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Abstract: Greenhouses play an important role in the fieldgdiculture, allowing the grower to have
more control on the environmental factors that gowbe behaviour of crops. The interactions of the
environmental factors on the inside climate of eeghouse are complex and involve a set of physical
mechanisms that constitute challenges to modell&rs. better assess the greenhouse climatic
behaviour, a CFD modelling approach was developeticambined with field surveys considering a
Venlo, closed greenhouse, under semi arid conditioMeasurements were undertaken at different
heights along a vertical cross-section at the eemwtr the greenhouse. The components of the
greenhouse were then integrated inside a CFD ldliséd climate model. The boundary conditions
were inferred from the outside climatic conditiotaking account both of radiative and convective
transfers through the walls. Simulations were cotetl under pseudo-steady state conditions (i.e.
updating the boundary conditions at each time saigay long, and several scenarios (clear ordyou
day) were simulated to analyse to what extent tis&dé climate of the greenhouse responds to the
outside climate conditions.
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1. Introduction

A large variety of protected cultivation systems dae found throughout the world. They
range from fully passive greenhouses as in Chimajgh-tech closed greenhouses in Western Europe
[1]. This variety is due to prevailing local condits and availability of resources. The charactdion
of the energy balance of the greenhouses for emdtirbatic zone becomes fundamental in order to
evaluate the greenhouse feasibility, and to impridgsemicroclimate control [2]. In the next years,
agriculture is expected not only to produce food eew material but also to maintain the landscape
and contribute to the reduction of greenhouse gasélse atmosphere. It is anticipated that the new
increase in productivity in the next 50 years chio &e the result of information and communication
technology use in agriculture [3]. Numerical mouhgl techniques can offer an effective way of
accurately quantifying the influence of environmpatameters and weather conditions within a virtual
environment. Thus, the amount of in situ or labomaexperiments can be reduced considerably. The
application of the advanced technology such as ®@Fop production has been concentrated mainly
on greenhouses installed in the northern area @kfegturope). Consequently, most publications of
CFD greenhouse studies available today deal wittheam Europe greenhouse cropping conditions
where the crop grows throughout the year in themfieuse. But few works have been undertaken to
optimize the design of greenhouses set up in tideaad semi-arid area of the Southern Mediterranean
basin, and little attention was paid to the analysi the heating efficiency of these greenhouses.
Moreover, in most studies involving CFD, no simolaus solving of the coupled radiative and
convective transfers was implemented, but authopsed measured temperatures or heat fluxes at
walls to simulate solar radiation [4], [5]. Suiabmodels were customized by [6], who considered
shortwave and long wave radiation separately aedifpd the optical properties of the cover. Ie th
southern Mediterranean areas, greenhouses areatigregmple shelters with few facilities to control
the climate. They are therefore usually too hositmmer to allow crop growth under acceptable
conditions. This has driven growers to adopt shaltivation periods which only last 4 to 5 months.
The introduction of advanced technology (numericaldelling techniques) in greenhouse agriculture
in these regions could enable farmers to improe# thecision-making process. The aim of the present
work is to provide a thermal analysis of a Venlasghouse performance by means of a CFD tool, in
order to collect information on the variation otmicro climate parameters, and to develop a better
understanding of the greenhouse behaviour. They gfives an insight on the airflow and temperature



distributions which establish inside the greenhoakeday long, with boundary conditions inferred
from real climatic conditions. The challenge isoals identify its ability to contribute to more ifent
decision support systems for protected agriculaymglications through the elaboration of a modehwit
could help greenhouse designers to find the besiniilouse shape for each location.

2. Materials and M ethods

2.1 Greenhouse experiment description

The experimental work took place in a closed glassh of 32 msurface area, without canopy and
deprived of any artificial heating system, locasedhe agricultural research farm of the departnoént
agronomy of the University of Batna (6.110 East33B North). The greenhouse was a standard 4 m
width Venlo type glasshouse (3.60 m high undereidgd 3.27 m high under gutter). It was orientated
East-West. The greenhouse was covered with a bibatial glass of 4 mm thickness. The
measurements points were located in the middieefiteenhouse and distributed along a cross-section
at the centre of the greenhouse in the same viepdiane. Fig. 1 provides a schematic view of the
facility and shows the different probes used to snea the temperature and the relative humidity. The
temperature and relative humidity of the interior were recorded by means of a data logger
(OAKTON Logger Plus) which is a remote sensing eyst The temperatures of the solid surfaces
(ground, underground and wall surfaces of the Qowere measured every 2 s with thermocouples,
and then averaged over 30 min periods. All the ebmentioned measurements were collected on a
data logger system (Campbell Scientific Micro logg@R3000). The outside climatic conditions were
measured by a weather station installed on theabohe meter height above the greenhouse.
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Figure 1. Experimental setup view (lengths are in meter).
Humidity and temperature sensoms: ( ) ; Thermotzmif) ; Wind vane: ¥« );
Cup anemometery ); Pyranometeey ( ).

