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P.O.Box 29,2&0 AA lÞ!fr
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ST'MMARY

A Computatioual Ftuid D]r¡snics Modcl (WISIAD) rpas r¡scd o prcdia thc distibu-
tion of thc pcrccivcd air quality in an ofEcc spacc with e mcch¡nical air supply
syslcm, whc¡c scr¡c¡al pollution sourccs wcf€ prcs€ûL lbc rcsults wcrc comparcd
witb scnsory cveluetions of a traincd pancl.

Tbc ¡ir flow pattcrn prediacd by tbc computcr p¡ogranmc WISIü¡D sccmod to ¡gr€c
with thc gcncnl air f,ow obecrvcd. Tbc compuær simulatio¡s of sct'ccal cscs
indicatcd that boundary conditions such ¡s tcûpcr8ü¡¡r variations, sunding PcrsoDs
and adsorption cücsrs i¡f,ucacc thc prcdiacd pcrccivcd air quality distribution
Scosory cvah¡¡tio¡s of a traincd pancl resultcd i¡ non-uniform distibutioos of tbs
pcrccivcd air guslity, which i¡dicatcs that the location of a pancl ocobcr c¡n bc of
importancc whcn thc air qrulity of a sprcc is waluatcd. Computcr simulstions of tbe
pcrccivcd eir qr¡¡lrty did not co¡firm thcsc rcsults complctcly, which migbt barc
bccn car¡scd by thc assr¡mcd bor¡nd8ry co¡ditions a¡d thc assnmption th¡t sir as it is
pcrccivcd by a pcrson is E¡nspoftcd i¡ thc sams way ¡s a ¡cuüal gæ. Furthcoorc
thc ¡csults showcd lh¡t local adsorption can ¡csult in larger pcrcoivcd eir qt¡¡tity
difËrcnccs all o¡er tbc spaca ID û¡û¡rc sü¡dics adsorption and dcsorption cfÈcts
should bc tatÊo into accouL
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Complains about indoor air quality,i¡ non-indrstrial buildÍogs havc incrpascd ovcr
thc ycars. Pa¡amctcrs such as vcntilation and pollution sources arc docr¡mcntcd to bc'
of major importancc. lvfost veotilation st¡ndards e¡c bascd on tbe numbcr of occu-
pails prrscnl All orhcr pollution sourccs, such es building metcrial+ vcntilation
systcns and ûunishings, arc hcrcby ignorcd. Studics bascd on human pcrccption havc
bowcvcr indicatcd that thcsc sourcs¡ havc to bc takcn into accor¡¡t whcn vcntilation
rcquþmc,ots arc dctcrmincd [1].

In many cascs tbc buman !¡coscs erc supcrior ûo chcnical analyscs for asscssing how
air is pcrceivcd. The traditional way to dctcrminc thc air quality in cxisting buildings
is to ask pcople st thcir worting place how thcy pcrccivc thc air. Tbe r¡se of
iadcpcndent pcople who visít tbc invcstigatcd buildingp is anothcr approacb. Unrai-
ncd pancls of 50 æ 1ü) subjccrs havc bccn uscd ûo eveluatethc air'qulþin ofEcc
buildinEs [1]. A ncthod to train a pancl to cveluatc pcrccivcd air quality in dccþl
has bccn dcvclopcd [43] as wcll as a mctbod ûo dctcrminc thc oal pollution stru¡pc

stcnglh of a building [4]. Docs rhis last mcthod takc pæsiblc pcrcoived air quality
distributions inûo accor¡nt? ' ':'.''

The rcquircd vcntilation in a spacc dcpc,ads on thc total pollution soursc strcnglb,
thc pcrccivcd air qualrty of thc outdoor air, tho dcsi¡ed pcrccivcd air quality and thc
vcntilation cffcicocy in tbat spaca Knowlcdgc of thc distribution of thc pcrccivcd air
quality (in decipol) in a spacc is still incomplcta

