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THE COUPLING MECHNISM BETWEEN TURBULENT
WIND FIOW AND PARTICLE DYNAMICS IN AEOLIAN

SAND TRANSPORT

ABSTRACT

Desertification and sandstorm afe the severe environmental problems in
northern arid and semi-arid regions, and are great concerns of the whole society.
Aeolian sand transport which is primarily comprised of the saltations of a large
number of sand grains near the surface under the action of wind flow is the main
initiating and maintaining mechanism of the wind erosion and sandstorm.
Therefore, the study of aeolian sand transport is crutial to understanding the
physics of sandstorm and further to controlling the disaster. Considering the
importance of the turbulence characteristics if wind flow and the wind-sand
coupling, this paper sets up an equilibrium aeolian sand transport model,
applying finite difference method to simulaﬁng the turbulent wind flow .The
wind vertical profiles were investigated by considering sand-wind coupling in
the aeolian sand transport. The outline of the main research work is as follows:

1.From analyzing the research development of the mechanics mechanism
of aeolian sand transport, the deficiency of the current numerical research of

Aeolian sand transport is presented. Previous mathematical models of Aeolian
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sand transport did not consider the turbulence characteristics of wind flow and
the effect of wind-sand coupling.

2.Considering that the Aeolian sands is influenced by the turbulence of
atmospheric boundary layer wind flow, we quantitatively analysed of of the
forces acting on the sand saltating in aeolian sand transport, and set up the
controlling equations of gas-solid two phase flow for aeolian sand transport.

3. Based on the incompressible N-S equations closed with & —¢ turbulence
model which can reflect the wind turbulent properties. The wind-sand coupling
1s involved in the gas-solid two phase model by adding a drag term induced by
the sand particle movements in the unsteady N-S momentum equation.

4. steady-state Navier-Stokes momentum equations ,adds the unit volume
resistance against wind field by Aeolian sands, and sets up control equations of
wind field.

5. The controlling equations of turbulent wind field and boundary conditions
are discretized with finite volume method. solves discrete equation applying |
SIMPLE algorithm is applied to solve the discretized equations. thus the flux
profile and wind vertical profile in the aeolian sand transport are simulated.

6. Aeolian sand transports for different particle sizes and different friction
wind velocities are simulated. Compared the simulated results with the
measured results of wind tunnel by Dong et al., the established wind-sand
coupling model of aeolian sand transport is verified to be reasonable and

feasible. The simulated results indicate that the turbulent characteristics of
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wind field and sand-wind coupling have important effects on sand massflux

profile and wind vertical profile in aeolian sand transport .

KEY WORDS: Acolian sand transport, turbulence, sand-wind coupling,

modelling
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Figure 1-1: A dust storm in Mingin county of gansu province
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ARG E 5 KB R AR
Saffman 11 F., KBESMHPR N ERE S PRABENEEFBDH LT
XKOMENFEER, NTKBLRZEET ETRAENERFBR—FANEAM:
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Mhidt: 1=0:x=0,y =0,y =y,c08B,y,=y,sin B '

Hy KB IRATIEE SR .
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2.2.1 Navier-Stokes /%2

R TG R— MR R R iz 2, RAOERERDERBEE K
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Figure 22 Simulated mass flux profile using ejection distribution of Nalpanis&Hunt
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Figure 2-6 The forces in gas phase coupling with sand phase in aeolian sand transport

35



KRBT RKFREHALERN

2.2.6 tERESAR&FH

ELHE TR RBER=ZEE), HRN T HEREFE, AXBIHXNY
BRBEhFERR RERKTE > FRMER Y i, *FRARGTRRTE, ¥
A5 R R 0] F By 1), BUPAT T XSRS 1) 5 H 5 W R b $E
X, HEXEN ImX 1m FEREXKER, WE 2-7 iR

VREAL R ARSI R &MN, RGHE O AREER LR &4 .

gt 1=0:u()-LnL, gimy ~Df

Y,
y=y,:uly)=0
AR5 d
y-—)oo:ky;;—.-ll
y
biid
O
20
v d
>
53
PR %;

B 2-7 HFRATER

Figure 2-7 The sketch of calculated regional

WIHE &M
KB U RATIGR B SRS R ECR R X (2004) 45 H KRB BT REIPRE S
A& H:

36



KEBTRFREHRERT

1 “(Ve—4u*)
: 'y 24
f(v)z \/‘—2;2”‘6 Sk Ve=%U
z 1 e'% V.<4u
22y "
(2-37)
1 (‘Ze~38)z
f(a,)-\/z—ﬂ.lg-e %19 (2-38)
AENGE

Eﬁ%ﬂWﬂ@%ﬁﬁﬁﬁ@%ﬂ%#%ﬁﬂ%ﬁﬂ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
KRR, AR TR G-BR RS ERNGIAE THRAD KB Z s RSy
LEiCH

