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ABSTRACT

Single, double and triple glazing are examined for
usa in passive solar Trombe walls and south facing
windows. MNet gains and losses are calculated em
ploying regional weather data and annual contribu-
tion to heating load reduction is evaluated. - The
study concentrates on the reflectivity of each glass
pane, including the dependence of relectivity oa the
angle of incidence of the radiation, and resultinog
heat gains and losses. This facet of passive de-
sign heretofore has been inadequarely treated andis
shown to be significant. The marginal value of each
additional pane is investigated with regard to

heat gain, energy savings and total costs. Addi-
tionally, attention is givea to the effects of
Trombe wall energy storage.

I. INTRODUCTION

Passive techniques for solar enmergy collectioan are
receiving increasing attention in both new housing
construction and retrofit .applications. The use of
such techniques has great appeal which can be
attributed to their low cost, simplicity, and
applicability to heating and cooling in a diversity
of climates. Passive solar design covers a wide
range of concepts, from propcer building orientation
to elaborate collectioa and storage devices. The
energy~conscious homeowner can significantly reduce
heacing and cooling demand by employing combima-
tions of these techniques. This paper considers
the use of south-facing glass windows for collec-
tion of solar energy and its concomizant storage in
a massive concrete Trombe wall. More pracisely, we
focus on the comparative value of single, double and
triple glazing in fenestration, consideriag both
reflective losses and .increases in insulation value.
We concentrate on a climace akin to that of Bostoen,
although the techniques may Se readily applied to
any regioa. TIne decrease in wiadow efficiency
caused by the presance of a Trombe wall is also
discussed. we note that the Swedish zovermnent now

requiras triple zlazing ia all aew coastructioa and

provii2s loaas £or retroiics. In cthis paper, we
affer a praliminary 3ad partial answer co the
Queszion, "what is :the marzinal value of a cthird
addizional pane of zlass in the Caicad Staces?”

*This work was supported by the Applications
Analysis Branch of the Division of Energy
Storage of the U.S. Dept. of Energy.

II. THE ROLE OF REFLECTIVITY

The key element in passive solar design is a large
south-facing window area. Greater southern expo=-
sure yields a higher gain of direct radiant energy.
It becomes important here to account for the fac=—
tors that determine net energy gain. These are:
type of glazing, coefficients of heat transamis—
sion, solar insolation, weather patterns and ra-
flectivicy and absorption losses. While U values
and solar and weather data are well documentad,

the work performed on the effects of aultipaned
glazing of active solar collectors (1,2) does not
seem to have beea carried over to studies of the
values of additional glazings in the design of
windows and other passive systems such as- the - - %
Trombe wall (3,4,5,6,7). This evaluatioam is
essential iI we are to compare the increasing
reflectivity losses and better insulatioa values
that accowmpany additional panes of glass.

To evaluate reflectivity losses, we must koow the
angle of incidence of radiant energy striking the
exterlor glass surface. For a vertical glass
surface facing south, the angle of incidence of
beam solar radiacion, qgis given as:

cos § = —-sind cos¢ + cos Jcosw sind D9
where:

§ = the solar declination angla.
= 23.45 sin é%%§l , where n is che
day of the year

¢ = }aci_tudg (north positive)

@ = solar hour angle, each hour equalling
159 of longitude (mormings positive,
afternoons negative) and‘solar aoon is
zero (e.g.,u = +13 at 1! a.x;., and
=30"ac .2 p.m.

The angle of incidence zay then be caiculacad
hourly for =ach day ic a gziven vear. Given thease
daza, iz is thea possible to decarmina raflaczive—
icy, ia single, double, ard triple glazing, For a
siagle air-glass izcterface, the angle of refrac-
tica, 32 » is calculated Iirsc, using Sanell'’s
law:

n
sia 8, = = sin 2

I Lo (2)
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Next the fraction of reflected incident insolatfon

at an air-glass interface is (2):

2
- ;E .12 sin @2-51) . tanz (jz 81) =)
o sia Gz 31) taa ~2—51)

I = {ncident energy
I_ = reflected energy
p = fraction of incident enexgy reflected

For each type of glazing, we are interested in the
fraction of incident energy trasmsmitted by 2n sur-

-faces.'Ta, where n is the mumber of panes (2):

1, - —Lcz® . S W
1+ (2a-1) o :

Ia this paper, we will iznore the swall losses due
to absocrption of incoming solar insolation in the
zlass (which in a more detalled aodel . would also
serve to lessen heat trausmission losses to the
outside) and assume that all traosmitted energy 1is
absorbed by the room or by a Trombe wall if ope is

present. Thus the total power being absorbed at any

glven time per unit area is

Iy = I, cos al Tas - (S)

where I, is the incideat radiant energy. Attesuation

of the solar radfation by the long «stwosplheric pach
early and late {n the day is iganored since almost
all such radiation is lost to reflectioas.

II1. HEAT LOSS

- A large south-facing window area will lose signifi-

caat quantizies of heat duriang the heating seasoa.
Increasing the gumber of window panes will reduce

this loss by decreasing U, the coefficient of traas-

missioa. In general, the heat loss per unit area,
L, during heating season, L, is given by

L = U x DD x 24 hr/day
where:
U = coefficient of heat traasmissioa (J/hr-w2-°C)

DD = dagree days (°C).