The C-omputational Fluid Dynamics Modcl WISIIID makcs it possiblc to simulatc
air f,ow pattcrns and conccntrelion disributio¡s of polluuns in a spacc [5]. But can

it also sinulate the pcrccivcd air quality distribution in that spacc? In this study
\[rISIf]D was uscd to simulatc the distributiou of tho pcrccived air quality in an

office room and the rcsul8 wcrc comparcd with scnsory cvaluations of a traincd
panel in lhat same ofEcc room. Until now some pcrccivcd air quality simulations
havc bccn made [{1, but a vcrification with a traincd pancl was still lacking.
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;¿ OfEce space

fhincd pencl

A¡ officc spacc with a mcchanical air supply systcm was sclcctcd and ñ¡ruished with
an ofñcc tEblg an officc chair, a twt>scat, a sn¡ll dUtc and two comfortable cheirs
@gurc 1). The sclcctcd û¡ruitr¡rc h¡d an evc¡egc agc of- 10 ycars and was thc¡efurc
considc¡cd only o c,oit. pesiblc sdsorbcd pollutiou The ofñcc spacc; h8d a surfacc
a¡ea of 4.43 m x 5.05 E, aûd was 358 E hígh. The mcchanicat air supply systcn
compriscd th¡cc air induction r¡nits. ,. .

Computetionel Fluid D¡nemics .od:l _. .',.

Tbc compuær pmgrsmne wIsIr3D ï^ oæt"p* et TNo to prcdicr flow pancrns,

!_gngratucs and Pollutant conccntrations in a spacc with a ccrtain vcntilation systcm

,.."tSI. Thc programmc is,bascd on thc fi¡itc volr¡me method [4 anrt uscs non-lincarly'.'';:sp¿ççd grds b taks high gradicnrs ncar Kxrm walls into consíd-cration.
Tbc l'qrc'ertc,tagcd cquations of momcntum, hcat and mass transfcr arc solved witbú T - inompcssiblc fluid. The Bo¡¡ssincsq approximation is applied to includc
dcnsity variatio¡s as a ¡psult of tcmpcraturc diffcrenccs. Turbulcncc-is modcllcd with
thc wcll'known k-e modcl, rcsulting in cxtra transport cquations for k (thc kinetic'' æcrgy of tr¡¡bulcnt fluctuations) and e (thc dissþation'raæ of turbulênt kinetic
cncrgy). A turbulcnt viscosity, dcærmincd by k and e is addcd ro thc dynamic
viscosity of ak The flow ncar walls is modcllcd with standard logarirhmic rr"il func-
tions [8]. -.'i.'r .',r .',.: .- . r ..:''. ì ' , 

'ir'ì ' .;

Thc transportation of pollutants is, bascd on convcction a¡d.difü¡sion only. To
eooount ñr turbulcot mixing I turbulcot difü¡sion cocffcicnt is eddcd to thc mólccu-

. l¡r difü¡sion cocfEcicnç assuming a tr¡rbulc,nt Schnidt nunbcr of 1.
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Vcntilation and climatc conditions
Tbc air supplics (prinary and sccondary) wcrc dcærmincd and the air flow pattcm
was vcrifcd with smokc- and soap-bubble tcsls. During thc cxpcrimcnls scveral air
and sr¡rfacc tcmp€raturcs wcrc mcasurcd (scc Figurc 1 and Tabls 1) and thc primary
air supply was sct et tOOVo outdoor air (no rccirculation)

Compuær calculations 
i '

Thc \\[SIII3D prog¡anna was convc¡lcd to bc applicd for pcrccivcd air quality
simulations. Hcrcby it wes assnmcd tbat air as it is pcrccivcd by a pcrson is tra¡s-
portcd as if it was a ncut¡al gas. Thc flow paücm of thc selccæd officc spacc was
dcrcrmincd for scvcral stcady.statc coufigurations with thc sanc vcntilation conditi-
ons as gincn in Tablc 1:

- configuration 1: isothermal boundary conditions (20'C), no pcn¡o¡ur;

- configuration 2 tcoperaturc conditions as givcu iu Tablc l, no pcrsons; .,,

- configuratiou 3: 'i tcnpcrstur€'conditio¡s as givcn in Tablc l; oncpcnon standing
at location a (50 watt convcctivc hcat) (Figurc 1);

- conûguration 4: tcnpcraturc èonditions as givcn in Tablc 1; buraing cigarcttc
(20 wau) at location B (Figurc 2).

