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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 seven 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 unused variables 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 electricity. 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 i’s

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 three corbels. Sun rays from 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 1-2. Experimental Heliostat Assembly

40703-11-2




1-3

Although the Monte Carlo ray trace code described in this manual is quite
design specific, the general program methodology and structure has been
applied to a wide variety of designs, In the area of central 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-E] and tilt-tilt gimbal sequences have been modeled.
A single mirror facet per heliostat 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

axis is normal to a 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 perform flux mapping on a
cavity aperture, a variety of mirror-focusing strategies, 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.

Even though users of this program may not 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. Itis 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. A}l variables in the NAMELIST table are
defaulted to a specific central receiver baseline model. Only those portions
of the model which change from the baseline need be input by card.

It should be noted that units are mixed. English 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 Control Data
Corporation 6600 Computer,
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SECTION 2
BASIC FORMULATION

Given a position of a heliostat relative to the receiver, the amount of energy
carried from any point on the sun's surface monochromatically at any given
instant depends on the exact path of the ray through the optical interfaces of
the system, These interfaces are the mirrors on the heliostats 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 position 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 61 and 62 and the impact point coordinates

are X1 and X2, then the total thermal power absorbed in a wavelength interval
d\ is
Ed)\ = f E(Xl, X2, 61, 62) Xm dX2 d61 d62 (1)
X1 X3 6 %

where X1 and X2 are bounded by the actual surface extent of the mirror.
To obtain the energy from the entire solar spectrum, integration over all
wavelengths is required. This yields
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mirror = sun
surface disk

E, - f f f ff_E(Xl,Xz, 8y, 8y, M) dX, dX,, d6, o, dh (2)

e 1
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 parameters 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 mirror
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,,

o]

Z = f PZ(Z) Zdz (3)

- 00
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To simulate a specific error set (61, 92, ¢1, ¢2), one would have to evaluate

E(O 64,0 .¢2 fffffE(Xl,X 01> 62)\6 ,0 .¢1.¢2)dX1dX2d61d52d\

NX, X, 5, 6
172 (4)

Then the expected value of the thermal power absorbed (Ep) is given by:

ff ffPel(el)P¢2(92)1°¢1(¢1)P¢2(¢2)Ep(01,92,¢1,¢2)deldezd¢1d¢2
61 92 ¢1 ¢2 (5)

because each distribution is statistically independent. The above expression

is:

ffffP Fa, 5, ¢2ffff fEdazda A, ddas, dgs; 46, de, (6)

a2¢1¢2 xlxzdl

trackmg mlrror total / sun dxsk
errors imper- spzctrum
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

numbear of mirrors

Bp = Z B, (7)
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Furthermore, integration over the total number of hours of sunlight &uring
any given time period results in the expression

WT = f ET dt | - (8)

time period

The stochastic nature of four of the independent variables in the ten-integrals
of Equation (8) and the prime objective of performing a parametric study of
the performance of the system led to the decision that the experimental
Monte Carlo approach was more suitable to the problem.
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SECTION 3
METHODOLOGY

Basically, 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 of a multiple iﬁtegral. The simplest Monte Carlo approach is to ob-
serve random numbers, selected in such a way that they directly simulate
the physical random processes of the problem at hand, and to deduce the
required solution from the behavior of these numbers. In this 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 randomly
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 arawn. 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 documented in Appendix A where detailed subroutine
flow charts are presented. The interested reader is directed to these flow
charts for a thorough understanding of the program. Each test of a specific
ray interaction 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, UE) 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
earth at the tower base. Figure 3-2 shows the field and reference vectors

as well as a sun vector (U_f{).

The sun vector is simply a unit vector along the ray 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.
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HELIOSTAT NORTH
FIELD ~

TOWER
LOCATION

WEST-— _——— — — — EAST

-~ \TR

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, UN, 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, points are drawn
uniformly over an imaginery surface which covers the field of heliostats
called the test plane. If the mirrors were allowed to assume all possible
rotational attitudes, they could occupy all points within a cylinder centered
around the heliostat center. If all such cylinders were bounded by planes
tangent to the top and bottom of each cylinder, 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 ray start point is 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.

"close" or "along"

Figure 3-4 shows that only those heliostats which are
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:

e 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 a8 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
actually intercept the ray and redirect it toward the tower. The ray trace
program uses a simple 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 list of heliostats is to first find the 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 path 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
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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. This list of closest
adjacent heliostats is more heliostats than could physically be involved with
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 cylinder of influence. This was not done in the
program because the distance formula requires as much computation time
to execute as does the hit test itself and would add more complexity to the
code,

HELIOSTAT HIT TEST

The next step in the process is to test all heliostats on the list of possibilities
for a mirror hit. To establish a mirror hit or miss, the mirror normal must
be constructed. This is done with knowledge of the sun vector, 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
Xc’ Yc, where the X axis lies along local east and Y is positive along local
north. A vector from the heliostat center to the aim point on the aperture
opening can be written as

T = -X,UE-Y_ UN+(TH-D__ /2) N +3 | (9)

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

-

UT = T/|T| | (10)
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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

r—

UMN = (uT - UR)/ |UT - UR| (11)
_as calculated in subroutine MIRRN.

The heliostat geometry 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 program does have an option to independently drive each inner

axis (a separate motor for each facet).

The nominal mirror normal, UMN shown in Figure 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
purpose 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 be 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

2 _ -t - 2 2
UHV = (Yc UE - Xc UN) /\/Yc +Xc (12)
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Figure 3-6, Construction of Tower Vector (T)
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Figure 3-8. Heliostat Geometry
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Figure 3-9. Heliostat Orientation
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The remainder of the vectors needed to describe the heliostat frame and

nominal facet orientations are found from UMﬁ and Uﬁ (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 mirror facet hit tests. The geometry for each mirror hit
test is shown in Figure 3-10, where col is the diameter of the cylinder of
influence, (Xp, Yp) are the east and north coordinates of the ray start point

— 4
and UR is the sun vector.

(Xp, Yp' D)

START POINT —_
- Uk
—_ — TEST PLANE
UMN -7 f
-~

- D

HELIOSTAT col
‘(Xc, Yc) ;: {

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

L]

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 Vc‘:),
which is given by

VC = UE (x,~x ) + UN(yg-y,) + N D_ 1 2 - Dy UHV (17)
where (U—.E) 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, gt term is the

distance from the heliostat center to the test facet center.

Since both ’V:‘C and [-I.R go from the same point in space to the surface of a
plane normal to UMN they must have the same projected length 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 (19)
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which is a scalar equation for the unknown L.. Now that we know the vector
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

1

I, UR - SC (20)

The hit test is completed by simply comparing the hit point coordinates, as
calculated from Iﬁl—i‘, to the facet boundaries on the I—Jﬁ‘ﬁ plane. The order
of heliostats tested in this way is from the ray start point to the end 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 held in place by a frame structure 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 for a
prior hit on the frame structure. The frame modeled in the ray trace code
consists of two '"'I'"" beam side supports, three "'I'"' 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 start point on the test
plane and extend to a point on the frame corresponding to the middle of one
of the seven different planes defined by the "I'" beam structure. For example,
the vector VS5 goes from the ray start point (Xp, Yp) to the middle of the
plane defined by the vertical member of the first "I" beam cross member.
Similarly, the VS1 vector goes from the start point to the middle of the top
plane as defined by the top piece of all "I'" 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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_—— o — — —— —— TEST PLANE
X Y)

P+ P START POINT

— —— —— —— GROUND PLANE

Figure 3-11, Heliostat Frame Model

Vst = -X )UE - - beoL 1
VS = (X -X JUE + (Y -Y )UN %

N - HTMIR UBEDN (21)

—t WD+CAP+WLONG, 7y, . WSIDE ————

VS2 = VSI + ( > ) UAXV - =2 UBEDN (22)
— —

VS3 = VslI - (WD“CM;*WLONG) UAXYV - W—Szﬂ?-E UBDEN (23)
- — — —h

VsS4 = Vsl - HTCTRO—S UBEDN (24)

L — — —_

VS5 = VS4 - XDF UHV (25)
VS6 = VS4 + XDF UHV | (26)
—— — ——

VS7T = VS1 - HTCROS UBEDN (27)

Where the definition of the scalar dimensional quantities may be found in
Appendix C,
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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 planes, 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 frame top plane. A vector from
the start point to the sun ray hit point on the plane is L UR. As in the mirror
hit test we have two vectors, L R and ‘7SA1, which start at a single location
in space and end on a plane with known surface normal, in this case U_Bﬁﬁ
The length L from the start point to the hit point along the sun vector OR is
found by

e —

L OR . UBEDN = VS1 . UBEDN (28)

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

T = -Vl +L OR (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 . UHV (30)
and
YHIT = RHIT

RHIT - UAXV (31)
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—

where m is a unit vector along the facet axle and UHV is a unit vector
along the 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 m 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 o than at small values of p. Another
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way to cohsider 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
E = Eqn (p/ )2 (32)
T ®Pmax

where Er, is the total energy from the sun's disk and P ax is the maximum
angular extent of the sun.

Thus, if we want to draw uniformly over the area of the disk, we simply
draw uniformly over the abscissa (energy axis) of Figure 3-14 and Equation
(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 p for

each x, is given by the inverse of Equation (32) or
P = Pmax Vxl (33)

The (6) coordinate is found from another (independent) uniform number X
drawn from 0 to 1 by

6 = 2n X (34)
If we arbitrarily define two axes in the sun face (UXI’ [T)?z) then the rotation
angles of UR about these axis (Ael, A02) are shown in Figure 3-15, which

are given by

A6, = psing (35)

Af, = pcos @ (36)
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— ]
Thus, we can perturb UR into UR' with

(P'R - Tan AQLUXI - ’;‘an ABIUXZ)_ (37)

UR! = >
\/1 + Tan AHz + Tan A91

—

The threé-space drawing from which this can be derived is shown in Figure
3-16. Notice that (ﬁﬁ, ﬁil, TJ-)‘CZ) 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 outlined 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 next step in the trace process is to perturb the unit mirror normal UMN
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 (JBEDN, UAXV, UHV) as shown in Figure 3-18. The rotation (tracking
error) is shown as Aqsl and the r\otatedﬁ_ii)\stat orientation vectors are
shown as dashed vectors UBEDN' and UAXYV'., The vectors are constructed

by
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s INTENSITY
P P MAX
\‘/ ANGLE FROM CENTER (g
Figure 3-12, Ray Start Point Figure 3-13, Uniform and Weighted
Plot Draw

ENERGY / Emax

V’MAX

ANGLE FROM CENTER (p)

Figure 3-14. Energy Plot

Rotation Angles

Figure 3-16. Three-Space
Drawing
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Figure 3-17, Heliostat Orientation Vectors

UBEDN' = cos Ag UBEDN + sin Ag, UAXV (38)
UAXV' = cos Ag UAXV - sin A UBEDN (39)

Next, the effect of this rotation on the nominal mirror normal must be
- c—— V.. §
developed. Referring to Figure 3-18, the UMN and UXV2 vectors must
rotate around UHV With the 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 UAXV are the same as the

e A
projections onto the rotated frame normal and inner axis vectors, 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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——— ? — e— ——— S ~ ~ ’
TMN '’ = (OMN - URV) OBV + (UMN - UBEDN) UBEDN (40)
TV ! = (OXV2 - UHV) OOV + (UXV2 - UBEDN) UBEDN ’/ (41)

The second rotation is for tracking errors about the inner axis, The angular
error is denoted as A¢2. The rotation in this case is about the vector ﬁfv !
Only the vectors associated with the mirror facet must be rotated. These
vectors (ﬁl\_/[_ﬁ ! and [—D§_V>2 "y and the rotation are shown in Figure 3-19. The

fully rotated vectors are

~71 - —>_ , . — ’
UMN "" = cos A¢'2 UMN ° + sin A¢2 UxXva (42)
(44 ? . —_— 7
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 the normal distribution.

Recall that the derived DMN ’ vector 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, et, 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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Figure 3-18, Rotated Heliostat Orientation
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Figure 3-19, UMN and UXV2 Rotation

40703-11-2




3-24

=2 4, iRl : = 1

UMN.l = COS Ot UMN 7 + sin Gt UXVZ (44)
=y I _ =Ty . i)

U'X'VZ.1 = CcOS Gt UXVZ " = sin Gt 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 FS such that the radius of
curvature is 2F s The facet surface and required vectors are shown in
Figure 3-21. Recall that the vector from the facet center to the hit point,
RHES, was found in the mirror hit test derivation and was previously called
RRIF. By ignoring the small displacement between the hit point indicated by
RHES and the actual mirror surface location, the mirror normal at the hit
point (TNN /') can be found by

UNN "’ = (-RES + 2F_ OMN. ') /(RHS + 2F_UMN, '% (46)
-\ s i s i

Neglecting the small displacement can be thought of as modeling the facet
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 local facet tangent vector is constructed as follows:

—— —

T = RAS - (REAS - UNN ’/) TNN (47)

and a unit vector tangent to the mirror surface at the hit point is

TTT ! = 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

UT2 /' = UTT' x NN "/ (49)

The next and final perturbation of the heliostat mirror normal is the angulaz
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 and is given by

UNNP = cos 51 UNN ! + sin 51 (cos 6, UTT" + sin 6q UT2 '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 local
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 TS1 is

TSl = -2(UR’ - UNNP) UNNP + UR’ (51)

Thus, the US1 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

I
I
|
I
| —
POINT i - UTT
\,/‘ %2
\ |
N
— I
uT2

Figure 3-22, Mirror Normal Perturbation

Figure 3-23, Reflected Ray Vector
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BLOCKAGE

The next check point along the ray path is to determine whether or not the
reflected ray (U?i) 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 [.I_l\fltI
For the purposes of deciding whether or not US1 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 geometry 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 (Iﬁ) blockage point is called L, then our basic hit

test formulation for L is
L US1 - UMN = (XC-RHAS) - UMN (52)

from which we can easily solve for the length L., The vector from the test
facet center to the blockage point is RRB, which, by simple fector addition is

RRB = -XC + RAS + L US1 (53)

The blockage test is completed by comparing the blockage point coordinates
PN,

as defined by RRB 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.

40703=-11-2




3-29

BLOCKAGE POINT

/. TEST PLANE
OMR Ui
_>\RRB
HIT =
FACET RAS Xe TEST FACET
3

GROUND
PLANE

INCOMING RAY

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 USi. 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 blockage 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 (U?l) is shown to strike

llIll

the adjacent heliostat frame on the vertical plane of the near side beam.
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THE VS VECTORS ARE THOSE WHICH START FR
MIRROR HIT POINT AND END ON ANOTHER HELIOOSMT:T
FRAME AT THE CENTER OF EACH PLANE

(VS2, VS5, VS6 ARE SHOWN)

Figure 3-25, Frame Block by Neighboring Frame

The "V3" vector from the hit point to the center of the test frame plane is
. c— « ——

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

L US1 - UAXV =VS2 - UAXV (54)

where UAXYV 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

RHEIT = - VS2 + L USl (55)

By checking the end point of R_HIQ'.I 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 disposi.tion 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 angle ec, 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 |
2 6 . « APERTURE LOWER
: BOUNDARY (DISC)

The cone can be located anywhere in space as defined by an orthonormal
triad (ITFI, ﬁ, 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 z is the distance along the cone axis such that z = 0 at the
lower aperture disc. Thenz is calculated as

_ HTOT Rcone
Zo -2 “ tan 9, (56)
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Figure 3-26. Cavity Aperture Cone
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The ray to be tested for a hit is TUS1 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 Zy it 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 Zy it
N and the vector from the hit plane center to the actual test ray hit point is
defined as RHIT. From simple vector addition m is,

RHIT = AL USL+ D + Z itﬁ (57)

h
where AL is the distance from the test ray origin 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,

|RATT| = (2, ., - Z ) tan g, (58)

hit

or since the magnitude of RHIT is defined by RAEIT - RHI’?;

|RETT|? = RAIT - RAIT
(59)

= (Zhit - Zo)2 'can2 Gc

Using Equation (57) for the vector -R—ﬁﬁ‘ leaves one equation with two un-
knowns: Zhit and AL, This distance AL can be calculated since both AL Ts1
and (D + Zhit | pa. h c
plane with unit normal N, Therefore, both AL US1 and D + Zpit N must have
the same projected length along N, Expressed algebraically,

N) extend from the same point in space to the surface of the hit
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(D + zhitﬁ). N=ALTSi N (60)

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

2 — =2 2
Zy;y {1/(US1-N)” - 1 - tan ec}

+ 2y, (2(5-N) /(T8 ) - 2(T1- D) /(TS1-N) + 22_tano )

-t o -t - - 2
+ 1.9 (D-N) (IT‘S'I-D) + {D-N) 5 + (D. D) -zo2 tan’e }=0 (61)
TS1- N (TS1- M) ©

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
reqliired 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 cylinder 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 (UN, ITE, ﬁ) 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 TSI is the ray to
be tested for hits on the cylinder. The vector D must go from the test ray
origin to the center of the cylinder. The plane defined by (ON, UE) at the
terminal point of D is the reference height along the cylinder (z = 0).
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cyL
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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 z, for the ray entry point
and another at height Zg for the ray exit point. For the ray entry test plane,

——

VUP = Z.N (62)

The second vector required is from the test plane center to the hit point on
the cylinder, This vector is
RHC = L

l'U—si-(zlﬁ‘+13)» (63)
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where the test ray (TS1) must be a vector of unit magnitude, The distance
from the test ray orlgm to the hit point on the cylinder is defined as L1 This
distance can be calculated since both L USl and (D + VUP) extend from the
same point in space to the surface of the test plane with normal N. Under
these conditions both L TS1 and (D + YUP) must have the same projected length
along ﬁ, therefore:

L, USi-N = (D + VUDP)-N (64)
or
(D + Zlﬁ)v N
US1- N

By substituting L1 from Equation (65) into Equation (63) we obtain

(-——__. - ) US1 - (z;N + D) (66)
US1-N

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

RAG-RHC =R __,°
cyl

Substituting RHC from Equation (66) into Equation (67) yields a quadratic in Z

——

72 [ __;1_ _1] +Z[?_(_I3-N) _2(D-U 1)]

(T51- )2 (TS1-M)°2 081N
[(D 0?2 2B K B-T) , 5.5. g 12] 0 (67)
(US1- N) US1-N ¢y
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The solution of the quadratic yields the heights Z1 and Z2 of two piercing
points of the test ray, Imaginary roots indicate that the ray failed to hit the
cylinder. The distances L1 and L2 may be fouhd from Equation (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

e

x= RHC- U
y = RHC - ON

This x, y system is shown in Figure 3-28, the x axis 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 91 and 64 fromthe y axis to the hit
points,

|

ENTRY POINT (X, , Y,)

Figure 3-28, Test Plan Coordinate
System
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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.
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C AIMPP )

NO CALCULATE
AIM POINT
VECTOR

ES }

DETERMINE ( RETURN )

APERATURE
CONFIGURATION

v
C RETURN D

AIMPP calculates a
vector from the heliostat
to the receiver aperature
opening such that the
heliostat will redirect the
sun image to miss the
cotbels.

Figure A-1, AIMPP Program Flow
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FOR 3 VECTORS A, B,
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BanDC> 0
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Figure A-2,

C

CHECK R tests ortho-
normality of a vector triad

PRINT

ERROR RETURN
MESSAGE

PRINT

ERROR RETURN
MESSAGE

CHECK R Program Flow
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CONE determines th‘e, hit point of a re-
directed ray with the cavity aperture

SET UP QUADRATIC

EQUATION COMPONENTS -

modeled as a portion of a cone, The
plercing points (entry and exits) on the
cone are found by solving a quadratic.
Imaginary roots indicate that the ray

IS
RADICAL
POSI7T|VE

SOLVE FOR REAL ROOTS

l

CALCULATE INCIDENT
ANGLE OF RAY AT
HIT POINTS

missed cone.

RETURN

Figure A-3.

RETURN

CONE Program Flow
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DOTER

DOTER computes the dot

CALCULATE 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 indepen-

HELIOSTAT CENTER TO | ol CALL Almpp | dent facet drives. The

HIT FACET CENTER facet inner drlve axis Is
rotated to a position such

that the redirected heam
l 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

l

CALCULATE MIRROR NORMAL
IN THIS PLANE

I

CALL CROSS

RETURN

Figure A-5, FDRIVE Program Flow
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INITIALIZE RAY START
POINT AND HIT HELIO-
STAT CENTER

FINDIT,

INITIALIZE RAY

START POINT
| ERATION
‘ COMPLETE
CALL Rynpx ?

!

SAVE THE CLOSEST

SAVE CLOSEST
HELIOSTAT CENTER HELIOSTAT (CENTER)
TO THE RAY ON

| POINT

FIND RAY | YES
END POINT

l NO

CALL Ryypx

CALL Rynpx

SAVE THE CLOSEST

HELIOSTAT (CENTER) T
TO THE RAY END

POINT

NUMBER OF CHECK
POINTS ALONG THE
RAY PATH

‘ BEGIN ITERATION OVER

ONLY

ONE RETURN

HELIOSTAT
INVO_'LVED

INCOMING
RA'Y

- Figure A-6. FINDIT Program Flow

40703-11-2

FINDIT generates a list of
mirrors that lle along an
incoming or outgoing ray
Path. It performs this
unction by calculating
which mirrors could
intersect the incoming or
outgoing ray between a
test plane and the grourn:
plane.




FINDITA

BEGIN ITERATION
OVER SAVED l{——

HELIOSTAT CENTERS

13

SET TEST HELIOSTAT

CENTER

CALL INHIT

MIRROR
H!)T

ITERATION
COMP'}_ETE

INCREMENT SHADOW
COUNTERS

|

RETURN

SAVE HELIOSTAT
CENTER LOCATION

.

INITIALIZE HIT SAVE HIT HELIOSTAT FINDIT
COUNTERS — P VECTORS C

Figure A-6. (Continued)

40703-11-2




BEGIN ITERATION TO
CHECK FOR FRAME |¢—
SHADOWS

v

SET TEST HELIOSTAT
CENTERS

3

CALL MIRRN

x

CALCULATE OUTER
AXIS VECTOR FOR
TEST HELIOSTAT

.

CALL TRIADS

v

CALCULATE FRAME
VECTORS

4

CALL FRAME

SHADOW
ITERATION
COMP_}_ETE

RETURN

FINDIT

OVER SAVED
HELIOSTATS
COMI;LETE

!

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




( FlNDITB )

v

A-10

BEGIN ITERATION OVER
SAVED HELIOSTAT CENTERS
TO CHECK FOR FRAME BLOCKS

le

]

SET TEST HELIOSTAT CENTERS

:

CALL OFFBLOC

3

SET FRAME BLOCKAGE
COUNTERS

ITERATI

COMPI_)_ETE

RAY NO
BLO(})KED
YES
SET BLOCKAGE
COUNTERS
Figure A-6.

(Concluded)

40703-11-2

RETURN




A-11

INITIALIZE FRAME PARAMETERS
SET VECTORS DEPENDING ON

a) FRAME SHADOW

b) FRAME BLOCK ON SAME
HELIOSTAT

¢} FRAME BLOCK ON OTHER
HELIOSTAT

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

v

COMPUTE FOR THE SEVEN
PLANES OF THE FRAME

Increments the approprlate
counter.

v

CALCULATE DISTANCE FROM CENTER
~¥ OF PLANE TO THE HIT POINT ON
THE PLANE

HIT
WITHIN
FRAME
BOUN[?)ARIES

NO

SET

YES

DISTANCE
10 1010

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

RETURN

NO

YES

INCREMENT
FRAME PLANE -
HIT COUNTER

CHEgKED

DETERMINE THE SHORTEST DISTANCE
TO THE HIT AND IN WHICH PLANE
IT OCCURRED

DISTANCE
TO FRAME HIT
< TO MIRROR

HIT
?

Figure A-T,

FRAME Program Flow

40703-1I-2




A-12

( HELIAKI > HELIAK! Is the controlling
program. Depending on
the program optlons select-

ed. HELIAKI calls the
appropriate routine to

CALL INITCOL J perform:
a. A time point

YES simulation
b. A time integration
OR simulation
‘ THAN NO c. Both a time point
CALL MONTE 1 Cé\SE STOP and time integration
NO '
ONL
CALL MONTE2 TIME YES
PO!'NT

Figure A-8, HELIAKI Program Flow

40703-11-2




A-13

HITFAC

NO INITIAL YES

CALL
?

NO «” BLOCKED BY

INITIALIZE

N SUMMATION

ARRAYS

INCREMENT
FACET HIT
AND ONBLOCK
COUNTERS

WAS
RAY BLOCKED ¢
BY ADJACENT

HEI;IO

RAY HIT
A MI!}ROR

INCREMENT
FACET HIT

RETURN

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

L 4

AND OFFBLOCK
COUNTERS

, PRINT PRINT PRINT
FACET H ON BLOCK OFF BLOCK RETURN
SUMMARY SUMMARY SUMMARY -

Figure A-9. HITFAC Program Flow

40703-11-2

HITFAC keeps track of
which facet a ray hits on a
?lven hellostat, It fpel*-
orms this function for
initial 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



A-14

INHIT |
INHIT determines the hit

CALL MTRRN point, if anx, on a helio~
stat, and which facet was

l | 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

k l o
FIND INTERSECTION OF

INCOMING SUN RAY AND +
PLANE OF THE TEST FACET NO

CONSTRUCT VECTOR

INTERSECT THIS FROM TOWER BASE

FACET WITHIN
CMIRROR TO FIRST HIT
BOUNQ}ARIES POINT
RETURN

RECORD HIT

Figure A-10, INHIT Program Flow

40703=11-2




A-15

INITCOL v RETURN
INITCOL performs the fol-

lowing functions:
a. [Initializations of

INITIALIZE VARIABLES COMPLETE OUTPUT variables
v OF OPTIONS b. Initialization of the
random number
T generator
. Input of program
RANDOM CALL AIMPP ¢
YES NUMBER (INITIALIZE) options
GENERATOR d, Output summary of
ITIALIZED T - program options
? ;
NO BEGIN OUTPUT
OF OPTIONS

INITIALIZE RANDOM
NUMBER GENERATOR |

CALL POLSP2

YESe] CONTINUE VARIABLE _
INITIALIZATION T

NO INITIALIZE AIM
POINT VARIABLES

A READ INPUT OPTIONS T

CALL MOON

CALL VECTS (UNITIALIZE)
son N\ NO INITIALIZE APERTURE
CONFIGURATION

UP2

YES T

CALL INTEN

Figure A-11, INITCOL Program Flow

40703-11=-2




A-16

( INTEN 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

l

CALCULATE DIRECT
NORMAL INTENSITY
FROM CLEAR MODEL

RETURN

Figure A-12, INTEN Program Flow
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A-17

LIMDR
LIMDR calculates the intensity distri-

bution of energy across the face of the
sun, There are three options:

a. Flat sun
ggggggﬁé’gg%ﬁg Y b. Sun with limb darkening
OF THREE METHODS and so‘al’ radlatlons

c. Sun with limb darkening

RETURN

Figure A-13, LIMDR Program Flow

40703~11-2



A-18

‘ e S . MIRRN Calculates a mirror normal given
CALL AIMPP the sun vector the hellostat location

, - and an aim point.

CALCULATE VECTOR FROM
- HELIOSTAT CENTER TO
THE AIM POINT

CALCULATE A UNIT
VECTOR IN THE SAME
DIRECTION

-

CALCULATE THE
MIRROR NORMAL

VECTOR

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

RETURN
Figure A-14. MIRRN Program Flow

40703-11-2




A-19

NO
MOON checks for receiver
hits for any ray which gets
YES clearly away from the field,
It checks for entry into the
aperture, support hits,

diffuser hits, cylinder hits
INITIALIZE CAVITY CALCULATE VECTOR FROM MIRROR cy '
. DIMENSIONS HIT POINT T0 A REFERENCE HEIGHT BT
UP THE CYLINDER A :

the cylinder wall or roof.
‘ RETURN ’ N

DID
RAY HIT YES ] sET

I I CALL CONE j SUP;ORT COUNTER

N
RAY s
YE SET
WHISTLE RETURN
e COUNTER
NO ?

YES
L SETCOUNTER | NO

DID
RAY MISS YES SET

RETURN HIGH | COUNTER RETURN

RETURN

b0 06

NO|
CHECK TO SEE IF DID
L  HIT POINT IS WITHIN RAY MISS N YES SET RETURN
APERTURE BOUNDS LQW COUNTER

Figure A-15, MOON Program Flow

40703=-11-2




A-20

IS
THERE A P = | AL
DIFF}'.ISER ASS = 1 CALL PIPE
HIT
NG THE YES
IPASS = 2 DIFF!}JSER I
l SET THE
DIFFUSER .
HIT POINTS
CALL PIPE AND INDICES

RETURN
ERROR
ER 1
MESSAGE - RETURN

CYL|‘!)QDER

SET THE HIT
POINT

1S
THE HIT
SET CEILING
POI'PIIEON Yes HIT POINTS
CEILING AND INDICES
?

NO

SETWALL -
INDICES RETURN
RETURN |

Figure A-15, (Concluded)

40703-11-2




MONTE

PRINT
SUMMARY

OF HELIOSTAT
OPTICS

A-21

(MONTEA )

SUM ANNUAL
ENERGY POSSIBLE

T

( MONTE )

INITIALIZATION
CALLS FOR:

HITFAC,
TMAP,
POLMAP,
ROOF

.

CALL INTEN
YES T
NO [ SET
COUNTERS
CALL VECTS

T

ZERO OUT COUNTERS,
MAPPING ARRAYS

CALCULATE DATE, TIME

T

I

CALL RANDOM NUMBERS

CALL VECTS

FOR TIME
T

:

CALL INTEN

CALCULATE PERTURBATIONS
FOR TRACKING ERRORS

CALL RNORM

CALCULATE
CONVERSION
FACTOR

7

BEGIN ITERATION
LOOPS OVER NUMBER
OF RUNS, RAYS

MONTER

Figure A-16,

40703-11-2

MONTE Program Flow

MONTE is the monte carlo
driver routine for a yearly,
time integration run.

Its major functions are:

a, Initialization calls
for mapping and
counting routines

b, Calls to the random
number generator

c. Calls to the mapping
and counting routines

d, Calls PTOWER, the
controlling routine for
the hit tests

e. Prints ray trace
summary

f. Output calls for map-
ping and counting
routines

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




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
?

YES

CALL TSHAD

INCREMENT
COUNTER MONTEg

MONTE,

Figure A-16, (Continued)
40703-11-2




A-23

MONTE

CALL PTOWER

'

INCREMENT RAY
HIT COUNTERS

INCREMENT
ENERGY
COUNTER

CALL
POLMAP

DID
RAY HIT
A SUF;PORT

INCREMENT
YES ENERGY
COUNTER

]

PREPARE COUNTERS,
FLUX SUMMARIES
FOR QUTPUT

DID 1S
RAY ENTER ITERATION
CAVITY COMPLETE
D
CALL TMAP
INCREMEN T
—»  WALL FLUX
COUNTER

CALL -
ROOF
(SUMMATION)

Figure A-16. (Continued)
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MONTE

PRINT
FLUX
SUMMARIES

.

PRINT
HIT
SUMMARIES

y

PRINT

MONTE
CARLO
AREAS

I

PRINT
HITS,
ENERGY
ON FRAME

:

CALL HITFAC
(PRINT)

3

PRINT

FLUX

SUMMARY
(CAVITY WALLYS)

:

CALL WALLMP
(PRINT)

1

CALL ROOT
(PRINT)

A-24

RETURN

CALL IMAP
(PRINT)

T

CALL POLMAP
(PRINT)

T

PRINT FLUX
MAP OF
MIRROR

FIELD

Figure A-16. (Concluded)

40703-11-2




A-25

-PRINT
SUMMARY OF
HELIOSTAT
OPTICS

I

MONTEZ2 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

c. Calls the mapping and

counting routines
ZERO OUT COUNTERS,
MAPPING ARRAYS, d. Calls PTOWER
INITIALIZATION e. Prints ray trace sum-
CALLS FOR: mary
ROOF, f.  Output calls for map-
POLMAP, ping and counting
HITFAC routines ‘
Functions b, ¢ and d are
l performed for each ray
traced.
CALL INTEN
CALCULATE :
CONVERSION MONTE2,
FACTOR
CALCULATE

PERTURBATIONS
FOR TRACKING ERRORS

i

BEGIN ITERATION ~
LOOPS OVER NUMBER —»[ CALL RNORM

OF RUNS, RAYS

Figure A-17. MONTE2

40703-11-2

Program Flow




A-26

MONTEZA

GET RANDOM NUMBERS
FOR RAY ORIGIN -
ON SUNS FACE

!

CALL LIMDR

!

GET RANDOM NUMBERS
FOR RAY HIT POINT
ON THE FIELD

IS
HIT POINT

CALL TSHAD

INCREMENT
COUNTER

MONTE2

Figure A-17, (Continued)

40703-11-2




MONTEZE

CALL PTOWER

!

INCREMENT PROPER
MAY HIT COUNTERS

DID
RAY HIT
A MII;ROR

A=27

MONTEZC

CALCULATE POWER
CALL ON HELIOSTAT FRAME

POLMAP 1

DID
RAY HIT
A SUR}PORT

FN%A:VEH FROM PRINT

D

ENERGY TO POWER [®— OUTPUT
CODE

INCREMENT

COUNTER ‘ T

DID '
RAY ENTER
CAV7ITY

YES

INCREMENT
RAY, FLUX

COUNTERS

>l PREPARE COUNTERS,
FLUX SUMMARIES
FOR OUTPUT

1S
ITERATION
ON RAYS

OMPLETE

MONTEZ2

MONTEZ2y

INCREMENT
FLUX
COUNTER

Figure A-27. (Continued)

40703=-11-2




A-28

MONTEZC

PRINT FLUX SUMMARIES

!

PRINT HIT SUMMARIES

’ '

PRINT MONTE CARLO
AREAS

!

PRINT HITS, ENERGY
ON FRAMES

!

CALL HITEAC

!

PRINT FLUX SUMMARY
! (CAVITY WORKS)

y

\ CALL WALLMP

’ 1
CALL ROOF
l RETURN

PRINT FLUX MAP OF ,|
MIRROR FIELD CALL POLMAP

Figure A-17. (Concluded)
40703-11-2




A-29

OFFBLOC

OFFBLOC checks to see
if a ray reflected br 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

y

CALL TRIADS

v

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 PLANE
OF THE TEST FACET

A
Ry 2535
CGUNDAR CHECKED

RECORD BLOCK

RETURN

Figure A-18. OFFBLOC Program Flow
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ONBLOCK

PERFORM INTERATION

A-30

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

OVER_NUMBER OF
FACETS

IS THIS YES

FACET THE
HIT ‘fACET

NO

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
CHECKED

?

RETURN

ONBLOCK Program Flow

40703-11-2




PERT3

. ARE

MIRRORS

FOCUSED BY
ZONE

NO

YES

CALCULATE VARIOUS
FOCAL LENGTHS

FACETS
INDIVIDUALLY
“DRIVEN

NO

CALL
FORIVE

PERTURB HELIOSTAT
BED & FACET VECTOR
TRIADS FOR
TRACKING _ERRORS

CHECK ORTHONORMALITY
OF RESULTANT TRIADS
CALL CHECKR

!

CALL TOEIN

Y

CALCULATE NEW MIRROR
NORMAL VECTORS
AFTER FACET TOE-IN

v

A-31

RETURK

PERTURB FACET VECTOR
TRIAD FOR MIRROR
SURFACE SLOPE ERRORS

T

CALL CHECKR

i

CALL CROSS

T

CALCULATE NEW MIRROR
NORMAL VECTOR TRIADS
AT THE RAY HIT POINT

1

PERT3 calculates the
rotated vector triads on
the heliostat hit facet

lo account for tracking
crrors, focusing, toe-in
sotling and slope errors.

MIRROR

CALCULATE FOCAL
LENGTH FOR THIS

CALCULATE FOCAL
LENGTH IN THIS
ZONE

FOCAL
LENGTH
= INFINITY

CALL CHECKR

FLAT
MIRRORS

INDIVIDUAL
FOCl_fSING

Figure A-20, PERT3 ProgramkFlow

40703-11-2




A-32

m PI PE tests a reflected ray

vector to determine Its points
of interaction (hit points)
with a right circular cylinder

(the receiver walls). Hits
EEEA%TO,C\}UADRAHC poiar:its are fc:und by solving a
: quadratic. Imaginary roots
COMPONENTS indicate that the ray missed
the cylinder.

IS
RADICAL
POS')ITIVE

RETURN

YES

SOLVE FOR
REAL ROOTS

'

CALCULATE LENGTH
OF HIT VECTORS
AND THE HIT
ANGLES

RETURN

Figure A-21, PIPE Program Flow

40703~-11-2




A-33

POLMAP

SET ALL SUMMATION
ARRAYS TO ZERO

RETURN

NO

.SUMMATION
CALL
?

POLMAPB

LOCATE THE POINT IN A
ZONE AS DETERMINED
BY RINDY

SUM HITS
AND ENERGY

SUM ENERGY LOSS

1S
BLOCKAGE
COUA\ITY

SUM ENERGY LOSS

?

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 field. For
each field zone, the
following 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

g. whistle throughs

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

¢. output




POLMAP 5

A-34

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
?

YES

RETURN

RETURN

PRINT:

A. HITS

B. POWER

C. SHADOW
LOSSES

D. BLOCKAGE
LOSSES

PRINT SUMMARIES
FOR PERCENTAGE
OF LOSSES, RAY
COUNTS FOR
VARIOUS MISSES

Figure A-22, (Concluded)

40703-11-2




POLSP2

A-35

ZERO OUT RADIAL
ZONE COUNTER

DECREASE COLLECTOR
COUNT IN THIS ZONE

INITIALIZE HELIOSTAT
SIZE PARAMETERS

1

COMPUTE AZIMUTH
ZONE BOUNDARIES

CALCULATE COLLECTOR
SPACING

'

POLSP2y

SEGIN ITERATION LOOP

OVER NUMBER OF
SROUND COVER ZONES

'

NUMBER
OF COLLECTOR

INCREMENT RADIAL
ZONE INDEX

COMPUTE NUMBER OF
COLLECTORS IN THIS ZONE

'

COMPUTE GROUND
COVER SLOPE
FACTORS

SET NEXT GROUND
COVER NEXT RADIAL
ZONE BOUNDARY

Figure A=-23.

RADIAL
ZONE BOUND
WITHIN
FIE_'LD

40703-11-2

POLSPZB

POLSP2

SET GROUND COVER,
LAST RADIAL
ZONE BOUND

POLSP2 Program Flow

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

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




A-36

POLSP2g

1S

NUMBER

OR RADIAL

ZONES
>

COMPUTE ADJUSTED
GROUND CAVER

POLSP2,

CALCULATE HELIOSTAT CENTERS

1S
RADIAL

WITHIN THE ZONE NO YES PRINT
. SPACING WARNING
MESSAGE
0 |1$ER l
u SET RADIAL
RADIAL BOUND SPACING TO
POLSPZc WITHIN MINIMUM
| FIELD ALLOWED

ARE
THERE ANY
POLAR
RADIAL
ZOQES

INCREMENT
POLAR RADIAL
ZONE COUNTER

‘ RETURN ,

[

1S
RADIAL
ZONE INDEX

TERATION
OVER NUMBER

oL ax OF GROUND COVER POLSP2),
OMPLET

PRINT 2 COMPLETE
GROUND
COVER BY NO
POLAR ZONE

T POLSP2,
RN ECTOR ERINT SET FINAL COLLECTOR

—— | COUNTS,

COUNT BY RADIBY [®—— CounTS
AZIMUTH AZIMUTH

Figure A-23. (Concluded)
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PTOWER

CALL FINDIT

YES

CALCULATE
PERTURBED
SUN VECTOR

!

CALL TRIADS

!

CALL PERT 3

:

CALL MIRROR

!

CALCULATE
REFLECTED RAY
VECTOR

!

CALL ONBLOCK

RETURN

A=-317

RETURN

RETURN

NO BY DIFFERENT
HELIO

CALL HITFAC CALL HITFAC CALL HITFAC
YES ) 13
RAY SET
BLOCKED CALL MOON COUNTERS

RETURN

CALL FINDIT

T

CALCULATE
REFLECTED
RAY 'S
DIRECTION

YES

RAY
BLOCKED BY
FACET BEFORE
FRA_'ME

RAY
BLOCKED BY
FRAME
ON I;Y

NO

RAY
BLOCKED BY
FACET
ON_E_Y

RAY
CLEANLY
AWAY FROM
HEI7_|0

SET
COUNTERS

CALL FRAME

?

—

CALCULATE
FRAME VECTORS

Figure A-24,

40703-11-2

< RETURN )

PTOWER Program Flow

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 field (@as determined
in one of the MONTE rou-
tine) are major Inputs,




RINDX

CALCULATE CARTESIAN
ZONE NUMBERS OF THE
TEST POINT ON THE

FIELD

CONVERT TEST POINT
ON THE FIELD FROM

CARTESIAN TO

POLAR COORDINATES

v

CALCULATE POLAR
HELIOSTAT ZONE
NUMBERS OF THE
TEST POINT

!

CALCULATE CENTER OF
CLOSEST HELIOSTAT
WITHIN THE ZONE IN

1. CARTESIAN
CO-ORDINATES

2. POLAR
CO-ORDINATES

Figure A-25,

A-38

RINDX finds the close§t
heliostat to a given point
on the test plane

RESET HELIOSTAT
CENTER

IS

HELIOSTAT

WITHIN THE RETURN
FIELD

?

RINDX Program Flow

40703-I1-2
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< RNORM )
RNORM generates pairs of independent

normal random deviates (mean = O,
* standard deviation = 1). They are
normally distributed on the interval
(- to+ «» ). Required input is
a uniform random number generator.

CALL FOR RANDOM
NUMBERS

l

GENERATE A PAIR .
- OF NORMAL
RANDOM DEVIATES

RETURN

Figure A=-26. RNORM Program Flow
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A-40

ROOF sorts the ray hits
on the cavity ceiling by
zone. These zones are
concentric donuts divided
COMPUTE AZIMUTH further into azimuth
BOUNDARIES zones. All zones are

of equal area.

CALCULATE RADIAL
BOUNDS, 'SUCH

THAT EACH
SEGMENT HAS
EQUAL AREA
ZERO OUT
INCREMENT ENERGY
,SUM IN PROPER SUMMATION ARRAY
ZONE (AS
DETERMINED
BY MOON

RETURN
RETURN

v

CONVERT ENERGY
TO POWER

PRINT ZONE |}——¢| PRINT FLUX -
BOUNDARIES IN ZONES RETURN

Figure A-27, ROOF Program Flow

40703-11-2




A=-41

ZERO OUT
SUMMATION ARRAYS

DETERMINE AZIMUTH
OF HIT POINT

SUMMATION
CA?LL

SUM HITS, ENERGY
ACCORDING TO BOTH
QUADRANT METHODS

'

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

y

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

Figure A-28.

RETURN

PRINT FIELD HIT
SUMMARY, ENERGY
SUMMARY

RETURN

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

i

SUM HITS, ENERGY, BY

QUADRANT FOR SUMMER

MONTHS: MG«Y, JUN, JUL,
AUG

1

SUM HITS, ENERGY, BY
QUADRANT FOR WINTER
MONTHS: JAN, FEB,

: NOV, DEC

TMAP Program Flow

40703-11-2

TMAP detalils 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 sum-
marles.

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

I

CALCULATE THE SIZE
AND COSINE OF THE
TOE-IN ANGLES

RETURN

Figure A-29,

40703-11-2

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
position. The sum
position for the toe-in

is a required input.

TOEIN Program Flow




A-43

TSHAD TSHAD determines if an
incident ray Is blocked by
the tower. It performs this

function by working back-
CALCULATE VECTOR wards from the hit point
TO TOWER BASE on the field to the sun.
FROM TEST PLANE
START POINT

IS
START POINT
IN SOUTH
FIE?LD

RETURN

NO

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

i

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

IS
INTERSECTION
POINT WITHIN
TOWER/RECEIVER
BOUN[))ARIES

SET
FLAG

RETURN

Figure A-30. TSHAD Program Flow

40703~1I-2
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VECTS caicul:a_‘tesﬂe base orthonormal
triad set (N, UN, UE) Iocateditlthe
VECTS tower center. The sum vector (UR)

is also calculated for the desired month,

day and hour of the year.

