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Abstract

1. Introduction
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one of the main characteristics of thermal and fluid mecha¡rical behaviour of buildings is that it isdominated by coupled heat and mass tra¡rsfer phenomena. In this paper we describe the main phenomenainfluencing the behaviou¡ of build.ings and propose a general formulation of these coupled phenomena.'we then apply this fs¡¡¡aìi'sm to two importânt problems. The flrst one deals with the coupting betweena multizone thermal model and a multizone airflow model. The second one presents the coupling betweenthe transport of pollutants and airflow calculation in a multizone buitding. In order to illustrate ourproposition we give various kinds of examples of coupled con-ûguration.

Improving performance and quality of buildings
must befreEst aim of any designer. Towards this
end a large number of numerical models have been
developed ir recent decades. Most of these models
were at first pects of the
problem. Aft example, a
strong effort thermal be-
haviour of buildings and to limit thei¡ energy losses.

Strong assumptions were usually made in these
models about transfer phenomena such as airflow

more sensitive to comfort and health in buildings,
and the first generation of ¡nodels ¿ue no lonçr
sufrcient.

Comfort is a in thesecircumstances, a person
who does not p ntal con_
ditions to the actual ones. Although .,comfort" 

has
subjective componenLs, varying in meaning with
every occupant, "average comfort" can be related
to environmental conditions Il ]. These are quantified
by a set of physical quantities which enables us to
know whether or not a certåin situation is within
the comfort range. These variables are mainìy air

temperature, air humidity, temperature of surround_
ing surfaces, noise level, lighting level, thermal
radiation level, air velocity, and concentrations of
i¡ritant and odorous pollutants.

Any attempt to predict these variables must, of

ai¡flow model and a multizone thermal model, and
the second with the coupting between a pollutant
transport model and COMIS.

2. General description of thermal and fluid
meehanical couplings in buildings

2.1. Getwral d,escripti,ùn ol tra,nsfer phenomena,
in Auild,ings

In general terms the detailed simulation of thermal
and fluid mechanical behaviour of buildings calls
for the definition of the transient behavior¡r of the
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elements composing the builcling _ with cxternal
and ilternal influences as boundary conditions.

The external influences are:

- solar radiation
- outdoor air temperature
- other external temperatures of sþ, ground and
surrounding surfaces

- wind conditions

- outdoor air humidity
- outdoor concentration of pollutants.
The more conunon internal inputs are heat gains
derived from lighting, occupants and miscellanãous
equipment, and humidity and pollutants.

A building can be described as a complex system
made up of solid heterogeneous elements (either
opaque or semi-transparent), tiquid elements (water
walls, solar ponds, water tlms, etc.) ald gaseous
elements (mainty polluted and humid airl. l,arge
numbers of heat and mass transfer mechanisms
exist between these elements:
- external convection (usually forced) between the
external surfaces and the outdoor air;
- internal convection (usually natural or mlxed)
between the internal surfaces of the envelope com_
ponents, occupants, lighting fixtures, etc., and the
indoor air;

- sltt¡rtwave radiation coming from the sun andin some cases from the internãl heat sources;
- external longwave radiation between envelope
surfaces and the sþ, surrounding buildings and
ground;

- internaì longwave radiation behveen internal sur_
faces, and between these and the internal gains;
; Ayid flow through cracks and openings between
the building and the outdoor, or be¡veen zones of
the building.

Most of the detailed building simulation programs
[2-Tlhave retained some basic and well_contrasted
hypotheses in order to represent this complexity.
These are mainly:

- one-dimensional conduction through walls (ex-
9"pt ground-coupled sffuctures a¡rd thermal
bridges);

- grey and diffuse radiant behaviour of su¡faces
(shortwave and longwave);

- linearized longvnave radiant exchange betrveen
interior surfaces;

- uniform room air temperatures.
In spite of these hypotheses the problem of sim_ulaling a buitding is still complex and alt the heatand mass transfer modes aré coupled. In a first

classification we can easily identify three levels ofcoupling:
o conduction, convection and radiation heat trans_fers appearing together in each element of the

building, and being coupled to each otller by thetemperature field;
o radiation heat transfer in any enclosure providine
a second kind of coupling between all thã i"tuo,àì
surfaces;
o an int(rhroug ;i:'å1ìil:i:i(throug between twospaces) rooms.

