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ABSTRACT

Windows admit radfant and conducted heat energy as well as
light and, for tHis reason, effective means for control is mandatory.
Venetian blinds, providing continuous solar control, are ideal for
eﬁergy efficient windows. They may be closed in the summer to block
’ out undesirable solar radiation and opened in the winter to admit the
valuable energy of the sun while providing year-round glare free
illumination. Architects, engineers and manufacturers have been
reluctant to promote the use of venetian blinds as eneréy saving
products because of remaining uncertainties in the technology. This
cooperative program involving industry, government and a university
research team has developed predictive equations and has confirmed
their ability to accurately predict shading coefficients through
experiments in an environmental simulator with an artificial sun.

Ten venetian blinds with a wfde range of surface finishes, including
gloss and satin finish paints, polished aluminum, chrome deposition
and units with different colors on the upper and lower surfaces of

the slats were included in the experimental work.

In addition, the effect of solar incidence and slat angle on °
blind reflectance and shading coefficient was determined. The impact
of varying incidence and slat angle on building energy load is dis-

cussed.

~iii-
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SUMMARY

Venetian blinds, providing continuous sdlar contrél, are ideal
for energy efficient windows. They may be closed in the summer . to
block out undeéirable solar radiation and_bpened in the winter to
admit the valuable energy of the sun while providing year-round »
glarefrée illumination. Earlier studies have shown that with proper
control and use, interior shading devices can save a minimum of 10
and up to 30 pefcent of the overall yearly heating and cooling energy
consumption of tQpical glass paneled commercial office buildings.
Since energy consumed by commercial bui1dings is estimated to be as
much as 15 pércent of total energy-éonsumptidn in the United States,
these saVings are very significant and equivalent to 0.35 million

barrels of oil per day.

Architects, eﬁgiﬁeers and manufacturers have been }eluctant
to promote the Qse af venetian blinds as energy saving devices because
of remaining uncertainties in the technology. Levolor Lorentzeﬁ, Inc,,
the leading producer of venetian blinds and Stevens Institute of
Technology, a small private college devoted to engineering and science
have_joinéd together and, with the cooperation aﬁd support of the Depart-
ment of Energy and the University of California at Berkeley, have undgrtaken
an analysis, test and evaluation of venetian blinds. The work was divided

into four major tasks:

1. Comparison of measured shading coefficients with pre-
dicted values, using the Stevens-Levolor Environmental

Simulator with an artificial sun.

2. Refinement of predictive equations for shading coeffi-

cients.

3. Determination of the significance of solar angle of

incidence.

-V
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b, Development of improved procedures for estimating
annual energy requirements based on the findings

of the initial work.

These -objectives are fully consistent with the LBL/DOE research program
which has as its goal a major reduction in the conSumptlon of non-

renewable energy resources in bulldlngs

Early research nnto solar heat gain through windows by the
Amer ican Socnety of Heatlng, Refrugeratlng and Air- Condltlonlng
Engineers, led to the development of shad|ng coefflcuents defined as
the ratio of solar heat ga:n through a gla2|ng system to the solar
heat gain through double strength glass under the:same set of condi-
tions. Most early shadlng coeff|C|ents were- determtned by experlment
in a solar calorlmeter. Analytlcal technnques have been developed
and are now used to calculate shading coeff|c1ents based on the solar
optical propertnes of the elements wnthnn the glaZIng system. Dis~
'crepancnes |n proprletary data for venetlan blinds have raised questlonS'
as to- the vallduty of the mathematical models. As an example, the
analysis does not consider the free convective air flow around venetian
blinds. In addition, varlous interpretations of proportlonlng of energy
w:thnn the system of an interior blind fitted to a S|ngle glass window

have been suggested.

Resolutuon of these uncertalntles required addltnonal analysis
.of the basic heat transfer through glass blind glazing systems and
corresponding experimental investigations to confirm the predictive
methods. The needed envlronmental‘slmulator with artificial sun,
designed'and built by Stevens Institute of Technology under contract
to Levolor Lorentzen, Inc. for evaluating their products, was made

available for this work.

The quality of the artlficial sun and usefulness of the simulator
to determine shading coefficients was established at the start of the

program. Among the basic characteristics investigated and measured

—yi~-
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SUMMARY

Venetian blinds, providing continuous solar control, are‘ideal
for energy efficient windows. They hay be closed in the summer to
block out undesirable solar radiation and opened in the winter to
admit the valuable energy of the sun while providing year=-round
glarefree illumination. Earlier studies have shown that with proper
control and use, interior shéding devices can save a minimum of 10
and up to 30 per¢ent of the overall yearlybheating and cooling energy
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these savings aré.very §ignificant and equivalent to 0.35 million

barreis of oil per day.

Architects, engineers and manufacturers have been reluctant
to promote the use of venetian blinds as energy saving devices because
of remaining uncertainties in the technology. Levolor Lorentzen, Inc.,
. the leading producer of venetian blinds and Stevens Institute of
Technology, a small private college devoted to engineering and science
have joined toéethér and, with the cooperation and support of the Depart-
ment of Energy and the University of California at Berkeley, have undertaken
an analysis, test and evaluation of venetian blinds. The work was divided
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2. Refinement of predict?vg equations for shading coeffi=

cients.
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L. Developmentvof improved procedures‘for estimating
annual energy requirements based on the findings

of the lnitial work.

These objectives are fully consistent wuth the LBL/DOE research program
which has as its goal a major reduction in the consumptlon of non-'

renewable energy resources in bulldlngs.

: Early research lnto'solar heat gein through windows by the
American Society of Heating, Refrlgeretlng end'Air—Condltloning'
Engineers, led to the development of shadcng coefficients defined as.
the ratio of solar heat gain thr0ugh a glaz:ng system to the solar
heat gain through double strength glass under the same set of condi-
tlonsaa Most early shad|ng coeffucuents were determlned by expernment
Iin a solar calorimeter. Analytlcal technuques have been developed )
and are now used to calculate shading coeff:cnents based on the solar
optlcal propertles of the elements within the ‘glazing systenm. Dis-
crepancies in proprietary data for venetian blinds have raised questnons
as to the validity of the mathematical models.’ As an example, the
analys:s does not consider the free convective air flow around venetian
blinds. In addition, various interpretations of proportionlng‘of eriergy
: Wlthln ‘the system of an |nter|or blund Fltted to a snngle glass window

have been suggested.

ResolutIOn of these uncertainties required addltnonal analy5|s
of the basic heat transfer through glass-blind glazing systems and -
corresponding experlmental investigations to‘conflrm the predlcthe
methods. The needed environmental‘SImulatoerfth‘artlflclal'sun,
designed and built by Stevens Institute of Technology under contract
'to Levolor Lorentzen, Inc. for evaluating.their products, was made

available for this work.

The quality of the artificial sun and usefulness of the simulator
to determine shading coefficients was established at the start of the

program. Among the basic characteristics lnvestlgated and measured



R-2083

are solar spectral energy pfoportioning, directionality and ratio of
diffuse to total radiant energy. Measufed shading coefficients for
three glésses: clear, heat absorbing and reflectiye; agreed with
published values and verified the environmental simulator system and
procedures.for obtaining shading coefficients and measurements of

solar optical properties of elements used in glazing systems.

Ten venetian blinds with a variety of surface finishes, including
gloss and satin finish paints, polished aluminum,'chrome deposition and
units with different colors on the upper and lower surfaces of the slats
were included in the experimental work. Transmittance and reflectance
were measured and used in the.predictive equations for calculating -

shading coefficients.