SET UP BASE
TRIAD

1]

CALCULATE THE
SUN VECTOR

RETURN

Figure A-31, VECTS Program Flow

40703-11-2
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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° azi-

muth Is North and 90° is

l east etc,)

CALCULATE HEIGHT
ZONE BOUNDARIES

y

PRINT -
HEADINGS

Y

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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PROGRAM HELIAKI T4/74 opPT=1 FTN 4.5¢410A

PROGRAM HELIAKI(INPUTsOUTPUTTAPES=INPUTTAPE6=0UTPUT)
DIMENSION XM(9)
COMMON/RANDOM/NRUN s IRANC s I JUMP ¢MODE s ISRANS IRAYS
1 s IT1sUDNISLIMCyDINTVeYFRAC

ces THIS IS THFE CONTROLLING PROGRAM. FROM IT INITCOL IS CALLED. THEM

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

1 CALL INITCGL

1JUMP CONTROLS THE MONTE CARLO SIMULATION
IJUuMP=0 TIME POINT ONLY
1JumMP=1 TIME INTEGRATION ONLY
1JuMP=2 TIME POINT PLUS TIME INTEGRATION
IF(1JUMP,EG.1) GO TO S
CALL MONTE2 (XM)
IF (1JUMP EQ.0) GO TO 10
S CALL MONTE (XM92HOURS)
10 IF(IT1.LT«3) GO TO 1
sToP
END

OO0O0O0n

03721777

HFLIAK]
HFLIAKT
HFLIAK]
HFLTAKT
HFLIAKT
HELIAKY
HFLIAK]
HELIAKT
HFLIAK]
HFLTAKT
HELIAKT
HELIAKT
HFLIAK]
HFLIAKT
HFLIAK]
HFLIAKT
HFLIAKY
HFELIAK]
HFLIAK]
HFELIAKT
HFLIAKT

?1.51.16
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SUBROUTINE INITCOL 64774 opPr=1

c

FIN &:54410K

SUSROUTINE INITCOL

REAL N

DIMENSION AIMP(3)

INTEGER cluaT

COMMON/DARKLE/ZDDTOP » DDBASE )
COMMON/CAVITY/SEP+DD190D2sROIF sHDIF 9 HCAVIHSHTC (2) +RSWTC(2)

1 CILAT(2)+CAVLAT(2021) 9 AIMHGT

COMMON /JEFF/ UMNS(3) sRRS(3) +NSTOPSsA»B9sCoSMAXIRFIELD» THs ICMM,

1 TICSH IFCoIHITo ICSH29NCOL » IHOURsMINCELZ s TsTOISXSTDISY,
2 DUMA 9 DUMB » DUMC s UMNNL (3) s UMNNZ2(3) sUMN(3) s IOHITeNLAT,
3 NLONG ILONGoNLATC o RCO9NPACK » ENHM
COMMON/TABLE/UHV (3) sUAXV (3) sUKV2(3) oRST(3) o WFVaNHF » XOF sy WD2 s WFV2
1 RHS (3) yDELXsDELY o WDs IFVeRRB(3) sUAXVP (3) s UXV2PP (3)
4 UTT(3)+UNNP (3) oUKV2P(3)

3 sUMNP (3) 2UMNPP (3) oF s ALENSUBEDN(3) ¢ IFOCs IDRIVE
COMMON/BABA/STHsCTHeSEQesOMEsOMSIN(3) sUE(3)

1 UN(3)sUS{I)sUA(3)2UR(3) » THETA»MON» IDAY s SMALR+CAPRCEQ

COMMON/ JOKER/URP(3) sUS1(3) » THSL 9 PHy THSR» THSUsCOUNT s WAVL (20) +DRAD
COMMON /STATS/TPBsTSBePHBe TPVIPHV.AVES»TSVePAXIVPAX1BIPAX2VPAX2B

COMMON /RALL/ DCOL sSCDELT(3) 9 XPsYPsPAX]1+PAX2+D(3I)
COMMON/RANNOM/NRUN s IRANC s I JUMP 4 MODE » ISRANs IRAYS

1 »1T1sUONI+LIMCDINTVs YFRAC

COMMON /CIMNDEX/ XPCOL9YPCOL9COSA»COSBsSLDUMIWCELL» ICELL s JCELL»
1 XCSAVeYCSAVeXCMs YCMe ICELMe JCELM
COMMON/SUPPT/DELTMs THES 9 KSEG s APH» SW e NSUP s RCONE s THECONSHTOT
COMMON/CEILING/NAZZyNRZ+DTAZ (21) vORZ(10)+sDD3912ZR+12A2Z
COMMON/MAPS/NRZF sNAZZF 4NC (2504 8) »SRAD(250+8) s NPRAD (8) s DEG
CCMMON/TILTED/TTILTUVT(3)sUL(3)9U2(3) yWAPMAXsWAPMIN,OFFSET
COMMON/STRUCT/GAP s WLONGs WSIDEsWTRISXLTRIsB1 9829 WCROSS s WDUMs IFRAM
#yHTMIRSHTCROSyWICROS
COMMON/TOE/CTAZTsSTAZT+CTELT s IFOCUSsSTELT2UTARG(3) »DTARG (3)

C sstonsaeNAMEL IST DICTIONARY

o000

NAMELIST /CHANGE/ RFIELDyTHINSTOPSsTDISXsTDISY s IRAYS»TPBsTSBePHB
TPVsTSVePHVITHETASMONs IDAY s To JJUMP 2 IT1 sNRUNY I SRAN
PAX1VePAXZ2VsSCOELT oNLONGsNLATCsGCOVERSRCOvRCONE sHCAV s
SWeNSUPsDU3IsNRZyNRZF ¢NAZZF + WD 9 WFV ¢ XOF s NPACK « SPACEF
IORIVE sNNUs wAPMAX s WAPMIN 4 OF FSET 9 WLONG s WCROSS s WTRI s GAP
XLTRI s ATMIRsHTCROSSsWICROS+ ITOE» IFOCUSsTAZTTELT
MONT o JOAYToTIMET

DATA WAVL/.399¢4090489.519:¢569,5790609.639.669.709.743.789.829.87

109601602¢1.0891.229]1.48+1.687

IT1=3 END OF RUN
MODE=1 AT FIRST ROUND
MODE=2 AFTER THAT

QU S W =

Ces THIS IS THE INITIALIZING ROUTINE., IT INITIALIZES ALL OF THE
C VALUES IN THE ENTIRE PROGRAM,

2 Xz XakaXsXaXaXa e

VARIABLE LISY IN INITCOL.
SEP=DISTANCE BETWEEN LOWER AND UPPER DISK
Sw=SUPPORT WIDTH
NSUP=NUMBER OF SUPPORTS
DD3=INNER CAVITY DIAMETER
WD=FACET LENGTH
WFV=FACET WIDTH
XDF=DISTANCE BETWEEN FACET AXES
AIMHGT=AIM CIRCLE HEIGHT UP CONE AXIS

HELTIAKY
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
IMITCOL
INITCOL
IMITCcoL
INITCOL
INITCOL
INITCOL
INITCoL
INITCOL
INITCOL
INITCOL
INITCOL
IniTCoL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

INITCOL

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

INITCOL

INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL
INITCOL

F
Y-

03721777 21:51616
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SUBROUTINE INITCOL 74/74 oPTel FIN 4.5%410A 03/21/77 21.51.16 PAGE 4

c WAPMAX=MAXIMUM APERTURE WIDTH INITCOL S8
c WAPMIN=MINIMUM APERTURE WIDTH INITCOL 59
60 c IFOCUS=MIRROR FOCUSSING OPTION INITCOL 60
c 0 MEANS- INDIVIDUAL FOCUSSING IMITCOL 61
c 1-10 ARE NUMBER OF FOCUSSING ZONES FOR. CONSTANT FOCUSSING INITCOL 62
c 11 MEANS FLAT MIRRORS INITCOL 63
INITCOL 64
65 c HTCROSS IS THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME INITCOL 65
c WJCROS IS THE WIDTH OF THE CENTER CROSS PIECE OF THE FRAME INITCOL 66 |
c MON = MONTH INITCOL 67
c T=TIME OF DAY INITCOL 68 |
c IDAY=DAY OF THME MONTH INITCOL 69 . |
70 c RFIELD=OUTER RADIUS OF THE FIELD IN FEET INITCOL 70
c TH=HEIGHT OF THE TOWER UP TO THE LOWER DISK INITCOL 71 |
c HCAV=CAVITY HEIGHT IN FEET INITCOL 72 |
c NLATC=NUMRER OF HEIGHT ZONES ON THE CAVITY WALLS INITCOL 73 |
c NLONG=NUMAER OF AZIMUTH ZONES ON THE CAVITY WALL INITCOL 76
75 c NSTOPS 1S NUMBER OF CHECK POINTS ALONG RAY PATH FROM TEST PLANE IMITCOL 75
c TO GROUND INITCOL 76
INITCOL 77 |
c NRZF=NUMBER OF RADIAL ZONES IN THE FIELD INITCOL 78 |
c NAZZF=NUMBER OF AZZIMUTH ZONES IN THE FIELD INITCOL 79
80 c ISRAN=INITIAL RANOOM SEED INITCOU 80
S c TOISY=TOWER OFFSET FROM THE CENTER OF THE FIELD. IT MUST BE ZERO  ImMITCOL 81 :
o c FOR A DONUT FIELDs IN A NORTH-SOUTH DIRECTION INITCOL 82 w
S c TOISX=TOWER OFFSET FROM THE CENTER OF THE FIELD. 1IT MUST BE ZERO  ImITcOL a3 1
& c FOR A DONUT FIELDs IN A EAST-WEST DIRECTION INITCOL 84 -
L 85 C NRUN=NUMBER OF RUNS (10) INITCOL 85
= c JIRAYS=NUMBER OF RAYS IN 1 RUN v INITCOL 86
S c DINTV=INTFRVAL OF HOURS THAT WwE ARE INTIGRATING OVER FOR THE TIME  INITCOL 87
[o INTEGRATION . INITCOL 88
c YFRAC=NUMARER OF DAYS IN A YEAR INITCOL 89 |
90 c GCOVER=GRNOUND COVER RATIO (AREA MIRRORS/GROUND AREA) INITCOL 90
c IT1-CONTROL VARIABLE., THE PROGRAM TERMINATES WHEN IT1 IS GREATER INITCOL 91
c THAN OR EQUAL TO 3 ’ INITCOL 92 ‘
c DRAD =CONVERSION FACTOR FROM DEGREES TO RADIANS INITCOL 93
c THETA=LATITUDE ANGLE OF THE SITE TESTED INITCOL 94
95 (o TPB,TSB4PHB, TPV, TSVIPHVPAX1V,PAX2V = HELIOSTAT OPTICAL PROPERTIES IMITCOL 95
c AND TRACKIMG ORIVE PROPERTIES FOR A NORMAL DISTRIBUTION. IMITcoL 96
c (8=MEAN.V=VARTANCE) IMITcoL 97
€ NPACK DEFINES FIELD PACKING GEOMETRY INITCOL 98
C & POLAR PACKING INITCOL 99
100 C 5 POLAR NON-UNIFORM INITCOL 100
C IDRIVE CONTROLS FACEY DRIVES INITCOL 101
c 1 GANGED. InITCOL 102
c 2 INDEPENDENT IN ONE AXIS. INITCOL 103
C#s NNU IS FOR NONUNIFORM POLAR PACKING OF INITCOL 104
105 C*® TILT=-TILT HELIOSTATS. IT IS THE NUMBER OF NONUNIFORM IMITCOL 105
C*e AZIMUTH ZONES. THIS CAN BE 1 OR 8. IMITcoL 106
Ce®24 ONG 1S THE WIDTH OF THE LONG PIECES ON THE FRAME IqITcoL 107
Ces*WCROSS IS THE WIDTH OF THE CROSS PIECES ON THE FRAME INITCOL 108
CeaseGAP IS THE SPACE HBETWEEN THE LONG PIECES MINUS WD InITcoL 109
110 ceeowTRI IS THE WwIDTH OF THE CROSS BRACES InITcoL 110
CeoeX TR] IS THE LONGER EDGE OF THE CROSS BRACES . INITcoL 111
C °* TAZT=TOEIy AZIMUTH ANGLE (RADIANS) InITcoL 112
C ®® TELT=TOEIM FLEVATION ANGLE (RADIANS) INITCOL 113

C ** TAZT ANDO TELT DEFAULT TO 3/21 NOON AT 33 DEGREES LATITUDE INITCOL 114




SUBROUTINE INITCOL LLYALN oPT=] FIN 4.54410A 03/21/77 21.51.16 PAGE 3

115 c HTMIR IS THE DISTANCE OF THE FACET AXIS ABOVE THE TOP FRAME PLANE INITCOL 115

c HTCROSS IS THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME INITCOL 116

(o] WJCROS 1S THE WIDTH OF THE CENTER CROSS PIECE OF THE FRAME INITCOL 117

MON=6 : INITCOL 118

00 1953 10=1,13 IMITCOL 119

120 ’ 1953 SCDELT(IN)=0.0 INITCOL 120

T=12. InITCOL 121

10AY=21 ’ INITCOL 122

AMAX=1,3 INITCOL 123

LIMCc=3 INITCOL 124

125 ISRAN=2T641 INITCOL 125

DINTV=14, INITCOL 126

YFQAC=365. INITCOL 127

IT1=2 InITCcoL 128

DRAD=.01745 INITCOL 129

130 CAPR=149,5%]10,%%6 INITCOL 130

SMALR= 6357.0 INITCOL 131

THETA=33, INITCOL 132

NRuN=10 “ INITCOL 133

IF (IRANC.NEL0) GO TO 1800 InITCOL 134

135 WRITE(6+7002) InMiTCOL 135

WRITE(69)8]11) ISRANINRUN InITCOL 136

1811 FORMAT(5Xs20HINITIAL RANDOM SEED=+I110+3Xs19HNUMBER OF RUNS PER IMITCOL 137

oo 16HBATCH=,4159/) INETCOL 138
S DJEF=FLOAT (ISRAN) INITCOL 139 os]
o laeo DJEF =RANF (DJEF) IMITCOL 140 !
@ IRANC=1] INITCOL 161 o

N 1800 CONTINUE INITCOL 162

e TPB=0. INITCOL 163

[\V] TSR=0. IMITCOL l6a

145 PHB=0, . INITCOL 145

TPV=,.05 INITCOL 146

TSv=.05 INITCOL 147

PHv=,05 INITCOL 148

NSTOPS=1) INITCOL 149

150 DO 3460 I=1s3 INITCOL 150

3460 SCDELT(1)=0. INITCOL 151

TDISX=0. INITCOL 152

PAX1B=0, INITCOL 153

PAX28=0. INITCOL 154

155 C SIDERIAL EARTH RATE IMITCOL 155

OME= 0,2625159 INITCOL 156

0OM$=360,/(365.25°57,3) ’ INITCOL 157

XTH=THETA®ORAD INITCOL 158

. STH=SIN(XTH) InITCOL 159

160 CTH=COS (XxTH} INITCOL 160

XSEQ=23.52DRAD INITCOL 161

SEQ=SIM(XSEQ) INITCOL 162

CEQ=COS(XSEM) ‘ IMITCOL 163

UA(1)=SED INITCOL 1664

165 UA(2)=0. INITCOL 165

UA(3)=CEn INITCOL 166

IF (MOUE.GT.1) GO TO 4000 INITCOL 167

IDRIVE=] INITcoL 168

i PAX1V=,05 INITCOL 169 -
170 PAX2v=,035 INITCOL 170

WAPMAX=24, IMITCOL 171




SUBROUTINE INITCOL T6sT4 oPT=1 ’ FIN 4.5¢610A 03721777 21.51.16 PAGE 4

WAPMIN=118. INITcOoL 172
AIMHGT=SEP/2.0 INITCOL 173
GCOVER=,.3 INITCOL 174
175 RFIELD=826, InITCOL 175
TH=392, . INITCOL 176
RCO=120. INITCOL 177
HCAV=46,.1 ‘ IMITCOL 178
xDF=16, IMITCOL 179
180 NHF =4 InNITCOL 180
IRAYS=2 INITCOL 181
RCONE=20.0 INITCOL 182
NCONHT=6 : inITcoL 183
NCONAZ=8 INITCOL 184
185 TD1SY=0.0 INITCOL 185
NLATC=S InITcoL 186
F=1050, InlTCOL 187
NLONG=8 InITCOL 188
wFv=10, InITCOL 189
190 wD=10. INITCOL 130
1JuMP=1 InITCOL 191
003=42. INITCOL 192
NSUP=3 INITCOL 133
SPACEF=1,1 INITCOL 194
195 NRZ=5 INITCOL 195
NRZF = 7 INITCOL 196 ws]
N NPACK=S INITCOL 197 &
3 NNU=8 INITCOL 198
o NAZZF = g IvITCOL 199
w 200 Sv = 2, InITCOL 200
S GAP=0.25 ImiTCOL 201
= XLTRI=4.681 INITCOL 202
[ WLONG=0.48 INITCOL 203
WCR0SS=0,385 INITCOL 204
205 WTRI=0,177 MITCOL 205
WSIDE=0.84 InITCcOL 206
HTMIR=0.833 InItcoL 207
HTCR0S=0,833 INITCOL 208
WJCROS=0,224 INITCOL 209
210 TAZT=3.14159 INITCOL 210
: TELT=0.9948 mIvcoL 211
MONT=3 IMITCOL 212
IDAYT=21 INITCOL 213
: TIMET=12, INITCOL 214
215 1FOCUS=0 INITCOL 215
4000 READ(5yCHANGE) INITCOL 216
1F (MODE,LT,2) MODE=2 IMITCOL 217
WRITE(697002) InITCOL 218
7002 FORMAT(1H]) INITCOL 219
220 CALL VECTS ImITCOL 220
IF(C.GT+0.0005) GO TO 6 InITCOL 221
WRITE (6 7) InITcoL 222
7 FORMAT(/77/+10%+SOHOAWN IS YET TO COME-NO TIME POINT CAN BE PERFORM InITCOL 223
1E0) INITCOL 224
225 IF(1JUMP EQ.2) TJuwP=l INITCOL 225
G0 T0 16 INITCOL 226
6  DENOM=SQRT (A®A+B%B) InITCOL 227

ELZ=ATAN? (C+DENOM) INITCOL 228
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CALL INTEN(MONoIDAY4ELZsUDNI} INITCOL 229
230 UDNI=.003159UDNI*C INITCOL 230
c INITIALIZE CONE AND TILT ANGLES FOR FIELD GEOMETRY INPUT INITCOL 231
16 RN=RFIELN=-TDISY INITcCOL 232
RS=RF[ELD+TDISY INITCOL 233
: XN=SORT (RNeRN®0.5+RCORCO%0.5) INITCOL 236
235 XS=SORT (R5*RS%0.5¢RCO4RCO®0.5) _ IMITCOL 235
TAPE1=ATAN (TH/XN} INMITCOL 236
TAPE2=ATAN(TH/XS) INITCOL 237
THECON=(TAPE1+TAPE2) #0.5 IMITCOL 238
TTILT=TACE2-THECON INITCOL 239
240 C To UNTILT aPERTURE SIMPLY SETS WHAT IS BEST THETA CONE INITCOL 260
TTILTF=0.0 IMITCOL 261
THECON=27.0/57.3 INITCOL 262
HTOT= (WAPMAX+WAPMIN) #0,5#COS ( THECON) . INITCOL 263
SEP=HTOT INITCOL 264
245 AIMHGT=ScP=0,5 INITCOL 265
DELRC= (HTOT®0+5) *TAN(THECON) INITCOL 2646
DD1=(RCOVE-DELRC)#2. INITCOL 267
DD2={RCONE+DELRC) #2, INITCOL 248
NAZZ = NLONG INITCOL 249
250 CALL MOON(0+9) . INITCOL 250
c INITIALIZATION OF AIM POINT SUBROUTINE INITCOL 251
- HSWTC (1) =HDIF INITCOL 252 t
o HSWTC (2) =HCAV INITCOL 253 s
> RSWTC (1) =RDIF INITCOL 254
o™ 255 RSWTC(2) =.5%DD3 INITCOL 255
5 XDUM= (WD +GAP=-WCROSS) #0,5 INITCOL 256
= WOUM= (WD +GAP«WLONG) #0.5 INITCOL 257
0o B81=XDUM-XLTRI®0,70711 . INITCOL 258
B2=XDUM-XLTRI®*0,70711+WTRI/Z0.70711 INITCOL 259
260 CTAZT=COS(TAZT) INITCOL 260
STAZT=SIN(TAZT) InITcoL 261
CTELT=COS(TELT) INITCOL 262
STELT=SIM(TELT) INITCOL 263
DDTOP=DD1 IMITCOL 266
265 ODBASE=DN1+20.0 INITCOL 265
wD2=wD/2, INITCOL 266
wFy2=wFv/s2. INITCOL 267
ALEN= (NHF=1) *XOF IMITCOL. 268
DCOL=WFV IMITCOL 269
-270 CXLAT=HCAV/FLOAT (NLATC) INITCOL 270
DO 9622 I=1NLATC InITCOL 271
9622 CAVLAT(2,1)=HCAV=CXLAT#*FLOAT(]) INFTCOL 272
-WCELL=.2RFIELD INITCOL 273
AFIELD=3,14159¢ (RFIELD#RFIELD=-RCO®RCO) INITCOL 274
275 ACOL= (NHF #WD#WF V) INITCOL 275
GCMIR=ACOL/ (WD® (ALEN+WFV)) : INITCOL 276
1F (GCOVER.GT,GCMIR) WRITE(641901) INITCOL 277
1901 FORMAT(//10X,48H%%8aes GROUND COVER FACTORsGCOVER:TOO LARGE ®ess#s) [NITCOL 278
CALL POLSP2(ACOL sNNUsSPACEF +NTOTAL » GCOVER) INITCOL 279
280 AFTELD=3.14159% (RFIELD®RF IELD-RCO*RCO) INITCOL 280
: NCOL=NTOTAL InITCOL 281
WRITE(6+7002) InITCOL 282
WRITE{(691945) NSTOPSsNCOLsRFIELD»THsGCOVER INITCOL 283

1945 FORMAT (/20XsSIHHELIAKI VERSION 13+ TIME POINT AND/OR ANNUAL ENERGY INITCOL 284
285 1/720X939HROUND FIELD WITH LOW PROFILE HELIOSTATS//16X. IniTCOL 285
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SUBROUTINE INITCOL T4/74 oPT=1

FTIN 4.5¢410A

26HNSTOPS 36X 9 4HNCOL 99X s 6HRFIELD+8X9s THTOWER Ho
3 9XsO6HGCOVER/+10X9211004F15,347)
WRITE(691946) NHF oWFVeWDs XDF s ALENsSPACEF
1946 FORMAT(/316X93HNHF 912X93HWFV913Xs2HWD 912X 9 3HXDF e 11X s 4HALENS
1 10X9s6HSPACEF9/+9X911095(5XeF10.2)4/)
WRITE (641949) GAPsWLONGsWCROSSsWTRIsXLTRI»WSIDEsWICROSIHTMIR
& HTCROS
1949 FORMAT (/911X93HGAPsOXeSHWLONG+8Xs6HWCROSSs10Xs4HWTRI 29X,
2 SHXLTRI+9XsSHWSIDE+8Xs6HWICROS 19X ¢SHHTMIR+8X s 6HHTCROS
® /95(4XeF10e3)4/)
WRITE(6+1111) (WAVL(ILOP),ILOP=1,20)
1111 FORMAT(///4+32Xs43HTHE CENTER WAVELENGTHS OF THE TWENTY EQUAL »
112HENERGY BANDS+/¢2(20X910F10e597)09/)
WRITE(691948) TDISXsTDISYsAFIELDIRCO
1948 FORMAT(/420XsSHTDISXs10XsSHTDISYsIX9s6HAFIELD912X93HRCO9/910X,
14F1%434/) )
THOUR=INT(T)
AMIN=60.#(T=-FLOAT (IHOUR))
MIN=INT (AMIN)
WRITE(695) MONsIDAYs THETA9» IHOURsMIN
S FORMAT ( 777+50X91291H/912+3H/80+/310XsFHLATITUDE=sF7.29
1 10Xs4H4OUR9IS»SXe3HMINSIS+/)
CALL AIMPP(XCeYColeAIMP)
WRITE(6+879) RCONEs THECONsHTOTSTTILT
879 \ FORMAT (//o?ZXoSHRCONE,lkXobHTHECONol“Xt“HHTOY'lSXvSH!TILTO/D
2 15X0F10.21lOXoFlO.299XvF10.20IZXOFIO.Z)
WRITE(6+41515) WAPMAXsWAPMINyOFFSET
1515 FORMAT(/,19Xy6HWAP4AX 214X s 6HWAPMING14X96HOFFSET /915X
2 3(F10,1.10X)) )
WRITE(6+21)
21 FORMAT (/95Xs20HPRIOGRAM OPTIONS USED}
IF (IFOCUS.EQ.0) WRITE (6+410)
IF (IFOCUS.GT«0.AND.IFOCUS.LE.10) WRITE (6+420) IFOCUS
IF (IFOCUS.GT.10) WRITE (6+430)
WRITE (64440)
WRITE (64,450) MONTSIDAYTHSTIMET
450 FORMAT (10X919HTOEIN STRATEGY FOR +I12+1H/91294H AT oF4.])
410 FORMAT (10Xe19HINDIVIDUAL FOCUSING)
420 FORMAT (10X»I2915SH FOCUSING ZONES)
430 FORMAT (10X9+12HFLAT MIRRORS)
440 FORMAT (10Xs17HINDIVIDUAL TOE-IN)
IF (IORIVE .EQ. 1) WRITE (6+518)
IF (IDRIVE +EQ. 2) WRITE (6+519)
S18 FORMAT(1oX«13HFACETS GANGED)
S19 FORMAT (10X«23HINDEPENDENT FACETY DRIVE)
RETURN

END
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1 SUBROUTINE AIMPP(XCeYCsINITsAIMP) AIMPP 2
Coe THIS ROUTINE DRAWS A VECTOR FROM THE CENTER OF THE ANNULUS ATMPP 3
C OUT TO THE AIM POINT. AIMPP 4
INTEGER CILAT ATMPP S
S REAL N AIMPP 6
COMMON/BABA/STHeCTHaSEQesOME»OMSoN(3) sUE(I) » ATMPP 7
1 UN(3)sUS(3)+UA(3) sUR(3) + THETA9MON» IDAY s SMALRsCAPRYCEQ ATMPP 8
COMMON/CAVITY/SEP+DD19DD2+sRDIF ¢HDIF 9HCAVsHSWTC (2) »yRSWIC(2) ATMPP 9
1 CILAT(2)+sCAVLAT(2+21) sAIMHGT AIMPP 10
10 COMMON/SUPPT/DELTMs THES ¢ KSEG 9 APHs SWaNSUP sRCONE ¢ THECONYHTOT AIMPP 11
COMMON/TILTED/TTILTAUVT(3)9UL(3)sU2(3) +WAPMAXsWAPMINIOFFSET ATMPP 12
DIMENSION UPLAN(3)sAIMP(3)sUCON(3) AIMPP 13
C THIS FUNCTION RETURNS THE ITH COMPONENT OF THE AIM POINT ASSOCIATED AMPP 14
C WITH HELIOSTATS LOCATED AT (XC,YC) RELATIVE TO THE RECEIVER CENTER AIMPP 15
15 IF(INIT.GT.1) GO TO 100 ATMPP 16
SEP2=AIMHGT ATMPP 17
RDC=DD1/2.0+AIMHGT® (DD2=-DD1)/(2,0*SEP} ATMPP 18
THES=2.93414159/NSUP . . AIMPP 19 |
XDUM=(DD2=-DD1) /2. AIMPP 20
20 APH=SQRT {SEP##2+XOUMa&2) : ATMPP 21
AMD=SHW/2,+APH/ 2, ATMPP 22
THEMISS=ATAN (AMD/RDC) AIMPP 23
FRACTN=(THES=-2.#THEMISS) /THES AIMPP 24
DD3=RSWTC(2)*2, ATMPP 25
S 25 WRITE (6,20) SEP+DD1+sDD2+RDIF ¢HCAV+DD39AIMHGT AIMPP 26 ?
[} 20 FORMAT (///%30Xs21HCAVITY RECEIVER SPECS+//+1TXs3HSEP+»7X93HDD] s AIMPP 27 ©
=3 1 7X93HDD2s6X94HRDIF 36X s GHHCAVI6Xe4H DD3I9SX9OGHAIMHGT 9/910Xs AIMPP 28
S © 7F10.14/) , ATMPP 59
' CTCON=COS (THECON) AIMPP 30
= 30 STCON=SIN(THECON) , : ATMPP 3
o CTL=COS(TTILT) ATMPP 32
STL=SIN(TTILT) , ATMPP 33
DO 25 1I=193 ATMPP . 3
) UVT(I)=CTLeN(I)=STL=UN(I) AIMPP 3s
35 UL(I)=CTL®UNLI) «STLEN(]) ATMPP 36.
25 v2(n=ve(h . ATMPP 37
RETURN ] . AIMPP 33
100 YCp=YCeCTL ATMPP 39
THEAZ=ATAN2 (XCoYCP)+3,14159/73.0 AIMPP 49
40 IF(THEAZ.LT«040) THEAZ=THEAZ+2,%3.14159 AIMPP 41
IF (THEAZ,.GT.6.283185) THEAZ=THEAZ=6.283185 AIMPP 42
KSEG=INT {THEAZ/THES) +1 ATMPP 43
THEMIO=THES® (KSEG-1) «THES/2 AIMPP (Y3
DELTM=THFAZ=-THEMID’ AIMPP 45
45 THEAIM=THEMID+DELTM#*FRACTN=3,14159/3.0 ) AIMPP 46
IF (THEAIM.LT,0,0) THEAIM=THEAIM+6.283185 AIMPP 47
CAIM=COS(THEAIM) ' ATMPP 48
SATM=SIN(THEAIM) . ATMPP 49
IF(THEAINLGGT.3.16159) THEAIM=2#3.14159=-THEAIM. ATMPP 50
50 WAP=WAPMIN ATMPP S1
IF (THEATM.LT«2.,0944) WAP=WAP+ (WAPYAX=WAPMIN) #(]1,0=THEAIM®0,477S) A[MPP s2
WOWN=SEPP/CTCON~WARR) S ATMPP 53
IF (THEAIM,LT<2.0964) WOWN=SEP2/CTCON-WAP#0.53 ATMPP S4
DO 45 I=]1.3 ATMPP 55
sS UPLAN(I)=CAIMeUL (I)+SATM®#U2(]) ATMPP 56
yCON(I)=-CTCON°UVT(I)-STCON*UPLAN(I) ATMPP S7

45 AIMP(I)=SEPZ°UVT(I)0RDC°UPLAN(I)fUDHN“UCON(I) AIMPP 58
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RETURN AIMPP S9
END ATMPP 60
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1 SURROUTIME MONTEZ2 (XM) MONTE 2 2
¢ces THIS IS THE MONTE CARALO ORIVER ROUTINE FOR A FIXED TIME AND DAY MONTE 2 3
C OF THE YEAR. FROM IT IMTENs RNORM, LIMDRs AND PTOWER ARE CALLED. MONTE 2 '3
REAL N MONTE2 [
S DIMENSION TOP(15) MONTE2 6
INTEGER CILAT MONTE 2 7
COMMON/CAVITY/SEPsDD1+DD2+RDIFsHDIF o HCAVoHSWTC(2) +RSWTC(2) » MONTE 2 8
1 CILAT(2)9sCAVLAT(2+421) ¢AIMHGT MNONTE2 9
COMMON/TABLE/UHV (3) yUAXV(3) «UXV2(3) sRST(3) ¢ WFVINHF s XOF ¢+ WD2+WFV2s MONTE2 - 10
10 1 RHS (3) yDELXyDELY +WDs IFVIRRB(3) sUAXVP (3) ¢UXV2PP (3) s MONTE2 11
2 UTT(3)sUNNP(3)4UXV2P(3) MONTE2 12
3 sUMNP (3) s UMNPP (3) oF s ALEN+UBEDN(3) s IFOC» IDRIVE MONTE 2 13
COMMON/JOKER/ZURP (3) sUS1(3) s THSL +PHy THSRs THSU»COUNT o WAVL (20) +DRAD MONTER2 14
COMMON /STATS/TPB3+TSBePHIsTPVIPHVIAVEsTSVIPAXIVPAXIBIPAX2VePAX2B MONTE2 15
15 MONTE2 16
COMMON /8ALL/ DCOLsSCDELT(3)9XPsYPsPAX1sPAX2eD(3) MONTE2 17
COMMON/BABA/STHoCTH, SEQsOME2OMSoN(3) sUE(3) s MONTE2 i8
1 UN(3)sUS(3)9UAL{3) sUR(I) 9 THETAWMON» IDAY s SMALR+CAPRCEQ MNNTE 2 19
COMMON/RANDOM/NRUN s IRANC » I JUMP 4 MODE ¢ ISRAN» [RAYS MONTE?2 20
20 1 » IT1.UDNTsLIMCoDINTVsYFRAC FINAL 1
COMMON/SUPPT/DELTMs THES s XSEGs APH9Sa 9 NSUP s RCONE » THECON S HTOT MONTE2 22
COMMON /JEFF/ UMNS(3) sRRS(3) sNSTOPSsA9sBsCoSMAXIRFIELD THs ICMH MONTE2 23
S 1 JCSHe IFCoIHITo ICSH2aNCOL » IHOURIMINSELZs ToTDISXsTDISY, MNNTE2 24
(] 2 DU“A « DUMB » DUMC s UMNNL (3) s UMNNZ2(3) 9UMN(3) y IOHIToNLAT, MNNTE2 25
; 25 3 NLONG s ILONGoNLATCsRCOsNPACK s ENHM MONTE?2 26 ws]
w COMMON /CINDEX/ XPCOLsYPCOLsCOSA+C0OSBsSLOUMIWCELL s ICELL 9 JCELL » MONTE2 27 :,
J* 1 XCSAVeYCSAV e XCMeYCMy ICELMy JCELM ) MONTE2 28 -
ﬁ* COMMON/STRUCT/GAP s WLONGs WSIDE s WTRIsXLTRI9B19B2+WCROSSsWOUMs IFRAM MONTE 2 29
') 29 HTMIRsHTCROS9»WJICROIS MONTER2 30
30 COMMON/PLANE/ZIPLAN(T) MONTE2 31
COMMON/TOE/CTAZTsSTAZT+CTELT s IFOCUSYSTELT2»UTARG(3) +DTARG(3) MONTEZ2 32
DIMENSION FRSHAD{4) MNNTE2 33 .
DIMENSION XDFPR(9+15)9XM(9),ITT(2]) MONTE? - 34
DIMENSION FLMAPC(21+36) MONTE2 35
35 DIMENSION AEBOTN(2+10) sAFLUX(2)sFIELD(12+12) MONTE2 36
DIMENSION ETA(T7)sEPM(8) MONTER 37
DIMENSION NDM(12)410(36)sSL(1S) MONTE2 38
DATA NDM/31928431930¢31930931931930431+30+31/ MONTER 39
IF(C.LT4040005) GO TO 62 MONTE2 40
40 WRITE(6+7532) i MONTER2 '3}
7532 FORMAT(1H1,/ 939X+2B8HHELIOSTAT OPTICAL PARAMETERS,/) MONTE2 42
WRITE(697001) PAX1BsPAX2BsTSBePHBIPAXIVPAX2VsTSVIPHY MONTE2 43
7001 FORMAT (15X sSHPAX1IBsSX9s5SHPAXZB»7X93HTSBe 7X 9 3HPHBsSX9SHPAXIVeSX s MONTF2 44
15HPAX2V07X-3HTSV97X.JHPHVc/olOXolOFlO.Sv/) MONTE2 45
45 NN1=NLATC MONTE2 46
DO 8011 1=1s7 MONTE2 47
8011 IPLAN(I)Y=0 MNNTE2 48
DO 412 I=l,4 MONTE 2 49
412 FRSHAD(I)=0.0 MONTE2 S0
S0 D0 3010 1=1+20 ) MONTE2 S1
3010 ITT(I)=0 MONTE 2 52
XKNT=0,0 . MONTEZ2 53
CALL ROOF(1+04) MONTE2 S4
DO 6101 I1=1+NN1 MONTE2 S5
55 DO 6101 J=19sNLONG MONTE?2 56
6101 FLMAPC({I,J)=0. MONTE2 57

TOPC=0. MONTE 2 58
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CALL POLMAP (0,90.9009190) MONTE?2 59
DO 8101 1=1s12° MONTE2 60
60 DO 8101 J=lsl2 MONTE?2 61
8101 FIELD(I+3J)=0, MONTEZ2 62
CALL HITFAC(0+0+091+0) MONTE2 63
SPPT = 0,0 MONTE2 64
SHADL=0.0 . MONTE?2 65
65 IDFL=2 MONTE 2 66
DO 7009 MAC=1+1DFL MONTE2 67
7009 AFLUX(MAC)=0. MONTE2 68
00 3611 1=1+7 MONTE2 69
3611 xXM(I)=0. MONTF 2 70
70 DAY=FLOAT(1DAY) MONTE?2 71
DENOM=SQ3T (AcA+B*B) MONTE2 72
ELZ=ATANZ (C+DENOM) MONTE2 73
CALL IMTEN(MONsIDAYSELZ+UDNI) MONTE2 T4
XKWNI=,003152UDNI MONTE2 75
75 THETAZ=ATANZ2(B,A)*#360.0/(2,0%3,14159) MONTE2 76
1F (THETAZ LT, .0001) THETAZ=THETAZ+360.0 MONTE2 77
TELZ=ELZ#360.0/(2.023.14159) MONTE2 78
WRITE (6,22) TELZsTHETAZyXKWNI MONTE2 79
XMDNE=XKWwNT MONTE 2 80
80 ' 22 FORMAT (/sT7Xs3HELZ y4Xs6HTHETAZ sSX9SHXKWNI9»/93F1065¢/) MONTE2 81
UDNE=.00315%UDNI*C MONTE2 82
S AVE=0.0 MONTE2 83 v}
(= ICoL0=0 MONTE2 84 P'_‘
> ICOLS=0 MONTE2 8s ro
w B85S ICOLH=0 MONTE2 86
- C0LO0=0,0 MONTE2 87
T* COLH=0,0 - MONTF2 88
) Cc FOR POLAD PACKING THE DRAW RANGE IS EXTENDED FROM RCO/2 TO RFIELDe MONTE2 89
RFIELO=RFIELD+Q.1#TH MONTE 2 %0
90 RCO=RC0O/2¢ MONTE2 91
AREA=3,14159% (RFIELD*RFIELD=-RCO*RCO) MONTE2 92
CONV=,0929¢AREA®UDNT MONTE2 93
RCN2 = RCO®RCO MONTE?2 94
DELRAD = RFIELD®*®*2 - RCO2 MONTE?2 9S
95 . RFIELD=RFIELD=0.1#TH MONTE2 96
RCO=RCO*®2, MONTE2 97
C THIS IS BECAUSE Q IS IN LANGLY/MIN, MONTE2 98
WRITE(6+1001) CONV MONTE2 99
. 1001 FORMAT (/920Xs10H0cnecanass, 204 CONVERSION FACTOR =+E20.10» MONTE2 100
100 1 114 otowsdecnn,//) MONTE2 101
DO 297 I=1.3 MONTE 2 102
297 UHVI(I)=Ue(]) MNONTE2 103
DO 1004 NX=19sNRUN MONTE2 1064
DO 7010 wAC=1+1DFL MNONTE?2 10S
105 7010 AENOTN(MAC,NX)=0. . MONTE2 106
TOPCAV=0, MONTE2 107
DO 200 JJ=1+IRAYS MONTE 2 108
ICELM=0 MONTE2 109
JCELM=¢ MONTE 2 110 |
110 : XCM=0, MONTE2 111 |
YCM=0. MONTE2 112
CALL RNOBM(R6sR7) MONTE2 113
THSL=TSV2RA+TSB MONTE2 114

PH=360.93ANF (0.0) MONTE2 115
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708

8000

200

*™THNL

CALL RNOOM(R3I*R4&)
PAX1=PAX]1VepP3+PAX1S
PAX2=PAX?V#R4+PAX2B
R2=RANF (ns)
R3I=RANF (04}
CSRA=C0S(6.28318%R2)
SNRA=SIN(6,.2831B¢R2)
CALL LIMPR(R3+L IMCsROERN)
THSR=RQEaN#CSRA
THSU=ROERNeSNRA
R6=RANF (n4)
R7=RANF (0.}
ND1=2
COUNT=]1.
1AC=0
COUYM1=C0S5(6.28318%R6)
COUM2=SIN(6.28318%R6)
COUM3=SQRT((RFIELD+0.1#TH) #224R7)
XP=COUM1=#CNUM3~-TDISX
YP=COUM22COUM3=~-TDISY :
IF (SQRY (XP#XPeYP2YP) .LT. RCO/Z2.) GO TO 708
CALL TSHAaD(DDBASE,DDTOP,ICOD)
IF (ICOD.EQ.0) GO TO 8000
ITT(14)=1TT(14)+1
GO TO 200
CALL PTOWER(ND1+IACsARATIO)
ITTIND1+1)=ITT(ND1+1) 1
ICOLH=ICOLH+ICMH
I1CoLS=ICoLS+ICSH
ICOLO=ICOLO+IOHIT
COLH=COLH*COUNT®ICMH
COLO=COLN*COUNT=IOMIT -
ENERGY LNST IN MIRIOR SHADOWS
SHADL=SHADL «COUNT=ICSH
1F (IFRAM_GT.0) FRSHAD{(IFRAM)=FRSHAD (IFRAM) «COUNT
IF (ND1 .GE. &) CALL POLMAP(COUNT»CONVINPP92sNDX)
IF (ND1.EQ.12) SPPT=SPPT+COUNT
IF(IAC.,EN.0) GO TO 200
EDOTN=COUNT
AVE=AVE+EDOTN
AENOTN(T14CNX) =AEDOTN(TACoNX) sEDOTN
FIELD(XCELMoJCELM)=F1ELD(ICELMcJCELM)fCOUNT
IF(IAC,EQ.3) TOPCAV=TOPCAV+COUNT
IF(1AC.EN.3) CALL ROOF (2,DCONM)
IF(IACLEN.2) FLMAPC(CILAT(2)»ILONG)=FLMAPCICILAT(2) ¢ ILONG) «COUNT
CONTINUE
DNM=1./FL OAT(IRAYS)
XDFPR{1+NX)=FLOAT{ICOLH) *DNM
DNM2=FLOAT(ICOLS)
DNM3I=1,/FLOAT{IRAYS+ICOLS)
XDFPR(2+NX) =DNM220ONM3
DMM4=FILOAT (1COLOD)
XDFPR {3 +NX) =DNM4 #DNM
XOFPR (4 oMX) =AVE #ONM

TOP (NX) =TOPCAV®DNM
DO 7004 MAC=1s1DFL
AFDNTN(MAC N ) =AFENOTN (MAC o NX) #DNM
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1004 CONTINUE MONTE2 173
DO 1802 [=1sNRUN MONTE2 174
TOPC=TOPC+TOP(I1) MONTE2 175
175 DO 700S ™AC=1sIDFL MONTE?2 176
7005 AFLUX(MAC) =AFLUX (MAC) *AEDOTN{MACsI) MONTE2 177
1802 CONTINUE ) ’ ] MONTE2 178
DCONM=,001%CONV/FLOAT (NRUN®IRAYS) MONTEZ2 179
SPPT = SoPT#DCONM®1000, MONTE?2 180
180 DO 6106 1=1sNN} MNONTE 2 181
DO 6106 J= 14NLONG MONTE?2 182
6106 FLMAPC(I,J) = FLMASC(1+J)*DCONM MONTE2 183
. XXR=]e/F | 0AT (NRUN®IRAYS) MONTE2 184
DO 8102 1=1+12 MONTE 2 185
185 DO 8102 y=1+12 MONTF 2 186
8102 FIELD(T o ))=FIELD(I9J)®XXR ) MONTE 2 187
: TOPC=TOPC/FLOAT (NRUN) MONTF 2 188
DO 7006 MAC=1sI1DFL . MONTE2 189
7006 AFLUX{MAC)=AFLUX{(MAC)/NRUN MONTE2 190
190 . WRITE(641820) NRUNyIRAYS MONTE2 161
1820 FOQMAT(25X.15HSTATISTICS FOR 914984 RUNS ATsI6+13H RAYS PER RUNs/) MONTE2 192
WRITE(6+182]) MONTE2 193
1821 FORMAT( /.aox.1ononnu-¢~---,1lnourpur CODEs10Hoenausasun,//9]10Xy MONTE2 194
144HETAL=FRACTION OF FIELD FLUX THAT HIT MIRRORSs/s10Xs$ MONTE 2 195
195 216HETA2=QEFLECTANCEy/910Xs MONTE 2 196
' 349HETAI=FRACTION OF FLUX NOT OBSCURED ON THE WAY OUT+/910Xs MONTE2 197 qj
Sg S36HETA4=FRACTION OF FLUX THAT HIT TOWERs/210Xs MONTE2 198 =
o 6S2HETAS=FRACTION OF FIELD FLUX THAT HIT CAVITY o /910X MONTE 2 199 ™
'f 753HETAS6=FRACTION OF FIELD FLUX THAT HIT THE CAVITY WALLS+/+10Xs MONTE2 200
200 - RSCHETA7=FRACTION OF FIELD FLUX THAT WAS IN TOWER SHADOW,/) MONTE2 201
e WRITE(5,2001) MONTE2 202
DD 9001 FORMAT( /+10X9e3GHEFLUX1=TOTAL FLUX ON FIELD IN KW /910X MONTE2 203
140HEFLUX2=TOTAL FLUX ON MIRRORS IN Kw s/910Xs | MONTE2 204
242HEFLUX3I=TOTAL FLUX LEAVING MIRRORS IN KW 9/910Xy MONTE 2 205
205 ISSHEFLUX4=TOTAL FLUX CLEANLY AWAY FROM FIELD IN KW 9/910Xs MONTE2 206
139HEFLUXS=TOTAL FLUX ON POWER TOWER IN KW ¢/910Xy MONTE2 207
23THEFLUX6=FLUX ON CAVITY DIFFUSER IN Kw /210X, . MONTE2 208
TI4HEFLUXT=FLUX ON CAVITY WALLS IN KXW 9/910Xs MONTE2 209
83THEFLUXAR=FLUX ON CAVITY CEILING IN KW /) MONTE2 210
210 WRITE(5+2799) MNNTE 2 211
2799 FOPMAT( 10X,2BHN1=RAYS DRAWN BEFORE SUNRISEs/9s10X, MONTE2 212
1384N2=RAYS DRAWN WHEN THE SUN WAS TOO LOWs/910X» MONTEZ 213
237HN3=RAYS DRAWN THAT HIT THE OPEN FIELDs/s10Xs MONTE?2 214
J4THNG=RAYS WHICH HIT MIRROR BUT WERE LOST IN SPACE+/+10Xs MONTE2 215
215 443HNS=RAYS DRAWN THAT WERE BLOCKED IN ONSLOCKSs/9s10Xs MNONTE2 216
SIBHN6=RAYS THAT WERF OBSCURED IN OFFBLOCKs/»10Xs MONTF2 217
633HN7=RAYS WHICH HIT CAVITY DIFFUSERs/+10Xs MONTE2 218
723HNB=RAYS WHICH HIT WALLS*/s10Xs MONTE 2 219
822HNI=RAYS WHICH HIT ROOFe+/+10Xy MONTE2 220
220 926+N10=RAYS WHICH MISSED HIGHs/+10Xs MONTF2 221
13B=N]11=RAYS WHICH YMISSED ACROSS THE FRONT»/910X» MONTF 2 222
125HMN12=RAYS WHICH MISSED LOWs/+10Xs MONTF2 223
22THN13=RAYS WHICH HIT SUPPORTSs/910X» MONTF 2 224
339HN]14=RAYS WHICH WERE IN THE TOWER SHADOH./olOXo MONTE 2 225
225 o2B8HM1S=RAYS WHICH WHISTLED THRUs/910Xs MNANTE 2 226
4643HN16=RaYS WHICH FRAME SHADOWED ON SAME HELIO/+10X. MONTE2 227
S5644N17=RAYS WHICH FRAME SHADOWED ON OTHER HELIO»/910Xs MONTE? 228

642HN18=RAYS WHICH FRAME SLOCKED ON SAME HELIO+/+10Xs MONTE2 229
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743HN19=RAYS WHICH FRAME BLOCKED ON OTHER HELIO) . MDNTF2 230
230 TOPC=TOPCerONV MONTF 2 231
NTOT=NRUN® [RAYS MONTF 2 232
XM (1)=Covv MONTE 2 233
XM (2)=1COL-#CONV/NTOT MNONTE2 234
XM (3)=CO|H*CONV/NYOT MONTE?2 235
235 XMRLOC=COLN®CONV/NTOT MONTE 2 236
XMSHAD=SHADL#CONV/FLOAT{(NTOT) MONTF 2 237
XM(S)=AVE/NTOT#CONV MONTE 2 238
XM(6)=AFLUX (1) =CONV MONTE 2 239
XM(7)=AFLUX(2) #CONV MONTE 2 240
240 XM (8)=T70PC MONTE2 2641
FRSHAD (1) =FRSHAD (1) #CONV/FLOAT (NTOT) MONTF2 242
FRSHAD (2)=FRSHAD (2) #CONV/FLOAT (NTOT) MONTE 2 243
FRSHAD (31 =FRSHAD (3) #CONV/FLOAT(NTOT) MONTF 2 264
FRSHAD (4) =FRSHAD (4) #CONV/FLOAT (NTOT) MANTE 2 265
245 (o MNNTE2 246
CessansFRSHAD (1) =ENERGY LOST FROM FRAME SHADOWS MONTEZ 2647
CeneesoON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET MONTE 2 248
p MONTE2 249
CeonnsoFRSHAD(2) =ENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS MONTE2 250
250 c OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET MONTE2 251
c MONTE2 252
CenososFRSHAD (3) =ENERGY LOST FOOM FRAME BLOCKS ON THE SAME MONTE 2 253
I c HELIOSTAT WHICH CONTAINS THE HIT FACET MONTE2 254 vs]
o (o . MONTE 2 255 !
E§ 255 censssaFRSHAD (4) =ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS MONTE 2 256 ;;
w C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET MONTE2 257
- c MONTE?2 258
e XM (4)=XM(3)-XMRLOC . MONTEZ2 259
] XMABBE=XM(4) =XM(5) MONTE 2 260
260 XMREFL=XM(2)=XM(3) . MONTE2 261
ETA()=XM(2)/7XM(1) MONTE2 262
ETA(2)=]1,0-XMREFL/XM(2) MONTE 2 263
ETA(3)=1_,0=-XMBLOC/XM(3) MONTE2 264
ETA(4)=]1,0-XMARBE/XM{4) MONTE2 265
265 ETA(S)=XM(5) 7XM (1) MONTE2 266
ETA(6)=XM(T)/XM(]) MNONTE 2 267
ETA(T)=FLOAT(ITT(16))/FLOAT (NRUN#IRAYS) MONTE2 268
DDUM=1,/ETA (1) MONTE 2 269
XXR=CONV/(,09292WCELLYWCELL) MONTE2 270
270 DO 8103 1=1+12 MNNTE2 -~ 271
DO 8103 y=1s+12 MONTE2 272
8103 FIELD(I+ N =FIELD(IsJ)®XXR MONTE2 273
WRITE(6+1005) (IsI=197) MONTE2 274
1005 FORMAT (/,10Xs 7 (4X93HETALIL)) MONTE 2 27S
275 WRITE(691006) (ETA(I)sI=1e7) MONTE 2 276
1006 FORMAT(10Xs14F8,5) MONTE?2 277
KI=1 MONTE2 278
WRITE(6+1007) (JsJ=1,8) MONTE2 279
1007 FORMAT(/,8(9XsSHEFLUXsI1)) MONTE 2 280
280 WRITE(691008) (XM({I)sI=1,8) MONTE 2 281
1008 FORMAT(9F15.6) MONTE2 282
2001 FORMAT (/410X+9(3Xe1HNsT1)910(3Xs1HN»12)) MONTE2 283
WRITE(6+2001) (141=1+19) MNNTE2 284
WRITE(6+2002) (ITT(I)»1=1+19) MONTE2 285

285 2002 FORMAT(1nX915410164/) MONTE 2 286
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7002 FORMAT(1IH]) MONTEZ2 287
WRITE(64520) MONTE2 288
20 FORMAT( //+20X¢14HTIME POINT RUN) MONTE2 289
AF TELD=DELRAD®3,14159 MONTE2 290
290 AREAM=NCOL#NHF 2wD#*wFV20,0929 MONTE2 291
EPM({1)=(xM(2) *XMSHAD+FRSHAD (1) +FRSHAD (2) )} /AREAM MONTE?2 292
DO 21 1=2+5 MONTE?2 293
21 EPMII)=Xv(1) Z7AREAM MONTE2 294
EPM(6)=EPM(S5)*0,.9 MONTE2 295
295 TE1=EPM (1) /XMDNI MONTE 2 296
TE2=EPM(4) /XMONI . MONTE?2 297
WRITE(6+27) AREAM,XMONI MONTE2 298
27 FORMAT(/,9Xs18HACTUAL MIRROR AREA»10Xs20HDIRECT NORMAL ENERGYs MONTE2 299
& /915XeF12,6918BXsF12.4) MONTE?2 300
300 WRITE(632D) (EPM{I)e1=196) MONTEZ2 301
23 FOIMAT (//+23X926HENERGY (KWH) PER SQ. METER» MONTE2 302
1/7920Xs 10HUNSHADOWED s 10XeF12.49 MONTE2 303
27920XsBHSHADOWED s 12XeF12.40 MONTE2 304
3/920Xs 14HLEAVING MIRROR6X9F12.49 MONTE2 305
305 4/7+20Xe12HCLEANLY AWAY+8X9F12,0, MONTE2 306
§/920Xs 13HTHRU APERTURE 9 7X9F 12400 MONTE2 307
6/920XsAHABSORBED12X9F1244) MONTE2 308
WRITE(6424) TE1,TE2 MONTE2 309
24 FORMAT (//315Xs19HTRACKING EFFICIENCY+2X+12H (UNSHADOWED) 57X, MONTE 2 310
310 #F10e49/926X014H(CLEANLY AWAY) sS5X9sF10.4) MONTE2 311 q’
by WRITE (6,5) MONTE2 32 -
53 S FORMAT ( /911X99HNUMBER OF 95X THSUPPORT s 7X9 6HKWH ON»s/912X+8HSUPP MONTE2. 313 o2
o JORTS»7XsSHWIDTH 44Xy BHSUPPORTS) MONTE?2 314
?9 WRITE (5410) NSUPsSWeSPPT MONTE2 315
— 315 10 FORMAT (/910X9T1104F12a10F12.107/) MONTE2 316
n WRITE(6+R010) (IPLAN(IP)SIP=LsT7) MONTF 2 317
™o 8010 FORMAT (//436Xs20HHELIOSTAT FRAME HITS3s//+20XsGHTOP FRAMEs4X4 MONTE?2 3ia
2 11HSIDE FRAMESs4Xs»12HCR0OSS FRAMES+4X3s12HBOTTOM FRAME" /922Xy MONTE2 319
3 I2309Xs1393X9I345X93(I392X)e6X913) MONTE2 320
320 WRITE(6+3150) FRSHAD (1) +FRSHAD(2) +FRSHAD(3) +FRSHAD (4) MONTE2 321
3150 FORMAT (//+40Xs27THENERGY LOST ON FRAME IN KwHy//+28Xe12HFRAME SHADO MONTEZ2 Jez2
eWe28X9 ] IMFRAME BLOCKy/+16X913HON SAME HELIO»7X» MONTE2 323
113HON DIFF HELIOs7X9y134ON SAME HELIOs7Xe13HON DIFF HELIOs/» MONTE2 324
215XsF12.198XeF12.198XsF12.1+48XyF12.1) MNONTE2 325
325 WRITE(6+7002) MONTEZ2 326
CALL HITFAC(090s0939NHF) MONTE?2 327
XZONE=6,283185eRSWTC (2) #4CAVS0,0929/FLOAT (NLONG#NLATC) FINAL 2
PZONE=1./XZONE F INAL 3
DO 6402 71=1sNN1 FINAL 4
330 DO 6402 J=1sNLONG F TNAL S
6602 FLMAPC(I.J1=FLMAPC(1,J)#PZONE FINAL 6
CALL WALLMP (FLMAPCyNLONGINLATC,HCAV) MONTE2 328
CALL ROOF {1+DCONM) MONTE2 329
WRITE(6sR104) MNNTF2 330
335 R104 FORMAT (20X+44HKW/SQ,M FLUX MAP OF POWER TOWER MIRROR FIELDs/) MONTE2 331
DO &105 J=1+10 MONTE?2 332
8105 WRITE(AsRL1N6) (FIELD(I9J)sI=1910) MONTF 2 333
8106 FORMAT(10X412F10.6) MONTE2 334
CALL POLVAS (COUNTyCONVeNTOT34ND1) MONTF2 335
340 STEST=10,E+30 MNNTE2 336
NMx=110 MNONTE2 337

