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PREFACE

The contemporary trend to large areas of glass 1n the outside
walls of buildings has resulted in very subatantial increases in
the air conditioning requirements of these buildings. In some
cases, the cost of the extra cooling capacity necessitated by the
use of glass walls 1s twice as much as the cost of the glass itself.
It 1s, therefore, very important to be able to calculate accurately
the cooling loads of bulldings with glass curtain walls or large
window areas.

This paper by Salvatore Martorana contains a lucid summary of
the heat transfer phenomena that occur 1in a glass wall that is
exposed to solar radiation. It includes, as an example, an analysis
of the reduction in heat gain that can be achleved by using blinds
and heat absorbing glass. The example is for a bullding in Rome,
but the results are pertinent for southern Ontario and the northern
states of the United States. This paper has been translated into
English in the hope that it will help to propagate to the buillding
designers in the English-speaking countries the importance of solar
heat gain in building desilgn,

This translation was prepared by Mr. D.A. Sinclair of the
Translations Section of the National Research Council to whom the
Division records its thanks.

Ottawa Robert F., Legget
February 1963 Director
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HEAT GAIN THROUGH TRANSPARENT WALLS
General

The estimation of heat galn through transparent walls has been the sub-
Ject, 1n recent years, of conslderable theoretical and experimental research.

The most complete investigations for purposes of calculatlon are the ones
described in the ASHRAE Guide and the one reported by Desplanches 1in the sec-
ond volume of the AICVF Guide. However, the data of these two guldes are
inadequate when 1t 1s desired to extend their use to cases differing from the
ones consldered either for the characteristics of the wall or for the climatie
conditions.

This 1is not unexpected in our regions where the supplies of heat can be
large even in autumn and winter (Fig. 1).

On the other hand the complexity of the various foriaulae proposed and the
difficulty of locating the values of the coefficients in the common manuals
make 1t impossible to deal with such cases with the required dispatch,

These considerations have led to a rearrangement of the more significant
theoretical and experimental material and to the derivation of tables and
equations with which most of the technical problems can be easily solved.

The most convenlent scheme of calculation appears to be that i1ndicated in
Fig. 2, which can be extended to more complex walls and which 1s the one most
commonly used; let us 1llustrate briefly.

On the wall, ID 18 the intensity of the direct solar radliation and Id
that of the diffuse radiation, both known; of these, the transmitted component
is

It = vpI, + 7415, (1)
the absorbed component

I, = aplp * 8414 (2)
the reflected component

I, = rply + v4T, (3)
where L2 and Tgr &g Tp and ry are the transmission, absorption and total

reflection factors of the wall for direct and diffuse radiation.

The transmitted component is transformed into heat on the furnishings
and inside surfaces of the room, so that it always represents a positive heat
supply.

The absorbed component 1s transformed lnto heat within the wall itself,
which gives 1t up by convectlon and radiation either to the internal or
external environment or both.
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Thus, the calculatlon of the heat galn requilres a knowledge of the
factors defined above for the varlous walls and a knowledge of the heat trans-
mission relatlionships which permit estimation of the quantity of heat Qi and
Qe exchanged by the wall with the two environments.

Transmission of Radlation

Direct radiation

The transmission of direct radiation through any wall made up of several
absorbing layers, has been dealt with by Professor Bozza in a monograph of
1935 1 , which has not to this day been superseded.

From the normal Incidence he determined the course of radiation in the
interior of the wall, assuming that this radlation is monochromatic, is
reflected several times on the surfaces of separation of the different layers
and that it is absorbed in these layers according to an exponential law,

The formulae obtained, extended to obligue incidence and sultably
modified, lend themselves well to the calculation of the transmission, absorp-
tion and total reflection factors of a large number of transparent walls.

For the most common of these, comprising one or more panes of glass

separated by a thin alir gap, the expressions for the above factors are as
follows: for a wall consisting of one pane

(- e (- 22 )
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where s is the thickness of the pane, a is the absorption coefficient of the
glass, p 18 the alr-glass reflection factor and r 1s the angle of refraction;
the subscripts "e" and "i" refer respectively to the first and last pane.

The absorption coefficient of glass depends on the ambient temperature,
the chemical composition of the glass and the wavelength of the incident
radiation.

