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ABSTRACT

Movable shutters or louvers éystems have been successfully flown
on a number of spacecraft missions to ensure temperature control of the
spacecraft. Highly'pblished metallic louver blades mounted over a
diffuse white faceplate are now state of the aft. Howevgr, it was de-
cided to investigate the thermal characteristics of a new configura-
tion incorporating diffuse metallic blades mounted over a specular high
solar reflecting base surface,

Thé investigation includes an énalytical determination of all
heat transfer characteristics of a louver system operating in full sun-
light, This analysis is made with the assumption that definite sur-
face areas of illumination exist on the diffuse blades due to either
direct solar impingement or a specular reflection from the base surface.
The radiosity approach is used in first writing a solar flux balance
and solving fﬁr all thermal properties associated wi;h tﬁe solar region,
A heat Salance is then used to determine the terrestrigl properties of
the-system. The solar and terrestrial properties are then superimposed
resulting in the determination of the thermal control characteristics
of the sys£em. |

Results show that unless the spacecraft}s stabilization allows
the solar'polar angle to bevheld constant at 09, the louver system
canpot operate in full sunlight with a linear actuator mechanism. jhe
new configuration compares favorably with the specular blade diffuse

base louver system, Minimum blade temperature average 200°R less for



L

the diffuse bladed system because of the elimination of multiple specu-
lar reflections ofrthe sun's energy by the specular blades. On the
avérage the diffuse bladed system rejects less energy than the specu-
lar blade system during the maximum dissipation periods, but it also
absorbs less energy during the maximum absorption periods.

Using a modified intégrating sphere the solar reflectance of four
louver test models was found for various sélar.polar angles. Experi-
mental results from these tests were found to comparé favorably with

the analytical results,
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NOMENCLATURE

albedo irradiance, BTU/hr-ft?

area of surface i, £t2

emissive power of black body, BTU/hr-ft?
view factor from element i to element j, dimensionless

total imaged view factor from element i to element j,
dimensionless '

irradiation of a surface, BTU/hr-ft2

radiosity of a surface, BTU/hr-ft2

planet irradiance, BTU/hr-ft2

internal heat generation, BTU/hr-ft2

energy absorbed by blade i, BTU/hr-ft?

net energy absorbed by base surface, ETU/hrfftz
solar constant, BTU/hr-ft2

temperature, OR

position on the ordinate, ft

absorptance of surface i, dimensionless

emittancevof surface i, dimensionless

reflectance of surface i, dimensionless

effective solar reflectance of the louver array, dimensionless
Stefan-Boltzman constant, .1713 x 1Q"8 BTU/hr—ftz-oR

solar polar angle, radians

louver blade angle, radians



Superscripts

' pertains to sccond distinct area of illumination on the blade

surface a

" vpertains to third distinct area of illumination on the blade

surface
-
Subscri@ts//
_____ ,//E -
d " diffuse
s solar

sp specular

t tefrestrial\



INTRODUCTION
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A &ez}yeﬁ/interest in radiation heat transfer has been stimulated
5 -

-

/ - - k3 - »
——— by modern technological advancements, especially in connection with

s

spacecraft missions. For example, in atmosphere-free space, thermal

radiation is the major transfer mechanism which allows a spacecraft to

S

reject waste heat,

—

The temperatdre;sfﬁi'spacecraft is dependent on the energy absorbed
from its enviromment, the energy emitted from its external surfaces,

and its internal heat generation.

| The energy absorbéé‘from its environment consists of albedo}radia—

tion (energy reflected by a planet or its atmosphere), planet radiation

(energy emitted by a planet), and solar radiation (energy emitted by

the sun). For steady state equilibrium the temperature of a spacecraft

is governed by the equation:

A;E;O"‘{E‘f = Q'l * An’E;—-s)ocs[S + AzF

(-A)

i A

- o - [
For an interplanetary spacecraft, or whenever the albedo and

planet effects can be neglected, equation 1 reduces to

I, .
A; G“.E; T, = Qi ¥ Ai F([~s) i S @
and when solved for temperature

.
[

T - [A-‘;- * Fooe i S . (3)
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From equation 3 it is easily seen that an optima1 se1ection of
the ratio %§§ can be effectiVely used to obtain spacecraft thermal
control if the values of F(i—s)’ Qi; and S are coﬁstant. However, on
an intérplanetary mission these quantities are variable. 1In fact, for
example, the solar irradiance, S, at the orbit of Mercury is 6.6 times
the solar irradiance at the Earth's orbit. Although 3 can be considered
constant in a pianetary mission (Earth orbit), Q; and F(i—s) vary de~
pending upon the spacecraft's operating power requirements and its
orientation respectively, Therefore, dﬁe to the variable quantities
involved, a system is needea which will allow the ratio Eéi to be
varied in accordance with the spacecraft's temperature. One method of
accomplishing this task is with the use of movable shutters or louvers
.which,are designed to close when the spacecraft temperature drops below
a specified limit., The closed louvers then act as a thermal insulator
to reduce further heat loss. When heat has to be rejected, the louvers
will open, allowing heat to escapé.

The louver system consists of movable blédes which are mechanically
attached to the exterior of the spacecraft. The blades are usually
actuated by either bimetallic coils or a bellows system utilizing a
vapor-liquid mixture such as Freon II (1). When a bellows system is
used a single linkage causes all of the blades to rotate simultaneously.

Presently used louver systems employ highly polished metallic
blades which are usually mounted over a diffuse reflecting baseplate,
This type of louver system has been used on the Mariner, Nimbus, Pegasus,

0S0, and 0GO. However, on each spacecraft some type of means has been

used to protect the louvers from direct sunlight. With the advent of



larger and more complex spacecraft, a temperature control device may
be néeded which will function adequately in full sunlight. All
previous investigations have beeﬁ made on specular blade diffuse base
louver systems (1-7). With the development of suitable high solar re-
flecting specular coatings it was decided to investigate the possi-
bility of a new type of louver system satisfactorily operating in
direct sunlight. This new louver system consists of metallic diffuse
blades mounted on a specular reflecting baseplate. An analysis of all
the appropriate thermal control characteristics of this new configura-

tion has been made.



: DESCRIPTION OF THE DIFFUSE BLADED

; SPECULAR BASE LOUVER SYSTEM
This analysis is made for a.louver system having blades which are
completely diffuse and a base which is specular reflecting and diffuse
emitting, |

Figure 1 is a sketch of this new louver system illustrating the
allowable blade rotation and the sun's positioning. Solar impingemént
is analjzed for the case whén all rays are perpendicular to the axis
.of rotation of the blades, Since a single actuator may be used to
rotate all of the blades, the bladg angles are assumed identical. No
overlapping of the blades is assumed, therefére, the widths of the
blades and base are assumed to be unity.

