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ABSTRACT

This report presents an extension of the
daylight factor method of analysis that in-
cludes a graphical method for determining
interflected light in clear climates. The
interflected compounent of daylight, called
the 1nternal reflectance component (IRC),
has been determined for overcast skies in
research performed in che United Kingdonm.
The technique developed by the Building Re-
search Establishment in the United Kingdom
is based on deteraining am average IRC for a
given room or space. Using a daylight
availability model developed at SERI (1), we
established a similar average IRC analysis
technique Ior clear skies. The rtesulzs of
applying the SERI daylight availability
aodel suggest that a eritical element ia de-
termining the IRC under clear sky coaditions
is the ratio of global to diffuse (G/d)
illuminance on a horizental surfaces. This
graphical technique for derermining clear
sky IRC values 1s expected to enhance the
accuracy of daylighting system design by
simplifying the format wused in clear sky
computation.

1. INTRODUCTION
The amount of daylight received in buildiags
can be expressed as the percentage ratio of

indoor illuminance. This ratio is called
the daylight factor (DF) and is computed as

DF (%) = Ei/Ee x 100 , (1]
where

{ = incerior illuminance
= axterior illuminance

11 ¢

e

This value depends on the sky coaditions;
the size, shape, and position of the aper-
ture; and, in the case of clear skies, the
location of the sun relative to the aper-
ture.

Using the daylight factor method we can cal-
culate the three components of the daylight
reaching any reference point in a room:

e The sky component (SC)--the light re-
ceived directly from the sky

e The externmal reflectance component
(ERC)=—11ight received after reflection
from buildings and other excernal sur-
faces, including a direct view of the
ground

e The iInternal vreflectance component
(IRC)—the 1light reflected from sur~-
faces inside the room and an indiract
view of the ground.

These components are calculated saparately
and added to determine the daylight factor:

DF (%) = SC + ERC + IRC . {21

Corrections for interior room wmaintanance,
glazing wmaterial, dirt, and reductions fot
framing around the aperture can be added to
Eq. 2 as follows:

DF = [SC + ERC + (M)(IRC)] (D)(F)(G) , (3]
where
M = interior maintenance factor
D = di=zt cn glass factor
T = framing factor

G = glazing factor, for other than clear
glass.

The average IRC is defined as the IRC at the
midpoint of the room. This value is often
used during cthe early stages of the building
design process to predict daylight penetra-
tion into a building. The average IRC does
not vary a great deal with respect to the
view factor of an aperture from a specific
station point in a room. Because it does
aot vary, graphieal dasign aids can de used
to determine thea average IRC.
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2. RSTIMATING INTERFLECTED LICHT IN BUILD-

INGS

2.1 The BRS Interflectioan Formula

The Building Research Station (BRS) iater-
flection formula was developed to estimate
interflected light and can be determined
from the equacion:

ADG) +CR ), (4]

IRCavg A(l - R) (Cl Ew 27w ‘4

where

T = transmission of the glazing in the
visible spectrum

W = area of glazing

A = total area of the ceiling, floors,
and walls including the glazing

R = average reflectance of the ceiling,
walls, floor, and aperture

Cy = apertura configuration factor equiv-
alent due to the light incident on
the aperture from above the horizon~
tal at the midheight of the aperture

Re, = average reflectance of the floor and
those parts of the walls below the
midheight of che aperture (excluding
the aparture and aperture wall)

Cy = apercure coafiguracion factor equiv-
alent due to 1ight incident on the
aperture from below the horizontal
at the aidheight of the aperturs

R,y = average raflectance of the ceiling
and those parts of the walls above
the midheight of the aperture
(excluding the aperture and aperture
wall).

The difference between clear and overcast
conditions in the application of Eq. 4 lies
in the counfiguraticn factors, which vary de-
pending on the sky coadition. C1 and C2
values for the BRS intarflecticn equation
are shown in Tables 1 and 2.

2.2 LBL Interflection Formula

Research at the Lawrence 3Berkeley Labora-
tories (LBL) (2) developed an equation,
similar to Eg. 1, to compute an average ia-
ternal raflectance component for clear sky
conditions. However, because direcc {llumi-
nance is contributing illumination to the
3round, C, and C, are calculated differencly
than in the BRS interflection formula. The
C, factors for a clear day ara illustraced
in Table 3.
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Table 1. Aperature Configuration  Factor

Equivalent Cl for Overcast Skies

Angle of
Obstruction* C1
(deg)

No obstruction 39

10 35

20 31

30 25

40 20

50 14

60 10

70 7

80 5
*Meagured above the midheight of the

aperture at the center of the room.

