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Ti t re 

Aut eur 

PLAN POUR LE DEVELOPPEMENT DE LA PROCHAINE GENERATION DE 
LOGICIELS I NFORMATIQ UES LIES A L 'ANALYSE E NERG ETIQUE DU 
BATIMENT 

J Hi rsch 
J C l a r k e  

Organisa t ion : Un i v e rs i t e  de Ca l i forn i e  
ABACUS , Un ive rsi t e  d e  S t r a t h c l y d e  

RESUME 

Nou s  a v ons pu obs e r v e r  d a ns l e s d e r n i e r e s  a n n e es un c e r t a i n  nom b r e  d e  
syst emes d e  mod e l i sa t ion energe t i q ue d u  bat i m e n t  a t t e i g n a n t  l e u r  p h ase 
f i n a l e  de d e v e l o p p e m e n t .  B i e n q u e  c es sys t emes a c t u e l s  of f r e n t  d e s  
c a pa c i tes de mod e l i sa t ion sophist i q ue es ,  i ls prese n t en t  u n  cer t a in nombre 
d e  d e f a u t s  q u i  pou r ron t r e s t r e i n d r e  l e u r  a d a p t a t i on f u t u r e  e n  v u e de 
s a t i sf a i r e  l es b e soi n s  t ou j ou r s  p l u s e x i g e a n t s  d e s  u t i l i sa t e u rs. La 
p l u p a r t  de ces syst emes furent con �us au m i l i eu des ann e es 70 et fur e n t  
c r e es s a n s  a u c u n e  f l e x i b i l i t e pou r u n  e n v i ronn e m e n t  i n forma t i q u e  
m a i n tenant de passe. D e  p l us ,  c es syst emes furent de ve l oppes d e  mani e re 
in depe n d an t e  p a r  des groupes d isperses a t ra vers l e  monde {pr i n c i pa l ement 
a ux E t a ts-Un is et e n  Europe) , a l 'aide de d i f f e rents types d'a l gor i t hmes 
e t  d e  t e c h n i q u e s  d e  r e so l u t i on .  Pa r con se q u e n t , c es c h e r c h e u rs n'on t 
a u c u n  moy e n  d e  com pa r e r  ou d ' e c h a n g e r  d i r e c t e m e n t  l es a p proc h e s 
e x i s t a n t e s ;  i l  l e u r  e s t  ega l em e n t  d i f f i c i l e  d e  c o l l a bor e r  e n  v ue d e  
l ' ame l i or a t i on d e s  syst emes e x i s t a n t s. Ces prob l emes peu vent tous e t re 
r e so l us e t  c ' e s t  d a n s  c e t t e  p e r spec t i v e  q u' u n e  nou v e l l e i de e  s' e s t  
d e v e l opp e e , emanant simul t an emen t de p l usi eurs groupes de recherche : l e  
d e v e l o p p em e n t  e n  c o l l a bo r a t i on d ' u n p l a n d e  t r a v a i l  q u i  con d u i ra a 
l 'e t a b l i ssemen t de spe c i fic at ions c l a i res e t  au de v e l oppement conse cut i f  
d e  l a  p r oc h a i n e  g e n e r a t i on d e  syst emes d e  mod e l i sa t i on e n e r g e t i q u e  d e  
ba t imen t . 

C e t t e  comm u n i c a ti on pre se n t e  u n  p l a n pou r  l e  d e v e l op p e m e n t d e  l a  
p ro c h a i n e  g e n e r a t i on de l og i c i e l s i n f o r m a t i q u e s d e  m o d e l i s a t i o n 
e n e rge t iq u e .  La nou v e l l e approche const i t u e r a  un progres si gni f i c a t i f  su r 
l es p r o g r ammes e x i s t a nts e t  se r a  con � u e pou r  f a i r e f a c e  a u x  b esoi ns d e  
s im u l a t i on d e  l a  r ech e rc h e  e n  ba t i m e n t  e t  d e s  s p e c i a l i s t e s d e  l a  
c on c e p t i on d e s a n n e e s �O. Le t r a v a i l  s e r a  r e a l i se a u  cou r s  d es c i n q  
procha i nes anne es par l e  La bora toi re Lawren ce Berke l e y ( a v e c  un a ppor t de 
fonds prov e nant du De p a r t emen t de l 'Ener g i e  amer i c a i n) et bene f i c i e ra d e  
l a  co l l a bora t i on d ' u n  c e r t a i n  nom b r e  d ' or g a n i s a t i on s  d 'A m e r i q u e e t  
d ' Europe . 
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Organ isati on 

PLAN FQR THE DEVEWPMENT OF THE NEXT-GENERATION 
BUILDING ENERGY ANALYSIS COMPUTER SOF'IWARE 

J Hirsch 
J Clarke 

Uni vers i ty o f  Ca lifornia 
ABACUS, Un i vers i ty o f  Strathclyde 

Rec ent years have seen a number o f  building energy mode l l ing 
systems reach the con cluding pha se  of the i r  deve lopment. Although 
the se  current systems o f fer sophistic�ttd mode l l i ng tapabi lities, 
a number of de f i c i encies can be identified whi ch wi l l  restri ct any 
future ada ptation to s ati sfy the needs o f  an in crea singly 
demanding user community. Most o f  the s e  systems were designed 
during the m id-1970 's and were t a i l ored in an infl exible manner 
for a n ow-outdated comput i n g  environment. Addit i on a l l y, the s e  
systems were de ve loped independently by groups around th� world 
(mainly the U . S  and Europe) us ing dif ferent type s  of a lgorithms 
and soluti on te chn i ques. Thus there is no way for these 
rese archers to directly compare or exchange exi sting approache s; 
it i s  a l so d i f f i cult for them to c o l laborate on improving the 
existing systems. These problems are a l l  so l vable and it is 
aga inst thi s  background that a new idea has begun to emerge 
s i multa ne ously from a number of re s earch group s :  to deve lop 
col laboratively a p lan of work whi ch will l ead to a c l e ar 
s pe c i ficat i on and subse quent deve lopment o f  the next-generati on of 
bui lding  energy mode l l i n g  sy stems. 

Thi s  paper presents a plan for the deve lopment of the next 
generat i on energy mode l l i ng computer software. The new approach 
wi l l  be a s i gn i f i cant adv ance over exi sting program s and wi l l  be 
de s i gned to meet the s imulation n eeds of the bui ld i ng research and 
des i gn commun ity of the 1990 's. The work wil l  be carri ed out over 
the next f i ve years by Lawrence Berke ley Laboratory (wi th fund i ng 
from the U.S Department of Ene rgy) and .wi l l  enjoy co l l aborative 
inputs from a number o f  organ i sations in the U.S and Europe. 
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SYSTEME D 'AUTDrlATISATION REPARTI DES FONCTIONS POUR LES 

BATH!ENTS IR�! 

WALTER D HOULE 

Organisation Um Corpora ti on·, Atlanta, Georgie. 

Les sy s t� m es de commandes automatiques de batiments se soot developpes 
rapidemen t en pro g r essant des unites de commande de gestion d ' enerRi e 
marche/arr�t i hase de temps, vers des syst�mes d'au tom atisation des 
bAt1ments ave c commande OU l'l erique directe (DDC) a base de m1croprocesseur 
reparti. A l a  su ite des haisses considerables d u  cout des comMandes 
electroniql1es, il est maintenant po ssible et rentahle d ' ins t a l le r cies 
commandes a en t i�rem ent �lectroniques au lieu d ' uni t is de commandes � � , electro-fluides traditionne l les qui representaient au paravant la norme. 

' � � Les systemes centralises informatiques traditionnels actuellement utilises 
.; ,/' ,.. , ,,, ' .... ont des i n c onvenients inherents : Cout eleve de 1 equipement, cycles 

d'installation longs, competences complexes necessaires de la par t du 
personnel d 'exploitation , responsabilites partagees entre les services sure 

' , "' .... _, les lieu x d installation, et duree de reaction lente vis-a-vis des donnees 
qui changent. 

"' I\ I Le s avantages inherents de cout par 1 utilisation de rnicroprocesseurs 
mul tiples pour ob tenir un fonctio nnement en bo ucle fermee, une commande .,,.. / ,, ,,, ,, 
numerique dire c t e , une ge s t ion energetique et des fonctions de securite , 
ohligen t � les u ti l i s e r dans toute nouvelle 'tude. Pour cela, un syst�me 
repar ti devra etre COO(\tl et le role actuel de l'imposant ordinateur central 
principal devra �tre reduit. 

, ,,, .,. ..... 
Cet expose presentera une etude pour un systeme complet d'Automatisation des 
Installations qui tirer a  profi t des ordinateurs personnels IBM (IBMPC) et 
des microprocesseurs du vendeur, suivant des configurations au tonomes et 
repar ties. 



T i t l e  

Au thor 

Organisa t i on 

A nI STRIRUTEn FACILITIES AU TOMATION SYSTEM FOR 
InM BUILDINGS 

Wal t er D Hou le, Sr 

IBM Corpora t ion , A t l anta, Georg i a  

Au t oma t i c  bu i lding c on tro l sys t ems h a ve rapidly e vo lved from 
t i me-hased on-off energy mana g emem t  c ontrol l ers to distributed 
m i croprocessor-based d i re c t  d i g i t a l  c ontrol (DOC) Bu i ld i ng 
Automat i on Syst ems . Pre c i p i t ous de creases i n  t h e  cost of 
e l e c troni c controls have now m ade i t  pra c tical anrl cost 
effe c t i ve to inst a l l  al l-e l e c t r i c  controls inst ead of the 
tradi t i onal e lectro-pneuma tic contro llers wh i ch had here tofore 
been s t a ndard . 

The trad i t i on a l  centra lized compu t e r  sys t e ms now i n  use have some 
i nheren t disadvanta ges :  high cost of equ ipmen t ,  l ong ins t a l l  
c yc l es , complex ski l ls requ ired o f  operationa l personne l , spl i t  
responsibi l i t i es between depart ments a t  si t e s ,  and s low rea c t i on 
t ime to cha nging da ta . 

The inherent cost advantages of usinp, mu ltiple microprocessors 
make i t  necessary tha t t hey he used in any new design .  T h is 
requires tha t a distrihu t ed system be designed and t h a t  t h e  
present r o l e  of t h e  stro ng central host c omput er be TPduce<l. 

This paper wi l l  present a design for a comprehens ive Fac i l i t i es 
Au t oma t i on Sys t em wh i ch will u t i l ize IBM Persona l Compu t ers 
(IBMPC's) and vendor microprocessors in st and-a lone and 
dis trihu t ed c onfigura t i ons. 
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REGULATION DES SYSTEMES DE CHAUFFAGE 

G LEVERMORE 

Polytechnic of South Bank. 

La premiere partie de cet ·expose traite des ameliorations 
possibles concernant la regulation et l'economie d'energie en 
rempla�ant un controleur analogue simple par un controleur 
" n u m erique direct "  a l'a i d e  d'un algorithme ad aptable . L e  
contr8leur analo g ique considere est le compensateur, commun a 
beaucoup de grandes installations de chauffage. Ses performances 
sont examinees en resolvant les equations d'equilibre de la 
chaleur du debit de la chaudiere, du debit du systeme et des 
besoins en chaleur du batiment. Bien que le compensateur soit 
considere etre une commande efficace, il peut mal fonctionner si 
le programme n'est pas soigneusement regle. Meme si le programme 
est correctement regle, il y a encore quelques pertes d'energie 
i nhe re nteS OU un manque equivalent de re gulation de la 
temperature de la piece. Il est demontre que ces pertes peuvent 
etre surmontees en utilisant un algorithme non lineaire pour 
utilisation sur un systeme de gestion d'energie ou controleur 
"numerique direct". La derivation de l'algorithme est presentee 
en detail et son potentiel d'economie d'energie est indique comme 
significatif. 

La deuxieme partie de l'expose examine les performances reelles 
de 30 plans de chauffage commandes par compensateurs analogues. 
Les performances sont jug ees a partir de la correlation de la 
consommati on rnensuelle en combustible avec le temps, (jours de 
degres), sur 3 ans. Une analyse statistique des donnees tend a 
indiquer que la regulation pourrait etre ameli oree et qu'un 
c o n t rol e u r  n u m e riqu e  p o u r r a i t  a p p o rter des econ omi es 
significatives. Au cours de cette analyse, il ressortit q u'un 
index de qualite controle pouvait etre determine, appropri e au 
calcul sur un petit ordinateur. Nous pensons que cet index 
pourrait etre un outil utile pour les gestionnaires d'energie 
avec de grandes installations de chauffage et l'acces a un micro
ordinateur . 



Title: CONTROL OF HEATING SYSTEMS 

Author: G LEVERMORE 

Orga nis a tion: Polytech nic o f  Sou th Ba nk 

The first part of the paper discusses the improvements that can be 
made in control and energy saving by replacing a simple analogue 
controller 1Vith a "direct digital" controller 1Vith an adaptable 
algorithm. The analogue controller considered is the compensator, 
common to many large heating installations. Its performance is 
examined by solving the heat balance equations of boiler output, 
system output and building heat requirement. Although the 
compensator is found to be an efficient control, it can perform 
poorly if the schedule is not carefully set. However carefully 
the scherluJe i s set t.herP ]s still snmP inhP-rent enerCJY loss or 
corresponding lack of control of room temperature. It is shown 
that these losses can be overcome by using a non linear algorithm 
for use on an energy manaqement system or "direct digital" controller. 
The derivation of the algorithm is discussed in detail and its 
enP.r�y sRvin� potential sho1Vn to be significant. 

The second part of the paper examines the actual performance of 
30 heating schemes controlled by analogue compensators. Performance 
is judged from the correlation of monthly fuel consumption with 
weather, (degree days ) , over 3 years. A statistical analysis of 
the data is shown to indicate that control could be improved and 
that a digital controller could make significant savings. In the 
course of this analysis it appeared that an index of control quality 
can be determined which would be suitable for calculation on a small 
computer. It is proposed that this index could be a useful tGol 
for energy managers with large heating plant and access to a 
microcomputer. 
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METHODES DE PREDICTION DES TEMPERATURES POUR DES 
STRUCTURES LEGERES 

Dr. DEREK CROOME et PETER MOLESEY 

Universite de Bath, Buro Happold. 

Au cours des dernieres annees, les methodes utilisees pour 
l'estimation des temperatures ou des charges d'installations en 
matiere de batiments ont ete basees sur les principes de 
t ransfert de la chaleur en. regime permanent, en vue de les 
utiliser dans des calculs manuels ou encore des analyses 
g ra p hiques simple s. Ces met h o d es, t o ut en utilisant des 
equations de transfert de la chaleur justes et fondamentales, se 
t rouvaient simplifiees a l'extreme dans leur application et 
p r o d u i s a i e n t , a u m i e u x , d e s e s t' i ma t i o n s c o n s e r v a t r i c e s d e s 
charges d 'energie pour les batiments traditionnels. 

Le cout accru des equipements de chauffage et de refroidissement 
dans 1 es bat imen ts modern es, ain si qu' une augmentation bea ucoup 
plus rigoureuse des coGts des combustibles primaires, faisaient 
ressentir le besoin de methodes de predictions capables de 
realiser des analyses exactes des specifications de charges des 
batiments durant la premiere phase d'etude. 

P a r allel ement a u  r a pide developpement des calculateurs 
numeriq ues, ces specificati o n s  f i r ent n ait re des m o del es 
thermiques bases sur le transfert de la chaleur en regime non 
permanent et sur l 'utilisation de techniques mathematiques plus 
elaborees. 

En t heorie, les variations de temperatures dans une serre ou un 
a b ri pe uv ent et re etudiees en se servant d'un modele de 
regulation lineaire a l'aide de deux entrees de base - les 
va riations climatiques et le systeme de chauffage. Le gain du 
systeme est modere par le controle thermostat dans l'espace, de 
sorte que suivant la reaction entre l'environnement exterieur, la 
structure et les traitements operes dans l'espace, le gain 
augmentait OU diminuait selon le cas. La reponse dynamique du 
system e peut et r e  f o r mulee en utilisant les do nnees de 
conversions Laplace. A partir des nombreux modeles d'ordinateurs 
qui sont maintenant disponibles, trois modeles ont ete choisis, 
chacun utilisant l'une des approches mathematiques les plus 
connues, afin de permettre l'evaluation de leurs perfo rmances 
pour la prediction de temperatures internes de l'abri gonflable 
de l'Universite de Bath ou d'autres structures legeres avec leurs 
proprietes physiques uniques d'enveloppes de batiment minces, 
legeres, opaques, transparentes ou translucides. 

Il est fourni une cornparaison des reponses thermiques a la suite 
de l'utilisation de modeles bases sur la difference limitee 
(equilibre de la chaleur), le facteur de reponse et les methodes 
de tolerances, tels que developpes par ABACUS (Architecture and 
Building Aids Computer Unit, Strathclyde), Granlund (UK) Ltd, et 
le CIBS respectivement. 



Title: TEMPERATURE PREDI CTI ON METHODS FOR L I GH'IWEI GHT S TRUCTURES 

Au thor: Dr. DEREK CROOME and PETER MOSE LEY 

Orga nisation: Univer sity o f  Bat h ,  Buro Happold . 

In recent years methods used in the estimation of temperatures or 

plant loads in buildings have been based on steady-state heat transfer 

principles, intende<l for use in manual calculation or simple graphical 

analysis. These methods, whilst using sound, basic heat transfer 

cquatio11s were over-simplified in their application and produced, at 

best, conservative estimates of energy loads in traditional buildings. 

The increasing cost of heating and cooling equipment in modern buildings 

together with a much more severe increase in primary fuel costs 

rc�t1irecl prediction methods capable of carrying out accurate analysis 

of building load requirements at the early design stage. 

Along �ith the ra p id development of digital computers tl1ese requirements 

produced thermal models based on the non-steady-state heat transfer 

in buildings, and using more elaborate mathematical techniques. 

Theoretically the temperature variations in a glasshouse or an airhouse 

can be studied using a linear control model using two basic inputs -

the climatic variations and the heating system. The gain in the system 

is moderated by the tl1ermostat control in the space so that depending 

011 the reaction between the outside environment, the fabric and the 

processes within the space the gain increased or decreased accordingly. 

'fhe dynamic response of the system can be formulated using Laplace 

transforms. From the many computer models now available three models 

were cl1osen, each using one of the more popular mathematical approaches, 

to assess their performance when applied to internal temperature 

prediction of the Bath University airhouse or other lightweight 

structures with their unique physical properties of tl1in, lightweight, 

opaque, transparent or translucent building envelopes. 

A comparison of thermal response is given using models based on the 

finite difference (heat balance), response factor and admittance methods 

as developed by ABACUS (Architecture and Building Aids Computer Unit, 

Strathclyde), Granlund (UK) Ltd, and the CIBS respectively. 
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Ti t re Norm e s  de commun i ca t i on s  e t  de transfer t s  des donnees pour l e s  
s y s t em e s  de g e s tion d u  bat iment 

Aut eur : Col i n  C A s hford 

Organ i s a t i on : Con s e i l  Reg i on a l  de Ken t  

RESUME 

L'IBWG (In t erde pa rtmen ta l Bu i l d i n g  Management S y s t em Work i ng Group), un 
grou p e  de tra v a i l bri tanni que du s e c t e ur pub l i c  e n  con t a c t  etro i t  a ve c  
l e s  u ti l i s a t e ur s  commerciaux, po s sede u n e  l arge experi e n c e  de s prob l emes 
c a u ses par l 'in c ompa t i bi l i te de s produ i t s  de di vers fabri can t s. 

L 'i n t roduc t i on decri t l e s  t y p e s  de pro b l eme s  q u i  e x i s t e n t  a v e c  l e s  
eq u i p e m e n t s  a c t u e l s, l e s  me t hode s d e  pre p a r a t i o n  d u  t ra n s fer t  de s 
d o n n e e s, l e s  s t ru c t ure s t y p i q u e s  de d o n n e e s, e t  l a  v a l i da t i o n du 
t ran sfert de s donnee s, en n o t a n t  l e s i n c o m p a t ib i l i te s .  N o u s  e x p o s e r o n s  
l ' a r ri e r e - p l a n  d e  q u e l q u e s  s o l u t i o n s  i n t er i m, e n  i nd i q u a n t  l e s 
l imi t a t i on s  pos s i b l e s. 

La prin c i p a l e  p a r t i e  de c e t e x p o s e  s'i n t ere s s e r a  a u x  n e c e s s i t e s  d e  
t ra n sfert d'i nforma t i ons concern a n t  d i v er s e s  c onfigura t i on s  de s y s t emes, 
e n tre l e s  t erm i naux, et l e s  tran sfert s  d'a l l er et re t o ur du cen tra l ,  en 
s'in tere s sa n t  part i c u l ieremen t a !'u t i lisa t i on de ce s i nf orma t i on s  d a n s  
l e  procede d e  g e s t i on d'un groupe d'immeub l e s. Nous inc l urons l a  l ia i s o n  
a v ec d'a u t re s  equipemen t s  e t  l a  nece s s i te d e  partager l es c ommun i c a t ions 
a v e c  d ' a u t r e s  u t i l i s a t e u r s .  N o u s  i nd i q u e ron s l e s  c ar a c t er i s t i q u e s  de s 
d i ffere n t s  t y p e s  de res e a ux l o c a u x, a v e c  l e s i m p l i c a t i o n s  p o ur l e s 
s y s t eme s de ge s t i on de ba t i men t s. Le s op t i on s  di s pon i b l e s ,  a l ors que l e s  
n orme s s e  de v e l o ppent, s eron t d i s c u tee s, e n  n o t a n t  l e s  i mp l i ca t i ons des 
de ve l oppemen t s  e n  mat iere de communica t i on s. 

La dern iere part i e  port era sur l e s norme s a c t u e l l e s q u i  sont  basees sur 
l'em p l oi de ISO 7498 : In t ercon n e x i on de s S y s t emes Ou ver t s. 

N o u s  f o u r n i r o n s  u n e  b i b l i o g r a p h i e a v e c  a p p e nd i c e s  p or t a n t  s ur d e s 
c o n s i dera t ions de det ai l  l orsque neces s a i re. 
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The IBWG ( Int erd epartm ental Building Management Syst em Working Group) , a UK 
public s ector working party in close contact with commercial us ers has wid e  
exp erienc e o f  th e probl ems c a us ed by inability o f  th e prod ucts o f  va rious 

ma n ufac t u r ers to work tog eth er. 

Th e int rod uction would d emonstrat e th e ty p es of probl ems that exist with 

pres ent equipm ent, looking at the ways that data transfer is s et-up, typical 
data structur es, and data transfer validation, noting the incompatibility. 
The background to som e of the int erim solutions would b e  giv en, showing th e 

limitations that aris e. 

Th e body of th e pa p er would look at th e n e eds for trans f er of information 

for various syst em configurations, b etw een outstations, and to and from the 
c ent ral of fic e, es p ecially r el a t ed to th e us e of that in formation in th e 
proc ess of managing an estat e. The int erfacing to other equipm ent, and th e 
n e ed to sha r e comm unications with oth er us ers will b e  incl ud ed. Th e 
charact eristics of the various typ es of local ar ea n etworks will b e  given, 
with th e implications for building ma n a g em ent syst ems. Th e options 

availabl e w-hil st d ev eloping standards �ill be disc uss ed, noting th e 
implication s of dev elopm ents in communications. 

The final s ection would r eport on the pr es ent standards activity, which is 
bas ed on us e of ISO 7498 : Op en Syst ems Int erco n n ection. 

A bibliogra phy would b e  includ ed, app endic es b ei ng us ed to show d etail 

considerations wh er e n ec essary. 
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T i t r e  OUTILS INFORMATIQU E S  CONS ACRES AU RENDEMENT ENERGETI QUE DANS LA 
GESTION DU SERVICE DE SANTE DE LA SECURITE SOCIALE 

Auteur : B C OLIVER Ce ng MIMe chE Mln s t R  FIHE 

Orga n i s a t i on : S e r v ice de l a  San te et de l a  Sec u ri te Socia l e  Bri tannique -
Groupe de Trav a i l 

RESUME 

S i  l ' o n  t i e n t  c ornpt e q u e  ! ' a s p e c t  l e  p l u s s i gn i f i c a t i f affe c t a n t  d e  
b onne s pe rforma n c e s  ene rget iques e s t  ce l ui de l a  g e s t i on, l e  Serv i c e  de 
l a  S a n t e  e t  d e  l a  S ec u r i t e  S o c i a l e  b r i t an n i qu e  ( DHS S )  a c r ee u n  C o d e 
Energet i q u e  (ENCODE) offra n t  des refer e n c e s  c om p l e t e s  s u r  l e s be s o i n s  d u  
g er a n t  d 'imme ub l e s  e t  d e  l 'en e r gie. D'ou !'u t i l i s a t i on d'u n e  g a m m e  
t o u jo u r s  p l u s  impor t a n t e  d'o ut i l s  i nfonna t ique s  : 

E NBU IL D Un s y s t e me d'e t u d e s e t  d'au dit a u t om a t i s e ba s e  s u r  d e s  
t e chniq ue s prouvee s em p l oyee s  au Serv i ce d e  Sante d e  l a  Sec u r i t e  Soci a l e 
bri t a n n iq u e  d e p u i s  1 9 7 9 . L 'e m p l o i  d u  p r o g r a mme i nf o rm a t i q u e  r e n d n o n  
seulement l'et ude e t  l'audi t p l u s fac i l e s, ma i s  a s s u r e  ega l emen t l a  p r i s e  
en c om pte d e  !'ens emb l e d e s  i nforma t i on s. 

ENCOMP : U n  p r o g r a mme d'affe c t a t i on de s r e s s o u r c e s  p e rme t t a n t  d e  
s e 1 e c  t i onn e r  d e s  me s u  r e s  d 'e c o n o mie d 'en e rg i e  s u i  v an t  l e s  bes o i n s  d 'un 
immeuble et de l e s cla s s e r  p a r  o rd re de preference en fon c t i on du bud g e t  
a l l o u e. Un e a s sis tanc e e s t  offe r t e  e n  c e  q u i  c o n c e r n e  !' e s t i m a t i o n  d e s  
c out s e t  l 'e t a b l is s eme n t  d e s  p e r i o d e s  d e  r embou r s em e n t. La b a s e  d e  
d onn e e s  n e u t re f o rme u n  o u t i l  i n c om p a r a b l e  p o u r  l a  det e r m i na t i o n  d e s  
mesures. 

ES P Ce p ro g r a mme de s im u l a tion ene r g e t i qu e  d e  l 'un i v e r s i t e d e  
S tra thc l yd e  e s t  utilise pour l'a na l ys e  d e s  bat i me n t s  e x i s t a n t s  f a i s a n t  
app a ra f  t r e  un p robleme e n e rge tiq ue c o n n u, d a n s  l e  b u t  d'e v a l u e r  l e s  
m o y e n s  p a r  l e s q u e l s  une a me l i o r a t i on p e u t  e t r e  o b t e nu e  d e  m a n i e r e  
economiq u e .  

WIM S : L e  m o d u l e  d 'ana l y s e  e n e r g e t iq u e  d e  c e  p r o g r amme c o m p l e t  e t  
populaire d e  ge s tion d'imme ub l e s  fera l 'o bje t de di sc u s s i o n s. 

De p l u s ,  l 'e x pose trait e r a  d e s  s y s t eme s d e  g e s tion i nfo rma t iq u e s  d e s 
ba tim e n t s  e t  d e s  s y s temes d e  regu l a t ion d e s  i n s ta l l a t i o n s  pa r t i c u l i e r e s  
a u x  hopit a u x  d u  s e rvic e d e  l a  s a n t e. Une ref e r e n c e  p a r t i c u l i ere s e r a 
faite au developpement d'un c e rtain nombre d e  sy s teme s  fa i s ant u sage de 
materie l s  dis ponibl e s  et  d e  t ermin a u x  bon marche. 
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Department of Health and Social Security - Works Group 
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Recognising that the most significant aspect affecting good 
energy performance is that of management, the DHSS has produced 
an Energy Code <ENCODE> which gives a comprehensive reference to 
the needs of the estate and energy manager.In doing so it uses an 
increasing range of microcomputer aids:-

ENBUILD: A computer assisted survey and audit system ��sed on 
proven techniques used in the National Health Service since 1979. 
The use of the computer program not only makes survey and audit 
easier but ensures full coverage. 

ENCOMP: A resource allocation program which enables energy saving 
measures to be selected as .:ippropriate to the 11�eds of an @!!ltet@ 
.;md for these to be ranked in order of preference to suit the 
available budget. Assistance is given in estimating costs and 
establishing payback periods. The neutral data base forms a 
valuable aid to the determination of measures. 

ESP: The energy simulation program from Strathclyde University, 
which is used for the analysis of existing buildings with a known 
energy problem so as to assess ways in which improvement can be 
effected economically. 

WIMS: The PnPrqy �nalysis module of this comprehensive and 
popular estate management program will be discussed. 

In addition the paper will deal in with computerised building 
manaqement and plant control systems as applied to National 
Health Service hospitals. Particular reference will be made to 
the development of a number of systems which use off th� shelf 
hardware and low cost outstations. 
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Ti tre 

Auteur 

Organis ati on 

Les Logi ci els d ' Estirnation Rapide du Prix des T ravaux 
de Batirnent aux Stades Arnont de la Prog r arnmation et de 
la Conception 

Rene Urien 

Centre Sci entifique et Technique du Batiment 

Pendant les phases de programmation et de concepti on des projets de 
batirnent , les maitres d'ouvrage et les maitres d ' oeuvre peuvent fai re 
appel a des methodes informa ti sees d'estimation du p r i x  previsionnel 
de l ' operation; plusieurs niveaux ou stades sont envis ageables: le 
programme, l ' esquisse, l ' avant-projet sonuna i r e  ( APS) ou deta i l le (APD) , 
et le projet . 

Aux niveaux de l ' APD ou du projet , et avant l ' ouverture des plis , les 
log iciels d ' esti mation uti l i ses p ar les mai"tres d ' oeuvre sont en gen€ra l 
ca lques sur la methode traditionnelle d'etablissement des devis quantitatifs 
estimati fs (DQE) . Ils p resentent beaucoup de caracteres communs avec ceux 
uti lises par certai nes entrepri ses pour leurs remises de p rix et de nombreux 
logici els de ce type existent sur le marche . 

La necessite pour les concepteur s  de s ' eng ager sur  des couts d ' objectifs 
imposait des methodes d ' estimation f i ables et uti lis ables des les �tapes 
amont de la ph ase ae programmation-concepti on ,  et rompant necessairement 
avec la technique traditionnel le du devis esti matif sur metre detai l l€ .  

Actuel lement ces methodes d ' esti mat ion sent partiel lement informatisees. 
Mais la  question evolue d'autant que la Di rection de la Construction a 
lance en 1984 une consultati on pour la rnise au point de "log i ciels PIP" 
informa tis�s. 

Actuellement , il semble que c ' est l ' ing€nier ie et plus g€nera lement la  
rna�trise d'oeuvre qui investit dans le d�velor:pment des methodes d ' estimation 
amont. 

Deux tendances apparaissent: 

- le ch atnage avec d'autres modu les economi ques notamment sous l'ang le de 
l ' optimisation des charges d ' exp loitation et de gros entretien (module GRAL 
de la SCIC), 

- l'insertion dans une cha"l"he integree de concept ion assist�e par ordina teur; 
a cet egard les travaux les p lus avances en France sont vra i semblablement 
ceux en cours au sein de l ' O.T . H. 



Ti tle 

Author 

Org ani sation 

SOFTWARE FOR RAPID ESTIMATES OF THE COST OF BUILDING 
WORK IN THE INITI AL STAGES OF SCHEDULING AND DESIGN 

Ren� Ur ien 

Cen tre Sci entifi que et Techn.:.q11e d u  Ba timent 

Dur ing the s ta ges of bui l ding projec t scheou11ng and des i gn ,  clients and 
project m anagers can make use of computer ized methods to estimate the 
forecast cost of the project. There are sever a l  possi ble levels or sta ges: 
the prog ramme, the d r aft , the ou tl ine prel iminary des i gn and det a i l  
preliminary desi gn ,  and the final design . 

At the ou tl ine prel iminary desi gn or f inal desi gn levels ,  befo re opening 
of tenders,  the es timate software used by the project m ana gers is usually 
based on the tradi t i onal method for working out Bi l ls of Costs and Quan ti t ies. 
It has some fea tures in common with the software used by certain fi rms for 
subm i t ting tenders,  and there are many such softwa re products ava i lable on 
the ma rke t. 

Given t hat the designers have to commit themselves to cost targets, reliable 

estima ting me thods were requi red , w h i ch could be used from the ini t i a l  steps 
of the schedul ing and design stage. Such methods of cou rse represent a 
complete breakaway from the tradi tiona l technique of quo t i n g  on the basi s  of 
a deta i led su rvey . 

At present ,  these esti mate methods a re partly computer i zed . However , the 
si tua tion has ch anged,  especi a lly since the "Di rec ti on de la Construction" 
(French Bui ld ing Office) sent out enqu i r ies in 1984 for the development of 

computer "PIP software'' . 

