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Abstract

Abstract

Mars is a desert planet and has a very thin atmospheric layer. There are many
observations about Mars’ dust storms transmitted to Earth since Mariner 9 got into
orbit around Mars at 1971. There are advantages for dust storms on Mars, but the
threshold wind speed for a dust storm to start is much higher than on Earth due to its
low air density. Viking 1 and Viking 2 had been working on Mars for some years and
measured the wind speed needs to be 30 m/s at 2m height for dust storms to happen.
The wind at this speed amounts to hurricane of level 12 on Earth. In this paper, we
calculate the theoretical value of threshold wind speed for dust storms on Mars
through constructing a model of wind-blown sand on the surface of sanded ground.
Based on the wind profile of neutral atmospheric boundary layer, it is concluded that
the wind speed of 28.7m/s at 2m height is needed for sand of diameter of 100um to
start moving on Mars. This wind speed is just the threshold wind speed for dust
storms to start, because sand of diameter of 100um is the most easily starting on
Mars.

In this paper, we also investigate the process of sand saltation, and calculate the
particle diameter of suspending dust in Mars’ atmosphere when dust storms happen. It
is concluded that, when wind speed is at the threshold value, sand needs to roll
distance of one particle diameter and then saltates through colliding with other
particles. The dust of small particle diameter is not easy to start moving because of
cohesive force, but it can be ejected by collision of the first saltating sand with the
ground. It is calculated that the particle diameter of suspending dust is less than 31pum
when wind speed is at the threshold value.

Key words: Mars, dust storm, threshold wind speed, saltation
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KR RTAE VDA o Y BEAL 3R T 20— ol e LR H AR A Bt
i, IX S H AR, KR AR T H R AR R R R SR R vl Ak
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T B2 BTGB /E A (Takagi et al, 2007). £EKAE L, BORRIHLR AT &
Ze WAL, FPEAFHX R A —2 (Golombek, 2003), IR %
5 TE REARL T3 Ity R g S8 5% 9 o

1.2.2 FkBERIFR

TEAZE, SR PR EARIFAERAC, LA T4 RN T E s —— 4
TR RS el g T UK, e AEAR X 7KK Z I (Kelly et al, 2006). KA1E
WAEAZETIKIZ R ERZN 1m, B E ZEgi R 84 2k, mRIm oKz
JEEAT 8m, BIRFIAT—HnTHE, 50 K AAF A (Kieffer, 20000, —
FERCIA A3 A R T P 2 B 2R AU R R B D 2 ZE BELAG 1 B ' RN b 3, A b T i
FERRAR, MTIBHIE T Fokgkg Tt 4. B 1.1, 1.2 H i RS X 10K )2

PRIk N B EE R i N =R el D P A G R 2 VS N NSS4 ) @ N W S ¥ i
] 30% (Forget,2004), A ALBKIIEEEE FITH A S EUE Br=A=m b Jy ) 1 i &
M——MTHEIRIX (FZF) BB R (KZR), X T i A% TP R
[1)X. (Toigo et al, 2002). Y34b, {EHE RImMMIIHE, X TR THED S 205
B SRIBRAG, S IX IO ST AR 8 1l 22, 3 Phil 22t nT DASR B o 1) )= AR
(Leovy etal, 1973), [RITAK X 1025 se v 28 R AT .

B 11 KRR X B 1.2 AR R X
Fig. 1.1 Mars’ north polar cap Fig. 1.2 Mars’ south polar cap

1.2.3 &R, L

KB EH A P IR, AR R LR R m i (B 1.3). K
1.3 ifULER], dbrEkf LN BRISE, el k2 B & klh—%
PET LK (Tharsis Montes) 135 44 11 K RH 2 B 5 L 0&——B KA AT 1L (Olympus
Mons) (25km 5. BRI AN, KB B FEER ANV REH, HINEFTFLZ KB
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KERELEHAERL R 95.32%[1 ik 2.70%ME T 1.60%[1 5 <
AT 0.13%IM45A AL, HE AR IKAE S KB ERKFELUE ST A7
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KEBRAART T, HER TSR 1A 700Pa, SHiek 11 101.3Kpa AHLL,
ARHE 2 KEKAW TR HER ST 2 T BAREE N A
AR A, H TR R, KR RAUEME LRI R B R b i,
Hh PR AT 200K, I FLRE I HAR LRI ZE 1 AR Lok, 7EfkIX, HF
IR B 2= 1 22 S n) 38 90K (Zurek et al, 1992) .
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1.3.1 XEDLFANN