The analytical approach taken in developing the.predictive
equations follows the techniques used by the American Society of
Heating, Refrigerating and Air Conditioning Engineers in developing
expressions for the solar heat gain through single and double glazing.
In extending these basic concepts to glass-blind éystems we have
heglected the resistance of the blind to convective heat flow based
on the reasonable assumption that air is free to flow through and over
the blind slats. The equations reflect the concept that solar heat
‘absorbed by the blind remains within the room. In addition, the
fractions of heat flowing from the glass are determined by the film
and overall heat transfer coefficients. The ability of the derived
equation to accurately predict shading coefficients for a wide range
of blind colors, slat angles and solar incidence angles was confirmed

by the experimental part of the program.

The variation in shading coefficient with solar incidence angle
is found to be relatively small but the effect of slat angle is shown
to be very important. Thus, variations in blind setting should be
permitted and accounted for in any estimations of solar energy loads

on the interior of a building with single glass-blind window treatment.

-vii-
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It is. recommended that the development of very hlgh reflectance
blmds suntable for mass productuon at reasonable cost be purSued. )
Other, more complex glazmg systems, must also be studied to further
- the national goal" of large scale energy savnngs through “control of

heat flow through wundows.

~viii-
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'NOMENCLATURE -

The follownng symbols ‘and . deflnltlons are used in this report:

DS -double strength (reference standard clear glass)
ﬁ solar heat gain coefficient
h ‘Surface film coefficient of heat transfer, Btu/hr-sq ft deg F
e vsolar |nten5|ty, Btu/hr sq. ft.
k: ‘ _.'constant of proportlonallty e ,
' ;N, c ‘inward flowing fraction of solar heat absorbed by the glass
Q! -_heat flow, Btu/hr ‘ » _ v
SC: shading coefficient = 1.15 F of fenestratuon
jSHGF*a solar heat gain factor, Btu/hr=sq ft
b: SHG °  solar heat gain, Btu/hr o
v.r to temperature, deg F (Fahrenhelt) | .
TR ~overall heat transfer coeffnc:ent, Btu/hr sq. ft= deg F
o ' ~ absorptance ‘
8- solar incidence angle, deg
o ref lectance
T transmittance
v slat angle, deg
,Subscripts'
i M . measured
P predfeted _
- " outer or outdoor glass unit
s ' space (between)
i . inner or indeor blind unit
o inward flowing heat absorbed by outer glass unit
. inward flowing heat absorbed by inner blind unit
2 - inner combined‘fflm coefficient (including porous blind)

A bar oVer a symboi denotes the combined glass-blind average'value.

C=xii-



R-2083

INTRODUCT 1 ON

Background

The design>of eﬁergy efficient buildings now and in the foresee-
able future wifl require increased energy efficient utilization of fenes-
tration. - Windows admit radiant and conducted heat energy as well as
light and, for this reéson, effective means for control is mandatory.

In summer we wish to block out undesirable solar radiation but in

winter we wish to retain the valuable energy‘ofvthe sun, while enjoying
year-réund'glarefree illumination. It has been shown] that with proper
control and use of shading devices such as venetian blinds, a minimum

of 10, and up to 30 percent savings in overall yearly heating and cooling
energy consumption, depending on locale, of a typical glass-faced modern
commercial office building can be realized while at the same time im-
provihg the aesthetic and physical working environment. Architects,
engineers and manufacturers have been reluctantvfo pkomote the uselof
venetian blinds as energy saving devices because of remaining uncertainties

in the technology.

Early réseérch into solar heat gain through windows by the American
Society of Heating, Refrigerating and Air-Conditioning Engineers, led to
the development of shading coefficients defined as the ratio of solar
heat gain through a glazing system to the solar heat gain through double
strength glass under the same set of conditions. Most early shading
coefficients were determined by experiment in a solar calorimeter.
Analytical techniques have been developed and are now used to calculate
shading coefficients based on the solar dptical properties of the elements
within the_glaiing system. Discrepancieé‘in propriefary data have raised
questions as to the validity of the mathematiéai'moaels. As an example,
one widely used analysis does not consider the free convective air flow
around venetian blinds. ln‘addition, various interpretations of pro-
portioning of energy within the system of an interior blind fitted to

a single glass window have been suggested. Resolution of these uncertainties
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required additional analysis of the basic heat transfer through glass-
blind glazing systems and corresponding ekperimental investigations

to confirm the predictive methods.

Stevens Institute of Technology, a small private college devoted
to engineering and science and Levolor Lorentzen,lnc., the leading manu-
facturer onenetian‘blinds, joined together to unravel the muddled
technology. Working together, $tevens and Levolor explored the relation-
shnp between building energy use and interior shadung and concluded that
significant benefits could be derived. Their modest research budget.
permitted the design and construction of an environmental simulator
with an artificial sun for product testing and evaluation. Recognizing
the need for a fundamental |nvest|gat|on of the heat transfer through
a glass-blind system and cognizant of the Timitation of theur own budget,
the research team petltnoned the Department of Energy for additional

support.

The U S. Department of Energy s w:ndows Program managed through
-the Lawrence Berkeley Laboratory at the Unuver5|ty of California had
also shown that in many instances, when treated as a dynamic element of
a bulldlng, a window can prov:de net energy benefits. The DOE/LBL p
program |s dnrected at’ developlng improved design strategies for using
window systems in walls, and -assisting in the commercialization of
energy efficient window productsand'_accessorles° " The cooperation
and suppOrt'oﬁithe Department of Energy was sought to ensure completion
of the program and to accelerate implementation of the resul ts by
architects and engineers. '

Th|s document serves as the f|nal report for the detalled study
of energy efficient wnndows fitted with |nter|or blinds undertaken by

contract with Lawrence Berkeley Laboratory for the U. S. Department

of Energy.
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Research Objectives

The prime objective of this study was the analysis, test and
evaluation of new types of reflectivé venetian blinds, several of which
were designed to achieve low shading coefficients and one which was
expected to achieve a value of 0.2. The work was divided into four

major tasks:

1. Comparison of measured shading coefficients with
predicted valués, using the Stevens-Levolor

environmental simulator.

2. "Refinement of the predictive equations for

shading coefficients.

3. Determination of the significance of solar angle

of incidence.

L. Development of improved procedures for estimating

annual energy requirements based on the above results.

Significance of Work .

Windows, because of their comparatively high thermal conductivity,
permit heat losses that account for 8% of the energy used nationally for
heating, cooling and ventilation of buildings. A well insulated wall
system may be expected to have a U-value an order of magnitude less
than the 1.0 Btu/ft® hroF attributed to a single light of glass. For
this reason, many architects and building code officials have suggested
minimizing window area for energy efficient designs. Other studies
have suggested that double glazed fenestration may have a net energy
gain over the heating season for many orientations. It is clear that

among the many requirements for energy efficient windows are:

l. High transmission of solar radiation

during the heating season.

2. Maximum reflectance of solar radiation

during the cooling season.

-
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Our’ further understanding of the heat transféf‘thrqugﬁ>windqws 
with theféttainment of the specific research objectives definéd for

“thi's ﬁfogram.proyides‘the basis for the rapid implementation of energy

efficiént interior shading products. The poteﬁtiaj savfngs“éré"0;35 e

mijlion barrels of oil per day.

e,
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ANALYS IS

Heat Transfer Through Windows

-Early'research by the American Society ovaeating, Refrigerating
and Air-Conditioning Engineers,2 has shawn that direct radiant solar heat
gain through windows is a function of the angle of incidence of the sun
an& that this relationship for various glass and glass shading components
differs approximétely by a constant factor. This led to the development
of the "shading coefficient” of a window system which is def ined as the
ratio of solar heat gain through a glazing system under a specific set
of conditions (e.g., blind angle and sun conditions) to the solar heat
gain through a single light of double strength sheet glass under the
same set of conditions: | | '

sc = SHG through g%azing system
~ SHG through DS clear glass

Most early shading coefficients were determined from ratios of direct

heat measurements using a solar calorimeter that tracked the sun.

