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Abstract; [ Objective | For the joint application of double-row high vertical nylon mesh sand barriers and grass
checkerboard sand barriers, wind tunnel experimental studies were conducted to optimize the configuration of
nylon mesh sand barriers porosity in the joint sand barriers and investigate the sand control benefits of the
joint sand barriers under each porosity. [ Methods | Based on the wind tunnel simulation experimental data,
we carried out the characterization of the changes in the wind velocity flow field, aerodynamic roughness,
friction wind velocity, sand transport rate with height, and sand blocking rate of the joint sand barriers with
different porosities (40%, 45% ., and 55%) at different wind speeds. [Results ] (1) The area of wind shadow
zone of the joint sand barrier was the largest at 40 % porosity of nylon mesh sand barrier under the same wind
speed. (2) As the porosity of the nylon mesh sand barrier increases, the aerodynamic roughness and friction
wind speed decreased, and the values of aerodynamic roughness and friction wind speed of the joint sand

barrier at 40% porosity were the largest at the same wind speed and the same location. (3) The sand

5 H #1 :2023-08-09 &[5 B #:2023-09-29 FHAHH:2023-10-08 W 4& B % B 8 (www.cnki.net) :2023-12-19
BETE Sl B T LA E (2022 —ZD —007) ; 3 45 388 2 i T RHE I B (KY2020050701) ; [ R A 48 FH= 56 4300 H (51669031)
FE—1EH TR 1998—) , B FERM I, FENFE R YIRS . E-mail 115283902571 @163.com

BIEMEE KRR AQITT—) @ Wi+, #, FENFEX TGRSRV LR . E-mail :xjsdsl0514 @163.com

http: // stbexb.alljournal.com.cn



%18 E MR XU 3z 2 T O B v s 5 55 R T > R A O A TS R D K A 369

transport rate on the surface increased with the increase of wind speed. Inside and on the leeward side of the
joint sand barriers, the sand transport rate decreased exponentially with the increase of height, and the sand
transport was mainly concentrated at the height of 0~12 cm. (4) Wind speed and sand barrier rate showed a
negative correlation; sand barrier rate and porosity also showed a negative correlation, the porosity of 40% of
the joint sand barriers had a better sand barrier rate; double rows of high vertical nylon mesh sand barriers
and grass checkerboard sand fixation measures combined with the sand barrier rate superposition also existed.
[Conclusion | Therefore, the combination of double-row vertical nylon mesh with 40% porosity and grass
checkerboards can realize better configuration and sand control benefits.

Keywords: {low field structure; porosity; aerodynamic roughness; frictional wind speed; sand transport rate;

sand blocking rate
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Fig. 2 Experimental scenario
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Fig. 5  Velocity field of longitudinal cross—section airflow at a wind speed of 6 m/s
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Table 1 Logarithmic fitting equations for wind speed profiles, aerodynamic roughness, and friction wind speeds
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Fig. 8 Characteristics of sand transport rate with height
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Table 2 Sand transport rate in the 0~12 cm height range

LB/ fEm G/ Qisn/ Quisro~12.em / Qusrco-12 em / Qs / Q12 emy / Q12 emr /
% (mes D (geem? emin D(geem ? emin')  Quu/% (geem ? *min "D(gecm ? « min ') Qs /%
10 0.44 0.37 0.83 0.30 0.26 0.86
1 14 3.50 2.57 0.73 2.95 2.20 0.75
r 10 0.55 0.43 0.78 0.43 0.35 0.81
o 14 4.25 3.08 0.72 3.58 2.50 0.70
_ 10 1.36 1.10 0.81 0.80 0.64 0.81
o 14 7.05 5.56 0.80 5.11 3.72 0.73
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16H B>/ % 0.94 0.92 0.80

14 BV H /(g cm ? ¢ min ) 24.91 3.50 4.25 7.05

B> 2/ %% 0.86 0.83 0.72

10 BHVH /(g cm? ¢ min D) 6.85 0.30 0.43 0.80

351 B>/ %% 0.96 0.94 0.88

14 BEVH /(g cm ? ¢ min 1) 24.91 2.95 3.58 5.11

B>/ % 0.88 0.86 0.79
3 it it 55770 BV BEE A L AE Dk 55 KR JCH A VD B M g
v As . i RS2 R BT WS 4 s 40 O FL B B
31 BADBHALES A IR0 99 181 1 7 4 LR 65 40 26 FL I ¢

