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Abstract; [ Objective | To study the windproof efficiency of shelterbelt composed by Haloxylon ammodendron
and Caragana korshinskii and its response to wind directions in order to provide theoretical basis for shelterbelt
construction on the periphery of desert oasis, desert road and desert railway. [ Methods | Prototypes of H.
ammodendron and C. korshinskii with different individual characteristics were used to make simulation
plants, and then constructed into high-low shelterbelt, which was recorded as AmBn pattern. Here, the
capital letter “A” represented the simulated plant H. ammodendron, “m” represented that the planting space
was 15 em X 40 cm, the capital letter “B” represented the simulated plant C. korshinskii, and “n” represented

that the planting space was 8.5 cm X 25 cm. When the wind direction was opposite, the shelterbelt was
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recorded as BnAm pattern. By the wind tunnel simulation experiments, the airflow field, wind speed acceleration
rates and the windproof efficiency were analyzed with the controlled wind speed of 7, 10, 15 m/s. [ Results ]
(D When the airflow reached to the front of the shelterbelt, the wind speed decreased overall. According to
the variation intensity of wind speed, the air flow could be divided into 3 layers: the upper layer (above the
30 cm), the middle layer (5—20 cm), and the lower layer (below 3 cm). The speed recover point behind the
shelterbelt in AmBn pattern and BnAm pattern was 23 H and 12. 5 H, respectively. @ The wind shadow
range of AmBn pattern was greater than that of BnAm pattern. The wind shadow core areas were formed at
the canopy height of both “A” plant and “B” plant, namely, a dicaryon pattern was formed. @ Under the
controlling wind speed of 7, 10, 15 m/s, the average windproof efficiency of shelterbelt AmBn was 34. 44 %,
34.98% and 32.51%, respectively. The average windproof efficiency of shelterbelt BnAm was 22. 62% .,
19.70%, 19.41%, respectively. @ In vertical direction, the forest belt played a role in slowing down the
In the

horizontal direction, the windbreak efficiency of the AmBn type forest belt was better than that of the BnAm

airflow below the height range of about 1. 5 H, which accelerated the airflow above this range.

type forest belt before, within and after the belt. [ Conclusion ] The windproof efficiency of shelterbelts is
related to the occurrence order of the plants along the wind direction. In view of the protection efficiency and
protection distance, the shelterbelt in AmBn pattern is suggested to be constructed.

Keywords: shelterbelt; flow field structure; windproof efficiency; wind direction; wind tunnel test

By X 0 b B D R AR KU L By b e SO0 R e KT A L o b 3 R i XA XL

VO FIBE A AP R VDU . DA T AR RS Tl £ 5 5 0 TG R
A o E T B DCTE ST M A% 1 25 1Y DS AT L PR — )
Fofr 2H R AbR Sy 3 3 o DR IDXORT R B e B8 AT T
vl AR DL bR R 2H A O AR . FE S I L
2 G MR A PR (R TC A7 (] AT 2 A IR T 4 3 P
2L, DBk 8] e 8 AAT E] G CE B R WL, M
fet | RSt T 88 4 (Populus bolleana ) + 5 1
(Populus cathayana) + ¥ (Laeagnus angusti folia ) |
T H# (Populus gansuensis) + ¥ 5L (Pyrus betuli folia)
Y AR 1) BI7 XUk R DA B 325 B 1) ) RE AT T F SR
A8 ARy 11, 7% ~35 %6 s 52 - A5 0 AL A X
ti s (Ulmus pumila) +¥7 25 (Caragana korshinskii ) 1%
W CPopulus) i 44 A7 B /A A8+ 98 A 2 A0 bR B
Bl KR BE 25 ] 23 A b B AT T WF5E . B 45 dse KBl KUK
RESTEAR G2y 3 H Ak, FBER™ X AR 8 (Casuarina
equiseti folia) + 1B MR (Pinus elliottit) #8521 WiF
B bR 1 77 XU TR D TR 52 L 451 1) £ B8 AT 1 RIS i
1555 KK e Ry 49. 3% ~52. 1%, 45 18 38 H i N A9 5%
R A 6 i 2 1 B N BN S 1 H e A .

i i bR TC 28 B XL ] 0 b B X80 RE 1Y BF 5T
R VAT . ASBIESE $00 LA AR A A G AT Dy iF

AR AL AU R By XL RE K B B B A AT
BT o R P b AN [ 5 AT £ A o 22245 0K T 5 T ) 2
B R B 17 JRUAA R e JH X XL ] ) D L300 S e 1
P UD TN e VD T B B S5 I 9 DX T DR T b )
S SER (ST

