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Evaluation of Ventilation Systems 
through Numerical Computation 

and Presentation of a New Ventilation Model"1 

by Yoshiaki lsHizu"2 and Kazuyo KANEK1"3 

Synopsis: The efficiency of various types of ventilation systems 

is examined by numerical calculation for two-dimensional, iso­

thermal, and turbulent fl.ow models. It is found that the ventilation 

is effective when the main pass length of the supplied air flow in 

a room is long. Since the slope of the concentration decay seems 

to become virtually constant and independent of the position in the 

room, this slope is proposed as a criterion for the ventilation 

efficiency. Further, a new convenient ventilation model is presented 

with the introduction of two parameters showing the ventilation 

efficiency and the effect of the pollutant generation site. 

Introduction 
As buildings are becoming larger and more air­

tight, people are spending a lot of time in an 

artificial environment. Therefore, besides conven­

tional air conditioning for temperature and humid­

ity, the cleanliness of the room air should be 

guaranteed for the health of the occupants. 

Theoretically, the cleanliness of the air can be 

ensured by increasing the ventilation rate. How­

ever, this method opposes the energy-saving 

requirements. Thus, the development of an opti­

mum, or effective, ventilation system compatible 

with these contradictory requisites is desirable. 

Fortunately, turbulent flow models for numerical 

calculation have been improved remarkably in the 

•1 A part of this paper was presented at the 4th In­
ternational Symposium on the Use of Computers for 
Environmental Engineering related to Buildings held 
in Tokyo, Japan, March 1983. 

•2 Central Research Institute, The Japan Tobacco 
and Salt Public Corporation, Member 

•• Central Research Institute, The Japan Tobacco and 
Salt Public Corporation 

past decade, and the k-£ model, in particular, is 

becoming a powerful model for the prediction of 

flow ch aracteristics1
" ''. 

This paper describes the evaluation of the effi­

ciency of various ventilation systems from the 

results of numerical calculation for two-dimen­

sional, isothermal, and turbulent flows. Further, 

a new ventilation model for the expression of the 

average pollutant concentration is proposed with 

the introduction of two factors showing the ven· 

tilation efficienr.y and the effect of the pollutant 

generation site. 

1. Nomenclature 

:-.r-• .• 

C : Concentration 

Co : Initial concentration of pollutant in room 

C, : Concentration of pollutant in exhaust air 

C; : Concentration of pollutant in outdoor air 

C .. : Steady state concentration of pollutant in 

room 

D : Effective turbulent diffusion coefficient 

G : Pollutant generation rate 
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k : Turbulence kinetic energy 

10 : Width of inlet 

m : Mixing factor 

n : Normal distance 

p : Position factor 

Q : Air ft.ow rate 

t : Time 

u, 11 : Mean component of velocity in direction 

x and y 

flo : Flow velocity at inlet 

V : Volume of room 

x, y : Cartesian space coordinate 

Greek Symbols 

I'• : Effective turbulent diffusion coefficient 

for diffusion of k( =vo+ r •.• ) 
I'•,t : Turbulent diffusion coefficient for diffu­

sion of k( =vt/<lk) 

I', : Effective turbulent diffusion coefficient 

for diffusion of t( =!Jo+ r .. 1) 

I' •. 1 : Turbulent diffusion coefficient for dif­

fusion of s( =J.11/u,) 

s : Turbulence energy dissipation rate 

JJ : Effective turbulent kinematic viscosity 

(=110+1J1) 
Vo : Kinematic viscosity 

J.11 : Turbulent kinematic viscosity 

q1, ui, a,, : Coefficients in approximated turbu­

lent transport equations 

a., u,, uc : Turbulent Schmidt number corre-

sponding to k, s, C 

<fJ : Generalized dependent variable 

</J : Stream function 

w : Vorticity 

Subscript 

a : Generalized subscript 

w: Wall 

: Zone l of the room 

2 : Zone 2 of the room 

b : By-pass 

2. Basic Equations3> 

2. 1 Steady State 

The basic equations are: 

1) Stream function equatioa. 