32 MK A U0 W D7 XUHE i S 35U e 9 v I BEL 4 £
FH & 5 XS OO 2 R (ELJE A D A
B2l R A SRR B S W N A AW AL R A CE
PR S B AR 149 52 00 < 388 B 4 T 3 ok v A
M AE Y0 B A 80 f) b T 8 B — A A G 488 e ) X 3
DXE B AR U B T AR KU Sk BT X R
BTSSR B B AR . AR R XU 4000 4L
Bl BE I R A VD B AR T 4520 5 55 Mo FLBREE BT B K
VB X, X R ] 3 Bl AL BRBE R 40 06 L B BE I B A 70
B AT B T

b 2 b 2 XU Sy 0 R — i R R O 23 Bl
J15RRE BE T R SR AE 3 3% 1 25 R B Jy 2= e kL ]
DA CEUL M 8 B 3 068 X0 U 5 A0 A BEL B B2 L 39
SR ) 4 Xk 5 AR X B b L R BE A R VD I 2
0 Ao BE EL R oK B 7 . 70 3t 3R 0= o B BE KU R/
HEAAN B AR LR/ LR R T MR BT R 32 A
R 55 YIRE Ty (o) B /N2 L R A TR Lt 2 WA
1 7. 22 T 9 EL 0 o A0 e 7 A ] Vb R K 45 1 T LA
R0/ IN AT e KT, AT S A R D i A2 Bl s DA T S B
By KURIBIF Y0220 R ] B XU 26 PR R =2 3 1% 5
B HE 2 M FARD 5200 3 ol AS (] AL B BE K 5 v
14 2 Bl g RS J3E R BEL XU R it 25 J€ e 19 £L B JEE
e P40 o B FL B B2 S 40 Do 8 XU iy 37 v B

7 SURBAE e QT FE b 1 KU O 28 5 U0 e i ) b
RIMUBRE L 2% o I A 3 b L Bt R v B AT e 10 1 IiE
B GEAPAE ECT AT YA IR AL B R HURS AR 7 T
YRRV A VD R ok By AU I V0 &5 B4 520 35 06 FL B E
RES W] A2 30 R 3t R 1) 2= S8l s LR B2 L X A2 2R S
AR FELE RARIL
3.2 AREEEEER TR

E A HFIE S, 72 KD i 52 B B 05 4 B3 s L
B 300 XL A R — R S e BURE K A T
(S U I N E (N DA E v a4 ] R
WA 7 A% [T 0 B IB 5 P PA ISR XU IR0 9 T L
B vb SRR AR A2 B L AR S A KU AR R i 2 AL B A Al
ZRAETR 2 B B D ARG R B U I AR
FRAL . i 3R i e 5 3 o T % > i D T
PR TE 0~12 cm 5 BEJZ AT 5 48 400K B0k B0 A HL
. Sl e R R IR R R RS ERHZ T
TR B AR TD B85 25 B2 0 R AU R RO A —
S IX AT R R B

BH 70 288 3 2 45 22 0 By U4 il I LD U B D
W T T VAL B U AR . e H A [R] AL B
55 XGHE BB VD 3 e B - B XU R RS v B
P AT AU BEL 7> R A % 3 0/ 5 LA A () XU 37
FALBREE N 4020 I, BHVD F fe . X5 5k vE A7 AF

http: // stbexb.alljournal.com.cn



376 K AR IR R

5 38 4

LRI S4B AN [ L B3R JE e 00 % DX 3 9 383 4
o AR B VD R0 45 Hh IUTE S e LB BE 24 40 040 1Y
WFoE 4518 — 30 F O e 5 42 21 78 BT RE S [
B IR L 7 A% U0 R 5 BT D R A B T LA 2
M7 bRk aE . APFFERAR I T LS R R 2
Je Je IR0 B IS J5 it T AR B 1 RO AR S TEBR S TP R
DRV BEL 70 2 40 L T N A BT RS
4 &g

