32 1 ,2019 1
Vol.32 No.1, Jan. 2019

JOURNAL OF NINGBO UNIVERSITY ( NSEE )

s 315211
, Rosin-Rammler R
S5m ,
10m , D ’
, 0.1~10 um ; 10~200
pm , 60 km-h™!
: U501 tA : 1001-5132 2019 01-0044-08
1.4~1.9kg, 0.028~0.038
g-km'l [6] 6
. . Wulff PM]O
(Total Suspended Particulate, TSP) 5.6~9.8 , PMi
, 7.6 ,
u
[1-2]
( 6
) (3]
, 6a 6b , 6a
0.004 5 g-km™, 6b (8],
0.003 g-km™. ,
0.4~11 ug-m’3 Bl Fauser"”! ,
, 0~350 pm 1.09 pg-h™.
10 um
10 um [11-12] [13-14]
[4-5] .
[15-16] [17-18]
1 2018-03-01. : http://journallg.nbu.edu.cn/
: 51205213 ; 2016R405070 .
1990 . E-mail: 1141800408@qq.com
* : 1978

. E-mail: huanghaibo@nbu.edu.cn



) 45
.4, . Re, :
23] Re, = pd, |u, —u; |/ 1. “4)
[19] F
s Saffman s
2KV p.d,,
=—lj U —U ’ 5
, ° pddp(dlkdkl)l/4( o) ®
- K , 2594 V7
, 5 dj, i, i
Saffman
1 ’ ’
1.1 ’
, 2
, (201 Realizable 21 205/55/R16
k-¢ s
, Realizable k-¢ ’ ’
1.2
, 1
(D)
; (@)
B > 7 E
x—
Euler ,  Lagrange
[21]
du (0, 1) v g
P _ _ oye 717
F_FD(uf u,)+ S +F, (D X———] E
Dou,ou )
5 Py Pr L I
Fy(up —u,) s
_ 18u CoRe, 2) 22
vopdl 24
DU ; d, ; )
G, , : 3 ;
C,=a,+a,/Re, +a,/Re,. 3) 6 , 3 ,
s al 2 5



46 2019
2 [0 T SR S T SRS ST SO WArodir |
0 40 80 120 160 200 240 280
d/um
3
5 R 2.4
, ( , 4
) , 30,60,90 120km-h™.
5 2.
2.3 2
/(km-h™") 1%
) ) 30 4 644 127.65 235
Rosin-Rammler [5] 60 9288 255.30 2.15
1. 90 13 932 383.00 2.05
Rosin-Rammler d, 120 18 576 510.60 1.97
dP Yd B
InY, =—~(d,/d,)", (6) , 4
. .7 10°
.n N p k 1 3
gs, [5] 945kg'm™.
1
/um /% Y,/%
>0~10 5 95
>10~40 10 85 4
>40~80 25 60 (1)
>80~120 28 32 , :
>120~160 15 17 p=0(
>160~200 10 7 ):
>200~240 5 :
>240~280 2 0 . ’
I 3 ’ wo=ulr, u, , F ;
Y, = e ~0.368 s
a’p s 113 pm. ) “<escape””
4.22: .
In(=InY. ’ ’
n= u @) ““reflect””

In(d /d,)



47

3
3.1
( 1
) ;
, 5
X=0, Im
) 35
X/m 30 25 20 15 10 5 0
J__.:|||||||||||||||||l|i|||r||||i||||

le-3 le-2 Se-2 le-1 1.5e-1 2e-1 2.5e-1 mm
5
3.1.1
6
() URIAA HICRE o) P25 R 2

4.0L Y a0
£
ﬁg L
B30t
=
= L
5
;'§' 20k —=—30 km'h"
& —— 60 km'h’
g | ——90 km-h”

