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ABSTRACT 

Research has been carried out to study local comfort in an office with displacement 
ventilation. The discomfort due to air quality is calculated by the olf and decipol, the 
new units for perceived air quality, and due to draft by a new comfort equation 
including turbulence intensity. The distributions of decipol and draft are computed by 
an air flow computer program based on a low-Reynolds-number k-E model. It has been 
found that the distribution of percentage dissatisfied occupants for air quaHty is 
different from the distribution of smoke concentration. The olf and decipot units are 
recommended to be used for evaluating indoor air quality. The thermal comfort in the 
office is acceptable for this ventilation system though fresh but colder air is supplied 
directly to the occupied zone. 

INTRODUCTION 

Energy conservation measures, resulting in tighter building envelopes and use of the 
materials with better thermal insulation, increase the concentrations of internalty
generated contaminants in offices. Displacement ventilation systems have been 
therefore introduced to remove the contaminants more effectively. For evaluation of 
indoor air quality with displacement systems, the odour sources from wall materials, 
furnituret systems, etc. should be accounted for in addition to bioeffluents and smoking 
caused by occupants. This can be accomplished by the olf and decipol, the new units 
for perceived air quality [1 ]. It will be the main aim of the present paper to evaluate 
indoor air quality in an office with displacement ventilation by a perceived comfort 
equation. Thermal comfort in the office would also be quantitatively analyzed since 
fresh but colder air is supplied directly to the zone of occupation. 

RESEARCH APPROACH 

The application of the olf and decipol units makes it possible to establish an odour 
balance for the air in a room. If the room air is well mixed, the perceived indoor air 
quality, Ci, can be determined from [1]: 

(decipol) (1) 

where Co is perceived outdoor air quality (decipol), G is total odour sources (olf) and Q 
is ventilation rate (l/s). Then the percentage dissatisfied persons in the room, PD, can 
be calculated by [1 ): 
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PD= e5.9B-C1121c/°
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__ (%) (2) 

For an office with a displacement ventilation system, '·the room-air is riot well mixed. 
The assumption of an uniform concentration distribution ·-of odours cannot be 
accepted. The field distribution of perceived indoor air quality shqtJld be predicted for 
finding local air quality. , .. . ·. ;• , ' . 

. ... , ·, , .. . , /.·: 
The development of computational fluid dynamics 1._~Hows Lis to compute. the)ield 

distributions of air velocity, air temperature, perceived ai r;/quality/contap:ii nant 
concentration, and turbulence intensity. The air flow _program PHOENICS-8-¥[2] ~s 
been employed to calculate the· air distribution in tt'( ~.tfjce. The computatio,Ps invop/e 
the solution of thr:ee-dimensior:ial equations fo r-the· ~orlservation of mass, rhomerfum 
(u, v, w), enerqy (Hj, perceived air quality or co~tamlri~nt con9entratiory (C), t~r1fl1lence 
energy (k), and the dissipation rate of turbulenc'eJ·energy (E)·:· i:he Jt.J rbul~,,~ model 

·BS~Ci :jsO~ low-R9llfO~'ds.;.liumb~U~i -k~ model [3] whi~h has been imple~ented in 
PH0ENJCS-84; l"fiis.crtmdol hasebeen. vertfled to be more suitabJe for indoor air flow 
·s1nrutations, and:ll betterdagrQemenf between computation an~ experiment has been 
fouactwnb'. resp-ect~NeJocity-and tdrnuk?.nce energy distributi~s and heat exchange 
through solid walls [3]. The governing equations of the model can be expressed in a 
standard form: ... · · ·~c . \ .QI-=\ 

.o ~' " · ~~·,5. i· ~---·; · .,-J~ · ;::.-it -<1<" .~jC{\ h'. ~ .,, .) · ;i Q...,, 1"1 
_,, \ \ • ..,, ~ . , ;:J ...J \ ._ 1- ' .... ~ '- ' f I u J:l ~._. ..,,,I > "- • C. ' I : ~ .... ..._JV 

