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FOREWORD

Readers of this réport and users of the Concentrator Opticél Performance
Software (COPS) program should be éautioned that although the program has

been used and apﬁears to be relatively error-free, some "bugs" may well re-
main and haVe yet to show up in our trial cases. Further, since some changes
aﬁd updates occurred in deveioping the model, some usused variables may re-
main. Needless to say, the authors cannot take responsibility for any version

of the program which does not correspond exactly to the program listing in

this report.

This work has been supported by the Solar Heating and Cooling Research and
Development Branch, Office of Conservation and Solar Applications, U.s.

Department of Energy.
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" SECTION 1
INTRODUCTION

The Concentrator OpticaliPerfofmance Software (COPS) prograﬁ was developed as
a portion of the project '"Survey Mirrors and Lenses and Their Required Surface
Accuracy," Contract Number DE-AC04 78CS35348 for the U. S Department of
Energy, Albuquerque Operations Office. This User" s ‘Manual for the COPS pro-
gram documents the mathematical modeling of 11 different concentrating
collectors and gives the instructions for use of ‘the computer code. The 11
concentrators modeled are:

e Faceted Mirror Concentrator,

e Fixed Mirror, Two-Axis Tracking Receiver.

e Parabolic Trough.

e Linear Fresnel.

e Incremental Reflector (by Honeywell).

e " Inflated Cylindrical Concentrator.

e CPC--Involute Reflector with Evacuated Receiver.

e CPC--Parabolic/Involute Reflector.

e Vee Trough (by JPL). ' .
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e Imaging Collapsing Concentrator (by SET, Inc.).

RN

@ Paraboloid of Revolution Dish.

The COPS program is a FPRTRAN code which simulates the optical performance of
each of these concentrators using a Monte Carlo ray trace technique. This
technique computes an optical efficiency defined-as the.fraction of available
direct insolation that reaches the outer surface of a receiver for each con~
centrator. The program can also create a map of power density on the receiver
surface. These computations are performed for a point in time as specificed

by the user.

Users of the program are cautioned that it is quite possible to obtain mis§<‘-
leading results for optical efficiency by an inappropriate choice of surface,
material errors, or by selecting too few rays to be traced for the desired-
answers. However, experience in using the program often leads quickly to the
avoidance of these difficulties. Potential users are urged to -get 'a 'feel' .
for the program before batch processing large numbers of ray traces.

The basic ray trace technique for the optical nodel computer software follows
a Monte Carlo ray trace approach. Honeywell has been using this. apptroach

since it began making studies of parabolic trough collectors 6 years ago.

The code was initially developed because of Honeywell s concern with the
effect of mirror surface accuracy and tracking errors on the performance of
the solar collectors. The ray trace Monte Carlo approach was selected be— .
cause in most cases these errors are known only statistically. Furthermore,
the ray trace approach allows the investigation of different optical elements
such as mirrors and lenses. In most cases, the introduction of a single
equation describing the optical surface (mirror or lens) in the ray path is

sufficient for the simulation of a wide range of concentrator types.
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. .SECTION -2
MONTE CARLO METHOD-

BASIC. FORMULATION

Given a position of a mirror/lens surface relative to -the receiver, the amount
of .energy carried from-any point on the sun's surface monochromatically at any
‘given instant depends on the exact path of the ray through the optica} inter-
faces of the system. .The angle made by any ray with respect to each surface
is a functionlonly of the angular position on the solar disk from which the
ray came and tﬁe impact point on the particular surface. Thus, for any wave-
length and perfect optics, the energy carried fgom the sun to the receiver
surface can be found by specifying the four coordinates of the ray; indgpen:

dent of the number of optical elements in the optics train.

If the .sun's disk coordinates are 61 an_d62 and the surface impact point co-
ordinates are Xland Xz, then the total thermal power absorbed in a wavelength
interval d\ is:

B, =f { { E(Xps X, Gi’ §,) dX,dX,ds.ds,

where X, aﬁdxxz‘are bounded by’ the actual ‘surface extent of the mirror/lens '

system. To obtain the energy from the entire solar spectrum, integration

over all wavelengths is required. This yields:
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Mirror Sun

¥ urfaca ‘ Disk )

L0 0 [ [ ey x, 6 6, Nax ax, 46,d8,d)
A | Xi Xz 61 8, - ' .
)

Total Spectrum

Introducing finite quality optics into the model introduces uncertainty in

tracking accuracy and mirror quality.

There can be four uncertain optical parameters that are known only statis-
tically. The first tuo parameters are uncertainties in the angular position
of two possible gimbaled tracking drives (61, 62). ‘The second two parameters
are the angular uncertainties in the mirror/lens surface normal at any point
on the mirror/lens surface (¢l, ¢2). We assume that each of these four parav
meters is statistically independent of each other or any other design
parameter. For example, a given error in a mirror normal is equally likely
anywhere on the mirror surface. The mirror is not known as a continuous sur-
face with smooth waves or ripples but rather as a probability distribution of
mirror normals‘perturbed from the mathematically correct shape by an assumed
probability distribution. For each statistically knoun variable, the distri-
bution is understood to be a "normal" or%"standard error" distribution.'

Tracking errors can be treated as a discrete error when single—time point

optical characteristics are desired

Now consider a random variable, Z, defined by “the normalized'probability dis-
tribution'P(Z). If we wished to calculate the mean value of Z (=‘E) or its
expected value, we would form the integral of. the product of PZ(Z) times Z

over all allowed values of Z, i.e.,




z=(  p@zaz. -

-00

To simulate a specific error set (61,'62, ¢1, ¢2);'one_wou1d'have to evaluate:

E,(01,6,,01,9,) = (  ( § B&X,6,,85,1,8,,0,,8;,,)dX dX,d8,d8)dA

Then the expected value of the termal power absorbed~(§§) is given by:

E “f f [ f Pe ® )Pe (8 )p¢ (¢1)P¢ (9,)E, (el, 9» ¢1, ¢2)d91d62d¢1d¢2

80 2 ¢1 2 -

S
T

because each distribution may be statistically independent The above

expression ist

_ f f f r pep P¢1P¢2 fg f f g Ed62d6 dx dxld?\d¢2d¢1592%§i-

, el e2 ¢l ¢2 . 6

» LN*’ 7—-&—.—\,—_,) L—v‘J
Tracking Mirror Total Mirror

Imputs Imper— Spcctrum Aree . Disk

.fections ‘. o o _ e

The stochastic nature of four of the independent variables in this equation
and the prime objective of performing a parametric study of the performance of
the system led to the decision that the experimental Monte Carlo approach

was suitable

Basically, the premise of the method used to solme the multiple integral is a
Monte Carlo technique. Any Monte Carlo computation that yields quantitative

results may be considered as estimating the value of a multiple integral.




The simplest Monte Carlo approach is to observe random numbers, selected

in such a way that they directly simulate the physical random processes of

the problem at hand, and to deduce the required solution from the behavior

of these numbers. In this project, that process involves the incident flux

on the receiver over the direct solar flux on the mirror/lens aperture being
equal to the convergent ratio of randomly drawn rays that reach the receiver
divided by the total number of rays[drabn uniformly over the concentrator
aperture. Appropriate scaling of each ray value for reflectance and absorp-
tance losses, tracking and reflective surface errors, etc., is included in the

Monte Carlo simulation.

APPROACH

Figure 2-1 indicates the general program flow for any concentrator design.

Input parameters include the following user options:
e Concentrator type.
® Receiver geometry.
o Reflective or lensing material.
e Error distribution.
e Time integration or time point run.
® Number of rays to F?ace.

e Concentrator/receiver dimensions.
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For each concentrator/reflector that'is being simulated, the Monte Carlo draw
is made over the surface. The‘simﬁlatiah'ig accomplished by randomly select-
ing a sufficient number of sun rays to statistically represent the sun's
intensity pattern as seen from the earth's surface. Solar limb darkening and
atmospheric losses are taken into account. These same rays are allowed to
impinge randomly upon the mirror/lens aperture and are reflected toward the
receiver. The drawn rays must represent the sun's power at that time, so
‘each ray is given a relative weighted value as a function of the time and the

number of rays drawn.

Each time a ray is drawn at some Poidt'on'the'c0ncentratibh“surface; the sur-
face normal at that point is calculated. The surface error is E.péfturbation
of the surface normal drawﬁ at random over a normal distribution. This dis-

tribution has a mean and standard deviation based on the prope:tiéé of the

backing material and reflective/lensing materials'being'examined.

The ray trace technique uses vector algebra to track each ray along its
optical path. The following section describes the needed concentrator e

specific vector derivations, as well as some basic modeling philosophy.
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_SECTION 3
RAY TRACE METHODOLOGY

This section describes the vector algebra derivations used in the Monte

Carlo ray trace technique. The subsections are arranged to:

. @ Show the basic vectors and nomenclature required for all concentrator

types modeled.

e Derive those general purpose steps such as. reflections and
refractions.
-® ‘Show the detailed mathematical modeling of. all concentrator surfaces

and all possible receivers.

A list of variable deiinit}ons,uéed in the mathematical descriptions is con-
tained in Table 3-1.

BASE VECTORS

To determine the optical efficiency for any concentrator design, we will
trace the sun's ray as it is redirected to the receiver by the concentrator.
To determine the reflected/refracted ray, the sun ray's direction and the
surface normal must be defined. The concentrator position and sun position
will be represented relative to a local unit vector triad (see Figure 3-1)
PO PR N N
with ULV being local vertical; ULE, local east; and ULS, local south. The
unit vector to the center‘of the sun at any particular time is:

wmpanaly

P = e ) P =N
USUN = sin(=<) cos(€) ULE + cos(=) cos(€) ULS + sin(g) ULV
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Table 3-1. Variable Definitions for Mathematical Models

VARIABLES T DEFINITION:
LS, ULE, ULV . | LOCAL UNIT VECTOR TRIAD
‘ ' : VLS - SOUTH
LE - EAST

ULV - LOCAL VERTICAL

TeA, TR, UCF COLLECTOR UNIT VECTOR TRIAD- -
TCN ~ NORMAL TO APERTURE

TCP - UNIT VECTOR ALONG WIDTH
OF CONCENTRATOR :

UCA - UNIT VECTOR ALONG LENGTH
OF CONCENTRATOR

a— —

X, V. £ ‘ .| DpisTances 1IN THE TCA, TCP, TCN
DIRECTIONS, RESPECTIVELY

X .Y .2 , COORDINATES OF SUN RAY HIT POINT

° ° ° ON SURFACE

e, b

USN or US - - : UNIT VECTOR IN DIRECTION OF SUN .
POSITION MR

] UNIT NORMAL TO CONCENTRATOR SURFACE | ™

R UNIT VECTOR IN DIRECTION OF RE-
FLECTED .RAY OR REFRACTED RAY .

« SUN'S AZIMUTH ANGLE

€ ; SUN'S ELEVATION ANGLE -

n, - INDEX OF REFRACTION .FOR AIR

n, INDEX OF KEFRACTION FOR LENS ...

RL RECEIVER LENGTH

W RECEIVER ‘WIDTH

abs RECEIVER RADIUS (CYLINDRICAL)
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RIS

o (verTIcAL)

_oULE (EAST)."
N\

USUS (UNIT VECTOR
\ (ELEVATION 10 su)

(AZIMUTH' NG ANGLE)
ANGLE) S

ULS (SOUTH)
Figure 3-1;’ Bage Vector Definitions

The sun vector in combination with the surface unit normal will be used later

to calculate the redirected ray.

Before prqceeding to other general-purpose vector derivations, a vector triad
will be defined tbat is fixed with respect to the concentrator position. For
all concentrators discussed, ﬁéﬁ is the vector normal to the concentrator
aperture ﬁEK is the Vvector along the concentrator axis (length) and ﬁE; is
the. vector along the concentrator width: These vectors will change dependlng
on whether the concentrator is two-ax1s tracklng, one—-axis tracking, or
stationary. However, a general-’ formulation ‘or the tracking vector triad can

a———
be made. The vector UCA (see Flgure 3- 2) can be expressed as:
UCA = cos(AX) ULE + sin(AX) ULS

o oy
where AX is the angle between the tracking axis vector UCA and local east
direction (east is zero, south is positive). The vector along the concen-

trator width is:




L

o uLv
2 Y ?
; ; N\
N\
\

UCE

AX

UCA

S TRACKING
| ‘ AXIS

é:?“ %7 “Figure 3-2. Tracking Vector Geometry

T e

il —_ — —
I3 _UpP,f -sin(AX) sin(CEL) ULE + cos(AX) sin(CEL) ULS - cos(CEL) ULV

-

where CEL is the cOilector elevation angle (angle between the collector

normal and a horizontal plane).
amnandiy )
The vector UCN is then:
UCN = -cos(CEL) sin(AX) ULE + cos(CEL) cos(AX) ULS + sin(CEL) ULV

These three eqdations apply to all concentrator ovientations and tracking

types. By varying the values'of AX and CEL, we can define the concentra-

’;tor triad for any tracking mode.
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For a two-axis tracking concentrator, the angles AX and CEL follow the sun's
movement and are changing with time. ;Thus, the vector triad is as given in
the above equations: for perfect tracking, AX = -= . ' If the azimuth, «, and
elevation, €, are known, CEL can be determined'using the off-axis angle (the
angle between ﬁ§ and ﬁEﬁ). Perfect two—axls tracking occurs when the dot pro-
duct of ﬁéﬁ and ﬁg is a max1mum. This maxlmum is calculated by setting the
partial derlvative of UCN and US with respect to CEL to zero. This results in

the solution:

_ -1 tan €
CEL = tcn cos (0 + AX)

This equation also applies’for all concentrators discussed.

For a single-axis tracking concentrator, the angle AX'will be a constant and
CEL will vary with time as just described. For example, when the concentrator

tracks north-south, AX = 90° and:

PRSI Y i
UCA = ULS.
UCP = -sin(CEL) ULE - cos(CEL) ULV

— —
s—cos (CEL) ULE + sin(CEL) ULV

—_—
- :UCN

When the concentrator- is non-tracking, both AX and CEL will be constant. CEL
in this case would be the collector angle tilt toward south (usually the lati-
tude of the location). -AX would be 0° in most cases,

This vector triad (UEZ, EE?, EEE) is'referred to as the collectcr or 6racking
vector triad, _When ray draws on the collector apértu;e are made, or when
receiver hit points (ray intersections) are found,»thie‘collcctor triad is
used as the reference coordinate system. An %, y, 2 coordinatc framcuis ,

. ——n
always defined such that x is positive in the UCA direction, y along UCP
gy
and z along UCN.
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GENERAL PURPOSE DERIVATIONS

In addition to the sun center and tracking vectors just described, there are

several other steps in logic which are common to many of the concentrator
mathematical models. ‘ '

Reflection

The reflection of a ray from a surface is a straightforward relationship as
given below:

— el e

—
UR = 2 (UN-UI) UN-UI

where:

Reflected ray vector (unit)

Reflecting surface normal (unit)

st sh sl

Incoming ray vector (unit)

Figure 3~3 describes the geometry for this reflection equation.

Surface Normal Perturbation

For either a reflecting or refracting surface normal, an error is introduced
by rotating the normal vector through two angles defining the surface slope
error. For a normal distribution, the angles would consist of 61, drawn with
a normal distribution having a specified mean and variance and 62, drawn uni-
formly from 0 to 360 degrees. The sketch of the perturbation of the unit nor-
mal is shown in Figure 3-4. The fully perturbed vector is given by:

TRP = cos 6UN + sin 61 (cos GZ'ﬁﬁl + 8in §

2 UTZ)
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REFLECTING

LECTED SURFACE
i NORHAL
" |w

INCOMING
~ RAY

A REFLECTING
» v”//v/SURFACE

7777777777

Figure 3-3. Reflection Vectors

ORIGINAL FA
NORMAL ST e L
| s #° TN - PERTURBED
: NORMAL

OV, T e
W T VECTOR

UT, TANGENT VECTOR

Figure 3-4. Surface Normal Error Perturbation




Refraction

The general derivation of the vector representatién of a refraction is o
carried out here. Figure 3-5 shows the vectors and angles involved in the
refraction. . The incoming ray vector,‘ﬁfﬁ,'is assdmed to point -away from the
interface of materials for the derivation: The angle between the "incoming
ray and the normal to the refractive material is:

1 e assulte
(

¢1 = cos = (UIN-ULN)

The Law of Refraction gives the angle between the normal and the refracted

ray as:

sin ¢2 = (Nl/NZ) sin ¢,

For the case depicted in Figure 3-5, Material Number 2 has a higher index of
refraction than Material Number 1 (N2>Nl) and therefore the refracted ray is

MATERIAL #1: TN - VECTOR-NORMAL TO MATERIAL- -

INDEX OF g AT INTERFACE HIT POINT

REFRACTION / ¢ e

: ! UTN - VECTOR ALONG
INCOMING RAY:PATH
INTERFACE HIT POINT .

PATERIAL #2: TDUR - VECTOR TANGENT T0 OTR

INDEX OF 7 .

REFRACTION Y Y s

.—.!——-A

~ TREFR - REFRACTED RAY VECTOR

Figure 3-5. Refraction of Incoming Ray



bent toward the normal (¢2<¢1 In any case, the refracted ray must lie in a
cmnate iy

plane defined by ULN. and UIN with angle ¢., between ULN and the refracted ray,

—_— 2 —

UREFR. To construct this ray we need to define a vector tangent to ULN and

uin the plane of,ULN and UIN, . This vector. is shown as UDUM in Figure 3-5 and

" can be computed from the relationship:

a———t— '
UDUM = —+— UIN - ———MS 41 UL
sin ¢1 1

The refracted ray is then simply:

r—_— — —t
UREFR = -cos ¢2 ULN -sin.(b2 UDUM

SURFACE NORMALS,AND HIT TESTS

Using the concentrator base vectors and concentrator geometry, we can define

a unit normal vector on the concentrator surface at the surface hit point.

Knowing the unit normal UN and the sun vector US the redirected sun's ray can

be determined. We can now examine the surface geometry for the concentrator

designs being modeled and formulate the equation for the reflected/refracted
ray. In addition, a distance vector D from the concentrator surface hit
point to a known point on the receiver is defined for use in the receiver hit

tests. (The receiver models are described later in this section.)

In some cases, the normal to the concentrator surface will be defined using

the following general formulation:

9F . OF_ _., . OF_ _,

S

s _&.' s e S s
N=——. UCA 4+ —— UCP +—— UCN
, ax oy . 0z




o
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where:
= .
N = Normal to concentrator surface ,
F = Surface equation as a function of x, y, z
s . —_— ) :
X, Y, Z = Variable name in UCA, UCP, UCN directions, respectively.

Some of the designs will not be formulated in this manner, .since their geome-

try is more easily defined using differept'methods.

Paraboloid of Revolution (Dish)

The paraboloid-of-revolution (dish) concentrator tracks the sun in two axes.
The reflective concentrating surface is defined in Figure 3-6a. The focal

length of the dish is:
F = a2/4

where F is defined from the origin (x = y = z = 0) to the height along the
z-axis where on-axis rays focus. The entire concentrator geometry is there-

fore specified by F and Rap’ the aperture radius.

The ray trace begins with a Monte Carlo draw over the aperture of the dish.
Since the aperture is circular, the draw is an equal-area draw when the square
of the draw radius is randomly selected from zero to the square of the
aperture radius, or:

2 - & 2. RN

draw ap
where RN is a random number from O to 1. A uniform draw over angle 8 com-

pletes the Monte Carlo selection of a ray starting point:

draw
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RAP - RADIUS OF APERTURE

'_SU'R'FACE DEFINITION =
L 1=X+Y?

b. Vector Definitions

. Figure 3-6. Paraboloid of Revolution
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The starting point of the ray can be expressed in x, y, z coordinates as:

cos O

xo = Rdraw - draw
yo =,Rdraw»Sin-9draw
2 25 .

25~ (xo n+,yo >/4F

Given this point,'the unit normal and tangent vectors are derived by referr-
: oS .

ing to Figure 3-6b. A vector, UDUM, in the x,y plang and also in the plane

— e
of UN and UT is:

UM = (x UCA +y UCP /\/-_TZ—
UDUM = (x, Yo ) % T

. N )
The angle o between the unit surface normal, UN, and the dish collector

——
normal, UCN, is:

v

and r is defined as r2 = x2 + yz. Using this slope,la, the collector normal

and tangent vectors are:

— —_—
cos o UCN - sin a UDUM

sh gl

—— ——
cos oo UDUM + sin o UCN

The vector from the ray start point to thewcénter of a receiver (at the focal

point) is:

——ty el

-t anm—n
D =-x UCA - y UCP + (F-z ) UCN
o o 0
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RPI Concentrator

The RPI two-axis tracking, segmented contenﬁrator configuration is defined in
Figure 3-7. The nomenclature to accompany ihis figuré is given in Table 3-2.
The base configuration has four mirror bankslegch containing Ncol column axes.
The column axes are tilted with respect to a plane perpendicular to the col-
lector normal vector, EEE. All column axes are tilted at separate angles (Y
varies along a mifror bank) to focus ﬁé;fecfly when the sun vector is parallel
to the collector normal vector. Each column Sxié contains a given number of
mirror facets and all columns rotate through the same angle, Aa, wﬁeﬁ tracking
solar elevation changes. The rotation angle is equal to one-half the angular
difference between the solar elevation and the éoiiector tile éngle(from

horizontal.
Z .
‘r,,FOCAL POINT
COLUMN AXIS NUMBER

1
PN

aY - DISTANCE FROM COLLECTOR Y-CENTERLINE
_-’/ -TO LEADING EDGE OF MIRROR BANK -

DISTANCE FROM COLLECTOR X-CENTER
e —¢o LINE TO COLUMN AXIS

Y

ReoL

b\~Y-COLUMN AXIS TILT ANGLE ABOVE MIRROR BANK PLANE

MIRROR BANKS
X

. Figure 3-7. RPI Faceted-Mirror Concentrator Geometry
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Table 3~2. Nomenclature for the RPI Concentrator

SYMBOL . .. . DEFINITION
F FOCAL DISTANCE (HEIGHT ABOVE MIRROR BANKS TO FOCAL POINT)
X . DISTANCE FROM COLLECTOR X-CENTERLINE TO A COLUMN AXIS
Y ’ DISTANCE FROM COLLECTOR Y-CENTERLINE TO A MIRROR BANK
1 . COLUMN AXIS LENGTH
Y : COLUMN AXIS TILT ANGLE FROM THE MIRROR BANK PLANE
a COLUMN AXIS ROTATION ANGLE FROM MIRROR FACETS ALIGNED UP
UCN, UCA, UCP COLLECTOR ORTHONORMAL VECTOR TRIAD (UCN IS NORMAL TO MIRROR
BANKS AND EEZ, UCP ARE ‘IN PLANE OF MIRROR BANKS)

A COLUMN AXIS LENGTH

len .
F MIRROR FACET LENGTH

len
Foid MIRROR. FACET WIDTH

The RPI collector uses two-axis trackingAtb bbint focus. The method of
tracking does not follow oﬁt standard two-axis definition in terms of the
base collector vector triad, UCN, UCA, UCP. These are derived as though the
collector tracks in one axis and has a tilt angle from horizontal called

8, .., -
tilt
lector tracks about a vectical axis to keep: the mirror banks aligned

Figure 3-8 shows the angles and vectors of. interest. The RPI col-

‘ ‘ N ,
parallel to the solar radiation along the UCP direction. That is, the col-
lector tracks to keep the §ﬁn perpendicular to an imaginary column axis with

zero axis tilt.
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LOCAL
- VERTICAL
.~ | COLLECTOR
| TILT ANGLE -~
< STILT UCA
\ 6Az - SUN'S AZIMUTH ANGLE

—

» ULE - LOCAL EAST

—

‘UCN - COLLECTOR NORMAL VECTOR

TJ—L-§
LOCAL SOUTH

Figure 3-8, RPI Tracking Vectors

To ensure proper orientation, the collector must rotate to position the

—— e R
vectors UCN and UCP to be in a plane defined by the solar position (US) and

local vertical (ULV). " Thus, the collector position vectors become:

UCN = cos e;ilt ULV“+ sin e;iit (Fos eaz_ULS f'éin eaz ULE)
— ) = —_— —_—
UCP = cos etilt (cos eaz ULS + sin eaz ULE)- sin etilt ULv
—te — . ammndup
UCA = cos 8 ULE:~ sin © ULS

az A az
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The first problem to solve, before beginning the actual ray trace procedure, -
is the determination of the column axis tilt angles. Figure 3-9 shows a
single column axis and all other:parameters necessary to defi§e the rélation—
ship defining the axis tilt angles. The RPI collector is assumed to be
adjusted such that the center of the.column axis focuses perfectly for the

— et

case when US = UCN (i.e., the sun is on-axis). Actually, the analysis which

follows can easily be adapted to focus perfectly for any solar elevation.

The derivation begins by defining all vectors depicted in Figure 3~9. The
. - . _—L A
column axis center mirror-facet normal is UMN. UMN is derived from the axis
R ” ammadlts

——3
being tilted angle Y in the UCA, UCN plane (a rotation about UCP) - and rotated.
angle a about a vector along the axis. This leads to:
A A

—— ava——
UMN = sin a UCP - cos Q(sin Y UCA - cos Yy UCN)

—%— ¢~DESIRED FOCAL POINT

~US - SUN VECTOR
a-ROTATION OF AXIS
COLUMN AXIS

y- TILT OF AXIS

Figure 3-9. RPI Mirror Normal Definition
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The vector from the column axis center to the desired focal point is;lig

—

VF = -XaxUCP - (Ay +-E.2 cos Y)UCA + (F - 3-2 sin_Y)UCN.* ST PR R

For the case of the sun on-axis, the sun vector is simply:.-

applying the Law of Reflection and noting that VF must be identical in
direction to the perfect focus reflected ray. Given UMN and US the reA‘
flected ray is: vilfl..,:fgl?zﬁ

— embe  ——— =

—
UR = 2 (US *UMN) UMN - US

Therefore, to focus perfectly we have:

o

— -
UR = VF *+ |VF|

Using the vector component identities of this expression we can isola<

,i"

tilt angle, Y, as a function of known parameters. The algebra to do so is not e
The i,

presented here because it is cumbersome but not particularly difficult'

resulting equation for y is:

1 : L, o=y
Ay +5 £ cosy F - E-R sin y + |VF| . . g
sin vy cos Y
where:
|V?| 2., xaxz + Ay2 +'% 22 + F2 - (F sin Yy - Ay eesAf)“

~,
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Because there is no simpie algebréic solution for Y, Newton's method is
applied to find the column axis tilt angles. Because of the symmetry of the
collector, thé angles need be determined in only one quadrant and can be

applied to column axis in any other quadrant.

Armed with thé column axis tilt angles as given, we are now ready to proceed
with the ray trace for the RPI collector. Using the Monte Carlo method, a
ray position is selected on some column axis and some mirror facet. The sun
position (eel’ eaz) is known such that a column axis rotation, Ao, from the
perfect focus position is known:

Ao = (m/2 - etilt - eel)/z
It remains to find the mirror-faced normal so that Snell's Law may be applied

and the reflected ray hit on the receiver plane can be determined.

We begin by defining unit vectors along and normal to the column axis.

Figure 3-10 shpws the relevent geometry to obtain the required expressions:

H»
[}

—— . ov—t
cos Y UCA + sin y UCN

i
i

L —— ——
cos Y UCN - sin vy UCA

Similar to our previous derivation of VF, a vector from the center of the

mirror facet of interest ‘to the focal point is:

- ~ — —_— —_—
VF_, = -2.1 - Ay UCA - X UCP + F UCN
F F ax

Given the vector to the focal point, the unrotated sun on-axis mirror-facet

normal vector can be computed:

— — iy —
MN = UCN + VF, + [VF,| -
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4— : MIRROR FACET CENTER -
Figure 3-10. RPI Mirror-Facet Center Focus Véctor Definition
By dividing MN by the magnitude of MN, the mirror normal takes on unit magni-
tude and we call this vector: ‘
— e e
UMN = MN % |MN|

This mirror-facet normal is an accurate representation of some of RPI's early
versions of their concentrator. Later versione use a curved column axis '

which would alter this derivation slightly.

. S .
Now to provide elevation tracking we simply rotate UMN ;hrough angle Ao about

the % axis. This rotation is accomplished by the following:

v—— P
UMN_ = (UMN « 1)1

a——— ~ - . P
+ (UMN * §) (cos Aa J + sin Ao UCP)

—_— —_— R
+ (UMN * UCP) (cos Aa UCP - sin Aa F)
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'Now UMN is the mirror-facet unit normal ‘Vector and it may be perturbed for
surface errors. Then Snell s Law is applied to create a reflected ray. The
receiver is assumed to have a planar aperture opening’ into a cavity absorber.
The ray trace for optical performance stops at the aperture. A circular

opening is assumed and flux mapping'is.available on the aperture.

Fixed-Mirror, Two-Axis TrackingeReceiver--This concentrator is a fixed

spherical dish reflector with a receiver that tracks in two axes (see Fig-
ure 3-11). '

The surface of the dish is described by:

e 2_42 . 2. 2
Fs = Teone X y Z

where:

REFLECTOR

SURFACE
P, Yos2o)

T " RECEIVER.

Figure 3-11. Fixed-Mirror Tracking Recéiver Surface Geometry
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The rim angle 6 is defined, ‘as ‘shown 'in Figure 3-11, as the angle between
the liné’ from the center-to the edge of the concentrator and the normql axis

of the concentrator.’

A Monte Carlo draw over the aperture is-done for an equal area in a fashion
identical to the draw for the paraboloid-of-revolution dish. A surface hit

point (Xb,iYo, Zo) results., .

The receiver tracks so that the axis of symmetry lies on the line determined

by the center of the sun and the center of the sphere.

The unit normal (ﬁﬁ) to the surface at hit point XO, Yo, ZO is determined by

differentiating the equation for the surface (Fé.= o) We obtain: :

B e d

-l —— P
N=-2x UCA - 2y UCP - 2z_  UCN
o o %o

and the unit normal is:

—= % —= Y5 — %o e
UN = uce - CA - UCN

Y r r
conc conc conc

The sign of TN is such that it points toward the center of the concentrator.

The reflected ray is determined from Snell 's Law:

=2 (ON * USON) UN - TS

After TR is calcnlated"rhe ray can'then be tracedﬂto»tﬁe receiver to deter-
mine whether the ray impinges on its surface. For this concentrator design,
a conical receiver has ‘been used as the optimal receiver configuration, al-
though a planar or cylindrical receiver could be employed. A vector D will
be defined from the reflectorisurfece hit pcint to a known point on the re-

ceiver. The receiver lies along a line between the sun's center and sphere
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center so the receiver will be positioned along a radial vector with the

same diregtioﬁ as'ﬁg. The distance vector then is:
D=r N - (r - RL) US

where RL is.the receiver length.

Parabolic Trough Concentrator--This line concentrator consists of a parabolic

~surface that usually tracks the sun in one axis and redirects the sun's

energy to a receiver at the focal line overhead (see Figure 3-12).

A Monte Carlo draw for the trough simply,draws qniformly in the aperture plane.

™ AHIT
LUR
[
F
—
ucN Plxy,z)
]
canld
UCA
2 b
uce

Figure 3-12. Parabolic Trough Concentrator
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The suiface 1s deflned by:

——L
Fs © %F tz

where F is the focal length. In addition tO'thé focal length and concentrator
width, we also define a rim angle (6 ) for the parabola. The rim angle is
the angle between the focal axis and the end point (edge) of the parabolic

surface. Varying the rim angle for a fixed aperture will affect the optical
efficiency. Optimal rim angles are usually in the range. of 60 to 115°.

The normal to the collector surféce‘is:'

e ..y — .
N = o UCP + UCN
2F

and the unit norﬁal is:

W =_"Yo TCP+ 1 TUCN
2 [N] IN]
where:
f 2
y 1/2
IN| =( ° +1
4F

The réflected réy calculated from Snell's Law is the same as before:

—l el D B e
= 2 (UN ° USUN) UN - USUN
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To determine if UR hits the receiver, we again define a D vector from the

surface hit point to a known point on the ‘receivér. In ‘this case,

D=- CA - - UCN
D X, UCA Yo UCP + (F Zo) C
The receiver models used with the trough would be the cylindrical or planar
receivers. In the case of a cylindrical receiver,‘b would have its endpoint
at the center of the cylinder. For the planar receiver, it would be in the

middle of the receiver width.

Linear Fresnel--This concentrator type focuses the—sun's:energy on a linear

receiver through a Fresnel lens. The Fresnel surface has ' groves such that
light entering normal to the surface is focused in a line beneath the lens.
The concentrator often is tracked in two axes so that the sun position is
normal to the aperture. (This decreases optical losses due to off-axis aber-

rations.)

4

The Monte Carlo draw for this concentrator is again a simple uniform draw over

the aperture plane.

The surface geometry at any point is defined from the focal length (F), the
distance from the lens center to a Fresnel facet (yf), and the index of re-

fraction (nz) for the lens material.
Figure 3-13 illustrates some of the surface geometry. If a facet center
point, Yf, is chosen along the UCP direetion, the surface will be defined

such that a refracted ray, ﬁi, should be directed at an angle:

« = tan " (F/y,)
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to reach the focal line.. Fro@'the 1a§ of_xefré¢tibn (see Figure 3-i3);

sin 6, = sin 61 (n1/n2)

2

From the diagram, we see that:

6y -8, =90 -« .

By substituting and rearranging thesevexpressions,‘we‘éan solve for the Fres-
nel facet angle:
cos 61~=(2;) NVE * 3 - F-

n2 : <EF ' yF O

o— Yp —

LENS PR ST ~<\%J*7/’.

| »— —_
SURFACE - ‘ .‘f‘T‘_ -
- SURFACE NORMAL

ZFOCAL POINT

Figure 3-13. Linear Fresnel Cross Section Geometry



3-26

Rather than further manipulating this equation to find.the surface. equation,

we can directly write the facet normal knowing 61:

UN = cos 6, TCN = sin 6, TCP
This facet normal is used for all rays drawn within the boundaries of the
Fresnel facet with center at distance yF.fromnthe'lens center. -The -facet
boundaries are determined by a specified facet width. - The refracted ray is

obtained by the general refraction technique already described.

As before, we need to define the distance vector for the receiver hit test.
- In this case, the focal point lies-beneath the concentrator.surface, and for

now the depth of the Fresnel facets is ignored. The distance vector is:.

-t

D=-y UCP -x UCA-F UCN
o - To :

This and the refracted‘ray vector,'ﬁﬁ, are used as inputs for either the

cylindrical or planar receiver hit tests.

Inflated Cylindrical Concentrator-—The inflaﬁed cylindrical concentrator is

‘a thin-film plastic cylinder with an alumiqized reflector bonded to the lower
half. The sun's rays are reflected and concentrated along the normal axis
of the cylinder. Receiver positioning along the axis is dependent on the

receiver diameter.

The collector is ugually oriented along the east-west axis and could be

actively tracking (currently LLL recommends weekly tilt adjustments).
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. The surface definition for this concentrator is-a semicircle:

2 2 2

F =r -y -z

s cyl

where z < 0 and rCyl is the concentrator radius.

A cross section of the concentrator illustrating the vector relationships 1is

shown in Figure 3-14.

A uniform aperture draw is utilized and incoming rays are traced to reflector
surface hit points (intersections with the cylinder) by a derivation virtually
identical with'the hit test with a cylindrical receiver. This is presented

in .a later section and 1s not repeated here.

The surface normal is obtained by differentiating Fs to give:

N = -2y TUCP - 2z TCN

THIN FILM

SOFF
HIT POINT
oo Yor Zg)

UcA
UCP

REFLECTIVE
SURFACE

Figure 3-14. Inflated Cylindrical Concentrator Cross Section




and the unit surface normal is:

W= Yo GCF-_% TN

rcyl ' rcyl

If monthly or weekly tilt adjusﬁments are used instead of active tracking,
the local vector triad for :ﬁe stationary concentfator would be used with

changes in the tilt of the concentrator (etiit).

The distance vector, -ﬁ, to be used in the receiver hit test has a simple

formulation. For the inflated cylindrical concentrator,:
D i  GeP + (F 4 z ) TR
D,= - X UCA - Yo uc .(F zo) U

where F is measured frdmiféil along the normal axis to the center of the

receiver.

In most cases, one will want first to determine the point of ideal ‘receiver
placement, as this concentrator does not focus at one point. In this case,
the distance vector is defined to the center of the cylinder in the EEK,
TUCP plane:

D ='rcyl UN
Both the cylindrical and planar receiver models can be easily used with this
design. The current receiver design is a cylindrical pipe positioned at

0.4 - 0.6 r, along the normal axis of the concentrator.

vyl
Vee Trough--The Vee Trough concentrator is generally a stationary collector
with several vee-shaped wings or reflectors to boost the absorber performance.
One such vee-booster is shown in a cross-sectional view in Figure 3-15. The

concentrator reflecting‘sg;faces are described by'thevahgles el andvez. Maxi~-
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[ D —d
L AP 1
 AUS - SUN VECTOR =
e ;;zz;rz—f::RAY START POINT
' (Xaps Yap- Lp)

RAY HIT POINT /.
Koo Yoo Zg)

Figure 3-15. Vee Trough Concentrator Geometry .

mum performance is obtained by careful selection of these angles for summer
and winter; that is, the sides can be moved once -during the year. Notg'also
that the collector center position is probably best tilted toward the south

with respect. to a vertical axis.

The aperture plane, of width Dap’ is the starting point for the Mgnte Carlo
draw. Rays are traced from the aperture to the receiver or the reflecting

surfaces. For rays that intercept the reflecting surface, the hit test with
-a.plane is constructed to find the.hit'point~(xo,_yo, zd)i The hit test and

reflection need to define theée surface normal:

UN = cos 61’ o UCN + sin 61, o UCP
and the surface. tangent:
T = icos-el’.2 ,UCP + sin 61;ﬂ2 UCN
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N .
combined with a vector, D, to the center of the coordinate system:

) ' .—._~. : . -—-: ' —-—-.
D =,—xap, UcA -~ yap UQP.* zap UCN
‘where:
s = Dy - R
ap 1 1

5. " tan B
tan 1 tan 2

The hit point on the reflecting surface (for those rays which initially miss
the absorber) 1s described by:

»
1l

(-D + L UI) * TcA

(o]
— — '._A'
yo = (-D + L UI) UCp
- Y —_—
zo = (-D + L UI) ° UCN

where:

L = D-UCN + 5UT-UCN

UL * UCN
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where: ‘
(TCA- TRy (T TERy (T1-TCA) + . (UGA-TW) (UT-UCA) - TT-UCN
° 7.8 0ETeR e
D-TEN - D-TN - RW(TCP-TN)-(UGCA-UN) (D-UCN) (GI.UCA) (UCA-TN) (D-UCA)
C Tuk W 20w WORdOR i

Given the hit point coordinates and the reflected ray:
o—y —t s ity
UR = 2 (UN°US) UN - US
a hit test with the receiver is done using the vectbf:
D=-x TUCA-y TCP - z_ TUCN
o o o

For rays which are reflected and miss the receiver, we check for aperture

exists or further internal reflections up to a maximum of four.

Incremental Reflector--This concentrator utilizes flat second-surface faceted

reflector panels as the concentrator surface. The facets work similar to a
Fresnel lens in that they focus the sun's energy to a line (Figure 3-16).

Instead of refracting the rays, the second surface is a reflective material
that redirects the sun's energy to an overhead receiver. The concentrator
could be made to track in one or two axes. Tilt adjustments could be made
with one-axis tracking to improve performance by eliminating large off-axis

sun angles.

The ray trace begins, as always, with the Monte Carlo drawvovér the aperture.
For the present mathematical model we assume zero depth for thé incremental
reflector. Thus, the x, y aperture draw is assumed to be the’surface hit

point right through to the reflecting surface.
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sus RAYS

FLAT
e SURFACE

(/N Tm,z

Figure 3~16. Section of Faceted Second-Surface Reflectbr

The ray trace proceeds with the sun's ray refraction at the top surface of
the material.

This‘refractediéﬁn'S'ra§ ;éé
Ts1 = cos ¢l TCN + ‘sin _¢1 ﬁER
where ;

sin ¢1 = ni/ﬂ; sin [cosii (ﬁsii ﬁEﬁ)]"“

and where:

n, index of refraction for matefial

=]
1]

1 index of refraction for air

—FOCAL LINE ~

Fﬂ/ CENTER LINE
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The surface is defined such that direct rays (along ﬁEﬁ) are reflected to the
receiver center or focal line. The surfaée~nbrma1 angle, an’ shown in Figure

3-17, is'found by:
sin 2« = n,/n éiﬁ (cét-l F/y.)
n 1772 750 N . F

Again, the unit facet-ﬁbrmal can;be'wr4tten directly from knowledge of the

facet angle:
UN = cos « UCN - sin =_ UCP
oo noo
The reflected ray is again found from Snell's Law:

el

URL = 2(UN *+ US1) UN - US1

RECEIVER »
¥ <R aeriure 1 NORMAL TO SURFACE
geme o T
|

el

UCN

Figure 3-17. Incremental Reflector Surface Definition
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Because this is a second-surface reflector, a refraction will take place as
the ray exits after reflection. The refraction is shown in Figure 3-18.
This refraction takes place in the plane defined by.ﬁii and TCN. A unit
vector in the'ﬁEK, TCP apd:also in the ﬁﬁi,jﬁﬁﬁhglgnes is found.by: .