1 Wik

L1 REisE

DRG] A5 480330 7 R 28 3 T IE 5 BT XD B 45 XL
A S 56 % WEAT 2 A Hh AP [ A 23 Bl T WF S e T
2013 4E T AT T 4 b b T B IR i i A9 4L
B HESE . WU A0 L e T XU S 4
~35 m/s. AN 38.9 m, gt LB 3 ) B
H i B M Be il 5 B n] R a0 Be R T B 4 .
HA R B K 16 m, 8 W 4 1. 2 m X 1. 2 m, i] ik
B 2.5 myakm 1. 2 mX1. 3 m.,
1.2 REHBEKEIRT

WP ¥ ¥ (Haloxylon ammodendron) . ¥7 5 1Y
23 () AL YRR AR S JLART AR AL U, K L 451 ] 77 AR )
B AL e AR HAR Y ACR B FLF A B
PP 400 BRI E S RO 2 1,

x1 MEAFEEUERSH

Lk s/ it 1 / it )/ je = IR B/ SERK/  BatER/ Ay %5 A
A1 cm cm cm cm ) cm % 4% ¥4
A 22 15X15 14 8 30°~50° 9.5~20 1.10 0. 64 0. 40
B 16 7TX7 13 3 20°~35° 9~14 0. 89 0. 39 0. 30




30 7k - B F e AR

%38 &

XU B 2 A 0 LA W) BC R AmBn BUARA
A SRR AR YT 3 A7 4 05 FAE R AR - m 2R oAk R
15 em ATHES 40 em, B RRMAFRYJE 3 17 R0 H
RS on FRoR HBRE N 8.5 em AT A 25 cm.
R ) R XA AT BE ICE (B B 32,5 em, 356 0 i
B, XU T AR B A R X B AR IX . R
AmBn BUARH AL B A BT R 4 BRXC B
TP IX K ) A RE ) X, I AR 12 O BnAm B AK
o BT AT S AT K I AR 1/2 BREE LB R
i TS R
1.3 U X

N 7 IR P il 2 A 35 4 M I A AR I
T AR EE 147 22 )5 M AR e 2 (B AE . R T
56, 4 XU 7 XS B i DA R 60 em AR JE 690
cm, M AEME 1,3,5,8,13,20,30,40,60 cm 3k
9 A e BE R KGR . A BIF 5 o ik 6 U3 s B XU 32 11
Fo R WG 4302 7,10,15 m/s, LA IR KU F T AE
Yy W I i B KU S X IR (CKD
1.4 HEABEERRLEH
L4 1 AogAeik b3 AN AR ] LLE S e
AR X U Y A O L A T

s = ;[ 0y (D

AP b 50 K (m/s); 4 M SE R
7 XU B A Cem) 5 ap — U N %

Uk AFR Ciy ) A FE B KGR I = (m/s) s
U T k JXLJE_FE/‘JX#,BE\NJE{E(YH/S)L; B ag; =1

B 2 7 MR X AT A n A A RS XU B s a << 1
B 2 7 MR X AT A R 1 A S XU B AT s a = 1
B s AR XS A S ) G PR R R AR
1.4.2 B Rzaet I B XUEE S 1R BT 47 AR B
eI — I E g e bR PR AR

Eu; = Coy — i) /0y X100 % (2)
K Ey— WA 5 @ BE AL S AL Y B RSk
Al s FH T S W XU ) 55 P R 5 0y s o 550
s R S ik — 3
1.4.3 BEHLH SRl EE b 2R KGE A2 L1 By
KR P 22 il 7E Excel B0 v 52 i A0 N R 4
fHZ K 0924 6l 7F Surfer 8. 0 A4 58 1k .

