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A Characteristics and Improvement of Thermal Environment in
Summer of Protected Horticulture Complex Using CFD Simulation
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CDUVTCEV' : Agricultural or rural landscape provides various ecosystem services. However, the ecosystem services function is
declining due to various environmental problems such as climate change, land use change, stream intensification, non-point pollution
and garbage. The A1B scenario predicts that the mean air temperature of South Korea will rise 3.8C degrees celsius in 2100.
Agricultural sector is very wulnerable to climate change, so it must be thoroughly predicted and managed. In Korea, the facility
horticulture complex is 54,051ha in 2016 and is the 3rd largest in the world(MAFRA, 2014). Facilities of horticultural complexes are
reported to cause problems such as groundwater decrease, vegetation and insects diversity reduction, landscapes damage and garbage
increase, compared with the existing land use paddy fields. Heat island phenomenon associated with climate change is also
accelerated by the high heat absorption of horticultural sites. Therefore, we analyzed the heat island phenomenon occurring in the
facility of horticultural complex in Korea. As an improvement measurement, | examined how much air temperature is reduced by
putting the channel and the open space. In the case of the Buyeo area, the Computational Fluid Dynamics (CFD) simulation was
analyzed for the average summer temperature distribution in the current land use mode at 38.9C. As an improvement measurement,
CFD simulation after 10% of 6m water channel was found to have an effect of lowering the summer temperature of about 2.7°C
compared with the present average of 36.27C. In addition, CFD simulations after analyzing 10% of the open space were analyzed at
34.7C, which is 4.2C lower than the present. For the Jinju area, CFD simulations were analyzed for the average temperature of
summer at 37.8C in the present land use pattern. As an improvement measure, CFD simulations after 10% of 6m water channel
were found to have an effect of lowering the summer temperature of about 2.6C compared to the current average of 35.2C. In
addition, CFD simulations after analyzing 10% of the open space were analyzed at 33.9TC, which is 3.9 lower than the present. It
can be said that the effect of summer temperature drop in open space and waterway has been proven. The results of this study are
expected to be reflected in sustainable agriculture land use and used as basic data for government - level policy in land use
planning for climate change.

Mg{" yqtfu : Agricultural Landscape, Climate Regulation, Computational Fluid Dynamics(CFD),Ecosystem Service, Heat Island.
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Table 1. The present conditions at 8 study sites.
Site Buyeo Jinju
Type Vinly Greenhouse | Vinly Greenhouse
Location Chungnam Buyeo | Gyeongnam Jinju
Total (m?) 794159.6 812709.7
Size | Impervious (m?) 493508.5 437058.8
Impervious (%) 62.1 53.8
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Jinju — Vinyl Greenhouse

Figure 1. The map of study sites.
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Table 2. The weather data of Buyeo and Jinju district(1981-2010).

Buyeo Jinju
Month Temperature (C) Rainfall | "9 | umigity Temperature (C) Rainfall | "% | pumigity
velocity velocity

Mean | Max. | Min. | (mm) |~ " () | Mean | Max. | Min. | (mm) |~ 7| (%)
Jan. -1.9 39 70 | 288 | 10 | 730 | -01 6.6 58 | 329 | 19 | 624
Feb. 04 6.8 50 | 341 | 12 | 690 | 21 90 [ -39 | 430 | 21 | 618
Mar. 53 | 122 | 07 | 561 | 14 | 669 | 68 | 137 | 04 | 721 | 22 | 629
Apr. 1.7 | 192 | 48 [ 761 | 14 | 652 | 128 | 200 | 59 | 1182 | 21 | 652
May. 173 | 241 | 113 | 92 [ 14 | 693 | 176 | 241 | 115 | 1228 | 19 [ 704
Jun. 219 | 278 | 170 [ 1662 | 12 | 742 | 215 | 271 | 168 | 213 18 | 760
Jul. 250 | 207 | 215 [ 3196 | 13 | 8.1 | 251 | 293 | 217 | 3000 | 21 | 818
Aug. 255 | 307 | 215 [ 2830 | 12 | 797 | 257 | 303 [ 219 [ 3169 | 17 81
Sep. 204 | 268 | 155 | 1523 | 11 | 774 | 210 | 266 | 164 | 1845 | 15 | 782
Oct. 1385 | 213 | 74 [ 531 | 09 | 747 | 145 | 219 | 84 | 450 | 13 | 740
Nov. 66 | 136 | 10 | 532 | 10 | 739 | 77 [ 153 | 16 | 450 | 15 | 708
Dec. 05 6.7 45 | 274 | 10 | 751 | 20 95 | -40 | 192 | 16 | 662
Average | 122 | 186 | 69 [13492 | 12 | 733 | 131 | 195 | 76 [ 15128 | 18 | 709

