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ABSTRACT 

Windows admit radiant 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 

energy 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 energy 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 a·ccurately predict shading coefficients through 

experiments in an environmental simulator with an artificial sun. 

Ten venetian blinds with a wide 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. 
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SUMMARY 

Venetian blinds, providing continuous solar control, are ideal 

for energy 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 

glarefree illumination. Earlier studies have shown that with proper 

control and use, interior shading devices can save a minimum of 10 

and up to 30 percent of the overall yearly heating and cooling energy 

consumption 'of typical glass paneled commercial office buildings. 

Since energy consumed by commercial buildings is estimated to be as 

much as 15 percent of total energy consumption in the United States, 

these savings are very significant and equivalent to 0.35 million 

barrels 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 coll~ge devoted to engineering and science 

have joined together 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 

into fdu r 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 predicti've equations for shading coeffi= 

cients. 

3. Determination of the significance of solar angle of 

incidence. 

-v-
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4. Development qf improved procedures for estimating 

annual energy requirements based on the findings 

of the inJtial work. 

These ·objectives are fully consistent with the LBL/DOE research program 

which has as its goal a major reducti·on in the consumption of non

renewab 1 e energy resources in bu i 1 dings.· 

Early research intosola~ heat gain through windows by the 

American Society of Heating, Refrigerating and Air-Conditioning 

Engineers, led to the developme'nt of shading coefficients defined as 

the ratio of solar heat gain thro~'gh a glazlng system to the solar 

heat gain through double strength glass under the'same set of condi

tions. ·Most early shadiqg coefficients were determined by experiment 

in a solar calorime.ter. Analytical techniques have been developed 

and are now used to calculate shading coefficients based on the solar 

optical properties of t:he elements within the glazing sy.stem. Dis

crepancies in proprietary data for venetian blinds have raised questions 

as to the vali'dity of the mathematical I'I)Odels. As an example, the 

analysis does not consider the free.convective air flow around venetian 

bl inds• In addition, var.ious interpretations of proportioning of energy 

within the system of an interior blind fitted to a single glass window 

have been suggested. 

Resolution of these uncertainties required additional analysis 

of the basic heat transfer through glass-blind glazing systems and 

corresponding experimental investigations to confirm the predictive 

methods. The needed environmental simulator with artificial sun, 

designed ~~d 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 investigated and measured 

-vi-
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Venetia'n blinds, .providing continuous solar control, are ideal 

for energy 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 

glarefree illumination. Earlier studies have shown that with proper 

control and use, interior shading devices can save a minimum of 10 

and up to 30 percent of the overall yearly heating and cooling energy 

consumption of typical glass paneled commercial office buildings. 

Since energy consumed by commercial buildings is estimated to be as 

much as 15 percent of total energy consumption in the United States, 

these savings are very significant and equivalent to 0.35 million 

barrels of oil per day. 

Architects, engineers and manufacturers have been reluctant 

to promot~ 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 together and, with the cooperation and support of the Depart
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• I 
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4. Development of improved procedures for estimating 

annual energy requirements based on th~ 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 consumption o{non

renewable energy resources in buildings. 

Early research into solar heat gain through wi~dows 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 condi

tions. Most early s~ading 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 
- . .. 

optical properties of the elements within the glazing system. Dis-

crepancies in proprietary dat~ for venetian blinds have raised qu~stions 

as to the validity of the mathematical ·models. As an example, the 

analysis does not consider' the free convective air flow around venetian 

blinds. In additi'on, various interpretations of proportioning 'of energy 

within cthe system bf an interior blind fitted to a single glass window 

have been suggested. 

Resolution of these uncertainties required additional analysis 

of the basic heat transfer through glass-blind glazing systems and 

corresponding ~xperimental investigations to corifi rm the predict·ive 

methods. The needed environmental simulator 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 artificial 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 
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are solar spectral energy proportioning, directionality and ratio of 

diffuse to total radiant energy. Measured shading coefficients for 

three glasses: clear, heat absorbing and reflecti~e, 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 tak~n 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 systems we have 

neglected 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 c~efficient 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-



tt:is recommended-that the dev«alopment of very high reflectance 

blinds .s.uitabl~ for mass .p'roduction at reasonable cost be pursued. 

Other., more' c~plex gla~ing $y5tems, must also be studied to further 

the nat i on'a 1 goa 1 of 1 a rge sea 1 e energy sav i rigs through con·t ro 1 of 

heat flON. through windows. 

·~ ' 
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NOMENCLATURE 

The· following symbols and definitions are used in this report: 
... 

DS double ifreng'th ( (ef~~ence ~tand~rci clear gla~ss) 

F solar heat gain coefficient 

h surface film coefficient of heat transfer, Btu/hr.;.sq ft deg F 

solar intens.ity, .Btu/hr-sq .. ft 

k 

.N 

Q 
sc·: 

SHGF 

SHG 

t· 

constant of proportiona1·ity' 

inward flowing fraction of solar heat absorbed by the gla~s 

heat flow, B~ujhr 

shading coefficient= 1.15 F .of fenestrat-ion 

solar heat gain factor, Btujhr-'sq ft 
- ' ' ''i 

solar heat gain, Btujhr 

temperature, deg F .(Fahrenheit) 

u ·overall heat transfer coefficient, Btujhr sq . .ft~deg F 

e 
p 

. Supscripts 

absorptance 

solar incidence angle, deg 

reflectance 

transmittance 

slat angle, deg 

M measured 

p predicted 

0 outer or outdoor glass unit 

s space (between) 

inner or indoor blind unit 

io i nwa'rd flowing heat absorbed by 

i i inward flowing heat absorbed by 

2 inner combined f i 1m coef f i c i en t 

outer glass unit 

inner b 1 i nd unit 

( inc 1 ud i ng porous b 1 i nd) 

A bar over a symbol denotes the combined glass-blind average value. 