BRI R KD AR SR SR 1971 4 5 I RSTHIKT 9 % (Mariner 9)
RMES . 1971 4F 11 J] 14 H, KF 9 SHEAGEKE ®ATHUIE, I IEGFE ok
SRRV AR AR HT, A AAEHUER O i B B S B IR R ERVD R R R
4214 #% (Capen and Martin, 1971). ‘4T 9 H 22 H, B KA R FIKE 21
Wi, BRI DD, AT WAT2%Z (Noachis) ZRIbil .
il (Hellas) ZEHBAIPEHEE, AL KL 10°%m® (Gierasch and Goody, 1973), 2.
J5 5 RINGERY |, ARt m vay i, 2o0d 15 RIS 7 KA —R, fEmsh 45
FEAG 2k b33 BOR BE R LA 40km/he KT 9 SHRA K AR, AN KECDE
WREERIRZ I, BR T AR ERA B L LM g il i X Ah, 584 AN R Ah
I, &k 6 HZ)E, seWJEAFE, HE 9 HEA IR KETREANKE

(Steinbacher et al, 1972). FHILR AT, 1971 4F KR AERVD 2D 5 T U5 1) 45 3L
ZKh T =12 H.

1997 49 1 12 H , 36 [ A5 ) X — UK BRI B —— K2 2 BREIRFE (Mars
Global Surveyor) HEALEKRIBATHLIE, ©—H T/ER 2006 411 H2 H, X
9 AEH, AU R KR B2 AR R R B X sk vb 4 & (Cantor, 2001;
Wang, 2007), Jf HAE 2001 4F 6 JJ 2 7 FJTRDULIN 2] — 423k kv 42 4% (Strausberg
et al., 2005; Cantor, 2007) o ¥ 1.4 Z5th T KR AR H PG K RISITHIE G
(RS AN KRN CREAS KBS 687 ANHBR H D LI I (1) K VAR FR o AT 26
1A ANKE 1.4 FRATRT AR 2, KR AR X A& R R B R . 1
BAKETN, BET 2001 FARBKDAREIFH S TN AR, HRE
b B AE B o Brdi koR .
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BRI (Smith et al,,2002) . BLIKAERVD D BIIAI I, (ER
FEREZEWINI BRI LI 46 1, R an o B oA R I ot S LR A6, H s X
Wb TR AR, Ank 15 RIEHGEHA KA R, P9 Bod e 16m/s.
5 1971 FFAIRAERVP R BEARI) AL, 2001 4F K ABRVD AN 5 2B (1 I [ 45
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Fig. 1.4 Latitudinal distribution of dust storms as a function of the areocentric longitude of the Sun
(Ls =0° corresponds to the spring equinox) from Ls = 170° —270° during the first three Mars

years. The central curve in each plot corresponds to the sub-solar latitude. The top and bottom

curves in each plot are the average latitude of the northern and southern polar cap edge.



1.3.2 NEDVERMFS

MIMBLRIRET, KA EARFEEA VAT, SRS RIIASR /N R o 1 5l
DX b A B R A AE R R X 0 S . HHLER Db AR BN 2 b, KA
RERG — SE R s B R — IR BV A 2 R R B — R — AN X B A 7T
G, ARG M IE Y, FERA AR IRb R R, A A ER, AR KL
ANHVIE R AWK HIPPRES . KELBRMEDR Rk BT ek E 2, X
ik KR B R BHERIT, SAbBRE 2 L, b WSS 381 fr K BH 4 5 B e, L8 o v
XU A SR AN, Vb AN ] DA 5 B R T R B 580 A el N P Fs ki 21 b e Bk
(Zurek and Martin, 1993). 5= BRIKJIRERL T 70 M M0 X AT 43 A2 Ak vb 22 B i) A
M, A Ay LR AR X 3 i, T S AR X B IA BV R I FE

