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Wind tunnel simulation test of wind protection effect of Haloxylon ammodendron

forests with different density and configuration
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Abstract: Haloxylon ammodendron is a critical species for the establishment of protection forests in the arid regions of
China. To explore the optimal density and configuration of Haloxylon ammodendron forests that would enhance their wind
protection effectiveness, wind tunnel simulations were conducted under controlled conditions. The study examined the wind
velocity and flow characteristics across three different stand densities and four distinct configurations, resulting in a total of
12 different forest models. The experiments were carried out under a wind speed of 10 m/s, with the goal of providing a
solid scientific basis for the optimal design and arrangement of protection forests in arid zones. The findings of the study can
be summarized as follows: (1) When stand density was held constant, the area of wind speed deceleration zones was largest

in uniformly distributed stands (A,, B,, C,), and the degree of wind deceleration was more pronounced in these areas.
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Additionally, when the configurations were kept the same, increasing stand density did not result in a strictly proportional
change in the size of the wind speed deceleration zones. Although there were variations in the densities that were most
suitable for different configurations, these differences were not statistically significant. Furthermore, increasing stand density
resulted in a larger range of wind speed deceleration zones. (2) Under conditions of low to medium tree density,
configurations involving one row and one band, or two rows and one band, provided better wind protection. In high-density
conditions, configurations of two rows and one band, or a uniform distribution of trees, significantly improved the wind
protection effectiveness. The variations in wind speed within the forest belts were most noticeable at the canopy level.
Beneath the canopy, it was found that higher stand densities led to a lower average wind speed. Specifically, the forest belt
with a configuration of two rows and one band at high density (C,) exhibited the lowest mean wind speed, recorded at 2.30
m/s. (3) At heights of 30 cm, 15 ¢cm, and 3 c¢m above the ground, the wind protection efficiency of the forest belts ranked
as follows: C>B>A. Among all the configurations tested, the forest belt with high density, consisting of two rows and one
band (C,), provided the most effective wind protection. In conclusion, this study successfully identified the optimal stand
density and configuration for planting Haloxylon ammodendron forests. These results not only contribute to the scientific
understanding of wind protection mechanisms but also provide a valuable foundation for the development of windbreaks and
sand-fixing forests in arid regions. Furthermore, the findings support the formulation of strategies aimed at optimizing the
structure and arrangement of protection forests, offering practical guidelines for the sustainable management of arid zone

ecosystems.
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Fig.1 Wild Haloxylon ammodendron and Haloxylon ammodendron model
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Table 1 Characteristic parameters of forest belt models with different density configurations
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Fig.2 Schematic diagram of four different configuration patterns for different densities of Haloxylon ammodendron
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Fig.3 Schematic diagram of measuring range and measuring points in forest belt wind speed
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Fig.5 Average wind speed variation at three different heights

P 25 R R MR 1) 23 A1 X

http ; //www.ecologica.cn

| ——_ - |
‘—"-\A
4
Ay ‘% L . .
—r—9
A
e Y
4
As
t——
e —
— , A o _g— " ——— o
\ A A
A "/.——r )
= —
: 3 1=I=.;”\‘* . — e
—
-3H -2H -1H 0 1H 2H 3H 4H SH 6H TH 8H 9H 10H
E e
[ A—a 4
£ B
o — A A R °
F o N N A A
E e —a
[ A—a—
EBZ ‘L\\\#‘<¥
E : . : ; e
E | —— — |
E —a 4 y
C L
W
E —— —a
F A—a 4
E 4
- B .
-3H -2H ~-1H 0 1H 2H 3H 4H SH 6H TH 8H OH 10H
F — . .
[ F—t— |
C H\‘ H
£ C 1
E [ —— "]
[ A—a 4
FC
E 4
E |E>‘<_“; ° —* ° N R
E r— —
F &—— & 3
£ Cs
F 4
: \ . . o
B
E N
"
F —_ - ———9—o—° . * —e
-3H -2H -1H 0 1H 2H 3H 4H SH 6H TH 8H 9H 10H