At present ,  i t  would seem that investment in the development of in i t i a l  
estima te me thods i s  being made by the eng ineer ing fi rms and project 
managers . 

There are tw o appa rent trends: 

- Linkage wi th other econom ics sys tems , especi a l ly wi th a view to optimizing 
operat i ng and major main tenance costs (the SCIC's GRAL system); 

- Incorpo r a tion in a computer-assisted design cha in. In th i s  fiel d ,  the 
most a dvanced work in Fr ance is probably the work ca r r i ed out by O.T . H. 
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Titre : 

A u t eurs 

LE BU REAU D'ETU DES INFORMATISE 

H R  Ca t er ,  C. E n g . , MIMech.E , FCIBSE ,  
M. Cons E.M. Soc S.I (Fr) MBIM 
E B H S t even s , B S s  (Hons) MCIBS E  

Organis a tion Veryard C a t er & Partners 

RESUME 

L'e x po s e  r e s u m e  l e s  proced ure s e m p l o ye e s  d a n s  l e  p a s s e  e t  a l ' he u r e  
actue l l e  pour changer d u  s t a d e  manu e l a u  s t a de informa tise d'etude s ,  de 
d e s s in s  e t  de d ocume n t a t ion. L 'a d o p t ion de ce s n o u v e l l e s  t echniq u e s 
n ece s s i t e  u n e  r e m i s e  e n  q u e s t ion d e s  proced u r e s d e  g e s t ion, co u v r a n t 
l'org a n is a t ion d u  Bu r e a u  d 'E t u d e s  d ' u n e  p a r t , e t  l a  mo difica t ion d e s  
a t t i t u d e s  pres e nte s d'a u t re p a r t , e n  v u e  d'in t eg r e r  l a  n ou v e l l e 
t echno l ogie d a n s  l e  mi l ie u  d u  bureau d'etud e s. 

L e s  a u t e urs eux-memes u t i l is e n t  d e s  t echniqu e s  info rm a t i s e e s d e puis l a  
fin d e s a n n e e s  60 e t  p o s s ed e n t  u n e  experie nce de l 'u t i l is a tion d u  
t r ait e me n t  e n  s erie s ur u ni t e  c e n t ra l e  ain s i  q u e  d e s  s er vice s d e  
t raitemen t .  

F ace a ce t t e e xperie nce e t  a l 'a rr i v e e  d u  micro-ordina t e u r  con sid ere 
co mme une machine appro priee a !'engineering et aux affaires a l a  fin d e s  
a n n ee s  70, 1 1  fu t d ecid e  d ' a d o p t er ce t t e  phi l o s o phi e p o u r  offrir de s 
possibili tes d 'inform a tiq u e s  in t erne s par l ' em p l o i  d e  micro- s y s t emes .  

L'e x p o s e  s 'efforce r a  ega l e m e n t  d 'a p p o r t e r  s uffisamm e n t  d e  pre u v e s  pour 
e ncoura g e r  l e s p l u s  p e t i t e s  or g a ni s a tio n s  d'et u d e s  a a d o p t er c e s  
t echnique s  q ui con s tituent main te na n t  u n e  proposition via b l e. Le s micro
s ysteme s  s o n t  ega l ement  une s o l u t ion a l t erna tive aux unites cen tra l e s e t  
a ux mini-ordin a t e u r s  q ui n e  s o n t  pa s e ncor e v ia b l e s  d u  poin t d e  v u e  
fin an cier p o u r  b e a uco u p  d'org a ni s a t i o n s  d esire u s e s , m a l gre t o u t , d e  
p a s s e r d e s  m e t ho d e s  m a n u e l l e s  t r a d i t ion n e l l e s  v e r s  d e s  a p p l ica t ion s 
informa tisee s .  
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Title 

Author 

Organisation 

THE MICROBASED DESIGN OFFICE 

HR Cater. C.Eng •• MIMech.E. FCIBSE, 
M.Cons E.M.Soc S.I (Fr) MRirl 
E B II Stevens, BSs (Hons) MCIBSE 

Veryard Cater & Partners 

The paper is a summary of procedures that have or are heing 
employed in moving from mnnunl to micro h<'lsed desip,11, drawingi:; 
and documentation. Adopting these new techniques requires 
some re-thinking of management procedures. on the one hand 
covering Drawing Office organisation. and on the other. changing 
es tl't h li shed a ti d o a cc ommad a t e the-ti. i;i,oJ.g. A-1:-4'!· ._ _______ _ 

the design office environment. 

The authors have been involved in usinr, computerised techniques 
since the late 1960's with experience of using main frane hatch 
processing and Bureaux services. 

Ap,ainst this hackp,round and the advent of the microcomputer as 
an engineering/husiness machine in the late 1970 's. it was 
decided to adopt this philosophy to provide in-house computing 
based on the use of micro systems. 

The paper will also attempt to provide sufficient evidence to 
encourage the smaller design organisation that adopting such 
techniques is now a viable proposition. Also an alternative 
to main frame or mini compnters which may, for many 
organisations. still not be financially viable hut who also 
see the need to move from traditional manual methods to 
computerised applications. 
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Ti t re R E GU L A T I ON O P T I M A LE POU R  L E S  S Y S TEM E S  DE C L I M A T I S A T I ON ;  
HIERARCHIE DES SY S TEMES A GRANDE ECHELLE 1 1  

Au t eu r  : Charl E Janeke Pr Eng 

Or g an i s a t i on : Janeke & Cumming Con su l t a n t  Enginee r s , 
PO Box 27226, Sunn y s i de ,  0132 Pre t o r i a ,  A f r i qu e  d u  Sud 

RESUME 

L ' e x po s e  po r t e  s u r  l a  d e c e n t r a l i s a t i o n d e  p r ob l e m e s  d e  r e g u l a t i o n  a 
grande eche l l e en m a t i e re d e  c l ima t i s a t i on v e r s  d e s  m od e l e s e l emen t a i r e s  
e t  n o n - a u t o n o m e s  d e s  p i ec e s , e n  d i r i g e a n t  l a  r e g u l a t i o n d e s  e l e me n t s  
i n d i  v i d u e  l s  e n  t emps ree l v i a  un h i e r a rchi e D 'EQU I PE. L ' e s s en t i e l  d e  ce 
p l an d e  r e gu l a t ion r e s i d e  dans l e  fa i t  que l e s  s t ra t e g i e s  de r e gu l a t i on 
opt ima l e  conce rnant l e s e l eme n t s  i n d i v i d u e l s  d e s  p i e c e s s o n t  r e so l u e s  
d ' a v a n c e  e t  i n d e p e n d amm e n t , v i a  l a  p r o g r a mm a t i o n d yn am i q u e  e t  l e s  
p e r f o r m a n c e s  co l l e c t i v e s  a s s i m i l e e s  v i a l a  h i e r a rc hi e  D ' EQU I PE. C e t  
e xp o s e  e t u d i e  s p e c i f i q u e m e n t  l a  syn t h e s e D 'EQU I P E  non-auto n om e  p a r  
r a p p o r t  a u n  p l a n a u t on ome n o n- i n t e r ac t i f  q u i  a v a i t  e t e  d e c r i t  
a u p a r av an t . 



T i t l e  

A u t h or 

O r g ani s a t i on 

OPT IMAL CONTROL FOR AI R CONDI T I ON ING SYSTEMS; 
LARGE SCALE SYSTEMS HIERARCHY 11 

Cha r !  E J aneke Pr Eng 

J aneke & Cumming Con s u l t ant E n g in ee r s , PO Box 
27226, S unny s i de , 0132 P r e t o r i a , S o u t h  A f r ica 

Paper r e l a t e s  t o  d ecen t r a l i z i n g  l a rge sca le con t r o l  p robl em s  in 
Air Con d i t i on i n g  into e l emen t a ry non-au t onomo u s  r o om mode l s  and 
o rche s t r a t i ng con t r o l  of the individ u a l  e l emen t s  in real time via 
a TEPY. h i e r a rchy. A s  s ub s t ance of the cont r o l  scheme opt imal 
con t ro l  s t r a t e g i e s  for the i n d i v i d u a l  room e lemen t s  are p r e s o lved 
o f f-l ine via Dynamic P rogr a mm ing and the co l l ec t i v e  per form ance 
e q u a t e d  v i a  t h e  TEAM h i e r a rchy. Th i s  paper spec i f ic a l l y  e l abor a t e s  
o n  t h e  non-au t onomou s TEAM syn t h e s i s  v s  a n  a u t on omou s  
n on- i n t e r act i ve scheme wh ich have been prev i o u sly r eport ed. 
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Titre PREDICTION INFORMATIQU E DE L'EFFET DES PANNEAU X IM PLIQU ANT DES 
MATI E R E S  A CHANG EME N T  DE PHA S E S  S U R L A  CHARGE DE CHAU FFAGE 
ANNU ELLE D 'U NE MAISON FAMILIALE 

Aut eurs : Yuzo S akamot o 

Organisa tion : In s t itu t de la Re cherche sur l e  Ba tim e n t , 
Mi nis tere de l a  Con s t ruction , Tsukuba, Japan 
Yukihis a  E bara 
Kanuma Labora t or y ,  Dow Kahoh K.K. , Kanuma, Japan .  

RESUHE 

Ce t t e etude represen t e  l a  premi ere e tape sur l a  predic t ion de l a  quan tit€ 
d'energie ec onomisee par l 'ernp l oi de panneaux imp l  iqua n t  des mat ieres a 
c ha n g e me n t  d e  pha s e  (PCM = Pha s e  C ha n g e  M a t e r i a l ) sur de s batimen t s  au 
Ja pon. Le principa l ingredient du PCM e tudie dans c e t te c ouununic a tion e s t  
l'exahydra t e  d e  chl orure d e  c a l cium. I I  s e  t ransforme d e  l a  pha se solide 
a la pha s e  l i quide a 27  °C. En premier lieu, un mode le numerique u t ilisant 
la me thode de l a  differenc e  l irn i tee uni-d imentionnel l e  fut developpe pour 
predire l e  c ompor t ement t hermique des panneaux PCM. En suite, ce modele 
fu t veri fie e n  c om pa r a n t  l e s  re su l t a t s  c a l cu l e s  a v e c  l e s  resu l t a t s  
mesures dans une zone d'e s sai ex periment a l e. Le resu l ta t  de c e  c ontrole 
s 'a v era s a t i sfai s a n t .  E nfin, l 'eff e t de s p a n n e a u x  P C M  sur l a  cha rg e  de 
c hauff a g e  a n n u e l l e d'une rna i s on f a mi l i a l e  fu t predi t a l 'a ide d'un 
programme de ca l cul de c harge t hermiq ue impliquant ce model e  numerique. 



Title 

Author 

Organisation 

A cm1PUTF.R PREnICTION ON THE EFFECT OF PHASE 
CHANGE HATF.RIAL PANELS ON ANNUAL HEATING LOAD 
IN A SINGLE-FAMILY HOUSE 

Yuzo Sakamoto 

Buildinp, Research Institute, Ministry of 
Conslruction, Tsukuba, Japan 
Yukihisa Ebara 
KanumA Laboratory, Dow Kakoh K.K., Kanuma, 
Japan 

This study is the first step in predicting the amount of 
energy saved by applying the phAse change material (PCH) 
panels to huildings in Japan. The principal ingredient of 
PCM studied in this paper is calcium chloride hexahydrate. 
It changes from solid phase to liquid phase at 21•c. First, 
a numerical model using the one-dimensional finite difference 
method was developed in order to predict the thermal behaviour 
of P01 panels. Secondly, this model was verified by comparing 
the calculated results with the results measured in an 
experimental test hox. The result of this verification was 
satisfactory. Finally, the effect of PCM panels on annual 
heatinB load in a single-family house was predicted using the 
thermal load computation program that involves this numerical 
model. 
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T i t re U N  CODE I NFORMATIQUE POUR LA S I M UL A T I O N  DU C O M PORTE M E N T  
TH E RM I Q U E  D E S  BAT I M E N T S  : A P P L I CA T I ON A UX B A T I M E N T S  PA R 
L'EM PLOI DE DI S POS I TIFS PAS S IFS 

Au t e ur : P. C .  Phi l i pp i , V . P .  Nico l au , P . F .  Abr e u , J. A . B .  da Cunha Neto 

O r g a n i s a t i on : Pa s s i ve System s Group - S e r v ice Techn i q u e  Mecan ique , 
Univ e r s i t e  Fe d e r a l e  de San ta C a t a r i n a , Cx.P. 476 
88.000 Fl o r i a nopo l i s , SC , B r e s i l  

RESU ME 

S PT E  est un code i nformat i que q u i  a ete developpe en vue de l a  s imulation 
des performances thermiques des batirnents. Ce code a ete con�u en prem ier 
lieu p o u r  p r e d i r e  l e  c ornpo rternent th e r m i q u e  d e s  bat irnents sous de s 
cli rnats e n s ole ille s et chaud s .  Pour ce s c l i ma t s ,  l a  charge thermique e st 
r e pre sen t ee principalernent par l e s  rad i at i ons s o l a i re s  direct es et de la 
v o u t e  cele ste .  L a  c o n f i g u r at i o n  g e o m e t r i q u e  d e s  s u r f ac e s  i nte r n e s  
s ' obt i e n t  e n  ca l c u l a nt p o u r  cha q u e  p i ece l e u r s  f a c t e u r s  d ' e l e v a t i o n s  
reciproques. Ceci e st impo r t an t  pour ca lcu l er l e s  echanges d e  r ayonnement 
a o n d e s  c o u rte s et l o n g ue s  e nt r e  l e s  s u r f ac e s .  En c e  q u i  conce r n e  l e s  
ondes courtes, l e s  e c hanges de rayonn ement sen t  c a lcu l e s  en tenant compte 
d e s  r e f l e x i o n s  m u l t i p l e s : en f a i t ,  ce p r ec e d e  p e u t  d e v e n i r  i m p o rtant 
pour l a  pre d i ct i on d u  champ d e  r ayonnement i nte rne d a n s  d e s  cond iti on s  
d ' i n s olati o n  e l e v e e .  L a  t r a n s m i s s i o n d e  la cha l e u r  a t r a v e r s  l a  
construct i o n  e st modelee en se s e r v a nt d e s  f onct i o n s  de tran s fe rt. II en 
ressor t u n  s ys t em e  lineaire d ' e qu ations a l gebr i qu e s  dent l a  com p l e x ite 
d e pend de deux f a cte u r s  p r i n c i paux : l e s c l o i s o n s  d e  s u r f ace pour chaque 
piece et les d onn e e s  c l i m at iques qui p e u v e nt com pr endre les r ad i ati o n s  
s ola i r e s  d i recte s e t  d e  l a  voO t e  cele ste p a r  he ure , ! ' a s pect nuageux , les 
coefficients de turbi d ite atmospheri que et a u t r e s  donnees com p l ementa i re s  
q u i  p e u v e nt s e r v i r  a a c c r o!t r e  ! ' e x a ct i t u d e  d u  m o d e l e . L e  s y s t e me d e  
s i m u l a t i o n  i n f o r m at i q u e  f ut ut i l i s e  a v ec s ucce s p o u r  p r e d i r e  les 
performances thermiques des batiments a p pa r t enant a Cen t r a i s  E l etr i ca s  do 
S u l  do B ra si l ( E L E T R O SUL ). C e s  bat i m ent s  p o s s e d e nt d e s to i t s  v e nt i l e s  
af i n  d e  r e d u i r e l e s  ch a r g e s  s ola i r e s ,  et d e s  c o n d u its e n c a str e s  
s o u t e r r a i n s  aya nt l e  r6 l e  d ' e c ha n g e u r s  d e  ch a l e u r  a f i n  d ' att e n u e r  l e s  
f l uct u at i o n s d e  tem p e r atu r e  de l 'a i r  i nte r i e u r .  N o u s  p r e s e nto n s  l e s  
r e s u ltats d e ce t t e s i m u l at i o n  a v e c une a n a l y s e  d e s  c o uts de s  c o n d u it s  
s oute r r a i n s. 



A COMPlITER CODE FOR SIMULATING THE THERMAL BEHAVIOUR OF 

BUILDINGS; APPLICATION TO BUILDINGS USING PASIVE DEVICES 

P . C . Philippi , V. P . Nicolau, P.F. Abreu, J.A.B. da Cunha Neto 

PASSIVE SYSTEMS GROUP 

Mechanic al Engineering Department 

Federal University of Santa Catarina, Cx . P. 476 
88.000 Florian6polis, st, Brasil 

A comput e r code, SPTE, has been developed for simulating 

the thermal performance of buildings , The cod� has been espe cial ly 

conceiv �A-a-v-��u--.......-4���-���"TT"M���n-r����-

sunny and warm climates. For those climates�the thermal load is 
mainly represented by direct and sky vault solar radiation. The 

geome tri cal con fig urati on of the internal su rf a ces is obtained for 
each room by calculating their rc:iprocal view factors. This is 

impor tant for· computing the short and long waves radiant exchanges 

between the surfaces. For short waves, the radiant exchang es are 

compu te d by t aking multiple refletions into account: in fact, this 

process can be impor tant in predicting the internal radiant field 

in conditions of high insolation. Heat con d uc tion through the 

framing is modeled. using transfer functions. A lin�ar systt:u: of 
al gebraic equations is obtained, and its complexity dep ends on 
ua�ically two fac t ors : �he sur face partition used for each room, ana 

r.11e> climatic datC:t, .which may include h0urly dir c c � and sky vault 

s ol ar radiation, cloudiness, at mos ph eric tu rb i dity coefficients and 
othe r complementary data th�t can be useful to increase the accuracy 
of the model . The computer simulation sys t era was success fully use� 
to pre d i c t the the rm a l p e r for m ;:rn c e o f bu i 1 d in gs be 1 on g i n g t o Ce n t r � •. c 
Elctri c as do Sul do Brasil (ELETROSUL). Tht'se buildings use ventj 12tC',·. 
roois for reducing solar l o a ds and undeq.>,r(0ur1d earth embeddel� duct� 
actillg as heat exchangers for atc:nuating ter;1peraturc fluctuation� 
of the in!cricr air. Results cf the simulation arc prcscr.tcd ar.C. « 

cc.::t ano.1ysis is rnsd:2 fo1· th� lllitle1g10und duct��. 

37 



T i t r e  A N A L Y S E  D E S  E R R EU R S  D U  D O M A I N E  F R E Q U E N C E  DES 
F O N C T I O N S  D E  T R A N SFE R !  Z P O U R  LES P L A Q U E S  
M U L T I - COU C H E S  

A u t e u r  : D G S t e p h e n s on , G P M i t a l a s , K O u y a n g 

O r g a n i s a t i o n C o n s e i l d e  R e c h e r c h e  N a t i o n a l , Ca n a d a  

L a  p re c i s i on d e s  c o u r a n t s  d e  c h a l e u r  c a l c u l e s  e n  u t i l i s a n t  l e s 
f o n c t i o n s  d e  t r a n s f e r t  ' Z - t r a n s f o r m ' d e p e n d  d a n s  q u e l l e  m e s u r e  
l e s f o n c t i o n s  d e  t r a n s f e r t  c o r r e s p o n d e n t  a l a  r e p o n s e  d e  
f r e q u e n c e  d e  l a  p l a q u e  p a r  r a p p o r t  a l a  gamme d e  fre q u e n c e s  d e s  
t e m p e r a t u r e s  d e  c o m m a n d e .  C e t  e x p o s e  c om p a r e l a  r e p o n s e  d e  
f r e q u e n c e  d e s  fo n c t i o n s  d e  tra n s fe r t  a v e c  l a  r e p o n s e  d e  fre q u e n c e  
e x a c t e d e s  p l a q u e s  m u l t i - c o u c h e s .  L a  g a m m e  d e  f r e q u e n c e  s u r  
l a q u e l l e  l a  fo n c t i o n d e  t r a n s fe r t  c o r r e s p o n d  a l a  re p o n s e  d e  l a  
p l a q u e  d e p e n d  d e  l a  p e r i o d e  d ' e c h a n t i l l o n n a g e e t  d u  n o m b r e  d e  
t e r m e s  d a n s  l e  n u m e r a t e u r  e t  l e  d e n o rn i n a t e u r  d e  l a  f o n c t i o n d e  
t r a n s f e r t .  C e  d e r n i e r f a c t e u r  r e f  l e t e l e  n o m b r e  d e  v a l e u r s  
p r o p r e s  d e  l a  p l a q u e  q u i  s o n t  u t i l i s e e s  p o u r  d e t e r m i n e r  l e s 
c o e f f i c i e n t s  d u  d e n om i n a t e u r  p o l y n ome . 

L ' e x a c t i t u d e  d u  r a p p r o c h em e n t  d € p e n d  e g a l em e n t  d e  l a  m a n i e r e  o U  
l e s c o e f f i c i e n t s  d u  n u m e r a t e u r  p o l y n ome s o n t  d e t e rm i n e s .  L ' e x p o s e  
c o m p a r e  l a  r e p o n s e  d e  f r e q u e n c e  d e s  f o n c t i o n s  d e  t r a n s f e r t  
o b t e n u e  a l ' a i d e  d e  d e u x  p r o c e d u r e s  d i f fe r e n t e s  : 

1 .  P a r  l ' e v a l u a t i o n d e s  c o u r a n t s  d e  c h a l e u r  ca u s e s p a r  un e 
v a r i a t i o n e n  r affi p e  d e  l a  t em pe r a t u r e d e  c omman de . 

2 .  P a r  l e  ra p p r o c h e m e n t  d e  l a  re p o n s e  a v e c  u n e  v a r i a t i o n  
s i n u s o i d a l e  d e  l a  t em p e r a t u r e  d e  c omm a n d e . 

D a n s  l a  d e r n i e r e  a p p r o c h e , l e  c h o i x d e s  f r e q u e n c e s  p a r  l e s q u e l l e s 
l a  f o n c t i o n d e  t r a n s f e r t  c o r r e s p o n d  a l a  r e p o n s e  d e  l a  p l a q u e  
a f f e c t e  l a  l a r g e u r  d e  b a n d e  u t i l i s a b l e  d e  l a  f o n c t i o n  d e  
t r a n s fe r t .  C e t  e x p o s e  p r e s e n t e  e g a l em e n t  l e s m o y e n s  e x pe r i m e n t a u x  
p o s s i b l e s e n  v u e  d e  d e t e r m i n e r  l e s f o n c t i o n s  d e  t r a n s f e r t  p o u r  
l e s m u r s .  

L e s  e x e m p l e s d e rn o n t r e n t  q u ' u n r a p p r o c h e m e n t  c o r r e c t  p e u t  e t r e  
a t t e i n t  s u r  u n e  g a m ffi e  i m p o r t a n t e  d e  f r e q u e n c e s  e n  u t i l i s a n t  l e s 
f r e q u e n c e s  d e  r a p p r o c h e m e n t  e t  l ' i n t e r v a l l e  d ' e c h a n t i l l o n n a g e  
s e l o n d e s  l i g n e s  d e  c o n d u i t e s  s p e c i f i q u e s . 



Ti tle : 

Au thor s :  

FREQUENCY DOMA I NE ERROR ANALY S I S  OF Z- TRANSFER FUNCTI ONS FOR 

MULTI LAYER SLABS 

o G S teph e nson , G P  M i ta la s , K Ouyang 

Or g a n i s a t ion : N a t i on a l  Re se a r ch Counc i l , Cana da 

Th e  p r e c i s i on o f  he a t  f l u xe s  c a l cu l a t e d  u s i n g  Z- t r a n s f o rm t r a n s f e r  

fun c t i o n s  d e pe n d s  o n  how c l o s e l y  t he t r ansfe r fun c t i o n s  ma t c h  the f r e q u P n c y  

r e s po n s e  o f  t h e  s l a b  o v e r  t h e  f r e q ue n c y  range o f  t h e  dr i v i n g t empe r a t u r e s . 

Th i s  pa pe r c om p a r e s  t h e  f r e q ue n cy r e s po n se of t he t r a n s f e r f un c t i o n s  wi t h  

t h e  e x a c t  f r e q u e n c y  r e s p on s e  o f  mu l t i l a y e r  s l ab s . The f r eq ue n c y r a n g e  ove r 

wh i ch t he t r a n s f e r f un c t i o n  ma t ch e s  t he r e s ponse of the s l ab de pe nd s on t he 

o f  t h e  t r a n s f e r f un c t i o n . Th i s  l a t t e r  fa c t o r  r e f l e c t s  t h e  numb e r  of e i ge n • 

v a l u e s o f  t h e  s l ab t h a t  a r e  u s e d  t o  d e t e rmine t h e  c o e f f i c i e n t s  o f  t h e  

d e n om i n a t o r  p o l y n om i a l . 

The c l o s e n e s s  of t he ma t c h al s o  d e pe nd s  on how the c oe f f i c i en t s  o f  

t h e  n u me r a t o r  p o l y n omi a l  a r e de t e rmi n e d . The pape r comp a r e s  t h e  f r e q u e n c y  

r e s pon s e of t r a n s fe r  f un c tion s o bt a i n ed by two d i f fe r e n t  p r o c e d u re s :  

1 .  By ev a l u a t i n g  t h e h e a t  f l ux d u e  t o  a r amp v a r i a t i o n o f  t h e  

d r i vi n g  t e m p e r a t u r e  

2 .  B y  ma t c h i ng t h e  r e s p on s e to a s i nu s o i d a l  va r i a t i o n  o f  d r i ving 

t e mpe ra t u r e 

In t he l a t t e r  appr o a ch t h e  c h o i c e  of t h e  f r e q ue n c i e s  a t  wh i ch the t r a n s f e r  

f u n c t i on ma t c h e s  t h e  s l a b ' s  r e s po n s e  a f f e c t s  th e u s ab l e  ban d wi d t h  of t h e  

t r a n s f e r f un c t i o n . Th e p a p e r  a l s o  d i s cu s s e s  po s s i b l e  expe ri me n t a l w a y s  t o  

d e t e rm i n e  t r a n s f e r  f u n c t i o n s  f o r  wa l l s . 

Th e e x a m p l e s  s how t h a t a g o o d  ma t ch c a n  be a ch i e v e d  o v e r a w i n e  

r a n g e  o f  f r e q ue n c y b y  c h o o s i ng t h e ma t ch i ng f r e q u e n c i e s  a n d  s a mp l i ng 

i n t e rv a l in a c c o r d a n c e w i t h  s pe c i f i c  g u i d e l i n e s . 

3 6  



Titre : EVALUATION DE S MOUVEMENTS D ' I MPURETES ENTRE LES PI ECE S 

Auteur : George N Walton 

Organisation : Centre de Technolog i e  du Ba timent 
Na t i onal Bureau of S tandards 
( Bureau National de Normalisation) 

RESUME 

Le developpement de s methodes d 'infiltra tion e t  de calcul de debi t d 'air , 
j u s t ifie par le be s o i n  d'une q ualite de ] 'a i r  a l' inter i e ur d e s  locaux , a 
condu i t  a une simulation a u tomatisee de s mouvement s d ' impure tes entre le s 
p i e c e s .  Le mod e l e ,  q ui sou s-entend le bra s sage total de l'air de s pie c e s , 
d e m ontre que le s enca drements de portes perme t tent un bras sage rapide de 
l 'a i r  ent r e  le s p i e c e s  d e s  b a time n t s  e m pl o yant l e  chauffa g e  pa r a i r  
force. Il conf i rm e  egalem ent qu 'il e s t  tout-a-fait rentable sur le plan 
ene r g e tiq u e  de s e  d e ba r r a s s e r d e s  im p u r e t e s a l e u r  s o u r c e .  Une 
modeli sa t ion detaillee de s varia t i ons de concentration d 'impure t e s dan s  
une p i e ce n' e s t  pa s po s s i ble ac t uellement pour de s s i mulations d'analyse 
ene rge tique a long terme. La nece s s i te d ' une modelisation au tomat i see e s t  
d e m ontree par l e  c o m p o r t e m ent s u b t i l  d ' un s y s t e m e  t r e s sim ple q ui s e  
debarra s s e  de s impur e t e s  par une ventilation force e. 



T i t l e  

Au t hor 

Organ i sa t i on 

ESTHIATING INTERROOM CONTAMINANT MOVEMENTS 

George N Walton 

Cen t re for B u i l d ing Technol op,y,  
Na t i onal  Bureau of S t andards 

Deve l o pmen t of i n f i l t r a t i on and interroom a i r f low ca lcu l a t ion 
me t ho d s ,  dr iven by a concern for indoor a i r  qua l i ty have led 
t o  a compu ter simu l a t i on o f  l n t e rroom con t nm l n an t  movement . 
The mode l ,  wh i c h  as sumes fu l l y  m ixed room a i r , shows tha t  open 
doorways provide rapid m i xing be tween room s  i n  hui l d inp,s u s ing 
forced air hea t i n g . It a l so con f irms tha t it i s  mo s t  energy 
e f f i c i ll A-�m.:J.-llfifl n-eaTe 
De t a i led  mod e l ing of the var i a t ions in con t a m i n a n t  conce n t r a t ion 
w i t h i n  a r oom is  not  pre s en t l y  fea s i b l e  for l ong t e rm energy 
ana l y s i s  s i mu l a t i on s . The nee d  for compu t e r  mode l i ng i s  
demon s t ra t ed by t h e  su b t l e  hehavi ou r  o f  a very s imp l e  sys tem 
wh i c h  remove s con tamina n t s  by forced ven t i l a t i on . 
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Titre PREDICT I ON DE LA TRANS M I S S I ON SONORE E N  MATIERE DE BAT I MENTS EN 
UTILI SANT LA MER 

Auteur : G V e rm e i r , P Me e s  

Or gani sat i on : Laboratoi re pour l a  Phy s i q u e  d e  Const ruct i o n ,  
K U  Leuven , Belg i que 

RE S UME 

Cet e xpose t ra ite d e  l a  pre d i ct i on de t ransmis s i on s onor e  aeroportee en 
mat i ere d e  bat iment s .  La MER e st u t i l i see en tant que mod e l e  de ca l cu l . 
No u s  e xa m i nons br i e v e m ent l a  the o r i e  e t  p r e s ent o n s l e  pr o g r am m e  
� nf o rmat i qu e .  D ' a ut r e s  m o d e l e s ,  s e l on l e s  d e v e l oppement d e  GE RRE T S E N , 
s ont inc l u s a v ec rai s on dans l 'appr oche genera l e .  Tr o i s  appl i cat i ons du 
p r o g r a m m e  s o nt d i s c u t e e s  : l a  t r a n s m i s s i o n s on o r e  d i r e c t e , l a  
t r a n s m i s s i o n l a t e r a l e  s t r u c t u r e l l e et l a  t r a ns m i s s i on l at e ra l e  
aeroportee . 



T i t le 

Aut hor 

Organ i s a t ion 

PREDI CTI ON OF SOUND TRANSMISSION IN BUILDINGS 
USING SEA 

G Verme i r , P Mee s  

Labora t ory f o r  Bu i l ding s Physics , K U Leuven , 
Belg ium 

Th i s  paper d e a l s  wi th the pre d i c t i on of a i r bo r ne sound 
transmi s s ion in bui l d ing s .  As a calcula t i on mo d e l  the SEA 
i s  used . The the ory i s  bri efly reviewed and a compu t e r  program 
i s  pr e s e n t e d . O ther mod e l s  as developed by GERRETSEN are shown 
to f i t  we l l  w i t h i n  the general a pproach . Three a pp l i ca t ions o f  
the program are d i scusse d : d ir e c t  soun d  t r ansmi s s i on , s t ruc tur a l  

____________ .......... ,a.n.k..f.-n.g �-f.1.&m-i-s-64-e · -A-el-&4-1'-bePn - en·k ing t ra n smi-s-si:c,.....�---------
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Ti t r e  

Auteur 

L 'E M PL O I  E T  LA V AL I DA T I ON DE S P R O G RA M M E S  DE S I M ULAT I ON 
I NFORMAT I QUE S  POUR LA CONCEPTION SOLA I RE PAS S I VE DE S BAT I MENTS 
AU PO RTUGAL. 

A Canha da Pi edade , A Mo ret Rodr i g ue s , 
J .  Pedro de F r e i t a s  

Or g an i s a t i on I n s t i t u t  Supe r i eur Techn i q ue , 
Un ive r s i t e  Techn i que de Li s bonne 

RESUME 

Au Por tugal , l ' on a pr oce de a pl u s i eu r s  tentat i ves ce s dern i eres ann e e s  
a f i n  d' a r r i ve r  a l ' opt irn i s a t i on d u  cornpo r t emen t the rrn i que d e s  bat imen ts ,  
c ' e s t - a -d i r e  e n  f a i s a n t  a pp e l  pl u s  p r e ci s e ment aux t e chniques s ola i re s  
pa s s i ve s .  Cette pe rception a ccrue de l a  concept i on e nerge t i q u e  f i t  n a ! tre 
un 1 n t e r€ t c o n c e r n a n t  l e s  o u t i l s  l o g i c i e l s  d e  m o d e l i s a t i o n  et d e  
s i m u l a t i on n u me r i q u e s  pe r m e t t a n t  a ux c o n c e p t e u r s  d e  p r e d i re l e s 
performances the rmi q u e s  e t  l ' u t i li s at i on energ e t i que plu s  faci l ement e t  
p l us exactement dans l e  d omaine d u  bat i me n t s .  

