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WURE Sa: Surface temperature predictions for the high-mass component
using increasing numbers of nodes to degcribe the wall
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INTERNAL HEAT TRANSFERS AND
HEATING NEEDS OF BUILDINGS

RY. PELLETRET
Centre Scientifique et technique du BAtiment
Service Thermique et Techniques Avancées
Etablissement de Sophia-Antipolis
Bp21-F - 06561 Vatbonne Cedex - France

1. Introduction

Until now. in order to calculate the heating needs of the buildings. vpizone models were
used® From these models, simplified methods to predict beating needs have been
developed. Recently, multizone codes have appeared We have tried to answer the

question : what is the influence of internal transfer (i.e. of multizone models) on the
heating needs computation ?

Before to present the results of this study, we explain how it is possible to characterize
the annual thermal behaviour of a building. Then Lhe software ASTEC is briefly
described and the choice of an internal configuration is discussed.

Atthe end, we raise some numerical problems occuring during permanent or transient
multizone simulations

2. Simplified characterization of buildings thermal behaviour

Since 1977, the CSTB hasg)erl'ormed a simplified method (1.2) to calculate a volumic heat
loss coefficient : G (W/m? K). This coelficient characterizesthe insulation tevel of
buildings. The annual heat losses, D**, are proportional to this coefficient :

D-GVDH

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

* With an unizone model, the temperature distribution and the internal and solar gains
repartitions are supposed to be uniform

** The D letter is used because in French the equivalent of "Heat losses” is "Depertitions
thermiques”
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This coelficient doesn t take into account neilher the passive solar gains available into
the heated volume nor the internal gains The capabilities of a building to collect the
passive solar gains and to restitute them (added to the intergal gains) with phaselead are
included in the volumic heating needs coefficient . B(W/m”.K) (3). The annual heating

needs B* are proportional to this coefficient
B-BVDII

I'he French thermal regulation on pew buildings assignes the respect of maximum
values for G and B coefficients

The simplified methods. to calculate the two coefficients, derived from a lot of simulations
performed with CSTBAL"* (in ils unizone version)

The determination of B needs the previous knowledge of G and the calculation of an
intermediate parameter, X This last is the ratio between free gainsand heat fosses :

(Solar gains + Internal gains)

G VDH

The solar gains relate to the energy collected by the building. These gainsare evalvated
by taking inlo account the various passive components arranged in the considered
building The internal gains represent a mean thermal powerof 417 W/m<**®*

X coellicients give an idea of building capabilities to collect passive solar gains

But all the free gains do not take part into heating needs covering (because of
overheats) So. knowing X, we have lo determine the heating needs ratio covered by the

free gains. This ratio is calledF and it comes
B=G(1-F)

F is obviously less than X. The difference between X and F is dependent on buildings
structures. Different behaviours of buildings result from different thermal masses.
Usually, we distinguish four classes ol thermal mass ****:
Heavy mass {more than 400 kg/m%)
Medium mass (from 150 to 400 ks/mz)
Low mass (from 100 to 150 kg/m*)
Very low mass (less than 100 kg/m*)

* The B letter is used because in French the equivalent of "Heating needs” is "Besoins de
chauffage’

** (STBat means "Code de Simulation de la Thermique du Batiment”. It is a compuler
program developed by the CSTB to carry out accurate simulations about the thermal
behaviour of the buildings and their healing or cooling equipment. When we have
began this work. the multizone version of CSTBat was not achieved : it is one of the
reasons for which we have choosen ASTEC

***This value is issued from slatistics studies

**+* The computation method of buildings therma! mass classes is included in ref (3}
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3 The ASTEC software

:’: [;::tl'llr;m the comp:llalio_ns. we use the software ASTEC This software is not a code
sp ¥ consecrated to simulation of buildings thermal performances In fact.itisa

sol Iﬂg pr gram hl ha[ [i
solv s 0 whic rsl has b i i
I \ : cen developed by the CEA to dEH' with non-linear

Arounda i i '
fipun mrr:_umencal processor. using a Gear's algorithm. we find an oulput- processor
y outarrays or curves, and an interface user/main-program o

To describe a problem ifi
. a speci i i
terminology, pecific language is requested which uses the electricity

So. to i
model a thermal system, thermal-electricity analogy technics are required

The basj i iti
LA :;;:;:%t:s;::l:enu are resistances, capacities, voltage sources and sources of current
Wit n:rggi:u%;fi?::ﬁ user c:n work oul itsown macro-components (for
4 g i .awindow ) which b i Y i
b ' can bo stored in a usor's

€n macro-components can be connected to form a whole dwelling. Hhrarian

The i . . . .
he time step is avtomalically adjustable in regard of the convergence difficulties