The blades of the louver system areAmetallic with a high internal
conductance. The blades may be painted to obtain the properties of a
high diffuse reflectance and a low terrestrial, i.e. far infrared,
emittance. The base of the system has the properties of a high specular
reflectance and a high terrestrial emittance: Therefore, the’ %%E ratio
is very low for the base, thus giving it maximum control over heat
dissipation through the array. Since the electronic equipment is lo-
cated.below the base surface, the temperatﬁ?e of the base must be kept
within prescribed Eolerances, A "super white" surface having the
described properties of the base has been developed by Wiebelt (8.

It is prepared by evaporating silver on a Vicor micro-cover glass 0.006

inches thick and then overcoating the silver with two coats of aluminum.

-



The aluminum censures optical opacity and protects the silver from

atmospheric tarnish, This "super white" surface was found to have a
p <

solar ébsorptancé of 0.04 and an emittance at 83°F of O.88Ii : 03.
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ASSUMPTTONS

l
‘order to facilitate the mathematical analysis of the diffuse
P
~~~~~~~~~~~ —blades speculaf base louver system the following assumptions are made:
1) The blades form an infinite array so that edge and end
effects may be neglected.

2). Kirchoff's identity applies'in both the solar and infra-

——

red waveleﬁéEh regions so that °<s = 1 ~ fos and
e /Dt =1 -c<t =1 "Et'
3) The radiosity of the blades are uniform within defined
regions ofriiiumination.
4} The internal conductance of the blades and base is
infinite so that they are isothermal.
5) There ié no conduction or convection between surfaces.
6) Solar impingement is perpendicular to the axis of rotation
of the blades,.
The first assumption is reasonable because an array is made up of
a large number of blades and the size of one channel ié small compared
to tﬁe size of the entire array. Also a sealed ring is placed around
the array facilitating the negiigible edge.effects assumption. This
first assumption allows the thermal events of one channel to be identi-
cal to the thermal events of any other channel in the array.
Kirchoff's identity can be préved in an isothermal enclosure (9 )
and is a reasonable assumption for the case of separate wavelength

regions, There are very few materials for which &, and &£, are



consFant over the entire range of wavelengths. However, many engineering
mate;ials are partially gray; i.e., that is they are gray for some
rangés'of wavelength; Highly polished éluﬁinﬁm and oxidized aluminum

are ﬁwg of these partially gray materials (10). Since-aluminum can be
used for both the blades and the base surface the second assumption is
valid,

The third assumption was made in order to mathematically analyze
the louver system, It is believed to be much better than assuming the
kentire blades to be of uniform radiosity. The fourth assumption is
considered reasonable, Siﬁ;e both the blades and base are metallic,
it is reasonable to assume that their internal conductances are large.
enough to make them essentially ispthermal.

The fifth assumption is reascnsble since an evaluation of the
Nimbus spacecraft shutter system showed heat leakage at the pins and
joints to be quite low (1).

The sixth assumption is made in order to make a2 two dimensional’

analysis of the louver system.



DETERMINATION OF THERMAL CONTROL CHARACTERISTICS

The incident solar radiation to a diffuse bladed‘specular base
louver system may illuminate a louver section directly, after specular
reflection, and after diffuse reflection. Through these methods of
illuminétion four distinct areas may exist on the diffuse blades in the
following manner:

1) Direct solaf impingement plus specular and diffuse reflection
2) Direct solar impingement plus diffuse reflection

3) Diffuse and specular reflection

4) Diffuse reflecﬁion only

Illustrations of these distinct areas of illumination are given in
Figure Z in which the nuybered areas correspond to the manner in which
they are illuminated. Depending upon the blade angle and the solar
polar angle a maximum of three and a minimum of one uniformly irradiated
area may exist on a single blade,

The irradiation of any of these areas may be calculated by using
geometry., TFor example, consider the irradiation of the louver system
in Figure 3 in which three different distinct areas exist on blade 1.
These areas are denoted 1, 1', and 1" while their image surfaces are
denoted 1,3; 1',3; and 17,3, The points a,B,c,d,f, and g and their
images which are denoted by primes are easily located as a function of

© and the Y-intercept of the sun's rays through these points. The



irradiation of area Ay due only to a specular reflection from surface