Solar intensity and soiar heat gain factors for the standard
reference glass, double strength clear glass, are now tabulated for(
latitudes 7rom 0° to 64° North at 8° intervals for both horizontal and
vertical surfaces at sixteen orientations.2 ASHRAE has also assembled
a table of typical shading coefficients for a variety of glasses and
combinations of glass with interior shading devices. These data enable
architects and engineers to estimate the heat gain or loss through

fenestration by means of the following equation:

(1) Total Heat Gain = SC x SHGF + u(to - ti), where:

'SC = shading coefficient _

SHGF = solar heat gain factor, Btu/hr-sq ft

U = overall heat transfer coefficient, Btu/hr-sq ft-deg F
t, = outside temperature, deg F. '
t =

inside temperature, deg F
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_ Air movement across the outdoor surface of 'the glass is usually
* ‘assumed to be 7.5 mph and |ndoors to be still air condltlons, w1th a
standard ground reflectance of 0.2. Maximum SHGF occurs near 35 degrees
solar incidence angle.

The above equation shows the relative heat ‘gains (or losses) through

glass areas within a building.- TheSe'gains are deperidént on the following

' ‘characterlstlcs

'o"Solar radiatlon |ntenS|ty and - |nc1dent angle

na Outdoormnndoor temperature dlfference ‘

~ «7 Ajir movement’ across the surfaces of the glass
. - Shading device ‘¢haracteristics

° .Low temperature radlatuon from the surfaces of the fenestration

Equatlon (l) was developed from the more basic relatlonshlp

, Transmntted ‘ Inward Flow. . Conductlon
;Total Heat Gain = Solar + of absorbed + Heat Gain

Radiation Radiatron
(2) Total Heat Gain = Solar Heat Gain + Conductlon Heat Gann,
where “conduction heat gann, U(t -t ), occurs whether
the sun is shining or not. When the outside tempera-
ture is greater than the - |n5|de temperature, the

heat flow is inward.

Predictive Methods for Determining ShadlnglCoefficients

More recently, analytical techniques have been developed to permit
rapid, economical determination of Sclbased on the solar optical properties
of the glass and the shading device, i.e., reflectance, trahsmittance and
absorptance,measurements of each componentg. However, some questions havejv
arisen as to the validity of SC values computed for a single élassablind'
system uSlng double-glazing theory with a dead air space, since that
analysis does not consider the free flow of air around and through modern
one-inch wide blinds. In addition, various interpretations. of proportioning
of energy within the system of an interior blind fitted to a single glass
window have been'suggested. The schematlc diagram in Flgure 1, Heat
Transfer Through Selected GlaZ|ng Systems, illustrates the heat transfer

through a single glass and glass-blind system.. For the same indoor and
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outdoor air temperatures, the relative air velocities at the inner an&
outer faces of thé glass will govern the fraction of the energy absorbed
by the glass ultimately conducted into the room. Some researchers have
allowed for a portion of the energy absorbed by the blind to be radiated
back to énd absorbed by the glass. We are concerned about this apportion-
ing, since the warmer sunlit glass requires a net loss of radiated and
absorbed energy to the cooler blind. As a result, we postulate that all
energy absorbed by an interior-mounted blind with sunlit glass having '
emittance equal to or g}eater than that of the_blind ramains within the'
room. This energy apportioning is shown in Figure 1. It remains to be
determined just what proportions of the energy are reflected and con-
ducted back through the glass and what proportions remain in the room

for various blind angle settings at various solar incidence angles.

For a single light of glass, Equation (2) may be written per unit

area as:

Total Heat Gain

[T.+ Nell + U(to - ti) .

Total Heat Gain = FI + U(t - ti)
: o
where, for single glass

F =171+ No = Solar Heat Gain Coefficient, characteristic of
' the fenestration and incidence angle

transmittance of the glass

absorptance of the glass

Z R A
]

inward flowing fraction of solar heat absorbed by the glass

solar intensity, Btu/hr-sq ft

And, by definition
_ F of Fenestration .

SC =
F of Double Strength Clear Glass

and since F of DS clear glass for standard summer conditions is 0.87,

SC = 1.15 F of Fenestration



——

This same approach when. developed for an: |nter|or-mounted blnnd with a

- single light of glass, produces the followung equatuons - borrowing the -

form from double glaZ|ng theory used by ASHRAE and as shown in Flgure 5

but assumlng N = 1:

Total Heat Gain = FI + u(t, - t.)

- Total H€8t~ﬁa}h FT N @+ NiifQI]“l + U(tb - ti)

o Where;:for a dléss-b]fnd:System:

[T + Nio&oA+ Nif&ij‘= Solar'HeataGain Coefficient

e
- . T ‘ v
T=T, (1-—£L-—e,) = transmlttance of the glass blind system
: - PoPj (p measured from outside)
,.a°.= o + dspi (1-17€}e—-) = net absorptance of the ourer’component
- S P of the system (the glass)
@, = (] T 0P ) = net absorptance of the inner component

o'1  of the system (the blind)

N. =N-= L = inward flowing fraction of heat absorbed
io . R h . h : : :

0 by the glass
“N,. = 1.0 - = -inward flowing fraction of heat absorbed

by the blind

1.

U=—— . - = overall heat transfer coefficient
BVASULRLANGY

iﬁd neglecting glass resistance

This analysis assumes that air is free to flow through'and over the blind
slats, resulting in natural convection at the inside 5urface of the glass.

We may take an overall inside coeffucuent h2, such that

l/h2 = 1/h; +1/h + R

then .
U = ] = ho h2——
1/hg + 1/hy ~ h_+ hy
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giving
h2

‘e ho * h2

Substituting for a single glass-blind combination with Nii = 1.0 -
F=m+N_a+1.0g | (3)

The F of -the glass-blind combination may be written as a function df

blind reflectance pi for a given set of glass solar optical properties

T o
o’ po? o

F=T+& +N. _a

] 10 (o]
. v o
F=r( )+, (= ) + N, La+ap. ( )1 (3a)
'popi l'popi l-pdpi
but since
| TRt =l
then
Tt =l-ey
so that
' T, | ' T,
F= (] -,pi) (]'popi) ’ Nio [ao * ao pi (]'popi)J .

Shading coefficient for a glass-blind system may now be expressed as

SC = 1.15 F of Fenestration

where the factor 1.15 is the reciprocal of F for standard reference glass,
then '

SC = 1.15 {(1 - p: X "o ).+ N, 1+ (T° )( (4)
‘ ’ P 1-pp, "~ io % ® T:BZE? }

This predictive equation was confirmed by the experimental program.
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EXPERIMENTAL APPARATUS AND PROCEDURES

Environmental Simulator with Artificial Sun
Simulator

The Building Technology Research Division of the Davidson
Laboratory at Stevens Institute of Technology working with the support
of Levolor Lorentzen, Inc., the acknowledged leading manufacturer of
venetian blinds, have designed and built the Stevens-Levolor environ-
mental simulator. This new test facility was designed to provide accurate
calorimetric measurement of total selar heat gains through glass-blind
systems in order to obtain the,sheding coefficients'bf“many of Levolor's
newer products. In addition, the relationships between'energy use and
interior shading have been investigated with the aim.of increased
utilizatien of innovative venetian blinds with shading'coefficients‘
‘significantly lower than values currently found in architectural and
engineering handbooks. Values as low as 0.2 have been previously

reported for unique reflective finishes.

