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MR Y5 FE SR ET AR A W A, R R SRR TR AR, R
KRB B R EEAE 4—9 AEH 74, BB
PER AR, BRI AR YR B0 ABE DL 3 22 25 f8 A AT I A1
Mo FAEERGIPMRIETRZ N 4. 6 A1 8 47K, [RHACIE

E":"i&ﬁﬂ?mﬁﬂ AR G5 R B b, BB
AR CAPE AR JFUIN, 4% SO 2 (B e A RIS AR
P&, A SRR SR AR S AP s AT R AR AR, bR A Y
N 7.0 cm, BRSO 1.5 cm, MR AR
HRALIA R LL G4/, A S SCEEsloy 1 143

B 3 FhAS A 328 B MR AR Y, DTG A S B I A Dyt TR SR 1.
T 1 RHESH
Table 1 Model parameter
R B AN T AT HE 175 BiE
Model Height/cm Height under branch/cm  Crown breadth/cm  Row and plant spacing/cm Rows Porosity/%
#RHF 14 Shelterbelt 1# 7.0 1.0 2.8x2.3 4x3 4 30.12
HRAHF 2# Shelterbelt 2# 7.0 1.0 2.8x2.3 4x3 6 25.01
A5 3# Shelterbelt 3# 7.0 1.0 2.8x2.3 4x3 8 20.92
AR Jujube 1.5 0.2 2.5%2.0 2%3
RIS BE T 3 MIaE RGE, 43405 8 10 F 14 mJs,
| SRR TS TR o 3 ERE5H
I HR I R FB8 e R, FL3E B S SO 1, 24 3,
5. 7. 10, 15, 30 F1 50 cm. H4b, RETFE KT 3.1 AR E B M IAr S0
WS A EMRATRT-10H -4H -1H, W55 1H. 2H. SH. HE 1 AN, RO AR AT A B I R R R

10H. 15H. 20H, HHd H=7 cm NP, #EIHR
iy, SUEARRMAET, IEEAAMT S, TE.
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K B G 7 4% B, s 5
T AR ATL A L FS AR PR A5 25 R R mp B A A I 5 3 6 FL R T
IR P % 53, 48 Photoshop B B AL BE S it HiE e AL
BRI ARG 2= A SR R E o b, 2B EAR T R e
BUERE, @IS MBS B RA R RIEE . AR
ﬁD—F[H»lS]

2.1

_ (ﬂl 'hl +;B2 'h2)
B= g
KA B N T BB, Y%s o WTEBUERE, Y% hy AR
T, em; hy NS, cm; H AR & (b +hy),
cme.
2.2 BN

A4 A 140 77 DA ARK i 3 S 30 3 R 1k R e P
R4 AR I 0 XU 22 5 AR TR a6 KUE R EL A . B T4
T 8 HAREY) = B B AN, BV B s B2 1
12 em mE (2 em A4 T5EFR 2.86 m) B KRS -1
A A B RSN R B dr . 2 aldn RHo2

Q)]

Ex _ lx(uo _ux(lcm) Uy _ux(Zcm)J . (2)
2 u, u,
K E, ARG x AKCPEE B AL BIBT RS, Yos uo NHILA

KIE, m/s; g swo em IARE x KPR S 1 812 om &b
R R X, m/se

AN, BT E K S AT A, BRI AR
SE R SR IAGEAR R, Hod LH R 2H BEEG I AR
B, BUEYIN 0.1; A4h, SH. 10H. 15H F1 20H %55E
NS AT, MIBUESS N 0.2,

Wi (EMRHI—10H RLEA A 10 m/s SRITIEH I EIE
T, TR E=TH 7245 10 nvs R A IR A TE S,
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b. Wind speed contour of wind speed 14 m-s”,
porosity 30.12% and jujube (JU)
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Note: Average height of shelterbelt was 7 cm, the same as below.