-xii-
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INTRODUCTION 

Background 

The design of energy efficient buildings now and in the foresee

able future will require increased energy efficient utilization of .fenes

tration. Windows admit radiant and conducted heat energy as well as 

light and, for this reason, 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 of the sun, while enjoying 

year-round glarefree illumination. It has been shown 1 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

proving the aesthetic and physical working environment. 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. 

Early research 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 sol•ar 

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 developedand are now used to calculate 

shading coefficients based on the solar optical properties of the elements 

within the_glazing system. Discrepancies In proprietary data have raised 

questions as to the validity of the mathematical models. As an example, 

one widely used analysis does not consider the free convective air flow 

around venetian blinds. In 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 analysii of the basic heat transfer through glass

blind glazing systems and corresponding experimental investigations 

to confirm the predictive methods. 

Stevens Institute of Technology, a small private college devoted 

to en,gineering and science and Levolor Lorentzen,lnc., the leading manu

facturer of'venetian blinds, joined together to unravel the muddled 

technology. Working together, Stevens and Levolor explored the relation

ship between building energy use and interior shading and concluded that 

significant benefits could be derived. Their modest research budget 

permitted the d~sign and construction of an environmental simulator 

with an artificial sun for product testing and evaluation. Recognizing 

the need for a fundamental investigation of the heat transfer through 

a glass-blind system and cognizant of the limitation of their own budget, 

the research team pet i. t i oned the Depa rtmerit of Energy for add i tiona 1 

support. 

The u. S. Departmentof Energy's Windows Program managed through 

the Lawrence .Berkeley L~boratory at the University of California had 

also shown that in many instances, when treated as a dynamic element of 

a building, a window can provide net energy benefits. The DOE/LBL 

program is di rectecf at· developing improved design strategies for using 

wind6w 'systems 'iri walls, and assisting in the commercialization of· 

energy efficient ·Window products and··accessories. The cooperation 

and support of the Department of Energy was sought to ensure completion 

of the program and to accelerate implementation of the results by 

architects and engineers. 

This document serves as the final report for the detailed study 

of energy efficient windows fitted with interior blinds undertaken by 

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

of Energy. 

2 
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Research Objectives 

The prime objective of this study was the analysis, test a~d 

evaluation of new types of reflective 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 values, 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. 

4. 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 Btujft2 hr°F 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 feriestration 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: 

1. High transmission of solar radiation 

during the heating season. 

2. Maximum reflectance of solar radiation 

during the cooling season. 

3 
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· Our·further understanding of the heat transf~·r through windows· 

with the ~ttainment of the specific research objectives defin~d for 

this prog.ram provides the basis for the rapid implementation of energy 

efficient' interi·or shading products. The potentia.) savingS ar~ '0.35 '· 

mill ion barrels of oil per day. 

4 
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ANALYSIS 

Heat Transfer Through Windows 

Early research by the American Society of Heating, Refrigerating 

and Air-Conditioning Engineers, 2 has shewn that direct radiant solar heat 

gain through windows is a function of the angle of incidence of the sun 

and that this relationship for various glass and glass shading components 

differs approximately by a constant fact~r. This led to the development 

of the "shading coefficient" of a window system which is defined 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 glazing system 
- SHG through OS clear glass 

Most early shading coefficients were determined from ra~ios of direct 

heat measurements using a solar calorimeter that tracked the sun. 

Solar intensity and solar heat gain factors for the standard 

reference_glass, double strength clear glass, are now tabulated for 

latitudes i=rom 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(t - t.), where: 
0 I 

sc = shading coefficient 

SHGF - solar heat gain factor, Btujhr-sq ft 

u = overa 11 heat transfer coefficient, Btujhr-sq 

to = outside temperature, deg F 

t. = inside temperature, deg F 
I 

5 

ft-deg F 
'·" 
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Air movement across the outdoor surface of 'the glass is usually· 

~s~umed to b~ 7~5 mph ahd indoors to be still air conditions, with 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 dependent on the followi~g 

characteri st ips: 

• · ~olar radraticin intensity and incident a~gle 

· ·• Outdoor-indoor. temperature difference 

Air movement: across .the surfaces· of the glass 

Shading device characteristi~$ 

Ldw te:rnperature radiation from ,the surfaces of the fenestration 

Equation (1) was developed from the more basic relationship 

Transmitted 
Total Heat Gain = Solar 

Radi"at ion 

Inward Flow Conduction 
+ of absorbed + Heat .Gain 

Radiat._i:on 

(2) total Heat Gain= Sol~r Heat Gain+ Conduction Heat Gain, 
I 

where: .·conduction heat gain, U(t - t.), occurs whether 
. 0 I . 

the sun is shining o'r not. When the outside tempera-

ture is greater than the ·'inside temperature, the 

heat flow is inward. 

Predictive. Methods forDetermining Shadin'g Coefficients 

More recently; analytical techniques have been develo,p~d to permit 

rapid, economical determination of SC based on the solar optical properti~s 

of the glass and the shading dev tee, i.e., reflectance, transmittance and 

absorptance measurements of each component. How~ver, some questions have 

arisen as to tlie validity of SC values computed for a single glass•bl ind 

system usi'rig double-glazing theory wi.th. 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 ~~·proportio~ing 

of ene.rgy within the system of an interior blind fitted to a single glass 

window have been suggested. The schematic diagram in Figure 1, Heat 

Transfer Through Selected Glazing Systems, illustrates the heat transfer 

through a single glass and glass-blind system •. For the same indoor and 

6 
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outdoor air temperatures, the relative air velocities at the inner and 

outer faces of the glass will govern the fraction of the energy absorbed 

by the glass ultimately conducted into the room. Some researchers have 

allONed for a portion of the energy absorbed by the blind to be radiated 

back to and 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 'havil"!g 

~mittance equal to or greater 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 1 ight of glass, Equation (2) may be written per unit 

area as: 

