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The ventilation system of a 60 seats conference room was retrofitted to improve indoor air 
quality. The old, mixing type installation was replaced by a displacement ventilation system. 
However, the building layout did not allow an optimum location of air inlets and outlets. It 
was therefore interesting to measure the actual performance of the new system. 

Using tracer gas techniques, the age of air was mapped within the room, and the ventilation 
effectiveness was measured in various configurations. The actual air flow rates were also 
measured in the ventilation system. Configurations were: empty room, room occupied by im­
mobile, heated artificial bodies, and room with real occupancy. 

The air change efficiency was found unsatisfactory, and recommendations were given to im­
prove it. The ventilation system was modified, the room was made more airtight, and meas­
urements were performed again, which proved the efficiency of these modifications. 

The contribution presents the experimental planning, the results, and the practical conclu­
sions, which can be deduced from this experiment. 
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INTRODUCTION 

Efficient ventilation aims to bring fresh, new air to the occupants. Displacement ventilation 
was developed to improve air change efficiency, i.e. to develop a flow pattern such that the 
age of the air increases continuously from floor to ceiling, and where fresh air is brought 
mainly around persons and other heat sources [Skaret, 1985 and 1986]. 

Such system is not simple to apply. On one hand, moving heat sources and bodies tend to mix 
the masses of air and to destroy the flow pattern. On the other hand, it is not straightforward 
to install inlet and outlet grids at ideal locations, when account is taken of the other conditions 
required by the use of the room. It is particularly difficult to apply displacement ventilation in 
an existing room with natural ventilation or equipped with a classical full mixing ventilation 
system. 
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METHODS 

Measunng the age of air ' ' I" I•' •1 ,I ,, ; .. , (:4 ' .. 
• I ' ' • , .. i.. • 

;· , ..__, .. :. ) ;f·� .. � i .... ·. �' � li:·l � .-� :• . 
·'" • 

The concept of age of air is used sine{( several years ,.tq. quantify ventilation. performa,w:;e 
[Sandberg and Sjoberg, 1984]. , .. , j · · . .. 

- · · 
- "'1 ···-'· 

Tracer gas techniques are used to !measure the air c\J.ange efficiency [Roulet "'and Vandaele� 
1991]. The principle is as follows: at time t0, the injeqtion tate of·a tracer &as in the main inlet 
duct is abruptly changed (e.g. :in a $tep up from zero. to a given rate, in a step down, or in a 
pulse). At any location in the room,,.¢.� chMge in traber gas concenti:ation is an image of th� 
distribution of the age of the air marked by the tracer. Analysing samples in the exhaust duct 
provides the rop� �ean ag� ,9.f air, f, the nominal �me constant, in (which is the inverse of 
the air change r�te ), and the' ai'r' change effi�iency defined by: • 

... . 

� , , I l 

.: . 1 

The air change efficiency is 1 (or 100%) for perfect piston., veniilatiqp, 50%, .. Jor cq.wJ?!�te 
mixing and smaller than 50% when there are dead zones or short cuts iri the air flow pattern. 

··I,. � ... , . ; .. 
Mapping o/,tli.e age of ai? .. . . I• ,:J :.. '" . 

" ' /  
. . .., _; 

A two or three-diinensfonru map of the age of the air can be obtained by' measuring the evolu­
tibn of the trac�r c'oncentration at various IOcations iri the room. 1Since heat sources are of im­
portance in displacement veniilation,<measorements should be perfonned with simulated - or 
preferably real - occupancy. · · 

Accurate mapping with real occupancy requires a large number of simultaneous samples in 
the room. For cost and technical reasons, it is impossible to multiply the measurement points 
beyond a given limit. Therefore, a compromise should be found between the accuracy of the 
map and the cost and feasibility of the measurements. , \ " !\· • 

The rr.iethodology of �xperii;nentaj plaD!ling (Box, Hun�e_r and Hunter, 1978] is pf gr�at help in 
the choice of the loc.a��n of tf\e. samp�ing points. It allows to ·1oc;ate a minimurtl�'il�tnlfot �f 
points in such a way thatJ.b.e_ parameters of the JDap are ob�ned �ith the best possible accµ­
q1cy. Such a.method ;was devel.?ped and teste<;l [Ro�iet and c'ompagn19n, 19991, qn �·.<:'x'.p.7rl­
mental room and is described in [Roulet and Vandaele, 199 1]. It is however thi fi'rst tlm� 'we 
used it with actual occupancy to check the ventilation performance of a real-world di place-

, ment system,··. .'; ""· . ,, ,
.
" , · ,,,, - .. t-,. - i . -· • • " - - • � 

. ,· .. r """' • , .. : '"' 
.s:: �.��·- . .., .. . l � .. :� �-.r, � ,_i_.)· •• f ? ., . ,.. J- 1 . . • r·,. .. • ·1.: ..  . •  • ,.. • •  ,. · 

Out rpa�erial ipc_lu��s "- �qn,;disp((rsi\;e illfyarecf speGtrofrieter ;uid a puiµE_ �d. ��v�s .�.Yst�m 
allowin� sampling the �ir at up to ten locatforiS:. For tbis �easop� 1�2ne ���P�i;t1g_ �oi?ts 'W.� re 
located m order to obtam the best accuracy for the parameters of a second- degree funcrn:m 
describing the map' Of the'age '()f the air, 'r,; as'. a'·fun't:tfon Of·Space variabfos XJ, X2, X3: 
�, .... _ ,........... 

