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Abstract: Some variables that are related to building shapé wahich influence heating and cooling
requirements are the following: compactness indles;height of walls, climate; and the characteristf the
building envelope. These characteristics are crweidables that should be taken into account beedbey are
relevant to the energy requirements for maintairtimg building at a comfortable temperature. Thisclar
provides studies of some building criteria that caduce the energy demand for the heating and repalf
residential buildings. These criteria are basetheradoption of envelope system, and the buildomgactness.
The result proves that proper use of compactnessximnd building geometry parameters will noticgabl
minimize building energy and improve the interrexhperature of the building. The compactness isbethen
the compactness index is lower.
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1. Introduction

The most often preferred modelling approach foihiéects is to emphasise on the outer shape of the
building. Constructing a model of thermal dynama¢s multi-zone building requires modeling heatauaction
through walls as well as convection due to air-Bamong the zones. Constructing building thermahdyics is
a challenging task since it requires modeling lesahange through convection, conduction and ragtiaimong
all the rooms. The thermal dynamics in a multi-zbondding can be thought of as an interconnectestesy of
many subsystems [1]. A network model of thermal atgyits of a multi-zone building will have nodes
corresponding to the temperatures in zones andsedgeesponding to reduced order models of dynamic
interaction between the variables connected by tige.

The compactness of a building, indicated by the &b (S: area of building envelope surface, V:
volume of the building) has a considerable inflleon the heating energy demand of buildings, régssdof
the level of fabric insulation. This paper providesimplified analysis method to predict the impafcthe shape
(compactness index) for a building on its instaatars temperature. A proposed model is developeedbais
detailed simulation analyses utilizing several corations of building geometry, orientation, thernredulation
level, glazing type, glazing area and climate. phesent paper wants to emphasize the importanttésofactor
in the estimation of a building energy performannehe base of an analysis of a building in hahate.

2. Multizone building modelling

Most of the research papers dealing with this tqpiesent the temperature identification of either a
single-zone building, or a single building sub-syst On contrary, we proposed a novel approach aantha
detailed modeling by a building-design simulationgram.This section formulates the problem precisely and
describes the proposed methdthe main equations as well as the structure ohtive model environment have
been described.



2.1. Conduction model coupling with superficial exchanges

We can find a simplified approach allows represanthe multilayer system by a model based on an
electrical analogy proposed by Rumianowski et @989, and then it was taken by Con et al. in 2203It is
often used when we intresse to the determinatioth@temperature of any node inside a wall. Thifahg
figure is an illustration of the decomposition ifle.
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Figure 1: Wall spatial discretisation and conduttioodel

The equivalent resistances are calculated by ftenimg formulas:
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The energy balance of the building for surfaceg|sesented by equations 5-7:
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: thickness (m)
: number of node
: absorption coefficient
: thermal emissivity
: the incident global irradiation on the surfapgsm?)
: surface (A
: thermal conductivity (w R m™)
p : specific heat (j K§ K™
: density (kg 1Y)
: form factor between the exchange surfaces
: Stephane-Boltzmann constant (W )
wen  :wind speed (mY
.om - COefficient of heat flux exchanged by convectio)
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In the multizone-zone model a given building is mangh with a certain number of rooms, walls, doors
and also glass windows. The physical model of thigdimg is obtained by assembling thermal modelgath
element. The different zones’ temperatures (pracuariables) are linked together through heat cotidn and
air movement.In this paper, we make a coupling betwthe equations proposed by Rumianowski ,3] and
equations of a building thermal energy model foumdhe TRNSYS user manual [4]. The building energy
balance for a zone is a balance model with oneade per zone, representing the thermal capacitigeokone
air volume. The building power balance for a zoseshown as equation ¥X@presenting the variation of the
power energy of the air in the zone in the timerwal dt

dT,
loair Cair Vair Taw = QGain + QSurf + Qheating + Qcooling + anf + Q/ent (10)

With thermal powers are algebraic values

T : temperature (K)
Pair : air density (kg i)
Cair : the specific heat of air, it is assumed constadtestimated at 1008 fs” K™, j kg* K™
Vair : air volume (M)
Qneatine - thermal power provided by heating equipment (w)
Qeooline - thermal power provided by cooling equipment (w)
Qint : thermal power gain due to air infiltration (w)
Qven : thermal power gain due to air ventilation (w)
: thermal power due to exchange between the air @ndalls inner surfaces and (ii) windows and
Qsur doors, (W)
Qcair : direct solar gain due to openings (w)

The boundary conditions of the system include thees of the inner surface for all surfaces of theez
including radiative energy flows. We also note ttie energy of an active layer and the energy dtorehe
walls are not part of this energy balance, but #weypart of detailed balance for surfaces. Thesfex rates of
thermal energy of infiltration and ventilation 8w are respectively calculated by equations 1d B2.

anf = mlnf Cair (Tair _Tout) (11)

QVent = rn‘/eme (TVent,out - TVenLint) (12)

