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1. INTRODUCTION

CETHIL, 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, CETHIL’s contribution to Annex 23
will focus on three main axes:

¢ COMIS development
¢ Full scale experiments
¢ Error propagation



2. COMIS DEVELOPMENT

As mentioned-before, after various‘'multizone thermial 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 on COMIS by developing new algorithms
and integrating new modules in the code.

More precisely we focus on HVAC network modelling and integration. within -the -
building solver and air quality evaluation in multizone configuration.
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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 COMIS.

16 different kinid of‘¢lements including fans, ducts, junctions, flow controllers, dampers,
... have been identified, modelled -and integrated-to COMIS. -

2.2. POLLUTANT TRANSPORT AND IAQ EVALUATION

Furthermore, a pollutant transport module already existed in COMIS ( Rodriguez and
Allard 1992), this module has been extended and coupled with an evaluation procedure
of indoor air quality using the ventilation effectiveness concept in order to qualify the
quality of ventilation in'a multizone building,

Ventilation Effectiveness is a measure of how quickly an air-borne contaminant is
removed from the room
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V,, V : room volume [m’] _ | '
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The test building is a S 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 and-
external walls...), 4 identical self-controlled air inlets Tocated oh living room walls and a- -
mechanical exhaust system ( fan, duct fittings, duct straighis; such-as elbew, diffuser, ahd -
flow controllers). Fxgure 2 gives a general scheme of this network.

Each component is described by its charactdnsnc curves (see figures 3 to 5).
We consider in this example a typical winter day; with a south blowing wind.

Outdoor temperature: -2°C

Outdoor pressure: 101 300 Pa T
Outdoor Relative Humidity: 60%
Indoor temperatures: Living room, and Kltchen 20°C
Bathroom: 22 °C
Toilets: 19°C o _
Attic: 10°C "« Lol AORL AUT
Indoor Relative humidity: 50% £ Sl SR U e
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Figure 4: Characteristic curve of the fan.
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Figure 5; Characteristic.curye: of the exhaust grids.



2.4.1. Wind Speed Influence:

At first we vary the wind speed from 0 to 12 m/s. Table 1 gives the results obtained.

Vy P [Pa] my . M
[m/s] [m’/h] | [m /h] [m*/h]
Kitchen | Living | Toilets | Bath Attic
- -room " 100mM .
0 |-3119 |-483 |-33254|-33352|-34899| 1152 | 0 | 1152
1 |-31481 | 498 |-33.551|-33.650 | 35274 [ 11556 | 0 | 115.56
2 | -32485 |-5631 |-34.574 | -34.674 | -36.479 | 11628 | . 0 | 116.28
3 | -34665 |-748 |-36.774 | -36.875 | -38.762 | 117 0 117
5 |-43918 |-16.823 | 46.048 | 46.147 | 47222 | 11772 | o0 | 11772
6 | 49788 |-22.601 | -51.941 | -52.041 | -52.821 | 11808 | 9.73 | 127.81
7 |-55343 |.-27.731.|-57.555 | -57.656-| -58,830 | 118.8 | 22.60 | 141.4
8 |-60.726 | -32254 | -63.024 | -63.131 | -65.440 | 119.52 | 33.72 | 153.24
9 |-66.084 |-36.431|-68470 | -68.583 | -72.525 | 120.6 | 4390 | 164.5
10 |-71214 | -40277 | -73.599 | -73.723 | -80332 | 120.6 | 53.83 | 174.43
11 | -77.173 | 44371 | 795577 -79.695 | 89292 | 1206 | 66.63 | 187.23
12 | -85.832 | 49.833 | -88.208 | -88.365 | -98.986 | 120.6 | .77.10 | 197.7-|.
Table 1 Pressurcs and au- ﬂow Eates.
Where 1I ‘

. VW : wind speed [m/s]
_.»my, : Exhaust air flow [m
. =-my 3 Crossing air flow- [m

!/h]