Total Heat Gain= [T + N~]l + U(t - t.) 
0 I 

Total Heat Gain= Fl + U(t - t.) 
0 I 

where, for single glass 

F = T + N~ =Solar Heat Gain Coefficient, characteristic of 
the fenestration and incidence angle 

T = transmittance of the glass 

~ = absorptance of the glass 

N = inward flowing fraction of solar heat absorbed by the glass 

I =solar intensity, Btujhr-sq ft 

And, by definition 

SC = F of Fenestration 
F of Double Strength Clear Glass 

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

SC = 1.15 F of Fenestration 

7 
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This same approach, when developed for an, interior-mounted blind with a 

Single 1 ight of gl¥!SS, produces the following equations - borroWing the 

form from double· glazing theory used by ASHRAE and as shown in Figure 5 

b~t assuming N .• = 1: 
I I 

where; 

Total Heat Gain = 

Total Heat . Qai n = 

for a glass-blind 

·F = [.f + N. ex + 
·10 0 

Fl + U( t - t.) 
0 I 

[.f + - &.l, U( t t.) N. ex + N .. + -
10 0 I I I 0 I 

system: 

N .. a.l= Solar Heat Gain Co~fficient 
I I I 

transmittance of the glass-blind system 
( p. measured from outside) 

I ··: 

T 

ex ex + ex p. ( .... 1--0
-. -) = net absorptance of the outer component 

0 = 0· 0 I p p 
o i of the system (the glass) 

N = N- JL 
io -, h 

0 

N •• 
I I 

= 1.0 

= 

net absorptance of the inner component 
of the system (the blind) 

inward flowing fraction of heat absorbed 
by the glass 

= ·inward flowing. fraction of heat absorbed 
by the blind 

1 U=---------- =overall heat transfer coefficient 
neglecting glass resistance 1/h +1/h +l/h.+~bl" d , 0 S I · In 

This analysis assumes that air i.s free to flow t~rough and over the blind 

slats, resulting in natural corvection at the inside surface of the glass. 

We may take an overall inside coefficient h
2

, such that 

l/h2 = 1/hi + 1/hs + Rblind 

then 

8 
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giving 
h2 

N. = ---
10 h

0 
+ h

2 

Substituting for a single glass-blind combination with N .. = 1.0 
II 

F = 1" + N. 01 + 1.0 a; ( 3) 
10 0 I 

The F of the glass-blind combination may be written as a function of 
blind reflectance p. for a given set of glass solar optical. properties 

I 

,. o' p o' 0/ : 
0 

F = ;: + 

F = 'T'. 
I 

( 

5I N. + i 10 

1" 
0 

) + 
1-p P· 

0 I 

-ct 
0 

1" 'T' 
0/. ( ' 0 ) + N. [01 +01·p. ( 0 )] 

I. 1-popi 10 0 0 I 1-p p. 
0 I 

( 3a) 

but s i nee 

'T. + p. +a. = 
I I I 

then 

'T'. +ct. = 1 - p. 
I I I 

so that 

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 l(l- p.)(
1 

'T'o ).+ N. 01 [1 + p.(
1 

'T'o )]~ (4) 
I -p p. ' 1 0 0 I -p p. l 

0 I 0 I J 

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 Steyens Institute of Technology working with the support 

of Leva lor Lorentzen, Inc., the acknowledged 1 ead i ng manufacturer of 

venetian blinds, have designed and built the Stevens-Levator environ

mental simulator. This new test facility was designed to provide accurate 

calorimetric measurement of total solar heat gains through glass-blind 

systems in order to obt~lin the shading coefficients of many of Levator's 

newer products. In addition, the relationships between energy use and 

interior shading have been investigated with the a~m of increased 

utilization of innovative venetian blinds with shading coefflcients 

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 Levator simulator includes two thermally

insulated test chambers connected by a window, with.an adjustable angle 

solar simulator in the outdoor chamber; see Figures 2, 3 and 4. The 

steady-state hea~ flow into the "indoor" room is accurately measured 

by the heat. removed in the water flowing through a heat exchanger that 

maintains constant temperature in the indoor room. This water is supplied· 

prechilled from an outside reservoir and is circulated into and out of 

the test room where the water temperatures in and out and the flow rate 

are very accurately measured 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 losses, si'x inches of poly~rethane · 

foam were sandwiched between fiberglass-coated plywood panels to give 

the indoor room a measured overall heat transfer coefficient of 

.0.033 Btujhr-deg F-ft2
• The total indoor room wall heat loss is then 

9 Btu/h r-deg F. 

10 
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The solar heat gain test procedure is to seal both chambers, 

bring them to equi 1 ibrium with the noutdoor" 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 

flaw 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 Toad 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: 

Qin = Qout where Q is heat flow in Btu/hr 

SH G + 0 _ = 0 + 0 . 
-slower '"walls lieat Exchanger· 

where SHG is total solar heat gain through the fenestration. With 

temperatures set so that ~alls = 0 and no temperature difference 

indoors to outdoors, then 

SHG = 0_- . - Q • 'Heat Exchanger Blower 

The desired shading coefficient is the ratio 

SC = SHG of glass-blind system 

SHG of reference glass 

11 
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SC = (QOUT - QBLOWER) glass-blind under test 

(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 

simulatio·n of the sun at a fenestration opening in a building: 

1.· Relatively uniform intensity over the glass area. 

2. Adjustable intensity (insolation) of from 50 to 250 Btujft2
• 

3. Good directionality (along the axis of the "sun"). 

4. A spectrum with ehergy content in the various wavelength 
bc;tnds closely·proportional to that .of the sun. 

5. Reflected and diffuse radiant energy minimized and docu..: 
mented for any tests that may be influenced by this radiation. 