4.The multizone model

The description of the real it
1 partition could be very accurate. But this w i
treate a lot of complicated models (therefore the running times would ?J‘;lfo:)nlil;cge)us °

We have chosen to {imit th )
sliienet bovet it e accuracy (therefore the number of nodes) of the partition to

.a ”dqy" Zone whicl'J regroups the reception rooms ;
a .‘::;ghl_ zone which regroups the bedrooms : '
.a"technical” zone which regroups mainly the bathroom and the kitchen

;I'nf::zlce[:lo;:i:[ a lhree—zon_e model is justified by the fact that similar rooms are oflen

e "me_ ::me pllace in the house ; they are used in the same way al the same

e, lh:T&:}tl’:;:goﬁa?; ch the ihnl.-:;aal transfers between these rooms can be
| ; oice has been confirmed by another st

Eslerﬁidcit:;;’zgél;: 1?v:iqpmenlznf the software CSTBat 1.3 (4};. This sel;dsyu?as carried

] f nizone, Z2-zone and 7-zone models. It i
particular flat in two different climati i i it Y
t i alic stations. These simulati
! x ions have sh
here isa large difference on instantaneous healing needs computation beg:egh;fzone

* Commissarial 4 ' Energie Atomique - France

e M s kA T TR

i

Xg TR

A

T

e St S

i

e

e @




124

S0 a 3-zone model appears to be a good compromise between accuracy and CPU
running-times To give an idea about these last, we can say that, on a VAX 730, an annual
cimulation. with 2 maximum time-stepof | hr. takes from 3 to 20 mn (CPU time) with 2
unizone model and from 20 to 100 mn with a 3-zone model (inferior values correspond Lo
a simplified model of internal radiative transfersand superior valuesto a very accurate
model of these transfers) The 3-zone descriplion leads us to define space and time
distributions for internal gains in each zone We have performed this work by using
investigations carried out to define a time distribution for unizone models (5)

5 lnfluence of internal transfers on the heating needs

The heat Lransfers between two adjacent rooms can occur by conduction, convection or
radiation. The conduction can be the only occuring transfer (if the dividing wall is
opaque and air-tight)

Al the opposite. il the dividing wall involves a large opening. convection can be the
leading transfer mode. In almost all cases, radiation is negligible as it is shown in the
following table

Mode of transfer Relative importance
Conduction {00 to 25%
Convection 0to 70%
Radiation Oto 5%

Table I Relative importance of Lhe three possible modes of heat Lransfer belween two
adjacent rooms

Nolice that convection can result both of mechanical ventilation or free convection.

For this study we have supposed that doorways were always closed. So aeraulic transfers
are only caused by a mechanical ventilation and there is no radiative transfer betwveep
two dilferent zones. The venlilation air flow is time dependent (see [ig. |).
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Fig 1 U:_:izone §nd three-zone partitions of a dwelting
Qisthe air flow of 2 mechanical veatilation.

:lu?;;'rous ;imulalions have been performed with three climatic conditions (Carpenlras

u::e gllaclz(; a::;h&:':{.ra:cre —lan.d Nancy - Northern France ). The main parameters were
3 in i i

i S of glazing (double or simple) the walls constituents and the

As a conclusion, we can say that an unizone i
o) ; model under-estimates the heatin d
:boul 15% (see fig. 2). This under-estimation can reach 30% in case of very gI:z::iosu(;L
ie 40% of glazed area on the south wall) in sunny climate. ‘
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Fig. 2 Relative differences on the computation of heating needs
belween an unizone model and a 3-zone model.

L L 1
o'z 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

For each simulation, we have compuled the F anfi X coelficients. On fig. ?h:’:ses can see the
difference between unizone and 3-zone mudels in regard of the therma|

u-F e L] 'gjfff
Lzone
1 g ot -
moda -
TR 0.t ' Y
0.8 ‘1

Throo-zone

three rane LA
model e
0.3
0.2
o
0.1 Med{um
" I'I.Q::Zu ) Inertls
kil —
2 saeea u:nn'.nn'ro'_n'u'.- i X B e, e e e e, e L, =LY
a.0 0.1 9. 5 f O " .

0.7 UnlLzone
model

%) UnLzone
model

Three-zone
model

e Vary Low
I?Z.ﬂm IJ"_“T_’
- X

T P pare e 200 o e
0 e, e, o D o 5 4 X
B s s e i P P A R

i i (F) computed either
i C arison of the rates of heating neeqs recovery
e wli)l:pan unizone model (symbol M) or with a 3-zone model (symbol &).