- mg : Total ventilation air flow [m’/h]

the total ventilation rate up to 64% at 12 m/s The concept of protecnon level of a
mechanical exhaust system appears clearly in this example. BT

p P ol LY
2.42. Indoor-Air Quality: . i 7 AE. - i o 0
We consider in this illustrative cxa:nple an-oven 'Iocated in the kltchen. Its power is 3 kW. 17
and its CO, emissive power is 0.0981 g/s. The resulting Ventilation Effectiveness is 4.64,
and the Contaminant Removal Efficiency is 0.82. Figure 6 presents the evolution of C0,
concentration in the Kitchen with a 2m/s wind. In this case, the mechanical exhaust
system appears to be a good solution, no C0, is found in' the living room.
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These works, integrated in Subtask’ I (model development) wﬂl be available for all
participants in a next COMIS version proposed for our fall meetmg in Budapest_ 19950
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After an evaluation of the code, it will be then pos&bkérwt@ umegraier newualgonthm.s,
(large openings, new ventilation systems) and prehmnﬁry ;ﬂesul’fs oiﬂxe complete “code

integrating the user interface are planned for 1993:
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The ﬁna.'l product mcludm_g the user mtcrface should be agmlablc in March—i994 OT
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2.6. EXPECI'ED RESULTS:
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The first expected results of this task are a new version of the code, new:dlporithims' an
modules and their technical reports. Neyertheless, we expg@also‘a contributxifn %o tﬂe 5
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3. FULL SCALE EXPERIMENTS UNDER CONTRQLLED CLIMATIC
ENVIRONMENT .
3.1, OPTIBAT o

Few years aga, CETIHL developed a real scale expenment made of a 88 m® apartment -
builtin our laboratory hall under a controlled climatic environment. This apartment is
configured as presented in Figure 7. It has been divided into zones representing the .
various rooms of the dwelling. i -

.
(Zone 1) (zone 2) (zane 3)
# - Storage: ’
Hall pace

r.oiie:
(zone 8)

Bathroom Ko Bl
(zone 7)

i Hikar & —— ., : Livingroom “
¥ % oo mas

Kitchen
v o dsnes b e o8

o FEETY O 1 Py wie, bin . - e Vo
SR iz ._.-.J L 7 wth LR A & 3 ila LaeT

e ' ’ - A . wd - - Vo

.
-

S s 1o . Figure 7: OP'IIB:‘\TvCOHﬁguranon.

In order to provide measurements under various and controlled climatic conditions,
climatic housmgs have been added to each face of the building. On the two main |
facades, air temperature can vary from - 10 to 30°C, the pressure drop between the two
facades can reach more than 200 Pa, and relative humidity varies:from 30 to 80%. -

The: four -other faces of the dwelling are controlled by a special housing simulating
ad]acm:lt apartments, and temperature and pressure drop are controlled independently,

DBLBEE 254 s V. e b ) S e 3h g N R

o) A Vi YTeE < rr : )
- . Vot b ! - 5 [ : . £

Y T > ni P e G #0 ? a CH



3.2. THE EXPERIMENTAL FACILITY B * @ : SR

- R
OPTIBAT facility had been devoted until now to the validation of numerical codes of
thermal behaviour of buildings developed by CETHIL without specific measurémenty of
multizone air flows. In a first phase of our program, this facility had to be modified in
order to provide & teferencé experimental tool for multizone airflow: measurement ;
techniques and expenmenta.l data sets avallable for numcncal code va.hdamn wxrt.hm the'
frame of annéx 23.° o 2 Fmge _

T - |

This experimental project has been divided into two_parts: :

-

Part 1: Interzone Permeability Measurements
Part 2: Interzone Air:-Flow Measurements

Until now Part 1 has aiready been garried out, and Part 2 is onlir B_e"’ginning.

3.3. INI'ERZONE PERMEAB[[I’I'Y MEASUREMENTS

The aim of this first task is the physical charactenzatxon of each wall rcgardmg to its air
permeability. Two different techniques have been used and compared:

¢ Guarded Zone Technique (GZT) L e v waln
¢ Passive Technique (PT) 5 j' g

techniques, the gap between the results obtamed using GZT and PT are usually within
the confidence interval of the results.

The main difference between the two techniques comes from the necessary control of
the zero pressure drop between the measured room and the others when using the GZT
which means more sophistication in the experimental apparatps (zero pressure drop
control, extra fans, ...). At the contrary, the "Passive Technique is"longer in time and
needs a more powerful numerical identification method to getihe leakage characteristics
K and n.