The solar simulator consists of four, 400-watt, high intensity multi

vapor lamps and associated power equipment mounted on an adjustable lamp 

bank that utilizes five, 300':'"watt and four 200-watt incandescent lamps 

tn an array similar to that laid ~ut by earlier researchers 3 to fill in 

and provide relatively uniform lighting at the window and good simulation 

of the sun's spectrum at reasonable cost. 

Measuring Solar Optical Properties 

Solar optical P.roperties of venetian blinds and window 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. 

81 ind slat angles are set and held by means of a small motor and 

potentiometer arrangement. Angular position of the potentiometer is 

calibrated using a pointer mounted on the central slat that is set 

against a protractor on the window frame. 

12 
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RESULTS 

Confirmation of Test Methods 

Quality of Artificial Sun 

The basic characteristics of the solar simulator have been measured 

and documented :in Table 1, Solar Simulator Li~ht Beam Characteristics, 

revealing a reasonably good representation of the solar spectral energy 

proportioning, good directionality and an approximately 25 percent pro

portion of diffuse to total radiant energy. Currently, an average 

insolation of 100 Btu/hr-ft2 is provided normal to the window opening 

for 35 degrees incidence angle. This intensity is considered ample to 

obtain an accurate measurement of shading coefficient, which is merely 

a ratio of solar heat gains for conditions ~f equal indoor and outdoor 

temperatures. Shading coefficient, by definition, is independent of 

solar intensity. Higher values of insolation may be realizable with 

additional investment in the future. 

Shading Coefficients for Sever~l 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 1/4-inch thick single lights of glass: clear, gray heat 

absorbing and silver reflecting-- with the coating 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 ver.ification is on the basis of a comparison of 
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published and accepted shadfhg coefficients with measufed values 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 ligh.ts at equil.ibrium. 

These conditions are reached at from one to two hours after turn-on 

of the system, when accurate measurement of total solar heat gain of 

any given fenestration can commence. However, once the glass. is heated 

up, addition of a blind angle thange or other change in reflectance at 

the window dm produce a new set of equilibrium glass temperatures in 

as 1 ittle as twenty· m:inutes. 

Measured Solar Optical Properties of Blinds 

·The venetian blinds supplied bylevolor Lorentzen, Inc. for this 

program·are listeCI and described in Table 3. It is to be noted that 

they include six painted, finishes - some glossy and some satin, one 

polished aluminum finish, one chrome deposited finish and two blinds 

with different colors and finishes on the upper and lower surfaces of 

the slats. These ~linds ~11 have one-inch wide, 1.2 width to spacing'· 

ratio, slightly convex-shaped (upper surface) slats and are representative 

of· current large scale produCtion item's. 

It should be stated here that none of the high-production blinds 

supplied had the anticipated high reflectance finish produced in limited 

quantiti~s 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 aegree incidence angle, do not exceed 0.6 - even for 

the closed blind position. However, reflectances of up to 0.9 have 

been measured for specific highly reflective blinds in closed position 

in recent years with higher than 0.6 for 45 degree position. These 
- . 

blinds generally had highly polished mirror-1 ike metallic finishes arid 

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. 

14 



R-2083 

Measured Shading Coefficients for Blinds 

The shading coefficients as measured in the simulator which 

provides essentially still air conditions 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 runni~g 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 (N. = 0.5) are used for computing the fraction 
10 ' 

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 comparison between predicted shading 

coefficients for still air conditions with the simulator measured values. 

The measured values were adjusted to allow for the 1/4-inch clear glass 

installed in the simulator in the following manner: 

SC _ SHG through glazing system x 0_
94 M -

SHG through 1/4-inch clear glass 

where the factor 0•94 = SHG through 1/4-inch clear glass 
· SHG through OS clear glass 

Calculated shading coefficients for ASHRAE summer conditions (N. = 0.267) 
10 

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 N. = 0.5. 
10 

The dashed lines represent the 
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standard deviation for the measured data relative to the predicted lin'e. 

It may be seen that the predicted shading coefficient is almost but not 

quite linear with reflectance. 

The agr~ement between measured solar heat gain ratios and pre

dicted values based on solar optical reflect.ance of the blind is con

s·idered very good. Since convection velocities set up at the inner side 

of the glass are partly due to the. blind ab·sorptance and reflectance 

and the relative porosity to .air flow between the slats,, it is surprising 

how w~ll a single value of Ni() ~an be fitted to the measurements in 

Figure 6. The term in the equation involving this fraction is th~. heat 

absorbed in theglass and only represents a portion of-the total heat 

·load passing through the fenestration. to the ·room •. However, this term 

becomes a major portion of the heat load for a highly reflective blind. . . 

~ The agreement is sufficiently good for predictive purposes with different 

finishes, colors and surfaces as exempt ified by the ten test blinds. 

Effect of Solar Incidence and Slat ·Aiigle on· Shadil)g Coefficients 

The sensitivity of .shading coefficient to blind. reflectance as 

a function of glc:~ss type and the (racti.on N. is shown in Figures 7 
10 

and 8. These predicted shading coefficients computed by Equation (4) 

s_how that. high reflectance blinds, p. = 0.9 for example, will result 
I 

in shading coefficients as low.as 0.2 for 1/4-inch cl·ear glass but 

only 0~30 for 1/4-inch heat absorbing glass for N. = 0.3. It is 
10 

obvious in these figures that the N. fraction has a much more 
10 

important effect on shading coefficient for ·a typical heat absorbing 

glass as compared to a clear glass with the same interior reflecting 

b1 ind. ·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 7 gives a listing of measured shading coefficients and 

measured blind reflectances for the No.2 off-whitejsatin finlsh blind 

at three different solar incidence angles for the several slat- angles 
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tested. This table and Figure 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 with changes in solar incidence/slat angle combination. 

