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Abstract

The Central Receiver Test Facility (CRTF), operated for the Department of Energy
by Sandia National Laboratories in Albuquerque, New Mexico, was constructed to
evaluate design concepts for solar central receivers. The facility consists of an array of
222 heliostats in a northfield configuration that reflects and focuses the sun’s energy
toward a tower 60 m high. Throughout the history of the CRTF, there has been an
interest in beam redirectors or reconcentrators. The objective of this paper is to
discuss the numerous code modifications required for the facility code HELIOS to be
able to model the redirector-radome configuration. This model simulates the solar
flux-density pattern from reflecting concentrators and follows the incident solar
radiation through the atmosphere, the collection system, and finally onto the target.
The model includes most pertinent factors that influence the optical performance of
a collector system. Although the standard output contains information concerning sun
shape distributions and atmospheric attenuation, probably the most useful output is
the flux-density pattern at a grid of points on a receiver surface and the integral of this
distribution over the surface to obtain power.



Foreword

The research and development described in this document was conducted within
the U.S. Department of Energy’s (DOE) Solar Thermal Technology Program. The
goal of the Solar Thermal Technology Program is to advance the engineering and
scientific understanding of solar thermal technology, and to establish the technology
base from which private industry can develop solar thermal power production options
for introduction into the competitive energy market.

Solar thermal technology concentrates solar radiation by means of tracking
mirrors or lenses onto a receiver where the solar energy is absorbed as heat and
converted into electricity or incorporated into products as process heat. The two
primary solar thermal technologies, central receivers and distributed receivers,
employ various point and line-focus optics to concentrate sunlight. Current central
receiver systems use fields of heliostats (two-axis tracking mirrors) to focus the sun’s
radiant energy onto a single tower-mounted receiver. Parabolic dishes up to 17 meters
in diameter track the sun in two axes and use mirrors to focus radiant energy onto a
receiver. Troughs and bowls are line-focus tracking reflectors that concentrate
sunlight onto receiver tubes along their focal lines. Concentrating collector modules
can be used alone or in a multi-module system. The concentrated radiant energy
absorbed by the solar thermal receiver is transported to the conversion process by a
circulating working fluid. Receiver temperatures range from 100°C in low-temperature
troughs to over 1500°C in dish and central receiver systems.

The Solar Thermal Technology Program is directing efforts to advance and
improve promising system concepts through the research and development of solar
thermal materials, components, and subsystems, and the testing and performance
evaluation of subsystems and systems. These efforts are carried out through the
technical direction of DOE and its network of national laboratories who work with
private industry. Together they have established a comprehensive, goal directed
program to improve performance and provide technically proven options for eventual
incorporation into the nation’s energy supply.

To be successful in contributing to an adequate national energy supply at
reasonable cost, solar thermal energy must eventually be economically competitive
with a variety of other energy sources. Components and system-level performance
targets have been developed as quantitative program goals. The performance targets
are used in planning research and development activities, measuring progress,
assessing alternative technology options, and making optimal component develop-
ments. These targets will be pursued vigorously to insure a successful program.
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Nomenclature

ALA, Distance described by Equation (D-1)

A, B,C, Components of unit-normal vector, Equation (1)
B,B1 Unit vectors describing reflected ray from heliostat
e} Unit vector describing location of target center
cc Vector equation, Equation (13)

d,D Distances between heliostat facet plane and redirector plane, Equation (D-43)

DX,DZ Distances on target, Equations (8) and (9)

1,8, Unit vectors in plane of heliostat facet

H.H, Unit vectors describing intersection point on redirector facet plane

iN Unit vector describing intersection point on target

i Unit vector describing sun position

1ok Unit vectors in sun-facet coordinate system

L,,L, Heliostat dimensions

£ Distance from heliostat to aimpoint

N Unit-normal vector from heliostat facet

Ny Unit-normal vector from redirector facet

N, Unit-normal vector from target point

N,,.N,N, Components of unit-normal vector

P Distance from redirector to heliostat

PL Vector locating corner of target, Equation (6)

B1 Vector equation describing an arbitrary point on heliostat facet plane,
Equation (D-43)

6 Vector equation describing point in heliostat plane

R, Unit vector describing reflected ray from heliostat

R, Unit vector describing reflected ray from redirector to target

RV Vector describing position on target, Equation (7)

UTvV Unit vector describing reflected ray from heliostat

V1,V2,V3 Unit vectors on target

XasYaZa Heliostat aimpoint

Xp Yi,2p Target center coordinates

X, Yr, o2, Intersection point on the target surface for the reference heliostat

Xp,Yr, 2, Intersection point on the target surface for the reference heliostat

Xu,YnZy Intersection point on redirector plane

Xur, Yar.Zur Point where the ray from reference heliostat pierces the redirector plane

X1, YI, Z1 Intersection point on target

XY, Z, Center point of center facet on heliostat

Xprs Ypiolpn Center point of center facet on reference heliostat

Ko YpoZis Tower coordinates of the upper and lower corner facets of the heliostats

XY, Z, Heliostat foundation position

X0,Y0,Z0 Center point of target, Equation (49)



Nomenclature (Continued)

AY,
AZ,
AZ;,

«
Cy,Cq
Ps

Pe

¢)s

&y

YL

Reference distance, Equation (D-29)

Reference distance, Equation (D-13)

Reference distance, Equation (D-24)
Normalization factor

Angles described by Equations (11) and (12)
Elevation angle of sun

Elevation angle of reflected ray from heliostat
Azimuth angle of sun

Azimuth angle of reflected ray from heliostat
Reference angle for redirector, Equation (D-28)



A Method for Designing a
Redirector/Reconcentrator for Use at the
Central Receiver Test Facility

1. Introduction

Throughout the history of the Central Receiver
Test Facility, Albuquerque, New Mexico, there has
been interest in a beam redirector/reconcentrator. A
redirector/reconcentrator is a reflective surface (or
array of surfaces) that will redirect energy coming
from solar collectors onto a target positioned at an
orientation that would otherwise be impossible to
irradiate or reconcentrate “spilled” energy back onto a
target. Since the solar beam reflected from the
heliostats is much larger than many of the specimens
that are tested, and since many experimenters have
requested higher peak flux levels on their experi-
ments than can be produced with the “raw” beam, a
redirector could be very useful. In fact, a solar re-
ceiver tested by McDonnell Douglas used redirecting/
reconcentrating panels on the sides of the receiver
panels to “catch the spilled energy” and redirect it
back onto the target. To date this has been the only
time that redirectors/reconcentrators have been used
at the CRTF.

Recently, Applied Physics Laboratory (APL),
Laurel, Maryland, proposed another application for a
redirector. APL is conducting a radome (nose cone)
test program for the Army. The program so far has
been limited to measuring the boresight error of
re-entry radomes while simulating aerodynamic heat-
.ing using the heliostat field. APL has been asked by
the Army to expand the scope of work in the test
program to include thermally shocking the radomes.
To produce the thermal shock, a uniform flux (over
the entire surface of the radome) of greater than 300
W/cm? is required. Although it is possible to achieve
this flux level using a single aimpoint, the 360°
geometry of a radome makes the problem impossible
using only the incident flux from the heliostat beam.
Hence, a redirector is needed to uniformly irradiate
the entire surface of the radome.

Since a nose cone is probably one of the most
difficult geometries to uniformly irratiate using the
“raw” beam from the heliostats, the latest revisions to
the HELIOS computer code' required to make flux

predictions from the redirector onto the radome are
presented.

The HELIOS model simulates the solar flux
density pattern from reflecting concentrators, and the
computer code HELIOS implements the model. This
model follows the incident solar radiation through the
atmosphere, the collection system, and finally onto
the target. The model includes most pertinent factors
that influence the optical performance of a collector
system. Although the standard output contains infor-
mation concerning sun shape distributions, focusing
and alignment of concentrators, heliostat locations,
and atmospheric attenuation, probably the most use-
ful output is the flux-density pattern at a grid of
points on a receiver surface and the integral of this
distribution over the surface to obtain power.

Two codes are required to make flux predictions
on the radome (a third code is provided to help
optimize the location of the cone in the reflected
beam). The first code, OPTICS, was written by G. P.
Mulholland, D. Arvizu, and W. Phipps?% however,
major changes were required to make this code appli-
cable to the radome. (It was then renamed REDIR.)
By providing the target location and the redirector
plane location, this code calculates the normal vectors
(required by HELJIOS) between the redirector plane
and the target. The modified code is presented in
Appendix A. The second code, BCONE, (Appendix
B), contains the modifications to the HELIOS code
that are required for the redirector and the nose cone.
By running the modified code with the appropriate
data file, BCONED, (Appendix C), HELIOS will
calculate the flux on the cone from the redirectors as
well as from the incident beam. The third code,
PLATE, (which also contains modifications to the
HELIOS code) predicts the flux density from the
redirectors that is incident on a flat plate oriented at
an angle (with respect to the redirectors) specified by
the user. By making flux predictions on a flat plate,
we can tell where the cone should be located so that
the flux distribution is maximized on the surface of
the cone. Since the nose cone that we were asked to
make predictions for is very small (base diameter —



.1143 m; length ~ .57 m) compared to the size of the
reflected beam from the heliostats (diameter — 3 m), it
is difficult to know whether the cone has been located
in the optimal position of the reflected beam from the
redirector. Therefore, the code, PLATE, is very useful
for locating the cone with respect to the redirectors.
(All codes are available to the public and can be
obtained by contacting the authors.)

The optical theory for designing a redirector/
reconcentrator is very detailed. Therefore, it is in-
cluded in Appendix D for interested readers.

2. HELIOS Code
Modifications

After the redirector geometry is determined from
the code REDIR, the next step in the analysis is to
enter this information into the HELIOS code. The
flux-density distribution on the redirector facets and
the target can then be determined. There are two
basic modifications to the code; one for a flat target
and the second for a target that is a surface of
revolution.

2.1 Flat Plate Target

The HELIOS code is structured so that the
intersection point and the unit reflected ray on the
redirector are determined as well as the intersection
point on the target plane; see Figure 1. One then has
to determine if this intersection point (XI, YI, ZI) is
located within the extents of the target. These calcu-
lations are made in the subroutine BASKET in the
HELIOS code.

The unit normal to the target Nt and the location

of the target center Care HELIOS inputs, and the
intersection point on the target plane (XI, YI, ZI) is
determined by HELIOS. For later reference, we de-
fine the unit normal by

N, = Nyi + Nyj 4+ Ngk, (1
the vector C by

C = XOi + YOj + 2Ok, (2)

and the vector that describes the intersection point by

TN = XIi + YIj + ZIk. (3)
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REDIRECTOR FACET

(XTA, YTA, ZTA)

INCIDENT
RAY

FROM
HELIOSTAT

CENTER

(X1, YI,

TARGET

Figure 1. Redirector/Target Geometry

The information in the remainder of this section is
used in the subroutine BASKET. We assume the
target surface is a flat rectangle with dimension
XEXT and ZEXT. A unit vector in the target plane is
formed by projecting the unit normal into the hori-
zontal plane and rotating it 90° counterclockwise, as
shown in Figure 2.

=N, N
& = by +5 (4)
where

b= (N2 + N2,

If N, and N, are zero, then &, isdefinedas — i
(horizontal target). Since &, and &; (or Nt) are known,
then

(5)



The corner of the target denoted by PL in Figure 2
can now be located in space.

A

€

= (XEXT)

ZEXT
L=2C 5 ( )4

2 €2, (6)

ol

where the vector ¢ is given by Equation (2). The
vector RV in the target plane is defined by

RV = (XI-XO0) i + (YI-YO) | + (ZI-Z0) k

(XEXT) ,  (ZEXT)
— e

9 €; 9 g - (7
| .
XEXT
= L
.
RV
I &2
&) Z
C E
X
T
A

Figure 2. Flat Plate Target Plane

The intersection point (XI, YI, ZI) is an input to the
BASKET subroutine. We next define the distances
DX and DZ to determine if the intersection point is
within the target;

DX =RV.§ (8)
and
DZ =RV . (—&,). (9

If O =DX =XEXT and O <DZ <ZEXT, the ray
pierces the target plane and is counted. However, if
any of the following events occur, the ray is not

counted:

DX <O,
DX>XEXT,
DZ<O0, or
DZ>ZEXT.

A listing of the code modifications and data file for
this case is given in Appendices B and C.

2.2 Surface of Revolution
Target

Calculating the flux-density distribution on a
surface of revolution is similar to that for the flat
plate, except that the HELIOS subroutine TCIRPC
(where the unit vector B is determined) must be
modified. Also, the integration schemes in Program C
and subroutine POWER must be adjusted.

Consider the following situation, in which BBisa
vector to the center of the rear plane, F is a vector to

the center of the front plane, and 6 is a vector to the
midpoint of the axis of revolution, shown in Figure 3.
The vector B is determined in the usual manner.

B=UTV-2 (UTV . NHR )NHR y (10)

where the unit vector UTV is determined in HELIOS,
and the unit-normal Ny is an input to the code.

To eliminate needless computation, we first de-
termine if the reflected ray will miss the target. An
imaginary sphere of radius R with center at 0, which
completely encloses the target, is constructed; see
Figure 4. If the extension of B is to strike the target,
it must fall within the cone described in Figure 4,
where the angles «; and a, are defined by

_(R)

ap = sin~ ' ———— , (11)

VT Al

and

V?A)
) (12)

_ -1 R .
oy = COS (B VTA

The vector VT A is from the point on the redirector
(XTA, YTA, ZTA) to the midpoint on the axis of
revolution.

If @y > «, then the ray can be ignored; however,
if ay =< «;, then the intersection point must be
determined.

11
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REDIRECTOR

(XTA, YTA, ZTA)

ORIGIN
Figure 3. Redirector/Target Geometry
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{(XTA, YTA, ZTA)

Figure 4. Imaginary Sphere Construction

To determine the intersection point (XI, Y1, ZI),
we construct the vectors shown in Figure 5.

REDIRECTOR PLANE N

ORIGIN

Figure 5. Vector System Used to Determine Inter-
section Point



The vector CC is defined as

€C = TA— BB + (RTEST) B, (13)

where B, ﬁB, and TA are known, and CC is to be
determined by assuming various values for RTEST.
In addition, unit vectors V1, V2, and V3 are evaluated
in the following manner:

. F-B \ X .

V1= ————=VIXi+ VIYj+ VIZk, (19)
|F — BB

Gg V1Yi— VIX] .

T (VIXE + VY9 (19)

and

V3 =V2x V1. (16)

The remainder of the procedure is a trial-and-error
process in which a value for RTEST is chosen and the

vector CC is determined for that value of RTEST.

The vector CC is then projected along the
V1, V2, and V3 directions; see Figure 6.

———
cC

8B

Figure 6. Nose Cone Geometry
Because we know a functional relation of the form

= f(§) , (17)

which describes the surface for any target, the £ value

can be obtained by projecting Cc along the V1
direction;

£=CC.VI . (18)
Obviously if
£<0

or

t>F — BB ,

then RTEST should be incremented and a new vector
CC determined.
We next project cc along V2 and V3 to deter-

mine the perpendicular distance the pointEC is from
the axis of revolution;

RT = [(CC . V2)? 4+ (CC . V3)2"2 . (19)

If r = RT, the intersection point is on the target
surface and

XIi+ YIj+ZIk =TA + (RTEST)B. (20)

However, if r # RT, RTEST must be incremented
and the procedure repeated.

As mentioned previously, the value RTEST is
usually found by an iterative technique. Thus, a
judicious choice for an initial guess of RTEST is wise
to avoid excessive computer usage. The proper choice
depends on the problem being considered.

3. Numerical Example

The following numerical example is presented to
demonstrate the design process. The specific problem
to be discussed is a nose cone designed by the Applied
Physics Laboratory (APL); Figure 7. As discussed
earlier, this configuration is difficult to irradiate
uniformly with the solar beam produced by the CRTF
heliostats. The nose cone is small (0.1143 m base
diameter by 0.57 m long) relative to the size of the
solar beam, which is about 3 m in diameter. As a
result, much of the energy does not impinge on the
surface of the nose cone. Therefore, to direct some of
this energy back onto the cone and to have a uniform
distribution of energy on the cone, it was proposed to
design a redirector.

13



1.25686

0.6283

5.6549

5.0265

Figure 7. Geometry of APL Nose Cone Showing
Locations (in radians) Where Flux is Predicted

The design process consisted of two steps. To
optimize the redirector configuration, the computer
code REDIR (Appendix A) was used. Once the con-
figuration was decided upon, the HELIOS' code with
the necessary changes (Appendix B) to model the
redirector-radome configuration was used. The
HELIOS output gave the flux density distribution on
the surface of the radome. If the distribution was
acceptable, the design process was complete. How-
ever, if the flux-density distribution was not accept-
able, the design process was repeated until a suitable
distribution was obtained.

The first design we chose used two redirector
panels. Each panel was made up of eight 2-ft X 2-ft
facets. Each facet was to be mounted on a framework
in a way that it could be adjusted so that the reflected
energy could be aimed at the radome. The redirector
facets were to be mounted facing the heliostat field
and the radome mounted facing the redirector (Figure
8).

Since we knew that many HELIOS predictions
would be required and that predictions made using all
221 CRTF heliostats would be expensive, we chose to
divide that heliostat field into 22 “cells” (Figure 9).
From each cell we chose one representative heliostat

14

(this represents one-tenth of the heliostat field). We
used this strategy assuming that when we were satis-
fied with the distribution from these heliostats, we
would make a prediction using the entire 221
heliostats, giving each heliostat in the cell the same
aimpoint as that used by the representative heliostat.

S

UPPER REDIRECTOR

LOWER REDIRECTOR

FLAT PLATE TARGET

Figure 8. Redirector/Target Geometry: Orientation
#1

As mentioned earlier, the nose cone is small;
therefore it was critical that it be located in exactly
the correct position to intercept the reflected energy
from the redirectors. To aid us in locating the nose
cone we made our preliminary predictions on a flat
plate, 1 m X 1 m. By examining the flux distribution
on the plate, we could then more accurately locate the
nose cone. Therefore, the first step in this exercise
was to locate the redirector and the flat plate in the
tower coordinate system.

The upper redirector panel (consisting of eight
facets) was positioned facing north at an angle of 28°
from the horizontal. The lower panel is mounted at an
angle of 135°. Note that the angles are somewhat
arbitrarily chosen. Figure 10 shows the coordinates on
the redirector in the tower coordinate system.
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The flat plate (1 m X 1 m) is mounted at an angle
of 55° from the horizontal. The coordinates of the
lowest edge of this plate are shown. There are three

oT (0.0, 7.72, 52.32) N
target points along the target; they are the aimpoints
used by the redirector.
0 (0.0, 7.18, 52.03) The input data file submitted to the code REDIR

is shown in Appendix A. This data file is called TAPE
1 and the output from the code, TAPE 2. The results
of this configuration are shown in Figure 11. The first
column is the heliostat number; the second, third and
fourth columns are the coordinates (x, y, z) of the
pierce point (the point at which the central ray from
the heliostat pierces the redirector plane). Note that
this point may or may not be the aimpoint for the
heliostat. The next three columns are the components
of the vector normal to the facet. The last column is
the angle (in degrees) between the incident ray and
the normal.

Figure 10. Tower Coordinates of Redirectors and

Target
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Additional information is printed to assist in
optimizing the size of the redirector facets. For each
facet, REDIR calculates the pierce point (the point
where a ray reflected from the center of a heliostat
pierces the redirector plane). A cone of energy is also
traced after reflection from each of the four corners of
the heliostat. We chose to trace 12 individual rays
(A®@=7/6) on the surface of the reflected cone of
energy. The coordinates for the intersection point on
the redirector for each of these 12 rays are printed for
each corner of the heliostat. Thus for each heliostat,
we have 49 points on the redirector surface that
define the extent of the solar beam on that surface
due to the particular heliostat being considered.

We are now ready to make flux predictions using
the HELIOS code. To do this, data must be entered
into two files. Listings of both files are found in
Appendix C. The first file contains the modifications
that must be made to the HELIOS code, and the
second is the data file that is submitted with the code.
The lines that must be changed in these files are
clearly marked; however, comments regarding these
inputs are made below. Note that all dimension
statements must be checked.

1. In subroutine USTG1

The statement numbers must be equivalent
to the number of redirector facets. For each
redirector facet we must enter the coordi-
nates of the facet center (XTA, YTA, ZTA)
and the components of the unit normal to the
facet (ANX, ANY, ANZ) (determined by
OPT3).

2. In subroutine INDATA
The coordinates of the target center, the
components of the normal to the target, the
target extents (two dimensions) and the ex-
tents of each redirector facet.

3. In subroutine BASKET
We enter the components of the unit normal
to the target (ANX, ANY, ANZ) and the
coordinates of the center of the target (PCX,
PCY, PCZ).

In the data file, the first data that must be
entered are in Group 3; they give the general direction
of the unit normal to the target. This variable is
IVMD, and the possible values for it can be found in
Ref. 3. Also in Group 3 we enter the number of

aimpoints on the redirector facets and the coordinates
of each aimpoint.

The next data that are changed are in Group 5.
We enter the number of the first heliostat, the total
number of heliostats to be evaluated, and the align-
ment point and aimpoint for the first heliostat. The
alignment and aimpoints for the remaining heliostats
are entered following Group 7.