11 4] FWE A AN [ I R AR SR ) X R DL 5 9

8H IXANEIZ N, I ol AW H e 8 BEARAE A T X/ TP IR RE IR, ARy i e A A 22 5 2 8
PRBAETEE R | ELves %5 BE AR A XU R R SO W A2 i 3 3 AT 0, BT A ARl 14 7l 2 XU 22 010 A8 O, A E 7
8—9 m/s Zidy, TESEHR, 2B BRI, 5 AT B 07 U0 LU, R B A5 1F-P- 2 X et /N BV O HEE A, <
A <A <A RIS G /D BRI HEIF 8 B, <B, <B, <B,, R 85 B A PFF- 249 XU i /N B RO HE
C,<C,<C,<C, , BV BRI 88 B2 26 F T AT — 5 A 0 1 07 UM XU B /)N T v %8 B A5 1 29 20 20 A B T
7 A KU B/ Y5 O R, — 47— AR 2 G /NER B HERF A B, <C <A, AT —i
PRSP 2 XU N EIR BGHERR S C,<B, <A, 350 70 (AR 132 KU i /N BRI HEIT 0 Co<B <A, FlAL
A BT FE KGE /N BIRBIHERP €, <B, <A, , BIEFE—47— 17 A IC B 05 UE s R 188 Oy o 4 88 ISP bRty
DR B/ T A7l 489 20 7 A FBE R0 A1 ) E D7 3O % o o B O I MO BE IO B 0. BmT 2, IR
JE SR AP AT — A A HC BTy SR, P B AR MR B — AT — A Bl AT i C B AN e A
B AEB ORI ARV AR R 2 A s AT A RCR S HAE, 7R MR R BOR, SF X
BN R K /NBI R B HERS S C<B<A, o CopR 55 R X R/ (2.30 m/s) | 3k g ] — 47—
P 8 o 8 B M R R AR

x3 HNETEBEERFHRE
Table 3 Average wind speed at different heights in forest belts

Bt SFEIRE Average wind speed/ (m/s) oo TR Average wind speed/ (m/s)
Forest belt s S A Forest belt L S T
Above crown Crown part Under crown Above crown Crown part Under crown
A, 9.65 5.49 4.58 B, 9.53 5.65 4.35
A, 9.79 5.18 5.11 B, 9.62 4.61 3.65
A, 9.67 6.36 5.28 C, 9.45 4.57 3.55
A, 9.67 7.56 6.01 G, 9.16 3.68 2.30
B, 9.44 4.10 3.07 (O 8.86 3.61 2.91
B, 9.52 3.88 3.08 Cy 9.53 4.29 3.05

2.3 BBk

R AR DR A A 1 XL 25 5, At PR AR ] e J2 X X 7= A4 1 g i) 222 300 B B 10 22 S BTk, AR F
FIERLT 30,153 em i 3 MRS B THRIFLH T B KRR AU i AR (LR B (L 6) |, i — 25 40 BTk
5 B RGN AE 25 (6] 43 AL S B MERRAE . 7E 30 em (5 BEAL , MR 14 Bl AWK BB TC 18 £E 71 FIT A 2t i 29 A8 i ik
30% , PRy J5 B BT AR BE N 1H b — I K PRFFRE  BEIR BN C>B>A, Co Moy BRI H S5 K i Bl LA
BE, 7F 15 cm (& EEAL MO 5 A B WAL BE B R (1LH) JFIR IS, 45 SH G PR FE BT XL BE R E 7F 40%—60% 2.
], A MY B R B 7 R RE— ELAERE 25%—30% 2247, MR 4 SH Ja P & 7 UH R B 254 L B T —47
— A HC B AT B KUK BE RN B IS =T C,, Ry B KUK B IR R B C>B>A | R C, Moy 44k
T R KB XELRE . 76 3 em (&AL MY J5 B 7 XRCRB I\ LH AL 328 14 Rk 31— B 5 a5 — ELOR AR
XFFAE A, B AT A B RELRE N 1H FFLRE NS 6H iA % He K (83.38% .97.74% ) SR 5 /N JE P IR e AR F5
15 RN TR FEARHT (C L B) B Bl KUK BE e AR E 7 80%—100% , TiIR%% FE MY (A) B BIf KU RE e A e
TE 60%—80% ., It 1l )23 [l KA N Xf 1ib 2 42 ol 5 T RR sk 8 DA K Sl b 35 1) T I R AT B B85 i), 2 Bl 4P AR 9 1 B
S XEMAEERR 15 em AT A B RUSRESROT- M (38 4) MR AT RIUMGHT 5 1 B KU RESS h  IE(E 31X —
g LRI FEMAHT BURE IR R, ToiS SR R BT S MRHE 5, 30 1 )2 A U AR 55 T JC AT X SR8 A sl % . PRy i
-2 85 KARE AN B I 10% , MR 5 9 347 B XUk B 222 R My Ji, BRI, 935 XU BE 9 A8 1k 32 2 0K B 7E Ak
Jei , 4% AR R, 5 A ey =R B A B S T I B KB RE ti R BN HET R A >AL>A>A, R
W SAE T SRR XUk e i R B/ NIHERE N B,>B, >B,>B, , B8 B AR B4 57 KL AE 1 R 21/ N HE
H C,>Cu>C>C o RIMIRES BE S5 T — 47— 1 L 7 2SS 118 - 349 iy XA B B8 4, i v 286 5 o 2 2