Tbe \[{SII3D progrannc calculatcd thc perccivcd air quality distributioD, rsing thc
calculatcd air flow paucr¡s and thc sourcs strcngtbs of the linolcum, thc buming
cigarctæ and the outdoor aiç bascd on evaluations madc by thc traincd pancl (scc
Tablc 2), ftr tbc ñllowing cascs:
- casc 1: configuration I + linolcum at location A (L12 olÐ
- case 2: coufiguration 2 + linoleum at location A (112 olf)
- casc 3:- configuration 3 + linolcum at location A (112 olf)
- c¿sc 4: configuation 4 + burning cigarcttc at locetion B (25 olf)
- case 5: configuration 3 + linoleum at location A Q6.4 ol$ + ncgativc souf,cc

in air inductioa systcm (50 7o of c,mittcd pollution ûom linolcum).

Cess,S was calo¡latcd bccar¡sc it was srspcctcd that thc air induction systcm could
bc a ncgative leor¡rce' i.c. adsorption of thc cmittcd pollutiou ftom the linolcum. The
sou¡cc sueogth of thc linolcum was incrcascd'to achiwc ths same avcragc dccipol .,
lsvcl ag iu c¡sc 1; Z e¡d 3 (7.0 dccþl). ID this way lhc' infl¡s¡çg of a ncgativc
sourcc ou thcpcrccivcd air quality distribution in thc spacc could bc chcckcd. In casc

3 thc addcd standing pcsor¡ coræred SVo of.lhe otal surfacc area of thc linolcum (1.9
m). tte sourpe st€nglh of a cigarcttc was cstimatcd by taking thc sourcc strcnglh of

r i :1 , " :.t ',,'.asmokingPcrson.

.-.-...,.,i,1 v i:J. .., : '. i. 1 ,, The computational grid consisted of 35x33x3ó = 41580 cclls. Circa 6üD iterations

1 Pcrsonal Iris 4Dl35 workstation r¡scd.
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Four diffcrent 2-propanone conccntrarions (¿ 5, l0 a¡d 20 dccipol) gcncratcd by four
decipolmctcrs, called thc 'milcsloncs", scwc as the rrfcrencc for the pancl mcmbcrs.
Sevcral unlcnown dccipol lcvcls (2-propanone conccnt¡ations) arc evaluaæd scveral
timcs using the four milestones' as a rcfercnce. Aflcr cach evaluatiou tbe co¡ïcct

, aru¡wer is givcn. During the training lhe paDcl mcnbc¡s, arc also exposcd to other
pollution sourccs than 2-propanong comprising sevcral ooñrnon matcrials from' buildings. (ñutbcr information conccming tr"ioiog of pancls is givcn in [Z]).

Fgr this study a paucl of tcn subjccts was sclcclcd and,traincd to cvaluatc pcrccivcd
air quality in dccipol.

;.-

Pmc.edur,c

Addcd tnllution sourccs ,

For ttflo diffcrcnt situations'thc pcrccivcd air qrulity.distribution in the officc spacc
was calculatcd with WISIüID and evaluated by thc traincd pancl:.

1- linolcum.on thc floor at location A (total sur&cc a¡ea: 1.9 n) (Frgurc 1);
2 continuou buming cigarcüe on thc table at location B @gurc 1).

Sensow evaluations
Thc panel waluatcd thc ys (ûrom
10.00 to 1130 hours) at and f in
Figure 2). At day 1 thc buming
cigarcttc.

Thc proccduc of cvalustion was as follows. Thc pancl of 10 subjccrs was dividcd i¡
t$ro gfoups of 5. onc group drovc to the building with thc sclcctcd officc and was
ask{ as sqtn 8s thcy sæppcd out of thc car (at 10.00 hours) to evaluatc thc outdoor
air. Thc gfoup was brought to a waiting morD, ncxt to thc sclccicd ofücc room, wcrc

Thc pancl mcmbcrs saycd no longer thcn 10 scconds i¡ thc sclcctcd room and tbcn
wcnt bsck to the wairing roon ûo compsrc thcir ct alustion with tbc milcstoncs and
writa thcir aDsrvcr on a form. Aftcr cach pancl mcmbcr had judgcd the air quality at
location a, location b, c, d, c and f wcrc svaluatcd in thc samc way. The wholc
proccdure took no longer thcn half an hour. Tbe ncxt group came at 11.00 hours and
followcd the samc proccdurc.