The actual layout of the Levolor simulator includes two thermally-
|nsulated test chambers connected by a ‘window, with.an adjustable angle
solar simulator in the outdoor chamber; see Figures 2, 3 and k. The
steady-state heat flow into the "indoor" room‘i§.accureteiy.me35ured
by the heat removed in the water flowing thr0u§h a_heat exchanger that
maintains constant temperature in the indoor room. This water is supplied‘
prechilled from an outside reservoir and is circulaﬁed:intb and out of
the test room where the water tempefatures in and out and the flow rate
are very accurately measufed with platinum resistance thermometers and
a turbine flow meter. Specific information on the instrumentation may

be found in Appendix 1.

In order to minimize wall heat 1055es; sfk inches ef'pquQrethane‘
foam were sandwiched between fiberglass-coated plywood panels to give
the indoor room a measured overall heat transfer coefficient of
0.033 Btu/hr-deg F-ft®. ‘The total indoor room wall heat loss is then
9 Btu/hr-deg F. ' '

10
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The solar heat gain test procedure is to seal both chambers,
bring theh to equilibrium with the "outdoor" solar simulator'ON and
the glass fully warmed up, and then to adjust the cooling water flow
rate to maintain constant.indoor temperature while keeping the tempera-
tures of the two chambers and outer laboratory environment within 1.0
degree Fahrenheit of one another. This procedure provides true "steady-
state" measurement of the total radiant and absorptive-conductive heat:
flow into the indoor test room through the fenestration opening with
minimal wall corrections. One computational adjustment required is
for the heat load due to the test room electric blower motor, which
is located within the room and moves the air through the heat exchanger.
The power consumption of this blower is measured and found to be approxi-
mately 760 Btu/hr. This load is constantly monitored and is subtracted

from the measured total heat load removed by the cooling water.

Total solar heat gain to the test room, a function of the solar
simulator incidence ‘angle and installed fenestration treatment, is
measurable to within = 18 Btu/hr. The heat balance is as follows:

Q. =Q - where Q is heat flow in Btu/hr

in out
SHG + QBlower = Qwalls * QHeat Exchanger -

where SHG is total solar heat gain through the fenestration. With
temperatures set so that QWalls = 0 and no temperature difference

indoors to outdoors, then

SHG = Qeat Exchanger %1 ower*
The desired shading coefficient is the ratio

SC = SHG of glass-blind system

SHG of reference glass

11
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(Qyr - Q

BLOWER

oyt ) glass-blind under test

SC =

(QOUT - QBLOWER) reference glass

The "outdoor" solar room is cooled by a thermostatically-controlled
air conditioning system. '
Artificial Sun

The following characteristics are considered desirable for good
‘snmulatlon of the sun: at a fenestratlon opening in a building:
1. Relat|vely ‘uniform lntensuty over the glass area.
2. 'AdJustable intensity (nnsolatlon) of from 50 to 250 Btu/ft2
3. Goodvdlrectlonal|ty (along the axis of the "sun"

L. A spectrum with energy content in the various wavelength
bands closely.proportional to that .of the sun.

5. ‘Réflécfedfand7dfffuse_radiant energy minimized'énd docu-
menited for any tests that may be influenced by this radiation.
The éo]ar simulatof consists of four, 4OO-watt, high intensity multi-
vapor,lambs;and associated power equipment mounted on an adjustable lamp
bank that utilizes five,»BOoswatt.énd‘four 200-watt incandescent lamps -
in an arfayvsimilar to that laid out by earlier researchers3 to fill in
énd provide relatively uniform lighting at the window and good simulation

of the sun's spectrum at reasonable cost.

Measuring Solar Optical Pfopérties

Solar optlcal propertnes of venetian blunds and W|ndow glasses
are measured in separate ‘tests. ‘A black box mounted behind the window
absorbs unwanted reflected energy. Average transmittance and reflectance

are determined with pyranometers. See Figure 3.

Blind slat angles are set and held by means of a small motor and
potentiometer arrangement. Angular position of the potentiometer is
calibrated usnng a pointer mounted on the central slat that is set

agalnst a protractor on the window f rame.

12
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RESULTS

Confirmation of Test Methods

Quality of Artificial Sun

The basic characteristicé of the solaf simulator have been measured
‘and documented .in Table 1, Solar Simulator Light Beam Characteristics,
revealing a reasonably goodvrepresentation of the solar spectral energy
proportioning, good directionality and an approximately 25 percent pro-
portion of diffuse to total radiant energy. Currently, aﬁtaverage
insolation of 100 Btu/hr-ft2 is provided normal to the window oﬁening~
for 35 degrees incidence angle. This intensity is considered ample to
obtain an accurate measurément of shading coeFficient, which is merely
a ratio of solar heat gains for conditions of equal indoor and outdoor
temperatureé.‘ Shéding coefficient, by definition, is independent of
solar intehsity. Higher values of insolation may be realizable with

additional investment in the future.

Shading Coefficients for Several Glasses

Since the measurement of shading coefficient as well as of solar
optical properties (reflectance, transmittance and absorptance) is
generally perFormed using natural sunlight on a clear day, this experi-
mental work using an artificial‘sun has little or no precedent; There-
fore, confirmation of the procedures and techniques was made by measuring
the shading coefficient and the solar optical properties of three typically-
available l/h—inch thick single lights of glass: clear, gray heat
absorbing and silver reflecting -~ with the coafing on the indoor surface

of the glass.

Table 2, comparing measured and predicted shading coefficients,
verifies the environmental simulator system and procedures for obtaining
shading coefficients and measurements of solar optical properties

of fenestrations. The verification is on the basis of a comparison of

13
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published and accepted shading coefficients with measuredlvalues for

three glasses - clear, heat absorbing and_reflective.

The time required to achieve this precision was found to depend
on glass warm-up time with the solar simulator lights at equiljbrium.-
These conditions are reached at from one to two hours after'turn-on
.of the system, when accurate measurement of total solar heat galn of
any given fenestratlon can commence. However, once the glass is heated
up, addition of a blind angle ¢change or other change in reflectance at
the window can produce a new set of eqU|l|br|um glass temperatures in

as little as. twenty mlnutes.

Measured Solar Optical Properties of Blinds

"Thevvenetianvblinds supplied by Levolor Lorentzen, Inc. for this"
program-are listed.and described ‘in Table 3. It is to be noted that
they include six palnted fnnlshes - some glossy and some satin, one :'
polished aluminum finish, one chrome deposited finish and two b]unds
with different colors and finishes on the upper and lower surfaces of
the slats. Theee blinds all have one-inch wide, 1.2 width to spacing”
ratio, sl|ghtly convex-shaped (upper surface) slats and are representative

of- current large scale production items.