The results of running this case are shown in
Figures 12 and 13. Figure 12 is the flux on the upper
surface of the flat plate target, and Figure 13 on the
lower surface. The flux on this plate is a result of the
contribution from the “raw” beam reflected from the
heliostats as well as that from the redirector facets.

Since the flux reflected from the upper redirector
facets is much greater than that from the lower
redirector facets, we decided to change our strategy
and delete the lower redirector and heat the bottom of
the plate with the incident beams from the heliostats.
The top of the plate will be heated with beams from
the redirector facets. The geometry is shown in Figure
14.

The results from the configuration are shown in
Figure 15. The flux from the reconcentrator is not as
high as we had hoped. This is due to the large angles
between the incident rays on the target and those
normal to the target surface. Therefore, we decided to
lower the target to a horizontal position. As seen in
Figure 16, this increased the flux on the upper surface
of the plate.

Now, we are ready to make predictions on the
surface of the nose cone by using another modified
version of the HELIOS code, CONE.

The geometry of the cone is shown in Figure 17.
The file that contains the modifications to the
HELIOS code and the data file are shown in Appen-
dix B.

The changes required are clearly marked in these
files. The results from this run are shown in Figure 17.
The flux on the top surface of the cone was greater
than on the bottom (although we had some heliostats
aimed on the bottom of the cone). This occurred
because the heliostat beams were large compared to
the size of the cone. Therefore, much of the energy
passed the cone initially, was intercepted by the
redirector and then reflected down onto the upper
surface of the cone. By carefully aiming the heliostats,
one can get a desirable distribution around as well as
along the cone.

19



02

W/SQ CM ON TARGET SURFACE FOR DAY 180. AND TIME 0.0C00 HOURS.

TOTAL POWER DENSITY UPON RECEIVER

z X(I)e «5000 +4000 .3000 +2000 -1000  0.0000 -+1000  -.2000  -.3000  -.4000 ~.5000 M
METERS
«5000 o106E402 1146402 o116E+02 +114E+02 (131E+402 .1386402 .1396402 .131E402 .114E+¢02 .941E¢01 4892E+01
+4000 oB85E401 o9TIE+01 ,112E402 1226402 o130E402 .162E402 o162E¢02 1396402 .125E¢02 +999E+01 .889€+01
#3000 oT66E40] o 922E40]1 o121E402 +144E402 1616402 .169E402 .178E¢02 .156E402 ,121E+02 .975E401 B66E401
+2000 «BB3EF01  o922E+01 .132E+02 .1TOE402 .18BE+02 <199E+G2 <191€+02 .164E402 .120€+02 .B4TE*0L .763E+01
<1000 . 6316401 .960E+01 .141E+02 1796602 .202E+02 .206E+02 .189E+02 .1T76E+02 .128E+02 ,B836E+01 ,637E+401
0.0000 <650E401 <890E+01 .1426402 171E402 o194E+02 .195€+¢02 .185E¢02 .173E+02 .138E+02 .B32E+01 ,606E¢01
-.1000 e5BLE4DL oTT2E401 1256402 o159E¢02 171E402 1756402 +169E+02 1606402 1316402 .795E¢01 .535E401
-42000 e508E401 6426401 o100E+02 <134E¢02 154402 .159€402 <150€402 1376402 .104E¢02 .673E+01 ,426E+01
~43000 <421E¢01  .561E¢01 .768E¢0) .105€+¢02 ,126E+02 .128E+02 <119E+02 .104E+02 .802E+01 .531E+¢01 .391€401
-+ 4000 ©336E+01 . 469E+01 L568E+00 660E01 BSSE+01 854401 .760€+01 .659E+01 <600E¢01 . 472E¢01 . 346E+01
-+5000 e256E401 +343E+01 3956401 L424E+01  .4T0E¢01l L489E+01 .431E+01 .414E¢0) .41BE+01 .424E+01 ,302E+01

TOWER COOROINATES OF TARGET POINTS 1s 11, 111, AND 121 .

«500E+00 J716E+01 ,500£+402 UPPER LEFT CORNER
-~ 5006400 LT16E401 .%08€+¢02 UPPER RIGHT CORNER

+500€+00 .TT4E+01 .50CE+02 LOWER LEFT CORNER
-¢500€+400 .774E+01 .500E+02 LOWER RIGHT CORNER B - S

_ INTEGRAL OF POWER DENSITY IS~ 116422.190 WwATYS = , e

~TIME FOR C IS 579.643000 ) ~ ) o o e
Figure 12. Flux Profile on Upper Surface of Flat Plate Target at 55° Angle Upper and lower redirectors used.
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W/SQ CM ON TARGET SURFACE FOR DAY 180. AND TIME 0.0000 HOURS,
TOTAL POWER DENSITY UPON RECEIVER
7 X{I}= ~.5000 -+4000 -.3000 -+ 2000 ~+1000 0.0000 «1000 2000 «3000 . 4000 .5000 M
METERS
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_ 41000 #315E¢00 ,551E+00 +B6TE+00  +933E+00 o741E+00 o854E+400 +892E+00 <B834E+00 <B17E+00 .367FE+00 .282E+00
0.0000 «351E400 «4BT7E+CO0 JB65E+C0 J105E+01 JB2LE+CO <TI99E+0C +B4O0E+00 JB6SE+00 .BLlHE+00 <349E+00 .381E+00
-.100C e290E400  +479E+00 Bl6E+00  925E400 L652E+400 +746E400 o774E400 oBLOE+0C < 70TE400  o502E400 +349E+00
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-+ 3009 «306E+00  +469E+0C LOCHE+LL  104E+4C1  LB21E+00 TO2E+CO  .B22E+0C J72BE+0C . H26E+0U  4T4E400 ,40LL+CQ
-~ 4000 +352E+00 .4TCE+G0  .T20E+00 LBO1E+CO .914E+C0 .BGTE+QC +650E+00 .61T765+¢0C L4655+00 #514E+00 L277E+00
-+ 5000 vcFLE*00  4545E+00 o 9BIEHG0  JTTTE+00  +889E¢00 7UGE*GO  +BOOE+00 <53 3E400 45958400 .5.5E400 (441E+0D

TOWER COORDINATES OF TAKGET POINTS 1, 11, 111, AND 121

-.500E+00 .716E401 .508E+02 UPPtR LEFT CORNER
«500E+00 L T7160E+01 .506E+02 UPPcR RIGHT CORNER

-« 500E+C0 T74c40L 50CE+02 LOWek LEFT CORNER
2500E+00 L T774E+40. 5005402 LOWEK RIGHT CORNER

INTEGRAL OF POWER DENSITY IS  6892.440 WATTS

1%

TIME FOR C IS 540.978600

Figure 13. Flux Profile on Bottom Surface of Flat Plate Target at 55° Angle. Upper and lower redirectors used.
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1 W/SQ CHM DN‘IiRQFT SURFACE FOR DAY lqg:i

AND TIME 0.0000 HOURS.

TITAL PIWeR DERSTTY UPON RECEIVER

G.0000

~«3000 =+2000 ~+1000 «1000

« 2000

«500C M

14 x(I)= -+5000 -+4000 «3000 «4000
TTTTMETERS - - — [ - I
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e . . = . . . . . . . . .
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TOWER COORDINATES OF TARGET POINTS 1, 11, 111, AND 121

«5VCE+Q0  .B807E+01 +514E+02 UPPER RIGHT CORNER
=.5CUEF00 . T73TE¥01 . S5O07E¥02 LOWER LEFT CORNER
«500E+00 ,737E+01 .507E+02 LOwER RIGHT CORNER

INTEGRAL OF POWER DENSITY IS 77170.591 WATTS

TIME FOR C I3 150.855000

Figure 15. Flux Profile on Upper Surface of Flat Plate at 45° Angle. Single upper redirector used.
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L W/5Q CM ON TARGET SURFACE FOR DAY 130. AND TIME 0.0000 HOURS,

TOTALT PUWER DENSTTY UPUN REUEIVER
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TOWER COOROINATES OF TARGET POINTS 1, 11, 111, AND 121
= . «SI11E+0Z UPPER LEFT CURNER
-.500E+00 .B822E+01 .511E+02 UPPER RIGHT CORNER
T <SOUE¥OD T J72ZEF¥0I LSI1EFUZ LOWER UEFT CORRER
+500E+00 .822E+01l J511E+02 LOwER RIGHT CORNER

IATEGRAL OF POWER DENSITY IS

96517.065 WAT

Ts

TIME FOR C IS

145.262000

Figure 16. Flux Profile on Upper Surface of Horizontal Flat Plate. Single upper redirector used.
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Figure 17. Flux Profile on Surface of APL Nose Cone



4. Summary

A method for designing a redirector/
reconcentrator has been presented. Although the par-
ticular application discussed is a nose cone to be
tested at the CRTF, the method can be applied to any
central receiver type facility or to any shaped target
that can be described by a mathematical model. All
computer codes discussed are available by contacting
the authors and are very useful for determining the
size, shape, and location of a reconcentrator/redirector
with respect to a target.
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File - REDIR:
Program to Predict
Unit Normals from

Redirector Facets
FROGRAM REDIR
DEVELUPED BY

GEORGE P. MULHOLLAND
NEW MEXICO STATE UNIVERSITY

CHERYL MAXWELL GHANBARI
TECHNADYNE ENGIMNEERING CONSULTANTS

THE PURPOSE OF THIS CODE IS TQ AID IN THE DESIGN OF A REDIRECTOR
FOR THE CENTRAL RECEIVER TEST FACILITY (CRTF2.

THIS CODE CALCULATES THE CENTER OF EACH FACET ON A REDIRECTOR
AND THE UNIT NORMAL TO THAT FACET. EACH FACET CENTER IS

CONTAINED IN A PLANE WHICH IS DEFINED BY AN ANGLE OQF ROTATION
ABOUT X-TOWER COORD. AND A Z TARGET UALUE FOR A REF. HELIQSTAT

INPUT :

- TITLE OF THE SPECIFIC INPUT

- NUMBER OF HLSTS TO BE aNALYZED, NUMBER OF HLSTS AIMED AT UPPER REDIK
- NUMBER OF AIMPOINTS AND TARGET POINTS

- COCORDINATES OF AIMPOINTS AND TARGET POINTS

- ANGLE THAT UPPER AND LOWER REDIRECTORS MAKE WITH THE HORIZONTAL

- DAY OF YEAR, TIME OF DAY (S0LAR NQON = 0.0 HRS)

- HELIQSTAT HUMBER (AS REFRNCED IN HELIOS PRGM), ALGNMNT AND ~IMFT

QUTPUT :

- HELIOGSTAT NUMBEFR AS REFERENCED IN THE HELIGS FROGR&M

- PQSITION OF THE CENTER OF THE CENTER FACET OF EACH HELIOSTAT
IN TOWER COCGRDINATES

- RIERCE POINT ON REDIRECTOR CF RAY FROM CENTER FACET OF EACH
HELIOSTAT IN TOWER COORDINATES

- ANGLE BETWEEM THE REDIRECTOR NORM&L AMD THE R&AY COMING FROM
THE HELICOSTAT

IMPUT FORMAT :

C&aRD 1: TITLE OF PROGRAM RUN-—-FORMAT (12Ad)

CARD 2: TOTAL # 0OF HLSTS., # HLSTS wIMED &T UPPER REDIR. (2I5:

CARD 3: MUMBER OF AIMPOINTS, MUMEER OF TaRGET POIMTS--FORMAT ZI%0

CARD 4: HIMPOINT(S) COORDIMNATES-—FORMATEZF7 .20

CARRD S TARREGET (S COORDIMATEZ-—-FORMATOIFT .20

CoRD & HELICQSTST NUMBER. THRGET PT. REF. #, &IM FPT. REF. #.
FORMAT (31

CéaR D 2: AMNGLE FPHE FOR UPFER @&MND LOMWER REDIR., -—-FORMST (F7.20

CeaRD 2 DAY JHOUR—-FORMST F4,0,F5S, 20
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THE MAIN UARIABLES USED IN THIS PROGRAM:

AMNGLE-———ARRaAY OF THE ARCCOSINE OF THE WaRIAELE ( IDOTMY

AP ARRAY OF THE DISTANCE FROM THE &IM POINT TO THE POSITION
OF THE CEWMTER FACET OF EACH HELIQSTAT

FAL——————= AZIMITH OF THE SUN‘S POSITION WITH THE TOWER AS REFERENCE

C——m————- ARREY OF THE COLUMN POSITION OF EACH HELIOSTAT

Cl-m——m——- REFERENCE COLUMN BY WHICH THE PROPER ZH CAN BE CALCULATED

DELZU-=---Z-DISTANCE BETWEEN A REDIRECTOR ABOVE TARGET AND THE TARGET

DELZL -=~-Z-DISTANCE BETWEEN A& REDIRECTOR BELOW TARGET &ND THE TARGET

El ——————~ ELEVATION OF THE SUN’S POSITION WITH THE TOWER &% REFERENCE

Fr——m———— ARRAY OF THE X-COORDINATES OF THE FOUNDATION OF HELIQSTAT

FYf——————- ARRAY OF THE Y-COQRDINATES OF THE FOUNDATION OF HELIQSTAT

FZ-——————- ARRAY QF THE Z-COORDINATES OF THE FOUNDATIGN OF HELIOSTAT

HIHZ2-~—-~- ARRAY OF DISTANCE BETWEEM FIERCE FPOINTS AND THE REFERENCE
FIERCE POINT

HN——————~ ARRAY OF THE HELIOSTAT MUMBER &S NUMBERED BY THE HELIOQS
PROGRAM

HP ——=———— ARRAY OF THE HELIOSTAT NUMBER AS NUMBERED BY THE HELIOS
PROGRAM--INPUT BY USER

HP(1)-—--REFERENCE HELIQSTAT FCOR UPPER REDIRECTOR

HP (NU+1)-REFERENCE HELIOSTAT FOR LOWER REDIRECTOR

IDOTN-——=-ARRAY (OF THE NEGATIVE DOT PRODUCT OF THE I AND NORMAL
VECTORS

L= ARRAY OF THE I COMPONENT OF THE I-VECTOR

Mo ARRAY OF THE J COMPONENT OF THE I-VECTOR

No~mmm——— ARRAY OF THE K COMPONENT OF THE I-VECTOR

NP——————- NUMBER OF HELIOSTATS TO BE ANALYZED

NU-—————— NUMBER OF HELIOSTATS AIMED AT THE UPPER REDIRECTOR

PHE-—-——- ANGLE WHICH PIERCE PLANE MAKES WITH HORIZONTAL

L e CONSTANT OQF PI

R—————=—— ARRAY OF THE ROW POSITION QF EACH HELIOSTAT

XA——————= ARFAY OF X-CQCORDINATES OF &It POINT

XFm—m ARRAY OF X-COORDINATES OF THE TARGET FOINT

HKH-— o ARRAY OF X-COCRDINATES OF THE FIERCE FOINT

KN-——m———= ARRAY OF THE 1 COMPONENT OF THE NORMaL VECTOR

K-COORDINATES OF THE CENTER FACET OF HELIQSTAT
X-CQORD. OF THE PIERCE FOINT IM TARGET COORD.
Y-COORDINATES OF AIM FOINT

Y—-COORDINATES QF THE TARGET POINT

¥-COORDINATES OF THE PIERCE POINT

J COMPONENT OF THE MORM&L VECTOR

F-CO0RDINATES OF THE CENTER FACET OF HELIOSTAT
Y-COORD., OF THE FIERCE POINT IN TARGET COGRD.
Z-COORCDINATES OF AlM POINT

Z-COORDINATES OF THE TARGET POINT

Z-COORDIMNGSTES OF THE PIERCE FOINT

THE K COMPORENT OF THE MORMAL WVECTOR

THE Z~-COORDINATES OF THE CEMTER FARCET OF HELIQZTAT
THE Z-CO0ORD., OF THE FIERCE FOIMT IM T&RGET COORD.
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PROGRAM REDIR(TAPELl ,TAPE2)

THE PURPOSE OF THE MAIN PROGRAM IS TO READ THE INFPUT,CALL ADJOIN-
ING SUBROUTINES TO PERFORM THE APPRCPRIATE CALCULATIONS, aND
PRINT THE RESULTANT COUTPUT.

COMMON THE MAIN USARIABLES BY BLOCKS

COMMON/BLOCK L/ XA( 222) ,YA(Z22) JZ64( 222)
COMMON/BLOCK2/XP(222) ,YP(222) ,ZP(222)
COMMON/BLOCK3/XH( 222) ,YH( 222) ,ZH(222)
COMMON/BLOCKS/P1 ,H1H2( 222)
COMMON/BLOCK 6/ XF( 222) ,YF(222) ,ZF(222)

COMMON/BLOCK 7/XN( 222) ,YN(222) ,ZN(222) ,ANGLE( 222)
COMMONL/BLOCK S/ AZ ,EL

COMMON/BLOCKS/FX(222) ,FY (222) FZ(222)
COMMON,/BLOCK1(/DELZU, DELZL , DELYL

COMMON/BLOCK11/HN , HF

COMMON/BLOCKAL M N, AP(222)
COMMON/BLOCK12/XT (222) ,YT(222) ,ZT(222)
COMMON/BLOCK12/4L1 ,AL2, EU3X(222) (EUSY(222) (EU3Z(222)
COMMON/BLOCK14-/EULX(222) ,EULY(222) ,EU2X(222) (EU2Y(222) ,EURZ( 222)
COMMON/BLOCK1S/P1X(222) ,P1Y(222) ,P1Z(222) ,PaX{222)

1.P2y(222) ,P2Z(222)
COMMON/BLOCK16/P3X(222) ,PAY(222) ,P3Z(222) ,PX(4,222)

1.PY(4,222),PZ(4,222)
COMMON,//BLOCK17/XHAT12,4,222) ,YHA(12,4,222) ,ZHA(12,4,222)
REAL L(222) N(222),M(222),1DOTN(222)
INTEGER HN(222) ,HP(222)
DIMENSION TITLE(18),XTT(222),ZTT(222)
DIMENSION CXA(222),CYA(222),CZA(222) ,CXF(222),CYF(222) ,CZF(222)

INTIALIZE THE UARIAEBLE HN

DATA (HN(I),I=1,2z
1211,212,213,214
a7

28, 29, 20, 31, 32,222,223,

1224 ,225,226,2 40, 41, 42, 43, 44,232,233,

1234,235,236,237 . 49, S0, Ss1, sz, 53, 54, 55,

1241,242,243,244 245,246,247 ,248, 58, 5%, 60, 61,

162, €%, 64, 65,250,251,252,253,254,255, &7, 683,

169, 70, 7 Z61,262,263, 77, 78, 73, 80,
, 25 253, 73, 74, 7S, 76,264,265,
26 , 1, 22, &3, =24, 35, &6, =7,
\273,274,275,276,277,278,279,280,281, 282,
a0, 91, 92, 93, 94, 25, 98, 37, 98, 99,
285,236,287 ,288,239,2%0,291 ,292,253,234,
,100,101,102,10%,104,105,106,107,108,103,
112,113,237 ,29%,299%,300,301, 302,303, 304,
207, 308,30%,310,114,115,116,117.118,119,
122,123,124,125,126,127,311,312.313, 314,
217,318,321 (22l ,222,.323,3224,128,129,
,132 13 136,137.132,132,140.141,
327 \142,143,144,145 148,147,
45,:



DATA (FX({I),I=1,580)7

1175.308.
1-143.905,
1111.908,
1-47.970,
1-207.943,
1143.989,
47 .960,

DTH
1-207.892,
1111.905,
1-79.293,
147,379,

48.039,
-52.04%,
48.068,
-15.8%92,
-175.8398,
143,883,
-79.873,
16.143,
175,949,
-79.800,

7,301,
16.003,
175,901,
-111.893,
48.122,
207.970,
-111.963,

INTIALIZE THE VARIABLES FX . FY,FZ

7.9

207,951,

-144.007,
79.926,

239,987,

-143.912,

143.91
-143.
143.8
-111.

n -

[

= 0 0

W0~

i
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Iy

N
100 -
LSRR €1 (R RX Y

n=~J

~ -
W P €0 P Gy DD Gy
-

-239.788,
14%.354,
-111.954,
&0.019,
-111.975,
271.88%,
-30p3. 800,
271.903,
-207.914,

16.051,
175.91¢,
-143.758,
111.9835,
271.592,
203.833,
143.957,
203.811,
-239.876,
47.982,

48.015,
-16.001,
-175.865,
-16.010,
-271,843,
-207.711,
175,955,
235,863,
-271.893,
20,015,

(FX(I),1=31,100)7

]

o ~J 0

[}

s XN RN I
[~ I

}

(S N

WO b
= e

10~
o -

i

. )

207,966,
-143. 908,
-303.841,

111.943~

DATA (FX(1),I=101,150)7

2.

