
;_/). 2o ~3 
UUl/L~/3S 34M- r I\ y vo.2) 

~L,RVE-Y MIRROR~ AM> L ~ N~~ S ANU J H~ IR RlQl.,IRE 0 
~URF ACE ACCURACY 

Volume 2 Concentrator Optical Performance ~oftware (COP<;) User's \1anuc1l 
Final Report for September IS, 1978 Oec.ember 1, 1979 

January 1980 

Work Performed Under Contract No. EM-78-C-04-S348 

Honeywell Inc. 
Technology Strategy Center 
Minneapolis, Minnesota 

U.S. Department of Energy 

Solar Energy 

Dl&r~TJON Of nus DOCUMENT rs tJNLNr~ 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



DISCLAIMER 

"This book was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency 
thereof. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof." 

This report has been reproduced directly from the best available copy. 

Available from the National Technical Information Service, U.S. Department of 
Commerce, Springfield, Virginia 22161. 

Price: Paper Copy $13.00 
Microfiche $3.50 



... 
-···· 

!. 

,· .. 
i-· 

SURVEY MIRRORS AND LENSES 

AND THEIR REQUIRED 

SURFACE ACCURACY 

. VOLUME ·II 

'G.QNCENTRATOR OPTICAL ,PERFORMAN.CE 

SOFTWARE (COPS) USER'S MANUAL 

CONTRACT NO. DE-AC04-78CS35348 

JANUARY 1980 

PERIOD COVERED 

SEPTEMBER 15, 1978 
. ··' ~ . 

THROUGH 

DECEMBER 1,· 1979 

PREPARED FOR 

·' .. _ 

U.S. DEPARTMENT OF ENERGY 

ALBUQUERQUE OPERATIONS OFFICE 

PREPARED BY 

HONEYWELL INC. 

TECHNOLOGY STRATEGY CENTER 

2600 RIDGWAY PARKWAY 

MINNEAPOLIS, MINNESOTA 55413 

DOE/CS/35348-T1 {Vol.2) 
Distribution Category UC·59c 





l<'UREWORD 

Readers of this report and users of the_Concentrator Optical Performance 

Software (COPS) program should be cautioned that although the program has 

been used and appears 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 

and updates occurred in developing 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 Sola'r Applications, U.S. 

Department of Energy. 
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SECTION 1 

INTRODUCTION 

The Concentrator Optical Performance Software (COPS) program was developed as 

a portion of the project "Survey Mirror~ a~d Lenses and Their Required Surfac~ 
. . . .· 

Ac~uracy," Contract Number DE-AC04-78C.S35J48 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: 

• Faceted Mirror Concentrator. 

• Fixed Mirror, Two-Axis Tracking Receiver. 

• Pa~abolic Trough~ 

• Linear Fresnel. 

• Incremental Reflector (by Hone~ell). 

• · Inflated Cylindrical Concentrator. 

• CPC--Involute Reflector with Evacuated· Receiver •. 

• CPC--Parabolic/involute Reflector. 

• Vee Trough (by JPL). 

.~· 

\ 



• Imaging Collapsing Concentrator·(by'SET, Inc.). 

e Paraboloid of Revolution Dish. 

The COPS program is a F0RTRAN code which simulates the optical performance of. 

each of these concentrators using a Monte Carlo ray trace technique. This 

te.chnique computes an optical efficiency defined as the .. fraction of availabl.~ 

direct insolation that· reaches the outer surface of a ·receiver for each con-· 

centrator. The program can also crea't:e a map of power density on the·receiver 

surface. These computations are.performed for a point in t:ime as specificed 

by the user. 

Users of the program are· cautioned that i"t 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 a:re urged to -get ·a "feel" . 

for the program before batch processing large numbers of ray traces. 

The basic ray trace technique for the optical model computer software follows 

a Monte Carlo ray trace approach. Honeywell has been using this.approach 

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 traGking erroFs 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 

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 th.e exact path of the ray through the optica_l inter­

faces· of the system •.. The angle made by any ray with respect to each surface 

is a function only of the angular position on the solar disk from which the 

ray came and the impact point on the particular surface. Thus, for any wave­

length and perfect optics, .the energy c~rried f~.om the sun to the receiver 

surface can be .found by specifying the four coordinates of the ray, indepen~ 

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

If the sun's·disk coordinates are o
1 

and o
2 

and the surface impact point co­

ordinates are x
1

and Xz, then the total thermal power.absorbed in a wavelength 

interval dA. is: 

where xl and x2_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: 

~; J' • 



Mirror Sun 

lSurfac,j 
............. ~ 

E = r r r r r p 
>. x· 

1 x2 c51 ·cS 
2 

• I 

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 two parameters 'are uncertainties in the angular position 

of two possible gimbaled trackirig drives (6
1

, 62). The second two parameters 

are the angular uncertainties in the mirror/lens surface normal at any point 

on the mirror/lens surface (~1 , ~2 ). We assume that each of these ~our par~~ 

meters is statistically independent of each other or any other design 

parameter. For example, a given error in a mirror normal is equally ~ikely 

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 known 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 (= Z) or .its 

expected value, we would form the integral of the product of PZ(Z) times Z 

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



z = ~ 

To simulate a spec"ific error set (6
1

, e
2

, 4>
1

,_ <t>
2

),_ one.would -have to evaluate: 

Then the expected value of the termal power absorbed (E .) is given by:· p 

because each disttibution·'may be statistically independent. The above 

expression is': 

··. . .. 
Tracking 

Imputs Imper­

fections 

Spectrum Area Dis~ 
·.··· 

' .. ,. 

... , 

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 
' ; : • • :-· ' .l .• 

the system led to the decision_ tha_t the experi~ental Monte Carlo approach 

was suitable. 

Basically, the premise of the method used to solve 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. 
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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 th~ 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· .drawn 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 Carl.o simulation. 

APPROACH 

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

Input parameters include the following user options: 

• Concentrator type. 

• Receiver geometry. 

• Reflective or lensing material. 

• Error distribution~ 

• Time integration or time point run. 

• Number of rays to trace. 

• Concentrator/receiver dimensions. 



BEGIN 
CONCENTRATOR 

SIMULATION 

SET SUN CENTER 
AND PERFECT 

TRACKING 
VECTORS· 

INTkODUCE SURFACE 
REFLECTIVE/REFRACTIVE 

ERRORS 

2-5 

FIND 
REDIRECTED 

RAY 

Figure 2-1. Generalized Computer Software Flowchart 
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For each concentrator/reflector that ·is being simulated, the Monte Carlo draw 

is made over the surface. The· simulati~·n · i~- 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 

atmosp6eric losses are taken.into at~o~n~. The~e same rays ar~ allowed to -

impinge randomly upon the mirror/len~ ~pEirture a~d are reflected toward 'the· 

receiver. The drawn rays must represent the sun's power at that time, so 

·ea'ch 'ray is' given a relative' weighted' va1ue as a function 'of the time and the 

number of rays drawn. 

Each time a ray is drawn at some point ·on' the concentratfon surface, the sur­

face normal at that point is calculated. The surface error is a perturbation 

of the surface normal drawn at random over a normal distribution. This dis­

tribution has a mean and standard ·deviation based on ttl~ properties 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 

specific vector derivations, as well as some basic modeling philosophy. 

: .... 

'" 

.: .~ . \ 
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_SECTION 3 

RAY TRACE ,ME~ODOLO~Y 

This section describes the vector algebra d~rivations used in the Monte 
I'• • 

Carl,.o ray .~race techniq!Je• The subsect:i~ns are arranged to: 

• Show the .basic vectors and ~.0mencl,ature required for all concentrator 

types modeled. 

• Derive those general purpose step!:! suc;:h as. reflections and 

refractions •. 

' ' 

. • ShoW; .the de.tailed m~thematical modeling of. all concentrator surfaces. 

and all possibl~ receivers. 

A list of v~riable def.initions used in the mathemat~cal. descript:ions 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) 
~ ....... ~ 

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: 

~ ~ - -USUN = sin(«) cos(E) ULE + cos(«) cos(E) ULS + sin(E) ULV 



:.;, " 

Table 3-1. 

VARIABLES 

--. __., --
ULS, ULE, ULV 

x, y, z 

X • Yo • z 
0 '0 

-- ...... 
U$UN or us 

-UN -UR 

a: 

e: 

nl 

n2 

RL 

RW 

rabs 

3-2 

Variable Definitions for Mathematical Models 

·. 

\•,, .·• 
'· 

DEFINITION: 

toCAL UNIT VECTOR TRIAD 

tii.S - SOUTH .. 

orE- EAST, 

vLV - LOCAL VERTICAL 

COLLECTOR UNIT VECTOR~ .i1tiAD · . -UCN - NORMAL TO APERTURE -UCP - UNIT VECTOR ALONG WIDTH 
OF CONCENTRATOR I -UCA - UNIT VECTOR ALONG LENGTH 

