'l

THE DISTRIBUTION OF THIS DOCUMINT IS Uii_: / ii

U. 8. DEPARDENT OF COMMERCE
Luther H, Hodges, Secretary
WBATHEER PUREAU
¥, W. Reichelderfer, Chief

L. 8. Gandin and R. B. Soloveichik

/

O¥ TEE PROPAGATION OF SNOKE FRON FACTORY STACKS

(0 rasprostranmesii dyms iz fabrichmykh trub)

leningrad. Glavaeih Geofizicheskaih Observatoriid im. A. I. Vosikova:

Tredy, vypusk, T7, 1958, pp. Bk

Translated by

. Irene A. Domshoo
\\!‘oroip Ares Bectiom, Climatology

\\

nnCc

Spomsored by Headquarters, U.8. Army Blectromic Provimg Grousd

Tort Bwachuca, Arizoma

WASETROTON, D.C.
Jamuary 1961

Reproducnd by the
CLEARINGHOUSE
for Fadaral Scientihic & Technical
tnformation Springtield Va 2215}




ON THE PROPAGATION OF SMOKE FROM PACTORY STACKS
by
L. S. Gandin and R. E. Soloveichik

I. A theoretical anslysis of smoke propagation from factory stacks
makes it possible to predict the degree of air polliution by smoke in an
area with specific characteristics of the stacks and smoke, which 1s ejected
into the atmosphere and under certain meteorological comditions. By knowing
the latter, it is possible on the basis of a theoretical analysis to deter-
Rine such characteristics of stacks and smoke vith vhich tbe smoke concen-
tration does not exceed the limits of certain established norms.

In an analysis of smoke diffusion it is important to take into comsider-
ation, generally speaking, that smoke particles are not suspended but
possess a characteristic (proper) velocity. Frequently, as a result of over-
bheating the smoke will possess an ascending velocity at a certain initial
phase of its propegation. However, such an initial phase is of a short
duration inasmuch as under the influence of tbe turbulent heat conductivity
temperatures of the smoke particles and the surrounding air rapidly become
equal. It 1s extremely difficult to calculate accurately the described
effect because it would be necessary to solve simultaneously the diffusion
equation and the equation for the free convection of smoke particles.
Hovever, even with a considerable overheating of smoke this effect may be '
calculated approximately by substitutiag the actual source of smoke with a
fictitious - & somewbat elevated-source, (see /1 /). Most frequenmtly
the effect 18 negligibly small due to the short duration of the memtioned
first phase of omoke propagation, and at times it is totally absent. There-
fore, vertical velocities caused by the overbeating will not be takem into
consideration. The descending characteristic velocities of smoke particles
vhich are caused by the weight of particles are much more essential. PFor
particles of a certain size the rate of tbeir fall w may be assumed as
constant. Although the usual values of v are extremely small, their
influence may be significant, as long as it is realized throughout the
entire time the particles are in motion vith the exceptiom, perhaps, of the
mentioped initial phase. In addition, tbhe existance of the rate of fall
¥ leads to certain qualitatively nev effects.

Thus, if the smoke admixture is polydispersed, i.e. the smoke particles
eperging from the chimpey are of different sizes, thea during the process
of propagation of an admixture there occurs & re-distribution of particles
according to the size - the heavier particles fall at a distamce closer to
the source than the lighter omes. Obviously, this fact would be impossible
to describe, if the characteristic rate of fall of particles is ignored.

The presence of proper velocities w leads also to another effect
vhich at the first glance 1s parsdoxical: with an increase of the streagth
of the source Q, i.e. the smount of smoke emtering iato the atmosphere !
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per unit of time, smoke concentration over a given distance from the source
incresses only up t0 a certain limit but with a further incremsnt of Q,
diminishes. This parsdox is simple to explain, if it is takeam into accoumt
that with the imcrement of Q the average size of smoks particles should
also increase, and comsequently also the msen valus of we The imcremsmt
of Q alome leads to the increase of the comcentration of admixtwe q at
any distance from the source, and the increase of v - lesds to the
decrease of Q. At small vaiues of Q the direct influence of the im-
crement of Q is more substaatial, so that q incresses. EHowever, with
large Q wvaluss, the imfluence of the correspomding increase of the proper
rate of fall w is more substantial and therefore with the increese of Q
the concentratiom of q dscreases.