<N,· a%</J --+--=-w ax1 Oy1 
.. . .. . ( 1 ) 
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2) Vorticity equation 

_j_ (w (J</J )- _j_(w (J</J ) ax au au 0% 

·--···( 2) 

3) k-equation 

::z:(k:)-:y(k~~) 
= _1._(r. 2!.) + _1._(r. ~k ) a:i: a:i: au oY 

+11,{4(~:f+(Z- ~~n-a:~z 

5) Concentration equation 

a O<P a O</J a;(c au )-ay-(c~) 

where, 

=_j_(D ac)+ _j_(D ac )+G a:i: a:i: au au 

¢ : Stream function 

w : Vorticity 

k : Turbulence kinetic energy 

.... . . ( 3) 

······( 5) 

s : Turbulence energy dissipation rate 

C : Concentration 

v1=a,,k7/s 

11=l/Re+11, 

I'•=l/Re+11,/a• 

I',=1/Re+lic/u, 

D=l/(ReSc) +11t/u, 

All of the parameters have been made nondimen­

sional, with the characteristic length being the 

width of the inlet, lo, the characteristic velocity 

being the ft.ow rate at the inlet, Vo, and the char­

acteristic concentration being 1/ /01• 

2. 2 U11.1teady State 

Only the case when the concentration changes 

with time while the ft.ow remains steady is con­

sidered as the unsteady state. Accordingly, the 

basic equatioa.s differ from those of the steady 

state 
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Flg.1 Arrangement of the subscripts 

state in the concentration equation as follows : 

5') Concentration equation 

ac + _Q__(c 04, )- _§__(c :O</J ) ot : OX oy ay ax 

=~(n <:? )+ ~a (n~ )+G 
.ax ox oy oy 

..... . ( 6) 

3. Finite Difference Approximation 
The basic equations are solved numerically by 

the following finite difference approximation1>. 

The relation among the subscripts is shown in 

Figure 1. 

3. 1 Steady State 

1) Stream function equation 

¢.,=o. ( </JE+ <Pw+<PN+<Ps+ Wpdp) /4 ...... ( 7) 

2) Vorticity equation 

Wp= {(bE+J.JE)WE+ (bw+J.Jw)ww+ (bN+J.JN)WN 

+(bs+J.Js)ws-S.,,,d.,)/(:Eb+411p) . ..... ( 8) 

3) k-equation 

kp= {(bE+AE")kE+ (bw+Aw.)kw 

+ (bN+AN•)kN+ (bs+Ast)ks 

·+St.,d.,) /(:Eb+ :EA •+aµk.,d.,/111,.,) ...... ( 9) 

4) s-tequation 

s.,=i ((bE+AE')tE+ (bw+Aw')tw+ (bN+AN')EN 
I 

;+(bs+As')Es+S,,d.,) /(:Eb+ :EA'+a2s,d,/k,) 

5) Concentration equation 

C,= ((bE+AEC)CE+(bw+AwC)Cw 

+ (bN+ANC)CN+ (bs+AsC)Cs 

+G,d,) /(:Eb+ :EAC) 

where, 

d,=t:.xfly 

b11= {(</JsE+</Js-</JNE-</JN) 

+ l<PsE+<Ps-</JNE-</JNIJ /8 

..... -(10) 

...... (11) 

bw= ((</JNw+</JN-ef1sw-</Js ) 

+ 1¢Nw+<fi,.;-¢sw-<Ps\) / 8 
bs= (( </JNE+<h:-</JNw-</lw ) 

+ l</JNE+</;E-c/JNw-c/Jw\; /8 
bs= {(c/Jsw+</Jw-c/Js&-</J& ) 

+ l<fsw+</;w-<PsE-¢&1) /8 
I;b=b&+bw+bN+bs 

Aa'=(I'•,a+I'.,, )/2 ; a=E, W,N,S 

I;A' =AE' +Aw'+ AN'+ As' 

Aa' = ( I',,a+ I' •. , )/2 ; a=E, W, N, S 

I;A'=A&' +Aw'+AN'+As' 

AaC= (Da+D,. )/2 ; a=E, W. N,S 

I;AC=AEC+AwC+ANC+AsC 

Swp = -4dz1/'dr11• + 2(d11ldzz• + du~dvv') 
s •• =J.11,p (4 (dzv4°) 2 + ( d11l-dzz~ ) 2 ) 

Srp=0'10'2kp \4(dr/ ) 2+ (d11l-dz::z/) 1
) 

dz11~= (</JNE-</JNw-</lsE+</Jsw )/ ( 4d.,) 

d.,/ = (llNE-J.JNw-llsE+ 11sw )/( 4dp) 

du~= (</JE+</Jw-2</J, )/(t:..x )2 

d11l= (</JN+</Js-2</J,)/(f:.y) 1 

J.11,,=0'µk, 1 /s,=11,.- l/ Re 

3. 2 Unateady State 
The change in concentration with time was cal· 

culated by the commonly used alternating direction 

implicit method (ADI method). 

