, 29 2 Applied M athematics and Mechanics
2008 2 15 Vdl. 29, No. 2, Feb. 15,2008
: 1006-0887(2008) 02-0140-09 © , ISSN 1006-0887
FREC mELT A #
[ A R, " t
(1. , 310027;
2. , 310018)
(& A AR R AZ)
Hy804 . /
R Reynolds
2 / 2
Reynolds , ,
0359 A
[F2
3
(4
/ ,
(Van der Waals) , )
s , Friedlander Wang[s]
Lai
( Brown) Kulmala 171 / 233 K~
* 1 2006-05 16; 2007 12-25
: (2005 CCA06900)
(1976—), , ;
, ( .Tel:+ 8657+ 86836009; Fax: + 86-57F 87951464 ; l-mail: jzlin @ sfp. zju.

edu. cn).

140



141

298 K

H,S04

[1]

Smagorinsky
. Lily™

%t9+ a%(gu) = 0,

F 2 _ 0| ,0uil Op 0T
at(QLi)"‘ ax](glflu’j) - ax{uaxj_ axi_ ax17

u; p

Ty = puLu] - QLLu/j .

, Lilly

b= Co? JZSfSy ,
Cs  Smagorinsky )

L.= min(kd, CsV"?),
k Von Klrmtn , d

H2S04

s o |
, Y HySOq4 . Ds

P.  H2S04

. Vehkamaki [

Yin

Reynolds

12 Deardorfi!

,P > G

Smagorinsky- Lilly

0.1, Ls

,V

B

|
g)s+ SC] " Y+ Ss;
H»S04 >

300 K~ 400 K

L10]

, Smagorinsky

(6)



142

, Ds= 0, 1 ,Se, Schmidt 0.7, S,
/ >
O3
F| Mso, F
= A, 1_ e
[80s] = aff, {Mhm] [ A] (9)
a S , B 0.04 S SO3 , F/A = 0.035,
, pa , MSO} M exhaust SO3
[15]
Oy . : .| Ona ony :
—£ e = D, il } Yok _ e 10
Ot it e ot nucleation ot coagulation et ( )
ng ) Dk , €
) /
J [8]
- W - W(1,2)
J = Z'p(l,2)'exp[ il ], (11)
W(l,2) LW r , kp
Boltzmann , T , Z . P(1,2) r '
- - ZO(XU}J+ (I—X)Ua) 12
T T XksTh(Aw/Ap) + (1- X)ksTIn(Aw/Aw) (12)
Y 7Aag: Pa/PaS7Al)g: Ph/Pl)S7 Aal= Pa,snl/Pal; Ah]: Ph,sol/Phb Pas Pbs
s Pi,sol v s Va Vb
;X
2) '
o1,i) = Kl’Kz‘Ki{ﬁ} (i (13)
KL 2 %ee q;ree 2 po
, Van der Waals
[15]
Onk 1 < <
e = Zﬁ( Vi, V- i) ning—- ;— ng ZB(M; vk) n;, (14)
at coagulation 2 i= 1 i- 1
Ui 5 B 5 B ’ ’
[15]
2ksT) 1 _1_
Bj = o [Dyz*‘ vjl/3} (vil/3+ 1)/']/3). (15)
g 151
B], 2= ZJT(DI + Dz)(Dpl + Dpz) X
Dp1+ Dp2 + 8(Dpl+ DpZ) - (16)
Dy+ Dp+ 2(g%+ g%)m (c%+ c%)]/sz1+ Dp2|