Figure 11 is a graphical display of the combined effects of 

slat angle and solar incidence angle (e) on measured reflectance for 

the No.2 blind. This figure shows that basically one curve can be 

fitted to the reflectances if the appropriate angle scale is selected 

as shown. In this manner, reflectance may be computed for any other 

incidence (e) a~d 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 

p . = k( e + ~) cos e . ( 5) 
I 

Table 8 lists the fitted values of k for each test blind for reflectan.ce~ · 

These k values are a good relative measure of the average brightness 

of each blind, except for several points near the wide open zero degree 

position. The k values a·re 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-reflective blind. 

Figure 9 has been replotted for measured shading coefficient 

against this same angle scale, (9 + ~)cose, in Figure 12. The scatter 

about a mean curve is greatly reduced in Figure 12, indicati.ng the 

validity of the empirical fit. 
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DISCUSSION 

Esti~<HJng Byildin~.,H.eating and Cooling Energy 

Energy Savings Estima~ion 

It ls·suggested that, to any existing procedure for estimating· 

heating and cooling loads used in annt.Jal energy savings calculations 

for a venetian· bl i'nd -(e.g., ASHRAE, Reference 6), a va·ri·a9.1e shading 

cc>E~ffic ient term· be introduced where formerly a constant value was 

used. Thus, solar heat ,gain through 'a.sihgle light of glass with 

interior shading by means of a ve·net'ianblind should be calCulated 

in the following manner: 

= sc X [Total D. i rect' ·~Diffu~e lns~latlon throughJ"' 
.. SHG standard 1j8~1nch Th1ck OS Clear Glass 

where now scr constant but becomes a variable funct'ion of e and "'' 

where Ill may be a function of insolat·ion, time of. day and season and e, 

as a first approximation is the' tabulated solar altitud~ angle wh'ich is 

a function of time of day, month, and latitude of the fenestration. 

Note that St now is calculated using Equations (4) and (5): 

p." = k(e + ~)cose 
I 

with the appropriate substitution of k, e and Ill values into Equation 

(5) for the specific blind-glass combination, season and·latitude under 

6onsideration. Since it is believed that for highly reflective blinds, 

~ would be controlled for most effective.use of dayl.ighting- e.g., 

~=f.( l·nsolation) -and also .would be governe.d by season for total 

solar energy management -e.g., closed as much as possible in.summer 

and open as'm.uch as.possible in winter, except at night- w will become 

a function of insolation, time and season. The actual variation of t 
'. 
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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 shading coefficient as compared with constant 

shading coefficient of 0.55 for a typi'<:a1 "light" color blind behind a 

single 1/4-inch clear glass. Computations were made for the daily solar 

energy heat load per square foot of window area at 40 deg riorth 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 of shading 

coefficient to compute soIa r heat ga -~ n (or 1 oss), see Reference 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 I of Table 9· Case II 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 1 ight 

color blind. In addition, the blind was assumed open (1jr = 0 deg) for 

the winter day and closed (1jr = 70 deg) for the summer day. The solar 

altitude angle variations with time of day tabulated in Reference 8 

were used for 9 variations to approximate hourly profile angle values 

in Equation (5). Table 9 shows that fairly large variations in daily 

solar heat gainjsq 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 coe~fi

cient. In fact, the detailed hourly calculations show relatively small 

variations in shading coefficient due to varying solar altitude angle 

during either season at both orientations. The major difference in 

mean shading coefficient was due to the assumption of open blind 

(w = 0 deg) for the winter day. This gave an average value of about 

0.8 versus 0.55 for shading coefficients at both orientations on January 21. 
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Obviously, many other examples could be used to show other types 

of blind control, but these simpJ.e examples show that the usual procedure 

of coTputing solar·~eat loads through fenestrations using a ·constant 

shading 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 s.easor;~. Howevero;' it is definitely shown 

that blind ~ngle changes must be act~~nted for by using a different 

.mean value of shading coefficientother t~an the usual tabulated ''closed 

blind" val~es, even.for atypical .light ... colored blind. Naturally, the~ 
percel)tage variations in heat gain, in winter or loss in summer will 

de~end not Only on th~ reflectance of the blind ... particularly ~igh ... 

. reflectance energy saving blinds open instead of closed ~ but also on 

'the specific type and number of 1 ights of glass used in .the fenestration. 

'· \. 
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. CONCLUSIONS AND RECOMMENDATIONS 

The primary findings of this investigation and study enables us 

to reach the following conclusions,and recommendations. 

1. 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. 

2. 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 carefully 

controlled conditions using an artific1al sun as a source of 

radiant energy. 

3. The vari~tion 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 more 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. 

4. 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 abi 1 ity 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 r~quired for different seasons or. controlling systems. 

5. It has been found that more work is needed for the development of 

a high reflectance blind suitable 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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6. ·Further, it is believed that shading coefficient .claims for many 

other_add-on products should be verified in or~er to provide fair 

comparison~ between products on other bases such as cost, 

longevity, eye-appeal, etc. for a given level of energy savings 

at the window •. 

1· Additional research is required to investigate and confirm pre

dictive techniques for other glazing systems such as insulating 

a_nd reflect,ive gla,ss. 

8.. Further work should be .undertaken to determine the sign i'fi cance 
. . . 

of air movement on both the interior and exte-rior glazing s.urface. 