The theory of the propagatiom of smoke admixture in the atmosphere samd
of analogous processes was examimed im & mmber of works. Suttc-['ei
and N, B, Berlismd /1 7 bave not takea into account the st
rete of fall of smoke particless (see also [ 3_/). Csansdy proposed
t0 take imto sccount spproximately the individual velocity of w by the
means of substituting the axis of the source (i.e. with a horizomtal
straight line vhich is directed from the source with the wind), with a
straight line inclined towards the axis dovmward st a certaim angle. Bvi.
dently, such a method is no longer valid slready owing to the fact that the
1ine of the maxiasl values of q differs substantially from the straight
1ine in case wf0.

I.I.Itlun[g, [67, as well as L. S, Gandin and A. 8. Dubov [ 7.7
have examined & problem, which essextially is equivalent ¢0 the problem om
two dimensional propagation of heavy admixtures, by igaoriag the horisomtal
turbulent exchangs or the sams as the problem of propagatiom of admixture
from & linear source. A similar problem, was examimed by Fortak /B 7 but
under a more gemeral imitial comdition, with regard to the problem om the
propagation of sand from the desert imto the see, vhersupon comtrery to the
authors mentiomed earlier; Fortak limited the provlem to the simplest as-
saption omn the constancy of the vertical turbulent cosfficieat exchangs

with bheight. The space problem om the tion of heavy admixtures bhas
been exsmined by Bossnquet snd others /[ 9./, /[ 10_/, who however, 414 mot
obtain a camplste solutiom to this problem. s complete solutiom has

been found recently by A. I. Demisov / 11 /, who, by the way, established
the error in one of the Posamquet's formulas.

The presest vork is dedicated to the solutiom of the prodleam which is
concerned with a series of more general relationships and vhich dsscribed
more closely the bebaviour of smoke under stmospheric conditioms than the
previously selved problems. Ia the amalysis of the obtaimed solution
sttention is devoted to specific results caused by the effect of the proper
rstes of fall of smoke particles.

TI. Ve shall solve the equation for the statiomary turbulemt diffusiom
of heavy particles

0% = = (k %) ';"-:(k 9, M

dx 0z oy \"y by ()
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re X aad y are the horisontal coordinates, with x coimciding with
vind direction amd y perpeadicular to the vind respectively, =z - is
boight, I, = 18 the cosfficient of the horisomtal turbulest diffusiom,
= is the cosfficiest of turbulemt diffusion alomg the vertical, u - is
the vind speed.

FEER

If q ~ is the comcenmtration of particles vith & certsin charscteristic
sise (redius) r, them the characteristic rete of fall, of v , may be
assuwad as constant in agreement vith what vas said previously. The wind
velocity u and the coefficient ky shall be comsidered as power func-
tions of height

n=nuz2" k. =kz" (2)

vith the sems exponemt of the power =.

Such an on has been applied in a mumber of works (for example
[17, [12.], [13]) and proved to be swccessful. It should be noted
that a s & proper fractiom. For prectical purposes, as a ruls
0.1 <m <{0.2,

The cosfficient ky vill be assumed t0 increase linesrly with height
k,=kz. 3)
let us sclve the provlem in the interval I x <M, - vy -9, 0Lz < =,

As the Yowadary comditions wve shall assume the limitation of comcenmtrstioa
st infinity

e om. )
lq’,..-.ioo#Q' %

the gives distribution of comcemtrationm in the "initial" plame
eo=F(. 2 (6)

and 1ot us 3120 assume that the turbuleat flux of sdmixture om the wader-
lying surface is eqwal to sero

(,3) =0 @)
Let us note that under comdition (7) the total flux of admixture differs
from sero oving to the sedimsntation flux 9|.-o, however, it is limited,

It may be imdicated that for our problem comditiom (7) is equivelesmt to
the cemdition of the limitatiom of comcentration om the umderlying surface.

g, oo . C)

Under suchk fermlations the problem on the prepegation of hesvy par-
ticles of smoks is clesest to the prodlem of Bosanguet - Pearsom, solved
by Bemisov but differs from it ia the followimg relaticmships.