IS=NMX/10 MONTE2 338
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K=0
ISTOP=1S
D0 3050 NN=1sNMX
SMAX=0,0

3040

3050

3180

73

43
60
70

65
61
62

DO 3040 I=}s1l

DO 3040 J=1+10
IF(FIELD(I.J)-GT.SMAX.AND.FIELD(IyJ).LT.STEST) SMAX=FIELD(1,0)
STEST=5MAX

IF(NN.LT, ISTOP) GO TO 30S0
ISTOP=1STOP+IS

K=K+]

SL(K)=SMAX

CONT INUE

KK=K=1

WRITE (6,3180) (SL(I)eI=1910)
FORMAT (1H1+//+10X+8HSL ARRAY+10F10.6+/7)
DO 61 JU=1+10

DO 73 I=1vs11

10(11=0

DO 70 I=1»s11

D0 60 KL=1,KK

KLX=KK=-K|*1
IF(FIELD(I+J)«6GTSL(KLX)) GO TO 43
GO 10 70 -
I0(I)=KLX

CONTINUE

CONTINUE

WRITE(6+65) (10C¢I1)s11=1s11)
FCRMAT (20X+420140/7)

CONTINUE

CONTINUE

RETURN

END
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1 SURROUT INE MONTE (XMeHOURS) MONTE 2
C=# THIS IS THE TIME INTEGRATION ROUTINE. IT RANDOMLY CHOOSES A TIME MONTE 3
C AND DAY OVER THE ENTIRE YEARes AND USES THE RESULTS TO INTEGRATE MONTE o
C YEAPLY ENERGY. FROM IT, VECTSs INTENs RNORM AND PTOWER ARE CALLED. MONTE 5
S REAL N MONTE 6
DIMENSION TOP(15) MANTE 7
INTEGER CILAT MONTE 8
COMMON/CAVITY/SEP+DD1+DD29sRDIF yHDIF s HCAV s HSWTC (2) sRSWTC(2) » MONTE 9
1 CILAT(2)+CAVLAT(2+21) s AIMHGT MONTE 10
10 COMMON/TABLE/ZUHV (3) UAXV (31 sUXV2(3) sRST (3) s WFV o NHF o XDF s WD2+WFV2y MONTE 1
1 2HS (3) «DELXsDELY 9 WD+ IFVsRRB (3) sUAXVP (3) sUXV2PP (3} » MONTE 12
2 UTT(3) sUNNP () ¢ UXV2P () MONTE 13
3 SUMNP (3) s UMNPP (3) oF y ALENYUBEON(3) s IFOC» IORIVE MONTE - 14
COMMON/ JNKFR/URP (3) s US1 (3) » THSL s PHs THSR + THSUs COUNT s WAVL {201 sDRAD  MONTE 15
15 COMMON /STATS/TP3,TSBsPHBsTPVsPHVsAVE s TSVsPAXIVPAX1BsPAX2VIPAX28 MONTE ie
MONTE 7
COMMON /3ALL/ DCOLsSCDELT(3) s XPsYP+PAX]1+PAX2+0(3) MONTE 18
COMMON/B4BA/STHyCTHsSEQsOMEsOMSeN(3) «UE(D) » MONTE 19
1 UN(3)sUS(3)2UA(3) sUR(3) s THETA»MON» IDAY s SMALR»CAPRYCEQ MONTE 20
20 COMMON/RANDOM/NRUN 9 TRANC s 1 JUMP ,MODE « ISRANS IRAYS MONTE 21
1 o ITL.UDNIsL IMCsDINTV.YFRAC FINAL 7
COMMON 7 JEFF/ UMNS(3) sRRS(3) sNSTOPS»A9B9CeSMAX+RFIELDY THo ICMH, MONTE 23
1 ICSHIIFCoINITe ICSH2«NCOL » IHOURSMINSELZ+To TDISXoTDISY, MONTE - 24
2 DUMA 9 OLUMB « DUMC s UMNN1 (3} s UMNNZ (3) sUMN (3) » TOHIToNL AT MONTE 25 w
25 3 MLONG e ILONG9NLATC s RCOsNPACK +ENHM MONTE 26 ;‘
'S COMMON /CINDEX/ XPCOL s YPCOLsCOSA»COSBySLOUMsWCELL 9 ICELL s JCELL s MNNTE 27 o
(=) 1 XCSAVIYCSAVsXCMeYCMe ICELMo JCELM MONTE 28
g; COMMON/StPPT/DEL TMe THES ¢+ KSEGs APH s SW s NSUP « RCONE s THECON9HTOT MONTE 29
@ COMMON/TTLTED/TTILToUVT(3) 91 (3)+U2(3) sWAPMAX s WAPMINSOFFSET MONTE 30
R 30 COMMON/STRUCT/GAP s WLONG ¢ WSINE »WTRI+XLTRI 9814829 WCROSS+dDUMe IFRAM  MONTE 31
- #9yHTMIR HTCROS+WJICROS . MONTE 32
Ny COMMON/TOE/CTAZTsSTAZT+CTELTs IFOCUSeSTELT+UTARG (3) +DTARG (3) MONTE 33
DIMENSTION FRSHAD(4) MONTE 34
COMMON/P1ANE Z/IPLANAT) MONTE 35
35 DIMENSION XDFPR{9:15) 9 XM(G)+ITT(21) MONTE 36
DIMENSION FLMAPC(21+36) MONTE 37
DIMENSION AEDOTN(2910) s AFLUX(2)+FIELD(12+12) MONTE 38
DIMENSION ETA(T)+EPM(8) MONTE 39
DIMENSION NDM({12)+10(36)9sSLELS5) MONTE 40
40 DATA NDM/31+594904120915191819212+2439273+3044+3364365/ MONTE [}
WRITE(6+7532) MONTE 42
7532 FORMAT (1ule /939X,2BHHELIOSTAT OPTICAL PARAMETERSs/) MONTE 43
WRITE(6+47001) PAXIBsPAX2BeTSBsPHBIPAXIVePAX2VsTSVPHY MONTE 64
7001 FORMAT (1SX<SHPAX1BsSXsSHPAX2Bs7XsIHTSBs7Xe IHPHB 15X s SHPAXLVeSK MONTE [3-
45 ISHPAX2Ve7TX e 3HTSV e 7X s 3HPHV /9 10Xs10F10.547) MONTE “6
NN1=NLATC MONTE 34
DO 8011 1=1,.7 MONTE 48
A011 IPLAN(1)=0 MONTE 49
D0 412 I=1.4 MONTE 50
50 412 FRSHAD(1)=0.0 MNNTE S1
DO 3010 1=1,20 MONTE s2
3010 I1TT(1)=0 MONTE 53
CALL HITFAC(0+0+051+0) MONTE S4
CALL TMAP(0Des0,0l0l,9000.91) MONTE 55
sS CALL POLMAD (0,40,90,9140) MONTE 56
CALL ROOF(1+0.) MONTE 57

00 6102 T=1sNN] MONTE S8
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60

65

70

75

80

85

90

9S

100

6102

FTIN 4.5+410A

Inrts DPTxl

DO 6102 1= 1sNLONG
FLMAPC(I,J) = 0.
TOPC=0,
TOTEN=0.0
TOTONI=O,
COLH=0.0
coL0=0.0
ENiM=0,0
FOPT=0,0
SHADL=0.0
NTOT=NRUN®IRAYS
XKNT=0,0

C POINT O

8101

7009

3611

DO 8101 I=1s12

DO 8101 J=1+12

F1ELD{1+1)=0,

10FL=2

CTILT=COS(TTILT)
STILT=SIN(TTILYT)

sSPPT = 0,0

DO 7009 MAC=1+1DFL

AFLUX(MAC)=0.

DO 3611 1=1s7

XM(I)=0,

MON=6

10aY=21

T=12.

CALL VECTS

DENOM=SQRT (A®A+B®B)

ELZ=ATAN2 (C+DENOM)

CALL INTEN(MONsIDAYELZ»UDNI)
UONE=.003152UDNT¢C

FOR POLAR PACKING THE DRAW RANGE 1S EXTENDED FROM RC0/2 TO RFIELDe
RFIELD=RFIELD+0.1°TH

RCO=RCO/2. -

AREA=3.14159% (RFIELD®*RFIELD=RCO®RCO)
CONV=,0929=UDNI®AREASDINTV®YFRAC
RCN2 = RCO®RCO

DELRAD = RFIELD=®2 =~ RCOZ
RFIELD=RFIFLD=0,1*TH

RCO=RCO%2.

2C THIS IS BECAUSE @ IS IN LANGLY/MIN,

WRITE(6+1001) CONV

1001 FORMAT(/ +20X,10Moscnacaess,204 CONVERSION FACTOR =4£20.10¢

7010

1

1l noneasoasn,/)
DO 1004 NX=1sNRUN
AVF=0.
1CoLO=0
ICNLS=(0
ICOLH=0
TOPCAY=0,
DO 7010 MAC=1+10FL
AEDOTN(MACINX) =0
00 200 J)=1+1RAYS
ICELM=0
JCELM=0
XCM=0.
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MONTE
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MONTF
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59
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115 YCM=0, MONTE 116

ND1=0 MONTE 117

CALL RNORM(R6+R7) MONTE 118

THSL=TSVAR6«TSB MONTE 119

: PH=360,*RANF (0.0} MONTE 120

: 120 CALL RNORM(R3sR4) . MONTE 121

PAX1=PAX1V#RI+PAX1B MONTE 122

PAX2=PAX?V2R4+PAK2D MONTE 123

XR2=RANF (0,) MONTFE 124

XRI=RANF (0,) MONTE 12s

125 MDAY=INT (XR2%#3654) *1 MONTE 126

DO 5195 1=1s12 MONTE 127

IF (NDAY ,LE. NDM(I)) GO TO 5101 MONTE 128

S19S CONMTINUE MONTE 129

GO TO 5102 MONTE 130

130 5101 mON=1I : MONTE 131

5102 IF(MON,LF.1) GO TO 5196 MONTE 132

IDAY=NDAY-NDM (MON=-1) MONTE 133

GO 10 5197 MONTE 134

5196 IDAY=NDAY MONTE 135

135 5197 CONTINUE MONTE 136

T=XR3%14,+5. MONTE. 137

CALL VECTS MONTE 138
S IF (C .GT. 0.0) GO TO 8950 MONTE 139 w
g COUNT=0, MONTE 160 y
) 140 ITT()I=ITT(1) ] MONTE 141 N
w GO TO 200 MONTE 142 =

— 8950 DENOM=SQRT (B*B+AZA) MONTE 143

i ELZ=ATaN2 (CyDENOM) MONTE 144

I\ IF (C.GE, ,005) GO TO 5198 ‘ MONTE 145

145 ITT(2)=ITT(2)+] MONTE 146

! COUNT=0. MONTE 1647

‘ GO TO 200 MONTE 148

' : 5198 CA{L INTEN(MON,IDAY,ELZ»DNI) MONTE 169

’ DNI=.003154DNI=C MONTE 150

150 COUNT=DNI/UDNI MONTE 151

00 297 I=1.3 MONTE 152

UVT(I)=CTILTeN(])=STILTRUN(]) MONTE 153

UL (I)=CTILT®UNCT) «STILTEN(]) MONTE 154

v2(=uE(D MONTE 155

155 297 UHV(D)=UE(D) MONTE 156

ND}=2 MONTE 157

C TOTAL ENERGY FALLING ON FIELD MONTE 158

TOTEN=TOTEN+COUNT MONTE 159

c TOTAL DIQECT NORMAL ENERGY MONTE 160

160 TOTONI=TOTONI«DNI/C MONTE 161

R2=RANF (04) MONTE 162

RI=RANF (0.) MONTE 163

CSeA=CNS(6,28318%R2) MNANTE 164

SNRA=SIN(6,28318%*R2) MANTE 165

165 CALL LIMNR(R3+LIMC+ROERN) MONTF 166

THSR=ROFEMN+CSRA MONTE 167

THSU=ROEQNSSNRA MONTE 168

708 R6=RANF (0.) MONTE 169

R7=PANF (04) MONTE 170

170 IAC=0 MONTE 171

COUM1=C0S5(£.28318%R6) MONTE 172
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COUM2=SIN(6.283182R6)
COUM3=SCRT ((RFIELD*,1*TH) ®#28R7)
XP=CDUM] #CNUM3 .
YP=CDUM22CDUMI
XP=XP-TDISX
YP=YP-TDTSY
IF (SQRT (XP#*XP+YPeYP) LLT. RCO/2.) GO TO 708
CALL TSHaD(DDBASEsODTOP,.ICOD)
IF (ICOD.EN.0) GO TO 8000
ITT(14)=1TT(14) 1
G0 To 200
8000 CALL PTCOWERIND}<IACyARATIO)

ITTIND1+1)=ITT(NDI*1)e1
ICOLH=ICOLH+ICYY
ICOLS=ICNLS+*ICSH
ICOLO=ICOLO+IOHIT

C ENERGY AWAY FROM MIRRORS (REFLECTANCE INCLUDED)
COLH=COLH*COUNTSICYH

€ ENERGY OBSCURED RY MIRROR BACKS
COLO=COLO*COUNT=IOHIT
SHADL=SHADL +COUNT®ICSH
IF (IFRAM,GT+0) FRSHAD (IFRAM)=FRSHAD (IFRAM) ¢ COUNT
1IF (ND] .GF. 4) CALL POLMAP(COUNTsCONVsNPP,2,ND1)
IF(ND1,ENe12) SPPT=SPPT+COUNT
IF(1AC.ER.0) GO T3 200
EDOTN=COUNT
FOPT=FOPT+EDOTN
AVE=AVE+E€DITN
AEDOTN(IACONX) =AEDOTN(IACsNX) «EDOTN
CALLL TMAD{XCMsYCMys“4ONsCOUNTsNTOT+CONV2)
FIELD(ICELMeJCELM) =FIELD (1CELM4 JCELM) +COUNT
IF (IAC.EN.3) TOPCAV=TOPCAV+COUNT
1F (1AC.EN+3) CALL ROOF (2+DCONM)

IF(IAC.EN.2) FLMAPC(CILAT(2)sILONG)=FLMAPC(CILAT(2)+ILONG)*COUNT

200 COMTINUE
DNM=1,/FLOAT(IRAYS)
XDFPR(1+NX)=FLOAT(ICOLH) ®*DNM
DNM2=FLOAT (ICOLS)
ODDS=1./FLOAT(IRAYS+ICOLS)
XDFPR (25 NX)=DNM2#DDDS
DNMa4=FLOAT (1COLO)
XDFPR{39nX) =DNM4*DNM
XDFPR {4 s NX) SAVERDNM
TOP (NX)=TOPCAVE#DNM
DO 7004 MAC=191DFL
7006 AEDOTN(MACNX)=AEDDTN(MAC»NX) *DNM
1004 CONTINUE
D0 1802 1=19sNRUN
TOPC=TOPC+TOP(])
DO 7005 WAC=1sIDFL
7005 AFLUX(MAC)=AFLUX (MAC) *AEDOTN(MAC,I)
DO 1802 J=l+4
1802 xM(J)=xM(J) +XDFPR(J,1)
DCONM=_0012CONV/FLOAT (NRUN®IRAYS)
DO 6004 I=1wNNI1
DO 6004 )=1eNLONG
6004 FLMAPC(I4J)=FLMAPC(]sJ)*DCONM
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SPPT = SPPT#DCONM®1000, MONTE 230

230 XXR=1./FLOAT (NRUN®IRAYS) MONTE 231

DO 8102 1=1s12 MONTE 232

DO 8102 J=1+12 . MONTE 233

8102 FIELD(Is ) =FIELD(IsJ)#XXR MONTE 234

TOPC=TQPC®*CONV/FLOAT (NRUN) MONTE 235

235 DO 7006 “MAC=1s1DFL MONTE 236

7006 AFLUX(MAC)=AFLUX (MAC) /NRUN . MONTE 237

WRITE(6+1820) NRUN,IRAYS MONTE 238

1820 FORMAT(/+25X91SHSTATISTICS FOR »J4+8H RUNS ATe+16913H RAYS PER RUNy MONTE 239

17) MONTE 260

2640 WRITE(6+1821) MONTE 261

1821 FOCMAT(/ 460Xs]0Hesaonnaaed, ] 1HOUTPUT CODE,l1QHO#ecnantan,//, 10X, MONTE 262

144HETA1=FRACTION OF FIELD FLUX THAT HIT MIRRORSs/s10Xs MONTE 243

P16HETA2=REFLECTANCE /910Xy MONTE 2644

3J49HETA3I=FRACTION OF FLUX NOT OBSCURED ON THE WAY OUTs/+10X» MONTE 2645

265 S36HETA4=FRACTION OF FLUX THAT HIT TOWER+/»10X» MONTE 266

6S2HETAS=FRACTION OF FIELD FLUX THAT HIT CAVITY «/910Xs MONTE 247

7S3HETAA=FRACTION OF FIELD FLUX THAT HIT THE CAVITY WALLSs/s10Xe MONTE 248

RS2HETA7=FRACTION OF FIELD FLUX THAT WAS IN TOWER SHADOW./) MONTE 269

WRITE(6+9001) : MONTE 250

250 9001 FORMAT({//910Xe3I4HEFLUX1I=TOTAL FLUX ON FIELD IN KWH s/910Xs MONTE 251

g; 140HEFLUX2=TOTAL FLUX ON MIRRORS IN KwH +/910X» MONTE. 252

3 P62HEFLUX3=TOTAL FLUX LEAVING MIRRORS IN KwH /910X, . MONTE 253

o ISSHEFLUX6=TOTAL FLUX CLEANLY AwWAY FROM FIELD IN XwH 9/910Xs MONTE 254

?’ 139HEFLUXS=TOTAL FLUX ON POWER TOWER IN KwWHe/910Xs MONTF 255
= 255 23THEFLUXA=FLUX ON CAVITY DIFFUSER IN KWHs/s10Xs MONTE 256 oy}
1 734HEFLUXT=FLUX ON CAVITY WALLS IN KWHs/s10Xs MONTE 257 N
o B3ITHEFLUXB=FLUX ON CAVITY CEILING IN KWHs+/) MONTE 258 X

WRITE (692799) MONTE 259

2799 FORMAT(/410X92BHN]1=RAYS DRAWN BEFORE SUNRISEs/s10Xs MONTE 260

260 138HN2=RAYS DRAWN WHEN THZ SUN WAS TOO LOWs/s10Xs o MONTE 261

237HN3I=RAYS DRAWN THAT HIT THE JPEN FIELDs/»10Xy MONTE 262 ‘

3674NG=RQAYS WHICK HIT MIRROR BUT WERE LOST IN SPACEs/s»10Xs MONTE 263

. 443HNS=RAYS DRAWN THAT WERE BLOCKED IN ONBLO"KSe/910Xs MONTE 264

S3BHNG=RAYS THAT WERE ORSCURED IN OFFBLOCKs/v10Xs MONTE 265

265 633HNT=RAYS WHICH HIT CAVITY DIFFUSERs/s10X,s MONTE 266

723HNB=RAYS WHICH HIT WALLS/+10Xs MONTE 267

522HNI=RAYS WHICH HIT ROOF+/s10X, MONTE 268

926HN10=RAYS WHICH MISSED HIGH«/s10Xs MONTE 269

138HN11=RAYS WHICH MISSED ACROSS THE FRONTs/»10Xs MONTE 270

270 125HN12=RAYS WHICH MISSED LOW+/+10Xs MONTE 271

227HN13=RAYS WHICH HIT SUPPORTS,/+10Xs MONTE 272

339HN14=RAYS WHICH WERE IN THE TOWER SHADOWs/»10Xs MONTE 273

231HN15=RAYS WHICH WHISTLED THROUGH+/+10Xs MONTE 274

! 663HN16=RAYS WHICH FRAME SHADOWED ON SAME HELIOs/Zs10Xs MONTE 275

275 544HN1T=RaYS WHICH FPAME SHADOWED ON OTHER HELIOs/s10Xs MONTE 276

642HNIB=RAYS WHICH FDAME BLOCKED ON SAME HELIOs/+10X» MONTE 277

743HN19=RAYS WHICH FRAME BLOCXED ON OTHER HEL10) MONTE 278

ETA(T)=FLOaT(ITT(16))/FLOAT (NRUN®IRAYS=ITT(1}-ITT(2)) MONTE 279

€ HIT RECEIVER MONTE 280

280 XM(6HY=AF UX (1) #CONV MONTE 281

XM(T)=AF 1L UX(2) #CONV MONTE 282

ENORTH = 0,0 MONTE 283

ESNUTH = 0.0 MONTE 284

XMDHI=TOTDNI®OINTVOYFRAC/NTOT MONTE 285

285 xXM(8)=TOPC MONTE 286
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290

295

300

305

310

318

320

325

330

335

340

SUBROUTINE MONTF 14714 opt=il

4

CosnsasFQSHAD (1) =ENERGY LOST FROM FRAME SHADOWS

XM(1)=TOTENPCONV/NTOT

XM (2) =EN4MeCONV/NTOT

XM (3)=CO! HeCONV/NTOT
XMBLOC=COLN?CONV/NTOT

XMSHAD=S=ANL #CONV/FLOATINTOT)
XM(S)=FOPT=CONV/NTOT
FRSHAD(1)=FRSHAD (1) 2CONV/FLOAT(NTOT)
FRSHAD(2)=FRSHAD (2) *CONV/FLOAT (NTOT)
FRSHAD (3)=FRSHAD (3) #*CONV/FLOAT (NTOT)
FRSHAD (4)=FRSHAD (4) #*CONV/FLOAT(NTOT)

FIN 4:5+4104

CevsessON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET

C

CossaasFRSHAD (2) sENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS
OTHER THAN THE ONE WwHICH CONTAINS THE HIT FACET

c

C
CrassasFRSHAD () =ENERGY LOST FOOM FRAME BLOCKS ON THE SAME

c
c

HELIOSTAT WHICH CONTAINS THE HIT FACET

cea#enasFRSHAD(4) =ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS
OTHER THAN THE ONE WHICH CONTAINS THE HIT FACEY

“c
c

8200

8201
B202

8103
1005
1006
1007
1008
2001

2002

XM (4)=XM{3)=XMBLOC
XMABBE=XM(4)=XM(5)
XMREFL=XM(2)=XM(3)
ETA(L)=xM(2) /7XM(]1)
ETA(2)=1,0~XMREFL/XM(2)
ETA(3)=1,0-XMBLOC/XM(3)
ETA(4)=]1,0-XMARBE/XM (%)
ETA(S)=XM(S) /7Xu(1)
ETA(6)=XMT7)/7XM(])

N0 8202 1=1+10

DO 8200 J = 1S

ENORTH = ENORTH ¢ FIELD(IsJ)

D0 2201 ) = 6510
ESNUTH = ESOUTH + FIELD(IeJ)
CONTINUE

ENORTH = ENORTH®0,001%CONV
ESQUTH = ESQUTH#0.001¢CONV
XXR=.001#CONV/(,0929=wCELL®*WCELL)
DO 8103 1=1+12

DO 8103 J=1.12
FIELD(IsJ)=FIELD(I9J)*XXR
WRITE(6+1005) (leI=1s7)

FOQMAT (/,10XsT(4X93HETASI1))
WRITE(6+1006) ETAIT) o 1=207)
FORMAT (10X+14F8,5)

WRITE(6+1007) (JsJ=1+8)

FORMAT (/,8(9XsSHEFLUXsI1) e/}
WRITE (6.1008) (XM(I1)sI=1+8)
FORMAT(9F15.6)
FORMAT(/+1GXs9(3Xs1HNes 11} 910(3Xe1HNsI2))
WRITE(6e2001) (191=1419)
WRITE(642002) (ITT(I)»I=1s19)
FOKMAT (10X+9154101647)

c CALCHLATE HOuRS OF SUNSHINE. IN THE YEAR

037217717 21:51:16
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SUBROUT INE MONTE T4/7¢  0OPT=) FTIN 4.,5¢410A 63/21/77 21.51.16 PAGE "
HOURS=DINTV2YFRAC#(1.0«FLOAT(ITT(1))/FLOAT(NTOT)) MONTE 344
WRITE(6+7002) MONTE 345
345 7002 FORMAT (141) _ MONTE 366
WRITE (6.15) MONTE 367
15 FORMAT(///+20X920HTIME INTEGRATION RUN+//) MONTE 348
WRITE(6s11) HOURS MONTE 349 .
11 FORMAT(/415Xs31HHOURS OF SUNSHINE IN THE YEAR =+F10.1+/) MONTE 350
350 AF TELD=DFLPAD®*3,14159 MONTE 35]
NHITM=NTAT=ITT (1) =1TT(2) MONTE 352
AREAM=NCOL*NHF #wDe*WFVv#0.0929 MONTE 353
EPM(1)=(¥M(2) +XMSHAD+FRSHAD (1) +FRSHAD (2))/AREAM MONTE 354
DO 21 I=2s5 MONTE 3iss
355 21 EPM(I)=Xu(])/AREAM MONTE 356
EPM(6)=EDM(5)#0,.9 MONTE 357
TE1=EPM (1) /XMDN1 MONTE 358
TE2=EPM(4) /XMDN1 MONTE 359
WRITE(6+427) AREAMyXMDNI MONTE 360
360 27 FORMAT (/,9Xs18HACTUAL MIRROR AREA+10X»20HOIRECT NORMAL ENERGYs MONTE 361
% /915XeF12.,4918X9F12.4) MONTE 362
:; WRITE(6+23) (EPM(I)s1=136) MONTE 363
3 23 FORMAT(/7+23Xs26HENERGY (KWH) PER SQ. METER» MONTE 364
gg 1/920Xs10HUNSHANOWED s 10X9F 12,4 MANTE 365
: 36S 2/320Xy8HSHADOWED y12XsF 1244 MONTE 366
= 3/920Xe14<LEAVING MIRRORe6X9F 12,49 MONTE 367 o
1 4/920X912HCLEANLY AWAY98XKyF1l2.4y MONTE 368 4
& 5/320Xs134THRU APERTURE+s7XsF 12440 MONTE 369 X
6/920XsBHABSORBED s 12X+F1244) MONTE 370 -
370 WRITE(6+24) TE1NTER MONTE 371
246 FORMAT(//515Xs19HTRACKING EFFICIENCY+2X912H{UNSHADOWED) s X MONTE 372
“F10.40/936X914H(CLEANLY AWAY)»5X9eF10.4) MONTE 373
WRITE (6,5) MONTE 374
S FORMAT ( /3 11Xs9HNUMBER OF s5X ¢ THSUPPORT » TXs 6HKWH ON¢ /9 12X9 BHSUPP MONTE 37s
375 10RTS+7XeSHUIDTHs4X s BHSUPPORTS) " MONTE 376
WRITE(6910) NSUP»SWsSPPT MONTE ar?
10 FORMAT (/410X4110+F1241+E12.3) MONTE 378
WRITE(69R010) (IPLAN(IP)+IP=1sT) MNNTE 379
8010 FORMAT (//+36Xs20HHELIOSTAT FRAME HITS+//920Xs9HTOP FRAMEs4X, MONTE 380
380 2 VLIHSIDE FRAMES,4Xs12HCROSS FRAMES+4Xs12HBOTTOM FRAME?/922X9 MNNTE 381
3 I1309XeI393XsI13e5X93(13+2X)e6Xs13) MONTE 382
WRITE{6+3150) FRSHAD (1) sFRSHAD (2) +FRSHAD (3) »FRSHAD (4) MONTE 383
3150 FORMAT (//960Xs2THENERGY LOST ON FRAME IN KwHe//s2BXs12HFRAME SHADO MONTE 384
sWe28X e} IHFRAME BLOCK»/+16Xs13H0N SAME HELIO»7X, MONTE 385
385 113HON DIFF HELIO»7X+13HON SAME HELIOs7Xs13HON DIFF HELIOs/+s MONTE 386
215XeF12.198XsF12.108XsF12.148X%X,F12.1) MONTE 387
ARITE(6+7002) MONTE 388
CALL HITFAC(0»0+0s3sNHF) MONTE 389
XZONE=6.283185#RSHTC(2) *HCAV®0,0929/FLOAT (NLONG*NLATC) FINAL 8
390 PZONE=1./X70NE F INAL 9
DO 6402 1=1NNL F INAL 19
D0 6402 J=1sNLONG F INAL 11
6402 FLMAPC(1.J)=FLMAPC(I4J)®P2Z0NE FINAL 12
CALL WAL MP(FLMAPCyNLUNGsNLATC4HCAY) MONTF 390
39S CALL ROOF {3+sDCONM) MONTE 391
WRITE (AsR104) MNONTE 92
8104 FORMAT(///+20Xy ) MNONTE 393
167HMWH/ST.M ENERGY MAP OF POWER TOWER MIRROR FIELDs/) MONTE 394
DO 8105 4=1+10 MONTE 39s
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435

460

SUBROQUTINE MONTE 764774 oPT=}

FTN 4.5+410A

R10S WRITE(&+8106) (FIELD(I«J)eI=1s11)
8106 FOUMAT(19X.11E11.3)

WRITE(6+2203) ENORTH.ESOUTH

8203 FORMAT (///+10%X+24HNORTH HALF FIELD ENERGY=93X9E10+495Xy

3040

3050

3180

73

43
60
70

65

13HMWHe /9 10X+ 24HSOUTH HALF FIELD ENERGY=93XsE10.495Xs3HMNHe// /)
CALL POLMAP{COUNTyCONVINTOTe39ND1)
STEST=10,E430

NMx=12]1.

1S=NMX/10

K=9

ISTOP=1S

DO 3050 NMN=1sNMX

SYaAX=0,0

DO 3040 I=1s11

DO 3049 J=1s11 .
IF(FIELD(IsJ) eGTeSMAXANDSFIELD(I9J) eLT.STEST) SMAX=FIELD(IsJ)
STEST=5MAX

IF(NN.LT.ISTOP) GO TO 3050
ISTOP=[STOP+]IS

K=K+1

SL(K)=SMaX

CONTINUE

KK=K=1

WRITE (6+43180) (SL(I)s1=1+10)

FORMAT (141+//910XsBHSL ARRAY$10E11.5+/)
DO 61 U=1,11

DO 73 I=1y11

10(1)=0

DG 70 I=1s11

DO 60 KL=1,KK

KLX=KK=-KL+1]

IF(FIELD(I+J)eGToSL(KLX)) GO TO 43

60 T0 70

I10(1)=KLX

CONTINUE -

CONTINUE ‘

WRITE(6465) (10(I1)eXI=1sl])
FORMAT(20X+20144//)

CONTINYE

CALL TMAP (le9legMONyCOUNToNTOTHCONY,»3)"
RETUR®

END

2
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SUBROUTINE PTOWER TarsTa ppPT=1 FIN 44544104 03721/77 21.51.16 PAGE 1
1 SUSROUTINE PTOWER(ND1sIACsARATIO) PTOWER 2
C=o THIS PROGRAM CONTROLS ALL OF THE CALL FOR ALL OF THE HIT TESTS PYOWER 3
C WHICH ARE DOVE. FROM ITs PERTy TRIADSs FINDITs MIRRORs AND MOON PTOWER [
C ARE CALLED. PTOWER s
S C ICMu=1 1IF A MIPROR IS HIT,. PTOWER 6
C ICMH=0 IF A MIRROR IS NOT HIT. PTOWER 7
REAL N ’ PTOWER 8
COMMON/BEDTST/ALBLOC, ICODsUHV2(3) sUAXV2(3) PTOWER 9
COMMON/STRUCT/GAP » WLONGYWSIDE+WTRI»XLTRI9BB1+82+WCROSSsWOUMs IFRAM  PTOWER 10
10 @ yHTMIRyHTCROS»WJICROS PTOWER 11
DIMENSTON YDUM{3)s¥S1(3)eVS2(3)9VS3{3)sVS4(3)aVS5(3)9VS6(3)9VvST(3) PTOWER 12
COMMON/TABLE/UHV (3) s JAXV (3) sUXV2(3) sRST(3) s WFVsNHF s XDF s WD2 s WF V2 PTOWER 13
1 RHG(3) sDELXsDELY s WD s IFVaRRB(3) sUAXVP (3) sUXVZPP (3) s PTOWER 14
. 2 UTT(3) s UNNP(3)UXV2P(3) PTOWER 15
15 3 sUMNP (3) s UMNPP (3) oF 4 ALENsUBEON(3) s 1FOC, IDRIVE PTOWER 16
COMMON/JOKER/URP (3) »US1(3) s THSL +PHs THSRs THSU»COUNT »WAVL 120) sDRAD  PTOWER 17
PTOWER 18
COMMON /SALL/ DCOLsSCDELT(3)9XPsYPsPAX]1+PAX29D(3) PTOWER 19
. COMMON/BABA/STHeCTHsSEQsOME s OMSIN(3) s UE(3) PTOWER 20
20 1 UN(3)2US{3)sUJA(3) »UR(3) s THETA+MONs IDAY 4 SMALR+CAPRyCEQ PTOWFR 21
COMMON /STATS/TPB,»TS3sPH3» TPVsPHVIAVE»TSVsPAXIVsPAX1BsPAX2VPAX2B PTOWER 22
COMMON /JEFF/ UMNS{3) sRRS(3) »NSTOPSsA+BsCeSMAXyRFIELD THe ICMHs PTOWER 23
1 CTCSHeIFCyI4ITsICSHZ «NCOL s IHOURIMINSELZs ToTDISXsTDISY, PTOWER 24
S 2 DUMA s DUMB » DUMC o UMNN L {3) s UMNKH2(3) sUMN(3) » IOHIToNLAT PTOWER 25 qj
= 25 3 NLONG» TLONG 9 NLATC»RCO9MPACK 9 ENHM PTOWER 26 )
Eg : COMMON /CIMDEX/ XPCOLsYPCOL+sCOSAsCOSBsSLOUMeWCELL ICELLJCELL S PTOWER 27 =2}
w 1 XCSAVsYCSAVeXCMsYCMs ICELMs JCELM PTOWER 28
A COMMON/SUPPT/DELTMs THESsXSEGsAPH»SW9eNSUP s RCONE » THECONSHTOT PTOWER 29
i~ COMMON/TILTED/TTILTUVT(3)9U11(3)9U2(3) s WAPMAXSHAPMINIOFFSET PTOWER 30
') 30 COMMON/CAVITY/SEPsDD19DD2sRDIF ¢HOIF s HCAVIHSWTC (2) +RSWIC(2) » PTOWER 31
SCILAT(2) 4CAVLAT(2921) »AIMHGT ' PTOWER 32
COMMON/TOE/CTAZTSTAZT+CTELT s IFOCUS,STELT2UTARG(3) +DTARG (3) PTOWER 33
DUMA==A PTOWER - 34
. DUMB=-8 PTOWER 35
35 puUMC=C . PTOWER s
SMAX=DCOL®*SOURT(1.=-C#*C)/C PTUWER 37
1CMH=0 . PTOWER 38
ICSH=0 PTOWER 39
I0MIT=0 PTOWER 40
40 IfC=1 i PTOWER (3}
CALL FINDIT(ND],IFVHS) _ PTOWFR “2
IF({ICMH,6T.0) GO TO 217 . PTOWER 43
RETURN - PTOWER [
2172 TOTHL=TAN(THSR#*DRAD) PTOWER 4s
45 TOTHU=TAN (THSU=DRAD) PTOWER 46
DUM2=SQRT {1+ TDTALTOTHL+TOTHUSTDTHU) PTOWER a7
DO 1983 =143 ’ PTOWER 8
1983 URP(I)==(TDTHLeUMNN] (1) ¢ TOTHU®UMNN2 (1) =UR (1)) /DUM2 PTOWER 49
CALL TRIADS (NsUMNSsUAXVeUHV s UXV29+USEDN) PTOWFR S50
S0 CALL PERTI(IFVHS) . PTOWFR 51
CTT=DOTER (URPyUNNP) PTUWFR 52
SN=SORT{],=-CTTeCIT) PTOWFR 53
XCTT=5N/CTT ' PTOWFR 5S4
THMORM=ATAN{XCTT) /ORAD : PTOWFR 55
SS ENHM=ENHU*COUNT B PTOWER 56
CALL MIPROR(THNORMREF) PTOWER 57
COUNT=CUOUNT*REF : PTOWFR S8
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60

65

70

75

80

8S

90

95

100

10S

1984 D(1)=DUMI*UE (1) -0UTM4SUN(T) +DUMS#N(I) +SCOELT (1) *N(I)+SCOELT(2)%UE(]

200

30

20

100

10

SUBROUTINE PTOWER T6/s74 oPT=1 FTN 4,5+410A
DUM3= =-XCM
DUMa=YCM
DUMS=TH=~_5+DCOL

DO 1984 {=1+3
US1(I)==2.2CTTEUNNP (1) +URP(])

1) +SCDELT(3)2UN(]) =RRS (1) +SEP*0,S2(N(I)=-UVT(]))
ARATIO=DOTER(URFPsN) /DOTER (UMNS,URP)
CALL ONBLOCK(IBLOCsIFVHS,ALBLOC)
ICoD=3
D0 200 1=1,3
YOUM(I)=(ALEN/2.~FLOAT(IFVHS=~1)#XDF ) #*UHV (I}
VS1(T)==YHS5(])=YDUM(I) ~HTMIRSURBEDN(I)
VS2(I)=vSI(])+wWDUMBUAXV(])~WSIDE®*0.S5*UBEDN(])
VS3(I)=vSl(])=WOUM#UAAV (1) =WSIDE®O.5*UBEDN(I)
VS4(I)=VS]1(I)=-HTCROS®0.52UBEDN(]) :
VSS(I)=VS4 (1) =xUF&JHV(T)
VS6(I)=vs4(I) « XDFayHV (L)
VS7(I)=vsl(I) = HTCROS®*UBEDN(I)
CALL FRAME(VS]19VS29VS3+VS4sVSS5,VSOsVSToALFRAM, JKeMyALBLOC)
IF (IFRAM Efe 0« AND. IBLOC.EQ.0) GO TO 100
IF(IFRAM,EQ.0.AND.IBLOC.EQ.1) GO TO 20
IF (IFRAM,EQ.1+AND,.IBLOC.EQ.0) GO TO 30
IF (ALBLOC.LE.ALFRAM) GO TO 20
IBLOC=0
I1FRAM=3
ND1=17
I0HIT=]
RETURN
1BLOC=1
IFRAM=(
I0OHIT=]
ND1=6
CALL HITFAC(IFVHSsIFVeND192sNHF)
RETURN
DUM=,.5#DCOL=~DOTER (NsRRS)
DUMC=DOTER (NsUS])
DUMA=DOTER (UNsUS1)
DUMB=DOTER(UE»US])
SMAX=DUM=SORT (1, -DUMC2DUMC) /DUMC
B1=DOTER (UE sRRS)
Al1=DOTER(UNsRRS)
XP=XCM+8) .
YP=YCM+A]
IFc=2
1041T=0
CALL FINDIT(ND],IFVHS)
IF(IOHIT.EQ.0) GO TO 10
CALL HITFAC(IFVHSsIFVeND]ls2oNHF)
RE TURN
CaLL MONN(ND1l+1IAC) .
CALL HITFACCIFVHSsIFVIND1»2eNHF)
RETURN
END

03721737
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21.51.16

S9
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

PAGE 4

Lec-49




SUBROUTINE PERT3’ yas oPT=1 FIN 4,53410A 03721777 21,511,186 PAGE 1

1 SUBROUTINE PERT3(IFVH) PERT3 2

COMMON/JOKFR/URP(J)sUSl(3)vTHSLvPHoTHSRoTHSU,COUNT'wAVL(20)oDRAD Peg;s 3

- PERT3 4

COMMON /BALL/ DCOLsSCDELT(3) ¢ XPsYP,PAX]1sPAX2sD(3) PERT3 5

S COMMON /JEFF/ UMNS(3)vRRS(B),NSTOPS|AoBvCoSMAx'RFIELDoTHoXCMH' PERT3 6

1 ICSHeIFC»IATTs ICSH2¢NCOL s IHOURYMINIELZ 9T TDISXs TOISY, PERT3 7

2 DUMA 4 DUMS s DUMC s UMNNT (3) s UMNN2 (3) sUMN (3) s TOHIToNLAT, PFRT3 8

3 NLONGs ILONGyNLATCsRCO9NPACK s ENHM PERT3 9

COMMON/TABLE ZUHV (3) s UAXV (3) s UXV2(3) s RST (3} o WFV o NHF 9 XDF 9WD2sWFV2y  PERT3 10

10 1 RHS (3) s DELXyDELY s WD o IFVeRRB (3) sUAXVP (3) 2UXV2PP(3)» PERT3 11

2 UTT(3) UNNP (3) sUXV2P (3) PFRT3 12

3 sUMNP (3) y UMNPP (3) o F s ALENS>UBEDN(3) » IFOCs IDRIVE PERT] 13

COMMON /CINDEX/ XPCOLsYPCOL»COSA»COSBsSLOUMyWCELL s ICELLYJCELL PERT3 14

1 XCSAVeYCSAVeXCMsYCMy ICELMe JCELM PERT3 15

15 COMMON/TOE/CTAZT;STAZT.CTELT-IFOCUSySTELToUTARG(3)oDTARG(J) PERT3 16

DIMENSION UMNIPP (3] ,FF (3) sUX2IPP(3)sRRT(3)4RB(3) PERT3 17

c UHOZ (31 =FIRST AXIS OF “MURPHY BED PERT3 18

c UBEDN (3) =NORMAL O BED FRAME PERT3 19

c UAXVP(3)=UAXV(3) WITH FIRST EKROR ROTATION PERT3 20

20 c UBEDNP (3)=UBEDN(3) WITH FIRST ERROR ROTATION PERT3 21

5 c UMNP (3)=UMN WITH FIRST ERROR ROTAVION PFRT3 22

-3 [ UXV2PP (3)=uxv2P (3) wITH SECOND ERROR ROTATION PERT3 23

o C UMNPP (3)=UMNP (3) WITH SECOND ERROR ROTATION PERT3 26

i c SGN=SIGN OF UXV2¢UHOZ PERT3 25
— 25 c RRS (3)=SLVED VALUE OF VECTOR FROM MELIOSTAT CENTER TO HlT POINT PERT3 26 qj
- ¢ RHS(3)=VALUE OF VECTOR FROM FACET CENTER TQ HIT POINT PERT3 27 NS
™ c RRF(3)=VECTOR FKROM FRAME CENTER TO HIT POINT wITH FACETS FLAT PERT3 23 o

c UNNPP (3) =MIRROR NORMAL AT HIT POINT WITH FACETS IN PLACE PERT) 29

c UNNP (3)=v15ROR NORMAL AT HIT POINT WITH SLOPE ERROR PERT3 30

30 c THIS ROUTINE FINDS THE ROTATIONS REQUIRED FOR TRACKING ERRORS» PERT3 31

c FOCUSIMG.TOE INs» AND SLOPE ERRORS FOR THE MURPHY BED PERT3 32

c HELIOSTAT PERT3 33

c PHzUNIFORM 0 TO 360 PERT3 k13

c THSL= (NNRMAL) SLOPE ERROR PERT3 35

as c PAX]1yPAX2=TRACKING ERRORS {NORMAL) PERT3 36

DIMENSTON UBEDNP (3] oUNNPP (3) yUTTPP (3) sUT2PP (3) s UHOZ (3} PERT3 37

DIMENSION FMED(10)sRFZ(11) ) PFRT3 38

IF (IDUMMY.G6T.0) GO 70O 23 . PFRT3 33

IF (IFOCUS.EQ.0.,0R.IFOCUS.GT.10) GO TO 23 PERT3 40

40 IFOCP1=1FOCUS*] PERT3 o1

DLTRAD=(RFIELD~TDISY=RCO)}/IFOCUS PERT] 42

RFZ(1)=RCO PERT3 43

DO 22 IFL=2+1FOCPI PERT3 b

RFZ(IFL)=RFZ(IFL-1)+DLTRAD PERT3 45

45 22 “FMED(IFL=-11=SORT(THOTHs (RFZIIFL) *#2+RFZ(IFL-1)**2)/2,) PERT3 46

C SET FOCAL LENGTH EQUAL TO LONGEST PATH WHEN IFOCUS=l PERT] a7

IF (IFOCUS.EQ.1) PFRT3 48

1 FYED(1)=SGRT(THOTH+ (~TDISY+RFIELD)#»(~TDISY*RFIELD)) PERT] 49

23 1DuMMY=1? PFRT3 50

50 DO S5 I=1.3 PFRT3 51

CUMN T ) SUMNSLT) PFRT3 s2

S UHAZUL)=nHVED) PFRT] 53

IF (IDRIVE .EQ. 2) CALL FDRIVE(UHOZsIFVH) PFRTY 56

CP1=COS(PAX1/57.3) ' PFRT3 55

55 CP2=COS(PAX2/57.3) ' PFRTY 56

SP1=SIN(PAKL/57.3) PFRT3 S7

SP2=SIN(PAX2/57.3) PERTI EY:)
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SUBROUTINE PERT3 T4/76 oPT=i

OO0

10

15

20

25

30

3S

40

300

800

D2H=DOTER (UXV2+UHOZ)

DMa=DOTER (UMNUBEDN)

OMH=DOTEG (UMNURDZ)

MAKE FIRT ROTATION (PAX1)
D2R=DOTER (1!1XV2 4y UBEDN)

DO 10 =193

UBEDNP (1)=CP12UBEDN(I)+SP1#UAXV(I)
UAXVP(1)=CPlaUAXV(])=SP1=UBEDN(I)
UMNP (I)=0MH=®UHQZ (1) +DMB2UBEDNP(I)
UXV2P (1)=D2H2UAHOZ (1) +D2B=*UBEDNP (1)
UXV2PP (1)=CP2%UXV22(I)-UMNP (])#SP2
UMNPP (1) =CP2®UMNP (] ) +UXV2P(])®#5P2
CALL CHECKR(UMNSUAXVUXVZ2y ICD)
IF(ICONE.O) WRITE(6,15)
FORMAT (10X 4 13HUMN UAXY UXV2)

CALL CHECKS(UBEDNsUAXKVSUROZSICD)
IF(ICDNF.0) WRITE(65+20)
FORMAT (10X« 15HUBEDN UAXV UHOZ)

CALL CHECKR(UBEDNP+UAXVPUHOZ,sICD)
IF(ICDJNE.O) WRITE(54+25)
FORMAT (10X 1 7THUBEDNP UAXVP UHOZ)
CALL CHECKR(UMNPsUXV2PsUAXVP,ICD)
IF(ICD.NEWO) WRITE(65930)
FORMAT (10X+ 16HUMNP UXVZP UAXVP)

CALL CHECKR(UBEDONPsUAXVP2UHOZy1CD)
IF (ICD.GT.0) WRITE(6935)
FORMAT (10X« 17HUBEDNP UAXVP UHOZ)
CALL CHECKR(UMNPPsUXV2PPsUAXVP,4ICD)
IF(ICD.GTe0) WRITE(6+40)

FORMAT (10X4+18HUMNP® UXV2PP UAXVP)
XF=ALEN®0+5~(IFVH=1)2XDF

CALL TOEIN(XFeCTHETOsSTHETOSUHV)

DO 300 I=1,3

UMNIPP (1) =CTHETO®UMNPP (1) +STHETOSUXV2PP(I)
UX2IPP(T)=STHETO®UMNPP (1) +CTHETO®UXV2PP(])
CALL CHECK@(UMNIPPUXZIPPsUAXVP,1ICD)
IF(ICD.6T.(1) WRITE(6,+800)

FORMAT (10X921HUMNIPPy UX2IPPLUAXVP )

CHECK UMN AND RHS F0 PERFENDICULARITY

710
san

L2 2}
SHo

900

901

UTEST=DOTER (UMNsRHS)

IF (ABS(UTEST).GT.0.,0001) WRITE (6+710)
FORMAT (10Xs26HUMN AND KHS ARE NOT NORMAL)
CALCULATZ FACET NORMAL

IFOCUS=0 FOCUS ALL FACETS INOIVIDUALLY
IFOCUS=1 FpCUS FACETS BY ZONES

IF (IFOCUS.EQ.0) GO TO 900

IF (IFOCUS.GT.10) GO TO 950

BRDIST=SORT (XCM#XCMs YCM# YCM)

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

GO TO 975

CONTINUE

DO 901 I=1.3

FF(I)=DTARG (1) ~XF*UHV(I)

FT=SORT (NOTER(FF+FF))

FS=SQRT (FT2FT+XFeXF)

GO TO 975

FIN 4.5¢4]0A
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115 " 950 FS=10E10 : . - PERT] 116

975 CONTINUE B PFRT3 117

DO 1000 1=1+3 o ' PERT3 118

1000 RB(1)==RHS(I)+2,00FS*UMNIPP (I} PERT3 119

) RBU=SQRT (DOTER(RBsRB)) PERT3 120

120 DO 1100 1=1+3 PERT3 121

1100 UNNPP(T)=RB(I)/RBU PERT3 122

C == CALCULATE LOCAL FACET TANGENT PERT2 123

DO 1200 I=1+3 PERT3 124

1200 RRT{1)=R4S (I1)~DOTER(RHSsUNNPP) *UNNPP (1) PERT)] 125

125 RRTU=SQRT (DOTER(RRT4RRT)) PERT3 126

' DO 1300.1=1+3 PERT3 127
S 1300 UTTPP(])=RRT(I}/RRTY : PERTI 123 w9
3 C #e» CHECK UTTPP AND UNNPP FOR NORMALACY PFRT3 129 1
o ~ FNORM=NOTER (UTTPP s UNNPP) PERT3 130 w
w130 IF (ABS(FNORM) ,GT,.0.0001) WRITE (651400) PERT3 131 o

= 1600 FORMAT (10X+30HUTTPP AND UNNPP ARE NOT NORMAL) PERT3 132

' 1500 CALL CROSS(UTTPPsUNNPPUT2PP) PERT3 133

n CALL CHECKR{UNNPP UTTPPsUT2PPsICD) PERT] 136

IF (ICD.GT.0) WRITE (6,1600) PERT3 135

135 1600 FORMAT. (10X 19HUNNPPs UTTPPs UT2PP) PERT3 136

. c NO'W PUT THE SLOPE ERROR THSL ONTO UNNPP TO YIELD UNNP PERT3 137

CSTHSL=CNS(THSL/57.3) PFRT3 138 ) .