9. ExperimehtalC:work exploring shading coefficie11ts for angles of 

incidence g-~eater than 45 degrees should be considered •. These_ 

i'nvestigations should include skylight applications.·, 
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TABLE 1 

SOLAR SIMULATOR LIGHT BEAM CHARACTERISTICS l 

A. Distribution of Spectral Energy 

Nominal Wavelength Band ASH RAE Sun 2 
Solar Simulator ~amps 

m i 11 i microns ALL 4MV 

300 - 400 Ultra Violet .03 .06 .07 
4oo - 700 Visible .44 .28 • 36 
700 - 2800 Infra Red • 53 .66 . 57 

B •. Insolation Measured Normal to Plane of Window 

Spectral Filter Band 
m i 11 i microns 

295 - 2800 
400 - 2800 
530 - 2800 
695 - 2800 

Insolation 
Btu/hr-ft2 

ALL 4MV 3 

107.4 
100.9 
92.8 
70.6 

75.0 
69.2 
62.7 
42.5 

c. Directionality Averaged Over Three Vertical Stations 

1 • Basic Simulator Lights 

Incidence ALL 

35 degrees ± 8 deg 

2. Simulator+ Honeycomb4 

35 degrees ± 3 deg 

Honeycomb causes a 55 to 65 percent 

D. Ratio of Diffuse Light to Total Light 

ALL 

0.25 

4MV 3 

± 8 deg 

1 i gh t reduction 

4MV 3 

o. 18 

1. Measured on window centerline at 35 degrees incidence angle 

2. P. Moon, for air mass 2. 

3. Four multi-vapor lamps only. 

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

VERIFICATION TEST RESULTS· 

A. Campa rison of Measured Shading Coefficients with Predicted W:1l ues 

1/4-1 nch Glass SCM scP 

Clear 0.94 0~97 

Heat Absorbing o~so o.Bo 

Reflecting 0.46 0.45 

Measured values, SCM' were det~rmined in the Stevens-Leveler simu~ 
later ~t 35 degrees incidence and in still air conditions. Pr~dicfed ·· 
values were·determined using ASHRAE technique: SCP = 1.15 ('T" +NO!) 
for N = 0.5 and the simulator measured sol~r optical properties in 
B. 

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

Outdoor 
Transmittance Ref.l e~tance Absorptance 

1/4-lnch Glass Stevens LOF Stevens LOF Stevens 

Clear 0.77 o. 765 0.09 0.;072 0 •. 14 . 

Heat Absorbing 0.46 0.460 0.07 0.054 0.47 

Ref 1 ect i ng o. 11 0.089 0.32 0.334 o. 57 

* 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 VP.JETIAN BLINDS 

All Blinds Are One-Inch Width'With 0.8-lnch Spacing (Open) 

B I i nd No .. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Color. 
Upper Surface/Lower Surface 

(Convex/Concave) 

White/White 

Off White/Off White 

Light Green/Light Green 

Aluminum/Aluminum 

Light Tan/Light Tan 

Medium Tan/Medium Tan 

* Chrome/Chrome 

* C hrome/B 1 ack 

Dark Brown/Dark Brown 

* Bl ack/Chr·ome 

Surface Finish 
Upper Surface/Lower Surface 

(Convex/Concave) 

Glossy/Glossy 

Satiri/Satin 

Glossy/Glossy 

Polished/Polished 

Glossy/Glossy 

Satin/Satin 

Fine Ripple/Fine Ripple 

Fine Ripple/Satin 

Satin/Satin 

Satin/Fine Ripple 

Arranged in order of decreasing reflectance for closed blinds. 

11 Glossy11 and 11 Satin11 refer to typical painted surface finishes 
as seen by the eye. 

*These blinds received a special protective coating • 
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TABLE 4 

MEASURED SOL.AR. OPT.I CAL PROPERTIES 

OF EXPERIMENTAL VENETIAN BL I NOS 

, 35 Degrees Solar Incidence 
·: 

B 1 i nd Slat Transmittance Reflectance Absorptance 
No. Position . 1". p. (X. 

·~ .. ' ,J : .. I I I I 

.. 
, .. ; 

C 1 csed. . 0'51. .602 .347 ... 45 ···deg ..11 0 .495 .395 
Open.· .483 .216 . 301 

2 Closed .042 .589 .369 
45 deg . 108 .477 .415 
Open .442 . 197 .361 

3 ·Closed .034 .. 503 .463 
45 deg . 108 .375 .517 
Open .544 . 148 ~; '~ .308 .. 

. , 

4' Closed :o36 .498 .466 
45 deg .120 . 381 .499 
Open .570 .069 . 361 

5 Closed .035 .444 . 521 
4~ deg .080 .340' .580 
Open .499 . 134 .367 

6 Closed .021 . 316 .663 
45 deg .052 .229 .719 
Open .399 .097 .504 

7 Closed .024 . 316 .660 
45 deg .058 .219 .723 
Open ' .482 .046 .472 

8 Closed .017. . 312 .671 
45 deg .025 . 231 . 744 . 
Open .496 .013 .491 

~~-.. 

9 Closed .015 . 089 .896 
45 deg .026 .065 .909 
Open .43!+ .020 .546 

10 Closed .006 .062 .932 
45 deg .032 .041 .927 
Open .407 .014 .5.79 
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TABLE 5 

MEASURED SHADING COEFFICIENTS OF 
EXPERIMENTAL VENETIAI\J BLINDS 

35 Degrees Solar lncidenteAngle and Still Air Conditions ( N. =0. 5) 
10 -

B 1 ind No . Color Slat Position Shading Coefficient 

White Closed 
45 deg 
Open 

2 Off White Closed 
45 deg 
Open 

; 

3 Light Green Closed 
45 deg 
Open 

i, 

4 A 1 urn inurn Closed 
45 deg 
Open 

5 Light Tan C 1 osed 
45 deg 
Open· 

6 Medium Tan Closed 
45 deg 
Open 

7 Chrome Closed 
45 deg 
Open 

8 Chrome/B 1 ack _Closed 
45 deg 
Open 

9 Dark Brown Closed 
45 deg 
Open 

10 Black/Chrome Closed 
45 deg 
Open 

The above shading coefficients were measured under still 
air conditions and therefore are not directly comparable 
with ASHRAE values pub! ished for various wind conditions. 