(1) AH ) XGHE T 3K & b B TR i 4 i ke X %)
J B 1538 ALK 5 40 06 LB BE JE e I8 T 5555 XL DX T AR i
Ko AHTR LB BE T BE A XGH A 3 R i 39 4 A1 4 Sy A2
AT B X GE A5 (B 2k 035 I L BK 5 T R o XU Y
F) 5353 1 FH 320 T 0l 353

(2)FLBREE 351 R 40 24,45 Y6 Fl 55 6 B XUHEJE T
P05 5 75 A BEL [# 156 5 V0 B, 25 0Bl g ML 2 R B B
AT (G B 1l 3 BT 7R 52 10 BT U0 87 ) 5 LB &
R F . e W E E RS BT .40 Y0 fLBR BEBK & 70
B H AT fie R 8 23 Bl g 2 DR T R B L XU e ) K
bR BAT B A E

(3D 7545 b X3 0L B2 BH [ K & 25 1 1 L B
VBN TR 5 KU A 7 i 0 4 i v B 4 £ s
IR D EEAEPAE 0~12 em S EEAN

() I U I BEL v 3 508 535 488 -5 XU /N AL Bt
AU OC, BOFL R B Sl 40 06 B B 5 U0 e B BT B
TS o RUHE Ry S 208 T 9 LY B 5 R R T v R
P B IR G I 7 AR 1 B 0 R0 4 () ks A7 B I8N

PRI AE 52 B A v XUHE 8 37 =X e 99 BH 7 i
BT [ VD R 5 A B AE S LB 4000, AU
JIr i K FL B E T AN 22 ORI 5 10 B B IR 0 338 SR
RGBLE B WITE M R IRA
B E Wk
C1] 3% 5508 400 2k s B XU O b X 0 5 B 1R K% 7 3 4 it

(V] B bR e B 3T, 2015,59(7) : 32-35.

HUANG Y. Analysis and prevention of sand disaster in

Gobi wind-sand flow region along Jiuquan to Ejina banner

railway[ J].Railway Standard Design, 2015,59(7) :32-35.
(2] e o a0 s 0 XU T K O X 2k ¢ B i Wi 2 AL 45 114

BB AT ST )] BRI 2 4, 2014, 36 (5) :82-87.

SHI L, JIANG F Q, HAN F. Numerical simulation of
around the

response law of wind-blown sand flow

railway embankment[ J].Journal of the China Railway
Society,2014,36(5) :82-87.

(3] SRAGETEDT AR, ok i A7, 55 A [l Y AL 25 2% 1 °F B
PR A XU it 25 4 5 b R 8 A KU 2 B B 5 LT . o
VP88, 2009,29(6) :1015-1020.

ZHANG W M, WANG W F, ZHANG K C, et al
Wind tunnel experiments on sand-laden wind structure

and sand erosion-deposit budget over gravel bed under

(4]

(5]

[6]

[7]

[8]

[9]

(10]

[11]

[12]

(13]

abundant and deficient sand supplies [ J]. Journal of
Desert Research, 2009,29(6):1015-1020.

AR SE S5 R it BE DCTUAR 7 0 itk it BE 90 28 25 19 XU AIR i X
WEFEL ] BB A 5 TR 2241 . 2021, 18 (4) : 892-900.

QI Y L. Protection benefits of mechanical sand control
measures in Gobi district, southern Xinjiang[]].Journal
of Railway Science and Engineering, 2021, 18 (4).
892-900.

ENTTE AN €= R R U D UL By U
B R 0 2807 1 5% i [ ] 7K = AR 35 2 4 2013, 27 (5)
115-118,124.

WANG L Y, LI H L, DONG Z, et al. Effect of Salix
psammophila checkerboard sand barrier on wind pre-
vention and sand resistance in Kubugi Desert[ ] ].Journal
of Soil and Water Conservation, 2013, 27 (5). 115-
118,124,

A R U BRI AR SO B R R 1R 2R A B
PR Z B T E PP 58, 2000,20(4) ¢ 409-414.