SNTHSL=SIN(THSL/57.3) PERT3 139

CSPH=COS (PH/57.3) PERT3 140

140 SNPH=SIN(PH/57,3) PERT3 161

: DO 85 I=1+3 PERT] 142

85 UNNP(I)=UNMPP(I)'CSTHSLOSNTHSL#(UTTPP(I)'CSPHOUTZPP(I)’SNPH) PERT3 143

TEST = DNTER(UNNPsUNNP)=1,00 ' PERT3 146

IF (ABS(TEST) «6T.0.0001) WRITE(6,90) PERT3 145

145 , 90 FORMAT(10Xs11HUNNP IS NOTs2X»13HA UNIT VECTOR) PERY3 146

RETURN PERT3 147

END PERT3 148
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SUBROUTINE TOEIN T4/74 oPT=1

FTN 44544104

SURROUTINE TOEIN(XFeCTHETO»STHETO2UHV)

REAL N

COMMON/8ABA/STHsCTHsSEQeOMEsOMSeN(3) yUE(3) o

1 UN(3F9US(3)eUA(3) 2UR(3)»THETA9MONs IDAY s SMALRCAPRYCEQ
COMMON/TOE/CTAZTsSTAZT+CTELT2IFOCUSsSTELTeUTARG(3) 9DTARG(3)
DIMENSTION FF(3)sUF(3)sURT(3)sUMNT(3) sUMNTI (3) »UHOZT(3) sUFP(3)
e UHV(3) sURTP(3) s UMNF (3) »UBEDNT (3) sUAXVT(3) yUXV2T(3)

C ## FOCUS THE NORMAL .

C o

300

C »e

400

500

600

700

800

900

SET ToE~IN VECTOR URT

DO 300 I=1.3

URT(II=(CTAZT® (=UN(I))=STAZT#UE(I) ) #CTELT=-STELT®*N(D)
UMNT (1) =0UTARG (1) =URT (1)

SET MIRROR NORMAL AND OUTER AXIS VECTOR FOR TOE=-IN CALCULATIONS
UMAG=SQRT (DOTER (UMNT s UMNT))

DO 400 I=1,3

UMNTI(I)=UMNT(I)/7UMAG

UHOZT (1) =UHVI(])

CALL TRIADS(NsUMNTIsUAXVToUHVsUXV2T9UBEDNT2)

D0 S00 I=1.3

FF(I)=DTARG(I)=XFeayHV(I)

FMAG=SQRT (DOTER(FF sFF))

DO 600 I=1.3

UF (1) =FF (1) /FMAG

% ROTATE UF AND URT INTD THE UBEON AND UMV PLANE

CTX=DOTER (UF yUREDNT)
STx=DOTER (UF yUHOZT)

CTXX=DOTER(URT UBEDNT)
STXX=DOTFR(URT»UHOZT)

DO 700 I=1,3
UFP(I)Y=UREDNT(T)2#CTX+UHOZT (1) #STX
URTP{I)=BEDNT (1) 2CTXXsUHOZT (1) #STXX

a8 FIND FACET NORMAL

AMAG=SGRT(NDOTER(UFPLUFP))
BMAG=SQRT (DOTER(URTPIURTP))
DO 800 I=1.3

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

UMNF (1) =UMNF (1) 7UMAG
CTHETO=DOTER(UMNF s UMNTT)
STHETO=DOTER (UMNF yUXV2T)
RETURN

END

03721777 21.51.16
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FDR1

C TH
c IN

101

102

103

106

107

109

108

VE 14774 obT=l FIN 4:5¢4104

SURRGUTIME FORIVE (UHOZs 1FVH)

REAL N

COMMON/BABA/STHsCTHsSEQeOMEsOMSsN(3) sUE(3) s

1 UN(3)'U5(3)9UA(3)OUR(3)QTHETAOMON’IDAY,SMALR’CAPR’CEQ
COMMON/JOKERIURP(3)¢USI(3)oTHSL,PHoTHSRoTHSUOCOUNTOHAVL(20)'DRAD
COMMON /BALL/ DCOL »SCDELT(3) 4 XP9YPsPAX1sPAX2+D (3}

COMMON /JEFF/ UMMS(3)OQRS(3)’NSTOPS!AOBOCOSMAX!RFIELDO'H’ICMH'
1 ICSHQ‘Fc'IHITIICSHZ,NCOL’IHOUROMIN'ELZ'T’TOISXOTDISY'
2 OUMAODUHBODUWCQUWNNI(3)OUMNN2(3)0UMN(3)!IOHIT'NLAT!

3 NLONGs ILONGoNLATCoRCO9NPACK » ENHM

COMMON/TABLE/UHV(3)0UAXV(3)vUXV2(3)’RST(J)'UFV'NHFOXDFvﬂDZQHFVZO
1 RHS(3)v0ELXy0ELY9ND!IFVvRRB(3)0UAXVP(3)!UXVZPP(3)t
2 UTT(3) sUNNP (3} sUXV2P(3)

3 9UMNP(3)’UHNPP(3)'FIALEN’UBEDN(3)!IFOCOIDRIVE

COMMON /CINDEX/ XPCOL’YPCOL'COSA1C05895LDUM'HCELL'ICELL'JCELL!
1 XCSAVeYCSAVeXCMsYCMo ICELMy JCELM
1S ROUTIMNE SETS UP THE TRIAL AT THE HMIT FACET CENTER FOR
DEPENDENT FACET DRIVES.

DIMENSION UHOZ(3)oXCC(3)oDUTF(J)oUTF(3)oUTFPR(J)oURPR(3)vUMNF(J)

DIMENSION UMNDUM(3).AIMP(3)

DO 101 I=1.3

XCC(I):(ALFN/Z,-(FLOAT(IFVH'I))’XDF).UHOZ(‘)

CALL AIMDP (XCMyYCM924AIMP) )

DO 102 J=1,3

DUTF(J)=-1CC(J)-XC*“UE(J)'YCH“UN(J)0(7H'(DC0L/2.0))'N(J)OAIMP(J)

AMAG=SQRT (DOTER(DUTF+DUTF))

DO 103 K=1.3

UTF (K) =DUTF (K) ZAMAS

D0 106 L=1,3
UTFPR(L)=(00TER(UBEON’UTF,)’UBEDN(L)0(DOTER(UHOZOUTF),'UHOZ(L)

URPR(L)=(DOTER(UBEDNOUR)).UBEDN(L”(DOTER(UHOZOUR)).UHOZ(L)

AMAG1=SART (DOTER (URPRIURPR))

AMAG2=SART (DOTER{(UTFPRIUTFPR))

Do 107 M:ll3‘

UMNF (M) ==URPR (M) /AMAGL+UTFPR (M) /AMAG2

DO 109 I=1.3

UMNDUM (1) ==UR(T) ¢UTF (1)

CONTINUE

AMAG3=SQRT(DOTER (UMNDUMs UMNDUM) )

DO 111 I=1,3

UMNDUM (1) =UMNDUM (1) /AMAG3

CONTINUE

AMAG=SORT (DOTER (UMNF s UMNF ) )

DO 108 I=1.3

UMN (1) =UmNF (1) /AMAS

CALL CROSS(UAXVeUMNsUXVZ2)

RETURN

END

03/21/77 21:51:16
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SUBROUTINE FINDIT 14774 oPT=] FIN 4.5%4)10A

. SUBROUTINME FINDIT(ND1sIFVHS)
Ce*® THIS ROUTINE FINDS THE LIST OF MIRRORS WHICH A RAY FROM THE SUN
C COULD POSSIBLY HAVE HIT, 1T ALSO FINDS THE LIST OF MIRRORS wWHICH
C A RFFLECTED RAY COULD 20SSIBLY HIT, FROM IT RINDXs INHITs AND
C OFFRLOC ARE CALLED.
REAL N _
COMMON/BABA/STHsCTHsSEQeOMEsOMSsN(3) yUE (3) o
1 UN(3|qUS(3)‘UA(3)’URl3)9THETA0M0NvIDAY'SMALRqCAPRlCEQ
COMMON/TABLE/UHV(3)vUAXV(3)'UXV2(3)'RST(3)OUFVlNHF'XDFOWDZQVFVZQ
1 RHQ(J’vDELXoDELY;ND'IFV’RRB(3)'UAXVP(J)'UXVZPP(J)V
2 UTT(3) sUNNP (3) 4UXV2P (3)
3 sUMNP(3) s UMNPP (3) o F» ALENsUBEDN (3) » IFOCs IORIVE
COMMON / JEFF/ UMNS(3)vQRS(3)!NSTOPSvAvS,C’SMAXiRFIELD,TH.ICMH'
XCSHOIFCOI*IT'ICSHZONCOL!IHOUR!MINOELZ’TOTDISXDTDleq
DUMA.DUMB'DUWC9U”NN](3)1UMNN2(3)9UMN(3)’]OHIT’NLAT'
: NLONG ILONGsNLATCoRCOINPACK s ENHM
COMMON /BALL/ DCOL+SCDELT(3) sXPsYP,PAXL+PAX2+D (3)

WM -

COMMON /CINDEX/ XPCOL-YPCOLvCOSA-COSBoSLDUMvHCELLoICELL.JCELLo
1 XCSAVsYCSAVsXCMsYCMe ICELMs JCELM
COMMON/STRUCT/GAP » WLONG s WSTDE s WTRT 2+ XLTRIsB1 ¢824

& WCROSSsWDUMy IFRAMSHTMIRsHTCRUS » WICROS
COMMON/BEDTST/ALBLOC, ICODs UHVZ2(3) »UAXV2(3)
DIMENSION VSl(3)0V52(3)oVS3(3)'VS4(3)vVSS(3)oV56(3)yV57(3)

DIMENSION XSAV(20)sYSAV(20) s ICELS(20) s JCELS (20) »UHVS (3)
DIMENSION YDUM(3) s XDUM(3)
c
c ICMH=1 IF MIRROR WAS HIT
c ICMH=0 IF NO MIRROR WAS HIT
€ ICSH= NMBER OF MIRRORS
c HIT AFTER FIRST HIT. IF
[+ NUMBER OF SHADOWS
c UMNS  UNIT NORMAL OF THE
[ FIRST MIRROR HIT
c RRS VECTOR-FROM MIRROR
c CENTER TO HIT POINT ON
c MIRROR» NONE UNIT
c (FIMyJJM) INDEXS OF HIT MIRROR
c
c CHECK END POINTS OF S
c START POIMT FIRST
IF(IFC.LT.2) GO TO 1974
XPCOL=XP
YPCOL=YP
XSSS=XCM
YSSS=YCM
GO TO 8975
1974 XPCOL=xP
YPCOL=yP
c0sa=0,
COsR=0,
SLOUM=Q,
CALL RINDX

XSav(l)=xCSAV
YSAV(1)=yCSAY
ICELS(1)=ICELL
JCFLS(1)=JCELL

03721777
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SUBROUTINE FINDIT 74776 OPT=1

8975
c

(X2 Xz N X2l

&S

S0

FIN 2.5%410A

X5SS=XCSAV
YSSS=YCSav
ICONT=]
SECOND END POINT
COSA=DuMA
Cos8=DuM3
SLOUM=5MAX
CALL RINDX
XSAV(2)=xCSAV
YSAV(2)=YCSAV
ICELS(2)=ICELL
JCELS (2) =JCELL
MAKE TESTS
TEST1=ABS (XSAV (2) =XSSS)
TEST2=ABS(YSAV(2) =¥SSS)
1F (TEST1.6T.0.001) GO TO 40
IF(TEST2.6T+0+001) GO TO 40
IF(IFC.EQ.1) GO TO S50
10417=0
RETURN
AT THIS POINT START AND END ARE
THE SAME MIRROR CALL INMIY .
END POINT AND STARY POINT
DIFFER RY MORE VHAN ONE TEST
InN BETwWEEN
NSTD=NSTOPS-1
ONM=FLOAT (NSTD)
DO 45 K=)1sNSTD
SLDUM=SMAXSFLOAT (K) /DNM
CALL RINDX
TEST1=ABS (XS55=-XCSAV)
TEST2=ABS{YSSS=YCSAV)
IF (TEST] .LT. 0.001 .AND, TEST2 .LT. 0,001) GO TO 45
XSSS=XCSAV
YSSS=YCSAY
ICONT=1CONT+]
XSAV{ICONT)I=XCSAY
YSAV(ICONT)=YCSAY
ICELS(ICONT)Y=ICELL
JCELS(ICONT) =JCELL
CONT INUE
IF(IFC,EQ.2) GO To 2001
ALL POSSIKLE HI1TS MAVE BEEN FOUND
NOw CALL INHIT TO TEST .
ICSH=0
IFRAM=0
1CSH2=0
ICMH=0
DO 100 I=1,ICONT
XC=XSAV(T)
YC=YSAV(1)
DMNHM=SQRT (XC#XCeYC®YC)
DO 5 KI=1+3
UMY (KT} = (YCRUE (K1) =XCPUN (K1) } /DMNH
ISCEL=ICELS(T)
JSCEL=JCELS(]Y )
IF (XCSAV .GTe. (9.°TH)) GO TO 100
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SUBROUTINE FINDIT T4/74 oPT=1

150°

155

160

165

c

60

107

113

103

70

100

6

CALL INHIT(XCoYCsIFVHISHADsALMIN)
IF(IRIT.EQ,0) GO TD 100
IF(ICMH.EQ,1.0R., IFRAM.GT.0) GO TO 70
FOUND FIRST MIT
ND1=3
ICMH=]
ICELM=1SCEL
JCELM=)SCEL
XCu=XC
yCmu=yC
RHIT=SORT {XC*XC+YC*YC)
IFVHS=1FVH
ICSH=ICSHe+ ISHAD
DO 60 J=1,3
RHS (J) =RAB ()
UHVS (J) =yHV ()
UMNS (J) =yMR ()
RRS(J) =RHS (J) + (ALEN/2+=(FLOAT(IFVH=1}) #XDF ) *UNV (J}
M=1
DO 103 JUK=1sM
XC=XSAV (JK)
YC=YSAV{JK)
XS=xpP
YS=YP
CALL MIRGN(XCeYC)
DO 107 JUr=]1+3 .
URV (JB) = (YC#UE (JB) =XC*UN(JB) ) /SQRT (XC#XC+YC*YC)
CALL TRIADS(NsUMNeJAXVIUHVSUXV24+UBEDN) i
DO 113 JU3=1.3
VS1(JUB)=(XC=XS)I®UE(JB) + (YC=YS)I®UN(JB) = DCOL®0.S5*N(JB)
e = HTMIR®USEDN(JB)
VS2(JB)=vS1 (JB) +WOUMEUAXV (JB) ~wSIDE®0.S*UBEON (UB)
VS3(JB)=vS] (JUB) -wDUMBUAXV (JB) ~WSIDE®0.S*UBEDN (JB)
VSa(JB)=vS1(JB) =~ HTCROS*0.52UBEDN(JB)
VSS(JB)=vSa(JB) = XDFeUHV(JB)
VS5 (JB)I=vSe(JB) + XDFEUHVJR)
VST(JB)=yS1(JB) ~ -TCROS®UBEDN{JB)
CONTINUE
1CoD=1
JKD=JUK
MDyM=M

CALL FRAME(VS14VS29VS3sVSh4sVSSeVSOsVSTeALFRAM UKDy MDUMALMIN)

IF (ALFRAMJGT,ALMIN) 1FRAM=(
IF (IFRAM,EQ.0) GO TO 103
ND1=15 ’
ICvH=0

IF (IFRAM,6T,.1) ND1=16
GO 10 100
CONTINUE
GO 1O 100

SECOND AND SUCCEEDING HITS
JICSH=ICSHeISHAD+1 :
RSHAD=SQPT (XCHXC+YCoYC)

IF (ASS(SHAD=RHIT) «6T.10.) ICSH2ZICSH2+ISHAD+1
COnMT INUE
DO 6 [=1,3
UHV (T)=u4vs(])

FTN 4,5¢410A
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SUBROUTIME FINDI

2001

T T4/76 oPT=1

RETURN

DO 1973 <L=2+ICONT

XC=xSAv (L)

YC=YSAv(xL)

CALL OFFOLOC(XCMsYCMeXCoYCs IBLOCS IFVHS)
1COD=4

DO 1971 1=1+3 ’

YOUM (1) ={XC=XCM) ®YE (1) + (YC=YCM) *UN(I)

XDUM (1) = (ALEN/2.~FLOAT (IFVHS=1) #XDF ) SUHV (1)

‘VS1(I)==2H5([)=XDUM(]I) +YDUM(I) =HTMIR®UBEDN(IY

1971

7010

7000

1973
1976

VS2(1)=vS1 (1) +WOUMBUAXV2 (1) -WSIDE*0.S*UBEDN(I)
VS3(1)=VS1(I)-wDUMPUAXV2(])-WSIDE®0,5%UBEDN(])
VS4(1)=VSl(1)=HTCROS*0.5*UBEDN(I)
vSS(I)=vsa(l) - xDFeyHve(I)

VS6(1)=VSa (I} ¢ XKDFeuHvV2(I)

VS7(I)=VSl (I} = HTCROS®UBEON{I)

FTN 6.5%410A

CALL FRAME (VS14VS2sVS3sVS49VS5,VS69VSTeALFRAMs JKsMeALBLOC)

IF(IFRAM,EN.0.AND,IBLOC.EQ.0} GO TO 1973
IF(1FRAM,EQ.0.AND.IBLOC.EQ.1) GO TO 7000
IF(IFRAM EN.1.AND.IBLOC.EQ.0) GO TO 7010
IF (ALBLOC.LELALFRAM) GO TO 7000

18L0OC=0

IFRAM=4

ND1=18

I0HIT=)

RETURN

18L0C=]

IFRAM=0

ICHIT=1

ND1=S

GO T0 1976

CONTINUE

RETURN

END
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SUBROUTINE TRIADS TasTe oPT=}

OO00O0

c

SUBROUTIME TRIADS (N UMNLUAXVIUHYIUXV2UBEDN)
THIS ROUTINE BUILDS THE TwWO
TURNTABLE BASES (NsUHVIUAXYV)
AND (UMMUAXVIUXV2) FROM N
AND UMN.
JeM, HAMMER

REAL N(3)

DIMENSION UMNI(3) 2 UAXV(3) sUHV(3) 4UXV2(3)-

DIMENSION UBEDN(3)

THE TwO TRIADS FOR A MURPHY BED ARE BUILT FROM UMN AND UHV

CALL CROSS(UMNsUHVeUAXY)

AMAG=DOTER (UAXVsUAXY)

AMAG=SQRT (AMAG)

00 120 I=1.3

120 UAXV(I)=UAXV(])/AMAG
CALL CROSS(UAXVUMNUXV2)
CALL CROSS(UAXVsUHVsUBEDN)
FIX SIGN OF REDN

0B=D0TER (UMNsUBEDN)

SGN=DBM/ABS (DBM)

DO 130 I=1.3

130 UBFDN(T)=SGN2UBEDN(])
RETURN
END

OCTOBER 2341974

FTN 4.5¢410A
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SUSROUTINE INHIT 74,76 OPT=i FIN 4.5%4104A 03721777 21.51.16 PAGE i

1 SUBROUTINE INHIT(XCosYCsIFVHsISHADsALMIN) INHIT

2

c THIS SUBROUTINE FINDS THE INHIT 3

c HIT POINTs IF ANYs ON LOW INHIT 4

c PROFILE HELIOSTAY (ITsJT) : INHIT 5

S c AND wHICH FACIY INHIT 6

c JeM, HAMMER SEPT. 23¢ 1974 INHIT 7

REAL N INHIT 8

DIMENSION RRIF(3)sVC(3) INHIT 9

COMMON/TABLE/ZUHV (3) yUAXV (3) sUXV2(3) sRST (3) s WFVsNHF s XOF s WD2+ WFV2s INHITY 10

10 1 RHS(3) o DELXsDELY s WD IFVeRRB (3) ¢ UAXVP {3) sUXV2PP (3} » INHITY 11

2 UTT(3) sUNNP (3) ,UXV2P (3) INHIT 12

3 sUMNP(3) yUMNPP (3) 9F y ALENsUBEDN (3) 4 IFOC» IDRIVE INHIT 13

COMMON/BABA/STHsCTA9SEQsOMEsOMSeN(3) 2UE(3) s IMHIT 14

1 UN(3) 2US{3) sUA(3)sUR(3) s THETA+MONs IDAY s SMALRsCAPRSCED INHIT 15

15 COMMON /JEFF/ UMNS(3) sRRS(3) sNSTOPSsA9sB9CaSMAXyRFIELD Y THe ICMHe INHET 16

1 T1CSHeIFCy IHIToICSH29NCOL s THOURSMINSELZ s ToTDISX»TDISY, INHIT 17

2 DUMA + DUMB » DUMC s UMNN] (3) ¢ UMNN2 (3) sUMN(3) » IOHITsNLAT, INRIT 18

3 NLONG» ILONG 9 NLATC3sRCOsNPACK y ENHM INHIT 19

COMMON/JOKER/URP (3) sUS1 (3) s THSL 9 PH THSR» THSUS COUNT s WAVL (20) +NRAD INHIT 20

20 COMMON /STATS/TPBsTSBsPHBsTPVaPHVIAVE s TSVIPAXIVePAKIBIPAX2ZVsPAX28 INHIT 21

COMMON /BALL/ DCOL+SCDELT(3) 9 XPaYPsPAX1sPAXZ2sD(3I) INHIT 22

) INHIT 23

c UMN{(3) UNIT MIRROR NORMAL INHIT 24

c PROVIDED BY CALLING ROUTINE : INHIT 25
™ 25 . c (NsUAXV,UHV) TRIAD IN TURNTABLE INHIT 26 U.-"
] c UAXV () FACIT ROTATION AXIS INHIT 27 )
o c UHV (3) HORIZONTAL IN TURNTABLE INHIT 28 =3

w c (UMNy UAXV s UXV2) TRIAD IN FACIT FACE INHIT 29

:* o Uxvz{(3) VECTOR PERP. TO UAXV IN FACIT PLANE INHIT 30

iy 30 c (ITedT) INODEX OF TURNTABLE TO BE TESTED INHIT 31

[ [ (XS,sYS) CORDS OF RAY START POINT ON TEST PLANE INHIT 32

[ UR(3) INCOMING RAY DIRECTION INHIT 33

c IHITY HIT CODEs 1 IF HIT, 0 IS NO HIT INHIT 34

c IFVH  THE INDEX OF HIT FACIT INHIT 35

35 c ALEN LENGTM OF TURNTABLE INHIT 36

c wD WwIDTH OF TURNTABLE AND INHIT 37

. c LENGTH OF FACITS INHIT 338

C WFV WIDTH OF FACITS INHIT 39

c NHF  NUMBER OF FACITS INHIT 40

40 c XOF SPACING BETWEEN FACIT CENTERS INHIT 41

c RHS(3) VECTOR FRUM FACIT CENTER INHIT 42

c OUT TO HIT POINT OM FACIT ) INHIT 43

c ISHAD  NUMBER OF SHADOWS CAST INHIT 44

¢ RAYL RAY LENGTH INHIT 45

45 c DELX  FAST WEST ROW SPACING INHIT (Y

[~ DELY MORTH SOUTH ROW SPACING INHIT 47

c RST(3) VECTOR FROM ORIGIN TO RAY HIT INHIT 48

o (XLeYLoZL) START POINT OF REFLECTED RAY IMHIT 49

c BUILD BCTH TRIADS INMIT S0

S0 CALL MIREN(XCrYC) INHIT 51

CALL TRIADS(NsUMNsUAXVIUHVSUXVZ2sUBEDN) TUHIT 52

ONML=DOTER {URsUMN) INHIT 53

IHIT=0 INHIT 54

IHTS=0 INHIT 55

s5 IFVH=0 INRIT 56

XS=XxpP INHIT 57

YS=YP INRIT 58
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60

65

70

75

2890

85

90

SUBROUTINE INHI

30

40

65
500

890

T Tar7la opT=1

ALMIN=10,E+10
SET Up DO LOOP OJVER FACITS

DO S00 IFV=1.NHF

DO 30 I=193
VC(I)=(X§-KC)’UE(I)*(YS-YC)“UN(I)-UHV(I)'(ALEN/Z.-
1 (FLOAT(IFv=1))eXDF)+DCOLEN(I) /2.0

ERROR FOUND IN SIGN OF vC(]I) 8/,12/75 CHANGE SIGN
VC(l)==veti])

ALN=DOTER ({UMNsVC) /DNML

DO 40 I=1+3

RRIF(I)=ALN®UR(I)=VC(])

XVF=DOTER (UAXV4RIIF)

YVF=DOTEQ (UXVP4RRIF) :
IF(ABS (XVF ) GT.WD2.0R.ABS(YVF) .GT . WFV2) GO TO S00

THIS FACIT wAS HIT. RECORD HIT

IHIT=1

IHTS=IHTS+]

IF (ALN.GT.ALMINY GO TO SO0

ALMIN=8ALN

RAYL=A[LN

DO 65 I=1+3

RRB(I)= RRIF(I)

IFVH=IFV

CONTINUE

IFV=NHF

ISHAD=IHTS-1

DO 80 I=1+3

RSTAT)=XCHUE (1) s YCRUN(T) sWFV2ON (1) ¢UHV (1) # (ALEN/2.=
1 (FLOAT(IFV=1))#XDF)+RHS(])

XL=DOTER(RSTLUE)

YL=D0TER(RST 4 UN)

ZL=DOTER(RSTHN)

RETURN )

END

FIN 4.5+410A

03721777 21.51.16
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SUBROUTINE ONBLOCK 74774  oPT=i FIN 4.5¢4)0n 03721777 21.51.16 PAGE 1

1 SURROUTINE ONBLOCK (IBLOC, IFVHsALBLOC) ONBLOCK 2
COMMON/TABLEZUHV (3) s UAXV (3) sUXV2(3) sRST(3) s WFVoNHF 9 XDF o+ WD29WFV2y ONBLOCK 3
1 RHS (3) yDELXsDELYsWD9 IFVyRRB (3) sUAXVP (3) yUXV2PP (3) s ONBLOCK 4
2 UTT(3) sUNNP (3) yUXV2P (3) ONBLOCK S
E 3 sUMNP (31 sUMNPP (3) o F s ALENSUBEDN(3) v IFOCs IDRIVE ONBLOCK 6
COMMON/BABA/STHsCTHsSEDeOMEvOMSsN(3) »UE(3) » ONBLOCK 7
1 UN(3) oliS(3)9UA(3) sUR(3) s THETASMON IDAY » SMALR+CAPRCEQ ONBLOCK 8
COMMON /JEFF/ UMNS(3)sRRS(3)eNSTOPSsAs8eCosSMAXIRFIELD s THe ICMHy ONBLOCK 9
1 TCSHs IFCoIAITsICSH2sNCOL s IHOURIMINSIELZsToTDISXs TDISY, ONBLOCK 10
10 2 NUMA 4 DUMB s DUMC s UMNNT (3) s UMNN2 (3) sUMN(3) » JOHIToNLAT ONBLOCK 11
3 NLONG o TLONG9NLATCsRCO s NPACK » ENHM ONBLOCK 12
COMMON /3ALL/ DCOL+SCDELT(3)sXPsYPyPAX1sPAX2D(I) ONBLOCK 13
ONBLOCK 14
COMMON/JOKERZUPP (3) 4US] (3) s THSL 4 PHy THSR» THSUs COUNT s WAVL (20) yDRAD  ONBLOCK 15
15 COMMON /STATS/TP3,TSBePHBsTPVsPHVeAVE»TSVIPAXIVsPAX1IBIPAX2VePAX2B ONBLOCK 16
c THIS ROUTINE FINDS IF US1 IS ' ONBLOCK 17
c BLOCKED ON THE TURNTABLE IT STARTS ONBLOCK 18
c FROM JeMos HAMMER SEPT.2691974 ONBLOCK 19
o ONBLOCK 20
20 c IBLOC  BLOCKAGE CODE 0 IS NOT BLOCKED ONBLOCK 21
o ¢ 1 RAY WAS BLOCKED ’ ONBLOCK 22 v}
S REAL N ONBLOCK 23 a
o DIMENSION XC(3)+XCR(3I) ONBLOCK 24 P
w ALBLOC=10.E+10 ONBLOCK 25
L 2s I8LOC=0 ONBLOCK 26
i DO 200 IFV=1yNHF ONBLOCK 27
™o IF(IFV,EQ.IFVH) GO TO 200 : ONBLOCK 28
DO 20 I=1s3 ONBLOCK 29
XC(I)SyHV(T) eXDF & (FLOAT (IFVH=IFV)) ONBLOCK 30
30 20 XCR(I)=XC(1)=RHSI(I) ONBLOCK 31
SIDE=DOTER(UMNyXC) ONBLOCK 32
IF(SIDE.LT,0.0) GO TO 200 ONBLOCK 33
AL=DOTER(XCRsUMN) /DOTER(US] »UMN) ONBLOCK 34
DO 30 I=1+3 ONBLOCK 35 |
35 30 RRB(I)=AL2USI(I)=XCR(]) ONBLOCK 36
XVF=00TER (RRBaYAXV) ONBLOCK 37 )
YVF=DOTER(RRBIUXV2) ONBLOCK 38
IF (ABS(XVF) «GT.WD2.0R.ABS{YVF) ,GT«WFV2) GO TO 200 ONBLOCK 39
] c THIS FAZIT RLOCKED THE RAY ONBLOCK 40
40 I1BLOC=1 ONBLOCK 4l
ALBLOC=AL ONBLOCK 42
GO TO 25n ONBLOCK 43
200 CONTINUE ONBLOCK 44
IF v=NHF ONBLOCK 45
45 250 RETURN oNBLOCK 46

END ONBLOCK &7
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$USROUTINE OFFBLOC Tar74  OPT=1

10

20

30

200
250

FIN 4:5561064

SU3IROUTINE OFFBLOC (XCMsYCMyXCsYCoIBLOCYIFVL)
COMMON/BEDTST/ALBLOC, ICOD»UHVZ2(3) »UAXV2(3)

COMMON/TABILE/UHV (3) sUAXV (3) 9UXV2(3) +RST (3) s WFV o NHF 9 XDF s WD2+sWFV2,
] RHS(3) s DELX9sDELY 9WD9» IFVeRRB (3) yUAXVP ({3) sUXV2PP (3) s

2 UTT(3) 4 UNNP (3) yUXV2P(3)

3 sUMNP (3) s UMNPP (3) +F yALEN2UBEDN(3) » IFOC, IDRIVE
COMMON/BABA/STHyCTH.SEQsOMEsOMSsN(3) 4UE(3),

1 UN(3)»US(3)»UA(3)sUR(3) s THETAsMONs IDAY+SMALRsCAPRsCEQ

COMMON /7 JEFF/ UMNS(3)sRRS(3) +NSTOPSsA+B+CoSMAXsRFIELDY THe ICMHs

1 JCSHeIFCoIHIT ICSH2+NCOL s ITHOURsMINSELZsToTDISX9TDISY,

2 NUMA s DUMB 9 DUMC « UMNN] (3) s UMNN2 (3) s UMN(3) » TOHIToNLAT,

3 NLONGs ILONGsNLATCsRCOsNPACK s ENHM

COMMON/JOKER/ZURP (3) ¢ USY (3) s THSL+PHTHSR» THSUs COUNT o WAVL (20) +DRAD
COMMON /STATS/TPB,TS3+PHBsTPVIPHVAVEs TSVsPAXIVsPAX1BsPAX2VPAX2B
COMMON /3ALL/ DCOL+SCOELT(3) s XPsYPsPAX1sPAX2+D(3)

THIS ROUTINE FINDS IF A RAY
FROM TUSNTABLE (Il+J1) IS BLOCKED
8Y A FACIT OF (12,J2)

JoM, HAMMER SEPT, 26+1974
IFVL  FACIT ON TURNTABLE (IlsJ1)
FROM WHENCE THE RAY CAME

I18LOC  BLOCKAGE CODE. 0 NO BLOCK»
1 RAY IS RLOCKED

REAL N

DIMENSION VC(3),VCRH(3) 4UXV22(3) sUMN2(3)

CALL MIRRN(XCsYC)

ALBLOC=10.E+10

DMNH=SQRT (XC2XC+YC*YC)

DO 7 I=1.3

UHY2(1)=(YCHUE (1) =XCeUN (1)) /DMNH

CALL TRIADS(NsUMNyUAXV2sUHV2+UXV22+UBEDN)

DO 10 I=1+3

UMN2 (1) =UMN(])

18L0C=0

DO 200 IFV=1sNHF

DO 20 I=1+3

VC(I)=UE (1) * (XC=XCM) *UN(T) # (YC=YCM) + (ALEN/2.0=(FLOAT (IFV=1))

1 *xDF)2uHV2 (1)~ (ALEN/2.0=(FLOAT(IFV1=1))*XDF) *UHV(])

VCRH(D)=vC (I} =RHS(I)

AL=DOTER (VERHsUMN2) /DOTER (US] » UMN2)

DO 30 [=1+3

RRA(T) =AL*IS1{I)=VCRH ()

XVF=DOTER (RRBsUAXV2)

YVF=DOTER (RRBsUXV22)

IF (ABS(XVF) .GT.WD2.,0R.ABS(YVF) ,GT.WFV2) GO TO 200
THIS FACIT BLOCKED US] ’

18L0OC=1

"ALRLOC=AL

GO0 TO 250

COnTINUE

IFv=NHF

RETURN
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SUBROUTINE MIRRN T4/76  OPT=1 ' FTN 4,5%410A 03721777 21.51.16 PAGE )

1 SUBROUTINE MIRRN(XC,YC) MIRRN 2
REAL N MIRRN k |
COMMON/TABLE/UHV(a).UAxV(a).uxvzts).Rsrta).qu.NHr.on.uozowrvz, MIRRN 4
1 RH§(3)uDELx'DELYoHDvIFVaQRB(3),UAXVP(3),UXVZPP(3)9 MIRRN 5
S : 2 UTT(3) sUNNP (3) yUXV2P (3) MIRRN 6 \
3 sUMNP (3) sUMNPP (3) 4 F 9 ALENYUBEDN(3) + IFOC. IDRIVE MIRRN 7 |
COMMON/BABA/STHeCTHeSEQsOMEsOMSsN(3) sUE(3) MIRRN 8 ‘
1 UN{3)2US(3) +UA(3) sUR(3) + THETA9MON+ IDAY s SMALR+CAPRCEQ MIRRN 9 |
COMMON / JEFF/ UMNS(3) +RRS{3) «NSTOPSsAsBsCsSMAX+RFIELD® THe ICMH» MIRRN 10
10 1 TCSHeIFCoI4IToeICSH24NCOL ¢ IHOURSMINGELZ 9 ToTDISXsTDISY, MTRRN 11
2 AUMA 5 DUMB » DUMC » UMNNT] (3) s UMNN2 (3) ¢ UMN(3) s IOMIToNLAT, MIRR]N 12
3 NLONG» JLONGsNLATC +RCO»NPACK y ENHM MIRRN 13
COMMON /3ALL/ DCOL+SCDELT(3) sXPsYPsPAX1sPAX2+D(3) MIRRN :6
MIRRN s
2; 15 COMMON/TILTED/TTILToUVT(3) Ul (3)4U2(3) yWAPMAX s WAPMIN,OFFSET MIRRN 16
3 COMMON/CAVITY/SEPsDD1sDD2+RDIF 4HDIF 4HCAV yHSWTC (2) +RSWTC(2) o MIRRN 17
8 8CILAT(2) ¢CAVLAT(2421) s AIMHGT MTRRN 18 o
8 OIMENSION AIMP(3) MIRRN 19 )
= COMMON/TOE/CTAZT+STAZTsCTELT s IFOCUSsSTELTsUTARG (3) s DTARG (3) MIRRN 20 g; |
vo20 REAL MN(3) MIRRN 21 ‘
RC=.52DCOL MIRRN 22 '
YC1=YC : 'MIRRN 23
CALL AIMPP(XCoYCls2sAIMP) ' ) MIRRN: 26
00 10 I=1+3 ' MIRRN 25
25 : MN(I)=(TH=RC) 2N (1) =XCHUE (1) ~YCL®UN(I) *+SEP®0.5* (N(1)~UVT (1)) MIRRN 26
e AIMP(]) MIRRN 27
10 DYARG(I)=MN(I) MIRRN - 28
ONM = DOTER (MN,MN) MIRRN 29
DNM = SQRT (DNM) MIRRN 30
30 DO 15 T = 143 MIRRN 31
UTARG(I)=MN(T) /DNM MIRRN 32 |
1S MN(I)=MN(I)/DNM=URI(T) MIRRN 33
XXR = DOTER (MNsMN) _ MIRRN - 34
XXR=1,./S2RT (XXR) MIRRN 35
s DO S091 1=1+3 MIRRN 36
5091 UMN(TI)=MN(]}*XXR MIRRN 37
RETURN : MIRRN kT.]

END MIRRN 39
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SUBROUTINE RINDX 76/7¢  OPT=1

FTN 4.5°610A

SURRQUTINE RINDX
css THIS ROUTINE FINDS THE CLOSEST HELIOSTAY TO A GIVEN POINT
C xP, YP ON THE TEST PLANE.

COMMON /8ALL/ DCOL+SCDELT(3) +XPsYPsPAX19PAX2+0(3)

COMMON /JEFF/ UMNS(J)ORRS(3)ONSTDPS'A!B!C'SHAX!RF!ELD!THQICMHQ
1 ICSHcIFCQIﬂlTOICSHZ’NCOL’IHOUROMINQELZ’TDTDISXQTDISVQ
2 DUMAyDUMSyDUMCQUMNNl(3)9UMNNZ(3)OUMN(3)OIOHITONLATQ
3 NLINGs ILONGoNLATC9sRCO 9 NPACK s ENHM
COMMON /CINDEX/ XPCOLsYPCOL+COSA»COSBsSLOUMIWCELL S ICELLYJCELLY
1 XCSAVeYCSAVeXCMsYCMe ICELMy JCELM
COMMON/MAPS/NRZFQNAZZFoNC(25098)OSRAD(ZSOQB)ONPRAD(B)’DEG
XPD=XPCOL +SLOUMSCOSB
YPD=YPCOL +SLDUM=COSA
(o THIS ROUTINE WAS CHANGED MARCH 1975 JeMoHAMMER GoA.SMITH
[ FIND MAP CFELL
ICELL=XNT((XPD'RFIELD'TDISX)/HCELL)‘l
JCELL=INT((RFIELD-YPD'TDISY)/HCELL)‘l
IFC(ICELL.LT.1 ) ICELL 1
IF (JCELL.LT.1 ) JCELL 1
IF (JCELL,GT.10) JCELL = 10
IF(ICELL.GTS10) ICELL 10
C POLAR SPACED FIELD
[ PUT TEST PnINT INTO POLAR COORDINATES
RHIT=SQRT {XPD#XPD+YPD®YPD)
AN3=ATANZ (XPDsYPD) )
IF (ANGLLT.0.0) ANG=ANG+2.%3.14159
JZ=INT (ANG/DEG) 1
IF (DEG . GT.6.) JZ=1}
IF (RHIT.GT.RCO) GO TO 101
IR=1
GO TO 56

03/21/77 21.51.16
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RINDX
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RINDX
RINDX
RINDX
RINDX
RINDX
RINDX
RTNDX
RINDX
RINDX
RINDX
RINDX
RINDX
RINDX
RINDX

101 lR:lNT((DHIT—RCO)/(SQAD((NPRAD(JZ)-I)OJZ)-SRAD((NPRAD(JZ)-Z)cJZ))) RINDX

10 IR=IRe]
IF(IR.MT, 1) iR=1 .
IfF (IR .GE. (NPRAD (JZ)=1)) IR=NPRAD(JZ)~-1
IF (IR.EN. (NPRAD(JZ}=1)) GO TO S6
IF (RHIT.GT.SRAD(IR*1,JZ)) GO TO 10
C RADIAL ZONE FOUND IS IR
S6 RZl=(SRAD(!R01;JZ)0SQAD(IR-JZ))/2.

c FIND THE AZIMUTH ZONE
DELA=DEG/FLOAT(NC(IR»JZ})
IZ=INT((ANG-DEG'FLOAT(JZ-I))/DELA)01
AZ1=DEGSFLOAT(JZ-1)+DELA®(FLOAT(1Z)=.5)

[ THE CENTER OF THE HELIOSTAT IN ZONE IR 1S
XCSAV=RZ1*SIN(AZ])

YCSAV=RZ1*COS(AZL)

YCSAVP=Y(CSAV+TDISY

XCSAVP=XCSAV+TDISX .
XMAGP=SQRT (XCSAVP2XCSAVP+YCSAVPRYCSAVP)Y
IF (XMAGP .GTe RFIELD) XCSAV=10.*TH

RE TURN

END
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SUBROUTINE CROSS 74/T6  OPT=) FIN 4.5%2)0A 83721771 21.51.16 PAGE i

1 SUBROUTINE CROSS(AsBsC) CROSS 2
DIMENSION A(3) +8(3)+C () CROSS 3
Ct1) = A(2)#B(3) - A(3)*B(2) CROSS 4
Cl2) = ~(A(1)%8(3) - Al3)*B(1)) CrROSS S
S C(3) = a(1)eB(2) -~ A(2)eB(1) CRrROSS 6
RETURN CROSS 7
END CROSS 8
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SUBROUTINE MOON Y2 oPT=1

o000

500
80

Kkk]

10

FIN 4.544]10A

SUBROUTINE MOON(ND1+IAC)

THIS SUHROUTINE CHECKXS FOR RECEIVER HITS FOR ANY RAY WHICH
GETS CLEAN| Y AwWAY FROM THE FIELD. IT CHECKS FOR ENTRY INTO
THE APERTURE SUPPORT HITS AND CYLINDER HITSe 1IT MAPS ALL

FLUX WHICH HITS CYLINDER WALLS OR THE ROQOF.

INTEGER CILAT

REAL N

COMMON /JEFF/ UMNS{3)sRRS(3) sNSTOPS+AsBsCaSMAXSRFIELD s THs ICMH
1 ICSHeIFCsIHITsICSH2eNCOL s IHOURSMINSELZ s ToTDISXsTDISY,
2 DUMA » DUMS « DUMC s UMNNL (3) s UMNN2 (3) s UMN(3) s IOHIToNLAT,
3 NLONG« ILONGeNLATC2RCO9NPACK s ENHM
COMMON/BABA/STHsCTHsSEQ»OMEsOMSN(3) sUE (3) s

1 UN(3)sUS(3)sUAL3) sUR(2) s THETASMONy iDAY s SMALRSCAPRSCER
COMMON/ JOKFR/ZURP 13) 9US1 (3) s THSL s PHs THSR s THSU+COUNT s WAVL (20) s DRAD
COMMON /3ALL/ DCOLsSCDELT{3) s XPyYPsPAX1sPAX2+D(3)

COMMON /STATS/TP3,TS3sPHBsTPVIPHVAVE»TSVPAXIVPAXIBPAX2YV,PAX2B
COMMON/RANDOM/NRUN IRANC» I JUMP s MODE « ISRAN IRAYS
s IT1oUIDNI S IMCoDINTV.YFRAC
COMMON/CAVITY/SECDDL+DD2+ROIF+HDIF +HVACoHSWTC (2) sRSWTC(2) s
1 CILAT(2)9sCAVLAT(2+21) +AIMHGT
COMMON/CFIL ING/NAZZWNRZsDTAZ(21)+DRZ(10) +DD391ZR1ZAZ
COMMON/SUPOT/DELTHMe THES+KSEG9APHsSWoeNSUP yRCONE » THECONSHTOT
COMMON/TILTED/TTILTSUVT(3)9UL13)+U2(3) ¢+ WAPMAX s WAPMINWOFFSET
COMMON/MOONMMP/ UwH IS+ JCORSy JMISHI » JMISLOs JFRONT
DIMENSION TEMPD(3) sASUP(3) sUPHI(3) 9sPVI3) yUPV{3) sRH(3)4DD(3)
DIMENSION VUP(3)sDIP(3)sRTH(3) 4UNA(3)
IF (JAC.LT.7) GO TO 333
CHECK FOR 9ROPER PIPE DIAMETER,
DEW=2.#REONME s (WAPMAX e WAPMIN) €0 ,5%SIN{THECON)
DN=2. 00(QCONE°WAPMAX¢SIN(THECON)-0 SaSEP#TAN(THECON))
IF (DN GT,DEW) DEW=IN
IF(DD3.6F.(1.01¢(DEW+OFFSET))) GO TO 80
DD3I=1.01% (DEW+OFFSET)
WRITE{(As500) DD3
FORMAT(/,10Xs42HINITIAL CAVITY DIAMETER Too SMALLRESET TO»
4F10e193X.2HFT)
DIST=(WAPMAX+WAPMIN) #0,252COS (THECON) +SEP*0.5
VERT=DIST#COS(TTILT)
HTMIN=WAPMIN®COS ( THECON)
ABOT=0,0
RETURN
CONTINUE
CHECK FOR HIT ON THE CONE.
JWHIS=0
JCORB 0
JM1SHI=0
JMISLO=0
JFRONT=0
CALL CONE(Z19Z2+AL1sAL29sANG]+ANG29+ICHITyZZERO)
IF (ICHIT,GT.0) GO 7O 10
ND1=10
JFRONT=1
RETURN
FIND IF THE HIT 1S WITHIN APERTURE BOUNDARIES.
IF (AL1.GT+AL2) GO TO 20
IF(Z1.1.€,27ERO) GO TO 21

03721777 21451416
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76/76  OPT=1 FTN 4.5¢410A

ZHR1T=2)

20uT=22

ANG=ANG]

ANGOUT=ANG2

GO TO 30

IF (22.L.E,22ERO0) GO TO 22

IH1T=22 :

Z0uT=21

ANG=ANG2

ANGOUT=ANG]

GO T0 30

IF (22.LE.ZZER0) GO TO 23

ZH1T=22

ANG=ANG2

20UT=5000.