2.2 Greenhouse modelling and CFD model details

In this work, two-dimensional unsteady simulatiovesre performed using a commercial CFD
software package (Fluent 6.1). The flow fields warelysed using a model based on Reynolds
averaged Navier—Stokes equations with the Renazem@&@roup (k€) model. The ke model is widely
used in the modelling of indoor airflows and provedbe efficient in greenhouse studies [7]. The
second-order upwind scheme was adopted for theection term, and a semi-implicit method for
pressure-linked equations (SIMPLE algorithm) wasdudor steady-state analyses. Convective,
conductive and radiative heat transfers were censdl The Boussinesq approximation was adopted to
take account of the buoyancy effects, assumingeatirelationship between temperature and density.
A large calculation domain (30 m long, 30 m wided @0 m high) including the greenhouse was
considered. The computational grid used Cartesiamdinates and a finer resolution was imposed in
critical portions of the flow subject to strong dients. The mesh was coarser in the centre of the
greenhouse while it was denser near the cover amahd surface close to solid surfaces. The fin gr
contained 12 000 cells. The boundary conditionsgiled a null pressure gradient at the limitshef t



computational domain, and wall-type boundary cood# along the floor and roof, whereas the side
walls were treated as isothemonditions (by setting the measured temperaturéshwhere updated at
each time step). A logarithmic wind profile was iospd at the entrance of the calculation domain 15
m from the greenhouse as a dynamic boundary conditir the external aitogether with a uniform
temperature profile. Fixed air temperatures werpased along the ground. As no radiation was
simulated directly, the solar radiation was tak&n iaccount in an indirect way in the model byisgtt
the measured temperatures (which result from ther sadiation and absorption coefficients) at the
glass cover. All these boundary conditions wereatgd at each time step. The initial conditions were
chosen as follows: the pressyravas equal to the atmospheric presuyethe horizontal velocity
and the vertical velocity were taken equal to 0 and the temperature ofritbide air of the greenhouse
was taken a$=T,=300 K. The convergence criterion for all variabhess 10°.

3 Results and Discussion

3.1 Noctural period

Experiments and simulations were conducted for ¢awtrasted days: a cloudy day on M&§ 2011
and a clear day on May 12011. Calculations were carried out with a 30 mifne step and the
climatic parameter distributions were analysed.imythe nocturnal periods, the conduction heat flux
through the ground surface was ascending; duestéattt the sand layer was transferring heat upwards
The average values of the conduction flux durirg tight correspond to an energy release from the
ground of 38.82 and 45.03 Wrmespectively for the cloudy and clear night. Dgrthe first night for
instance, the ground supplied enough energy to eosgie the radiative losses, which represented the
main loss component (28.04 \WAn Concerning the interior air, the temperature #mel horizontal
velocity patterns (Fig. 2, |, ¢) and (Fig. 2, I),show a movement of the air directed upwards wkich
due to the natural convection induced by the amsig gradient. The air located near the ground
surface moves up, and reaches its maximum veloeity this surface for both nights. This was due to
the heating of the air by the thermal energy relddsom the soil during the night. The average @alu
of the convective heat flux coefficient between tireund surface and the interior air are plotted
against the temperature gradient (surface groumderior air) in Fig. 3a. It can be seen that the
convective coefficient varied according to a powaw function of the temperature gradient
(h=7.494T°3% and a good correlation was found (R? = 0.90).. Bl shows the variation of the
convective coefficient between the interior air dne interior wall of the cover versus the tempanet
gradient (interior air - interior wall). Here agathe convective coefficient varied according focaver