=

114%.903,
1303.810,
1-79.900,
1-2239,972,
115.996,
1175.965,
1335.795,
1-47.987,
1-207.953,
1-367.881,

175.9632,
335.84¢6,
-111.914,

-271.803,
48.011,

207.933,
367.936,

-73.981,
-239.908,
- 399,862,

207.980,
268.028,

-143.931,
-303.875,
80.003,
239.916,
399.853,

-111.961,
-271.831,
-431.818,

239,940,
-15.960,
-175.860,
-335.793,
111.974,
271.923,
431.905,
-143.978,
-303.907,

271.9¢67,
-47.996,
-207.806,
-2367.8%4,
143.922,
302.857,
-15.973,
-175.925,
-335.838,
47,9817

DAaTa (FX{1),1=151,200)7

180.008,

1229.918%,
1393.901,
1-111.947,
1-271.945,
1-431.38z3,
1142.903,
1303.367,
1-16.05%
1_

111.971,
271.882,
431.862,
-142.976,
-303.987,

143.220,
2032.8320,
-16.034,
-173.903,
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207.9877,
367.904,
~-75.588,
-235.200,
-3293,933,

111.207,
271.934,
431.303,

-143.8&4,

-204.,0297

{
1150075,
1150.052,
1120.0&1,
1120.032,
11530051,

—t

=]
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==
=
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-

217
-285%.874,
111.874,
-g0.074,
233,330,
1S90 .09,
150.03&,
190,043,
190.072,
223,259,
223,973,
230,007,
265.34¢,
269.%5¢,
269,359,

150.035,
150.0%4,
190.08%,
183.33¢,
229.971,
z230.04=,
223,353,
270,006,
269,935,
270.0321,

180,08l .,
150,042,
120,070,
1a0.012,
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DaTA (FY(I),I=51,100)7

1270
1zl0.

1309.9

1351.
1281,
1309,
1316,
1352,
1332.
135

1398.
1399,
1298,
13929,
l144g.
1448,
1448,
1448,
1449,

019,

269.983, 309.997, 2ia.000, 3
209.985, 309.9%0, 310.03&, 3
210.011, =209.328, 309.972, 3
351.988, 352.019, 252.048, 3
351.392, 269.935, 270.033, &
209.986, 209.979, 309.966, 3
310.010, 352.017, as2.00i, 2
351.980, 352.003, 351.999, 3
352,019, asz.632, 3252.011, 32
393.935, 398,953, 2399.033, 3

WA= S
[ =V N X

g 00 o) P

DATA (FY (1) ,I=101,150)

42,
0ss,
969,
021,
944,
936,
asg,
969,
a01,

399.003, 398.962, 232
399.027, 398.816, 399.
398.970, 398.219, 29
3%99.037, 393.040, 39

448.981, 448.9348, 448.9%60, 448,
448.982, 448,937, 448.9254, 448,
448.868, 448.970, 448.897, 448,
448.956, 448.897, 448.994, 448,
449.081, 442.056, 449.019, 445,
449.027, 449.023, S06.938, 506,

DATA (FY(I),I=131,200)7

1506,
1506,
1307
150¢.
1506,
1507
1569,
1562.
1569,
1569,

DATA
1-.40
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246,
9217,

.01z,

912,
944,

.009,

924,
873,
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S06.922, 506.981, S06.947, S06.971,
506.940, S07.014, S506.966, S06.317,
506.946, S06.962, 506.957, S06.984,
506.962, S06.929, S06.919, 506,320,
506.961, S06.988, 507.014, S07.01%,
569.936, 569.938, S69.976, 563.929,
568.941, 569.924, 569.919%, S67.5%49,
569.89%, 569.935, S5692.951, SE€9,903,
569.890, S569.%95, S70.047, S70.001,
570.047, S570.081, 569.363, S€3.951/
y,1=201,222)7
S69.950, S69.994, S69.93%, E38.975,
638.891, 638.%21, 6383.872, G38.365,
£3Q.919, €38.737, 638.9%5, &38.9347,
230.024, 190.109, 130.084, 230.058,
190.101/

P:::=================================================
1,1=1,%00
.059, 299, 329, -.761,
1.6%1, -2.081, -2 131, 269,
229, 1.303, 2.5 21, -.291,
2.041, -2.531, -Z 123, NEES

e,  z.409, = LETE, -.311,
,311, -1.391i, -2 L1681, 291,
0s%, 1.633, 2 353, a,
879, L0139, - L1111, -1.681.
2.161, -2.761., -4 Lol 1,533,
.33, 2.519, 4 L4239, 1
.451, -z.181. -2 .353, =
433, .531, 1
351, =, N 3
4.491, -G 029, .
013, 7 053,

IR IR R SR A RO
1
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h
mo
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I1=91,130)7
1 =81, ~-4,.371, L9861, -6.711,
11 a9, 2.299. 79, S.z2a3,
1 29, 7.18%9, 89, 9,599,
1 . 3. -.471, 71, -2.&31,
1 41, 191, 4.951, L4231, -7.141,
1! 9, 2,559, z9, c29, 5,489,
1¢ a, 6.899, 29, 69, 9.281%,
1: 49, 11,0459, as9, .471, -1.231,
1 31, -2.731, 451, .921, -5.851,
1 &l, -7.2491, -7.7Z1, 1.309, 2.589,
1 a, 4.099, 4.843, . 273, 7.039,
17.873, 8.659, 3.37%, 10.14%9, 10.829, 11.883,
11.239, . 429, -.361, -1.081, -1.%21, -2.701,
1-%.421, -4.121, -4.%61, -5.611, -6.421, -7.2%51,
1-7.721, -&.281, 2.079, 2.70%5, 2.4859, 4.21597

DATA (FZ(1),1=181,222)
14,959, S.679, ©.3%3, 7.173, 7.313, &.719,
19.419, 10.20%, 11.02%, 11.8%3, 1.279, .569,
1-.141, -.891, -1.681, -2.401, -3.261, -3.961,
1-4.741, -S5.s81, -£.311, -7.041, -7.631, -8.191,
12.20%, 2.879, 2.629, 4.429, S.139, 5.899,
11.559, .819, .219, -.771, -1.%41, -2.381,
1-4.671, -4.731, -4.031, 4.30%, 2.769, 3.129/

CHANGE FX, FY & FZ FROM FEET TO METERS

DO 20102 JJ=1,222

FX{JIY=FX(JJ)*0.3043

FY(JJy=FY(JJ)*0.3048&

FZ(IIY=FZ(JJ)*0, 3048
0102 CONTINUE

CALCULATE THE CONSTANT FI
PI=ATAN(1 .44,

READ IM THE TITLE, MNUMBER OF HELIOSTATS TO BE EVALUATED

MUMBER OF HELIOSTATS AIMED AT THE UFPPER REDIRECTOR (MU)
NUMBER OF AIMPTS (IAIMP) AND TARGET FOINTS (ITARD

READ COORDINATES OF THE AIMPTS AND THE TARGET POINMTS

READ 1,100 (TITLECIY, I=1,18)
READ (1,101) NP NU

READ (1,116 IAIMF,IT&R

READ (1,111) (CXACIY, C¥edly C2a011, 1=1, 1aIMP)
READ (1,1113 (CxF(I13,CYF¢IY,CZF(1),1=1,1TAR)

FREAD IM UALUES FOR &M POINT AMD TARGET FPOINT
MOTE THAT THE FIRST HELIOSTAT RESD IS

HAVE & REFERENCE HELIQZTAT.

OO 25 I=1.MF
READ (1,1141HPCT 1 HTAR  METM

KA/UIn o= S UNA M

el o= CYAUNAIM

ZRCTY = CZATHAIM?

XFieTh = CHFIMTAERD

YECIy = CYF(NTAR)

ZF{1)y = CZFINTaR)
95 COMTIMUE

THE REFEREMCE HELIOSTAT
THIS AFPLIES TO THE UPPER AMD LOWER REDIRECTORZ.  EsCH MUET
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READ IN REMAINING INPUT

READ ¢1,104)PHEU,PHEL
READ (1,105)DAY ,HOUR
FORMAT (18A4)

FORMAT (215)

FORMAT (I1S,6F7.2)
FORMAT (2F7.2)
FORMAT (F4.0,FS.2)
FORMAT (GF7.2)
FORMAT (3F10.2)
FORMAT (I1S,3F7.2)
FORMAT (3132

FORMAT (215)

FHEU = PI * PHEU-180.
PHEL = PI * PHEL./180.
NLOW = 1

MHIGH = Nu

CALL SUBROUTINE TO ASSOCIATE THE HELIQSTAT NUMBER WITH
THE FOUNDATION POINTS

CaAlLL SORTPT(NLOW ,NHIGH)

CALL SURROUTINE TO CALCULATE THE AZIMITH AND ELEVATION
OF THE SuUN

CaLL SUNM(DaAY,HOUR ,AZ,EL)

CALL SUBROUTINE TO CALCULATE THE THE FPOSITION OF THE
CENTER FACET OF EACH HELIOSTAT IN TOWER COORDINATES

CALL POINTS{NLOW,NHIGH)

aLl=0.
ALz =
aLa =
DO 2% 1 = NLOW,NHIGH
THE FOLLGWING SECTION LOCATES THE FOUR CORNERS OF THE
HELIOSTAT

EUS IS5 NORMAL TO HELIOSTAT

EURCTY = (XP{Iy=-FX{IM) AL

EUIYCT)Y = (YPOIY=FY(Il1) &Ll

EUSZ(1r = (ZP({IY-FZ¢la-AL2) ALl
EUz = SORT(EU
(1) EUZ
EUIY{I)/EUZ
EURZCIYAEUZ

(1)kKRHEUIY (T kk ZHEUSZ( 1 1%k 2)
((1)/EUE

F. CTAHARSHEUZY (] vkk 20
EUIxiIy = S DY SEUL
EULlY (Y = EUIX(T W EUL
EUZX(TY = ~EUGZ(INVAEULY (]
ELZy (1Y = EUZZ(T I HEULI=CI0
EUZZ(1y =

EUZMCIYAEUL v e T —EUZvO TV RELIL XD )

aLE =ALZ

IF {JJ.GT.2) alB=-aAL3

By = G0 =1 vk T T kel S

FrodJI 1h KPEI YA EUL X ] 1+ LBAEUZX T

Frodd, Ty = YPOIi4+ARAEDLY O T t+AaLBYEUZY (D)
= ZP{IN+RLIAEUZZIC ] 2
CONT INUE



L} OO0

[ ]

[ e

[ R N ]

o]

%)
]

)

(S B e B A N1
10

A |

iy

Dot T O s T

CALL SUBROUTINE TO CALCULATE THE COMPONENTS OF THE I-
VECTOR

Call TUECTOR(NLOW NHIGH?Y

NCOQUNT = 1.,

ChLL SUBRQUTINE TO CALCULATE THE PIERCE POINTS

CaLL PIERCE(MLOW.NHIGH ,NCOUNT, FHEU,PHEL)

CrLL SUBROUTINE TO LOCATE FPIERCE POINTS IN TA&RGET COCGRDINATE SYSTEM
CalLL CORPIUPINLOW, NHIGH, PHEU)

Call SUBRAQUTINE TO CALCULATE THE NORMaL VECTOR TO THE
REDIRECTING SURFACE AND THE ANGLE BETWEEN THIS MORMAL
AND THE INCIDENT HELIOSTAT RAY

CALL NUVECTOR(NLOW, NHIGH)

~ COS(ELY*COS(AZ)

g8 COSCELYXSIN(AZ)
Ca= SINCEL)

0o

Ul = 92,167%0.3048
Uz = &.417%0.3048
Us = 0.208%0.3042

LOCATE CENTER OF FACETS 1,5,21,25

DO 928 I = NLOW,NHIGH

NN=1

IF(NN.GT.4) GO TG 998

GC TO (9290,9390,980,980) NN

X XPOJN+UL R (=1 ) hANNKEUIX (T +HUZRELUZXTT)
Y YPOIIHUL* (=1 )R ANNKEULY ( J)+U2*ELZY (J)
Z ZPCIIFURKEU2Z ()

GO TG 937

i

K= XPOJI)YFULAC -1 pkAMNAEUL X J) —U2REUZH(T)

¥o= YPUJYHUL AT =1 YAANNAEULY ( Y ~UZ¥EUZY (T

Z = ZR(J)-U*EUZZ( )

RSO = SQRTC(XA(TY =Xk 2+ (YA(T) =Y 1 hk 2+ (ZA(T) -2k 2)

COMPONENTS OF THE REFLECTED RaY

Rl = (XATd)

Ry o= {YAaCTr=Y)

RZ = (ZR(J1-2)

AR = SORTCCAHRI ) Ak 2+ BHRY YRk 24+ CAFRI 1 *h 2

COMPOMENTS OF THE MORMAL

A = CARRI Y A
ary = CB+HRY
ANZ = (CAt+R

HERE FACET IS ASSUMED FLAT.IF FACET IS CONTOQURED

THEM Akl &hY A2 MUCT BE MODIFITED TO ACCOUNT FOR

THE COMTOUR.  REMEMBER THST Abk  AY  AND ANZ ARE MORMAL
AT FRCET CENTER
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DETERMINE VECTOR I-PRIMED. ALPH IS
HALF -ANGLE FOR SOLAR DISK WHILE PHII IS
AZIMUTHAL aNGLE OGN DIGK

ALPH=16./60.

ALPH = ALPH *P1,/180.

ACOF = TAN(ALPH)/SORT ( fkk 24+B¥k 2)

APMAG = SORT(1.+TAN(ALFH)*%2)

DO 799 K= 1,12

PHIT = FLOAT(K-1)%(2.4PI1)/12,

CPHI = COS(PHII)

SPHI = SIN(PHII)

DP = (ACOF(~BXCPHI-A%CAKSPHI Y 4+A) /APMAG
BF = (ACOF*(AXCPHI-BXCA*SFHI)+B)/APMAG
CP = (ACOF(&k*2+Bkk2)kSPHI+CA) APMAG

o n

DETERMINE VECTCOR B : B = (BX,BY,BZ)

DAT = DPAANX+HBPXANY+CPH*ANT

BX = -DP+2.%DOTHANX
BY = -BP+2.%DOTxANY
BZ = -CP+2.%DOT*ANZ

DETERMINE DISTANCE FROM FACET TO REDIRECTOR,
ALy NORMAL TO REDIRECTOR IS (XN,YN,ZN)

AL=EXHOT) =PX NN J) 3 RXNCIYHOYHOT) =PY (NN, J) )RYN( T )+ (ZHOJ)
1=-PZ{NN,J)Y)*ZN(JI)

AL = ALACBXHXNOT)HBY R YN T ) +BRZAINCI) )

XHACK (NN, J) PX(NN, J)+AL*BX

THARCK NN, J) Py ONM, JY+ALABY

ZHACK NN, J) PZ{NN,J)+ALXBZ

CONT INUE

NN = NNHL

GO TO 236

CONT INUE

oo

FORMAT (SX,3F16.5)

IF(MNPL.EQ.NU)Y GO TO 2993
NLOW = MNU + 1
NHIGH = NP

CaLL SORTPT(NLOW, NHIGH)
CALL POINTS(NLOW,NHIGH)

DO 2309 1 = NLOW,NHIGH

EUZ 15 MORMAL TO HELIOSTAT
EUIX{T) (RPULy-FX(1))/aLL

EU2Y (1) (YPCIDY-FY(l)) /ALY

EU3Z(I) (ZP{1)-FZ(1)~-AL2) /ALl

EUU3 = SORT(EUIX{I)*k24EUIY (] ) **24+EUIZ T ) kk2)
EUZX{I) = EUIX{I)/EUZ

EUSY (I EUBY(I)/EUS

EU3Z(I) = EU3Z(I) EU3

EUL = SORT(EUIX{I)%*k2+EUIY (] 1 4*x2)

Hoaou

]

EULXCI)Y =-EUIY(I) EUL

EULY (D) = EUSXCI)/ EUL
EUEX(I) = -BEUIZ(IIXEULY(T)
EUEZY (I = EUSZ(IXYKEULX(I)

EUEZCI EURX{IIXEULY C T =EUIY (T )XEULXT)
0O 3203 JJ=1,4
ALB =AL3
IF (JJ.GT.2) ALB=-AL3
AR = (U= )Rk J T RALS

PXOJI 1Y = XPCIa+AAYEULXC T I+ALBAEUZXIT)
Pyidd, i = YR +aAxEULY (L ) +ALBREUZY (1)
PZCIT, Iy = ZPOIHAL3XEUZZC])

COMT THUE
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Catl TVECTOR(NLOW, NHIGH)

NCOUNT = NCOUNT + 1

CALL PIERCE(NLOW NHIGH NCOUNT ,PHEU,PHEL)
CaLL CORPIDNONLOW, NHIGH., PHEL:

Call NVECTORIWLOW, NHIGH?

LOCATE CENTER OF FACETS 1,5,.21,25

DO 2902 J = NLOW ,NHIGH

tNiN=1

IF{NM.GT.4) G0 TO 2308

GO TO (2900 ,29300,2800,9800) RN

Ko= XPOJ4+ULA* =1 ) AANMNAEUL ] Jr+UZHEUZXM )
Y= YPUOJIHULAC -1 3 A dNNAEDLY CJ i+ UZAHEUZY ()
Z = ZP(J)+URKEUZZ( T

GO TO 92207

X o= XP{INHUL AT =1 Yok NNAEULX (T U2 EUZX )

YRPOIIFULR{ =1 )k NNAEULY ¢ J) —U2*EU2Y (T
ZPOJY-USKEURZ I
RSQ = SORTCIXA(TY =X hk 24+ (YAC T Y Ik 2+ (ZACT) —Z)%42)

[N

RX = (XAa{J1-X) /RS0

RY = (YAR(J)-Y) RSQ

RZ = (ZA(JY-Z)/RSQ

Afs = SQART ((AHRX)*#* 24+ (BHRY ) Ak 2+ CATRZ 1 hkz)
ANK = (AHRX) /AR

ANY = (BHRY /AR

ANZ = (CA+RI) A&

HERE FACET IS ASSUMED FLAT.IF FACET IS CONTOURED
THEN ANX,ANY ,ANZ MUCT BE MODIFIED TO ACCOUNT FOR

THE CONTOUR. REMEMBER THAT ANX ANY ,AND ANZ ARE NORMAL

AT FACET CENTER

DETERMINE VECTOR I-PRIMED. ALPH IS
HALF-ANGLE FOR SOLAR DISK WHILE PHII IS
AZIMUTHAL ANGLE ON DISK

ALPH=16./60.

ALPH = ALPH *FI-180.

ACOF = TANCALPH) /SORT (fokk 24 Bokh 2

APMAG = SQART (1 . +TANMIALPH) %20
0Ca 7909 K= 1,12
PHIT = FLOAT(K-1)*{2. %P1 12.
CPHI = COQS{PHII:
SPHI = SINC(FHII?

