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Wind tunnel dispersion experiment on mixed sand particles from

a point source
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Abstract: The motion of particles, such as dispersion of dust and volcanic ash, in the atmosphere can lead
to various environmental problems and endanger our daily life. In the paper, a dispersion experiment of mixed
sand particles from a point source in wind tunnel was performed to enhance our understanding of the dynamics
of sand particles in the atmosphere. The results revealed that the mass distribution of dispersed particles from
the source point followed the Gaussian law at the vertical direction, which is consistent with previous studies.
The Gauss mean value of dispersed particles was inversely proportional to the square of the friction speed, but
decreased linearly with the distance of the dispersion downwind being away from the source point. In contrast,
the mean square deviation was inversely proportional to the friction speed, and increased linearly with the
distance of dispersion. Based on the experimental results, both the Gauss mean value and the mean square
deviation were related to wind velocity, the averaged diameter of particles and the distance of dispersion, and
explicit expressions were obtained correspondingly. Furthermore, the averaged diameter of dispersed particles
along height at the vertical direction was analyzed and the results showed the averaged diameter decreased
linearly with the height, which is in accordance with the observed results in the field during dust storms.
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Figure 1 Diagrammatic sketch of the wind tunnel

experiment
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Figure 2 Size distribution of the sieved sand materials
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source point
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Figure 5 Vertical mass distributions of dispersed parti-

cles with the variation of wind velocity
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Figure 7 Vertical mass distributions of dispersed parti-

cles with the variation of wind velocity



%24

FF A, FRAPE ERY HRCR KRR 281

FEIA — RUE T, 2 [ 47 e B Rk, D8 (B Bk /N, 0
(ERSPNE IS VN
B 8 4 th 7 9 B R A 2 ] 43 A G 1 B A
T 2 oy, BEEY SR B B2, HIE 8 T W EE
TR B G I, o A 0 O T R A e
/N, 3X 5 OvercampP2I B i 24 2 2 M — 20 . 1
XTI HISUT 2, LR AR Y BUY T Z e
BF B 19 42 M6 5 Hanna 25 2315¢ T4 8 47 01 Ogawa
RO X ST B SR I8 il 45 SR i R — 3L
(9, RIFEAE S HOEE B 36 0, 35177 22 258 .
I, BT (3), (4) X, ATH T A R IR:
w(L) = AL, (5)
Upz(L) = B4 L. (6)
RN (3) AN KUIA 1 m 40 & 755 1y, A I,
M L=1.0H, (3) F1(5) XN M HH &, FrAH Ay =
—AD) sz by (5) ROE kY, — B E R —

5 .
u*

(LE LA R AL Ay BB XU ADR AR R 2R, i 7] LA

a R HUS B O

b ¥ % op-
B H=0.7 m, RiENXIE ue =0.85 m/s, =M. RIE
T4 BT R 444 0.16 mm, 0.25 mm, 0.45 mm K525
MG EE R, RE 4R S e 45 R AL & ith 46
8 R HUR B9 0 & B R T 2 o IE YL
FHES L A8k
Figure 8 Variation of p and op, with the increase of the

distance of dispersion L

REEEARRY SO B O R O R
PHUE R, MIETOR AR AR L. X T I477 2, 220U
FopuO i, AT A By = 220 kAR Sy
SRR RE N

plusy Dy L) = — - L, (7)

Opa(tiny D, L) = L. (8)

Us
Ak, ASCRR T 3 A DR RT3 BUR B A AT,
WA HT T BUS HU R A T R A (] 9).

a XU S5 25 2

b BF AN A2 ) 7 45 R

Bl 9 TR MU T 3R A2 e B ) 43 A
Figure 9 Distributions of the average diameter of

dispersed particles along height
X2 RN T R A v AN [ R A2 B DT R AT B
T 4G b A R LA A SR, T A S OR [ R A%
R T Y o0 A1 R 38 AT 1D 2 A
JEH YD A2 7 ()58 B AR Y AR, BAARAL R
W B 58, 78RR HRGE u, = 0.85 m /s, I HEF-1
K2R D =0.25 mm 5, 4350 26 AN KA L= 1.5,
2.0, 2.5 m AL SRS HUS A\ w5 AL VD R HAK,
o 45— T L] L 4 B [ 76 A P 00 R
FRLAZ G AT B hs, AR A A 45 SR 28 g — S AL
H ST EEP R AR, KT 75 21 B A0 i B ST AR 2 4
AT WL AZ 53 A S 75 AN T3] o AT S 31 9 0 RS IR AR
X 4 v T A, PRI AR OB A2 43 A Y s T A



282 2 XK F P2/ (8RFFR)

