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The Mechanism of Dust Entrainment by Gustwind

ZENG Qing-Cun, HU Fei, and CHENG Xue-Ling

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract  The strong wind (boundary level jet) with descending motion and the superimposed gustwind after the
passage of spring cold front in northern China are very favorable for the dust emission. However, the systematic de-
scending air motion keeps the dust particles emitted from soil surface within the bottom levels and suppresses their
entrainment into the atmospheric boundary layer. By carefully analyses and calculations we revealed that owing to
the 3-dimensional coherent structure of the gustwind dust particles can effectively overcome the systematic descend-
ing air motion and penetrate from the bottom levels into the atmospheric boundary layer in impulsive form one after
anpther, and then propagate into and diffuse in the upper levels of atmespheric boundary layer and troposphere
where the ascending air motion is preveiling. This is a very effective mechanism of soil erision and dust entrainment.

Key words  soil erosion, dust entrainment, gustwind, coherent structure, boundary layer jet

Vol.12 No. 3
Climatic and Environmental Research May 2007

1 3]

it

HE—EFREMNERRE w. 2. KRESEW
HMERNKSFERRPARE, KAEIAY
DRTEHHABRM MR, SNERYR. ERD
HWHREAR, BFHEHEELRE N, BAEE
FRF (Wd, W R T0~500 pm) HHEK S

BRAN 2007-04-05 UeH, 2007-05-15 BRI T

(Screep) FAKHEE (Saltation) &3, &S
BB, BFALATERRERE TH/MEEBRR T (4
FERA, <70 ym) WESFHEE (Suspen-
sion), 7 HAEE) (Brownian motion), X LSS
F-RAETFHITFERE, TRAZITFHEEYL
Y AMEE (Dust density), Bl EAETK
Do e, WREMERLE, KKEHAIER
2 8 B 9 (Total Suspension Particale , TSP) 3

REHE ERMEE FEaX ks, $ERENEMER” WA (YOl0D
EERfr ©IKFE. B, 1935 FHE, WAR, FEMEXSBE. BREEHEHHE. Emoil; zengge@mail. iap. ac.en



S & 5 % B B %

Climatic and Environmental Research

252

12%
Vol 12

B, WEWERERREIESN. 3UEXPEHEOE
B (Dust number density), HVE AR KR rb
PP SRERSLTN, A4S
#a,

VERFESZSEZAAFMES. KlkH
Z/A (RFEREEYD, BEREP 5 ENE o
Magnus Ji#1 Saffman 1, PLERFRIFB T 55
SarB e (EE23RE 50K
AR TFAE . MiSaEA, vENbRER
HECHmMERAK, —RR d>T0 pm FIR T
) REMNE LS mBE. HERIKBHRE
FMEEAN LS m A& -1, §&LHE
I8, R B E, MREXSHRERZRE
BN LEARRK, HHGED RERBEREN
—REEEH, FMANYE (Brownian diffusion)
KA Y 8 (Turbulent diffusion), RA[HE_E &
KARER ER, TR, B1FARBEE <
70 pm A R AT HEA RS A R R R R
B,

b i R SPK S i b T B
#

RTFEXSHHEHFERNASHE NS
WEIHABRE RRFRN, “EFHE
THAMTSAMESL (FHRIFRERE, LH
T HAERN w,, WERENFTRHE SR TR

2

=

Bd, MEEX e RESHARKC BWXR. §
Wi Lk, W—BBIE, HIR

4p,gd )”2
SPaCD ’

HA g AEIMEE, o AZEE, G AR
ﬁRe B@Hﬁﬁ, —‘ﬂgﬁﬁz

CD(Re)=%(1+0. 15Re™57) 2

T Re=C(w, » d}/v, v AKERE. BT Re i
Fuw,, REEHERERLL (D MR w,y w,
2 d s (Ba3E [7, 8D.
BAREERRT (=15 (1), L7 (&
1> M2.65 (W), Bl geem?®] UKk v=
107 m? e 57!, HEw(d, BE2TH, T4
<20 pm W, BAMERASHEE w (KF
0.04 m~s") BIR[{ERiFHy (HEX FHuEN) &
HEENE, B w—w>0, BTIRFTES
/iy 20 pm<ld<70 pm, T w>0.3 m+s ' BF
AR R TN LyiEs, FWE % 8T
d+HRt, d=120 um MEK w>0.5m+s™';
XFUW LM, wa0.76 m 5T AREENFAT
%

w,(d) = ( ()

i AL B 3 1 % 7 2 B 3 B 7R R LN BT K
FLiA#E, BRWER, HHTHE. FORE
RN 0, TR NS B 2RV F
Bzt WMEMAREL, RAFERGABEZHN
TARES, MK ERE %,

M, Wind
ey

i34

Saltation
(70~500 ym)

S
WA Creep (>500 pin)

