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Wind Tunnel Evaluation of Aerodynamic Coefficients of Thuja occidentalis and Mesh Net
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ABSTRACT

Windbreak forests, which have a windproof effect against strong winds, are known to be effective in reducing the spread of odors and dust emitted
from livestock farms. The effect of reducing the spread of odors and dust can be estimated through numerical models such as computational fluid
dynamics, which require aerodynamic coefficients of the windbreaks for accurate prediction of their performance. In this study, we aimed to evaluate
the aerodynamic coefficients, Co, C;, C;, and a, of two windbreaks, Thuja occidentalis and a mesh net, through wind tunnel experiments. The
aerodynamic coefficients were derived by the relation between the incoming wind speed and the pressure loss due to the windbreaks which was
measured by differential pressure sensors. In order to estimate the change in the aerodynamic coefficient concerning various leaf density, the experiments
were conducted repeatedly by removing the leaves gradually in various stages. The results showed that the power law regression model more suitable

for coefficient evaluation compared to the Darcy-Forchheimer model.
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o %017} 20 m vjko]al Fo] 1 m vkl g s3]
ok ol SHE FES Qs Sl on, Hule 4
o miE 7P Ee] Eohd o Ale] ARE SAsIeit ¢
A A4 (LAI, Leaf Area Index)2} QI HAUE (LAD, Leaf Area
Density)= A8 A} U5Ee] M Au] (SLA, Specific Leaf
Area) 5 AFERE ] 9 S ARUT A27]E ol8sto] ALt
k9t (Baret et al., 2010; Fang et al., 2019; Gholz et al., 1975).

(2 d

Table 1 Characteristics of the tree used in the experiment

Experimental | Height Width LAD
5 LAl _
tree (m) (m) (m™1)
a 1.71 0.61 8.75 7.67
b 1.73 0.57 12.16 10.54
c 1.70 0.53 13.10 11.56
d 1.71 0.63 8.75 7.68
e 1.70 0.51 10.34 9.12

* Height: pot height excluded

L seswEy

B0 A 9 vt ] 52 9jste] HAEE S8
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o Zejojgal AU BEOIHOH 4 mm x 5 mm 27]¢)
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(Fig. 2(a)).
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(a) Single layer mesh net

(b) Double layer mesh net )
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(c) Triple Iayef mesh net

Fig. 1 The pictures of experimental agricultural mesh net
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Fig. 2 Schematic diagrams of experimental wind tunnel (blue box:
sub test section, red dot : locations of differential pressure
sensor)
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31 Darcy-Forchheimer 4]0] O‘E} (Whitaker, 1996).

s

A
% 6077 (6 x 10)0] AIAZ A3kt e=vs= = Glol @ )
AF Fo] WS AFel) 98 71 FunE
(ASOS, Automated Synoptic Observing System) 2<5 | 0|E] & A
Loge= Lot ®)
ol-gsteick = IS4 9574 5 Sleh A A 333 Az o
Table 2 Cumulative wind speed data of automated synoptic observing system (ASOS) of the Korean Meteorological Administration
Cumulative range (%) 0 10 20 30 40 50 60 70 80 90 99 100
Wind speed (m-s™ 0.2 0.5 0.7 1.0 13 1.7 2.1 2.7 3.7 6.4 17.2
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Table 3 Estimation of quadratic and power law equations using the measured pressure differential and wind speed for five trees,

Experimental Quadratic Power law
tree equation R? equation R?
Tree a AP=0.51710% +0.3735v 0.9973 A P=0.50690* "1 0.9919
Tree b AP=0.71850" +0.4173v 0.9969 AP=0.71900>"1% 0.9938
Tree ¢ AP=0.70660> +0.6089v 0.9944 AP=0.61590>%7% 0.9849
Tree d AP=0.5973v* +0.4551v 0.9965 AP=0.58950>119? 0.9918
Tree e AP=0.42720% +0.3096v 0.9974 AP=0.47250>062 0.9972
Total AP=0.49520* +0.7933v 0.8980 AP=0.59070*11 0.9646
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Fig. 3 Graph of relationship between Pressure loss and wind
speed for each tree
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Table 4 The aerodynamic coefficient of five trees

Experimental
tree

Tree a 03092 | 2.1449 | 05328 | 8.099%10®
Tree b 04098 | 2.1189 | 06918 | 7.757x10®
Tree ¢ 0.3264 | 22708 | 06326 | 5717x10°
Tree d 03714 | 21492 | 06356 | 6.435x10°
Tree e 0.2410 | 2.0462 | 0.3680 | 1.169%10™

Total 0.3367 | 2.1169 | 0.4768 | 4.081x10°

G q G o

(a) Initial (b) Removal step 1
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(c) Removal step 2
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(d) Removal step 3