N o u s d e c r i v o n s d e u x  p r o g r a m m e s  i nf o r m a t i q u e s  ba s e s  s u r  l e s m o d el e s  d e  
r e s e a ux t h e r m i q u e s  - u n e  t e chn i q u e  e xa c te l a r g e m e n t  a c c e p t e e p o u r  l a  
s i m ul a t i on de s pe r f or m a n c e s  d yn a m i ques de s batiments m a s s if s  - et le u r  
vali dat i on pa r r appor t a ux pe rformances obse r ve e s  de s "cellule s d ' e s s a i "  
contro l e e s . 



T i t l e  

Au t h o r  

O r g a n i s a t i on 

THE USE AND VALIDATI ON OF S IMULATI O� COMPUTER 
PROGRAMHES FOR PAS S I VE SOLAR BUILD I NG DE S I G� 
IN PORTUGAL 

A Canha da P i e d a de , A Moret Rod r i g ue s , 
J P e d r o  de Fre i t a s  

I n s t i t u t o  S u pe r i or Tecni co , 
Techn i c a l  Un i ve r s i t y  of L i s bon 

In P o r t u g a l  seve r a l  a t t emp t s  have been made t h e s e  l a s t  y e a r s  
t o  l e a d  t o  t he opt i m i s a t ion o f  the rma l beh av i our of t h e  
bu i l d i n g s , namel y ,  r e s o r t i ng t o  p a s s i ve s o l a r  t e ch n i q u e s . 
T h i s i n c r e a  i n  awa r  £ f e r - o o d ave 
p l a c e to an i n t e re s t  o f  d i g i t a l mod e l i n g and s i mu l a t i on 
s o f tware t o o l s  wh i c h  enah l e s  d e s i gn e r s  t o  an e a s i e r  a n d  
a c c u r a t e  pred i c t i on o f  t he rm a l  pe r f o rmance and e n e rgy u se i n  
bu i l d i n g .  

Two c o m pu t e r  progr a mm e s  ba s e d  on t h e rmal ne twor k mode l s  - an 
a c c u r a t e  and w i d e l y  a c c e p t e d  te c h n i q ue for simu l a t i n g  t h e  
d yn a m i c  pe r f o rman ce of ma s s i ve bu i l d i n g s  - an d t h e i r  
v a l i d a t i on a g a i n s t  t h e  o b s e rved pe r f o rmance o f  mon i t o r e d  
" t e s t  c e l l s "  a r e  d e s c r i he d . 
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T i tre Etude i nd i v i d ue l l e  de con c e p t i o n  i n t e gr e e  : Les re su l t a t s  
o b t e n u s  dans l ' e t a b l i s s eme n t  s c o l a i r e d e  C l a c t o n S t  J o hn s i x 
a n s  a pr e s .  

Auteur : Br i an Ki n g  c .  Eng . ,  John Pa cke r , BSc . 

Organ i s a t i on : Ama z on Energy El e c t r i c i ty Coun c i l , Lan d re s 

RE SUME 

N o u s d e c r i v o n s  d a n s  c e t  e x p o s e  l e s  l e i; on s  a p p l i c a b l e s  a l a  CA O e t  l e s  
r e s u l t a t s  d e  p r o j e t s  o b t e n u s  d e s  e t u d e s  d e  c on c e p t i on ,  d e  l a  m i s e en 
s e r v i c e  e t  d e s  c o n t r o l e s u l t e r i e u r s  d ' u n e  e c o l e  p r i m a i r e a f a i b l e  
e n e r g i e , C l a c t o n S t  J o h n .  L e s  t r a v a u x  p o u r s u i v i s  d a n s  l e  c a d r e  d e s  
o pe ra t i on s  norma l e s  d u  bureau d ' e t ud e s  d u  S e r v i ce Ar ch i t e c t ure d u  Cons e i l 
R e g i ona l de l 'E s s ex on t f a i t i n t e r v en i r  l a  p r em i e re a pp l i c a t i on i n t e rne 
d 'un programme p a r t i c u l i e r  de mod e l i s a t i on t h e rm i que d ynam i q u e , Tas 0 , m i s  
a u  p o i n t  p a r  u ?1 e  u n i  v e r s i  t e ,  p o u r  d e s  t r a v a u x  d ' e t u d e s  d e  c o n c e p t i o n 
r e e l l e .  Dan s  l a  mesure du po s s i b l e , l e s  r e su l t a t s  d e  c e s  t r a v aux on t e t e  
s e p a r e s p o u r  d e c r i r e  e n  p r em i e r l i e u  } ' e x p e r i e n c e  d ' ex p l o i t a t i on p o u r  
cha cun d e s  pr i n c i paux s y s t emes d e  l ' ec o l e .  Ensu i t e ,  nous d e cr i v o n s  l a  CAO 
e t  s on imp a c t  sur l e  proc e s s u s  de con c e p t i on a v ec l a  po s s i b i l i te un i q ue 
d ' e x a m i n e r  l ' e n s e m b l e  d u  b a t i m e n t , s a  s t r u c t u r e  e t  s e s  s y s t em e s , a l o r s  
q u ' un p ro b l eme t h e rm i q u e  i n t e g re enc o u r a g e a i t  l e  t r a v a i l  d e  c o n c e p t i on 
i n t e g r e e  e n  e q u i p e e t  i n f l u e n i; a i t d i r e c t em e n t l e  t y p e  d e s  p r o g r a mm e s  
s u i v an t s .  1 1  e n  r e s s or t i t  une c omprehen s i on s i gn i f i ca t i v e  d e s  c a pa c i t e s  
p o s s i b l e s  d e bouc hant s u r  d e s  me t ho d e s  e t  moyen s  ayant d e pu i s  perm i s  une 
r e a l i s a t i o n p l u s c om p l e t e  d u  p o t e n t i e l  e n  m a t i e r e  de m o d e l i s a t i o n 
t he nn i q u e  d yn a m i q ue a pp l i q u e e  a l a  conce p t ion.  



T i t l e 

A u t h o r  

O r g a n i s a t i on 

INTE GRATED DE S I GN CASE STUDY : THE RE SULTS 
AT CLACTON ST J OHN ' S  6 YEARS ON 

B K i n g , Ama z on E n e rgy L t d  

J Packe r  Env i r onmen t a l  En g i n e e r i n g  Sec t i on 
E l e c t r i c i t y  Coun c i l  

D e s c r i be d  i n  t h i s  paper a r e  t he CAD l e s sons and pro j e c t  r e su l t s  
o b t a i n e <..I fron: Ll 1e d e s i g n ,  commi s s i o n i ng a n d  sulH; e q u � n l  moni t o r i n g  
o f  a low ene rgy pr imary s chool , C la c t o n  S t  J ohn . T h e  work wh i c h  
t o ok p l a c e  wi t h i n  the normal d a y - t o- d a y  d e s i gn o f f i c e  fr amework 
of t h e  Arch i t e c t ' s  Departmen t ,  E s s e x  Coun ty Coun c i l  i nvolved the 

------------1-..t.-1-<:>-b-"'··ll =-�··l 0-US t>·P-l ·-Ga-t-1- 0:i:t -pa- t l,a. u.n-i�&-1-t e-v.e ,.o .. pe.0--------
d ynam i c t h e rm a l  mo d e l l i n g  program , T a s0 , t o  l i ve d e s i gn wor k .  
Whe re po s s i b l e  the resu l t s  o f  t h i s  work have been separa t e d  t o  
d e s c r i be f i r s t l y  t h e  ope r a t i n g  expe r i ence , f o r  e a ch of t he ma jo r  
s y s t em s  in t h e  school . Secon d l y  CAD and i t s  impa c t  o n  t h e  d e s i g n  
proce s s  wh e re u n i q u e a b i l i ty to v iew t h e  t o t a l  b u i l d i ng ,  f a br i c  
a n d  sy s t em s , a s  a n  i n t e g r a t e d  t h e rm a l  pr o b l em encour a g e d  
i n t e g r a t e d  d e s i gn t e a m  wor k i n g  a s  we l l  a s  d i r e c t l y  i n f l uenc i n g  
l a t e r  p r o g r a m  s t y l e an d a b i l i t y s i gn i f i c ant i n s i g h t  wa s o b t a inerl 
i n t o  me t h o d s and f a c i l i t i e s  wh i c h have s i nce en a b l e d  fu l l e r  
r e a l i s a t i on o f  t h e  po t en t i a l  o f  d ynamic t h e rmal mo d e l l in g  t o  t h e  
d e s i gn . 
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T i t r e  ETUDE DE CON C E P T I O N  D E  L' ENV I R ONNEMENT AS S I S TEE PAR ORDI NATEUR 
CONCERNANT UNE EXPOSITION MOBILE TECHNOLOGIQUE 

Aut eur s : C . T . Barke t et J . C . Lam 
Organi s a t i\)n : Ove A r u p  & P a r t n e r s ,  1 3  F i t z r oy S t r e e t ,  L o n d r e s  W l P  6BQ , 

An g l e t erre 

RESUME 

L ' ordi nat eur a f a i t  l ' o b j e t  d ' u n  e m p l o i i n t e n t i f  d a n s  ! ' e x e c u t i o n  d e s  
e tudes d e  conce p t i on d'un bat i ment d ' e xp os i t i on m ob i le d e  l ' i n f ormat iqu e ,  
c ommande p a r  u n  i mp o r t a n t  c o n s t r u c t eu r  d ' o r d i n a t eur s. L'expos i t ion s e r a  
s oumi s e  a d e s  con d i t i ons a t m os pheriqu e s  ri gour eu se s ,  t out e n  maint enant 
un m i l i eu i n t e r n e  s t a b l e .  L ' i t i n e r a i r e c o m p o r t e  2 0  m e t r o p o l e s  
eur opeenne s ,  d o n t  l e s  c o n d i t i o n s  c l i m a t i q u e s  d e  c e r t a i n e s  s o n t  t r e s  
d i f f erent es , a  s av oi r  M adri d e t  He l s inki. Le ba t i ment d o i t  d e  plus p r endre 
en ch arge un g r and nombre d e  per s onne s e t  d e  m a t e r i e l  i n f  ormat ique. C e t t e  
c ommuni ca t ion present e que l que s-unes d e s  face t t e s  d e s  e tudes d e  concep
t i on d e  l 'e nvi r onnement , dans l e sque l l e s  l ' ordinat eur e s t  intervenu. Ce s 
face t t e s  e ng l o b e n t  e n t r e  au t r e s  l ' a n a l y s e  t h e r m i q ue , l a  c o n f i g u r a t i o n  
opt imale du g r o s  oeuvre ext erne , l e s  previ s ions e n  matiere d e  mouve m ent s 
d ' a i r  m i c ro-cli m a t i ques e t  l a  repar t i t io n  d e s  t emperatures ,  le t r a i t em ent 
g r aphique t r i d i m e n s i onne l  ainsi que l ' e c l airage d iurne. 



COMPUTER-A I DED ENVI RONMENTAL DES I GN FOR A H I GH TE CHNOLOGY TRAVELLING EXH I B I T I ON 

C . T .  Barker an d J . C .  Lam 
Ove Arup & Partn e rs , 1 3  F i t 2roy Stre e t , Lon don WlP 6BQ , Engl an d . 

Comp u te r ha� b e e n  u s � d  extens i v e l y  in the de$ i gn of a tr av e l l i ng e xh i b i t i on 
bu i l d i ng for i n forma t i on t e c hno l ogy , comm i s s i on e d  by a ma j or c ompu t e r 
manufa c turer . The e xh i b i t i on wi l l  be sub j e c te d  to s e v e r e  e x t e rn a l  w e a t h e r  
c on d i t i ons wh i l e  m a i n t a i n i ng a s t ab l e  inte rnal envi ronmen t .  Th e i t i ne � a� y 
covers 20 Europ e an c i t i e s , s ome w i th v e ry di fferent c l imates ( e . g .  M a � � i d  
an d  He l s i n k i ) .  fur thermore , i t  has tn a c c ommodate a l arge numt e r  o f  
p e op l e  an d  c ompu ter e qu i pme n t . Th i s  paper d e s c r i b e s  some a s p e c t s  of the 
envi ronmen t a l  d e s i gn , i n  wh i ch c ompu t e r  has p l ay e d  a rol e .  The s e  i n c l u d e  
the r m a l  an a l y s i s , op t i mum ex t e rnal fabr i c  c onfigurat i on , pre d i c t i on of 
m i c ro-c l im a t e  a i r  movement and temperature d i s tr i b 

����������g.ra-p- a y  l g  t i ng .  
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Ti t r e  Te chn i q u e s  d ' e t u d e s  de c oncept i on e t  d e  commande app l i ca b l e s  a 
l ' acous t i qu e  des p i e ce s . 

Au t eur : G .  Verme i r . 

Organi s a t i on 

RE S UME : 

Labora � o i r e  de Phy s i que d e  la Cons t ruc t i on ,  K . U .  Leuven , 
Be l g i q u e  

I I  e s t  e t u d i e  l e s  p r i n c i p e s  e t  l e s  a p p l i c a t i on s  d e  l a  t e c h n i q u e  d e  
t r a � a ge aux ra yon s .  I I  s e ra i l l u s t re un important prog i c i e l  d e  pre v i s i on 
d e s  c r i t e r e s  a c o u s t i q u e s  d e s  p i e c e s .  C e  p r o g i c i e l  s ' a p p l i q u e a u x  
p r o b l e m e s  d e  r e p a r t i t i on d e s  br u i t s  d a n s  d e s  e t u d e s  d e  b r u i t d a n s  l e s  
u s i n e s  e t  a l ' e t u d e  d e s  c r i t e r e s a c o u s t i q u e s  d e s p i e c e s ,  t e l s  q u e  l a  
p e r i o d e  d e  re v e r be r a t i on , l a  pe r i o d e  d ' e x t i n c t i on ,  l a  c l a r t e  d a n s  d e s  
e t udes d ' audi t o r i um s ,  d e  s a l l e s  d e  the � t res e t  d e  concer t s . 

I l  e s t  e t ud i € ,  a t i t re d'a l t e rnat i v e ,  une me thode appe l e e  l a  methode d e  
" t r a � a g e  de c5nes ". E l l e  cons t i tue l e  moyen prat ique d ' aborder l e  mode l e  
i m a g e - s o u r c e .  L ' a v a n t a g e  d e  c e t t e o p t i q u e  e s t  u n e  p o s i t i on r e c e p t r i c e  
bien d e fi n i e  e t  l a  po s s i b i l i t e  d e  pr e v o i r  une r e ponse des impu l s i on s .  La 
re ponse des impu l s i o n s  repre s e n t e  l ' ou t i l fondamen t a l  pour la s imu l a t i on 
de l ' acous t i que d e s  sa l l e s  env i sagee dans l e s  expe riences aud i t ives . 



T i t l e DESI GN AND CONTROL TECHNIQUES FOR ROOM ACOU STICS 

A u t h o r  r, ,  Ve rrne i r . 

O r g a n i s a t i o� Labora t o r v  o f  Bu i l d i n� Phy s i c s , K . C . Leuven , De l � i u� . 

S Y � 0P S I S  

The p r i n c i p l e s  and app l i c a t i on s  o f  t h e  r ay - t ra c i n �  t e chn i qu e  a re c on s i d e r e d . 
An i m p o r t a n t  s o f t w a r e  p a c k a g e  f o r  t h e  p r e d i c t i on o f  r o om-a c c ou s t i c a l  c r i t e r i a  w i l l  
b e  i l lu s t r a t e d . I t  ap p l i e s  t o  p r ob l ems o f  s ond d i s t r i b u t i on i n  s tu d i e s  of f a c -
t o ry n o i s e  a n d  t o  t h e  s t u d y  o '  r o om a c ou s t i c a l  c r i t e r i a ,  s u c h a s  r e v e r b e r a t i on 
t ime , e a r l y  d e c a y  t i m e , c l a r i t y i n  s t u d i e s  o f  aud i to r i a ,  t h e a t r e s  a n d  
c o n c e r t  h a l l s .  
A s  a n  a l t e r n a t i v e a s o - c a l l e d ' c o n e - t r a c i n � ' m e t h o d  i s  c on s i d e r e d . 
Th i s  i s  a p r a c t i c a l wa� t o  a p � r o a c h  t h e  i m a g e - s o u r c e  mo d e l . Th e a dv a n t a �e 
o f  t h i s  app r o a c h  i s  2 we l l  d e : i n e d  r e c e i v e r  � o s i t i on ,  and t h e  p o s s i h i l i t y 
f o r  a p re d i c t i o n o f  t h e  i m p u l s e  r e s p o n s e . Th e impu l s e r e s o on s e  i s  t h e  b a s i c  � o o l 
f o r  t h e  s i mu l a t i o n o f  t h e  e x p e c t e d r o o� a c ou s t i c s  by aud i t iv e  exn e r i rn e n t s .  
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Titre La m e tho de d e s  i m a g e s p o u r  la s i m u l a t i o n  d e s  pe r f o r m an c e s  
a c ou s t i ques dans l e s  e spaces c l o s . 

Aut eur s : E .  C i r i l l o , I .  Fat o ,  F .  P i c ci ni nni 

Organi s a t i on : Univer s i t e  d e  Bari 

RESUME 

La m e t ho de d e s  i m a g e s  a p p l i q ue e  a l ' a c ou s t i q ue a r c h i t e c t u r a l e  e s t  un 
c r i tere g e o m e t r i q u e  a d op t an t  l e s  m e m e s  c on c e p t s que l e s  t h e or i e s  d e  
l ' op t i que , af in d e  ca lculer l a  p r e s s i o n  sonore dans t ou t  empl acement d 'u n  
e s pace c l o s .  L'acoust ique geometriqu e ,  t out en ne pe r m e t t ant t o u j our s pas 
d e  r e s ou d r e  t ou s  l e s  p r o b l e m e s  e n  m a t i e r e  d ' a c ou s t i q u e ,  c ' e s t - a - d i r e , 
d ' int e l l igib i l i t e  d e  l a  p ar o l e , pe r m e t  a p r i ori d e  conna ! t r e  l e s  pe r f or
man ces a c ou s t i q u e s d e s  e s p a c e s  c l o s , d e v e n an t d e  la s o r t e  un ou t i l  
e x tremement u t i l e  dans l e  cadre d e s  e t ud e s  d e  concept i on. 

En c on s e qu e n c e , i l  e s t  i m p e r a t i f  q u e  le c on c e p t  d ' u n  ond e s o n o r e  s o i t  
remplace p a r  l e  c on c e p t  d ' un r a y o n  s o n o r e ,  s e  b a s an t  s u r  l a  t h e o r i e  e n  
ma t i ere d ' o p t i q ue d e  l a  l o i  d e  l a  r e f l e x i o n ,  s e l on l a q ue l l e  l e  r ay o n ,  
pendant l a  r e f l ex i o n ,  r e s t e  dans l e  plan,  y compri s  l e  r ayon incident , l e  
rayon r e f l e c h i  e t  l e  r a y o n  n o r m a l  a l a  s u r f a c e  e t  q ue ! ' a n g l e  d u  r ay o n  
incid ent e s t  l e  m e m e  que celui d u  r ayon r e f l e ch i .  

L e  ph e n o m e n e  d ' i n t e r f e r e n c e s  e s t  n e g l i g e  e t , en out r e ,  d e s  r e l a t i o ns d e  
pha ses r e c i pr oq u e s , d e  s o r t e  q u e  l ' i n t e n s i t e  s o n o r e  t o t a l e  n ' e s t  q u e  l a  
total i s a t ion de l eur s intens i t e s . 

I l  e s t  obt enu une prec i s ion su f f i s an t e  dans ! 'evalua t ion du ch amp s onore 
avec d e s  s ou r c e s  d ' i m a g e s  d ' o r d r e  e l e v e . La du r e e  d e s  c al c u l s  a i n s i  q u e  
1 ('  1 r  c o m p l e x i t e  i n d i que que l ' e m p l o i du p r og r am m e i n f or m a t i q u e  d e  l a  
me t hode d e s  i m a g e s e s t  f a c i l e m e n t  m i s e e n  o e u v r e  s ur u n  o r d i n a t e u r  
pe rs onnel dans l e  c a s  d'une S a l le re c t angu l a i re d o t e e  d e  mur s  regu l i e r s ,  
t and i s  qu'en general , en pre sence d ' u n  nombre d e  mur s supe ri eur a six ou 
d e  form e s  irregu l i er e s ,  le programme inf or m a t i que exige un enorme volume 
de m e m o i r e  et une v i t e s s e  de c a l cul suf f i s ant e. 

Il e s t  d e c r i t  d a n s  c e t t e  c o m m u n i c a t i o n  l ' e m p l o i  d e  l ' o r d i na t eu r  d a ns 
! ' eval ua t i on du champ s onore et l a  m e t hode de d e t e rmina t i on d e s  parame
tres i d e n t i q ue s u t i l e s  aux e t u d e s  de c o n c e p t i o n  a c ou t i s q u e  d a n s l e s  
S alles d e  f o r m e s  r e gu l i e r e s  O U  l e s  S a l l e s  d e  f o r m e s  d i v e r s e s .  1 1  8 e t e  
execute u n e  e t u d e  d e  s a l l e  m o d e l e  e t  i l  a e t e  o b s e rv e  u n e  b o n n e  c on c o r 
dance e n t r e  l e s  previ s i ons inf orma t i ques e t  l e s  r e sul t a t s  d e s  expe r i ences.  



T i t le 

Au t hor 

Organi sa t i on 

THE I MAGE METHOD FOR S I MULATING THE ACOUSTIC AL 

PERFORMANCE OF ENCLOSED SPAC ES 

E C I RILLO I FATO F P ICC ININNI 

Uni v e r s i t a  Di Bar i 

The image method applied to archi t e c t urdl a c ou s t i cs is a geome t r i c a l  
c r i t e r i on takes by op t i ca l  theor i e s  same c on c e p t s  in ord e r  t o  c a l c u l a t e  the 
sound pres sure l evel in any loc a t i on of an e n c l o s ed s pace . The g e ome t r i cal 

acous t i c s  s t i l l  not solving a l l  acous t i c  que s t i ons . i . e .  the spe e c h  
in t e l l eg i bi l i t y .  a pri ori a l lowes to know t he a c ou s t i c  per formance o f  
e n c l o s e d  space s . so becoming very useful t o o l  f o r  des i gn . 

There fore t he concept of a s ound wave mu s t  be r e pla ced inst e ad by t h e  
c on c e p t  of a s ound ray taking by opt i ca l  theory the law of r e f l e c t i on 
a c c o r d i ng  to the ray . d u r i ng r e f l e c t ion . r ema i ns in the p l ane i n c l u d i ng t h e  
i n c i d ent ray . re f l e c t ed r a y  and the normal t o  the s u r f a c e  a n d  tha t the ang le 

of inc i d ent ray i s  s ame of the angle of r e f l e c t ed ray . 

The in t e r f er ence phenomena are negl e c t e d .  wha t  i s  mor e . the mu t u a l  pha s e  
re la tions s o  t h a t  the t o t al s ound i n t e n s i ty i s  s imply t h e  summa t i on o f  
the i r  int ens i t i e s . 

Enough accuracy in ev a l ua t i on of the s ound f i e l d  wi th high order imag e  

sources i s  obt a i n e d . T h e  l e ng th of c a l c ul a t i ons and t h e i r  c ompl e x i ty s how 
u s efulne s s  to u s e  of compu ter . 

The compu t e r  program of image method i s  e a s i l y  impl emen table on a per s onal 
c ompu t e r in t he c a s e  of re c t angu l ar room wi th p l ane wa lls wh i le .  as r e ga r d s  
t he gene r a l  case . when there  are  mor e  t h a n  six wa l l s  o r  i r r egular shape s . 
t he c ompu t er prog r am r e q u i r e s  a va s t  amount of memo ry and suf f i c i ent s p e e d  
o f  calcul a t i on .  

In this paper i t  i s  d e s c r i bed the use o f  c ompu t e r  in the evaluat ion o f  the 
sound f i eld and t o  d e t e rmine s ame parame t res u s e f ul to acous t i c  d e s i gn in 
regular shape room or in room wi th any shape . A mod e l  room wa s per formed 
and i t  i s  f ound i ng  good agre ement be tween c ompu t er pred i c t i on and 
exper imen t a l  r e s u l t s . 
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MODE L I S A T I O N D E S  S Y S T E ME S  H V A C  B A S E E  S U R  LES 
C O M P O S A N T S  I N T E G R E S  

D r . MA R T I N  G O U G H  

Ama z o n  E n e rg y ,  M i l t on K e y n e s .  

L e s  p r o c e d u r e s d ' e m p l o i  c o u r a n t  p o u r  l a  c o n c e p t i o n  e t  
l ' e v a l u a t i o n d e s  s y s t e m e s  H V A C  ( c h a u f f a g e ,  v e n t i l a t i o n , 
c l i m a t i s a t i o n )  p e u v e n t  e t r e  d i v i s e e s e n  t r o i s  c l a s s i f i c a t i o n s 
p r i n c i p a l e s : l e s m e t h o d e s  d e  c o n c e p t i o n m a n u e l l e s ,  l e s  
p r o c e d u r e s  m a n u e l l e s  s i m p l i f i e e s  ( m e t h o d e  e m p i r i q u e )  e t  l e s 
s o l u t i o n s  i n f o r m a t i s e e s .  

L ' a p p r o c h e  i n f o r m a t i s e e ,  a v e c l ' a v a n t a g e  e v i d e n t  d ' un e  v i t e s s e  e t  
d ' u n e  e x a c t i t u d e f o r t e m e n t  a c c r u e s ,  n ' a  r e c; u e  j u s q u ' a p r e s e n t  
q u ' u n e  a c c e p t a t i o n l i m i t e e p a r m i  l e s i n g e n i e u r s  d ' e t u d e s , 
p r i n c i p a l e m e n t  a c a u s e  d u  m a n q u e  d e  f l e x i b i l i t e c o n c e r n a n t  l a  
g a m m e  d e s  s y s t e m e s  q u i  p e u v e n t  e t r e  m o d e l e s e t  a c a u s e d e s  
i n t e r f a c e s  u t i l i s a t e u r s  r e l a t i v em e n t  p r i m i t i v e s o f f e r t e s a v e c  l e  
l o g i c i e l  d e  c o n c e p t i o n  HV A C . 

D a n s  l e  b u t  d e  s u rm o n t e r  c e s  l i m i t a t i on s ,  u n  n o u v e a u  p r o g i c i e l d e  
s i m u l a t i o n t h e r m i q u e  a e t e d e v e l o p p e p a r  A m a z o n  E n e r g y .  L e  
p r o g i c i e l , n o m m e  B : T a s 0 , a t t e i n t  l a  f l e x i b i l i t e  e t  l ' e m p l o i  
d e s i r e s  p a r  l ' a d o p t i o n d ' u n e  a p p r o c h e  d e  l a  m o d e l i s a t i o n d e s  
s y s t em e s  b a s e e s u r  l e s com po s a n t s ,  a v e c u n e  i n t e r f a c e  g r a p h i q u e  
q u i  f a c i l i t e u n e  c r e a t i o n t r e s  r a p i d e ,  m e t t a n t  e n  f o r m e  e t  
e v a l u a n t  l e s  d i f f e r e n t e s  c o n c e g t i o n s  a l t e r n a t i v e s .  L e s  op t i o n s  d e  
s im u l a t i o n s  o f f e r t e s  p a r  B : T a s  r e f l e t e nt l e s ph a s e s  s u c c e s s i v e s  
d a n s  l e  p r o c e d e  d ' e t u d e  e t  s ' e t e n d e n t  d u  c a l i b r a g e  a u t o m a t i q u e  
b a s e  s u r  l e s c o n d i t i o n s  d ' e t u d e  s p e c i f i e e s  p a r  l ' u t i l i s a t e u r  
j u s q u ' a  l a  s i m u l a t i o n  c o m p l e t e m e n t  i n t e g r e  h e u r e  p a r  h e u r e  p a r  
l a q u e l l e  t o u t e s  l e s e q u a t i o n s  d u  s y s t e m e  e t  d u  b a t i m e n t  s o n t  
r e s o l u e s  s i m u l t a n e men t .  

C e t  e x p o s e  p r e s e n t e  u n e  d e s c r i p t i o n  d e s  p o s s i b i l i t e s  d u  
p r o g r a m m e , u n  c o rn p t e  r e n d u  d e  l a  b a s e  t h e o r i q u e  e t  u n  e x am p l e  
d ' u n p r o j e t  u t i l i s a n t  B : T a s 0 • 



T i t le INTEGRATED COMPONENT-RASED HVAC SYSTEMS MODELLING 

Au t ho r  D r  Ma r t in Gough 

Orga n i s a t i on Arna z cn Ene r g y ,  M i l ton Keyn e s  

P r o ce d u r e s  i n  c u r r e n t  u s e  for t h e  d e s i gn and eva l ua t ion of HVAC sys tems may 
be d i v i d e d  in three broad c la s s e s : man u a l  d e s i gn me thod s ,  s i mp l i f i ed manual 
p r ocedu r e s  ( ' ru l e s  o f  thumb ' ) and c ompu t e r- b a s e d  s o l u t ions . 

The compu ter-ba s e d  approa c h , wi th i t s  obv i o u s  a d van t a ge of grea t ly i ncr e a s e d  
s p e e d  a n d  accu r ac y ,  h a s  u n t i l  n o w  r e c e i ve d  only limi t e d  acc e p t ance amon g 
d e s i gn e ng i n e e r s  p r i n c ip a l l y  be cause o f  a lack o f  f l exibility wi th r e g a r d  t o  
t h e  r a n g P  o f  s y s t e m s  t h a t  c a n  be mo d e l le d  a n d  t h e  r e la t i v e l y  p r i m i t i ve 
u ser- i n t e r face s o f f e r e d  wi t h  HVAC d e s i gn sof twa re . 

W i t h t h e  a i m  o f  o v e r c o m i n g  t h e s e  li m i t a t i o n s  a n e w  t h e r ma l s i m u l a t i o n 
p acka g e  h a s  be e n  d e v e l op e d  by Ama z on Ene r gy .  The packa ge , B : Ta s0 re f l e c t  
s u c ce s s i v e  s t a g e s  i n  t h e  d e s i g n p r o c e s s  a n d  r a n g e f rom a u t oma t ic s i z i n g  
b a s e d  on u s e r - R p e c i f i e d  d a s i gn cond i t i ons t o  fully i n tegra t ed h o u r  b y  hour 
s i m u l a t i o n i n  w h i c h  a l l  s y s t e m  a n d  bu i l d i n g , e q u a t i o n s  a r e  s o l v e d  
s imu l t aneou s l y .  

T h i s  p a p e r  p r e s e n t s  a d e s c r i p t i on o f  t h e  c a pab i li t i e s  o f  t h e  program , a n  
a cc o u n t o f  t h e  theo r e t ic a l  ba s i s  and a n  examp l e  o f  a pr o j e c t  i n  wh ich B : Ta s0 

wa s used . 
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L ' A P P L I C A T I O N  D E  ME T H ODES D E  R E C H E R C H E S  O P T I MA L E S  
V I S - A -V I S  DE L ' E T U D E  DES S Y STEMES H V A C  

J A WR I G H T  e t  V I H A N B Y  

D e p a r t em e n t  d e  G e n i e  C i v i l , 
U n i v e r s i t e d e  T e c h n o l o g i e , L o u g h L or o u g h . 
( D e p a r tm e n t  o f  C i v i l  E n g i n e e r i n g )  

I l  e x i s t e  p l u s i e u r s  a s p e c t s  d a n s  l ' e t u d e  e t  l a  s e l e c t i o n 
d ' e q u i p e m e n t s  d e s  s y s t e m e s  H V A C  ( c h a u f f a g e , v e n t i l a t i o n ,  
c l i m a t i s a t i o n )  q u i  p o u r r a i e n t  e t r e  am e l i o r e s  p a r  l ' a p p l i c a t i o n d e  
t e c h n i q u e s  d e  r e c h e r c h e  o p t i m a l e .  L e s  b a s e s  d e  d o n n e e s , 
r e p r e s e n t a n t  d e s  s e r i e s  d e  c om po s a n t s  fa br i q u e s  e t  d e  para m e t r e s  
d ' e x p l o i t a t i o n t e l s  q u e  l e s p o i n t s  d e  r e g l a g e  d e s  c o n t r o l e u r s ,  
l e s d e b i t s  d e  ma s s e  e t  l e s t e m p e r a t u r e s ,  p e u v e n t  e tr e  r e c h e r c h e e s 
a f i n  d ' a p p o r t e r  d e s  s o l u t i o n s  o p t i ma l e s p o u r  d i f fe r e n t s  c r i t e r e s  
t e l s  q u e  l e  c o u t i n i t i a l , l e  c o u t d ' e x p l o i t a t i o n , l a  v a l e u r  
a c t u e l l e  n e t t e o u  l a  c o n s omm a t i on e n  e n e r g i e  p r i ma i re . 