Three-zone
modal

We have searched for the determination of analytic formulas to fit al the best the couples

(%,F) The general formula is : -
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rexponent values depend on thermal masses (see table 21

Mass class Heavy Medium Low Very low
Unizone model 5253 | 420 | 370 | 3320
3-zone model 3500 3 000 23800 2590

Table 2. r exponeat values of F = ((X) function

Using the results of this study. the CSTB's B computation simplified method could be

modified to take into account the infiuence of internal transfers on the recovery of free
gains

(Models developed with the software ASTEC have also been used to compare rates of
recovery either of internal gains or of solar gains (5,6))

6. Aeraulic Lransfer models

Internal heat transfers by conduction or radiation are functions of temperatures
Aeravulic transfers depend on pressures

To built multizone codes, designers have linked aeraulic and thermal models. So. the
number of variables (temperatures and pressures) has greatly increased. Moreover
aeravlic flows are non-lineary dependent on pressures. Consequently, numerical
problems of convergence can be very important.

We have checked those problems for three codes (TARP*, CSTBAt and ESP* *). All aeraulic
modules are based on the WALTON's model| Difficulties appear mainly when dividing walls
include great appertures. They increase for transient simulations and it is worse when
inhabitants behaviour is taken into account (opening and closing the doorways)

Those problems are diminished with the sofware ASTEC because of capabilities of its
numerical solving processor. Anyway running-times are unacceplable.

To compute healing needs with some accuracy, it is obvious that a multizone description
of buildings or dwellings is required Bul convective transfers have to be expressed as
functions of tlemperature fields One of the main problems to solve is  how to model
coupled transfers by natural and forced convection through a great apperture 7 To
answer Lhis question and, at the end, to validale a numerical model, we have builta
protolype This last is equiped to measure air velocities and to make energy balances
under various conditions : temperatures in each zone are adjustable and a mechanical
venlilabion can provide forced air flows from 0 0200 m3/hr

The first results tet us think that for numerous cases, a first order model could be
validated

* Thermal Analysis Research Program NBS (USA)

** Envirenmental Systems Performance University of Strathclyde (GB)
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7 Conclusions

1-zone models seems (o be an enough accurate descriptions of dwellings real
configurations Time and space distributions for internal gains have been performed
according to 3-zone models

The differences on annual heating needs computation belween an unizone modef and a
1-z0ne model, assumin g that air transfers are caused only by a mechanical ventilation
system, can reach 30% On an average, the heating needs under-estimation, made with an
unizone model. is about 15%.

According to these comparisons, we have improved the CSTB's B computation simplified
method (B is the volumic heating needs coeflicient).

A study, to clearly work out infivence of models accuracy on the heating needs
computation . is actually carried out (comparisons between ugizone, 2-zone, 3-zone and
4-zone models are made)

Our software tools have also been used to calculate the rates of recovery of thermal losses
of either a hot tank water or a gas generator when these components are in the heated
volume (6)

Transient simulations, with a complete description of aeraulic transfers have been
undertaken with the codes TARP, CSTBat and ESP. Numerical convergence problems have
been displayed, (sometimes even whith permanent conditions for temperatures fields)
Main difficulties appear when dividing walls include great appertures (through which
aeraulic transfers occur by coupled natural and forced convection). That induces usto
try to validate simplified aeraulic models. Our basic tool to do that is an experimental
house of 80 m“.
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THE SENSITIVITY OF SIMULATION MODEL PREDICTIONS TO
AUXILIARY HEATING AND CONTROL TEMPERATURE CHARACTERISTIC

P.T. LEWIS
Welsh School of Architecture (R&D)
UWIST Cardiff Great Britain

1. Introduction

During an inter-model comparison carried out by the Internationa
Agency (1) in the 1970's, it was found that the calculated auxil
energy demand of a building was significantly affected by the pr
of this energy supplied as convective or radiative heat. Since
little further attention seems to have been paid to the subject.

The current interest in buildings which incorporate passive sola
features has increased the need to understand this aspect duc to
that the radiation characteristics of such climatically responsi
buildings are so different from those which use a more conventio
climate rejecting approach. The large areas of glass mean that:

i. the radiant processes are strongly decoupled from the
convective processes due to (a) the high radiant gain
(b) the difference in surface temperatures between the
the solar heated surface and the unheated surfaces

if. the radiant environment is highly anisotropic

iii. the radiant heal input varies over a wide range and ca
change rapidly as a function of time.

,The question addressed by this paper may be stated as follows:

“the purpose of passive solar design is o use radfant solar enct
displace the energy needed Lo be supplied as auxiliavy heat, how
Lhe radiative/convective characleristics of the heat input and «

affect this process?

2. Method

2.1. Model

The study was carried out using HTBZ, a dynamic research model @
developed in the UK (2) to simulate energy efficient buildings.
based on an earlier explicit finite difference model HTR (Heat 7
through Buildings) which has been in use al Cardill since 1971 1
has now been completely restructured, extended and documented L
it into line with modern programming practice and the needs of n