2 4iR50r

2.1 X3 B e 2 AL AR AE
WnTEL 1 P AR XGE T L 2 KU P JC A A

I A S 47 I o 486 0 G 1S 0 A BRI L 45
JEE XU 35 % A B S A Ak A0 B I8 MR I T R A
%, 35 AmBn B AR 19 25 — 47 30 BnAm AR (1)
55 A AT I R B BH Ak, AR AR XU AR AR AR AR, AT
BAWMER 48 F (30 em BLE)  H1 (520 em)
(3 em LAF)3 JE.  FHACH 2 32 AR 19 52 ) AR X 5
NGRS MR AR TR R RE TR A S RE B AR ) B
KRS AL B 568 2 4505 1 30 em i FE AR 9 KGHLTE A
T X 30 4 3 R AIG, JE HAE AmBn UM |7
FHE I G, M 40,60 cm &5 BE &b 1 K AE 1k T 4
R GENG s IR LT G 0 e 2 R R
B 3R BT DX, 32 B i B L U0 F0 4R H B B BAE
R RE 3K e Bl R AR T AU )2 A2 IR T R AR
A R e (] 52 ) 7 B3k M R IXC 22 iR R 2 38 B
RRAG - FE MR J5 — PR B A TP IR 52 . 29 A R ik T
R B R SR SR R 510 em, 2y 23 H A (H=
22 em) L Y4 B A 4b F b KU i, R SR TR
275 em, % 12.5 H 4b,
2.2 HHEmERTHSE

P AN T 3R S 2 (L 2) AT 2 XU n 3 X Cagg
= 1) FEGE X Cag; <<1) 953 A0 38 L 0T LLE S R
Ui # ik AmBn B Ak A 5 3 FE 400 mm &5 B, AP
1. 82 A5 Mt AR w8 LA b JE B AU 2 X, L B 2 3 56
G K F] 10,15 m/s B, U Jin 3 X ) 46 T8 al
AT RUTRIASE B o DA T 5 7 A D32 0, 32 X 194 55 i 1
PR A F BnAm B AR, XU i BE X 7E AT
—60 cm4b (2. 73 HDEE T I . BAh . IR AR B T
FEMT 5 T BN B XA o 76 FH AR R AR T 1 B 45 4500
T 30 b 2 B A CHT Y BT /N R A n
L.

AHEFEE SCRGE R 55 50% L B Bl a,; <<0. 5
1) DX 3R R X5 RGBT 559 80 %6 A L= w B @y <C0. 2
DX IR RS AZ 0 X, U El BT 2 AT T, K 22 em
1A AEPIAL T B R I RS X LB KT
s 16 cm 1 B A AL F b R EE O 2 AR KO
o KUSEAZ O X A2 WS 5 M, XU AR AR 32 e R
P DX 35 DA KU A% 0 DX 08 50t R v B R W P i
AR B 7E AL B AEBE X 4 B — A KGO XL B
JRAAZ A B S AL B AR 2 1) S A
1o BE — B0, T 3 — 3 7 A% Jed 1] R 2 52 1) JR T O 3 X 53
A7 3 PR SR 1 S R . AR . AmBn BB XU
U8R DX S B B XU oA A i 3 T K



%5 W I B REAE s I AR TR By R [ A By RS B JHE e IR ) £ i 31
12 ¢ a CK-7 12 % 18 ¢ CK-15
w 8} " 10} ‘v
5 A\A—A\A\A é n\u\n/n\u E il A\\\\A
T 6} n\ﬂ”_n_n\n @ 8r = D\D\n—n\u
4l - - - : - - : : , 10l ; : ,
-60 100 300 500 700 -60 100 300 500 700 -60 100 300 500 700
W R AL E/em W = AL B/ em W RS AL E/em
14r ¢ AmBn-10 201 £ AmBn-15
16}
s 7 & 1216 ' Vi
g g T
2 by 8
4 4 i
4 TS TR " Y 2R - P
ob— ... — o .. .
-60 60 190 270 350 510 -60 60 190 270 350 510 -60 60 190 270 350 510
) AL E/em W = AL E/em W R AL E/em
16 ¢ h BnAm-10 20 i BnAm-15
16 RNy p
- - P N+
£ £ &
7 b B 8
4 K 4
4l
. . . . . . . . 0 | . . .
-60 13 195 315 595 -60 13 195 315 595 -60 13 195 315 595
W AL E/em W R AL E/em W = AL E/em
SHREBE ——1lcm —©—3cm —4—5cm —o0—8cm ——13cm ——20cm —®—30cm —A—40cm —— 60cm
Bl HFXERXETAESERRESHETHIFE