F"t(Tsr,...,Ts,-..,Ts*, Tt,...,Iú,TNz ¡:g (l)
Moreover, the thermal state of each zone of a

building is represented by its convective equilibrium,
so enabling us to define a representative air tem_
perature as st¿te variable. The writing of an enthalpy
balance for the zone under consideiation leads usto a ûrst-order differential equation relating air
temperature to the surf'ace temperatures of this zone
(convective effect of walls) and to all the other zone
air temperatures (interzone ai¡ movement), The
discretization of the derivatives in these balance
equations gives a set of algebraic expressions:
FI(T"1,... rTst,...,7"*,Tr,...,F, -..,F"):o (2)

The fluid mechanical modelling procedure used
as a rule takes a very similar approach. TVpically
the dynamic state of each zone- is represenied by
a reference pressure. Flow equations define the
different links existing in the preisure network which
defines t}re building's behaviour [3, gl.The ai¡-mass



balance in each zone constitutes then a nonlinear
system of equations combining these pressures:

Fl(Pt,...1t,...p*1:o (g)

To be rigorous, eqn. (3) must include the air
density of each node. These densities are functions
of absolute pressure, temperature, humidity and
concentration of any pollutant in the zone. Con-
sequently, and in order to close the problem, it is
necessary to formulate the balance of the additional
species (water vapour and pollutants), for each zone.

In general form the watervapour balance of each
zone relates all the zone-specific humidities (by the
interzonal airflows) and the temperatures of surfaces
and air zone (due to condensation/evaporation phe-
nornena):

Fy(Wt, -. .,W,. . .,WNz,Tsr,. ..,Tsr, . ..,Tr*,Tt ,

..',f,...,T*"):O (4a)

In a general \Ã/ay we can write a similar equation
for any pollutant k in zone j:
Fl (C *t, . . .,C*t, . . .,C/t,Trr, - . .,Tsr, . . .,T s*,Tr,

.-.,f,-'-,7*'):O (4b)

where CN is the concentration of pollutant ¡l in
zone J.

Aft,er the formalization of the di-fferent phenomena
and the definition of state variables representing
the behaviour of each controlled volume or zone,
the closure of the complete problem must be
checked.

State variables:
su¡face temperatures (?sr) --> NS
zone ai¡ temperatures (/) 

-> 
NZ

zone reference pressures (Pr) ---- NZ
zone sPecific humidities @ -+ 

NZ
zone concentration of pollutant (CÐ --- NZ

Balance equations:
thermodynamical surface equilibrium --+ NS
zone enthalpy bala¡rce 

-> 
NZ

zone aA mass balance ---+ NZ
zone water vapour bala¡rce --> NZ
zone pollutants balance 

-+ 
NZ

These equations axe not independent since the
mass balance of air deûning the pressures depends
on all the other state va¡iables. The other balance
equations require the definition of the interzonal
airflows resulting in the pressure network resolution.

In summary, we obtain a set of simultaneous and
nonlinea¡ equations which, once solved, will give
us the complete ûeld of st¿te variables, temperatures
(ofzones a¡rd indoor surfaces), reference pressures,
specific humidities and pollutants concentrations.
Though this complex methodology has been for-
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mulated in a similar way before [9 ], it is not usualìy
solved in this form. Modellers usuaìly look for simpler
formulations and solving techniques and therefore
have to make additional assumptions in order to
render both formulation and resolution easier.

The most coñunon simpliûcations are the de-
coupling of coupìed phenomena (solving thermaì
and fluid mechanical problems separately by iterative
procedures [4, 6]; linearizing systems (longwave
radiant exchange beh¡¡een zone surfaces in the
thermal problem [7]; or using the Jacobia¡r system
to solve the pressure network system in the fluid
mechanical problem [8]). These simplifications are
justiûed in most cases in that not all couplings
existing in a building are equalty strong. This allows
us to solve the strongest couplings by using values
of former iterations in the values of the weakest
couplings' variables.

To describe more accurately these different cou-
pling effects, we describe two general cases found
in building physics. The fi¡st deals with the coupling
of a multizone airflow model with a thermal one,
the second concerns the coupling between a mul-
tiz one ai¡fl ow mo del and a p ollutant transp ort mo del.