1.3.3 XABYFKIE R X5

A2 i DX 100 5% M 2 PR IR S 2 A P J T, — 7 TR T WA 4 B ) It e 11
N3, Sy Uk AT R AL 0 AT R . T KRS AV ) AR
(17, FRHE £ B Sy e JEUER, SR B I et e 7 T 56 3k P s B X 1 S PR
HIRA Az, Kmafrk X R E s B 5 AR R BIPE X, T
AR DX T4 R () — A AR B it R T ORISR Bl i, e R sl #e
SEH R I T e 5 B e T7 1R AR SRR B 2R e X PR LR 7 Il A B A S, 55
B JXU ] H e T8 (1) R — 7

A AR S DAL SR BESRA0HT 1971 52 A1 2001 45 IO R W5 IR 43k Vb 22 B9 BT 1)
BRI . 1971 4 KRRV R BIFI T LBk E 2, I g 2R B H R
(R OR BHEE ST, AR K 2 AR B R, 1 A s GT i P 1 1 e i FE R Pk, X R
5 X 10 i b e BT R 7 R S i 55 » DRI 32 3 XU TR kg 2R X, 4855 45 V0 2 1) T L
2001 FKEABRVPARBEIFME N R, fEr PRSI T, I il as X
L FE LEAAIG, THAEE BERRNG,  I FEl i 4h TR B, s B 1 BRI R
AR, DA 2 7 R A i DX 3 G 3R B T P X, 35 5 VD AR 1) AR

1.3.4 REPAILRAEINNIER

A, AAaRoRss, B By, YA AR S . B4,
JOR B TREEZ KRR A Re S v A, MDA an T g E R I, YRR
KA G A Vb 224 22 R0RE 2 34 ) 2 A S 2 I 9 P 2

WS 1 S 2 5 (Viking 1,Viking 2) RS KR Rl TAERCE, ©
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2.2.1 W4 EERBIRIRERLZ

18 T AE T AR I B X B BEAT 2 T, R R

S _ A, A - 2> PR
p[&, ou &q:_§£+ u  o-pu'w)

(2.2.1)
Ox ﬂ@zz oz

XTI iy, S HA RS E T LA PRl AE A5 1A L

W, IFHw=0, u=u(z), HHETF (2.2.1) ikl

d254_drgz__0 (2.2.2)
H dz* dz T
Hodr, RSB kG R 5
' =—-pu'w' (2.2.3)
PR TN BB, £ R il A = e B e, i p, A
B, w Fow' 43 5k KSR B T (43 3 R 3 B o EL AT T A /N S A Y
1.
% (2.2.2) By, 15
yéz+fH=C (2.2.4)
dz

o CO B H R R =0k, RS u=w'=0, o' =0FH

C=r,, T7&, (2.2.4) {1k

,u%+r'xzzrw (2.2.5)
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Z
PEADE AR, BN o ATDAZS, AR AT RGOS, TR
WERTE. TERTIEN, (2.2.5) fifh

du

— =7 (2.2.6)
ﬂdz "

KILHEATRUY, IEHIEFIA Az =04k, u=0, 735

TH/

u(z) =
y7;

z (z£6) (2.2.7)

Hr s HERTIEMEE, —BRA LN ZK.
TEZ T 2 AN A A% O X, TR T N 3ze KRR g, BRI T 2R o
71, (2.2.5) tbh

', =1, (2.2.8)
R BE T A I B
r'xz=palz(6;—uJ (2.2.9)
Z

Forb DRGSR IR IE RURE 2 18 30 A e TR i A 52 b TRT B ), VR
AN B R R, P AT
|=xz (2.2.10)
k FRARZWH, =04,
N T AEFE T AT i) B fR A, 4

w, = | = (2.2.11)

