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ABSTRACT 
This paper presents an analysis of the emission of chemical compounds and their diffusion in a 

room by the technique of computational fluid dynamics. A polypropylene styrene-butadiene rubber 
(SBR) plate was chosen as the TVOC emission source. The emission rate and room-averaged concen­
tration are analyzed under various conditions of ventilation rate and temperature. Further, the concen­
tration distribution of TVOC within a room is also examined and evaluated from the viewpoint of 
ventilation efficiency. 
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INTRODUCTION 
A method for predicting the distribution of chemical pollutants in a room in which they are gen­

erated is investigated. Indoor air quality is greatly affected by the emission of chemical compounds 
from building materials. In this paper, the emission of such compounds and their diffusion in a room 
are analyzed by a computational fluid dynamics (CFO) technique. Here, TVOC (total volatile organic 
compounds) emission from a floor covered with polypropylene styrene-butadiene rubber plate is ex­
amined. 

Many factors affect the concentration of chemical pollutants within a room, as shown in Fig. l. 
These include chemical reactions within the source material and the room air, adsorption and desorp­
tion, temperature, ventilation rate, etc., [1]. The final goal of this study was to predict the concentra­
tion of chemical pollutants in air inhaled by the occupants of a room, taking into account the pollutant 
generation processes. In this paper, a CFD technique is applied for this purpose. 

The modeling methods for describing TVOC emission may be classified into two groups, ex­
perimental and physical. Experimental methods are based on curve-fitting of experimental data ob­
tained from small-scale chamber tests, etc., [2]. The latter, physical methods, take into account the 
elemental mass transfer processes of source n:iaterials, both internally and at their surfaces [3]. Physi­
cal methods are generally superior to experimental ones from the viewpoint of accuracy and generality 
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as regar�� adaptatiq� to various conqitions. He�.; �e use physical methods [ 4,5]. In applying physical 
methqq�; · zyoc. y"(llissionJrqrq1 �oui¢� P,l�t�rjfils is"' cl�;sified _into two typ�. one be#ig eµiission under 
the corlfrol'�of ir'��W�- di�s: �99, th(Qthe� ,f>�ipg that ���er .�e:�9�q'p l o(�}'temal_ 

1
d!f�1J.sion_ (at�}�­

face boundary} as shown m F1g. 1. 1n this paper, em1ss1on under tfie control of mtemal d1ffus1on is 
studied. 

MdbEL OF 'IVOCEMISSION"�D1DIFFU:SiON1 • I 
" " '\ ' .. :;rvo�Jrriissiop ' �'}�1 d•ff.i.i;ion P.�pces���- i,,e., t\ie 'eITi1ssion and, ctift.usion of ".�ous ch��ical 

c.C>m1'9.4nds, -�� virtual1y,su}?stitµted py the p_roc�s of applying them to one reP.resentai.ive compound. 
J'VOC was selected' as tllls '�irtuaJ �j),:esentative. COffiP,O!Jnc;l in the present case ( 4-7). . ' � . .:. . r . • • .- • i ' . < 

· Internaldiff�sion in niaterial� i : ' : · 1 ·, .-'. •:: • 
· 

, ", ;, • � . : The rpecQanism, of the diffusion proce�s is moCieled, as shown �n Fig. 2. It is ,assumed that the 
internal diffusion of TVOC in lhe solid material is governed by a one-dimensional diffusiorl ,equa\l.on, 
as shown in Eq. (1). Here, the equivalent air phase concentration (C) is used to express 'the source 
phase (solid phase) concentration �q he �iffu,sion p1:0. i;:ess(4,5l, Th7 TVPC effective diff\!sioq C!->effi­
cient �Petr) �<t ini�ia.j concenq-atio!1, d,istr;iputiop (C0(Z),) in materi�s 'are .�stimated from �'5,p'erimental 
dat;i ootain� oy smal!-:scale chiunber tests '(cf. Appen�ix A). . 
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. The TVOC emission rate at the material surface is set' at 1the same value. as the transportation 

rate by internal diffusion. This condition is expressed as the conservatio9Jaw at,q:tr sµiface,.as .s}l9� 
.inEq;(�!,, :0 "r''J''.'>'11u··-i c.-1:: ·· '.;··.,, ·' � : ;. 1 .. · "· ·;::·-:";:<i.:' ,·1". ,.,,.:,1.·-'-;;:'·, : , ·.>· , ..... 

