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Effects of Shading and Roof Sprinkling in
Venlo-Type Greenhouse in Summer
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Abstract: T he effects of shading and roof aprinkling based on natural ventilation were experimentally studied in a Venlo-

type multi=span greenhouse. Adr temperature, humidity and solar radiation inside the greenhouse were measured o

compare the eooling effect of shading and roof sprinkling.

Undder the experimental condition, the mean indoor air

temperature was 2. 1°C lower than that outdeor. the largest air temperature difference was 4. 4°C. The results showed that

wsures of shading and roof sprinkling based on the natural ventilation could effectively cool down the greenhowse in

summer. Shading. roof sprinkling and roof opening plaved different roles in the greenhowse.  Different from other

evaporative cooling system, the rool sprinkling system did net increase the air humidity inside the greenhouse. The

distributions of air temperature and humidity inside the greenhovse were uniform under the experimental conditions. The

methods could effectively reduce the air temperature and energy consumplion in greenhouses.
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1 Introduction

Greenhouse ventilation and cooling in summer are
the important topics to be addressed in South and
Middle China. Air flow through the ventilators can be
generated by natural and mechanical ventilation.
Natural ventilation is economical in operation but

. . o [ 1.2]
relies on climate conditions’ 7.

For most regions of
China, it is very difficult to cool down the multi-span
greenhouse just by natural ventilation during the hot
seasons, and thereby  pad-andHan or fog-andan

systems are used for cooling'". The energy
consumplion in greenhouses is increased greatly when
operaling these sVslems. In some regions., the ENnergy
consumption in the multi=pan greenhouse cooling
accounts for 309 1o 40% of the |-rm|m-l ion cost' .

In order to solve the problem of greenhouse cooling
in an energy-saving measure,  several researchers
attempted to combine shading and fogging together
with natural ventilation. A theoretical study of natural
ventilation based on thermal effect using openings on
the roof and the side walls in a multi=pan greenhouse
cooled by Togging svstem was carrvied out by Arhel el
al (1999)"". This study showed that it was possible to
establish conditions during most time of the yvear and

in most parts of lsrael in a greenhouse combined with
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fogging and natural ventilation. Dayan et al'”
investigated the effects of several cooling methods on
reducing the duration of high temperature exposure in
a multi==pan  greenhouse,  which included  natural
ventilation, with and without shading, and forced
ventilation with and without evaporative pad.

Fogging or sprinkling in the greenhouses increases
the effliciency of water evaporation, but it also makes
the greenhouse a more humid condition which is
harmful to some plants. Furthermore, it creates
favorable conditions to disease due to the [ree water
accumulated on the leaves. For above reasons. some
designers installed the sprinkling system above the
roof of the greenhouse' . The objectives of this paper
were to investigate the effects of rool opening,
shading and rool sprinkling on the air temperature and
naturally  ventilated

humidity in  a multi-span

greenhouse, to  explore the cooling method in
greenhouse in summer. and to provide relerence for

greenhouse design in China.

2 Materials and Methods
2.1 Experimental Site and Greenhouse Type

The experiments were carried out in July 2000 in a
Venlo Ly pe ;_.:_hl:iﬁhuusv im porl ed from the Netherlands
by Puyang Shijin - Modern  Agricultural  Limited
Company. Henan Provinee, the central part of China.
The large multi=pan greenhouse { 19353, 6 m’) was
orientated S-N, and divided into Tour parts by glass
walls. No. 1 and No. 2 greenhouses located in the

southeast and  southwest part were selected for

ek
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experiments. The size of two parts was the same,
with length 14 bayvs X 4.5 m bav= 63. 0 m, width 8
span X 9.6 m span= 76.8 m. The greenhouse used
the improved structures based on Venlo type
glasshouse( Fig. 1), The gutter and the ridge were 4.0
m and 5. 0 m high, respectively, the rool and wall
were made up of horticultural glass with 4 mm thick.
The roof vents (3.4 m>1.0 m)

alternately on the east and west slopes of each span.

