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Coupling flow field characteristics of wind-sand two-phase flow
based on wind tunnel test
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Abstract; The theory and research methods of wind-sand two-phase flow have become mature, mainly
focusing on the physical movement of wind-sand and wind-sand consolidation engineering. However, the
study of wind-sand movement phenomenon and its effect on building structures is relatively rare. It is of
great practical and engineering significance to continue the research on wind-sand resistance of engineering

structures in wind-sand areas. In view of this, the wind field characteristics under the actual desert
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landform are simulated through wind tunnel test. The variation of sand consistency, wind velocity profile
and turbulence intensity with height under the similar sandstorm environment is mainly studied through the
falling sand on the top of the wind tunnel. By controlling the same wind speed and changing the sand
transport rate, sand fall is carried out to form a variety of different types of wind-sand two-phase flow
coupled flow field and compare with the non-sand-driving wind. The experimental results show that the
distribution of sand consistency is related to the number of sand holes, the control of wind speed and height; the
movement of sand particles in wind-sand flow field weakens the wind velocity profile, but enhances the turbulence
intensity; the influence of the presence of sand particles in wind field on the wind speed at different heights is
directly related to the vertical distribution characteristics of sand consistency, and the larger the sand consistency is.,
the weaker the wind speed is, and the stronger the turbulence intensity is.

Keywords: wind-sand two-phase flow; wind tunnel test; falling sand; sand consistency; wind velocity

profile; turbulence intensity
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Fig.2 Characteristics of measured wind field
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B6 HEKEME
Fig.6 Layout of test equipment

14 PREKREITE

S AE AL B [B) PN 38 Gk B AR BT iR s Y T
S I AR 3L 1) o v S TRTAR R VD R
RN E AN

q(2) =Q(x)/(tA) (D
Kt q (D AREE = WY R, g/(em® « s);
Q) HEVMIIRALAE = B = M EW . g5 HEE
VDB IE] s 5 Ao R 32 V0I04SN 1) B — 25 38 19 i 10 £L
B, cm®,

U R A RV R P A S R TR
HAFFERI S0 . %F SR 48 31 19 B8 BE 48 VDAY 50 [ 18
ARV 43 | R AT FR L AR O Ll e X (20 TSR AT D)
B 1 m oS BE N 50 A B AL BT BT e R

U TR 0
w(z) =Q(2)/(tA V) (2)

K cw (O NHE = MY FEREE . g/m* sV
RIS w5 B AL P 3 KK m/ s

2 HIEAELSR

21 RbRBHREIRE

AR A A 0 S 1o RV 3 AT 0 &R S F
FKER AN AE R G XE K NDNEGRRKER, H
TR AE XD KU R S 2 Vb 2 B A R T Y
KB » W AN ] R 9 KD 3 3l e 1 9 10 ik



120 K5 x%E 2 FHKP ZE D

# 42 4

35 MR A T 3 R KU i XU T, 43 B R 10,
13,16 m/s, 2 78 B Ff U 4 ] XU T F) R
T U V0 A ke ok AR i v 2 A o U U AL B
(0.5.1,1.5.2.2.5 fL) . 73 AL 1 LB ib R RAp
BT VD U B R UD A B AR BR VD A B 5 R
58 B AL VD 2 B IR R AN TR VDV B T 0L . R T
A B3 52 M0 A B AL 1 9 A% B YD, 7 R AR
0.375 mm ZE 47 iR B AT 1 mm fFLAR M 57 7 B 2%
BT . 2R 43 B AT L ok AR 4 R [l O 0,25 ~
0.5 mm [ 4HVWOR 2915 75%.0.5~1 mm 4k 1> 5
L2 (5 25 %0 VD Ok 5 VD JURL F BR 29 3 TR A&
18

Xof 4% T T AN [R]) v J3E o7 8 Ah i 4 3] 1) v k43 )
PEATFRE AR U5 % 7 s B Ak v I o R B Ak T
P35 15 Fh T O0F Y BT o e B A A . R AR O L —
AR B EAT FL R 43 91 i A R XU T AS [ 95 10 A
) Y% V0 AN [R) XU T 1 v S5 6 R RE A BB £ an Rl 7
Fram . RIS R R BT, VD R A A 5 v U ALK
RGP R B A