(UR1 - UCP)UCP + (TURL - UCA)TUCA

U1J = e
1/2

[ @RL - BB + (@R - w2
The redirected ray is:
ﬁi - cos.‘¢2 TCN + gin ¢2:?T3
whefe:

¢2 = cos-1 (ﬁﬁi . ﬁEﬁ)

REFRACTED K]
VECTOR TR ' . |
:  TOP SURFACE
N\ U
URl ) - k"ez U-C—b
| )
D T
=V R
Il

Figure 3-18. Geometry for Finding Final Rédireéting Ray UR
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sin ¢2 sin ¢2J'

“n:

1 n

2
The distance vector for the receiver hit test is défined as:

D=~y UCP+F ToN -x TCA

This will be used as input-with.ﬁi to one of the receiver models so the

optical performance.can be calculated.

Compound Parabolic-Involute Reflector-—-Although this design‘is usually referred

to as a CPC conqentratof, the geometric configuration is not parabolic. This
nonimaging concentrator utilizes the involute for the reflective surface shape.
The involute can be described as the curve generated by the endpoint of a taut

string as it is being unwound from a circular surface.

Because the formation of ﬁhis surface model has been done using polar coordi-
nates,‘the équationslof‘the surface are somewhat complicated and- the deri-
vation for the-surface-normai dqes.ﬁot'folibw,the'partial differential form.
One could express the surféce as a funption'oﬁ thé polar cbordinétés, r and 6,
and follow this'method: Instead, we have taken a‘geometriq approach that

will give the same result.

The involute surface can be defiﬁed aé:

<
]

r sin 6 + rB cos 6

N
LI}

r>co§ 6 - 6 sin 6

where r is the radius of the circular surface (in this case the nominal re-
ceiver pipe), and 6 is the angle through which the string has been unwound
(Figure 3-19). The normal to the surface for any hit point (y, z) can be
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- Figure 3-19. . Involute Surface Definition

calculated since the surface normal is tangent to the receiver at the poiht
defined by r and 6. Referring to Figure 3-20:

4 N = -cos 0 UCP + sin © UCN

where:

-1 7Y
« = tan ! =2
z
o
r
7 = cos™t + 2
Yo o

To do the correctly-weighted draw over the surface, we again draw over the
concentrator aperture plane defined by the concentrator length, width and
maximum height from the center of the receiver (in this case the receiver

width). To obtain the hit point, we have the following vector algebra.
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V,rRECElVER

REFLECTOR
SURFACE

Figure 3-20. Involute Concentrator Geometry

First, we define a vector from the origin (at the center of the receiver) to

the start point of the ray:

PSR

PR — . —
ORIG = X Uucp + yap UCA + zaé UCN

ap y

Next we define a vector to the hit point on the involute surface:
D=x UCP +y UCA+ z_ UCN
o o o

From Figure 3-21 we know:

Y ox 2 +y 2 : r2‘+ r292 A
- 0. o S

T ” o A . . s
and the D vector can be written in terms of 6 'and xo as:

D = -r® TN + sin 6 UCP - r cos 8 UCN + x_ UCA



(Yo, Zo}

I .

Figure 3-21. Involute Concentrator Vectors

or substituting for TN we have:

D= (-1r0 cos 8+ r sin 8) UCP +
(- r0 sin 8 - r cos 6) UCN +

x UCA
o

Referring to Figure 3-22, vector addition gives:

P r— —
D.

£ US = -ORIG +

Also note that the vector C:5+-zap UCN) originates.from'the hit point and
ends at the draw planes as. does l'ﬁg.“_

¢




UCA

~ Figure 3-22, Involuté}Cépceﬂt;ator Vectors

Therefore:

(-D+ Z, TCN)+TUCN = & TUS'UCN
and:

: —
2= -(D'UCN) + z_
US-0C

Letting US be written as:

TS = (U8-TCP) TCh + (33-TCh) TR +

s | e’
(US+UCN) UCN

we can solve the above expressions. We have the UCP component equation:

ap, TUSUCE -y
(_ ] sin'e-'cos 9- . Rw) .ﬁ-go-ﬁ-aﬁ=

?P/r -8 cos 8+ sin g
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This equation has one unknown and can be solved iteratively for 8. The model
we have implemented utilizes Newton s method to solve for @ and thus obtain

the surface normal, UN, and the hit point coordinates X s xo, z.

Oncé the reflected ray is found, a hit test using the cylindrical receiver
model will be made. The vector from the hit poiﬁt to the center of the re-
celver is defined as follows (the cenﬁer of the receiver is the point’

(0, 0, 0)). |

——ty

D= -y, UCP -z  TCN - x TUCA

Because multiple reflection hits are possible if the ray misses the receiver,
we would repeat the above process to find a second reflected ray. The hit
test would be repeated unless it is determined that the ray reflects out the

concentrator aperture or more than four reflections are encountered.

Compound Parabolic Concentrator-Involute/Parabolic Reflector

This concentrator utilizes a reflector that is a combination of an involute

and an ideal (parabolic) reflector. The concentration is determined from the

acceptance angle, Ga:

P
ideal sin Ga

The receiver mg} be flat (hérizontal or verticle fin) or cylindrical. The
mathematical definition. of the surface will be somewhat different in these
cases although they are derived similarly. The CPC with a cylindrical ab-
sorber will be used for this model..

The concentrator surface is defined first using polar coordinates (r, 8).

Any point, P, on the fefléctor is'characterizea by its distance from the
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point on the absorber at which the tangent from P touches the absorber

V(Figure 3—23). i% 0 is measured from the vertical axis:

T

P=1r4 lel <8, + 3

e + ea + (m/2) -:cos (8 - Qa)
p=r 1+ein (8- 0

Knowing the values of @ and r, we can determine the y and z coordinates of

the point P. Referring to Figure 3-23:

o \/(pz + fz) cos (B)
.= SR+t s ®

or z =Yy, tan ]

<
it

N
[

P (vo, zo)

Figure 3-23. CPC Surface Geometry
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where:

90 -0+ Y

[o-)
1

Y = tan-l p/r
The surface normal using the partial défivative form is:

—y ey, ——ny
N = - tan g UCP + UCN

A - 1, .
Dividing |N[ = (1 + tan? B) /2 _ sec B,
we have the surface normal:

UN = - sin B UCP + cos B UCN

The hit point and angles are found in ‘a’ manner nearly identical to the

involute CPC case and hence it is not repeated here.

Once the reflected ray ﬁﬁ isﬂdetermined using Snell's Law, the‘ﬁhvector is
calculated. In this case: '
D= -y CP-x -UCA+z TcN
o [¢] o
Note that yo and z, in this case are measured locally using the center of one

receiver tube as the origin.

This surface is compatible with the cylindrical receiver model. Slight varia-

tions in the surface definition would need to be made for a planar receiver.




SET Concentrator

The SET concentrator is a nontracking collector that uses a unique widé—angle
lens and image collapsing subreflector surface to focus onto a flat shelf
absorber. The lens is a two-point corrected cylindrical stepped Prism Lens.
The design of the lens involves a new design mechéd developed at SET,.Inc.
and produces the twd-poinﬁ correétédvprism elements. As an approximation,
the inner surface can be constructed as a circular arc. Figure 3-24 shows
how we have defined the lens surface. The outer lens surface is assumed to
be made of straight line segments, each defined by an angle, Y, with respect
to horizontal or to a UCA UCP plane.

7/

¥ x

Figure 3f24. SET Concentrator Lens Geometry
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The lens can have any number of specified facets (NFAC), each of width QF
projected in the horizontal plane. The_inner lens diameter is defined as
Riens and facets are numbergd‘ffqm the léns’qenter outward. Figure 3-24 also
shows the collector tracking vectoqs-(ﬁﬁ@, ﬁﬁf, ﬁﬁﬁ) which are computed as

described earlier. The Qefinitiqh of'tﬁg;sgbreflector follows the lens

mathematical model.

Figure 3-25 shows an enlargement of opé small section of the lens. An in-
coming ray start point is seleé;édﬂﬁy‘a‘fandom draw in x and y in the plane
defined by TCA and UCP. .This draw is then transferred to a lens ray start
point (xo, Yoo zo). Thé sun vector,iﬁ?, is defined to Point;away from the
upper lens surfaces. Before tracing the ray through the lens we first ensure

that this start point does not lie in the shadéw of a neighboring lens facet.
The lens normal vector is defined by:

Facet number, iF = integer (yoll ) +1
F

—

i P
UNlens = cos YiF UCN - sin YiF uc

From the standard refraction ray trace technique we then.get the first re-

fracted ray-ﬁﬁ. This ray can then be traced to the inner lens surface.

Before tracing'ﬁi to the hit point on the inner lens surface, we check for a
possible hit on a neighboring'fécet vertical face: An§ hit on»a'vertical seg-
ment of the lens element will disrupt thé qptigal pafh and we assume the ray
.is lost. This hit test with a vertical face is accomplished by creating aD
vector to the center of the coordinate frame at x=y=z=0. This point is at

the center of the circular arc of the lens: v A

— ——

D= - [yo - R,F(iF - li] UCP + [;0'- ZF(?F - li] tan YiF UCN
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INNER LENS SURFACE
y Rlens +t
/ /
/
 VERTICAL PACE~—_ |/
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Figure 3-25,

Riens

SET Concentrator Vector Definitions

Then the height above the coordinate system center of the refracted ray

intersection with the neighboring vertical face is:

B ice
-l sy o
Zpie = D°UCN = TReucP

The corresponding height to the lowest point on the neighboring vertical face

is:

(R UCN)
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_ - SN2, 2 _ 132
face 2’F tan YiF [ﬁ{lens + .t_) - R'F (iF b

Y 2, 2
-JQRlens +t) l i ]

where t is the lens minimum thickness along a radial vector. The refracted
ray TR is lost if the hit height (zhit) is above the lowest height, Z¢oce If
it is below we also check the other neighboring face before finding the hit

point on the inner lens surface.

Since the inner lens surfacebis~node1ed;§§“a-eixcular-aic;:the inner lens
hit point is found by doing a hit test»wi@h?a.circuiat cylinder. This is iden-
tical to the hit test for cylindrical receiverg{*‘A D vector 1s constructed

ho the circle center:
D = -x_ TCA -y_ UCP-z UCN
and a vector form the cifcle centef-thi%hé?ﬁit neine en the lens 1is:
R=-D+LTR
where L is the length, along the UR from the xo, y. ; z -ray start point to
the hit point on the inner lens surface. . The vector R can .also be represented

as the sum of the two vectors, one in the- plane of UCP, UCN and on vector along
TCA:

R = RHIT + qp4, UCA

Using the fact that RHIT has a known magnifﬁde of Rlens’ the above expressions

reduce to a quadratic in length L:




12 [1- @ - 00 -

P12 @ - TR @ T - 267 W)

2
lens

+ 16D -@ - TmZ-r_ “1=0
With this information,.the RHIT vector is:

P

T s S
RAIT = - D+ LUR+ [D * UCA - L (UR * UCA)..] UCA.

The normal vector at.the hitApoint-is,simply ;hisyraﬂia1 Bitlyector.-xlt is
made into a unit vector by dividing:throughaby Riéﬁs\-»The refraction then:
occurs at-the inner. lens surface hit-point and. the refracted vector is called -

UR2. This vector then is reflected by the subreflector surface.

Figure 3-26 shows the geometry and nomenclature used for the subreflector

and absorber shelf hit tests. The subreflector is defined by a polynominal
of order N in a subreflector y,.z coordinate sysﬁem that is height A -z above
the lens coordinate system center. The hit test with the éubreflectqr sur-

face is derived from the vector identity below:
L UR2 = - .RHIT f;AZ UCN + xEJUCA¢+ i UCP;+azh UCN
where L_is.the unknown magnitude of,thenQec;pr fromAthe_fefrééteH fay origin-

on the inner lens surface.to the hit point (xh, Yo zh) on the subreflector
surface. The hit point is defined by the following: ‘ '

(L TR2 + RHIT - Az UCN) - UCA

xh =
B . . ", .-'A e .
yh = (L UR2 + RHIT - Az UCN) ' UCP
—_ —_— — —
z, = (L UR2 + RHIT - Az UCN) * UCN




NS INNER SURFACE

HIT POINT
T X Ve 2,

suanerEcron 2 R
Z= +A Y+ Ay +otA Y

Figure 3-26., Subreflector Geometry

These expressions’are combined with the vector identity to form one equation'
with one unknown, the length L. Newton's method is used to solve the equa-

tion and hence to find the hit point on the subreflector. The surface normal
is defin€d by: '

YV -—22 ¥+ T
Py
here: Z=A +Ay+ +4 y°!
wnere: o 1}’ e o o ny

describes the subreflector surface. Once the hit point and the surface normal
are found, a reflected ray is created and a hit test with the' absorber shelf

is completed. The hit teét is that for a planar receiver .as described below.;
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RECEIVER MODELS

The optical efficiency of the COﬁéentrators'beiné”ékamined 1s determined from
the number of rays per run that reach the receiver. Thfee receliver typeé
have been modeled for this program: a piéne,'a cylinder'and a cone. For
éach redirected ray, a hit test is performed. Using a distance vector, 73,'
and the vector 'ﬁi from the concentrator models as inputs, one éan determine
whether or not a ray has reached the réceiver. For some. of the cdncentrators
it may be possible for rays to reach the receiver after multiple bounces on
the concentrator surface. These rays will be;tested.ﬁhrough a number of re-

flections before being considered lost. -

The following discussion details the models for each of the receivers. Al-
though the geometries are different, the same methodology is used for each

receiver type.

Planar Receiver

The planar receiver 1is characterized by a receiver length ahd width, RL and RW
respectively. To determine whefher a reflected ray will impinge on this re--
ceiver, we will define a vector,'ﬁﬁfi, from the known pbint to which the D
vector is drawn to the hit:boint on the receiver. For all planar receiver hit

' tests, the D vector ends at the center of the width and at the end of the

receiver length. , . T

If we define L as the distance along the reflected/refracted ray TR from the

surface hit point to the receiver hit point, then:

i

IT = -D + L UR

This geometry is illustrated in Figure 3-27 for the-parabolic'trough with a

planar receiver. Because the vectors D .and L UR are directed from the same




Figure 3-27. Parabolic Tréugh Concentrator

point along the z-direction aqd have the same end point (i.e., Z = F for the

trough, Z = -F for the linear Fresnel), we can write:
—_- e —
L{UR * UCN) = D * UCN
Solving for L and substituting in the expression for RHIT, we obtain:

! REIT = _l’_):"“@ w®-~-7
UR - UCN

If the ray hits the receiver plane, then:

|wamr - wR| <2 -

0 < RHIT + UCA < RL

i
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It is also possible knowing the COordiﬁateé'of RHIT to determine the energy
distribution over -the feceiver‘piane. ‘This is easily accbmplished by dividing
the receiver into zones along its width ahd 1ength and calculating which zone

the ray hits using the RHIT coordiqgtesu

Cylindrical Receiver-. .-

To perform a receiver hit test for the’cylindrical reééivér,'&e again define L
as the distance from the concentrator surface hit point to the receiver hit
point in the direction Qf’ﬁi. ‘Refefring'to Figure 3-28, we"define'iﬁff'ds'a
radial vector to the hit pdint from the center of the réceiver at a distance
from the end of the receiver albng'éﬁe'collector axis (ﬁEX).' Thus, we -

it
have:

RHIT = -q,; TUCA -D+ LR

where the.S. vector is at the cylinder'centerfét‘fﬁé'end of the receiver.” We
know from the geometry that:
a4 (OCA - TCA) = (D + L UR) - (UCA)

D - TcA (TR - TCA)
Gy = (D + UCA) + L (UR * UCA)

If the ray hits the receiver, then RHIT -+ RHIT = Tobs and

REIT - RAEIT = 1.2 [1 - (R - TCA)?)

il

+L [2(R - TCR) (B - UCh) - 20 * TR)]

+ D -D- (@ - TCA)?2] "
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- SURFACE HIT POINT

uce, v

Figure 3-28. Cylindrical Receiver Hit Test Geometry

This quadratic can be solved for L. Real roots indicate a receiver hit;
imaginary roots indicate a receiver miss. When real roots are found, one

represents the ray entry point, and the other represents the exit point.

Conical Receiver

Figure 3-29 indicates the geometry for the cone-~shaped receiver. To completely

define this receiver, the following parameters are specified:

RL = length of receiver (élong axis of syﬁmetry)
‘So = the distance from the cone vertex to the top of the
receiver (negative) A '

6 = the included angle of the cone
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Figure 3-29. Receiver Coné Geometry

Th.s receiver is utilized only with the fixed-mirror tracking receiver col-

lector model in the present code version.

We again define a distance L along TR to the hié ﬁoiﬁt on the receiver. We

can now construct a radial vector from the cone axis to the hit point. In

Figure 3-30 the two-axis tracking receiver hit vector is:

D

RHIT = -L UR+ D + S US

where the D vector ends along the cone ax1s at the top of the recelver. The

cone is traceked such that the axis extends through the center of the radius

of curvature of the mirror and points in the direction of the sun vector US

The quantity S is the distance to the plane of RHIT aiong the cone axis from the

receiver end point.
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Figure 3-30. Receiver Hit Test Geometry

In order for RHIT to have its endpoint on the cylinder surface,

RHIT - RHIT = lRHIT]Z = (S - so)2 tan 2ec

Calculating this dot product with the previous expression for‘RHIT,

RHIT - RAIT = -2L(5 - TR) + 1.2 - 21 (TR - ) @
2

D) +
2s(D - US) + s

and

IT . RHIT = (s2 - 2SS + § 2) tan2o
o] o] C
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This gives two unknowns (S and L) but because both L TR and (ﬁ + S USUN)
~ extend from the same point 1in space to. the surface of the hit plane with

unit normallﬁﬁ, we can solve for L és follows:

—

— —— ——— —
L(UR ¢« US) = (D + S US) - US

Substituting the value of L in the dot product above, we obtain a quadratic
in S:

s2[1/ @k - T8)? - tan 6 - 1]
- = - —a :
+s-2 2 ® D05 , * 28 t_:an_zﬁc]
(UR - TS) (UR - 0S) .
A =2 . .
+ [(i' Us) ) +D-D- 502 tan,zec
(GR - 0S)
_, D -_.US)_(Ij-URl] Z o
TR - US

The solution of the quadrétic gives the two piercing points (entry and exit)
of the ray with the cone. Imaginafy:foots iﬁdicafe that the ray failed to. -~

hit the cone. T
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SECTION 4
PROGRAM USE

Before running the_Coneentrator Optical Petformance Software program the user
is urged to read the previous sections, espeeially tﬁose portions pertaining
to the concentrator type one wishes to examine. There are, naturally, limita-
tions in the existing mathematical models which can be understood only By
understanding the modeling. Many limitations, which a user can find distrac-
ting, can be eliminated by a simple change in the F¢RTRAN coding. All the
wants of users of the code cannot be anticipated in advance but the documenta-
tion of the models and the F¢RTRAN can allow almost all user wants to be
satisfied by minor code changes. In addition to the documented modeling, the

code contains numerous comment cards to aid in code changes.

INPUT INSTRUCTIONS

All input to COPS is in the form of the F@RTRAN option for NAMELIST. A NAMELIST
called RUN controls the type of coocentrator'to be simulated; type of reflective/
refractive material used; day of the year; time of day; site latitude, longitude

and time zone; and the ISTPP parameter to exit from program execution.

The variables in NAMELIST RUN are:

NAMELIST/RUN/NDRAW, TAZ, TEL. TIME, XLAT, XLONG, TZONE,IDAY, ICONC, ISTOP,
+* NMAT,MAPS,NMATL . : . '

Appendix B, Glossary of NAMELIST Variables, provides a definition for each of
these variables as well as all variables contained in the individual concentra-

tor NAMELIST statements. The rules to follow in preparing the namelist input
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can be found in any good F@RTRAN IV reference manual. The variables that occur
in the NAMELIST statements for the 11<differehtiﬁoncentratbr type are shown -
in Figure 4-1, - T o ' o
As an example of the input for the code, the following shows the input cards
for simulating three cases of a paraboloid-of—revolution»(dish) concentrator:
$RUN Nnaﬂm=snma,1név=i31wﬁ;ar=33};#LDHG=SQ.ﬁkzaﬁé=5.sxtuﬁc=11s71m5=14.,
ISTOP=0sMMAT=2 +MAFI=5) | _
FDOIZHN F=1.0;RHP=1.154F9HR;=652D3=D.UDEsDTRHCRL=Q.DsDTEHCH3=0.Us
IRCVR=E;NHEIS=E;EM=O.IﬂsEL=U.lﬂsHZDHEE=SsHEDHE?=JsHEE=Esti=D.0:
FZM=0.0% - : - W : R r
FRUN &
BOISHN SDZ=0.003%

TRUM 13TOF=1% - .
EDIZHM ZDE=0.003% - B

The first RUN and DISHN NAMELIST stétg@epts‘ﬁefine_all.fhe control and concen-
trator variables which are neéesggrytfbr”thg fung _Folloﬁing;NAMELIST inputs
need only to define those variables which are to be changed from the previous

case.

In this example, only the surface error standara de§iation (SpS) 1is éhanged

for the second and third runs. The RUN yéfiables are unchanged except to set

the stop flag on the last case executed.

OUTPUT DEFINITIONS

All concentrator outputs follow the same. basic format. One example is given

here for the inflatable cylindricél concentrator., The'iﬁput is:

SRUM Nnnﬁw=1unuosxnﬁv=0,TH:=u.u,rEL=1;sa,Icumc=4,HMHT=:,MHF$=1,13T0F=1$
SINFLATH CLENG=S . 0 CulIDTH=1 . 0sRW=0, 0S o RL=4 . 0s305=0. 009 sHH< T 5=l o
nzunex=g.mznmsv=1ogxacuﬁ=1,Enxzfgn;zua,1&=1,THsTeHw=a.o,sz=u.n,
TILTANG=0.0F - - s R .




4-3

RPI FACETED-MIRROR CONCENTRATOR' -
- NAMEL!STIRP!L!STIFLbY!LYiO!m011¢DNE;ALEN,FLen,Fulo,NcoL.NRZ'RM‘x
e 4NZONEX,NZONEY, REFLTOT,RL,RW,803,80R, IRCVR, PSH

FIXED-MIRROR TRA CKING RECEIVER

NlMEL!STIFMTRN/CN!D?N.RL.TNEYAC.80.YR!M;NAXISoNZONEIvNZONEV,
. [lLTANGcIRCVRa?HETlAloDTRQCAI.&TRQCQL.SDS.SDRoREFLYOYoPsM

PARABOLIC TROUGH
“‘MELISTITROFN/CLENGUC“IDT“oQN.RLhFoNA!IS.NZDNEX'NZONEY.IRCVR
"';1“EYAA‘60‘“’C8L0°7R‘C‘zoSOSiSDR'REFLto‘pRNSvPSN

LINEAR FRESNEL

‘NAMELIST/FRESN/CLENG,CWIDTH, RW,RLLF.803,SDR,NAXIS,FACN,
. 'lCWnNllﬂnNLENSo'T!L?INGo‘N!WE“i"IONEYO {RCVR, THETAAX,DTRACRL,
* DYRICAIOSDFSOTRIN'DT.PSM :

INFLATIBLE CYLINDER : :
NAMELTST/INFLATN/CLENG,CHIDTH,RA,RL,SDS,SDR,NAXIS, TILTANG,
o NZONEX,NZONEY, RCVR,DEND,DTRACRL, OTRACAZ,RDIST,NZONEAX,
¢ IR,THETAAX,REFLTOT,PSY Co '

INCREMENTAL REFLECTOR

Nl"EfiSTIINCkEFN?CLENG.CNIDT“.Rl.RL;F.NAX!S.éAC".FAcN.'
g ¢ NA!R.NLENSoT!LTANGiNZDVEIaNlDNEV,SDFS}SDSoSDR.YNEYAAx,.

¢ DTRACRL,DTRACAZ,IRCVR,REFLTOT,RNS,PSM

x

INVOLUTE CPC

NAWEL!STICPCNICLENG.C“XDTN.R#.QLbNAXIS.Y!LTlNG.NZONE!.
* N!ONE'.!RCVR.?N!Tllléﬁl?,TNYOLBNTOL.SDS.SDR.REFLYOT
¢ o8SRW,PSH : : : ’

INVOLUTE/PARABOLIC CPC

nihELstIcchIcLena.tuxotu.nu.Rntuaxxs;vxgvhncaniousx.
o NZONEY.IRCVR, THETAAX,DAP, THTOLLNTOL,8DS,8DR,ATHETA
o JREFLTOT,SRW,PSM A - :

' SET IMAGE COLLAPSING CONCENTRATOR

NAHELISYISETN/GAMNAoTiLFQR;E‘S.!E.NFIToNPﬁlsoDzo3"!750
. RN.RL.CLENG.C“!DTﬂoSDS.SDRoRE'LWOToYR‘NTOY.NA!!S.
. ]NETAAI.NZONE!.NZONE!.?IL'AVG.IQCVRo’SMaNLENS

VEE TROUGB
NAMELIST/VIROFN/CLENG, CHIDTH,RA,RLY NAXIS,NZONEX,NZONEY,

* 7!LYANG.lﬂCVRoTMEYAA!.?NE_!Al.THEYH!.SDS.SDR.D,AP.QEFLTOY
¢ ,PSM A AR S o A .
PARABOLOID OF REVOLUTION (DISH)

: "NanELxsT/oxsﬁulr.aup.ukz;bos.aoa.biaacnt501nacaz.~-
'!acva.nax:s.au.aL.nzon:x.nzouev.nervot.uaz;aus.psu

Figure 4-1. Namelist Variables
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The output is ghown in Figure 4-2,

The first part of the output is self-explanatory. The concentrator type
corresponds to IC@NC defined in Appendix B.- The]fefiective and refractive
material types afe'aiso'definédfin Appéndix B.  For this case, no refractive
material 1s specified aﬁd the feflecti§é material kf&pe 5) i1s Kingston KingluxTM
polished aluminum. Later on in the output, this.specification of reflective
material type gives the values for total reflectance of 0.88 and the standard

= 0.00019 mr anq 0,= 0.00805 mr.

These are the standard deviations of the material surface and thus are one-

deviation for the reflective material ¢
half of the reflected beam profile angular errors.

The concentrator geometry is Specified in meters. In this case, the outer
cylinder radius is 1.0 meter (WIDTH) and it is 4,0 meters long (LENGTH). The
collector is tracking in one axis with a fracking axis oriented east-west as -
defined by 0.0 radian AXIS ORIENTATION. The receiver is 0.08 meter wide and
4,0 meters long. The receiver is cylindrical (RCVR. TYPE = 1) and no tilt is
given to the reflecting surface relative to vertical (TILT ANGLE = 0). The

receiver 1s positioned 0.306 meter from-the cylinder center.

For the case of 10,000 rays drawn,'3903 réys miésed (were wide of) the receiver.
An optical efficiency of 0.556 was gompdted. The optical efficiency 1is defined
by the power that reaches the receiver divided by the total possible that

could reach the receiver. For th;s example, let us assume that the incoming
solar radiation 1is likw/mz. The éperture area of the inflatible cylindrical
concentrator is 1 mx 4 m = 4 mz. Thus, the total possible power is 4 kW. If

no rays had missed the receiver, the'optical efficiency would have been:

NOPT = 0.08 x 4kW + 0.92 * (0.88%cos 4.2°) x 4 = 0.8875
' - 4 kW :
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INPUT VALUES FOR CONCENTRATOR RUN

. & CONCENTRATOR TYPE
2 REFL MATERIAL TYPE
"0 LENS MATERIAL TYPE
10000 RAYS DRAWN
1 FLUX MAP 0PTION(1=YES oano)

INFLATABLE CYLINDRICAL CONC. PARAMETERS

4,000 LENGTH
—= 7,000 . WIDTH
0 TRACKING AXES
0. AX1S ORIENTAYION
0,080 RCVR, WIDTH
4,000 RCVR, LENGTH -
1 RCVR TYPE
© 03777 TILT ANGLE
0.306 RCVR, POSITION

SURFACE,REFLECTANCE AND TRACKING PARAMETERS

"t 70,071 TBUN DFFeAXIS ANGLE
0,900 REFLECTANCE(TOTAL),
0.00800 SURF, ERROR(SY.DEV.)
0.00013 REFL.DISTR.1(ST.DEV,)

0. REFL,DISTR.2(ST.DEV,)
0. TRACKING ERROReAZ,

" 0o ~ TYRACKING ERROReROLL

MISSED MIT ON OPTICAL
~RAYS " RCVR EFFICIENCY

3903 " 5097 0.55579

Figure 4-2. Sample COPS Output
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where 0.88 1is the total reflectance and 4,1° is the off-axis sun angle. The
0.08 x 4 kW accounts for the fact that some rays (8 percent) strike the receiver
without directly bouncing from the reflecting surface. Since not all rays hit

the receiver, the optical efficiency computed from ray trace is 0.556.

The second part of the computed output 15 a mapping of receiver ray hits and
power (Figure 4-3). The cylinder is unrolled such that x is along the axis

and y is the azimuth zones on~the receiver, In this case the;é are ten azimuth
and five length zones; therefore, each azimuth ZOﬁe 1s 36° wide and each x
(length) zone 1is 0.8 meter long. Thé flux maps are in units of power per
square meter of receiver area. Thus, if the incoming radiation at the concen-
trator aperture were 1 kW/mz. the flux would be exactly as shown in Figure 4-3

in units of kW/mZ.

Yoeeo HITS IN ZONES
18 a3 s2 so 238 a8 se % 291 196
18 a0 0 17 200 199 as 92 287 178
18 a6 ss 60 233 178 1 82 290 197
18- 33 %9 61 222 108 - S 103 201 202

18 a7 o7 Y 240 188 54 "% 286 199

PWR/Mes2 IN 20NES
0.0701 -0.1675 0:2026 0.1882  0.8377  0.7300  0.1968  0,3367  1.0205  0,8877
0.0701  0.1859  0,19a8  0.2911  0.706  0.6979 0.1613 0,3226  0.9013  0,6242
0.0701 ~ 0.1792 0,213 0,2291 0.8210 0.6242 0.2139 0.2876 1.0310 0,6908
0.0704 0.1286 0.1909 0.229% 0,7832 0,6593 0,1894 0,3612 0,9854 0,7084
0.0625  0.i831  0.2611 0.280a  0,8475 . 0.6593 0.1788 0,3367 1,0029  0.8838

Figure 4-3. COPS Hit and Flux Map
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A-3

I concentrator

Subroutine ATILT calculates all column axis tilt angles for the RP
model. These are stored in the array CATA.

CALCULATE
NUMBER OF
MIRROR FACETS

¢

SET CONSTANTS FOR
LOOP TO CALCULATE
*COLUMN TILT
ANGLES (NCA, 1B,
DY)

2

INITIALIZE . . .
GUESS Lﬁ - e

FOR ANGLES

| 1=1 )
| ) ‘RETURN

CALCULATE SET 18, DY
GUESS FOR TO 2ND
VALUES

ANGLE USING
NEWTON'S METHOD

v

NO ITERATION

CONVERGED?

SAVE VALUE
< OF ANGLE
IN ARRAY




A-4

Subroutine CHEC finds the intersection of an incoming or reflected ray‘with
the vertical axis. This information is used in CPC2 and VEEHIT to detérmine
which side (plus or minus) of the concentrator is to be searched for ‘the ray
intersection with the reflecting surface.

RAY
ON AXIS?

FIND ZCHEC
WHERE INCOMING  /
RAY INTERSECTS

UCN AXIS

0 = ZCHEC ¢ zAP

&
Y o

YES

YES

SET FLAG

(o

z H$c< >O,ZAP. YES © TO SWITCH
? SIDE OF

INCOMING RAY

RETURN )@




A=

Subroutine CPC1 models an involute compound parabolic concentrator. . Newton's
method is used to find the intersection of the incoming ray with the .CPC
surface.. ' : - o

HEPEN

A
u .
CALL RDATA — ouTPUT
. .. ... }—f_ ERROR
N=1 PARAMETERS
SET REFL N
PARAMETERS NDRAW? [ ]
@ N=N+1 ;
/] . : . OUTPUT
RESULTS
. YES L
READ . L :
NAMELIST
CDCN o
« INITIALIZE

COUNTERS

T

OUTPUT

NAMELIST
VALUES CALL SUN2
‘ PERTURB SUN
VECTOR FOR
FINITE SIZE .
& INTENSITY
CALL FLUX
INITIALIZE L L | ' .
ROUTINE e
", DO RANDOM
L DRAW OVER
APERTURE, FIND
CALL TRACK ) LOCAL Y VALUE
SET CONC
POSITION VECTORS - l
SET DISTANCE
VECTOR ‘FOR
HIT TEST
OUTPUT ON RCVR
SOLAR
PARAMEITERS
CALL RCVR
TEST FOR
HIT ON RCVR
SET AS RAY ENTERS
CONSTANTS

!

CALL SUNI

SET VECTOR
TO SUN'S ZENTER




Subroutine CPCl (continued) A-6

SET INITIAL
GUESS FOR . CALCULATE
8{TO GET HIT POINT
HIT POINT) VALUES
. L i : 3
. I . z .

. . FIND PERFECT

) SET CONSTANTS . SURFACE NORMAL
. AND TANGENT

VECTORS

‘ 1= . .
' PRINT
: : < NTOL
’ {MAX NO. ERROR No. OF SET ST DEV
: ITERATIONS) MESSAGE RAYS EQUAL REFL TO
1=+ NO. FOR 1ST 2ND VALUE
REFL DISTR .
Lo
SET Flo) . :
AND DERIV
FOR NEWTON'S CALL ERRNORM
METHOD :
PERTURB .
SURFACE
NORMAL .
CALL SNELL
CALCULATE -
REFL RAY

T ‘

CALCULATE
NEW ¢

SET D VECTOR
TO KNOWN PT
ON RCVR

%

RECALCULATE TO CALL RCVR
EQ VALUE "

DO RCVR
HIT TEST

ITERATION
CONVERGED?

RAY
HIT- RCVR?



Subroutine CPCl (concluded)

45

CALL RAYVAL

CALCULATE
-RELATIVE

RAY VALUE

INCREMENT
- NO. OF
REFECTIONS

" _INCREMENT

MISS
COUNTER

T

CALL FLUX

SET ZONE OF
HIT, ENERGY

RESET RAY
ORIGIN POINT

AND INCOMING

RAY VECTOR




Subroutine CPC2 models a reflector absorber as defined in a paper by Rabl
'Solar Concentrators with Maximal Concentration for Cylindrical Absorbers,"

Applied Optics, July 1976. Newton's method is used to find ray intersections
with the reflecting surface.

CALL RDATA

SEY REFL
DATA FOR
MATERIAL

ALAD
NAMELIST
CPCN

CALL TRACK

LY CONC
POSITION
VECTORS

1

CALL FLUX

INITIALIZE

$

CALCULATE
R

CVR
RADIUS AND ZaP

)\

CALL SUNT

SET VECTOR TO
SUN CENTER

ouTrUT

ERROR
N PARAMETERS
NDRAW

l'“ . outPLT

OPTICAL
EFFICIENC Y
WITIALIZE
FLAGS
. caLt FLux
| B
FLux” ves
\ MATPING ourrur
ZONE MAPS
~O

RETURN




Subroutine CPC2

(continued)

CALL SUN2

PERTURB
SUN VECTOR

P

‘DO RANDOM
DRAW OVER
APERTURE

&

SEY B. Gi
7OR DIRECT
HIT TEST

X

CALL RCVR -

TEST FOR *

DIRECT HIT

MISS
FLAG = 1?7

CALL CHEC

DETERMINE
WHETHER RAY
HITS POSITIVE OR
NEGATIVE ¥
SET ISW FLAG

MORE
THAN | REFL,
RAY EXIT
APER?

INCREMENT
NO. OF SWITCHES

P

INCREASE
DIRECT HIT
COUNTER

L

SET RELATIVE
RAY VALUE
TO ONE

2

CALL FLUX

DETERMINE
HIT ZONE.
POWER

CHANGE
SIDE OF
INCOMING RAY

SWITCH
SIGN OF
YAP




Subroutine CPC2 (continued)

. b=1+1

SET INITIAL
GUESS FOR
THETA

!

SET CONSTANT
VALUES
FOR ITERATION

+

| = NO
NTOL .

@

SET P
pl
AS FUNCTION
OF ¢

P!

FIND VALUE
OF FUNCTION
& DERIVATIVE

vss

NO

CALCULATE
DELTA AND
NEW ¢

ITERATION
CONVERGED?

VALUE
OF 8 SAME

ROOT AS
BEFORE

INCREMENT
FLAG
VALUE

CALCULATE
SURFACE HIT
PT: X0. YO, ZO

PRINT
ERROR
MESSAGE

2

FIND SURFACE
NORMAL AND
TANGENT VECTOR

NO,
OF RAYS
EQUALS NO. FOR
: 1ST REFL

DISTR?

CALL ERRNORM

CALCULATE
PERTURBED
SURFACE NORMAL

YES

SET ST DEV
TO 2ND VALUE
SDR = SDR2




Subroutine CPC2 (concluded)

CALL SNELL

FIND REFL
RAY VECTOR

Y

SET B VECTOR
TO POINT ON
RCVR SURFACE

&.

CALL ‘RCVR

DO RCVR HIT
TEST

INCREMENT
MISS COUNT

+ INCREMENT REFL
COUNT, RESET
START PT OF

RAY, RESET
INCOMING VECTOR

A-11

CALL RAYVAL

SET ENERGY
VALUE OF RAY

i

SWITCH SIDE
OF RHIT
VECTOR

2

CALL FLUX

DETERMINE HIT
ZONE AND
ENERGY POWER




A~12

Subroutine CROSS calculates the cross prqguct of two vectors. -

COMPUTE
COEFFICIENTS
OF CROSS PRODUCT

RETURN




A-13

Subroutine CYLHIT finds the hit point on a cylindrical concentrator surface
given an incoming ray and origin.

RETURN

SET CONSTANTS
INITIALIZE
ERROR FLAG

Yo -
2ND ROOT

N
SUN DIRECT CALCULATE
IN ucp Lol
DIRECTION 20, x0
Y = vap
SET ERROR
FLAG
RETURN
CALCULATE
VALUES
Yol Y02
Yo .
ST ROOT
HAS
NEW
Yoo ROQT = PREVIOUS RAY REFL
2ND HIT POINT MORE THAN
ROOT ' ONCE?
CALCULATE CALCULATE
20, X0 20, X0
HIT FOINTS HIT POINTS

) RETURN
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Function DOTER calculates the dot prodpc_:_t of two vectors.

<:¥'DOTERfiij>
e

COMPUTE DOT
PRODUCT *

(:_RE%ﬁRN“j>f




LR

w3y §oae

the reflectance distribution.
to determine the first angle of rotation.
by an evenly distributed random rotation using the random number generator.

PR

A-15

'Qubroutine ERRNORM perturbs a surface normal vector for surface errors and
Subroutine RNORM is called from ERRNORM
The second angle is determined

ERRNORM

CALCULATE
. COMBINED
STANDARD
DEVIATION. SD.

$

" CALL RNORM

CALCULATE
RANDOM ERROR
R

!

FIND ¢1.02
TO PERTURB
UN

@

SIN, COS
.92

P

CALCULATE UNP
COMPONENTS
USING ¢1, ¢ 2,
UN. UT, UCA

RETURN )
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Subroutine FLUX sums up ray hits on receivers into zonés on the receiver to
output a flux map.

({ o )

NCODE = 1
?

INITIALIZE -
CONSTANTS, RETURN
SET ZONE .

AREAS

WRITE .
FLUX RETURN
MAPS

FIND INTEGER
FLUX ZONE
NUMBERS

R

INCREMENT
FLUX ZONE
COUNTERS

!