G0 T0 30

IF(Z1.LE,ZZERO) GO TO 24

ZHIT=21

ANG=ANG1

Z20UT=5000.0

IF(ANG.GT+3414159) ANG=2.%3,14159-ANG

IF (ANGOUT.GT.3,.14159) ANGOUT=2,%3,14159~ANGOUT
FIND WIDTH OF APERTURE AT THE HIT ANGLE.
WAPE=WAPUIN -
IF(ANG.L7e240964) WAPE=WAPE+ (WAPMAX=WAPMIN)#(1,0=ANG*0.4775S)
FIND TOP AND BOTTOM OF SLANT DISTANCE ALONG THE APERTURE.
ATOP=WaPE#COS{THECON) .
IF(ZHIT.GE.ABOT) GO TO 40

ND1=11

JMISLO=1

RETURN

IF(ZHITLLEL.ATOP) GO TO S0

ND1=9

JMISHI=]

RETURN

IF(Z0UT.5T.100.) GO TO 60

CHECK FOR A WHISTLE THROUGH

WAD2=WAPMIN

IF (ANGOUT.LT.2.0944) WAP2=WAP2+ (WAPMAX=-WAPMIN)*
1 (1.0-ANGOUT®0,4775) '
ATOP2=4AP22CNS (THECON)

1F (ZOUT.GT,ATOP2) GO TO 60

ND1=14

JwHlS=1
HISTLE THROWGHS ARE NOT ACCOUNTED FOR IN MONTE
RETURN

COMTINUE

IF A HIT IS FOUNDs CHECK FOR SUPPORT HIT,

IF (DELTM GF404) THAZS=THES®FLOAT(KSEG)=3,14159/3.0
IF(DELTM, LT.0e) THAZS=THES®#FLOAT(KSEG~1)=3,14159/3.0
IF(THAZS ,LT.0+0) THAZS=THAZS+6,283185
CTHAZS=CIS(THAZS)

STHAZS=SIN{(THAZS)

NO 61 [=1+3

TEMPD (1) zU2(T)#STHAZS+UY (1) *CTHAZS

ASURP (1) =TEYPD(1)#(0D1+002) 74, +UVT (1) *SEP/2,

D01 =n(1)+ASUP(])

03721777 21.51.16
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SUSR0UTINE MOON 74/76  OPT=1

6

-

FIN 4.,5+410A

UPH(I)=U2(1)=CTHAZS=Ul (1) *STHAZS
PV(II=TEMPD(T) #(DD2-DD1) 76, +UVT ]I *SEP/2,
PPVY=SQRT (DTER(PV,PV))

D0 62 I=1+3

62 UPVI(1)=P/(])/PPV

63

120

(e Xg]

c

90

33

778
777

81
82

1900
2000

1901

85
53

86

CALL CROSS (UPH.UPVUNA)

CALL CHECKR (UPH,UPVsUNASICOD)
AL=DOTER(DD»UNA) /DOTER(US]1»UNA)

DO 63 I=1+3 ’
RH(I)=AL=US1(I}=-DD(T)

SWP=2,.2DNTER (RHs UPH)

IF (ABS(SWP) .GT,SK) GO TO 120

HIT SUPPORT :

ND1I=12

JCORB=1

RETURN

CONTINUE

THE RAY 1S KNOWN TO HAVE ENTERED THRU THE UPPER APERTURE,
RESEY THE D VECTOR TO AXIS OF THE PIPE.

DO 90 I=1+3
DII)=D(I)+DISTHUVT(I)=OFFSET®UN(]1) -VERT#N(I)
CHECK FOR PIPE HIT.

F1QST PASS CHECKS HITS ON DIFFUSER.

IPASS=2

RCYL=RSWTC(IPASS)

CALL PIPE(Z1¢Z2+AL19AL2+ANGH] s ANGH2 ¢RCYL 9 ICHIT)
IF (ICHIT.NE.Q) GO TO 777

WRITE (6.778) XPsYPsZHITsZOUT+ANG] s ANG29+ANG
FORMAT (20Xs2HXP o1 0Xs2HYP 98X s4HZHIT 98X oHZOUTe8Xe4HANGL 98Xy
1 4HANG299Xy3HANGs /910X 7F12,.3)

CONTINUE

IF(ICHIT.EN.0) GO TO 8S

IF (IPASS ,EN.2.AND ALY LT LAL2) GO TO 81
CILAT(IAC)=NUMBER OF HEIGHT ZONE HIT
ILONG=NUYBER"OF AZIMUTH ZONE HIT

z=71

ANG=ANGH1

GO T0O 82

z=2¢2

ANG=ANGH? . .

1F(Z.GT o (HSWTC(IPASS) *HTMIN)) GO TO 86

DO 1900 T=]1+NLATC

CILAT(IPASS)=]

IF(Z.GF . (CAVLAT(IPASSsI)«HTMIN)) GO TO 2000
CONTINUE

DELANG=2,%#3.14159/FLOAT (NLONG)

DO 1901 J=1«NLONG

ILONG=] :

IF (ANG.GT« (FLOAT(I~1)#DELANG) cANDeANGeLE . (FLOAT(I)9DELANG) )
2GO TO 87

CONTINUE

IF NO HITS ARE ENCOUNTEREDs ND1=3

IF (IPASS,EN.2) RETURN
1PASS=2

60 T0 33

IF{IPASS,EQ.1) GO TO 53

HIT CAVITY CEILINGs FIND ZONE.

03s21s97 21.516l6
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SUBROUTINE MOON T4/74 npPT=1 FTIN 4.S5¢410A 03/21/77 21.51.16 . PAGE 5

00 4000 1=1+3 MNON 173
VUR(T) =(HSWTC(2) +HTMIN) #N(I)* MOON 174
4000 DDP(I) = D(I)+VUP(I) MNON 175
175 AL = DOTER(DODP4N) /7DOTER(US1»N) MOON 176
DO 4005 I=1s3 MQOON 177
4005 RTH(I) = AL®US1I(1)=D(I)=VUP(I) MNON 178
XHIT = DOTER(RTHLUE) MOON 179
YHIT = DATER{(RTHsUN) MOON 180
180 RHIT = SORT(XHIT2XHIT+YHITeYHIT) MOON 181
» ANGHIT = ATANZ2(XHIT,YHIT) MOON 182
IF (ANGHIT.LT.0s0) ANGHITzANGHIT¢2.%3.14159 MOON 183
IF {RHMIT.GT.RSWTC(2)) WRITE(6+4010) MOON 186 w
TESTS = ABS(DOTER(ITHIN)) MOON 185 "
g; 185 IF (TESTS5.6T.0.001) WRITE(644015) MOON 1856 o
=32 4010 FORMAT {//45Xe48HHIT VECTOR ON CAVITY CEILING IS LONGER THAN THE » MNON i87
o 1134CAVITY RADIUS./) MOON 188
@ 4015 FORMAT (/+SXs42HHIT VECTOR ON CAVITY CEILING IS NOT NORMAL » MOON 189
—t ) 1184 TO LQCAL VERTICAL«/) MDON 190
3 190 MAZZP = NAZZ+1 MOON 191
N DO 3000 1=1.NAZZP MOON 192
3000 IF (ANGHIT.GTaDTAZ{I)+ANDJANGHIT.LT.DTAZ{I*1)) 1ZAZ=l MDON 193
NRZP = NRZ+1 MOON 194
DO 3001 I=1sNRZP MOON 195
195 3001 IF (RHIT.GT«DRZI(I).AND.RHIT,LT.ORZ(I+1)) IZR=I MNON 196
1AC=3 MNON 197
ND1=8 : MOON 198
RETURN MOON 199
87 IAC=1PASS ‘ MOON 200
200 ND1=S+1AC : MOON 201
RETURN - MOON 202

ENOD i MOON 203
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14776  OPT=l _ FTN 4.5%210A

SUBROUTINE PIPE(Z1+Z29ALY+ALZsANGHITL2ANGHITZ2,RCYLSICHIT)

THIS SUBROUTINE SOLVES FOR THE HIT POINTS (2) OF A VECTOR WITH A
RIGHT CIRCULAR CYLINDER

REQUIRED INPUTS

US1-UNIT VECTOR TQ BE TESTED FOR HITS

D-VECTOR FROM SAME LOCATION IN SPACE AS US1 TO THE BASE OF THE
INDER

RCYL~-RADIUS OF CYLINDER

N-UNIT VECTOR ALONG THE CYLINDER AXIS

UN-UNIT VECTOR UN A PLANE NORMAL TO UN

UE-UNIT VFCTOR SUCH THAT NsUNsUE FORM AN ORTHONORMAL TRIAD SET

ouUTPUTS

Z1 AND 22-LENGTHS ALONG CYLINDER AXIS TO THE HIT PLANES

ALl AND AL2-SHORTEST AND LONGEST LENGTHS OF THE MIT VECTOR
1 EXTENDED)

ANGHIT1 AMD ANGHIT2-ANGLES FROM UN TO THE HIT POINT IN THE

PLANE NORMAL TO N

ICHIT~-CoDF FOR HIT TEST

0 FOR MISSING THE CYLINDER

1 FOR HITTING
DIMENSION RHC1 (3) sIHC2(3)
REAL N ,
COMMON/BABA/STHsCTHsSEDsOMESOMSINII) 2VE 3D
1 UN(3)sUS(3)sUA(3) sUR(3) s THETAsMONs IDAY s SMALRsCAPRSCEQ
COMMON/JOKER/ZURP (3) sUS1 (3) » THSL s PHy THSRe THSU» COUNT s WAVL (20) s DRAD
COMMON /RALL/ DCOLsSCDELT3) 9 XPeYP3PAX]1+PAX2+D ()

ICHIT=0

DUSN=DOTER (US1+N)
DDD=DOTEQ(N»D)

DDN=DOTERDN)
DDUS=DOTER(DLUS])
A=1.0/(DUSMEDUSN)=1,0
B=2.02DDN/ (DUSN®DUSN) =2. 0*DDUS/DUSN
C=DDN=DON/ (DUSN®DUSN) =2+ 02DDON®DDUS/0USN+DDD=RCYL#RCYL
B2=8°8

FAC=4.,0%A%C

ARG=B2-FaAC

1F (ARG.LT«0.0) RETURN

1CHIT=1

CYLINDERs SOLVE FOR HEIGMT
SB2=SQRT (ARG)
Z1=(-B-542)/(2.0%A)
Z22=(-8+502) /7 (2.0%A)
VE FOR LENMGHT OF HIT VECTORS
AL1=(DDN+Z1) /DUSN

AL2=(DDN+22) /DUSN

UP VECTOR IN MIT PLANE NORMAL
axIs

DO 10 I=193
PHCl(l)-ALl’USl(l)-Zl'Nll)-D(l)
RHC2 (1) =2L2*UST (1) =22*N(D) =D (]}
VE FOR HIT BNGLES
X1=DOTER(RHC12UE)

03721777 21.51.1%
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SUBROUTINE PIPE

100
200

300
400

76/7¢  OPT=i FIN 4.544104

X2=D0TER (RHC29UE)

Y1=D0TER (R=C1oUN)

Y2=DOTER (R¥C2sUN)

IF (ABS(X1).6T+.0.0001) GO TO 100

ANGHIT1=).0 )

IF(Yle T,0,0) ANGHITI=3,.14159

GO TO 200

ANGHITI=ATANZ2(X10Y])

IF (ABS(X2).6T.0.0001) GO TO 300

ANGHIT?2=0.0

IF(Y2.LT,0.0) ANGHITZ2=3.14159

GO TO <00

ANGHIT2=ATAN2(Xx2+Y2)

IF (ANGHIT]1.LTe0s) ANGHITI=ANGHIT1+42.0%3.14159
IF(ANGHIT2.LTe0.0) ANGHITZ2=ANGHIT2+42.0°3,14159
TESTI=DOTEQR{RHClN)

TEST2=DOTER (RHC2 N}

IF (ABS(TEST1)eGTe0.001.0R.,ARS(TEST2).6T.0.001) WRITE (6+20)

03721777 21.51.16

P1PE
PIPE
PIPE
PIPE
P1PE
PIPE
PI1PE
PIPE
PIPE
PIPE
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PIPE
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P1PE
P1PE
PIPE
PIPE
PIPE

20 FORMAT(//+10Xe4BHHIT VECTOR FROM CENTER OF CYLINDER IS NOT NORMAL, Plgg
P1

PIPE
PIPE

1 7HTO AXIS«/)
RETURN
END
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60

61
62
63
64
65
66
67
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SUBROUTINE LiMOR

TN 4s5441064

T4s76  OPISI

SURROUTINE LIMDR(YRNsLIMCsROERN)

Cos THIS SUBROJTINE GENEXATES THE INTENSITYy DISTRIBUTION OF ENERGY
C ACRNSS THE SURFACE OF THME SUNe. IT HAS 3 DIFFERENT SUN MODES

Cc LIMc=1 FLAT SUN

C LIMc=2 SUN WITH LIVB DARKENING AND SOLAR RADIATION

C LIMC=3 SUN WITH LIvB DARKENING
GO TO (21922+23)sLIMC

21 ROERN=,2665*SQRT (YRN)
RE TURN

22° Y=YRN#16,.,9%
1=INT(Y/7.5) * 1
GO TO (31932+33)s1

31 ROERN=0,06408% (Y®® ,4B878)
RETURN

32 ROERN=0,010956#Y+0.,092413
RETURN

33 IF(Y.GT.16.7) GO TO 34
ROFRN=0,353=-0.038345# (SQRT (=193,2-Y#Y+28.28%Y))
RETURN

34 ROERN=0,34R62Y=-5.5007
RETURN

23 Y=YRN®15,94
IF(Y.GT.7.) GO TO 41
ROERN=0,06408% (Y##,4878)

. RETURN

41 ROERN=,010956%*Y+0.,092413
RETURN

END

63/21/77 21:51.16
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SUBROUTINE VECTS 74774  OPT=l FTIN 4.5+610A 03721777 21.51.16 PAGE 1

1 SUARQUTINE VECTS - VECTS

2

Co® THIS ROUTINE CALCULATES THE SUNS VECTOR UR FOR A GIVEN Monrn. oAv VECTS 3

C AND TIME OF THE YEAR. VECTS 4

REAL N VECTS S

s COMMON /JEFF/ UMNS(3) sRRS(3) sNSTOPS+sAsBsCsSMAKIRFIELD s THe ICMMy VECTS 6

1 TICSHeIFCoIHITo ICSH24NCOL ¢ IHOURWMINSELZ s To TDISXoTOISY, VECTS 7

2 DUMA ¢ DUMB » DUMC s UMNN] (3) 9 UMNNZ (3) sUMN{3) s IOHITsNLAT,y VECTS 8

3 NLONG» ILONG s NLATC +RCO+NPACK » ENHM VECTS 9

COMMON /9ALL/ DCOL-SCD‘LT(J)-XPoYP.PAXl'PAXZvD(J) VECTS 10

10 ) VFCTS 11

COMMON/BABA/STHeCTHsSEQsOME s OMSoN(3) sUE(3) » : VECTS 12

1 UN(3)stiS{3)sUA(I} sUR(3) s THETA»MONs JDAY » SMALR»CAPRSCED VECTS 13

DIMENSION U(3), ITOTO(12) VECTS 14

EQUIVALENCE (U(1)sUE(1)) VECTS 15

15 DATA ITOTD/0+31459+9091209151918192129243+273+30493306/ VFCIS 16

ARG=0OMS® (FLOAT(ITOTD(HMON) ¢ 1DAY=1)+8.656) VECTS 17

C  SUBTRACT OuS®LONGITUDE/360. FROM ARG FOR LONG. CORRECTION VECTS 18

C THIS wILL CWANGE THE SUNS POSITION BY NO MORE THAN 0.2 DEGREES VFCTS 19

ARGW = OVE®(T = 12,0) + ARG +0MS%0,5 + 3.141592 VECTS 20

20 C THE PHASE ANGLES IN ARGW INSURE SOLAR NOON TIME VECTS 21

SW = SIN(ARGW) VFCTS 22

'S = COS{ARGW! VFCTS 23

o N{1)=STH*STQ+CTH*CEQ®CW VECTS 24

-3 N(2)==CTHBSW VECTS 25

S s N{3)=STHeCEQ-CTH®CW*SEQ VFCTS 26
1 UE (1) ==SweCEN VECTS 27 o]
= UE (2)=-Cuw VFCTS 28 ;n
ga UE (3) =SWeSFQ © VFCTS 29 IR

UN(1) = (N(2)*U(3) = N(3)*U(2)) VECTS 30

30 UN(2) = =(N{1)oU(I) = UL1)#N(3)) VFCTS k)

UN(3) = (N(1)®2U(2) = U(l)*N(2)) VECTS 32

00 10 [=]+3 VECTS 33

10 UN(I) = —UN(D) VECTS 36

ARG=ARG+NMS* (1/24,) VECTS 35

3s US (1) ==C0S (ARG) VECTS 36

US(2)= SIN(ARG) ) VECTS 37

US (3)=0, VECTS 3s

DENOM=0, VECTS 39

00 20 I=1+3 VECTS 40

40 UR(1)=SMaLR*N(])=CAPR®US(]) . VECTS 4]

: 20  DENOM=DENO4+UR(])w»e2 VECTS 42

DO 30 [=1+3 VECTS 43

30 UR{T)=UR(T)/SORT (DENOM) VECTS b4

==DOTER (UNsUR) VECTS 45

45 R=~DOTER (UEsUR) VECTS 46

C==~DOTER (N-UR) VECTS a7

pum2=0, VECTS 48

DO 1981 1=1,3 VFCTS 49

UMNN] (1) =N(1)sCoUR(]) VECTS S0

50 1981 DUM2=DUM2+UMNN] (1) eUUNNL (]) VECTS S1

DUM2=SORT (NUM2) VECTS S2

DO 1982 1=1+3 © VFCTS 53

1982 UMNN] (1) =UMNNL () /OUM2 VECTS 56

CALL CROSS (UMNNI s URsUMNN2) VECTS S5

55 RETURN VECTS 56

END VECTS S7
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FUNCTION DOTER Tes74  OPT=1 FIN 4.5+410A
1 FUNCTION DOTER (As8)
DIMENSION A(3)4B(3)
DOTER=0.
DO 10 I=1+3
s 10  DOTER=DOTE=+A(I)#*B(I)
RETURN
END
SUSROUTINE CHECKR 76,te  OPT=1. FIN 4.5¢4104
1 SUBROUTINE CHECKR (AsBsCsICOD)

C TEST ORTHONORMALITY OF TRIAD A3C ICOD=0 IF OK =) OTHERWISE
DIMENSTION A(3)e B(3)s C(3)s ADB(6)
ADB(1)=DNTER(A+H)
5 ADR(2)=DITER(ALC)
ADB(3)=DNTFR(C,B)
ADB(4)=DOTER (A A}
ADR(5)=DOTER(B+8)
ADB(6)=DOTER(C+C)
10 DO 10 I=245
IF (ABS(ADB(1)) .G6GT.0.,00001 AND,I.LE.3) GO TO 20
TEST = ARS{ADB(1) « 1.0}
IF (TEST .G6T. 00001 +ANDe I «GE. 4) GO TO 20
10 CONTINUE
15 1CND=0
RETURN
20 1CoD=1
WRITE(6921) (ADB(1)e1=1+6)
21 FORMAT(//9 10X 9H3AD TRIAD +/45Xe6F10.5)
20 RETURN
END

03721777 21.51.16
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SUBROUTINE RNORM T4/74 oPT=1 FTIN 4.5¢410A 03/21/77 21.51.16 PAGE 1

1 SUBROUTINE RNORM(D1+D2) RNORM 2
C #eo% THIS SUHBROUTINE GENERATES PAIRS OF INDEPENDENT RNORM 3
C #2# NORMAL RANDOM DEVIATES (MEAN=0sSTANDARD DEVIATION=1), RNORM 4
C ®&o D] AND D2 ARE NORMALLY DISTRIBUTED ON THE RNORM S
S C @88 INTERVAL (~INF,+INF), RNORM 6
C ®#o# ]T ASSUMES A FUNCTION RANF(X) WHICH RETURNS A RNORM 7
C #2e RANDOM NIIMRER UNIFORMLY DISTRIBUTED ON (0sl)e. RNORM 8
10 X=RANF(0.0) RNORM 9
Y=2.0°RANF (0,0)~1,0 RNORM 10
10 XX=X5X RNORM 11
YY=Y®Y RNORM 12
S=XXeYY /=RANF (0.0PF
RNORM 1 Y3
IF(S~-1,0) 20,20+10 RNORM 1a
20 XL=SQRT(-2,0%AL0G(RANF(0,0)))/S RNORM 15
15 Dl=(XX~YY)2XL ’ RNORM 16
~ D2=2.08X8YsXL RNORM 17 :
P RETURN RNORM 18 U'i'
-3 END RNORM 19 3]
= TS
w
]
=
]
[\
|
SUBROUTINE MIRROR T4y76  0OPT=] ’ FTIN 4.5%410A 03,21,77 21.51.16 PAGE 1
1 SURROUTINE MIRROR (ALPHAR) MIRROR 2
R=0.90 MIRROR 3
RETURN MTRROR 4
END : MIRROR S
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SUBROUTINE INTEN T4/74 o0PT=)

SUBROUTINE INTEN(MON+IDAYsBETA,DNI)

Coee THIS ROUTINE CALCULATES THE DIRECT NORMAL INTENSITY FOR THE
C THE GIVEN MONTHs DAYs AND TIME.

DIMENSTION NDM( 13)9A(14)+B(14) +C(14)

DATA NDM/31931e28931930931930931¢31930031+30+31/
DATA A/331.0390.9385.9376.9360,9350.9345,9344.9351.9365,4378,,2387,

14331493904/

DATA B/a142901429.14649,1569.180900196902059.207942019.177901609.149

l1ee1429,142/

DATA C/aNS579.4058940609e0719e09790e1219e1369.136941220.09254073+,063

19057,,058/

CLFAR=1.00

J=MON+}

DAF=FLOAT(IDAY)=21.

IF(IDAY,. T2 ) GO TO 1

GO 10 2

J=J-1

DAE=FLOAT (IDAY+NOM(U) ) =21,
AINT={A(J*1)=A(J)) /7 (FLOAT(NOM(J)))*DAE+A(J)
BINT=(B(J+¢1)=B(J))/ (FLOATINOM(J))}*DAE+B(J)
CINT=(C(J*1)=C(J))/(FLOAT(NDM(J)))#DAE+C(J)
CALCULATE DIRECT NORMAL INTENSITY
DNI=(AINT/EXP(BINT/SIN(BETA)) ) #CLEAR
RETURN

END

FYN 4.,5+810A

INTEN

- INTEN

INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN
INTEN

93721777 21.51.16

VNN FWN

1o
11
12
13
16
15
16
17

18.

19
20
21
22
23
24
2S
26

6G-d



SUBROUTINE TSHAD tast4 oPT=1 FTIN 4.,5+410A 03/721/77 21.51.16 PAGE 1

1 SUSROUTIME TSHAD(W3ASE+WTOP,1C0OD) TSHAD 2

REAL N TSHAD 3

COMMON/DAR<LE/DDTOR,DDBASE TSHAD 4

COMMON/CAVITY/SEPsDD1+DD29ROIF ¢HDIF sHCAVaHSWNTC(2) sRSWTC(2) » TSHAD 5

S 1 CILAT(2)9sCAVLAT(2921) ¢AIMHGT TSHAD 6

COMMON /BALL/ DCOL+SCUELT(3) 9 XPsYPsPAX19PAX2+D (3} TSHAD 7

TSHAD 8

COMMON/BABA/STHeCTHsSEQeOMEsOMSsN(3) yUE(3) » TSHAD 9

1 UN(3)sUS(3) «UA(3) sUR(I) s THETA9MON, IDAY s SMALRsCAPRsCEQ TSHAD 10

10 COMMON /JEFF/ UMNS(3) sRRS(3) +NSTOPSsAsB9sCoSMAXIRFIELD THs ICMHs TsHAD 11

1 ICSHe IFCyIHITo TCSH2 sNCOL s IHOURSMINGELZ s ToTOISXsTDISY, TSHAD 12

2 DUMA 4 DUMZ s JUMC s UMNN] (3) 9 UMNNZ (3) yUMN(3) s TOHI ToNLAT TSHAD 13

3 NLONGs ILONGoNLATCoRCO9»NPACK y ENHM TSHAD 14

c THIS ROUTIME FINDS If THE RAU HITS THE TOwER BASEV(3) WECTOR FORM TSHAD 15

15 c RAY UR TO THE TOWER BASE TSHAD 16

c WTOP= WIDTH OF TOWER TOP TSHAD 17

c WBASE= A WIDTH OF TOWER BOTTOM TSHAD 18

c 1ICOD HIT CNDE 0= MISS 1= HIT TSHAD 19

DIMENSTON BASEV(3)sURL(3)9RES(3I) TSHAD 20

20 D0 S I=1,3 TSHAD 21

S BASEV([)==XPo8UE(I)=YPRUN(I) TSHAD 22

WTOP=0DTOP TSHAD 23

W3ASE=DDSASE TSHAD 26

oy 1CoD=0 - i TSHAD 2s

53 25 c THE TOWER CAM NO LONGER 8E SHIFTED FROM THE CENTER OF THE FIELD TSHAD 26
o TEST==DOTER (BASEV»UR) TSHAD 27 t
i IF (TEST.LT.0) RETURN TSHAD 28 3
— DURUN=<DNTER (URsUN) TSHAD 29 =2

T DURUE==D0TER (UR +UE ) TSHAD 30

] 30 NDEMOM=1,0/SQRT (DURJE *DUYRUE *DURUN®DURUN) TSHAD 31

C NORMAL TO THf TEST PLANE UR] i TSHAD 32

DO 10 I= 1.3 TSHAD 33

10 UR] (1) =(DURUETUE (1) +DURUNSUNI(T1) ) *DENOM TSHAD 36

AL=-DOTEQ (2ASEV,UR]) /DOTER (URWUR]) TSHAD 35

3s DO 20 I=1+3 ° TSHAD 36

20 RES(I)==aL*UR(I)~BASEV(]) TSHAD 37

c TEST IF RES IS NORMAL TO URL TSHAD 38

TEST=DOTER(RESsUR1) TSHAD 39

_ IF (ABS(TEST)+GT1.0.001) WRITE(65130) TEST TSHAD 40

40 130 FOQMAT (/+,10Xs13HPeaeERRORBan#35X921HRES NOT NORMAL TO UR1+¢S5XsSHTES TSHAD 41

2T=4E10.3) TSHAD 42

c PULL TEST AFTER DEBUG TSHAD 43

HX=DOTER (RESyUE) TSHAD o4

HY=DOTER (RES ¢ UN) TSHAD %5

45 HOZ=SQRT (HX®HX+HYSHY) - TSHAD 46

VERT=UOTER(RESsN) TSHAD a7

WD=WBASE+ (WTOP-w3ASE) *VERT/TH TSHAD 48

WwD2=wD/2,0 TSHAD 49

IF (VERT.GT.THeSEP+HCAV) RETURN TSHAD S0

50 IF(VERT.GT,TH) wD2=(DU1+(DD2-DD1)*((VERT=TH)/SEP)) /2. TSHAD 51

IF(VERT.GT.TH*SEP) WD2=RSWTC(2) TSHAD S2

1F (ABS(H07).LT.4D2) ICOD=1 TSHAD 53

RETURN TSHAD 5S4

END TSHAD 5S




¢-II-v0LO¥

10

15

20

25

30

35

%0

45

50

55

SUBROUTINE wALLMP Tas74 oPT=1

o000

F

10
20

25
45

50

5%

61
60

75
100

62
300

325

350
400

FIN 4.5+410A

SURROUTINE WALLMP(FLUXsNAZsNHTsHCAV)
COMMON/CEILING/NAZZ+NRZsDTAZ (21)9»ORZ(10)+sD0D391ZRs1ZAZ
DIMENSION FLUK(21936)9DAZ{50) +HCEL(50) 9+ IFRS(S) ¢+ ISND(S)
DIMENSION AVER(S50)+SFTOP(50) +SFBOT(50)

BETH WILLIAMS AND U M HAMMER AUG. 16 1975
IRST SUSSCRIPT HIGHT
SECOND SURSCRIPT IS AZZIMOUTH
THIS IS THE CAVITY WALL FLUX MAP PRINTOUT ROUTINE

Il1=1

12=NAZ

SFT0P(1)=0.0

SFROT(1)=0.0

NAZP=NAZ+1

NHTP=NHT+1

DO 10 I=1sNAZP

DAZ(I)=350.0%FLOAT(I-1)/FLOAT(NAZ)

DO 20 I=1»"HTP

HCEL (1)y=yCavVeFLOAT(I=1)/FLOAT(NHT)

IFRS (1) =]

ISND (1) =NAZ

NPTS=NAZ/10+1

IF (NPTS,EQ.)) GO TO 45

DO 25 I=1sNPTS

IFRS(I)=10#(1-1)+1

ISND(I)=10=1

IF (ISND(I).GT.NAZ) ISND(I)=NAZ

DO 300 [PTS=1sNPTS

I11=1FRS(IP1S)

I2=ISND{IPTS)

WRITE (6,50) (DAZ(I)sl=I1s12)

FORMAT ( /775Xy 6HCAVITY 12X e 4HWALL 92X s 3HMAP 9 /// 916X 9 4HFROM,
1 10F10.1)

I111=11.1

112=12+1

WRITE(69355) 1DAZ(1)+1=I11s112)

FORMAT (18Xs2HTO910F10.1)

WRITE (6,61)

FORMAT (//+4X93HTOP 9/ 94X 96HFROMy4X92HTO)

FORMAT (//94Xs6HFROMy 4X92HTO 98Xy BHAVE FLUX913Xs2HAT+6Xs
1 13HSUM RBOTTOM UP+7Xs2HATs6X912HSUM TOP DOWN)

DO 100 IWT=1,NHT

Ml=NHT=IHT+2

WRITE(6975) HCEL(M1=1)sHCEL(M1) o (FLUX(IHTsJYsJ=I1s12)
FORMAT (2(2XsF6.1)94X910F10,.3)

CONT INUE

WRITE (6462)

FOPMAT (4Xs6HBOTTOM)

CONTINUE

WRITE (64325)

FORMAT(///+10Xs 1SHCIRCUMFERENTIAL #2X%s 3HAVE s2X4HWALL
)| s2X g tauaf L UX )

WRITE(4460)
-DO 400 I = leNHT

AVE = 0.0

DO 350 J = 1.NAZ

AVE = AVE <« FLUX(I+J)

AVER (1) =AVF/FLOAT(NAZ)

03721777
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SUBROUTINE WALLMP 74776 0PT=1 FIN 4.5+4104

AREA=,0929#DD3*HCEL (2)#3,14159
DO 150 I=1.NMT
60 SFBOT (1+1)=AVER(I)®AREA+SFBOT(I)
150 SFTOP(1+1)=AVER(NHTP=1)2AREA+SFTOP(I)
: DO 450 1=1,NHT
JENHTP=1
4S50 WRITE(6976) HCEL (I} +sHCEL(I+1)9AVER(I) sHCEL (J*1) +SFTOP(I)
65 1 HCEL(T) 4SFBOT(I)
76 FORMAT(2(2X9F6.1) 04X9F10,3910XeF6e)04X9F10,398Xs
l fﬁol’“X’Flona)
WRITE(6977) HCEL (1) «SFTOP(NHTP) yHCEL (NHTP) + SFBOT INHTP)
T7 FORMAT(40X4F6el94XsF10.3+8X9F6,194X+F10.3)
70 RE TURN
END

03721777
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SUBROUTINE POLMAP Tes7e  0PTsl

ﬁk 6.5¢6104

SURROUTIYE POLMAP(COUNT ¢ CONV9NRAYSs ICODsND1?

€ (1ANG,IRAD). A%E COORDINATES OF THE ZONE IN WHICH THE MIRROR LIES.

C THIS ROUTINE REWRITTEM 3/2/76.

c
c
C

410
420

617

RFIELD OUTER FIELD RADIUS IN FEET
RCO INNEQ FIELD RADIUS IN FEET
ALL ZONES HAVE EQUAL AREA
DIMENSION INRAY(10+10)sERRAY{10910)9SHRAY(10+10)
1 BLRAY(10910) sSHHTH(10+10)
DIMENSTION FTAR(10¢10) +SHADP(10+10)+BLP(10910)+TLOSP(10,10)
COMMON /JEFF/ UMNS(3) sRRS(J) ¢sNSTOPSsA9BsCoSMAXeRFIELD» THe 1CMMy»
lCSHolFCiIleoICSHZ’NCOL-lHQURoMINoELZ;ToTDISXoTDISYo
DUMA s DUMB « JUMC s UMNND (3) s UMNN2(3) sUMN(3) s IOHIToNLAT,
MLONG» JLONGsNLATC»QCOsNPACK s ENHM
COMMON/MAPS/NRZF sNAZZF +NC (2509 8) 9 SRAD(25098) sNPRAD (B) vDEG
COMHON/TABLE/UHV(J)oUAXV(3)-UXVZ(3)vRST(3)’UFV|NHFOXDFOUDZOUFV23
1 RHS(3) «DELX+DELYsNDs IFVaRRB(3) yUAXVP (3) 2UXV2PP (3)
2 UTT(3) yUNNP(3) yURV2P(J)
3 sUMNP (3) s yMNPP {3) sF s ALENSUBEON(3) s IFOC» JORIVE .
COMMON /CIMDEX/ XPCOL» YPCOL sCOSA+COSBeSLOUMswCELL s ICELL ¢ JCELL »
1 XCSAVIYCSAVeXCTMeYCMe ICELMs JCELM :
COMMON/MOONMP/ JWH]IS » JCORB JMISHI 9 JMISLO» JFRONT
DIMENSION IWHIS(10+10)9ICORB(10s10)sIMISHI(10910)+IMISLO(10+10)
@ JFRONT(10+10}
IF(ICOD.6T.1) GO TD 420
INITIALLIZE
SET ARRAY T0 0
DO 410 I=1,10
DO 410 J=1,10
IRRAY (14J)=0
ERRAY(I,4)=0,
SHRAY (T ) =0,0
BLRAY(14+)=0,0
SHHTH(I+J)=0,0
ICORB(144)=0
INHIS(1a5)=0"
IFRONT (1,J)=0
IMISLO(1.J)=0
IMISHI(I.J)=0
CONT INUE
IF (ICND,.GT.2} GO TO 617
LOCATE THE POINT IN A ZONE
TANG=ICELM
IRAD=JUCELM
SUM HITS AND ENERGY

W N -

IF(NDI +FQ. 7 +OR. ND1 +EQ. 8) IRRAY (IANG+ IRAD) =IRRAY (IANGs IRAD) +}
IF(ND]1 .£Q. 7 .OR. NDl .EQ. B) ERRAY(IANG»IRAD)=ERRAY{(IANGsIRAD) ¢

1 COUNT

SHRAY (1ANG« IRAD) =SHRAY (IANG» IRAD) *COUNT#FLOAT (ICSH)
BLRAY ([ANG+IRAD)=BLRAY (IANG+ IRAD) *COUNT#FLOAT (IOHIT)
SHHTH(IANG+IRAD) =SHHTH(IANGs IRAD) *COUNT2FLOAT(ICSH2)
ICORB(TANG«IRAD)=ICORB(IANGy IRAD) + JCORB

IWHIS (TANGs IRAD) =IWHIS(1ANGs IRAD) ¢ JWHIS

IFRONT (1ANG IRAD) =1FRONT (IANG IRAD) ¢ JFRONT

IMISHI (1ANGs TRAD) =IMISHI(TANGs IRAD) »+ JMISHI
IMISLO(IANGs IRAD)}=IMISLO(IANGy IRAD) +JMISLO
IF(ICON.LT.3) GO TO 1000

FCONV=CONV/FLOAT (NRAYS)

03728777
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SUBROUTINE POLMAP Te/74  OPT=1 : FIN 4.5¢4)10A 03721777 21.51.186 PAGE 2

D0 70 I=1,10 © POLMAP 59

DO 70 J=1+10 POLMAP 60

60 ERRAY (I+J) =FCONVEERRAY (14J) . . ~ PoLMAP 61

SHRAY (I +J) =SHRAY (I +J) *FCONV POLMAP 62

BLRAY(I1+J)=BLRAY(I+J)2FCONV PoLMAP 63

SHHTH{I+ ) =SHHTH(I+J) 2FCONV POLMAP 64

70 CONTINUE POLMAP 65

65 c OUTPUT HITS POLMAP 66

WPITE (6205} POLMAP 67

205 FORMAT (///425%,2344ITS ON THE HELIO FIELDe/) POLMaAP 68

DO 240 I=1510 POLMAP 69

240 WRITE (6,248) (IRRAY(JsI)eJ=1v10) POLMAP 70

70 268 FORMAT (2X,10110) POLMAP 71

[ POLMAP 72

C OUTPUT ENERGY POLMAP 73

WRITE (6,39) PoOLMAP 74

39 FORMAT (///+5Xs)1THFLUX ON THE FIELD+/) PoLMAP 75

75 DO 120 I=1.10 POLMAP 76

120 WRITE (64245) (ERRAY(Jsl)eJd=1910) PoLMAP 77

245 FORMAT(2X+10E10.3) POLMAP 78

WRITE (6+246) POLMAP 79

266 FORMAT (/4/+/91X9229FLUX LOST TO SHADOWINGs/) POLMAP 80

80 DO 267 1=1,10 POLMAP 81
>~ 247 MRITE(69298) (SHRAY(Js1)9J=1+10) POLMAP 82 w
o 298 FORMAT (5Xx»10E12.5) POLMAP 83 |
-3 WRITE(6+700) POLMAP 84 =]
gg 700 FORMAT(///+5Xs43HFLUX LOST TO HELIOSTAT TO HELIOSTAT SHADING,/) POLMAP 85 i

1 85 DO 710 I=1,10 POLMAP 86

= : 710 WRITE (64239) (SHHTH(Js1)9J=1s10) POLMAP 87

Ga WREITE (69 249) POLMAP 88

2649 FORMAT (/9/+/+1X521HFLUX LOST TO BLOCKAGE+/) PoLMAP 89

DO 299 I=1,10 POLMAP 90

90 299 WRITE(6+289) (BLRAY(Je1)eJ=1+10) PoLMAP 91

289 FORMAT(5X»10E12.5) POLMAP 92

WRITE (6+550) PDLMAP 93

5§50 FORMAT(///+SXe]104HTOTAL FLUXs/) POLMAP 94

DO 560 1=1,10 POLMAP 95

9S D0 560 J=1410 POLMAP 96

FTAR(I+0)=ERRAY (14J) +SHRAY (I1+J) *BLRAY(I+J) POLMAP 97

SHADP (14 J) =SHRAY(I9J) /FTAR(TvJ) POLMAP 98

BLP(19J)=BLRAY ([y D) ZFTAR(IJ) POLMAP 99

S60 TLOSP(1sJ)=(SHRAY(I+J)+BLRAY(I»J))/FTAR(Is ) POLMAP 100

100 DO S70 1=1,10 PoLMaP 101

S70 WRITE(6+789) (FTAR(JsI)sJ=1910) PnLMAP 102

WRITE(6+584) POLMAP 103

S80 FORMAT (//7+5Xe28HPERCENT FLUX LOST TO SHADOWS,/) PoLMaP 104

DO 585 I=1.10 PoLMAP 105

105 585 WRITE(6+289) (SHADP(Jv1)sJ=1+10) POLMAP 106

WRITE(69590) pPoLMaP 107

590 FORMAT(///+5Xs29HPERCENT FLUKX LOST TO BLOCKAGE+/) PoLMaP 108

DO 595 I=1,10 PaLMaAP 109

595 WRITE (6+289) (BLP(Je1)9J=1910) PoLMAP 110

110 WRITE(64599) POLMAP 111

599 FOEMAT(///+5Xs264TOTAL PERCENT OF FLUX LOSTs/) PoLMAP 112

00 123 I=1.10 PnlLMaP 113

123 WRITE(6+289) (TLOSP(Js1)eJd=1s10) PoLMAP 114

WRITE (6.310) PoLMAP 115
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115

120

125

130

135

SUBROUTINE POLMaAP Tasta oPT=1

310
315
320
325
330
335
340
365
350

355
1000

FIN 4.54410A

FORMAT (///95X+22HRAYS WHICH MISSED HIGH)

00 315 I=1.10

WRITE (64248) (IMISHI(JeIdsJ=1410)

WRITE (64320)

FORMAT (///+5X+21HRAYS WHICH MISSED LOw)

DO 325 I=l+10

WRITE (64248) (IMISLO(JsI)9J=1,10)

WRITE (6+5330) )
FORMAT (///95X+30HRAYS WHICH MISSED ACROSS FRONT)
D0 335 I=1.10

WRITE (64248) (IFRONT(JsI)sJ=1,10)

WRITE (6,5340)

FORMAT (///95X¢27HRAYS WHICH WHISTLED THROUGH)
DO 345 [=1,10

WRITE (64+248) (IWHIS(Je1)eJd=1910)

WRITE (6,350)

FORMAT (///45X+224RAYS WHICH HIT CORBELS)

00 355 I=1,10

WRITE (6,248) (ICORB(JsI)rJ=1+10)

RETURN -

END

03/21/77
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SUBROUTINE HITFAC T4s76  OPT=1 FIN 4.5%3104° . 03/21777 21.51.18 PAGE 1

1 SUBROUTINE HITFAC(NFHITeNFBLOCIND1+ICODsNHF) HITFAC

2
c THIS ROUTIME TOTALS THE HITFAC 3
c NUMBER OF HITS AND BLOCKS i HITFAC “
c FOR AND FROM EACH HELI1OSTAT ) HEITFAC 5
S [ FACET HITFAC 6
c NFHIT=INNEX OF HIT FACETY HITFAC 7
c NFSLOC=INDEX OF FACET WHICH BLOCKED THME RAY : HITFAC 8
c ND1=EVENT CODE. ND1=4s RAY IS BLOCKED BY FACET ON HIT HITFAC 9
c TURNTABLE., ND1=5s RAY IS BLOCKED BY ADJACENT TURNTABLE. - HITFAC 10
10 c ND1 «GT.S5e RAY GOT AWAY CLEAN. HITFAC 11
c ICHITC(IF)=CcOUNT OF HITS ON FACET{IF),. HITFAC 12
c ICHITM(IF)=COUNT OF HITS ON FACET (IF)es NOT COUNTING BLOCKED RAYS. HITFAC 13
c INBLOC (1,J)=COUNT OF RAYS FROM FACET 1 WHICH WERE BLOCKED BY HITFAC 14
c FACET J ON THE SAME TURNTABLE. HITFAC 1S
15 ¢ IF9LOC(14J)=COUNT OF RAYS FROM FACET I wHICH WERE BLOCKED BY HITFAC 16
C FACET J ON ADJACENT HELIOSTAT. HITFAC 17
c NHF=NUMBER OF HELIOSTAT FACETS. HITFAC 18
c 1C0OD=CONTROL CODE. 1CODs1sINITIALIZE. 1COD=29 INCREMENT HITFAC 19
c COUNTERS. JCODE=3+PRINT RESULTS. HITFAC 20
20 DIMENSION TCHIT(10)4ICHITM(10)4INBLOC(10+10)sIFBLOC(10+10) HITFAC 21
GO TO (10+]00+200)+1C0D HITFAC 22
. 10 DO 20 1=1s10 HITFAC 23
p ICHIT(1)=0 HITFAC 24
3 : ICHITM(I) =0 HITFAC 2s w
o 25 DO 20 J=1.10 HITFAC 26 1
w IN3LOC(1,J)=0 HITFAC 27 2
= 20 IFBLOC (I J)=0 HITFAC 28
1 100 IF(NDl.EQes) GO TO 180 HITFAC 29
N IF (ND1.,EQ.5) GO TO 150 HITFAC 30
30 © IF(NDl.LT.4) RETURN HITFAC 31
c ND1 IS .GT. 5 SO INCREMENT ICHIT AND ICHITM. HITFAC 32
ICHIT(NFHIT)=ICHIT(NFHIT)+] HTtTFAC 33
ICHITM(NFHIT)=ZICHITM(NFHIT) ] © HITFAC 34
RETURN HITFAC 35
35 150 COMTINUE HITFAC 36 ‘
[ ND} IS 5 SO INCREMENT ICHIT AND IFBLOC. HITFAC a7
ICHITINFHIT)=ICHIT(NFHIT) #1 HITFAC 38 |
IFALOC (NFHIT¢NFBLOC) =IFBLOC (NFHITsNFBLOC) +1 HITFAC 39
RETURN : HITFAC 0 ‘
40 180 COMTINUE HITFAC 41
c ND1 IS 4 SO INCREMENY ICHIT AND INBLOC HITFAC 2 ‘
ICHIT(NFHITY=ICHITINFHIT) +] HITFAC 43 |
INSLOC (NFHIToNFBLOC) =INBLOC(NFHIToNFBLOC) *1 HITFAC 44 ‘
RETURN HITFAC 45 |
45 200 WRITE(h+210) (IFAC,IFAC=]9sNHF) HITFAC 46 |
210 FORMAT (7/7/910Xs THSUMMARY » 2X s 2HOF » 2K s SHHI T 2X 2 IHAND ¢ 2X » BHBLOCKAGE s HITFAC 47 |
1 2Xs6HCOUNTS22Xs 2H3Y s 2XsSHFACET9/// 35K SHFACET +SXeSHTOTAL s 1 X HITFAC 48
2 9HHITS LESSsS5Xe%HHITS+2X s THSLOCKED»2X92HBY ¢/ ¢ SX9eSHINDEX 96X HITFAC 49
3 4AHHITSsaXe6HRLOCKSs8(5X015)) HIIFaC 50
50 DO 215 IFAC=)oNHF HITFAC S1
215 WRITE(64220) IFACJICHEIT(IFAC) +ICHITM(IFAC)» (INBLOC(IFACsJB) HITFAC 52
1 JB=] o HF) HITFaC 53 |
220 FORMAT(]1(5Xs15)) HYIFAC 54
WRITE(6+230) (IFACeIFACS1eNHF) HITFAC 55
55 230 FORMAT(///<5XsRHOFFBLOCK +2Xs THSUMMARY »//+5XsSHFACET+B(5X415)) HITFAC 56
DO 259 IFAC=1eNHF H1TFAC 57

250 WRITE(6+9260) IFACs(IFBLOC(IFAC,JB) sJB=1sNHF) HITFAC S8




60

SUSRQUTINE MITFaC

260

74776 oPT=1 FTN 4.5+410A 03721777
FORMAT (10(SX+15)) HITFAC
RETURN HITFAC
END HITFAC

CARD NR., SEVERITY DETAILS

2

¢-11-€0L0¥

1

I

DIAGNOSIS OF PROBLEM

AN IF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.