1. Insteed of the "initial” comditiom for the type of source, comdition
(6) of the gemeral type is used. It should be moted that the source of
smoks in the form Of an opening of & smokestack may, gemerally spesking,
be considered as 8 point source, i.e. to assume that

F(y, 2)=Q(y)3(z—4), )
wbere h - is the height of the source, :;__ is the delta-function®,

However, for & mumber of other practical problems, as for example for
the problem memtiomed above comcerning the propegatiom of sand, it is
nscessary to use the comdition ia the imitial plame of a more gemeral form
than (9); therefore, it would be useful to obtain a solution umder the
condition (6) especially as the method for the solutios used in /11 7,
under the conditiom of a source type camnot be applied directly in the
case of conditiomn (6). Of course, from the solution umder the comditioa
(6) 1t is easy to obtain 2 "source” solutiom, for which it is sufficiemt
to determins F (y, £) by equation (9) and to take advantags of the besic
characteristic of the dslta-fumctiom.

'
fm(x)a(x—c)dx=q»(c). a<e<lb. (10)

2. The wind speed u and the horizontal exchangs cosfficient are
a0t comsidered as comstamt but increase with beight according to (2). It
is clear that this gives the best approximatiom of the actual atmospheric
cemditiomns.

3. The coefficient is assiaed to be imdependent of the horizoutal
coordimate x , vhile ia [97 - [117 1t 1s assumed that it is
proportiomal to x . The last assumption used in a number of works by
the English authors, is based om the fact that the intensity of the turbu-
lent mixing of the admixture should depend on the charecteristic dimsasicss
of the admixture "cloud” inmcreasing with their growth; simce the admixturv
"ecloud” expands im the direction x then they assume that incresses
with an increment of x . Such an assumption is mot very c ing owing
to the followiag reasoms.

Tirstly, if it would have beea possidble to agree with the arguments
presented sbove, them they would pertain not caly to the coefficiest ky
but equally to the coefficiest Xx; , so long as the admixture "clowd”
expands with the imcreass of x aloag the vertical alsoc. In additiom to
this, these cosfficients should be comsidered as imdependent of the x
coordinstes but dependemt on the distribution of the diffusinmg edmixture
qa(x, y, 3}, i.e. 8 mon-linear preblea should be solved. Seconmdly, it is
ot quite clear im vhat manmer these s may be used ia case of the
initial distribution of a gemeral type (6), imstead of a source type.

. n).‘ function: J‘(f) = C“i_l:\og(",,\), vhere -p({,)\)-i at O('(-(‘\,

and { ($:h)= 0  outeres of this 1aterval. (framsister)

!’




Finally, thirdly, aumsrous theorstical investigations exist im which the
coafficieat of the horizomtal mixing was ass as mt of the
horisomtal coordinates (for example [} 7, [’3.}, [ 13 ” A good agree-
meat betveen the theoretical results and the observational data shows that
the coefficiexts of turbulemt diffusion may be cousidsred indepemdent of
the horizemtal coordinates.