2.3 BARRAE T AFAE

2.3.1 FHEm R B AR S Bl R E VD AR B 4
s B TEM bR 2 —. f£ 7,10,15 m/s i3
KGR s AmBn BUARAY 25 5¢ DXy - 1 By 47 2% BE 73] hy
34.44% . 34. 98% F 32. 51% ; BnAm %I bk Hfy % %¢
DX I - 359 Bl KUK B8 4 A 220 6204, 19. 700
19.41% KT AmBn BUAfAHF 11. 82,15, 28,13. 10 4
A, Bt kB 4 A Be 19 ¥ (H R B AmBn B AR
2T BnAm BT,

2.3.2 BRAREATAMLE L7 m/s K50 KK
. BT AL RE 1 3 B4 A (B 3) R L 2 Fil iy XL
[ 70 bR 1 B KU fiE T2 AR B AE A A W 0 A A s (H
=22 cm) AR R RMEAE A MW Y 5 )2 ot 5 BE AL
S8R 58. 76 % (AmBn %D il 49. 04 % (BnAm #1),
He/ME FEBE PR T 3 em (Y 5 B A4b L 4 0 R 35. 25 %

(AmBn &) F1 30. 25% (BnAm B, 7EW & E, B
JRBLRE K W E B AR IR AE 30 ~ 40 em & B2 LA E O f
B & 33 358 W ARHT X0 A 7 A el A T ) 2 1 vy DX
TR AE 1.5 AR R S L A RS I R LB A

A .
2.3.3 FRAREKTF TR BHT S

B ST J5 By 4 B 5 O 2 3 By XU V0 bR ALE A X DL A )
BifrsfciR e AN 7 m/s 156 XU T B XU 1 7K 722 4k
(A 4 KF 2 P2 RIBRAF 0—60 cm 75 19°F 155 54
RETE SO 134 a1 J5 . A T Z T AmBn BUMCHF
FEATRT VA JE BT 2 B KUK BE 4 00 T BnAm B AR,
TEAF 5 » AmBn BIAKHE A1 BnAm BURRHE SFE- 35 B XUk fig
A K (E 2 5 B FE 450 em (20. 5 H) il 280 cm
(12,7 HD &b, BUIE S 05 2 05 57 RS RE T 4h B A, DR
R #ok A  AmBn BUbRA H A 5K B 97 0 2 .



32 K A PR 3 i EURRE

AmBn-7 AmBn-10
600 600
500 500
E 400 E 400 |
i i
b 300} bE 300 F\ =
200 | 200 |
100 | [ 100
-60 0 60 120 180 240 300 360 420 480 540 600 660 -60 0 60 120 180 240 300 360 420 480 540 600 660
W AL B/ em W A E/em
AmBn-15 BnAm-7
600 600
500 500 |
E 400 | g 400 |
" i1
wZ 300 #E 300 |
200 ) 200 |
100 \ 100 |
A= Ds= z#fr‘*k@;m
-60 0 60 120 180 240 300 360 420 480 540 600 660 -60 0 60 120 180 240 300 360 420 480 540 600
B AL B/ em P AL E/em
BnAm-10 BnAm-15
600 { — . 600
500 | 500 |
E 400 | E 400 |-
i i
fz 300 #E 300 |
200 200
100 | 100 |
-6 0
P 5 AL E/em W AL E/em
2 BERRNETSRMNEREELESS
110 N c R e 7 Nl T A I v N i =0 P W ik
% fE 5 T FE T 1Y 25 5, T B XU TR 7K T A8 Ak R AT o A7 7
o\a e N = A=
) g FEIE 2R, HR .13 em A R R L R
K g I 4 18 B0 2 A 0 22 0 B IR
& g FETE AT 1 XU BRL 3J80 R AER 5 T 32 A T T DR 1t A R
o XUHL S0 B 2 1 em &b 9 B IXURACRE 78 MRAHT P9 34
AmBn#! BnAm%E!
- PR S FC A DRI X R T 3 b 2 XN X Cagy >
e 01 =3 O35 EzEs mmn D (ULIEL 20 bRAT IS 12 e B2 Ab 1 B XUKCRE L R S 1 /e
‘E/em [ZH20 (N30 MEEM40 [T 60 ) 8 e, BnAm BBR A 238 080 0E B2 K T AmDBn B

