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FOREWORD

This is the initial submittal of the Solar Pilot Plant Preliminary Design
Report per Contract Data Requirement List Item 2 of ERDA Contract E(04«3)-
1109. The report is submitted for review and approval by ERDA. This is

Volume II-Book 2 of scven volumes.

Readers of this report and users of the Central Receiver Optical/Thermal
Model program, HELIAKI, should be cautioned that, although the program
has been used considerably and appears to be relatively error free, some
"bugs' may well remain, Further, since this program evolved over a period
of time in a step-by-step updating of the model, some tihused variablce may
also remain, Needless to say, the authors cannot take responsibility for any
versions of the program which do not correspond exactly to the program

listing in this report:
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SECTION 1
INTRODUCTION

HELIAKI is a FORTRAN computer program which simulates the optical/
thermal performance of a central receiver solar thermal power plant for the
dynamic conversion of solar-generated heat to clectricity. The solar power
plant which this program simulates consists of a field of individual sun
tracking mirror units, or heliostats, redirecting sunlight into a cavity,
called the receiver, mounted atop a tower. The program calculates the
power retained by that cavity receiver at any point in time or the energy into
the receiver over a year's time using a Monte Carlo ray trace technique to
solve the multiple integral equations, An artist's concept of this plant is

shown in Figure 1-1,

Heliostats are arranged in the field around the tower in concentric circles.
The ground cover, ratio of mirror area to field area, is varied by changing
the spacing between heliostats in either or both the radial or azimuthal direc-

tions, Figure 1-2 shows the heliostat modeled in this program.

The receiver is modeled as an upright circular cylinder mounted atop a tower
and held in place by thrce corbels. Sun rays trom various parts of the field
(redirected by the heliostats) enter the receiver cavity through the aperture
and impinge on the interior surface of the receiver. Some heliostats close

to the tower cutout perimeter may reflect, for part of day, the power onto
the receiver roof, whereas the power from some heliostats farther away may
whistle-through the aperture. The methodology of the program accounts for
these phenomena as well as many more subtle phenomena. These are des-

cribed in the methodology section of this manual.
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Figure 1-1, Solar Pilot Plant

Figure 1-2. Experimental Heliostat Assembly
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Although the Monte Carlo ray trace code described in this manual is quite
-design specific, the general program methodology and structure has been
appiied to a wide variety of designs. In the area of céntral receivers, the
program has been used to model a number of receiver types, including an
exposed surface sphere, cylinder, half cylinder, star or cone shape. A

variety of aiming strategies has been used for each of these possible con-
figurations. In addition, a planar target has been used for the tower top

aperture opening when a cavity-type receiver is used.

For the heliostat, both Az-El and tilt-tilt gimbal sequences have been modeled.
A single mirror facet per heiiostat ‘or multiple-mirror facets can be analyzed
‘with either gimbal sequence. The code described in this manual has the tilt-
tilt heliostat model which is restricted to a four-mirror facet configuration
by the modeling of the frame structure. If the specific frame structure were
eliminated, the code can be applied to any number of mirror facets, including
a single facet design. The field layout of the heliostats has also been varied |
with past program versions. Rectilinear, both uniform and nonuniform,
heliostat spacing has been modeled as well as hexagon packing. The version
used in the present code orients each heliostat such that the outer tracking
a¥is is normal toa line of sight to the tower, Both uniform and nonuniform

field packing densities can be analyzed with the present code,.

Other code versions have included options to p&rform flux mapping on a
cavity aperture, a variety of mirror-focusing strategieé, plant costing algo-
rithms, reflectance analysis by wavelength and incidence angle and several
techniques for analyzing -design change impacts on performance. This pro-
gram, however, is limited to the specific design described in this document.

Evén though users of this program may nof necessarily be acquainted with

Monte Carlo methods, only an elementary explanation of the method is made.
Further, no attempt is made at a rigorous derivation or mathematical justifi-
cation of the vector identities or algebra. It is assumed any users are ‘

familiar with vector algebra techniques.
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It is quite possible to obtain misleading results of the power or energy into
the cavity by inappropriate choice of heliostat tracking errors and mirror
surface errors or by selecting too few sun rays to be traced through the
optical part of the model. However, repeated use of the program results in
experience which is often the only helpful clue to the proper choice of magni-
tude of tracking and surface errors and number of rays.

Simulations are initiated by card input using the FORTRAN NAMELIST feature
in a subroutine called INITCOL. All variables in the NAMELIST table are
defaulted to a specific c_:eﬁtral receiver baseline model. Only those portions

~ of the modell which change from the baseline need be input by card.

It should be noted that units are mixed, Engliéh units are used for all
dimensions and geometric descriptions while the SI system of units is used

for the flux and energy descriptions.

HELIAKI, as listed in this report, is operational on the Cohtrol Data
Corporation 6600 Computer,

40703-11-2



'SECTION 2
BASIC FORMULA TION

Given a position of a helieétat relative to the receiver, the amount of enérgy
carried from any point on the sun's surface monochromatically at any given
instant depends on the exact path of the ray through the optical interfaces of
'~ the system. These interfaces are the mirrors on the hehostats and the

actual surface of the receiver,

The angle made by any ray with respect to each mirror surface is a function
only of the angular posmon on the solar disk whence the ray came and the

impact point on the particular mirror.

Thus, for any wavelength and perfect optics,.the energy carried from the sun
to the receiver surface can be found by specifying the four coordinates of the

ray, independent of the number of optical elements in the optics train,

If the sun's disk coordinates are 6 and 6 and the impact point coordinates -
are X, and X

1 9 then the total thermal power absorbed in a wavelength interval
d\ is :

Xy X9 5y

f f f E(X,, Xy, 6;, 8,)dX, dX,d6, b, (1)
5 .
1

where X1 and X2
To obtain the energy from the entire solar spectrum, integration over all

are bounded by the actual surface extent of the mirror,

wavelengths is required. This yields
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mirror sun
surface d1sk

X X2 1 2 ‘ » ,
— e’ )
total spectrum : . :

Introducing finite quality optics into the model introduces uncertainty in
tracking accuracy and mirror quality, '

There are four uncertain optical parameters that are known only statistically.
The first two parameters are uncertainties in the angular position of the two
gimbaled tracking drives (61, 62). The second two parameters are the |
angular uncertainties in the mirror surface normal at any point on the mirror
surface (¢1, ¢2). We assume that each of these four Pparameters is statis-
tically independent of each other or any other design parameter, For example,
a given error in the mirror normal is equally‘ likely anywhere on the rhirror
surface, The mirror is not known as a continuous surface 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 distribution is understood to be a
"normal" or "standard error' distribution,

Now consider a random-variable Z defined by the normalized probability
distribution 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.e.,
L]

L2

Z = f P, (Z) ZdZ -3

- D
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To simulate a specific error set (9 , 0 9y ¢ ), one would have to evaluate

2)

E(6,.65.8, .¢2 fjfffE(Xl,X 81,8y .6,.6,.81.0,)dX  dX,d5; dbyd\ -

)\XX 0, 0
12 (4)'

Then the expected value of the thermal power absorbed (f]p) is given by: |

ffffpal‘ei’quz‘f’z’qu1“”1’%2“”2’%‘91-92'¢1'¢z’d91d92d‘?1d¢2
9, 929, % | | (5)

because each distribution is statistically independent. The above expression
is: o

f f [z X 9 [ f [f j it (©

Qz 2%, %9 5
‘\/‘--V—-“-V—J

trackmg mxrror total — sun disk
errors imper- spactrum :
fections

mirror
area

To calculate the total thermal power redirected from the field of heliostats

onto the receiver, one sums over the total numher of heliostats

number of mirrors
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_Furtherrho_re, integrafioh over the total number of hours of sunlight auring

any given time period results in the expression

WT = f ET dt , A ‘(8)
time period ‘

The stochastic nature of four of the mdependent var1ab1es in the ten- mtegrals
of Equat1on (8) and the prime obJectwe of performmg a parametric study of
the performance of the system led to the decision that the experimental
Monte Carlo approach was more suitable to the problem.

40703-1II-2
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SECTION 3
METHODOLOG Y

Bééically, the premise of the method used to solve Equations (7) and (8) of
the previous section is a Monte Carlo technique. Any Monte Carlo computa-
tion that yields quantitative results may be considered as estimating the
value o’f a multiple iﬁtegrél. The simplest Monte Carlo .'approaCh is to ob-
serve .i*andbm numbers, selected in such a way that they direcﬂy simulate
the physical rand>m processes of the problem at hand, and to deduce the
required solution from the behavior of these numbers. In this program,
that process involves the incident flux on the receiver over the direct solar
flux on the heliostat field being equal to the convergent ratio of, ré.ndbmly
drawn rays which reach the receiver divided by the total number of rays
drawn uniformly over the heliostat field. Appropriate scaling of each ray
value for reflectance and absorptance losses, tracking and reflective sur-
face errors, etc., is included in the Monte Carlo simulation.

The simulation is accomplished by randomly selecting a sufficient number
of sun rays to statistically represent the sun's intensity pattern as seen
from the earth's surface. Solar limb darkening and atmospheric losses are
accounted for, These same rays are allowed to impinge upon the entire
heliostat field randomly and are reflected to the receiver should they strike
~a properly aligned reflecting surface. The rays drawn must represent the
sun's power at that time so each ray is given a relative weighted value as

a function of the time and the number of rays drawn. If annual energy is

being calculated then each ray carries the appropriate amount of energy.

The general program flow to follow the physics of each interaction of in-
dividual rays through the optics train is shown in Figure 3-1. All executive-
level tests are shown in the flow chart, from the mirror hit test to the

receiver hit test. A number of check points along the ray path are not shown
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Figure 3-1. Optical Model Software Logic Flow
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in this figure but are documenfed in Appendix A where detailed subroutine:
flow charts are presented. The interested reader is directed to these flow
charts for é thorough understanding of the program, Each test of a specific
ray ‘inte‘raction is accomplished using ray trace techniques. Given any one
randomly determined individual ray start point, the ray may be traced to
the ground or to a mirror or frame surface. If a mirror hit is found the

individual ray is traced to its final destination.

The ray -trace technique 'uses vector algebra to track each ray along its
optical path. The following subsections describe the primary steps in the
vector derivations, as well as the basic modeling philosophy. The sections

are ordered to follow the actual program flow.

BASE VECTORS

The basic reference vectors in the ray trace code describe local vertical
(N), local north (UN) and local east (UE). Each of these vectors is a unit
vector and the set (N, UN, U‘E) is an orthonormal triad which can be thought -
of as originating at the tower center. Variations in the direction of these
vectors with respect to position on the field are not considered. Thus, the
heliostat field is assumed to be a flat plane tangent to the surface of the
earlh at the tower base, | Figure 3-2 shows the fieidiand reference vectors

as well as a sun vector (U—R).

The sun vector is simply a unit vector along the réy path from the sun's
center to the point on the earth's surface at which the tower is located. The
sun vector is considered to be the same over the entire plane of the heliostat
field. This introduces an error of less than 1 minute of arc per mile of

distance from the'tower_ base.

40703-11-2
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HELIOSTAT NORTH
FIELD -
. - - / N
. S D "\
TOWER : -~
LUCATION .

Figure 3-2., Field, Reference and Sun Vectors
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Each of the reference vectors and the sun vector is calculated in subroutine
VECTS. The vectors are calculated based on an initial vector triad located
at the earth's center. However, the construction of all other vectors re-
quired in the ray trace analysis depends only on the (N, ITN, UE) triad and

the earth center triad can be ignored.

HELIOSTAT FIELD MODEL

One of the first steps in the Monte Carlo simulation is the uniform draw of
ray start points over the heliostat field. Specifically, poirits are drawn
uniformly over an imaginery surfacé which covers the field of heliostats
called the test plane. .If the mirrors were allowed to assume all possible
rotational attitudesA, they could occupy all po'in'ti_s within a cylinder centered
around the heliostat center. If all such cylinders were bounded by planes 7
tangent to the top and bottom of each cylihder, -the test plane would be the
upper plane and the ground plane would be the lower plane. Figure 3-3
shows an edge view of this. Once a fay start point 1s drawn, the trace of
the ray from its start point on the test plane to its terminus on the ground
plane can be found., The ray start points are drawn in subroutine MONTE
or MONTE2.

Figure 3-4 shows that oniy those heliostats which are ."‘clee” or "'along"
the ray trace from the test plane to the ground plane. could be involved in
redirecting the ray. It is important to limit the number of "hit tests" (sub-
routine INHIT) to be numerically performed on each ray to those heliostats
which lie along the ray path. Clearly, if all heliostats were tested for a hit
for each ray drawn, the run time would be prohibitive. A simple algorithm
performs the identification of the few (nominally 10) heliostats which can

interact with the ray.
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- The identification algorithm (subroutine FINDIT) is based on two facts:

'~ ®  The cylinders of influence of the individual heliostats
do not overlap each other. '

® The heliostat center locations can be uniquely and quickly
identified.

Consider a top view of the test plane with a typical ray path drawn (see
Figure 3-5). In this example, the heliostat boundaries on the field are shown
as portions of circle arcs and radii. For our purposes the heliostats are
simply numbered from 0 to 8. Heliostat number 1 is bounded by radii r; and
r.,.q 28 well as a boundary equidistant between heliostat number 0 and 1 and
1 to 2, The top view of the ray path shows that only heliostat number 4 can
actualiy intercept the ray and redirect it toward the tower. The ray trace
program uses a éimple search along the ray path to identify the center of all
closest heliostats from ray start to end. The search for closest centers is
based on the zone boundaries and not the cylinders of influence. For the
example in Figure 3-5, this implies that heliostats 1, 2, 4 and 6 will be

included in the list for possible hits.

The method used to develop the 118t of heliostatls is tu first find thc closest
heliostat to the start point. Then the closest heliostat to the end point is
found, If the closest heliostat to both the start and end point is the same),
then the list is complete. We also have the case, as shown in Figure 3-4,
where start and end points are closes to different heliostats. The program
will then divide the ray pathv into many points and find the closest heliostat
at each of these points along the ray path. The spacing of the test points
along the line is not critical as long as it is less than.one heliostat boundary
dimension, When this test sweep is complete, the code has found a list of
one, two or perhaps many different heliostats which could redirect the ray,
The requirement that the heliostats cannot overlap guarantees that there are

v

- 40703-11-2
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TEST PLANE

HELIOSTAT CYLINDER
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Figure 3-3. Test and Ground Planes
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Figure 3-5, Top View of Ray Path and Cylinders
, of Influence '
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no other heliostats which could redirect the ray. ThlS list of closest
adjacent heliostats is more heliostats than could phys 1ca11y be mvolved W1th
the ray.

" It would be possible to further reduce the list of heliostats to be tested by
using the distance formula to rule out any heliostats for which the closest
ray approach lies outside the cyhnder of 1nf1uence This was not done in the
program because the distance formula requlres as much computatmn time
tn execute as does the hit test itself and would add more complexity to the

code,

HELIOSTAT IIIT TEST

The next step in the process is to test all heliostats on the lisfc of possi‘biiities
for a mirror hit. To establish a mirror hit or miss, tﬁe ni_irx_"or normal must
"be constructed. This is done with knowledge of the suh vectof, UR, and the
mirror position and aim point relative to the tower base. As shown in Figure
3-6, a heliostat to be tested is at a position defined by the center coordinates
),{.:' YC, where the X axis lies along local east aF‘d Y is pusitive along local
north. A vector from the heliostat center to the aim point on the aperture
opening can be written as ‘ N

T - X UE- Y UN&(TH-D,)/2) K +3 R

where 3 is a small vector from the tower top center out to the aim points
(calculated in subroutine AIMPP). - A unit vector pointing from the heliostat
center to the aim point is

-

Ur = T/|T | | | " (10)

40703-11-2
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Using UT and TR the heliostat normal must be formed to redirect incoming
rays along UR on the path to the aim point UT. This is shown in Figure 3-17.
The mirror normal, UMN, is simply

——i

" UMN = (UT - UR) / |UT - UR| (11)
| as calcqlated in subroutine MIRRN.

Thé heiiostat georhetry used 'for all hit and blockage tests is shown in
Figure 3-8. Honeywell's baseline heliostat consists of four mirror facets
mounted on a single frame. The frame can be rotated about an outer axis

to provide one tilt of the mirrors and an inner axis drive for each facet
provides the other tilt function. The inner axis drive for all facets is pro-
vided by one motor such that the inner rotations are the same for all facets.
However, the }pr:ogram‘ does have an option to independently drive each inner

axis (a separate motor for each facet).

The nominal mirror normal, UMN shown invFigure 3-7, is constructed as
described above for the heliostat center position. This mirror normal is
later rotated for a Specified toe-in strategy (explained later) but, for the
pu.rpose of establishing a mirror hit the nominal mirror normal is assumed
to be the normal for each facet., In addition to the mirror normal, a vector
along the heliostat outer axis can he specified from knowledge of the heliostat
center coordinates, The tilt-tilt baseline heliostat is oriented such that the
outer axis is normal to the line of sight to the tower. This orientation is
shown in Figure 3-9 and is considered advantageous with regard to mirror
blockage losses and off-axis facet misalignment. Using this orientation rule,

a unit vector along the outer axis is given by

— B - - 2 2
UHV = (Yc UE-Xc UN) /\/Yc +Xc (12)

40703-1I-2
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MIRROR G
FACET ‘ .

Figure 3-8. Heliostat Geometry
(not to scale)
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Figure 3-9. Hellostat Orientation
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The remainder of the vectors needed to describe the heliostat frame and

nominal facet orientations are found from UMN and UHV (as calculated in
subroutine TRIADS). Referring to Figure 3-8, the vector along the inner
axis of each facet is UAXV, which is constructed by

UAXV = UMN x UHV / [UMNx UHV] (13)

The vector normal to the inner axis of each facet, and lying in the plane of
the facet is UXV2 which is simply

UXV2 = UAXV x UMN (14)

The last vector needed to define the frame orientation is UBEDN, the normal
to the top plane of the heliostat frame as found by

UBEDN = UAXV x UHV (15)

Finally, the heliostat hit test can be most easily thought of as a series of
four individual wirror facet hit tests. The gcometry for each wmirror hit
test is shown in Figure 3-10, where col is the diameter of the cylinder of
influence, (Xp, Y_ ) are the easl aid north ooordmafes of the ray start point
and TTR is the sun vector.

(Xp, Yp, D)

START POINT N
- uR
S m— —— —— — ~—— —— — TEST PLANE
\ —
\‘UMN< - f ,
-~

HELIOSTAT
(X ,Y ) ; I

HIT POINT

GROUND PLANE

Figure 3-10. HIT Test Geometry
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The vector from the start point to the hit point on the plane of the heliostat
is given by '

b -

VR = URL | - | (16)

where L is an unknown length from the start point to the hit point on the

plane.

Recall that any line not parallel to a plane must intersect the plane (not
necessarily within the heliostat mirror boundary) at one and only one point.
Thus, there will always be a real value of L. We can also write a vector
from the ray start point to the center of the test facet (to be called Vé),
which is given by

VC = UE (xc-xp) + UN(yc-yp) + N Dcol/2 - Dtest UHV . (17)
where (UE) is a unit vector along the local east direction (positive east),
(UN) is a unit vector along local north (positive north) and (N) is the unit
normal to the earth surface (vertical up positive). The D, _, term is the

test
distance from the heliostat center to the test facet center.

Since both VC and UR go from the same point in space‘ to the'surfai;e of a
plane normal to UMN they must have the same projected lveng'th along UMN
even though they do not enter the UMN plane at the same point. Thus, we
can write the identity

'VC - UMN = VR - UMN (18)

and substituting Equation((16) into Equation (18) we have

VC . UMN = L, UR - UMN 4 (19)
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which is a scalar equation for the unknown 1., Now that we know the véctor
VR we can calculate where VR touches the plane relative to the mirror

facet center.

The vector in the mirror surface plane from the center of the facet out to
the point where the ray hits the plane is given by

———

RRIF = VR - VC

L UR - SC | ‘ (20)

The hit test is completed by simply comparing the hit point coordinates, as
calculated from ﬁﬁﬁ?, to the facet boundaries on the ITI\'/TI‘\I plane. The order
of heliostats tested in this way is from the ray start puvint to the cnd point.
Thus the first time a hit is found the ray is redirected. Succeeding facets
and heliostats (if any) are also tested and any hits are added to the shadow

count,

Since the mirror facets are hcld in place Ly a frame etructure as previously
shown, it is possible that the frame may shadow the mirror surface. For
any ray which is found to hit a mirror surface, the program will check fur a

prior hit on the frame structure. The frame modeled in the ray trace code

III" "I”

consists of two beam side supports, three beam cross members and
angle iron braces in the top frame plane, Figure 3-11 shows a sketch of

the frame without mirror facets and some of the vectors required to test for

a frame shadow. The ""VS" vectors start at the ray stért‘ point uh the test
plane and extend tv u pouint on the frame corresponding.to the middle of one

of the seven different planes defined by the "I'" beam ntructure, For example,
the vector \TS_B goes from the ray start point (X_, Y _) to the middle of the
plane defined by the vertical member of the first "I'' beam cross member.
Similarly,A the V_Si vector goes from the start point to the middle of the top
HIH

plane as defined by the top piece of all beams and the angle iron braces.

The construction of the "VS" vectors required for the frame shadow test is

given below:
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— — —— TEST PLANE
X Y) ’

P+ P START POINT

— — —— — GROUND PLANE

Figure 3-11, Heliostat Frame Model

V81 = (X_-X)UE + (Y _-Y JUN - 2528 N - HTMIR UBEDN
VS2 = VSl + (WD““CM;*WLONG UAXYV - W%ID—-A UBEDN
—_ _—

vs3 = vsi - (WRACATHWLONG,) gaxy - WIPE gRDEN

. — —_— —

Vsa - vsi - HICROS GREpy

VS5 = VS4 - XDF UBV

VS6 = VS4 + XDF UHV

—_— \ — ' —N
V587 = VS1 - HTCROS UBEDN

(21)

(22)

(23)-

(24)

(25)

(26)

(27)

A

Where the definition of the scalar dimensional quantities may be found in

Appendix C.

40703-1I-
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A frame hit test follows the logic of the mirror hit test very closely. Each
_ plane of the frame structure is defined by a plane normal vector already
constructed by our definition of the heliostat orientation vectors. For the
top and bottom planés UBEDN is the plane normal. For the vertical mem-
bers of the "I'"' beam cross braces, the plane normal is defined by UHV and

the side structures vertical member!'s plane normal is UAXV,

As an example of the hit test, consider the framc top plané.. A vector from
the start point to the sun ray hit poiul un the plane is I. iTR. As in the mirror
hit test we have two vectors, L UR and \ﬁﬁ, which start at a single ioéation
in space and end on a plane with known surface normal, in this case I-J_Eﬁ_if)-ﬁ
The length L from the start point to the hit pomt along the sun vector UR is
found by

L UR . UBEDN = VS! - UBEDN | . (28)

which is a scalar equation for L. The vector from the plane center point
(1) to the hit point is

RHl'I‘ = -VSl + L UR ' (29) .

Then for an x, y coordinate system centered at point 1 of Figure 3-11, the
coordinates of the hit point are:

XHIT = RHIT . UAV - (30)
and
YHIT = RHIT - UAXV (31)
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—_—

where UAXV is a unit vector along the facet axle and UHV is a unit vector
along tﬁe heliostat outer axle. A simple check is made to determine if the
ray hit a frame by comparing the values of XHIT and YHIT to the dimensions
of that portion of the frame. Again the order of the heliostats tested in this -
way is from ray start to hit point. Thus, the first time a frame hit is found
it is compared to the mirror hit to determine which came first along the ray
path, If‘ a frame hit is found prior to the mirror hit, then a frame shadow
exists. If no frame shadow exists the ray will be reflected from the mirror

surface,

REFLECTED RAY

To this point, the analysis has not involved the finite size of the sun or the
tracking uncertainties of the heliostats. This simply means that the ray has
been traced from its uniform draw start point to the mirror or the ground.
Physically this means that we have ignored the finite size of the sun and the
tracking errors in the shadow analysis. The finite sun and finite tracking
errors tend to ""blur" the edges of the mirrors and the edges of the shadows

somewhat when taken on average over the whole field.

If at this point in the flow, one of the heliostats on the list of possibilities has
in fact tested out to have a hit, we proceed to perturb UR and UMN for the
finite sun size, the tracking errors and the mirror surface slope uncertainty.
To begin the perturbation process a ray start point is drawn over the sun's
face. The simplest case of this is the assumption that the sun is a "'flat"
disk of brightness in the sky. The plot of this is shown in Figure 3-12, The
uniform draw over a disk is simply a uniform draw over the polar coordinate
(6) and a weighted draw over p (see Figure 3-13).

‘The weighted draw over p comes from the fact that more rays must be drawn

in the annulus p to p + dp at large values of g than at small values of p. Another
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way to consider this is to plot the sun's energy from 0 out to p versus p (see

Figure 3-14), The formula for this curve is simply

2

E = Eq (/o) (32)

where E., is the total energy from the sun's disk and pma)'{ is the maximum

angular extent of the sun.

Thus, if we want to draw uniformly over lhe area of thc disk, we simply
draw uniformly over the abscissa (energy axis) of Figurc 3-14 and Eqnation
(32) is inverted to find the ordinate value (p) which we want, Thus, if we
draw the random number x; uniformly from 0 to 1 then the value of o for

each %, 18 given by the inverse of Equation (32) or
P = Pmax Vx, | (33)

The (8) coordinate is found from another (independent) uniform number Xq

drawn from 0 to 1 by

v = 2n X, ' (34)
If we arbitrarily define two axes in the sun face (UXI’ T_J:‘E;) then the rntation
angles of UR about these axis (A, 26,) are shown in Figure 3-15, which
are glveu by :

AO p sin 6 : (35)

"

1
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Thus, we can perturb UR into UR' with

e (UR - Tan Agz UX1 - Tan AGJ.UXZZ.
UR' = ) . B (37)
Vi |

+ Tan A92 + Tan A91

The three-space drawmg from which this can be derived is shown in Figure
3-16. Notice that (UR, UX1, UX2) form an orthonormal triad.

This is all the vector algebra necessary to incorporate the finite sun size
into the analysis. The computer code includes a limb-darkening option and
an option with limb darkening and scattering outside the geometric sun

perimeter,

The process we have outlihéd here is the same for both of these options

except that the weighted draw of p is weighted in such a way that the draw is

again uniform over the new solar disk energy distribution. This involves

plotting brightness versus angular distance from the sun's center and inte-

grating energy as before. Then, the integrated energy curve is curve-fit

and the fit function is inverted. This inverse function (analogous to Equation
(33) is then the basis for the draw.

The nekt step in the trace process is to perturb the unit mifror normal [Tl\_/[T\I
for the uncertainties in heliostat tracking (subroutine PERT3). This involves
a first rotation of UMN about an axis (the outer axis) which is not normal to
it., The essential vectors were previously described as the heliostat orienta-
tion vectors as shown in Figure 3-17. The rotation for outer axis tracking
errors is a rotation about the UHV vector. The triad used for this rotation
is ((BEDN, GAXV, UHV) as shown in Figure 3-18. The rotation (tracking
error) is shown as Aq&l and the rotated hehostat orientation vectors are

shown as dashed vectors UBbUN' and UAXV' The vectors are constructed

by
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INTENSITY
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Figure 3-12, Ray Start Point Figure 3-13. Uniform and Weighted
Plot Draw

ENERGY lZ/EMAX
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ANGLE FROM CENTER (p)
Figure 3-14, Energy Plot Figure 3-15. Rotation Angles

Figure 3-16, Three-Space
Drawing
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OUTER AXIS ROTATION
A » UHV

Figure 3-17. Heliostat Orientation Vectors

R ‘ . N\ ——
UBEDN' = cos Ag UBEDN + sin Ag, UAXV (38)
UAXV' = cos gy UAXV - sin Ag; UBEDN (39)

Next, the eﬁ;_i_’{ecf of this rotation on the nominal mirror normal must be

developed. Referring to Figure 3-18, the UMN and UXV2 vectors must
—— —_— ——

rotate around UHV. Withthe rotation about UHV the components of UMN

—_—\ —

and UXV2 along UHV are unchanged. The magnitude of the projections of

[— —_— _ —— —

UMN and UXV2 onto UBEDN onto UBEDN and UAXYV are the same as the

—

projections onto the rotated frame normal and inner axis vecto_rS, UBEDN!
and UAXV!, ‘ ‘

Reference back to Figure 3-17 may aid in clarifying this fact. Therefore,

the rotated vectors can be written as
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OMN '’ = (UMN - UBV) UBV + (OMN - UBEDN) UBEDN’ (40)

TxXve '’ = (0XV2- UHV) URV + (UXV2 - UBEDN) UBEDN / (41) |

The second rotation is for tracking errors about the inner axis, The anguiar 5
error is denoted as A¢2. The rotation in this case is about the vector m’v ! -
Only the vectors associated with the mirror facet must be rotated. These

vectors (UMN ’ and UXV2 ‘) and the rotation are shown in Figure 3-19, The

fully rotated vectors are

=== 4, —_ , . —'—"‘ ) ) ) '

UMN " = cos A¢2 UMN ’ + sin A¢2 Uxve (42)
144 7 . 4 .

UXv2 " = cos A¢2 UXV2 " - sin A¢2 UMN (43)

The error angles (A¢1, A¢2) are drawn at random with a normal distribution
(standard error distribution) having a mean and variance specified by the user
of the program. If the details of the heliostat drive mechanism can be more
accurately modeled a distribution of error angles which more nearly matches
the reality of the system could be substituted easily for ﬁt;he normal distribution,

Recall that the derived I“fl\_/luﬁ " yector is the nominal mirror normal at the
optical axis of the heliostat. In other words, it describes the position of an
imaginary mirror facet located at the heliostat geometric center, The actual
normal for any one of the individual heliostat facets differs slightly from this
normal in that each facet may be toed-in, or canted slightly toward the helio=
stat center to improve the total heliostat focusing ability. A possible toe-in-
alignment is shown for a side view in Figure 3-20. The program may develop
a toe-in angle, 0 +r for each facet of each heliostat in the field (subroutine
TOEIN). The toe-in angle is specified by a reference sun position for which
all mirror facets in the field are aligned to redirect incoming rays as nearly
as possible to a single focal point. Given the toe-in angle for a specific
mirror facet, the facet center normal and tangent vectors are constructed by
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UAXV

Figure 3-18. Rotated Heliostat Orientation
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Figure 3-19, - UMN and UXV2 Rotation
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ey T M : AL '

UMNi = cos Gt UMN ** + sin Gt UXVZ (44)
TR M | 7 . TN M

U'X'VZi = coSs Gt UXVZ "™ - sin Ot UMN : (45)

This represents a simple rotation of the mirror facet orientation vectors
about the inner axis and is quite similar to the rotation for tracking errors

-

on the inner axis.

The mirror normal at the hit point on the facet surface is found from knowl-
edge of the facet shape, For the baseline tilt-tilt heliostat, each facet has a
spherical surface which focuses at a distance ¥ s such that the ra('li'us of
curvature is 2F g+ The facet surface and required vectors are shown in’
Figure 3-21. Recall that the vector from the facet center to the hit point,
RHS, was found in the mirror hit test derivation and was previously called
RRIF. By ignoring the small displacement between the hit point indicated by
R—,I—-IAS and the actual mirror surface location, the mirror normal at the hit
point (UNN /) can be found by

ONN '/ = (-RHES + 2F_ UMK, ' |(RES + 2F_ OMY, ') (46)

Neglecting the small displacement ¢an be thought of as wmodeling the facct
surface as a fresnel mirror so that each element in the mirror is approxi-
mately in a single plane normal to the nominal mirror normal.

A l.ocal.facet' tangent vector is constructed as follows:'

— e

T = RAS - (RAS - ONN ") ONK " - (47)

and a unit w}ector tangent to the mirror surface at the hit point. is

3

"o TT/|TT | |  (48)
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Figure 3-20. Heliostat Optical Model.

*
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Figure 3-21. Heliostat Facet Vector
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To complete a triad at the hit point, a second tangent vector is found by

OT2 "= OTT " x UNN "’ (49)

The next and final perturbation of the heliostat mirror normal is the angular
rotation which represents mirror surface irregularity. The sketch of this
perturbation is shown in Figure 3-22, The final, fully perturbed mirror
normal vector is called UNNP aud is given by

———
UNNP = cos 61

UNN ¥ + sin 6y (cos g OTT " + sin 5, T2 "y (50)
where 62 is drawn uniformly from 0 to 360 degrees and 61 is drawn with a
normal distribution having a specified mean and variance. Physically, what
this last perturbation means is that the mirror surface normal is locally out
of alignment with the average normal by an amount 61. The plane in which the
61 rotation occurs is equally likely to occur in any direction around the loca1>
azimuth, Recall that at this point in the ray trace we can find the position on

_the heliostat of the ray being traced from the vector RRIF. With this we
could include a perturbation of the normal which was a function of position on
‘the heliostat surface. Such a position-dependent variation could be a gravity
or wind load deflection. If the wind forces and deflections were known only
stochastically, this also could be included in the analysis. The code, to
date, has not been modified for these types of local errors.

The reflected ray vector can now be calculated from the mirror normal
—— —_— :

UNNP and the sun vector URP. The vector algebra simply obeys Snell's
Law as shown in Figure 3-23, 'The reflected ray unit vector US1 is

US1 = -2(UR’ - UNNP) UNNP + UR’ (51)
Thus, the ﬁ vector represents a ray path which includes the effects of a

finite sun size, imperfect tracking drives, a facet toe-in strategy, and mir-

ror surface imperfections.
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UNNP = FINAL MIRROR NORMAL VECTOR
AT THE HIT POINT

—
- UTT

UT2

Figure 3-23., Reflected Ray Vector
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BLOCKAGE

The next check point aldng the ray path is to determine whether or not the
.reflected ray (ﬁﬁ) passes cleanly out of the mirror field. The first step in
this process checks for a block by another mirror facet on the same helio-
stat as the hit facet, or by the frame structure which supports the facets.

The blockage test for mirror facet is much the same as the mirror hit test
already described. The test consists of finding the intersection of the
reflected ray TS1 with the plane of another mirror facet with normal [Tl\ﬁ
For the purpdses of deciding whether or not TS1 is blocked, we ignore the
effect of the small error rotations on the mirror normal vectors. This

" results in translations on the order of 'inches while pertinent facet dimen-
sions are on the order of many feet,

The geomefry for a mirror blockage test is shown in Figure 3-24, The
vector XC starts at the middle of the hit facet and goes to the middle of the
test facet, If the unknown length of the vector from the incoming ray hit
point to the outgoing ray (US1) blockage point is called L, then our basic hit
test formulation for L is

L US1 - UMN = (XC~-RHS) . UMN (52)
from which we can easily solve for the length L. The vector from the test
facet center to the blockage puint is RRB, which, by simple fector addition is

— — — —_— . :
RRB = -XC + RHS + L US1 . (53)

The blockage test is completed by.comparing the blockage point coordinates
as defined by ﬁ-ﬁ to the test facet mirror boundaries. If a block is found,
the blockage test is completed. If no block is found on any test facet then
we proceed to check for frame blocks. '
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BLOCKAGE POINT
/ TEST PLANE

HIT
FACET TEST FACET
GROUND

PLANE
INCOMING RAY S
* HIT POINT

Figure 3-24. Mirror Blockage Test

The frame block test is again similar to the frame hit test and the method
will not be repeated here, If a frame block is not found the program will go
on to check for blockage by néighboring heliostat mirror facets or frames,
These tests logically follow the procedures already discussed. The first
step in the procedure is to find the list of all neighboring heliostats which
could block the ray. The closest heliostats are found for a ray path extending
from the mirror hit point to the test plane along U—Sl As for incoming rays,
the list of closest heliostats is developed by checking first the start and end
point of the closest heliostats. For the blockdge list, the first heliostat is the
hit heliostat. If the last heliostat is the same as the first then no blockage by
adjacent heliostats is possible and the procedure is terminated,

When other heliostats are in the outgoing ray path, the code checks one by
one for blocks, with mirrors blocks checked first and frame blocks second.
Tests for hit points are by now familiar to the reader. One brief example
here should sufficiently describe the blockage test for adjacent heliostats.
For instance, a block by the frame of a neighboring heliostat is shown in
Figure 3-25, On this example, the incoming ray (TR) hits the facet on the
far left of the first heliostat and the reflected ray (ITS.I) is shown to strike

"I"

the adjacent heliostat frame on the vertical plane of the near side beam.
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S ./,

% —— — TEST PLANE
/"4
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g
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NI = 7 N~
___\\/i)\ UAXV@
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THE VS VECTORS ARE THOSE WHICH START F
MIRROR HIT POINT AND END ON ANOTHER HEL:QOOSNI"/‘\\T
FRAME AT THE CENTER OF EACH PLANE ’

(VS2, VS5, VS6 ARE SHOWN)

Figure 3-25, Frame Block by Neighboring Frame

The "73" vector from the hit point to the center of the test frame plane is
e Y f pre—. 2

VS2. The length of the vector along US1 from the hit point to the blockage
point is L such that ' :

— . e— — - e—
L US1 - UAXV = VS2 - UAXV ' (54)

where UAXV is normal to the test plane in this example. The above equation

is solved for L and the vector from the test plane center to the blockage point
(RHIT) is

REIT = - VS + L US1 (55)

By checking the end point of RHIT against the dimensions of the frame side

member a block or no block is determined, If the blockage tests are com-

pleted and no blocks are found, then the redirected ray has cleared the test

~ plane and can be checked for receiver hits.
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'RECEIVER HITS

Two routines, CONE and PIPE, are used to determine whether or not the ray
hit the receiver and if it hit, where on the receiver the hit occurred,. If the
ray misses, another is drawn and the process starts over. If it hits, the hit
total is incremented and sorted out by location on the receiver to obtain flux
maps of the receiver surface, The ray trace code keeps track of the final
ray disposition at the receiver by aperture misses high, misses wide or
misses low, corbel hits, rays going through and cavity wall or receiver hits.

The cavity aperture is defined as a portion of a cone of ahgle 6 o’ and a cone
radius, R cone, at a set height up the aperture (HTOT/2). The nomenclature

is shown below,

PORTION OF
| CAVITY
R CONE APERTURE
- .
HTOT I .
2 o /| « APERTURE LOWER
¢’ BOUNDARY (DISC)

‘Thle cone can be 'loca't'ed‘anywhere in space as defined by an orthonormal
triad (ﬁT‘I, ﬁ"E, N) and vector D from the origin of the ray to be tested to.the
center of the lower disc of a cone frustum, Figure 3-26 shows the cone
extended infinitely, and the test ray. The cone vertex is defined to be at
height Z, where zxis the distance along‘the cone axis such that z = 0 at the
lower aperture disc. Then z. is calculated as '

o
_ HTOT Rcone ' _
257 T2 ~ tan 0, : (56)
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_ v TEST RAY

ORIGIN

Figure 3-26. Cavity Aperture‘ Cone
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The ray to be tested for a hit is U51 and unit vector N is required to be along

the cone axis.

' The vector algebra for the cone hit test needs the formulation of two other

-vectors which define a hit plane normal to the cone axis at a height Zyits the
distance from z = 0 to the test ray entry or exit point. The vector from the
lower aperture disc center to the hit plane along the cone axis is simply 2yt
N and the vector from the hit plane center to the actual test ray hit point is
defined as RHIT. From simple vector addition RHIT is,

RHIT = -AL GS1 +D+2,, N - o (s7)
where AL is the distance from the test'ray orig'ml to the hit point on the cone.
There are two hit points and thus two hit planes and hit vectors which will be.
solved for in the algebra For now, only one hit point, defined by one set of

RHIT AL and z is carried.

hit

Vector RHIT has a magnitude defined by the height of the hit plane from the

cone vertex,

|RETT| = -Z)tan6_ | (58)

(Zhit

or since the magnitude of RHIT is defined by RHIT - RHIT;

|RETT|? = REIT - RAIT

. (59)

' 2
(Z -Zo) tan Oc

hit
m—

Using Equation (57) for the vector RHIT leaves one equation with two un-

knowrls Zh ¢ and AL, This distance AL can be calculated since both AL TS1

and (D + Zh ¢ N) extend from the same point in space to the surfage of the hit

plane with unit normal N. Therefore, both AL US1 and D + Zpit N must have

the same projected length aLong_N. Expressed algebralcally,
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(D + zhitl\'f)- N=ALTS1l N (60)

Equations (57), (59), and (60) can be.combined to yield a quadratic in Zhit or
AL. Substituting for AL gives:

2 — =2 2
Zy iy {1/(US1-N)* - 1=~ tan ec}

+z,. (205 N) /(T81. W2 - 2(T51- D) /(TSI N) + 2 z tang )

-t - - - 2
4 |op @NOSLD) , DN, (5, 5 -z %tan®0_f = 0 (61)
751- N (T51-§)2

The solution of the quadratic gives the two piercing points (entry and exit) of
the test ray with the cone, Imaginary roots indicate that the test ray failed
to hit the cone. The entry and exit heights of the test ray are all that is
required to determine if the incoming ray hit a corbel, went through the
aperture, missed the aperture opening high or low or is a valid ray entering

the cavity opening.

The subroutine PIPE is used to determine the hit point of rays entering the
cavity, which is a right circular cylinder, When a hit is established, the two
piercing points on the cylindér are computed and this information is used in
the cavity wall flux mapping routines. The general method for finding the

hit points is established below.

A right circular cylinder of radius RCY can be located anywhere in space
as defined by the orthogonal triad set (ON, UE, N) and vector D from the
origin of the ray to be tested., Figure 3-27 shows the cylinder and test ray
nomenclature. Unit vector N is along the cylinder axis and TS1 is the ray to
be tested for hits on the cylinder., The vector D must go from the test ray
6rigin to the center of the cylinder. ‘The plane defined by (UN, UE) at the
terminal point of D is the reference height along the cylinder (z = 0).
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ENTRY
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Figure 3-27, Cylinder and Test Ray
Nomenclature

The vector algebra for the hit test requires that two other vectors be defined.
First, a vector from the center of the reference plane to the center of a hit
plane is defined as VUP. Figure 3-27 shows the vector for one of the hit
planes., There are two hit planes, one at height z1 for the ray entry point
and another at 'height z, for the ray exit point. For the ray entry test plane,

TOP = 2, . . (62)

The second vector required is from the test plane center to the hit point on

the cylinder., This vector is
RHC = L, USi - (2, N + D) | (63)
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where the test ray (TS1) must be a vector of unit magnitude. The aistance

E fr_om the test ray ori_gi'n to the hit point c_>r_1;che cylinder is defined as L'l. This
distance can be calculated since both L. US1 and (D + V—T—J.f’) extend from the
same point in space to the surface of the test plane with normal N. Under
these conditions both I. TSI and (D '+ VUP) must have the same projected length

along N therefore:

L, US1-§ = (D + VOP)- N S L (64)
or
("+zl")-1\'¢‘ 7
S1-N .
By substituting L1 from Equation (65) into Equation (63) we obtain
BR+zy . L.
RYC - (__—#‘) US1 = (Z,N 1 D). (66)
US1.N

Since REC goes from the axis of the cylinder to the hit point, it must have a
magnitude equal to the radius of the cylinder,

2

RIIC: F.IIC & R'c:yl

| Subétituting RHEC from Equation (66) into Equation (67) yields a quadratic in Z

72 -_;1...2' 1 +'Z[2113-N) - 2(D-U.1_)]
(USl-N)

[(D N) _2(5-N‘)(5vtﬁ'1)+5,D_R 2] -0 (67)
(T81- N US1-N eyl
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The solution of fhe quadratic yields the heights:Z .and 22 of two piercing

points of the test ray. Imaginary roots indicat,e.t%xat the ray failed to hit the
4cylinder. The distances L1 and L2' may be found from E_quationl (65) and the
RHC vectors from Equation (63). For cavity wall flux maps it is necessary
: to determine the location of the hit points in terms of local coordinates on the

test plane, A scalar x and y may be found by

x = RAC - UE
y = RHC - UN

This x, y system is shown in Figure 3-28, the x a.x'is being along UE and y
along UN. The zoning of the cylinder is more commonly done in polar coordi-
nates so the FORTRAN passes the angles 61 and 64 fromthe y axis to the hit
points, -

"

ENTRY POINT (X, , Y,)

Figure 3-28, Test Plan Coordinate
System

40703-11-2



APPENDIX A
SUBROUTINE DESCRIPTIONS AND FLOWCHARTS

This appendix includes a description of all subroutines in the program with
an associated program logic flowchart, The description of each subroutine
is given on the same page as the flowchart to aid in understanding the logic

flow of each.

40703-11-2



.
1

AIMPP calculates a .
vector from the heliostat

' to the receiver aperature
CALCULATE opening such that the
AIM POINT heliostat will redirect the
VECTOR sun image to miss the

bels.
4 cor

DETERMINE C RETURN )
APERATURE —
CONFIGURATION

v
(: RETURN i:)

Figure A-1, AIMPP Program k'low
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CHECK R tests ortho-
C CHECK R ) normality of a vector triad

FOR 3 VECTORS A, B,

AND C, CALCULATE

DOT PRODUCTS OF
'AANDB AAND C

B AND C, A AND A

BANDB CAND C

IS THE
ABSOLUTE VALUE
OF THE
_ DOT PRODUCTS
A AND B, A AND C OR

BAND C> 0
?

PRINT . A -
ERROR RETURN
MESSAGE

IS THE
ABSOLUTE VALUE
OF THE
_DOT PRODUCT

OFAANDA BANDB
OR C AND C
> 1
?

PRINT '
ERROR RETURN
MESSAGE

NO

(: RETURN i:)

Figure A-2, CHECK R Program Flow . -

40703-11-2



Coe)
l CONE determines th;a_ hit point of a re-
— directed ray with the cavity aperture

modeled as a portion of a cone. The .
~ SET UP QUADRATIC plercing points (entry and exits) on the

EQUATION COMPONENTS - cone are found by solving a quadratic,
. ' Imaginary roots Indlcate that the ray
missed cone.

IS ‘
RADICAL
POSI‘)TIVE

RETURN

SOLVE FOR REAL ROOTS

l

CALCULATE INCIDENT
ANGLE OF RAY AT RETURN
HIT POINTS

Figure A-3. CONE Program Flow
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" DOTER

DOTER computes the dot

CALCHLATE THE ‘ product of two vectors,
DOT PRODUCT ,
OF THE TWO
INPUT VECTORS

RETURN

Figure A-4. DOTER Program Flow

40703-11=-2



FDRIVE -

FDRIVE sets up the hit

facets vector triad for

CALCULATE VECTOR FROM ] heliostats with indeper-

HELIOSTAT CENTER TO L o| cALL AIMpp | dent facet drives. The

HIT FACET CENTER facet Inner drive axis Is
rotated to a poslition such

: : that the redirected béam
is as close as possible
(ignoring tracking errors) -

to the desired aim point.,

- CALCULATE UNIT VECTOR
FROM HIT FACET CENTER TO |g
THE AIM POINT (AIM VECTOR) |

!

PROJECT THE SUN VECTOR AND
THE AIM VECTOR INTO A PLANE
NORMAL TO THE FACET PLANE

|

CALCULATE MIRROR NORMAL
IN THIS PLANE

!

CALL CROSS

RETURN

Figure A-5. FDRIVE Program Flow
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FINDIT generates a list of
mirrors that lie along an
incoming or outgoing ray
th, It performs this

P:nctlon by calculating
which mirrors could
intersect the incoming or
outgoing ray between a

_test plane and the ground
plane.

FINDIT

INITIALIZE RAY START
POINT AND HIT HELIO-
STAT CENTER -

FINDIT,

INITIALIZE RAY : :
START POINT
L ATERATION
COMPLETE
CALL Ryppx ?
SAVE CLOSEST SAVE THE CLOSEST
HELIOSTAT CENTER HELIOSTAT (CENTER)

. TO THE RAY ON

1 POINT

FIND RAY -——
END POINT

YES

NO

v

CALL Rynpx

CALL RinDX

SAVE THE CLOSESY :
HELIOSTAT (CENTER) ?
TO THE RAY END :

POINT

BEGIN ITERATION OVER
NUMBER OF CHECK
POINTS ALONG THE
RAY PATH

ONLY

ONE -RETURN
HELIOSTAT
INV07LVED

'Figure A-6. FINDIT Program Flow
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FINDITA

BEGIN ITERATION
OVER SAVED
HELIOSTAT CENTERS

I

SET TEST HELIOSTAT|

CENTER

.

CALL INHIT

‘——_" y

ITERATION
COMF’?LETE

RETURN

INCREMCNT SHADOW
COUNTERS

|

SAVE HELIOSTAT
CENTER LOCATION

T

INITIALIZE HIT
COUNTERS

-

SAVE HIT HELIOSTAT
VECTORS

Figure A-6,

(Continued)

40703-11-2



BEGIN ITERATION TO |
CHECK FOR FRAME
SHADOWS

SET TEST HELIOSTAT
CENTERS

!

CALL MIRRN

T

CALCULATE OUTER
AXIS VECTOR FOR
TEST HELIOSTAT

r .

CALL TRIADS

T

" CALCULATE FRAME
VECTORS

i

CALL FRAME

SHADOW
ITERATION
COMP;_ETE

RETURN

OVER SAVED
HELIOSTATS
COMI;LETE

FINDIT

A

Figure A-6. (Continued)
40703-11-2



A-10

FINDITB

BEGIN ITERATION OVER
SAVED HELIOSTAT CENTERS <
TO CHECK FOR FRAME BLOCKS

:

SET TEST HELIOSTAT CENTERS

:

CALL OFFBLOC

SET FRAME BLOCKAGE
COUNTERS ‘

RAY

NO
BLO%KED ‘

RETURN

COMP!’_ETE

1YES

SET BLOCKAGE
COUNTERS

Figure A-6. (Concluded)
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A-11

INITIALIZE FRAME PARAMETERS
SET VECTORS DEPENDING ON

a) FRAME SHADOW
_ b) FRAME BLOCK ON SAME
HELIOSTAT
¢) FRAME BLOCK ON OTHER
HELIOSTAT

Y

COMPUTE FOR THE SEVEN
PLANES OF THE FRAME

v

CALCULATE DISTANCE FROM CENTER
—7 OF PLANE TO THE HIT POINT ON
THE PLANE

HIT
WITHIN
FRAME
BOUNQ)ARIES

NO

SET
DISTANCE |—

10 1010

YES

’ SET FRAME HIT FLAG TO INDICATE
WHETHER HIT IS ON SAME OR *
DIFFERENT HELIOSTAT

ALL

SEVEN

PLANES
CHE(})KED

DETERMINE THE SHORTEST DISTANCE
TO THE HIT AND IN WHICH PLANE

IT OCCURRED

FRAME calculates the
distances from the centers
of the seven planes of the
-frame to the intersection
of the ray with those
planes, It determines then
whether or not the ray
indeed hit the frame and '
increments the approprlate
counter.

RETURN

INCREMENT
FRAME PLANE -
HIT COUNTER

DISTANCE
TO FRAME HIT
< TO MIRROR
HIT
7

Figure A-7. FRAME Program Flow
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< HELIAKI )

CALL INITCOL

A-12

ONLY
TIME -
lNTEGB’ATION

NO

YES

CALL MONTE

CALL MONTE2

Figure A-8, HELIAKI Program Flow

. 40703-I1-2

HELIAKI is the controlling
program. Depending on
the program options select-
ed. HELIAKI calls the
appropriate routine to
perform:

2. Atime pnint

simulation

b, A time integration
simulation

c. Both a time point
and time integration



A-13

HITFAC

HITFAC keeps track of

’ which facet a ray hits ona
INITIAL N\ YES of  SUMMATION Iven hellostat, It per-
CALL ARRAYS orms this function for
’ - Initlal hits, as well as for

shadowing and blockage
counting.

HITFAC can be called in
one of three modes:

a. Initlalizations

b, Calculation and
summation

¢, Output

INCREMENT
FACET HIT
AND ONBLOCK |
COUNTERS

RETURN

RAY IS CLEAN AWAY,
INCREMENT FACET
HIT AND REFLECTED
RAY COUNTERS

WAS
RAY BLOCKED
BY ADJACENT
HEI_;IO

RAY HIT
A le}ROR

‘ o . RETURN
PACEr
AND OFFBLOCK RETURN

COUNTERS

: PRINT PRINT PRINT
\ FACET » ON BLOCK / OFF BLOCK RETURN
SUMMARY SUMMARY | SUMMARY

Figure A-9. HITFAC Program Flow
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INHIT determines the hit
CALL MTRRN ' point, if an{, on a helio-
) | stat, and which facet was
: hit, It determines hit
. ‘ points by a basic hit test
- of an incoming ray with
a mirror facet plane.

CALL TRIADS

)

" PERFORM ITERATION
OVER NUMBER OF -

FACETS

CALCULATE VECTOR
FROM RAY ORIGIN ON
TEST PLANE TO TEST
FACET CENTER

!

FIND INTERSECTION OF
INCOMING SUN RAY AND
PLANE OF THE TEST FACET NO

CONSTRUCT VECTOR
FROM TOWER BASE

Au\
FACETS

INVERSECT THIS

A ‘WIT
F CI\EIITRRORHIN CHE(};KED TO FIRST HIT
BOUNQ’ARIES : POINT
RETURN

RECORD HIT

Figure A-10, INHIT Program Flow

.40703-11-2



INITCOL

INITIALIZE VARIABLES

RANDOM
NUMBER
GENERATOR

YES

INITIALIZE RANDOM
NUMBER GENERATOR

A-15

RETURN

COMPLETE OUTPUT
OF OPTIONS

1

CALL AIMPP
(INITIALIZE)

T

BEGIN OUTPUT
OF OPTIONS

i

CALL POLSP2

YES,] CONTINUE VARIABLE
INITIALIZATION

¥

A

/ READ INPUT OPTIONS ;

4

CALL VECTS

1S NO

INITIALIZE AIM
POINT VARIABLES

i

CALL MOON
T (INITIALIZE)

T

SUN
UP2

YES -

CALL INTEN

I

CONFIGURATION

INITIALIZE APERTURE

|

Figure A-11, INITCOL Program Flow .

40703-11-2

INITCOL performs the fol-

lowing functions:

a. Initializations of
variables

b. Initlalization of the
random number
generator

c. Input of program
options

d. Output summary of
program options



A-16 N\

-~

INTEN calculates the direct normal
intensity for a given month, day and
hour of the year. The intensity is
based on a clear air model using

ASHRAE data for exoatmospheric

CALCULATE DAY OF intensity.

>YEAR BASED ON
DATE INPUT

—

CALCULATE DIRECT
NORMAL INTENSITY .
FROM CLEAR MODEL

Figure A-12, INTEN Program Flow.
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LIMDR

A-17

LIMDR calculates the intensity distri-
bution of energy across the face of the

sun,

COMPUTE INTENSITY
ACCORDING TO ONE -
OF THREE METHODS

a.
b.

c.

RETURN

There are three options:
Flat sun 4
Sun with limb darkening

- and solar radlations

Sun with limb darkening

Figure A-13, LIMDR Program Flow

40703-1142



A-18

N S MIRRN Calculates a mirror normal given
- . CALL AIMPP . -the sun vector the heliostat location
. i ' : and an aim point, ‘

CALCULATE VECTOR.FROM
- HELIOSTAT CENTER TO

THE AIM POINT
——

CALCULATE A UNIT
VECTOR:IN THE SAME
DIRECTION

T

CALCULATE THE
MIRROR NORMAL

VECTOR

CALCULATE A UNIT
VECTOR IN THE SAME
'DIRECTION AS THE
MIRROR NORMAL
VECTOR

RETURN
Figure A-14. MIRRN Program Fiow
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A-19

MOON checks for receiver

hits for any ray which gets

clearly away from the fleld.
It checks for entry into the

aperture, support hits,

. . diffuser hits, cy!inder hits,
INITIALIZE CAVITY CALCULATE VECTOR FROM MIRROR
DIMENSIONS HIT POINT TO A REFERENCE HEIGHT WOONA ), haneal flon whioh ies.
UP THE CYl‘.INDER AXIS the cylinder wall or roof,
RETURN N T : ‘ .
RaY BTN VES | sey
RETURN
of AL come ] SUPPORT | counter
) .
YES RDAI\D' ES
v
WHISTLE CoinTer [—#( RETURN
‘ No ? o '
[ sevcounter | NO '
ravmissSNYes [ ser ol R | )
RETURN HIGH ’ COUNTER
NO
CHECK TO SEE IF DID : N ’ '
L3  HIT POINT IS WITHIN RAY MISS N\YES } SeT _@
APERTURE BOUNDS Low COUNTER ‘
Figure A~-15. MOON Program Flow -

40703=1I-2



A-20

1S
THERE A
DIFF!.,]SER

IPASS=1 - —» CALL PIPE

HIT

NO YES

IPASS =2  [@—

I

" CALL PIPE

MISSED
THE
CYLI;JDER

SET THE HIT
POINT

THE ’
DIFFESER

PRINT :
ERRUKR =
K oE | RETURN

1S
THE HIT

Q POINT ON YES
THE >__‘H
CEILING

SET CEILING
HIT POINTS
AND INDICES

NO

SET WALL - -
INDICES

RETURN |

RETURN

"

Figure A-15, (Concluded)

40703-11-2

J

SET THE
DIFFUSER
HIT POINTS
AND INDICES

RETURN




A-21

MONTE is the monte carlo

PRINT ‘ SUM ANNUAL driver routine for a yearly,
- SUMMARY ENERGY POSSIBLE time i ati
OF MELIOSTAT G ime nlLegzatlon run,
~ OPTICS t . ) Its major functions are:
MONTE a. Initialization calls
CALL INTEN C [D for mapping and

counting routines

b. Calls to the random

INITIALIZATION
CALLS FOR: SET number generator
, c. Calls to the mapping
:H::c COUNTERS i ~and counting routines
. ! d. Calls PTOWER, the
POLMAP, controlling routine for
ROOF i ) the hit tests
CALL VECTS e. Prints ray trace
summary
I f. Output calls for map- .
- A N TE. T ping and counting
ZERO OUT COUNTERS, CALCULATE DATE. TIME : routines
MAPPING ARRAYS Functions b, ¢ and d are
T performe_d for each ray
: } g/(\)lﬁLTm\NDOM NUMBERS traced,
E
i 2
CALL VECTS T
CALCULATE PERTURBATIONS
FOR TRACKING ERRORS ] }
CALL INTEN
CALL RNORM
CALCULATE
CONVERSION
FACTOR BEGIN ITERATION

LOOPS OVER NUMBER

OF RUNS, RAYS

Figure A-16, MONTE Program Flow
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A-22

MONTE

GET RANDOM NUMBERS -
FOR RAY ORIGIN &
ON SUNS FACE

!

