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In summer, it is possible to achieve a satisfactory comfort in residential buildings with purely 
passive means as thermal inertia, possibility of cross ventilation and solar protection of the 
external envelope. These parameters have to be taken into account at the earliest stages of 
building design .. Because the maximum cooling power is generally available at night and the 
maximum temperature occurs in the middle of the day, the calculation tools must take into 
account in a quite accurate way the non steady state thermal behaviour of the rooms, and the 
control strategies must compensate this phase displacement, while keeping the indoor climate 
comfortable during occupancy. We developed, on the basis on a simple RC equivalent 
network, a thermal dynamic model with a particular attention paid to the impact of the 
outdoor noise. This model, called COMETres, follows validation procedure of the TC89WG6 
of the European Comity of Normalisation (CEN) which works on thermal performance of 
buildings in summer without mechanical cooling (prEN 13792). This simplified reference 
calculation method enables to calculate the indoor temperature profile for a reference warm 
day according to a zoning of metropolitan French territory. Used primarily for new buildings, 
this tool will be also be a help for retrofitting. 
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INTRODUCTION 

In France, mechanical cooling is widely used in office and commercial buildings but not in 
residential buildings until now. This situation is changing and air conditioning is sometimes 
considered as the only way to improve summer comfort in residential buildings. Nevertheless, 
in many cases, it is possible to achieve a satisfactory comfort in summer in residential 
buildings with purely passive means as thermal inertia, possibility of cross ventilation and 
solar protection of the external envelope. These parameters have to be taken into account at 
the earliest stages of building design. 

The development of efficient strategies in this field requires to take into account the fact that 
the maximum cooling power is generally available at night with cross ventilation, and the 
maxim.um temperature occurs in the middle of the day. So, the tools must take into account in 
a quite accurate way the non steady state thermal behaviour of the rooms, and the control 
strategies must compensate this phase displacement, while keeping the indoor climate 
comfortable during occupancy. 

485 



" 

We developed, on the :basis on a· .simple R.C. e@uiyalent: n�twQ:rk,. .a�Jhen;nal (iyn�c Ill.Ode! 
which calculate the indoor temperature profile for a {�fe,reµ,ce warm day'acgording to. a zoning 
of metropolitan French territory, with a particular attention paid to the impact of the outdoor 
noise (related to the windows opening at night)�.; This '..model, ca;I}..ed CO�B:Tres, �as 
primeraly validated by comparing its results to a more detailed one (TRN�YS)1 and now by 
validation procedure of the TC89WG6 of the European Comity. of-Normalisation (CEN) .. ') ... 
which works on thermal performance of buildings in summer .wi�hpilt mechanical cooling 

1o.1J: • .. I ... !.. 

(prEN 13792). , , . _ , 
� •• :.. ... •• J;. 

· · :·r 0- • • ,.. · 1: · ,.. · . r � .· • ·, 

Used primarily for new buildings, 'thiS fool ·will' be also be 'a help for' retrofitting. The 
hypo.thesises and the �oritl)ms �f this mopel were given to the soft\Yare pub�tiers to 
product their own codes and to make link with Winter thermal cal�ti�a?o'�.:, ·. 

· ' · 

J •1, . . .. • 
t I')' ." , ....,, , 4 • ( " • 

1 - DESCRlPTION OJf THlf REFERENC� cAiCOLATION' METHOD . ' • � ·· • I . .� (, ! ; ',' , ;_.. * l • t ,. 

While the correlation methods are widely u.sed for the:. heat re��me�ts a.Ssessment with 
satisfying results, this approach is difficult to apply to the summer conifort assessment. The 
reason is that transient phenomena play a prominent part in the. builqmg behaviour jn summer, 
especially if there .is no cooling plant. So, sirp.plified .toq�s b�sed o�:(dYJ?.am.ic�s Jodels seem 
appropriate to assess the internal temperat1¥,:.� iµ summ�r and to evajuate the thermal comfort. 
The COMETres (COMfort Evaluation Tool for re�ideri.tials 'buildings) method is based on a 
thermal model (equivalent RC network), a ventilation model based on experimental results 
(opening windows at hlght) an'.cl"a' reduced set of dimatic data.... .' · 