1
3 isj

G, = pPs %]uxf\m S'm@\ @

Ay

the irradiation of area A9 due to direct solar impingement is:

I}

XS

G g\(\(é _,\(Q sin q;‘\ (5)

the irradiation of surface Aj due to direct solar impingement is:

I

| - st (6)
Goas S O ,) s o) |
The quantity \(yi~yj) sin § \ represents the projected area nor-
mal to the sun.

The total radiosity of a surface, which is the total radiant powver

leaving the surface per unit area, can be written as
T = /OGT + EEL | %)
where:
J is the total radiosity, BTU/hr-sq. ft.

In the solar region Ep is negligible and for the solar radiosity,

equation 7 reduces to
I = pG, . (8)

. The total irradiation, G, , is due to direct illumination, specular
reflection, and diffuse reflection.
In equations 4, 5, and 6, only the direct illumination and spacular

reflection were considered. Therefore, considering diffuse veflection,



and with reference to Figure 3: the radiosity of the surface Ay (a to
!

b) caused by solar radiation is

,Y A, J—Sl = /05, [GM l (1 l)-,- 3.51 * A ﬁl ‘)T J-

¥ A&'F;l'~tJTS Js:-’ + AH'E:"-:)TS 3_51’]

€)

for surface Ay (f to g)

A :f ﬁSD. [C’A;L » (l ;L)T 3;1 + A’.‘LER-Q)TS J;l

T AlIEI"Z)rS J;,' + A:"F(l”-z)'g ‘I:]

(10)

for surface Al' (b to c)

At'ISt' - [Cm A.Fc:-:‘h; J—g;. + A;E;_,l)rsjgl

t AL’FU’-{')TSJ;(" t A,”F(;"-/‘)TQTSI']
' iy

for surface Ayr (c to d)

4 ’ -
AIISI /&s:"[cm" + (1 1‘) 751 * AJFCI-/'QTJ;;
5

+ AlllF;'I’l")Gj_Sl“ + AI,, F;JI'-/”)7-S J—Slu]

(12)



.Using equations 9, 10, 11, and 12 the four unknown solar radiosities
cah be determined. Since surface three has bgen assumed to be specu;
lar it:has no solar radiosity assqciated with it (11). A radiosity is
associ%ted only with a diffuse surface or the diffuse component.of a

spggglﬁr“surface. Therefore, there was no reason to consider any distinct

o -

! ) .
areas of illumination on surface three. Once the solar radiosities are

known the amount of solar radiation absorbed by each surface area can
be determined.

Again assuming-that energy emitted in the solar wavelengths is

négligible, the solar radiation absorbed by any surface can be written

as

Qs = % G (13)

Solving for the irradiation in equation 8 and substituting into equa-
tion 13 gives the amount of solar radiation absorbed by any diffuse
surface:

Lo, Jy;

Qs = — 2
Fsi

(14)

For the specular surface A3 only equation 13 applies for the radiation

absorbed,

QS? = 453[61\3 * A!EI-Z)TSJ;’ * AQFEJ-B’)TS-‘TSK

—

+ A‘l r(‘l_g)r_sLJSll + A(l’f;l,‘°?}73 Islll]

X

(Is)



Now that all the solar properties of the system have been deter-

mined, attention can now be shifted to the terrestrial properties, or
those in the infrared region. Using radiant properties characteristic

of the two.spectral regions (solar and infrared), blade temperature and

suifgggﬁhéat~transfer rates can be found by superposition of the solar

_— . 1 )

solution upon the infrared solution, Plamondon (12) showed that this

method compares very favorably with- the exact method in which radiosity

- and irradiation are functions of both position and wavelength.

- The terrestrial.characteristics of the system can be determined

by‘solving the heat balance equations for each surface in the system.

The terrestrial irradiations of blades 1 and 2 can be written:

for blade 1,

Li
G\‘h = 8&3 6T3 As F(\’J”QT{;

+ A, Fan\'rJ: 1—3“ + Aq Fu-qﬂ‘ :YJ(;

(16)
and for blade 2,
*
Gy, = €, 0 Ts RSFLa-z)TJC
T A;F(n-?.)r,c]-w‘:l T A?-FLQ'Q)T%T{?. Qa7

Using equation 7 the terrestrial radiosities of the blades can be

written:

for blade 1,
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{

- ¥
A)‘];El B /OT, [gt'B' OAT-S’ A? }:;3*/)7; * A:E;-m;; J-t:

1

(18)

A';‘ F(l*l) I T‘ta] * Ai g'tl O/Tt-‘{

for blade 2,

—

¢, |
Alde, = /Ot,[gtg o I A3F23'~2)7L: * Al T,

Y
Azi:(z-z)t:a—tzj * Aagmfz (19)

Since there is no internal heat generation within the blades, the
total energy emitted by them is equal to the total energy absorbed,
Referring to Figure 3 this can be written:

for blade 1,

t &L : —-
AIZ'C( 0/7;_ \Tx [A:EJ—{)T_C \7;:-' + AQ_FCZ-UE:};:.

¥
T /&1351;3’0’7; £ ] + Qs N ¢10)

(3 -1 /7_,

for blade 2,

. LI _ _ N _ _
A:LE‘C;.O/T; - O{‘tng,f(/—:U?:cTt, TAQ}EZ 7"‘):'?2

K ¢ - ‘
PASE T /23_;),;] T Qsza (21)



where

Qgpp 1is the total solar energy absorbed_by blade 1, BTU/hr-ft2
or

'Q‘ISBI = QS! + C?s;l + Qs/ / (22)

Since the blades are assumed isothermal Ty = To and the blades are

of equal area A} = Ay, equations 20 and 21 can be reduced to,

& ' - :
A,KT‘ (Et, ¥ {t;.) = OCt:EAx}:;h/}‘/Z :Tt, * ’42"(2-'/)75 3~z’:l

* A_zgt:sf—]; /Lc_s*-/)?'] OC [A fll*Z)T Jo *

T AL,

(2 2)7‘3;-)

)

=27

t] * Ossi + Qspa @)

Equations 18, 19, and 22 can now be solved for Ty, Jtl, and Jtz'

The amount of emitted energy absorbed by each surface may then be