C RETURN ’
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Subroutine FMIR models the fixed-mirror tracking receiver concentrator with
a conical two-axis tracking absorber... .. :

=07 >

< NMAT-

CALL RDATA N=1" Ne ourpur
SET REFL. N =N+ NORAW pARAMETERS o

PARAMETERS
e o . YES
ouw T
CALL SUN 2 OPTICAL /
ga@%#AMELlST y i PERTURB SUN EFFICIENCY
. VECTOR FOR
. - v ‘ FINITE: SIZE AND
T . INTENSITY
: i ' - CALL FLUX
OUTPUT .
NAMELIST N e ) S.%ZUT ZONE
VALUES DO RANDOM ,
DRAW OVER '
) APERTURE
4 ((XAP‘r YAP) p—_—"
CALL FLUX CONST. ZAP ( v )
INITIALIZE
ROUTINE
L DO RCVR,
% .  HIT TEST
SET FMTR
CONSTANT
! RAT HIT
CALL TRACK
gggccﬁou
FIND DISTANCE
VECTORS .. L TO HIT POINT
INCREMENT ON
JI COUNT OF SURFACE USING
SHADOWED RAYS 'QUADRATIC FORMULA
OUTPUT :
SOLAR ~
PARAMETERS
' " REAL ™ ERROR
?
ROOTS ‘ MESSAGE
CALL SUN 1 =3
SET VECTOR \
TO SUN'S CENTER : @

A

CALCULATE
SUN VECTOR
TRIAD
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Subroutine FMTR (concluded)

FIND PERFECT - | ?nggonsn?TOR
NORMAL. KON POINT ON RCVR.
AND UNIT
NORMAL - —3
' __CALL RCVR.
DO RECEIVER
.CALCULATE HIT TEST
_HIT POINT :
FROM SURFACE
. NORMAL _
: HIT
POINT >
RCVR
LENGTH?

RAY
EXIT APERTURE
ON REFL.?

CALL RAYVAL

SET VALUE
OF REFL.

RAY

CALL FLUX

ot 2o

YES . INCREMENT POINT
CALL RDATA NUMBER :

OF
iillﬁﬁ%gks : REFLECTIONS

. RESET VALUES
CALL ERRNORM OF RAY ORIGIN
POINT AND

PERTURN SURFACE INCOMING RAY
NORMAL FOR
RS VECTOR

v

CALL SNELL

FIND REFL.
RAY VECTOR

CALCULATE
UNIT TANGENT
VECTOR

NO,
OF RAYS
EQUAL NO. FOR
1ST REFL.
DISTR?




Subroutine FRESNEL models a Fresnel lens (linear) with user-specified facet
width. Either a planar or cylindrical absorber can be used.

A-19

{ FRESNEL

READ
NAMELIST
FRESN

WRITE
NAMELIST
FRESN

*

CALL SUN1t

SET SUN
CENTER VECTOR

'\

CALL TRACK
SET COLLECTOR
POSITION VECTORS
N=1 WRITE
. N< INPUT AND
NDRAW? OUTPUT DATA
N=N+1)
l YES
DRAW OVER RETURN
APERTURE S

:

SET LENS
MATERIAL DATA

.

COMPUTE FACET
NORMAL AND
TANGENT VECTORS




CALL SUN2

PERTURB SUN
VECTOR

*

CALL ERRNORM

PERTURB TOP OF
LENS NORMAL

!

CALL LREFR

FIND REFRACTED
RAY VECTOR

!

CALL ERRNORM

PERTURB FACET
NORMAL

o

CALL LREFR

FIND REFRACTED
RAY VECTOR
TO RCVR

3

SET B VECTOR
TO RCVR

2

CALL RCVR

CHECK FOR
HIT ON RCVR

Subroutine FRESNEL (concluded)

A-20

CALL FLUX

INCREMENTED |

FLUX ZONE
OF HIT

INCREMENT
POWER COUNTER

INCREMENT
MISS
COUNTER
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Subroutine INCREF models an incremental reflector type of concentrating
collector.,

READ
NAMELIST
INCREFN

CALL RDATA

@ SET
REFLECTANCE
DATA

WRITE
NAMELIST
PARAMETERS

CALL SUN1

SET VECTOR
TO SUN CENTER

b

CALL TRACK
SET COLLECTOR
POSITION VECTORS
Net WRITE
NZ NO . INPUT

. NORAW ¢ AND OUTPUT
° i [ . DATA
1ves I
DRAW OVER
APERTURE °

INCREMENT
SHADOW o
COUNTER

SET LENS
MATERIAL
INDEX




A=-22
Subroutine INCREF (concluded)

CALL RCVR

CALCULATE PERFECT’
NORMAL & TANGENT
AT REFLECTING SURFACE DETERMINE HIT
POINT ON RCVR

' SURFACE o o
R — — | (™)

_CALL SUN2
PERTURB . RCVR - INCREMENT
SUN VECTOR : wiss ves | ReM!
‘& . =17 COUNTER
CALL ERRNORM
NO ) :
PERTURB TOP
. SURFACE NORMAL . ‘
° T
3 ' “:"",S ' YES CALL FLUX
.~ CALL LREFR ’
FIND HIT
+ FIND REFRACTED ZONE ON RCVR
RAY VECTOR .
N INCREMENT

CALL ERRNORM HIT COUNTER

PERTURB REFLECTING -
SURFACE NORMAL !

CALL SNELL N o

FIND REFLECTED
RAY VECTOR

3

CALL ERRNORM

PERTURB TOP .
SURFACE NORMAL t

9

CALL LREFR

FIND REFRACTED .
RAY TO RCVR

R

SET D VECTOR - | « = -
TO RCVR o I




Subroutine INFLAT models the one-axis tracking inflatable concentrating

A-23

collector using a cylindrical absorber.

CALL RDATA

SET REFL.
MATERIAL

" DATA

READ
NAMELIST

¥

OuTPUT
NAMELIST

]

CALL FLUX

INITIALIZE
ROUTINE

y

CALL TRACK

SET CONC.
POSITION
VECTORS

¥

QUTPUT
SOLAR
PARAMETERS

!

CALL SUN1

SET VECTOR
TO SUN
CENTER

A
N=1 | W QUTPUT
NDRAW ERROR
PARAMETERS
yss& L

'CALLSUN2 OUTPUT
PERTURB SUN RESULTS
VECTOR FOR
FINITE SIZE

AND INTENSITY

g

RANDOMLY
DRAW OVER
* APERTURE

CALL CYLHIT

FIND HIT POINT ~
OF INCOMING

RAY ON SURFACE

PRINT
ERROR
MESSAGE




Subroutine INFLAT (continued)

FIND PERFECT
SURFACE NORMAL
AND TANGENT
VECTORS

SET ST, DEV,
FOR REFL,
TO 2ND VALUE

CALL ERRNORM

CALCULATE
SURFACE
NORMAL

I

CALL SNELL

CALCULATE REF.
RAY UR

DOING
RCVR. OPTION?

A-24

SET D VECTOR
TO KNOW POINT
ON RCVR.
SURFACE

y

CALL RCVR.

DO'RCVR.
HIT TEST

MISS
FLAG SET
IN RCVR?

FIND HIT
POINT ALONG
NORMAL AXIS

g ZHIT
OUTSIDE RANGE
OF RADIUS?

FIND ZONE
OF HIT DT.
ALONG UCN
AXIS

v

CALL FLUX

COMPUTE ZONE
OF HIT AND
ENERGY

INCREMENT
MiSs
COUNTER




Subroutine INFLAT (concluded)

INCREMENT
REFLECTION
COUNT

v

RESET INCOMING
RAY AND RAY
~ ORIGIN POINT




A=-26.

Subroutine LDATA contains the refr

active index data for an acrylic lens, 10 mm
thick. The refraction index is a

function of the wavelength of the sun's ray.

WAVELENGTH
DATA &
INDEX OF REFR

INITIALIZE

NAIR
NLENS

=1 LooP

THROUGH
A

d=1+1 | VvALUES

)
WITHIN. BOUNDS YES

RETURN
DW1, DW2?




Subroutine LIMDR models the intensity distribution of energy across the surface
of the sun. Three different modes are possible: . oo

o LIMC

e LIMC

e LIMC

A~-27

1 assumes a flat sun.

3 assumes a sun with limb darkeniné only.

CALCULATE
SOLAR INT
W/LIMB DARKENING
AND SOLAR RAD

¢

( rerom )

2 assumes a sun with limb darkening and solar radiation.

CALCULATE
SOLAR
INTENSITY
FLAT SUN

LIMC = 3

2.

CALCULATE
INTENSITY .

WITH LIMB ™~

DARKENING ONLY

.

‘ RETURN )




A-28.

Subroutine LREFR computes the refracted ray vector using the law of sines.

C LREFR j‘ | ‘
*

COMPUTE INCOMING® LT
RAY ANGLE WITH .o
* NORMAL 8%

SET REFRACTED
61 = o7 YES.. RAY EQUAL TO
1 , INCOMING RAY

NO . : ( RETURN )

COMPUTE SIN OF .
REFRACTED RAY ANGLE
WITH NORMAL :

SIN g2 = N IN SIN 014
N OUT :

SET CODE FOR
ANGLE BEYOND
CRITICAL ANGLE

e

RETURN ’

COMPUTE 62 .
AND REFRACTED ~ + |- . ~-
RAY VECTOR :

.

‘ RETURN ’
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' . B ,

MAIN is the driver'fdr the Monte carlo ray trace.‘

SET DRAD ™ °
CONVERSION

FROM DEGREES o o .
TO RADIANS .

*

SET LOCAL
VECTOR TRIAD
- C T o T e ULE, ULS, ULV

4 RUN

QUTPUT
CONC TYPE,
MATERIAL TYPE
NDRAW

CALL SUN

- DETERMINE AZIMUTH,
ELEVATION ANGLES

CALL CONCENTRATOR

ROUTINE
1< ICONC £ 11 -

READ
e NAMELIST “ .
|
|
|
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Subroutine MONTE does the Monte Carlo draw over the RP

I faceted-mirror solar
concentrator surface, . ,

+

< MONTE >
‘DRAW AT RANDOM

. MIRROR BANK, NO.
: COLUMN AXIS

v

DRAW RANDOM
HIT PT
COORDINATES
ON FACET

]

FIND COLUMN
AXIS TILT
ANGLE

CALCULATE
LENGTH ALONG

COL AXIS TO
FACET CENTER

:

< RETURN ) : |

ro ‘ NO, AND
. ' .. MIRROR FACET NO.




'NORM calculates the surface n
receiver surface for each draw with the RPI concentrator mo

CALCULATE
COLUMN AXIS
TRIAD

:

SET VECYOR VF
FROM FACET
CENTER TO
FOCUS PT

4

SET THE
PERFECT FOCUS
FACET NORMAL

VN

b ’ N . o L .
ormal and D vector’ to the known point on the ~

SET D
FROM FACET
START 7O .
CENTER OF
FOCAL PLANE

'

SET UMN
THE UNIT
MIRROR NORMAL

:

SET VECTORS
IN PLANE
OF MIRROR FACET

!

CALL CROSS

UCN X UVF

s

CALL CROSS

VN XVFPI

S

ROTATE
UMN

$

COMPUTE
ROTATED NORMAL
& YANGENT VECTORS

O




Subroutine PDISH models the paraboloid-of

300

READ
RAMELIST
DISHN

CALL FLUX

INITIALIZE
ROUTINE

Y

CALL TRACK

SET CONC,
POSITION
VECTORS

y

A-32

CALL RDATA

SET
REFLECTIVITY
PARAMETERS

CALL SUNI

SET VECTOR
T0
SUN CENTER

N<¢
NO. OF

RAYS?

y YES

DRAW RADIUS
AND§
RANDOMLY
OVER SURFACE

Y

CALCULATE
HIT POINT
X0, Y0, Z0

NO
RETURN L

ouTPUT
ERROR
PARAMETERS

OQUTPUT
OPTICAL
EFFICIENCY

-revolution (dish) concentrator.

CALL FLUX

OUTPUT HIT
AND FLUX MAPS




Subroutine PDISH (concluded)

CALCULATE
PERFECT
NORMAL ANO
TANGENT VECTOR

NO.
OF RAYS
EQUAL NO. FOR
1ST REFL,

DISTR?

CALL ERRNORM

CALCULATE
PERTURBED
SURFACE NORMAL

v

CALL SUN2

PERTURB SUN
VECTOR FOR FINITE
SIZE & INTENSITY

YES

2

CALL SNELL

FIND REFLECTED
RAY VECTOR

:

SET D
VECTOR TO
PT ON RCVR

)

CALL RCVR

DETERMINE HIT
POINT ON
RCVR SURFACE

A=-33

USE 2ND
ST DEV,
SDR = SDR2

INCREMENT
MISS
COUNTER

CALL FLUX

i FIND HIT ZONE

> AND POWER
FOR RAY
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Subroutine PTROUGH models the parabolic trough concentrator surface and

determines the optical efficiency for this configuration.

( PTROUGH )

READ NAMELIST
DATA

L

CALL RDATA

GET VALUES
REFLECTANCE
DATA

~

v

OUTPUT
NAMELIST
VALUES

¥

CALL FLUX

INITIALIZE
ROUTINE

y

CALL TRACK

SET CONC.
POSITION
VECTORS

QUTPUT
SOLAR
VARIABLES

¢

CALLSUN1

SET VECTOR
TO SUN'S
CENTERS

300

2
20= Y%

2

FIND PERFECT
SURFACE
NORMAL AND

. TANGENT VECTOR

[ NO

CALL ERRNORM . -

PERTURB SURFACE
NORMAL FOR
SURFACE ERROR

AND REFL. DISTR, _

A v
ICEENEN PR L300 T
N=N+1 | NDRAW? PARAMETERS
[ VES [
DRAW CALL FLUX
RANDOM HIT CALL FLU
POINTS - LR aps
X0, Y‘l HITS IN ZONES
. CALCULATE

D)

"( RETURN

e

USE 2ND
ST. DEV,
SDR-3DR2

g

CALL SUN 2

PERTURB SUN
VECTOR FOR FINITE
SUNSIZE - -

¢

CALL SNELL

FIND REFL.
RAY VECTOR




‘Subroutine PTROUGH (concluded)

SET D

VECTOR TO
POINT ON
RCVR SURF

.

CALL RCVR

FIND VECTOR TO
HIT POINT ON RCVR |

RAY
HIT RCVR?

INCREASE -
MISS COUNT
BY I

CALL FLUX

DETERMINE
ZONE & POWER
FOR HITS

FOR A
FLAT RCVR,
MISS = 1?
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Function RAYVAL determines the relative
the total reflectance and the number. of
surface before reaching the receiver.

power of a reflected ray based on ;
reflections from the concentrator

FUNCTION
RAYVAL -

INCREASE
REFLECTION
COUNT BY 1

N “
‘ o * .

. Lo,
* BN

RAYVAL = 1.0

%

CALCULATE RAYVAL
FOR N REFL'NS ) oo
RAYVAL = (REFL)N s e

2

< RETURN ‘ >
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Subroutine RCVR models the receiver types and tests for a- hit on- the receiver
for each ray of the Monte Carlo draw. Three receiver types are modeled: planar,
cylindrical and conical. . - . : :

SOLVE FOR
L
: ‘ . CALC
CALCULATE . CALCULATE
ALl, AL2 He—1c FEREE NI . RHIT

USING
QUADRATIC EQN

(" RETURN )

« SETRCVR, - 1
MISS FLAG
MISR=1

CALCULATE :
.
QHIT, RHIT co CALCULATE
* S1, S2 USING
QUADRATIC
- EQUATION
!

” REAL
ROOTS? P

CALCULATE
AL DISTANCE
D

ALONG UR
FIND QHIT,
R
RAIT




A-38 ‘
Subroutine RDATA contains reflective materials data based on Petit and Butler's
measurements using bidirectional reflectometry. The data includes one or
"two reflectance values and their associated standard deviations, which charac-
terize the reflected beam profile of the material as a normal or sum of twd‘
normal distributions. The .standard deviations are used in conjunction with
the surface error to perturb the surface normal for surface errors and the
reflectance distribution.

INPUT
ST DEV
REFLECTANCE
DATA

SET VALUES

SDR1, SDR2
REFL. REFLTOT

CALCULATE
NO. OF RAYS
TO USE SDRI1

> .
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Subroutine RNORM generates pairs of independent, normally distributed random
deviates (mean = 0, standard deviation = 1). .  They are distributed over the
interval (- to +~). Input to the routine is the uniform random number
generator (FLAT (X)).. The, function FLAT :(X): returns a random number evenly:

d‘ist_‘ri'but‘éd on (0,1).

SET RANDOM
A VALUE TO
® SECOND VALUE

' CALCULATED (Dj = Dp)

T

) C RETURN )

1ST OF
TWO CALLS?

CALL FOR
RANDOM
NUMBERS

%

GENERATE A
PAIR OF-
NORMAL RANDOM
DEVIATES (Dy, D2)

é',

é RETURN > »




Subroutine RPI models the Rensselaer Pol
concentrator surface,

performs all hit tests on t
optical efficiency results for the concentrator.

CALL RDATA -

A-40

CALLSUN1

SET VALUES
OF REF, 1

_PARAMETERS

SET VECTOR
TO SUN
CENTER

L

READ
NAMELIST -
RPILIST

Y

r

v

OUTPUT
NAMELIST
VALUES

CALL FLUX

INITIALIZE
ROUTINE

!

CALL ATILT

SET COLUMN
AXIS TILT
ANGLES

Y

COMPUTE
MIRROR AREA
CONC. RATIO

!

CALL TRACK

SET CONC.
POSITION
VECTORS

v

QUTPUT
SOLAR
VARIABLES

y

SET COLUMN
AXIS
ROTATION ANGLE

Y

N<
NDRAWY

NO

ytechnic Institute faceted-mirror solar
he receiver and outputs the

OUTPUT
ERROR
PARAMETERS

+ YES

INITIALIZE
RAY
- VALUE

¥

CALL SUN 2

PERTURB
SUN VECTOR

Y

CALL MONTE

DO RANDOM
DRAW OVER
SURFACE

v

CALL NORM

FIND PERFECT
SURFACE NORMAL
AND D VECTOR

I
| wma ]
Q RETtRN j




Subroutine RPI (concluded) .

COMPUTE
COSINE
BETWEEN
MIRROR & SUN

NO. SET ST DEV
RAYS EQUAL TO 2ND
NO. FOR IST VALUE
REFL DISTR?
_CALL ERRNORM
PERTURB SURFACE
NORMAL
CALL SNELL
FIND REFL
RAY VECTOR
CALL RCVR
DO RCVR
HIT TEST
INCREMENT
MISS
COUNT

FiND ZONE
OF HIT
AND SUM




Subroutine SET models the imaging colla

psing concentrator as defined by solar
energy technology.

=
T

READ
NAMELIST
SETN

P

WRITE
NAMELIST
PARAMETERS

%

CALL SUN 1

~d —1 U

SET SUN
CENTER VECTOR

%

CALL TRACK

SET COLLECTOR
POSITION VECTORS

N=1 WRITE
N "AND

NDRAW ? OUTPUT

N=N+1 DATA

2

DRAW OVER , :
TENS APERTURE RETURN




Subrqutine SET (continued)

COMPUTE UPPER
PRISM ELEMENT
NORMAL AND TANGENT

%

CALL ERRNORM

PERTURB SURFACE
NORMAL VECTOR

%

CALL SUN2

PERTURB SUN
VECTOR

%

CALL LREFR

FIND REFRACTED
RAY VECTOR

%

CALL SLEN

CHECK FOR
REFRACTION OFF
VERTICAL FACE

A-43

600

COMPUTE INNER
SURFACE NORMAL
VECTOR

.

CALL ERRNORM

PERTURB INNER
LENS NORMAL

3

CALL LREFR

FIND REFRACTED
RAY VECTOR

$

CALL SUBR

FIND HIT POINT
AND NORMAL ON
SUBREFLECTOR

*

CALL ERRNORM

PERTURB
SUBREFLECTOR
NORMAL VECTOR

INCREMENT
MISS
COUNTER

!

CALL SNELL

. FIND HIT POINT
' ON INNER
LENS SURFACE

FIND REFLECTED
RAY VECTOR

Y

SET D VECTOR
TO SHELF RCVR.

2

! CALL RCVR

CHECK FOR
RCVR HIT
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Subroutine SET (concluded)

CHECK FOR
REFLECTION
ON SUBREFLECTOR
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Subroutine SNELL computes the reflected ray vector.

C SN:_L ' )

 CALCULATE
COEFFICIENT
OF UNORM TERM -

CALCULATE
REFLECTED RAY
COEFFICIENTS

!

é RETURN b
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-ty

Subroutine SUN1 calculates the coefficients for the sun center vector US
based on the azimuth and elevation angles calculated in Subroutine SUN,

In addition, the vectors USTL and UST2, which form a vector triad on the
sun face, are calculated to be used in perturbing the sun vector for the
finite in SUN2.

'(Z» SUNT )
CALCULATE

SINE, COSINE
SUN ANGLES

$

CALCULATE

US COMPONENTS
TO SUN'S CENTER

o

FIND UST1
PERPENDICULAR

TO Us

®

CALL CROSS

FIND UST2 TO
COMPLETE TRIAD

_'- . PRINT
ORTHONORMAL ERROR
< MESSAGE

~ VECTORS?

C - ;

0 e
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Subroutine SUN2 calculates a perturbed sun ray to account for the finite size
and intensity. LIMDR, the routine that calculates the intensity distribution
across the surface of the sun, is called from SUN2. We have used this routine

for a 1limb darkened sun only.

¢

)
)

DRAW

RANDOM

RADIUS
SUN'’S SURFACE

2y

CALL LIMDR

USE LIMB
DARKENED
SUN

P!

CALCULATE
PERTURBED
SUN VECTOR

2

CHECK THAT
RAY IS
IN SUN DISK

.

4 RETURN )

* e G v 9 Ry oo
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Subroutine TRACK sets the collector position vector triad 362, UCN, UCP
for all concentrators using the sun's position. Tracking errors are taken
into consideration by input of a specific value for each concentrator run.

For each concentrator, the origin of this vector triad varies. For example,
the origin for the parabolic trough is at the center of the concentrator at
the bottom of the trough arc and at one end of the length. For the fixed-
mirror tracking receiver, the origin is at the center of curvature of

that sphere that contains the concentrator.

CONVERT ANGLES
DEGREES TO
RARIANS

RPI - CALCULATE,
CONCEN YES 200 - NEEDED
RUN? SINES, COSINES
No !
FIND VECTOR IN
a PLANE OF
-AXIS YES SET AZIMUTH g S
TRACKER? TRACK ANGLE ULE. ULS
NO CALCULATE
COMPONENTS
OF UCA, UCN, UC
CALCULATE UCA. UCN, ucP
ROLL

ANGLE

STATIONARY
CONCENTRATOR?

CALCULATE
OFFSUN

YES

)
ROLL ANGLE »
TILT ANGLE

[OFF-AXIS ANGLE)

*

CALCULATE
COMPONENTS OF

Uca. USN, uck

RETURN
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Subroutine VEEHIT finds the hit‘point on the‘vee‘trough surface given an in- w
coming ray and an origin point (Xa . Ya s Za ). ‘The routine:checks to see
which side of the vee should be t&8Bted?Bnd uges the correct slope to find the

hit point Xo' Yo’ Zo’ , ) o,

Y

C RETURN

)

HITON SET ANGLE
< RIGHT SIDE? FOR HIT
ON LEFT
L 4
SoL THES ' CALCULATE
DETERMINE POINT SET ANGLE
WHERE INCOMING FOR HIT —> HIT POINT
RAY CROSSES ON RIGHT COORDINATES
UCN AXIS
L~ F
SET TANGENT ( RETURN )
OF ANGLE -
TO THAT
FOR'LEFT
SET TANGENT Y =
TO THAT FOR
RIGHT SIDE
CALCULATE ~
HIT POINT ¥
COORDIANTES
X0, YO, Z0
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Subroutine VEETROF models the variable reflector side angle vee trough

collectors..

_ 9
CALL FLUX

INITIALIZE
ROUTINE

:

CALL TRACK

SET CONC,
POSITION
VECTORS

.

CALL RDATA

SET PROPERTIES
FOR REFLECTANCE

:

QUTPUT
SOLAR
PARAMETERS

SET CONSTANTS
AND INITIALIZE
COUNTERS

:

CALLSUN 1

SEY VECTOR
TO SUN CENTER

ERROR
PARAMETERS

?

OUTPUT
- RESULTS

RETURN

N
| NDRAW?

v ) Ka

HIT TEST -

]

CALL RCVR

DO HIT
TEST W/RCVR

|

RAY

INCREMENT YES
HIT ON
DIRECTAIT ENTERING
?
SET RELATIVE
POWER OF :
RAY '
! CALL VEEHIT
CALL FLUX FIND HIT
-FIND ZONE _ SUR
OF HIT




Subroutine VEETROF (concluded)

SET SURFACE
NORMAL AND
TANGENT VECTORS

NO.
OF RAYS
DRAWN = NO.
OF RAYS FOR
1ST REFL
DIST?

CALL ERRNORM

PERTURB

SET ST DEV
FOR REFL
TO 2ND VALUE

"SURFACE
NORMAL

2

CALL SNELL

FIND REFL
RAY VECTOR

|

SETD
TO KNOWN
PT ON RCVR

!

CALL RCVR

DO HIT
TEST

SET RELATIVE
RAY
POWER

CALL FLUX

FIND ZONE OF
HIT, ENERGY

RAY MISSED
FLAT RCVR?

THAN 3 REFL?

MORE

INCREMENT
MISS
COUNTER




APPENDIX B

GLOSSARY OF NAMELIST VARIABLES
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VARIABLE DESCRIPTION NAMELIST(S)
AC ARRAY OF COEFFICIENTS FOR SUB- SETN
REFLECTOR CURVEFIT
ALEN LENGTH OF COLUMN AXIS (METERS) RPI LIST
FOR THE RPI FACETED-MIRROR SOLAR
CONCENTRATOR
ATHETA ACCEPTANCE ANGLE (DEGREES) FOR CPCN (CPC2 ONLY)
THE CPC-PARABOLIC INVOLUTE MODEL
CLENG CONCENTRATOR LENGTH (METERS) CPCN
FRESN
INCREFN
INFLATN
- TROFN
VTROFN
SETN
CWIDTH CONCENTRATOR WIDTH (METERS) CPCN
FMTRN
FRESN
INCREFN
INFLATN
TROFN
VTROFN
SETN
DAP WIDTH OF ONE CPC OR VEE TROUGH CPCN
MODULE (METERS) VIROFN
DX COLUMN AXIS SPACING (METERS) RPI LIST
DZ VERTICAL DISTANCE BETWEEN LENS SETN
AND SUBREFLECTOR COORDINATE
SYSTEM CENTERS ’




_VARIABLE DESCRIPTION NAMELIST(S)
DTRACAZ ASTMUTH TRACKING ERROR ANGLE cpeN
: FMTRN
FOR THE TWO AXIS TRACKING RE~- FHoeN
CEIVER ' INCREEN
INFLATN
DISHN.
TROFN
RPI LIST
VIROFN
DTRACRL TRACKING ERROR ANGLE (ROLL) FOR CPCN
: AR T FMIRN
THE ONE- AND TWO-AXIS TRACKING FRESH
RECEIVERS INCREFN
INFLATN
DISHN
TROFN -
RPI LIST
VTROFN
DY1 DISTANCE FROM CONCENTRATOR CEN- RPT LIST
TOR TO START OF FIRST COLUMN
AXIS ROW
. DY2 DISTANCE FROM CONCENTRATOR CENTER RPI LIST
TO START OF SECOND COLUMN AXIS
ROW
. FACH OPTIONAL INPUT OF FACET THICKNESS FRESN
(IF CONSTANT) FOR FRESNEL AND IN- INCREFN
CREMENTAL REFLECTOR (METERS)
FACW OPTIONAL INPUT OF FACET WIDTH FRESN
INCREFN
(METERS), (IF CONSTANT) FOR FRESNEL
AND INCREMENTAL REFLECTOR
F FOCAL LENGTH (METERS) FOR LINEAR FRESN
' INCREFN
FRESNEL AND ALSO FOR: TaCRE
e INCREMENTAL REFLECTOR DISHN

@ PARABOLIC TROUGH
© PARABOLOID OF REVOLUTION (DISH)




VARIABLE

DESCRIPTION

NAMELIST(S)

FL

FLEN

FWID

ICONC

IDAY

IR

FOCAL LENGTH (METERS) FOR FACETED
MIRROR SOLAR CONCENTRATION

LENGTH OF INDIVIDUAL MIRROR
FACET ON COLUMN AXIS (METERS)

WIDTH OF INDIVIDUAL MIRROR FACET
ON COLUMN AXIS (METERS)

ARRAY OF PRISM ANGLES FOR TOP
OF LENS ELEMENTS

CONCENTRATOR TYPE:

1

wmsWwN

~ o

10
11

= RPI FACETED-MIRROR SOLAR
CONCENTRATOR

PARABOLIC TROUGH

LINEAR FRESNEL

INFLATABLE CYLINDRICAL CON-

CENTRATOR

INCREMENTAL REFLECTOR’

INVOLUTE COMPOUND PARABOLIC

CONCENTRATOR

INVOLUTE/PARABOLIC COMPOUND

PARABOLIC CONCENTRATOR

= IMAGING COLLAPSING CONCENTRA-
TOR (SET) ’

= VEE TROUGH CONCENTRATOR

= PARABOLOID OF REVOLUTION (DISH)

DAY OF YEAR ( 1 = JANUARY 1)

NOTE: MAY BE ELIMINATED WITH USER

INPUT OF TAZ, TEL.

FLAG FOR RECEIVER RUN:

vt
IR = O: HITS ALONG UCN AXIS CAL-

CULATED (TO DETERMINE OP-
TIMAL RECEIVER PLACEMENT)

IR = 1: RUN WITH NORMAL RECEIVER

HIT TEST

FIXED-MIRROR TRACKING RECEIVER

RPI LIST

RPI LIST

RPI LIST

SETN

RUN

RUN

INFLATN




NMAT

0 = USER WILL INPUT REFLECTANCE
DATA' (SDR, STANDARD DEVIATION
REFLECTANCE REFLTOT: TOTAL
REFLECTANCE) )

1 = ALCOA ALZAK TYPE I SPECULAR;
ORIENTED PARALLEL TO ROLLING
MARKS - - -

2 = BOEING FRONT SURFACE ALUMI-
NIZED MYLAR . ] :

3 = CORNING 0317 GLASS (1.5 mm
THICK), EVAPORATED SILVER COAT-
ING -

4 = GARDNER LAMINATED LOW-IRON
SHEET GLASS (3.35.mm THICK),
SILVERED R

5 = KINGSTON KINGLUX NO. C4 POLISHED
ALUMINUM, ORIENTED PERPENDICULAR

_VARIABLE DESCRIPTION NAMELIST(S)
IRCVR RECEIVER TYPE: ALL
1 = CYLINDRICAL NAMELISTS
2 = PLANAR
3 = CONICAL
NOTE: ALL RECEIVERS ARE NOT COM-
PATIBLE WITH ALL CONCENTRA-
TORS. SEE DOCUMENTATION FOR
ALLOWABLE COMBINATIONS
ISTOP STOP FLAG: RUN
0 = CONTINUE FOR ANOTHER CONCEN-
TRATOR RUN.
1 = EXECUTION COMPLEIE.
NAIR INDEX OF REFRACTION FOR AIR (REAL) FRESN
' S INCREFN
NFIT ORDER OF POLYNOMIAL CURVE FIT FOR SETN
SUBREFLECTOR SURFACE
_NLENS INDEX OF REFRACTION FOR LENS (REAL) FRESN
NOTE: MAY.BE SET BY SUBROUTINE SHREFN
LDATA AS A FUNCTION OF WAVE-
LENGTH (SEE DOCUMENTATION).
MATERTAL IDENTIFIER: RUN




VARIABLE DESCRIPTION : -~ NAMELIST(S)
6 = METAL FABRICATIONS TYPE 3002
HIGH PURITY ALUMINUM .
7 = 3M SCOTCHCAL-5400 °
8 = 3M FEK-163 L
9 = SHELDAHL ALUMINIZED 2 MIL FED
TEFLON (G405600) .
10 = SHELDAHL SILVERED 2 MIL FED
TEFLON " (G400300)
11 = ACRYLIC LENS MATERIAL
. NPRIS NUMBER OF PRISM (FACET) ELEMENTS SETN
ON ONE SIDE OF SET LENS,
NRZ NUMBER OF RADIAL ZONE (BULLSEYE RPI LIST
HIT TEST) DISHN
- LF LENGTH OF PRISM (FACET) ELEMENT SETN
FOR SET LENS.
NTOL MAXIMUM NUMBER OF ITERATIONS FOR CPCN
NEWTON'S METHOD USED TO DETERMINE
HIT POINT ON CPC SURFACES
NZONEAX NUMBER OF ZONES FOR ZONING HIT INFLATN
POINTS ON UCN AXIS FOR THE INFLA-
TABLE CYLINDRICAL CONCENTRATOR
(I1.E., WHEN IR = 0)
. NZONEX NUMBER OF ZONES ALONG RECEIVER ALL
LENGTH FOR FLUX AND HIT MAPS NAMELLSTS
NZONEY NUMBER OF ZONES ALONG RECEIVER ° ALL
WIDTH (OR CIRCUMFERENCE) FORHIT NAMELISTS
AND FLUX MAPS
PSM MEAN OF SURFACE ERROR NORMAL - ALL
DISTRIBUTION TR NAMELISTS




" VARIABLE

DESCRIPTION

NAMELIST(S)

RAP

RDIST

REFLTOT

RL

RLENS

RMAX

RW

RWS

APERATURE RADIUS (METERS) PARA-
BOLOID OF REVOLUTION (DISH)

DISTANCE FROM CONCENTRATOR CEN-
TER TO RECEIVER CENTER ALONG UCN
AXIS (METERS) FOR THE INFLATABLE

CYLINDRICAL CONCENTRATOR

TOTAL REFLECTANCE (OPTIONAL
INPUT USED WHEN NMAT = 0)

RECEIVER LENGTH (METERS)

RADIUS OF INNER LENS SURFACE-

MAXIMUM RADIUS OF RECVR PLANE
(METERS)

RECEIVER WIDTH (METERS) ACTUAL

RECEIVER WIDTH FOR SHADOWING OF
INCOMING RADIATION

DISHN

INFLATN

CPCN
FMTRN
INCREFN
INFLATN
DISHN
TROFN

RPI LIST -
VTROFN
SETN

CPCN
FMTRN
FRESN
INCREFN
INFLATN
DISHN
TROFN
VTROFN
SETN

SETN

RPI LIST

CPCN
FRESN
INCREFN-
INFLATN
DISHN
TROFN
VIROFN

TROFN"
DISHN
INCREFN
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'VAR;ABLE o . DESCRIPTION NAMELIST(S)
SDFS STANDARD DEVIATION FOR FiBST FRESN
SURFACE ERROR (RUD), FRESNEL, INCREFN
INCREMENTAL REFLECTOR
SDR STANDARD DEVIATION OF REFLEC~ CPCN
CRT - \ FMIRN
TANCE DISTRIBUTION (gprxougL INCREFN
INPUT USED WHEN NMAT = 0, USER INFLATN
DISHN
‘ INPUT OF REFLECIAﬁ?FMDATA) TROFN
RPI LIST
VTROFN
SETN
SDS STANDARD DEVIATION OF SURFACE CPCN
FMTIRN
ERROR (INNER LENS quFACE Fpn FRESN
FRESNEL) INCREFN
INFLATN
. DISHN
TROFN
RPI LIST
VTROFN
SETN
SHITE HEIGHT OF ABSORBER (RECEIVER) SETN
SHELF
SO DISTANCE FROM CONE VERTEX TO FMIRN
TOP OF CONICAL RECEIVER ALONG
-t . .
US (ASSUMES CONE VERTEX AT
CENTER OF SPHERE, NORMALLY
NEGATIVE) '
SRW - RECEIVER WIDTH FOR SURFACE DEFI- CPCN
NITION
T MINIMUM LENS THICKNESS SETN
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TILT

- VARIABLE DESCRIPTION NAMELIST(S)-
TAZ SUN'S AZIMUTH ANGLE ‘(RAD) RUN-
OPTIONAL INPUT, CALCULATED BY ' °
SUBROUTINE SUN
TEL SUN'S ELEVATION. ANGLE (RAD) RUN
OPTIONAL USER INPUT, CALCULATED
BY SUBROUTINE SUN ' : i
THETAAX ORIENTATION OF ,CONCENTRATOR AXIS CPCN
. p N O FMTRN
ALONG LENGTH (DEGREES) (O FRESN
EAST, SOUTH POSITIVE) INCREFN
- INFLATN -
TROFN
VTROFN
SETN
- THETAL ANGLE BETWEEN SLOPE OF RIGHT VTROFN
SIDE OF VEE TROUGH AND + UPC :
AXIS (DEGREES)
THETA2 ANGLE BETWEEN SLOPE OF LEFT SIDE VTROFN
OF VEE TROUGH AND + UPC AXIS
(DEGREES)
NOTE: THETA2 WILL NORMALLY BE
LARGER THAN 90°,
THETAC INCLUDED HALF ANGLE OF CONICAL FMTRN
RECEIVER °
THTOL TOLERANCE FOR CONVERGENCE OF 0 CPCN
_ IN NEWTON'S METHOD FOR CPCs
COLLECTOR TILT FROM HORIZONTAL RPI LIST




NOTE: MAY BE ELIMINATED WITH
USER INPUT OF TAZ, TEL.