M it - the air flow due to infiltration (kg/s)
Mvent : the air flow due to ventilation (kg/s)

T : air temperature inside the building (K)
Tou : air temperature outside the building (K)

Tventou@nd Tenein  : air temperature at the outlet and inlet ventiatiespectively (K)

Thermalenergy due to exchange between theaad walls inner surfaces are calculated by equdtion



QSurf = Z ShConv (TSurf _Tair) (13)

Tsur : air temperature walls inner surfaces (K)
heonw  : the convective transfer coefficient (WA ™)
Surface description Flow regime Condition Expression

T T —_ 174

Vertical wall Laminar regime 1< GrpPr<18 hcam: 1.42 QT/L)M3
Turbulent regime] GrPr> 10 hcom = 1.31 AT/L)

An upper surface of an hot horizontal platdaminar regime| 10< GrPr<18 | hgy, = 1.32 AT/L)™
or an underside surface of a cold plate | Turbulent regime GrPr> 10 heom = 1.52 AT/L)™*
An underside surface of a hot plate or |ahaminar regime 1< GrpPr<18 he = 0.59 QT/L)”“
upper surface of an cold plate Turbulent regime Gr Pr> %0 conv ™

Table 1. Expression of convective transfer cogffits

Gr  : Grashof number

Pr  : Prandtl number

L : length of the plate (m)

AT :temperature difference between the surfacesrahuines exchange (K)

2.2. The Nodal Structure and Description of the Building

The study was carried out on a building in Ghard&ieertain number of information fields are corteelc
to a node, traducing for instance the allocatiom efode to a zone or also the topology of the g¢leketrical
network associated with the building. We have hiadaced to assign a type to each node. Indeediveela the
equations, the nodes are concerned with differaehpmena. Then, it appears necessary to attribtygeeato
each node. For a given building, when the nodecttra is established, it is easy to fill up eadn&nt of the
mathematical model. Indeed, we have just to sweemobde structure and attribute the relevant tefimen, the
structure will include six zones’ numbers (figude 2
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Figure 2: Types of nodes and zonal structure

The house has a habitable area of 68’3amd wall heights are equal to 3 m. The flooriaglaced on
plan ground to lodge the ground floor. The concreftehe flooring is directly poured on the grourtug
minimizing losses. Floor tiles are inter-imposedsian end coating resisting to corrosion and ébainagents.
Layer thickness, composition and thermal transmigavalues U for walls, ground and roof are givetable 2.

3. Compactness and computational results

The compactness of a building is measured by a ditisurface area S to volume V, this ratio is an
indication of the rate at which a building heatsduyping the day and cools down during the nighte Bhilding
form and its compactness are relevant for the amefuheat transmission losses, which are propaatiom the
insulating quality and to the heat transmittingface. In this contribution, we enlarged the plaxZ\and Vx3)
to determine internal temperatures of the sittiognn. The building is exposed on all sides (the foalls and
roof) to the wind and sun. These cases took inbowatt only thermal exchanges thus air stratifiegtiohereas
wind influence on air infiltration and water diffos into walls body were not considered. Also stathanges
are not consideretherefore storage datent heat andnoisture effectsvereneglected.

Figure 3 gives an idea of the temperature profiletsined by numerical simulation.The obtained value
correspond first to the plane of figures 2 whichridkative to a height of 3 m, and secondly, coroaspto the
same plane and the same geometrical shape of tise thait by multiplying the dimensions by 2 (respety 3)
which corresponds to a height of 6 m (9 m respebt)v In what follows, we are interested in theeetfof the
compactness index of this construction on the teatpee inside the sitting room. Figure 4 predidig t



calculated temperatures using the same conditiapssed for the case of figure 3. The idea is tgpkhe same
descriptive plan but by varying the height of thalle; which leads each time a change in compacindss.

Composition Thicknes&m) | Thermal transmittance values(W / nf K)
Plaster 15
Exterior walls Brick 30 1.89
Coating plaster 1.5
Coating plaster 1.5
Interior walls Brick 20 2.4
Coating plaster 1.5
Tiling 2.5
Cement 1
Ground Stone 6 0.358
Concrete 24
Plaster 15
Roof Slab 12 1.048
Mortar 3
Flat Glass Single pane, clear + wood blinds 3.18
Table 2: Layer thickness and U values for buildémgelope
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Figures 3-4Temperature of sitting room, 10-11 August.
4. Conclusion

In hot climate, a house in a large building whickshonly one exposed wall is characterized by a low
compactness index due to the total area of expaadld which is significantly reduced. Also, the gestry and
precisely the variation of the walls height plagracial role; the obtained temperature profiles @@portional

to the heights of building walls. Increasing heigtdlls for this construction type does not promtitermal
comfort even if we consolidate the thermal insolatf the building external envelope.

In hot dry climates, the surface volume area rakiould be as low as possible to minimise heat gauhthe
compactness is better when the compactness indeweés.
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