To achicve an adsorption/dcsorption cquilibrium thc linolcum was added to thc room
erral simulatc a smoking pcrson I
lf an n of thc panel startcd. Evcry 15
uras
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Table 1 Vcntilation and tcmpcraturc conditions of the sclcctcd oüicc space

Vc¡tll¡tlo¡ o¡dltlous

Pa nretct value
lli,l¡, i;

;i:'l'Jr.rl -- | .:'Ì:

.1:'flt')l

.1Í,: i)flr . ir
r)tÌtt':cl

-.'¿. i i I

ffi¡ gioary a¡r ¡upply (Q)
. air ilduct¡@ r¡lit 1

. air i¡dudo r¡¡it 2

. s¡r iorlu.ti@ r¡Dit 3
m¡ æc@¡lEy air a4ply:

. a¡r i¡rt¡.d@ uait 1

. air ifiü¡cti@ uÁ¡t 2
' . sir iductioa r¡¡it 3

.-. air srpply wldty (pinry + scoodary)
. ai¡ i¡ductioo r¡¡il 1

*-..-.-. -¡h i¡¡l¡¡cdoo uait 2 ^ -. .,

. ¡ir i¡d¡¡cdø r¡¡it 3
'- tüh¡lcocE i¡trûJty

. air ilflucti@ r¡ûit I

. ah i¡ductioo u¡it 2
air i¡ducti@ r¡¡it 3

csbaul . arùausl 1

. abst¡gt 2

Tcnpcntuc o¡üüou

555 li¡
2DW
æ lrb

155 l,b
zm,6vs
u2w
84¿ lrb
52!2Us

1.08 ES
1IBEb- l

- 0.71 EÁ '
L27o
tZqo
t5%
n:lstß
n35W

Ps¡a¡rctcr
oal air aupply
ei[dotrt
Oær.
cciliog

valuc
20'c

valuc
m'c

Para¡nctc¡
watl. o ddú
watl lcft
q¡.tl rigit
fsdc

16'C
2'C
19'C

1g'c
20'c
?ß'c

RESI'LTS

Tbc scnsory anlustions of thc taincd pancl arc pr€s€ûtcd in Tablc 2 and Figure 4.
Vclocitics and pcrccivcd air qr¡s¡ity simulations as calcr¡larcd with thc WISIüID
pfogrsmmc arc pfÊscnt€d in Figurs 3 8nd 4.

For comparison of thc flow pattcrn in the isothcrmal situation (casc 1) and thc
buoyant situation (case 2), Figrucs 3a aud b rcspcctively prcscnt the vcrtical cross

scction at 0.80 E froE thc rigbt wall (z=0.80 m) ând thc vcrtical cror¡s section at

218 m from the window (x=218 E). To show the influcncs on the flow pattcm of e

pcrson standing on thc linolcurn in case 3, a vcfical cross section is givcn at 0.80 m
ftom the rigbt (z=0.80 m) wall and at 4.25 m from the window (x=4.25 m) in Figurc
3c. Thc flov/ pattcm as a rcsult of the burning cigantttc is givcn in Figure 3d by thc
vcfical crxs scctioDs at 0.80 E from thc rigbt wall (z=0.80 m) and 

^t 
z.Lg m fron

the window (x=218 E) ph¡s the horizontal cross scctions at 0.53 m (y=0.53 m,
hcigbt of buraing cigarctt€) and at 1.00 E fioE tbc floor (l=1.00 E, svcrage hcigbt
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of nosc of a sitting pøson).

For comparison of thc computcd sinulations witb the scDsory cvaluations of thc

Tablc 2 scnsory cvalu¡tio¡s of thc air quality in thc sclccrcd ofücc spacc

l€tl6 d¡y I úv2
linola¡n st locatioo A cita¡ln at location B

Ec¡o votÊ (ga¡rt.dcv.)o EGao votÉ (6t¡[d.dcv,)

(dcdpol) (rldpol)

a 7.r (L4) 7.7 6:rf,
b 5.6 (2"1) e3 (3.e)

c 7S Q.5) 10.6 (3.e)

d 83(1a) 9.6 (43)

c 6.1 (33) 8e (3.Ð

f 7s Q2) e5 (4Ð

Bn¡rISB (q) 7.0 0) 930
a¡o¡h¡d crrclo 081(m10) 128 (or10)

o¡dcc(CJ 2J Ge)