% 49 %

VBN 1% 5 FE WISk 42, T XL Ta) R (] B 28 Ak S
AN EEAMME R T EHad, a7, BE
WORL A U, HSP- YA R 12 Bl S T (L 2 AR,
9b Hr 4 H ) B A D A 5 1 [RT I  31 ) SP PEpR A2
Pt g JEE A A0 P — U g 46 SR 22250 G sl gk SRR
WA g, KR Bk 1R AR B
ST L EFEAR. L 9a F19b, 1T L& 3K
g5 AR M L5 AN A R — B, X
R T 2 R G RSO E I E R B, HF
PEPRE A2 v 2 0 (A 1 PR A1

3 i

ARSI R S5 B 58 TR A U R B R R
. X LYk R B T B AR I R ARE A D,
2k R L g, 4 T T EARLAE 4 DR 0.16, 0.25,
0.45 mm [ 3 ZH 45 5% 0 i o0 A B9 S Be b R AR
ST g AR AR B AR R AN IR SR XU (2 R
K 43314 0.53, 0.69, 0.85, 1.0, 1.17 m/s) F & —
P T X T AN [R] 62 B AL (0.5, 1.0, 1.5, 2.0, 2.5 m)
B EE A9 BUR oA, SCIe 25 SRR W, RIS R
P B IR AR AR U o A [ A A 7 T 40,
5EA IS —3 Fra MR E T w i
G b, WA SE RN Y J7 22 F 0 20 1 ORI
WS, WEERRY BOP RO E. 4
RBoR: BEE KGR AR, BRI 3 B o0
FE B XU 777 7 T, 34T 22 e KU R Ly B
EHEYEOE g, B0 2 AN, 5177
2= MR, AR R KO S ROR R AL B AL, BEE
SRR ARG R, BB b A O v BRI, T Y O 22
T A, AR A S 56 25 5, AR AR 3] T IR A IR AR
TS B R 1 FE A Ty 22 B XUE, R AR AT
PR g IR RIRE, RS b 65 SRR R IR A
BORL A BUS A 7] o A ST AR A4 i e S 2k
T, X5 B A 1 B A 2 5 1 [R] 7 A s 42 00 0
g R R —Em.

5% Xk
(1] X £E, 453 &, 5K 26, RV T7 B Zr ik ().
LR H AR, 2010, 46(S1): 85—89.
[2] SHAO Ya-ping. Physics and modeling of wind
erosion|M]. Berlin: Springer-Verlag, 2008.

[3] GisLasoNn S R, HasseNnkaMm T, NEDEL S, et al.
Characterization of Eyjafjallajokull volcanic ash
particles and a protocol for rapid risk assessment[J].
Proceedings of the National Academy of Sciences,
2011, 108(18): 7307—7312.

[4] GoupIE A S. Dust storms: recent developments|J].
Journal of Environmental Management, 2009, 90(1):
89—-94.

[5] £, 2a, £, & ey dod K2 A
TN U R GEE IR 2 M [J]. 22 0 KR4 F AR}
240, 2012, 48(4): 61—65.

[6] ZHENG Xiao-jing. Mechanics of wind-blown sand
movements[M]. Berlin:  Springer-Verlag, 2009:

253—-270.

[7] Manowarp, M N, BAKER A R, et al. Atmospher-
ic global dust cycle and iron inputs to the ocean[J].
Global Biogeochemical Cycles, 2005, 19(4): 15—22.

[8] Kok J F. A scaling theory for the size distribution
of emitted dust aerosols suggests climate models un-
derestimate the size of the global dust cycle[J]. Pro-
ceedings of the National Academy of Sciences, 2011,
108(3): 1016—1021.

[9] MyHRE G, STOrRDAL F. Global sensitivity ex-
periments of the radiative forcing due to mineral
aerosols[J]. Journal of Geophysical Research, 2001,
106(D16): 18193—18204.

[10] SuN Ye-le, ZHUANG Guo-shun, WANG Ying, et al.
Chemical composition of dust storms in Beijing and
implications for the mixing of mineral aerosol with
pollution aerosol on the pathway[J]. Journal of Geo-
physical Research, 2005, 110(D24): 997—1000.

[11] Sow M, Arraro S C, Rajor J L, et al. Size
resolved dust emission fluxes measured in Niger
during 3 dust storms of the AMMA experiment[J].
Atmospheric Chemistry and Physics, 2009, 9(12):
3881—3891.

[12] DonG Zhi-bao, MAN Duo-qing, Luo Wan-yin, et al.
Horizontal aeolian sediment flux in the Mingin areas
a major source of Chinese dust storms[J]. Geomor-
phology, 2010, 116: 58—66.

[13] BETZER P R, CARDER K L, DUCE R A, et al. Long
range transport of giant mineral aerosol particles[J].
Nature, 1988, 336: 568—570.

[14] Forcu A, Coasta A, MaceDONIO G. Fall 3D: A
computational model for transport and deposition
of volcanic ash[J]. Computers & Geosciences, 2009,
35(6): 1334—1342.

[15] SToHL A, PrRATA A J, ECKHARDT S, et al. Deter-
mination of time and height-resolved volcanic ash
emissions for quantitative ash dispersion modeling:
the 2010 Eyjafjallajokull eruption|J]. Atmospheric
Chemistry and Physics Discussions, 2011, 11(2):
5541—5588.