calculated by the following relafions:

Q‘c: ; ’T:ff" (3::, “Et.> ' (24)

i

- \-Cl -
: Qt; T P (Tﬁ Etz) (25)
where -

Qrs = Ay JARimn Tt Afaor Te ] o

Q¢, is the amount of terrestrial energy absorbed by surface i,
i

BTU/hr-£t2

. . . v )
Eti is the emissive power of surface i, BTU/hr-ft?



- The net energy transfer at the base is the difference between the

emissive power and the total energy absorbed,

Q:NETB - E'L3A3f7;”4 - Cst‘* Qis) e

‘ A
! 7

| .
- The sign convention adopted is that a positive Q. means heat is being
— — / -
T rejected.

CALCULATION OF EFFECTIVE SOLAR REFLECTANCE

——

In Figure 3 it is seen-t‘t-hat the amount of energy escaping from
the channel is a function of both the blade angle and the solar polar
angle. The effectiye solar reflectance may be defined as the ratio of
the solar energy out to the solar energy into the channel. Comsidering
area A4 to be space at 0°R the solar energy out of the channel is

(Figure 3)

Qom‘s = A;Fc/—-‘r’)TSJ—S/ + A;F(p_-‘/)E TSZ

+ .
-Aa'}(/‘—‘;)Ts :rsi' i Al“ FCI”«?’)TS Ts:” (28)
and’

Q.m a ) cos ?Q ' ' 29)

Therefore the effective solar reflectance

CDOLJT
}O effg = : (30a)

Qin
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; . \
fz% = A‘ F("ﬂTS:rsl +A1FU~"‘3T~$3‘51 +AI'F&'~“I)T: 2’ +AI";FU'—¥-M "”(
s, o S cos ¢ A

30b)
The effective solar reflectance may also be experimentally determined

in an integrating sphere and the results compared to the analytical

Y

resulte,




CALCULATION OF TOTAL IMAGED VIEW FACTORS

Although a number of methods for determiﬁing view factors are
available, Hottel's crossed string method (13) lends itself to the
situation of louver systems, especially when blockage is involved. In
this method flux algebra and the assuﬁftién that the areas involved are
infinite in length (in the direction normal to the plane of the paper

in Figure 4) are used to show that,

_ (sum of crossed strings)-(sum of uncrossed strings)
AF (1-2)= 5 : (31)

Referring to Figure 9, the string distances are the dotted lines or,

ad + bc - (ac + bd)

AjF(1-2) = 2 (32)
where
ad is the length of the imaginary tightly stretched string

between the points a and d

It should be noted that the stretched string must pass through a specu-~
lar surface in determining the view factor between an image surface and
any other surface, but the string cannot pass through a diffuse sur-
face. This restriction can be further explained by considering the
louver system arrangement in Figure 3. Since an observer located any-

where on the image surface 1", 3 cannot 'see" surface 2,

Fav,3-2= 0



An observer on the image surface 1,3 can "see" surface 2 from any

point on surface 1,3. Therefore, the view factor from 1,3 to 2 is

_ ad+b'f - (af + b'd) .
F(1,3-2)_ 2 ab! (33)

However, an observer on the image surface 1',3 cannot always '"see"
surface 2. Remembering that the stretched string cannot pass through
a diffuse surface the view factor from the surface 1',3 to surface 2
is

b'd + df - (b'f+ c'd) + c'd
Far,3-2)7 2 et

(34)

Using a fixed coordinate system and a logic system involving Y
intercepts of various points on the louver system, a digital computer
program was devised to calculate the necessary totéllimaged view factors
as a function of both the blade angle and the solar angle. The digital

computer program appears in Appendix A.



RESULTS

‘Because of the complexity of the equatibns governing the thermal
control characteristics of the louver system it was’necessary to use
the IBM 7040 computer in order to obtain numerical solutioms. Solu-
tions were obtained for & from 0° to 90° and for ¢ from -90° to 90°,
both in any desired increment. The results given in Figures S.a,bb,
c, d are for a louver system having blade properties Ls = 0.80 and
€t = 0.10, base properties A = 0.90 and E, = 0.85, and a base tempera-
ture of 530°R. The chosen base témperature is typical of spacecraft
requirements, The chosen blade and bése properties are répreseﬁtative
of a combination which is easily obtainable. In Figures 5a-4 the
amount of heat absorbed by the base is divided into two componeﬁts.
The curve associated withkthe hatched area represents the solar energy
absorbed by the base., The middle cur&e represents the terrestrial
energy absorbed by the base. This is due to the temperature of the
blades and the temperature of the base itself. The top curve repre-
sents the total amount of energy absorbad by the base surface.

Notice in each of the figures that the maximum amount of solar
energy absorbed occurs whenever © + ¢ =.90°. At this position thg
blades receive no direct solar impingement; thus the base area is en-
tirely irfadiated.A However, this particular combination of & aund &