—— 120 kmh"
1.0 - | |

0 5 10 15 20 25 30 35
B YRR AT O B BT 1 7 B 1 /m

X=0 X=3m ,
X=3m X=5m ,
X=5m  X=34m ,
Saffman ,
3.1.2
7(a)
X=0 X=5m R
7(a) 7(b)
3.0 . . .
| ()UK O B h 2
2.5F
E - &
w20
g L
o 1.5F
=
& 10r —=—30 kmh”
g L ——60 kv’
o i
0 Il 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35
PEYRZE A O B VA 18 S 5 i /m
3.0
| (b)YWTRIY B T 54 R .
2.5F //
\E L ~ A
B 200 //
% 2.0 ¢
i ‘//."/’/.
= La = P —=— X=1m
g | —— X=10m
= —— X=20m
- Lor —v— X=30m
r —— X=34m
0.5F -
3I0 I 6IO I 9I0 I 150
2/ (kmh™)



48 2019

3.2 10om
5 Z 5
60 km-h™, 4
s 0.1~10, 10~50, 50~100  100~200 pm , X=5m
8 10m ,
) X=5m
s , X=10m
s 10 s X=5m
) s X=10m
X=5m
i . , X=10m
: 3'% (a) XSmoe
: By r\f;')i
= : 2.5
P =1,
m 2.0 f /""—
8 / ,%—-————&
S 13 /./f,./ =
’ sm / f’[fi‘“;-’/”r\
[ (@ x=5m — 0.1~10 pm L \‘\‘ 5",' ;T\“\\\&
300 i - -~ 10~50 um i\
~7 i = 50~100 pm WA
§)2.5- i 'I --=- 100~200 pm i XN \
E B A
gz.ef ' I‘.
15} b
HE a Pl
il ! it
@ | i
[N He? \‘\
ok ATt R N
0 05 1.0 1.5 20 25 3.0
Z/m
[ (b) X=10 m
2 0.12¢ A &
$  — 01-10um i =
=009 -~~~ 10~50 um I
# -o= 50~100 yum /.
¥ [ -- 100~200pm / Y
18 0.06 i Y
iy !
- 7 AY
| e \
%,:1\ 0.03f g R
B | -l TN
0_;-:“_.—| S E— s '.|\. ]
0 05 1.0 15 20 25 3.0
Z/m




> (0.1~10 0.025 () 0.1~10 um
. — 30 km'h"
hm) ’ ~ ---60 kmh’
'?_E 0.0201 . 99[}C:Tl'h;l_‘
’ ’ g F TZU KIIT1IT
’ ’ > # 0.015F
®
5 . mm
(10~200 um) , H§ :
ga
’ ’ = 0.005
33
> - W ---60kmh’
, 7 0.10 Pl
£ 0.08 .
30 s
| ’ ’ £ 006
60, 90 120 km-h™, @
0.1~10, 10~50, 50~100  100~200 um .>§I 0.04
1 = 002
100~200 pm .
(100"’200 Hm) 5 5 0.6 (¢) 50~100 pm N
30 km-h r T
’ ’ o 05 o 777 60kmh
! ' 7\ - 90 kmh
60kmh 9 go 04 n " I, \‘ —_ 120kmh|
60 = U II \\ ‘l \
’ g B l‘ \l 'l ‘I
@g 0.3 : :‘ ll : “
\, i II ! 1l
kg~m'5 § 0.2+ II ) I. I' |I
R Y .
dseT Eoorp A8 Do
4.0e-7 ' N

3.5e-7
3.0e-7
2.5e-7
2.0e-7
1.5e-7 -2 [ (d) 100~200 um

1.0e-7 i "
0.5e-7

— 30 kmh"
30 - N === 60 kmh®

I 1 oo 90 km'h!
-~ 120 kmh"

11

12 )
50m

p—
(=1
T

UK 0T B VR B/ (mgm™)

0.5 ' N
12(a) , TN

(0.1~10 pm) , 0 05 1.0 5 2.0
(0.1~10 um) Zim

Il
1
Il
|
)
i
|
)
1.5 I
1
!
i
1
)
'
1
i




50

2019

12(b) (¢) (d) ;

10~50, 50~100  100~200 um 60
km-h! , 30kmh?!
) 60, 90  120km'h" |
30kmh! (10~200 pm)
4
)]
(2) Sm
10m ,
3) , 0.1~10 um
; 10~200 pum
60 km-h™( 30, 60, 90, 120
km-h™)

[1] YuL D, Wang G F, Zhang R J, et al. Characterization and
source apportionment of PM2.5 in an urban environment
in Beijing[J]. Aerosol and Air Quality Research, 2013,
13(2):574-583.