(f): tæl = Q x (Ç - CJ/10 = 555 r(t.{Þ2gn} =2iL7 otf
(2): total . Q x (Ç - C/10 r 555 x(93-29/10 g 35j otf
(1 h¡roi! fm incl. Â¡m¡n¡æ b¡d s pollutioo lætt of 105 olf a¡d thc
li¡do¡o
(3): ltrldúd dÊv¡dio - r.l)6-91t w|th. r. ¡/U od ¡ar¡nbcr of Fæl ænbcrs ¡ l0
(4): rtaodad cou .l^ln wlth: 6 ='oca¡ ü.!dad ¿å"¡¡ltm
(5): oæd-dcv. is h¡8ts, tbb cv¡¡u¡ti@ wi¡t iS tàc nason for üis bigb
rts!.|t(! dcr¡¡atioû co¡td bc tùst ¡@d6 r

itL
t¡

bJ¡¡
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' Air flow sinul¡dons

Thc compuutiors undcr isothcrmal (casc 1) a¡d buoyent (casc 2) coñditions r€sult in
diffcrcnt flow patæros ncar thc rigbt wall, thc tablc and the floor. (Figurcs 3a ¡nd'
3b). Thc supply jct (20'Q along thc window is dcc¡e¡scd by thc cold window
(16oC), which ¡csuls in r€dr¡ccd rrclocitics ncarby thc cciling. Duc to thc higbcr
tcnpcr¿turc of thc right w¡ll (21"C) thc downwa¡d florr along 314 of rhis ¡¡r¡ll þ
changcd iuto an upward di¡cstion As a result the flow dircction above the table is
turûed fum lcfr to right Duc to thc wa¡m floor (22'C) thc flow'along thc floor is
brought upward bctwccn the ublc a¡d the trrrt>scat" Thc gcncral flo$, pattcro, as wcll
as the abovc mcntioncd f,ow characæristics, \rrclc also obscrvcd during thc soap-
bubble and smoke t6ts. -i ,:. , ìr

Tte influcncc of a standing pcn¡on on the flow pattcrn is dcmonstratcd in case 3
(Figurc 3c). The body acts as a heat souroc and causcs a rising convcction laycr
a¡or¡nd is surfacc. In o¡dcr to simulatc this laycr Eo¡r aecuretcly, a fincr conputatio-
nal grid near lhc body is rcquircd. :

Thc influcacc of thc hcat gcncratcd by thc cigsrcttc (casc 4) is shown in Figuc 3d.
Thc vclocitics ncar the tablc a¡c sligbtly i¡crcascd.

Sensory cvaluadons
¡ '"1

Iu prwious sodics witb taincd pancls it was fouud that a pancl of 8 pcrsons bas a

staodard error of 1:1 dccipol for svaluations of thc pcrccived air quality in a spacc

[2]. Thc trai¡cd pancl of 10 pancl mcmbcrs which was r¡scd in this study had a

stsndard cr¡or of 0.8 dccipol druing thc fi¡st cvalustion day and a stândard crror of
1.3 dccipol on thc sccond cvaluation day, which ¡esulb in an avcrage standard er¡or
of 1.1 dccipol.

tl
Þr

Comparison scnsorl cvelu¡üon¡ and computcr simul¡üons

For cach simulatcd casc the calculaæd pcrccivcd air quality distribution is shown in
respectively Figurcs ¿ta ¡o 4c" Thc sensory cvaluatio¡s of the traincd panel are

prcseDted in these figurcs as wcll.

From ths air f,ow pattsrtr sinulations in cesc 1 and 2 followcd that the tcmPcrah¡r€
distributions havc a grcat influencc on thc air f,ow pettcro. Thcrcforc casc I did not
sccm ûo bc of importancc to consider in thc comparison.

From the air flow pattcrn simulations i¡ casc 2 and 3 followcd lhat a pcrson (a pancl

member) standing on a spccific placc has a grcat influencc on the local air flow
pattcrn of that placc. Sincc not for cach erral¡¡atcd location in the spacc tþs influescc
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of a standing paucl mcmbcr has bccn tskcn i¡to coDsidcration, the comparisou
bctwccn the calculatcd and cvaluated dccipol valucs is''difücult.

