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1. INTRODUCTION 

CETHIT.., Thermal Research Centre of the National Institute of Applied Sciences is a 
university laboratory associated to CNRS of 50 Staff scientists and Ph D students devoted 
to research in heat transfer. 

Since 1982, our group has been developing various contributions to multizone air flow 
modelling (Roldan 1985, Cacavelli 1988). We contributed to the COMIS Project has a 
member, and more recently we have also been contributing to annex 20 with two 
projects: Large opening behaviour and zonal model development. 

Few years ago we also developed a real scale experiment on a flat built called OPTIBAT 
(Allard et ali. 1987) in climatic controlled environment in order to get good quality data 
sets for building thermal model validation. 

Taking into account our experience and projects, CETiflL's contribution to Annex 23 
will focus on three main axes: · 

+ COMIS development 
+ Full scale experiments 
+ Error propagation 
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2. COMIS DEVEWP:MENT ,• .. 

~,mention®~·b~fore, after v.arlous'multiZone thermal and airflow models developed in 
our group, we have been contributing to the COMIS project in 1988-1989 at LBL In the 
first phase of Annex 23 we continue to work ori CO MIS by developing new algorithms 
and integrating new modules in the code. · 

More precisely we focus on HV AC network modelling and integration. withln .. the : 
building solver and air quality evaluation in multizone configuration. 

2.1. HVAC NETWORK MODELLING 

First of all, during· the last year, we developed a systematic modelling of each component 
of a ventilation_ network and their integration in CO MIS. 
16 different kind of.;;elements including fans, ducts, junctions, flow controllers, dampers, 
..... have been identified!. JIJ.~delled-and integrated· to C-OMIS. · 

2.2. POLLUTANT ~SPORT AND IAQ EVALUATION 
- · - . ' ~ . •. 

Furthermore, a pollutant transport. mod.We .already emted.Tn CO MIS ( Rodriguez and 
Allard 1992), this module has been extended and coupled with an evaluation procedure 
of indoor air quality using the ventilation effectiveness ~oncept in order td'qualify the 
quality of ventilati<;m.in;a multizone_l;mijding. . 

Ventilation Effectiveness is a measure of how quickly an air-borne contaminant is 
removed from the room 
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, The Contaminant Reino:val Efficiency is .derived frowthe ventilation}~ffectivenesso 
.: :: . • . ' ·,~ ' ~· i .J I; • . " • 
~ ... . r. • <· .. , ... · ~-~- • .- .,c=_e__ _ .! _. 

l+ec · 
) 

2.4.:TEST CASE. · ~ ~ -- "·· 
.· · r 

The test building is a 5 zone single family house drawn on Figure 1. 
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Figure 1: Test Case. 

This building is characterized by 26 .flow paths (doors, windows, cracks of internal 3:rl~ ·:. 
external walls ... ), 4 identical self-controlled air:inlets 1.ocat~d oh living reoriFwalls a.D.U::a, ~· 
mechanical exhaust system (fan, ductifi.ttings,idum straiglits; ;such'~as~ew,'OiffuSer, ahd' > 
flow controllers). Figure 2 gives a general ~:p.eme of this network. 
Each component is described by its ch~.actei;istic curves (see figures 3 to 5). 
We consider in this example a typical win!~r ·day~ With a south blowing wind. 

Outdoor temperature: -2°C 
Outdoor pressure: 101 300 Pa . ~ -~..;; - . ~ 

Outdoor Relative Humidity: 60% . _ 1 . ? -. 

Indoor temperatures: Living room and Kitchen: zooc 
Bathroom: 22 oc 
Toilets: 19°C 
Attic: 10°C 

Indoor Relative humidity: 50% • .:.! •. ' , • "' 1f". . . .. ! .... 

. ' -~ . 
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Figure 4: Characteristic curve of the fan. 
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2.4.1. Wmd Speed II_ltluence: 
At firstwe vary the wind speed ~-~m 0 to !2 rn/s. Table _l gives the results obtained. 

Vw 
[m/s] 

Kitchen living 
-room 

P [Pa] 

Toilets Bath 
room 

Attic , 
' 

0 -31.19 -4.83 -33.254 -33.352 -34.899 115.2 ~ - 0 115.2 

1 -31.481 -33.551 -33.650 -35.274 115.56 0 115.56 

2 -32.485 -5.631 -34.574 -34.674 -36.479 1162~ '·· 0 116.28 

3 -34.665 -7.48 -36.774 -36.875 -38.762 117 . 0 117 

5 -43.918 -- ~16."823 -46~048 -46.147 -47.222 117.72 0 117.72 
-

6 -49.788 -22.601 . -SJ.941 -52.041 -52.821 118.08 9.73 127.81 .. -·· 
7 -55.343 -~27.731 - •57.555 w57 .656· ~5~30 118,8 22.60 141.4 

8 -60.726 -32.254 -63.021 -Q.~.131 -65.440 119.52 33.72 153.24 

9 -66.084 -36.431 -68.470 -68.583 -72.525 120.6 43.90 164.5 

10 -71:214 "40.277 -73.599 -73.7'23 -80332 120.6 53.83 ' . 174.43 

11 
•.. r·· 

-11.11~: · 4lfj7t -79.ssf· -79.695 -89:292 120.6 66.63 187.23 

12 -85.832 -49.833 -88.208 -88.365 -98.986 

Table 1: pressures and air tlo'W r~tes. 
~-·f' -~ .• ~,,~ ~: .~ .. \.... :~ · .. : ; ;, ~] .... _ .... _· - ~ .) 1! 