-, _, ·-·-- '. .. : ..... :_. -�·:· ... . ·.· .. _ �-- "'�--�· - -- - .. . . . - -"·- •.. . _ .. _ __, . 

. _ _ _ _  - ·  ,:!c�;:,"x2.:.:.x3),= �o + '.Li�ixi + aijxix j (2) 
. .  -- ,· --- - -; "i,h ... : � - ..... 

' ", . ,,. _ .  . ; _; '.- '·. j "I ,- ' 'L• j i I' '/_ ' 
Where a; and aii are coefficient to be deiermiqed. The tenth point was use� . t9' rpb�i .�or · the 
concentration in the exhC!:.ust duct. - · .1 • ' ,, , • 

- .. - ----· - .. . , ... .... -·-- - . --· -- . . ·:.··· 
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Description of the room ,_, 

The conference room is 8 by 10 m wide and 3 m high (Figure 1). It is �mpletely C!m.beddeci 
in an old, massive building. Its walls, floor or ceiling have no contact with the outdoor envi-
fon;ment. It has nfr windows,· but untight l:�ntr-ance:·doors leading to a hall. . ., r ''Y;· . -_, 
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.: 0 
0 
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D_: -:New air inlet 
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() 
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CJ 

0 

New wan.: · :'):-· 
• 1 

�, 
, Jigure 1: Sketch of the co;nf�r�rtce room and 

its surroundings. After a first set of measures, 
new inlet and exhaust grids were installed, 
and leaky passages to the rest of the building 
were walled up. 

I . 

The original displacement ventilation systems includes two low velocity air inlets, one meter 
high, put at the floor level against one wall of the room. This asymmetric disp���tj5m doe� qot 
allow a uniform distribution of fresh air in the room, but was first adopted for practicatrea-

. sons:. Eive e:x.haust ,grilles �yFe installed in the ceiling. The mechapical ventilation system 
maintains the.confei:ence room under pr;essure with respect of.the su�op.nding,spaces. Ho�­
ever, because of the uotigl\t; doors, the air flow r�te .vfil:ies when :��ors· 9� fw�pdo.�s ar� ?iJ.en or 
closed in the surrounding spaces. .-:• ,,, 

·' 

RESULTS,-·_ 
• .  

Global effect of system improvements 

!· .. • , . .... . : 
• , , = .. . 'Sr:, 

- ·.J .:· :) ' ..• · 

f' 

• ,"• ' -"{ • • ' # ' -

. Fir&l; w�aslire�ents have �hown a teia'tivel}" poor di�tributidi:i of the air in the room, a third 
ip}.�t w�d' ��·� 1�ced a�aiJ;is� �b� �eft' ''?i�� of the room,,_and a=ne� exhau�t grid was installed in 
tb,'e:�eiij{&; �i::t order to'!�pr9v�.ttie a�r l:ti�ttjb�tion i�"the rooip. ('Sye Figure 1). Lea:kY doors to 
�.D:ef

j
,�ry59,uring_ builgfh.$/�trqngly pertti�bi,pg tbe air distriquti?�· _were"ruso walled-uf>-·or made 

aiiti 'ht. :_. : , , 1 · ':·• • ' - •- - ". .- . 
' • 1-. •• •; I_' ,·· 

... :$, . J . &.,J J.,� ) • � , ;·;;er.�.,, . . , '.J. ; , ·' : , • . .. ' • • • •  .. . . ., .. . .., . .. ... 
New measurements were performed after this improvement to observe its effect The �effects 
-?.{ ��P�g��men�!s �n-�i.r c�ap_ge e�f��l��� .. a��- c�.�ar:Iy .�howi:i on !�ble -� .  !�e poo� �� �h��e 

)�f$c�eR�Y. m�as4i-;�d m ongmal to�n! v.:as ·gteatly·1mproved, thus prov1dmg the-requ1 ed .. age 
Rf � wi\h. rri�d:l" lowe�·airflow'·?ati.:i 1 · • r'" ·' • ' -

·, .! .-. . .� , : • � •· ;., __ ., ; , 
: . .  l • ·- ; · - 11 <·1,r"''i ... · !'10 ;,· ... . /'L.�1 )d•; ·• .. · � ·::,,.: ' 1"'": .;_ - . • - -

:Table 1: Age_pf.a�r.'1t���au�� and air c�;ange, e:lfl�ienc,y . - ; : .. - '";-_ ·.;� :«.· ;� 
. Initial values After im :Jrovement 