Pa

w R PEGGE L, HATHE R, PR A K CRZy 100m) [REH i

JEW, il g o I Uh R, B DAL E N w nT R R AL R (2. 2. 10D
(2.2.1D) /RN (2.2.9), 4
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dz Kz
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FE[6, 2] XA X BEA TR, 15

u(z)—u(5)="(Inz=In ) (2.2.13)
K
o (2.2.7) a4, &(5)::TW5 , Tl
Y7,
7,0

u(z)=LmZ+ (z2>68) (2.2.14)
K 0

(2.2.7) M (2.2.14) RI&F R E4s MR R A Z 3T 2 N 7K
ST AT ER R s AL, (RSN UEH TSRS /N T 5 1S L, AEBRAT IR SY
(), R EE R 100pm 22 AT VP RLAH B VP T, B O = 2mm
R AT R 2 bR A S

2.2.2 AEEEXRIREZBIIEIE

IR T AR JZEIN, A7 3 EL5 R RO A4, KPP I & 52 215
iy, FRAE 57 - AR AN B 18, (2.2, 14) WAZIEH

;(z)zﬁ{mi—wm(g)}ﬂw‘s (z>68) (2.2.15)
K| O Y7
Hrp, ¢ s -BATE KEE RS
zZ
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$=1

LA WA KL,y (0) I PRI NGB B2 IS IE MR R, KA

AFRERT E <0, w, (&) FTH Dyer £

1+ x2 1 (l+x ?

y, =In n Tj —2arctanx+% (2.2.17)

&

x:(1—16§)5 (2.2.18)
HE=00f, x=1, y,=0, RHEELNHPEREHNIEDI: S <0, x>1,
IR (2.2.17) RFATLUAIL, 18 x> 10y, ZHRIENEEK, Wiy, >0. 7]
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2.3.1 fERN
PR S AR B, AR R ), HRIA S,
F, =%pach|vR|vR (2.3.1)
Horp, Ve AU RHE S KR R B, A=7d P 14 W RIRBIRAR, C,
Hf R E . C, HR VP REAE Kb Iz Bl I R R AR R 2 AR A S, SR Clift (Clift
R.etal, 1971) X RL:

C,=24(1+0.15Re"" )/ Re (2.3.2)
du
Re =25 (2.3.3)
y7i

Horp, Re Wliihsl, d, WIPRRIAR, u g Xk,

2.3.2 {RHANH

FER L RRIER, JCHOE SRR IR A, KO BTUIROR, YR T X
U N R ES 7B S P29 R YAt S T o= (0F [ 5 WA P O N A

1
ift :EclpaA(utip _ulimom) (2 3 4)

For, oy, VPRI XGE u,,,,,, AR RGE, C, 3R THRE M4 Chepil (1958)

E,

ftseai ik, Al C, 4

C,=0.85C, (2.3.5)
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2.4 OfEmnEE

BATR A —Fh B A AR, DA v T = 2 A R R AR R B VR 4% 1] 2.1
Fs BTG HEB TR, AN B S k2 S5 I g Ol . fEvD T B b )2 bk
2 B RO et e Ty BT I AR ). BATTEBRHOR MR CKTF
100pm), AFREIPRLZ 85T HER JIMER,  JF 2008 BEHE J7 DL R Hofh n] e HH B
(107, Wig . YRz R BEEE = A R HL ) (Kok and Renno, 2008)

Fiit

B2. 1 ybRL ka2 1
Fig.2.1 The force diagram of stationary sand

FERIEAR ) ERT . anl 2.1 Fros b BE R 2 Sy e s 10 77 U 46
TEWRRS, EIFRERS, WL S AN T E A
Fyrcos(z/6)+(F,, —G)rsin(z/6)>0 (2.4.1)

i
Her, r=d, /280K ER, GRPKIZEINE,
G=4p,nr’g/3 (2.4.2)
Horh p UK, g R E I
AR vk 2 & g R R e R AR, WP 2 BRI TR I RGE

u(z)=22z,(z<8), I HWRRARIENT 5, DL, DRI A i R 55 51
7]

U,, =271/ 1t (2.4.3)

=0 (2.4.4)
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B(2.4.3) (2.4.4) /RN (2.3.4), w5k BTN

