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Abstract
To reduce energy loss by radiation the amount of long wave radiation that reaches the covering
material should be as little as possible. The transmission in the long wave length range is very
seldom measured and experiments must be conducted over a long period to evaluate the
screen material.
In the experiment were used two net radiometers with black body adaptors; one of the net
radiometers was screened with different screen materials either as a single layer or as a double
layer consisting of different screen materials. At equal temperature of the black body adaptors
the difference in net radiation is related to properties of the screen material. The uncovered net
radiometer will exchange energy directly with the covering material (glass) of the greenhouse,
while the energy exchange of the covered net radiometer will depend on the properties of the
screen material.
In the experiment five different types of screen materials were used. Two of them were energy
saving screens and three were shading screens. The energy saving screens were fully
aluminised screens. One of them was black on the side facing down during the measurements.
Two of the shading screens consisted of transparent materials, one was with NIR reflection
properties. The third shading screen was of a white plastic material with diffusive properties.
Fully aluminised screen materials reduced the radiation loss most, and the slope of the
regression line of the covered and uncovered net radiometer was between 0.54-0.57. The
transparent materials reduced radiation losses to a less extent and the slopes of the regression
lines lied between 0.71 and 0.91. A two layer combination consisting of one energy saving
screen and one shading screen changed the regression slope to 0.41 to 0.46. A two layer
combination of different shading screen materials reduced the slope to 0.47 to 0.65.
The results indicate that the shading screens transmit long wave radiation and that the radiation
loss can be decreased to the same level as that of one energy saving screen by a two layer
shading screen system while an additional layer of shading screen in combination with an
energy saving screen has little effect on the long wave radiation loss.
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1. Introduction

Greenhouses are designed to transmit maximum photosynthetic active radiation and a single
layer screening system provides insulation of the greenhouse for reduction of heat loss.
Increased energy saving and more flexible shading might be obtained with a double layer
screening system of different fabrics that improves light control in the greenhouse when shading
is required.

The energy saving effect of screens might be divided into two components where the screen
acts as a physical barrier to mass transport and as a blockage to radiation, respectively. Modern
greenhouses exhibit a low natural air exchange rate and the long wave radiation properties of
the screen material become important in energy saving.
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The properties of screen materials have been investigated in regard to permeability (Andersson
and Skov, 1991; Miguel et al., 1997), radiometric properties (Yates, 1986) and thermal radiation
(Bailey, 1981; Cohen and Fuchs, 1999), but mostly only as a single layer and not as a
combination of materials with different properties.

The transmission of infrared radiation depends on the composition of the screen material. Today
most screen fabrics are chain knitted and the warp consists of strips of aluminised materials or
transparent strips (polyester or polyethylene). The stitching keeps the strips flat and parallel. A
strip consisting of aluminised material is opaque to infrared radiation and the shining surface has
a high reflection and a low emission. The aluminised screen material is not 100% lightproof
because of the stitching, which lets a tiny amount of radiation pass unobstructed through the
screen material. The transparent strips transmit infrared radiation, but the transmittance is
related to the chemical composition and the thickness and increasing thickness of the material
decreases the transmittance. The transmittance in the long wave radiation range of polyethylene
lies between 0.4 and 0.8 and for polyester between 0.05 and 0.2 (von Zabeltitz, 1999).

Bailey (1981) measured transmittance and emittance and calculated the reflectivity of a number
of screen materials and hence calculated the theoretical radiation reduction factor for a single
layer of screen material. Cohen and Fuchs (1999) measured the properties of a number of
shading screen materials both in the short and long wave radiation range in regard to
reflectance, transmittance and emisivity.

Measurements on multiple layers of screen materials are not described in the literature;
however, the effect of the multilayer screening system is modelled (Okada, 1985).
In this paper an attempt is made to develop a method for measuring the thermal properties of
screen materials in a single or multilayer setup.

In this paper an attempt is made to develop a method for classifying the thermal properties of
screen materials without long term greenhouse experiments. The objectives of this study were to
quantify the long wave radiation properties of different screen materials either as a single or a
double layer and to determine whether or not the order of the screens influences the radiation
transfer.

2. Materials and methods

At night the net radiation at the level of the net radiometer is given by the difference between the
down- and up-welling long wave heat radiation:

 gcR 

Where Фc and Фg are the energy fluxes from the covering material and the ground or other
surfaces in the greenhouse.
The down-welling infrared radiation from the cladding material can be calculated by:

4
cc TR  

Where εc is the emittance of the cladding material, σ is the Stefan-Bolzmans and Tc is the
absolute temperature of cladding material.
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When a screen sample is inserted between the greenhouse cover and the net radiometer the
transmittance of the screen material can be calculated by the difference in radiation that reaches
an unscreened sensor and a sensor screened with a sample of the screen material. The down-
welling infrared radiation that reached the covered net radiometer is:

44
ssccs TTR  

Where εs is the emittance of the screen material, τs is the transmittance of the screen material
and Ts is the absolute temperature of the screen material.
Using a simple model as the above-mentioned the shape factor is omitted together with other
objects which could reflect radiation onto the down-facing side of the screen sample. Radiation
emitted by surfaces in the greenhouse towards the covering material gives rise to the down-
welling radiation. In case of a double layer screening system mutual reflection of emitted,
transmitted and re-reflected radiation will occur.