OF CONCENTRATOR - -- __... DISTANCES IN THE UCA, UCP,. UCN 

DIRECTIONS, RESPECTIVELY 

COORDINATES OF SUN RAY HIT PoiNT 

ON SURFACE 

~~~T~~~TOR IN DIRECTION .. ~F S~ .... 

UNIT NO~ TO CONCENTRATOR·' ~FACt . .~ .. :. 

.. 

UNIT vECTOR IN DIRECTION OF RE­
FLECTED .. RAY OR REFRACTED JtAY 

SUN 1 S AZIMUTH ANGLE 

SUN'S ELEVATION ANGLE· 

INDEX OF REFRACTION .FOR AIR 

INDEX OF REFRACTION FOR LENS ~· .. 

RECEIVER LENGTH 

RECEIVER'WIDTH 

RECEIVER RADIUS (CYLINDRICAL) 

'-----------"""'""---L----------,_,....;__ _____ _, .. 

; . 

• :, j 
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-ULV <VERTICAL> 

--"'-=-....----___.ULE <EAST>. ·. 

ULS <SOUTH> 

<AZIMUTH 
ANGLE> 

~ 

usus 
........_<ELEVATION 

"-·ANGLE> 
"-

<UN IT VECTOR 
TO SUN> 

Figure 3-1. B~se Vector Definitions 

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

to calculate the redirected ray. 
~ ,, .•. . 

Before proceeding to other general-pu~pose.vector derivations,~ vector triad 

will be defined that is fixed with respect to the.concentrator position. For 
' ~ 

all concentrators discussed, UCN is the vector normal to the concentrator _.... . . ~ 

aperture, UCA is the vector along the concentrator axis (length) and UCP is 

the. vector along the concentrator width, These vec.tors will change de'(>ending 

on whether the concentrator is two-axis tracking, one-axis tracking, or 

stationary. Ho.wever, a generaL formulation for the tracking vector triad can 
~ 

be made. The vector UCA (see Figur.e 3-2) can be expressed as: 

--a.. --31. --JI. 

UCA = cos(AX) ULE + sin(AX) ULS 

__... 
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: 

! ;,., I 

. ,·; 
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. . ' 

' f 

., 

. . . 

-UCN 
• ""; J 

~ 
. ,, 

' ' 

........... 
UCP 

i .· 
. '· ~ 

.j 

' . 

'Figure 3-2. 
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__.. 
ULV 

' 

-UCA 

TRACKING 
AXIS 

Tracking Vector Geometry 

. ,; 

~ ~. ·. . . . ' t. .. ., . 

~· . ~ ~ ~ 
UCP. =· -s·in(AX) sin(CEL) ULE + cos (AX) sin(CEL) ULS - cos (CEL) ULV 

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

normal and a hc)rizontal plane). 

~ 

The vector UCN is then: 

..-..11. __... ~ ~ 
UCN = -cos(CEL) sin(AX) ULE + cos(CEL) cos(AX) ULS + sin(CEL) ULV 

These three equations apply to all concentrator o~ientations 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 ve·c tor triad is as given in 

the above equations: for perfect tracking, AX,=-« • ~If the azimuth, «, and 

elevation, e:, are known, CEL can be determined ·using the o.ff-axis angle (the 
..... --l.. 

angle between US and UCN). Perfect t~o-axis tracking occurs when the dot pro-
--"- ..JI. ) . . .. 

duct of UCN and US . .is a maximum. This·maximum is calculated by setting the 
.. : ·--J:t., . ·~ . ..... . .• ,, .J •••••• 

partial derivative of UCN and ·US.with r~~pect to CEL to zero. This results in 

the solution: 

CEL 
-1 = tan 

''• . 

. [ . tan e: · 
cos (a + 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: 

_.... ~ 

UCA = ULS. 
···--~ --l.. ~ 

UCP = -sin(CEL) ULE - cos(CEL) ULV 

--'"' -.lo.. ~ 

.UCN ,-cos(CEL) ULE + sin(CEL) ULV 

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. 

'i' 

- _... ....A. 
This vector triad. (UCA, UCP, UCN) is referred to as the collector or tracking 

vector triad~ ... Wilen ray draws on the collector aperture are made, or when 

receiver hit points (ray intersections) are found, this collector triad is 

used as the reference coordinate system. An x, y, z coordinate frame is 
~ .....a.. 

always defined such that x is positive in the UCA direction, y along UCP 
-.a.. 

and z along UCN. 
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GENERAL PURPOSE DERIVATIONS 

In addition to the sun center and tracking_ vectors just descr'ibed, 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: 

__,., -- _.. .... 
UR = 2 (UN•UI) UN-UI 

:. ' :' .. .. 

where: 

~ 

UR = Reflected ray vector (unit) 
~ 

UN = Reflecting surface normal (unit) 
~ 

UI = 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 consis~ of 6
1

, drawn with 

a normal distribution having a specified:- ~ean and variance and 6
2

, 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: 



REFLECTED 
RAY 

Figure 3-3. 

ORIGINAL'-. . :. 

3-7 

REFLECTING 
SURFACE 
NORMAL 
rnl 

Reflection Vectors 

REFLECTING 
SURFACE 

NORMAL ·-.....,­UN ·-- UNP. - PERTURBED · 

' ' 

I . . NORMAL 

:I 

I 
I 

I /. 
~"'' / 6'. ¥ .. 
2 

TANGENT VECTOR 

. . ~· 

TANGENT 
VECTOR 

Figure 3-4. Surface N_orniat Error Perturbation 
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Refraction 
·· ..... ,. 

The general derivation of the •ectot representation of a ~efraction is 

carried out here. Figure 3-5 shows tqe vectors and angles involved in the 
' ~ 

refraction •. The incoming ray vector, UIN, ·is· assumed to point away from the 

interface of materials for the derivatiorio' The angle between the ··incoming 

ray and the normal to the refractive material is: 

-1 -- -.!loo 
~l = cos (UIN·ULN) 

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

ray as: 

For the case depicted in Figure 3-5, Material Number 2 has a higher index of 

refraction than Material Number 1 (N2>N1) and therefore the refracted ray is 

MATERIAL #1: 
INDEX OF :Nl 
REFRACTION 

.MATERIAL #2: 
INDEX OF :N2 
REFRACTION 

INTERFACE HIT POINT 

UlN - VECTOR· NORMAL TO MATERIAL· . 

I 

~2 

AT INTERFACE HIT POINT . 

iifN - VECTOR ALONG 
JNCOMING RAY-.PATH 

U0UM - VECTOR TANGENT TO DIN 

_!__ ' ' 
UREFR ~ REFRACTED RAY VECTOR 

Figure 3-5. Refraction of Incoming Ray 
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bent toward the normal (~ 2<~1 ). In any case, the refracted ray must lie in a 
---'- ~ ~ 

~ defi,ned by ULN .. and UI.~ with angle ~2 between ULN and the refra:.::d ray, 

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

- - --*'-in the plat;1e of JJLN and UIN.. This ,vector is shown as UDUM in Figure 3-5 and 

can be. compute.d from the _relationship: 

UoiiM = _1_ urN - cos :1 ~ 
sin ~l sin 1 

The refracted ray is then simply: 

----llo. - --UREFR = -cos ~2 ULN -sin ~2 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 ve·ctor 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: 

- aFs _..i.. · aF · .- aF ---'­
N = ax. UCA+ a; UCP·+ a: UCN 
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where: 

.... 
N = Normal to concentrator surface 

F = Surface equation .as a function .of x, y, z 
s 

~ .....Jo.. ~ 

X, Y, z = Variable name in UCA, UCP, UCN directions, respectively. 

Some of the designs will not be formulated in this manner,.s:i..nce their geome­

try is more easily defined using different 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: 

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 R , the aperture radius. ap 

The ray trace begins with a Mc;mt.e Carl9 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: 

= R 2 
RN ap 

where RN is a random number from 0 to 1.' A uniform draw over angle 9 com­

pletes the Monte Carlo selection of a ray starting point: 

9 = 211' • RN 
draw 
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RAP -.RADIUS OF APERTURE 

SURFACE DEFINITION 
~-......:::;;;-- ....... ·z =·x2 + y2 

y A2 

a. Geometry 

-UCN 
zo 

-UCA -UDUM 

b: Vecto~ 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: 

X = Rd cos 9 
0 raw draw 

yo = R sin 9 draw.. . draw 

(x 2 + y 2)/4F z = 
0 0 ·O .. 

Given this point, the unit normal and tangent vectors are derived by_ ref~rr-
--"­

ing to Figure 3-6b. A vector, UDUM, in the x,y plan'7 and.also in the plane - --"' of UN and UT is: 

-The angle a between the unit surface normal, UN, and the dish collector 
~ 

normal, UCN, is: 

tan a = dz 
dr = 

r 
2F 

and r is defined as r 2 = x2 + y2 

and tangent vectors are: 

Using this slope, a, the collector normal 

~ ~ 

UN = cos a UCN 
~ 

sin a UDUM 

-- - --a.. UT = cos a UDUM + sin a UCN 

The vector from the ray start point to the .. ce.nter of a receiver (at the focal 

point) is: 

- - ___,.., -D = -x UCA - y UCP + (F-z ) UCN 
0 0 0 

· .. ~ 
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RPI Concentrator 

The RPI two-axis tracking, segmented concentrator configuration is defined in 

Figure 3-7. The nomenclature to accompany this figure is given in Table 3-2. 

The base configuration has four mirror banks e~ch containing Ncol column axes. 

The column axes are tilted with respect to a plane perpendicular to the col--lector normal vector, UCN. All column axes are tilted at separate angles ( Y 

varies along ~ mirror b~~k). to focus pe-~fectly when· the sun vector is parallel 

to the coilector normal vector. Each column axis contains a given number of 

mirror facets and all columns rotate through the same angle, ~a, when tracking 

solar elevation changes. The rotation ·a·ngle is ,equal to one-half the angular 

difference between the solar elevation ~nd·the ~oilector tilt angle from 

horizontal. 

z 

COLUMN AXIS NUMBER 
1 

X 

FOCAL POINT 

~~ AV - DISTANCE FROM COLLECTOR Y-CENTERLINE 
~~·TO LEADING EDGE OF MIRROR BANK · 

---..,~ 

0 
~ 

EXAMPLE COLUMN AXES 

Y-COLUMN AXIS TILT ANGLE ABOVE MIRROR BANK PLANE 

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 ax 

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 

___,_ 
COLLECTQR ORTHONORMAL VECTOR TRIAD (UCN IS NORMAL TO MIRROR 

__.. __.. . 

BANKS AND UCA, UCP ARE IN PLANE OF MIRROR BANKS) 

COLUMN AXIS LENGTH 

MIRROR FACET LENGTH 

MIRROR.FACET WIDTH 

The RPI collector uses two-axis tracking to point focus. The method of 

tracking does not follow ou~ 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 

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

lector tracks about a vectical axis to keep: the mirror banks aligned 
--llo. 

parallel to the solar radiation along the UCP direction. That is, the col-

lector tracks to keep the sun perpendi~ular to an imaginary column axis with 

zero axis tilt. 



LOCAL 
VERTICAL 

Ulv 
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· COLLECTOR 
. TILT' ANGLE 

I 

: eA3 - SUN'S AZIMUTH ANGLE 

~-+--4-----.L..L. .. tilE - LOCAL EAST 

·ITCN - COLLECTOR NORMAL VECTOR 

Figure 3-8. RPI Tracking Vectors 

To ensure proper orientation, the collector must rotate to position the - ~ ~ vectors UCN and UCP to be in a plane defined by. the solar position (US) and --local vertical (ULV) •. Thus, .the colle-ctor poSition vect.ors become: 

~ - .. ~ ~ 

UCN = cos· 9tilt 
ULV+ sin a .

1 
(cos ·a ULS + sin a ULE) 

t1 t az az 

~ ~ ~ ~ 

·ucP = cos atil.t (cos a ULS + sin a ULE)- sin atilt ULV 
az az 

.. :: -.. - - -!b. 

UCA = cos e ULE·- sin 9 ULS 
az 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 derive the relation-

ship defining the axis tilt angles. The RPI collector is assumed to be 

adjusted such that the center of the.columh axis focuses perfectly·for the 
~-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 
~ __. 

column axis center mirror-facet normal is UMN. UMN is derived from the axis 
- ~ --lib being tilted angle y in the UCA, UCN pl.ane (a rotation about .UCP).· and rotated . 

angle a about a vector along the axis. This leads to: 

--h. ~ - --h. 
UMN = sin a UCP - cos a(sin y UCA - cos y UCN) 

Ti-D£SIRED FOCAL POINT 

F I 
I 

I 
TICN 

UMN - CENTER MIRROR FACET NORMAL 
TIS - SUN VECTOR 

a-ROTATION OF AXIS 
COLUMN AXIS 

v- 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: . 

~ -VF =-X UCP 
ax 

1 ~ 1 ~ 
(b.y + 2· i cos y)UCA .+ (F.- 2 i sin y)"UCN. 

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

- ~ .US = UCN 

•. ,.! 

' .· 
,• •#. 

·~~. 
1.:: 

. ~i "~ 

\ . 

... 
. . 

. · .. ·· 
, . . ' 

·:... ·'' 
:,· : I ~ 

:·,. ~ 
( • ~ ·; ! : ... ··.<.. ·( -~ .. \_ .. -.~ _.:.: ~ 

. ' ;.. .-;' " ~ J . ' 

Given these vectors we can now establish a relationship for. t;h~ ;t~lt -.. ~ng,le by~;··., · ·,. ' · 
....... ·,: . . - . ·.~.· ~\·::·;,· ~~ ~;· ·;·~'.'··· ... ~~ :· '·~:'. 

applying the Law of Rt;!flection and noting that VF must be ide~t;~cal -iq·-· ,.-. .. ~·- .'· ·- :- ' .. .:.~.~--~ 

Given.~ ·and nf ~h~ .r~.i:'_t·'· :· ··. ~:< .. <; '· ;·<~-~\ 
.· .. . ·. ,, -. - ,, . . . . ~.--

·:r. ..• ~· ·1 r"t. . I 

direction to the perfect focus reflected ray. 

fleeted ray is: 

~ ~-----UR = 2 (US "UMN) UMN- US 

Therefore, to focus perfectly we have: 

resulting equation for y is: 

1 
b.y + 2 i cos y F - t i sin y + lvFI 

= 
sin y cos y 

where: 

• ·~:· # 

; ·, •· . 

\'­

' ' ,. 
/. 

1\TF1 2 = X 2 + b.y2 + ..!. R.2 + F2 - i(F sin y - b.y cos . ). __ 
ax 4 y 

•• ~. · •• J' 

~. 

:,\ .·. 

·.·"'· 

' ·. ',. ,; 
.. !'. ,, t ,"ll' 

. ·. ,. 

:,._.-! 

~ 

1 ...... 

I 

... 

l 
. .. •• ~ •• <. 

.-. 

" .... 

' ... ~. '· 

~ . . •. ~~ !' . 
·. ,•'. 

. ·f ·~· 

;·:· :A. 

.. -
; .. 

_ ... ,. 

·-. 

.··· _,· 

.. .'f> ·":,· 
. ' . .; ~.· 

. : 
·' d 

,· 'I.:. •. .~· ' 

. y. ·:.;~.,.::.·:~ 

. ·' '•'. 

' 

.·.r.· 

. - ~; 

· .. 
- •' 
~ . • .. : 

:·I· ... ·~:·: 
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Because there is no simple algebraic solution for y, Newton's method is 

applied to.find the column.axis tilt angles. Because of the symmetry of the 

collector, the angles need be determined in only one quadrant and can be 

applied to column axis in any other quadrant. 

Aimed with th~ 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 (e 1' e ) is known such that a column axis rotation, 6a, from the e az 
perfect focus position is known: 

6a = (TT/2 - e . . _: eel)/2 t1lt 

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 shows the relevent geometry to obtain the required expressions: 

... - ~ 

l. = cos y UCA + sin y UCN 

... -- ___., 
J = cos y UCN - sin y UCA 

~· 

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

mirror facet of interest 'to the focal. point is: 

-.a.. --..:.. __.a., -VFF -i i - 6y UCA - X UCP + F UCN F ax 

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

normal vector can be computed: 
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-.' 

': '-

Figure 3-10. RPI Mirror-Facet Center Focus Vector Definition 

-lo.. ~ 
By dividing MN by the magnitude of. MN, the mirror normal takes on unit magni-

tude and we call this vector: 

-..:Ito - I~MN I UMN=MN+ 

This mirror-facet normal is an accurate representation of. some of RPI's early 

versions of their concentrator. Later versions u~e a curved column axis 

which would alter this derivation slightly. 

~ 

Now to provide elevation tracking we simply rotate UMN through angle ~n about 

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

__.... ~ 

UMNF (UMN • i)i 
___,_ 

+ (UMN • j) (cos ~n j + sin 
~ 

~n UCP) 

--h ___.),_ -+ (UMN • UCP) (cos ~n UCP - sin ~n j) 
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Now UMNF :f.s the mirror-facet unit normal .vector and it may be perturbed for 

surface errors. Th~n Snel],'s Law i~ ~pp~ie~ t~ create .. ~ .ref+ect~d 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 ~nd flux mapping _is ay~~lable on the aperture. 

Fixed-Mirror, Two-Axis Tracking Receiver--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 

F ··= 2 ·r s cone 

where: 

dish is described 

' 2 .. 2 
X··- y ·- z2. 

by: 

a rim 

z • f. 

Ucl 
t 

RECEIVER-
''"o;.· ·--. 

REFLECTOR 
SURFACE 

Figure 3-11~ Fixed-Mirror Tracking Receiver Surface Geometry 
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The rim'arigle 8 i is defined. ·as· shown in Figure 3-11, as the angle between r m 
the lini( from 'the center·-:to the edge- bf the 'con~entrator and the norm.:tl axis 

of· the·concentrator.· 

A Monte Carlo draw over the aperture'is·done·for ~n·equal area in a fashion 

identical to the draw for the paraboloid-of-revolution dish. A surface hit 

Point (X .• Y, Z) results •. o· o o · · · 

,_ 

The receiver tracks so that the axis of symmetry lies on the line det.ermined 

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

-The unit normal (UN) to the surface at ·hit point X , Y , Z is determined by 
0 0 0 

differentiating the equation for the surface (F · = •••. ) ; 
s 

_. ~ ___. ---
N = -2x UCA - 2y UCP - 2z UCN 

0 0 0 

and the unit normal is: 

-x yo z - 0 - - 0 --UN= UCP - UCA - UCN 
r r r cone cone cone 

-

we obtain: .: .. 

.; . ' 

The sign of UN is such that it points toward the center of the concentrator. -- .~. 

The reflected ray is determined from·'snell 's Law: 

----. __. ____. __.... ~ 
UR = 2 (UN ' USUN) UN - US 

_... 
After UR is calculated, the ray can 'then be t_raced __ to· the 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 lD will 

be defined from the reflector surface hit point 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 direction as US. The distance vector then is: 

- __.... -D = r UN - (r - RL) US 

where RL is. the receiver length·. 

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

surface that usually t~~cks. 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 ~raws ~niformly in the aperture plane. 

-UCP 

' 

Figure 3-12. Parabolic Trough Concentrator 



Tlit= surface 1::; deflnt!d by: 

where F is the focal length. In addition to tne focal. length and concentrator 

width, we also define a rim angle (8 i ) for the parabola. The rim angle is r m 
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 surface is:· 

N = -yo ucP + ucN 
2F 

and the unit normal is: 

where: 

1fN = -yo .lJCP + 

· 2F r'NI 

IN'I =(_Yo_2- + 1) 
.· 4F 

___,.. 
1 UCN 

rm 

1/2 

The reflected ray calculated from Snell's Law is the same as before: 

--- ___.. __.. __... UR = 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:'rec~i~er. In 'this case, 

D= -x 
0 

-UCP + (F - Z ) 
0 

-UCN 

The receiver models used with the trough would be the cylinddcal or planar 

receivers. In the case of a cylindrical receiver, lD would have its ~ndpoint 

at the center of the cylinder. For the planar receiver, i~ 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 Fresn~l surface has- '!gr~ves'' such that 

light enter1ng normal to the surface is focused in a line beneath the lens. 

The concentrator often is tracked in two axes so that the sun pos_ition is 

normal to the aperture. (This,decreases optical losses due to off-axis aber­

rations.) 

. i 

The Monte Carlo draw for thi~ 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 (n2) for the lens material. 

Figure 3-13 illustrates some of the s'urface geometry. If a facet center 
_....... •. . . 

point, Yf' is chosen along the UCP direction, the surface will be defined -such that a refracted ray, UR, should be directed at an angle: 

ex: = 
:.· 
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. . 

to reach the focal line •. From the law of refraction (see Figure 3-13) ·' 

From the di~gram, we see that: 

e - e = 90 -:- a: 2 . . 1 

By substituting and rearranging these .expressions,. we can solve for the Fres­

nel facet angle: 
• • w • 

·_ l2 . 2 
cos e

1
·=(nl)'JF ·.+_~F. 
. , n2 .. ,F 

F·· 

LENS 
SURFACE ------r-lf---4._.._--~~~---=u:::r-N 

SURFACE NORMAL 

F 

Figure 3;..13. Linear Fr.esnel Cross Section Geometry 
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Rather than further manipulating this equation to find,the surface-equation, 

we can directly write the facet normal knowing e1 ~ 

- - __.. UN = cos 81 UCN = sin 8
1 

UCP 
.. ~ . 

This facet normal is used for all rays drawn within the boundaries of the 

Fresnel facet with center at distance yF.from· the 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 ignor~d. The distance vector is:. 

-UCP - x UcA- F UcN 
0 

This and the refracted ray vector, UR, are used as inputs for either the 

cylindrical or planar receiver hit tests. 

Inflated Cylindrical Concentrator-~The inflated cylindrical concentrator is 

a thin-film plastic cylinder with an aluminized 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 usually oriented along the east-west axis and could be 

actively tracking (currently LLL recommends weekly tilt adjustments). 



3-27' 

z . . The surfa~e definition for this concentrator is ·a semicircle: 

F s 
= r 

2 
cyl 

2 
- y - z 

2 

where z < 0 and r 1 is the concentrator radius. cy 

A cross section of the concentrator illustrating the vector relationships is 

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 sec.tion and is not repeated here. 

The surface normal is obtained by differentiating F to give: 
s 

'. ' 

N' = -2y 1fCP - 2z 
• 0 0 

90FF 
HIT POINT 
<Xo• Yo• Zo> 

REFLECTIVE 
SURFACE 

____.. 
UCN 

THIN FILM 

liCN__.. 
f ~UCA 

~UCP 

Figure 3-14. Inflated Cylindrical Concentrator Cross Section 
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and the unit surface normal is: 

- z --,.UC~ - _o_ UCN 
r cyl 

If monthly or weekly tilt adjustments are used instead of active tracking, 

the local vector triad for the stationary concentrator would be used·with 

changes in the tilt of the concentrator (8ti{t). 

-The distance vector, D, to be used in the rec~iver hit test has a simple 

formulation. For the inflated cylindrical concentrator,· 

__. -UCP + (F + z ) UCN 
0 

where F is measured from ·-r · '
1 

along the normal axis to the center of the 
cy 

receiver. 

I11 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 UCA, 

UCP plane: 

.... --D = r l UN cy 

Both the cylindrical and planar ~eceiver models can be easily used with this 

design. The current receiver design is a cylindrical pipe positioned at· 

0.4 - 0.6 r 1 along the normal axis of the concentrator. 
·CY 

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 sur.face·s are described by the angles e 1 a11d 6 2 • Maxi-
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_. j1 ITS - SUN VECTOR ·, · ________ 
1
_ ~RAY START POINT. 

APERTURE / . <XAP' yAP' ZAP) 

}I 
f· .' ,·'· .'1.::. 

RAY HIT POINT 
<Xo, Yo, Zo> 

X 

·~ 
....;..+--........ ---lf--.. __ 

UCP 
. y. 

RECEIVER RADIUS <RW/Z) 

·-;:' 

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 pnce -during the year. Note 'also 

that the collector center position is probably best tilted toward the south 

with respect. to a vertical axis. 

The aperture plane, of width D , is the starting point for the Monte Carlo 
ap 

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· (x , y , z ·) ~ The hit test and 
. 0 ·- 0 0 

reflection need to qefine the surface nqtmal: 

-UN = cos e1 , 2 --UCN + sin e1 , 2 
-UCP 

and the sur(ace tangent: 

-UT = + cos · 8 l,. 2 

_... 
UCP + sin e

1 
.. ~·2 , --UCN 
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-combined with a vector. D, to the center of the coordinate system: 

-D -= -x UCA- Yap 
ap. 

--UCP - z ap 
-UCN 

·where: 

D RW z = ap ap 
1 1 

+· 
tan el tan e2 

The hit point on the reflecting 

the absorber) is described by: 
surface (for those rays which initially miss 

- - -X = (-D + L UI) • UCA 
0 

__.. - -yo = (-D + L UI) • UCP 

- - __... 
z = (-D + L UI) • UCN 

0 

where: 

L • D·UCN + 5UT·UCN 

UI • UCN 
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where: 

- iiT•UC~ --UI•UCN 

Given the hit point coordinates and the reflected ray: 

_.. ~ __.. __..... 
= 2 (UN"US) UN - US 

a hit test with the receiver is done using the vector: 

For rays which are reflected and miss the receiyer, 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. rhe 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 draw over the aperture. 

For the present mathematical model we assume zero depth for t~e 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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SUN'S RAYS 

FOCAL LINE 

. -

~ CENT~R Ll~E 
FLAT 

SURFACE 

1 z 

Figure 3-~6. Section of Faceted Second-Surface Reflector 

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

This refracted sun's·ray is: 

___.. -- ____,_ 
US! = cos cp1 UCN + sin .<t>

1 
yeA 

where: 

and where: 

n2 = index of refraction for material 

n1 = index of refraction for air 
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--The surface is defined such that direct rays (along UCN) are reflected to the 

receiver center or focal line. The surface normal angle, a , shown in Figure n 

3-17, is found by: 

Again, the unit facet normal can·be written .directly from knqwledge of the 

facet angle: 

The 

- - -UCP UN= cos cc n 

reflected ray.is 

- -URl= 2(UN . 

F 

UCN - sin ... cc n 

again found from· Snell's 

.;.._a. 

USl) 
--"'" -UN - USl 

RECEIVER 
APERTURE 

" ' 

y F 

-N 

Law: 

I NORMAL TO SURFACE I - . 
~ 

1 UCN 
I 

__.. 
UCP 

Figure 3-17. Incremental ~eflector Surface Definition 

1. 
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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 ~n Figure 3~18. 

This refraction takes place in the plane defined by URI and UCN. A unit - ~ 

~ ----- ___.. _.... 

vector in the UCA, UCP and. also in the URI, UCN p_l~nes is found_. by:_ , 

UIJ 
_... ~ _...... _.... --.!!a. -.....:... 

(URI • UCP)UCP + (URI • UCA)UCA 
= '' 

[ <URi . UCP) 2 + (URI • UCA) 2 ] l/2 

The redirected ray is: 

where: 

- -- -UR • cos _cp2 UCN + sin cp
2 

UIJ 

-1- -
cp2 = cos (URl • UCN) 

REFRACTED 
VECTOR TIR 

.. 

.::·. 

TOP SURFACE. 

Figure 3-18. Geometry for Finding Final Redirecting Ray UR 

.. \ 
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The distance vector for the receiver hit tes·t is defined as: 

D =·-y 
0 

UCP + F 1JCN -x 
() 

.:....,__. 

UCA 

This will be used as input· with UR 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 concentrator, 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 this surface model has been done using polar coordi­

nates, the equations of the surface· are somewhat compl~cated and· the deri­

vation for the surface.normal dqes.not fo~ll:>w,thepart:1-al differential form. 

One could express the surface as 'a function of the polar coordinates, r and e, 

and follow this method. Instead, we have taken a 'geometric approach that 

will give the same result. 

The involute surface can be defined as: 

y = r. sin e + i8 cos e 

z = r cos e re sin e 

where r is the radius of the circular surface (in this case the nominal re­

ceiver pipe), and 8 is the angle through which the string has been unwound 

(Figure 3-19). .The normal to the s·urface for any hit point (y, z) can be 

., 
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p 

Figure 3-19. involute Surface Definition 

calculated since the surface normal is tangent to the receiver at the point 

defined by rand 8. Referring to Figure 3-20: 

...... - --UN = -cos 8 UCP + sin 8 UCN 

where: 

e = cc + 0 and 

cc = ..;,1 Yo 
tan. -

z 
0 

-1 r 
0 = cos; 2 2 + z Yo 0 

To do the correctly-weighted draw over the surface_, we again draw over the 

concentrator aperture plane defined by the concentrator ~ength, 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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Figure 3-20. Involut.e Concentrator Geometry 

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

the start point of the ray: 

6iUG = X ap 
___.. - -UCP + y UCA + z · UCN ap ap 

Next we define a vector to the hit point on the involute surface: 

D=x ucP+y ucA+z 
0 0 0 

-UCN 

From Figure 3-21 we know: 

·.· A 2 + 2 2· r:2e2 .·.,-; 

X yo. = r + 
0. 

and · the D vee tor · can be writ ten in terms· of 9 ·and x as: 0 

D = ---r9 UN + sin 9 UCP - r cos 9 UCN + x UCA 0 



__...ll. 

· <RS IN9 UCP .- RCOS9 
_, . ·. 

~ .~ \ .. 

~ 
UCP 

,.,,. 

Figure 3-21. Involute Concentrator Vectors 

_....., 
or substituting for UN we have:· 

-D = (- r9 cos 9 + r sin 9) UCP + 

(- r9 sin 9 - -r cos 9) UCN + 

-X UCA 
0 

Referring to Figure 3-22, vector addition gives: 

---ORIG + D ':; 

Also note that the vector (-D+ z ucN) originates from the hit point and ap 
ends at the draw planes as. does_ i W . 

. • ~·: I ·' .. 

·-:, 
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Figure 3-22. Involute.- Concentrator Vectors 

Therefore: 

..... __. ~- ---·~·. (- D + zap UCN)•UCN = 1 _US•UCN : 

and: 

--1 = -(D•UCN) + z . ap 
'Us·ucN 

-Letting US be written as: 

--- ___. ,:__...· 
(US•UCN) UCN 

.... : : .~ . . . 

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

z ---ap/ US•UCP 
(- 9 sin 9 - cos 9 - ~W) Us•UCN. = 

. . ! . 

. . . 

-y 
ap/ - 9 cos 9 +sin 9 
; r . . 
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This equation has one unknown and canJ>,.e solved iteratively for 9. The model ... 
we have implemented utilizes Newton's method to solve for 9 and thus obtain -the surface normal, UN, and the hit point coordinates x

0
, Y,

0
, z

0 
•. 

Once the reflected ray is found, a hit test using the cylindrical receiver 

model will be made. The vector from the hit point to the center of the re­

ceiver is defined as follows (the center of the receiver is the point· 

(0, 0, O)). 

- - - -D = -yo UCP - z 
0 

UCN - x UCA 
0 

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·, 9 : 
a 

1 
cideal = sin 9 

a 

The receiver may be flat (horizontal or verticle fin) or cylindrical. The 

mathematical definition.of the surfacewill 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, 9). 

Any point, P, on the reflector is characterized by its distance from the 
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point on the absorber at which the tangent from P touches the absorber 

(Figure 3-23). if e is measured f"toni the verticalaxis: 

Knowing 

p = r e 

.P.= r 
e + ea + (W/2) -~cos ·(e - ~a) 

1 + sin (e·- e ') ' . '·: a 

the values of e and r, we can determine 

the point P. Referring to Figure 3-23: 

Yo = J<p2 + r'2) cos ( 13) 

z = }<p2 + r2) sin ( 13) 
0 

or z 
0 =, Yo tan 13 

the y and z 

.L 

.. 

Figure 3-23. CPC Surface Geometry 

coordinates of 



where: 

B = 90 - 9 + Y 

Y =tan-! P/r 
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The surface normal using the partial der'ivative form is: 

- --N = - tan S UCP + UCN 

Dividing lNl = (1 + tan2 a) 
112 = sec a, 

we have the surface normal: 

__.; ·----.. --....:ar... 
UN =-sin a-UCP +cos a 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 URis determined using Snell's Law, the D vector is 

calculated. In this case: 

-D = -y 
0 

UCP-x UCA+z 
0 0 

Note that y and z in this case are measured locally using the center of one 
0 0 

receiver tube as the origin. 

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

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

. ; 
J. 
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SET Concentrator 

The SET concentrator is a nontracking collector that uses a unique wide-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 ~~w design method developed at SET,.Inc. 

and produces the two-point corrected prism 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. 

~ 

t 
I 

I -3 -2 I -1 I 
I . I I 
I ~tF4 I 

.I I I 

1 

~ 

UCN 

2 3 

---l> 

UCP 

FACET 
NUMBER 

4.• 1. s 1 
I I 
I I 
I I 

I 
I 
I 

+---..... ----. 
y 

Figure 3-24. SET Concentrator Lens Geometry 
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The lens can have any number of specified facets (NFAC), .each of width R.F 

projected in the horizontal plane. The inner lens diameter is defined as 

R1 and facets are numbered from the lens center outward. Figure 3-24 also 
~s . . . ' .----. ___. ~ 

shows the collector tracking vecto~s· (UC4, UCP, UCN) which are computed as 

described earlier. The ~efinitio~ of th~,subreflector follows the lens 

mathematical model. 

Figure 3-25 shows an enlargement of one small section of the lens. An in­

coming ray start point is selec~ed by a random draw in x and y in the plane 
---lloo ____... 

defined by UCA and UCP. .This draw is then transferred to a lens ray start --point (x , y , z ) • The sun vector, US, is defined to poirit ·:away from the 
0 0 0 

upper lens surfaces. Before tracing the ray through the ten:s we first ensure 

that this start point does not lie in the shadow of a neighboring lens facet. 

The lens normal vector is defined by: 

~ 

UN lens = cos yi 
F 

___.. 
UCN -· sin yiF --UCP 

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

fracted ray UR. This ray can then be traced to the inrier lens surface. 

---J>, 

Before tracing UR to the hit point on the inner lens surface, we check for a 
.. 

possible hit on a neighboring facet vertical face. Any hit on a vertical seg-

ment of the lens element will disrupt the optical path 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=O. This poirit is at 

the center of the circular arc of the lens: 

_.. 
D = - [y - R, (i - 1~ 

o F F ~ tan yiF UCN 
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UCA 

~ 
UCN 

~ 

/'" 
Figure 3-25. SET Concentrator Vector Definitions 

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

intersection with the neighboring vertical face is: _.._ 
- ___.. DoUCP (-UR_-U-..;......,.CN) 

zhit = D•UCN - UR•UCP 

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

is: 



.. 3-4(; 

[ {al. . +. ~)~ ·- R,F2 (iF - 1)2 .J( ens .· . · 

tR + t) 2· - R. 2i 2] -~( lens · F F 

where tis the lens minimum thickness along.a radial v~ctor. The refracted 

ray UR is lost if the .. hit height (~h:f:t>;:.i~· ~bove the:lowest height, zface· 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 surface fs ·model~~~ .·~s' ·~- ci~cular arc~··. the inner lens .. 
hit point is found by doing a hit test with:·a. circblar cylinder. This is iden-

·:· .. t.. . .. 

tical ta the hit test for cylindrical receivers."·· A D vector is constructed 
. .·· 

to the circle center: 

D = -x 1iCA -y 'iiCP - z · UCN 
0 0 ~ . 

and a vector form the circle center .t~-'-th~·:, hit point on the lens is: 

where L is the length, along the UR, from the x , y .·, z ··ray start point to 
0 O· 0 

the hit point on the inner lens surface •.. The vector 1. can .also be represented 
.. -- ·-. as the s~ of the two vectors, one in the plane of UCP, UCN and on vector along -UCA: 

--- ~ R = RHIT + qhit UCA 

Using the fact that RHIT has a known magnitude .. of a1 · , the above expressions ens 
reduce to a quadratic in length L:. 



2 _. 2 
L [ 1 - (PR · • UcA) ] '. . .. 

... 

+ [2 c'UR • u&> ·co· ... UcA.i - ·i<o .. : Ui>J 

+ [ (D • D) - (o . UcA) 2 
- R 

2 
] = 0 

lens 
. : .· . ... ·:·.·· . '• 

~ 

With this informati9n, .. the RHIT . .yector· Js,: 

_......lllrilr. ..a ~ ...lilllo ___... _.... ~ .__.. 

RHIT = - D + L UR + [D • UCA - L (UR • UCA). ·] UCA. 

The normal vector at. the hit. poip.t.· is ~dniply ..this. ra.dial hit "vector.· It is 

mad_e into a unit VE;!ptor by diyiding-. t·hr~mgh·.by Riens'' The refract·ion then 

occurs at. the inner .. l~ns surface l,lit · p9int and· t\:le. r~fracted 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 coordip.ate sy~tem that is height 11 · z· above 

the lens coordinate system center. The hit test with the subreflector sur-

face is derived from the vector identity below: 

where L is. the unknown magnitude of. the. vect;9r from . the. refracte'd ray origin~· 

on the inner lens surface.to the hit point (~, yh, zh) on the subreflector 

surface. The hit point is defined by the following: 

~ - --""' --a 

~ = (L UR2 + RHIT - /j.z UCN) . UCA 

·-~ ~ .. : .. .. - ~ --"" -yh = (L UR2 + RHIT /j.z UCN) . UCP 

__,., - - ____..:.. 

zh = (L UR2 + RHIT fj.z UCN) . UCN 
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, .... 
' ' '., ., 

' ..... 
' 

Figure 3-26. Subreflector Geometry 

These expressions· are· combined with th·e 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 hft point·on the' subreflector. The surface normal 
is defined by: 

-N = 

where: 

p z 
p y 

-- __,., UCP + UCN 

describes the subreflector surface. Once the hit point and the surface normal 

are found, a re~lected ray is created and. a .hit test with the· absorber shelf . 

is completed. The hit test is_. that for a· planar. receiver .as·:.9escribed below.; 
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RECEIVER MODELS 

The optical efficiency of the concentrators· being.examined is determined from 

the number of rays per run that reach the receiver. Three receiver types 

have been modeled for this program: a plane, a cylinder'and a cone. For .... 
each redirected ray, a hit test· is performed. Usinga distance vector, D, -and the vector UR from the concentrator models as inputs, one can determine 

whether or not a ray has reached the receiver. For some of the concentrators 

it may be possible for rays to reach the receiver after multiple bounces on 

the concentrator surface. These rays will be tested through 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 is characterized by a receiver length and width, RL and RW 

respectively. To determine whether a reflected ray will impinge on this .re-- -ceiver, we will.define a vector, RHIT, from the knoWn point to which the D 

vector is drawn to the hit point on th~ .receiy~r. For all planar receiver hit 

tests, the lD vector ends at the center of the width and at the end, of the 

receiver length. 

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

surface hit point to the receiver hit point, then: 

iUiiT = -D + L UR 

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

planar receiver. Because the' vectors D an:d L UR·are directed from the same 



Pf~.r.r.l .. 

Figure 3-27. ' 

Parabolic Trough Concentrator 

Point along the •-direction and have the same end point (i.e., z • F for the 

trough, Z • -F for the linear Fresnel), ~e can write: 

........ ---...... ---. ~ 

L(UR · UCN) = D ' UCN 

=--

Solving fOr L and substituting in the expression for RIIIT, ~e obtain: 

iffirr =~JuR: -D" 
[iJR · UCN 

If the ray hits the receiver plane, then: 

0 < RHI:f . UCA < RL 

'. 
r 1 • 

·'' .•' '' ' 

. .. 
' ~ 

'·.t. 
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---"' 
It ·is also possible knowing the coordinates.·of RHIT to determine the energy 

distribution over· the receiver plane. .This is easily accomplished by dividing 

the receiver int·6· zones along its width an~· .length and calculating which zone -the ray hits· using the RHIT coordinates·. 

Cylindrical Receiver·· .. · · 

To perform a receiv·er hit test ·for the cylindrical rec·eiver ,' we again defi.ne L 

as the distance from the ·concentrator· surface hit po.int t~ the receiver hit 

point in the direCtion of. ·Uit. . Referring ·to Figure 3-28, we· .define· RiffT as a 

radial vector to the hit point from the· center of the receiver·at a distance 
__... 

qhit from the end of ·the receiver along .the.collector axis (UCA) .. Thus, we· 

have: 

..___. --:.. ~ --.....:.. 

RHIT = -qhit UCA - D + L UR 

_..:. . . . . 
where the D vector is at· ·the cylinder center· at· the end o'f the receiver.· . We 

know from the geometry that: 

__, 
qhit(UCA 

~ ~ _.. 
= (-D + L UR)·(UCA) 

_.__... _.,...,.~ 

qhit = (-D • UCA) + L (UR UCA) 

If the ray hits the receiver~ then RHIT ·· ·RHIT. = r ·2 and 
abs 

2$ · Ui> l 
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SURFACE HIT POINT 

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 (along axis of symmetry) 

S
0 

= .the distance from the cone vertex to the top of the 

~eceiver (negative) 

a = the included angle of the cone 
c 
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= 0 

Figure 3-29. Receiver Cone Geometry 

TL~s receiver ~s utilized only with the fixed-mirror tracking receiver col­

lector model in the present code version. 

We again define a distance L along UR to the hit point on the receiver. We 

can now construct a radial vector from the cone axis to the hit p9int. In 

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

--.!a. .-:. -llo ~ 

RHIT = -L UR + D + S US 

....... where the D vector ends along the cone axis at the top of the receiver. 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 along the cone axis from the 

receiver end point. 
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~ 

us. 
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\ 

Figure 3-30. Receiver Hit Test Geometry 

~ 

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

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

and 

RH!T · RH!T = -2L(n . l1R> + 12 - 21s <UR. • us) <"n . n> + 

2s{n · us) + s 2 



3-55 

This gives two unknowns (S and L) but because both L UR and (D + S "'Us'iiN) 
ex~end from the same point in space to the surface of the hit plane with 

___.. 
unit normal UN, we can solve for L as follows: 

~ .__. _.... ~ -...JI. 

L(UR • US) = (D + S US) · US 

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

in S: 

1] 

..... ~ .... ~-

+ S[-2 D~ UR~ 
(UR · US) 

+ 2- 0 •.US ·. + 2 s tan2e] 
cUi . ,us> 2 . o · · c 

. ....... _., 2 
+ [ (D • US) + D 

cUi · us> 2 
... s. 2 . 2a • D - tan 

0 . c 

~ __.. _. ~-

2 (D • US) (D • UR)] -. O -- --UR • US 

The solution of the quadratic gives the two piercing points (entry and exit) 

of the ray with the cone. Imaginary_ roots iildicate that the ray failed to. · 

hit the cone. -· 
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SECTION 4 

PROGRAM USE 

Before running the Concentrator Optical Perform~nce Software program the user 

is urged to read. the previous sections, especially those 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~RrRAN can allow almost all user wants to be 

satisfied by minor code changes. In addition to the do~umented 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 concentrator to be simulated; type of reflective/ 

refractive material used; day of the year; time of day; site latitude, longitude 

and time zone; and the IST~P parameter to exit from program execution. 

The variables in NAMELIST RUN are: 

NAMELIST/RUNINOR4W,TAZ,TEL,l.J"E~XLAT,XLONG,TZONE,JOAY,tCONC,JSTOP, 
+ NMAT,MAPS,NMATL 

Appendix B, Glossary of NAMELIST Variables, provides a. definition for each of 

these variables as well as .all va~iables contained in the i~dividual concentra­

tor NAMELIST statements. The rule.s 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 li differ-ent·.·concentrator type are shown 
in Figure 4-1. ; . ~ ; 

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: 
. . ·: . :~ 

. ·. :;•,: 

$F~U~~ N1)F.:Ftl.•.l=5 0 0 ,) , I !IF1', .. : 1 ::; 1 '~; .. ;::...A T=:::;s ~·, >~LDr·i·3=·:;.c,. ; T 20~·1£=.: .• ~ I CDr"i;::= 11 ~ T HlE = 14 • ~ 
ISTOP=O,NMAT=8~MAPS=Oi 

$DISHN F=1.0,RAP=1.1547~N~Z=6~S!IS=D.002,DTRACRL=O.O~DTRACAZ=O.O~ 
IRCVR=2,NAXIS=2,RW=0.10~RL=O.l~~NZO~EX=5~~:0NEY=S,NRZ=$~RWS=O.O~ 
PSM=O.Ol '! 

$F.:Ut~ :J; 
$DISHN SDS=0.004i 
$F.:U~i I S:TOF'= 11; 
$DISHN SDS=0.003l 

.. 

.-. -t, 

The first RUN and DISHN NAMELIST statements def;lne. ap ·the control and concen­

trator variables which are necessc1lry, for. the. run.~ Following NAMELIST inputs 
.~ ' :· . ·. •' ' . . . . 

need only to define those variables which are to be changed from.the previous 
case. 

. "i(, 

In this example, only the surface error standard deviation (SDS) .is changed 

for the second and third runs. The RUN v~riables are unchanged except to set 
the stop flag on the last case executed. 

OUTPUT D~FINITIONS ... · . ·' ... 

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

here for the inflatable cylindrical concentrator. The input is: 

$RUN NDRAW=10000,IDAY=O,TAZ=O.O,TE~=1.50,JCDNC=5,NMAT=2,M8PS=1,ISTDP=l$ 
$INFLATN CLENG=4.0,C~IDT~=1.0~RW=O.ps~RL=4.0,SDS=O.D04,NAXIS=O, 
t·iZONE:>~=5, NZDNE'l= 1 0 ,J RC'./.R;: 1 'F.:D I :~:T';:. 0. 3 0~. 'I R= 1 'THE TAFt><= 0. 0 'P S:M= 0. 0' 
TILTANG=O.OI . 
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RPI FACETED-MiRROR CON.CENTRA TOR. 

, NAMEl!ST /RPJL J ST "'L• UL t ~OI'I'Dn, D·'li!o ALEN,FLEN,FWIDtNCOLtNRZ ,RMU. 
: • ~NZONEXtNZONEY,REFLTOT,RLtR~,IOS~IDR,JRCVR~PSM 

FIXED-MIRROR TRA eKING RECEIVER 
NAMELJST/FMTRN/C~JDTH 1 RL,T"ETAC,SOtTRJM;NAXJS,NZO~EXtNZONEY, 

+ TILTANG,J~CVR,THETAAX 1 DTRACAZ 1 0TRACRL,SOS,SOR,REFLTOT,PSM 
. . ~ . . . . . . . . . 

. , 
PARABOLIC TROUGH 

NAMELIST/TROFN/CLENG,C~IOTH,R~,RL~F,NAXIStNZONEX,NZONEY,IRCVR 
• ~THET UX 1 OTRACRL ,OTRACU, IDS, SDR, REFL TOT, RWS, PSiol · ·~· ... t 

LINEAR FRESNEL 
~ NAioiEl J ST /FRE SN/CLE1>4G; CwJOHt All(, Al.l. F ,sos, SOR ,NUIS, FACH, 

+ F ACW, NUR, NLENs,·n~ 'TANG, ... ZOfi!E1C;toi%0N£Y ,JRCVR, THET U X, OTRACRL, 
+ OTRACAZ,SO~S,TRA1>4TDT,PSM 

INFLATIBLE CYLINDER 
NAMELJST/INFLATN/CLENG,CWIDTH,R~,RL 1 SOS,SDR,NAXIS,TJLTANG, 

+ NlONEX,NZONEY,J~CYR,OEND,OTRACRLiDTRACAZtRDIST,NZONEAX 1 · 
+ JR,THETAAXoREFLTOT,PS~ · . 

INCREMENTAL RE_FLECTOR . " . ,, . ,.. ' 

NAMELIST/INCAEFN/CLENG,CWIDT~,R~,RL~F,~AXJS 1 FACH 1 FACW 1 • 
, .. . +. NA J.A, NLENS, TtL TAt.IG,!fl0'4EX, NZO~E'f.• SDFS; SDSt SORt THETA AX, . 

+ OTRACRL,DTRACAZ,JRCVA,REFLTOT 1 RRS 1 PSM . 

INVOLUTE CPC 
t.IAioiELIST/CPCN/CLEN&,CWIOTH,R~,~L•NAXJS,TJLTANG 1 NZONEX 1 

+ NZONEY,1RCVR,TH!TAAX~OAP,THTOLI.NTOL,SOS,IOR,REFLTOT 
+ ,SRW,PSiol 

INVOLUTE/PARABOLIC CPC 

N~~ELIST/CPC~/CLENG,CWJOTHtRW,R~NAXJS,TILT~NG;N~ONEXt 
+ NZONEY ,JRCVRt THETUX, DAP, THTOLit.NTDL.t IDS, iOR, UHE' A 
+ ,REFLTO'T,SRW,PSM . . ' . . 

SET JMAGECOLLAFSING CONCENTRATOR· 
NAMELIST/SETN/GAMMA,T•LF~R~E~S,ACeNFJT,NPRJS,OZ,SHJTEt 

+ RW,RL
1

CLENG
1

CW1DTH 1 1011 1DR,REFL,DleTRANTOT,NAXJS, 
+ ~HETAAX,NZONEX,NZONEY,TILTA~&,I~CVRtPSMtt.ILENS 

VEE TROUGH 
NAMELIST/VlttOFN/CL!N&,CWIDTM,U,~LwNUJS,NZONEX,NZONEY, 

+ TILTANG,JACVR,THETAAX,TMETAitTHETA2tiDStSDR,~AP,REFLTOT 
+ ,PSM . 

PARABOLOID OF REVOLUTION (DISH) 

'NAM~LIST/DIS~N/F 1 RAP,N-le~DS,~OR,~~RACRL~DTRACAZ 1 · 
•tRCVR,NAXJS,RW,RLtNZONEI,NlONEY,A[~LTDT,NRZ~RWS,P8" 

Figure 4-1. Namelist Variables 

. ( 

' . 



The output is shown 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·. reflective and refractive 
. . . . 

material types are also defined in Appendix B• For thiS case, no· refractive 
- .. TM 

material is specified and the reflective material (type 5) is Kingston Kinglux 

polished aluminum. Later on ~n the output, this specification of reflective 

material type gives the values for total reflectance-of 0.88 and the standard 

deviation for the reflective material a1= 0.00019 mr and a2= 0.00805 mr. 

These are the standard dev'iations of the material surface and thus are one-

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 tracking 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 is positioned q.306 meter from-the cylinder c~nter. 

For the case of 10,000 rays drawn, 3903 rays missed (were wide of) the receiver. 

An optical efficiency of 0.556 was computed. The optical efficiency is defined 

by the power that reaches the receiver divided by the total possible that 

could reach the 

solar radiation 

concentrator is 

receiver. For this example, let us assume that the incoming 
. 2 . . . 

is 1 kw/m • The aperture area of the inflatible cylindrical 
2 1 m x 4 m = 4 m • 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 

~---·----· --·--·-·"- ... 

5 
,2 -· o·. 

10000 
1 

CONCENTRATOR TYPE 
REFL MATERIAL TYPE 
LENS MATERIAL TYPE 
RAYS DRAtoJN . , 
FLUX MAP OPT ION ctcYES, O:~NO), 

INFLATABLE CYLINDRICAL CONC~ PARAMET~RS 

4.000 LENGTH 
·-·--·-·-·1·~-000 ·.WIDTH 

0 TRACKING AXES 
AXIS ORIENTATION 
RCVR. WIDTH 

o. 
o.oso 
a.ooo 

1 o-;.--· ...... 
o.Joe. 

RCVR •. LENGTH · 
RCVR TYPE 
TILT ANGLE 
RCVR. POSITION 

SURFACE,REFLECTANCE AND lRACKING PARA~ETERS 

- ·-oeO'fl ·--auN 1JFF···AXYS ANGLE 
0.900 REFLECTANCECTOTALl. 

0.00400 SURF. ERROR(ST.DEV.l 
0~0001! REFL.DISTR.1CST.D~V.l 
o. REFL.DtSTR.2CST.DEV.) 

O. TRAtKING ERROR~AZ • 
. ·-·l) •. . ... --"TRACKING ERROR•ROLL· 

MISSED 
.. -. -·--· ·- ·•a 'tS 

J90J 

HIT ON OPTICAL 
··-~cVR EFFICIENCY 

... 
60'»7 0.55519 

Figure 4-2. Sample COPS Output 

-..'. 



where 0.88 is 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 is a mapping of receiver ray hits and 

power (Figure 4-3). The cylinder is unrolled such ~hat xis along the axis 

and y is the azimuth zones on the receiver. In this cas~ there are ten azimuth 

and five length zones; therefore, each azimuth zone is 36° wide.and each x 

(length) zone is 0.6 meter long. The 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/m2, the flux would be exactly as shown in Figure 4-3 

in units of kW/m2• 

'···· HITS IN ZONU 

• 
• 
• 

liJ 43 !2 50 ne !U !16 96 191 196 

ll GO !10 71 zoo 199 46 •u 2!1? 118 

11 46 !!I 60 233 118 61 az no 197 

nr· 1! " 61 1!2 see !14 1"03 181 102 

16 47 61 64 240 188 " .. 216 19!1 

PWRIM••Z tN ZONES 

0~0101 ·o.t"6?!1 OeZ026 o.teez 0.83?1 o. 7940 0.1964 0.!361 t.O!O!I o.u?? 

0~0101 0.1!159 oataoe o.ntt 0.1060 0.697CJ o.un o.n2• 0.9013 0.6242 

0.0101 .. o. t19i! 0.2103 o.znt 0.8210 0.6242 0.2139 0.2816 t.O!tO 0.6'108 

o.ont o.tzA6 o.tt~ot~ O.Zi!lf!l 0.1832 o.65n o.Uif4 o.us2 0.'18!14 0.10811 

o.ofizi o. int 0.2611 0.21104 0.8415 ' 0.6593 0.1788 0.3361 1.0029 o.un 

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

SUBROUTINE DESCRIPTION AND FLOWCHARTS 
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Subroutine ATILT-calculates all column axis tilt angles for the RPI concentrator 
model. These are stored in the array CATA. 

CALCULATE 
NUMBER OF 

MIRROR FACETS 

SET CONSTANTS FOR 
LOOP TO CALCULATE 

. COLUMN TILT 
ANGLES (NCA, lB. 

DYI 

INITIALIZE 
GUESS 

FOR ANGLES 

I = 1 
1"<: 

NCA? 

I = I + 1 

NO 

CALCULATE 
GUESS FOR 

ANGLE USING 
NEWTON'S METHOD 

SAVE VALUE 
OF ANGLE 
IN ARRAY 

YES 

SET IB, DY 
TO 2ND 
VALUES 

'RETURN 
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Subroutine CHEC finds the intersection of an incoming or reflected ra·y·wlth 
the vertical axis. This information is ~sed in CPC2 and VEEHIT to determine 
which side (plus or minus) of the concentrator is to be searched for ··the ray 
intersection with the reflecting surface. 

FINO ZCHEC 
WHERE INCOMING 
RAY ),!'ITERSECTS 

UCN AXIS 

YES 

SET FLAG 
TO SWITCH 

SIDE OF 
INCOMING RAY 

; __ ':.-
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Subroutine CPC 1 ~odels an. involute compound .parabolic concentrator .. N~wton' s 
method .is used to, find the intersect.ion of .the incoming ray with. the CPC 

surface •. 

CALL FLUX 

INITIALIZE 
ROUTINE 

CALL TRACK 

SET CONC 
POSITION VECTORS 

SET 
CONSTANTS 

CALL SUNI 

SET VECTOR 
TO SL'N'S ;ENTER 

CALL RDATA 

SET REFL 
PARAMETERS 

A 

. N" I· .· 

N,;; 
ND.RAW? 

• INiTIALiZE >• 

COUNTERS 

CALL SUNZ 

PERTURB SUN 
VECTOR FOR 
FINITE SIZE 

8c INTENSITY 

DO RANDOM 
DRAW OVER 

APERTURE. FIND 
LOCAL Y VALUE 

SET DISTANCE 
VECTOR·FOR 

HIT TEST 
ON RCVR 

CALL RCVR 

TEST FOR. 
HIT ON RCVR 

AS RAY ENTERS 



Subroutine CPCl (continued) 

SET INITIAL 
GUESS FOR 

B(TO GET 
HIT POINT) 

SET CONSTANTS 

I • I 

,r;: NTOL 
(MAX NO. 

ITERATIONS) 

SET F(O) 
AND DERIV 

FOR NEWTON'S 
METHOD 

CALCULATE 
NEW 0 

A-6 

RECALCULATE TO 
EQ VALUE 

CALCULATE 
HIT POINT 

VALUES 

FIND PERFECT 
SURFACE NORMAL 

AND TANGENT 
VECTORS 

CALL ERRNORM 

PERTURB 
SURFACE 
NORMAL 

CALL SNELL 

CALCULATE 
REFL RAY 

SET D VECTOR 
TO KNOWN PT 

ON RCVR 

CALL RCVR 

DO RCVR 
HIT TEST 

SET ST DEV 
REFL TO 

2ND VALUE 

J 



Subroutine CPCl (concluded) 

CALL RAYVAL 

CALCULATE 
-RELATIVE 

·.RAY VALUE 

CALL FLUX 

SET ZONE OF 
HIT, ENERGY 

INCJ~EMENT 
NO. OF 

REFECTIONS . . . 

. .;. 
( 

RESET RAY 
ORIGIN POINT 

AND INCOMING 
RAY VECTOR 

• 'loo; •• 

INCREMENT 
MISS 

<;OUNTER 

. ' 

... ·,· 
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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. 

KTC~C 
POSITION 
VECTOR~ 

CALL 'LUll 

CAL¢ULATr 
ACVR 

RADIUS AND ZAP 



Subroutine CPC2 (continued) 

PERTURB 
SUN VECTOR 

DO RANDOM 
DRAW OVER 
APERTURE 

SET 6. Ui 
FOR DIRECT 

HIT !EST 

TEST FOR • 
DIRECT HIT 

DETERMINE 
WHETHER RAY 

HITS POSITIVE OR 
NEGATIVE Y 

SET ISW FLAG 

INCREASE 
DIRECT HIT 
COUNTER 

SET RELATIVE 
RAY VALUE 

TOONE 

CALL FLUX 

DETERMINE 
HIT ZONE. 

SWITCH 
SIGN OF 

YAP 

POWER 



Subroutine CPC2 (continued) 

SET INITIAL 
GUESS FOR 

THETA 

SET CONSTANT 
VALUES 

FOR ITI!RATION 

I • I 

I a I + I 

SET P 
pi 

I'"" 
NTOL 

AS FUNCTION 
OF 0 

FIND VALUE 
OF FUNCTION 
& DERIVATIVE 

CALCULATE 
DELTA AND 

NEW 0 

A-10 

INCREMENT 
FLAG 

VALUE 

CALCULATE 
SURFACE HIT 
PT: XO. YO, ZO 

FIND SURFACE 
NORMAL AND 

TANGENT VECTOR 

CALL ERRNORM 

CALCULATE 
PERTURBED 

SURF ACE NORMAL 

SET ST DEY 
TO 2ND VALUE 

SDR a SD.R2 



Subroutine CPC2 (concluded) 

CALL SNELL 

FIND REFL 
RAY VECTOR 

SET D VECTOR 
TO PCIINT ON 

RCVR SURFACE 

CALL-RCVR 

DO RCVR HIT 
TEST 

INCREMENT REF~ 
COUNT. RESET 
START PT OF 
RAY. RESET 

INCOMING VECTOR 

INCREMENT 
MISS COUNT 

A-ll 

SWITCH~IDE 

OF RHIT 
VECTOR 

CALL FLUX 

DETERMINE HIT 
ZONE AND 

ENERGY POWER 

CALL RAYVAL 

SET ENERGY 
VALUE OF RAY 
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Subroutine CROSS calculates the cros.s prc:>~uct of two vectors. · 

COMPUTE 
COEFFICIENTS 

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

YO • 
2ND 

ROOT 

SET CONSTANTS 
INITIALIZE 

ERROR,Fl"AG 

CALCULATE 
VALUES 
VOl, Y02 

YO • 
1ST ROOT 

YO • 
2ND ROOT 

SUN DI.!!ECT 
IN UCP 

DIRECTION 
Y • YAP 

CALCULATE 

zo. xo 

CALCULATE 
ZG. xo 

HIT POINTS 
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Function. DOTER calculates the d.ot prod~c~ of two ~.ecto~s • 

. DOTER. 

COMPUTE DOT 
PRODUCT 



Subroutine ERRNORM perturbs a surface normal vector for surface errors and 
the reflectance distribution. Subroutine· RNORM is called from ERRNORM 
to determine the first angie of rotation·. The second angle is determined 
by an evenly distributed random rotation using the random number generator. 

( ERRNORM ) 
•• . 

CALCULATE 
, COMBINED 

STANDARD 
DEVIATION. SO 

~ 
. CALL RNORM ... 

CALCULATE 
RANDOM ERROR 

Rl 

~ 

FIND <1>1.<112 
TO PE~TURB 

UN 

• 
SIN, COS 

- <Pl. <P 2 

J, 

~ 

CALCULATE UNP 
COMPONENTS 
U31N~ <1>1._! 2· 
UN, UT, UCA 

.L 

( RETURN ) 

'I • "" •• f . ., • • ., •. 
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Subroutine FLUX sums up ray hits on receivers into zones on the receiver to 
output a flux map. 

FLUX 

YES. 

FIND INTEGER 
FLUX ZONE 
NUMBERS 

INCREMENT 
FLUX ZONE 
COUNTERS 

RETURN 

INITIALIZE 
CONSTANTS, 
SET ZONE 

AREAS. 

WRITE 
FLUX 
MAPS 

' . 

RETURN 

RETURN 



Subroutine FMTR models the fixed-mirror tracking receiver concentrator with 
a conical two-axis tracking absorber, •. , ... 

.CALL FLUX 
INITIALIZE 
ROUTINE 

CONC. 
POSITION 
VECTORS 

SET VECTOR 
TO SUN'S CENTER 

CALCULATE 
SUN VECTOR 
TRIAD 

CALL RDATA 
SET REFL. 
PARAMETERS 

.YES 

CALL SUN 2 
PERTURB SUN. , 
VECTOR FOR 
FINITE SIZE· AND 
INTENSITY 

DO RANDOM 
DRAW OVER 
APERTURE 
CCXAP L. YAP) 
CONS 1. ZAP 

DO RCVR. YES 
HIT TEST 

INCREMENT 
COUNT OF 
SHADOWED RAYS 

NO 

FIND DISTANCE 
L TO HIT POINT 
ON 
SURFACE l:JSING 
QUADRATIC FORMULA 

NO 

CALL FLUX 
OUTPUT ZONE 
MAPS 

PRINT 
ERROR 
MESSAGE 



Subroutine FMTR (concluded) 

FIND PERFECT 
SURFACE~ 
NORMALf XUN 
AND UNI 
NORMAL 

CALCULATE 
HIT POINT 
FROM SURFACE 
NORMAL 

CALCULATE 
UNIT TANGENT 
VECTOR 

CALL ERRNORM 
PERTURN SURFACE 
NORMAL FOR 
ERRORS 

CALL SNELL 
FIND REFL. 
RAY VECTOR 

CALL RDATA 
SET REFL. 
PARAMETERS 

A-18 

SET 0 VECTOR 
TO KNOWN 
POINT ON RCVR. 

INCREMENT 
NUMBER 
OF 
REFLECTIONS 

~ESET VALUES 
OF RAY ORIGIN 
POINT AND 
INCOMING RAY 
VECTOR 

CALL FLUX 
FIND ZONE 
OF HIT 
POINT 
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Subroutine FRESNEL models a F~esnel lens (linear) with user-specified facet 
width.. Either a planar or cylindrical absorber can be used. 

CALL SUN I 

SET SUN 
CENTER VECTOR 

CALL TRACK 

SET COLLECTOR 
POSITION VECTORS 

N=l 
N.:: 

NDRAW? 

YES 

DRAW OVER 
APERTURE 

SET LENS 
MATERIAL DATA 

COMPUTE FACET 
NORMAL AND 

TANGENT VECTORS 

NO 
WRITE 

INPUT AND 
OUTPUT DATA 



Subroutine FRESNEL (concluded) 

CALL SUN2 

PERTURB SUN 
VECTOR 

CALL ERRNORM 

PERTURB TOP OF 
LENS NORMAL 

CALL LREFR 

FIND REFRACTED 
RAY VECTOR 

CALL ERRNORM 

PERTURB FACET 
NORMAL 

CALL LREFR 

FIND REFRACTED 
RAY VECTOR 

TO RCVR 

SET 0 VECTOR 
TO RCVR 

CALL RCVR 

CHECK FOR 
HIT ON RCVR 

INCREMENT 
MISS 

COUNTER 

A-20 

INCREMENT 
POWER COUNTER 

YES 
CALL FLUX 

INCREMENTED 
FLUX ZONE 

OF HIT 

.i 



A-21 

Subroutine INCREF models an incremental reflector type of concentrating 
collector. 

SET VECTOR 
TO SUN CENTER 

CALL TRACK 

SET COLLECTOR 
POSITION VECTORS 

NO 

N.!f NO 
NORAW 

YES 

DRAW OVER 
APERTURE 

SET LENS 
MATERIAL 

INDEX 

YES 

CALL RDATA 

tq SET 
REFLECTANCE 

DATA 

INCREMENT 
SHADOW 
COUNTER 



Subroutine INCREF (concluded) 

9 
CALCULATE PERFECT 
NORMAL & TANGENT 

AT REFLECTING SURFACE 

• CALL SUNZ 

PERTURB 
SUN VECTOR 

J. 
CALL ERRNORM 

PERTURB TOP 
. SURF ACE NORMAL 

~ 
CALL LREFR 

,. FIND REFRACTED 
RAY VECTOR 

.L 
CALL ERRNORM 

PERTURB REFLECTING 
SURFACE NORMAL 

.!. 
CALL SNELL 

FINO REFLECTED 
RAY VECTOR 

.L 
CALL ERRNORM 

PERTURB TOP 
SURFACE NORMAL 

• 
CALL LREFR 

FIND REFRACTED 
RAY TO RCVR 

• 
SET 0 VECTOR ~ 

TO RCVR 

6 • r 

A-22 

CALL RCVR 

DETERMINE HIT 
POINT ON RCVR 

SURFACE 

INCREMENT 
HIT COUNTER 

YES 

YES 

INCREMENT 
MISS 

COUNTER 

CALL FL!.!X 

FINO HIT 
ZONE ON RCVR 
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Subroutine INFLAT models the one-axis tracking inflatable concentrating 
collector using a cylindrical absorber. 

CALL FLUX 

INITIALIZE 
ROUTINE 

CALL TRACK 

SET CONC. 
POSITION 
VECTORS 

CALL SUN 1 

SET VECTOR 
TO SUN 
CENTER 

CALL RDATA 

SET REFL. 
MATERIAL 

'DATA 

N=1 N1: 
NDRAW 

N = N + 1· 

YES 

. CALL SUN 2 

PERTURB SUN 
VECTOR FOR 
FINITE SIZE 
AND INTENSITY 

RANDOMLY 
DRAW OVER 
APERTURE 

CALL CYLHIT 
FIND HIT POINT 
OF INCOMING 
RAY ON SURFACE 



Subroutine INFLAT (continued) 

FIND PERFECT 
SURFACE NORMAL 
AND TANGENT 
VECTORS 

CALCULATE 
SURFACE 
NORMAL 

CALL SNELL 

CALCULATE REF. 
RAYUR 

FIND HIT 
POINT ALONG 
NORMAL AXIS 

FIND ZONE 
OF HIT DT. 
ALONG UCN 
AXIS 

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

A-24 

SET D VECTOR 
TO KNOW POINT 
ON RCVR. 
SURFACE 

CALL RCVR. 
DO'RCVR. 
HIT TEST 

CALL FLUX 
COMPUTE ZONE 
OF HIT AND 
ENERGY 

INCREMENT 
MISS 
COUNTER 



Subroutine INFLAT (concluded) 

A-25 

INCREMENT 
REFLECTION 
COUNT 

RESET INCOMING 
RAY AND RAY 
ORIGIN POINT 

~ ' . . .. 
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Subroutine LDATA contains the refractive 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 

I= 1 

.I = I + 1 

LOOP 
THROUGH 

>. 
VALUES 

,..~-.. . ... -
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the intensity distribution Subrout~~.LIMDR models 
of the sun. Three different modes are pos~ible: 

• LIMC = 1 assumes a 

• LIMC = 2 assumes a 

• LIMC = 3 assumes a 

CALCULATE 
SOLAR INT 

W/LIMB DARKENING 
AND SOLAR RAD 

RETURN 

flat sun. 

sun 

sun 

with limb darkening 

' 

with limb darkening 

LIMC = 3 

CALCULATE 
INTENSITY 
WITH LIMB · .. , / 

DARKENING ONLY 

of energy 

and solar 

only. 

across the 

radiation. 

CALCULATE 
SOLAR 

INTENSITY 
FLAT SUN 

RETURN 

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

LREFR 

COMPUTE INCOMING' 
RAY ANGLE WITH 

NORMAL B1 

COMPUTE SIN OF 
REFRACTED RAY. ANGLE 

WITH NORMAL 

SIN 82 = N IN SIN 81 

N OUT 

COMPUTE Oz 
AND REFRACTED 

RAY VECTOR 

RETURN 

YES ... 

YES 

!. \-~ ' ;~ i ..... j .•• 
,, 

SET REFRACTED 
RAY EQUAL TO 
INCOMING RAY 

RETURN 

SET CODE FOR 
ANGLE BEYOND 

CRITICAL ANGLE 

RETURN 



MAIN is the driver for the Monte Carlo ray trace. 

NO 

SET ORAD·.' ··· 
CONVERSION 

FROM DEGREES 
TO RADIANS 

SET LOCAL 
V~CTO!l TRI_!!D 
ULE, ULS. ULV 

CALL SUN 

DETERMINE AZIMUTH. 
ELEVATION ANGLES 

CALL CONCENTRATOR 
ROUTINE 

1.,.;; ICONC.,.;; II· 
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Subroutine MONTE does the Monte Carlo draw over the RPI. faceted-min;:or solar 
concentrator surface. 

( MONTE 

• .. · . 
:DRAW AT RANDOM 

' MIRROR BANK, NO. 
COLUMN AXIS 

NO, AND 
.. MIRROR FACET NO . 

J 
DRAW RANDOM 

HIT PT 
COORDINATES 

ON FACET 

' • ' 

FIND COLUMN 
AXIS TILT 

ANGLE 

~ 

CALCULATE 
LENGTH ALONG 

COL AXIS TO 
FACET CENTER 

~ 

( RETURN 
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NORM cal-culates the surface normal and D vector' to the known point on the · :· 
receiver surface for each draw with the RPI concentrator model. 

NORM ) 

"' 
CALCULATE 

COLUMN AXIS 
TRIAD 

J. 

SET VECTOR VF 
FROM FACET 
CENTER TO 
FOCUS PT 

J. 

SET THE 
PERFECT FOCUS 
FACET ~ORMAL 

VN 

J. 

SET UMN 
THE UNIT 

MIRROR NORMAL 

J. 

SET VECTORS 
IN PLANE 

OF MIRROR FACET 

J. 
CALL CROSS 

' 
UCN X UVF 

J. 
CALL CROSS 

YN XVFPI 

-r 

ROTJITE 
UMN 

-r 

COMPUTE 
ROTATED NORMAL 

a T ANOENT VECTORS 

8 

S£TD 
FROM FACET 

START TO. 
CENTER OF 

FOCAL PL:~N£ 
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Subroutine PDISH models the paraboloid-of-revolution (dish) concentrator. 

CALL FLUX 

INITIALIZE 
ROUTINE 

CALL TRACK 

SET CONC, 
POSITION 
VECTORS 

CALL SUNI 
SET VECTOR 
TO 
SUN CENTER 

N=l 
N< 

300 NO. OF 

N = N+l 
RAYS? 

YES 

DRAW RADIUS 
AND9 
RANDOMLY 
OVER SURFACE 

CALCULATE 
HIT POIIIT 
XO, YO, ZD 

CALL RDATA 

SET 
REFLECTIVITY 
PARAMETERS 

CALL FLUX 
OUTPUT HIT 
AN.D FLUX HAPS 



Subroutine PDISH · (concl1.1r:'Prl) 

CALCULATE 
PERFECT 

NORMAL AND 
TANGENT VECTOR 

CALL ERRNORM 

CALCULATE 
PERTURBED 

SURFACE NORMAL 

CALL SUN2 

PERTURB SUN 
VECTOR FOR FINITE 

SIZE & INTENSITY 

CALL SNELL 

FIND REFLECTED 
RAY VECTOR 

SET D 
VECTOR TO 
PT ON RCVR 

CALL RCVR 

DETERMINE HIT 
POINT ON 

RCVR SURF ACE 

USE 2ND 
ST OEV, 

SOR = SOR2 

CALL FLUX 

FINO HIT ZONE 
AND POWER 

FOR RAY 

INCREMENT 
MISS 

COUNTER 
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Subroutine PTROUGH models the parabolic trough concentrator surface and 
determines the optical efficiency for this configuration. 

OUTPUT 
NAME LIST 
VALUES 

CALL FLUX 
INITIALIZE 
ROUTINE 

CALL TRACK 

SET CONC. 
POSITION 
VECTORS 

OUTPUT 
SOLAR 
VARIABLES 

CALL SUN 1 
SET VECTOR 
TO SUN'S 
CENTERS 

CALL RDATA 

GET VALUES 
REFLECTANCE 
DATA 

A 

N= l 
t-----t Ns. 

N = N + 1 NDRAW? 

YES 

DRAW . 
RANDOM HIT 
POINTS . 
XO, YO 

CALCULATE 
yo2/ 

z_o = /~F 

FIND PERFECT 
SURFACE 
NORMAL AND 
TANGENT VECTOR 

PERTURB SURFACE 
NORMAL FOR 
SURFACE ERROR 
AND REF,L. DISTR. 

CALL SUN 2_ 

PERTURB SUN 
VECTOR FOR FINITE 
SUN SIZE ' -' 

CALL SNELL 
FIND REFL. 
RAY VECTOR 

NO 

I • 

OUTPUT 
FLUX MAPS 
HITS IN ZONES 

USE 2ND 
ST. DEV. 
SDR·SDR2 



'Subroutine PTROUGH (concluded) 

SET D 

VECTOR TO 
POINT ON 

RCVR SURF 

CALL RCV.R 

FIND VECTOR TO 
HIT POINT ON RCVR . 

CALL FLUX 

DETERMINE 
ZONE & POWER 

FOR HITS 

A-35 

INCREASE· 
M!SS COUNT 

BY· I· 
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Function RAYVAL determines the relative power of a reflected ray based on 
the total reflectance and the number. of reflections from the concentrator 
surface before reaching the receiver. 

FUNCTION 
RAYVAL 

INCREASE 
REFLECTION 
COUNT BY 1 

RAYVAL = 1.0 

CALCULATE RA YV AL 
FOR N REFL 'NS 

RAYVAL = {REFL)N 

RETURN 
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Subro.utine· RCVR models t.he receiver types and tests for. a.· hit on· the receiver 
for e~ch. ray of the Monte Carlo draw. Three receive.r types are modeled: planar, 

cylindrical and conical. 

CALCULATE 
Sl, 52 USING 
QUADRATIC 

·EQUATION 

CALCULATE 
AL DISTANCE 

--"' 
ALONG UR 

FIND QHIT, 
~ 

RHIT 
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Subroutine RDATA contains reflective materials data based on Petit and Butler's 
measurements using bidirectional reflectometry. The data includes oneor 

·two reflectance values and their associated standard deviations, which charac­
terize the reflected beam profile of the material as a normal OJ: sum of two 
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. 

RDATA 

INPUT 
ST DEV 

REFLECTANCE 
DATA 

SET VALUES 
SORt, SDR2 

REFL.REFLTOT 

RETURN 

CALCULATE 
NO. OF RAYS 
TO USE SORt 
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Subroutine RNORM generates pairs of .in.dependent, normally distributed random 
deviates (mean= 0, standard deviat;ion = 1). They are distributed over the 
in~erval ( - 00 to -+=) • Input to the rout.ine is the unHorm r·andom number 
genera.tor (FLAT (X)) •.. The: fJJnction :FLA'f :(?{)·. retJJrns a random number· evenly· 
dist:ribut'ed on (0, 1). · · 

RNORM 

CALL FOR 
RANDOM 
NUMBERS 

GENERATE A 
PAIR OF· 

NORMAL RANDOM 
DEVIATES (01, Dz) 

RETURN ... :f. 

SET RANDOM . 
VALUE TO 

SECOND VALUE 
CALCULATED (D 1 = Dz) 

RETURN 
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Subro~~ine RPI models the Rensselaer ·Polytechnic r'ristitute faceted-mirror solar 
concentrator surface, performs all hit tests on the receiver and outputs the 
optical efficiency results for the concentrator. 

INITIALIZE 
ROUTINE 

CALL ATILT 
SET COLUMN 
AXIS T!LT 
ANGLES 

COMPUTE 
MIRROR AREA 
CONC. RATIO 

CALL TRACK 
SET CONC. 
POSITION 
VECTORS 

CALL RDATA · 
SET VALUES 
OF REF. 1 
PARAMETERS 

CALL SUN 1 

SET VECTOR 
TO SUN 
CENTER 

SET COLUMN 
AXIS 
ROTATION ANGLE 

N ='1 
N<~: NO 

N =. N + 1 
NDRAW 

YES 

INITIALIZE 
RAY 
VALUE 

CALL SUN 2 
PERTURB 
SUN VECTOR 

CALL MONTE 

DO RANDOM 
DRAW OVER 
SURFACE 

CALL NORM 
FIND PERFECT 
.SURFACE NORMAL 
AND D VECTOR 



Subroutine RPI (c-oncluded) 

COMPUTE 
COSINE 

BETWEEN 
MIRROR 8c SUN 

CALL ERRNORM 

PERTURB SURFACE 
NORMAL 

CALL SNELL 

FIND REFL 
RAY VECTOR 

CALL 'RCVR 

00 RCVR 
HIT TEST 

FiND ZONE 
· OF HIT 

AND SUM 

A-41 

YES 

YES 

SET ST DEV 
TO 2ND 
VALUE 

INCREMENT 
MISS 

COUNT 

I 



' 
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Subroutine SET models the imaging collapsing concentrator as defined by solar 
energy technology. 

·.• 

CALL SUN I 

SET SUN 
CENTER VECTOR 

CALL TRACK 

SET COLLECTOR 
POSITION VECTORS 

N= I 

N~ 

N DRAW? 
N = N +I 

YES 

DRAW OVER 
TENS APERTURE 

~-. 
. 'NO 

WRITE 
INPUT 
AND 

OUTPUT 
DATA 



Subroutine SET (~ontinued) 

COMPUTE UPPER 
PRISM ELEMENT 

NORMAL AND TANGENT 

CALL ERRNORM 

PERTURB SURFACE 
NORMAL VECTOR 

CALL SUN2 

PERTURB SUN 
VECTOR 

CALL LREFR 

FINO REFRACTED 
RAY VECTOR 

CALL SLEN 

CHECK FOR 
REFRACTION OFF 
VERTICAL FACE 

FINO HIT POINT 
ON INNER 

LENS SURFACE 

YES 

A-43 

INCREMENT 
MISS 

COUNTER 

Q 
COMPUTE INNER 

SURFACE NORMAL 
VECTOR 

.1. 
CALL ERRNORM 

PERTURB INNER 
LENS NORMAL 

.L 
CALL LREFR 

FINO REFRACTED 
RAY VECTOR 

J. 
CALL SUBR 

FINO HIT POINT K0 ANO NORMAL ON 
SUBREFLECTOR 

• 
CALL ERRNORM 

PERTURB 
SUBREFLECTOR 

NORMAL VECTOR 

! 
CALL SNELL 

FINO REFLECTED 
RAY VECTOR 

J. 

-SET 0 VECTOR 
TO SHELF RCVR. 

J. 
'CALL RCVR 

CHECK FOR 
RCVR HIT 

6, 



Subroutine SET (concluded) 

A-44 

CHECK FOR 
REFLECTION 

ON SUBREFLECTOR 
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Subroutine SNELL computes the reflected ray vector. 

SNELL 

.. 
. CALCULATE 
COEFFICIENT 

OF UNORM TERM 

CALCULATE 
REFLECTED RAY 

COEFFICIENTS 

RETURN 
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-Subroutine SUNl calculates the coefficients for the ~un center vector US 
based on .the azimuth and elev~tion angles calculated in Subroutine SUN, 

- --In addition, the vectors USTl and UST2, which fo~ ·a vec.tor ,triad on the 
sun face, are calculated to be used in perturbing the sun vector for the 
finite in SUN2. 

CALCULATE 
SINE, COSINE 
SUN ANGLES 

CALCULATE 

US COMPONENTS 
TO SUN'S CENTER 

FIND UST1 
PERPEND!fULAR 

TO US 

CALL CROSS 

FIND UST2 TO 
COMPLETE TRIAD 

RETURN 

PRINT 
ERROR 

MESSAGE 

r • ~ 0 ·- •• ••• I 
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SubrQutine 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 limb darkened sun only. · 

. I ' . 

SUN2 

~ 
DRAW 

RANDOM 
RADIUS 

SUN'S SURF ACE 

-~ 

CALL LIMDR 

USE LIMB 
DARKENED 

SUN 

J, 

CALCULATE 
PERTURBED 
SUN VECTOR 

• 
CHECK THAT 

RAY IS 
IN SUN DISK 

• c RETURN 

. . . . ·~ .... -~~.. . . 



\ 

A-48 ---Subroutine TRACK sets the collector position vector triad UCA, 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 or.igin 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 

RI\QIANS 

CALCULATE 
ROLL 

ANGLE 

CALCULATE 
OFFSUN 

IOFF·AXIS ANG.LE) 

CALCULATE 
COMPONENTS OF - - -UCA. UCN, UCP 

SET AZIMUTH 
TRACK ANGLE 

' ! ~ 
ROLL ANGLE • 

TILT ANGLE 

CALCULATE 
NEEDED . 

SINES, COSINES 

FIND VECTOR IN 
PLANE OF' 

ULE. ULS 

CALCULATE 
COMPONENTS 

OF uCA. uCN. uCP 



A-49 

Subroutine VEEHIT finds the hit point on the vee trough surface given an in­
coming ray and an origin point (Xa , Ya , Za ). ·The routine:checks to see 
which side of the vee should b~ tegted Rnd uges the correct slope to find the 
hit point X , Y , Z • . o o o· 

SET 
CONSTANTS 

CALL CHEC 
DETERMINE POINT 
WHERE INCOMING 
RAY CROSSES 
UCN AXIS 

SET TANGENT 
TO THAT FOR 
RIGHT SIDE 

CALCULATE 
HIT POINT 
COORDIANTES 
XO, YO, ZO 

YES 

SET ANGLE 
FOR HIT 
ON RIGHT 

SET TANGENT 
OF ANG.LE. 
TO J.t:IAT 
FOR' LEFT 

SET ANGLE 
FOR HIT 
ON LEFT 

CALCULATE 
HIT POINT 
COORDINATES 
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Subroutine VEETROF models the variable reflector side angle vee trough 
collectors •· 

A 

CALL RDATA. N=l 
NO Hs 

SE:T PAOPEATI£& NDIIAW? 
FOA REFL£CTANCE N=N+l 

YES 

ORAW RANDOMLY 
OVER SURFACE, 
CALCULATE VALUE 
OF YAP V-TROUGH 
OF HIT 

RETURN 
SET D 
VECTOR 
FOR DIRECT 
HIT TEST· 

CALL FLUX· 

INITIALIZE 
ROUTINE 

DO HIT 
TEST W/RCVR 

CALL TRACK 

SET CONC, 
POSITION 

INCREMENT YES VECTORS 
DIRECT HIT 
COUNTER 

SET RELATIVE 
POWER OF 
RAY 

SET CONSTANTS CALL VEE HIT AND INITIALIZE 
COUNTERS 

CALL FLUX FINO HIT 
POINT ON 

-FIND ZONE 
SURFACE 

OF HIT 
CALL SUN 1 -

SET VECTOR 0 TO SUN CENTER 

J 



Subroutine VEETROF (concluded) 

SET SURFACE 
NORMAL AND 

TANGENT VECTORS 

CALL ERRNORM 

PERTURB 
'SURFACE 

NORMAL 

CALL SNELL 

FIND REFL 
RAY VECTOR 

SET D 
TO KNOWN 

PTON RCVR 

CALL RCVR 

DO HIT 
TEST 

SET RELATIVE 
RAY 

POWER 

SETST DEV 
FOR REFL 

T0 2ND VALUE 

CALL FLUX 

FIND ZONE OF 
HIT, ENERGY 

INCREMENT 
MISS 

COUNTER 
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VARIABLE 

AC 

ALEN 

A THETA 

CLENG 

CWIDTH 

DAP 

DX 

DZ 

..... -

B-3 

DESCRIPTION 

ARRAY OF COEFFICIENTS FOR SUB­

REFLECTOR CURVEFIT 

LENGTH OF COLUMN AXIS (METERS) 

FOR THE RPI FACETED-MIRROR SOLAR 

CONCENTRATOR 

ACCEPTANCE ANGLE (DEGREES) FOR 

THE CPC-PARABOLIC INVOLUTE MODEL 

CONCENTRATOR LENGTH (METERS) 

CONCENTRATOR WIDTH (METERS) 

WIDTH OF ONE CPC OR VEE TROUGH 

MODULE (METERS) 

COLUMN AXIS SPACING (METERS) 

VERTICAL DISTANCE BETWEEN LENS 

AND SUBREFLECTOR COORDINATE 

SYSTEM CENTERS 

NAMELIST(S) 

SETN 

RPI LIST 

CPCN (CPC2 ONLY) 

CPCN 
FRESN 
INCREFN 
INFLATN 
TROFN 
VTROFN 
SETN 

CPCN 
FMTRN 
FRESN 
INCREFN 
INFLATN 
TROFN 
VTROFN 
SETN 

CPCN 
VTROFN 

RPI LIST 

SETN 

;_ ·,..-c, .~ "'->'' J ~:; C' • •' j, "' .. ( , .. •'•' ,..;-.,.. ' <> I 



.VARIABLE 

DTRACAZ 

DTRACRL 

DYl 

DY2 

, FACH 

FACW 

F 

B-4 

DESCRIPTION 

ASIMUTH TRACKING ERROR .ANGLE 

FOR THE TWO AXIS TRACKING RE­
CEIVER 

TRACKING ERROR ANGLE (ROLL) FOR 

THE ONE- AND TWo-AXIS TRACKING 

RECEIVERS 

DISTANCE FROM CONCENTRATOR CEN­

TOR TO START OF FIRST COLUMN 

AXIS ROW 

DISTANCE FROM CONCENTRATOR CENTER 

TO START OF SECOND COLUMN AXIS 
ROW 

OPTIONAL iNPUT o.i FACET THICKNEss 

(IF CONSTANT) FOR FRESNEL AND ~N­

CREMENTAL REFLECTOR (METERS) . 

OPTIONAL INPUT OF FACET WIDTH 

(METERS), (IF CONSTANT) FOR FRESNEL 

AND INCREMENTAL REFLECTOR 

FOCAL LENGTH (METERS) FOR LINEAR 

FRESNEL AND ALSO FOR: 

e INCREMENTAL REFLECTOR 
e PARABOLIC TROUGH 
e PARABOLOID OF REVOLUTION (DISH) 

NAMELIST(S) 

CPCN 
FMTRN 
FRESN 
INCREF'N 
INFLATN 
DISHN. 
TROFN 
RPI LIST 
VTROFN 

CPCN 
FMTRN 
FRESN 
INCREFN 
INFLATN 
DISHN 
TROFN · · 
RPI LIST 
VTROFN 

RPI LIST 

RPI LIST 

FRESN 
INCREFN 

FRESN 
INCREFN 

FRESN 
INCREFN 
TROFN 
DISHN 



VARIABLE 

FL 

FLEN 

FWID 

GAMMA 

ICONC 

IDAY 

IR 

B-5 

DESCRIPTION 

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 a RPI FACETED-MIRROR SOLAR 
CONCENTRATOR 

2 = FIXED-MIRROR TRACKING RECEIVER 
3 = PARABOLIC TROUGH 
4 = LINEAR FRESNEL 
5 = INFLATABLE CYLINDRICAL CON­

CENTRATOR 
6 a INCREMENTAL REFLECTOR. 
7 = INVOLUTE COMPOUND PARABOLIC 

CONCENTRATOR 
8 = INVOLUTE/PARABOLIC COMPOUND 

PARABOLIC CONCENTRATOR 
9 = IMAGING COLLAPSING CONCENTRA­

TOR (SET) 
10 = VEE TROUGH .CONCENTRATOR 
11 = PARABOLOID OF REVOLUTION (DISH) 

DAY OF YEAR ( 1 = JANUARY 1) 

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

FLAG FOR RECEIVER RUN: __... 
IR a 0: HITS ALONG UCN AXIS CAL­

CULATED (TO DETERUINE OP­
TIMAL RECEIVER PLACEMENT) 

IR "' 1: RUN WITH NORMAL RECEIVER 
HIT TEST 

NAMELIST(S) 

RPI LIST 

RPI LIST 

RPI LIST 

SETN 

RUN 

RUN 

INFLATN 

. .. ~ . ... ~ 



VARIABLE 

IRCVR 

I STOP 

NAIR 

NFIT 

.NLENS 

NMAT 
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DESCRIPTION 

RECEIVER TYPE: 

1 = CYLINDRICAL 
2 .. PLANAR 
3 = CONICAL 

NOTE: .ALL RECEIVERS ARE NOT COM­
P~TIBLE WITH ALL CONCENTRA­
TORS. SEE DOCUMENTATION FOR 
ALLOWABLE COMBINATIONS 

STOP FLAG: 

0 ~ CONTINUE FOR ANOTHER CONCEN­
TRATOR RUN. 

1 = EXECUTION COMPLETE. 

INDEX OF REFRACTION FOR AIR (REAL) 

ORDER OF POLYNOMIAL CURVE FIT FOR 

SUBREFLECTOR SURFACE 

INDEX OF REFRACTION FOR LENS (REAL) 

NOTE: MAY: BE SET BY' SUBROUTINE 
LDATA AS A FUNCTION OF WAVE­
LENGTH (SEE. DOCuMENTATION). . . 

MATERIAL IDENTIFIER: 

0 = USER W.ILL 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 (3.3S.mm THICK), 
SILVERED 

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

NAMELIST(S) 

ALL 
NAMELISTS 

RUN 

FRESN 
INCREFN 

SETN 

FRESN 
INCREFN 
SETN 

RUN 



VARIABLE 

. NPRIS 

NRZ 

LF 

NTOL 

NZONEAX 

.. NZONEX 

NZONEY 

PSM 

DESCRIPTION ,. 

6 = METAL FABRICATIONS TYPE 3002 
HIGH PURITY ALUMINUM 

7 = 3M SCOTCHCAL-5400 . 
8 = 3M FEK-163 
9 = SHELDAHL ALUMINIZED 2 MIL FED 

TEFLON (G405600) . 
10 = SHELDAHL SiLVERED t MIL FED 

TEFLON. (G400300) 
11 ~ ACRYLic LENs ~rERIAL 

NUMBER OF PRISM (FACET) ELEMENTS 

ON ONE SIDE OF.SET LENS 
l'l: . 

NUMBER OF RADIAL ·zoNE (BULLSEYE 

HIT TEST) 

LENGTH OF PRISM (FACET) ELEMENT 

FOR SET LENS. 

MAXIMUM NUMBER OF ITERATIONS FOR 

NEWTON'S METHOD USED TO DETERMINE . ; 

HIT POINT ON CPC SURFACES 

NUMBER OF ZONES FOR ZONING 'HIT 
__._ 

POINTS ON UCN AXIS FOR THE INFLA-
• t • ·~ ·., i. 

TABLE CYLINDRICAL CONCENTRATOR 

(I.E., WHEN IR = 0) 

NUMBER OF ZONES ALONG RECEIVER 

LENGTH FOR FLUX AND HIT MAPS 

NUMBER OF ZONES ALONG.RECEIVER 

WIDTH (OR CIRCUM~ERENCE) FOR,.HIT' 

AND FLUX MAPS 

MEAN OF SURFACE ERROR NORMAL 

DISTRIBUTION 
, ........ ·.· 

NAMELIST(S) 

SETN 

RPI LIST 
DISHN 

SETN 

CPCN 

INFLATN 

ALL 
NAMELISTS 

ALL 
NAMELISTS 

ALL 
NAMELISTS 



·,VARIABLE 

RAP 

RDIST 

REFLTOT 

RL 

RLENS 

RMAX 

RW 

RWS 
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DESCRIPTION 

APERATURE RADIUS (METERS) PARA-
-~ •' 

BOLOID OF REVOLUTION (DISH) 

DISTANCE FROM CONCENTRATOR CEN-_. 
TER TO RECEIVER CENTER ALONG UCN 

AXIS (METERS) FOR THE INFLA~ABLE 

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 

NAMELIST(S) 

DISHN 
~. ·1. 

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 
VTROFN 

TROFN' 
DISHN 
INCRE~ 



VARIABLE 

SDFS 

SDR 

SDS 

SHITE ... 

so 

SRW 

T 
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DESCRIPTION .. ' ..... 

STANDARD ~EVIATION FOR FIRST 

SURFACE ERROR (RUD) ;· FRESNEL, 

INCREMENTAL REFLECTOR 

STANDARD DEVIATION. OF REFLEC-. ., 

TANCE DISTRIBUTION (OPTIONAL 

INPUT USED WHEN NMAT = 0, USER 

INPUT OF REFLECTANCE DATA) 

STANDARD DEVIATION OF SURFACE 

ERROR (INNER LENS SURFACE FOR 

FRESNEL) 

.. ·.. - : 

HEIGHT OF ABSORBER (RECEIVER) 

SHELF 

DISTANCE FROM CONE VERTEX TO 

TOP OF CONICAL RECEIVER ALONG 

Us (ASSUMES CONE VERTEX AT 

CENTER OF SPHERE, NORMALLY 

NEGATIVE) 

RECEIVER WIDTH FOR SURFACE DEFI­

NITION 

MINIMUM LENS THICKNESS 

·'. 

NAMELIST(S) 

FRESN 
INCREFN 

CPCN 
FMTRN 
INCREFN 
INFLATN 
DISHN 
TROFN 
RPI LIST 
VTROFN 
SETN 

CPCN 
FMTRN 
FRESN 
INCREFN 
INFLATN 
DISHN 
TROFN 
RPI LIST 
VTROFN 
SETN 

SETN 

FMTRN 

CPCN 

SETN 
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·VARIABLE DESCRIPTION NAMELIST(S) . 
t---..;.· .-+_.....;...;;;."':..;;··~···....;;;.;.····---·.;..;.· ......_ ___ --1---~-· 

TAZ 

TEL 

THETAAX 

THE TAl 

THETA2 

THETAC 

THTOL 

TILT 

SUN'S AZIMUTH ANGLE '(RAD) 

OPTIONAL INPUT, CALCULATED BY 

SUBROUTINE SUN 

SUN'S ELEVATION.ANGLE (RAD) 

OPTIONAL USER INPUT, CALCULATED 

BY SUBROUTINE SUN 

ORIENTATION OF,CONCENTRATOR AXIS 

ALONG LENGTH (DEGRE~~·) (0° = 
EAST, SOUTH PO~ITIVE) 

ANGLE BETWEEN SLOPE OF RIGHT 
__.. 

SIDE OF VEE TROUGH AND + UPC 

AXIS (DEGREES) 

ANGLE BETWEEN SLOPE OF LEFT SIDE 

OF VEE TROUGH AND + ~ AXIS 

(DEGREES) 

NOTE: THETA2 WILL NORMALLY BE 
LARGER THAN 90°. 

INCLUDED HALF ANGLE OF CONICAL 

RECEIVER 

TOLERANCE FOR CONVERGENCE OF e 
IN NEWTON'S METHOD FOR CPCs 

·' 

COLLECTOR TII,T .FROM HORIZONTAL · 
.. 

., .. 
RUN· 

RUN 

-.• 

CPCN 
FMTRN 
FRESN 
INCREFN 
INFLATN' . 
TROFN 
VTROFN 
SETN 

VTROFN 

VTROFN 

FMTRN 

CPCN 

RPI LIST 
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·VARIABLE · DESCRIPTION NAMELIST(S) 

- .. 
' 

TIL TANG TILT OF CONCENTRATOR TpWARD CPCN 

SOUTH (DEGREES) . FMTRN 
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 a· _.. - 7 

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

XLAT LATITUDE OF LOCAT.ION (DEGREES). RUN 

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

: 

XLONG LONGTITUDE OF LOCATION (DEGREES) RUN 

NOTE: MAY BE ELIMiNATED WITH 
USER INPUT OF TAZ, rEL. 
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APPENDIX C 

LISTING OF COPS PROGRAM 
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1 
. 2 

J 
·II 
"! 
6 

' c ~a ··-· ---. ··c 
' c so 

u 
li! 
u 
u 
l!l 
Sft 
H 
u 1. 
20 
11-
22 

e 

c 

C-3 

NAMELIST/RUN/NORA~,TAZrTELrTIME,XL~T,XLONG,TZONE,IOAV,JCONC,tSTOP 
· · + NMAT,MAPS,eNMATL . . 

COMMON/RUNCINDRAWrTAZ,TEl.,TtM!,JDAY,XLAToXLONG,!CONC, 
+ NMATrORAO,M!SA,TZONE,~APS,RPWq.A~tA,NMATL 
· CO"'.MON/VECTDR /ULE (!) 1 ULV (]), ULS ( !) 1 UCN ( 3), UCA (!), UCP (!),US ( 3) 
· DRADa0.01745J2925 

SET LOCAL DIRECTION VECTORS, ULE,ULBoULV 

DO 1S ts1r:S 
ULECilaO.O 
ULS C J laO. 0 
ULVCtlaO.O 

15 CONTINUE 
ULS(l)et.O 
ULE (2lat .o 
ULV C:Slst.O 

tNITJALJZE RUN NAMELIST 
NORUatO 

SUN AZIMUTH AND ELEVATION IN RAOIAN9 
. TAhO.O 
TEL•l.5 

TJME•U. n 
2A 
25 

C ·LONGITUDE AND LATITUDE IN OEG~EES 

,. 
2? 
u 
n 
:so 
St 

c 
c 
c 

. liLATe]). 
XLONGe90o 
TZONE.et.. 
IOAVeO 
JCONC•3 
ISTOP•t 
NMATe"O 

·.MAP sat 

READ INPUT LIST 

'5 REAOC5,RUN) 

52 
n 
54 
!!I 
:u 
37 
sa· 
Jft 
110 

· WRtTEC&,tOOO) ICONC,NMAT,N~ATLo~ORAW,MAPS 
·tOOO FORt.IATC1Ht,20X,31HtNPUT· VALUES ,OR CONCENTRATOR RUN,///, 

-+ tOlC,J(0,2Xol7HCONCENTRATOR TYPE,/, 
+ tOX,Jt0,2X,t8HREFL MATERIAL TYPEolo 
+ tOx,tl0r2X,t8HLE~S MATERIAL TYP[,/, 
+ lOX,Jl0,2X,t0HRAYS OAAWN,/, 

41 
li2 
u ..... ·----:·-
4! 

·~ .., 
48 
ot; 

.. 90"- -·-
!It 
!II . .,, 

+ l0XoilOr2X,27HFLUX MAP OPTION(lDYES,OwN0),//1) 
MtsRaO 
RPWR1110.0 

tF (I DAY .NE.Ol. CALLI SUN( IOrJN) 
IF.CIOWN.EQ.O) GO TO 25 
WRITEC&,ltl) 

ttl FOAMATC/I,§li,3~HSUN IS BELO~ HORtZON~GO ·TO NEXT C~SE) 

25 
··so TO :ss · 

IF [ICONC • EQ .1) 
tF UCONC ,EQ.2) 
IF (ICONC .EQ.3) 

CALL API 
CALL P'MTR 
CALL PTROUGH 



54 
"'!§ -·-· ·-··-

'56 
!IT 
!II ·-··-·-·· - ..... 
!19 
60 .. - .. n· --·- -~--·--... 
61! 35 
u 
64 

CSEC) . 

.. 

C-4 

I'CJCONe.£Q.4) CALL FR!SN!L 
"!FCJCONC.EQ.5) CALL JNFLAT 
JF(!CONC.EQ.6) CALL JN~REFL 
JFCJCONC.EQ.?) CALLI CPCt 
IFCICONC.EQ.8) CALL CPC2 
JFC~CONe.Ea.,) CALL· SET 
JFCICONC.EQ.lO) CALL VEETRO' 
JFC!CONC.EQ.ltl CALL PDISM 
lFCIITOP.NE.l) ~0 TO 5 

· STOP 
END 

LINES/MINUTE 1370 

NO DIAGNOSTICS IN AROVE COMPILATION 
S WERE US£0 FOR THIS tOMPIL~TION 



1 
'2 

! 
-G 
! 
6 
'F 

~· ··-c . 
c 
c 
c 
c 
c 

c-s 

SUBROUTINE CPC l . :· 
. (~·f. <;. 

THIS ROUTINE MODELS THE lNVOLUTE·:ePti~INSTON CONCENTRATOR. 
THE SURFACE MODEL lS D!FlNED THROUGH ITERATION AND RAYS 
AR~ TRACED FROM THE SUAFACE.TO THE ReC~tVEA. MULTIPlE 
BOUNCE RAYS ARE FOLLOW£~ ~HR~9~~:. 4 BOU~CES. 

·- 8 .. ------·--· ···-· ··- . 
• NA~ELISTICPCNICLENG,CWIDTH~RW,~~~~AXtS,TlLTA~G,NZONEX~ 

10 + NZONEY,lRCVR,THETAAX,DAP,THTOL~NTOLrSDS,SDR,REFLTOT 
t l + , SRW, PS"1 ' 
12 
11 COMMONIRUNCINDRAw,TAZ,TEL,TI~E,IOAV,XLAT,XLONG,ICONCr 

-·- -··u --·-··-·::· ----- ..• illMAT,ORAO,MISRoTZONE,MAPS,RPWR,A\liR,NMATL 

c 

15 COMMONIVECTORIULE(~),ULV(3),ULS(3),UCN(l),UCA(l),UCP(3),U8(3) 
·16· . COMMON/RCVRC/lRCVR,THET~C,SOoR~,RLrOHtT . 
11 · COMMONITRACINAXIS,TILTANG,OFFSJN,THETAAX,OTRACRL,DTRACAZ,IRPI 
18 ·coM~ONIZONEINZONEXrNZON!Y 
1q DlMENSIO~~(]),UT(l),UR(l)~UN~J),UNP(]), 

------20 ·- .. + USP(3),RHIT(3),U1(3),0RIG(3) 
21 
22 

·n 
24 

c 
c 
c 

25 c 

READ NAMELIST VALUES 

READ (S,CPCN) 

. --· -u·------·-c --· 
27 C OBTAIN DATA FOR REFLECUVE bUT!RIALI PROPERTIES 
28 e 

. 29 . 

10 
3l :----· ·--,z ·- -- --c 
11 c 

tF(NMAT.NE.O) CALL ROATACN~AT,~O~AW,SORt,SDR2,REFLTOT,REFL 
+ ,NCHECR) 

SDR:sSDRl 

OUTPUt NAMELIST VALUES 
]4 c 
3! WRITE(&,&OOO) CL!NG,CWiriTH,OAP,NAXIS,THETAAX,TILTANG,IRCVR, 
1& + RW,RLoSRW . 
37 6000 FORMAT(20K,21HCPC1 CONC. PARA"1ETERS,I, 

.. ·· ·- --33 ----·,-----·-- + lOX, F 10 c.:!}, 2ll i &HLENG TM ,/, 
39 • lOX,Ft0.3,2X,5HwiOTHolo 
40 + lOX,FlO.l,i!K,l&HCFC MODULE ~IOTH,Io 

--41 + lOX,tt0,2Xi1lHTRACKING AX[S,Io 
42 + 10X,FlO.l,2X,l&HAXI9 ORIENTATION,/, 
41 + tOX,F10.1,2X,lOHTILT ANGL!rlt . 

·u-···--_-.: ..... + ·tOX,IlOt2ll,tOHRCVRo TYPE,/, 
G~ + lOX~FlO.l,i!XottHRCVR. WIDTH,/, 
46 ·+ lOX,FlOoloi!~ol2HRCVRo LENGT~,/o . 
QT ·.+ tOX,Ft0.1,lXo21HRCVR ~lOTH ,OR SURFAC! DEFNolll) 
48 AMIRaOAP*CLENG" 
4' NDIRECTsO 

-----~o-- --·e- ·---,ET ·-su-N VECTOR US TO SUN'S ·tENTER 
51 c 
52 CALL SUN1(TAZ,TEL) 
'33 ---------t ·-. 



511 c 
·ss · - ··· c 
!fl 
!T c 

C-6 

INITITALIZE FLUX ROUTINE 
. •Lr-· 

l~(MAPI,~~.l) CA~L FLUX(R~IT,UC~oUCA,UCP,CONVP,1) 
!8 - .. C · ·sn C.ONCENTRATOR PO~IT(ON VECTORS 
59 c 
flO CALL TRACK(TAZ,TEL) 

·-u- --,---·-:--. ·wRIT.£(&,1010) IDAY,f.IMI!,XI.H,XLOIIIG,TEL,TAZ 
U · ·: 1010 FOR~AT(ISX,:.UHSOLAILCONSTA~·Ts,/l,. 
t.J ·· . ;. + sox,.uo,n,3HOAY.,i, · 
&II + 10X,F!Oo2,2X,4HTIME,I, 
fiS + IOX,F!O,J,2X,8HLATITUOE,/, 
flfl + IOX,Fl0,],2X,9~LONGITUOE,I, 
-~7-- ~ IOX,F10,],zX,9HEI.!VATION,/, 
&8 + 10X,Fl0,3,2X,7HAZIMUTH,I//) 
n e 
10 c . 
7l c 
n 
-n 
711 
75 
7& 
77 
18 . -n 
80 
81 
82 
83 
84 
85 
8ft 
87 
88 
89 
.0 

;. - 91> 
92 
9·3·. 

·9o .. ~· 
9!1 
96 

c 
c 
c 

c 
c 
c 

c 
c 
c 

., -·C. 
c 
C· 

SET CONSTANTS N!ED!D FOR DIM!NSIONS 

RW2aSRW•0,50 
~ZUP:O,!I•CSRW•RW) · 

SET SUN VECTOR US TO SUNfS CENTER 

CALL SUNI(TAZ,TELl 
DO 200 N•l,NDRAW 
IREFL•O . 
KERR110 
THET~O••IO, 

PERTURB SUN VECTOR FOR FINITE SUN SIZE AND INTENSITY DISTR
1 

CALL SUN2(ACC,USP,ORAO) 

DRAW OV!R APERTURE 

.XAP•CLENG•FLATCO.O) 
YcCWIOTH*FLAT(O,O) 

DETER114INE LOCAL Y VALUE.dF HIT POH.IY 

YAPaY ~ OAP•CINT(Y/OAP)+0,5) 
.ZAP=RW2 

·-·97 ·---_-c-·· · OETERMIIIIE WHETHER INCOMING SU~ RAY , US, HITS RECEIVER ON 
··' 98 ,, -· \ C' ENTERUNG, 00 RECEIVU HIT TEST USING Ul•coUS VECTOR 

99 C AS THE INCOING RAY, .D. VICTOR IS D1STA~CE FROM AP!RTURE 
iOO -- · ·- · C: HIT POINT TO CENTER OF RECEIVE~. 
I 0 l C · 
102 oo -so ,I•t-.3 

.. 103 ··---·--··- · . ·- UI (Ile.USP(I) 
104 ORIGCilc•XAP•UCA(J). • YAP•UCP(I) ~ CZAPoDZUP)•UCN(I) 
!0!1 10 CONTINUE~' . ; 
106 CALL RCVRCORIG,Ul,RHtr,MtSRl) 



!el8•79 · 08.954 

107 
108 
109 
uo 
lt 1 . 
112 

c 
. ···--c 

c 
c 

lU C 

'• .C-;7 

- 1' THERE tS A RECEIVER HJT, t~CR!lS! OtR!CT HtT COUNTER 
BY 1. IF THE RAY MISS!~ THE AECElVERt FIND HIT POINT 
ON REFLECTOR SURFACE. 
JF(~lSRt.NE,l) GO TO 125 
GO TO l 05 . 

.. lU ··-·---·1:·-·"tF RAY .REFLECTED AND biD NOT HIT RECEIVER, FIND N!XT 
HIT POINT. RUET INCOMING VECTOR 'TO BE· THE VALUE OF . 
UR. SET THE ORIGINATION O' THE RAY AT THE PREVIOUS HIT Ill c 

116 c 
tt7 ·c 
us e 
ll9 

- 120 
121. 
U2 
-1u··--
l24 
125 

-· .. '''126 . --- ---· 
Uf C 
ua c 
129 . c 
uo c 

POINT ' 

45 iR!FLatREFL + 1 
UPcXO 
YAPIIYO 
UP•ZO 
THETAO•THETA 
00 50 1•1·3 
USP(!)a•UR(l) 

''50 UICI)SUR(I) 

RAY DOES NOT HIT RECEIVER OIR!CTLY 

FINO HIT POINT USING ITERATIV( ~!THOD 
Ul C uz-··-·----·- ·105 t'(YAP.GT.O.O) THETA81,40 
l!l lF(VAP.LT,O.O) THETAa~1.40 
1]4 tFLAG•l 
1!5 IF(IREFL.LT.1) GO·TO 10~ 
13& THETAcABSCTHETA0)•0~5 . 
137 JF(THETA.LT,O.O) THETAaO.OOOl 

··--···us-----··--···· THETA•SIGNCTHETA,YAP) 
139 lOb VECTAeOOTERCUI,UCP)IOOTERtUioUCN) 
i40 00 20 Jut,NTOL 

'141 ····-----. . CTcCOSCTHETA) 
142 STeSIN(THETA) 
143 IF(I,EO.NTOL) GO TO 199 

· ·ru ------·--·- FTH•YAPIRRZ + TH!TUCT • · (TH!TAtST+CT+UPIA1'12l•VECTA • ST 
145 FOERIV••ST•THETA ~ THETA•CT•~ECTR 
146 JF(ABSCFOEAIV ).LE,0,00001) FOERIV•0.00001•8IGN(t,,FOERIV) 
147. OELTAcFTHIFOERIV 
148 IF(ABSCDELTA).GT,2,5) DELTA~2.5•SIGN(t,,DELTA)• 
l4't + FLOATCNTOL•I)INTOI.I 

- UO --. -:---··--· TH!TAIITHETA•OEL TA ·· 15! IF(A8S(THETA),GT,3.1415~27)· TH!TAe(THETA/J,t4t5927•INT(THETAI 
152 + !.t4t5CJ21))dol4l592T · . 
15! IF(ABSCOELTA).LT.THTOL) GO TO tOO 
154 20 CONTINUE 
155 tOO IFCABSCTHET~•THETAQ),GT.THTOL) GO TO TJ. 

- --pn-------·--· .. IFLAGalFLAG+l 
157 C GUESS NE~ THETA 8A8EO,ON OLD .T~ETA 
158 THETAcABS(THETA)•Oe!I*'LOAT(IFL~G) 

... "'199 .... -- ·- · --- · II' (THETA.L T ,0.0) T-HETA110o001 



uo 
161 
U2 
Jfj] 
U4 
us 

C-8 

TH!TA•SIGN(THETA,YAP) 
'IFCIFLAG,GT,6) GO TO 199 
GO TO 106 
YOa•RWi!tTH!TAtCT • RW2tST 
ZOa.•ltWhTHETUST • R1112•CT 
XOaXAP ~ CZO•ZAP)•(DOTER(USP,UCA)IOOT!RCUSP,UCN)) 

' ' ' U6 C 
U? ··-···-··t· FIND PERFECT SURFACE NOR~AL 
us e 
169 
l70 
ui 
112 
111 
174 
1n 
116 
t?'P 
us 

''119 
uo 
U1 
182 
U3 
iSO 
1U 
186 
18? 
us 
U9 
190 
191 
192 
193 
lct4 
195 
196 
~~~ 
na 
1n 
200 
201 
202 