1.72C,p,z 1
Eiﬁ = 4 2

y

FH RV S g 1 T R T P RSP
u=rt,r/u
¥o(2.4.6) AN (2.3.1), A[fEHEM SN

Fo O.SﬂCdpurwzr4

D 2

U
Bo(2.4.2) (2.4.5) (2.4.7) RN (2.4.1) IFFIEES, nl#3)

1/2
T_W — ppg
Y7, 1.925C,p,r

1/2
R
1.925C, p,

3 BRI A XGE B w 25, H (2.4.6) Kiliz,,

Hh (2.4.6) &

u
Ty, =H—
r

PR R e X (2.2.11) FFEER] (2.2.8), n[{E

TW
u, = /—
Pa

(2.4.5)

(2.4.6)

(2.4.7)

(2.4.8)

(2.4.9)

(2.4.10)

(2.4.1D

AT 7, M, RE, ] AR S KGR ER 2 pi £ (2.2.7) A1 (2.2.14) 1331 h 2

THT 5 2 AR AR X w(z) > B g v R 20 (1) s S X

2.5 JbREHIRE

RSN, JHRsEE NRWRIRED, R R R yRI VL . LA AN 52 3]
K752, &2, 3. WhitHases bRIPRLRS), B3GR HIbRLL
L 2 e ik [ 0 D) o A AESEVIRL IR B R R 5 3 A 10 )0 g AN AN T BT
(Rl dy, BRI BEN B, AR5 Y RI2RESE, I ARl I (8] 453 K 3595 i)
YPRE2 [y ) (R S I i (2. 4D A ARl fm) 7 AR AR 33 ) L5 b bt 52 211K
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52 5 - Rk B 1%

HABI 05 JAEaE B B D5 10 AT AN R B, MY RD AR BE (K12, 5).
H RSN TR AR e, R SR N S AN AR DN, Rl AR LUK, RERE AL
RLER o

B2.2 IRBNRLIIL RS AR Bl2. 3 Rk I
Fig.2.2 The displacement and velocity of rolling sand ~ Fig.2.3 The force diagram of rolling sand

Bl2.4 RSV RLESE BI2.5 VDRLAL AR R 52 )
Fig.2.4 Collision of rolling sand Fig.2.5 The force diagram when sand collides

MR B BEE PRI FAR 23 o] LS R Vb kL SE B 2D B LRSI AGE L V, -

Fdx+(F,, +F, -G)dy =dE, (2.5.1)

Hr,  E, NIRRT Zh B Ee,

Ekzémv2 (2.5.2)

m VPRI, v T R . AR, FRATI 2 TR TS,
(2.5.1) &4 TR A

F, =%paCdA(u2 +v? —2uvcos€)l/2 (u—vcos) (2.5.3)
1 ) ) 1/2 .
Fp, ZEPaCdA(” +v° —2uvcos 0) (—vsin ) (2.5.4)
1
Fy =5 p.Cdu;, (2.5.5)
G =mg (2.5.6)
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2w K-V BRI K Ak

JFHA
dx =-2rcos0d6 (2.5.7)
dy = —2rsin 0d0 (2.5.8)
Horr @ b kiR st FE g T RS v 5K O7 i de s, HARLIX a2y
[7/6,-7/6], MO0=n/6W, WhibTHRIGM'E, #0=-n/6, WERHPRIER
ot T—ANRAR R ISR B k2 kB R . X (2.5, 1) fEIX Al [7/6,6,] AR
o,
)
L/ﬁ[—ZrcosHF —2rsm9 Fy +Fy, — G ]d@ "dE, (2.5.9)

Hr

E, :%me (2.5.10)

6, 72 V, HIKVJ7 [ R A
URIAEIR S I RE R, A BE LG S A L R BEET s 0o g (R e, B

2

(G-F, -F, )cosé?—’”Vl <0 (2.5.11)
lift 1 2]"