Sprinkler Sprinkler

were distributed

Roof venis Shading net
F— J———

Fig- 1 Schematic diagram of greenhouse and layout of

Lizm per ature measurement locations

T he elimate conditions in Puvang are not suitable 1o
natural ventilation. The outside sereen and roofl
sprinkling svstem were added to the greenhouse. The
outside sereen ( 509% transmittance) was placed at 0.4
m higher above the ridge, and dragged by galvanized
pipes with motors. The rool sprinkling system was
equipped above the sereen, and PVC pipe lines were
arranged every 9.6 m on one span to supply water.
Ir hl' IIiI"," Ilrl'ﬁﬁllri_' wias o u rlili_'r ﬂ.. 3 M IJEI }_”Iil tl]l'
gprinkler volumetric flux was 5 L min for every 9 m
pipe. The sprinklers covered the spraying area of 17 m
sereen and the roof

in diameter. The rool vents,

sprinklers  were automatically  controlled by a
compuler.

Anthuriums oriented south to north was planted in
the greenhouse during measurements.  Anthuriums

likes the appropriate conditions: solar radiation
intensity is less than 300 W m®, the air temperature is
25°C in optimum or under 35°C in general, and the air
relative humidity range is 70% ~ B0% .
2.2 Experimental Methods

Air temperature in the greenhouse was measured by
PT 100 probes. There were live testing points: four of
them were arranged from upper canopy to the ridge of
greenhouse  perpendicularly. The other one was
mounted between roof and sereen ( Fig. 1). Leal
temperatures were measured by infrared thermometer

ST30, Raviek Co,

ventilated thermometer psychrometer measured  air

{ Raynger American ). The
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relative humidity inside the greenhouse. The solar
radiation was measured by radiometers, one outside
above the shading net and the other in the middle of
A data logger syvstem | DL3000,
England }

the greenhouse.
Delra<T

temperature and the solar radiation every 5 minutes.

Devices Co, recorded the air
o . .

['he weather station that can measure wind .~i|u.'ﬂ] and
direction, temperature, humidity was located above

the south side of the greenhouse { about 6m high).

3 Results and Discussion

3.1 Total Cooling Effect of Shading, Roof Sprink-
ling in Naturally Ventilated Greenhouse

The air temperature and humidity on July 9, 2001 in
No. | greenhouse were shown in Fig. 2. The ambient
temperature on that day was close to 40°C, the highest
temperature in 2001 in Puyang. During the period of
experiment, the leeward and windward rool vents
Woere :l—'ll“.?u 1"",""‘_'['. l":‘: I","ri.l""l'l'. Hhil“' l'.il Ihul 1_hi_' l'i“lli."g_
effect with leeward and windward ventilation iz better

& " 8.9
ventilation

than  that  with ::—rll}' leeward
M eanw hile, the rool sprinkling svstem spraved for 3
min every time, and the greenhouse was all covered by
the screen. Under the experimental conditions. the air
temperature inside the greenhouse was always lower
than the ambient, their mean lemperalure difference
was 2, 1'C, the largest differe—

nee was 4.4°C. The humidity inside the greenhouse
was [luctuated in the range of 70% - 85% .
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Fig- 2 Air temperature and humidity in the
No. 1 greenhouse on July 9, 2001

3.2 Effect of Roof Sprinkling on Air Temperature
and Humidity

Different from the sprinkling syvstem inside the
greenhouse, the roofl sprinkling evaporative cooling
system 1s insl alled outside the g]'eﬁnhuu:af-. The ellect
of roof sprinkling on the air temperature and humidity
was experimentally investigated in No. 2 greenhouse
on July 25, 2001, The sprinkling interval and times
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were  controlled by computer according 1o the
experimental design. the leeward and windward roof
venls were lully opened and the sereen was covered.
The results ( Fig. 3) showed that the air temperature
lrIHHIi_' thi_‘ gl'i_‘l""hill]ﬁi_‘ ri_'ll flil“' n 1lll'iliu'|_|‘||.?u' .I'r'hl"n tl]l'
roofl sprinkling system ran. Aflter sprinkling stopped,
the air temperature began to rise until the nexi
sprinkling. In addition. the air temperature under the
screen was higher than that inzide the greenhouse
gradually before the next sprinkling began, and fell
down rapidly when the sprinkling system ran. The
reason is that the air under the sereen was cooled ]:-}'
evaporated water firstly, then the air was exchanged
across the rool vents, the air temperature inside the

