Journal of Bio-Environment Control, Vol. 32, No. 4:396-404, October (2023)

DOI https://doi.org/10.12791/KSBEC.2023.32.4.396

pISSN 1229-4675
elSSN 2765-3641

Esddrled oA+ A,
ot A+

The Estimation of Pressure Drop according
to Blockage Rate of Agricultural Nets

Sung-Hyun Yum', Seung-Hee Kang®*, Hee-Ryong Ryu', Hong-Ki Yoon®, U-Su Lee*, and Yeongji Yu®

'Researcher, Disaster Prevention Engineering Division, National Institute of Agricultural Sciences, Jeonju 54875, Korea
“Professor, Department of Aerospace Engineering, College of Engineering, Jeonbuk National University, Jeonju 54896, Korea
3Senior researcher, Research Division for Horticulture, Chungcheongnam-do Agricultural Research and Fxtension Services,

ﬁblockage rate)% HREA|AL O] F&A7F afe) 159
PR/l A A Q1 FFE vtk Y EZH E5E5, 5 1

Yesan 32418, Korea
“Researcher, Research Division for Horticulture, Chungcheongnam-do Agricultural Research and Extension Services,
Yesan 32418, Korea

S Assistant researcher, Disaster Prevention Engineering Division, National Institute of Agricultural Sciences, Jeonju 54875, Korea

Abstract. The blockage rate for three kinds of nets commonly used in agricultural facilities was assessed by using the
image acquisition and its relevant processing. By using both empirical relations presented by Idel’chik and Richards
and Robinson, and the blockage rate obtained from the image processing, the pressure drop through the nets was
predicted and also compared with wind tunnel experiment results. The results of the study showed that the blockage
rate of the net was discriminated according to such factors as the magnitude of nets, the existence of inside threads, the
thickness and number of threads. In addition, the blockage rate for the incident angle of 0° when the wind blew at the
front had the range of 0.22 — 0.29 (0.22 — 0.32 when considering whole incident angles from 0° to 45° by 15°). For the
nets with the blockage rate of about 30% or below, the prediction by the empirical relations of by Idel’chik and
Richards and Robinson showed a little higher pressure drop overall than that of the wind tunnel test, but the use of the
empirical relations and the blockage rate could be thought of as providing effectively meaningful guidelines for the
safe design of agricultural facilities including nets because the wind tunnel test has been tedious and expensive.
Further research and potential application on the prediction technique of the pressure drop, regarding both a subtle
deformation by the wind and manufacturing methods with regard to the level of knots and the existence of inside
threads, needs to be done for the nets with higher blockage rate.
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Table 1. Nets with blue color and their facade images used in the study.
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The pressure drop (AP) according to an incident angle (0)

Net model Image of the net
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Fig. 1. Illustration of image acquisition for nets and the image processing to evaluate the blockage rate: an installation stand (A), an assembled photo
device including a full frame DSLR camera (B) and a representative net attached on a surface plate (C).
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Table 2. Empirical relations that were respectively presented by Idel’chik (1966) and Richards and Robinson (1999) used to evaluate the pressure
drop from the loss coefficient and the blockage rate to be presented in the study.

Idel’chik method

Richards and Robinson method

o
Km = KmeshKRegs + 2
(1=oy)
Where,
R —4
Kge :0.780( 21 +1. 0) +1.01 for 0 < Re, <400

= 1.0 for Re,, > 400

Re, = iy

K, = :
" (1-0.750,)
Where,
10
C,=1+ -
¢ Re%/ 3
K, 14.5 \
e <s o) < <
K, (Re, >2,000) L0+ 7% G forl <Re, <10
VD
Rep = L

Diameter of i-dir thread(=Y~_, D;N,)

| & j-dir A ; I
thread
[
Lon%itudinal [

Lat tudihal
length

ength

Fig. 2. Schematic of the longitudinal and latitudinal threads of a typical
net.
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Fig. 3. Tllustration of the image processing of the nets for a slanting angle of 0° corresponding to their front view.
Table 3. The images and corresponding blockage rates of nets.
Net model Image Magnitude of nets, the thickness and Angle Images of nets Blockage rate
(Facade, 6 = 0°) number of the threads ®, ©) according to angles (Br)
Classification | Long. | Lat. 0 0.2940
Mag. (mm) 6.66 | 4.32
Thk. (mm) | 125 | 0.80 15 0.2952
PHR i1 Di 020 | 0.20
The, 2 (mm) | 0. : 30 03038
e e Num. (ea) 3 3
DforRey, 0.60 45 0.3197
Classification | Long. | Lat. 0 02214
088 Tl Mag. (mm) 834 | 7.86
IOENEANEMY TN Thk. (mm) | 135 | 030 15 0.2242
PHR i2 e :
i EEF0EGH The Dia. (mm) 0.20 0.20 30 0.2376
6 {IVENEY " | Num. (ea) 3 2
DforRe,, 0.50 45 02613
Classification | Long. | Lat. 0 = 0.2769
Sammmn Mag. (mm) 940 | 8.12 .
R S Thk. (mm) | 1.65 | 135 15 0.2714
1 "‘_"_I_r i - —r + 1
-.IL_1__|¢_._4I._.I_+._._ The Dia. (mm) 0.20 0.20 30 02773
+rrrrt+r+ . B +
2 e e e Num. (ea) 6 6
DforRey, 1.20 45 0.2865

Thr. : Thread, Mag. : Magnitude, Thk. : Thickness, : Dia. : Diameter, Num. : Number, D for ReD : Mean diameter for calculanng Reynolds number.
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test data (). AP: pressure drop, V: wind speed.
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Fig. 6. Comparison of the pressure drop for the net PHR i3 among the relations by Idel'chik (A ) and Richards and Robinson (m), and the wind tunnel

test data (). AP: pressure drop, V: wind speed.
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