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Wind Tunnel Experiment on Windbreak Efficiency of the Forest Belts with the

Structures of Dense in Front Thin in Rear
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Abstract: In order to explore the optimal structural modes of the forest belts with low plant coverage for
wend-break and sand fixation,and to provide references for the construction of the belts,the windbreak ef-
ficiencies of two kinds of the shelterbelts with heterogeneous structures were measured. The simulated
shelterbelts (25% and 30% in coverage) with the structures of dense in front and thin in rear were set up
in a wind tunnel. The horizontal and vertical wind speed changes at 6 and 10 m/s were measured to analyze
the windbreak efficiency. There was no significant difference between the shelterbelts with the coverage of
25% and 30% (P<C0.05),but the wind speed variation rate of the 25% coverage was higher than that of
the 30% coverage. The wind speed reduction rate of 6 m/s was greater than that of 10 m/s,and the wind
speed of observation points decreased by 88. 32 % and 80. 52 % ,respectively. There existed two obvious de-
celeration zones:the first one was located in front of the shelterbelt with the distance of two times of the
tree height,and the second was one between the first and second row of the shelterbelt,that was 20—40 cm
(1—2H) after the first row,and the wind speed decreased the most. Under the same wind speed,the decel-
eration area of 25% coverage was larger than that of 30%. Suitable arrangement of forest belt can promote
the windbreak efficacy for the belt with overage rate.
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Fig. 1 Schematic diagram of shelterbelt configuration and observation point in wind tunnel simulation experiment configuration
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Fig. 2 The horizontal variation of wind speed (left figure 6 m/s and right figure 10 m/s) in the shelterbelt with 25% coverage
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Fig. 3 The horizontal variation of wind speed (left figure 6 m/s and right figure 10 m/s) in shelterbelt with 30% coverage
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Fig.5 The spatial distribution of wind speed reduction rate of simulated forest with 30% coverage

(left: wind speed 6 m/s; right:10 m/s)

3 i
G T 15 i 4 124 4 0 9 A« 9

BE 25 % 1 R AR 85 K 83. 38 %0, B 35 i 30 %015
FLARX B A R Ry 75, 02% . 2 25 % M
30 Y011l B Jo B DR 25 K4 14 Bl B OpR 1 XU A A1 o3 22 5
AN (P>0.05), {H, A [ 3 55 A5 A
4 IR TR AT 26 2% S 0 3 (P <C0. 05) ., 0728 B 47 bk 4%
AT 88 v I B B AR A RE . TR R R E 259

M2 3000, KI5 1] 10 m/s RS 58 (CF 148 53¢ 2
B28.13%)/NF 6 m/sCFH AR RZE32. 77%) .,
B bR 4 A 2 I B B g L R R R O B AR TR
0% B A UL I 1 e K B AP R B AT A R R Y 10 ~ 15
5, L 24 50 1 A% B 4P AR 1 A 0B 4P IR B R
KRG 56 B 4 A D A L xS AR I 5
P4 45 SR ARARL IR o AR 91 T e K8 bRl W8 Y 5 A%
A U T W B 25 06 I 30 06 45 BB 4 R i
J& BT AR B AT B PR 25 O L X R



130 PO LA B 2 4 38 &

SR HT AN EY 5] By X VD bR B AR D3 5
SEIRLUURTA] L B 4k 5L A0 3 RN 2 BT bR B B
POREE AT

T2 I 0l R A8 1 B 4 AR %) 2 T 1) A e
e BE LA e JRUTEE 1Y dub A AT o R R 2 3 L g XL 1
BALTHEZZ 1 (P<0.05), £ 147, K GHFE
A R B /N T 1.5 AR (30 em) L KT B 5 4 B XL
AT X 5 B AMR I 45 R — 2 5
5 R 4 R — 2 a6 R 25 %0 R 30 % B
PO KU AR AR B = BE B 8 em, XS R R
202 PRORE J2 0 0 X, S 7 L B AP bR g o R R A X B
RGE 6 m/s FRAGE R X381 = KF 10 m/s 89,7
T BE 25 Y0 B By bR 1 XU I AR AR K v B /N T TR
BE 30 %6 W05 FL B 4 bk AU B B B AIK X AE 13 em
(0. 75H @D LR, BFAMR L L By 47 obk XUk B i
WG A o BE 1T ik 14 A5 A R DAY LT AE AR R 5
L Bl AP 1A LA XU R a3k 55 38 4 KU R
W SERLAR T WA B — R S . By
FOBR I A IR K S 52 B B BT gk 2 A7 B
1R I 2 R R LA R R A U SRR A G . fE
Sy A BR 2 ] 1) X 3 56 4 SR A 1 L i SR 4 R 2
) 5[] BR 1 A 5