ac ac -D ff-I =-Da-1 , •; 

e az w.s.+ ,, -· az \\/:�-:- ...... , -�- - . ·--.-;�� . . --- - · -- _ .. ___ ; 
(2) 

Here, w.s.+ is the wall surface in the material· region," and w.s.- 'is"tnat in the air region; Da is the mo­
lecular diffusion coefficient· in air [m2/s]; C.is the· equivalent air phase concentration of TVOC on the 
material side and also that on the air side µg 1m3]. ' 

· 
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Emitted 1"40C is transported b_y the rqom air flow, ·diffused.by molecular diffusivity (03) and 
turbulent diffusivity·�v1/c·), anq.tben expelled .tbroug� an e�haust opening, as shown in Eq. (3) (cf. 
Fig. 3). · � ' · ' ;� 

ac a(uic) _ 0 ·r·'(n "�) ac l - + ---- a+ - -
0t dX· dX· 0 dX· J ' J, . J ' " 

• ..t. 

v t (turbulence eddy viscosity), o : 1.0. 

H' c: ' ···i /.), ·
,1 1 

(3) 



Table 1 Cases Analyzed 
easel-I case2-1" case3-1 . �:" 

· Hours of air flushing - ) h/24h 8h/24h 

, .:;;; Temperature · 
> . . . · :z.��c 23°C 23°C 

)- ·odf: 1.lx!0-14 m%'/Da: 5.9xl0·6 m2/s, C0: l.92xl08 µg /m3 
,, 

Table 2 Conditions for numerical anal sis 
Number of Air region : 68(x)x64(z) 
. if"l� �pointS ·. Material region : 68.(x)x7(z) 
�ti}.Rtynolds number - : UoLof V = 4.2x!O� · .. " , 

(2jNormalized molecular : D/UJ-o= 

casel-2 case2-2 · case3-2 diffusivity of TVOC in air 9.8xl0-s (23'C) 

Hour s of air flusl;liru!'" ... , - l h/24h 8h/24h 
. .. I.Ox JO·• (30'C) 

r . .-
., • · t �": 'f':-"'I. ·· · ·' ···�� �· 

(3) Normafized diffusion : Dcff·TJL0 2= 
. 
'Temperature :.: . . :.:.. 30°C 30°C 30°C 

Dcff: 4.2x10·14 nt/s,J':>a: 6.2xl0"6 m2/s, Cr;.: I92xl08 µg /m3 

Inflow velocity with no flushing: u., .. J/10 U0=0.lm/s 

•I . 
co effici ent of lj{�& .I 

1.&�JD·" (2;3'C) 
in th e mat erial : r, 7.0xl0·13 (30.'c) 

Inflow velocity at Flushing : Uin=U0=1.0m/s 
'( 

FLUSHING 
. Contaii��ated roo?1 air ��h � push_e�_by a�!rig' �>J,,p.Y: �;::n1ilat!��)t, iP;�¥t

.
�� �r cha��� rate. In 

this Study,_ lli� ,effect of !egUlaJ flu.sh �g ( m s;reas� ID ve1�9J#t10Q rat� �n�. a �a)'.J .�S m,ye�tiff�ted. The 
�\�JI y pattenY �f.'�is intetmitte? .� ik�[�fiJe,..i� �t;nti�'ali_qfl� fat_ y �� R�lled ;n µ�{li11�. µl '¥� P,�i?�fin � .,r_ � 
ROOM MODEL AND TVOC SOURCE ANALYSIS 