(- e
A S s A

TR ET
Long-term suspensior
(<20 pm)

PHRR

Turbulent eddics

HENBE
Short-term suspension
(20~70 pm)

WENEKE Modified saltation {70~100 pm)

B rdiiEshmicg gl
Fig.? The motion and transport of dust particlest®]



k.| YRGS XSGIRERERG Y
No. 3 ZENG Qing-Cun, et at. The Mechanism of Dust Entrainment by Gustwind 253

0.9,
038
0.7]

L 06

£ 05
g 041
% 03]
021
0.1

0.01

—p=15g em’
—=- p,=1.7 g-cm’
—0- p,=2.65 g-om”

0 10 20 30 40 50 60 70 80 90 10C 110 120 130
dfym

B2 R AR SR
Fig. 2 The end speed of various particles

BT AR EEK, DR RBRHTFHMR
(D B LFHE w, BERE ERSHBER
ERAF w, QGE: w, OFHRILET 00, flAT R
B LThasiEERX T S R R,

3 XRRBABEHNTRIRWENE
yLE

MY RS NESHEY MREAT A,
463 2002 4 3 A 20 HR s AHAE, 47 # 120 m
BELMHBEMKEE (H10:00 (bEERE, T
) &) HEmFRSHE. — o F84%0.3
ms s RBRNEEEAHO0.5m- s (BRI
[2] B 3, RRAFERBEXREN T IMRHE
MEHEHEERNYLRRZ L, SH=ERT4e
HEEZEATRHFARTHARBEHEE, THEHRE
FRHREARKET EMIE. B3XR (2] HE
9 X ulE, TEENMNE,. 3 BXHERIEE KRN
3~5 min WEER, BEHE TIEE, —w, Al
Ime«s!, MEAHELAFERE, w BFE
1 me s, FREMIIOHSREESE © wB

W) i =W+ Wy €)]
HA, w2k 20 min YK RPREZSMEL
B, w, AN 1~20 min BiR5) (E L HE
R ST REERE. XS, 747
M120mil, —Wiw>—w HEREWEAILS
me s, HEBTEMSENLIBELEEBA,
{2 R AT RESEA 47 m A E R WFERMER
HFWs i ATARIE, BEFAL .5 ms™,
HARY G RBW LA wT LIkt ETHE 47 0

120mh b, A0, ERERGEWLERERALEN
THSH, NRSBHAERNGE, i bk
BRTARBRER.

Hk. dcm [2] #7 W, 78 K HE,
280 m 4k, 9:00~14.00% R4 LASH, ©wF
¥H03mes!, EEMEL4m-s", Hu,
BIETR, FEWE, KB E B wBE, AN
EERK; MY —w,>o B UE Dm0, BT
hAENE EHB R L HRER, BF
EEH LimeE .,

Hsh, H280 5120 m 000 m RS, A
—BEE R (120 m<th® <280 m) B @w=0, K
&TF " &b B R T R RTFE b A B Lk
g FEHPIZED 280 m &b,

BEE BRI REARGMETHE
HEEG R, _tEEDARSHRELE MR
HKERTE, WA RENEASHE. HREH
BRI R gk + i, HRETIKE T
BRIz RAEELERA.

4 AEEEREMZINER

%3 BEIBF N EWR G RE @
Wi (UFEICH « Flw), WERTLBHETS
JR e et - e B R T R, T oA ) o B R A
e =R ENERE IE 3. Xk
BEHEE, ufi/h—%, v BK10F BLY
i, EHE—BREY w,>0 HYPLF I L,
A — BB EH T E MR EH. B3
BREHAGRER, HYLRIHEA,

5 NERITS

FEHFZRHEERBMAFTEENREET
TR, KREBME EMER, MYbED4E+
SEHS, HXAZEMTRIANEHED L,
HZAEEBHARSAREN. ERMENY =5
HTES, fRREESHRDARERY LT
PA—FERE M T R R AL B T I W T — A B
BARSHRENST LR, BEREBEMEL EHITN
A LAAUM, HUETINRE, RRIEX
. FRBET . REANET AR



254

S &5 X B R 12 #

Climatic and Environmental Research Vol. 12

Height/m

2R() e : i et gt e it i et T it TS

1000 03 1010
IR0 ;__.v’:’.s?:a__m.. B T

1235 1245 1250 1255
- ”““"‘*«-‘\.&fdw&"‘"&“"{’:ﬁ- _,_ﬁ%&z;% M’——-—-—-

1405 1410 1415

i

(TR [ S e TR

S \}\\‘_

"““i'_.‘.:w:;

i

Time (LST)

3 3 H 20 H 10:00~15:00 BSH& (u, w) fi5EmE-wE #iE
Fig. 3 The time height section plane of air velocity and dust entrainment on 1200—1500 LST 20 Mar 2002
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