TH!T~taTHETA•1,5?0796 
TH!TA1aTHETA•t.Sf0796 

• ST1tUCPCI) · 
]0 

c'. 

IF(THETA,GE.O,O) 
'IF(THETA,LT,O.O) 
STtaSINCTHETAl) 
CT1•COSCTHETA1) 
00 ]O·Ia1,3 
UN(I)aCTttUCN(I) 
UTCr>aq1•UCP(I) • STI tUCN ct) 

C CALCULATE PE~TU~BEO SU~F~CE ~JR~ALCUNP) BASED ON 
C. · REFLECTANCE PROPE~TIE~ AN~ SU~FACE !RRO~ DISTRIBUTION, 
c '" 

c 
c 
c 

c 
c 
c 

c 
c 
c 

IFCN,EQ,NCHECR) SO~=SD~i! 
CALL ER~NO~~CSDS,SDR,UN,UT,UCA,UNP,PS~) 

CALCULATE REFLECTED RAY UR 

· ~ALL SN!LLCURoUNP,USP) 

DO ~!CEIVER HIT TEST 

DO 40 Ial,3 
40 O{I)a•XO•UCACI) • YOtUCP(I) 

CALL RCVR(O,UR,RMIToMISRl) 
1FC~ISR1,NE,l) GO TO 55 
IFCIREFL.GE,4) GO TO 120 

• (lO•OZUP)tUCN(J) 

CHECK TO SEE IF RAY EXITS OUT APERTURE 

.!5 

IFCOOTERCUR,UCN).L£.0,0) ;o TO. 45 
TCHfCgDOTERCUR,UCP)IOOTERCUR,u:Nl 
YCHEC=ABSCYO•CZO•DZUP)tTCHEC) 
IFCYCHEC,GT.OAPt0,5) GO TO 120 
GO TO 45 
CO~VPaRAYVAL(I~EFLoREFLTOT) 

20!' -·--···- IFC~APS.EQ,l) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,i!) 
RPWRaRPWR+CONVP 204 

205 
206 '120 
20? 
208 1i!5 
i!Oci 
210 
211 
212 

GO TO 200 
MISRaMtSR ~ 1 
GO TO 200 
NOIRECT:NOIRECT • 1 
IF(~APS.EQ,t) CAL~ FLUK(RHIT.UCA,UCN,UCP,t,Oo2) 
RPWRaRPWR•t.o ' 
GO TO 200 
WltiT!C6,19,0). I 



C-9 

!•18•71f OI •• !A 

t••o FORMATC!Xr2,HERROA, lT!RATION FA!~ED !TEAe,JS,/) 
· 200 ~ONTINUE . · r· 

211 
211 
au 
11'6 
111 
Ul 

WRJTE[6o6020) OFFSUN,R!FLTOT,SOSoiDAtrSDRI 
6q20 FORMAT C lOX o UHSUAF ACE, R!FL!CTANCE -AND TUCKING "RAMETERS, II, 

+ tOXoF10e3o2Xol8HSUN OFF~AXJ& ANGLEo/, 
+ lOX,FlOe3,2X,l'HREFLECTANC!(TOTAL),/, 

"' '120 
Ul 
122 
213 
au 
us 
226 
227 
2ZI 
zn 
no 
2Jl · .. ·zn 
UJ 

+ lOXoF10.5,2X,20HS~RFo !RRJA(ST.O!Ve),/, 
+'tOXoF10eSo2X,2tHREFLoOISTR.l(ST.D!Ve),/, 
+ lOKoFlO.S,2X,2lHA!FLoOISTR.2(ST.DEV~),///) 
WR!T!(6,l~l2) NOIAECT 

till FOAMATC/I,tSX,21HOJR!CT HITS ON RCVR•,!lO) 
C COMPUTE OPTICAL EFFJCU:NCY . 

NH!T8NDAAW•MUA 
!OPT•APWA•COS(OFFSUN)/NDAAW 
WRiTEC6 •• l •• ) ~JSR,NHtT.EOPT 

'''' FOAMATC/// 1 lQX,6HMJSSEO,QX,6HHIT ON,JX,?HDPTICAL,/, 
+ l6X,4HRAYS,6X,QHqcvR,lX,lOHEFFICIENCY,//, 
+ lOX,21lO,FlO.S,/) 

JF(MAPS.EQ.t) CA~L FLUX(RHIT,UCA,UCN,UC,,CONVP,3) 
~ETURN . 
END 

11•27•71 ••• 14.4 ••• 

UEC) •• 5 LJNES/~INUTE 14580 

NO DIAGNOSTICS IN ABOVE COMPILATION 
IS WERE USED FOR THIS COMPILATION 

,, 
~. 

.' 



c,...lo 

08.953 

l 
- 2 

3 
'4 
·s 
6 ., 

. 11 
q 

1'0 
l1 
u 
11 
14 
15 
u 
n· 
18 ., 

--·zo 
21 

.22 
23 ·-. 
24 
25 

. 26 ,., 
28 

-····· ·c 
c 
c 

·e. 
c 
c 

c 
c 
c 

c 
c 
c 

-n e 
30 c 
31 c 

SUBROUTINE VEETROF 

THIS ROUTIN MODELS THE ~!E • TROUGH CONCENTRATING 
COLLECTOR TO DETERMINE TH! OPTICAL PERFORMANCE. 

THE SU~FACE MODEL ANO .RECEIVER HI~ TESTS ARE DONE 
THIS CONCENTRATOR FROM THIS R~U!INEo 

-NAMELISTIVTROFNICLENG,e~tOTH,RW,RL~NAXIS,NZONE~,NZONEY,· 
+ "TILTANG,IRCVR,TH~TAA~,THETAI,TH!TA2,8DS,SOR,OAP,REFLT6T 
+ oPSM '' . 
CO~MONIRUNCINDRAW,TAZ,TEL~Tt~E,tOAY,XLAT,XLONG,JCONC, 

+ NMAT,DRAD,MJSR,TZONE,MAPS,RPWR,A~IR,NMATL 
CO~MONIVECTOR/ULE(J),ULV(3),UL9(J),UCN(3),UCA(3),UCP(l),US(3) 
COMMONIRCVRCIIRCVR,THETAC,SO,RW,RL~GHJT 
COMMONITRAC/NAXJS,TILTANG,OFFSUN,THETAAX,OTRACRL,OTRACAZ,IRPJ 
COMMONIZONEINZONEX,NZONEY 
DIMENSION D(3),UT(J),UR(3) 1 UN(3),UNP(l), 

+ USP(]),RHIT(l),UI(J),VDUM(J) 

~EAO NAMELIST VALUES 

READ(S,VTROFN) 

OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES 

·fFCNMAT.NE.O) CALL RDATACNMAT,~DRAW,SDRl,SDR2,REPLTOT,REFL 
+ ,NCHECR) 

SDRraSDRl 

OUTPUT NAMELIST VALUES 

· ···u - · ·· ···· -· · ·WRITE (6, 6000) CLENG,CWIDTH, TMETAt, THETAi!,OAP,NAIIIS, TIL TANG, 
33 + JRCVR,RW,RL 
34 6000 FORMATJ20X,2114VEE TROUGH PARA~ET!RS,//, 
35 + tOX,Ft0.3 1 2X,&H~E~GTH 1 1 1 
3& + IOX,F10o3 1 2X,SHWIDTH,/, 
37 + lOX,F10.3,2X,14HTHETAvRT. SIDE,/, 

--·]8 ··---····- -·-· + tOXrF10.3,2X,t5HTHETA-aLEFT SIDE.,/, 
39 +·lOX,FtO.l,2X,9HVEE WIDTH,/, 
40 + 10X,I10o2X,t3HTRAC~ING AXES,/, 

···-····o·t·---, · + tOX,FtO.J,tXolOHTILT AN~LI!ol, 
42 + 10X,I10o2X,10HRCVR 0 TYPE,I, 
43 + lOX,Fl0.3,2X,tlHRCV. WIDTH,/, 

· ··qo----~-··--·-·~ ·tox;Fl0olo2X, f2HRCVR. L£NGTH,/II) 
45 AMIRmOAP*CLENG 
46 c 

·--··4?·--·-·--··t:·--··-tNIUALUE FLUX ROUTINE 
CIS C 

49 IF(MAPS.EG.l) CAlL FLUXCRHIT,u:A,UCN,UCP,CONVP,l) --· ~--,o ---·-··-·-t: - ·-·· ·--··· 

!l C SET SUN VECTOR US TO SUN'S .e~NTER 
52 c 
'!3 ···CAL1.. SUNiCTU,TEL) 



!4 
55 
!16 . ,., 

c ..... c 
c 

e-n 

·sET COLLECTOR POSITION VECTORS 

CALL TRACKCTAZ,TEL) 
58 
!59 
u 
61 

~RtTE(6il0tO) IDAV,TINE,ULAT,XLO~G,TEL,TAZ 
SOlO FORMAT(l9X,l5HSOLAR-CONSTANTS,/i, . 