• .. ..·" l 

.... .. 
Where: · ; ... . 

' ... ···' 

- Vw: wind speed [m/s] 
-~- ~~ ,mA: IMla~t~· fl'~w ·[myh~ , . 
; .' :~a :1~ossmg arr flow.['m /h] . 

- Inc : Total ventilation air flow [nV/h] 

. , .,.. ... : 
-' -. ...... 

. ,. r. ~· .. ~ ..... ?I_~ -, 
. ., 

··'· 

The crossing ~flow is .zero until 6 mjs .. After tfus threShbld,.;it ~ont:ih\io~l~'Jincre~es :r 
the total ventilation rate up to 64% at 12 m/s. The concept of protection level of a 

, 
mechanical exhaust system appears clearly in this example. ··-' (· :..: . . 1 ( r?. ; ·• l ~ ·--

. 1. ~ ~ ~~ ~~~ r < c-~ - ;. .:. .J ~ 
2.4.2. lndoo~:-Air ·Quality: "-~' ; ' ' - · '· ; :J • .. .. , : .. . _ . . , 
We co~id~r-;in this illustrative example an-oven1ocated in the kitchen. Its power is 3 kW. r2 

and its C02 emissive power is 0.0981 gjs. The resulting Ventilation Effectiveness is 4.64, 
and the Contaminant Removal Efficiency is 0.82. Figure 6 presents the evolution of C02 
concentration in the Kitchen with a 2m/s wind. In this case, the mechanical exhaust 
system appears to be a good solution, no C02 is found in· the living rooni. 
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These works, integrated in Subtask"t (niodei deveiopment) will be available for all . . 
participants in a next CO MIS version proposed for our fall meeting in Budapest. . : : · · ' 

. ! . I!'! C' _ •• .,.4 .. · .. . ... ; . 
' "' .• ~ · __ ,,:;l,, "i'' 

After an evaluation of the code, it will be then possill~e.~ .futegrate; neW'~algotiilims, 
(large openings, new ventilation systems) and preliminpry*sults ·of tl;le co~pietecode 
integrating the user interface are planned for . 19~~: . ·)i: .t£ ·-: 0 "' • •• .-. ··~ 1 

' 1 

The final product including th~ ,us~r.inter:face should be· a..vailabl:e in Mardit4!994. 7;;or 'J1. ~ 
: · .: · · ll .,-: ; '· · <· ;_; . :.; ... ! . ) · ,-=: -'-·""" .. : ~ - ·t; -~:· ~ ·.- ,o • •• ~~·; 0 ~, • ..J : • ; 'r.. • J. 

I ,. ' ~~ ... l~(.:~~ ~- ... ·-r·· 
-?'. :..0 4 1.':· )~. M·j_, .... J :. • ··~t~O 0 ::., .... . ' 

.'-~ !'r · J·. • •• i -::..~ ·~ 1:~ · ·. :~~u .. ~~;10··""' •. ~. -
2.6. EXPECTED RESULTS: 



8 

3. FULL SCALE EXPERIMENTS UNDER C10Nq{qL~:q . :~L~TIC _. 
ENVIRONMENT 

. ' . . 
3.1. OPTIBAT: ·:· ~l : . • I • 

... 
J I ; • 

r 
:' l ·~ ~) 1 , : . . _ ,. ·: . .l, . ~- '- .• : t 1 · - ... ·- l l- ·,~ 

FewJears:ago,:£ETHU... developed a r~al scale experiment made ~f a 88 n;t2 apartment .. 
built ~.in our .lahQJ;atQty .hall UI).ger a coptr9.ll~d cl!matic enyifonment. This apartment is . 
configured as presented ~Figure 7. It has been divided into zones repr~s~ep.ting ~P..:.·c.: 
various rooms of the dwelling. 

. , ' .. 
I ·~ ._~ 

Rooml 

(Zone 1} 
t ..... ,·_: ~- f 

. . r--"1--~-1 , ,. ,. ,, . 
:..:.... 

, ! ...... 

...... .. . ... _ .. . .. . .. ~ 

...... . - ........ ~ 1 .... , . • 
•....... l I •..., tJ '(' ,J -~f •. :- ..: • , .. ; ;.1. .. 

··- 1;'" ' • • J. 

- ... Room3 . 

(zone 3) 

Hall 
(zone9) 

· · ~ . .. 
,-----. 

toilet .. .; 

(zone 8) 

Bathroom 
(zone 7) 

. . 
Kitchen 

(zone 6) .. 

I 

--

~ .. ,, 
1', • • • • 

r-:--.. . 
... . , 
. .., •,ll"' .1. 

I' .· r 

t5 . . ; - Living room ·•. ,:. • 
(;one 5) ' 

I 

Lo I ' • • • ... . ·~ -~ 

'. ' . r· .. -' L~- .. ·:. , 

f - • 

·'·· 

. '.,. . ~ 

. . 
~ ! 

- J • . . 

... 
~ · 

:iT ... i 

... _., 
. "--.: 

.. ) : ·- ~ 

I ' • • 

#- ' • - • 

/I 

In order to provide measurements under various and controlled climatic conditions, 
climatic housings have been added to ~~ach · fa~e of· ~e . Q~ding. 