1. RUBBEshidRTREEPa LI mRRZREENER, REES
B ERB U R KA kS o Rt LY T BB YR SR

2. RUBRBEFRRGNERARREE, b T HERERRY, AEEUER
G BEHI T RNER E, BNk - e TR SR B 2.

3. RUERBEHRAUOSE MR, KBZHHNROHELREER, YRE
RIMERTRBES), FARRGEZIRBYLRMRIEER, ERERERERE. £
EFEIFTEE N-S SN EH B FRIAEES Flx) RAR TS VR BN Rp 0 81

4. BEHAFEERDRAGHREFR S0 RS TR TRk
EFPRA R B R 5 KR SR 4 RHATH L, X DVER th Y LR BB Btk
SHRYHT TBIE, R THOIHEH.

5. BIANUHAIGERESRERBERYL T NP EBET AR RE LSRR E
PR HRIER

6. RENFALBHERDRIE ST ER R G5B 754

37



ABRBETREREHAAERI

38



ABRBTREFERFRERL

E=E WRRG-DRAERAERNNDRBED N
=020

3.1 Rig-bRRSHRDRBEDEFERORETHE

U 50 FA8, mTFIHENMRT T, KT ARNEFNEE. BELEE
WREABEASEARNR VRS, DETAREERRY TREEAE, SLTURFT
HOTER MR T o SR R EERR AR A DR 2R
AR, URETEAUA TR, RESGEYES RN E. BB R RS LM
HIRE R (MM ATEHERE. RPN EHERS), B 7RByRERG S
KB IE B bl A R R ISR, RJE R A AU S B 5 o KB 153
BRHRGRE TR TRER R, BERPREEDNEAYEE (REFL. RUE
ERENS A PR EHIEEFE). T HERTENER GERRE, REEE
ARBBELTHEAL, EERUHPTRPRISZRENER. JEENRARENE
KRE/—NIIREUERAES %, BEERNFEH TN TRLE P K— Ry aish
TR HEATUERKEE LR BIS S I RRR SRS, 9T E L R
FLMEANHERI USRI R, TR A BSOS E T E R T LR SRR AT A
MR, RAEFRMENMKELES . JEEBOK S EE00E: B THEGL
. RERENEW, TEEELFAZRES: LRAUMTEREAD. K. &E,
REtL R SRR, T ERE B3 R A RIS HMELIE, $=, tE4 R
UEZRHE, SRERT L. EWRH, REERRE. SRS, S0, HEesl
BAAR

311 REHNITE A%
HET R Y ER R A T = MR ok i 0.
(1) EHAEAL (direct numencal simulation,DNS)
KA ZYEAE RS R N-S J5 R E 33 7 R 58 0 o BB oK M A o U g B R .
KA BERH AR N BRI RS KRR K . BB MR A S

39



KERETKFREHAERIT

Mo e ot BN AR cpu HHEEEMEREE, BIAFHE, RENEBLT
EHUOBT R TR A4 St M SR et i s shit AT v 5, SERR R TR SE v
B h R e 2 N R B AT B

(2) KiEHERL (large eddy simulation,LES)

TR BRI B R IR K R R R B B SR i R R A A REERTHR
B KRERZ MMHAEERRRGEE, MRERKEZEAEERER, EIULEE
FRBETH, TARRARSFHDIREREFZILNE. KREDTEEXAFERS
Navier-Stokes J7 254 KRB MR B BN, B/ BRI TERNOMETE, T
IR RN R E RN K RERKZN, YT Reynolds M7 (subgrid Reynolds
stress) REEI/PRERM ARERKER. —RER THERAREERY, BiRHLk
BRI RBORR T F Reynolds MR, KBEHIF AL T
BN BB AT UK cpu LHE B RMEX LR, BRABNMEREM T &
FMPENER, E5EMENTEN LS ISETE, KRERICEES ZENAT
THEET.

(3) Reynolds #9774 (Reynolds-averaging equations) IR 7%

Reynolds Bt #7751 ik 25t JEF27 Navier-Stokes A F24ERT B3, HkfE 3|
WS BRA T BT IIAT kah@ R 5ME, WNEEETRAARSNA, BR
RMEMHANBK TR R T RONM A TENSIEE L RER A, Reynoids
R RS E R S B S I BB R RN B E R LR T . 20 HE 40
ERBREZFBORERAEFEER, H T Reynolds MAFBAN AR —MRE
Rkzh S EE R MR T 17 HTF2HEEL ., Reynolds I 7 T 2 A (Reynolds stress
model) & BRI TRELETE AXANRREETETE,

3.1.2 iRRAUBHHTE R
AXETHRGEH A RERERERU S 5 TE, HEEKBER, AHENA.
#% Manole 55 Lage Xt 1990-1992 =44 R RTE Int ] Heat Mass Transfer & ASME ]
Transfer & LRXMZit, FAARERETEREIE BEE 47%(40). HHE A
NEFRPERAFHRAEN AR ZHERTERRTRERE. AXTEXAER
ERERET E R KR RIS I R4 .