ZHANG W M, WANG T, XUE X, et al. The discuss
of comprehensively preventing blown-sand system in
mogao grottoes, Dunhuang[ ] ]. Journal of Desert Re-
search,2000,20(4) :409-414.

ZELEE XU B, FL A . 4. HDPE Vb [ 4 132 ff 2 % XL
TRAS AL AR )] 2R T8 T RE 741, 2019, 36 (1) : 26-30.

LI K C, LIU H'Y, KONG L W, et al. Influence of
HDPE net sand barrier layout angle on the structural
sand [ J J. Journal of
Railway Engineering Society,2019,36(1) :26-30.

F: SCHR. T 5 b DX g R S R B R R R ST L) L Bk
TAR2EHM,2017,34(9) : 14-17,28.

XIN W D. Research on the technique system of high

characteristics of wind-blown

speed railway subgrade in arid region[ ] ].Journal of Rail-
way Engineering Society,2017,34(9) :14-17,28.
LI B L, SHERMAN D J. Aerodynamics and morphody-
namics of sand fences: A review[ ] ]. Aeolian Research,
2015,17.:33-48.
DONG Z B, LUO W Y. QIAN G Q. et al. A wind
tunnel simulation of the mean velocity fields behind up-
right porous fences[ J]. Agricultural and Forest Meteor-
ology, 2007,146(1/2) :82-93.
LEE S ], PARK K C, PARK C W. Wind tunnel ob-
servations about the shelter effect of porous fences on
the sand particle movements[ ] ]. Atmospheric Environ-
ment,2002,36(9):1453-1463.
BOTELHIAE BRI A5 AR X UL 3 X R
i1 52 8 B 7 [0 ). b B PP 5, 2007, 27(2) :201-205.
LUO W Y, DONG Z B, QIAN G Q, et al. Experi-
mental investigation into effects of porous fence on par-
ticle threshold wind velocity[ J].Journal of Desert Re-
search,2007,27(2) :201-205.
TRALHE VRIRIE  F B, A5 B KU A 0 3 T b Ik
Wb B iR B B B () BB R 5 TR %4, 2017,

http: // stbexb.alljournal.com.cn



#
&

E MR XU 3z 2 T O B v s 5 55 R T > R A O A TS R D K A

377

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

14(5):957-963.

ZHANG L Q, XU Z H, DONG J, et al. Numerical
analysis on simulating the application of porous fence in
sand control of desert railway[ ] ].Journal of Railway
Science and Engineering,2017,14(5) :957-963.

IMAE T T AL B iR AR 2E MO AL 50 b B Aol iR
#t,2000.

SUN B P. Desertification control engineering[ M ]. Bei-
jing : China Forestry Publishing Corporation,2000.
JEEZE L IEPTIN 5K A7 % HDPE #5018 v B s il 5
B5 YR8 S B B AR LT . B 7085, 2008, 28(4) :599-604.
QU JJ, JING ZF, ZHANG K C, et al. Experimental
study on sand-binding effect of HDPE comb-liked sand
barriers[ J ].Journal of Desert Research, 2008, 28 (4) .
599-604.

SRV TR AR, A L A Bl 3R A v R 1M i T
T U S i Ar B TR RAE L) . M B 5T, 2014, 33
(11):2145-2156.

ZHOU N, ZHANG C L, TIAN J L, et al. Flow field
controlling the concave surface of the semi-buried
checkerboards and its characterization by grain sizes of
sediments[ J ]. Geographical Research, 2014, 33 (11):
2145-2156.

LIU H Y, HOU Z F, CHEN Z, et al. Effects of
standing stubble on the interception of soil erosion par-
ticles[ J].Land Degradation and Development, 2019, 30
(3):328-336.

BRI R S X B T IR 552 56 T 1 A 10 U5 2 B 5 v 114 o
(1. b A 5T ,1983,2(4) 1 99-107.

HE D L., LIU X W. Experimental methods of wind
tunnel in the study of deserts [ J]. Geographical
Research, 1983,2(4):99-107.

B SO AL, 5 37 55 AR AL T BE R B A A 7K S IR
AR R VORGSR R [T . A4 25 L 2008, 28
(7):2998-3007.