http ; //www.ecologica.cn



10

A

PN
FON

Ay,
&

#H

45 &

s

AT A E T AR S B KR RE S, SO E T RN — AT BT 24 B XUCRE Hh R /)
AOHEY 9 B, >C > A ATl AUMHF PR B XL RE t R BN HERS S C,>B,> A, B35 70 A (AR - 44 B X
REEH KRBV NIHEY 7 Co>By> A, BENL M3 B - 2 B AL RE i R BN HEF o € >B>A,  BIEFE—17
—iy FRTC 7 P PR R Dy e 28 B IR MAHE 1) 7 X B KRR S, 1T — A7 — 7 345 43 A FIBE AL 43 A 1 Fie
J7 B B S MR EERUCR S Ay, ZREORF R B AR ARl & e — AT — i RO MO 7 50, R B AR A

WP AT — A B AT PRI E DT 3, R R AR R A e

[ X% ik Windbreak effect/%

100

=10
100

80
60
40
20

=20
100
80
60
40
20

=20

AT B R A A R E T 5

30cm 30 30 cm
—a— A 25 —a— A,
—o— B, 20 —o—B,
——C, 15 ——C,
10
—= 51 e=t—2
0 4
o -5 .
-10
100
y I5em o) 4 15 cm
60 M
40
20
=0 0| Sr—t—
-20
100
3em g
60 ) 3cm
¢ 40
20 L
3 A 3
F% 0 p—,
-20
T T LS T OO T LTI LTI T T L T LT YNNI LTI
—e— B3 30 cm 20 —e— By
—A—C3‘ 15 —a—Cy
Y 10 3
— ;p,éé—_,/:_: e
2 ’
-10
100
j I5em g : 15cm
p 60
40
20 I
b 0] Se—r—
-20
3 100
cm
80 3cm
60 )
y 40 ; .'_r/\/—“_’-—’—<
20 i
—t 0| =4
-20 i
T X TS T LT T LTI T LTI T T TS T LT T TR LToXI

fir# Location

Bl6 3NEEMRER KR ELHFE

Fig.6 Variation characteristics of wind protection effectiveness of forest belts at three heights
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Table 4 Average wind protection effectiveness of the near-ground layer (below 15 cm) around the forest belt

s -5 KA BE Average wind efficiency/ % - -2 B WBHE Average wind efficiency/ %
Forest belt AT Mty )i Forest belt T i M fe
Front of the forest belt ~ Back of the forest belt Front of the forest belt Back of the forest belt

A 8.25 58.69 A, 6.30 48.38

B, 10.10 78.82 B, 8.04 60.18

C, 10.52 72.15 Cs 7.76 83.21

A, 7.91 55.00 A, 2.65 36.74

B, 9.47 79.85 B, 7.63 71.81

C, 10.46 88.17 Cy 6.00 79.54
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