AKRETRKEREHRLERX

SIMPLE ¥ (Semi-ImplicitMethod for Pressure Linked Equations) & 1972
4 Patankar 5 Spalding it B B 8 SRAER ol IR RE LN 0 - S B Ao, RRARIE
SRS HRICER . T RS X R A B ST AR R, STMPLE 3%
Xt EHMEERA “HR-BE” KEN.

SIMPLE S MR MET (1) WESEENEERE: (2) W& EMEREE
7R, SIMPLE 8 MR G5BT,

(1) HEEETEATHENUERERHMARMEESS (U, V) Rt
Q) BEMBHENHL

() HEEEHFE (U . V) BENREHNSE P ke
(4) EHBIEMEP BEENEEHBERE; '

(5) BUBEBEE (uy) WEEABEHEP R

(6) FhEBEEHGEABUUKBER T ZW S0 H Ay 8 ERE S EREES
Cu,v) KAE;

(7) CABUHE RN BERVIERT T —RERTE, REESMEZIER TS
FB (1) —(6), &K EEATEE B B,

KIERIG B BA

(1) RARRERER O ERX RS R—RIEHER, @ds-riErteEsl
TEFHIBR X K I IR AT IR R 3t B BT

(2) ¥H SIMPLE HYEKMRIEFRA Navier-Stokes BIEE M ZH, FICRHARX
PSSR EARITER, WE 3-1 im. ATHRREDRGHLIERGTER -,
ASCK B SIMPLE B3 H Bk X

(3) B EKBIEFH RN K I BEHF 0% inEI3EE8 A Navier-Stokes BB TR X
FoH# T R-UHEEGEH. ;

kg R a s EEmE 3-1 Fos.

41



KRB TKFREFRAE R

RERRRZIEHE. B
CIpsp SiESubis s

le
K

R EXE, BENA
(X B

N

VRS i
(FEEEL)

4

WMoaEM 5L R EHEBIL

R oot EE 34 AR b o Sk Uk =

BN 3197

I

l FEM%H

RO

e}

VS| BEISH

B 3-1 KRG HIR R
Figure 3-1 The chart of the wind flow solving

3. 1.3 RibEBERNitHER
1. KRR RABUEN IR N-S #TE . XM SIMPLE Bk BIias NS 5

SEESE tEdERERsY 0),
2. RES Y VA ssrnmr R s sassmex O
3. BikEESED RIS ORISR E SRS R G R R

42



KRBT RFRETARER

e, wnt O,
w5l FO X0 YO wmmmmnrmsmrmnsst, i
Mﬁagwywmtmwmﬁ

5. 1%1’ f y(t)/rtJ\it (2-33) vfﬁf%?ﬂq (v), ERSE3-S
HBHRYEBEATREELHRY RS,

6. 5F AR 236) #EHAH,'), BH 36 HEALRBRERA HRE
BR%:.

3.2 mRPUE-YRHEBERE(ERRI KB E M E &R

RSB EFB BN R R RN RORBE S ER KR, A TRIE
RoERVMRSRESHEE S TR KRB BN E LR AR AT e i,
FEXAFE=ZFNHEH T ENR-DHGRB BN HATHE R R Bt xy
HEBEALERNBEES, BHRAPKEEARRY BN RERS R R RERE
BER s, HEEEUSREEREFANRRLRERETR L.

AT HHAR S TROEBEARPELRE MM, EF—FREFAERT,
BT EIRG &4 T 8 RN MRS SRR &+ T e EEEE N f
MEHATX L. R TS RAR-DRE RN R E AR RS
MEm, EFR—AERT, BEER-PRESEREETHRERELLASREEN-THE
BRI TR AT LB

3.2.1 HRMEITE

ATRIEE - FEEIRN-BRE RS KB BN B FRUN SN TITHE, £
3o R KB B B IR RN S AR HEEL, FERRERNSER5ER
RE N RIS R 8 45 A TR .

B 3-2 450 T RIS 510 0.54my/s. 0.84 m/s. 1.02 m/s. 1.23 mJs B, $i%% D=0.23mm
RI¥DRETE 3 RIZ IR T I P h 448 T BB SR AR B IR E #hi4k L& DONG %

43



KRBT KFREFRERT

u=0.54m's o YR j u=08n's |-~ PG
’ — A h . Mesar-4
o DONGIRAE

0 0
! — T T T T T T a T T T T T T
0.00 005 0.10 015 020 0.25 0.30 000 0.05 0.0 0.15 020 025 0%

h/m h/m
B 3-2 DA 0.23m ) BAFHRGEMHFE ARG L4 THREEATHE 5
FRERMILER
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