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Abstract

Sand movement under wind flow is one important physical process of wind erosion
and sand/dust storms, which have severely impacted the natural environment and human
activity. In recent years the disasters due to the wind-blown sand movement have being
devoted much attention in China. It is considered crucial to profoundly study the
wind-blown sand movement mechanism for overall understanding and preventing
wind-blown movement and scientists have done a lot of work on it. However, many
former scholars had not taken account of the influence of saltating particle’ mid-air
collision when they calculate the sand transport rate of saltating particle. The mid-air
inter-particle collision generally is neglected in aeolian saltation because it is a stochastic
and complex process.

In order to exactly estimate the probability of a mid-air inter-particle collision for a
saltating particle in a steady-state saltation cloud, a physical mode! that can predict this
probability is developed based on the models of Sorensen and McEwan (1996)'* and
Zhang Yali (2005)™”. In our model, a set of experimentally determined saltation cloud
wind profiles, which are notably non-logarithmic, are employed. The results show that,
compared with the result of the mid-air collision probability in logarithm wind speed, the
collision probability obtained with experiment wind velocity is smaller than the one with
logarithm wind speed.

Finally, a simple model, which is used to calculate saltating particles’ velocity
diversity in mid-air collision, is set up through hard ball model .Combining with the
model of collision probability, saltating particle’ sand transport rate which varies with
height and mass flux which varies with friction velocity are calculated in mid-air
collision. Compared with the result when mid-air collision is not considered, it suggests
that the diversity is less than that of this thesis. So is the diversity of mass flux with
friction velocity. In the meantime, the results show that the mid-air inter-particle
collision has obvious effects on wind-blown sand saltation. Therefore, the influence of
saltating particle collides in the midair can not be ignored when studying sand transport
rate of saltating sand.

Key words: saltation, the collision probability, sand transport rate, friction velocity
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K g A BRI R Y BN — A AT m— | A B P A R AR R X
— BB TR A S, BT LA T

P(4) = P(4)+P(4)P(4)+..+ P(4,)P(A)P(4)..P(4,.) (2.8)
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2 MRS

P(4), P(A)(i=1,2,..,m) FPA)HHERQ4). RCHEACHES. Frim
WA (28), HMTLUEE - FRBLRAEENTE LA BT #RE, £0K
E— KRR
2.1.2 BB VRIS SRR AR R R o

X, BIRBEARIRELRS, — BB 5SHEWRED
RAE IR, AR SERB RS TE  E R AR gt
KB, MRS, BI14G:

B=BUB,B (2.9)

R B B, A BIHEAE AN BT R B % 2 — R — AL, B
AP A B RS — AL . AR I SRR s, A
ey
P(B)=P(B,UB,B) (2.10)
th BB S 2 T R AR LT, ORI
P(B)=P(B,)+ P(B,)P(B)) (2. 11)
(2 1), RIS — TR B R ER N R, B4R —
B AR,
2.2 HEIEFHYPRIAE S T R A R RS R I A e R

R AU MR AR R SIS S, L B R A
EAMAE . AR R RN v, BERR: ()
BRSBTS 0 v, BN (o p) . RENRRES 50 m
M, RRER, BEREEEC e, FRRY NEE. .

BRI G TEER R AT ) S R YR A S Y
BRGSO B B, PR T TR (5 (e
FAHOE A HFATE: LIRTE. B EI R R R A B
I, FERAESE E TR F R & i R R R AR
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2 MRS 3T

221 BEIHLE
A, B RERIE B

B 2—2 EAdRE v Rl

S0P 2-2 iR, BRI RREEIN (PR S I X B, YRR Y BCAEE
R Rim, HIE, RUEAMER |, WHE2250F Kha. oMk Em
o, BONTHE I 5 A0ER e xoy () x Bk A, SURBERIAMIN VRV, 4, 4%