Vol. 24, No. 3,2018 75



Research Process
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Contents and Method

| Site Selection

Selected as the representative place for vinyl house \

!

| Meteorological Analysis | ‘ Analysis of weather condition for 30 years \
l

| Alternative Setting | ‘ Alternative setup using expert survey \
l

| Boundary Condition | ‘ Boundary condition setting using maximum temperature distribution survey \
|

| CAD Interface | ‘ Convert to IGES, STL for reading in grid generator \
l

| CAD Repair | ‘ Repair to CAD data for reading in close volume and edge line ‘
!

| Meshing | ‘ Surface mesh generation and volume mesh generation for grid generator \
!

| Pre-Processing | ‘ Setting condition of Interpretation, boundary and initial \
l

| Solving | ‘ Study sites slover using Star-CCM+ \
l

| Post-Processing

Output of contour, vector plot, stream line |
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Figure 2. The flow structure of this study
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and Jang, 2012; Kim et al., 2017)%59l &&9t}

Table 3. The setting of boundary condition for the CFD

simulation
Site Buyeo Jinju
Max. Temperature (C) 35.01 34.94
Velocity (m/s) 12 18
Solar Radiation (W/m?) 500 480
X 592 480
Cells Y 475 339
VA 27 26
Total 7,592,400 4,230,720
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Figure 3. The grid generation for the CFD simulation
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Origin Alternative 1

Alternative 2

Figure 4. The origin and 2 alternative model of Buyeo site
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Figure 5. The origin and 2 alternative model of Jinju site
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CFD AlEH S o] &3 Al dddetr] A5H 9JF 43 54 2 /fduet
Table 4. The present conditions at 8 study sites
Buyeo Jinju
Site Origin Alternative 1 Alternative 2 Origin Alternative 1 Alternative 2

m? % m? % m? % m? % m? % m? %

Green-house | 410837.6 | 51.7 | 385173.9 | 485 | 306015.3 | 385 | 4158719 | 51.2 | 4054545 | 49.9 | 326921.8 | 40.2

Road 53965.2 6.8 53965.2 6.8 53965.2 6.8 17535.1 2.2 17535.1 2.2 17535.1 22

House 28705.6 3.6 28430.3 3.6 28430.3 3.6 3651.8 0.4 3651.8 0.4 3651.8 0.4

Paddy 63791.4 8.0 56192.4 7.1 56192.4 7.1 26441.8 33 20638.1 25 20638.1 25

Channel 10922.8 14 79983.9 10.1 79983.9 10.1 21221.2 2.6 86937.5 10.7 86937.5 10.7

Upland 1636.1 0.2 1636.1 0.2 1636.1 0.2 43821.4 5.4 41736.3 51 41736.3 51

Forest 0.0 0.0 0.0 0.0 0.0 0.0 74710.8 9.2 727477 9.0 727477 9.0

Grassland 224300.8 | 28.2 | 188777.7 | 23.8 | 267936.3 | 33.7 | 209455.7 | 25.8 | 164008.7 | 20.2 | 2425414 | 29.8
AF= AAWZ 812709.7m* F 24o] 512% <l (Min.), H3(Max)2 TE3}1L -;t(Wmd velocity) 3} <5
415871.9m%, T2} 7}%o] ZHzb 220, 04%E EESF S(Humidity)= € FAEeH, A5

mzlo] AAQ] 53.8%E 2FAIBHL Qlom, AAE EXAo)

82 =0] 33%, Wo] 54%E EAEUTE 53] B i
Ao Xe 2AHSTE Asls A7 o 9.2%7F A
A AL L o]AFIE o] AL 258%E EAH

A5 7 P‘WWE ook oA %

Zo] Fo]EXRE tijk2e]
Fe2 2d= ST

t m

CFD B4& 9% JAARE 7oA FHe B
st AF AY NYBEL F14Y A2F 22 F

[o

= 3097H1981~2010 )7 HHFLS B4 tHTable
2). 71’4 84%= 7](Temperature )& H(Mean), A

o o
(Rainfal)= ¥ FHo= #EA
H ulE 97 s HitolA|vh 309zt AF Uzt
Hiugro Fxe FofR Yol 35.01+£1.42°Co|H, A
& 34.94+158CE FTAHORE EA] HH JaAdA
= A AAFHA LAy = 0.0124x + 34.815(R? =
0.0059)¢} y = 0.0544x + 34.093(R? = 0.0923)C. & FH i1
=7t AAp dsste e o Utk =3 7|1$RE 5
o] g9lo=z dMino] FFLErl ALGIA At
Wo ATAFEC] Youg oM HuerE 3 &
A YRSt Aeks A&HoR AT & et

lo}%lli} Table 2.0 A

il

Table 5. The daily maximum temperature survey of 5 protected horticulture complex sites.