For ordinary glasses its values are low in the visible range, of the
order of 10 -~ 15 m", and increase rapidly in the violet directlon and less
rapidly in the red end of the spectrum; above 4.5 - Su, for which it is 800 -
1500 m", ordinary glass of the usual thickness 1s practically opaque(g).

The variations of the coefficient of absorption with the wavelength have
been exploited by the'glass Industry to produce glasses capable of reducing
the access of heat and limiting the luminence of windows. Such glasses,
called athermic, are particularly absorbent in the infrared region and fairly
absorbent in the visible.

Flgure 3 shows clearly how the two types of glass vary the spectral
distribution of solar radiatilon.

The absorptlon coefficient of the more common glasses on the Italian
market, relative to the solar spectrum at sea level and alr mass equal to 2
(3), has an average value of 20 - 22 m~' for ordinary
glasses and 108 - 112 m~' for athermic glasses, which 1s about the same as the
corresponding glasses produced in France(a) and in America(s).

For technological reasons these values can vary by 4 to 5% for ordinary
glasses and 8 to 12% for athermic glasses. ILess easlly estimated, however,
are the varilatilons assoclated with the solar spectrum. Just the reddening

of Moon's spectrum, caused by the increase of the alr mass from 2 to 5,

as proposed by P. Moon

reduces the transparency for normal incidence over a thickness of 6 mm by 1 -
2% for the ordinary glasses and 7 - 8% for the athermic ones.

The reflection factor depends on the angle of 1ncidence, the wavelength
of the incident radiation, 1ts state of polarization and the absorption
coefficlent.

At amblent temperature, for ordinary and athermic glasses, the variations
with the coeffilcient of absorption are negligible; thus, where n 1is the index
of refraction and 1 the angle of 1incidence, the reflection factor can be
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expressed by the simplified relationship

n - 1\
o= (m)
for normal incildence, (6)

p=1% (o' + ")
for oblique 1incidence;

sin

2

(1 - r) is the reflection factor for the radiation component
sin’(i + I‘) t ng(j. l

polarized in the plane of incidence, p" = 22 = T/ i3 the reflection factor

tan?(1 + r)
for the radiation component polarized in the plane perpendicular to the plane
-+gin 1
.

where p!' =

of incidence, and r 1s equal to sin

Table I gives the angles of refractlion and the reflection factors at
various angles of incildence calculated with a mean index of refraction of
1.52 for the solar spectrum(G).

From the values of p' and p" it 1s clear that the reflection factors p
can vary widely depending on whether one or the other component predominates.
This happens elther when the Ilncident radiation is partlally polarized, as 1is
often the case for solar radiation, or after the filrst reflection 1n the case
of oblique incldence, because the ineident radiation is polarized and the
transmitted radiation is further polarized at each reflection of the polarized
component 1n the plane perpendicular to the plane of incidence.

Actually knowing the state of polarization of the solar radlation does
not permit an estimation of the true variations of the reflection factors, and
hence of the transmission factors. Comparison of the values of the latter for
natural radiation and for the two linearly polarized components as glven in
Table I, suggests that 1n practice we can expect to find considerable
osclllations around the mean value,

Polarization by reflection, however, has the effect of progressively
diminishing the reflection factors for any given 1ncldence. In order to take
thls fact into account the transmission factors are calculated as the mean
values of those assumed for the two linearly polarized components.

Conslderable variations 1n the reflection factors must also be attributed
to the heterogenelty of the surface state of the glasses.

The above expressions can also be used 1n the common case where the wall
1s furnished with curtains for the control of the solar radlation. However,
it 1s preferable in practice to derive this from the other more general
formulae.

For thls puprose note that curtains are devices for intercepting direct
radliation, to which, therefore, they are opaque, and to control the transmis-
slon of the luminous flux, and hence also the diffuse radiation, to which they
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may be considered partially transparent. Thelr surfaces are in general
partially diffusing'’’.

Of the Intercepted radiation a portilon 1s reflected and a portion is
absorbed and transformed into heat either outside or inside or within the
wall, depending on whether the curtains are located outslde or inside, or are
incorporated in the wall 1tself. In the latter arrangement the reflected
enerpgy, before retraversing the glass, is reflected and absorbed a number of
times by the glass panes and by the curtailns.