.55 

.66 

.80 

.53 

.68 

. 79 

.58 

.67 

.84 

.56 

. 71 

.92 

.60 

. 71 

.84 

.66 

.77 

.88 

.66 

.80 

.92 

.69 

.80 

.90 

.83 

.85 

.90 

.83 

.85 

.90 



TABLE 6: 
COMPARISON OF MEASURED AND PREDICT~D SHADING COEFF I C I'ENTS 

35 Deg Incidence, 1 /lt.;_ rnch Clear, Glas~," 
1..:.1nch Wide Interior Blinds 

'• 
.... 

Blind Slat p. sc· sc scP I M p 
No·. Position Blind 

' 
Ref 1 ec-tance St i 11 Air ( N. =· 5) Summer (N. :f.267) 

10 JO .· . 

1 Closed .602 . 55 • 50 .44 
45 deg · .495 .66 • 59 . ..• 53 
Open • 216 :i80 .81 .76 

2 Cl osedc • 589 -53 • 51 .45 
. 45 deg .477 .68 .60 .55 

Op.en • 197 ·79 .82 ..• 78 

3 Clos·ed • 503 • 58 .58 ·~52: 

45 deg • 375 .67 .68 . ~'63 
~: . 

Open . 148 .84 .. ;86 • 82 
.2 

. ~;>· .· .. 

4 Closed .498 . 56 .58 .53 
45 deg .381 • 71 ~68 .63 
Op~n .069 -92 -92 .88 

5 c 1 osed .444 .60 .63 ·57 
45 ··deg .340 -71 .71 .66 
Open .134 .84 .87 .83 

6 Closed • 316 .66 -73 .68 
45 deg .229 .77 .so ·75 
Open .tf97 .88 -90 .86 

7 Closed .316 .66 -73 .68 
45 deg :•219 .80 • 81 • 76 
Open .o46 ·92 .94 ·90 

8 Closed • 312 .• ,69 .• 73 .68 
45 deg .231 .so .80 ·75 
Open .013" -90' .• 96 ·92 

9 Closed .089 .83 ·91 .86 " 
45 deg .665 .85 ~92 .88 
Open .020 ·90 .96 .92 

10 Closed .062 .83 -93 .88 . 
45 deg .041 .85 .94 .90 
Open .014 -90. .96 -92 

Subscripts: M::: measured in'Simulator 
p = predicted baied ~n measured blind reflectance, p. 

' where glass ,. ~ ·77, p = .08, • 15 
... 

Cl = 
0 0 0 -
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TABLE 7 

EFFECTS OF SOLAR INCIDENCE AND SLAT ANGLE 
ON BLIND REFLECTANCE AND SHADI"JG COEFFICIENT 

No. 2 B 1 i nd in S t i 11 A i r 

A. Measured Shading Coefficient with 1/4-lnch Clear Glass 

Slat Angle Incidence Angle, e, deg 
Setting w deg 0 35 45 

Closed 69 * .62 -53 • 56 

45 deg 45 -72 .68 .66 

Open 0 .84 • 79 .84 

B. Measured Average Solar Reflectance of Blind A lone 

Slat Angle Incidence Angle, e, deg 
Setting ljr deg· 0 35 45 

Closed 69 * • 518 • 589 • 578 

45 deg 45 .342 .477 .450 

30 deg 30 .·237 • 389 • 374 

Open 0 • 127 • 197 . 211 

* Maximum angle possible (varies slightly with blind) 
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TABLE 8 

aRI GHTNESS FACTORS FOR EXPERi'MENTAL VENETIAN BLINDS 

Blind 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

k 
per degree_ 

.0073 

.007? 

• 0056 

.0058 

.0051 

.0035 

.0035 

.00:36 

.0010 

.0007 

Colors 
(see Table -~)' 

Wh.ite 

Off-White· 

light Greeh 

Aluminum 

. Light Tan 

Mediuln Tan 

Chrome 

Ch rotne/B lack 

·oa rk B town 

Black/Chrome 

32 

Finish 

Glossy 

Satin 

Glossy 

Pol i~hed 

Glossy 

Satin 

Fine Ripple 

·Fine Ripple/Satin 

Satin 

Satin/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 I CASE II 
Constant SC=0.55 Variable SC = f(e,~) 

Day (Season) Window Facing Window Facing Blind Setting 
South Southwest South Southwest ~ deg 

Jan 21(winter) 901 1330 0 open 
II 653 967 II II 

II 901 706 70 closed 
II 653 514 II II 

June 21(summer) 346 354 70 clos,ed 
II 560 522 II II 

Effective Daytime Shading Coefficient 

CASE I CASE II 

Day (Season) South Southwest South Southwest ~ deg 

Jan 21 -55 • 81 0 open . 
II 

e 55 • 81 II II 

II ·55 .43 70 closed 
II -55 .43 " " 

June 21 -55 • 56 70 closed 
II .55 • 51 " II 

Conditions of comparison: 

40 deg North Latitude 

k-inch clear glass: T =·77, p =.08, ex =.15 
0 0 0 

No.2 Blind: P.=.0072(9 + ~)cose 
I 

N. = 0.267 
10 

e ~Solar Altitude Angle, deg 

~=Slat Angle, deg 
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TABLE 10 

PRECIS.J'ON 

The precision of .the .measured results Ls 

within the following values: 

estimated to be 

T total solar .t ra'nsm it tance ± 0.02 

p tota 1. solar reflectance ± 0.03 

~ total solar abso·rptarice ± 0.05 

SCM m·easu red shading coefficient ± 0.03 

sol~rr incide~ce angle * 0.1 e ± deg 

~ slat angle setting ± 0.5 deg 

* Same as altitude angle and profile angle for this test arrangement. 
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Measured in Environmental Simulator- Still Air 
No.2 Blind With 1/4-lnch Clear Glass 

B 1 i nd ......... : .. . 
Reflectance 

p. . . 
.. ·---........ . I .............. ... 

