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T h e d i rec t ional to ta l emi t t ance at 283 Κ of th ree hard-coa ted glasses of m e d i u m to low emit tance was measured over the angular 
r änge 10° t o 84°. T h e measu red values at 10° a re 0.137 ± 0.003, 0.309 ± 0.006, 0.630 ± 0.008. The angular va r i adon correlates with 
these values: T h e lowest emi t t ance glass is quas i metallic; the highest emit tance glass is quasi dielectric; the intermediate glass is 
weakly metal l ic . Di rec t iona l d a t a are needed for the most accurate type of model l ing of the thermal behaviour of glazing, a n d can 
also be used t o refme the cor rec t ion tables needed t o obtain the corrected emit tance from the n o r m a l emittance. 

Gerichtetes Gesamtemissionsvermögen von drei Gläsern mit Hartbeschichtung bei 283 Κ 

D a s ger ichte te Gesamtemis s ionsve rmögen bei 283 Κ von drei har tbeschichteten Gläsern mit mi tderer bis niedriger Emission wurde 
im Winkelbere ich 10° bis 84° gemessen. D ie bei 10° best immten Werte waren: 0,137 ± 0,003, 0,309 ± 0,006, 0,630 ± 0,008. Die 
W i n k e l ä n d e r u n g s t immt mi t diesen Wer ten übere in : D a s Glas mit dem niedrigsten Emiss ionsvermögen ist quasi-metall isch, das mit 
d e m höchs t en Emiss ionsve rmögen quasi -die lekt r isch und das mit mit t lerem Emiss ionsvermögen schwach metallisch. Die D a t e n der 
ger ichte ten Emiss ion werden für die mögl ichs t genaue Model l ierung des thermischen Verhaltens von Verglasungen benötigt ; sie 
k ö n n e n a u c h zur Wei te ren twicklung der Kor rek tu r t abe l l en verwendet werden, die zur Ermi t t lung des korrigierten aus dem senkrech­
ten Emis s ionsve rmögen erforderlich sind. 

1. Introduction 
T h e emi t tance of w indow glass is an i m p o r t a n t deter-
m i n a n t of the the rma l behaviour of buildings. Medium 
a n d low-emit tance glasses can be used to reduce radi­
a t ion from the ou te r surfaces of a bui lding, and thus 
reduce the heat ing requirements . In o rder to model in 
the m o s t accurate m a n n e r the the rma l behav iour of the 
glazing, a n d hence of the bui lding as a whole, it is neces­
sary to k n o w the direct ional to ta l emi t tance of the glass, 
at a representat ive t empera ture of the glass, usually 
specified as 283 K. 

T h e direct ional to ta l emi t tance ε'(θ,Τ) of an Iso­
t ropie surface is defined [1] as the rat io of two emissive 
powers e'(0, Τ)/6{,{θ, Τ). Here, e'(e, T) is the to ta l (over 
all wavelengths) radiat ive power emit ted by un i t area of 
a surface at t empera tu re Γ, per uni t solid angle around 
the angle Θ from the n o r m a l to the surface. T h e quant i ty 
e{^{9, T) is the to ta l radiat ive power emit ted by uni t area 
of a black body at the same t empera tu re a n d per unit 
solid angle in the same direct ion. 

T h e direct ional to ta l emi t tance of three impor tan t 
glasses was measured , in which the emit tances have been 
reduced by h a r d coat ing the glass surfaces. T h e glasses 
are as follows. 

a) Glaverbel 's T h e r m o p l u s Comfor t glass, where the 
coa t ing is d o p e d t in dioxide, abou t 800 n m thick. The 
to ta l emi t tance n o r m a l to the surface was est imated by 
the manufac tu re r to be abou t 0.1 at 283 K. 
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b) Saint Gobain ' s E K O glass, again with a coating of 
doped tin dioxide, but now only about 180 n m thick. 
The normal tota l emit tance at 283 Κ 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
tan ium oxynitride about 30 nm thick, and the no rma l 
total emit tance at 283 Κ was estimated to be about 0.6. 

All three coatings are described as "ha rd" , meaning 
that they are chemically and mechanically stable. 

2. Experimental outline 
The accurate measurement of directional total emit tance 
at sample temperatures a round 283 Κ is difficult because 
of the low radiant flux from the sample compared to 
that from the laboratory surroundings. Nevertheless, the 
au thors have developed equipment and technique of 
proven accuracy, as demonstra ted in an intercomparison 
study with several o ther 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 a tmosphere 
to exclude water vapour, oxygen, and carbon dioxide. 
The sample is held at a surface temperature of 283 Κ in 
a cavity with walls cooled to 77 Κ to reduce stray radi­
ation. Radia t ion that leaves the sample at an angle θ 
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 d i amond win­
dow. This gives a signal ν^{θ) from the phase-sensitive 
detection System. On the other face of the sample holder 
there is a reference sample of known directional total 
emittance ε/ at ^ = 10° and Τ = 283 Κ. When the refer­
ence sample is viewed at this angle a signal Vj. is received. 
Α further signal is obta ined by raising the sample 
holder to expose the cavity wall at 77 K. 