We are not far wrong, therefore, in assuming that the curtains are
opaque to the dlrect and diffuse radlatlons and that the transmission occurs
according to the mechanism represented in Filg. 4, where for convenlence the
intensity of the incident radiatlon 1s assumed equal to unity and the wall 1s
assumed to conslst of two panes with an 1nside curtain.

On this basis, since the curtaln recelves the radiation D in addition
to the group of radlations er reflected by the glass panes and returns the
radlation R to the glass whille absorbing and transforming the fraction TD'
into heat, which for this situation coincides with the transmission factor, we

may wrilte
Tp' = (tp + Rryla

R = (rcD + er)(l - a),

where a is the absorption factor of the curtaln,

Now, solving the system and observing that the outslde glass and the
inside glass respectlvely absorb the fraction ape and apy of the incildent
radlation as well as the fractions Rad1 and Rade of R, and that two glasses
reflect the fraction Iy of the former and transmit the fraction RTd of the

latter, we derive the deslred relatlonships

a
Tp' =Tp T - 1,01 - a)

aDe' = aDe + Radi

apy' = 2py * Ray, (7)
rD‘ = rD + th
l - a
R=7p 1 re(l - aJ”’

where aDe', aDi' and rD' are respectilvely the absorptlion factors for the out-
silde glass, the inslde glass and the total reflectlon factor.
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Equation (7) holds also for walls consisting of a single pane where the
magnitudes which appear there are replaced by those corresponding to the
single pane and the absorption factors are put equal to O and to aD',
respectlively.

For walls with curtalns incorporated between the two panes aDe' = aD',
aDi' = Q, TD' = aDc'; in thils case the energy absorbed by the curtain 1s
tranasformed into heat within the walls and not within the walls and not within
the room.

If the curtains are external 1t is obvious that they absorb the fraction
a of the energy of incldent unit intensity and do not reflect the fraction
l-a.

Finally, we note that the relatilons obtained hold strictly for parallel
curtalns very close to the glass panes, 1l.e. for condltions of maximum
efficiency.

Diffuse radiation

The transmission of the diffuse radilation can be dealt with very simply
by imagining that the radiation impinges on the wall from all directions con-
tailned within the s801id angle 2x with intensity distributed either uniformly
or according to Lambert's law.

In the first case the transmission, absorption and reflection factors
are given by the arithmetic mean of the values whilch each of these have
between O and ®/2 for direct radiation; in the second case, however, they are
gilven by the welghted means of these values in which the weights are the
radiation intensities at each angle of 1incidence.

We have based our calculations, the results of which we shall present
below, on the latter hypothesls, which appeared physically more reliable.

In practice, the overhangs of the fagade reduce the above-mentioned solid
angle. However, even with a cone angle restricted to 150 - 160°, this makes
less than 1% difference in the result and 1s therefore negligible.

The distribution of incident energy in the s80lid angles under considera-
tion, assumed unitary, was found to he as follows:

Solid angle Energy
0 - 10° 0.03015
10 - 20° 0.08682
20 ~ 30° 0.13303
30 ~ 40° 0.16318
40 -~ 50° 0.17364
50 - 60° 0.16318
60 ~ 70° 0.13303
70 -~ 80° 0.08682
80 ~ 90° 0.03015
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Thus 76.6% of this energy 1is found within the solid angle between 20
and 70°.

Hence the difficulty of protecting the wall from diffuse radiation and
of estimating the fractlon 1intercepted by various protective devices with a
single value.

Venetlan blinds, close to the glass and with the vanes turned so as to
produce integral reflectlon of the direct radlation*, 1n general intercept
Ya . Vs of the diffuse radilation, i.e. all or part of that coming from above.

The transmission of the i1ntercepted fraction through walls with curtains
can agaln be investigated with the ald of equation (7) where the transmission,
absorption and total reflection factors are now those relative to the diffuse
radiation.

Lxperimental results and practical values for the transmission, absorption

and reflection factors

The mentioned investigation carried out in the ASHRAE laboratory in
Cleveland, Ohio, seems to be among the most sultable for testing the reliabil-
i1ty of the calculations that can be carried out wilth the equations and methods
that have been described.

In Table III are shown, for a glass with ks ~ 0.05 and n = 1.52, the
values calculated by us and those published on page 312 of the ASHRAL Gulde,
1957.

