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A. 
size range .25:S- :S 10.0 • For this study Equation ( III-49 ) 

r. 
J. 

has been extended to = 0.10 • 
r. 

J. 



The Atmospheric Particle Balance 

Equation ( III-47 ) is examined by various authors ( 4,6,7 ) with 

initial distributions that are either monodisperse or polydisperse. 

The form of Equation ( III-47 ) limits it to systems that are closed, 

i.e., those which have no input of particles to the system or loss 

of particles ~y sedimentation. This is physically unrealistic since 

a closed system will eventually become free of aerosol particles by 

sedimentation and/or adhesion to the walls of the vessel in which it 

is enclosed. 

Equation ( III-47 ) can be modified to include feed and sediment

ation terms in order to more realistically investigate the atmos

pheric aerosol which has numerous sources of particles. This is 

accomplished by performing a particle balance on an elemental volumo 

of the atmosphere. The elemental volume is visualized ( see Figure 5 ) 
with sides dx, dy, and dz. Positive directions are indicated by the 

arrows. The force of gravity is in the same direction as y. Additional 

terms necessary for the elemental particle balance are 

and 

Fj , the j particles as feed to the element 

vj , the Stokes terminal settling velocity of particles 

of radius j ( "type j" ) 

d V , the volume of the element, dx dy dz • 

The balance becomes 

( generation of j particles/sec. ) + ( j particles/sec. )in 

- ( j particles/sec. )out = ( accumulation of j particles ) 

where 
( III-50 ) 
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Figure 5. Elemental Volume of the Atmosphere 
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( generation of j particles/sec. ) = dV( change due to coagulation) 

( III-51 ) 

( j particles/sec .. ) . = F. dV+ ( v .n. ) dx dz 
m J J J 

( III-52 ) 

dn. 
J 

( j particles/sec. ) t = ( v .n. + v. - dy ). dxdz 
ou J J J ay ( .III-53 ) 

d 
( accumulation of j particles ) = - ( n. dV ) • 

dt J 
( III-54 ) 

Combining Equations ( III-51,52,53, and 54) according to Equation 

( III-50 ) give 

( change due to coagulation ) dV + Fj dV + (.; .n. ) dx dz 
. J J 

()n. 
J d - ( v .n. ) dx dz - ( v. - ) dx dy dz = - ( n. dV ) • ( III-55 ) 

J J J dy . dt J 

Simplification of Equation ( III-55 ) and substitution of Equation 

( III-47 ) gives 

dt 

k=j-1 k 

= Fj + 2~ D Ri n.'n - 4rn ·"""'D. R. n 'L...J i,m ,m ~ m JL...J J,m J,m m 

i=1 
m=j-i -

m=1 
dn. 

J 
-v-

j dY • 
( III-56 ) 

30 



Equation ( III-56 ) represents the system of differential equations 

describing a coagulating and sedimenting polydisperse aerosol with 

feed. 

Equation ( III-56 ) is modified using the following dimensionless 

variables 

and 

v. = 
J 

kTN 
T = ---t 

3 ji. 

v. = dimensionless particle concentration 
J 

( III-57 ) 

( III-58 ) 

N = a reference particle number density, such 
as the total number of particles per unit 
volume 

T = dimensionless coagulation time 

T = absolute temperature 

k = Boltzmann's constant 

- viscosity. p. = 

Upon treatment of Equation ( III-56 ) with Equations ( III-57 ) and 

( III-58 } and introduction of the Stokes-Cunningham correction, one 
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obtains ( see Appendix B ) 

dV• J 
= dT 

k=j-1 ·k 

+L: 2vjL I. z. v. v z v 
J ~,m ~ m j,m m 

i=1 m=1 
m=j-i 

( ( III-59 ) 

where 

z 

3'P-
I. = F. = dimensionless feed 

J J 
k prq2 

D. R. 
~,m ~,m 

= = dimensionless coagulation i,m 

(:~:) coefficient 

Aj = coefficient in Stokes-Cunningham correction 

( see Equation ( III-49 )) 

A. = mean free path of air 

3kTNy 
y = = dimensionless length : 

2 2rr
1 

P g 

r1 = radius of smallest particle. 
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Recognizing that { see Appendix B ) 

r 
A j 2 

( 1 +A.-)(-) 
J rj 

r1 

= j2/3 + 1.257 .( ~ )j1/3 + 
r1 

r 

I A .1/3( 
1 

• 400 j 1 3 ( - ) e- 1 • 1 0 J 7 ) 
r1 

( III-60 ) 

Equation ( III-59 ) becomes 

()v. 
k=j-1 k 

J +I: 2vj2: = I. z. v. v z. v 
OT J J.,m J. m J,m m 

i=1 m=1 
m=j-i 

( III-61 ) 

. 
For the steady state case, the transient term (ov./oT) is set equal 

J 
to zero and Equation ( III-61 ) becomes 
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d v. 
k=j-1 k 

J +L: 2vjL: I = I. z. v.v Z. v 
dY J ~,m ~ m J,m m 

i=1 m=1 
m;::j-i 

[ j
2/ 3 + 1.257 ( ~) j 1/ 3 + .400 ( 2...) j 1/ 3 

r1 r1 

( III-62 ) 

which is the f~l equation of interest. 
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