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

Ts) = 8i(T,my · [{VM - v^)/(K - v^)] Q (1) 

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

The overall error in (θ, Τ^) can be built up from a 
number of distinct contr ibutions. There are errors in 
each of ε;, {Τ,/Τ,)\ [(ν,φ) - VJ/{K " ^w)], and ß . In 
addit ion, there is a r a n d o m error of ±0.3° in measuring 
Θ. This can be expressed as an equivalent r a n d o m error 
in ε^(θ,Τ^) as the change in ε^(θ,Τ^) consequent upon 
changing θ by ±0.3°: this error is only significant for 
samples and angular ranges where ε^{θ,Τ^) is changing 
rapidly with angle. The au thors have discussed the error 
budget in detail elsewhere [4]. Broadly, u p to ^ ~ 65°, 
the systematic error in ε̂  and the r a n d o m errors in meas­
uring {TJT.y and [(ν,(θ) - VJ/(V, - VJ] dominate. 
Between 65° and 80° the r a n d o m error arising from the 
r a n d o m error in measur ing θ becomes comparable to 
these other errors for all three samples investigated here. 

Above 80° a new, dominan t r a n d o m 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(ö) . There is a small a m o u n t of radiat ion from the 
cold cavity wall beyond one edge of the sample (figure 
1), and a much larger a m o u n t from the uncoated glass 
edge of the sample, which is at about 283 K, and is pres­
ented nearly normal ly to the detector. The au thors cor­
rected for this new componen t of stray radiat ion by 
making measurements with the glass edge bare, and then 
coated with a luminium. The correction is not very accu­
rate, so the r a n d o m error in making it is the dominan t 
error above 80°. 

3. Results 
Table 1 gives the experimental values of the directional 
total emit tance ε^(θ,Τ^) of the three glasses at 
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Figu re 1. P l an section of the O p e n Univers i ty d i rec t ional t o t a l 
emissometer . 

Table 1. D i r e c d o n a l to ta l emi t t ance at (283 ± 2) Κ of t h ree 
ha rd -coa t ed glasses 

angle Glaverbel Saint G o b a i n SIV Solars iv 
Comfor t E K O Blue 30/37 

1 0 . 0 ± 0 . 3 0 .137±0 .003 0 .309±0 .006 0 . 6 3 0 ± 0 . 0 0 8 
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 . 0 0 8 0.609 ± 0 . 0 0 7 
80.0 0 .252±0 .006 0 .430±0 .010 0 . 5 6 1 ± 0 . 0 1 1 
82.0 0 .299±0 .05 0 .457±0 .08 0 . 5 5 4 ± 0 . 0 8 
8 4 . 0 ± 0 . 3 0 .353±0 .05 0 .499±0 .08 0 . 5 4 8 ± 0 . 0 8 

T, = (283 ± 2) K, and 10° < ^ < 84°. T h e er ror given 
is the roo t -mean-square to ta l of the c o m p o n e n t er rors , 
a n d is one Standard deviat ion. Where an er ror is n o t 
explicitly given, linear Interpolat ion suffices. 

H a d the samples been uncoa ted , then ε^ (Θ, Τ^) w o u l d 
have been abou t 0.9 at ^ ~ 10°, decreasing smoo th ly t o 
ab o u t 0.8 at 65°, and thereafter decreasing to zero at 
90°, in the m a n n e r of a dielectric; h a d the coa t ing been 
metall ic and optically thick, then ε^ (θ, Τ^) wou ld have 
been of order 0.1 at ^ ~ 10°, then risen to reach a p e a k 
at an angle above 80°, a n d then decreased rapidly t o zero 
at 90° [1]. Shadows of these features are present in the 
da t a in table 1. The SIV coated glass is mos t dielectric-
like in its behaviour, wi th m e d i u m emit tance, decreas ing 
monotonica l ly with angle. This indicates that the coa t ing 
is optically somewhat th in at the mid infrared wave­
lengths tha t domina te t he rma l emission at 283 K . T h e 
Glaverbel coated glass is the mos t metal-like, wi th low 
emi t tance rising towards a peak some where above 84°. 
This indicates an optically thick coat ing at mid infrared 
wavelengths. The Saint G o b a i n coated glass is i n t e rmed i ­
ate in its behaviour, an in termedia te emi t tance go ing 
with direct ional behaviour that is weakly metal l ic . 
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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]. T h e 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, i n t e r m e d i a t e , a n d medium emittance c o a t e d 

glasses, the directional Variat ion 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 to ta l 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 multipUed by a correction factor between 0.9 
and 1.2 [5]. In order to refme 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 coa ted glasses. 
T h e equipment and technique described here is appro­
priate for this measurement task. 

5. Nomenclature 

5.1 Symbols 

direc t ional to ta l emissive power in W / ( m ^ sr) 

direct ional to ta l emit tance 
angle measured from the n o r m a l to a surface 

Τ 
V 

direc t ional to ta l emissive power of a b lack body in 
W/(m2 sr) 
d imensionless correc t ion factor in der iv ing ε' from 
m e a s u r e m e n t s 
t empera tu re in Κ 
signal f rom phase-sensit ive de tec t ion System in V 

5.2 Subscripts 

r reference surface 
s sample surface 
w cavity wall 
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