DP = (ACOF,(-BACPHI —f+Ca*SPHI 3 +A) “APHAG

BP = (ACOF*{AKCPHI -B+CAKESPHI 2 +E) /APMAG
CF = (ACOFX{Ark2+BAHZ 1A SPHI+HTA) “APMAG

DETERMIME WECTOR B @ B = (Bx,BY.BZ:

DOT = DPAANEZ+HBRYANC+CP AT

Bx = —DP+2 . kDOT RN
BY = —BP+2.%DOTHANYT
BZ = —CP+2.4DOTHANI

DETERMIME OISTAMCE FROM FACET TGO RECTRECTOR.
AL MORMAL TO REDIRECTOR IS5 (M YR ZHD

Aal=0EHiJVv-F
1-FZ0HM T
AL o= ALSBX
R TET I R VN
HE T E R, 30
ZHATE (NN I
CONTIMUE
NN = WR+1

GO TO 93930a

[T

RTINS =R Gt i S IERIE o Syt oS B NI I
Fooihitd  Ja+alor B
Pl o Ty +RLaBY
PZom I+l ABSD

R T A T O VHD I RO Ty RO O ZHE T

37



38

PRINT THE CGUTPRPUT

[ I e e

939 WRITE (2,1100) (TITLEC(I),I=1,18)
WRITE (2,801
20 FORMAT(1X,72("4"),7)
WRITE (2,501}
SO FORMAT ¢ EX, "HELIOSTAT" ,15%, "PIERCE" (163, " FACET",7X, "ANGLE")
WRITE (2,51
51 FORMAT( 7, "NUMBER" , 173, *POINT " , 12X, "NORMAL" . )
WRITE (2,52}
52 FORMAT(1X,72("%" 1)
DO 61 I=1,NP
WRITE (2,537 HPCI) XHOI) YHOD)  ZHOT) KNI GYNCT Y
1ZNCTY JANGLE( 1)
3 FORMAT(7X ., 14,5%,3(F7.2) 4%, 3(F7.21 ,1x,F&.1)
61 CONTINUE
S4 FORMAT(L0X,14,3%X,3(F7.4) ,1X,2(F7..
1100 FORMAT (.//18Ad)
DO 98755 J=1,NP
WRITE(2,92345) HP(J)
WRITE(2,92346) XH(J) YHOTY ,ZH{J)
DO 28764 NN=1,4
WRITE(2,92348)
DO 98766 K=1,12
THET=FLOAT(K~-1)%30.
WRITE(2,92347) XHACK NN, JY YHACK NN, J)  ZHACK NN, J) (THET (NN

P

132

ag766 CONTINUE
38764 CONTINUE
98765 CONTINUE
92245 FORMAT (-7, 2X,"PIERCE POINTS FOR CENTER FACET QF",
1" HELIOSTAT #",14)
92246 FORMAT{SX," (" ,F8.5,",",F&.5,",",F8.5,"y" 1)
92348 FORMAT( 7, 24X, ,13HPIERCE POINTS,22X,SHTHET&A,SX , 1 SHHELIQSTAT
170X, 7H POINTS)
92347 FORMAT(1X,4F16.5,19)
92349 FORMAT (/)
STOP
END
CHMG1



SUBRQUTINE CORPIDNINLOW NHIGH PHEL}

THIS SUBRRQUTINE REFINES THE PIERCE POINT CALCULATION FROM
PIERCE 20 THAT aALL PIERCE POINTS FaLL IN A PLANE

e e Ny

COMMONA/BLOCKZ/XP{222) (YPU222) ,ZP(222)
COMMON/BLOCK3-XH{222) ,YH(222) ,ZH(222)
COMMON/BLOCK4. L M. N AP{222)

COMMON/BLOCKS-PI (H1HZ2(222)
COMMON/BLACK? - XN(222) ,YN(222) ,ZN(222) ,ANGLE{ 222}
COMMON/BLOCK11./HN, HP
COMMONS/BLOCKIZZXTOZ222) VT 222) ,ZT(222)

REAL LizZzZ2) M(222) Niz22z) PH(222)

INTEGER HN(222) ,HP{222)

[

YREF = YHUNLGOKW?
ZREF ZHONLQW Y

CONUVERT TOWER COORDINATES TO TARGET COORDINATES

cono

OO0 10 I=NLOW MHIGH

XTCI)==XH{I)

YTCI)=(YHCI X -YREF) * SIN(PHEL) + (ZH(I)-ZREF) * COS(PHEL)

ZTCI)=—(YH(I)=YREF} % COS(PHEL) + (ZH{I)-ZREF) * SIN(PHEL)
10 CONTINUE

RETURN TO M&IN PROGRAM

moc

RETURN
END

SUBROUTINE CORPIUP(NLOW NHIGH,PHELU)

C
c THIS SUBRROQUTINE REFIMES THE PIERCE POINT CALCULATION FROM
c PIERCE SO THAT ALL PIERCE POINTS FaLL IN & PLANE

C

COMMON/BLOCKZ/XP(222) ,YP(222) ,ZP(22
COMMON/BLOCK3/XH{ 222) ,YH({ 222} ,ZH( 2221
COMMON/BLOCKA L M N, &P 222)
COMMON/BLOCKSAFI ,H1HZ(222)
COMMON/BLOCK 7/ XN{ 2223 , YN(222) ,ZN(222) ,ANGLE[ 222)
COMMON./BLOCKL1 /HM , HF

COMMON/BLOCKLZ/XT(222) YT(222) ,ZT(222)

REAL L2221 M(222% NC222)Y,PH(222)

INTEGER HNi 222y  HPi222)

2
>

0

YREF
ZREF

YHOMLORY
THOMLOW

COMUERT TOWER COODRDIMNATEE TO TARGET COORDINMATES

[ ]

OO 10 I=mMLOk HHIGH

AT {H{ I

YTOla=0YHO T -YREFY * &

ZTiIa={vH{ I y»=-YREF®» * C
10 COMT IRUE

IRCPFHEUY — (ZHOT 2 =ZREF) ca
0 =]

- RS i FHEU:
OS0PHELY + (ZHOI D -ZREFY % =

N PHELND

RETURM TO Mt PROGRAM

[ ]

RETURMN
END
CMG1
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C
C
-
C
C
C
C
C
C
[
C
C
C
[
c
C
C
C
C
C
C
C
[
[
2z
C
C
C
C
C
C
C
C
14
C
I
20
CHGE1

SUBRQUTINE IVECTOR{NLOW, NHIGH)

THIS SUBRQUTINE CALCULATES THE I.J.AND K COMPONENTS OF THE
VECTOR FROM THE CENTER FACET OF EACH HELIOQSTAT TO ITS SPECIFIC
Al POINT.

USRIABLES SPECIFIC TO THIS SUBROUTINE:

AP1--DUMMY VARIABLE USED TO CONTINUE THE CALCULATION OF
APCL)

APN--DUMMY UARIABLE USED TO CONTINUE THE CALCULATION OF
APCT)

COMMON THE MAIN WARIABLES IN BLOCKS

COMMON/BLOCKL. XA 228) (YR1222) , Za(222)
COMMON/BLOGCK2/7XP(222) (YP(222) ,ZP(222)
COMMON/BLOCKS /L ,M N AP{Z22)

REAL L{222),M(222) ,N(222)

INITIALIZE THE DuUMMY YARIABLES TO EQUAL 0.

AFPl=0,
APN=0 .,

CHECK IF ONLY ONE HELIOSTAT HAS BEEN ENTERED

IF{NHIGH-NLOW.EQ.0) GO TO 22
GO TGO 23 ‘

CALCULATE THE DISTANCE FROM CENTER FACET TO &IM POINT FOR
ONLY ONE HELIOSTAT

APL=(XATLIY=XP (1) 14k  +{YA(LI-YP(1) ) k42,
AP{1)=(AP1+{(ZA(L)Y-ZF(1))dk2. kX .5

CALCULATE THE I,J,K COMPONEMTS OF THE I-VECTCOR

LiNLOWI=(XA11=XP{1)y-aP{1)
MINLOWY={Y&(1)y=YP(1))Y/AP(1)
N{NLOWY=(ZAC1Y-ZF (12 /AP 12
GO TO 20

UZE DO LOOP TO CALCULATE THE DISTANCE FROM THE CENTER F&CET
TO AIM POINT AND THE [,J,K COMPONENTS OF THE I-\'ECTOR FOR
MORE THAMN ONE HELIOSTAT

S DO 14 I=NLOW,HMHIGH

APN=( 20 IY=xPr I ykd2 H0ral T =Ro D 0y dk 2 40 2l 11 -ZPV 11 0kk2 0
Pk, S

AOIY-XPOIN A APO D)

ACTy=YFOIN APCTIY

) Zrl T =ZRCI a0 AAPO D)

CONTINUE

RETURM TO THE M&Itd PROGRAM

FETURM
ErD
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SUBROUTINE NWECTOR{NLOW  NHIGH?

THIS SUBROUTINE CALCULATES THE MNORMAL TO THE REDIRECTING SURFACE
AT THE PIERCE POINT QF THE HELIOSTAT CENTRAL RaY WITH THE
REDIRECTOR PLANME AMD THE ANGLE BETWEEN THE REDIRECTOR MORMAL aMD
THE INCOMING RAY FROM THE CENTER OF THE HELIQSTAT CEWNTER FACET.
THIZ ARGLE SHOULD BE MINIMIZED IW ORDER TO MexIMIZE THE
EFFICIENCY OF THE REDIRECTOR-CONCEMTRATOR.

UARTIABLES SPECIFIC TGO THE SUBRCOUTINE:

IDOTR--DOT FRODUCT OF THE I AND R WECTORS
RDIS-—-DISTANCE BETWEEN THE TARGET POINT AND THE PIERCE POINT

XIR----1 COMPONMENT OF THE VECTOR =UM OF THE I AND R VECTORS

HR=— ~RRAY OF THE 1 COMPONENT OF THE VECTOR FROM THE PIERCE
PCOGINT TQ THE TARGET POINT

VIR~-——=J COMPONENT 0OF THE VECTOR SUM OF THE I AND R VECTORS

YR———== ARRAY OF THE J COMPONEMNT GOF THE WECTOR FROM THE FIERCE

POINT TO THE TARGET POINT

ZIR-—-—--K COMPONENT OF THE VECTOR SUM OF THE I AND R VECTORS

ZR—=——=— ARRAY OF THE K COMPONENT QF THE VECTOR FROM THE PIERCE
POINT TO THE TARGET POINT

ANGLE--ANGLE BETWEEN REDIRECTGR MNORMAL AND THE INCOMING
HELIQSTAT CENTRAL RAY

COMMON ~AND DIMENSICON THE VARIABLES

COMMOMABLOCK 2/ XH{222) ,YH(222) ,ZH( 22
COMMONABLACKZ/XN(222) ,YN(222) ,ZN(22
COMMOIN. BLOCKE/XF(Z’q) Y222y ,ZF (22
COMMON/BLOCK4-/L ,M,M, AP(2°°\
COMMOM.“BLOCKS/PT , H1H (222\
REAL Li222) N(égd).MlZ (IDOTNEC222) , IDOTR
DIMENSION XR(222), YP(ddd‘ LP( 22)

l‘n.'l l"d

Y
YL ANGLEC222)
h)

CHECK IF ONLY ONE HELIQSTAT IS TCG BE AMNALYZIED
IF{MNHIGH — NLOW.EQ.Oy GO TO 3¢

USE DO LIOOFP TO CALCULATE THE COMPOMEMETS OF THE R WVECTOR
AND TO CALCULATE THE NORMaL WECTOR

00 19 I=NLOW MHIGH

RDIS=0 CHF I =HOI ) akk 2+ (rF Ol =YHUIY Yak 2 L (ZF (T ~ZHU T3 Y kk 2,0

14%.,5
ARCIV=0HF{IY=XH{T 3y RDIS
FROIY=(YFOID=YHOI Y0/ REIE
ZROTI=0ZF{ I 0 -ZH{ 1 12~ RDIS
HIR=-1 4101 (12
YIR=-1.%4{17 11
ZIR==1 kM IN4+ZRC T

T AHMO L rAY RO pAHC LRI T
RIC D v = IR 2, -2 %I DOTR 1A%,
YOI =y IRAT2, -2 .4 TD0OTR 1A,
ZHOTy=ZIR 1 2. -2 .« TDOTR 1R,
IDOTHC Ta=—1. AL U Db D=t T ady NG Lo ~ME T 1k ZROT )
ARGLET T v =&COS  TDOTMET 1

IDOTR=L0I0

V) P(l I"u E
l'..ﬂ l‘J] on

COIVERT AMNGLE TO DEGREES FROM RaDIARS
AHNGLEY T =130, +AaMGLECT 1 7F]
13 CORTINMUE

RETURR TO MAIMN PROGRAM
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r

o0

GQ TO 37

CALCULATE THE NORMAL WECTOR FOR ONLY ONE HELIQSTAT

36 RIDIS=(XFUNLOW) ~XHINLOW) Y%x2 .+ VF (NLOIW) =VHINLOW) ) *%2,

non

w

CHMG1

1 +CZF(NLOWY ~ZH(NLOW ) Y Xk 2.,

RDIS=R1DIG**, &

FKRONLOWY = CXF ONLOW)Y =XH(NLOW) Y /RDIS

YRONLQW) =CYF INLOW) ~YHUNLOW) )~RDIE

ZRUNLOW)Y =(ZF (NLOW ) =ZH{NLOW) ) /RDIS

XIR==1 . %L (NLOWY+XR(NLOW)

YIR==1.*M(NLOW)Y+YRINLOW)

ZIR=-1 . ANCNLOWNY+ZROMNLOW)

IDOTHR=L {MNLOW) *XR CMLOW )Y +MUNLOW Y AR ONLGIN Y HNCMNL OW Y X ZR ONL O )
XNCNLOW =XIR (2. -2.%IDATR)** &
YNONLOW)Y=Y IR (2.-2.%IDATR)** 5
IN(NLOWY =Z IR/ (2.-2.*IDATR)Y** .5

TOOTNUNLOW)Y ==1 &L ONLOW XN UNLOW ) =M ONLOW Y XYNONLDW) —NINLOWD A 2ZNONL W)
ANGLE(NLOW) =ACAS( IDOTN(NLOW) )

CONVERT ANGLE TO DEGREES FROM RADIANS
ANGLE(NLOW)Y =130, *aNGLE (NLOW) /P1

RETURN TO MAIN PROGRAM

RETURN
END
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SUBROUTINE PIERCE(NLOW NHIGH,NCOUNT ,PHEU ,PHEL )

THIS SUBROUTINE CALCULATES THE COORDIMATES FOR THE PIERCE FOINT
GIVEM THE INTIAL Z-COORDINATE. THIS SUBROUTINE ALSO CALCULATES
THE APPROXIMATE Z-COURDINATE OF EACH PIERCE FPOQINT BY THE LalW OF
SINES.

VaRIABLES SPECIFIC TO THIS SUBROQUTINE:

AH-—~—— DISTANCE FROM AIM POINT TQ THE PIERCE FOINT

DOTI-~--DOT PRODUCT OF THE I-\VECTOR OF THE REFERENCE HELIGSTAT
AND THE T-VECTCOR OF THE OTHER HELIOSTATS

PH-———- DISTANCE FROM THE CENTER FACET TO THE FIERCE POINT

P&l -—~--ANGLE BETWEEN THE I-VECTOR AND THE HORIZONT&L

THETA--ANGLE EBETWEEN THE I-VECTOR OF THE REFERENCE HELIOSTAT
AND THE IT-VECTOR OF THE CTHER HELIOSTATS WITH THE
AIM POINT AS THE WVERTEX

COMMON &ND DIMENSION THE UARIABLES

COMMONBLOCK L XA( 222) \Y&(222) ,ZA(222)
COMMON-BLOCKG/XF (2221 ,YF(222) ,ZF(222)
COMMONAELOCK10/DELZU, DELZL , DELYL
COMMONABLOCKZ/XP(222) ,YP{222) ,ZP( 222)
COMMON/EBLOCKS P (H1H2( 222)
COMMON/BLOCKS/XH( 222} , YH( 222} ,ZH( 222)
COMMON/BLOCK11/HN , HF

COMMON/BLOCKA/L M, M, &P 222)

REAL L(222) ,M(222) ,N(222)

INTEGER HN(222) HP(222)

DIMENSION PH(2221,PSI(222),AH(222)

GIVEN THE INITIAL Z-COORDINATE CALCULATE THE X-— AND
Y-COORDINATE OF THE PIERCE POINT FOR THE REFERENCE
HELIOSTAT

IF(HCOUNT .GT.1) GO Ta 975

RIMXE = Xad(l) - ®XP(1)

FRIMY&S = YAadly - YP{1)

FR1tZs = Zacly — ZPC1)

RAMAG = SORT(RIMXakAZ, + RIMYRkRZ., 4+ RIMIAkkZ.)
R1Mxe =

R1MYe =

RIMZIAN = RIMZIASRAMAG

Pl = ({¥F{ly ~ YRPi1114*RaMaGYs (YA(l1)— YP{11

DELZU = ZF{1y — ZF¢lsy + FP1L * (ZA(l) - ZFC1) 1-RAMAG
WRITE(Z,201y DELZU

FORMST S0, L7HTARGET 1S LROCATED, F10.5,° METERS BELOW,
T ZHO1y O REDIRECTOR PLANE 3
M1y = ZF{1y +DELZU

FH{l:=
KHO1
YHO1Y

ZHO1 =ZFi1lyvas M0
Prla+L 1y *PH L
POl L v FHO L

INITIALIZE THE WURRISELE HIHZ
HiHz 1 =0,
CHECK IF Orly OMNE HELIOZTAT TO BE AMBLYZED

IFMHIGH-HLOW, EQ, &y 50 TO 35

43
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PSI(1)=ACOS{~1*M(1))
AH(1)=AP{1) -PH(1)

c
C USE DO LOGP TO CALCULATE THE PIERCE POINTS FOR THE REST
c QF THE HELIOSTATS
C
DO 16 I=NLOW+1, NHIGH
C
C
C
RIMX = XA(I)Y - XPCI)
RIMY = YaA(I) - YP(D)
RIMZ = ZACI)Y = ZP(I)
c RIMAG = SORT(RIMX**2. + RIMY**2, + RIMZk*Z, )
C RIMZ = RIMZ/RIMAG
C
RaMX = XF(I) = XP{I)
R2MY = YF(I} - YP(I)
R2MZ = ZF(I) - ZF(1)
c RZMAG = SART(R2MX*%*2. + R2MY*k2. + R2MI** 2.}
c R2MZ = RZ2MZ/R2MAG
C
RTEST = RIMZ - R2MZ
c IF(RTEST.LT.0.0) GO TQ 976
C GG TG 977
c7e WRITE(2,978) 1
c7g FORMAT (2X,17HTROUBLE IN PIERCE, /,10X,13HHELICGSTAT NUMBER = ,
c 115
c RTEST=-RTEST
C WRITE(2,9788) I,RTEST
C788 FORMAT(2X, ZA(",14,7) MUST BE INCREASED BY AT LEASTY,Fl0.4,
C 1/METERS)
c STOP
C
977 YH(I) = NCIDRYP(I)A/M(I) - YF{1) * TAN(PHEU) + ZF(1) +
1DELZU - ZP(I)
YHCIY = YHCI3ACUNCTI MDY ) = TAN(PHEU) )
ZH(IY = ZPCIY 4+ NCI) % (YH(I) - YP(ID) MOT}
XHCIY = XP(I) + L(I) % (YH(I) - YP(OIDD/MOI)
HIHZ20{IY = SQRT({XH(I) = XH{1)Y)¥dk2 + (YH{I) = YH(1)})¥k2,
k4 (ZH(IY = ZH{1))kk2,)
[

16 CONTINUE
GO TO 35

(e

975 RIMxB = XAINLOWY - XPONLOW)
RIMYB = YAINLOW) - YPONLOW)
RIMZE = ZA(NLOW) - ZPUNLOW)
PIVRZ = FPI/2.
REMAG = SORTORIMXB,*Z. 4+ RIMYB,KZ, + RIMIE**Z.3
IF{PHEL.GT.PIOVRZ) GO TG 579

C
FIMXE = RIMXB/REMAG
RIMYE = RIMYB/RBMAG
RIMZIE = RIMZE/RBMAG
P2 = (YFOMLAOWY — YPONLOWY )AREMSG 7 (YRcHLOW) = YPORLOHY 3
DELZL = TFINLOWY — ZPINLOWY ~ P2 > (ZaibLok - ZPOMLCR Y
1-REMAG
HWRITE(Z,202) DELZL, MLOW
202 FORMAT S, 17HTSRGET 1S LOCATED. F1l0.5.° METERS ABOUE",
17 ZHI 7, IZ,7) O REDIRECTCQR PLAME )
{
[
C
C

FHONLOW)Y = ZPONLOW) + (ZAINLOW) -ZF (NLOW) Y *P2/REMAG
PHONLOW) = ( ZHTNLOW Y —~ZP CNLOW Y ) M ONL TR



S79 P2={ZFINLOWY - ZP{NLOW) Y*REBMAG (ZATNLOW) — ZF{NLOKW) )
DELYL = YF(NLOW) = YRPUINLOWY-P2Z2¥, (YA (NLOWY =Y P {NLONY Y/ RBMAG
WRITE(2,803) DELYL NLOW

203 FORMAT(SX ,17HTARGET 1S LOCATED,F10.5," METERS MORTH OF *,
1" YH{",14,") ON REDIRECTOR FLANE")

ZHINLOW)Y = ZF(NLGW
YHONLOW)Y = YFONLOWY -DELYL
XHINLOW) = XPONLOWY 4+ (XANLOW)Y —XF(NLOW) Y *F2/REMAG
PHONLOW) = {ZHHLOWY - ZPINLOW)Y Y AN{NLOWY
C
C INITIALIZE THE UARIAEBLE H1H2
C

;5?8 H1HZ(NLOW)Y =0,

E CHECK IF ONLY ONE HELIOSTAT TO BE ANALYZED

- IF(NHIGH-NLQW.EQ.0) GO TG 2%

E CALCULATE PSI AND &H FOR THE REFERENCE HELIGSTAT

PST(NLOW)Y=ACOS( —1*M(NLOW) )
AHCNLOW) =AP (NLOW)Y =PH{NLOW )

USE DO LOOP TO CALCULATE THE PIERCE PQINTS FOR THE REST
OF THE HELIOQSTATS

[oEeReRe]

DO 166 ITT1=NLOW+1, NHIGH

00

R1MX ATy — XP(IT)

Ri1MY YA(ITY — YP(ID)

RiMZ ZACII) - ZR{I1)

RIMAG = SQRT(RIMX**2, + RIMY#*%2. + RIMZ**Z.)
RIMZ RIMZ/RIMAG

LI |

o0

R2MX XECIDY = XPCIDD

R2MY YECIIY — YPCII

R2MZ ZF(11y - ZP(II

R2MAG = SQRT(RaMXkk2, + R2My*k2. + R2MIk*2.)
R2MZ = R2MI-R2MAG

[ NN

RTEST = R&MZI - RIMZ

IF(RTEST.LT.C0.Q) GO TO 27

GO TO 28

7 WRITE(2,969) 11

6%  FORMAT(2X,17HTROUBLE IN PIERCE,. s ,10x,19HHELICSTAT NUMBER =

1150
RTEST=-RTEST
WRITE(Z 359
FORMATC
1" METERS )
ITOP

N
)
‘u

MUSET BE DECREASED BY AT LEAST Fl0.4,

[t e I B R o B O B e B

ST

i

i

[Xx]

IFCPHEL.GT .PIQWRZY GO TO 2k
FHOID Y = ROITwAYPII T voAM0 Ty 4 YFONLOW)Y 4 TANGFHELY 4+ ZFOHLOWD
1- DELZL - ZF(I D
GO To aee
THEIT ) = NOTToAYPOT I A0 DD 4+ ZHONLOWY + vVHINLOW A TaENCFHEL Y
1

0
Ty
L0

i

1- ZPCIT1

[y}

)

THUIT D = YHOTI /O MO T T Mo Iy 4 TadoPHREL 13

ZHOITY = ZPOTIT: 4+ MOITY & (YHOIDY = YPOITvasmeIln

¥HOIT Y = XPOII)y + LOITy % (vHOII) - YROIDDasMoIIn

HIHZOIDY = SORTOCXKHUTII Y =XHINLOWY 242 + (VHOT T =vHIMLOWY yhkg
1 4+ (ZHOITY ~ ZHINLOW) Y**2)

l1eé COWNT IHUE
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SUBROUTINE POINTS{NLOW NHIGH)

THIS SUBROUTINE CALCULATES THE X,Y,Z COORDINATES OF THE CENTER
OF THE CENTER FACET (OF EACH HELIOQSTAT GIVEN THE ~ZIMUTH AND ELE-
UATION OF THE SUN; THE AIM POINT: AND THE FOUMDATION PQINT OF
EACH HELIOSTAT.