PIIGAHFE SAEREIE ST AR R XOY I X Ak Ay, s IR R Y Sx i
RS, EATRMMIREESNRE. 7 XOY R, REEATFIREER S
B

Whim : V=V cos(4), ¥y =V sin(4) 2.12)

Whim,: V,,, =V, cos(4),Vyy =V, sin(4,) (2.13)
B TREER X BhHRERE A R, MR B W EIE S B REATE, A

Vix =Vox Var =Vaox (2.14)

MY AL, RHEREEEDSENFELE REHE (0<e<l) HRBERIITH
A3, WA '

(+e)m, (Vg —Vogy)
m +m2

Vie =Py +

(2.15)



P sy

(1+eym (V- Vi)

Var =Vaor pra (2.16)
BUOX P ERC R T m Fom, F A m s A RS
v, =, + (1+€)(V1§y Vo) 2.17)
by =+ LW o) 218
BT LU P e AR 187 S4B J LA SC TR T LA 1l
A=s-q ' (2.19)
4,=5-a, (2.20)
Htang, = vl—y,tana2 = :2*"
i s T LI bt
tan(s) = 222 | (2.21)
YN

FASH R A B2 XOY #HETH, RNLEINBIAES HERLIEER
xoy FRIERESE. MERTUEK:

x =—X cos(180° —5) - ¥ sin(180" - 5) (2.22)
¥=Xsin(180° —5)- ¥ cos(180° - 5) (2.23)
(@ AT1G PR AR J5 TR ARAR TR xoy TP 40 B

v, =~V cos( (180" —5)—V;, sin(180" — 5)

1x

) . . . (2.24)
v, =V, sin(180° —s) - ¥}, cos(180° - 5)

Whim,
v, =V, cos(180° - 5) -V, sin(180° — 5)

e fiim,
P, =V, sin(180° - 5) -, cos(180° - )

(2.25)

BA(2.12), (2.13), (214), (2.15)F(2.16)EN(2.24) (2.25) DB BT ¥k
TEE 5 (AT 3 0 A <



AR FHTF R

@ﬁm]

[1-&> ¥ sin(4)+U+e> V,sin(4,)]
2

[(1-& V;sin(4)+1+e> V;sin(4,)]

2

v =—F, cos(4,)cos(180° - s)+ sin(180° — s}

v, =V, cos{4,)sin(180" - 5) +

cos(180° - 5)

(2.26)

ok m,

v, =V, cos(4 )cos(180°—5)+[(1+e) Visin(4)+1-e) V,sin(4,)]
2x T 2 9 2

[(1+e) ¥ sin(4)+(0-e) ¥, sin(4,)]
2

sin(180° —s)

vy, =V, cos(4,)sin{180° - 5) +

cos(180° - 5)

- 227)
H(2.19), (2.20) X7 LA

sin(A4,) = sin{s — &, ) = sin(s) cos(e, ) — cos(s) sin(a,)
sin(4, ) = sin{s — a,) = sin(s) cos(cx, ) ~ cos(s) sin(a, )
cos(4,) = cos(s—e ) = cos(s) cos(a,) +sin{s)sin(a, )

co8(4,) = cos(s — a,) = cos(s) cos(ax, ) +sin(s) sin(a, )

_ X —X,
R "
sin(s) = Y2
JOn =3P+ -x)
N
BN T
sin{a, ) = My
Vs ¥+ )
cos(a ) - __I{]_X—_
)
— sz ’
) Ty



= MRS E TR

B. BEHAIWT AT

HURAEMFEBRERBREES r AR TN 22 #2R, HkI R
HOEMEA T EE N r<2R, REMBKEE, MW
r=y(n-x) +(h-y)