1
0q · thr· , lWO m~ __ 

facades, air temperature can vary from -10 to 30°C, the pressure drop between the two 
facades can reach more than 200 Pa, and re\a;#~~ Q,t~~.~ty varies.-~fr~~\?~ 1t~ 80% . .. 

The!four ·.Ot\J.tlr {.aces:.of.,tbe, 4-W:e.lljn,g ~e-::.<;t?n¥"olled by· a spe~ housing simulating 
adjac.ei.I~ ap$1rtm~I;tts, ~g ~el!l~er~e ~ pres~ure drop ~e controlled indepe!ldentl~.~-· .. 

~~~~-~ ;f: ~:;6 -=;~: .... ·-a. .'. ~·;_ ~·:.)..;t·.~ ~-· :t,.- .ti ... _1 . • :~ ,-.~ · _.-·· • ·Ir 
•I~. l..,jC:" r r 
-~- . ....; ..~ ..... · ~ i . ~~-~.r· . ..;.. ·,L 

·::,. .::i j ~ l L :,_, 
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3.2. Tim. ExPERIMENTAL FACILITY' . ,. 
c) '.1 

··.H , ' .• 
OPTIBAT facility had been devoted until now to the validation of numerical codes of 
thermal behaviour of buildings developed by CETIIIL without specific measuremenfk' of ~ 
multizone air flows,, In a first phase of our program, this facility had to be modified in 
order to p~vide a: teference exJ>etfme~tal to~l- for· multizOne airllow~ iheasuremep.t ) 
techn,iques and eiperimental d'ata·sets available for numerical code vatidatio.li•.wi'tb.in the· 
fraril~· of anriex 23::. · ' -=' · - : ;;r·- .1 / · ; ~~.~- · , , ,. 

This experimental pr-oject has been divided. into two_parts; 

Part 1: Interzone Permeability Measurements 
Part 2: Interzone Air: .. Flow Measuremen4i 

l ' 

· ..... ,. "" ....... ; . 1. 

Until now Part 1 has already been carried out, and Part 2 is only be!;nning. 
I 

--- ... --- - .. 

3.3. INTERZONE
1 PER~ABILITY MEASUREMENTS: 

.,., 
'·' "_I 

The aim of this first ta.Sk is the physical chafacterization of each wall regarding to its air 
permeability. Two different techniques have· been used and compared: 

) 

+Guarded Zone Technique (GZ1). 
+ Passive Technique (P1) 

! . · ··· -- ' _._. 

The results obtained, presented in t~ble 2 -and-3-show-a good~agreement between both 
techniques, the gap between ·the results obtained using GZT and PT are usually within 
the confidence interval of the results. : 

. : 

The main difference between the two techniques comes from the neces~ary control of 
the zero pressure drop between the measured room and the others when using the GZT 
which means more sophistication in the experimental apparatJ!S (zero pressure drop 
control, extra fans, :~~)~ -Af the-·con:tra.ry;-·theYasSive-Teclmtque-is-longer in time and 
needs a more powerful numerlcil1 ide'iitifitition ·hlethod ·iQ getlbe leakage characteristics 
K and n. 

3.4i:'MULT1ZONE>AIR Ffuw MEAstJREMENTSb~c . J~· ,·: ·. i :,;(1· 
~T·~e· t.:r~.: -~ - ·~ :.1c ~- ~~ ·\J: . ... ~ .':1 :: :-.r ;:.·; ~~ ... :· :11~":':.< :~~-

-i 
l 

3.4.1. Modificati~rt~·or'the experi:mentai fciclHty· JY '" i'/)::_: r., ·. c}r::; : .. ~:; 1. . . ~.::.. ' 

BefofC?;develoPing tlie ·;s~cond phase?of'our':Pfoject,·we·~had· to:m.odify orlr ~rimental . "'· 
facilit)'::in order to iri:lprt>ve its qualifY with-:regard1fo tt-a:cer-::gas techniqfte'measutem:ents~ 
In order to save energy, the whole thermal conditioning of OPTIBAT had been designed 
with closed loops. This design is no more ·suitable for tracer gas measurement because 
it will increase strongly the noise on the measurements due to the tracer gas 
recirculation. 
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! ' 

' 
~~· ,----------...;....:.::··:-..:.· I_· __;,r.;..~·--~--------------..., 

P.uar.ded zone method P-assl've method l-·-

d~gnati~~--- .... . 1!. . ·-· ~(11_!~/h.u~der }~a . . . -· 