The room model shown �n Fig: 3 is used f�r: �alyzi1,1��e e!lli��jo�, 9iff y�ipn �d ���bjn� of 
TV9c. The. room m_od�l_,_has d1mens10Qs of. (x) x (z). = 75 k; )t50 �.e=::-4.sip ><:�.Om; �- ... ...:0�6 m = 

w1�� of s.�P�ly inleQ_. As the TVO_C, '.�our��; � pol}i#fopyi�?re s�ri;i�-?,�' ���e��; :ru�.?6r ��J:HP, P!�te (��5� thick) was adopted. T?e e�1SS1?�, ��te 1s �.trongly,_ tel���� �o botli ,t9.1 m1t��l -�?J.1Ct;n.��t10n �1s­
tnbut1on (C0( z)) and the effective d1ffus1on toeffic1ent (Derr) w1fum the SBR. Thus, 1t 1s very important 
to evaluat� acc�at�ly �e �et of Co�Z) and Derr in the so_urce materiall. In thi� paper, th� !nitial rvqc 
concentration d1stnbut1on m SBR 1s assumed to be umform,_, C0 =f.92x l 08µg/m3, and the effecnve 

·-�iftusiC>� .. co�fficient Derr to 9e I.1,x10·14 r1}2/s_('at 23°C) ai:i_d ��2�1" 0·14 f)121s (at 3. 0°C), iti)a:9�ordanc� �ith 
·:,yanget;al.'.�. (cf. Appendi�x-AJ.rt. � 

. ' :di � · . , ·. . "� _;::,.... ;, " 

;NUMERICAL0M Emorls'iNh BOUNDARY coNrilTION ' J ,•.i; . . . ·."f'Y . :... ': 

· · ! n- ·�Flow fieids were anillyzhd 'with a Iow}�:eynol'd� · ��1b�t���1• e: .i.hode�c(�C tq�li��',�1t� � _in­
flow velocity of 1/10 U0 (= 0.1 mis; air change rate = 1.6 h 1) uilaer ord.fhary conclitions (with"no 
flushing) and U0 (= 1.0 mis; air change rate= 16 h"1) on flushing [8]. An upwind scheme was used for 
the convection term, and a centered difference scheme for the diffusion term. Using the results of flow 
. field .simulations� emission and diffusion field$ were analyzed. In the emission and diffusion analysis, 

·tt�e-i:lep�ndent Eqs . _(l) �d-•(3)·were· solyed"by co1:1pl_i�g �g:.(��-)'able 1 s�?��. tll�� _f,.f.����an,a�yzeci. Six cases were exarrnned m total, under different coiiclitmns of ibfloXv velocity an "ih:atet1al Yeoipera-
t�e. :nie profile of room air concentration was obtained over a duration of 2.0x 1 o;;;"I<? <1fl. i r�prfseR�-a-

· .  
t�v1� t11�.,�,��1.ale, defin��Yh<!'Yo·}�.day_s) . , , . =· '" ;" ., , . • c,1,, .,, ,., .... "'_ --. ··,rr: .... •\ ,. '· ,. ·, . • t'..,.J, ...._, , . · '  .. ·� �· �>J� ,,, ••. � • .. •1' ) , . •�� • •,_, ->• (I • �· .·� , ' .Ltt _, , ,· - • .  __,�j .I 

.. RESULTS .AND :rJfScusstd� ':i; 1c 'l- ' :. /,u:q.x ' ' ' ·  \ ,mtii, ,,,n .. ·,.• ,:-"' ·.% 
All results are shown as dimensionless values, with division by the representative values c0; L�, 

