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However, the great dimensions of modern commercial greenhouses
generate differences in the values of these parameters that can affect
the development of plants, resulting in differences of productivity,
water consumption or heating requirements.
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Modelisation des ecoulements d'air dans les serres
par RENAUD HAXAIRE Inlet wind profile

) ) Wind break
These de doctorat en Sciences biologiques fondamentales et appliquees

Sous la direction de LUCIEN ELEGANT. Soutenue en 1959
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Computers
and electronics
in agriculture

Experimental and numerical studies on the
heterogeneity of crop transpiration in a plastic
tunnel

Boulard **, S. Wang ®
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Fig. 7. Simulated average (on the diurnal period) solar radiation distribution in E-W oriented tunnel on
21 March under clear weather conditions. The outside average solar radiation was 196 W m —2. The unit
of solar radiation is in W m—2.
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Simulation of Air Flux and Temperature Patterns in a Large Scale ;i;{;‘:‘;iﬁ:.“ﬁuﬂgn“l 014 sc-sucs@mnscr~
Greenhouse Equipped with Insect Proof Nets
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H. Fatnassi®. T. Boulard** and L. Bouirden*®

* Laboratoire de Thermodynamique Faculté des Sciences Université Ibn Zohr BP 28/S
Agadir Maroc

#FINRA Unité PSH Agroparc. Domaine Saint Paul, 84914 Avignon Cedex 9. France

Optimisation of Greenhouse Insect Screening with Computational Fluid Dynamics

H. Fatnassi; T. Boulard; C. Poncet; M. Chave
INRA-URIH, 400, route des Chappes, BP 167, 06903 Sophia Antipolis, France; e-mail of corresponding author: boulard@sophia.inra.fr

( Received 29 March 2005; accepted in revised form 25 November 2005, published online 2 February 2006 )

Fig. 13. Air humidity field in g kg™ within the greenhouse for the configuration with open windward and side openings and with anti-
Thrips nets on the vents (inside horizontal line refers to crop height)
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Experimental and CFD Results on the CO, Distribution in a Semi Closed
Greenhouse
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Sensor

Manufacturer

Range

Accuracy

ISY4IAINN

T, - Inside air temperature

X; - Inside absolute humidity

12 x CS215

R; - Inside solar radiation

R,, - Outside solar radiation

SP1110 pyranometer

Campbell Scientific Spain S.L.,

Barcelona, Spain

5°C-40°C

+0.4°C

10-90%

+2%

350-1100 nm

+5%

Rn - Net radiation

’ ) o |
T,, - Soil temperature at 0.01 m and 0.1 m

: JOKG6 -
thermistor

Ireland

+5%

+0.49 °C

Ty, — Soil temperature at 0.2 m

TCAV thermocouple

Campbell Scientific Spain S.L.

-40°C-375 °C

+1.5°C

T, - Cover temperature

OMEGA® 0S540

Omega Engineering Inc., Stanford, USA

-20°C-420 °C

+2%

Qg - Soil heat flux at 0.2 m depth

HFPO1

Hukseflux Thermal Sensors B.V,, Delft,
The Netherlands

+2000 W m2

-15+5%

6 x Windsonic 2D

Gill Instrument LTD, Lymington,
Hampshire, UK

0-60 m s

+20 & +3°1

v, - Air velocities in the openings

2 x CSAT3 3D

Campbell Scientific Spain S.L.

0-30 ms!

+0.04 ms!

-30°C-50°C

+(0.026 °C

P, - Net photosynthesis

C; - Inside CO, concentration

LCi-SD sensor

ADC Bio Scientific Ltd.,
Hoddsdon, UK

0-75 mbar (H,0)

0-2000 ppm

+2%

T, - Leaf temperature

Betatherm 100K6A
thermistor

Measurement Specialties, Inc., Galway,

Ireland

-5°C-95°C

+0.49 °C

C. - Ouside CO, concentration

TESTO® 445

Testo S.A., Cabrils, Spain

0-10000 ppm

+ 50 ppm

u, - Outside wind speed

Cup anemometer

O - Outside wind speed

Vane

Davis Instrument Corp., Hayward, USA

0-78 ms!

+5%

0-360°

+7°

T, - Outside air temperature

X, — Outside absolute humidity

HOBO® Pro RH-Temp
H08-032-08

Onset Computer Corp., Pocasset, USA

-20°C-70°C

+0.3°C

0-100%
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Invernadero Case 1 Suelo Ts32.3 Perfil T Crv -469.8 SIMETRY CO2 LAl 0.29 DENSITY Fluent@stic2005 [2d, pbns, spe, ske]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
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Boundary Condition
Velocity inlet

Windward boundary:

Wind speed: profile (UDF , Molina-Aiz et al., 2016)

v(y) = KV—VC In (M)

Yo

Von Karman constant: Kyc=0.42
Ground roughness height y,=0.015 (m)
Turbulent Kinetic Energy: constant (UDF) e

VCu
Parameter of the turbulent model: €,=0.09
Turbulent Dissipation Rate: profile (UDF) e(y) = i

K(y+yo)

Temperature: profile (UDF )
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INSECIEproofiscreens

Greenhouse openings Side Roof

Measured values

Porosity, ¢, 0.394 0.341
Thread density, p,, (threads cm2) 10.2x16.3 9.9x19.8
Porous size (length x height), L;. x H;. (um) 337.2 x 694.1 233.0 x 741.3

Thread diameter, D, (nLm) 278.2 271.9
Permeability, K, (m?) 6.92 x 10710 2.60 x 107°

VIIIWTV 3d dvaiSy3AINN

’

Inertial factor, Y 0.193 0.254
Values in the CFD porous jump model

Thickness, e;; (m) 567.3 x 10-° 371.3x10°°
Face permeability: a=Kp (m?) 6.92 x 10-10 Porous Jump