For the first half of time step At, the following 

equation was applied . 

((:Eb+ :EAC) + 2!:.xf:.y/ At ) C,.N+112 

= (bE+AEC)C~+ 112+ (bw+AwC)CwN+l/l 

+ (bN+ANC)CNN+ (bs+AsC)CsN 

+G.,t:.:r.t:.y+2t:.:r.t:.yCpN/f:.t ..... -(12) 

where, CpN+ll2, c~+112, and CwN+l/2 are the Un· 

known parameters, and the others are the parame­

ters known at time N. Using the result of C,N+111, 

the second half of the time step can be calculated 

from the following equation. 

{(:Eb+ :EAC)+2t:.xf:.y/tlt)CpN+112 

= (bE+AEC)C~+ 111+ (bw+AwC)CwN+l/I 

+ (bN+ANC)CNN+I+ (bs+AsC)CsN+I 

+GpA:r.fly+2A:r.AyC,.N+ 112/ At ...... (13) 

4. Calculation Method 
•.1 Steady State 

The basic room model is shown in Fipre 2. 

Fresh air is supplied from the top center and the 

room air is exhausted from the right bottom. The 
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Table 1 Boundary conditions for numerical calculation 

(JJ k 

ABCD 0.0 • 0.0 
DE i!<f/i!:.c=O. 0 aw/i!:.c=O.O ak/a:.c=o.o 
EFG l. 0 
GA i!<f/o:.c=l.O 

* (::).. = 
Wut- ll>io-1 

lln 

y 

• 
0. 0 

Fig. 2 Basic room model(• shows the pollutant 
generation site) 

0.0 
0. 04 

pollutant generation site was set at the center of 

the lower part. Table 1 surnmarize:i the boundary 

conditions for the calculation. The constants used 

in the turbulent fl.ow model are shown in Table 2, 

and are the values recommended by Launder et 

al''· Equations ( 1) through ( 5) were solved simul­

taneously. Calculation was terminated when the 

maximum value of the relative change of each 

parameter at every point in the room, 

'lp!i -</JN-t j/ , J 

</JN lmu 
became sma lier than 1. 0x10-•. 

4. 2 Unsteady State 

Since the change in concentration with time is 

rapid at first and is slow afterwards, time step t:J,,t 

was made to increase in geometric ratio with the 

initial interval of 0. 1 and the common ratio of 

1. 01. 

5. Experimental Confirmation of the Resulta 

of Numerical Calculation 
Ci.1 Method 

Before making any conclusions from the results 

of the numerical calculation, its validity was 

• c 1 ~ 

0.0 .. d. o 
I 

iJt/iJ:.c=O.O •• ov/o:.c = O.O 
0. 0 .. 0. 0 

0. 000 0.0 0. 018 

Table 2 Constants used for numerical calqulat ion 

aµ "' "l "t 

0.09 1.44 1.92 LO 

3 

"• 
l. 3 
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11 0.9 

1 . HEPA Fil l• r 

2· Lami n :i~or 

3 . Mod• I R~om 

4 .o·r i1ic e 

5 . Manomet!'r 

6 . HEPA Filt•r 

7. Bypass 

4 
]!"'"" 

Fig.3 Schematic diagram of experimental setup 

examined experimentally. The experime'l'tal setup 

is shown schematically in FilfUle 3. The model 

room was made of a 40 cm acrylic c~be. The 

width of the inlet and outlet slits wa9 4. 0 cm. A 

laminator was attached above the inlet. The 

total fl.ow rate was measured with an orifice. The 

velocity at each point in the model room was 

measured with a hot wire anemometer (Nihon 

Kagaku Kogyo Co., Ltd. Model 1010). Carbon 

monoxide gas was used as the pollutant. Its 

concentration was measured with a CO meter 

(GASTEC Co., Ltd. Model CM-2510). 

5.2 Raulta 

Typical results for the flow velocity in the z­

direction. u, and y-direction, 11, are presented in 

Flsure 4 by solid and open circles, respectively. 