III. By substititing (2) and (3) imto (1) we shall obtain

; -m 0 ~md/_0
. u,g—%—wz "'3-':-’=k,z &<z—1)+k.,%'_,. )

oz

Let us assume st first that the distribition of q in the initial plane
is symsetrical with respect to the axis £, i.e., that function P (y, z) -
is an even function according to y . Them by multiplying equatiom (11) by

Y(yi2)=cosly (12)
and assuming that r
ne / g(x. )Y (y: Mdyvem ¥ (x. 3; 1) (13)
-—r
and ye
S 7 ndy =z ). (14)

— Qs

We obtain accordimg to (12) and (13)

¢y =L [ 2 Yy (15)

By integrating equation (11), which is multiplied by Y , from - = to o
with respect to the variable y , ve sball obtaim, by using conditiom (5),

o
oV _ o pamd (gt uiq
Wy e — w2~ =k2 3}(335')“”", ;;Ydy
- Q0

or after imtegrating twice by parts im the last term

o —m OV N AL A s 16
% —wrm: d—:(z-o:) PaLl 3 (16)

Furtber let us perform an operational trsasformstion according to x .
Bince according to (6), (13) and (1k)
‘P ,x-_ n = f *
then the transformatiom of equation (16) gives

7 iN dv e
up(¥-- f) —wz™" %"; =ka ™ dd:(z ,‘—:-) — k¥,

or - " S _
ad ) LTk wp m B, 17
w0 +) T % o W= (4n

vhere ¥ _. is the transform of fumction V.
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The general solution of equation (17) may be written out in the form:

w W I+m
i 2up T R Y 2 kA +up .7 ,
V=i TmE [/f( IN}4 z l\”_i] (H—m — - )d
I+ m
g (VB
tt4m) &,

z +
, ,”"-;T_‘:% kAt up an- 2 ,
L B A tSR A4 z | l+m d, +
0

“+Il)h
% o
= J"*Ull’ —l_
B w (]+mV )“
T+ mk,

where A and B - are constants of integration. PFor determining them we

shall use the boundary comditions (4) and (8), vhich lead to the conditions
for qT'

(W, _ oo |T|,_,Foo

As a result of the first of these comditioms A = O, apnd owing to the
secopd B = 0, therefore the solutioa for ¥ obtains the form

7 = 2upz_ mt i
V= (l‘+m)k f(v- VAR O (l—:-m kodi +ap g 7 ) .

TAamak, kl

2 Y] !}—' . me
Al .(m M )+ff<t= DY
TR J

¥

i+. i~m
o} (l+kau>‘ +U|P( 2 )dr.K - (l+m ‘0’“'? "IP 2 )] (18)

‘I-HIH. T4+m ¥, Tk

Oving to (18), (k z?,f)z o =0 .+ Therefore, the solution also

satisfies conditiom (7).

In order to obtain the original ¥ (X, Z ) from the transform ¥ (z: p,})
let us use the vell known formula /[ see for instance [Tl4 7, formula

(9. 140) _7.

otp
R Ul

K (Va+VEWPFULIVa—VEIVE TR = 5e
wvhere t in this case is the coordinate x.
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Then by combiniag the integrals we shall obtain

s 9 -
B IR FCE( Lo

I+n
.- 2u (t’)

Returning to q , we sbtaim, sccerding to (12), (1k), (15) snd (19)

l)'x
"l ll.
1—(|_| ll)k,xx '. j.fF("u 4] Coﬂ_vcos).ve C'( )
—oou

,,.(‘. Mg gl + M)
XG— (T mpPas 'I

™ (;|+nt‘,l+m)
- (- -m)k v X

I+m

3. d.
—-_F (‘ +m) k.x

or integratiag with respect to 1, fimally

1 u % ? R _aly—-ry
T ——— [ - b x
9= U m Ve, () f fF('n- 9) +

0 -—oc
-sotw] 2; _n(d+megiim) o sy T
e = fem (Lt (+mpaz uy (£0)
+ (z. I(I++H. (T FmAhx dndi. (20)

The problem would be solved amalogously wvhen P (y, 2) is the odd
fuaction of the coordinate y . Thea sinly, should be takem as &
factor for Y and according to this the final formala will differ from
formala (20) omly by the fact that insteed of the sum of the expomemt the
difference will eppesr im square brackets. Fimally, h”r&lem:lt
1s simple to obtaim the solutiom, by takimg the function F (y, z) im the
form of the swm of the even and the odd fwactiom