Classification Jinju Gumi Gimje Buyeo 1 Buyeo 2 Regression
(2015. 08. 03) | (2015. 08. 05) | (2015. 08. 08) | (2015. 08. 11) |(2015. 08. 11) 9
Weather Station 32.10 35.60 34.70 28.00 28.00 -

Green House 38.88+1.14 39.75+0.84 38.03+0.28 34.76+0.82 34.87+0.88 y = 05045 + 18.426

(R? = 0.8553)
Greenhouse within Upland 37.51+0.21 37.10+0.87 35.64+0.86 33.16+0.19 33.26+0.34 y= ((;;17_14; 6;731())‘400
y = 0.3853x + 21.261

Forest 34.05+1.27 35.15+1.02 34.18+0.78 31.98+0.25 31.98+0.27 (Re = 0.9482)
y = 0.4721x + 15.839

+ + + + H
Channel 31.34+0.33 33.22+41.28 31.86+0.88 29.08+0.24 28.98+0.27 (R? = 0.9059)
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9} 3501 CE 27 F<} 3l Table 63 o] CFD A%
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3097t HueEo] Wl 35.01C2 34.94CE Table
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47C, 39.20C, 24 ¥ U3} ZX|(Grassland)= 36.90C,
36.87°C, AHH(Forest) 34.75C, 3472C, 2 % =
(Channel and Paddy)> 32.37C, 32.33C=Z AASIATH
(Table 6.).

Table 6. The boundary conditions setting according land

use types
Site Buyeo Jinju
Max. Temperature (C) 35.01 34.94
Green House and Road 39.24 39.20
Grassland 36.90 36.87
Forest 34.75 34.72
Channel and Paddy 32.37 32.33
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Creation of 10% 6m channel)2 28 ¢ Fo t’d=|e] 4
% 6m FZE AAWA o¥] 10% 243 & CFD AlE
glojdo] EXAx HiF 36.2CE A tiv] ¢F 2.7C 9
B4 2= 3 E397) ERI= I TtTable 7, Figure 6).
T8 A AFERE AHEY 7|E EXo]go] =9
AL stl A oF 1.0Co =34 a7t Ao,
A TR st73 S8 F22 OF 20T o] &%
7} sPdstATh AME =5} &9t A Bt
WA A F olfrEe sid Aol 79 249 IdF
2 Adolth tit 18] A9 7€ °oF 1me] FEF 6m
sPgsta AAA e o 10%7 H=s mdEstko]
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r?OHUﬁ%'i
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T

Table 7. The CFD simulation temperature data of Buyeo and Jinju sites.

Buyeo Jinju
Site Origin Alternative 1 Alternative 2 Origin Alternative 1 Alternative 2
Temp. | Efficacy | Temp. | Efficacy | Temp. | Efficacy | Temp. | Efficacy | Temp. | Efficacy | Temp. | Efficacy
St1 35.6 34.6 -1.0 34.1 -15 36.2 - 35.1 -11 34.6 -16
St 2 36.3 35.4 -0.9 34.2 21 36.3 - 358 -05 35.1 -12
St 3 39.7 38.7 -1.0 374 2.3 38.7 - 385 0.2 38.1 -0.6
St 4 395 38.4 -11 35.8 27 388 - 372 -1.6 36.8 2.0
St5 39.0 37.8 -12 36.2 -2.8 39.0 - 38.0 -1.0 37.0 2.0
St 6 301 37.8 -1.3 36.4 27 388 - 376 -12 36.9 -1.9
St 7 393 37.3 2.0 36.1 -32 39.2 - 370 22 36.3 2.9
St 8 301 37.0 21 35.8 -33 388 - 36.4 24 35.3 -35
A 38.9 36.2 2.7 347 -4.2 37.8 - 35.2 -2.6 33.9 -39
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Jinju Alternative 2 :
Creation of 10% 6m channel + 10% Buffer zone

Figure 6. The CFD simulation result of Buyeo and Jinju sites
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