The agreement, as is apparent, is extremely good. If we had neglected
the polarization due to reflectlion the theoretilcal values for the transmisslon
factors would have been smaller from 40 - 50° or by 3 - 5% for the wall made
of single glass and 8 - 10% for th t consisting of two panes.

Encouraged by thils result we have calculated and present in Table IV the
transmission and absorption factors and the total reflection factors for
direct and diffuse radlation for the main combinations that can be realized
with the more common ordinary and athermic glasses obtainable in the Italian
market, and wlth curtailns having an absorption factor equal to 0.5.

The latter depends, as i1s known 7 s on the colour of the curtain so that
when consilderable varilations are foreseen wilth respect to the assumed value
it willl be necessary to take these into account with correction factors that
can be derived from equation (7).

For the walls with curtains the data of the table are applied to the
direct and diffuse radilation fractions which are presumed intercepted.

Translator's Note:

* This probably means that the blind 1s adjJusted to Intercept all of the
direct solar beam.
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Heat Transmission

Baslc relatilons

The transmlsslon of heat by convectlon, conductlon and radiation between
two environments at different temperatures, separated by & wall in the interi-
or of which heat is generated according to some law, has been treated several
times by rigorous methods.

These methods, however, have not been wilidely used in our case because
the uncertaintlies inherent ln the very nature of the problem with which we
are concerned are so great that recourse to very refined calculations 1s not
Justified, and because the frequency with which the problem comes up in
englineering offlices renders it preferable to employ approximate and rapid
solutions.

In an attempt to reconclle scilentifilc precision with rapidity of calcu-
lation Desplanches has recently proposed a study of heat transmission under
the above conditions, assuming infinte thermal conductivity of the glass andg
uniform distribution of the heat generated 1n the interilor of the wall.

The two hypotheses, which for practical purposes do not change the final
results in view of the small thickness of the glass panes, are both useful.
The second however 1s too restrictive, because when the wall consists of
several panes of different absorption characteristics we cannot assume uni-
form distribution of heat and in fact Desplanches appllies the method to a wall
comprising only one pane or two non-absorbing panes.

When we wish to study the behaviour of walls made with panes of differ-
ent absorption, i1t will be necessary to restrlict the hypotheses to each pane;
in this way, the method retains all its good qualities.

On thils basis let us consider a wall (Fig. 5) comprising three panes of
infinite thermal conductivity, in which 13 generated the quantity of heat dgr
q. and Qs let te and ti be the temperatures of the two environments, oe, oc

and oi the temperatures of the panes and a a the coefficients of

a
e’ %12 %ce’ %1

heat transfer.
Now, choosing any condition of reglme, for example tc < oe < oc > ﬁi >
ti’ we may write
Qe + Q, T Qy = 0':L(‘)i - t1) + c'e(‘)e - te)

Qe = —5—(0c - 1):1.) + E§-(oc - %) (8)
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whence we derive

q, +q, +q
9y =ty +a-|at 4 S——E 2 v 2q, (El‘ +'El“> + 2 gie
i e cl ce ce
q, +q, +q a
Vo =t *F 5;'[} at + =5 ac L 2q, (El- + El_ + 2 E;L (9)
e 1 cl ce cl
q, tq,6 +q q a
°’t1+K'&2"+’&1") Et+e 5 1+2Q1<%*EL+2F2‘26_1'
¢ cl 1 ¢ ci ce ce cl
where ~1
K = [El""al‘*ag—*a—gﬂ
e i ce ¢

18 the total coefficlent of transmlissilon and

At = (te - ’ci)

1s the temperature difference between the outside and inslde environments.
The heat exchanged with the two environments 1s calculated as usual with

(10)
Q = o (v, - t,)
which, taking into account equation (9), become
q, +q +q a
Q1=K[At+e o 1+2q1<'6;"+a'l_+2’6'c“
e cl ce ce
(11)
qQq, +q, +q qa
QaKI:—At+e c 140 a—l— _1_.>+2_°,
€ ] € ci %ee Geq

The exchange of heat with the inside can be tabulated, if required; for
this purpose the expression

= * _
Q, K(te ty)
is convenient, where (12)
q,Z +aq, +q q
Lo = te ¥ = ac : o+ 2q, E%;'+ El~> t2 EEL
e ci ce ce
is the "imaginary solar temperature".
For walls comprising two panes we put qc = 0 and a4 = ace = 2ac, and

for that comprising one pane qQ, = 94 = 0, 9 = a and @y = Qe = -
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None of the hypotheses presented was based on the regime which becomes
stabllized in the wall; for the one comprising a single pane it 1s treated as
a special regime which some hcat enginecrs have defined as "permanent
instantaneous regime". Since the thermal conductivity and hence the capacity
for diffusion 1s infinite, the wall instantancously asswmnes the regime
temperature,

In practice ordinary glasses establish the regime in 5 - 10 minutes and
athermic glasses in 15 - 20 minutes.