}'_ - ; p ,.‘ - [ S e ) - i
,,,,, SEV Ly G daaid L4 R I TR S |

34“‘1vﬁJLTIZONEAIRFLow MEASUREMENTSO‘“” Guwooco A e
e W Vi SR gEse s L2 IR

3.4.1. Modification’ of ‘the exPenme‘htal fdcility &7 ° Tt - o

Before dcvclopmg the ‘second phase’of btr projéct, we had to'modify ovr expenmental )
facility‘in ordér to improve its qualify with'regard’fo tracergas techniqiie meéasurements;;
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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A Guarded zone met‘hed Passive method
dbslgnatmn- = (Flow ?xponenl) Kgleg;heal:i?iflt:rcjel:)a | - K
Paroi WIL Tlght&d wall- ‘ -
Parm'r'WIS“““ ‘Tlghtad wali‘;" - ‘ - _ )
ParonWM --0-59iﬂ-0{31 |- 12624104 - - 0.58+0.02 - | - 13.4316:91
Paroi wzs-—- ~0:5730.02-- 13,930.84- |- 0.6030.04 | ~1182+%4-
Paroi W33- -0.6140.03- _-'-; 4).5711—.1—5' - 0.55:0:04 ~ | -10.02£1:08-
Paroi W34 |- Tightba vl | - N w——
Paroi W43~ | ;"""‘“Tightgd wall w5
Parei WSZ g Trgrrea*Wall‘ e -
Paroi W53 | -0.55+0:03 ~13.52£1:6 “057+0.01 | 13.3440.21
Paroi W63~ ;0.5210.0.5‘ 6.79it:15;" T "“0;5610.005“‘ ~5.86+0.02 -
Parui‘W?:é B "'Tlghted wall . .

Pawiws-‘#--'— -9.6520.05 -| - 3.34+039 ) 0.45910;'0; " 3:94:10:54
| . _"“Tible % Leakafe tilradieristiés'of butdoor comipimeats.
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\Guarded zone method Passive method
Paroi W11=W24 . -0.9540.05 0014002 — |- 0.90:0.001 | - 140,001 |
Paroi W2l |.-0.71+0.01 - | -19.305638 | -0.7820.05 '|--203241.03. -
Paroi Wa2— |- 0.9520.05. | 0015002 —|- 09¢:0.001 0.1450,001 -
Paroi W24.. |-_0.9940.01 | ..0.0840.02. -] b.s"'féé;o;fw.f.g.l'}iﬂf‘uxi =
Parol W3l. | 0.6640.001 | 1472003 | -0.55.}@1004-‘.-———:14.945_:1:226- <3 ﬂ
Parol WI2oW24 — 0.9940.01 | 0082002 .. |- 0.87200L | J-h.l.'}.-k.o._bi_r-' i
Paroi Wil ﬂ.92:t001 | 2saz022 . | o800z . | 2495016 P
Paroi WA . |__0.66:0.01. . 2893021 | .0.6540.0L _|-.2.97+0.08.
Paroi Wdd | 0.5180.002 - | - 548004 B51£0.01 - |~ -5:6440:02 -: e :
Paroi W5L. | . 0.7130.03- 14.31:t1.§4. _|-Zozsz0.01 ----'~-_~-I--15.03i0;6.4 it s
Paroi WS4=W6] 0.6410.01- | -6.4720.02— | -0:6420.001| 6294002 |-
Pami.Wﬁ.l;jN?i .i' '0,'14.1;0,05 o 1.76+0.26.- _.'._ ;0,3130.,9;,';: AL :_.1,2450 _g;i_h \A

Paroiwéd

_0.77+0.02.

. -1.6410.06 . |

0.69+0.06 - .

..-1.994027 . ..

ParoiWI1_ | 0805004 1 45050999 1 0.5040.02.- 1. 4836031 -
Paroi W72 | 074£0.05 | = 1763026 | 0814002 | -12440.21
Paroi W74 0.9710.01 0.3440.01 0.97+0.01 0.34+0.01
Paroi W81 N.D N.D N.D N.D

Paroi W82=W74 (.97+0.01 0.3410.01 0.97+0.01 0.3410.01
Paroi W84 N.D N.D N.D N.D

N.D: undetermined coefficients

Table 3: Leakage Characteristics of Indoor Components..

bR TS e
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In order to avoid tl:us problem, a new desrgn has been madeb the whole, cendmomng

hall and re}ectrng exhaust air on the other side. Figure § desmbes these pnpaples
- Bxhaostair= © -+ T 4 fats % 32 S VUNFE AT My ok

T Exhaust air

g ¥ 2T R
—r
g de-vT3ps b e
Tk,PI- - . £ — . .
' " " EXPERIMENTAL CELL ®
Box T P2 s Box
-t z B2
=" »

& 3 -}~ Fresh
- air

Fresh air

Figure 8: Climatic environment of OPTIBAT.,

3.4.2. Measurement facility 0l MNEL Y | ctive

In order to get complete expenmental data sets,, aJr temperature, pressure drqp and
tracer gas concentration have to be measured in each room and in each climatic housing. ;.
bounding. the dwellmg cell. Obvrously the number of sensors is limited and we defined .
on one hand a minimum reqmrement for each room and on the other hand the
possrblhty of ‘specific studies with a  higher densuy of sensors in one. room whrch
introduces a flexibility criterion in designing the measurement device.