YANG W B, YANG HY, LU Q, et al. Wind tunnel
experiment on sand-fixation effects of sparse shrub
communities varying in spatial arrangement[ J]. Acta
Ecologica Sinica,2008,28(7) :2998-3007.

AR, TR TR AR, 45 R [W) [A) B ORUHE 2 e B VD ) B
RO 4 RGBT ], rf [ P98, 2016, 36 (5) :1238-1246.
YUAN X X, WANG H F, LIE ] Q, et al. Wind tunnel
simulation of windbreak effect of double-row nylon net
fence with different interval [ J ]. Journal of Desert
Research,2016,36(5) :1238-1246.

KWz T EAR A BT Kb 4y #2 [MOL AL 5 s b [ bk
At A 19925 229-268.

ZHU Z Y, DING G D, YANG M Y. Wind and sand
physics[ M].Beijing: China Forestry Publishing Corpo-
ration, 1992:229-268.

XN G 28 R ) OB B 1 A BT S B R L
(1] H PP 88,2003, 23(4) £ 337-346.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

LIU X P, DONG Z B. Review of aerodynamic roughness
length [ ] J. Journal of Desert Research, 2003, 23 (4):
337-346.

RERL 2B £ s, 5505 3 2 e e 9 7 B 7 XU RE 70 4
i B A B B () )T 5 X5, 2021,38(3) :882-891.
XIC, ZUO H J, WANG H B, et al. Wind-proof and
sand-blocking characteristics of high vertical nylon
mesh sand barrier and its rational allocation[ ] ]. Arid
Zone Research,2021,38(3) :882-891.

X A A 43 B XU B B U PR RE B ST L) R U BT AT
2023,48(4) :61-66.

ZHAO C R. Study of sand-control performance of air-
solid separating sand barriers[ ]J].Journal of Sediment
Research,2023,48(4) :61-66.

AR SEARZE B IABT L SF AR 5 U OB AR Ll S
T R B RUIE V0 8% 4% [T ] K 1 AR 33 4, 2020,40(5) -
166-171.

SHI T, MENG Z J, CUI X X, et al. Wind-prevention
and sand-fixing benefits of reed-sand barrier at photo-
voltaic plant in Hobq Desert[ ] ]. Bulletin of Soil and
Water Conservation, 2020,40(5):166-171.

XK, A R ER L A B M T b R XU Dk 3 e S
ST U BE XU 014 06 R L) K AR F55E 4 2020, 40
(5):60-63,78.

LIU X Y, ZHANG C L, ZHANG H, et al. Characteristics
of wind velocity pulsation and its relation to average
wind velocity and friction wind velocity[ J]. Bulletin of
Soil and Water Conservation, 2020,40(5) :60-63,78.
SEATZE AT W, K AR S 22T 4E VD 42 v B By XL I 7
ROV FE LT ] K R ARFEIF ST, 2014, 21(2) :294-296, 301,
MENG Z J, REN X M, GAO Y. Effect of the low-
fiber sandbag sand-barrier on wind-breaking and sand-
fixation[ ] ]. Research of Soil and Water Conservation,
2014,21(2) :294-296,301.

FL e G DG S A W) B v A i R K i S
HEUR L TR B0 S FRAE LT ] T 5 X B, 2022,45(5)
1513-1522.

YAN M, ZUO H J, JIA G P, et al. Grain size vertical
distribution in aeolian flow of sand control technical meas-

ures[ J].Arid Land Geography,2022,45(5) :1513-1522.

P B GRASALLLT T K A DR Fp 2741, 2004, 18(4) :4-6, 1.
ZHANG K C, ZU R P, FANG H Y. Simulation on
abated effect of nylon net with different porosities on
wind-blown sand in wind tunnel [ ] |. Journal of Soil
Water Conservation,2004,18(4) :4-6,11.

=L L 22 A VD By VD B R 5 it 52 A AE T AL ) K H
P AL TE B LD PSR - A 52l 0l K2, 2020,

YAN M. Combined action mechanism of Ulan Buh Desert
sand prevention technology measures and its optimal
configuration [ D ]. Hohhot: Neimenggu Agricultural
University,2020.

http: // stbexb.alljournal.com.cn