_ _ , ,(Flow exponent) . . (P~eability c~n 

n - K 

PaFoi W12--- . - ---· -Tightl d-wan~ · 
, I' 

-~ · · ·· ·"Tightl d waH~ · 
T fa_ .. 

I 

Par·oiW14-·- -0.59.±0.~~ ---·- -- .. ·}2;62±1.04- ·-· .. · ·0.58±0.02 -· - 13.43±0;91 -
" ' , { I'-· :_ r ' r 

Paroi Wl-3---- .. -·~;57±0;()2--·-·· · · · 13~93±0.84 -- 0.60±&.04 
_ . , r __ 1\ ! ,..~ ~ , • 

··-11.82±1:4--

Parrn W-33-··- ··Ct61±9.03-.. -· -9-;~7±1-.15 · ·· ... -6.55±0;04-
r--------· .;..· ~~~ -~~ -~·~ .. ·~------~~·--~L~~· ~·-~-~·---~i 

· ··10~02±L08·· 

l . - - ·· ... -- - ·- ..... --·- .- . -ParoiW34 - __ __..._ Tigfit ~d wau--
~---~· --~-' --~~u--~·'··~~~~· ------~·~~~---~·---·---·~· -·-~1 I 

P~rOi W 43 - ··· -- i--· -~igl ted Wall 
' 

P;1roi WS2 ·· .. --+ Tlgl led· wall -
~ ,_ ' .. ~ . . 

Paroi W53 · ··-&;55±~0·3' -- - · ·13.52±1:6 
i 

Paror W63 · -o.sH0.'05 · -

' ~. ... 

t ·-· 

- ... "0.57±0.01-"" .. 13.34±0.2-I . ' ' 

·it5~±0~oo5 · ·· ··-s~s6±o:o2 -- . ,. : ..1. 
Parui"W7-3 ·-· -~ ·· .: ·-··· -Ti' htea·wall .... _ .. · 

- • t • ·' _,_ ' ~ fl ~ I j_' -

-------- - ·r - - .--... -.. -~ .. ---- -- --:--· -·· -· 
I t - . " . . ,.) .' ' : •, ~ . \' ' 'I I ,... ~ (" 

1 , ·-t-hl' 2 Leak ~- .l b" t4 · ·• ·, · r· td ··· ··· · · . _ .-... . . . JL .e .l. .. -.,.. _JJ..ge .s::~. _a,ra~~.enstics. o ou oor compnnents. 

·' ' . 

l ( 

. _, 

~· . ' ·.: ~ 

.. ..... ' 

.. 
t ( 

. I 
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Guarded zone method Passive method 

Designation-
n ~(m3/h unqerJ.Pa n K ~ .... ~ --

l o (Flow expo~qt) (Perleablllty c~O i ,, -~ ~-y lL 
~ .• 

Paroi-W.l-l=W2' ' . --0.9510.05 --O.Ol-±<)·.02 · - - -•.. 9.90±0.001 -; ·- 0..14±0~001 - - -- . 
. l . ,.j • • f . (. , 

' . ·- ..... ,s-·· . •"l 

-- -~-~jM:1.0l--~ 
-, . ~- ·l 

Paroi W2l- .. ,.o.1i±0.01 - -19.3o£03s - __ :._~.18H>.05 '"~ -
I 

! _; ... 
' ParotMl- -- -G.95±0.05- .. -O.OH:O.Ol -· - ·- 0.90±();001 
I 

-0.-14:t0.001 ---
' -

J, " ~ 'f - ,I .,- I l . 

Paroi W-24--- ---- ~9?±().01 - .,0.08i0.02--- ------- 0.87±:0.M-- ~--· ~.11±{).0.1-. .. - -
~- · 

.. .. - '\ _;: i ' . . . ,, ..... 
- ~ . . h : :. 

Paz:oi W.3l .. 0.66;t;().001 ---14.i:7±0.03 ·--· -~.593:0.004- -- - 14.9#126- -
- - . - ~-

,, "" ' . 
I • l '" • - ( I - ,_ .- • JI · & ~· - 1 

Paroi W32=;-.W2~ - o..99±0.01-- O.lWi0.02- " ' -- .().,814Ch0-l---·-· - -·O-.-l7±0J}l - . 
.. • ' ' ,, - ... . , " 

.. .,. .. ,. 
'\ ' • • . - •-.., lo ' ... ··' -- . . . 

Pa.toi W4l_ . - 0.92±0.03. -- - . .2.54±0.22 . . ·- . --- 0.84±0..02 - - - .2.49±0..16 - - -;. 
' ' I . . . I 

; 0 • ~ f '*"" ' i \" . 

Paroi W42. . . __ _ 0.6.6±0.01 __ . .. 2.89.±0.21- - .....0.65±0.01- - r- -2.97±0.03.-

I .. -· '( • '- l. 

Paroi W44 
. 

0.-51±0.0()2 - . .. 5.48-±·();04 -9-:5t±OJ)1 ~ .. - -- 5.64±0:02 . ..... 
... f, ) 

{l lj . ~' .. .. 
Pa.roi WSl. ... 0.71±0.0~- 14.61-±1.54- - .. -· 0.7-6-±o.01 .... - -15.03::E0.64 .... - ... .. 

f 

.. - . . 
Paroi W_..i4=W6: -· ; ~ .. . 1. • -•"' r •• t . 

. .Q.64±0.0~l- ·-6r4-7±0.(l2·- ··~ . -4}.64±0.001-·· · - --~-29±0.02 .... ... -
J I , , • I, _ ~. ,I - . .. ·' ', ; t' 

Par.oi.W 6.1==: W7' ... 0~14±0.05 --- ),...76±0.26~ --- - --~-81:!0.02- -- -· --l.24i0.~- - -
I 

~ ··-· I . .. ....... 
~a.roi_W64 ~ -· . ' 

..... . ·- · OA77±0.02. - ~ -L64±0.06 - . - .0.69±0.06 - .. ... -1.99±0.21-- --- -.. .. -., -. . . I .... .. 
! ' .' •, (,. ... , .. :.,... .. .. .. ., .,. .. . -

I'arQLW7l. __ • 
-~.89±0.04 -- - . -~.999·--- -··~· ().-80±0.~ - ... ··- 4.S..M(}.31-·- ---