Table 2. Aperature Configuratiom  Factor

Equivalent C, for Overcast Skies

Average Ground

Reflectivity Cy
%)
10 5
20 10
30 15
40 20
50 25
60 30
70 35
80 40
Table 3. Aperture Coafiguration Factor
Equivalent Cy for Clear Skies
Solar Aperture Azimuth with
Alticrude Respect to the Sun
(d28)  § 4eg 45 deg 90 dag 135 deg 180 deg
i0 68 65 50 35 32
20 72 67 30 33 28
30 73 70 30 39 27
) 74 69 50 31 26
50 73 53 50 3z 27
60 70 66 30 34 30
70 66 62 50 38 3¢
30 39 56 50 44 al
20 30 50 50 50 30




The CZ coefficient 13 determined from the
equation:

CEog o ¥ Egy, JRIEF)

[od = =y x 100 > [5]
2 ®dh,c
where
E = direct {lluminance on a horizontal
DH,c

plane, clear sky

E = diffuse illuminance on a horizontal
dH,c
plane, clear sky

R, = ground reflectivity

F, = surface-to~ground configuration
factor (0.5 for a vertical aperture
and 1.0 for a horizontal aperture).

Because the direct plus the diffuse 1{llumi-
nance falling on a horizontal plane equals
the total (global) illuminance Egy c 00 a
horizontal plane, Eq. 5 can be rewrittea to
reflect a global~to-diffuse ratio (G/d), an
average ground refleczivity of 0.2 (20%),
and a configuratioan factor of 0.5 for
vertical surfaces:

C2 = (G/d)(0.2)(0.5)(100)

= G/d x 10 . (6]

3. Graphical Techniques to Determine the

Average Internal Reflectance Component

3.1 BRS Nomograms

BRS nomograms offer a comprehensive method
for computing the average IRC 1in spaces,
although their precision is not as great as
the equations from which they were
derived. Because of their ease of use, the
nomograms provide probably the most useful
method of calculation for the majority of
cases. A 3RS nomogram is shown in Fig. 1.

3.2 SERI Clear—Sky Nowograms

The development of clear sky nomograms re-
quires the aescablishment of local specific
L1lluminance data to calculate the Cl con-
figuraticn factor using Eq. $S.

Since daylighting represents an instan-
taneous use of the available rasource, the
availability of daylight over the eatire day
(dawn to dusk) is not as critical as the
availability during the operating schedule
of the building. Some typical operating
schedules, which we call standard work
years, are shown in Table 4.
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A review of daylighting availability data for
12 standard work years indicates that the G/d
ratio for most locales falls between 4:1
and 7:1. Therefore, constructing an IRC nomo-
gram bdased ou 4:1 and 7:1 ratios allows us to
calculate the clear sky IRC under varying con-
ditions by interpolating between the scales to
determine intermediate values.

The average IRC under a clear sky depends on
the orientation of the aperture. Therefore,
we have established five (0, 43, 90, 135, 180)
clear~gsky IRC nomograms for each 10 deg of
solar altitude with the exception of a 90-deg
angle, for which only one nomogram 1is
needed. This results in a total of 41
nomogranms . Figure 2 illustrates a sample
nomogram for a solar altitude of 40 deg and an
aperture azimuth of O deg from the sun.

To determine the IRCav with the clear sky
nomogram, assume that ghe aperture to total
surface area ratio (W:A) is 0.076, the average
room reflectivity (R) is 42Z, the G/d ratio is
5:1, and the aperture azimuth with respect to
the sun 1is 0 deg for a solar altitude of
40 deg. Mark the W:A on the A scale and the
R-value on the B scale. Draw a straight line
between A and B, which will pass through the
two (4:1 and 7:1) € scales as shown in
Fig. 2. The IRC, from the 4:1 scala is
5.0%, and from the ?%l scale, 9%.5%. Using the
straight line, interpolate between these
values the IRC, , whem the G/d is 5:1, which

would be 5.5%. - %

CONCLUSIONS

The SERI clear sky IRC nomograms provide the
lighting designer a simple wmanual technique to
determine the internal reflectance com-
ponent. The nomograms can be used with the
MIT clear sky protractors (3) to determine the
daylight factor at any given reference point
in a space.

This graphical techaique for determianing clear
sky IRC values 1is expected to enhance the
accuracy of daylighting system design by
simplifying the Cformat used in clear sky com—
putations and thereby allowing the lighting
design professional to analyze daylighting
systems during the earliest phases of the
building design process.
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Table 4.
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Standard Work Years

0700-1600 hours
0700~1700 hours
0700-1800 hours

0700-1900 hours

0800-1600 hours
0800~1700 hours
0800-180C hours

0800-1900 hours

0900-1600 :mours
0900-1700 hours
0900-1800 hours

0900-1900 hours
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