Application to a specific case and suggestions for calculaticon and for

planning of walls

In Table V we have corrected the data and essentlal calculation results
on the supplies of heat which will presumably be found in Rome on the 23rd of
July at 4:00 p.m. through a number of transparent walls wlth western exposure,
made of ordinary glass and of athermic glass and furnished with venetian
blinds of painted aluwninium.

The intensity of the direct solar radiation was derived from the sunshine
tables edlited by Termotecnleca. The intensity of the diffuse radlation was
obtained from Llvegard and Moericofer's curves(a). The final value obtained,
which 1s the annual maximum for Rome, may appear high, but it has to be
accepted in the absence of more reliable data for the national territory than
those correlated by Moon, as the extensors of this table, moreover, show.

In carrying out the calculation we tried to satisfy the condition at the
boundaries of the various strata with a view to better estimating the interde-
pendence of the different variables and the practical values of the heat
transfer coeffleient that can be used under similar conditions.

For natural convection we employed the correlations of Welse and
Saunders(a), and for forced convection the correlations of Colburn(s), also
adopted in the ASHRAE Guide, and for convection in the air gaps, those of Mull
and Reiher(9) as verified and modified by Linke(10).

The first two correlations are taken with caution because they have been
extrapolated up to surfaces of 2 m high, considered by us; more reliable,
however, are the correlations of Linke who recently experimented on air gaps
between glass with height/width ratios up to 112.

The outside heat transfer coefficient with a wind of 2.5 m/sec 1s almost
always found to be equal to 15 kcal/m? hr°C; in cases no. 14 and 15 this
reaches respectively 43 and 20 kecal/m? hr°C because to the convection is
added in the first cast the irradiation of the outside glass, i.e. of a
virtaully black body and in the second case the irradiation of the painted
aluminium, 1.e. a body of low emission capacity.
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The inside heat transfer coefficilent is generally 7 - 9 kecal/m? hr°C,
except when the curtain is inside. In this case it may drop to 2 - 5.5 kcal/
m2 hr°C, because the glass gives up heat to the air by convection and receives
heat from the curtains by irradiation.

In unventilated air gaps the thermal conductance is 15 - 18 kcal/m? hr°C.
However, when the curtain is inside the gap this is reduced to 9 - 10 kcal/m?
hr°C for the low emission capacity of the painted aluminium.

Unforﬁunately the temperatures are always high. Cold air against the
glass is advantageous, because 1t reduces the temperature 3 - 5°C without
appreciably increasing the heat gain.

In solutions concerned exclusively with glass these gains can be reduced
by more than S50 - 60%. For greater reductions, in line with the general
criterion that the solar radiation must be Intercepted before reaching the
surface of separation between the two environments, recourse must be had to
inside curtains, curtains incorporated within the wall and outside curtains
or curtains incorporated in ventilated air gaps.

In this regard the last column of the table, where the ratio C between
the total heat transmitted by each wall and that transmitted under the same
conditions by walls consisting of a single glass are recorded, 1s sufficlently
indicative.

The curtalns must be close to the glass, possibly flat, and must have a
low.absorption factor and high diffuse reflection factor, since glass 1s too
transparent to this type of radiation. The regular reflection may reflect
energy at angles for which glass 1s very reflective.

The emissivity of the curtains should, finally, be high. Uhen the
curtains are placed inside, however, low emissivity on the room side may be
suitable.

The winter behaviour of the walls 1in question should be subjected to a
similar investigation because they present some interesting aspects. For the
present, however, the figures given are sufficient.

I wish to thank Professor Gino Bozza for his valuable suggestions made
in the course of this study.



10.

-1%-

References

Bozza, G. Trasmisslone del calore e assorbilmentoc d1 radlazione in pareti
trasparentli. Ist. Lomb. Scien. e lLett. 68 (16-18 and 19-20), 1935.