Fig. 4 Images of experimental tree by leaf removal steps

Table 5 The LAl and LAD of experimental five trees according to leaf removal steps (a: initial, b: removal step 1, c: removal step 2, d:

all leave removed)

Leaf removal LAl / LAD
step a b c d e
Initial 8.75 | 7.67 12.16 / 10.54 13.10 / 11.56 8.75 / 7.68 10.34 / 9.12
Step 1 7.71 ] 6.76 10.46 / 9.07 9.75 / 8.60 7.22 | 6.34 843 / 744
Step 2 5.26 / 4.62 6.09 / 5.28 7.56 / 6.67 485 [ 4.25 567 / 5.00
Step 3 007/ 0.0 0.0/0.0 0.0/ 0.0 0.0/ 0.0 0.0/0.0
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Fig. 5 Graph of relationship between pressure loss and wind speed according to the leaf removal step

Table 6 Estimation of quadratic and power law equations using the measures pressure differential and wind speed for experimental five
trees by leaf removal steps

Quadratic Power law
Leaf removal step - 7 - 7
equation R equation R

Initial AP=0.5171v* +0.3735v 0.9973 A P=0.50690* "1 0.9919

Tree a Step 1 AP=0.6183v 4+ 0.0356v 0.9979 AP=0.4379>%% 0.9962
Step 2 AP=0.40370* +0.3542v 0.9976 AP=0.48160>"17 0.9970

Step 3 AP=0.1387v* +0.1554v 0.9986 AP=(.31150"%16 0.9910

Initial AP=0.71850" +0.4173v 0.9969 AP=0.71900>"1% 0.9938

Step 1 AP=0.6802v* +0.1628v 0.9968 AP=(.51490>8 0.9947

Tree b Step 2 AP=0.5476v" +0.0149% 0.9989 AP=0.4557v*1339 0.9990
Step 3 AP=0.15860* +0.131% 0.9998 AP=0.2860v" 7264 0.9969

Initial AP=0.7066v" +0.6089v 0.9944 AP=0.6159>77%% 0.9849

Tree Step 1 AP=0.67160> +0.3417v 0.9971 AP=0.57960>205 0.9919
Step 2 AP=0.5629¢" +0.0862v 0.9987 AP=0.46310>1%%7 0.9970

Step 3 AP=0.15370 +0.16400 0.9999 AP=0.31460"73 0.9966

Initial AP=0.5973v* +0.4551v 0.9965 AP=0.58950> 1492 0.9918

Tree d Step 1 AP=0.52550" +0.5876v 0.9929 AP=0.52000>"53 0.9890
Step 2 AP=0.4831v" 4+ 0.3038v 0.9970 AP=0.45620>10%4 0.9958

Step 3 AP=0.15080" +0.1801v 1.0000 AP=1(.3023v" 7030 0.9992

Initial AP=0.42720% +0.3096v 0.9974 AP=(.47250>0462 0.9972

Tree o Step 1 AP=0.4661v" +0.16220 0.9979 AP=0.43960*"7 0.9983
Step 2 AP=0.33650" +0.2283v 0.9978 A P=0.35800> 092 0.9982