143

Y/m

/2

8ksT 8Di 1 3 2 2.3/2
Ci T , L= Tei gi = 3Dpili[(DpL+ lz) - (Dpz+ ll,) ]— DpL,
’ kT |5+ 4Kni+ 6Kni+ 18Kn} < 2 e
YT O3MWL | 5— Km+ (8+ WKn? |0 NS Do
Kn; Knudsen , Air ,D1 D, Brown , Dot D
,m , B
Friedlander =~ Wang ,
aﬂoo 1
[—] = — —avc* ¢ " (17)
at coagulation 2
¢ ,a , 6.522, ¢
| 3| Ve ek | (18)
= | ) ,
(o8
1.0 02
n/(2/em’)
BOE+16
TAE+16
GI9E+]6
5.8E+16
e 4REF16
< 37E+16
27E416
16E+16
3315
-02p 1 1 L 1 L ]
2 o 02 04 06 08 10 12
Zim
2(a) /
02 ¢
niElem’)
20E+12
1L9E+12
; £
= 12E+12
4E+11
8 7EF1 1
52E+11
1.3E+11
- -02F 1 1 1 1 1 ]
0 0.2 04 0.6 0.8 1.0 1.2 0 0.2 04 0.6 0.8 1.0 1.2
Zfm Z/m
2(b) / 29



144

2.1
12D,
50 mm, 1. 75D.
VA LY
2
2
2
10" ga;;nﬁaas“,_
10“ '-'6
-'nl
IGW- &
‘; a
g A
£ 10 4
<
F 3
10° a
&
10’ a
lUIu . X i
]D lﬂ" IDI luA
D, /nm
3
r/nm
0.64
0.59
0.55
E 0.46
- 0.38
0,29
o3|
013
0.04

4D

36D

¥/m

Y/m

2 D 2
425 K, 300 K.
U,2r
i &/em’)
01

-
o .
.
=01
—0.2 I 3 1 I 1 )
0 0.2 04 0.6 0.8 1.0 1.2
Z/m
4(a) /

nf#fem’)
20E+12
| 9E+12
1.7E+12
|.6E+12
1 4E+12
1.2E+12

™ 93E+ ]
H.6E+1 |
3OE+11

1 [ ]

0 0.2 0.4 0.6 0.8 1.0 1.2
Z/m
4(¢)
(UDF)
170



145

2.2
2
6. 63 x 10 0.1s
Re = UmaxD/v( Umax
). 2a) /
2(b)
0. 96 nm,
2(¢)
) 2(a)
107 0~ 2x 107.

5(hb) /

~ 100 nm s
2.3

50 107 ° 80% Reynolds  Re
, Reynolds
025
n/ &fem')
0.1} 11E+22
) ’ 1 0E+22
9.8E+21
83E+21
= b 6.8E+2]
S of e 53E+21
= 386421
™ 3 1E+2]
S sER21
-
’ -0.1F
2( C) e 1 L 1 1 1 J
? 0 02 04 0.6 0.8 1.0 12
0~ 8x Zim
’ 5( a) /
r'/nm n/(#/fem’)
0.69 NE--IZ;
0.64 1.9E+1
059 1.7E+12
041 > 9.5E+11
032 6.7E+11
023 i 4.1E+11
= (||4 = I éEPI 1
004 LAk
1 1 J L 1 ]

0.8 1.0 12

Z=03m , R

0.8 1.0 1.2

1 nm

500x10"°%, 4



146

2.4
5 Re= 6.63x 10" S
4 5 ,
.
4(c) s s
2.5 Re
6 Re = 1.33x 10*
500% 10”° 60%,0. 5 s
5 ,
, Re 6.83x10'
,
~L1x10% Re 1.33x10" |,
0~ 7.9x 10". . Re
., Re ,
s Re
(Y ) .
(Z ) Re
r/nm
06t
b
) o
Mo
0.04
1] 02 0.4 0.6 B.IS ITO :
Zim
6(b) /
6 Re
3

500% 10 ° 0%
2
5(¢)
0.2
n/(#fem’)
T9E+21
73E+21
6.8E+21
5.8E+2)
- 17E+21
~ 3.6E+21
P 26E+21
] 1.6E+21
5.2E+20
-0.2 1 1 1 1 1 )
0 0.2 04 0.6 0.8 1.0 1.2
Z/m
6(a) /
0.2

n/(#/em’)

Re



147

(1]

(2]

(9]

[ 10]

(11]

[12]

(13]

[14]

[15]

[ ]

Shi J P, Harrison R M. Investigation of ultrafine particle formation during diesel exhaust dilution[ J] .
Environ Sci Technol, 1999, 33: 3730-3736.