It should be stated here that none of the high—production blinds
supplied had the anticipated high reflectance finish produced in limited
quantities to special order in recent years. .As a result, the measured
reflectances listed with the other solar optical properties in Table 4.
for a typical 35‘degree incidence angle, do not exceed 0.6 - even for
the closed blind position. However, reflectances of up to O. é'haue
been measured for speC|F|c highly reflective blinds in closed p05|t|on
in recent years with higher than 0.6 for 45 degree position. These
blinds generally had highly polushed mirror-1ike metallic flnishes.andv
were quite costly to produce. It is hoped that highly reflective paints
may become available which could fill the need for lower production cost

energy-efficient blinds discussed throughout this report.
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Measured Shading Coefficients for Blinds

The shading coefficients as measured in the simulator which
provides essentially still air conditioﬁs on both sides of the fenes--
‘tration are presented in Table 5, Measured Shading Coefficients of
Experimental Venetian Blinds. Actual air velocities were measured to
be everywhere less than one-foot per second within six inches of both
sides of the bare window glass without solar heat but with air circula-
tion blowers running in both sealed chambers (indoor and outdoor). Thus,
heat conduction and natural convection are free to develop in the vicinity
of the glass and blind system under solar loading. This, plus the fact
that observed average temperatures on both sides of the glass are within
one to two degrees F for clear glass under a solar heat load, is why
still air conditions (Nio = 0.5) are used for computing the fraction
of the heat energy absorbed in the glass that passes by convection and
radiation ‘into the indoor room of the simulator.

Comparison of Measured and Predicted Shading Coefficients

Table 6 shows a direct cohpariSon between predicted shading
coefffcients for still air conditions with the simulator measured values.
The measured values were adjusted to allow for the 1/b-inch clear glass
installed in the simulator in the following manner:

_ SHG through glazing system

SC x 0.94

SHG through 1/k-inch clear glass

SHG through 1/b-inch clear glass

where the factor 0.94 =
SHG through DS clear glass

Calculated shading coefficients for ASHRAE summer conditions (Nio = 0.267)
are given in the last column of Table 6 to show the effect of a 7.5 mph
outside wind on the shading coefficients of various fenestrations.

Figure 6 was plotted to examine the variations in measured shading
coefficients with blind reflectance for each slat position tested.

The solid lines in the figure represent the predicted shading coefficient

using Equation (4) with Nfo = 0.5. The dashed lines represent the
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standard deviation for the measured data relative to the predicted line'
It may be seen that the pred|cted shadlng coefficient is almost but not

quite linear with reflectance.

The agreement between measured solar heat gain ratios and pre-
dicted values based on solar optlcal reflectance of the- bllnd is con- -
sidered very good. Since convection velocutles set up at the inner: s:de'
of the glass are partly due to the blrnd absorptance and- reflectance
b and the relatuve porosity to air flow between the slats, it is surprnsnng
f how well a S|ngle value of N can ‘be fitted to the measurementS‘in
Figure 6. The term in the equatlon lnvolvnng this fractlon is the heat
absorbed |n the glass and only represents a portlon of. the total heat

fload pa55|ng through the fenestratnon to the” ‘room. However, th|s term

© . becomes a maJor portlon of the heat load for: a highly reflective blund.

bf_The agreement is 5uff|C|ently good for predlctnve purposes with dlfferent:

- finishes, colors and surfaces as exempllfued by the ten test blinds.

- Effect of Solar Incidence and $lat(Angle on Shading Coefficients

The sensitivity of shading coefficient to blind reflectance as

a function of glass type andfthe fractlon ~Nio is shown in Figures T
and 8. These predicted shading coefficients computed by Equation (%)
show that high reflectance blinds, pi = 0.9 for example, will result
in shading coefficients as low.as 0.2 for 1/k-inch clear glass but
only 0.30 for 1/L4-inch heat absorbing glass for Nio = Of3- It is

' obvious in these figures that the Nio fraction has a much more
important effect on shading coefficient for a typical heat absorbing "
glass as compared to a clear glass with the same interior reflecting
blind. *Thus the energy-saving effect of a retrofit of blinds to exist-
‘ing glass is seen to be dependent on the properties of the installed

glass.

Table T glves a llStlng of measured shadlng coeff|C|ents and
measured blind reflectances for the No. 2 off—wh|te,sat|n finish blind

at three different solar incidence angles for the several slat angles

16
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tested. This table and ngure 9 reveal the relatively small effect of
incidence angle on shading coefficient, while Figure 10 shows that the
measured variations are due primarily to the reflectance differences

that occur wjth changes in solar inéidence/slat angle combination.

Figure 11 is a graphical display of the combined effects of
slat angle and solar incidence angle (8) on measured reflectance for
the No. 2 blind. This figure shows that basically one curve can be
fitted to the reflectances if the appfopriate angle scale is selected
as shown. 1In this manner, reflectance may be computed for any other
incidence (8) and slat angle () if the curve has been measured for
one incidence angle over a wide range of slat angles. Empirically,

this may be expressed as
Py = k(8 + ¢) cosé . ' ‘ ' (5)

Table 8 lists the fitted values of k for each test blind for reflectance. -

The§e k values are a good relative measure of the average brightness

of each blind, except for sevefal points near the wide open zero degree
position. The k values are seen to cluster into roughly five levels

of brightness for the ten test blinds. It is anticipated that k may

be as high as 0.01 for a highly-refiective blind.

Figure 9 has been replotted for measured shading coefficient
against this same angle scale, (90 + {)cosB, in Figure 12. The scatter
about a mean curve is greatly reduced in Figure 12, indicating the

validity of the empirical fit.

17
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DISCUSSION -

.....

Energy Savings Est:matnon

It lélsuggested that, to any eXisting procedure for estimating
heatlng and cooling loads used in annual energy savings calculations
for a venetlan blind (e. ., ASHRAE, Reference 6), a varlable shading. -

- coefficient term be introduced where formerly a constant value was
:used. Thus, solar heat gain through’a snngle light of glass with
|nter|or shadlng by means ‘of a venetian blind should be calculated
in the followung manner:

,SHG - sC [Total Di rect -+ lefuse |nsolat|on throuth

' standard l/8-|nch Tthk DS Clear Glass
where now SC # constant but becomes a varlable function of 8 and ¢,
where ¢ may be a function of |nsolat|on, tlme of. day and season and e,
~as a furst approxlmatlon is the tabulated solar altitude angle which is

a functnon of time of day, month, and latltude of the fenestratlon.
“Note that SC now is calculated usung Equatlons (4) and (5):
r

LISll‘-p‘)lré%7ﬁ)+mp%{1+%(r7§jﬁﬂl

k(o + l)case

SC

1]

P

wnth the appropriate substltutlon of k, 6 and W values |nto Equatlon
(5) for the specific blund-glass ‘combination, season and -latitude under
conS|derat|on. Since it is bel ieved that for highly reflectnve blinds,
] wodld be controlled for most effective.use of daylighting - e.g.,

¢ = f‘(lnaolation)-Q and alsD.QOuld be governed by season for total
“solar energy management - e.g., closed as much as possible in. summer
and open as’mpch as _possible in winter; except at night - § will become.

a function of ineolation; time and season. The actual variation of ¢

18
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must be determined for optimization of daylight and glare control as
well as solar heat gain, since artificial lighting affects heating and

cooling loads during all seasons of the year.

Several architectural calculations have been made to demonstrate
the effects of variable shadfng coefficient as compared with constant
. shading coefficient of 0.55 for a typical "light" color blind behind a
single 1/k-inch clear glass. Computations were made for the daily solar
energy heat load per square foot of window area at L0 deg north latitude
for two orientations - facing south and southwest - for two representative

days, January 21 (Winter) and June 21 (Summer).