3. Coupling thermal-fluid mechanical
problems in SSPAS

3.1. Rrnd,am,entals of S3PAS cod,e
SSPAS [10, 11] is a thermal building simr¡lation

code on a hourly basis. This progtam has been used
as a host structure to couple a COMIS airflow model
with a muìtizone thermal model. It distinguishes the
three levels of coupling in a building already men-
tioned and solves them in a hierarchical way from
the weaker to the stronger [121.

SSPAS deals with the f¡st coupling by defining
the surface temperatures of each internal watl. This
is done by resolving the heat transfer problem in
the most appropriate way for each building element.

The heat transfer by conduction in each element
enclosing a space is expressed in a common formula
whateverthe method used to model the heat transfer
through the selected element. This equation is:

Qr(t):Br+BzT"¿(t) (5)

where
?¿:equilibrium air temperature in zone d

Qa(t):conduction heat flow from the internal sur-
face of element d at time ü

?"¿(ü) : surface temperatu¡e of the internal element
i at time t
8,,, Bz: constants which depend on properties of
element i in former time steps.
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This formuìation allows for the modelling of the
second level of coupling based on the thermal
equilibrium of the internal surfaces of a zone.

For su¡face si we have:

Bt+ BzT"¿(t): h(T"¿(t) - ?t!))
j-N

+ >K¿jT"j(ù _ a.o) (6)

where
h(T"r(t)-fo(t)) represents the convective flow den_
sity exchanged between the surface si and the zonetemperature Tn,

u2_rKrrf"r!) 
represents the net longwave radiation

fl_ow density at the surface si,
@"(r) represents a shortwave radiation flow density
absorbed by surface si.

The co4junction of the À/ surface equations formsthe following system in matrix notation:

tKt{zi}- rr{h*}:{B} g)
FYom this matrix equation, surface temperatures
can be expressed as a function of the zone tem_perature:

{ry: [KI-'{^B}+ tKl-'{n*}ro (8)
In order to close the problem it is necessary toexpress the effect of the enclosing surfaces of azone on the ai¡ enthalpy balance oJ th"t ,or,".

The first element of this balance is given by thetotal convective heat flux exchangea àiong all thesurfaces of the enclosu¡e. This Aux named e*)*"u"is defined as follows:

Q*)*"r" : ) l¿*u.So (7"* - T)
k-l

v, c* Y : Q"')*or" + e",)g^i*

J:Nz
+ 2'*'rrCwf"- 2 *'rt

J-o
csTr (12)

where
I/r:control volume of zone i,
Cr:specific heat of air in zone i
Q*)*"u": convective heat flow from all the internal
surf'aces of zone i
Q*)g.i.": convective heat flows from internal
sources or sinks in zone idt¡:av mass flow rate from zone i to zone j7¡:convective equilibrium air temperature in zone
z.

assumed in eqn. (12) are:
in each zone;

; 
specific heat of ai¡ in each

other pollutants.
mic treatment the mass_ai¡
expressed in an unsteady

v,y JËi*,,-'å_.*,
(13)

in matrix form:

Q*)*u":ir¿*,SXTJ - 2 h*rsu {r} (10)

and by substituting the expression of {""i given byeqn. (8) we obtain:

Q*)*"rI":PIND + CoEFT'.?i (11)
where

PIND:t¿*[K]- t{.B}

¡t -À¡S
coEFT' : -,2. h*oso+ {t¿.,,s¡tKl -,ü¿*}

k-I

The interzonal conductive and radiant couplingsare impticirly included in the 
"""to, þ1 óf tñ"enclosu¡e equations. They have ueln iirclu¿ed in

(9) The left side of eqn. (12) is then written as follows:

v,c*Y :vtcøPt# .vrc,rr,Y (14)

By substituting eqn. (f 4) in eqn. (12) and usingthe mass balance equati<n, 
"q". 

(lài'*e obt¿in:

Ptvtcø# : Q*)*"u' + Q"')g.i*

J_NZ

+ ) rîtÁCÞrTr_CrrTr) (15)

The coqjunction of eqn. (15) applied to all the zonesforms a system of ûrst-ordó. ãir"r""iial equations
with the airtemperatu¡es of each zone ¿ts unlanowns.

hr relation to its internal structure, S3pAS is a
modular code with a steering controller and different
modu-les. These modules eithe. simulate the thermal
behaviour of cert¿in elements of the building or

I
I



solve the different couplings between them. Other
modules do not conespond exactly with real ele-
ments and simply calculate aspects such as solar
position, shading effect and boundary conditions.