1.0 

0.8 

0.6 

0.4 

0.2 

/ 

/ 
/ 

Solar Incidence Angle (e) 

~ 0 Deg 
0 35 Deg 
0 45 Deg 

0 ~"'------,---1.--------L----·----J· .. 
0 30 60 90 

( e + *)cos a 
Effective Incidence Angle, Deg 

FIGURE 11. EFFECT OF SLAT ANGLE AND SOLAR INCIDENCE 
ON BL I NO REFLECTANCE} 

1. 0 

Shading 0.6 ···-~~~-· 
Coefficient -'"'t:J...._ 

o.4 

0.2 

o· ~ ------~--~----------~--------~ o 30 6o 90 
(a + w)cose 

Effective Incidence Angle, Deg 

FIGURE 12. ·SHADING COEFFICIENT AS A FUNCTION 
OF EFFECTIVE INCIDENCE ANGLE 

45 



No. 

3 

4 

6 

7 

·8 

9 

10 

11 

12 

R-2083 

APPENDIX I 

.. Simulator Instrumentation 

Item Name 

Black an¢{ White 
Pyranometer 

Precision. Sp.ect ra 1 
Pyranometer 

Alphatometer 
Miniature . 
Pyranometer 

Emissometer 

. ·.', 

Moael No. 

8-48 

PSP 
Schott 

. Filters 

JA 

AE 

Halltron Power PC5-59 
Computer, Precision 

·wattmeter 

Omn if low ·Flowmeter FTM-N6•LJS 
and Readout 

Measurement Sys.tem 
Temperature. ·. ,. 

Data Logger 

Fine Metering 
Valve 

·'• 
'·' 

. -:· '-~ 

TS-Oo68-7105 

2200B 

SS-6L-3/8in. 

Type 

Thermopile 

Thermop i 1 e 

Thermop i 1 e 

Ha 11 ''Effect 

' Turbine 
Magnetic 
Pulse · 

Platinum 
Resistance. 
Transducer & 
Signal Condi
tioner 

30 Channels; 
DC. 
100 possible 

11 turn 

Manufacturer 

The Eppley Laboratory, 
Newport, R. 1. 

The Eppley Laboratory~ 
Newport, R.I • 

Devices & Services co. 
Da 11 as , Texas 

Devices & Services Co. 
Dallas, Texas 

Ohio Semitronics, Inc. 
Columbus, Ohio. 

Flow Technology, Inc. 
Phoenix, Arizona 

Whittaker Corporation IS D 

John Fluke Mfg. Co., Inc •. 
Mountlake Terrace, WA 

NUPRO 

Adj us tab 1 e DC 1010T Transistorized Power Designs, . Inc. 
Power Supply 

A.c. Line 
Conditioner 

Integrating 
Digital 
Voltmeter 

Series 6000 

HP-2401C 

, .. :. 

1- foov New York, NY 

Solid State 

ELGAR Corporation 
San Diego, CA 

Hew·lett-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 res~rch 

laboratory in Cleveland, Ohio. In the early 1950's the investigation 

was extended to include an analysis of the effect of uniformly spaced 

flat opaque slats. In the first report, 1 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 vari.ables 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 important. The importance decreases as profile 

angle, slat angle and slat width-spacing 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 shades2 the researchers 

compared experimental determinations of the absorbed and transmitted 

fractions of solar radiation with those predicted by the mathematical 

theory. Heat gain measurements were made with a sol,ar 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. 
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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 gain from a 

single unshaded common windOw glass. The shade factor may be considered 

a pred~cessor of the shading coefficient. 

Tota 1 Gain from Shade- Convect ion· and Radiation Gain 

5 hade Factor = _G_l_a_s_s_·._c_om ...... b_i _na_t_i o_n_· _____ f_r .... o_m ...... s_i _n""g_l ... e_U.;;..n_s_h_a_d_e_d_c_o,...m_m_o_n_G_l_a_s_s 

Total ~olar Energ~ Transmitted 
by Single Unshaded Common Glass 

Among the discussions of the performance characteristics in this paper 

were the following points which are of curredt interest. 

1. Normal sla·t curvature does not 'significantly cha'rig·e the 

shade performance. The thickness ratio of metal slats 
, '· 

is so small as to be insignificant. 

2. Transmitted solar radiation consists of straight-through 

and 't~f 1 ected- through components. Both components are 
. . . . . 

influenced by profile angle, slat a~gle and spacing ratio. 

Th~ ~efl~cted-through ~omponent is ~lso depend~nt upon 

the absorptance of the slat for solar radiation and does 

not change rapidly with profile ·angle. 
- . .. 

3. An increase in slat angle i"ncreases· the total energy 

refl•cted to the outside and decreases the amount 

admitted to the room. 

4. A spacing ratio of 1.2 with a slat angle of 45 degrees 

will exclude the straight-through component on all orienta

tions in the north latitudes betwee~ 6 a.m. and 6 p.m. 

from May 1· to the middle of August. A 30 degree slat 

angle wi 11 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. 
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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 solar 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 transmittance of direct solar 

radiation. 

Other research.workers in this field have conducted mathematical 

and experimental analysis of the heat transfer through single and insula

ting glass with interior drapery shading. 4'5' 6 These programs together 

have provided the foundation for the present ASHRAE method for deter

mining the heat gain through windows. 
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