B3 7m/s RETHRALEEEL M



Ty 22 75 45 T e I AU 2R 7 XL I 7 o 9 DXL 280 7 J JHG X JRL 1 644 o i 33

801

60

40}

Bii A2 RE/ %

B4 7 m/siKERETRE S BRI K FEL

3 W

By 47 R A B A O B T) R B 4 AR 1 5 2 L T At
Jay B Bl RO o K ST R B L By 4 bR Y B 4 RO 5
Rl A A ACRR AR A A AR SR i e DL R
SRR 2R R G — Ok B H R —
Tl 2H 1 B AR Bl T AR AR A A B TL AR IR IR R0 2 [i) A A
AR o PRI % 2 52 ) A B 4 AR 2 40 G AL B AR
PR B LA K 2% (] 3t 3 1 G S TR T %1 Fl 79 A &
PR DL A b 2 R ) B P RO A3 o TS [ ARE Aol 1
JE T s )R A R i A S AR AE 9 AN TR A
AR G A8 B DRy A2 gk L IR B TR R RELPR B A (R G
A58 A 0 WA 5 i BT B XS0 7 G B R 3R

A G AR B A [R) AR Fofo Xof XL T 52 M) ) 22 S 1 B L
AR FEARERAE R AL B AP v K BE B BT = 5 IR
f) AmBn BRI FTAC 5 & A9 BnAm B, H X )
SE R R Y] AmBn BUARAHF TC I8 78 KU B IR | 8 2
AR L8 B UL F BnAm BUMRA , 33X U B 5
Wi 1% S RUMRAT B KR RE R I R B T BRI F4h . ik 5
e W B N R R DB SY e )5 o S I
AR Y AR AL T BB 5 G bR 3R B T
BFEWB SO . WA AR THAE N ARG X —
S 2 E R T AN A AR AE L JC 2 A 6]
(9 A B AR AS 7] g B )2 S0 B i A AR R O [
JREC, RG, SAH B R T AR B 0 46 A 09 g T
FERE A R A T AR A AR A, I K B0 AE XU A0 e %2
A B B XK RE 14 25 1B) A8 46 -, GF G Heisler 2857 1
Zhou %5 BT 48 Y L MR 45 K R 2% L BOME FE TR 3 A
SER T R R

4 g

(1) A H) I8 MRS iR AR R AIG L B A MO e
346 F (30 em L ) H(5—20 ecm) . F(3 em L) 3
2. FTHRRELE AmBn BT BnAm BT 5 89 X

HR A S AT 23 H 4MFT 12,5 H &b,

(2) AmBn B AR K X 078 B 2 KT
BnAm BUAAHT ; PR 7E AL B AEY IX ) F 7 45
PR O X Cay; <<0. 2) T L R R =, % 1
S ALCB Y )Z 0 5 A e B

(3) ££ 7,10,15 m/s 3K 3 X F . AmBn % fka
Al BnAm MR A 25 %% X9 S 2 B 4 8K B8 4 Sl ok
34.44%,34. 98%, 32. 51% #1 22. 62%, 19. 70%,
19. A1 %6 5 3 B 7 ) b o ARAH 0TS0 7 A= 9 3R FH 1 IX
Bl F B A 15 A Y RO 6 U Y T DL B R
TR I A 5 AKSF 5 b, AmBn BURKA AY Bi7 RURL
RETEAT A Al Pl 5 308 T BnAm AUARAT .

(4D fEEA U 3 3 /B AT RAE B4 X,
A I AmBn B bk Al e 8 AR O MR 1R AE R A
1o I I 2 A ) AR B I T b XU T R A B B /N T
P S A AE T BT 58 0 B 4P 6 2 — M 63 R XU

L & % x & ]

(1] AGIEIE. 5 22 A R S 2 PN Rt B 7 4K R 358 25 DF A M A
HARWTLDD. b5t b mtsol K2, 2006.

(2] . B 2% 7 A0 Vb B 0 XUt B 7 A 28 B 3 30051 0 B 5
(D] BV % - vaJb A AR 4 5%, 2007,

(3] 0. yar b3l b F Wiy 47 oty 45 4 TC 1 B B 37 88 45 BT 5%
(D] A R m e e K2, 2015,

(4] AP A, F 4,200, &, Wb 30 e M B 3 4K Bl XU RE
R TBE AT LI A6 B Ok B o L) . 7K B AR R 0F
5%,2014,21(3) :279-283.

(5] K4, b BT 5 AR B B 37 bk (0 46 4 TBC & 15 iy 4 4 g B
LD, M - 18 HE A bR K 2, 2008,

[6] Zhou X H, Brandle J R., Takle E S. et al. Estimation
of the three-dimensional aerodynamic structure of a
green ash shelterbelt[J]. Agricultural and Forest Mete-
orology, 2002,111:93-108.