AR XA AW R R 6T 2 35 580 T WIS AS AL BLER AL [0 ST IV,
(K77 )2 ARHA) 1K) €6 > 00, WA b REAS T Bl flfA ke A2 R s A IV, 1

HHFHT (6,<0), Wbk g s NEWR 2k AR, 7R i
RATH

2.6 BEFoNAIRZEK/)

ML T BIRA RV £ 25 PP 32 B DL s i I A3t 1477, 2R g B PR3t A
AN TUPRLSE RIS, WV RLE RENS Wi i afs ol 21 sy Ab B dERf iy T35 . 4B
UE, BATH SR A v RS Bl 1 5 A IR 2% Hh i A REREAR K RN A

MR 17 _E i St n R S5 AR, AT

1 —2 1
3 prd P w' =g7rdp3ppg (2.6.1)

WRHE2. 275, I E IR o = —p,u'w' = pul AR, IT BRI
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ENERE ' w AEEHEEE w, AE K/ EREHTAN, NTIAE (2.6. 1) il A w, oK
REEw', Had, 3

_ 3Cdpau*2
4p,g

H1T- C, 9 XA 5, 1 RUEAE AN [] v BE A ANHH TR K, BRLTTD o, 5 T e JBE 1 B

d (2.6.2)

p

ok, BEE p, B AR, R R ERAK, p, WA
NI E

p z
= = exp| —— (2.6.3)
P.(2) RTOeXP[ HJ

Hob, p IR, T OMEMEERREE, R SREE, H kR,

(2.6.4)

2.7 HEHEERSE

2.7.1 R

fE2. 4%, W (2.4.9) Kb Hw , L F 2 2R C,, A,
M(2.3.2) F1(2.3.3) WTAER], C, XS5KEu K, WHK C, Kmmiu 1
BB (2.4.9) KM u, J7RELLEE S, R IRATAIEE 5% ik
ORI T SE4 > u BT B vy » SRR THEARA (2.3.2)
(2.3.3), #3E—AC, M, HHENC AN (2.4.9) 32— DF R u by, ,
LIPS

|y —up) fuy |2 €5
W w, AR w,, FRUHEC,, WA SR RIS, — 3
| (uy—uy) luy < €
e AEIA, RGP B, R R THE R b e A2, BUOEDY — MR

ANITES L, BUAF BN T B FOBORS i, AEARSCH, B e =0.001 . TIHERE T L EH
xstart. fo
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£ (2.6) ik, MR (2.6.2) AHHETF AR b, FFFTGEMNEC, ,
H (2.3.2) Al (2.3.3) WLLER], C, N5d, HK, Wik S EAEZ 2L,
PR REAE, AR S BRI, R AEE . VR C N, X u B

SRR, ATV A B PR S I SRR u(z) , BT R AR, 330
T RLAR KNI B R AL Y o VSRR MUY s suspend. £

2.7.2 #ERS

1E2. 51, By (2.5.9) &5 AL E S ol s ) X5
KL AT R, R — RN, BIimAGE BRI, Rt
WA TR HBUE 3 T7 ik BIX N [/ 6,7 /6] 57 InA/MX AL (n 205 K), B4/
XK ER A =—7/3n, HHGF5HKROENr/6 AWmt . 55, M2 4
AR VRLAR T N 124 KU FIYD R FERIE v = 040N (2.5.3) (2.5.4)
HTAA I 2T RN, IR EAESR — AN X TR N EAZRR), SR G
(2.5.9) 75— MPXREHNRGY, FHEd S SN E G RE)he 1Y &,
FHHBh RS VPRL IR RN, SR 5 HX AN 3 AR R o 528 AN/ N X ] b k2
PRy, FRERYE (2.5.9) BB AN AZhRER G . H&1
NDRTE] A B RE I RN KRB, 1 RS RS BIACH 1R . THERE
DL} Esaltation. .