L e s  p r o b  1 e m  e s  d I o p t i m i  s a  t i  o n  p e u  v e n t  e t  r e  c 1 a s s i  f i e s  s e  1 on 1 e s  
t y p e s  d e  f o n c t i o n s  u t i l i s e e s p o u r  d e c r i r e l e  s y s t e m e , l e s 
c o n t r a i n t e s  s u r  l e  p r o b l e m e s  e t  l a  p r e s e n c e  d e  s u b o r d o n n e s  s u r  
l e s v a r i a b l e s d u  s y s t eme . C e t t e e t u d e  p re s e n t e  l e s r e l a t i o n s  d e s  
m od e l e s d e  s y s t em e s H V A C  a v e c  c e t t e  ba s e  e t  d e c r i t  l a  form u l a t i o n  
d e s  m o d e l e s d e  s y s t e m e s  e t  l ' o r g a n i s a t i o n d e s  b a s e s  d e  d o n n e e s  
q u i  r e p r e s e n t e n t  l e s s e r i e s  d e  c o m p o s a n t s  d e s  f a b r i c a n t s  a f i n  d e  
p e rm e t t r e l ' a p p l i c a t i o n d e  m e t h o d e s  de r e c h e r c h e  s y s te m a t i q u e . 

D e u x m e t h o d e s  d e  r e c h e r c h e  d i r e c t e  o n t  e t e m i s e s  e n  o e u v r e d a n s  
u n e  s e r i e  c om p l e t e d e  p r o g ramm e s  d ' e t u d e s  e t  d e  s im u l a t i o n s  d e s  
s y s t e m e s H V A C .  L ' e x p o s e  d e c r i t l a  s t r u c t u r e d ' e n s e m b l e  d e  l a  
s e r i e  e t  d i s c u t e  l e s r e s u l t a t s d e  l ' e m p l o i d e  t e c h n i q u e s  d e  
r e c h e r c h e  o p t i m a l e  j u s q u ' a  l ' a n a l y s e  d e  s y s t e m e s  p r i s  c o m m e  
e x em p l e  p o u r  u n e  a p p l i c a t i on d e  r e c u pe r a t i on d e  l a  c ha l e u r .  L e s  
p r i n c i p a u x  p o i n t s  d i s c u t e s  s o n t  l e s f o r m e s  d e s  f o n c t i o n s  
o b j e c t i v e s , l e s c o n c e p t i o n s  a l t e r n a t i v e s i n d i q u e e s  p a r l e s 
d i f f e r e n t e s  f o n c t i o n s  o b j e c t i v e s e t  u n e  b r e v e  e s t i m a t i o n  d e s  
r e s s o u r c e s  i n f o rm a t i q u e s  ne c e s s a i r e s  p o u r  r e s o u d r e  l e s p r o b l e m e s  
d ' o p t i m i s a t i on d e  c e  t y p e . 



� • r: 

T i t l e · 

Au t hor : 
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THE APPLI CAT I ON OF OPTIMAL SEAR CH METHOD S TO 
HVAC SYSTEMS DE S I GN 

J A WRI GHT and V I HANBY 

Depar tment of C i v i l  E n g i n e e r i n g ,  
Unive r s i ty of Techn o l ogy , Loughborough 

There are many a s pe c t s  o f  HVAC s y s t em d e s i gn and e q u i pment 
s e l e c t i on wh i ch cou l d  be i mproved by t h e  a p p l i ca t i on o f  op l i ma l  
sea rch t e c h n i q u e s . Da t a  b a s e s  wh i c h  r e p r e s e n t  ranges o f  
m an u f a c t u r e d  componen t s  a n d  opera t i n g parame t e r s  such as 
con t r o l ler s e t  po i n t s ,  mass f low r a t e s  and t empera t u r e s  c an be 
searched to prov i d e  optimal s o l u t ions f�r d i fferent cri t er i a  
such a s  f i r s t  c os t ,  runni ng c o s t , n e t  p r e s e n t  v a l ue o r  p r im ar y  
ene rgy con sump t i on .  

Opt i m i s a t ion problems may be c a t egor i se d  accor d i n g  to the t y p e s  
o f  func t i on s  u s e d  i n  d e s c r i bi n g  t h e  s y s t e m ,  t he c on s t ra in t s  on 
t h e  problem and t h e  pr e s en c e  of boun d s  on t h e  sy s tem var i ab le s . 
The paper d i scu s s e s  t h e  r e l a t i on s h i p  of HVAC s y s t em mode l s  t o  
t h i s  fr amewor k a n d  d e s c r i be s  t h e  f o rmu l a t i on of sy s t em mode l s  
and the organ i s a t i on o f  d a t a  ba s e s  wh i ch r e p r e s e n t  manufa c t ure r s ' 
ranges of componen t s  in ord e r  to pe r m i t  t h e  a pp l i c a t i on of 
sy s t ema t i c  s e a r c h  m e t h od s .  

Two d i re c t  s e a r c h  m e t hod s have be en impleme n t e d  wi thin a 
c omprehen s i ve s u i t e o f  HVAC sy s t em s  d e s i gn and s i mu l a t i on 
programs . The paper d e s c r i h e s  the overa l l  s t ructu r e  of t h e  
su i te a n d  d i scu s s e s  t he r e su l t s  o f  t h e  u se o f  t h e  optimal 
search t e chnique s t o  t h e  ana l y s i s  o f  exampl e  sy s t em s  taken 
from a heat r e covery app l i c a t i on .  The m a i n  poin t s  d i sc u s se d  
a r e  t h e  shapes of t h e  ob jec t i ve func t i on s ,  t h e  a l t e r n a t i ve 
d e s i gns i nd i ca t e d  by t h e  d i f f e r e n t  o b j e c t i ve func t i ons and a 
bri e f  appr a i sa l  o f  t h e  compu t in g  re s o ur c e s  requ i r e d  to s o l ve 
o p t im i sa t i on prohlems of t h i s  t y pe . 
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Tit r e  PROCE DURE DE CAL C U L  I N TEGREE P E RME TTAN T D E  PREV O I R  L ' AERAT I ON 
NATURELLE DANS LES BATIMENTS 

Aut eur : Edward H .  Mathews 

Org ani s a t ion : Univers i t e  de Pre t or i a ,  Pretoria 0001 , Af r i quedu S ud . 

RESUME 

11 e s t  e t u d i e  une p r o c e d u r e  d e  c a l cu l d e s t in e e a p r e v o i r  l e s  r e g i m e s  
env i s a g e s  d ' a e r a t i o n n a t u r e l l e  d a n s  l e s  b a t i m e n t s ,  p e n d a n t  l a  p h a s e  
d ' etude. Cet t e  procedure i nt egre t r oi s m e thodes d e  cal cu l ,  ! s avoi r une 
metho d e  d e  p revi s i on d e s  pres s i ons p r ovoquees par l e s  t e mperature s ,  une 
me thode d e  c a l c u l  d e s  r e p a r t i t i o n s  d e s  p r e s s i o n s  g e n e r e e s  p a r  l e  v e n t  
a u  t our d e s  b a t i m e n t  s ,  e t  l a  t r o i  s i e m e m e t ho d e  p o r t e  s u r  I ' a n a l y s e  d e s  
r es eaux d e s  e c oule ment s d ' a i r  e n  r e s u l t ant dans l e s  ba t i ment s .  Le s expe
r i ences e f f e c t u e e s  m o n t r e n t  q u e  c e s  m e t h o d e s  s on t  v a l i d e s .  L e s  t r o i s  
me tho d e s  p e u v e n t  e t r e  ut i l i s e e s  n o n  s e u l e m e n t  p our p r e v o i r  l ' a e r a t i o n  
natur e l l e ,  m a i s  a u s s i  p ou r  p r e v o i r  d e  m u l t i p l e s  a u t r e s  a p p l i c a t i on s  
d ' i ngen i e r i e  d e  l ' e n v i r o nn e m e n t , pa r e x e m p l e  l a  p r e v i s i o n d e s  c h a r g e s  
thermi ques d a n s  l e s  b a t i m e n t s  e t  l e s  v e n t s a u t o u r  d e s  b a t i m e n t s ,  a i n s i 
que pour ! ' execut i o n  d e s  e t udes de conception d e s  s y s t e m e s  d e  vent i l at ion 
mecanique . 



T i t l e  

Au thor 

O r g an i s a t ion 

SPHl !ARY 

AN INTEGRATED COMPUTATI ONAL PROCEDURE TO PREDI CT 
NATURAL VENT I LAT I ON IN BU ILDINGS 

Edward H Ma t hews 

Un i ve r s i t y  of Pre t o r i a  
P r e t or i a  0001 
S o u t h  A f r i ca 

A c o m pu t a t i o n a l  p r o c e d ur e  to pred i c t  ex pe c t e d  ra t e s  o f  n a t u r a l  ven t i l a t i on 
f o r  b u i l d i n g s  a t  t h e  d e s i g n s t a g e i s  i n v e s t i g a t e d . T h i s  p r o c e d u r e  
i n t e g r a t e s  t h r e e  c o m pu t a t i o n a l  me thod s ,  name l y  one t o  pre d i c t  tempe ra t ure 
i n d u c e d  p r e s s u r e s , a n o t h e r  to compu t e  wi n d  gene r a t ed pr e s su r e  d i s t r i bu t i on s  
a r o u n d  bu i l d i n g , a n d  t h e  t h i r d  t o  a n a l y s e  t h e  n e tworks o f  re su l t i n g  a i r  
f l ows i n  bu i l d i n g s . E x pe r i m e n t s  s h o w t h a t  t h e s e  me t hod s a r e  va l i d . The 
t h r e e  m e t h o d s  c a n  he u s e rl  n o t  n n l y  f o r  t h e  p r e rl i c t i o n o f  na t u r a l  
ven t i l a t i on ,  but a l s o  for many o t h e r  env i r onmental eng ineer i ng a pp l i ca t ions , 
e . g .  t h e  p r e d i c t i o n o f  h e a t l o a d s i n  bu i l d in g  and o f  env ironmen t s  a r oun d  
bu i l d i ng s ,  a s  we l l  a s  f o r  t h e  d e s i gn o f  mechan i c a l  ven t i l a t i on sys tem s . 
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T i t r e  : SOLU T I O N N U ME R I QU E  D E  J E T S D ' A I R  DE V E N T I L A T I O N  

A u t e u r  : A A S e t r a k  H B Awbi 

O r g a n i s a t i o n C o l l e g e  N a p i e r , E d i n b o u r g .  

D e s  j e t s t u r b u l e n t s  m u r a u x  s o n t  c o mm u n e m e n t  u t i l i s e s  p o u r  l a  
d i f f u s i o n d ' a i r  d e  v e n t i l a t i o n o u  d ' e n e r g i e  t h e r m i q u e  d a n s  u n  
e s p a c e  v e n t i l e  o u  c l i m a t i s e . A f i n  d ' e v i t e r  t o u t  c o u r a n t  d ' a i r  
d a n s  l a  z o n e  o c c u p e e ,  i l  e s t  i m p o r t a n t  q u e  l a  p l u p a r t  d e  
l ' e n e r g i e  c i n e t i q u e  d e s  j e t s  s o i t  d i s s i p e e  p r e s  d u  p l a f o n d .  L e s  
p e r fo r m a n c e s  d e s  d i s p o s i t i f s d e  d i f fu s i o n d ' a i r  es t e va l u e e s  d e  
m a n i e r e  e x p e r i m e n t a l e  s u i v a n t  B S  4 7 7 3 .  C e p e h d a n t , i l  e s t  
m a i n t e n a n t  p o s s i b l e  d e  c a l c u l e r l a  d i f fu s i o n t u r b u l e n t e  d e  j e t s  
d ' a i r d e  v e n t i l a t i on g r a c e  a l a  n a i s s a n c e  d e  t e c h n i q u e s  d e  ca l c u l  
s o p h i s t i q u e e s . 

D a n s  l e  c a d r e  d e  c e t t e  e t u d e ,  l a  d i f f u s i o n d e  j e t s  m u r a u x  
i s o t h e rm i q u e s  e t  n on i s o t h e rm i q u e s  e s t  p re d i t e  e n  u t i l i s a n t  u n e  
s o l u t i o n d e  d i f f e r e n c e  l i m i t e e  a u x  e q u a t i o n s  p a r a b o l i q u e s  e t  
e l l i p t i q u e s  q u i  de c r i v e n t  l e  d e b i t  t u r b u l e n t  d e s j e t s  d ' a ir .  L e  
j e t  m u r a l p l a n e  e s t  e tu d i e  e n  s e  s e r v a n t  d e  m o d e l e s  d e  t u r b u l en c e  
a e q u a t i o n s i m p l e  e t  a e q u a t i o n d o u b l e  e t  l e s r e s u l t a t s  d e  c e s  
d e u x  m o d e l e s s o n t  com pa r e s  a v e c  l e s d o n n e e s e x p e r i m e n t a l e s .  Le s 
r e s u l t a t s  s e  c o m p a r e n t  b i e n a v e c  l e s m e s u r e s , c e  q u i p r o u v e  l e  
r o l e  d e  l a  m o d e l i s a t i o n m a t h e m a t i q u e  p o u r  l a  p r e d i c t i o n d u  
m o u v em e n t  d ' a i r  d a n s  d e s  z o n e s  f e rm e e s  v e n t i l e e s  m e c a n i q u em e n t .  



T i t le NUMERICAL SOLUTION OF VENTILATION AIR JET 

Aut hors A A SETRAK H B AWBI 

O rgani sat i on Napier College , Edinburgh 

Turbu le nt wall j e t s  are c ommonly used f or t he d i ffus i on of vent i l a t i on air  
o r  the rmal energy into  a ven t i la t ed or ai r- cond i t i oned s pa ce . To  avoi d  the 
o ccurance of draugh t s  i n  the occupied one , it is impor tant that mo st of the 
jet kine t i c  energy is d i s s i p a t e d  close to  the ce i l in g . The performance of 
air diffusion d evices is evalua t ed expe r imenta l ly in accordance wi th BS 

4 7 7 3 . However , wi t h  the advent of soph i s t i ca t e d  c ompu t a t i onal techni ques i t  
i s  now pos s i ble t o  calculate the t urbulent d i f f u s i on of ven t i la t i on a i r  
je t s . 

In  thi s inves t i g a t i on , the d i f fu s i on of isothermal and non- isothermal wa ll 
jets  is pred i c ted u s i ng a f i n i t e  d i f ference solu t i on of t he parabolic and 
e l l i p t i c  equat i ons descri bing the turbulent flow in ai r j et s . The plane 
wal l  jet is i nve s t igat ed u s i ng s ingl e-equa t i on and two-equat i on t urbu l ence 
mod e l s  and th� resu l t s  from the two mod e l s  are compa red wi th experiment a l  
d a t a . The good agre �ment wi th measuremen t s  aff i rms t he role o f  ma thema t i cal 
mod e l ling for the pred i c t i on of air  movement in mechanically vent i la t e d  
e n c losures . 
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Ti t r e  OPTI QUE S  E N  M A T I E R E  D E  M O DE L I S A T I O N M AT B E M AT I Q UE A U X  
APPLICATIONS D ' AERATION ET D ' I NF ILTRATION D E  L ' AIR 

Aut eur : w. A. Li d dament . 

Org ani s a t i o n  

RES UME : 

Air I n f i l t r a t i o n  Cent re ,  Brackn el l , Ang l e t e r r e . 

La p r e s e n t e c o m mu n i c a t i o n  a p our o b j e t  d e  f a i r e r e s s o r t i r  l a  g a m m e  d e  
mod e l e s  m a t h e m a t i q u e s  d ' a e r a t i o n  e t  d ' i n f i l t r a t i o n d ' a i r  m i s  a l a  
di spos i t i on d u  c on c e p t e u r  e t  d ' i n d i que r l e  n i v e a u  a d a p t e  d e  m a t e r i e l  
inf orma t i que c on n e x e  n e c e s s a i r e  a l a  p r i s e  e n  c h a r g e  d e  c e s  m e t h o d e s  d e  
model i s at i o n . 

La d e s c r i p t ion p or t e  t out d 'abord sur une e t ude d e s  methodes emp i ri que s 
simp l e s ,  p r e vu e s  p o ur l e s  c a l c u l s  d ' e t u d e s  d e  b a s e .  I l  e s t  e t u d i e  
l ' app l i cab i l i t e  d e  ce s methodes e t  certaines d e  l eur s insuff i sances s ont 
m i s e s  en v a l e u r . L e s  m e t h o d e s  de m o d e l i s a t i o n  d e s  f l u x  t h e o r i q u e s  s o n t  
ensui t e  e tudi e e s  e t  l ' a c cent e s t  e n  part iculier m i s  s ur une evalua t i o n  d e  
l a  repre sentat i on num erique d e s  m e cani smes de f lux a i � s i  que d e s  f or c e s  
mot r i c e s  c onnexe s .  I l  e s t  au s s i  i n d i que l e s  l i gn e s g e n e r a l e s  d e s  
imper a t i f s  mini mum e n  m a t i ere d e  d onnee s ,  neces s a i r e s  a ! ' execu t i on de 
s imul a t i o ns d ' e t u d e s  f i ab l e s .  

L a  c o m mu n i c a t i o n  f o u r n i t  e n  c o n c l u s i o n  u n e  d e s c r i p t i o n  d e  qu e l q ue s  
algori thme s actuell ement d i s p on ible s, d e s  direct ives con cernant l a  selec
t ion d 'une t e chni que a d ap t e e  i des applica t ions s pec i f i que s ain s i  qu' une 
analy se d e  l a  f i ab i l i t e  e t  d e s  i n c e r t i t u d e s  d e s  m e t h o d e s  d e  c a l c u l  
actuel l e s . 



MAT HEMAT I CAL MODE L L I NG APPROAC H E S  TO A I R I NF I LTRAT I ON AND V E NT I LAT I ON 
APPL I CAT I ONS 

M W 1.I DDAMENT , 

A I R  INFI LTRA TION CENTRE , BRACKNEL L .  

T h e  o bj e c t i v e  of t h i s  p a p e r  i s  to h i g h l i gh t  the r a n g e  of a i r  i nf i l t ra t i o n  

a n d  v e n t i l a t i o n mo de l s  t h a t  a re a v a i l ab l e to the d e s i g n e r  a nd to i nd i c a t e  

t h e  a pp r o p r i a te l ev e l  of a s s o c i a t e d  c ompu t e r  h a rdwa re t h a t  i s  n e c e s s a ry 

to s u p p o rt t h e s e  mod e l l i ng meth ods . 

The d e s c r i p l i on beg i n s w i t h  a d i s c u s s i o n o n  s i m p l e emp i r i c a l  met h o d s  

i n te n d e d  f o r  b a s i c  d e s i gn c a l c u l a t i o n s . The a pp l i c ab i l i ty of t h e s e  

metho d s  i s  d i s c u s s e d  a n d  s ome of t he i r  s hortcom i n g s  a r e  h i g h l i g h te d . 

T h e o re t i ca l l y  b a s e d  f l ow m o d e l l i n g methods  a re t h e n  c o ns i d e re d  wi t h  

p a rt i c u l a r  emp h a s i s  o n  a n  a p p ra i s a l  of the n ume r i c a l  re p re s e n ta t i o n 

of t h e  f l ow mec h a n i sms a n d o f  t h e  a s s o c i a ted d r i v i n g fo r c e s . The m i n i mum 

d a t a re q u i reme n t s  wh i c h a r e n e c e s s a ry i n  o rd e r  to u nd e rta k e  re l i a b l e 

d e s i g n s i mu l a t i o n s  a re a l s o o u t l i n e d . 

T h e  pa pe r c o n c l u d e s  w i th a d e s c r i p t i o n  of some c u rren t l y  a va i l a b l e 

a l go r i thms , g u i d e l i n e s  o n  s e l e c t i n g  a n  a p p ropr i a te t e c h n i q u e  for s p ec i f i c 

a p p l i c a t i o n s  a nd a n  a n a l y s i s o f  the r e l i a b i l i ty a n d  u n ce r ta i n t i e s  of 

p re s e n t  c a l c u l a t i o n me t h o d s . 
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Ti t r e  S Y S TEME E X P ERT C O N C ERNANT U N  BAT I ME N T  P E RF ORM AN T  S U R  LE PLAN 
BI OCLIMATIQUE E T  E N E R G E T I Q UE DANS DES C O N D I TI O N S  C L I M A T I Q U E S  
CHAUDES E T  HUMIDE S  OU CHAUDE S  E T  SECHES . 

Aut eur s : Carolyn Dry e t  Baruch Givoni 

Org ani s a t i o n  : VP+ & SU et Un ive r s i t e  d e  Los Ange l e s  (UCLA) 

RESUME 

Ce p r o j e t  a € t e  s o u t e nu p a r  l ' a r m € e  a m € r i c a i n e .  1 1  s ' a g i t  d ' u n  sy s t e m e  
expert c on c e rn a n t  l e s  pe r f o r m a n c e s  b i o c l i m a t i q u e s  e t  € n e r g e t i q u e s .  1 1  
a v a i t  p o u r  ob j e c t i f  d ' i n d i q u e r  a u n  u t i l i s a t e u r ,  p a r  l e  t r u c h e m e n t  d ' u n  
sys t eme e x pe r t  i n t e r a c t i f ,  l e s  m e t ho d e s  de cons t ru c t i on t enant c o m p t e  d e s  
e x i ge nc e s  d e  c o n f o r t  l e s p l u s  e f f i c a c e s e t  l e s  p l u s  pe r f o r m a n t e s  s u r  l e  
p l an energet i que , d a n s  l e s  c on d i t i ons c l i m a t i ques hum i d e s  e t  chaude s  OU 
l e s  cond i t i o n s  c l i m a t i que s s e c h e s  et chaudes.  

Il a t ou t  d ' ab o r d  € t e  u t i l i s € u n  s y s t e m e  e x pe r t  u n i v e r s e !  a f i n q u ' u n  
c on c e p t eur p u i s s e  i n d i q u e r s e s  c on d i t i o n s  d e  d e c i s i o n s , l e s  c on d i t i o n s  
ext e rne s e t  le s objec t i f s .  C e c i  n ' o f f r a i  t q u'une f a i b l e  i n t e r ac t i on ave c 
l e s  infor m a t i o n s  f ourni e s  un i q ue m ent l o r s  de l a  phase i n i t i a l e. En r a i s on 
d e  l a  c on f i g u r a t i on d e s  l i a i s o n s  d ' i n f o r m a t i o n s  e t  d e  l a  n e c e s s i t €  d e  
di s p o s e r  d 'une s t r a t e g i e_, l e s  aut eu r s  ont e s t i me q u' i l  e t a i t  nece s s aire 
d e  m e t t r e a u  point un m o d e  tres i n t e r a c t i f  p ou r  l ' u t i l i s a t eu r  e t  ce c i  a 
e t e  execut e .  

Les re s u l t a t s  f ourn i s  par ce d e rn i er s y s t e m e  expe r t  ont e t e  p lu s  adaptes 
aux cas t e s t e s  qu ' a u s y s t eme e x pe r t  moins i n t e r ac t i f .  



Ti tle 

Au tho rs 

Organisation 

AN EXPERT SYSTEM ON BIOCLIMATI C AND ENERGY E FFI CIENT BUILDING 
IN HOT/HUMID OR HOT/DRY CLI MATES 

Ca rolyn Dry and Baruch Givoni 

VP and S u  and UCLA 

The u . s  Army s upporte d  this proj e c t .  I t  i s  a bioclima tic a n d  ene rgy e f fi cient 
expe r t  sys tem . The goal wa s to te l l  a user th rough an i n te r acti ve e xpe r t  
sys tem the bes t  ways of bui lding , ene r gy e f f i ciently , for comfo r t  in  ho t ,  dry 
clima tes . 

A un i versal  e xpe r t  sys tem was use d  a t  f i rs t for a des i gne r to s ta te h i s  
�ecis ion condi tions , e x ternal con di tions and goals . This o f fe re d  l i t t le 
i n terac tion wi th i n formation g i ve n  on ly a t  the beg i nning s tage . Be cause of 
th e form of the i n forma tion links  and the necess i ty for s t ra te g i zing , the 
a u thors fe l t  i t  necess a ry to develop a ve ry i n te racti ve node for the use r . 
Th i s  was done . 

The res ul ts g i ve n  by th is l a te r  e xpe r t  sys tem were more approp r i a te for the 
cases tes ted than for the less i n te r ac t i ve expe r t  sys tem . 
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Ti t re : SYSTEMES EXPERTS 

Aut eur : Dr A l an Dunn 

Organ i s a t i on 

RESUME 

In s t i t u t e  o f  Environmen t a l  Enginee r in g  
Pol y t e chni c  o f  the Sou th Bank 
Lond r e s  

D a n s  l e s a n n e e s  r e c e n t e s ,  l e s  r e c h e r c h e s  d a n s  l e  d o m a i n e  d e  
l ' I n t e l l i g e n c e  A r t i f i c i e l l e o n t  f a i t  l ' o b j e t  d ' u n e  r e m a r q u a b l e  
r e n a i s s a n c e  e n  p a r t i e d u  a u x  s y s t em e s  e x p e r t s .  1 1  s ' a g i t  d e  p r o g r a mm e s  
i n f o rma t i qu e s  in corporant non s e u l emen t l e s donnees ma i s  ega l ement l e s  
c onna i s s a nc e s  e t  I ' expe r t i s e  organ i s e e s d e  t e l  l e  mani e r e  que I 'ensemb l e  
pu i s se e t re u t i l i s e pour r e s oudre l e s  p r o b l eme s d ' une fa�on apparemment 
i n t e l l i g e n t e .  L ' ins t i t u t  Techn i que de ! 'En v i ronnement a d e pu i s  p l u s i eurs 
a n n e e s  t r a v a i l l e s u r  l e  d e v e l o p p e m e n t  d e s  p r o g i c i e l s  de CAO p o u r  l a  
c o n c e p t i o n d e s s y s t em e s  d e  c h a u f f a g e / v e n t i l a t i o n / c l i m a t i s a t i on e t , 
r e c o n n a i s s a n t  l e  p o t e n t i e l d e s  s y s t em e s  e x p e r t s  p o u r  r e s o u d r e  l e s 
p r o b l e m e s  n e  r e l e v a n t  p a s  d e s t e c h n i q u e s d e  p r o g r a m m a t i o n 
c o n v e n t i o n n e l l e s ,  a d e b u t e  u n c e r t a i n  n om b r e  d e  p r o j e t s  d e  r e c h e r ch e  
e n g l o b a n t ! ' a p p l i c a t i o n  ou ! ' e v a l u a t i o n  d e  s y s t em e s  e x p e r t s  d a n s  
l ' indu s t r i e  d e s  s e r v i c e s  d u  ba t ime n t .  Le s pro j e t s  s u i v a n t s  s on t  pre sent e s  
e t  d e cr i t s  d an s  ce t t e  c ommuni c a t i on .  

A C E , u n  s y s t e m e  e x p e r t  a i d a n t  l e s  c o n c e p t e u r s  d a n s  l a  s e l e c t i o n d e  
s y s t em e s  d e  c l i m a t i s a t i o n ,  a e t e  d e v e l o p p e  d u r a n t  l e s t r o i s  d e r n i e r e s  
anne e s  e n  c o l l a bora t i on avec l e  "Knowledge Ba s e d  Sy s t em s  Cent re " .  

Un proj e t , p a r ra i ne dans l ' in d u s t r i e  e t  r e c h e r c h a n t  l e s  o c c u r r e n c e s  d e  
d e f a u t s  e t  d e  d e t e r i o r a t i o n  d e s  s y s t em e s  d a n s  d e  l a r g e s  r e f r i g e ran t 
d ' e a u ,  e x a m i n e  1 ' em p l o i d e s  s y s t em e s  e x p e r t s  a t em p s  r e e l e n  v u e  
d ' i n t e r p r e t e r  l e s  d o n ne e s  d e  d e t e c t i on e t  d i a g n o s t i q u e r  l e s d e f a u t s  
e x i s t an t s  ou i mm i nent s .  

Une e t ude d e  pra t i cabi l i t e  e s t  a c t ue l l ement e n  cour s , e n  co l l a bor a t i on 
a v e c 1 a M e t  r o p o  1 i t  an P o l i c e a f  i n  d e  d e·v e 1 O p p e r  un s y s t  e m e  e x p e r t  
c on s e i l l a n t  l e s  arch i t e c t e s  sur l e  p l an d e  l a  con s t ruc t i on e t  d e  l ' espace 
d a n s  l e s  c o mm i s s a r i a t s  de p o l i c e  e t  o b t e n i r  a i n s i  d e s p e r f o r m a n c e s  
a c o u s t i q u e s  s a t i s f a i s an t e s .  

L e  d e v e l o p p e m e n t  d ' un a u t o - c o n t r o l e u r  e s t  e n  c o u r s p a r l ' em p l o i d e  
t e c hn i q u e s  d e  p r o g r amma t i o n s e l o n l e s  r e g l e s a f i n  d ' emm a g a s i n e r  l e s  
c o n n a i s s a n c e s s u r  l e  s y s t e m e  q u i  e s t  u t i l i s e  p o u r  r e a j u s t e r l e s  
p a r ame t re s  d ' un a l gori t hme de c on t r o l e  nume r i que d i re c t . 

Un pro j e t  examinant d e s  int e r fa c e s  a l t e rna t i v e s  aux programme s  de CAO e s t  
e n  t r a i n  d e  c o n s i d e r e r  l ' em p l o i d e  s y s t e m e s  e x p e r t s  p o u r  p r o d u i r e d e s  
i n t e r f a c e s  capa b l e s  d e  s ' a d a p t e r  p l u s f a c i l ement aux be s o i n s  s p e c i f iques 
d e  l 'u t i l i s a t e u r .  



E XPERT SYSTEMS 
Dr Alan Dunn 

Institute o f  Environmental Eng ine ering 
Pol ytechni c of the S o uth Bank 
L ondon 

In recent years research i nto Arti ficial I nte l l i gence has experi enced a 
remarkab l e  renaissance l ed in part by ex p ert systems. T hese are 
computer programs that e mbody not onl y  data but know l edge and ex pertise 
organised in such a way that it may be app l i ed to solve probl e ms in an 
apparent l y  inte l l i gent manner .  T he I nstitute o f  Env ironmental Eng ineering 
has for many years been involved in the deve l opment of CAD packages for 
HVAC desi gn and , re c o gnising the po tent i a l  of expert systems to solve 
probl e ms not amenable to conventi onal programm ing techni ques , has 
initiated a nu mber o f  r esearch proj ects that invo lve the appl i cati on or 
n ppro i c 3 1  o f  ex p ert syste ms within t he hu i l rl j n� s e rvi �es industry. The 
fo l l owing pro j e cts a rc introduced and de scribed in the pap e r .  

AC E ,  an e xpert system to assist desi gners in the se l ect i on o f  a i r  
c onditi oning systems , has b e e n  deve l oped over the last thre e ye ars in 
co l lab orati on with the Know l edge Based Systems Centre. 

An industrial l y  spons ored pro j e ct i nve sti g ating the o ccurrenre n f  fR 1 1 l t s  
and system deteri orati on i n  l a rge water chi llers is exam ining the use o f  
real -time ex pert systems to i nterpret sensory data and diagnose current 
or i m p ending fau l ts .  

A feasi b i l ity study is be ing undertak en , in c o l l ab orat i on with the 
Me t r op o l i t an P o l i c e L u  u e v e ltq i  eti 1 t! x p e r t  s y stem to adv i se a rchi te c t s  
o n  the constru cti on a n d  spatial lay out within pol i c e  stati ons t o  a chi eve 
satisfactory acoust i c  per formance . 

T he deve l o pment o f  an adaptive contro l l er is be ing undertaken using 
ru l e -based pro grammi n g  te chni ques to store histori c  know l edge about the 
system whi c h  is used t o  re -tune the parameters of a direct d i g i tal contro l 
alg or ithm . 