B RlE R 25 (- \/ X _xz)z +(n _yz)z <2R

forh (s 0 (F2s05) | e A R R S VR RO R G BB R B T i
WE. |

222 TR
A. HEFE S PRERIGBEE AL -

B 23 TR RS P REER
TSRO ENE 23, LERZMEERLALR, ERahRb2
—F. BRRARE4,s WET—H, BikBRERHEEORTEN. TE
BAES R EATTE AR,
M 2—3 FREATAT LIRE 4, 4, s HIRIEAN:

Ad=5-q

A’zzs_az



Sl Pl iATS s

X, —X
tan(s):_Z___L

=Y

DR A B BT R A3 R R XOY BFr BT, EMEATLAHE T AR AR AR xoy

THIEE S R, mEP LA T

x= X cos(s)— ¥ sin(s)
y = Xsin(s)+¥ cos(s)

B 15 B PR RS B 7EAA PR 5 xoy PR E 4F B

Vi, =¥y cos(s) V' sin(s)

WHLm )
! v, =V, sin(s)+V,, cos(s)
b vy, =V, cos(s) -V, sin(s)
VPR m, -

Vy, = Vy sin(s)+V,, cos(s)

M L —F, BATR LR

v, =V, cos(4, ) cos(s) + 5
WRim,
v, =V, cos(4,)sin(s) -

2

v, =V, cos(4,)cos(s) +

[1-e) ¥ sin(4)+1+e) V,sin(4,)] in

[A-e) ¥ sin(4)+0+e) V,sin(4, ) cos

[A+e ¥ sin(4)+U-e) V,sin(4,)] i

ki m, 2
vy, =V, cos(4,)sin(s)—

2

A, 4, sBRERT LG
sin(A4 ) = sin(s — @, ) = sin(s) cos(a, ) - cos(s)sin(e,)
sin(4,) = sin(s - &) = sin(s)cos(a, ) — cos(s)sin(az,)
cos(4,) = cos(s -, } = cos(s) cos(a, ) + sin(s)sin(e,)

c0s(A,) = cos(s — @, ) = cos(s) cos(a, ) +sin(s) sin(a,)

19

[A+e) ¥ sin(4)+0-e) V, sin(4,)] o

(2.28)

(2.29)

(2.30)

(2.31)

(5)

)

(2.32)

(s)

s(s)

(2.33)



P 'S

cos(s) = e |
JO,=3Y +0g - %)
sin(s) = N )
\/(yz —}’1)2 +(x, _:"'1)2
sin(a,) = I
V¥ + ()
sin{a, ) = .
U
Vix
cos(ex,) = __L
U0 00

B. REHCAIWT &4

HRARE RPN R R r AR FENRAZ 2R, Byl

TIREE AR E N r <2R, REFHIHER, W

r :\/(xl -x2)2 +(y| _J’E)z

AR, V& R 013 <2R

S (0 300000 05 ) | 2 o/ R O TR B 0 B e T AR R R
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2= AR AR o

=8 HT iR R R AR

LEVATE VS e, B0 5 A PR R A . it T ER AT
ROV, LHEE, LPRESTEEREN, SRWPREEEWL, AR
Wb — TR, AEFENIEFER. 468 BT TREER
HER, B RAREPERT AR A KD R AR

BAVEE LR AP y =0, EHE LA x TRMRAEMN. 4R
B B AR O LR, R DR RS . BURRIE R — TR
B ER WRERE, RN TREBEE DR . SIREEARD TS
PRI ST AR R SR, KR AR PERE . X8, EATx
HERAEETRERA. A TEEER, RN RN o RE g f
1T

X RN R BBR R TP RBE T (1) RS ERE oA
(2) WHX RIERER; ) PHRHZEPRHE (4) AR REERERE
125
3.1 KB ERHZ 4 4R

BE NI RALZENIRDZAES . R, LA, Magnus IHIE
H, TEAEERLEAD. Magnus TG, ¥R hEEWmE— 18R, £D,.
p, SEHURMERTER: p. g M ATAKNBEMEMER. TAE)
WY

B S
W=_mD,(p,~Pig @1
6% F, RET PR SSRANEIH= LN, CRHEYRITEREEY
B, ARRATH,
1 2772
szg DpﬁDer (3.2)

O, MARE, VAWK SRZRSARER, TR FX&H:
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ZEMAFEA- 2

v, =[e-a) + y?ﬁ (3.3)
KMy, y HRRESE, o x FRRE 1. pARNYEEY. yHE
MR R, ST G 2 RPN ERC,, TR TERARTE.