The results of the corresponding numerical com­

putation using equally spaced 20 X20 mesh grids 

are shown by the solid and broken lines in the 
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Fig.4 Typical results of flow velocitiel! in the 
model room at t1=21lcm 

• ·r 2.5 2.5 2/. 2-j I OJ 0.1 0.1 0.1 

2.6 2.5 2,5 
2i 0.1\ 0.1 0,1 0.1 

2.7 26 2.5 2~ ~\ aD5 0.1 0.1 0.1 

2.5 2.7 2.6 2l J, 0.05 ~ 0.1 0.1 

2.1 I\~\~ 2.7 2.8 2.5 l5 ID 0,2 0.05 0,1 0.1 

2.8 3.0 3.1 2~ 0.1 0.5 0.1 0.1 

2.9 
1.5 \ 

2.9 l2 

~:\:: :: 0.1 

2.e 2.S 3.6 Q2 

2.1 2.5 l.O ~. >5.5 .. ~ 1.~l.O~ 
I I -

Fig.Ii Comparison of the experimental results and 
the calculated results for concentrat ion 

figure. Agreement between the experimental and 

calculated results is fairly good, except at the 

center. The results for concentration are shown 

in Fipre 6. The numbers in the figure denote the 

measured values, while the solid lines show the 

computed results. Agreement seems to be good 

except in the low concentration region. As for 

concentration decay, the slope was about 10% 

steeper for the calculated results. These discre­

pancies seem to be mainly due to the rather coarse 

mesh grid used in the calculation. Allowing for 

these small discrepancies between the results of the 

numerical calculation and the experiments, it can 

be &aid that the k-t model of turbulent flow pres­

.ented here gives satisfactory expressions for the 

real flow pattern and concentration. 

Fig. 6 Stream function when the inlet is at top 
center 

Flg •. 7 Concentration when the inlet is at top center 

6. Results of Numerical Calculation 
To save CPU time, all of the following calcula­

tions, except for those for a wide room (32x16) 

and a high room (16X32), were performed in 16X 

16 equally spaced mesh grids. 

6. 1 Steady State 

The stream function and concentration with a 

Reynolds number of 1. 0x10' are shown in Firure1 

6 and 7. Figure 6 shows that the most of the 

supplied air flows from the inlet through the outlet 

and some circulates at the corners. Fipre '1 shows 

that the concentration is very high at the pollutant 

,eneration site and its change is steep around the 

main part of the flow. F~urH 8 through 10 show 

the vorticity, turbulent fiow ener~, and dissipa­

tion rate of turbulent fiow energy. It can be seen 
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Fig.8 Vorticity when the inlet is at top center 

Fig. 9 Turbulence kinetic energy when the inlet is 
at top center 

Fig.10 Turbulence e"ergy dissipation rate when 
the inlet is at top center 

from Figure 8 that the vorticity is high near the 

inlet and the vortex motion is in the opposite 

direction between the right and left sides. The 

turbulent ftow energy and its dissipation rate are 
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Fig.11 Concentration when the inlet is at top left 
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Fl&".12 Co"centration when the inlet is at top right 

high near the inlet and the outlet. The patterns 

of Figures 9 and 10 are similar, except near the 

inlet. Figures 11 and 12 show the concentration 

when the inlet position is changed to the top left 

and the top right, respectively. As shown in these 

figures, the average concentration becomes lower 

when the inlet is at the top left or, in other 

words, the ftow pass length in the room becomes 

longer. Figure1 13 and 1' show the concentration 

when the ftow rate or Reynolds number is changed. 

As shown in these figures, there is little change 

in the concentration distribution. Figurea U 

through 19 show the concentration for other inlet 

positions. Figure1 20 and 21 show the concentra· 

tion for different types of rooms. Flrure1 22 and 

23 show the concentration for different pollutant 

generation sites. When the pollutant generation 

site is near the outlet, the pollutant is exhausted 
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Fig.13 Concentrat ion when the Reynolds number 
is l.Ox 10' 

Fig.14 Concentration when the Reynolds number 
is I.O x 10• 

Fig.15 Concentration when the inlet is at left top 

before it diffuses in the room, thus resulting in a 

much lower concentration in the room. 