Paroi W72 0.74±0.05 1.76±0.26 .• Q.8,1±0,.()2 ,. - 1.24±0.21 ·: ·, ·, i . . . 
' 

- ·-; :" t ~- T· "· ;• : I:;; I-: ; • f ~ ' ., ,_. : _) ... .. ~· 

Paroi W74 0.97±0.01 0.34±0.01 0.97±0.01 0.34±0.01 

Paroi W81 N.D N.D N.D N.D 

Paroi W82=W7~ 0.97±0.01 0.34±0.01 0.97±0.01 0.34±0.01 

ParoiW84 N.D N.D N.D N.D 

N.D: undetermined coefficients 

Table 3: Leakage Characteristics of Indoor Components. 



In order to avoid this problem, a new design bas b~n rnadez, ;ti,l~. who~e~-;cgpditioning 
syst~~- is now 'Y<?~lgng ~open lq.~ps inje~g out.~OOJ ~~_,sh air t~en pn one side of our " , 
ball ~4 rejeqi.ng fexha~t _air on the otljer side. ; ~igure_ 8 ~e~¢~s ;Jl~scr pripciples. 

1., 'l) ;.;;~ 

n 
' 

· Exnaust air'.: 
' 

... J. . : '...' 

Exhaust air 

t ~ 
·-

,'\ • I • f ·-. . ,, .. ,. '. 
..... 
'' . 

''"· t 
EXPERlMENrAL &.L·. 

e' ! 4' ( • !I'll •· :.t ' 4t 

T,P2 .. ·. · 

J .. :.. 

. 'l ·. ..1 ,_.-J. . '· 

• r 

..... Fresh air 

,;J. 

~ ,. 

l T3,P3' l I • 

Climaric 
Box • . 

r" :. .... ...... • 

I ' . ,J;.. 

. , ,~: .f· 

.; · 

~Fresh 
air 

' . . : i 

Figure 8: Climatic environme:r;tt of QPTIJ31\T.11.r 

3.4.2. Measurement facility 

.. 
.. .. 

.. 
I 

. , 

' . .. 
• ... r ~ .I \. ._ • ~.. • • ..... ' r ~: .. ~: :' , :.: . J ~ ;._- : , ; ' • i /-; 

In 9rder to ~e~ .. £Ompl,e!.e , exp~riJ;nen~ d~ta-_ sets,~;~ ~~pera~.~, .pressur~" Qr.o_p and 
tra~er gas conce:qtration, have to be :me.asur~d in each room and in' each clbn~tic housing, ·; 
bounding·. the" dwelling cciL Obviously ·the mnn"Qer of seo.Sors 15· limited and we defined . :. ·. 
on _one' .. han5La,. min.iw.~ :!e.tjuirem~~. f?J:. ~~cfi . roorp. and on ·t,pe. o~~t . ~and ~.~.·-j 
possi~ility of specific stuilies with a higher density of sens~~~ i;;one .. :;oo~ ;)Vlp~.-, ~ 
introduces a flexibility criterion in designing the measurement device. 

. . . i ·. ' . . . ' . - , J' ' t .~, .-

Th.e f!inim11Il3 requir~J?~nt i~ ,~ne fllr.·t.eJ?p.erature,, on~ pr~SSpj'~:.~d ,o~e.·: ~nc~~tt;aticm . . i~ , 
me~~+nep.~ ~ eac¥ -~OI~e. Of the d~eHipg ~d iq, ~aGJl .cl.i.tna:tic :Ro~~· The lpcati<;¥1 T 
of Jhe sensors .being at th~ centre of the· zone., Nevertheless~ fpr specific studies ·on .. , 

"" t. .._ ... "~ .. ... r • J, _ ·'· ' · ....... '- . • .l. ·' -· . ' . ·' . . . .i 

concentration homogeneity in one zone, thermal stratification ... , D?:O~e ,.se_nsors :~ ~e 
necessary. This design leads us to a total amount of 40 temperature sensors; 20 sampling 
location for concentration and the same number of pressure measurements. 
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,_: Te~p~raturi! Me·as~fuentS:: :· · ·. . · · . :;. ·· 
We use 40<l~.TD i 100 ·ohl;n seniqrs calibrate_d in ·_our laboratory an<;fdistributed in: 'thg · 
various zones of the···apattment The~ final accunicy resUlting of t.hd~Ca.J.ioratwn is bette{ 
than .l°C and all sensors measuring air temperature are protectedJr:om.(wall radiation. 

Pressure Drop Measurements: 
Pressure drops between each zone and outdoor represented by the c~a~-~ housings are 
measured using a differential pressure. transducer FC040 with a 200 Pa r,ange and 1 Pa 
accuracy. Each measurement locatiorl. is connected to a selection .box1 by horizontal 
pneumatic tubes. This selection ·box-located-- :within ·the cell·· as well . p.s the pressure 
transducer is driv~n by a.T5200 computer via.al:IE_7500B_data.ac.quisition system . ..... 

! 
Tracer Gas Measurements: ~ · .. . _ 

~ese meas.ur~ments are Ptf>yided u~ing a p~~~Q ._8:cg~stic sensCJJr-('B&~. l~.02) coupled 