The various modules are the following:
. Meteorological: calculates the solar position and
the direct normal radiation;
o Shadows I: determines the solar obstruction of
remote obstacles;
o Shadows II: determines the effect on the solar
gains through each building opening due to shading
devices;
o TSA: calculates the total external boundary con-
dition of an element in terms of the sol-air tem-
perature;
o Envelope WaIl: simulates the thermal behaviour
of an opaque multilayerwall of the exterior envelope
of the building;
o Interzone Wall: simulates the thermal behaviour
of an opaque multilayer wall connecting hvo sim-
ulated zones of the building;
o Envelope Glazing: simulates the behaviour of an
envelope formed by semi-transparent walls;
o Interzone Glazing: simu-lates a semi-transparent
wall that connects two simuìated zones;
. Floor: simulates ground-coupled structures;
. Ttombe Wall: simulates a Tlombe wall;
o Collect- Rock Bed: simulates the system formed
by an air solar collector and a rock-bed storage
system;
. Zone: supports the coupling between the di-fferent
elements of a zone;
o Building: couples all the simulated ?ones of the
building by calculating the airflows and delivering
the thermal balances.

At each time step the steering proglam calls the
different modules in the following order:
- the modules related to boundary conditions (Me-
teorological, Shadows I and II and TSA);

- the simulation of the building itself begins in
the element modules which send a pair of values
(Bl and 82) to the next module (zone);

- a module "Zone" for each zone to perform the
longwave radiant coupling between the surfaces of
each zone and a new pair of values @IND and
COEFIÐ is sent to next module (Building);

- the module "Building" to couple all the zones
in terms of airflows and air thermal balances.

3.3. Coupli:ng probl,øms and, stra,tegics
The main problem found in the resolution of the

system of differential equations represented by eqn.
(15) is the need for discretization of the time-
derivatives of zone temperatures. Those derivatives
are usually replaced by backward differences of the

temperatures divided by the time step:

dri .. Tki- Tk- | i
d¿ Lt

The discretization of eqn. (15) gives

mk mL-|1 :- Ip¿v¿cpif
: PIND¿ * 

"gB¡¡'n 
?e; * Q",)e¡*

j-Nz
+ ) m,j ¿(C¿ Tk¡ - C rt.Tk r)
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(16)

(17)

The key question is which At should be chosen.
One might thir¡k that the orùy requirement for Aú
is accuracy of the derivative (the discretization error
is proportional to At). However the error in the
zone temperature may be lower due to a small value
of the discretized derivative. In addition, the solving
process is an iterative procedure between the airflow
model (which calculates rnlr) and the thermal model
unti-l zone temperatures converge. We should there-
fore be carefu-l in choosing a time step so as to
¡each an acceptably accurate solution in as few
iterations as possible

The following method is used to set the time
step.

(1) with an initial vector {fk- tt the airflow model
calcu-lates the matrix [miy].

(2) for each zone an effective ventilation tem-
perature (EVT) is calculated as foÌlows:

j -Nz

E\TTd:
2 ,"tr(CøTu¡- Cer)Tkt

j-o +Tk-r¿ (19)j-Nz

) mj¿Cpa
j:o

and this temperature is an index of the average
effect of multizone airflows on the zone temperature.

(3) the user can establish the mæ<imum increase
(or decrease) allowed in the zone temperature for
each zone. Some examples are:
in terms of the calculated EVT:

Er\r'T - îrc.7*r-tk-"* ï-- (19)

or user deûned:

Tkr-T*- rt ( A1^o

(4) Once that increase or decrease is set, applnng
eqn. (16) to each zone (with I&-r instead of Tk
on the right side), we obtain a time step for each
one and choose the minimum.

(5) The system of equations formed by all eqns.
(16) is solved, obtaining the vector {?e}.

(20)
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(6) Successive iterations between airflow model
and thermal balance can be performed until zone
temperatures converge, but few iterations are ìikely
to be needed after an optimizecl time step has been
used.

(7) Return to stage 2 until the sum of former
time steps is one hour.

This procedure is repeated on each time. It is
worth noting that the formulation given by SBPAS
to deal with the convective effect of walls on the
zone ai_r temperature is very flexible to be coupled
in the zone balances, because it avoids further
iterations over the conductive model.