In the experiment were used two net radiometers with black body adaptors attached to the
down-facing side. RTD sensors were embedded in the black body adaptor and in this way it is
possible to calculate the long wave radiation that reaches the down-facing sensor of the net
radiometer by:

4
bb TR  

Where εb is the emittance of the black body cavity and Tb is the absolute temperature of the
black body adaptor.

The screen materials used in the experiment were two fully aluminised screens (XLS Obscura
A/B and XLS Obscura A/A) and two fully transparent screens (XLS Ultima and XLS NIR) and
one composite material (XLS Harmony) consisting of one third of clear strips and two thirds of
white strips achieving higher diffuseness of the sunlight. The fully aluminised screens were
either black on the side ((XLS Obscura A/B), which was facing down during the measurements,
or aluminised on both sides (XLS Obscura A/A). One of the shading screens was with NIR
reflection properties.

One of the net radiometers was screened with different screen materials either as a single layer
or as a double layer consisting of different screen materials. A sample of 0.12×0.12 m of the
screen material was tacked to a frame. The frame was positioned just above the net radiometer
dome since the viewing angle of the net radiometer is large. When two screens were used they
were separated from each other at a distance of 0.01 m.

The screen materials and the combination of screen materials were chosen randomly and were
randomly placed over one of the two net radiometers. The measurements were repeated 4 times
for each combination of screen materials; two times over each net radiometer.
Data were recorded instantaneously every 1 minute and only data where long wave radiation
was present were used in the analysis.

3. Results

The temperature of the black body adaptor was not influenced by the screen material and both
covered and uncovered instruments had identical temperatures for the black body adaptors.
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A single layer of aluminised screen reduced the net radiation by more than 40% and the shading
screens by 10 to 30% (Table 1).

Table 1. Relation between net radiation for an uncovered and a covered net radiometer
by a single layer of screen material.

Screen material Slope of regression line Intercept R2

Obscura A/B 0.54 1.8 0.99
Obscura A/A 0.57 0.9 0.91
Ultima 0.91 0.1 0.97
NIR 0.71 -0.8 0.90
Harmony 0.82 -0.4 0.89

No large difference was found between the aluminised screen with black down-facing side and
with the screen with both sides reflective.

Combining energy screens with shading screens decreased the heat radiation loss to an
average of 56% but the order of the screen materials had no marked influence on the reduction
of the radiation loss (Table 2).

Table 2. Relation between net radiation for an uncovered and a covered net radiometer
by a double layer of screen materials and with different order of the materials.

Screen material
Upper Lower Slope of regression line Intercept R2

Obscura A/B Ultra 0.41 0.18 0.85
Ultra Obscura A/B 0.41 0.12 0.92

Obscura A/B NIR 0.46 0.22 0.97
NIR Obscura A/B 0.44 0.04 0.94

Obscura A/B Harmony 0.41 0.15 0.93
Harmony Obscura A/B 0.47 0.17 0.96

Obscura A/A Ultra 0.43 0.10 0.93
Ultra Obscura A/A 0.54 0.20 0.95

Obscura A/A NIR 0.45 0.35 0.92
NIR Obscura A/A 0.34 0.29 0.87

Obscura A/A Harmony 0.44 0.13 0.94
Harmony Obscura A/A 0.44 0.13 0.94

However, in two cases the opposite order of the screens resulted in a difference of more than
10%. In both cases Obscura A/A, the screen material, where both sides are aluminised, shows a
large difference when the order of two materials is changed. When Obscura A/A is the upper
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screen, it shows the same relation in the influence on net radiation. If Obscure A/A is the lower
screen the influence on net radiation is either improved or reduced depending on the upper
material. The two materials (Ultra and NIR) that alter the relation are both transparent materials.
Using a double layer of shading screen materials increased the performance to be close to that
of a single layer of aluminised energy screen (Table 3). The order of the screen materials had no
marked influence on the reduction of the radiation loss with one exception.

Table 3. Relation between net radiation for an uncovered and a covered net radiometer
by a double layer of shading screen materials and with different order of the materials.

Screen material
Upper Lower Slope of regression line Intercept R2

Ultra NIR 0.51 -0.19 0.96
NIR Ultra 0.50 0.14 0.94

Harmony Ultra 0.47 0.28 0.79
Ultra Harmony 0.65 0.44 0.94

NIR Harmony 0.50 -0.10 0.92
Harmony NIR 0.56 0.32 0.86

In the case where the order of the screen materials influenced the net radiation, one of the
screen materials was the same as that from the combination of aluminised and shading screens.
The influence of the order of the screen materials on the net radiation is similarly the same in the
combination of Ultra and Harmony as in the combination of Ultra and Obscura A/A screen
materials.

Conclusion

Radiant heat loss from greenhouses can be reduced by screen materials but the effect is
determined by the properties of the screen material and the number of layers. The best
performance of a single layer is obtained by an aluminised screen. A double layer system
reduces the radiation loss further but the combination and order of the material is insignificant.
One fully aluminised energy saving screen might be substituted by two shading screen materials
to obtain an extended control when shading is required.
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