CALL LIMDR

GET RANDOM NUMBERS

FOR RAY HIT POINT
ON THE FIELD

IS
HIT POINT
WITHIN
CuT
Ol‘}lT

YES

" CALL TSHAD

IS
RAY IN
TOWER ‘\\S\EP

SHADOW
T;fves

INCREMENT
COUNTER

MONTE,

Figure A-16. (Continued)
40703-11-2
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MONTE

CALL PTOWER

'

INCREMENT RAY
* HIT COUNTERS

INCREMENT
ENERGY
COUNTER

CALL
POLMAP

INCREMENT
ENERGY
COUNTER

DID
RAY HIT

A SUE;PORT

. YES PREPARE COUNTERS,
] FLUX SUMMARIES
FOR OUTPUT

DID 15
RAY ENTER ITERATION
CAVITY COMPLETE

CALL T MAP

| e
vES COUNTER

CALL
ROOF
(SUMMATION)

Figure A-16. (Continued)
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MONTE

PRINT
FLUX
SUMMARIES

I

PRINT
HIT
SUMMARIES

s

A-24

PRINT

MONTE

CARLO -

AREAS

PRINT

HITS,

ENERGY

ON FRAME

CALL HITFAC i

(PRINT) RETURN
PRINT .
FL{]NX CALL IMAP
SUMMARY (PRINT)
(CAVITY WALLS) T :

" CALL P

CALL WALLMP CA (bm?\,'i-wp

(PRINT) .

J Pl}\I‘ID\JB'I::LUX
M
CALL ROOT —P
(PRINT) MIRROR

> FIELD

Figure A-f1 6. (Concluded)
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G

-PRINT
SUMMARY OF
HELIOSTAT
OPTICS

I

ZERO OUT COUNTERS,
MAPPING ARRAYS,
INITIALIZATION
_CALLS FOR:

ROOF,
POLMAP,
HITFAC

I

- CALL INTEN

4

CALCULATE
CONVERSION
FACTOR

MONTE?2

B.

h 4

BEGIN ITERATION
LOOPS OVER NUMBER
OF RUNS, RAYS

o

A-25

MONTE2 is the monte
carlo driver routine to
simulate a fixed time and
day of the year, Its major
functions are:

a. |Initialization calls

. for mapping and
counting routines

b. Calls the random num-

. ber generator

"¢, Calls the mapping and

counting routines

d. Calls PTOWER
e. Prints ray trace sum-

mary

f. Output calls for map-

ping and counting
.routines

Functions b, ¢ and d are
performed for each ray
traced,

MONTE2,

CALCULATE
PERTURBATIONS
FOR TRACKING ERRORS

i

_CALL RNORM

Figure A-17, MONTE2 Program Flow

40703-:-11-‘2




A-26

MONTEZ,

GET RANDOM NUMBERS
FOR RAY ORIGIN ¢
ON SUNS FACE

!

CALL LIMDR

!

GET RANDOM NUMBERS
FOR RAY HIT POINT
ON THE FIELD

IS ™
HIT POINT
WITHIN
CUT.
ouT

2

NO

CALL TSHAD .

INCREMEN |
COLNTFR

MQNTEZD

.Figure A-17. (Continued)
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MONTE2,

CALL PTOWER

!

INCREMENT PROPER
MAY HIT COUNTERS

DID
RAY HIT
A MIB’ROR

A-21

CALL
POLMAP

DID
RAY HIT
A SUR’PORT

INCREMENT
COUNTER

"DID
RAY ENTER
CAVITY

. YES"

INCREMENT
RAY, FLUX

COUNTERS

MONTE2,

CALCULATE POWER
ON HELIOSTAT FRAME

L

CONVERT FROM
PRINT
INCIDENT .

OUTPUT
ENERGY TO POWER CODE

i

PREPARE COUNTERS,

IS
ITERATION
ON RAYS
OMPLETE

MONTE2g .

1 FLUX SUMMARIES
FOR OUTPUT

MONTE2[,

INCREMENT
FLUX
COUNTER

Figure A-27. (Continued)

40703-11-2
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MONTZC

PRINT FLUX SUMMARIES

!

PRINT HIT SUMMARIES

!

PRINT MONTE CARLO
AREAS

!

PRINT HITS, ENERGY
ON FRAMES

!

CALL HITEAC

!

PRINT FLUX SUMMARY
(CAVITY WORKS)

CALL WALLMP

]

CALL ROOF

'

RETURN

PRINT FLUX MAP OF ,i :
MIRROR FIELD CALL POLMAP

Figure A~-17, (Concluded)
40703-11-2



1  A-29

OFFBLOC )

OFFBLOC checks to see
: if a ray reflected b{ a
CALL. MIRRN : given facet of a heliostat
is blocked by another
% facet of a different

(neighboring) heliostat.

CALCULATE OUTER AXIS
VECTOR FOR TEST
HELIOSTAT

!

CALL TRIADS

Y

SET TEST HELIOSTAT
MIRROR NORMAL

!

PERFORM ITERATION <
OVER NUMBER OF
FACETS

CALCULATE VECTOR
FROM HIT POINT TO
CENTER OF TEST FACET

& NO
FIND INTERSECTION OF

REFLECTED RAY ON PLANC
OF THE TEST FACET

ALL
RAY INTERSECT FA(leTS
WITHIN FACET CHECKED
: ?

RECORD BLOCK

RETURN

Figure A-18. OFFBLOC Program Flow .

40703-11-2
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ONBLOCK

PERFORM INTERATION

ONBLOCK determines if a
ray reflected from a facet
of a heliostat is blocked
by another facet of the
same heliostat,

OVER NUMBER OF d
FACETS

-~ 1S THIS

\\ YES

FACET THE
HIT FACET

CALCULATE VECTOR
FROM HIT POINT TO
CENTER OF TEST
FACET

FIND INTERSECTION
OF REFLECTED RAY

AND PLANE OF
TEST FACET

REFLECTED
RAY INTERSET
WITHIN FACET
BOUNQ)ARIES

RECORD BLOCK

RETURN

Figure A-19,

ALL
FACETS
'CHESKED

RETURN

ONBLOCK Progi‘am Flow

40703=-1I=-2



PERT3

~. " ARE
MIRRORS

FOCUSED BY
. ZONE

YES

CALCULATE VARIOUS
FOCAL LENGTHS

FACETS
INDIVIDUALLY
“DRIVEN

NO

CALL
FDRIVE

PERTURB HELIOSTAT
BED & FACET VECTOR
TRIADS FOR
TRACKING ERRORS

CHECK ORTHONORMALITY
OF RESULTANT TRIADS
CALL CHECKR

?

CALL TOEIN

v

CALCULATE NEW MIRROR -
NORMAL VECTORS
AFTER FACET TOE-IN:

v

A-31

PERTURB FACET VECTOR
TRIAD FOR MIRROR
SURFACE SLOPE ERRORS

i

CALL CHECKR

1

CALL CROSS

CALCULATE NEW MIRROR

NORMAL VECTOR TRIADS’
AT THE RAY HIT POINT |

il

PERT3 calculates the

- rotated vector triads on

Lhic heliostat hit facet
to accownt for tracking

CALCULATE

MIRROR

LENGTH FOR THIS

crrors, focusing, toe-in
setting and slope errors.
FOCAL

CALCULATE FOCAL
LENGTH IN THIS :
ZONE

FOCAL
LENGTH
= INFINITY

FLAT
MIRRORS

INDIVIDUAL

CALL CHECKR

FOC!}JSING

Figure A-20, PERT3 Program Flow
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A-32

SET UP QUADRATIC
EQUATION
COMPONENTS

IS

RADICAL
POS:)ITIVE

YES

SOLVE FOR
REAL ROOTS

l

CALCULATE LENGTH
OF HIT VECTORS
AND THE HIT
ANGLES

RETURN

RETURN

PIPE tests a reflected ray
vector to determine its points
of interaction (hit points)
with a right circular cylinder
(the receiver walls). Hits
points are found by solving a
quadratic. Imaginary roots
indicate that the ray.-missed . .
the cylinder. '

Figure A-21, PIPE PrOgrarﬁ Flow

40703~11-2



POLMAP

SUMMATION
CALL -
?

A-33

SET ALL SUMMATION
ARRAYS TO ZERO

" LOCATE THE POINT IN A
ZONE AS DETERMINED
BY RINDY .

RETURN

SUM HITS
AND ENERGY"

SUM ENERGY LOSS

1S
BLOCKAGE
COUA\ITY

?

'SUM ENERGY LOSS

NO

SUM ENERGY LOSS

POLMAP

Figure A-22, POLMAP Program Flow

40703-11-2

POLMAP sorts and sums
energy totals and hits
according to their origin
on the mirror fieid. For
each field zone, the
foliowing quantities are
calculated:

a. mirror hits - rays that
hit cavity walls or roof

b. reflected energy -
rays that hit cavity
walls or roof

c. energy lost to shadowing

d. energy lost to blockage

e. energy lost to heliostat
to heliostat shading

f. corbel hits

. whistle throughs

9
h. number of misses

across the front
i. number of misses high

. j. number of misses low

The routine can be called
in one of three ways:

a. initialization

b. summation

c. output



A-34

POLMAP,

DEPENDING ON THE
FINAL HIT POINT
OF THE RAY,
INCREMENT A
COUNTER FOR:

CORBEL HIT
WHISTLE THRU .
MISSED FRONT
MISSED HI
MISSED LOW

moow>»

POLMAP

.

OUTPUT
CALL
7

RETURN

" RETURN

PRINT:

A HITS PRINT SUMMARIES
: FOR PERCENTAGE
B. POWER
OF LOSSES, RAY

C. SHADOW COUNTS FOR

ILOSSES VARIOUS MISSES
D. BLOCKAGE

LOSSES

Figure A-22. (Concluded)
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' POLSP2

ZERO OUT RADIAL
ZONE COUNTER

A-35

DECREASE COLLECTOR
COUNT IN THIS ZONE

INITIALIZE HELIOSTAT
SIZE PARAMETERS

|

COMPUTE AZIMUTH
ZONE BOUNDARIES

CALCULATE COLLECTOR
SPACING

'

POLSP2),

BEGIN ITERATION LOOP
OVER NUMBER OF
SROUND COVER ZONES

'

NUMBER
OF COLLECTOR
21

?

POLSP2

INCREMENT RADIAL
ZONE INDEX

COMPUTE NUMBER OF
COLLECTORS IN THIS ZONE

!

COMPUTE GROUND
COVER SLOPE
FACTORS -

SET NEXT GROUND
COVER NEXT RADIAL
ZONE BOUNDARY

RADIAL
ZONE BOUND
WITHIN

F|E7LD

N

POL5P2 8

POLSP2

SET GROUND COVER,
LAST RADIAL
ZONE BOUND

Figure A-23, POLSP2 Program Flow

40703-11-2

POLSP2 sets up the field
for a non- uniform polar
arrangement of the helio-
stats,

It calcutates the radial
spacing of every row and
the number of heliostats
in each zone.



A-36

POLSP2g .

IS
NUMBER
OR RADIAL
ZONES

COMPUTE ADJUSTED
GROUND CAVER

X

POLSPZA

\%}.&lung Zi%:héosur CENTERS RABSML
" : NO YES PRINT
. SPACING TG
MESSAGE
offer '
UTE ,
RADIAL BOUND SET RADIAL
SPACING TO
WITHIN MINIMUM
FIELD {IMU
? ALLOWED

ARE
THERE ANY
POLAR

RADIAI
ZON’ES

INCREMENT
POLAR RADIAL
ZONE COUNTER

1S

RETURN /\N\
R : RADIAL TERATIO
ZUNE INDEX YES < OVCR NUMBLR
> MAX OF GROUND COVER
ALLOWED c OZM%NLEEST £
PRINT ? -

2 "

HROUND ~N. 7
COVER BY ' NO YES
POLAR ZONE :

r
PRINT PRINT SET FINAL COLLECTUR
COLLECTOR POLAR
CONTRY . [ rabnsy [+ EJuNTR 2N
AZIMUTH AZIMUTH ~

Figure A-23, (Concluded)

40703-11-2
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CALL FIND iT

MIRROR
HIT

CALCULATE
PERTURBED -
SUN VECTOR

'

CALL TRIADS

'

CALL PERT 3

!

CALL MIRROR

!

CALCULATE

REFLECTED RAY .
TOR

VECTO

v

CALL ONBLOCK

RETURN

A-37

RETURN ) -

RETURN

RETURN

CALL HITFAC CALL HITFAC CALL HITFAC
YES ] 4

RAY SET o

BYﬁ%EEEEgNT CALL MOON COUNTERS

CALL FINDIT

T

CALCULATE
REFLECTED
AY 'S

R
DIRECTION

RAY

BLOCKED BY

FACET BEFORE
FRAME

RAY
BLOCKED BY
FRAME

SET
COUNTERS

ONLY
?

no]

RAY
BLOCKED BY
FACET
ON’}_Y

RAY
CLEANLY

AWAY FROM
HE%IO

YES

CALL FRAMC

?

—p  CALCULATE

FRAME VECTORS

( RETURN )

Figure A=24. PTOWER Program Flow

40703-11-2

PTOWER controls the calls
for all of the hit tests. The
purpose of the hit tests Is
to determine the path taken
by the ray. A ray (vector)
and Its hit point on the
mirror fietd (as determined
in one of the MONTE rou-
tine) are major Inputs.



RINDX

CALCULATE CARTESIAN
ZONE NUMBERS OF THE
. TEST POINT ON THE

MELD

CONVERT TEST POINT
ON THE FIELD FROM

CARTESIAN TO

POLAR COORDINATES

!

CALCULATE POLAR
HELIOSTAT ZONE
NUMBERS OF THE
TEST POINT

v

CALCULATE CENTER OF
CLOSEST HELIOSTAT
WITHIN THE ZONE IN

1. CARTESIAN
CO-ORDINATES

2. POLAR
CO-ORDINATES

. A-38

RINDX finds the closest
heliostat to a given point
on the test plane

'

RESET HELIOSTAT
CENTER .

IS .
HELIOSTAT
WITHIN THE
FIELD .
?

RETURN

Figure A-25, RINDX Program Flow

40703-11-2
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< RNORM >

RNORM generates pairs of independent
normal random deviates (mean = 0,

v standard deviation = 1). They are
. - normally distributed on the interval
‘ (- to+ = ). Required input is
CALL FOR RANDOM :
NUMBERS a uniform randomA number generator.

l

GENERATE A PAIR
- OF NORMAL
RANDOM DEVIATES

RETURN

Figure A-26. RNORM Program Flow

40703-11-2



OUTPUT CALL

A-40

ROOF sorts the ray hits

on the cavity ceiling by
— 2zone, These zones are
concentric donuts divided

COMPUTE AZIMUTH further into azimuth

BOUNDARIES zones. All zones are
of equal area.

Y

CALCULATE RADIAL
BOUNDS, sSUCH ' :
THAT EACH g
SEGMENT HAS
EQUAL AREA

!

INCREMENT ENERGY
SUM IN PROPER
ZONE (AS
DETERMINED

BY MOON

ZERO OUT
SUMMATION ARRAY

RETURN

RETURN

3

CONVERT ENERGY
TO POWER

!

PRINT ZONE |}——pd PRINT FLUX ° -
BOUNDARIES IN ZONES RETURN

Figure A-27, ROOF Program Flow

40703=1I=2



INITIAL
CALL

A-41

ZERO OUT
SUMMATION ARRAYS

DETERMINE AZIMUTH
OF HIT POINT

SUMMATION
CA_}.L :

RETURN

PRINT FIELD HIT
SUMMARY, ENERGY
SUMMARY

SUM HITS, ENERGY
ACCORDING TO BOTH
QUADRANT METHODS

RETURN

'

SUM HITS, ENERGY, BY
QUADRANT FOR SPRING
AND FALL MONTHS:
MAR, APR, SEP, OCT

SUM HITS IN NE + SE
QUADRANTS, HITS IN
NW + SW QUADRANTS
E + W QUADRANTS

i

!

SUM HITS, ENERGY, BY

QUADRANT FOR SUMMER

MONTHS: RAG\Y, JUN, JUL,
G

SUM ENERGY IN:
NE + NW, SE + SW,
E + W QUADRANTS

i

Figure A-28,

SUM HITS, ENERGY, BY

QUADRANT FOR WINTER

MONTHS; JAN, FEB,
NOV, DEC

TMAP Program Flow

40703-11-2

TMAP details the yearly
performance of various
segments of the fleld
around the year. TMAP
Is called only for time
Integration runs. It
produces four maps:

two are hit summaries,
two are energy sunm-
maries.

TMAP can be called in

one of three modes:

a. Initializations
b. Summations
c. Outputs



TOEIN

A-42

CALCULATE TOE IN

VECTORS, NEW MIRROR

NORMAL, OUTER AXIS
VECTORS, AND TOE=IN
SUM VECTOR

!

FIND TOED-IN MIRROR
FACET NORMAL

VECTORS

CALCULATE THE SIZE
AND COSINE OF THE
TOE-IN ANGLES

RETURN

Calculates the angle of

- toe-in of the hit facet.

The toe-in angle is the
rotational angle which
the net facet is moved
from the horizontal frame
top plane to focus at one
point for a specified sum
positlon. The suii
position for the toe=In

is a required input.

Figure A-29, TOEIN Prograu Flow

40703-11-2
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\ TSHAD ' - TSHAD determines if an
—y Incldent ray s blocked by

the tower. It performs this

- function by working back-
$8LTCO%QJEBX§€TOR wards ffrorlndthe hit point
the field to th .
'FROM TEST PLANE on the Tleld to the sun
START POINT

IS
START POINT
IN SOUTH
FIE7LD

RETURN

L NO

CREATE VECTOR PROJECTION
OF SUN VECTOR IN A
HORIZONTAL PLANE (VERTICAL
TEST PLANE NORMAL)

!

CALCULATE POINT OF
INTERSECTION OF THE SUN RAY
TO THE START POINT WITH THE
VERTICAL TEST PLANE

IS
INTERSECTION
POINT WITHIN
TOWER/RECEIVER
BOUNQARIES

SET
FLAG

. ‘

RETURN }

\

Figure A-30, TSHAD Program Flow

40703=I1-2
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VECTS calculates the base orthonormal
triad set ( N UN UE) located at the

~ tower center. The sum vector (U R)
is also calculated for the desired month,

day and hour of the year.

SET UP BASE
TRIAD

|

CALCULATE THE
SUN VECTOR

Figure A-31., VECTS Program Flow

40703-1I-2
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( WALLMP

WALLMP prints the cavity

wall flux map. It does this
CALCULATE AZIMUTH . by dividing the wall in zones
ZONE BOUNDARIES according to height and
(DEGREES) azimuth, (Where 0° azl-
muth is North and 90° Is
l east etc,)
CALCULATE HEIGHT
ZONE BOUNDARIES

y

PRINT
~ HEADINGS

3

CALCULATE TOTAL
FLUX FOR A GIVEN
HEIGHT ZONE: ALSO
FOR A GIVEN HEIGHT
ZONE, CALCULATE
AVERAGE FLUX PER
AZIMUTH ZONE

l

"CALCULATE CUMULATIVE
TOTAL OF AVERAGE
FLUX PER AZIMUTH
ZONE OVER THE

HEIGHT OF THE

CAVITY

PRINT THOSE
. RESULTS -

RETURN

Figure A-32, WALLMP Program Flow

40703-11-2
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APPENDIX B
FORTRAN LISTING

$3
$%

‘$39%

$%39
38
$3

. 9%

s
3

$$
$3
£33
$3
$ 33
$33¢%
$39
$3
$

$3 $3
$9% $9%

%% <9
$$339%3
9 %3
$9 $3
33 %3
39 $3
$39%333

353355 353333
$§ 35 3 $3
$$ $5 $3 38
$$ $3 $$ 3%
$$ $3 S5 S
$§ $3 S§ S
$§ g3 S5 SS
$§ 35 S§  S§

$333SS  $$3339

$$335%
$$ 38

$§  sS
333333

$9¢39 $ $39993%9S
$3 $ $3  $9
k3 $33 <3 £33
3% $ $3 %9 $3
$% 33 3% s¢ $3
$3 $ S 994 £ 3
$3% $3 $9 $%

S $$ 99 %3
$ $39393% $338389

40704-11-2
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10

15

20

PROGRAM HELIAKI Y4/76 oPT=1 , - FTN 4.,5+410A

PROGRAM uELle-([NDur.ourPur.rApes INPUT 2 TAPE6=DUTPIT)
DIMENSION XM(9:
COMMON/RANNDOM/NRUN s IRANC s 1 JUMP , MOOE ¢+ ISRANY IRAYS
1 9IT1sUDNIALIMCsDINTVeYFRAC

C#s THIS [S THE CONTROLLING SROGRAM, FROM IT INITCOL IS CALLED. THENM

C ONE OF THE MONTE ORIVER ROJTINESs DEPENDING ON THE RESULTS DESIRED.
MODE=1 ’ .
IRANC=0n

1 CALL INWITCO.

c

C IJUMP CONTROLS THE MONTE CARLO SIMULATIQON

C I1JUMP=0 TIME POINT ONLY

C 1JUMP=1 TIME INTEGRATION ONLY

C 1JumMpP=2 TIME POINT PLUS TIvME INTEGRATION
IF(1JumP EGe1) GO TO S
CALL MONTE2 (XM}
IF (1JUMP EQN.0) GO TO 190

S CALL MONTE (XMs=OURS)

10 IF(1T1.LTe3) G2 TO 1
sToP
END

(Ve VAN

HFLIAK]
HFLIAKT
HFLIAK ]
HFLIAK]
HFLTAKT
HFELIAKTY
HFLTAK]
HELTAK]
HFELTAK]
HELTAKT
HELTAKY
HFLTIAKT]
HFLIAK]
HFLIAK]
HFLIAK]
HFLIAKE
HFLTAK]Y
HFELIAKT
_HFLIAKI
"HELIAKT
HFLIAKT

21.51,16

O® NN S WN

PAGE

¢-49
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19

15

20

25

30

© 35

40

4S

S0

55

SUBROUTINE INITCOL

REaL N

DIMENSION aIMP(3)

INTEGER CILAT

COMMON/DARKLE/DDTOP+DOBASE ]
COMMON/CAVITY/SEP+0D19DD2sROIF +HDIF yHCAVIHSWTC (2) 9RSWTC(2) »
1 CILAT(2)+CAVLAT(2+2]) sAIMHGT

COMMON /JEFF/ UMNS(3) +RRS(3) yNSTOPSsA»BsCoSMAXIRFIELDy THe ICMH,

1 TCSHeIFCoInIToICSH29oNCOL s JHOURIMINGELZsToTOISXoTDISY,
2 " DUMA s DUMB » DUMC s UMNNL (3) s UMNN2(3) sUMN(3) » IOHIToNLAT
3 NLONGe ILONGeNLATCo+RCOsNPACK s ENHM

COMMON/TABLE/UHV (3) yUAXV(3) +UXV2(3) ¢RST (3) yWFVeNHF s XDF s WO2 9 WF V2,
1 RHS (3) 4OELXsDELY + WD IFVeRRB(3) sUAXVP (3) s UXV2PP (3) s
2 UTT(3) sUNNP (3) yUXV2P(3)

3 sUMNP (3) yUMNPP (3) oF  ALENWYUBEDN(3) + IFOC» IDRIVE
COMMON/BABA/STHeCTHeSEQsOME»OMSIN(3) yUE(D) »

] UNC33 2US(3) sUAL3) sUR(3) s THETAsMONs IDAY s SMALR+CAPRYCEQ

COMMON/ JOKER/ZURP (3) sUS1(3) o THSL s PHeTHSRy THSUsCOUNT s WAVL (20) 4 DRAD
‘COMMON /STATS/TPBsTSBsPHBs TPVIPHVAVEs TSVePAX1VPAX1IBIPAX2Y+PAX2B

COMMON /RALL/ DCOLsSCDELT(3)9sXPsYP4PAX1sPAX2+D(3)
COMMON/RANNOM/NRUN IRANC s I JUMP ¢MODE » ISRANS [RAYS

1 sIT1oUDNISLIMCSDINTVYFRAC

COMMON /CINDEX/ XPCOL2YPCOL9COSA»COSBySLOUMYWCELL» ICELL s JCELL Y
1 XCSAVeYCSAVeXCMeYCMe ICELM» JCELM
COMMON/SUPPT/DEL TMs THES s KSEG»APHsSWeNSUP yRCONE s THECONSHTOT
COMMON/CEILlNG/NAZZoNRZ'DTAZ(dl)vDRZ(lO)oDDJoIZR-XZAZ
COMMON/MAPS/NRZF ¢yNAZZF ¢NC (2504 8) »SRAD (250 48) s NPRAD (8) +DEG
CCMMON/TILTED/TTILTSUVT(3) sJ1(3)9U2(3) 9y WAPMAXsWAPMINWOFFSET
COMMON/STRUCT/GAP ¢ WLONGs WSIDEsWTRIsXLTRI 9819829 WCROSS+WOUMs IFRAM
s HTMIRIHTCROSsWJUCROS
COMMON/TOE/CTAZT.SrAZToCTELT-IFOCUSvSIELToUTARG(J)oOTARG(J)

C ’.°°°’°°NAMELIS‘ DICTIONARY
NAMELIST /CHANGEZ RFIELD» THINSTOPSTDISXsTDISYsIRAYS+TPBeTSBPHBY
TPVeTSVyPHVITHETAIMONs IDAY s To T JUMP» I T1 9NRUN® ISRANY
PAX1VsPAX2V9sSCDELT +NLONGsNLATC+GCOVER+RCO+RCONEYHCAVY
SWeNSUP+DDIsNRZINRZF ¢yNAZZF »HD s WF Ve XDF s NPACK+SPACEF
IDRIVE ¢+NNUs wAPMAX ¢ WAPMINGOFFSET s WLONG» WCROSSyWTRI s GAP»
XLYRIsHTMIRIHTCROSSsWICROSy ITOEs IFOCUSTAZTTELT,
MONT o JOAYTSTIMET
DATA WAVL/.399.46490489,519e540:579e6096639,669.709e749.789,829.87s
1096910241.0891,2291.4841.68/
IT1=3 END OF RUN
_MODE=1 AT FIRST ROUND
MODE=2 AFTER THAT
Coo THIS IS THE INITIALIZING ROUTINE. IT INITIALIZES ALL OF THE
C VALUES IN THE ENTIRE PROGRAM.
VARTABLE LIST IN INITCOL.
SEP=0DISTANCE BETwEEN LOWER AND UPPER DISK
SW=SUPPORT WIDTH
NSUP=NUMBER OF SUPPORTS
DD3=INNER CAVITY DIAMETER
WD=FACET LENGTH
WFV=FACET WIDTH
XDF=DISTANCE RETWEEN FACET AXES
AIMHGT=AIM CIRCLE HEIGHT UP CONE AXIS

(e X2 Xs]
AN B W

[sXsXa N2 XsXe X X2 X2

HELIAK]

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
mitcoL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL

- IMNITCOL

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

"INITCOL

IMITCOL
InNITCOL
INITCOL
INITCOL
INITCOL
INITCOL

SUBROUTINE INITCOL 74774 ObF=l FIN &:54410A 03721777 21451616

VE~NPNSPWNW

€-4
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SUBROUTINE [INITCOL T4/74 opTel

60

65

70

15

80

8s

90

95

100

- 108

-110

FIN 4.5°410A

WAPMAX=MAXIMUM APERTURE WIOTH
WAPMIN=MINIMUM APERTURE WICDTH
[FOZUS=MIRROR FOCUSSING OFPTION
) MEANS- IMDIVIDUAL FOCUSSING
1=10 ARE NUMBER OF FOCUSSING ZONES FOR. CONSTANT FOCUSSING
11 MEANS FLAY MIRRORS

WJCROS 1S THE WIDTH OF THE CEMTER CROSS PIECE OF THE FRAME
MOHN = MONTH

T=TIMZ OF DAY

10AY=DAY OF THE MONTH

RFIELD=0UTER RADIUS OF THE FIELD IN FEET

TH=HEIGHT OF THE TOWER UP TC THE LOWER. DISK

HCAV=TAVITY HEIGHT IN FEET

NLATC=NUMRER OF HEIGHT .ZONES ON THE CAVITY wALLS
NLONG=NUMRER OF AZIMUTH ZONES ON THE CaVvITY WALL

OO0 O0OO0O0O0

T0 GROUND

NRZF=NUMBER OfF RADIAL ZONES-IN THE FIELD
NAZZF=NUMBER OF AZZIMUTH ZOMES IN THE FIELD
ISRAN=IMNITIAL RANOOM SEED

FOR A DONUT FIELDs IN A NOFTH-SOUTH DZRECTION

FOR A DONUT FIELDs IN A EAST-WEST DIRECTION
NRUN=NUMBER OF RUNS (10)
IRAYS:=NUMBER OF RAYS IN 1 RUN

INTESRATION
YFRAC=NUMAER OF DAYS IN A YEAR
GCOVER=GROUND COVER RATIO (BREA MIRRORS/GROUND AREA)

- THAN OR £QUAL T0 3
DRAD =CONVERSION FACTOR FROM CEGREES TO RADIANS
THETA=LATITUDE ANGLE OF THE SETVE TESTED

AND TRACKING DRIVE PROPERTIES FOR A NORMAL DISTRIBUTION.
IB=MEAN.V=VARIANCE)
NPACK DEFINES FIELD PACKING GEOMEYRY
4 POLAR PACKING
S POLAR NON-UNIFORM
IDRIYE CONTROLS FACET DRIVES
1  GANGED.
2 INDEPENDENT IN ONE AXISa
Ce*e NNU IS FOR NONUNIFORM POLAR FACKING OF
Coe TILT-TILT HELIOSTATS. IT IS THE NUMBER OF NONUNIFORM
Ce® AZLMUTH ZONES. THIS CAN BE 1 CR 8. .
CeooW GNG IS THE WIDTH OF THE LONG PIECES OM THE FRAME
CeooWCRNSS IS THE WIDTH OF THE CROSS PIECES ON THE FRAME
CosoGaF IS THE SPACE HETWEEN THE LCNG PIECES MINUS WO .
CoeonyR[ IS5 THE WwIDTH OF THE CROSS BRACES .
CoeoX_TRI IS THE LONGER EDGE OF THE CROSS BRACES
C °o TAZT=TOEIM AZIMUTH ANGLE (RACEANS)
C ®® TELT=TOEIM ELEVATION ANGLE (RADIANS}
C *o TAZT AND TELT OEFAULT TO 3721 NOON AT 33 DEGREES LATITUDE

OO0 ONOOOO0N

HICROSS IS THE VERTICAL OIMENSION OF A CROSS PIECE ON THE FRAME

TO[SY=TOWER OFFSET FROM THE CENTER OF "HE FIELD. IT MUST BE ZERO
TGISX=TOWER OFFSET FROM THE CENTER Of "HE FIELD., IT MUST BE ZERO

"DIMTV=INTERVAL OF HOURS THAT sE ARE INTIGRATING OVER FOR THE TIME

ITI-CONTROL VARIABLE, THE PROGRAM TERMINATES WHEN IT1 IS GREATER

93/21/777  21.51.16

INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITcoL
INITCOL
INITCOL
. IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

NSTOPS. IS NUMBER OF CHECK FPOINTS ALONG RAY PATH FROM TEST PLANE InITCOL

INITCOL
CINITCOL
IMITCOL

INITCOL

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INIvTCcoL
IMITCOL
INITCOL
JIMITCOL
IMITCOL
- INITCOL
- INITCOL
INITCOL

TPB,TSB.PHB TPV, TSVePHVPAXIVPAX2V = HELIOSTAT OPTICAL PROPERTIES IMITCOL

INITCOL
InNITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
IMITCOL
INITCOL
InITCOL
INMITCOL
INITCOoL
Imnitcot
INITCOL
INITCOL

v

S8
59
60
61
62
63

64 -

65
66
67
68
69
70
71
72
73
RS
75
76
77
78
79
80
81
82
83
84
8s
86
87
88
89
90
91
92
93
%
95
9%
97
98
99
100
101
102
103
104
105
106

107

108
109
110
111
112
113
114

PAGE
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I1s

120

12s

-130.

135

140

145

150

155

160

SUBROUTINE INIT

c-

1953

coL 477 oPT=l

-HTMIR IS THE DISTANCE OF THE FACET AXIS ABOVE THE TOP FRAME PLANE INITCOL.
HTCROSS 1S THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME

FTN 4.54410A

WJCROS IS THE WIDTH OF THE CENTER CROSS PIECE OF THE FRAME

. MON=6

D0 1953 10=1,3
SCRELT(ID}=0.0
T=12.

10aY=2]

AMAX=1,3

1800

3460

3

LIMC=3 -
ISRAN=2T641)
DINTV=14,
YFRAC=365.
‘DRAD=4.01745
CAPR=149,5210.,9%6
SMaLR= 6357,0
THETA=33,

NRuN=10

IF (IRANC.NE.O) GO YO 1800

WRITE(6+7002)

WRITE(6s1811) ISRANSNRUN
1811 FORMAT(Sxs20HINITIAL RANDOM SEED‘OIIOO3X919HNUHBER OF RUNS PER

16HBATCH=415+/)
DJEF=FLOAT (ISRAN)
DJEF =RANF (DJEF)
IRANC=]
CONTINUE

TPH=00

TSR=0.

PHa=0,

TPV=,05
TSv=.05
PHy=,05
NSTOPS=1] .
D0 3460 I=1,3
SCDELT (1)20.
TDISX=0, .
PAX1B=0.
PAX28=0.

c SIDERIAL EARTH RATE,

OME= 0,2625159

" OM$=360,/(365.25957,3)

165 -

170

XTH=THETA®DRAD
STH=SIN(XTH)

CTH=COS (XxTH) -
XSEQ=23.59DRAD
SEQ=SIM(XSZQ) LT
CEQ=CO0S (XSz@)

UA(1)=SEQ
UA{2)=0,
UA(3)=CEn"

IF (MODE.GT.1) GO TO %000
IDRIVE=]
PAX1V=,05

" PAX2V=,05

WAPMAX=24,

INITCOL
INITCOL

INITCOL -

IMITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
InITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
IMITCOL

TIMITCOL.

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
InNITCOL
nITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
InITCOL
INITCOL
INITCOL

03721777 21.51.16

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
162

163
166

145
146
1647
148
149
150
151
152
153
154
155
156
157

158

159
160
161

162"

163

164

165
166
167
168

169

170
171

PAGE
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SUBROUTINE INITCOL Tarsls opPT=1

175

180

185

190

195

200

205

210

215

220

225

4000

7002

6

FIN 4.5+4104A

WAPMIN=18,
AIMHGT=SEP/2,.0
GCOVER=.,3
RFIELD=826.

TH=392,

RCO=120.

HCAV=46,1

XOF=16,

NHF =4

IRAYS=2

RCONE=2),0
NCONHT =5

NCONAZ=3

TDISY=0.0

NLATC=S

F=1050.

NLONG=8

wFv=10,

wD=10.

1JUMP=]

0D3=42.

NSuP=3

SPACEF=1,1

NRZ=S

NRZF = 7

NPACK=S

NNU=8

NAZZF = 8

Sv = 2,

GAP=0,25
XLTRI=4.681
WLONG=0.48
WCR0SS5=0,38S5
WTRI=0.,177
WSIDE=0.84 .
HTMIR=0.833
HTCROS=0,833
WJCRDS=0,224
TAZT=3.14159
TELT=0,9948

MONT=3

10AYT=21

TIMET=12,

IFoCusS=0
READ (5 ¢ CHANGE)

1F (MODE,.! ¥.2) MODE=2
WRITE(E»7C02)
FORMAT ¢1HI)

CALL VECTS
IF(C.6T,0.0025) 60 TO 6
WRITE(Fs7] .
FORMAT {//5+10X+eSOHDANN IS YET TO COME=NO TIME POINT CAN BE PERFORM
1£0)

IF(TJUMP . EQ.2) TJUYP=]
GO TO 16
DENOM=SQRT (APA+E*B)
ELZ=ATAN? ' Co DENGH)

INITCOL
INITCOL
INITCOL
InITCOL
INITCOL
INITCOL
INITCOL

INITCOL -

INITCOL
IMITCOL

INITCOL

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
IMITCOL
INITCOL

IMITCOL.

INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INETCOL
IMITCOL

“IMITCOL

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INETCOL
INITCOL

“ImITCoL

IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
IMITCOL
INITCOL

03721777 21.51.16

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191

192
173
194
195
196
197
198
139
200
201
202
203
204
20s
206.
207
208
209
2lo
211
212
213
2éle
21s
216
217
218
219
220
221

222
223
224

225
226

ee?

228

PAGE
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230

© 235

260

245

255

265

2710

275

260

285

SUBROUTINE INItcoL  t4,74  opt=1

c

c

16

CALL INTEN(MON,IDAY+ELZsUDNI)
UONI=.00715°UDN]eC

FIN 454104

INITIALIZE CONE AND TILT ANGLES FOR FIELD GEOMETRY INPUT

RN=RFIELD-TDISY
RS=RFIELD*TDISY

XN=SQRT (INCRN0 .5+ 3CORCO%0.5)
XS=SORT (RS2RS®0,50RCO*RCO®0.5)
TAPE1=ATaN (TH/XM)
TAPE2=ATAN(TH/XS)
THECON=(TAPE1+TAPE2)®0,5
TTILT=TASE2-THECON

YO0 UNTILT APERTURE SIMPLY SETS WHAT IS BEST THETA CONE

TTILY=0.0

THECON=27.0/57.2
HTOT=(WAPMAX+WAFMIN) #0,5°COS ({THECON)
SEP=HTOT

AIMHGT=SrP20,5

DELRC= (HTOT#0+5)°TAN(THECON)
DD1=(RCONE~DELRC) #2,
DD2=(RCONE+DELRC) 02,

NAZZ = NLONG

CALL MOON(0+9)
INITIALIZATION OF AIM POINT SUBROUTINE
HSWTC(1)=HDIF

HSWTC (2) =HCAV

RSWTC(1)=RDIF
RSWTC(2)=.5*D0D3
XDUM=(WD+GAP=WCFR0SS) 20,5
WOUM= (WD+GAPSWLCNG) 0,5
81=XDUM-XLTRI®0,70T11
B2=XDUM-XLTRI®0.70711+wTR1/0,70711
CTAZT=COS(TAZT)
STAZT=SIM(TAZT)
CTELT=COS(YELY)
STELT=SIMITELT)

DDTOP=DD]

DDBASE=0N1+20.0

wD2=wD/2,

wFy2=wFv/s2.

ALEN= (NHF=1) ®XOF

DCOL=WFV

CXLAT=HCAV/FLOAY (NLATC)

D0 9622 I=1+NLATC

9622 CAVLAT(2,1)=HCAV=-CXLAT®FLOAT(])

-WCELL=,2¢RFIELD

AF1ELD=3,14159¢ (RFIELD®RFIELD=RCO®RCO)

ACOL=(NHFoWD®WFV)
GCMIR=ACOL/ (WD® CALENSWFV))
IF (GCOVER.GT.GCMIR? WRITE(641901)

NCOL=NTOTAL
WRITE(657002)

WRITE(691945) NSTOPSyNCOLsRFIELD+THsGCOVER
1945 FORMAT(/20X+SIHFELIAKI VERSION 13s TIME POINT AND/OR ANNUAL ENERGY IMITCOL

1901 FORMAT (//10Xs48+200aa GROUND COVER FACTORsGCOVER+TOO LARGE oe®os)
CALL POLSP2(ACOL sNNU+sSPACEF sNTOTAL » GCOVER)
AFTELD=3,141592 (RFIELDO®RFIELD=-RCO®RCO)

1.720X939HROUND FLELD WITH LOW PROFILE HELIOSTATS//16Xs

03731711 21:51:16

INITCOL
INITCOL.
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

- IMITCOL

INITCOL
IMITCOL
INITCOL
INETCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
InMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INLTCOL
INITCOL
INITCOL
INITCOL
INITCOL
InITCOL

INITCOL

229
230
231
232

233 -

234
235

" 236

237
238
239
240
261
2642
263
264
245
246
2647
248

249,

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
212
2713
274
275
276
277
2718
279
280

281 -

282
283
284
28s

PAGE
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290

295

300

305

310

315

320

325

330

SUBROUTINE INITCOL T4/T4 opT=1

FIN 4.5¢410A

26HNSTOPS +6X94HNCOL s 9X s SHRFIELD »8Xs THTOWER Hoe
3 9Xe6HGCOVERS/910Xe211004F15,307)
WRITE(691946) NHF sWFVeWD s XDF s ALEN9SPACZF
1946 FORMAT (/316X e3HNHF 12X 9o IHWF V-9 13X 2HWD» 12X 9 IHXDF 911 X9 4HALEN,
1 10Xs6HSPACEF +/99X91109515XeF10.2)9/)
WRITE (641949) GAP+WLONGIWCROSSsWTRIsXLTRIIWSIDEsWJICRUOS+HTMIR
o HTCROS
1949 FORMAT (/vlle3HGA°o9X15HHLONG BX9s6HWCROSS 9y 10X s 4HWTRI 99Xy
2 SHXLTRI s9XsSHWSIDE +8X s 6HWJICROSsIX9SHHIMIR 98X e 6HHTCRCS s
8 /99(4XsF10.3)9/)
WRITE(691111) (WAVL(ILOPI1yILOP= 1020)
1111 FORMAT (///+32X+43HTHE CENTER WAVELENGTHS OF THE TWENTY EQUAL o
112HENERGY HBANDSs/+2(20X910F10e59/)9/) ’
WRITE(6+1948) TDISXsTDISYsAFIELDIRCO
1948 FORMAT (/420X eSHTOISXs 1OXsSHTDISY 99X sO6HAFIELD912X93HRCOe/910X,
14F15.347)
IHOUR=INTI(T)
AMIN=60.2(T-FLOAT (IHOUR))
MIMN=INT (AMIN)
URITE(SOS)'MONQIDAYoVHETﬁolHOURoMIN
S FORMAT ( 777+450X91291H/91213H/809/91)XeFHLATITUDE=sF 7.2
1 10X96H4DURIISeSXe3HMINGISe/)
CALL AIMPP (XCeYColeAIMP)
WRITE(5987Y9) RCONE s THECONSHTOT,TTILT
879 \ FORMAT (,//+22X+SHRCONEs1&Xy 6HTHECOND14KO“HHTOT'XSXOSPTTILTQ/O
2 15XeF10+2910XsF10.299X:F10.2»12X¢F10.2)
WRITE(H+]1515) WAPMAXWAPMINSOQOFFSET
1515 FORMAT(/919X,6HHAPHAXO14X96HUAPMIN'l“x:bﬂorrsero/.lsx,
2 3(F10,1.10X)) '
WRITE(5+21)
21 FORMAT (/+5X,20HPROGRAM OPTIONS USED)
IF (IFJ3CUS.EQe0) WRITE: (6941CI]
IF (IFDCUS.GT«0.AND.IFOCUS.{E«10) WRITE (6+420) IFOCUS
IF (IFJCUS.GTe10) WRITE 16+430)
WRITE (64%40)
WRITE (6,450) MONTSIDAYTTIMEY
450 FORMAT (10Xs19HTOEIN STRATEGY FOR +1291H/912+4H AT oF4.1)
410 FORMAT (1D0Xes19HINDIVIDUAL FOCUSING)
420 FORMAT (1DXsI2+1SH FOCUSING ZONES)
430 FORMAT (10Xs12HFLAT MIRRORS)
460 FORMAT (1DXes17THINDIVIOUAL TOE-IN)
IF (IDRIVE .EQ. 1) WRITE (6+4518)
IF (IDRIVE +EQ. 2) WRITE (6,519)
618 :FORMAT (10X+13HFACETS GANGED)
519 FORMAT (10X+«23HINDEPENDENT FACET DRIVE)
RETURN
END

03/21/17 21.S51.16

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
InITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMNITCOL
INITCOL
IMITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

286
287
288
239
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
a7
328
329
330
331
332
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SUBROUTINE AIMPP .. 74/776.  0OPT=1 FIN 4,5¢410A

10

15

20

25

30

35

40

4S

SC

SS

"SUBROUTINE AIMPP(XCoYCsINITeAIMP)
Coe THIS ROUTIME DRAWS A VECTOR FROM THE CENTER OF THE ANNULUS
C OUT TO THE AIM POINT.
INTEGER CILAT
REAL N
COMMON/BABA/STHoCTﬂ9SE000ME90HS'N(3)oUE(S)o
1 UN(339US(3)+UA(3)9sUR(3) s THETA9MONs IDAY s SMALRsCAPRYCEQ
COMMON/CAVITY/SEP+ID1sDD2+sROIF yHDIF sHCAVIHSHTC(2) 9RSWTIC(2) s
1 CILAT(2)sCAVLAT(2»21) +AIMHGT
COMMON/SUPPT/DELTM» THES + KSEG APH e SWoNSUP ¢yRCONE » THECONSHTOT
COMMON/TILTED/TTILIyUVT(3)9UL(3)9U2(3) sy WAPMAX s WAPMINsOFFSET
DIMENSION UPLAN(3) »AIMP(3) sUCON(3)
C THIS FUNCTION RETURNS THE ITH COMPONENT OF THE AIM POINT ASSOCIATED
C WITH HELIOSTATS LOCAYZID AT (XCeYC) RELATIVE TO 'THE RECEIVER CENTER
IF(INIT.G6T.1) GO TD 100
SEP2=AIMHGT
RDC=DD1/2.,0¢AIMHGT® (OD2~ 001)/(2 0eSEP)
THES=2.%3.14159/NSJP
XDuM=(DD2-0D1) 2.
APH=SQRT(SEP®?2eXDUM002)
AMD=SW/2,+APH/2,
THEMISS=ATAN(AMD/RDC)
FRACTN=(THES=2,2THEMISS) /THES
DD3=RSWT(C (2) 02,
WRITE (6420) SEP+0D1sDD2+RDIF9HCAVIDD3I9AIMHGT
20 FORMAT (///%30X+21HCAVITY RECEIVER SPECS+//91T7XsIHSEP+7X93HDDL
1 7Xs3HDD2s6X e 4HRDIF 46X s GHHCAV 96X 94H DDI9SXeOSHAIMHGT ¢ /910X
e 7F10.107/)
- CTCON=COS (THECON)
STCON=SIN(THECON)
CTL=COS(TTILT)
CSTL=SIN(TTILT)
DO 25 I=1+3
UVTUI) =CTLeN(I) =STLOUN(])
UL (E)=CTL®INLI) oSTLEN(D)
25 u2(n=uel
. RETURN .
100 YCp=YCeCTL
THEAZ=ATANZ2 (XC,YCP)+3.14159/3.0
CIF(THEAZ.LT.040) THEAZ=THEAZ+2,%3.14159
IF (THEAZ ,GT,6.283185) THEAZ=THEAZ~- 6.283185
KSEG=INT (THEAZ/THES) +1
THEMID=THES® (KSEG-1) +THES/2
DELTM=THEAZ-THEMID
THEAIM=THEMID+DELTM*FRACTN=- 3 1415973, o
1F (THEATM,.LT,0,0) THEAIM= THEAXM06.283135
CAIM=COS(THEAIM)
SATM=SIN(THEAIM)
IF (THEAIW.6T.3.14:59) THEAIM=203,14159-THEAIM,
WAP=WAPHIN
IF (THEATM, LT.2.0904) WAP=WAP® (WAPMAX=WAPMIN)2(],0=THEAIM®0,4775)
WOWN=SEP2/CTCON=WAIED S
IF (THEAIM,LT.2.0944) WDWN=SEP2/CTCON-WAP®0.53
DO 45 1=1+3 N . .
UPLAN(T)=CAIM®PULl (1) «SAIMRU2{TI) . .
UCON(1)=-CTCON®UVT(I)=~STCON®UPLAN(T)
45  AIMP(1)=SEPZ22UVT(I)+RDCOUPLAN(]) «WDWNOUCONIT)

AIMPP
AIMPP
ATMPP
AIMPP
AIMPP
ATMPP
ATMPP
ATMPP
ATMPP
AIMPP
ATMPP
AIMPP
AIMPP
AIMPP
ATMPP
ATMPP
ATMPP
ATMPP
ATMPP
ATMPP
ATMPP
AIMPP
AIMPP
ATMPP
AIMPP
AIMPP
AIMPP
AIMPP
AIMPP
AIMPP
ATMPP
AIMPP
ATMPP
AIMPP
ATMPP

ATMPP

ATMPP
AIMPP
ATMPP
AIMPP
AIMPP
ATMPP
AIMPP
ATMPP
ATMPP
AIMPP
AIMPP
AIMPP
ATMPP
ATMPP
ATMPP
ATMPP
AIMPP
AIMPP
AIMPP
AIMPP
ATMPP

03721777 21,51.16
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SUBROUTINE AIMPP

T4/74

PETURN
END

037=1

FTN 4.5¢410A

03721777 21.51.16

AIMPP. 59
ATMPP 60
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SUBROUTINE MONTE2 - T&s74 oPT=} FTN 4.5°410A 03721777 21.51.16 PAGE

25

1 SURROUT INE MONTE2 (XM) MONTE2 2
Cee TMIS IS THE MONTE CARLO DRIVER ROUTINE FOR A FIXED TIME AND DAY MONTE 2 3

C 0 THE YEAR. FROM IT INTENs RNORM, LIMORe AND PTOWER ARE CALLED. MONTE?2 o

REAL N MONTE2 S

s DIMENSION TOP(1S) . - MONTE2 6
INTEGER CILAT MONTE2 7
COMMON/CAVITY/SEP,DC1oDoz.RoIF,Holroncav.HsuTc(2).RSuTC(z)- . MONTE2 8
1 CILAT(2)sCAVLAT(2+Z1)+AIMHGT MONTE2 9
COMMON/TABLE /UMY (3) sUAXV (3) sUXV2(3) sRST (3) o WFV oNHF +» XDF s WD2s WFV2+ MONTE2 - 10
10 1 RHS (3) yDELX+DELYsWO» IFVSRRB(3) sUAXVP (3) sUXV2PP (3)y MONTE2 11
2 UTT(3) JUNNP (3),UXV2P () MONTE2 12
3 2UMNP(3) s UMNPP (3) +F s ALEN+UBEDN(3) + 1FOC, IDRIVE MONTE2 13
COMMON/JOKER/URP [3) sUS1 (3) s THSL + PHe THSRs THSU» COUNT s WAVL (20) +DRAD  MONTE2 14

COMMON /STATS/TP3+TSBsPHIsTPVIPHVIAVE+TSVIPAXIVsPAXIBYPAX2VsPAX2B MONTE2 15
15 ’ MONTE2 16
COMMON /QALL/ DCOL+SCDELT(3) s XPsYP+PAX14PAX24D(3) MONTE2 17
COMMON/BABA/STHsCTHaSEQsOME sOMSeN(3) 2»UE(3) MONTE?2 18
1 UN(3)sUS(3) sUAL3) sUR(3) s THETA9MON IDAY » SMALR+CAPR+CEQ MONTE2 19
COMMON/RANDOM/NRUN TRANC s IJUMP 4MODE s ISRAN [RAYS MONTE2 20
20 1 » IT14UDNTsLIMCsDINTV,YFRAC FINAL 1
COMMON/SUPPT/DELTMs THES s KSEGe APHs SW s NSUP s RCONE » THECON»HTOT MONTE2 22

COMMON /JEFF/ UMNS(3Z)+RRS(3) sNSTOPS+A9B8+CoSMAXsRFIELD Y THe ICMNy MNNTE2 23
1 JCSHeIFCsIHITo [CSH2+NCOL s THOURSMINSELZ s ToTDISX9TOISY, MONTE?2 264

2 DUA « DUME » DUMC »UMNN] (3) » UMNN2 (3) yUMN(3) » IOHIToNLAT MANTE2 . 25
3 NLONG s ILONG«NLATCsRCOs NPACK s ENHM . MONTE2 26
COMMON /CINDEX/ XPCCGL+YPCOL+COSAsCOSBaSLOUMIWCELL ¢ ICELLsJCELLY MONTE2 27
1 XCSAVeYCSAV¢XCHy YCMy ICELMy JCELM . MONTE2 28
COMMON/STRUCT/GAP.dLONGowSlDE|wTRloXLTRIvBloBZohCROSSoHDUMvIFRAM MONTE2 29
9 HTMIRIHTCROS s WJICROS MONTE2 30
30 COMMON/PLANE /IPLAN(T) MONTE2 31
COMMON/TOE/CTAZTsSTAZT»CTELT s 1FOCUSISTELTsUTARG(3) +DTARG(3) MONTE2 = 32

DIMENSION FRSHAD (&) MONTE2 33 .

DIMENSION XDFPR(9+15)+XM(9)+ITT(2]) ) MONTE2 - 34

DIMENSION FLMAPC (21435} MONTE?2 as

3s DIMENSION AEBOTN(2910) sAFLUX(2) +FIELD(12412)° MONTE2 36
DIMENSION ETA(7)sEPN(B) : MONTE2 37
DIMENSION NDM(12)+10(35)9SL(15) ) MONTE2 38

DATA NDM/31¢2843193Ge31430931+31930¢31,430031/ MONTE2 39
IF(CeLT.0.0005) GO TO 52 MONTE2 4«0
40 WRITE(6+7532) . . . MONTE?2 61
7532 FORMAT (1H1ls/ »39X+28HAELIOSTAT OPTICAL PARAMETERSs/) MONTE?2 Y
WRITE(697001) PAXIB+PAX2ByTSByPHBsPAXIVIPAX2VeTSVyPHV MONTE2 43

7001 FOaMAT(lsx.SHPAxle.sx-SHPAxee-7x.3HTsa.7x.3HPH9.SX-5HPAX1v.5x. MONTF 2 464

1SHEAX2V s TAe3HTSVe7X+ 3HPHV /9 10X910F10.547/) MONTE2 45

45 NN1=NLATC MONTEZ2 46
DO 8011 =17 MONTE2 o7

8011 IPLAN(I)=0 MONTE2 ' 48.

DO 412 I=1,4 MONTF 2 49

412 FRSHAD(1)=0.0 MONTE2 . S0
S0 00 3010 1=1+20 . MONTE 2 S1
3010 ITT(I)=0 MONTE2 52

XKNT=0,0 ) MONTE?2 53

CALL ROOF(1+0.) : MONTE2 S4

DO 6101 1=1+NNI1 MANTE2 SS

55 D0 6101 J=19NLONG : ) MONTE?2 56
6101 FLMAPC(I,J)=0. MONTE2 57

T0PC=0. ' : MONTE?2 S8

11-9



¢-11-€0LOY

60

65

70

75

80

8S

90

95

100

105

SUBROUTINE MONTgZ2. T4/74 oPI=]

8101

7009
3611

FIN £.5¢610A

CALL POLMAP (0..0..0.-!00)

DO 8101 1=1s12°

DO 8101 J=1sl2

FIELD(TIo3)=0,

CALL HITFAC(0+090+s1+0).

SPPT = 0,0

SHADL=0.0

I0FL=2

D0 7003 ™AC= IDXDFL

AFLUX(MAC) =0,

00 3611 1=1e7

XM(1)=0,

DAY=FLOAT (1DAY)

DENOM=SQQT (AcA+B*B)

ELZ=ATAN? (C+sDENOM)

CALL IMTEN({MONs IDAYJ+ELZIUDNIL}
XKWNI=,00315¢UDNT
THETAZ=ATAN2(B,A)2360.0/(2.0%3,14159)
IF (THETAZ .LT. «0001) THETAZ=THETAZ*J60.0
TELZ=ELZ0360.0/(2,043.14155) :
WRITE (6,22) TELZsTHETAZ s XKWN]

© XMDNI=xKwNI

22

FORMAT (/9 7X93HELZ 94X o SHTHETAZ s SXeSHXEWNL/93F10.5+/)
UDNI=.00315°U0NI®C.