The above data are ragionally specific and readily

availadle. For U values, we use (8,9):
Single zlaziag, T = 2.3 x i0% J/sr—mi-oC’

Doublea glaziag,.
(5/8 {ach air space)

T = 1.1 x 104 J/hc—m=-2C

Triple glaziag, g = ,74 x 10% J/hr—ai-oC

(1/2 {nch air space)

The air spaces are optizal; widar spaciags do oot
decraase U, due to lncreased coavec:iioan.

In the {nterest of brevity, several factors and
possibilities are ignored {a this analysis. For
example, tue.engineeying approxizatioa that the
heat losses can be adequately described by a
single “U” value should be refined by the separa-
tion of the coumvective and radiacive components of
heat loss (10). Then the possible benefits of
various coanvection—-inhibiting devices located

‘between the glaziags (1l) could be evaluated.

These refinesents will be takesm up ia later
studies. We also specifiically exclude from
preseat considerations “active” devices such as
insulated shutters or “beadwalls™ which, if
implemented, would clearly reduce_ the value of the
third layer of glazing.

IV. AN EXAMPLE

The above methodology for solar gain and heat loss
was applied ‘to solar and weather data for the :
viciniry of Boston, Massachusetts (12). Latitude
*42,.5% wag used in equatioans 1~-3 to calculate the
single surface reflectivity, o. This was

.inserted {n equation 4 to calculate the total

transmitted enargy based on insolation data from
refereace (2), for each sunlit hour of one day of
each week in the heating season, for single,
double aod triple glazing. The index of refrac=-
tion, n,, was taken as 0,=1.526, typical of
window zlass (2). These results were then scaled
up by a factor of seven to obtain the total sea-
soaal gain, and multiplied by .55 to accouwmt for
cloud cover occurring about 452 of the time during
the heating season. The heat gain from insolacion
is summarized im Table 1. Hear losses are calcu-
lated using the given U-values and approximately
5600 degree days for Boston. Losses are summa=-
rized in Table 1l and the net gain for a south
facing window i{s given in columa 3 for each
glazing type. These calculations will be rapeataed
with mora accurate information and weather data,
such as that on the SOLMET tapes (13). Uacil chis
1s dome, the results below zust be ragarded as
tentative.

V. -~ NET GAIN WITH STORAGZ IN A TROMBE WALL

We aote here the effect on energy gain of using a
Trombe wall for thermal storage. Specific Trombe
wall design parameters may be found in Raferesnces
3,4,5, 6 and 7. The advantage of employing this
massive concrete storage wall direczly behind the
window include preventiom of overheating and
hccompany}ng unconfortable drastic room tempera-
ture changes and storage of heat with slow release
for eveaing heating requirements.

It is iaportant to note, however, thaz get gain
will decrease from that through an unobstrucced
window Dy approxisately 10X with che usa of
concrece wall storage situated directly Yehiad the
south~facing zlazing (see Table 1, column 4). The
air temperature midway betweea exit and entry
vents oi the Trombe wall, averaged over the
heating seasom will be about 1.4 C above room
temperature (l4). This temperature risa will
iocrease the heat traasmissioa resulting in the
iadicatad decre2ase in net hea: gain.




VI. ANALYSIS OF NET GAIN

Table 1 gives net gain for south-facing windows
backed by a Trombe wall during the heating season.
Addition of a second glass pane with 5/8" air
space results in a 2102 increase in net energy
gain. Adding a third pane with 1/27 air space to
the double glazing yields a net gain increase, of
11%. The dollar value per square foot of addi-
tional glazing may be evaluated using representa-=
tive fuel prices for the Boston area. Space’
heating fuel in the region is predominantly #2
0il, with many new multifamily structures having
electric resistance space heat. Representative
prices are § .50/gallon for oil and § .048/KWh for
electricity. Considering an oil furnace effi-
clency of .67,(which 1s perhaps optimistic, but
one hopes people will optimize furnace operation
before turning to solar energy) these translate to
$5.10/GJ and $13.30/GJ respectively. Marginal
savings by fuel type are summarized belaw in Table
2, where the annual fuel savings have beer
converted to the corresponding capital costs under
the assumption of a 15X capital recovery factor,
taken to include the presumably small O&M

charges.

VII. CONCLUSIONS

A survey of suppliers on Long Island indicates
that one eighth inch glass, strong enough to be
the central of three glazings, can be obtained for
about $7.50/ square meter, while plastics; such as
Kalwall, Tedlar or Teflon, are available for about
§4.30 per square meter. If these are taken as
lower bounds to the marginal cost of the third
glazing, to which assembly costs would have to be

- added, it is clear that extremely low assembly

costs would have to be realized to make a third
pane of glass attractive, even if it were saving
energy produced through electric resistance
heating. In cases such as the Trombe wall, where
visual acuity is not important, a third glazing of
plastic material would appear to be worthwhile,
but again only in the case of electric backup. In
the likely event of continued fuel price
increases, these options will become more clearly

. worthwhile, and a third glazing of plastic could

well become economically attractive even if it is

.A displacing heat produced from fuel oil.

Table 1
Heat Flow Through Various Glazings

(GJ/m2 - heating season)

Net Heat Net Gain
Insolation Transmission Net Gain With Trombe Wall
Single 2.04 . 1.74 .30 : .47
Double . 1.79 .83 .96 .87
Triple 1.61 .55 1.06 .96
Table 2
Marginal Savings for the Trombe Wall Configuration
Increase in Net Gain Due Marginal Value
to Last Pane of Last Pane
($/m2)
Percent Gj/mz—ueating Season 041 at $5.10/63 Electric at $13.30/GJ

Double Pane 2202 ' .60 . 20.00 ' 53.00
Triple Pane 102 .09 3.10 8.00
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