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Abstract. The influence of windbreak to minimize the ventilation velocity near the plant canopy of a
greenhouse strawberry was thoroughly investigated using computational fluid dynamics (CFD) technology.
Windbreaks were constructed surrounding the plant canopy to control ventilation and maintain the concen-
tration of the supplied CO, from the soil surface close to the strawberry plants. The influence of no wind-
break, 0.15 m and 0.30 m height windbreaks with varied air velocity of 0.5, 1.0 and 1.5 m/s were simulated
in the study. The concentrations of supplied CO, within the plant canopy of were measured. To simplify the
model, plants were not included in the final model. Considering 1.0 m/s wind velocity which is the normal
wind velocity of greenhouses, the concentrations of CO, were approximately 420, 580 and 653 ppm (1x107°
kg/m®) for no windbreak, 0.15 and 0.30 m windbreak height, respectively. Considering that the maximum
concentration of CO, for the strawberry plants was around 600-800 ppm, the 0.30 m windbreak height is
highly recommended. This study revealed that the windbreak was very effective in preserving CO, gas
within the plant canopy. More so, the study also proved that the CFD technique can be used to determine the
concentration of CO, within the plant canopy for the plants consumption at any designed condition. For an
in-depth application of this study, the plants as well as the different conditions for CO, utilization, etc.
should be considered.
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Fig. 1. The bench for growing strawberry.
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Fig, 2. Schematic of the bench with CO, injection pipe.
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(a) Geometry of strawberry bench designed in Gambit.

(b) Mesh design using Gambit software.

Fig. 3. Geometry and mesh structure of 2-Dimensional CFD model for strawberry bench using Gambit.

Table 1. Design factor used in the simulation.

Factors Values
Number of mesh 87,719
Type of mesh Quad, triangular
Turbulence model RNG k-
Injecting velocity of nozzle 0.3 m/s
Air velocity from windward 0.5, 1.0, 1.5 m/s
Air temperature 23°C

Inlet : 400 ppm

Concentration of CO, Injection pipe : 1000 ppm
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Fig. 4. Velocity vector near the bench according to the inlet air velocity and the height of the windbreak. (The range of the

air velocity was from 0 m/s to 2 m/s)
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Table 2. Comparison of air velocity as affected by wind-
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Air Velocity Height of windbreak (m)
(m/s) 0 005 010 015 030
0.5 100 50 20.5 9.1 9.1
1.0 100 461 135 5.6 3.6
1.5 100 46,6 143 7.5 4.5

Average 100 476 161 74 6.4

24 030 m =o]9] WEFe HX7} 0.15 m =09
HgEl Adx)o] Blal Wilx] %] o|AseA: BEG I}
7} v & ZAoF LERTh

Fig. 59 2zt 72 ©& W] ¢ 0~0.15 m U]
T FEES eI W ol wE F
& he) ARS F U AESA Fetaby] fa,
0.05 m9} 0.10 m =o]9] WFS AX|g T2 v
3l Fr1H o BT B FEe] oA W
9 Zo|7} FUE wet WA Ao F&ol 7IE
Foa) vlwske] ) %] 0] AAES SR
T7F A

F&o] Hts gHAoZ Hlwsly| fste] 242t
TEup) $48 W vladz] 9o sk g
&GS Table 20 VERNSIT ¥9] 713 o}
RE2 shte] WEF Folo] kiAo Pk
ojt}, HrA o R W AX|E0] 0.05 m olA=
Zut uldx)o vjsle] oF 5299 & A §HE

BT, AxEo] 0.10 molAE F 84%9] F& ThA

EHE Btk 0.15 moliAe 71 vt oF 93%
o] F& A AHE BT, AREo] 030 molXe=
oF 94% 9 EIE Ko W A7) Hlx] 2ol
o] F: ZhAaol A3 aatE S RAFAY.

BE FRolAM W vldR] gl Blsie] ol
. e AXEE A B0l BT 93%
Az 748l Adxle] & HolwAT 030 mo
o= 0.15 mo|2 XS 7H-5-

T
O
%

1)
tlo
e
F?L'
ot
o

o) We] ARG 5 ele A5 Eel 44
ol Aestelol Foke 2te vt ST B4
o]

g
rlo
.t
B
ne
)
J
()
&
=
%
L4
%
w2
i:{
fo
5
u)
ot



95%2] &= o
X7} 0.15 m
& o) & G918 HOFR] Fala

2.9 B

Fig. 49] 57 EX0M¢] Fa5alx A=
FUE719 e A9)7] et W] Fe 1%
g EXEE Yk A7) oA Wiz F
37198 £EE Fig. 6ol HERASATE o= vl
g flst] FAEeE 9 B3 H9E d& 20
PaollA Ho] 2.0 PaZ APFSITE A W] BEFE
ol I/LTE, WEH X wolt FRITE 5

Wind Velocity = 1.0 m/s Wind Velocity = 1.5 m/s

Wind Velocity = 0.5 m/s

No wind break No wind break

Wind Velocity = 0.5 m/s

No wind break

1.0 m/s Wind Velocity = 1.5 m/s

Height of wind break = 0.15 m Height of wind break = 0.15 m

Height of wind break = 0.15 m

Wind Velocity = 1.0 m/s Wind Velocity = 1.5 m/s
Height of wind break = 0.30 m Height of wind break = 0.30 m

Wind Velocity = 0.5 m/s
Height of wind break = 0.30 m

2 Pa

Fig. 6. Air pressure distribution according to windbreak height and inlet air velocity. (The air pressure in the computational

domain ranges from -2 Pa to 2 Pa)
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Fig. 7. Contour plot of CO, concentration.
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