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I!\I'TERI.¡AL IIEAT TRANSFERS ANT)

IITATING NETDS OF BUILDINGS

I lotroductioû

Until nov, in the buildinSs' uoizone models vere

used'. From t ict heotin3 oeeds have betn

developed. Re Ye have tried to anwer the

question :vh (i e of multizone models) on tbe

heating need

Before to present the resulls of tbis study to characterize

it i "noril 
thermal behaviour of a buildi s briefly

described and the choice of an inl,ernal c

At tbe end. ve raise some numerical problens occurinS durinS permaneût or tfensieot

oultizone simul¿tions

2

since lgTT. the csTB has performed a simplitied method ( 1. 2) to calculate a volumic heat
"rr" 

àrîriii.., , C iV¡r3 f l f¡is coefficìent characterizes the insulation level of

bu ildin gs The an nual h eat losses, I). * 
. arc proportiooal to th is coeffi cie nt :

D.GVDII

vhere V represents the heated volume (m3) and DH the number of de3ree-hours (K hr)

. rirh an unizone model. the temperâture distributioo and the internal and solar Sains

re¡artitions are supposed to be uniform

. . lbe D letter is used because i¡ French the equivalent of ''Heat losses" is "Depertitions

thermiques'
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Jhis coe[[jcient doesn t take into account neither the passive solar gains available into
the heated ïolume nor the internal gains The capabilities of a building to collect the
pa-ssive snlar gains and to restitute them ladded to the ¡trteroal Sains) vith pha-selead are

lncluded in the volumic heating needs coefficieot. B (W/mJ.Kì (-1).The annual heating

needs B' are proportionat to this coefficieot

I!=BVDil

Ihe French thermal regulation on oev brrildinSs arssiSnes the respect of marimum
values for G aod B coefficients

The simplified methods. to calculate the tvo coefficients, derived from a lot of simulations
performed vith CSTBàI" (in its unizone version)

The determination of B needs the previous knovledSe of G and tbe calculation of an

intermediate parameter, Í This last is the ratio hetveen free Sains and heat losses :

(Solar gains. Internal Sains)
x=

Tbe sotar gains relate l,o the energy collected by the bu tlutlzd
by øking into accouot the varioui p¿ssive compooenLs ed

building The interoal gains represent a mean thermal
X coefficiens give an idea of buildin3 capabilities to co

But all the free gains do not take part into heatio¡ needs covering (because of
overheats) So. knowing X. ve have to dete rmine the heating needs ratio covered by the

free gains This ralio is called F and it comes

B=G(l-F)

F is obviously less than X. The differeoce betveen X and F is dependent on buildings
slructures. Different bebaviours of buildings result from different thermal masses.

r classes o[ thermal mass " *':
okg/mz) 

^{00 kq/m¿ )

k¿lmLl ^
00 kg/m¿l

GVDII

'TheBletterisusedbecauseioFrenchtheequivaleotof Heatingneeds'is Besoinsde

c hau ffage

" CSTBáI means Code de Simulation de la Tbermique du Dâtimeot". lt is a computer
program developed by the CSTB lß c*ry out accurate simulations about the thermal
ùebãviour ot the buildings ¿nd their heating or cooling equipment. When vehave
began this vork. the muliizone versio¡ of CSTBâI vas not achieved : it is one ol the
reasons for which ve have choosen ASTEC

'This value is issued from slatistics studies

"'' The computatioo method of buildings thermal mass classes is included in ref (31

' Commissariat à l Energio Âtomique _ France
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-l Tbe ÁSI'EC soltvare

.use the softvare ÁStfC This software is not a code
ion.of buildings rhermal performances- ii i*i. ii ¡..
a-s beeo developed by the CfA, ro deal "¡t¡ nonliin"",

Áround a numerical oro."yl using a Gear,s algorithm ve find en ol,tnut.nrocessor.able [o carry out arráys or curves,,ã¿,n inrriiãir'ù-."rzrn.in_p.ogr.,

liiffií# 
problem a specific language is requested vh ich uses r.be erecrriciry

So, to nodel a thermal syst€m, thermal_electricity ;rnalog,y technics are required
The basis co¡ro
Wirh rh'',b;i d sources of current
erample, a vall omPonenl-s (for
l.hen mecro_co n I usor.s lihrnrian