law function of the temperature gradieh£8.594T%3 with a correlation coefficient close to unity (R2
= 0.97). Results confirm that the convective Heansfer inside the greenhouse was induced by free
turbulent convection mechanisms and depended ortettnperature difference between the inside
surface (soil or wall) and the interior air temgara [8]. The net heat flux radiation on the interivall
represented the main part of the heat supply tavtiie The reverse was also true for the outsidl, wa
where the radiation losses prevailed. The net tiadian the outside wall reached a high value (%6.0
Wm®) for the second day (f3Vay). Simulated temperature distributions showt thaly the ground
surface temperatures (Fig.2, |, c) were higher tthan interior air temperatures during the night,
meaning that this surface was the only one to bniet to the interior air during the night. Conedys

the walls and roof all contributed to heat lossesnf the interior air, since the interior air wadyon
heated by the thermal energy released from theEg#, a and b show that the interior air tempaeat
was higher than the temperature of the walls duttiegnight for both days. Results also clearly show
that the experimental values were in agreement thérsimulated ones.

3.2 Diurnal period

Predicted air temperatures profiles (Fig 4a andl®) suggest that greenhouse walls and soil
surface absorbed more heat (solar radiation) thpeated during the diurnal period. During daytime,
the heating of the air was mainly due to this pimegioon i.e. absorption of the solar radiation by the
walls and the ground. On contrary, the coolinghef &ir was due to the convective losses (sensitdle a
latent) along the roof, and to the heat lossesfijrations through the structure of the greenteo(ibe
wind effect). During the clear day, predicted amperature profiles (fig. 2, I, a) show that thefaue
temperatures of the soil and walls were higher tharinterior air temperatures (Fig. 4,a) meanirag t
these surfaces brought heat to the interior ainvél@r, on the cloudy day, the walls and roof all
contributed to heat losses from the interior aig(R, b), while the soil surface was the only ¢oe
warm the interior air, not enough however to congaém the substantially reduced solar insulation on
the cloudy day. Simulations also show that the enapires in the centre of the greenhouse were
relatively homogeneous between 0.2 and 3 m heigfite they strongly vary in the vicinity of the wal



surfaces. The temperature decreased near theudats and increased near the soil surface (Fif. 2,
The velocity patterns (Fig. 2, II) show the moveineithe air during the cloudy day, the air velgcit
reaching its maximum values near the roof at midaiag near the soil at 6pm, (Fig. 2,ll. a, b). The
reverse was also true for the clear day, the dacity reaching its maximum values near the roaf fo
all day long. This phenomenon was due to the hgatfrthe air during the first hours of the day, its
quick intensification, and its localisation in thpper zone of the greenhouse near the roof.
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Figure 2: Temperature distribution and horizontal component of the air velocith) (n a
vertical plane in the middle of the greenhousgifférent instants
(a): t = midday, (b):t=6 pm, (c):t= midnigh
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Figure 3: Convection coefficient values according to theperature gradient during both
measurement periods; (a): Convection coefficienues at the ground surface; (b): Convection
coefficient values at the interior wall of the cove
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Figure 4: Horizontal profiles of the temperature of theeior air of the greenhouse
1.5m high above the ground surface: a) Cloudy da b) Clear day.



4. Conclusions

The interactions of the environmental factors vifte thermal behaviour of the inside air of a closed
glasshouse during two contrasted days (cloudy &at)cwere simulated. The simulation took account
of the real outside climatic conditions with boundaonditions inferred to the outside environmental
factors. The first day represented a cloudy daythadsecond day represented a clear day of thegspri
season for a greenhouse located under semi anteliin the southern Mediterranean areas (Batna,
Algeria). Two cases are investigated (nocturnal@inchal) periods. From the results it comes out:

» During the nocturnal period, only the soil surfaemperature was higher than the interior air
temperature, so this surface was the only on té¢riborte heat to the interior air by the thermal
energy released from the soil. The basic mechanisheat transfer inside the greenhouse is
the convection due to the heating of the air bythegmal energy released from the soil, but
close to the walls and the roof the thermal radiatexchange allowed influencing the
temperature distribution.

* During the diurnal period, the walls and groundfate absorbed more heat than expected.
Where incident solar radiation and heat storagebmeved to influence the temperature.; The
distribution of the temperature and air speed wadisd and there temporal variation show
that the temperatures in the centre of the greesthoemained relatively homogeneous, while
they substantially vary in the vicinity of the wallurfaces; the air velocity reached its
maximum values near the roof at midday and neasdtileat 6pm for the cloudy day. For the
clear day, the air velocity reached its maximunuealnear the roof for all the diurnal period.
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