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1. Sunmmary.

The laboratory evaluation of a sample of aluminized, perforated
weather screen material has been completed at the Yellolt Sclar
Energy laboratory with the follewing results)

1.1 Items 1, 2, 2 and & of ycur purchase order (sclar-optical

properties):
Trans- Reflec- Absorp-
miftence larce lance
Aluninized surface faclng
suni 0.28 0.65% 0.07
Black surface facing sun: 0.30 0.1% 0.51

1.2 Item 4, Shading Coefficlent determination:
When used with double etrergth glass, weather screen indoors:
Aluminized surface facing suns SC = 0.37
Black surface facing sum SC = 0.70

1.9 Item 5, longwavae ealttance of both sides cf Weather Screen:
Aluninized surface, emittance = 0.69

Black surface., emittance = 0.86
1.4 Item 6, guarded hot plate test to determine syates U-valus:

Alunirized eurface towards hot plate, U = 0.60

Sumner cenditions, 1.25 in. spacing
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2. Test Procedures.

2.1 The sclar-cptical properties of the Weather Screen were
peasured in mccordance with ASHRAE Stiandard No. 76&-73. Trans-
mittance was measursd with & thermoplle-type pyTAnometer mounted
within a blackened box which could be turned and tilted tc make
the instrusent point directly towards the sun. The signal frce
the pyrancmeter was recorded on a strip chart recorder and the
sazple of Weather Screen was then interposed between the instru-
ment and the sun. The ratio of the millivolt signal with the
sample in place to the signal received without tne sasple is

taken as the total solar transmittance of the sample,

Reflectance is measured with the sane apoaratus but with &
silicon cell senscr which is #0 small that it casts a negligitle
shadow on the saxple which ie stretched tightly over a blackened
surface. The cell is connected through a potenticmeter 3¢ the
millivolt recorder; when the cell is pointed édirectly at the sun,
the potenticzeter i{s adjusted to give a 10 mV signal on the
strip chart recorder. The cell is then rotated to look directly
at the sasple and the recorder signal, divided by 10, is taken

a8 the reflectance.

The abtsorptance is found by subtracting the sum of the trans-
mittarce mand the reflesctance from 1.00, in accordance with the

squations

Absorptance = 1.00 « (Trans. ¢ Reflect.) (1)
The tests were run first with the aluaminized side faclng the

sun and then with the black eslde facing the sun. The resulis
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of at least ten tests in each position were as fcllows:
Trans. Reflect. AEs.
Aluminized surface towards the sun 0.28 0.65 0.07
Black surface towards the sun 0.30 0.19 0.51
2.2 The Shading Coefficient was calculated from these sclar-
optical properties by using the Pennington and Moore equation
which was adopted in 196k by the ASHRAE Technical Committee on
Fenastration. A Xerox copy of the relevant page from Penningtorn

and Moore's ASHMRAL paper No. 2039, presented in Detrolt in
Fabruary, 1967, is attached to this repert. The entirs paper is

to be found in the ASHRAE Transacticns, Yol. 7)., Part I, 15€7,
§p. VIII.J.1 = 3.13. The pertinent equations are e be found on
p. VIII.3.8 and they may be simplified in the following manner:

Shading Coefficient for
a -1:t1. glating plus an
inte

or shade

(Transeittance Total Total

= 1.1§ x (of Glating <+ 0.215 x Absorption + 0.75 x Absorption) (2)
(plus Shade in Glazing in Shada

To account for inter-reflection between the glating anc The shade.