* VARIABLE - DESCRIPTION . NAMELIST(S)
TILTANG TILT OF CONCENTRATOR TOWARD CPCN
‘ FMTRN
SOUTH (DEGREES) . FRESN
INCREFN
INFLATN
VTROFN
SETN
TIME TIME OF DAY (FRACTIONAL HOURS RUN
‘ PAST MIDNIGHT) '
NOTE: MAY BE ELIMINATED WITH
USER INPUT OF TAZ, TEL.
TRANTOT TOTAL TRANSMITTANCE OF LENS FRESN
INCREFN
SETN
TRIM RIM ANGLE OF CONCENTRATOR FMTRN
TZONE TIME ZONE NUMBER: RUN
DAYLIGHT
ZONE STANDARD  SAVINGS
TIME TIME
ATLANTIC 4 3
EASTERN 5 4
CENTRAL- 6 5
MOUNTAIN 7 6
_ PACIFIC 8 |
NOTE: MAY BE ELIMINATED WiTH
USER INPUT OF TAZ, TEL.
XLAT LATITUDE OF LOCATION (DEGREES)- RUN
NOTE: MAY BE ELIMINATED WITH.
USER INPUT OF TAZ, TEL.
XLONG LONGTITUDE OF LOCATION (DEGREES) RUN
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le18e79  08.936

NAM!L!SY/RUN/NDRAN.TAZ;TEL-TIME.XL&T.XLONGqTZONE.XOAYoXCONCpISYOP

1 :
@ - Tttt e NMAT,MAPS,NMATL
3 COMMON/RUNC /NORAW, TAZ, TEL, TIME, 1DAY, XLAT,XLONG, ICONC,
4 . ¢ NMAT,DRAD,MISR,TZONE,HAPS,RPHR, AMIR,NMATL !
® - - . - -EOMMON/VECTOR/ULE(3),ULV(3),ULS(3),UCN(3),UEA(3),UCP(3),US(I)
6 - DRAD20,0174532925 : :
? c e
‘g - ¢ - SEY LOEAL DIRECTION VECTORS, ULE,ULB,ULV
@ . ¢
10 DO 1S 11,3
11 ULE(1)80.0
12 . ULS(1)80.0
.13 ULV(1)80,0
1@ 1S CONTINUE
18 uLS(1)et,0
16 ULE(2)81,0
17 ULV(S)E1.0
18 c INITIALIZE RUN NAMELIST
19 NDRANWE10
20 C SUN AZIMUTH AND ELEVATION IN RADIANS
21. "TAZ80,0
22 TEL31.5
23 TIME=12,
2a € - LONGITUDE AND LATITUDE IN DEGREES
2s " XLATeS3,
26 XLONGE90,
27 TZONE=6,
28 10AYS0
29 1CONCES
30 1370P=1
s1 NMATS0
- %2 77 7 " MAPSs
s3 -
3a C READ INPUT LISY
3% e
36 S READ(S,RUN)
37 - WRITE(6,1000) TCONC,NMAT,NMATL,NDRAW,MAPS :
88 - - 1000 FORMAT(iH1,20%,3SHINPUT- VALUES FOR CONCENTRATOR RUN,///,
39 ¢ 10X,710,2X, 1 THCONCENTRATOR TYPE,./,
a0 ¢ 10X,710,2%X,18HREFL MATERIAL TYPE,/,
a1 + 10X, 110,2%,18HLENS MATERTIAL TYPE./,
a2 ¢ 10X,110,2X,30HRAYS DRAWN,/,
a3 o 10X,110,2X,2THFLUX MAP OPTION(18YES,08N0),///)
‘4q ———=— ° MISR=0 : H
as RPWR2Z0,0 : ,
a6 IFCIDAY,NE,O0) CALLI SUN(IDRN)
8y - 1F (IDWN,EQ.0) GO TO 2%
a8 WRITE(6,111) 4 :
89 111 FORMAT(//,5X,56HSUN 18 BELOA HORIZON=GO 7O NEXT CASE)
~gg - 60 T0 3%
s1 23 ' TF(ICONC.EO.1) CALL RPI
s2 - IF (ICONC,EQ.2) CALL FMIR

33 T IF(ICONCLEQ.3) CALL PYROUGH




121879

g e

08,936

Sq

56
97

59
60

S & ——— —emre

62 35
63
64

IF (1CONC.EQ.4)

"IP(ICONC.ER.5)

IF(ICONC.ED.8)
IF(ICONC.ED.T)
IF(1CONC,.ER.8)
IF(ICONC.EQ.9)

CALL FRESNEL
CALL INFLAT
CALL INCREFL
CALLI CPCY
CALL CPC2
CALL BET

IF(ICONC.ER.10) CALL VEETROF
IF(ICONC.ER.11) CALL PDISH

IF(I8TOP.NE.1)
8T0P
END

1102778 ans 14,8 ven

NO

! (SECY .45

GO0 Y0 §

LINES/MINUTE 8370

DIAGNOSTICS IN AROVE COMPILATION

S WERE USED FOR THIS COMPILATION



18276 08.934
i - SUBROUTINE CPCH .
-3 - T ) . : 6; » )
3 c YHIS ROUTINE MODELS THE INVOLUTE (CPE/WINSTON CONCENTRATOR,
-8 c THE SURFACE MODEL 18 DEFINED THROUGH ITERATION AND RAYS
g € ARE TRACED FROM THE SURFACE VO THE RECEIVER, MULTYIPLE
6 ¢ BOUNCE RAYS ARE FOLLOWED THROUGH.. 4 BOUNEES, .
¥ e . - .o R )
g e e - ! - ' .
9 NA“ELIST/CPCN/CLENG;cwlofﬂoWW-QK%NA‘ISoTlLTANGoNZONEX}
10 ¢ NZONEV»IRCVRoTHET&IX,DAPpTHTOL%NTOL.SDSpBDRqﬂiFLYOI
11 o v ¢ SRW,PSM
12 c
13 COMMONIRUNC/ND?AN,TAZ;TEL.TIME:IDAV.KLAT.XLONGoICONCO
R ¥ ) m_m"T‘_”"'@'NMAT.DRAD.MISR,TZONE,NAPS.RPWRUAQIRgNMATL )
15 ‘COMMON/VEC?OR/ULE(B)nULV(S)cULS(S)'UCN(B)QUCA(S)oUC?(3)0U8(3)
16 K COMMON/RCVRC/IRCVRoTNE?QCsSOoR”!RL.QH!Y .
17 - B "COMMON/T?AC/NAXIS;T!LTANG.0?FSJN|7HEY&&XoD?RACRL'DTRACAZaIRPI
18 COMMON/ZONE/NZONEX,NZONEY . n
i¢ DIMENS‘ON”D(S)oUY(B)aUR(;)JUM(S)OUNP(S,O
Rl T T e USP(3),RHIT(3),U1(3),0RIG(3)
el B o4
22 c READ NAMELIST VALUES
23 €
24 READ(S,CPCN)
2% c
— - ‘a&.- —-——.—._c4 - e e e . PR - ) .
27 [ OBTAIN DATA FOR REFLECTIVE MATERIAL! PROPERTIES
28 ¢
a9 . 7 ’ fF(NMAT,NE.O0) CALL RDATA(NWATOMQ?QW!SDR‘OSDRZJREFLYOTpREFL
30 + ,NCHECR) R
31 ) SOR3SDR1
P 33— ——€ “m“““",“f
33 c QUTPUT NAMELISY VALUES
34 c . : .
38 - WRITE(6,6000) CLENG.CNIDTH.DAP,NAXIS.YNETAAX.?XLTANG;!RCVR,
36 ¢ RW,RL,SRW
37 6000 FORMAT(20X%,2iHEPCY1 CONC, PARAMETERS. /s
i 1. L4 iOX.FlOaS.ZXibNLENGTM./.
39 6 10X,Fi0.3,2X,SHNIDTH, /o
40 ¢ 10X,F10.3,2X,16HCPC MODULE WIDTH,/,
TRy * 10X.710,2Xs13HTRACKING AXES,/, )
a2 ¢ 10X, F10,8,2X,16HAXIS ORIENTATION./»
43 ¢ J0X,F10,3,2X, 10HTILY ANGLE. /.
- e T - & 10%,110,2%,10HRCVR, TYPE./
83 * lOX;Flo.SoZX.iiHRCVR, HWIDTK,/,
86 ‘4 10X,F10,3,2X,12HREVR, LENGTH, /s .
ay — % 10X,F10,3,2X,2THRCVR WIDTH POR SURFACE DEFN,//7)
48 AMIRaDAP=CLENG - .
a9 NDIRECT=0 ’ .
=g~ ""SET "SUN VECTOR US TO SUN'S CENTER
51 c . ‘
S . CALL SUNI(TAZ,TEL)
gg g v T . .-



le18e79

5S4
kL]
$6
57
$8
S9
60
T 6l
62
63
64
65
66

-

57 - —

68
69

10 — -

71
1L

T

74
75
- 76
77
78
99 -
80
81
82
83
84
...... 8s
86
87

89
~ 90
[
92
. 9%

c
c

¢
"€
c

" 08,9948

c:
c

c

INITITALIZE FLUX ROUTINE

IF(MAPSLEGL1) CALL PLUX(RMIT,UCN,UCA,UCP,CONVP, 1)
'SET CONCENTRATOR POSITION VECTORS

¢

CALL TRACK(TAZ,TEL)

TTTTTTT, CHRITE(6,1010) 1DAY,TIME, XLAT, XLONG,TEL,TA2
- lOlO FORMAT(isxalSHSOLAR CONSTANTS./I, .

lO!.IiO.!X.SNDAY./n
10X,F10,2,2X,8HTIME, /,
10X,F10,3,2X,8HLATITUDE,/,
10X,F10,3,2X,94LONGITUDE, 7,
10X,F10,3,2X,94ELEVATION,/,
10X FL0,8,2X,YHAZIMUTN,//7/)

*4 0 es e

SET CONSTANTS NEEDED FOR DIMENSIONS .

RW233RW# 0,50
DIUP=0,5+(SRWeRW) - . .

8ET SUN VECTOR US TO SUN'S CENTER

CALL SUN1(TAZ,TEL)
DO 200 N®1,NDRAW
IREFLE0 . ‘ . .
KERRa 0 , .
THETAO®=10,

PERTURB SUN VECTOR POR FINITE SUN SIZE AND INTENSITY DISTR

CALL SUN2(ACC,USP,DRAD)
DRAW OVER APERTURE

XAPSCLENG®FLAT(0,0)
YECWIDTHAFLAT(0,0)

osieéu:ne LOCAL Y VALUE OF WIT POINT

ZAP=RAW2 B
"OETERMINE WHETHER INCOMING SUN RAY , US, MITS RECEIVER ON
* ENTERIING, DO RECEIVER HIT TEST USING UlseUS VECTOR

AS THE INCOING RAY, D VECTOR IS DISTANCE FROM APERTURE
“HIT POINT 1O CENTER OF RECEIVER,

00-10 -121,3
" UI(I)meysP (1)

ORIG(1)EeXAPRUCA(I). « YAPRUCP(D) o (lvablUP)nUCN(I)

10 CONTINUE.

CALL RCVR(ORIG;UI RH!T MISRY)

YAPGY o DAPe(INT(Y/DAP)e0,.5) o .
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o779 08,934

107 c oo
108 € " 1F THERE 13 A RECEIVER MWIT, INCREASE DIRECT MIT COUNTER
109 c BY 1., IF THE RAY MISSES TME RECEIVER, FIND MIT POINT
110 € ON REFLECTOR SURFACE, . .
TR % {F (M1SR1,NE,1) GO TO 125
112 60 10 10S .
113 c ' _ S .
“q18 TTTTTETTURR RAY REFLECTED AND DI1D NOY HIV RECEIVER, FIND NEXTY
1198 c MIY POINT, RESEY INCOMING VECTOR TO BE YHE VALUE OF °
i16 € UR, SET THE ORIGINATION OF YHQ RAY AT THE PREVIOUS M1y
117 e © POINT : _ A } .
118 c
119 a5 IREFLSIREFL ¢ |
B ¥-1 XAP=X0
124 YAPBYOD
122 IAP220
183 T © THETAO=THETA
124 00 S0 1=1,3
12% USP(I)aeUR(])
‘”126"”“"“‘“‘“QO'Ut(I)BUR(!)
127 c o . ,
128 c RAY DOES NOT MWIT RECEIVER DIRECTLY
129 © € -
130 [ FIND HIT POINTY USING ITERATIVE METHOOD
134 c
S 1327 109 1F(YAP.6T7,0.0) THETAN] , 40
134 JFLAGEY
18¢ 7 1F (IREFL.LT.1) GO'TO 106
' 136 TNETA£A83(THETAO)DO.5
137 !F(THETA.LT.0.0, THETA20,0001
138 o mmm e Y"EYASSXGN(TNETR.VAP’ o :
139 106 VECTR:DOTER(UIpUCP)/DOYERtUI.UCN)
140 p0 20 Is1,NTOL '
g8y T CTSsCOS(THETA)
142 ST=SIN(THETA)
143 1F(1.EQO.NTOL) 60 T0 199
CteQ T T FTHBYAP/RNZ ¢ THEtAﬂCT 0'(TNETI!STOCTOZAP/RNZ)'VECYR - 87
185 FDERIVoeSTaTHETA w THETACTRVECTR
146 IF(ARS(FDERIV YoLE.0,00001) FDERIVI0.0000!'SIGN(!..FDER!V)
1a7- - DELTARFTH/FDERIV
148 XF(ABS(DELT&).GT.Z.S) DELTAIE.SOSIGN(I.oDELT‘)'
349 * FLOAY(NTOL'X)/NTOLi
"~ 1%0 T THETABTHETA«DELTA " ot
1%% . IF(ABS(THETA).67.3.1019921) 1NETAn(TNE?AI!.!O!S9!7-INT(TNETA/
152 e 3,1415927))83,1415927
© 183 T IF(ABS(DELTA).LT.YNTOL) G0 Y0 100
154 ‘20 CONTINUE o -
18§ 100 IF(ABS(YHETA-?HETAO).GT.THYOL) GO0 Y0 73
5 L1 T IFLAGSIFLAG*] ' t :
197 - C GUESS NEW THETA BASED-ON OLD THETA
188 ' YHETA:ABS(THETA)-O.SGILOAT(XPLIG)

<489 T IF(THETALLT.0.0) THETA30,001
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160
161
162
163
160
168
166
167
168
169
170
171
172
173
174
178

176

177
178
179
180
181
182
183
184
188
186
187
‘188
189
190
191
192
193
194
1958
196

198
199
200
201
202

203 —

204

08.9

Sa

c-8

THETARSIGN(THMETA,YAP)

- 13

g

OO0

000 ‘ooo0

. 30

&0

OO0

208

206
207
208

209

210
211

"IF(IFLAG.BT,8) GO TO 199

GO YO t06

YOBeRWRaTHETARCTY ¢ RW2eST

ZOReRW22THETAASY » RNECT

XO-IAP * (ZO-ZAP)'(DOYER(USP UCA)/DOTER(USP UCN))

FIND PERFECT SURFACE NORMAL

IF(THETALGE,0,0) THEYAIITHETAOI 570796

IFC(THETALLT,0.0) THETAISTHETA®l, 570796

STISSIN(THETAL)

CY1aCOS(THETAL)

DO 30-1si,3

UN(1)2CTIsUCN(L) e ST!OUCP(I)
UTCI)SCTIeUCP(T) ¢ STIeUEN(D) -

CALCULATE PERTURBED SURFACE NIRVAL(UNP) BASED ON .
“REFLECTANCE PROPERTIES AND SURFACE ERROR DISTRIBUTION.

IF (N, EO NCHECR) SDR=3DRe2
CALL ERRNORM(SDS,SDR,UN,UT,UCA,UNP, PSM)

CALCULATE REFLECTED RAY UR

CALL SNELL(UR,UNP,USP)

00 RECEIVER HIY TEST

D0 40 Is8i,3

D(1)=meX0rUCA(I) o YO®UCP(I) o (20-oluP)ouc~(1)
CALL RCVR(D.UR,RHIT,MISRY)

TF(MISRiI,NE, 1) GO TO 58

_IF(IREFL.GE.4) 60 TO 120

CHECK TO SEE IF RAY EXITS OUT APERTURE

"120
125

19¢

IF(DOTER(UR,UCN),LE.0,0) 60 TO 45

TCHEC3DOTER(UR,UCP)/DOTER(UR,USN)

YCHEC2ABS(Y0=(20<DZUP) @ TCHEC)
IF(YCHEC.GY ,DAP®*0,.5) G0 TO 120

GO T0 4S5 .

CONVPoRAYVAL (IREFL,REFLTOT)
1F(MAPS.EQ.1) CALL FLUX(RHWIY, UCA,UEN,UCP,CONVP,2)

RPWRSRPWRSCONVP

60 TO 200

MISREMISR ¢ |

60 T0 200

NDIRECT=NDIRECT ¢ 1|

- JF(MAPS,EQ,1) TALL FLUX(RHIT.UCA,UCN,UCPy1,0,2)

RPWRZRPWRe1,0 !
60 TO 200 -
WRITE(6,19€0) 1
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219 1990 FORMAT(SX,29HERROR, ITERATION PAILED ITERS,]S,/)
214 0 200 CONTINUE o - .
218 WRITE(6,6020) OFFSUN,REFLTOT,808,80R1,80R2 :
216 6020 FORMAT (20X, aSHSURFACE ,REFLECTANCE AND TRACKING PARAMETERS,//,
a1y - ¢ 10X,F10,3,2%,18MHSUN OFPoAXIS ANGLE,/, .
218 e 10X,F10,3,2%, 19HREFLECTANCE(TOTAL) ./,
219 ¢ $10X,F10,5,2X920HSURF, ERRIR(STWDEV,.)s/y
‘220 * 10X, F10,5,2X,21HREFL,DISTR, 1 (3T, DEV,) s/
[ 13 e 10X,F10,5,2X,21HREFL.DISTR,2(8T,0BV,),///)
222 WRITE(6,1112) NOIRECY .
223 1112 FORMAT(//,15X,21HDIRECT HITS ON RCVRE,110)
224 € COMPUTE OPTICAL EFFICIENCY
228 NHITENDRAWSMISR -
226 COPTERPWRACOS (OFPSUN) /NDRAW -
227 WRITE(6,9199) MISR,NHIT,E0PT N
228 9199 FORMAT(///,1a%,6HMISSED,aX,6MHIT ON,3X,THOPTICAL,/,
229 - . lb!.GHRAVS.bﬂoOHQCVR.il-lOHEPFXC!ENCYn//o
230 4 . 10X,2110,F10,5,/)
23 1F (MAPS.EO.1) CALL PLUX(RHIT,UCA,UCN,UCP,CONVP,3)
T 232 ©© RETURN = o

233 END

1102778 nan 14,8 van
: (SEC) .95  LINES/MINUTE 14880

© NO - DIAGNOSTICS IN ABOVE COMPILATION
1S WERE USED FOR THIS COMPILATION
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08.9353
SUBROUTINE VEETROF

~ THIS ROUTIN MODELS TWE VEE e TROUGN CONCENTRATING
COLLECTOR TO DETERMINE THE OPTICAL PERFORMANCE,
THE SURFACE MODEL AND RECEIVER HIT- TESTS ARE DONE POR THIS
THIS CONCENTRATOR FROM THIS ROUTINE, :

coagooo

T s “NAMELIST’VTROFN/CLﬁNG'cu!ofﬂuﬂﬂoﬂL%NA!lS'NZONEXQNZONEVo;

+ ’TILTANG:!RCVR:YHET“‘;YNEYA!oIHET‘Z'303030“00‘90“57L707

"o ,PSM Ce : - :
COMNON/RUNC/NDR‘W.TQZOYEL}T!Wf;IDAVuKLATDXLONGOXCONCv

* NMAY.DRAD:MISR.TZONE.”APS.RPNR:‘WIR-NMATL )
CONMON/VECYOR/ULE(S)lULV(!)-ULS(S).UCN(S)UUCA(S)oUCP(S)003(3)
COMMON/RCVRCIIRCVRIYHETACOSOOR“'RLbDHIT
COMMON/TRAC/NAXIS.T!LYANG.OPrsuN.YHETAAX.DTR&CRL.DTRACAZ.!RPI
COMMON/ZONE/NZONEX,NZONEY ’

" DIMENSION D(S)JUT(S)'UR(!"UN(’)'UNP(3)O
* USP(B).RH!T(!).UI(!).VDUM(!)

“READ NAMELIST VALUES
READ(S,VTROFN)

1

OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES

oo o000

‘IP (NMAT NE,0) CALL RDATA (NMAT,NDRAW, 3DR1,3DR2,REFLTOT,REFL
*+ »NCHECR) : .
SORaSNR1Y

OUTPUT NAMELIST VALUES

oo

T WRITE(6,6000) CLENG.CNIDVH.THETA!oYNEYAEpDAPaNAEISoT!L?ANG'
¢ IRCVR,RW,RL . .

6000 FORMAT(20X,21HVEE TROUGH PARAMETERS,//,
10X,F10.3,2X,6HLENGTH, /7, '
10X,F10.3,2X,SHWIDTH,/, ’
10X,F10,3,2%, 14HTHETART, S1DE,/,
10X,F10,3,2X, 1SHTHETASLEFT SIDE./,
"10X,F10.3,2X,9KVEE WIDTH,/,

10X, 110,2X, 13HTRACKING AXES,/,
10X,F10,3,2X,104TILT AN3LE,/,
10X,140,2X,10HRCVR, TYPE,/,
10X,F10.3,2X,11HRCV, WIDOTH,/,

10X:F10.3,2%, 12MRCVR, LENGTH,///)

AMIR=DAP&CLENG

LA B B JE JF IR WS OPY

c

T € —INITIALIZE FLUX ROUTINE
c .

IF(MAPS.EQ.1) CALL FLUXCRMIT,USA,UEN,UCP,CONVP, 1)
SN b . : . ;
C SEY SUN VECTOR US TO SUN'S CENTER
€
T UBALL SUNS(TAZ, TEL)




2018279 - 08,993

354q c .
g8 © "¢ "SEY COLLECTOR POSITION VECTORS
%6 ¢ .
37 : CALL TRACK(TAZ,TEL)
88 " . WRITE(6,1010) IDAY.?!NE:KLAT XLONG,TEL,TA2
39 - $010 FORMAT(19X,15SHSOLAR - CONSTANTS.//,
60 o 10X,110,2X,3MDAY,/, * )
61 "I ¢ 10X,F10,2,28X,AHTIME,/,
Y] e 10X,F10,3,2%X,84LATITUDE,
63 ¢ 10%,F10,3,2X,9HLONGITUDE,/,
Y ¢ 10X,F10,3,2X,9NELEVATION, /)
6S ¢ 10X,F10,3,2X%, THAZIMUTH,///)
66 c
67 -~ T SET PARAMETERS FOR vee.vgousn. .
68 ¢ oo
69 * T1aTAN(THETAL)
70 CT1SCOS(THETAL) .
71 ST12SIN(THETAY)
72 T22TAN(THETA2) T
78 e CT22C03(THETAR)
74 ST22SIN(THETA2)
758 -
76 ‘ NDIRECT=O
77 c COMPUTE APERTURE HEIGTH
78 IAPZ(DAP=RA)/(1,/T1¢1,/72)
G o YCENSO0.5¢RWeZAP/T1oDAP20,S
80 © pO 100 Nul,NDRAW :
81 IREFL30
T t
83 ¢ PERTURB SUN VEETOR FOR FINITE SUN SIZE AND INVENSITY DISTR,
a4 € : »
<@g --omeoes - CALL SUN2(ACC.USP,DRAD)
86 N i
87 ¢ DRAW OVER APERTURE
89 XAPRCLENG#FLAT(0,0)
90 . YAPSDAPQ(°OQS¢FLATIO.OJJOYCEN.
'”91”"m“'”"m”“'ISIDENTNT(SIGN(ioaJAP)) .
92 ¢
93 € DETERMINE WHETHER !NCOM!NG ‘3UN RAY , US, HITB RECEIVER ON
‘9 € -  ENTERIING, DO RECEIVER WIV TEST USING Ulwo=US VECTOR
°3 c AS THE INCOING RAY, D VECYOR I8 DISTANCE FROM APERTURE
%6 ¢ NIY POIN? 70 CENTER ov ﬁecsxven.
) B Sl
98 . DO 10 121,3
(1] . Uitt)z=usSP (1)
100 ~- —~~10 " 0(I)soXAPRUCA(I) e VAPnUCP(X)alAﬂwUCN(I)
101 : CALL RCVR(D,UI,RHIT,MISRI1)
102 c
~q93————"¢— IF THERE I3 A RECEIVER WIT?, INCREASE DIRECY HIY COUNTER
1048 "t BY 1. IF THME RAY MISSES THE RECEIVER, FIND WIT POINT
103 ¢ ON REFLECTOR SURFACE,

106 - "~ 'IF(MISR1,EQ.0) GO YO 12%



'e1879

o1ty

107

08,953

108 -

109
110

112

113

114

118
116
117
118
119
120
121
j22
123

. 124

129

‘126

127
128

129

130
131
i32
133
132

138

136
137
138
139
140
141
142

- 303
168

145
146

‘187

148
149
150
151
132

193

154
15S
156

.. 457

188

199

anno

43

a3

Fi

cH
30

40

-1

" 60

C NOW

c

R I

c
€

¢

e

70

71

- €

c

GO TO 30

IREFLIIREFL »

XAP=X0

YAPaGYO e
ZAPRZ20

DO 2S5 Is1,3 A
UI(!)SUR(I) =

ND NEXT HIT POINT OF REFLECTED RAY

ECX FOR CROSSOVER OF SIDES OR APERTURE EXIT

CALL VEEWIT(UI,YAP,ZAP,RW,I18W)

IFCISW,EA.0) GO TD 120

ISIDExISIDEN]ISW

IF(1SIDE.EQ.=1) GO TO 50

00 40 I31,3

UN(I)=2«ST1sUCP () ¢ CTieUCN(])

UTC(I)RSTLIaUCN(I) o CT!'UCP(I)

G0 Y0 70

CONTINUE

DO 60 I=1,3

UN(I)aST22UCP (1) < CTa¢UCN(I)

UT(I)a ST24UCN(1) = CT2+UCP(I). . .
GET HIT POINY ON REFLECYOR : A
DUCNzDOTER (D, UCN) :
UTUCN3DOTER(UI,UCN)

DUNz=DOTER(D, UN)

UIUNZDOTER(UI, UN)

UCPUNZDOTER (UCP,UN)
RHS180UCN/UIUCN°DUN/UXUN¢ISIDEGO SORNGUCPUN/UIUN
UCAUNZDOTER(UCA,UN)

UIUCA=DOTER(UTI,UCA)

DUCAaDOTER(D,UCA)
RHSE:UCAUNaDUCA/UIUN°UCAUNQDUCNQUIUCQI(UIUNtUIUCN)
UTUCN=DOTER(UT,UCN)

UYUCASDOTER(UT,UCA):

BOT1SUCAUN®UTUCN2UIUEA/ (UTUNRUTUCN)
B80T22UCAUNaUTUCA/UTUNSUTUEN/UTUEN
S=(RHS1eRHS2)/(BOT1+BOT2) '
AL=(DUCN03aUTUCN)/UIUCN

Do 71 i=1,3

VOUM(I)2 oD(I)eaLrUI(])

XOIDOTER(VDUM,UCA)

© YO=NOTER(VDUM,UCP)

ZO=2DOTER(VDUM, UCN)

ALCULATE PERTURBED SURFACE NORMAL(UNP) BASED ON
REFLECTANCE PROPERTIES AND SURFACE ERROR DISYRIBUTION,

" IF(N,EQ.NCHECR) SDRaSOR2

CALL ERRNORM(SDS,3DR,UN,UT, UCA,UNP,PSM)

ALCULATE REFLECTED RAY UR
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160
‘181
162
163

Py

165
166
167
168
169
170
171
172

g7y

174
178

176 7

i1y
178

179

180
181

182

183
184
" 18S
186
187
"188
i89
190
191
i92
193
194
i9s
196

- y97 -

198

199
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08,953

c

Tt T CALL SNELL (UR,UNP,USP)
c o
c DO RECEIVER MIY TEST
¢ -

00 80 1=1,3 o
80 D(I)=-XOGUCA(I) @ YOeUCP(I) OYOQUCN(I)
Tt "CALL RCVR (DS URGRMIT,MISRE)
IF(MISR1,NE.1) GO.TO 75
IF (IREFL.GE,4) GO YO 120
- GO TO 4as ’
78 CONVP:RAYVAL(IREFL:REFLTOT)
IF(MAPS.EQ.1) CALL FLUX(RHIT U'ﬂ.UCN UCPoCONVP.E)
RPWRERPWR¢CONVP )
GO Y0 100 .
120 MISRaMISR ¢ |
GO TO 100 . ‘
125 NDIRECTaNDIRECT ¢ 1
1F(MAPS,EQ,.1) CALL FLUX(RHIT USA,UCN,UCP, 1 0,2)

ottt RPWRERPWRe L0

100 CONTINUE
WRITE(6,6020) OFFSUN,REFLTOY,SDS, SDR).SDRE
6020 FORMAT(20X,a3HSURFACE,REFLECTANCE AND TRACKING PARAMETERS.//.
¢ 10X,F10,3,2X,18HSUN OFFoAXIS ANGLE,/,
¢ 10X,F10.3,2X,19HREFLECTANCE(TITAL) /.
¢+ 10X,F10,5,2%,20H3URF, ERROR(ST,DEV.)4/»
¢ 10X,F10,5,2X, 21HREFL,IISTR1(ST,DEVL) o/
¢ 10X,F10,5,2X,21HREFL, D!STQ 2(87, DEV Yo217)
WRITE(6,303) NDIRECY
- 303 " FORMAT(///710X,20HDIRECY H!TS OoN RCVRB.IIO)
¢ COMPUTE OPTICAL EFFICIENCY’
T NHIT=NDRAW=MISR i
EOPT2RPWR2COS(OFFSUN) /NDRAH
"WRITE(6,9199) MISR,NHIV,EOPT
T 9199 FORMAT(/7/77,10%X,6HMMISSED, X, 6HHIT ON.BK 7HOPTICALo/o
16X, GHRAYS,6X, 4HRCVR,6X, lOHEFFXCIENCV./lo
10X,2110,5%X,F10,5,7)
".'”'““”IF(MAPS £G.1) CALL”VLUX(RHIT UCﬁnUCN UcP,CONVP,3)
RETURN
END A

- 110274787 u%n 18,8 eas

H (SEC)

: NO
)s WERE

87 ‘ LINES/MINUTE 13682

DIAGNOSTICS IN ABOVE COMPILATION
USEO FOR THIS COMP!LATXON
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1 SUBROUTINE veenxrtux YAP,ZAP,RW, rsw)
"2 St - - OIMENSTON UI(3)
3 COMMON/VECTOR/ULE(3), ULV(!).ULS(!) UCN(3),UCALS), UCP(S) us(3)
a8 ¢
§ - ~~C “THIS ROUTINE CHECKS FOR A SWITCH ovzn IN THE S10E OF
6 C THE REFLECTED RAY o= OR A RAY EXIT OUT THE APERTURE
? ¢ - ‘
va - . .4.:- IR Isw.l t
9 ' AL==YAP/DOTER(UT,UEP) "
10 ‘ IF(ALLLT,0,0) RETURN .
1 THIT=ZAP*AL#DOTER(UT,UCN) .
12 IF(ZHIT.GT.0,9¢RW) ISWse}
13 IF(ZHIT.GT.Z4P) 18Ws0
18 = " RETURN '
15 ’ END

11e27278 ttee 10,8 wae
(SEC) «30 LINES/MINUTE 2986

NO DIAGNOSTICS IN ABOVE COMPILATION
} WERE USED FOR THIS COMPILAYION
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SUBROUTINE INFLAT

.w-_aM”_."c
3 e . ) . )
q c THIS ROUTINE DOES THE OPTICAL ANALYSIS POR A
T TgTT T TR INFLATED CVLINORXCALVCON:EVYQﬂTIVG COLLECTOR,
6 c . . ) ' -
T COMMON/RUNC/NDRAN}TIZ.TEL;TI"EoIDlV.XLA?ngONGOXCONCp
sm e—gTTT— T " ¢ NMAT,DRAD,MISR, TZONE,MAPS,RPHR,AMIR,NMATL
9 COMMON/VECTOQ/ULE(S)'ULV(S)DULS(S)BUCQ(S)OUCA(!)oUCP(S)OUS(S)
10 COMMON/RCVYRC/IRCVR, THETAC,SO)RW,RL,QHIT
Ry T T " COMMONZTRAC/NAXES, TILTANG, OFFS N, TﬁET‘AX@DTRﬂC“L DY"ACAZQIRPI
12 COMMON/ZONE/NZONEX ,NZONEY
13 DIMENSION JBIN(EO.ZO).D(S),OI(S).UT(S)oUN(S) UNP(3),
T 18~ "7 UR(S)L,USP(S),RHIT(3),HIT (10}
i3 NAMELIST/INFLATN/CLENG, C“IDT“.R# RL»9308,80R,NAX]IS, TILTANG,
16 % NZONEX NZONEY, IRCVR,DEND, DTR‘CQLaOTR‘CAl'RDISTpNZONEA!.
TTNRYUTTT T T ¢ IR, THETAAX,REFLITOT,PSM ’
18 c
19 € READ NAMELISYT VALUES
R g . , . ;
21 READ(S, INFLATYN)
22 c '
R R . . . A o
- 24 c OBTAIN DAYA FOR REFLECTIVE MATERIAL pROPERT!ES
es c. . ’
‘26 T T IR (NMAT ONE,0) CALL RDATACNMAT,NDRAW,SDR1,SDR2,REFPLTOT,REFL
27 ¢ oNCHECR)
28 SDR=SDR1Y
29 "t"c © DUTPUT NAMELIST VALUES
30 c
31 WRITE(6,6000) CLENG,CWIDTH,NAXES, THEYA‘X.RW.RL
D 1 S + +IRCVR,TILTANG
33 IF(IR.EG.1) WRITE(6,6010) RDISY
3a 6010 FPORMAT(10X,F10,3,2X,18HRCVR, POSITION,///)
—--gg - 000 FORMAT (20X,S9HINFLATABLE CYLINDRICAL CONC, PARAMETERS,///,
%6 ¢ J0X,F10,.3,2X,6HLENGTH,/,
37 * 10X,F10,3,2X,SHAIDTH,/,
~8F v 4 10X, 110,2X, 13HTRACKING AXES,/»
39 ¢ J10X,Fi0.,3,2X,16HAXIS ORIENTATYION,/,
40 ¢+ 10X,F10,3,2X,11HRCYR, WIDTH,/,
[} ¢ 10X,F10,3,2X,12HREVR, LENGTH,/
42 ¢ 10X,110,2X,9HRCVR. TYPE,/,
43 c
eI @ F10%,F10,3,2%,10HTILY ANGLE)
s - c IN!TIALIZE FLUX ROUTINE
Y3 B
B0 & A IP (MAPS.ER.1) CALL VLU”(RNI?.Ue‘nUCNnUCPOCONVPOl)

a8 c
a9 c

-—gg — g
51
s27 . ¢

~-gg - e g

SET SUN' VECTOR US TO SUN'S CENTER,
CALL SUNL1(TAZ,TEL)

SET COOLECTOR POSITION VECTORS




'18e79

54

56
57
L
59
60

PO

62
63
© 64
6S
66

&7’

68
69

70

71
72

108,952
e
§g oo “CALL TRACK(TAZ,TEL)
c
C OETERMINE HIT POINT OF EACH RAY AND IOLLow RAY PATH TO
~——-—€ " RECEIVER
c
,  RCYLGCWIDTH#0,5 .
e AMIR33,1818926Sa4RCYLERCYL
00 S Iz1,NZONEAX
S HIT(I)30.0 : -
DO 10 Nai,NDRAW ‘ A
e | _ , .
C . PERTURS SUN VECTOR FOR PINITE SUN SIZE AND INTENSITY DISTR,
- : A
CALL SUN2(ACC,USP,DRAD)
IREFL20
o |
C ORAW OVER APERTURE
¢ .

‘73

T4.

75
© 716
144
78
79

XAPSFLAT(0,0)«CLENG

YAPR=RCYL ¢ Z.QRCVL'FLATIO 0)
1APS0,.0 :

c

C CHECK FOR DIRECTY HIT ON RCVR
00 1S 1ui,3"

DCI)=eXAP*UCA(I)=YAPSUCP (1)« (RDIST¢ZAP) #UCN(I)
1S UR(I)=eUSP(I)
CALL RCVR(D,UR,RHIT,MISR1)
IF (M1SR1,E0.1) GO TO 10S
€ MIT RCVR
IF (MAPS.E0.1) CALL FLUX(RHIT,UCA,UCN,UCP,1,0,2)

c= -+ - RPWRSRPWRe1,0

GO TO 10 ,
95 IREFLSIREFLe1
XAPEXO
YAP2YO .
IAP820 L.
- DO 6% I=1,3 . s
65 USP(IYm=UR(I)
105 CALL CYLHIT(USP,XAP,YAP,ZAP,X0,Y0,20, 1REFL,KERR,RCYL)
1F {KERR,EQ,1) GO TO 50

IF(IREFL.GT.,0.,AND.20, GT 0.,0) GO YO 150
c
——€ ' ~FIND PERFECT SURFACE NORMAL
c
00 20 i=1,3
cemmememrm=s e (UNC(T)BeYQ/RCYLAUCP (1) @20/REYLRUCN(T) -
20 UT(I)!VO/RCVL‘UCN(!)020/RCVL!UCP(Y)
c
SRR - ClLCULlT! PERTURBED SURFACE NORMAL(UNP) BASED ON
c REFLECTANCE PROPERTIES AND SURFAC! !RROR DISTRIBUTION,
€

" IF(N,EQO,NCHECR) SDR=SDR2




18=79 " 08,.9%2
107 CALL ERRNORM(SDS,SOR,UY»UT,UCA,UNP,PSM)
108 " " C .
109 t
110 c CALCULATE REFLECTED RAY UR
1"y ——"€" N o
112 CALL SNELL(UR,UNP,USP)
113 c
“118 " TTIC"DO HIT TEST YO DETERMINE OPTICAL !waxctzncv To RCVR,
11% €. SET DVECTOR :
t16 ¢ RDISTe DISTANCE PROM CENTER OF CYLINDER YO CENTER OF RE-
R § & 2R A CEIVER ALONG NORMAL AXIS .
118 c
119 _ DO 130 I=1,%3
~ 120 " 130 D(I)3eX02UCACI) & YORUCP(1) o (RDISTOZO)tUCN(X)
1214 c
122 c CALL RCVR. YO0 DO H1Y T!ST ON PLANAR OR CYL. RECEIVER, -
2% - :
124 CALL RCVR(D,UR,RHIT,MISRY)
125 - IF(MISR1,E0,1.AND,IREFL.G6T,.3) 00 T0 1ao
- g26 -7~ IF(MISR1.E0.1) 60 TO 95
127 © CONVPaRAYVAL (IREFL,REFLTOT)
128 IF(MAPS.E0,.1) CALL FLUX(RHIY.UCA.UCN.UCP CONVP,2)
00 ¥-1 I RPWRIRPWR+CONVP
130 60 YO 10
131 50 WRITE(6,1110)
— 132 1110 FORMAT(SX, STHERROR, HIVT POINT ON SURFACE" NOT Fouuo./)
133 ’ GO 10 10
134 180 MISREMISR ¢ |
~-13%8 - 10 CONTINUE ‘
136 WRITE(6,6020) OFFSUN,REFLTOT,SDS, SOR{,SDR2,DTRACAZ,DTRACRL
137 6020 FORMAT(20X,33HSURFACE,REFLECTANCEI AND TRACKING PAnAnErERs.//.
“--138 =" e 10X;F10,3,2X,18HSUN OFFeAXIS ANGLE,/, . .
139 * 10X,F10,3,2X,194REFLECTANCE(TOTAL),/, . )
181 """ & 10X,F10,5,2X,21MREFL,DISTR, 1 (ST, 0EV,),/,
142 L 4 10X.FlO.S.eX.EIHREFL.DISTR.Z(ST.DEV.)o/p
143 o 10X,F10,3,2X,18HTRACKING ERROR=AZ,,/,
1geTT— T e 10X, F1083,2X, 19HTRACKING ERROR-RDLL-I/).
14S C COMPUTE OPTICAL EFFICIENCY
146 - NHIT=NDRANSMISR
B V-3 i EOPTaRPWR#COS (OFFSUN) /NDRAN
148 WRITE(6,9199) MISR,NHIT,EOPT
149 9199 FORMAT(///.!dl.bHMlssso ax,6HHIT DN, SX,THOPTICAL,/,
--1QQ——— " SR 16X, 4HRAYS, 86X, 4HRCVR, 1 X, 1O0HEFFICIENCY,//,
191 0 . 10%,2110,P10,%,7)
152 IF (MAPS . EGQ.T) CALL FLUX(RHET, UCA.UCN UCP,CONVP, 3)
R G- 3 B ‘RETURN
154 END

1102778 #4¢ 10,4 van
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‘18079 "08.983 :
' SUBROUTINE CYLMIT(USP,XAP,YAP,ZAR, X0, Y0, 20, IREFL,KERR,RCYL)

'
e
3 € THIS ROUTINE FINDS THE SURFACEI HIT POINT FOR THE INPLATED
q c CYLINDRICAL CONCENTRATOR.
TTTTSTTTTTTTC T INPUTS AREe
6 c ) usep : THE INCOMING RAY
7 [ XAP,YAP ,2AP v THEI POINT ON THE lPEQ?U“n(OR SUR'ACE)
'"""3'"—_—"U__“"“' ’ o FROM WHICH THE RAY ORIGINATES
° . c P
10 - DIMENS!ON usP(s)
TRy T T T T COMMON/VECTYOR/ZULEC(Y)Y, ULN(S) ULSC(S),UCNCS),UCACS),UCP(3),US(3) .
12 KERR=z0
13 ' SASDOYER(USP,UCA)
TR SPENOTER(USP,UCP)
15 ) SNaDOTER(USP,UCN)
‘16 -~ Am1,eSAwSA ,
S & A '”:"‘BIOZ.)(VAPOSPOZAP'SN)v
18 CEYAPAYAP+ZAP#ZAPoRCYL®RCYL
19 - QUAD2BeBeg, wANC
@0 T IR (QUADLLTL.0,.0) GO TO SO
21 . ALIn(«B¢SGRT(QUAD)Y)/(2,.%A)
22 . ALZH(OB-SGRT(QUAD))/(2.'!)
TR¥ T Tt AL3IALY
24 IFC(AL2,6T,ALY) ALsAL2
2S .o XOaXAPwAL®SA :
— 2 Y ORYAPSALWEP ¢ - ¢ m e e e
a7 ZOSZAPeAL*3N
28 RETURN
- Q= - 40 KERR31
30 : RETURN
31 END

"'1152167§“t.i'14.4-... REEREE
(S€C) o35 LINES/MINUTE 5189

NO  DIAGNOSTICS IN ABOVE COMPILATIDN
. WERE_USED FOR" tu:s COMPILATION
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1879 ° "08,9%2