UARTIABLES SPECIFIC TG THE SUBROUTINE:
= m DIRECTION COSINE IN THE 1 DIRECTION OF THE CEMNTRAL RAY

FROM HELIOSTAT TO THE SUN
1-ALPHA—--MAGNITUDE OF NORMAL VECTOR FROM HELIQSTAT

B DIRECTION COSINE IN THE J DIRECTION OF THE CENTRAL RaAY
FROM HELIOSTAT TO THE SUN

Cmmm———- DIRECTION COSINE IN THE K DIRECTION OF THE CENTRAL RAY
FROM HELIOSTAT TO THE SUN

DELTA——---ERROR CRITERIA

ERRTOL-—-ERROR TOLERANCE

PHET ——-—— AZIMUTH ANGLE OF THE HELIOSTAT

THE-——~——- ELEVATION ANGLE OF THE HELIQSTAT

COMMON AND DIMENEION THE VARIABLES

COMMON/BLOCKLI /XA 222) YA(222) ,ZA(222)
COMMON/BLOCKZ/XP(222),YP(222),ZP(222)
COMMON/BLOCKS/FX(222) ,FY(222),FZ(222)
COMMON/BLOCKE/AZ (EL

COMMON/BLOCKSAPI ,H1HZ2(222)

DIMENSION X(222,20),Y{222,20),Z(222,20)

INITIALIZE THE ERROR TOLERANCE
DATA ERRTOLS1.0E-47
CALCULATE THE DIRECTION COSINES QF THE CENTRAL RAY

A=COS(ELYXCOS{RZ)
B=COSCELYXSINIAZ)
C=SINCEL)

USE DO LOOP TO ASSIGW THE FIRST AFPROXIMATION OF THE
COORDINATES TO THE CENTER FACET

DO 30 I =NLOW,NHIGH
HOT,10=F¥i1)
YOI,13=FYi1}
201, 10=FZ01 143,987

UéE DO LOOF TO CALCULATE THE ITH APPROXIM&TIOW OF THE
COORDINATES TO THE CENTER FACET AND CHECK I1F NEW
APFPROXIMATIONS HMEET THE ERROR TOLERAMCE

DO 25 J=2,:

THE=(ZA0 1) (1 J-11%

THE=THE " { { {#{1 ,J=Ly=sai Taakk2 {11 (J-10=vAi Tk, Dkk T
THE=&TAN{THE?

FHET Y Iy - il Jd-10

PHETI1 ARSTPHETAD

LU I R 1}

FHETE Gily - T J-10

FHETZ GBS IPHETE?

IFEPHETZ LT 1.E-20y GO TO 3877

FHET = aATANTPHET1A-FHETZ?

IF{FHETA .LE.O.O.ANMDL.PHETE.GT.0.0)Y PHET = 2.%P1 -FHET
IFiFPHETA.LE.O.O0.AND,PHETE.LT.0.0) FHET = PHET +FI

IF(PHETA.GT.0.0) GO TO 9666
GO TO F67E

FHET = 3. % FI/Z.

CONT INUE



oo Rel

ALPHA=A%COS({ THE Y *COS( PHET ) +B%COS(THE) *SIN{ PHET 1\ +C*SIN¢ THE)
ALPHA=Z . +2 . %A LPHA

ALPHA=( 1 ALPHA I *%0 5
X(1,J)=(A+COS{ THEY*COS( PHET) Y *ALPHAXD . 31 8+FX( 1)
Y{1,J0)=¢B+COS(THE)*SIN(PHET ) )XALPHAX( . 318+F¢ 1)
ZCI,JY=(CHSINCTHE )Y Y*ALPHAKD . 3184FZ( 1)+3, 987
DELTA=(XCT ,J)=X( 1, J=1))**2 4+(Y 1, V=Y (1,J-1) k%2,
DELTA=(DELTA+(Z(I ,J)-Z(1 ,J=1))%k2, )kk 5

NO=J

IF(DELTA.LE.ERRTOLIGO TO 96

CONT INUE

ASSIGN THE COORDIMNATES OF THE CENTER FACET THE FINAL
APPROXIMATION

XP(I)=X{1 ,NO)
YPCIY=Y(I ,ND)

ZP(1)=Z(1 ,NO)

WRITE(2,960) DELTA,I

FORMAT (SX,F10.7,2X,15)

GO To 90

WRITE(2,9667)
FORMAT (10X ,17HTROUBLE IN POINTS)
sTOP

CONTINUE

RETURN TO MAIN PROGRAM

RETURN
END
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C===================================================================
SUBRCQUTINE SORTPT(NLOKW NHIGH)

THIS SUBRQUTINE SORTS THE INPUT IN ORDER THAT THE INDEFENDENT
VARIABLES ARE IN THE PROPER SEQUENTIAL ORDER S0 THAT THE
POSITION-DEPENDENT UARIABLES CAN BE PROPERLY CALCULATED.

VARIABLES SPECIFIC TO THIS SUBROUTINE:

48
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CTEMP-~--TEMPORARY

UALUES IN THE C ARRAY

FXTEMP--TEMPORARY STORAGE IN ORDER TQ SWITCH THE CRDER OF THE
VALUES IN THE FX ARRAY

FYTEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE CRDER OF THE
VALUES IN THE FY ARRAY

FZTEMP~--TEMPORARY STGRAGE IN ORDER TO SWITCH THE ORDER OF THE
UALUES IN THE FZ ARRAY

ITEMP---TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER QF THE
UALUES IN THE HN ARRAY

NR ——~—~— ARRAY OF THE NUMBER QF HELIOSTATS INPUTTED IN EACH ROW

NR1~--—~- COUNTER OF THE NUMBER OF HELIOQSTATS INPUTTED

RIC--—-- DUMMY UARIABLE TO REPRESENT THE ROW NUMBER FOR THE SOKRT-

STORAGE IN CORDER

ING BY ROWS
R1TEMP--DUMMY VARIABLE TO INCREMENT THE VARIABLE

TO

SWITCH THE

ORDER OF THE

RIC TO CHECK

EVERY ROW

RTEMP-—--TEMPCORARY STORAGE IN ORDER TQ SWITCH THE QRDER OF THE
VALUES IN THE R ARRAY

XATEMP--TEMPORARY STORAGE IN QRDER TQ SWITCH THE ORDER OF THE
VALUES IN THE XA ARRAY

XFTEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER OF THE
VALUES IN THE XF ARRAY

YATEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER OF THE
VALUES IN THE YA ARRAY

YFTEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER OF THE
VALUES IN THE YF ARRAY

ZATEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER OF THE
VALUES IN THE ZA ARRAY

ZFTEMP--TEMPORARY STORAGE IN ORDER TO SWITCH THE ORDER OF THE
VALUES IN THE ZF ARRAY

comMMon AND DIMENSION THE VARIABLES

COMMON/BLOCKL/X&( 222) ,Y&(222) ,ZA(222)
COMMON/BLOCKG/XF (222) ,YF(222) ,ZF(222)
COMMON/BLOCKI/FX(222) ,FY(222) ,FZ(222)

COMMONBLOCKI11.7HN

+HP

IRTEGER HN(222) ,HF(222}

INTEGER TEMP
DIMENSTON MR(Z22)

LISE DO LOOF TG SEARCH THE HN ARRAY FOR THE HELIGQSTAT
NUMBERS INPUTTED IN THE HFP ARRAY,
RO F® FY FZ ARRAYS S0 THAT THE ARRAYS ARE IMN THE CGRDER

OF THE USER INPUT

UaLUES

THEMN a&LSO

IN THE DATA FILE

TRAMSFER THE



[}
P

61
&0

CMG1

DO &0 I=NLOW,NHIGH
TEMP=HF (1)

DO €1 N=1,222
IF¢(TEMP.EQ.HN(NY GO TO 62
GO TO &1
ITEMP=HN{ 1)
HNC T Y =HNOND
HN(N)Y =1 TEMP
FXTEMP=FX (1)
FXCIY=FX{N)
FX¢N)Y=FXTEMP
FYTEMP=FY (1)
FYCT=FY({N)
FY(N)=FYTEMP
FZTEMP=FZ(1)
FZ¢1)=FZ(N)
FZ(N)=FZTEMP
GO TO &0

CONT INUE

CONT INUE
RETURN

END

49
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SUBRQUTINE SUN{DAY HOUR ,AZ EL)

THIS SUBROUTINE WAS TAKEN FROM THE HELIOQS CODE. IT CONTAINS

THE CRTF LATITUDE AND LOMGITUDE IN THE CALCULATION. ANY QUESTIONS
SHOULD BE REFERRED TO THE DOCUMENTATION OF THE HELIOS PROGRAM.
THIS SUBROUTINE RETURNS THE AZIMUTH AZ AND ELEVTION EL OF THE

SUN IN RADIANS. THE AZIMUTH IS MEASURED COUNTER-CLOCKWIZE FROM
THE EAST. INPUT IS THE DAY OF YEAR (DAY=80 FOR MARCH 213 AND
TIME OF DAY. HOUR=0. FOR SCLAR NOON WITH NEGATIVE BEING

MORNING AND POSITIVE BEING EVEMING. HOUR IS IN HOURS.

PI=ATAN(1.)*4.

CON=P1./180.

PHIL=35.0517*C0ON
DELS=23.45229%3IN( 2, *PI*{DAY-80.) 365, )%CCON
H5=15.%HOURXCON
EL=SIN(PHIL)*SIN(DELSY+COS(DELS)*CAS(PHIL Y*CAS{HE)
EL=P1./2.-ACOS{EL)
AZ=SIN(DELS)*COS(PHIL)-COS(DELSY*SIN(PHIL »*COS{HS)
AZ=ATANZ2(AZ , ~COSTDELSYXEIN(HS))

RETURN

END



APPENDIX B
Computer Code CONE
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File - CONE:
Modifications to HELIOS Code
to

Predict Flux on a Nose Cone

*D,BASKET . 4,42
1 7 e Do e e e e v dhe ok e e e 7Ac e e e e e he sk ke e e b A e e e e e e e e e ke ke e e e e e e she e ke e e e e e ok e dhe ke ke ke e b o ok ol e ke she ke e ke Aok

C *
C DAaTe FILE IS  CONED *
C *
C ROUTINE DETERMINES WHICH BASKET THE REDIRECTOR DIRECTS *
C ENERGY INTO. THE RECEIVER IS & CONE DESIGNED BY *
c APPLIED PHYSICS LAB *
c %*
c FOR THIS UPDATE ITARSH = 7,IAPT = 0,KQRD=1, AND IOPT = 4 GR S *
C *
c IF BLQCKING IS TO BE INCLUDED , APERT AND APERTV MUST *
C BE MODIFIED *
C *
c REDIRECTAOR FACETS ARE ASSUMED FLAT. IF FACETS HAVE CURVATURE *
C *
c POWREC SHOULD BE MODIFIED *
c . *
C : . s
e v i 2k e e e e e ke e e Fe e ke e 7k v ke ok e e e e e dke v i e e e e vk ke ke e sk ke e e e v T e e e e e e e e e ke e e e e ke e e e e e e e ke ok ke ek
C

C

C

1F{ABS(XI11.6T.100.0) GO TO 10
PI=4.%ATAN(1.)
e e sk o Ao s e e 3k she o e ke e e e dhe vk ke e e e e e i e 2 she dhe e e e ke e sAe ke e e 3l e dhe b e e ok e ok e ok e e e o e e ok e e e e e e e e ek ek ek dok

c INPUT HERE k
c *
c BASKETS MADE LARGER THAN RECEIVER S0 BASKET MIDPOINTS *
c CORRESPOND TQ THE 121 TARGET PQINTS IN THE RECEIVER. *
C *
[ READ POSITIONS FOR FRONT (XF,vF,ZF) AND BACK (XB,YR,ZB) *
C e
C OF CONE IN TOWER COCORDINATES *
C *
C *
T ke e e e e e e she o e ke e e ol e e e pe e sbe ke e e ke e e s e e e she e e A dhe s dhe e v e she b e b dhe ke ok e ke ke e e e oA ohe ke sho she e e ke e ok ke ke e e oo

®XF=0.0 i

YF=7.3325

ZF=30.5932

KB=0.0

YB=7,0428

ZB=50.451

ENMD OF IMPUT

B EuEn



P
0
[0

ALEN=SQRT U IXF = XB) R A2+ YF-YRB)** 2+ ZF -ZB)4%*2)

XCONE=X1-XE
YCONE=YI-YB
ZCONE=Z1-ZE
ALL=S0RT ( (XF-XB1A*2+(YF-YBYk*2)
AL=ALEN
WIXU=({XF=-xBY AL
ViYU=(YF-YB1 AL
V1ZU={ZF-ZRy AL
VIMAG=SORT (LWLX Uk 2+HULY Ukk 2+ L TNk 20
VIXU=U1 KU ANIMAG
UIYu=stl YU WIMAG
V1ZU=U1ZU VIMAG
WEXU=(YF-¥B)/ALL
VayU=—(XF-XB) ALL
U2ZU=0.
UZMAG=SART (WX bk 2+ Ukk 2 )
WaXU=U2ZXUVZMAG
U2y U=Uzyu uvy2mMai
UEXU=U2Y URULZU~U2ZUAVIY U
V37 U=U2Z Uk I XU-UEX UL ZU
UBZU=2X U 1Y U-U2y Ukt XU
UBMAG=SQRT (U3XUk* 2+ 3Y Uk 2432 Lk 2 )
VBXU=V3XUAVIMAG
VIYU=U3VUAUSMAG
U3ZU=U3ZUAIMAG
AXPOS=XCONEAZXULY CONEXU2YU+ZCONEXVZZU
AYPOS=XCONEX\IXU+YCONEXUIYUHZCONEXVIZU
AZPOS=XCONEXV1XU+YCONEXULYUHZCONEXVIZU
IF(AZPOS.LT.(-ALEN/20.)) GO TO 10
Al=ARS(AXFOS)
AZ2=ABS(AYPOS)

IF(AL.LT.1.E-30.AND.AYPOS.GT.0.0) GO TGO 28
IF(ALl.LT.1.E-30.AND.AYPOS.LT.0.0) GO TO 27

ANGLE=ATAN(AZ2/Al)
GO TO 299

ANGLE=P1/2.
GO TO 22
ANGLE=1.,5*PI
GO TO 29

IF(AXPOS.GE.1.E-30.AND . AYPOS.LT.0.0) ANGLE=2.%PI-ANGLE
IF(AXPOS.LE. (-1 .E-30).aND.AYPOS.GE.0.0) ANGLE=PI-ANGLE
IF(AXPOS.LE. (-1 .E-30) .AND.AYPOS.LT.0.0)ANGLE=PI+ANGLE

1BASX=0

X=-ALEN/20 .

1BASX=1BASX+1

X=X+ALEN/10

IF(AZPOS.LT.X) GO TO 40

GO T 20

1BASY =0

¥=-PL710.,

YEY4+2 L KP1L0.

1BASY =] BAST+1

IF(ANGLE.LT.Y} GO TO &0

GO TO SO
45, GT.11.0R. IBASY.GT.11) GO TG 10

RETURN
ERD
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D,USTG1.31,143

ek o e ke e ek e ke s e e e e o e A e s v ke ek e e ok ke e e e e e e e e e ok e s ok vk b ok ek ke ok ke sk e ok ok e e oo ek e ek e ke k
INPUT HERE

REDIRECTOR PAMELS

THE CENTER POINT (XTA,YTA,ZTAY AND NORMAL (ANK ANY ANZY FOR EACH
FACET ON THE REDIRECTOR IS ENTERED HERE

THE X AND Z DIMENSIONS FOR THE REDIRECTOR ARE
ENTERED HERE

AXEXT 15 X-DIMENSION FOR ONE REDIRECTOR FACET

AZEXT 15 Z-DIMENZIION FOR ONE REDIRECTOR FACET

ONOOOOCOOOOOOC0 OO0 000 %00

P I R T N N S

(]

e e e e b e e e sk ek e e s e e b sk ke ok e sk ok e e dke e sk e ok e e ok sl ol e ke v sl ke e sl e e e sk sk sk e sk ek ke ke ke e ek ek
AXEXT=0.3048
AZEXT=0.3048
IF(ISECT.LE.0.OR.ISECT.GT.IRECP) GO TO 155
NR=(NTAG-1)/IXPTS+1
NTU=(NR-1)*IXPTS
NCOL=NTAG-NTU
GQ TO (10,20,30,40,50,80,70,80,20,100,110,120,130,140,
*150,160),ISECT

C
€ The number of statement
C DIMENSIONS GIVEN BELOW HAVE UNITS OF METERS numbers must be equal to
g the number of facets
10 XTa= 0,381
YTAa= 6.363
ZTA=51.195 Data for
ANX=-0,3216 Redirector
ANY= (,3449 Facet #1
ANZ=-0.42735
GO TO 11
C
20 XTAa= 0.321
YTa= 8.14861
ZTAa=50.6758 Data for
ANX=~0,3470 Redirector
ANY= 00,4047 Facet #2
ANZ=—-0.8437
GO TQ 11
[
20 XTe=-0,
YTa= 8. &1
ZTa=50.e758
&
9
[
a0 XTi=-1.,143
NTE .14861
LETER
v}
3
2



[, ]

o

o 0O
o

~ 0

loc

XTa= 1.143
YTA= 7.,95139
ZTA=49 ,9397¢
ANX=-0.8467
ANY= (0.3636
ANZ=-0.38&3
GO TO 11
Ta= 0.381
YTa= 7.95133
ZTA=49.9297¢
ANX==-0.5634
ANY= 0.5412
ANZ=-0,6243
GO 7O 11

XTa=-0.381

YTA= 7.95139
ZTA=492.,93576
ANX= U.5889
ANY= 0.5123
ANZ=-0,6252

GG To 11
XTAa=-1.1432
YTA= 7.951392
ZTA=49.,935976
ANX= 0.8483
ANY= 0.36%56
ANZ=-0.,3830
GO 7O 11
XTha= 1.41
YTAa= 7.75
ZTA=4%9.27
ANX= 0.2678
ANY= 00,7205
ANZ= (.639%
GO TO 11
XTA= 0.3¢&
YTa= 7.795
ZTR=49.27
ANX= 0.084%
ANY'= 0.2042
ANZ= 0, 5882
GO TGO 11
¥Tha=-0.,38
¥Ta= 7.75
ZTe=43,27

0.1735

a.20e82
AHNZ= 0.9648
GO TO 1]
“Te=~1.14
TTa= 7.75

L1735

0.206g
AtlZ= 0, 5642
G0 TO 11
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130

140

1ée0

11

XTAa= 1.14
YTa= 7.95
ZTA=48.54
ANX= 0.2678
ANY= 0.7205
ANZ= 0.639¢
GO TO 11
XTéa= 0,38
YTa= 7.95
ZTA=48,54

ANX= 0.1658
ANY= 0.,73509
ANZ= 0.6392
Go 7O 11

XTA=-0.38&
YTa= 7.99
ZTn=48.54
ANX=-0.2273
ANY= 0.7375
ANZ= 0.6359

Go TO 11
XTA=-1.14
YThAa= 7.95

ZTA=48.54
ANX=-0.2756
ANY= 0.6803
ANZ= 0.6721
GO TO 11

ASQ=(ANXHANXFANYHENY Y *x0 , S
E1X=ANY/ASQ

E1Y=-ANX/AST

E2X=E1Y*aANZ

E2Y=-E1X*ANZ
E2Z=-ANX*E1Y+EIXAANY
DX=AXEXT/FLOAT(IXPTS-1)
DZ=AZEXT/FLOAT(IYPTS-1)

AFLX=FLOAT{IXPTS-1)* (DX 2.)

AFLY=FLOATCIYPTS-1)*(DZ/2.)