, , . [J]. , 2007, 28( 11):
1287-1295.
Kittelson D B. Engine and nanopartides: a review[ J]. ] Aerosodl Sci, 1998, 29: 575-588.
YuMZ, Lin J Z Chan T L. Numerical simulation of nanoparticle synthesis in diffusion flame reactor
[J]. Powder Technology , 2007, 180( 1): 9-20.
Friedlander S K, Wang C S. The self preserving distribution for coagulation by Brownian motion[ J] .
J Colloid Interface Sci, 1966, 22: 126-132.
Lai F'S, Friedlander S K, Pich J, et al . The self preserving partide size distribution for Brownian co-
agulation in the free-molecule regime[J].J Colloid Interface Sci, 1972, 39: 395-405.
Kulmala M, Laaksonen A, Pirjola L. Parameterizations for sulfuric acid/ water nucleation rates[J] . J
Geophys , 1998, 103: 8301-8309.
Vehkamaki H, Kulmala M, Lehtinen K E J, et al. Modelling binary homogeneous nucleation of water
sulfuric acid vapors: parameterisation for high temperature emissions[J]. Environ Sci Technol,
2003, 37: 3392-3398.
YinZ Q, Lin J Z, Zhou K, et al. Numerica simulation of the formation of pollutant nanoparticles in
the exhaust twin-jet plume of a moving car[J]. International Journal of Nonlinear Sciences and
Numerical Simulation, 2007, 8(4): 535 543.
Yin Z Q, Zhang H J, Lin J Z. Experimental study on the flow fleid characteristics in the mixing region
of twin jets[J] . Journal of Hydrodynamics, Ser B, 2007, 19(3):309-313.
YuMZ, Lin JZ,Chen L H, et al. Large eddy simulation of a planar jet flow with nanopartide coagu-
lation[ J]. Acta Mechanica Sinica, 2006, 22(4):293-300.
Smagorinsky J. General circulation experiments with the primitive equations[ J]. Mon Weather Rev,
1963,91: 91-164.
Deardorff J W. A numerical study of three-dimensional turbulent channel flow at large Reynolds nun+
bers[ J]. J Fluid Mech , 1970, 41: 453-480.
Lilly D K. A proposed modification of the germano subfrid scale closure method[ J]. Phys Fluids,
1993, 4: 633-635.
Friedlander S K. Smoke, Dust, and Haze, Fundamentals of Aerosol Dynamics[M].2nd Ed New
York Oxford University Press, 2000.



148

Research on the Nucleation and Coagulation of
Nanoparticles in the Parallel Twin Jets

YIN Zhao-gin"’>, LIN Jian-zhong”’, ZHOU Kun'
(1. Institute of Fluid Engineering, Department of Mechanics, Zhejiang University,
Han gzhou 310027, P. R. China;
2. Institute of Flow Measurement and Simulaton , China Jiliang University,

Han gzhou 310018,P .R. China)

Abstract: The large eddy simulation method has been used to simulate the diffusion of H SO, vapor in
the parallel twin jets. The distributions of number concentration and size of nanoparticles produced by
nucleation and coagulation in sulfuric acid/ water system were given. The fundions of the sulfur con-
tent, relative humidity and jet Reynolds number were evaluated according to the distributions of num-
ber concentration and size of nanoparticles. The results show that the nucleation in sulfuric add/ wa-
ter system produces large number of nanopartides, and gas te-nanoparticle conversion mostly takes
place in the middle and interface of the twin jets. The coagulation process of particles reduces the
number concentraion but increases the mean particle size. For the case with higher sulfur content,
more number and smaller size nanoparticles are produced by nudeation and coagulation. There is also
a larger number of nanopartides for the cases with higher relative humidity and jet Reynolds number.
Key words: nanopartide; twin jets, nucleation; coagulation; numerical calculation



