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Onp(dp, t)/0t == A(dp)np(dp, t), (1)
np(dp t) ((N/Vm)/m’, N ), t
dyf Hm) ( m?) : M(dy) ( scav-
enging coefficient) (deposition kernel) , (dp) (1/s)*
-3,
1
(dy) , .
D ax
A dy) = L“‘“ K(dyp Do) E(dy, Da)dDa, (2)
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K(dy, Da) ( collision kernel)

(Da)

U(dy) | na(Da)/4, na(Dq)

(collection kernel) , (dp)
JK(dp D) = TDI1 UDy -
((N/mm) /m’), U(Da)  U(d,)

(Da) (dy) s E(dy, Do) ;
Brown
Brown ( Brownian diffusion) ( interception) (inertial impaction)
(electrostatic collection) .
(1) (ASD) -
ASD ( r ) )
A(dy) d (1) 1o
Mdgp) , (1)
Jung U7 GDE, , ASD
, : (a) ASD ( RSD)
, Ganma ; (b) ,
ASD « ” (self_preserving)
; (d) ) y y ,
[8]
ASD  RSD , ASD  RSD
,  Monte Carlo(MC) s
. (time_driven) MC ()
) (event_driven)
MC [10] )
Mcle 1
Ml 2!
. [13~19) Monte Carlo
(multi Monte Carlo, MMC) ,
(time_driven) MC MC MC .
MM C , .
1 Monte Carlo
1.1 MMC
MMC Mornte Carlo 191

2 ’
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At

MMC

(A) .
(B)
() ,
() , ,
(€ .
1.2
MMC ,
« ,,( « ”)
D) wpa
>wp
wy 0(10°) ~ 0(10%) MMC
[13]° ,
RSD ,
t wdi, Ddi,
’ Nar .
D e D
Mdy) = | 7" =71 U(Da)= U(dy) | E(dy, Do) na( Da)dDa =
d min
Nt T[D%],
;I 4 | UDa) - Uldy | E(d, Ddi)Wdi] :
1.3
Tsca, i = 1/ Ai* 97
* At <min(tsca, i) = l/max( Ai)’
1.4 MMC
Ry [0.1] : i

mc M

Ri < AiAt,
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1.5 MMC
i , ,
Js J ko mywy=2wp= 2wWpm dyj= dw= dpm,
Wy Wpk  Wpm sdy dpr dpm
; k' m ioge
2
Brown lGJ, MMC
[15], MMC
. Brown
, Slinn ™! 3
_ 4 V2g V3 V2g V2
E(dpy, Dg) = Re Sc[l + 0.4Re” “Sc” 7+ 0. 16Re " “Sc ]} — (m_fusion+
d,| P d
Zpf —a 2y “p
4 Dd|: p'W ¥ (1 + 2k ) Df;|} in[er(:eplinn+
P 172 S-S 32
{pp St — S% + 2/3 mertial impactinn’ (4)
Re Reynolds , Re= DaU(Dg) P/(21,), (0} H,
; 12, Da<
100 Bm, U(Dq) = 30. 75 D3 x 10°%; 100< Dg< 1000 Hm, U(Dg) = 3.8Dq % 10°; Dy
> 1000 Hm, U(Dg) = 133.046D >, U(Dy) 9.17 m/s;
U(d,) = PdigCs/ (181,), P, ; Se Schmidt , Sc =
B/ ( paDdiff), pw By N D it , D it = kaC(r/(3J—[uad p),'
ky  Boltzmann ; T ;C. Cunningham , Ce= 1+ 2. 93N d,
+ 0.84 N dpexp(— 0.435d,/ A), A ; St
Stokes , St = 2T,U(Dg) C/ Dy, T, , = ppd}%/(lSl‘la); s
.S = [1.2+ (1/12)In(1+ Re)]/[1+ In(1+ Re)]* St <S*°
E(dp, Da) . L,OSE(dp Da) <1¢ Q=

1.193 ke/m’, Pv= 997.45 kg/m’, Pp= 2270 ke/m’, T = 296. 15K, = 1.8245x 10

ke/ (m*s), A= 6.73 x 10 ®me

PR " [ lnzﬁdp/dng]}l
np(dp, t) = JﬁlnopgeXp 21112%g dy

5
P [_ ]nz(Dd/Ddg]] 1 %)
nd( Dd) = Jﬁlnodgexp 2ln20(]g
Np Ny dpg D(Ig Opg odg t

wi(= 10 g/m’) ;
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>

Dy 0.5mm 0.2 mm)
ASD , ASD
1.3 dpgo 0.01 Pm,0.5¥m 8 Pm*
oag}-
ASD , 2
, Dic= 0.5mm Ox= 1.5
A, Dg=05mm Og= 1.1

C

Dgg= 0.2mm O

= L1
. dyo= 0.5Hm

O ( 1.1 1.5), MM C
,Nyo 10°Nm’ 0,
) Ny
Na= wl\[%p‘vpi‘gexp[i
1 RSD
(No(t)/Npo) .
Dy=0.2mm Op= 1.5
D; ,  dpo= 0.01Hm
16771 dpg,n=o.O};,Lm
1.44 / \
1.24 / |