XA=XTA+AF LXXEIX+AFLYXE2X

YA=YTA+AFLX*ELY4+AFLY*E2Y
ZA=ZTAHAFLY*E2Z
AFCOL=FLOAT(NCOL-1)*DX
AFRO=FLOAT(NR-1)*DZ
XTé=(X&+HAFCOL* ( ~E1X) +AFRO* ( ~E2X0 )
YTA=(YA+AFCOL* ( ~E1Y 1+AFRO* C~E2% 1)
ZTa=(ZAHAFROK (-E2Z 1)
UMT 0 1) =alNx

UMT 0 &) =ANY

WMT (20 =ANZ

RETURM

WRITE(HQUT , 23999

STOF 111

FORMAT (2%, SOHSTOP IN USERTG, USER DEFINED TARGET
END

SURFRCE ERROR, D



*D ,FRAREC.20,59

Cookeake e e ke e e ke she e oA A A e oA e e ok s Fhe e s e o 49k s e s e e A e e e e e ok e s ke 3k e e Ao e e e s o e e e e e e ke ke e s e ek e ek ok
INPUT HERE

READ POSITIONS FOR FRONT (XF . YF.ZF) AND BaAaCK (XB,YEB,ZB)

OF COME IN TOWER COORDINATES
F&aDIUE OF CYLIWDER BASE IS RRB
LENGTH OF CYLINDER IS ALCYL
R 1S SURFACE AREA OF CYLINDER
SL I8 SLOPE

THE X AND Z DIMENSIONS FOR THE REDIRECTOR ARE
ENTERED HERE

AXEXT IS X-DIMENSION FOR ONME REDIRECTQR FACET

AZEXT 13 Z-DIMENSION FOR ONE REDIRECTOR FACET

OO0 OO OOOOOON OO0
NI VIR VI RV I I S T T Qe

e e e e e e 2k Kb e ok A e e s ke oA e e ke she e ke ke s e ok ke A e ke A e s ke e ok e e e e dhe e e e e ok ke e e e e el ke e sk e e ke e e e koA de ek e
RB=0.1143
SL=-0.1763
AXEXT=0.3048
AZEXT=0,3048
COMMENTS FOR SL

o

OO0

XF=0.0
YF=7.335
ZF=50,93%
XB=0.0
YB=7.025
ZB=50.461

END QF INPUT

(o R o R

ALCYL=S0RT ( (XF=XB)hk 2+ {YF-YR)Y*,k 2+ (ZF-ZB) **2)
THET=ATAN(SL)
Pl=4 . %ATAMN{1.)

RAREA 1§ THE TOTaL SURFACE AREA OF EACH REDIRECTOR FACET
R&y 1S THE TOTAL SURFACE AREA OF CONE

OooOnn

RAREA=AXEXT* & * AZEXT
Rév=2, %P I (RB+SLAALCYLK0 . S)k(ALCYL+ALCYL/10.) /COS(THET)
RAREA=RAREA. R

RETURN

EMD
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*D,POWREC.9,35
e ke e e e e e dhe e e ohe e 3k 2he ke e ke e S A e T ok e S e sk e T e ke e ke e 3k A ke e b e e e e 3k e ke e e ke e e e ke 3k ke e e ok ke e e ek e e e ke e e she ok ke ddedkeoke

C INPUT HERE *
C *
C THE X aND Z DIMENSIONS FOR THE REDIRECTOR ARE *
C ENTERED HERE S
€ *
C AXEXT 1S X-DIMENSION FOR ONE REDIRECTOR FACET *
C *
C AZEXT 15 Z-DIMENSIONM FOR ONE REDIRECTQR FWACET *
c #o
C *
ek e e e e e e e s e e e S e e e s s e e e skt e e ke e sk s e e i e e e ke 3k ok e e e e v e she e e e e s e ek dedke Fe e ok ek e e

DIMENSION RECOP(121,16) HITE(11,11)
DO 120 ISECT=1,IRECP

[

c ENMTER INPUT HERE

C
AXEXT=0.,304¢&
AZEXT=0.3048

C

c END GF INPUT

c

DX=AXEXT/FLOAT ( IXPTS-1)
DZ=AZEXT/FLOAT(IYPTS-1)
#D,FACETC.16
*YT&,ZTA,NTAGL . XT0,YTG,ZT0,BASK(11,11,16) ,RECN(3) , BASKM
*D FACETC.13
COMMON./NIWRAY S-NWRC(16,121) ,NWRE(16,11,11), IBASX, IBASY ,RAREA,
*D,PHIC.27 '
*YTA,ZTA,NTAGL ,XT0,YT0,ZT0,BASK(11,11,16) ,RECN(3) ,BASKM
*D,C.45
*YTA,ZTA,NTAGL,XT0,YT0,ZT0,BASK(11,11,16) ,RECN(3) ,BASKM
*D,C.56
*RECD(3) ,RECOP(121,16) ,PDT(121) ,TPDT(3,121),HITE(11,11},
*D,C.38
COMMON/MNINRAY S NWRC(16,121) ,NWRE(16,11,11) , IBASX , I BASY , RAREA,
*D,C.74
DO 30 K=1,IRECP
*D,C.79
DO 70 11=1,IRECP
*D,C.85
DO 100 I1=1,IRECP
*D,COO0RD. 21,25
10 PI=4,%aTAN(L.)
C****************k**#*k***************************%*k*ﬁ****************w*
.k
INPUT HERE

OO0

*
ke
ALEM IS LENGTH OF CYLINDER *
b
*
*

e e e e b e e e e e e e e e e e e sk e e b ke e e e e b e e e e e e e A A A e e e e she ke s e b ke e e e e e A e e e

ZBE=50.461

(]

END OF INPUT

o



ALEN=SQRT ( (XF-XB)Y** 2+ (YF-YB) %k 2+ (ZF-ZB)**2)
DO 20 IAB=1,1XPTS
XMITARBY=ALENAFLOAT(IAB-1).-10.
20 CONT INUE ‘
DO 20 JAB=1,IYPTS
YMOJARY =FLOAT(JAB-1)%2 . %P1 /10,
*D,FACETC.160
IFCIBASY .NE.1) GO TQ 101
BASKIIBASK ,11,15ECT )=BASK({IBASX,11,ISECT»+
kA XZ R CRE*XRAREARAERXBASKM
NIWRECISECT , IBASX,11)=NWRE(ISECT ,IBASX,11)+1
GO TOQ 100
101 IF{IBASY.NE.11) GO TO laa
BASK{IBASYK ,1,ISECT)=BASK(IBASX,1,I5ECT )+
*AXZKkCRE*FFRAREAXAER*BASKM
NHRE{ I SECT , IBASX 1 Y=NWRE(ISECT, IBAGX,1)+1
1040 CONTINUE
*D ,FACETC.150

c
*D,FACETC. 275
C
*D,FACETC. 281
IF(IBASY.NE.1) GO TO 231
BASK(1BASX,11,1SECT)=BASK( IBASX,11,ISECT)+
* CREXRAREA*BASKMKFACET
NWRE( ISECT, IBASX,11)=NWKE({ ISECT, I1BASX,11)+1
RETURN
231 IF(IBASY.NE.11) RETURN

BASK({IBASX,1,ISECT }=BASK(IBASX,1,ISECT)+
* CREXRAREA*BASKM*FACET
NWRE(ISECT , IBASX ,1)=NWRE(ISECT, IBASX,1)+1
RETURN
*D,TCIRPC.7,41

DIMENSION WFE(3) ,TU(3) ,UTU(3) NWRC(16,121) ,UMT(3),B( 3},

*
*
*
*
*
*
*
*
*
*
*

* RECN(3)
G sheshe e ok s e e oo e she e o e ke e b ke e i A ik e e e e ok i ok o ok e e e b ok ke oA sk e e e e e e ke e ke ke e 3k ok e e e ke e e ok ke e ke e e e e e ek
c
C INPUT HERE
C
c ENTER POSITION FOR THE FRONT OF CONE (XF,YF,ZF) aAND
C BACK OF CONE (XB,YE,ZB) '
C
c RB IS RADIUS OF BASE OF CONE
C
C SL 15 SLOPE FOR CONE
cC
(Ciode e she b e e e s e e e e e e e e e she e e s e b she e e e e e ke e ke s ke e e sk e e ke e e o e e K e e she e e e b ok e heahe e e e Ao e ok e ek e
RE=0.114Z
SL=-0.176€3

XF=0.0

ErD OF IRFEUT

I e
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(e

o0

10

20

PI=4.%ATAN(1.) ,

ALL=SQRT ( (XF-XB)**2+(YF~7B)%*2)

AL=SORT ( (XF-XB)k*2+( YF-YB) k% 2+ (ZF-ZB) **2)
DISTB=SART( (XB-XTA)kk2+( YB=YTA) ¥% 24 (ZB-ZTA ) **2)
DISTF=SORT ( (XF-XTA) k24 (YF -V TAY*k 24 (ZF ~ZTe) *k2)

RTEST1=DISTR

IF(DISTF.GT.DISTB} RTEST1=DI3TF
RTEST1=2.0%RTEST1
RTEST=RTEST1.-20.

DELRA=RB/S.0

IF (RTEST.GT.0.05) RTEST=0.085

TW(1)=XTA-VYFE(1)
TUW2)=YTA-VFE(2)
TUC=ZTA-VFE(3)
TUMAG=ABSA(TV)
DO 10 K=1,3
UTUW(K) ==TU(K)/TUMAG
CONT INUE
CO=ADATB(UTV,UMT)
NWRC(ISECT ,NTAGL ) =NWRC(ISECT ,NTAG1)+1
CDM=2.%CO
DO 20 K=1,3
B Ky =COMAUMT (K) ~UTV(K)
CONT INUE
VIXU=(XF-XB)/ /AL
V1YU=(YF-YB)/AL
V1ZU=(ZF-ZB) /AL
VIMAG=SART (W1XUkok2+UL1 Y Uk k241 Z LAk 2)
VIXU=UIXUAVIMAG
V1vu=U1Yu VIMaG
V1ZU=\1ZU/VIMAG
Vexu={YF-YB)/ALL
VayU=-(XF-XB). ALL
Y2Zu=0.0
U2MAG=S0RT (V2X LA 2+ 2Y Uk 24V 2Z Uk % 2 )
Vaxu=Uaxu veMai
V2ru=\'2y UV 2MaG
UBXU=\2Y U1 ZU-V2ZUeVU1YU
UBYU=U2Z U I XU -V2X UL ZU
V3ZU=2X U 1Y U-VEY U TI XU
VRMAG=S0RT (VX LAk 24U 3Y Lk 24U 27 Lkeke 2%
UaXU=\axXu A 3MAG
MY U=V IV UAVIMAG
WRZU=UR2ZUAAIMAG
XCONE=XTH-X&
YCONE=YTA-YE
ZCONE=ZTA-ZE
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ROUTINE TO DETERMINE IF RAY INTERSECTS FRONT OR REAR

FLANE OF CONE

RF=RB+SL*AL
ADISTF=(XTA-XF I RLKUH Y TA-YF 1 AUIY W ( ZTA-ZF ) %U1ZU
ADISTE=(XTA-XBixU1XU+(YTA-YBI*IYU+(ZTA-ZRI*WV1ZU
EDOT=B(1 yAVIXU+B( 2 AVLIYUHBO 3 4V1ZU
IF{ABS({ADISTB) .LE.1.E~30.AND.BDCT.LE.1.E~30Y GO TO 287c4
IF(ABS(ADISTF).LE.1.E-30.AND.BDOT . LE.1.E-30) GO TO 28782
IF(ADISTB.GT.0.Q) GO TO 38785
ADISTEB=-ADISTR/BDOT
XII=XTA+B{1)Y*ADIETE
YII=YTA+B(2)*ADISTE
ZI1=ZTA+B(2)*ADISTR
RBASK=XTI-XE&
RBASY=YII1-YB
RBASZ=ZI1-ZB
RBAS=SART ( RBASX**Z+RBASY**k2+RBASZIX*2)
1F(RBAS.GT.RE)Y GO TO 10007
WRITE(G,36733)
WRITE(6,10008) XII,YII,Z11
GO TO 1000e&
CONTINUE
IF(ADISTF.LT.Q.0) GO TO 10007
ADISTF=ADISTF/(-BDOT)
X1I=XTA+ADISTF*B(1)
YII=YTA+ADISTF*B(2)
ZI1=ZTA+ADISTF*B{ 3}
RFRTX=XI1-XF
RFRTY=YI11-YF
RFRTZ=2Z11-ZF
RFRT=S0QRT( RFRTX*AZHRFRTY A *24+RFRTZ4*2)
IF(RFRT.GT.RFY GC TO 10007
WRITE(E,S6788)
WRITE(G,10008) XII,vI1,Z11
GO TO 1000e
XI=XB-B{1)*RB
YI=YB-B(21*&RE
Z1=ZB-B{3)*REB
WRITE(E,78312) XTA.vTe,ZTA,XI,YI,Z1,B(1) ,B(2),B(2)
FORMAT(2X ,2F10.5)
RETURMN
XI=XF-B(1)1ARF
YI=YF-B{21*xRF
Z1=ZF-B({21*RF
WRITE(G, 78912 XTAFTAZTa, X1,y 21,801 Bl2) (BC3)
RETURM

61
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S6788 FORMAT(//,10X,34HRAY INTERSECTS FRONT PLANE OF CONE,//)
36789 FORMAT(//,10%,33HRAY INTERSECTS BACK PLANE OF CONE,. /)

iaa0?

<

o

~J

onoonn

NN=0

NIN=NN+1

IF(NN.GT.&) GO TO 3

DELR=( (=1, )%k (NN+12 )k (DELRAS(Z . k*%NN)
RTESTA=RTEST

RTEST=RTEST+DELR
IF{ABS(RTEST).GT.RTEST1) GO TQ 7
CCX1=XCONE+RTEST*B(1)
CCV1=YCONE4+RTEST*B(2)
CCZ1=ZCONE+RTEST*B{( 31
CCX2=XCONE+RTESTAXRB(1)
CCY2=YCONE+RTESTA*B( 2)
CCZ2=ZCONE+RTESTAXB( )
ZLENI=CCX1*U1IXU+COYIAULIYUHCCITIAUITY
ZLEN2=COXZHVIXUHCOY 2XVIYUHCCZ 2%V Z 1
IF(ZLEN1.LT.0.0.AND.ZLEN2,LT.0.0) GO TO 1
IF(ZLEN1.GT.AL.AND.ZLEN2.GT.AL)Y GO TO 1
CCV21=CCX1xVU2XU+CCY14\2YU+CCZ1 X271
COV31=CCX1*YAXU+CCYI*VIYU+CCZ1#+V3ZU
RAD1=SQRT(CCV21**2+CCUI1**2)
CCU22=CEX2H2XUFCOY 242V U+CCZ2%U2ZU
COV32=CCX@*UIXUHCLY 24U3YU+CCZ2¥V3ZU
RADZ=SQRT ( CCW22%*24+CCVIZKk*2)
R1=RB+SL*ZLEN1

R2=RB+SL*ZLENZ

FUN1=RAD1-R1

FUN2Z=RAD2-R2Z

IF(C(FUNL.GT.0.0).AND,(FUN2.GT.C.03»),0R.((FUN1.LT.0.0).AND.

(FUN2.LT.0.0))) GO TO 1

IFCCCFUNLI.GE.C.0).AND.(FUN2.LE.0.0)).0R.{(FUN1.LE.0.0).AND.

(FUN2.GE.0.G))) GO TO 2
RTEST=(RTEST+RTESTA) 2.
XI=XTA+RTEST*B(1)
YI1=YTA+RTESTXEB(2)
ZI=ZTA+RTEST*B( 3)
WRITE(&,78912) XTA,YTA,ZTA XTI ,Y1,Z1,B(1},B(2),B(3)
RETURN
XI=XTA+RTEST*B(1)
YI=YTA+RTEST*B(2)
ZI=ZTA+RTEST*B(2)
WRITE(E,10093)
WRITE(E,100013 XTA,YTA,ZTA,NTAG]
WRITE(G,10002) UMT(1) ,UMT(2) ,MMTC
WRITE(&,10003) B(1),B(2),B(3}
WRITE(E,10004) RECN(1) ,RECN{2) ,RECN{2)
WRITE(&,10008) XI,¥I1,Z1

10093 FORMAT (. ,10x,48HRAY DOES NOT INTERSECT TARGET FOR XI,%v1,Z21

10001
10602
10003
iaacg
10005
10006

FORMAT(2X ,1SHFOINT OM REDIR. ,3F12.5,173
FORMAT ( 2X ,16HNORMAL TO REDIR. ,3F12.%)
FORMAT ( 2%, BHB-VECTOR ,3F12.5)
FORMAT (22X 16HNORMAL TO TARGET,3F12.5)
FORMAT U 2X ,18HINTERSECTION POINT ,3F12.5..)

XI=-200.0Q

YI=0.,0Q

21=0.0

WRITE(E,73312) XTAGTAZTAKT 71, Z1 B 11 BU2)Y B2
FRETURH

END

EQua



w0, C.131 .

INPUT HERE

QO CroC o

XF=0.0
YF=7.335
ZF=50.939
XB8=0.0
YB=7.02%
ZB=50.461

END OF INPUT

[p N e R

RE&D POSITIONS FOR FRONT (XF,YF,ZF) ANMD BACK (XB,Y8,ZB)

OF CONE IN TOWER COORDINATES

X%k % A ¥ %

s e e e e e e e e e e e b she b e e e e e e s e vk ke e e A e i i e e e S e he e ke e ke ke K e e e e e ke e e A e e e e e e e e e e de dede e ke

AL=SQRT ( (XF=XB)%**2+( YF-YB)%**2+ (ZF-ZB)**2)
ALL=SART ({XF=XB)*#2+ (YF-YB)**2)

UV1IXU=(XF-XB) /AL
UiYd=(YF-YB) AL
V1ZU=(ZF-ZB) /AL

VIMAG=SORT (VIXUkA 24U 1Y Lk 2+V1ZLHA2)

UV1XU=sVI XU VIMAG

U1y u=U1yu/ALIMAG
V1ZU=V1ZU VIMAG
V2XU=(YF-YB) /ALl
va2yuU=-(XF-XB)/ALL
V2ZU=0.0
VZMAG=SORT (LW2XUkk 2+ 2Y Ukx 2)
V2XU=U2XU/V2MAG
vayu=vzyu/uemais

WX U=U2Y U1 ZU-L2ZUAV1 YU
VAT U=U2ZUR I XU -UEX UV ZU
UBZU=U2X U T Y U2 U T XU

UBMAG=SORT (VX Uk 24U 3Y Ukok 24U BZUk* 2 )

UBXU=UBXUUBMAG
URYU=U2Y U/ BMAG
URZU=U3ZUAASBMAG
#D,C.431,433
KT 0=XB+ALAVIXU/2 .
YTO=YB+AL*ULYU/ 2,
ZTO=ZB+ALAVIZU/ 2.
RECD(1)=\2XU
RECD(2)=u2YU
RECD( 3)=U27\
I TARSH=2



64

*D , TARGEL .42,95
(£ 7 Y vk 2R e Yo e Ak A e e s e e e Ak e e 9k e e T e e Ik e e e e A e e v e e e A e e e ke e e ke e e A v e Fe e e A vk e e ke e e e ke e e e e e ke e e ke e e e ke

[ INFPUT HERE *
C *
C READ POSITIONS FOR FRONT (XF ., YF ., ZF) AND BACK (XEB,YR,ZB} ¥
C *
C OF CONE IN TQWER COORDINATES &,
C *
C RB IS RADIUS OF BASE OF CONE *
[ *
C SL IS SLOPE (R=RB+SL*Z OR R=RB~-SL*Z) %
c *
C WHERE R 15 CONE RADIUS AT AXIAL POSITION Z *
C *
C *

(€ ke b ks e e e e b e e e o ke sk e e s o e e ke s she v s e sk ook e sk s e st e ke e sk ke s st ke e ek o sk e e e e e e e ke
40 RB=0.1142

SL=-0.1763

XB=0.0

YB=7.025

ZB=50.461

XF=0.0

YF=7.335

ZF=350.939

END OF INPUT

o0

P1=4,%ATAN(1.)
ALEN=SQRT ( (XF-XB) %% 2+ ( YF-YB) %k 2+ (ZF ~ZB) **2)

Y1XU=(XF-XB)/ALEN
V1YU=(YF-YB)/ALEN
V1ZU=(ZF-ZB) /ALEN

VU=V XLAUT XUHRUL Y UV Y UL ZURUL ZU

WS=SART (W)
VYIXU=V1XU WS
V1YU=U1YUAUS
V1ZU=V1ZUANS

ALL=SORT{ (XF~XB)#%2+( YF-YB)%*2)
UaXU=(¥F-YB) /ALL
YRYU=-(XF~XB)/BLL
Vazu=0.0

UZMAG=S0RT (V2X Lok 2+ 2Y Ukok 2)

VX USUZXUVZMAG

V2YUu=uayu v2MaG
VEXUSU2Y UL ZU-UZZ U1 YU
URY U= 2Z IR\ XU~U2X kU1 ZU
UBZU=U2XUKUL Y U-U2Y UYL XU

UBMAG=SORT ( UBXLk* 2+ 3Y Lok 2+HIBZUKX2)

UK U=V EXUAIMAG

U3Y L=3Y U VBMAG

WAZUSWZU UEMAG
DX=ALEN/XDIY
DZ=2 . KPI/ZDIY
XT=FLOAT (NCOL-1)*DX
ZT=FLOAT(NR-1)#DZ

CZT=COS(ZT)

SZT=SIN(ZT)

RAD=RE+SL#XT
KTA=XBRFXTHIL XU { CZ T4 25U+ SZTHU IHU I R RAD
NTEEY BT R Ut { CZTHU2Y U+ SZTHU 3V U ) kRAD
ZTA=ZEHX TR ZUH ¢ CZTHUZZU+ ST THUSZU ) *RAD