AVE=0.0 :

ICoLO=0

ICoLS=0

ICOLH=0

cOL0=0.0

COLH=0,0

p3728/77

MONTE2
MONTE2
MONTE2
MONTE?2
MONTE2
MONTEZ2
~ MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE?2
MONTE?2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2
MNNTE2
MONTE2
MONTE2
MONTE2
MONTE?2

FOR POLAR PACKING THE JRANW IRANGE IS EXTENDED FROM RCO/2 TO RFIE_De MONTEZ2

RFIELD=RFIELD*0.1¢TH

RCO=RCO/2.

AREA=3,164159°(RFIELD®*R* lELD-RCO'RCO)
CONV=,0929°AREA®UDNI

RCN2 =-RCO®RCO

DELRAD = RFIELD®%2 - RI02
RFIELD=RFIELD-0.,1%TH

"RCO=RCO*®2.

C THIS IS BECAUSE Q IS IN LANGLY/MIN,

WRITE(6+1001) CONV

1001 FORMAT (/9+20Xsl0Heccccsnnna, 29y CONVERSION FACTOR =9E20.10s

297

7010

1 11H otaoRoooann,/s/)
DO 297 I=1.3

UHV (1) =UE (1)

00 1004 NX=1sNRUN
DO 7010 vAC=1sI1DFL
AENDOTN(MACINX) =0,
TOPCAV=0,

DO 200 JJ=1+IRAYS
ICELM=0

JCELM=0

XCM=°c

YCM=0,

CALL RNORM(R69R7)
THSL=TSVeRA+TSB
PH=360,°2ANF (0,0)

MONTE?2
MONTE2
MONTE2
" MONTE2
MONTE?2
MONTE2
MONTE 2

MONTE2

MONTE2
MONTE2
MONTF2
MONTE2
MONTE 2
MNNTE2
MONTE2
MNNTE2
MONTE2
MONTE2
MONTE 2
-MONTE2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2

MANTE 2

21,51,16

59
60
61
62
63
64
65
66
67
68
69
70
7

.12

.13
76
75
76

7
78
79
80
81
82
83
84
8s
86
87
88
89
90
91
92

PAGE
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115

120

125 -

130

135

-140

165

150

155

160

SUBROUTINE MONTE2 76774 OPT=1

708

8000

165

170

TANL

FIN 4iS5+410A

CALL RNOOM(R3+R%)

PAX1=PaAX]Vep3+PAX]1S
PAX2=PAX?VoR4+PAX2B

R2=RANF (n4)

R3=RANF(0.)

CSRA=C0S (6.28318°R2)
SMNRA=SIN(6,28318°R2)

CALL LIMNDR(R3sLIMCyROERN)
THSR=RCESN=CSRA ;
THSU=ROEPN2SNRA

R6=RANF (0 4) -
R7=RANF (0,)

ND1=2

COUNT=1.

1AC=0

COUM1I=C0S(6.28318#R6) .
CDUM2=SIN(6.28318°R6)

COUM3=SQRT ((RFIELD+0.12TH) 8820RT)
XP=CDUM1aCNUM3-TDISX
YP=CDUM24COUM3-TDISY

IF (SQRT(XP®XP+YP®YP) .LT. RCO/2.) GO TO 708
CALL TSHaD(DDBASE,DDTOP,ICOD)

If (ICOD.EQ.0) GO TO 8000
ITT(14)=]1TT(14)]

GO TO 20n

CALL PTOWER(ND1+IACs»ARATIO)
ITT(ND1#+1)=1TT(ND1+]) 1}
ICOLH=ICOLH*ICMH

ICoLS=ICOLS*ICSH

ICOLO=ICOLO*IOHIT
COLH=COLH+COUNTeICUH
COLO=COLD*COUNT®IOHIT

ENERGY LNST IN MIRR0R SHADOWS
SHADL=SHAOL+COUNT®ICSH

IF (IFRAM,GT.0) FRSHADIIFRAM)=FRSHAD(IFRAM) +COUNT
IF (ND1 ,GE. &) CALL POLMAP{COUNTsCONVsNPPs2sND1)
IF (ND1.EQ.12) SPPT=SPPTCOUNT
IF(IAC.EQ.0) GO TD 200

EDOTN=COUNT

AVE=AVE+EDOTN
AENOTN(TACNX)=AEDOTNI{TACsNX)} +EDOTN
FIELD(ICELMy JCELM) =FIELD(ICELMy JCELM) «COUNT
IF(IAC.EN.3) TOPCAV=TOPCAV+COUNT ’
1IF (JAC.EN.3) CALL ROOF (2,DCONM)

IF(1AC,EN.2) FLMAPC(CILAT(2)+ILONG)=FLMAPC(CILAT(2)+ILONG)*COUNT

CONTINUE

DNM=]1./F L OAT (IRAYS)

XDFPR (1 oNX)=FLOAT(ICOLH) ®DNM

DNM2=FL 0AT(ICOLS) ’

DNM3=1,/FLOAT (JRAYSICOLS)

XOFPR(29NX) =DNM220ONM3

DMM4=F1.0aT(ICOLO)

XDFPR {3 +NX)=DNM& DM

XOFPR {4 9nX) =AVE®DNM
TOPINX)=TOPCAV®D\M

DO 7004 MAC=1sIDFL

AFNNTNIMAL . NY) =AENOTN(MACHNX) @DNM

93721777 21:51ile

MONTF2
MONTE 2
MONTE?2
MONTE 2

MONTEZ .

MONTE2
MNNTE2
MANTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE?2
MONTE 2
MONTE2
MONTE2
MONTE?
MONTE 2

MONTE2-

MONTE2
MONTE?Z
MONTE2
MONTE 2
MONTEZ2
MONTE2
MONTE2
MNNTE?2
MONTE2
MONTE2
MONTE?2
MONTE?
MNONTE2
MNNTE2
MONTE2

MONTE2

MONTEZ2
MONTE2
MONTE?2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2
MONTE2
MONTF2
MONTE2
MONTE2
MONTE2
MONTE2
MONTF2

116
117

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

133.

134
135
136
137
138
139
140
141
142
143
1644

145.

146
167
148
149

150 -

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
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SUBROUTINE MONTE2 74776 " OPT=1

175

180

185

190

195

200

205

210

215

220

225

g-11-v0L0¥

1004 CONTINUE
D0 1802 (=] +NRUN
TOFC=TOPC*TOP (1)
DO 7005 vAC=1sIDFL
7005 AFLUX({MAC)=AFLUX (MAC) *AEDOTNMACs 1)
1802 CONTINUE
DCCNM=.001CONV/FLOAT (NRUN®TRAYS)
SPET = SoPTeDCONM®1000,
DO 6106 I=1sNN}
DO 6106 J= 1,NLONG
6106 FLMAPC(I,J) = FLMAPC(I,J0 °DCONM
XXR=1./F OAT (NRUN®IRAYS)
DO 8102 1=1+12
D0 8102 J=1,12
8102 FIELD(T+ ) =FIELD (10 ) ®XXR
© TORC=TOPC/FLOAT (NRUN)
DO 7006 MAC=1sIDFL
7006 AFLUX(MAC)=AFLUX (MAC) /NRUN
WRITE(6+1820) NRUNsIRAYS

FTN 4.5¢4104A

03/21/17

1820 FOQMAT (25X« 1SHSTATEISTICS FOR »149s8H RUNS AT+16+13H RAYS PER RUNs/)

WRITE(6+1821]) :

1821 FOPMAT( /940Xy 10Ho000n00apn0a,]]OUTPUT CODEolOH“’“'°’°"'s//v10X9

144HETA1=FRACTION OF FIELD FLLX THAT MIT MIRRORS»/s10X9
216HETA2=REFLECTANCE /210Ky

349-ETA3I=FRACTION OF FLUX NOT QBSCURED OMm THE WAY OUTs/+10Xs

SIGHETAL=FRACTION OF FLUX THAT KIT TOWER-/9»10X»
6S2HETAS=FRACTION OF FIELD FLLX THAT HIT CAVITY

s/ 910X

7S3HETAG=FRACTION OF FIELD FLLX THAT HIT THE CAVITY WALLS:+/+10Xs

. ASZHETA7=FRACTION OF FIEL) FLLX THAT WAS IN TOWER SHADOW./]

WRITE(6,0001)

9001 FOSRMAT( /+10Xe3GHEFLUXI=FOTAL FLUX ON FIELD IN KW /910Xy

1640HEFLUX2=TOTAL FLUX ON 4IRRTRS IN Kv 2/910Xy
262HEFLUXI=TOTAL FLUX LEAVING MIRRORS IN KW »/910Xs
3ISSHEFLUXG=TOTAL FLUX CLEANLY AWAY FROM FIELD IN KW
139HEFLUXS=TOTAL FLUX ON P0WES TOWER IN EW +/910X»
?237THEFLUX6=FLUX ON CAVITY DIFFUSER IN KW /510X
734HEFLUX7SFLUX ON CAVITY WAL.S IN XKW 9/110Xs
837THEFLUXA=FLUX ON CAVITY CEILING IN KW /)
WRITE(6+2799)

2799 FOPMAT( 10X+2BHNI1=RAYS DRAWN BEFORE SUMRISEs/s10Xs
1384N2=RAYS DRAWN WHEN THI SUN WAS TOO LOWs/»10Xe
237AN3=RAYS DRAWN THAT HIT THE OPEN FIELD9/»10Xe

36THNG=RAYS WHICH HIT MIRI0OR EZUT WERE LOST IN SPACE./+10X,

443HNS=RAYS ORAWN THAT WEIE BLOCKEC IN OMBLOCKSs/s10Xs
S538HN6=RAYS THAT WERE OBSZUREL IN CFFBLOCKs/+10Xs
633HNT=RAYS WHICH HIT CAVITY CIFFUSERs/+10Xy
723HNB=RAYS WHICH HIT WAL_S+/410Xs

R22HNS=RAYS WHICH HIT RO07+/+20X,

Q26+M]10=RaYS WHICH MISSED HIG*y/+10Xy

138+N11=RAYS WHICH MISSED ACRISS THE FROMT+/910Xs
125HMN12=RaYS WHICH YISSED LOWs/4¢10Ky

227413=RAYS WHICH HIT SUPORTSe/s10Xy 3 -
339HN164=RAYS WHICH WERE 1v THZI TOWER SHALOWs/+10X
a28MMN1S5=RAYS WHICH WHISTLID T=RUs/»10X»

443HN16=RAYS WHICH FRAME SHADCWED ON SAME HMELIO»/»10Xs
S44HN1T7=RAYS WHICH FRAME SHADZWED ON OTHER HELIOs/»10Xs
642HN1B=RAYS WHICH FRAME BLOCKED ON SAME HELIO+/s10X+s

2/910X,

MONTE?2
MONTE2
MONTE?2
MONTE2
MONTE2
MONTE2
MONTEZ
MONTE2
MNNTE?2
MONTE?2
MONTE2
MONTE2
MONTE 2
MONTF 2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2
MONTE2
MAONTE2

MONTEZ2 .

MONTE 2
MNNTE 2
MONTE2
MONTE2
MNNTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE 2
MONTE 2
MONTE2
MNONTE 2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE 2
MONTF 2
MONTE2
MONTE?2
MANTE2
MONTF2
MONTF 2
MONTF 2
MNANTF 2
MONTE2
MNANTE 2
MONTF 2
MONTE 2
MONTE2

21.51.16

173
174
175
176
177
178
179
180
181
182
183
" 186
185
186
187
188
189
190
191
192
193
196
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
2la
21s
216
217
‘218
219
220
221
222
223
2264
22s
226
227
228
229
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230

235

240

245"

250

255

260

265

270

215

282

285

SUERQUTINE MONTE2 74776 0PT=1 : FIN 4.5+610A

763HN19=RAYS WHICH FRAME BLOCKED ON OTHER HELIO)
TOPC=TOPCOrONV ’
NTOT=NRUN® [RAYS

XM{1)=conv

XM (2)=1COLH®CONV/NTOT

XM (3)=COLHYCONV/NTOT
XMRLOC=COLO®CONV/NTOT
XMSHAD=SHADL®CONV/FLCATINTOT)

XM (5)=AVE/NTOTeCONV
XM(6)=aF L UX(1)2CONV
XM(T)=AF_UX{2)2CONV

XM(8)=70PC

FRSHAD (1) =FRSHAD (1) *CONV/FLOAT (NTOT)
FRSHAD (2)=FRSHAD (2) CONV/FLOAT (NTOT)
FRSHAD (31 =FRSHAD (3) *CONV/FLOAT (NTOT)
FRSHAD (4) =FRSHAD (4) *CONV/FLOAT (NTOT)

C

CeooeasFRSHAD()) =ENERGY LOST FROM FRAME SHADOWS

CosceacoON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET
¢

CoooeosfFRSHAD(2)=ENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS

C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET

[+

CoevsoaFRSHAD (3) =ENERGY LOST FOOM FRAME BLOCKS ON THE SAME

c - HELIOSTAT WHICH CONTAINS THE HIT FACET

C .

ConaeraaFRSHAD (4) =ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS
c OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET

¢ .

XM (4)=XM(3)~-XxM3_0C
XMABBE=XM(4) =XM(5)
XMREFL=XM(2)=XM(3)

ETA (1) =xM(2) /XM (1)
ETA(2)=]1,0-XMREFL/XM(2)
ETA(3)=1_,0-XMBLOC/XM(3)
ETA(4)=],0~-XMARBE/XM(4)
ETA(S)=XM(5) /XU (])
ETA(6)=XM(T)/XM(])
ETA(T)I=FLOAT{ITT(14))/FLOAT (NRUN®IRAYS)
DDUM=1,/ETA(]1)
XXR=CONV/(,09298WCELLE®WCELL)
DO 8103 1=1+12 '

DO 8103 y=1+12

8103 FIELD(I+)=FIELD(I9J)PXXR
WRITE(64100S) (I1e1=1s17)

1005 FOQMAT (/,10Xs 7 (4Xs3HETALIL))
WRITE(6+1006) (ETA(IDeI=107)

100€ FORMAT(10Xs14FB,5)

KI=1
WRITE(651007) (JoJd=143)

1007 FORMAT (/4B (9XeSHEFLUX»I1))
WRITE(641008) (XM(I1)s1=1+8)

1008 FORMAT(9F15.6)

2001 FORMAT(/410Xs9(3Xs1HN»T1)910(3Xe1HNs12))
WRITE(692001) (1+1=1919)
WRITE(6+2002) (ITT(I)»1=1919)

2002 FOPMAT (10X49155101657/)

03/21/777

MONTE 2
MONTF 2
MONTF 2
MONTE 2
MNNTE2
MONTE?2
MONTE 2
MONTF 2
MONTE 2
MONTE2
MONTF2
MONTF. 2
MONTF2
MONTE 2
MONTF 2
MNNTE 2
MANTE?2
MONTE2
MONTE 2
MONTE2
MNNTE 2

MONTE2

MONTE2
MNNTE2
MONTE2
MNNTE 2

MONTE2 .

MONTE2
MONTE 2
MONTE 2
MONTE2
MONTE2
MONTE 2
MNNTE?
MONTE2
MONTE?2
MONTE?2
MONTE 2
MONTE2
MONTFE 2
MONTE2

MNANTE2

. MONTE2
MONTE2
MONTE2

MONTEZ -

MONTE?2

MONTE2

MONTE?2
MONTE2
MONTE 2
MONTE 2
MONTE2
MONTE2
MONTE 2
MONTE 2
MONTE 2

21.51.16

230
231
232
233
234
235
236
237
238
239
240
241
242
243
2446
24S
246
2647
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
26S
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
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290

295

300

305

310

315

320

325

330

335

340

SUBROUTINE MOMT

7002
20

21

27 FORMAT(/,9Xs184ACTUAL MIRROR AﬂEﬂoloxoZOHDXRECT NORMAL ENERGY»

- 23

24

S

10
8010

E2 T4/74 0PT=l FTN 4.54410A

FORMAT (1K)

WRITE(6+20) )

FORMAT( //+20X914HTIME POINT FUN)
AF IELO=DELRAD®3,14159
AREAM=NCOLYNHF 2W0oWFV®0,.0929
EPM(Y)= (XM(Z)‘XMSHAD‘FRSHAD(l)OF?SHAD(Z))/AREAM
DO 21 1=2+5

EPM{I)=Xu(1)/AREAM
EPM{6)=EPM(S5)©0,9
TE1=EPM(]1)/XMDNI

TE2=EPM(4) /XMONI

WRITE(6+27) AREAM,XMDNI

@ /415KeF12.4918X9F12,.4)

WRITE(6+23) (EPM(I)41=146)

FOIMAT (//923Xs26HENERGY (KWH) FER SQ. METERS
1/920X 91 0HUNSHADOWED s 10X0F12.41 .
2/7920XeBHSHADOWED 912X eF 124
3/+20Xs 14HLEAVING MIRROR6XsF12.49
4/920X912HCLEANLY AWAY +8X9F12.64
5/920Xs 1IHTHRU APERTURE s 7XsF 12,60
6/320XsyAHABSORBED »12XsF12.4)

WRTITE (6424) TE1,TE2

FORMAT (//+15Xs 19HTRACKING EFF[CIEVCY-ZKclZH(UNSHADOHED)-7Xb
AF10e40/936%914H(CLEANLY AWAY}sSXsF10.4)

WRITE (5K,45)

FORMAT ( /311XsOHNUMBER OF ¢SNsTHSUPPIRT 97X+ 6HKWH ON9/» 12X+ SHSUPP MONTEZ2.

YORTS s 7XsSHWIDTH444X 9 8HSUPPORTS]

WRITE (5410) NSUP+SWeSPPT ’

FORMAT (/910X91104F12.10F12.12/)

WRITE(6+8010) (IPLAN(IP)sIP=1+T)

FORMAT (//+436X920HHELICSTAT FRAME HITS»//+20X+9HTOP FRAME 94X
2 11HSIDE FRAMESy4Xe12HCROSS FRAMESs4Xs12HBOTTOM FRAME /922Xy
3 T299X,1393Xe13e5Xe3(1392X)962413)

WRITE(643150) FRSHAD (1) +FRSHAD(2) +FRSHAD (3) + FRSHAD (4)

037217717

MONTE2
MONTE?
MONTE 2
MONTE2
MONTE2
MONTE2
MONTEZ2
MONTE2
MONTE2
MONTE2
"MONTE?
MNNTE2
MONTE2
MONTE?
MONTE2
MONTE?2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MNONTE2
MONTE2
MONTE2
MONTE 2
MONTE2

MONTE 2
MONTE2
MONTE2
MONTF.2
MONTE2
MONTEZ2
MONTE2
MNNTE2

3150 FORMAT (//+40Xs27HENERGY LOST ON FRAME IN KwHs//928X+)12H7RAME SHADD MONTE2

6402

2106

6105

2We28X9 ] IHFRAME BLOCK+/e16X913HON SAME HELIO»7X»

113HON DIFF HELJOs7Xy13%0N SAME HELJO+7X+13HON DIFF HELIDoe/»
215X%XeF12.108XeF12.198XsF12,148X4F12.1)

WRITE(6+7002) '

CALL HITFAC{090+0934NHF)

XZONE=6.2831850RSWTC (26 2HCAV*D, 0929/FL3AT(NLONG°NLA7C)
PZﬂNE—l./XZOVE

D0 6402 1=1sNN1

DO 6402 J=19NLONG

FLMAPC (14J)=FLMAPC (1J¥*PZONE

CALL WALLMP(FLMAPCyNLONGINLATC.HCAV)

CALL ROOF {(3+DCONM)

WRITE(69R104)

FOPMAT (20X +46HKW/SA,M FLUX MAP CF POWER TOWER MIRROR FIELGs/}
00 €105 =1+10

WRITE(AsR106) (FIELD(IaJ)ol=1riC)

8106 FOOMAT(10Xe12F10.6)

CALL POLMAP(COUNT9CONV(NTOT+3sNC1)
STEST=10.E+30

NMX=110

IS=NMX/10

MONTE 2
MONTE2
MANTE2
MONTEZ2
MONTE?2
FINAL

FINAL

F INAL

F INAL

FINAL

_MONTE2
MONTE2
MONTF2
MONTE2
MONTE 2
MANTE 2
MONTE 2
MONTF2
MONTE2
MONTE2
MONTEZ

21.51.16

287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
3es
326
327

2
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345

350

35S

360

365

370

‘3715

SUBROUTINE MONTE2 74,74  OPT=l ) FTN 4,5¢410A
K=0
1STOP=1S
DO 3050 NN=1eNMX
SMAX=0,0

3040

3050

3180

73

43
60
10

65
61
62

DO 3040 I=)s1l

DO 3040 J=1+10

IF(FIELO(IvJ) «GTe SﬂAx.AND.FlELO(I'J).LT STEST) SMAX=FIELD(I+J)
STEST=5MaAX

IF (NN.LT,ISTOP) GO TO 3050 °
ISTOP=1STOP+IS '

K=Ke]

SL{K)=SMAX

CONTIMUE

KK=K=1

WRITE (6,3180) (SL(I)sI=1+10}

FORMAT (181+//+ 10X 8HSL ARRAY'loFlo 6+/7)
DO 61 =1+10

DO 73 I=1s11

10(1)=0

DO 7¢ I=1+11

00 60 KL=1,KK

KLX=KK=-KL ¢]

IF (FIELD(I+J)+6ToSLLKLX)) GO 10 43

60 TO 70
. 10(1)=KLX

CONTINUE B

CONTINUE" -
WRITE(6465) (JO(IT)»11=1911)
FORMAT (20X 92014477)

CONT INUE

CONTINUE

RETURN

END

03721777

MONTE2
MONTF2
MONTF2
MONTE2
MONTE2
MONTE?2
MNONTE2
MONTE2
MONTE?2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE2
MONTE 2
MONTE2
MONTE2
MONTE2
MONTE?
MONTE2

MONTE 2

MONTE2
MONTE?2
MONTE2
MONTE2
MONTE2
MONTE?
MONTE2
MONTEZ2
MONTE?
MONTE?2
MONTE2

MONTE? -

21.51.16

339
340
301,
362
363
3406
345
346
347
348
349
350
3151
352
353
356
355
356
as?
ass
as9
360
361
362
363
366
365
366
367
368
369
a70
an

PAGE
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SUBROUTINE MONTE T4/74 oPT=]1

10

15

20

2s

30

3s

%0

4S

50

55

ces T
C AND
c YEA

FTN 4.5%310A

SJSROUTINE MONTE (XMsHOURS)
HIS 1S THE TIME INTEGRATION ROUTINE. 1T FANDOMLY CHOOSES A TIME
DAY OVER THE ENTIRE YEARe AND USES THE FESULTS TO INTEGRATE
5LY ENERGY. FROM ITs VECTSe :NTENs RNORM AND PTOWER ARE CALLED.
RIAL N
DIMENSION TOP(15)
INTEGER CILAT
COMMON/CAVITY/SEPsDD1+DD2+sROIT +HOIF 4HCAVoHSWTC {2) sRSWTC (21
1 ZILAT(2)9sCAVLAT(2921) s AIMHGT
CJMMON/TABLE/UHV(J)»UAXV(3)'UXV2(3)oRST|3)oHFVoNHFoXDFoVDZ;UFVZ-
1 AHS(3) «DELX+DELY s NDe IFVsRRB(3) sUAIVP (3) sUXV2PP (3) s
2 UTT(3) sUNNP (3) sUXV2P (31
3 SUMNP () s UMNPP (3) »F + ALENsUBEDN (3) 9 IFOCs IORIVE
CIMMON/JNKFR/URP (3) +US1 (3) o THSL + PHe THSR« THSU ¢ COUNT o WAVL (20] +DRAD
CIOMMON /STATS/TPB,TSBsPHBsTPY4PHVIAVE,TSVIPAXLIV.PAX1BsPAX2VePAX2B

CIMMON /3ALL/ DCOL+SCDELT(3)»XPsYP+PAXY«PAX2+D(3)

CIMMON/BABA/STHeCTHsSEQ+OMEsDMSeN(3) +UE13)

1 UN(3)oUS(3)oUA(3);UR(J)orH(TAoWONoIEAYcSHALRoCAPRoCEO

CIMMON/RANDOM/NRUNs IRANC» 1 JUAP .MODE + ISRZN, IRAYS

1 v 1T1qUONI'LINC'OINTVoYFRAC

CIMMON / JEFF/ UMVS(3)vQRS(3)-NSTOPSvA'B|C-SMAX.RFIELD'TH'TCMHQ
TCSHe IFCoIATTo ICSHR2eNCOL s IHOUR W INsELZ 9 ToTOISX+TDISY,
OUMA 3 DUMB ¢« DUMC v UMNNL [ 3 o UMNN2 (33 9UMN(3) s JOHIToNLATy
MLONGs TLONGsNLATC o RCO+MPACK o ENMM

CIMMON /CINDEX/ XPCOLsYPCOL 9 =0SA+sCOSBySLOUMWCELL» ICELL9JCELL o
XCSAVeYCSAVeXCMsYCMe [CFLMs JCELM

CIMMON/SPPT/DELTMe THES +KSEG 1 APH» S 9 NSUF s RCONE » THECON9HTOT

COMMON/TILTED/ZTTILTHUVTII) o)1 (310U2(3) oW APMAX s WAPMIN,OFFSET

.CJMMON/STRUCT/GAP-WLONGoHSIOEcVTRloXLTRIoBlvBZoHCROSS'IDUHolFRAH

8y 4TMIRJHTCROS»WJCROS

C]MMON/TOE/CTAZY'STAZIvCTELT-IrOCUSoSTELToUTARG(3)'DTARG(JI

DIMFENSION FRSHAD (%)

CIMMON/PLANE/ZIPLAN(T)

DIMENSION XDFPR(9+15) 4 XMID) 9 ITT(21)

DIMENSION FLMAPC(21+36)

DIMENSION AEDOTN(2910) yAFLUXI2: oFIELD(12012)

Wy -

=

. DIMENSION ETA(7)+EPM(B)

532
7001

3011
612

3010

DIMENSION NMDM(U12)410(3614SLILS?

DATA NOM/31¢59¢90012091519181+21202439273930693364365/
WRITE(6+7532)

FORMAT (14le /939X92BMHELTIOSTAT OPTICAL FARAHETERS'/)
WRITE(647001) PAXLIBIPAX2BsTSHBiPHBsPAXIYoPAX2VTSVePHV
FORMAT (1SX«SHPAX]1BeSX9sSHPAX23»TXeIHTSBe TXe IHPHB 15X ¢ SHPAX1Y 45X e
1SHPAX2V e 7X e IHTSV TX e 3HPHV s /s 10X910F10.5:/)

NN]1=NLATC

DO 8011 1=1.7

IPLAN(1) =0
00 412 I=l.4

FRSHAD(])=0.0

00 3010 1=1+20

ITT(1)=0

CALL HITFAC(0+04041+0)

CALL TMADP(0.s0,0l01,9040,91)

CALL POLMAC (0,¢0,90,9140)

CALL RONDF(1+0.)

00 6102 1=1sNN]

02721777

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MNNTE
MONTE
MONTE
MONTE
MONTE
MONTE
FINAL

MONTE

MONTE
MONTE
MONTE
MONTE
MONTE
MANTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MNNTE
MONTE
MONTE
MNONTE
MONTE
MONTE
MNONTE
MONTE
MONTE
MONTE

MONTE

21.+51.16
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‘SUBROUTINE MONTE

6102

60

65

70

75

80

8s

90

9S

100

105

78778 0PT=1

DO 6102 .= L yNLONG
FLMAPC(I,J) = 0.
TOPC=0, -
TOTEN=0.0
TOTONI=O,
COLH=0.0
£0L0=0.0
ENHM=0,0
FOPT=0.0
SHADL=0,0 o
NTOT=NRUN®IRAYS
XKNT=0,0

C PQINT D

8lal

7009

3611

C THIS 1S BECAUSE Q@ IS5 IN LANGLY/MIN,

1001 FORMAT(/

7010

1

DO 8101 I=1e12

00 B8101° Jy=1s12
FIELO(I+4)=0,
10FL=2
CTILT=COSITTILT)
STILT=SIN(TTILT)
sPPT = 0,0

00 7009 MAC=1s10FL
AFLUX(MAC) =0, '
DO 3611 I=1s7

XM(1) =0,

MON=6

10aY=21

T=12.

CALL VECTS
DENOM=SQRT (A®A+E®B)
EL7=ATAN? (C+DENOM)

CALL INTEN(MONsIDAYSELZ2UDNT)

UONI=.00315°yDnIeC

FTN 4.54410A

03/21/11 21.51.18

MONTF.
MONTF
MONTF
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MNNTE
MONTE
MONTE
MONTE
MONTF
MONTE
MONTE

FOR POLAR2 PACKING THE DRAW RANGE IS EXTENDED FROM RC0/2 TO RFIELDe MANTE

RFIELD=RFICLD*0.1°TH
RCO=RCO/2.

AREA=3,14159° (RFIELD®RFIELD-RCO®RCO) -,
CONV=,0929°UDNI®AREARDINTVEYFRAC

RCN2 = RCO°RCO

DELRAD = RFIELD?°2 - RCO2

RFIELD=RFIFLD=0,1°TH
RCO=RCO®22,

WRITE(6+1001) CONV
DO 1004 NX=14NRUN-

AVF=0.
1CoLO=0

_ICnLS=0

ICOLH=0

TOPCAV=0,

DO 7010 MAC=1+IDFL
AEDOTN(MACINX) =0,

on 200 JJy=1+1RAYS

ICELM=0

JCELM=0

XCM=0.

$s20X+10Hoenn000000,204 CONVERSION FACTOR =24E20.,100

11H acncncoand, )

MONTE
MONTE
* MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MANTE
MONTF,

59
60
61
62
63
66
65
66
67
68
69
70
71
72
73
76
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

93

9%
95
96
97T
98
99
100
101
102
103
106
108
106
107
108

109

110
111
112
113
116
115

PAGE
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SUBROUTINE MONTE

115

120

125

130

135

140

1645

150

155

160

165

170

c
c

€195
5101
S102

S19e
5197

T4776 oPT=1

YCM=0.

NO1=0

CALL RNORM(R6:R7)
THSL=TSVeRH*TSB
PH=360,2RANF ((,0)

CALL RNORM(F3sR4)
PAX1=PAX1VeR34PAX1B
PAX2=PAXPVoR4ePAX2S
XR2=RANF (0,)

XR3I=RANF (0.)

NCAY=INT (XR22365.) +1

DG 5195 1=1s12

IF (NDAY ,LE. NDM(I)) GO 7@ S108
CONTINUE

G0 TO Sl102

MON=T

IF (MON,LE.1) GD TO S196
IDAY=NDAY=ND# (MON=-1)

60 70 5197

IDAY=NDAY

CONTINUE

T=xR3%14,°5.

CALL VECTS

IF (C ,G6T. 0.,0: GO TO 8950Q

. COuNT=0.

a95s¢

5198

297

ISARPRESS A NS KRN

GO TO 202

DENOM=SQRT (BeB-A®A)
ELZ=ATAN2(C+DEROM)

IF (C.GE, .0CS: GO TO S198
ITI(2)=ITT(2) ¢

COUNT=0,

GO TO 200

CALL INTEN(MCN.IDAY,ELZsONI)
DN1=,00315¢DNIEC
COUNT=DNT/UDNI

00 297 I=1+3
UVTUI)=CTEILTeNEI)-STILTPUNIT:
ULEI)=CTILTRUNCT) oSTILTON( )
U2¢1Y=uE(D)

UHV (1) =UE(])

ND1=2

TOrAL ENERGY FALLING ON FIELD

708

TOTEN=TOTEM+COUNT

TOTAL DIRECT NORMAL ENERGY
TOTONI=TOTON[+ONI/C
R2=RANF (0.)

R3=RANF (D)

CSQA=CNS (6,283182R2)
SKNRA=SIN(6,28318°R2)

CALL LIMDR(R3»LIMC+ROERN)
THSR=ROEIN*CSRA i
THSU=ROEINSSNRA

R6=RANF (04)

T7=DANF (04)

1AC=0
COUM1=C0S(~.283:8°R6)

FTN 4.5¢3104

03721777 21.51.16

MNONTE
MONTE
MNANTE
MONTE
MONTE
MONTE
MONTE
MONTE
MNNTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MNNTE
MONTE
MONTE

MONTE

MNNTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

MONTE -

MONTE

MONTE -

MONTE.
MANTFE
MANTE
MONTF
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

116

117.

118
119
120
121
122
123
1264
125
126

127 |
. 128

129
130
131
132

133

134
135
136

137
138
139

140 .

161
162
1643
144
145
146
147
148
1649
150
151
152
153

156 "

155
156
157
158
159
160
161
162
163
164
165
156
157
168
169
170
171
i72

PAGE
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175

180

185

190

195

200

205

210

215

220

225

SUBROUTINE MONTE 74774 OPT=}

8300

FIN 4.5¢4104

COUM2=SIN(6.283182R6)

COUM3=SCRT ((RFIELD*.1°TH) 9#28R7)
XP=CDUM] eCNUM3

YP=COUMZ2eCDUM3

XP=XP=-TDISX

YP=YP-TD]SY

IF (5027 (xPexPeYPeYP) LT+ RCO/2.) GO TO 708
CALL TSHAD(DDBASE+DDTOP+ICOD)

IF (1COD.EN.0) GO TO 8000
ITT(14)=7TT(14) ]

GO TO 200

CALL PTOWER(ND]1+IACsARATIO)
ITT(ND1+1)=ITT(ND1*}1) el
1COLM=TCOLHs ICuy
ICOLS=ICOLS*ICSH
I1COLO=1COLO+IONIT

C ENERGY AWAY FROM MIRRORS (REFLECTANCE INCLUDED)

COLH=COLH+COUNT®IC¥H

C ENERGY OBSCURED RY MIRROR BACKS

COLO=COLO*COUNTRIO4IT

SHACL=SHADL +COUNTCICSH

IF (IFRAM,GT.0) FRSHAD (IFRAM)=FRSHAD (IFRAM) «COUNT
I1F (ND1 ,GE. &) CALL POLMAP(COUNT»CONV.NPP,24ND1)
IF(ND},ENe12) SPPT=SPPTeCOUNT ’
IF(1AC.ES«0) GO TJ 200 .

. EDOTN=COUNT

200

. 7006
- 1004

7005

1802

6004

FOPT=FNPT+EDOTN
AVE=AVE+£DOTN
AENDOTN(IACNX)=AEDDTN(IACINX) ¢EDOTN
CALL TMAD(XCMsYCMyMONsCOUNTINTOT+CONVs2)
FIELD(ICELMeJCELM)SFIELD(ICELMeJCELM) +COUNT
IF(IAC.EN.3) TOPCAV=TO>CAV+COUNT
IF (IAC.EN.3) CALL RNOF (2+DCONM)
IF(IAC.EN.2) FLMAPC(CILAT(2)9+ILONG)=FLMAPC(CILAT(2)+ILONG)*COUNT
CONT INUE -
DNM=1,/FLOAT(IRAYS) -
XDF2R{19NX)=FLOAT (ICOLH)®DNM
DNM2=FLOAT (ICOLS)
DDDS=1./FLOAT{IRAYS+ICOLS)
XDFPR(24+4X)=DNM2°DODS
DNma=FL0aT(1COLO)
XDFPR(3¢44X) =DNMGCDNM
XDFPR {4y NX)SAVESDNM

TOP (NX)=TOPCAV?ONM
D0 7004 MAC=1sIDFL
AENOTN(MACNX)=AEDOTN{(MAC»NX) *DNM
CONTINUE
DO 1802 I1=1+NRUN
TOPC=TOPZ*TOP(])
DO 7005 MAC=1+]1DFL
AFLUX (MAC) =AFLUX (MAC) *AEDOTN(MACs 1)
D0 1802 J=1+4
XMEJ)=XM(J) ¢+ XDFPR(JW 1)
DCONM=,0012CONV/FLOAT(NRUN®IRAYS)
D0 6004 7=1+NN]
DO 6004 3=1+NLONG
FLMAPC(T+J)=FLMAPC(]19J)ODCONM-

03/21/71 21.51.16

* MONTF
MONTE
MONTE
‘MANTE
MONTE

MONTE .

MONTE

" " MONTE

. MANTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTF.
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

173

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

.198
. 199

200
201
202
203
206
205
206
207
208
209
210
211
212
213
214
215
216
217
2ls
219
220
221
222
223
224
225
226
227
228
229
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SUB20UTINE MONTE T4rs76 oPT=1

230

235

240

265

. 250

255

260

265

270

27S

280

285

8102

7006

5PPT = SPPTeDCONM®1000.
AXR=1./FLOAT(NRUN®IRAYS)
D0 8102 1=1.12

DO 8102 .J=1.12

FIELD (T ) =FIELD{I+J) ®KXR
TOPC=TOPCSCONV/FLOAT (NUN}
B0 7006 MAC=1eI10FL

AFLUX (MAC) SAFLUX (MAC) /NRUN
WRITE(6+1820) NRUNsIRAYS

FTN 4.5+410A

1820 FORMAT(/+25X+1SHSTATISTICS “OR ¢14+8H PUNS AT+ [16913H RAYS PER RUNs

1/)
wRITE(641821)

1821 FORMAT(/ +60X910HRR000E000s, 1 HOUTPYT CODE,1QHOOOGRGAOD8,//,]0X,

144HETA1=FRACTION OF FIELD FLUX THAT MIT MIRRCRSs/»10X+
2LO6HETAZ2=REFLECTANCE /910X

349HETA3=FRACTION OF FLUX NO~ OESCURED ON THE WAY OUTs/+1CXNe

SI6HETA4=FRACTION OF FLUX THaT MIT TOWER./910Xy

- 6S2HETAS=FRACTION OF FIELD FEUX THAT HIT CAVITY
7S3HETAR=FRACTION OF FIELD FLUX TMAT HIT THE CAVITY WALLS»/»10Xs
RS2HETA7=FRACTION OF FIELD FLU» THAT WAS IN TOWER SHADOW./)

WRITZ(6+9001)

/910Xy

9001 FDPMHT(//010X03QHEFLUX1 =TOTEL FLUX ON FIELD IN KWH «/910Xs

2799

14DHEFLUX2=TOTAL FLUX ON MIRFORS IN KwH . +/+10Xs
242HEFLUX3=TOTAL FLUX LEAVING MIRRORS IN' KwH W /910Xy
ASSHEFLUXGSTOTAL FLUX CLEANLY AWAY FROM “IELD IN KwH
13IHEFLUXS=TOTAL FLUX ON POWER TOWER IN XWHs/910Xe
237HEFLUXA=FLUX ON CAVITY DIFFUSER IN KW-s/+10Xy
TILHEFLUX7=FLUX ON CAVITY WALLS IN KWHs/110Xs
83THEFLYXA=FLUX ON CAVITY CEILING IN K¥H./)
WRITE(6+2799)

FORMAT(/+10X+2BHN1=RAYS DRAWN 3EFORE SUNRISEs/+10X»
138HN2=RAYS DRAWN WHEN TAS SUN WAS TOO LOWe/+10Xe
237HN3I=RAYS DRAWN THAT HIT THZ DPEN FIELBs/+10Xs

v/’lBX'

34T4NL=QAYS WHICH HIT MIRROR 3UF WERE LOST IN SPACEs/+10X,

44IMNS=RAYS DRAWN THAT WERE B_ODCKED IN OMBLGTKS+/910Xe

S3I6HNE=RAYS THAT WERE ORSCURED [N OFFBLOCK+/v10Xs

A3ZHNT=RAYS WHICH HIT CawlTY OIFFUSFR./,IOX-

723HNE=RAYS WHICH HIT WALLS</»10Xy»

R2ZHNI=RAYS WHICH HIT ROOF+/+:024

Q2€HN10=RAYS WHICH MISSED  HIGH+ 110X

13FHN11=RAYS WHICH MISSED ACROSS THE FROMTe/910Xs

125HN12=RAYS WHICH MISSED LOW-/110X,

227HN13=RAYS WHICH HIT. SUPPOR™S,/+10Xs

335HN14=RAYS WHICH WERE IN THE TCWER SHACOWs/9+10X»

031HN1S=RAYS WHICH WHISTLED THROUGH+/+10Xs

4634N16=RAYS WHICH FRAME SHADOWFD ON SAME HELIOs/+10Xs

S44HN1T7=RAYS WHICH FRAME SHADOWED ON OTHER HELIOe/+10Xe
h42HN1B=RAYS WHICH FPAME BLCCFEC ON SAME HELIO+/+10Xe
763I4N19=RAYS WHICH FRAME SLOCrEC ON OTHER HELIO)
ETA(7)=FLOST{ITT(16))/FLOAT (MRUNSIRAYS=ITT(1)=ITT(2))

C HIT RECEIVER

XM{6)=AF1L UX (1) oCONV

XM(7)=aF) UX{2)eCONYV

ENDRTH = 0,0

ESOUTH = 0.0
XMINI=TOTONISOINTVOYFRAC/NTOT
XM{8)=TOPC

93/21/77

MONTE
MONTE
MONTE
MNONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MANTE
MONTE
MONTE
MONTE
MONTE
1ONTE
YONTE
UMONTE
MONTE
MONTE
UONTE
MONTE

MONTE.

MANTE
MONTE
MONTF
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MINTE
MONTE
MINTE
MONTE
MONTE

_ MONTE

MONTE
MONTE
MaNTE
MaANTE
HMONTE
HMONTE
MONTE
MCNTE
HCNTE
MCNTE
MCNTE
MCNTE
MONTE

21,51,.16

230
231
232
233
234
235
236
237
238
239
260
261
242
263
264
245
246
267
© 248
. 249
250
251
252
253
254
255
256
257
258
259
260
261
262"
263
264
265
266
267
268
269
270
271
272
273
274
275
- 276
217
278
279
280
261
282
283
284
285
286
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29¢

‘295

300

305

310

315

320

325

SUBROUTINE MONTF 14,146 opt=i

C

Ceoo0aaFQSHAD (1) =ENERGY LOST FROM FRAME SHADOWS

XM(1)=TOTEN®CONV/NTOT

XM (2)=EN-MOCONV/NTO™

XM (3)=CO1 H2CONV/NTD™
XMBLOC=COLN®CONV/NTOT
XMSHAD=SHANL ¢« CONV/FILOATINTOT)
XM(S)=FOPTaCONV/NTOT
FRSHAD(1)=FRSHAD(]) *CONV/FLOAT(NTOT) .
FRSHAD (2)=FRSHAD (2} #CONV/FLOAT (NTOT)
FRSHAD (3)=FRSHAD (3) *CONV/FLOAT (NTOT)
FHSHAD (4)=FRSHAD (6) *CONV/FLOAT (NTOT)

FIN 4:5+4104

Cooooso0ON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACETY

c

CeaenaasFRSHAD(2) sENERGY LNST FROM FRAME SHADOWS ON HELIOSTATS
OTHER THAN THE ONE wHICH CONTAINS THE HIT FACET

c

C . . -
Ceon00oFRSHADIA) =ENERGY LIST FOOM FRAME BLOCKS ON THE SAME

C
C

HELIOSTAT WHICH CONTAINS THE MIT FACET

C#00000FRSHAD (6) =ENERGY LIST FROM FRAME BLOCKS ON HELIOSTAYS
OTHER THAN' THE ONE WHICH CONTAINS THE HIT FACET

“C
c

23200

3201
8202

B103

330,

335

360

100S
1006
1007
1008
2001

2002

XM (4)=XM(3)y=-XMBLOC
XMABBE=XM(6) =XM4(5)
XMREFL=XM(2)=Xu(3)
ETA(1)=xM(2)/X4(])
ETA(2)=1,0-XMREFL/XM(2)
ETA(3)=1,0-XMBLOC/XM(3)
ETA(4) =] ,0-XMARBE/XM{4)
ETA(S)=XM(S)/Xu4(])
ETA(6)=XM(7)/XM(])

PO B202 1=1,10

D0 8200 J = 145

ENODRTH = EMORTH ¢ FIELD(IsJ)

DO 8201 ) = 6510
ESNUTH = ESOUTH « FIELD(IsJ)
CONTINUE

ENORTH = ENORTHe0,0012CONV
ESQUTH = ESQUTHe0,0012CONV
XXR=e0010CONV/{,09290wCELLOWCELL)
DO 8103 1=1412

00" 8103 )=1,12
FIELD(Ls N =FTELD(IsJ) 2XXR
WRITE(6+1005) (191=1,7)
FORMAT(/410XeT(4XsZHETASIL))
WdRITE(6+1006) (ETA(TI)oI=1s7)
FORMAT(10X+14FR,S)

WRITE(601007) (JeJ=14+8)

FORPMAT (/4B (IXsSHEFLUXsI1) e /)
WRITE (6.1008) (XM:11)91=148)
FORMAT (9F15.6)

FORMAT (/41CXe9(3XsiHNsI1)s10(3Xe1HNsI2))
WRITE(A+20r]) (1e1=1019)
WRITE(642002) (ITT 1)e1=1919)
FORMAT(10X+9154101¢47/)

C CALCHLATE HOYRS OF SUNSHINE. IN THE YEAR

037217717 21:51:16

MONTE
MONTF
MONTE
MNNTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

MONTE

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
" MONTE
MONTE
MONTE
MONTE
MONTE.
MONTE,
MONTE
MONTE
MONTE
MONTE
MONTE,
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

MONTE |

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE,
MONTE

287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

‘313

314
315
316
317
318
319
320
321
322
323
326
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
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SUBROUTINE MONTE 74776 OPT=1 FYN 4,5+4108

345

350

355

360

370

3715

380

385

390

39S

HOURS=DINTVSYFRAC®(]1.0-FLOAT(ITT (1)) /FLOATINTOT))
WRITE(647002)

7002 FORMAT (141)

1
1

‘s

10

5
1

21

WRITE (6.15)

FORMAT (///+20X920HTINME INTEGRATICN RUNW.//)
WRITE(6+11) HOURS

FORMAT (/415X 9 31HHOURS OF SUNSHINE IN THE YEAR =9F10.19/)
AFTELD=DFLPAD®23. 16159

NHITM=NTAT-ITT (1) =ITT(2)
AREAM=NCOL*NHF # 0o WFVv©0.0929"

EPM(1)=(YM(2) *XMSHAD+FRSHAD (1) »FRSHAD (2:) /AREAM
DO 21 1=29S .
EPM(I)=Xul])/AREAM ’
EPM(6)=EPM(5)®0,9

TE1SEPM (1) /XMDN]

TE2=EPM(4) /XMDN1

WRITE(6+27) AREAMyXMDNI

27 FORMAT(/,9Xs18HACTUAL MIRROR AREA»10Xs2CHOIRECT NORMAL ENERGY.

B /e15XeF12.4418X9F12.4)
WRITE(6+423) (EPM(I)e1=146)

23 FORMAT (//+23Xe26HENERGY (KWH: PER SQ. METERs

1/7920X910HUSHANOWED s 10XeF 12090
2/7+20X 9 BHSHADOWED 112X 9F 1244
3/920Xe14<LEAVING MIRROR16XeF 2.4y
2/920X912HCLEANLY AWAY8X9F1l2,44
57420X9134THRU APERTURE+TXsF 12244

A/920XsBHABSORBED 12X +F 12,43
WRITE(6424) TE1sTER

24 FOOMAT (//+15X919HTRACKING EFFICIENCYs2X 9 12H(UNSHADOWED) 9 72y

2F10.49/936X914H(CLEANLY AWAY 95Xs710.4)
WRITE (645)

03/21/77

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE~
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE,
MONTE
MONTE
MNONTE
MONTE
MONTE

FORMAT ( /91 1Xs94NUMBER OF - 524 7<4SUPPORT » 7X » 6HKWH 0N0/vl¢X'8HSUPP MONTE

TORTSe+7XeSHAIDTHo4X s BHSUPPORTS)
WRITE(6910) NSUPsSWeSPRT

FORMAT (/410Xe110+F12.1+E12.3:
WRITE(6+R010) (IPLAN(IPYIP=]e7)

R010 FORMAT (//+36X+20+4HELIOSTAT FRAME HITSe//920Xs9HTOP FRAMEw4X,

F4 l)HSIbE FRAMES +4X s 12HCROSS FRAMES+4X s 12HBOTTOM FRAME?® /922X
3 13¢9XeI363XeI13e5K03(13s2X) s€Ral3
WRITE(6+3150) FRSHAD(1) sFRSHED42) +FRSHAD(3) »FRSHAD (&)

MONTE
MONTE
MONTE
MNNTE
MONTE
MANTE
MONTE
MONTE

3150 FORMAT (//+60X92THENERGY LOST GN FRAME TN KwHe//e2B8Xe12HFRAME SHADO MONTE

*HvZBXv]lHFRAﬁE BLOCK s/ +16Xs 1ZHCN SAME MELIO97X,s
L13HON DIFF HELIO»7X¢13HON SAME HELIO»7X+13HON DIFF HELIOs+/»
215%X+F12.198X9F12.198XeF12, l¢EXpFl 1)
ARITE(6+7002)
CALL HITFAC{090+0sI9NHF)
XZONE=6,2831852PSHTC(2) @HCAVE0,0929/FLOAT (NLONG*NLATC)
PZONE=1./X70ONE
DO 6402 [=1eNN1
D0 6402 J=1+NLONG

(R

66402 FLMAPC(I1J)=FLMAPC(T,J)®#PZONE

CALL WALILMP(FLMAPCINLONG+NLATC.HCAV)
CALL ROOF (3+DCONM)
WRITE(AeR]104)

8106 FORMAT(///+20Xs

16 THMWH/ SN oM ENERGY MAP OF POWER TOWER MIIROR FIELDs/)
00 8105 =110

MONTE
YONTE
MONTE
AONTE
AONTE
FINAL
F INAL
FINAL
F INAYL
F INAL
MONTF
MONTE
HONTE
MONTE’
HMNNTE
MONTE

21.51.16

344
345
346
347
368
349
350
3s1
as2
353
354
3ss
356
357
3s8
359
360
361
362
363
364
365
366
367
368
369
370
an
372
373
374
3715
376
377
378
379
380
3Bl
382
383
384
385
386
387
388
389
8

9
10
11
12
390
391
392
393
394
- 395
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400

405

410

415

420

425

%30

43S

460

SUBROUTINE MONTE 74776 OPT=)

FTN a.sfuIOA

8105 WRITE(6+8106) (FIELD(LeJ)eI=1911)
8106 FOuvAT(1NnX.11E11.3)

WRITE(A+2203) ENDRTH.ESOUTH

8203 FORMAT(///+10Xs24HNORIH HALF FIELD ENERGY=43X+E]0es4 95Xy

3040

3050

3180

73

43
60
70

65
61

13HMWHe /910X« 24HSOUTH HALF FIELD ENERGY=93XsE10.495Xs3HMWHe///)
CA!LL PoLuAP(c0UNToCOM49NTOT.3vNDl)
STEST=10,E4+30

NMx=121.

I1S=NMX/10

K=9

[STOP=1S

DO 3050 NN=1yNMxX

SMAX=0,0

00 30640 1=1.11

DO 3040 J=1»11

IF(FIELD(IsJ)e GT. SMAXeANDSFIELD(IoJ) el Te STEST) SMAX=FIELD(I+J)
STEST=SMAX

IF(NN.LT.ISTOP) GO TO 3050
ISTOP—ISTOP'IS

=K1

SL(KI-SMAX

CONT INUE

KK=K=1 . ’

WRITE (643180) (SL{(I)sI=1910)
FORMAT (141 4//910X+8HSL ARRAY10E11.5+/)
00 61 U=1,11

DO 73 1I=1,11

10(11=0

DC 70 I=1s11

D0 60 KL=1,KK

KLX=KK=-KL+1
TF(FIELD(I+J)+GToSL(XLX)) GO TO 43
GO TO 70

[10(1)=KLX

CONTENUE -

CONTINUE

WRITE (6965) (I0(IIdsII= lollb
FORMAT (20X+20144//)

CONTINUE

“CALL TMAP(1le91egMONSCOUNTINTOToCONY,»3)

RETURN
END

03721771 21.St.16

MONTE
MONTF
MONTF

MONTE

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE

MONTE

MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
MONTE
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SUSROUTINE PTOWER(NDlsIACsARATIC)
Ceo Tr1S PROGRAM CONTROLS ALL OF THE CALL FOR ALL OF THE HIT TZSTS
C WhICH aRE DONE. FROM IT, PERTs TRIADSs FINDITs MIRRORs AND 400N
C ARE CALLED. )

C ICMu=] 1F A MIRPROR IS HIT.
C ICMH=0 IF A MIRROR IS NOT #1T.
REAL N

COMHON/BEDTST/ZALBLOC IT0DsUHAV2(3) »UAXVZ(3)
COMNON/STRUCT/GAP,dLONuoHSI)E-HTRIQXLTPI9351982oiCROSSoHDUM9IFRAH
o 9HTMIR+HTCROS»WJUCROS

DIMENSTON YOUM(3)+VS1(3)aVS2(3)sVS3I{3)eVS4(3)eV55(3)9VS613)sVvST(3)
COMMON/TABLEZUHV (3) o JAXV(3) sUXVZ(3) sRST(3) s WFVsNHF 9 XDF +WD29WFV2y

1 RHS(3) s OELXsCELY WD ITVaRRB (31 sUAXVP (3) »UXV2PP(3)
2 UTT(3) ¢UNNP {3) 4UXV2P {3}

3 sUMNP (3) +UMNPP (3) oF ¢ ALENSUBEON(3) » 1FOCs» IDRIVE

COMNON/JOKER/URP (3) s USL1 (3) s THSL»PHe THSR» THSU s COUNT » WAVL (20) s DRAD

COMMON /SALL/ DCOL+SCDELT (31 «XPeYPyPAXLIPAX2+D(3)
COMMON/BABA/STHeCTH+SEQeOMEOMSeN (31 sUEL(3) »

1 UN(3)sUS{3)sJA(3)yUR(3)« THETA+MONs TIDAY s SMALR9CAPRYCEC
COMMON /STATS/TP3+TS39.PH3+TPVIPHVIAVESsTSVIPAX]IVIPAX1IBIPAN2V.PAX2B
COMMON 7/ JEFF/ UMNS(3) ¢RRS (31 sNSTOPSsAvBeCeSMAXsRFIELDY THe ICMHs

1 CTCSHeIFCoyIHITeICSHZ «NCOL » IHOURWVMINGELZsToTDISXSTCISY,

2 DUMA 3 OUMB » DUMC s UMNNT (3) s UMNN2 (33 »UMN (3} o IOHTIToNLAT

NLONG s TLONG o NLATCoRCCoMPACK s ENHM
COMW)N /CINDEX/- XPCOL s YPCOL«COSA- COSBOS_DUMO'CELL’ICELL'JCELL'

1 XCQAVOYCSAV'XLVOVCHtICELH%JCELM
COMMIN/SUPPT/DELTMs THESeXSEC s APH~SW s NSU2 ¢RCONE + THECON e HTOT
COMMON/TILTED/TTILTAUVTI3) oL 1(3)«U2(3} st APMAXsWAPMINVOFFSET
COMMON/CAVITY/SEPsDD1+DD2¢RCIF ¢HDIFsHCAJ9HSWTC (2) +sRSWIC(2) o

oCILAT(2)4CAVLAT(2+21) s AIMHGT .
COMHDN/7OE/CTAZTOSTAZT'CTELTQlFOCUS'STE T+UTARG(3) yDTARG(3)
CUMA=-A
puMB=-8
ouUMC=C .

SMAX=DCOL®SURT(1.=CeC)/C
1CMH=0

ICSH=0

INKIT=9Q

S 1FC=1

CALL FINDITIND]4IFVHS) _
IF(ICMH.6T.0) GO TO 2112
RETURN
2172 TITHL=TAN(THSReDRAD)
TITHL=TAN(THSUSDRAD)
DUM2=SNRT (14 ¢ TOTHLOTOTHL « TDTHUSTDTHU)
DY 1983 =13 ’
1983 URP (I)==(TDTHLOUMNN] (1) « TDTHU®UMNNZ (1) =LR(I)) /DUM2 -
cacL TRIADS(NoUMNSvUAxv-UHV'lxvzoJBEDN)
CALL PERT3(IFVHS)
CTT=COTER (URP s UNNP)
SN=SCRT{1,-CTTeCTT) -
XCTT=SN/CTT
THHORM=ATAN (XCTT) /DRAD
EMHM=2NHM s COUNT
CALL “IPROR (THNORMsREF)
- COUNT=COINToREF

SUBROUT INE- PTCWER Tas7a  opt=1 FIN 4.5¢410A 23721777
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SUHROUTINE PTOWER  74/74  OPT=l FIN 4.5°410A
DUM3= -XCM
DUM4=Y(CM:
DUMS=TH=_54DCOL

DO 1984 t=1+3
USI(1)==2.2CTTOUNNP (1} «URP (1)

03721777

PTOWER
PTOWER
PTOWER
PTOWER
PTOWER

1984 D(1)= DUMB“JE(I)-DU%A°UN(I)‘DUMS’N(I)‘SCDELT(I)“N(I)°SCDELT(2)'UE(I PTOWER

200

30

20

100

10

1) *SCOELT(3)©UN(I)=RRS (1) +SEPC0,52 (N(I)=-UVT(]))
ARATIO=DOTER (URPsN) /DOTER (UMNSURP)

CALL ONBLOCK(IBLOC;IFVHS.ALBLOC)

1¢CnD=3 .