(T4 % 287 W)



Vo

% 2

0B

D BURAR G R IR R R R A ARA

CBRB AT P E R R 287

2l

3l

(4]

]

(6]

7l

(8]

tical and Biomedical Analysis, 2004, 34(5):
1129.

US Pharmacopeial Convention. Pharmacopeia and

1125-

national formulary[M]|. Rockville: Consumers Union,
2005.
European Directorate for Quality Medicines.
European Pharmacopoeia EP5.0[M]. 5 th ed. Stras-
bourg: Council of European Directorate for Quality
Medicines, 2005.

PNRZE. AW TE M T By B R B [D). BTN
KA R, 2007.

] T3, 57 5. R KR £ TiO2 /ACF E A0t
PEACT S HON 38 Z2 4TS 1 Bl b F [J]. =2 MR &2
e FAREFZERR, 2012, 48(4): 131—135.

Wit

W, TR, /N, BRI R s e
A BOE P B AR R T[] =M R AR B4R

B2, 2012, 48(1): 8—14.

JAIN N, PATHAK D P, MisHRA P, et al. Syntheses
and antibacterial studies of some 2-[5-(Aryl)-[1, 3,
4]oxadiazole-2-ylsulfanyl| alkanoic acids[J]. Journal
of the Iranian Chemical Society, 2009, 6(1): 77—81.
Prizer I, HANDANYAN L A, Morris T A, et al.

Novel crystal form of anhydrous 7-([1 alpha, 5 alpha,

Bl

[10]

[11]

[12]

[13]

6 alphal-6-amino-3-azabicyclo[3.1.0]hex-3-y1)-6-fluo-
ro-1-(2, 4-difluorophenyl)-1, 4-dihydro-4-oxo-1, 8-
naphthyridine-3-carboxylic acid, methanesulfonic
acid salt: USA, W09639406[P]. 1995-06-06.

CHAVA S, GORANTLA S R, GocurapraTHl V P R.

A process for the preparation of telmisartan: India,
WO02007010558[P]. 2005-07-19.

Aprio J, CARRETERO J C, Ruano J L G, et
al. An efficient synthesis of ofloxacin and levo-
floxacin from 3, 4-difluoroaniline[J].
1999, 51(7): 1563—1572.

Heterocycles,

WaN P H, LEe K J. Baylis-hillman route to sever-
al quinolone antibiotic intermediates|J]. Synthesis,
2006(6): 0963—0968.

Bower J F, Szeto P, GALLAGHER T. Enantio-
pure 1, 4-benzoxazines via 1, 2-cyclic sulfamidates,
synthesis of levofloxacin[J]. Organic Letters, 2007,
9(17): 3283—3286.

Sl 2. 25 W) (ol B R SR B A3 R A 7 W ) J5 3
FE[D]. HiM: WL KA1~ F, 2010.

(A % F)

(L3 % 282 1)

[16]

[17]

(18]

(19]

20]

(21]

HAGE K D. On the dispersion of large particles from
Journal of
Atmospheric Sciences, 1961, 18(4): 534—539.
WALKER E R. A particulate diffusion experiment
[J]. Journal of Applied Meteorology, 1941, 4: 614—
621.

SpriGG W A. Large particle diffusion from an

a 15m source in the atmosphere[]].

elevated line source- a comparative evaluation of
the theoretical model with field diffusion exper-
iments[J]. Agricultural Meteorology, 1973, 12:
425—439.

SNYDER W H, LuMLEY J L. Some measurements of
particle velocity autocorrelation functions in a
turbulent flow|[J]. Journal of Fluid Mechanics, 1971,
48(1): 41-71.

Ocawa Y, Diosey P G, UEHARA K, et al. Wind

tunnel observation of flow and diffusion under stable

stratification[J]. Atmospheric Environment, 1985,
19(1): 65—74.
ZHENG Xiao-jing, HuanG Ning, ZHOU You-he.

Laboratory measurement of electrification of wind-

22]

(23]

24]

[25]

blown sands and simulation of its effect on sand
saltation movement[J]. Journal of Geophysical

Research, 2003, 108(D10): 4322—4328.

OvercaMP T J. A General gaussian diffusion-
deposition model for elevated point sources[J].
Journal of Applied Meteorology, 1976, 15(11):

1167—1171.

HannA S R, Bricas G A, Hosker R P J. Hand-
book on atmospheric diffusion|[M]. Little Horwood:
E Horwood, 1982: 107.

ALt A A, ALHAIDER M A. Airborne dust size
analysis for tropospheric propagation of millimetric
waves into dust storms[J]. IEEE Transactions on
Geoscience and Remote Sensing, 1987, GE-25(5):

593—599.

CHEN W, FRYREAR D W. Sedimentary charac-
teristics of a haboob dust storm[J]. Atmospheric

Research, 2002, 61(1): 75—85.
(G Kk B)



	p276-282