+ lOX~Il0o2XoSHOA~;/, " •· .. 

.u 
u 
64 

.- tO~.Fl0,2,2X,4HTIME,/, . 
'+ toi,Ft0,3,2X,8~~ATITUDE,J, 
+ lOX,Fl0,3i2X,9HLDNGITUD!tl• 
+ t0X,Fl0,],2X,Ci!HEL!VATION,/~ 
+ lOX,~~O.li2XtTH·t~~UTH,//I) 65 

u 
61 
u 
fllf 
TO 

c 
e·· SET PARAMETERS F~R VE~··T~OUGH~ • 

11 
12 

.. · '1'3 
14 
T!l 
16 
17 
TS .,. 

·ao 
81 
82 
n 
84 

c 

c 

c 
c 
c 

.. 85 ... ··- .... 
. 86 

8'1' 
88 
89 
'0 

.. . 1ft·-----·· 

c 
c 
c 

92 c 
93 c 

· 94· e 
Cil!l c 
Cilb c 

Tl•TAN(THETAl; 
CTliiCOS CTHETAl) 
STliiSlN(THETAl) 
T2:TAN CTHE TA2) 
CT211COS CTHETA2) 
STi!raS I 1\1 (THET A2) 

NOIRECTI:O 
COMPUTE APERTURE HEIGTH 

ZAPz(OAP·R~)/(l,ITt+l,IT2) 
VCEN:aO.!IOAW+lAP/Tt•OAPe0,5 

. DO 100 Ngl~NDRAW 
IREFL:aO 

PERTURB SUN VECTOR FOR 'INITE. SUN SYZE AND INTENSITY OISTR, 

CALL SUN2CACC,U9PoORAO) 

DRAW OVER ARERTURE 

XAPSCLENG*FLAT(O,O) 
YAP:DAPQ(c0.5+FLATCO,Ol1+VCEN. 

-· IS I DEmiNT (9 iGN ( 1 • '-j.Y,AP)) . 

DETERMINE WHETHER IN~OMING.SUN ~AV o US, HITS'RECEXVER ON 
ENTERIING~ D~ RECEIVER HIT· TEST USING UI~QUS V[CTOR 
AS THE INCOING RA~. D VE~TOR IS DISTANCE FROM APERTURE 
HIT POINT TO CENTER OF NECEIVER • 

... ------• .,------e-·--·-·· 
98 
99 . 

1 0 0 - .. -· ·- - '1 0 
101 

DO 10 l111lo3 
Ul(t)ao.USP(I) 
D(I)m~xA~*UCACI) • YAP•UCP(l)•lAP•UCN(I) 
CALL RCVR(O,UieRHiToMISRl) 

102 c ·-···to:s------e-- IF ·THERE IS A R~CE!\IER Hl'i', I~CUAS~ DIRECT HIT COUNTER 
104 . C BY l. IF THE RAY ~ISSES TH! R!CEIVERo FINO HIT POINT 
105 C ON REFLECTOR SURFACE. 

··· to~----· IFCMISRt.EQ,O) GO TO 12~ 



107 
I 08 ·· 
IOIJ 
110 

GO TO 30 

C-12 

• 1 

. '''. ,,,·. 
111 . -·- . -· ·- .. 

45 lREFLliiREI'L 
ICAPUO 
UPaVO 
ZAP•ZO 

lU · 
113 

'114 
ll! 
116 
117 
118 
liiJ 
120 
li!l 
122 
123 
124 
125 
12& 
121 
128 
uq. 
130 
131 
132 
133 
134 
·us 
13& 
137 
us 
tn 
140 
141 
142 
143 
144' 
145 
146 
147 
148 
149 

!5 
DO 25 rat,] 
UICI)uUR(I) ·--- ....... c .. 

c 
c 
c 

FINO NEXT HIT POINT OF REFLECTED RAV 

CHECK FOR CR0SSOV£R OF SIDES OR APERTURE !XIT 
30 CALL VEEHITCUI,~AP,ZAP,RW~ISWl 

IF ( I S W • E t1 • 0 l G.'O · T 0 1 2 0 
ISIOEsiSIDE•ISW . 
IFCISIOE.EO.•l) GO TO 50 
DO 40 tal,] 
UNCil••STl•UCPCil + CTl•UC~(J) 

40 UTCI)aSTl*UCN(I) • CTI•UCP(Il 
GO TO 70 

. · 50 CONTINUE 
DO 60 tct,3 

. 60 
C NOW 

70 

UNCil•ST2•UCP(I) + CT2•UCN(Il 
UT(I)a ST2•UCN(I) • CT2•UC~ti) . 
GET HIT POINT ON REFLECTOR 
DUCNsDOTER(Q,UCN) 
UIUCN:DOTER(UI,UCN) 
OUNz:DOTERCD,UN) 
UIUN~OOTERCUI,UN) 
UCPUNsDOTERCUCP,UN) 
RMSl•DUCNIUIUCN•OUNIUIUN•lSIDE*Oo5*~W•UCPUN/UIUN 
UCAUN:DOT!R(UCA,UN) 
UIUCA•OOTERCUI,UCA) 
OUCA=OOTER(O,UCA) 
RHS2:UCAUN•DUCA/UIUN•UCAUN*OUCN*UIUCA/CUIUN•UIUCN) 
UTUCN:OOTERCUT,UCN) 
UTUCAaOOTER(UT,UCA) 
BOTtaUCAUNeUTU~N•UIUCA/(UIU~•UIUCN) 
80T2sUCAUN•UTUCA/UIUN~UTUCN/UIUCN 
S:(RHSt+RHS2)/CBOTl+BOT2) 
AL:(OUCN+S•UTUCN)/UIUCN 
DO Tt 1•1,3 

150 __ ,,_,_ ·:---

71 VDUM(I): •O(l)+AL*UI(I) 
XQgQQTERCVDUM,UCA) 
YO:OOTER(VOUM,UCP) 
ZOaOOTERCVOUM,UCN) 151 

t52 c 
···t53 ·---·-· C ·- CALCULATE PERTURBED SURFAC! ~ORI<lAL(UNP) BASED ON 

154 C REFLECTANCE PROPERTIES AND SURFACE ERROR QISTRIBUTION 0 

155 c 
--- l !56-------· .. ----- 'IF (N .EQ .NCHECR) SDRaSOR2 

157 CALL ERRNORM(SOS,SDRoUN,UToUC~,U~P,PSM) 
158 c 

-- "159 ---: .. ----c-·· CALCULATE REFLECTED iUV UR 



1&0 
·1u 

c 

Ui! C 
lU C ·,u-··- ... --·c 
1&5 
1&& 

C-13 

"CALL SNELL(UR,UNP~USP) 

DO RECEIVER ~IT TEST 
I 

DO 80 I:sl,3 . 
80 D(I):s•~OtUCA(I) • YO•UCP(I) •lOtUC~(l) 

... 1&7 --------·' CALL 'RCVR(O,UR,R~IT 1 MISR1) 
IF(MtSR1oNE.·1) GO, TO" 75 1&8 

l&q 
170 
171 
172 

. '173 
174 
175 
17& 
177 
178 
tn .. --
180 
181 
182 
183 
184 

.... 185 
18& 
187 

'188 
1Bfl 
190 c 

IFCIREFL.G£.4) GO TO 120 
GO TO 45 .. 

75 CONVP•RAYVAL(IREFL~RE.LTOT) 
IFCMAPS.EQ.1) CALL FLUX(RHIT,U:~,UCN,UCP,CONVP,2) 
RPWRaRPWR+CONVP 
GO TO 100 

120 MISR:sMISR + 1 
GO TO 100 

125 NOIRECTaNOIRECf + ·l 
IF(MAPS.EQ.1) CALL FLUX(RHIT,u:a,U~N,UCP,1.0,2) 
RPWR•RPWR+1.0 . . 

tOO CONTINUE , . 
~RITEC&,&020) OFFSUN,REFLTOT,SDS,SO~t.SOR2 

&020 FORMATC20X,43HSURFACE,REFLECTA~CE AND TRACKING PARAMETERS,I/ 1 

+ 10X,Ft0.3,2~.18HSUN OFF•AXIS A~GLE~I, 
+ 10X,Ft0.3,2~.1qHREFLECTANCE(Tl~AL),I, 
+ 10X,F10o5o2X,20HSURF. ERROq(sT.DEV.),I, 
+ 10X,F10o5o2X,21HREFL.liSTqo1CST.DEV.lol, 
+ tOX,F10oSo2Xo21~REFL.DISTR.2CIT~QEVoltll/) 

WRITE(&,303) NDIRECT 
303 FORMATCI/110X,20HDIRECT ~ITS ON RCVRu,I10) 

COMPUTE OPTICAL EFFICIENCY' 
. 191 .... - -·-- NHIT:NORAIII•MISR 

EOPT:sRPWRtCOS(OFFSUN)/NORA~ 
WRITE(b,q1qq)·MtSR,NHIToEOPT 

192 
lq] 
194 
tqs 
19& 
l97 
198 
1n 

! (SEC) 

q1qq FORMATCI/1,1QX,&HMISSED,QX,bHHIT ON,8K,7HOPTICAL,I, 
+ 1&Xe4HRAVS,&X,QHRCVR,&X,l0HEFFICIENCY,//, 

.87 

~ lOX,2I10i5X,,10oS,I) 
- IF (MAPS. EQ. t) CALL'~JI'Il.Ulf (RHIT, UC A, UCN, UCP, CONVP, 3) 

RETURN 
END 

. i 

LINES/MINUTE 13&82 

NO DIAGNOST1CS IN ABOVE COMPILATION 
)9 WERE USED ,OR THIS COMPILATION 



1 
"2 

3 
4 
5 -, 
1 

. ·a -
IJ 

10 
. . 11 

12 
13 
14 
15 

UEC) 

C-14 

SUBROUTINE VEEHITCUI 1 YAP,ZAPIR~,iSW) .; . ~ 
OIM!NStO~ Ul(3) 
COMMON/VECTOR/ULE(3),ULV(3),ULS(3),UCN(3),UCA(3J,UCP(!),US(3) 

c 
- ··e "THIS R~UTINE CHECKS FOR a· S~!TCH OV!R IN THE SIDE D, 

C ~HE REFLECTED RAY ~· OR A RAY !XIT OUT )HE APERTURE 
c 

UW•t . 
AL••YAP/DOTER(UI,UCP)· 
!FCAL.LT.O.O) R£TuRN 
ZHIT=ZAP+AL•OOTER(UI,UC~) .. 
tFCZHIT.GT.O.!•R~) ISW••l 
IF(ZHIT.GT.ZAP) I8Wa0 
R!TURN 
END 

LINES/MINUTE 21J8& 

NO DIAGNOSTICS IN ABOVE CO~PILATION 
I WERE USED FOR THIS COMPILATION 



C-15 

l . SUBROUTINE INFLAT 
·-··-·- z···-···-··--·e·· ········--··· 

] . c . . 
~ C THIS ROUTINE. OOES TH! OPTICAL ANALYSIS 'OR A 

--···· -""5-- --·-c·-···· 'INFLATED CVLY_NORICAL" CON::E'dTRATI'4G COLLECTOR. 
ft c 
1 CO~M6N/RUNCJNORA~~T.Z,TEL~TIME,I'iV,XLAT,~LONG,ICONC, 

-·- --,-----·-- + NMAT",ORAO,MISR,TZONE,MAPS,RPWR,AI4IR,NMAYL . 
' COMMON/VECTOR/ULE(3)oULVC3JoULS(]),UCN(]),UCA(J)oUCP(3),US(3) 

tO COMMON/RCVRC/IRCVRoTHETAC,SO,RN,RL,OHIT 
· · · "11" ·----·--· ······· .. COMMON/'rRAC/NAXIS, TIL TANG, OFFS JN, THE UAX, OTRACRL, OTIUCAZ, UP I 

12 COMMON/ZONE/NZONEX;NZONEV . 
13 DIMENSION JBIN(20o20),0(]),01(3),UT(3),UN(3),UNP(3), 

-··· ---~~~--- ----- .. -~ UlH3), USP ( ~), RH IT (3), HIT Cl 0) · . 
l! NAMELIST/INFLATN/CLENG,C~IOT~,q~,-L~SOS,SOR,NAXIS,YILTANG, 
lft + NZONEX,NZONEYoiRCVR,DENO,OTRAC~L.DTRACAl,RDIST,NlON[AX, 

.. ,.17 ·--- -·-· -· - • IR,THETAAlC,REFLifOT,PS114 . . 
l8 c 
19 C READ NAMELIST VALUES 

---- ""2 0 ----··· ---c -- . 
21 
u 
·n·-
24 
25 
26 
27 
28 

·n 
30 
]1 

.... -n···-. 
. :n 

]4 

c . ·e 
c 
c 

. ·c 
c 

READ(5 1 1111FLATN) 

OBTAIN DATA FOR REFLECTiVE MAT~RIAL pjoPERTIES 

·-·· IF(NMAT.NE.O) CALL ROATA(NI4AT,NOAAW 1 SDR1,SOR2,REPLTOT,REFL 
• oNCHECR) 

SORaSORl 
OUTPUT NAM!LIST VALUES 

WRITE(ft,&OOO) CL!NG,CWIDTH,NAX!S,THETAAX,RW,RL 
• ,tRCVR,TILTANG 

IF(IR.!Q.l) WR~TE(&,&OlO) RDIST 
6010 FORMAT(lOX,Fl0.3,2X,l4H~CVR. POSJTION,I//) 

·--- "·'!~. ·.··-- -··- ~000 FOQMAT(20X,3qHINFLATABLE CYLlNDR!CAL CONC 0 PARAMETERS,///, 
+ 10X,Fl0olo2X,&HLENGTH,/, .3ft 

:n + lOX,Fl0.3,2XoSH~IOTH,/, 
· ·-ss··- ---·-· ····· -·-·· · + lOXoii0,2X,llHTRAC~ING AXES,/, 

n 
40 
41 .. --·· - . 
42 
43 c 

+ lOX,FtO.J,2Xol&HAXI8 ORIE~TATiO~,/, 
+ lOX,Ft0.3,2XollHRCVRo WIDTH,/, 
+ lOX,Fl0 0 l,2X,l2HRCVRo LENGTH,/ 
+ 10X,Il0o2X,,HRCVR· TYPEo/o 

· ··QII·------:--···- • ;lOX,Fl0o3,2XolOHTILT MIGL.!:l 
45 C · INITIALIZE P'LUX ROUTINE 
46 c . 

···u· --------·- · ·tF (MAPS. fQ .1) CALL !'LUll (RHH, UCa, UCI\!,UCP, COIIIVP, I) 
48 c 
·4' C SET SUN. VECTOR US TO SUN~S ~ENTER. 

--:--go------·· c · .. ·· 
51 CALL SUNl(TAZ,TELl 
52 c ·-----n- -.-- ··· c SET COOLECT~R POS!YXON VECTORS 



511 
!! . 

c 
9ft c 
51 c 
·s8··---~-

51f c 
60 

C-16 

·-~ALL TRACKCTAZ,TEL) 

DETERMINE HIT POINT OF EACH RAY AND 'OLLOW RAY PATH TO 
RECUVER 

61--- ····------.----
RCYL•CWJDTH.•O • S­
AMIRa3.1111592ft!4•RCYLeRCYL 

62 
u 
u 
n 
6ft 
61. 
68 
69 
70 
1l 
'Pi! 
·n 
14. 
15 .,, 
11 
78 

·- ""'79 
80 
81 
82 
8] 

84 
. "8!. 

86 
87 

.. 88 
89 
90 

. 91 . 
92 
u 
94 ··--· .. 

•s 

c 
c 
c 

c· 
c 
c 

c 
c 

DO 5 J•tiNZONEAX -
'J HJT(I)IIOeO. 

DO 10 Nat,NDRAW 

PERTURB SUN VECTOR FOR 'INITE SU~ SIZE AND .INTENSITY OJilR. 

CALL SUN2(ACC,USP,ORlD) 
tREFL•O 

DRAW OVER APERTURE. 

XAP•FLATCO.Ol•CLENG 
YAP••RCYL • 2.•RCYL•FLAT(O.O) 
UPso.o 

CHECK FOR DIRECT HIT ON RCVR 
DO 15 1111,3 · 
O(ll••XAP•UCA(I)•YAP*UCP(I)•(ROIST•ZAP)•UCN(I) 

15 UR(i)a•USP(Il 

c 

CALL. RCVR(O,UR,RHJT,MISRl) 
IFCMtSRl.EQ~l) GO TO 105 

HIT RCVR 
IF(MAPS.EQ.l) CALL FLUX(~HIT,UCA,UCN,UCP,t.O,i!) 
RPWRaRPWR+l.O 
GO TO 10 

95 IREFL11IRE'L.S 
UPaliO 
UP:zYO 
UPIIZO 
00 65 I•1.3 

65 USP (I) a•UR (1) 
105 CALL CYLHIT(USP,XAP,YAP,ZAP,XO,YO,ZO,JREFL,KERR,RCYL) 

IFhERR,EQ.l) GO 'TO 50 
IFCIREFL,GT.O,AND.ZO.GT.O.O) GO TO 180 

96 c 
·· · ··9?----:--e ···FINO PER.FECT SURFACE NORMAL 

98 c 
lf9 DO 20 I•l,] 

t 00 · ···-·- -:--· ······· UN (I) ••YO/RCYL•UCP (I) •ZO/RCYL•UC~ ( t) · 
101 20 UT(J)•YO/RCYL•UCN(I)cZO/RCYL•UCP(%) 
102 c 

-·-·tO·] · ··-e--- CALCULATE PUTUR8!D SUR, ACE NORIIIAL:(UNP) SUED ON 
104 C ·REFLECTANCE PROPERTIES ANO SURFACE ERROR DJITRIBUTJDNe 
10! c 
toe. 



C-17 

107 CALL ERRNORMCSDS,SDRrU~~UT,UCA,U~P,PSM) 
-·soa·····c 

toq c 
110. c CALCULATE REFLECTED RAY UA 
ttl ----··-c ... 
112 CALL SNELL(UA,UNP,USP) 
113 c 

· 114 · · ··· --~c ······oo MIT TEST TO DETERMINE OPnCAL !,lCU:~CY TO RCVR. 
115 C · SET DVECTOR . 
116 C RDIST• DISTANCE FROM CENTER OF. CVt~NDER.JO CENT!R 0, RE~ 
111 ··-·-- C CEIVER ALONG NOA~AL A~IS . 
118 c 
11q DO 130 1•1,3 
·no ···-----···no O(I) .. ~O•UCA(U • YO•UCP(U • (~OUhZO~•UCN(I) 
121 c 
122 c CALL ACVR. TO DO HtT TI!ST ON PLANAR OR CVL. AECEIV!Re 

··n-3 -·· ..... c 
124 CALL RCVR(D,URiAHIT,MISA1) 
125 IF(~ISR1.ECI.1.ANDoiREFL.GT.3) QO TO 180 

- '12&··--·--· - ·:···- ·· IF (M ISR 1 • ECI.l) GO TO q5 
127 . CONVPmRAYVAL(IREFL,REF~WOT) 
128 IF(MA~S.EQ.l) CALL FLU~(RHIT.UCA,UCN,UCP,CONVP,i!) 

···129 ·············· · RPifR:rRPWR+CO"'VP 
130 GO TO 10 
131 50 WRITE(&,l110) 

-·tJ2 ----··-s-uo FORMAT(15X,31HERROR, i'!IT POIIIIT 0111 SURFACE NOT. FOUND,/) 
133 GO TO 10 
134 180 MISR&MISR + 1 

- ·us ··· ··· · · ···· · 10 CONTINUE 
136 wRITE(6,6020) OFFSUI\I,REFLTOT,SDS,SDR1,SOR2,DTRACAZ,OTRACAL 
137 6020 FORMAT(20X,43HSURFACE,REFL!CTA~C!I AND TRACKING PARAMETERS,II, 

-·--t3~----·-··-· ···• lOX;F10.3,21C, 18HSU"4 OFF•UIS A"'GL!.Io 
139 + 10X,F10.3,21C,19HREFLECTANCE(TOTAL),/,· 
140 ~ 10X,F10.S,2X,20HSURF. ERROR(ST.O!~.),I, 
141 ·---·-·· -- + 1 0 X , F 1 0 • 5 , 2X , 2114 REF L o D I S T R o 1 C S T • 0 I! V o ) , I , 
142 + 101C,F10.S,z~,21HREFLoDISTR.2(ST.OEVo),/, 
143 + 10X,F10.3,ZX,18HTRACKING !RROR•AZ.,/, 

· ·t44 ----- ·• ·1 OX, Ft 0\, '!I, 2X .I 9HTRACK lNG ERROR•ROLL ,II) 
145 C ·COMPUTE OPTICAL EFFICIENCY 
146 NHIT:NORA~•MISR 

· · '141 ··· ··· · · EOPT:rRPWR•COS (O.FFSUN) INORU 
, 148 WRITE(6,9199) MISR,NHIT,EOPT 

149. 9199 FORMATC/I/,l4X,6HMISSED,4X,614HIT ON,3~~7HOPTICALrlr 
- ·1 !o---·::-:·-·····-. 1611, 4HRAYS, 6X, 4HRCYR, lX, 1 OHEFF IC IENCY, II, 

191 + · tOX,i!IlO,Ftti.!,l) 
152 IFCMAPS.ECI.I) CALL FLUX(RMIT,UCA,UCN,UCP,CONVP,J) 

-··153 ···-------··· ··RETURN . 
154 END 

- -------·--·- -M·--- 00000 0-00 Oo ·-- 0 Oo -· . . 



C-1.8· 

l . SUBROUTINE CVLHIT(USP,WAP,YAP,ZAII',XO,VO,ZO,IREFL,K!RR,RCYL) ·z·· .. ··-·-.. e·· .. · · 
3 C THIS ROUTIN'f ;INDS. T~.E IURFACtl HIT II'OINT FOR THE IN'LATI!O 
4 C CYLINDRICAL CONCENTRATOR • 

.. -- ""5 ------- -c ·-tWPUTS ..ARE• 
6 C USP 
7 C XAPiYAP,ZAP 

----- .. "8- ---e--·-- ... - . FROM WHICH 
• c 

10 · DIMENSION USP(3) . 

THE 1'4C,~4ING RAY 
TH!I ltOINT ON THE APERTUiiHOR !UR,.CE) 

THE RAY OqJGJNATES 

'11 ...... --- - COMMON/VECTOR/ULE (3), UI,.IV (3), UL S ('J), UCN (J) ~ UCA (3), UCP (J), US(]) 
12 KERR•O 
13 SA800TER(USP,UCA) 

.. -·-u----.. ·---... SPaOOTER (USP; UCP) 
·11 SN•OOTERCUSP,UCN) 
't6· A•I.•SA•SA 

....... _11 ... _.......... -· .. . : '88•2 •.. • CUP•SP+UP•SN). 
18 CcfAP•Y.P+ZAP*ZAP•RCYL•RCYL· 
I' · QUAO•B•B•4.*A*C 

--·-·ro·---------· ·tF (QUAD.LT .o.O) GO TO iJO 
21 ALl•C•B+SQRT(QUAD))/(2.•A) 
22 AL2•C•B•SQRT(QUA0))/(!.*A) 

...... - 23 AL::aALl 
24 IFCAL2.GT.ALl) AL•AL2 
25 XOaXAP•AL*SA 

- .. u-----·--·yoaYAP•AL •SP 
27 ZOaZAP•AL*SN 
28 RETURN 

.. 2' ......... _ ....... !0 KERhl 
30 RETURN 
Jl END 

CSEC) .15 LINES/MINUTE ~taq 

NO DIAGNOSTICS IN ABOVE COMPILATION. 
· WER! USED FOR'THIS COMPILATION 



C-19 

1· SUBROUTINE INCREh '·' 1 t 

2 REAL NAtR,NLENS , 
J NA~ELIST/JNCREFN/CLENG,C~IOTH,~W,RLrFrNAXJS,FACH,FAC~, 
4 ~ NAIR,NLENS,TILTANGrNZONEX,NZONEYoSOFS,SOS,SOR,THETAAX, 

-· ---"9-.--·-·-·· + DTRACRLioDU.ACAZ,tRCVR,RHLTOhRI'ISrPSM 
~ COMMON/RUNC/NORAW,TAZ,TEL,TI~E.IDAY,XLAT,XLONG,ICONC, 
1 • NMA,oORAD,~ISR,TZONE,~APS,A~WqiA~tR,NMATL . 

-- · ---8 -- -- - --- · -. COMMDN/VECTOR/ULI! (3), ULV (]), ULIS (3), UCN (3) ,UCA (3), UCP ( 3) o US C!J) 
9 COM~ON/RCVRC/IRCVR,THETAC~S~,R~,ALtQHIT . . 

·10 .COMMON/TRAC/NAXIS 1 TILTANG,D'FSU~,THETAAXoDTRACRL,OTRACAZ,IRPI 
11 . COMMON/ZON!/NZONE~,NZONEY . 
12 DIMENSiON D(3),UT(3) 1 UN(3),UNP(3),UR(3), 
13 + USP(]),RHIT(3),PUS(3)oUCAP(3),UeNP(]),, 

-----u····---- --- + UCPP(]) ,UStP(3) ,PUR(]) ,URt (3) ti'IAVL(i!O) 
15 t THE CENTER WAVELENGTHS OF 20 EQUAL ENERGY:BANDS 
16 DATA WAVL/390.,440.i480.,510.,540.,570ao&OOeo6lOoo&~O., 
~1 + 700.,?40.,780.,820.,870.,9&0oet020.,t080 •• l220oo1460ort680.1 
18 C READ NAMELIST VALUES 
19 c 

----zo---- - -~EAD(5i!NCREFN) 
21 e 
Z2 c 

-n· e -OBTAIN DATA FOR REFLECTIVE IUTER!ALI PROPERTIES 
24 c . -
25 XF(NMAT.NE.O) CALL RDATA(N~AT,~DRA~,SDR1 9 SOR2,RE,LTOT,REFL 

---u-------. ------ + ,NCHECR) 
.27 SDRsSDRt 
.28 C WRIT~ NAMELIST P.RA~ETERS 
'n- -- ·· -c 
SO · WRiTE (6, 1&000) CLENG • CWIDTHo F • FACw, N.All IS, RW, RL, RWS, IRCVR, THET AA X, 
31 ~ TILTANG 

·---sz -------tOOO ¥0RMA T(20X o 32HlNCREMENTAL REFLECTOR PARAMETERSs Ill, 
lJ + tOX,Ft0,3,2X~&HLE~GTH,/, 
~4 + t0XiFI0,3,2X,5HWIDTH,/, 

··19 --·----- '- ··· + tOX,Fl0,3,2X.t2HFOCAL LENGTH, I, ·'' . 
36 + 10X,FtO,S,2Xrl9HFR!SNEL FACET WIDTH,/, 
37 + lOX,i10r2Xel3HT~ACKJNG AXES,/,· 

--4}e--- ----···--·• 10X,FtO,:S,2X.t1HRCVRo ,_IOTH,I,- - ·-
3~ + lOX,FtQ,3,2Xrl2HRCVA 1 L!N~~H,/, 
40 + l0lt,F10,3,2X,t7HRCV~ SHAOO~ WIDTH./, 

·- 111 -·--·-··- + lOX,ItO,i!X,lOHRCVRe T\'PE.Io 
112 + lOX,Fl0,3,2X,16HAXIS O~I[NTATION,/, 
43 + 10XeFtO,J,2Xr10HTILT ANGL!tll/) 

·----u-·--. --. -------AMIRaCL!NG•CiiiiDTM - - -- - ·· 
es lSHADaO 
46 c 

-u-:...-~----c---- -·--
oa C SET SUN VECTOR US TO SUN'S C!NTE~ 
49 c 
~ ---e--------·-- ----· ·-· ·- ----·---- . ··- -·- . ·-··--·-·--
. !t - CALL SUNI(TAZ,TEL) 

52 C INITIALIZE FLUX ROUTINE 
·-51- --c--



C-20 

!4 
----"!9- --··:·--c-· · · 

!6 C SET COLLECTOR POSITiON VECTORS UC~,UCN,UCP 
~1 c '. 

-·····n ·-·---··-····· CAL-L TIUCKCTAZ,T!L~ 
59 WRITEC6,10lJ) IDAV,TJME,XLAT,XLONG,TEL,TAZ 
60 tOtO FORMATClSX,iSHSOLAR CONST~~TS,/1, 

-···-- -n ·----·..-·-- + . 1 OX • Il 0, i!X, 3HDA'f, I, 
62 . + 10X,fl'l0.2,2X,4HTl~!,/ 1 
6! + lOX,F10.3,2X,SHLATITUDE,I, 

. 114 •.. ·-···· ... + l"Oll,fl'10.3,2X,9HLONGtTUOEo/, 
~5 + lOW,Ft0.3,2X,9HEL!VATION,/, 
66 + . 10X,Ft0.3,2~.7HAZI~UTH,///) 

..... .,. ··-·· ·-· -···· .. DO t 0 Nat, NOR AW 
68 XOaFLATCO~O)•CLENG 
69 YOmCWIOTH•CO.S•FLAT(0 0 0)) 
·10 ... -- C . CHECK FOR RECEIVER SHADOW 
11 IF(A8SCYO).GT.RWS•O.S) GO TO S 
12 iSHADDISHAD+l 

·--n·· ----·----··-----· -- "t;O TO 190 
14 c 
15 C GET LENS MATERIAL DATA 
76 S IFCNMATL.Lt.tt) GO TO 20 
11 JWaiNTC20o*FLAT(O.O))+l 
78 WAVEL•WAVLCJW) 

· ···-Tii~ ·-·---·----- -·-cALL LOAT A CNMATL, WAVEl., 1\JA lR, 1\JLENS) 
80 20 ZO•O.O 
81 · C DETERMINE FACET CENTER DISTANCE FRO~ ORIGIN 

""82 ·XNFaiNTCABSCYO)/FACW) 
83 VFC•FACW*(XNF+0.5) 
&4 C FIND SLOPE OF FACET ~ORM~L AT YFC 

· -··--as·--·---· ·-:··- ...... ALPHA • A TAN2 C YFC, fl') 
86 THETAtaARSIN(NAIR/NL!NS•SI~(AL~H•0)•0.5•SIGN(t,YO) 
81 CTt:COSCTHETAl) 
88 - .. .... STtaSIN(THETA1) 
89 00 40 Iat,3 
90 UT(I)aCTl•UCP(I) + STt•UCN(I) 

--···-91----:-·--·-·-- ·-rao UN ( I1•CT1 *UCN (I) • STt •UCP C I) 
92 c 
93 c 

· --·~4 -------- c' · 
PERTURB SUN·VECTOR FOR FINITE SUN SIZE AND THE INTENSITY 

DISTRIBUTION. _,'5 . c 
96 CALL"SUN2(ACC,USP,DRAO) 

····--n----· -c----· ..... . 
18 C FINO SUN VECTOR AFTER 'IRST SURF~C!I REFRACTION. 
99 C USE PERTURBED SURFACE POSITION VECTORS TO ACCOUNT 

.. t·oo·- ···-·--·c ·- IN .FIRST SURFACE • THE "EHURBEO VECTOR TRIAD IS 
FOR ERRROR 

101 C UCAPo UCPP, UCNP. 
102 ·c THE REFRACTED SUN V!CTQq IS U9tP • 

.... 1il1-... --t;--·· ----·THE ST.OEVUTION FOR SURFACE ERROR IS SOFS • 
. 104 c . 
10! CALL ERRNORM(SOFS,O.,UCN,UCP,UCA,UCNP,P8M) 

_ .. 106 ·---·-·t ···FIND FIRST SURFAC! R!F·RACTED SUN V!CTOA 



101 c 
.. "lOB . ------·--

109 

80 
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·.·tALL ~REFR(N~IR,NLENS,UCNP,USP,UStP,ICOD) 
tFCICOD.EQ.t) 'GO TO 14JO 
DO 80 lsl.3 
·uS1P_(l) .. UStP(t) 

110 
1.11 
lli! 
113 

. . i14 

c 
C CALCULATE PERTURBED SURFACE ~ORMALCUNP) BASE~ ON· 

·----c ·-·- RE,LECTANCE PROPERTIES AND SURFACE- !RROR DISTRIBUTION • 
115 
116 
111 .. 

c 

llB c 
ll9 c 

····no ·--··- ···-e-
121. 
izz 
123 
124 
125 

·c 
.c 
c 
c 

126. --··--- -·····. 
127 

tFCN.EO.NCHECR) SOR•SDR2 
CALL ERRNORM(SOS,SDR,UN,UT,UCA,U~P,PSM) 

CALCULATE REFLECTED RAY URI 

CALL SNELLCURt,UNP,U91P) 

PERTURB REFLECTED RAY VECTOR FOR A~FRACTION AT FIRST SURFACE 
ON EXIT FROM REFLECTOR 

CALL fRRNORM(SDFS,O.,UCN,UCP,-UCA,UCNP,PSM) 
DO ·1 t 0 111 1 , 3 
URl(Il••UR1(1) . . 128. 

129 
130 
131 

. 110 UCNPCil••UCNP(l) 
CALL LREFR(NLENS,NAIR,UCNP,UR(,UA,tCOO) 
tF(ICOO;EQ.t) GO TO 190 

u2 ·· -·-· ·-·c 
U3 C FIND D. ·VECTOR ·To KNOWN PPOINT ON R!CI!IVER SUR.FACE 
U4 C 

00 140 1•1.1 
140 D(Il••XO*UCA(I) • YO•UCP(I) + (~eZOl•UCN(I) 

135 -
U6 
137 

--··t '!8. 
c 

- --·-cc · "00 HIT TEST ON. RECEIVER SURFACE 
139 
140 

c 
CALL RCVA(D,UR,RHIT,MISRll 

Ul · ········· C ·· 
142 C DETERMINE IF RAY HITS RECEIVE~ 
141 C FINO ZONE OF 'RECEIVER HITS 

··· uo· -·- --·· --c ·- · ·· · 
145 IFCMISR1.ED.1) GO TO 190. . . . 
14~ IF(MAPS.EQ.I) CALL FLUXCRHIT,UCA,UC~rUCP,REFLTOT,2) 

· t 41 ...... - .... ,. RPWRsRPWihREFL TOT · . 
148 GO TO 10 
149 190 MISR•MISR + 1 

. uo----:·:. ... 10 ·cONTINUE ··. . 
151 WRITEC&,6020l OFFSUN,REFLTOT,~OS~SDFS,SDRt,SDR2,0TRACAZ,OTRACRL 
1!52 6020 FORMATC20X,Q3HSURFACE,REFLECUNCE.AND TRACKING PARAMETERS,//, 
153 ··--··-- -----· . + lOX ,Ft0.3_,2~X, 18HSUN OP'F•AXIS. ANGLE, I, 
154 + 10X,Fl0.3,2X,l9HREFLECTANC!CTOTAL),/, 
155 + tOX,FlOo5,2·X,20HSURF. ERRlR(ST~OEV·.)I/, 

-- ·n&·--- ·--·---.. - • 1 ox, F to. s,-zx, !2HSURF. ERRO~ CST·. oev·. 1 •tsT suRF ACE, 1, 
151 + lO~,Fl0.5,2X,2tHREFLoDISTR.l(ST.DEV.l,/, 
158 + tOX,Ft0.5,2X,21HREFL.DISTA.2[ST.DEV.),/, 

·U9 ....... ·· •.. ...... ... • lOX ,Ft0.3,2X, 18HTRACI<ING I!RROR•Alo ,/, 



uo 
.. 161 

tU 
su· 
U4 
165 
U6' 

-·- 1 (17 
Uie 
169 
170 
171 
'172 

CSEC) 

C-22 

08.~52 

~ 10X,FlO.l,2X,19HT~ACKIN~ ERRO~·~~Lloll) 
-~RITE (6, 1070) ISHAD 

.1070 FORMAT(IlOX,21HRAYS BLOCKED BY RCVRe,ItO) 
C COMPUTE OPTICAL EFFICIENCY . 

. -· ·-·-··· NHlhNDRAIIII•MISR 
EOPTmRPWR•COS(OFFSUN)/NDRAN 
WRITE(6,9199) ~ISR,NHIT,EO~T 

-----~1·9 FORMAT(//I,IGW,6HMISS!D,aX,6HHIT ON,]X,7HOPTtCAL,I, 
+ 1 U, 4HRA YS,6lC, 4H~CVR, U, t OHEFFICIENCY, II, 

.74 

+ 10X,2I10,FlO.S,/) 
IFCMAPS.EQ.l) CALL FLUX(RHIT;UCA,UCN,UCP,CONVP,]) 
RETURN 
I!ND 

LINES/MINUTE 13781 

NO DIAGNOSTICS IN ABOVE COMPILATION 
· WERE USED FOR THIS COMPILATION 



1 
2 
:s 
4 

- IJ 
fJ 
7 . 8 ... ·-·- .... 

9 
10 
tl 
12 
u 

c 
c 

c 
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SUBROUTiNE FRESNEL 
TfEAL NAJR,~LENS 
NAMELIST/FRESN/CLENGoCW!OTH,R~,R~,,,SDS,SDR,~AKIS,FACHi 

+ FACW,NAfR,NLENS 1 TILTA~G,NZO~EW,~ZONEY 1 tRCVRiTHETAAX,DTRACRL, 
+ DT~ACAZ,SOFS,TRANTOT,PS~ 
COMMON/RUNC/NORA~,TAZ,TEL~TI~E,IOAY,KLAT,~LONG,JCONC, .· 

• NMAT,ORAO,~ISR,TZONE,MAPS,RP~R,A~IR,NMATL 
COMMON/V!CTOR/ULE(1) 1 ULV(3),ULS(3),UCN(3),UCA(3),UCP(3),US(3) 
COMMON/RCVRC/IRCVR,THETAC,S~,A~,AL,QNil 
CO~MON/TAAC/NAXIS,TILTANG,l~'SUN,THETAAX,OTRACRL,OTRACAZ,IRPI 
COMMON/lONE/NZONEX,NZON!Y 
DI~ENSYON J8IN(20,20) . 
DIMENSION 0(]),UT(J),UN(J),UNP(]),UR(3),USP(:S),AHIT(3) 
OI14ENS ION PUS( 3) ,UCA P (3) ~ u=NP (1), UCPP (!), USl P ( !), OVL (20) 

THE CENTER WAVELENGTHS OF ~0 EQUAL E~EAGY BANOS 

DATA WAVL/390.,440.,480.,5tO.,§Q0.,570.,&00.,630,,660o, 
• 100 •• 740.,780 •• 820.,870.,9&0 •• 1020 •• 1080.,1220.,1480.,1680.1 

lO 
15 
16 
t'F 
18 
19 
20. · C ··-"READ NAMEUST VALUES 

c 

c 
c 
c 

AEADCS.FRESN) 

OUTPUT NAMELIST VALUES 

21 
22 
n 
24 
i!5 
21!1 
27 
28 

WRIT£(6,6000) CLENG,CWIOTH,F,FAC~.NA~JS,THETAAX,RW,RL,iRCVR 
6000 FORMATC20~.25~Ll~£AR ~RESNEL· PARA~ETERS,/// 1 

+ tOW,Ft0.3,2XofJHLENGTH,/, 
n 
30 
31 ·n·· ---·-- ·-----
n 
34 
35 
16 
n 
:sa--··-·-- ··e 
39 c 
40 c . 
41 
42 c 

+ tnX,Ft0.3,2X,5HwlOTH,/, 
+ tOX,Ft0.3,2X,l2HFOCAL L!NGTH,/, 
+ lOX,Fl0.5,2W,19HFRESNEL FACET W!OTH,I, 
+ tOX,t10,2X,t!HTRAC~lNG AXES,/, 
+ tOX,Ft0.3,2X,lfJMAXIS ORIE~TATIO~,/, 
+ lOX,Fl0.3,2X,tlHRCVR. WIDTH,/, 
+ tOX,Ft0.3,2X,t2HRCVR. LENGTH,/, 
+ tOW,Il0,2X,10HRCVR. TYPE,///) 
. AMIR2CWIOTH~CLENr. 