FO, 2= ) IFO. D+ F(=3. DI+ 3 IFO. D —F(=y, DI
Thea we obtain

R
/u, [TW4
9= 4u+mvuot.*f f/ Fn ) +

~
T

%

'.‘cv

u (y,
3 ik rm
FF(=m e wE e

PN R LYY L) - :
Xe UHAeRTy {(‘,";_‘::,——; dnd-. (21)
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Formula (21) gives a complete solution of the stated problem. In
particular, for the point scurce (9) we obtaim from (21) or (20) cm the
basis of (10)

3
aNT o, - w (B Mgt e m) 1+ m
q= (2 o (5" e Wit L e |. (22)
2(L+m) Vak b, \ 3 ey, (l+m)lkxl

From (22) are obtained simple expressions for the distribution of the
axial concemtration g, in case the source is elevated (y=0, z=4)

"‘I zulhl#!ll
) il —‘T-‘iﬁn_,xl i 2up't" (23)
2(l+m)Vukuk, U‘—"T”-'l\l +~ my kx|

=
and for the distribution of the axial comcentration gqo im case the
source is at ground level (y=:=0)

w
U\"‘ m upl—m
(V7 on™ . _w __wAl
. ) (- m &, 4mkn . 24
I ] ¢ 24

1 myikx

9, = — PR
’ 2(l»--m)F{l+m}ka0k,

IV In anslyzimg the solutiom it is coaveniemt to change to dimemsion-
l¢=x: variables by meens of relstions

oy, w {E’}I;q
RCITTN T myw =P “‘m) I/ h

2t - m =
,+,,,] B2t =1 ,_my"-,.'v =H. (25)

Then instesd of formula (22) we obtain
a(n, & Hy=H? {'—{—fe T @HY) (26)

and correspondingly instead of formula (23) smd (24)

(0, H; H)= He~ "1, (2H") @
and

0(0.0; H)anl—‘;-—’-; H’+”e'-”'- (”)

Formula (27) shows that the axial concentration for am elsvated source
decreases monotonically with an incresse in the distance from the axis
of the source, i.e., with the decrease of N . Along all the otber hori-
sontal straight limes in the plame y=0 the adr ' xture concemtrstion st
first incresses with distance from the point x=0 , and caly efter resch-
ing & certain maximm begins to decrease. At the uio of the groumd
source im particular, the maximum value ©. accordimg to (28), is reached
at the point

H=Hy=V p+3 (29) :




and is equal to

3
. P+% LR
0.-..:0(0, 0; H.)=l.(l +P)‘ ~ . (30)

It is interesting to note that the distance

1 U g14+m
x.=—————————~——lh
. w 3 &, *
(1 +m) TFmE m,k,+_'2]

(31)

at vhich, according to (29) and (25) the maximum concentration is reached,
is independent of the horizomtal diffusion coefficient k, , and the
maximm concentration, being equal, according to (30) amd (25)

(32)

o 3142
— 4 = [O+mik T2
_04me Qv 1 [(l+m)k,+2]

9n: Lt
B R (Bt )

is independent of the wind speed u; .
Both of these comclusions are clear from simple physical comsiderations.

Indeed, the maximum concentration should be dependent only om time =,

L3
in vhich particles are transported by the wind from the source to the
point of the abscissa x , and this time, apparently, is not dependent
on uy . Regarding the coefficiemt kg, its value should effect the rate
of maximm concentration, but at the point locatiom where such a concen-
tration is reached.

Let us note that the presence of a point (source) with a maximum con-
centration at the underlying surface is not characteristic for the dif-
fusion of heavy particles only. In the case of weighted pearticles the
gemeral character of the distribution of q om a straight line yw2s=0
is the same. In this respect the influence of the proper weight of
particles of the admixture is of a quantitative nature only. Namely, as
may be seen from (31) amd (32), with the increase of the deposition rate
of particles, the point at which the maximum concemtration is reached,
approaches the source but the value of the maximm concentration increases.

