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Directional total emittance of three hard-coated glasses at 283 K

Barrie W. Jones and Apostolos Pantinakis
Department of Physics, The Open University, Milton Keynes (UK)

The directional total emittance at 283 K of three hard-coated glasses of medium to low emittance was measured over the angular
range 10° to 84°. The measured values at 10° are 0.137 = 0.003, 0.309 * 0.006, 0.630 + 0.008. The angular variation correlates with
these values: The lowest emittance glass is quasi metallic; the highest emittance glass is quasi dielectric; the intermediate glass is
weakly metallic. Directional data are needed for the most accurate type of modelling of the thermal behaviour of glazing, and can
also be used to refine the correction tables needed to obtain the corrected emittance from the normal emittance.

Gerichtetes Gesamtemissionsvermdgen von drei Glasern mit Hartbeschichtung bei 283 K

Das gerichtete Gesamtemissionsvermdgen bei 283 K von drei hartbeschichteten Glasern mit mittlerer bis niedriger Emission wurde
im Winkelbereich 10° bis 84° gemessen. Die bei 10° bestimmten Werte waren: 0,137 + 0,003, 0,309 + 0,006, 0,630 + 0,008. Die
Winkeldnderung stimmt mit diesen Werten {iberein: Das Glas mit dem niedrigsten Emissionsvermdgen ist quasi-metallisch, das mit
dem hochsten Emissionsvermdgen quasi-dielektrisch und das mit mittlerem Emissionsvermdgen schwach metallisch. Die Daten der
gerichteten Emission werden fiir die moglichst genaue Modellierung des thermischen Verhaltens von Verglasungen bendtigt; sie
konnen auch zur Weiterentwicklung der Korrekturtabellen verwendet werden, die zur Ermittlung des korrigierten aus dem senkrech-

ten Emissionsvermogen erforderlich sind.

1. Introduction

The emittance of window glass is an important deter-
minant of the thermal behaviour of buildings. Medium
and low-emittance glasses can be used to reduce radi-
ation from the outer surfaces of a building, and thus

reduce the heating requirements. In order to model in -

the most accurate manner the thermal behaviour of the
glazing, and hence of the building as a whole, it is neces-
sary to know the directional total emittance of the glass,
at a representative temperature of the glass, usually
specified as 283 K.

The directional total emittance &' (6, T) of an iso-
tropic surface is defined [1] as the ratio of two emissive
powers e’ (0, T)/e},(0,T). Here, e’ (0, T) is the total (over
all wavelengths) radiative power emitted by unit area of
a surface at temperature 7, per unit solid angle around
the angle 6 from the normal to the surface. The quantity
ey (0, T) is the total radiative power emitted by unit area
of a black body at the same temperature and per unit
solid angle in the same direction.

The directional total emittance of three important
glasses was measured, in which the emittances have been
reduced by hard coating the glass surfaces. The glasses
are as follows.

a) Glaverbel’s Thermoplus Comfort glass, where the
coating is doped tin dioxide, about 800 nm thick. The
total emittance normal to the surface was estimated by
the manufacturer to be about 0.1 at 283 K.
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b) Saint Gobain’s EKO glass, again with a coating of
doped tin dioxide, but now only about 180 nm thick.
The normal total emittance at 283 K was estimated to
be about 0.3, the thinner coating allowing the high-
emissivity glass substrate to “show through” to some ex-
tent.

c) SIV’s Solarsiv Blue 30/37, where the coating is ti-
tanium oxynitride about 30 nm thick, and the normal
total emittance at 283 K was estimated to be about 0.6.

All three coatings are described as “hard”, meaning
that they are chemically and mechanically stable.

2. Experimental outline

The accurate measurement of directional total emittance
at sample temperatures around 283 K is difficult because
of the low radiant flux from the sample compared to
that from the laboratory surroundings. Nevertheless, the
authors have developed equipment and technique of
proven accuracy, as demonstrated in an intercomparison
study with several other European laboratories [2]. The
equipment and technique have been described in detail
elsewhere [3 and 4], so here only a brief outline is given.

Figure 1 shows a plan section of the equipment, the
whole of which is operated in a dry nitrogen atmosphere
to exclude water vapour, oxygen, and carbon dioxide.
The sample is held at a surface temperature of 283 K in
a cavity with walls cooled to 77 K to reduce stray radi-
ation. Radiation that leaves the sample at an angle 6
escapes from the cavity, is then chopped by a gold-
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coated chopper blade, and passes through a baffle to a
broad band detector, a Golay cell with a diamond win-
dow. This gives a signal V() from the phase-sensitive
detection system. On the other face of the sample holder
there is a reference sample of known directional total
emittance ¢, at 0 = 10° and 7 = 283 K. When the refer-
ence sample is viewed at this angle a signal V; is received.
A further signal V,, is obtained by raising the sample
holder to expose the cavity wall at 77 K.

The directional total emittance of the sample is given
by [4]

(0. T,) = el(TIT)* - [(Vi(0) = VIV, = V1 @ (1)

where T, and 7, are nominally 283 K, but have been
shown as variables because in practice they are each a
degree or so different from 283 K and up to about a
degree different from each other. The factor Q is some-
what gruesome. If there were no stray radiation, no dif-
fraction at the dewar aperture (figure 1), and if the Go-
lay cell had a perfectly flat spectral response and was
perfectly linear, then Q would be identically equal to 1.
In practice, because none of these conditions is met, it is
a few percent different from 1, and has to be laboriously
estimated for each measurement [4].