For cascs 2,3, 4 and 5, tbc calculatcd dccþl valucs and thc sensory dccipol valuos
arc prcscnted in Tablc 3 for cach evalu¡tcd location in the office spacc (a to f in
Figurc 2). . :

Thc computcr simulatio¡s show in all cascs, €xocpt "ål t, a rathcr rmiform pcr-
ccivcd air qualtty dist¡ibution, whilc thc,scosory srnh¡¡tions indicaæ a variation. This
variation rcachcs 27 dccipol Qocatiou b and d) on day 1 (inolcum) and 1.? dccipol
Qocation c and c) on day 2 (cigarcnc).

Case 5 indicatcs that thc introduaion of a ncgativc sourcctcan influcncc thc dccipol
lcvels, Thc variation in calculatcd dccipol lwcls incrcascs (ùom 0.7 in casc 3 to L2
dccipol in casc 5).

- , -" . 'r '! ,t ¡ ''Ìil ":: 'i, !,i ': ..'

Both thc computcr simulation and thc scnsory cvalustion at thc evaluatcd situation of
day 1 Qinolcur¡) result in thc highcsr dccipol lwcl at location d, which can pafly bc.
explained by tbc conPutational pollutant transponation from thc linolcum along thc
right wall into thc room. This indicatcs tb¡t whcn a major sourtç of pollution is
prccnt ia a spacg thc
crraluatcd situation of
of lhe computcr simul
somc variation (1.7 dccipol). C.onsidcring thc sundard cnor of thc pancl (13 decipol)
on that day, this variation sccms lcss importrnt It should bc mcntioncd howcver that

rigbt wall
Ilowcrrcr,
a higbcr

varietion in dccipol lerrcls thcn thc computcr simuletion prcdicts.

Csses 4 3 and 5 rcspcctivcly show that boundary conditions toLing into account in
thc computcr simulation such as tcnpcraturc variations, stsnding pcrsons and
adsorption cffccts, i¡flucncc thc pcrccivcd air quality distribution, but do not con-
plctcly cxP¡aiD thc diffcrcnccs with thc ¡rsulB of thc scosory cvaluations. Standing
pcrsons and opcning of thc door mcrely hsvc a-local-cffcct" wbilc tcmpcraûrre
diffcrcnccs have an ovcrall cffccr. A standing pcnron in thc room may car¡sc convec-
tion of polluønß from thc floor along thc body, resulting in a highcr pcrccived air
quality. This cffcct howcrrcr, did not appcar in thc computation, which could be duc
to the coa¡se computational grid ncar thc body.

Thc computcr simul¡tion pmgranmc is bascd on convection and (turbulcncc)
difñ¡sion. Air adsorption and dcnsity diffe¡cnccs bctwesn pollutants and eir ar€ trot
takcn into ac@unL In the computcr simulation it is assumcd that air as it is pcrccivcd
by a pcrson bchavcs as a ncutal gas. Furtbcrmore is assuncd that thc tcstcd spacc
without any addcd source (linolcum or cigarctæ) had a r¡niform emission profilc. An
cvaluation of the tcstcd spacc without any addcd sourcs could rcsult i¡ a diffcreut
profile.
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casc 5 thc adsorption of thc induaion systcn was assumcd to bc 507o of thc

' "cinittc¿ linolcum pollution Tbc results show that local adsorption can rcsult in larger
pcrccivcd air quality difftrpnccs all ovcr thc spaca In all othcr cascs thc adsorption
and dcsorption e,ffccts of thc floor, cciling, walls and furuiture wcrc not takm into
accouat. Casc 5 indicatcs that in futurc studics adsorption and desorption cffcc1s

should be considercd

Tbe scnsory erraluations of thc traincd pancl rcsultcd in non-r¡niform distributions of
thc pcrccivcd air quality. Tskcn thc stand¡¡d crror of thc pancl into account" thc
variations a¡e still signiñcant Thc computcr simulations do not confirm thcsc rcsuhs
completcly, which migbt bc car¡scd by thc assumcd boundary conditions. It can bc
conctuded howcvcr, that thc location of a pancl mcmbcr in a spacc can influcnce the

evaluation- Whcn svsluations of spaccs arc madc it is thc¡cfo¡s important to considcr
the location of thc pancl mcmbcr aad thc nunbcr of locations lhat the pancl mcmbcr
h¡s to cñraluatc. Conputcr simulations E¡g¡t Uc of hclp to dctc¡minc thcsc locations, . '

whcn thc boundary conditions arc concctly frrmulatcd and thc traDsportation of ait
as it is pcrccivcd by a pcrson is similar to thê frssporlstion of a nÇutral gas.