W/U0 ,,. • -:� ;,I - = _ :i• :;, .,/} -

J. : .  n ·! _,.... ·n·.;;�_1''.""":' ':f�� 1f!.� !- :9�.-r�f:1(U) ; · '•-·'::...-., [,.,.11 11 _O ��p�)!l. )}. � • .. '� �. !.• ' ,,1:1 '. .: � ,\1,,r 
,\:, •:c- -J,J·r: 'l : .. ;'.H;L.'1'/> �· . :.+ .f>!�IP!ion<UJ -' ·"r'•,J : :: 

.:..1; "0.5 . _-t-,-�re:dlctfoo(loy) .,, -''"' . :· i ·u"1'i:.c ·1d; :· .· 

'-:.1l 1J1 "l .�u (f': ! . .. I .;�,,, C)L' 'L;· .1.1T:'1f' r ·  

201----�--1-�-a��--l-�-l i�rr£ , "·-' 1 )i"r:,"�'ftiL �J.:1:.---:�i<'ff' 
�:·,;: ; r nq ..... i'.l :1'�'·=�r1-. 

O"--�......._--__.��-'-�......, -1 ............. � .................. � ................ � .... 
-1 --0.5 . , 

0 O.fi 1 0 
i:i'1 ·;f. U/Uo 
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- 11 �- - � 

, . 
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Fig. 4 Flow field comparison between prediction and experiment 
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and V0• C0 represents the initial TVOC concentration in the material (l.92xl08 µg/m3), L0 is the 
width of the supply inlet slot (0.06m), V0 is the inl�tvelocity (lm/s), and T0 = LofV0 (0.06sec). 

· rr� ·· r Mea1tveloci�!:.". .. 

. 

For the flow field of the objective room (cf. Fig. 3), we hav� c6nducted precise model experi­
ment under identical, Reynolds number conditions. Details of the mod�l experiment are reported in [9]. 
Comparison of the mean velocity, obtained by prediction with the low Reynolds number k- e model 
and results obtained in-the model experiment is shown inf�· 4� They are in""good agree"Jent. 

TVOC concentration in roo� air 
..-.· As shown in :fig . .5(1), th� maximum value for room-averaged TVOC_concentration CC-.nat./C0) 

reaches l.lxl0-8 at tne normalized time of l.Oxl06 in casel-1 (material·and room air temperature: 
23 ·c' no flushing). ree comput.ation was started with an initial condition of zero concentration within 
the room. The room-,ve�ag� .rvo� concentr�.ti�n is almo�� constant over a duration of 2.0xl07 (14 
days). Case 2-1 (1-hour flfi'shin:g'per''24 hours)'"and· case 3-1 (8-'hours flushing per 24 hours) show that 
room-averaged TVOC concentrations decrease to 1/10 of case 1-1 (no flushing) during the flushing 
time:_As shO"Y_.P· in -!'��p{� th�H.nu.1mum v.ahre for ro_Q_Il}_:�verag�_!LT.\{ OC conc�ntrati0i:i CfroJ./C0) 
readied 4.lxlCJ'8"· in c�se-1:�·.(materia}. �d room air temperature: 30°C, no flushing). The:-room aver­
age� concentration of, case 1-2 is-about four times larger than that of case 1-1. _Case 2-2 ( 1-,hour flush­
ing per 24 hours) and case 3-2 (8-hours flushing per 24 hours) show that -the•room-averaged TVOC 
con¢entration also decreases to i/10 of that of case 1-2 during the flushing time. . . , 

I, The concentration distributions within a room are shown in Eig. 6 (1) and (2). The disttjbutions 
are not uniform, and are highly non-uniform near the floo; . ,_ "!.::·· · 

1; The exhaust-averaged ooncentration of TVOC (Ccx/G,) at the ·exhaust opening for case 1-1 is 
0.7xl0-a as shQwn in Fig. 6(1). The room-averaged concentration normal ized for concentration at the 
exhaust (SVEl, [10]) is 1.5 for_ the concfition used here, in which rv9t is emitted fr�rfi the SBR floor. 
If �room air were perfectly wixed1 (the room-averaged COOQentratio · �oJJl'a_necessarily be,,-.the same 
as that at the exhaust. A value of 1.5 means that the room is not effectively ventilated compared to the 
case in which the air is perfect�y mixed. 