THET=ATAN{SL)
UVHNEWX =CZTAU2XUHSZT LU 3IXU
UHNEWY =CZTHU2Y U+ SZT A2V U
VHNEWZ =CZT*\2ZU+5ZTAU3ZU
CT=COS{THET?
ST=SINC(THET)
USX=CTHUL XU STHUHNEIWX
USY =CTHULY U+ STHAUHNEWY
VEZ=CTH*ULZU+HSTHIHNEWZ
VEX=USYRUHNEWZ I SZHUHNEWY
VAY =USZAUVHNEWX - SX AU HNEWZ
UOZ =W SXAUHNEWY U S S HNEWX
UMT (1) =U0YAUSZ -VOZAUSY
UMT ( 2) =\ 0Z4UEX U0 USZ
UMT ( 2 =X SY U0 AU 5K
UMAGT=8ART ( (UMT (1) ) dek 24+ (UMT(2) Y hk 2+ (WMT ( 2) 1Rk 2}

c
p0O 11080 1=1,3
UMT (1) =UMT (1)/UMAGT
11080 CONT INUE
RETURN
*D,C.490,493
430 CONTINUE
C=========================================================

*D,POWER . 44
Coode oo e e e e ek e e e vk e e A v e e e e e ke e s sk 2k she ke he e e e e e e e e e e e e she e v e ke e e e e e e v ake ke e ek e e ook e e dede dede ke ke

c INPUT HERE *
[ *
c READ POSITIONS FOR FRONT (XF,YF,ZF) AND BACK (XB,YB,ZB) *
C *
c OF CONE IN TOWER COORDINATES *
C *
c RB 15 RADIUS OF CUNE BASE. SL 1§ SLOPE *
c *
c R=RE+SL*Z QR R=RB-SL#Z *
[ *
c WHERE R 1S CONE RADIUS AT axIAL POSITION Z *
c *
c *
22 ke ke e e e e A e e she ke e o A e e ke e e A ko A e ke sk e A R A e e A she e e e e ke e ek e ke e e she e e e vk the e e b S e she A e dbe ke e e e e e de ke e ke

XF=0.0

rov. s

ZF=50.333

XB=0,0

\VB=7.025

ZE=50. 461

RE=0.1143

SL=-0.1763
C
c END OF INPUT
[

65



ALEMR=SORT I (*F 2B hk*Z+ i F=7Bikk 2+ ZF -ZTB Y&k 2

“L=ALER

Fl=q4 ,,aTrkiil . 0

Dx=AL FLOATOIEPTS-10

DZ=2 *PI-FLOAT{IYFTZ-11

JP=JT4+1
AIM=REHSLAFLOST O IM=1 2D
HIFP=RB+SLAFLOATOIP-1 %D
AIT=RB+SLAFLOAT I T~1 140X

HITECIM, IMYy=HITE(IM, M) A& IM

HITECIP, IMi=HITE(IP . MY AR IP

HITE(IP . JP =HITE{IP ,JP1*&IP

HITE(IM JPY=HITECIM, JF)Y,AIM

HITECIT . JIMY=HITECIT M4 1T

HITECIP , JT1=HITE(IP . JT Y+ 1P

HITE(ITJPY=HITE(IT . JP *&IT

HITECIM,IJT)Y=HITE(IM,JT )+ IM

HITE(IT ,JTy=HITE(IT JT1*nIT

*#DC.770
(e eshe e ke e e i e T he e e she ke S e e ke e e e e ke she e e she e e e e e ke e e sRee e she e S A e e e e e e e e e e e e e e e T e Fe e e Fe e he e Fe A e e e

[ INPUT HERE
¢ *
C READ POSITIONS FOR FRONT (XF,¥F,ZF) AND BACK (XB,YB,ZB) *
C *
C OF COME IN TOWER COORDINATES *
[ *
C RE IS5 RADIUS QF CONE BASE. SL IS SLOPE g
C *
c R=RB+SLxZ QR R=RB-S5L*Z *e
C *
c WHERE R I3 CONE RADIUS AT AXI1AL POSITION Z *
[ . *
C *
e e ke Ao ke ke e e sk she e e e e e e e A e e e ke e e e e e e ke ek 9k e Ao e e e e e e ke T e 9k e ke e e e Fe e Fe e e e e e e e dede e de ke sk oo de e ek de ko

XF=0.0

YF=7.335

ZF=50.939

XB=0.0

YB=7.025

ZB=50. 461

RB=0.1143
SL=-0.17&3

END OF INPUT

[ Rl

FPI1=4 . *#ATAN(L1.)
ALEM=SQRT C CXF-XB)*k 2+ YF-YR) k% 24+ (ZF ~ZR Y%k 2)
AL=ALEN
DX=AL/FLOAT(IXPT3-1)
DZ=2.%PI/FLOATIIYPTS-1)
JP=JdT+1
AIM=RB+SL*FLOAT Y IM=-1)%kDX
AIP=RB+SLAFLOAT ( IP-1)%DX
AIT=RB+SLAFLOAT(IT-1*DX
HITECIM , JM)=HITE(IM, MI*AIM
HITECIP,JMY=HITE(IP, MY XRIP
HITECIP,JPI=HITE(IP,JP)*RIP
HITE(IM,JP)Y=HITE(IM,JPY 4~ TIM
HITECIT,IMYy=HITECIT JMI*AIT
HITE(IP ,JTY=HITE(IP ,JT14%~]P
HITECIT JPI=HITECIT ,JPY*AIT
HITECIM JT)=HITECIM JTY*&IM
HITECIT (JT)=HITEC{IT ,JTY*AIT



*D,C.722
DO F300 11=1,5
IIT=2#11
ITM=11T7-1
1TP=11T+1
La 9200 JJI=1.%5
JIT=24JJ
JIM=JJIT-1
JIP=JJT+1
AIM=RB+SLAFLOAT I IM=1 %D
AIP=RB+SLAFLOATCIIP~1 %D
AIT=RB+SLAFLOATVIIT-12%DX
HITECTIM, JIMY=HITE(IIM, JIM)/AIM
HITECTIIP.JIM=HITECLIP, JIMY A SIP
HITE(IIP, ,JIPY=HITE(1IF,JIP) &P
HITECIIM, JIPY=HITEC(IIM, JIPI/AIM
HITECIIT (JIMY=HITECIIT , JIMIAAIT
HITECLIP,JIT=HITE{LIP,JITY/ALP
HITECIIT,,JIPY=HITE(IIT,JIPY/AIT
HITECIIM ,JJTY=HITECIIM,JIT) AIM
HITECIIT,JJT)=HITE(LIT ,JJT)/AIT
9200 CONT INUE
9300 CONT INUE
WRITE(NOUT ,99956)
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GR1 *CRTF FULL* FIELD * DATA *FILE FOR * afFl CONEXx * *
1 8] 0 1 1 1 W} 1
GR2 PARAMETROS DEL SOL
2 ¢ 7 [ 1 1 1 9
ie
0.00000 z02.4000G0
00022 202.40000
L0065 202.40000
,00109 200.28000
.001S3 187.10000
.00196 192.86000
LQ0z40 188.623000
00284 182.27000
.0Q327 172.73000
.00371 155.78000
.00415 10%.97000
.004%8 7,5030000
.Q0S02 .28300000
00545 .17600000
.00S89 ,12100000
L00633 .08800000
00676 .074000Q0
.00720 .06600000
1 1 2 1}
0.00 L00120 00120
.00085 .0Qo80
GR3 * *TARGET * * * * %* *
3 12 59 2 1 Q 1
2 \o
-0.38 '5.54 53.19 # of aimpoints IVMD-General
—g.ggo ?'530 gg.égn ‘direction of the
. 7 .
0.91 7.980 52,460 :Zi‘;:]t to the
0.3 7.980 S2.460
~-0.3 7.980 S2.460
-0.91 7.980 52.4¢60 '
0.21 7.440 52.170 .-§-"“-Aimpoint Coordinates
0.3 7 .440 S2.170
-0.32. 7 .44Q0 S2.170
-0.91 7.440 52.170
0.0 7.86 51.07
0.0 7.58 51.07 Number of
-0.0S .72 51.07 Redirector Facets
0.0% 7.7 51.07
8%, 32 24,96 1.00 1.00 a.0a 2.050 45.704 &0.9¢
6.&60 7 .80
.o Q.05 49,704 @.00 7.09 49,704 1.0¢0 as 49,704
11 11 7
GR4 *FACET * DATA * * * W * *
4 29 1 S S 1 -1 a
REFLECT .79
GRS *ﬁ;ﬁiggﬁiﬁiiﬁTﬁ * . * * * H
S 242 .lL - Q 2 |
s 1 Flrst iostat E Total # of ¢ ¢
GRE *TIME S ajua ate 4 heliostatg to evaluate " " .
[ 1 1
L 304 Day of year
n Time of day
GR7 *ATMOSFH  ADATA * * * * *
7 1 1 3

File - CONED:

Data File Submitted with CONE




MM HOH= 10.9

DATH

40
44
59
62

TERMINATION
-1

Heliostat number;

>___—______,._—— prealignment number;

aimpoint number

AL OO WM

(LS N RNV VI VGV S IS I TSI NIl IR Wl A ]
[y
n

69-70






APPENDIX C
Computer Code PLATE
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File - PLATE:
Modifications to the HELIOS Code
to Predict Flux on a Flat

PLATE from Redirectors

*D,HELIQS, 1132 C v -
tt‘MM aN CHMAX AXEXT, AZEXT
e ke e e e A e e e e e Ao e e e b o ok she ek e e e e e b e Aok e e s e e ek ke e e e e e e et e e ke sk e e dede e e e e ke Aok dehe ek ke okodeoke

THIS UPDATE IS FOR A& FLAT PLATE BEING IRRADIATED

BY ENERGY FROM THE HELIQSTAT FIELD WHICH 1S REDIRECTED
ONTQO THE RECEIVER BY A& SERIES OF FLAT PANELS (IN THIS CASE
2 REDIRECTORS FACETS ARE USED) IF MORE THAN 16 REDIRECTOR
FACETS ARE USED ALL DIMENSION STATEMENTS MUST BE CHANGED.

* % %

*

DATA FILE IS BCRTFWD
INPUT REQUIRED IN ROUTINES USTG1,INDATA ,AND BASKET

THE ARRAYS BASK(11,11,1RECP) ,NWRC(IRECP,222) ,NWRE(IRECP,11,11).
RECOP(121,IRECP)Y MUST BE DIMENSIONED PROPERLY IN ALL COMMON
STATEMENTS

THE PARAMETER IVMD IN GROUP 3 DATA MUST BE CORRECT. THIS
INPUT INDICATES THE GENERAL DIRECTION OF THE NORMaAL TO
THE TARGET SURFACE

OoOoOcOO0onNoONOOOonNOOnNnNnNono

PR I S I R

Cobeodedo e oo ok ek e o e ek e et e e e e sl e ek e e edede e de g e dedededede e e dede e ke de e ek dedode e e
*D,USTGLl.16 ' Co
COMMON/CMAX,” AXEXT, AZEXT
*D,USTG1.31,143
NR=(NTAG-1)/IXPTS+1
NTU=(NR-1)*IXPTS
NCOL=NTAG-NTU

e sk e A e e e e e A e e e e e i e e e e e e s e 2k e Ao e T e e e e e e ke e Ao e e e Ao sk e e e e e Ao ke e ke e ek e e de ke e de e ke ke
C *
c INPUT *
C : *
C 1SECT 1S THE REDIRECTOR FACET BEING CONSIDERED *
c IRECP 18 THE NUMBER OF REDIRECTOR FACETS, VALUE *
c READ IN DATA FILE (GROUP 2} *
C (MOTE THAT A NUMBERED STATEMENT 1§ REQUIRED FOR EACH FACET) *
C . *
C XTa 1S THE X-COQRDINATE OF THE CENTER OF EACH *
c REDIRECTOR FACET (TOWER COORDINATE SYSTEM) *
C *
c YTy 15 THE Y~COORDINATE OF THE CENTER 0OF EACH *
C REDIRECTOR FACET *
C *
c ZTA 15 THE Z-COORDINATE OF THE CENTER OF EACH *
C FEDIRECTOR FACET *
C *
C A, AMY AND aNZ &RE THE RESFECTIVE COMPOMENTES OF THE *
C UNIT NORM&aL (TOWER COORDINATE SYSTEM? *
[ i3
C

r

e et e K e e e e e e e e et ek b e b e sk e e o e e e e ke e ek ke ek ek ek



IF(ISECT.LE.O.OR.ISECT.GT.IRECFP) GO TO 1501
GG TO (10,20,30,40,50,60,70,80) ,ISECT

C 1121,122,123,124),1SECT The number of statement

c numbers must be the same

10 XTéa=0.921 as the number of redirector
YTa=7,98 facets

ZTA=52 .46

ANX=~0 .60

ANY= 0,22 Data for
ANZ=-0.71 Redirector Facet
GO TO 1101 #1

20 XTA=0.3

YTA=7.98

ZTA=52.46

ANX=-0.22

ANY= .38 Data for

ANZ=-0.90 Redirector Facet
GO 7O 1101 #2

20 XTa=~0,3
YTa=7.98
ZTA=352 .46
ANX= 0.39 *Note that the values
ANY= 0.324 for ANX, ANY and ANZ

ANZ=-0.86 are calculated in REDIR
GO TO 1101

a0 XTa=-0.91
YTA=7.98
ZTA=52.46
ANX= 0.650
ANY= 0.3S
ANZ=-0.68
GO TO 1101

S0 XTh=0.91
¥YTA=7.44
ZTA=52.17
ANX=-0.63
ANY= (0.31
ANZ=-0 .69
GQ 70 1101

e XTH

4
17
ANK=-0 .24
45
a4

AMZ=-0 .
GO TC 1101

AL KTA==0.3
YTea=7.449
ZTa=22.17
@ahlix= 0.,
A= O,
ANZ=-0.
GO TOQ 1

~Jooaon

=)

a1
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ga

o (=]
o o

O

OOOOOSOOOOOOODOHOOUOOOODQOOOODD
N
= o

[

NOCOoOOoOODOOOO OO0 oO0a0000n
f]
10

XTa=-0.,91
YTA=7 .44

ZTA=52.17
ANX= 0.66
ANY= (.21
ANZ=-0.68
GO TGO 1101

XTra=0.91
YTh=6.97
ZTAa=31.82
ANX=-0.6800
ANY=0.620
ANZ=-.400
GO TO 1101

XTA=0.3
YTA=6.97
ZTA=51.82
ANX=-0.,27
ANY=0.210
ANZ=-0.5600
GO TQ 1101

XTA=-0.3
YTA=6.97
ZTA=51.82
ANX=0,350
ANY=0.780
ANZ=-0.5200
GO TO 1101

XTha=-0.91
YTA=6.97
ZTA=51.82
ANX=0 .70
ANY=0.861
ANZ=-0.3800
GO TO 1101

XTA=0.91
YTA=6.54
ZTAa=51.39
ANX=-0.650
ANY=0.72
ANZ=-0.2500
GO TO 1101

XTA=0.3
¥YTA=6.54
ZTA=301 .39
ANX=-0,29
ANY=0.92
ANIZ=-0.2800
GO TO 1101

U

0

XTA=-0.32
Y TA=6 . 59
ZTA=S51.]
ANX=0 .46
ANY =0, 8S
ANZ=-0 .26
GO TO 1101

0y

=



cza
c
C
c
c
c
c
1

101

e e e e e e e ohe ke she e A e e e e she ke e e i e she e she e ke e e e koA ok ok e ke e e e e e o ok b oA e ke she e e ok ke ke ke ok ke ok e ke e dhe e e e vk ek e e e
c

C
C
c
C

XTa=-0.51
YTA=6.54
ZTA=51.39
ANX=0 .53
ANY=0.81
ANZ=-0.2%

ASQ= CANXRANXFANYRANY Y Ak0 . S

DX=AXEXT
DZ=AZEXT

END OF INPUT

* % % % %

(Do e ke Ao ke e she e e e oA A o e e e e A e A e e e e e e ke e e e e dhe e ke e e e ke e the e vhe e ok ok b e e e dhe A ke ke e ke e e e ke e e e e e ke e ke e e ke e

135 UMT(1)=ANX
UMT ¢ 2) =ANY
UMT ( 3) =ANZ
RETURN

1501 WRITE(NOUT,
STOP 111

c

29999
END

*D .29

INTEGER

Elx=aNY A8
E1lv=—ANX/%

Q
sQ

E2X=E1Y*ANZ
E2Y=—E1X*ANZ

E2Z=-ANX*E
DX=DX/FLOA

1Y+ELIX*ANY
T{IXPTS-1)

DZ=DZ/FLOAT(IYPTS-1)
AFLX=FLOAT(IXPTS=1)%(DX/2.)
AFLY=FLOART(IYPTS-1)*(DZ/2.)
XA=XTATAFLXAEIX+AFLYXEZX
YA=SYTA+AF LXKXELY+AFLYXE2Y

ZA=ZTA+AFL

YkEZZ

AFCOL=FLOAT (NCOL-1)%DX

AFRO=FLOAT

(NR-13}*DZ

XTA=(XA+AFCOLA (-E1X)+AFRO* ( ~E2X) )
YTA=(YA+AFCOL* (-E1Y)+AFROX(~E2Y))

ZTA=(ZAtAF

FORMAT (2X,S0HSTOP IN USERTG, USER DEFINED TARGET SURFACE ERROR.)

RO*(-E2Z))

£ 99999)

COMMON CMAXs AXEXT, AZEXT

*D  INDATA . G0
COMMONS CMAX, AXEXT, AZEXT

INTEGER

*D, INDATA ., 220
(b the A e oo dhededeshe e she e e e ke ek e she ot dehe e dehe ke dode Jo ke de ek ke o ko ok e dede e oo shedo e Aehed koo kb deAe ke bk kekeok

R o B o T o B e A

PRI O I oo I e

i)

UWTRRCT (J) ARE DEFINED

HNM

HNM

XEXT AMD ZEXT ARE DEFINED

AXEXT AND

TARG

Lo 00 N

TARG

ALZEXT ARE THE HORIZONTAL AND
EACH REDIRECTOR PANEL

(UNITE ARE

IN GROUF 3

IM GROUF Z

VERTICAL EXTENTS
IN METERS)

IMNPUTS REQUIRED ARE
UWTAR(1,d) ,Jd=1,3
AN ANY  ANZ

ET CEMTER
ET NORMAL ;

TARRGET EXTENTE
REDIRECTOR EXTENTS

KEXT ,ZEXT
1 AXEXT

AZEXT

FOR

B A R o oE ¥ oE % N ow % ¥ %

oA e e b e e e e A e A he e b e e A e e e e ke e e A e e e e e e e she e e ke e e e b o e e ke e e she e b e e ke ke ek e ke kAo Aok
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nonon

10101

10102

*D,C.
*D,C.
*D,C.
*D,C
*D,C.

*D . C.

UTAR{L ,1)=0.000
UTAR(1,2)=7.72

UTAR(1,3)=51.07C
ANX=0.0
ANY=0.0

ANZ=1.0
XEXT=1.0
ZEXT=1.0
AXEXT=0.6096
AZEXT=0.60906

END OF INPUT

ANNOR=SQRT { ANXk % 2+ANY A2}
IF(ANNOR.EQ.0.0) GO TG 10101
E1X=-ANY/ANNOR
E1Y=ANX/ANNOR

E1Z=0.

E2X=-ANZ*E1lY

E2Y=ANZ*E1X
E2Z=ANX*E1Y-ANY*E1X

GO TO 10102

ElX=-1.0

Eily=0.0

E1Z=0.0

E2X=0.0

E2Yy=-1.0

E2Z=0.0

UTAR(2,1)=VUTAR(1 (1 )+ (XEXT/2.)%E1X
UTAR(2,2)=UTAR(L, 2)+(XEXT 2.)%E1Y
UTAR(2,3)=UTAR(1,3)+(XEXT/ 2. ) *E1YZ
UTAR(3R,1)=UTAR(1 ,1)+(ZEXT /2. )*E2X
UTAR(2,2)=UTAR(L , 2)+H(ZEXT/2. ) %E2Y
UTAR(3,3)=UTAR(1,3)+(ZEXT 2.)*E2Z

XTAR=UTAR(L, 1D
38

45

*Note that the values used for
ANX, ANY and ANZ here are for
a horizontal flat plate facing
upward

COMMON/NNRQYS/NNRC(IG,121),NNRE(lG,ll,ll),IBASX,IBASY,RAREA,

*YTA,ZTA NTAGL ,XT0,¥T0,ZT0,BASK(11,11,16) ,RECNC3) (BASKM

56

*RECD(B),RECOP(121;16),PDT(121),TPDT(3,121).HITE(ll,ll).

.74

DO 30 K=1,IRECP
79
DO PO I1=1,1RECP

fo]

DO 100 11=1.IRECP



*D,BASKET .3,42
COMMON/TARGT/ XEXT, ZEXT, XTAR. YTAR, ZTAR, ITAR, IGEO,
* UTAR(3,3), IUMD
" 24 5 ke A e 24 ok Ao 3k e e o ok e e e e e A ke A e e e oA e e e T 9k ok ok e e ok e A A A Ao A e e ke ok ok e e e e ek e e ke e e de sk kA kb ke ke e dekke ek

[

INFUT

BASKETS MADE LARGER THAN RECEIVER S0 BASKET MIDPOINTS
CORRESFOND TO THE 121 TARGET POINTS IN THE RECEIVER.