2.7.3 BTiHHE®BSH

KO R E N B R g=3.7Tms?, VbR %% B K AL P B %
pp=3.9x10°kgm™ . KR KA T 1 95%M AR H . 3% AR 2% R S ALK
A HR=192 m’s?K, 1T HL I Z P9 3T S To=200K , i 18T ~F 35 < s
ps=700Pa, ArEH=10378m. 2 HEMH (2.6.3) XI5, shJi2hhtk REECH
200K N AR AR BN 1 2R R 8L p=1.01x10"kgm's ™'
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2.8 TEZ

2.8.1 bRESNKIE

A2

AP IR AR 2. T TR v 50705, BATERCA F Vb kokifs, 15

TERA P2 S5 4 T e RS B Im AR, FF45 N ImE 100m Py X BE =
FEAAR I e (2. 6) B I2msy A S il S AT (112, 7)o AIX PRI EL
] U H PR B e DA SR A 3t 18 , 1 2 T A (1 3 7 R B DK
FEARAE100pm ALy REE B il 7 X S RAe B e b, 3o, ki 4 100pum
(R39S B0 75 B 2m ey Ak [ R IA 3128, 7ms ™

Wind Speed/ms_1

60 —————@—— 71— F——T———T——T——T——T——
55 - dp:160um _
d_=140um _|
50 | p
d_=120um
p um
45
dp:lOOum _
40 .
35 ]
30
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Bl2.6 SRR vb R Bl R Rk
Fig. 2.6 Threshold wind profile of sands of different diameter
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dp/urn
B2, 7 WK s SRRV R IR A B XU
Fig.2. 7 Threshold wind speed at 2m height versus particle diameter

2.8.2 bREAIR

XPAFERARYRL, MRYE (2.5.9) 30, FATVHE T AE XY % B A I 5
WGEISYRLGE | RV bL R BN R R, IR INRB B e AL E N S A A
AECLIRUEPT 7 10 g, BEIRYRL T 7, S FE 5 7KV ) e 110,90 1382, 17
2. LFEINHBAH T H12. 4755 10 % bRy RO B B il O BE R . AER2. 1]
A, YR D AR — RS A, J T R e, ks SRR
Fr2 ke A, T8 I A B

2.1 AR SRR YRR B AR

Tab.2.1 The terminal velocity of rolling sands
of different diameter at threshold frictional velocity

BN | R V,/ cms’! 0,/°
dp/um p/cms”!
100 131 1.06 -24. 45
120 143 1.16 -24. 15
140 154 1.26 -23.99
160 164 1.35 -23. 69
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T RGO TR Bl 5, bR By A BT ARl 2R2. 281 T kids
AN 100pm FIYPRLAEAS [A] BEHREH IR BN 15 ST WA AL LLER B BT 5 17000 7 I
R LR AL . nTULE H, KGR, v RER ) B B . 2 R
164 cms™ i, WRIRATIRE), M2 EERBE, ORI RIaT ) D48
oL TYMRLEE

K2.2 KT ARG 100pumbi A2 b bR sh AR
Tab.2.2 The terminal velocity of rolling sand of 100pum diameter

at different frictional velocity

RLAE RN JEE {5 i V,/ cms™ 0,/°
dp/um p/cms”!
100 143 0. 87 -5.25
100 154 0.54 19. 05
100 164 0.07 30. 00

gEEIRn, 2 XGH RS AR, YRR ER KA A RAR ) AR
Jr B I RS, A RO R A SR T, VbR AT AR AR .

2.8.3 EiFLfREX/N

AT 2,671 IR J7 V21 5 K SR Vb 2 B R AR I 28 v B TR AR REREAR TR R/ o
24 RGH K 100pmPL VR IR RS Bl RTH IR, EERETE S 49 1.3 Tms™ S A 1m %] 100m
R, BB T I AR R M AR /N 25 um~3 Tpm, I HBf i BERG n,  A
RN (E2.8)
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Fig.2.8 The diameter of suspended particle versus height
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H Fortran77 4 5 [T F HFET

1.