With the distributions of air velocity, air temperature, and turbulence intensity, 
percentage dissatisf~ :peoP'eCClru~ to:;draft1 f?:C, ~caa·aJso besdalcu'fated i ~ia ~he new 
thermal comfort equation·~[4] .. '"'·; ..... . ,, -=" .:: : ·"':-i·· n~: i~.it 1 ' ·: · sg-: r 1.:: ·9~ b"'f. ·1 •:iB 1p ·,::; · <~: ~:.~ · ~ · . ~ · '",.:~.~",di·~;;:.· ·,~, .. ·= f>-.:~ · ;s ~. :· s ~-· ·~(;i4 ~s 

PD= (34 - Ta)(V - 0.05)0·62 (3.14-=F 0.37 VI) n:2{%f 7~· . :'o!;,icil1c:i. E: • 1,· " J0~{4) 
· · · \r : . ·,3·,.:..~ ::i <·., ·; ;,-: .... -, T'"· ,.,-,;·~~~;1 .... -1 .. C!'"'1UO;. _.,., . ~ '\ ,_._,._ _.._,, ..... I''-·~- .... . V .,:!J,_.._,l.~""i· • ,,,.,_; -

for v < o.os m/s-'lnsert v ~ ·o.os m/t;:~fsr,rof;> 1 100% usEH;>D :=:cto0%viwhere l'~ isi~ 
·local air tem'pet-atare (OCf, v is the meanr:v~·10citffr\11s) I and1 ~ tHSitu r~o le?tlce. fnt~slty 
• 1~0/o). The c·tOrbQ~f.ioe cintensity is defi~:a& ;!f.10:. '1Efl(:lcity flabruation2ti~er£t~esn:Man 
velocity. The ·relatit!>·n'shit>oetween the-:tu~wlehce,.i:ntensity, I, ~anti tt3r.bal~n~ .~Ai:lrg-Jz>,: a.<, 
~can be.written as: \' ;:"J·.3, . ?~. < : ·, .. ~~- .S\ ei: lie: ,. · •i!:;. ;_. i 1.S,1.··rn ....... · le 
·•· ·· .. ~· .-·~( • :-...; n1;:-: ·. r1C4 -1T!:..f1 ~i'' r-1·""'~~l ; r-(·'1~;:i:i..., l'...'°!rd · 4n t L:"'lr"l..;, ·:':l~ "1U".: ~ 

•J '' '::,; "'' .... ._ ·~·~ ,, 1 JI.I -'-'11,.._.jt._ ·. 1/J, _. 1 1.1..;:it'"-'IJ \...•-..JV \,,,.'C;t 

~ I= 1002(2k:)o.s/ v~·;. (%) .::< -- :·":-;i:;ua11t2:b er'.T -·~· '-:r:.· , .. ;:i ..,, nwc: ~~c ~a) 
~ -.··· ' 11

:, -.: · '~, ,f.~; ~.; f .. . ~ori , ·: ·-~,;E} .. ·-··~i::: 1'. . ~ . ~CJ ~·.~~-:~ .:,,:::. :, :.~1sT ~i =~ :;:·:£, 

-· n:.~~~.: ~ .-·;;::;:+:.,:~'::;.;it·~: ." ;:;_~,.s r2f.GO ·~~ .c:l£!;~·::;~ rf~o ·: ~ : ... _; ._;~)J ~ir~T m001 
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n' be, r ::v · w .,:r :. ·-s: ;_;,s ~., ·- ., , w · 1 - inlet; ::2·~\.. ~~:tiet;_;-3 c:'.YJtoQQ:W;->4 J'i ~o~s~c:-~; 

.volt 11£ 1c-c :7 . · ~ z 5 - bookshelt:b~6 ~ t1b~ a;a-ir;- table Q~l&3·jj~ 
--,eed ?c·· ~ •·· ,. •· cabinet a~ 9""2ttmefr~net;b; aO~· .. ;.occu~aRtla~it1 

