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/\ clynamic mr)c.lel f<>1: r.cdlc··jort of pollttLlon in an oL'\!d_r-u::·!�;.d 
''ill'Jos11re hG\�'l been developE•d. TltP. rnat:Jipm.;;t:i.cal fTI('d.el is ba'lr�d <.>11 
, ., 1pl0d lumped p..;i i-;1mel:er mocle.l.i.n of t.ot.a.l vol\Jmr,; CJ[ enclosure:�. Tlir.'� 
�'t .. 1t !' 1;pace representation is est·ilbl ished to compute t.ime n.!Sl_.l(J11se ,_,r 
1:nll llU on in he syst.en\. The comput:ed resnJ t.s have been ve1· _i_ f i ed h; 
•:1.>t11p.11·in�� with renL11.ts of an e� al lished model based on computat:i.onal 
r J u.11.l dy111\\1ni1;,;I:'. Thv- effec ·s nf incoming pc.>) lttt ion fro111 n11•.s.i.dc>, 
p1·1·,du...:cd indoor roJ lution fr,)111 sour:ces, ;;ind p0rcf'nt.;i.ge of reciu-:-ulal:ed 
;iir have> be<?11 inv sLig;,i eci.. The developed ntc.•cle co11sjde s !111uiH111m 
.i I I c•,;.· ble indoor.: po.l l ut.ion <Hid rfote1·111i11cs tl.te required incoming [low 
1 rir.e i 11 t.errns of: perc;entage of. recircuJ atn'l ;,iLr.. As resul - ::; oE 1.-.hese 
.111;:il.ysis a design 9�1ldPli11 s for determination of optimum flow 1:at.e and 
f:cl.tlement. time vf'!i.:i>un p!!'rcentag-:.: t.)[ J."P.ci.rculatf'd 1Jir ar• pJ:�<�ented. 

1. INTRODUCTION 
An accurate determination of Lhe indoor cii.r P'-'l.lutior1 and the 

vP.ntilation systems is oft.en exp•=c.:t.ed when desi(�n.i.!1g ·" bu.i.ld.in':J. 
Tl1ere(ore, a kno11"1edge of the amount of. pollution i'\t all 1·�.111.:J and thri! 
n'!q11j_red fresh ai.r supply has been of practical. impo t:nnC'-' ;.is l'le.l J a.s of 
the theoretical interest. The problem 0[ dyr'lamic resp')ll!:i • •'>f hi? j 11d<>c)1· 
r··ollution has been studied by several inves igators. l11 most anaJ.ys"'S 
distr.ih11tion cl1aracteristics of air ventilation system a11d nh q t.11 it.y 
•:unl:rol have been considered on the basis of compu ·.aL:iona I f.L>1i"l 
dy11a1nj cs (CFO) . 

The other a] ternat.i.ve approach js the lumped pararne er me .hnd, ;:ilso 
1·,1tled tlie rnacroscopi<� model. In th is technjqw:-, the whole enclosed 
111�di.11rn can be divided into a number o[ snb·volu1nes. The t.im ·.;ariation 
nf continuation in sub-volumes can be formulated bas<>d upon c:ont i.n11.i t.y 
1•ri11ciples. The approad1, due to e.1s1?. of analysis, is VF:!ry versatile in 
pn�diction of pollution c<:>nc:ent.r;:ition .i.n diff:e1e11L J"P.gions and i.t:s 
d .i.1.:pers:i on. 

l\l:t;ention hr.1R been confine<i i11 subseque1 t publications I.'.) ob·;1in 
1111mer ical sol u i<Jns for prediction of pollu ion in an obslrucL:ed 
(�11closure. Fo.c ex ensl.ve lj era ure review see references (1), (2), 
DJ. !n these ;rna.lyses, the ti.me variation of indoor pollution has been 

predicted using models b;.ised on comput.at.ional. fll,iid dyrn:1111ics. Although 
1 hcse models are eY.pected t.o provide accurate solutions, t.llcy require 
"XC�'ssive cornpul.:atjonill time, and in most cases they are limiLed l:o 
Rimple casr�s . 
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Where q is t he steady state flow rate, P is the percen tage of 
recirculation, and S; is the genera ted polutaut: in the i"' control 
volume. Also, the state sp ace model will be given by the folh1w:i.r1g 
equation. 

(C) • [I\] (Cl • [ G l {S) • [ 8] Cin (2) 

where 

I CJ • 
d IC} 

d t ( 3' 

{c} is the concentration vector representing pol l utant concentr.ation at. 
all control volumes. [1\J ii:; tile state matrix, (B) is the input: matrix 
[GJ is the source matrix, {S} is the po llution generated for each 

control volume, c10 is the input pollution of the fresh air . The amount 
of contaminu ed concentration as a f unct ion of time are determined by 
solving eqn. (2) usln� Matlab p:rogramming. 