C—E+ 6

D
R i)

HpFIERR, AT A%

+04 (3. 4)

(3.5)

A v AESH IR R

E3—1 BBURTHEER
3.2 R KB T
W FHHES R —R, BRAERE e,
md="F,+W (3.6)
Bk (3. 1) 5 (3. 5) BAR (3. 6) {2 MY BR B IE B T R T
_prD; 24v 6

. 7 .2+
8 D JG-uy+j 1+\/Dp Gi—u) +37 /v

x(i‘—u)«/(fc —-u) +y"

d2
mp?iC:er: +0.4)

(3. 7a)
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MR FRIE R

d*y
m, ar’ =fy_mpg=

)l —u)’ +y2 -mg

pﬂ'D; 24v | 6
- . ] ) +
8 DG-u +5 14D -y + 5 v

+0.4)

(3.7b)
Heix, y ARG ESNR, g AENIMER, m, BPRRE, » A x THRE,D,

HibRES, p WEREE, v ATRNHINRE . yasihbhifx.
yH I EREESEY.
33 MARETR

TR 2R A R, A RIEs)H 2 Navier-Stokes 572, Bf

p%+p;!l.'v;l’=-Vp+V-;+p§ (3.8)
&)

Hru HRGE: R, g AEAIERE, r ATENS, vRRE TRk
HIEM AT L ERESE. YRMN SRR RBERN, BxHEk

et ot 3 - ol - - b5 J 0 ¢
5y B, 5] A 1] N ﬂ —_= . = —_ _— o
SEEFA R, y AREERER E, UH pe 0,u-Vu O’QV» poliPy S
TR 6) kA
dr
oo (3.9)
Cb] -
MRS KERR, FHaUINAO 5N
T= g, du ‘ , (3.10)

dy

ﬁ$uﬁmﬁaxﬁmmﬁizM:ﬁﬁgﬁW%ﬁ@am%ﬁ%ﬁ=eﬁﬁ%

KB EReig, HHRRHRS KA SREEmEE y JER, B, /=k,
Kk =04 von Karman &%, NTAEIEEEE AL, TUHEMERE », PTRARR A
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Z AR EATIR T

) du
= pl2y? |— 311
Ho=pky & | (3.11)
TR (ESRERE) o Ry &, B
“, = | = (3.12)
p ,
FRAEG.10). G 1DRAG. 12) 778
u, =y (3.13)

dy
BB @ 1D G 12) A
By = phat,y ‘ (3.14).
B (3.10). (3. 12)F(3. 10717

=2 (3.15)

MR (3. 16) XA w13 F]

u=" a2y (3.16)
ko y

RFEEANEECHE, WREEHEENEA. y, T8RS 5 <A
Kot XS4, TTERIHLRE M & Y B SO SR IR R B R B K
B, BUARTHBER .

FERBERBEN, PR E a8l E LIRS RE 7. BB bk
X BRI IV AT AT BLSE M A 7E Navier-Stokes J7 R P in—I4AB) F,(2) B TETH,
ElEs]

—

p%+p§~V§=—Vp+V-;+p§+E (3.17)

SHrmEEEL, T T HEREER, TUEE x FRRESERESHs TR
A
ou

' o1
=4 F 318
P o oy ) (3.18)
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ZIMAREREFAH X

R R RERT, EXEUH

dr
o F 3.19
f (0 (3.19)