A pro j e c t  examining a l ternative i nterfaces t o  CAD programmes i s  
conside r ing the use o f  e x p ert systems t o  produ ce i nterfaces better ab l e  
t o  adapt t o  speci f i c  use r re quirem ents . 
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SYSTE MES S P E C I A L I SE S  P O U R  L ' E T U D E  DES S E R V I C E S  
D E  B A T I M E N T S  A V E C  R E F E R E N C E  P A R T I CU L I E R E  A L A  
R E C U P E R A T I O N  D E  L A  C H A L E U R  P A R  L ' A I R  

G a v i n  H am i l t on 

C e n t r e  I n f o r m a t i q u e  d e  BS R I A  

C e u x - c i  c o m p r e n n e n t  l ' a s s i s t a n c e a l a  p r e p a r a t i o n d u  d o s s i e r  
d ' e t u d e ;  l e s  c o n s e i l s  s u r  l a  s e l e c t i o n  d e  l ' e q u i p e m e n t  e t  d u  
s y s t e m e ;  l a  v e r i f i c a t i o n  d e  l a  c o n f o r m i t e  a v e c  l e s 
r e g l e m e n t a t i o n s  s t a t u t a i r e s  O U  a v e c l e s c o d e s  d ' e t u d e .  L e s  
s y s t e m e s  s p e c i a l i s e s  p e u v e n t  a i d e r  a u  d i a g n o s t i c  r a p i d e  d e s  
d e fau t s  d a n s  d e s  i n s t a l l a t i o n s  d e  s e r v i c e s  c om p l e x e s .  E t a n t - d o n n e  
q u e  l ' u n e  d e s  c a r a c t e r i s t i q u e s  i m p o r t a n t e s  d e s  s y s t e m e s  
s p e c i a l i s e s  c o n s i s t e  a p o u v o i r  e x p l i q u e r  a l ' u t i l i s a t e u r  p o u r  
q u e l l e s r a i s o n s  l e s q u e s t i o n s  s o n t  p o se e s  e t  p e u v e n t  j u s t i f i e r  
l e u r s  c o n  c 1 u s i  o n s ,  1 e ra i s o n n em e n t  d e  t e  1 s s y s t em e s  d '  e x p e r t i s e  
d e v i e n t  a l a  p o r t e e  d u  p r o f a n e , b i e n  q u e  d e m e u r a n t  d a n s  u n  
d om a i n e  p l u t o t  b i e n  de f i n i  e t  e t r o i t .  

C e t  e x p o s e  d e c r i t  u n  s y s t e m e  d ' e x p e r t i s e q u i  a p p o r t e  d es c o n s e i l s  
s u r  l a  s e l e c t i o n a p p r o p r i e e  d ' un e q u i p em e n t  d e  r e c u p e ra t i o n  d e  l a  
c h a l e u r  p a r  l ' a i r .  C e  d o m a i n e  d e  c o n n a i s s a n c e  a e t e s e  l e c t i o n n e 
c a r  i l  e s t  p o s s i b l e  d e  " l ' e n c a p s u l e r " s u r  o r d i n a t e u r  d u  fa i t  
q u ' i l e x i s t e u n e  e x p e r t i s e  i n t e r n e  c o n s i d e r a b l e  : c ' e s t  u n  
d om a i n e  d ' e x p e r t i s e r e l a t i v em e n t  bi e n  d e fi n i  e t  bi e n  e t a b l i  qu i ,  
c e p e n d a n t , n ' e s t  p a s  l a r g e m e n t  d i s p o n i b l e ,  p a r t i c u l i e r eme n t  d a ns 
l e s  p e t i t e s  o r g a n i s a t i o n s  d ' e t u d e . 

L e s  a u t e u r s  o n t  u t i l i s e u n  c e r t a i n  n o m b r e  d e  c l a s s e s d e  s y s t em e s  
d ' e x p e r t i s e  e t  d e s  l a n g a g e s  i n f o r m a t i q u e s  s p e c i a u x  e t  ! ' e x p o s e  
d e c r i t  d a n s  q u e l l e  m e s u r e  c e s  c l a s s e s  e t  c e s  l a n g a g e s  s o n t 
a p p r o p r i e s p o u r  r e p r e s e n t e r  d i f f e r e n t s  t y p e s  d e  c o n n a i s s a n c e  
u t i l i s e s  p a r  l e s i n g e n i e u r s d e s  s e r v i c e s  d e  b a t i m e n t s .  N o u s  
d e c r i r o n s  l e s c a r a c t e r i s t i q u e s  d u  l o g i c i e l , c ' e s t - a - d i r e  s a  
f a c i l i t e d ' a p p r e n t i s s a g e  e t  d ' u t i l i s a t i o n , s a  f l e x i b i l i t e a u x  
c h a n g e m e n t s  d a n s  l a  b a s e  d e  c o n n a i s s a n c e s ,  l a  s t r a t e g i e d e  
r e c h e r c h e  e t  l a  c r · - :r, u n i c a t i on .  
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EXPERT SYS TEMS FOR BU I LDING SERV I CE S  DE S I GN W I TH 

PARTI CULAR REFERENCE TO AIR TO HEAT RECOVERY 

Gavi n  Ham i l t on 

BSRIA Comput e r  Centre  

The se include  a s s i s t i ng preparation of  the  d e s i gn br i e f ,  adv i s i ng on 
e qu i pmen t and system sel e c t i on ,  che cking for compliance with s t a tutory 
regu la t i ons or des i gn c ode . Exper t  sys t ems could a s s i s t  t he rapid d iagno s i s  
of  fau l t s  in complex services  ins t al la t i ons . S ince an important 
feat ure of exper t  s y s t ems i s  that t hey can explain t o  the user why que s t ions 
are bei ng a sked and can jus t i f y  the i r  conclus i ons , they can make the 
l't!asoning of an expert , albeit in a wel l-defined , ra t her narrow problem 
domain ,  a c c e s s ible to  the layman . 

Thi s paper wi l l  descri be an expert  sys t em wh i ch adv i s e s  on an appropr i a t e  
selec t i on o f  air  to  a ir heat recovery equipment . T h i s  knowledge domain was 
s e l e c t e d  as be i ng su i t able t o  "enca psu la t e "  on compu t er because there was 
c o n s i d e ral>le i u-huus t! t:!xpe r t i s e : i t  is a relatively well d e f ined a nd 
well- es t a b l i shed area of expe r t i s e whi ch i s  not , however , wi dely available , 
e s pe ci a lly i n  sma ll des ign organi s a ti ons . 

A number of commer c ia l ly avai lable expert  sys t em she l l s  and spe cial  comput e r  
languages have been used by the a uthors and the paper w i l l  d i scu ss the 
su i t a bi l i t y  of  the se d i f f e r e n t  she l l s  and languages to represent different 
types of knowledge u s ed by bu i l d i ng s ervi ces engine ers . Features of t he 
sof tware  such as ease of lea rning and of use , f l exibi l i ty to changes in the 
knowl edge base , search s t ra t egy and c ommunicat i on will be d e s c r i bed . 
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C A L C U L  D U  T R A N S F E R !  D E  L A  C H A L E U R P A R  DE B I T  D ' A I R  
E T  C O N V E C T I O N  D A N S  D E S  E N C E I N T E S  C L I MA T I S E E S  
R E C T A N G U L A I R E S 

F A l am d a r i G P H a mm o n d  W S M oh a mma d 

E c o l e  d ' E n g i n e e r i n g  M e ca n i q u e , I n s t i t u t  d e  
T e c h n o l og i e  d e  C r a n f i e l d . 
( S c h o o l  o f  M e c h a n i c a l  E n g i n e e r i n g , 
C r a n f i e l d  I n s t i t u t e  o f  T e c h n o l og y )  

I l  e s t  m a i n t e n a n t  l a r g e m e n t  r e c o n n u  q u ' a f i n  d e  d e v e l o p p e r  d e s  
m e t h o d e s r e a l i s t i q u e s  p o u r  l ' e t u d e  d e s ba t i m e n t s  e n  a p p o r t a n t  u n e  
a t t e n t i o n p a r t i c u l i e r e  a l ' e n e r g i e ,  i l  e s t  n e c e s s a i r e  d e  
r em p l a c e r  l e s p r o c e d u r e s  �orma l e s t r a d i t i o n n e l l e s  p a r  c e l l e s  q u i  
s i m u l e n t  l a  r e p o n s e  d y n a m i q u e  d u  s y s t e m e . D a n s  c e s  a p p r o c h e s  
m o d e r n e s , l ' a c c e n t  e s t  p 1 a c e  s u r  1 a s im u  1 a t  i o n d e s  p e r fo r m a n c e s  
t h e r m i q u e s  t r a n s i t o i r e s  d e  l a  s t r u c t u r e  d u  b a t i m e n t , a l o r s  q u e  
l ' e c h a n g e d e  c h a l e u r  p a r  c on v e c t i on e s t  m o d e l e  e n  u t i l i s a n t  d e s  
a p p r o x i m a t i on s  p l u t o t  g r o s s i e r e s .  A fi n  d ' o b t e n i r  l e s m o y e n s  d e  
d e t e r m i n e r  d e s  c o e f f i c i e n t s  d e  t r a n s f e r t  d e  c h a l e u r  p a r  
c o n v e c t i on , u n e  h i e r a r c h i e  d e  m e t h o d e s  d e  c a l c u l  r e c i p r o q u e s  e t  
s o l i d a i r e s  a e t e d e v e l o p p e e  p a r  l e s a u t e u r s  d e  l a  c o n t r i b u t i o n  
p r o p o s e e  e t  l e u r s  c o l l a b o r a t e u r s  ( C f .  F .  A l am d a r i , G . P .  Hammon d 
& C .  M e l o ,  P r o c . F i r s t  U . K .  N a t i o n a l H e a t  T r a n s f e r  C o n f . ,  L e e d s , 
V o l . 2 ,  1 9 8 4 , p p .  1 2 0 1 - 1 2 1 1 ) .  C e s  m e t h o d e s  v o n t  d e s  a p p r o c h e s  
" d ' u n n i v e a u  i n fe r i e u r " ,  t e l l e s q u e  l ' a n a l y s e  d u  p r o f i l d u  j e t  
m u r a l p o u r  s i ffi u l e r  d e s  j e t s  d ' a l i m e n t a t i o n  d ' a i r  e t  d e s  
c o r r e l a t i o n s  d e  d o n n e e s  a m e l i o r e e s  p o u r  l a  c o n v e c t i o n p a r  
p o u s s e e ,  j us q u ' a u  d e v e l o p p e rn e n t  d ' u n mo d e l e  d e  d e b i t  " d e  n i v e a u  
s u p e r i e u r "  b a s e  s u r  l e  v o l u m e  l i m i t e a n a l o g u e  a u x  e q u a t i o n s  
" e l l i p t i q u e s "  p r i n c i p a l e s c o n c e r n a n t  l e  d e b i t  d ' a i r  c o m p l e x e  p a r  
j e t d e s  p i e c e s .  L e s  d e u x  m o d e l e s d e  n i v e a u  i n fe r i e u r  e t  s u p e r i e u r  
o n t  e t e u t i l i s e s  p o u r  d e v e l op p e r  e t  v e r i f i e r  u n  c o d e  i n f o rm a t i q u e  
" d e  n i  v e a u  i n t e rm e d i a i r e " , f o rm a n t  l e  p r i n c i p e f o n d am e n t a l  p o u r 
e n g e n d r e r  d e s  d o n n e e s  d e  t r a n s f e r t  d e  l a  c h a l e u r  p a r  c o n v e c t i o n  
p o u r  l e s m o d e l e s d y n a m i q u e s  d e  b a t i m e n t s .  L a  c o n t r i b u t i o n  
p r o p o s e e  t i e n d r a  c o m p t e d u  c a l c u l  d e  l ' e c h a n g e  d e  c h a l e u r  p a r  
c on v e c t i on ,  d a n s  d e s  e n c e i n t e s  r e c t a n g u l a i r e s  a t r o i s  d i m e n s i o n s , 
l o r s q u e  l e s e f f e t s  d e  l a  p o u s s e e  s o n t  s i g n i f i c a t i f s .  ( L e s  
r a p p o r t s  p r e c e d e n t s  s ' e n t r e t e n a i e n t  l a r g e m e n t  d e s  d e b i t s  
d e p o u r v u s  d e  p o u s s e e  d a n s  d e s  e n c e i n t e s  a d e u x  d i m e n s i o n s ;  
a p p r o x i m a t i o n s  q u i  s i m p l i f i e n t  l a r g e m e n t  l a  t a c h e  d e  c a l c u l ) .  
N o u s  e s s a y e r o n s  d ' e v a l u e r  l e s c i r c o n s t a n c e s  d a n s  l e s q u e l l e s i l  
e s t  p o s s i b l e d ' e m p l o y e r  d i f fe r e n t e s  m e t h o d e s  d e  c a l c u l s .  C e t t e  
e v a l u a t i o n s e r a  f o n d e e  s u r  l e s n e c e s s i t e s  p o u r  l a  s i m u l a t i o n 
t h e r m i q u e d e  b a t i m e n t  e n  t e r m e s  d ' e x a c t i t u d e , d ' e c o n o m i e  e t  d e  
f a c i l i t e  d ' em p l o i  p o u r l ' u t i l i s a t e u r .  

C e s  t r a v a u x  o n t  e t e s o u t e n u s  p a r  u n e  a i d e  d u  C o n s e i l d e  R e c h e r c h e  
d e s  S c i e n c e s  e t  T e c h n i q u e s  b r i t a n n i q u e  G R / C / 2 4 1 9 . 0 ,  e t  f o n t  
p a r t i e  d u  p r o g r a m m e  s p e c i a l e m e n t  e n c o u r a g e  p a r l e  C o n s e i l s u r  
" l ' E n e r g i e  d a n s  l e s ba t i m e n t s " .  L e s  nom s d e s  a u t e u r s  s o n t  d o n n e s  
a l p h a b e t i q u em e n t . 
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COMPUTAT I ON OF A I R  FLOW AND CONVECTIVE HEAT 
TRAN SFER WITH rn S PACE-COND I T I ON E D ,  RECT,�t\GULAR 
ENCLOSl' R E S  

F A l a m d a r i  G P Hammond W S MohalTl!Tlad 

S c h o o l  o f  M e c ha n i ca l  En g i n e e r i n g , C r an f i e l d  
I n s t i t u t e o f T e c hno l ogy 

I t  i s  now w i d e l y  r e c o gn i s e d  t h a t  in o r d e r  t o  d e v e l o p  r ea l i s t i c  
111 � t h o tl o  f o r  t l i e  e n e r g y - c o n s c i o u s  de o i g n  o f  bui l d i n g o , i t  i s  
n e c e s s ary t o  r e p l a c e  t h e  t r a d i t i on a l  s t e ad y- s t a t e  p r o c e d u r e s  
by o n e s  wh i c h  s i mu l a t e  t h e  d yn a m i c  re spon se o f  t h e  s y s t e m .  
T h e  emph a s i s  i n  t h e s e  m o d e r n  a pp r o a c h e s  i s  p l a c e d  o n  s i mu l a t i ng 
the t r a n s i e n t  t h e rm a l  p e r f ormance o f  the bu i l d i n g  fa br i c ,  
wh e r e a s  conve c t i ve h e a t  exc h a n ge i s  mod e l l e d  u s i ng r a t h e r  crude 
approxima t i on s . I n  order t o  obtain mean s for d e t e rm in i ng 
r e a l i s t i c  conve c t i ve hea t t r a n s f e r  c oe f f i c i e n t s , a h i e ra r c hy of 
i n t e ra c t i n p  and i n t e r d e pe n d en t c a l c u l a t i o n  m e t h o d s have be e n  
d e ve l o p e d  b y  t he a u t h o r s  o f  t h e  propos e d  c on t r i bu t i on an d  t h e i r  
c o -wor ke r s  ( s e e , f o r  examp l e , F A l a rn d ar i , G P H ammond & C M e l o , 
P r o c  F i r s t  I� N a t i on a l  H e a t T r a n s f e r  C on f , L e e d s ,  V o l  2 ,  1 9 8 4 , 
pp 1 2 0 1 - 1 2 1 1 ) .  The s e  m e t h o d s range f r om ' lowe r - l e ve l ' 
a p p r oa c h e s , such a s  wa l l- j e t  pr o f i l e anal y s i s  to s i mu l a t e  s u ppl y 
a i r  j e t s  � n d  impr ov e d  d a t a  c o r r e l a t i on s  f o r  buoya n c y - d r i ve n  
c onve c t i on , t o  t h e  d eve l opm e n t  o f  a ' h i g h- l e ve l ' f l ow mod e l  
b a s e d  on f i n i t e- vo l ume an a l ogue s t o  the gove r n i n g  ' e l l i p t i c ' 
e q u a t i on s  for t h e  c omp l ex , j e t - i nd u c e d  r o om a i rf l o w .  B o t h  t h e  
h i g h e r  an d lowe r - l e v e l  mode l s  h a v e  b e e n  u s e d  t o  d e ve l o p  a n d  
ve r i fy an ' i n t e rmed i a t e- l e ve l ' c ompu t e r  c o d e , wh i c h  f o rm e d  t h e  
ba s i s  for �ene r a t i n g  i n pu t  conve c t i ve h e a t  t r a n s f e r  d a t a  f o r  
d y n am i c  bu i l d i n g  mod e l s .  The pro p o s e d  c on t r i hu t i on wi l l  c on s i d e r  
t h e  compu t a t ion o f  convec t i ve he a t  exc h a n ge wi t h i n  t h ree
d i rn e n s i on a l , r e c t a ngu l a r  e n c l o s u r e s  when buo y a n c y  e f fe c t s  are 
s i g n i f i c a n t . (The e a r l j e r repor t s  we re l a r ge l y  con c e r n e d  wi t h  
non-buoy a n t  f lows i n  two- d i m e n s i on a l  e n c l o s u r e s ; a p p roxima t i ons 
wh i c h  gr e a t l y  s i mp l i fy t h e  compu t a t i on a l  t a sk ) . I t  wi l l  a t tempt 
to e va l u a t e  the c i rcum s t a n c e s  un d e r  wh i ch it  i s  appro pr i a t e  t o  
emp l o y  the v a r i o u s  ca l c u l a t i on m e t h o d s .  Th i s  a s s e s s men t wi l l  
be b a s e d  o n  t h e r e q u i remen t s  f o r  b u i l d i ng t h e rm a l  s i mu la t i o n  
i n  t e rm s  o f  a c c ura c y ,  e c onomy and u s e r  f r i e n d l i n e s s . 

T h e  work t o  be r e p o r t e d  w a s  s u pp o r t e d  by t he UK S c i e n c e  and 
E n g in e e r i n g  R e s e a r c h  Coun c i l  grant GR / C / 2 4 1 9 . 0 ,  and f o rm s par t 
o f  t h e  Coun c i l ' s  s pe c i a l l y  p r omo t ed programme on ' Ene rgy i n  
Bui l d ing s ' . The a u t h o r s ' name s a p p e a r  a l ph a be t i c a l l y .  
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RESUME 

L ' un d e s  p r i n c i p a u x  d e v e l o p pe m e n t s d a n s  l e  d o m a i n e d e s  p r og i c i e l s  d e  
s i mu l a t i on d e s  p e r f o r m a n c e s  d e s  s y s t e m e s  d ' e n v i r o n n e m e n t  ( P S E )  
energe t i que s d e s  ba t i m e n t s e t  d e s  i n s t a l l a t i o n s , a e t e c on s t i t ue p a r  
1 ' i ntegrat i on d 'une t e chn i que capab l e  d ' e x e cu t e r  l ' a n a l y s e  d yn a m i q u e  d e  
l ' e c oulement d ' a i r  a t i t r e  d e  p a r t i e  i n t e g r an t e  d e  l ' a n a l y s e  t h e r m i q ue 
d e s  bat i m ent s ,  pe r m e t t ant a i n s i  la m od e l i sat i on dynami que s i mu l t anee d e  
l ' energ i e  e t  de l ' e c ou l ement d ' ai r dans l e  gr os oeuvre d e s  ba t iment s .  

Af i n  d e  m od e l i s e r  l ' i n f i l t r a t i o n ,  l e  d e p l a c e m e n t  d ' a i r  i n t r a- z o n e  e t  
int e r z one , a t i t r e  d e  f o n c t i o n  d e s  e c a r t s  d e  t e m p e r a t u r e  e t  d e p r e s s i o n  
exi s t ant e n t r e  l ' i n t e r i e u r  e t  l ' e x t e r i e u r  ( e t  e n t r e  l e s  z on e s  d e  
raccor d ement ) ,  i l  e s t  ne c e s s a i r e d e  p r e c i s e r  l e  r e s e au d e s  f u i t e s d a ns 
t out l ' ouvr a g e  a i n s i  q u e  l a  r e p a r t i t i on d e s  p r e s s i o n s  d e  s u r f a c e  
associ ees a u  ba t i ment a t i t r e  d e  fonc t i on d e s  c ond i t i ons l ocal e s  d e  vent 
et d e  t o p og r a p h i e .  La t e c hn i q u e  u t i l i s e c e s  d o nn e e s  p o u r  m o d e l i s e r  l e s  
dep lac ement s d ' a i r  dynami que e t  s ' e c a r t e  a i n s i  f o r t e m ent d e s  algor i th m e s  
c l a s s i que s ,  e m p l o y a n t  l e s  r e n o u v e l l e m e n t s  d ' a i r  d e  c al c u l  a y a n t  f a i t  
l ' ob j e t  d'une evalua t i o n  g l oba l e  e t  d e s  r e s u l t a t s  s i gn i f i c a t ivement d i f 
f e rent s ont e t e  obtenus dans d i ve r s e s  s i t uat i on s .  

Ce t t e  c o m mu n i c a t i o n d e c r i t  s o m m a i r e m e n t l e  m o de l e  e t  l e s  exigences e n  
mat iere d e  donne e s .  E l l e  f ourn i t  une c o mpara i s on e t  un e xamen d e s  e c ar t s  
dans l e s  i mp era t i f s  energ e t i que s des z ones e t  l e s  t emperatures (obt enu e s  
a u  m o y e n  du d u  p r og i c i e l P S E ) , d a n s  l e s  c a s  s u i v a n t s : 1 )  e n  ap p l i q u a n t  
l e s  renouve l l e ment s c l a s s i ques d ' ai r e t  2) en appli quant l e s  renouve l l e 
ment s d ' a i r p r o v e n a n t  d ' u n  m o d e l e  d ' e c ou l e m e n t  d ' a i r  a v e c 3 )  l e s  
r e su l t a t s  d ' u n e  s i m u l a t i o n  s i m u l t a n e e  c o m p l e t e  d ' e c o u l e m e n t  d ' a i r e t  
d ' e nerg i e. E n  d e r n i e r  l i e u ,  l e  m o d e l e a e t e  a p p l i q u e  a d i v e r s  p r o j e t s ,  
al lant d e  c e n t r e s  c o m m e r c i aux e t  d e  c our s i n t e r i e u r s  c l o s  a d e s  e t u d e s  
d ' hab i t a t i on s  c l a s s ique s e t  i l  e s t  s om m aireme nt d e c ri t plusieurs e tudes 
individue l l e s . 
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SIMULTANEOUS DYNAMI C S IMULATICN OF AIR FLOW AND ENERGY IN 
BU ILDINGS 

Dr Donald J McLean 

ABACUS 
Depar tment of Ar chi tec ture & Building Sci ence 
University of S trathclyde 

One o f  the recent ma j or developmen t s  t o  the ESP (Environmental System 
Performance)  bu i lding/ plant ene rgy s imula t i on package has been the 
int egrat i on of a techniqu e  capable of perform ing dynamic air flow ana l ys i s  
a s  pa rt o f  the bui ld ing the rmal analys i s ,  thereby perm i t t i ng simultaneous 
d ynamic mod e l l i ng of ene rgy and air f l ow wi thin the bu ilding envelope . 

I n  order to mod e l  inf i l t r a t i on , int ra-z one and int er-zone air movement as a 
f unc t i on of pr e s s ure and t empe rature d i f f e rences whi ch exist be tween ins ide 
and out s i d e  ( and between connec t ing zones ) it i s  necessary to spe cify  the 
leakage ne twork throughout t he s t ructure and surface pres sure d i s t ribution 
a s sociated  wi th the bui ld ing aG a func t i on of local t opography and wind 
cond i t i ons . The t echnique u s es this da ta to model t he d ynamic air  movement s 
and i s  thus consid erably diff erent f.rvm t rad i t i onal algor i thms using global l y  
a s s es s ed d e s i gn air change r a t e s  and has shown s i gn i f i cantly diff erent 
results  i n  a numbe r of circumst ances .  

This paper bri e f ly d e scribes t he mod el and i ts d a ta requ i r ements . I t  
c ompares  and d i s cus s e s  d i f f e rences i n  zone energy requ1temen t s  and temperature 
l evels  ( obtained from ESP ) when 

1 .  applying trad i t i onal air changes ra t e s  and 
2 .  applying a i r  change rates from an air flow model wi th 
3 .  the resu l t s  of a full simul taneous air f low/ energy 

s imu l a t i on . 

F i na l ly , t he mod e l  has been app lied  t o  a numbe r o f  pro j e c t s  rang ing from 
enclosed shopping ma l l s  and a t r ia to t radi t i onal house d e s i gn and s everal 
short cas e  studies wi ll be described . 
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A u t eu r  : 

O r ga n i s a t i on 

L ' I N F LU E N C E D E  L ' U T I L I SA T E U R S U R  LES R E S U L T A T S  
O B T E N U S  P A R  L E S  P R O G R A MMES D E  S I M U L A T I O N  TH E R � I Q U E  

D B l o o m fi e l d  

B R E  

D a n s  b e a u c o u p  d e s  e t u d e s  c o m p a ra t i v e s e n t r e p r i s e s  j us q u ' a  p r e s e n t  
p o u r  e s s ay e r d e  v a l i d e r  l e s p r o g ramm e s  d e  s im u l a t i on t h e rm i q u e  
s e r v a n t  a p r e d i r e l e  c om po r t em e n t  d e s  ba t i m e n t s ,  d e s  d i f f e re n c e s  
d e  r e s u l t a t s  e x t r e m e m e n t  i m p o r t a n t e s  o n t  e t e o b t e n u e s  p a r  
d i f fe r e n t s  u t i l i s a t e u r s d u  m e m e  m o d e l e .  C e s  v a r i a t i on s  o n t  e t e d u  
m e m e o r d r e  d e  g r a n d e u r  q u e  c e l l e s o b t e n u e s  p a r  u n  s e u l 
u t i l i s a t e u r  d e  p l u s i e u r s  m o d e l e s d i ffe r e n t s .  C e t  e x p o s e  a b o r d e  l e  
s u j e t  d e  l ' i m p o r t a n c e d e  l ' u t i l i s a t e u r  e t  d e s  d e c i s i o n s  q u ' i l  
p r e n d  s u r  l a  f a 9 o n  d e  m o d e l e r u n  b a t i m e n t  d ' a p r e s l e s r e p o n s e s  
f i n a l e s q u ' i l  o b t i e n t .  A l a  s u i t e  d e  l ' e t u d e  d ' un c e r t a i n  n om b r e  
d e  d i f fe r e n t s  mo d e l e s e t  d e s  d i f f e r e n t e s  fa 9 on s  d e  d e m a n d e r  l e s 
m e m e  d o n n e e s  d ' e n t r e e  d e  b a s e , i l  a p p a r a i t e v i d e n t  q u e  l e s 
s p e c i f i c a t i o n s  d ' u n  b a t i m e n t e t  s o n  m o d e  d ' u t i l i s a t i o n s o n t  
e x t r e m em e n t  i m p o r t a n t e s .  D a n s  l a  p l u p a r t  d e s  c a s , l e s h y p o th e s e s  
s o n t  i n t e r n e s  a u  p r o g r a mm e  s u r  q u e l q u e s - u n s  d e s  p a r am e t r e s - c l e s ,  
c ' e s t- a - d i re q u e  d e s  v a l e u r s  i m p l i c i t e s  s o n t  p r o g r a rrun e e s  d a n s  l e  
c o d e  e t  r e s t e n t  p a r  c o n s e q u e n t  e n  d e h o r s  d u  c o n t r o l e  d e  
l ' u t i l i s a t e u r .  E n  c e  q u i  c o n c e r n e  l e s c o d e s  q u i  p e r m e t t e n t  u n e 
s p e c i f i c a t i o n t r e s c o rr. p l e t e d e  l a  p a r t  d e  l ' u t i l i s a t e u r , i l  e s t 
t re s  r a r e  q u e  l ' u t i l i s a t e u r  m o y e n  O U  m e m e  t re s  i n f o rm e  a i t  a c ce s  
a t o u t e s  l e s v a l e u r s  r e q u i s e s .  I l  e x i s t e  u n  c o m p r o m i s  n o n  
s e u l e m e n t  e n  ma t i e r e d e  c a p a c i t e d ' u t i l i s a t i on m a i s  e ga l e m e n t  e n  
m a t i e r e  d ' e x a c t i t u d e ,  e n t r e  l a  s t r u c t u r e  d ' e n t r e e  d e s  d o n n e e s  
s i m p l e  e t  c o n c i s e  e t  c e l l e p l u s d e t a i l l e e  e t  p l u s  l o n g u e . L a  
p r o b a b i l i t e d ' e r r e u r s  p u r e s  i n t r o d u i t e s p a r  l ' u t i l i s a t e u r  
a u g m e n t e  a l o r s  q u e  l a  c om p l e x i t e d e  l a  s t r u c t u r e  d ' e n t r e e  d e v i e n t  
p l u s d e t a i l l e e .  L a  m a j e u r e  p a r t i e  d e  l a  c o m p l e x i t e  d a n s  l a  
s t r u c t u r e  d e  d o n n e e s  r e s i d e  d a n s  l a  s p e c i f i c a t i o n g e orn e t r i q u e  
d ' u n  b a t i m e n t  e t  d a n s  l e  n i v e a u  d e  de t a i l s  d u  ba t i m e n t  a d e c r i r e , 
p a r  e x e m p l e  l a  p o s i t i o n d e s  f e n e t r e s  d a n s  u n  m u r  e x t e r i e u r .  C e t  
e x p o s e  d e c r i t  l e s r e s u l t a t s  d e  q u e l q u e s  a n a l y s e s  d e  s e n s i b i l i t e  
q u i  o n t  e t e c o n d u i t e s  p o u r  r e c h e r c h e r l ' im p o r t a n c e  d e  t e l s  e f f e t s  
e t  p r e s e n t e  q u e l q u e s  r e c o m m a n d a t i on s  s u r  l a  ma n i e r e  a p p r o p r i e e  d e  
d e t a i l l e r  u n e  s p e c i f i c a t i o n d e  b a t i m e n t .  A u c u n e  u n a n i m i t e  n e  
r e s s o r t  d e  l ' e x p e r i e n c e  d e s  a u t e u r s  s u r  l a  fa 9 o n d e  s ' y  p r e n d r e  
p o u r  m o d e l e r u n  b a t i m e n t  p a r t i c u l i e r  - c e t t e q u e s t i o n n e  p e u t  
b i e n  s u r  e t r e  c o n s i d e r e e  d e  rn a n i e r e  i s o l e e  m a i s  d e v r a i t  e t r e  
a b o r d e e  d a n s  l e  c o n t e x t e  d u  b u t  p o u r  l e q u e l l a  s i m u l a t i o n e s t  
e n t r e p r i s e .  N o u s  c o n s i d e r o n s  d e s  q u e s t i o n s  c o m m e  l e  b e s o i n  d e  
m o d e l i s a t i on m u l t i - z o n e s  q u i  a u g m e n t e  b e a u c ou p  l a  c om p l e x i t e d e  
l a  d e s c r i p t i o n  d u  b a t i rn e n t , a i n s i  q u e  l a  d u r e e d ' e x p l o i t a t i o n 
n e c e s s a i r e , e n  t e n a n t  c om p t e d e  l ' e x a c t i t u d e  r e c h e r c h e e  e t  d e  l a  
c a p a c i t e d ' u t i l i s a t i o n d e s  p r o g ramm e s  c o n s e c u t i f s .  
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THE INFLUENCE OF THE U SER ON THE RE SULTS OBTAINED 

FROM T'AERMAL S I MULATION PROGRAMS 

D Bloomf i eld 

BRE 

In many of the compa rat ive studies so far  under t aken in an a t t empt t o  
va li date the rmal simula t i on programs f or pred i c t ing the behavi our o f  
bui lding s , ex t r emely large d i f ferences  in results have been obta ined by 
d i f fe rent  users  of the s ame mod e l . These va riat i ons have been of the s ame 
order of magni tude as those obt ained by a single user o f  several d i ffer ent 
models . This paper addres ses the subject of the impo r tance of the user and 
the d e c i s i ons he makes as to  how to  mod el a bui ld ing on the eventual answers 
obtained . As a result  of s tudying a number of d i f ferent mod e ls and t he 
various wa ys in whi ch the same ba s i c  inpu t data i s  reque s t ed , i t  has be come 
apparent t hat the s pec i f i c a t i on of t he bu i l d i ng and its  mode of u se is 
extremely impor t an t . In many cases as sump t i ons are  made internal to  the 
program on s ome of the key pa r ame ters  ie de fault values a re progr ammed into 
the code and are thus ou t s i de user  cont rol . In the cod e s  whi ch allow a very 
full user s pe c i f i c a t i on it is very rare that the average , or even very well 
informed , user woul d  have acces s to  all of  the va lues requi red . There i s  a 
t rade-off not only in usabi l i t y , but a l so in accurac y ,  be tween the s imple , 
c oncise  and the more d e t ai l e d , leng thy data  input s t ructure . The 
probability  of pure user- i n j e c t ed m i s t akes increases as the c omplexi ty of 
t he inpu t  st rue tu re becomes mo.re d e t a i l e d . Mu ch of the c omp lexity in the 
data s t ruct ure arises  f r om the geome t r i cal s pe c i f i c a t i on of a bu ilding and 
in the l evel of bui l d ing detail  des cribe d  eg pos i t i on of window in an 
ex t e rnal wa l l .  This paper d e s c r i bes the resul ts  of s ome sen s i t ivi ty 
analyses  conducted  to  inve s t i ga t e  the impor tance of such e f f e c t s  and 
presents s ome r e c ommenda t i ons on how deta i l ed a bu ilding spe c i f i ca t i on need 
be . The r e  is in the author s ' expe r i ence no consensus on how to set about 
modelling a pa rt icu lar bu ilding - inde e d , this quest i on cannot be c ons i dered 
i n  is olat i on r a ther i t  should be addressed  in the c ontext of  the pur pose for  
wh ich t he s imu l a t i on is be ing c onduct·ed . I s sues s uch as t he need for 
mu l t i -zone mod e l l ing , which grea t ly adds to the c omplexity  of  the bui l ding 
d e s c r i p t i on as we l l  as the r un t ime r equi red , are cons ide red in the l ight of 
r e qu i r e d  accuracy and consequent pr ogram usabi l i ty . 
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U N E  A P P R O X I MA T I O N  D E  D E U X I E ME O RD R E  DES FO N C T I O N S  
D E  T R A N S F E R T  D E  L A  C H A L E U R  S ' A P P U Y A N T  S U R  L A  
M E T H ODE DE P A D E  

M J A C O B  

S O M M A I R E - C e t  e x p o s e  p r e s e n t e d e s  f o rrn u l e s e x p l i c i t e s  a f i n  
d ' o b t e n i r  u n e  a p p r o x i m a t i o n d e  d e u x i e m e  o r d r e  d e s  f o n c t i o n s  d e  
t r a n s f e r t  c o n c e r n a n t  u n e  t r a n s m i s s i o n d e  l a  c h a l e u r  
d i m e n s i o n n e l l e p a r  l e s p a r o i s  a r b i t r a i r e s  a p l u s i e u r s  c o u c h e s .  
L e s f o n c t i o n s  d e  t r a n s fe r t  d e s  p i e c e s  p e u v e n t  e t r e  d e t e rm i n e e s  s i  
l e s fa c t e u r s  d ' e c h a n g e  d e  r a d i a t i o n s o n t  f o u r n i s .  