wttb a multipomt doser ana sampler (If&K q03). Tlie selecte4~eonf!gmatwn enables 
us to dose and analyie -5 different · gases plus ·water vapour. . ~- · -

~- . 
;...~.- ' 

Data Acquisition-Srs,tem: - ·· - · - :··-- - · ~- ·- · ·-;· --. -··· · 
We developed our own acq~i~9.!! .. ~.Y~t~~-~~~ ~ ~QOB.E.!liii~e whole system has 
been connected to the co~<:entration measurezyent code deliverin~ a1~mplete integrated 
data acquisitionJool driven~ by the PC which manages the pressur~~ c1rannel selector, and 
all the pressure, temperature and concentration measurements. · 

3.4.3. Experimental Program 

After a first period of time devoted to the calibration of the whole experimental 
facility and specific studies on tracer gas sampling or thermal and concentration 
stratification, we are now planing to test two different tracer gas techniques: 

+ Monogas Mul~ne Te'Chhique ,:c; ·· · ·•· · ~;!· ·. : 

+ Multigas Multizone Technique 

Monogas Multizone Technique · -.~~ri . ·~.:rr~:J"il·.-~ ... '~)i I. ~- ,/ 

We use onty one tracer gas injected at a constant ,cqncentration level in one zone, and , 
we ·measuie t.he'J"eS'lijting concentrati6~· urhll the Wiies 'undefiixe(il:Cfiniatic conditio:dS . . i: ~ 
Repeating fhis· ·piocessJot·differ~f·ooiJ:centration~le\Jeli"arid f.of ¢icb· Z9,n~; oeiivers~ tlie. ·· 
90 irlferzona¥ arr·lflows of ihe problem. .AsOWe ate able t<i'rfi.aitliam 'coifstarlt·1difi:uitic ·: 
con~?~~:1~~ f?e~h~!e ~xpe~e~~~ljis ~~\. ~Wtod ~:~ftiC:\*ith a.,~dp. _ ac#~cy . 
even if 1t i.S~'time d5nstimlng. ·' · .... , J J .> •• _ -~. · . · ·, -- •• · '.!v · ·· e; . ~ 

; .. ~: , · ...... ~. · - · · ~;;~ ... ;··~7· : . .::.r ~:c::-:-~ ~. ;E}: .-3 ~~ .~~ :~:f~ ·.~ 

Monogas Multizone Technique . . 
In -order to re9uce~e- ~tqtal p_eiiod-bf''tb& eip~imient; ''the· i:o.etliod~to"!b~ used ·is ·a.~ 
m~tiggs· !~~hniqV,~>N~~,-e~-~~~.s~', ·~p~~~ ~p~hlt~~' it is ~~f~oS51bie ~ll~ i~. -ll.tg~_'3:~.~ 
n~b~~ of:gases ·equ~ ttittht! ~~Q~.~:O"?~.n~;, ~at ts ~'e r_eas~-~ wll~.,~e··~~88e~_~<? n~e. ,:

1
: 

three di.fferent gases only:· ,,_.\ ..... · ... ~- . .1.. ~. • • • ::JJ .. •• • "'c-.1•' It ,.J • .. u f ~ 
:. ~: '"; ?.J! :•; ~ ;l . ~ ~: :5 ~·~ f'" J::J(j. ·:~ . '· "it .. i~ \ {~ --~~ .... ~-~ ·){ ·:~L"?t~<~·~, ·.~ 'i ·r.,::.'3,,_·. 

' ~ ~ .: ['[; ~ L;~ ~ or .l 1~C~[::':.:.:-!.~ ~~ ·1 .. : i.·.- ,·.:; ( <_; J'_[:-~~j: :· ~ ~ •~~ : ;r '• / 
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3.5. TIME SCHEPUrn~ ' . ' ;;; ... 
~ ~ · .. i .t ~ , .. c r· ~ , . . 

,. 
'I.J 

"' ., ~. 'j , .· ,. -..ol.--.1' ·, ~-. -..~-~·-'''. 

The interzone pen.;neability tneas\.J.rements have afready been~ performed, they have to i. ,, .: 
be con;q)Iete,4 'p..p~f~epBrted~,~o An?.ex 23 .. The <?PTIB.AT e~e~~nt~ facility ~as been,: 0 

retrofited ~.'winte.r and the multizone arr flow expenmental facility IS already mstalled. <-;::, 
We are presently working on specific experiments on tracer gas injection, calibrating. the:: , :. 
concentration control system and planning the whole experimental procedure; .. ... i· . :.: : 
F~st~sultS.~~th ~~e m.o.nor,~ technique sbo~~ld ?e av~able_ this fall and a first report 
will be presented tq th~, .I!e~ ~ex· f3 m~eting ih september;) . . · ·:. · , -. . . 

- ~ •• • oJ • ·'_:_ •• ;·i···.~;-~ (T. 

·' . ~ ---~ . ! ..' .. ~ • '~ ~- . ~ ~ . ""' £: \ "t ~~ c 

:: .i 

> ' • 

L 
~c G:~ ( • - ~ • ; . ·, 

3.6. EXPECl'ED RESULTS 
. .,. ,~ 

• c • ..; 'C- I ; 