In general, the spacial distribution of a concentration does not umdergo
qualititative changes under the influence of the weight of admixture
particles. Therefore, we shall not describe the distribution of q aay
further but we sball turn to the analysis of specific effects caused by the
influence of the proper rates of fall of particles.

lat us assume that the admixture is polydispersed and the distribution
curve for the aumber of particles emitted by the source, according to
the sizes of r 1is described by the fumction f£(r). For simplification




ve shall assume the particles to be spherical and r will be comsidered
as the radius of the particles. These considerations may easily be
generalized in the case of particles which are arbitrary in shape, pro-

viding there is po relationship between the size and the shape of particles.

If N, 1is the total number of admixture particles emitted by the
source per unit of time, them sccording to vhat has bveen said,

Nf(r)dr

is the number of particles (among the total number N,) with a radius
between r and r + dr . Then the strength of the source Q 1is equal,
obriously,to

Q= f-;— =r¥uN,f(r)dr,

vhere p — is the density of admixture substance and the integration is made
throughout the entire spectrum of the size of particles.

Let us assume that the eize of every particle does mot change during
the diffusion process of the admixture and that no interactionm occurs
betveen the particles. This assumption may lead to certain errors oaly
at the immediate proximity of the source, but at a distance from it, vhere
the concentration, q , is small, it i3 very close to reality. Following
this assumption it is possible to exsmine the behaviour of particles of
every fixed size independently.

Let us substitute im (28)
1
°(0- 0' H) = 657
in order to single out the dependency of the concentration on Q.

Then formmla (28) for the comcentratiom of particles of a given size
at the ground level axis of the source will be written in the fom

5= r'(&"p GH e (33
vwhere, im edditiom to .
Ql = 3“’JPN°f(f) » (3‘)

alsno omly the parameter p = p, depends om the radius r of the particles,
80 long as it ie related accordimg to (25) to the depositiom rate of
particles. BNamely, oving to the smallness of particle sizes it is natural
to assums their depositiom rate proportiomal to the square of the radius

f\z

- W, (’I— '

then

wy

P eman ™ (35)

W cmwteut e Aaime T meE

SR N

"
4




By haviag a comcrete distribution curve f(r) of particles which are

emitted by the source, according to sizes snd kmowing the parameter 3¢’

[+]
it is possible om the basis of (33), (3k) smd (35) to fimd the distribu-
tion of the comcemtration of particles of given sizes at the underlying
surface. After this, imtegrating with respect to r , it is also possible
to find the distribution of total comcenmtration. In sddition to this, it
is essential to keep in mind that the distribution of total concemtrationm
will vary from the distribdutiom of the correspomding monodispersed ad-
mixture, which is cbtaimed by substituting the sizes of all particles
with the aversge sizes. Ia particular, at the earth's surface the total
concentration of polydispersed admixture will be greater tham the cor-
responding comcemtration of the moncdispersed admixture.

It 1s evea more essemtial to take imto sccount the re-distributiom of
particles according to the size in the propagatios process of admixture.
By comsidering the conceatration at the umderlyimg surface, it is metural

to introduce the coefficient »
H*®r

= (36)

which describes, accordimg to (33) the distributiom of s accordimg to

size if :_(r"=o, i.e., in the event, the streagth of the source for

various size particles is the same. In other words, the cosfficient x(7)
describes the influence of the deposition of particles on the distribu-
tion of their mass according to their sizes over the underlying surface.

The behavicur of functiom 3 (r) differs depending orn K . Namely, for
small K values (grester distamces of x ) y(r) bas a monotonmic decresse
with the incresse of r , but for large E values (small x values) x(7)
increases to & certain maximum and only after that it decresses. It is
simple to describe this effect quantitatively, if we keep im mind that

oy
P,.<<! (due to the smallmess of the parameter ((i+m)¥| ). The com-
dition of the maximum of 7 (r) gives

2InH — (i -+ p) =0,

where ¢y —1is the logarithmic derivative of a gamma-function.