The minimum reqmrement is one air temperature, oné. pressure and one poncentranen -
measurements in each zone of the dwelling and in gach climatic hpusmg The location -
of the sensors being at the centre of the zone, Nevertheless . for specific studies on .,
concentration homogeneity in one zone, thermal stratification .. .» MOre Sensors. will be .
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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Température Messureients: ¥ :
We use 40°'RTD' 100 Ohm sensors ca.h'brated in -our laboratory and" dlstnbuted in'the"
various zones of the-apaftmeént. The-final accuracy resulting of the"calibration is better”
than .1°C and all sensors measunng air temperature are protected from.wall radiation.

Pressure Drop Measurements.
Pressure drops between each zone and outdoor represented by the chmatlc housings are
measured using a differential pressure transducer FC040 with a 200 Pa range and 1 Pa
accuracy. Each measurement location is connected to a selection bex by horizontal
pneumatic tubes. This selection -box-located within ‘the celt- as well as the pressure
transducer is driven by.a T5200 computer via_a HP_7500B.data: acqmsmon system.

Tracer Gas Measurements' 3
These measurements are provided using a photg acoustic sensar(‘B&K 1302) coupled
with a multipoint doser am}‘ sampler (B&K 1303) The selected«conﬁgumtxon enables
us to dose and analyze § dlfferent gases plus water Vapour. e
'-u-gg}l...
Data Acquisition-System: - - s
We developed our own acqumnon system using ¢ a I-IP 3500B umt;KI‘he whole system has
been connected to the concentration measurement code delivering a ¢omplete integrated
data acquisition tool driven by the PC which manages the pressurg channel 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:

-4 Monogas Multizone Tech}ﬁque
4 Multigas Multizone Technique

ATE cegusa o X

Monogas Multizone Technique R T

We use only one tracer gas injected at a constant concentration level in one zone, and ,

we measure the esulting conicentrations inall the zones undet fixed climatic conditiors.
Repeating this process for-different con¢entration’Jevels'and for'edch zone; delivérs' the -

90 interzonal' air‘flows of the problem. As"we aré able to mau’it‘am cofistardt ‘climatic

conditions during the whole experﬁnent, tl:ng ﬁr&t_ method ca:n work vhth a g‘oog aCCui‘aCy _

even if it i5 time cdnsummg B iRl : o il r
Monogas Multizone ’I‘echmque

In order to reduce‘the-total peno& “of” the: ebkpeﬁmenf, 'the method 6 bé used i é‘

multigas techmque Nevbrtheless in real apphcatmﬂs it is dot pos‘s.lble usua‘:ﬂg touse a

number of gases equal tb the number o‘f zonek’ That is the reason why wWe &em ed 10 use

three dlﬁ'erent gases only AT I R N . 8. 20 1,

Y ‘
. : . - Lo by B " =
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The mterzone permeabxhty meastirements have already been' performed, they have to

be completed and reported to Anriex 23. The OPTIBAT experimental facility has been - "‘

retrofited this winter and thé multizone air flow experimental facility is already installed.
We are presently working on specific experiments on tracer gas injection, calibrating, the
concentration control system and planning the whole experimental procedure. - ;-

First results with the monogas technique should be available this fall and a ﬁrst report =

will be presantcd to the ncxt Annex 23 mectmg m septemberr _

L
A
g i
i gt

3.6. EXPEéféD R’ESULTS

i TR

The main expected result of this second project is obviously on the one ha.nd a complete

data set for multlzone air'flow model évaluation and on' the ‘other hand a well known,, - 4

reference experimental tool for testmg different'techniques ot eqmpments for multizone .
permeability and/or multizone air'flow ‘measuretents. - bt AR B

The mam advantage of Iab’oratory efxpeﬁments under’ controlled: environment, is the ..
quahty of the boundary condxtions, the possibility of parametric :studies, 'the .