RS FA RAG A (ms) FIELE

Wind speed contour (m-s™) of no jujube and jujube

A1
Fig.1

BRI TR TG, U b T XUTE K
FEBTEMRAT I CNHTAE AT 14 m/s BIIRZE 7 m/s 7247, 1)
W 50%. SIIBARATZEJG, 46REH Wb 125
b, ARSI . DUE TS S b i KGR K
FEEIR, 5 A2 A R I 5, 7 0.5H =%,
ToAH IR dm/s B, A5 RO 2 mJs, 2T HA
2 ff. 1E0.5~1.0H =M, JoRMRIEE 5~7 m/s,
HAWLE 3~5 m/s, HLIEWZHIE 2 m/s, HAFIRKT
A HI K P AREAR N 2% . 76 1LSH @, KIES50A,
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9.0(CK)F!I 7.5 m/s(JU); 1F 2.5H 1%, 1AW Kk
12~ 14 m/s Z 0], ZRE/N. Boh, W E L XGET
TP T () 7K P A B S R 3, AR St IR g 5 i it
RN RN . FEMRHT SH IR 2 5, MR B TT 468
WK, EAEWE BIYIGEAGE, AR R R X
RS,

DRI, OB o AT XU 1) 5 i 32 A7 30 e T R
R R, AR DL RN, TE 2.5H R,
B 5 T0 W R R DR E R
3.2 ARINXGR TR X7 KB XS R

S F iR X E X 20 4 1THR, MUK+ 4
THIMAT 1# (BRIBEN 30.12%) , 7£ 3 HATEEXGE T,
TEVIEIE (1R 2 em) FRRHT B (7 em) R RGERAR AL 3
AP VRGNS BT LA, 2T A 45 H X TEE T TG A R AT 2B Ak
5 I B 875 AR 1) 5 i N 222 ¢
3.2.1 R4k

M 2a. by ¢ FTRLE H, TEAH R BRT BIE A [F] X

JXE Wind speed/(m-s™)
S = N W AR Y N 0 O
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a. Original wind speed 8 ms™, porosity 30.12%
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BRSO I RO AR A AETE — e AR, (EA AR R
G SRy i NP B S e Sy N e N o) R
MRTAEY, HAEE—M BB T, b By R AR
A, FrAMARET-1H 491k, AR 5 T0 2R KU 22 555
N, AR KE 14 m/s B 22 5 ROK, AR KU B &
BN 1~2 m/s idi o MG BIIA SH AR, RUEHEA
CHI SR /N, AR XUE LT T /N 78 8 m/s K
W, M TR KE D 0.6 m/is 24, ZREUN;
10 m/s WOE T, ZE 5 M K,  HoJo 2R R 45 il /)«
1.06(1 cm). 2.74(2 cm)F1 1.01(7 cm) m/s; 14 m/s KGE T,
A AR LTGRO, 20 3.93(1 em).
4.56(2 cm)Fl1 2.15(7 cm)m/s. £ SH Z )5, WIEZEHTH I
WA, HIRES, (BG BN REIRE BN . BTyI6
G 8 m/s I RGEEF /N, T LATE 10H J5 A A X AR b A
N, RGER G AN . {HLE 10 A1 14 m/s KT 35 5
AR, A AR e B R B 95 R, SH(CK) M
15SHQU), 20 KIS 575 2 LGS I 10H BEES
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“T4700)
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Fig.2 Wind speed change of no jujube and jujube shelterbelt in different wind speed and porosity
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TESEBR RN R, A E B RS & LAY R AEY) N
FEHEM, MARIEY & —RAET 3 m, KB
B 1 A 2 om R BE 3B RSN Xt B4R A o

HH ] 3a A5, 7EAH MRS BRI AN ARG T, BT
R TSR O e T A5l NP E R v D A D P
R BARFER, 55 AR 5 B SR EE TR
FEAR R . 1E-10~-1H FEE N, B KRR B 3G &%, HAH
SN, BHET 60%. fELRE RIS, B R

K, TEAMITE SH ALIE IR, I+ HAE 14 m/s KK T
BN RBNIE 70% 24, 2 )5 B RGOS, S /N 3
A EWRATTE 2~20 H PP R BN, ia 24
FFTE 85%~95%2 [8], FHAE S~15H [A1Z AR, 2 )5
12 15H JTF A NS, (AR AAE 20H FE S 7h5E
IEH) 85% LA KB AR -