00 200 .1=1,3

YDuM(I)-(ALEN/Z.-FLOAT rrvus -1)eXDF)oUHV(I)
VS1 (1) ==%H5(]1)=YDUM(I) -HTMIRLPUBEDN(I)
VS2(1)=VS] (1) «wWDUMPUAXV (1) -WSIDE®0.SCUBEDN(I)
VS3(I}=VS1(1)-WOUMBUAXY (1) =WSIDE®0.S*UBEDON(T)
VS4(I)=VS1(I)=HTCRIS®0.S2UBEDN(])
VSS(I)=VS&(I)=XDF eUHV(I)

VS6(I1)=VS4(l) « XDFeyHV(I)

VS7(I)=vgl(I) = HTCROS®UBEDN(I)

CALL FRAME (VS1,VS29VS3+VS49VSSeVS69VSTHALFRAM JK9MyALBLOC)
1IF(IFRAM,EN.0+AND.IBLOC.EQ.0) GO TO 100
IF(IFRAM . EQ.0.AND.IBLOC.EQ.1) GO TO 20

IF (IFRAM_EQ.1.AND.IRLOC.EQ.0) GO TO 30

IF (ALBLOC.LE.ALFRAM) GO TO 20

18LOC=0

1FRAM=3

ND1=17

I0OHIT=1

RETURN

1BL0C=1

1FRAM=0

T0HIT=1

ND1=4

CALL HITFAC(IFVHSoIFV-NDXoZoNHF)

RE TURN

DUM=.52DCOL-DOTER(NyRRS)

DUMC=DOTER(N+USI)

DUMA=DQTER (UN#US1)

DUMB=DOTER(VEUS])

SMAX= DUM@SORT(l.-DUMC“DUMC)/DUMC
B1=DOTER (UE +RRS)

Al=DOTER (UNsRRS)

XP=XCMeB]

YP=YCM+A}

IFc=2

104IT=0

CALL FINDIT(ND]sIFVHS)

IF (IOHIT,ER.0) GO TO 10

CALL HITFAC(IFVHSsIFVIND1s2eNHF)

RE TURN

CALL MONN(ND1+IAC)

CALL HITrAC(IFVHS-IFVvNDloZvNHF)

PETURN

END

PTOWER
PTOWER
* PTOWER
PTOWFR
PTOWER
PTOWER
PTOWFR
PTOWER
PTOWER
PTOWER
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PTOWER
PTOWER
PTOWER
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PTOWER
PTOWER
PTOMWER
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SUBROUTINE PERT3’
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OO0 000

[N e

1

2

3

74776 OPT=] FTN 4,5:4104A

SUBSOUTINE PERT3I(IFVH)

COMm~ ON/JOKFR/URP(B)’USI(J)vTHSLnPH'THSR-THSU.COUNT.UAVL(20)|DRAD

COM¥ON /8ALL/ DCOLsSCOELT(3) +XPs¥P4sPAX1sPAX2+D(3)

COMMON /JEFF/ UMQS(J)oRRS(3)vNSTOPSvAvaC'SMAXoRFIELDvYHcICHHv
JCSHeIFCyIHIToICSH2eNCOL s IHOURMINSELZ s ToTDISXoTOISY,
DUMASDUMS s OUMCoUMNNL (3 s UMNN2 (3) s UMN(3) o IOHITeNLAT
NLONG+ ILONGsNLATCsRCO«HPACK ) ENHM

COMMON/TABLE/ZUHV (3) yUAXV(3) sUXP213)»RST(I) 9 WFVeNHF s XDF »WD2oWFV2s

RHS(3) «DELXsDELY »WO o IFVe2RB (31 sUAXVP(3) yUXV2PP(3) s
UTT(3) sUNNP(3) »UXV2P(3)
»UMNP (3) yUMNPP (3) o F o ALEN+UBEDH (3) » TFOCH IDRIVE

COMMON /CINDEX/ XPCOLsYPCOLyCOSA+COSBeSLOUMIWCELL« [CELL»JCELL

XCSAVIYCSAVeXCMs YCMy ICEL N JCELM

1
COMMON/TOE/CTAZTsSTAZT+CTELT+IFOCUSSSTELT+UTARG(3)»OTARG(3)

DIMENSION UMNIPP3),FF (3) «UX2IFF 13} +RRT (31 4RB(3)

UHOZ(3)=FIRST AXIS OF MURPHY BEC

UBEDN (3) =NORMAL TO BED FRAME

UAXV?(3) =UAXV(3) WITH FIRST ERFGR ROTATION

UBEDNP (3)=UBEDN(3) WITH FIRST ERAROR ROTATION

UMNPA{3) =My WITH FIRST ERROR RCTATION

UXV22P (3)=yXv2P (3) WITH SECOND ERROR ROTATION

UMNP2(3) =UMNP (3) WITH SECOND ERRGR ROTATION

SGN=3IGN OF UXV2®UHOZ

RRS13)=S4VED VALUE OF VECTOR FROM- HELIGSTAT CENTER TO er POINT

RHS (3] =VALUE OF VECTOR FROM FACEY CENTER TO MIT POINT

RRF13)=vECTOR FROM FRAME CENTER TO HIT POIAT wITH FACETS FLAT
UNNF2(3)=MIKROR NORMAL AT HIT ROINT WITH FACETS IN PLACE
UNNF13)=v]lZROR NORMAL AT HIT PCINT WITH SLOPE ERROR

THIS ROUTINE FINDS THE ROTATIONS REQUIRED FOR TRACKING ERRORSs
FOCUSIMG.TYOE INe AND SLOPE ERRCRS FOR THE MURPMY BED
HELTOSTAT

PH=UNIFORM 0 TO 360

THSL= (NNORMAL) SLOPE ERROR

PAX1:PAX2=TRACKING ERRORS (NORMAL)

DIMENSION UBEDNP (3} s UNNPP(3) s UTTP2 () »UTZPF (3) »UHOZ(3)
DIMENSION FMED(10)sRFZ2(11)

IF CiDUMMY.GT.0) GO TO 23

IF (IFoCuS. EQ-0.0R.]FOCUS 6T.102 50 70 23

IFOOP1=1FOCUS*1

DLTRAD={RFIELD~TOISY=-RCO)/IFOCUS

RFZ(i)=RCO

DO 22 IFL=2s1FOCP1 '

RFZ(IFL)=RFZ(IFL=1) «OLTRAD

22 FUED IFL-1)1=SQRT(THTHe (RFZ(IFLI**2+RFZ(IFL-1)*22)/2,)

c

23

1

SET FOCAL LENGTH EQUAL TO LONGEST PATH WHEN DFOCUS=1

IF (IFoCuS.EQ.1)

FAED (13 =SGRT(THETHe (=TDISY+RFIZLO)#(=TOISY*RFIELD))
10MMY=]2

N0 S I=1.3

UMN( Y =UvNIL]D)

(LAVARSEHLIAS§

IF ((0RIVE .EQ, 2) CALL FDRIVE(UHOZoIFVH)

CPI=COS (PAX1/57.3)

CP2=CO0S(PAX2/57.3)

"SP1=SINIDALLI/5T.3)

SP2=SINIDAX2/57,3)

PERT3.

PERT3
PERT3
PERT3
PERT3
PERT3
PFRT3
PERT]
PERT3
PERT3
PFRT3
PERT3
PERT3
PERT3
PERT3
PERT3
PERT]
PERT3
PERT3
PERT3
PFRT3
PERT3
PERT3
PERT3
PFERT3
PERT3
PERT]
PERT)
PERT3
PERT3
PERY3
PERT3
PERT3
PERTI
PERT]
PERT3
PFRT3
PFRT3
PERT)
PERT3

PERT3 -

PERT3
PERT3
PERT3
PERT3
PERT3
PFRT3
PERT3
PERT3
PFRT3
PFRT)
PFRT3
PFERTY
PFRT3
PERT?
PFRT3
PERT]3
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SUBROUTINE PERT3

OO0

10

15

20

25

74/74  0OPT=i

D2H=DOTER (UXV2,UKOZ)
DMu=DOTED (UMN s UHEDN)

OMH=DOTER (UMNUHDZ)

MAKE FIRST ROTATION (PAX1)
D28=DOTER (11XV2,USEDN)

DO 10 I=1+3 .

UBEONP (1) =CP12UBEDN (1) +SP1oUAXV(])
UAXVP(1)=CP1oUAXV(]}=SPI#UBEDN(I)
UMNP (1) =DMHeUHOZ (1) «+DMBS*UBEDNP (1)
UXV2P (1) =DPHaUHOZ {]) +C2B2UBEDNP (1)
UXV2PP (1) =CP2oUXV22 (1) -UMNP ([)eSP2

T UMNPP (1) =CP29oUMNP (])+UXV2P(I)®5P2

CALL CHECKR(UMNsUAXVUXV2y1CD)
IF(ICO.NE.0) WRITE(6s15)
FORMAT (10X 4 13HUMN UAXV UXV2) -

CALL CHECKS&(UBEDNsUAXWsUSADZs ICD)
IF(ICD.NEL0) WRITE(6+20)
FORMAT (10X« 1SHUBEDN UAXV UHOZ)
CALL CHECKR(UBEDNP+UAXVP4UHOZyICD)
IF(ICO.NE.Q) WRITE(6425)
FORMAT (10X 1 7THUBEDNP UAXVP UHOZ)

- CALL CHECKR(UMNPsUXV2FsUAXVPSICD)

30

3S

40

300

800

IF(ICD.NE.0) WRITE(6+30)
FOQMAT (10X 16HUMNP UXV2P UAXVP)

CALL CHECKR (UBEDNPsUAXLVP4UHOZ»1CD)

IF (ICD.GT.0) wRITE(6435)
FORMAT (10X« 17HUBEDNP UAXVP UHOZ)

CALL CHECKR (UMNPPUXVZPPUAXVP,LICD)
IF(ICO.GT«0) WRITE(6440)
FORMAT (10X 4 18HUMNP® ULVZ2PP UAXVP)
XF=ALEN®0.5= (IFVH=1)#X0DF

CALL TOEIN(XFsCTHETO9STHETO»URV)

00 300 I=1.3

UMNIPP (1) =CTHETORUMNPP (1) +STHETO2UXVZPP(])
UX2IPP(I1)=STHETO®UMNPP (1) «CTHETO®UXV2PP (1)
CALL CHECKY(UMNIPPsUXZ2IPPyUAXVP,ICD)
IF(ICD.GT.0) WRITE(64800)

FORMAT (10Xs21HUMNIPPy UX2IPPsUAXVP )

CHECK UMN aND RHS F0O PERPENDICULARITY

710

L2 X4
aSaa
*8o

900

901

"UTEST=DOTER (UMN4RHS)

IF (ABS(UTEST).GT.0,0@01) WRITE (6+710)
FORMAT (10X926HUMN AND RHS ARE NOT NORMAL)
CALCULATE FACET NORMAL

1FOCUS=0 FNCUS ALL FACETS INDIVIDUALLY '
IFoCUS=1 FOCUS FACETS BY ZONES

IF (IFOCyS.EQ.0) GO TO S00

IF (IFOCUS.GT.10) GO 70 950

GROIST=SORT (XCM#XCM+YCM# YCM)

IFLZ=INT ((GRDIST=RCO)/DLTRAD) +}
FS=FMED(1FLZ)

GO TO 975

CONTINUE

D0 901 I=1.3

FF(I)=DTARG(1)=XFeUHV(])
FT=SORT(NOTER(FF+FF))

FS=SQRY(FTaF T+xXF®XF)

GO TO 975

FIN 6.5+6410A

63/21777.
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PERT3

PFRT3
"PERT3
PFRT3
PFRT3
PFRT3
PERT3
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_SUBROUTINE PERT3

115

‘120

125

130

135

140

145

950
- 975

1000

1100

C «coo

1200

1300

C oeo

T4/T6  OPT=1  FTN 4.54610A

FS=10EL)

CONTINLE -

D0 1000 1=1s3
QB(I)—-RHS(I)’Z.O"S’UMNIPP(I)
RBU=SQRT (DOTER(RBs3B)Y ) -

DO 1100 I=1le3
UNNPP(T+=R3(I1)/RBU

CALCULATE LOCAL FAZET TANGENT
DO 1200 (=193

RRT(D) RHS(I)'DOTE?(RHSOUNHPP)“U“NPP(I)
RRTU=SQRT (DOTER(RRT4RRT))

‘DO 1300 1=1+3

UTTPP(T:=RRT(I)/RRTU
CHECK UTTPP AND UNWPP FOR uonnALACl

~ FNORM=NOTER (UTTPP+UNNPP)

1400
1500

1500
c

85

90

IF (ASGIFNIRM) .GT.0.0001) WRITE {641400) .
FORMAT '10X+30HUTTAP AND UNNPP ARE NOT NGRMAL)
CALL CROSS (UTTPPsUNNPPsUT2PP)

CALL CHECKR(UNNPPUTTPPIUT2PP,ICD}

IF (ICD.6TL.0) WRITE (641600)

FORMAT. 710Xs19HUNNOPPy UTTPP, UTZ2PP)

NOW PUT THZ SLOPE ERROR THSL ONTO uNNPP T0 YIELD UNNP
CSTHSL=CAS{THSL/57.3)

SNTHSL=SIN{THSL/57.3)

CSPH=COS (PH/57.3)

SNPH=SIN(PH/57,3)

DO 85 I=19+3

UNNP(I)-UNMPP(I)°CSTHSL’SNTHSL°(UTTPP(I,°CSPHOUT2PP(I)'SNPH)

TEST = INnTER(UNNPyUNNP)=1.00
IF(ABS(TEST)GT,0. 8001) WRITE(6+90)
FORMAT(10X»11HUNNP IS NOTs2Xs13HA UNIT VECTOR)
RETURN -

-END

03/21/77

PERT3
PFRT3
PERT3
PERT3.
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SUBROUTINE TOEIN T4/s746 oPT=1

FTIN 4.5¢410A

SURROUTIME TOEIN(XFoCTHETOsSTHETOsUHV)

REsL N _

COMMON/BABA/STHsCTHs SEQeOME2OMSsN (3) sUE(3) s

1 UN(37+US(3) «UA(3}9UR(3) s THETA9MON» TDAY + SMALRyCAPRCEQ
COMMON/TOE/CTAZT+STAZT+CTELT» IFOCUSoSTELT+UTARG (3) 9OTARG(3)

DIMENSTION FF(3) sUF (3}sURT (3) sUMNT (3) +UMNTI (3) sUHOZT (3) sUFP(3) s

o UHV(3) s URTP (3) s UMNF €3) sUBEDNT (3) sy UAXVT (3) oUXV2T (3)
C oo FOCUS THE NORMAL
C a® SET TOE-IN VECTOR URT
DO 300 I=1.3
URT(I)=(CTAZT® (~UN(I))~STAZTSUE(I))*CTELT=-STELT2N(I)
300 UMNTIUI)=t0TARG(I)=URT(I)

C oo SET MIRROR NORMAL AND OUTER AXIS VECTOR FOR TOE-IN CALCULATIONS

UMAG=SORT(DOTER (UMNTsUMNT))
00 400 I=1,3
UMNTI (1) =UMNT (1) /7UMAG
400 UHOZT(1)=URV(D)
CALL TRIADS(N9UMNTIqLAXVToUHVvUXVZYoUBEDNToZ)
00 500 I=1.3
500 FF(I)=DTARG(I)=-xFeuHu(])
FMAG=SQRT (DOTER(FF +FF))
DO 600 I=1.3
600 UF(I)=FF (I)/FMAG

C ©9 ROTATE UF AnD URT INTC THE UBEON AND UHV PLANE

CTx=DOTER (UF yUREONT)

STx=DOTER(UF 4UHOZT)

CTxX=DOTER(URT,UBEDNT)

STXX=DOTFR(URT»UHOZT)

DO 700 I=1,3

UFP (1) =UREONT (1) °CTX«UHDZT (1) eSTX
700 URTP(I)=\BEDONT (1) @CTP X+ UHOZT (1) #STXX

C ®® FIND FACET NORMAL

AMAG=SGRT(NOTER(UFPLUFP))
BMAG=SQRT (NOTER(URTPYURTP))
DO 800 I=1.3 .

800 UMNF(I)=yFpP (1) /AMAG=URTP (1) /BMAG
UMAG=SQRT (NOTER (UMNF ¢ UMNF ) )
DO 900 I=1,3

900 UMNF (1)=UMNF (I)/7UMAG
CTHETO=DOTER (UMNF ¢ UMNT])
STHETO=DOTER (UMNF suUXV2T)
RETURN
END

03/21777 21.51.16
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SUBROUTINE

10
15
20
2S
30
3
40

45

FORI

C TH
c IN

101

102

103

106

107

109

111

108

VE 74716 opT=d : FIN 45464104

SURROUTINE FORIVE(UHOZsIFVH)

REAL N

COMMON/BABA/STHyCTHoSEQeOME»OM39N(3) sUE(3)

i UN:3) sUS{319UAI3) 2UR(3) o THITASMONs IDAY s SMALReCAPRYCEQ
COMMON/ZJNKER/URP (33 9US1 (32 s THSL s PHe THSRe THSUs COUNT e WAVL (20 9 DRAL:
COMMON /BALL/ DCOLsSCOELT(3) eXP»YPsPAK1+2AX29D(3)

COMMON /JEFF/ UMNS(3) +RRS(3) sNSTDPSsA+1BsZeSMAXIRFIELD Ty ICMHy

1 TCSHs IFCoIHIToICSH24NCOLs IHOURWMINIELZ s ToTOISKTDISY,

2 DUMA « DUMB o DUMC » UMNN1 €31 s UMNN2 (3) pUMN(3) s IOHIToNLAT»

3 NLONGs ILONGoNLATCoRCO s 4PACK s ENHM

COMMON/TABLE/UHV (3] sUAXV (3) yUXY2(3) sRST (3).9WFVeNHF + XDF 9+ WD2 e WFV2,
1 PHS(3) «DELXsDELY 9y WD IFVeRRI (31 sUAXYP (3) sUXV2PP(3) s

2 UTTE3) sUNNP (3) sUXV2P(3)

3 2UMNP (3) s UMNPP (3) oF +ALEN+UBEDW(3) » IFOC, [ORIVE .

COMMON /CINDEX/ XPCOL9YPCOLsCOSA9COSBSLOUMIWCELL s ICELLJCELLY

1 XCSAVeYCSAV ¢ XCMsYCMo ICZLMe JCELM

1S ROUTINE SETS UP THE TRIAL AT THE HIT FACET CENTER FOR
DEPENDENT FACET DRIVES.

DIMENSION UHOZ(3)9XCC(3) yDUTF {3)+UTF(3) s JTFPR(3) sURPR(3) s UMNF ()
DIMENSION UMNDUM(3) ¢AIMP(3)

00 101 I=1,3

XCC(1)=(ALEN/Z .= (FLOAT (IFVH=1) 1 =XDF } *UHOZ (1)

CALL A]MDP(XCMyYCMs24AIMP)

DO 102 J=1,3

DUTF {J1==XCC{J)=XCH*UE (J) =YCMEYN (J} ¢ (TH=(DCOL/2.0) ) ON(J) +AIMP (U}

AMAG=SQT(DOTER(DUTF4DUTF)) -
D0 103 <=1.3

UTF (K) =DUTF (K} Z7AMAS

DO 1066 _=1,3

UTFPRIL) = KOOTER(UBEDNvUTF))°UBEDM(LIO(DOIER(UHOZoUTF))OLHOZ(L)
URPR{L)=(DOTER(UBEDNUR) ) 2UBEDN () ¢ (DOTEI(UHOZ s UR) ) #UHOZ (L)
AMAG1=S2RT (DOTER (URPRsURPR))
AMAG2=32RT (DOTER(UTFPRSUTFPR))

[v]) 107 M=1.3-

UMNF {My==URPR (M) ZAMAGL +UTFPR (M) /AMAG2
00 109 I=1.3

UMNDUMIT)=-UR(T) *UTF (]}

CONTIMNuZ
AMAG3=S2RT(DOTER (UMNDUMs UMNDUM Y )

D0 111 1=1,3

UMNDUM 1 1) =UMNDUM (T } /AMAG]

CONTINUE

AMAG=SART {DOTER (UMNF 2 UMNF ) )

DO 108.1=1.3

UMN (1) =JuNF (1) /AMAS

CALL CPDSS(UAXVeUMNyUXV2)

RETURN

EMD

03/21/77 2145116
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SUBROUTINE FINDIT - T4/74 oPT=1

10

15

20

25

30

as

40

4S

S0

SS

OO0

FTIN 4.5+410A

SUBROUTINE FINDIT(ND1sIFVHS)
Coe THIS ROUTINE FINDS THE LIST OF MIRRORS WHICH A RAY FROM THE SUN
C COJLD POSSIBLY HAVE HIT. IT ALSO FINDS THE LIST OF MIRRORS wHICH
C A FFLECTED RAY COULD 20SSIBLY HIT, FROM IT RINDXs INHIT» AND
C OFFRLOC ARE CALLED. '
QRTAL N )
. COMMON/BABA/STHeCTHeSEQsOMEsOMSsN(3) »UE(3) o
1 UN(3) sUS(3) oA (3) sUR(3) s THETA9MONs IDAY s SMALRsCAPRCEQ
COMMON/TABLE/ZUHV :3) yUAXV{3) sUXVZ2(3) sRST(3) yWFVsNHF s XDF sWD2 9 WF V25
1 RHS (33 sDELR9DELY+WO IFVIRRB(3) sUAXVP {3) +UXV2PP({3) s
2 QTT(J)oUNNP(3)|UXV2P(3)
3 JUMNP (3) +UMNPP (3) o F s ALEN9UBEDN (3) s IFOC IDRIVE
COMMON / JEFF/ UMNS (3) sRRS(3) «NSTOPSsAs8sCoSMAXIRFIELD* THe ICMH,
1 CQH'IFC!I*ITOICSHZ-NCOLOlﬂOURvM]NQELZ'T'TDISX»TDISY'
2 DUMA s DUMB » DUMC s UMNNI (3) s UMNNZ (3) yUMN (3) » IOHITsNLAT»
3 NLONG ILONGsNLATC9RCOINPACK s ENHM
COMMON /BALL/ DCOLsSCDELT (3) 1 XPoYPPAX1sPAX2sD(3)

COMMON /CINDEX/ XPCOLsYPCOLsCOSAsCOSBsSLOUMWCELL+ICELLeJCELL Y
1 XCSAVIYCSAVeXCMeYCMe ICELMUCELM
COMMON/STRUCT/GAP + WLONGIWSIDE+WTRI s XLTRI 981982y

o ‘WCROSS+WOUMe IFRAMYHTMIR «HTCRUS »WICROS
COMMON/BEDTST/ALBLOC ICUDsUHV2 (3) 92 UAXV2(])

DIMENSION VvS11(3)1VS52(3)9VS53(3), VSQ(J)-VSS(3)9VSD(J)vVS7(3)
DIMENSION XSAV(2() sYSAV(20) s+ ICELS(20) » JCELS(20) »UHVS(3)
DIMENSION YOUM(3}sXDUM(3)

ICMK=1 IF MIRROR WAS HIT
ICMH=0 IF NO MIRROR WAS HIT
1cSH= NUUM3ER OF MIRRORS
HIT AFTER FIRST HIT. IF
NUMBER OF SHADONS
UMNS  UNIT NORMAL OF THE
FIRST MIRRCR HIT
RRS VECTNR*FROM MIRROR
CENTER TO HIT POINT ON
MIRRORy NONE UNIT
(IIMyJIM) INDEXS OF HIT MIRROR
CHECK END POINTS OF S
START POIMT FIRST
IF(IFC.LT.2) GO 10 1976
XPCOL=XP
YPCOL=YP
XSSS=XCM
YSSS=YCM
GO TO 897S

1974 XPCOL=xP
YPCOL=YP
c0sa=0,
€osn=0,
sLhuM=9Q,
CALL RINDX

XSav(1)=xCSAV
YSav(ly=vCSAvV
ICELS(1) =ICELL
JCFLS (1) =JCELL

03/21777

FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT

FINDIT

FINDIT
FINDIT

FINDIT-

FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT

FINDIT

FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIY
FINDIT
FINDIT
FINDIT

FINDIT

FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT

21.51.16
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SUBROUTINE FINDIT T4s76 IPY=1

60

65

70

75

80.

85

90

95

100

105

110

B97S
[~

O0O0ON O

45

S0

XS58S=XCSav
.YSSS=YCSAV
ICONT=1
SECIND END POINT
cosa=DuMa
€osB=0uyMs
SLDUMESMAX
CALL RINDX
XSAVK2)=xCSAV
¥S5AV12)=YCSAV
ICEL5(2) =ICELL
JCEL3(2)=JCELL
MAKE TESTS
TESTI=ABS (XSAV(21-XSSS)
TEST2=ABS(YSAV (21 ~YSSS)
IF(TESTI.GT.0.001l) GO TD 40
IF(TEST2.6T+0.00L) GO TD 40
IF(IFC.EN.1) GO TO SO
IOHIT=0
RETURN
AT THIS POINT START AND END ARE
THE SAME MIRROR CALL INMIT
END POINT AND START PDINT
DIFFER AY MORE THAN ONZ TEST
IN BETWEEN -
NSTD=NSTOPS-]
ONM=FLOAT(NSTO}
DO 45 K=1sNSTO
SLOUM=SMAXeFLOAT IK) /DN™!
CALL RINDX .
TEST_=ABS{XSSS=-XCSAV)

TEST2=ABS(YSSS-YCSAV)

FIN 6.540104

IF (TEST1 LT, 0.001 .AND, TESY¥2 .LT. 0.001) 60 TO 45

XS§S=XCSAV

YS4S=YCSAV
ICONT=TCANT ]
XSAVIICONT)=XCSAY
YSAVIICONT)=YCSAY
ICELSC(ICONT)=ICELL
JCELS(ICONT)=JCELL
CONTINUE

IF(IFC.ENn.2) GO ~0 2001

ALL POSSISLE HI™S MAVE BEEN FOUND

NOw CALL INHIT TO TEST .
ICSH=0

IFRAM=Q

ICSH2=0

ICMH=0

D0 100 Isi.ICONT
XC=XSAV(1)

.YC=YSAV(])

DMNH=SQRT (XC®XCGeTYCOYC)
DO S KI=1s3 i

UHV (KT} = (YCOUE (K] ) =XCoYN (K1) ) JOMNH '

ISCEL=ICELSIT)
JSCEL=JCELSAD)
IF ().CSAV ,GT. (%,*TH)} GO TO 100

03,21/77 21.51.16

FINDIT
FINDIT
SFINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINOITY
EINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIY
FINDIT
FINODIY
FINDIY
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT,
FINDIT
FINOLT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDIT
FINDITY
FINDIT
FINDIT
FINDIT
FINDIT

FINDIT .

FINDIT
FINDIT
FINDIT
FINDITY
FINDIT
FINDITY
FINDIT
FINDIT
FINDIT
FINDIT
FINDLY.
FINDIT
FINDIT
FIND]IT
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60
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65
66
67
68

69

70
7
72
73
T4

75 -

76
77
78
79
80
81
82
83
84
8s
86
87

89
90
91
92
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9%
95
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99
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115

120

125

130

135

140

SUBROUTINE FINDIT T4/74 oPT=1

145

150"

155

160

165

C

60

FIN . 4.5¢610A

CALL INHIT(XCoYCoIFVHs ISHADsALMIN)
IF(IKIT,.FQ.0) GO TC 100
IF(ICMH.EQ. 1., 0R. IFSAM.GT.0) ‘G0 TO 70
FOUND FIRST HIT

ND1=3

1CMH=]

ICELM=1SCEL

JCELM=YSCEL

XCM=xC -

yCmu=yC

RHIT=SART (XCeXCeYCUYC)

IFVHS=IFVH

ICSH=ICSHe I[SHAD

DO 60 J=13

RHS (J) =ReB (J)

UHVS (J) =MV D)

UMNS (J)=uMN (D)

RRS (J) = RHS(J)'(ALEN/Z--(FLOAT(IFVH-ID)’XDF)'UHV(J)

M=1

DO 103 .JK=19M

XC=XSAV(JK)

YC=YSAV{JUK)

XS=XxpP

YS=Yp

CALL MIREN(XCeYC)

. DO 107 JR=13

107

113

103

70

100

6

UHV (JB) = (YCOUE (JB) ~XCOUN{JB) ) /SQRT (XCOXC+YCHYC)
CALL- TRIADS (NsUMNyLUAXY s UHV s UXV2 o UBEDN),

DO 113 Ja=1+3

VS1(JB)=(XC-XS)SUEQJB) + (YC-YS)®UN(JB) = DCOL®0.S*N(JB)
6 - HTMIRSUSEDN (JB)

VS2(JB)=vS1 (JB) »WDUMEUAXY (JB) ~WSIDE®D +52UBEON ( JB)
VSI(JB)=VS] (JB) ~WDLMPUAXY (JB) -WSIDE®D.SSUBEDN(JB)
V54 (JB)=vS1(JB) =~ -TCHOS®0.5°UBEDN(JB)
VSS(JB)=yS4 (JB) - NDFOURV(JB)

VS5 (JUB)=ySe (JB) + XDFOUHV(JR)

VST(J8)=yS]1(J8) =~ -TCROSSUBEDN{JB)

CONT INUE .
1C0D=1 .

JKD=JK

MDyM=M

[ 2 |

"CALL FRAME (VSI¢VS21VSIeVSLsVSSeVS6sVSTeALFRAM JKD9MDUMALMIN)

1F (ALFRAM.GT JALMINY IFRAM=0
IF(IFRAM.EQ.0) GO TO 103
ND1=15

1CvH=0

IF(1IFRAM,GT,1) ND1=16
GO TO 10n

CONTINUE

GO 10 100

SECOND &ND SUCCEEDING HITS
ICSH=1CSH*ISHAD! 4
RSHAD=SOIT (XCeXC+YCeYC)

IF (ASS(SHAD-RHIT)I.GT.10.) ICSH2=ICSH24ISHADe]
COMT INUE
DO 6 I=1,3
UHV (T)=uyvsS(])

03721777 21.51.16
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SUBROUTINE FINDIY 7476 OPT=l : FIN 4.5¢410A 937217717 21.51416. '.‘,Abést S e

RETURN FINDIT 173

2001 D0 1973 <L=2+ICONT FINDIT 174
 XC=XSAV (<L) FINDIT 175
17s YC=YSAvV (kL) o FINDIT 176
CALL OFFaLOCI(XCMsYCHMoXCoYCTo IBLOZ+ IFVHS) FINOIT 177
(Cop=& - FINDIT 178
DO 1971 =143 . FINDIT 179 4 :
YOUM(1) = (XC=XCM)OUEL]) ¢ (YC-YCH)*UN(I)? FINDIT 180 ~
180 XOUM(1) = (ALEN/2.-FLOAT (IFVHS~1)2XDF ) UHY(]) . FINDIT 181 .
VS1(1)==qHS () =XDUMITI) ¢ YDUM(] ' =HTMIRSUBEON(IY FINDIT 182
VS2(Ir=vsSl (1) +WOUMBUAXV2(T)=-NSIDE®0.S2UBEDN(I) FINDIT 183
VS3(I)=VS1(1)~WDUMBUAXV2([)-WSIDE®0,SoUBEDN(I) "FINDIT 184
VS4(1)=VQI (I} =HTCROS®0.5°UBEDNL]) . FINDIT 185
18S vsS(I)=vsa(l) - XCFeyHva(l) FINDIT 186
VS6(I)=vsu (1) + XCFeuHV2(I) ; FINDIT 187
"1971 VST(I)=VSl(I) - HTCROSCUBEDNI(?) FINOIT 188
CALL FRAME (VS14VS29¥S3,VSasVSSeVS69VSTsALFRAMe JKeMeALBLOC) - FINDIT 189
IF(IFRAM EN.0.AND,.IBLOC,EQ.0? GO TO 1973 FINDIT 190
190 JF(1FRAM EQ.0.AND.IBLOC.EQs1) GO TO 7000 . FINDIT 191
IF (1IFRAM,EN.1.AND.IBLOC.EQ.0) GO TO 7010 - FINOIY 192
IF (ALBLOC.LE.ALFRAY] GO TO 7000 . ) L FINDIT 193
7010 18LOC=0 : . FINDIT 194
IFRAM=4, : FINDIT 195
195 ND1=18 FINDIT 196
10HIT=] ] FINDIT 197
" RETURN : ~ FINDIT 198
7000 3IBLOC=] » - FINDYT 199
1FRAM=0 . . FINDIT 200
200 ICHIT=1 R FINDIT 201
: ND1=5 ] FINDIT 202
GO TO 1975 . : : FINDIT 203
1973 CONTINUE FINDIT 204
1976 RETURN : FINDITY - 205

205 ' END : " FINDIT 206

9e-4
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SUBROUT INE -TRIADS _74/76 oPT=}

OOO0O0

SUBROUTINE TRIADS (NsUMNSUAXVUHVsUXV23UBEDN)

THIS ROUTINE BUILDS THE TwO

TURNTABLE BASES (NsUMVsUAXV)

AND (UMMoUAXVsUXV2) FROM N

AND UMN.

J.M, HAMMER
REAL N(3)
DIMENSTION UMN{3) sUAXV(3) sUHV (3) sUXV2(3)-
DIMENSION UBEDN(3)

OCTOBER 23+1974

C THFE TwO TRIADS FOR A MU?PHY BED ARE BUILT FROM UMN AND UHV

120

CALL CROSS (UMNsUHVeUAXV)
AMAG=DOTER (UAXVsUAXY)
AMAG=SQRT (AMAG)

DO 120 I=1.3
UAxV(I)—UAxV(I)/AMAG

CALL CROSS (UAXVsUMN,UXV2)
CALL CROSS(UAXVsUJHV+UBEDN)

c FIX SIGN OF REDN

130

084=DOTER (UMN s UBEDN)
SGN=D8M/ABS (DBM) '
DO 130 I=1.3

UBFDN(1)=SGN2UBEDN(I)
RETURN .
END

FTN 4.5%410A

Q3721777

TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TelIANS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIADS
TRIANS

TRIADS

TRIADS
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SUSROUTINE INHIT T4s76  OPY=1
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SUBROUTINE INHIT(XCyYCoIFVHsISHADsALMIN)
THIS SUBROUTINE FINDS THE
HIT PNDINTs IF ANYs ON iLOW
PROFILE HELIOSTAT (ITeJT)
AND WHICH FACIT
JeM, HAMMER
REAL N
DIHMENSION RRIF (3),VC(3)

SEPT. 23+ 1574

COMMON/TABLE/UHV (3) sUAXV €3) sURVZ(3) sRST (30 s WFVoNHF o XDF 1 WD29WFV2s
1 QNS (3) yDELX 9 DELY e WC o IFVeRRB(3) ¢UAXVP (3) sUXKV2PP(3) »

2 UTT (3) sUNNP (3) sUXVZP (3)
3 sUMNP{3) +»UMNPP (3) s Fy ALENIUBECN(3)+ IFOC, IDRIVE
CONMON/BABA/STHICTAsSEQeOME»OFSHN(3) 2UET13D o

1 UNA3) 2US(I)sUAI3)sUR(CII 9 THFETAIMONS IDAY ¢ SMALR2CAPRYCEQ
COMMON /JEFF/ UMNS (3) 9RRS{3) oNSTOPSsArBoeCaSMAKsRFIELD Y THe ICHMHY
1 ICSHeIFCHIHITICTHZoNCOL ITHOUR eMINSELZ9ToTOISXHTDISY,
2 DUMA 4 DUME ¢ DUMC » UMNNT (3) sUMMNN2 (3} o JMN(3) o IOHIT9NLAT,
3

NLONG» ILONG s NLATC RCO sNPACK s ENHM

COMAONZJOKER/URP (31 9US] (30 » THSL oPHo THSR T4SU» COUNT s WAVL (20) +DRAD

FIN 4.5+8104

23721777 21.51.1%

INHIT
INKIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INMIT
INHIT
INHIT
INHIT
IMHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INKIT

CONMON /STATS/TPHsTSBePHB TPVHPHVIAVE 1 TSVIPAXIVePAXIBIPAX2VePAX28 INHIT

COMMON /BALL/ OCOLsSCDELT(3) e XPoYPoPAX]+PAK2sD(3)

UMNI3) UNIT MIRROR NDRMAL

PROYIDED BY CALLING ROUTINE

INsUAXV JUHV) TRIAD IN TURNTABLE

UAXY (3) ‘FACIT ROTATION AXIS

UHV{3) HORIZONTAL IN TURNTABLE

fUMNy UAXV,UXVZ) TRIAD IN FACIT FACE

YXV2(3) VECTOR PERP, TO uaxV IN FACIT PLANE
{ITJM) INDEX OF TURNTABLE TO BE TESTED

{XS.YS) CORDS OF RAY START POINT ON TEST PLANE

UR{3) INCOMING RAY DIRECTION
IHIT HIT CODEs 1 IF HITy O IS NO HIT
1FVH | THE INDEX OF MIT FACET
ALEN LENGTH OF TURNTABLE
]} wIDTH OF TURNTABLE AND
LENGTH OF FACITS
WFV WIDTH OF FACITS
NHF NUMBER OF FACITS
XOF SPACING BETWEEN FACIT CENTERS
RHS(3) VECTOR FRUM FACIT CENTER
OUT TO HIT POINT ON FACIT
1SHAD NUMBER OF SHADOWS CAST
PAYL RAY LENGTH
DELY, EAST WEST ROW SPACINS
DELY MORTH SOUTH ROW SPACING
PST(Y)y VECTOR FRUM ORIGIN TD RAY HIT
IXLaYL 2L START POINT OF REFLECTED FAY
. BUILD BCTH TR1ADS .
CALL MIREN(XCsY(C)
CALL TRIADS(NIUMNyUAXVsUNHY »UXV24+UBEDN)
ONML =DCTER (URsUMN)
INI1=0
IHTE=0
1Fv=-=0
XS=up
¥5=rP

INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INKIT
INHIT
INHIT
INHIT
INMIT
INHIT
INHITY
INHIT
INHIT
INHIT
INHIT
INHLT
INHIT
INHIT
INHIT
INHIT
INHIT
INKIT
INHIT
INHIT
IMHIT
INHIT
INHIT
TYHIT
INHIT
TNHETY
INHIT
INHIT
INHIT
INHIT

PAGE
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60

65

SUBROUTINE INHI

30

40

70

75

80

85

90

65
500

80

T T4rs74 nPT=1

ALMIN=10,E+10 '
SET UP DO LOOP JVER FACITS

DO SCO IFV=14NHF

DO 3C I=]1s1
VC(I1=(X5=XC)®UE (T}« 1YS=YC) SUN (1) =UHY (1) ® (ALEN/2.~
1 (FLCAT(IFV=1))eXDF)4DCOL®N(1)/2.0

ERROS FOUND IN SIGN GF VC(I) 8/12/75  CHANGE SIGN .
VC(I1==Ve(D) :

ALN=OOTER (UMN»VC} /DNVL

DO 40 I=1+3

RRIF (1) =ALNSUR(IT=vCCI)

XVF=DOTEP (UAXV s RRIF)

YVF=DOTEQ(UXV24RRIF) s
IF (ABS(XVF).GT.¥02.08.A8S (YVF) .GT.WFV2) GO TO S00

THIS FACIT WAS HIT, RECORD HIT

IHIT=1

THTS=IHTS+]

[F (ALN.GT.ALMIN) GO TO 500

ALMIN=ALN

RAYL=ALN

DO 65 I=1+3

RRB(I)=  RRIF(I)

IFVH=IFV

CONTINUE

LFV=NHF

ISHAD=THTS~1

N0 80 I=1+3

RST(I)1=XCPUE (1) «YCRUN.(T] sWFV2ON (1) sUHV (1) ® (ALEN/2.~
1 (FLOAT(IFV=1))®XDF)+RHS(I)

XL=DOTER(RSTHUE)

YL=DOTER (RST sUN)

ZL=DOTER(RSTsN)

RE TURN

END

FTN 4.5%410A

037217717 21.5!016

INHIT
INHIT
InHIT

INHIT

INAHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INHIT
INKIT
~ INHIT
INHIT
INHIT
INHIT
INHIT
INKIT
INHIT
INHIT
INHIT
INHIT
T INHIT
INHIT
INHIT
INHIT
INHET
INHIT

.59

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
15
76
77
78
79
80
81
82

PAGE
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30

3S

40

4S

SUBROUTINE ONBLOCK 74776 oPTEL

DOOO0O0

20

30

200

250

1
2
3

1

1
2
3

FIN 0,5+6)0A

SUBROUTINE ONBLOCK (IBLOCy [FVYH,ALBLOC)

COMMON/TABLE/ZUHV (3) s UAXV(3) sUXV2{3) sRST | 3)'HFV9NHF0XDF0H029VFVZQ
RHS (3) sDELX+DELY +WD ¢+ IFV s RRB(3) sUAZVP (3) 9yUXV2PP (3)
WUTT(3) +UNNP (3) yUXV2P (3)

SUMNP 312 UMNPP (3) o F e ALENUBEDN :3) s IFOC+I0RIVE

COMMON,'BABA/STHeCTHsSEQeOMEyOMSNI3) sUE-3)»

UN:3)eUS(3)sUA(3) 9UR(3) s THETASMON JDAY 9 SMALRyCAPRYCEQ
COMMON /JEFF/ UMNS(3) 9RRS13) eNSTOFS+A98:CoSMAXIRFIELD* THy ICMH,
TCSHIFCeIHIToICSH2sNCOL s EHOURHINSELZ» T TOISXsTOISY,
DUMA s DUMB » DUMC o UMMINT (3) ~UMNNZ2 (31 sUMN(3) » JOHITINLAT,
N_ONGs IL ONG ¢ NLATC~RCOsNPACK s ENHM

COMMON /38LL/ DCOLsSCOELT: 3) 2 XP YA sPAX1 1PAX2+D(3)

COMMONL’ JOKER/UPP (3) 4US] (31 s THSL + Pl s THSR 4 THSU» COUNT s WAVL (20) + DRAD

COMMON /STATS/TP3,TSBsPHB- TPVvPHV-AVEvTSVQPAX]VoPAXlePQXZVoPAXZB

THIS RIUTINE FINDS UF ¥S1 IS
BLOCKED ON THE TURNTABLE IT STARTS
FROMN JeM, HAMMER SEPT.2631974

18L0C BLOCKAGE CODE 0 IS NOT BLOCRED
1 ReY. WAS BLOCKED

REAL N

DIMENSTION XC(3)+XCR(3)

ALBLOC=10,E+10

I8L0C=r

DO 200 IFVY=1, NHF

1F (1FV.EN.IFVH) GO TO 200

D0 20 5=1+3

XC(I1=:HV ) ®XDF @ (FLOAT(IFVH=1FV))

XCR(I)=XCI1)=RHS(])

SIDE=DITER (UMNy XC)

IF(SIDE..7,0,0) GO YO 200

AL = DOTER(XCR,UMN)/DOTER(U‘I.UMN)

D0 30 r=1+3

RRA(I) =AL*USI(I)=XIR(I)

XVF=DOTER{QRBsUAXV)

YVF=DOTEQ:RRB+UXV2)

IF (ABSIXVF) .GT . WD2.0R+ABSCYVF) .GT<WFV2) GO TO 200
T4IS FACIYT RLOCKED THE RAY .

18L0C=1

ALBLOC=AL

GO TO 250

CONT INUE

‘TFv=NHF

RETURN
END

03/2177T 21,.51.16

ONBLOCK
. ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK

ONBLOCK®

ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
oNBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK

ONBLOCK

ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
ONBLOCK
. ONBLOCK
ONBLOCK

ONBLOCK |

ONBLOCK
OMBLACK
oNnBLOCK
ONBLOCK
ONBLOCK
ONBLOCK

PAGE
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20

25

30

as

40

4S

50

55

OO OOO0OO00

sUBROUTINE OFFBLOC  74/76¢  bPt=i

10

29

" 30

FIN 6:546104

SUéROUTINE OFFBLOC (XCMsYCMsXCoYCoIBLOCHIFVL)
COMMON/BEDTST/aL BLOC, ICODsUHV2(3) »UAXV2(3)

COMMON/TABLE/UHV (3) ¢ UAXV (3) yUXV2(3) sRST (3) +WFV o NHF ¢ XDF s+ WD2+WFV2 e
1 RHG(3) +DELX»DELY+WOs IFVsRRB (3) yUAXVP (3) sUXV2PP (3)
2 UTT(3) sUNNPL3) yUXV2P (1)

3 sUMNP (3) s UMNPP {31 +F yALENIUBEDN(3) 4 IFOC, IDRIVE
COMMON/BABA/STHyCTHsSEQ+OME»OMSeN(3) sUE(3) s

1 UN(3)sUS(3)}sUA(3)»UR(3) +THETA+MONs IDAY +SMALRICAPR+CEQ
COMMON / JEFF/ UMN3(3) 9RRS(3) +NSTOPS»A9BsCeSMAXIRFIELD Y THe ICMH
1 JCSHIIFCoIHITy ICSH2sNCOL» IHOURIMINCELZ+ T+ TDISXsTDISY,

2 DUMA »DUMB» DUMC o UMNN] (3) s UMNN2 (3) sUMN(3) s TOHIToNLAT,

3 NLONGs ILONGsNLATCoRCO s NPACK 9 ENHM
COMMON/JoKFR/UQP(B)'USl(3)vTHSLoPHoTHSQoTHSUoCOUNT'NAVL(20)-DRAD
COMMON /STATS/TPBsTSSePHByTPVIPHVIAVEsTSVIPAXIVIPAXIBIPAX2V,PAX2B
COMMON /8ALL/ DCOLsSCOELT(3)+XPsYPsPAX]sPAX2+D(3)

THIS ROUTINE FINDS IF A RAY

FROM TUGNTABLE (IlsJ1) IS BLOCKED
BY A FACIT OF (I2,J2)

JeM, HAMMER SEPT. 2641974
IFV] FACIT ON TURNTABLE (I1lsJ1)
FROM WHENCE THE RAY CAME

I18L0OC BLOCKAGE CODE. O NO BLOCK»
1 RAY IS BLOCKED
REAL N
DIMENSION VC(J).VCRH(3).UXVZZ(B)-UMNZ(J)
CALL MIRRN({XCsYC)
ALBLOC=10.E+10
DMMH= SOQT(XC°XC~YC'YC)'
DO 7 I=1.3
UHY2(1)=(YCOUE (1) =XCOUN(I)) /DMNH
CALL TRIAOS(N,uMhoUAXVZoUHVZoUXVZZpUBEDN)
DO 10 I=1.3
UMNZ (1) =UMN(T)
18LOC=0
DO 200 IFV=1yNHF
D0 20 1=1+3
VCIIN=UE(T) P (XC=2CMYSUN(I)®(YC=YCM) + (ALEN/2.0=(FLOAT(IFV=1))
1 exDF)oeunv2 (1) =(ALEN/2.0=(FLOAT(IFV]~ l))'XDF)’UHV(I)
VCRH(I)=vC(I)=RHS(D)
AL= DOTER(VFPHvUMHZ)/DOTER(US]vUMNZ).
DO 30 I=)+3
RRB(I)=AL2US1(])=VCRH(])
XVF=DOTER (RRBsUAXV2)
YVF=DOTEQ (RRBsUXY22)
1F (ABS (XVF) «GT.WB2.0R.ABS(YVF), GT.HFVZ) GO TO 200
THIS FACLT BLOCKED US]

18L0C=}

202
250

ALRLOC=AL
60 10 250
CONTINUE
1Fv=NHF
RETURN
END

OFFBLOC
OFFBLOC
OFFBLOC

OFFBLOC .

OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC

OFFALOC.

OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC

" OFFBLoC

OFFBLOC
OFFBLOC
OFFBLOC
OFFALOC

"OFFBLOC

OFFBLOC

OFFBLOC

OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
0FFBLOC
OFFBLOC

OFF&LOC

OFFBtocC
OFFBLOC
OFFBLOC

‘OFFBLOC

OFFBLOC
OFFBLAC
OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
0FFBLOC
OFFBLOC
OFFBLOC

OFFBLOC

OFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC
oFFBLOC
OFFBLOC
OFFBLOC
OFFBLOC

03/21/77 2151416
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. SUBROUTINE MIRRN Tes76  0OPT=1

" 10

15

20

2s

30,

3s

10

~ 15

5091

SUBROUTINE MIRRN(XC.YI)
REAL N

COMMON/TABLE/UHV(3)-UQXV(J)vUXV2(3)oRST(3loUFVpNHFcXDFoHDZoVFVZ’

1 RHS (3) o DELXsDELY o WD IFVRRB (31 sUAXVI(3) s UXV2PP (3) o
2 UTT(3) sUNNP (3] »UXV2P (3)
3 sUMNP (33 s UMNPP (3) o F o ALENYUSEDN(3) 9 [FOCs I JRIVE
COMMON/RABA/STHsCTHSEQsOMELOMSIN (31 sUE(3)
1 UN(3) sUS(3)eUA(D)» UR(3)QTHETA9HON'[DAK'SHALROCAPQOCEC
COMMON # JEFF/ UMNS(3) »RRS (3D +NSTOP5+A9BsCs SMAX+RFIELDY THa ICMH,
1 JCSHe IFCoI41T»ICSH2ANCOL s [HOURWMINJELZ s ToTOISXsTDISY,
2 YUMA S DMB s DUMC s UMNNL (3) s UMNR2 (3) « UMN(3) s IOHIToNLAT,
3 NLONG ¢ JL.ONGoNLATCoRZOyNPACK ~ENMHM
COMMON /3ALL/ DCOL+SCDELT (31 9 XPoYP9PAX]1+PAX2+D(3)

COMMON/T[LTED/TTILT-U'T(J)le(3)'U213)oUAPMAXoHAPHINoOFFSET
COMMON/CAVITY/SEP,OC1 - DOZ.RDIF.HDIFqHCAV.HSVTC(Z).RSH‘C(Z)v
eCILAT(2),CAVLAT(2+21) +AIMHGT

DINMENSTION AIMP(3)
COMMON/TQE/CTAZToSTAZToCTELToIFOCUS-STELY UTARG(3)-DTARG(3)
REAL MN(3)

RC=.,5eDCoL

YC1=YC

CALL AIMPP(XCeYCle2+A1MP)

DO 10 I=1+3

‘MN(I)-(TH-RC)“N(I)-XC‘UE(I) =YCleUN(L) *SEP*0.S*(N(I)=UVT(I))»
s AIMPI(T)

DTARG(I)=MN(1)

‘ONM = DOTER (MN¢NN)

ONM = SQ2T (ONM)

00 15 1 = 153

UTARG (1) =MN(T) /DNM

MN(I)=MN¢I)/DNM=UR(])

XXR = DOTLER (MNsMN)

XXR=14/SSRT(XXR)

DO S091 [=1+3

UMN () =My (1) #XXR

RETURN

END

FfN{@.SfblOA“ o

MIRRN
MIRRN
MIRRN
MTRRN
MIRRN
MIRRN
MIRRN
MIRRN
MIRRN
MTRRN
MIRRN
MIRRN
MIRRN
MIRRN
MTRRN
MTRRN
MT1RRN
MI1RRN
MIRRN
MIRRN
MIRRN
MIRRN

MIRRN:

MIRRN
MIRRN
MTRRN
MIRRARN
MIRRN

MIRRN -

MIRRN
MEIRRN
MIRRN
MTIRRN
MIRRN
MTRRN
MIRRN
MIRRN
MIRRN

€3/21/17 21.51.16
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SUBROUT INE RINDX 74/76  OPT=1 _ : FTN 4.5¢4104 03/21/77 21.51416 PAGE

1 SUZROUTIVE RINOX - : RINOX 2
Coe THIS ROUTINE FINDS THE CLOSEST HELIOSTAT TO A GIVEN POINT RINDX 3

C xPs YP ON THE TEST PLANE, ) RINDX 4
COMMON /RALL/ DCOLSCOE_T(3)+XPsYPoPAX1sPAX2+D () RINDX S .

S - ’ . RINDX 6
COMMON /JEFF/ UMNS(3) +RRS(3) sNSTOPSsAsBsCeSMAXIRFIELD THe ICMHs RINDX 7

1 ICSHeIFCeIHITs ICSH24NCOL s IMOURIMINSIELZsToTDISXeTDISY RINDX 8

2 DUMA » DUMB9 DUMC s UMNM] (3) s UMNN2 (3) yUMN(3) s IOHIToNLAT, RINDX 9

3 NLANG ILONGoNLATC+RCO s NPACK ¢ ENHM ’ RINDX 10

10 COMMON /CINDEX/ XPCOL s YPCOL+COSA»COSBySLDUMIWCELL 9 ICELL s JCELL RINDX 11
1 XCSAVeYCSAVeXCMeYCMe ICELMe JCELM RINDX 12

COMMON/MAPS/NRZF ¢ NAZZF +NC (25098) +SRAD(250+8) +NPRAD (8) +DEG RTNDX 13

XPD=XPCOL +SLDUMSCOSB ] RINDX 14

YPD=YPCOL +SLDUM®CDSA . RINDX is

15 c THIS ROUTINE WAS CHANGED MARCH 1975 JeM HAMMER GoA SMITH RINDX 16
c FIND MAP CFLL RINDX 17

ICELL=INT ((XPD+RFIELD=-TOISX) /WCELL) *] RINDX 18
 JCELL=INT((RFIELD-YPD=-TDISY)/WCELL)+] - RYINDX 19

IF(ICELLLLT.Y ) ICELL =1 RINDX 20

20 IF(JCELL.LT.1 ) JCELL =1 : RINDX 21
IF(JCELL.GT.10) JCELL = 10 : RINDX 22

IF(ICELL.GT.10) ICELL = 10 ' RINDX 23

o POLAR SPACED FIELD _ RINDX - 24

C ~ PUT TEST PNINT INTO POLAR COORDINATES RINDX 2sS

25 RHIT=SQRT {XPDeXPD+«YPD4YPD) RINDX 26
ANS=ATANZ (XPD+YPD) ’ : . RINDX 27

IF (ANGLLT.0.0) ANG=ANG+2.93.14159 RINOX 28

JZ=INT (ANG/DEG) »1 RINDX 29

: IF (DEG . GT.6.) JZ=1 , " RINDX 30
30 IF(RHIT.GT.RCOY G0 TO 101 ) RINDX 31
IR=1 . RINDX 32

GO TO S6 RINDX 33

101 IR=INT((RHIT- RCO)/(SQAO((NPRAD(JZ)-X)oJZ)-SRAD((NPRAD(JZ)-Z).JZ))) RINOX 36

10 IR=IR+1} RINDX 35

- 35, ) IF(IR.LT, 1) iR=1 RYNOX 36
IF (IR .GE. (NPRAD(JZ)-I)) IR=NPRAD(JZ) -1 RINDX 37

IF (IR.EN. (NPRAD(JZ)~1)) GO TO S6 RINDX a8
IF(RHIT.GT.SRAD(IR*1,J2Z)) GO TO 10 RINDX 39

A c RADIAL ZONE FOUND IS IR . . RINDX 4“0
40 56 RZl-(SPAD(]ROX;JZ)‘SQAD(IR'JZ))/2. RINDX 61
c FIND THE AZIMUTH ZONE RTNDX 42
DELA=DEG/FLOAT(NC(IRsJZ}) : RINDX 43
IZ=INT((ANG=DEG®*FLOAT(JZ=1))/DELA)+1 RINDX G4

- . AZ1=DEGOFLOAT(JZ=1)+DELA®(FLOAT(IZ)=.5) . _RINDX 4S

4S c THE CENTER OF THE HELIOSTAT IN ZONE IR IS ) RINDX 46
XCSAV=RZ1eSIN(AZ]) ) RINDX 47

. YCSAV=RZ12C0S(AZ1) , RINDX 48

N YCSAVP=YCSAV+TDISY RINDX 49
XCSAVP=XCSAV+TDISX : . RINDX S0

50 XMAGP= qout(xcsavp»erAvpoYCSAVPOYCSAVPr . -RINDX Sl
- IF (XMAGP .GT. RFIELD? XCSAV=10.°TH . ] RTNDX 52

RETURN ] RINDX S3

END : ' " RINDX Sa4

gv-d
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SUBROUTINE CROSS

14776 orPT=1

"SUBRCJTINE CROSSIABLC)

OIMENSION A(3) +B(3)4,C(3)

Ct1) = A(2)e2B(3) - A(3)*B(2)
C(2) = =(A(1)9B(3) - A(31*8(1))
C(3) = a(1)eB(2) ~ A(2)*B(1)
RETURN

END

FIN 4.5%4)0A

93721717 21451406

CROSS
CROSS
CROSS
Cr0SS
CRrROSS
CROSS
CROSS

oO~NCRSWN

© PAGE

{
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35
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S0

SS

DOOO0

SUSROUTINE MOON Tar74 oPT=}

500
80

333

10

FIN 445¢410A

SUBROUTINE MOON(ND1+1AC)

THIS SUHQOUTINE CHECXS FOR RECEIVER HITS FOR ANY RAY WHICH
GETS CLEANIY AwWAY FROM THE FIELD. IT CHECKS FOR ENTRY INTO
THE APERTURE SUPPORT HITS AND CYLINDER HITS. IT MAPS ALL

FLUX WHICH HITS CYLINDER WALLS OR THE ROOF,

INTEGER CILAT

REAL N

COMMON /JEFF/ UMNS{2) sRRS{3) sNSTOPS+AsB+sCoSMAXIRFIELD s THy ICMH
1 ICSHIFCyIHET s ICSH24NCOL ¢ THOURWMINVELZ 9 ToTDISXs TOISY,
2 DUMA s DUMB « DUMC s UMNN] (33 s UMNNZ2{3) +UMN(3) s TOHIToNLAT,
3 NLONGs ILONG«NLATCoRCOsNPACK s ENHM
COMMON/BABA/STHsCTHeSEQsOMEsOMIeN(3) 2 UE(3) »
1 UN(332US(3)sUA(3)YsUR(I) y THETASMONS IDAY 4 SMALRCAPRYCEQ
COMMON/JOKFR/URP (3) sUSY (3) o THSL 9PHeTHSR9 THSUsCOUNT ¢ WAVL (20) s DRAD
COMMON /R4LL/ DCOL+SCOELT(3)9XPyYP4PAX]1+PAX29D(I)

COMMON /STATS/TP3,TS53,PHBsTPVPHVIAVE»TSVePAX]1VsPAXIBIPAX2V,PAX28
COMMON/RANDOM/NRUNY 1RANC» I JUMP 4 MODE « ISRANY IRAYS
] ¢IT)oUIONT o 1. IMCDINTVYFRAC
COMMON/CAVITY/SEDvDDIODDZORDIFvHDIFvHVAC'HSVTC(2)ORS"TC(Z)O
1 CILAT(2)+CAVLAT(2521) +AIMHGT
COMMON/CFILING/NAZZ NRZWDTAZ(21)+0RZ(10)+0D3+1ZRs1ZAZ
COMMON/SUPOTZDEL TMe THES ¢ KSEG s APHs SW e NSUP +RCONE » THECON 9 HTOT
COMMON/TILTED/TTILT UVT(3)sUL(3)+U2(3) ¢+ WAPMAXsWAPMIN+OFFSET
COMMON/MOONMP/Z JWrTS s JCORS s JMISHI s JMISLO ¢ JFRONT
DIMENSION TEMPD(3) 9 ASUP(I) sUPH(3)2PVI3) sUPV(3) +RH(3) 40D (3)
DIMENSION VUP(3)+DOP(3) +RTH(3) 4UNA(D)
IF (IAC.LT.7) GO TO 333
CHECK FO® PROPER PIPE DIAMETER,
DEW=2+.8RCOME s (WAPMAKeWAPMIN) O, 5°SIN(TH€CON)
DN=2. 0°(QCONE‘NAPMAK°SIN(THECON)-0 SGSEP°7AN(THEC0N))
I1F (DNGT ,DEW) DEw=DY
IF(DD3.6G5.(1.012(DENOFFSET))) GO TO 80
0D3=1.01«(DEW*OFFSET)
WRITE(A+S00) DOD3
FORMAT (/,10Xs42HINITIAL CAVITY DIAMETER 700 SMALL+RESET TO»
oF10e193X.24FT)
DIST=(WADMAX+WAPMIN) 20,259COS{THECON) +SEP®0.5
VERT=DISTACOS(TTILT) '
HTMIN=WAPMIN®COS (THECON)
ABOT=0,0
RETURN
CONTINUE
 CHECK FO0? HIT ON TrE CONE. -
JWHIS=0
JCORB=0
JMISHI=0
JMISLO=0
JFRONT=0
CALL CON=(ZloZZoALl-ALZ.ANGI.QNGEoICHIT-ZZERO)
1IF (ICHIT,.GT.0) GO TO 10
ND1=10
JFRONT=1
RETURN )
FIND IF THE HIT IS WITHIN APERTURE BOUNDARIES.
IF (AL1.6T.AL2) GO 0 20
IF(Z1.LE,Z7ERO) GO TO 2?1

MOON
MOON
MOON
MOON
MOON
MOON
MNON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MNON
MNON
MOON
MOON
MNON
MOON
MOON
MNON
MOON
MOON
MOON
MNON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON
MOON

‘MOON

MNON
MOON
MOON
MNON
MOON
MOON
MOON
MOON
MNON

MNOON .