[7] Perera M D A E S. Shelter behind two-dimensional solid
and porous fences[ J]. Journal of Wind Engineering and

Industrial Aerodynamics, 1981.8(1):93-104.
(F 4% 39 )



%5 2 o [ PG b =4 (O R 3R A 59 7] B 39
H523%,2017.1(1) .67-68. F 2, 2015.

[7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

BT, BRI, 227 L X R g KUK S S R R H X
ME S m i iR [Cl/ L. hiE ¥ K4,
2015.

Durand Y, GuyomarcH G, Mérindol L, et al. Improve-
ment of a numerical snow drift model and field validation
[J]. Cold Regions Science & Technology, 2005,43(1/
2):93-103.
MG PR & B R, 5. BE T Fluent By 55 442 250 1E 17 3
BEFELT]. 2R 5 295 . 2016, 18(6) : 57-60.

LA W T AR R A5 IR 35 9 5 By 3P b Sy KT
BT AR AL R 754, 2012, 43(11) :109-115.

F 3R OB BRI S o R4 B A e R T AR N CCD /R
o 2 B o 22, 2016,

X 205 2R . KU S8 U (B A5 0 1 AR 0
BRI []]. TR J1%%,2016,33(8) :122-131.

JAMERE, XA, BT L 5. fo ks B A J7 i 7E XD B s
PR ALT]. TR % ,2015,32(1) : 36-42.

ARG I . BRAS J2 KR 5 THE 1 B AL DL 2290 - 220

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Er e o E RS R B R PR (M. 2 22 R
Al A, 2001

Trokop A, Procter E'S. A new methodology for plan-
ning snow drift fences in alpine terrain [ J]. Cold
Regions Science &. Technology, 2016,132:33-43.
Schmidt R A. Measuring particle size and snowfall
intensity in drifting snow[J]. Cold Regions Science &
Technology, 1984,9(2):121-129.

KR RO M. KUk 5 i B AL 4 LT . P K
i BB R - 2006 (3) :67-68.

Tominaga Y, Okaze T, Mochida A. CFD modeling of
snowdrift around a building: An overview of models and
evaluation of a new approach[]J]. Building &. Environ-
ment, 2011,46(4) :899-910.

Erp e, kG T E RS X, 24, 1999,
17(4):312-317.

L8 bR T B RUES AL 1) A A S R I 2 43 A R
(1. F R X HF5E,2005,22(1) :125-129.

[8]

[9]

(10]

[11]

[12]

(E#% 33 )
SREAL FRA R X, &
A H 7 oMo A TR T 5 A 2R B RO LT . v v
2017,37(5) :859-866.

LEAR-CW W23 Y N N N 1 B T = R (1 - e
HEB BRI ], Mol B2 ,2008,44(5) : 11-16.

o SO HE B P R L SO S U MO T R A A
MRS B R [T ], A= & %3], 2011, 31 (17) £ 5000~
5008.

RIS, T AR R S IO 35 R TR R B 4 A A% SR
P XU A 3 R RS XU 3 38 L) . HR B b 8. 2009,
29(6):1021-1028.

2REHE, DR, Dy E S R R SE A X T AR R
S5 K B I AL e KR L g [T ], o [ VD 385, 2018, 38(5)
1-9.

. = 42 (Picea mongolica)

[13]

[14]

[15]

[16]

[17]

Torita H, Satou H. Relationship between shelterbelt
structure and mean wind reduction[ J ]. Agricultural
and Forest Meteorology, 2007,145(3) :186-194.

Wang Hao, Takle E S. On shelter efficiency of shel-
terbelts in oblique wind[J]. Agricultural and Forest
Meteorology, 1996,81(1):95-117.

Ih g, AR A ) PR L A S [R]85 R AR M2 b X XU 19 5%
M [T, K 2R AFAEHR . 2009,23(2) : 249-252.

Ma Rui, Wang Jihe, Qu Jianjun, et al. Effectiveness
of shelterbelt with a non-uniform density distribution
[J]. Journal of Wind Engineering and Industrial Aero-
dynamics, 2010,98(12):767-771.

Heisler G M, Dewalle D R. Effects of windbreak
structure on wind flow [ J]. Agriculture Ecosystems

and Environment, 1988,22/23(88) :41-69.