VAR 55 B B PR A e R L TR T B
EKRE S & — Bl AR X B B P AR 254 . AE K 6 m/
s 110 m/s 2, 7 55 B 25 % 1 30 % 1 41 E By
POMRERAT 2 A3 Sy B I 1 s 3 DX AR T 2 A5 A
BO1MARSE 1LAT 58 2 v BIEESE 1T 25
20~40 cm(1~2H){EH ., AR X H, 5 55 B 25%
4 A U X 45 30 %6 1) T R K. TE MR T 7
30 Y6 A IR D [X A 25 %6 A % o LA R X
MRS . Bl bRk 5 4 5 T R LR B KURLRE 1
AR BN AR R 2 3 5] 45 4 e
B AR [R5 R B B G B X VD 2k 2 —
EXES, MET 14T 3 17HC B M B Ak, 6 4710
BB 4K 4L A bR R B B R R A R R
SR ARG 2 R 36 Y 150 45 8 1 B KUK RE
FARFEP=>0.05), {HIE, 3 B AR XGE /Y X 35
T AR ] Lk 228 2 Bl 35 B O 20 B 3 AR 1 U1
MRAHFAT AL BE AR Ak, AR T AR I B R S5 4 B B T i
B A ST B AR . RIS S5 AT AR i B 4
AT A Bl AU VD S R L AR 3 56 4 SR U T T S
i A7t X 7 3 RO A R 5 B R e A

4 Hik

B 25 00 F1 30 0o il 5 IS 0 A1 R 25 4 14 B 4
MR RGP 22 57 AN B35 (P >>0.05) ., )&, A

Ivi) 78 5 3 MR R 5 MR S 1 XL BRI R 25 53 i 3 (P <<
0. 05) , 2508 7 377 bR 245 A4 ] 452 e I 78 3 Bl 7 MR g
BB 2500 I KURE IR 2 0 K ol 83. 3806, B %
30 Yo fff EAR R AR e KRy 75. 02% . Tl % )5 B
R G5 A8 1 7 bR e L 1 R e i R DR XL
ST 1 i N = e R B O DB S R TR S o =
[ (P<C0.05) s KT W 5 4b iy WG R [ e T . fE R
LT 1) o KU R ARG R 8 B <1, 5 A5 5 (30 em) . FE
KH 6 m/s Fll 10 m/s 5508 F B 55 B 25 %0 F 302
B4 BB PRI 2 A8 Sy BT Sk 1% U8 X« AR AT i
2 AL 1 AR 1 AT 55 2 fr =z A, B AR
11725 20~40 em(1~2H) o Rl A ) XU , 73 55
J 25 %6 i XU BB X85 30 % fh AR A K, IR 26
JE 7 47 MR 4 1 % S B ) IR T L 2 — A AT 4R
T B KALRE 1 B 7 AR S5 44

S E K
(1] S AW #5115 1 O T2 M. b 50 Bh2 AL 2009
91-153.

(2] WIRE R, REREASHIRIMI 220 HR A5 AR 0
Ji 4t ,2006:137-169.
(3] ZZiE R0, £k, 55, R 8 XN W) 4R 48 ARt K 43 F i
FELMI//E 4R, 1R v 88 5 52 k. 22 M0 22 K IR
#1,1999.50-55.
(4] HEH M PRDEAE. I F 420k X 5 R 38 e Z e R[],
[ Y03, 2007,27(4) :534-538.
(5] BRAE, WA, BRI A w8 a6 0T U 3t R AR 7 VT S 1
Lt R [)]. M A 541, 2002, 26 (5) : 627-633.
HUANG F X,WANG M X, WANG Y S. Recent progress on the
research of vegetation protection in soil erosion by wind[ ]]. Chinese
Journal of Plant Ecology,2002,26(5):627-633. (in Chinese)
L6 Jifh W AF 78 2w it 55, s P B 4K AR I 37 bR 09 A 2B 4
B8 5 1w BUATZE [0, Moll 98 9545 2. 2009(6) : 32-34.
(7] 95mas. = 80 B7 3 AR 58 25 38 [ 1. 1/ Aol B £, 2000, 27
(3):21-28.
(8]  Z==5 k. {5 ELMS ¥ 5 . 2% AR X 1 3% 45 4 5% il 1y XU TIe) A58 438 560
(D] 22 H ARk K2 . 2018,
(9] ZTok, DEZ%, Da, 55, R R 58 A B KR bk 5 45 1 1
Bl A B AU S 40 [T . b b 8. 2018, 38(5) £ 936-944.
LIXL,MAY J.MA R,et al. Wind flow field and windproof
efficiency of shelterbelt in different width[J]. Journal of Desert
Research,2018,38(5):936-944. (in Chinese)
[10]  Apscuk, /5 8, Sk I0E 55 B R R 7K F A% R 9 3 A P9 XU I 45
45 b7 KR (9 KGR 5286 (1], o B P38, 2007, 27(3) : 8-112.