& 3b A[15, 7E 1LH~20H A Ve AN, 8 m/s &%
17 AR ~F 5048 N 71.73% (CKD H1 88.14% (JU) , 10 m/s
MK RN 65.62% (CK) F189.26% (JU) , 14 m/s Kk
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TN 61.89% (CK) F190.94% (JU) . 7F 3 FIRET,
TS Ko AR 87 JRUAEOE PR B8 I 524331 16.40% - 23.65%
F129.05%.
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BHES Distance/H
a. AR BE 5 B KU
a. Protective effect of different
horizontal distance

8 10
JA#EWind speed/(m-s™)
b. W 5 T35 KA
b. Average protective effect
after shelterbelt

E: CK NTEARFI R, JU A AR .
Note: CK and JU are shelterbelt without jujube and with jujube.

B3 ARk FREEA 30.12%H B REE
Fig.3 Protective effect of porosity 30.12% shelterbelt in different
wind speed

3.3 A [EIFRIEE T A Rtk X375 55 XA

X BIEEIIE RGE N 10 m/s, 1E 3 HMEHEE T,
EVERE (1A 2 em) FIMRHT R (7 em) ISR AR {k
AT VEAN > BT bR A, T A 2 X X TG AR A
R IR B 77 JRZEONE 4D 5 M 222 3¢
3.3.1 Rpsie

HE 2b. dv e 7751, TEAH R XGEA R BRIEE T,
B MR B R AR AFLE — @ AR, EA R Lo &
PP DX ) el R 5 B K. FEMRHS -1 H Ak, A T X
AL 22 N, 30.12%K0 25.01% 6135 & N A A0 XE
EL TR /N 0.6~0.7 m/s, 1% 20.92%i6% 375 B I 5 7 JXik 2
SRR, 43518 0.47(1 ecm). 0.05(2 cm)A1—0.22(7 cm)my/s,
ZAL AR W] BE A2 BT R AR O 2 T s, A R
LY NG R el T S 7 i - 7B 2 A NP
TR IR P R, A R b T B X e D . 7
BB FE N 30.12%. 25.01%F1 20.92% ~, A LR AEY =
R IL B /N BIE 0 m/s,  TE A B /N R 43 53l A -
2,05 1.1 f1 0 m/so RIBIAE/NEFFMEIKE, 3 FhEiiEE
HIR 35 S 98 5SH (CK) F1 15H (JU)D « 10H (CK)
A 15H (JU) . 10H (CK) M1 5H (JU) . {EHT 2 Fhs
FREH, AR BTG R R A, XA B
N 20.92% I A AR LE TG R X BRI AR PR . vl LA
R, BEELIE RN, AR ROE K E e e E
B $E T o
3.3.2 B REAL

H P 4a AT, MROAFERIE AT, IR T (R 7K
B RN AR K . FE—10H~—1H [X[8), &5 K
RN RS, AE AR 30.12% M0 1 B IR
BINT 23.5%LAAk, FABSE g AR N, o KB KN
PUET 50%. fESEMTE, B RN S R AR
—SEWHN, (BEE-1H~SH X[8], AR B RN 5 K08
FESE N . Forb, B G IR N AT R R B RS 3
W 23 9 35.6% 41.0%F1 42.8%, TG AU 386 i &

31N 30.8%. 36.1%41 44.0%. 1£ SH~20H [X[f], &k
5 B RSN AR X B

H P 4b BT, 765 1H~20H BEE N, BB N 30.12%
FRA BT 2478 RN A 66.54% (CKD i1 89.26% (JU) ;
BB N 25.01%MKAHF N 73.47% (CK) Al 88.69% (JU) ;
BRIE N 20.92%M5 [N 85.57% (CK) Al 86.86% (JU) .
TE 3 PHBERE T, AR XS PRHT B RO 38 e FE 43 31
K 22.72%- 15.22%F1 1.28%.
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5100 8., 5 100