;· :.. .. i -

1.1 - thermal model 

The RC model (five resistances, ·onci'"capa'.citancef gives hourly values of the ·m:tefual air and 
the operative temperatures (see figure 1). The parameters of the model are calC'Ulated from the 
building and operation data. Th'e '.building"cfata. ate the area, orientation, t1lt angle, thermal 
resistance and solar factor of each·exteinal components.,(wa:lls, windows, ·ro&fs). Additional 
parameters take into account the effect of·overhangings. The room daily merfu·is the ra:tio of 
th� effectiv� mass of buildin� components to the room vol�e. The sequencial effect of 
inertilt is 'ilso taken into accoUnt. M9st qf these 'data ·are already used·· for ·the· beating. 
Operation data are daily patterns fot inteinhl1 peat gams afid veritilfition.

. T::i. ' . I 

I . ., ' ,J' . • .. 

. -· 
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Figure 1 : RC equivalent net.work 
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·The moc:Jel ba5ed ·0n;thei:Sim.plificatidiis ofi die hcirt transfer: between the internal: and e:xternal 
envifonmeilfca11'be!descn"bed as·fOll��Sj' . Fr·J)'; .. . ;' ;)t; . ,, ·; ) ;  ir:. �:·i:. I ·. :_ 

The ·relevant nodd are defined related to· : . · · < t • , ' 
ei / 1: indoor ah- temperature;. . " . a· : 
8s · :1 Tstar temperature; Y' ·�··- :ii ! c • ' "1 · ;, 

·' Sm : fu�s:S �empebiture, · ,  · ' 

8ei : outdoor air temperature, 

. ' ' _, ·' , . 

,. 

. 8es, effll� : equiv��n� o_ut�?or � �em�er���re ?f �xter;rpU c01;nponents. 
I. , . 

The �ijulvalent rdsiS��e� (K/W)� ahd :therinai capacity {JiK) between the intemiif and 
external environmeiit" corisidererf atd� , . ;• l ,\: ' '.1 

Rei : thermal resistance due to air ventilation, 
Res, Rem : thermal.resistances of exte.wal components between out$ide and inside, 
Rs. Rms : thermal"res�tantes wliich c6iTespotid to heat exchanges between futethal surfaces 

and internal air, 
Cm ; ,. j ,,.;: i tpe��, '.�aP.�b!�{ of t�e .1�clp��e el��e�ts. "·111 • , , • 

'-i1 .. v : · 1' 

Thfheat·fl�;ces OY).Gb�idered are:: 1• • :..� -:,re: 1' " • '. ,· • •;'._· • 

<Pj. ....heat· ti�. to�node e;: a1l�e to coiivecti�e part' of intenl'a.l sources, convective part of 
pirect' solar Jacliati9n_ drr�c ly �tr�mitted to th� ·ai[ and convect!ve heaf :flux of 
ventilatep aii layer o( glazing$, . . ' ' ' 

I . I ' , ,.. II . 
. 

, ,, 
<Ps : heat flw{ to node 0.s, dv.e to< ra�ia ive pail' of iriforn� sources -�a radiative part of 

dll"ect solar radiation '· � · · · · · 
· · 

· 

· 

· 

<I>m : heat flux to node 0m, due to radiative part of internal sources and radiative part of 
direct solar radiation ' I'\ 

AC9,0r�in,g._ to .an electric repre,sent,�tion, Jhe, e�y�!9B� CRmp<?nent� , ar� .. divide� as below with 
,, the.required datasl ; ' . � , . , - . � ,-i' r • ' . 

•• • ' ' ·- '1. .. . '· . .. .  ' •. ·'.\ • \ • u I .}·.' - I J .. t... ,-
_,<;)igpt opaque (!9i�1:<=qess? 12 c�t!lild he_avy op __ aqu�\ex;te� comp.onent.s: 
l.;,.,th�rmal tr�mittance (U), sol� factor (Sf), area tp.�rmal capaciti(C), area (A). 