INITIALZE FLUX ROUTINE 

1F(MAPS.EQ,t) CALL FLUXCRHIT,UCA,UCN,UCP,CONVP,t) 

43 C SET SUN VECTOR US TO SUf\1 1 8 CEIIJTER 
.... 44 -· ---- ··-c··- .... . ... 

45 CALL 8UN1CTAZ,TEL) 
46 
u· .. 

e 
c· :oETERMliiiE COLLECTOR POSITION V!CTORS UCA,UCP,UCN 

48 
49 

c 
---,o --·--· ·-····· 

!1 1010 
52 
51 

• 
+ 

CALL TRACKCTAZ,TEL) 
"RYTEC&,t0t0) IOAY,TIME,XLAT,XLO~G.TEL,TAZ 
FORMAT(t5X,tSHSOLAR CONSTANTS,//, 

10Xoll0,2X,3HOAY,/, 
10X,Ft0.2,2X,4HYIME,/, 



54 
-55 

!561 
57' 
58 --:··-c- · 

+ .. 
• 
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tO~.FtO.J,lX,8~LATITUDE,I, 
tOX,F!0.3,2K,'IHLDNGITUOEolo 
tOX,Ft0.3,2X,9HEL!VATION,/, 

·~ tOX~Ft0oJo2~.7HAltN~TH,~I/) 

5Cf C DETERMINE HtT POINTS FOR EAC~ RAV )R~W ON ~tiRFACE 
6o· c 
61 ····~-··-··---··········no '30 NU,NDIUI¥ 
6i! ltOaFLAT CO.O) *CLENG · 
63 YOaCWIDTH•C0.5•FLATC~o0)) 
64 c 
65 c 
66 
&7 
68 
n 

'10 
71 

c 
c 
c 

G!T LENS MATERIAL OAT~. 
IF(NMATL.LT.tt) GO TO 20 

... JltlaiiiJTCi!O.tFLATCO.O))+l 
WAVELaWAVLCJW) 

OBTAIN DATA FOR LENSING MATERIAL PROPERTIES 

72 CALL LDATACNMATL,WAVEL.'IUIR,NL!IIIS) ..... n ·-- ...... 20 · ~o•o.o 

74. C OElERM!NE FACET CENTER DISTANCE FRO~ ORIGIN 
7!1 ltNFaiNTCABSCVO)IFACW) 
76 YFC•FACW•CXNF+0.5) 
11 C FIND SLOPE 0, FACET ~ORMAL AT VFC 
78 . ALPHAaATAN2CF,VFC) 

- n ARGoCOS C ALPHA) I C NLENSIIIIA !R'"S IN (ALPHA').) 
. 80 -THETAI•ATANCARG)•SIGNC1.,VO) 

81 CTI•COSCTH!TAt) 
82 ·srt=StN(THEJA1) 
83 DO 40 Io1,3 
84 UT(I)zCT1•UCP(I) + ST1•UCN(J) 
85 · 40 UNCI1•CTt•UCN(I) • STt•UCPCil 

·86 C FACETS ARE ASSUMED TO HAVE ZERO THICKNESS 
8? c 
88 c 
89 . c. PERTURB SUN VECTOR FOR FINITf SUN SIZE AND THE INTEIIJSITV 

DISTRIBUTION. 
90 c 
91 
92 c 
en c 

· 94 -- -c 
95 c 
96 c 
·n -·-----e.-·-
•a c 
" c tOO ·--e 

101 
102 
tn· 
104 
105 

c 
--c 

106 ·-- -:-·· --· 

CALL SUNZ(ACCoUSPoDRAO)'i 

FINO SUN VECTOR AFTER FiRST SURFACE; RI!F.RACT!ON. 
USE PERTURBED SURFACE ~SITION V[CTORS TO ACCOUNT 
IN FIRST SURFACE • THE PE~TURB!O VECTOR TRIAD IS 

UCAP, UCPPo UCNP.'· . 
THE REFRACTED SUN VECTO~ IS UStP. 
THE ST.OEVIATION FO~ SUQFAC! !RROR IS SDFS. 

·cALL ~RRNORM(SOFS,O.,UCN,UCP,UCA.UCNP,PSM) 
FINO.FIRST SURFACE REFRACTED SUN VECTOR . 

CALL LREFR(NAIRoNLENS,UCNPoUSP,UStP,ICOD) 
JFCtCOD~!O.t) ~0 TO 130 
DO 789 I•lol 

FOR ERRROR 
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lOT 789 US1PCil•~US1P[!) 
·t oa -- ·· ~--e 
lQ9 c 
llO C 
tt t ··· ·· · -·-c 

CALCULATE ·PERTURBED SURFACE NOA~AL[UNP) B~SEO ON 
REFLECTANCE pROPERr~ES AND SURFACE !RROR DISTRIBUTION. 

CALL ERRNORM(SOS,SOR,UN,UT,UCA,U~P,PSM) lli! 
ll3 · · ··ua ---· · 

c 
'C. CALCUUT£· REFRACTED RAY CUR) USING LAW OF REFRACTION 

CALL LREFRCNLENS,NAtR,UNP,US1P,uR,rcoo> 
IFCICOO.EQ.1). GO TO 130 

ll'5 
ll6 
ttT 
ll8 
tn 

-··no· 
121 
t22 
iz:S·-
ua 
125 

c 
c 
c 

c 
c 
c 

FINO 0 VECTOR TO KNOwN POINT ON RECEIVER SURFACE. 

-Do too·t•1.3 
tOO D[t)••XO•UCA[I) • YO•UCPCI) • (F•lOl•UCN(I) 

DO HIT TEST ON RECEIVER SURFAC! 

CALL RCVR(O,UR,RHii,~ISRt) 
-u&··-·- -·· c - · 

127 C DETER~!NE lF RAY HITS RCVR. AND POSITION OF HIT IF IT 
ti8 C OCCURS. 
12ca c 
130 C FOR PLAN~R RCVR. 
131 c . 

· -··t3z·--·----···-· y;[MISR1.EQ.1) GO TO· 130 
til C MAKE POWER FN OF WAVE LENGTH (TRANS~tTTANCE) 
134 CO~VPsTRANTOT 

-·-·t]! ·-- IF[MAPS.EQ.1) CALL FLUX(RHIT,UCA,UCN,UC~,CONVP,2) 
136 RPWRcRPWR+TRANTOT 
t~T GO.TO 30 

. ·--us--------no "'ISRIIMISR•t 
139 .]0 CONTINUE 
140 WRITE[&,6020) OFF8UN,SOS,8DFS,OTRACAZ,DTRACRL, 
till·---- .. + NATR,~Lffil~· 
142 6020'FOAMATC20X~43HSURFACE,RE~LECTA~CE AND TRACKING PARAMETERS,//, 
143 ; t0X~F10.3,2X,18HSU~· OFP•AXYS ANGLE,/, 

·--- 1114 ____ --·---- -·• ·t OX, F t 0 • 5, 2X, 20HSURF • 'EAR:JR CST·. OI!V.) ,/, 
145 • t0X,F10.5,2X,2SHOUTER SURF. ER~ (ST.DEV.lilo 
146 · + lQX~F10.3,2X,18HTRACKING !RROq•AZ.,/, 

· 1'41 ............ _ ... · + tOX,Ft0.3,2X,19HTRACKtNG EAROR•R:JLL.Io 
148 + 10X,Ft0.3,2X,9HINOEX•AIR,/, 
144 + 10~,Fl0.3,2XolOHINOE)•LENS,/I/) 

_, .. ~0 c-"'COMPUT£ OPTICAL fPF·ICIENCY - · · · - · · 
1'51 · ·~HIT•NO~AW•MtSR 
152 EOPT•R~WR•COSCOFFSUN)/NORAW 

..... 1'53 -·--·~·-·-·-- ·· WRITEC&,9199) MISR,NHIT,!OPT 
1'54 9199 FORMATC///,14X,&HM!SS!0,4X,6HHIT ON,]X,THOPTICAL,/, 
1'55 + 16X 1 4HRAYS,&X,4HRCVR 1 1X,t0HEFFICIENCY,I/ 1 

1'56 ______ .. + -· tOX,2It0,,10,5,/) 
157 . IF[MAPS.EQ.1) CALL ·FLUX(RHIT,UCA,UCN,UCP~CONVP,]) 
l58 RETURN . 
t 59----- · !NO 



C-26 

l SUBROUTINE PTROUGH 
. - ""2. ····- --- --·-----wu•EL tsT ITROPN/CL!NG,C~IOTH, u; 1tL, p., NAX U, NZONEX, NZONEY ,IRCVR 

S + ,THETAAX,OTRACRL,OTRACAZ,SOS,SOR,REPLTOT,RWS,PS~ 
0 CON~ONIRUNCINORAW,TAZ,TEL,T!~E,IDAY,XLAT,XLONG,ICONCr 

. ! ---·-·····- + NNU,ORAO,MISR,UONE,NAPS,RPWR,A'41R
1

NMAT-L 
6 COMMON/VECTOR/ULE(J),ULV(J),ULS(J),UCN(]),UCA(J),UCP(J),US(J) 
7 COMNON/RCVRCIIRCVR,THETAC,SO,RW,RL,OHIT . 

.. . -··-·--a --:---··-·-- - ·- -eOMMONITIUC/NUIS, TIL UNG, OPFSUN, TH!TUX,DTRACRL,DTRACAZ, UPI 
9 COMNONIZONE/N%0N£X,N%0NEV 

10 DIMENSION JBIN(20,20) 
·ss·· DIMENSION DU),IJT(J),UN(J),UNP(]),UR(J),USPU),RMIT(J) 
12 e · 
lJ C READ NAMELIST PARAMETERS u·-· ··-c · ·· 
n 
.16 
··n 

e . -·c 
c 

R!AD(5,TROFN) 

·OBTAIN DATA FOR REFLECTIVE MATERIAL PROPERTIES 
u 
l9 

... - '""20 .. lF(NMAT.NE.Ol ~ALL RDATA(N'4AT,NORAW,SDRlrSDR2,REFLTDTrR!FL 
· · + , NCHECR) 

21 
22 

-n 
SDR•SDRl 

c 
.. C .... OUTPUT NAMELIST VALUES 

c 24 
25 

-26 
WRITE (6, 6000) CLENG, CWIOTHr ',All#, RL•r RWS, NAXU, IRCVR, TH!TAU 

6.00 FORMATC20i,27HPAR&BOLIC TROUGH PARAMETERS,///, 
+ IOX,F10.3,2X,6HLENGTH,/, · 27 

·u 
29 
JO 
]I 
J2 
J] 

34 
:n 
]f, 

37 c 

+ 10X,FlO.J,2X,5HWIOTH,/, 
+ 10X,FlO.J,2X,t2HFOCAL LENGTH,/, 
+ tOX,Ft0.3,2X,tOHRCVA NIDTH,/, 
+ lOX,Fl0.~,2XollHRCVR LENGTH,/, 

... tOX,Fl0.3,2X,l7HRCVR SHADOW WIDTH,/, 
+ lOX,IlOo2X,l3HTRACKING AXES,/, 
+ lOW,tlOo2X,t0HRCVR. TYPE,/, 
·• lOX,Ft0.3,2X,t6HAXIS ORIENTATIO~,I//) 

AMIRaCLENG•CWIOTH . 

·se 
S9 
40 

C · ·· INITIALIZE FLUX ROUTINE 
c 

4t · ·e·· 
42 c SET VECTOR TO SUN'S CENTER 
4J e 

· u·-----·:-·-····-··· CALL SUNICTAZ,TEU 
45 c . 
46 . C SET CONCENTRATOR POSITION. V!C~OAS 

. 47 ··-··- ...... ~--- ...... . . . 
48 CAL( TRACKCTAZ,T!L) 
49 WRITEC6.10l0) ID&Y,TI~E,XLAT,XLONG,TEL,TAZ .... ----.. -u .. ·----:-:--·tot 0 FORMAT C l5X ,tSHS.OLU CONSTANTS, /ol, . 
91 ~ 10X,It0,2X,]HOAY,/,· . . 
52 + tOX,Fl0.2,a,c',4HTIME,!, 

-· . !J + 10X,Fl0.3,iX~8HLATITU~E,I, 

.. 
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~l 
.54 + tOX.~l0.1,ZXo,HLONG!TUDEoj, 

·-·-·'55. · ~: .. -- ·: .... t0XoF10o3olX•o91o4ELEVATION,Io 
!. + tO~,,lOol,lX~?~AZ!~UTH,/1/) 
51 .ISHAO•O. . . 
'58":-:--·· .. :..... 00 300 Na.t,NDRAW 

'' e . .. . .U , C·. DRAW RAYS OVER SURFACE 
..... -. fit'"'-- ----c..... . . 

•z XOaCLENG•FLAT(O.O) . 
~! YO•CWinTH•C•0.5+FLAT(O.O)) 
U ... .: .. 1: .. CHECK FOR RECEIVER Si-4ADOW 
&5 IF(ABSCYOl.GT.RWS•0.5l GQ 10 10. 
&& ISHAn•ISHAO+t 

------ --u ............. · --- · GO TO &0 · 
&8 tO ZOa(YO•Y0•0.25)1F 

.... :. ~~------- .. ~. · ~!~Dp~=~U~~:~R.!~=~~~E S~ci:~;~ ~~=ltA~I UN .AND 

~~ , .. c . : PHIIIATAN (YO/ CZ.•Fl!,:· . 
---11 ___ .......... "CPHtaCOS(PHl) 

74 SPHtaSIN(PHI) 
75 DO 10 1=1•1 
1& .... · · UN (I) aCPHI•UCN (l) •SPHI •UCP (I) 
.11 -30 U!(t)aCPHJ•UCP(ll+~PHI*UCN(tl 
18 c 
-?~ ·--e --oET!R~JNE PERTURSEO NORMAL US!t.IG .ST.; OEVe 

80 C FOR REFLECTANCE AND ·suRF~CE ERROR 
it c 

.. ---- 82 
8J 

IF (N.EQ.NC.HECR) SDR•SOR2 . 
CALL ERR ~ORM ( SDS, SOR, U~ .• UT ,_uc A ,.UI\IP, PSM) 

. 84 c 
.----a'J-----e··-·PERTURB SUN'S IUY ,OR ,lt.IIT! SUt.l SU! 

8& C &NO VARIATION IN SUN'S INTE~SITY 
u e 
88 CALL' SUN2CACCiUSP,ORAD) 
n c 
'0 C CALCULATE REFLECTED RAY USiNG SNELL'S LAW 

-·.·-··-·t1---·-c...... ..... .. 
. . '2 CALL. SNELL(UR,UNP,UBP) 

en c 
·1Jo·- ·c-· FINO 0 VECTOR TO KNOWN POINT ON R.CVR. 
95 C SURFACE 
9& c 

-···if?----.-:-·--no 'JO t•t·l 
98. 50 O(t)a•XO•UCA(ll•YO•UCP(I)~(,~ZO)*UCN(Il 
99 c 

....... too·-·-··-·-· C .. CALL RCVR. HIT TEST ROUTINE• IRCVR INDICATES 
lOt C RCVR GEOMETRY . 
102 c -----nt···- -·------CALL- RCVR (0, UR, RHIT, IIIISRt) 
104 c . . 
105 C DETERMINE IF RAY ~ITS RCVA~-,OR RCV~ HITS, 

.... to& ..... C "FIND ZONE OF HIT POINT . . 

... .... . .. . . 
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08~1f!O 

1~7 c 
··108 ······-··--······tP'CMISRt.EQ.l) GO TO 60 . 

109 . IFCMAPS.EQ.t) CALL FLUW(RHIT,UCA,UCNIUCP,R!FLTOT,2) 
11~ RPWR•RPWR+REFLTOT 

···· ut· Go ro 1oo 
112 60 MISR•MISR+t 
113 300 CONTiNUE . 

.. . ·---II 4 -·----·- ... WRITE (6, 6020.) ··oFF SUN, REFL TOT, SOS, SORt, SDRi, DTRAC At, DTRACRL 
\ll! 6020 F6RMATC20W,43~SU~FA~EiREFLECTANC! AND TRACKING PARAMETERS,//, 
116 + lOX,Ft0~3,2W;~8H$uN·OFF~AWrS ANG~Ei/,·· 
117. + IOW,,I0.3,2W,19HREFLECTA~C!CTOTAL),/~ 
118 + lO~,Ft0.5,2W,26HSU.F. ERR~RtsT.DEV.),/, 
il9 + 10W,Ft0.5,2W,2tHREFL.DISTR.tCST.DEV.),/, 
120- -·-· --- .• 10WiFI0.5,U,21HR!FL.DISTR.2CST.D!V.-),/, 
121 + lOX,FI0.3~2X,t8HTRACKING !RROR•AZ.i/, 
Ill + IOX,Ft0.3,2X,t9HTRACKIN~ !RROR•ROLL,//1 
121··· · WRt.!C6,t070) ISHAD 
124 10~0 FORMATC/10X,2~HRAYS BLOCKED BY RCVR•,IIO) 
1.5 C COMPUTE 6PTICAL ~FP'ICI!NCY . 
126 ·- --····-·· ·- NHihNORAW•MISR · 
127 EOPT•RPWR•COS(OFFSUN)/NDRAW 
128 WRITEC~,9l99) ~ISR,NHIToEO~f 
129 9'199 FORMATCII/.t4Xo6HMISSED,4X,6HI-4IT: ON,3X,7HOPTICAL

1
/, 

130 + . I6X,4HRAY~,6X,4H~CVR,tX,IOHEFFICIENCY,//, 
Ill + . IOX,2ItO,Ft0.5,/) . ' 

. ··-112 ..... -···-· --·-· IF UUPS.EQ .I) CALL FLUX CRHtT oUCil, UCN, UCP, CONVP ,·3) 
133 RETURN 
134 END 

·_n! 

-·~ ·-·-··-· ·--·····-·. -····---···-·-
7 

11•27•78 ··~ 14.4 *** 
! CSEC)· ··· · ··-··-.-tl · ~INES/MINUT! 1!729 

NO DIAGNOSTICS IN ABOVE COMPILATION 
)S .!R!· USED VOR THIS COMPILATION 



. t ... - ....... ·-z· ·----,:· . 
1 : i. c 
'4 c ······ ~ ... ··-··. c .. 
6 c ., c 
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SUBROUTINE FMTR 
.,l. 

~THIS ~OUTINE•MODELS THE ·FIXED ~IR~O~·TWO AXtS TRACKING 
RECEIVER CONCENTRATOR. TH! SURFAC.E· IS ,A· FUEO S!CUON OF 
A SPHERE DEFINED BY THE ~ADIUS AND AIM ANGLE OF THE CONCENTRATOR. 
THE RECEIVER MODEL IS THAT OF THE CONE. 

-·· ·. -~···· -·o ... ··-·--···. ·· ..... ~AMELISTIFMTANfCW]OTH 1 RL,THlTACeSO,TAtM,NAXtS,NZON!XoNZON!Y, 
+ TILTANG,IRCVR,THETAAX,OTRACAZ,O~RACRLeSDS,SOA,REFLTOT,~SM 
COMMONIA~NCINORAW,lAZ,TEL,TIME,tDATeXLAT,xLONG,ICONCt . ' .. 

10 . --· ·u 
12 
l1 

·-·· ····- ,. ·--··· 
u 
16 

.' 1T .... 
u 

" 

+ NM~T.~R·D,MtSA,TZONE,~APS,RPW~;A~tR,NMATL 
COMMONIVECTOAIULE(~)rULV(:S),ULS('J),UCN(:S),UCA(]),UCP(~),US(J) 
COMMO~IRC~ACIIRCVR,~HETAC,SO,R~~~L•QHIT . 
COMMONITRACINAXIS,iiLTANG,~FFSU~,THETAAX,DTRACA~,OTRACAZ,IRPI 
CDIIIMO~IZONEI~ZON£X,NZO~EY . 
COMMONICON!CO~I USl(!)~US2(3). 
OtMENStON XUN(!) 
DIMENSION. 0(3) ,UTt (3) ,UT2(1) ,U~(3) oUNP(!hUR(!) ,USP(:S), 

+ AHtT(l) .. 
---·--n ·- .... -····-,: .. ··· .. 

~~ C READ NAMELIST VALUES 
22 c 

·--z1·· .. ·RUO(t;,FMTRN) 
u .'.c. .· . 
15 C READ NAMELIST VALUES. 

··----· -·n .. --.-,:. , -,-·-·· .... 
Zl' c 
28 c OBTAIN DATA .FOR REFLECTIVE MATERIAL PA6PERTIES 

·····-·n e 30 IF(NMAT.NE.Ol CALL RDATACN~AT,~DRAW,SORl,SDR2,REFLTOT,REFL 
!1 + ,NCHECRl 

.-----··u-·--··-~-- - · ·--sDR•SDRl 11 WRtT£(&,6000) CWIDTH,TRI~,IRCVq,~·XIS,TILTAN&,THETAAXtR~, 
J4 . + THETAC,SO · 

··-·]'}·--·-·-···-- 6000 FORMAT(i!OX,34H,IX!O llltRROR TRACICING RCVR, INPUTS,IIIt 
36 + t0X,Ft0.3,i!X,5HWtDTH,I, 
J? + tOX,Fl0.3,2X,~HRIM ANGLE,/, 

---u-------··-·+ to X, u·o I 2X ,t OHRCVR. TYPE; I, 
i~ + tOX,Il0o2X,l1HTRACKING AXES,/, 
40 + t0X,Fl0.3o2X,t0HTILT ANGLE,/, 

-· ··--"Qt ·-··· -···· ··- · + tOX,FtO.:S,i!X.l&HAXIS ORIEIIITATtOI\I,I, 
42 + lOX,FtO.:S,2X,llHRCVR LENGT~,/, 
41 + tOX,Fl0.3,2X,tOHCONE ANmL!,I, 

---- -QCS ··· + ·1 OX, F 1.0 • J, 211, 2HS0d II) 
45 ~ 
46 C· INITIALIZE FLUX ~OUTIIIIE 

-· .. ·u.- ----c .... 
48 
4~ :-·'!O ~----·· ·tSHAD•O ........... . 
51 AMtRa3.1415~2&54•0.25•CWIDTH•C~l'~~ 
52 RCONC•CWIDTH*Oo51SIN(TRIM) 
·51·-··-······.. CLENGsCWIDTH 



54 
!5 
56 
!? 
58 
99 
60 

. ·u· 
u 
6! 
64 
n 
66 

- 67 -
68 
n 
10 
?t 

C-30 

08.949 

STHAC•SIN(THEfAC.) · · 
-· ZAPII•RCONCtCOS(TRIM) 

ZlPOcZAP 
WRIT£(6,1010) IDAY,TI~E,XLAT,XLONG,TEL,TAZ 

1010 FORMATC15X,15HSOL~~ CONSTL~TS,/1, 
+ 16X,f10,2X,]HDAY,/; 
+ 10X,F10.2,2X,4HTIME,/, 

---····- ---- •· tOlC,FtO,:S,2lC,8HLATITUOE,I, 
+ tOX,F10,!,2X,9HLONGITUOE,{, 
+ 10lC,F10.3,2X,9HELEVATION,/, 
+ lOX,F10o3,2X,1HAZIMUTH,III) . ; 

9911 FORMATC5X,JHUCP,JF10~J,/~5X,JH~CN,]F10,!,1,5lC,JHUCA,]Fl~.l,l) c . 
· ··c -~ET V!CTOR US TO SUN'S CENTER 

c 

c 
c 
c 

CALL SUNlCTAZ,f£L) 

SET COLLECTOR POSITION VECTOR TRIAD 
n 
1! 
74 
15 

· --··- ···-···--."CALL. TRACIC(UZ,TEL) 

76 
17 
18 

.. .,,. 
110 
81 
82 
IIJ 
114 
A5 
86 
117 
88' 

c 
c 
c 
c 

SET POSITION VECTOR TRIAD USTt.USTZ,US· FOR.~SE IN CONICAL ~E• 
CEIVER HIT POINTS, 

CANGL:OOT~R(US,UCN) 
SANGLaSciR TC 1 • •C ANGL •C A.N.GL) 
IFCABSCSANGL) .LT.0,000001) GO .TO 600-
DO 599 1111,3 

599 USlCil•C•UCNCI) + CANGLtUSCI))IS4NG~ 
CALL CROSS(US1,US,US2) 
GO TO 605 

600 oo 60t r=t. 3 
US1 CI)IIUCP(I) 

601 US2(I)aUCACI) 
605 CONTINUE 

DO 200 NllloNDRAW '··. 89 
90 
91 
92 
9] 

C PERTURB ~UN 1 8 RAY FOR FINITE SUN SIZE 
·· ·· C- ··AND VARIATION IN SUN 1 S INT!NStTY 

c 

94 
9! c 
96 c 
97 ·····------~ 
98 
99 

100 
- l 0 l 

102 
- ·tos ,-- · 

104 
10§ 
106. -· 

c 

CALL SUNZCACC,USP,DRAO) 
I REF LaO 

DRAW OVER CONC. APERTURE 

ZAP••RCONCtCOS(TRI~) 
UPOaZAP 
RAPaSQ~TC.25tCWitiTHtCWIDTHtFLAT10.0)) 
RTHa6.28311153tFLAT(O,O) 
XAPaCOS C RTIU tiUP 

·YAPaSINCRTH)tRAP 

DO 341- rat,]· 
141 DCI)a•XAP•UCAtr) • YAII'tUCP(f) • UPtUCN(I) 
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'•11•1• oa.•n 
101 C CHECK FOR tNCOMI~G SUN RAY HI~ O~R:WR · 
1~8 DO•OOTERCO,D) 
109 OUS•DOTER(D~US) 
liD ARG•DD•DUS.OUS 

. Ill PaSQRTCARG/CSTHAC~STHAC)) 
ll2 !F(P.GT.RCO~C) GO TO 41 · 
ll! !SHAOatSHAO+l 
llll. . .. -·-c HITS ON. FLAT TOP OF RECE•!VU u·E ASSUMED LOST FOR 
ll!5 C EFFICIENCY CALCULATIO.,S DONE· l.llTE~ . 
11~ IF(P.LT.•SO) GO TO 200 

... ll1 DO 3l tat,] · 
ll8. 33 RHIT(tl••O(t)+DUS•U~(I) 
119 C HIT WITHIN RCVR ZONES . 

. "120 QHITaP+SO 
121 CONVPat.O . 
122 tFCMAPs.eo.ll CALL FLUX(RHtT.o •• o •• o •• eoNvP,2) 

·123 RPWRaRPWR+CONVP · 
124. GO TO 200 
12!5 45 IREFL•IREFL + l 

---u···· --·· ·-··· ··- · oo 90 tat, 3 
121 90 ~~P(tl••UR~I) · 
128 IAPaXO 

·- .. 129 hPaYO 
130 ZAPaZO 
131 C PtND'HtT POINT ON SPHERICAL R!PL!CTOR SURFACE 

··-·in··-··-····... 47 SAIIOOTER(USP;UCA) 
UJ . SPiiDOTER(USP,UCPl 
134 SNaOOTER(USP,UCNl 

--·-13!5 ... ·· - · · act.o. · 
136 Ba~2.0•CXAPe~A + YAP•SP + ·ZAP•SNl 
tJi CaXAP•XAP + YAP*YAP +ZAP•ZAP • ACONC.RCONC 

·118 ------ . QUAOaB•B • · 4o*AAC 
119 tF(QUAD.LT.O.O) GO ·TO 130 
140 ALl•(•B+SORTCQUAO)l•0.5/A 
141 . ---·---···· .... . ALZia C•B•SORT (QUAD))•0.51A 
142 531 FORMATC5X,JHALloF12.Jo!5X~JHAL2o;l2.3ol) 
143 . ALiaALI . . . 

· --·-.,-u··-····-- ··c ·-· 
14~ c· BE SURE AL IS THE POSITIVEROOT 

.. , 

146 c 
""141 -- ... ~--··- ···tF(AL.LT.O.) ALCAL2 
148 c . 
149 C CALCULATE THE-PERFECT SURFACE NOA~AL 

--·- no----c···-· 
1!51 ORat.IRCONC 
1!52 00 tO tal,] 
·u-:s·--------·1Q·IUN(tl•AL*USP(t) • IAP•UCA(Il • YAP•UCP(t) • ZAP•UCN(I) 
1!54 . IMAGaSQRT(DOTER(XUN,XUN)) 
1!5!5 DO 105 tat,] 

--l·u--· --· .. 1"05 UN(t)illltUN(t) /XMAG 
. l!51 c .. 
. UI C ·DETERMINE COOROtNAT!S OF HIT POINT PROM XU.N VECTOR 

.. 199 .. -· ···-·-e- ··-· .... 



1&0 
161 
162 
sn 
1611 
165 
tU 
161 
1f)8 
169 
110 
111 
l12 

c 
c 
t: 
c 

c 

XO••DOTERCXUN,UC&) 
YO•~DOTER(XUN,UCP) 
ZO••DOTER(XUNtUCN) 

C-32 

IF(IREFLeGT.O.ANO. ZO.GE.ZAPO) GO TO 120 
XYRY•SQRT(XO•XD+YO•YO) 
X1•ZO•XO/(XYRT•RCONC) 
Y1aZO•YO /(XVRT•RCONC) 

· 'ZtU'YRT•OR 
DO 11 181,3 

11 UT1CI,aXt•UC~(I) + Y1•UCP(I) • Z1•UCN(I) 
CALL CROSSCUTl,UNtUT2) 

DETERMINE PERTURBED NORMAL USING ST. OEV. 
FOR RrFLECTANCE AND SURFACE !RROR 

IFCN.EQ.NCHECR) SDR•SORi! 
CALL ERRNORM(SDs.soR,uN,UT1,UT2iUNP,PSM) 

C CALCULATE REFLECTED RAY USING SN!L~~S LAW 
·- ··c. . . 

CALL SNELL(UR,UNP,USP) 

·' .• 

· ·sn 
114 
1?5 
116 
sn 
118 
119"" 
uo 
1111 
18l 
1n 
184 

c 
c 
c 

FIND DISTANCE VECTOR,O, TO KNOWN POINT ON RECEIVER SURFAC~ 

.. -it! 
U& 
U? 
188. 
189 
190 

-··--nt 
192 
193 

c 
e 
c 

c 

DO 50 J•l~! 
~ !0 O(Il•RCONC•UN(I) • SO•USCI) 

DO RECEIVER HIT TEST USING CONICAL; RECEIVER· 

CALL RCVRCO,UR,RHIT,MISRt) . 

· ·c -·--·-oETERMfNE IF RAV HITS RECEIVER. MULTIPLE BOUNCES ARE POSSIBLE 
C . t FOLLOW THROUGH THREE OR FOUR REFLECTIONS • c . . ' . 

.. ·1911 · IF (MISR1.EQ.O) GO TO 125 
195 IFCIREFL.GE.4) GO TO l~O 
19& C IF RAV REFLECTED, RETURN TO FINO NEXT HIT POINT ON SURFACE 

-- .. "1·in-·-·· ·c-· ·-· · ·-- · 
198 GO TO 45 
199 c 
!00 -·... .. c 
201 c 
202 c 

·-UT ·zoNES OF RAV HITS IN T!RIIIIS 0;, )UTANCE !(CALCULATED· IN RCVR) 
&LONG THE LENGTH OF ·TH~ R!CEIVtRCI.E~I~ DIRECTION OF US) 

_ .. · ·201 -----:ec ·--own JS THAT OISTUCE. · 
204 c 
205 125 
206 -- .. --· .. 
207 
208 

·--·-·zo9 --'-·--- · · 1 Jo 
·uo 1111 
Z~l 120 

. '212 ..... - .. - . 200 

CONVP•RAVV&L(IREFL~REFLTOT) 
IFCMAPS.EO.l) CALL FLUXCRHIT,UCA,UCN,UCP,CONVP,i!) 
RPWR•RPWR+CONVP 
GO TO 200 
WRITEC6,1llt) 
FORM&TC5X,J7HERROR, HIT POINT ON SURFACE NOT FOUND,/) 
MISR•MISR+l . 
CONTINUE 
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211 ~RITE(b.~020) OFF5UN,REFLrOT,S)B,SOR1oSOR2 
··- .. ;no ._. .. ·····-·6020 ~ORMAT(201C,UHSURFio\CE,R!FL!CTANCI! .AND TRACKING PARAiolET.~RS, II. 

'215 + 10IC,FlOal,21Crl8HSUN OFF•A~lS ANl~Erlo 
216 ·+ tOIC,FlOol,ZX,l~HREFLECTANCECTOTA~O,/, 

·211 ·- + 10~oFl0.5,21C,20~SU~~ •. ERROR(ST.DEV.Jolo 
218 + lOIC,Ft0.5o2X,21HREFL~OISTRolCST.OEV.lol• 
21' + lOX,Ft0.5,2X,2lHREFL.OISTR.2CST.DEV.l,//l) 

··-·-··no··---·-c-···wRYTE POWER ON RCVRoSHADING HITS A~D MISSES. 
221 . WRITEHto q~99) I SHAD • . , 
222 ·~·~ FORMATC/IIol5X,22HHIT·RECEIVER ON WAV INriSrl) 

... 223 . -· . ~ COMPUTE OPTICAL EFFICIENCY 
224 NHIT&NORAri.,MISR · ,. 
225 EOPT•RPWR•COS{OFFSUN)/NORA~ 

·-cz6·- ... ,---···-··-"'·vtRtTE(6o9lqq) MISR,NHIToEOPT 
227 •tqq FORMAT(///,lOX,6HMISSEOrOX,~HHIT ON,]lC,THOPTICAL,Io 
228 + l6Xr4HRAYS,~X,OHRCVR,11Co10HEFF1CIENCY,/Ir 

. 22~ ···· .... · .. ··- + t01Co2ItO,Fl0.5,1) 
ilO IF (MAPS.EQ.l l CALL. F.LUX (RHIT ,UCAoUCNrUCP,CONVPr l) 
231 RETURN 

·--·nz .. -·-·-··---·· .. ·-·£NO 

. ~ 
NO DIAGNOSTICS IN ABOVE COMPILATION 

JS WERE USED FOR THIS COMPILATION 

," -~ . ' • . .'. 

: ~; 



1 
""2 

J. .. 
~ .............. c-
6 c 
1 c ..... ·a ----- ...... -e · 
' e 
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SUBROUTINE CPC2 
· NAMELIST/CPCN/ClEN&oCWJDTH,RW,RL~NAXtS,TlLTANG,N!ONEXr 

·• NlONEY,JRCVR,THETAAXrOA,~THTO~~NTOL,SOS,SDR,ATHETA 1
. 

+ ,REFL TOT ,SRW~PSM .. . 
- ' . 

THIS ROUTINE I8.THE SURFACE MOD!L FOR THE.CHAMBERLAIN 
CPC CON~E~T-~TOR NHICH i~ ~ COMBJNAitON OF AN !NVOLUT! 

·AND COMPOUND PARA80Lit SURFAC~o 
I 

tO C INPUT VARIABLES ARE 
· 11 .. c·- COLLECTOR ·or~ENSIONS.CE.G. "L.c:.E"G,cwroTH,R~,pc.> 

'·: -

12 C NTOL THE NUMBER OF ITE~ATIONS TO DETERMINE THE HIT.POINT 
U C THTOL THE TOL!IUNCEI ON THETA. 

· 111 · · .. c··- RA'TS AU DRAWN OVER THE APERTUftE AND THE HIT POINT ON THE SURFACE 
·15 C 18 FOUND ITERATIVELY USING NEWTO~~S METHOD. 
16 C THE CYLiNDRICAL RECEIVER MODEL !S THE ONLY RECEIVER JWHICH CAN 

....... 11 ..... ·.c· -· 8E USED WITH THIS' MODEL.t •. ANY .l"HER RECEIVER. WOULD REQUIRE A 
18 C DIFFERENT SURFACE. 
19 e 

.. COMMON/RUNC/NDRAW,TAl,TEL,TIMf~IDAY,XL~T,KLONG,tCONC, '"20 
21 
22 
ZJ 
l4 
n 

. 26 
21 
18. 

'29 .. 
JO 

e 

+ NMAT,DRAD,MJSRrTZONE,MAPS,RPWR,AMI~,NMATL , 
COMMON/VECTOR/ULEC3),ULV(3),ULS(3),UCN(J)oUCA(3)oUCP(!),US(J) 

· COMMON!RCVRC/IRCVR~THETAC,SQ,R~,RL,QHIT 
COMMON/TRAC/NAXJS,TILTANG,OFFSUNoTHETAA~oDTRACRL,OlRACAZoiRPI 
COMMON/ZONE/NZONEX,NZO~EY . . . 
DIMENSION 0(]),UT(J),UR(!),UN(]),UNP(]),USP(3)o 

+ ~HIT(3),UI(3),0RIG(3) 

·c 'READ NAMELJST 'VALUE~ 
c 

Jl READ(5,CPCN) 
....... ·::sz· .. ·--· .. ··c ·- - · ··- · 

J! C OBTAIN DATA ~OR REFLECTIVE MATERIAL PROPERTIES 
!4 c 

...... :n- -· "IF(NMAT.NE.O) CALl RD4TA(NI4.T,I\IOIUW,SORleSDR2,Ri!r71.TOT,REFL. 
36 + ,NCHECR) 
J? SDR~SDRl ..... --n -------· -c 
J9 c WRITE NAMELIST PARAMETERS 
40 c 

...... - 41··- -- .......... - ........ ~RITE ( 6, 6000) CL!NG, CI'II DTH, RW, RL·,.SRW, DAP, NAX! S, THEU U, T t1.. 'i' ANG, 
42 + !RCVR . . .. , . 
4J 6000 FORMAT(20X,ZIHCPC2 CONC. PARAMET!RS,/1/, 

----~ ·oo- . -·------.··toX;FtO.J,2X,6HLENGTH,/, 
4! + 10X,F10.3,2Xo5HWIOTH,/, 
46 + 10X,F10.3,2Xo10HRCVR WIDTH,/, 

· __ ...:.47·-------- + · 1 Oll, F t 0 • J, 2X, t l HRCVR LENGTiof,/., 
41 + tOXoFI0.3,2Xo27HRCVR WIDTH FOR ~URPACE OEFN,/o 
49 + l0XoFIO.J,2X,t6HCPC ~OOUL£ WIDTH,/, 

--1Jo---------..-"10lfort0,21t,UHTRlCICING UES.I" - . 
Sl· + !OX,,l0.3,2Xoi6HAXIS ORIENTATID~,/, 
52 + tOX,,lo.S,lX,lOHCONt. TJLTu/~ . 
·ss-·--· .- .. ----·•--!OXoUO,i!ll,lOHRCVR. TYP!o/0) .. 
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54 !!I ···-··-·---c-· .......... ··-···· ... . 
!16 c 
51 C SET SUN VECTOR US TO SUN'S CENTE~· 
·n -·--····c 
59 ~~LL SUN1CTAZ,TELl 
60 C SET COLLECTOR POSITION VECTORS UCAtUCN,UCP 

--·--""Is-·--,:--··· -- :· -
62 CALL· TRACK(TAZ,T!~l 
61 . AMIR•DAPtCLENG . 
·u -·--··· ........ WRITE(6r1010) IOAY,TIME,IILAT,XLDNG,TELtTAZ 
65 1010.,0RMATCt511,15HSOLAR CONSTANTS,//, 
66·· + tox,uo,21!,1HDAYd. 

-·-· ·--.y---· -· ··-···· 1 OlC ~f: 10 ;.z, 211, 4HT1ME, i, 
68 + 1011rFl0.3,211,8HLATITUD!,Ir 
69 + tOII,Ft0.1,2lC,9HLDNGITUOEtlt 

·-·--·""TO ___________ ... ·• 1011r'i0.1,2)(,9HELEVATIONd·, 
11 + tOlC,Fl0.3,211,7HlZIMUTH,/II) 
12- e . . 

·-·--Ts·--_--- ·-c -·-·-tNITl AL t!E ·nux ROUT! N! 
T4 . C 
15 IF(~APS.EQ.l) CALL"'LUX(AHIT,UCA,UCN;UCP,CONVPtll 

....... 16 ....... -----c·-·· . 
. 11 C lET CONSTANTS NEEOEO.FOR DI~ENSIO~S INS!RT ELSEWHERE LATER. 
18 c .. 

-----·n-------·--·-ftW2aSAWt0.50 
10 OZUPa0.5t(SRW•RW) 
ll ATHETA•ATHETA 
·u··· -c -

· 11 C CALCULATE Z OF APERTURE USING [gUATION FOR H!IGHTH ALONG' 
14 C SURFACE AT MAXIMUM ANGLE. 

-----n----~------··· 
8~ . THEfAM•~.1t238898 • ATHETA 
IT OTH•THETAM•ATHETA 

· 18 - .. --~----··· RHO•RW2t((THETAM + ATH!TA ·+ 1.5701961 • CQS(OTH))I(l.+SjN(OTH))) 
89 ZMAIIs•RW2tCOS(THETAM) • AHOtSINCTH!TAM) 
90 00 200 N•t,NORAW . 

-------.s----. -- · K!RRaO ·- _ ... · · · 
. 92. iFLAGaO 

91 JREFL•O 
· :9§ .............. ·-···-- ·-THFT&r:laO.O 

95 c . 
96 C PERTURB SUN VECTOR 'OR 'INITEI SU.!'4 SUE 

----.., c ---.---·----· ..... . .......... . 
91 ·- CALL SUN2(ACC,USP,ORAO) 

........ ,:: ~---'·_· -~---- : ... ' - . 

101 C DRAW OVER APERTURE 
102 c ---;-os-----. ---1C·A~aCLENG•FL•'fCOeOl ·· 
101 . YaCWtOTHtFLAT(O.O) 
JO!S YA~a~ • OAPt(INT(Y/OAPl+O.!Sl 

----·106·---· ··-· -·--- ZAPaZMU 



l 07 . c 
· ua --· ·· -·--c 

109 c 
1111. c 
! ll .. ---·--c 
1U C 
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DETERMINE WHETHER INCOMING RAY,US,HITS RECEIVER ON 
ENTERING. DO RCVR. HI~ TEST VSING UI••US VECTOR AS THE IN 
INCOMING RAY. D VECTOR GOES ,ROM HIT POINT ON APERTURE TO 
CENTER O' RECEIVER.· 

11! DO 10·ta1,~ 
H4 ····---··--· .. - ·· U!CUI!I•USPU) . 
ll! ·so O(J)••~AP•UCA(I) e YAP•UCP(I) • CZAP•OZUP)•UCN(J) 
116 CALL RCVR(O,UJ,RHJT,MJSR1) 
117 
tU 
11'1 

. - - c ·-. 

··no--:-··· 
c 
c 
c· 

121-
122 

·us ···-··c · 

JF THERE IS A RECEIVER HJT,_ I~CRfASe DIRECT 
IF TH~ RAY ~ISS!& THE R!C!mV~, FIND HIT 

··oN REFLECTOR SURFACE. 
JF(MISR1.NE.1) GO TO liS 
GO TO 105 

HIT COUNTER BY l. 
fiiOINT 

124 C IF RAY REFLECTED AND DID NOT WIT RECEIVER, FIND NEST HIT 
125 C POINR. RESET INCOMIN~ VECTOR TO BE THE VALUE OF UR. 