.� .'.:.-:� 

TVOC emission rate .,, , " "' .. . 
As-shown in Fig. 7, the tvoc emission rate de��ases � -fu�- corners of the room:-This 18 ·a�e to 

' the effect of the secondary eddies at the room comers induced··by the main flow. At the comers, the 
materiaFtransfer coefficient becomes small since the velocity -�comes slow and turbulent diffusion is 
not active. The difference in the TVOC emission rate is only about 1 % between the ordinary cond1-

'tion (no fhishing, -inlet velocity; 1110V0)"1lhd the condition with flushing (inlet velocity; V0) for-each 
case, as shown in Fig. 7. The TVOC emission rate in the case of 30°C is four times larger than in th� 
case of 23 °C, as shown in Fig. 7 (1) and (2). · 

•• . , . 
Evah1ation,of.ve�tib1tipn eftlciency · . , ... ··· · - - · .· , 

' In Table 3, the values of visitation frequency (VF) and local purging flow rate (L-PFR)� il­
lustrated. These are the new scales for ventilation performance (cf. Appendix B). VF represents the 
number of times ,a _c�1;1\aihibant passes tQr01,agh. the local domain in quest(o(i [l2]� ril mdicates bow ef­
fectively the' exl9aust dpening flinimaie's'polluialll!�· A 'tlih�t '1�llieiof'VF ineans ·mat elimination of a 
pollutant is not effecti e.-and ·that'1fhe11emitl:clt'J{6t ufant eviSitf'ili 'local domain in question many 
times. L-PFR is an index of ventilation efficiency in a local domain. It was originally defined as the 
effective airflow rate necessary for the removal J/ purgingt·o�f1contaminants from:"tlie'local aotnam [13]. 
Her��- tfi��!iiWng:zones ar� .�efjne<f a�. tfielocal goinaips_:Th�-1:1reathing zones 10 whicli VF and L-
.PF.ii'. " •· : 'af" ' ",'...:;'...! ::9 -'b · {;. ,'.)a'. ·�I. ' '' • u; ,.J· if. (. • I: • .. ' . . . are_ e:v. .Uau:;u_w_ t 1s. stuay_are...s u.own 1n.. ug._p. ___ �- ----·· .. _ __ ____ ___ _ _ � _ 

The 'i£'iPC generated from the..SBR floor ,return 8.1 t.imes to the breathin8-Zone of. .. sitting1people, 
ao.d.3.6 .. tiJiletlQJbe .bn��bh:m .. zone· oi_�l��Qi!l�QP.le .in�ga�tl:: 1 �s §JJ.Qwii' in 'T�b1e�_3�:_:Fg�dl� ifieal 
�ase involvj_x1g the most �fficient vep�ilation, the: value o{ '{f, ,would be 1. In :this-.-contex.r, .th.:e .combina­
ti_on. q_f t4.�.P.9�jgQD _Qfjhe �;_h_�ust Qµt!�! �d th� _roolJ!_ �@.QW._h��- -i-�9Leffic�gt in el_iltiiif�J!g_'the 
T\-;QC1�mitteQ frQJµ; ��; fl99�. - �  effective> �ifflo,WJ .. �i:<µ� pffC:��MY .to i;empve J purge the TVOC is 
63% of the air flow rate of ventilation in the breathing zone of sitting people and 56% of that in the 
breathing zone of sleeping people. The present low L-PFR means that the air supplied into the room 
does not efficiently dilute the TVOC emitted from the floor in either zone. The remaining 37% or 44% 
of the air supplied does not contribute to dilution of the TVOC and by-passes the zone in question in 
this room air flow situation. There should be a more efficient way (e.g., positioning of the exhaust 
outlet) of diluting and exhausting the TVOC emitted from the floor region in this room configuration. 
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Discussion : , ... ,: :• : . . 1\. • , • ·:: . · ,� : ri; 
· 'Compared with the normalized characteristics time for internal diffusion• <'7 {(0.2$)2 LJD.rrl /T0, 