,. t\lermal briq�ps .: tl)ermal tqu:�.s�ftance (u),sol¥_ factor (s), length (1). 

' . ... .: I. 

- glazing components : . 'r . • .. 

.. r:thprmal transtajttance .ClfX, shprt�;"':'.;�ve, �ong_,.-w�ve + c19n,.vectiv� and yentilated ajj fayer 
components of solar fa9tq�1:�.e,a �q�rm�f�papif_Y,_ .. (C),, area· (Ab) 1• · � 

• 
• ::·� · " 

- internal components: area thermal capacity (C), area (A). · · 

- room: volumic air flow rate (Qv) 

1.2 - Ventilation model due to window.opening, 
l, ' 
" ::....:· 

-
" I ,;' ,. t 

For each hour range Ph (night, early mo.rnjng, day), and for each glazing (b ), we calculate first 
an equivalent area as follows : •":f· - · .. _ .. -

- · 

Aeq (b, Ph) =Ab . RO� . Cpr (BR, IPV, IJN, IPS) 

With: -'· 
ROL : ratio betwee'n.:the open.Ilea area of window and the whole area, 
Cpr : coefficient of air permeability of the opening, which is function of the following 

parameters : , , .. , 
BR : nocturnal noise level (three levds), 
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IPV: exposure to breaking and entering, "' ;,, .�' :· :.\o::. if', ·1. ! 
IJN : status of the associated room (bedroom or other) , 
IPS: 'a:ir}>ermeability�of shutters;-., ;:; ;"!:<Hi· 1;:; '. · .  "..i: • -.\it�• ::•'t:· , ;  ·"' , ; 

.... · .' - ·: .... :/, .�·-=·(:t .. 1.� 

The sommatio-n of the equilalent1areas for each! orientation- (Or :-East,r West, North w .SQ"Qth) 
is done : 1;> :·· . c. _ ·r l! , ·1 i • __ , 

Aeqt (Ph, Or)= IAeq(b, Ph) 

r 'a ?. ""';.1 • · 

b 
'. � . . ........_ 

The conventional volumic air flow rate-due io w·in,dow opening is·calcu�ted as follows : 
.. .) ·- . 

'"" r;-, .. · ·-

D fen (Ph)=iQO.(L Aeqt(Ph, Or)+3:-· .

· L�Aecif{?-�.-Or!).Aeqt(Pjt� Or2) ) 
-�.. .. . ...... . ----.. ... . 

Or Or2>0rl 

where 100 (en m/h) is the;;equivalent velocity' of wind; for thermal -�ffects and transversal 
ventilation. . ·: · "•· "· · ' � . : 

1.3 • Climatic data 

• .: j � j·. o � • I'� I .:. !_. V0 � 
� - - - ---· -··· . -

These data have been chosen in order to .give.· the level of indoor air. and1Ppe.rative temperature 
which will be overstepped during five days; for an._ average sunµner. The calculation is made 
for a reference warm day. The choice and the values for France of these reduced climatic data 
has been validated by simulating various buildings on 15 real summers for each of six 
meteorological stations. French territory have been divided:in ·four climatic zones pa, Eb, Ee, 
Ed (see figure 2) with some corrections to take into account the distance to the sea and the 
altitude. . . «•: � t ·: :-, . ·'. 1 -Y ; <-q • L •. 

The climatic dafas-needed: by the m())dcl are � , ,_ . . , . 
· · •.Idn ;: direct normal radiation (Wh/m2) .... .:Eq · � ·daily semi amplitu.de, (°C) _. . . . ; ; 

· ldi : ·isotropic diffuse radiation (Wh/m2) -: >Eseq :··diff�rence be�twen .averaged,-cj4ily and 
rT :. averaged-daily temperature (.�C) '�.- . averaged monthly tem,p�raturS(s (°C) 

, .. 

�. 
�-- .. ... . _ ..:.�..,_ ... . ' -

·!. .. 
-. .. .... . . ·- . ·-·�· - .. . 

. . .. � . • 1. 
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1.4 - Example of results L, ,,, 
·.:._ .. 