21.51.16
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SUBROUTINE ROOF T4s76  OPT=1 FTN 4.5%410A 03721777 21.51.16 PAGE 1

1 SUBROUTINE ROOF (1CODsCONV) - ROOF 2
COMMON/CEILING/NAZZsNRZ9DTAZ(21) 9DRZ(10) 9003+ I1ZR21ZAZ ROOF 3
COMMON 7/ JOKER/URP (3) »US1 (3) » THSL s PHy THSR s THSU» COUNT o WAVL (20) +DRAD. . ROOF )
DIMENSION TOPMAaP(21,10)s DRZAV(10) ROOF S
S Cc DD3 DAMETER OF IN FEET ROOF 6
c TOPMAP (I9J) FLUX MAP ROOF 7
c 1ZAZ INDEX OF AZIMOUTH ZONE ROOF 8
c 1ZR INDEX OF RADIAL ZONE RNOF 9
c AZIMOUTH 70NE INDEX FIRST ROOF 10
10 c ALL ZONES HAVE EQUAL AREA ROOF 11
c DTAZ(1) 70NE BOUNDARY VECTOR(AZZ) ROOF 12
c DRZ (1) ZHNE BOUNDAIY VECTOR(RADIAL) ROOF 13
c NAZZ NUM3ER OF AZIMOUTH ZONES ROOF 14
c NRZ NUMBER OF RADIAL ZONES RNOF 15
15 c IAC CODE FOR HIT , IT MUST BE 3 ROOF 16
GO TO (5.50+100)+1C00 ROOF 17
S DELTA = 2.0%3,14159/FLOATINAZZ) RNOF 18
NAZZP1l = NAZZ+l ROOF 19
NR2P1 = NRZ+1 ROOF 20
20 C ROOF 21
DO 10 1 = 1+NAZZP] ROOF 22
10 DTAZ(1) = DELTA®FLOAT(I=-1) ROOF 23
[ INITIALYIZE : ROOF 24
NZONS = NAZZeNRZ ROOF 2s w
es AZONE = 0.25#(DD3#42) /FLOAT(NRZ) ’ ROOF 26 1
DRZ (1) = 0,0 RNOF 27 4
€  NOTE AZONE NEEDS A Pl ASOVE ROOF 28 -
00 20 I = 2+NR2P1 ROOF 29
DRZAV(I~-1) = SQRT{ 0.,S50®AZONE + DRZ(I~-1)%%2) . ROOF 30
30 20 DR2(I) = SORTLAZONE+DRZ(1=1)%e2) ROOF k)
“AZONE = 3.141599A20NE®0.0929/FLOAT(NAZZ) ROOF 32
[+ AZONE NOW HAS ITS PI VALUE IN Moe2’ ROOF 33
DO 30 I = )1+NAZZ ROOF 36
00 30 J = 1eNRZ ~ ROOF 35
k1 30 TOPMAP(I,J) = 0.0 ROOF 36
RETURN . ROOF 37
50 CONTINUE ROOF 38
c INCREMENT MAP CELL ROOF 39
TOPMAP (1ZAZ+1ZR) = TOPMAP(IZAZ+1ZR) +COUNT ROOF 40
40 RETURN k ROOF (3]
100 CONTINUE : ROOF (Y
[ CONVERT To UNITS AND PRINT OUT ROOF 43
D0 110 I=1+NAZZ ROOF 44
DO 110 J=1+N3Z ROOF 45
45 110 TOPMAP({[.J) = TOPMAP(I+J)*CONV/AZONE ROOF 6
NRZM)l = NRZ ROOF “7
WRITE(6+120) (DRZ{I)sI=19NRZM]1) ROOF 48
120 rgaMAr (/7735R+6HCAVITY »2X s THCEILING 2K s 3HMAP ¢ ///»21X94HFROMs 10F10 ROOF ;9
1.2) ROOF 0
50 ARITE(6012]1) (ORZ(I)eI=2sNRZP1) ROOF 51
121 FORMAT (23xe2HT0s10F10.2} ) ) ROOF S2
WRITE (hs122) (DRZAV(I)s I = 19NR2) ROOF 53
122 FOIMAT (22Xe 3HAVE, 10F10.2) . ROOF S4
WRITE (6+125) ROOF 55
55 125 FORMAT (//+4Xs4HFROMe4Xe2HT 096X 9 JHAVE) ROOF 56
DO 200 1aZ = lsNAZZ : ROOF 57

AFQUM = DTAZ(1AZ)©57.296 ROOF 58




¢-I1-€0L0%

SUBROUT INE ROOF C Taste oPT=1 FIN 4.544104 03721777 21.51.16

ATO = DTAZ(IAZ+1)857,296
AVF = (AFROM+ATO0) /2,0
60 WRITE(69130) AFROMsATOSAVEs (TOPMAP(IAZsI)s1=14NR2Z)

130 FORMAT (3(2XsF6,1)¢1X510F10.4)
200 CONTINUE
WRITE(64210)
210 FORMAT(///+10Xs 9HAZZIMOUTH s 2X» 3HAVEs 2Xs THCEILING ¢2X¢4HFLUX)
65 WRITE (6+125)
DO 300 T=1sNRZ
AVE = 0.0
DO 250 IAZ = 1,NAZZ
250 AVE = AVE + TOPMAP(IAZ,1I)
70 AVE = AVE/FLOAT(NAZZ)
300 WRITE(6+s130) DRZ(I)s DRZ(I+))s DRZAV(I)s AVE
RETURN
END

RNOOF
ROOF
ROOF
ROOF
RNOF
ROOF
ROOF
RNOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
ROOF
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66
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71
72
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74
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SUBROUTINE TMAP 4,74 opPTEL FIN §.5+410A 83/21/71 21:51616 PAGE v

1 SUSROUT INE TMAR (XCsYCs4ONs COUNT s NRAYS s CONV+ 1€0OD) -~ TMAP 2
[ THIS ROUTINE MaPS THE YEARLY PERFORMANCE OF VARIOUS SEGMENTS OF TH TMmAP 3
c FIELD ARNUND THE YEAR . TMAP 4
DIMENSION TARY(11s16)+EARY(11916) TuaP S
5 IF (I1COD.GT.1) GO TO 50 TMAP 6
DO 100 I=l,ll TMAP 7
DO 100 J=1416 : THMAP 8
1AGY (1. D) =0 TMAP 9
100 EAPY(I+J)1=0.0 TuAP 10
10 G0 TO 1000 . i TMAP 11
50 THETAZ=ATANZ2{XCsYC)®*57.3 TMAP 12
IFLIC0D.6T.2) GO TO 66 ) © TwaP 13
IF (THETAZ.LT.0.0) THETAZ=THETAZ+360. THAP 14
c TEST THETAZ FOR WHICH QUADRANTS ~ TuAP 15
15 1OUAD=INT(THETAZ/90,0)¢] TMAP 16
IF (THETAZ.GE+315..0Re THETAZ.LT.45.) 1QUAD2=7 TMAP 17
IF (THETAZ.GEe45.«AND.THETAZ.LT.135.) IQUAD2=10 TMAP 18
IF (THETAZ.GE«135.¢AND.THETAZLT.225.) IQUAD2=9 TMAP 19
IF (THETAZ.GE«225,.AND.THETAZ.LT«3154) 1QUAD2=8 TMAP 20
20 : TARY (1QUAD«MON) =TARY{ 1QUAD+MON) #1 TuAP 21
JARY{IQUAD? +MON) =TARY L IQUAD2+MON) *1 TMAP 22
EARY {1QUAD «MON) =EARY L 1QUAD ¢ MON) s COUNT TuAP 23 1
EARY ([QUAD? yMON) =EARY (1QUADZ v MON) ¢ COUNT - . TMAP 24
DO 120 J=1,12 o TMAP 25
g; 2S TARY (5+J) =1ARY (19J) s IARY (29 J) TMAP 26
3 T1ARY{ 63 J1=1ARY (49 J) +IARY (3 1) THAP 27 W
=3 IARY (119 ) =1ARY(10+J) +TARY(8sJ) THAP 28 <;
b EARY (503 =EARY (19 J) +EARY Law ) TmAP 29 o
= EARN( 6931 =EARY (29 J)+EARY (30 9) THAP 30
T 30 EARY (114 ) =EARY (10+J) *EARY (6 ) TuAP 31
L 120 CONTINUE TMAP 32
DO 130 I=1l.1) TMAP 33
1ARY (14130 =TARY(Ts 11+ TARY{1+2) ¢ TARY (1411} *TARY (1512} TMAP 34
EARY (19430 =EARY (1+1) +EARY ([+2) +EARY(1+11) +EARY (10123 TMAP 35
35 TARY (T514) =IARY{155)»IARY{1+6) ¢ IARY (1473 ¢ IARY {1 ¢8) TmAP 36
EA2Y (14142 =EARY {1,5) «EARY{I+6) sEARY (1971 ¢EARY (1487 . TuAP 37
TARY {14153 =TARY{I1+3) «TARY{1+4) ¢ TARY (1491 +1ARY(1+10) TMAP 38 |
EARY(I.!S):EARY(Iv3)’EARYl1'6)0EARV(Io9)'EART(I-IO) TUAP 39
130 CONTINUE TWAP 49
40 66 1IF (ICOD.LY.3) GO To 1000 Tuap 41 ‘
DCONV=CONV/FLOAT (NRAYS) *0.001 THAP w2
DO 150 I=1.11 TmaAP %3 ‘
DO 150 J=1.15 TMAP 46 |
EARY (1+J)=DCONVSEARY (1+J) TuAP 45
&S 150 CONTINUE TMAP %6
DO 160 I=1.11 TMAP 47 ‘
00 160 J=13415 THAP 48
160 EARY(I416) = EARY(I+16) « EARY(IsN TuAP 9
WRITE 16,200) THAR 50
50 200 FORMAT (1H1+//7/925X+36HHITS IN EAST NORTH DIVIDED QUADRANTS/779 THAP 51
1 3XsSHMONTHe TXs3HE/Ns6X s aH-E/NeSX9SH=E/=Ns TMAP 52
2 6Xs4HE/=Ne4Xs THN FIELDe3IRsTHS FIELD) TMAP s3
DO 308 J4=1+15 . TuAP S4
300 WRITE (6+250) Js LIARY(19J) 912146} Tikp” 55
55 250 FORMAT (  5Xs12+6(5XeIS)) TUAP 56
WRITE (6.220) TMAP 57
220 FORMAT ( 777+25K928HHITS IN NORTHEAST NORTHWEST TMAP 58
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60

65

70

75

80

85

SUBROUTINE TMAP T4/74 oPT=1

FTN 4.5+410A

1 17HOIVIDEN QUADRANTS9///93XeSHMONTHsSX
2 SHNE/NW.SX96H=NZ/NWe5Xe

3 TH=NE/=NWesuX96HNE/~NWe2X o
4 13RH=NE/NW+NE/<NNW)

D0 310 J=1,15

310 WRITE (6+250) Js (IARY(I9J)sI=T7s1l)
WRITE (6,270)
WRITE (6,239}

230 FORMAT (1H1s////924X+33HENERGY IN EAST NORTH DIVIDED QUADRANTS

1 777+3Xs5HYONTHeb6X
? 3HNE 410Xe4H SE ¢3X9s5H SW o
3 10XeaH NW 98Xs7HN FIELD»7XsTHS FIELD)
DO 320 J=1l.16
320 WRITE (64210) Je{EARY(I9U)eI=146)
210 FORMAT ( SX912+6(SXx9E9.3))
WRITE (6,240)
240 FORMAT ( 7777+924%920HENERGY IN NORTHEAST
1 27THNORTHWEST DIVIDED QUADRANTSs///+3XsSHMONTHs6Xy
2 SHNORTH,B8Xe6H WEST 48X
3 TH SOUTH +7Xs6H EAST +5Xs
4 13H EAST + WEST )
DO 330 J=l.ls
330 WRITE (65210) Js (EARY(IsJ)eI=7411)
WRITE (6.270) :
270 FORMAT (,//925X923H13 1S THE WINTER MONTHS+//925X910H14 IS THE
1 13HSUMMFR MONTHSs//+25X932H15 IS THE SPRING AND FALL MONTHS,
1 //+25X%X429H16 IS THE TOTAL YEARLY ENERGY)
1000 RETURN
END

03721777 21.51.16
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T4/76  OPT=] FIN 4.5+610A 03721777 21.51.186 PAGE i

1 SUBROUTINE CONE(Z1+Z2+AL19+AL2sANGHIT] s ANGHIT2+ICHIT+ZZERO) go:g g
c . ' 0
€ THIS SUBROUTINE SOLVES FOR THE HIT POINTS (2) OF A VECTOR WITH A CONE “
C INVERTED CO9E . CONE 5
5 c . . CONE 6
€ REQUIRED INPUTS CONE 4
c US1-UNIT VECTOR TO BE TESTED FOR HITS CONE 8
c D-VECTOR FROM SAME LUCATION IN SPACE AS USI TO THE BASE OF THE CONE 9
) c CONE 10
10 C RCONE-RADIUS OF THE CONE HALFWAY TO THE POINT CONE 11
[ HTOT=-HEIGHT OF THE CONE CONE 12
[od THECON=CONE ANGLE CONE 13
c N-UNIT VECTOR ALONG THE CONE AXIS CONE 14
c UN=-UNIT VECTOR UN A PLANE NORMAL TO UN CONE 15
15 c UE~UNIT VECTOR SUCH THAT NsUN2UE FORM AN ORTHONORMAL TRIAD SET CnNg ia
c : CoN 7
C OUTPUTS CONE 18
C 21 ANDZ2-LENGTHS ALONG CONE AXIS TO THE HIT PLANES CONE 19
c ALl AND AL2-SHORTEST AND LONGEST LENGTHS OF THE HIT VECTOR CONE 20
20 C (US]1 EXTENDED) . ' CONE 21
c ANGHIT1 AND ANGHIT2-ANGLES FROM UN TO THE HIT POINT IN THE CONE 22
¢ PLANE NORMAL TO N CONE 23
c ICHIT-CODE FOR HIT VEST CONE 24
c 0 FOR MISSING THE CONE CONE 25
5 2s ¢ 1 FOR HITTING CONE 26
3 DIMENSTON RHCI (3) s MC21(3) CONE 27 w
8 REAL N CONE 28 T
T COMMON/JOKER/ZURP (3) s US1 (3) + THSL s PHe THSR s THSU»COUNT »WAVL (20} «DRAD  CONE 29 >
= COMMON /SALL/ DCOLsSCDELT(3) 9XPyYP«PAX1+PAX2sD(3) CONE 30
1 30 CONE 31
~ COMMON/BABA/STHyCTHeSEDsDMEsOMSIN(3) sUE(3) CONE 32
1 UN{3) sUS (3) sUA (3) »UR(3) s THETA»MONs IDAY « SMALR+CAPR+CEQ CNNE 33
COMMON/SUPDT/DELTMvTHES-KSEG.APH;SH'NSUP'RCONEoTHECON-HTOT CONE 34
COMMON/TILTED/TTILToUVT (3) sUL(3) sU2(3) +WAPMAX s WAPMIN+OFFSET CONE 35
3s ICHIT=9 - CONE 36
TTCON=TAN(THECON) CONE 37
DUSUV=DOTER (US14UVT) CONE 38
DUVD=DOTER (UVT40) CONE 39
DUSD=DOTER(USL «D) CONE ©0
40 Al=l, CONE 41
ZZERO=HTHT/2.0-RCONE/TTCON CONE Y I
F1x=DUSUVEQUSUY CONE 43
A2=TTCONOTTCON®FIX CNNE LT
AzAl=A2=-F1X CONE S
139 Biz2.°DUVD : . CONE %6
82=2.°NUSNeDYSUV CONE %4
83=2.02Z7ERO*TTCON*FIX®TTCON . CONE “8
B8=A1-82+33 CONE %9
C1=5UVDeNLVD CONE 50
S0 €2:=2.9DvD2DUSD2DUSUV CONE 51
CI=0OTER(D,D1 #F IX CONE 52
Cuz=22ERQNe27E0DeAL2 CNNE S3
C=C1-C2+73-Cé CONE Se
RAD=R21/ (4 ,2A%A)~C/A CONE 55
31 IF(RAD.LT4N.) RETURN CNNE 56
ICHIT=1 CONE 57

IF (ABS(A).GT.0.0001) GO TO &4 CONE S8




¢-11-80L0%

60

65

70

75

8¢

85

S0

SUSROUTINE CONE T4/746 npPT=1

FTN 4.5+4]10A

21=2Z€ER0O
72=10000.
GO TO 46

44 Z21=-8/(2.02A) +SORT (RAD)

22==-B/(2,02A)=SQRT (RAD)

C SOLVE FOR {ENGHT OF HIT VECTORS
« 46 AL1I=(Z1+nUVD)/DUSUV .

10
C SoL

100
200

300
400

AL2=(Z22+nUVvD) /7DUSUV

DO 10 I=1.3

RHC1(I)=2L12US1(1)=-D(I)=Z1%UVT(I)

RHC2 (I)=aL2®*US1 (1) =D(1)=Z2%UVT(])
VE FOR HIT ANGLES

X1=DOTER (RHC] s UE)

X2=DOTER(RHC2sUE)

Y1=00TER(RrHC]l+Ul)

Y2=D0TER(RHC2sU1)

IF (ABS({X1).GT.0,0001) GO TO 100

ANGHIT1=0na0

IF(YleLT,0.0) ANGHIT1=3,14159

GO TO 200

ANGHIT1=ATANZ2(X1sY1)

IF (ABS(X2).GT.0,0001) GO TO 300

ANGHIT2=0.0

IF(Y2.LT.0.0) ANGHIT2=3,14159

GO TO 40c¢

ANGHIT2=ATANZ2 (X29Y2)

IF (ANGHIT1 .LT.0.) ANGHITI=ANGHIT1+2,0¢3,14159
IF(ANGHIT2.LT«0.0) ANGHIT2=ANGH]IT2¢2,023,14159
TESTI=NOTER(RHC1»UVT)

TEST2=DOTER(RHCZsUVT)

IF (ABS(TEST1)eGTe04001 s0RABS(TEST2)4GT.0.001) WRITE(6+20)

03721/77 21.51.16

CONE
CONE
CONE
CONE
CNNE
CnNE
CONE
CONE
CONE
CONE
CONE
CNNE
CnNE
CONE
CONE
CONE
CONE
CoNE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE
CONE

20 FORMAT(//+10Xs4BHHIT VECTOR FROM CENTER OF CYLINDER IS NOT NORMALs CONE

1 THTO AXIS+/)
RETURN
END

CoNE
CoNE
CONE

59
60
61
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SUBROUTINE POLSP2 74776 oPT=) FTIN 4.5%610A 03721777 21.51.186 PAGE 1

1 SUSROUTINE POLSP2 (ACOL «NNUsSPACEFsNTOTAL 9 GCOVER) POLSP2 2

[ THIS ROUTINE INITIALIZES THE PARAMETERS REQUIRED FOR pPoLSP2 3

c NON=UNIFORM POLAR PACKING. PoLSP2 4

DIMENSION AAZ(4)+GRC(25048) POLSP2 S

S COMMON /JEFF/ UMNS(3)oPRS(J).NSTOPS;A-B;C.SMAX.RFIELDoTHoICMH- PoLsP2 6

1 ‘ XCGH,lFCoIﬂIT-ICSHZ-NCOLvlHOUR.MIN'ELZ'T.TDISX.TDISYv PoOLSP2 7

2 DUMA.DUMB.DUMC'UMNNl(J),UMNNZ(J)oUMN(B)vXOHXTvNLATo POLSP2 8

3 NLONGy ILONG«NLATCoRCOsNPACKsENHM PoLSP2 9

COMMON/STRUCT/GAPvdLQNGONSIDEvHTRleLTRI’BBDIvBBDZvWCROSSO PoLsSP2 10

10 1 WOUMs IFRAMsHTMIRyHTCROSsWJICROS PoLSP2 11

COMMON/TABLEZUHV (3) 4 UAXV (3) yUXVZ (3) ¢RST (3} s WF Vo NHF o XDF s W02 s WFV2y POLSP2 12

1RHS (3) sDFLX+DELY s 0D s IFVIRRB (3) s UAKVP (3) s UXV2PP(3) s POLSP2 13

2UTT(3) JUNNP(3) 5UXV2P(3) PoLSP2 14

20 UMNP (3) JUMNPP (3) s F s ALENSUBEDN(3) v IFOC IDRIVE : POLSP2 15

15 COMMON/MAPS/NRZF ¢NAZZF sNC (2509 8) + SRAD (25098) sNPRAD (8) +DEG PoLSP2 16

00 S I=1,8 POLSP2 17

S NPRAD(I)=0 PoLSP2 18

NTOTAL=0 POLSP2 19

PDA=SPACEF # (XDF =WF V) PoLSP2 20

20 CL2={(NHF=1)2XDF ¢WFV) /2. POLSP2 21

CLT=2.5CL2+PDA PoLSP2 22

CWTH=WD+*GAP*2 . *KWLONG POLSP2 23

Al=NHF #wEV2WD/CLT POLSP2 24

AAZ(1)=0,0 POLSP2 25

S 25 JMAX=NNU POLSP2 26
=) IF (NNU,.LT«B) GO TO 70 poLsP2 27 os]
S Max=a POLSP2 28 I
w DO 10 I=1+4 PaLSP2 29 o

& 10 AAZ(1)=3,14159/4.8(FLOAT(I)=1.) POLSP2 30

ry 30 70 DEG=2.23,146159/FLOAT (NNU) POLSP2 31

[ S} DO 200 J=1.JMAX POLSP2 32

SRAD{1+J)=RCO PoLSP2 33

1=0 pPoLSP2 34

25 I=1-+1 PoLSP2 35

35 C AZIMUTH SPACING GROUND COVER WAS CHANGED BY GA SMITH 9/8/76 PoLSP2 36

A3=0.,078¢0,5/TH PoLSP2 37

A2=0.425+0.01224AZ(J) PoLSP2 38

IF ((SRAD(I,J)/TH) .LE.3.4) GO TO SO PALSP2 39

GCOV=0.12 POLSP2 60

40 DR=Al/GCOV POLSP2 4]

SRAD(I+1,J1=SRAD(I+J)*DR POLSP2 «2

GO 79 110 POLSP2 43

S0 A4z=A2-2.25QAD{1sJ) A3 PoLSP2 44

Bl==A4/A3 PoLSP2 45

45 Cl=A1/4a3 PoLSP2 46

ARG1=81%31-4,%C1 PoLSP2 (¥4

IF (ARG1.LE.0.0) GO TO S3 POLSP?2 48

DR=-81#0,5-SORT (ARG1) /2. PoLSP2 49

53 IF(NPACK ,EQ.4) DR=A1/GCOVER PNLSP2 S50

S0 . BR=1.3336%(SRAD(1«J)-CNTH®0,5) PoLSP2 51

CR=1.3336% (SRAD(14J) CWTH+CWTH®CWTH®0,25+CL2%CL2) PoLSP2 52

DRoR=-3R=0,5+SNKRT{3R*BR+4.#CR) #0.5 POLSP2 53

IF (DR.LT,0RPR) DR=DRPR PoLSP2 54

SRAND(I+1.J)=SRAD(T+J)*0R poLSP2 55

55 GCOV=A2-a3= (SRAD(1+9) *SRAD([+14J}) pOLSP2 56

IF (NPACK ,EN. &) GCOV=GCOVER POLSP2 S7

c DReSRAD(I+1)+ AND GCOV ARE SET POLSP2 58




2-11-20L0¥

60

65

70

75

80

8s

90

95

105

SUBROUTINE POLSP2 T4/74 OPT=1 FTN 4.5+410A

110 RNC=DEGS5COVS (SRAD(I+15J)#SRAD(1+1+J)~SRAD(I+J)*SRAD(IsU))/

e (2,2AC0OL)
NC(IeJ)=INT(RNC+0.5)

(o CHECK FOR =ELIOSTAT WITHIN ZONE BOUNDARIES

59

62

63
64

90

6071
201

200

1100

1120
1130
1140

1110
1150

IF(NC{Ty ) oLTol) GD TO 66
RTLE={SRAD(I+1sJ)+SRAD(I+J)) /2, =CNTH?O,5
THE2=ATAN2(CL24RTLE)

IF(THE2.LE, (DEG/FLOAT(28NC(I+J)))) GO TO 62
NC(Io)=NCH{Tad)=-]

60 T0 S9 .

IF (NPRAD(J) .NE.O) GO TO 64

NSC=NC (I, J)

DO 63 IC=1sNSC

THEI=DEG= { (FLOAT(IC)=0.5)/NC(1,J) ¢FLOAT(J=1})
XI=(RTLE«CWTH®R0.5) #*SIN(THEI)
YIP=(RTLE+CWTH®0,5)#COS(THEI) »TDISY
DIST=SART(XI®XI+Y[PeY [P}

IF(DIST.LELRFIFLD) NTOTAL=NTOTAL+2

CONTINUE

CONT INUE

DELRAD=SPAN(I+]14J)=SRAD(LsJ)

RESOLVE. FOR GROUND COVER IN THIS ZONE
GRTC(1+.))=2,2ACO0LFLOATINC(I+J)) /7 (DEGH(SRAD(I+19J)*SRAD(I+14J)
#=SPRAD(T« J)#SRADI(1I+J)) )}

RTLE=RTLE+CWTH

DTOE=SQRT(RTLE#RTLE«CL2®CL2)
IF(DTOF.GT.SRAD(I+1+J)) WRITE(5+90)

IF (DTOE.GT«SRAD(1*15J)) SRAD(1+1+J)=DTOE
FCRMAT (10X e24HRPADIAL SPACING TOO SMALL)

IF (SRAD(I+1eJ) +GT, (RFIELD+ABS(TDISY)=-DELRAD®#0.5)) GO TO 6071
G0 T0O 25

IF (NPRAD(J) «GT.0) GO TO 201

NPRAD () =141

IF(I1.GT. (NPRAD(J)+1)) GO TO 200

GO T0 25 -

CONTINUE

SET WEST FIELD RADII AND COLLECTOR COUNT PARAMETERS
DO 1100 Jl=1lsJMAX

J2=9-J1

NLIM=NPRAD (J1) +2

NPRAD (J2)=NPRAD (U1}

DO 1100 Tl=1eNLIM

SRAD(119J2)=SRAD(I1,4J1)

NC(I1su2)=NC(I1eJ1)

JL TM=24 JMAX

DO 1110 Jl=14JtIM

NENO=NPRAD (J1)

WRITE(6+1120) Ul

FORMAT (//9+10X927HPOLAR RADII IN AZIMUTH ZONE+I1S+7)
WRITE(691130) ((I,SRAD(I+J1))el=1+NEND)
FORMAT(B(LIX92HR(vsI3+2H) =sF6.191X))

WRITE(Ahs}160) U1

FORMAT (//910X937THPOLAR COLLECTOR COUNT IN AZIMUTH ZONEsISe/)
WRITE(691150) ((1eNC(IesJ1))eI=1eNEND)
CONTINUE

FORMAT (B (1Xs2HN(s13+s2H)=415+1X))
DO 1210 3l=1leJMAX

03721777 21.51.16
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PoLSP2
PoLSP2
PNLSP2
PoLSP?2
PoLSP2
PoLSP2
PoLSP2
PaLsP2
POLSP2
POLSP2
PnoLSP2
PoL.SP2
POLSP2
POLSP2
PaLSP2
PoLSPe:
POLSP?2
PoLSP?2
POLSP2
PoLSP2
PoLSP2
POLSP2
POLSP2
PaLsSP2
POLSP2
PoLSP?2
PoLSP2
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SUSROUTINE POLSP2 T4/74 oPT=1 FTN 4.,5°410A 03721777 21.51.16 PAGE 3
115 NEND=NPRAD (J1) . POLSP2 116
WRITE(6+1220) J1 PoLSP2 117
1220 FORMAT(//910X%s26HGROUND COVER IN POLAR ZONE»15+/) PoLSP2 118
WRITE(691240) ((I+GRC(I9J1)) s I=1eNEND) PoLSP2 119
1210 CONTINUE PoLSP2 120
120 1240 FORMAT(7(1Xs3HGC(s13+s2H)=9FSe3+1X)) PoLSP2 121 '
IF(NNU,EN.1) NTOTAL=NTOTAL/2 POLSP?2 122
RETURN PnLSP2 123 '
ENOD POLSP2 124
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SUAPOUTINE FRAME T4s7a  0PT=] FTN 6.5+410A

SUBROUTINE FRAME (VS19VS29sVS53sVSHeVSSeVSH6sVSTeALFRAMy JKeMyALENG)
COMMON/PLANE/ICLAN(7)

COMMON/BEDTST/ALBLOCs ICOD2UHVZ(I) »UAXV2(3)

COMMON /JEFF/ UMNS(3) sRRS(3) sNSTOPSeAsBeCeSMAXsRFIELD THe ICMH
1 T1CSHeIFCoJHYITe JCSHZINCOL s IHOURIMINSIELZ s ToTODISXHTDISY,
2 DUMA 4 DUMI s DUMC o UMNNT (3) yUMNNZ2 {3) sUMNI(3) y IOHIToNLAT,

VLONG’ILONJ;VLATC;RCOQVPACK':NHM

COMMON/TAB!E/UHV(3)9UAXV(3)1UXV2(3)!RST(3)QHFVQNHFOKDFOHDvaFVZ’
1 QHS (3) ¢DELX e DELY oWDs 1FVeRRB(3) sUAXVP (3) sUXV2PP (3) o
2 UTT(3) «UNNP(3) 4sUXV2P(3)
3 sUMNP (3) sUMNPR (3) oF s ALEN+UBEDN(3) 9 IFOC, IDRIVE
COMMON/BABA/STHeCTH4aSEDQ+OME 2+ OMSeN(3) sUE(3)
1 UN(3)920US(3)4UA(3) s UR(3) ¢ THETASMONS DAY s SMALRSCAPRYCEQ
COMMON /CINDEX/ XPCOL9YPCOL+COSA+COSBsSLDUMIWCELL s JCELL Y JCELL
1 XCSAVeYCSAVeXCMeYCMe JCELMe JCELM

COMMON /SALL/ DCOLsSCDELT(3) 9 XPeYPsPAX14PAX2+D(3)

COMMON/ZJOKER/URP (3) 4US1 (3) » THSL+PHs THSR s THSUs COUNT o WAVL (20) 4 DRAD
COMMON/TILTED/TTILT»UVT(3)sU2(3)9U2(3) +WAPMAXsWAPMINSOFFSET
COMMON/STRUCT/GAP ¢ WLONG s WSIDEsWTRIsXLTRI +B1 9824 WCROSS+WDUMs IFRAM
8yHTMIR.HTCROS»WJICROS
DIMENSION URDUM(3) yUVDUML3) sUAXVOUM{3)
DIMENSION VS1(3)eV52(3)sVS3(3)4VSa(3)9sVS5(3)sVS6(3)sVS57(3),
SIHITLI(3) «RHIT2(3) «IHITI(I) sRHITL(3) 9RHITS (3} yRHITH(3) sRHITT7(3)
REAL LN
L=0.0
AL1=10.E+10
AL2=10.E+10
AL3=10.E+l0
AlLa=10.E+]10
ALS=]10.E+10
AL6=10.E+10
AL7=10.Es+l0
GO TO (10+10520+30),1COD
10 NO 11 I=1»3
URDUM(]Y=UR(])
UHVDUMI(T) =yHV (1)
11 UAXVDUMIT) =UAXY(])
GO T0 1200
20 DO 21 I=1.3
URDUM(T ) =USI(])
YHYDUM (1) suHVLIT)
21 UAXVDUM(T) =UAXV(I)
GO TO 1200
30 DO 31 I=is+3
URDUM (T =USI (D)
UHVYDUM (1) =uHvV2(1)
31 UAXVOUMI(T)=UAXV2(])
1200 AL1=DOTEC(VS1+UBEDN) /DOTER (URDUMUBEDN)
[ TOP FRAME HIT TEST
IF(AL1.LT40.0) GO TO 50
DO 101 I=1.3
10] RHITI(I)=AL1=2URDUM(TI)=VS1(I)
XHIT=AAS{DNTER (UHVIOUMSQHIT]))
YHIT=ABS (DNTER (UAXVDUMGRHIT1))
c CHECKX FOR HITY IN HED BOUNDARIES
IF(XHIT.6T, (ALEN®Q.S)) GO TO SO

FRAME
FRAME
FrAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FQAMF
FRAME
FRAME
FRAME
FRAMF,
FRAMF,
FRAME
FRAME
FRAME
FRAME
FRAME
FRAMF
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAMF
FRAME
FRAME
FRAME
FOAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAMF
FRAME
FRAME
FRAME.

03721711 21.51.18
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SUBROUTINE FRAMF T4/774 ORT=}

c

c

FTN 4.5¢410A

IF (YHIT.GT.{WDUM*WLONG*0.5)) GO TO S0
FOLLOWING CHECKS FOR HITS = TRUE IS MIT
IF (YHIT,GT« (WOUM=WLONG®0.5))G0-TO 40

03721777 21.51.16

_ FRAME
FRAME
FRAME

!F(XHIT.GT.(XDF-#CQOSS'O.S).AND.XHIT-LT.(XDFOHCROSS’O.S?) GO TO 40 FRAME

IF (XHIT,LTa(WJICROS#0.5))G0 TO 40

CHECK FOR TRTANGLE HIT
IF (XHIT,GT.(WCRISS20.5¢XLTRI*0,70711)) XHIT=ABS(XHIT=XDF)
IF(YHIToLT. (XHIT®32) JAND.YHIT.GT. (XHIT+81)) GO TO 40

60 T0 50
Cessnas HIT TOP FRAME
40 IFRAM=)
1F (JX oNE M) IFRAM=2 ~
50 T0 51

Cessose CHECK FQAME SIDES

S0 AL1=10,Es10
51 CONTINUE
‘AL2=DOTER (UAXVNUM,VS2) /DOTER (URDUM s UAXVOUM)
IF(AL2,LT.0.0) GO TO 108
D0 102 I=1.3
102 RHIT2(1)==vS2(1) « AL2*URDUM(I)
YHIT=ARS (DOTER(RHIT2,UBEDN) )
XHIT=AAS (DNATER(RHI T2,UHVDUM) )
IF(XRIT.GT. (ALEN/24)) GO YO 108
IF(YHIT.5T . (WSIDE/2.)) GO TO 108

Conwmes NO.2 I WIT

1FRAM=] .
IF (JXKaNE M) IFRAMS=2
GO TO 109

108 AL2=10,E.10"

109 CONTINUE
AL3=DOTER{UAXVDUMsVS3) 7D0TER LURDUM» UAXVDUM)
IF (AL3.,LT+0+0) GO TO S00
0O 103 I=1.3

103 RHIT3(I)==vSI(I) « AL3I®URDUMLI)
YHIT=ABS (DOTER(RHITIUBEDN))
XHIT=ABS(DATER(RAT T3+ UHYDUMY )
IF (XHIT.6T. (ALEN/2.)) GO T0 So00
IF(YHIT.GT.(WSIDEV/2.)) GO YO 500

Ceeena® NO,3 IS NIT

1FRAM=1
IF (UK oNE M) [FRAM=2
GO TO S10
S00 AL3=10.E+10
510 CONTINUE
AL4=DOTEQ (UHVDUM, VS4) /DOTER (URDUM» UHVDUM)
IF{AL4.LT.0.0)G0 TO S30
DO S20 I=1.3
520 QHIT4([)==vSa(]) « AL4®URDUMI(I)
XHIT=ARS (DNTER(RH] T4 «UAXVOUM) }
YHIT=AHS(DNTER(RHT T4 o UREDN) )
IF (XHIToRT.  (WD+GAP) 80.5) . OR.(YHIT.GT.HTCROS®#0.5)) GO TO S30

Cesenso O, 6 [§ HIT

IFRAM=
IF (JKNE . M) IFRAM=2
GO T0 5S40

S30 AL&4=10.E+1l0

S40 CONTINUE

FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
£ RAME
FrAue
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAME
FRANME
FRAME
FRAME
FRAME
FRAME
FRAME
FRAMF
FQAME
FoAME
FQAME
FRAME
F RAME
FRAME
FRAME
FRAME
FRAME

59
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63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
18
79
80
81
82
83
84
85
86
87
-1}
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
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125
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135
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145
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160

165 .

170

SUSR0UT INE FRAME T4/76 oPT=1 FTIN 4.,5¢410A
ALS=DOTE2 {UHVDUM VSS) /DOTER (URDUMs UHVDUM) FRAME
IF (ALS5.1.T.0.0) GO TD S60 FRAME
DO S50 I=143 FRAME
8§50 RHITS(I)==vSS5(I) + ALS®URDUM(I) FRAME
XHIT=ARS(DOTER(RHITS«UAXVDUM) ) FRAME
YHIT=ARS (NNTER(RHITS9UBEDN) ) FRAMFE
IF(XHIT.GT. ((WD+6GAP)I#0.5) e ORe (YHIT.GTLHTCROS#0.5)) GO TO S60 FoAME
Ceeeese PLANE NO,S IS HIT FRAME
IFRAM=] FRAME
IF (JK.NE M) IFRAM=2 FRAME
60 T0O S70 FRAME
S60 ALS=10.E+10 FRAME
570 CONTINUE FRAME
AL&=DOTER (UHYDUM»VS6) /DOTER (URDUM e UHVDUM) FRAME
IF{(AL6,LT.0.0) GO TO 560 FRAME
DO S80 [=1.3 FRAME
SR0 RHIT6(1)==VS6E(]) « ALO®URDUM(I) FQAMF
XHIT=ABS(DOTER(RHIT6+UAXVDUM)) FRAME
YHIT=ARS (DOTER(RHIT64UBEDN)) FRAME
IF(XHIT.GT. ((WD+GAP)%0.5), OR.{(YHIT,GT.HTCROS®#0.5)) GO TO 590 FRAME
Ceneeas PLANE NO.6 IS HIT FRAME
1FRAM=Y FRAME
IF (UKeNE.M) IFRAM=2. FRAME
6O TO 600 FQAME
590 AL&=10.E+10 FRAME
600 CONTINUE FRAMF.
AL7=DOTERQ{JBEDN+VST)/DOTER{URDUMsUBEDN) FRAME
1IF(AL7.LT.0.0) GO TO 620 FRAME
Pe 610 1=1,3 FRAME
610 RHIT7(I)==VvS7(I) + ALT®#URDUMI(I) FRAME
XHIT=ABS (BLTER(RHIT7+UHVOUM)) FRAME
YHIT=ABS (DOTER(RAITY o UAXVOUM)) FRAME
Cesnsea CHECK FOR BOTTOM FRAME BOUNDARY FRAME
IF(XHIT.GT. (ALEN®0.S)) GO TO 620 FRAME
IF (YRIT.GT.IWDUM+WLONG®0.5)) 6O TO 620 FRAME
Ceoesoe  WITHIy FRAME BOUNDARY - CHECK FOR ACTUAL HIT FRAME
IF (YHIT.GT.(WDUM=WLONG20,5))Go TO 630 FRAME
IF(XHITGT. (XDF=WCROSS20.5) cANDXHIT L T4 {XDF *WCROSS®#05))GO0 TO 630 FRAME
If (XHIT,LT.(WJCROS*0.5))GO TO 630 FRAME
60 TO 620 FRAME
630 1FRAM=] ’ FRAME
IF (JK.NE M) IFRAM=2 FRAME
60 T0 625 FRAME
620 AL7=10,E+10 FRAME
625 CONTINUE : FRAME
L=AMIN] (AL19AL2+ALI ALG9ALS+AL6+ALT) FRAME
ALFRAM=L FRAME
IF(L.EN.AL]1) IP=] FRAME
IF (L.EQ.AL2) IP=2 FRAME
IF(L.En.aL3) IP=3 FRAME
IF(L.EQ.ALG) IP=6 FRAME
IF(L.EN.ALS) IP=5 FRAME
IF (L.EN.ALA) TIP=b FRAME
IF(L.EN.ALT) IP=7 FRAMF
IF (L.GT,1nE+06) GO TO 900 FRAME
IF (ALENG,.LT.ALFRAM) GO TO 900 FRAME
FRAMF

IPLAN(IP) =TPLAN(IP) +1

03/21/77 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
140
141
142
143
144
145
146
147
148
149

150

151
152
153

154

155
156
157
158
159
160
161
162
163
166
165
166
167
168
169
170
171
172

PAGE 3

sL-d



B-76

A4

39vd

2Ll nvdd
gLt Invad

g1°1s°1¢ LL/12/¢€0

YOtveS°y NI J

¥=1d0

2i/%L

ON3
Nanl3g 906

3nvdd 3IN]LNOYUENS

40703-1I-2




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 descrip~

tion indicates a figure to refer to for further definition.
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FORTRAN | Common i g Subroutine
Name Block Description Defined
g’ —
A JEFF Cosine of angle between sun and local | VECTS
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 (Figure 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 height zones in the MOON
cavity
CONV None Conversion factor to weight each ray
with a KW value
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FORTRAN | Common I Subroutine
Name Block Description 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
MONTE2
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 tde-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 field
position
DINTV RANDOM | Number of hours per day that are INITCQL
integrated over in annual energy runs
DRAD JOKER Factor to convert degrees to radians INITCOL
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of the heliostat frame (ft)
(Figure F-4)

|FORTRAN | Common e Subroutine
Name Block Description Defined
DRZ CEILING | Distance of the radial borders on the | ROOF
ceiling of the receiver
DTARG TOE Vector from heliostat center to the MIRRN
aimpoint
DTAZ CEILING { Azimuthal borders on the ceiling ROOF
(radians) of the receiver
DUMA JEFF Same as A PTOWER
DUMB JEFF Same as B PTOWER
DUMC JEFF Same as C PTOWER
ELZ JEFF Elevation of the sun at a given time MONTE2
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
heliostats
HCAV CAVITY Height of the receiver caity (ft) NAMELIST
(Figure 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
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FORTRAN Common e 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
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
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

facets (obsolete)
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FORTRAN
Name

IFOCUS

IFRAM

IFV
THIT

THOUR
IJUMP

ILONG

IPLAN

IOHIT

IRANC

IRAYS

Common
Block

TOE

STRUCT

TABLE
JEFF

JEFF

RANDOM

JEFF
PLANE

JEFF

RANDOM

RANDOM

Description

Subroutine
Defined

— ——_——-———-—1
An option to model the curve of the NAMELIST

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 - time integration

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

FRAME

INHIT

INHIT

INITCOL

NAMELIST

MOON

FRAME

INITCOL

NAMELIST
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FORTRAN | Common L 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

1ZAZ CEILING |Index of azimuth zone on the ceiling MOON
IZR 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

0 - ray entered cavity

1 - ray missed high
JMISL.O MOONMP | A flag to indicate a ray hit the tower MOON

below the aperture
0 - ray entered cavity

1 - ray missed low
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FORTRAN Common I Subroutine
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 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 INITCOL
ceiling
NAZZF MAPS Number of azimuth zones in field NAMELIST
NC MAPS Number of collectors in a zone POLSP2
NCOL JEFF | Number of collectors in the field POLSP2
ND1 None Disposition code for a given ray
NHF TABLE Number of heliostat facets (must be NAMELIST

4 in this code version)
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outer axis

FORTRAN | Common I Subroutine
Name Block Description Defined
NLAT JEFF Number of height zones on the diffuser | NAMELIST
NLATC JEFF Number of height zones on the cavity |{NAMELIST
wall

NLONG JEFF Number of azimuth zones on cavity NAMELIST
walls

NNU None Number of azimuth zones on the field [NAMELIST
(either 1 or 8)

NPACK 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
(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
earth about its rotation axis

OMS BABA Daily angular displacement of the INITCOL
earth in its orbit

PAX1 BALL Tracking error in degrees, for the MONTE2
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FORTRAN | Common o 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 MONTE?2
inner axis

PAX2B STATS Mean tracking error, in degrees, INITCOL
for the inner axis

PAX2V STATS Variance tracking error, in degrees, | NAMELIST
for the inner axis :

PH JOKER The angular rotation for mirror sur- | MONTE
face slope errors MON TE2

PHB STATS Heliostat 6ptical parameters NAMELIST

PHV STATS Heliostat optical parameci.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 to the | INHIT
heliostat hit point

RRS JEFF Vector from facet center to hit-point | FINDIT
of the ray

RST TABLE Vector from center of field to ray hit | INHIT

point on a facet
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FORTRAN | Common . Subroutine
Name Block Description 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 factor 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)
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FORTRAN | Common L. 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) NAMELIST
THECON SUPPT Aperture cone angle (radians) INITCOL,
(Figure F=-2)
THES SUPPT The angle between the supports AIMPP
THETA BABA Latitude of the tower (degrees) NAMETLIST |
THSL JOKER Mirror surface slope error angle MONTE
» MONTE2
THSR JOKER Rotation angle of the sun vector to MONTE
account for limb darkening MONTE?
THSU JOKER Rotation angle of the sun vector to MONTE
account for limb darkening MONTIE?2
TIMET None Time of the toe-in setpoint NAMELIST
TPB STATS Heliostat optical parameter NAMEILIST
TPV STATS Heliostat optical parameter NAMETLIST
TSB STATS Mean of mirror surface slope error NAMET,IST
(degrees)
TSV STATS Variance of mirror surface slope NAMETLIS™
error (degrees)
TTILT TILTED Tilt of the aperture cone axis INITCOI,
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 Description 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 OFFRT.0C
heliostat outer axis (Figure 3-25)

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 PI RT3
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 | PERT?
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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divided in equal energy bands

FORTRAN | Common g 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
U2 TABLE Unit vector tangent to the hlt point PERT3
mirror normal
UuvT TILTED Unit vector along the cone axis AIMPP
UXV2 TABLE Unit vector perpendicular to the facet | TRIADS
axle in the plane of the facet
Usvap TABLE UXV2 rotated for the outer axis PERT3
tracking error
UXV2PP TABLE UXV2 rotated for both tracking axes PERT3
errors
71 TILTED Unit vector normal to cone axis and AIMPP
in north direction
]2 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 JOKER Wavelengths of solar spectrum INITCOL
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FORTRAN L Common N 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 STRUCT Half of the collector width (ft) INI'TCOL
wWD2 TABLE Half the width of a facet (ft) INITCOL
WFV TABLE Length of a facet (ft) NAMELIST
WFV2 TABLE Half the length of a facet (ft) INITCOL
WJICROS STRUCT | Width of the center cross piece on NAMELIST
the frame (ft)
WLONG STRUCT Width of the frame side beams (ft) 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

plane from which a test ray origi~
nates
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FORTRAN Common e s 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:

LossssseeeAMELIET TNICTIOMARY
MAMELIET ~CHAMGE~ RFIELDs THyHETOFSs THISH, TOISY s IRAYSs TPEs TSR+ FHES

1 TPV!TSV:PHU:THETH!HDH:IDHT:T:IJUHP:ITI!HEUH:ISRHH:

& FRA1Y s FRASY s SCDEL Ts HLOMG s HLATC » GLOVER s RCOs RCOME s HORY »
2 Ehta HEUP s DD HEZ s HEZF s HAZZF o WDy WFY s 51F « HPACK » SFACEF »

o TTRIVE s HHL s WAFMAX s WAFM IMs OFFZET s WL OMG s WECROSS s WTRT s GAF »
o ALTRIsHTHIF»HTOCROZZ s WACROE ITOES IFOCLIZs TAZ TS TELT s

& MOMT s IDRY T TIMET

Appendix C, glossary of variable names, and Appendix E, input default values
and ranges, provides a description of these variables.

When preparing NAMELIST input cards, observe the following rules:*
1. The first column must be blank,
2, The second column must 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 example:

—Z

WA N T S PR T KT 5 B '
JVD=7. B Mo i wIF =11, Ty PR LY =, 1145y PRHAZY=. 1196 GROVER=D, 3 RF IELTI=9%0.
SCHANGE NPACK=4, 1RAYS=1577, RCONE=15. s IFCCUS =&

gecoo00000CCO0O0DO0 000" 000" " 000000000, 0000, UUU0000000000800000000000000000(

CT TS T RSN RIUBEYI SN DN BINY RN i]lll]!lﬂ“l]llul‘liﬂiil!iﬂhlHHSISS%H\UHWEIG BUOWHEB2IRDUBERE N

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:

Tt —

/ ECHAMGE RLOME=21. s GCOVER=D. 2 REIELD= ﬂ-ff [Ti==
L SCHERSE ProHe=1E, y ney PRS0 S B P =300, &

~ /IH=450, , sPACEF=1. 103, Si=3.55

SCRANGE NWPACK=4+ I1RAYS= 15705 RCONE=15. s IFCCUS=¢5

40

-

900000000000000D 000" 003" 0000008000 ‘008 "00"Ollllllllllll000000000000000000000000

135 6T 08N IZI]N\SIEHI!I!]J)I 11!1‘7&1511 NANHNNNNYG iHll unnuuut‘ul A3 A8 5391 SPSISH B SE M 98 SN KO 6N K2 BIGE 63 MBI EE RN T NN nnpwsn,
EEEEEEREREREE NN
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D=3

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,
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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 each variable shown in this appendix represents the base~
line model which would be simulated upon execution of the program 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 1 0.25 1t >0
GCOVER 0.3 0-1
HCAV 46,1 ft >0
HTCROSS 0.833 ft >0
HTMIR 0.833 ft
IDAY 21 1-31
IDAYT 21 1-31
IDRIVE 1 1, 2
IFOCUS 0 \ '0-11 by integer
IJUMP 1 . 0,1, 2
IRAYS 2 Integer >0
ISRAN 27641 Integer random II >0
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 8 1-16 integer
NNU 8 1 or 8 only
NPACK 5 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
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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 ft 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.

‘{_‘HHNL:E RFIELD=278, s TH=415. 1 WF ¥=10, 3r o ND=10. 3¢5 ADF =15. B SPRELF =1, (1
R=33 6%
13 439, s RED=1635, » MON=Ss [DAY=819 (=10, y DI3=49. Sy HeHY =0k, 1.1 |
'-.,HFIPHIH 18.8yPAXIV=, 115, PRXEY=.11%5, PHV=D, 5 | JUMF=(, |}

=1y [T1=3s THETA=35 BE“"'

2.5
uos

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, Gloésar’y 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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NNU AZIMUTH
ZONE

TDISX IS EAST-WEST OFFSET

Figure F-1, Heliostat Field with Tower
One-Half South of Center
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HCAV

\-— DD2
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. SEP WAPMAX
2 *fRCONE | APERTURE
HTOT/2 \Z AIMHGlT
KN | y

~ S~
‘ < DDTOP .I
' DD1

Figure F-2, Diagram of Receiver and Aperture
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OUTPUT DESCRIPTION

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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DDTOP

THECON

N-—->»

4/ ___ RECEIVER

jm___APERTURE
'y

|

-4 T __ TOWER

DDBASE

Pigure F=3, Tower/Receiver

Configuration
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WD WDUM

IN— U N—

~ €

‘|-—WFV—-| H GAP/2 XLTRI

WJCROSS WLONG
XDF——‘ WTRI MIRROR
: WCROSS FACET

HTMIR
4@ A A -
+ [4 HTCROSS ws@s

Figure F-4, Heliostat Model (not to scale) with Associated
Unit Vectors and Variable Names .
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F-17

9 & 10, Receiver and aperture dimensions, Refer to diagram in Figure F=2,
and Appendix C for definitions,

11, Short option summary,

12, Tracking error factors.

13. Elevation and azimuth angles of the sun. Direct nbrmal intensity (KW/MZ).
14, Conversion factor = total possible power falling on the heliostat field,

15, .Number of rays to be traced.

16. Description of headings for ray trace results, 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, Type of simulation.