7(a) ~ & 7(c) R A K T L5 AL
B VD VDT B B R I AR Ak IR — S, HOHk
Wil 75 0 5 1 18 RN 48 . AR XU 1 AR X T
Jo R R 1 T A A R A B R ), R R R A
2 Wi XU ) 728 25 N R T 0 e B ke /)N, 1 B
JE R HE K Hodh e KU 16 m/s B BT 0 L AR
I RMEAE 0.2~0.4 m Z (8], 76 R & /NI, JIEHP
U T R R A R VAR R R B ) e S B B
R, o 78 0~0.2 m & BN /N i BE K AE
0.2~1 m EEENBU/NMEE/N, BFE 0~0.2 m BHEN
Y BE I R KT 0.2~ 1 m 55 B2 N A MR 2 5 11 B B X
P, 0.2~1 m /&5 B A VA o 0 K. S
[ B JEG 308 11 00 2 T /N« R 2 I v 2 0 /N 1 W
AN X FEE R T KR TR R 9K B v R A
b5 S s shad FE v, 22 B 4R TR U, 78
KGR K] V057K 42 3l 3 B 31 K, ik 8l o 5 ¥
LI, e WGR YTl a i 2, 78 258 KR
WA B AL 75 AT R 40 U0 KL i T DA S /D
P i XU P 3G R, 0 o v R A 0 A i 2k 2 B
AL 7E 0~0.2 m @& BN IV B ZE ] /N
KGR B /NSO 72 0.2~1 m =5 B P B o 4 Bt XL
) 388 R 18 A K 3 A B A Sy I e B T G T K

T(d ~E 7(h) KW —fLEE D IS LT
B iy b 5 A [ i XU AS ) B 3 XL Vb R R
JE i e B 1 A8 Ak AN ) R R 2 B A XL 1Y
AN T 0 e J3E ok ofe /0N o I R R A 3 4 K
Horr, 2.5 L5 V0 i R L A BE L 58 S A5 AR e B
FE 0.4 mAb, FE0~0.4 m & BN, KUGE BN TR
R W B 5 B S B s E 0.4 ~1 m 3 B N, KL

A A JRE A A R i ey B2 AR A ML % 2 v I EL B
AENIEHORER . 75 e i U B AR D0 XU
R o IO ) U0 T BE AR AT N .
RIS AE 3 Ff KU T X6 v ok ) 3 L 0 A R
PEBAT B 04 5 ) B A B R TR B b R R
(ES IR PNITE: N,

30 60 90
w/(g * m™)

H: —e—0.5f, —W—19L —A—15fL

o, 2S5l

(b) 13 m/s R FARFFLEL

H: —o— 0.5l —8— 1fL. —a— 154l
—%—2fl, —%— 257

(a) 10 m/s JGE FAFEIFLEL

HV IR HO VIR EE
1.0
0.8
g 06
= 0.4
0.2
0 26 40 60 0 10 20 30
wl/(g * m-s) wl/(g * m_s)
H: —o— 0.5fL —m— 19l —a— 1.5 1 : —0— 10 m/s —@— 13 m/s —A—16m/s
— 2fl, —W— 2.5
(c) 16 m/s J F AR (d) 0.5 W IA I K
HV IR THYHRE
1.0
0.8
s06| &
Soal £
02f%
0 30 60 90 0 50 100 150
wl(g * m™) wl(g * m™)
#H: —0—10 m/s —B— 13 m/s —A&—16 m/s H: —0— 10 m/s —8— 13 m/s —&—16 m/s
(e) L&V AR KU (f) 15l P IN AR XU
THIPIREE THIPIREE
1.0 1.0
0.8 E& 0.8
£06 £06
S04 4 = 04
0.2 0.2
0 50 100 150 0 50 100 150 200
w/(g * m”) w/(g * m™)
#: —0—10 m/s —B— 13 m/s —A&—16 m/s #: —— 10 m/s —@— 13 m/s —A—16 m/s
(g) 2ALHWHAR R (h) 2.5FLEE VbR R
Rk R

B7 DREREEESHHE

Fig.7 Vertical distribution curve of sand consistency

MIE 8 AT LLE i, 7 [ — CFLEO i v R ik 17 7%
WO &R X 3 AR (0.09.,0.49.,0.89 m) 43
o 07 AN ) KU 1) ¥ 5 W R R AT 40 A BT G
0.09 m Ab 14 ¥ Fi5 415 J2 B 5 XU A 185 2R T /) A0 XL