Step 3 AP=0.11350" +0.2199 0.9995 AP=0.32800" 543 0.9944
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O|AZT! - StEHE - MAIF - &5 - 2 FL - FUS - %2 - e R - g=3)
Initial AP=0.49520* +0.7933v 0.8980 AP=0.5907v* 1% 0.9646
Total Step 1 AP=0.5472" +0.4278v 0.9460 AP=0.50350"1504 0.9802
Step 2 AP=0.42370* +0.34290 0.9428 AP=0.45230>07 0.9846
Step 3 AP=0.14150" +0.1774v 0.9841 AP=0.30840" 9518 0.9914
= 37|95 HAE A EE oh FE o Z AolE 771 wZelth
AASA] o2 AeollAl =EH 37] A9} v =
2 FAE ARSHE W HAE A =EE QU Y 2. SUSLEY I7IF9elr =5
2] FAE o] gsto] E2H AFH 3719 (G, C)9 Abg ol gurznbo] & 3717 23 (single, double, triple)
S S 22 08729.0% 501 T3% CIUSR 2 o g apy) At ot B 2ol ol e &4
AR olgSnE W STINRAR (G O WA o Zasiorey o) gt o 4% 24 U ok
1.0~45.13% 4 2.1~2,201.3%%t}. 371984~ & 371% T2 AR Fdo] Zr43to| whapa olel hAlgFo] 2|23
l’]-/\é X]Z,\—(Q)QJ rﬂﬂ'ﬂ' r,]-%. 73”—/1\"533} 37" g 6]‘93\"5 ‘" oz %—7]‘3]—93\.9_\3:1, HREOke 07 Wl 3708 HARE o)
o Kim et al. QO e} ol 8 AS7HI0 D 22 pjoro) 2opsiolet (Fig. 6). WEY AR SRR B
o ot 2 Yol Wl B A oAt 2kl 734 (Co €1, Gy OF AHE317] 95td 4] (1)2] 27
_ -~ WA A (2] Hrzlew 39 BAS sttt (Table
Table 7 The aerodynamic coefficient of each trees §), M= szt z7lo] Qe FANAA BAASL e
Leaf removal step G aq G « 0.99 ojAo=Z Aol o] LA = Ztoz BAE
Initial | 0.3092 | 2.1449 | 05328 | 8.099x10°° Hong et al. (2015)= 28 A3} 2472 o|&5}o] Hfzlat
Step 1 | 0.2671 | 2.2591 | 0.6371 | 8.497x10™* o] ILy|odElkA s W B UL 2A 3A 03 A
Tree SteE 2 | 02938 | 2.0174 | 0.4160 | 8.540%10°° quo;l;} —741]74 ]:}2_7}7;}i 745:1] Zligaﬁé}iﬂ;# H ;
T 1 00 MAE =2 AT T w
Step 3 | 0.1900 | 1.6169 | 0.1429 | 1.946x10* oA E2E EolgurEnto] Ly odskALs Al e A
Initial | 0.4098 | 2.1189 | 0.6918 | 7.757x10°° ) o179} SAISIA WELLS 17o|A 27, 3 0E A 2
free b | SteP 1| 02935 | 22538 | 06549 | 198810 S7MAAe wet F710f8k Al (G, C)7F S7FotTh (Table
Step 2 | 0.2597 | 2.1339 | 05273 | 2.173x10°® 9).
Step 3 | 0.1630 | 1.7264 | 0.1527 | 2.454x10™*
Initial 0.3264 | 2.2708 | 0.6326 | 5.717%10°
Step 1 | 0.3072 | 2.2036 | 0.6013 | 1.019%x10™* 25—
Tree ¢ I [ = Single |
Step 2 | 0.2454 | 2.1687 | 0.5039 | 4.039x10 e Double R
Step 3 | 0.1667 | 1.6733 | 0.1376 | 2.123%x10™* 0L A Triple
Initial | 0.3714 | 2.1492 | 0.6356 | 6.435%10°° = o
Step 1 | 0.3333 | 2.1839 | 0.5592 | 4.984%x10°° &15_ A
Tree d ) @
Step 2 | 0.2874 | 2.1054 | 0.4822 | 9.641x10 S o
Step 3 | 0.1904 | 1.7030 | 0.1605 | 1.626x10™* % . A .
Initial | 0.2410 | 2.0462 | 0.3680 | 1.169x10™ £ .
Tree o | SteP.1 | 02242 | 20979 | 0.4015 | 2231 X107 5 e
Step 2 | 0.1830 | 2.0092 | 0.2899 | 1.585x10* A =
Step 3 | 0.1673 | 15434 | 0.0978 | 1.645%10™ o o .. . . . . .
Initial | 0.3367 | 2.1169 | 0.4768 | 4.081x 107 0 1 2 3 4 5 6 7
Total Step 1 | 0.2870 | 2.1864 | 0.5269 | 7.567%10°° Velocity (ms™)
Step 2 | 0.2578 | 2.0754 | 04080 | 9.440x 10 Fig. 6 Graph of relationship between Pressure loss and wind
Step 3 | 0.1758 | 16518 | 0.1362 1.825x10° speed of mesh net according to the number of layer
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Table 8 Estimated quadric and power law equations of measured pressure differential according to experimental velocity for mesh net

Number of overlapping Quadratic Power law
layer equation R? equation R?
Single layer AP=0.26750* +0.2306v 0.9991 AP=0.48490" 7141 0.9928
Double layers AP=0.51120" 4 0.3487v 0.9984 AP=0.55850>0%% 0.9953
Triple layers AP=0.62540" +0.2215v 0.9993 AP=0.68510"9%! 0.9996
Table 9 The aerodynamic coefficient of mesh net according to the %," A|'2.| %
number of layers
& e 20219 HENE (HSASHY) SR
e mer | G | G | G o o (PJ014297042021) B AT 3 X QAe] ol
Single layer 0.4849 | 1.7141 | 0.4519 | 7.996%x10°° o1l A,
Double layers 0.5585 | 2.0595 | 0.8635 | 5.288x10°
Triple layers 0.6851 | 1.9951 | 1.0564 | 8.324%x10°°
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