Table 3a Comparison scnsory cvaluations on day 1 (addcd souroc:' linolcum)
snd conputcr simulations casc 2, 3 and 5

Tablc 3b Comparison scnlnry crraluations on day 2 (addcd soutpc:'ciga¡Êttc) and

co:Putcr simulations of casc 4 . -,rI, i

\

)ì-

I

locatrotr rcoco,fy st¡€lr¡8lioo
dccrpol) !a¡Ë z æJ :asc )

rcc¡pol) lccipol) rocipol)

a 7.1 75 73 '/.o

b J.O /J 7.4 7.6

c 75 72 7.L o¡t
d TJ 79 9.O

c ó.1 7.4 73 /J
f 73 't3 7.t ó.9

locaüoD ¡c!$ry clr¡l¡¡8fioo Ðprút[ snu¡ü6 caê 4
þcipol) oocrp<¡¡)

a 10.1

b 9J 103
c 10.ó 9.9

d 9.ó 10.o

c 8.9 t02
f 9J 10.0
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REFERE{CES
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Scnsory watuatioDs of a trained panct r€sultcd in non-unifo¡m distributions of rhe
pcryivca air quslity. conputcr simulations of thc p€rccivcd air- quality did nor
coufirm thcsc rcsulb complcæly, which might havc 

-bccn 
car¡scd uy tlc assumed

bouudary conditíons and thc sssumption thai air as it is pcrceivcd 6y a pcrsou is
transportcd, in.tü¡ samc îf o a ncugl 

: ,

Tg qt f,ow patbn 4i.r.d by rhc compurcrprogranme wIsIr3D sccmcd ro agrcc
witb the gcncral air f,ow obscwcd, vcrificd by snokc- and soap-bubbls tcsts.

The compuær simulations of scvcral cases i¡dicaæ that boundary conditions such as
tcnpsratu¡c variatio¡s,. standing pcrsons aud.adsorption cffccs i¡llucncc the pre- ,l

didcd pcrccivcd air qrnlity distribution- , :.;::ti-- .¡.ir;.:¡-..1:,-r .:ìr, u,, j ,:., ; , .i
ú Lì.-,¡..-,.r.1 . :'i :-,1::,,, I .-¡:.;: -r : .,., 

-i1:: r,

Incal adsorption ca¡ rcsult in larger pcrccived air quality diffcrcnccs all ovcr the
space. In futurc studics adsorption and dcsorption cffccts shtuld bc considerej.

Jbc location of a pancl mcmbcr can bc of importancc whcn thc air quatity of a spacc
is avah¡¡tcd.
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Figurc 3

Figure 4

Simulatcd air flow pattcros. Tbc eir vclocitics tr€ pf€scnrcd by vcctors'
pfojcctcd on thc sclc¿1cd scctions.

Distribution of pcrccivcd air quality
Thc computcd distributions are pnx¡cntcd by contours of cqual dccipol
values. Thc scnsory cvaluatioDs ars givctr in rccungr.rlar framcs. Thc
following ciontoun¡ are præcntcd.
Casc 1: 7.0, 7.1, 7.2 7.5, 8.0, 9.0, 10.0;
Case 2, 3 and 5: 6.0, 6.5, 7.0, 7.1 7.4, 7.6, 7.8, 8.0, 9.0, 10.0;

Casc 4: 8.0, 8.5, 9.0,9.2,9.4, 9.6,9.8, 10.0, 11.0, 20.0, 30.0.

isot = isothcrmal, buoy = buoyanÇ lino = linolcum, Pcts = p€tsot,
ciga = cigarcttg ncg = ¡pg¿1i"" souroe

Abbrcv.:
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