3. VALIDITY OF THE SIMULATED MODEL 
The lumped parameter model is compared with available data for the 

similar geometry of the system. In t h i s  case for a specific flow rate 
of 0.004 m'/s time variation of concentrated pollutant at each control 
volume were determined and are presented in Fig. (2). For comparison. 
recirculation source, and incoming pol lutant are not consi dered. -A lOO!li 
initial condition for pollutant concentration at each control volume is 
assumed. The mean computed concentration from this case is compared 
with those determined using computational fluid dynamics (2). The 
comparison indicates that for the first fifteen minutes excellent 
agreement is achieved. However, for a longer period the results dive ge 
from each other. This comparison is presented in Fig. (3) It is 
bel ieved that due to very low incoming f lo\o/ rate (natural ventilation) 
the computationcil· model provides better accuracy because of the 
distribution of pol lutant concentration within each control volume· 
NeverJ:'heless, authors trust that at high flow rates (forced ventilation) 
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/\mrnig I.he inv<:'St:lqa ;ors who liave ·ont j l uted t:o this a n:a, ·1«1n1..;rn1ot:o 
,.1 f!L., ('1) hi\Vf' p �e11L.ed a direc· solution t:o a n1ul·i7.,11e indoor 

... 11lc1111inr.int distribu fr•n m)del They provided an analyt:ic<ll toPl t.o 
"\'ill t•·"' e pr.r.ibl.ems or indoor air q1.1al ity and analyzed po] u ant: migration 

111 1 he bL1iJding. 
Th.' s papei: pr.e<ieut.s ntr-itheinal ical formulation of a lumped parameter 

111,,dt� J for obstructed ericlosul:e. The validity of the presented mod� L is 
.. x.'1111i ned and ex ·e L.1 ent <lyreement is established by cornpad ng t.he 
.. 111.'.ii11ed results with t!JP. available data based oq computatic·nal fluid 
.iy11;;m.ics .  Also, Ile eE[ect of perce11tage of recirculated air on lime 
•·.·�iponse of po1Jut'o11 conce11l.r.atjon at d.ifferent regions for. qi.ven flow 
r:1t� has been studied. ln addition, the design chart: reL�Un'.=.i the 
tt•i 1ti.111um requi ed flow l'i'lte and ·hp 8et.t:lement time fo1· wixirnu111 allowable 
i·•1l l11tjon <.:one n1.J:a1.i.0n v�r."'L•s rhe an1ou11t: of rec.irc1.11atec\ air for 
._-,1rirHJ� hejght or: c>bst.ricle hilve Uf:':P.Jl del:0rmined. 

2. STATE-SPACE SIMULATION 
The physical syst m being cono.i.<lered is an enr.losui:e with a 

partition. A port.ion of the exhausted air is bning recirculated and 
;1ddcd to Ute supplied fr sh air. Tl1e syst m incl1Jdes a pt�llution sou1·ce 
,'lt .. certain regions. Figure ( l) d pic.:ts he schf'!matic drawirig of the 
mod<>l and the sub-volumes considered for the a11alysis. Average 
co11centrat.ion for the i.'" control volume is presented by C, and V1 
respectively. The govrning equations, conservation of mass, fo1; 
cc•ntrol volumes ar� given in eqn. (1). 
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Figure 1. Schematic model for the obstructed enclosure 
(H = 2.5 m, L = 4 m, h = 1 rn, a =  0.2 m) 
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better agreement can be achieved. 

4. EFFECT OF RECIRCULATION ON POLLUTANT DISPERSION 

Assuming that the level of pollutant entering the considered 
enclosure, and indoor sources is zero the dispersion of pol lutant at 
each control volume for a constant 5 air change pr hour (ACH) were 
determined. � t yp i cal dispersion curve for 20% recirculation (P = 20) 
is iJ lust rated in FiS. (4). The results indicate that concentration at 
every control volume decays rapidly except in the first control volume 
for certain time. As it is shown when cohcentration in this volume 
reduces to the level of recirculation, the slope of the dispersion will 
be momentarily reduced by a considerable amount. 

5. DESIGN REQUIREMENTS FOR INDOOR AIR QUALITY CONTROL 

The required minimum air flow rates for different percentages of 
recjrculation as well as settlement time for maKimum allowable 
concentration are investigated. In the analysis, C01 is considered to 
be the only pollutant substance. The maximum al lowable 1000 ppm in the 
enclosure, as recommended by ASHRAE (5), is assumed. In addition, a 
concentration of 345 ppm for incoming fresh air �Jas considered. The time 
response for each control volume for an optimum flow rate at a specific 
recirculation percentage is computed and is presented in Fig. (5). To 
provide design guide-lines, variation of optimum flow rate for (99% of 
allowed pol lutant ls illustrated in Fig. (6). 

6. CONCLUSION 

A lumped parameter dynamic model for determination of pollution 
concentration at differen region of an obstructed enclosure is 
introduced. This model is capable of considering the effect of 
recirculation, and possible pollutant sources within the enclosure. 
The computed results compared well with the available results obtained 
using computational fluid dynamic. The model was used to predi ct the 
optimum required flow rate .for a set maximum allowable pollutant in thP. 
enclosure. 
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Figure 2. Pollutant concentration for 

control volumes 
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Figure 3. Comparisson or present results with 

those of Reffrencc('.!) 
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Figure 4. Pollutant disperssion curves for control volumes with 20% air recirculation 
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Fig. 5. Time response of pollulan! in each control volume for 50% air recirculation 
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Fig. 6. Optimum required ACI I versus the percentage of air recirculation 