6. 2 Uuteady State 

When pollu.tant generation stops, the concentra· 

~~~ .. 
__J \. 

Flg.16 Concentration when the inlet is at left center 

¢ 

Fig.17 Concentration when the inlet is at left 
bottom 

Flir.18 Concentration when the inlet is at right top 

tion decays. This decay has been plotted on a 

semi-logarithmic graph as shown in Figure 2,. 

The slope of the concentration decay curve differs 

with the site for some time after the end of pol­

lutant generation, but appears to remain virtually 

the same afterwards. Therefore, it seems to be 

very convenient to take this slope as an index of 
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Fiir.19 Concentration when the inlet is at right 
center 

Fhr.20 Concentration when room is wide 

Fls.21 Concentration when room is high 
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Fig. 22 Concentration when the pollutant generation 
site is at left of the lower part 

{J. 
..------·········-··-''-- ----., 

Flir.23 Concentration when the pollutant genera­
tion site is at right of the lower part 

the ventilation efficiency. The slope of the con­

centration decay when the supplied air mixes com­

pletely with the room air is also pre~ented in the 

figure by the line m = 1. O. The meaning of m, or 

"mixing factor'', will be described in the following 

section. 

Further, since the slope of the concentration 

decay curve seems to become virtually the same 

with the lapse of time regardless of the site in the 

room, the concentration distribution becomes con· 

stant. An example of this concentration distribu­

tion is presented in Figure 25 . 

The results prt>sented herl' are those for two 

dimensional cases and are not directly applicable 

to actual three dimensional rooms in general, but 

are applicable qualitatively, at least. 
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f'ig. 24. Decay of concentrat ion with time 

t.137 

Flg.25 Example of the concentration distribution 
when the slop of the decay curve is approxi­
mately the same at any point in the room. 
Numbers show the concentration at time 137 
after termination of pollutant generation 

"1. m-p Model 
Numerical calculation with the aid of a large­

scale computer seems to be a preferable way of 

predicting the real state of indoor air pollution, 

<>r the distribution of the concentration of pol­

lutants. However, this method is expensive and 

such computers are not always accessible. Accor­

-dingly, a simple equation by which a quantitative 

-estimation of the concentration can be made is 

.often preferable. For this purpose, a new ventila-

C; 

mC,(l·m)Q 

y 

PV 

® 

}'hr.26 Basic idea for m-p model 

tion model we tentatively call an m-p model is pre­

sented considering the mixing model used in the 

Chemical Engineering field. 

It seems to be a reasonable assumption thc.t the 

main factors governing the pollutant concentration 

in a room with a fixed number of air changes are 

the ventilation efficiency and the pollutant genera ­

tion site. As shown in Figure 26, it is asswned 

that the mQ portion of the supplied air mixes 

completely with the room air and the (1-m)Q 

purtion by-passes without mixings>.a>. We call m 

the "mixing factor". It is also assumed that the 

room is composed of two zones. Zone 1 is the 

region of volume pV where the pollutant diffuses 

completely. Zone 2 is the fresh air region of 

volwne (1-p)V. We call p the "position factor". 

As a whole, the supplied air becomes Q, the pol­

lutant generation rate becomes G, and the volwne 

of the room becomes V. Then the average con­

centration for the whole room can be expressed as, 

...... (14) 

The pollutant concentration in the exhaust air 

becomes, 
...... (15) 

Here, subscript b represents by-pass. The volwne 

of the by-pass region is assumed to be zero. 

Further, it is assumed that when no pollutant is 

generated, G is zero and p is unity. The pollutant 

concentration in Zone i, C., can be expressed by 

the mass balance equation: 

c,-C;={(co-C;)- ~ }e.xp(- ;~ t)+ ~ 
..... -(16) 

Letting time t go to infinity gives the steady 
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Table 3 m and p for various types of ventilation systems 

Case 2 3 4 5 

I I 
Q C:11 ~L .. LJ. ; ~.L 

I I --
m 0.42 0.22 0.11 0. 39 0.21 

p 0. 12 0.63 1.1 1. 5 0.16 

p/m 0.29 2.9 10 3.7 0. 76 

e indicates the pollutant generation site 

state concentration as follows : 

G 
C,-C;=-­

mQ 
...... (17) 

From Equations (14) and (17), the con­

centration for the whole room can be ex­

pressed as follows: 

c=(c•+ ~Q )p+C;(l-p)= !~ +c, 

······(18) 

From Equations ( 15) and (17), the concentra­

tion in the exhaust air can be expressed by: 

C,=(ci+ m~ )m+Ci(l-m) = g +c, 

··· ·· · (19) 

In this case, the effect of dividing the 

room into two zones does not appear and 

the concentration becomes a reasonable value 