does not always result in the worst heat rejection case. For instaqce

when ¢ = 0 (Figure & a), the maximum solar energy absorbed occurs



when © + ¢© = 90, but this is also the position for the minimum
amount of thebtotal and terrestrial energy being absorbed. Therefore,
in this case the terrestrial emergy is the dominate factor and maximum
heat diséipatioq occurs whenever it is a minimum., It also’should be
‘noted that if the spacecraft could be positioned such that ¢ = 0° at
all times, then a linear actuator louver mechanism coulq Be used in
full sunlight with a maximum heat dissipation of 40.6 BfU/hr—ftz. This
is of course neglecting albedo, solar panel input, and %q% other heat
inputs to the 1pu;er system,

In Figureé 5c¢, d it is seen tha£ the worst heat rejection does
occur when © + & = 90°, However, in Figure 5b ( ® = 20) the worst
case occurs when the louvers are fully‘closed, but the maximum héat
;;ejection_is accomplished when © — ¢ = 90°., Figures 5a-d indicate
that unless & is held at 0° then a linear actuated louver system will
not function properly in sunlight.

In Figures 'b.a, .Ta the thermal characteristics of the particular
system investigated are given for various solar polar angles. WNotice
that the blade temperature increases for ¢ = 0° to ¢ = 300 while the
heat rejection cgpacity decreaées in the same limit., However, due to
the geometry of the system, the heat rejection capacity increases as

& increases from 30° while the blade temperatures decrease in the
same limit,

Figures bb, ¢, "Tb, ¢ show the thermal characteristics of louver
systems with various other properties. Notice that by changing the
properties, the maximum and minimum heat dissipation may be influenced.

For instance in Figure 7.¢ the differences between the heat rejections



for’the fully.closed and fully opened positions are much less tﬁan the cor~
responding differences in Figure 7a. It wbuld'seem tnat maximum\\
thermal control would be achieved when these differences reached a maxi-
mum. However, mission requirements may dictate a system with thermal
characteristicsbsimilar to those in Figure 'lc.
In Figures .Ba, b, ¢, d the results of the expe:imental determina~
tion of solar reflectance are compared to the analytical results.
Notice that‘the trend of tﬁe experimental results to run higher or lower
than the analytical results is not the same for both negative and posij
tive values of ¢ . This can be explained very simply since the test
sample‘had to be reoriented and the optics system altered when proceed-
ing from a positive to a negative and fesulting in a loss of similarity.
The scattering of radiation in the plane of the blades due to
their diffuse property Was found to be a significant factor of error.
The inability of attaining a perfectly parallel beam of incident radia-
tion also resulted in an increase in thé scattering. Some difficulty
is evidenced in the correlation of the analytical and experimental
results because the experiment involved a finite sample size and a
finite width of impinging radiation, both of which contradict the

assumptions of the analytical solution.

y



CONCLUS IONS

Initially it was thought that with the development of new specular
reflecting coatings with very low E%é ratios, an improved louver

system could be designed utilizing a specular base and diffuse blades,

s

£ specular base is that it allows the

The advantage of the low
system to attain a high effeqtive solar reflectance. The reduction in
the trapping effect of the sun's energy caused by multiple reflections,
the attainment of considerably lower blade temperatures, and the low
solar absorptance of solar energy appear to be the main advantages of

the new configuration over the specul%r blade diffuse base louver system.
However, this analysis shows that this system will not perform satis-
factorily in sunlight with a linear actuator. This is the same problem
encountered with the specular blade louver system. Since heat rejectién
for the louver systeﬁ is a function of both blade angle and solar polar
angle, a nonlinear actuator could not be used. A logical control system
could be devised, but it would be questionable whether the effective-
ness could outweigh the cost., Shielding of the louvers has been studied,
but the maximum dissipation is considerably decreased whenever a thermal
barrier is used.

Further investigations into improvements of louver system may be

along the lines of a completely specular system with the base and the

s

underside of the blades coated with a low 5 material,
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APPENDIX A

COMPUTER PROGRAM DESCRIPTION

A digital computer program has been written for the analysis of
a diffuse bladed specular base louver system in which the blade angle