MOON

03721777 21.51416
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SUBROUTINE mMOON

60

65

70

75

80

8s

90

8s

100

105

23

20
24

21

22

30

40

S0

c W
60

T4s7%  OPT=1 FTN 64.5%610A

ZH1T=2]

20yT=22

ANG=ANG]

ANGOUT=ANG2

G) TO 30

IF(Z2.LE. ZZERC) 50 T0 22

ZHIT=22

Z0uT=21

ANG=ANG2

AYGOUT=ANGL

G0 70 30

IF(Z22.LE.2Z7EROY GO TO 23

ZH1T=22

ANG=ANG2

20UT=5000.

6C TO 30

IF(Z1.LE,2ZZERO) GO TO 2

Zr17=21

ANG=ANG1

Z2CUT=5000.C

IF(ANG,.GTe3414159) ANG=2.93..4]159-ANG

IF (AMGOUT«GT.3.14159) AMGOU™32,93.14159=-ANGOUT
FIND WIDTH OF APERTURE AT THE SIT ANGLE.
WAPE=WAPUIN .
IF(ANG,L7eZ+09864) WAPE=WAPE-:WAPMAX=WAPMIN) ®(]1.0-ANG*0.,4775)

FIND TOP AAND BOTTOM OF SLANT DISTANCE ALONG THE APERTURE. -
ATOP=waPE*COS (THEZON)

IF(ZHIT.GE.ABOT) 30 TO 40

NDL=11

JMISLO=1

REFTURN

IFIZRIT,LE.ATOF) 60 TO SO

ND1=9

JMSHI=1

RE-URN

IF (1Z0UT.5T.100.} GO TO 62

CHECK FOR A WHISTLE THROJGH

WAD2=WAPMIN

IF {(ANGOUT ,LTe2.0G44) NAPZ=WAI2+ (WAPMAX=WAPMIN] @
1 (1,0-ANGOUTe0,6T%5)

ATCP2=4AP2+CNS (THECON)

1F(ZOUT.GT.ATOPZ) GO TO &0

ND1=14

JW=1S5=)
HISILE THROUGHS ARE NOT ACCOUNTED FDR IN MONTE

RE TURN

CONTINUE

IF A HIT IS FOUNDw CHECK FOR SUPFORT HIT,.

IF CDELTM G «04) THAZS=THESOFLOAT(KSEG)~3.,14159/3.0
IF COELTM LT.0s) THAZ7S=THES®#FLOAT(KSEG=1)~3,14159/3.0
1F (THAZS,LT«0.07 THAZS=THAZS-+6,283185

CTHAZS=C)S (THAZS)

STHAZS=SIN(THAZS)

NO 61 [=1+3

TEMPD(1)=U2(1)eSTHAZS*UL {]) *CTHAZS

ASUR (1) =TEMPDU(T1®(DD1+DDZ) 74.sUVT{I) #SEP/2,.
DO(I)=N(])+sASUP )

03721777 21.51.16
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SUSR0UTINE MDON 74776 OPT=1

oo

C

61

62

63

120

90

33

778

177

81
82

1900
2000

1901

35
53

86

FTN 4.5¢4104A

UPHII)=U21(]1)eCTHAZS=Ul{1)°STHAZS i’
PV(II=TEMPN(])®(DD2=~ DD])/“.‘UVT(I)“SEP/Z.
PPV=SQART (DNTER(PV,PV)}

00 62 I=1+3

UPVI(1)=PY (1) /PPV

CALL CROSS(UPH. UPVsUNA}

CALL CHECKR (UPH,UPVeUNALICOD)

AlL= DOTFR(DﬁoUNA)/DOTER(USlcUNAi

NO 63 1=1+3

RH{I)=AL®US1(I)Y=DD(E)

SWP=2.°DNTER(RHsUPH})

IF (ABS(SWP) +GT,SW) CO To 120

HIT SUPPHRT

ND1=12

JCORB=1

RETURN

CONTINUE

THE RAY IS KNOWN TO HAVE ENTERED THRU THE UPPER APERTURE.
RESET THE D VECTOR TO AXIS OF THE PIPE.

DO 90 I=1.3
D(1)=D(1)*DISTOUVT(]))-OFFSET®UN(I)=-VERTeN(])
CHECK FOR PIPE HIT.

F1QST PASS CHECKS H1TS ON DIFFUSER.

1PASS=2

RCYL=RSWTC(IPASS)

CALL P[Pf(ZloZ?oALl:ALZoANGHlvANGHZvRCVLolCHIT)
IF (ICHIT.NE.O0) GO TO 777

WRITE (6.778) XPeYP+ZHIT+ZOUT+ANG] +ANG29+ANG
FORMAT (?DXQZHXP'lOleHYPQBX'BHZNIToBXv“HZOUTvBXQQHANGIOBXQ
1 4HANG2sIXy3HANGe/9:0X57F12.3)

_CONTINIE :

IF (ICHIT.EN.0) GO TO &S

1F (IPASS . ENe2.AND ALY .LT,AL2) GO TO 81
CILAT(IAC)=NUMAER OF HIIGHT ZONE HIT
ILONG=NUMBER " OF AZIHUTd ZONE HIT

2=71

ANG=ANGH]

GO T0O RR2

2=22

ANG=ANGH?

1F(2Z. GT.(HQHTC(IPASS)‘HTMIN)) GO TO 86

DO 1900 '=]1+NLATC

CHLAT{IPASS) =]

IF(Z2.6F . (CAVLAT(IPASSI) *HTMIN)) GO TO 2000
CONTINUE .
DELANG=2,93. 16159/F10AT(NL0NG)

DO 1901 7=1+NLONG

1LONG=1

1F (ANG,GT« (FLOAT (]~ l)“DELANG) AND . ANG.LE. (FLOAT (1) °DELANG))

«GO 70 87
CONTINUE
I1F 'NO H1TS ARE ENCOUNTEREDs ND1=3
IF (IPASS,.EN.2) RETURN
JPasS=2
GO TO 33
IF (1PASS,EQ.1) GO To 53
HIT CAvITY CEILINGs» FIND ZONE.

0321797 21.51416
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SUBROUTINE MOON

%000

4005

4010
4815

3000

3001

87

T4s74 oPT=1 FTN. 4.54610A

00 4000 I=1+3
VUP(T1=(4SWTCA2) *HIMIN) *R (1)
DDP(I3 = D(I)evUP(])

AL = DJ0TER(DDP4N)/COTER(US]WN)
DO 40CS [=1+3

RTHUIY = AL2USY(I) <D (1) =\VUP(I)

XHIT = ODTER{(RTHJE)
YHIT = DITER(RTHe.JN)
RHIT = SORT(XHITeXHIT+YHITEYHIT)

ANGHIT = ATAN2(XAIT,yNIT)

IF (ANGH!T ,LTen<0) ANGHIT=ANGHIT*2.93.14159
IF (RHIT,GT.RSWTCI2)) WRITE(6+4010)

TESTS = &4BS(DOTERIITHIN )

1F (TESTS.6T.0.001) WRITE(6+4015)

FORMAT (//.5X¢48HHIT VECTOR ON CAVITY CEILING IS LONGER THAN THE o
113HCAVITY QADIUSs/)

FORMAT (/3S5K442HHIT VECTOR ON CAVITY CEILING IS NOT NORMAL »
1184 TO LCCAL VERTICALs/)

MAZZP = ~AZZed

DO 300D T=1+NAZZP"

IF (ANSHIT.GToDTAZ([)+AND.ANGHIT.LT.DTAZ(I+1)) 1ZAZ=I

NRZP = NPZel

DO 3001 }=1s+NRZP

IF (RHIT.GT<DRZ (I3 «AND.RHIT.LT.DRZ(I+1)1 IZR=1

1AC=3 :

ND1=8

RETURN

1AC=1PASS

ND1=SeIAC

RETURN

END
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SUBROUTINE PIPE 26774 oP =1

C

QOO OO0 OOO000

FTIN 4.53410A

SUBROUT INE PIPE(lloZZ;ALl'ALZoANGHlTl'ANGH!TZQRCVLoICHIT)

THIS SUBROUTINE SOLVES FOR THE HIT POIMTS (2) OF A VECTOR WITH A
RIGHT CIRCULAR CYLINDER

REQUIRED INPUTS

US1-UNIT VECTOR TO BE TESTED FOR MITS

D-VECTOR FROM SAME LOCATION IN SPACE AS US1 TO THE BASE OF THE
CYLINDER

RCYL=-RADIUS OF IYLINDER

N-UNIT VECTOR A_ONG THE CYLINDER AXIS

UN-UNIT VECTOR JUN A PLANE NORMAL TO UN

UE-UNIT VFCTOR SUCH THAT NsUNJUE FORM AN ORTHONORMAL TRIAD SET

ouTPUTS
Z1 AND Z2-LENGTHS ALONG CYLINDER AXIS TO THE MIT PLANES
ALLl- AND AL2-SHORTEST AND LONGEST- LENGTHS OF THE HIT VECTOR
tUs1 EXTENDED)
CANGHIT1 ANMD ANGHIT2-ANGLES FROM UN TO THE HIT POINT IN THE
PLANE NORMAL TO N
ICHIT=-COOF FOR HIT TEST.
' 0 FOR MISSING THE CYLINDER
1 FOR HITTING
DIMENSION RHC1 (3) +RHC2(3)
REAL N
COMMON/BABA/STHNCT*qSEO’OHE.OHS;N(3)0UE(3’0
1 Uu(3)0US(3)0UA‘3)'UR(3)O‘HEYAOMONOIDAY'SMALR’CAPR'CEQ .
COMMON/JOKER/URP (3) 4US1(3) s THSL +PHs THSR s THSUs COUNT s WAVL (20) sORAD
COMMON /8ALL/ DCOLsSCOELT(3)sXPeYP4PAX1+PAX2:D(3)

ICHIT=0
DUSN=DOTER (US1sn) -
DDD=DOTEQ(NHD)}
DDN=DOTER(DeN)
DDUS=DOTER(DJUST)
A=1.0/ (DUYSHNODUSNI=1,0
B=2.02D0N/ (DUSNEDUSN) =2, 04DOUS/DUSN
C=DON2DON/ (DUSNCDUSN) =2, O“DDN“DDUS/DUSNODDD-“CYL’RCYL
A2=8e8
FAC=4.0®A%C
ARG=82-~FaC
1IF (ARG,LT.0+0) RETURN
1CHIT=1
HIT CYLINDERs SOLVE FORI HEIGHT
SB2=SQRT (ARG)
Z21=(-8-542)/(2.0°A)
Z22=(=8+5A2)/(2.0°A)

C SOLVE FOR LEMGHT OF HIT VECTORS

AL1=(DNN+Z1) /DUSN

AL2=(DDN+22) 7DUSN -
C SET UP VECTOR TN MIT PLANE NORMAL
C TO axlIs

00 10 1=1+3 .
PHCl(l)-ALl’USl(I)’Zl'N(l) D(I
10 RHC2(1)=2L2°US141)=22°N(1) =D (]}

C SOLVE FOR HIT ANGLFS

X1=DOTER(RECLUZ)

03721717 21351.1%
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SUBROUTINE PIPE’

“100
200

300
400

20 FORMAT(//+10X948HHIT VECTOR FROM CENTER OF CYLINDER & N07 NORMAL- PIPE -

taste  oOPTe} .+ FIN 4544104

X2=DCTER (RHC2+UE)

YI=DOTEP (R~C1+UN)

Y2=DOTER (R2C2sUN)

IF (ARS (X1).GT+0.0001>» GO TO 100

ANGHIT1=).D .

IF(Y1.LT7,.0,0) ANGHITE=3,14159

GO YO 2Co

ANGHIT1=aTAN2(AL1sY])

1F (ABS(%2) ,6T.0.,0001) GO TC 300

ANGHIT2=0,.")

IF(Y2.LT,0,0) ANGHIT2=3.14159

60 TO 400

ANGHIT2=aTaN2(Xx2sY2}

IF (ANGHITI .LTo0.) ANGHITI=ANGHIT]1+2.,0%2,14159
IF (ANGHIT2.LT+0.0) ANSGHIT2SANGHIT2+2. 0'3.1&159
TEST1=DOTE® (RHC] ¢N)

TEST2=00TE@(RHC29N)

IF (ABS(TEST1) eGTe0o001 .OR.ABRS(TEST21.6T.0.001) WRITE(64+20)

1 7HTO AX1S./)
RETURN
END

PIPE
PI?E
PI2E

PI12E.

P1°E
PI°E
PI2E
P1°E
P1°E
P12E
PIPE

PIPE’

P1PE
P1PE
P1PE
PIPE
PIPE
PIPE

PIPE
PIPE
PIPE
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SUBROUTINE LiMDr Tés76  OPI=1 FTN 4544104

SUKROUTINE LIMDR(Y3INsLIMCeROERN)
Ces THIS SUBROJTINE GEWERATES THE INTENSITY DISTRIBUTION OF ENERGY
C ACRNSS THE SURVACE OF TrE SUN. IT HAS 3 DIFFERENT SUN MODES

C LIMc=l FLAT SUuN -
C LIMc=2 SUN WITH LIME DARKENING AND SOLAR RADIATION
C LIMC=3 SUN WITH LIvE DARXKENING

GO TO (21922923)9LINC

21 ROEFN=,26659S0RT (YRN)
RETURN

22° Y=YEN®16.98
I=INT(Y/7.5) + 1
GO TO (3193293311

31 ROEPRN=0.,06408% (Y2® ,4878)
RETURN

32 ROERN=0.010956%Y+0.092413
RETURN

33 IF(Y.0T416.7) GO TO 34
ROFRN=0,353-0.0383452 (SQRT(-193,2-Y2Y+28,28%Y))
RETURN ) : . .

34 ROSRN=0,34R60Y=5,5007
RETURN :

23 Y=YNN®15,94
IF(Y.67.7+) GO TO 41
ROERN=0,064080 (Yo® ,4878)

, RETURN

41 ROERN=,010956%Y+0,092413
RETURN
END

03/21/77 21:51.16
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SUSROUTINE VECTS T4/76  oPT=1

Coe THIS ROUTINE CALCULATES THI SUNS VECTCR UR FOR A GlVEN MONTH' DAi

FTN 4.5°4104

SUQROUTINVE VECTS

C AND TIME OF THE YEAR. ) .

REAL N

COMMON /JEFF/ UHNS(J)oQRS(J)9NSTOPSoA-BoCoSNAXoRFIELD’TH,ICMHQ
1 TCSHoIFCaIHiTo1CSH2oNCOL e IHCURWMINSGELZ 9 To TOISXsTOISY s
2 DUVA-DUM893HML'U1NHI(3)'UMNNZ(3)oUHN(J)vIOHITtNLATo

NLONG» JLONG s NLATC +RCO 2 NPACK #ENHM
CO“"ON /9ALLY/ DCOLO‘CD‘Ln1-)'XPvYP'94lePAX2DD(3)

canON/BABA/STH.CIw-sEa-CME.OMS.NlJ)oUE(J). - ’
UN(J)vUS(J)-UA(B)vUR!JI'THETA-NONolOAY-SHALR-CAPRoCEO
DIMENSION U3}, ITOTD(12)

. EQUIVALENCE (UCL)2UEC]L) )

DATA ITOTD/O'JI0399900120v151|1810219926302730306v336/
ARGZOMS® (FLOAT(1TOVYD(MON) *IDAY=-1) *B,.556)

[+ SUBTWACT OuSSLONGITUDE/360. FROM ARG FIR LONG. CORRECTIUN
C THIS WILL CHANGE THE SUNS POSITICN BY N) MURE THAN 0.2 DEGREES

C THE

10

20
30

1981

1982

ARGW = DMES(T = 12,00 + ARG +OMS®0,5 + 3.141592
PHASE ANGLES IN ARGW INSURE SULAR NQON TIME

SW = SIN(ARGW)

Cw. = COS(ARGW)

N11)=5THeSTQeCTHECEQPCW

NI12)==CTHoSW

N13)=STHeCEQ-CTHOCWOSEQ

UE (1) ==-SwoCEN

UE (2)=-Cu

UE (3)=5WaSFQ

UN(L) = (N(2)°U(3) = N(3)*V2
UN(2) = =(N(1)oUt3) = Ull:*N(3))
UN(3) = (N(1)°u(2) - U(3}*N2))
00 10 I=1+3

UN(T) = =UN(D)

ARG=ARGeOMS®*(T/26,)

US(1)=-CNS(ARG)

US(2)= SIN.LARG)

US(3)=0.

DENOM=0, °

DO 20 I=1.3

UR(I SMALQ'N(I)'CAPE'US(I)

DEWNOM=DENOM+UR(]) #*2

DO 30 =143
UR(I)=UR (1) /SORT (DENDM)

‘A==DOTER (UNsUR)

R==-DOTER (UE sUR}
==DOTER(NUR)

DUNZ=0.

DO 1981 [=1+3

UMNNL (I)=N(1)+COUR(I)
DUM2=DUM2 ¢UMNN] (1) CUMNNL { ]}

DUM2=SORT (NUM2)

DO 1982 1=1+3

UMNN] (1) =UMNNIL (1) /DUM2

CALL CROSS (UMNN] »URyUMNNZ)

RETURN

END

VECTS:
VFCTS:
T VECTS.
VECTS
VFCTS
veCTs
VECTS
VECTS
VECTS

VvVFCIs

VECTS
VFCTS
veCTS
VECTS
VFCTS
VECTS
VECTS
VFCTS
VFCTS
VECTS
VECTS
yFCTS
VECTS
VECTS
- VECTS
VFCTS
vFCTS
veCTs
VECTS
VFCTS
VFCTS
VECTS
VECTS
veCTs
VECTS
VECTS
VECTS
VECTS
VECTS
VFECTS
VECTS
VECTS
VECTS
veCTS
VECTS
VECTS
-~ YECTS

: VFCTS

VECTS
veCrs
VECTS
VFCTS
VECTS
VECTS
VECTS
VECTS
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FUNCTION DOTER

10

SUSROUTINE CHECKR 24,74  OPT=1

74/74  OPT=1’ FIN 4.54410A

FUNCTION DOTER (A,8)
DIMENSION A(3)+B(3)
DOTER=0.

DO 10 1=1+3
DOTER=DOTER+A(])®*B(I)
RETURN o

END-

FIN 4.5¢410A

SUBROUTINE CHECKR (AsB+CsICOD)

C TEST ORTHONOIMALITY OF TRIAD A3C 1COD=0 IF OK =1 OTHERwWISE

10

20
21

DIMENSION A(3)s B(3)s CI3)s ADB(6)
ADB(1)1=DNATER(A+HB)

ADR(2)=D1TER(ALC)

ADR(3)=DOTFR(C.B)

ADB(4)=DCTER(A«A}

ADH (5)=DOTER(B+8)

ADR(6)=DOTER(C+C)

DO 10 1=2+5 :

1IF (ABS(ADB (1)) 6T.0.00001 <AND.I.LE.3) GO TO 20
TEST = ARS(ADB(I) = 1.D)

IF (TEST 6T, 00001 +ANDe 1 .GE. 4) GO TO 20
CONTINRUE

1CND=0

RETURN

1Co0=1

WRITE(6921) (ADB(])yI=14+6) .

FORMAT (//9 10X O9H3AD TRIAD 4/+S5Xe6F10.5)
RETURN

END

03721)77 21.51.16
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SUBROUTINE. RNORM

L 224
bon
ond
L-2-2 -3
X3 -1
aad

10

OoO0OOO0O0

20

SUBROUTINE MIRROR . Ta,T4 OPT=1

Tarsta opT=} FTN 4.5+4]10A

SUBROLTINE RNORMID1+D2)
THIS SUBROUTINE GENERATES PAIRS OF INDEPENDENT
NORMAL RANDOM DEVIATES (MEAN=0+STANDARD DEVIATION=1),
D1 AND D2 ARF NORMALLY DISTRIBUTED ON THE
INTERYAL (~INFy«¢INF),
IT ASSUMES A FUNCTIDN RANF (X) WHICH RETURNS A
RANDOM NiMHER UNIFORMLY DISTRIBUTED CN (010,
X=RANF (0.0)
Y=2,0¢RAMF (0,C)=1,0
XX=X2x
YY=YaYy
SSXXeYY
Y3
IF(5-1,0) 20.,20,10
XL=SQRT (=2,0%ALO0G (RANF(0,9)))/S
Dl=(XX=YY)eXL '
D2=2.0®XaYeXL
RETURN
END

FIN 64.5¢410A

SURROUTINE MIRROR <A_PHAWR)
R=0.90

RETURN

END

03721777 21.51.16

RNORM 2
-RNORM 3
RNORM 4
RNORM S
RNORM 6
RNORM 7
RAORM 8
RNORM 9
RNORM 10
"RNORM 11
RNORM 12
/=RANF (0. 0F
RNORM 14
RNORM 15
RNORM 16
RNORM 17
RNORM 18
RNORM 19
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SUBROUTINE INTEN 74774 OPT=) : FIN 2.558104 03721777 21481416 PAGE

¢-I1-80L07

1 SUSROUTINE INTEN(MON.ICAYsBETA,.DNI) INTEN 2
Co®® THIS ROUTINE CALCULATES THE DIRECT NORMAL INTENSITY FOR THE INTEN 3

C THE GIVEN MONTHs 0AYe AND VIME. INTEN 4

- DIMENSION NOM( 13)9A(14)sB(16) +C(14) INTEN S

S DATA NCM/3193)1e28931¢3C931930931931+30931930+31/ ’ INTEN 6
DATA A/391.’390.1355.0076ov360.o350.0345.034“.0351o'365.v378.v387- INTEN 7

10391493904/ INTEN 8

DATA Bral142+,1629.14649.1569.1809.196902059.2079,2019.177941609.149 INTEN 9

leelé2y,1062/ INTEN 10

10 - DATA CroNS57940589006090719e097101219¢1349.136061229.092+.0739.063 INTEN 11
1++057+,058/ IPJTEN 12

CLEAR=1.00 INTEN 13

JSMONe® JINTEN 14
DEF=FLOAT{IDAY)~21. INTEN 15

15 IF(IDAY.LT.21 ) GO TO | INTEN 16
GO T0 2 INTEN 17

J=J=-1 INTEN 18

NDAE=FLOAT (IDAYSNOM(J) ) =2]. INTEN 19

AINT=(A(Je 1) =A(U) ) Z(FLDATINDM () ) ) 2DAE<A () INTEN 20

20 BINT=(B(J*1)=B()))/(FLDAT(NDM(J)))eDAE+B(J) INTEN 21
CINT=(C(Je1)=C(J})/Z(FLIATINDM(J) ) ) @DAEC () INTEN 22

CALCULATE DIRECT NORMAL INTENSITY INTEN 23
DMI=(AINT/EXP(BINT/SIN(BETA)))*CLEAR INTEN 2u

RETURN INTEN 25

25" END INTEN 26

sG-d



Z-11-60L0%

10

15

20

25

30

3s

40

45

50

SUBROUTINE TSHAD YA oPT=1

OO OO0

FIN 4,54410A

SUSROUTIVE TSHAD(W3ASEWTCP,ICOD) |

REAL N

COMMON,DARYLE/DDTOP 4 DDBASE.
uOMMON/CAVITY/S‘PnDDl9002’RDILQ#DlFoHCAVoHSHTC(Z)’RSHYC(Z)o

1 CILAT2)9€CAVLAT(2+21) «AIMHGT

COMMON /RALL/ DCOL+SCUELT(3) +XPrYP+PAX1sPAX2+0(3)

COMMON,/348BA/STHsCTA9SEQOMZ sOMS N (3) yUE(Z) » .
1 UNcJ).us:a).UAmJ).un(ab.tHE?A.uON.Iocv.SMALR.CAPR.ceo
COMMON s JEFF/ UMNSC3)sRRS(3) oNSTOPSsAeBsCoSMAXIRFIELD Y THy ICMHs
ICSHeIFCosIHIT o ICSH2Z9NCOL~ IHOUHIMENIELZsToTDISX s TDISY,
DUMA « DUNS 9 JUMC s UMNNY (31 1 UMNNZ 13) sUMN(3) » IOKIToNLAT
NLING e ILONG o NLATCoRCO 9 NPACK s ENHM
T5IS ROUTIME FINDS IF THE RAU HIIS THE TOWER BASEV(3) WECTIR FORM
RPAY UR TO THE TOWER BASE
WTOP= WIDTH OF TOWER TOP
WBASE= £ W[DTH OF TOWER BOTTOM
1COD HIW CNDE 0= MISS = HIT
DIMENSICN BASEV(3) «URL(3)9FESII)
DO S I=L.3
5 BASEV([1==XPoUE(I)-YPRUN(]I)
wTOP=DNTOP
w3ASE=DDRASE
1CoD=0
THE TOWER CA™ NO LONGER BE SHIFTED FROM THE CENTER OF THE FIELD
TEST==DOTER (BASEVUR)
IF (TEST.LT.0} RETURN
DURUN==LNTER (URSUN)
DURUE==CHTER (URWUE)
. DEMOM=1.27/SQRT (DURUZ ¢OURVE *JURUNCDURUN)
NORMAL TO THE TEST PLANZ URL
00 10 I= 1.3
10 URJ (1) =(DURUESUE (1) sDURUNSUN (1) ]1*DENOM
AL=-DOTE® (1ASEV,URL 1 /0OTER (URWUF 1}
DO 20 I=ield -
20 RES(I)==4L*UR(1)~BASEV(I])
TEST IF RES IS NORMAL TO UR]
TEST=DOT=R(RES+UR1)
IF (ABS(1EST).GT.0.001) WRITE(6+130) TEST
130 FORMAT (/410X413HP002ERROR®200 45X+ 2IHRES NOT NORMAL TO UR1»SX,SHTES
2T=4,E10.3»
PULL TEST AFTER DEBUG
HX=DOTERFRES+UE)
HY=DOTER {RES »UN)
HOZ=SQRT [HX*HXeHYOHY)
VERT=DOTER(RES»N)
WD=WBASE - (wTOP=-W3ASE)°VERT/TH
wW02=wWD/2.0
IF (VERT.LT.THsSEP+HCAY) RETURN
IF(VERT.GT,.TH) wD2=(DL1+(DD2- DDID’((VERT-YB)/SEP))IZ.
IF(VERT.AT.TH*SEP) WDZ=RSWTC(2)
1IF {(A3s(-D7),.LT.wD2) ICOD=1
RETURN
END

() N e

TSHAD
TSHAD
TSHAD
TSHAD
TSHAD:
TSHAD

TSHAD:

TsHAD
TSHAD
TSHAD
TSHAD

TSHAD®

TQHAN
TsHAD
TSHAD
TSHAD
TSHAD

TSHAD -

TsHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TsHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TsHAD
TSHAD
TSHAD
TSHAD
TSHAD
TsHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD
TSHAD

TSHAD

TSHAD
TSHAD
TSHAD
TSHAD
TsHAD
TSHAD
TSHAD

03/21/77 21.51.16
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SUBROUTINE wALLMP Tersla oPT=1

10

15

2¢

25

30

as

40

45

55

o000

“F

10
20

" 25

45

50

SS

61
60

75
100

62
300

SURROUTINE WALLMP (FLUXsNAZsNHT yHCAV)
COMMON/CETLING/NAZZsNRZ9DTAZ(21)9DRZ(10) sDD3+1ZR1ZA2Z
DIMENSION FLUX(21+36)9DAZ(S0) sHCEL(50) ¢ IFRS{S) ¢+ ISND(5)
DIMENSION AVER(50)+SFTOP(50)+SFBOT(50)

BETH WILLIAMS AND . M HAMMER AUG. 16 1975
IRST SUBSCRIPT HIGHT
SECOND SURSCRIPT IS 2ZZIMOUTH
THIS IS THE CAVITY waillL FLUX MAP PRINTOUT ROUTINE
11=1
' 12=NAZ

SFTOP(1)=9,0

sFROT(1)=0.0

NAZP=NAZ+1

NHTP=NHT+1

DO 10 I=1sNAZP .
DAZ(I)=350,00FLOAT(I=1)/FLOAT(NAZ)

DO 20 I=)1s»"“HTP h

HCEL (1) =yCAVOFLOAT(I~1)7FLOAT (NHT)

IFRS(1)=}

ISND (1) =NAZ

NPTS=NAZ/10e1

IF (NPTS,E0.1) GO TO 45

DO 25 I1=1sNPTS
TIFRS(I1=103(I=-1)+]

ISND(I)=10+=1

IF (ISND(I).GT.NAZ) ISND(I)=NAZ

DO 300 [PTS=1sNPTS

11=1FRS(IPTS)

JZ=ISND(IPTS)

WRITE (6,50) (DAZ(13+1=11412)

FORMAT ( 77/+5Ky64CAVITY ¢ 2X 1 4HWALL 12X+ 3HMAP 9 ///9 16X v 4HFROM,

1 10F10. 1)

111=11+1

112=12+1}

WRITE(6035) 10AZ(1)WI=I11s1120

FOPMAT - (18X92HTOs10F10.1)

WRITE (6.61)

FORMAT (//+4X93HTOP»/94Xs4HFROMs4X+2HTO)

FORMAT (/794X e aHFROMy X 92HTO9s8X 9y BHAVE FLUX:]3X;2HAT;6X;
1 13HSUM ROTTOM UPyTXe2HAT96Xe12HSUM TOP DOWN)

DO 100 IWMT=1,NHT

MI=NHT=IHT 2

WRITE(6975) HCEL (ML=1) oHCEL (ML) » (FLUX(IHT»J) 9J=11+12)
FORMAT (2(PXsF6.1)0aX+10F10.3)

CONTINUE :

WRITE (6.62)

FORMAT (4X.6HBOTTON)

CONTINUE

WRITE (64325)

325 FORMAT(///+10Xs 1SHCIRCUMFERENTIAL +2X%s 3HAVE +2X4HWALL

350
400

1 v2X e 4uFLUX )
WRITE (5960)

DO 400 I = leNHT

AVE = D40

DO 350 J = 14NAZ

AVE = AVE + FLUX(I.0)
AVER(I)=aVE/FLOAT (JAZ)

FIN ©.5+410A

03721777

WALLMP
waLLMmP
waLlLMmP
waLlLme

WALLMP
watimp - ¢

waLLMP
WALLMP

wallme
WALLMP. |
WALLMP *

wALLMP
waLLmP
waLLMP
walLMP
WALLMP
WALLMP
waLLMP
waLLMP
waLLMP
walLme
wWaLLMP
WALLMP
WALLMP
watiLMP
waLLMP
watLme
waLLMP
waLLmP
WALLMP
wALLMP
WALLMP

WALLMP -

waLLuP
wWALLMP
waLLMP
wallLMmpP
WALLMP
WALLMP
waLLmP

watLMmP.

waLLMP
wallmMP
walLMmP
WALLMP
WALLMP
wALLMP
waLLMP
wWaLLMP
waLlLupP
waLLMP
waLLMP
walLLmMP
walLme
waLLmp
wWALLHMP
WALLMP

21.51.16
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SUBROUTINE WALLMP 74,74 oPr=1

FTN 4,5+4104

AREA=,0929°DD39HCEL (2)%3,16159
00 150 I=1.N8HT -
SFBOT(I«E)=AVER(I)PAREA+SFBCT(])

150 SFTOP(I+L)=AVER(NHTP=L)AREA+SFTOP (]}

DO 4S50 I=14MHT
JENHTP=]
450 WRITE(6+76) HCEL{I) ¢HCEL (141} sAVER (IS sHCEL (J*1)9SFTOP(I)
1 HCEL (1) ,SFBOT (I} :
76 FORMAT(2:2X1F6.1)196K+F10.3010XeF6a195X9FL05398Xs
1 "6.1"0x!Fl¢03)
WRITE(6977) HCEL (1) «SFTOP (NHTP) ¢MCEL INHTP) «SFBOT (NHTP)
T7 FORMAT (40X 4F6el9@XoF10.398X9F6,194X9F10,3)
RETURN '
END

33721777 21.51.16 -

waLLMP
walbLmp
waLlLmMP
wallwmpP
waLLmP
waLLmP
WALLMP
WALLMP
waLLmMP
watLuwp
waLLmpP
waLimMP
waLLMP
waltMpP

S9
60
61

62 .

63
64
6S
66
67
68
69
70
71
72
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SURROUTIYE POLMAPICOUNT s CONVINRAYSsICODsNDY)
C (IANG,IRAD). ARE COORDINATES OF THE ZONE IN wHICH THE MIRROR LIES.
C THIS ROUTINE REWRITTEN 3/2/76.
c RFIELD OUTER FIELD RADIUS IN FEET
[ RCO INNER FIELD RADIUS IN FEET
[ ALL ZONES HMAVE EOQUAL AKREA
DIMENSION IHRAY(10910) sERRAY(10010)9SHRAY(10+10)0
] BLRAY(10910) 9SHHTH(10+10)
DIMENSION FTAR(10¢10)9SHADP(10+10)+BLP(10+10)+TLOSP(10+10)
COMMON /JEFF/ UMNS(3) ¢RRS(3) +NSTOPS+sA9BsCeSMAXIRFIELDY THe ICMM

1 TCSHe IFCyTAITo ICSH2oNCOL » IHOURIMINSIELZ»To TOISX s TOISY,
2 DUMA s DUMB « JUMC 4 UMNN] (3) s UMNNZ2 (3) +UMN(3) s IOHMIToNLAT,
3. T MLONGeJLOMGWNLATCoRCOINPACK s ENHM

COMMON/MAPS/NRZFONAZZF'NC(ZSO’B)OSK#D(ZsolB)'NPRAD(B)'DEG .
COMMON/TABLE/ZURV (3) ¢UAXV(3) sUXV2(3) sRST(3) o WFVINHF s XDF s WD29WFV2,y
1 RHS (3) +DELX¢DELY e WDo IFVIRRB () sUAXVP (3) s UXV2PP (3} s
2 UTT(3) yUNNP13) 4URV2P(3)
3 sUMNP (3) o 1JMNPP (31 oF s ALENSUBEDN(3) 4 IFOCS IORIVE |

COMMON /CIMDEX/ XPCOLvYPCOLOCOSAoCOSBvSLDUHv.CELLoICELLvJCELLQ

t XCSAVeYCSAVIXCMeYCMeICELM JCELM
COMMON/MOONMP/ JWHI S+ SCORB o JMISHI 9 JMISLO ¢+ JFRONT

DIMENSION IWHIS(10+10)9ICORB(10910) 9 IMISHI(10010)+IMISLO(10+10)0
o IFRONT(10,10)

IF(ICOD.GT.1) GO 7D 420

c INITIALIZE
c SET ARRAY T0 0

DO 410 I=1.10
DO 410 J=1,10
IRRAY (144)=0
ERRAY (1+U4)=0,
SHRAY (19J)=0.0
BLRAY {1+ )=0,0
SHRTH(T+J)=0,0
ICORB(144)=0
IWHIS (T4 3)=0"
IFRONT (1,0)=0
IMISLO(I+J)=0
IMISHI(1.J)=0
410 CONTINUE
420 IF (ICOD.GT.2) GO TO 617

c LOCATE THE POINT [N A ZONE
- TANG=ICELM
IRAD=JCELM
c SUM HITS AND ENERSY

IF(ND]1 +FQ. 7 .OR. NDl +EQ. 8) IRRAY(IANG+IRAD)=IRRAY(IANGsIRAD)*}
IF(ND1l .EQ. 7 .OR. NDl +EQ. 8) ERRAY(IANG»sIRAD)=ERRAY(I1ANG+IRAD)*
1 COUNT ‘o

SHRAY (IANG« IRAD) =5HRAY (1ANG+ IRAD) *COUNTFLOAT (ICSH)

BLRAY (IANG«IRAD)=3LRAY(IANGIRAD) *COUNTeFLOAT (I0HIT)

SHHTH(TANG« IRAD) =54HTH (IANG, IRAD) *COUNT-eFLOAT (ICSH2)

ICORB(IANG. IRAD)=ICORB(TANG+ IRAD) ¢ JCORB

IWHIS{TANG s IRAD) =IWHIS(IANG«IRAD) ¢ JWHIS

IFRONT (1ANGs IRAD) =1FRONT (TANG»y IRAD) ¢« JFRONT
IMISHI(IANGs IRAD) =IMISHI (IARNGs IRAD) ¢« UMISHI

IMISLO(IANGe IRADI=IMISLO(IANGs JRAD) ¢+ JMISLO

IF(ICON.LT,.3) GO TO 1000

617 FCONV=CONV/FLOAT(NRAYS)

SUBROUTINE ‘POLMAP 74/74  oPT=l ‘ FIN 6.544104 03721777

POLMAP
POLMaP

. POLMAP

POLMAP
PoLMAP
POLMAP
POLMaP
POLMaP
POLMAP

POLMAP

POLMAP
PoLMAP
POLMAP
POLMAP
POLMAR
PHLMAP
PoLMAP
POLMAP
PoLMAP
POLMAP
POLMAP
POLMaAP
POLMAP
POLMAP
POLMAP
PoLMaAp
POLMAP
PoOLMAP
PoLMAP

- PoLMaP

POLMAP
POLMAP

POLMAP -

POLMAP
POLMAP
POLMAP
POLMAP
PoLMAP
PoOLMAP
POLMAP
POLMAP
PoLMAP
POLMAP
POLMAP
PoLMaP
POLMAP
POLMAP
PoLMAP
PoLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
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SUBROUTINE POLMAP T64s74  0OPT=1

7z

202

24l
24Z

FTN 4.5¢610A

DO 70 I=1,1C

00 70 J=1,+10

ERRAY (14 ) =FCONVOERRAY (IyJ))

SHRAY (14 ) =SHRAY(I+J: ¢FCONV

BLRAY (14 ) =BLRAY(1sJ:°FCOWY

SHHTH (T s J) =SHHTH {1+ Ji *FCORY
CONTINUE

OUTPUT HITS

WRITE(64205)

FORMAT (///,25X,23441~5 ON THE HELIO FIELDy/)
D0 240 I=1s10

WRITE (6,268) (IRRAY: Jel)J=1910)
FORMAT (2X410110)

C DURPUT ENERGY

33

123
243

249

247
294

T00
T1e
249

299
28%

S50

560
S70¢
s8¢
585
S9¢
595
59¢

12%

WRITE (6,33)

FORMAT (///+SXy1THFLUX ON THE “IELDs/)

00 120 I=1.10

WRITE (6,245) (ERRAY1J911-J=1910)

FORMAT (2x¢10E10.3)

WRITE(6e245)

FORMAT (/ 4/ /91 Xe224FLUX LOST T SHADOWING,/).

DO 247 I=1.10

WRITE(69298) (SHRAY(IeI)ed=1419)

FORMAT (Sx+10E12.5)

WRITE(5+700)

FORMAT (///+SX943HFLUX LOST 10 HELIOSTAT TO HELIOSTAT SkADING./)
00 710 I=1.10

WRITE (64239) (SHHTHEJsI) 4J=1010)

WRITE(54249)

FORMAT (/4/+/91X921HFLUX LCST TO BLOCKAGE /)

00 299 I=1,10

WRITE(5+289) (BLRAY{_sI)e'=Is10)

FORMAT (Sx+10Z12.5) “
WRITE(54550)

FORMAT(///+S%e | OHTOTAL FLLX /)

00 S60 1=1.1)

DO 560 J=1,1)

FTAR(I+J)=ERRAY (1 +J) *SHRAY (I ! OBLRAV(IQJ)
SHAOP (4 J) =SHRAY (T s JI/FTAR (L !

BLP(I+J) =BLRAY(I+J)/FTARCI»d)

TLOSP([+0) = (SHRAY (14 J) ¢BLRAY(I-J) ) /FTRR (1)
DO S70 1I=1,.1)

WRITE(6+789) (FTAR(Jyl)eu=1+10:

WRITE(64580)

FORMAT (///+5X+28HPERCENT FLUX LOST TO SHADOWS+/)
DO 585 [=1.19 .

WRITE(6£+289) (SHADP(JsI)s=Lelm)

WRITE(6+59n)

FORMAT(///+4SXe29HPERCENT RLUX LOST TO BLOCKAGE+/)
DO 59% I=1.19

WRITE (59289) (BLP(Je1) e J=Ls20)

WRITE(6+599)

FOPMAT (///¢SX926HTOTAL PERCENT OF FLUX LOST/)
00 123 I=1.19 :

WRITE(6+289) (TLOSP(Usl)ed=10l()

WRITE (64310

03721777

POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMaP
FOLMAP
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP

POLMAP

PoLMAP
POLMAP
POLMAP
PoLMaAP
POLMAP
POLMAP
POLMAP
POLMAP
‘PoLMap
POLMAP
POLMAP
POLMAP
POLMAP
POLMAP
PoLMAP
PoOLMAP
PoOLMAP
PoLMAP
POLMAP
PnLMaAP
PnLMAP
POLMAP
POLMAP
PoLMaP
PaLMAP
POLMaP
PHLMAP
PaLMaP
POLMaAP
POLMAP
PoLuaP
PoLMaP
PoLMar
PnLvAP

21.51.18
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60
61
62
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76
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78
79
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82
83
84
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86
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90
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92
93
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109
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111
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114
115
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120

125

130

SUBROUTINE 20LMaAP Taste OPT=)
310 FORMAT (///7+5X+22HRAYS WHICH MISSED HIGH)
DO 315 I=l.10 . ’
315 WRITE (6.248) (IMISHI(Js1)9sJ=1+10)
WRITE (6.320)
320 FORMAT (///+5X+2LHRAYS WHICH MISSED LOW)
DO 32S I=1s+10
325 WRITE (6+268) (IMISLC(JeI)eJU=1+10)
WRITE (64330)
330 FORMAT (///15X+30HRAYS WHICH MISSED ACROSS FRONT)
DO 335 I=1.10
335 WRITE (6.2648) (IFRONTF(Jse1)sJ=1,10)
WRITE (64340)
340 FORMAT (//7+15Xe2THRAYS WHICH WHISTLED THROUGH)
DO 345 [=1,10
365 WRITE (6,246) (I4HIS(Je1)eJ=1910)
WRITE (6435C)
350 FORMAT (///+5X+22HRAYS WHICH HIT CORBELS)
DO 35S I=l»l0
355 WRITE (6,248) (ICORBEJeI)eJ=1s10)
1000 RETURN
END

135

FtN 4.54410A

03721777

POLMAP
PoOLMAP
POLMAP
PoLMapP
POLMAP
POLMAP
PoLMAP
POLMAP
POLMAP
POLMAP
pPoLMaAP
POLMAP
POLMAP
POLMAP
PoLMaAP
POLMAP
PoLMAP
POLMAP
POLMAP
POLMAP
PoLMAP

21.51.16
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SUBROUTINE HITFAC T4/T4 oPT=1

10

15

20

25

30

35

40

45

S0

55

OO0 O0OONOO0ND

10

20
100

150

180

200
210

21s
220
230
250

"FIN 4.5%810A

SUBROUTINE HITZ AC(NFHIToNFBLOC.NDl-lCODnNHF)

THIS ROUTIME TOTALS THE

NJMBER OF HITS AND BLOCKS

FOR AND FROM EACH 4ELIGSTAT

FACET

NTHIT=IMNEX OF HIT FACET

NFSLOC=INDEX OF FACET WHICH BLOCKEO ‘THE RAY

ND1=EVENT CODE, ND1=4, RAY IS BLOCKED 3Y FACET ON HIT .
TURNTABLE, ND1=5, RAY IS BLOCKED BY ADJACENT TURNTABLE.
NOl o6T.5s RAY GOT AWAY CLEAN.

ICHIT(IF)=COUNT OF HITS ON FACETIIF).

HITFAC
HITFAC
HITFAC

HITFAC .
. MITFAC

HITFAC
HITFAC

HITFAC

. HITFAC
HITFAC
HITFAC

ICHITM(IF) =COUNT QF HITS ON FACEF (IF)s NOT COUNTING BLOCKED RAYS. HITFAC

IW3LOC (T ,J)=COWUNT OF RAYS FROM FACET I WHICH WERE BLOCKED BY
FACET J ON FHE SAME TURNTABLE. )

IFBLOC(I+J)=COUNT OF RAYS FROM FACET I WHICH WERE BLOCKED B8Y
FACET J ON ADJACENT HELIOSTAT,

NHF=NUMBER OF HELIOSTAT FACETS,

1C0D=CONTROL CODE., 1COD+l+INITIALIZE. 1C0OD= ZoINCREHENY

COUNTERS, JCODE=3,PRINT RESULTS.

DIMENSION JCHIT(10)ICHITM(ID) ;INBLOC(18+10)+IFBLOC(10+10)

GO TO (10+1009200)+1COD

DO 20 1=1s10

ICHIT(1)=0

ICHITM(I)=D

D0 20 J=1+10

IMALOC(1,J1=0

IFBLOC(I.J:=0

IF(ND1,ED.a) GO TO 180

IF(NC! ,EQ.5) GO TO 150

IF(NCl.LT+6) RETURN

NCl IS .6T. S SO INCREMENT ICHIY AND ICHITM.

ICHITINFHIT)=ICHITINFHIT) +]

ICHITM(NFHIT)=ICHITM(NFHIT)»;

RETURN

CONT INUE

ND1 IS S SO INCREMENT ICHIT AND IFBLOC.

TCHITINFHIT)=ICHIT(NFHIT) ¢}

IFBLOC (NFHIToNF3LOC)=IFBLOC(NFHITsNFBLOC) »1

RETURN

COMTINUE

ND1 IS 4 SC INCIEMENT ICHIT ANC- INBLOC

ICHITUNFALITI=ICHIT(NFHIT) o} .

INSLOC(NFHIToNF3LOC)=INBLOC(NFEITsNFBLOC) *]

RETUSN

WRITE(6,210) (IFAC,IFAC=19NHF)
FOIMAT (//77910%Xs THSUMMARY 92X 4 2HOF 92X e 3HHIT 42X 9 3HAND 92X ¢ 8HBLOCKAGE s HITFAC

1
2
J

2X s SHCOUNTS o 2X 0 2HBY 92X 9sSHFACET ¢///9SK+SHFACET «SXeSHTOTAL 9 1 X
GHHITS LESSeSX 1 4HHITS 92X e THILOCKED 92X 9 2HBY 9/ 9SXeSHINDEX 96X

GHHITS e 2X e 6HHLOCKS s 8(SXs1S))

DO 215 IFAC=1+NHF

WRITE(64220) IFACVICHIT(IFACYJCHITM(IFAC) o (INBLOC(IFACsUB) s
JB=148HF)

FOIMAT(]11(5Ks15:)

WRITE(A230) (1iACsIFAC=1eNHF) _ .

FORMAT (/77 SXsRHOFFBLUOCK+2X s THSUMMARY 47/ »5XsSHFACET+8(SXsI5))

D0 259 IFAC=1sNnWF

WRITE(6+260) IFAC (IFBLOCUIFAC,JB) 9y JB=]14MHF)

HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
H1TFAC
HTITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HtTFAC
HITFAC
HI1TFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC

M1TFaAC
41TFAC
AYIFAC
HITFAC
HITFAC
H1TFaC
HITFAC
HITFAC
HITFAC
HITFAC
HITFAC

’

03721777 21.51.16
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SUSROUTINE HITFaAC 74776 opPT=1 FTN 4.5+410A 037217717 21.51.16 PAGE

260 FORMAT(10(5X+15)) o HITFAC 59
RETURN hd . HITFAC 60
60 END . HITFAC 61

CARD NR. SEVERITY DETAJILS DIAGNOSIS OF PROBLEM

21 I AN IF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATQ&ENT.
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SUBROUTINE RQOF

10

15

20

25

30

as

40

4S

S0

5SS

0DOOOONONOOO

20

30
50

100

110
120

121

Tas76 0Pz} FTN 4.5%310A

SUGPOUTIME ROOF (ICCD9CONV'?
COMMON/CEILING/NEZZ 4 NRZ9DTAZ(21))1D0RZ (10 9003+ I2ZRe [ZAZ
COMMON;JOKFR/URP(B)oUSl(3'vYHSLpPHoTﬁSRoYHSUoCOUNTvHAVL(ZO)-DRAD
DIMENSION TOPMAP(2)+10) e DRZAV(10!)

pD3 DAMETER OF IN FEET

TOPMAP(1sJ) FLUX MEP

IZAZ INDEX OF AZIMZUTH ZOME

1ZR  INCEX OF RADIAL ZONE

AZIMOUTH 7ONE INDEX FIRST

ALL ZONES HAVE EOUAL AREA

DTAZ11) 70NE BOUNDARY VECTOR(AZZ:

ORZ (1) 23NE BOUNDASY VECTOR(RADIAL)

NAZZ NUM3ER OF AZIv0OUTH ZONES

NRZ NUMBER OF RADIANL ZONES

T1AC COLCE FOR HIT , IT MUST BE 3

GO TO (54509100} ¢1000

DELFA = 2.Nn93,14153/FLOATINAZZ)

NAZZP]1 = NAZZ+1

NRZ2PB1 = nNR2+1

00 10 I = 14NAZZPY
DTAZ(I) = DELTA®FLOAT(I~1)
INITTAL1IZE :

NZONS = NAZZaNRZ

AZOWE = 0.259(DD3292) /FLOAT (NRZ)

DRZI1) = 0.0

NOTE AZONE NEEDS A PI ASOVE

00 20 I = 2+NRZP1

ORZAV(1-1) = SQRTC( D.SO®AZONE « GCRZII=]!e®2)
DRZ:1) = SORT(AZONE*DRZ(]1~1)e®2)}

AZNNE = 3.16159°AZ0NE®0.0G29/FLOAT(HAZZ:
AZONE NOW HAS ITS 21 VALUE IN Meoe2

D0 30 1 = leNAZZ .
D0 3D J = 1eNRZ

TOPNAP ([ ,J) = 0.0

RETUIN

CONTINUZ

INCRE“ENT MAP CELL.

TOPNRP(IZAZ!IZQ) = TOPMAP(1ZAZ+IZR) ~COUNT
RETURN

COMTINUE 4
CONVERT TO UNITS AND °RINT ouv

0O 110 [=14NAZZ

DO 110 J=14NRZ .

TOPMAP ([«J) = TOPBAP(I+J) *CONV/AZDNE
NRZNL = NRZ

WRITE(60120) (DRZ:1:9Ic14NRZM])

03/21/7? 2%451.186

ROOF

ROOF
. ROOF
ROOF
ROOF
ROOF
RDOF
R0OF
ROOF
ROOF
ROOF
ROOF
ROOF
RNOOF
ROOF
ROOF
RNOF
ROOF
ROOF

ROOF:

ROOF
ROOF
ROOF
ROOF
ROOF
RNOF
ROOF
RNOF
RNOF
ROOF
ROOF
ROOF
RNOOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
RNOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF

FORMAT [///+5X+6HCAYITY s2XKs THCEILING92Xe3HUAP///921X04HFROM, 10F10 ROUF

1.2)

WRITZ(6+121) (DRZ:1-+1=2+NRZP1)
FOPMAT [23x¢24T0s.0r10.2} )
WRITE(/122) (DRZaAVII)e I = 14NRD)

122 FGRMAT (22X, 3HAVE. _0F10.2)

WRITE (6,125}

125 FORMAT l//.AKohHFPO!'QX'2HlOo6Xv34A\E)

D0 290 1aZ = L.NAGZ
AFQCH = NTAZIIAZ)*57,296

ROOF
ROOF
ROOF
ROOF
ROOF
RNOF
ROOF
ROOF
ROOF

CONGNS WN

(=1
(-]

PAGE
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60

" 65

70

SUBROUTINE ROOF

130
200

210

250
300

tasia  0OPT=] ’ FTIN 4.544104

ATO ='DTAZ(1AZ+1)057.296

AVF. = (AFROM+AT0) /2,0 - .

WRITE(69130) AFROMsATIsAVEs (TOPMAP (IAZs1)s1=14NR2Z)

FORMAT (3(2X+F6,1)¢1X210F10.4) )

CONTINUE

WRITE(6+210)

FORMAT (///7+10Xs 9HAZZIMOUTH, s 2Xe 3HAVEs 2Xs THCEILING +2X+4HFLUX)
WRITE(64125) R ’ :
DO 302 1=1+NR2

AVE = 0.0

DO 252 IAZ = 1,NAZ2Z

AVE = AVE + TOPMAP(IAZ.I)

AVE = AVE/FLOAT(NAZZ) .

WRITEA69130) DRZ(])s DRZ(I+1)e DRZAV(I)s AVE

RE TURN

END . .