1 1¢, for example, the dsposition of particles takes place according to

Btokes law, then w2
il O




By the expamsiua of the | functiom into a eeries amd by confimimg to
tvo terms

=2p
yO4p=—1147% >
ve obtain the value of p , corresponding to tbe maximum of x{("):
Pa=2(nH+3). (37)

Since alvays 7>0, them, accordimg to (37) the maximmm of x(r) occurs
oaly if
lnH>——1—,,

1.e., in agreement with (25), 1f
’——-"'I!’_m- (38)

K<E = TEar by

A physical explamstion of this fact comsists im the following. Ueamer-
ally speaking, the larger are the particles then to a greater degree is
their concentration decreased at a given distance from the source, becawse
a large portion of such particles, owisg to depositioa, fall owt at closer
distances. But at short distauces (38), the comcemtration of very fime
particles 1s smll oving to the fact thaet as & result of the slow depo-
sition rate they 40 »ot quite reach the wnderlying surface. At moderste
distances vith all comditions beimg equal, there are mostly particlaes of
intermediate sizes which satisfy formmla (37).

It is interesting to mote that the upper limit x, of the distances,
vhere the curve y(r) reaches the maximmm, is very simply associsted with
the abscissa x_ , for vhich the comcestratiom of particles of a certais
given size is maximal. Accordiag te (31) amd (38),

Xn w 313,
;;_-el(l-t-—mrk. +f]~§—e\ 4,38.

Finally, let us examims the problem comcermniang the relatiomship bde-
tveen the comcentration of particles amd the stremgth of the sowrce. It is
obvious that if the process of the propagation of admixture is iadepemdent
of the streagth of the source, them at each point the comcemtratioa is
preportiomal to the stremgth of ths source amd imcreases without limit
with the incresss of the stremgth of the source. Agtually, however, this
is more complicated. Namely, vith the chamge of ths strength of the
source, the distribution curve of the sise particles being emitted by it
also changes, 50 that vith an increase iz the stresgth of the somrce, the
average particle sises imcresss also. Therefore, the particles settls
uore intemsely sad it can be sssumsd that at & certaia fur distemce from
the source, as & result, the concemtration wvith the imcreass of the
strength of the source does Bot grov bwt diminishes.




Let us examine the simplest physical scheme of such an sffect and
asmely let us assume that

a) the admixture is monodispersed and

b) the mumber of particles vhich is emitted by the source per unit
of time is independemt of the strength of the source.

Then it is obvious that
3
Q=Qo(".—:‘) . (39)

vhere Qg - is the value of Q at rur,.

Oving to (35) ama (39)

Vo (4
Q=Q°(I:))_ (p°=p r-r)-

By substitutiag (40) imto (33) we obtain

P 3
- Q H¥®

T3 TaxpP € - 4
2
Po

The conditiom of the maximmm of s with respect 0 p gives, ac-
cording to (k1),
3-+-4plnH—2p3(1 4 p)=0,

frem which by confining to the first term of the expansiom of (! -p)
into a series s |
. (42)

4 luH+.l,

P==

From (h2) 1t is evident that s as a function of p (or the same as
e function of Q ) has & maximm only if

wH<—L,
i1.e., 1f

, gy giam
X2 K== mi A ’

The lower limit X, of these x values coimcides with the upper limit
of formula (38). Thus, for all sufficiently large distances of x>>x,
the comcentration with an incresse in the strength of the source does mot
incresse iafimitely but resches a certain maximm with the Q walues,
which is obtaimed by substitutiag (s2) imto (40), and with a further
increase Q decreases. The valuea of p aad correspomdingly of Q at

which the imdicated maximm is reached, essentially depsmd om the distance

X from the source, and nemsly
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