L e s  me t h o d e s  d e  p r e m i e r  o r d r e s o n t  i n c om p l e t e s  e n  c e  q u i  c o n c e rn e  
l a  r e p r e s e n t a t i o n d e s  c o n s t r u c t i o n s  l o u r d e s .  D a n s  c e  d o m a i n e , 
e l l e s s o n t  u n i q u e m e n t  c a p a b l e s  d e  d o n n e r u n e  b o n n e  a p p r o x i m a t i o n 
d u  d e b u t  o u  d e  l a  p a r t i e  a s y m p t o t i q u e  d e  l a  f o n c t i o n  d e  
t r a n s f e r t .  D e s  e x e rn p l e s c o rn p a r e n t  l e s r e s u l t a t s  d e s  c a l c u l s  d e  
d e u x i e m e  o r d r e  d e s  c h a r g e s  e t  d e s  t e m p e r a t u r e s  d e s  p i e c e s  a v e c 
c e u x  c a l c u l e s p a r  u n e  m e t h o d e  d ' e l e m e n t  l i m i t e .  C o m m e  c e s  
e x e rn p l e s l e  d e rn o n t r e n t ,  l ' a p p r o c h e  d e  d e u x i e m e  o r d r e  d e c r i  t l e  
c om p o r t e m e n t  e s s e n t i e l  a v e c u n e  e x a c t i t u d e  s u f f i s an t e  p o u r  e t re 
u t i l i s e e d a n s  u n  b u t p r a t i q u e .  A l ' a i d e  d e  c e t t e  a p p r o x i m a t i o n , 
i l  e s t  p o s s i b l e  d ' o b t e n i r  u n e  re d u c t i o n c o n s i d e r a b l e  d u  t em p s  CFU 
p o u r  l e s c a l c u l s  i n f o r m a t i q u e s .  

M O T S  C L E S  : R e p o n s e  t h e rm i q u e , p a r o i s  m u l t i - co u c h e s , fon c t i o n 
d e  t r a n s f e r t  d e  p i e c e  d e  d e u x i e m e  o r d r e , 
e x a c t i t u d e  s u f fi s a n t e , a p p r o x i m a t i o n P a d e . 
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A SECOND ORDER APPROX I MATION O F  HEAT TRAN SFER FUNCTIONS 
BASED ON PADE METHOD 

M Jakob 

Pre s e n t e d  in h i s  paper t h e r e  are expl i c i t  formu l a s  in order to obt a i n  a 
second o r d e r  a pproxi ma t i on of tran s f e r  func t i ons concerni ng one d i me n s i onal 
heat conduc t i on t hrough arbi t ra r y  mu l t i- layer wa l l s .  Room t r ans fe r  
fun c t ions c a n  b e  d e t e rm ined i f  the rad i a t i on exchange fa c t o r s  a r e  gi ven . 

F i r s t  ord er me thod s are l a c k i n g  in t h e  re p r e s en t a t i on of heavy 
cons t ru c t ions . There t he y  are onl y able t o  g i ve a good approximat i on e i t her 
in t h e  be g in n i n g  or i n  t h e  asympt ot i c  pA r t  of a t ra n s f e r  func t i on .  Examples 
are g i ven to c ompare r e su l t s  o f  l o a d s  and room temperatur e s ' s econd order 
compu t a t ion wi th those c a l c u l a t e d  by a f i n i te e lemen t me thod . As t h e s e  
exanp l e s  s how , t h e  s e c o n d  or d e r  approach d e s cr ibes the e s s e n t i a l  behav i our 
w i t h  suff i c i e n t  accuracy for prac t i ca l  pu r po s e s . By means o f  t h i s  
approxima t i on a c o n s i d e ra b l e  C PU- t ime r ed u c t i on can be ohta i n ed for computer 
c a l c u l a t i on s . 

KEY WORDS The rma l  reson se , mul t i- layer wa l l s , second o r d e r  room 
t r a n s f e r  func t i on ,  s u f f i c i e n t  accurac y ,  Pade 
a pproxima t i on .  
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A u t e u r  : 

O r g a n i s a t i on 

L A  G E O ME T R I E  DE R E C E P T I O N  D E S  R A D I A T I O NS SOLA I R ES 
P A R  L E S  S U R F A C E S  I N T E R N E S  DES P I E C E S  

K M L E T H E R M A N  e t  M H R Y A U  

D e p a r tm e n t  o f  Bu i l d i n g , U M I S T ,  M an c h e s t e r .  

E n  m a t i e r e  d e  c a l c u l s  d e s  e f f e t s  d e  c h a u f f a g e  s o l a i r e  e t  d e s  
c h a r g e s  d e  r e f r o i d i s s e m e n t  p o u r  l ' a i r  c l i m a t i s e ,  n o u s  a s s u m o n s  
s ou v en t  q u e  t o u t e s  l e s ra d i a t i on s  t ra n s m i s e s  p a r  l ' ou v e r t u r e  d e s  
f e n e t r e s  a t t e i n d r o n t l e  s o l e t  s e r o n t  a l o r s  r e f l e c h i e s  o u  
a b s o r b e e s  e t  r a d i e e s  a n o u v e a u .  E n  f a i t ,  l e  c h e m i n  d e  l a  
r a d i a t i on d e p e n d ra d e  p l u s i e u r s fa c t e u r s , t e l s  q u e  l ' o r i e n t a t i on 
d e  l a  f a 9 a d e , l a  l a t i t u d e  e t  l e  m o m e n t  d e  l ' a n n e e ,  a i n s i  q u e  d e  
l a  t a i l l e ,  l a  f o r m e  e t  l a  p o s i t i o n d e s  f e n e t r e s  d a n s  l a  p i e c e . L a  
g e o m e t r i e  a t r o i s  d i m e n s i o n s  d u  c a l c u l  d e  l a  p o s i t i o n ,  d e  l a  
f o r m e  e t  d e  l a  t a i l l e  d e  l a  z o n e  e n s o l e i l l e e  e s t  c o m p l i q u e e . 
C e p e n d a n t ,  e l  l e  p e u t  e t r e  t r a i t e e  f a c i l e m e n t  p a r  u n  p r o g r a m m e  
i n fo rm a t i q u e  nume r i q u e . 

L e  c h em i n  a p p a r e n t  d u  s o l e i l  d a n s  l e  c i e l  a u n e  d a t e  d o n n e e e s t  
d e t e r m i n e p a r  l a  l a t i t u d e  d u  s i t e .  L e s  m o m e n t s  d e  l a  j o u r n e e  o u  
l a  l um i e r e  s o l a i r e e s t  re 9 u e  p a r  u n e  fa 9 ad e  d e  b a t i m e n t  d e p e n d e n t  
e g a l e m e n t  d e  l ' o r i e n t a t i on d e  l a  s u r fa c e .  

U n  p r o g r amme a e te e c r i t  p o u r  l e  ca l c u l  d e s  an g l e s s o l a i r e s  p o u r  
c h a q u e  h e u r e  d u  j o u r  a n ' i m p o r t e  q u e l l e  l a t i t u d e  d o n n e e ,  
c a l c u l a n t  a i n s i  l e  t r a n s f e r t  d e  l u m i e r e  s o l a i r e  p a r  u n e  f e n e tre 
s u r  u n e  s u r f a c e  i n t e r n e .  La  f o r m e , l a  t a i l l e e t  l a  z o n e  d e  
s u r f a c e  e n s o l e i l l e e p o u r  c h a c u n d e s  m u r s  e t  d u  s o l  d e  l a  p i e c e  
s o n t  a l o r s  c a l c u l e e s .  

N o u s  p r e s e n t e r o n s  l e s r e s u l t a t s  d e  s o r t i e  d u  p r o g r a m m e  e t  n o u s  
a p p o r t e r o n s  l e s c o n c l u s i o n s  g e n e r a l e s .  
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Or ganisa t i on 

THE GEOMETRY OF THE RECEPTION OF SOLAR RADI ATI ON BY 

THE INTERNAL SURFACES OF ROOMS 

K M Letherman & M H R Yau 

Depar tment of Bu i l d i03 , UMIST , Manche s t er 

In calculat i ons of solar hea t i ng e f fects  a nd cooling l oads f or a i r  
cond i t ioning , i t  i s  often assumed tha t a l l  the rad i a t i on transm i t t e d  through 
the window ape r t ure will  reach the f l oor s ur face , a nd will  then be reflected 
or absorbed and re-ra d ia t ed . In  fact , the pa th of the rad i a t i on wi l l  depend 
on many f a c t o r s , such as  the orienta t i on of the facade , l a t i tude and t ime 
o f  year , a s  we ll as the size , sha pe and po s i t on of the windows in the room . 
The three-dimensi onal ge ome t ry of the calcula t i on of the pos i t i on ,  shape and 
s i ze of the sunl i t  area is compl i ca t ed . However , it can be hand l ed 
conveniently by a d igi t al c ompu t er progr am . 

The apparent path of  the sun th rough the sky on a given d a t e  i s  dete rmined 
by the la t i tude of t he s i t e .  The t imes of d ay in whi ch sunl ight is received 
by a bui l d ing facade depends a l so on the ori entat i on of the su r face . 

A program has been wr i t ten whi ch calc ula t e s  the solar angles for e a ch hour 
of the day at any giv en lati tude , and compu t e s  the t ran s f e r  of sunl ight 
through a wi ndow onto an int e rnal room surfa ce . The shape , s i ze and a r ea of 
sun l i t  sur face  for each of the wa l l s  and fl oor of the room are then 
c omputed . 

Resu l t s  are presented  of the ou t pu t  of the program and gen e r a l  conclusions 
are given . 
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St and ard s ,  Was hing t o n .  D . C .  

RESUME 

Le f lu x  d a n s  l e  r e s e a u  d ' a s s a i n i s s e m e n t  d ' un ba t i m e n t  p e u t  e t r e  
carac t eri se e n  t an t  q u e  f l u x  i r r e gu l i e r  a s u r f a c e l i b r e  e t  e n  t a n t  q u e  
tel s e  pre t e  a ! 'anal y s e  a u  moyen d e s  t e chni que s numerique s. B i en que d e  
t e l l e s  s o l u t i o n s  s oi e n t  d i s p on i b l e s  d e p u i s d e  n o m b r e u s e s  ann e e s , l e u r  
app l i c a t ion a u x  e t u d e s  d e  c o n c e p t i o n d e s  r e s e a ux d ' a s s a i n i s s e m e n t  d e s  
bat iment s n ' a  e t e  r e ndue r e a l i s a b l e  q u ' a v e c  l a  venue d e s  i ns t a l l a t i o n s  
inf orma t i que s  r a p i de s .  

1 1  e s t  present e l 'analyse d e  c e  f lux irregu l i e r ,  a surface l i b r e  d ans l e s  
re s eaux d ' assain i s s ement d e s  bat i ments a plusi eurs etage s ,  s e  f ondant s ur 
la m e t ho d e  d ' e c a r t s  f i n i s  d e  s o lu t i o n  c a r a c t e r i s t i q ue d e s  e q ua t i o n s  
d ' ond e s  p e r t i n e n t e s .  L e  m o d e  l e  i n f o r m a t i q u e , e c r i t  e n  l a n g a g e  F o r t r a n ,  
pe rme t d e  prevoi r l e s  debi t s  l ocaux e t  l e s  haut eur s dans t out l e  res eau, 
ref l e t ant a u s s i  b i e n  la h a u s s e d u  f r o n t  d ' o n d e  q ue l ' a f f a i b l i s s e m e n t  
g l obal de ! ' i mpuls ion s e  p r odui s ant , tribu t a i r e  aus s i  b i en d e s  p a r ame t r e s  
app l i c ables a l a  tuyaut e ri e ,  t e l s  que l a  pent e ,  l a  rug o s i t e  e t  l e  d i ame
tre a i n s i  que la f o r m e  e t  la dur e e  d u  p r of i l d e  de c h a r g e  de t o u t  
ma t e ri e l . 

L ' incorpor a t ion d e  l ' a c t i o n  d e  l ' o n d e  a s s ur e  une f o n c t i o n  a m e l i o r e e  
d ' e tude d e  c o n c e p t i on ,  q u a n t i f i ab l e  s u r  l e  p l a n d e  l a  c h a r g e  a c c r u e , 
l ' emp loi de condui t e s  de plus faible di ametre e t  !'apt i tude a p r endre en 
charge des e tu d e s  OU d e s  comb inai s ons d ' e mploi d e  bat i me nt s  s pe c i f iques ; 
une ame l i o r a t ion sur l e s  methodes d'etudes actuelles s 'appuyant sur d e s  
d e b i t s  r e gu l i e r s  e q u i v a l e n t s .  D e  p l u s  l ' a ch e m i n e m e n t  d e s  s o l i d e s  e t  l a  
capaci t e  d ' i mpul s i on d e s  drains al i ment e s  a p a r t i r  d 'e mp i l age s v e r t icaux 
peut e t re analy s e e  a i n s i  que l e s  r e s t r i c t i ons app l i c ables aux jonc t i on s .  

I l  e s t  p r e s e n t e  d e s  t e c h n i q ue s d e  ca l c u l  e tudi ees afin d e  represent e r  
1 ' ac t i on d e s  on d e s  e t  1 a g am m e  d e  c o n d i t i o n s  l i m i t  e s  p r e s en t  e s  d a n s  u n 
reseau type ains i que l e s  resu l t a t s  de l a  v al i dation a g r and eur r e e l le en 
Angl e t e rr e  et aux Etat s-Un i s .  

Cet t e  com muni c a t i o n  pre sent e d e s  s i mulat ions d e  reseaux type s  e t  indi que 
en c onc lu s i on que ! ' app l i c at i on de l ' i n g e n i e r i e  a s s i s t e e  p a r  o r d i n a t e u r  
aux e t u d e s  d ' a s s a i n i s s e m e n t  c o n s t i t u e  u n  o u t i l  a u s s i  c o m m o d e  
qu ' avant ageux . 
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COMPUTER AIDED ANALY S I S  AND DES I GN OF MULTI S TOREY 
BU I LDING DRAINAGE NETWORKS 

Prof J A Swaffi eld Dr L S Galowin 

He r i o t -Wa t t  Univers i t y  
Ed i nburgh & Na t i onal Bureau o f  S t andards 
Washington D C 

The flow wi thin  a bu i l d i ng drainage network may be cha ract erised as free 
surf ace , uns t e ady f l ow and as such is  amenable t o  analy s i s  by the use of  
numeri c a l  techni que s .  Whi l e  such solut i ons have been avai lable f or many 
years , i t  is the advent of a fast  c ompu t i ng  capab i l i ty that has made the i r  
applicat ion t o  bui l d ing dra inage design pra c t i cal . 

The an a lysis  of this  uns te ady , free surface f low wi t h in mult i s t or ey bui l d i ng 
d rainage ne tworks is  presented , ba sed upon the finite  diff erence me thod of 
chara c t e ri s t i cs sol u t i on of the relevant wave equa t i ons . The c ompu ter 
model , wri t t en in  For t r an , pred i c t s  local flow rates and depths throughout 
t he ne twor k ,  r e f l e c t i ng both the wave f r ont s t e e pening and the over a ll s urge 
a t t enua t i on that occurs , dependent upon bo th pipe pa rameters , such as s lope , 
r oughness and d i ame t er and t he form and dura t i on of any appliance d i s charge 
prof i l e . 

Inclusion of wa ve a c t i on pr o v i d e s  an enhanced design capabi l i t y ,  
quan t i f i able i n  t e rms o f  i n c r eased loading ,  the u se of sma ller d i ame t e r  
p i p e s  and the abi l i t y  t o  deal wi t h  spe c i f i c  bui l d i ng desi gns o r  usage 
pa t t erns ; a n  impr ovement on c u r r e n t  d e s i gn me thods that r ely on equ ivalent 
s t eady f l ow ra t e s . In ad d i t i on sol i d  transpo� and the surge capacity  of 
drains f ed f r om ve r t i cal s t acks may be analys ed , as well as junct i on 
r e s t r i c t i ons . 

Comput i ng techniques  d e s i gn e d  to represent both wave act i on and the range 
of boundary cond i t i ons pr e s e n t  in a typi cal ne twork are presen t ed , together 
wi th resu l t s  of fu l l  scale val i d a t on in both Britain and the U . S . A .  

The pa per presen t s  t y p i cal s y s t em s imu l a t i ons and concludes that appl i ca t i on 
o f  compu t e r  aided eng i ne e r i ng to drainage des i gn i s  both pra c t i cal  and 
bene f i c i al . 

15 



Ti t re : S imul a t i on d e s  s y s t emes energe t iq u e s  d e s  b8 t imen t s  

Auteur : Dr Joe A C l a r ke 
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RESUME 

T r a d i t i o n n e l l e m e n t , l e s  c o n c e p t e u r s d e  b � t im e n t s  e t  d e  c h a u f f a g e / 
vent i l a t i on / c l im a t i s a t i on on t t o u j o u r s  c om p t e  s u r  u n  n o m b r e  i n f i n i  d e  
me thod e s  d e  mod e l i s a t ion p e rm e t t an t  d e  pr e d i re l e s  performan c e s  d urant l a  
pha se d e  c oncept i on e t  d '  hab i t a t i on u l t e r i e ure.  Ces me thodes s on t  ba s e e s  
s u r  d e s s i m p l i f i c a t i on s  em pi r i q u e s  n o mb r e u s e s  e t , d a n s l a  p l u p a r t  d e s 
c a s ,  r e s t en t  c on f i ne e s  au d omaine du c a l c u l  8 l ' e t a t  con s tant.  

I l  e s t  b i e n c o n n u  que l e s  s y s t em e s  e n e r g e t i q u e s  r e e l s  o f f r e n t  d e s  
c omp l ex i t e s  de mode l i s a t i on qui a g i r ont po ur d e v o i l er l e s  i n s u f f i sances 
i n h e r e n t e s  a u x  me t h o d e s  t r a d i t i o nn e l l e s .  De s c o n d i t i o n s  de l i m i t e s  
v a r i a b l e s d e  t em p s  s o n t  l a  c a u s e  d ' e f f e t s  t r a n s i t o i r e s  c o m p l e x e s ;  l e s  
a c t i o n s  d e  r e g u l a t i o n s o n t  e s s e n t i e l l em e n t n o n - l i n e a i r e s  e t  p e u v en t  
c a u s e r  d e s  d i s c o n t i n u i t e s ;  L e s  t r a n s f e r t s  d e  c h a l e u r  e t  d e  m a s s e  s on t  
i n ex t r i ca b l eme nt l i e s  en s em b l e ;  e t  l e  f a i t  d e  ma l a s s or t i r l e s  b A t imen t s 
e t  l e s  com po s an t s  de l ' i n s t a l l a t i on pose d e s  d i f f i c u l t e s  nume r i qu e s .  En 
re pon s e  a c e s c om p l e xi t e s ,  une nouv e l l e  gene r a t i on de mode l e s commence a 
a p p a r a f t r e ; u n e  g e n e r a t i o n q u i  c h e r c h e  a t r a i t e r  l e s s y s t e m e s 
d ' i n s t a l l a t i ons d e  ba t imen t s  d e  f a � on e n t i e remen t i n t e gr e e  e t  r i gour e u s e , 
t enant c ompte d e  l a  progre s s i on v a r iab l e  du t emps e t  de l ' im po s i t i on de 
c on d i t i on s  de l im i t e s  re a l i s t i que s et d e  cont r a i n t e s  de r e gu l a t i o n .  

Cet expo se s o u l i gnera l e s i n s u f f i s a n c e s  d e  l a  g e n e r a t i on a c t u e l l e d e s  
me thod e s  d e  mod e l i s a t i on e t  d e c r i r a  l e s  e l emen t s  d e  l a  nouve l l e approche .  
D e  man i e r e  s pe c i f ique , l 'expose : 

c l a s s i f i e r a  l e s  c h e m i n s  d e  l i a i s o n s  e n  m a t i e r e  d e  
c o n s t r u c t i on e t  d e  s y s t em e s  d ' i n s t a l l a t i on s ; 

D emon t r e r a  l e s  repr e s en t a t i on s  e t a t -espace qui forment l a  base 
d e  la nouve l l e approche ; e t  

de t a i l l e ra l e s  t e c hn i q u e s  nume r i q u e s  u t i l i s e e s  pour a t t e in d r e  
u n e  i n t e gr a t i on d ' e q ua t i on s  p e r fo rm an t e .  

En f i n ,  en re ference a u  prog i c i e l  d e  s imu l a t i on E S P ,  nous pre sent e rons e n  
e xemp l e  l a  s t ruc t ure e t  l e  f on c t i onnement d ' un s y s t eme d e  mo de l i s a t i on d e  
l a  nou ve l l e gene rat ion.  
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T r a d i t i on a l l y ,  b u i l d i n g a n d  H V A C  d e s i g ne r s  h a v e  r e l i e d o n  a m y r i a d  o f  
mode l l i n g me t ho d s  t o  ena b l e  p e r formance p r e d i c t i on d u r i n g  t he de s i gn p h a s e  
a n rl  rnst  nrr1 1rrinr y .  T hP sP mP t hn rl s  A r P  hrisPrl nn rn 1mP rnus Pmr i r i C' R ]  s i mp l i 
f i c a t i on s  a n d , i n  m o s t  c a s e s , a r e  c o n f i n e d  t o  t he s t e a d y  s t a t e  c a l c u l a t i on 
dom a i n .  

I t  i s  we l l  known t h a t  r e a l  e n e r g )  s y s t ems p r e s e n t  mode l l i n g compl e x i t i e s  
wh i c h w i l l  a c t  t o  e x p o s e  t he de fi c i e n c i e s i n h e r e n t  i n  t he t r a d i t i o n a l  
me t hods . T i me v a r ) i n g b o u n d a r y  c o n d i t i o n s  c a u s e  comp l e �  t r a n s i e n t  e f fe c t s ;  
cont r o l  a c t i o n s  a r e e s s e n t i a l l y non- l i ne a r  a n d  c a n  c a u s e  d i s co n t i nu i t i e s ; 
h e a t  a n d  m a s s  t r a n s fe r  o r e  i ne x t r i c a b l y  l i n k e d  t oge t he r ; a n d  t he t emp o r a l 
mi sma t ch b e t w e e n  b u i l d i n g a n d  p l a n t  componen t s  p o s e  nume r i c a l  d i f f i c u l t i e s . 
I n  r e s p o n s e  t o  t h e s e  c omp l e x i t i e s ,  a n e w  ge ne r a t i on o f  mode l h a s  begun t o  
e me r ge ; a g e n e r a t i o n wh i c h s e e k s  t o  t r e a t  b u i l d i ng p l a n t  s y s t em s  i n  a f u l l y  
i n t e g r a t e d a n d  r i g o r o u s  ma nne r , a l l o w i n g  v a r i a b l e  t i me - s t e pp i n g  a n d  t he 
i m p o s i t i on o f  r e a l i s t i c  b o u n d a r y  c o n d i t i on s  a n d  cont r o l  c o n s t r a i n t s .  

T h i s p c:i r e r  w i l l  o u t  l i nt' t h P de f j c i e n c i e s · o f t he c u r r e n t  gpne r o t i o n o f  
mod�l l i n g me t h o d s  a n d  d e s c r i b e t he e l ement s o f  t he n e w  a p p r o a c h . S p e c i f i ca l l y ,  
t he p a p e r  w i l l :  

c l a s s i f y  t h P h e a t  a n d  ma s s  f l ow p a t h s  found i n  b u i l d i n g a n d  p l a n t  
s y s t ems ; 

demon st r a t e t h e e q u i v a l e n t  s t a t e - s p a c e  r e p r e s e n t a t i o ns wh i c h a r e  t he 
ba s i s  o f  t he n e w  a p p r o a c h ; a n d  

det a i l t he nume r i c a l  t e c hn i qu e s  u s e d  t o  a c h i e v e  e f fi c i e n t  equ a t i on 
i n t e g r a t i o n 

r i n a l l y ,  a n d  b y  r e fe r e n c e  t o  t he E SP S i mu l a t i o n P a c k a ge , t he st r uc t u r e  a n d  
o p e r a t i on o f  o n e  n e w  gene r a t i o n mode l l i n g s y s t e m w i l l  be e x e mp l i f i e d .  



T i t r e  : 

A u t e u r  : 

O r g a n i s a t i o n 

L A  V A L I D A T I O N  E MP I R I Q U E  

P r o f .  N E I L  T BOWM A N  BSc . PhD . C E n g . C P h y s . 
M I E E  M i n s t P . M C I BSE M I O A  

E c o l e  d ' A r c h i t e c t u re , L e i c e s t e r  P o l y t e c h n i c .  
( S c h o o l  o f  A r c h i t e c t u r e , L e i c e s t e r  P o l y t e c h n i c )  

L a  v a l i d a t i o n e m p i r i q u e  - s i  l ' o n c om p a r e  l e s  p r e d i c t i o n s  d ' u n 
m o d e l e  a v e c  l e s p e r f o r m a n c e s  m e s u r e e s d e  b a t i m e n t s  r e e l s  -
r e p r e s e n t e  l a  p h a s e  f i n a l e  s u i v a n t  u n e  a p p r o c h e  s c hem a t i q u e  p o u r  
l a  v a l i d a t i o n d e  m o d e l e s d y n a m i q u e s  t h e r m i q u e s  d e s  b a t i m e n t s .  
C ' e s t  u n e  t e c h n i q u e  e s s e n t i e l l e s i  l ' o n  e s p e r e  d e t e r m i n e r  
l ' e x a c t i t u d e  d u  m o d e l e  c o rn p l e t ,  m e m e  d a n s  d e s  c o n d i t i o n s  t r e s  p e u  
s e m b l a b l e s a u  m o n d e  r e e l .  

L e s  d o n n e e s  d ' e n t r e e  d u  m o d e l e  e t  l e s d o n n e e s  rn e s u r e e s d e  
p e r f o r m a n c e  d u  b a t i m e n t  d o i v e n t  e t r e  d e s  p l u s  e x a c t e s  p o u r 
o b t e n i r  d e s  c o n c l u s i o n s  s i g n i f i c a t i v e s a p a r t i r  d e  l a  v a l i d a t i o n 
em p i r i q u e . A l ' a i d e  d ' e t u d e s d e  d o cu m e n t a t i on ,  d e  q u e s t i o n n a i r e s  
e t  d e  c o n t a c t s  i n d i r e c t s  a v e c  l e s i n s t i t u t i o n s  d e  r e c h e r c h e s , 
p l u s d e  1 7 0 s t r u c t u r e s  o n t  e t e i d e n t i f i e e s  p o u r  e t r e  c o n t r o l e e s 
d e  t e l l e f a 9 o n  a p r o d u i r e  d e s  d o n n e e s  d ' u n e e x a c t i t u d e  
s u f fi s a n t e . 

P a r  l e  c o n t a c t  d i r e c t  a v e c u n  c e r t a i n  n o m b r e  d ' i n s t i t u t i o n s  d e  
r e c h e r c h e s  e n  E u r o p e , a u x U . S . A .  e t  a u  C a n a d a , i l  a e t e p o s s i b l e  
d ' a p p l i q u e r  d e s  c r i t e r e s  d ' a c c e p t a t i o n  p l u s  r i g o u r e u x  p o u r  l a  
s e l e c t i o n d ' e n s e m b l e s d e  d o n n e e s  a p p r o p r i e s .  Q u e l q u e s  e x am p l e s d e  
c e s  t r a v a u x  s e r on t d e c r i t s . 

N o u s  d i s c u t e r o n s  d e s  q u e s t i o n s  t e l l e s q u e  l e  n i v e a u  d ' e x a c t i t u d e  
n e c e s s a i r e p o u r  l e  c o n t r o l e  e t  l e s m e s u r e s ,  e t  n o u s  p r e s e n t e r ons 
d e s  p r o p o s i t i o n s  s e r v a n t  a g u i d e r  l a  s e l e c t i o n d e s  d o n n e e s q u i  
s e r o n t  u t i l i s e e s d a n s  d e s  e t u d e s  s p e c i f i q u e s  d e  v a l i d a t i o n 
e m p i r i q u e . 



Ti t l e : 

Au t hor : 

O rgan i s a t i on : 

E MP I R I CAL VALI DATIO� 

Prof NE IL T BOWMAN BSc PhD CEng CPhys MIEE 
Mins tP MC I B SE MIOA 

School of A r ch i te c tu re , Le i c e s t er Poly te chn i c  

Empi r i c a l va l i d a t i on - compar i n g  t h e  pred i c t i on s  of a mod e l  wi t h  
the mea sured p e r f orma n c e  o f  r e a l  bu i l d i ng s  - is the u l t im a t e  
s t a g e  i n  a s c h ema t i c  approa c h  t o  va l i d a t i n g  d ynam ic  t h e rm a l  mo d e l s  
o f  bu i l d i ng s . I t  i s  a n  e s s en t i a l te chni q ue i f  t h e  a ccuracy o f  t h e  

wh o l e  mo d e l ,  un d e r  con d i t i on s e v e n  remo t e l y s i mi l ar t o  the re a l  
w o r l d , i s  t o  be d e t e rm i n e d . 

To ob t a i n  me a n i n g fu l  conc l u s i o n s  from empi r i c a l  va l i d a t i on t h e  
m o d e l  i n p u t  d a t a  and the me a s u r e d  bu i l d i ng performance d a t a  mu s t  
be o f  the h i g h e s t  qua l i t y .  By mean s o f  l i t er a t u r e  survey s , 

q u e s t i onna i re s  and ind i re c t  c on t a c t  wi t h  r e s e ar ch i ns t i t u t i on s , 
ove r  1 7 0 s t r u c t u r e s  have be en i d en t i f i e d  wh i c h  have be e n  
mon i t o red i n  such a way a s  t o  prod u ce d a t a  o f  su ff i ci en t h i g h  
q ua l i t y .  

Through d i r e c t  con t a c t  wi t h  a number o f  re s e a r c h  in s t i t u t i on s  i n  
Europe , U S A  a n d  C an a d a  i t  ha s been po s s i bl e  t o  apply more 
r i gorous a c c e p t ance c r i t e r i a  for s e l e c t i ng su i t a bl e  data s e t s . 
S ome e xamp l e s  o f  t h i s  work wi l l  be r e p o r t e d . 

I s s u e s  such a s  t h e  re q u i r e d  lev� l o f  mon i t o r i n R  and me a surement 
a c curacy w i l l  be d i s c u s s e d , and propo s a l s  for g u i d i ng t h e  
s e l e c t i on o f  d a t a  for u s e  i n  s pe c i f i c  empi ri c a l  va l i d a t i on s t u d i e s  
w i l l  b e  pre s e n t ed . 
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T i t r e  

A u t e u r  : 

O r ga n i sa t i o n 

A N A L Y S E  DE SE N S I B I L I T E  DES MODEL ES TH E R MI QU E S  
DY N A M I Q U E S  DES B A T I M E N T S  

A D I R V I N G  

La b o r a t o i r e  R u t h e r f o r d  A pp l e t o n , 
C h i l t on , Di d c o t , Ox f o r d s h i re . 