S %0 =23 %

> z23

£ 60 CK-30.12% > £FF 60
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a. AR 7K BE ES B RS
a. Protective effect of different
horizontal distance

b. AR S5 T KR
b. Average protective effect
after shelterbelt

B4 10 ms' Kk FARR Bk EA B XK
Fig.4 Protective effect of different porosity shelterbelt in 10 m-s™
wind speed
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P, — MM 24 4. 6 B 8 4THK, FMRAFIAIFE 10H~
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2) KEN 8. 10 A1 14 m/s I, MEMHHEE T,
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Wind tunnel ssmulation for contribution of tall target jujubeto protective
effect of shelterbelt

Zheng Bo*, Liu Tong™™, Sun Qinming®*, Zhu Lekui®, Liu Zunchi*, Zhang Lichun®, Ouyang Yineng?
(1. College of Life Science, Shihezi University, Shihezi 832003, China; 2. College of Science, Shihezi University, Shihezi 832003, China)

Abstract: Shelterbelt plays an important role in promoting a stable and high yield of crops by reducing wind speed. However,
it is often ignored that plants such as tall fruiters have an impact on wind speed during shelterbelt configuration. In this study,
we examined 3 shelterbelt models which were the jujube tree models with a height of 1.5 cm and different degrees of porosity
(30.12%, 25.01% and 20.92%) and a shelterbelt average height of 7 cm. These models were used for wind tunnel simulation
under different wind speeds (8, 10 and 14 m/s) to evaluate the effects of tall fruiters on the wind field and the protective effects
of the shelterbelt. The results showed that jujube exerted a notable effect on the wind field and demonstrated the protective
effect of shelterbelt, particularly by reducing wind speed in the ground layer in all the test conditions. The protective effect
continued to increase with the increase in the number of jujubes. Therefore, we conclude that it is very important to pay
attention to the type of crop (particularly tall fruiters) when studying the configuration of the shelterbelt. Under the same
porosity condition, with the increase of wind speed, the protective effect of the shelterbelt with no jujubes reduced; however,
there was not much difference observed for the shelterbelt with jujubes. In addition, the increase amplitude of protective effect
exerted by the jujube increased with the increase of wind speed; the protective effect increased by 16.01%, 23.65% and
29.05% in wind fields under 8, 10 and 14 m/s wind speed, respectively. Because every plant had a range of wind resistance, the
protective effect of the jujube shelterbelt did not decrease with the increase of wind speed. Under the same wind speed, with
the decreasing porosity of the shelterbelt, the protective effect of the shelterbelt with no jujube increased; however, there was
not much difference observed for the shelterbelt with jujubes. The increase amplitude of protective effect exerted by the jujube
decreased with the decrease of porosity; the protective effect increased by 22.72%, 15.22% and 1.28% with the porosity of
30.12%, 25.01% and 20.92%, respectively. Because jujube compensated for the decreasing porosity, the shelterbelt with jujube
did not decrease in its protective effects with the decrease in porosity. But porosity decreasing made the protective effect of
shelterbelt increase and that of jujube decrease, so the contribution of jujube was smaller and smaller. We found that a porosity
of 30.12% was optimal for the shelterbelt with jujubes, which demonstrated the maximum protective effect at this degree of
porosity. In addition, we found that a smaller degree of porosity may create turbulence, which harmed the plants, increased the
areas of shelterbelt and decreased the areas for plants, and was used rarely in real life. For example, in South Xinjiang, if the
shelterbelt spacing was increased from 10 to 20 times of the shelterbelt average height, it would increase the plant area by
0.54%. If the jujube produced an annual 20 thousand yuan per 667 m’, 756 million yuan per year would be obtained for 7
million 667 m? jujube in South Xinjiang. Therefore, if completely considering the protective effect of plants, it can decrease
the shelterbelt areas and increase crop areas, and promote the economic effect of crops.

Keywords: crops; wind tunnels; velocity; jujube; protective effect; porosity
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