[11] RUI M A,JIHE WANG,JIANJUN Q U,et al. Effectiveness
of shelterbelt with a non-uniform density distribution[ ] ].
Journal of Wind Engineering and Industrial Aerodynamics,
2010,98(12) .767-771.

[12] . v XA F AR B 365 it B ol AL 2 1 XU A6 480 5 36 BF 5%
[DJ. # : PH AL RARBF £ K2, 2007,

(131 TRMGAR. 5w A B 47 AR B 47 20 48 09 JL T 32 2 I 7 19 4



552 W AV I A T IS 6 2 AR BT B XU Y X g 131
LI By B . 1992(2) < 14-20. (210 PP XL B ¥, 3 b v B B XU 70 20 45 LE B i XU 52 36
(147 RIEWE, SCPEHT, SRR A5, IR MR B RO 45 18 2 B % L i WFFEL]. K AR R4 . 2008, 22(6) :6-13.
HLT]. Mol BL2#,2004,40(4) 1 9-15. ZHONG W,LIU Y J, YANG T. Wind tunnel test study on
ZHU T J,GUAN D X,WU ] B,et al. Structure parameters of effect contrast of wind-breaking and sand-fixing of three sand-
wind protection of shelterbelts and their application[]]. Scien- barriers [J]. Journal of Soil and Water Conservation,2008,22
tia Silvae Sinicae,2004,40(4) :9-15. (in Chinese) (6) :6-13. (in Chinese)
(151 AR JE A 75, 0. i B K SR AR W S v 1 g s e [0 . op [22] M0k, B2 M, E 52, 55, IR 5 B2 V0 B A B 7K OF e 3 45
[ 58, 2003,23(1) : 12-18. 495 B RV v R W FE (1] H Y 35, 2006, 26 (1) - 108-112.
LING Y Q,QU J J,JIN J. Influence of sparse natural vegeta- YANG W B,ZHAO A G,WANG J Y.et al. Allocation of ar-
tion on sand-transporting quantity[ J]. Journal of Desert Re- temisia halodendron association with low coverage and their
search,2003,23(1) :12-18. (in Chinese) sand-fixing and wind-preventing effects[ ] ]. Journal of Desert
(160 BeREE. ARG IK. B bobkas fa) e B8 AT 70 e [T ]. b K PR 4% Research,2006,26(1):108-112. (in Chinese)
Bha#,2005,3(2) :102-106. (23] ZEWET. SR, X1 Je MR . 45, 3 FlC 2 Bl 57 b B XU RE (9 L A5
[17] EZ8H LW BT 5. O B WA S 8RR 07 #% 1 WL T, By kR . 2020,198(3) 1 1-4.
W iy LT b 2B LR LT ). Bl P AR 42, 2014 (1) 6-10. [24] 25 H . Xz i, £k, % 2T Plackett-Burman 1 Box-
(18] sRZEAE A S, Xt 3, 55, W ith 2 42 (Picea mongolica) 4¢ Behnken B¢ fb 88 745 375 S B KA T % 28 J5 i L], SRk L
FET 7 47 s AN ] A5 S0 9 UBICR LT ], v b 385, 2017, 37 #,2022,38(1):76-85.
(5):859-866. [25] XU, R L2855, RS R O & R AR B XU 7240
ZHANG Y H,KANG C Z,LIU S Z;et al. Windbreak effect of picea #5170, K AR FFE R 2017, 37(3) :63-68.
mongolica farmland shelterbelt with different configuration [ ] ]. LIU H J,YUAN H B,WANG D Z,et al. Benefits of windbreak
Journal of Desert Research,2017,37(5) :859-866. (in Chinese) and sand fixation from two kinds of shrubs[J]. Bulletin of Soil and
[19] #AJRGR, KA. A M B fr ok B B e ss B 9E T ). N 58l bk Water Conservation,2017,37(3) :63-68. (in Chinese)
W RHEE,1997(4) :37-39. (260  BAKG. T EBR A FE G A5 W W7 U X b o) Py I3 53 7 K Bl
(200 P&, EARFN, 5 200 , 55 07 F0 V0 3 R B IXUBR U0 28007 19 KGR KSR Y S e L) ). 7K 2 AR $55E 4 . 2014 ,34(2) 1 105-110.