Transaittance

of Glazing . (2)

plus Shade

For the alusminized surface of the Weather Screen facing the sun

through doutle strength single glazing, the pertinent valuss ares
Transeittance Reflectance Abacrpiance

Glating alons 0.86 ¢.08 0.06
Weather Screean, Al. To sun 0.28 9.6¢ 0.07
Trangmlittancs
ef GClazing . - (0.86 = 0.28)/(1.0 » 0.08 x 0.63) = 0.25&
plus Shade
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sotal Absorptance
Absorp. = of Clazing x (1.0
in Glaz- Alone

ing

= 0,06 x (1.0 « (0.806 x 0.65))/(1.0 = 0.08 x 0.65)
= 0.095&
Total

Absorption = |
in Shade

« (0.85 x 0.07) / (1.00 - 0.08 x 0.65)
= 0,086]5
Shading Cosf. = 1.15 x (0.254 + 0.215 x 0.0956 + 0.75 x 0.06)35)
= 1.15 x (0.25% + 0,0205 » 0.0L76) = ©.3703
For Weather Screen with the black surface turned towards the sun,

Transaittance = 0.30, Reflectance = 0,15 and Absorptance = 0,51

Transaittance
nf‘glllln; « (0.86 x 0.30)/(1.0 - .08 x 0.19) = 0,262

plus Shade

ih-cfrtlﬂh e« 0.06 x (1.0 + (0.8 x 0.1%)/(1.0 - 0.08 x 0.1%)

in Gla
ke = 0.070

Total
Absorption = (0.86 x 0.51) / (1.00 - 0.08 x ©.15) = 0,545k
in Shade

Shading Coef.» 1.15 x (0.262 v 0,215 x 0.070 * 0.75 x 0.445L)

= 1.15 x 0.611 » 0.703
2.} lengwave Emittance of Weather Scresn
The longwave emittance cf both surfaces of the Weather Screen sasp.e
were zeasured ax DSET Laboratories, located near Phoenix, valng a
properly calidrated aeter which compares the emittance of some
unknown surface with that of a very black surface with known
emittance. TFor the radiation gpectrum with wavelengths from
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approximately 3.0 %2 30 micrometers. covering all of the energy
enitted from a typical sun-heated surface, the emittances were

found to ba:

Aluminized surface, ¢ = 0.69%

Black surface, e = 0.86
The perforated vinyl screen is actually covered with & <ranspar-
ant polyester film and the characterigtic ssittanze of sueh Tilms
is about 0,86, as found at DSET Laboratories. The aluminum Iila
is alsc covered by a second polyester film, but there 13 just
enough transaittance of longwave radiaticn in the film to acsount
for the reduction in emittance fcund by DSET.
2.% Determination of U-value by the Guarded Hot Plate Process
The thermal resistance added tc a single glazed window or door by
using Weather Screen was determined by using a & ft ty 8 ft
guarded hot plate. The heated surface was a sheet of 1/~ in.
clear glase which was pressed tightly against an elecirically-
heatad sheet of Mascnite., The power supplied to the reating cir-
cult was measured Tty a calibrated digital ammeter and & calibratec
digital voltmeter., Since the circuit contained only res.ssance,
the power input was the product of the current in amperes and
the voltage applied to the circult. The heated panel was irnsu-
lated on its rear surface by 2 in. of Styrofoan anc a simllar
heating panel was pressed agalnst the rear surface of the insula-
tion, Twelva thermocouples were fastened 1o each surface of the
insulation and the power applied to the guard heater was adjusted

untll 4he tenperature difference acrcss the insulazion was

virtually zare.
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Heat loss from the edges cof the hot plate was prevented by
another layer of Styrofoam fnsulation and an edge heater which
whks also controlled to produce a zerc temperature differernce

betwean the tws purfaces of this insulation.

The temperature of the outer surface of the heated glass was
measured by l2 copper-constantan thermocouples which were con-
nected in parallel to give an electrical average cf the surface
temperature. The ambient air temperature in front of tre hot

plate was measured with copper-corstantan thermocouples.