T FR e s KA B B R R, {EF7ER R IR ) DR D B
B, B4 G 19) ASEE
7, ()+[= F(ndy =1, (3.20)
Hebh y  HERB YR RS IERI0E KRR o, M AR UL E S R B S
BTN 7,(y) Ay BEEEALSRMIVING Yy, PSRN S, T (3. 20) A il
B TR IR .
BT RILN & BRI RV RN SRRy AN, K

BEWN, PHSHEREENSS, HRE.100, 3.11). 3.12) #3.13)5K,
H:
du
=4 — 3.21
T #dy (3.21)
ey = % _ (3.22)
H, = phat, (3.23)

Eriu,, BB ENGSREREE, €0 Ty, By 2 kmdd. #

(3.21) (3.22). (3.23)¥A (3200 XFF

o= [0 |
P

1

55 (3.24)

mER, FOMERER v, (7, = pul) WF () JIATR MR B B R R
Hisk. ERBEZS WMy>y & BELPE, HE()=0. FRG24RE
' 59(3415)?:(0
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ZHRETE AL

3.4 BB IPRIRER KBS e

WS W e, WA T R e R D SRR T R 2 K/
%, ARAMR. BRGEBEAR RS RZEN, 058 % AL (] A AL
AR PR LA Bk R 2D s AR B B A R, AT — B 2 R T X )
[y —dy, y RGP BT

|le| w)ay (3.25)
By BRI -,y MO VR, 1 L ABERD LT b
AP EATT RN EL.

ISR E R B £.0) = m,a,(3) s 8103.25), A8 FBHEBE
Bl y BT ALER

a;(y) L% ()
J’J,’

H¥a,(y). a,(y) 43 AEREE LR R R =R y AR .

F(y,v,,5)=sm( =) (3.26)

J’TI

SR AR AR ITEBRS, (AT R ECh f(v,), W R AL
R R v AW B B F

F(y)=sm,[ 10, )[I ‘+‘”|]dv (3.27)
Y Yy

o £ (v,) BAI%FH Anderson and Hallet (1 £2 th 21 F 48580 5508 £ 10047
SRS
F(v,) =1/(0.63%u,)*exp(-v, /(0.63*u,)) (3.28)

3.5 K. WibRGREM R EHY NI

REGEREEE M RE N f(v,),  RIPALE R A M AT BURTE LR
ki, LR v, BRIV RS WA ERBMD R BB R £ (v) - BH)
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KRR Y

TR S (o) MK TRV s 5 RAKE R LR, RS T 3
AT o T AR A ) 257 T AR A MR TET AR FE o AR B v L R 7T LU G o

m f (v ), (3.29)

Kvm, AR RE . FM (30 W (2, 0,) B HIF TR LR LTI B
AF RN B R R AR 5 R BT M &, MERB IRIE EAMBNEE .,
By, (v, <y,) FIRIYE RS

[ 30y (3.302)

Fa1

M#E R B BE y, £y, B i R) o] R Ay

- [ nors (3.300)

Vi

B, D B R E TR SR y SRR BRI (R y b
R & HPb R FR) ATOLE %

mpy(vo)%(y:ﬁo)ildﬁo (3.31a)
rily LA R4 2 SR Bk S A T MR B R T By AR BLIR A2 UK
A 005,05, (3.31b)

BAR, y FNTF O v, BB R BT Ak BB A B E Y . HI(330) 8
(331) AT AR 25 HE y A 3407 06 [ A 8 B8 T AL ) LR B W, RSB B o

WA
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2HAFBEEHBY

FRC A NLAC Y PAY (3:32)
yT(y>v0) yJ,(y:v[])

r

i L 2o A R R, BARBIZE y = B A £ A7 (IR B I [ S0 2

I AN REACAA o
Yo (1, %) 9L (0.%)

oy, R RATIRE » TR TR

¥ R3.33)% y WREFIER 4IRS, RS RS imnE

mysf [ (2222 20N 4 3.330)
i yf v, Vn) y¢(y 0)
A VRUF S = 2o 2 R B,
L R y LA E AR TN