Thetimesrepisautomaticalyadjusøbre inregardofthecotrverge¡cedifticurties

.1. The multizone model

The description ofthe rear partition could be very accurate. But this vourd induce us tocreate a lor of compricared moders (therefoi. úr l*Àìrg t¡r.r *ouri áã'üä',ö,

Li|:J:r:o3ït"nlinit the ¿ccurâly (therefore the number of nodesi of rhe partitioo ro

2..,,!t\,::1" vhich regroups the receprioo roons;a..ntght zone vhich regroups the bedrooms ,

. e æchnicel" zone vhich regioupiøainly the bathroom and the k¡tchen

by the frct that similar rooms are oflen
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) lnfluence of inærnal lraosfers oo the hea]inr oeeds

The heat transfers between tvo adiacent rooms can occur by conduction,.convection or

r¿diation. The conduction can be tire only occurinS lransfer (if the dividinB vall is

opaque and air-tight)

At the opposile, if the dividioS vall involves a large openinS, convection.c¿n be the

i..aìngii"ntf"r mode ln alm-ost all cases. radiation is negliSible ¡s it is shovn in the

folloving table

Relative inporùance

f00 to 2l%

0 ùo 701

Oto t%

Mode of transfer

Conduction

Coo vection

Radiation

lable I Relative imporlance o[ the three possible modes of beat transfer belveen lvo
adjecent rooms

Notice that convectioo can result both of mechanical ventilation or free convection

For this study ve have supposed that doorweys were alvays closed.So aeraulic transfers

.rr ooty cauied by a necñànical ventilation and there is no radi¿tive transfer betveeo

ivo di [íerent zoo ós. The ventilation air flow is time dependent (see fiS l )
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o

Q time distribution

N9h

rJo i_z o 
'r e__r5t_o_c L_

ton?

\o-,

\,o-"

o

three -z one node L

Fig I UoÞone and three-¿one partitions of a dvelling
Q is the air flov of a mechanical veotilation

Numerous simulations have been performed vith tbree climatic conditions (Caroenrr¿s
and Nice - southern France -.aod Nancy - Norrhern f raoce I r¡e ma¡n p;;;;ì;;;rr..
the glazed area. rhe kind of 3lazing (double or simple) rhe valls .on.tñ,iÃt ìnJir,"
thermal nass.

As a conclusion,.ve can say that an unizone model under-estimates the heating needs ofabout 15% (see fig 2) This under-estimarion can reach j0% in case ;i,;il';¡å;J;"rr.,
1i e 407, of glazed area on the south vall) in sunny climarc
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Fig 2 Relative differences oo the compu[ation of healing needs

betveen an unizone model and a J-zone model

For eacb simulatio¡. ve have compuÞd the F and X coefficienLs.0n fi8. 3, one can see the
diÍference betveen uoizone aod 3-zone models in regaró o1 lhe thernal n¿ss

F

doL
lh ¡hroo -¿one

modeL

H. dC uh
lncrLLr

X

tlr" *"
Ltrlq

x

F

UhL¡oñs U^Lzon€

fhre€-zo^a
ñodeL

lnorLLe lnortLå
X

tig J Comparison of the rates o[ heatioS needs recovery (F) computed either
vith an unizono model (symbol El) or vith a 3-zono model (symbol a).

We have searcbed for the determination of analytic formulas to fit at the best the couples

lX, F) The general formula is , 
X _ X.

ñ

oe
oL

Ihr

-----' X

F

I-Xr
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r etponent values depend on thermal masses (see table 2l

Very low

l 320

2rm

Loç

j 720

2 800

Medium

4 zfi)

3 000

Heavv

,2r3

-l t00

Irtass class

linizone model

-ì-zooe model

Table 2 r erpooeot values ofF = f(X) function

tlsinS the resurts of this s,ug{,,h: c-STB's B compuration simprified nethod could be

i"TÍ'j,to 
to tate into accounr rhe infruence ;ii"i;;;iirr"ri.., oo ii"'...r"röäì rrr.