gri-vn}muai- was reduced !H conveclive ]'Ilh'ﬂ 1r.'11|.-ifvr

linally.

45 W 10
Y et L L
oy 3
Pt “ §
T I
E a3 Ju0 ¥
; E
F ot 420 &

L omemw wm

3:050 14:0 15:00

10:00 11:00 12:00 13:
Time

== Spoinkling e ATIERE 20F IEMpCILTE

=— Airtemperature inside the greenhouse  —s— Air emperature wnder the sereen
—=— Ambhicnt humidity === Humulily insde the grecahouse

Fig. 3 Air temperature and humidity in
No.2 gn-z*uh:ulm* ol j|||:.' 25, 01

The air humidity inside the greenhouse was also
shown in Fig. 3. During the experiment, the air
humidity inside the greenhouse [luctuated little. The
similar case was also shown in |"ig. 2. The ex perimen=
tal results showed that the rool sprinkling system did

1id than other

not make the greenhouse more
avslems.
3.3 Effect of Shading on the Greenhouse

The solar radiation environment is eruecial to the
growth of plant. Shading is a trade—off between

greenhouse  cooling  and  radiation.  The shading
material prevents a part of solar energy into the
greenhouse, it is favorable to greenhouse cooling
during the hot seasons, while leaves less radiation for
photosynthesis. Information is very little on how 1o
compromise between reducing the air temperature and
reducing the overall crop vield. The solar radiation of
the No. 2 greenhouse at noon of July 26, 2001 was
shown in Fig. 4. The solar radiation was low because
of the

greenhouse was much lower than that of the outside

cloud, and the selar radiation inte the

due 1o the sereen and the roofl glass. It was decided by

the light transmittance of sereen and the cleanness

Il'.'l.'i_'l llr ruur HIHHH.
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Fig. 4 The solar radiation on July 26, 2001

3 4 Air Temperature and Humidity Distributions
Inside the Greenhouse

The uniformity of air temperature and humidity is
very important to identical growth of the crops. Fig. 5
and Fig. 6 show the air temperature and humidity
distributions in No. 2 greenhouse on July 25, 2001.
Considering  the  structure  of  the experimental
greenhouse and the solar radiation, the test points |,
I, I, IV were equally arranged along south-north
direction in the middle of the greenhouse. The test
points were 1. 2 m high from the ground. During the
period  of  experiment.  the  differences  of  air
temperature and |!1u111il;|i13.' from the south to north
were little. The distributions of air temperature and
humidity inside the greenhouse were uniform under
the experimental conditions.
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Fig. 5 The distributions of air temperature in
No. 2 greenhouse on July 25, 2001,
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Fig- 6 The distributions of air humidity in
No. 2 greenhouse on July 25, 2001,
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4 Conclusions

The measures of shading, rool sprinkling based on
the natural ventilation can effectively cool down the
multi=pan greenhouse in summer. The roofl opening
alfects the air temperature inzide the greenhouse
greatly: the shading net reduces the solar radiation
inside the greenhouse: the rool sprinkling svstem
reduces air temperature obviously, while does not
increase the air humidity inside the greenhouse. Under
the experimental conditions. the distributions of air
temperature and humidity inside the greenhouse are
uniform. The energy consumption is decreased greatly
because fans are not used. The system is suitable for
multi=span greenhouse cooling, energy=saving during
the hot zeasons,
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