reprodumbm of 'the experifments, and the possibility to generate steady, states. or -

transient regimes betwéen two” ‘steady states which offers arwide opportunity whcn

evaluating numerical models. i S

4. ERROR PROPAGATION AND MODEL EVALUATION

The last project related to Annbx 23 dealswth the gencra! problem;of error propagation: =

rehabﬂ.lty

n -._‘ i - gk TR My Py . .
LAESh - ‘ ! Ps o, - o
et ; T e 5 [ i

.;\

When elaboratmg a théo‘rencail model, a phymcxst ‘uses a ctm]uncuon of élementary-';

mathernatical tools leading to a representanon (model) of the physics reality. Most of the

time, this model is built by using clementa.ry ‘miodels of single phenomena, contaiging .,
experimental knowledge contained in experimental data measured by-the physicist. At .-

the end the complete model can reach a very high complexxty and it becomes very hard
to deﬁne the quality of the answer. Usually, the madel is described by a set of non linear ;-
algebrmc and integro-differential equations and theit boundary conditions-and to prcdlct
the behavior of the physical system can be reduced to the solution of the numerical.;
system delivering the state variables deﬁnmg the local thermodyna.mxca.l ethbnum of
each elementa,ry compohent. s | Biias, I

1 ' i
=5 4 =5 THohc. Bak

In this very usual way to represent the phymcal reahty, the main issue is in fact to deﬁne "

the validity domain of the results. Unfortunately, this physical requirement s very ofteg ;.
fotgqtten and buﬂdmg phy_sms is not a singular case.
: 1800 s T T ) I\-J ;_’ :

i gt w

i et ] e ")"." {T I

Al oasy ) Lo : ; 7
2 I B! (i I‘_..v b sy 24w

Sl & L o A S
gl - o,
e o Tk



15

When planning the tasks to be realized in Annex 23, a SpCClal care has been made on
experimental validation. In fact the evaluation of a code is a comparison between to
models of the reality; the fizst one given by.experiments with a limited number of sensors
in specific locations with a specific accuracy and the second one given ‘by a mimerical -

g r

model built ‘from a-physical model with restrictive hypotheses Furthermhoré, in ‘the™ -

experimental model, :all physical quantities are nqt du'ectly measm'ed but they can’ be
1dent1ﬁed by 8 numerlcal algonthm e o

rrl .-c

A wa )

The ﬁTSt Step in the way of evaluatmg a model is then.to define the distance between ~ *

both realities. The sensibility ana1y51s proposed by IM. Furbnnger is the first step in
obta.lmng 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 complcx system

of non]mear equanons ’

Few years agomthamauqans (Gautbler et ali. 1986) have demools&ated that irl some .
cases it ‘was’ possible::tosreduce.: tgemendqusly ‘the, ca.lculanon ume by usmg new
procedures of identification of a uppes limit of unceftmnty i

frvy - . .. P

I lasill

We are présently worlongrmr basic resgarch about this.new concept of error propagat.lon
evaluation. Until now it.is too"early tossay,if it wﬂl be apphcabfe to miultizong air flow
modelling: If we:succeed; we think it will be a very, powerful way, | but’ 1.f we are not able
to devélop titis tool within the frame of Annex23, we will use the usuai approach dlready - L
proposed. z

i -
Ao o

5. CONCLUSION U Taeais A, AR 5

= i “ K N T 2. <

CETHIL’s contribution :to Annex:23 s clearly d,mded in th:ee dlfferent tasks -
corresponding for us to specifig stndies.’ - e w Sy vesele

e 20 B2 ¥R o gl B Y Pmt
- vealk ey

First of all we will continue to develop COMIS by integrating more physical knowlédge o
w1t.hm thie"code and then we: WIIL begm a sensmve analysis of tool. .

r" = \, ‘

.—o..

In para]IeL with this numencal ta.sk,uwe are develop,mg a referencé expcnment m chfriatxt_
controlled emdronment. i Linh et L gs 5 e

o |
- ‘ = -h' T

b

Fmaﬂy, W& are presenﬂy develomhg uew oliithe;nat;cal toplcs to study error propagatlon
in nondinear system ;ofequatzons. 01,11' .goal i 1s~t0 u;tcorporate tlEus work i in Lhe eva.ludnon '
phaSe of‘ti;e code.x 1P : L A T T

-...v.... {.;l' y oy -y
.‘ b, it 1

& Trarery nr 381 e A
These works are included in a general project on multlzone flow modelhhg and
measurement and mdoor air quality prediction we are developmg in parallel.

sl < ok ELBZL £ : g i
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