‘

1 SUBROUTINE INCREPL . T v
g © c=-—=- - REAL NAIR,NLENS
' : NAMELxstzxncasruchens.cuxoru,au RLsF NAXIS,FACH, sacw.
a ¢ NAIR,NLENS,TILVANG,NZONEX,NZONEY,8DFS,808, SDR.YHE7AAXn
-gT— """ 4 DIRACRLLDTRACAZ,IRCVR,REFLTOT/)RWS,PSM
6 COMMON/RUNC/NDRAW, TAZ, TEL, TIME,I0AY, xLAT.xLonc,tconc.
 ZEE © NMAT,DRAD,MISR,TZONE,WAPS,RPWR,AMIR, NMATL
- g T T - COMMON/VECTOR/ULE (3 ,ULV(3),ULB(3),UCN(3),UCA(3),UCP(3),US(3)
9 COMMON/RCVRC/IRCVR, THETAC, SO, RN, RL,OHIT
-10 _COMMON/TRAC/NAXIS, TILTANG, Olrsuv.tneraax,ovnaan.otnacaz.xapx
1 : COMMON/ZONE/NZONEX ,NZONEY
12 DIMENSION D(3),UT(3),UNCS), UNP (3}, ua(:).
13 ¢ USP(3),RMIT(3),PUS(S),UCAP(3),UENP(3),.
-y g T = 7 s UCPP(3),USIP(3),PUR(II,URL(3),WaVL(20) -
18 € THE CENTER WAVELENGTHS OF 20 EQUAL ENERGY .BANDS
16 . "+ DATA uAVL/seo..aao..aso..sao..sao..57o,,ooo..sxo..aeo..
S & ZtasiRIREE N 1oo..vao..rao..seo..avo..950,,1020..1oao..1zzo.,aaeo,.1oao /
18 "¢ READ NAMELIST VALUES _
19 ¢ L .
= @O “READ (5, INCREFN) ~:'ﬁ c . ' '
21 ¢ ‘ _ L .
22 c .
-2 € ~OBTAIN DATA FOR REFLECTIVE MﬂT&RIALlPRDPERT!ES
24 c
2s E 1F (NMAT.NE,0) CALL RoATA(Nwar.uoeAw.soax SDR2,REFLTOT, , REFL
———@p T """ ¢ ,NCHECR) - B
27 o SDRZSDRY R '
26 € WRITE NAMELIST paaameveas
@9 e -
30 © WRITE(®,56000) CLENG,CWIDTH,F,FACW, NAXIS,RW,RL,RWS, IRCVR, THETAAX,
3% : ¢ TILYANG .
e g ——— 5000 FORMAT (20X, 32HINCREMENTAL REFLECTOR PARAMETERSaI//:
33 e 10X,F10,3,2%Xs6HLENGTH,/,
34  10X,F10,3,2X,SHWIDTH,/, ,
~gG === = - 10X,F1043,2%,12HFOCAL LENGTH, 7y W
36 o 10X,F10.5,2X, 19HFRESNEL FACET WIDTH,/,
37 o 10X,710,2X, 3SHTRACKING AXES,/,
g g =g 40X F1048,2X, 11HRCVR, AIDTH, /7, - - -
39 * 10X, F10.3,2X,12HRCVR, LENSTH,/, -
a0 e §0M,F10.,3,2Xs1THRCVR SHADON WIDTH,/,
- g3 v e 10%,110,2%X,10HRCVR, TYPE,/,
a2 ¢ 10X,F10.3,2X,16HAXIS ORIENTATION,/,
as ¢ 10X,F10,3,2X, 10HTILT ANGLE,///) :
—g g ~———-AMIRBCLENGACWIDTH ~ = == --
83 . 'ISHADZO
a8 . €
S-S .
a8 € SEY SUN VECTOR US TO SUN'S CENTER
49 c
59 b —— e e
39 . CALL SUNI(TAZ,TEL)
82 €  INITIALIZE FLUX ROUTINE
- SO SN At e INE




11879 08,952

%4 I?(MAPS.EO.!) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,1,1)
T e T
56 € SEY COLLECTOR POSITION VECTORS UCHK,UEN,UCP
37 N 4
1 I taLL TRACK(YAZ,TEL) '
$9 WRITE(6,1010) YDAY,TIME,XLAT,XLONG,TEL,TAZ
60 1010 FORMAT(1SX,1SHSOLAR CONSTANTS,//, .
YT T 2 T 10X%,110,2X%,3HDAY, /;
62 ¢ 10X,F10,2,2X,4HTIME,/,
63 ¢+ 10X,F10,3,2X,8HLATITUDE,/,
88 T T e 10%,F10.3,2X,9HLONGITUDE,/,
6S ¢ 10M,FL0,3,2X QHELEVATION,/,
66 o "10X,F10,.3,2%, YHAzXMUYH.///)

TEYTTTTTTTT 7 00 10 Nai,NDRAW -

68 X0aFLAT(0,0)«CLENG
69 YORCHWIDTH# (0,S«FLAT(0,0))

70 T B CHECK FOR RECEIVER SHADOW
74 ’ IF(ABS(YO0).GT.RNE%0, 3) G0 Y0 S
72 ISHADaISHADS]

"‘”73”“““"‘““"“G0 Y0 190
74 .
75 c GET LENS MATERIAL DATA

R 4 TN S IF(NMATL.LT.11) GO TO 20

77 ' JUBRINT(20,6FLAT(0,0)) 8
78 WAVELEWAVL (W)

T PQ T -~ GALL LDAT&(NMATL.WAVEL.NA!R,NLENS)
80 20 1080,0
81 C DETERMTNE FACET CENTER DISTANCE FROv ORIGIN
“82 - © " XNFaINT(ABS(YQ)/FACLW)
83 YFC2FACWe (XNF¢0,5)
84 c FIND SLOPE OF FPACET NORMAL AY YFC

ST gg T T - ALPHA® ATAN2CYFC,F) :
86 THETA1ZARSIN(NATR/NLENSeSTN(ALPHAD)#0,8eSIGNCE, Yoy
a7 CT1=COS(TMETAL)

88 o o 8T1BSIN(ITHETAL)

89 D0 40 1s1,3
. 90 UT(I)sCTi2UCP (1) + STiaUCN(L)
“‘“91““—"“*“ B0 UN(!1mCTltUCN(I) e STI2UCP(])
92 c
°3 c PERTURB SUN-VECYOR FOR FINITE SUN SIZE AND THE INTENSITY
g et e DISTRIBUTIONo
93 c
9% CALL SUNE(ACC USP ORAD)
R ) o N )

98 c FIND SUN VECTOR AFTER FIRSTY SURFQC’IREFRACTION,

09 c USE PERTURBED SURFACE POSITION VECTORS TO ACCOUNT FOR ERRROR
I ¥ ' 1 Madaienndany i ‘IN FIRSY SURFACE . TME PERTURBED VECTOR TRIAD 18

101 c UCAP, UCPP, UCNP,

102 t YHE REFRACTED SUN VECTOR IS ustp,
FOZ——"C~"" 7 THE 8T.DEVIATION POR SURFACE ERROR 18 SDFS,
.104 € :

409 . CALL ERRNORM(SOFS8,0,,UCN,UCP,UCA,UCNP,P8M)

77308 0 FIND FIRSY SURFACE REFRACTED SUN VECTOR
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18079 08,952
107 ¢
7108 T U CALL Laerntunxn NLENS, UCNP, USP, US1P, 1C0D)
109 IF (1C0D.EQ,1) ‘GO YO 190
110 00 80 Is1,3
111 © 7 80 USIPLI)meUSIP(I)
112 €
113 C  CALCULATE PERTURBED SURFACE NORMAL(UNP) BASED ON -
314 ——C "~ REPLECTANCE PROPERTIES AND SURFACE ERROR DISTRIBUTION,
115
116 IF (N.EG.NCHECR) SDR=38DR2
117~ " CALL ERRNORM(80S,SDR,UN,UT,UCA,UNP,PSM)
118 c :
119 C  CALCULATE REFLECTED RAY URY
R -1 M - ‘
121 CALL SNELL (UR1,UNP,US1P)
122 "€ ‘ : . ’
123 ©© € PERTURR REFLECTED RAY VECTOR FOR REFRACTION AT FIRST SURFACE
124 c ON EXIT FROM REFLECTOR
12s . ¢
426~ - CALL ERRNORM(SDFS,0,sUCN,UCP,UCA,UENP,P3M)
127 00 110 11,3
128 URL(I)==URL(I) .
129 110 UCNP(I)s=UCNP(1)
130 CALL LREFR(NLENS,NAIR,UCNP, URT, UR, 1C0D)
131 _IF(IC00.E0.1) GO TO 190
-3+ S
133 € FIND D VECTOR 'TO KNOWN PPOINT ON RECEIVER SURFACE
134 c .
~138 - 00 140 1%1,3
136 140 D(1)z=X0O#UCACI) = YOSUCP(I) + (PS20) aUEN(T)
137 c
----- 138 -~ —CC -~DO MIT TEST ON. RECEIVER SURFACE
139 c
140 CALL RCVR(D,UR,RHIT,MISRY)
‘161 € .
142 C DETERMINE.IF RAY HITS RECEIVER
143 c FIND ZONE OF RECEIVER WITS
P
185 IF (MISR1.ED.1) GO TO 190
146 : 1F (MAPS.EQ.1) CALL FLUX(RHIT,UCA,UCN,UCP, REFLTOT,2)
447 - o RPWRIRPWReREFLYTOT -
148 GO TO 10 v
149 190 MISRaMISR + 1 . -
©180————""""10 ‘CONTINUE " -
151 WRITE (6,6020) OFFSUN, REFLTDT 803, SOFS, 8DR1, SDR2, DTRACAZ, DTRACRL
182 - - - 6020 FORMAT(20X,a3HSURFACE,REFLECTANCE AND TRACKING PARAMETERS.//,
188 ~— 4 10X,F10.3,2X, 18HSUN OPFeAXIS ANGLE, /s
154 + 10X,F10.3,2X,19HREFLECTANCE (TOTAL) ./,
155 + 10X,F10,5,2X,20HSURF, ERRIR(STLDEV.)//,
'''' 186 —— = & 10X,F10,5,2X, S2HSURF, ERROR(ST.OEV,)=18T SURFACE,/,
157 e 10X,F10,5,2%X,21HREFLDISTR.1(ST.DEV,.) W/,
158 ¢ 10X,F10,5,2X,21HREFL OISTR,2(ST,0EV.) s/
o 10X,F10,3,2X, 18HTRACKING ERROR<AZ,,/,
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‘1879 08,992

160 . ¢+ 10X,F10,3,2X, 19HTRACKINS ERROQ-QOLL://)
“16y 0 T WRITE(6,1070) ISHAD
162 1070 FORMAT(/10X,214RAYS BLOCKED BY REVRE,110)
16% C COMPUTE OPTICAL EFFICIENCY .
164 - ' NHIToNDRAWeMISR e
165 EOPTBRPWR*COS (OFFSUN) /NDRAW
o 166 - . © - WRITE(6,9199) MISR,NHIT,EQPT
U167 _”““ﬂ199 FORMAT(/7/7,1G%,6HMISSED, 4%, 6MNIT 0N13307H0911CAL110
© 168 i ® ; 16X, 4HRAYS,6X, GHRCVR, 11X, lOHEFFIC!ENCVo//a
169 . * 10X, 2110,F10,.5,/)
170 ’ ) IF(MAPS,EQ,1) CALL FLUX(RHIT, UCA UCN, UCP,CONVP,3)
171 - ' RETURN

172 - : END

“1127078 aee 18,4 ‘e
tsec) 74 LINES/MINUTE 13781

NO DIAGNOSTICS IN ABOVE COMPILATION
- WERE USED FOR THWIS COMPILATION
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08,991

SUBROUTINE FRESNEL .
e REAL NAIR,NLENS : o ’ B .
NAMELIST/FRESN/CLENGoCW!DTN.RN.RL-F;SDSoSDRoNlKXSpFACNJ
* FACN.NAIR.NLENS.YILT&NG.NZOVElpNZONEVpIRCVR;THEYAAX,UYRACQL,
¢ DTRACAZ,SDFS,TRANTOT,PSM . ‘ . .
COMMON/RUNC/NORAN;?AZcTELbYIWE.IDAY.XLAT.KLONG,ICONC' h
o NMAT,DRAD,94ISR, TZONE,MAPS,RPHR, AMTR,NMATL "
’ CONMON/V!CYORIULE(J)aULV(S)oULS(})pUCN(S)oUCA(S):UCP(3).U9(3)
o COMMON/RCVRC/IRCVR, THETAC, 89, RN, RL,OHIT ‘
. COMMON/YRAC/NAXIS.T!LYANG.D!FGUN,YHETAAX.DYR!CRL.DTGACAZ.IRPI
COMMON/ZONE/NZONEX,NZONEY :
DIMENSTION JBIN(20,20) .
DIMENSION 0(3)nUY(!)aUN(B)nUM’(B).Uﬂ(S)oUSP(S)cRHIT(S)
T DIMENSION PUS(B).UCAP(S)}U:NP(S)oUCPP(S).US!P(!’:NAVL(ZO)

C THE CENTER WAVELENGTHS OF 20 EQUAL ENERGY BANDS .

¢ DATA WAVL/3°0.5000.s“eou05‘0..300.057050600.9630.566090
¢ 700.p7°°=:73°¢0320.c370..960.91020ill°3°ec‘azo.o‘°800016805'
’ g""READ'NAMELIST VALUES
¢ READ(S,FRESN) L
E OUTPUT NAMELIST VALUES ‘

e WRITE(6,6000) CLENG,CWIDTH,F,FACH, NAXTS, THETAAN,RW,RL, IRCYR

(
t
1
i

6000 FORMAT (20X%,2SHLINEAR FRESNEL. PARAVETERS,///,
10X,F10,3,2%, BHLENGTH, /,
10%,F10,3,2X,SHNIDTH,/,
10X,F10,3,2%,12HFOCAL LENGTH,/,
$0X,F10.5,2X, 19HFRESNEL FACET WIDVH,/,
10%,110,2X, 13HYRACKING AXES, /.

10X, F10,3,2%, 16MAXTS ORTENTATION,/,
10X,F10,3,2%, 11HRCVR, WIOTH,/,
10%,F10,3,2%,12HRCVR, LENGTH,/,
10X,110,2X, 10HRCVR, TYPE,///)
 AMIRICWIDTH&CLENG

L B R R BE R 2K 2

INITIALZE FLUX ROUTINE
IF(MAPS.ED.1) CALL FLUK(RHXY.UCA:UCNoUCPaCONVPo1)
S8ET SUN VECTOR US YD SUN'S CENTER
CALL BUNI(TAZ,TEL)
" 'DETERMINE COLLECTOR POSITION VECTORS UCA,UCP,UEN
CALL TRACK(TAZ,TEL)
mems s oo HRTTE(6,1010) IDAY,TIME,XLAT,XLONG,TEL,TAZ
$£010 FORMAT(1SX,1SHSOLAR CONSTANTS,//,

+ 10X,110,2X,3HDAY./,
¢ 10%,F10,2,2X,8HMTIME,/,
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‘18279 - 08,991
g4 © lOX.F10¢3.2¥.8HLAYIYUDE./o
-1 T "¢ 10%,F10,3,2X,9HLONGITUDE,/,
36 ® 10X,F10,.3,2X,9HELEVATION,/,
57 % 10%,F10,3,2%, THAZIMUTH, 2./7)
-1 € -
%9 C DETERMINE HIY POINTS FOR EACH RAY JRAW ON SURFACE
60’ c
B1 UTTT TS U eepO 30 N@1.NDRAW
62 XOaFLAT(0.0)'CLENG»
63 YOSCWIDTH®(0,%5aFLAT(0,0)) .
64 B :
63 C GET LENS MATERIAL DATA :
‘ 66 IF(NMATL,LT.11) GO YO 20
67 " JWSINT(20,8FLAT(O, o))ox
68 WAVELBWAVL (JW)
69 ¢
70 C °~ OBTAIN DAYA FOR LENSING MATERIAL PROPERTIES
71 c
72 CALL LDATA(NMATL, WAVEL /NAIR,NLENS)
i & B ©20  Y0=0,0
74 C ODETERMINE FACEY CENTER DISTANCE FROM onicxu
78 XNFSINTCABS(YO)/FACW) .
76 - YFCuFACW® (XNF+0,5)
A C FIND SLOPE OF FACET NORMAL AT YFC
78 ALPHAZATAN2(F,YFC)
79 Aasncos(ALpnA)/(MLeusznaxnnSiN(ALpnA))
.80 THETAI=ATAN(ARG)23IGN(1.,VD)
81 CT18COSCTHETAL)
82 ‘STISSIN(THETAL)
83 DO 40 I=1,3 '
8a UT(T)=2CT12UCP(T) + sr:.ucN(r)
. 8% 40 UNCIISCTIoUCN(T) « ST1aUEP(I)
. 88 c FACETS ARE ASSUMED TO HAVE ZERO rurcxusss
87 (] ‘
- 88 "€ - PERTURB SUN vzcron FOR FINIYE suu ST12E AND THE INYENS!TV
T 89 e DISTRIBUTION,
90 c
"9y - - - CALL SUN2(ACE,USP,DRADY:
| 92 S : . , y
; 93 € FIND SUN VECTOR AFTER FIRST SURFACE REFRACTION,
98 € USE PERTURBED SURFPACE PDSITION VECTORS TO ACCOUNT FOR ERRROR
9s c IN FIRSY SURFACE ., THE PERITURBED vscvon TRIAD IS
9 c UCAP, UCPP, UCNP,.
TP THE REFRACTED SUN VECYOR IS US1P,
98 ¢ THE 8T, ozvxarton FOR SURFACE ERROR IS SDFS,
99 c ,
‘100 ——¢ - Co '
101 - ‘CALL Ennnonutsors.o..ucu.ucp.uca YCNP, P3M)
102 C  FIND FIRST SURFACE REFRACTED SUN VECTOR :
108 ~— - ¢
104 CALL LREFR(NAIR NLENS,UCNP,UBP,UStP, ICOD)
105 IF(1C0D.20,1) 6O TD 130

00 789 I®i,3
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e18=79 - 08.951
107 789 USIP(1)seUSIP(])
S 108 U €L - L L
109 c CALCULATE -‘PERTURBED SURFACE NORMAL(UNP) BASED ON
110 ¢ REFLECTANCE PROPERYIES AND SURFACE ERROR DISTRIBUTION,
11 " e R :
112 CALL ERARNORM(S0S,SDR,UN,UT,UCA,UNP,PSM)
113 c : : < . .
118 "7 ° T CALCULATE REFRACTED RAY(UR) USING LAW OF REFRACTION
1198 CALL LREFR(NLENS,NAIR,UNP,USIP,UR,1ICOD)
116 IF(ICOD.EQ,.1)Y. GO TO 130 :
117 " C ' -
118 c FIND D VECTOR TO KNOWN POINT ON RECEIVER SURFACE,
119 c ) : '
--g30° ~ " " 00 100 I®1,3 o . :
121 100 D(I)Y=eXOsUCA(I) = YO®UCP(I) < (Fe20)#UCN(T)
1ee C . .
- 128" c DO HIT TEST ON RECEIVER SURFACE
124 c ’
12% CALL RCVR(D,UR,RHIT,MISR1)
O . )
127 ¢ DETERMINE IF RAY WITS RCVR, AND POSITION OF HWIT IF 1Y
128" ¢ OCCURS. o v _ L ‘
129 - c - o
130 C FOR PLANAR RCVR,
131 c R . :
-ryg@—o— =T 1F(MISR1.€0.1) 60 TO. 130 .
133 C MAKE POWER FN OF WAVE LENGTH (TRANSMITTANCE)
1%4 _CONVP3TRANTOY
~-- 188 - -~ IF(MAPS.EQ.1) CALL FLUXCRHIT,UCA,UCN,UCP,CONVP,2)
136 RPWREZRPWR¢TRANTOT
137 60 .70 30
138 """ ""1830 MISRaMISRed
139 30 CONTINUE "
140 WRITE (6,6020) DFFSUN,3DS,8DFS,0TRACAZ,0TRACRL,
ceeqgy T 0 . @ NATR,NLENS® : o : .
142 6020 [FORMAT (20X ; 43HSURFACE,REFLECTANCE AND TRACKING PARAMETERS,//,
143 . ¢ 10X,F10.,3,2X, 18HSUN OFF=AXTS ANGLE,/, ‘
‘--'na"—“—'——---'-'a'1ox.no.s.ax.aonsunr. ‘ERRJR(SY'.DEV.)./.
145 ¢ 10X,F10,3,2%X,25HOUTER SURF,. ERR (ST.0EV.)s/»
1486 © % 10X,F10,3,2X,18HTRACKING ZRROR=AZ.s/y
B U} A 10X,F10,3,2%X,19HTRACKING ERROR=RILL,/,
145 ¢ 10,)(.FlO.LZX.OHINOEX_oAIR./o ’
149 ¢ 10X,F10,3,2X. 10HINDEXLENS,///)
- 180 ——C " COMPUTE OPTICAL EFFICIENCY o
151 ©  “NWITENDRAWeMISR :
152 EOPTERPWR*COS(OFFSUN) /NDRAW
- 48 “—==—=" " WRITE(6,9199) MISR,NHIT,EOPT
154 9199 FORMAT(//7/,14%,6HMISSED, aX,bHHTT ON,SX,THOPTICAL ./,
189 * lbx,aleYS'bx'QNRCVRJlxo‘OHEFF!C!ENCVO//I
1§6———————"¢ = © " 10%,2110,F10,5,/) ° : o
187 1F (MAPS,.EQ.1) CALL 'FLUX(RHIT.UCA.UCN.UCP.CONVP.!)
158 RETURN :

END L.
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1 SUBROUTINE PTROUGH . .
TR T T NAMEL IS T/ TROPN/CLENG ,CWIDTH, R, RL, P, NAXTS, NZONEX,NZONEY, IRCVR
s ¢ S THETAAX,DTRACRL,NTRACAZ,SDS,SDR,REFLTOT,RWS,PSM
] COMMON/RUNC/NDRAW, TAZ, TEL, TIME, IDAY, XLAT,XLONG, ICONC,
"S§ T % NMAT,DRAD,MISR, TZONE,MAPS,RPHR, AMIR, NMATL
6 COMMON/VECTOR/ULE(3),ULV(3),ULS(3),UCN(3),UCA(3),UCP(3),US(S)
7 COMMON/RCVRC/IRCVR, THETAC, S0, RW,RL,OHIT
T8 T T "COMMON/ TRAC/NAXTS, TILTANG, OFFSUN, THETAAX,DTRACRL ,OTRACAZ, IRP]
9 COMMON/ZONE/NZONEX , NZONEY .
10 DIMENSION JBIN(20,20) : - o
AU T DIMENSION  D(3),UT(S),UNCS),UNP(S),UR(3),USP(S) ,RNIT(S)
12 c ' ‘ S -
13 C  READ NAMELIST PARAMETERS ’
18~ - - - ,
15 READ(S, TROFN) :
16 c . - ‘
17 "7°C " OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES
18 c o .
19 ‘ TF (NMAT,NE,0) CALL RDATA(NMAT,NORAW,30R1,30R2,REFLTOT,REFL
TTROT T T e ,NCHECR)
21 SOR=3IDR1
22 c
“23 © € "OUTPUT NAMELISY VALUES
24 c :
2s WRITE(6,6000) CLENG,CWIDTH,P,RW,RL:RWS,NANTS, IRCVR, THETAAX
T26 77 6000 FORMAT(20X,2THPARABOLIC TROUGH PARAMETERS,///,
2y . + 10X,F10.3,2X, 6NLENGTH, /, .
28 "¢ 10X, F10.3,2%X,SHWIDTH,/, :
29 * 10X, F10.3,2X,12HFOCAL LENGTH,/,
30 ¢ 10%,F10,3,2X,10HRCVR WNIDTH,/,
b 3 * 10X,F10,3,2X,11HRCVR LENGTH,/,
32 e 1O0X,F10,3,2X,1THRCVR SHADOWN WIDTH,/,
33 ¢ 10X,110,2X,1SHTRACKING AXES,/,
34 ¢ 10Y,110,2X,10HRCVR, TYPE,/,
35 - T 4 SO0X,F10.3,2X,16HAXTIS ORTENTATION,/7/)
36 AMIRGCLENG#CWIDTH - :
37 ¢ : .
38 © T € INITIALIZE FLUX ROUTINE
39 ¢ .
a0 _ IF(MAPS,.EQ,1) CALL FLUXCRHIT,USA,UECN,UCP,CONVP,1)
a1 - g ‘ .
[ F] C SET VECTOR 7O SUN'S CENTER
43 c .
Qg =i GALL SUNTCTAZ, TEL)
as c ‘ L
as - € SET CONCENTRATOR POSITION. VECTORS
NPT S SR .
43 CALL TRACK(TAZ,TEL) :
a9 WRITE(6,1010) IDAY,TIME,XLAT,XLONG,TEL,TAZ
TS0 T T 10107 FORMAT (15X, 1 SHSOLAR CONSTANTS, /v,
39 : * 10X,710,2X,3HDAY,/, - .
s2 ¢ 10X,F10,2,2X,8HTIME,/,

83 v oot e 10X,F10.3,2X%8HLATITUDE,/,




2e18079 ~ 08.930 '~

w . .84 C. e 10X,F10. 3.ax.9uLo~s:Tuos./.
e g T Te 10X F1043, 2% JHELEVATION, /4 .
36 - * 10X,¥10, s.ax.vunzxuuru 177
$7 JISHAD=O. .
= g T .. DO 300, Nll.NDle
%9 ¢ L e
60 - - C-. DRAW RAYS OVER SURFACE
- gy
. 62 KOOCLENG'FLAT(O 0)
6% . YOSCWINTHa («0,S¢FLAT(O, 0y
- gg "~ - CHECK FOR RECEIVER SHADOW
3] IF CABS(YO).GT,RWS*0.5) GO YO 10
66 1SHADEBISHAD S
e g e GO TO 60
68 10 Z0=(YDeYOw0,25)/F :
1) C . FIND. THE UNPERTURBED SURFACE NDRMAL! UN _AND
o iogg=—== G THE PERTURBED 'SURFACE NORMAL UNP :
7 - . .C.:
12 Pu:uATAN(VO/(a.uF)) :
———qg = "CPHTBCOS(PHI) ceo ’
74 SPHIaSIN(PHI)
15 . DO 30 1=1,3
Tpe T UNCT)RCPHI#UCN (1) «SPHI#UCP (1)
a7 c- 230 UT(I)lCPNItUCP(I)¢SPHltUCN(!)
78 - ‘
------- -39 - ‘--DETERMINE PERTURBED NORMAL USING SY. DEV.
80 € FOR REFLECTANCE AND SURFACE enaon
81 ¢
el - T IF (N.EO.NCHECR) SDR=SOR2 ST
83 CALL ERRNORM(SDS,SDR,UN,UT, uca»unp.vsn)
-84 c .
——-g8——-— ~ PERTURB SUN'S RAY POR PINIYE SUN S12€
86 C AND VARIATION IN SUN'S INTENSITY
. 81 c .
CY. D eaLL SUN2(ACE s USP, DRAD)
89 c
90 C  CALCULATE REFLECTED RAY USING SNELL'S LAW
St } Sl
92 . . CALL. SNELL(UR UNP.UBP)
93 c
~g9g— = -  FIND D VECTOR TO KNOWN POINT ON RCVR,
9% €  SURFACE
9% ¢
— 97 ~--——00 %0 1=1,3 s
98 -1 o(x):-xoaucA(t)-YOaUCP(I)otF-IO)-ucntx).
9 . t -
- 100-—"€ "~ CALL RCVR, HIT TEST ROUTINE?} IRCVR INDICATES
101 C RCVR GEOMETRY : .
102 c L o ,
g9y T T T T CALL acvn(o.on RHIT,MISR1) @ 7"~
104 ¢ ‘
108 DETERMINE IF RAY HITS RCVR. von ncvn HITS,

e
-- §06 - € "FIND ZONE OF HIT POINY
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107 c
- 7108 Tt IR (MISRY LEG.1) GO TO 60 ,
109 ' IF(MAPS,E0.1) CALL FLUX(RHIT,UCA,UCN,UCP,REFLTOT,2)
110 RPWRaRPWRREFLTOT PR :
Ity == " 60 10 300 = - :
112 60  MISRaMISRey - T
113 300 CONTINUE D
"“"f;!l‘“‘*'-——"*"uazrs(s.eoaoJforgsuu.nEFLtor.sos.soax.sona.oratcaz.ornAcaL
‘118 8020 FORMAT(20X,43HSURFACEREFLECTANCE AND TRACKING PARAMETERS,//,
116 © 7 ® 10X,F10,3,2X,18HSUN OFF=AXTS ANGLE;/," -
1y ¢ 10X,F10.3,2X, 19HREFLECTANCE(TOTAL), /7,
118 . 1ox.r:o.s.zx.aousunr.'eaaan(sr.ozv,)./.
- 119 * 10X,F10.3,2X,21HREFL ,OISTR. 1 (ST DEV,.),/,
120 - T -y 10X,F10,5,2X,214REFLDISTR,2¢(ST,DEV,),/,
121 ¢ 10X,F10,3,2X, 18HTRACKING ERROR=AZ,,/,
122 * 10X,F10.3,2X,19HTRACKING ERROReROLL,//) -
123 - . WRITE(6,1070) ISHAD : o
120 - 1070 FORMAT(/10X,21HRAYS BLOCKED BY RCVRs,110)
125 C COMPUTE OPTICAL EFFICIENCY E .
126 7 7 = NHITENDRAWeMISR
127 EOPT=RPWR«COS (OFFSUN) /NDRAW
128 . . WRITE(6,9199) MISR,NHIT,EO0°T ;
129 T 9199 Fonnnr(///.14x.euuxsszo.ax.suu1r:on.sx.vuovfchL./.
130 * 16X, GHRAYS,6X, GHRCVR, 1X, 1OHEFFICIENCY, 7/,
131 ® . 10X,2110,P10,5,/) 4 C ' . :
B 3. TR IP (MAPS,EG.1) CALL PLUX(RHIT,UCA,UCN,UCP,CONVP,S)
133 RETURN '
134 END
138 - .

T 11627078 tee 14,8 aee
! (SECY - .8y - - - LINES/MINUTE 12729

I NO DIAGNOSTICé IN ABOVE COMPILATION
)3 WERE USED POR THIS COMPILATION P




SUBROUTINE FMTR

-1
o M SR Co Ch
3 ., 6 ITHIS ?OUT!NE*MODELS‘TNE'FIXED MIRROR TWO AX1S TRACKING - .
‘4 - RECEIVER CONCENTRATOR, TME SURPACE- 18 A-FIXED SECTION OF .
“cg TR A SPHERE DEFINED BY THE RADIUS AND RIM ANGLE OF THE CONCENTRATOR,
6 c THE RECEIVER MODEL IS THAT OF THE CONE, ‘ :
] ¢ . e
SeeTg T TR T NAMEL!STIFNTRN[CN}DTH.RL.TH!TIC.’O.YQIMaNAKIS.NION!I.NIONEY.
o8 iy ¢ TILTANG.!ﬂCVR.TNETAA!JDYRACAZ.OTRACRLpSDSgBDR.REFLTOT.ESM
10 COMMON/RQNC/NDRAN.JAZ.YEL:T!ME:[Dl!oKLATnXLONGoICONCO '
R B | T * NNKT.UW‘D.MISR.TZQNE.“!PS.RPW?.lHlR.NMATL Lo
12 ) CONMON/VECTOR/ULE(!)rULV(!)oULQ(S)pUCN(!)'UCA(S)cUCP(!)pUS(S)
i 13 COMHON/RCVRCIIRCVR(YHE?AC.SO.RUiQLOONIT B
e yRTTTTTT CUMMON/TRAC/NAIISJTILTANG{O'FSUN.YHETAA!.DTRACRU.DTR‘CAZ:IRP!
is CONHONIZONEINZONEX.NZONEY‘_ . . . )
18 COMMON/CONECOM/ us1(3),us2(s)
1T DIMENSION XUN(3) : . .
18 DIMENSION . D(S)pUll(}).UTZ(!).UV(!)oUN?(!)rUR(3)¢USP(3)p
19 + RHIT(3) c ~ < ,
..... e Rkt R -
21 C READ NAMELISY VALUES
22 c - ' L .
2%+ 70 READ(S,FMTRN) L
24 . ,~C" . . - i
28 c READ NAMELIST VALUES .
_________ 2% T e L . R
7 c )
28 c OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES
S —pQ e G . )
30 TF (NMAT . NE,0) CALL RDATA(N“AT.NDRAN.SDRlnSDREuREFLTOTpREFL
31 + ,NCHECR)
--—-gg—---r~ - “8DRESDRY R : ' :
33 WRITE(6,6000) CNIDTH.TRI*.IRCV?oVﬁ!!s.TILTANS.THETAAX.RE;
34 - & THETAC,S0"
ceeRET T 6000 FORMAT (20X, SaHFIXED MIRROR TRACKING RCVR, INPUTS,2//,
3¢ ¢ 10X, F10,3,2X,SHNIDTH,/, .
3 R 4 10!.F10.3.2!.9NR1M ‘,NG.LEO/J .
sy ¢ 10%,710;2%,10HRCVR,. TYPES /o
39 * 10!.110.2X.1!NTRACKING AXES,/,
a0 e 10X,F10.3,2X,10HTILT ANGLE /.
i - § SR ‘e 10X,F10.3,2X,16HAXIS ORIENTATION./,
82 ¢ 10X, F10,.3,2X,11HRCVR LENGTH,/,
a3 ¢ 10X,F10.3,2X,10HCONE ANGLEs /s
- 484 s "'“’10*."1_0.302!DZHSD;‘///) ’ oo
as ¢ : ,
as - C INITIALIZE FLUX FOUTINE
Pt e - .
1 1F (MAPS.EQ.1) CALL PLUX(RHIT-UC&.UCN-UCPaCONVPo1)
Q9
'-—“"SO“"""——"""ISHADIO e e e e .
S1 . AMIRBS.l415@2654'0.ZS'CWXDTN'CN!)WN
2 RCONC!CNIDTH‘O.SISXN(TRIM)

et 3 CLENG=CWIDTH
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$4

ss -

6
7
S8
89
60

PR

62
63
64
6
66
87
68
69
70
14!
72

78 -

T4
14 ]
76
77
78

08,9

L

a0
81
82
83
8a
85
as
87

89
90
91
92
93
94
98
96

99

98
99

100

. 101
102
©°10%
104
108

c
¢

106

OO0 (OO0 o000

‘-_...__.c [ER

49

STHACRSIN(THETYAC)
"ZIPI-RCONC‘COS(TRXM)

ZAPO=ZAP

WRITE(6,1010) IDAY,TIME, XL‘T.'LONG:?EL TAZ
1010 FORMAT (15X, {SHSOLAR CONSTAVTS./’O
10!.!100?!03HD‘Y0/I P
10X,F10.,2,2X,QHTIME,/,
10%,F10,3,2X,8HLATITUDE.,/,
{OX,F10,3,2X,9HLONGITUDE,Y,
10X,F10.83,2X,9HELEVATION,/,
10X, F10,3,2X,THATIMUTYN,7/7) |
9911 FORMAT(SX,3HUCP,3710,.3,7.5X,3HUCN, 37!0 Sp/oSXnSHUCA'SFIO 3,7)

tes et o0

"SET VECTOR US TO SUN'S CENTER
CALL SUNI1(TAZ,TEL)
SEY COLLECTOR POSITION VECTOR TRIAD
~ -~ CTALL TRACK(TAZ,TEL)

SET POSITION VECTOR TRIAD USTloUST!.US FOR. USE IN CONICAL REe
CEIVER HIT POINTS,

CANGL=DOTER(US,UCN)
SANGLESORT(1,eCANGLeCANGL) :
IF (ABS(SANGL) .LT.0,000001) GO TO 600
DO S99 1s},%
S99 US1(I)=(=UCN(]I) ¢ CANGL!US(I))ISQNGL
. CALL CRNDSS(USi,US,US82)
60 70 603 . S
600 DO 801 1=1,3
US1(1)sUCP(1) " o
601 US2(I1)=UCA(T) ’ e
605 CONTINUE : - . L
D0 200 N=i1,NDRAW
PERTURB SUN'S RAY FOR FINITE SUN SI!E
" AND VARIATION IN SUN'S INTENSITY

CALL SUN2(ACC,USP, DRAD)
IREFL =8O

DRAW OVER CONC. APERTURE

ZAPm=RCONCeCOS(TRIM)

ZAP0O22AP -
RAPSSQRT(, ES'CWIDTNGCW!DTHOPL‘T(O 0))
RTHE6,2831853«FLAT(0.0) :
XAPECOS(RTH)*RAP

"YAPuSIN(RTH)®RAP

D0 341. 181,33 :
- 341 0(!)8-!A9!UCA(J) ® YAPtUCP(I) L ZAP'UCN(!)
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107 c CHECK POR INCOMING SUN RAY NIT DVR VR -
to8 DO=DOTER(D,D)
109 - pUSaNOYER(D,US)
110 ARGEOD=DUS*DUS '
B T % T PCSORT(ARGI(SYHACnSTNAC)) !
112 1F(P.GTRCONC) 60 TO ar
1183 {SHAD3ISHADeY
" g14° 7€ HITS ON. FLAT Y0P OF RECEIVER ARE ASSUMED LOST FOR
1S C EFFICIENCY CALCULATIONS DONE LATER
116 . IF(P.LT.=S0) GO TO 200 ’
S S LA © po 33 11,3 -
‘118 33 RHIT(1)=eD(I)eDUSeUS(])
119 € HIT WITHIN RCVR ZONES
420 S Tt - QHITAPeSO
121 , CONVPR1,.0
i22 IF (MAPS,.EQ, 1) CALL FLUX(RH!Y 0.-0.:0..CONV902)
3 T3 RPWRERPWReCONVP
124. G0 Y0 200
125 as IREFLSIREFL ¢ 1
——-g36 Tt DO 90 T#1,3
127 90 USP(!)IOUR(I)
‘128 - XAPEX0
T U129 T YAP2YOD
130 ZAPIZO
151 C PIND MIT PO!NY ON SPHERICAL R!'L!CTOR SURFACE
i & 1} 8lBDOTER(USP Uca)
133 . SPSDOTER(USP,UCP)
134 : SNIDOTER(USP.UCN)
~—-18§ " 7 T T ARl.0.
136 B8se2, Oa(XAPQSA ¢ YAPaSP o ZAF.SN)
137 . CEXAPaXAP ¢ YAPWYAP tlAPoZAP - RCONCQRCONC
- 138 mmmemm e - QUADBB AR @ 8,0ARC -
139 IF(QUAD.LT.0,0) GO ‘10 130
140 ALI:(-BOSORT(GUAD))'O S/A
14y T 'ALZI(-B-SORT(DUAD))iO S/A
142 533 FORMAT(SX, SHALloFle !.SX SHALZcFIZ 3,7)
1ay ALmaLt . . ,
e T i
143 c BE SURE AL I8 THE POSITIVEROOT
186 c
£ T3 A IF(AL.LT.O.) ALsAL2
148 c _ , .
149 [ CALCULATE THE - PERFECT BURFACE NORMAL
JES—— .‘so_—. .c . e LT - . t e - P - . . . .
151 . DRel ./RCONC
lSZ T 0O 10 I=1,3 . :
183 ~———=—"10  XUNCT)3AL#USP(1) = XAPRUEA(T) o YAPAUEP (1) e ZAP#UCN(I)
184 IMAG-SORT(DOYER(!UN.!UN)) : .
158 DO 105 1=1,3
“‘196‘""—" 109 UN(!)BNUN(!)/!MAG
197 c
1358 ) c D!TERM!NE COORD!NAT!S OF N!T POINY PROM XUN VECTOR

189 e
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160
16} T
162
163
1648
16S
166
167
168
169
170
171
172
173
174
178
176
177
178
179 = =
180
18¢
182
183
184
188
186
187
188 -
189
. 190
g @y e
192
193
--19@ - - -
198
196
198
199
200 — -
201
202

Cc-32
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X0==DOTER(XUN,UCA)
o © YOSeDOTER(XUN,UCP)
208<DOTER(XUN, UCN)
IF(IREFL.GT,0.AND, 20,GE.ZAPO) GO TO 1ao
XYRT=SORT(XO#X0¢YOrY0D)
X18204X0/ (XYRTARCONC)
Y1s520+Y0 /{(XYRT«RCONC)
= 21BXYRT#DR )
D0 11 I=x1,.3
11 UTICI)mX1oUCACT) » VIQUCPtI) - ZicUCN(!)
CALL CROSS(UTL,UN,UT2)

DETERMINE PERTURBED NORMAL USING ST, DEvV,
" POR REFLECTANCE AND SURFACE ERROR

[z Xz Xz Xo!