0.25· :- nonnalizediSBR thickness; T0=l:IJHEJ),ithe analyzed duration and the fl.ushing tim�-are too short. 
The nonna}ized·.Jcharacteristics: time.for.i'inte�al diffusion is in the ,order ·af 35�1011 (680 years) 
whereas the analyzed duration is in the order.of 2.0xJ07 (14 days) and-the QusbingJime is in the order 
of 6.Ml04(lh) arid 4.8xl<>5(8h). This:large valu� for the time scale (680 yeai!S) i&:-0btainecS from the 
small '.value of D�rr estimated [5] and the relatively1lai'ge.value for thickne.ss·-Q{SBR(0.015m) used here. 
If the thickness of SBR 'be.comes 1/10, the tillle' scale becomes 1/ 100 ( 6.8 ,')'ears)"1 ;Jf the D0rr 1becomes 
1/1,000 (cf. Appendix A),' .thel;time· scale becomes 1/1,000,.(0.68· Y-ears). ·Mere, the nonnalized .charac­
teristics time for internal diffusion is defined using the length; scale of width of SBR(0.2,§Lo). Flushing 
well decreases' the averaged�concentration of TVOC in the room1 ..only during the flushing. time. 
However this is only very short, and thus .itidoes not effectively affect the emission n�te :Or .room­

i averaged concentration of; TVOC during an.di.after flushing. On the other hand, the TVOC·emission 
·rate strongly depends on the material temperature. · ,, •L ;. 

:.·, '·'' · In all cases analyzed, the TVOC concentrations near the SBR floor are eight times higher than 
·the room-averaged TVOC concentrations;ias shoWll in Fig. 6. This means that an infant, a child, or a 
person sleeping on the floor, is exposed to a higher TVOC concentration. The averaged TV:OC con­
centration in the breathing zone of standing people (Cav/C0, z=25L0) is about l.lxl0-8, whereas that for 
sleeping people is about 8.0x10-s in case 1-1. 1;•' 
.. ; ' 

·:.CONCLUDINGREMARKS1.''·.>-. ·' '; ' ;:  ,, ' I 
' (l1J In this· analysis, the room:..avgraged TVOC�oncentration is almost constant during. t� duration of 

simulation(l'4 days). This is because the duration of the-simulation is very short compared to the char­
actenstic time of internal diffusion, which is in· the order of 3.5xl011 (680 years).. , . . , : , . 
(2)lSince the flushing time (in.. the order of hotirs) is much shorter than the characteristic;time for inter­
nal diffusion (in the order of years), flushing is effective only during the flushing.time. .. 
(3) lfhe rrvoc emission race in tile.ease of 30°0 .. �s four. times larger than that in the case af 23°C. 
( 4) The concentration of TVOC near the SBR floor, from which the TVOC are emitted, is eight times 
larger than the room-averaged value. , "" · 

(5) In this analysis, the TVOC generated by the SBR floor are returned 8.1 times to the breathing zone 
of �eople sittingjn the room before they are eli111inated. , i ·;.: 
.: .. -.··v�'.'-� =� ·>i • ... :;!:.. ., :.... :f • •  ·.:: .�i 

Nomenclature ·:'.; ·, 

Lo.. 1 , : width o,f suppl� oprning, 9:9f?f!l • •  'I '00 · : supply velocit)\ JID/s· · · 

• . • • � . .- , ... .,,, . l • 

t./ 
: . ,,J',\ •' 