(%)
(%)

), = 2y (o VXS

l( 0)
J,( 0)

Q.00)= [ sm, f 3y (. )~

o o 10 0 D) 500, g,
e T( 0) ¢( o)

2. $BRG 3N y MEERIEIRELBUY, WA EEIE ERETG )
%

- P, (i, Y)

(3.342)

T( o)
T( o)

N (O T e Ll e
0 o AV JJ

¢( o)
¢( 0)

)]a'vo

= [, J s 0 pn (o, )75 P, p) ==

(3.34b)

Hop p (v, ) HULY, B ARBE Y E T YR S y AR AR MR,

GO0y o, M AL TR y A R R R R AT 5B

X
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MK R

BEEZ R p(ve, ) =1-2y(0,3) 0 P (v, ) ALAV AR TRV R AR y

ﬁﬁéﬁ%%%$,ﬁﬁ%&ﬁ%u%ﬁﬁﬁm%F%@ﬁE%Eyﬁﬁimﬁ
R

FUR AT SEEERL . P Gag) =1-p.0n,) .« TR y 280 LAFFH
BER py (v, ) FL p, (0, ) BATATLUHE S — 500 e RE B B 37145

3.6 MM TRIA TSN EY A e A A

Owen(1964)75H1: MM TS ) E THIH A RIET A FRZRAH M T,
T T RTINS R E S RE SRR . B, AR
VR F B FATH BRE BTN B Bagnold(1941)45 Hi B I F o 2 50 Y Y
S0 45 Owen(1964VARI, A7 815435 LA A T PRIE 039 3 47 R B
st 2 0 JR S T XF I B L A 1 S B R 2k B B T AR A 00 M 4
Bagnold(194 1A Rl Fop dvie h RUE 49 A i R e 3 AR 1 80 %, Bl

7, =087, (3.35)

$eb T Ty B0k b R SR AR B R A SR ARSI R
3.7 WY EMIHHPRS E R
X AT EARRR IR ESR, D, =025mm, 035mm, 045mm, 055mm,
0.65wm, F p, =2650kg/n’, TREH p=122kg/m’, FREBHHERE
V=15x10°, RO RGBSR S |
"

u= k 1n(;—0)' (3.36)

ek y, 0 1/
T S R KA B B I, 540 SU8 L TR
B LR, 5 BN . % A R

u, = (u, —4.32337)/11.49557 (3.37)
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2 KR SRR

WIBRMERN LR T RULEE, W TRIOZEE T, RHei

FRAERFHREL N TSm/ s Bile, WaFtehdizn RE A

v,=08x75=6m/s (3.38)

REG37R, st dR sl R AR

u,, =(6—432337)/11.49557 = 0.146 (3.39)

YRR P AR B BY R A 2

7, = put.=122x0.1467 = 0.026N / m* (3.40)

A S S R F

1.

=3

SHHMASE r, lu, B1E, o, ARG 3T EATEEM R o, , #5
u ANTTHE (3. 36) LA SLAT IR U 234, FHERLAU(Y) (B (y)).

TR s R [H03.28) 5 H R Bk 2 T s,

HHERIH (v E )0

LAY (B (0) RAFE G.7) LA RBREHE, 4L

HAd A X () (B @O Y @) By -

¥R XN (B X @) YN () (B y () VAR A A R o sk R S A A

x (1) (Fx(r)) ¥y ) @Fy@)

Hes f1(w) EW))s X O ORI O EY ) @) (X))

Fyln) (B Yy OYRANATRGE.2T), L EARR &R R R AR

Fl(y)o

HEF ) EAC2ORE AR R RS EROANRES, FESSS

3-5 HAIRES AR LU R (), WTHSEIER R T BIRTE
MIBER Ty 2
FOUKRF UMD o, WHEEER B/ s E, ERMTIR 2-5
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RSB SEAIE T