(2) dpg,g =0.5 E.I!'l
t= 0/" \

t=1h
t=2h

(3) dpgo=8 pm
i

()

SE-7 1E-6
SERER dp/m

A, Dg = 0.5 mm, Oy, =

(1) dpg0= 0.01 pm
O,

(2) dpg,0=0.5 pm
t=0 i
t=1h

t=2h

t=4h
t=7h

£=12h-J

SE-7 1E-6
ERKRER dy/m

B, Ddg = O.5mm,0(1g= 1.1

(6)
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2

70

2

(1) dpg,0=0.01 pm

(2) dm,o = 05 gm

i

(¢)

SE-

7

1E-6

SHAKER d/m

1E-5 2E-~5

Cv Ddg: 0.2 mm, O(I;g: 1.5

1.6

1.44

1.2

—
(=4
1

np(dp)dy/Nyo
=
oo

3) dpgo= 8 pm
7

SE-7 1E-6
SERER dy/m
(d) D, Dygg= 0.2mm, 04 = 1.1
1
» dpg, 0= 8Hm .
% Dy, © 0= L5 (
O » Ha(h) 191 ASD
C t=70min  ASD A 1= 120min  ASD
min C 120 min A ]
C  Ny(t)/Npo A , C
; , A C
I(a)(3) 1) L3 ASD ,
’ 2(3), ,

A Ny(t)/Npo
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Ce s )
(12 h) (20 min) ( 1 min)
. 1(a) (2 1(c)_(2) ASD
2(2) Np(t)/Nyo , C A
* odg 1.1 Ddg ( B D)
, R D(Dyg= 0.2mm), B(Dg= 0.5 mm)
1E+0
2 1E-1 (1) dpg0=0.01 pm
T E-2{—Rm A
S E-3{— @B
2 -4 C
1E=55 1E+3  2E+3  3E+3  4E+3  5E+3  G6E+3  7E43
t/s
IE+0 (2) dpgo=0.5 pm
§ B A
o — KW B
= —Em C
=z 1E-1 KT D
0 1.0E + 4 2.0E+4 1.0E+4 4.0E+4
t/s
IE+0
e IE- 14 (3) dygo=8 pm
LIE-2{ KM A
X IE-3{— &M B
= [E-4]— B C
IE - 51T P D : —
0 IE+2 2E+2 3E+2 4E+2 SE+2  6E+2  TE+2
t/s
2
5 Ddg Odg 5
. 3 4
* , Brown .
2 Ddg s Odg 9 (6) 2 Nd 9
s * Brown
. ( k)
(dp/Dd)y Ddg s Odg ( )7 dp/Dd
> E2 5 s P Ddg Odg 5 BI'OWH
( Ey) 5 , , Dy Odg R Brown

, Brown
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INRIES TR P RERR | KRS
1E - 14 - :
IE—Z-E
<
=
< 1E-34
F= E
& ]
® E-4 \
E-43_ mma V
11— B \__/
e D
e-s4 I
1EL2 [E<1 E+0 IE+1
SEBER dy/pm
3
(E3) [ (1- 0.9 “7), Stokes  (St)
° N E3 D(] ° Dd
< 10Hm ,St Da , Es  Da , Ddas  Oqg
E3; Da> 100 Hm , S Da , E3z  Da
B Ddg odg °
) ( (3)). )
(21«lm< dp< 10 IJ’I'II) Ddg dg s 3 ’
Ddg Odg ; 3
(dp > 10 le) Ddg Odg 5 )
Ddg Odg ¢ ) ) s
“Greenfield gap” 1?7+
PM2.5 ( 2.5 bm ) ,
PM2.5 .
MMC Jung 7 , )
) (a) > Jung
(7] dy , Cunningham
Ce= 1+ 3. ¥ NVdy, (1-0.98 ")
(b) Slim L201 Stocks (St>
Sv )’ 2 2 (C)
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Stochastic Algorithm and Numerical Simulation for
Drop Scavenging of Aerosols

7HAO Hai bo, 7ZHENG Chu guang
(State Key Laboratory of Coal Comhustion, Huazhong University of Science and
Technology , Wuhan 430074, P. R. China)

Abstract: The time evolution of aerosol size distribution during precipitation, which is founded math-
ematically by general dynamic equation (GDE) for wet removal, describes quantitatively the process
of aerosol wet scavenging. The equation depends on aerosol size distribution, raindrop size distribu-
tion and the conmplicated model of scavenging coefficient that takes account of the important wet re-
moval mechanisms such as Brownian diffusion, interception and inertial impaction. Normal numerical
methods can hardly solve GDE, which is a typical partidly integro_differential equation. A new multi_
Monte Carlo method was introduced to solve GDE for wet removal, and then was usedto simulate the
wet scavenging of aerosols in the real atmospheric environment. The results of numerica simulation
show tha, the smaller the lognormal raindrop size distribution and lognormal initial aerosol size distri-
bution, the smaller geometric mean diameter or geometric standard deviation of raindrops can help
scavenge small aerosols and intermediate size aerosols better, though large aerosols are prevented
from being colleded in some ways.

Key words: wet removal; aerosol; precipitation, Monte Carlo method, numerical simulation