The Institute of Silicate Research., Thermal transmissivity by radiation,
the glass industry, 36 (11): 575, 1955.

Moon, P. Proposed standard solar-radiation curves for englneering use,
J. Franklin Inst. 230: 583, 1940,

Desplanches, A. Guide de chauffage, ventilation, conditionnement d'air.
Ed. A.I.C.V.F. 1959. p.123.

Watkins, George B. Flat and laminated glass. Engineering Materials
Handbook. Ed. Mantell, 27-44, 1958.

Morey, G.W. The properties of glass. Ed. Reinhold, 1954, p.386.

Del Monaco, A. Un metodo per la misura deil coefficienti di rinvio di
superfici parzialmente diffondenti. Termotecnica, (10): 494, 1957.

McAdams. Heat transmission. McGraw-H1ll, 1954. p.172 and 249

Jacob. Heat transfer. Wiley and Sons, 1: 534, 1950.

Linke W. Kaltetechnik, 8: 378-384, 1956; Krings and Olink in "Transmis-
sion de chaleur & travers des panneaux étanches doubles ou multiples

a remplissage gazeux", Silicates Industriels, 1l1l: 595, 1957, do not
give a full report.

Table I

Angles of refraction and air-glass reflectlion factors
calculated for n = 1.52

i r o e Q

or or — —_ 0,04258
10° 635 0,04358 0,04019 0.04188
20° 13° 0,05006 0,03573 0,04289
300 19°10° .0,06170 0,02735' 0,04452
40° 25° 0,08155 0,01561 0,01858
50° 30715’ 0,11756 0,00380 0,06068
56°40° 33°20° 0,15688 0 0,07844
60 34°45° 0,18320 0,00153 0,09236
70° 38°10° 0,30815 0,04150 0,17482

80° 40°20° 054695 0,23543 039119
90 41°10° 1 1 1



~-14~

Table II

Transmission factors of glasses having ks — 0.05
for natural radiation (1) and for the linearly
polarized components in the plane of
incidence (2) and in the plane
perpendicular to the plane
of incidence (3)

Ahglca One glass Two glgsses

o

Incidence 1 2 3 1 2 3
r | 8715 815 87 67 16T 167
200 873 860  .885 765 184 186
40° 861 801 918 52 660 844
50° 811 745 938 129 579 879
60° 94 648 939 671 459 882
0° 678 491 864 527 302 .51
80 419 261 5% 255 127 382

Table IIIX

Values given in ASHRAE (1) and values calculated by us (2)
of the transmission and absorption factors for walls

comprising one or two glasses having
ks ~ 0.05 and n = 1.52

Angles One glass Two glssses
’ of :
incidence, Tp ap o e aD i
1 2 1 2 1 2 1 2 1 2
Direct radjation
r 87 4875 05 048 .76 767 06 052 04 043
20 87 823 05 049 .76 .765 .06 053 04 0.44
40" A6 861 .06 053 14 752 06 056 .04 046
50" 84 841 06 055 22 729 07 059 05 047
60" 29 794 06 051 66 671 07 .063 95 048
0 £7 £78 06 059 5T 527 07 070 .05 044
8o A2 419 06 059 25 255 07 077 05 034
Diffuse rediation
" i o Ta e P4
o 90 79 192 06 057 58 675 07 063 .03 048
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Transmission, reflection and absorption factors of walls comprising ordinary
glasses 5.50 mm thick, athermic glasses 6.35 mm thick and opaque curtains

having an absorption factor equal to 0.5, calculated for solar
radiation at sea level with air mass equal to 2

