_1

€. E &S

i ij i~

F.: Form factor between surfaces i and j.
. Area (rf).

Body emission coefficient.

Temperature (K).
: Stéphane Boltzmann Constagt= 567108 w/m?K*.

Q4o

The heat flux exchanged by radiation with the sky i
Qi =N S (T, - T))

risky i

h _h - O(Tsky+Ti)(Ti2+T52ky)
" e _((1_esky)/ 8sky)+ (1/Fisky)

The heat flux exchanged by irradiation with theeewél ground is:
Qriexgr = hriexgr SI (TI _Texgr)

0 (Touy +T) (T2 +72

extgr extgr )

hr=h riextgr - ((1_ sextgr)/ sextgr)+ (1/ Fie“g’)

Heat Transfer by Convection

The exchanged heat flux by convection can be espceby:
chiam = hcviamS (T| _Tf )

Where hyam is the exchange coefficient by convection (w%Kh and (T — T;) is the temperature difference
between wall and fluid.

In terms of natural convection, the fluid flows digethe variation in its volume mass, resultingnirteat
exchange between fluid wall sides. The fluid is m&al flow under the influence of Archimed force aese its
volume mass is in function of its temperature.

The forced convection is neglected if:

The Nusselt number is given by:

If the convection is laminar:
G P<10°, n=1/4

12



If the convection is turbulent:

G P>10°, n=1/3

Example: flat side wall vertical or horizontal hagilength L and uniform temperature.

If convection is laminar:
Nu= 053(G, P, )"
If the convection is turbulent:

Nu= 0101(G, P, )** [29-32]
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