• , t,J ... . •• T ·· · : representative time= �;u· " " ·· · 

.rJ.� . �·tvdc effective_d�ffu�i�n :loef'fici�nt iii maleriat'[m2 /s] { . - . . ).  ' 1  • 

"D'. I!: TVOC di'ffusion' dcieffiCien't in air £m2 is]' '. ;:,\ . . I • '" 'i �J .. <J -
.• ·' - • 

C. -J.1:TVOC �oricerttrlition m �·it'phaseafid in· equ ivalen t atr1pha.se·concentfuci6n'iil·that'Jrii.l [}ig" Im�)' 
1t�(�) ;\ilitia11'v'd'C"c6nc�ntt'�fion in SB°R:tl ocit '( µg /m3f · · ,, . · ··· ' - ,. - · � 1 , • •· a.:· ,; 1 

(defined as equivalent air phase concentration) 1 ' · ··;  •• :i- •
• 

•• 

C0 : estimated value of C0(z) uniformly as l.92x108 µg /m3 (cf. [5]) 
�- : maximum value .. of room�ayeraged concentr�tjon JJ!8 /_gi�]__ _,' :}:.:.... : • : :..'.: · · , 

Cc�i : averaged concentration a C(_�aust opening '.J'" / , , • • uv 
Ca�c : averaged concentratio.n. i�1 objectiv� local domain ; . . i. ; · · ,, -. 

JP : rimott��.of,pol.l��n_t vts1t11:ig (r�turrung to) the lo�al domail'.l (p)>per,,':1mt1t1me [µg ls] 
MP : amoun� of pollutant gener�ted m the local �o�m [ 11&/�J . . �. , � , : · .. � . .'' 1 
a qP : rate of mflow of pollutant mto the local domam (p) per �mt ume· [jig� J �] 
qP' :'poUutant·generation.rateper.unit time [µg /s] .< 

- I 
L-PFR : local purgi'it8'1f:1o.,. .'p1 te [m3/s] l ;iv! v dOm:iin : volume of objective local ·d<?main [m3] 
Vf : visitation frequency of poifutant [ - ] 1 ; - 1 i- 1.i·i ·.1v.! 1 
TP · ''.·"f � =;J�e��$JJ!1� ,�JW1e of pq11ut�t i� the local domain (p?_ ��.!?�� ��y] qP : pollutant generauon rate pet umt time [ µg 1.s] · 

Cdornnin . . : average oonooetr:at ion in.the domain in question.[µg. /fillJ . ·- _ _  ... __ !. 

Appendix A 

bi 
I ' 

· lnJhis paper,;·the jnitial TVOC concent,rMiQp, (�(,(z)) i�_ thy rnat�i:��l ,�qg ·,t9e._,eiff����� 4if(usion 
coefficient (Derr} in the material are given in accordance, with th� estimate 1.Pf YC\Ilg et al [5]. These -, . ! ; . 
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authors carried out a numerical simulation of the TVOC emission process within a small test chamber, 
and then tubed Co(z),and Deff to obtain the.satne:.decay'CUP/e of pollutant croncentration.as in the ex­
periment;1The diffusi'>n coeffiaient (D.ff) isi estimated<urid�t the condition m which.:the initial concen­
tration (C0(i)) irHhematerial is almost uniforin (3 days1afterproduced·.;1 aac..ording to Yang etral�. 

Siii�e.t}u�;emigsiorl. Pate'·is expressed aMh61prOdµct of concentration.,gi:adi�i60C0(z)/in in the 
material>};iran.d'the. diffusion C'Oefficient, there is 1a possibility that various .sets of Deff and 000 (z)/'dz 
can be fitted to· the :e.xperimerital results of elt}ission. rate. Fig�t 8 illustrates: an example which shows 
that·\\ie .can o�tdin ;another set of C0(z) and,D0rr· differ-ent to those given by •Yang etal. This new set of 
Dertan:d q,(z)' gives the same emi�sion rate 'as that given by Yang et ali Hete, the diffusion coefficient 
(D.ri-) is· 1,ooo:times larger than tharestiinated by Yang et aL;'•and the initial concentration distribution 
(C0(z)) :i�i11for.1U:niform, as shown in Fig. 8·. Fig. 9 shows the time profile of the concentratio.n at the 
exhaust ·dpeI1iilg simulated using the room! model of this study (Fig. 3). :Soth sets of Derr and Q,(z) give 