ROQF

. ROOF

ROCF
ROOF
RNOF
ROOF
ROOF
RNOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROGCF
ROOF

03721777 21.51.16

© 59

60
61

62

63
64
65
66
67
68
69
T0
71
72
73
T4
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t6;76¢  oPTE]

SUSROUTINE TMAP(X‘oYCoMONvCOUNTvhRAYSyCONV'ICOD)

THIS ROUTINE MaPS THE YEARLY PERFORMANCE 07 VARIOUS StGMENTS OF Tn

FIELD ARQUND THE YEAR -
DIMENSION IARY(11516)sEARY(11416)

1If (IC0D.GT.1) GO TO S0

DO 100 I=1,11

DO 1900 J=1l,416

1ARY (1+J)=0

100 EARY(I+J)=0.0

GO TO 1000

S0 THETAZ=ATAN2(XCoY:3) 57,3

IF (1ICO0D.GT,
IF (THEYAZ

2) GO T2 66

LT40.0) THETAZ=THETAZ®360.

TEST THETAZ FOR WAI1CH QUADRANTS
IOUAD=INT(THETAZ/90,0)+]

IF (THETAZ
IFf (THETAZ
IF (THETAZ

«GEe315..0R.THETAZ .LT.4S.! 1QUAD2=7

«GEe45¢ s ANDTHETAZ.LT.135.) IQUAD2=10
«GEe135,0AND THETAZ.LT«225.) I0QUAD2=9
IF (THETAZ.

GE+225,.AND.THETAZ.LT.315.) [0QUAD2=8

TARY{1QUAD +MON) =TARY (IQUAD+MON) ¢1.
TARYAIQUAD2+vMON) =TARY (IQUADZ2+MON2 +
EARYLIQUAD «MON) =EARY (1QUAD+MON) «COUNRT
EARYLIQUAD2 9y MON) =EARY { JQUAD2 +MOND+COUNT -
00 120 J=1.12
TARY(S¢J1=TARY (19 J) ¢+ TARY (29 )

IARY( 6vJ)=
1ARY (11440 =

TARY (40 J) ¢ TARY (300
TARY(184J) ¢ IARY (84 I)

ERARY(SsI)=EARY (19 8) +EAQY {4 )
EARNL 69 ) =EARY(2-J1+EARY(3e )
EARYI(11»J)=EARY(10+J) *EARY1E4J)

120 CONTINUE
D0 130 I=1.

1ARYILI413)=1ARY(I. 1)OIARY(!oZ)olARY!Ivlll01ARY(!-!2)
EARY LI 42 =EARY (L1-1)+EARY{1+2) «EARY(Is11)+EARY (]912)
TARYII,41le)=
ERAYIT L 16D =EARY (151 ¢EARY(I+6) sEARY 11+ T) «EARY (108) |
TARYII,157=TARY(I-31¢TARY(I1+4)+TARY11+49)«1ARY {14107
EARYII15)=EARY (131 EARY(J¢4) sEARY1109)+EARY (10 10)

130 CONTINUE

1

TARY(1+5)+IARY 11961 ¢ TARY (1o TI¢JARY (148}

66 IF (1CoD.LT.3) GO TO 1000
DCONV=CONV/FLOAT (9RAYS) 0,001
D0 150 I=1.11
00 1S0 U=1l.15
EARY114J)=DCONVOEARY ([+J)

150 CONTINUE

00 1560 [=1,11
00 160 J=13915

160 EARYI(I416)

= EARY(]+16) + ‘EARY{IsJN)

WRITE 16,200)

200 FORMAT (1H1+////925X¢36HKITS IN EAST NORTH OIVIDED QUADRANTS,///s

1 IX+SHUONTHeTX e IHE/Ny6X o GH=E/NeSXeSH=E/=No
2 6GX9s0HE/=NoaX»THN FIELDe3Xs THS FIELD)
DG 300 J=1.1S

300 WRITE (64250) Je(IARY(JeJ)s]=1+6)

250 FORMAT {

SXe12+6(S5X+15))

WRITE (6.220)

220 FORMAT {

777+25K428HHITS IN NORTHEAST NORTHWEST

FIN 4:5¢4164

TuAP

TMAP |

TuaP
TMAP

TMAP
TMAP
TMAP
TMAP -

TWAP
TMAP
TMAP
TmAP
TMAP
Tuap
TMAP
THAP
TMAP
TMAP
TMAP
TuAP
TMAP
THAP
TMAP
TuAP
TMAP
TMAP
TMAP
THMAP
TMAP
TmAP
TMAP
TMAP
TMAP
TMAP
TmAP
THAP
TMAP,
TuHAP
TUAP
TuaP
TMAP
TMAP
TMAP
TMAP
‘TMAP
TMAP
TMAP
TuAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
THAP
TMAP

63731441 21:51616
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SUBROUTINE TMAP 76/76  0PT=1

FIN 4.5%410A

1 17HDIVIDED QUADRANTS ¢+ //93XeSHMONTHSX s
2 SHNE/NWSXeOH=NT/NWeONo
3 TH=NE/=NWsaX+6HNE/=NWs2Xy
4 13H=-NE/NWeNE/~NW)
00 310 J=1,15
310 WRITE 164250) Js (IARY(IsJ)eI=7,11)
WRITE 16,270)
WRITE 16,239)

230 FORMAT (]Hlo////'Z*X'35HENERGY IN EAST NORTH DIVIDED QUADRANTSS

1 //7/793X95H1ONTHe6Xy
?2 IHNE +10Xe4H SE +3XeSH SW o
3 10XeaH NW +8XsTHN FIELDs7Xe7THS FIELD)
DG 320 J=1.16
320 WRITE (64210) Je (EARY(19J)sI=146)
210 FCRMAT ( SX91296(SX9E9.I))
WRITE !16,240)
240 FORMATY ( ////'dQXQZOH‘NERGY IN NORTHEAST
] 27THNORTHWEST DIVIDED DUADRANTS!///v3X95HMONTH'6X9
2 SHNORTH¢8X96H WEST 58X
3 TH SOUTH +7Xe6H EAST #5Xy
4 13H EAST + wEST )
DO 330 J=1l.l6
330 WRITE- - (6,210) Js (EARY(IsJ)sI=7411)
WRITE (6.270)
270 FORMAT (,//925%X923r13 1S THE WINTER MONTHSo//v25X010H14 IS THE
1 13HMSUMMEFR MONTHSs//+25X+32H15 1S THE SPRING AND FALL MONTHS,
1 7/9253X,29H16 IS THE TOTAL YEARLY ENERGY)

‘1000 RETURN

END

037217717 21.51.16

TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP
TMAP

59
60
61
62
63
64

65

66
67
68

69 .

70
71
72
73
74
75
76
17
78
79
80
81
82
83
84
85
86
87
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T4/74  0PTE]

FTIN 4.5%410A

SUBRdUTINE CONE (Z1+229AL1sAL2 s ANGHIT) 9 ANSHIT24 ICHIT»2ZERD)

THIS SUBROUYINE SOLVES FOR THE HIT PDINTS (2} OF A VECTOR llTN a

INV

ERTED CONE

REQUIRED INPUTS

RCONE-RADIUS OF THE CONE HALFWAY TO THE POINT

N-UNIT VECTOR ALON& THE CONE AXI5
UN=UHIT VECTOR Ul A PLANE NORMAL TO UN

ouTe

(Us]

1

US1-UNIT VECTOR ~0 BE TESTED FDR HITS

D-VECTOR FROM SASE LUCATION IN SPACE AS US1 TO THE BASE OF THE

HTYOT-HEISHT OF THE CONE
THECOM=CONE ANGLE

UE~UN]T VECTOR SUCH THAT NsUNs JE FORM AN ORTHONORMAL TRIAD SET

uTs

Z1 ANDZ2-LENGTHS ALONG CONZ AXIS IO THE HIT PLANES

ALl AND AL2-SHORTEST AN) LONGEST LENGTHS OF THE HIT VECTOR

EXTEMDEN)

ANGHIT] AND ANGH]T2-ANGLES FR0M UN TO tue HIT POINT IN THE
PLANE NORMAL TO N

ICHIT-CODE FOR HIT TEST
0 FOR MISSING THE CONE
1 FOR HITTING
DIMENSION DHCI(J)-iNc2(3'
REAL N

COMMON/JOKER/URP ( )oUSl(3)0TH:L1PN'THSRQTMSUGCOUNTvﬂAVL(ZOrcDRAD

COMMON /SALL/ DCOL +SCOELT(3) e XP~YP+PAX]1+PAX2+0(3)

COMMOM/BABA/STHeCTHoSEQIOME s 04SN (3) JUE (3D

UN{3)90S{3)oUR(3) »UR:3) ¢ THETA9MON+ IDAY +SMALRSCAPRYCEQ
COMMON/SUPPT/DELTMs THES s KSEG s APB s SM ¢ NSUP sRCONE s THECON+HTOT
COMMON/TILTED/TTILTSUVT(3) oUL {31 sUR (D) s WAPMAX o WAPHINIOFFSET

ICHIT=9

TTCON=TAN(THECON)
DUSUV=DOTER (US] +UWT)
DUVD=COTER(UVT,L0)
DUSD=COTER(US1+D)

Al=l.
22ERO=HYOT/2,0-RCCNE/TTCON
Fix=0usSUvepUSUY
A2=TTCONeTTCONOFIX
ASAl=-A2-c1X

8iz2.90UvD
B2=2.°pUSDeDUSUV
83=2.0°Z7ERO*TTCON?F IXoTTCON
B=R1~82¢33

Cl=0uNvnenuvd
€2:2.90:)yDe0USDeDUSUV
CI=00TFR(DDIOFLX
C6=72EQ0027ER00A2
€=C1-C2+%3-Co

RAN=ReA/ (4,2A%4)-C/A
IFARAD.LT.0.) RETURN
CHiT=1

if (ABS(A).GT.0.0001) GO TO 44

03721777 21.51.18

CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CoNE
CONE
CONE
CONE
CnNE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
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SUSROUTINE CONE 74/74 oPT=1 © FTN 4.,5¢4]10A

Z1=7Z€R0
72210030, ‘ .
60 TO 46 ‘

446 21=-8/¢2.0¢A)+SORT (RAD)

22==B/(2,0¢A)=SQRT (RAD)

C SOLVE FOR _ENGHYT OF HIT VECTORS
e 46 AL1=(Z1+nUVD)/DUSUV

AL2=(22+0UVD) /DUSUV
DO 10 1=1.3 )
RHC1(IY=2L1*US1(I)=D(I)=Z12UVT (D)

10 RHC2(I1=aL2%US1 (1) =D (1) -Z2%UVT (1)

C SOt

100
200

VE FOR HIY ANGLES
X1=DOTER(RHC] sUE),
X2=DOTER(R=C2yUE)
Y1=D0TER(RrCIsU1)
Y2=D0T=ZR(RHC2sU1)
1F (ABS(X]1).GT.0.0001).G0O TO 100
ANGHIT1=0.0
IF(Yl._T7,0.0) ANGHIT1=3.14159
GO TO 200
ANGHIT1=ATANZ(X1sY1).

IF (ABS(X2),GT.0.0001) GO TO 300
ANGHIT2=0.0

" IF(Y2.:.7.0.0) ANGHIT2=3.14159

300
400

GO TO «oOC

ANGHIT2=aTAN2(X29Y2) '

IF(ANGHIT1 ,LT.0.) ANGHITI=ANGH[T142.093,1415

IF (ANGHIT2.LTe0.0) ANGHIT2=ANGHIT2¢2.093.14159
TEST1I=NCTER(RHC1sUVT) .

TEST2=DOTER(RHC2sUVT)

IF (ABS(TEST1) e GTe04001 ,0R.ABS(TEST2) «GT.0.001) WRITE(6+20)

03721777

CONE
CONE
CONE
CONE
CONE
CONE
CnNE
CONE
CONE
CONE
CNNE
CNNE
CnNE
CONE
CONE
CONE
CONE
-CONE
CONE
CNNE
CNNE
CNNE
CONE
CONE
CONE
CONE
CONE
CONE
" CONE
CONE
CONE-

20 FORMAT(//910Xs4BHHIT VECTOR FROM CENTER OF CYLINDER IS NOT NORMALs CONE

1 THTO AXIS+/).
RETURN. .
END -

CONE
CONE
CONE

2151416

59
60
61

62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80.
81

82
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SUBROUTINE POLSP2(ACOL «NNUsS>ACEF sNTOTAL ¢y GCOVER)
c THIS ROUTINE INITIALIZES THE PARAMETERS REQUIRED FOR
[ NON=UNIFARM POLAR PACKING.
DIMENSION AAZ(4)+s6GRC (258481}
COMMON / JEFF/ UMMS(3)oPES(J,oNSTOPSvoB CoSMAXRFIELDsTHe ICMH
1 ICSHe IFCoIHIToJCSH2+HCOL s THOURIMINGELZ s ToTOISXHTDISY,
2 NDUYA«DUMB JUMC s BMNNE 13 sUMNN2 (301 sUMN(3) + IOHIToNLAT,
3 NLONG ILONG+NLATCoRCI s NPACK « ENHM
COMMON/STRUCT/GAP s dLLONG-WSIDZ +d TRISXLTR1+8801+8BD2+WCROSS
1 WOUMy IFRAMeHTMIRyHTCROS+WICROS
COMMON/TABLE/ZUHV (3) yUAXY (3] . UXYZ2(3)4RST{I) yWFVNHF s XDF s wD24wFV2,
1RHS(3) yDFELXsDELYs WD v IFVsRRB{3) sUAXVP (3) ¢ UXV2PP (3) s
2UTT(3) ¢UNNP (3) yUXV2P (3)
AeUMNP (3) JUMNPP {3) s F o ALENSUBEDN3) » IFOCs 1DRIVE
CGMMON/MAPS/NRZF osNAZZF +MC(2S2+8) ¢+ SRAD(250+8) ¢+ NPRAD (8) 90EG
DG S I=1,8
S NFRAD(I)=0
NEOTAL=0
PCA=SPACEF & (XDOF =WF V)
CL2=¢(NHF=1)2XDF ¢WFV) /2.
CLT=2,8CL2+PDA
CWTH=WD*GAP*2, *WLONG
Al=NHFeweVewD/CLT
AAZ(1)=0.0
JMAX=NNU
1F (NNULLT.B) GO TO 70
JMaxsa
D 10 I=1+6
10 AAZ(D) =3, lalS9/6.°(FLOA1(I)-‘.l
70 DEG=2.23,14159/FLOAT (NNU)
00 200 J=1JMAX
SRaD(1+J)=xkCO
1=0
25 I=1+1
c AZIMUTH SPACING GROUND COVER ¥AS CHANGED HBY GA SMITH 9/8/76
Ad=0.07800,5/TH
A2=0,425+0,012°AA2(J)
IF((SRAD(I4J)/TH) L LEL3.6) GO TO SO
GOOV=0.12
DR=A1/GCOV
SRAD(I+14J)=SRAD(1+J)*DF
GO T3 110
S0 A4=A2-2.0S2AD(T+J) A3 .
Blz==AL/A3
Cl=A1/A3
ARG1=81231-4,°CY
IF(ARG1.LE.0.0) GO TO 52
DR=-83100,5-SORYT (ARG1) /24
53 IF(NPACK,Em.4) DR=A1/GCCVER
BR=143334°(SRAD(1eJ)=CWTIH2(0,5)
CH=1.33368 (SRAD(I+J)eCWIHeCWTHICHTHO(,25+CL2*CL2)
DROR=-3R20,5+SNKT (3RPBR«4.9CRIS0,.5
IF(HR.LT,D5PR) DR=DRPR
SRAD(1¢1+.01=SRAD(T ¢ J) *DF
GCOV=A2-435 (SRAD(TvJ)*SFADLI~14J))
IF(NPACK Ec.6) GCOV=GCOVER
(o DRreSRAD(I+1) s AND GCOV ARE SEV

02721777

POLSP2
PoLSP2
PaLSP2
PoLsp2
PoLSP2
POLSOo2
PNLSP2
POLSP2
PoLSP2
POLSP2
POLSP2
POLSP2
POLSP2
POLSP2
PoOLSPR2
POLSP2
POLSPR2
POLSP2
POLSP2
POLSP2
pPoLSP2
PoLSP2
PaLSP2
POLSP2
PoLSP2
PoLSP2
PoLSP2
PaLSP2
PoLSP2
PNLSP2
POLSP2
PoLSP2
PoLSP2
PoLSP2
PoLSP2
PoLSP2
POLSP2
PoLSP?
PnLSP?
POLSP2
PoLSP2
POLSP2
PoLSP2
POLSP2
PaLSP2
POLSP2
POLSP2
POLSP2
PnLSP2
POLSPZ2
POLSP?2
POLSP2
POLSP2
PALSP?
PpLSe2
PoLSP2
POLSP2

21.51.16
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SU3ROUTINE POLSP2 T6/746 opT=1 FTN 4.5¢410A

110 RNC=DEGe5COVS (SRAD(I+19J)®SRAD(1414J)=SRAD(I+J)oSRAD(IU))/

e(2,2ACOL)
NC(IeJ)=INT(RNC+Q. 5)

C CHECKX FOR WELIOSTAT #ITHIN ZONE BOUNDARIES

S9

62

63
- 64

90

6071
201

200

1100

1120
1130
1140

1110
1150

IF(NC{Iv J)4LTal) GO TO 66
RTLE=(SRAD(I+14J¥eSRAD(I+J)}/2.=-CNTH20, 5
THE2=ATAN2 (CL2+RTLE)

IF(THE2. |E.(DEG/FLOAT(Z°NC([.J)))) GO 70 62
NC(IeH=NCIed) =k

60 7O S9

IF (NPRAD (J) «NE, 0) GO T0 64

NSC=NC(]+J)

DO 63 IC=1sNSC

THEI=DEGe ((FLOATIC)=0.5)/NC(1+J)¢FLOAT(U=1))
XI=(RTLE«CuTH®0.S) 9SIN(THEI)

Y1P= (RTLESCWTH20.5)2COS(THEI)«TDISY
DIST=SART(XIOX[+X[PoY]P)

IF(DIST.LELRFIFLE) NTOTALSNTOTAL+2

CONT INUE

CONTINUE

DELRAD=SPAN{I*1¢s)=SRAD(IsJ)

RESOLVE FOR GROUND COVER IN THIS ZONE
GR’(Xo))_2.°4COL°FLOA7(NC(IvJ))/(DEG°(SRAD(I‘1’J).SRAD(I’IOJ)
°-SpAD(IOJ)“SRAD(]oJ)))

RTLE=RTLE*CWTH

DTOE=SORT(RTLECRTILECL2%CL2)

IF(DTOF .GT.SRAD(1+14J)) WRITE(5+90)

IF (DTDE.GT.SRADILI*14J)) SRAD(1+1+J)=0TOE
FCAamMAT (10X 24HPARTAL SPACING TOO SMALL)

IF (SRaN(I+14J) «6T, (RFIELD+ASS(TDISY)=DELRAD®0,5)) GO TO 6071
GO T0 25

IF (NPRAD(J)oGT.0) GO TO 201

NPRAD (J)=1+1}

IF(1.GT.(NPRAD(JI+1)) GO TO 200

GO 10 25 - .

CONTINUE

SET WEST FIELD RaDII AND COLLECTOR COUNT PARAMETERS
00 1100 Jl=1,JMAZ

J2=9-J1 ‘

NLIM=NPRAD (J1)+2

NPRAD (421 =NPRAD(J])

D0 1100 T1=1sNLIA

SRAD(I1+42)=SRADII14JL)

NC(I1402)=NC(I1yJ1)

JLIM=28MAX

DO 1110 Jyl=l.JLIM

NENDO=NPRAD (U1}

WRITE(6+1120) JI

FORMAT (//+10X+27HPOLAR RADII IN AZIMUTH ZONE+1S5+/)
WRITE(6+1130) ((I4SRAVD(I4J1))e1=19NEND)
FORMAT (B (IXe2HR(eI342H)=eFHBele1X))
WRITE(ARy1160) U]

FORMAT(//910X9374POLAR COLLECTOR COUNT IN AZIMUTH ZONEsISs+/)
WREITE(6+1150) ((T+NC(IeJ1))sI=1sNEND)
CONTINUE

FORMAT (B (1X92HN(sI342H)=91Ss1X))

DO 1210 Jl=1yJMAK

037217717

PALSP2

PoLSP2
PaLSP2
POLSP2
POLSP2
PaLSP2
PoLSP2
PaLsSP2
PoLSP2
POLSP2
PoLSP2
PaLsP2
- PoLsp2
POLSP2
PoLSP2
PNLSP2
POLSP2
POLSP2
PNLSP2
PoLSP2
PoLSP2
PNLSP2
POLSPP
POLSP2
PoLSP2
POLSP2

PoLsP2

POLSP2
PoLSP2
POLSP2
POLSP2
PoLSP2
PoLSP2
PoLsSP?2
POLSP2
PALSP2
POLSP2
PNLSP2
poLSP2
PoLSP2
PoLSP2
PoLSP2

PoLSPe:

" POLSP?
PoLSP2
POLSP2
PALSP2
PoLSP2
POLSP2
POLSP2
POLSP2
PoLSP2
PoLSP?2
PoLSP2
PaLSP2
POLSP?
POLSP2

21.51.16

59
60
61
62
63
64
6S
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
8s
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
116
115
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115

120

SUSROUTINE POLSP2 74/76 opT=1 _ FIN 4,5%410A

NEND=NPRAD (J1)
. WRITE(5+127203 J1
1220 FORMAT[//910X»26H3R0UND COVER IN POLAR JONEs1Ss/)
WRETZ(6+12640) ((1aGRC(IsJL)) s I=24sNEND)
1210 CONTINUE
12640 FORMAT:7(1Xe3HGC(+13s2H) =1FS5.342XD)
IF (NNU.EAL1) NTOTAL=NTOTAL/2
RETURN
END

03,21/777

FOLSP2
PoLSP2

POLSP2’
FoLSP2

FoLSP2
RNLSP2
poLSP2
AOLSP2
POLSP2

21.51.16

116
117
118
119
120
121
122
123
124
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10

15

20

2s

30

35

40

45

50

SS

SUBPOUTINE FRAME 76776 0eT=) FTN 4.5+410A

- SUSROUTINE FQA“E(VSIoV529V539VS¢0VSS¢VS6.VS7’ALFRAM'JK'MoALENG)
COMMOV/PLAVE/I°LAN(7)
COMMON/B‘DTST/ALBLOCqICOD'UHVZ(3)oUAXVZ(J)

COMMON /JEFF/ MNS{3)9RRS(3) sNSTOPSsA+8¢CySMAXIRFIELDTHe ICMHe

1 TCSHeIFCoIHITeICSH2aNCOL 9 INOURIMINGELZ s ToTDISXsTDISY,
2 DUMASDUMI s DUMCoUUNNT (3) s UMNNZ2 (3) sUMN{(3) o IORIToNLAT,
3 NLNNGy ILCNS«NLATCyRCOyNPACK s ENMM
COMMON/TABILE/UHV (3) »UAXV(3) 2UXV2(3) 9RST (3) s WFVINHF ¢ XDF +WO2 4 WFV2,
1 RHS(3) +DELX+DFLY s WD IFVaRRB(3) yUAXVP (3) sUXV2PP (3)
2 UTT(3) s UNNP{3)+UXV2P(3)

3 sUMNPI3) s UMNPP (D) oF s ALENIUBEDN(3) + IFOC, IDRIVE
COMMON/BABA/STHeCT49ySEDyOME»OMSeN(3) sUE(3)

1 UN(3)vUS(3)oUA(3)vJR(3)OTH=7A'WONOIDAY.SMALRoCAPROCEQ
COMMON /CINDEX/ XPCOLyYPZOL2»COSA»COSBsSLOUMIWCELL s ICELL Y JCELLY
1 XCSAVeYCSAVeXCMeYCM» ICELMe JCELM

COMMON /9ALL/ DCOL+SCDELT(3)+XP+YPsPAX]1+PAX2+D(I)

COMMON/ZJOKER/URP (3) 4US1 {3) s THSL +PH, THSR s THSU+ COUNT s WAVL (20) s ORAD
COMMON/TILTED/TTELTHUVT(3)sUL(3)92U2(3) e WAPMAXsWAPMINL,OFFSET
COMMON/STRUCT/GAF + WL ONGeWSIDE + WTRI»XLTRI s8] 982+ WCROSS 1 WDUM» IFRAM
oy HTMIR+HTCROSIWICROS
DIMENSION URDUM(Z) oU4VDUM(3) »UAXVOUM(3)
DIMENSTON VS1(3)sVS2(3)4VS3(3),VS4{3)sVS5({I)VsVS6(3)sVST7(3I),
SIHITIL3) JRHIT2(3} - :HI!:(:)-pnxra(sp.RH:TS(a).Rnxreta)oauxrvts)
REAL LN
L=0.0
AL1=10,E+10
AL2=10.E+10
AL3=10.E+10
AL4=10.E+10
ALS=10.E+10
AL6=10.E+10
AL7=10.E410
GO TO (10910520+30),1C0OD
10 DO 11 I=1+3
+ URDUM(TI)=UR(I)
UHVOUM (1) =yHV (1)
11 UAXVDUM(T)=uaxv(])
G0 0 1200
2) DO 21 1=1+3
URDUM (1) =US1 (1)
UHVOUM (1) =UHV (1)
21 UAXVDUM(T) =UAXV (D)
GO TO 1200
3D DO 31 I121.3
UROUMTTY=USI(]) ~
UHVDUM (1) =UHV2 (1
31 UVAXVDUM(1)=UAXV2ID)
1200 AL1=DOTEC(VS]1+UBEDN) /DOTER (URDUM»UBEDN)
C  ToP FRAME HIT TEST
IF(AL1.LT.0.0) GO TO 50
D0 101 I=1.3
103 RHIT1(1)=AL1eURDUM(T)=VSI(I)
XHIT=AQS (DOTER (UHVOUMRHIT1)Y)
YHIT=AR5 (DOTER (UAXVDUMRHIT]))
C CHECKX FOR MIT IN HED BOUNDARIES
IF(XRIT.GT. (ALEN?0.5)) GO TO SO

03721771

FRAME
FRAME
FRAME
FRAME
FQAME
FRAME
FRAME
FRAME
FRAME
FRAME
FQAMF.
FRAME
FRAME
FRAME
FRAME
FRAME;
FRAME
FRAME
FRAME
FRAME
FRAME
FRAMF
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME

FRAME .

FRAME
FRAME
FRAME
FRAMF
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FQAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME

"FRAME

FRAME
FRAME
FRAMF,

21.51.16
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50

65

70

7

80

8s

90

95

105

SUBRCUTINE FRAMF T4/74  CPT=] FTN 4.5°6)0A 03721777 21.51.16
IF (YHIT.GT, (WDUMeWLONG*0.5)) GC TO SO . FRAME S9
C FOLLOWING CHECKS FOR HITS - TRUE IS HIT FRAME 60
IF (YHIT,GT. (WDUM~WLONG*0.5))G0 TD 40 FRAME 61
IF(XHIT.GT., (XDF~WCROSS®C.S)  AND«XHIToL T, 4onoHCRoss'o-S)) GO 7O 40 FRAME 62
IF (XHIT,LT.(WJCROS®0.51)1G0 TO 40 FRAME 63
[ CHECK FOR TRIANGLE HIT _FRAME 64
IF (XMIT,GT. (WECRISS20.S«XLTRI®(.7I711)) KNIT:ABS(XN!T°XDFI FRAME 6S
IF(YHITWLT (XHIT*B2) JAND, vnlt.or.(xﬂrroel)) GO TO &0 FRAME 66
60 TO S0 FRAME 67
cowosno RHIT TOP FRAME FRAME 68
40 IFRAM=1" . FRAME 69
IF(JK.NE M) IFRAM=2 -FRAME 70
50 T0 51 FRAME n
Cese0es CHECK FcAME SIDES FRAME 72
S0 AL1=10.E+1¢C FOANE 73
S1 CONTINUE ) FRAME 10
AL2=DOTER (LAXVNUMLVS2) /COTER (UROUM s UAXVO JM) “FRAME s
IF(AL2.,LT+Cs0) GO TO 10€ FQAME 16
00 102 I=1.3 FRAME 77
102 RHIT2(1)==yS2(I) + AL2%LROUM(I) FRAME 78
YH1T=A8S (DCTER(RHIT2,UREDN)) FRAME 79
XHIT=ARS (DCTER(RHIT2,UMNDUM) ) FRAME 80
IF(XHIT.5T, (ALEN/24)) GC TO 10& FRAME 81
IF(YHIT.GT (WSIDE/2,)) €O T0 1c8 FRANE 82
teesnes NOL2 IS “IT FRAMF. 83
IFRAM=] B FRANE 86
IF(JKNE,M) IFRAM=2 FRAME 85
GO TO 109 FRAME 86
108 AL2=10.E+1C" FRAME 87
109 CONTINUE FRAME 88
AL3= DOTEQ(LAXVDUHoVSJ)/COT‘R(UFUUHvUAXVDJH) FRAME ‘89
IF (AL3.,LT«0.0) GO TOo Soq FRAME S0
00 103 I=1.3 FRAME 91
103 RHITI(I)==vSI{]) + ALI®UROUM(I} FRAMS 92
© YHIT=ABS(OQTERIRHITILUSEDN)) FRAME . 93
XHI T=ARS (DATER(RAT TISUHWDUM) ) FRAME 96
{F(XHIT.GT.(ALEN/2.)) GQ TO SOQ FRAME 95
IF(YHIT.GT.(NSIDE/2,)) GO TO So0O FRAME 96
Ceeesas 0,3 IS nlT FRAME 97
1F3AM=] FRAME ~ 98
IF (UK GNE M) [FRAM=2 FRAME 99
60 TO S10 FRAME 100
S00 AL3=10.E+10 FRAME 101
$10 CONTINUE . FRAME 102
ALL=DOTER (UHVOUM+VSa) /DCTER (UROUM « UKVDUM:: FRAME 103
IF(ALG.LT.0.01GD TO S30 - FRAME 104
N0 520 1=1.3 FRAME 105
§20 AHIT4([)==vS4(]) +» AL4SURDUMI(I) FRAMFE - 106
XHIT=ARS (DNTER(RANT T4 eUAXVOUM) ) FOAME 107
YHIT=AHS (DATER (RHT T4 4 UREDN) ) FoAME 108
IF(XKHITAT L (WDeGAP)20,T) e ORG(YHZTGTLH" CROS'O S$)) 60 70 530 FoAME 109
Ceeeose yn, 6 IS HIT FOAME 110
1FRAM=| FRAME 111
IF (UKJNE M) [FRAM=2 FRAME 112
GO TO S40 - FRAME 113
S30 ALu=10.E+10 FRAME 114
540 CONTINUE FRAME 115

PAGE
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115

129

125

130

135

160

145

150

1SS

160

SU3ROUTINE FRAME - T4s74

165 .

170

ALS=DOTE? (UHVDUMsVSS) /DOTER (URDUM s UHVDUM) FRAME

1F (ALS.LT.0.0) GO TO 560 FRAME

D0 S50 I=1.3 . FRAME

550 RNITS(1)==VS5(1) + ALS®URDUMI(I} FRAME
XHIT=ARS(DDTER(RHITSeUAXVDUM) ) FRAME
YHIT=ARS(NDNTER(RHITSyUSEDN)) FRAME
TF(XHIT.GTL ((WD+6AR)0.S) s ORsIYHIT.GT.HTCROS®0.5)) GO TO S60 FQAME
ceeosse PLANE V0,5 IS HIT FRAME
1FRAM=) FRAME

IF (UK.ME M) IFRAM=2 FRAME

GO0 70 S70 FRAME

560 ALS5=10.E+1l0 FRAME
570 CONTINUE . FRAME
AL6=DOTER [UHVDUM»VSE) Z/DOTER (URDUMS UHVDUM) FRAME'

IF (AL6,LT.0.0) GO TC 590 FRAME

) DO S80 I=1.3 FRAME
580 RHIT6(1)==VS6(]) « AL62URDUM(I) FRAME
XHIT=A8S(DUTER(RHITE»UAXVOUM)) FoAME
YHIT=ABS (DOTER(RHITE L UBEDN) ) FRAME

IF (XHIT.GT. L (WD+GAP)20,5)s OR.{YHIT,GT.HTCROS®0.5)) GO TO S90 FRAME
Conoooo PLANE NO,6 IS HIT : : FPAME
IFRAM=] ) FRAME

1F (UKeNE.M) IFRAM=2. FRAME

GO TO 600 FRAME

590 AL6=10.E«10 FRAME
600 CONTINUE FRAMF.
AL7=DOTER{UBEDN+VS71/DOTER(URDUM UBEDN) FRAME
CIF(ALT.LT.0.0) GO TO 620 FRAME

DO 610 1=1,3 FRAME

610 RHIT7(I)==yST7(]) + ALTSURDUMI(I) FRAME
XHIT=AHS (OCTER(RHTITT+UHVOUM) ) FRAME
YHIT=A8S (DCTER(RAITT+u2XVOUM) ) FRAME
Ceossao CHECK FOR BOTTOM FRAME BOUNDARY FRAME
IF(XHIT.GT. (ALEN®0.5)) 6D -TO 620 FRAME

1IF (YHIT,GT.IWDUMSWNLONG®0.5)) 6O TO 620 FRAME
Coonoooe  WITHIN FRAME BOUMDARY - CHECK FOR ACTUAL HIT FRAME
1F (YHIT,GT. (WDUM=WLONG®#0.,5))Gn TO 630 ~ FRAME
1F(XHIT.GT. (XDF=WCROSS?0.5) cANDJXHIT oL T+ (XDF ¢WCROSS®05))G0 TO 630 FRAME

IF (XHIT,LT.(WJCROS®0.5))G0 TO 630 FRAME

GO TO 620 FRAME

630 IFRAM=] FRAME
IF (UK.NE M) IFRAM=2 FRAME

GO TO 625 FRAME

620 AL7=10,E-10 FRAME
625 CONTINUE FRAME
LSAMIN] (ALY s AL2sAL3»ALGALS»ALGYALT) FRAME .
ALFRAM=L : FRAME
IF(L.En.aLL) IP=1 FRAME
IF(L.EN.AL2) IP=2 FRAME
IF(L.EN.aLI) IP=3 FRAME
IF(L.EN.aLG) IP=0 FRAME
IF(L.EN.ALS) IP=S FRAME

1F (L.EN.ALA) IP=0 FOAME
IF(L.EN.ALT) IP=7 ! FRAME

IF (L.GT.1NnE«06) GO TO 900 FRAME

IF (ALENG.LT.ALFRAM) GO TO 900 FRAME
IPLANCIP) =IPLAN(IP) +1 FRAMF

oPT=1

FIN 4.,5¢6410A

03721777 21.51.16

116
117
118
119
120

121 -

122
123
126
125
126
127
128
129

130

131
132
133
134
135
136
137
138
139
160
161
142

163

144
145
166
147
148
169

150
- 151

152
153
156
155
156
157
158
159
160

- 161

162
163
164
16S
166
167
168

169

170
171
172
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SUBROUTINE FRAME

S00

RETURN
END

748,76

opPt=1

CCFIN aLSeA10AT L 8372341 21.51.18

FRAME . 173
- FRAME 176

| PAGE. 4
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APPENDIX C
GLOSSARY OF VARIABLES APPEARING IN COMMON

This appendix contains those variables which appear in all common blocks in
the program., The table lists the FORTRAN names in alphabetical order, the
common block in which each occur, a description of each, and the subroutine
in which the variable is defined. The figure numbers following the déscrip-

tion indicates a figure to refer to for further definition.

40703-11~2
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FORTRAN

Common R Subroutine
Name Block Description Defined
A JEFF | Cosine of angle between sun and local | VECTS
E north (Figure 3-2)
ACOL - -} None Area of collector INITCOL
AIMHGT CAVITY The height up the aperture at which INITCOL
. > all the mirrors are aimed (ft)
ALBLOC |BEDTST |Distance from ray hit on a facet to OFFBLOC
: nearest block by another facet
(Figure 3-25):
ALEN TABLE Length of a heliostat from outer mir- | INITCOL
" ror axle to mirror axle (ft)
(Figure F-3)
APH | SUPPT Average aperture slant height AIMPP
JEFF | cosine of angle between sun and local | VECTS
east (IFigure 3-2)
B1 STRUCT Collector frame geometry constant INITCOL
(ft) '
B2 STRUCT | Collector frame geometry constant INITCOL
(ft)
C JEFF Cosine of angle between sun and local | VECTS
vertical (Figure 3-2)
CAPR BABA Mean radius of earth's orbit in INITCOL
nautical miles
CAVLAT | CAVITY Height zone boundaries in the cavity MOON
: (ft) '
CEQ BABA | Cosine of 23.5 deg, the solar decli- | INITCOL
nation angle for summer solstice
CILAT CAVITY |Zone indices for hecight zones in the | MOON
cavity
None Conversion factor to weight each ray

CONV

with a KW value

40703=-1I[-2
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FORTRAN

Common _ Subroutine
Name Block Deschptlon Defined
COSA CINDEX | North direction cosine of the sun ray |FINDIT
COSB CINDEX East direction cosine of the sun ray .|FINDIT
COUNT JOKER The normalized value of a given ray MONTE
. . -|IMONTE2
CTAZT TOE Cosine of the sun's azimuth angle at INITCOL
: the toe-in setpoint. :
CTELT TOE Cosine of the sun's elevation angle at [INITCOL
the toe-in set point
CTH BABA Cosine of the latitude INITCOL
D BALL Vector from hit heliostat center to PTOWER
: the tower top MOON
DCOL BALL Height of facet axis off the'ground (ft) INITCOL
DDBASE DARKLE | Diameter of the tower base (ft) INITCOL
: (Figure F=2) -
DDTOP DARKLE | Diameter of the tower top (ft) INITCOL
(Figure F=2) ‘
DD1 CAVITY | Diameter of lower disc of annulus INITCOL
cavity (tower top diameter)
(Figure F-4)
DD2 CAVITY Average diameter of upper disc of - INITCOL
annulus cavity (Figure F-4)
DD3 CEILING | Inner cavity diameter (ft) (Figure F-4) |[NAMELIST
DEG MAPS Angle of one azimuth zone on the field | POLSP2
DELTM SUPPT Angle between the midpoint of the . AIMPP
supports and the hit heliostat fleld
position _
DINTV RANDOM | Number of hours per day that are INITCOL
integrated over in annual energy runs
DRAD JOKER Factor to convert degrees. to radians |[INITCOL

40703-11-2
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FORTRAN

of the heliostat frame (ft)
(Figure F-4)

Common - Subroutine .
Name Block Description Defined
DRZ CEILING | Distance of the radial borders on the ROOF
ceiling of the receiver
‘IDTARG TOE Vector from heliostat center to the MIRRN
aimpoint
"IDTAZ CEILING | Azimuthal borders on the ceiling ROOF .

‘ (radians) of the receiver :
|DUMA JEFF Same as A PTOWER
|puMB JEFP | Same as B PTOWER

DUMC JEFF Same as C PTOWER
|ELZ JRFF Flevation of the sun at a given time MONTE2
o : : INITCOL
"|ENHM |JEFF Sum of COUNT MONTE
MONTE2
F TABLE Focal length of a facet NAMELIST
GAP |STRUCT | Space between the frame side beams | NAMELIST
not taken up by a facet (ft)
(Figure F-3)
GCOVER |None Fraction of ground covered by - NAMELIST
o heliostats
HCAV CAVITY Height of the receiver calty (ft) NAMELIST
: (b igure F=-4)
HDIF CAVITY |Height of the diffuser (ft) NAMELIST
HSWTC CAVITY CAVITY heights (= to HCAV and INITCOL
_ HDIF)
HTCROS STRUCT | Height of the frame cross beams (ft) NAMELIST
(Figure F-4)
HTMIR STRUCT | Height of the facet axle above the top | NAMELIST

40703-11-2
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facets (obsolete)

FORTRAN | Common » - Subroutine
" Name Block : Description Defined
HTOT SUPPT . Average distance from the tower top INITCOL
to the cavity bottom (Figure F-4)
|ICELL CINDEX | Field cell index RINDX
ICELM CINDEX | Field cell index FINDIT
ICMH JEFF Mirror hit flag 0 - no mirror hit FINDIT |
1 - mirror hit o
ICOD BEDTST | Flag for setting the correct vectors | PTOWER
: 1 shading on different heliostat FINDIT
2 shading on same heliostat '
3 blocking on different heliostat
4 blocking on same heliostat
ICSH JEFF A counter to indicate that a ray was FINDIT
shadowed by a facet
0 - no shadows
1 - number of shadow hits
ICSH2 JEFF A flag to indicate that a ray was FINDIT
shadowed by a facet on a different
heliostat than it would have
encountered, :
0 - no shadows
‘1 - number of shadow hits
IDAY BABA The day of the month to be run NAMELIST
IDAYT None The day of the toe-in set NAMELIST
IDRIVE TABLE Option code for facets'to be driven on' | NAMELIST
: o a heliostat individually or all'together.
1 = ganged
2 = independent in one axis
IFC JEFF Initialization flag PTOWER
: 1 first call to FINDIT
2 second call to FINDIT
IFOC TABLE | Option code for focal lengths of the  |NAMELIST

40703-1I-2
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FORTRAN
- Name

IFRAM
IFV
THIT
IHOUR

IJUMP

ILONG
IPLAN

IOHIT

IRANC

IRAYS

Common
Block

STRUCT
TABLE
JEFF
JEFF

RANDOM

JEFF
PLLANE

JEFF

RANDOM

|rRANDOM

Description

e

facets individually or to zone the field
into areas with the facets all having
the same curve, IFOCUS=0 means
each facet has its own focus,
IFOCUS=1-10 means there are 1-10
zones in each of which the facets all
have the same focal length,
IFOCUS=11 means flat-mirrors,

A flag to indicate whether or not a
ray encountered the frame of a helio-
stat in its path,

0 - no encounter

1 - frame hit

Index of a facet on a heliostat

A flag to indicate a ray hit a facet
0 - no facet hit
1 - facet hit

Hour of the day run

Option code for a time point or
annual energy run

0 - time point

1 = lime iulegralion

2 - time point and time integration

Index of azimuth zone hit on the
cavity wall

Counter for ray hits on each frame
plane

A flag to indicate a ray block
0 - no block
1 - blocked -

A flag to initialize the random num-
ber generator

Number of rays per NRUN to be drawn.

Subroutine
Defined

NAMELIST

IFOCUS TOE An option to model the curve of the

FRAME

INHIT

INHIT

INITCOL

NAMELIST

MOON

FRAME

INITCOL

NAMELIST

40703-11-2
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FORTRAN | Common o Subroutine
Name Block Description Defined
ISRAN RANDOM | Initial random seed ' NAMELIST
IT1 | RANDOM | Control variable for terminating the | NAMELIST
program (= 3 to stop)
ITOE None An option to adjust the facets relative | NAMELIST
to each other in zones or to adjust
each heliostat separately, ITOE=0
means the facets are toed-in indi-
vidually, ITOE=1-10 are the number
-| of zones for similar toe-in relation-
ships.
ITT . None Integer ray counter array MONTE or
MONTE2
IZAZ CEILING |Index of azimuth zone on the ceiling | MOON
I1ZR | CEILING |Index of the radial zone on the ceiling | MOON
JCELL CINDEX |Field cell index RINDX
JCELM CINCEX Field cell index FINDIT
JCORB MOONMP | A flag to indicate a corbel hit MOON
0 - the ray entered the cavity ‘
1 - ray hit the corbel ‘
JFRONT MOONMP | A flag to indicate a ray missed the MOON
: aperture completely
0 -~ ray entered cavity
1 - ray missed aperture
JMISHI MOONMP | Flag to indicate a ray hit the receiver | MOON
: ~ | above the aperture A
0 - ray entered cavity
1 - ray missed high
JMISLO MOONMP | A flag to indicate a ray hit the tower MOON

below the aperture
0 - ray entered cavity
1 - ray missed low

40703-11-2
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Subroutine

FORTRAN | Common L
Name Block Description Defined
JWHIS MOONMP | A flag to indicate a ray entered the MOON
aperture but did not hit the cavity
0 - ray entered cavity :
1 = ray entered aperture and
exited without getting into the
cavity
KSEG SUPPT Integer segment indice to indicate AIMPP
field position relative to corbel
location
LIMC {1 RANDOM | Option code for choice of sun mode INITCOL
1 - flat sun
2 - sun with limb darkening and .
solar radiation
3 = sun with limb darkening
MIN JEFF Minute of the hour of the day INITCOL
MODE RANDOM | A flag that indicates whether all : INITCOL
: variables need to be initialized or not
1 = initialize all variables
2 = read namelist
MON BABA Month of the year to be run NAMELIST
MONT None Month of the toe-in set point NAMELIST
N BABA Unit ray vertical to the ground plane VECTS
(real variable)
NAZZ CEILING | Number of azimuth zones on the INTTCOL
ceiling
NAZZF MAPS Number of azimuth zones in field NAMELIST
NC MAPS | Number nf collectors in a zonc POLSP2 -
NCOL JEF Number of collectors in the field POLSP2
ND1 None Disposition code for a given ray
NHF TABLE | Number of heliostat faccts (must be | NAMELIST

4 in this code version)

40703-1I-2
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FORTRAN | Common " | Subroutine

. Name Block Description Defined
INLAT " JEFF Number of height zones on the diffuser [NAMELIST
NLATC @ |JEFF | Number of height zones on the cavity [{NAMELIST
' wall o '
NLONG JEFF | Number of azimuth zones on cavity NAMELIST
walls ‘
|INNU None Number of azimuth zones on the field |NAMELIST

(either 1 or 8)

INPACK - JEFF Option code-for arrangement of NAMELIST
heliostats in the field

4 - uniform polar packing

5 = nonuniform polar packing

NPRAD MAPS | Number of polar radial zones in an POLSP2
' azimuth section (Figure F=5)
NRUN RANDOM | Number of iterations on IRAYS to NAMELIST-
be run.
NRZ CEILING | Number of radial zones on the cavity {NAMELIST

roof (Figure F=-5)

NRZF MAPS Number of radial zones on the field NAMELIST
R (Figure F-1) .

NSTOPS = |JEFF | Number of points along a projected NAMELIST
ray path to be checked for closest
heliostat (Figure 3-4) .

NSUP- SUPPT Number of cavity supports NAMELIST
OFFSET - TILTED ' | North-south distance that the cavity

center is offset from the upper aper-
ture east-west axis

OME BABA { Hourly angular displacement of the INITCOL
: C earth about its rotation axis ,
JOMS BABA Daily angular displacement of the INITCOL
: earth in its orbit :
PAX1 BALL . | Tracking error in degrees, for the MONTE2
outer axis

-
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—

point on a facet

FORTRAN Common . Subroutine
Name Block Description Defined
PAX1B STATS Mean tracking error, in degrees, INITCOL
for the outer axis ~
PAX1V STATS Variance tracking error, in degrees, | NAMELIST
for the outer axis
PAX2 BALL Tracking error, in degrees, for the MONTE2
inner axis
PAX2B STATS Mean tracking error, in degrees, INITCOL
for the inner axis
PAX2vV STATS Variance tracking error, in degrees, | NAMELIST
- for the inner axis
PH JOKER The angular rotation for mirror sur- | MONTE
tface slope errors MON TE2
PHB STATS Heliostat optical parameters | NAMELIST
PHV STATS Heliostat optical paramc:ers NAMELIST
RCO JEFF Radius of the heliostat field cutout NAMELIST
' around the tower (ft) (Figure F=-1)
RCONE SUPPT Radius of the conical aperture half- NAMELIST
way between the tower and the cavity
(ft) (Figure F-4)
RDIF CAVITY | Radius of the diffuser NAMELIST
RFIELD JEFF Radius of the heliostat field (ft) NAMELIST
' (Figure F=1) ‘
RHS TABLE = RRB FINDIT
RRB TABLE Vector from the ray start point toAthe INHI'Y
- heliostul hit poinl
RRS JEFF Vector from facet center to hit-point | FINDIT
of the ray .
RST TABLE Vector from center of field to ray hit

| INHIT

40703-11-2




C-11

FORTRAN

Common N Subroutine
Name - Block D‘?Scmp"m“ Defined
RSWTC CAVITY Radius of the cavity or diffuser INITCOL
SCDELT BALL Uncertainty vector in position of the -~ |[NAMELIST
: aimpoint . . ‘
SEP CAVITY | Distance of separation between the INITCOL
- tower and the receiver (Figure F=-4) :
SEQ BABA Sine of 23.5 deg, the solar declination |INITCOL
' angle for summer solstice
SLDUM CINDEX Horizontal length along ray path from |FINDIT
start point to the point to be checked
for the closest heliostat
SMALR BABA - Earth's diameter in nautical miles - INITCOL
SMAX JEFF Horizontal component of the ray PTOWER
from the start point to the hit point
on a test plane
SPACEF. None Spacing factorb between heliostats NAMELIST
SRAD MAPS Radial zones borders measured from |POLSP2
the tower.
STAZT TOE Sine of the sun's azimuth angle at the |INITCOL
toe-in setpoint
STELT - |TOE Sine of the sun's elevation angle at INITCOL
the toe=-in setpoint .
STH BABA Sine of the latitude of the plant INITCOL
SW SUPPT Support width NAMELIST
T JEFF Time of the day to be run NAMELIST
TAZT None Azimuth angle of the sun at the given |NAMELIST
» toe~in time. It is used to vary the
toe-in strategy (radians).
TDISX JEFF Tower distance from center of the NAMELIST

field in an east-west direction -
where east is positive x (ft) (Fig=-
ure F=2)

40703<I[=2




C-12

Common

FORTRAN VTP Subroutine
Name Block Description Defined
TDISY JEFF Tower distance from center of the NAMELIST

field in a north-south direction - :
where north is positive y (ft) (Fig-
ure F-1)
'TELT None Elevation angle of the sun at the given | NAMELIST
' toe-in time, It is used to vary the
toe-in strategy (radians).
TH JEFF Tower height (ft) (Figure F-2) NAMET.IST
THE CON SUPPT Aperture cone angle (radians) INITCOL
(Iigure I'=2)
THES SUPPT The angle between the supports AIMPP
THETA BABA Latitude of the tower (degrees) NAMELIST
)
THSL |JOKER Mirror surface slope error angle MONTE
4 : MONTE?2
THSR JOKER Rotation angle of the sun vector to’ MONTE
' account for limb darkening MONTE2
THSU JOKER Rotation angle of the sun vector to MONTE
account for limb darkening MONTE2
TIMET None Time of the toe-in setpoint NAMELIST
TPB STATS | Heliostat optical parameter NAMELIST
TPV STATS Heliostat optical parameter NAMELIST
TSB STATS Mean of mirror surface slope error NAMELIST
(degrees)
TSV STA'LS Variance of mirror surface slope NAMELIST
error (degrees) -
TTILT TILTED Tilt of the aperture cone axis INITCOL
UA |BABA Vector at 235 deg in north-south INITCOL
vertical plane
UAXV TABLE | Unit vector along the facet axle TRIADS
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|FORTRAN | Common - Subroutine
Name Block Descrlptlon Defined
UAXV2 BEDTST | Unit vector along the facet axle TRIADS
UAXVP" TABLE UAXV perturbed for tracking error PERT3
UBEDN TABLE Unit vector perpendicular to the top TRIADS
' plane of the heliostat (Figure 4-25)
UDNI RANDOM | Direct normal intensity (Langleys) INTEN
UE BABA Unit vector in the local east direc~ - VECTS
tion (Figure 3-2) -
UHV TABLE Horizontal unit vector along the MONTE2
' heliostat outer axis (Figure 3-25) MONTE
UHV2 BEDTST |Horizontal unit vector along the OFFBLOC
heliostat outer axis (Figure 3-25) 2
UMN JEFF Nominal unit mirror normal vector MIRRN .
(Figure 3-25)
UMNN1 JEFF Unit vector normal to the sun VECTS -
vector UR
UMNN2 JEFF Unit vector normal to the sun VECTS
vector UR -
UMNP TABLE Heliostat unit normal vector rotated PERT3
for the outer axis tracking error
UMN PP TABLE Heliostat unit normal vector rotated PERT3
for both axes tracking errors
UMNS JEFF Same as UMN for the hit heliostat FINDIT
UN BABA Unit vector in the local north direc- VECTS
tion (Figure 3-2)
UNNP TABLE Mirror normal at hit point with slope | PERT3
' - error and tracking errors (Figures -
4-22 and 3-23)
UR BABA Unit ray from the center of the sun VECTS
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FORTRAN Common 4 Subroutine
Name Block Description Defined

URP JOKER ~ |The sun's perturbed unit ray based PTOWER
on where on the sun the ray originated

Us BABA Unit Vector along the path from the | VECTS
center of the sun to the center of the .
earth :

US1 JOKER Unit vector in the direction which the | PTOWER ' -
ray is reflected from a mirror
surface

UTARG TOE Unit vector along path from heliostat | MIRRN
center to the aimpoint

UTT TABLE Unit vector tangent to the hit point . PERT3
mirror normal

uT2 TABLE Unit vector tangent to the hit point 3 PERT3
mirror normal ‘

UvT TILTED Unit vector along the cone axis AIMPP

UXV2 TABLE Uit vector perpendicular to the facet | TRIAD3
axle in the plane of the facet

UXV2P TABLE UXV2 rotated for the outer axis PERT3
tracking error

Uuxvarr TABLE UXV2 rotatcd for both traclking axeco PERT3
errors

Ul TILTED Unit vector normal to cone axis and AIMPP
in north direction

T2 TILTED Unit vector normal to cone axis and AIMPP
in east direction

WAPMAX TILTED Maximum aperture width (ft) ‘ NAMELIST

WAPMIN TILTED Minimum aperture width (ft) NAMELIST

WAVL JOKFER Wavelengths of solar spectrum INITCOL
divided in equal energy bands .
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plane from which a test ray origi-
nates

FORTRAN | Common I~ Subroutine
Name Block Description Defined
WCELL ' CINDEX Width of a cell on a field with rec- INITCOL
: : tangular cells (ft)
|wcross = STRUCT Width of the frame cross beams (ft) NAMELIST
WD TABLE Width of a mirror facet (ft) NAMELIST
WDUM ST,RUCTY Half of the collector Width (ft) INITCOL
WD2 TABLE |Half the width of a facet (ft) INITCOL -
|wWrVv . TABLE Length of a facet (ft) NAMELIST
WFV2 TABLE Half the length of a facet (ft) INIT COL
WJICROS STRUCT | Width of the center cross piece on NAMELIST
' the frame (ft)
WLONG * | STRUCT |Width of the frame side beams (£t) NAMELIST
| WSIDE STRUCT |Height of the frame side beams (ft) NAMELIST
WTRI STRUCT | Width of the diagonal braces in the - NAMELIST
top plane of the frame (ft) '
XCM CINDEX The east-west coordinate of a helio- FINDIT
stat center hit by a ray
XCSAV CINDEX The east-west coordinate of a helio~ RINDX
stat center to be checked for an :
encounter with a ray
XDF TABLE | Facet axle to axle distance (ft) NAMELIST
XLTRI STRUCT | Length of the diagonal frame NAMELIST
braces (ft) .
XM None Flux total array MONTE
' MONTE2
XP BALL The east-west coordinate in the test FINDIT
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FORTRAN Common . "Subroutine

Name Block Description Defined

XPCOL CINDEX The east-west coordinate of a helio- FINDIT
stat center

YCM CINDEX The north-south coordinate. of a FINDIT
heliostat center hit by a ray

YCSAV CINDEX The north-south coordinate of a RINDX
heliostat center to be checked for an
encounter with a ray '

YFRAC RANDOM | Number of days over which the INITCOL
program integrates

YP BALL The north-south coordinate in the FINDIT
test plane from which a test ray
originates

YPCOL CINDEX The north-south coordinate of a FINDIT

heliostat center
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APPENDIX D
INPUT INSTRUCTIONS

All input to this program is in the form of NAMELIST input cards,

The following variables are in NAMELIST CHANGE:;

Z eeserdesHMELIET DICTIDMHARY ’

HAMELIZT ~CHAMGE. RFIELDs THyHETOFSs TOTZXs TDIEY s IRAYSs TPEs TSEsFHE
TRV TEV o PHY s THETAs MOMs IDAY s T TP IT1 s HRUMY ISRAM
FA:1Ms PRAEY s SCOEL T HLOMS s HLATC » GCOVER s RGO s RCOMHE s HORY »
Zhls HEUP s DDZa HEE s HRZF s HAZZF » WD s WF Y XIIF s NPRCK s SFACEF
IDFI“E NHUs WAFMAS s WAFM I OFFZET s WLOMS s WCROSS s WTR T s GAF
ALTREIsHTMIRsHTCROZZ s WOCROEs ITOE S IFOCLIS, TAZ T TELT-

H[]HT: IDRYTSTIMET

[x ST I OS AX S YR T

Appendix C, glossary of variable names, and Appendix' E, input defaultyalues

and ranges; provides a description of these variables.

When preparing NAMELIST input cards, observe the following rules:*
1. The first column must be‘ bla‘nk.
2. The second column mu'st contain the character $.

3. This character is immediately followed by the NAMELIST
name (change), with no embedded blanks,

*Reference FORTRAN IV Programming for Engineers and Scientists by
Murril and Smith, copyright 1968 by International Textbook Company,

page 159,
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4, The NAMELIST name is followed by a blank,
5. The items in the list must be separated by commas.,

6. -The order is insignificant, but all variable and array names
must have appeared in the NAMELIST list.