·····-··u6· -c ·-- >SET THE OR!GtN OF ·THE RAY AT _THE PREVIOUS HIT POINT. 
U7 C 
.1~8 45 IRE,LatREFL+1 
·12q XAP•XO . 
130 VAPaVO 
131 ZtP•ZO 
Ul -·-······ ··· ·- THETAOeTHETA 
13! JFLAG~O 
1!4 DO 50 1~1,3 
115 USPCt)a•UR(I) 
!36 50 UICI)aUR(I) 
1!7 C FIND HIT POINT USING ITERATIVE METHOD 

····--·He ---·· e · ·-··: · 
1!9 105 CALL C~ECCD,UCN,UCP,USP,JSW,VAP,ZAP,ZCHEC) 
140 IFCIREFL.GT.OaAND.ZCHECeGT.ZMAX) QO TO 120 
141 IFCIS~.EQ.O) GO TO 110 
142 C IFSIDE OF COLLEC~OR CHANG!SCI.E~ISWat), CHANGE REFLECTED 
14! C (OR INITIAL SUM) RAY SIDE 
"lU ··~ ·- · ··--· · NSWS•NSWS+t 
14!1 DUMA•DOTERCUSP,UCA) 
146 DUMP•DOTEACUSP.UCP) 
·tc7· · OUMNaOOT!R(USP,UCN) 
148 DO 109 J•t,J 
149 109. USP(J)~OUMA•UCA(IJ•DUMP•UCP{J) + DUMN•UCN(J) 

-uo---:------ ·······- D0.1095 t•1.J 
t!t 1095 UI(IJ••USP(I) 
l!l YAPaaYAP 

- -- 1!3 · -------1 1'0 ·THETAs<!. 90 
154 IF(IREFL.GT.O) THETAm(0.8•D.t•IFLAGJ•THETAO 
15!1 VECTRI:OOTEIHUI, UCP) /OOTERCUI, UCN) 

---n-.-------------·--oo 20 tal ,NTOL . 
. 157 CTsCOS(THETA) 

· 158 STaSINCTHETA) 
·······1 99 ·-·--- RHOPR•RWi! 
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160 RHOaRWZoTHETA 
. ---1U -···-··--·--·- ·- l>THIIIABSCTHETA) •A THETA 

162 _·IF(THETA.GT,(ATHET~ ~ t.5~0?96J~73) RHOD . 
. t"n + RW2•fTHEThATH[TUlo!S70n6U7"'C08(D.TH))IU.o8lN(OTH)) 
Hill ·-----·-----·-·· 11 Dl. +SIN (OTH) 
169 l'(THETA.GT.CATHETA+i.~7079~12T)) RHOPRe 
16~ + (eRWZ*COS(OTH)oCTM!~A+ATHETt+l.S70796Z7•COS(OTH)) + 

-,n ·- --~ ·-·-- RW2&9toSt)I(UoSt) 
168 JFCi.EQ.NTOL) GO T0-199 . 
i69 GTHsRHO•(•ST•VECTR+CT) @ RWZo(CT•V!CTR+ST) Q 

····--110 ·--. -···- . + ZAP•VECTR ~ YAP 
. 111. . . GOERIVaRHO•C .. CT«~VECTR • ST) + RHOPR•( .. ST•VECTR+CT) .. 

IT! ·• . RWZo(•S~~VECTR+CT) 
---·n:s----·------·-uuss CGDERIVl .L!. 0.00001). GO!Rl vn·. OOOOt•SIGN ( le, GOER IV) 

i74 OELTA•~THIGOERIV 
17! .IFCABSCOELTA).GT.1~5) OELTAat.S•SIGNCt.,OELTA) 

··-··-·1-16 ·· ·-·--· · -----. •FLOAYCNTOLei)I~TOL 
lTV . THETAlaTHETA . 

. 1?8 . . THETAaTHETAeOELTA 
__ _.t19 ··-. ·---:--::-:- ·- _. _____ I~ ( ABSCTHETA) .GT • TH!T AM) ·:THI!T AIBTH!T AMdlGN (l o, THE VA 1) 

' 110 . + ··~LOAT~NTOL•!)INTOL 
tit IP(ABSCD!LTA).LT.THTOL) GO TO tOO 

. ·nz . - .... !0 . CONTINUE 
ISS ioo IFCABSCTHETA .. THETAO).GT.THTOL) GO TO 103 
tOB IFLAGgJFLAG+I 

-·ns ·-- ·----·--·- tFUFLAG.LT • ., GO TO tlO 
106 GO TO 120 
117 103 VOaRWZoSiN(TMETA) • RHO•COS(THETAJ · 
tee ZOa,.RW~&COSCTHETA) • RHOoS!N(THETA) 
189 XO~CZO•ZAP)•DOTERCUS.UC~JIOOTERCUS,UCN)· + XAP 
no c -----·ns ·----·--c· -··l'tNO PERFI!CT SURFACE NOftMAL ·· · 
U2 C 1~3 . . 0Zf.IR,W2•$iNC-THETA) .. RHOoCOSCTHETA) ., RHOPR6SINCTHETAJ 

. t9A OVaRW2oCOS(THETA) + RHOoSI~(THETA) e RHOPR•COS(TH!TA) 
1'5 ~HINmATAN2CDZ,OV) 

. ttl& CP11COS CPHIN) 
. -----1•1 ·--·--- ·- ------ -- SPilSI N CPH IN) 

-t•e oo·3o rat.3 
19' UNtY)mCP•UCN(l) • SP•UCP(l) 

·200 · · 30 UTCIJI!ICPeUCP(I) + SPeUCN(J) 
20! c 
202 C:. CALCULATE PERTURBED 8UAFAC! NOR~ALCUNP) BASED ON 

--·--zoJ :c;------ ·--·REFLECTANCE PROPERTiES AND SURI'ACI! ERROR DISTRIBU"(IONo 
204 c 
10~ - -

....... 2U- ----c--- ·J>UT IN ROUTINE FOR CALCULATION Oil UNIT N0Rfo1'AL PERTURBATION 
!07 lF(N.ED.NCHECR) SDRsSORZ 
208 . CALL ~R~~ORMCSDS,SOR,U~,uT,UCA,UNP,PSM) 

·· ·- ---an~--c --~ --··:--· · --:-- ·-· .. 
210 C CALCULATE REFLECTED RAV UR 
2t i c . 

. - "212 ··-. ----- .. "'CALl ·JNELLCUR,UNP,UBP) ·· 
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2U C 
- ·-au --\: ... -1)0 R!CUVER HIT T!ST ·· 

115. c 
216 DO 40.1•1,3 

.. 211 --··-· ··---~o DCI)••lCOtUCA(I) • YOtUCP(I) • UO•DZUP)tUCN(I) 
218 CALL RCVRCO,UR,RWIT,MISR1) 
119 JFC~ISRt.NE.l) GO TOSS 

.. ··-no ··---·--·····--tFCJREFL.GE.4) GO TO 120. 
i!21 c 
121 C RAY REFLECTED AND DID NOT HIT RECUVU,. FIND NEXT HIT POINT · zn ··c 
224 . . GO TO 45 
2215 c 

. 126. ·--- ····c CHECK TO S!E IF RAY Ell ITS OUT APERTURE 
221 ·C 
228 55 NSWSt•NSWS•2t(NSWSI2) 
229 ···-- tFCNSWSt .NE.l) GO TO 5ft 
230 DUM1800TER(RHIT,UCA) 
2!1 DUM2•DOTERCRHJT,UCP) 

-- · ···u2 ···· - ·--- · · · "OU~J•DOTER (RHIT, UCN) · 
23J· DO 115 181,3 
234 115 RHITCI,•DUM1tUCA(I) • DUM2tUCP(I) + OUM3tUCN(I) 
!15 . · 5ft CONVP•RAYVALCIREFL,REFLTOT) 
21ft IFCMAPS.EQ.1) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,2) 
ZJT RPWR•RPWR+CONVP 

·-ns···-·-·-·· GOTOZOO_ 
2!9 120 MISR•MISR+t 
240 .GO_TO 200 
241 ·t99 WRITEC6,11tt, I 
242. 1111·FORMATC5X,22HTHETA DID NOT CONVERGE,2X 1 2HI•,IS,/) 
~41 GO TO 200 

-·-·-zu---------125 NOIRECT-NOIR!CT + t 
·. 245 CONVP•t.O 

24ft IF(MAPS.EQ.t) CALLI FLUX(RHIT,UCA 1 UCN,UCP,CONVP,2) 
···2o1· RPWRmRPWR+CONVP 
~48 200 CONTINUE 
249 WRITEC&.ftOZO) OFFSUN,REFLTOT,SD,~SDRt,SDR2 

--··- ·2!·0 ··--·· -··6020: FORMATC20X,4JHSURHCE,~EFLECTANC! _AND TRACKING PARAMETERS, II, 
251 . + lOX,FtO.l,2X,18HSUN OFF•AlCIS ANGLE•!• 
252 + IOX,FtO.J,~X,19HREFLECTANC!~TOTAL~,/, 

· ··2sJ··· -- · + 10X.Ft0.5,2X,20HSURF. I!RRORCST.O!V.),I, 
254 + lOX,Ft0.5,2X,2tHREFL.DtSTR.tCST.OEV.),/, 
255 + 10X,F10.5,2X,21HREFL.DISTR.2CST.DEV.),/11) 

-·--!56··----:---- --wRrT!C6.JOJ) NDIRECT 
251 - !03 FORMAT(IIIo10X,20HOIRECT HITS ON RCVR•,IIO) 
258 C COMPUTE OPTICAL EFFICIENCY 

··· ·zs• -----·-··· _, · NHihNOIUW•MISR 
260 EO~T•RPWRtCOSCOFFSUN)INOAAW 
261 WRIT£(6,9199) MISR,NHIT 1 EOPT 

··- ·-··261··-----·- •t•• 1'0RMAT (Ill r 14X, 6HMISSED, 4X, 6HHIT ON, !X, 1HOPTICAL t1, 
261 ~ 16X,4HRAYS,6X,4H~CVR,t•,t0HEFFICIENCYr/1, 
264 + 10X,2I10,Ft0.5,/) 

···-··-us·-----··-···· IFCMAPS.EQ.t) CALL -,LUX(RHIT,UCa,ucN,UCP,CONVP,]) 



!oi8•T9 ~8.948 

l!U 
261 

RETURN 
2ND 

llsZ7•7B ~e& 14.4 e•e 

r·-nrel ____ ·-r;;n ·. ··., · · · 

C-39 

' . 
LJNESifiiiNUT! J49!1!· · 

NO DIAGNOSTICS IN ABOV! tOMPILftTION 
)S""WER£ USED YOR THIS COMPILATION 

I. 

'. 
·· . 

. . , 

$' r- .• -, ~ . ,. 

"r. 
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litn•n ·-·u·.·••• 
_ . 1 SUBROUTINE ~HE~(D,UCN~UCP,USP,ISW~~APiZAP,ZCHEC) --.-·-····-a··-,---c ·····. . . .. . . ........... . 

J C THIS SUBROUTINE IS CALLED FOR~ ~PC2,_.TO FIND POSITIVE 
:4 C OR NEGATIVE SIDE OF HIT ON SURFACE. IN UCP DIRECTION. 

·····-·: ··· 1 ·· -··'-··-c ·· OUTP.UT SETS A FLAG TO SITCH SJG~ OF VECTORS SO ONL V 
6 C . POSITIVE THETA VALUE~ ARE CALCUL~T!D. 
1 . c . 

----···-------- ··-otMENUON 'D (J) ,UCN(J), UCP (J), USPU) 
9 J8WsO . . 

tO \ DtaOOTER(O,UCN) : -·--· .. ··n--· .......... -...... ... D2•DOTER ( D, UCP) .. 
11 DJaOOTER(USP,UCP) 
lJ D4•DOTER(USP,UCN) 

-~--n···-·--·---· ·· IF ( A88 (03) .L T a 0 • 0000001)" GO TO 10 · 
l! ZCHEC••D1+D2•D41D3 . . 
16 IFCZCHEC.GT.O.O.AND.ZCHEC•LW.ZAP.AND.YAP.GT.O.O) ISW•l 

··· ---:·tf .. ····- .. -· ----· tF(ZCHEC.LT.O.O.AND.TAP.LT.O,.) UUI 
II tFCZCHEC.GT.ZAP.AND.YAP.LT.O.O) tSW•l 
19 C WRITEC~ol00) ZCHEC,YAP,JSW . 

--""""" --------100 ~ORMAT (5X, 5HACHEC·, ?X 1SHU1', ?X ,·:SHUW, I, !ilC, 2,. o. :S, I I 0) 
Zl RETURN 
12 (O IFCYAP.LT.O.OO) lS~•I 

-·-··-·n · WRrTEU,tOO) ZCHEC,UP,tsW 
24 RETURN 
25 END -----u·-----·-----. ............ .. -... . 

E 11•27•78 *** 14.4 *** 
r!---("8!~1----·.J! -------- .. UNI!SIMINUTE ·itUO · 

·£ · NO DIAGNOSTICS IN ABOVE COMPILJTION 
OS-WERE·USED FOR THIS COMPILATION "· 



•··u•n ·· ·oa.•u 
l . -·a 

·:s 
•• ... , ... 

6 ., 
I --·- .. -- ..... - ... 

' to 
ll 
l2 c 
u c 

··u· · ·c 
u c 
u e 

.. l7 c 
u e 
l9 c . _, ...... 20 - ...... ·t 
It C 
22 c 
n c 
14 c 
n e -------,.,----- ...... c· .. 
27 c 
1!8 c 
h c 
:so e 
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IUB.OUTtNE RPI(JBI~l . 
COMMONIRPIC/FLrTILTrOX,DYtrOY2r&L!N,FLENr,WIDrNCOLrXAX,NF&C, 

t NCA,DY,ICLF,ARPI(20),RRC2n),CR(20),NRZrR~liC 
·COMMONIRUNC/NDRAWrTAZrTEL,TIMEriDAYtXLlTrXLONG,ICONC, · 
+ NMAT,OR&D,MISRrTZONEr~lPS,RPWq•A~IR 1 NMATL 

COM'MON/V!CTOR IULE (3), ULV C 3), ULS ( 3), UCN ( 3), UCl (3), UCP ( J), US ( 3) 
CO~MONIRCVRC/IRCVR,THETAC~SP,R~,RLrQHIT . 
COMMONITRAC/NlXISrTILT&NG,O;FSU~~TMETAAX,OTRlCRLrDTRlCAZriRPI 
CO~MON/ZON!INZONEX,NZO~EY . 
DIMENSION CAT&(2,50),0(3),U~(3),UR(3),UN~(J),USP(3),RH!T(3) 

l ,UTl(3l,UT2C:S),OtC!),EOPTZC20) 

DEFINITIONS FOR RPI TWO AXIS 
TRACKING, MULTI•FACETED 
COLLECTOR. . 
FL•FDCAL LENGTH (M) 
T!LT•CDLL!CTOR TIL~ FRO~ ~ORIZO~TAL (DEG) 
DX•CDLUMN AXIS SPACING (~) 
OYl•DISTA~C! FROM COLLECTOR C!NT!q TO .START 

OF FIRST COLUMN·AKI8 ROW (M) 
DY2•DISTANCE FROM COLLECTOR CENTER TO START 

OF SECOND COLUMN AXIS ·RO~ (M) 
&LEN• LENGTH OF l COLUM~ AXIS (~) 
FL!N•LENGTH OF AN tNOIVI~UlL· MIRROR FACET ON A 

CDLU~N AXIS (M) 
··fWtO•WTOTH OF ·A MIRROR ~lCET (M) 

NCOLeNUMBER OF COLUMN AXIS PER 
MIRROR BANK (MUST BE A~ ODD NUMBER) 

RMAIC•MlXJMU~ RADIUS OF RECEIVER PL,NE 
NRZ•NUMBER OF.RADIAL ZONES ON .RECEIVER 

:St c 
·-·-·n ----·-·c N&MELUT VALUES 'OR RPI COLL!CTOR 

:s:s c JO NlMELISTIRPJLISTIFL,TILT.DX,DYloDYl,&LENoFLENoFWIDoNCOL,NRZ,RMlX 
:S! · • ,NZONEXiNZONEY,REFLTOT,RLrRW,8DS,SDR,tRCVR,PSM J. Pta:S.t4t5'265 
17 IRPtat . 

---·11 ·-·-·---............. ·SUMwO • 0 
:s• SOFFaO.O 
.40 ......... ·-u- c .... c R!lD VALUES 'ROM NAM!LIST 
u 
OJ R!l0(5,RPILIST) 

c 

·-·....,..··----- "1UUICaRW•0.5 
n ·c 
•• c ~8TliN DATA FOR REFLECTIVE MATERIAL PROPERTI!II 

. ..,._ .... _ -.. c 
41 .tF(NM~~.NE.O) 
•• • REFLoNCHECR) 

CALL RDATA(~M&T,NOR&W,SORt,SDR2,REFLTOT, 

~---~o---·.- ....... : .. ·soRwSORt ... 
!l WRIT£(6,~000) ~LoTILT,&L!N,F~E~~~~tO,NCOLrRMAX 

. !I 6000.FORMATC20X,2THRPt CONCE~TRATOR Pa~&METERS,/1, 
-- --~, ....... ··-·-· -·---- · • t OX, Ft 0 • :S, 21C, t 214F DC AL. L !N~II'!4 ,/ • 
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08.9U 

54 
"lJ! 
!& 
57 
!8 
59 

c 

+ IOX,Ft0.3,2X,IOHTILT ANGLE,/, 
+ 10X,FIOol,zx~·1!HCOLUMN,LENGTH,/, 
+ IOX,FtO.l,2X,l2HFACET LENGTH,/, 
+ IOX,FIO.l,ZX,IIHFACET WIDTH,/, 
+ 1QX,Il0o2X,l5HNO.COLU~N AMES,/, 
+ lOX,FtO.l,ZXo15HM~X RADIUS RCVR,/1/) 

60 
61 . . -·-·--c· ·- INJTULUE HUX AOUT1'NE · · 
62 c . 
u 
64 
65 
66 
n· 
63 .. 
10 
1l 
n 

. 1] 

14 
n 
16 
11 
'18 

" 80 
8! 
82 
83 
84. 
n 
86 
81 
88 
89 
90 
91 
92 
n 
u 

c 
c 
c 

·e 

c 

c 
e 

e 
c 

·e 

95 i ·c 
96 c 

-···97 -·--··: ·-
~8 
99 

I'CMAPS.EQ.t) CALL 'LUX(RHIT,UC~,UCN,UCPoCONV~,I) 

CALL ROUTINE TO SET UP COLU~~ AXIS 
TILT ANGLES 

CALL ATILTCCATA) 
DO 112 rat,z ·, 

112 WRIT£(6,11!) lo(CATA(I,Jl,l&t,NCA) 
Ill FORMATC//,28X,23HtOLUMN ~XIS TILT ANGLES~/, 

+ 32X,t1H~IRROR BANK,IS,/,(10(tX,F7.ll,/)) 
COMPUTE MIRROR AREA AND CONCENTRATION RATIO . 

A~iRa~WID*~LEN•NFAC•NC0Lo4 
DO 5 I~<t,NRZ 

ARPI CilcO.O 
EOPTZ(t)r;O.O 
RR(t)mtoRMAX/NRZ . 
CR(J)oAMIR/CPI•~~(f)eRR{I)) 

SET VECTOR TO SUN'S CENTER 
CALL SUNl(TAZrTEL) 

SET COLLECTOR POSITION VECTORS uc•,uCN;UCP 

CALL TRACK(TAZ,TEL) 

1010 

• • • 
+ 

• .. 

WRITE(6,1010) IDAViTIME,XLAT,XLONG,TEL,TAZ 
,ORMATC///,tSX,t5HSOLAR CONSTANTS,//~ 

tOX,ItO,zx,lHOAV,/, 
t0X,FtO.J,2X,4HTJMEolo 
1 0 II , F t 0 • ! , 2X , 8 H L A.T H U"DE , I , 
ttX,Fl0.3,~X,9H~ONGITUDEoi,· 
lOX,Ft0.3,2X,9HELEVATlONolo 
tOX,Fl0.3~2X,~HAZlMUTH.,///) 

CO.LUMN·AXIS ROTATION A-NGLE 
DALPm190.eTILTIORAD•TEL/ORAD)~0.5 
CDALeCOS(OALP~ORAO) · . 
SOALIISIN (OALPeORAO) • · · .· 

too · -- - -·c · 
t 01 c 
1 Oi! c 

· ·· ··sos ·-··--·-·-·-· 
tOll 
lO!i 
106 .. -

c 

START DRAW OVER N~MB!R· OF RAYS 

00 1000 N•t,NORAW . ., . 

CALL SUNl(ACCoUSPoORAO) . 
DO MONTE CARLO DRAW OVER COLLEC~OR 
CALL ~ONTECCATA,CAT,T!~~MO,VO,ORAD) 
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10? C FIND SURFACE NORMAL:ANO OVECTOR 
lOB ·-·----·-·- .... CALL NORM(CAT,O,UNoUCA,UCNoUCPtCDAL,SDAL,lCO,YO,UTt,UTC!). 
109 C COMPUTE COSINE BET~EEN MIRRO~- AND SUN . 
llO COFF•DOTERCUN,US)· 
l1 t ···---- .. .. . SOF.F•SOFF+COFF 
112 CONVPaREFLTOT•COFF 
Ill C PfRTURB SURFACE NORMAL 
l u-···------. . IF CN.EO.NCHECR) SOhSOR~ 
it5 CALL ERRNORMCSOS,SOR,UN,UTt,UT2,UNP,PSM) 
116 C FINO REFL, RAY . 
11? -CALL SNELLCUR,UNP,USP) 
l 18 c 
114' c 00 RECEIVER HIT TEST 
no ·c 
121 00 20 t•1.3 
l22 20 01(I)80(I)•0.5*RL*UCA(I) 
123 CALL ~CVR(Ot,UR,RHIT,MTSR1) 
124 lF(MISRt,£0,1) GO TO 60 
125 c 0.' 
f26 ·· --· C ·-- _ .. DETERMINE HIT POINT -ON 'LAT RCVIf. 
U? C 
128 IFCM~PS~EQ,l) CALL FLUX(RHIT,UCA,UCN,UCP,CONVP,2) 
129 - CC TEST TO SEE I; RAY HITS RECEIVI!:R, 
130 C BULLS EYE FLUX ZONING 
131 00 ~-30 Ie1, 3 . 
U2 ·-····- -·-]0 RHtT(Il•RHIT(I)o0,5•RLoUCACI) 
\iJ RMAG•BORT(DOTER(RHIT,RHIT)) 
134 iFCRMAG.GT,RMAX) GO TO 60 
11~ tzo. 
136 44 I•t+1 
137 tF(RMAG.GT.RR(l)) GO TO 44 

··- UB ------· · ·· UPI(t)•ARPt(I)+CONVP 
119 RPWRaRPWR+CONVP 
t40 GO TO 1000 
141 60.MISR•MISR+1 
t42 1000 CONTINUE 
i43 AVGCOSzSOFF/NORAW . 
! lUI WR JTE ( 6, 6020) OFFSU.N"o REH·TOT, SDS t SOR 1, SORC!, OTRAC A Z • OTR ACRL 
145 6020 FORMATC1H1,///,20X,40H91JRFACE,REFLECTANCE AND TRACK PARAMETERS,// 
146 + 10X,Ft0,3,2lC,l8H9UN OFF~AXTS ANGLE,/, 
1•1 ~ 10X,FI0.3,2~.t9HREFLECTANCECTOTAL),/, 
148 + 10X,F10,5,2lC,20HSURF. ERROR(ST.OEV,),/, 
149 + lOlC,Fl0,5,2lC,21HREFL.DIST~.1CST,DEV.),/, 
190 ·:--·-----;·:- --· ··- + ·tO~, F t 0 • S, 21C • 21 HREFL, OJ STR .2 CS h DEV •) ,/, 
Ut + lOICoF10,3,i!X.t8HTIUCKtNG' EIUO~.,Al • .lo 
152 + 10X,F10,3.2X,19HTRACKtNG ERROR•ROLLol/) 
151 --·-·---··---· .. ·· ·oo 70 Ir:t, NRZ 
f54 ARPICil~ARPICil•A~IA/NORA~ 
155 SUM•SUM+ARPt(I)/AMtR 
1§6 ·-· ·-- --· ""10 ·-"fOPTZ C Il •SUM 
15? WRtT£(6,1090) (RR(t),CR(!),ARPI(I),EOPTZ(t),latpNRZ) 
1'58 WRITE(&,T&).· AVGCOS 
11~ ·-·t090 FORMATC//,16X,~HRADIU3,2X,l0HCON~ RATJO,TX, 
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2•li•7CJ -·n.CJ46 · 

160 • 5HPOWER,3X,lOHE,F!CIP:NCY.,II,(lOX,FlZ 1 4,Fl2,l,2;t!.4)) 
..... Ul ---·:--···76 1'0RMAT(I//.t0X.t5HAVEIUGP: C08I1'4!•,Ft0.6) 

162 C COMPUTE OPTICAL EFFICIENCY 
l6J . NHITeNDRAW•MISR 
"fU ·----------- EOP.TDRPWRINDIUW 
165 WRITEC6,9lCJ9) MISR 1 NHIT 1 EOPT 
16& 9lCJCJ FORMATCIII,l4X,6HMJSSED,4X,6HHIT ON,!X 1 7HOPTiCAL,/

1 ·- ·u7 -·-:----·-·-·· •· U,l(,QMIUYS,I!I·'X,4HRCVRolX.tOHEFFICIENCY,I/, 
163 + iOX,2ItO,Fl0.5,/J 
16Q IRPI•O 

. i70 . IFCM~PS.£Q~l1 CALL 'LUXCRHIT,UCA,UCN,UCP,CONVP,]) 
171 RETURN 
l?a !NO 

E ··· ·u•27e78 "** t.-4.4 *** 
E U!CJ LIN!S/Ml~UTE 13~07 

E. NO · DIAGNOSTICS IN ABOVE COMPILATION 
DJ W!R! ~SED FOR THIS COM~ILATION 
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l .~ SUBROUTINE NOR~CC~T~O,UN,UCA,U~N,UCP,CDALoSDAL,KO,YOrUTt,UT2) 
···z· ····------- .. COMMON/RPICI ·FL,TILT~DX,OYl;OYC!,ALEN,FLEN,FWID,NCOI.,XAlC,NF~C. 

! 1 NCA,QV,lCLF,ARPI(20),RR(20),CR(20l,NRZ,RMAX . 
·a DIMENSION XI(3),VJ(]),VP(]),UV,13lrVN(3),UMN(3), 

- ! --··-- --· ·1 Y JP C 3 l , 0 ( 3) , UCPP ( 3) , UN ( 3) , UC A ( 3), UCN (!) , UCP (!), VFP.t ( 3), 
It l VFP2C!),,UT1 (3) ,·UT2C~l . . 
1 C . COMPUTE THE HIT FAt~t ~O~MAL 

---u ··----c---. 
' C FIR~T G!T THE COLU~~ iXIS VECTOR TRIAD 

tO CGsCOSCCAT) 
ll . SGsStNtCAT) 
12 DO 50 Jmt,J 
lJ XtCtlsCG•UCACtl+SGoUCN(ll 

:-.---··til·----·-·-····. YJ(t)aCG*UCN(I).,SGoUCA(t) 
u c 
u c 

TT ----·--·c 
lET UP VECTOR FROM ,ACET CE~TER 

.. TO PERFECT FOCUS POINT 
19 c 
19 50 VFCila•XLFoXICi)GQY~~CA(Il~XAX•U~~Cil•FL•UCN(I) 

----·-·eo- ---c-·-·· .. UNYTIZE.·ANO COMPUTE NORMAL VECTOR 
21 VMAGmSGRTCDOTER(VF,VF)) 
12 00.70 tst,3 

··-·n··- ·····uvFCilsVF(Il/VMAG 
24 TO VNCil•UVF(l)+UCNCil 
25 C VN IS THE PERFECT ~DCUS, FACET NORMAL 

· ···-· · ·u VMAGIISQRT COOTER (VN, VNl) · 
21· DO 80 IBlr! 
28 80 UMN(IlsVN(I)/VMAG 
29 ·· ·- C ·· SET UP VECTORS IN THE PUN!• 
JO C OF THE MIRROR FACET 
!1 CALL CROSSCUCN,UVF,VFPt) 

. - ·----·--,2 · ·-··-- ··- CALL CROSS (VN, VFP lo V.FP2) · 
!3 VlaSQRTCDOTERCVFPt,VFPlll 
34 V2DSQRTCDOTE~(VFP2oVFPill 
!5 00 •o Tat.~ 
16 VFPtCilsVFPt(I)/Vt, 
37 qo VFPZCil•VFP2(l)IV2 
!~ -----~--UMN,VFPt,VFPZ ARE ORTHONORMAL TRIAD POR· UNoROTATED MIRROR FACET 
n c 
40 C NOW ROTATE THE UNIT MIRROR 
4t· C ~O~MAL CUMN) THROUGH A ROTATiO~ 
42 c ANGLE EQUAL TO ONEDHALF THE 
4! C ANGLE BETWEEN THE SUN AND THE 

-------.~~-·--:-c------· -coLLECTOR NO'i'MAL 
45 c 
46 C SET UP ROTATED COORDINAT[ ,RAM! 

-·qy·-·---···--········ 00 zoo tu::t,3 . 
48 YJPCileCOAL•YJ(I)+SOALoUCP(I1 
49 200 UCPP(t)sCOAL*UCP(I)•SOAL~YJ{I) 

···-··-·-go------·---·- ... AOUMsDOTER (UMN,lCI) 
!i OOUMaDOTER(UMN,YJ) 
92 COUMeDOTERCU~N,UCP) 

-"!1 ·-·····----·-· DDUMaOOTUCVFPS,Ul 



.... . 

so 
. 55-···----
. 5fl 

57 
·n 
· s• c 

60 -u -· -··. 
62 
n 
·u ·-c 
65 c 
66 .,., 
68 .. 

E UEC) 

220 

240 
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EOUMaOOJERCVFPlo~J) 
FOUM•DOT!RCVFPloUCP) 
GOUM•OOTERCVFP2oK!) 
HOUM•OOT!R(VFP2,YJ) 
POUMeOOT!RCVFP2oUCP) 
COMPUTE ROTATED NORMA~ & TA~GENY VECTORS 
00 ~~0 I•lo] · . 
UTlCtl•DDUMtXI{!) + !DU~tYJPCI) • ,DUMtUCPP(I) 
UT2Cil•GDUMtXICil•HOUNtVJP(I) • •DUMtUCPP(I) 
UN(t)aADU~tXI(t)+RDUMtVJPCil•eDU~tUCPP(t) 
COMPUTE D V!CTOR F~O~ FA~E~ START 
POINT TO CENTER OF FOCA~· P~AN~ 
DO 240 1•1,3 . 
0(Il••XOtUTl(l)•VDtUT2(Il+V,{l) 
R£TURN 
END 

LYNES/MINUTE 8088 

E NO DIAGNOSTICS IN ABOVE COMPI~ATION 
OS WERE USED ,OR THIS COMPILATION 

. ; 

'. ~ . 



t 
·----~ --·------···· . 

J 
·0 

. IJ ·---------c .... 
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- . 
SUBROUTINE ~ONTECCATArCAT,T!L~KD,~O,DRAD) 

·t:OMMON/RPJe/ ,L~TJLTeDU,OVt,QY!eAL!NoFL!N,,WIOrMCOL,XAX,N,AC, 
t NCAoDV,XL,,ARPIC20),RRCrO),e~(20),~RZ,RMAK 

DIMENSION CATA(2,50) ·- . . . -. _ 

6 C MONTE CARLO ORAW FOR 
1 C MIRROR BANKo.COLU!'IN AlliS, 

-----··----a ---,:---··---FACET NUMBER AND HIT POINT 
9 C .. COORDINATES 

to c _ .. 
II_·-·-- ---c -·· ·. ''l!!RRI;)R ~ANK ~UMB!R .·. 
12 ~ButNT(FLlTCO.Ol•~.O)tl 
lJ C COLUMN AWlS NUMBER. 

·· -u ·----- -----~-- .. NCIIINT (FLAT ( 0 o o; •NCOL) •t 
15 C FACET NU~BER t• NFsiNYCFLATlO.O)~NFAC)~t . 

-------11 ___ _. · -c ......... · WlT POINT COORDINATES ON flt.CE:T 
18 KOm•FLEN•O.S+FLAT(O.Ol•FLEN 
19 VOe•FWID•0.5+FLATtO.O)~FWID 

----u ----- ---c------· .Gn--·cOLU~N. AU IS TILT ANGL! 
·21 !Bst , 
21 IF(MB.EO.t.OR.M8.!0.4) J8s2 

·- - --·n - --·--·- ·--·. --lFCNC.GT.NCDL/2) 1:0 TO TO 
24 NA•NCOL/2aNC+2 
25 GO TO T5 

. -·- -·n---- -·-·---·-,o "NAaNC.,NCOL/2 .. 
2? C COLUMN AXIS TILT ANGLE LDOK•UP 
18 75 CATgCATA(IBeNA) 

-·-n c '0 C. CHANGE THE INTEGER VALUES TO X,V,Z 
!t C COORDINATE POINTS 

------1~--~--: --·- ... 
JJ UAXaCNC•NCOL/2•il•DK 
!4 DVmDVl 

--n ·. IF ftB.E0.2)· DVsDV2 
]~ C. LENGTH ALO~G COLUMN AUJS TO FACET CENTER 
:!17 • XLF•ALEN/FLDAT (NFAC) * (ffLOAT(~F)e0.5) 

--·--n· ·--·-----·--·RETURN --- · ·· · ·· · · · 
!9 END 

I! CBEC) . 

E· "NO .. ·--otAGNOST!CS tN ABOVE COMPILATION 
OS WERE USED· POR THI& COM~!LAYJON 



1 
. ·-~-·----1: ..... . 

3 c .• c 
! -·----,: 
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. $UBROUTINE ATILTCtATA). 
~FT!R NAM!(IST R!AO, CALCULlTE 
NUMBER OF .MJRROR.FACETS AND ALL• 
·cOLUM~ AXIS TILT ANGLES 

6 COMMON/RP!CI FL,T!LT,DX,DYI,DY2,AL!N,FLEN,FW!D,NCOL,XAX,NFAC, 
1 l NCAeDY,XLF,ARPIC20),RR(20),C~(20),NR!,RMAX ... ·--.-a ----· OiNENSJON CATA (2,!0) . 

. 9 NPACaiNT(ALEN/FLEN) 
10 DRA0•0.01?4532~ 

.. 11 . . -- C . S!T UP LOOP TO GET COLUMN TtL T ANGU:S 
12 NCAaNCOL/2+1 
13 IB•1 

-, ... --.. - ···-·. l)J •OYI 
1! C INITIAL GUESS FOR ANGLE I. 10 ANGta5,0tDRAD 
rr- ..... DO 400 t•l,NCA. 
11 XAXa(J~1l•DX 
19 50 CaCOS(ANG1) 

--- .... u------·- 8aSINUNG1) ·· 
II . AtaALENtALENt0,25 
II A2aALENtDY 
•3 ot•At•cc••41CS•sJ+s•s+z.•e•c•t.l 
10 D2aA2tCCttJ/CS•Sl•FLtCtC/(StDY)) 
I! D3aDY•DY•CtC/(StS)•XAXtXAX•2,tFL•DYtC/8 

-·-·- ·-J6 ·-----·--··-FaDUDhDJ 
27 P1•Att(•O,tCtCtC/S•2,tCtt5/CStStS)el,tStC) 
II P2•~2•C•3,tCtC/8•2,tCtt4/CS•StS)+ItFLtC/DY 
29 t +FLtCtCeC/(OYtStS)) 
30 P!a•2.tDYtDYtC18•2.•DVtDYtCtCtC~(S•S•Sl+ 
31 I 2,tF~tDY/(8tl) 

--···,a··--··--- ··· FPaPt+P2+P! · 
33 ANG2aANGt•~/FP 
34 CHECaCANG2•ANG!)IANGt 

· 3! IFCABSCCHECl.LT,O,OOOOt) GO TO 200 
36 ANGtaANG2 
37 GO Tri 56 

··-·---:sa----t---·· -.-· 
3' C FOUND CORRECT ANGLE 
40 c. . 

. --01 .. 200 ANGaANG2 
02 CATACIB.IlaANG 
43 400 CONTINUE 

. u-----····-· ··tF CIS ,GT .1) GO· TO ~00 ·-·-- ·· 
4! IBo2 
46 OYaDY2 -- ... ··u ...... ________ ·· · GO TO 10 
41 !00 RETURN 
09 END 



1 
2 
·3 
4 
5 
& 

·1 
8 
q 

tO 
11 
1?. 
13 
14 
15 
1& 
t7 
18 
tCJ 
20 
21 
22 
2"5 
24 
2'5 
2& 
27 
2R 
2CJ 
30 
31 
32 
33 
34 
3'5 
3& 
37 
38 
!19 
40 
41 
42 
43 
44 
45 
4& 
47 
48 
49 
50 
51 

. 52 
53 
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.. SUR ROUTINE· ·sET 
C THIS IS THE OlliVER ROUTI~E· FOR SO .. IlR· ENE~GY 
C TEC~NOLOGV'S (SET) Y~AGE 
c COLLAPSING .CONCENTRATOR. ICC CALIS::! CALLED SPL ICS) 

REAL LF,NLENS . 
NAMELIST/SETN/GA~MA,ToLF,R~ENS,AC~NFIT,NPRIS,OZ,SHITEo 

··~~··RW,~L.CLENG~CWIOTH~SO~,SOR,REF~WJT,TRA~~OT,NA~JS, 
+ THETAA~,NZONE~.~ZJN~Y.~lLTA~G.IqCVRjPS~~NLENS,YS,lS 
OI~ENSTON GAMMA(20),AC(lbl,UR(3),UR2(3),UN(3),UNP(3)oUT~l) 

· 1 .~HTTC3),USP(3),UT2(3),0(3),~~V~~20),NRN~(6) . 
COMMON/RIJNC/NORAW,TAZ,TELoTIME,IO~Y,~LAT,XLONG,ICONCo 

+ NMAT,ORAO,MIS!l,TZONE~MAPS,RPWR,~~IR,NMATL 
·-coMMON/ VEC TOIUULE ( 3), UL V n) ,IlLS ( 3), UCN (3) , UC A ( 3), UCP ( 3) , US ( 3 l 
COMMON/RCVRC/lRCVR,THETAC,SO,R~,RLoQHJT 
COM~ON/TRAC/NAXIS.TILTANG,OFFSU~,THETAA~,OTRACRL,OTRACAZ,IRPI 
COMMON/!ONE/NZONEX,NZONEY 
COMMON/ICC/ToLF,RLENS,NFif,nz,SHTTE,IP,XO,YOoZOoSGAMoCGAM,AYO, 

1 SGN,TEST,ci,cwro,vscJo>.zscJol · · 
"OAT~ WAVL/390~~440.,480~,5t0.,~40.,570.,&00.,~J0.~&60o~ 
• 700.,740.,780.,820.,870~.~6n •• 1020 •• toao •• t220 •• t480.,t&80.I 

C NAMELIST PARAMETERS FOR SET COLLECTOR . . 
C . GAMMA• ARRAY OF PIHS\1 AN!>LEi f:'RO"l ~YOOLE TO 
C EDGE OF L~NS 
C NPRIS• NllMBER OF PRISM ELE14ENTS/2 
C T• M1NJMUM LfN~ THICKNESS 
C LFo PRISM LENGTH 
C ·RLENS• RADIUS OF INNER lENS SIJUACE 
C AC• ARRAY OF COEFFICIE~TS· FOR SU~REFLECTOR CURVEFIT 
C NFIT• ORI)ER OF CllRVEFIT FOR Sll~llEFLECTOR 
C OZ• OISTANCE FROM LENS C~R~~TURE CENTER 

.C ·-To ~ENTER OF ~UBREFLECTOR COOROTNATE SYSTEM 
C CLEN• COLLECTOR LENGTH 
C XNG INOEX OF REFQACTION OF THE LENS MATERIAL 
~ · SHTTE• HEIGHT OF QECEIV~NG SHELF 

ICEAOCo:;,SfTIII) 
c 
e -·OBTAtN·OATA·?oR REFLECTIVE MATERIAL PROPERTIES 
c 

IF(NMAT.NE.O) CALL ROATA(N~AT,NORAW,SORt,SOR2,REFLTOT,REFL 
ot ;·NCHECR)· ............... . 

SORillSDRt 
C WRITE NAMELIST PARA~ETERS 

WRTTEC&,&OOO) NPRtS,T,LF,RL!NS,NFTToOZoCLENG,CWIOTH, 
+ 'RL, SHYTE 

. 6000 FORMATC//,20X,t&HSET CONCENTRATOR,//, 
· +tOX;Tt0,2X,24HNUMAER OF ~RISM ELE14ENTS,/, 

+ IOX,Ft0.4,2~.22HMINIMUN LE~S THICKNESS,/, 
+ lO~,Ft0.4,~~.l&HLENS FACET ~lOTH~/, , 

·•:tOX,Ft0.4,2X,i8HRAOIUS OF lNNEq· LENS SURFACE,/, 
+ tO~.IIOo2~.JOHOROER OF· SU8~EF~ECTOR ·CURVEF1T,/, 
+ 10X,Ft0.4,2X,42HD~STANCE BETWEEN COORDINATE SVSTEM·CENTERS,. 
• 10 -·-··· ····-··-. 
+ lO~.Ft0.4,2X,l&HCOLLECTOR LE~GTH,I, 

. : i 
I 
i 
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~4· + tOX,Ft0.4,?X,15HCOLLECTER ~lOTH,/, 
5S + ·toX,F10.4,?~.t5HRECEI~EQ .E~~T4,1, 
5~ + 10X,Fl0.4,?X,tR4SHELF(RCV~)HfTGi4 ,///) 
57 WRITf(&,6005l. CGA~~A(J),J:t,NP~J~l 
SA &005 FOR~AT(I,30X,20HPRISM ELE~E~T A~r.~FS,I, 
59 + ftOX,7Ft0.5)l 
&0 'WRtTEC&,&OOB) CI,AC(I),J:t,~FtTl 
&I bOOR FORMATC//,15X,?7~COEFFlCIE~TS ~F CU~VFFIT ,11, 
&? + (15X,2HA( 1 TI,~H):,F1?.5ll . 
ld C GET SUN r.niTER VECT')I? 
64 CALL SI.INICTA7,TFU 
b~ r. SET COLI.ECTDR VECTn~s 
&b CALL TRACK(TA7,TFI.) 
&1 C WRITE SOLAR PARAMETF.QS . 
68 WRTTEC&,tOtO) JOAV,TI~E,XLAT,~Ll,G,TEL,TAZ 
&9 1010 FORMATftS~,ISHSOLAR CO~STA~TS,//, .. 
70 + tOX,T10,2X 1 3HDAV,/, 
71 + tOX,Fl0.2,2X,4~TTMF,I, 
72 + lOX,Ft0.3,?.~;·sHLA{tT'i)or.,/, 
71 + IOX,Fl0.3,~X,9HLONGITUOE,/, 
74 + IOX,Ft0.3,2X,qHELFVATTON,/, 
15 + . tOX,FIO.~~~X,74AZJMUTH,///) 
76 TEST:SQ~T(RLFNS*QLENS•LF•LF•NPRTS•NPRIS) 
77 CWTO:NPRIS•?.•LF 
7A Bt :OOTEN CUS,IJCN) /llOTER CIJS,IJCP) 
79 RW:SHTTF. 
80 CWIOTH:CWJO 
81 NOTREr.T:O 
~2 no 4040 JK:t,6 
A3 4040 NBNC(JK):O 
84 ISHAO:O 
85 IBLOC:O 
8ft C INITIALIZE FLU~ ROIITJNE 
87 AMTQ:CI.ENG•CWJOTH 
I.:IA TF(MAPS.EfJ.tl r.All FLIIX(RHJT,IJCA,•.JCIII 1 11CP,O.,I) 
1.:19 C START RAV ORA~ FnR ~E~FOR~A~CF. 
90 00 1000 N:t,NOQA~ 
qt C MONTE CARLO ORAN OVER A.P.ERTllR:I 
92 JREFL:O 
93 CONVP:TRANTOT 
94 4!5 XO:r.LFNG•FLATCO.n) 
95 iO:CWJOTH•(•O.S + FLAT(O.O)) 
9& AVO:ASSCVO) . 
97 C PRISM ELF~E~T NU~RER 
9R JP:J~T(~VO/LF) + t 
99 C PRJSM A~GLE W.R.T. ~OQTZONTAL 

100 GAM:r.AM~ACJP) 
lOt SGAM:STN1GA~) 
102 CGAM:COSiGA~) 
103 SGN:VO/AVO 
104 C HEIGHT OF HIT POJNT ON FACET 
10~ C2:SQRTCCRLFNS + T)•(RLENS + T)• LF•LF•IP•JP) 
10, VOIIM:LFQIP•AVO 

~~.. . ::, ~-· t·:. -:- ~;--'. :~, ··~ '.' 
I ,.,., ··~ 



107 
tOR 
to9 
1 1 n 
ttl 
Ill 
113 
ltQ 
tt5 

·11& 
117 
IIA 
nq 
120 
121 
1n 
1?3 
124 
125 
12& 
1?7 
1211 
t?.q 
130 
t3t 
132 
t33 
1'54 
135 
J3f, 
'37 
1'51\ 
nq 
1110 
141 
142 
14~ 

144 
145 
til& 
tiU 
148 
tQq 
1';0 
t5t 
t52 
t53 
1 54 
155 
iStt 
157 
t5R 
t';q 
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l DI.IM: Sr. AM* Y I) liM I C: G A'M 
c· CHECK FOR START POT~T TN AOJACE~T FA~FT SHAOOW 

ZIIP:701JM+SGN*'fi)U'1•H 1 . 
IF (liiP.GT .O.O). G1' TO ,..,() 
GO TO f-All 

C CHFCK FO~ FACET HEJGT~ 
t.10 CNFWT:S~RT((RLENS+T)•(RLfNS+Tl•LF•LF•(IP+I)*(IP+ll) 

ZPE~K:CNEXT+TAN(GA~MA(lP+1)l•LF•C? . 
JF(711P.GT .ZPEAKl G11 TO &RO 

C HIT FACr::l , liP COUN TF.Io' 
I SHA.n: T SHAn+t 
.GO T 0 II 1 'j 

6AO Z0:71)11M + C?. 
C GET LENS MATERJAL OATA 

IF(NMATI..LT.l\1 r.l'l. TO 72 
.JW: T.!'.JT (? 0 • *~I. AT ( 0 • 0 l ) + 1 
WAVF.I_:WAVL(JWl 
CUL LOATA(N~ATL,WAVEL,~AT~;~LEN~l 

C r.ET SURFACE NORMAL Ah]r).,TANGf.'JT 
7? on 10 t:t.~ 

liN ( Tl :CGA'-htiC~l ( Tl + sr,~HSGA lohUC~» C l) 
tO I.IT(Il: -Sr.N•Cra~••!CP:Cll + SGA''*IJC~(J) 

C FTNO PFRTII~~Eil SIJN ~ SURFACE "J1R'olfiLS 
C VECTORS HFRE 

IFCN.f.Q.NCHF.C~) SDR:SDR2 
C AU C R 0 S S (tl "J, II T , U T 2.) 
C ALl ERR N 0 R M ( 50 S , S 'l R , IJ N , I.IT , ~IT ?. , I I~ ;o , P S M ) 
CALL suNiHa.r.c,IISP,')RAI)l 

r. GF.T RFFRAC:TED RAY 
CALL I RFFRCI .U,NLF.IIIS,IINP,IJSP,I.J~,YC'lnl 
IF(JCOO.~Q.t) GO 10 120 

C CHECK FOR HIT ON Vf~TICAL FAC:E 
.C OR INNER LENS SU~FACE 

C:ALL Sl J;III(UR,RHIT,IIN,I.IT,'-1iSSl 
TF(MJ~S.EQ.Ol GO TO &qo 
JALOC:tfiLIIC+1 
GO TO 1~0 

6 q 0 CALl C R 0 S 5 (II N , II T , ,U.J 21 .. 
C SL£N RETIIRNS COOF. FOR HIT SIIRFACE 
C ANO NEWT LFNS NO~MAL A~O TAQGET 
C VEC:TO~S 
C PERTU~R NOR'-1AL . 