may assume any value from 0° to 90° and the solar polar angle may take
on any value from -90° to 90°.

In the digital computer program all louver characteristics in
the solar mgion of the spectrum are determined first for a positive
and then for a negative solar poiér aggle. After all solar charécter~
istics are found, the terrestrial characteristics are determined. No
subroutines are used except for LNEQNS, which is a Watfor subroutine
for a solution of N simultaneous equations.

In order to decrease compuéer time, no louver properties were
subscripted, Therefore, all properties desired must be printed out
simultaneously for each particular blade angle and solar polar angle
encountered,

NOMENCLATURE
Al, AlP, AlPP, A2 areas of surfaces 1, 1', 1",
and 2 fespectively, fe2
BB1, BB2, BB3, BR4 solar radiosities of surfaces
1, 2, 1', and 1" respectively,

BTU/hr-ft2



F1p2

F1p2T

Gl, G2, GlP, GlPP

PH1

RAD1, RAD2

THETA

Wl, W2, W&

W31, W32

X1P, Y1P, X2P, Y2P

blade 2 respectively, BTU/hr-ft

area of surface 1 times the

" diffuse view factor from surface

1 to 2,‘dimension1ess

area of surface 1 times the total
imaged view factor from surface

1 to 2, dimensionless

irradiation of surfaces 1, 2, 1',
and 1" due to direct impingement

of a specular reflection, BTU/hr—ft2

solar polar angle, degrees

terrestrial radiosities of blades

-1 and 2 respectively, BTU/hr-—ft2

blade angle, degrees

projected area of direct illumi-
nation of blade i, the base, and
2
projected area of specularly re-
flected illumination of blades
1 and 2 respectively, BTU/hr—ft2
coordinates of points of inter-
section of surfaces 1 and 1',

i' aéd 1" respectively, ft
Y~iptercept of a ray passing

through point i, ft



INPUT DATA

The program input data is listed on five cards with format field

of 10 spaces for each quantity on each card.

Card 1, XNT XNP

Card 2. RHOi RHO2 RHO3 P

Card 3. THEMIN THEMAX PHIMIN PHIMAX
Card 4, ALPHA1L ALPHAZ2 ALPHA3

Card 5. EMM1 EMM2 EMM3 T3

where:
XNT - size of blade angle increment, degrees
XNP - size of solar polar angle increment, degrees
RHO1, RHO2, RHO3 - solar reflectance of surfaces 1, 2, and 3
respectively, Aimensionless

P - solar radiation intensity, BTU/hr~ft2

THEMIN - minimum blade angle ( 4 0°), degrees
THEMAX - maximum blade angle (3 90°), degrees
PHIMIN - minimum solar polar angle ( % -90°9), degrees
PHIMAX - maximum solar polar angle ( 90°), degrees

ALPHAL, ALPHA2, ALPHA3 - solar absorptaﬁce of surfaces 1, 2, and
3 respectively, dimensionless
EMM1, EMM2, EMM3 - terrestrial emittance of sur faces 1, 2, and 3
respectively, dimensionless

T3 - temperature of base surface, °R



PRINTED OUTPUT

As the program is now listed the printed butput contains first
‘an echo check of all data input and the following:

QABS1, QABS2, QABS3 - solar energy absorbed by surfaces 1, 2, and
| 3 respectively, BTU/hr-ft2

REFLEC - effective solar reflectance, dimensioﬁless

Ql, Q2, RQABS3 =~ energy absorbed by surfages 1, 2, and'3 respectively
in the infraredrregion, BTU/hr-£t2

QNET - net thermal energy>absorbed by base surface (assumed

positive when rejecting heat), BTU/hr-ft2



O0O00O0000O0ON0O0n

g1
22<
54

44

WP 1S WHAT STRIKES THE sass

g 1S WHAT STRIKETS HLADE 5 SIDTCTLY

21 1€ WHAT 1€ RIFLECTED TO =LADE 1

32 1S WHAT IS RFEFLFCTSR TO =LADE 2 65
ANT 18 TeRT O INCRENMENT ON THETA

XNP 1S THT INCREMENT ON PHI

FXYT IS THE TOTAL VIEY FACTOR FROM X TO v
RHO1 IS THT SOLAR REFLECTANCE OF SLACE 1
RHO2 1S THE <SOLAR peE LCCTANCh OF 2L ADST 2
RHO3 1S THS SOLAR ROFLECTANMCE OF THE RASE
NOTE ALL VIS FACTORSE ARE ACTUALLY AX¥(FXVY)
DIMENSION A{444) B (4) ’

READ(S +9Q9) XNT « XNBP

FORMAT(F1C0.14F 1061

READ(S.91) RHO1 +RHOZ2 4RHO3,LP

FORMAT(4(F12s2))

READ(S+22C) THEMIN  THEMAX o PH

FCRMAT (4(F12.3))

READ(S ¢S54 ) ALPHAL  ALPHA2 AL PHAZR

FORMAT{(3(F10e3))

READ(S o 44 )y M? 1 ERMP ¢ EMMR T3

FORMAT(4(F18+3))

KE=THEMIN+1 o

KE=THEMAX+1 o

JE=91 « +PHIMAX

JE=Q 1 e +PHIMIN

SIGMA=41714E~D8

NT=XNT

NDR=XNP

K=

K=0

CONV*7-1A13996/1F0.
ARITEA(S &7 )RHTT « THCZ2 s RHOZ

FORMAT (474 1 "HECHDO

1 X4 SHPHO2=F 2 e3¢ /17Ny

2F8039/91nX97HALDHA3:QF8

VRITE(GE«222)TMM] 4EMVM2 4 EMMB 4T3

FORNMAT (15X

TIZ2HEMMISIVITY2=F 836/ 10Ya 120

2F 1043/ 7))

VIRITE(B457)

s IIHTERRESTRIAL « /¢ 17X 1 2HEYMISTVITVYI=FEEe30 /010X

IZ2TVITY3=FBe34/4 10X 12HBASE

AN_~HAT s ALPE
”u:\K S 1B,

HREOZ=F 8634 /s 10X s THALPHATISF 8634 /4 10X s 7THALPHAR =
o3¢/ /)

Py
N1y

IHMINsPHIMAX

A2 ¢ /LPHAS

THSOLAR S /7 12X THRS0 L =

FORMAT (2ANySHEQL AR 24X 1 THTERDRESTRIAL + //)

WRITE(6+£1)

FORMAT (IX s EHTHETA s 3¥ 4 3HPHT + 4

16HQEFLECq2¥s5HOAb?l53“«5%QA4¢?93X95HO:,

ZTHRBL TZVD 33X 4HOQNET)
D0 173 JUsKSKEWNT
THEZTA=JU~1
ZT=CONVETHETA
R=CCS(ZT)

T=QIN(TTH

Al1=1.40

511 1=14+4+9%

LS=1e~R

Kzk+1

o0
K=

10