of G/ Q+C;. This seems to support the vali­

dity of the model. 

When pollutant generation ends, the con­

centration in Zone 1 can be expressed by 

making G=O and p= 1. 0 in Equation (16). 

Thus, 

C1-C1= (Co-C1)exp(- mVQ t) ...... (20 ) 

From Equations (14) and (20), the con­

centration for the whole room with the lapse 

of time becomes C;. The concentration decay 

in the exhaust air can be expressed from 

Equations (15) and (20) as, 

C,-C;=m (Co-C;)exp(- m~ t) .. .... (21) 

6 7 
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Q. 1 C1 
0.08 0. 77 

0.31 0.19 

3.9 0. 25 
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; I • I '[J' I .. ' '1 I I • ! "'] w il· . . ··1G.J ,Q. 
o. 14 
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0.27 
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J·5. 
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5. 0 0.14 
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Fig. 27 Relation between r/J and p when the pollutant genera­
tion site is changed in the x-<iirection with a fixed 
height for three types of ventilation 
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Flir.28 Relation between .;, and p when the pollutant geaera­
tion site is changed in the x-Jirection with three levels 
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From this equation, the total amount of pol­

lutant exhausted becomes, 
in the room. This reasonable result also seems tc> 

support the validity of the m-p model. 

i~ Q(C,-C, )dt = (Co-Co) V · · · ···( 22) 

and this is the total amount of pollutant existed 

From these considerations. the average con­

centration of pollutant in indoor spaces can be 

suitably expressed by applying m, or mixing factor 
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and p, or position factor. 

Now, we try to link these factors to the re~ults 

of numerical calculations. Let the steQdy state 

concentration at site (i, j) in the room be Cmi. J, 

which can be obtained from the results of numer ­

ical calculation for each ventilation system. Then 

the average steady state concentration in the 

room, Cm, can be calculated from '[;'f:Cm i•1/ (iXj ) . 

The mixing factor at site (i, j) in the room, m•·J, 

can also be obtained from the results of the con· 

centration decay of the numerical calculation. As 

previously described, m•·1 seems to become virtually 

the same value m with the lapse of time, regar ­

dless of the position in the room. Thus the value 

m can be taken as the average mixing factor of 

the room. Corresponding to Equation (18), we 

define the average position factor p by the equa­

tion Cm=p/ m. Then p can be derived from the 

values Cm and m described above. All of these 

values in each ventilation system are summarized 

in Table 3. It is apparent from Table 3 that the 

fiow pattern, which is mainly governed by the 

geometry of the room. determines the mixing 

factor m and that the pollutant generation site is 

irrelevant to m. Effective ventilations of larger m 

can be obtained when the supplied air pass length 

in a room is longer, like cases 7, 1, and 4. The 

position factor p is more complicated, but it 

seems to depend mainly on the value of the stream 

function at the pollutant generation site as shown 

in Figures 27 and 28. If the pollutant generation 

site is near the outlet, p becomes extremely small, 

like case 12 in Table 3. 

In applying this mode I to actual rooms, it seems 

easy and adequate to measure the values of m and 

p by experiment beforehand. The values of m can 

be derived by measuring the concentration decay 

and p can be derived from the relation Cm=p/m 

by measuring the average steady state concentra­

tion of the room. 

Since the average concentration is proportional 

to p/m, to make p small and/or to make m large 

can be a criterion for effective cleaning of the 

indoor air pollutants with a fixed number of air 

changes. 

8. Conclusion 
1) After the termination of pollutant genera­

tion, the slope of the concentration ciecay 

seems to approach a certain valuf' with the 

lapse of time regardless of the position in a 

room. Thus it seems very convenient to take 

this slope as an indicator of the ventilation 

efficiency. 

2) Ventilation efficiency is higher when the 

main flow pass length of the ~upplied air is.. 

longer in the room. 

3) A new ventilation model which permits. 

quantitative estimation of the concentration 

with simple manipulation is proposed. The 

model includes two new parameters; "mixing 

factor" m showing the ventilation efficiency 

and "position factor" p showing the effect of 

the pollutant generation site on the average 

concen tra ti on. 

4) Making p small and/or making m large can. 

be a criterion for effective cleaning of the 

indoor air with a fixed number of air changes. 
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