BAUATFE [T, K 2 AR FF2£ 41, 2011, 25(6) :49-55. [27] EER. P ok, 55, R8I 00150 5 15 bk 55 X ik 280 F
SUN T,WANG ] H, MAN D Q, et al. Simulation effect of FELI0. VY AR B 2 4l . 2018, 33 (4) : 64-70.
preventing wind and combating sand of simulated sand-fixing WANG Y W, LUO L, ZHANG F, et al. Windbreak effect of
shrub in wind tunnel testing[ J]. Journal of Soil and Water sand-fixation forest on the edge of oasis in Minqin [J]. Journal of
Conservation,2011,25(6) :49-55. (in Chinese) Northwest Forestry University,2018,33(4) :64-70. (in Chinese)
(E#% 16 W)
[30] skarta. 20, 24, 4. U o i) 4 35 )L AR & 2007(5) :104-107. (in Chinese)
O3 BORE LR PERFSELT ). @ 4, 2019, 50(4) : 840-846. [35] MR, 2250, W 55 30,45 HON M A 4% 1 = 12 N T4ikiy
ZHANG L H,LI Q X, WANG X Q. et al. Root distribution RO SE R REAE S AL PR [T ], Aol B2, 2018, 54 (10)
and soil properties under Caragana intermedia plantations in 20-30.
alpine sandy land[ ] ]. Chinese Journal of Soil Science,2019,50 FENG Y M, LI Y,CAO X W,er al. Characteristics of stand
(4) :840-846. (in Chinese) structure and soil physicochemical properties of artificial
[31] ZE,F2EY, X5, 5%, & BB XA A T ARR R SR AR young Picea asperata plantation with different densities in
AR T A0 A7 R H S SR KR R )] Y E % 5 0k 2 Southern Gansu[ J]. Scientia Silvae Sinicae,2018,54(10) :20-
4R .2007(4):611-619. 30. (in Chinese)
AN H,WEI L Y,LIU Y,ez a/. Distribution characters of fine [36] IS, JAIAR. B 4 Fr e DB B b ol 6 A 98 0 2 e op AR 4
root of artificial Pinus tabuliformis and natural Betula fER AT ], PR 2 4% . 2009, 29(2) : 356-364.
platyphylla forests and their relation to soil nutrients in Hill- WANG G L,ZHOU D. Fine root characteristic changes of pi-
y Loess Regions[ J]. Plant Nutrition and Fertilizer Science, oneer community with plant succession in abandoned crop-
2007(4) :611-619. (in Chinese) lands in the Loess Gully Region China[ J]. Acta Botanica Bo-
[32] Fhf. sk MR RE T, 11 # M N TR AR A i e o reali-Occidentalia Sinica,2009,29(2) :356-364. (in Chinese)
BMARFAELT]. AR TR, 2021,37(6) :17-24,67. (370 FEVNAT UM €L BT BRI L A RRSE 108 M AL 25 K TR A A
[33] SRITA, 3%, 22N, 45 AN R0 7 4 J8E % v i A8 7K ity A0 TR 52 Xof K R A 1t e 18 (0. AR AR S R, 2015,39(8) 1 825+
ARG IR []]. FRAR T, 2021,37(2) :50-56,94. 837.
(347 v [ Al 200 DG B AR IO L 25 SR BRI MROAS [ I 5 A 5% e 5 YAN X L, DAI T F,JIA L M., et al. Responses of the fine

SRS, R X B S 3R, 2007(5) :104-107.
GAO G X,LI D Q.JIA J S,et al. Research on soil fertility of
different species arrangement models in converted farmland

land[ J]. Journal of Arid Land Resources and Environment,

root morphology and vertical distribution of Populus X eu-
ramericana ‘Guariento’ to the coupled effect of water and ni-
trogen [ J]. Chinese Journal of Plant Ecology.2015,39(8);
825-837. (in Chinese)