I =JS ¢ JI o NE
K<+ 1

SHQATC D ¢ 3N THQATS S

%"
32V aHRADT v &Y 4HPA

L)
™
[y

RN

~

() -

1 F2e30/4170
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29

(@

DHI=1-91

P = CONNMXOH ]
ZDA=ARS(7P)

ZEAON = (COMY SN, ) =754
Ic(meoLf':nu) GCC TO
7’“("_ (C"\f\l\/_\LQ(\O )___'7[3
YI=SINI(ZT)Y+TAN(ZSD)%COS(ZT)H
Ya:pn

YR=CIN(ZT)I+TAN(ZO0) % (1+COS{TT))

Y4=TAMN{ 707 ‘
YE= =S IN(ZTI+TANI720 (1 +C0S (7T
WlI=Ca0

IT(Ylo:Q Y3 )4=n,0 .

IFIY1elLTaV4a) Was(Y3-Ya)2{SIN(ZP))

IF(Y1eGTaY4) VA= (Y3=-Y1I)¥(SINI(ZP))

[F(Y1eaGEaYa) WR=0eD )
IF(Y1eLTeYa ) M2=(Y4=Y 1 )% (SIN(ZD))

IF(Y1eGEaY4)R2=06 N

IF(THETASLF e60a) GO TO 20

[F((Y4aBEY¥S) « AND s (¥YS5eGEaY1)) WRB2=(VYa4-YS5)% (SIN(ZP)Y)
IF({Y1aBEYS3) e ANDe (Y4 e CIEoY1)) W32=(Y4=Y1)%¥(SIN(ZP))
GO TO 22

W32=040
W31=C.
CONTINUE
GO TO 30

NOW FCR PHI = 0 OR NEGATIVE
Y1=CIN(ZT) = ( TAN(TPAGN) ) = ¢
YEZCQh

YR3=CSINIZT )= (TAN(ZPAGO) ) #(1.+C0S(ZT))
Yaz=—TAN(7ZDA97)
YS==(SIN(ZTY+(TAN(ZRAQN ) )= (COS(ZTY) )

)

CCeZT))

TIF(PHI EQLTa72) &0 TO 22

W3E:Coq

AP=ARS(PHI)

ZC=THETA+AP

IF(Z0.EQe90.) GO TO 20C

IF(Y3eGEY2) 207

IF((Y 1 eGEeY2) o ANS (Y200 e¥Y3)) ”2 (Y2=¥Y3)#* (S IN(ZPAY)
IF(IY]1elFoY2) s AND e (V40 aY2Y) V2= (Y1=Ya)X(SI(Z7PA))
IF(Y1eTQeY2) M1=0an

IF(IY1eGTeVYV2) s AN (YRaCTE eY2)) WiIs(VY1I=-Y2)IX(SIN(TZTDAY)
IF{(Y1a5TeV2) e ANDe(V2eETeVRY) YWl (Y1I-V2)YXH(SINIZPA))Y
IF(VY1eGTeVPR) Ma=T,0

IF(Y2eGEeY1)Wa= (Y4~Y3)H#(SIN(ZPA))

IF(Y2aGE Y1) W1I=DL0

IF(Y3.GEeY2) "W31=0.0

[F (Y2655 aV3) s AND e (Y16 T aY2) s AND e (VR GE.YS)) W31 =(Y2-Y3) %
IF(UY2e5EaY3) o AND e (V1 e TE Y2 ) o ANDa (Y2 LT Y5 )G 1=(Y2-Y5)

IF((YPeB3TaV3) e ANDo (V2T eY1Y) GO TO 120
CO TO 121

IF(Y4eGTaYS) MM31=(Y1=Ya)x*(cIN{(ZPA)Y)
IF{V4.LEeYS) W31=(Y1-YE)*F(SINIZPAY))
COMTINUE

GO TO 30

WRAP=D 60

W21 =D,

FSIN(ZPA)

YRSIN(ZPA)



201

412
atil

413

)
)
0

¥W1=0,C
W2=1eM~CQS(ZT)
W4=COS(7T)
CONTINUE

GC TO 201
Wil=0Oe D
Wa=0.0

IFIY4eGTeYS) MI31=(VY1I-Ya)x* (o IN(ZPA))-
IF(Y44lE,VS) WAL= (Y1-YE)*(SIN(ZPA)Y)
W322=0e0

W2=(Y2-Ya)# (S IN(ZPAY)
CONTINUE

IF(PHI LT +De Q) US=wW2~-231

IF(PHI eGT o260 HE=V2-W3EP2
SUMMI=R ]+ g
CP=COS(ZPA)
ZA={ 118N -THETA) /2. ) %#CONV
ZB=(THETA/2. ) ¥CONYV
Z7ZP=SQRT( (1 e—R) ¥%#2+53%%

HD=24%5

DH=HD

HE=SQRT (1 .+HD¥%2)
HJU=SORT ({1 e—~R)¥¥2+4T%2%1)
AE=CSQRT (A1 1#¥*2+8%%2)
DUJ=2 %S IN(7R)

SPECIAL CASsE NESDED WHEN THITA=G0
IF{THETASNE Q. ) GC TO BZ9
le:OQ )
IF(PHIT e GF e e Y '31=232
IF(ARS(PHI)EQ:45.)G0 TO 412
IF("31eGTea ™" 1YGO TO 411
IF(PHI«ENeTo) GO TO 412
Y1P=1e~TAN(ZPAGN)
GO TO 413

Y].P:l ®

GO TO 413
VIF=TAMN(T7DLACN ) ~1 W
IF(V1IPelTals) VY1P=1
¥PP=1e4¥1D

Y2P=vy1pP
IF(PHI o GT o 6} Wilzg
Al'—"lo

A2=Y1P

ApP=1 s —A2
WPR=A2PHS [N ZPA)

G2= (WRIHRHO3B+ (W] ~P) ) %P
GPL=wDXD

MA=3 ,
IF({Y1PeEQol o) MA=2
GO TO 53
IF(PHILFe"e2) GO T
FOR PHI POSITIVE
MA=33

PU=sTHETA +PHI
YDOIF=ASS(Y1-Y4)
IF(YDIF«L"s «O"7T1) GO TO ©

o
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o
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934
9353

228

aB8

27

400

IF( (pL’QEQOQFO Yo ANC o { THE TAGE o656 ) e AND @ (0

IF(YSEeGE.Y1)1GO TO 934
IF(WR2,:,50Q.0.0) GO TO 934
X2P=(TAN(ZT)=Y 1)/ (TAN{ZT)=TAN(ZPASD)
Y2P= (TAN(ZT))#M2P=TAN(TT)
YISsY2P+{TAN(TPAGT ) ) #¥2P
IF(Y3eGTHaY15)MRP=(VY3-Y15)%SIN(7D)
[F(Y3elEZeVY1D) M2P=0C."

GO TO 988

IF({Y1eGTWeY4) GO TO 228

MA=2

X2P=1.+R

YrP=S

W2P=0.0

GO TO 988
MPP=(TAN(ZTI+Y1 ) /(TAN{ZT)+TAN(ZPADO)
Y2P=—TAN(ZPAGO) #¥X2P+Y1
Y15=Y2P+({TAN(ZRPAQD) )#=X2P
WRP=(Y3=-Y15)%*SIN(ZP)

Alzl .

AP2=(XPP—14) /R

APP=1e~-AP

GC2=(RHO3#W32+ (Ma-tpby ) ¥P
GCoP=wpD XD

CONTINUE

ZE= (THETA /24 ) %CONY
ZEP=SQRT(X2P%*24+Y2PX3%2)
ZYP=CQRT((S=VY2P ) #%#24+ (X2P =) #%*2)
ZSP=SORT((SH+Y2R ) ¥H2H(X2D-D)#2%2)
Fl1os(pe¥QIN(ZD)+ 7521 e4+7YD)) /P
IF{TREETA.GT 60 ) G0 TO 923
Fl2oP= (APP+ZEP-7IR) /D
F132=(1+82~75P) /2

GO TO 924
F122=2(1e+ZSP—(ZEPHZ7P)IV /2w

) .

)

F122P=(SQRTA(] e+ (2 X)) APV +TZE P (ZUDHZER) Y /2

F12T=F12+R-H0O3%F 132
FloP=(ZUp+7VYP—~{1.+75EP) ) /e
F12PT=F120P4+RHC3#F 132
F11T=RHO3%(1e-5%)
F24=(1e+7YP=27ZP-L2P) /2
F2RP4=(1e+A2P=ZY2)Y /2,
Fla=1.~SIN(ZA)
IF(THETASLE6C«)GO TO 26

Fl134=(24%S4+2e%FCTIN(Z2)=1e-SORT (1 e+ (2% )¥¥2)) /20

F234={Z7P+AP~7SFP) /7

F2P34=(7P+1e—SORT (1 e+ (2e%S)%¥%E2)=-02) /20

GO TC 27
Fp34=0C
F2PR334=0,

Fl134=(2e#S+2 ¥ SIN(ZA) =26 ~SQRT L (1 e—R)
FR4T=F24+PHO3XF 224
FoRaT=F2Ra+RPHC3YF2P34

Fl4aT=F 14+DHO3%F 1 24
TOTF12=F12T+F 12PT

Al1 4 1)=RHOIXF11T-A1L

Al0142)=0013#F 127

D e

)

o
P

PP 4

S

kY

&
v

kY

211 2

v'32 oNF:aO» )) GO TO 935
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81

(@)
—

Al143)Y=RHOLI¥F12PT

AL241)=RHOP*F 12T

A(242)==A2

Al2.3)=D,7

A(3,1)=RHO2*F1 20T

A(:’»!?_):Goo

A(343)=—22P

B(1)=CaD

E(2)=-RHO2:G2

E{3)==RHO2%G2D

CALL LNEQNT (A4 48)

ENRPGIM=P*¥COS(2Z2PA)

IF(MAEQe2))RI3)=D,

ENGOUT:QHOB*WS%P+?(1)*F14T+E(?)*F?4T+Q(3)%F2D4T

REFLEC=ENGOUT/ENRGIN