Direct radiation, angles Dif fuse
Make-up of the wall of incidence radiation
10 200 30° 100 500 6 700 80° 90° 0> = 90F
< 818 818 .8I5 .8l0 .80 778 731 620 375 O, T4 34
Ordinary glass ap 109 109 011 114 119 024 129 132 128 0 a 129
rn 073 073 074 076 081 .098 .10 218 497 1 ra 137
T A60 459 451 430 423 399 360 292 163 O <. 381
Athermic glass ap .18 .489 .496 506 .519 531 536 517 425 0 as 533
rp 052 .052 .053 .05+ 058 .070 .04 .191 412 1 r, 086
) T 673 673 668 .660 618 .623 .567 .438 .200 0 < 518
Two ordinary glasses separ- an. JI5 115 118 122 .26 .133 Q41 151 15T 0O ax 139
ated by a thin layer of air ap, 090 090 091 ".093 .096 .098 .098 .089 .06% O ae 098
oo W22 122 123 025 .130 .46 194 322 579 1 rs 185
ordinary glass outside and T 371 377 369 358 342 318 218 205 084 0 <, 302
th : 1 insid as. 113 013 116 .119 .12% .130 138 .li6 .150 O a. 133
athermic glass lnside, separ=| ,, 402 402 406 412 418 420 405 347 207 0 na A4
ated by a thin layer of air rp 108 .108 .109 .I11 116 132 179 302 559 1 r, 51
Athermic glass outside and <o 377 377 369 .358 342 318 278 205 084 0 T4 302
ordinar lass inside. separ—| o 506 506 513 523 536 519 558 548 463 0 a. 553
ib y 8:as » SE€p asy 050 050 050 .051 051 050 048 041 .02 0 as 049
ate y a thin layer of air ro 067 067 .068 068 071 083 .116 206 427 1 v .09
. _ . T 439 439 437 431 429 418 392 333 201 0 <’ .394
gﬂgtgzﬁy glass and inside a0’ 165 166 .168 .71 .174 178 .180 .I75 154 0 a’ 180
396 395 .395 .395 .397 .40+ 428 492 645 1 rS 426
Athermic glass and inside ' 240 240 236 230 221 208 .188 .I153 .085 0 < 199
a’ 616 617 622 .629 637 642 .636 598 470 0 a’ 639
curtain
' .44 143 142 41 142 150 176 249 445 1 rs 162
Two ordinary glasses separ- 1 370 371 368 .364-.357 .343 312 241 110 0 < 319
ated by a czin air gap, and ap, .51 152 154 157 .161 .166 .172 .115 .168 O ne 170
inside’ cur tain ap’ 42 142 142 141 146 146 141 .123 079 O an’ 142
' 337 335 .336 335 .336 345 375 461 .643 1 r’ 369
Ordinary outside glass, T 198 198 194 .188 .180 .67 .l36 .108 .04 0 TS 158
athermic inside glass, sep- ap’  .123 123 126 .29 .133 .138 .145 .151 .152 0 a,” 141
arated by a thin air glass - s SI1 512 513 516 517 512 485 407 231 0 a," 502
inside curtain r’ (168 167 .167 .167 .170 .183 224 334 573 1 re 199
Athermic glass outside, < 204 204 200 194 .85 172 .150 .111 045 0 < .163
ordinarz glass inside, sep- an’ 077 077 077 076 .075 .073 .068 .056 032 0 a’ 621
arated by a thin air gap - ap’ 590 591 595 603 613 620 620 .593 482 0 a," 071
inside curtain ro’ .29 028 .128 .127 127 .35 062 230 441 1 e 145
= 0 0 0 0 0 0 0o 0 0 0 w0
Two ordinary glasses - ape -.65 .66 .168 .171 .174 178 .180 .175 154 0 a,’ .180
curtain incorporated ap” 439, 439 437 434 429 418 392 333 201 O a’ 394
a" ©0 0 0 0 0 0 -0 0 0 0 | ay 0
' 396 395 .395 395 397 404 428 492 645 1 rs 426
Ordinar ass - <o’ 0 0 0 0 0 0 0 0 0 0 T 0
ferais gl ] outside ane 165 166 .68 .171° 174 .178 .180 .175 154 0 an’ 180
athermic inside and curtain : de.
incorporated s’ 430 430 437 431 429 418 .392 .333 201 O 2 -394
' 0 0 0 O 0 0 0 0 0 06 | a o0
ro'  .396 395 395 395 .397 404 428 492 635 ) re A2
\ % 06 0 0 0 0 0 0 0 0 0 T 0
Athermic glass outside, a’ 616 617 622 629 637 .612 636 598 470 0 a’ 639
ordinar lass insid d “« 9
i Yy 18 1 de an a’ 240 240 236 .230 .221 .208 .188 .153 .085 0 ax’ 199
cur tain incorporate ap.’ 0 0 0 0 0 0 0 0 0 0 a’ 0
' 44143 142 41 042 050 176 249 445 ] r. 162
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