The overall error in ¢; (6, T;) can be built up from a
number of distinct contributions. There are errors in
each of ¢/, (TUT)*, [(V{0) — V)I(V: — Vy)], and Q. In
addition, there is a random error of +0.3° in measuring
0. This can be expressed as an equivalent random error
in ¢ (0, T,) as the change in & (0, T;) consequent upon
changing 6 by +0.3°: this error is only significant for
samples and angular ranges where ¢; (6, T,) is changing
rapidly with angle. The authors have discussed the error
budget in detail elsewhere [4]. Broadly, up to 6 = 65°,
the systematic error in ¢; and the random errors in meas-
uring (T,/T,)* and [(V,(0) — V)/(V, — V)] dominate.
Between 65° and 80° the random error arising from the
random error in measuring 6 becomes comparable to
these other errors for all three samples investigated here.

Above 80° a new, dominant random error emerges.
Above such angles the detector begins to receive radi-
ation from beyond the edges of the front face of the
sample: This is because its projected width falls as
cos(6). There is a small amount of radiation from the
cold cavity wall beyond one edge of the sample (figure
1), and a much larger amount from the uncoated glass
edge of the sample, which is at about 283 K, and is pres-
ented nearly normally to the detector. The authors cor-
rected for this new component of stray radiation by
making measurements with the glass edge bare, and then
coated with aluminium. The correction is not very accu-
rate, so the random error in making it is the dominant
error above 80°.

3. Results

Table 1 gives the experimental values of the directional
total emittance ¢;(0,T;) of the three glasses at
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Figure 1. Plan section of the Open University directional total
emissometer.

Table 1. Directional total emittance at (283 £ 2) K of three
hard-coated glasses

angle Glaverbel Saint Gobain ~ SIV Solarsiv
Comfort EKO Blue 30/37

10.0£0.3 0.137+0.003 0.309£0.006  0.630£0.008

25.0 0.137 0.310 0.630

35.0 0.139 0.311 0.629

45.0 0.142 0.313 0.627

55.0 0.151 0.325 0.627

65.0 0.171 0.351 0.627

70.0 0.191 0.370 0.624

75.0 0.219+0.005 0.402£0.008  0.609%£0.007

80.0 0.252+0.006 0.430£0.010  0.561%0.011

82.0 0.299+0.05 0.457+0.08 0.554+0.08

84.0+0.3 0.353+0.05 0.499+0.08 0.548+0.08

T, = (283 £ 2) K, and 10° = # = 84°. The error given
is the root-mean-square total of the component errors,
and is one standard deviation. Where an error is not
explicitly given, linear interpolation suffices.

Had the samples been uncoated, then & (6, T;) would
have been about 0.9 at § = 10°, decreasing smoothly to
about 0.8 at 65°, and thereafter decreasing to zero at
90°, in the manner of a dielectric; had the coating been
metallic and optically thick, then ¢ (6, T;) would have
been of order 0.1 at § = 10°, then risen to reach a peak
at an angle above 80°, and then decreased rapidly to zero
at 90° [1]. Shadows of these features are present in the
data in table 1. The SIV coated glass is most dielectric-
like in its behaviour, with medium emittance, decreasing
monotonically with angle. This indicates that the coating
is optically somewhat thin at the mid infrared wave-
lengths that dominate thermal emission at 283 K. The
Glaverbel coated glass is the most metal-like, with low
emittance rising towards a peak somewhere above 84°.
This indicates an optically thick coating at mid infrared
wavelengths. The Saint Gobain coated glass is intermedi-
ate in its behaviour, an intermediate emittance going
with directional behaviour that is weakly metallic.
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For these glasses, values of the directional emittance
from other laboratories, using different techniques from
this work, are reported in [2]. The authors’ results are in
good agreement, and extend to relatively high angles.

4. Conclusions

For hard-coated glasses, the lower the normal emittance,
the more metallic the directional properties. Moreover,
for low, intermediate, and medium emittance coated
glasses, the directional variation is strong, and so the
normal total emittance is not a parameter that can be
used at all angles to model radiation exchange. Ideally,
the directional total emittance should be used, but an
acceptable alternative, adopted by all of the inter-
national standards for modelling heat losses in glazing,
is to use a corrected emittance in which the normal emit-
tance is multiplied by a correction factor between 0.9
and 1.2 [5]. In order to refine the correction tables the
directional total emittance of new glasses or new coat-
ings needs to be measured. Such measurements also help
improve the scientific understanding of coated glasses.
The equipment and technique described here is appro-
priate for this measurement task.

5. Nomenclature

5.1 Symbols

e’ directional total emissive power in W/(m? sr)

ey directional total emissive power of a black body in
W/(m? sr)

0 dimensionless correction factor in deriving ¢’ from
measurements

T temperature in K

V signal from phase-sensitive detection system in V

Address of the authors:

B. W. Jones, A. Pantinakis

Department of Physics, The Open University
Walton Hall, Milton Keynes MK7 6AA (UK)

directional total emittance
0 angle measured from the normal to a surface

(3]

5.2 Subscripts

r reference surface
S sample surface
w cavity wall
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