[2] Thorpe A, Harrison R M. Sources and properties of
non-exhaust particulate matter from road traffic: A review
[J]. Science of the Total Environment, 2008, 400:270-
282.

[3] GB 18352.6-2016.
( 6 )ISI

[ ,2014, 7:16-17.

[5] Kreider M L, Panko J M, McAtee B L, et al. Physical and
chemical characterization of tire-related particles:
Comparison of particles generated using different
methodologies[J]. Science of the Total Environment,
2010, 408(3):652-659.

[6] Transmitted by the expert from the Russian Federation.
Particulate matter emissions by tyres[EB/OL]. [2017-11-
27]. http://www.unece.org/fileadmin/DAM/trans/doc/2013/
wp29grpe/GRPE-65-20e.pdf.

[7] Pischinger R, Rauterberg-Wulff A. Determination of
emission factors for tire wear particles up to 10 microns
by tunnel measurements[C]. Proceedings of the 8th
International Symposium Transport and Air Pollution
Including Cost 319 Final Conference, 1999:265-272.

[8] Wik A, Dave G. Occurrence and effects of tire wear
particles in the environment — A critical review and an
initial risk assessment[J]. Environmental Pollution, 2009,
157:1-11.

[9] Finley B L, Ownby D R, Hays S M. Airborne tire
particles in the environment: A possible asthma risk from
latex proteins?[J]. Human and Ecological Risk Assess-
ment, 2003, 9(6):1505-1518.

[10] Fauser P. Particulate air pollution with emphasis on traffic
generated aerosols[D]. Roskilde: Technical University of
Denmark, 1999.

[11] ;

), 1987,
21(6):1-11.
[12]
[D]. : ,
2015.
[13] ; , ,
1 ,
2008(8):88-90.
[14] 5 s s Fluent 1|

[J1. ,
2010, 30(5):77-80.
[15] Gerardin F, Gentric C, Midoux N. Particle dispersion in
the near-wake of an isolated rotating wheel: Experimental
and CFD study[J]. Journal of Aerosol Science, 2014, 76:
56-71.
[16] , . DPM
[J1. , 2007, 24(5):



578-583. lot[J]. Energy and Buildings, 2016, 133:96-103.
[17] Albriet B, Sartelet K N, Lacour S, et al. Modelling [19] . [J1].
aerosol number distributions from a vehicle exhaust with , 2011, 34(5):124-127.
an aerosol CFD model[J]. Atmospheric Environment, [20] , , . [J1.
2010, 44(8):1126-1137. ( ), 2014, 42(11):1682-1686.
[18] Zhao Y, Zhao J N. Numerical assessment of particle [21] . ANSYS FLUENT 16.0 [M].
dispersion and exposure risk in an underground parking ,2016.

Numerical simulation on diffusion characteristics of car tire wear particles

LU Xuan, HUANG Hai—bo*, ZHANG Tao, DONG Jia-nan
( Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: In order to understand the diffusion characteristics of car tire wear particles, a discrete phase model
method was used. The two-way coupling of discrete and fluid phase was considered. Rosin-Rammler
distribution was utilized to describe the particle size distribution. The trajectories of tire wear particles when
driving under different working conditions were simulated. The results indicate that the rotating vortex at the
rear of the vehicle has a great influence on the transverse distance of particle diffusion, but has little effect on the
diffusion height. When the distance from the center vertical plane of the front wheel is constant, the dispersion
height has a linear relationship with the car speed. At the distance of 5 m behind the center vertical plane of the
front wheel, the particle concentration at different positions on the ground shows a bimodal distribution, while it
is a unimodal distribution at the distance of 10 m, which is related to the formation of vortices at different
sections. At the same speed, particle deposition is more significant with the larger particle size. When the particle
size is 0.1-10 pm, the particle concentration on the ground decreases with the increase of the car speed. When
the particle size is 10-200 pm, the particle concentration increases first and then decreases with the increase of
the car speed, and reaches the maximum at 60 km-h™.

Key words: tire wear particles; trajectories; diffusion characteristics; Numerical simulation