D u r a n t l e s v i n g t  d e r n i e r e s  a n n e e s ,  b e a u c o u p  d e  c o d e s  
i n f o r m a t i q u e s  o n t  e v o l u e ,  s i m u l a n t  l e  c om p o r t e m e n t  t h e r m i q u e  
d yn am i q u e  d e s  ba t i m e n t s .  U n e  p a r t  i n t e g r a n t e  d e  l a  v a l i d a t i o n d e  
t e l s  p r o g i c i e l s  d e  s im u l a t i on c o n s i s t e a r e a l i s e r  u n e  a n a l y s e  d e  
s e n s i b i l i t e d i ffe re n t i e l l e  o u  p l u s i e u r s  d e s  v a l e u r s  d e  p a r am e t r e s  
d ' e n t r e e  s o n t  a j u s t e e s  e t  l e s c h a n g e m e n t s  p r o v o q u e s  s u r  l e s 
v a l e u r s  d e s  p a r a m e t r e s  d e  s o r t i e  s o n t u t i l i s e s  p o u r  o b t e n i r  l e s  
f o n c t i o n s  d e  r e p o n s e  e n t re l e s d i f fe r e n t s  p a r ame t r e s  d ' e n t r e e  e t  
d e  s o r t i e .  

M a l h e u r e u s e m e n t ,  c e t t e  a p p r o c h e  s o u f f r e  d e  l i m i t a t i o n s  
i m p o r t a n t e s  e t ,  d a n s l e  pa s s e ,  d e  t e l l e s a n a l y s es s e  s o n t  a v e re e s 
s u b s t a n t i e l l em e n t  i n c o m p l e te s  a c a u s e  d e  c e  q u i  a e t e ap p e l e  l e  
p r o b l e m e  fa c t o r i e l  N ( fo n d a m e n t a l e m e n t  l e  nom bre d e  fa Q o n s  d o n t  
u n e  p e r s o n n e  p e u t  c h o i s i r  d i f f e r e n t s  e n s e m b l e s  d e  p a r a m e t r e s  
d ' e n t r e e  p o u r  p o u v o i r  a j u s t e r  d ' un e n s e m b l e  c om p l e t d e  p a rame t re s  
d ' e n t r e e N ) . 

U n e  t e c h n i q u e  d ' a n a l y s e  d e  s e n s i b i l i t e  s t o c h a s t i q u e  a e t e 
de v e l op p e e  q u i  a p p a ra i t  s u rm o n t e r  c e t t e i n s u f fi s a n c e  e t  c e l l e - c i  
a e t e u t i l i s e e p o u r r e a l i s e r  u n e  a n a l y s e  d e  s e n � i b i l i t e  s u r  l e  
m o d e l e  t h e r� i g u e  b r i t a n n i q u e E S P  d e  S t r a � h c l y d e . 



Ti tl e : SENS I TI VI TY  ANA LY S I S  OF DYNAMIC THERMAL l'K>DELS OF BUILDINGS 

Au thor : A D I RVING 

Organ i s a tion : Ru the r ford Appl e ton La bora tory , 

Ch i l ton , Di dco t ,  Oxfordsh ire . 

Ov e r  the p a s t two d e c a d e s  many compu t e r  c o d e s have evo lved whi ch 
s : :::';J l a  t e  the dyn ard c the rma l  b e h av i o u r  o f  bu i' l  d ing s . An in t e gr a l  p a rt o f  the va l i d a t i on 
o f  s u ch s i�u l 2 t i on p a ck a g e s  i s  l o  p e r f o rm a d i f f e r en t i a l  s en s i t ivi ty ana l y s i s  �here 
s e v er a l  0 £  t h e  inp u t  pa r ame t e r  va l u e s a r e  a d j us t e d  an d the in d u c e d  ch ange s i n  the o u t p u t  
p a r aoe t e r  va l ue s are u s e d  t o  d e d u c e  the r e s p o n s e fun c t i ons b e tween the va ri o us input an d 
o � t p ut p a rame t e rs . 

Un f o r t una t e l y t h i s  aPt> r o a ch S t.;f f e r s s ev e r e  l imi t a t i ons and in the pas t s u ch ana l ys e s have 
b e e n s ub s t an t i a l l y  i n co:=p l e t e ci ue to "'h a t  has b e e n  t e rme d the N f a c t or i a l  p rob l em 
( b a s i c a l l y  t h e  n umb e r  o f  "7ays on e ca.n c h o o s e  d i f f e r e n t  s e ts o f  input pa rame t e r s  to adj us t 
i r o w  a t o t a l s e t  of N inp u t  p a raue t e rs ) . 

A s t o ::h a s : i c  s e :-is i t i v i t y  ar. al y s i s t e chni que h a s  b e en d ev e l op e d wh i ch app ears to ove rcome 
t :-i i s  ci e f i c i en :y a:-i d i t  h a s  b e e r:  us e d  to p e r f o r.:i a s ens i t i vi tv analy s is on the UX 
S : :r a th c l y ci e  t h e :7..a l mo ci e l E SP . 
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T i tre Techn ique in format ique permettant de pre ter assi stance a l a  
concept ion des ba timen ts. Per formances ayant rappor t a 
l ' envi ronnemen t .  

Au teur : A Newton 

Organi sa tion : Poly technic  of South Bank , Londres 

Resume 

Il est suggere que les concep teurs de batiments ne fon t qu ' un 
usage r estrei n t  de ! ' 'va lua tion des performances ayant r appo r t  
a l ' envi ronnemen t dans le cadre d e  l a  mise a u  poi n t  de leu rs 
e tude s ,  ma is la laissent a des con troles par sondages occasionnels , 
qui son t  fr�quemmen t trap ra res et execut�s trap tard pour pouvo i r  
� tre uti les. La r a i son en est peut-� tre que l e  flux des e tudes 
doi t �tre i n ter rompu pour executer Un calcul OU pour met tre en 
oeuvre la plupa r t  des p rog r ammes i n forma tiques. Cette commun i ca tion 
decri t un systeme dans lequel les u t i l isateurs ajustent les 
param�tres de constructions au moyen de boutons et de lev iers de 
commande et disposen t d ' un a ff i chage vi suel d ' une repr�sen tat ion 
g r aphi que con ti nue de l ' �volu tion en resul tan t sur les performances 
ayan t r appo r t  a l ' envi ronnemen t. 

La faci l i te d ' etab l i r un rappo r t  en tre la  concep tion et les 
per formances , sans avo i r  � consi derer une concept ion comme a dmise ,  
faci l i ten t ! ' i den t i f i ca ti on des rappo r ts i mportants ,  a f i n  d ' explorer 
les va r i a n tes et d ' obteni r les per forma nces pratiques op t i males. 



T i t l e 

Author 

Organ i s a t i on 

SUMMARY 

A CO! fP\lTER TECHNIQUE TO A i n  THE m=: s I GN OF RU I LD I N G S  

E NV I RONMENTAL PE RFORJ�NCE 

A New t on 

P o l y t e c hn i c  o f  S o u t h  R ank , London 

I t  is s u gge s t e d  t h a t  bui l d i n g  d e s i �n e r s  make too l i t t l P  u s e  o f  eva l ua t i on of 
e n v i r o n m e n t a l  p e r f o r m a n c e  w h i l 5 t deve l o p i n g  t h e i r  de s i r, n s  hut l e a ve i t  to 
o c c a s i o n a l  s p o t  c h e c k s , o f t en t oo rarely and t oo l a t e  to be u s e fu l . Th i s  may 
be be c a u s e  i t  h a l t s  t h e  f l o w o f  t h e  d e s i gn t o  do a c a l c u l a t i on o r  to u s e  
mo s t  c ompu t e r  program s . Th i s  pape r d e s c r i be s  a sy s t em i n  wh i ch u s e r s  a d j u s t  
b u i l d i n g  p a r a m e t e r s  b y  mov in g  con t r o l  kn obs o r  levers a n d  s e e  a con t i nu o u s  
g r a p h i c a l  r e p r e s e n t a t i o n o f  t h e  r e s u l t a n t  c h a n g e i n  e n v i r o n m e n t a l  
pe r f ornance . 

T h e  e a s e  o f  r e l a t i n g  d e s i gn to p e r formance wi t h o u t  hav i n R  to po s t u l a t e  one 
f i x e d  d e s i g n m a k e s  i t  easy t o  s p o t  the impo r t a n t  re l a t i on s h i p s , to e x p l o r e  
a l t e r n a t ives a n d  o b t a i n  the be s t  pra c t i ca b l e  p e r formance . 
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T i t r e  CALCUL S I MP L IF I E S U R  M I CRO-ORD I NATEUR D E  LA CON S O M MAT I ON 
D ' ENERG I E  POUR LE ' AUFFAGE . 

Aut eur : P e t er Basnett 

Org ani s ation : El e c t r i c i ty Coun cil Re search Cent r e  

RESUME 

1 1  est p r e s e nt e u n  prog ramme ,  t ournant sur le s micro-ord i na t eu r s  Apri cot , 
Si rius e t  I BM - P C  ; c e  p r o g r a m m e  pe r m e t  d ' e f f e c t ue r  l e  c al cu l  d e s  
exi genc e s  e n  m a t i e r e s  d ' e n e rg i e  p ou r  l e  c h a u f fa g e d e s  ba t i m e nt s a 
chauf f a g e  i n t e rmi t t ent , mono z one , ave c une preci s i on rai sonnab l e .  

L e  c a l c u l  d e  l ' e n e rg i e  d e  p r e c h a u f f a g e  s e  ba s e  s u r  l e  c o n c e p t  d e  
t emperatur e  i n t e r ne m oy e nne d u  C o d e  d e  l ' Ene r g i e  2 d e  C l B S .  L e s  g a i n s  
solai r e s  e t  l e s  pe r t e s  par r ay onne m ent d'ondes l ongues font l ' ob je t  d'un 
tr ai t ement s o m m a i r e ,  s ur la b a s e  d e s  e q ua t i o n s  de r e g r e s s i o n p ou r  
l e  ray onnement , e n  t ant que fonction d e  l a  t emp erature ext e r i eure moyenn e  
j ou rn al i e r e  a u  cour s d e  dive r s e s  pe r i od e s  de l a  journee. 

1 1  e s t  d i s p onible des donne e s  m e t eorologiques app l i cables � 40 s i t es en 
Grande Bretagn e  et l e s  c al cu l s  peuvent e t r e  execu t e s  s o i t  p our une annee 
comp l e t e ,  s o i t  p our une sai son de ch auffage def in i e  arbi t r ai r e ment et 11  
e s t  t e nu c o m p t e  d ' i n t e r r up t i o n s .  L ' o c cu p a t i on p e u t  € t r e  d ' un n o m b r e  
d ' heures p a r  j our arbi t r a i r e s  et de jour p a r  semaine, 11 e s t  t ou t efoi s 
p r i s  pour hyp o th e s e  que l e s  gains internes sont i dent i ques pendant t oute 
l a  per i ode d ' o ccupa t ion . 

Les r e s u l t a t s  s o nt f ou r n i s  au s s i  b i e n  s o u s  f o r m e  d e  t a b l e s q u e  d e  
r e p r e s en t a t i on s  g r aphi ques e n  t ant q ue diagrammes d ' an aly se d e  chauf f a g e ,  
i ndi qua nt u n e  cour be de fre quence cumu l a t ive d e s  exigences energ e t ique s  
t ot al e s  e t  s o n  a c cumu l a t i o n a p a r t i r  d e s  g a i n s  e t  l ' e n e r g i e  f o r t u i t s  
f ourni s par · 1e sy s t e m e  d e  ch auf fage. 1 1  e s t  f ourni d e s  t ab l e s  e t  di agram
mes di st inc t s  p our les pe r i od e s  d ' o c cupa t i on et d1- - re chau f f age. 

Tandi s q u e  d e s f o n c t i o n s  p a r t i c u l i e r e m e n t  a p p l i c a b l e s aux s y s t e m e s  d e  
chauf f a g e  e l e c t r i q u e s o n t  i n c o r p o r e e s  d a n s  l e  p r og r a m m e ,  c e  d e r n i e r  
s ' app l i que a t out e s  l e s  sources de chal eur d i s p bnible s .  

Les r e s u l t a t s  d e s  c o m p a r a i s o n s  e f f e c t u e e s  e n t r e  l e s  p r e vi s i o n s  e t  l e s 
mesur e s  d e  q u e l q u e s ba t i m e n t s s o n t  p r e s e n t e e s  a f  i n  d e  f o u r n i r  un e 
demons t r a t i on de la qua l i t e  d e s  previ s i ons.  



T i t le 

Author 

Organi sation 

S IMPLIFIED CALCULATION OF HEATING ENERGY CON SUMPTION ON 
A MICROCOMPUTER 

P e t er Ba sne tt 

E le c t ri c i ty Council  Research Centre 

A program i s  pre sen t ed whi ch runs on Apr i cot , S i rius and IBM-P C 
microcomputers  and ca lculates the hea t i ng energy requi r ement s  of s ingle 
z one , i nt e rmi t t ently hea t ed bui l d i ngs wi th reasonable accuracy . 

C a l cula t i on of prehea t i ng energy i s  bas ed on the average internal 
t empe rature concept of C I BS Ene rgy Code 2. Solar gains and l ong-wave 
radiat ion losses are treated crudely on the bas i s  of regre s s i on equa t i ons 
f or radiat i on as  a func t ion of da i ly average ext ernal t emperature for 
d i f fe rent pe riods  o f  the day . 

Weather data is avai l able for 40 loca t i on s  in Great Bri tain and calcula t i ons 
may be per formed e i ther f or a c omplete year , or f or a hea t i n&  season 
d e f ined arbi trar i ly , and allowed to  contain  breaks . Occupancy may be for an 
arbi trary number of hours per day , and days per week , but internal gai ns are 
a s sumed to be the same throughout the period o f  occupancy . 

Results are produced both as tables and graph i cally a s  ' Heat i ng Analys i s  
Char t s ' showing a cumulat ive frequency curve o f  total energy requi rement and 
i ts build up f r om i n c idental ga i ns and ene rgy supplied by t he hea t i ng 
sys t em .  Separate tables and cha r t s  are produced for the occupied and preheat 
per i ods . 

Whi le features par t i cularly relevant to electrical hea t i ng sys t ems are 
incorpora t ed the pr ogram is relevant to all heat sources . 

The resul t s  of compari sons be tween pre d i c t i on and measurement f or some 40 
bui l d ings are pe sented t o  demonst rate ·  the qua l i t y  o f  the pre d i c t i ons • 

.. 

, .  
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Ti t r e  PROG I CIE'L IE SYSTEM:ES EXPERTS DE CONCEPTION DE L'ENV IRONNEMENT 
POUR EMPLO I LOR.5 DE LA PHASE DES !SQUISSES . 

Aut eur : A.  J .  Baxter 

Organi s a t i o n  : He vacomp Lt d .  

USUME 

Il a ' t f  f t ab l i  un p r og i c i e l  expe r t  de conception d e s t i �  aUJt ftudes de 
concept i on de l'envi r onne � en t  pendant l a  pha s e  des esqu i s s e 1. Le l og i ci el 
clas si que d e  c on c e p t i o n  ex i g e q u e  l e c on c e p t e u r  f t a b l i a s e  u n  p r ob l l m e ,  
q ue  l'or d i na t eur analyae a l or s , l'ut i l i sa t eur peut ensui t e  • od i f ie r  c e t t e  
con c e pt i o n ,  e n  f o n c t i o n  d e s  rl 1 u l t a t s  ob t e nu 1 .  C e  p r og i c i e l  pe ra e t  a u  
conce p t eur d e  d f f i n i r  • o m 111 a i r e 11 e n t  a a  1 o l u t i o n i n i t i a l e  a u  • oy e n  d ' u n e  
·e s t iu t i o n  op t i a a l e · ,  l e  pr og r a m • e  t e n t e  a l o r 1 ,  e n  f a i 1 • n t  a p pe l I u n  
en semble 1 pf c 1 f i q u e d e  r l g le s ,  d e  r e s pe c t e r  l e i  ob j e c t i f s  d f  f i n i l  p a r  
l ' ut i l i u t eur. C e a o b j e c t i f 1  p e u v e n t  f t 'r e a p l c i f i q u e 1 ,  t e l s  q u e  
•confonrl t f  I l a  P a r t i e  P F  d e s  r l g l e 11 e n t s d e  cons t ru c t i o n • •  o u  pe u v e n t  
a t re plus gfn�raux, t e l 1 , I t i t re d 'e.xeaple •ta ible con1 om 11 a t ion fnerg � 
t i q ue · .  

Oa e  f o i 1  l e i o b j e c t i f 1  d f f i n i 1 , l a  c on c e p t i o n  i n i t i a l e  � u t  f a i r e 
l ' ob j e t  d 'une fval ua t i o n  aur le p l a n  de l a  confor m i t f  avec le g ob jectifs  
e t  d e  n o u v e l le &  • o l u t i o n s  pe u ve nt f t r e  a u t o m a t i q u e m e nt g f n f r f e s ,  c e s 
aol ut i ons p o u va n t  l t r e a cc e p t f e a  O U  r e j e t f e s  par le c o n c e p t e u r .  C e  
de rn i e r  pe u t ,  d e  ce t t e  • a n i l r e ,  a o d i f i e r  1 a  c on c e p t i o n ,  d o n n e r  e u i t e  • 
d ' a u t re s ob jec t i f s  ou p a s s e r  l l a  a i s e  au point de l a  conce p t i on. 

Le pr og i c i e l  comp or t e  Wl ens e mble de con.na i s sance& c once rna n t  l 'analyse 
de la c o n c e p t i o n ,  qui 1 o n t  i n c o rp or l e a  d a n s  d e s  a o d u l e s a t a n d a r d  d e  
c a l c u l .  Le p r og i c i e l  c o mp re nd en out re de s c onna i s s a n c e s  pe rt i ne n t e s  l le 
rf s o l u t i on d u  p r o b l l m e ,  q u i  1 d e n t i f i e n t  l e s  v a r i a b l e &  c l f s a a s o c i f e s  i 
des p r o b l l 111 e s  pa r t i c u l i e r e  e t  f ou r n i t  d e s  e u g ge s t i o n a  q u a n t  a u x  
d i re c t i o n s  d e s  recher che s a u s ce p t ibl e s  d ' l t r e fruc t ueus e s .  

L ' un  d e e  a v a n t e g e s p a r t i c u l i e r s  d ' u n  1 y a t l m e  e x p e r t  d e  c o n c e p t i o n e s t  
c on s t i t u E  par l a  ri che s s � d e s  1 o l u t i on s  pouvant l t re g�n�r�es dont cer
t a i n e & d ' en t r e  e l le a  eu r a i e nt pu n e  pa s ve n i r  ! l 'e sp ri t  de l 'u t i l i s a t eur 
et d ' a u t r e 1  p o u v a n t  a e  s i t u e r  h o r s d e  s o n  d o m a i n e d ' e � p � r i e n c e  
pe r t i c u l U re . 



T i t l e  

Aut hor 

O r g·ani s a t i on 

AN EXPERT SYSTEMS ENV IRONMENTAL DESIGN PACKAGE FOR USE AT 
SKETCH PLAN STAGE 

A J B ax t er 

Hevac omp L t d  

A n  expe r t  des i gn package h a s  been produced for envi r onmen t a l  d e s i g n  a t  
ske t ch plan s t age . Tra d i t ional d e s i gn s o f tware r e q u i r e s  t he d e s i gner t o  s e t  
u p  a problem whi c h  the compu t e r  analys e s , t h e  u s e r  then may amend thi s 
d e s i gn dependi ng on t he r e s ul t s . This package enables a d e s i gner to l o o s e l y  
d e f i ne hi s ini t i a l  s o l u t i on wi th a " be s t  gue s s " ,  the prog ram wi l l  then , 
u s i ng s pe c i f i c  s e t s  of rul e s , a t t empt to c omply wi th goals defined by the 
u s e r .  The s e  goa l s  may be s p e c i f i c ,  such a s  " comply wi t h  P a r t  FF o f  the 
bu i l d i ng Regu l a t i ons " ,  or more general eg " l ow energy consump t i on " . 

Once goal s  have been def ined , an ini t ia l  d e s i gn can be appra i s ed for 
c ompliance wi th t he goals and new soluti ons c an au t oma t i ca lly be genera t e d , 
whi ch the d e s i gner can accept or d i s card . In thi s way ,  the d e s i gne r can 
amend his d e s i gn ,  pursue f urther goals or progress to f i ne tuning of t he 
d e s i gn .  

The pa cka ge incorpora t e s  a body o f  knowledge concerning the ana l ys i s  o f  the 
d e s i gn ,  wh i ch i s  embodied in s t andard calcu l a t i on modules . It further 
inco rpora t e s  knowledge re l a t e d t o  probl em s o lving , whi ch ident i f i e s  the key 
variables as soc i a t ed wi th pa r t i cular probl ems and sugges ts likely f r u i t ful 
d i r e c t i ons of s e a r c h . 

A part i cular advan t a g e  of an expe r t  des i gn sys t em i s  the ri chne s s  of 
s o l u t i ons that can be genera t e d , s ome of wh i ch might not have occurred to 
the user and others wh i ch may be ou t s i d e  hi s par t i c ular exper i ence . 
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Ti t r e  PROGRAM!iE DE CAL CUL DE L ' E.N E R G I !  POUR LE S PH A S E S  D' E T U DE DE 
DEBUT PA I S AN T  AP PEL AUX DONNE E S  GE.OMETR I Q U E S  PROV ENANT D ' UN 
SYSTEME DE CAO . 

Aut eur s  L .  He i kki nen - P'L Cons u l t ing , Fi nland e 

RESUME s 

MK e l l a vu o  ' Va i & a n e n , La b o r a t o r y o f  l u i  1 d 1 n g  ! c o n o •  i c 1 , 
F i nl an d e  

Il a f t f  re ma rquf , da n s  une f t ude por t an t  •ur l'ut i l h a t 1on d e  log i ci e l 
de c a l c u l  l ne r g E t i q u e  di n s  l e s  bB t i m e n t 1 , que le c o n c e p t e u r o e  f a i t  
ord i na i reme nt p a s a p pe l a u  l o g i c i e l  de c a l cu l  d e  l 'f n e rg i e pe nd a n t l e  
proce s s u s  d e  c o n c e p t i o n , q u e  a e  • o i t  a f i n d e  c o m pa r e r l e i  d i v e r e e s  
aolut ions l o r •  d e 1  ph a e e e i n i t i a l e s , ou q u e  1 e  1 o i t  a f i n  d e  p r f v o i r  l a  
con s � t i on fne rgl t i que d e s  bl t i ment • con f o r m E ment aux p l ans d lf ini t i f e . 
Cet t e  e i t ua t i o n  e l t  en pa r t i e t r i b u t a i re d u  fa i t d e  l ' a b a e n ce d e  l og i
ci e l l c o nv i v i e l s pe r t i n e n t •  l o r a  d e 1  pha a e ri  i n 1 t i a l e 1  d e  l a  c o n c e p t i on 
et , en glnE ral , d e  l ' i m p ort ant v olume de trava i l  nfce s sa i re I l 'exlcut i on 
de t e l l  c al c u l a. 

C ' es t  l a  ra i 1 o n p ou r  l a q u e l l e 1 1  a l t f a i e  au p o i n t  au C e n t r e d e  
re che r ches t e c hn i q u e s f i n l a n d a i 1 ,  un p r og r a m m e de c a l cu l  d e  l ' f n e r g i e , 
tou rnan t •u r le s or d i na t eurs ISM PC et c o�p a t i b le s ,  convenant a ux  pha s e s  
1 n 1 t 1 al e a  d e  l a  con ce p t i o n. De s  e f f or t s i mporta nt & ont f t f  fe 1 t 1  a f i n  d e  
rend re l ' i n t e r f a c e  ut i l i te t e u r a u e s i  c o nvi vi e l le q u e  p o s s i b l e . Le 
prog ramme in c orp or e  d e s  val eurs 1 mp 1 1 ci te s ,  1e l on le ty pe d 'hab i t a t i on et 
de 1y s t l m e  d e  ch a u f fa ge , f t i t r e d ' e x e m p l e pour l e a g a i n s t h e r m i q ue s  
1nt e rne s , l e s  r e n ou v e l l e  111 e n t 1 a l  c a n i  q u e s  d'  a i r ,  l e  s f u i  t e a  d '  a i r , 
le rend e me nt du 11y 1 t i m e  de ch a u f fa ge e t  le s v a l e u r s  U. 1 1  pe u t  m! m e  f t re 
e 1 t 1aE l e i  1 o n e 1  d u  g r o 1 - o e u v r e  d e e b l t i 111 e n t 1 ,  l o r a q u e l e  n o m br e  
d ' f t a ge s ,  l a  ha ut�ur  d e s  f t a ge s ,  l a sur f a c e  t o t a l e  d e s  10 1 1 1  l e  volume e t  
l e  ce rc le aont  connus. Le s  val eu r 1  i m p l i c i t e s p e u v e n t  f t r e e u b s t i t u f e s 
1 1 111p leoe nt e n t a p a n t  l a  'f a l e u r  r E e l l e I l a  p l a c e ,  l o r 1 q u e  l a v a l e u r  
1 mp l 1 c i t e e a t  a f f i c.h E e . L' f l a b o r a t i o n du p r o g r a m m e  • e  b a s e  s u r  l e  l o g i 
c i e l  int l g d  •sy mpho ny·. 

Da n e  le but d e  pe rme t t re la rE d u c t i on du vo lu me de t r a va i l  e xi g E p ou r  l s  
81r 1 u r e  e t  1 ' 1 n t r oduc t 1 on de s cot e s  d e s  bB t i ment s ,  l �  p r ob l � m e  prin c i p al 
• i t  le • oy e n  de t r a n s f � r e r  le i donn E e s g�omf t r i que s pr ov e nan t  du sy s t �me 
d e  C A O  a u x  p r o g r a � e e s  d e  c a l c u l  d e  l ' E n e r g i e . 1 1  a l t l  e x f  c u t f  u n e  
c onne x i on pr ot ot ype l t r oi e ay s t � m e s  commerc i aux di f U re n t s d e  CA O .  Le 
p r 1 n c 1  P<' d e  l a  • e l u t i on de conne xi o n e e t  t e l  q u' i l peut l t r e e mp l or f  p our p r a t i q tU- oe n t t ou t  t y pe  d e  � t i m e n �  e t  sy e t � m e  d e  CAO. 



T i t le 

Aut hor 

Organi s a t i on 

ENERGY CALCULATION PROGRAM FOR EARLY DE S IGN STAGES 
UT ILIS ING GEOMETRIC DATA FROM A CAD SYSTEM 

L He ikkinen 
PL Consu l tant 

MkallRvuo & M Va i s anen 
Labora t ory of Bui ld ing Economic s  
F inland 

In a s tudy on the u s e  of the bui l d ing energy calculat ion sof tware i t  was 
no t i ced that the d e s i gner doesn ' t  usually use ene rgy calculat ion sof twar e  
during design proc e s s ,  nei ther in order to  compare different solut i on s  i n  
ea r ly s t ages nor to  pred i c t  ene rgy consumpt i on o f  bui ld i ng according t o  
f ina l drawing s .  Thi s  s i t ua t i on depend s par t ly o n  t he f a c t  tha t there i s  a 
l a ck of user fri endly sof tware for early des ign s t a ges and , in general , on 
the great amount of work , whi ch is required to  perform such calculat i ons . 

That i s  why an ene rgy calculaton program, r un by IBM PC and c ompa t i bl e s , 
sui t able for early de s i gn s t ages was developed in the Technical Resea rch 
Centre of Finland . Lots  of e f fort was  paid to  make the user interface a s  
fri end ly as po s s i ble . The program includes defau l t  values according t o  
hou se type and hea t i ng sytem ,  for example for internal heat gains , 
mechani cal air exchange , air leakage , e f f i c i ency of  the heat ing sys t em and 
U-values . Even t he areas of the bu i l d i ng envelope can be est imat ed when t he 
number of storeys , s t orey hei ght , total floor area , volume and circle  are 
known . The default values c an be ove r riden s imply by typing t he a c tual 
value to  the place , whe r e  the defau l t  value appear s . The program is 
developed u s i ng the int egra t ed sof tware "'S ymphony " .  

I n  order to decrease the amount of  work required for the mea suring and the 
input of t he bui l d i ng d imen s i ons t he ma in i s sue i s  how to  t rans fer geome t r i c  
d a t a  from CAD-sys t em to energy calcula t i on programs . A pr ototype conne c t i on 
was made to three d i f ferent c ommercial CAD- s y s t ems . The pr inc iple of t he 
connection solu t i on i s  such tha t  i t  can be used  for almo s t  any kind o f  
bu i l ding and CAD- sy s t em .  
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T i tre M:>de l i s a tion des ba t'trne n ts 
construction . 

la cle de la CAD in tegree de 

Au teur : Robe r �  Aish M. Des ( RCA )  Ph . D . 

Organ i s a t ion : GMW Computers L i mi ted 

Res um� 

Pour que la CAD soi t e f f icace dans une e"quipe de concep tion 
p l u r i d i s cipl i n a i r es OU plur ipar tenai res , elle doi t me t t r e  a la 
d i spos i tion de l ' u t i l i sa te u r  i n d i viduel les repres enta t i ons 
conve nables des  i n forma tions de conception . Ces repr es e n ta t ions 
peuven t �t re des plans or thog raphique s ,  des perspectives 
tr i di me ns ionne lles et au tres donn� es d ' a t tr i bu ts non g r aphique s . 
I l  e s t  poss i ble de me t tr e  au poi n t  des syst�mes d i s tincts , 
sol l i ci tant chacune de ces r ep r esentations a t i t r e  i sol� . I l  
e s t  to u te fois genera leme n t  a dmis que d e  tels sys tems isol�s sont 
s uscep ti bles d ' en traver p l u tet que de faci li ter la coo r d i na tion 
e t  la coher ence des i n forma tions de concept ion . 

L ' une des formules a l te rnati ve s  cons i s te a me ttre au poi n t  un 
sys t�me i n te g r e  de CAD ,  capable de p r endre en ch a r ge une 
mul tipli ci t€ de rep resenta t ions . Les represe nta tions sont 
tou tes r a t tachees � un seul  mod� le tr i d i mens ionne l du  bat iment e t  
favo r i s e n t  p a r  consequent l a  coh � r e nce e t  la  coordi na t ion de s 
i n format ions de concep tion dans toute l ' �qu ipe pl u r i d i s cipl i n a i r e . 

Ce tte commun i cation d€cr i t  la  base theor ique a i n s i  que les avan tages 
pra tiques de la CAD fond�s s u r  la mode l i s a tion des b� time nts et 
i ndique , en fa i s an t  appe l a des exemples p r a tique s ,  commen t  la 
model i s a t ion des b� timents e s t  devenue le co ncept cle dans la CAD 
i n tegree de cons truc t ion . 



T i t l e  BU ILDING MODELLING THE KE Y  T O  INTEGRATED CONSTRUCTON CAD 

Aut hor R Aish MDe s  (RCA ) PhD 

Organ i s a t i on GMW Compu t e r s  Limit e d  

F o r  CAD to b e  effect ive in a mu l t i- d i s c i p l inary /mu l t i - pract ice design t e am 
i t  mus t  offer the ind ividual pra c t i t i oner appropria t e  repre sentati ons of 
d e s i gn i nforma t i on .  These represen t a t i ons may be ort hographic drawings , 3D  
per spe c t ive views and other non-graphi c  a t t ri bu t e  data . I t  is  pos s i ble to 
deve lop separate s y s t ems whi ch address each of these representati ons in 
i s ol a t ion . Howeve r ,  i t  is gene rally rec ogni sed tha t such isolated sys t ems 
may hinder ra ther than f a c i l i t a te t he coordina t i on and c ons i s tency of d e s i gn 
inf orma t i o n .  

An a l terna t i v e  approach i s  t o  develop a n  integra t ed CAD s y s t em whi ch i s  
capable o f  handl i ng mu l t i ple representat i ons . Here a l l  repesentat ions a r e  
rela t ed to  a s ingle 3 D  mod e l  of the bui l d ing and t he re f ore encourage 
con s i s t ency and coordina t i on of des ign inforn.a t i on across the whole 
mul t i - d i s c i p linary team .  

Thi s pa per wi l l  describe the theore t i c a l  ba s i s  and the pra c tical  bene f i t s  of 
CAD ba sed on bu i l d i ng mod e l l i ng and wi ll demons trate , wi th prac t i ca l  
examples , how bui l d ing mod e l l ing ha s become t h e  key concept in  i ntegra ted 
cons truc t i on CAD . 
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T i t r e  ETUDE I N T E G R E E  DES S E R V I C E S  D E  BA T I ME N T S  A S S I STEE 
P A R  O R D I N A T E U R  

A u t e u r  : C o l i n  M c  L e l l a n d  

O r g  .'.. s a t i on BS R I A  

C e t  e x p o s e  a b o r d e r a  l e s q u e s t i o n s  d ' u t i l i s a t i o n  d e s  fon c t i o n s  d e  
c a l c u l s ,  d e  t r a i t e m e n t  d e s d o n n e e s  e t  g r a p h i q u e s  d e s  o r d i n a t e u r s  
d e  ma n i e r e  c o h e r e n t e  e t  c o o r d o n n e e d a n s  l ' e tu d e  d ' i n s t a l  l a t i on s  
me c an i q u e s  e t  e l e c t r i q u e s  d e s  b a t im e n t s . 