The thermal resistance detween the glass surface and the sur-
rounding air was found by the following calculation:
Energy Input = Velts x Amperes x J.41) = Btu/hr = Q
Net Energy to Glass = Q - heat losses through back and
edges © nnlt
q, * net heat loss per sq ft of het plate « et/ 32
&t‘l = temperature of glass - temp. of asbient air

R;. e« thermal resistance, glass to alr = z;;.l /9,

To find the tctal thermal resistance under summer ccnditions,
the thermal resistance of <he glass, 0.0) resistance units, and
the resistanze a4t the outdcor surface, 0.25 R-units, nust te
added to obtain

R *0.28, U=1/Rpoem

total E;l
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The guarded hot plate is calibrated by operating the apparatus
without any shading device over the glass until all temperatures

come to equilibrium and the U-value reaches 1.04, the standarcd

ASHRAE value of unshaded sirgie glass, + or - 2%.

To find the resistance added by the Weather Screen, it was
attached to the hot plate frame, 1.25 in. away from the glass,
and the testing was continued untll new equilibrium temperatures
were attained.

g}tidi = temp. of glass - air wemp., shading device in place

!Idl - zht‘dlfhu

thtnl . H‘d. « 0,20, U= 1.0/ !tﬁtll Btu/hr.sq ft.F

The units of thermal resistance are degrees F/ (Btu/hr.sq ft).

The averags U-valus for the 1/4 in. glass plus the Weather Screer,
plus the standard summer outer surfece and glass resistances,
proved to be 0.596. The actual data from Test No. B, for which
the U-value proved to be 0.558 Biw/hr.eq ft.F, are given below:

Daze: Septezber 3, 1982, at 8:00 pmy air temp adjacent to
het plate

= 79.6 P. Average Texp. of glass = 55.8 F; £§t‘d. « 16.2 F.
Power = B4.8 volte x 1.5 amps » 129.74 watts = Lb2.8 Bitu/nr

Heat lose through back and edges = 70.66 Bruw/hry Q. *

376.16 Bty.
» 372.16/32 = 11.63 Btu/hr.sq )

Snet
lIﬂ-l e« 16,2 F/ 11.6) Brw/hr.eq It = 1.39] Resistiance urits
Riotal * 1-393 ~ 0.28 = 1.67), from cutdoor air through

glass, alr space and Weather Screen
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Uas 1.0 / 1.67) = 0,598 Btu/n=.8q fx. F.
A conservative value of the overall heat transfer coefflicient

U for susmer conditions is therefore 0.600 pzu/nr.sq £.F.

For winter conditions, when the glass temperature would de far
lgwer than the test value of 55.8 F, the U-value would be
significantly lower. The standard ASHRAE value of U for a
doudble-glazed window with 1/2 in. air space is 0.56 in sumaer
and 0.59 in winter. Using this az an example, the winuer U-value

for single glazing plus Weather Screen would e 0.525 Btu/hr.sg ft.F.

3. Sumzary
In sunser, using the standard ASKRAE values of 85 F outdoor and
75 I inside alr temperatures, 7.5 mph wind veloclty outdoors,
the heat gain through a single glazed windew with the aluminized
surface of the wWeather Screen turned towards the sun would Dbe
= 0.37 x 24B.3 + 0.60 x (89 = 75) » 91.5 « B.4 =

100.3 Btu/hr.f1f
In winter, with the sclar irradiance on a south-facing window at
noon, 40 deg north latitude, * 263 ltufftza alr teaperatures =
20 T outdoors, 70 F indoors, black gurfaze facing the sum
« 0,70 x 263 - 0.53 x (70 - 20) = 18&.1 - 26.5 *

131.1 Atu/ar.

QUrotad

Stotal

Thus the Weather Screen, with the alualnua surface facing the sun.
would Be an effective means of reducing solar heat galns whern
they are not wanted. In winter, with the black surface facing
the gun, the solar heat gain would be 131 Biu/nr.sq ft. A

& £t square window, with 16 mq ft of single glacing, would have a
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heat gain of 20946 Btushr. which is sgquivelent to a 600 watt
aleccrlc heater.

) M LE.
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