CALl ERRNOHM C 505, SnR, tliii,IJT ,liT 2 ,IJIII ;,., PSMl 
no 118 t:t,3 

4R tJR(Jl:•IIR(Il 
C GET REFRACJEO RAY . 

CALL LRF.FHCNLENS,1.0,tlfiiP,UQ,lii~2,T:nl)) 
JFCTCOD.F.n.1) r.n lO 120 

C CHEC~ FOR RAY HIT Ofll ARSORRER SHELF 
00 12 J:t,3 

12 I)(I):•RHIT(J)+OZ•I.!CNCl)•QHJhllCA(T) 
AL:DOTFR(D,llCPl/OOTERCUR2,UCP) . 
ZH IT =•DOTER ( 0, IIC N) +AL •DDT ER ( IJR2, \I~ N l 



160 
161 
16? 
1,3 
1,4 
165 
lftb 
1b7 
lft8 
lft'l 
t7o 
17 I 
172 
tn 
174 
175 
17, 
177 
17ll 
17q 
180 
1 A I 
18?. 
18~ 

1~4 
HI<; 
186 
1117 
1'18 
1119 
190 
I 91 
192 
193 
194 
19'5 
196 
197 
1911 
199 
200 
?01 
202 
203 
204 
205 
21Jft 
207 
208 
209 
210 
211 
?12 
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IFCZ~TT.LT.O,O,OR,ZHIT,GT.S~TTE) GO TO 307 
on 303 T:1,3 

301 URCI):UR~Cil 
NOIREr.T:NDTRECT+I 
GO TO f'l1 

C NOW FTNO INTERCEPT ~TTH SU~RE~LCTlR 

C CHFCH SJn~ OF REFL~CTTON••OO HIT TEST ON PLUS V•SIOF 
307 rsw=t 

IF(7HTT.GT.O,~.A~D.ZHJT,LT.C~LE~S·07)) T~w=-1 
S'IITTCH:SG~hJSI•J. 

JF(SWTTCH,GT,n,n1 GO TO 3~9 

C CHANt:E SIOF.S 
ORt=~OTFR(RHJT,UCA) 
OR2:00TER(RHIT,UCP) 
OR3:00TER(RHJT,UCN) 
0111 :OOTF.R ( IIR2, UC A) 

011?.:'10TF.R (lJIIi?., IJCP1 
OlJ3:nOTFR (111?2~ 11r.:~1 
00 3011 J:t,3 
RH JT ( Tl :OR I jHJC A ( T) •OR;> * Ur. P ( J) +~ R 3 •IIC N ( t) 

30~ UR;>(Jl:OlJI•UCA(Tl•Oif2•UCPCJl+OIJ3elJCN(J) 
~ 0 q C A L I. S II R ~ ( A C ;R H ! T , II R 2 , X H , V lot , l H , IJ \J , II T , 1 , ~ .J S S ) 

TF(MTSS.f~.1) GO Tn 120 
1 '5 C'A 1.. L r. R 0 S S ( l.f 1\1, U T , II T ;> ) 

C CALL SIIRRF.FLFCTOR SliRFACE. NOR"1AL 
CAlL F.RR\JOQM(SOS,SOR 1 f.I\J,l)T,UT2 1 l)!IJP,PSM) 
00 1, T:l,3 

1, LIR?(J):•IIf.I;»(J) 
C GFT RF.FLFCTFO RAY 

·CALL SNELL (liR ,Lft·JP, UP?) 
C CHFCK FOR 1-fJT ON SHELF 

00'?0 T:t,3 
20 OCT): •XH*llCA(Tl • YH•IJCP(T) • Zl-f•I.ICN'CJ) 

AL:•YH/OOTER(UR,UCP) 
ZHJT: lH +AL•OOTFR(UR,IJCIIJ) 
JF(71-1IT.Gf.O.O) GO TO 50·· 
JF(OOTFR(UR,UCN),~T.O,O) GO TO T?O 

C RAY HAS RFFLE~TEO ON SAME SJOE OF SHELF 
DO 52 I:t.~ 

52 RH TT C Tl :L>hliCN'ri l •D C I) 
CAL I. S IJR R (A C, R H lT, IJ Q, X H, Y H, l H, U \J, iJT, i?, MISS) 

lFCMISS.EQ.I) GO TO 120 
IRF.FL.:JRFFL.+l . 
IF(TREFL,GT,Sl GJ TO 120 
DO 771 T:1,3 

771 lJR2(Il:UR(l) 
GO TO 15 

SO JF(?HJT.LT,SHTTF.) GO TO &O 
C ASSUMES RAYS R£FLECTFO ABOVF. SHELF ARE LOST 

120 MISR:MTSR+1 
GO TO 1000 

C HIT ON SHELF,OO FLUJ 
c 

:·· 
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213 &0 CONVP:RAYVAL(tQEFL,REFLTOTl•TRA~TJT' 
214 NB~CCTREFL+tl=~~~CCT~EFL+t)+l 
21S &l RPWR:RPWR+CONV~ 
~1& C HIT ON ~~ElF SfT RHlT .AND pn~FR 
217 lf(MAPS.F6.ol GO TO tOnO 
?.tB on ~3 1:1,3 
21CJ &3 RloltTCJ1:•0(Tl+.L*llR(tl· 
2?.0 llHTT:OOTF.R(RHIT,IfC4) 
2?1 CALL FLIIX(RHIT,UC4,11CP,UCN,CrliiiVP,;I) 
i?.22 101'10 CONTlNIIE 
2?.3 r. All. ~AYS I),ONf ,PRt'JT ANSWERS . 
2211 IIIRTlECf,,&Ot'O) OFFSIJN,~EFLTOT,·sr,s,si)rn,SO~? 
2~~ &020 FORMATC?OX,4~HSII~FACE,REFLECiANCE ANO T~ACKING PARAMETERS,//, 
22& + 10X,FI0.3,?.X,IRH~UN OFF•AXTS A~~LE~/, 
227 + tOX,FI0,3,2X,tCJHREFLECTA~CE(TOTALl,/, 
~2R + tO~,FI0.5~?.X,20HS.IRF, EQRJR(ST~OEV.),/, 
2i?.Q + 10X,F10.5,?W,?.IHQEFL.OT~TR,I(ST,OEV,),/, 
210 + 10W,FI0.5,~X,?\~REFL,01ST~.2(ST.OFV,)~///) 
231 IIIRTTEC6,30{~~ JSHAO,TRLOC.~~T~E:~· . 
232 3015 FO~MATC/j,1n~,u3~RAYS S~A~O~EO BY ~~TSMS ~EFORE HITTING LF~S 
233 + ,T8.~.10X,U2HRAYS SHAOOWEb ijY PRTSMS AFT~R HTTTlN~ LENS, 
234 + JQ,/, 
2'5 + IOX,?,HOJRECT HJTS ON A~SOR~ER,20X,T8~/) 
23foo C COMPIJTF. OP.T Tr.AL EFF Tr; JF.~JCV 
237 NHIT:~..OORAN•P·1l~~ . 
2 "-' E 0 PT :RPW.R *'COS (OFF SUN)./ \JOR A~ 
?.3CJ WRTTEf&,QlQQ) MlSR,NHll,EOPT 
2a0 QIIJCJ FORMATC/J/~14X,foo~MIS~E1,4X,hHHTT ON,@X,7HOPTICAL,I, 
241 + 1&X,UHRAYS,~X,4HRC~~.&X,IOHEFFICT~~r.Y,I/, 
242 + !OX,2T10,SX,FI0.5,/} 
243 IIIRIT.ECF.i.3027) (j,J:·1,&),(!\J'\'IlC(I),t:t,F.) 
24q 3027 FORMAT(i/,F.X,I?HQEFLECTTONS:,~T7,/,18X,&T7,/) 
245 IF (~APS.Eil.l) CALL FLIJ)( (RHt T, IICA, IICN, UCP, C:ONVP, 'I) 
24& RETIIRN 
247. ~NO 

11•27•78 *** 14.4 *** 
CSECl I • 1 A L INES/MPJIITF. {2117!1 

NO OlAGNOSTICS IN AROVE COMPILATION 
IS WERE USED FUR THTS CrlMPTLATION 

I • 
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OB.AS! 

t SIIIH!OtiTTN£ SLE.N(UR,QHJT,IJN,UT,,1tSSl. 
~ UfAL lF . 
3 niMF..NSJON 0(3),UR(3),RHITC3),1J'10l,IIT(3) 
4 C CHECK FOR HtT ON NEJGH~ORTNG VE~TIC~l FACFS 
5 r: ()~1~1 ON 11 CCI T, L F, R I. F. N S, NF IT, ') l, S "l T TE: , I P, X 0, Y 0, Z 0, SG A"", C ra "1, A Y 0, 

·& 1 SGN,TEST,C~,C~IQ,YS(30),ZS(3~l 
7 COMMON/RUNC/NORA~,TAZ,TEL,~l~E,tOAY,ltLAT,ltlONG,ICO~C, 
~ + NMAT,ORAO,MTSR,T70NE,~APS,R~W~,A~TQ,N"1ATL 
q COMMON/VECTOR /Ill E (3) , Ill V (J) , IJL S 0) , I.JC Ill n l , IJC A ( 31 , IICP ( 3), US ( 3) 

10 CO..,MON/RCVRC/JRCVR,THFTAC,SO,Q~,~LrQHIT· 
11 CQMMnN/TRAC/NAltJS,TJLTAN~,OFFSiJ~,THfTAAX,OlRACRL,nTRACAl,IRPl 

IZ C0"1~0N/ZONE/NZONEX,Nl0NF.Y 

13 XLI:AYO • LF•(IP•tl 
14 C3:SQRTC(RLENS + Tl•CRLfNS + Tl • LF•LF•CIP • \)t(IP • 1)) 
15 TH7:ASIN(LF/CRLENS+t)l 
I~ C7:LFtiSGAM/CGAM+t.ITA'I(TH7)l 
17 C CHFCK FOR HIT ON FACF NEAREST ~ENTER 

HI no r!ll t:t.~ . 
Jq ?.0 0(1): •ltlhSGN•IICPCTl + Xlt*SGA 1h:JCN(J)/Ct;H1 
ZO OI:OOTFR(O,UCN) 
2t· 02:00TERCO,UCPl•D:JTER(IJR,UC\J) 
22 7.HTT:nt•02/nOTFR(UR,IJCP) 
23 nnJot=td 
?4 30 11 ( T) :•XO*'.ICA ( 1) •Y'l*IICP ( T) + CC7•71) tiJI:IIJ ( t). 
25 Ot:OOTER(O,IJCN) 
2#. 02:1)0TF.R(D,IJCP)*DOTER(liR,IIC~) 

?7 CHTT:nt•OVnOTER(IJR,UCP) . 
2R IF(CHIT.GT.n.O.ANO.CHIT.LT.CC7•RLFNS)) SGN:•SGN 
(?q JF (TP.Erl.l) GO TO 101~ 

30 7.TEST~LF•SGAM/CGAM • C~ + C2 
3t IFC7HtT.Gf.ZTF.ST) ~0 Tn tOO 
3~ IF(7HIT.LT.O.O) GO TO tOO 
H C RAY HTTS VFRTICAL F~CE, ASSIJME LOST 
34 MJSS:t 
35 RETIIRN 
]~ C FINO HTT ON t~NF~ LF.NS CIRCLE A~C 

37 tOO CONTINUE 
3A on 1~0 T:t.~ 
3q 120 n(I):•XO•tJCA(Il•Y!l*ilCP(J)•lJ•IJC'I(l) 
40 Ot:llOTEH(n,tJQl 
4t 02:nOTER(n,Dl 
42 03:1lOTER (IJH, IIC A) 
43 A:t.•n~•O~ 
44 B:•2.*03*XO•Dl•2. 
45 c:n2•XO•XO•RLENS*RlENS 
4& ARt;:B•A•4.tA*C 
U7 IF(ARG.GE.O.O) r.n TO 130 
4R MISS:! 
4q RETURN 
50 t30 AL:(•A+SQRT(ARG))/C2.•Al 
51 AL2=C•B•SQRT(ARG))/(2.•Al 
52 TF(AL2.LT.AL) AL:AL~ 
51 C WRITFC&, ) Al 



~a 

55 
s& 
57 
SA 
5~ 
&I). 

'" &2 
&~ 
&a 
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&f-
. &7 

4F. CSECl 
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C FINO I F.~S NORMAL AI\IO TAIIIGF.IIIT AT THE 1-lll POI"JT 
QHTT:~nnTfR(O,UCA)+AL*D~ 

on tc;o r=t.3 
,SO RHTHtl: •IHTl + ALoiiU(Jl•':JIHT•II:A(T) 

-RI,!Ar;:SnRT (l'lOTFR(RHJ T ,,QHT Tl) 
no ln'l r:t,3 

.t I> 0. UN ( T l : R H I T ( l ) I R !.1 A G 
ORC :OCllE R (UN ,IICN) *Sr;N 
l'lRP:nOTF.R(IJN,IJCPl•SGN 
nn 1-10 r:t,3 

17 0 II T ( T l :nRC * 1.1 C P ( Tl •· 0 Q P *II C N fi l 
MJSS:O 
Rf.TIIRI\I 
f.Nfl, 

.SR l TNES/Mnii.ITF !t8AQ 

IE 1\10 01AGN0Sl1CS TN A~l'lVE Cl'lMPJLATJI'lN, 
lOS WfQf USFn FOR THIS COMPTLATJn~ 

:· J 



1 
2 
3 
4 
5 
& 
7 
8 
q 

10 
1 t 
12 
13 
14 
15 
tn 
17 
I R 
lC:, 

20 
?I 
~2 

23 
i!l.l 
2'5 
2& 
27· 
?.13 
?q 
30 
~~ 
32 
33 
~4 

35 
~" 
37 
3A 
39 
40 
4i 
42 
43 
J.l4 

45 
4ft 
47 
118 
Qq 
so 
51 
52 
53 

c 

c 
c 
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SU~ROUTINE 5UF.lR(A,IHilT,UR?.,J(H,YH,ZH,IIIII,UT,IPOUIII,~TSS). 
C THJS ROUTINE SOLVES FOR A SU8REFLECTDR . 
C . HIT POINT USIN~ NEWTONS MEJ~OO. TT ALSO 
C RETIIRNS A SURFACE NORMAL AT THE 
C CO~PIITF.n POINT. 

REAL LF 
CO~IAOIII/R0NC/NORA4,TAj,fEL,Tl~E,JOAY,Xl•T,XLONG,TCONC, 

+ NMAT,ORAO,~J~R,TlONE,~iPS,qPWR,A~IR,.NMATL 
C 0 ~MON IV ECTOR/ Ul F (3) , Ill V (~)·,IllS(.~) , IJC NO) , IJC A C3) , UC P ( 3) , liS (3) 
COMMON/RCVRCIIRcv~.THETac,s~.R~.RL,QHTT 
CD~MO~/TRAC/NA~JS,TTLT4N~,1FF~U~,THfTAAW~OlRACRL,OT~AC&Z,JRPT 
CDIAMON/ZONE/NZONFX,NZONEV , 
CO~MON/ICCIT,LF,RLFNS,~FtT,OZ,S~tTF.,IP,rn,Yn,zO,Sr,AM,Cr,AM,AYO, 

I SGN,TEST,C2,CWJn,vsC30),ZSC~O) 
OJMENSJON A(!Ol,VT(3),RHTT(3),Uq2(3),UN(3),UT(3),0(3) 
JFCTrONC.FQ.t2) GO TO 3000 
MTSS:O 
NTRY:(l 
Ct:OOTEI:?(IJR?;IICN) 
C2:•00TF.R (RHI T, llt:,J) + OZ 
C3:DOTFR(UR2,UCP1 
CII:OnTFR(RHIT,UCPl 

MAI<F PliTJAL r.tJFSS FOR LENGTH 
Al:•C.? 

1 NfTHI:I . 
S FAL:C?. - Cl UL 

FALP: •t:l 
YTFST:&L•C3+CI.I 
IF(YTEST.LT.O.OOOOOOt) YTEST:-~JTER•0.003•C? 
AL:(VTFST•Cill/C~ . 

START LOnP TO SOLVE FOR LENGTH OF 
HIT VECTOR 

DO to N:t,NFIT 
FAL:F&L + A(Nl•YTEST••N 

tO FALP:FALP + A(~l*N*C3•VTEST••(~·tl 
OF:L TA:FAL/FAU' 
IFCA~S(OElTAl.~T.·?~•C?.) OELTA=•C2•C?.•0.03•~fTEQ) 
ALNFW:AL • OFLTA . . . 
IF(A~SCAL•ALNEw).LT.O~OOOt·) ~0 T~ 100 
CHEC:CAL • ALNF.W)/Al 
IFCAHSft:HEC).LT.n.nOOtl GO TO tOo 
NITER:NJTER + 1 
AL:ALNEW 
IF(NITFR.LT.30) GO TO 5 

zq2 WRJTEf~o30&) 

306 FORMAT(~iiHJTERATIONS FAILE~ FO~ SURREFLFCTORl 
MISS: I 
RETIIRN 

C . LENGTH FOUNO, GET NO.RMAL VECT )R 
.1 00 COI\ITINI.If 

C CHECK FOR CORRECT ROOT OF EQUATION 
JFCAL.GT.o.ooooont> Go To tos· 

RAO ROOT • TRY AGAIN c 



sa 
5't 
51. 
57 
SR 
Cjq 

,0 
,1 
Eo? .. ~ 
&a ,., 
&& ,., 
&A ,q 
70 
71 
7~ 

n 
711 
75 
7f. 
77 
78 
7q 
80 
AI 
R~ 

8~ 
a a 
85 
8h 
A.7 
All 
1\q 

qo 
en 
q?. 
q3 
qa 
q'j 
q& 
q1 
CJ8 
qq 

100 
I 0 I 
tO?. 
103 
104 
lOS 
10& 
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NTRY:~JTRY+'I 
JF(NTQY.GT.~) ~0 TO ?q2 
AL:• C2•(FL0Al(NTRYli~.O•O.~l 
r.o rn , 

105 no t\~ I=t.~ 
110 VT(Il:AL•UR?.(Tl + RHIT(Il • OZ•UC'Il(Jl+Qi-HT*IJCA(Il 

c HIT cnn~nTNATES nN SII~REFL.Er.TlR CO'IITOIIR 
liH:OnTFR(VT,IICAl 
YH:[IOH:R (VT ,IJCP) 
ZH=IHHER ( VT ,IIC~-1) 

· C CHECK FriR HIT IIIIHT Jill. R11J"'OARJf.S 
IF ( 7 H • r, T • 0 • 0 • A 'W .'l H • L T • • r. ~ l r; 0 T 0 . t-1 5 
WRTTE!&o112l lH 

112 FQio/MATC/,Sli,:S3HSII~RFFLEC.TOR HtT r'JUT OF -~Ol1NOS,Z:,Et2.4) 
MISS: I 
RETIIRIII 

11 ') Cll'H Ji.IIIF. 
00 \?r'l N:t,IIII'TT 

120 oznv:A CNl •N•YHu c·~-1 1 
VMAr.:SnRT(I + nznv•07.0Yl 
on 1~0 T=1.~ 
\IT(Tl:IJC:A(tl 

1~0 IJN(Jl:(~OiOY•IIC:P(Tl + IJC'J(J}}/V"'Ar; 
RETI.I~~J 

C SET WITH POJNT•TO•POINT SU~REFLECTOR OfFIIIIJTJON 
3000 OR?N:OOTE~(UW?.,UCP) 

no 3010 I=l,l 
3 0 I 0 V T ( Tl : • R HIT.( I l • I'HH T * U C A ( I l + 'H *II C"' ( I l 

IP:? 
~ISS:O 

C. FTNO CORR~CT SEGMENT 1F SU~RE=LECTG~ 
~OtS IP:IP+I 

IF(IP.r.T.30l r.n TO 4000 
ZJ=ZSCTPi 
YJ:YS(JP) 
no 3040 I=t,3 

~040 O(T):VT(l)+YT*IICP(l)+ZI*IIC'II(ll 
OMAG:SQRT(OOTER(n,O)) 
CHEC:OOTER(Q,IJCPl/,MAG•OR?'J 
IF(CHEC.LT.O.O) GO TO ~OI"i 
JP:TP•\ · · 

C SOLVF FOR l~TERSECTIO"l POJIIIT 
OZ:7t~ZSCTI'l 
OY:Yl•YS(tPl · 
THt:AT:AN2(07,0.Y) 
cnn=cns(THt 1 
STHl:STN (THI). 
on ~010 I=t.~ 

3070 V.T (f) :•STHI •UCP ( Jl•CTHt *IIC'II( Tl 
liLI~SnRT(OZ*Ol+OY*DY) 
OOUP:OOTERCO,VT) 
OP~UP:OOTERCUR2,VT) 
DO JORO I:t,3 
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107 30110 VTCJl:•l'lCI)+I'l01JP•tiR,?(J)/DQ21.1P 
tOR ltH:I)I)TF.R CVT ,IJCAl 
10q YH:OOTER(VT,UCP) 
110 7.H:O!)TE'IHVT,IJCN) . 
111 C FINO SLOPF. ~T HTT POINT 
11~ F~:YH/OY. . 
111 JFCFR.GT.0.51 ~n:ro 3.?50 
114 07.2=7.S(JPl·ZSCIP•t) 
11~ DY2:Y~lJP)•~SCTP•t) 
ti~ TH~:ATAN?.(I'lZo?,OY?.l 
117 Y1:YH+O.S•XLT•CTHt 
11~ 7.1:ZH+0.5•XLI•STHI 
11q Y?.:YH·F~*XLI•CTH!•C0.5•FR)*~LI•C~SCTH.?) 
120 Z?:7H•FR•XLI•STH1•C0.5•FR)•XLI•~J~(TH?.) 
121 GO TO ~?110 : . . 
1?.? 3?50·0Z?:ZS(TP+?l•ZSCT~+1) 
12] OY?:YS(JP+?l•YSCIP+1) 
1?.4 TH?:ATAN~(I'll?.,~Y?) 
125 YI:YH+C1.•FR)•XLJ•CT~1+(,R•0.5)*XLf*CI'lSCTH2) 

·12, Z1:7H+C1.•FRl•ltLT•STH1+CFR•O.Sl•XL~•SJN(TH.?) 
127 Y2:YH•0.5•XLT*CTHI 
1211 Z2:7H•O.S•XLt•STHI· 
t?q ~2110 OZ3:Zt•Z2 
130 OY1:Yt•Y?. 
131 TH3:ATAN2(DZ3,0Y5l 
132 CTH~:COS(TH3) 
11~ STH1:SJN(TH3) 
134 C FIND NORMAL ~ TANGENT VECTORS 
135 on 3940 r=t.3 
136 IJT (I) :I.IC A (.1) 

137 3~40 IJN(J):CTH3•UCN(Il•STH1•UCP(J) 
1311 RETURN 
139 4000 WRITE(b,4010) 
140 4010 FOR~ATC/~1X,32HREFLECTEn RAY A~OVE SU~REFL~CTOHl 
141 MISS:! 
Ill? 
141 

Rf TIIQ•.J 
ENO 

-··--··---··------··- . 

E (SfC) ;,83 l.JNES/'1JNIJT£ 10313 

~ NO DIAGNOSTICS IN AHOVE CO~PILATJON 
>S WERE USED FOR THIS CO~PJLATll'lN 



t 
2 
3 

·4 
5 
6 

·' 8 
~ 

tO 
u 
12 
13 

. 14 
15 
16 

" 18 
~~ 

20 
21 
22 
23 
24 
25 
26 
27 
28 
n 
30 
31 
!2 
n 
14 
315 
36 
37 
38 
n 
40 
41 
u 
A! 
04 
41J 
46 
47 
411 
n 
50 
5t 
52 
53 

c 
c 

c 
c 
c 
c 
c 
c 
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- '. ~ : 

SURROUTtNE POISH. . ... 
NAMELIST/DISHN/F,RAPoNRZ,SOS,SOR,OTRACRL,OTRACAZ, 
•tRCVR,NAXIS,RW,RLoNZONEX,NZONEY,REFLTOT,~RZ,RWS,PSM 
CO~MON/RUNC/NORAW,TlZ,TELoTIME~TDAV~XLAT,XLONGoiCONC, 

+ NMAT ,ORAO,MISR,·TZONE ,14APS, qow~,A14I<R, t.JMHL 
CO~MON/VECTOR/ULE(!),ULVC3),ULS(3),UCN(3),UCA(3),UCP(3),US(3) 
COMMON/RCVRCIIRCVR,THETAC,SO,Q~,~L~~HTT 
COMMON/tRAC/NAXJS,TILTANG,·OFFSUN,THETAAX,OTRACRL,OTRACAZ,JRPI 
COMMON/ZONEINZONEX,NZONEV 
DIMENSION 0(3),UTC3l,UN(~),Ut.JP(3),UR(3),USPC3),RHJT(3)~UDUM(!) 

+ ,ARPIC20),RR(20),CRC20),£1PTZC20l,UT2(3) 
Pia3.t415q2&5li 

READ 1\!,A.MELlST ,PARA'>~ETERS 

REA0(5,0ISHNl 
RMAV•RW• 0. 5 
SUMIIIO.O 
ISHAO:O 
lM:tRz:3. tOt o;qz&.54*RAP.~RAP ... 
0.0 .'5 t:t ,NRZ 
EOPTZCTJ•O.O 
ARPT (J)s:O,O 
RR C J) a: T •RMAll /NRZ 

5 CR(tl•AMIR/CPT•RR(I)•RR(J)) 

OUTPUT NAMELIST PARAMETERS 

OBTAIN t:IATA FOR REFLECTIVE '•.UTEQIA~I PROPERTIES 

IFCNMAT.NE.O) CALL ROATACN14AT,~ORAW,SOR1,SDR2,REFLTOT,REFL 
+ ,NCHECR) 

SORaSORt · : .. 
. · WRITE(&,&OOO) RAP,F,IRCVR,NAXJS,R14l~,RWS-. 
,00~ F~RM~TC~OX,~2HP~RAROLOIO.DISH CO~~. PARAMETERS,//, 

+ lOX,Ft0,3,2X,tSHAPERTIIRE RAOtLIS,/, 
+ tOX,Ft0.3,2X,12HFOCAL LENGTH,/, 

c 
c 

-c 
c 

c 

c 
c 
c 
c 

+ t0Xot10o2X,t0HRCVRo TVP£,/, 
+ 10X.It0.2X.t3HTRACKING AXES,/, 
+ lOX,FI0.3,2X,24HRECEIVER APERTURE· RAOtUS,I, 
+ lOX Ft0.3,2Xo23HRECEIVER SHA~JNG RADJUS,/1/) 

INITIALIZE FLUX ROUTINE 
. ' 

IF(MAPS.ED.l) CALL FLUXCRHJT,UCA,UCN,UCP,CONVP,l) 

CONVPaREFL TOT 

SET VECTOR TO SUN'S CENTER 

CALL SUNl(YAZoTEL> 



54 
55 
Sfl 
!7 
Sll 
S9 
•o 
6l 
u .3 
fl4 
fl5 
fl6 
u 
fill 
n 
70 
1t 
72 
73 
74 
75 
76 
71 
78 
n 
80 
81 
112 
tl3 
84 
85 
86 
87 
88 
n 
90 
91 
92 
u 
94 
95 
9ft 
97 
911 
n 

tOO 
101 
102 
103 
104 
105 
106 
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08.944 

C SET CONC~NTRATOR POSlTlO~ VECTlR9· 
c 

.C 

CALL TRACICCTAl,TELr· 
WRJTFC6.l010) JOAY,TJME,XLAT,XLO~G,TEL,TAZ 

IOt·O FORMATC15X,t5HSOLAR CONSTA~TS,/1, 
+ lOX,Jt0,2X,3~0AY,/, 

+ !OX;Ft0.2,~X,4~Tl~E,.I, 
~ 10k,Ft0.3,2W 1 8HLATJTUOE,I, 
+ 10X,Fl0.3,2X,~HLONGJlUOt,t, 
+ 10W,F10o3,2X,qHELEVATION,I, 
+ lOW,Ft0.3.2X,7HAZIMUTH,III) 

00 300 Nc1,NORAW 

C DRAW RAYS OVER SURFACE 
c 

RTH•6.~8311153•FLATCO,O) 
. ROcSQRTCRAP•RAP•FLATCO.O)) 

C CHECK FOR SHAOOW OF RECEIVER' 
JFCRD.GT.RNS) GO TO 15 
ISHADcJSHAO+t 
GO TO 60 

C CONVERT TO SURFACE PDJ~TS 
15 XOcRO•COSCRTH) 

YOIISJNCRTH)•RO 
ZOII(XO•XO+YO•Y0)•0.251F 

C FINO THE UNPF.RTURBEO SURFACE ~DRMAL UN AND· 
C THE PERTURRFD SURFAtE NORMAL U~P 
c 

30 
c 
c 
c 
c 

c 
·C . 
c 
c 
c 
c 
c 

c 
c 
c 

PHJaATANCROICi!.•F)) 
CPHI•COS(PHtl 
SPHicSJN(PHJ) 
00 30 I.:t,3 
UOUMCJ)c(XO•UCACil+YO•UCPCI))IRO 
UN(J)c•SPHJ•UOUM(J)+CPHI•UC~(J) 
UTCil.:C~HI•tiOUM(J)+SPHI•UC~(I) 

DETERioltNE PERTURBED NORMAL USING ST.· OEV o 
FOR REFLFCTANCE AND IURFACE· !RROR 

IFCN.F.O.NCHECR) SDRcSOR2 
CALL CROSSCUN,UT,UTi!). 
CALL ERRNORMCSOS,SOR,UN,UT,UTi!,UNP,PSM) 

SET SUN VECTOR US TO SUN'S CE~TER 

PERTURB SUN'S RAY FOR 'INITE SUN SIZE 
AND VARIATION IN SUN 1 S INTENSITY 

CALL SUN2(ACC,USP,n~A0) 

CALCUlAT! REFLECTED RAY USING SNEL~1 S LAW 



lOT 
108 
10~ 
HO 
Ill 
112 
\11 
lt4 
ll5 
IU 
tH 
118 
lt~ 
t20 
t2l 
U2 
121 
124 
t25 
12ft 
127 
128 
12~ 
uo 
Ut 
Ui! 
111 
t34 
115 
13ft 
tlT 
138 
tn 
140 
141 
142 
141 
144 
145 
14ft 
147 
148 
tn 
1'50 
151 
tiJl 
151 
154 
tS5 
Ufl 
157 
1511 
u~ 

c 
c 
c 
c 

CALL SNELL CUR ,UNP, USP·l' 

FIND D V!CTOR TO KNOWN POIN~ ON RC~R~ 
SUAF.l.CF. · 

00 50 J•t.! . 
50 D(Jl:•CXO+O.S•RLl*UCA(J)•YO•UCP(t)+(F•ZOl•UCN(I) 

c C C~LL RCVR. HIT .TEST ROUTIN!t !RCVA tNriiClTES 
C ACVA GEOMETRY 
c 
c C DETERMINE IF RAY HITS ACVA. ,OR ACVQ HTTS, 
C FINO ZONE OF HlT POINT 
c 

!F(MJSRt.ED.tl GO TO .&0 ' 
IF(MAPS.EQ.t) CALL FLUX(RHJT,UC.A,lJCN,UCP,REFLTOT,i!) 

C RULLS EYE FLUX ZONING 
00 55 tat,3 

55 AHtTCtl•AHIT(I)•0.5•RL•UCA(l) 
R~AG:SQRT(OOTERCRHIT 1 RHITl) 
!F(RM~G.GT.RMAX) GO TO &0 
11110 

44 t:I+l 
!f(RMAG.GT.RR(It) GO TO 44 
ARPt(tl•lRPl(I)+CO~VP 
RPWAIIRPWR.CONVP 
GO TO 300 

flO MTSR•MJSR+t 
300 CONTINUE WRJTE(&,&Oi!O) OFFSUN,AEFLTOT,SQS,SOR1,SOA2,0TRACAZ,OTRACRL 

&020 FORMATC20X,43HSURFACE,QEFLECTANCE AND TRACKING PARAMETERS 1
//

1 

+ tOX,Ft0.3,2Xit8HSUN OFF•AIIS ANGLE,/, 
+ lOX.Ft0.3,2X,t~H~EF~ECTANCECTOT6L1•/• 
+ lOX,Ft0.5,2X,i!OHSURF. ERRORCST.DEV.),/, 
+ tOX,Ft0.5o2Xo2lHREFL~DtST~.t(ST~OEV.l,/~ 
+ 1 0 X , F l 0 • 5 , i! X , 2 l H ~:e:F L o Q, 1 S TR • i! C 9 T • i:l E V • l , I , 
+ 10X,Ft0.3,2X,t8HTRACKING 'EAAO~•AZ.,/, 
+ t0X,Ft0.3,2X,t~HTAACKING !RRO~•AOLLoll) 

WRITE (t-,1070) I SHAD . . 
1070 FQRMATC/lOX,~lHRAYS BLOCKED BY QCVR:,110) 

C COMPUTE OPTICAL EFFICIE~CY 
NHYT•NDRAW•~JSR .· 

EOPT:RPWR•COS(OFFSUN)/NORAN 
WRJTEC&.~l~~l MISR,NHIT,EOPT 
00 70 t•t,NRZ 
ARPY(J)IIAAPI(l)•AMIR/NO~A~ 
SUMaSUM+AAPI(I)/AM!R 

--·TO !OPTZ(tl•SU~ WRJTEC&,tO~Ol (AR(!),CR(J),ARP!(tl,EOPTZCI),Ict,~RZl 
lOqO FORMATC//,1&X,&HRAO!US~2X.,t0HCONC RATI0,7X, 

• ~HPOWER,3X,tOHEFFICIENCYo•l/,(lOX,Ft2.4,Fl2ol,2Ft2.4)) 
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160 9199 FO~MATC///,14X,6H~lSSE0,4X,&HHJT ON,!X,7HOPTICAL
1
/, 

161 + 16X,4HRAYS;&X,4HRCVR,IX,10HEFFICIENCY,//
1 162 + . · IOX,i?J,IO,FI0.5,1) 

1~3 JF(MAPS.EQ:1) CALL FLUX(RHJT,VCA,UCN,UCP,CONVP,3) 
164 RETURN. 
165 tNO 

11•27•78 ~ •• _14.4 ••• 

(SEC) .75 LINE_S/M l NUT,E 13144 

NO DIAGNOSTICS IN AAOVE COMPILATION 
>S -WER! USED FOR THIS COMPJLATIOM 

"~ ~ 

!' 
.·:-



t 
z 
] 

'4 

' fl 
1 
8 
~ 

10 
tt 
l2 
il 
l4 
u 
u 
11 
18 

" 20 
u 
u 
21 
Z4 
25 
16 
n 
28 
n 
io 
Jt 
JZ 
n 
34 
Jl5 
36 
31 
!8 
JC, 
40 
01 
42 
u 

. 44 
n 
46 
~1 
118 
09 
!10 
!It 
!II 
n 

.c.;...63 
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SUBROUTINE RCV~(O,UR,RMIT,~ISRl 
c C THIS ROUTINF PERFORMS THE 'RECEIVER HJT TEST FOR ALL RAYS. 
c· T~E RFCEIVER MODEL OPTIO~S ARE •• 
C NRCVNct ·~ ·CYLINORICAL~~IPEl R~CEIVER 
C NRCVRc2 •• PLANAR(FLAT) RECEIVER 
C NRCVRal •• CONICAL! RECEIVER 
C INPUTS FORM .THE CONCE~TRATOR QOUTINE ARE 
C NRCVR •• RCVR. IDENTIFICATION DESCRIBED ABOVE 
C D •• THE DISTANCE VEtTOR FROM SURFACE ~IT POINT 
C TO KNOW~ POINT )N RCVR,. 
C UR •• THE REF(ECTFO/REFRACTEO RA~ VECiOR 
c 
C OUTPUTS ARE•• C RHIT •• THE VECTO~ DE9Cqi8JNG RAY HIT POINT ON RECEIVER 
C MISAI ·•• INDICATOR OF RAY ~TSStNG RCVRa 
c COMMON/ACVRC/IRCVR,THETAC,SO,R~,RLw~HtT 

COMMON/VECTOR/ULE(3),ULV(3),UL9(1),UCN(3),UCA(3),UCP(J),US(3) 
OtMENStON 0(3), UR(3),RHIT(3l 
1F(JAr.VR~E0.2) GO TO 200 
JF(tACVR.EO.J) GO TO 300 

c 
C SOLVE QUADRATIC FOR VALUE OF AL 
c 

MISRsO 
RCAsOOTER(UR,UCA) 
OCAaOOTFRCO,UCA) 
DRt:OOTERCD~liR) 

.c 
C COEFFICIENTS OF QUADRATIC EQUATION 
c 

c 
c 
c 

c 

A•Ct.oRCA•RCAl 
8a2.•(RCA•DCA • OR) 
CIIOOTERCO,Dl •OCA•DCA • RWt0.25•RW 

QUAOaR•B • 4o*A*C 

CHECK TO SEE IF 8*8•4AC IS POSITIVE. IF NOT,RAY MISSED RCVRe 

IFCQUAO~LT.o.o ) GO TO ~q 
ALl a (•8 • SORT(QUA0))/(2o*Al 
AL2 a C~B •SQAT(GUAO))/(Z.•A) 
ALaALt . 
IF(ALt.r.T.A~Z) ALaAL2 
QHIT• •DCA' • AL*RCA 

CHECK FOR HIT WITHIN 'AXIAL ROUNOARY OF ACVR 
tFC~HtT.LT.n.O.OR.OHIToGT.~L) GO TO ~~ 
00,20 tct,J· . 