t the same ·iftofile of exhaust concentration:: i.e., the ·same history of emissi6n1 rate, as shown here.Jn this 
study, since we have no further experimental data or.knowledge concerning these values, we used.tho­
se esti:rnlted by Yang et al. We believe that it is .ressential .to ·develop a technique' to obtain a proper 
combination of the diffusion coefficient (Deft') and the initial concentratioil'(C0(z))sfrom experimental 
data for the emission rate. ' > .. -),. :·J : .. : . 1, 

.f 'I , . :!· :.r:.·-# 

Appendix B :•.c:• . L ''.'�' 
VF (visitation frequency) represents the number of times a pollutant passes through.a local do­

main. VF= 1 means that a pollutant stays only once in a local domaift:.aiter, being gert�rated.:Jn:other 
words, it neve.r returns after leaving the l<\lcal domaiii.i'YF ... 2 means that'a p6lluta�t1.stays ini:a local 
domain just· after its generation, is thenttmnsported:aw.ay, but returns once to the local domain;in ques­
tion due to the re-circulating:filow. The average VRfor all pollutants is an important-index wbichjndi­
cates how effi<tient a ventilation system is in purging faetnoving.pollutants from: a lo�al domairt."From 
the viewpoint of the entire flow field in a room, a low value for average VF indicates a good wentila­
tion design for; a local domain, because fewer polluta.hts :are: returning to it. VF is calculated by Eq.; ( 4). " 11 .. , . .. , r: .. 

. . I 
VF= 1 + (J/Mp) = 1 + (6q/qp) · . : :., . , . , ! ,,, . (4) 

B : , '  (:· � i' .:_/ ·1 .d� '• .HI "_1? L ··,; �' . .  
Here, JP is the amount of pollutant visiting (returning.to) the locill domain (p) per unit time [.J!lgi /s]; MP 
is the amount of pollutant generated in the local domain [µg /s]; 6qP is the rate of inflow of pollutant 
into the local domain (p) per unit time [µg /s]; and qP is the pollutant generation r�te,p�.r,µnib·,time 
[µg/s]. - . 

The L-PFR (local purging flow rate) is an index of ventilation e:firt!iency in a loc·a1,domain, such 
as a breathing zone or a confined space in a room. It was originally Qefipe'ci as the �ffectiVe airflow 
rate required to remove/ purge contamina.{lts frqm ;i }ocal domain: .k�f.R ihd.�cates tb_e degree of abil­
ity to purge contaminants from the domain in qtiest!on. L-P.F,R j� aefin.e� oy, the ,contaminant gen·�ra­
tioQ r��e � J'.h,e �ocal,�omf,in and th�.�v�rag�d c1�?cen4'� tlor.i, 1wjW� i,�: Corisfa�}J�?-'(ly., ,i�e1value of L-

r::��s 
s�:�!ra�:d

c��:��� g)_
m 'the concentra9;r . ��Jil.:��: �a:_�·.�! :t:�� ��?1: �!·���� equaition. 
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same emission rate as shown in Fig. 9.) 
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Fig. 9 Timer profile of.concentration 
at exhaust opening · L , 
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(5) 

Here, Vdomain is the volume of the objective local domain [m3] ; TP is the average staying time of pollut­
ant within the local domain (p) [sec/one stay]; qP is the pollutant generation rate per unit time [ µg/s]; 
and Cdomilln is the average concentration [ µg/m3]. 
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