7. The list of items is terminated with §.

For oxarr{ISIOz. ,

wada

[T ERFE 1 100, S e 111558

/UII oI MFV=T L Ry MIF =1L Ty FRELY =, 11-+’-er'-"“.ll%bsul_l.l‘\'Eh-I.J,FFIELD- EXU IS
CHANGE NFPACK=4, |RAYS=1577, RCONE=15. 4 IFCCUS =25

000000000C0000007 0007 000""70000600000000,/"0070000000000000000000000000000006¢

L L L R R TR R A R R U R R R I IR LR TR R R R R T R R R I R LR R R R TR R R R R I R R R A LR L LY LR ]

all input variables have a default value, thus those not appearing on these
input cards, but listed in the NAMELIST dictionary, are set to the default

value,

There must be one group of NAMELIST input cards for each design option to
be investigated, For example:

_/ SCHAMGE RCONE=Z21. s GLOVER=0, 3y RFTELTI=250. RREES
L ECHANGE RUME =1, shl iR = S FE ICL =25, =
TH=450, s SPACEF =1, 103, 3)1=2, 55
$cwm~.er NPACK=4, |RAYS= 1540y RCONE=15. s IFOCUS=2

Jay

¢e00000000000000"000"" 0003 %" 000000000 " 0!100 "00"0000000000000000000000009000000
1

1134 U U2 B IOUS T6 0 N0 IS 2300 IP 3 20 1S 16 20 26 25 M0 B 9030 36 5 2 3 30 59 40 41 A7 43 41 25 45 47 44 €1 S3 90 52 4154 95 56 50 S8 0N G0 K1 K1 G1GE 63 KK SIES O T I I NN A IS 08 Sk T
) AR R N R T N BN N R N 2N AN |

e
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This set of cards specifies three design options to be investigated. Variables
changed by a NAMELIST input card maintain that value through subsequent
option executions. Thus, in this case: '

a. All variables not mentioned on the first group of NAMELIST
cards take on their default values,

b. Only RCONE is changed for the second and third option execu-
tions, All other variables maintain either their default values,

or the values specified in the first NAMELIST group.

c. IT1=3 is the stop flag. This variable must be set on the final

option execution,

40703-11-2



APPENDIX E

GLOSSARY OF NAMELIST VARIABLES
AND DEFAULT VALUES

This appendix includes the NAMELIST dictionary variables along with their
default values and meaningful range of value. Definition of these variables
are given in Appendix C, Glossary of Variables Appearing in Common.

- The default value of éach variable shown in this appendix represents the base=-
line model which would be simulated upon execution of the prdgram without
input, Only those variables which are different from those given in this

table need be changed with input cards to simulate a problem other than the

baseline model.
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Variable Name - Default Range
DD3 42 ft >0
GAP . 0.25 ft >0
GCOVER 0.3 0-1
HCAV 46,1 ft >0
HTCROSS 0.833 ft >0
HTMIR 0.833 ft
IDAY 21 1-31
TNAYT. 21 1-31
IDRIVFE 1 .1, 2
IFOCUS 0 '0-11 by integer
JUMP 1 0,1, 2
IRAYS 2 Integer >0
ISRAN 27641 Intcger random II > Q
ITOE 0 -0-11 by integer
IT1 2 1,2,3
MON 6 1-12 by integer
MONT 3 1-21 integer
NAZZF 8 1-16 integer
NLATC 5 1-16 integer
NLONG 1-168 integer
NNU 1 or 8 only
NPACK 4, 5
NRUN 10 Integer >0
NRZ 5 1-16
NRZF 7 1-16
NSTOPS 11 - Integer >5
NSUP 3 Integer >0
OFFSET 0 -
PAXIV 0. 05 >0
PAX2V 0. 05 >0 oo
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Variable Name Default Range
PHB ’ 0
PHV 0 >0
RCO 120 ft >0
RCONE 20 ft >0
RFIELD 826 ft >RCO
SCDELT 0
SPACEF 1.1 >0
SW 2 ft 20
T 12 hr 0-24
TAZT 3.14159 rad | 0-2n
TDISX 0 ft
TDISY 0 ft
TELT 0.4948 rad | 0-2m
TH 392 ft >0
THETA 33 deg -60 - +60
TIMET 12 hr 0-24
TPB 0
TPV 0. 05 >0
TSB 0
TSV 0. 05 >0
WAPMAX 24 ft >0
WAPMIN 18 ft >0
WCROSS 0. 385 ft 20
WD 10 ft 20
WFV 10 £t 20
WJCROS 0.224 ft 20
WLONG 0. 48 ft 20
WTRI 0,177 ft 20
XDF 16 ft > WD
XLTRI 4.681 ft 20
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APPENDIX F
SAMPLE PROBLEMS AND DESCRIPTION OF OUTPUT

This appendix includes two sample problems, a time point simulation and an
annual energy time integration simulation, both of the same geometric con-

: figuration. A reproduction of the input cards for both samples, and a copy

of the actual output for each sample is included.

"ECHANGE RF IELD=C 8. THE415. yWEV=110, 370y WD=10, 575y ZDF =15, £y SPRELF =1, i
_(THETR=35.68

THISYE-439. » KCD=165. » HON=3y | DAY=81; T=12, s DI3=49, 5  HCAV=54, LT B UE
‘MAPHAR=25.  WAPH [=18. 8, PATIVE, 115, PAXEY=. 115 PRV=D, 5y | JUNF =05 |RAYS=8003

- LJUnp= Iy ITI=3) THETA= 35.685

Figures F-1 and F-2 show the field layout with tower location and the receiver/
tower configuration. Any variable shown on the input cards and not defined in
the figures can be determined from Appendix C, Glossary of Variable
Appearing in Common, and Appendix E, Namelist Variables and Default
Values.

The output for each of the examples is numbered to the right of each major

block of output, Following the listing is an explanation of those major blocks
of output numbered to match those numbers in the output.
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Figure F-1. Heliostat Field with Tower
_ One-Half South of Center
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/ .
‘, DDTOP
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‘Figure‘F-2. Diagram of Receiver and Aperture
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OUTPUT DESCRIPTION

1.

2,

Number with which the random number generator is initialized,

Warning message. Dimensions specified for the cavity diameter have

~ been reset. (Does not appear in this sample,)

Summary of heliostat layout, The heliostats are arranged around the
tower such that a line drawn from the center of a given heliostat to the
center of the tower is perpendicular to the outer axis of the heliostat,

For each of eight azimuth zones, heliostats are arranged in concentric
arcs., "Polar radii in azimuth zone n'" are the distances from the tower
center to the heliostats' boundaries for each concentric arc. '"Polar
collector count in azimuth zone n' is the number of heliostats within

each of these concentric arcs (see Figure F-1),

Ground cover summary, Since the field is symmetric for this heliostat
arrangement, only four zones are listed. The ground cover ratio (area
of mirror/ground area in a zone) is given for each arc of heliostats in
an azimuth zone,

Field and heliostat description. See Appendix C for definition of terms.
Figures F-1 through F-4 are diagrams of the model of the field, tower,
and heliostat,

Center wavelengths of equal energy bands for the solar spectrum.,

Continued summary of variables describing the field.

Plant locations, date and time of operation,
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Figure F-3, Tower /Receiver
Configuration
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F=1

9 & 10. Receiver and aperture dimensions, Refer to diagram in Figure F-2,

- "and Appendix C for de;initions.
11, r.Slllox"t opfion summary;
12, Tracking error factors.
13. Elevation ahd azirﬁuth angles of the sun. Direct normal intensity (KW/MZ).

14, Conversion factor = total possible power falling on the heliostat field.

’
[y

x15. Number of rays to be traced.

16, Deséription of headings for ray trace résults. Most are self explanatory.
Reflectance refers to that property of the mirrors.

Rays which "whistled thru" refers to those rays which entered on one
side of the aperture and left on the opposite side, without entering the

cavity.

"ONBLOCKS" are reflected rays that were blocked by a different part of
the same heliostat. |

"OFFBLOCKS" are reflected rays that were blocked by a part of a
different heliostat. '

"Cleanly away from field" refers to rays that are not blocked by any
heliostat after being reflected. '

17, Typé of simulat‘ion.

18. Calculated mirror area and direct normal intensity of the sun (KW/Mz),- .
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19,

20,

21,

- 22,

23.

24,

25.

26.

F-8

All values are given in KW/M2 of mirror,
Tracking efficiency.
Summary of frame hits and blocks. .

Onblock, offblock ray hit summaries: a grid showing a) the hit facet,
b) the facet blocking the reflected ray (used mainly for debug).

A map of flux on the tower cavity, zoned by height up the wall and azimuth
position. For time point the units are MW/M2, For time integration the
units are MWH /M2 Figure F-5 is a diagram of the flux map structure
of the receiver walls and roof. '

Summary of flux on the.cavity walls. Columns one and two show the
range of the wall covered, Column three shows the average flux in this
ring per square foot., Columns four and five show thé resultant running'
sums of the total flux on the ring from bottom to top. Columns six and
seven do the same thing from top to bottom. Flux is measured in MW for
time point and MWH for time integration, | |

A map of flux (MW/M2 for time point MW'H/M2 for time integration) over

90 equal area zones of the roof, Theé zones are divided into four radial
Sections and 16 azimuth sections (0° is north, 90° is east, etc.) (see
Figure F-5),

A map of flux (MW/M2 for time point, MWH/ M2 for time integration) on

the roof. The roof is zoned into five equal area concentric doughnut
shaped sections (see Figure F-5), '
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F-10

27. A map of incident flux on the mirrors. The field is zoned into a 10-by-10
rectangular grid, Units are MW/M2 for time point and MWH/M2 for time
integration (see Figure F-6),

WCELL

Z»
4
— T WCELL

a
\_I

T-1- 171
10 X 10 FOR FIELD MAPS

Figure F-6. Heliostat Field
Zoning

28. A map of hits on the mirrors. The field is zoned into a 10-by-10
recfangular grid.

29, A map of redirected flux on the mirrors (KW for time point, KWH for
time integration),

30. A map of flux lost to shadowing. Units are KW for time point and KWH
for time integration. This map includes shadowing from heliostat to .

heliostat as well as facet-to-facet shading,

31. A map of flux lost due to heliostat-to-heliostat shading. Units are KW
for time point and KWH for time integration, '

32. A map of flux lost due to blockage. Units are KW for time point and
KWH for time integration, A
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33, A‘map of total flux on the mirrors, i.e., the sum of grids 30, 31, 32
and 33. Units are KW for time point and KWH for time integration.

. 34a,b,c., Maps of losses divided by total flux on the mirrors (grid 33).

35a,b,c,d,e. Maps of the origin on the field of these rays which did not
enter the cavity, That is, the origin of those rays which:

a. Missed high
b. Missed low

c. Misséd across the front

d. Entered through oné side of the aperture and went out the

other side

e, Struck corbels

36. SL array is a weighted ranking (0-9) of the field in a 10x10 rectalinear

array.
sotkkadditional output for time integration rumkssx

37. A map showing origin of the redirected rays which entered the cavity by
month of the year. The field is divided into four sections, where the
axes are north-south and east-west. Column 2 shows hits in the NE,
column 3 shows hits in NW, column 4 shows hits in SW, column 5 shows
hits in SE, ‘column 6 is the sum of columns 2 and 3, column 7 is the sum
of columns 4 and 5 (see FLgure F=-1T).

The row showing month 13 is the sum of months 1, 2, 11 and 12; row 14
is the sum of months 5, 6, 7, and 8; row 15 is the sum of 3, 4, 9 and 10.
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NW NE

SW - SE

S

Figure F=7, Field Zoning

38, A map similar to the one described in 37, excépt the axes that define the
quadrants of the field are diagonals, i.e., from NW to SE and NE to SW.
See Figure F-8 for explanation of quadrant system.

Nf

NW NE

Sw SE
Figure F-8, Field Zoning

39. Maps of the origin of redirected energy (in KW) zoned in the same way as
the ray count maps discussed in 37 and 38,
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INITIAL RANDOM SFED=

?

Tha|

NUMKER 0F qUNS PER BATCH:= tu

INITIAL CAVITY DIAMETER (Does not appear In this sample)

POLAR RADII IN A7IMUTH ZnNs 1
115 165.0 R{ -2)2 1R1.6 R( 31z 198.3 40 )= 215.1
915 301.2 R{ 100= B0 R 1= 336.7 3 1232 354,.7
13 467,46 N §8)2 erben R 19)E 4M5,9 I 2003 505,64
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49)=1221.1 W( 50)1=1256,9 Rt 51)1=12R9,7 AL 521=51325.9
POLAK COLLECTOR COUNT IN A7IMUTH ZONE 1
1= 2 Nt 3= 2 N W= 2 NU W)z 2 Nt
9Ne 3 NC1O)= o NI « NG 12¥e . Nt
1= S N( 18)= & NI 1N = A M 20)s 6 NI
25)= T N 26)= 8 Nt 2= 4 Nt 28)= 8 Ni
M= 9 NC J&)= 10 NU 352 10 NC 30)= 10 Nt
sldz 12 NU &2)= 12 Nt &= 12 NC 6= 13 Nt
49 s 1S N( SO)= 15 Nt Sl)= 1§ N 321= 16 N
POLAR RADIT IN A2IMUTH ZNNF 2
1)s 165.0 R 21= 1Ales RO 3= 197.9 0 6= 2le,)d
9= 298.2 R{ 1002 3S.e RC 1113 332.8 At 12)= 350.3
I1T)e 4603 R0 181 4GHH R( 1912 77,6 2 20)= 496,5
25)m S594,1 R{ 261 61643 R( 2?71z 63,8 2 2B)s 655.5
3313 763.2 Rt )=z TRS.A KR 3I5)1= BNB.e Q( 3613 831.5
Gl1E 953,31 WU 42)3 978.4 R( ¢1=10N6.9 81 661=1031.6
49121176.3 R 50)=1205.1 W S11=1236.7 Q1 321=1269.3
POLAR COLLECTOR COUNY IN A7IMUTH ZONE 2
1= 2 Nt 2)= 2 NU 2= 2 Nt )= 2 Ni
9= 3 NC10Y= &4 Nt 1= & N 1dy= e Nt
1= 5 Nt 18)= 6 N 19)= & N 2u)s 6 Nt
25)= T Nt 26)= 7 NU 2= 8 &t 2= 8 NI
3= ¥ N 3a)= 9 Nt 5= 10 N{ 3&)s 10 N(
wl)s 11 Nt 62)= 12 N{ ey= 12 N( se)= 12 Nt
“9)= I« N( S0)= 14 NiU Shi= 1s N( S2)s 1S Nt
POLAR HADII IN aZIuUTH Z20NE 3
11= 165.0 H( 21z 81«6 R({ 3)3 197.RA N 4)z 213.8
9= 295.7 R( 1032 312.6 Rt 1113 329.6 wt 12)= Jeb.4
1702 433.9 H( 1812 451.9 Rt 19)= 670.0 2( 20)= 4BA.6
25)= 582.8 NW( 26)2 602.3 RI( 271= 622.1 2 2A)= 642.0
3312 745.6 RU o)z TA6.O W( 1S5)= TAB.T 3t db)= Al0.8
)13 926.4 R( 42)= 95046 N{ 31T 975.3 2 46)=1000.4
91=1133,6 K( S01=1162.1 R Sli=1101,2 Q( S2)=1221.1
POLAR COLLECTOR COUNT IN A7IMUTH ZONE 3
= 2 Nt 2¥= 2 N e 2 NU @)= 2 Nt
9= 3 NCIO)= 4 N( 1= « N 1= 4 NI
1Ms= S NC 1IR)= 5 N( 19= 6 Nt 203 6 NI
29)= 7 Nt 28)s T Nt 2= 7 Nt 2¥)= A NI
INs 9 Nt 3w)s 9 Nt 3S5)= 9 Nt 362 10 Nt
)= 11 Nl e2)= 11 Nt a3ys 12 N( se)s= 12 Nt
«9)® 16 N( 50)= 14 N( 5= 16 N( 3212 15 N
POLAR RADIT IN aZIMuTH 20NF o
113 165.0 R 213 1Rl.6 R( 31= 197.8 R{ &)= 213,6
915 293.6 K( 1013 °309.9 A 111= 326.6 at 12)= 383.0
1702 #28.2 KU 18)= 46S.6 RE 1912 463.3 3( 2012 81,0
?5)8 572.6 Wl 26)c S9l.4 R( 2715 610.5 R( 28)® 629.7
331= 729.3 R 36e)= Te9.9 R( 3515 770.8 <0 361x 792.0
sl)e 902.3 R{ 62)8 9725.3 Rt 6315 968.7 Qi su)= 972,5
9131097.,8 Rt S0151124.3 R S11=1150.6 R{ 521=1179.1
57)=21328.0 R
POLAR COLLECTOR COUNT TN AZIMUTH ZONE “
e 2 N( 2= 2 Nt M= 2 Nt @)= 2 Nt
%)= 3 N{( 10}s 4 Nt INE 4 N{ 12)% & Nt
171 S N 18)= S N{ 19s= 6 N( 20y= 6 N{
2%)= T N( 261 T N 2Nys 7 NL 28)s 8 Nt
MNs 9 N 4= 9 N( 513 9 N( Jo)s 9 Nt
slts 11 Nt &2)= 11 N( &ys 11 N( 6u)= 12 Nt
Nz 13 N{ SO)= 13 N{ Shi= 16 NC S5&)= 14 Nt
sTi= 16 Nt

Rt %)= 232.0
Rt 13)= 372.9
RU 21)= 525.2
W{ P9 692,2
R{ 37)= 879,
H{ 45)21096.0
Rt

S)= 3 N¢
1= & Ni{
2li= 6 Nt
291= A N¢
37r= 1y N¢
45)= 13 Nt

R{ 512 230.8

R( 13)= J67.9

R( 21)s S15.6

R( 29)s 676,.5

R{ 3= 855.0

R{ 45)=1058.8
P S3)=1303.0

Sis 3 Nt
13)= e N
2ly= 6 Ni
29)s A Nt
INs 10 N¢
4S)s 13 N¢
53)= 16 N¢

R( S5)= 229.9
Rt 1318 363.6
R 2112 $06.9
Wi 29)= 662.2
Rt I = 833.2
Rl 45)%1026.0
Rt 53)=1251.7

Sie 3
13)s= & Nt
2= L]
e9) s A Nt
N 10 Nt
4S)= 12 Nt
S3)= 15 Nt

R{ S)= 229.4
@0 13 359.8
R( 2))8 499.0
R( 29)= 649,2
RL IT)= B13.4
R{ 45)= 996,06
R{ S3191207.4

Si= 3
13)= & NI
2l)= 6
2N s 8 Nt
37N s 10 Nt
45)= 12 Nt
53)= 1o Nt

40703-11-2

wi
LX)

R
L1}
L1

6)=
10)=
22)=
0=
g =
46)=

L1
R
Rt
R
Rt

R{

6)=
14)=
22)=
o=
=
at)e

R
Rt
L}
R(
Re
Rt
Rt

o)z
l6)=
22)s
=
dg)=
46) =
S4)=

Rt
R
Qlt
R
Qi
R
Ri

6)n
16)=
22)s
0=
8=
46)3
S4)s

61 269,

1 Nt

‘ler= I9t.2 R
d2)= S545,2 R
3012 7166 R
3815 904.5 Rt
46121126.0 Rt

Nt
NI
NI

N{(
Nt

& O~

s
19)=
2=
e
IN=
“l)e

61 26T.4 R
le)= 38S5.8 R
2212 536.9 R

30)= 697,

7Rt

38)= B74,9 NI

46)=108A,

N{
N{(
N{
N{

——
w3 0N

N{

7 R¢

=
15)=
2=
3=
39)s

LY 2R

6)8 2462 NI

14)= 380,

9 Wt

22}z S25.6 Wi
30)= 6AR2.6 R

3 Wi

Tz
15)=
2=
)=
Ns=
S AR
551 =

38)= BSA.0 R{
©6)31052.1 NI
S4)=1281.
3 Nt
S Nt
6 N¢
8 Nt
10 Nt
13 Nt
15 N¢
6)z 245,

3 Rt

te)s 37A.6 R
22)= S17.1 Rt

30)= 66A.
38)= A3S.

9 wt
2 Rt

4b1=1021.2 RI
541212366 NI

Ni
Nt(
N¢
N

My
N¢

- .
VNODO F W

Tis
15)=
23)=
Iz
39)s
41)s
SS)s

Tr= 26A.3 RU
191 «09.8 R
231 S65,8 QU
= 736.8 R
19)= 93n.1 Ri
4T)=1154.8 A

Nt H)=
Nl 16)=
Nl 26)=
NI 32)=
N{ 40)=
ML GB)=

tmOoNTW

——

M= 66,2 R
19)= 403.8 R
232 SS4.6 U
)z 719.2 R
191z Q903.2 R
67)=1115.2 R¢

Nl B8)=
Nl 16)=
Nl 24)=
Nl J2)s
Nl 40012
Ml 48)s

WO -

-

Tys 262.5
15¥= VA6 AU
23)z S546.5 U
= 70303 3
9= AT9.1 3t
aT1310TR. T AL
55121315.7 R

3 NG 8)=
S N( 16)=
T MU 24)=
R Nl 3=
11 N( &0)=
13 mt «8)s
16 N(

T)=z 261.2 A
15)= 393.7 at
2312 S35.4
iz ABR.E U
A9)= AS7.2 R
aN=zines.) QU
§513126K.1 R

N( 8)a
Ni 16)s
N{ 24)s
N{ 32)=
0=
N( 48)s
Nl S6)=

———
NWOoODO N W
z

A1z 283.6
1618 428,5
26)a 585,9
1218 159,6
401= 956,)
4B1=1184,5

S CNNW

81= 281,1
16)= 422,0
?64)= 574.2
32)s 41.)
40)= 927.9
4A)IEl146,6

PO NN

81z 279.0
1618 4l6.]
24)% 563,6
32)E 126.2
60)= 902.5
4R1=]1105.9

WO NW

ars 271.3
16)= 410.8
2413 §53,9
32)= 708.9
40)s ATY.6
481=1071,.8
561=21296.6

-
O i O~ Al

(1)

2

(3)



LNt

F-14

POLAR RADII IN AZIMUTH ZONF  ° S
R( 113 165.0 R( 2)= IRlepn R{ 3)= 197.8 2( &)= 213.6
RI 9= 293.6 R( 1012 309.9 R 11)= 32646 2 1212 343.0
RE 1712-6428.2 R 18)= 445.6 R( 19)= 463.3 3 201 48]1.0
R( 2S)2 572.6 R{ 26)= S9l.4 Rt 27)= 610.5 R( 28)= 629,7
R( 3313, 729.3 R( 34)= 749.9 R I51= 770.8 ¢ I6)= 7v2.0
R 4l)= 902.3 R{ 42)= 925.3 R( 431= 948.7 2t 6612 972.5
R( 49)21097.8 #( S01z1126.3 R( Sl)=}1%1eq ©( S52)21179.1
Rt S7)=1328.0 R(

POLAR COLLECTOR COUNT IN AZIMUTH ZONE S
N( )= 2 Nt 2= 2 N( N= 2 Nt @)= 2 Nt
Nt 9= 3 N(C10)= 4 N IDs= 6 Nt 12)= & N
N( 1= 5 N( 1813 S N{ 19)= h N 20)s 6 N
N( 25)=’ 7 N( 26)= T Nt 2= T N( 28)= 8 N
N( D= 9 Nt 34)s= 9 N{ 35)= 9 N{ 3o)= 9 N¢
N{ ol)s 11 Nt 42)= 11 N¢( ad)= 1Y N 64)= 12 Nt
N( «9)a 13 N{ S0)s 13 N( Shs 1 Nt 52)s 14 Nt
Nt 5= 16 Nt

POLAR RADII IN AZIMUTH ZANF 6
R{ 1)= 165.0 R( 2)= 181.6 R( 3= 107.8 Q& &)= 213.8
R 9= 295.7 Al 103= 312.4 R{ jli= 329.4 AL 12)= 34,4
RE 17)= 433.9 R( 18)= 451.9 R( 19)= 470.0 R( 20)= 68,6
RE ?5)= 582.8 R 26)=2 602.3 R( 271= 622.1 Q3¢ 29)= 642.0
R( 33 745.6 R 36)= TA6.9 R 35)= 7AR.7 3¢ 36)= 810.8
Pt Gl)= 926.4 P 42)= 950.6 R( 6312 975.3 Q( 66)=1000.4
R{ 91=1133.6 R( S01=1142.1 R( S11=1191.2 21 521=122).1

POLAR COLLECTOR COUNT IN AZIMUTH 29NE [
N(U )= 2 Nt 2y= 2 N{ )= ? NI &)= 2 Nt
N(U 9= 3 NC1O)= 4 NtU 1= 4 NU12)= 4 Nt
N 1= 5 Nt 18)= 5 NU 9= & N(200)= 6 Nt
N( 25)= 7 Nt 26)= 7 NL2Nys= 7 NG 2b)= 8. Nt
N( 3= 9 Ni 36r= 9 N{ 3I5)= 9 N( Jo)= 10 N{
N{ 413= 11 NU 42)= 11 NU 4ady= 12 NU 4a)= 12 N
NG 9= 14 N( 50)= 4 Nt Shy= 14 Nt S2)= 15 N(

POLAR RADIJ IN AZIMUTH ZONE 7
R 1)z 165.0 R{ 2)= 18146 R( a3 197,9 Rt &)z 214,
RE 9= 298.2 R{ 10)= 315.4 RC 11i= 332.8 &( 12)= 350.,3
RE 1T)m 46043 R{ 18)m 45849 R 1912 4776 a0 2008 496,5
R( 251= S94.1 R{ 26)c 6]16s3 R{ 27)= 6308 R( 28)3 655.5
R{ 33)= 763.2 R( 341z 785.4 R( 15)= 808.4 P( 36)= 831.5
B{ wl)= 953.1 R( 62)1= 97B.8 R("43151004+9 R( 66)=1031.6
R{ 6912)174.3 Rt S0)=12nS.1 R S11=1236.7 R( 52)=1269,3

POLAR COLLECTOR COUNT [N AZIMUTH ZONE 7
N( )= 2 Nt 2)= 2 Nt = 2 Nt @)= 2 Nt

9= 3 NC Q0= 4 Nt Q= ¢ Nt 12)= o Nt

N 1Ty= S N{ 18)= 6 N 1= 6 N{ 20)= 6 Nt
N( 25)= 7 Nt 2603 T N 2= 9 Nt 2B)= 8 N¢
Nt 3= 9 N )= 9 Nt 35)=  1n NC &)= 10 NI
N( 61)3 11 NG 42)=2 12 N( ada= 12 Nt 66)= 12 N
N{ ¢9) = 14 N{ S22 14 N{ Slhir= 15 N{ S2)= 15 N¢

POLAR RADII IN aZIMUTH Z0NF 8
R( 11= 165.0 R( 2)= 1Aal.6 Rt 3)= 198.3 R({ &)= 245,1
R( 9= 301.2 R 103= 318.9 R( J11= 336.7 QL 12)= 1354,7
R{ 1T)1= 46T.4 H{ 1B)3 466.6 R( 19)1= 485.9 R( 20)= 50S5.64
R{ 25)= 606.6 H{ 26)3 627.6 R( 271= 64B.8 R( 28)= 670.4
Pt 33)= 782.8 R 34)= B06.3) R{ 15)= 830.2 Q{ I6)= 854.5
R{ 61)= 983.0 R{ 42)=1010.3 R( 631=1038.2 &{ 44)=1066,7
R 691=1221.1 R( 501=12564.9 R( 51)=1289.7 R( 52)=1325,9

POLAR COLLFCTOR COUNT IN AZIMUIH 20NE 8
Nt lis 2 Nt 2)= 2 NU 3= 2 Nt @)= 2 N
NG 93 3 Nt 1O)= & NC( 1= o Nt 1)z & N
Nt I = S Nt 18)= 6 Nt 19= A NL 20)= 6 NU
N 2S)= 7 Nt 26)= 8 Nl 2= A N( 28)= 8 Nt
Nt 3= 9 Nt 36)= 10 NC 35)= 10 Nt 36)= 10 N¢
N{ ol = 12 Nt 42)= 12 Nt 63)= 12 Nt 64 = 13 Nt
Nl &Y= 15 Nt SU3E 15 Nt SLje Is  NU S2y= [T

Rt
R{
L1
LN
L1
Pt
Rt

S)s
1=
21)=
29)=
A=
4S)=
53

R
L1
R
R
L
R
P{

Si=
13)3
2=
291=
ne=
45)=
53)=

LAl
R
L
R
R(
R
LY

Si=
d43=
21 =
29 s
37)=
451=
3=

Si=
1=
2l)=
2=
N
45) =

Si= 229.4
13)= 359.8
21)= 499.0
291 649.2
I = Bll.e
45)= 996.6
$3121207.4

Nt
Nt
Nt
Nt

Nt
N(

———
FPNO D> O W
2

R
R{
Rt
Rt
it
Rt
R

6)=
16)=
22)=
30)=
Ja)=
46)3
S54)e

Si= 229.9 R

13)= 363.6
21)= 506.9
2913 662.2
37 = 833.2
451=1026.0
S531=1251.7

N{(

N¢
8 N{(

12 N
15 Nt

S)= 230.8
13)= 367.9
21)® S15.6
29)1= 676.5
37)= 855.0
4512105848
53)31303.0

——
DPWODP > W
z

Sie 232.0
13¥= 372.9
2i)s 9525.2
29)= 692.2
37)1= 879.3
451=1096,0

N(

. Nt
N{
NI
Nt

WD > W

-

40703-11-2

R
Rt
R
it
Rt
R

6)=
14)=
22)=
30)=
s
6)=
56)=

LA
R
R
R

Ry
Rt

6rs
10)=
22)=
30)=
38)=
48) =

R
R
Ry
Rt
R
R

6)=
183z
22y=
30y =
aBy=
46)=

6)1= 265,31
14)= 37A.6
22)= S17.1
30)= 6£68.9
38)= 835.2
46)1=1021.2
541=1236.4

Nt

———
VN DO & W

6)e 264,2
14)= 380.9
22)3 525.6
30)= 682.6
38)=s A5A.0
461=1052.1
541=1283%.3

R
Rt
Rt
R
R
wi
R

Ti=
N{ 1S5)=
N( 23)=
Nt Jl)=
N¢ J9)=
M( 67)s=
N( 55)=

R
R
R
wi
"
LX]
Wt

=

N{ 1S)=
N( 23)=
N( Jl)s

9=

N( 4T)=
N SS)=

-
VWO D* NI
z

61 287,46
14)= 38S,8
22)1e 53449
3013 697.7
J8)= A7R.9
461=108h.7

N{

-
W ® WV W

6)= 249,.]
le)= IN.2
22)= S45.2
30)= T16.0
38)= 904.5

46)=1126,0

Nt

SO ~NNW

3]
Rt
R
Ry
L&
R¢

=
N( 15)=
Nt 23)s
N 3=
N( 39)s
N( 4=

R
Rt
R{
Ry
LI
R

7=

N( 23)=
NG 31)=
N( 39)=
Nt aTi=

]
U
1

-t

U
L1
Q

Rt
L1}

L1
Ry
Rt

= 26142
15)= 393.7
231z S35.6
1l)= &RALA
A91= AS7.2
aT1=106h.)
S5)1=1268.1

3 NG AYE

S N( 16)x

6 N( 24)s

8 Nt 32)»

10 Nt 40)s

13 NC w8 s

15 n( S6)s

Ti= ?262.5
150= 39A.4
231 G44.5
aliz= 70%.3
19z R79.1
4T =1nTA,7
§51=131%.7

3 NG B)=
S5 N{ 16)s
T ML 24)=
8 wNt 32)s

11 Mt 4002

13 *( «B)=

16 Nt

Tra 264,22
15)= 403.8
2= 55444
Uiz 719,2
39)= 903.2
471 =1115.2

3 NU 8)s

5 Nt 16)s

T Nt 2003
9 Nt 32)s

11 N{ 60)=

13 Nt e8)=

Tr= 266.3
191 409,8
2315 565.4
)= 736.8
391= 930.1
«?)=1156.8

3 Nt 8)=
S Nt 16)a
T NC 24)s
9 Nt 3=
11 Nt 40)=
16 NC «B)=

Ri= 277.3
16)= 410.8
26)= 53,9
32)= 708.9
40)= AT9.6
“Bi=1071,.8
84)21296,6

C W™ O~N W

8= 279,0
ié)= ale.l
?6)= 563.6
12V= T28,2
60)a 90¢2.5
4B1=1105.9

-l O AR

-

s 281.)
1612 622,0
FO LI YL TY 4
32i= 763.1
a0l® 9271.9
aflelles.b

SO ~NNW

B8)= 283.6
16)® 428.5
26)s 589,9
32)= 759.6
40)= 956.3
48)=1188,5

>—0~NNw



6Ct
GCt
GCHt
GC¢
[}
GCt
GCt
GCH

GCt
GCt
6CH
6C¢
GCt
6Ct
G6CH
GCt

GCH
6CH
GCt
GCH
GC(
GCt
6C¢
GC{

6Ct
GCH{
GCH
6CH
6Ct
GCt
6CH
GC¢
[}

F=-15

GROUND COVER IN POLAR JONE )

195 381 GC( 2)s 367 GCU 3= 316 6GCUL )= .290
8)= ,321 GC¢ 9= 300 GCC Ir)= 375 G6Ct 11)= 352
1S)= ,349 GC( lA)= ,331 GC( 17)= 316 GC{ 18)= ,357
22)= L3642 GC( 2= 326 GC 24)= 311 GCt 25)= ,296
29)= 282 G6C( 30)= 303 GC( )= 289 G6C¢ 32)= .276
36)= .256 GC( 37)= ,26R GCt 3JRI= L2536 GCt 39)= .266
63)E 219 GCt 44)= ,225 GC( 45)= 216 GCt 46)= ,218
S0)= .185 GC( S51)= ,1T4 GCt S2)= 173 OGCt

GROUND COVER IN POLAR ZONE 2

)= ,3IB) GCt 2)= 355 G6CU 3)= ,325 GCU- &)= ,298
8)s ,333 GC( 9= JIM1 GCC 10)s 4,390 GCU 111= .367
1502 365 GCC 161z ,366 GCU 1702 329 GO 181= (375
22)s 309 (6C1 2315 346 GC( 241 ,329 GCC 25)= 316
29)= L3001 GC( 30)= 28R GO( J1)= 310 GCt 32)= ,296
3618 L2777 GCC 3ATis ,265 GC( JAr= 279 Gut 391= .26h

-43)3 262 GC( &)= 23] 6C( 6S)= 239 6Ct 461z 227

S0)= 199 GC( S1)= 201 GOt S2)= 190 5L( 53)1= .19]
i .

GROIIND COVER IN POLAR ZONE 3

113 .38) GCt 2)= 357 GC( 3= .333 GCt &)= ,306
8)2 o366 GC( 9)s ,323 GC( 10)= 406 G6CC 31d= 381
1505 ,38]1 GC( 1A)= ,362 GCH 17)= .346 GCC 18)= 328
2213 ,325 GCt 23)= ,363 GC( 26)= ,367 GCt 25)= ,332
291= 319 GC( 30)= ,306 GOC 31)= ,293 GCt 32)= ,I17
36)= 298 GCt IT)= ,285 GC( Ik)= 276 GCt 39)= .2R9
@313 4205 GC( sad)s 256 GCU 45)= ,263 GC( 66)= ,251
S0)= 224 OGC( S1¥= 213 GC¢ 52)= ,217 GC( 53)1= ,206

GROUND COVER IN POLAR 20NE )

1= 381 GCt 2)= ,357 GC( 3)= ,336 GCt &)= .36
8)2 ,355 GCt 9)= ,333 GCt lmi= ,6l8 6CC 11)= 394
1802 397 GC( 1633 377 G6CC 1715-,359 GC( 18)= L2
22)= o362 G6C( 23)5 327 GC( 26)= ,365 G6C( 25)= .350
2912 .338 GC( 30)1= ,326 GC( 31d= 312 6Ct 32)= ,337
36)1= 287 GC( 37)= ,30A GC( 3R «296 GCt INI= ,282
431= 4264 GC( 4&)= 276 GC 45)= (265 6Lt 66)= L2564
S0)= .231. GOt S1i= 23R GC( $21= ,227 GCY S531= 217
S71= 202 GCt

G6Ct
6C U
6Ct
6Ct
6Ct
GCt
GC1(

GCL
6CH
6CH
GCH
GCH
6CH
6Ct
60

GCH
GCH
GCt
G6Ct
GC 1
6Ct
GCt
GCt

GCH
6Ct
GC(
6CH
GCt

T6Ct

G6Ct
6CH

Shz 400
12)= 332
1912 360
26)1= .323
IN= 266
40)= 233
aT)r=z 207

S1= L%l
1212 366
191= .357
26)= 300
331z 286
“0)= .255
4T)= 216

S)= 425
12)=
19¥= 376
261= .J18
331z LI06
40)= 277
471z 240
Salz 195

S1z 637
12¥= .373
191 L2392
25)= 4335
33 = 323
40)= 298
47)= +26%
S6)= 4221

HELTAK] VERSIONV 13. TIME POINT ANOD/OO ANNUAL ENERGY

QOUND FIELD WITH LOW PROFILE HELINSTATS

NSTOPS NCOL RFIELD TOWER H GCOVER
11 1596 A7R.000 415,000 «300
NHF wFy oD XOF ALEN SPACEF
& 10.348 10,38 16.60 49.80 1.00
Gap WLNNG «4CROSS wIRI XLTR] «S10E wJICROS HTMIR
250 +480 +385 o177 4.681 J8460 Le224 .A33

THE CENTER WAVELENGTHS'OF THE TWENTY EQUAL ENERGY BANDS

6CL o)=
6CL 1=
6CL 200 =
6CL 2N
GCt d)
6Ct 41)
6C( &)=

GCt &)= ,381 GC!
6Ct 13)= ,326 GCI
GCt 20)1= 160 GCH
GC(
GCt 36)= 272 6CH
GCt 61)=" ,243 GCU
GCU 48)= 221 GCt

GCt 6)= ,195 GC( Tz .368

6CL 1D GC(
6CL 200 GC(
GCt 27y= GCH

GCt )= ,29) GC(
GC( a11= ,265 GC{
GC( &B)= ,229 GCH
6Ct SS)= 196 GCH

GCt 6)= ,606
6C( 13)= ,153
6CI 20)= .76
6Ct 271= .32l
6Ct 34)= .31}
6CL @1)= .287
GC{ «R)= ,253
6CL 5512 .210

+29000 46000 +4R000 +51000 +54000 +«57000 +60000 .63000 «56000
J764000 .TR000 .82000 +87000 .96000 1.02000 1.0R000 1.22000 1.48000
TOISX TpISY AFIELD RCO
0.000 -639,000 23136271.678 165,000
3sa2rsen
LATITUDE= 35.68 HOUR 12 MIN []
CAVITY HELRIVER SPEC3
SEP om oo2 QUIF HCAV onl AIMHGT
19,3 26.3 45.9 0.0 54.0 49,5 9.0
RCONE THECON HTOT TYILY
1R, 06 ol 19.29 0.00
WAPMAX waputN OFFSET
25.0 18,3 0.0

PROGRAM OPTIONS USED
INDIVIDHAL FOCUSING
INDIVIDUAL TOE=IN
TaETIN STRATFGY FOR 3721 AT 12.0
FACETS GANGED
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(4)

(5)

HTCROS
«833

(6)
.70000
1.68000

(%]

(8)

(9)

ao

abn



F-16

HEL JOSTAT UPTICAL PARAMETENS o R a2
PAX1R 4x28 158 L) PAXLY PAX2Y ToV PHY
0.00000 0,n0000 0,00000  0.00UND 11500 - ,11500 .05000 .05000
0z THETAZ XKWN] a3
55,7616 179.54158 .98072
coescoenoc CONVERSION FAaClTOR = ;19865]71!25006 secssssnce (14)
STATISTICS FOR 10 ®JUNS AT 800 RaY¥S PEA RUN as)

cssescesosQUTPUT CODE®oesssssss
(16)

ETALI=FKRACTION OF FIELD FLUX THAT HIT MIRRORS
ETA2=REFLECTANCF
ETA3=FRACTION OF FiUX NOT ORSCURED OV THE wAY DUT
ETAL=FRACTION OF FLUX THAT HIT TOWER
ETASSFRACTIONN OF FIELD Frux THAT HIT CavIty
ETa RACTION OF FTELD FLUX THAT =IT THE CAVITY WALLS
ETA7=FRACTION OF F{ELD FLUX THAT waS [V TOWER SHADOW

EFLUX1=TOTAL FLUX ON FIELD IN xw

EFLIA2=TNTAL FLUX NN MIP30~S IN Kw

EFLUX3=TOTAL FLUX LEAVING wIRRORS [N Rw

EFLUX4=TOTAL FLUY CLEANLY AwAY FROM FIELD IN Ky

EFLDXS=TOTAL FLUX ON POwFR TOWER [N Xw

EFLUX6ZFLUX ON CAVITY DIFFUSER [N <w

EFLUX7=FLUX ON rAVITY waLLS IN Kw .

EFLLIXASFLUX ON cAVITY CETLING IN KW o . -

N1=RAYS DRAWN dFfFORE SUNDISE
N2SRAYS ORAWN WHFN THE SuN WAS T0O LOW
N3=RAYS ORAWN THAT HIT TeE QPEy FIELD
N4=RAYS WHICH HIT MIRRAOR 3yT wERE LOST I[N SPACE
NS=RAYS DRAWN TwAT 4FRE atLNCKED IN ONBLOCKS
N6=RAYS THAT WERE NHBSCIIRED IN NFFALOCK
N7=PAYS WHICH WIT CAVITY DIFFUSER

DN#=RAYS WHICH HIT wALLS
N9=RAYS WHICH HIT ROOF
N1Q=RAYS WHICH “1SSED HIAGH
N11=RAYS WHICH “ISSED ACROS3 TmF FIONT
N12=RAYS WHICH YISSED LOw
N13=RAYS WHICH «IT SUPPOQTS
N14=RAYS WHICH WERE IN THE TOWER SHADUW
N1S=RAYS WHICH wHISTLED THRU
N16=RAYS wHICH FRAHME SHANOwED ON SAME HELIO
N1 7=RAYS wHICH FRAME SHAHOJED ON OTHEK HELIO
N1BzRAYS WHICH FRAME BLOZKED ON SAME HELIO
NI9=RATS WHICH FRAME HBLOFKF( ON OTHFR wELIO

E£Tal ETa> ETa3 ‘ETAs £7a5 ETa6 ETA7
+2978B  .90000 1,00000 .979u& 425257 .23670 .00363

ErLURL tFLURS LrLJRY EHLURS LPLUAY EFILUAD LFLUAT’ cFLuas
+198652E+06 +S9113RE 05 -532024F*05 +532024F405 52108SE+05 «267910F 06 .469735F+05 «512494E 04

Nl N2 N3 NG NE Nb N/ NH NY N1D Nl N2 N1 Nl N1S Nlo N1 7 Vg N1y
N 0 5586 0 n 0 0 2106 230 16 3 & 3 29 25 2 0 0 0

TIME PQINT RUN an

AOTUAL HINAOY ANRA . BIArGT unMAL EREAGY
6383R,8130 . +9807 . (18)

ENFRGY (KwH) PER Syu. METER ° : [$%)]
\UNSHANOWED «9268 .
SHADOWED +9260
LEAVING MIRROR «8336
CLEANI Y awAY «8334
THRU APERTURE N .8163
ABSORRED «7346

TRACKING EFFICIENCY  (UNSHADOWFD) <9450 ' ' (20)
(CLEBANLY AwAY) <8498

NUMBER OF SUPPORT KwH OV
SIUPPORTS wiDTH SUPPORTS

3 . 2.0 7.0

NSTAT FHAME WITS
HELINSTAT £ HI @n

TOP FRAME SIDF FRamES CROSS FRaAMES RUTTOM FRAME
2 0 0 0 0 0 0

FNERSY LOST ON FRAME IN KwH
FRAME SHaDOW FRAME BLOCK

ON SAME HFLIO . «  ON DIFF 4ELIO ON SAME HELIO ON UJFF WELIO
Y Y . 0.0 0.0 0.0
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FaCerv
INDEX

W —-

OFFQL

FACET
1

FwnN

cavrir

108
FROM
[ P4
2.4
?1.6
10.8
0.0
“OTTOM

FROM

0.0
10.8
216
2.6
“3.2

CAV]IT

_ FROM
0,0
5.0
0.0
.135.0
180.0
225.0
210.0
15,0

SUMMARY N

TOoTaL
nivTs
568
615
624
574

0CK  SuMuA

o000~

Y wALL M

FHOM
T0

mn
56,0
- el.2
32.4
21,6
10.8

CIRCUMFERFE

™

10.8
2).6
32.4
3.2
54.0

Y CLILING

T0
5.0
90.0
135.0 1
180.0 1
225.0 2
270.0 2
38,0 2
360.0 ]

AZZTMOUTH

11

1.1
15.7
19.2
22.1
2u.8

0,000000
0.000000
J046762
132493
.116905
2266985
+163667
085730
0,000000
0.000000

F  HIT  anl

F-17

225.0 270.0
270. 315.0
.030 015
«073 .019
160 .038
+207 .029
« 066 000
AT SuUM TOP DOWN
0.0 0,000
10.8 3.527
2l.6 10.292
32.4 22.0R0
©3.2 40.253
S4.0 46,973
22.16
264.75
23.48
0200
«0500
0450
<0050
+0250
+0500
Ju2uu |
+0150
085730 031175
160286 196862
« 264985 +202636
«296160 «161667
+2026306 «28R166
«Ja2922 327335
+28RJI6L «3507%6
+319541 327335
«296160 210629
«16366/7 «077937

D HLOMKAGE COUNTS HY FaCkl
HITS LESS * HITS  ALOCKEU  AY
BLOCKS 1 2 3 3
ShE 0 [} 1] [}
615 0 [} ] 0
624 0 0 [ 0
576 0 [} ] [}
QY
2 3 4
0 [} 0 .
[] 0 0
[} 0 0
[} 0 [}
I
0.0 45,0 90.0 135.0 180,0
«5.0 $0.0 132.0 180.0 225.0
019 019 031 .025 022
«0Y 025 062 + 068 «035
<019 0460 117 112 <117
003 027 +200 222 o262
n.0no .008 <070 119 +078
NTIAL AvE wALL FLumx
AVE FLUX [14 SuM BOTTOw UP
.023 54.0 0,200
043 “3.2 6.720
076 J2.0 264,893
o6 21.6 36,681
063 10.8 43,406
0.0 46,973
“ap
FROM 0,00 11.07 15.465 19,347
10 11.07 15.65 19.17 22.14
AVE T.83 - 13.56 17.50 20.71
. L]
AVE
?22.5 .0200 +0150 0300 +0200
67,5 «0300 .0300 0200 0250
12.5 +0300 +0600 +0200 0200
57.5 0200 0250 +0050 +0350
02.5 +0250 0650 0350 0150
47,5 +04SN +0500 +0300 «0599
92.8 +04un U030V SUZ3u VLS
37.5 «0250 .0250 0250 »0250
AVE CEILING FLUX
ave
~Te8 +0293
13.6 «0350
17.5 <0237
20.7 +026R
2345 «0287
KW/50.M FLUX MAP OF POWER TUWER MIRHOR FIELD
0.00n0000 WNeRTE2 +093524 «15587¢ «163667
.101318 +210429 +179¢55 .155874 +163667
« 179255 2194862 .280573 261604 202636
«196842 «296160 218223 261604 257191
+ 249398 .179255° ,2649R5 «296160 +257191
327335 +202636 2428652 «261606 «296160
+218223 +280573 311767 179255 266985
.233810 +257191 +2020)6 038968 +023381
LELLY) + 2469398 272779 «179255 +1408080
0,000000 «241606 +3818%0 +266985

«110905

40703~1I-2

315.0
360.0

019
+ 068
022
«001]
0.000

0.000000
«132693
+148080
< 18700R
J187064
«311767
«272779
187044
+148030

0.,000000

(22)
(23)
(24)
(25)
(26)
27)
0,000000
0.000000
+054556
.163667
+187048
»210629
«163667
+101318
v,000000
v.000000 *



HITS ON T<E HELIO FIELD

FLUX ON THE FIELD

0. 0.
0

0. 0.

. +290E+03

134€+03 L,S13£+03
.390£403 .SSBE+03
.JISE<03  L714E+03
J759E+03 .93BE+03
L469E+03  .625E+0)
.246F+03  L670E+0)
0, +4b9E+03

-] 12
27 23
28 36
a8 28
23 kI3
26 55
36 “0
a3 26
Je 3s
15 31

J136Fe03  ,2ABE0D

«403Fe03 LS13E+03
«S58F+03  ,BO4E+0)
AGBE 03 ,67SE+03
JS13Fe03  (TS9E¢03
«GBOE+03  ,12JE¢04
JRO4E+03  ,B53E¢03
W73TE+03  ,550E+03
2716F+03  ,Tx1E*03

JAILES0S Lb92E 04

FLUX LOST TO SHADOWING

0.
0.

FLUX LOST TO BLOCKAGF

TOTAL FLUX

0.
0.
+1339SE+03
«37956€.03
«33489F 02
+T990RE+03
«46BB&E 0]
«26558E+03
0.

0.

PERCENT FLUX

N,
«29024F+03
«51349F« 00

© +55815¢+03
o 71443F*03
«9376RF+03
«H2512F+03
+66977F+03
s4hBBGLE €0}

0.

«13395E+03
«60280E+0
«55P15€+03
«AGHIBE0)
+51169€+0)
+38067E40)
+N037IE0D
+73675€403
«71663E+03
©336RIE-03

LOST TN SHaLOWS

20
20
31
3
38
k1
23
s
23
9
«46T5e0]
«uGTEQ)
«692E+03
«692€+03
BGHESU3
«692€403
«513Ee03
«112E+03
«S513E+03
JUYLI08
0.
0.
0.
0.
0.
0.
0.
u.
0.
0.
0.
0.
[N
0.
0.
n.
0.
0.
u.
0.
u.
0.
'8
0.
0.
0.
0.
0,
(8
[N
«2RTY1E-0D
+51369E+03
LH40373E403
«52512€+03
2 75908E+03
«12279E406
237303€+03
«3R04TE+03
T8140E*0J3
+59210E°03
0.
o,
0.
v,
0.
0.
0.
0.
0.
0.

21 11 o 0 0
21 18 25 17 ]
26 34 26 19 7
33 38 21 24 21
33 26 37 24 26
38 4t 42 40 27
3 a7 45 35 2t
3 ol 62 24 13
19 34 F34 19 n
36, 21 10 0 n
LGB9E0D  L266E03  .B93E02 0. 0,
4H9E*0]  LG02E+03 JSSBE*03  .3R0E03 0,
+SROE*03  o759E+03 .SBOE*03 .424€+03 ,L15AF+0)
JT3ITES0U3  LBGBES0]  L46YE03 . 5I6E+03 .469E+03
W737E+03 ,5B0E*03 .B26E*03 .53I6E«03 ,HIAE+0I
«BGBESU3  JYHZEC03 .9IBE*03 .AQ3E.03 ,G603Ee0I
ST39E+03  L826E¢03  L100E404 L /AIESDS  L4bYEEDD
B70E*D2  YISES0I  J9IBEC03  .5I6E403 L,290F+03
426E903 L BGHBEC0] L603E403 L424E«03 O,

SILIERUY LUBYETUS

«GG652E+03
246652E403
+h9210E+03
+69210E+03
<H4B3BE<03
«69210E+03
«51343E+02
«11163E+03
«51349€03
10940€04

+4068BGES03
+46BB4EC0]
+56047€+0)
«73675E+0)
«73675t 03
«84B83BE+0)
«75908E403
«66977E02
«62619E03
+7590RE+0]

0s
.5
[ 2

0.
Q.

0.
[ 2
[

40703-1I-2

2203 U,

0.
G
0.
0.
0.

0.
Ve

0.

+2455RE403
+40186E403
«75908E+03
+8483BE0)
*«SHO4TE03
«98234E403
«82606E+0)
+91536E03
«868J8E+03
«GHAALE«N]

Ve

«89303F+02
«5SRISE+NI
+58947F«0)
<4bABAE N
.82605¢ .03
«9ITLBF 03
10047F204
«93768E+03
60280F 03
.22126F 401

28
(29)
(30)
U, 0,
0. 0.
0. Ne
0. 0.
0. Oe
v, [0
Q. [
U, 0s
0. 0.
0. Ve
31)
. 0.
0. [
0. 0.
0, 0.
[ 1 [ 28
Qe )
o i
0. 0.
O, Os
0. ' 0.
32)
0. 0
0. [ 3
'N 0.
V. Ve
O, 0
0. 0.
0. 0.
0. 0.
Ve v
", n.
{33)
0. 0.
+37954F+03 0,
«02619E+03 L 15628F«0)
+53582£403 .46886E03
«53582E+03 «>3582F+0)
«BYIOIESUI  +H0LBOF VY
«T78140E+03  .GuARAGLFe01
«53582E+03 <29024F+03
«%2619F+03 0.
0. O,
1 1
Ve 1
Q. Oe
0. 0o
0. 0.
e 0.
0. [0
0, 0.
' 1

(342) -



PEPCENT FLUA LNST YO ALOCKAGE

I 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

1.0.

I o.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

1 0.

RAYS WHICH MISSED HIAHW

co~0OoOwOoOO

220~ md25002

RAYG wHICH MISSEN LOW

coocoocoo00oC

RAYS wHICH MISSED ACKOSS FRNNT

cocooo~0O0OD

coos0ID 200

C3202020D=0

CCcO0COD0O0O~O

cocooco0Co

RAYS wHICH WHISTLED THHOUGH

0 0O0OwO~0O

2D OO~ OO =2

RAYS wrlCH MIT COWBELS

coooonoOOO

SL ARRAY

0

n

Q

L

L]

4

[

]

o

]

«272779
0 0
0 3
[ 3
3 2
3 2

-2 1
3 2
3 2
0 k]
0 0

[

1

1

0

[

[}

]

[}

[}

0

0

0

[

0

0

[1]

0

0

[}

0

« 179255
4 3
2 3
2 1
1 2
F I
2 1
[ |
2 2
2 2
3 2

ocoocoo0coco

- W N W

coococooew~CWw ocoocoddce ~DCcODOCCSCCD ococcocooCco

cocooDoeD00

CcooocO0O0OOOCO COTO0CO0O OO~ COoCODDO~ O~

cCoo0COOOO~N

coocsoo0o0oCOO

0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. -0,
0. 0.
0. 0.
0. 0.

0

1

0

L]

[

[]

L]

0

0

0

0

0

0

0

0

]

[]

[

[

0

]

0

[

[

]

L]

0

[

0

0

0

0

0

0

0

0

L]

0

]

[

0

]

[}

]

-0

[

0

0

o

0

0C 0CO0COO0 - coccococo0O00 ccooco0O0Cc OO0 ocooo0oo0OCOC

coococo0cOO0

cCoOoOoODOOON~—

coooo0b000

ccooDOo0O0CO

cocccCcocOo O~

ccoo00O000C

CO=COQO~~o

cooo00oQO~Cco ocoo~0c00OO

ccoo0oco0O0

cooOoO0OCO~00

2D D00O~=poO0O DOoOD200D0D 00200~ 02D EE L)

02020 D~DOO

0.
0.
0.

0.
0.

0.
0.
0.

0.
0.