20 RHIT(t)e •GHIT•UCA(J) • O(J) • A~·UA(I) 
RETURN 

c· .. 
200 MUAsO 

C THIS PORTION TESTS 'OR A RAY HIT ON A PLANAR RECEIVER 
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54 c 
55 c 
56 C · FIND DISTANCE ALONG UR TO HIT POINT • AL 
!J c 
58 ALcnOTER(O,liCN)/JOTER(UR,U:N). 
59 c 
60 C SOLVE ·FOR VECTOR RHJT 
61 c 
62 DO 10 Y•1•3 
63 10 RHJTCt)cAL•UR(I) • DCI) 
64 OHJT•OOTERCRHIT 1 UCA) 
65 PHIT•DOrERCRHIT,UCPJ+0.5•R~ 
66 IFCPHIT.L~.o.o.OR.PHJT.GT.~~l GO TO 99 
67 IFCOHIT.LT.D.O.OR.QHIT.GT.RL) GO tO 99 
u e 
69 C RETURN TO CALLING PROGRAM VALUE QF; RHIT. 
70 c 
71 RETURN 
72 300 MISR:O 
n c 
74 c 
n C THIS PORTION TESTS FOR A RAY HIT ON A CONICAL R.ECEIVER 
16 c 
77 C FINO COEFFICIENTS OF OUADR•TtC TO FINO S, THE DISTANCE ~AY 
78 C HITS ALONG AXIS OF CONE 
79 c 
80 TTC•SINCTHETACl/COS(THETAC) 
81 RS•DOTERCUR,US) 
82 ORc:OOTER (O,I.IR) 
83 OSmOOTERCO,USl 
84 Aai.ICRS•RS) • TTC•TTC•1.0 
85 Bc?..•CSO•TTCoTTC + OR/RS •DS/(RS•RS) ) 
86 CaCDS•DSl/CRS•RS) + OOTEQ(O,O) • SO•SO•TTC•TTC 
87 + •C?.•DS•DR)/RS 
88 c 
89 C TEST TO SFE IF RAY HITS RCVR .(NOJ'4.•RUL ROOTS INDICATE MISS) 
90 c 
91 OUAOc8•8•4.•A•C 
92 IFCOUAD.LT.•.OOOOODOl) GO TO 99 
93 c 
94 C POSITIVE VALUE FOR QUAD • RAYP ·HIT RCVRr 
95 C FINO RHTT VECTOR 
96 c 
97 St:C·~~SORTCOUA0))/(2.•Al 
98 S2•C•8•SORTCOUAO)l/C2.•Al 
99 ALlaCDS•Sl)/RS 

100 AL2cCOS•S2)/RS 
101 ALcALt 
102 ScSI 
103 IFCALt.GT.AL2)AL•AL2 
104 IFCALt.GT.AL2) S•S2 
105 969 FORMATC5X,2HSl,Ft2.J,SX,2HS2,Fl2.J,/,5X,]HALI, 
106 + FI2.3,5X,3HAL2,F~2.3,///) 
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tOT C . ·na ... ·- -c ... ~ALCULATE. RHIT VECTOR 
to• c 
110 00 ~0 tato3 
lit ,_ .. _ ........ '110 RIH'TtOa~AL•UACt) • I>P) + S•US(t) 
112 QH~T•S . 
113 JF(OHlT.GT.RL.OA.QHIT.L~~O~O) GO TO IJIJ 

·tlti ... _____ .. _._ ...... UTURN 
li5 •• ~ISRal 
116 RETURN 
117 END 
118 

(SEC) . LINES/MINUTE 12014 

·NO -··otAGNOSTtCS ~N ABOVE· COMPIL~TION 
>S WERl USED FOR THIS COMPILATION 
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1 SUBROUTINE FLUXCRHIT,UCA~UCN,~CP,CONVP,NCODE) 

--··. . .. ·--"2 . -- -·--·""t . - --- -- ' .. 
J C THIS ROUTINE SUMS RAYS WHICH HIT RECEIVER 
~ C THE HITS AR! SUMMED BY RECElV!R ZONE 
-~-- -·---"t· 'ACCUMULATED AND TOTAL ARE IC!PT TRACK 0, BY ZONE 
6 C POWER AND ENERGY ARE CALCUL~TED BY ZONE; 
7 C ACCUMULATE6 POWER AND E~ERGY ARE KEPT TRACK OF 

·---··-a------e--·-· ""TOTAL POWU 'AND. ENERGY 'ARE CALCULUED ; 9 c . ' .· . . .. 
tO C THE RECE~VER IS ·JMAGINED TO $E S~mcEO LONGITUDINALLY 
·u ··-···. t ;oR TME CYLYNDR.ICAL. AND CONICAL: RECEIVERS, LAID 
U C 'LAT, ~NO ZONED RECTANGULARLY Uhr RADIALLY, 
IJ C RESPECTFULLY. 

·s1r --·---··c -· · · ·· 
15 COMMON/ZONE/NZONEX,NZON!Y 
16 COMMON/CONECOM/ USt(J) 1 US2(3) 

---,1 COMMONIRCVRCIIACVRiTHETAC,SO,RW,RL,QHIT . 
18 COMMON/TRACINAXIS~TILTANG,OF~SUN~THETAAX,OTRACRL,DTRACAZ,IR~I 
19 'COMMONIRUNC /NOR A·w ,·TA Z ;·TEL, TIME, I DAY, KL A'T, It LONG, IeOtiiC, 

-·--·--'2t · .. ____ · .... ....:.. •- NMAr .• ORAD, 111 rs R, rzoNE, o Ps 1 RPW~t•·AMIR 1 NMA n 
!I DIMENSION D(J)IRHITCJ),UCACJJ,UCNCJ),UCP(J),NFLUKC20,20),H(20) 
12 DIMENSION AFLUXC20120)1AZO~EC2~~20),AREAC20) 

·· ·1~ DIMENSION IFRS(tO),ISNDCIO) 
14 PI • 3.141592654 
25 C NCODE•I tNi~IALIZE PAAiMET!RS 

- -----26 ...... - --·t .. · --- · NCODEE12 SUM RAY HITS AND MISSES 
27 C NCODE•J CALCULATE PO~!R AND ENERGY ANO 
i8 C PAINT ANSWERS AND FLUK MA~. 

"'29' ... --- -·t· 
JO l~CNCODE.EDoZ) GO TO 200 
31 lFCNCOOE.!DoJ) QO TO 101 

.----·--']2- --.. --------.. ---.... PWRco.- · 
!J CPWR•O. 
J.4 c . 
·n ........ C · ··sET CONSTANTS P'OR R!Ci!IVI!R IN rlUESTIONe 
]~ c. 
JT NYZmNZONEY 

· ---:·!8 ·--·-------- · ~XhNZON!X 
Jt DELYBRWINYZ 
40 DELXoALINXZ 
41 ....... -....... YDUT•DEL"' 
41 IFCJACVR.EQ~2) GO TO 10 
4! DELYs2.•P!/NYZ 

----· .. ··-----.---.. - .. -----,OISTIIDH hO o5t11RW 
4! 10 CONTINUE ' 
46 C ZERO OUT ARRAYS ' I 

.... -- '~' .... --.. -· ·----·--oo .s-o2 ·us,Nu 
48 DO 10~ J8leNYZ 
49 . . NFLUKCf,J),O. 

--·-go ------.--102 AI'LUICCieJhO .... ·'·--- ._ ....... 
!1 DO !OS Xat,NXZ 
92 DD 501 J•t,NYZ 
n------·-.. ·9ot · uoN!U~JhDhjc•vo·ur 
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·so, IF(!RCVR~N£.3) RETURN 
··-·--·""'!s ····-------·-- ..... ,.,.u:o• (RL•SOl•UNtTH!UCl 

!~ C ZONAL RING AREAS. 
!? H ( t·hO • 

.......... !8 -~-------.. NtLaNlCt;l 
!' 00 ~Ot fa2.~ZL 
~0 H(I)aH(t•t1+DELX 

_ .. _ ..... ,--~-· ------guutRMACO•H 0 .,, ) eTlN(THP:TlCl 1 Ul' . 
62 QU2a(RMACO.H(t)eTAN(THETAC))ee2 
6! AREACI~tlaCPI•CQU1~9U21l/BIN(TH!JAC) 

..... U -. ····- ·- ... AREAtaAR!A ct•tl /NYl 
6! oo· •oJ J•1·N~z . 
66 -601 AZONECI•loJ)aAREAZ 

..,-----51· .. -------·-- .. ----· -·nTURN 
68 200 CONTINUE . 
' ' C !RCVR•l CYL!NORICAL(PI~El RECEIVER 

----n -···---C. . . tRCVRd PLANAR(FLAT) UCUV!.R 
71 C !RCVRa! CONICAL RECEIVER 
72 C SUM RAY ~ITS .ON APPROPIATE AECElVER 

---u- ""GO ·,-o (GOO ,1500, 600); IRCVR 
TO C 75 400 ~HITaOOT~R(RHIToUCP) 

. "16 -·-·- "lHtTaOOTERCRHIT,UCN) 
77 . FRACaAT~N2ClH!ToYHIT) 
~~ !F(FRAC~LT.O.Ol FRAC•FRA~~z.oeP) 

·--· -1q ---------··1CHaQHlT -·· - . 
80 tXaiNTCXH/0ELX)+1 
81 tY•INT(FRAC/DELY)+l 

··- 82 AFLUXfiXoiY)aAFLUX(IX,tY) ~ CONVP· 
83 NFLUXCIXolY)aNFLUX(IX,IY)+l 
84 RETURN 

.----.s------:e----PLANAACFL·AT)--ttECUV!A- .. -- ·· ·· 
86 c 
87 !00 XH aQHIT 

... ---ee ---·- .. --u •OOTER(AHIToUCP) 
eq C TRANSFORM CO•OROlNATES 

•o c 
.--11 

'12 c 
qJ C COUNT HITS 

··qo · tFCtcoNc.Eo.•l YM•YM•O.S•A~ 
qs !XatNTCXH/OELXl+t . 
' ' IY•tNTCYH/OELYl+t 

-·-··-n ·--·AFLU1CrtX;·ty)aAFLUX(Uol'f) -. CONVP 
98 NFLUXCIXo!Yl•NFLUX(tX,IY)+l 
9q RETUA~ 

100 . --- ·t· - .. 'CONICAL RECEIVER 
lOt c 

. 102 600 YHaDOTER(RHJT,USt) 
1111-:---·-------zHaDOT!R (A HIT, USZl -' ·---- · · .... - .. ·-- · 
104 . PH18ATAN2(YHoZH). 
tO! t NORMALIZE PHI 
l06 .. -- -·· ·tFCPHt.LTeOal PHiaPHt+z.•PI 
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I 07 C 
·· ,08. ·-·--·--c · . ··· -,oR ."tONICAL "RECEIVERS 

109 IY•INTC PHIIDELY)+l 
ItO . IXeiNT(QHifiDELX)+I 

. 111 ·---·-·--:········ .. Afli.UI!(IX,ty)UFLUX(IX.IU • CONVP 
IU NFLUXCU,I.YhNFLUX(U,ty)+l ! . 
ll! RETUR~ 

··· -····11·4 ·-·---e·-·--···'eALCUL.ATf!· POW!R AND EN!R;~. IN THf! !ONE 
. U! C . AND IC!I!:P 4 RlJNNJNt: &CCUII1ULIHIV!· TOUI. 
11• C . 

- 117 . ··--··-c :· . .. "1LUX UN RECUV!R 
tte 101 DO 110 r•1,Nxz · 
119 DO 710 J•1,NYZ 

-·no ·-······--· 110 aFLuxci.JhAFLUXCJ;Jhcosrl,auN>•AMUIUZONECJ,J>•NDRAW> 
· 12i . C WRITE OUTPUT 

122 c 
··· "123 · ··: ·- ·wRITEC6;7010) 

124 NPTS•~YZ/10+1 
12! 00 800 JBet,NPTS 

---:-Ufi -·tnSCJB)UOt(JB•l)+t 
127 . 800 18NO(JB)•tO.JB 
128 IFCISNDCNPTS).GT.NYZ) ISND(NPTS)aNYZ 
129 IFCIFRSCNPTS).GT.ISND(NPTS)) NPTSaNPTS•1 

· UO 00 820 JPTS:a1,NPTS 
. 131 K1•IFRSCiPTS) 

· ···· 132 ··-·-·-··-··· ·· K2•1SNOCIPTS) 
133 WRITE(6,7020) 
134 00 810 NXct,NXZ 

·139 ··atO WRITEC6,7030) (NFLUX(NX,NY),NY•Kt,K2l 
136 820 CONTINUE . 
137 DO 840. I~TSa1,NPT5 

····· 138. WRITEC6,7040) 
139 Kt•JFRSC!PTS) 
140 K2•ISNDCIPTS) 
141 ·· 00 830 IX•1,NtZ 
142 830 WRITE(6,7050) (AFLUX(IX,IY)~IY•Kt~K2) 
t"43 840 CONTINUE 

·--~44· ·1~10 FOR~ATftH1,11//,JOX,17HHJT AND FLUX ~APS) 
145 7020.FORMATCII//,10Xo5HY •••• ,1SX,13HHITS IN ZONES, 
146. + /o6X,1HX,2(/,6X,tH,)) 

····· 147 70Jri FORMAT(/,SX,1018) 
148 7040 FORMAT(I///,29Xo11HP~R/Mtt2 iN ZlNES) 
149. 7050 FORMATC/oSX,tOF9.4) 
1 !0 ----···--··--···RETURN 
1!1 END 

E 11•27•78 *** 14.4 *** 
! CSEC) LINES/MINUTE 12935 . 

E ···NO ···DIAGNOSTICS IN ABOVE COMPILATION 
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! SUBROUTYN! RDATA(NMAT,NDRAW,SDRt,9DR2,REFLTOT,REFLoNCHECR) 
.. ---· .. --···----,:-·:····· ......... . 

. ' C THIS .ROUTINE CONTAINS MATERIALS O~TA(~ASEO ON PETIT i 
4 C BUTLER'S M!ASURE~ENTS UB!NS Bt•DtR!CTIONAL REFLEtTOMETRY) ~OR 

··g--·--·e 10 MATUtALBo DATA INCLUDES'" . . . 
6 C AEFL.EC'i'ANt!· VALUES I' OR 2 NOH~ALI OlSTR. 
7 C REFI.t,REFL2 

·--···-·· -·---;--c··--······· ··&O'RMie8DRM2 · ·· SUNli\RD 0£\IUUONS 0 R!PL.~- PROFILE CURV 
' - C .,0~ MATERIALS. 

10 C NMAT INDEX ,OR MATERIAL 8!~~G USED IN SIMULATION 
ll C ·· R!FLTOT · TOTAL~R!fLECTANCE VALUE FOR MATERIAL 

u c l! C DATA IS CONTAINED WITHIN THE ·PROOGRAM FOR THE FOLLOWING 
·-· ·u ............ -:-e··rotATEFUALS.; · 

19 C NMAT MATERIAL 
1~ C •••• w••= .. ••'" .. l'f .. c·· t ALCOA ALUIC TYPE. 1 SPECULARJORIENTED 
18 C PARALLEL TO ROLL~NG MARKS 
l~ C 2 BOEING FRONT SU~FACE ALUMINIZED MYLAR. 

--··-·JO -·---~--·-· ..... "'3 CORNING 0317 GLAS9H .5MM YH). "' EVAPORATED 
21 C SILVER COATING · 
22 C 4 GARDNER LAMINATED LOW IRON SHEET GLASS u SILVERED 
23 c- · (3.35MM YH) . . . 
24 C 5 KINGSTON KtNGLUX N0o C4 POLISHED ALUMINIUM 
25 C ORIENTED PERPENDICULAR TO ROLLING MARKS 
~6 · ·-----e··-· .... E. METAL ,A81UCATIONS .. VVPE: 3002 HIGH PURtTV 
27 C ~LUMINU~ .. 
2!1 C 7 3111 SCOTCHCAL.! 5400 

. 29 ··c·· 8 3M FEKot&3 . 30 C 9 SHELDAHL ALU~tNIZED 2~1L FEP 'i'EFLON(G405&00) 
31 C 10 SHELDAH~ SXLVEREO_aMIL FEP T~,LON(G400300) 

·--!2 · ---· ---· - OtM!NSJON $DRM1CtO)oSORM2UO),REJL1ClO)oREFL2(10) . , 
!J DATA !DRMl/0.0002CJ,O.OOO~S,0~000!5,0.00005,0.00037oOe0014, 
!4 + OeOOtCJo,o.oooq,o.oot3.o.oooJ7/· . 
:!J§ ....... - .... -· DAtA REFL1IO.fl2,0.~0,0.CJ5oO~'J2,0.&5,0o44oOo8&,0o8&, 
u + O.fro.o.T11 . . . ~ . 
!7 DATA SDRM2I0.007t.o.o.o.o,o •• o.ot&l.O.Ot03~~ •• o.,o.o309, 

--u -----·-----. ·o.oo&CJ.!' · · . 
1• ·DATA REFL2I0.~7~o.,ooo,o •• ~.23,0~43,0.,0.,0.o7,0.2B/ 
40 NCHECR~O 
at·· SOAt•SORMt(NMAT)*0•5 
42 SOR2•~DRM2(NMAT)•0.5 
43 RE¥LuREFL1CNMATl . 

---·-.a -· R!FL TOTIIREFl1 (NMATJ • R£1"LUN!I4AT) 
45 JF(SDR~~GT.O.O) NCHECRatNT(RE~LIRiFLTOTeFLOAT(NORAW)~ 
46 RETURN 

···· ·n · -·----- .. - · END 

------·---·---______ .... ---·-·- ....... - .. -· 

ts!C) ·- ____ ..... _.ss·· .. --· ... - ·ttNES/MINUTE 78&2 



C-70 

I C ·z .. ........ .. . SUBROUTINE. SUN(IOJIN) . 
J · COMMON/RUNCINDRA~,TAZ,TEL~TI~E.JOAY,~LAT,XLONG,ICONC, 
II + NMAT ,ORAD, to4ISR, Tl0NE 1 MAPS, RPWR, A.MIRoNMATL 
! -- -·· ·-····· DIMENSION SC21 .. 

6 c . . .. . . . . -
7 C THIS ROUTiNE SOLVES FOR THE SUN -fiMUTH AND ELEVATION ANGLES(TAZ,TEL 

....... '"8 ............... c-.. ··-l='OR A'"SP£tiFI!O MON,MOAY,TIIoiiE"' AT LI\TI.TUDE XLAT ETC•••••• 
9 . c . 

10 ·DIMENSION A0(2) 1.302,a.00021 , 
11 ·tAtC2l 1•22.93 •• otq71'~.: · 
U 2A2 ( 2) I'!' • 2l9, •3 •. 22~5/ , 
13 · 3A3C2l 1•,243,•.0903/ , 
·u ... _ ... _. · ·-·-· ··1181 r21 13.851 ,.7. '!511 .• 
15 582(2) /~002,•9.391~1 • 
16 683(2) 1•.055,·~33&11 . . . 
IT C XLAT• LATITUOE,DEGREES(+NORTH,•SOUTH) 
18 C XLONr.• LONGITUDE,O!GREESC+WEST,•EASTl 
19 C TZONE• TIME ZONE NUMBER ...... zo··- .. C ... STANDARD . r'I114! 
i!l C ATLANTIC 4 
22 C EASTERN 5 
23 C CENTRAL 6 
24 C MOUNT~IN 7 
25 c· PAtiFIC 8 

--·- 2& . C .... !DAY• DAYSCFROM START OF Y[U) 

DAYLIGHT 
3 
4 
5 
6 
7 

27 C TIME• HOUR AFTER MJONI;HT 
28 C TELaSOLAR ALTITUDE ANGLE~ RADIA~S 

SAVING TIME 

. ~9 C TAZ•SOLAR AZIMUTH ANGLE~ RADIA~S 
30 C DECL•SUN DECLINATION AN;LE DELTA, RADIANS 
3t C EQTIMEaEQUATION OF TIME ,HO.URS 

·- !2 C · ~•SOLAR HOUR ANGLE OMEGA, RAOIA~S 
33 DATA RPHI0.2&179q388/~RAOI.Ol745329251 
34 C COMPUTE DECLINATION, EQUATION OF TIME 

... !5 c·· AND SUN RISE AND SUN SET TIMES • 
36 210 IOWN•O 
37 X•.Ot7167173•FLOAT(IOAY) 

· 318 ··--- ......... _ Ct•COS(X) 
!9 C2:COSC2•Xl 
40. C3•CDSC3•X) 

...... 41 StastNCX) 
42 82•SINC2•Xl 
OJ. 83•5 IN CJ• X) 

MAR16 

·-·u ---.. -:----···-oo to K•t.z 
45 10 S(K)aAOCKl+At(K)•CI+AZCKl•e!+A3((~*C3+81(K)•St+B2(K)*S2 
46 t+83(K)•S3 
47·----- .. -·- D!CL • SCthRAD 
48 EQTJME•SC2l•.Ot666666&7 
49 Y a DECL 

........ 1JO· .... -:------_. .... · ·--n•XLAhRAD . 
!I HP=•T~NCY)•TANCYY) 
52 C COMPUTE DAIL¥ CONSTANTS 

·ss CY•tOSCY) 

A330 



C-71 

18,.79 . 08 • CJ]J 

50 SYaSINCY) 
95 . --·-·-··- ... ·tyYaCOSCYYl 
!6 IYYaSIN(YY) 
5Y HPI a ·aRCOSCHP) 
58 Xl•A9SCHP1) 
!9 C~. COMPUf! $0LAR HO~R ANGLE 
60 , I( a -~RPift(TIME•I2+TZONE+EQfiiMEl • ICLONGdAD, 

. itt· -----t·- '"18 THE SI,JN UP . ', .. '. 
62 X2aA89(H) 
u tF cu.;.xzl uo.uo.2·o 
64 C COMPUTE SOLAR DIRECTION COSt~ES 
65 20 SOLXaSYY~SY~CYYtCYtCO~(H~ 
66 SOLY D ~YtSJN(H) . ·. 
t? ~OL7m•SYY~CYtCOS(H)+CYYtSY 
61 C COMPUTE SOLAR ALTITUDE AND AZt~UTH 
69 50 TELmARSIN(SOLX) , . 

. 10 AZFACaSOLZICOSCTEL) . 
?l I'(A8SCABS(AZFAC)•t.oi.LT.2.E•?l AZ,ACaSJGN(I.OoAZFAC) 
72 TAZaCl.l415926$~ARC0$(AZ,AC))tS1GNCl.~oH) 

·····n ············r;oTOt50 ' ·· · 
?4 130 IDWNat 
?5 150 RETURN 
?6 !NO . 

CS!C) 

NO DIAGNOSTICS IN ABOVE COMPILATION 
·1f(QE·-uSEO·"VQR THU COMPILATION . 
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1 
I 

c 
J c 
• c 

SUBROUTINE 1UN2CAC~U~P;DRAD) 

THIS ROUTINE PERTUR~S SUN VEtTOR UR TO ACCOUNT FOR THE FINITE SUN SJ 
'! ·- ·- -·-c ·-· 
6 COMMONiVECTOR/ULE (]) ,·ULV (!), ULS (!). oUCN (3), UCA (!), UCP (]),US (3) 
7• COIIIMON/SUNC/ UST1(J),USTl(3) 

--a .. -... -.-- ... , .. 'DIMENSJON USP(]) . 
• RlaFLATCO~O) 

10 R2•FLATCO.O) 
-· 11 . ·tRN•tOSC6.Z8!18S3•R1) 

12 8RNaSINC6,l831853•~l) 
IS CALL LIMD~CRi,],ROE) 

.... ··c .. 14 
l!J 
16 

c 
c 

USE SUN ~ITH LIM~ D~R~ENINQ ONLW 

·-'1', .. 
u 

CPaCOSCROE•DRAD) 
SP•SINCROE•DRAD) 
DO !0 t•lo! l9 

20 · · ·----!0 \Ill' ct > ecP•us u > • 
~. i . 

SPaCRN~USTl(I) + 8P•~RN•UST2fi) 
••• 
12 
zi 
24 
115 

"26 
n 
18 
n 

c 
c 
c 
C· 
c 
t 
c 

CSEC) · · · ·,33 

. CHECK FOR PERTURBED RAY WIT"JN L«~IT. ~F 
SUN DISK . 
DEBUG PURPOSES 

...... CHEC • .DOTERCUS,USP) 
AC•ARCOSCCHECJ/DRAD 
RETURN 
END 

LlNES/MlNUT! !185 

NO DIAGNOSTICS IN ABOVE COMPILATION 
W!R~·USE~ 'OR THIS COMPILATION 



c-73 

·u··n · -·va .... n 

l SUBROUTiNE SUNl(TAZ,TEL) 
·--- .. z·-- ... -·-r 

J c SET 84N CENTER VECTOR •ua• 
• c 
-~ .. -- --:-· ----- - .. COMMON/VECTORIUL! (!), ULV·(]), ULS ( J), UCN (3), UCA (3), UC:P (J), US (3) 
6 COMMONISUNC/ USTl(]),UST2(3) . 
7 C:A • COS(TAZ) . . ~ 

. --·---a ------ _.. .. . SA • St N (TAl) 

' C:E • COS(TEL) 
10 SE • 8!N(TEL) 

·'II · ·· · 00 tO tat,! 
12 tO US(!) • CA•CE•ULS(I) + SA•C!•ULE~I) +"SE•ULV(I) 
IJ C:OFF•DOTERCULV,US) . . 

....... , ................. ····aoFF.SQRTCI.O • CO,•COHl 
" 00 It ! lit ,, . . 
16 'II USTt(ll•CULV(I)•C:OFF•US(I))/SOFrl 

.. · 11 .. - ... . ·cALL CROSUUSTt, US, UST2)-

I I 1 

t : II 
, I I 

\ 
I I I! 
\ \ 

u c 
I' C: USTt,UST2 AND US ARE TRIAD 0~ SU~ ••c:E 

....... --z·o ---·---.. --c:·- -- .... - -·-7· . . . .. , •. 

21 C C:H£CK ;o~ ORTHONOA~AL VECTORS 
22 DUMaOOT£R(USft,US) 

... 11 --· .... ·-· .. IFCOUM .GT. 0.00001) WRtTEU,fiO) OUM 
20 60 FORMATC/i,5X,20HERROR IN SUN TA~G!NT,2X,4HDUM•,Ft0.7) 
2! .. . . RETURN 

--- '"16 --------.. - '!NO · · 

11•27•78 ••• 14.4 ••• 

tSEC1"------:-.-n·· ................ 'LYNES/MINUTE · 46'14 

NO DIAGNOSTICS IN ABOVE COMPILATION 
'WERE USED FOR THIS COMPILATION .. 



C-74 

1 · SUBROUTINE RNORM(DloiCOUNT) 
··· ---z----c---"THIS ROUTINE GENf:RlT!S PPA!RS.OF. !1'40!P!NO!NT NORMAL RANDOM D!VUTES 

! C MEANaOoSTANDARD DEVIATIONal . _ . 
4 C 01 AND D2 ARE NORMA(L~·DI&iRiBUT!ti·tiN"THE.INTERV NUMBER? 
! -··-----c ---n ASSUMES A FUNCTION P'LATCIO ~HICH RETURNS A·RANDOM NUfi!BER 
6 . C EVENLY DISTRIBUTED ON CO,(j ., c 

··--s··----. ---- ·--rF CICOUNT .GT. 0) tlO TO ·30 
t 10 XmFLATCO.O) 

10 Yal.OeFLATCO.O)et.O 
... --11 -· --·--· lCXIIhl( 

12 YYaYoY 
l! SaKX•YY. . -·----u- --··--- ··-·· · · · IF "1 Sot. 0) 20; 20 .t 0 
I! 20 XLa9QRTC•2~0oALOG(FLAJCO.O)))/S 
16 Dt~(XX•YY)eXL · 

···-u·-· ··· D2a2.0oXI'lhXL 
18 RETURN 
19 30 D1BD2 

-----zo ·------ ·-·----- ····1f!TURN 
It END . 

CSEC) • :u LINES/MINUTE 4046 

·NO - DIAGNOSTICS IN ABOVE COMPILATION 
~ER! USED FOR THIS COMPILATION 

. ·:.:. 



c-75 

t S~BROUTiNE CROSSC~iB~C) 
.. -~·---------··· OlM!NSTON A('!),a(j)',CCSl 

! C(l)aAC2l•BCll•A(J)•8(2). 
. • . C(2)••ACtl•B(3)~~t!l•BCl) 

-- ······-! ·-·- ------··-·-.J., · C (lhl ( l l •B (2) •A (2) fiB C l) 
6 RETURN· ; . . 
7 END 

···- ... -- ------·-·- ..... 

(SEC) .21 LINES/MINUTE 1537 

NO OIA&NOSTtCS !N ABOVE CDMPttlTION 
WERE USED FOR THII COMPILATION 

·.·.·. 



C-76 

·lh19 ... ""118"~940 ... 

1 SUBROUTINE SNELLCURE,(iUNOR~,USO~D 
--~·· ···---·····-··-· ... ··otM!NSION ·uREH (]), UNOIU4C3), USOLIC3) 

3 c . . 
A . C THIS SUBROUTINE SOLVES ,OR A -!FL!CT!D RAY USING SNELL'S LAW 

. ··-··~ ·-- ··- ····c· .. -······ "lNPUTS ARE •• . • 
T"'E .NORIIIAL VECTOR AT THE HIT 

CO!R!CTE)I OUTWARD ,ROM SUR,IACE) 
THE INCOMING SUN RAV VECTOR 

.CDIR!CTION 'ROtot SURFACE TO SUN) 

• c UNORio1 ., c 
··---···a ·· --·~·c --·--··- ···· · · USOL 

• c 
10 r: OUTPUT IS •• 

POINT 

"11 ....... ··- t UR!FL THE REDIRECTED CREFL.) ~Af VECTOR 
12 c 
13 ,ACTRUNcZ.O•OOTERtUNORM,USOL) 

····u .. ···-- .... ·--·--··-no 20. ret, 3 . 
U 20 UR!FL(I)IIFACTRUNoUNOIU:4(!) • USOL1f1) l. RETURN 

····17 -- - ····· ""!NO 

11•27•18 *** 14.4 *** 
U2Cl ·- ·---.. ·~28 - . LINES/MINUTE ·:!1590 

NO DIAGNOSTICS IN ABOVE ·COMPILATION 
··ttUE ·ttS!D "FOR-THIS t:OMPIUITION · 



C-77 

•1 Gti?'f .. 01. CJ3'f 

1 'UNCTION RAYVALCNREFL,A!FL) 
· ·- I ···- ---- ---···- · ·· NRPIIIINREFL;f, l · ,_ -, 

! RAYVAL•t.O 
. 4 - . · .. DO 751!1 .. lct,NRPt -, -
-- ·! ... ...:...::; ___ ·y~Y!i -RAYV.AL eRAYVAL•R!'L> 

'.-·:. 6 _ .. '. . ~ rtpURN -· '!. 
Y _ · ·.' ,.E:ND . 

- 9 o•O -···- ---H 0 ---·- ,_ o•o-·••-

-·· ·tl•"2YC.1"8-·*·*·*· 14.4 u~ 

UEC) .at~ LlNES/MINUTE- 1596 

NO DIAGNOSTICS. !N ABOVE COMPILATION 
W!R! USED FOR THIS COMPIL~TION 

;-

\ 

\ 



C-78 

·11•1'1 .. 08~CJ]8. 

1 SUBROUTINE LIMDR(YRN,LIMC,ROERN) 
I ... ---c· -"THIS SUBROUTINE GENERATE-S THE· UT!NUTY DJSTRIGUTJON OF ENERGY 
3. C ACROSS T~E SURFACE OF THE SUN. IT HAS 3 DIFFERENT SUN MODES 
4 C LtMC•t FLAT SUN · 

. 1 .... ---'t-- · "llMC•~ SUN .WITH LIMB DARKE"'ING AND SOLAR RADU~ION 
6 C LIMCa3 SUN WITH L~~B OARKE..,JNG 
7 . GO TO (2t,22,23),L~MC 
8 -------- -u· ... ADP:RNa .26it~•SORTl YRN) 
9 RETURN 

SO !2 Y•YRN•t6.98 . 
11 tatNTCY/7.!)•1 
12 GO TO (31,32,lll.I 
13 31 ROERNa0.0640B•(Y**•4878) 

.. 14 ·-· - ......... ..RETURN 
15 32 RDERNsO.Ol0956•Y•0.092413 
16 RETURN 
u- '"'33 IF (Y.GT.U.Tl GO TO 34 . . 
18 ROERNa0.353•0.038J45*(SORT(•193.2•Y•Y+28.28•Y)) 
19 RETURN . 

--·10 ·34 ROERNa0.3486tY•5.5007 . 
!1 RETURN 
22 23 Y•YAN•t~.94 
23 ,FCY.GT.7.) GO TO 41 
24 -ROERN•0.06408•CY••.4878) 
25 RETURN 

---·u·--- .. -- ... ot· 'ROEANa~0109'5fi•Y•0.09211U 
27 RETURN 
28 END 

UEC) LINES/MINUTE 4901 

NO DIAGNOSTICS IN ABOVE COMPILATION 
WERE USED 'OR THIS COMPILATION 



c .... 79 

IGe'n - 08o.39 

t FUNCTION DDTER(VloV2) 
------~---- · ------ ··:t>lMENSYON Vl en, V!'U) 

. ··· ~-J ·· ·ooTER ~ O.(j" 
4 . 00 -tO I lSI lo 3 . :-: 

. --·--j- ·----· -, 0 DOTER • DOTER + VI CU eVil!(!) 
• . R!TURN-
7 END '"' 

- ··-il.,-2?.,18 Unt lQ.4 *** 
UEC) .27 · LtNU/MtNUTE 1502 

~0 DIA~NOSYICS IN. ABOVE COMPILATION 
~EAI USED POR THIS COMPILATION 

1 .. •.]i·; 

. -' 

·' 



\ 

--------

C-80 

'ta-n · -- oa;;ct40 
I 

l SUB~OUT!~E LR!FRCNl~N2,ULN,UJN,U~E,R,NCHEC) 
·- -··1 : ···--c·-·· "THU WOUT!NE SOLVES FOR THE R!'RACTED JIAY VIA THE ·LAW M. REFRACTION. 

S C INPUTS ARE •• Nl THE l~D!W OF"R!,RACTJON FOR UJN 
4 C N2 THE IND!W OF ·REFRACTION FOR UREFR 

... -··~··---··-c····· ·uL-. . · UNIT. LiNS NORMAL VECTOR 
•. C · UIN U~IT JNCOMIN~ RAY VECTOR 
7 c· OUTPUT is .~ . ··-·--···· ___ _;_-'-1: ___ ;_ ..... THE· lt!DUiECTED AU VECTOR 
9 c 

10 e ULN AND U!N MUST POINT JN SAMt DIR~CTION'FROM LE~S SURFACE 
it REA~ Nlo~2 
12 DJM!NS!ON ULNCS),U~NCS),URE;RCS) 
lJ NCHEC~O 
II· THtUCOS(DOTERCULN,UIN)) 
1~ IFCTHl.lT.O~OOOOtl -GO TO 20 
16 8TH2cCN~IN2)•SINCTHl) 

·17 JF(STH2.GT.t.O) GO TO 80 
18 CTH2•SDRTCl.•STH2•STH2) 
1' "STHlaSIN(THl) .. 

. ·····20 ---··-·-··,·-- .. CTHlBCOS (THl) 
21 DO tO tat,! . 
22 tO U~EFRCil••STH2•UJN(I)18THt•CSTH2•CTHI/STHt•CTH2)•ULN(I) 

.. 2S RETURN. . . . . 
24 20 DO !0 tat,! 
2! SO UREFRCil••U!N(I) 

----·16- ---·--- ··· R!TURN 
27 ·c lNCOM!NG "RAY ANGLE ~.R.T. SURFACE NORMAL IS BEYOND CRITICAL 
28 80 NCHECat 

--- 29 R!TURN 
SO END 

11•27•78 *** 14 •• *** 

· UEC) L!N£SIMINUT! 5146 

·-..a ····-oUGNOITICS. IN ABOVE COMPILATION · 
i WERE USED 'OR THIS COMPILATION 

:•. 



C-81 

fi•T• ····--os-~·•o 1 · 

·1 iUBROUTINE LDATACNMAToWAVEL~NAIR,NL!NS) 
.. ·-·-;-·a.······----·-·-·1tULNAtR,NlENS -~- .. - . 

. , c. -. . 
·.II C .THIS ROUTINE CnNTAINS OAU- FOR THE RI!FRACIVE INDEX 

.... ~---. ·-e··-··yoR-AN.ACRYLtC LENS V8.t OVELENGTH. 
6 C THE DATA COMES FROM . . .•NOVEL• SOLAR _COLLECTORS USING. A LARGE 
1 C CIRCULAR FRESNEL-LENS CO~CENTRATOR• FINAL REPORT • 

---···-a·--:--.-~----··-MCDONNELL-1>0UGLU COMPANY • UANO 78•7023) • MAY --UU 
' C VARIABLES ARE •• . . · 

10 C . WAVEL WAVELENGTH OF SOLlR RAY 
. ·- h ·-·····-- c·. NMAT THE MATERIAL IDE~TI'JU, · NMAT•tl "IN TlotlS CASE 

12 C NLENS THE INDEX OF REFRACTION FOR THE WAVELENGTH 
11 C NAIR THE INDEX OF REFRAC,IO~ FOR AIR 

.... U - C .. . l)W l tt) . . 
l§ C . OW2CI) THE UPPER AND LO~ER tOUNOS FOR E.CH . 
16 C VALUE OF RINDXCTHE INDtc!j OF REFRMCTION) 

-- · .. , 1 · · · .... -· e --- · · · · · 
·u .. DIMENSION DW2(19),RJNDX(lq) 
I' ·DATA DW21J75.,425.;~70,,5tO.,!S0.~!·0.,630,,610oo1l!oo765,, 

- .. n·-- -- --·----·--.. --... · 820., S'J'5. • •eo ~; 10615,; 1180., 1 JS5., l f)OO .o o USO • o 2 UO e I 
·21 .DATA RINOX lt.'50661ol.50142,1.4'7'1,1o4.505,t,4•26lo1~4·0§7, 
22 ~ 1.4888,,l,48152olo48616,·t,485l~,l.4842lolo48312olo41282, 

..... n -- · • t..G824l~t.48185.t.48058,s.o7n2·.s.47'56,1.4n56/ 
24 NLENSuo.O 
zs· NAIRal.O 
!6 · ··-- ·- --oo tOO tat,l' 
~1 IFCWAVEL.GE.DW2CI)~ANO,WAVEL~LT~0~2(J~l)) NLENS•RINDX(J) 
18 IFCNLENS.GT.O.) GO TO 105 . 

...... i' ... --·--·soo CONTINUE 
JO- 105 RETURN 
31 END 

CSEC) .JJ LINES/MINUTE 5601 

NO OIA~NOSTICS IN ABOVE COMPILATION 
WER! USED FOR THIS COMPILATION 



C-82 

l IUBROUTtNt YRACKCTAZ,Y!Ll. 
-·-·-z···- ·- -r--···tH18 ROUTINE SETS 'THE COLLECTOR POS!TION ~ECTOR 

J C TRIAD FOR ALL CONCENTRATORS IND CALCULATES THE OFF AXIS 
• C SUN ANGLE BASED UPON ·TME ~EqPECT SUN VECTOR. 

--- ~ -·-··---e----~EEOED. VARIABLES INCLUDE ••• 
. 6 C . NAXIS a 0 •• STATIONARY CO~CENTRAYOR 

7 C · .·NUtS. l ;..; ONE AXIS TRACUNG 
·-:-:::--.-··---e-. ----;ana ..... i! ... TJJO AXIS 'TIUCKING · ·· ··· · ···· 

9 C Tll,TEL AZJMUTH AND ELEVATION ANGLE OF lHE SUN 
so c 

. ····11 ··-··. ··-· --·· ·-· .... COMM"ON/RPIC/FL,T!L y·,DXoOYl ,OVi!o AL!N,FLEN,I'WID,NCO!, UX,NFAC, 
12 l NCAoDY,XLF.JRPI(i!~),RR(!O)jCA(i!O),NRZ,RMAX 
lJ COMMON/TRAC/NAXIS,TILTANG,O,FSUNoTH!TlAX,OTRACRL,OTRACAZ,IRPJ 

·--,o-·--···-·--~"OMMON!VECTOR/ULEUl ,ULVU) ,ULSU) ;UCNU) ,UCA (J) ,UCPCJ) ,USU) 
l! . DIMENS!ON·OUM(Jt .. 
·t6 JF(IRPI.EQ~·) GO TO 200 _ 

-- ··-·n - -- -·'·· ····- .. IF (NAWJS,EQ.2) THEUU••T&hDTAACU . 
18 THETARlaATANi!(COSCTHETAAX.TAl),TlN(TEL)) • DTRACAL 
19 JF(NAXIS.EQ,O) ·THETARLaTILTANG 

-:-:---ro-·--.-·----·auraStN(THETUX) 
21 CAXaCOS(THETAAX) ,_. 
22 8RL•SINCTHETARL~ ·--n ... ·--------- ... CRLDCOSUHETAAL). 
24 DO 40 IDlo! 
"25· UCA(IlaCAX•ULE(Il ~ SAX•ULS(tf . 

--n------··'1JCP(!)D· •UX*CRL•ULEU) • eu•eRLitULS(U ., SAL*ULV(I) · 
27 . UCN(I)a•SRL•SAX*ULEfl) + SRL-CAX•ULS(J) + CALtULV(I) 
28 40 CONTINUE . 

---·-n ----·····- ··· · OF!'SUNaACOS COOTER CUCN,US)) . 
30 OFFSUNaOFFSUN•SIGN(l.,THETAlX+TAZl 
31 RETURN 

. -. '"!2----:-:-co,--&A•SIN"(TAU ····-' -·- ·- --·-· 
JJ CA•COSCTAZl J. ST•SIN~TILT) 

····-·n -----····-··r··cracoscnL n 
36 . DO 10 t•t,J 
J? 10 DUM(Il•CA•ULS(l) • SAoULE(t) 

--::----:n·-----·-oo -,o ·· r•t•! -····-· ·--·-· ,-- - · · - ·· 
!9 UCNCil•CT•ULV(I) + ST•DU~Cil 
40 . UCPCJhthDUM(J) • ShULV(I) 

·---.,n- ··-····-··---·-20 UCACJ)aChUL!(I) -,. SA*ULSCil 
02 OFFSUN•ACOSCDOTERCUCN,US)) 
41 RETURN 

·-.. -o-o !No-------_------·-:·······-----·----····-···--·--- -· 

---- -···- ---- ...•.... 

NO DJAGNOSTJCS.lN.ABOVE COMPILATJON 
·-wu! USED· FOR ·Tttll ·cOMPrL·A-UON 

· .. 

' I 

? ... 



C-83 

l SUBROUTINE !RRNORMCSOS,SOR,U~,UT,UCA,UNP,PSM) 
---·a··-··----··· DIMENSION UNU);UTU),UCA(]),UIIIIli1J) 

~ .DATA NORCT/0/ 
~ SDaSQRTCSDS•SOS + SOR•SOR) 

~-! ·---- ---- ·---· CALL. RNOAM (!f 1, NORCT) · 
6 . NORCT•NORCT+1 
T IF CNORCT .E0~2) NORCT•O , 

-----.-----. -·-··"PH111tO•R1 •· ·ps~ 
.• . PH2~,L~TC0.0)•6.28318S3 

·so CI•COS(PHI) 
··tr - ·-- --~--- .. CZ.COSCPH2) 

12 &l•SJN(PHI) 
l!·. S2•8INCPH2) 

----··u ·-------·-·oo ~o r.t.3 
t! . c,o UNPUl•CI•UN(U + Sl*(ChUTCfl • -12•-UCA(I)) 
16 . RETURN 

-- - lT .c.. .. !:NO- --

·J 

ll•2T•T8 *** 14.4 *** 
t8!C1 __ , ., ---- ;32 - . ·-- · ·· LlNES/MINUTE !157 

NO DIAGNOSTICS IN ABOVE COMPILATION 
-lf!RE··uuo···,-oR :"'THU ·-toMPILATION 

- -. 

.:.U.S.COVERNMENTPRINTINCOFFICE: 1980 -71+0- 11+~ 1+50 
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