. : Empty· :Occupied .. ·Empty Occupied Unit 
Mean age of air in conference room 380 480 420 350 s 
Nominal time constant 240 380 620 580 s 
.. . '10;: -�; '. ... i · ·- f I � ·:15 ,,, ;; -L: 's:!F' .,, Air change rate ;;, .. : 9.5 6.2 /h " 
Air chan_ge efficiency 30 40 74 I 8'1 .. % ,_ 
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Effect of occupancy �'\ . "· . .  
,, r ·.; �-:.: .. ·· ..:. , ---�,�-·:.4.:-i- .. :··-::_ -:-:.:·1 -:� � ·-�:J_-_ ... ..J 

The e�fe�t of occupan�y-�as�!if·s{c;>J?,served in=ih._e.o:tig !I!�fl"l6?in, befor�:1!RP�b�Ip:��p:t:--A first 
�easur�fuent was .P��e�d·�lhe �mpty room.'.�1Ul�@rop���g points .arr:�g�d�<¥: ;:u�ree­
d1mens1onal mapping'�' show.�· on�Jgure 2. A,.,s"' £<?�4 ���r1ment was p�fo.I'.ID<fd' �1th simu­
lated o.ccupation. Six .R'ersens·�wer���*1ulated liY, �����9�1f. ·i��t bulbs:'·��� ·5ont�ned in a 70 
1 pl�stlc bag. A heat�d m�!l�qu1�;, SIIDulated_ :a. ·.�� �� .. �'-PP · Thes�-_souE�es .�C?re put on 
chairs at tables, as shown.on FJ£Ufe�. · 10< .4' ·� .c; ::1 .!· J·�. · 
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'' • I 

Figure 2: Location of heat sources 
and sampling points for three­
dimensional mapping of the age of 
ai�. Original room with and �ithout 
simulated occupancy. 

· "I - · . .• !. · 

The ages of air measured at sampling points ranged from 330 to 520 s. The maps in Figure 3 
clearly show the asymmetry in the distribution of the air, the .. right-hand side getting· an older 
air than the left-hand side, closer to the air inlets. This experiment does not put in evidence 
any significant change with height. This may result from the absence of heat sources. It 
should be mentioned that the high age shown in the bottom right comer is extrapolated and 
therefore les�hicctlrate:tfian th� ages shown at the s�pling pofuts; · :-·. · f:;,-· • · "· "l 

� . ' �1� .. . r,_1. . , 1( Jr: , _.,. �r� '1. -:_ .;:·.··w�fT:P .· a 

Heigth ·.Im,. 12 nii" 

, . 

-3 0700-800 
-1 1 a�d6"7o6', ;� 

.. q�00·600. ,> 
e '· � -=o 4oq:509 " 

----- , .... 300-400 
-f',....i:.,,....,...p' 3 ! 1 ; t-t-t--t--+-7-'+---t,_...... 3. • . , 1-t""""+-+--+--1-::........,tr-f- 3 - . �.. ; , r ; -tp200-�?o 

�--to==f.-""'i--+-�......+5 5 . ,· � .  s., 
4 3 2 1 0 -1 -2 -3 -4 4 3 2 1 O -1 -2 -3 -4 4 3 2 l 0 - l -2 -3 -4· . ' 

Figure 3: Maps of the age of air (in seconds) in the empty room. Maps on Figure 4 show the 
results with artificial occupancy. The age of the air increases significantly between 1 and 2 m 
high. The asymmetry and dead zones nevertheless remain. 
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Figure 4: Maps of the age of air (in seconds) in the room with simulated occupancy . 
. ·. 

. , f' ' 

A two-dimensional mappi�g was also perf�rmed ·after improvements, with and without' real 
occupancy. For this, nine sampling points were installed at 1,4 m lii' .as s&�i'n on Figure 5. 
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Figure·s::·rocation-Q"f,samplfog.pofofS' and 
oc�q,pants for a two-:-d�m�IJ$ional mapping of 
the age of air in the improved room. 
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The maps resulting from the� m�asure:qient� ¥.e shown on �igµre: 6:, :\b� ,p�ttern is;Jp.ore 
symmetric than before improvement. These maps show the same change in shape between 
empty and occupied room than figures 3 and 4: A hill in empty room bec.ornes a pass· when 
persons are present. · --;·-· ·--� . ·-.i:.. : .. :- .: - - . . :-.: . . ... -·· 
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DISCUSSION AND· 'CONCLuSIONS · 
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in 
.
�e venti-

lation system, and aI.lowed to greatly improve it:-·· -· 

,, - l , . 

' .. I 
• • • + I •,: '• � -� • ,.� 

.J . .  

502 



.. ... 

D 500- 600 D 1'000 - 1 '200 
• 400- 500 • 800- 1 '000 
[J 300- 400 D 600-800 
D 200- 300 D 400-600 

100 - 200 
- 100 • 200-400 

600 0 - - 200 1200 
500 1000 
400 800 
300 -5 600 -5 

-3 
200· 400 
100 200 

0 0 y 6 y ' "<!" <;' "'!' '<:t 0 N '<:t ' ' 
x x 

Figure 6: Map of the age of air in the improved room, at 1,4 m high. Left: empty room; right: 
room occupied by 16 persons. Age of air is in seconds on vertical axis. 
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