Zone Mame

Pressure-Jump coefficient : C,=2 Y/Kpl/ 2 (m™) 14673.5 [Jateral_bariovento

Face Permeability (m2) || 6.92e-10

Porous Medium Thickness (m) || 0.0005573

Pressure-Jump Coeffident (C2) (1/m) || 14673.5

Thermal Contact Resistance (m2/w) || 0

QK Cancel Help




The effect of aerodyna

airflow through the
porous media (Wilson

C, canopy drag coeffici
L,,, crop leaf area densi

v, air velocity (m?:s1)
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Plant leaf area, a, (m?)
Distance between plant in the row, d; (m)

Height of plants, h, (m)

Gap between the rows, g, (m)
Width of row, wg (m)
Number of row, ny

’

. 2 2
Leaf area index, Ly, (m?,,;m=2 . ,.4)

Leaf area density, L, (m?2,,, m3)

Tomato drag coefficient, C;

Values included in the CFD model vy - R
Leaf area index inside the row, L,;. (m? m=2 ) A3 Slomudt paiariv
Leaf area density inside the row, L, (m? m=3 )
Viscous resistance: C; (m2)

Inertial resistance: C,=2Cy L,p,. (m™)

Inertial Resistance

Alternative Formulation

Direction-1 (1/m} [ 1 54 srmotand

29



DR ) |5 016
DAE 1
\
<
\
Parameter Symbol Units Day 1 Day 2
Outside temperature at 4 m height T, (°0) [(K)] 17.5 [290.7] 18.3 [291.5]
Outside wind speed at 4 m Vi (ms1?) 2.57 5.98
Outside H,0 mass fraction X, (kg kg1) 0.0065 0.0048
Outside CO, mole fraction C, (mol mol-1) 0.000398 0.000409
Outside solar radiation Rg, (W m32) 763 825
Inside solar radiation Rg; (W m2) 556 632
PAR measured at the leaves QpareL (umol m2 s1) 790 837
Solar radiation absorbed by the cro W m-2 132.7 140.7
Greenhouse cover temperature T, (20) [(K)] 21.7 [294.9] 21.1 [294.3]
Soil temperature in the area without crop T, e (20) [(K)] 32.5[305.7] 27.9[301.1]
Soil temperature in the area with crop T,.. (20) [(K)] 30.1 [303.3] 26.6 [299.8]
Outside soil surface temperature T, (2C) [(K)] 25.1[298.3] 23.8[297.0]
Transpiration measured with LCi sensor E, (mol m=2;s1) 4.71x10-3 3.88 x 103
Transpiration source of H,0 in the model Siz20 (kg m3s1) 3.08x10-4 2.54x10*
Leaf temperature measured with the sensor T, (2C) 35.8 31.5
Sensible heat flux S, (Wm3) -469.8 -275.6
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RMSPE=66.6%

- L- ‘ = -
MSPE=40.5%

Aug 30, 2016
ANSYS Fluent Release 16.2 (2d, pbns, spe, ske)

Velocity Vectors Colored By Velocity Magnitude (m/s)
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Velocity Vectors Colored By Velocity Magnitude {m/s) Sep 13, 2016
ANSYS Fluent Release 16.2 (2d, pbns, spe, ske)
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RMSPE=13.5%

T T T

712967 :301.8 2963 T .204.9 295.6 -296.8

-298.4 -297.6 -299.3 -295.2 :296.2 -295.(

2062 297.4 2987

*296.1 -297.3 -:297.7

Contours of Total Temperature (k) Aug 30, 2016
ANSYS Fluent Release 16.2 (2d, pbns, spe, ske)
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RMSPE=13.5%

T ———

770.0077 0.0079 -0.0072 " TT70.0073 -0.0074 -0.0071
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*0.0080 +0.0075 -0.0077 *0.0073 +0.0074 :0.0072

Contours of Mass fraction of h2o Aug 30, 2016
ANSYS Fluent Release 16.2 (2d, pbns, spe, ske)

43



= HORTIMODEL2016

) 19-22 September 2016, Avignon

P - - = Results and discussion
CO, distribution

’

VIIIWTV 3d dvaiSy3AINN

RMSPE=4.2%

0.000380 0.000383 0.000386 0.000389 0.000382 0.000395 0.000398 0.000401 0.000404 0.000407 0.000410

Contours of Mole fraction of co2 Aug 30, 2016
ANSYS Fluent Release 16.2 (2d, pbns, spe, ske)




HORTIMODEL2016

19-22 September 2016, Avignon

Results and discussion

’

Cc
<
<
m
=
2
O
>
O
O
m
>
—
=
m
2
>

Contours

Options
Filled User Defined Memory...
Mode Values
Global Range LesliErTn o
[] Auto Range x
Clip to Range -16
[Joraw Profiles
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These values of photosynthesis (1.6-2.8 gCO, m“leaf h™')
were similar to the values of 2.9 gCO, m“?leaf h!
measured in plants of tomato growing inside a Venlo-
type glasshouse by Nederhoff and Vegter (1994a).

The measured values also agreed with the net
photosynthesis of 10-15 pmol m—“leaf s! reported by
Ayari et al. (2000) for tomato crop inside a four-span
arched greenhouse and by Shibuya et al., (2006) for
tomato seedlings in a growth chamber.



From validation of the developed CFD model of a
naturally ventilated Almeria-type greenhouse with a
tomato crop inside, we can conclude that plants
photosynthesis can be simulated accurately with CFD
including a user-defined function (UDF) in the numerical
model.

Values of simulated net photosynthesis agree with the
measured in the experimental greenhouse and with the
values reported in bibliography.
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