% 14 PO, 5 2 A T RGIR X B 6 R 75 AR AR AR 45 121
BV ARG K s P 0,49 m bR TR MEA B 1O L0
TR 13 m/s B K s @540 0.89 m A i) Ve JE 7 > >t
BN T 13 m/s IR YR AN E 2 =
WAL 7E 16 m/s K. 7EIRE Dy 10 m/s I, o 02
o 0 9 K A 4 Kl 16 m/s — L F

W AR S e Ak A Joi i G 38 IS R v S s 2 XL Dy
13 m/s i, B2 G v 00 30 s ob 0 64 U0 Jo A vk R
B /N T R R T AL

20 60
16 48
12 = 36
¥ 8 7
E 3
4 12
0 0
10 13 16 10 13 16
»/(m - s’l) v/(m * 5—‘)
(a) 0.5fLF VIR (b) 1{LEFE VAR
TR AL VYR B AL VYR B
100
80
e _ 80
E 48 E 60
& &
s 2 S 40
16 20
0 0
10 13 16 10 13 16
»/(m * s_l) v/(m * 5_‘)
(¢) 1L5HLEV AR (d) 2L VAR
T BEAR R Yo vk BE T BEAR R Yo vk BE
125
100
e s
& 50
]
25
% 13 16
v/(m+s™")

(e) 2.5fLF VAl BEAL I Wb vk BE

#H: ——08m —8—049m —+—0.09m

8 [E—FEBE R EKXE R T &
Fig.8 Sand consistency variation curve of the same height

with the velocity of the wind

2.2 b HY KU B E

DD 3 U0 UKL B4 A7 78 22 % WUGE A 15
Wil o 2 5 B TS IRTD L A v B A [ 3 R T IR ) T R
W AN Ta] L 1B 9 25 3 T 5 A LB RGP i 3 5 %
ISy 19 XU ) T8 9 S5 T AR X L R A A i TR
SRR . R v XU e A TR A ] B9 XU A 2 A
JRTIR] 2 ) IR T 42 ) 1 — A B XL 3 S P
AT IR TOEES o U o i 4 X3 9 BEAT 33X A A 1 0 ik
A el DL 6 15 A A A 2 % o 4 A [ 0 i
L5 AT LA H A U UL I A7 E 0 Ui 3 R AE S 0

R

v/(m-s")
W —e— K, —=— 0.51L —— 19L
——15fL ——2fl —— 257

(a) 10 m/s UK FAREFLEL

v/(m - s")
W —e— K, —=— 0.5 —— 19L
—— 15, —e—2fl —e— 2.5,

(b) 13 m/s X FAFFLEL

U I X U I X
1.0 Lo b
0.8 0.8 -
£ £
= 0.6 = 0.6 -
0.4 0.4
0.2 0.2 e
g
0 5 10 15 0 10 20 30
v/(m-s") 1%
W —— K, —e— 0.57L —— 17L H: o X mo05H A 14l
— 15, —— 2fl, —e— 2.5 x 1.5L x 29l ® 257,
(c) 16 m/s KB T AFFLE (d) 10 m/s K& FARRFALE
peasdnpis) ekl SEYD IR T R
1.0 S 1.0
0.8 - 0.8
£ £
= 0.6 - = 0.6
0.4 0.4
02 - 0.2
-
)
0 10 20 30 0 10 20 30
11% 11%
E: e B, m 05A A 1L H: oo i moo5fL A 1L
x 1.5fL x 2L ® 254, x 1.5fL x 29l ® 257,
(e) 13 m/s K T AFIFLEL (f) 16 m/s R FARFFLEL
& V>IN T T B T U T T B

B9 R 35 B XU A 5 i i 5R
Fig.9 Wind profile and turbulence intensity

in wind sand flow field

FLE A 9Ca) L (b) | (o) AT 1, 0 JBORE 9 328 3l %) K
R T A — E 5 R A P R BN
YER . F ZFh 00T B[] g BE A7 B A0 XU 4 1] 55
{EHR/hAv BEATIHHRL LR 1~3K 3.
R 1 XE 10 m/s REFLEE D B A XUE 2 H HI S5 A2 B
Table 1 Wind profile weakening degree of wind speed 10 m/s

in different hole numbers

Av/(m s 1)

h/m

0.5 L 14L 1.5 fL 2 fL 2.5 4L
0.005 0.400 0.649 0.723 0.766 0.821
0.010 0.343 0.593 0.665 0.709 0.763
0.015 0.279 0.529 0.603 0.646 0.701
0.050 0.219 0.468 0.542 0.585 0.639
0.100 0.212 0.408 0.485 0.553 0.602
0.250 0.181 0.269 0.356 0.497 0.524
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gkl
Av/(m s D)
h/m
0.5 %L 1 4L 1.5 fL 2 1L 2.5 fL
0.500 0.177 0.267 0.348 0.442 0.491
0.750 0.069 0.265 0.342 0.410 0.459
1.000 0.029 0.225 0.302 0.370 0.419