The main ~xpe~ed r~u)J o.f this s~con~. P.~oject is obviously on the one band a complete 
data set for milltizone 1a1:e:fl:ow rrtofiel' e'Valuation 'atid ·on' the· other: hand .a w.~U :known.~. · :~ 
reference experimeziffi"toof for te_~t:fng lliffeJ;"entLtecfihitg;ues ·Ot equipments fo~ mJ,l:ltizone : .. . ~ 
permeability and/or multizone aff'flowmeasurefueftts. . :. ·; ·., .. ·"~>: ,: L !.. • · 

The IQ;a·in-.J3.~antag~ bf.jl~tfoiatorf·lxP.e.timSri.ts :un~er: conttdlled: :environment is the._, i 

quality ' C?-f. lqe : bot!h~~ · .. coJl<J!tiorfs, ·:the ·poS.s~lli~ of· parametric :stllidie.s,._, ·th~·, .,. 
repr~<\~cip~y. of ' ~¥ -e~erin;.e~tS,,: ' 'ana' ~e .. ?~e~si~ility to ~e~~rate st~dy, ·~tatefi . ;gr~ .. r. "' 
transient regunes oetween twd~·stea'dy states :-w-lticli~"•offers~ arWtde oppor:tunJty·, \,Yl,\('n,J . .. 
evaluating numerical models. ·'· r . • 

4. ERROR PROPAGATION AND MODEL EVALUATION •I \ I 

..... ,II' 

The iast project ·i~latid to Almex 23 'dealS with the g~neral p.roblemiof erro11 propagatio!l::·,., 
and more generally speaking the evaluation of :atiniericaJ::. ·or· experime}l't_a.l model 1 , 

reliabil.Jcy. . . . . 
'•:; ... ,• "• "' ~ .... , . < ,,,.;.,. ~ '* •. \") ;-_: ~. : ... ,t ·~:.-_:._~-,I: .' ~·.·: .L .. • ~ ;·": :· . ',; .·.. ' 

_ ~ ~ , _ .... i ~ : •· ,, ·:.. · ;..r · . s 

When elaborating a th~dieticaFmodel, ·a· pbysicist··)lses' ·a conjunction of rde~nta.rY .. -_: 
math~wati~ tools le3:ding to a 1;epresentation (model) of the physics reality. M_ost of the 
t:irrle;·this mooel:iS 'tiiillt b·{11Sing elementary'~nibdels of -singiei·phenomena:contaiWng ~~: 
experimental knowledge contained ·in experimental data measured by·the -physi~t. At ): 
the. ~:qd tpe c9mpl~te model~ reach a very high complexity and it becomes very bard 
to defiP.e th(f qu~ty of the answer. Usuhlfy, 'the mdBel is de5cribed_ by a set• ofnon.line~.: :; 
algebiiic ana integro-diffdrentiil. equkt:i<ins ~and!tfiefr -boundary conditions-aJ?<d .tQ. predict : · 
the behavior of the physical system can be reduced to the solution of, the nwneri~~·b.;;~ 
system delive~g the stat~ v~~Rles defining the local thermodynamical equilibrium of · 
each elemen~-.£?mpo~en!. ·;: , ·. .... l o:. 1.' ·:· . · :,!:h:.-- .. ··' . :c; T 

• ·.J -:. . ..:, J " : 7.. ~ / :, ~-.:~ • ; i ' :__, ·~ J 1 - -. .... · - :... ).-.. 
~ - '_) ~ > 1) t; :_- u .G .1 ~ .!. I •• ; !;\l._ '_l 

In this very usual way to represent the physical reality, the main issue is in fact to define 
the validity domain of the results. Unfortunately, this physical requirement is ~ery oft~» J, 
fOJi<m~.P, .. apd l?uilping phy,.sics is not a singular case. · 

.. , ~:)~:: ' T ~_ .. ; ~~' L; ,·:~·.~~:·, ·?·,. J~~~::~' l t.~_~;~ , .. )[~'·.: -~·-··.: .~ .. ~·.· ~ ... -,,f"·! .. ·~~n ',·· ·:_;{_:...'~,;_.; j :·;".~ r~.~ ~ 
~ - tr ~, ~ ;c .. -'i .. ~./f~~~~~~r '" 



15 

When planning the tasks to be realized in Annex 23, a special care has b~~n mad~ !Jn 
experimental validation. In fact the evaluation of a code is a comparlson· betweeri to 
models of the rehlity:;' the fu!st one given]:>y.experiments with a funitf1d n,umber of sensors 
in specific locations with a· sp~cific accuracy and th~ sec.ond one giyeti'by a ntfniericru . 
model built ·;frdm a .:phy~ical :mqdel with restrictive · hypotheses. ·pUttJiert'hot~·,- ih '1iie): 
experinientai··mode~iall p~ysical quantities !U'e nQt directly mea$ured, b~t th~y can·be 

'·. - · ~ . y ' , , "· , .. 
identified by a num~ri~ 'algod~. · , --: .. : ~ , .. £.. ~ : _ · - ·• . . ~ : J • 