Oit ... <~r~r-::!t:· \.,;·-c, ·- occupaf.lttt, tlt2;--Cami:rutana.;1etlh· compute1Jb: 
..... ,...,. ~ n' o~ .... ,....~,. ... ,( . .J . • • j,...;...,~ r ....... ·· ~.:, ·~. . _,,. .. D"··r ... ···•rr-.. " . .....- : ...... , .· . '"" ...! 
,::; ' '' l...~>cC'-;·1_;" ~, • ' I t;!,, . ._ :~-'! _,,:._j;..l:-:7 ~'II _·-:j~-,.1~ -.;''.:I ,.•'..>_I ·:~· .. · r,:.,c,,; f'.Q~:(Y'";j 

Fig. 1. Sketch of an office with displacement ventilation system. 

~1pposed to get appropriate maintenance such that no odour sources are assumed. 
This implies that it is a low-olf office with a total 0.15 olf/m2 of odour load from 

r~tari~ I~, tuq1.iture.! ~ok~..i~n9_ \'~-f¥i)8i~W~ · f!Ye~e.~ . . r~~r-~Y\fij,9.,e :;!_effiP~xatur~s of the 
enclosures are 22.3°C. Tne convect1v.e heal gain f ~om ilia w1Qdow i's· 1 so W due to 
8S'o iarradfatiod~ ·~f:Pffeat souterfffsril e'aCh'Odb\J~1lf-ls 8fY w ctncHrom each computer 
v1120 ~W;. 'Fha. inlets11i-z~ is 0.16 ,'fl'l::> >&:0.6 me w~Ph · an:air v-eloc>tyv-.o.f, 0.20 mis which 
corresponds to a 5 times of air-change-rate or 70 l/s. The temperature oi .the air 
supplied is 19.0°C and the turbulence intensity is 40%. 

,\~· ,ar~f n, -..· ~,Jij~ · ~ :·- S'\ ... /1.B;~:"\::frr.~--r: --:·r -t•,· J":. ; ~,~ .:::\ !c · ~ _. ·~tt; · · 
'>'ii·~"; 'Fhe £.cornputadudistributionsAl,f ,~f.\ v:eJocityi :Si[10,0~~(€lQ:fle~ntration/perceived air 
quality, and percentage dissatisfied people due to indoor:at:r quality are showr1 in Fig. 
2. Figs. 2c and 2d are the distributions of the perceived air quality due to 1.0 olf smoke 
,o¢our or the distributions of t~e·· smokei. co~nqe.ntration caused by 0.01 ml/s smoke 
source. The application of dual units is necessary. This is because· not all pollutants 

c.ea~: qe perceiv~osuct:r:.as . r.9-deo~, ;th13~A§0n}{ation ot. th~_ pqlllij~nts should be 
-...dertermined bY,'\~urtit- t RPm or 6qlm~;;:.'6f§fllr .Fi@~ 2d !Ne ,can se§r8t."1i~t: ~he -~moke 
r·CQr1Cet1trationcisnlO~d.n'.1be left pa:ftof ~~8;_Qff1@1although·thef_e~ iS!:?JS§lQ~f.. O§rthe rig~t 
;Si~ of ::the ·-tiable:s~1 ftcJ.s. obviQU$riSince-,!ltl~Lropm geomEijry; a~·r@Jiat sources are 
symmetrical. Adding all the values of perceived air quality caused by differe.nt odo1;1r 
sources together, the distribution of percentage dissatisfied people can be calculated 
:@~ shown in Figs. 2e and 2f. The distributions of the percentag~ ~issAtisfied people 
are different from those of smoke. It is because the smoke"is ·not the o·n1y odour in the 
room. The odours from materials, books, and bioeffluents from human bodies have a 
significant contribution on perceived air quality. .:· vicw;z u~ .. aic _, 2 . ~ 
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Fig. 2. Distributions of air velocity (a;\'tJ); perceivedrair:quality/smoke.1.wncantf.atroo (c, 
d) [decipol or ppm], and percentage dissatisfied people due to indoor ain'Cfu'Siity~(e, f) 
[%]in different sections of the office. (a) section /-/, (b) section Ill-Ill, (c) section 11-11, {d) 
section 111-111, (e) section //-//, (f) section 111-111. . 