Current practice is to use a single constant value pfvshadinéi
coefficient to cbmpute éolar heat gain (or loss), see Refeféhce 7, for
example, with no provision for variation with season or solar incidence
angle (profile angle for a horizontal blind). This condition -was followed
for Case | of Table 9. Case Il of the same table was computed allowing
for variations in shading coefficient according to Equations (4) and (5)
with the No. 2 blind characteristics used to represent a typical light
color blind. In addition, the blihd_was assumed open (§ = O deg) for
the winter day and closed (§ = TO deg) for the summer day. THe solar
altitude angle variations with time of day tabulated in Reference 8
were used for 8 variations to approximate hourly profile angle values
in Equation (5). Table 9 shows that fairly large variations in daily
solar heat gain/sq ft may be realized simply by opening the blind during
the winter season (January 21 as a typical day) on south or southwest
oriented windows. ~ The typical Summer season (June 21) daily solar
heat gains computed for this fenestration show little difference with
those including the added complexity of using a variable shading coeffi-
cient. In fact, the detailed hourly calculations show relatively small
variations in shading coefficient due to varying solar altitude angle
during eithervseason at both orientations. The major difference in
mean shading coefficient was due to the assumption of open blind
(¢ =0 deg) for the winter day. Thié gave an avefage value of about

0.8 versus 0.55 for shading coefficients at both orientations on January 21.
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0bvuously, many other examples could be used to show other types ,
v'of bllnd control, but these simple examples show that the usual” procedure
of comput:ng solar heat loads through fenestratlons usung a constant’
xshadlng coefficient probably gives acceptable energy’ values as long as
the correct mean value is used for the blind reflectance and average
blind angles used for a, .given Season However; it is definltely shown
that blind angle changes must be accounted for by usung a dufferent

. mean value of shading coefflcxent other than the . usual tabulated closed ‘
»bllnd" values, even. for a typical lught-colored blind. Naturally, the
percentage varlatlons |n heat gain, in winter or loss in summer will .
5depend not only on the reflectance of the. bl|nd - partlcularly high-
;reflectance energy saV|ng bllndS»opennlnstead of closed =,but‘also on

a,:the'soecific type'and'numbergof:lights-of glass used in the fenestration.

20
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.. CONCLUSIONS AND RECOMMENDAT1ONS

The primary findings of this investigation and study enables us

to reach the following ¢onclusions and recommendations.

1.

S.

The energy ratio, known as the shading coefficient,. has been demon-
strated predictable as a function of interior blind solar optical.

reflectance and ratio of film coefficients for a given glass.

The energy proportioning to the room, for a fenestration con- .
sisting of a single glass fitted with an interior venetian blind, has
been shown and proven with precise measurements under‘qérefully |
controlled conditions using an artificial sun as a source of

radiant energy.

The variation in shading coefficient with solar incidence angle
is found to be relatively small but the effect of slat angle (or
blind position) is shown to be a mo re important parameter that
should be accounted for in any estimations of solar energy loads
on the interior of a building with a single glass-blind window

arrangement.

The relative brightness of the outdoor-facing surfaces of a blind

is based on the rate of change of average solar reflectance with

'change in an angle combining solar incidence and slat setting

effects. Thus, brightness is a measure of the ability of a given
blind to control radiant solar energy heat gains to a room at all

angle settings. It is suggested that the empirical equation using

this factor be applied to energy calculations where slat angle

changes are required for different seasons or controlling systems.

It has been found that more work is needed for the development of
a high reflectance blind suitablé for mass production at reason-
able cost, since current mass-produced blinds do not provide the
shading coefficient 0.2 value desired and previously reported by

other laboratories for special order products.
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 Further5 if‘is'believéd that shading coéfficient claims for many

other add-on products should be verified in order to provide fair

comparisons between products on other bases such as cost,

.1ongevity,'eye-appeal, etc. for a given level of energy savings

at the window."

Additional research is requifed'to investigate and confirm pre-

dictive techniques for other glazing systems such as insulating

and reflective glass.

: Fufther work should be undertaken to determine the sign?FTcance

df‘ajr movement on. both the interior and exterior glazing surface.

.“_Ekpefimeﬁtalﬁwork exploring shading coefficieats for angles of

Liﬁcidehce,gFéater than 45 degrees should be considered. These

" investigations should include skylight applications.
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TABLE 1

SOLAR SIMULATOR LIGHT BEAM CHARACTERISTICS]

Distribution of Spectral Energy
Nominal-Wavélength Band ASHRAE Sun2 Solar Simulator 5amps
millimicrons ALL LMy
300 - LOO Ultra Violet .03 .06 .07
400 - 700 Visible b _ .28 .36
700 - 2800 Infra Red .53 .66 .57
B.. |n$olation Measured Norma1 to Plane of Window
~Spectral Filter Band ~ Insolation
millimicrons Btu/hr-ft2
AL by
295 - 2800 107.4 75.0
Loo - 2800 100.9 69.2
530 - 2800 92.8 62.7
695 - 2800 . 70.6 k2.5
C. Directionality Averaged Over Three Vertical Stations
. Basic Simulator Lights
Incidence ALL My
35 degrees + 8 deg = 8 deg
2. Simulator + Honeycombh
35 degrees + 3 deg -
Honeycomb causes a 55 to 65 percent light reduction
D. Ratio of Diffuse Light to Total Light
ALL iy
0.25 0.18
1. Measured on wihdow centerline at 35 degrees incidence angle
2. P. Moon, for air mass 2. ;
3. Four multi-vapor lamps only.
L,

Hexcel D.S. 6000 aluminum, 3/4-inch cell, 3-inch thick.
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TABLE 2 :
VERIFICATION TEST RESULTS - -

‘Comparison of Measured Shading Coefficients with Predicted Values

}/Hflnch Glass EEE EEE
- Clear . . 0.9h 0.97
Heat Absorbing - 0.80 . 0.80
Reflecting 0.46 0.45

Measured vélﬁes, SC,,, were determined in. the Stevens-Levolor simu=

lator at-35 degrees' incidence and in still air conditions,”vPredicfedf C>

values were determined using ASHRAE technique:’ SC, = 1.15 (T + Na)
for N =-0.5 and the simulator measured solar optical properties in
B B'- .

v

. Comparison of Measured and Typical Published* Solar Optical Properties
of Glass ’ o ’ .

Qutdoor .
, . Transmittance Reflectance Absorptance
~1/b-Inch Glass = Stevens = LOF. Stevens  LOF Stevens LOF

Clear 0.7T  0.765 0.09 0.072  0.1i  0.163
'Heat Absorbing 0.46 - 0.460 . 0.07 ~ 0.054  0.47T . 0.:86
Reflecting 0.11 = 0.089  0.32  0.33% 0.57  0.5T7

* ‘
Total solar properties measurements of representative
samples of these glasses supplied by glass manufacturer's
research division.
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TABLE 3

~DESCRIPTION OF EXPERIMENTAL VENETIAN BLINDS
All Blinds Are One-Inch Width With 0.8-Inch Spacing (Open)

Blind No. . Color ) _ Surface anish ,
Upper Surface/Lower Surface Upper Surface/Lower Surface
(Convex/Concave) (Convex/Concave)
[ | " White/White - , Glossy/GI&ssy
2 Off White/Off White - Satin/Satin
3 © Light Green/Light Green : Glossy/Glossy
L Aluminum/ATuminum - Polished/Polished
5 Light Tan/Light Tan Glossy/Glossy
6 Medium Tan/Medium Tan ~ Satin/Satin
7 " Chrome/Chrome Fine Ripple/Fine Ripple
8 Chrome/Black™ ' Fine Ripple/Satin
9 Dark Brown/Dark Brown Satin/Satin
10 Black/Chrome*l Satin/Fine Ripple

Arranged in order of decreasing reflectance for closed blinds.

“Glossy“vand ""Satin'' refer to typical painted surface finishes
as seen by the eye.