10

20

40

Start.f

real adens,pdens,g,miu,Cd,Re,tao,u2,h1,h2

real U(-1:10000),r(0:7),uf(0:7),ul(0:7),uh(0:7)

data r/50e-6,55e-6,60e-6,65¢-6,70e-6,75e-6,80e-6,85¢e-6/
open(unit=8,file='u2 dp.dat',status="unknown')
open(unit=9,file="u_h.dat',status="unknown'")
open(unit=10,file='ul00_h.dat',status="unknown')

adens=0.018
pdens=3.9¢3
miu=1.01e-5
g=3.7
h1=2.0e-3
h2=2.0

do 20 k=0,7

U(-1)=0

U(0)=1.0

i=0

if(abs((U(1)-U(i-1))/U(1)) .gt. 0.001) then
Re=adens*U(i)*2*r(k)/miu
Cd=24*(1+0.15*Re**0.687)/Re

1=it1
U(i)=sqrt(pdens*g*r(k)/(1.925*Cd*adens))
print *,'U=",U(i),' Re=",Re,'Cd=',Cd

goto 10

end if

tao=U(i)*miu/r(k)

uf(k)=sqrt(tao/adens)

ul(k)=tao*h1/miu
u2=uf(k)*log(h2/h1)/0.4+ul(k)

print *,'tao=",tao,'uf=",uf(k),'u2=",u2

write (8,'(1x,F10.1,F15.8,F10.2)") r(k)*2.0e6,uf(k),u2
continue

do 30,h=1.0,100.0

do 40,k=0,7
uh(k)=uf(k)*log(h/h1)/0.4+ul(k)
continue
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write (10,'(1x,F10.1,F10.2)") h,uh(0)

write (9,'(1x,F10.1,8F10.2)") h,uh
30 continue

end

2. Saltation.f
real ek,theta,u,v,pi,adens,mp,pdens,r,g,Re,Cd,miu,uf
pi=3.14159
adens=0.018
g=3.7
miu=1.01e-5

uf=1.64018500
r=5.0e-5

pdens=3.9¢3
mp=4*pdens*pi*r**3/3
n=400

dw=-(pi/3)/n

u=adens*uf**2*r/miu
v=0.0
ut=2*u

ek=0.0

Re=adens*u*2.0*r/miu

Cd=24*(1+0.15*Re**0.687)/Re

do 10, theta=pi/6,-pi/6,dw

Fdx=0.5*adens*Cd*pi*r**2*sqrt(u*u+v*v-2*u*v*cos(theta))*
&(u-v*cos(theta))

Fdy=0.5*adens*Cd*pi*r**2*sqrt(u*u+v*v-2*u*v*cos(theta))*
&(-v*sin(theta))

Flift=0.5*0.85*adens*Cd*pi*r**2*ut**2

dek=-2*r*cos(theta)*Fdx*dw-2*r*sin(theta)*(Fdy+Flift-mp*g)*dw
if(dek .1t. 0) then

print *,'U is not large enough!'

stop

end if

ek=ck+dek

v=sqrt(2*ek/mp)

df=-0.5*mp*v**2/r+(mp*g-Flift-Fdy)*cos(theta)

if(df .Ie. 0) then

print *,'theta=',180*theta/pi
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3.

10

20

print *,'Particle saltate!'

print *,'Vp=",v

print *'Fdy=',Fdy,'Fdx=",Fdx
print *'Flift="Flift,G=",mp*g
stop

end if

continue

end

Suspend.f
real Re,adens,pdens,miu,Cd,g,uf,U2

real d(-1:10000)
open(unit=10,file="u100_h.dat',status="old")
open(unit=11,file='Ds_h.dat',status="unknown')
adens=0.018

pdens=3.9¢3

miu=1.01e-5

uf=1.309583
g=3.7

do 20,k=1,100
read(10, '(1x,F10.1,F10.2)") h,U2
d(0)=20.0e-6

d(1)=0

d(-1)=0

i=0

if( abs((d(i)-d(i-1))/d(i)) .gt. 0.001) then

Re=adens*U2*d(i)/miu
Cd=24*(1+0.15*Re**0.687)/Re
1=it1
d(i)=3*Cd*adens*uf**2/(4*pdens*g)
ds=d(i)*1.0e6

print *,'d=",ds,'Re=",Re,'Cd=',Cd
goto 10

end if
write(11,'(1x,F10.1,F10.2)") h,ds

continue
end
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