IF(N,EQ,NCHECR) SDRa8DR2
CALL ERRNORM(SDS,SDR,UN,UTI,UT2,UNP, PSM)

CALCULATE RE'LECTED RAV US!NG SNELL"S LAW
CALL SNELL(UR UNP, USP)

o000 aacon -

FIND DISTANCE VECTOR,D, TO KNOWN POINT ON RECEIVER SURFACE

00 SO IllaS
= 80 D(IYWRCONCeUNCI) « SO#US(I)

DO RECEIVER HIT TESY USING CONICAL€RECEIVER»
CALL RCVR(D,UR,RHIT,MISR1)

~-DETERMINE IF RAY MITS RECEIVER, MULTIPLE BOUNCES ARE POSSIBLE
} FOLLOW THROUGHM THREE OR POUR REFLECTIONS,

IF(MISR1.EN.0) GO TO 125
IFCIREFL.GE.G) GO TO 120

_IF RAY REFLECTED, RETURN TO FIND NEXT WIT POINT ON SURFACE
60 T0 4S

c

c--

c

c -ser ZONES OF RAY HITS IN TERMS 0")137‘NCE S(CALCULATED !N RCVR)
c ALONG THE LENGTH OF THE - RECEIVER(I .,E,IN DIRECTION OF uS)

c ’ - o . . K

- 03 ——CC ~—OHIT 1S THAY OISTANCE, -

204
208

- 206 - e s

207
208

~——a09 e

‘210
211

; .212 -————— -

c
125 CONVPERAYVAL (IREFL,REFLTOT) .
IF (MAPS.ED,1) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,2)
RPWRaRPWReCONVP
G0 TO 200 ,
130 WRITE(6,1111) e o . ‘
1111 FORMAT(SX,S7THERROR, NIT POINT ON SURFACE NOT FOUND,/)
120 MISRaMISRe1 ' '
200 CONTINUE
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21% WRITE(6,6020) OFFSUN,REFLTOT,86,90R1,3DR2
214 L T 8020 TORMAY(EOX.BSHSURFACE.REFLECTANCE_AND TRACKING PARAM
218 : + 10X,F10,3,2X,18H3UN OFPeAX1S ANILE./
218 . 10!.F10.3.2!.lQHREFLECTANCE(TOYALD./o
-1 AR ¢ 10!.?!0.5.2!-20HSURF@,ERROR(ST.DEV.J-/'
218 i . tOX.F!o.S,aX.ZIHREFLaDISTR,l(ST.DEV»)o/.
219 * 10X.F10.5.2X.EIHREFL,DISTRoQ(ST.DEVa)./l/)
g2~ "WRITE POWER ON RCVR,SHADING HITS AND MISSES.
221 : WRITE(H.9999). I8HAD » L .
222 999¢ FORMAT (//7,15%,22HHIT RECEIVER ON WAY IN,X5,/)
- 2a% *— '€ COMPUTE OPTICAL EFFICIENCY
22a NHITENDRAWSMISR - = -
22% EOPTaRPWR#COS(OFFSUN) /NDRAA
—p26 ~ T T THRITE(6,9199) MISR,NHIT,EOPT '
227 9199 FORMAT.(///418X, 6HMISSED, X GHHIT DN, 3X, THOPTICAL, /s
228 ¢ - 1sx.annAvs.bx.aHRCVR.lx.!OHEFFICIENCY.//.
-9 T T T e : 10X,2110,F10.%,/)
230 IF(MAPS,.EG.1) CALL,FLux(anxt.uca.ucN.ucp.convp.3)
231 RETURN
gy END U T T T

{ 11027078 ese 14,0 waw
T 13 Eier L A LINES/MINUTE 14708

. N0 DIAGNOSTICS IN ABOVE COMPILATION
}3 WERE USED FOR THIS COMPILATION

Eigns,//,



Cc~34
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1 S8UBROUTINE CPC2 , ‘.
S @ et NAMELTST/CPCN/CLENG.CRIDOTH, RV, RLL NAXTS, TILTANG,NZONEX,
1 "4 NZONEY,IRCVR, THETAAX,DAP, THTOLLNTOL,8D8, SDR,ATHETA ’
a ¢ ,REFLTOT, snw PSM
§ o
6 C THIS ROUTINE xs THE SURFACE MODEL FOR THE CHAMBERLAIN
’ (3 €EPC CONCENTRATOR WHICHM S A COMBINATION OF AN INVOLUTE
“8 T CCC T AND COMPOUND PARABOLIC SURFACE,
9 e
10 €  INPUT VARIABLES ARE
11 e COLLECTOR DIMENSIONS(E, ,Go RL,C.ENG, CHIDTH,RW,ETC,)
12 c NTOL THE NUMBER OF ITERATIONS TO DETERMINE THE HIT POINT
13 c THTOL = THE TOLERANCE! ON THETA, i
‘14 © - QT RAYS ARE DRAWN OVER THE APERTURE AND THE HIT POINT ON THE SURFACE
19 ¢ 18 FOUND ITERATIVELY USING NEWTON'S METHOO,
16 C THE CYLINDRICAL RECEIVER MODEL 18 THE ONLY RECEIVER WHICH CAN
R § ARk - BE USED WITH THIS MOOEL, ANY ITHER RECEIVER WOULD REQUIRE A
18 c OIFFERENT BURFACE.,
19 £ .
20 ~ COMMON/RUNC /NDRAW, TAZ, TEL, TIME, 10AY,XLAT,XLONG, TCONC,
21 4 NMAT,DRAD,MISR, TZONE,MAPS,RPHR, AMIR,NMATL
22 o COMMON/VECTOR/ULE(3),ULV(3),ULS(3), UEN(3) 5 UCACS) ,UCP (3),US(S)
23 "7 7 COMMON/RCVRC/IRCVR,THETAC,S0,RA, AL, GHIT
24 ' COMMON/TRAC/NAXTS, TILTANG ,0FFSUN, THETAAX,DTRACRL, DTRACAZ, IRPI
23 COMMON/ZONE/NZONEX,NZONEY
= @6 - - " DIMENSION D(S),UT(S),UR(S),UNCS),UNP(S),USP(3),
27 ¢ RHIT(3),UI(3),0RIG(3)
g0 ¢
29 ' "°'C READ NAMELIST VALUES
30 c
31 _READ(S5,CPCN)
g g s
33 C OBTAIN DATA FOR REFLECTIVE MATERTAL PROPERTIES
34 ¢
weee g o o IR (NMATWONELO) CALL noﬁvatnwnr.uonnw.soni SDRE.REPLTOTcREFL
36 + JNCHECR)
37 : 'SDR=SNR1
S S
39 C WRITE NAMELISY PARAMETERS , )
60 c , .
----- SQr= e o WRITE(6,6000) CLENG,CWIDTH, RN, RLYSRY,DAP,NAXIS, THETAAX, TILYANG,
a2 : + IRCVR .
8y 6000 FORMAT(20X,21HCPC2 CONC, PARAME?ERS.///-
@@= 90K F10,3,2%, 6HLENGTH, /.,
as T o 10X,F10,3,2X,5HATIOTH,/,
a6 ¢ 10%,F10,3,2%, 10HRCVR HIDTH,/,
—--g7" ~== 9  10XsF10.3,2%, 1IHREVR LENGTH, Z,
as © 10X,F10,3,2X,27HREVR WIDTH FOR SURFACE DEFN,/,
a9 10X,F10,5,2X, 16HCPC HODULE WIDTH./, ‘

*

10X, 110,2X, 4SHTRACKING AXES, 70 - .
S1- i ¢ 10K,F10.3,2X-,16HANTS ORIENTATION./o

¢ 10%,F10,3,2X,10MC0NC, TILTo/,

¢ 10X,110,2X,10NRCVR, TVPE./7//)}
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84
- gg g LS
86 c
8?7 C  SET BUN VECTOR uS8 70 SUN'S CENTER
D e
$9 : CALL SUNI(TAZ,TEL)
0 € SET COLLECTOR POSITION vecvons UCA,UEN, ucp
gy , )
sa _° GALL TRACK(TAZ,TEL) | . ,
'S D AMIREDAP#CLENG
—- cg@ TTTTTUT T WRITE(6,1010) 10AY, TIME.ILAT.!LONG.TEL.TAZ
1] 1010 FORMAT(15X,1SHBOLAR CONSTANTS, /7,
66 ¢ 10X%,110,2X,3HDAY,/y
s gy T 10X F 10,20 2% GHTIME. /0
68 ¢ 10%,F10,9,2X,8HLATITUDE,/,
.89 ¢ 10X.F10,3,2X,9HLONGITUDE, /s
e o e 10X, F10,3,2X,9HELEVATION,V,
71 ¢ 10X,F10,3,2X,THAZIMUTH,///)
12 ¢
""*?3“”"“t‘“‘tN!TtALIIE FLUX ROUTINE
14 ¢
78 . ' xrtnavs £0.1) CALL rLuxtnuxt UCA,UCN,UCP,EONVP, 1)
O
1T C SEY CONSTANTS NEEDED FOR DIMENSIONS INSERT ELSEWHERE LAt:a.
s . ¢
———g g -————— - RH2EBRN 0,50
80 : DZUPE0.5e (SRWeRH)
81 . ATHETASATHETA
82 g -
- 83 € CALCULATE I OF APERTURE USING EQUATION FOR HEIGHTH ALONG’
84 c ‘SURFACE AT MAXTMUM ANGLE.
g — €
86 p rHETAM-a 71238898 = ATHETA
87 - - DTHaTHETAMeATHETA .
..gf ~ === RHOERW2% ((THETAM ¢ ATHETA ¢ 1,5707963 = COS(DTHI)I/(1.,+SIN(DTHI))
89 IMAX=RW24COS(THETAM) = auo-sxn(vneruu) '
90 00 200 Nw1,NORAW
) - — ..Qr-——.____—_..—. . NERR.O . . PR L L
92 IFLAGEO
93 - IREFL=O
Qg —m s CTHETANRD L0
9s c ‘ ‘
96 . € PERTURB SUN vecron roa FINITE!SUN S12E
_._-’7_—_—‘_.—_._...‘._ s
98 . CALL suna(acc.usp.oano)
100--—-c—"—'--" SRR
101 C DRAW ovsa APERTURE
102 t .
103" ——— X APBCLENGRFLAT(0,0) - o T
104 . YECWIDYH#FLAT(0,0)
108 - - “ . YAP2Y e DAP-(!NT(Y/DAP)OO s)

e Q& T T T TAPBIMAX
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107
109

110 .

111
112
113

- Y18

118
116

117

118
119

g0 "
121.

g22
“i23
124
i2%

Y T o

127
128
‘129

130

131

- 132

138

134

C-36
08.948
R
108 T C DETERMINE WHETHER INCOMING RAY,US, HITB RECEIVER ON
c ENTERING, DO RCVR, HWIT TEST USING Uls=US VECTOR AS THE IN
i c INCOMING RAY, D VECTOR GOES FROM WIT POINT ON APERTURE T0
TR CENTER OF RECEIVER,
€ N
. 00 10 I=1,3
I D S @ X LIVE1LE$ )
. ‘10 D(12oaXAPAUCA(T) = YAP!UCP(I) L] (ZAP-DZUP)'UCNII)
CALL RCVR(O,UL, RH!? MISRY)
N
c IF THERE 1S A RECEIVER MIT, INCREASE DIRECT MIT COUNTER BY {,
R IF THE RAY MISSES THE R!CEHVE‘. PIND MIT ROINT
B “ON REFLECTOR SURFACE, '
IF(MISR1.NE.1) GO YO 125
GO TO 105
e
. € IF RAY REFLECTED AND DID NOT HIT RECEIVER, FIND NEST HIT
t POINR, RESET INCOMING VECTOR TO BB THE VALUE OF UR,
~ € " “SET THE ORIGIN OF THE RAY AT THE PREVIOUS HIY POINT,
c ) ' : .
A4S IREFLSIREFL<}
XAP2X0 -
YAPEYO
24PR20
e o= PHETAQOBYMETA
IFLAGRO
00 %0 f=1.,3
USP(1)==UR(1)

‘158
136
137

136
139
140

181
142
143

148

148
18%

H£“7._f'

148
149
" ~180
131
182

c U 18%

134
1893

50 UT(1)aUR(I)
C  FIND WIT POINT USING ITERATIVE METHOD
S-SR i Sadithh _
105 CALL CHEC(D,UCN,UCP,USP, 18K, YAP, 24P, ZCHEC)
' IF(IREFL.6T.0,AND,2CHEC,GT.ZMAX) B0 TO 120
© - v IF(1SW.E0.0) GO TO 110
c IFSIOE OF COLLECTOR CHANGES(I.E.ISWs1), CHANGE REFLECTED
¢ (OR INITIAL SUM) RAY SIOE
i NSWSSNSWS# Y :
: DUMASDOTER (USP,UCA)
DUMPSDOTER (USP,UCP)
DUMNZDOTER (USP, UCN)
00 109 1s1,3
109. USP (1)SDUMAGUCA (1) =DUMPUCP(I) + OUMN#UCN (1)
DO 1095 1%1,3 -
1095 UI(I)=eUSP(I)
YAPBoYAP -
=110 CTHETAR2,90
1F CIREFL.G7.0) THETAR(0.8e0, L+ 1FLAG) a THETAD
VECTRZDOTER (U1,UCP)/DOTER (UT,UCN) :
e D0 20 Isi,NTOL -~ " -
CTSCOS(THETA)
8T8SINCTHETA)
- RHOPRERN2
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160 RHOBRW2aTHETA
TTTReY T T T " DYHSABSITHETA)oATHETA
162 P TF(THETAGT, CATHETA ¢ 1-5707963373) QHQE
163 - . : . RWZG(THETA¢A?HETA01 5707962310308(DTH))/(1 OBIN(DYN))
168 T 8181 ,¢S3IN(DTH)
169 IF(THETAGT, (ATHETA1, 57079632?)) QNOPRH
168 . ¢ (wRWEﬁCOS(DTH)a(TNEWAoATHEYAol §7079621=C08(01N)) ¢
““"1&? - — -3 7T - RWPeS1e81)/(81081) : .
188 1F(1.EQ.NTOL) GO YO 199
169 ) GTHBRHDt(OBYaVECTQOC?) ° NNEQ(CT&VECTR¢ST) L
CtTTRYe T T T e ZAPeVECTR ¢ VAP
S A SN . GDERIVBRHO*(QCTﬁVECTR o ST) ¢ RHOPR#(=8TaVECTReLT) o
172 x4 RW2s (STOVECTReCT)
— g8 IF(ABS (GOERIV) ,LE.0,00001). GOERIVB OOOOltSIGN(ie.GOERIV)
{74 DELTASGTH/GDERIV
179 P (ABS(DELTA)6T,1,.5) DELTAai SGSIGN(l.nDELTA)
TTTTRFS T T T T aFLOATI(NTOLeR) /NTOL
177 . THETA1RTHETA
.1v8 . . THETAITHETA-DELTA
‘—“'179 "’““"”'”"‘IF(ABS(THETA) BT, THETAM) THETASTHETAMASIGN(1,, THETAL)
186 * aFLOAT(NTOLeX)/NTOL .
181 IF(ABS(DELTA)LT.THYOL) B0 7O 100
188 - 7 20 ° CONTINUE
183 100 IF(ABS(THETA=THETAOD),.GT, YHTDL) 60 Y0 !03
1848 FFLABRIFLAG®Y
—-1gg T IF(IFLAG. LT.9) 60 Y0 110
186 60 70 120
137 108 VYO=RW2¢BIN(THETA) = RHOQCOS(?HETA)
188 ~ "7 - Z03oRW24COS(THETA) = RHOeSINCTHETA) .
189 XOI(ZO-ZAP)-DOTER(US.UCA)/DOTER(US.UCN) ¢ XAP
190 ¢
19y T 6 "FIND PERFECY SURFACE NORMAL
102 c
193 OZBRw2¢SIN(THETA)nRNDaCOS(THETA) ® RHOPRASIN(THETA)
198 T DYERW24COS(THETA) ¢ RHORSIN(THETA) < RMOPRACOS(THETA)
i@S L PHINSATAN2(DZ,DY)
‘166 ’ CPaCOS(PHIN)
L mme= 1@y e o -~ SPRSIN(PHINY
.198 D0 30 I=i,3
199 UNCT)ISCPoUCN(]) = SPQUCP(I)
- -800 - = " 30 UT(IIsCPaUCP(I) ¢ 3IPaUCN(T)
201 c
202 c.. CALCULATE PERTURBED SURFACE NORMAL(UNP) BASED ON
=208 € REFLECTANCE PROPERTIES AND ‘SURPACE ERROR DISTRIBUT!ON,
20a €
208 : . .
" 2086 T ¢~ "PUT IN ROUTINE FOR CALCULATION OP UN!T NORMAL PERTYTURBATION
207 1P (N.EO.NCHECR) SDR2SDR2
. 208 .. CALL ERRNORM(SDS.SDR;UNoUToUCA UNP.PSM)
g g G ' R
210 € CALCULATE REFLECTED RAY UR
211 €

—giR vt T TBALL ENELL(URaUNPoUSP)



Ye18e79 " 08,948

Cc-38

213 ¢

218 T C" - D0 RECEIVER MIT TESY -
a1s. ¢
216 00 40 1=1,3 .
217 TTUT TR0 D(I)meXOfUCA(T) o YORUCP(I) e (Z0=DZUP)AUCN(])
218 : CALL RCVR(D,UR,RHIT,MISRY)
219 IF(MISRL . NE.1) GO TO SS
TR0 T - IR (IREFLL.GEL.Q) GO TO 120.
221 ¢ , . .
222 C  RAY REFLECTED AND DID NOT WIT RECEIVER, FIND NEXT WIT POINT
- 223 "t : '
224 " .. 60 Y0 4S
22% ¢ ‘
C226 T L [ CHECK TO SEE IF RAY EXITS OUT APERTURE
227 €
228 55 NSWS1sNSWS=2# (NSWS/2)
9.t - IF(NSWSt .NE.1) 6D TO S6
230 : ounaaoorentnnxr.uca)
234 : DUM23DOTER (RHIT,UCP)
232 7 T 0 DUMSEDOTER(RMIT,UCN) - -
238 ’ 00 115 181,3
234 115 RHIT(I)SDUMIaUCA(I) « DUM2eUCP(I) ¢ DUM3I#UCN(I)
T 238 ¢ 8% CONVPERAYVAL (IREFL,REFLYOT)
236 . IF(MAPS.EQ.1) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,2)
237 RPWRERPWR+CONVP
T 238 v~ - 60 TO 200
239 "7 120 MISREMIBR¢1
240 .60 Y0 200
201 " 7 199 WRITE(6.1111) 1
262 1111 FORMAT(SX,22HTHETA DID NOT CONVERGE,2X,2HIs,15,/)
2as 60 Y0 200
~"—zoa-———m--xas NDIRECTaNOIRECY o 1
- 248 CONVP21,.0
. 2486 IF (MAPS  EQ.1) CALLIFLUX(RN!T.UCA.UCN UCP,CONVP,2)
287 vt - RPWRIRPWReLONVP
248 200 CONTINUE
249 WRITE(6,6020) OFFSUN,REFLTOT,SDS,S0R],SDR2
TT2%07 T 6020 FORMAT (20X, 8SHSURFACE ,REFLECTANCE AND TRACKING PARAMETERS, //,
281 ¢ 10X,F10,3,2X,18HSUN OFFeAXIS ANGLE, /7,
282 4 10%,F10,.3,2X, 19HREFLECTANCECTOTALY,/,
‘833 vt - e 10X,F10,5,2X,204SURF, ERROR(ST.DEV,.),/,
2%3 © % 10X,F10,5,2X,21HREFL,DISTR,$ (ST, 0EV.),/,
258 + 10X,F10.5,2X,21MREFL, DISTR. e(sr DEV.Y,//7)
"——zsa-————«-”~<—wnxrzcs.303) NOIRECT
2%y . 303 FORMAT(///,10X,20KDIRECT nrrs oN RCVR=,110)
258 € COMPUTE OPTICAL EFFICIENCY
889 - “© " NMITSNDRAW=MISR
260 .- EOPTSRPWR#COS (OFFSUN) /NDRANW
261 WRITE(6,9199) MISR,NHIT,EOPTY
6219199 FORMAT(///,18%X, 6HMISSED,4X, 6KHIT DN, 3X, THOPTICAL,/,
263 + 16X, QHRAYS,6X, 4HICVYR, 41X, 10MEFFICIENCY,//,
264 ’ . 10%X,2110,710,53,/7)

208 T IR (MAPS, EG.1) CALL FLUX(RH!Y UC‘.UCN uceP,CONVP,3)
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266 RETURN
267 7T END

11927278 40n 18,8 2we

e |

1 NO DIAGNOSTICS IN ABOVE COMPILATION
)8 WERE USED FOR THIS COMPILATION

“{BEEI T 1510 . 7 LINES/MINUTE 14534
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N SUBROUTINE cuecto.ucu UCP,USP, TSN, YAP, ZAP, ZCHEC)
SRS SN .
3 € THIS SUBROUTINE IS cALLzo PORM CPC2, O FIND POSITIVE
" C  OR NEGATIVE SIDE OF WIT ON SURFACE IN UCP DIRECTION,
—-e @ m=sisGeo QUTPUT SETS A FLAG TO SITCH SIGN OF VECTORS SO ONLY
6 € POSITIVE THETA VALUES ARE CALCULATED.
7 ¢
s “"~DIMENSION D(3),UEN(S), UCP(S)oUSP(S)
9 18850
L \  D13DOTER(D,UCN) °
STy Tt D2aDOTER(D,UCP)
12 DS=DOTER (USP,UCP)
13 DAasDOTER (USP, UCN)
TTTTIETTTTTTOT IR (ABS(D3),LT50,0000001)°60 TO 10°
1s . ZCHECSeD14D2eD4/DS |
16, IF (ZCHEC 6T.0,0,AND 2CHEEL LT ZAP AND,YAP,GT,0,0) ISWs}
m=EY Tt = - IF(ZCMECWLT 0.0 ANDLYAPLT,0,) 18HsY
18 TP (2CHEC,GY.2AP.AND.YAP.LT,0,0) ISHsy
19 ¢ WRITE(6,100) ZCMEC,YAP, I8N
@0 777100 FORMAT(SX, SHACHEC: 7% SHYAP, TX, SHISH, /,SX,2F10,5,110)
21 RETURN
.22 . 10 IF(YAP.LT.0,00) 184m}
—-gy e e © WRITE(6,100) ZCHEC,YAP, ISW
24 "RETURN

- 2% END
.____'. B SRR

E 18027-78 re 14,0 wan
e 1szc1——~—-—~.se——~~w * LINES/MINUTE -4740-

‘€ - NO D!ASNOSTICS IN ABOVE COMPILAYION
DS -WERE - USEO POR TH1S COMPILAYION - -
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1 SUBROUTINE RPI(JBIN) o
-2 . couMONIRPICIFL.r!LT.Dx.071.ovz.AL!N.FLEN.?N:D,NCOL.xlx.NFAc.
‘3 1 NCA,DY,XLF,ARPI(20),RR(20),CR(20) ,NRZ,RMAX
4 ‘COMNONIQUNCINORAN.TAZ.TEL.Y!MEo!DAY.!LlYoXLONG'!CONC"
. ¢ NMAT,DRAD,MISR, TZONE,WAPS,RPWR, AMIR,NMATL -
) COMMON/V!CTOQ/ULE(3,JULVIS)oULS(!)oUCN(!)vUC‘(S)JUCP(S)oUS(;)
7 COMMON/RCVRC/IRCVR, THETAC, 8P RN RL(GHIT _
Tonstoog TTTTTTTT COMMONITRACINAX!S.TILTING.OPFSUVsTNETAA!.DYR!CRL.DTRICAZ,!RP!
9 COMMON/ZONE/N2ZONEX,N2ZONEY ' |
10 DIMENSION CATA(E.SO)pD(!).UV(S).UR(!).UNPI!).USP(S)-RN!T(!)
11 ¢ 1 LUTI(3),UT2(3),01(%),E0PTZ(20) '
12 .
13 ¢ DEFINITIONS FOR RPI TWO AXIS
-+~ -48°° € ' TRACKING, MULTI-FACETED
1 t COLLECYOR,
16 ¢ FLeFOCAL LENGTH (M) . )
17 e TILT=COLLECTOR TILT FROM WORIZONTAL (OEG)
18 c OX=COLUMN AX1S SPACING (M) )
19 c OY1=DISTANCE PROM COLLECYOR CENTER TO START
i | N € OF FIRST COLUMN:-AXIS ROW (M) :
21 c DY2eDISTANCE FROM COLLECTOR CENTER TO SYART
22 c OF SECOND COLUMN AXIS :RON (M)
23 c ALENe LENGTH OF A COLUMN AXIS (M)
24 ¢ FLEN=LENGTH OF AN INDIVIDUAL MIRROR FACEY ON A
23 c COLUMN AXIS (M) . P
gy B FRIDSWIDTM OF -A MIRROR FACET (M)
27 c NCOLsNUMBER OF COLUMN AXIS PER
28 c MIRROR BANK (MUST BE AN 0DD NUMBER)
29 © ¢ ~ RMAXeMAXIMUM RADIUS OF RECEIVER PLANE
30 ¢ NRZeNUMBER OF RADIAL ZONES ON .RECEZIVER
3 c L C
(m——-gg -=---—C NAMELIST VALUES FOR RPI COLLECYOR
33 c ' .
34 ’ NAMELrstlnprIST/FL.TXLT.Dx.ovx.nvz.ALEN.FLEN.leo.NCOL.NRz.RMAX
- 3% T e ,NIONEX,NZONEY,REFLTOT,RL,RW,808,8DR, IRCVR,PSM ‘
36 PIe3,1415926% T
37 IRP1Is1
————-!a ————— = 4% e e A.SUM.O.O
39 SOFF=0,0
Qa0 c
Ry . READ VALUES FROM NAMELIST
[ Y] c
43 READ(S,RPILIST)
— g "RMAXERW#0,5 - :
as T : o :
: 1 C OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES
. - . °7A._w._ _..c -, . i R N . .
as CIF(NMAT,.NE.0) CALL RDATA (NMAT,NDRAW, SDR1,8DR2,REFLTOT,
. a9 ¢ REFL.NCHECR)'
g SORWSORY T — S
51 WRITE(6,6000) FLUTILY.‘L!No'LE”%'W!DONCOL.RMA!
1 6000 FORMAT (20X,27HRPT. CONCENTRATOR PARAMETERS,//,

- gg = 8 {0X,F10.3,2X, 12HFOCAL LENSTH, /0
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L1}
-1
56
$7
L 1]
59
60

- gy

62
63
68
63
66

‘67"

68
69
‘70
71
re
73
74
78
76
7
78
79
80
81
a2
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10%,F10,3,2X, 10HTILT ANGLE,/,
10X,F10.3,2%, 1 SHCOLUMN- LENGTH,/,
10X,F10,.3,2X, 12HFACEY LENGTH./,
10X,F10.8,2X,11HFACET WIDTH,/,
10X,110,2X, 1SHNOLCOLUMN AXES,/,
10X,F10.3,2X,15HMAX RADIUS RCVR.///)

L R R -BE 2R 2R 2

“INITIALTZE FLUX ROUTINE g
IF(MAPS.EQ.1) CALL PLUX(RHIT,UCA, UCN, UCP, cowvv.l)

CALL ROUTINE 7O SEY uP COLUWV AX1S
TILT ANGLES .

fono noo

caLL ‘TILT(CATA)
p0 112 181,2
112 WRIVE(46,113) xv(C‘T“(an’ JﬂlaNCA)
113 FORMAT(//,28X,23HEOLUMN- AXIS TILT ANGLES:/,
¢ 32X, 11HMIRROR BANK, 18,7/, (10(1X,F7.3),/))
€ COMPUTE MIRROR AREA AND CONCENTRATION RATIO
AMIRIFNID.FLENQNFACGNCOLQQ
DO S l21,NRZ
ARPI(I)=0,0
EOPTZ(1)80.0
RR(I}BIeRMAX/NRZ
S CR(!)DAMIR/(P!!RR(I)GRR(!’)

SET VECTOR TO SUN'S CENTER
CALL SUNR(TAZ,TEL)

o000 oo

SET COLLECTOR POSITION VECTORS UCA,UCN,UCP

CALL TRACK(TAZ,TEL)
HRITE(6,1010) XDAV.TIME.XL&Y.XLONG,?EL Ta2
1010 PORMAT(///,15%,18HSOLAR CONSTANTS.//»

¢ 10X,110,2X,»3HDAY,/,
. % 10X.F10.2,2X,QHTIME,/,
L4 10!.FlO.B.ax.aHgl31TUDE3/.
¢ 10X,F10.,3,2X,9HLONGITUDE,7 "
& 10X,F10,3,2X,9HELEVATION,/,
. T e 10!1‘1033}2"p”HAlI"Uf"@///,
;e ] . R
: o COLUMN-AXIS ROTATION ANGLE :
I DALPQ(90-57!LT/0RED'TEL/DRQD)ﬁo 9
CDAL=COS(DALP®DRAD) -
8DAL=SIN(DALP#DRAD)  * ...
- - - . )
c START ORAW OVER NUMBER OF RAYS
¢ S

s 00 1000 NB1,NDRAW

CatL SUN2(ACC,USP,DRAD) ' T
c DO MONTE CARLO DRAW OVER COLLECWOR o
CALL MONTE(CATA,CAT,TEL,%0,Y0,DRAD)
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107
108
109
110

11117

112
113

114

1158
116

17

118
119

" 120

121
122

" 123

. 1‘32 PP,
133

124
123

126 -

127
126

129

130
134

134
13%
136
137
138
139
140

T1a1
142

143

- 188"

188
106
187

148

149

190"

131
152
153
1354
185

T T
T 157

158

189
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’ ¢ FIND SURFACE NORMAL AND DVECTOR
—oee=e= o pALL NORM(CAT,D,UN,UCA,UCN,UCP, COAL,SDAL,X0,Y0,UT1, UTZ)
c COMPUTE COSINE BETWEEN MIRRO? AND SUN
COFFSDOTER(UN,US)" - ! . N
rTmmm SOFFsSOFF+COFF o . ) )
CONVP=REFLTOT«COFF
¢ PERTURR SURFACE NORMAL
—--—=—" “IF(N.EO.NCMECR) 8DR=SDR2
CALL ERRNORM(SDS,30R, UN-UYI UTE.UNPcPSM)
FIND REFL, RAY Lo
© " CALL SNELL (UR, UNP.USP)

00 o

QO RECE!VER HIT TESTY

D0 20 1=1,3
20 D1(1)=D(1)e0,.S#RLYUCA(I)
* CALL RCVR(D1,UR,RHIT,MISR1)
IF(MISR1,.EQ, 1) GO T0 60

-~ “'DETERMINE WIT POINT. oN PLAT. RCVR,

TP (MAPS.EQ,.1) CALL FLUX(RHIT UCA,UEN,UCP,CONVP,2)
c TEST T0 SEE IF RAY HITS RECEIVER, . .
BULLS EVE FLUX ZONING
00 ‘30 1e1,3
=30 “RHIT(I)BRHIT(1)=0, SQRLoUCA(I)
gMAGaSGRY(DOTER(RHIT +RHIT))
{F (RMAG.GT.RMAX) GO. TO 60
) 120 ’
a8 inlet
IF (RMAG.GT,.RR(I)) GO TO a4
cmeeemme e cARPT(T)BARPI (1) ¢CONVP :
: RPWRaRPWR*CONVP
GO 70 1000
. 60 MISRSMISR¢1%
1000 CONTINUE
AVGCOS=SOFF/NDRAW
s eeem - NRITE(6,6020) OFPSUN.REFLTOT 8DS,8DR1,SDR2,DTRACAZ, DYRACRL
6020 PORMATC(INY,///,20%, QOMSURFACE, RE'LECTANCE AND TRACK PARAMETERS,//
. 10X,F10.3,2X,18HSUN OFF=AXIS ANGLE./,

®
¢ 10X,Fi0, 3.2“.19HREFLECTANCE(TOTAL)a/a

¢ {0X,F10.5,2X,2043URF, ERROR(ST.DEV.),/»
¢ 10X, F10,5,2Xs 21HREFL,OISTR.1(ST.DEV,.),/y
.
¢
*

e s o st e

10%,510.5,2X: 21HREFL,OISTR.2(STLDEV,) /)
$0X,F10,3,2%, 18HTRACKING: ERRO=AZ .0/, .
. 10X,F10.3, 2!.19NYRACK!NG ERRDR-ROLL;//)
srwmmmeme e 00 .70 11 4NRZ
ARPI(I)!ARPI(I)'AMIRINDRAH
SUMlSUMOARPI(!)/AMIR
70 TEOPTZ(1)8SUM :
. WRITE(6,1090) (RR(I)pCR(!)-dRPI(I) EOPYZ(!)oIﬂlaNRZ)
HRITE(&,76): AVECOS ..
1090 FORMAT(/I-!b!.bHRlDIUS:EX lOHCONC RATIO.TX,
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160 . a SHPOWER.SX.lOHEVF!CIENCVaoII.(IOXoFSZ a,F12,.1,2r12, 0))
s 7181 TTT T T PORMAT(///,10%,15HAVERAGE EOSINER, F10,6)
162 € COMPUTE OPTICAL EFFICIENCY
183 . : NHITENDRAW=MISR
TN f6G T EOPTaRPWNR/NDRAW .
168 WRITE(6,9199) MISR,NHIT,EOPT
186 9199 ?ORMAY(/// 14!.6HM!SSED GX,6HHIT ON,3X,7RHOPTICAL,/,
TU1eY T T e 16X, 8HRAYS, X, AHRCVRoIX.IOHEFFXCIENCVv//p
168 . * iOl.?IlOaFlO 5.7)
169 IRP180
TRY0 T T IR (MAPS.EQ,1) BALL PLUX(RHIT,ULRA,UCN, UC?-CONVP.S)
171 RETURN

172 : END

T 11627678 tee 14,0 een
€ (3EC) 74 LINES/MINUTE 13907

€ NO - oxacnosvrcs IN ABOVE COMPILATION
DS WEZRE USED FOR THIS COMPILATION
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L BUBROUTINE NORM(CAT,D,UN,UCA,USN,UEP,CDAL,SDAL,X0,Y0,UTY,UT2)
2 """ " COMMON/RPIC/ FL,TILT,DX,DY1,DY2,ALEN,FLEN,FNID,NCOL,XAX,NFAC,
] 1 NCA,DY,XLP,ARPI(20),RR(20),CR(20),NRZ,RMAX _

‘8 DIMENSION XT(3),YJ(3),VF(3),UVF(3),VN(3),UMN(S),

§TTTTTTT U Y YR (3),D(3), ucPP(sa.UN(S),ucats).UCN(S).uc9(3) VEPL(3),

6 1 VEP2(3),UT1(3),UT2(3) : .

7 € EOMPUTE THE HIT FACET NORMAL
B T
9 c FIRST GEY THE COLUMN AX1S vec1oa TRIAD
10 C6aCOS(CAT) .
togy T T o o 8GSSIN(CAT)
12 DO SO0 1=1,3
_ 13 XI(1)8CB2UCACTI)*3GeUCN(])
TR T T T Y J(1)8CEAUCNTT) <36/ UCA(T)
18 c ) .
16 ¢ 8€T UP VECTOR FROM FACEY CENTER
47 "€ Y0 PERFECT FOCUS POINT
18 c ’ Se LN ..
19 S0 VF(1)aeXLFeX1(1)oDYRUCACT)oXAXSUEP(T)FLAUCN(I)
TR T T €~ " UNITIZE -AND COMPUTE NORMAL VECTOR
21 . VMAGZSGRY(DOTER(VF,VF))
22 , DO .70 Is1,3
SRR T NP (1) RV (1) /VMAG
24 70 VN(IYSsUVF(I)QUCN(T)
2% c YN 18 THE PERFECT SOCUS, FACEY NORMAL
e gy ommem o= cyMAGRSARY (DOTER(VN,VNY) -
27 . - DO 80 11,3
28 80 UMN(TYSVN(T)/VMAG
@89 g - SET UP VECTORS IN THE PLANE
30 € OF THE MIRROR FACEY
34 CALL CROSS(UCN,UVF,VFP1)
=me-g@ T - EGALL CROSSCVN,VFP1,VFP2)
33 . VisSORT(DOTER(VFP1,VFP1))
34 V223QRT(DOTER(VFP2,VFP2))
.3%§ v DO 90 YBi.S
$6 VFPI(I)aVFPI(1)/VL |
87 90 VFP2(I)aVFP2(1)/V2
© 88 T TCTTTUMN,VYFPL,VFP2 ARE OR?HONORMAL TRIAD FOR  UNoROTATED MIRROR FACEY
39 €
80 € NOW ROTATE THE UNIT annoa
a1 ¢ WORMAL (UMN) THROUGH A ROTATION
&2 ¢ ANGLE EQUAL TO ONE=MALF THE
43 € ANGLE BETWEEN THE SUN AND rus
------- 4g———=C—" “COLLECTOR NOTMAL :
- a3 c
a6 [ BET UP ROTATED COORDINATE FRAME
CwgyTTTTTT e DO 200 11,3
a6 YJP(T)BCOAL#YJ(1)*SDALEUCP(])
49 . 200 ucpp(r)sconLaucvtraesonLaVJ(I)
e g T ADUMBDOTER (UMN, XT)
83 BOUMEDOTER (UMN,YJ)
g3 , COUMBBOTER (UMN, UCP)

“r -BY T ot DDUMSDOTERCVFPYNXI)
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" gg

-1
87

.8 -

-1
60

- ey

62
63
64
(1]
66
Y

68

9
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o ' EDUM3DOTER(VFPL, V)
T “ 'FOUMENOTER(VFPL,UCP)
GOUMSDOTER(VFP2,X1)
MDUM=DOTER(VFP2,Y])
- POUM=DOTER(VFP2,UCP)
c COMPUTE ROTATED NORMAL & TANGENT VECTORS
’ DO 220 1%1,3

e e UT1(1)eDDUMSXICT) ¢ EDU"'Y"P(I) ¢ 'DUM&UCPP(,)

UT2(1)aGDUMAXTI (1) oHDOUMaYJIP (1) ¢ BOUMaUCPP(I)
220 UN(CT)BADUMSXI(T)4RDUMaYJP (1) ¢EDUMLUCPP (1)
h COMPUTE D VECTOR FROV PACET STARY
POINT TO CENTER OF FOCAL PLANK
' 00 240 1s1,3
T 260 D(I)meXOAUTILI)eYDRUT2CTYoVF(])
RETURN
END

od’

E "~ 1162778 a0s 18,4 oaw

E (SeC)

€ NO
DS WERE

31 LINES/MINUTE 8088

DIAGNOSTICS IN ABOVE COMPILATION
USED FOR THIS COMPILATION
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i SUBROUYINE MONYE(CATA,CAT,TEL,LHO0,Y0,DRAD)
i g Tt CCOMMON/RPIC/ FL,TILT.OX,0Y1,0V2, ALEN,FLEN, PN!D:MCOLoXAX NFPAC,
3 1 NCA, DV.!LV.ARPI(ZO)oRR(&O)nCﬂ(EO) NRZ.RMAX
.8 . DXMENSION CAYA(?oSO)'
g
6 c "MONTE CARLO DRAW PDR .
7 c HIRROR BANK,.COLUMN AX1S,
8 T~ FACET NUMBER AND HIT POINT .
9 C - _.COORDINATES .
10 c o
R § T A 'NIRROR BANK NUMBER RIN
12 MBSINT (FLAT(0,0)ed, 0) ey
13 c COLUMN AXIS NUMBER.
—e g T NCR INT (FLAY (O, 0)aNCOLY 01
13 c FACET NUMBER .
16 © NF=INT(FLAT(O, O)QNFﬁC)Ol .
g @ o HIY POINY COORDINATES ON SACET
$8 : HOBwFLEN®O ,5¢FLAT(0,0)aFLEN
i9 VOBoFWID20.5S¢FLAT{0,0)2FWID
"""" 20 "€~ GET COLUMN AXKIS TILY ANGLE
21 1881
22 17 (MB.ED.1.0R, MB €G.4) IBs2
oyt e IR (NG L6TLNEOL/2) GO TO YO
1] ' NAENCOL /2=NCe2
2s 60 Y0 7S
LT RRTTTTTT T 70 NABNCeNCOL/2
) e7 € COLUMN aXIS TILY ANGLE LO0K~UP
28 - 73 CATBCATA(IB.NA)
g : ‘
30 C CHANGE THE INTEGER VALUES Y0 X,¥v,2
31 c COORD!NATE PO!NTS
g e
33 XAXB(NCDNCOL/ZG%)GDX
34 pY=sDY1
~3g e IR (18L,EB.2) DYBDY2
36 c. LENGTH ALONG COLUMN AMIS YO FACET CENTER
37 - XLFSALEN/?LDAT(NF&C)G(QLGAT(NF)°0 5) ‘
38" "RETURN — =~ = =~
30 END

3 l!ez1w78 ane 18,0 ruw

e tszc) I T3 _‘ LINES/MXNU?! san

E'"NO""?IABNOST!CS iN ABOVE COMPILATION
0S HERE USED POR THIS COMPILATION
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1 . SUBROUTINE ATILT(CATA) .