(Models developed vith lhe softvare Âsrtc have arso been used to compare retes ofrecovery either of internal gains or of ,of", g"in, O, ãìt

6 Aeraulic transfer models

lnternat heat tra¡sfers bv cooduction or radiation are functions of tempereturesAeraulic transfers depená oo pr"rru."s

Ïo built multi¿one ted aeraulic and thermal models. So, thenumber of variabl ssuresl has greatly increased. Moreovereeraulic flows are
problens of conve n pressures' Consequeotly' numerical

Pro
rvdcio .i Y ls

ntnl,-h

Those problens are diminished with the mfware ÂSTfc because of capabirities of itsnumerical solvin g processor. Anyvay runn¡n g_iiÃ"-rìre unacceplable.

The first results Iet us r.hinft that for our'erous €ases, a lirst order moder courd bevalidated

'lhermal Analysis Research program NBS (USA)

'' Environmental Systems performance University of Strathclyde (CIÌ)



J-zone models seems i0 be an enough accurate descriptions of ilvellings real 
-

;.;f;;';;;ú;;i Time and rpt.. aiti.lt','tions [0r inteinal ¡ains have been performed

accordin g to l-¿one models

ThedifferencesonannualbeatioSneedscompulationbetveenanunÞonemodelanda
i-r...r"¿.I assumingtn"i"ü,tån.r"riaretausedonlvbvatt:¡"Li:"]ventila.tion
ìyri., .i" reach 30%"0n "oî"r."gt, 

tft" heating needs'under-estimation, made vith an

r¡nizone model. is about l1%.

According t0 rhese comparisons, ve have improved.the csTB's B compulation simplified

method (Ù is the volumic heating needs coeflicient)'

A study, to clearly vork out influence of nodels accuracy on the heating needs

.,-píøiir" is aitually ."..¡.¿ ouil.otparisons betc,een uoizone, 2-zone, 3-zone and

4-zone models are made)

0ur softvare ùools have also beeo used to calculate tho ret€s of recovery of therm¿l losses

0f either a hor tank *rt.r orïil-jenerator vhen these components are in the heated

volume (6)

Transient simulations, vith a complete descr aeraulic

,nà..t"t.n with the codes TARP. CSTBet and eric¡l co e

mes even vhith nditions
r r¡hen dividinS gre LaP

r bY couPled nat d convsc

try ro validate^simplified "äãrlí. 
nodels. Our basic toot to do that is an elperimental

house of E0 ml.
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7 Cooclusions
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During an inter-model conparíson carried out by the lnLerrìat{orì¿

lgenc| (l) in the 1970's, it was found that the calculated ¡trxil

"I.rgy 
d"t"nd of a bulldlng vas significantly affecterl by tlre pr

of tñis energy supplled as convectíve or radiative heat' Sirtce

Itttle furthei attentlon seems to have been pald to the subject.

the current lnterest ln bulldings whlch incorporate passlve sola

features has lncreased the need to urrdersl.atrd tltls ;rspet:t dtrc to
thât the radlaÈlon characterlstlcs of such cllmatlcally responsi

bulldtngs are so dlfferent from those which tlse e more colìventio
cllmate rejectlng approach. The large ateas of Blass ncalì tllaL:

t. the radlant Processes are sÈrongly decoupletl from tlre

convectlve piocesses dtre to (a) the hlgh radlarlt gairr
(b) Lhe dlfierence in surface t-emPeratures between tlrtr

the solar heated surface ancl the ttnheaLed srtrfaces

i I . I he ratllant envlronmcnL is htghly anlsol ro¡ti<'

Itt. Lhe radiant heal. lnput varies over a wide rartge arttl c;r

change rapidly as a Irrnctloll of Llne'

,The questlon atltlressetl by Ihts paper mev be sLattld as follows:
'l.hc ¡rrrrpose of ¡asslvc solar <lcslgtt is lo tlse r¿trll¡tll s()lilt' olì('t

,lispìa<:e thc energy rterl<le<l to be str¡r¡rl ietl ¡s ¡trri I iary ltcal ' lrou

Lhe radiaLlve/.onvãctlve cllaracterlstics oI Lhe ltcat irl¡tlt atttl r

aftect t,hts process?
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TIIE SENSITIVITY OF STHULATION MODET. PREDlCTIONS TO
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