HE:
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AL,
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2K SRR

PE THRERLH®

TR H(2005) "7 ARAE IR B0 A0 (K RO VB T PP 9 28 b REHERESE . 3477
R, EPREMIMER B TRAENG, HLERED, RATHMNEEFEH
K, WRUEE TP H R 2 R X R X 55 TRRAT BTV LB A1 R h 73 i
Seie PUE AT FY R PRLERIMER . R BH R S R IR SIS
B RIAT T LB, BAE DR T ST b FE I R % R, SR (A
AR BARE, ERRGEETERDENEEDNNT . A
R IESE —FE TR SR A E R R AR AR, E T W
= P A TR I D B B R S RO TR AL R TR v B R R B R AR £ SRl
SR GBUAFEETRMER T H SR T L.

41 SO T 1022 R

HES ZF AR RS R AR AR ST R RE T S h AL, B

2.5): p(4)=1—p(T=i”f}'—y*))

4.1.1 KRNI FHE

AT E BRI R LA AT R B AR B B R AR
HHREE, BNTEMELEPRARBIE, TERNARTE T LTS
PR HIZ NI

HHR=Z2XR0, RBWREEE S ARG R, T

d’x

prz'D;j’ 24v 6
"ar N

+
8 DG-u +3 1D, J—uy ity

x(% —u)«/(j:—u_)z +’

f.=

+0.4)

(4. 1a)
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M KSTRES G

DZ
m Y= fymg = 2 +04)
a7’ A
D, \(&-u) +y’ 1+JD x—-u)}+y°Iv
xpf(x—u) + 3 -m,g
' (4. 1b)

Sefx .y BPRARR, g AEAMEE, m, APRAE, «hx FARLD,
WPHER, p ATAEE, v AU, £ AR
y il L

22 T R0 T th D AT, B R R4 DT B B
J1\ AR R
4.1.2 Rk

FRATHRYE TG tH K S R 5 B R IR RE R R, BISR(3.37) e e i 2%
PRI BT e P L s Y L

u, = (u, - 4.32337)/11.49557 (4.2

EATRIE 4 ﬁ@nTuﬁﬂ%%Nﬁwmnmm1mwmmnwmﬁﬁf
) BERR LI
A, WREREFRE FH RS A AR, B3 16) R rfh e e R b i RIE 4 A

u:;4m;? (4.3)

Hob u BBy ORGE, w WEURE, & FREH(=00), 3, WG
TR R K, — T, My, =2

B, SBR b RH R SRR A 1, SR, RN — R AH

RipREFEE 33 WHARERQG2OME, Wh:

S
2

du 1
o 44
& by 4.4)
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= AR F R

HEHERE R u, (r, = pul) FUF () AR SR (4 Q)R KBS 2 A R o
AL . Ak =045 vorn Karman H8, 7, A& L EARZ YR A S
WRBIR ), F() A BRI 2 bR AR .

$ﬁ¢ﬂﬂ%%@ﬁmmﬁﬁwmﬁﬁﬁﬂ4%#ﬁﬁaﬂmﬁ,WT

EUFmJﬂm%T%%% (45)
T 1

S s S Y AT R, £, R R A
ARy EIEEy - dy,y RECEERAER, T, L SRR
ST LA B TR, a,(0) a,() S BIAREE LT AT BM Bt R R
y R
C. BRIt A B R RS F SRR, SR EmE 4—1,

height(m)
;Q\-
N
|
'
= =
33
53

1E-3 4

—-—— T — T T

0 3 H 3 12 15 18
wind velocity(m/s)

B 4—1 b E N R R ERE

%Lﬁﬁ,ﬁﬁﬂUﬁﬂzﬁ%ﬁ%%E%%mﬁlmm,mm&lmm,
16m/s, 18m/s HEATLESEE, i FE:
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