S - 1 ~-. "1 ; f~ : [; .- /:. \~; .J .: :1 .~~ .-:- ... r:~: ~: f.: .. ., 2 ·-1:J8~) ~·:· ;2c:··;· ~ . ·.' :;· 1Erf! r ... ·q 19 .. 'i~~ : 
.;: "; · s ; ~! n · · ·.--~.~ , \Q! 0 . t: ,;;e;\·.· ·:H ... . · ~ . ~~ -- .~ 9:>0Br- -r. oo9~ r.:;n 

2b. The Heat Sources from the e_omputerJrndchuman body induce a large arhouatiof air 
together with the smoke up to the ceiling. This air forms a large eddy which brings 

· contaminated ··a1r downwards alCfng : the side2wall.l..'Cfiherie are! thr:ee-~large. ~ffi:Hes as 
· ·shown'tin=Fig. 2a> U is different ft6m~ 1he~·asscimption·· it h'at:t11ere is only onete~ .. io an 
·'.- offiC'e ~with di§~·cement ventilatio·rr~ sy'Stertc "Fhe compl~11ow. pattetn wHI miX<tlle air 

: ·'. - better 'Stich fff<jti'ff results .. in a higher~ntami1nant, corroelltrat~ jt'I, th~ .tilpJ:Je:qmrL-=>bMhe 
occupied EZOl-1e~f. ' thlf~o1nce. Ht:>'.Weve:iklltt-e:~tr; .. qu@lily.rto:'· the:irnomoisstertatn1¥1much 

, · •1 -better ' ftlan· ini? a; c0hventi·o,na1;~!WSIP.nti~ed~o5yst&rn S.STrepotteet:byi filhl!.IJ)i~81::iahe 
· · contaminant; eancaritt~tier; , irfJa ra1liroaltcortventiooal~1well-ffi"ihc~.d~ :sy.ste'm is1e'fer.r ihrgher 
~. : -than ttiEf~·rnathe·maticany ~1e:rggoor:0oe bec'atJse '"it is,flatado!mtcrob:tneain.ped,ectiy1o 

·f ~ . ·;-- ~: : - ~ -·s~:··" _ ~-,~ .;;~ j,:. ·:::~ '~ · ·: ~ =· .. ?- i :·~c·1rn(~ : Lsrnisrlt erl1 ... i9V&V~'D~1 noitJsTeLtnze;b 
For an overall evaluation of indoor air quality due to odours·, the elf and~c:Leeipol 

should be used. The results indicate that a large amount of fresh air is required to 
meet the requirement of comfort. For the office presented here, the air supply is much 
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- -Fif):"3. Distriblltton~-af ·air temperature (a, b) [°C], ·turbulence energy (c, d) {10-4m2/s2], 
and percentage dissatisfied people due to draft (e, f) {%]in different sections of the 

:~ officJ'!': r(a) sectiDnJ-1, (b)- ;sectiti1111J.l-lll;. (c) section It-/, (d) section I/I-JI/, (e) section 1-1, (f) 
.. ·sect1amtJl-llL ·.)G(in · ~ .. : ·c.n.:.; ·~:\",J ~)!.,.: ·· f' :.-.\ ·· : '."«!>.·; 
~ ;~ · ,· \ \ ~' \ p~· '.;,) . ;' \ ~) ·,. 