TTTUTRTTTTTE T AFTER NAMELIST READ, CALCULATE
3 (4 -NUMBER OF MIRROR FACETS AND ALL ‘ T
] c ‘COLUMN AXIS TILY ANGLES - N ' o -1
g —p -
[ . COMMON/RPICI FLoTILY, DX.DVI.DV?.AL!N.?LEN FN!D.NCOL,XAX.NFAC.
7 1 NCA,DY,XLF,ARPI(20),RR(20), cn(eo).naz.aMAx
T8 T OIMENSION CATA(2,S50)
9 NPACBINT (ALEN/FLEN)
10 : DRAD®0,.01745329
11T 7T €7 7 SET UP LOOP TO GET COLUMN TILT ANGLES
12 .- NCASNCOL/2e1
13 18sy
TTTTTITTTT T DY sDYY
’ 1S c INITIAL GUESS FOR ANGLE
16 . 10 ANG13S5,04DRAD
b ) A ‘00 400 tei,NCA
18 XAXm(Tel)eDX
19 S0 CsCOS(ANGY)
TTTRO T BmSINCANGY)
21 . AYEALEN®ALEN®D,2S
22 ACBALENeDY
ey - Dlllla(CQaaI(SQS)Os'SOQ.'CtC-l )
20 : oz-Aa-rcnn:r(sns)-ancac/(s-oV))
29 DSlDVtDY'COC/(SQS)-XAXtXA!-E.tFLhDY'CIS
T Re T~ " FeDieD2eDY -
27 . PizAla(el, eCeleC/S=2,4Cua5/(SnSe8)02,080C)
s ! P28A24(e3,4CaC/8w2,0C003/(SaSa8) ¢20FLaC/DY
29 R 1 *FLeCHCoC/(DYRSS)) . L
30 . PSS, aDYADYNC /802, 4DV aDYaCACRC/ (S2328) ¢
39 1 2. an-ovztans)
——— sa._— — - Fp.P‘.onps . - [FR——
33 ANG2=ANGt=F/FP
34 CHECS(ANG2=ANG1) /ANG!
38 - IF(ABS(CHEC) .LY.0,00001) GO TO 200
36 ANGimANG2
57 60 TO so
| e — .
39 € FOUND CORREtT ANGLE
a0 .
Tty T 200 ANGERANG2
-+ CATA(IB,I)BANG
a3 400 CONTINUE ’
—— Q@8 T IR (1B .67.1) 6070 800 — - -
a5 . 1882
Q6 DyYsDY2
QYT 60 T0 10
1] %S00 RETYURN
49 END

E“"”i1-zvs7a'1a-~1a.a T
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000 00000 NO0OOONOA0

S

" SUBROUTINE SET o
THIS IS THE DRIVER ROUTINE: FOR SO_AR- ENERGY
TECHNOLOGY'S (SET) TMAGE . :
COLLAPSING .CONCENTRATIR, 1CC (ALS) CALLED SPL1CS)
REAL LF,NLENS
NAMELISY/SETN/GAMMA,T,LF,RLENS,AC,NFIT,NPR1S,DZ,SHITE,
“2 RW,RL,CLENG,CWIDTH,3D3,SOR,REFLITIT, TRANTOT,NAXIS,
* THETAAX,NZONEX,NZINEY, TILTANG, IRCVR;PSM,NLENS,YS,2S
DIMENSTON GAMMA(20),AC(10),UR(3),UR2(3),UN(3), UNP(S) uT ()
"1 JRHIT(3),USP(3),uT2(3),0(3), WQVLWZO):NBNC(b’ -
COMMON/RUNC /NDRAW, TAZ, TEL, TIME, IDAY, XLAT,XLONG, ICONC,
+ NMAT,NRAD,MISR,T20NE,MAPS,RPWR, AMIR,NMATL
~COMMON/VECTOR/ULE(3),ULV(S),ILS(3),UCN(3),UCA(3), UCP(3) us(3)
COMMON/RCVRC/IRCVR, THETAC,30,RA,RL,OHIT
COMMON/TRAC/NAXIS, TILTANG,OFFSUN, THETAAX,DTRACRL,DTRACAZ,IRP]
COMMON/ZONE/NZONEX,NZONEY
COMMON/ICC/T,LF,RLENS, NFIT,DZ, SHTTE.IP.XO ¥0,20,SGAM,CGAM,AYO,
1 SGN,TEST,C2,CWID,YS(30),238(30)
"OATA WAVL/SQO..OOO..QBO..S!0.-540-1570..600..630..660.o
¢ 700.,740,.,780,.,820.,870. .960.11020.3!080.112?0.-!080..1680 /
NAHEL!ST PARAMETERS FOR SET COLLECTNR
GAMMA= ARRAY OF PRTSM ANGLEI FROM MINOLE TO
EDGE OF LFENS
NPRIS= NIMBER OF PRISM ELEWENTS/E
Te MINTMUM LENS THICKNESS
LFe PRISM LENGTH
‘RLENSe RADIUS OF INNER LENS SHRFACE
ACe ARRAY OF COEFFICIENTS FOR SURBREFLECTOR CURVEFIY
NFITe ORDER OF CURVEFIT FOR SUBREFLECTOR
DZe NISTANCE FROM LENS CURVATURE CENTER
© "T0 CENTER OfF SUBREFLECYOR COORNINATE SYSTEM
CLEN> COLLECTOR LENGTH -
XNe INDEX OF REFRACTION OF THE LENS MATERIAL
" SHTTE= HEIGHY OF RECEIVING SHELF
READ(S,SETN)

~OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERYIES

IF (NMAT.NE.O) CALL RDATA(NMAT NDRAW.SDR! SORZ.REFLTOToREFL
+ yNCHECRY -~~~
SDReSDR1
WRITE NAMELIST PARAMETERS
- WRTTE(6,6000) NPRIS,T,LF,RLENS,NFIT, DZ;CLENG CN!DTH-
+ RL.SHITE
6000 FORMAT(//,20X%,16HSET CONCENTRATOR,//,
*10X,710,2%X,28HNUMRER OF PRISM ELEMENTS,/,
10X,F10.8,2X,22HMINIMUN LENS THICKNESS,/,
10X,F10.4,2X,16HLENS FACEY WIDTH,/, .
T10X,F10,4, 2X,28HRADIYUS OF INNER LENS SURFACE,/.,
10%X,110,2%, 30HORDER OF. SUBREF _ECTOR -CURVEFIT,/,
10X,F10, G.ZX aaHDISTANCE BETWEEN COORDINATE SYSTEM CENTERS.
Jo o
10X,Fi0.8,2X, 16HCOLLECTOR LENGTH, /.

¢ S &+ 4+
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¢ 10X,F10,4,2X,1SHCOLLECTER WEINTH, /,
* 10X,F10,4,2%,1SHRECEIVER _EVGTH, /,
+ 10X,F10.,4,2%, 18HSHELF (RCVRIKETIGTH ,//7/)
WRITF(6,6005) (GAMMA(TI),T=1,NPIS)
6005 FORMAT(/,30X,20KRPRISM ELEMENT ANGLFS,/,
+ (10X,7F10.5)) :
"WRITE(6,6008) (I1,AC(I),i=1,NFIT)
600R FORMAT(/7/7,15X,27H4COEFFICIENTS OF CURVFFIT 8//,
+ (15%,2HA(, H.?H)-.Fi? 5)1)
€L GEY SIIN CFMTER VECTOR
CALL SINI(TAZ,TFL)
€ SEY COLLECTOR VECTN®RS
CALL TRACK(TA7,TYFL)
C WRITE SOLAR PARAMETFRS
WRTTE(H,1010) INAY,TIME,XLAT,XLING, TEL,TAZ
10910 FORMAT(1SY,1SHSOLAR CONSTANTS,//,
10X,Y10,2¥, IHDAY,/,
10X, F10,2,2X, 44T TMF, /7,
10X,F10,3, PX.B“LATITUDF /s
JOX,F10.3,2X,9HILNONGITUDE, /.,
10X, F10,3,2X,9HELFVATION,/, R |
TAOXLFI0,X, 2K, THAZIMUTH, 777 |
TEST= %nkt(RLFMS#QLENS»LFaLP*MPRIs-NPRIS) |
CWIDSNPRIS#P  #LF
BISDOTER(USUCNY/DOTERCHS,UICP) ‘
RWSSHITE ‘
CWINTH=CWID ‘
NDTRECT=0 . |
o 4040 JK=1,6k '

* 4+ +o e

4040 NBNEC (JKY=O
ISHAD=N
18LOC=0
C INITIALIZE FLUX ROUTINE
AMIRZFLENGACHWTINTH ’ .
TF(MAPS.EN.1) CALL FLUX(RHIT,UCA,JCN,HCP,0,,1)
C START RAY DRAW FNR SERFORVANCE :
DO 31000 N=1,NDRAW
C MONTE CARLO DRAW OVER APERJURJ
IREFL=0
CONVP=TRANTOT
415 XO=CLEMGAFLAT(D,N)
YOSCWINTHR(=0.5 + FLAT(0,0))
AYNzARS(YO)
C PRISM ELFMENT NIUMRER
IPZINT(AYO/LF) + 1
C PRISM ANGLE W,R,.T. WNRTZONTAL
GAMS=GAMMA(IP) : -
SGAM=STN(GAM)
CGAM=COS(GAM)
SGN=YN/AYD
€ HEIGHT OF HIT POINT 0N FACET !
C2=SHRT((RLENS ¢+ T)#(RLENS ¢ T)= LFaLF*IPeIP)
YDUMELF«IP=AYOD




{=02=80

107
108
109
110
111
112
113
114
115
116
117
. 118
" 119
120
1214
122
123
124
125
126
127
128
129
130
.13
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

n8.R%2

¢

c

c

c

c

20tiM= SGAM'YDHMIFGA“

CHECK FOR START POINT IN ADJACENT FAGFT SHANOW

CZUPS7DIMESGN#YDUMRHI
IF(ZP.GT,.0,0).GY YO. 670
G0 TN A0

CHFCK FNR FACET MEIGTH

h70 CNFXT= SnRTf(RLENSOT)'(RLENSOT)'LFRLF'(IPO))'(Ip*i))

IPEAKSCNEXTOTAN(GAMMA(IP#§) I wLF=C?
IF(ZUP . GT.ZPEAK)Y GN TN 6RO
HIT FACET , HP COUNTEPR
ISHAN=TSHANS]
GN 70 M5

6R0 ZND=7NUM ¢ C2

GET LEMS MATERTAL DaTA
IF(NMATI LT 11) GN TO 72
JWSTNT (20, #F 1. AT(0,0)) ¢}
WAVELLSWAVL (JW)
CALL LDATA(NMATL,WAVEL,NATR, ernsx
GET SURFACE NORMAL BAND..TANGENT

12 nn 10 1=1,3

[aNe]

‘oo no

(2]

HNC(TY= CGAM.UCM(I) + 9GN!§ AveUCP (Y1) -
10 UT(I)= =SGENACGAMKICP(]I) + SGAMeUCN(T)
FINN PFRTHRRED SUN R SURFACE NIRMALS
VECTNRS HWFRE .

IF(N,FR_NCHFCR) SDR=SDR2 .

CALL CROSS(UN,UT,UT2)

CALL ERRNORM(SDS,SNR,UN,UT, T2, NP, PSM)

CALL SUNPR(ACC,HUSP,HRAN)
GET REFRACTED RAY
CALL I RFFR(1,0,NLENS,UNP,1ISP, R, 1CNN)
IF(ICON.ER,Y) GN TN 120
CHECK FOR HIT ON VERTICAL FaCE
OR INNER LENS SURFACE
CALL SUFEN(UR,RHIT, N, LT, MISS\
. TF(MTISS.EQ.NY GN TN 690
JTALOC=TIRLUC+!
G0 T0 120

690 CALL CRNSS (UN,UT,UT2)

SLEM RETIRNS CODF FNR WIT SURFACE
AND NEXT LFNS NNRMAI. AND TARGET
VECTORS '
PERTURR NORMAL
CALL ERRNORM(SDS,SDR,UN, nr.ure.uv: PSM)
no 48 1:=1,3 . :
a8 UR(II==UR(I)
GEY REFRACTED RAY
CALI. LRFFR(NLENS, 1.0, UNP,UR,UR2, T2 no)
IFCTICOD.FO,.1) 6O 10 120
CHECK FOR RAY HIT ON ARSORRER SHELF
. o0 12 1=1,3
12 D(I)--autv(l)ooz-ncntl)-ourraUCA(r).
AL=DOTER(D,UCPY/NOTER(UR2,UCP) .
ZHIT==DOTER(D,CNY+AL®DOTER(UR2, UEN)
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160 . IF(ZHTT LT, 0.,0,0R, ZHIT,GT.SHTTE)} 3n TN 307
161 nn 303 1=1,3

162 303 UR(1Y=UR2(I)

163 NDIRECT=NDTRECT+?

164 GO TO &1

165 C NDOW FIND INTERCEPT WITH SURRETLCTIR

166 C CHFCH SYINE NF REFLECTINNeNN KIT TEST ON PLUS Y=SINF
167 307 ISw=1

148 IF(ZRTT . GT 0,0, ANDZHTT LT (RLENS=N7)) T§w=-=1
169 SWITCH=SGN#TSH

170 IF(SWITCH.GT,0,0) 60 TOH 399

171 C CHANGE SINES

172 - NDRI=NOTFR(RHIT,UCA)

173 ) DR2=DOTER(RHIT,UCP)

174 . PRI=NOTER(RHIT,UCN)

175 « DUI=NATER(IIR2,UCA)

176 DI2=NOTER (UR2,1CEP)

177 DUIENOTFR (HIR2,11CN)

178 D0 30A 1=1,3

179 . RHIT(Y)= nwxouca(r)-nn?aurp(r)onnx.urwrt)
180 308 URA(IV=NUIALCA(T)«NUR24UCP(IY+DUSeONCT)
181 IN9 CALL SURR(AC,RHIT,UR2,XH,YH, ZH, UN,UT,1,MISS)
182 TF(MTSS.ER.1) GO TN 120

18% 15 CAlLL FROSS(UN,UT,HTR)

184 € CALL SURREFLFCTOR SURFACE NORMAL

185 CALL FRRVORM({SNS,SNR,UN,UT,UT2,UNP,PSM)
186 DO 16 T=21,3

1R7 16 UR(TI==NR2(])

1A8 C GFY REFLFCTFD RAY

189 ‘CALL SNELL (UR,UMP,URD)

190 C CHECK FOR HIT ON SHELF

191 no 20 1=1,3

192 20 D(T)= oXHAUCA(T) = YH#UZP(T) = ZH&UCN(T)
193 . AL==YH/NDTER(UR,HCP)

194 IHIT= ZH +AL*DOTFR(HR,IICN)

195 JF(7HIT.GT.0,0) GO TO 50 -

196 IFIDDTER(UR,UCN) .AT,.0,0) GO TN 120

197 C RAY HAS REFLECTED ON SAME SIDE OF SHELF

198 Do 52 1=1,%

199 S2 RHIT(7)=D2#UCN(I)=D(1)

200 CALL SUBRCAC,RHIT,UR,XH,YH,ZH,UN,UT,2,MISS)
201 IF(MISS.EN.1) GO TO 120

202 - IRFFL=TRFFL +1 -
203 © IF(TIREFL.GT.S) 672 10O 120

204 ' DO 771 1=1,3

205 771 UR2(1Y=UR(I)

206 . GO YO 1S

207 S0 IF(7ZHIT.LT.SHITE) 6N TO &N

208 C ASSUMES RAYS REFLECTED ABOVE SHELF ARE Losr
209 120 MISR=MTISR+1

210 GO YO 1000

211 C HIT ON SHELF,DN FLUX

212 C

St g



1=)2=A0

213
214
2158
216
217
218
219
220
2?1
eee
223
eeu
2725
226
227
228
229
230
231
232
233
234
2135
236
237
238
239
240
241
242
243
244
245
246

2471
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60 CONVPIRAYVAL(IREFL,REFLTNT)#TRANTIT
NBNC (TREFL*1)YSNANC(TREFL+1) +1 ’
61 RPWRZRPWRCONVP
€ HIT ON SHELF  SFT RHIT .AND PNAER
1F (MAPS.EN.0)Y GO TN 1000
nn &3 1=1,3
63 RHITITIZ=D(TI+AL+UR(T):
NHIT=NOTER(RHIT,1iCA)
. CALL FLUX(RHIT,UCA,HCP,UCN,CNONVP,?2)
1000 CONTINUE
€ ALL RAYS DONE,PRIMT ANSWERS o )
WRITE(6,6020) NFFSIN,REFLTNT,SNS,SNR1,SNR?

6020 FORMAT (P0X,U3HSURFACE,REFLECTANCE ANMD TRACKING PARAMETERS, //,

10X, F10.3,2%, 18HSUN OFF=aXTS ANGLE,/,

10X, F10,3,2X, 19HREFLECTANCE(TNTAL) /)

10%,F10.5,2%,20HS IRF, EIRIR(ST,NEV.IW/,

10X, F10.5,PX s 21HREFLDTISTR1(ST.NEV.L),/,

10'.?1O.SQPX.?tHREFL.DISTQ.?(ST.DEV}),///)

WRTITE(6,301SY 1SHAD, TRLOC,NDTRECT: "
3015 FORMAT(//,10%,43HRAYS SHANDAED BY PRISMS HEFORE HITTING LFMS
¢ LIRe7,10X,U2HRAYS SHANOWED BY PRTSMS AFTFR HTTTING LENS,
¢ 19,7, ° .
+ 10X,P3IHNIRECT HITS ON ARSORHRER,20X,T8,/)
C COMPUTF OPTICAL EFFICTFNCY
NHITSNDRAN=MISR
EOPT=RPWR*CNS (DFFSUN) /NDRAN
WRTITE(6,9199) MISR,NHIT,EOPT
9199 FNRMAT(///, 14X, hHMISSED, X, 6HHTT 0N, BX, THOPTICAL, /,
+ 16X, GHRAYS, hX, UHRCVR, 6%, 1OHEFFICTENLY,//,
+ , 10X, 2T90,5%,F10.5,/Y : :
WRITE (643027) (J,321,6),(N3NC(1),1=1,6)

3027 FORMAT(//,6%X, 12HREFLECTTIONSZ,617,7/,18X,617,/)
IF(MAPS.EG.1) CALL FLUX(RHIT,UCA,UCN,UCP,FONVP,3)
RETHRN
END

+* 4+ 4+ S

B 11227=78 wxn 14,4 anw

(SEC)
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SURROUTTNE SLEN({UR, QHTT.HN,UT M1S8S)”
REAL LF
DIMENSTON D(3),UR(3)RHIT(I),UN(ZI,HT(3I)
C CHECK FOR HIT OM NETGHRORING VERITICAL FACFS
COMMOM/ICC/T,LF,RILENS,NFIT,D2,SH1TE,IP,X0,Y0,20, SGAM.CGAM,AVO.
1 8GN, TE%T.C?.CAID.VS(SO) 28(39)
COMMON/ZRUNC/NDRAAN, TAZ,TEL, TIME, INAY, XLAT,XLONG,1CONC,
¢+ NMAT,DRAD,MTSR,T70ONE,MAPS,RIWI, AMTR,NMATL
COMMON/VECTOR/ZULE(3Y,ULVIZ), ULS(I):UCN(R).UCA(S)oHCP(S).US(l)
COMMON/RCVRC/IRCVR, THFTAL,SN,RA, AL ,ONIT .
COMMNN/TRAC/NAXTS, TILTANG,NFFSIIN, THETAAX ,DTRACRL,NDTRACAZ,IRPI]
COMMNN/ZONE/NZONEX ,NZONEY
XL12AYD = LF*x(1P=1)
C3=SART((RLENS + T)«(RLENS + T) o LFaLF*(IP « )x(IP = 1))
TH?=ASIN(LF/(RLENS+T)) :
CTISILFa(SGAM/CRAM®] /TAN(THTY)
C CHFCK FOR HIT ONM FACF NEAREST CENTER
no 20 1=1,3%
20 D(I)= =XL1#aSGN*IICP(T) & XLttssnw.JrN(r)/CGAM
DI=NOTFR(D,IUCH)
D2=NOTERID,UCPIADNTER(UR, UCV)
ZHIT=N1=D2/DDTFR (LR, UCP)
no 30 I1=1,23
30 n(n)= -XOi"CA(l)-VUtHcP(T)*(C7 «?22Y2UCN(T).
NI=NOTER(D, LCN)
D2=DOTER(D,UCP)*DDTER (LR, LUCN)
CHIT=N1=D2/NNTER(MR,UCP)
TF(CHIT.BT.N,0,AND, CHIT LT, (CT=RLENS)) SGN--SG
IF (TP,EN.1) GO TO 100
7TEST=LF*SGAM/CGAM « C3 ¢ C2
IF(?7HIT . GEL,ZTEST) 6N TN 100
IF(ZHIT.LY.0,0) GN TO 100
C RAY HTTS VFRTICAL FACE, ASSUME LOST
MTSS=1
RETIIRN
C FIND HIT DN INNFR LFNS CIRCLE ARC
100 CONTINUE
no 120 1=1,3 s
120 D(I)==X02HUCA(I)=YDRUCP(I)=2ZI2ULN(]Y)
N1=DOTER(D, UR)
D2=NOTER(N,D)
D3I=ODNTER(LIR,1ICA)
A=t ,=N3xD3
B==2,2N3aX0=D} 2,
C=N2eXNaXNeRLENS*RLENS
ARG=BeRe«d _ wAs(C
IF (ARG.GE.0,.0) 6N TO 130
M1SS=1
RETLRN :
130 AL (=ReSART(ARG))/(2.24)
AL2=(=B=SORT(ARG))/(2.¢4)
TF(AL2.10. T AL) AL=ALR
c WRITE (6, ) AL
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0R AT

c

FIND | ENS NORMAL AND TANGENT AT YHE HI1 POINY
OHIT==NNTER(D,UCA)¢ALD?
0N 150 31,3 :

150 RHIT(1)= =D(T1) ¢ ALQUH(!)-QHYTGH a(v)

; RMAGSSNRT (NNTFR(RHIT,RHITY) :
no §16h 1=21,3

1RO, UN(TY=RHIT(T)/RMAG

DRECE=DOTER(UN,HICN) *SHN

DRP=NOTFR(UN,UCPY*SGN

nn 170 1=1,3 ) :
170 UT(IY=NRECSIICP{Y) = DRPalICN(T)

M1SS8=0
RETIRN
ENN,

fF 11027=TA dan U4 adx

1F (SEC)

Y NO
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1=02=R0 0R,RS4

1 SURROUTINE suaR(A.RHIT,URa.XH.VH.ZH.HN.UY,IPOUN.MYSS)
2 C THIS ROUTINE SOLVES FOR & SUBREFLECYOR . . .
3 C - HIT POINT USING NFWTONS METHOD, TT ALSD
4 C RETURNS A SURFACE NORMAL AT THE
5 C COMPUTEND POINT,
6 REAL LF . . - . .
7 COMMOM/RUNCINQQAM.TAZ.YEL.TIWE.IDAYaXLAT.XLONGpYCONC.
a * NMAr,nnAo.MISQ,TIONE.HEPS.QPNR.AMIR,NMATL
9 COWMON/VECYOR/ULF(B).ULV(!))ULS(!).UCNl3).UCA(S).UCP(S).US(S)
10 COMMON/RCVRC/IRCV?.THEYAC,SS.RN,RLaOHTT )
11 cnwmnw/TRAc/NAvls.TILfaNs.7r=SUM.YHFTAAx,01R9CRL.DTRACAZ.IPPI
12 CnMMON/ZONE/NZONEl.NZONEV
1% COMMON/XCC/Y.LF,QLENS'MFIYcDZ.SN!TE.IP.lﬂ.VO-ZOoSGAMuCGAM.AVO.
14 . ) ' SGN.TEST.C?.CWYD:VS(30).ZS(!'0) . .
1S DIMENSTON A(io),VT(S).RHTT(S).UQ?(S).UN(3).UT(3).D(B)
16 IF(TCONC.Fn.la) G0 TO 3000
17 MTSS=0
1R NTRY=(
19 CI1=DOYER(UR2, NEN)
20 C2z=NOYER(RHIT,UCN) + nz
21 C3=NOTEFR(UR2,UCP)
22 C4=NNTFR(RHIT, LCP)
23 C MAKF TMITIAL GUFSS FOR LENGTH
24 AL==C2
2s 1 NITER=z{
26 S FAL=CR? = C1eaL
27 FALP= =1
PR YTFST=ALC3+CU . L
°9 IF(VYEST.LT.0.0000001) YTesrzevern-n.ooanP
30 ' AL=(YTFST-Cu)/CR .
3t C STARY LNDNP TO SOLVE FOR LENGTH OF
32 C HIT VECTOR
33 DO 10 N={,NFIY
34 FALSFAL ¢ A(N)aYTESTa#N
35 10 FALPSFALP + ACN)*NSCIaYTESTHa(yey)
3h NELTASFAL/FALP -
37 IF(ABS(DELTA).GT.-Q"CE) DELTA:cCZ'(?.-O.O!tNPYER)
38 ALNFW=AL = DFLTA ’ N : o
39 IF(ABS(AL-ALNEW).LI.O»OOOI) GO T2 100
a0 CHEC=(AL = ALNEW)/AL .
41 IF(ARS(CHEC).LT.N,0001) 6D TN 100
42 NITEFRaNTTER + 1 : )
a3 : AL=ALNEW .
44 IF(NITER.LTY.30) GO Y0 S -
as 292 WRTITE(6,306) .
a6 306 FORMAT (SAHITERATINNS FATLED FOR. SURREFLECTOR)
47 MISS=1 ! '
48 . RETIIRN
a9 C LENGTH FOUND, GEY NORMAL VECTIR
S0 100 CONTINIIE :
S1 C CHECK FOR CORRECT RODT OF EQUATION
; 52 IF(AL.6T,0.0000001) GN TN 105

53 C BAD ROOT « TRY AGAIN
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1=02-A0

sS4 NTRY=MTRY+1

55 : IF(NTQY 67.%) GO TO 292

Sk . © AL= caa(FLnA1(Ner)/! Ne0,4)

57 : ’ (1] Tn 1 .

S8 105 DO 110 121,73

59 110 VTCIY=AL*URR(T) + RHIT(I) < nz-urv(lmooutraurntl)
60 € HIT CONRNINATES NN SIRREFLECTIR CONTOUR
51 XHSNOTFR(VT,HCA)

62 YHEDOTER(VT,IICP)

3 ZHENDOTER(VT,IICM)

Y .C CHECK FOR HIT WIHTIN R1UNDAR!ES

65 TF(7H.GT 0.0 AND TN, LT.-r>) 60 TN 115
b6 WRITE(6,112) IH . .
67 112 FORMAT(/,5X, SSHSHRRFFLECTOR HIT OUY OF nnuan 1=,E12.4)
68 MISS=1 .
9 RETIRN

70 115 CONTTIE

71 N0 120 N=1,NFIT

1° 120 DZDY=ACN)sN*YHNe (Vo)

73 VMAG=SAQRT (1 + DZNY+DZNY)

T4 PO 130 1=1,3

75 utT(ry=uca(n) _
1A 130 UN(T)=(=DIDYRUCP(T) ¢ UCN(T))/VUAG

77 RETIIRN

78 c SET WITH POINT=TQ=PNINT SURREFLECTOR DEFINITION
79 3000 DRAN=NOTER(UR2,UCP)

80 no 3010 I=1,%

At . 3010 VI(TY==RHIT(1) = DNTTaHCA(I)oQZtHcN([)
82 1P=?

8% MISS=0

au C. FIND CORRECT %EGMFNT OF SUBRESLECTIR

as 3015 IP=1P+1Y

86 1F(IP.GT.30) GO tn aooo

A7 27=2S(1P)

AR YI=YS(IP)

LE] nno 3In4o0 I1=1,3

90 3040 N(T)= VT(X)OVTtHrP(I)OZI-HCV(I\ '

91 . DMAGSSORT(DNTER(N, D)) - =

973 CHEC=NOTER(D,UCP)/IMAG=DR2Y

93 IF(CHEC.LY.0,.0) 60O TO 3015

94 IP=TPwy "

95 c SNLVF FOR INTERSECTIOM POINTY

96 . D2=71=ZS(1P)

97 DYSYI=YS(IP).

98 THI=ATAN2(DZ,DY)

99 CTH1=2CNS(THY)

100 STHI=STN(THT)

101 Do 3070 I=1,3

102 . 30710 VT(I)--STHitUCP(I)OCTﬂliUCV(I)

103 XLI=SART(DZaNZ+DY*DY)

104 DDUP=DOTER(D,VY)

105 DR21PENOTER(URZ,VT)

00 30R0 I=1,3
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107 3080 VI(I)==n(1)+nDUP«IR2(T) /DR2P

108 XHIDNTER(VT,IICA) .

109 YHRE=DOTER(VT,UCP) ’
110 . THENOTER(VTY,EN) .

111 c FIND SLOPE AT WIT poqNT

112 FR=IYH/DY . c

113 IF(FR.GT,0,5) 6079 3250

114 N7227S(IPY=25(1P=1)

1185 DY2=YS(1P)=Y3(1P=1)

116 THP=ATANR(DZ2,DY2)

117 YI=SYH+0,S#XL. TwCTHY

118 TESZ2HA0 , SaXLIn§TH) : R

119 . va:vu-ruchlncrua-(o.s-rn)-eracnstrue)

120 ,2?=7H-FQ-XLxtsrﬂl-(O.S-FQ)-XLI'SIM(VHE)

121 © 6N TO 3280 S ’

122 3250 DZP=7S(1P+2)e2S5(TP41) -

123 DY22YS(IP+2)=vS5(1P+1)

124 TH2=aTAN2(DZ2,nYD)

125 v1=VHo(1.-¢n)-xLt-cvnio(rk-o.q)-th-COS(rﬁa)
126 21=7Ho(1.-FR)nXLtwsvulotFQ-o.S)-vLu-SIN(rna)
127 Y2=VH-0.5'XLI#CTH! :

128 Z2=7H=0,S5%X) T2aSTH?

129 3280 DZ3=21-72

130 NYI=YiwyR

131 TH3I=ATAN2(DZ3,DY3)

132 CTH3I=COS(THI)

133 STHI=SIN(THI)

134 c FIND NORMAL R TANGENT VECTNRS

135 D0 3940 1=21,3 :

136 HT{1Y=uCcA (1)

137 3640-UN(r)=crn3auc~(1)-srnsnu:9(1)

138 RETURH

139 4000 WRITE(H,4010) ‘

140 4010 FORMAT(/,;3X,32HREFLECTEDN RAY AADVE SURREFLECTOR)
141 MI1SS=1 ' : - B
142 RETHRY

143 " END

€ 11027«78 ass 14,4 nnsn
E (SEC) +83 LINES/MINHTE 10313

£ NO DIAGNOSTICS IN ABOVE COMPILATTON
)8 WERE USED FOR THIS COMPILATINN : ‘
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s Ns X NaNa Rl

0O oMo 0O o000

SURROUTINE POISH .- . . .- = e o
NAMELIST/DISNN/F,RAP.NRZ-SDS.SDR.DTRACRLuDYRACAZ:
'IRCVR.NAXIS.RW.RLoNZONE!.NZONEV.QEFLTOT.NRZ.RNSpPSM
COMMONIRUNCINDRAN.YAI.VEL.TXME,!DAVgXLAY-XLONG:lCONCo
¢ NMAT.DRAD.MISR;TZONE.WAvs.waa.Aunn.NMATL : :
COMMON/VECTOR/ULE(S).ULV(S).ULS(S).UCN(!).UCA(S).UCP(S).US(S)
COMMON/RCVRC/IRCVR.1H51Ac.so.au.aL;nH11 . e
coMMON/tRACINAXIsgTILTANG;ORFSUN;TRETAAXoDTRACRLoDTRACAZ,IRPI
COMMON/ZONE/NZONEX, NZONEY oL :
DIMENSION D(B).UT(!).UN(!).UNP(S).UR(!).USP(!).RHIY(B)TUDUM(S)
* ,ARP!(ZO).RR(?O).CR(ZO).EJPYZ(ZO).UTZ(S)
PIE3.141592654 . : -
READ NAMELIST .PARAVETERS

READ(S,DISHN)

AMAXSRW20,S

SuUMs0,.0

1SHAD=0 e
_ AMIRE3,141592654#RAPARAP .

D0 S. 121 ,NRZ o

EOPT2(1)=0,0

ARPTI(1)=e0,0

RR(I)=T«RMAX/NRZ

CR(!)IAMIRI(PI-RR(I)-RR(I))

OUTPUT NAMELIST PARAMETERS

OBTAIN DATA FOR REPLECTIVE MATERIALI PROPERTIES

1F (NMAT.NE.0) CALL RDATACNMAY,NDRaW,8DR1,S50R2,REFLTOT,REFL
¢ ,NCHECR) -

SDRESDR] Corl

WRITE(6,6000) RAP,F,TRCVR,NAXTS,RUAX,RWS -

000 FORMAT(20X,32HPARABOLOIN DISH CONC, PARAMETERS,//,

$0X,F10,3,2%, 1GHAPERTURE RADIUS,/,

10X,F10.3,2Xs12HFOCAL LENGTH, /.,

10X.710.,2¥,10HRCVR, TYPE./,

10X,110,2%, 13HTRACKING AXES ./

10X,F10,3,2%,24HRECETVER APERTURE RADIUS, /.,

10% F10.35,2%X,23HRECEIVER SHADING RADTUS.,///) e -

‘
v

L 3 3R 2K 28 4

INITIALIZE FLUX ROUTINE
IF(MAPS.ED.1) CALL ELUX (RHIT, UCAL UCNSUCP S CONVP o 1) -
CONVPRREFLTOT

SET VECTOR TO SUN'S CENTER

CALL SUNI(TAZ,TEL)
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54 C SET CONCENTRATOR POSITION VECTIRS.
ss c
86 . CALL TRACK(TAZ,TEL) - =
1] WRITE(6,1010) !DAV.TIME.!LAT xLous TEL,TAZ
S8 1010 FORMAT(15X, 1SHSOLAR co~srn~ts.1/.
59 e 10X,110,2X,3KHDAY,/, .
50 ¢ 10X, F10,2,2X,4HTLIME,/,
o1 ¢ 10X,F10,3,2X,8HLATITUDE, /.
62 ¢ 10X,F10.3,2X,9HLONGITUDE,Y,
63 ¢ 10X,F10,3,2X,9HELEVATION,/,
64 ¢ 10X,F10.3.2X,THAZIMUTH,/7/)
65 DO 300 Nzi,NORAW
66 c .
67 C DRAW RAYS OVER SURFACE - ¢
68 ¢ .
69 RYHE6.2831853eFLAT(0,0)
70  RDESORT(RAP*RAPRFLAT(0,0))
71 C CHECK FNR SHADOW OF RECEIVER:
72 , IF(RD.GT.RAS) GO TO 1%
73 ISHADEISKAD]
70 60 TO 60 ~
15 C CONVERT TO SURFACE POINTS
76 1S XO=RD#CNS(RTH)
17 YOSSTN(RTH) «RD
18 208 (X0&X0+YD*YD) #0.25/F
79 C FIND THE UNPERTURBED SURFACE nonuaL uN AND
80 C  THE PERTURBED SURFACE NORMAL UNP
81 c -
82 PHIZATANCRD/ (2.4F)) :
&3 CPHIBCOS(PHI) e
84 SPHIESIN(PHI)
8s DO 30 1=1,%
86 © T UDUMIT)= (XOWUCA(I)+YD®UCP(I))/RD
87 UN(T)e=SPHTI#UDUM(T) $CPHI*UCNCT)
88 30 ur(x)=cpu1.UDUM(x)osvuxnucu(x)
89 ¢ .
90 C  DETERMINE PERTURSED NORMAL USING ST. DEV.
91 C FOR REFLECTANCE AND.'SURFACE- ERROR
92 ¢ : .
93 IF (N, EQ.NCHECR) SDRESDR2
%a CALL CROSSC(UN,UT,UT2) "
95 CALL ERRNORM(SDS,SOR,UN,UT, UT2, UNP, PSMY

SEY SUN VECTOR i8S TO SUN'S CENTER

PERTURB SUN'S RAY FOR FINITE SUN SIZE
AND VARIATION IN SUN'S INTENSTTY

CALL  SUN2(ACC,USP,NRAD) . ;

[
o
o

o000, OO0000D

CALCULATE REFLECTED RAY USING SNELL'S LAW»
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107 CaLL SNELL (UR,UNP,USP)"

108 c .

109 c FIND D VECTOR TO KNOWN POINT ON RCVR,

110 c SURFACE - T ) .o .

111 C . .

112 DO 50 Jsi,3 :

113 S0 D(!)=-(!000.StRL)'UCA(I)-VO'UCP(T)O(F-IO)-UCN(I)

114 c AT . .

1198 c CALL RCVR, MIT TESY ROUTINES IRCVR INDICATES

116 c RCVR GEOMETRY : .

117 c .

118 CALL RECVR(D,UR,RHIT,MISRY)

119 c

120 c DETERMINE IF RAY HWITS REVR, FOR RCVR HITS,

121 c FIND 2ONE OF WIT POINT

122 c :

123 1F (MISR1.EB.1) GO 10 .60 ° . -

124 IF(MAPS,EN,1) CALL FLU!(RHIT.UCA{UCN.UCP'HEFLTOY.2)

128 C BULLS EYE FLUX ZONING . v . .

126 D0 55 134,3

127 59 RH!Y(!JIRHIY(I)-O.S'RL'UCA(I)

128 RMAG:SORT(DDTER(RH!T.RHIT))

129 IF (RMAG.GT RMAX) GO Y0 60

130 120

131 44 1=1+} :

1352 - } 1F (RMAG . GT,RR(IY) GO Y0 44

133 ARPI(I)RARPI(1)¢CONVP :

134 RPWRERPWReCONVP :

138 GO YO 300 .

136 60 MISRSMISRel :

137 300 CONTINUE

138 . WRITE(6,6020) OFFSUN.REFLTOT.SDS.SDR!.SDRZ.DTRACAZ.DTRACRL

139 6020 FORMAT(aox.aSNSURFACE.REFLECYANCE AND TRACKING PARAMETERS,//,

140 ¢ 10X,F10.3,2X, 1B8HSUN OFFeAX1IS3 ANGLE./, ’
© 141 . lOX.FlO.S.EX.19HREFLECYQNCE(TDTAL)0/-

182 ¢ 10X,F10.,5,2%,20HSURF, ERROR(ST.DEV.),»/»

143 * 1OX.FIQ.S.?X.EIHREFL;D!SYQ.1(ST;DEV.)./.

144 + 10!.6!0.5.2!.21NREFL:DJSTR.2(SY.DEV.)./p

148 L 10X.FIO.S.ZX.laHYRACK!NG'ERRO?-AZ../,

{a6 L4 10¥.F10.3.21o19H$9ACK!NG ERRQOReROLL,//)

147 WRITE(6,1070) ISHAD ’ - -

148 1070 FORMAT(/710X,21HRAYS BLOCKED BY RCVR3,110)

149 C COMPUTE OPTICAL EFFICIENCY )

150 - NH!TINDRAN-MISR . t

191 EOPY:PPwRaCOS(OFFSUN)/NDRAd

182 ' WRITE(6,9199) MISR,NHIT,EOPY

133 ) D0 70 1=3,NRI

184 ARP!(!)pARPI(I)tAMIRINDRAN

15S SUMaSUMARPI (1) 7AMIR

18¢ -~ 70 EOPYZ(1)=SUM o . o ]

197 NRIYE(G.IOQO) (RR(!).CR(I).ARPI(I):EOPTZ(!)'I=1nVRZ)

198 1090 FORMAT(I/.16!:6HR&DIUS;21110HCONC RATI1O0,7X,

189 . SHPow:n.Sx.xougrrxchNCV..//.(1ox.riz.a.raz.l.zraa.a))
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160 9199 FORMAT(//7,14x, 6HMISSED,uX,6HHIT ON,3X, THOPTICAL,/,
16¢ ¢ . Ib!adHRlVS 6X,UHRCVR, 1 X, 10HEFFICIENCY, 7/,
162 * $0X,2110,#10,5,7)

163 XF(MAPS EQ, l) CALL FLUX(RHIT, UCA.UCN.UCP.CONVP.S)
164 RETURN . oo

165 END .

: li-?l-?sygta;jq,é hen .
: (SEC) .75 . LINES/MINUTE ‘13144

NO 'DIAGNOSTICS IN AROVE COMPILATION
)8 WERE USED FOR THIS COMP!LAT!ON
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1
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3
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7
8
9

08.942

OO0 0000000

[z Xz Xg] oo0on
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C-63

SUBROUTINE RCVR(D,UR,RHIT,¥ISR) .
TH1S ROUTINE PERFORMS THE ‘RECEIVER HIT TEST FOR ALL RAYS,-
THE RECETVER MODEL OPTIONS ARE e= IR B
. NRCVRE) s CYLINDRICAL(PIPE) RECEIVER
NRCVRZ2 e PLANAR(FLAT) RECETVER
NRCVRa3 o= CONICALI RECEIVER
INPUTS FORM THE CONCENTRATOR ROUTINE ARE
" NRCVR e RCVR, IDENTIFICATION DESCRIBED ABOVE
] ee THE DISTANCE VECTOR FROM SURFACE HIT POINT
TO KNOWN POINT IN RCVR, ,
UR == THE REFLECTEN/REFRACTED RAY VECTOR

OUTPUTS AREew o T _ v o |
’ " RMITY o= THE VECTOR DESCRIBING RAY H1T POINT ON RECEIVER
MISR] ‘== INDICATOR OF RAY MISSING RCVR, ‘
COMMON/RCVRC/!RCVR-THETAC.SD.Rd.RLwnHIY
COMMON/VECTOR/ULE(S).ULV(S).ULS(!).UCN(S).UCA(S).UCP(!).US(S)
DIMENSION D(3), UR(S)I,RHIT(3Y :

1F (IRCVR,ED.2) GO YO 200
1F (1IRCVR,EG.3) GO YO 300

SOLVE GUADRATIC FOR VALUE OF AL

MISRz0 ‘
RCA®DOTER(UR,UCA)
DCARDOTFR(N,UCA)
NDRENOTER (D, UR)

COEFFICTENTS OF GUADRATIC EQUATION

As(1,oRCA#RCA) ,

8z2.#(RCA*DCA = DR} :
CeNOTER(D,D) =DCA«DCA = RW20,250RW
QUANZR®B = 4,eAeC

CHECK 7O SEE IF BeBeaaC 18 POSITIVE, IF NOT,RAY MISSED RCVR,

1F (QUAD,LT,0.0 ) 60 T0 99
ALYL &8 (=B ¢ SORT (QUAD) )/ (2.%A)
AL2 = (B eSORT(QUAD))/(2.28)
ALBALY o
lF(ALi.GT.ﬁL?) ALBALZ
OMITs »0DCA ¢ AL*RCA :

CHECK FOR HIT WITHIN AXTAL ROUNDARY OF RCVR
1F(nN!T.LT.O.O.OR.GH!Y.GT.QL) 60 10 99
00 20 1=1,3: .