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

2

All values are given in KW/M* 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/Mz. For time integration the
units are MW'I-I/MZ.’ 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 the 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 MWH/M2 for time integration) over
90 equal area zones of the roof, The 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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Figure F=-5. Flux Map Structure
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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

=,
4
—| el WCELL

~L

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

rectangular 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.
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F-11

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
¢. Missed across the front

d. Entered through one 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.
dkkkadditional output for time integration runssks

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 Figure F=17),

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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F=-12

Figure F-7, Field Zoning

38. A map similar to the one described in 37, except 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,

'

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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F-13

INITIAL PANDOM SFED= PTA41  NUMKER 0OF 3UNS PER BATCH: 140 Q

INITIAL CAVITY DIAMETER (Does not appear in this sample) @

POLAR WADII IN AZIMUTH ZnNs 1 3)

RO 1)= 165.0 RU{ - 21= 1Rle6 R{ 312 108.3 QL 6)= 215,1 Rl 5= 232.0 R{ 61w 249,01 R( Tie 264,3 AL A= 283,6
RE 9)= 301.2 R 1002 318.9 R{ 11r= 3167 A0 )2)= 35,7 R 13)3 372.9 R( Jers 391,22 R 15)= 409.8 R( 16)m 428,5
RU IT)z 46T.6 WU 19)= 4hbeh R{ 191% 4u5,9 AL 200= S505,4 R( 2112 925.,2 R( 22)= 545.2 R( 231z 565,64 R 26)s 58,9
Q( 25)m 606.6 N( 26)z 627.6 R( PT)s 66B,8 QL 28)n 670,646 HW( ?291= 692,2 R{ 30 ="716.4 Rt 3112 734.8 AL I2)s 759.6
RE 33)= 782.8 K{ 3e)= 806.7 R( 3512 B30,2 R 36)= B56,5 R( 3712 879,33 H( 38)e 904.5 R 191= 930,01 R( 40)e 956,3
RU G1YE 983.0 wW( 42)=1010.3 RU 31 z103A,2 At 46)1=1066,7 R 45)F1096,0 R 46)r1124.0 R{ «7)121156.8 R 481=1184.5
R( 49)=1221.) R{ S0)=1256.9 R S511=1269,7 23( 52)=1325.,9 R{

POLAK COLLECTOR COUNY IN A7IMUTH ZONE 1

N{ 1= 2 NG 2)= 2 NU W= 2 NU a)= 2 Nt S)s 3 NG &)= 3 N( 7= 3 N 8)= 3
N 9= 3 NC L= “ NU D= 4 Nt 1&)= 4 NCID= 4 Nt l6)= 5 Nt 1S)= S N( 161 S
N{ 1T S N 1A= 6 Nl 19 = s NL 20)= & N( 21)= 6 N( 22)= 7 Nt 2= 7 Nt 24)= 7
N{ 25)= 7 Nl 26)= B NUL 2= H Nl 28)= A N( 29)= B N( = 9 N( )= 9 N 3= 9
N{ A= 9 N{ 36)a 10 N{ 35y= 10 NC 36)= 10 Nt JT)= 11 Nt 38)s 1} N¢ 39= 11 Nt 60)= 11
Nl ol)= 12 Nt 42)= 12 Nt 6Jys 12 N( 64)s 13 NI &S)= 13 N 6b)= 16 N( &)= 1l ML 648)= 14
N( &9 = 15 Nt SO0)= 1S "N( 81)= 16 N( 32)= 16 N¢
POLAR RADIL IN AZIMUTH ZONF 2

AU 1= 165.0 R( 21= Jdled RE 3= 167,99 (. 4)=2 216, RU 5)= 230.8 RU 6)= 24T7.6 R{ Ti= 264,2 R{ 8)e 281.1
RE 9)® 298.2 RO 10)= NS.e RO 1= 332.8 20 12)= 350,33 R( 13)= 367.9 R{ lo)m 385.8 R( 19)= 403.8 R( 1612 622.0
RU 17T)® 460,33 A 18)% 458,84 R( 19)= 477.6 L 200% 496,5 R( 21)= S15.6 R 22)= 534.9 R{ 2I)=x G54s04 R 26)= 574,2
R 25)= 59.]1 R{ 26)= 614.3 R( 27y 63,8 M 28)= 655.5 R( 29)s 676,5 R( I0)x 697.7 R( )= 719.2 R I2)= 74,1
R( 3312 76342 N 36)= ThS.A R( 351 808,60 R 36)= 83],5 R( 37)1= 855.0 R( 38)= BTA.9 R( 19)2 a03.2 R( 40)= 927,9
RU 61)% 953.1 WU 42)% 978.4 R 63)T1006.9 Ot 64)151031,6 R( 45)=1058.8 R( 46)=108A.7 R( 47)2]1115.2 QU 4BI=]]144,.46
Pl 49 =11T74.3 RE S0)=1205.1 R S1)=]1236.7 Q¢ %21=1269.3 R §3)=)1303.0 RI

POLAR COLLECTOR COUNT IN AZIMUTH 20NE 2

Nl S)=

N( D)= 2 N 2)= 2 NU %= ? NlU W)= 2 3 Nl &)= 3 Nt )= 3 N B)= 3
Nt 9= 3 Nt 10ys 4 NC 1= 6 NU 1= “ NU1D= e N( la)= S Ni( 15)e S N( 16)= s
NCL 1= 5 Nt 1fy= 6 HU 1= £ Nl 2u)® 6 N{ 21)= 6 Nt 22)= 6 Nt 23)=2 T N 24)=x 7
N 2508 T Nt 26)s 7 N 2= 8 N{ 2B8)F 8 Nt 29)= A Nt J0)= 8 N{ 3= 9 N 32)= 9
Nt e v Nt 3= S N(I5)T 10 NC 36)= 10 N( 3?T)s  ]0 Nt 38)= 11 N¢ 39)a 11 NC 4D)® )
NE eld® 11 NG 42)z 12 NC 432 12 NC 6s)=" 12 Nt 45S)I5 13 NC @6)= 13 N( 4T)= 13 M( 4B)s 14
Nt «9)2 14 NCSO)z 14 Nt ST 15 N S2)= 15 N( SI=  J6 Nt

POLAR RADIT I[N AZIMUTH ZNNF 3

RE 112 165.0 wW{ 2)= 181¢6 R( )= 197.8 Q( 6)z 213,8 R{ 5)3 229.9 R( 6)= 266.2 R( Tiz 262,5 R 8)= 279,0
RE 9)= 295,7 R¢ 10)= 312+4 H( 11)= 329.4 R 12)% 366,46 RO 13)= 363,6 R 14)= 380.9 K 15)= I98.4 1 16)E 4l6,]
RO 17)= 433.9 K 1817 451.9 Rt 1912 470.0 R{ 20)= 4BA.4 R{ 21)= 506,9 R 22)% S25.6 R P31z Shéke5 2 26)a 563,6
R{ 25)% S82.8 R{ 26)z 6N2.3 R ?7)1= 622.1 f 2B)2 662.0 R 29)3 662.2 R{ 30)z 682.6 R Wiz 703.3 3 32)= 726.2
R 33)3 745.4 R 36)= TA6.9 R({ 5)= 7AB.7 a( 6)= 810,88 R( I7)= 833,2 R( I8)= B54.0 R( 9= AT9.1 3L 40)= 902,5
Pl 0112 92644 R{ 42)2 95046 N{ 43)1= 975,3 2 44)=1000.4 R( 45)%1026,0 R( 46)3)052.1 W( 4«71z1078.7 3 4AIE1]05.9
R( 49)=x1133.6 R{ S0)=11A2.1 R( S11=1101.2 R( 52)=1221.1 Rt §3)s1251.7 R( 954)=1283,3 R{ 59)=1315.7 Q¢

POLAR COLLECTOR COUNT IN A7IMUTH ZONE 3

NG 1)z 2 Nt )= 2 Nt M= 2 NU W)= 2 N( 9= 3 N( &)s 3 NG s 3 MG 8)a 3
NL 9= 3 NC 10 6 N( 1D 6 Nl 1)= « Nt 1= 4 Nt la)e S N( 15)= S N( 18&)= S
Nt 1T)= 5 Nt 18y= S N( 1= 6 Nt 20)= 6 Nt 2= A Nt 22)® 6 N{ 2N)= 7 Mt 24)= ?
N( 2%)= 7 N 26)= 7T N 2Ty = 7T Nt 28)= 8 N 29)= A Nt 3= 8 Nt 3= A Nl 32)a 9
Nt 3= 9 N( 3= 9 N( 35)s 9 NCJ6)= 10 NU3IT)= 10 N{ 38} 10 NC 3= 1)1 N( «0)s 1)
Nt oh)= 11 Nt e2)= 11 NC ays 12 Nt wa)s 12 NU 45)= 12 NL 66)= 13 Nt 4= 13 Mt 4B)= 13
Nt 49)s  1e N{ S0)= 16 NUESHI= 14 NC 5¢)= 15 N( SI= 15 Nt Se)= 15 N( SS5)= 16 N{

POLAR RADIT IN aZIMUTH ZONF “

RU 1= 165,0 H( 2)= 1A1.6 R{ D)= I87,8 R{ &)= 213,6 H{ 5)% 229.4 R{ 6)= 265,13 R( T)s 261.2 It A= 270,3

RE 912 293.6 RH( 10)= 309.9 R( 1133 326.4 2 12)= 343,0 P 13)= 359.8 R l4)e 37,6 R 1S)= 93,7 20 161" 410.8

R( 1708 42B.2 NH( 18)2 445.6 R( 1913 463.3 0 20)% 4810 R( 2115 499.0 R 22)= 517.1 R( 23)=2 §35.6 R 24)= §53,9

RE 25)® S572.6 W 26)= S59)ek R( 27)% 6]10.5 R( 28)x 629,7 R( 29)1% 669.2 R( I0)= 66R.9 w( )= 43A.8 I 3I2)= T08,9 N
R( 33)m 729.3 RU 34)e 749.9 R IS)= 770.8 ¢ 36)= 792.0 R{ I7)= B813.4 R( 38)w 8I5.2 R( 39)s AST7.2 AL 40)= 879,68

R{ 6112 902.3 R( 42)% 925.3 R{ 631 9648.7 R 44)z 372,5 R 45)= 996.6 R 46121021.2 R 64?7)=1046.3 QU 4BI=10T7),8

R( 69)=1097.8 R( 5013112447 R S1131151.6 R( 52931179.1 R( S3181207.4 R( 561212364 R{ 55)=]1266e1 R( 56181296.6

R( 57)=1328.0 R{

POLAR COLLECTOR COUNT TN A7IMUTH ZONE 4

NG L) 2 Nt 2)= 2 Nt Ns= 2 N{ 4= 2 N{ S)= 3 Nt &) I Nt Tis= 3 Nt 8)s 3
N( 9)= 3 Nt IO 4 N{ 1= e Nt Q2)= 4 N( 1= « N 14)a e N( 1S)s S Mt 16)= S
N( 17)a 5 N{ 18)= S N( I9s 6 N( 20)= 6 N 21)= 6 N( 22)s= 6 N¢ 2= 6 N{ 26)m 7
N( 25)= 7 N( 26)= T NC2N= 7 N{ 2w)= 8 N{ 29)= B N{ 30)= 8. Nt 3= 8 N( 3= 9
NG 3= 9 Nt 34)= 9 N( I5)s 9 N( Jo)s 9 N( 3= 10. N¢ 38)s 10 N¢ 39w 10 N( 40)= 11
Nt al)= 11 N{ 42)= 11 N{ &)= 11 Nt Go)= 12 N( 45)= 12 N 463 12 Mt 4= 13 Nt 48)m 13
NG 49)= 13 NC SO)= 13 Nt Shhs= 1o N( 52)s 16 N( 3D)= 14 N S4)= 15 N¢( SS)= 15 N{ S6)= 16
NG SD= 16 N{
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Nt
Nt
Nt

N(
Nt
N¢
N{¢

Rt
Rt
R
R
R

R¢
R
R
Ry

R(
R(

N¢
N{¢
N¢
N(
N¢

N¢

F-14

213.6
363.0
%81.0
629.7
792.0
972.5
vi S52)=1179.1

FNODOROEN

——

N¢
NI

N{
Nt

N{

213.8
Jeb,. 4
48,4
6462,0
810.8
R{ 46)=1000.4
20 S52r=1221.1

-
odrsN

12
15

216.3
350.3
©96,5
65545
831.5
R{ 464)=1031.6
(¢ 52)=1269.3

2 Nt
& N{
& N¢(
8 N{
10 N
12 Nt
15 N¢
215.1
I56.7
505.4
670.4
854.5

Q( 46)=1066,7
R( 52)=1325.9

POLAR RADIL1 IN AZIMUTH ZONF 'S5
1)3 16540 R( 2)= 1RleA R{ 3)= 197.,8 R( 4)=
9)= 293,6 wt 10)= 3n9.9 R{ 111 326.4 i 12)=
17)=-428.2 R 18)= 445.6 R{ 19)= 63,3 il 20)=
?5)a 572.6 R{ 26)% 591l.4 R( 27)= 610.5 R{ 28)=
33)= 729.3 R J4)= 749.9 R{ 35)1= 770.8 ]I I6)=
6l)= 902.3 RU 42)= 925.3 R( 431z 94B.T AL s6)=
49)=1097.8 Rt S01=1126.3 R S11=)11S1e4
57)=1328.0 R¢
POLAR COLLECTOR COUNT IN AZIMUTH ZONE S
= 2 NU 21= 2 NU %= 2 Nt @)=
9= 3 NC1O)E 4 Nt 1)s 4 N{ 12)=
1= 8 N( 18)= S N{ 19)= h N{ 20)=
25)= 7 N( 26)= 7 N 2Nh)= 7 NG 28)=
IN= 9 N{ 3Ja)= 9 N( 3I%)= 9 N{ 38)=
sl)= 11 N( 42)= 11 N{ ady= 11 N sa)=
6« = 13 N( S50)= 13 Nt Sh= 14 N{ S2)=
ST= 16 Nt
POLAR RADIT IN AZIMUTH ZINF [
1)= 165,0 R( 2)= lRl.6 R{ = 197.8 QL &)=
9)= 295.7 R( 10)= 312.6 Rt 111= 329.6 R{ 12)=
17)= 433.9 R{ 18)= 451.9 R( 19)= 470.0 R( 20)=
?75)1= S582.8 R{ 26)= 602.3 R{ 2713 622.1 2 29)=
3312 74S.4 R( J4)= 766.9 R( IS5)= 788,77 ( 36)=
Gl)= 92644 R 42 960.6 R{ 6315 975.3
49)21133.6 R{ 501=1142.1 R( S11=1191.2
POLAR COLLECTOR COUNT [N AZIMUTH ZONE 6
1= 2 NU 2)= 2 Nt = ? NU &)=
9)= 3 NtUIOD)= & N( 1= & Nt 12)=
17)= S N( 181= 5 N( 19)= 6 N( 20)=
251= 7 Nt 26)= T NU 2Ny= 7 N 2bB)=
s 9 N{ 34)s= 9 Nt 352 9 N( Jo)=
l)= 11 N 42)= 1T N ad= 12 NG 4u)=
«9)= 14 N( 50)= 14 Nt Sly= 14 N 52)=
POLAR RADII IN AZIwMUTH ZONE 7
1)= 165.0 R( 2)= 18le6 R( 3)= 197.9 R{ &)=
9)=z 298,2 R{ 10)= 315.4 R( 11)= 332.8 R{ 12)=
17)= 440.3 R 18)= 458.8 R( (9= 477.6 2t 20)=
25)= S94.1 R{ 26)= 616.3 R( 27)= 634.8 R( 28)=
3312 T763.2 R{ &)= 785~ R( 1512 BOR.4 PR{ 36)=
4l)x 95341 R{ 42)= 97848 R{ 6431510049
69)1=]11764.3 R( 50)=12n5.1 R( §11=)1236.7
POLAR COLLECTOR COUNT [N AZIMUTH ZONE 7
= 2 NU 2)= 2 Nl 3= 2 NU &)=
9= 3 N 10)= 4 N{ 1= 4 N{ 12)=
1= S N( 18)= & Nt 1= & N{ 201=
25)= 7 N( 20)= 7 N( 2= 8 N{ 28)=
3= 9 N( d4)= 9 N( I5)= In N 36)=
6l)=2 11 N( 42)= 12 N( o= 12 NC we)=
9= 14 N( S0)= 14 Nt Slh)= 1§ Nt 52)=
POLAR RADII IN AZIMUTH Z0NF 8
112 165.0 R( 2)= 18l.6 R{ 3)= 198.3 R( 6)=
Q)= 301.2 R( 10)= 318.9 R( 11)= 336.7 R( 12)=
1712 44T.6 H( 18)= 466.6 R{ 191= 485%,9 R( 20)=
?5)z 606.6 R( 26)= 627.6 R( 27)1= 648.8 R{ 28)=
33)= 782.,8 R( 3¢)= B06.3 R( 15)= 830.2 RQ( 36)=
4l}= 983,0 RU{ 42)=1010.3 R( 63)*1038,2
09)=1221.1 Rt S01=1254.9 R( S1)=1289.7
POLAR COLLFCTOR COUNT IN AZIMUTH ZONE 8
= 2 NU 2)= 2 NG = 2 NU a)=
9)= 3 NUL1IOY= e Nt 1= 4 N( 1=
1= S NU 18)= 6 Nt 19)= A N[ 20)=
2S)= T N 26)= 8 Nt 27)= A N( 2812
s 9 N( 34)= 10 NC 39)= 10 NC 3=
el)= 12 N( 42)= 12 N( )= 12 N( 6a)=
“9)= 15 Nt S0)= 15 N{ S1)= 15 Nt 52)=

D0 &N

10

16

Nt

Nt
N{
N(
N(
Nt

R
Rt

51z 229.4
13)= 359.8

R 21)= 499.0
RU 29)= 649,2
R 37)1= 813.4
Pt 45)= 996,06
R( 51=1207.0

Si=
13)=
2=
29)=
Ns=
45)=
53)=

R
R
Ri
Rt
R
RI
Py

S)y=
13)=
21)=
29)=
ns
4S)=
She=

R
R
R
R
R
R
®(

Si=
13)=
2=
29)=
n=
“S)=
53)=

5)=
13)=
2lys
29) =
37)=
45)=

R

Rl
Rt
R
R
R

I Nt &)=
4 N( la)=
& N( 22)=
8 N 0=
10 N( 38)=

12 Nt 46)=
14 N( 56)=

Sr= 229,9
131= 363.6
21)= 506.9
29)= 662.2
37 = 833.2
645)=1026.0
531=1251.7

5)= 230.8
13)= 367.9
21)= 515.6
29)= 676.5
37)= 855.0
451=1058,8
53)=1303.0

-
ruOBDO LW
z

Sie 232,.0
13)= 372.9
21)= 525.2
291= 692.2
3= 879.3
45)=1096,0

N{

Nt
N

(R K- P N W]

N{
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R{
RI
R
Rt
al
Rt
R

6)=
14)=
22)=
0=
3er=
“6)=
Su)z

R{
R{
Rt
R

Rt
R{

6re
14)=
22)=
30)=
ig)=
“6) =

R
R
R(
R(
R
Rt

6)=
l4)=
22)=
30y =
a)=
“6)=

61 245,3 R
16)= 37,6 R
22)= S517.1 RI
30)s 668.9 R
3gy= 835.2 R
46)1=1021.2 R
5413123644 R

NG )=
N¢ 15)=
N( 23)=
N 3l)=
N( 39)=
M( 4T)m
N( 55)=

———
VNODO & W

6= 26h,2 RI
le)= 380.9 RI
22)= 525.6 R
301= 682.6 Wi
J8)= ASA.0 R
461=1052.1 Rt
54)=1287.3 w¢

NG T)=
N( 1S)=
N( 2))=
N( )=
N( 39)=
N( a7)=
N[ 55)=

———
VWO VW

61T 247.4 Wi
14)=z 385.8 R{
22)= S34.9 R
30)= 697.7 R(
38)s ATR.9 R(
461=1086.7 PRI

NG )=
N( 15)s
Nt 23)s=
N( 31)=
N( 39)=
N{ 47)=

WD VW

——

6)= 249.1 R
la)= 391.2 Rt
22)1= 545,2 R{
30)= T14.4
38)= 90445
46)=112A.0 RI

3 Nt 7)=
5 N( 1S)=
7T Nt 23)=
9 N( )=
1 NC ID)=
14 N( o=

Tiz 261.2 RI(
15)= 393.7 At
?3)= 535.4 R
U= 6ARA R
19)= BS7.2 U
alV=1neh.3 AU
5512126641 QU

3 NG A=
S N( 16)=
6 N{ 24)=
8 N( 32)s
16 M «0)s
13 Nt @8)=
15 M{ Sé)=

7)== 267.5
15)= 39R.4
231 e S64.5
Mi= 703.3
19z A79.1
aTYztn?1A,7
§5)=1318.7

3 NG 8=
S N l6)=
T M( 24)s
8 N( 32)=

11 N( «0)=

13 4 «8)=

16 ~¢

71z 26642
15)= 403.8
23)= SS4.b
=z 719.2
191z 903.2

4TIz1115.2

N{ 8)=
NE 16)=
N{ 24)3
N( J2)=

W O~ N W2

——

M 8)s

7)z 26643
19)= 409.8
23)= 565.4
73h.8
930.1
47)=1156.8

NG 8)=

N{ 24)=
N( 32)=
N{ 40)=
N w8y =

&m0 NNW

Rt
R
L}
Ry
U
L1

Rie 277.3
16)% 610.8
24)% 553,9
32 708.9
40)= ATY.6
4RI=1071.8
5612129646

———
PO~

8=z 279.0
16)= 4lo.l
Pu)= 563,6
12V= 726442
4012 902.5
481=1105,.9

w0~

——

a)s 281.1
16)® 42240
26)m ST6,2
32)s 74441
401 927,9
POIEII LIS

F=0 NN

8= 283.6
16)= 424,5
261z 58%,9
321z 759,6
40)= 956,3
%8)%1188,5

S0 NNW

-




F=-15

GROUND COVER IN POLAR ZONE ) 4)

GCL 133 381 6GC¢ 2)= 347 GCU 3= 316 6CU 4)= ,290 G6GC( S)= .6400 6Lt 6)=
GCt 8)= .321 GCt 9= 300 GCC In)=s ,375 G6CC 11)= 4352 6C( 12)= 332 G6Ct 13)
GC( 15)a .349 GC( 1h)E 331 GC( )7)= 316 GC( 18)= 4357 GCU 19)= 340 6CC 20)=
GCU 22)= o342 GC( 23)= ,326 GC( 26)= 311 GC( 25)= 296 GC( 26)= .323 6C( 27)=
GC( 29)= 282 GC( 30)= 302 GC( 31)= ,289 G6Ct 32)= ,276 GC( 33)= 264 GC( J4)=
GCY 36)3 256 GC( 37)= ,26R GC( 3R)= ,236 GC( 3= 266 GC( 40)= ,233 6CI 41)= 242 GCL 421= 230
GCL 431 219 GC( )= ,225 GC{ 45)= o216 GC( 66)= 218 GC( 47)= ,207 6C( 48)= ,195 GC( 49)= 197
6C( SO0)= o185 GC( S51)= ,174 GC( 52)= 173 GC(

GROUND COVER IN POLAR ZONE 2

GCt 1)s 381 GC( 21= ,356 GC( )= ,325 GCU &)= ,298 GC( S)= ,413 GC( o)z ,383 GCH 7)= 356
GCU B)xz ,333 GCt 9)= ,311 GC( 10¥= 390 G6C{ l1)= ,367 GC{ 12)= .346 G6CU 13)= ,326 GC( l4)= 186
GC( 15)e .365 GC( 16)= 366 GCL 17)= 329 G6Ct 18)= 375 6C( 19)= 357 6C( GCL 21)= 324
GC( 22)= 309 GCI 23)=x ,J46 GCt 26)= ,329 G6C( 25)= 314 GC( 26)= 300 G6C( GC( 28)= .3l4
GCt 29)= ,301 GCY 30)= 288 GOC Jl)= 310 GC( 32)= 296 GC( 33)= .284 GC( GC( 3IS)= 289
6C( 36)= ,277 GCt 37)= ,265 GC( 3R)= 279 GU( 39)= .266 GC( 4= .255 GCU GC( 62y= 254
GC( @33z 262 GCI{ 64)= ,23] 60t 45)= 239 GC( 46)= 227 GCL aT)=z 216 6C( 48)= «221 6Ct 49)= 210
GCt 50)% 199 6GCr S1)= ,201 GC( 52)= ,190 GL( S3)= .191 6CU

GROIIND COVER IN POLAR Z0NE 3

GC( 1)= 381 GC( 2¥= ,357 GC( 3= .333 G6Ct 6)= .306 GC{ 5)= 425 «395 GC( Ty= 368

GCt B8)= ,34a GCL 9)= ,323 G6C( l0)= .06 G6CC 11)= 381 GCU 12)= 4259 « 0 602
6Ct 15)3 (381 OGCC 18)e ,362 GC{ 17)= ,344 GCC 18)= .328 6GCI 19)= .37 #1357 o)
GC( 22)= 325 GC{ 23)= ,363 GC( 24)= 367 GC( 25)= ,332 G6C( 26)= .318 «306 +333
GCt 29)% o319 GC¢ 30)= 306 GC( 31d= ,293 GC( 32)= 317 GC( 3= )04 «291 279
GCt 36)= 298 GC( 3713 285 GC( 36)= .274 6GC( 39)= ,289 G6GC( 40)= .277 265 254
GCt #3)% 265 GC( G4)= ,256 GCU 45)=2 ,243 GC( 46)= ,251 GCU a7)z 240 «229 235
6C( S0)= 226 GC( S1)= .213 GCt 52)= 217 6C( 53)= 206 G6C( S6)= 4195 «196

GROUND COVER IN POLAR 20NE 4

6CC )= 381 GC( 213 ,357 G6C{ 3)= (336 GCU{ &)= .314 GCL 5)¥= ,637 GCU 6)= .606
GCt B)= ,355 GC{ 9= ,333 GC( 6CC 11)= .39 GC( 1212 373 GC( 13)= ,353
GC( 15)= ,397 GC( 16)= 377 GCH 6Ct 18)= 342 G6C( 19)= .392 6C( 20)= 374
GC( 22)= ,362 GC( 23)= 327 GC( GC( 25)= 4350 GC{ 2%)= +335 GC( 2= 321
GC( 29)= .338 GC( 30)= 326 GC( GC( 32)= 4337 GC( 33)= 4323 GCt 34)= .1ll
GCt 36)= ,287 GC( 371= 306 GC( GC( 39)= .282 6C{ 40)= 4298 GC( 41)= 287
GC( 4312 266 OC( 4613 276 GCI GUL 66)= ,254 GCU a4Ti= o266 GC( 4R)= (253
GC( SO)= 231 GC( S1)= ,238 GCt GC( 5= 217 G6GC( S6)1= (221 6C( 55)= 210
GC( SN = 202 uCH

MELTAK! VERSION 13« TIME POINT AND/OD ANNUAL ENERGY -
QOUND FIELD WITH LOW PROFILE HMELIOSTATS
NSTOPS NCOL RFIELD TOWER H GCOVER
1" 1596 A7A,000 415,000 .300
NHF wFV ) XDF ALEN SPACEF
o 10.38 10,38 16.60 49.80 1.00
GAP WLANG WCROSS wTRI XLTRI “S10E WJICROS HTMIR HTCROS
~250 480 .385 7 4,681 +860 224 «A33 .833
THF CENTER WAVELENGTHS OF THE TWENTY EQUAL ENERGY BANDS (6)
.19000 ,46000 248000 .51000 «54000 .57000 +60000 63000 ,66000 .T0000
.76000 .7R000 +82000 .87000 .96000 1.02000 1.0R000  1,22000 1.48000  1.68000
TOISX T0ISY AFIELD RCO (n
0,000 -439,000 2136271.678 165,000
3721780 (8
LATITUDE= 3S.6R HOUR 12 “IN 0
CAVITY RECEIVER SPECS ©
SEP oo} op2 RUIF HCAV Dn3 ATMHGT
19,3 26,3 45.9 0.0 5440 49,5 9,6
RCONE THECON HYOT TTILY 10
1R.06 67 19.29 0,00
WAPMAX NAPMIN OFFSET
25.0 18.3 0.0
(1)

PROGRAM OPTIONS USED
INDIVIDUAL FOCUSING
INOEVIODUAL TOE-TN
TOEIN STRATEGY FOR 3/21 AT 12.0
FACETS GANGED
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PAX1f
0,00000

oa
0,n0

£LZ THETAZ
55.76166 179.54158

XK
98

onesspe

sT

ETA1=FRACTION OF
ETA2=REFLECTANCF
ETA3=FRACTION OF
ETAG=FHRACTION OF
ETAS=FRACTION OF
ETAA=FRACTION OF
ETa7=FRACTION OF

F=-16

HELTOSTAT O2TICAL PARAMETERS

158
0,00000

PHY
0.00000

x7B
000

PaXlY
«11500

PAX2Y
«11500

TSV
«05000

wnl
072

oo CONVERSION FACTOR = «1984517112E+06 vescsnansy

ATISTICS FOR 10 RUNS AT BOO0 RAYS PER RUN

cesveseenspUTPUT CODE®eersnonss
FIELD FLUX TH&T HIT MIRRORS

FLUX NOT NHSCURED ON THE wAY ouf
FLUX THAT HIT TOwWER

FIELD FLUX THAT HIT CAVITY

FIELD FLUX THAT HIT THE CAVITY wWALLS
FTIELD FLUX THAT waS [N TOWER SHADOW

12)

PHV
+05000

a3

14)

s)

(16)

EFLUXL3TOTAL
EFLUX2=TOTAL
EFLLIX3=TOTAL

ON FIELD IN xw .
ON MIRPO~S IN K

LEAVINSG MIRRORS IN Kn

EFLUX4=TOTAL FLux CLEANLY AwAY FR0M FIELD IN Ky

EFLUXS=TOTAL FLUX ON PNWFR TOWER [NV Xw

EFLUX6=FLUX ON CAVITY DIFFUSER IN <w

EFLUA7=FLUX ON £AVITY WALLS IN Kw

EFLUXB=FLUX ON CAVITY CEJLING IN Xw o

FLUX
FLUX
FLuX

NI=RAYS
NZ2=RAYS
NI=RAYS
N4=RAYS
NS=RAYS

DRAWN dFFORE SUNRISE
DRAWN WHFN THE SUN WAS TOO LOW
DRAWN THAT HIT THE QPEN FIZILD
WHICH HIT MIRRNR BUT WERE LOST IN SPACE
NRAWN THAT #FRE BLNCKED IN ONBLOCKS
NE6=RAYS THAT WERE nHSCURFD IN OFFRLOCK
N7=PAYS WHICH MIT CaVITY DIFFUSER

WHICH HIT wALLS

N9=RAYS WHICH HIT ROOF
N10zRAYS WHICH “1SSED HIGH
N11=RAYS WHICH MISSED ACR0SS THF FRONT
N12sRAYS WHICH “ISSED LOW
N13=RAYS WHICH HIT SUPPORTS
N14=RAYS WHICH WwFRF IN T~E TOWER S-HAOUW
N15=RAYS WHICH wHISTLED THU
N16=RAYS wHICH FRAME SHANOwED ON SAME HELIO
N17=RAYS WHICH FRAME SHANOJED NN OTHER HELIO
N1B=RAYS WHICH FRAME BLOCKED ON SAME HELIO
N19=RAYS WHICH FRAME BLOCKFD ON OTHFR HELIO

ONK=RAYS

£Tal
+29788

ETa> €TA3
.90000 1,00000

ETAs
«97%460

£745
252517

ETa6
23670

ETA?
«00363

EFLUXS
«52)085€+05

EFLUX6
«267910F+06

EFLURA
«513494E 04

EFLUX]
»198452E4+06

EFLJX3
«532024F 0>

EFLUXG
«332026£405

EFLURT
.4691735F+05

tFLUX?
«59113RF *05S

N1 N2 N3 N& NE N6
v 0 5586 0 n 0

N7 NB
0 2104

N9
230

N1O NiY Ni2 N13
le 3 6 3

Ni4
29

N15S Nl6 Ny 7 Ni8 Nl9
25 2 9 0 0

TIME POINT Rumnt an

DIRFCT NORMAL ENFRGY
«9807

ACTUAL MIRROR ARFA

6383R,81130 (18)

(KwH) PER SQ. ¥ETER
5268
«9260
+8334
«8334
«81p63
L7366

ENFRGY
UNSHADOWED
SHADOWED
LEAVING MIRROR
CLEANLY AWAY
THRU APERTURE
ABSORRED

19

TRACKING EFFICIENCY  (UNSHADOWFD)

(CLEANLY AWAY)

+9650 2

<8498 20
KwH DN

SUPPORTS

NUMBER OF
SUPPORTS

SUPPORT
wiDTH

3 2.0 A7.0

HELINSTAT FRAME HITS
(21)
SIDF FRAMES CROSS FRAMES

TOP FRAMF
2 0 o 0 0 0

RUTTOM FRAME
0
FNERSY LOST ON FRAME [N KwH
FRAME SHaDOW FRAME BLOCK

ON SAME HFLIO - ON DTFF HELIO ON SAME HELIO ON DIFF HELIO
T 49,6 0.0 0.0 0.0

40703~1I-2




F-17

SUMMARY 0F  HIT aND KL OCYAGE  (JUNTS  HY FACET (22)
FACET TOTAL HITS LESS HITS ALOCKEL  3Y
INDEX HiTS BLOCKRS 1 2 3 &

1 568 LLY) 0 0 0 o

2 615 615 0 0 0 o

3 6726 624 0 0 0 [

“ 574 576 0 0 0 0

OFFBLOCK  SUMMARY

FACET 1 2 3 A
1 0 0 0 0
2 0 0 1] 0
3 0 0 0 0
4 0 0 0 0
CAVITY wALL Map (23)
FHOM 0,0 45,0 90.0 135.0 180.90 225.0 270.0 315.0
Y0 45,0 uo.0 132.0 140.0 229.0 270.0 315.0 360.0
Toe
FROM in
43.2 54,0 W 019 019 +031 .025 .022 + 030 015 »019
32.4 3.2 039 025 062 068 «035 073 .01 + 045
?1.6 J2.4 019 060 17 112 o117 140 038 N2z
10.8 21.6 003 027 «200 222 o262 <207 .029 «001
0.0 10.8 0.0n0 .008 «070 2119 U788 «0h6 0006 0.000
“0TTOM
CIRCUMFERFENTIAL AvE walL FLUX (24)
FROM ™ AVE FLUX ’ AT SU™M BOoTTOv UP At Sum TOP DOWN
0.0 10.8 o073 36,0 0,000 0.0 0.000
10.8 2146 043 43.2 6,720 10.8 3.527
216 2.4 <076 2.4 264,893 21.6 10.292
2.4 43,2 .116 216 36,681 32.4 22.0R0
3.2 54.0 043 10.8 41,446 43.2 40.253
0.0 46,973 S4.0 46,973
CAVITY CRILING ™MaAP (25)
FROM o.0n 11.07 15.65 19,17 22.1%
10 11.07 15465 19.17 22.14 24.75
AVE 7.83 13.56 17.50 2n.71) 23.48
FROM " Tp AVE
0.0 45,0 22.5 <0200 «0150 0300 <0200 «0200
5.0 90.0 67,5 «0300 »0300 +0200 »0250 <0500
40,0 135.0 112.5 +0300n 0600 .0200 «0200 +0450
135.0 180.0 157.5 «020n «N2590 «0050 0350 <0050
180.0 225.0 202.5 «0250 0650 +0350 «0150 0250
225.0 270.0 247.5 «045n +0500 +0300 +0599 « 0500
270.0 315.0 292.5 <0400 0500 +0250 0150 «0200
315.0 360.0 337.5 «0250 «0250 0250 .0250 0150
AZZ2IMOUTH AVE CEILING FiLUX (26)
CROM T AVE
0.0 11.1 7.8 20293
11.1 15.7 13.6 «0350
15.7 19.2 17.5 <0237
19,2 22.1 20,7 «026R
22.1 24.8 23.5 0287
KW/SQ.M FLUR MaP OF PNOWER TUWER MIRROR FIELD 27

0.000000 0.000000 204nTH2 « 093526 .155874 163667 « 085730 +031175 0.000000 0.000000
0,000000 .1012318 210629 «179¢55 +155874 «163667 160286 194862 +132493 0,000000
046762 « 179255 194842 .280573 261604 «202636 264985 202636 .148080 « 054556
2132693 «196842 296160 218223 « 261604 «257191 296160 «163667 «18704R 163667
2116905 249398 179255 264985 296160 «257191 2026306 «28R1366 187048 «187048
21264985 «3727335 «202636 «428652 261604 296160 «362322 +327335 «311747 2210429
163667 «218223 +«?8057) «311767 «179255 264985 288366 350716 «272770 «163667
085730 «233810 257191 202636 038968 023381 «319561 «327335 187048 101318
0,000000 «1RI6KT +2649398 272779 «179255 «148080 «296160 «210629 «148030 0.000000
0,000000 0.000000 «116905 2261606 «381890 264985 «16360617 «077937 0.000000 0.000000
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HITS ON TH4E HELIO FIELD

FLUX ON THE FIELD

0, N,
0

0. O

. «290E+03
+134E+03 ,S13E+03
+380E+403 .558E+03
+33ISE+03  .7164E+03
«TS9E+03 .93BE+03
«469F 03 ,625€+01)
«246E+03  L670E+03
0, «469E+03

[} 12
27 23
25 36
EL 28
23 k1)
26 S5
36 40
33 26
32 35
15 31

J134F+0) 2ABE*D]

+603IFe03  ,S13E+03
«G58F+03 ,BO4E+0QI
«RuBE+03 ,67SE*03
«513E+03  _759E+03
«GHOF 03  ,123E¢06
«AO4E«03 ,BG3E+03
7376403 ,5R0€+93
«714F+03 ,741E*0N3

+3I5E403  ,692E+03

FLUX LOST TO SHADOWING

FLUX LOST Tu BLOCKAGF

TOTAL FLUX

0.

0.
+13395E+03
«37954E 403
+33489E+03
«7590R8€+03
«46884E+0]
+2455BE+03

0.

0.

PERCENT FLUX

0.
«29024F+03
+51349F 403
+55815F «03
«7T1463F+03
+9376AF+ 03
+/2512F«03
«66977F4+01
«46884F 403

0.

«13795E+03
«60280E+03
«55P15E03
+R4R39E«03
«51349E+03
«38067E+03
+B0373E+03
«T36TSE03
e7164E+03
«334B3E+03

LOST T0 SHaDOWS

20
20
3]
31
38
3l
23
S
23
“9
sh4TEQ3
46TE0Q3
«692E+03
+»692€+03
«BeBE+L]
«692E¢03
«S13E+03
«112€+03
5136403
«10YE* 00

0.

0.

0.

0.

0.

[

0.

0.

0.

0.

0.

0.

[

0.

0.

0.

0.

0.

0.

0.

¢.

0.

0.

[

0.

0,

0.

O.

0.

0.
«2hT91EDD
«51349E+03
«H0373E+03
+52512€+03

«7590BE«Q]
«12279E+ 06
+89303€E+03
«36047E+03
«7B140E+03
«59210E+03

21 11 “ 0 0
21 18 25 17 0
26 36 26 19 7
33 3 21 24 21
33 26 37 264 24
38 s w2 0 27
36 37 (1} 35 21
3 6] 42 26 13
19 3y 27 19 0
34 21 10 0 n
J4B9E403  L266E¢03 893602 O, 0,
J469E403  L402E+03  ,S5SBE¢03  ,320E+03 O,
«SRDE*0I  L759E¢03 SB0E*03 .4P4E«03 ,156F+0)
737U JBGBES0I  J469E*03  53I6E0I  L469E+0)
«TITES0]  .HBOE*03  B26E*03 .536E¢03 ,53AE+0)
JBGBESUI  LYHEEL03  .93BE¢03 LROGIE+03 L603E403
oT59E403  o826E403 100E%04 JTALE+03 L469F+03
W670E*02 oF1SE03  o9IBEC03  .536E¢03 ,290F+0)
WG20E203  JBGBE*0] L603E°03 .4P4E03 0,

«759E¢08  L469E+03

s 4b6S2E+03
«44652E403
+h9210E+03
«69210E+03
+A4B3BE+0)
«69210E+0)
«51363E+03
«11163€E+0)
«51343E+0)
«10940E¢04

«46HB4E+0]
+46884E+0]
«56047E+0)
+73675E+0)
«73675E+03
«8483BE+03
+75908E+03
«6697T7E+02
426196403
«75908£+03

40703-11-2

«223E°03 0,

0.
0.
0.
Q.

0.
0.
0.
0.
0.

«2455AE¢03
«40186E+03
«75908BE«03
*84838E+03
«SHOGTES03
«98234E+03
«82606E+03
+91536E+03
«B4B3BE.OJ
«46884E4.03

0,

«A9103F 402
«5SRLS5E+nD
«S8047F+03
+4bARBGF+D]
«825056+03
+93768F 03
+10n47F¢00
«93768BE¢0)
«60280F+n1
+22126F*0)

0.
+37954F+03
«G2019E+03
«53582€+03
+53582E403
+B9303E+0I
«78140E+03
«53582E+03
«42419F¢03
0.

(28)

29

30)

31

(32)

(33)

0.

0e
«1562aF+03
«46884F 03
«23582F+03
«60280F+03
*46BB6F+0)
«29026E+03

0e

0.

(342




PEPCENT FLUA LNST TO HLOCKAGE . (34h)
i 1 0. 0. 0. 0. 0. 0. 1 1
I o. ) 0. 0. 0. 0. 0. 0, 0. 1
0, 0. ! 0, 0. o, 0. 0. 9, 0, 0.
0, 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.
0. 0, 0. 0, 0. 0. 0. [ [N 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
1o, 0. e, 0. 0. 0. o, 0. 1
1 1 0. 0. 0. 0. 0o 0. 1 1
TOTAL PERCENT OF FLUX LOST (34¢)
1 1 0. 0. 0. 0. 0. 0. 1 1
1o, 0. 0. 0, 0. 0. 0. 'Y 1
G, 0. 6. - 0., 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0o [N e, 0.
0. 0. 0. 0, 0. 0. 0. 0, 0. 0.
[N 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.
o, 0. 0. 0. 0. 0. 0. 0. 1
1 1o, 0. 0. 0. 0. o, 1 1
RAYS WHICH MISSED HIGH (35a)
[ 0 0 1 0 0 | [} 0
] 0 1 0 ° 1 0 0 3 0
[ n 0 0 1 ] [ 0 1 o
1 0 0 [ 0 [ [ 0 ) H
[ [ [ ' 0 0 [ [ 0 n
] 1 ° 0 0 [ [ 0 0 0
[ 1 0 v [ 0 [ 0 '] 0
1 [} 0 0 0 0 0 0 1 0
0 0 [ 0 ] [ 0 ° 0 n
[ 0 0 0 0 [ 0 0 0 n
RAYS WHICH MIGSED LOw (35b)
0 [} 0 [ 1 [ 0 [ 0 0
0 ] 0 1 [ 0 0 0 0 n
[ n [ 0 [ 0 [ 0 ] 0
0 0 0 [} 0 [ 0 [ 0 ]
0 n 0 0 0 0 [ 0 0 [
0 0 0 0 [ v [ 0 0 0
0 0 0 0 ° [ 0 )] [ 0
0 [ 0 [ o 0 0 0 [ [
[ 0 [ 0 0 [ 0 [}] [ [
0 [ 0 i 0 ] ° 0 o 0
RAYS WHICH MISSED ACKOSS FRNANT (35¢)
0 0 0 v [ ] [ [ 0 0
1 0 N [ 0 [ 0 0 0
[ n [ ] 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 0 M [ 0 0 0 0 [ [
0 n 0 0 0 0 [} 0 [l 0
0 0 [ 0 0 0 [} 0 0 0
0 0 0 [} ] [ v 0. 0 0
0 n ] v [ [ [ [ 0 0
0 0 0 0 6 0 [ [ [ 0
RAYS wHICH WHISTLED THROUGH (35d)
0 0 [ 3 2 0 1 1 ] 0
0 1 1 [} ] 0 0 2 0 0
1 1 1 1 0 0 0 0 1 0
0 0 0 ¢ 0 0 0 0 0 .
1 0 0 0 0 0 0 0 [ 1
0 1 0 0 [ 0 0 0 [ 1
0 0 0 0 [ 0 0 0 0 o
0 0 0 0 0 0 0 4 0 n
[ 0 0 [ 0 [} 0 [ [ 0
] n [ [ 1] 0 [} 0 [ 0
RAYS WHICH HIT CORBELS :
0 0 0 0 0 0 0 0 0 (35e)
[] " ] [ 0 0 0 0 0 0
0 0 [} 0 0 0 0 ] 0 0
0 0 0 0 [ 0 0 0 [} 1
2 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

SL ARRAY 272779 179255 «054550  0.000000 0.000000 0,000000 0,000000 0,000000 0,000000 0.000000 (36)

CWNN=NNWWD
WRN—N W= S
LV VRV U VI ROy )
S W= NN W W
NWE VNN W W
W =AW
[NV Rl R L UN L U

o
3
3
2
e
1
2
2
3
0
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F=-20

(13
Used only on nonsequential simulation @
POLAR R N m N

oL A ADII IN aZl UTHl ZONt 1 3
R{ 1)= 165.0 R{ 3)= 198,3 RO 6)= 215,101 ki S)s 232.0 Rt 6)= 249,1 R( M= 266,3 =< A)= 283,6
R{ %)= 301,2 336,7 R 12)= 356,77 RO 1= 3729 391,2 R( 151z 409,8 R( 16)= 428,5
R 17)1= 4674 485,39 R( 20)= 505,46 R( 21)= 525.2 545,2 R( 23)= 565,64 Al 24)= 565,9
RU 25)= 606,6 648,8 R( 28)= 670.6 Rt 29)= 692,2 Tit, 6 WO 31z 736,8 R 32)* 159,6

R{ 33)= 782,.8 R( 3%5)= 830,2 R’ 3Ib)= B56,5 R( 3I7)= 879,23 904,5 R( 39)= 930.1 3 40)1= 956,)
R( 4l)= 983.0 R 42)=1010.3 R{ 43)=1038,2 R0 44)=1066.,7 R{ 45)=1096.0 R( 46)=1126.0 Ht 647)=1]156,8 R( 48)=1188,.5
R( 4931=1221.1 R{ 50)1=1254.9 Rt 511=1289,7 R( 521=1325.9 RI(

POLAR COLLECTOR COUNT IN AZIMUTH ZONE 1
NG )= 2 NU 2= 2 Nt 2 Nl @)= 2 Nt 3 NG 6)= 3Nt 3 N0 @)= 3
N{ 9= 3 Nt 10= 4 Nt 6 N( Q)= & NI & N la)= 5 N{ S N{ 16)= 5
NG 1= S Nt 1B)= 6 Nt f N( 2032 6 Nt 6 Nt 22)= T NC T N 26)= 7
Nt ?5)= 7 Nt 26)= 8 NI B N 28)= 8 Nt A N 3= 9 N( 9 N 3= 9
Nt 3332 9 N Ja)= 10 N( 10 N 36)= 10 N( 11 Nt 38)= 11 Nt 11 N &0)= 11
N el)= 12 N 62)= 12 NI 12 Nt o)z 13 NC 13 Nt 6612 14 NC 16 Nt 48)= 14
N{ 49)= 15 N SO)= 15 NI 15 N( 52)= 16 NI

PULAR RADIT IN aZIMUTH ZANF 2
R(C 1)= 165.0 Rt RO 2= 197.9 R 64)= 21423 230.8 247.4 RU T)= 266.2 3L 8)= 281.)
RU 9)= 298.2 K R( 11v= 332.8 W 12)= 350.3 367.9 385.8 R( 15)= 403.8 R 16)= 4622.0
RC 17)= 460.3 R{ R( 191= 477.6 R 20}= 496.5 515.6 536.9 R{ 23)= 55444 R( 24)= 574,2
R{ 25)= 59441 R R{ 27)= 636.8 R( 28)= 655.5 676.5 697.7 R( )= 719.2 2 I2)= Tal.l
R( 33)= 763.7 R R( 35)= BAR.4  R( 36)= B31.5 855,0 B87R.9 R 39)= 903.2 R( 40)= 927.9

R( al)= 953.1 R( R( 643)21006«9 R( 44)=]103]1.6 R( 451=]058.,8 R{ 46)=]0B86.7 R( 671=}]115.2 ( 48)=]1144.o
Rt 49)=]174¢3 K{ 501212051 R{ S11=1236.7 R 521=1269.3 K( $31=1303.0 R{(

POLAR COLLECTOR COUNT IN AZIMUTH ZONE 2

! NG 2= ¢ N{ &)= 3 N &)= 3 NG TN= I NU 8= k)
N{ 103 = 6 NU t2a= & NU l4)= 5 N{ 151= 5 Wl 16)= S
N{ 18)= 6 Nl 20)= 6 Nt 22)= 6 N( 23)= 7 NG 240z 7
Nt 26)= A Nt 281= R Nt 30)= 8 N¢ 3= 9 N 32)= 9
N( 34)= 10 Nt 36)= 10 N( 38)= 11 Nt 393 11 NC 4Oz 11
N( 642)= 12 N{ 64y = 13 NC 46)= 13 N( &T)= 13 NU w8y = 14
NG 50)= 15 NU 323= 16 Nt

RADIL IN AZIMUTH ZnNFE 3

RU 512 229.9 R( Bi= 268.2 R T)= 262.5 L A)= 279.0
R{ 13)= 363.6 R( le)= 380.9 R{ 19)= 338.4 R 161z slb,.l
RU 211= 506,9 R( 22)= 525,6 W( 23)= 564,5 Rl 2e)z 561,6
WL 29)= 662.,2 R( 30)= 6B2,6 RI 31)= 703,3 R( I2)= 7264,2
R( 34)= 7A6.9 Rt 353= THB,T 3t R{ 37)= 833,2 RI 38)= 854,0 R( 3¥)= A79,1 R( 40)= 90¢,5
R{ 42)= 950.5 R{ 43)= 975.,3 R( 45)21026,0 R ©6)=21052,1 R( 47)=1078,7 X 4RI=1105,9
Rt 500=1162.1 R S1)=1191.2 2t 523=1221,1 R( 53)=1251.7 R( 54)=1283,3 RU 55)=1115.7 A

R( 2)= IBlewx R( Jy= 197.8 21
R 100= 312.4 R 11)= 329.6  R{
R( 18)= 451.9 R 19)= 670.0 Q!
R{ 261= 602.3 R P27)= 622.1 9t

COLLECTOR COUNT IN A7IMUTH ZONE 3

N 2)= 2 NC = 2 Nt a)= 2 NI N(U &)= 3 3 NG 8r= 3

NU 100 = 4 N 4 N( 12)= & Nt N( l4)= S 5 N( 16)= S

N 18)= S Nt 6 N{ 20)= 6 Nt N 22)= 6 T M 26)= 7

N 26})= 7 Nt 7 N( 28)= 8 Nt N( 30)= L} 4 Ni )= 9

N{ 34)= 9 N( 9 NC J6)= 10 N( N( 38)= 10 11 NU «0)= 11

NU 42)= 1 Nt 12 Nt s4)= 12 N( N{ 4b)= 13 13 Nt e8)= 13

NC 50)= 14 Nt 16 NU 53d)= 15 Nt N S4)= 15 16 it

RADIT IN AZIMUTH ZONF o

R{ 2)= IRl.6 RC 3)= 197.8 213.6 229.4 Rt 6)= 245.3 Rt N= 261.2 W 8i= 277.)
R 1002 309.9 R{ 11)= 326:4 343.0 359,8 R( le)=s 37TA.6 R 15)= 333,7 RU 16)= 4l0,8
R( 1B)= 44546 R{ 19)= 463.3 481.0 499,0 R( 22)= 517.1 R( 23)= 535,46 R{ 2e)=® 553.9
KL 26)= 531e6 R( 27)= 610.5 629.7 669.2 R( 30)= 66R.9 R( 3l)= AAR.8 R{ 32)= 704,9

H( 3a)= T49.9 R( 35)= T70.8 792.0 813.4 R( 38)= 835.2 R( 19z AS7.2 R{ 40)= BTY.6
RL 42)= 925.3 R( 43)= 94B8.7 972,5 Rl 45)= 996,6 R( 66)=1021.2 R{ 471=104k,3 R{ 4«8)=2107]1.8
AU 5012117643 R 51)=115146 21 52)=1179.1 w{ $S3)=1207.4 R{ 96)=123a.46 K{ 52)=1266.1 R( 56)=1296,.6
R