(34b)

(352

(35b)

(35¢)

(35q)

(35e)

.056550 0.000000 0.000000 0.000000 0.000000 0,000000 0,000000 0.000000 (36)

NWE NN W W

o o e P A

W= WS

CWARN=INLDWwE
cocLwwWNRWROC
ccoocoococoece
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L4}
Rt
R
R{

R{
Ry

R
Ry

L
R(

Ry

Ry
Rt
X
Rt
Rt
Ry
R

Nt
N{
Nt
N{
N1
N
N{

R{
R

Rt
Rt
Ri
et
Rt

R{
1o,
6R
)
LY
R(

Used only on nonsegquentlal simulation

¥=-20

POLAR RADTT IN a7 TMUTH ZONF 1
1)z 165.0 =t 2)= 18}l.6 R( 3)= 194,33 Rt Wt 5)= 232.0 Rt 6)= 269,01 R T)= 266.3
9)y= 301,2 =€ 10)= 38,9 R 11)= 3367 2 QL 13)= 72,9 Rt lers 391,2 MU 15)1= 409,8
17)= w6T,46 R 1B)= vnh A R ©w8S,9 2 Rt 21)= $25,2 R{ 22)= S6&,2 N 2J)= 565,46
2S)1= 606,65 R( 261z 627.6 R 6u8.8 @ R{ 29)= 692,2 RU J0)= Tla.4 RO )= 736,8
33)= 782,8 KU Ju)= B05.3 Rt 830,2 R R{ 37)= B79,3 RA( 38)= 904.5 R 319)= 930,.1
41)= 983.0 Rt 62)2101043 R{ 63)=1038,2 2 44)=1066.7 R 45)=1096,0 R( «6)=1126,0 KU a?1z1156.8
6491=1221,1 R 50)=1254.9 R( S1)=1289.7 { S52)=1325.9 R

POLAR COLLECTOR COQUNT IN A7IMUTH ZONE 1
13= 2 Nt 1= 2 NG 3= 2 Nt @)= 2 Nt S)= 3 Nt &)= 3 Nt Ti=m 3 NU 8
9= 3 Nt 10)= 4 N(1hy= & Nt 12)= 4 Nt 1= 4 N Jb)s= 5 N( ISt= 5 Nt l6)e
1= S N 18y= 6 NI 19)= 6 Nl 20)= 6 N 21)= 6 Nt 22)= T Nt 2= T Nt 24)=
?5)= 7 Nt 26)F 8 Nt 2= A NI 28)= 8 N{ ed= A Nt J0)= 9 N{ 3= 9 NI )=
33= ° 9 N 3a)= 10 N 3Sy= 10 Nt Joy= 10 NG 3= 11 N( 3= 11 Nt 3= 11 Nt 60y =
«l)= 12 NC 42)= 12 N 3= 12 Nt G4y = 13 Nl 4S)= 13 Nt u6)= 16 Nt 6Tz )& NI e8)=
49)= .15 Nt SO)= 15 N Sh= 15 Nt 3232 16 Nt

PpLAR RADTT IN a7IMUTH 79NF 2
1)z 165.0 R{ 2)= 1Rl.h a( 216.3 WU 51z 230.8 RU 6)= 267.4 HU 7)== 26642
9)= 298.2 NH( 10)= I}S.4 e 350.3 KRC 131= 367.9 R Qe)= 385.8 Ri 15)= 401.8
1712 460,33 R{ 18i= 458.8 u{ WYb.b R 2132 515,85 Wi 2242 S34.Y R 23)2 854,48
251z 594.] R( 2A1z 6164.1 L1 65545 R 2915 676.5 R( 30)= 697.7 R( )= 719.2
331= 763.2 R( 34)= 7AS.6 LX 831.5 H( 3713 855.0 R{ 381z B7A.9 R 19)= 903.2
4)l= 953.1 K( &21= 978.8 R( ©4)=103}.6 R( 45)=1058,8 R{ 46)=108&.7 R( 471=21115.2
912117403 Wt 501=120Ss1 R{ S11=21236.7 @ $2151269.3 H( §3)=1303.0 R

POLAR COLLECTOR COUNT IN AZIMUTH ZONE 2
= 2 NU 2)= 2 Nt 3= ? NU 4)= 2 Nt S)= 3 NU 6= 3 Nt D= 3 wNt 8)=
9= 3 NU10)= & Nt 1ly= e NE 12)= 4 Nt 13y= & N( la)= S N( 151= 5 wnt 16)=
17)= 5 Nt 1A)= 6 NC 9= 6 NU 20)= 6 N( 21)= 6 N 22)= 6 N( 2))= 7 N( 26)=
2S)= 7 Nl 26)= 7 Nt 2N = AN 28)= B N( 29)= A Nt 30)= 8 N( IMN= 9 N 32)=
anre v MU Ja)= 9 NP ISz 10 NU b)Y 10 NI INs 10 Nt YE 11 Nt AN 11 Nt 401s
el)= 11 Nt e2)= 12 NU ady= 12 NCU sy = 12 N( ©5)= 13 Ht «6)= 13 Nt &M= 13 N eBy=
9= le NI 50)= 14 Nl Sh= 1s Nt 329= 13 NC 533)= 16 Nt

POLAR WADIL1 IN AZIMUTH ZNNE 3
11= 16%.0 R¢ IRleA R 31= 197.8 20 4)= 213.8 RO S)= 229.9 H{ 61z 26k.2 ?267.5
91= 295.7 R 312.6 RE 111= 329.6 R 12)= 366.4 R{ 1= 363.6 R{ le)= 380.9 RELY
17)2 33,9 R( 18)= 451.9 R( 19= 470.0 R 201 GBR, & R( 211= $06,9 R( 221= 525.6 S44.5
291= SR2.R R{ 602.% Rt 622.1 Q4 28)= 662.0 R{ 29)= 662,2 R( J0)= 682.6 703.3
13)s 765.6 R 169 Ry TRB.7 R0 36)= 810,8 R 37)= 833,2 R( 38)= A54,0 RV V)= AT9,]}
«l)= 926,46 R{ 9G50.45 AL 975.3 Q1 44)=1000,4 R{ 451=1026.0 R( 46)21052.1 R( 4N =1n78,7
49)=1133,6 KR{ S01=1162.1 R S13=1101,2 2 52)=1221,1 #U S3)=125),7 Rt 96)=1287,3 Rt 59)1=1116,7

POLAR COLLECTOR COUNT IN A71mUTH ZONE 3
= e NU 29= 2 NU )= 2 NU 4)= 2 Nt S)= 3 Nt &)= 3 N 3 NU 8)=
9= 3 NUIOY= 4 Nt 1= 4 Nt lar= & N 3= 4 Nt le)= S Nt 1S} 5 Nt 16)=
17y = S wNU 18)= S Nt 19)= 6 Nt 20y = 6 N( 211= b NI 22)= 6 Nt 2= T Nt 28z
2s1= 7 N 26)= T NU 2= 7 N 28)= 8 NC 29)= R Nt 301= 8 N( 3= 8 Nt )=
a3r= 9 N{ su)= 9 Wi 389)= ¥ Gl s 10 Nt 3T)= 10 Nt 38) - 10 ¢ INe 11 NU 0
sly= 11 Nt a2)= 11 Nt 43y= 12 NG wuy= 12 NU uS5)= 12 NG uby= 13 Nt oN)= 13wt a8)=
491 = 14 N S0y= 14 Nt Shy= le Nt 3= 15 NU 3= 15 NIi Se)= 15 Nt 5%)= 16 Nt

POLAR RADLIT IN pZI™MUTH ZNNF “
1= 165.,0 R 2)= 18l.6 R{ 31= 197.8 @& 6)= 211.6 R{ S5)= 229,64 R{ 6)s 265.3 R Tz 261.2
"9)= 293.6 R( 10)= 3n9.9, R( 11)= 326.4 R 12)= 363.0 R 13)= 3I59.8 RI{ le)= 3786 R 1S)= 333.7
17)= 42d.2 MU IB)= 445.6 R 19)= 463.3 Q( 20)= a81,0 R( 211= «99,0 RIU 22)1= S17.1 R 231z §35,.4
?251= 572.6 Kt 2b6)= 5916 R{ 2712 610.5 &( 2B8)= 629.7 R( 2v¥)= 669,2 R( 30)1= 6AR.9 RI{ Jli= ARR.8
331= 129.3 KU 361z 7649.9 R( A5)= TTUB 21 3b)= 792.0 RE 371)1= 813.4 R( 3812 835.2 Kt 19)= AST.2
611= 902.3 MU 4212 925,33 R( 63)= 48,7 R{ 46} 972,5 R({ 45)= 996,6 R( «61=21021.2 R{ 6T)=106k,3
9)=1097.8 w( 50)21126.3 R( 511211516 @ 52)31179,1 st 531=1207.4 R 961312364 ®{ G9)=|266.1
571=1328.0 wt * .

POLAR COLLFCTOR COUNT IN AZIMUTH ZONE o
1= 2 Nt 2)= 2 NU 3= 2 Nt a)= 2 NU S5)= 3 NU &)= 3 NG D= 3 Nt 8=
9= 3 NC10)= 4 Nt 1= 6 N( &)= 4 Nt )3)= 4 N Q&)= 4 N( 1S5)= S N 16)=
1M = 5 Nt 18)= 5 Nt 19= 6 Nt 20)= 6 N 21)= A N 22)= 6 Nt 2)= 6 ANl 24)=
25) = T Nt 28)= T Nt 2= T Nt 28)= 4 Nt 29)= A NU 30)= 8 N Jlis 8 N( 32)=
s 9 Nl e 9 Nt = 9 Ni Y6r= 9 ONCIATIE 10 N{ BT 10 N( IN= 10 NI e0)s
wl)= 11 N(U e2)= 11 Nl e)y= 11 Nt ey = 12 NU 6S5)= 12 NiU sb)= 12 Nt &7)= 13 Nt s8)=
W= 14 NE SO 13 WU S11E la NG Sel= le NG S3I= 18 N( 563 15 N¢ S5)= 15 WN( 36)s=
sh= 16 Nt

POLAR RADIT IN AZ14UTH Z0NE [
112 165.0 Rt 2)= 1Al.6 R{ 31= 197.8 Rl )= 213.6 R{ H)= 229.6 RU 6)= 245.3 KU 71z 261.2
76, R R IR (3 R 16=) =8 3251.32. 6 R (R (39)= BST.2 RS =4 02)2=9 .84/ 9 RA(
Yi= 421419=. 39 0 2943 TRy (= 261.2 Rt & 28) 922757,..33
te 3 )9=) =9 289,37, 6 R (R (6 41)0=) 972,5 R =4 53)10=9 ,999 6 ,Ko! IRLU) 24 63)2361.062 1 .R2!
691=1097.R R( S0)=1124+3 Rt S11=21151.6 RE 52)=1179.1 R{ S3)=1207.4 Rt 56)=123he4 M 55)=]1266.1]
871=)1328.0 M( :

POLAKR COLLECTOR COUNT IN AZIMUTHM ZINE S
1= 2 Nt 2)= 2 Nt 2= 2 N{U a)= 2 Nt S)= .3 NL &)= I3 Nt D= 3 NU @)=
9= 3 NU10)N= 4 NU 1y= & Nt 12)1= 6 Nt 1= 4 N( la)= 4 Nt 15)= S Nt 16}z
17 = S Nt 18)= S Nt 19= A Nt 20)= 6 Nt 21)= 6 N( 221= 6 Ni 23)s 6 N 24)z
?25)= 7 N 26)= 7 Nt 2Nh)= T NG 20)= B N 29)s 8 NC 0= 8 N¢ 3= 8 m( 32)=
3= 9 N{ 34)= 9 Nt 3I%s= 9 N{ Jo)= 3 Nt 3Ti= 10 Nt 381= 10 Nt 391= 10 nt e0)=
sl)= 11 N @2)= 11 Nt &liz 11 NU s6)s 12 NC 6513 12 N( 6ebls 12 N aT)s 13 N{ 48)=
49y = 13 Nt S0)= 13 Nt Sly= le Nt S2)= 1¢ NI 530= 16 N S54)= 15 N¢{ 5S)= 15 N( 56)=
37 = 1s Nt

40703=-11=2

Rt

(1)
)
(3)

A= 283,6

16)= «28,5

264)= 56,9

32)= 159.6

40)= 956,)

4p)1=1188,5

PO NGW

©

8)=
16)=
261z

281.1
422.0
sia.e
3212 Y4l.1
4015 927.9
4B)c]]4scn

PO ~NNW

-

A=
16)=
2u)s

279.0
4ale.1
564,6
2)= 726,2
0= 902,5
©A)1=1105,9

G~

8is
16) =
20l

277.3
610.8
553.9
32)s 708,.9
40)= B7v.6
48)=1071.8
S61=1296.6 -

Als 277,3

1R2() =4 TIjan3,0 R 1 )1s
S6121290.6

FPwmrONVNW



F-21

© POLAR KADII IN aZIMUTH ZnNF )

Re 108 165.0 R{ 21= lHl.4 R 31= 197.8 Q( &)= 213.8 Rt S5)= 229.9 Rt 6)= 26h.2 Wi Tiz 262,5 2t 8)= 279.0
RE 9183 295.7 W( 1012 312.6 Ri 1115 329,64 H{ 1217 366.6 R{ 131= 363.6 R( 14)= 380.9 Hi 1512 330,46 R 161= 6le.d
R{ 1702 433.9 R 18)= &5].9 = 670.0 R ¢0)= 4BR.4 R 2113 506,9 R 22 §26.6 H{ 23)= G64.5 R 24)c 563.6
R{ 2515 S82.RA H( 261z 6n2.) ' 622.1 R 28)= 642.,0 R( 29)= 662.2 R 0 6R2.6 H( 11= 7013.3 R 2= T26,2
R{ 33)% 745.4 R( 34)= TA6.9 THE.7 3( 361= B10.,8 R( 31)= 833.2 K( 38)= BS6.0 R{ 9= A?3.1 R 60)= 302.5
R{ 6])2 926,46 H( 4213 9504 975.3 Rt 46)=1000.4 R 45)=1026,0 R( 46)1=1052.1 R{( z1074.7 R «8121105.9
Ri 491=1133.6 R( S01s11k2.1 Rt S11=1161.2 24 5212122141 R 531=1251.7  R( 56)=1287.3 R S5)1=1915.7 R

POLAR COLLECTOR COUNT [N A7I4UTH ZONE 6
NG D)= 2 Nt 2= 2 Nt M= 2 NU @)= 2 NU 5= 3 Nt &)= 3 NC Tz 3wt 8= 3
NG 9= 3 NL LO)= 4 N IDs= e Nl 1&)= « Nl 13)= 4 N la)= S5 Ni{ 15)= S NU 16)= S
N( 1= S5 N 18)= 5 NI 193 A NL 20)= 6 Nt 2= & N 22)= & N{ 23)= 7 Nt 24)= 7
Nl 25)c 7T N( 26)= T NU 2= 7 NI 28)= 8 Nt 29)= 8 NC 3= 8 Nt Jl=, 8 mni 321= Q
NIl 3= 9 Nt 34)= 9 NL 3IS)= 9 Nt 2de)= 10 NC 3= 10 Nt 238)= 10 N{ IN= 11 NU 40)= 1
N{ sl)s 11 NL &2)= 11 Nl ady= 12 Nt )= 12 N 5= 12 NU &)= 13 N{ 67)= 13 N &)= 13
Ni a9 s 14 Nt SO)= 14 Nt Shy= 14 Nt 51= 1S Nt Shy= 15 Nt S4)= 15 N 55)= 16 w~t
POLAR RADII IN AZT4UTH ZNNF ]
R{ 1)s ]65.,0 ®{ 21z IRl.A R{ 315 197.9 30 &)= 2l6.) RO Sz 230.8 247.4 U /Y= 281.1

QU 161= 622.0
At 261z 5742

385.8

RE 91= 298.2 K 101= 315.6 Rt 111= 332.8 Rt 12)= 350,3 R( 13)= 367.9
534.9

R( 1705 40,3 RC JA)3 58,8 R{ 191= 477.6 R 200= 496,5 Rt 211= 515.6
Ri 251= 594.1 R{ 2613 6143 RI 636.8 Ol 23)= 655.5 R( 29)= 676.5 697.7 R 32)= T4l
R( 331= 763.2 w{ Ju)= TRS.6 R BOB.4 Q( 36)= 831.5 W( 3= 855.0 A7R.9 Q( 640)= 927.9
Rt 61)= 953.1 KU 42)= 978.R wW{ 1006,9 R 66121031.6 R 45)31058.8 R 461=1084.7 Wi «71=1115.2 Rt 631=1]1606.0
R{ 91311743 Wt S01=21205.1 Rt 511212367 3 S21=1269.3 H({ S31=1303.0 R(

POLAR COLLECTOR COUNT [N A7IMUTH ZONE 7.
Nt D)= 2 Nt 2)= 2 NUL = 2 Nt @)= 2 NU S)= 3 NU &)= 3 NG D= I Nt 8= 3
Nt 9= 3 NC 1Oy= e N 1= & NL 12)= 4 Nt 1= 4 Nt l6)= 5 Nt 15)= N 1) = 5
N{ 1= S Nt 18)= 6 N 19)= & N 20)= 6 Nt 21)= 6 Nt 221= 6 Nt 23)= T Nt 26)= 7
N{ 25)= 7 Nt 26)= 7 NE 2= AR N 2d)= B NG 29)= B N{ 300z 8 N¢ 3= 9 N( J2)= ~
Nt 3= 9 N = 9 Nt IS)= 10 NC 30)= 10 Nt 37)= 10 Nt 38)= 11 N( 39)= 11 Nt &)= 11
N wl)z 11 Nt «2)s 12 N( &)= 12 N sy = 12 Nt 25)= 13 Nt 46)= 13 N 4= 13 N «8)= 14
Nt «9)= 1l N{ SO0)= 1 Nt Shy= 15 N{ Sa)= 15 Nt 3= 1A N{

POLAR RADI1 IN aZIwUTH ZNNF L)

2649.1 Rt T)= 2AA.3 L RAI= 2d44.6
391.2 wt 15)= 409.8 Q¢ 16)= 624.5
545.2 H( 23)= 66G.6 L 241= 585,9

Rt 1)=3 165.0 RI- 2)s JR).A RC 31= 198.3 Q0 &)= 215,01 R( 5)= 232.0

RE 9= 301.2 RO 1002 I1B.% RO 1112 3367 L 12)= 3547 kil 130= 372.9

RU 1702 46T.4 KU 1B)3 4h6.h A 1913 &R5,9 31 200 505.4 R 211= 525.2,
RI 2502 60646 W1 26)= 6274 R ?712 6LH.B It 281= 670.e R 29)= 692.2 Tla.6 Mt Y1)= 776.8 2 321= TS59.6
R( 33)3 782.8 W( 34)= 8n6.7 R( 3512 B830.2 3 361= B856.,5 R I71= 679.3 906.5 KU 19¥= 93n.] A 0)= 956.3
R{ &l)z 983,0 R( 62121010.3 R{ 6312)01R2  «t 641=1066.7 R 45131096.0 R{ 461=1124.0 R{ 471=1154.8 <t 4B)=1188,5
R 9121221.1 R( S0)S1256e% R S11=12R9.7 ¢ H2)=)1325.9 R

POLAR COLLECTOR CONNT [N AZI9UTH ZINE 8
Nt D)= 2 Nt 2)s= 2 Nt M= 2 NG w1z 2 NU S)= 3 N{ 6)= 3 N M= 3 NU 8= 3
NG 9= 3 Nt 10)= 4 NC Iy= & Nt 12¥= 4 Nt 13)= 4 Ni la)s S N( 15)= 5 i 16)= S
N{ 1T)s S Nt 18)= 6 N{ 1= A N 20)= 6 Ni 211z A N( 22)= T N 2= T Hi 2el= 7
N{ 25)= 7 Nt 26)= A N( 2= A N{ 28)s 8 N( 29= 8 N{ 30)= 3 Nt 3= 9 8 )= 9
Ni 33)s $ Nt Je)= 10 N{ IS)= 10 Nt 36)= 10 N( 3= 11 W 38)= 11 Ne 390= 1 mE 0= )1
NU el)¥E 12 Nt 621z 12 Nt a3z 12 N )= 13 N eS)= 13 N( 46}z 16 N( 47)= 14wt 48)s 16
N( «9)= 15 Nt S0)= 15 N Sh= 15 Nt 5= 16 Nt

GHOUND COVER It POLAR ZONE 1
GCt 2381 GCt 218 .37 GC{ e ,316 CGC( &)m .290 GCl S)e 400 GCU 6)m 371 GC{ Tre (164
G6C( 321 GC( 9)= 300 GGC 10)= 375 GCC 1= 352 GCU GC( 131= 313 6CL ler= 369
6CHt 349 GC 1K)= ,33]1 6CC 17)1= 316 GCU 1B)= 357 GCH 6Ct 20)= ,323 GCH <l)1= 307
GCHt «362 OCt 2= ,326 GGE 26)= 311 GLL 25)= 296 GCH GCt 2d)r= 295 .
GC¢ «282 GCt 30)= ,303 GC( 31)= .¢39 GCt 32)= 276 GCH GC( 35)1= .268
GCt «258 GC( 371= 264 GC( 39)= ,256 6L 33N= 246 GCH 6Ct &11= 242 GCt «2)= .230
6Ct 219 GCt wa)= ,225 GCt w«3)= ,2146 GL{ 4h)= 218 GCH GCt ¥z L1955 GCt «9¥= 137
6Ct +185 6Ct S1)= 17« GCt 52)= ,173 GLU

GROUND COVER In POLAR ZONE 2

GCt 6)= .18 GCU 7r= (356
GCH lay= .86
GC{ 21)= (326
GCt 2a)r= 314

6Ct 1= L381 GC( 2)1= ,355 GC( M= .325 GL( 64)= 298 GCU Si=
6Ct 8)= 333 GCt 9= 31} 6Ct J0d= 390 GLE 1l)= .367 GCU 12)
GCt 15)= ,365 GCU 1h)= 366 GC( 1T7)= ,329 GCL 19
GCt 2233 4309 GC( 231= .36 GCU 26)= 329 GC( 25)= 314 GCU 26)
GCI 29)= 301 GC{ 30)= ,28a GG iz 310 GCU )= .296 GCL 33) GC( 35)= 249
GCt 36)zm 277 GCt 3= ,265 GCH IRz .19 GC( 39)= ,266 GC( «0) GC{ 42)= 254
GCI 4313 262 GC( 663z ,231 GCt %)= ,239 GCU 66i= 227 GCL «7)= 216 GC( 48)= .221 GCU &%= .210
6C( 50)= 199 GCt Sir= 201 GCC 52)= 190 6Ct 53 = .191 OCt

GROUND COVER IN POLAR 20ME 3

GC( 118 o381 GCt 232 ,357 GC( )= ,33) GLC &)= 306 GCt 3)= ,425 GC{ &)= ,395 GCU = .68
GC( B)z .36 GC{ 9= ,323 GGt 103= .06 GCC 2111z 381 GCC 12)= 359 GCI 13)= .40 6CL 14)1= L4602
6Ct 1512 ,391 GC( 1615 ,362 GCl 17)= 366 GLC 18)= .328 GC( 1912 376 GC( 200= .57 GCH 2l1= ,36l
661 2215 326 GL(, PNz 381 GF1 2e)= 36T GL( 2513 332 601 26)2 VA GL( 2Tz Y06 G0 2Rrs AN
GC( 2912 .319 GC( 3= ,30s O6GC( 311= ,¢93 GC( 32)= .317 GCt JI)= 4304 291 GCt 3S1= .279
GC{ 36)z 298 GCt 37)e 285 OC( 3= 276 GC( 39)= (2R9 GCL «0)= 277 4265 LCE 42)= 256
GC( 63)= 265 GC( L&)s 2% G6( 631z ,24) GU( 46)= ,251 GCU «71= .240 2729 GCH{ »9)= 235
GCt 5000 ,2264 GCC S11= ,213 GCt S21= ,217 GC( 531= 206 GCt S6i= .195 GCU 531= 196 G6CU

GROUND COVER 1N POLAR 70vE &

GCt M= L379
GCI l&)s 336
GCC 2113 o7
GCt 281r= .192
GCI 351= 298
6L 2= ,275
GCL 49)= 242
GCt S6)e 212

6Lt 5= L4637
act 12»= ,373
GCC 1= 392
GCL 26)= 4335
GC( 331= ,323
GCt w0z o294
GCt «T)= 264
GCt Sz . 221

GCl 1= 381 GCE 213 357 GGt W= o336
6Ce B1m 385 GCl 9= ,333 OC( 10)= ,418
GC( 158 (397 GC( 16)= 377 6Ci 171= (359
GC( 2213 o362 GCI 2= 327 GCU 26)= ,365
GC{ 291= Q38 GCt 201= ,324
GC( J6y= ,2d7 GC( 3712 304
GC( 4w L2064 GC( w4)= 274 GC
GC( 50)= 4231 OC( S1)e 238 GCC 521= .r27
6C( ST¥= ,202 GCt

40703-11-2
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HELIAY] VERSTON 13, TIME POINT AND/OR ANNUAL ENERGY

ROUND FIELO WwITH LOW PROFILE HELIOSTATS (5)
NSTOPS NCOL RFISLD TOWER W GCOVER
1 1596 &7R.000 415,000 +300
NHF WFY w0 XOF ALEN SPACEF
. 10.38 10.49 16.60 49,80 1,00
Gap WLONG WCROSS ¥Rl XLTRI wS1DE WJCHOS HTMIR HTCROS
.250 6RO .385 a7 4,681 L840 226 «833 .833
THE CENTER WAVELENGTHS OF THE TWENTY EQUAL ENERGY BANDS (6)
«39000 46000 43000 «51000 +$6000 +57000 60000 +63000 66000 «70000
L 16000 71000 .82000 87000 .96000  1.02000 1,08000 1.22000 1,48000 1.68000
™IS ™ISy AFJELD RCO (¢4}
0.000 -4239,000 2336271.679 165,000
.
. 6721780
LATITUDE=  3%.64 HWOUR 12 CIL] ° (8)
GAVITY MECFIVE) SPEQOT (q)
SEP on1 npe RUIF HCAvY vo3 ATMHGT
19.2 26.3 5.9 0.0 4.0 9.5 9.6
RCOME THECON Hrot [ASTR¢ 10
18,06 a? 19,29 0.00
WAPMAK wapMIy OFFSET
25.0 18.3 | 0.0
PROGRAM NPTIONS USED (
INDIVIDUAL FOCUSING 11
INDTVIDUAL TOE-[™ R
TOEIN STRATEGY FOR  3/21 AT 12.0
FACETS GANGED
HELTOSTAT OPTICAL PARAMETERS 12
PaxlR pax2y TS Py Paxly FAX2V TSV PHV
n,00000 0,00000 0,00000 0.00000 .11500 .11500 .05000 .05000
ccessegseas CONVE-SEION FACTOR = +108894F0ALE+10 sessessess (14)
STATISTICS FO 10 RUNS 4T 800 RAYS PER RUN t15)
cosaenoceegTPUT COVDESeecessase (16)
ETA1=FRACTION OF FIELD FLUY THAT MIT MIPRORS
EFLECTANG} -
KACTION OF FLUX NOT OHSCHRED OV THE way oyl
WALTIOM OF ELNY TasT HIT ThafmR
OF FIELO FLux THaT HIT cavirly
EVAG=FRACTION OF FELD FLU? TraT w17 THE CAVIIlY WALLS
ETAT=FRACTION OF FIELD FLUX THAT wAS [N TOWER SHADOW ° .
EFLUX]1=TOTAL FLUX ON FIELD IN KWH
EFLUX2=TOTAL FLUK ON MIRIOPS IN Kw+
FELAMA=TOTAL FLuX 1 EAVING “IRRDPRS IN_XwH_
EFLUXG=TOTAL FLUX CLEANLY AWAY FR04 FIELD In xwn
EFLUASSTOTAL FLUX ON POWFR TOWEH IN <wd
EFLUA6SFLUR ON cavITy DIcFUSER 1N <wi
EFLUXT=FLUX ON CAVITY wail< IN KwWH
EFLUXS=FLUX ON CAVITY CEILING 1N KuH,
N1=RAYS DRAwN BEFORE SunelsE
N2ZRAYS URAWN WHEN THE SN wAS 100 LOW
N3z=RAYS ORAWN. THAT WIT T4k OPEN FIGLOD
NezRAYS wHICH MIT MIRROKR 8uT WERE LOST IN SPACE
NS=RAYS URAWN THAT WERE A4LNCKED 1t ONWLUCKS
Ne=RATS Tral wewf UBSCUKSD 1IN OFFBLOCK
N7=RAYS WKICH HIT CAVITY DIFFUSER
NB=RAYS WHICH HIT WALLS
N9=RAYS WHICH HIT ROOF
WHICH MISSED HIGM
WHICH ISSED ACwUSS Tk FRONT
WHICH MISSED LOW
WHICH HIT SUPPORTS
WHICH WERE IN THE TOWER $+4ADOW
WHICH wHISTLED THROUGH
WHICR YRARE SHAJOJED N SAME WNELIO
WHICH FRAME SHANOWED ON OTHER HELIO
WHICH FRAME BLOCKFU ON SAME WELIO -
N19=RAYS WHICH FRAME BLOCKFD ON OTHER HELIO .
£TAl Eva? ETa) ET8a ALY ETsh Fra?
.33905 .9000n ,99845 ,97835 .29820 .26431 .00810
£FLUX] EFLUL2 EFLUX] EFLUXa EFLUXS EFLUXG EFLURT EFLUX8
L471R90E<0Y <159994E+09 .163995¢ 403 £ 1639296409 «160715E409 «969703F ¢ 09 J126727F 209 «159486E+08
NI N2 ON) NA NS N6 N7 NR N9 NIO NIL N12 Nl4  NIS  Nl& W17 w18 N)3
1140 26 3860 0 n [ 0 23as 301 25 3 0 55 22 9 6l H 1

40703-11-2



TIME NTEGRAT[ON
HOURS OF SUNSWINE TN

ACTUAL MIRROR AREA
. 63833,8)10

ENERGY (KwM)
UNSHADOWED
SHADOWED
LEAVING MIRROR
CLEANLY AwAY
MRy APERTURE

. ARSOHYED

TRACKING EFFICIENCY

NUMHER OF SUPPORT
SUPPURTS wiDTH
) 2.0

TNP FRAME SIDF FRawuES
s 32

60

F-23

TME YEAR = 4356,)

DIRFCT NOQmMaL ENERGY
3200.7738

PER Su. METEQ
2665.R261 .
2505,2242
2255.6018
2253.0077
22064.2306
1983.807S

R332
+T7033

{UNSHADOWED)
(CLEANLY AwAY)

KwH ON
SUPPOKTS
223F 405

¥

HELINSTAT FRAME HITS

CROSS FRAMES BOTTOM

S 3 4

ENERGY LOST ON FRAME [N Kuwr

FRAME SHADOW FRAME BLOCK
oM SAME wFLTO AN OIFF HELIO ON SAME MELIO ON OIFF HELID
1104427,2 1059118,6 94570.6 71034.0
SUMMARY OF HIT AND -RLOCKAGE COUNTS BY FacCET
FACET TOTAL HITS LESS MITS HLOCKEU 8Y
INDEX HITS B 0oCKS 1 H 3 “
3 675 675 ° v ° ' ]
? 681 6A3 [} 0 ° ]
3 675 675 0 0 0 °
. 125 125 [ 0 0 0
OFFBLOCK SUMMARY
FACFT 1 2 3 3
1 0 [ 0 [
2 [ [ [} °
E] ° [ 0 [
. ] 0 0 [
CAVITY wALL MAP
FROM - 0,0 45,0 90,0 135.0 180.0 225.0 270.0
10 45,0 90,0 135,0 190.0 225.0 270.0 315.0
T0P
FROM To
%32 5440 A5, 226 22.860 Te.o08 74,060 29.568 67.789 56,565
32.4 43,2 105.380  106.026 165,489  132.269 133,061 162,898 79.266
21.6 32,4 6R,46Y 79,867 337,637  300.875 321,063  J0w.3% 130,638
10.8 21.6 2.072 S6.752 616,153 572,452  50v.792  561.00> 94,744
0.0 10.8 0,000 16,762 166,523 276,797 275,742 198,715 11,800
ROTTOM
CINCUMFERENTIAL AVE wagl FLUX
FROM T0 AVE FLUX ar SuM BOTTOM ypP at SUM TOP DOWN
0.0 10,8 60,062 56,0 0,000 0.0 0,000
10,8 21,6 119,876 3.2 168166,635 10.8 9368,085
21.6 32.. 201,621 32,4 65166,090 21.6 28071,677
2.6 3,2 301,37 21.6 96655,137 32,6 59560,726
43.2 56,0 114,292 10.8 115358,728 ©3,2 105582,178
0.0 124726.813 56,9 124726.811
CAVITY CEILING 4AP
Faom 0.00 11.07 15.65 19,17 22,16
Y0 11.07 15.65 19,17 s 22.16 24,75
ave 7.8 1356 17.50 20.71 23,48
FROM 10 ave ’ }
0.0 45,0 22.5 106,736 115,0198  75.7623 23,8508 114.5690
5.0 90.0 67,5 . 20,0659 109,035 98,2583 115,5579  69.5975
90,0  135,0 112.5 176,705 111.8968 168,1673 62,3136  33,324¢
135.0  180.0  157.% 11,0231 104,7230 S9,0258 32,9210 .8367
180.0 225.0 202.% 67,6252 143,058 49,3166 48,6988 T.8450
255.0 270.0 2671.5 96,9970 101,3623 16,5728 160,139) 114,988
270.0  315,0 292,55  100.9537  76.7920 173,%and  4h 2309 95,9889
315.0  360.0  337.5 17,8662 102,2829 164,7743 93,3370 107.5603

FRAME
13

40703-~11-2

315.0
3s0.0

73.ARY
96,438
TlaHa?
0.nn0
0.0n0

an

18)

a9

20

(21)

(22)

(23)

(24)

(25)
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AZZIMOUTH AVE CETLING FLUX (26)
FROM To AVE
0.0 1.1 7.8 72,9191
1.1 15.7 13.6  107.9950
15.7 19.2 175 116.6527
19.2 22.1 20.7 72,0421 .
22.1 24.8 23.% 76,7112
¢ A
HWH/S0.4 ENERGY wAP OF POWER TOWER MIRROR FIELO T 2D
0, 0. .869E£-01  ,315£400  ,296E000  ,5J0€+00  .ISTEs00  .677F-01 0, 0, P05
0. J18SE°00  .367£400  ,26E+00 . I72E<00  .534E*00  +S02E¢00  .530F°00  .226£°00 0. [y
J163E+00  .674Fe00  oSBBE.00  JTBIESD0  ,607E+00  .652E¢00  +S90E+00  525E¢00  .1ASE<D0  .94SE-01 0.
C4T4E<00  .S3ISEs00  JHEAE0D . SHJE*00  .533E«00 L STYEC00  +695E«0n  <690Fe00  LS66E400  +ISAE«00 0.
LG1CED0  JGISF+00  o794E+00  ,d60E<00  L.799E<00  .696E+00  +822E+00  +T7SBF00  L7OO0E+00  6B6E<00 0.
024E*00  +561E+00  .76BEe00  LT7T7E<00  .575E400  .66IE*00  «725E000  .561F¢00  .562E¢00  .408Ee00 0.
LG61ES00  .63SE00  L556E.00  LBHCEAUL L TasEe0n  TT0CT00  .842640n L TSARENN  LARGFE00  +JRIE*00 0.
L2T0E+00  .731E-00  .765E400  .671E<00  .11TE<00  oS516E=01  +749E+00  .856E£°00  ./S9E+00  <204E+00 O.
0, .319E+00  L&B4E+00  ,4BGE+00 L 711E+00  .7S9E*00  .109E+01  .676£400  ,392E°00 0. [N
0. 0. J?SSE<Q0 L 716Z+00  LBTSE+00  ,9Y9SE*UD  <4S2E+00  «SI1BFe00 O. . 0. 0.
NURIH mALF FIELN EMERGYs 46326E+05 i
SOUTH HALF FIFILND ENERGY= 2 TT63E00S L0
MITS ON THE HELIO FIELD (28)
° 0 6 19 17 33 19 5 o [
0 1 24 24 23 33 30 29 12 [
v 23 e as 12 15 a9 28 16 o
20 31 o2 3 37 3l 32 @l 3 20
22 32 43 “? «5 “s o7 .2 38 5
26 29 “6 X3 35 39 [ 32 33 28
22 35 36 %0 «1 39 s2 9% 38 s
1 32 62 w2 7 6 “2 «2 o3 a
0 17 30 6 33 30 50 39 18 [
0 ° 13 n “s 55 24 20 c0 0
FLUX ON THE FIELM
29
a, 0. L2095406  ,903E+06 LBGYE06 .152€¢07 L102E¢0T7 L194E+06 O, 0,
o. LS30E+0% .105F<07 ' _122E+07 .107E¢07 ,153E¢07 ,16&E<07 ,1S2E°07 ,647E+06 O,
LG10E+06 LEIGENT  .16BEe0T ,226E+07 17<Ee0T  L1BTEC07 .169E+07 L1SOE-07 L6]13E+06 .271E+04
JICCA0T 1BITAT  AR1FeNT L IAIFeNT .|3$E'87 2166E207  L199E+07 .198E°07 L142E07 .997€+06
JM1BEC07  L14TES0T  (P2BE07 ,266E+0T .2298+07 JYVRAUT L 233ePU)  Lzareciai alviCe8F  gRuTE 9T
JT9E+07  161E+0T ,220F+07 ,2P2E+07 L 16SE+07  ,1F0E°07 ,20BE+07 L161E%07 .1AIEe07 ,117E.07
1326407 L IHPEe07  L199E¢07  L2S3E007 .2143e07 LZOBEQT L 261E¢07 217607  L131E<07 ,976E400
L17SEe06  L209€007 2196907 1926907 .336£406 L14RESDS  LZ16€°0T  ZASEOT 7)TCe07  LBBRET6
0. VOL4E*DA L 139Ce07  ,254E°07 L204E¢07 .217€407 .31LECOT  L)196E07 ,1)12Ee07 O,
0. o, .730F+06 ,20SE+07 .2S1E+07 ,285€<07 .1J0E-07 .)Z0E+07 O, 0.
FLUX LOST T SHADOWING
0. 0. L7B7GREDY L 12631E+05 .27254E405 .16290£406 .68B99E05 O, 0. I8 (30
0. .50962K+05  oBASIIES0S . 76YITE<0S .IGBTTESDS .10626E+06 +61120E+05 179726406 43112E405 0.
LT99326403  (6046IF 205  SHAIDE+0S o) 12B9E+06 L92926E005 J79231E+05 1086HE<06 .1B76IE+nS +25617E+05° +I1210E05
JAOLREF 0U  .PNYGEraNG  IGINAFeDA  LGHIVESQS ,128 oi-os JST650E+05 +6981AE.05 +IBASOF<0S <65071E+05 4 1490BE<06
J13661E205 210265 «0h  LABI9KESOS L {TYUIE+06 .)16165E+05 .1655ULUS «13rGuzeuy  sUIIIEC 0D JIIDGIE QY L A0400FaNA
J1210HF¢06  .5A613F 205 <14204E+06 ,24694E+06 L132T9E<05 L20101E+06 21229E+06 .10441F+06 .1847SE+06 .51818E-05
L60797E <06 . ADTSZE 405 .16717€-06 .11391E<06 ,15066E+06 .11661E<06 +30647E406 .BBALGE+0S JT739AE<0S .2346AF <05
0. J6T944F+05 o158T1€+06 .54155E+05 .1056SE005 .21848£405 .103B7€406 .2273SF+05 .15076€+06 0.
o. 461565405  J191TNE<06  J13682E+06 ,16495E+08 ,T4289E+05 <BI9E+05 .B7166F+05 L13SI0E+05 0.
9. n CTULTAFeRG 2339286005  +)3223E906  L1SATIE<06  <6326AE.05 .25352E05 0. v,
FLUX LOST TU HELIOSTAT TO MELTOSTAT SHADING
o 0. “66sqSF N2 L2IAIQEQ]  ,S]07}E+02 .SISI4E+03 ,69230E.03 0. 0. 0. a0
0. L135700 205 o11661E+05 . 70SH0E-06 .ORL4uPsba  JBLIIZE30& L 1GIULIEIUS  LiwuedEeyd O Q.
0. © ot .26329Fe03  (22564Ee01 L 1292SE405  .18957E405  (AOLBILe06 2522AE05 L16811E005 .26888L¢0% . 31210£°03
L60895E 005 L T9BT6E <06 TEITIE+DS .I6249E+05 .1A6BTE<0S .A9012k+06 23220E+05 .178B3F¢0S ,II096E05 .99065F+0)
13641Ee0S  LT70291F <06 LI2G13E05 L IBO23E~05 . 69IITE0S ,B5207E+05 +TBYGSE«0S .STAB3F+05 .113B1€+06 .49690F+04
Lu9205F 103 WSRELIF-05 +]0]9I0E<06 L14522E406 L 75TBOE<0S .70717E+05 .96453E+05 .I4A0BE<0S .10798€+06 ,S1B1BE+0S
L60797€ e 06 LB0TS2E005 lusiTEe0h L H/BRBESYUL  aymivueTys  (SERTOL.03  .2ARPAC.A6  L@AL16Fe08  (TTIGAF ¢S JPA4BAF <05
0. . JST946E <05 o1SRTIES06  56155E409 10545E+05 L 21B4BE0S .10IBTE«06 ,17078F+04 .B8I14BE-05 0. .-
°. 4u1SAF 4RSS JTIRBSE<0S ,94466E+0S .27072E+05 .57025£+03 «72510€.05 .B7166F+05 .13530E+05 0.
0. 0. Wo3reateda 4399560100 L 3NAUDLGDY  rnasurenu Gaveduredd  wLDPCF 05 Ve 2
FLUX LOST Tu uLOCKASF (32
0. 0. 0. 0, 0. 0. 0. 0. 0. 0.
0. 0. 0. [ 0. 0. 0. 0. [ 0.
o. 0, 0. 0, 0. 0. 0. 0. 0. 0,
a, 0. 0. 0. 0. 0. 0. 0, 0. [
0. + 756565 +03 0. 0. 0. v. 04 0. «71034€405 0.
0. 0. a, 0. 0. a. 0. 0, o, 0.
0. +29620F 0% 0. 0. 0. Q. [ V. «334902-0% O
0. 0. 0. 0. 0. 0. v. 0. 0, TS
0. 0. 0. 0, 0. 0. +30903E+05 0. 0. 0.
o. 0. 0. o, 0. 0. 0. 0. 0. o,
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TOTAL FLUX

0.

0.
411156006
+13983€407
«11960E007
«19091€07
+13268E+07
J174T6F 906
0.

0.

PERCENT FLUX

1

1
<19441E-02
«29104E-01
+11626E-01)
+63626F~01
«45821€-02

0.

R

1

PERCENT FLUX

TOTAL PERCENT

1
1
«1944)E-02
+29104€-01
«11626E-01
«63624E~V)
+650821E-0¢
0.
1

RAYS wHICH M]

CX- Y- - X-¥-¥-1

RAYS WHICH M1

coccooOoOCOOO

0.
«SR1ISF <06
«16179F+07
= 16240F <07
+16850F+07
+16651F+07
«19098r+07
+21528F+07
«9SRIVF <04

0.

«249THE <06
+11401E 07
+173686E+07
«20563E+07
+23436E407
«2362AE<07
«1T2A96E+07
+23S507E+07
«15793E+07
«73751E+06

LOST TO SHaDOws

1
L87661F=-01
.62628F =01
.55632F =01
L12477F <00
+35201F-01

+318)1F-01

«26916F =01
L46073F -0

1

«J18J0E~02
«77725E-0)
+31056E-0)
+73574E=-0)
+37T113E-0)
+H044RE-0]
«BLS99E-0)
«HT517E-01
+12138E+00
+96S04£-~02

LOST TO BLOCKAGE

1
0.
0.

0.
«44901F~03

0.
»15605F=0}

0.

0.
0.
0.

0.
0.
0.

0.
0.

OF FLUX LOST

1
«87661¢-01
42628E~0)
+55632F <01
«12522F+00
«35201£-01
«47216F-01
«26916£-01
«H60TIF=0]

1

SSED HIGH
v

OC~OoONODO O

SSED LOw

oo002D29200

«31530E-02
«77725E~-0)
«31654E-01
«7I576E-0)
«37313€E-01
«6044FE-01
+R4599E~-0)
«s7517E-0)
«12133E+00
+96504E-02

CememO~cO~=0

cocovo000C

RAYS WHICH MISSFD ACKOSS FRONT

cocoocenocCOOO

o20co—~onBO

coom00CO00O

RAYS WHICH WHISTLED THROUGH

0000~ wWo=~00

OO0 00O0~N—-O

00000000 mm

CQww~wcCc=coo

occococo0o00O

coocoooooc

oncocvcooocce

+91606E+06
«12954E407
+236U9E+D7
+16530€+07
s26619E+07
«24715E407
«26404E07
«19702E+07
+26T61E+07
+20833E07

«1378RE-O01
+37832E-01
+4H05SRE-0])
+27T726E-01
«5TIBOE~V])
+9991SE~01
«43143E-01
22T606E-0])
+51126E~-01)
+16296E-01)

«137HRE~-01
+37832€-01
+SADSRE-D]
$27726E-0)
+5TIB0E-0L
«999)5E-01}
«®3]63E-01
«27404E-01
«51126E-01)
+16296E-01)

cococoococoo cococoooeo0s ~0000C0OO~O

coco0o0ccoc0O—

F-25

«8T657E+06
«11019€E+07
.18322E07
+16537E+07
026493E07
S1:7810E+07
«22921E+07
«J66HIE V6
«22023E+07
+26378E+07

«31091€-01
«33666E-01
«50713€E-0U1
«TTSTGE-0])
+66000€E-01
«T64561E~0)
«65730E~-01
«30400E-01)
+T74897€E-01
«S0131E-01

+31091€-01
+33666€-01
«S0719€-01
« 77ST4E-V)
«66000E-01
«TL561€-01
+65730E-01
«30400E~-01
«74897E-01
«50131E-0)

ocoocoonooo cocooccOo0Ce c—~o0oCcOCO~OO

000V OOOO=0

+16802€+07
+16308€+07
«19661E+07
«17158E¢07
«21593E407
+21007E07
+22012E+07
+1697SE*06
+22492E°07
+30082€407

+96950E-01
«649]15£-01
+38697€E-01)
+33600€-0)
+76692E-01
+95686€E-01
+S2974E-01
+12870E+00
+33029c-01
+52766E-01

«96950€-01
«664915€-01
«38697E-01
+33600E-01
«76692E-01
+95686E-01
+S2976E-01
«12870E+00
«33029€-01
+52766L-01

coocooooo00 cocooococooe com~mOoOOOCOOO

oco0cocco0O~00

40703-11-2

*«10924E407
«164982E407
+17996E+07
«20611€407
«26910E07
«22896E 07
«27179E.07
+2248SE07
+32233E+07

«1359SE+07

+63069E-01
«60796E-01
+60393E-01
+33680E-01
+55159€-01
+92719€-01
«11276E+00
+46195€-01
«26027E-01
«46535E-01

0.
0.
0.
0.
0.
[
0.

Os
+95873E-02

+63069E~01
«60796£-01
+60393E-01
+33680E-01
+55159E-01
«92713€E-01
«11276E400
»46195€-01
+35614E-0]
+46538E-01

coeooococooo co00cCOEC=~oO

ooccaocooe

00O O =

+19185E+06 0,

+16068E+07
. 15221€07
«20146F¢07
222340F 07
«17118E+07
«22593F407
+26791E+07
«20233E007
1222307

«10592F «00
«12127E-01
«1928%€~-01
.28287€-n]
+61005F.-01
«39222F-01
«BORGIE~N]
«%3082E-01
«20741F =01

0.
+10692F+nn
«12327F-01
«139284€-01
«28287F-01
+«61005€-~01
«39222F-01
+A4R6IF-01
«430d2F-01}
«20741E~-0]

cCooONmOCOO~O

ccocooo=oco cocoocococono

ocococoo0Oo~0c00

O35~ =223020

coooa392320500>

Tove 32D

oso

EY-Y-E LR Ior-u-

«69012F 06
+63882E+06
«166T2E407
«21915€407
+17939€+07
+20198E+07
«2324BE<0?
«113S3E407
Ve

1
+62669E-01
+.58377€-01
«27034€-01
+51932E-01)
+10299€+00
+38321E-01
«64852E-01
.ll9lﬁ€-0:

0.
0.

0.
«320]4E-0}

:l658|€-0|
0.
0.

1
+62069E-01
+58377¢-01
.27034F =01
«86366F=-01
+10299€+00
+56902E-01
- «b64BS2E-01
«11318€-01

1

(33
0.
Q.
«30185F +06
s 11661Fe07
«19705F«07
«12208F <07
«99965F +06
+585)0F 06
')
e

(34a)

1

1
+10360F+00.
«13042F+00
+25217F=02
«82066T7F-0)
+23672F~01)

0.
1
1

(34b)

(34¢)

1

. 1
+10340F+00
+13062F+00
«25217F =02
“4266TF =01

+23672F-01

0.
1
1

(352

(35b)

(35¢)

(35d)



RAYS wHICH MIT CORBEL S
o

MONTH

COB MOV P W -

MONTH

PUN~DOD 4PN S N

15

MONTH
1

coc0o~wooo

POoOwo Do o0aa

F-26

ccon-ccooe
“coc-ococecooo _
cooo®Qoco0cco
©ccocaeccoc

SL AKRRAY ,7R055F¢00 7257500 .56)17E+00 ,56103E+00

NE/NW

NE

«33VE D6
«&TICs 06
24BIE<00
+393E 00
4736006
«oB8HE-06
«907E+04
+SOTE+06
oTIES D0
LeNSF ena
RPITRYTY
L361E+0%
+159E+05
«197E+05
J176€9205
«533E+05

«OTIVIEC00 LIGTOLE+00 L11T41EFQNO,

©cocom~ocooceoco

6 0o 8 7?7 7T S5 & & 0 0 0O

6 7 6 & 6 S 5 S 7 0 0

7 6 “ 2 & & “ S 7 8 0

6 5 3 & 5 & 2 3 4 T 0

6 5 1 1 1 3 1 2 3 3 0

“ S 2 2 L3 . 3 S “ [ 0

] L3 s 1 2 2 1 2 3 7 L]

7 2 2 3 8 8 2 1 2 7 [

o 7 S5 1 3 2 1 3 & 0 0

o ¢ 7 3 1 .1 ¢ 6 06 0 O

¢ o o0 o6 0 0o 0 © 0 0 O
miTs on Cedi wdATd 0,;Wi0Ed SUARNANTYG

~FIN -£/-N E/7+N N FIELD S FIELD
25 29 L3 [N E) 123
21 22 n 118 93
M hal 1] 1an u:
22 20 17 N 97
?8‘ 2n A& mn 112
28. 18 9% 1e 14
?6 n A3 115 13
27 25 74 113 9
27 13 91 11¢ 110
24 23 A9 109 112
26 17 100 122 17
21 9 B3 123 to2
97 By 30y w1 833
log 99 339 “6) %33
e 9N 340 “uB %31

HITS IN NORTHEAST NORTHWEST DIVIOED QUAODRANTS

=NF /Nw» =NE /=Nuw HE/-Nw  +NE/HWeNE/-NW
LY 16 3 io
39 1a 45 13
52 21 61 113
1 17 39 8o
51 2 w7 e
&5 17 S7 K2
38 " cc "3
©S 12 sS4 99
46 is 56 e
«5 1s S1 ve
8 15 4“8 8n
as 11 S3 88
ive 49 e 6§
189 84 213 .0
R4 ) 201 a8s

13 1S THE WINTER “0ONTHS
16 1S THE SoMMER MONTHS
V5 1S THE SPRING ANJ FALL MONTHS

16 1S FHE TATAL vEadLy ENERGY

ERERGY 11 FaeT NOKTH DIVIDED OuapkANTS

SE sw NN

+923E+03 +125E 406 +605E+04
«101E+0¢ +105E-04 «JBAF e N6
+218E404 «LT75F ¢ 04 «39L c 04
o 1R1ESDG wBluE U3 cW35Le0n
+202E« 04 2200E 08 +4SOE4 04
+213€004 «107E+ 00 «570€¢00
+172E00 L19TE+ 00 «522E4+ 00
+187E+ 06 130804 AL19EDb
«169€« 00 «108E« DG +548E+04
1 P2AFelte «1D8F ¢ 04 o4e2EeQe
HUUE U S sTasfedl ael3L. 00
+116E+06 «753E+0) «328E 04
+389L .04 <351 UL +153E408
«7TIE 06 +B93E 06 «197E-05
«h56Ee00 ohTGE 04 +186E«05
«182E+05 +155E+0% +SIBEC0S

N FIELD

«T4SE* 0%
«B61E408
«921E+04
+827E+04
+929€-08
«106E+05
«10JE+05
+Yebt sy
«103E+05
«B&TE+O4
o0n 7804
«690E+04
«J14E05
«394E+05
«3J62E405
«107E+06

40703-11-2

ceccoococon

s FIELD
«219E+04
«205E 06
+396E 00
a228C 0006
s607L 006
«319£4 00
+369E <06
«3IREOUS
«271E+0%
+233E406
BLOO
«192E+06
27700408
«147€405
+113E€+05
+337€405

ceoeccococococn

Spo~=0m=ooo

(35¢)

0. (36)

37

(38)

[EL)]



F=-21

ENERGY IN NORTMEAST NORTHMWEST DIVIDED QUADRANTS

MONTH NORTH wEST SOUTH EAST EAST o WEST
1 «459E+04 «296E+06 «4S9E+0) «163€+06 «4STE+06
2 «SO0VE«06 «217E4+ 00 +873E+03 +256E+06 «4T1E404
3 +555E 06 +328E+ 04 +138E+06 «295E906 «622E 000
3 +S33E+06 «214E+06 «8BOE+0) «220E004 «634E04
5 575E+04 «305€+06 «1BIE«08 “267E+06 «ST2E*04
6 +STOE+0& «339E+04 «113E06 +356E06 +695E 06
7 +632E+04 «257E+06 -« 155E+08 +356E+06 +611E04
8 «5649E+06 +254E 06 «139E+06 +360E+06 «614E 00
9 «643E204 +277E+06 «879E+03 © +293E+06 . «STOEQs

10 «552E 404 «213E+04 «682E+03 «26TE<06 «460E*04
11 «S571€04 +169E+06 «636E+03 «197E06 «366E 906
12 +485€04 «143E04 +585€+03 «19SE«04 «338E+04
13 «202E+05 +823E+06 +255E+06 «BOYE«DG «163E05
16 .233E+05 «115€405 +590E+06 «134E£+05 «249E 05
15 +228E+05 2103€405 . «3B3Ee06 +105€+05 «209E 05
16 «663E+05 +301E405 «123€+05 «J20E+05° «621E+05

13 1S THE WINTER MONTHS
14 IS THE SUMMER MONTHS
15 IS THE SPRING AND FALL MONTHS

16 1S THE TOTAL YEARLY ENERGY

Tcy TCY SCOPE 3,4.3 406E.275 027227717
21.66+16.00C00RN FROM /1IN -
21.646.16.1P 00000256 WORDS = FILE INPUT o+ DC 00+ IN
21.46.16,00CsT1S00sMT1 PG,

21.66416.

21.06417,USERIZAFLITITCY)

21.46418.,PROJECT (#8199}

21.606419,ACCNy TM9L1, *B819°*

214646419, LABEL (SAMPLE +L=DOCMENVSN=X305AR)
21.51.00.MT50 VOLUME SERIAL NUMBER 1S 0x3058
21.51400.MT50 ASSIGNED T SAMPLE
21+51.04.8VSN= 0X3058s RD ACCESS GRANTED
21.51.05. LABEL READ WAS DOCMEN
21.51.0S, EDITION NUMBER 01

21,51.05 RETENTION CYCLE 000

21,51, CREATION DATF 77069

21.51. 05. REEL NUMBER 0001
21.51.05.UPDATE LP=SAMPLE 4w sCoF)

21.51¢15. UPDATE COMPLETE.
21.51.15,FIN(I=COMPILE)

.l

21.53.02. 22.873 CP SECONDS COMPILATION TIME
21.53.02,LG0, !
21.53,64.1L0CKIN.

21.57.51. STOP ’

21.57.51,0P_ 00075008 WORDS - FILF OUTPUT » pC 40 IN
21.57.51.1S€Qs ENTERED QUEUE 21.46.11 77080
21.457.51.155wy 275,270 EXECUTION TIME
21.57.51.M5 136192 WORDS ( 182784 MAX USED)
21457.51.CPA 166.701 SEC,

21.57.53.10 108,569 SEC.

21457.53.CM 2208,491 kWS,

21.57453.IS5Ny 200,220 TOTAL SRUS NON=-APPLICATION
21.57.53,PP 94,725 SEC, DATE 03/21777

21.57.53.E0 END OF J0Bs IN

TcY TCY
21.66.16,00C
21,46,16,.1P

NI TEIN
21.,66.17,USE
21,46.18,.PRO

SCOPE 3.4.3 406E.775 02722777

OORN FROM

/1IN

00000256 W0OODS - FILE INPUT o DC 00s IN
21.46.16.00C,T1500sMT14P4,

R(ZAFLITTCH)
JECT (0819¢9)

21.46419.ACCNy TMI11s *B819°

21.66.19,LABEL (SAMPLE +L= nOCHENoVSN'x3OSBoR1
21.51.00.MTS0 VOLUME SERTAL NUMHER 1S 0x3058
21.51400.MT50 ASSIGNED TO SAMPLE
21.51.06.8VSN= 0X305Rs RD ACCESS GRANTED
21.51.05. LABEL READ WAS OOCMEN

21.51.0S, EDITION NUMBER 01
21.51.05. RETENTION CYCLE 000
21.,51.05, CREATION DATE 77069
21.51.05. REEL NUMRER 0001

21451.05.UPDATE (P=SAMPLE +WeCoF)
21.51415. UPDATE COMPLETE.

21+51415.FTN

{1=COMPILE)

21,53.02. 22.873 CP SECONDS COMPILATION TIME
21.53.02,L60,

21.53.646,L0CKIN.

21.57.51. sTUP

21.57.51,0P 00075008 wWORDS = FILE OUTPUT o DC 40+ INM

21.57.51.1SEQs ENTERED QUEVE 21.46.11 77080

21574514 155w 275,270 EXECUTION TIME

21.57.51.MS 136192 WORDS ( 182784 MAX ySED)
21.87.51.CPA 166,701 SEC.

21.57.53.10 108,569 SEC,

21.57.53.CH 2208.49) KWS.

21.57.53. 55N 200,220 TOTaL SAUS NUN-APPLICATION
21.57.53.PP 94,725 SEC. DATE 03/21/77

21.,57.53.E) END OF U408+ N
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