The development of the complete set of equations
describing the thermal and fluid mechanical be_
haviour of a building shows how strong are the
couplings between these trvo transfer phenomena.
However, in other cases, one transfer phenomenon
is dominant and the coupling becomes weaker. To
illustrate this point we present now the coupling
of a pollutant transport model with an airflow model.

4. Coupling COMIS rvith a multizone
pollutant transport model

Equation (21) describes this mass bala¡ce.

d(p^¿V¿C¡.) i:Nz k-Nz

dt t?-" k-t
j-Nz k-Nz

- ¿ ,2. (*'u¡u(t)+ki)cie(t)+scee) (21)j:o k: L

where
%:volume of zone i
pu¿: density of dry air in zone ¿

C¿o: specifc concentration of pollutant p in zonei
m'aoro:mass flow of dry air between zones i andj through link k
r/L'ã¡¿¡":mass flow of dry air between zones j andi through link k
r¡rnr:fiLter efficiency between zone j and i through
link k
k,¡: reactivity of pollutant p in zone ¿

Sr" (r): source or sink term of pollutant p in zone
i,
j: 0 outside conditions
NZ:number of zones
À/ll:number of li¡rks between tu¡o zones.

In eqn. (27), q¡n* represents the fiìter effect of
link k, between zones .? and i on the incoming
concentration. This effect affects the transported
concentration and can represent a solid absorption
along the path or any kind of reaction (chemical
reaction, phase change, etc.) due to the contact of
the pollutant \Mith a solid material when flowing
from one zone to the other.

kro that we call reactivity, is a general term to
take into account chemical reaction, adsorption or
desorption effect in solid materials, phase change ,

or nuclear reactivity of a radioactive pollutant in i.

the considered zone itself. .í

1¡¿r and, k¡" can be defined either as const¿¡rt l'i.,

two terms we call reactivity and filter effect. Good . ;
compilation of data has been made by Traynor et {i
aI. [I5, 16] and Tichenor et al. [17], but much .1

more is needed in this teld to reach a precise :

As described in Sectic¡n 2 the transport of con_
cent¡ations in a multizone building leads to the
definition of mass balance equations for each pol_
lutant considered, in each controlled volume and
at each time step of the period studied. These mass
balance equations can be defined in a general marìner
as described by eqns. ( a) and ( b).

Even if the airflow model appears clearly as the
leading phenomenon in most of the cases, the
influence of high pollutant concentrations can
change significantty the stack effect; it is no more
possible then to consider each phenomenon sep_
arately and coupled analysis is necessary tl3, 1¿l
to describe accurately the combined effects of thõ
various transport processes.

In this part we focus orùy on the coupling pro_
cesses between airflow model and pollutant trans-
port, and we describe a general formaìization of
these coupled phenomena.

4.1. Fund,o;m"entals oJ COMIS Ttollruta,nt mod,et
In parallel with the development of the multizone

airflow model, we developed in COMIS a multizone
transport model defining basically the mass bala¡rce
of each pollutant in each zone of a building.

The mass variation in time of a specific 
"ór,cen_tration of a pollutant p in zone i is due to the

divergence of pollutant mass flows through the
boundaries of this control volume increased by



characterization of the main indoor and outdoor
sources.

The first term of eqn. (21) can be developed in

d1)^ivicie) _/- qg^,%l dC,-
---ãt-:u,o-ã: +p4V,-# (22)

However in eqn. (2Ð,W# is just defining the

mass balance of dry ai¡ in zone i. This mass balance
is also written as eqn. (23)

d(p"'%) :
d¿

J:NZ K:NR j-Nz k-NK
rn'qr*(t)- > 2 *'uro(t)

j"o k-7

(23)
If we introduce the definition given by eqn. (23)
in eqn. (21), we obtain a general definition of the
concentration of pollutant p in zone i involving only
the incoming flows.

Àt- j-NZ k-NK
p^r\Y : 2 2 -' a¡ru(t)(I - q¡¿)C¡r(t)

tl¿ j -o k:\
j-Nz k:NK

j-o k- L

To integrate eqn. (24) in time, we use a purely
implicit finite difference scheme. This method leads
to the definition of a linear system of equations
defining the field of concentrations at each time
step. Under matrix not¿tion we obtain:

lAl{c"',*À',}:{,B} (25)

with
K.NK

A(i,,j): 2 -m'aj¿o'**(l-T¡¿t) i+j
k-L

A(i, ¿): + *i-l*,uino,*o, +k.,,*o,
t)t' j-o k- |

B(i): '# 
"u,'¡soo,*o,

k-NK
+ 2 m'unl*o'(7 -q*r)Coot*ot

j:o k-t

V¡P*¿
,¿- j-Nz

2 *'%o

k:r

In the source term B(i), the subscript 0 represents
outside characteristics, these terms a¡e introduced
here as boundary conditions of the pollutant trans-
port model at each time step.