POLAR COLLFCTOR COUNT [N A7IMUTH ZONE o
N 2 Nt 2»= 2 NU &)= 2 Nt 3 NU &)= 3 Nt Tis 3 NU B)= 3
N 3 NC10)= e Nt 12)= 4 Nt 4 N( la)s e N{ 15)= S NI 16)= S
N{ S Nt 18)= 6 NU 201= 6 Nt 65 NU 22)= 6 Nt 23)= 6 Nt 24)= 7
N{ 7 NU 2A)= 7 Nt 28)= 8 N{ A Nt 30)= 8 N( 31)s 8 Nt 32)= 9
Nt 9 N 34)= 9 N{ 36)= 9 Nt 10 N{ 38)= 10 N( 33)= 10 Nt 40 = 11
NI 11 NC &2)= 11 NU G4y = 12 Nt 12 Nt 46)= 12 Nt o= 13 Nt a8y = 13
N[ ¢9)= 13 NC SO= le N( 52)= le Nt 14 N({ 54)= 15 N( SS)= IS N{ »6)= 16
N( ST)= 16 Nt

POLAR RADII IN aZI"UTH ZONF 5

R{U 1)= 165.0 R 2)= 1Rles R( 3)= 167.8 R @)= 213,6 R{ BH)= 229,44 R( H)= 245.3 R Tr= 261.2 RU M)= 277.3
164740 A R (R (3 B 16=) =28 3251,32, 6 R (I (39)= 857.2 RS() =4 0212=9 .84/ 9 R6(
6R) (= 4214)5=, 39 0 2%,(3 7RI (= 261.2 RU & 28) 922757..33
(R (6 3 )9=) =9 4289,37, 6 R (R (6 41)07) 972.5 R =4 53)0=9 ,999 6 .R6t IR1 () =4 63)2=61.062 1 .R2( 1R2() %6 73)4m3,0 R( 1 }1x
RU 69)=1097.R R( S01=1124.3 R{ S51)1=115144 R{ 52)51179.1 R( 53)=1207.6 R( 56)=1236.4 R 551212661 R 56)=12%.6
R{ 571=1328.0 Kt

POLAR COLLECTOR COUNT IN A7IMUTM ZONE S
2 N{ 2)= 2 Nt 2 N &)= 2 NU S)= 3 Nl &)= 3 Nt )= 3 NU &)= 3
3 N( 10)= & N¢ W NU 12)= 4 Nt 1= 4 N{ lar= 4 Nt 15)= 5 N( 16)= S
S N 18)= S Nt AONL 20)= 6 N{ 21)= 6 N( 22)= 6 Nt 23)= 6 N{ 24)= 7
7 Nt 26)= T Nt 7 NU 28)s= B NC 29)= & N{ 0= 8 N¢ 3= 8 MN{ 32)= 9
9 N( 4= 9 Nt 9 N{ 3&)= 9 N 3IN= 10 Nt 38)= 10 Nt 39)= 10 N 40)= 11
11 N( 42)= Tl N¢ 11 Nt s@)= 12 N{ eS)= 12 N w6)= 12 Nt &)= 13 N «8)= 13
13 Nt S0)= 13 N le Nt S2)= lé Nt 31)= 14 N S41= 15 N( 55)= 15 N( S56)= 16
1s Nt

40703~11-2




POLAR RADIT IN aZIMUTH ZnNF [

229.9 Rt 6)= 24m.2 Rt T)= 262,5 A B)= 279.0
J63.6 R{ 14)= 3B0.9 R( 19)= 390.4 R 16)= 4le.]
506.9 R( 221= 525.6 R( 2= 644.5 3 26)= 563.6
662.2 Rt 30)= 682.6 N 31)= 703.,3 R( 3I2)= T26.2

R( 1)1= 165.0 R( 21= Il#i.s R( 315 197.8 Q¢ &)= 213.8
R( 913 295.7 W( 10)= 312.4 R{ 1112 3294 Rt 12)= 346.6
R{ 17)= 433.9 R( 45149 R( 19)= 470.0 Rt 20)= 4BA,G
Rt 25)= 582.8 R( 6n2.3 R{ ?7)= 622.1 R 28)= 642.0
R( 33)= T4S.a  R( 766.9 R( 39)= THB.T7 3( 36)= 810,.0 833.2 H{ J8)= BS6.0 R( 19)= A?I, 1 R{ 40)= 902.5
RU 61)= 92644 R( 950eh R 431= 975.3 R{ 46)21000.6 026.0 Rt 46)=1052.1 R 471=1079,7 3( 481=1105.9
R 49)=1133.6 R{ 50)1=1162.1 R( S11=1193.2 2t 52)31221.1 Rt 531=1251.7 R Se)=1283.3 R{ 85)=1115.7 R¢

POLAR COLLECTOR COUNT [N AZ7IMUTH ZONE 6
NG D= 2 NG 2= 2 NU @y= 2 N 3 NU &)= 3 N( 7= 3 mt @)= 3
NG 9= 1 NG 0= 4 NI 1= 4 Nt 6 Nt da)= S Ni 15)= 5 N( 16)= S
NU Y= S N( 18)= A N 20)= 6 Nt 6 N 22)= 6 N{ 2= T oMl ce)= 7
N 2S)= T N 26)= 7 Nt 2d)r= 8 Nt 8 Nt 30)= 8 N{ 3= 8 Nl 32)= 9
Nl 3= 9 Nl 34)= 3 Nt 6= 10 N¢ 10 NC 3= 10 N( 39)= 11 Nt &0)= 11
Ni eD)x 11 NI 42)= 12 Nl 6e)= 12 N¢ 12 N{ s6)= 13 N( 4T)= 13 Nt w¥)= 13
Ni 91 14 Nt S50)= 16 NE S521= 15 N¢ 1S N( S4)= 15 N( 59)= i6 Wi
POLAR RADII IN AZ14UTH ZnNF [
R{ 11= 165.0 R{ 2)= lRle& R(  31= 197.9 214.3 AU 5)= 230.8 R 6)= 267.4 HU 17)= 264.2 2 Bi= 281.1
RU 9)1= 298.2 R 10)= 315.4 R 11)= 3312.8 350.3 Rt 13)= 67,9 R( lay= 385,8 R 151= 403.8 2 16)= 422,0
RO 17)8 440.3 R( JRI= 4SB.R R 191= 477.6 496.5 Rt 21)= 515.6 R{ 22)= 534.9 R{ p3)= 853444 = 574.2
Ri 25)=® 596.1 R( 26)=2 614¢3 R 27)= 634.8 655.5 Rt 29)= 676.5 Rt 30)= 697.7 R( 3l)= 719.2 = 761.1

R 3= 76342 wi 34)= 785.6 R{ 151= B0uv.4 831.5 KU 3B)= RTA.9 Rt 9)= 90,2 R &0)= 927.9
R 41Y= 953.) ki 42)= 978.8 H{ 43)21004.9 031.6 0 RU 46)=108A.T7 RU 6713111542 R 4RI=)]66.0
RI 691211743 K S0)=1205.1 Rt 513=1236.7 3 52121269.3 R{ 53)=1303.0 RI

POLAR COLLECYOR COUNT IN AZIMUTH 20NE 14
N( = 2 Nt )= 2 Nt ¥3s= 2 N{ a)= 2 Nt 3 Nt &)= 3 NC = I NG B)= 3
N(E 9= 3 Nt 1OY= 4 NC Q)= & NE 12)= 4 Nt & N J4)= 5 N{ 15)= N 16) =T 5
NG 1T)s S N 18)= 6 N( 19)= 6 N( 20)= 6 N 6 N 22)= 6 T ONU 2a)= 7
N( 2S)= 7 N( 261z 7T N 2= & N{ 28)= HoONY 8 Ni 30)= 8 9 N( 3= 3
N( 3= 9 Nl 34)= 9 N( %)= 16 Nt 30)= 10 N( 10 NC J8y= 11 11 N &)= 11
N ol = 11 Nt w2)= 12 N ad)= 12 N sl)= 12 Nt 13 Nt 46 = 13 13 N 48)= 14
N{ «9)= l6e - N{ SOO= 16 Nt S1y= 15 N({ 521= 15 Nt 14 N¢

POLAR RADII IN aZIMUTH ZNNF L]

RE 61z 215,01 RI 5)= 232.0 R( 6)= 249.1 R( 71= 246.3 A RI= 2d3.6
RO 1212 356.7 & 1303 372.9 WE 14)= 391.2 wi 151z 409.8 Q( 16)= 424.5
4 20)= 505,4 R 21)= 525.2 R( 22)= 5645.2 R P31 = 665,46 A 24)= 585.9
Q2812 K704 RIE 29)= 692.2 Rt 301= Tloed Kt )= 73648 At 321= T759,.6
R{ 331= 782.8 W( 3417 8A6.3 R{ 36)= 854,5 R{ 37)= B79.3 R( 38)= 904.5 R( I91= 93In.] M 40)= 956.3
R( 6l)= 983.0 R{ 42)=1010.) Nl 4602106647 R( 45)=]096.0 R{ 461=1126.0 R( 47)=115h.8 R( 48)1=]1]18d.5
R 491=1221.1 R{ S501=]256.9 R( 811=]12R9,7 R( 52I=1325,9 Ry

RU 113 165.0 Kt 2)= |’}.A R(
RO 933 301.2 RU 10)= J1B.9 RY
RIE IT)= &4uTa6 HI 18)=2 6Ab6.4
RE 25)= 60646 wit 26)= 627.5

POLAR COLLECTOR COUNT [N AZIMUTH 2ONE 8
NL D)= 2 Nt 2)= 2 NG )= 2 Nl a)= 2 NU 5)= 3 NU 6)= 3 N )= 3 nN{ 8)= 3
N{ 9)= 3 Nt 1lo)= & Nt 1= 4 N( 12)= 4 NI 13)¥= 4 Nt le)= 5 Nt 15)= 5 N{ 16)= S
Nt 17)= 5 Ni 18)= 6 Nt 19)= & N( 200= 6 N 2l)= b N( 22)= 7T N 23)= T ML 26)= 7
N{ 2S)a 7T Nt 26)= 8 N{ 2= A Nt 2¥)= 8 N 29 = 8 N{ 30)= v Nt 3= 9 Mt 32)= 9
N{ 33)= 9 Nt Je)= 10 N( 35)= 10 N{ 36)= 10 Nt 3= 11 Nt 38)s 11 M 39)= 11wt 0= 11
N( ali= 12 N( a2)= 12 N 4= 12 Nl 4u)= 13 N( ems= 13 Nt b= 16 N{ &)= 16 N{ «8)= IR
N( «9)= 15 Nt S0)= 15 N{ Shs= 15 N{ 52)= 16 Nt
GROUND CO 4
VER In POLAR ZONE 1

GC{ 1)= L38] GCt 2)= ,347 GCU 3= 316 OCt 4)= ,290 GC( Sl= 400 GCt 6)= .71 GCU T)= .44
GC( B8)= ,321 6Ct 9)= ,300 GC( 1dd= 375 GCU 11d= ,352 GC( 12)= 332 G6C¢ 13H)= .13 6CH l4)= 369
GCt 15)1= ,343 GC( 16)= 331 604 17)= ,314 GCC 1B)= ,357 GC( 19)= .340 GCH GC( 21y= 307
GCI 22)= <362 6Ct 2= L2326 OGO 24)= 311 GLC 25)= ,296 GCt 26)= .323 GCI GCIl 28)= .295
GC( 29)= .282 GC( 30)= ,303 GC( 31)= .289 GCt 32)= 276 GC( 33)= 264 6CI GC( 35r= 268
GCt 361= ,256 O6C( IT)= ,268 GCL 38)= 256 GC( IN= 264 O6CC 4012 233 6CH GC( «2y= 230
GCt 431z 219 GCU sa)= ,225 GCU w3i= 216 GO 4h1= 218 GCU w?i= 207 GCI 62)= 4195 OCt #%y= L1397
6L S0)= 4145 GC( S1)= .17« OGCt S2h= ,173 6C(

GROUND COVER IN POLAR ZONE 2

G6CL D)= 331 6Ct 2)= ,355 GCU = ,325 GL( &)= .298 6CH
GCt 8¥= 333 o6Ct 9= 311 6Ct lor= 330 GUI 11)= 367 GC(
GCH 1S51= 365 GCU 16)= 346 GC{ 17)= 329 GC( 18)= (375 6C( 19 = 357 6GCL 201= .40
GCt 22)= L,309 GC( 23)= ,364 GCI{ 24)= ,329 GCH 25)= ,316 GC( 26)= 4300 GC( 27)= .328
GCt 29)= 301 GC( 30)= 2834 OGC( Jir= ,310 OCt 32)= ,296 OGC( 33)= 4284 GC( 34)= .272 GC{ 35)= .249
GC( 36)= 277 GCU 3I7)= ,265 OC( 3f)= 279 GC( 39)= 4266 GC( 40)= o255 GC( 41)= ,243 GCL 42)2 254
GC{ 43)= ,242 GC( 44)= ,231 GCt 45)= 239 Gt 6= ,227 OC1 «T)= ,216 GCt 4B)= 221 GC{ 49)= 210
GCt S0)= 199 GCt S1)= ,20)1 GC{ 52)= ,190 GC( 5= ,191 O6CH

«413 GCt €)= L83 GC(  7y= 1956
«346 GCt 13)= ,326

GROUND COVER IN POLAR 70ME k]

«425 6C{ 6)= 4395 GCtU M= .68
«359 GCL 13)= .0 6Ot 16)= ,402
«374  GCt 20)= ,I57 GC( 2ly= .36l
«Jld GC( 27)= 304 GC( 28)= ,1333
«306 GCU 34)= 4291 OGCH( 3S)= .279
277 GC( 4115 265 GCU 42)= 4254
«240 GC{ 4B)= 4229 GCt »9)= L,235
195 G6C( 55)= 4196 GC(

6Ct D= L3891 OCt 2)= ,357 6GC( 1= ,333 GL( 4)= ,306 GCC
GCt 8)= 366 GCU 9)= ,323 O6C( 1m= ,406 GCt J1)= ,381 oCH
G6Ct 1S)= 381 GCt 16)= 362 GCU 17)= 366 GL( 18)= ,328 GCl
GCt 22)= 325 GC( 2N = 367 GCU( 2u)= 367 6L 25)= ,332 6CH
GC( 29)= 4319 GCt 30)= ,30m OGC( 31)= 293 GC( 32)= 317 GCH
GCt 36)= 298 O6Ct 3Ti= 285 OC( 341z 276 GCU 39)= ,2R9 GCH
GCIl 4#3)m 265 GC{ 44)= ,25% ON( e3)= 7643 GL( %h1= 251 6L
6Ct S0)= 224 GC( S1)= 213 GCU S2)= ,z2l7 GCU 5= L2086 OCH

GROUND CNVER IN POLAR 70NE “

+437 GCU 6)= L4058 GCC 7)== 379
«373 GC{ 1= ,35) GC{ léay= ,334
392 GC( 20¥= .374 GCt 21)= 357
335 GC( 271= ,321 6C( 28)= 392
323 GCt 34)= 311 GCH 35)= .298
2298 G6C( 41)= 287 OCt 42)= 275
«266  GC( 48)= .P53 GCt &%= ,242
221 GCU S5)= 4210 GCt 56)1= .213

GC( 1)= 381 uC( 2)= 357 GRC = ,336 GC( 6z (316 GCU
GC( B)= ,355 uC( 9)= ,333 GC( Ini= ,6lB8 5C( 11)1= , 494 GC(
GC( 15)= ,397 GC( 16)= ,377 GC( 170= ,359 GC( 18)= ,362 6C(
GC( 22)= 362 oC( 231= ,327 6C( 2ur= .365 GCI 25)= ,350 GC(
GC{ 29)= 330 GCI 30)= .32« GC{ 311= ,3l2 6C( 321= ,337 GC(
GC( 36)= .287 GC( 371= .30 GC( 3a)= ,234 GC( 39)= .2R2 GC{
GC( 431= 4266 GC( 64)x 276 GC( w5)= 265 GCI 46)= ,254 GCI
GC( SO)= 4231 6C( SI)= ,23% 6C( S2)= ,227 GC( 531= 217 6C(
6C( S7is ,202 6C(
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F-22

HELTA¥I VERSION 13, TIME POINT AND/OR ANNUAL ENERGY
ROUND FIELD WwITH LOW PROFILE HELIOSTATS

NSTOPS NCOL RFIELD TOWER H GCov
11 1596 B7R,000 “15.000 «300
NHF WFV wh XOF
&4 10.38 10.38 16.60 @
GAP WLONG wWCROSS WwIRI XLTRI
«250 «480 P LEY a7 4,681
THF CENTER WAVELENGTHS OF THE TWENTY EQUAL
«39000 46000 43000 «51000 «54000 .
74000 74000 82000 87000 296000 i.
TDISX THSY AFJELD RCO
0.000 ~439,000 2336271.67% 165,000
6/21/780
LATITUDE= 35.6A HOUR 12 MIN L]
CAVITY RECEIVER SPECS
SEP onl nn2 RUIF HCAV o3
19.3 26,3 05,9 0.0 S4a0 49.5
RCOME THECON Hror
1A.06 u? 19.29
WAPMAX WAPMIN OFFSET
25.0 19.3 0.0
PROGRAM OPTIONS USED
INDTVIOUAL FOCUSING
INDTIVIDUAL TOE-TN
TOEIN STRATEGY FOR  3/21 AT 12.0
FACFTS GANGED
HELIOSTAT OPTICAL PARAMETERS
PAX1R PAXC B 158 PHy PAX1Y PAX2V
n.00000 0.n0000 0,00000 0.00000 211500 «11500 .

eunvooness CONVEZSION FACTOR = «10889490RLE10 wese

STATISTICR FOR 10 RUNS av 800 RAYS PER RUN

canasssecsogUTPUT CODESesaes

ETA1=FRACTION OF
ETA2=REFLECTANCE
ETA3=FrACTION OF
ETA4=FKACTIOM OF
ETAS=FKACTION OF
ETAG=FRACTION OF
ETA7=FRACTION UF

FIELD FLUX THAT 4IT MIRRORS

FLUX NOT NBSCURED ON THE way ouf
FLUX THAT HIT TOWER

FIELD FLUxX THaAT HIT CaviTy

FIELD FLU? THAT WIT THE CAVIIY wWALLS
FIELD FLUX THAT wAS IN TOWER SHADOW

EFLUX1=TOTAL ON FIELD IN KwH

ON MIRRORPS IN KwA

LEAVING MIRRORS 1IN Kwr

CLEANLY AWAY FROM FIELD IN KwH
FLUX ON PNWFR TOWER IN XwH
EFLUX6ZFLUX ON CAVITY DIFFUSER 1N <wH
EFLUXT=FLUX ON CAVITY WALLS IN KwH

EFLUXS=FLUX ON CAVITY CETLING IN KwHy

FLUX
FLuX
FLUX
FLOX

EFLUX2=TOTAL
EFLUKI=TOTAL

N1=RAYS DRAWN BEFORE SUN®ISF

N2=RAYS DRAWN WHEN THE SN WAS TOO LOW

N3I=SRAYS DRAWN. THAT HIT Tuk OPEN FIELD

N4=RAYS WHICH HIT MIRROR BuT WERE LOST IN SPACE

NS=RAYS DRAWN THAT WERE “LOCKED IN ONBLOCKS

N6=RAYS THAT WERE OBSCURFD IN OFFBLOCK

NT7=RAYS WHICH HIT CAVITY DIFFUSER

N8=RAYS WHICH HIT WALLS

N9=RAYS WHICH HIT ROOF

N1U=RAYS WHICH MISSED HIGH

N11=RAYS WHICH MISSED AC2055 Twt FRONT

N12zRAYS WHICH MISSED LOW

N13=RAYS WHICH HIT SUPPORTS

N14=RAYS WHICH WERE IN THE TOWER $4ADOW

N15=RAYS WHICH WHISTLED THXOUGH

N16=RAYS WHICH FRAME SHADOWED DN SAME HELIO

N17=HAYS WHICH FRAME SHADOWED ON OTHER HELIO

Nld=MAYS WHICH FRAME BLOCKFL ON SAME HELIO

N19=RAYS WHICH FRAME BLOCKED ON OTHER RELIO

ETAL ETA2 ETA3 £Ta6 ETAS ET46 ETA7
.33905 .90000 L9985 ,97835 .29820 .26431 00810
EFLUX] ErLuxe EFLUX] EFLUXS EFLUXS
J4T1R90E+ 09 +159994E+09 L163995F 4«03 21643529509 160715E409
N1 Ne N3 NG NS N6 N7 NA N9 N1O N1l Nl2
1140 26 3860 0 a 0 0 2488 301 26 3 [

(5)
ER
ALEN SPACEF
9.80 1.00
WSIDE WILROS HTMIR HTCROS
«840 224 833 +823
ENERGY BANDS 6)
57000 460000 «63000 +66000 +70000
02000  1,09000 1,22000 1.48000 1,68000
(¢7]
(8).
@
ATMHGT
9.6
TTILT
0.00 Qo
(11)
12
TSV PHYV
05000 05000
sssves 4
15
(16)
EFLUXG EFLUXT EFLUNG
«969703F +09 12647278409 «159886¢ +08
N13  Nl&  NIS  Nl6 N7 N18 NI
12 55 2e 9 st S 1
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TI4E INTEGRAT[ON RUN

HOURS NF SUNSHINE Iv

ACTUAL MIRROR AREA
63833,8130

ENERGY (KwH)
UNSHANNWED
SHADOWED
LEAVING MIRROR
CLEANLY AwAY
THRU aPERTURE
ARSORMED

THACKING EFFICIENCY

NUMBER OF SUPPORT
SUPPURTS w1DTH
3 2.0

TOP FRAME S1
60

THE YEAR = 435%6.3

DIRFCT NORMAL ENERGY
3200.7739

PER Su, METER
2665.8241)
2505.2242
225546018
2253.0077
220642306
1983.8075

#8132
« 7039

- {UNSHADOWED)
(CLEANLY AwAY)

KwH ON
SUPPORTS

«223F <05

HELINSTAT FRAME WITS

BOTTOM FRAME
13

DF FRAMES

CRISS FRAMES
s 32 S k) “

ENERGY LOST ON FRAME IN Kwr

FRAMF <HADOW FRAME BLOCK
ON SAME rFLTO AN DIFF HELI1O ON SAME WELID ON VIFF HELTO
1194027,2 1059118.6 94570.6 71034.0
SUMMARY OF HIT AND RALOCKAGE COUNTS gy FACET
FACEY TOTAL HITS LESS HITS MLOCKEL 8y
INDEX HIT§ 81 OCKS ] 2 k] “
1 675 675 0 0 0 [
2 683 6A3 0 0 [} [
3 67s 675 [} [} [] [}
o 725 725 0 0 [ 0
OFFBLOCK SUMMARY
FACET 1 2 3 o
1 ] ¢ 0 0
2 L] 0 0 o
3 0 ] 0 0
“ 0 [] 0 0
CAVITY wALL MaP
FROM 0,0 45,0 90,0 135.0 180.0 225,0 270.0
fo 45,0 90,0 135,0 190,90 22%.0 270,40 315.0
TOP
FROM T0
6d.2 S4.0 A5,226 22,860 76,608 74,040 25.568 67.789 54,565
32.6 43.2 105.340 104.024 165,489 132,249 133.061 162,898 79.266
21.6 2.4 bR, 469 79.867 337.637 300.875 321.063 306,394 130,438
10.8 H 2.072 54,752 616,153 572,452 509.792 561,00 9%, 744
0.0 10.8 0.000 14.762 166.523 276,197 275,762 198,71% 17,806
ROTTOM
CINCUMFERENTIAL AVE WAL FLUX
FROM To AVE FLux AT SuM B0TTOw uP [Y4 Sum TOP DOWN
0.0 10.8 60,042 $6.0 0,000 0.0 0,000
10,8 21.6 119,878 “3,2 18144,635 10.8 9368,045
21.6 32,0 201,821 2.4 65166,090 21.6 28071,677
32.4 “d, 2 301,37} 216 96655,137 2.6 99560, 724
43,2 54,0 114,293 10.R 115358,728 «3,2 106582,178
0.0 124726,813 S4,.0 124726.814
CAVITY CEILING uwaP
FROM 0.0n0 11.07 15.65 19.17 22.1¢6
T0 1i.07 1565 19.17 22.14 24,75
AVE T.81 13.56 17.50 20.71 23.48
FROM 10 AVE
0,0 5.0 22.5 106.7362  1)5,019% 75,7623 23,8508 1]4.56%90
5.0 90,0 67.5 20,0659 109,0335 98,2583 115,5579 69,5975
90,0 135.0 112.% 174,7050  111,.6968 leb,1673 62,3136 33.3242
135.0 180.0 157.5 11,0237 104,7280 59,0258 32,9210 «8367
10,0 22%.0 202.5 47,4252 143,0658 69,3146 48,6988 70,8450
225,0 270.0 267,49 86,9970 101,3623 166,5728 160,1391 114,9886
270,0 15,0 292,% 100,5537 76,7920 173,3608 46,2384 95,9889
315.0 360,0 337.5 17,8467 102,2829 164,7743 93,3370 107,5403

40703-11-2

315.0
3e0.0

7.481
96.43R
T1.Ra6?
0.n00
O.000

an

18)

19

(20)

(21)

(22)

(23)

(24)

(25)
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AZZIMOUTH AVE CEILING FLUX (2e)
FROM T0 AVE
. 0.0 bl 7.8 72,9191
1.1 15,7 13,6 107.9950
15.7  19.2  17.5 116.6522
13.2 22.1  20.1  12.882)
22.1 4.8 23.5  Te.7112
MWH/50.M ENERGY wAP OF POWER TOWER MIRROR FIELD (27
0. a. a69E-01  J41S£+00  ,296£400  ,SI0E4QQ  JISTE.R0  L677¢-01 0, 0. .
0. PL85E+00  .67Ee00  .426E+00  .3T2E400  .5JE.00 45026400  .530F00 L 226E-00 0 0.

+143E¢00 wuT4E 00 «5BRE0D +TB1E+00 +607E+00 +652E+00 «590E+00 «525E*00 <144E*00 «F465€-01 O«
eT4E+00 +535£+¢00 +H68E<00 «561E+00 «533E+00 +STHE+00 +695E+00 «690F 00 +S6BE*00 +34RE*00 0.
4126400 «515F+00 «7T96E+00 +BB0E00 «199E+00 +696E+ 00 «822E+00 «758F *00 «700E*00C +686E«00 0
. «b24E00 +S61E+00 «76BE+00 «17TE+00 +S7SE+00 «663E+ 00 « 7125€+00 +S61F*00 +D62E*00 «40BE«00 O
J461E+00 2 635E+00 «596E+00 «BR2E*I0 s T4HE-0D «T28E~00 +B42E+00 «~7S8F <00 «666E¢00 +J41E*00 0.
«2TQE+00 +TIIED0 »T65E+00 6T1E+00 «117E€+00 »516€-01 o T49E+00 «856E°00 +159E+00 +204E+00 0.

0. 2 119E+00 «GBUEC0QO +8B8B6E+00 «TLIESOO L TS9E 00 «109E+01 «6T6F*00 »392€¢00 0. 0.
‘ 0. 0. «?955E+00 JH1BECDO +BT5€+00 «99SE-u0 «452E+00 »418F*00 0. 0. 0.
NORTH HALF FIELN EMERGY= +6326E 05 MuH
SOUTH HALF FIELN ENERGY= «TT45E0S M
WITS ON THE HELTO FIELD (28)
] 0 6 19 17 33 19 5 o )
0 1 24 24 23 33 30 29 12 0
] 25 29 38 32 35 39 28 14 .
20 3l a2 n 37 31 32 1 31 20
22 32 43 “? “5 “5 L3 “2 38 5
26 29 4“6 1) 5 39 44 32 33 2R
22 35 s 40 Wl 39 52 41 38 is
11 32 LT3 “2 7 L] 42 42 43 L]
[ 17 30 46 a3 34 50 39 18 L]
0 [ 13 3 b 55 24 20 [ [
FLUX ON THE FIELD i
29
0. 0. 749606 L90IE406 .B4YES06 L152E407 1026407 L194E006 O 0.

0. JS30E+06 .)105Fe07 ,172E°07 J107E07 - (153E¢07 ,164E<07 J152E¢07 .b47Ee06 O,
LGLOE+06 +136E+D7 L16BE407 ,224fe07 CIT4ESO7  L1BTE*D?7 L169€+07 150E+07 W413E+06  271E+06
J136E+07 L153E+07 .191€07 JRIE*D7  L153E¢07 .166E*07 J199E¢07  LAYBECOT L 162E¢0T7  L99TE+06
T11BE<O7  (14TEsQ7 Jp2BE<07 ,266E<07 2229E+07 L199E207 2356407 J217E+07 .201E¢07 L 197F.07
J79E07 L161E07 L,220F+07 L2P2€407 o 165SE+07 «130E+07 L208€+07 L161E°07 J161€407  J117Ee07
132607 J182E407  L159€+07 L253E+0T  L214E+07 ,20RE+07 L261E*07  L2V17€+07 L191E¢07 [976E+06
175606  L209E+07 L P19€+07 J1926407  4336E406 L 1GBECO6 W214E*07  L245E¢07 L21TE407  ,SBSE«T6

0. «914E<0s 1396407  ,254E407 L20E+07  L217E007 L311E°07 J194E<07 «112€E+07 O,

0. Ne 730F 06  L205€407 .2SLEe07 +2RSE*07 .130E¢07 .120E+07 0. 0.

FLUX LOST TO SHADOWING

0. 0. L7874ME+0Y L 12631E+05 . 2T25E05S ,16290E°06 «68B99IE+05 0. 0. Ne (30)
0. S0962F oD% LBBALIEADD L T4BLITECDS «I6BTTIE+0S  L10626EsDb  «61120E405 «17972E4N6  <#I112E405 De
T79932E403  JB0463F +05 oS4KINE05 L11283E+06 92924E+05 T195231E405 +1086HE«06 +1BT6IENS o2561TE+05 +31210€405
T40695FEs05 ,O0345F05 +]15709E06 L4SBIIE-D5  .12029E+06 T57650E505 <6961AE05 oIBRAS0F+0S  L6SOTIE+0S «14948E406
L13641E+05 .21024F 06 .AB)9RE0S «17801E¢06 .16165E+06 .16560E+06 «13T40E+06 .63192E+05 «11381E+06  +49650E 0%
L12108E+06 o SA61IF 05 .14200E*06 J26696E406 o13279E+06 ,20101E¢06 221229406 410441F N6 186756406 «5181BE+0S
L6079TE+0s  ,HO752F +05 414717E%06 <11391E*06  .15066E+05 411661E+06 J30647E+056 .BBRLGECQS TTIAES05 *23464F *05

0. J57944F+05 L 1SATIES06  .54155E+05 10545E405 .21B4BE+0S «10387E+06 «22735Fe05  J150T6E+0D 0
[ L46)SEE 205 J191TNESU6 L 1I6B2E06 +16495E+06 (T4209E+05 BIB94E«0S JRT166E ¢S L 135IDE05 0.
0. 0. JTINTRES0G  JI3ISAEC0S  »13223E06 +150873E+06 +63268E405 ,25352F 03 0. e

FLUX LOST TO HELIOSTAT TO HELTOSTAT SHADING

0. 0. L66695E+02 23610001 451071€402 ,SISI4E03  <69230E.03 O, 0. 0. b

0. T13576 405 .11661E+05 o TOSBOE0s .96164Ee04 .54T12Ee04 . 14701E+05 «14469E+05 0, [

0. T24329F+03  .22564E+01 ,12925E¢05 L189S7E+05 6613104 «25220E+05 «16611E005 ,26466E+05 31210405

{40695£+05 .798T6E+04 7117305 (3I6240E+05 L 1A6B7E+05 .AY0I2E+04 L23228E+05 .1TR83F¢NS ,33096E+05 .99065F<03
‘ C13641E+05 .70291F <04 «32513E+05 (IBOR2IE03 .693ITE40S .B63207E+05 L7BY65E+05 .5TAB3F+05 <113B1E06 .49690F+06

T492656405 .5R613Fe05 L1019NE+06 .14522E+06 .757BDE«0S LTO77T7E+0S +9645BE+05 (JGR0BE+0S  10798E+06 .51818E<05

60797Es04 .60TS2E<05 o1GTI7E<06 o BTS46E+05 ,16244E05 LS2176E+05 +20272E<0% ,885L4F+05 L7739BE405 .23664F 405

0. GT9a4E 05 .1SATIES06 o 54155E+05 .10545E+05 ,21848E+05 10387406 17078F 406 o8316BE«05 0.

[ T Wal156F +05 .716BSE<0S L 94esbE0S .27672Ee05 ,ST025E+03 ,72510€.05 +B7166F+05 13530E¢05 0.

0. [ 1637456404 .33956E¢05 .3ITGIGE0S LTOT2PE406  +19490E+05 ,25352F <05 Ue (1

FLUX LOST Tu dLOCKAGE (32)

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. ST5656F+073 O, [ 0. 0. 0. 0. .71034E405 0.

0. 0. . 0. 0. 0. 0. o, . 0.

0. 429620F 405 0. 0. 0. 0. [ 0. «33690E+05 0.

2. 0. [ 0. 0. 0. 0. 0. 0. Ve

0. 0. 0. 0. 0. 0. «30903E+05 0. 0. 0.

[N 0. 0. 0, 0. 0. 0. 0. 0. n.
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TOTAL FLUX

0.
0.
#41115F+06
«13983E+07
«11940E+07
+19091E+07
+«1326BE+07
«T7476F+06
0.

0.

0.
+SR1I5F + 06
16179F+07
s 1h240F+07
«16850£407
«16651F+07
«1909BF <07
«21528F+07
«95839F + 05

0.

«249T4E <06
«11401E«07
«17386£407
«20463E+07
«23834E07
«23426E07
«17196E+07
«23IS07€E07
«15793E+07
+73751E+06

PERCENT FLUX LOST TO SHADOWS

1
I
«19661E-02
«29104F-01
«11426E-01
2+63426F =01
+65821F-02
0.
I
1

PERCENT FLUX

TOTAL PERCENT

1
I
+19641E~02
«29104€-01
s11424E-0)
+6J624E~U)
«45821E-02
0.
I
1

1
«87661F-01
«62629F =01
+55632F =01
«12477F 400
+35201F=0}
+«31811F=01
«26916F-01
246073F =01

4

«31530E-02
«77725E-0)
«31a56E-0]
«TIHTHLE-0]
«I7313E-0]
«h044RE=-0]
«B4599E-0]
+h7517E-0]
«12139E+00
«96504E-02

LOST YO BLOCKAGE

1
0.
0.
0.
«4490]1F-03

0.
+15605F=0)

0.
0.

OF FLUX LOST

1
+87661¢~0]
«42628E~0)
+55632F-0}
+12522F +00
»35201€-01
0 67216F-0)
«26916€-01
46073F=0]

1

RAYS WHICH MISSED HIGH
[1] []

cooo~—ooe

oO-oND IO O

RAYS WHICH MISSED LOw

cCoococaccoo

RAYS WHICH M]

ceoeoonooooo

RAYS WHICH WHISTLED THROUGH
o

cooorwWO~0o0

osocoas2300

SSFD ACKOSS
0

cos000~acno

co20c00C—N—

«315306-02
«77725€-01
*«31454E=01
2 73676E-01
«37313€E-0)
+6084K-E=-0)
«R4S9E-01
«ATS17E-0)
«12133E900
*»96504E-02

Crmrmro—C O~
CDWmmc=cOoO

cocooooLec
oocoooocce

FRONT

coowm0oeOOC
ooco0oococoo0

0COCOCOOO O =~
esocoecoac

« 91 606E 06
«12950E407
+2JGBIESDT7
«16530E<07
«26619Es07
«24T71SEc07
+26606E+07
«19762E°07
+26T61E+07
«20B33c+07

«1378RE-0}
=37832E-01
«4H059E-01
«27726€-01
«67380E-01
«?9915E-01
+63)%3E-01
227604E~01)
+51126E-01
2 16294E-01}

«137HRE-D]
«57832£~-01
«4ROSRE-0]
«27726E~01
«57380E-01
«39915E-01
s43]43E-01
«27406E-0)
«51126E-0]
«16294E~01]

cconocoocce ccocconacs PR X-Y-X-T-TN-Y

CoO00C0CO O
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+B765STE+06
«11013€+07
+18322E+07
«16537€+07
026493E0T7
<17810E+07
«22921E407
+ J4BUOE 06
$22023E407
«26178E+07

«31091€-01
«33466E-01
+50713€-01
#T7574E-01
«66000€-01
«74S561E-01
«65730E-01
«30400€E-01
«T4B97E-01
«5013]1E-0])

«31091€-01
+JI666E-0)
+50719€~01
«77574E-01
«66000E~01)
«T4561E-01
+65730€-01i
«30400€E-01
«74B97E-0)
«30131€-01

coooococoo00 o-oocooo~oe

cocoocoocooce

0
1
0
0
0
o
0
[
o
0
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«16802€+07
«16368E+07
219441E007
«17158E+07
«21593E907
«21007E+07
«22012E+07
+1697SE«06
«22492E407
+30082E+07

+96950E-01
+649]15E-01
+38697€-0]
«33600E-01
«76692€-01
«95686E-01
«52974E-01
«12870E+00
+33029e~01)
«52766E-01

+96950€-01
+64915€-01
«38697E-01
»33600E-01
«T76692E-01
+95686E-01
«52974E-01
+12B70E-00
«33029€-01
2+52766E-01

coooocococooo cCoocococoo00 comocoo0oC

cococcooco~oo

«10924E407
«143982€.07
«17996E+07
206116007
«24910E407
«22896E4+07
«27179E+07
+2248SE.07
«32233E407
«1359SE.07

+83069E-01
«40796E~01
«+60393¥-01
+336B0E-01
«55159€-01
+92719€-01
+11276E+00
«46195€-01
«26027E-01
*465IHE-01

*+95873E-02
0.

+63069E-01
+40796E-01
+60193E-01
«33680E-01
+55159E-01
«92719€-01
«11276E+00
«46195€E-01
+35614E-01
«46538E-01

oocoooceoon ooocooeece o000 CC =

Ry -

+19385E+06
+160968E+07
«15221E+07
«20146F+07
«22340F+07
«17115€+07
« 225936407
+26791E+07
»20233€%07
«12223E 007

0.
«10592F«00
«12%27E-01
«19284F-01
«28287F-01
«61005F.-01
+39222F-01
+84R61E-n1
243082F-n1
«20741F-n1

0.

+10592F «n0
»12327F-01
«19286F-01
+28287F-01
«610058-01
«39222F =01
«B4861F=01
«430d2F-01
«20761E-01

cooNnN—ceO~O
L N Y L )

coceccceoao
osos0oNvNo22> ascsa239259>

ccococoo=oco

coooca-ooo
2099 ~m~v~oo

0.
«69012£406
«43882€+06
e 166726407
«21915€+07
«17939F«07
+20198E+07
2 2I24BE+07
+11353E+07

Ve

1
+62469€~01
«5R377E~01
«27034E~01
+51932E-01)
«10299E+00
«38321€E~01
«64852E~0)
«11918E~01

1

0.
0.

0.
«32614€~01

[
«16581E~01

0.

1
«62469E~01
«58377€~01
«27034F~0)
+84366F~01
«10299E+00
«56902€E~01
«04852E~01
+11318E~01]

1

(33)

[Ny

0.
«30185F¢06
«11661F+07
«19705F+07
«12208€+07
«99965F +06
«5B8530F 04
XY

e

(34a)

1
1
+10340F+00
«13042F «00
«25217F =02
24266T7F~01
«236472F=01
0.
1
1

(34p)

(34¢)
1

1
+10360F+00
»13042F 00
«25217F-02
W4246T7F-01]
«23472F~01

[
1
1

(35a)

(35b)

(35¢)

(35d)
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RAYS WHICH MIT CORBELS

4
0 ¢ . o H o 0 o 0 0 (35¢)
[ 0 0
0 0 0 0 [} ' 0
. 0 0 ° °
0 0 ° ° H [ 0
3 a ° ° [4 [} [ 0 1
1 1 \ o o 0 ] 0 0
[ 0 0 °
0 1 2 [ [} 1
1 [ 0 1
0 0 ° H 0 0 h
0 6 0 0 0 [} 0 ° °
[ 0 °
0 0 0 o ] L] [ o
0 0 ° ° H .
SL AHRAY ,7805SF¢00 725175400 .56317€+00 ,56103E00 .47391E+00 «36T91E«00 J11T41E0N0. 0. 0. (36)
o o w8 7 ? 5 & 8 0 0 0©
¢ 7 6 & & 5 5 5 1 0 0
7T 6 4 2 & & 4 5 71 8 0O
& 5 3 4 5 & 3 3 6 1 0
: L) S 1 1 1 3 1 2 3 3 L]
4 85 2 2 4 &« 3 5 &« 6 0
6 4« 5 1 2 2 ¥ 2 3 1 0
‘ 7 2 2 3 8 B 2 1 2 7 0
| 0 7 S 1 3 2 1 3 6 0 0
} 0 0 7 3 1 1 ] 6 4 0 [
‘ 0 0 0 0 [] 0 0 0 0 L] 0
WITS IN EaST NORTH D]VIDED QUADRANTS (31
MONTH E/N -F/N ~F/-N E/-N N FLELD S FIELD
1 86 25 29 94 111 123
97 21 2> 71 118 93
3 es 39 29 83 126 1z
“ 79 »2 20 77 101 97
s a3 28 26 a6 111 112
6 90 28 1a 96 112 114
7 89y ?6 30 83 115 13
3 92 27 25 76 113 99
9 87 27 13 91 116 110
10 85 24 23 as 109 112
11 98 24 17 100 122 17
12 96 27 13 L2l 123 102
13 377 97 a7 368 474 435
14 354 109 99 9 463 439
15 136 na 91 340 448 431
AHITS IN NDRTHEAST NORTHWEST DIVIDED QUADRANTS (38)
MONTH NE/NW =NF /Nw ~NE /=Nw ME/=Nw  =NE/NWeNE/=Nw
1 113 b le 43 o7
2 109 39 1a 45 B4
3 102 52 21 61 113
“ 101 el 17 39 1]
5 101 sl 24 «7 9
6 103 55 17 57 112
7 111 a8 24 55 93
8 100 u$ 13 56 99
9 113 46 1= 50 ve
10 110 65 15 51 96
1 138 k] 15 48 85
12 124 35 11 53 a8
13 464 176 6n 189 365
I ol5 189 8u 213 402
15 426 (L4 63 201 385
13 1S THE WINTER MONTHS
16 15 THE SHMMER MONTHS
VS [S THE SPRING AND FALL MONTHS
16 1§ THE TNTAL YEAILY ENERGY
ErERGY 14 FAST NOHTH DIVIDED QUADRANTS (39
‘ MONTH NE SE swW NW N FIELD 5 FIELD
1 .339E+06 +923E+03 «123E ¢ 06 +GOSE 04 «T4SE+06 «21RE*04
2 LATIE04 S101E+06 «105E06 +38BE <06 +B61E04 »205E 04
3 4BIE04 +218E+0a 175F+ 00 2439 006 <921E¢0¢ «394E ¢ D%
“ «393E+0% «141E<06 «BT4E«03 +635E ¢ 04 +BZTE 0% +228E+04
5 GTIEC06 <202E404 +200E+06 +656E+06 «929E 04 «607E+06
6 J4BBE+04 «213E404 J107E+04 <5T0E+04 + 106805 +313E 04
7 #507E 0% «172E504 «197€404 «522E406 +103E+05 +369E 404
8 <SOTE<04 “IBTE«C4 «130E U4 «&13Es06 «926E+04 #378E2 04
9 2 @79E 204 «169E¢04 «10GE 00 «548E+06 +103E°05 «273E04
10 «405E+ 04 «126E+04 «108E«04 e4bu2ES04 «B4TE<04 «233E04
11 «421E+06 +AQOE+0) «T4GE+0D »425E «04 «B4TEC0G «156E« 0%
12 +361E+04 «116E+04 «T53E401 .328L +04 «690E ¢ 04 «197E+06
13 <159E 05 +389E 06 +381F-Ua +155E+05 «314E+05 T0Er0%
14 +197E+05 «TT3E+04 +693E+04 «197E+05 «394E+05 «14TE+05
15 2 176E+05 «hSGECOL JHTGE0G «186E+05 «362E+05 «113E0S
16 .533E+05 «182E <05 +153E05 «538E+05 +107E206 +337E05
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MONTH

t
2
3
o
s
6
7
8
9

TCY TcY
2)446.16,00C
2144616, 1P
21.46.16,00C
21.46.16,
2).46.17,USE
21.46418,PRO

F=-27

ENERGY IN NORTHEAST NORTHWEST OIVIDED QUADRANTS

NORTH
+4S9E 04
«S09E 04
+555E 04
«53IE«04
+STSE+04
+STOE+06
«6I2E+04
+549E 04
«64IE+04
«552E+04
+571E+06
+485E+04
«202E+05
«233E 05
«228E+0S
«663E+05

WEST
+294E+04
«21TE+06
«328E+04
+214E4+06
+30SE+00
+339E+04
«25TE+04
+254E+06
«277E+04
0213E+00
+169E+04
¢143E+00
«823E+06
«115E«05
«103E+05
+301E«0S

SouUTH
«4S9E+03
«B73E+0)
«138E+0¢
«88BE+03
«183E+04
«113E+064
+155E+04
«139E+04
«B873E+03
«682€+03
«636E+03
«585E«03
«255E+06
«590E+04
«383E+04
«123€+05

13 IS THE WINTER MONTMS

14 IS THE SUMMER MONTHS

EAST
«163E<04
«256E+06
«294E«06
«220E¢00
«26TE+04
«3S6E«04
+354E«06
«360E+04
«293E+04
«247E+00
«197€+0¢
«195E« 06
+BOJE«04
«134E+0S

+105SE+05

«320E+05

15 IS THE SPRING AND FALL MONTHS

16 1S THE TOTAL YEARLY ENERGY

SCOPE J.4.3
00RN FROM

+T15009MT1 P4,

RIZXFYTTCs}
JECT(#8]19%)

406€.275
ZIN
00000256 WORDS = FILE INPUT

2le46.19,ACCNe TMYL1y *8]19*
2146419, LAHEL (SAMPLE +LSDOCMEN+VSNZX305R4R)

21.51.00,MT50 VOLUME SERJAL NUMBER 1S

21451400.MTS0 ASSIGNED TO SAMPLE

21+51404.8VS
21.51.05. LA
21.51.05.
21,51.05,
21.51.05,
21.51.05,

N= 0X3058» RO ACCESS GRANTED

BEL READ WAS
EDITION NUMBER

DOCMEN
01

RETENTION CYCLE 000

CREATION DATF
REEL NUMBER

77060
0001

21451405, UPDATE {(PsSAMPLE 4w CoF)

21451015, UP

21451 ¢15.FTN(I=COMPILE)
21.53.02, 22.873 CP SECONDS COMPILATION TIME
21.53.02,L60.
21.53.44,L0CKIN,
21.57.51, STOP
21,57,51,0P 00075008 WORDS - FILF OUTPUT » pC 40, IN
21.57,51.1SEQs ENTERED QUEUE 21,46.11 77080
21457.51,155W 275.270 EXECUTION TIME
21457.51.M5 136192 WORDS ( 182784 MAX USED)
21.57.51.CPA 166,701 SEC,
21.57.53.10 108,569 SEC,
21457.53.CM 2208,491 KWS,
21457.53. 155Ny 200,220 TOTAL SBUS NON-APPLICATION
21457.53.PP 94,725 SEC. DATE 03/21/77
21.57.53,E0 END OF J0Bs IN

TCY  TCY SCOPE 3.4.3

DATE COMPLETE.

21.66.16.D0C00RN FROM

21.46.,16.1P
21.46.16,00C
2le66,16.

00000256 WORPDS = FILE INPUT

+T15009MT1sP4,

21046017 USER(ZXFLTTCo)
2146641B,PROJECT (#8199}
21466019,ACCNs TMIL1s *B19* .
21446019, LABEL (SAMPLE +L=NOCMENsVSN=X30584R)

21¢51.00.MT50 VOLUME SERIAL NUMBER S

02722777

+ DC 00,

0x3058

406E.?75 02/22/77
IN

21451400.MT50 ASSIGNED TO SAMPLE

21451 404.$VSN= 0X3058,

21451405, LABEL READ WAS
21.51.05. EDITION NUMBER
RETENTION CYCLE 000

21451,05.
21.51.05.
21.51.05.

CREATION DATE
REEL NUMBER

RN ACCESS GRANTED

DOCMFN
0l

77069
0001}

21451405.UPDATE (P=SAMPLE 4w sCoF)

21451415, UP

21051415.FTN(I=COMPILE)
21.53,02. 224873 CP SECONDS COMPILATION TIME
21.53,02.160,

21453.46,L0CKIN,

21.57,51. STOP

21.57,5).0P 00075008 WORDS =~ FILE OUTPUT » DC 40+ IN
21457.51.1SEQs ENTERED QUEVE 2).46.11 77080
21457.51.15SWs 275,270 EXECUTION TIME

21.57,51.M5 136192 WwORDS ( 182784 MAX USED)
21457.51.CPA 166.701 SEC,

21.57.53.10 106.569 SEC.

21+57.53.CH 2208.49] KWS,

210574531550 200,220 TOTAL SAUS NON-APPLICATION

21.57.53,PP

DATE COMPLETE.

94,725 SEC.

21,57,53,E4 END OF JOBs IN

« DC 00,

Nx3058

DATE 03/217/77

EAST + WEST
«4STE+04
HT1E«0G
«622E+04
2434E¢ 06
«572€+06
+69SE 04
«611E+04
«614E04
«STOE«06
«460E+04
«366E ¢06
«33BE04
«163E+05
«249E+05
+209E+05
«621E+0S
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