* These blinds received a special protective coating.
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- TABLE b

MEASURED SOLAR OPT.ICAL PROPERTIES
'OF EXPERIMENTAL VENETIAN BLINDS
.35 Degrees Solar Incidence

Blind. - ASTét N Tfansmitténce " _Reflectance - Absorptance
No. o _P'Qsi;i_on .'ri _ : : pi o,
1 . Closed .05l .60z . - .3u7
M w5 deg L1000 b9 395 -
- .216 .301
2 ' Closed os2 .589 369
. L5 deg .18 477 s
- Open Jbh2 L .197 . .361
3 . Closed - . .034 ..503 463
45 deg .108 - .375 517
_ Open . 5lk : - .48 . .%  .308
4 ~ Closed . .036 ~ k98 o k66
v L5 deg : .120 .381 .499
“Open. . .570 .069 | 361
5 Closed . .035 : RN .52f
: 45 deg .080 - ‘ L340 .580
, Operi - 499 L34 .367
6  Closed o2 316 - .663
L5 deg .052 .229 719
Open .399 .097 .504
7 Closed .02k 316 660
L5 deg .058 .219 .723
Open’ o - .b82 .0L6 : L72
- 8 Closed - o7 32 671
45 deg .025 .231 /I
- Open 496 013 Ao
9 | ~ Closed: 015 .08 .89
45 deg .026 . .065 .909
Open A A.43A ; i .020 ;546
10~ closed  .006 062 932
45 deg .032 ' - .0l ' L9927
Open ko7 014 579
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TABLE 5

MEASURED SHADING COEFFICIENTS OF
EXPERIMENTAL VENETIAN BLINDS

35 Degrees Solar Incidence Angle and Still Air Conditions (Nio=o'5)-

Blind No. Color : ‘Slat Position Shading Coefficient
] White Closed ' .55
L5 deg .66
Open = .80
2 off White Closed .53
L5 deg .68
Open : R
3 : . Light Green Closed v | - .58
- L5 deg .67

Open B - -
L " Aluminum " Closed .56
~ L5 deg 71
Open .92
5 Light Tan Closed ' .60
‘ 45 deg A
Open - .84
6 Medium Tan Closed .66
45 deg C .77
Open .88
7 Chrome . " Closed ' .66
L5 deg - .80
Open . .92
8 . Chrome/Black Closed .69
L5 deg , .80
Open .90
9 Dark Brown - Closed .83
' L5 deg _ .85
Open .90
10 Black/Chrome ‘ Closed .83
L5 deg .85
Open _ .90

The above shading coefficients were measured under still
air conditions and therefore are not directly comparable
with ASHRAE values published for various wind conditions.
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TABLE 6.
COMPARISON OF MEASURED AND PREDICTED SHADlNG COEFFICIENTS
35 Deg Incidence, 1/k=1Inch Clear. Glass,,
- 1-Inch Wide Interlor Bllnds

No. - Position - Blind M ' P _ P .
. ‘ ' Ref lectance: Sti]l Air (Nio='5) - Summer (Nio%;267)
1 Closed .602 55 .50 ik
Open . 216 80 LB L .T6
2 Closeds .589 .53 .51 i§7r.v,u5
. 45 deg - - Rives .68 60 S '
_ _Open S ) .79 .82
3 closed © . .53 . . .58 .58
Opeh - . 148 8L ‘;86 L
oy Closed 498 .56 .58 T 53
L5 deg 381 71 .68 ’ 63
Open .0691 - .92 7 .92 .88
5 Closed . Lk - .60 63 .57
45 deg .3k0 LT ST .66
Open BN .8k .87 .83
6 Closed .316 66 .73 . .68
L5 deg = - 229 <TT .80 . .75
Open 097 .88 .90 ' .86
T Closed o .316 .66 .73 _ .68
‘ 45 deg «219° : .80 .81 .76
Open EPe) TSR .92 .9k . .90
8 Closed - . . .312 69 T3 .68
: 45 deg - .231 80 .80 .75
Open - ';Q13' .90 .96 .92
9 Closed . .089 .83 .91 : .86
- : L5 deg . .065 - .85 .92 .88
- Open 020 .90 .96 .92
10 - ‘vClosedv ' - .062 o .83 .93 . .88
L5 deg i Ol .85 .9k S .90 .
Open ' 01k .90 .96 .92

‘measured in Simulator
predicted based on measured blund reflectance, Py
where’ glass ' T, p 08, a = ]5 '

Subscripts: M
P
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~ EFFECTS OF SOLAR INCIDENCE AND SLAT ANGLE
_ ON BLIND REFLECTANCE AND SHADING COEFFICIENT

R-2083

TABLE 7

" No. 2 Blind in Still Air .

Measured Shading Coefffcientiwith ]/h-]nch Clear Glass

Slat Angle
Setting § deg

Closed 69*.
45 deg 45
Open 0

Measured\Avérage'Solar Reflectance of Blind Alone

~ Slat Angle

Setting ¢ deg:

Closed 69*
LS deg 45
30 deg 30
Open - O

¥*x . .
Maximum angle possible (varies slightly with blind)

31

Incidence Angle, 6, deg

0 35 L5
.62 .53 .56
.72 .68 .66
.84 .T9 .84

Incidence Angle, 6, deg
0 35 L5
.518 .589 .578
.3&2 LUTT 450
"2 37 . 389 ° 3714-
127 .197 211
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TABLE 8 |
BRIGHTNESS FACTORS FOR EXPERIMENTAL VENETIAN BLINDS

Blind k Colors - . Finish

No.  per degree  (see Table 3)'

1 .0073 White Glossy

2 0072 Off-White satin

3 » L0056 Lighé Gréen Glossy
| L .0058 | Aluminum : _ | Polished

5 © .0051 ~ Light Tan’ ' Gloséy

6 .0035 ~ Mediun Tan - . Satin

7 | 0035 ‘Chrdme Fine Ripple

8 .0036 | -.Chrqme/Black' ‘?ine‘ﬁippfe/Satin
9 .0010  Dark Brown satin.

10 . 0007 élack/Chrome Sétin/Fine Ripple
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TABLE 9

EFFECTS OF VARIABLE SOLAR INCIDENCE AND SLAT ANGLE
ON SOLAR ENERGY CONSERVATION IN A BUILDING

Daily Energy Loads, Btu/Sq Ft of Window

CASE | . . CASE 11
, Constant $C=0.55 Variable SC = f(8,{)
Day (Season) Window Facing “Window Facing Blind Setting
South  Southwest South Southwest { deg
“Jan 21(winter) 901 1330 0 open
" 653 967 " "o
" . 901 706 70 closed
1" ) 653 S”'l' ‘ " "
June 21( summer) 346 ' 354 ' 70 closed
" L 560 522 - ‘n "

Effective Daytime Shading Coefficient

CASE 1 CASE 11

Day (Season) South  Southwest South  Southwest ¢ deg
Jan 21 .55 : 81 0 opeh_
" ‘55 .8] . " "

1 .55 .)4.3 v TO closed
n .55 .)4.3 . 17 "

June 21 .55 .56 ‘ 70 closed
n . 055 ] .5‘ " 1"

Conditions of comparison:

L0 deg North Latitude

’ l'-. i . = S e
=inch clear glass: To T, P 08, o 15
No. 2 Blind: pi=.0072(6 + {)cos®
Nig = 0.267 ,

8 ~ Solar Altitude Angle, deg

¥ = Slat Angle, deg
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- TABLE 10 S v
PRECISION ~

The precision 6f4th¢ measured results is estimated to be

within the Fpl]owing'value53._‘

:  + tdfal solér‘t?aksmftténce  + 0.02

6_ “tptél;sofar reflectance £ O;O3>

& _fota]‘soiarfébédrptahce ' + 0.05

' éCM" measured sHadfﬁg coefficient + 0.03
9,  ”$olérVincideHce angle” + 0.1 deg
¢ slat angléjéefting - '+ 0.5 deg

Same as altitude anglefaqdfprofile angie'fof»this test arrangement.