In some cases like humiditytransport, the variation
of concentration may modify the density of air in
various zones, influence the stack effect, a¡rd then
may change signiûcantly the multizone mass flow
distribution.

5. Illustrative examples
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W'e so define the second level of the coupling
process between the two transfer phenomena by
taking into account the effect of concentration on
the definition of the density field which is one of
the driving forces for the airflow distribution.

The air density of moist air with À/P pollutants
is given by eqn. (26).

o: p(t+xH +nï* 
") ll^r.055("+ 

278.16)
\ ¿-r

I 28.9645 i_gP 23.9645\lx 
\1+xH' 1801584+ àr'n MM' /l

(26)

As pointed out in the preceding Section, an important
problem when coupling different tra¡rsfer phenom-
ena is the definition of a reasonable choice for the
time step of the simulation.

4.2. Selzcti,on of the ti,m.e steTt
As a first approximation, we assrnne that the

leading phenomenon in eqn. (24) is the transport
of concentrations by the interzonal airflows. We
neglect the filter effects, the reactivity and the
presence of sou¡ces i¡ order to get a rough estimate
of the concentration in zone i. 'With all- these as-
sumptions, eqn. (24) has an analyticat solutíon and
a good estimate of the concentration of pollutant
p in zone i is given by an exponential law

(27)

where rn'a¡trepresents the total dry airflow coming
from zone j to zone i and. A is a const¿¡rt defned
by the boundary conditions of the problem.

The time constånt of this particular problem is
then given by

(28)

j"o

As fi¡st approximation, the condition to fulfill for
the time step can then be t¿ken as:

Aú << min¿- ,n'*" ,n (29)

In this Section we present two kinds of examples
related to the coupling of thermal and airflowmodels,
and pollutant transport and ai¡flow distribution.



5.1.1. Infiuence of th,e thetvnat charactsrist,ics
oJ the usalls

Different types of wall comp osition are c onsidere d :(1) adiabatic walls;
(2) multilayered heavy wall (see description inTable 1);
(3) conductive walls.

The curr¡es in Fig. 2 are plotted to show theevolution of indoor temperature for the three typesof cell construction. We can observe how close to
th_e outdoor temperature is the indoor one in theadiabatic cell. This is due to the major role of theair movement compared ìMith the meaningless wallconductive heat flow. As the wall construction be_comes more conductive, the indoor temperature
swing is more influenced by the constant boundary
condition of 20 "C by means of the conductive flowthrough the wals.

This simple example shows thc great differences
existing in the globa.t behaviour oi tt " cells when
dealingwith differentwall properties in an apparently
airflow-driven case.

5.1.2. Infi,u.ence olf the perm.eability
character[sti,cs oJ the cetl

In this example we fix the wail construction ofthe cell (the multilayered heavy wall of case Z) anddistinguish three cases by changing the size andposition of the large opening. ir, ,,ãrtl, and southfacades to make the cell successively more airflow_
driven. Figure B shows these facades for the threecases tested.

The indoor temperature swings of the three cellsexposed to the same meteorological conditions as
4. The main
pite being a
airflow phe_
envelope is

becoming equar ro ,n" ".ìjlå.î1äi#il:eraru¡e

5.1.3. Selection oJ the t¿nrLe stq)
In this example the effect of calculating an op_timized time step in the temperature evorution ofa test case is checked. The choice of an optimizedtime step for the ai¡flow probrem is rerated to therelative effect of air movement in indoor test cellconditions.
This is an u¡rreal case because all the cell wallsare exposed externally to a fixed_temperatute en_vironment of 10 "C. Initially the indooriemperature

is kept at 20 "C. At t:0 the window is instantly
opened and the indoor temperature of the cell isallowed to vary freely. After á certain period of timethe cell reaches a steady state in which both indoorair and walls are cooled to lO .C.