BB1=8(1)

DEZ=R(2)

IF(PHI «GTeDe)GO TO 240

ONLY FOR PHI MNEGATIVE AND THETA=9OC

B(1y=rR2

E(2)=R81

5(4):(\.

Al=Y1p

AlP=1e-Y1P

AlPP=C,

A2=1,

CONT INUE

GO TO 65

FCR BHI NEGATIVE ANMD = N0

PU=STHETA+ARS(DHT)
IF((onE—QUQQG)o:\f\f:‘zo(.r‘f':T»:oLToéf\o))GO TO 5C3

IF((YI-GEeVE)oﬂND.(VZo?ToYE)-lMDo(Y%aCEeYE)) GO TC 4

IF (UY2eCEaVY1) e iNDo (YLl TaVE) s ANT o (Y2 GTWaY2)) GO TO

IF ((Y2+GEaY1)adNIe (Y4 eBlo¥5) e ANDe (V24GToY3)) 50 TO
IF((Y1aGEaV2) e AND o (V2o BT eV2) e AND L (YELToV2)) GO TO 5
IF (Y3.GTeV2) GC TC Ela4

GO TO 1C

Flocurs 5

K1P=R

Yip=g

X2P=R

Y2F=9%

Cl= (%1 +RHI2¥WR] ) *P

Gi1P=0.0

G1PDR=C,,0

GO TO 502

FIGURE 2

X1IP==Y1/(TAN(ZTY+TAN(TZRPASD) )

YIP=(TAN(ZT) }#¥X1P

G1=0,

3

g1 0

1
5

2 U
0D

3

GO TO 8op
Frcurs 1
Gi=0To,
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G1P=RHO3M 31 %P

GlpPp=2C.,
H2R==Y4/(TAN(TZTHI+TAN(Z7PASO))
Y2P=(TAN(ZT))*>2P
KIP==Y1/(TAN(ZTHY+TAN(ZEAGN)Y )
YIP=(TAN(ZT) ) *X 1P

GO TC 516

FIGURE 3 ,
lez(((TAN(ZPAQO))*ﬁll)—FIN(?T))/(TAN(ZT)+TAN(ZPA93)J
YIP=(TAN(ZT))®*X1P

X2bP=R

YaR=&

Y7=Y1P—(TAN(ZPASO) Y #X1P
WIP=({Y1-VYT7)*(SIN(ZPAY)
Wi3=Wi-wWip
GCl=(W13+RHO3#*W31 )P
G1P=w1pPx*D

G1PB={C,

GO TO S0z

FIGURE &4
XlD—(Q—(TAN(7PA9”))“Al1)/(TAN(7T)—TAN(7PA90))
Ylp—(TAN(7T) yEX 1P

XaP=

Y29=S
Gl=C,
Gl1o=w1#D
G1eE=",
CCNTINUE
FA=3

GO TO 515
MA=zg4

CONT INUE
Y17==TAN(7T)

YOz (VEP /(1 e=V¥2D) ) ¥ ¥2D=vpP
V1S==Y 12— (VIR (] e=X17) ) %X
Al=X1P/0

1FP=(X2P /R) ~A

‘ 1

AIFP=le—A1-A1F

AE: 1e

REFFR TO FIGURI FOR TXFLANATION OF TERU7S
DE=1,

AD=1.

AJ: le

o= le

BE=QQRT((A11-X1P)¥%24(S=Y 1D %%2)
AB=X1P /O

hC=X2P /2

ED=1,-47

Co=1,.-AC

FOSCOPT((R-Y1P) Fe24 (c+VE)®%2)
Fr=cORT((ALL1=-YIP)%%24 (S4V1P)%x2)

CE=CRRTI(ALILI=X2P) #8244 (S=V2RyH%2)
CE=CORT (AL L1-X2F) #4324 (S+Y28 ) %%2)
CO=SORT((R=N2PE) %i24 (+VY2Z )% 2)
SJ=C0RT((1.-X1DP)"%24V1I0x12)
CU=S0RT (1 6=M2P)ux2LVRERND)

Fd=cJ




177

178

174

GJ=CJ

DJU=HJ

CF=S0RT ((M2P~-X1P) #%2+ (Y2P+Y 1 D) #%2)
CH=QQRT ((R=Y2P) #¥2+( S+Y2P) %%D)
EF=2.%Y1P

CG=2.%YPP
EH=SQRT( (R=X1P) #¥24(c+Y D) xx2)

IRET 6 VIEYW FACTORS -APZ NOT
D~ ACHEHY Y /2 7
—{CF+AZ))/ e
FIPPIPZ(?H+C —(DGHCIY )Y /P e

F1DP=F12R31PP
F10P=(CH+DE~(DHFCGY ) /2
FIP3IPRP=({RG+CF—~(PF+C5) ) /2«
FI131={AF+AR-SF) /2,
Fla=s(BZ+AD—-(AE+RD)Y ) /2.
Fl12=(AE+3 U~ (RFE+AJ) ) /P
FlP4=(Bl+CE—(254+CDI) /2
F1P2=(8E4+C U~ {(BI+CE) I /2.
F1PP4a=(CN+DE~CEZ) /2.
FIPP2=(DJ+CE—(DE+CUNY/ P
FLl234=(FD+AT={FF+2D)) /2
F1P24=(ENHF T~ (G545 ) /2o
FIPPR4=(HD+CE~(FIHCETY )Y /2w
F122={({AJ+FE—=(LAZ+FU) I /2
FlR32=( GO+ J—{SJ+E) )Y /20
FIRPPR2=(HTEGI=(HULCE )Y /2
FP4=(2e=DUJ) /2o

NOTE THESE F

IF(Y1T«GE4VY19) GO TO 173

IFCIY1IT LT Y1IS) e AND(Y1NaGZe YY) CO TO
IF(Y12.LT.Y2) GO TC 178
GO 7O 1n

F1RP32=0,
F1E032=0,
FIP24={GN+FJ+E J=(FD+GIH+EIN YV /20
F134=(FD+AT—(ADLF LT Y ) /20
Fl32=(AJ+FJ+EJ-(AT+F U ) /20
GO TO 174 .
FIRP24=(GN+FE—(TFD+EJ+5Jd) ) /2
FlRPR32=(FU+CI+HSJ=(FE+GI)IY /P
F1PpP32= i
GC TO 174
FIPP3R=(OJ+HI+T J=(CF+HI) Y /P
IFPB4=(HD+GE—(GZ+€J+HJ))/2.
COMT INUE
F12T~”17““QHOB+F12
F1PAT=F102+RHOD:
F1OPRT =51 5P2+0HO3E 1 PP 32
F1aT=F 144R203%7 1 34
F1P4T=F1Da+2H020E [ P2y

MULTIPLIED

IF(THETA L GT 5N )T 234522 (1o +SIMLTE) )= {1 +SCRT (1
IF(THETA LT e 576 )7 234 = Tg

IF(THETALGCE «H0)Y5GC TC 174

FIPP34= (HD+GI+I U= (CGOHTJ+rU) ) /2.
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e

OO0

(@]

O

16

O

(8]}

[AVIN®Y

R3]
N

1S

(€}

FlED4T=F | 2R4+RHOBYF 1 0P34
F24T=F24+0H025%F 2349
TOTF12=F12T+F 1PET+F1PP2T
A(141)=RHOIH¥RHEDEANTIZ1I-A]
A(1+2)=DHO1H*F 12T
AL143)=0OHO]*RHOREF121P
AC]44)=DHO | ¥RHNZXF 15231
Al241)=DHO2¥F 12T
AL242)==-42
A(24.3)=RRG2HFT1IP2T

P2 44 y=DHO2XF1P22T

A{R4 1 )=BHOI¥RHOZHF121P
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B4 4 1)=DOHO I XRHDZXF 1PD3]
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Al 4) =RHO 1 ¥RHC3HF 1 DP-A1 PP

B(1)=—RHO1%G

B(2)=—=RHO2*W4 P

B(3)=—-RHO1#G1P

B(4)==BHO1I%G1FP

IF(ALIP.T0NeN) Ph=2

CALL LMNEDONS (£,™A¢7)
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F123 (A P+jJ“(P'+ﬂ“))/°
F123T=(1e+A2=-2U) /2«
IF{THETANT e QC L, )0 TO 22
= DDR3T="e

S3T=(1e4+Y1IP-SORT(1.+YIPH#2)) /20
P3T=(1e+GRT(1+YIP#IR2)~-Y]Z=SOPRT(2:)) /2
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1
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ARSIz ALDHAZR (PRY2LF (3T#7 (1) +T 1R2THT ()45
O m
'S
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GARC3=ALPHARM (PR ZHT 12T RS (1) +F 2R3 T3 (2) +F2023THE(2))
CONTINUIZ )
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FOP TERRESTRIAL
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B1T=(2e~2.%#CIN(72))Y /2,
B2T=(2e =2 XSIN(TA)) /70
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FIGURE 3 SCHEMATIC DIAGRAM FOR ILLUMINATION OF LOUVERS



FIGURE 4 HOTTEL’S CROSSED STRING METHOD
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