D a n s  l ' i n d u s t r i e  d e  c on s t r u c t i o n , i l  e x i s t e  u n  c e r t a i n  n o m b r e  d e  
p r o f e s s i o n n e l s  d i f f e r e n t s s ' e f f o r Q a n t  d e  f a i r e  f a c e  a l e u r s  
s pe c i  f i c a  t i o n s  i n d i  v i d  u e  1 1  e s  p o u r  1 e s  a s s o c i e r  e n s u i  t e  a f  i n  d e  
p r o d u i r e  u n e  e t u d e  d e  b a t i m e n t  t o u t - a - f a i t  i n t e g r e e e t  
c oo r d o n n e e .  

E n  m a t i e r e  d e  s e r v i c e s  d e  b a t i m e n t s ,  i l  y a  t r o i s  e l e m e n t s  q u i  
d o i v e n t  i t r e  a s s o c i e s  p o u r  p r o d u i r e " l ' i n g e n i e u r "  : 

1 .  L a  fo n c t i o n ma t h e ma t i q u e  
2 .  L a  f o n c t i o n d e  c re a t i on d e s  c r o q u i s  
3 . L ' e x p e r i e n c e  e t  l a  c o n n a i s s a n c e  

D a n s  u n  e n v i r o n n e m e n t  m a n u e l , c e s  e l e m e n t s  s o n t  r e u n i s  p o u r  
p r o d u i r e  u n e  s o l u t i o n  d ' e t u d e .  E n  t e r m e s  a u t o m a t i s e s ,  i l  y a 
a c t u e l l em e n t  p e u  d ' i m i t a t i on d e  c e  p r e c e d e  i n t e g r e .  L e s  re s u l t a t s  
s o n t  t i r e s  d e s  c a l c u l s ,  i n t e r p r e t e s e t  i n t r o d u i t s  d a n s  u n  a u t r e  
e l e m e n t  d u  s y s t e m e  i n f o r m a t i q u e  a f i n  d e  p r o d u i r e u n  c r o q u i s .  S i  
d ' a p r e s  l e  c r o q u i s , i l  s ' a v e r e  q u e  l e s  r e s u l t a t s  d e  c a l c u l s  n e  
s o n t  p a s  r e a l i s t i q u e s , i l  a p p a r t i e n t  a l o r s  a l a  s e qu e n c e  d e  
c a l c u l  d ' i n t r o d u i r e d e s  d o n n e e s re v i s e e s p o u r  d e bu t e r  a n o u v e a u  
l e  c y c l e .  

C h a c u n  d e s  e l e m e n t s  c i - d e s s u s  p o s s e d e  u n  e q u i v a l e n t  i n fo r ma t i q u e : 

1 .  l e s p r o g i c i e l s  d ' e t u d e s  t e c h n i q u e s  
2 .  D e s s i n s  a s s i s t e s  pa r o r d i n a t e u r  
3 . S y s t em e s  d ' � x p e r t i se . 

A f i n d ' i m i t e r 1 ' i n g c; i e u r , i 1 e s t n e c e s s a i r e d ' i n t e g r  e r c e s 
e l e m e n t s  d e  f a Q O n  a c e  q u e l e s d o n n e e s  a s s o c i e e s a u  b a t i m e n t , 
q u e l q u e  s o i t  l e  s t a d e  d ' e t u d e  o u  d e  c o n s t r u c t i o n , s o i e n t  
d i s p o n i b l e s s u r  u n e  b a s e  c o m m u n e .  A i n s i , l e s d o n n e e s  p h y s i q u e s  
p e u v e n t  e tr e  e x t r a i t e s  d u  m o d e l e  d e  b a t i m e n t  s u i v a n t  l e s b e s o i n s  
p a r  1 ' e  l e  m e n  t d e  c a  1 c u  1 ' 1 e s  r e s u 1 t a t s  e t  a n t  e n s  u i  t e r e  -
i n t  r o d  u i t s d a n s  l e  mo d e l e , l e  m o d e l e  m i s a j o u r  e t  l ' i n t e ra c t i o n  
a v e c  d ' a u t r e s  e l e m e n t s  a n a l y s e e .  L e s  e f f e t s  d e  t o u t e s  
r e s t r i c t i o n s  e n  d e c o u l a n t  p e u v e n t  e tr e  c a l c u l e s  j u s q u ' a  c e  q u e  l a  
s o l u t i on l a  p l u s  s a t i s fa i s a n t e  s o i t  o b t e n ue . 

L ' e x p o s e  s e  c o n c e n t r e s u r  l ' i m p o r t a n c e  d e s  d o n n e e s  e n  ma t i e r e  
d ' e t u d e , c o m rn e  e t a n t  l e  m e c a n i s m e  q u i  p e r m e t  l ' i n t e g r a t i o n d e s  
l o g i c i e l s  a u  p r o f i t  d e  l ' i n g e n i e u r s  d e s  s e r v i c e s  d e  ba t i m e n t s .  I l  
d e f i n i t  l a  d i f f e r e n c e e n t r e  d e s d o n n e e s  p h y s i q u e s  f i x e s , l e s  
d o n n e e s  c o n c e r n a n t  l e  p r o j e t  q u i  s o n t n e c e s s a i r e s  a t o u t e s  l e s  
p r o f e s s i o n s  e t  c e l l e s q u i  s o n t  u t i l i s e e s  m o m e n t a n e m e n t  e n t r e  
d i f fe r e n t s  p r e c e de s d ' e t u d e  e n  ma t i e r e  d e  s e r v i c e s  d e  b a t i m e n t s .  



T i t le INTEGRATED COMPUTER AIDED BUI LDING SERV I CES DESIGN 

Author COLIN MCLELLAND 

O rgani s a � i on The Bu i l d ing Services Res e arch & Info rmation As sociation 

This paper wi ll address the i s sues of u t i l i z i ng the c a l cula t i ng ,  data 
process ing and graph i ca l  capabi l i t i e s  of  compu t e r s  in  a coherent and 
co-ordina t ed manner in the d e s i gn of mechani cal and e l e c t r i c al installa t ions 
for bui ld i ngs . 

In  the const ruct i on indus t ry there are a number of d i f f e rent pro f e s s i ona l s  
s t r ivi ng t o  meet  the i r  ind ividual requir ements a nd then meshing thei r  i npu t s  
together to  produce a f u l l y  i n t egra ted , co-ordinated bui ld ing design . 

In bu i ld i ng s e rvi ce s ,  there a r e  3 el ements that go t oge ther to produce the 
" enginee er " . 

1 .  Ma thema t i c a l  capabi l i t y  
2 .  D rawing Capabi l i ty 
3 .  Expe rience and knowledge 

In a manual . envi r onment these elements are brought toge ther to produce a 
d e s i gn solut ion . In comput ing t e rms the r e  i s  curren t l y  l i t t le mimicry o f  
t h i s  int egra t ed process . The results  a r e  t aken from t he calcula t i on ,  
int erpreted  and fed int o ano ther element o f  the compu t e r  sys tem t o  produce a 
d r a�ing . I f ,  from the drawing the results  of the calculat ion are f ound not 
t o  be f e a s i ble then it i s  ba ck to the cal cul a t i on sequence to key in rev i s e d  
data  to s t a r t  t h e  c y c l e  again . 

Each of the above e l ements  has a compu t e r  equivalent .  

1 .  Techni cal de s i gn packages 
2 .  Compu t e r  ai ded dra f t ing 
3 .  Expe rt  sys t ems 

To mimic the eng ineer i t  i s  ne cessary to integrate the s e  e lement s  such tha t 
the d a ta relating to the bu ild ing , a t  what ever s t age of  d e s i gn o r  
cons t ruct ion , i s  av ai lable o n  a common bas i s . Thus t h e  phy s i cal d a t a  c a n  be 
ext ra c t ed f r om the bu i ld i ng model as requi red by the calcula t i on e l ement , 
the resu l t s  then pu t back into the model , the mod el upda t ed and the 
i n t e r ac t i on wi th other e l ement s  analy s ed . The e f f e c t s  of any result i ng 
re s t ri c t i ons can be calculated un t i l  the op t imum solut i on i s  arrived a t . 

The paper will concentrate  on the importance of data  in  d e s i gn as t he 
me chan i sm whi c h  enables  the integra t i on of softwar e  t o  the benef i t  of the 
bu i l d i ng s e rvi ces engine e r . I t  will  def ine the d i f fe rence be twe en f ixed , 
phy s i cal data , data regard ing the pro j e c t  wh i ch i s  requ i re d  by a ll 
pr o f e s s i ons and that whi ch is  used transiently be tween d i f ferent design 
pro cesses  in bu i l ding servi c e s . 
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Ti tre : Dans quelle mes ure les a lg o r i t hme s sola i res sont- i l s  s i mple s ?  

A u te u r s  : J K Whi t tle e t  J P Allen 

Organ i s a tion : Depa r tme n t  d ' Arch i tectur e , Uni ve r s i te de No ttingham 

/ 
Res ume 

Les r ayons solai res con s t i tue n t  une sour ce d ' energ i e  p reci euse et  
pe uve n t ,  mal g re ce l a ,

' 
e n t r atner aus s i  des problemes d ans les  

m i l i e u x  de la con s t ruction . Les mode les thermiques g�r€s par 
o r d i na te u r s  sont un ou t i l  i dea l  avec lesque ls il est pos s i ble d ' �tud i e r  
les i n teract ions e ntre le r ayonneme n t  et  u n  ba t1me n t . Da ns le bu t 
de s i muler cor r ecteme nt ces i n teractions , i l  e s t  neces s a i r e  de r�soudre 
des probl�me s comp lexes de  g�ome tr ie  t r i dime ns i onne lle . De nombreux 
mode les , e n  cons equence , perme t tent de s i mpli f i e r  les ca lculs en 
adoptant plus i e u r s  hypotheses . I l  e s t  fou r n i  des exemples de ces 
s i mp li fi cat ions , a i ns i  qu ' une eva luation de leurs i mpl ica tions . 
Les e tudes decr i tes se pou r s u i vent � l ' heure actue l le , tou te fois  des 
conclus ions p rovi soi res sont fou r n ies . Il e s t  i denti f i� la necess i te , 
pour les mod�les , d ' inclure des n i veaux de comp lex i t� de mode'l isa tion 
pouvan t  @ t r e  s�lectionnes par les u t i l i s a te ur s .  



1 i t l e  HOW SIMPLE CAN SOLAR ALGORITHMS BE ? 

Authors J P Allen J K Whi t t le 

Organ i s a t i on Depar tment of Archi t e c ture , Uni ver s i ty of Not t ingham 

S olar rad i a t i on is a va luable s ource of ene rgy , yet in t he built envi ronment 
i t  can also cause problems . Computer based thermal models  are an ideal tool 
wi th whi ch to s tudy the i n t e rac t i ons be tween the incomi ng rad iat ion a nd a 
bu i l d i ng . To simula �e the se int erac t i ons corre c t l y  i t  i s  necessary to solve 
c omplex three-d imen s i onal geome t ric  problems . Consequen tly many models  
s impl ify the calcula t i ons by making several  assumpt i on s . Examples of the s e  
s impl i f icat i ons a re given al ong wi th a n  a s s e s sment o f  their implicat i ons . 
The work described i s  ongoing , however interim concl us i ons are given . The 
need for models to include user selectable l evels of mod e l l i ng complexi ty i s  
i dent i f i ed . 
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T i t r e  CONVENANCE DE S AL G O R I TH M E S D E  C O E F F I C I E N T S  DE T R A N S F E R T 
THERMIQUE UTILISES DANS LES MODELES THERMIQUES DYNAMIQUES . 

Aut eur s : Dr . J .  P .  Al l e n  et Dr . J .  K .  Whi t e  

Organi s a t i on : Depa r t ement d ' Ar chi tectur e , Unive r s i t e  d e  Not t ingham , 
Un ive r s i t y  Park , Not t ingham , NG7 2RD . 

RESUME : 

Le s c oe f f ici ent s de t r ans f e r t  thermi que s oot emp l oy e s  af i n  d e  represent er 
! e s  i n t e r ac t i ons c o mplexes d e  conduc t i o n ,  c o n ve c t i o n et de r ay o nne m e n t  
aux s u r f a c e s  du g r o s - o eu v r e  d e s  ba t i m e n t s .  D e  mu l t i p l e s  m o d e l e s  d e  
s imu l a t iuon thermi que dynami que informa t i s e s  m i s  a u  po int a c e  jour font 
appe l a d e s  r e pr e s e n t a t i on s  m o no d i m e n s i o nn e l l e s  d e s  e q u a t i o n s de 
conduc t ion th e r m i q u e .  C e c i  c o n t r a i n t  la f or m e  d e s  c o e f f i c i e n t s  d e  
t r ans fe r t  t h e r m i q ue a p r e s e n t e r  a u s s i  u n e  n a t u r e  m o no di m e n s i o n n e l l e ,  
b i en q ue d a n s l a  r e a l i t e ,  c e  n ' e s t  d e  t o u t e  e v i d e n c e  p a s  l e  c a s .  Da n s  l e  
but d ' u t i l i s e r  d e  t e l s  c o e f f i c i e n t s m o no d i m e n s i o n ne l s  d e  t r a n s f e r t  
thermi qu e , i l  e s t  i mper a t if que d e s  approxim a t i o n s  soient f ai te s .  

L ' une d e s  fa c e t tes d e  l'exer c i c e  de val i d a t i o n  d u  m o d e l e  ther m i que a e t e  
l ' e tude d e t a i l l e e  d e s  d i ve r s  s o u s -p r o c e d e s  e t  a l g o r i t h m e s  d e  q u e l q ue s 
mode le s t h e r m i q ue s dy n a m i q ue s d i s c r e t s .  1 1  a e t e  e x e c u t e  un e x a m e n  
comp l e t  d e s  a l g o r i t h m e s  d e s  c o ef f i c i e n t s  d e  t r a n s f e r t t h e r m i q u e .  De s 
e t udes d e  sens ibil i t e  ont e t e  e f fe c tue e s ,  conce rnant ,  a t i t r e  d 'exemple,  
la r u g o s i t e  d e s  s u r f a c e s ,  l a  v i t e s s e ,  la d i r e c t i o n ,  le p r o f i l  et l a  
t urbulence d e s  v e n t s ,  l e s  c o t e s d e s  b a t i m e n t s ,  l e s  p r o p r i e t e s  
the rmophy s i que s d e  ! ' a i r ,  e t c .  C e s  e t u d e s  o n t  pe r m i s  ! ' e v a l ua t i on d e  
divers a l go r i t h m e s  d a n s  l e  c o n t e x t e  d e  l a  m o d e l i s a t i o n  t h e r m i q u e  
dynami que d e s  b a t i m e n t s e t  d e v r a i e n t  p e r m e t t r e  d e  d e f i n i r  l e s 
c onsequences d e s  coe f f ici ent s d e  tr ans fert thermi que d ans l e s  s i mulations 
g l obales des bat iment s .  



Ti t le 

Au t hors 

O rgan i s a t i on 

SUMMARY 

THE APPROPRIATENESS OF HEAT TRANSFER COEFFI CIENT 
ALGORITHMS U SED IN DYNAMI C THERMAL MODELS 

Dr J P Allen Dr J K Whi t tle 

Depar tment 
Univers i ty 
Univer s i t y  
Not t i ngham 

of  Archit ecture 
of No t t i ngham 
Park 

NG7 2RD 

Heat t ransfer coe f f i cients  are used to repre sent the complex intera c t i ons of 
conduc t i on ,  convection and rad i a t i on at  the surfaces of the bu ilding 
envelope . Many of the dynami c thermal computer  simul a t ion models  developed 
to date use one-dimensi onal represent a t i ons of t he heat conduction 
equa t i ons . Thi s fact  forces the form of  the heat trans f e r  coe f f i ci en t s  to 
a l so be one-dimen s i onal  in na ture , a l though in reali ty this mani fes tly is 
not the case . I n  order to  ut i l i s e  such one-d imens i onal heat transfer 
c o e f f i c i ents approximat i ons mus t  be made . 

One facet of the thermal mod e l  va lidat ion exercise has been to  look in 
d e t a il at the va rious sub- processes  and algorithms of  s ome d i screte dynami c 
t he rmal model s .  An extens ive review of hea t trans f e r  coe f f ici ent algor i t hms 
has been performed . Sens i t ivity s tudies have been perf o rmed on for example 
surface roughne s s , the wind speed , direc t i on , prof i l e  and turbulence , the 
bu i l d i ng d imens ions , the thermophy s i cal properties  of t he a i r ,  e t c .  Thi s 
has enabled the vari ous algori thms to  be a s s essed in the context of dynami c 
thermal mod ell ing of bu i l d i ngs and should al low t he s i gn i f i cance of heat 
t ransfer coe f f i c i en t s  in whole build ing simulat i ons to  be def ined . 
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T i t r e  VALIDATI ON DE S AL GO R I THME S D E  CONDUCT I O N  DANS L E S  MODE LE S  
THERMIQUES DYNAMIQUES 

Aut eur s : B.  H.  Bland e t  D .  P. Bloomf ie l d  

Organ i s a t i on : Bui l d in g  Re s earch E s tabli shment , Gar s to n ,  R . U .  

RESUME 

11 e s t  ac tuelle ment e tudi e ,  a t i t r e  de par t i e  i nt egrant e d 'un proje t de 
c o l l aborat ion d e  BRE et S E RC p o r t a n t  s ur la v a l i da t i o n d e s  m o d e l e s  
the rrni ques d y n a m i q ue s d e s  ba t i m e n t s ,  l e s a l g o r i t h m e s d e  c o n d u c t i o n  e t  
t e chni ques app l i c ables a leur veri f i cat ion. 1 1  e s t  aus s i  m i s  au po i nt d e  
nouve aux t e s t s  e t  parmi ceux-ci c i t ons ! 'evalua t ion d e  l a  c onvenan ce d e s  
algori thmes d a n s  l e  but d e  p r e v o i r  l e s  pe r f o r m a n c e s  g l o b a l e s  d e s  
ba t iment s. C e t t e  c o m mun i c a t i o n  d e c r i t  un e e n q u e t e  d e  l a  p r e c i s i o n  d e s  
t empe ra ture s e t  d e s  f lux p r evus par un modele d e  s i mu l a t ion par t i cu l i e r ,  
a s a v o i r  SERI-RES , ba se s u r  u n  ens e mble d ' ouvrage s s imp le s ,  ut i l i s an t  de s 
s o lut i ons an al y t i qu e s  exac t e s  e n  t ant que modeles de ve ri t e .  Ce s t e s t s  se 
bas ent sur d e s  t e s t s  m i s  a u  p o i n t  par l ' I n s t i t ut de la r e ch e r c h e  d e  
l ' ene r g i e  s o l ai r e  a u x  E t a t s - U n i s  e t  o n t  e t e  m i s  e n  o e u v r e  e n  t an t  
q u ' out i l  d ' e t u d e  d e s  c o n s e q u e n c e s d e s  v a ri a t i o n s  d e  l a  r e p r e s e n t a t i o n  
d i s c r e t e  s pat i o- t e mp orelle dans l ' algorith m e  d e s  ecar t s f ini s exp l i ci te s .  
Le s re s u l t a t s  i ndi quent qu' i l  peut e t re obt enu une p re c i s ion s u f f i s ant e ,  
ma i s  q u e  l e s  d i r e c t i v e s f ou r n i e s  a u x  m o d e l i s e u r s  d a n s  c e  d o m a i ne s o n t  
insuf f i s antes e t  p e u v e n t , d a n s  c e r t a i n s  c a s , c o nd u i r e  a d e s  e r r e u r s  d e  
2 0 % .  I l  e s t  p r e c o n i s e  q u e  l e s  hy p o t h e s e s  d e  c e  t y pe s o i e n t  r e t i r e e s  d u  
contr ole d e  l ' u t i l i s a t eu r .  1 1  s e r a  s e l e c t i o nne e t  p u b l i e  a u  d e but d e  
1 98 7 ,  a t i t r e  d e  p a r t i e  i n t e g r a n t e  d u  r a p p o r t  d e f i n i t i f  d u  g r o u pe d e  
val i d a t i o n ,  un e n s e m b l e  d e  t e s t s  r e v i s e s  a i n s i q ue l e s s p e c i f i c a t i o n s  
d e t a i ll ee s . 



VALIDATI ON OF CONDU C T I O N  ALGORI THMS IN DYNAMI C THERMAL MODELS 

B .  H .  BLAND 

D. P. BLOOMFI ELD 

Bu i l d ing R e s e a rch Es tabli shme nt , G a rs t o n , UK 

A BSTRACT 

As p a rt of the BRE/SERC c o l l abo r a t i v e  pro j e c t  on the va l i d a t i on of dynam i c  th e rm a l  

mo d e l s  o f  bui l d i n g s , c on d uc t i on al g o r i thms a n d  t e ch n i qu e s  f o r  th e i r  veri f i c a t i on a r e  

b e i ng revi ewed . N e w  t e s t s , inc lud i n g  one s t o  a s s e s s  the a d equa cy o f  t h e  a l g o ri thmR 

for the pu rpose o f  pre d i c t ing who le bu i l d i ng pe r fo rman c e ,  a re b e i ng d ev i s e d .  Th i s  

pape r d e s c ri b e s  an i nve s t i gat i o n o f  th e a c cu ra c y  o f  wa l l  t em p e r a ture s and fluxes 

pred i c t e d  by one pa rt i c u l a r  s imula t i on m o d e l , SERI-RE S , based on a s e r i e s  o f  s im p l e  

wa l l  s t ru c t u re s , u s ing exa c t , ana ly t i c a l , s o lu t i ons a s  t ru th m o d e l s . The s e  t e s t s  are 

b a s e d  on o n e s  d e vi s ed by th e S o l a r Energy R e s ea r c h  I ns t i tu t e  in th e USA and h ave been 

u s e d  a s  a tool t o  inve s t i ga t e  the c o n s e qu e nc e s  of va ri a t i on s  in the s pa t i a l  and 

t e m p o ra l  d i s c re t i s a t i on in the e x pl i c i t  fini te d i f fe rence a l g o r i thm . R e su l t s  

i nd i c a t e  t h a t  su f f i c i ent a c cu ra cy c a n  b e  a ch i ev e d , bu t th a t  t h e  gu i d a n c e  given to 

m o d e l l e rs in th i s  a r ea is inad equ a t e  and c an lead t o  e r r o r s  of 20% in s ome c a s e s . It 

i s  re c omm e n d e d  th a t  a s sum p t i o ns of th i s  sort be taken out of the u s e r ' s  c o n t r o l . A 

s e t  o f  revi s e d  t e s t s w i th d e t a i l e d  s pe c i fi c a t i o ns w i l l  be s e l e c t ed a nd pub l i shed a s  

part of the final report of the va l i d a t i on group in ea rly 1987 . 
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Ti tre Echange des donnees entre les sys ternes de CAO dans l ' indus t r i e  
bri ta nnique d u  ba timent .  

Aute u r  f Je f frey D W i x  

Orga n i s a tion f The Bu i lding Servi ces Research a n d  I n format ion Associ a tion 

Res um� 

Ce tte conunun i ca tion , se fondant s u r  une et ude executee par BS RIA pou r  
l e  compte d u  Min i s te re de  ! ' Envi ronnemen t ,  examine les foncti ons 
actuelles e t  po tentie lles a i n s i  que ! ' uti l i s a tion des � changes de 
donnees e·ntre les sys temes de concept ion a s s i s t�e par  or di nate ur dans 
l ' i ndus trie  du  b� t irnen t .  

I l  a e te cornp r i s  dans c e  document une �tude des u t i l is ateurs de 
sys temes de dess i n  et de  mode l i s a tion i n fo rma tique , a f i n  de d� terminer  
leu rs opi n ions e t  l ' emploi des echanges de donn� es . Ce tte e tude a 
s usci te un g r and nombre de reponses , perme t ta n t  a i ns i  de presenter 
les r es u l ta ts e n  tou te confi ance . 

I l  a ega lement ete ex�cu te une etude pa ralle le des fournisseurs  de 
sy s t�mes e t  les r esul ta ts s e ron t aussi  pr es e ntes .  

L ' un des e lements particuliers  de l ' �tude a por te sur les me thodes 
d ' echange des donnees , la por t�e de leur s tanda r d i s a tion ,  a i n s i  
q u e  l e u r  per tinence pa r ti cu l ie re aux be soins de  l ' indus tr i e  
du  ba timen t .  Ce ci a condui t a soul igne r I GES (spec i f i ca t ion 
i n i tiale des e changes graphi ques } dans l ' etude et ses developpements 
u l ter i e u r s  a i nsi  que les trava ux du  sous-comi t� d ' IGES AEC a ux 

• • 

d / d 
• 1 • ' 

t I t
/ 

E ta ts-Un i s . Le s r a i sons e cette etu e par ticu iere  se ron presen ees 
a i ns i  qu ' un e xame n de s e x i gences par ticulie r es de  l ' i ndus trie . 



T i t l e  

Au t hor 

O r gan i s a t ion 

DATA EXCHANGE BETWEEN CAD SYSTEMS I N  THE UK CONSTRUCTI ON 
INDU STRY 

J e f f rey D Wix 

The Bui ld ing S e rv i c e s  Re search & Informat i on As socia t i on 

Ba s ed on a s tudy carried out by BSRIA on behalf of t h e  Depar tment of t he 
Env i ronment , thi s paper revi ews current and po tential fac i l i t i e s  and use of 
data exchange betweeQ c omputer  a i d ed design sys t ems in t he cons t ruction 
indus t r y . 

Part  of thi s s tudy was a survey of  users of compu t e r  drawing /mode l l ing 
sys t ems to e s tabl i sh the ir v i ews and use of data exchange . There was a high 
response to  thi s survey whi ch a ll ows the resu l t s  to  be presented wi t h  
conf idence . 

A pa rallel  survey of system supp l i e r s  was also carried  out and the resu l t s  
o f  t h i s  will a l so be presen t ed .  

A pa r t i cular par t  o f  the study wa s  t o  inves t i gate methods of data exchange 
and t he ext e nt of their  s tanda rd i s a t ion ,  toiether wi th t h e j r  pa rt icular 
rel evance to the need s of  the cons t ruct i on indus t ry .  Thi s led to  an 
emph a s i s  in the s tudy on IGES ( the Ini tial  Graphics  Exchange Spe c i f i cat i on )  
and i t s  future d evel opments and on the work o f  the IGES AEC . sub-commi t tee i n  
the Uni t e s  S t a t e s . The reasons for thi s empha s i s  wi l l  be presented together 
wi th a review of s pecific  indus t ry requiremen ts . 
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T i t r e  LE DE V ELO P P E M E N T  D 'A P PL I C A T I  O N S  I N F O R  M A T I Q U E S  M O D E R N E  S 
A S S OC I E E S  AU BA T I M E NT V E RS UNE SOLU T I ON I NT E G R E E  S E R VAN T LA 
" CON STRUCTI ON I NTELLIGENTE" DES ANNEES 90 

A u t eu r  : Chr i s t o pher Br eam , Dip Arch ( Ox ford ) RIBA , MB IM 

Org a n i s a t i on : We l sme re Energy Ma n agement Limi t e d  

RESUME 

Ce t e x po s e  p r e n d r a  en c o n s i d e r a t i on l e s  a p p l i c a t i o n s  i n f o r m a t i q u e s  
d i s poni b l e s  a c t u e l l em e n t  e t  t ouchant l e  d oma i n e  f i n a n c i er , l a  concept i on , 
! ' e x p l o i t a t i o n e t  l a  g e s t i o n d e s  b § t i m e n t s .  1 1  d e mo n t r e r a c ommen t l a  
r e che r che e t  l e  d e v e l opp ement a c t ue l s  c ond u i s e n t  v e r s  ! ' i n t e gra t i on des 
l og i c i e l s  d a n s  l e s d om a i n e s  de la c oncept ion a s s i s t e e  par ord i na t eur , de 
l a  mo de l i s a t i on thermi que , de l a  regu l a t i on a u t oma t i q ue d e s  s e r v i c es du 
b A t i m e n t ,  de l ' e n t r e t i e n p l a n i f i e ,  de la g e s t i on f i n a n c i e r e  et d e  
! ' eva l u a t i o n  d e s  i nve s t i s s emen t s . 

L ' o b j e c t i f  e s t  d ' a t t e i n d r e  u n  p r o g r a m m e  i n t e g r e  o u  u n  g r o u p e  d e  
programmes q u i  rendron t  l a  "Con s t r u c t i on I n t e l l igen t e" po s s i b l e  a u  c o u r s  
d e  l a  p r o c h a i n e  d e c e n n i e .  P o u r c e  t y p e  d e  b 6 t i m e n t ,  u n  r e s e a u  
d ' o r d i n a t e u r s ,  p o s s e d a n t  u n e  b a s e  d e  d on n e e s  c omm u n e , g a r d e r o n t  e n  
memo i re e t  ma i n t i en d r on t l e s  enreg i s t remen t s  phy s i q u e s  e t  f i na n c i e r s  a l a  
f o i s  ( y  c om p r i s l e s  p l a n s  d e  r e f e r e n c e , l e s  d i s p o s i t i o n s  d e s  
i n s t a l l a t i o n s ,  e t c  • • •  ) , a s s u r e r o n t  l a  g e s t i o n d e  l ' e n t r e t i e n ,  
c on t r o l e r ont l e s  c ond i t i on s  ambi a n t e s  e t  s u r ve i l l e r o n t  l es performances 
d e s  s e r v i c e s  e n  ba t iment s .  

I I  s e r a  po s s i b l e  d e  p r e d i r e  l on g t emps a l ' avance l e s  coO t s  d 'expl o i t a t i o n  
a v e c  e x a c t i t u d e  e t  l e s b u d g e t s  e n e r g e t i q u e s  s e r o n t  e t a b l i s  
a u t o m a t i q u e m e n t , a l a  f o i s e n  t e rme s d e  c o n s omma t i o n  e t  d e  c o u t .  L e s  
p e r f o rm a n c e s  pourront e t re c on t r a  l e e s  par rapport a c e s  bud ge t s  e t  l e s  
d e vi a t i on s  f i nan c i e re s  d e fa v o ra b l e s  seront a u t omat i q uement redr e s s e es e n  
mod i f i a n t  l e s pa r ame t re s  de regu l a t i on ambi a n t e .  

Ce t t e c omm un i c a t i o n e x a m i n e r a u n e  a p p l i c a t i on e x p e r i m e n t a l e  d e  c e s  
p r i n c i p e s , a c t u e l l em e n t  e n t r e p r i s e p a r  We l s m e r e  En e r g y  M a n a g em e n t  
Li m i t e d . 



T i t l e :  

Author : 

O q � ani sation : 

THE DEVELOPMENT OF CURRENT B U I LDING- RELATED COMPUTER 

APPLI CATIONS I N TO  AN I N TE GRATE D S OLUT I ON FOR THE 

' IN TE LLI GEN T B U I LD IN G '  OF THE l9 Q n ' s  

Chris topher Bream 

Welsmere E 1 1erp,y Mana gement Limited 

Th i s  paper will con sider currently a vailable compu ter tt pplica t io n !'l  
re leva n t  t o  the finan ce, des ip,n, oper a t ion and mttn agemen t o f  the huilt 
environmen t .  I t  will show how c u r r P n t  re search tt n d  dPvelo pmen t is 
lea d i n �  toward s tl1e inteft rat i on of so f tware in the field s of compu ter 
a i d e d  des i p,n , t hermal modelling , a u t oma tic cont rol o f  huilding 
serv i ces, planned maintenance , financial management , and inves tment 
a ppra i sal .  

The o h j ec t i ve i s  t o  achi eve a n  in t egra t ed pro gram o r  suite o f  pro grams 
wh i ch w i ll m R k e  po s s i ble the 'in t elligen t huildinp, ' o f  t he n ex t  d e ctt de .  
I n  such a hu i l d i n p,  a net work of compu t ers havin g a common dat a  htt s e  
w i ll s t ore and ma int ain ho t h  physical and financial recor� s ( including 
reference drawin g s ,  plant layou t s  e t c ) , mana ge maintenance , con t rol 
environmen t al conditions and monitor t he per formance of building 
services . 

P un nin p, co s t s  wi ll he accura t ely predic ted in advance and energy 
hud g e t s  Automa t ically s e t  in t e rms of bot h  con s11111 p tion and co s t . 
P er forma n ce will he mon i t ored again s t  t h o se budget s and adverse 
f i nan c i al d e v i tt t i o n s  w i ll he au t oma t i cally corrected hy modif i cation 
of env ironmen t al con trol paramet e rs .  

T h is pa per w i l l ex a m i n e  a n  ex perimen t al application of  t hese pri n c i ples 
currently be i n g  undertaken hy Welsmere Ener�y tlana �ement Limit ed .  
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