Initiatty there exists a gradient of l0 "C betweenindoor and outdoor so the air movement is very
efficient through the large opening. This fact pro_
vofeg.a rapid change in the ãir teñrperature of the
cell. Figure 5 shows the difference ob-t¿ined between
choosing At:3600 s and an optimized time stepin thc simr¡lation of this case.

- lhe-maximum gap appeaxs in the frst time step
(only three-tenths of a degree Celsius) and the model
with Aü:3600 s presents a faster ,é"porr"". There
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Brickwork
Air layer
Foam insr:Iation
Concrete block
Plaster

x 0.3

Fig. 1. Geometrical definition of the single cell.

TABLE 1. Description of the multilayered walls

Iayer ThÍcloess

0.05
0.05
o.l0
o.o2

Thermal
conductivity

Density

1 700

10
1400
800

Specific heat

r400
1000
1000

Thermal
resistance

0.18
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Legend example, the eflects of concentration on the density
field are too small to perturb the flow distribution.¡T
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Fig. 2. Evolution of the indoor temperatures of the th¡ee cells.

SOUTH NORfH

5. 2. 2. Cornpl.ete ccntpling confi,grtration
In order to illustrate the coupling betrveen con_

centration transport and airflow distribution, we
considerthe effect of humidity content on the airflow
through a large opening separating two zones. The
doorway is 2.0 m high and 0.g m wide and its
discharge coefficient is set to 0.6b. At first we
consider a temperature difference varying betrveen
the two rooms. In the second. case the two zones
are isothermal (20.C), and we vary orùy the water

ce_ntration of 5 g/kg dry afu has roughly the same
effect as a 1 "C difference.

I
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6. Conclusions

SCALE r : r00

Fig. 3. Geometrical definition of tested facades.

is no difference in the time in which steady state
is reached.

5.2. Couplcd efect betutesn a, mtu,lti,zone
a,ffious model a,nd, a, polluta,nt tra,nq)urt úß

5.2. 1. Weak coupling confi,gu,ra,tiøn
In the following

configuration with
6. Room I has a
is 54 m3. The initial concentrations in both rooms
are 1000X 10-6 g/kg dry air, a¡rd the outside con-
centration is l00x lO-6 glkg, dry air. The mass
flow rates described on Fig. 6 correspond to a
configrrration of one air change per hour.

Figure 7 shows the evolution of the indoor con_
centration in both rooms during one hou¡ when
va.rying the air exchange rate. As the concenhations
are directly transported by the afuflow, the results
obt¿ined show a direct dependency of the concen_
tration level with the air change rate. In this ûrst

In this paper we d
main coupling effects
dealing with thermal
or pollutant transport. W'e deûne at first a general
formalism to describe in a global way all these
coupled heat a¡rd mass transfer phenomena and we
developed two conflgurations frequently found in
buildings.

The ûrst conesponds to the coupling of a thermal
model and a multizone airflow o.re. lr, this case,
the coupling behveen the heat and mass transfer

strong.
ity dis-
driving
one of

the most important effects defning the enthalpy
balance of a zone. In this case these two hansfer

solved separately.
coupling a pollutant
one may think that

sþ variation is too
weak a¡rd can be neglected. In fact there are many
situations in buildings where this assumption is
wrong when dealing $'itÌì important concentrations.

The examples we present are only illustrative,
and much more work is needed to see the sensibility
of models to the assumptions taken into account
in the coupling modelling. However, they enable us
to show the absolute necessity of coupled solutions.
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11 filter efficiency (O<T<1)
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molar mass of water vapour:18.0158 g015
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Br, Bz constants
C specific concentration (kglkg dry air)Ce Specific heat of ai¡ (J/kgK)
F functional form
h convection exchange coefficient (W/mzX¡K radiation exchange function
k reactiviry Ckg/s)MM molar mass (g)
'*'r" air mass flow rate from zone i to zone j

(kgls)
tn'4jr mass flou¡ of dry air betr¡¡een zones i andj through tink k (kg/s)
À/ number of internal surfaces
NK number of tinks between tr¡¡o zonesÀ/P number of pollutants in the mixtureNZ number of zones
P
Q"
Q*
,S iluh¡rt in a zone

(kg/s)
T air temperature (.C)
!: surface temperature ("C)
v volume (ms)
XH specifc humidity (kg water/kg dry atu)p densþ of air (kSZm1
Pu density of dry air Ckg/ms)