:1 1\-\\1 11mt'Jo~ . :;c. .. \::\ : 
higher than that given in most existing standards. But such a high air-change-rate is 
not recommended because of the cost of energy for ventilation. It is preferable to 

·rn.:. redace:ttre odour sources as byiprohibi:Ung-smokin.g and using low-~Jf materials. 
~": 4 ~ ~~:)~- :v ~ 5, .:_ ~- .. .. ), - :.:.~ ~; ; 1 : '. t. . ~ --·; ~~- i '.' ·1~ 

.~;;.; <'.:;f:· .Rig. ~:a1;shows ttre.o distri?>utisrissof~ aird~mperature, turbule:nce' energy, and 
ns dissatisfied people·duertorenaft.:-Thei;yalue.s of-dissatisfied peop10'.-'. .du~;to-.dr-aft _ in the 

,::. room.is tessrthan 20.9/a.·evan-near the'·in~t-·tn the~present studye:t~~ii[ velocijy; fn the 
.::. r~; irrlet ls. law;{0:.2i:m/s) rand::the: .. tempera.Wtrer!.s·ir:ather high (19;.0~C~·.Th~ eonditions are 
-·:1 .cert~rnly iEL1avour~.oooomforrt.,Figs:_,3a::arnck3b:;ineicate that1.tt1Elfe: is(aJ.arQ...e t~perature 
e,-i·str~ificatrob il:Yjhs9room.ffhe disoom!otbdbie-to dfaft.shown ;io:figsf3e and~f~not 
,, \3 ii ipch:.1de ,ttte inftuence:-at4he terrrpe-ratu~stratifisatlott.a()jesenf{~h pointedr-o.ut: ~ft\at-;a.<3°C 

oqe-mperatur.ert:ilffer.erce betw.een .-head.;{J9~ Gt)caoo ~~~l-e;$ (-OJ:'bm>)-:~\~;itt ) lead,j-o a&% of 
dissatisfaction. However, the thermal comfort is still acceptable under the current 

':· '. ~situatioR. ~·.;:-,. ':1riJ" ,2"uobc. OJ Aub v1i.s~.>D ·.:r. ·, oc:.ir'.\ "r::- no1n::uisve h;1 evc :i.::~ ·'.c: -: 
- -, 1' 1•.::;•' 1 r)C\'\ ::>1 ~1:..· -·;,- q~ ' ),-, +f1L;.Qf<t::t <>1 -·i .:..· fl '. f-1' ; .. J;····.·; .•. : '.'.·' "''C•°' f""l" · . ....-1 "'Q.'..l•f qd hf;l'"'··n' '.) 
~ I. ,,,. .. ~· "-' - ' ,._1 ! .. -<· ..... 1U ~· -~-- p ..... ;;:, , ._...,. . , I, ,\ -.. ........ ·b·~t ·i ..-.:Ft, t~·'v•, ~ . . ... 1 ... vr- "" v · ..... \ ..... ~· 

rt., _!·;: ;, ,n:~o~, .... ; ·iis t:1 r.; ;f•9r' 0~11 ·!e2s;q s~mo 8r:t 10-=i .ntitr-::o:::i lo :tn81iit'L ... i:::.1: s·~f tEism 



CONCLUSIONS 

It can be concluded that the perceived comfort equation can be applied to evaluate 
local indoor air quality in an office with displacement ventilation. The distributions of 
perceived air quality and concentrations of contaminants can be computed by an air 
flow program with a low Reynolds number k-e model. The distributions of air velocity, 
temperature, and turbulence intensity, which are also computed by the flow program, 
can also be used to determine the local thermal comfort in the office. 

In this particular office, the distribution of percent dissatisfied people due to air 
quality is different from the distribution of smoke concentration. This is because th~ 
odours from materials, books, and bioeffluents from human bodies have a significan!t 
contribution on perceived air quality. The olf and decipol units are therefor~ 
recommended to be used for evaluating indoor air quality due to odours. For 
contaminants which cannot be perceived, indoor air quality can be evaluated by the 
concentration of the contaminants. The comfort due to draft has also been analyzed for 
this office. The thermal comfort in the office is acceptable for the ventilation system 
though fresh but colder air is supplied directly to the occupied zone. 
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