20 RHIT(T)s «QMIT#UCA(T) = D(I} ¢ ALRUR(TD)
RETURN '

c L
200 MISRs0

c

TMIS PORTION TESTS'FOR A RAY HIT ON A PLANAR RECEIVER
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54
55
1
s7
58
$9
60
61
62
63
64
6S
86
67
68
69
10
71
T2
73
74
78
76
"
78
79
80
81
a2
L}
8a
85
a6
a7
L1
89
90
91
92
93

08.942

o000

o000

o00n

(s XzNg Xel

o000 [2 X2 Xy Kol

F

$0

10

300 MISR=z0

T

T

4

C-64

IND DISTANCE ALONG UR TO HIT POINT « AL
ALEDOTER (D, UCN) /DOTER(UR,USN)
LVE -‘FOR VECTOR RHIT

00 10 Y=1,3

RHIT(I)EAL#UR(I) » D(I)
OHIT=DOTER(RHIT,UCA)
PHITEDOTER(RHIT,UCP) ¢0,SaRN

IF(PHIT LT, 0.0,0R,PHIT ,ET,IN) GD TN 99
IF(GHTT.LT,.0,0.0R,GHIT,GT.RL) GO TO 99

ETURN TO CALLING PROGRAM VALUE OF: RMIT'
RETURN

HIS PORTION TESTS FOR A RAY HIT‘ON A CONTCAL RECEIVER

FIND COEFFICIENTS OF OUADRATIC TD FINO So THE DISTANCE RAY
HITS ALONG AXIS OF CONE

TTC!S!N(THEYAC)/COS(TNETAC)

RSEDOTER(UR,US)

NReDOTER (D, UR)

DS=DOTER(D,US)

AZl ./ (RS#RS) » TTC*T?C el.0

BeR .+ (SO2TTCaTTIC ¢ DR/RS «DS/(RS#RS) )
c2(DSADS)/(RS2RS) o DOYER(D.D) - SOQSOQTTCQTTC
¢+ o(2,20S*DR)/RS

EST YO SEE IF RAY HITS RCVR (NON-REAL ROOTS INDICATE MISS)

DUADBB.B-Q aAnC
IF (QUAD.LT,=.00000001) GO TO 99

POSITIVE VALUE FOR QUAD = RAYP MIT RCVR.

IND RHTIT VECTOR

S1e(=ReSORT(QUAD) )/ (2,%4)
S2=(«BeSORT(QUAD)Y)/ (2.9A)
ALIB(DS=S1)/RS
AL2E(DS*S2) /RS

ALeALY .

S=$1

IF(ALY.GT.AL2)ALBALR
IF(ALY.GT.ALR2) 8=S2

969 FORMAT(SX,2M81,F12.3,5X,2HS2, Fle 30/05X03HﬂL|0

+ F12,.3,5X,3HAL2,P12,8.,77/)
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?

-
-
H

107 ¢ .
08 7€ ~EALCULATE RMIT VECTOR

109 c :

110 00 60 I=1,.3 '

111 TR0 RHITLIIRGALSUR(T) e D(1) ¢ SaUS(T)

112 QHITES . B

113 IF(OH!T387.RL.0R.GHIT.LW¢0°0) GO TO0 99
‘g8 "~ T RETURN

118 99 HMISRe)

116 RETURN

11y T END

118 :

11027078 4on 18,8 vae

(8€EC) «58 . L!NE§/MINUTE 12074

© RO -~ DIAGNOSTICS IN ABOVE COMPILATION

78 WERE USED FOR THIS COMPILATION
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C-66

BUBROUTINE FLUX(RHIT,UCA,UCN,UCP,CONVP,NCODE)

)
R S L -
3 ¢ THIS ROUTINE SUMS RAYS WHICH HIT RECEIVER
a ¢ THE HITS ARE SUMMED BY RECEIVER IONE
-- s g TR CAGCUMULATED AND TOTAL ARE KEPT TRACK OF BY 20NE -
6 c POWER AND ENERGY ARE CALCULATED BY ZONE' -
7 ¢ ACCUMULATED POWER AND ENERGY ARE KEPT TRACK OF
BT T TOTAL POWER AND enznsv ARE C&LCUL“?ED :
9 [ : : 4
10 (of THE RECEIVER 1S IMAGINED T0 8E SLACED LONGITUDINALLV
B ¥ DR - FOR THE EYLINDRICAL AND CONICAL: RECEIVERS, LAID
12 c FLAT, AND ZONED RECTANGULARLY AN RADIALLY,
13 ¢ RESPECTFULLY. o
g p e TR
18 COMMON/ZONE/NZONEX,NZONEY
16 COMMON/CONECOM/ US1(3),U82(3)
it b 2 © COMMON/RCVRC/IRCVA, THETAC, SO, RW,RL,ONIT
18 COMMON/TRAC/NAXIS, TILTANG,OFFSUN; THETAAX,DTRACRL,DTRACAZ, IRP
19 “COMMON/RUNC/NDRAW, TAZ, TEL, TIME, IDAY, LAT . XLONG, ICONC,
g s = v =g NMATORAD,MISR, TZONE, WARS, RPN, AMIR,NMATL
21 DIMENSTON D(3) RHIT(S),UCACS),UCN(S),UCP(3),NFLUX(20,20),H(20)
22 DIMENSTON AFLUX(20,20),AZOVE(20,20),AREA(20) ,
2% DIMENSTON IFRS(10),I8ND(10)
24 Pl ® 3.141592654¢
2s ¢ NCODE=1 INITIALIZE PARAMETERS
TR € - NCODE=2 SUM RAY HITS AND MISSES
27 ¢ NCODE=3 CALCULATE POWER AND ENERGY AND
26 [ PR!NT Auswsas AND FLUX MAP.
Qe ¢
30 IF (NCODE.ED.2) 60 TO 200
3 IF (NCODE .20, 3) o 10 707
g s e PHRBO -
33 CPWR=0,
sS4 c o : B
‘8§ - -~ ¢ - -SET CONSTANTS FOR RECEIVER IN GUESTION,
38 c- ' o ' ‘ -
L §4 NYZBNZONEY .
cmm @ m oo NXZBNZONER
39 OELYBRW/NYZ
q0 DELXSRL/NXZ
cees @ e e YDTSTEDELY ‘ ]
© a2 IF(IRCVR.EG.2) GO TO 10 " . !
a3 DELY=Z2,ePI/NY2
S g G e YDISTRDELYSO,SeRH '~ =
as 10 CONTINUE
46 € IERO OUY ARRAYS ‘
gy - 00 102 Tl NX2
a8 D0 102 Js1,NY2
a9 ,  ONFLUN(E,J)e0,
90 402 APLUX(Y,J)®0, - = e
51 DO 801 Imi,N%2Z .
ga D0 501 Jmi,NYZ ) R

- 83~ - 801

RZONEH «JIZDELXQVOTSTY



re18e79 ~08(938 T

‘8a. {F (IRCVR.NE.3) RETURN
""""" ’SS'“"_—*—_‘—'W"RMACOIIRL°!O)CBIN(TH!TAC)
) 86 c ZONAL RING AREAS’ .
57 : L] ( " 80 .,
Rhatll 1 NILSNXZ+1 )
39 00 601 Is2.NIL :
60 . H{I)EH{Te1]¢DELX . n
_"—MBT_""_—_—“—"“—UUIUIRMACOONff°l)*TlN{TNEY‘C))QOZ'
62 . OUZI(RMACO§N(I).YAN(THETIC))Q.E .
63 : ARE!(!-!)U(PIG(GUl'OU?))/SIN(THEIAC)
'”w'ﬁa_"w"'w"t"'lﬂEAZIAREA(Tfl’/NVZ :
65 00 601 Jsi,NYZ -
86 601 AZONE (Tel,J)SAREAZ
Rt 3 Ak e - RETURN 7 .
68 200 CONTINUE L
B 1 ¢ IRCVR=1 CYLINDRICAL (PIPE) RECEIVER
B 1 R " IRCVR=2 PLANARCFLAT) RECEIVER
71 c IRCVRES CONICAL RECEIVER o
72 c SUM RAY HIYS ON APPROPIATE RECEIVER
13- ] 60" T0 1600,%00,600) /IRCVR. :
74 . .
78 400 YNITSDOYER(RHIToUCP)
e { T “1NITUDOYER(RHIToUCN)
" FRACEATAN2{ZHIT,YHIT) . .
78 . 1F (FRAC.LT.0.0) FRACSFRAC2,0¢P1
e v —,’ b ————— o — .-1"'°"IT - - . ) . . . N
.80 - IXSINT (XH/DELX)*1 ‘
81 : lVUlNT(FRIC/DELV)#l L. .
e @ o T hFLU!(IxcIV’ll?LUX(IonV) ¢ CONVP
o3 ' NFLUX(IX.!Y)INFLU!(!Xo!')01
84 - RETURN .
-‘_"—15’"—-_*C"‘““PLINQR(FUAT)'ﬂEC!!V!R””"“"'
(.1 c '
a7 $00 XH mQHIT
~-gy T 0 T TYH BOOTER(RHIT,UCP) .
89 c TRANSFORM CO«0ORDINATES
90 c L , .
—9¢ ‘YHI‘IYﬁOﬂNOO.'S e
92 - c . ' )
93 c COUNT NWITS .
A T :'!F(ICONC.EQ.Q) YHBYHeO  SaRN
98 . !XI!NY(XN/DELX)?‘ .
9% l'!lNT(YH/DELV)Ol |
- YT T '"—'”"‘FLUXf!!il??'lFLUX(IKaIY) o CONVP:
T 98 R NFLUX}!!.!V)INFLU!(Ix.!V)Ol
99 ! RETURN .
100 - — " C ~ " TONICAL RECEIVER
101 . c :
“ 102 600 YHEDOTER(RHIT,US1) o
108 _“'""NZﬂIDOT!R(RHIY.USZ)”“””M““'""""
104 PN!!!T!NE(YN.IN) ’
10% . & NORMALIZE PHI

106 -0 T IF(PHILLT0.) PHIBPHI®2,4PT
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107 ¢
" 7108 B 7 FOR TONICAL RECEIVERS
109 TYSINT( PHI/DELY) ¢
110 - IXRINT(QGHIT/DELX)e1
LRy T ABLUN I TYIBAFLUX(IX,IY) ¢ CONVP
112 : NFLUXCIX, TYISNFLUXCTIK, 1Y) ol '
113 RETURN
~wggg = —— - CALCULATE' PONER AND ENERGY IN THE ZONE
‘119 € ° AND KEZEP A RUNNING ACCUMULATIVE TOTAL
1i6 - € ‘
1817 -~ 77T PLUX ON RECEIVER
118 707 DO 710 I=i,NX2
119 D0 710 J=i,NYZ
IR0 TTTTTT 710 AFLUXCIL,JYEAFLUX(I,;J)#COSCIPFSUNIAMIR/ (AZONE(], J)tNDRAH)
121 c WRITE OUTPUT
122 c
©-328 " 7T WRITE(6,;7010)
124 ' NPTSaNYZ/10e1
125 . . DO 800 JB®1,NPTS
g T T T IFRB(JBIRI0N (JBet) ¢y
127 . . 800 ISND(JB)®=10#J8
128 IF(ISND(NPTS) .GT NYZ) ISND(NPTS)mNYZ
129 e IF (IFRS(NPTS) GT,ISND(NPTS)) NPTS2NPTSe]
- 130 DO 820 IPTS=1,NPTS
1314 : . KYZIFRS(IPTS)
g g@ T K2BISND(IPTS)
133 WRITE(6,7020)
134 DO 810 NXei,NXZ
138  © 810 WRITE(6,7030) (NFLUXINX,NY),NY®K],K2)
136 - 820 CONTINUE
137 00 840 1PTSs1,NPTS
© 138 v 0  WRITE(6,7040)
139 K1=IFRS(IPTS)
140 K2sISND(IPTS)
148 - 0 00 830 IX®1,NXZ
142 . 830 WRITE(6,7050) (AFLUX(IX,IV),IYEK1,K2)
‘143 840 CONTINUE
~=48Q "~ == 7010 FORMAT(1H1,////,30X,1THHIT AND FLUX MAPS)
. 148 1oeo,FonMAT(////.lox.snv.....lsx.1snnrts IN ZONES,
146 ¢ /ob6X,tHX,2(/,6X,1H,))
187 7030 FORMA?(/.sx.no!s)
148 - Y040 FORMAT(////,29%X,1THPAR/Ma22 IN ZINES)
149, 7050 FORMAT(/,5X,10F9.4)
e 1§ == RETURN
151 END

E 11027-78 713 10 4 ane

€ IBEC) ' ;10 L!NESIM!NUTE 12935
£ -"NO -~ DIAGNOSTICS IN 4BOVE COMPILATION
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1 NQUBROQYINE RDA?A(NMAT.NDR&N.SDR!o90R2oREFLTOTnREFL,NCﬁECR)

i b - .. ) . , ) A
.3 ¢ THIS ROUTINE CONTAINS MATERIALS DATA(BASED ONW PETIT & .
a € BUTLER!'S MEASUREMENTS USING B1=DIRECTIONAL REFLECTOMETRY) FOR
T 10 MATER1ALB. DATA INCLUDES» . . ’
) € REFLECTANCE VALUES FOR 2 NORMALI DISTR.
¥ c T REPL1,REFL2 : , N
“"MTE'”—TT"T'“’"”””’"SURMisSDRMZ' .- - BTANDARD DEVIATIONS O REPL . PROFILE CURV
e € .BOR MATEREALS, : - -~ ~ - .
10 c NMAT INDER POR MATERIAL BEANG USED IN SIMULATION
i1 c - " REFLYOT : . TOTAL-REFLECTANCE VALUE POR MATERIAL
12 £ . :
13 € DATA 1S CONTAINED WITHIN THE -PROOGRAM FOR THE FOLLOWING
"'16""ﬂ""7f“MATEﬂXﬁL96‘ ‘ : .
18 c NMAY MATERIAL
16 ¢ oweo ceesconeo
17 e ¢ ALEOA ALZAX TYPE 1 SPECULARJORIENTED
18 ¢ PARALLEL TO ROLLING MARKS
i c 2 BOEING FRONT SURFACE ALUMINIZED MYLAR.
""" 2o ¢ s R CORNING 0317 BLASS(1,.5MM TH) o EVAPORATED
21 ¢ . SILVER COATING. - - S
22 c a - ! GARDNER LAMINATED LOW T{RON SHEEY GLASS = SILVERED
‘23 - oo - (3.35MM TH) - o
24 c 3 KINGSTON KINGLUX NO, C4& POLISHED ALUMINIUM
23 ¢ ORIENTED PERPENDICULAR 70 ROLLING MARKS
-8 €T T 6 METAL FABRICATIONS o TYPE 3002 HIGH PURITY
27 c ) ALUMINUM ) ‘- ’
2s ¢ A ) SM SCOTEMCALI 5400
"9 e 8 - 3IM FEK<163 . , '
30 c 9 SHELDAHL ALUMINIZED 2MIL FEPATEFLON(GGOSGOO)
51 c 10 SHELDAHL SILVERED 2MIL FEP TEFLON(6400300)
——gp - ——--—= " DJMENSION 3DRM1(10)asDRMZ(iO)wQEFLi(lO)nREFLZ(lO) '
38 DATA 80RM1/0.00029:0,00025;Q30002500.0000550.00037a0a00!“o
34 ¢ 0,00190.0.0009.0.0013a0.00977/' .
- 8g T T DATA REFL!IO.G?.O.QO:O.95:0.92.0.65:poﬂa-0.56a0.36-
36 e 0.,80,0.777 - . - oL ‘
37 Dﬁ?‘ SDRMZIO.ooyiv°o°o°.°:°.no;oib‘9000103100000001:03090
-—38 e ey 0.0069’ e e e P R » .
39 © - DATA REFLa/o.evwoa.000.0.,0023.0903.oa.o..o.o1.o.ea/
a0 NCHECR=0 .
gy o - SDRIESDRMI(NMAT)I#0,5
‘a2 SDR23SDRM2 (NMAT) 20,8
83 REFLUREFLY(NMAT) . :
1 —“““'REFLTOTFREFL!(NMAT)'° REFL2(NMAT) . :
as . {F (SDR2,67,0,0) NCHECRBXNT(RE'L/REFLTOT#FLOAT(NDR&W)I
1Y . . RETURN

g === END

i!$§7578 actr 10,8 2od

(BECY - o387 T T LINES/MINUTE 7862 . o0 ©
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c
T "SUBROUTINE  SUNCIDHN) .
CDMMON/RUNC/NDR‘N-T‘ZOYELW'I“ElID‘V.!L‘T.‘LONGOICONCI
L] NMAY.DRAO.MXSRoTIONEo“lpSlRP“Ro‘.MIRDN"‘TL
T DIMENSION $(2) -
c

C THIS ROUTINE SOLVES FOR THE SUN AZIMUTH AND ELEVATION ANGLES(YAZ,TEL
TTCTUTFOR ATSPECIFIED MON,MDAY,TIME AT LATITUDE XLAT ETCeceaes
i : . .
"DIMENSION A0(2) /,.302,2.0002/ ,
‘TA1(2) /-22.93,,4197/,. ,
2A2(2) /e=,229,+3,2265/ , ,
"3A3(2) /e,233,-,0903/ ,
TTTTTTTITABI(2) /3.851,w7,351/ , ¢
S82(2) /,002,=9,3912/ ,
6B3(2) /e,055,=,3361/
t XLAT® LATITUDE,DEGREES(+NORTH,=SOUTH)
c XLONGe LONGITUDE,DEGREES(+WEST,=E4ST)
c TZONE= TIME ZONE NUMBER ) ,
T : . STANDARD "Timg DAYLIGHT SAVING TIME
ATLANTIC 4 . )
EASTERN S
" CENTRAL 6
MOUNTAIN 7
PACIFIC 8
~ "1DAYa DAYS(FROM STARY OF YEAR)
TIMEs WOUR AFTER MIDNIGHT A330
TELaSOLAR ALYITUDE ANGLE, RADIANS T
TAZBSOLAR AZIMUTH ANGLE, RADIANS
DECLSSUN DECLINATION ANGLE DELTA, RADIANS
EGTIMEZEQUATION OF TIME ,MOURS
" MBSOLAR HOUR ANGLE OMEGA, RADTIANS
DATA RPH/0,261799388/,RAD/,0174532925/
COMPUTE DECLINATION, EGUATION OF TIME '
"~ AND SUN RISE AND SUN SET TiMmES , MAR16
210 I1DWN=O :
X8,017167173¢FLOAT(IDAY)
Tt CimCOS(X) : :
C2=C08(2+X)
- C3IRCOS(3eX)
‘SIESIN(X)
8288IN(22X)
SIxSIN(IsX)
TTTTTTTTTU 00 10 Ke1,2 o : o
10 s(x):aotx)oaa(K)actoAz(x)-:EoAstxo-CSoal(x)-stosatx)-se
1483(K)nS3 : :

~rnNnow

c
c
c
c
¢
c

c
c
‘c
c
¢
c
¢
¢

TTITTt DECL s S(1)#RAD

EQTIMEZES(2)#, 0166666667
Y ® DECL

TSI TYYRXLATRAD

HPEeTAN(Y)aTANCYY)
€ - COMPUTE DAILY CONSTANTS

e e Cy=costy) )
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sa SYSSIN(Y)
‘gg T TEYYRCOS(YY)
86 o SYVYRSIN(YY)
sy . HP1 ® ARCOS(MP) )
g8 -~~~ " XimABS(MP1) : . '
39 €. COMPUTE SOLAR HOUR ANGLE ’
60 L KW B eRPHR(TIMEe 120720NEOE071ME) . XLONGQRAD
“B1" T 18 THE SUN UP’
62 A2mARS (M)
63 IF (X1o%2) 130,1%0,20
68 =~ "€ COMPUTE SOLAR DJRECYION COSINES
68 20 SOLxuSVVQSVocvv.CYtCOS(N)
66 SOLY B CYeSIN(H)
s o T 30L28°3YV°CV°C03(H)‘CYY'SV
68 € COMPUTE SOLAR ALTITUDE AND AZIMUTH
69 - 30 TELBARSIN(SOLX) .. , ,
90 AZFACESOLZ/COS(TEL)Y |
71 1P (ABS(ABS(AZFAC)=1,0) . LT.2,E=T) Aercasxsntx 0,AZFAC)
v : TAZE(S, :axsqass-aacos(az'ac))a;!snca.o H)
coqg e e 60 TO 150
74 130 1DWNa}
78 180 RETURN
76 “ END .

11027o1e aas 3183,4 cae
tsecy - .87 LINES/MINUTE: 9597

NO DIAGNOSTICS IN ABOVE COMPILATION
“WERE~ USEO'?OR THIS COMPILATION "
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| ¢
2 = - SUBROUTINE SUN2(AC.,USP, DRAD)
3 ¢ :
a ' € THI8 ROUTINE Pearunss suu vecron UR To ACCOUNT FOR THE FINITE SUN 8]
. e
6 : COMMON/VECTOR/ULE (3), ULV(!).ULS(!).UCN(S).UCA(S) UCP(3),US(3)
v COMMON/SUNC/ UST1(3),UST2(3) \

- oeie-m- BIMENSTON USP(3) 4
9 RIGFLAT(0.0)

10 R28FLAT(0.0)

11" " CRNECOS(6,2831853#R1)

12 SRNRSIN(6,28318534R1)

13 cALL LIMDR(RE.S.RDE)

18 - g

15 ¢ USE SUN WITH LINB oaaxe~1~c ONLY

18 c

Nt A - CPeCOS(ROE#DRAD)
18 8PS IN(ROE«DRAD)
19 DO 30 rei,$
20 0 T30 USP(T)aCPaus(l) . 8POCRNﬁUST!tI) . sPasRNnuava(X)

21 ¢

22 c * CHEEK FOR PERTURBED nav WITHIN LAMITS OF

23 c SUN DISK - .

24 3 DEBUG PURPOSES

2% c :

28 C "CMEC = DOTER(US,USP)

27 3 ACRARCOS (CHEC) /DRAD

28 RETURN'

29 - - END

ll-zrovo tan 18,83 aen
(SECY ~ ° .33 °  ° LINES/MINUTE 318S

NO  DIAGNOSTICS IN ABOVE COMPILAYXON
WERE USED POR THIS COMPILATION : :
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1 SUBROUTINE SUNLCTAZ,TEL)
e g g e :
3 C _ | BET 8UN CENTER VECTOR us*
L c -
""" | COMMON/VECTOR/ULE(3) ,ULV(3),ULS(3) ,UCN(3), UCA(3), UCP (3),U8(3)
6 © COMMON/SUNC/ UST1(3),UST2(3) ~ ,
7 €A B COS(TAZ) ‘
g T U8A m SIN(TAZ)
9 CE = COS(TEL)
10 SE = BIN(TEL)
1 7 DO 10 Te1,3
12 10 USCI) & CAeCE*ULS(I) ¢ SAtCEtULE(I) o SELULVII)
13 COFFSDOTER(ULV,US) - ,
“1@ T T 7 "BOFPESORT (1.0 e corracorr)
18 00 11 1m1,3.
16 1 usrltt)-(ULvtt)-corraus(I))/sorn
© 17 7 ° " CALL CROSS(U8T1,US8,UST2).
18 c
19 € UST1,U8T2 AND US ARE TRIAD ON SUN vace
e gy e = e
21 ¢ CHECK FOR ORTHONORWAL VECTORS
22 'DUMBDOTER (UST1,US)
~-@3 < " 7T 1F(DUM L,GT, 0.00001) WRETECS,60) DUM
20 60 FORMAT(//,5X,20HERROR IN SUN TANGENT,2X,aHDUME,F10,7)
28 . RETURN . S

15-——"—“""—"tnn
112778 nen 14,8 #us
TSECY 3% " 7 LINES/MINUTE 4694

NO DIAGNOSTICS IN ABOVE éOMP!LlTION
“WERE USED FOR THIS COMPILATION
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1. SUBROUTINE RNORM(DI, ICOUNTY )
T TTTTTTETTTTHIS ROUTINE GENERATES PPAIRS OF !ﬁDEP!ND!NY NORMAL RANDOM DEVIATES
3 c MEANEO,STANDARD DEVIATION=Y :
] c 01 AND D2 ARE NORMALLY DISTRIBUT!O ON THE INTERV NUMBER?
% TTTTTC T IT ASSUMES A FUNCTION FLAT(X) WHICH REYURNS A-RANOOM NUMBER
[ € EVENLY DISTRIBUTED ON (0,1) ; :
7 c u
TTUTTETTTTTTTT IR (ICOUNT .6T. 0) GO T0 30 )
? 10 XmFLAY(0,0)
10 Ya2.00FLAT(0,0)e1,0
TTRE T xYeNeX
12 YYzYny
13 8sXXeYvY 5
TTlETTTTT o e IR 1861,0) 20.20.10 T
is 20 XLOSORT(-E 0nALOG(FLAT (O, 0)))/8 -y, .
16 DIS(AXeYY)aXL ‘ . SO
..._17 - e . - . . - D?!Z OQ!QV.XL N
18 : RETURN
19 30 Di=eD?
QT e RETURN e .
21 END

11-27078 'oﬁ 10 a wan

(SEC) 31 LINES/MINUTE 4046

'NO - DIAGNOSTICS IN ABOVE COMPILATION
HERE USED FOR THIS COMPILATION
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_ , SUBROUTINE CROSS(A,8,C)
s DIMENSTON A(3),8(3),C(3)
. C(l)llta)ts(!)-l(!)ﬁata)'
o T gt weA(1)eB(3)eA(3)0B (1)
mem e c(s1-nt1)-a(a)on(a)-at1) . .
RETURN- A : : ,
END : . _

1

>
;3
8
-
6
7

“11627o78 wan 18,8 daw
(sec) 21 LINES/MINUTE 1537

NO DIAGNOSTICS IN ABOVE COMPTLATION
WERE USEO FOR THIS COMPILATION .
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SUBROUTINE SNELL (UREFL ,UNORM,USOL!

1
TR T T " "DIMENSTION UREFL(3), UNORM(S),USOLKCS)
3
4 c TN!S SUBROUTINE BOLVES FOR A REFLECTED RAV USING SNELL'S LAW
- T T TINPUTYS ARE ee
) c UNORM TME NORMAL VECTOR AT TME WIT POINT
7 ¢ (DIRECTED HUTWARD FROM BURFACE)
I - EE -R usoL THE INCOMING SUN RAY VECTOR
9 . ' (DIREZCTION PROM SURFACE TO SUN)
10 c OUTPUT IS eo . :
yTTTTe v ’ UREFL ‘ THE REDIRECTED (REFL,) RAY VECTOR
12 c
13 FACTRUNE2, OtDOTER(UNORM.USOL)
Y@ TTTTTTTTTTT00 20 Iet.,3 0 )
1S © 20 UREFLITIBFACTRUNRUNORM(I) « USOLI(T)
16 RETURN
g e e gND

- 11027078 tte 14,8 cae

£88CY) —""7.,28 © - C ‘LiNES/MINUTE 3590

NO DIAGNOSTICS IN ABOVE coMPrLarxom
“HERE “USED FORTHIS COMPILATION - ~ - -



1 FUNCTION aavan(NnerL.nzwL)
2 T "NRP1BNREFL®L
3 RAYVALEY,0
. & .. - .. DO 7573 IB1,NRPY -
- g = 9878 RAYVAL BRAYVALSREFL
6 . <. - o RETURN
7 . END

S 1127678 ke 18,8 ase
(SECY . 26 . LINES/MINUTE- 1536
NO DIAGNOSYICS. iN ABOVE COMPILATION
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c-78

18«79 " 08.938"
1 SUBROUTINE LIMDR(YRN,LIMC,ROERN)
“1@ T U “THIS SUBROUTINE GENERATES THWE INTENSITY DISTRIGUTION OF ENERGY
. €  ACROSS THE SURFACE OF THE SUN. 1T WAS 3 DIFFERENT SUN MODES
q C LIMCE! FLAT SUN -
g =T LIMCE2 SUN WITH LIMB DARKEVING AND SOLAR anoxartou
6 C LIMCES SUN WITH LT¥B DARKENING
] 60 TO (21,22,23).LIMC
-~ 8 "7 T21 “ ROERN®,2668430RTTYRN)
9 RETURN
10 22 YEYRN#16,.98
1 T OYSINT(Y/7.S)e1
12 60 YO (31,%2,3%),1 - @ -
13 S1 ROERN20,06408¢(Ywt,5878)
m gigem e S e RETURN
13 32 ROERNS0.010956#Y+0.092413
16 RETURN
— 4977 3% IF (Y.67.16.7) GO TO 38
18 ROERNS0,3530,038345¢ (SORT (193, 2eYeY+28, ae-V))
19 RE TURN
-—20 ~"""" “38 ROERNEO.34864YeS,5007 ;
21 RETURN ) ‘
22 23 Y=YRN#1S,94
23 TF(Y.GT.7,) 60 TO a1
2a ‘ROERN=0,064084 (Ye+,a878)
2s . RETURN
~-=26 """ '@y ‘ROERNS.0109564Y+0,092413
27 RETURN

28 END

11027078 wee 18,8 swe
(SEC) .34 LINES/MINUTE 4901

NO DIAGNOSTICS IN ABOVE COMPILATION
NER! USED 'OR THIS COMPILAT!ON




c-79

18079 - 08,939

g FUNCTION DOTER(V1,V2)
T T DIMENS TN vx(sa.ve(S)
S T . 'DOTER & 0,0
4 - - PO 10 T & 1,3 S :
T8 TTT"10 DOTER w DOTER ¢ va(r)avati)
® S . RETURN.

7 END

“{1e2ToT8 8ts 10,8 das

(sEey  Lev . Lruzs/uxnu?e 1502
N0 o:asnosvtcs IN. ABOVE cOMPzLarxon
WERE USED POR THIS COMPILATION



c-80

18479 "~ 08,940

T SUBROUTINE LREFR(N1,N2,ULN,UIN, uazrn.ncNEC) -
. "€~ THIS ROUTINE S8OLVES FOR THE REFRACTED RAY VIA THE LAW OF nzrnacvxou.
3 3 INPUTS ARE =e N{ THE INDEX OF REFRACTION FOR UIN
d ¢ N2 .7 THE_INDEX OF REFRACTION FOR UREFR
S S UL "+ UNIT LENS NORMAL VECTOR :
3 c - . - VIN " UNIT INCOMING RAY VECTOR
7 "€ OUTPUT IS e= N o
8 B - UREFR ' THE' REDTRECTED RAY VECTOR
9 c
10 € ULN AND UIN MUST POINT IN SAME oxasctzou FROM LENS aunrace
11 S REAL Ni,N2 : _
12 OIMENSION ULN(3),UIN(3),UREFR(S)
13 NCHECEO
-~ 18 - TH18ACOS (DOTER CULN, UIN))
13 IF(TH1.LT,0,00001) .60 TO 20
16 8TH2E(N1/N2)2STIN(THI)
17 IF(STH2.67,1.0) GO TO 80
18 CTH2ESORT (1,=8TH2#8TH2)
19 ‘BTHISSIN(THE)
@Y T CTHIBCOS (THY ) , )
21 . DO 10 1s1,%
22 10 UREFR(!)l-STHE'UIN(!)ISTHlO(STnatCTNlISTNl-CfuZ)tULN(I)
23 - © RETURN
2a 20 00 30 I=g,s
2s 30 UREFR(I)=sUIN(I)
Bl | T RETURN
27 C INCOMING RAY ANGLE W. Rs 1. BURFACE NORMAL IS BEYOND CRITICAL
28 80 NCHECeQ
----- 29 - - RETURN
30 END

1102778 asss 148,48 2an

. {8EC) .34 LINES/MINUTE S146

“NO ~—DIAGNOSTICS ‘IN ABOVE COMPILATION = -
i WERE USED FOR THIS COMPILATION




—o8.981 "~

370"
1 SUBROUTINE LDATA(NMAT, NAVELhNAIR NLENS)
T@.TITTTTTUUREAL NATRONLENS
‘3 c.
. q € THIS ROUTINE CONTAINS DATA. FOR THE REFRACIVE INDEX
8- ——"C ~"FOR" AN. ACRYLIC LENS V8, WAVELENGTH,
6 C. THE DATA COMES FROM ~ .9NOVEL: SOLAR COLLECTORS UsING A LARGE
7 ¢ CIRCULAR FRESNEL.LENS CONCENTRATOR® FINAL REPORY , -
=+ B"TTTTTIC T MCDONNELL DOUGLAS COMPANY. (SAND 78e7023), HAY 1978
.9 € VARIABLES ARE ==
10 C . . WAVEL WAVELENGTH OF SOLAR RAY -
I T i - NMAT  _THE MATERIAL IDENTIFIER.. NMATm11 ‘IN THIS CASE
12 3 NLENS . THE INDEX OF REFRACTION FOR THE WAVELENGTH
13 c NAIR  THE INDEX OF REFRACTION POR AIR
“1g T e T DWITT)
15 c _OW2(1) THE UPPER AND LOWER BOUNDS FOR EACH
16 ¢ VALUE OF RINOX(THE INDIC!S OF REFRACTION)
gy -
18 " DIMENSTON DN2(19),RINDX(18) : '
19 .- DATA DW2/37S.,825.,870.,510.0550,.890,,630,,670.,715.¢765.,
—— PO TS 82040895,09800,1065,,1180,,1385.,1600.,1880,,2180,/
21 'DATA RINDX /1.50661,1.50162,1.49797,1,89505,1,89261,1,49057,
22 4 1.08889,1.08752,1.08616.1.88512,1,48021,1.48332,1,88282,
3 B ¢ 1,88201,1.48185,1.48056,1.47992,1.87956,1,47956/
2q ' NLENS=0.0
2s NATRS1,0
26 D0 100 151,19
27 IF (WAVEL .GE.OW2(T1) . AND, WAVELLLT: owztxoia) NLENS=RINDX(1)
28 _ IFCNLENS.6T.0.) GO TO 103
~ 29 " =7-—100 CONTINUE
30 105 RETURN
31 END

'“1!32?615 sen 18,8 eew

QSEC)
NO

WERE

.33 LINES/MINUYE 5607

DIAGNOST!CS IN ABOVE COMPXLAY!ON
USED FOR THIS COMPILATION



Cc-82

1879 * ~'08.943
1 BUBROUTINE TRACK(TAZ,TEL)
——g"TT T e "YHI8 ROUTINE SETS THE COLLECTOR POSTITION VECTOR
] ¢ TRIAD FOR ALL CONCENTRATORS AND CALCULATES THE OFF XIS
¢ C  SUN ANGLE BABED UPON ‘THE PERFECT SUN VECTOR,
- g =@ --~"NEEDED. VARTABLES INCLUDE ‘ee
b c NAXIS ® 0 ee STATIONARY CONEENTRATOR
' ¢ "NAXTS® | o ONE AXIS TRACKING
-8 t ~~NAXTS ®"2-THD AXIS TRACKING
9 c TAZ,TEL AZIMUTH AND ELEVATION ANGLE OF THE SUN
10 c. .
gy T COMMON/ZRPIC/FL . TILT,0X,0Y1,0Y2, ALEN,FLEN,PWID,NCO2,XAX,NFAC,
12 1 NCA,DY,XLF.JRPI(20),RR(20);CR(20),NRZ,RMAK
13 COMMON/TRAC/NAXIS, TILYANG,OFFSUN, THETAAX,0TRACRL,DTRACAZ, IRP
18 “TOMMON/VECTOR/ULE () ULV () s ULB(S) JUCN(3) 4 UCA (3),UCP (3),US(3)
18 DIMENSTON -DUM(S) -
16 . IF(IRPI.E0.3) GO TO 200
eegg = e IR (NANTS.EQ.2) THETAAXSeTAZeDTRACAZ.
18 THETARLEATAN2(COS(THETAAXeTAZ), TAM(TEL)) ¢ DTRACRL
19 IF(NAXTS,EQ.0) "THETARLETILTANG
20 ‘BAXBSINCTHETAAX) - s
21 CAXSCOS(THETAAX) : v
22 : SRLESIN(THETARL)
—-2% """~ CRLSCOS{THETARL) ' ‘
2a D0 40 1s1,3
28 UCA(T)SCAX®ULE(I) ¢ SAX&ULS(IY
——@s———"——"""UCP(1)® wSAXSCRLeULE(I) ¢ CAK*ZRLWULS(I) o SRLSULY (1)
27 ' UCN(T)#=SRLaSAXSULEET) ¢ SRLACAX#ULS(I) ¢ CRLAULV(I)
28 80 CONTINUE
@ T - QF E SUNZACOS (DOTER CUCN, US))
30 OFFSUNEOFFSUN®STIGN(1,, THETAAXSTAZ)
T RETURN
T2 200 BARSINGTAZY - e e
. CARCOS(TA2)
34 o STESIN(TILY)
T3S T TR CTRECOS(TILY) e e
36 DO 10 1e1,3
37 10 DUM(T)=CASULS(I) + SAGULE(I)
38 D0 20 ruh! R Tt T
39 UCN(I)CT#ULVCI) ¢ STeDUM(I)
a0 . UEP (1) ECTaDUM(I) « STeULV(I)
=g o 20 CUCA (1) RCARULE (1)  SASULS(T)
a2 OFFSUN=ACOS(DOTER CUCN,US))
a3 RETURN
—eND- —— e e

11-27078 exe 14, o TT)
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18079 - 08,933

1 : SUBROUTINE ERRNORM(SDS,SO0R,UN,UT,UCA,UNP,PSM)
TT@TTITTTTT DIMENSION UN(S),UT(3),UCA(3),UNPLS)
3. _DATA NORCT/0/
¢ : S0GSGRT(SDS«8DS ¢ SDR+SDR)
~g === CALL. RNORM(R,NORCT) -
6 _ NORCTENORCTe¢1
1 1F (NORCY,ED.2) NORCTSO .
——-g———"""—"PH{WGD#R1 ¥ PSM T "
9 " PM28FLAT(0.0)96. zas:ass
‘10 C18CO8(PH1)
“gy T T T C28C08 (PHR) : R
12 . B1SSIN(PH1) - . N
A% . 828BIN(PH2) o _—
1@ T 700 90 1148
1S - 90 UNP(I)BCI#UN(I) o S!t(CZoUT(!) . sa-UCA(x))
16 . RETURN , .

S § C T END

1102778 wan 10 I T
'fSEC’ p P | R LINES/MINUTE SlSi

NO DIAGNOSTICS IN ABOVE COMPILAT!ON
“WERE "USED" FOR 1"18 COMP!LAT!ON :
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