Y
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‘\\ -’Jﬁ?””,’ radiant
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-~ N Al y ' Blind Glass Glass:?lind
h2 , '\\ ho Transmittance T To T

Reflectance 0, Tp

. Room Qutdoors Absorptance o, o

S

Q
o

Surface Coefficients

h2 combined room side of glass

ho outdoor side of glass (outer)

where: l/h2 = ¥ (resistances of air space, blind and all surfaces
between the glass and the room)

U= ! -and neglecting R

l/ho * Rglass * ]/h2

glass

h h
!
U= = o 2 , then
I/ho + l/h2 ho + h2
h
Nio - :
ho + h2

FIGURE 5. IMPORTANT PARAMETERS GOVERNING SCLAR HEAT TRANSFER
' THROUGH GLASS-BLIND GLAZING
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Slat Position - Closed
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FIGURE 6. COMPARISON OF PREDICTED AND MEASURED SHADING COEFFICIENTS,

One-Inch Blinds with l/h-Jnch Clear Glass
35 Deg. Solar Incidence Angle-
! Still Air Conditions
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FIGURE 5. IMPORTANT PARAMETERS GOVERNING -SCLAR HEAT TRANSFER
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';fl/hélndhvGray'Heat Absorbing Glass
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" Measured in Environmental Simulator - Still Air
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APPENDIX |

. Simulator |nétrumentat]on

Manufacturer

10

B -]

- . Digital

Voltmeter

Solid State

h6 ‘.

" No. Model No. Type
] Black and Whife_'ﬁl . 8-18 Thermopile The Eppley Laboratory,
' Pyranometer ' - B Newport, R.l.
- PreciéionﬁSpectral PSP ‘ Thermopilei The Eppley Laboratory,
o Pyranometer - Schott Newport, R.1l.
R . < Filters - .
'3"” Alphatometer - vx'v_lA' ‘Thermopile = Devices & Services Co.
"< . Miniature |, T ' Dallas, Texas
B Pyranometer -
4 Emissometekt' AE - Devices & Services Co.'
' B ’ Dallas, Texas
5. Halltron Power - ) PC5-59 Hall Effect Ohio Semitronics, Inc.
: Computer, Precision : Columbus, Ohio.
'wattmeter
6 - Omniflow Flowmeter FTM-N6-LJS ' Turbine Flow Technology, Inc.
‘and Readout s Magnetic Phoenix, Arizona
~ ; “Pulse -
T Measurement System: TS-0068-7105 Platinqm ' Whittaker Corporation 15D
Temperature. o -+ 7. Resistance. : '
. Transducer &
Signal Condi-
» tioner
8 Data Logger 22008 30 Channels; John F]uke‘Mfg..Co., inc.
' DC. : Mountlake Terrace, WA
: _ 100 possible
9  Fine Metering = $5-6L-3/8in. 11 turn NUPRO
Valve . S o : :
Adjustable DC 10107 TrQnéistorized Power Designs, . Inc.
. Power Supply 1-100V New York, NY
11 A.C. Line . Series 6000 - ELGAR Corporation
Conditioner w : San Diego, CA
Infegrating' HP-2L01¢

Hewlett-Packard Corporation
Palo Alto, CA '
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APPENDIX 2

Summary of Previous Work

The early work on heat flow through glass was conducted by the’
American Society of Heating and Ventilating Engineers at its research
laboratory in Cleveland, Ohio. In the early 1950's the investigation
was extended to include an analysis of the effect of uniforﬁly spaced
flat opaque slats. In the first repért,]’of this long-range research
effort, G. V. Parmelee and W. W. Aubele reported calculated values of
absorptance and transmittance for specular and diffuse reflecting slat.
surfaces and suggested rules for estimating the properties for a com-
bination glass and slat assembly. Among‘their conclusions regarding
the effect of the several variables on the performance of a venetian

blind are:

1. For given values of slat absorptance, profile angle and
slat geometry, the type of reflection (diffuse or specular)
is most fmportant. The importance decreases as profile

angle, slat angle and slat width-spacihg,ratio decrease.

2. For a given profile angle and slat geometry, decreasing
values of absorptance increase reflectance but also increase

transmittance.

3. In many cases, particularly when the slat width-spacing
ratio is of the order of 1.2 and the slat angle is greater
than zero, the absorptance of the slat assembly is greater

in value than the absorptance value of the slat surface.

In the experimental study of slat-type sun shade's2 the researchers
compared experimental determinations of the absorbed and transmitted
fractions of solér radiation with those predicted by the mathematical
theory. Heat gain measurements were made with a solar calorimeter. -

The agreement between the theoretical and measured values suggested
the approach taken in the earlier paper was practical for developing

design data for shading products.

L7
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In the final research paper3, the investigators presented design.
data as a Shade Factor which was defined as the total heat gain from a
~shade-glass combination minus the convection and radiation galn from a

- single unshaded common window glass. The shade factor may be considered

" a predecessor of the shading coeff:cnent.

Total Gain frdm Shade- - _ Convectlon'and Radiatlon Galn

‘Shade Factor =
L o Total’ Solar Energy Transmitted

by Single Unshaded Common G'ass

Among the discussions of the performancefcharacteristlcs in this paper

“were the following points which 'are of currerit interest.

1. Normal slat curvature does not S|gn|f|cantly change the
shade performance. The thlckness ratlo of metal slats )

is so small as to be |nsugn|fucant.

>v2. —Transmltted solar radlatlon consusts of straught through
: and reflected -through components. ‘Both. components are
'lnfluenced by proflle angle, slat angle and spaC|ng ratio.
The reflected—through component is also dependent upon
the absorptance of the slat for solar radiation and does

not change rapldly W|th proflle angle.

3. An increase in slat angle increases the total energy. .
reflected to the outside and decreases the amount

admitted to the room.

L, A spacnng ratlo of 1.2 with a slat angle of Le degrees
WIll exclude the straight-through component on all orlenta-
tions in the north latitudes between 6 a.m. and 6 p.m.
from May 1 to the middle of -August. A 30 degree slat
angle will do the-same between 7 a.m. and 5 p.m. ‘but
will approximately double the’reflected-through component

and increase the radiation absorbed by the shade. "

Glass :Combination : -~ from Single Unshaded Common Glass

g

L
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5.  A decrease in slat absorptance (higher slat reflectance)
increases the amount of solar radiation admitted to the
room by increasing the reflected-through component, but
it also increases the energy reflected to the outside.

The total heat gain is therefore reduced.

6. Slat-type.shades have a high transmittance for ground-
reflected soiar radiation, which may constitute a size-
~able fraction of the incident diffuse solar radiation.
The.transmittance for both above-the-horizon and below-
the-horizon diffuse solar radiation is generally greater
than the reflected-through transmitpande of direct solar

radiation.

' Other research workers in>this field bave conducted mathematical
and experimental analysis of the heat transfer through single and insula-
ting glaés‘with‘interior drapery shading.h’s’s These programs together
have provided the foundation for the present ASHRAE method for deter-

mining the heat gain through windows.
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