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where

(g/4) = instantaneous
" rp,Ta = transmittance of glass for direct and d

*‘ap, aa = absorptance of glass
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rate of heat flow, Btu perA(hour) (square f_oét).
diffuse solar radiation, respectively.
Ip, Is = incident direct and diffuse solar radiation, respectively, Btu per (hour)

(square foot). )
for direct and diffuse 's'o_lar radiation, respectively.

s = emissivity of glass at temperature fg. ) . ‘
R, = low temperature radiant energy falling on glass from outdoor surround-
ings, Btu per (hour) (square foot). . . L. X
Re = low temperature radiant energy emitted by a surface with emissivity
equal to 1.0 at temperature fg. i
f- = outdoor convective conductance, Btu per (hour) (square foot) (Fahren- :

heit degree).
= temperature of outdoor surface of glass, Fahrenheit degrees.

nheit degrees.
Btu per (hour)(square foot).

teo
to = temperature of outdoor air, Fahre

S = rate at which glass stores energy,

TTANCES AND ABSORPTANCES oF CoMmON WINDOW GLASS FOR
Direcr aNDp Dirruse Sorar RADIATION

TWO AIR-SPACED SHEETS

SiNGLE SHEETS
ANGLE OF Im:i!gm«:ﬁ. i - o . : ap ‘ap -
. - 0,DEQ . s . i P Outdoor Sheet | Indoor Sheet "

For Direcr RaviaTion - : : Pl

0 0.87 0.05 0.78 0.06 0.04

20 0.87 0.05 0.76 0.08 0.04

- 40 0.86 . 0.06 0.74 0.08 0.04

50 0.84 0.06 0.72 0.07 0.05

60 0.79 0.06 0.68 0.07 0.05

© 70 0.67 0.0 0.52 -0.07 0.05

- 80 0.42 0.06 0.25 - 0.07 - 0.05

90 0.0 0.0 0.9 ) 0.0 005

For DIFrese or SKY SoLar RapraTion

om | 00 | oss | oo | oos i

 manufacture and in solar energy distribution.

Transmissivity and absorptivity vary with both wave length of th
incident radiation and incident angle. Values of 7 and « for a single shee
of the average ordinary drawn window glass are given in Table 12 for,
standard distribution of solar energy.t Values for two air-spaced sheé

ittance values for some- co}

are also given. Normal incidence transmi

monly-used types and combinations are given in Table 15. Some vana

tion in these values can be expected in practice due to variations;
However, a changé 1]

transmissivity causes an approximately equal and opposite change
absorptivity. Hence, the tolal heat flow is not greatly altered. Transg
mittance data for other types of glass and various patterns ‘of 8-in. glasf¥’
block are given in A.S.H.V.E. research papers.!®: 20. 3. 2. 3 - #
As stated earlier in this chapter, present data as to the value of B s
are inadequate, so for the present it is suggested that f., be increased 0§
include radiation, and the term bpofta — €l bE disregarded. It is'DY
practicable to give values of S in this chapter. However, for ordin;
glass, the value of S is small. : . -4,
Fig. 3 is a graphical solution, for single glass, of Equation 2b. Oﬂ%
absorbed solar radiation is considered, although low temperature radiatitiE:

£
o
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exchange and heat storage canb
» : -be added: algebraicall i
’a}‘r}?eal‘;:gflf)ilgév rztl:e(; Sa?ealt]' therl%al Fresistance of the glazstl?ag géeli lslléglllegtzfia
for a i ] i ;
: conductance for radiation f,; as given by Equation sauivalent
[CUCLANCE 10T radiation f;. as: given b or
surfaces seen by the glass are assumed to r%.]djété'a{;, 'Egluatlm'l b it o
air temperature. " <7 T & Black body at room

itfci‘ = 0.27. (i~ tii)'o.:s o

_ N L ) L _ . (3?
oo () - ()] /e-0 @

where

% = temperature of indoor s
r surface of glass, Fahrenheij
ti = temperature of indoor air, Fah'enheit,’ enheit.

A more complete ’ .
research paper.g e tm@ent of the problem is given in an A.S.HV.E,

Ezemple 3: Fi e f
ple 8: Find-the total heat gain at 10 a.m. sun time for a single unshaded
ade:

:
sheet of common window g]aSB in a wall iacmg 18 deg east.of sou n August 1 at
.of south (o) .

50 deg north ]ahltude. The indoor t.emperat.ure is 75 F, the outdoor tempera,l;ure 18
8 F. Use clear ahmosphere radiation values and f =40
cTo .

Solution: .
9 min. F:'om Fg:glﬁ‘:“;" le 3. llg 215 0.557; hence, the angle of incidence, ¢ i 56 d
found to be 0.81, a i 066? 0,1; =26.6. By interpolation in Tabl. is eg
» @p 18 0.06; 7a and aq are 0.79 and 0.06, respeet.ivel;n able 12, 7, is

The heat gain due to transmitted solar radiation is
4). = 152.0 % - s 0
(g/4) 152.0 X 981 + 26.6AX 0.79 = 144.1 Btu per (br)(sq ft).’

. The heat gai ‘nvecti P :
Fig. 3 gain by c(l?nvef:fl?n gnd radiation from the indoor surface is found from

PR (O 0.06 (1520 + 26.6)
v 7. =8+ ﬁ) =87F

from which

. (¢/A)ee = 11.5 Btu per (hr)(sq ft).
rom Equatiop 2a the total heat flow is
(@/4) = 144.1 + 11.5 = 155.6 Btu per Zh})(sq ft).

Pesign Tables for Flat Glass

Tabies 13 and i - us
Tal 14 give design val i eous rate V
or st y sign values of instantaneous rates ¢ , gain
e sl <l S o
Solar inpeS: ' ay. - based upon
ably lagrr:;)tl,‘zgsei]té t\ﬁ;]uﬁes tfgr\ akclear at.m}c,)sphers gzbﬁ/:;e igas’lggb‘llg (;n
values are b e first bracketed term of Equation 2a; '
are dopeages e first : ‘ uation 2a; therefore, the
™m of By ot 0bly upon values of 7 and 7. Table 14 is the sec
dry bt 1%Irll;:.thn 2a, and is based upon a 80 F indoozi' t:x;4;rsa§he oo
lTot%l heat g };:%1;;&; c}}cii, ertll)ll a 95 F maximum as tarl))ulat,lgie aanhi
able 14 o : or the T'able 13 and Table 14 values. I pari
combind vection and radiation heat ¢ “cotmbined, and &
ted surface conductance of 40 u?ed?quéac')nng':cggrﬁg ;:grﬁin:;ﬂil:g (} .
or

S e o . :
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