F 2 KIE 13 m/s R E FLEE I A XU ) T IS5 AR B
Table 2 Wind profile weakening degree of wind speed 13 m/s

in different hole numbers

Av/(m s 1)

h/m

0.5 fL 1 4L 1.5 fL 2 4L 2.5 9L
0.005 0.243 0.448 0.535 0.603 0.655
0.010 0.217 0.432 0.519 0.587 0.639
0.015 0.208 0.403 0.490 0.558 0.610
0.050 0.198 0.383 0.470 0.538 0.590
0.100 0.193 0.358 0.445 0.513 0.565
0.250 0.118 0.273 0.360 0.476 0.528
0.500 0.178 0.298 0.381 0.473 0.525
0.750 0.192 0.314 0.405 0.449 0.501
1.000 0.198 0.321 0.408 0.428 0.480

F3 RE 16 m/s FEFLEFED B RIES EAEISEE
Table 3 Wind profile weakening degree of wind speed 16 m/s

in different hole numbers

Av/(m =+ s™1)

h/m

0.5 L 14L 1.5 4L 2 1L 2.5 1L
0.005 0.215 0.303 0.405 0.449 0.565
0.010 0.205 0.299 0.401 0.445 0.561
0.015 0.203 0.294 0.396 0.440 0.556
0.050 0.196 0.287 0.389 0.433 0.549
0.100 0.184 0.275 0.377 0.421 0.537
0.250 0.103 0.224 0.322 0.340 0.461
0.500 0.175 0.266 0.342 0.412 0.523
0.750 0.189 0.280 0.382 0.426 0.542
1.000 0.194 0.285 0.387 0.431 0.547
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Fig.10 Decrease of wind speed at different heights
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Table 4 Turbulence intensity increasing degree of wind speed

MEEBKEE

10 m/s in different hole numbers

AL/ %

h/m

0.5 fL 1 4L 1.5 4L 2 4L 2.5 4L
0.005 1.199 1.528 1.833 2.037 2.142
0.010 1.142 1.472 1.775 1.980 2.084
0.015 1.078 1.408 1.713 1.917 2.022
0.050 1.018 1.347 1.652 1.856 1.960
0.100 1.011 1.287 1.595 1.824 1.923
0.250 0.980 1.148 1.466 1.668 1.845
0.500 0.946 1.146 1.458 1.613 1.812
0.750 0.868 1.144 1.452 1.581 1.780
1.000 0.828 1.104 1.412 1.541 1.740

£S5 KE 13 m/s FEFLEE

WHENREREEERER

Table 5 Turbulence intensity increasing degree of wind speed

13 m/s in different hole numbers

AL/

h/m

0.5 L 14L 1.5 fL 2 fL 2.5 1L
0.005 1.016 1.343 1.581 1.741 1.944
0.010 0.990 1.327 1.565 1.725 1.928
0.015 0.981 1.298 1.536 1.696 1.899
0.050 0.971 1.278 1.516 1.676 1.879
0.100 0.966 1.253 1.491 1.651 1.864
0.250 0.891 1.168 1.471 1.634 1.857
0.500 0.951 1.193 1.487 1.621 1.824
0.750 0.965 1.209 1.491 1.617 1.793
1.000 0.971 1.216 1.504 1.586 1.769

£6 NiE 16 m/s FEIFLEE

WEERRREEEREE

Table 6 Turbulence intensity increasing degree of wind speed

16 m/s in different hole numbers

AL/ %

h/m

0.5 fL 1fL 1.5 L 2 4L 2.5 4L
0.005 0.969 .246 1.487 1.607 1.800
0.010 0.959 1.242 1.483 1.603 1.796
0.015 0.957 1.237 1.478 1.598 1.791
0.050 0.950 1.230 1.471 1.591 1.784
0.100 0.938 1.218 1.459 1.579 1.772
0.250 0.857 1.097 1.404 1.498 1.716
0.500 0.929 1.144 1.424 1.570 1.818
0.750 0.943 1.183 1.464 1.584 1.827
1.000 0.948 1.198 1.469 1.609 1.832
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Fig.11 Increase of turbulence intensity at different heights
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