i L -.. 4 -~ ,.._. • L .. ; '• ! : . J .. - ) . f; 1 ~; ·-~ : ; i. 
[!l j '""; '~; ~~ •'f· 

... '· ·· ,_,;: • ' , ~~ • ' t • ; ... . -: 

The first step in the way of evalw.1ting a ~m99.eL ifo then.;to defiHe, _th,e distapce· !>~tween 
both realities. The sensibility analysis proposed by J.M: Fhrbnnger is die .firsi s1ep iii 
obtaining this information. The main problem here in this kind of statistical approach 
is that it is time consuming and it can become very heavy in case of_ a. comp~~'- ~stem 
of nonlinear equations. · · · ' · ~ · · ·• · ,. · · · · 

1''.~...; s ~;-:-. :, ~~.·,. ....,; o- 'l o:...&. ~! •, :...J I • o I \ 4 ,.. J. • _.. ,.. o. · ,' ~ • I '! ··, ~ 

Few Y~at:s·: ag&'m:a~aticians.(G~l;ltm~J .~t£3:li.-YJ.~6~d~~y.e -~e~~~~~~ed ·~at .m. SC?~e 
cases It . .was· ~@'SSl~le :.: t?t:;reduce .:J:r~qr~~~q~bt·:¥.:t~ : ~~a~9Jl ... f"!!B:e '3pY . lfSmg~ new 
procedures of tdentification of a uppe~::.1.4Wt. C?f ll8CC1~JY· . .. r.~!; .. u::I _ ·: .:., . · JI~~~ ';'--

We are pre,entiy working:tln·basic r~~p.r.cl! aqo~~ ~n~~. copc~If:P~ ~~or PJQpaga.~~:m . 
evalaa'tio.ffi.JUIIAtil now it,is too ·.earl,r. itQjMy,if it will1>~- appli_cab(~. tQ~ tiiwtizo~'e' airfloV{ 
mode~g~'-tfwe$uccee<% .we think}t'Wl, b.~a v.~~1 pp~~rl~tW.p.j~~~~:t{,~. aff n:~H apl~ · ··. 
to develop,:tld.s'lool within·.the fram-~ ot: AP..ne~~~,.w~ ~ ~t·~the. ~»~.l~pproa~h"' alre~ay''-
proposed. · ~ ·. ·.· ~ 

' a ... ~ .J ., ~ .: J: l. .j ~ ~-: 

5. CONCLUSION 

CETiillls ; contribution. :to . AJm~. 1. ~ J~. ~~~ly 4ivide4~ in ~~)~e ~e!~.t;1t !~~ , . . 
corresponding: for us to specifio stJ,IQjes.> -: ' .·. ·" :1 ,..,r . . , . . . _ . · .. · · . 

. - .. ,. • "::' : :.J .. ~· · , t: .. ... r:;~:\ :,:· .. r·-. ~· : .. 

First of all we will continue to develop CO MIS by integrating more physical kno~igdge : ·' " 

wi~ ~~~cl~~~·.thtm w~~b~~~~ :~~itiye ~~~-: O:f.~C?B!: "- . 1 ·::~. '· ,· ,,_;;I. ;,t 

In p~aiie;~th .tlrl;~~ed~ ~~ ~~~~4e:e~~~~·~ ie~~re~~~~~nfue~tifi?cliirlati~{ ·r 
L 11 . , • . . . . . . ..c~ • •. t !i · . r'!"i _:_i ::.q· .-~ 

con.uo e(ir:enw.ni>nmenk rtP.J~ .. .... ·" ;· ·'1 . .~~ 1 ; .. . ,.·. ··w'·~ . . ., .. . ·., . . . ·, · · L . 

r._ ... • - ·1,..... "·- - ~'~ . · '* .:... • :"" • ,r. 

F;:;:, ~~ . ~ ~~~~:ntly d~vd~;irig ;~~~~~~;~~~~·t~g~-t~- ~tudy ~err~ff,ropagat~~ ~ · 
in ~~~~ear'-~t:I~ulf~~equatio~ Op{ g~a1..~1to~~rppr~~jij~~ work~ ~~·~~~~u~ti9ii · 
ph~e of·~~_ coo~ fl • .. '.i l '• ! . . . ~~- ·:;~~ . ... ~ :-!1 :) ·'2"• .' ; .. ·•• • i:·. - \ ol 

. .; ... :-- "." ! .. 1;f- 1:- · ~~, N"-r.)l -:;t~~ "' .::., ~.,..., .. _:..,, .:,...·... . · · . 
0 0 J _. •• 0 0 ..,; 0 " ~ ".oi ,: .t ~ j 0

,.. • I I r • 

These works are included in a general proJect on multizone)tlf. flo5v iilodellihg 3.1ld 
measurement and indoor air quality prediction we are developf:D.g· iri. 'paraltel. · ' ·· 

;!· . ~ . ~: ~ ;:_; :~: ;~L2~.i :l.: ;~_ · · _D~-! !~:= 

A,.Jf~· I d . ~· . , .J.~:. ' ... _I \..r::. 1 .. :·. )I' ; ·_d· 1_. 
~:auiow e gemen.t-srr~ ;:_. ,J . _; , .::. · , ~--~-' . · . L· · :.r:.:::-:1 1 . -.. -.~- 1 ... • ,., , , ... -(~ .; ... , , 7 ~:_r.. ·:nr. ,.; . .. ~~:i 1- -·~j~ 

• # . ·s... . . :: ~~ . , _ i . . ~·'} ~ . : t1:.. :· .. , · ... ,... ~ .t • _ .· ·- " 

The experimental project OPTIBAT has been supported by 'R:egidn· Rh6ne Alpes ·am1 -~ 
ADEME regional centre in Lyon. (Delegation Regionale de l'Agence de l'Environement 
et de Ia Maitrise de l'Energie) 
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