As an illustration of the influence of different parameters, figure 3 gives �!feSiults, in term of 
operative temperature, for a reference dwelling situated in the Gard, when, inertia, solar gains, 
'and· ni'ght ventilation are motlified�' fo, the besbconception,·' operative temperature, js always 
below 26°C, and in the worst, maximum operative temperature is about 35°C. 

•c 
40 

35 

· 3o 

25 

20 

1 5  

LI� 1 0  

5 

0 
0 3 

-- external temperature 

-1 :· high. Inertia, good s·otar protection and night v•11lilation 

'w:>:,..�-2 : as 1 but with low inertia 

�3 : as 2 but with poor solar protection 

-+-4: as 3 but with low night ventilation 

6 9 12 15 18 21 -. 24 
hour 

Figure'.3 : Example of COMETres results : operative temperatures for a reference dwelling, 
varying inertia, solar gains and night ventilation. 

'_,. 

· 2 - VALIDATION.PROCEDURE · :.1 
i': 

2.1 - comparison with TRNSYS model 

•• 
t T ,· .I 

The results of our model have been primeraly compared: to the ones. of TRNSYS: :slln,ulations 
for a West oriented room with different inputs (climatic data, solar heat gains; thermal inertia, 

:_. ventilatibn schedules ... ). With high' ventilation rates, .a.S''it happens in summer, the. difference 
between· air and operative temperature cannot be neglected. Figure 4 compares the Jnaximum 
temperatures and the difference between air and operative temperature obtained with the two 
models. Discrepancies remain less than 0.9?C for the operative temperature and 0.2°C for the 
difference between air and operative temperattite. _ .... _ 

45 

30 

. ··t � 
.. 

3S 40 45 -1 .5 -1.0 -0.5 0.0 0.5 
(a) COMETres (°C) (b) COMETres (°C) 

::...., 
Figure 4 : Comparison between COMETres and TRNSYS results : 

(a) Maximum operative temperature 
(b) "Difference between air and�operative temperature 
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2.2 - Validation procedure of the TC89WG6 

Our model follows validation procedure of the TC89WG6 of the European Comity of 
Normalisation (CEN) which works on thermal performance of buildings in summer without 
mechanical cooling (prEN 13792). This standard sets out the level of input and output data, 
and describes the boundary conditions required for a calculation method to determine the 
maximum, average and minimum daily values of operative temperature of a room in a warm 
period. It doesn't impose any specific calculation method but includes the criteria to be met by 
a calculation method in order to satisfy this standard. These criteria are a set of test cases (two 
geometries in two different climatic conditions, with three different types of envelope and 
ventilation rate: 18 test cases). For each test case, the comparison with reference values given 
and our model COMETres gives a difference less than 0.4 °C, which should be acceptable for 
the validation of our model (see figure 5). 

45 
G 0 '-' 40 
� 

35 

30 

25 

20 

15 
15 20 25 30 35 40 45 

COMETres (°C) 

Figure 5 : Comparison between COMETres and CEN results for maximum, average and 
minimum operative temperatures of validation tests. 

CONCLUSION 

Helping building engineers to improve the building design for summer comfort requires to 
base the tools on dynamic simulations. We have developed for that purpose a simple RC 
model called COMETres, which proved to be accurate enough compared to reference detailed 
tools. One important point is that this tool is based on simple input which make it possible to 
use it at the early stage of the building design, when major changes can still be done. Used 
primarily for new buildings, this tool will be also be a help for retrofitting. The hypothesises 
and the algorithms of this model were given to the software publishers to product their own 
codes and to make link with winter thermal calculations. Works are now in progress to apply 
the same model for air conditioning system sizing, and calculation of yearly energy needs for 
air conditioned buildings. 

ACKNOLEGMENTS 

The study was carried out with the cooperation of CSTB service AE.C., groupe AB.C., 
association QUALITEL, CETE Mediterranee and M. B. BOURGES, and sponsored by 
ADEME (Agence de l'environnement et de la maitrise de l'energie) and ML (Ministere du 
Logement). 

490 