FRONT VIEW OF PLATE
TOP AND BOTTOM SURFACES ARE PARALLEL TO EAST-NORTH PLANE

(SOUTH)
(E2)
*
PL ek dekeded dodeatede ek ke de ke ek dedededede ek ke PR *

* * *
* * *
* FC * kdedkkkkk (€1 )
* * (WEST)
* *

PB Aok dedete Aok dedede ook e de oo de dededede Fede koo ok

NOTE: FOR & HORIZONTAL PLATE THE TOP IS TOWARD SOUTH
TOP AND BOTTOM SURFACES ARE IN EAST-WEST DIRECTION

ANX ,ANY ,ANZ ARE COMPONENTS OF THE UNIT NORMAL TO PLATE

FCX,PCY,PCZ ARE TOWER COORDINATES FOR PLATE CENTER

NOONCOOO OO NOO0O0nN OO0 OoOOnfno
Mok kO Kb % % % Nk % % % %ok b % % Ok % bk bk Ok F X % ¥

ke e e s s ke e e e e e e e e e T e e e e e e ke o e e e e e e e ek e oo e e she e e e e ke e e e e ek dedede e Fedede ok
ANX=0.0
ANY'=0.0
ANZ=1.0
PCx=0,000
PCY=7.72
PCZ=51.07C

c*********w***w*********************************#*w************ﬁw********
C *
C *
C *
C EMD OF INFPUT *
C *
C *
C *
C

ek e e e e e e e e e e e e oo ek e e e ek e ke e e ok e e e de A ek ke ek e ek ek ok oKk dedeekokokeok
DE¥ = XEXT-10.
DEY = ZEXT.~10.
ANMHOR =SORT C AN Ak 24&NY Hd 2 )
IFCANNORL.EQ.O.0) GO TO 10101
E1x=—aMNY . /AMNOR
E 17 =A< ANMNOR
E1Z=0.
E2x=-aNIkELlY
E2v=ANZ*ELX
2ESANKRELY —ARY*E 1
GO TO 1010z

77



10101 ElX=-1.0
El¥=0.0
E1Z=0.0
E2X=0.0
E2Yy=-1.0
E2Z=0.0

10102 PLX=PCX={XEXT/2.)%E1IX+{ZEXT/2. )y %E2X
PLY=PCY~-(XEXT/2.Y*E1Y+{ZEXT/2.)*E2Y
PLZ=PCZ-(XEXT/2.)XE1Z+(ZEXT/2.)*E2Z
PRX=PLX+XEXTXE1X
PRY=PLY+XEXTXELY
PRZ=PLZ+XEXT*E1Z
PBX=PLX-ZEXT*E2X
PBY=PLY-ZEXTXEZ2Y
PRBZ=PLZ-ZEXT*E2Z
RX=XI1-PLX
RY=YI1-PLY
RZ=Z1-PLZ
XDIST=RXXEIX+RYXELIY+RZXELZ
YDIST=RX*(-E2X)}+RY* (~E2Y)+RI* (~E2Z)
XDMAX=XEXT*(1.05)
XDMIN==XEXT 20.
YOMAX=ZEXT*(1.05)
YDMIN=-ZEXT/20.
IF{XDIST.GT.XDMAX) GO TO 10
IF(XDIST.LT.XDMIN) GO TO 10
IFCYDIST.GT.YDMAX)Y GQ TO 10
IFCYDISTLT.YDMINY GO TO 10

CHECK TO INSURE THAT R-VECTOR IS IN THE TARGET PLANE

R DOT (E1 X E2) =0

oOoOoO0OnNoO0n

RCKI=RX*(E1YXEZZ-E1Z*E2Y)
RCK2=RY* (E1Z*E2X-E1X*E2Z)
RCK3=RZ* (E1IX*E2Y-E1Y*E2X)
RCK=RCK1+RCK2+RCK3
IF(ABS(RCK).LT.1.E-4) GO TC 20
WRITE (6,9999%9) XI,YI,ZI
STOP 222

ia I1BASX=-1
IBASY=-1
RETURN

20  IBASY=0
Y=YDMIN

30 IBASY=IBRASY+1
Y=Y+DEY
IF(YDIST.LT.Y) GO TO 40
GO TOQ 20

40 X=XDMIN
1BaSH=0

S0 K=X+DEX
I BASX=1BASK+]
IF{ADIST.LT.X) GO TO &0
GO TO SO

&0 IF (IBASX.GT.11.0FR.IBASY.GT.11) GO TO 10
RETURMN

99239 FORMAT (13X ,6HBASKET .2E13.3)

END



*D ,FACETC.13
COMMON/NWRAYS/NWRC(16,121) NWRE(1&,11,11), I BASX, IBASY ,RAREA,
*D,FACETC.16
*YTALZTAGNTAGL ,XTO,YTO,ZT0,BASK(11,11,16) ,RECN( 3) ,BASKM

*D ,PHIC.27
- *YTAL,ZTA NTAGL ,XT0,YT0,ZT0,BASK(11,11,16) ,RECN(2) , BASKM
*D POWREC. 9,35 .
DIMENSION RECOP(121,16),HITE(11,11)
. COMMON-CMAX/ AXEXT, AZEXT

DO 120 ISECT=1,IRECP
DX=AXEXT/FLOAT( IXPTS~1)
DZ=AZEXT/FLOAT(IYPTS-1)
*D,RAREC. 10
COMMON/CMAX/ AXEXT, AZEXT
COMMON/TARGT/ XEXT, ZEXT, XTAR, YTAR, ZTAR, ITAR, IGEO,
*k UTAR{Z,3), IUMD
*D,RAREC. 20,59
RAREA=AXEXT * & % AZEXT
RA= (XEXT + XEXT/10.) * (ZEXT + ZEXT/10.)
RAREA=RAREA/RA
RETURN
END
*D,TCIRPC.7
DIMENSION VUFE(3),TV(3),UTVU(3) ,NWRC(16,121) ,UMT(3),B(3),

79
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File - PLATED: Data File to
be Submitted with PLATE

GR1
GR2

;CRTF FULL: FIELD

PARAMETROS DEL SOL
2 (] 7

18
0.00000
00022
.00065
.00109
.00153
.001%6
.00240
.00284
.00327
.00371
.00415
.00458
.00502
.00545
.00589
.00633

202.40000
202.40000
202.40000
200.28000
197.10000
192.86000
188.€3000
182.27000
172.73000
155.78000
105.27000
7.5030000
.28300000
.17600000
.12100000
.08800000
.00676 .07400000
.00720 .06600000
1 1 2
.00120 .00120
.00080

0.00

.00085

GR3 *TARGET *
S9

*
3 1
2 0

-0.38

-0.38
0.00
0.91
0.30
-.30
-.91
0.91
0.30
-.30
-.91

65.33

5.54
5.54

7.72
7.98
7.98
7.98
7.98
7.44
7.44
7.44
7.44 Frava
34.96 [1.00

58.12

59.19
S52.32
S2.4¢
S52.46
S2.46
S52.46
52.17
52.17

gUPDATE

S2.17 %

1.00 |

* FILE IS * BCRTFU %
1 1 1

ox%
%

(3 1 1 1 6

General Direction of the
normal to the target

* *
2 1

o *

k.
10 1

T Number of Aimpoints

..— Coordinates of the Aimpoints

_Extents of the target
(in meters)
,/’////

0.000 7.450

6.60
0.000

7.80
7.45 50.430
11 11
*FACET * DATA

4 25
.79
*HELIOSTAT*DATA *

B - B -
~—

g
*TIME DATek -
6 T~ 1

e

0.000

GR4

ok N

REFLECT
GRS

=
(=]

~

"~

Day of the
year to make
predictions for

Time of day to
make predictions
for

7.1632C;T0.8396 0.500

S~ L. .
Aimpoint numl

Q

[}
o %
"
A
Lo ]

‘a e u 1

N * * * * *

oS
~

~ 1 . .
o~ ~ Number of Redirector

\\;;;{; Facets
T~—~Number of First

of first Heliostat to Evaluate

Heliostat Evaluated-

~

““Total number of
Heliostats to Evaluate



GR? *ATMOSPH *DATA * *
7 1 1 3
MM HOH= 10.9
DATA TERMINATION‘
-1

40 1 7

4 2 6

59 1 3

62 2 2

65 2 2
gég % S > Heliostat number,

alignment number

S:g ; g -‘\~§\§“ and aimpoint number
283 2 10 of heliostat to be
122 2 11 evaluated ‘
126 2 11
132 2 12 )

142 2 12
304 2 13

314 2 13
308 2 14

85 2 15

91 2 16
268 2 17
275 2 18
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The optics code (REDIR) takes the central ray
from the sun and determines the location in space
where the ray intersects the redirector plane. Five
points on the heliostat are evaluated—the center and
the four corners. The output gives the intersection
point and the normal vectors (between the redirector
plane and the target) for each ray. In this manner, the
size and contour of each redirector panel can be
estimated. Further design refinements of the panels
can be made with the HELIOS code.

For this analysis, the tower coordinate system is
used, and the following parameters are assumed to be
known (Figure D-1).

(X0, Y0,Zo)  heliostat foundation position
ps, 0g - elevation and azimuth angle of the
sun
Xp,Yp,Zg)  position of target center
(X4, YsZs)  aim point for heliostat (note that
this point can be at the redirector
surface)
L,,L.,  heliostat dimensions.
%
_\6/_ Xy Yo Z)
/ I\ (XA' ’YA' ZA)

| REDIRECTOR
PLANE

(Xg» Yor Zg)

Figure D-1. Geometric Description of Redirector
Plane

The incident central ray from the sun with unit
vector

1=Agi+Bg]+ Csk (D-1)

84

where
Ag = cos pg €OS ¢g
By = cos pg sin ¢g
Cg = sin pg

will intersect the center of the central facet at
(X,,,Y,,Z,) and will be reflected toward the aim point
(X A,Y 4,Z,4). The unit vectors describing the reflected
ray, Ry, and the normal, N, to the heliostat are

R, = cos p, cos d)ti + cos p; sin ¢t§ + sin ptlA( (D-2)

and
N = Nxi+ Nyj + Nzk , (D-3)
where
Xa— Xp

COS py COS ¢py = ——Q ,

. Ya — Yp
COo8 p; SIn ¢y = >
and

. Zpn—1Zp

sinpy = —— ;

7 ;
p, elevation angle of reflected ray from heliostat,
0<p=<mu/2,
¢, azimuth angle of reflected ray from heliostat,
R =[(Xa— Xp)?+ (Ya— Yp)? + (Zy — ZP)2]1/2 ,
Nx = o (cos pg cos ¢5 + €OS p, €os ¢¢) ,
Ny = a (cos pg sin ¢g + €os pg sin ¢;)
Nz = « (sin pg + sinp,) ,
and
a~? =2 4+ 2 (cos pg COS dg COS p, COS ¢y

+ €08 pg Sin ¢g cos p, SIn ¢,

+ sin pg sin py) .

To determine the midpoint of the center facet on

the heliostat (Xp,Yp,Zp), we write the normal vector
of Equation (D-3) in the alternate form



(Xp — Xo) L (Yp — Yo)

N=—"1 L,

Zp —Zo — Ly) »
+(P 0 z)k

L » (D-4)

where L, and L, are defined in Figure 1. Comparing
Equations (D-3) and (D-4), we obtain the following
relations for determining the point (Xp,Yp,Zp) on the
heliostat:

Xp = Xg + al.; (cos pg cos ¢g + €os p, cos ¢;) , (D-5)
Yp = Y() + ClL] (COS Ps sin ¢s

+ cos p, sin ¢y) , ' (D-6)

and
Zp 4+ Zo + Ly + oL (sin pg + sin p) . (D-7)

The unit vector R, is given by Equation (D-2), and R,
can be written as

C Xp =X i+ (Y= Yw) i+ (Zr — Zw) k
27 IXp — X2 + (Yr — Yu)? + (Zp — Zw)?1V*

=)

(D-8)

The problem is now reduced to finding the inter-
section of the incident ray R, with the plane. The unit
vector R, has been given by Equation (D-2) and can
also be written as

. =(XH_XP)': (YH—‘YP)Jc

R, p 't p
Zy — Zp) ~
+ (__*i_.__ﬂ k (D-9a)
P
or
. Xa—Xp)y (Ya—Yp):
R, = 7 14+ 2 )
Za — Zp) -
+ (_A_Q_P) k , (D-Qb)
where

P2 = (Xy — Xp)? + (Y — Yp)2 + (Zy — Zp)?.

Comparing Equations (D-2) and (D-9), we obtain the
following set of equations for determining the inter-

section point (X, Yy,Zy):

Xp—Xp Xy—Xp

5 P = CO0S p; COS ¢ , (D-10)
Y. — Yu—Y
a=Ye _Yu—Yr_ o osing,, (D-11)
Q P
Za—Zp Zy—17
AT SR _TH TP sinp, . (p-12)

2 P

For the redirector plane above the target, Figure
D-2, the equation describing the surface is

Zy = (YH — YFRU) tan Yy + ZFRU + AZy , (D-13)

where (Xg, , Yr, Zp,,) defines the intersection point
on the target surface for the reference heligstat, AZy
is the distance from this point on the target surface to
a reference point on the redirector plane, and
(Xy ,Yy,Yy) defines the intersection point on the
redirector surface for heliostats other than the refer-
ence heliostat. This reference heliostat, which is cho-
sen arbitrarily, enables us to locate the redirector
plane in space.

(xA' YA ’ ZA’).

L. \ X
, * TOWER COORDINATE
SYSTEM

REDIRECTOR
REFLECTED RAY PLANE

FROM REFERENCE
HELIOSTAT

(X_, Y_, Z_)
Fru fru fRU

TARGET PLANE
(¢ NOTE: Ogyerr/2)

Figure D-2. Redirector/Target Geometry With
Redirector Above the Target

The point where the ray from the center facet of
the reference heliostat pierces the redirector plane is
labeled as (XHR,YHR,ZHR). Using Equations (D-10)
through (D-13), we can write a general expression
containing AZy and Yy ;
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(YHR _YFRU) tan Yy + Zr. + AZy

RU

Yy — Yer
=17 oo | (Zar — Zpg) .
PR (YAR — YPR)( AR PR)

For the initial calculations, we position the
redirector so that

(D-14)

Yy, = Yr

R RU

(D-15)

and solve Equation (D-14) for AZy ;

)(ZAR —Zpr) . (D-16)

‘ Yu, — Yer
A:ZU = Zpr — Zp,, + (_YAR —Vom

We use this value for AZy to initially position the
redirector with respect to the target. The actual
location of this point can now be determined from
Equations (D-10), (D-11), (D-13), and (D-16);

Yy =Yg, , (D-15)
Zy, = Zp,, + Ay , (D-17)
and

Yy, — Y _
Xu, = Xpr + (H) (Xar — Xpr) . (D-18)

Further refinements can be made by modifying AZ,,
solving for Yy from Equation (D-14), using Equation
(D-13) to determine Zy_ , and Equations (D-10) and
(D-11) to obtain Xy,. With this point determined, the
pierce points for the remaining heliostats can be
obtained from Equations (D-10) through (D-14);

Yptan p,— Ypy,, tan ¥y sin ¢, + (Zpp, +AZy—2Z,) sin ¢,

Yu= tan p,—tan yy sin p, (D'19)
Zy = (Yu — Yy, ) tanyy + Zy,, + AZy , (D-20)
and

cos
XHv= Xp + (Zy Zp) # (D-21)

tan Pt ’
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In Equations (D-19), (D-20), and (D-21) the angles ¢,
and p, are defined by

Y —_
¢, = tan (————X’; _;: ) (D-22)
and
Zr — Z
p, = tan~! (Zs — Zp) (D-23)

\/(XA —Xp)? 4+ (Ya — Yp)?

For the redirector located below the target plane,
there are two possible orientations; see Figures D-3
and D-4. For the first case, 0<y; <=/,, the equation
describing the surface is given by

Zy = (YFRL — Yy) tanyq, + ZFRL —AZy, (D-24)
where Y, and Zp are the Y- and Z-coordinates for

the target point of the reference heliostat. Proceeding

as before, we write the general expression containing
Yu, and AZ; ;

(YFRL - YHR)tanwL + ZFR:L - AZL _ZPR

(Yn,, —Ypr)
Yar — Yer

(Zar — Zpg) . (D-25)

TARGET
PLANE

2 Z,)
REFLECTED RLRL RL
RAY
FROM REDIRECTOR
REFERENCE PLANE
HELIOSTAT

e nNOTE: oLy LT 2

Figure D-3. Redirector/Target Geometry: Redirector
Below the Target
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Figure D-4. Redirector/Target Geometry: Redirector
Below the Target

We first position the redirector so that

YHRL = YFRL (D-26)
and solve Equation (D-25) for AZ;;

(Yu,, — Yer)
AZy, = Zp, — Zpr — e (Zpr — Zpr) . (D-27)

The pierce point on the redirector is then determined
from the following relations:

Yu, = Yr, » (D-28)
ZHRL = ZFRL - AZL 4
and
(Yu, — Ypr)
XH,, = Xpr + ~ - PR (Xar — Xpr) . (D-18)
R Yar — Yer

Further refinements can be made by using the same
procedure recommended for the upper redirector.
Once the final value for AZ; is decided upon, the
pierce points on the redirector plane can be deter-
mined by using Equations (D-10) through (D-13) and
(D-24):

Yp tan py+ Ygy, tan ¥ sin ¢+ (ZFRL_AZLp) sin ¢

Y tan p,+sin ¢, tan y, ., (D-28)
ZH = (YFRL - YH) tan lpL + ZFRL - AZL ’ (D'24)
and

cos ¢
Xu = Xp + (Zn — Zp) - (D-21)

tanp

where ¢, and p, are given by Equations (D-22) and
(D-23).

The second possibility for a redirector located
below the target plane occurs when /2 < ¢, < r. For
this case the equation describing the surface is given
by (see Figure D-2a)

(Zn — Zs,)

tan yp, (D-29)

Yu = Yp, — AY,, ~

The general expression containing Zy, and AYy, is
obtained from Equations (D-11), (D-12), and (D-29);

YF‘“ aYy - tan y,
(Zy, —Zpg)
= Ypp+ "% (Yap — Ypg) . (D-30)
Zar — Zpg

We next position the redirector so that

Zu, = Ze (0-31)

RL

and solve Equation (D-30) for AY;;

(Zy,, — Zpr)

AYr = Yy, — Yer — =7 —(Yan — Yen) .(0-32)

The pierce points on the redirector are then given by

ZHRL = ZFRL 4 (D'33)

YHRL = YFRL - AYL ’ (0‘34)

and Equation (D-18) .

Further refinements for positioning the redirector can
be made by modifying the value for AY;,, solving for
Zy, from Equation (D-30), and proceeding in the
same manner as discussed previously. The final step
is to determine the relations for the pierce points of
the remaining heliostats:

Z, sin ¢, tan Yy, + Zg, tan pri+ (Yep, —AYy—Yp) tan p, tan ¢,

Z -
H tan p,+sin ¢, tan ¢,

,(D-35)

Equation (D-29) and Equation (D-21) ,

where ¢, and p, are given by Equations (D-22) and
(D-23).

The above development has located the pierce
point (Xy,Yy,Zy) of the redirector due to the ray
from the center facet on the heliostat. T'o determine
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the proper extent for each redirector panel, one
should not only consider the energy reflected from the
edges of the heliostat but also the entire cone of
energy from the sun. To determine the edge points of
‘the heliostat with the center point known, one needs
only to determine two unit vectors in the plane of the
heliostat. Individual heliostat facet contours are not
considered here; they are assumed to be flat. These
contours are accounted for in the HELIOS code.

To determine the unit vectors in the plane of the
heliostat, one starts with the unit normal vector at the
heliostat center, Equation (D-4);

N=Ni+Nj+Nk.
This vector is then projected into the horizontal (x-y)

plane and rotated 90° counterclockwise to obtain the
unit vector.

=N, + Nj

NN

To complete the right-handed coordinate system, we
use the cross-product

é (D-36)

éz‘= N X él
or

~

€2

—NL - NN s, NTTNER . (D-a7)

= l —_— . -
AN NZ N VT

Any point in the heliostat plane can now be deter-

mined by means of the vector equation

,—Q’=XPi+YP5+Zp1‘;+A1é1+A2é2 ,

where A, and A, are the distances from the center of
.- the heliostat in the heliostat plane along the unit-
vectors &; and &, respectively. To determine points on
the solar disk, we start with the incident central ray
from the sun, Equation (D-1)

(D-38)

I=Aj+BJ+Ck.
We next define a sun-facet coordinate system where

(D-39)

(D-40)
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R —AC, - BC, - R
Je = i— i +A? + B2k . (D-41
' VAI+BI AT+ BfJ (b-41

If we further define « as the cone half-angle and 3 as
the circumferential angle in the is — js plane, shown
in Figure D-5, then the unit vector describing any
point on the disk periphery is given by

= taamacosﬁfs + tanasinﬂjs + k,
\/1 + tan’a

(D-42)

Equation (D-42) can be expressed in the ‘1\312 system
by substituting Equations (D-39) through (D-41) into
Equation (D-42).

Figure D-5. Sun-Facet Coordinate System

With the above information known, the pierce
point in the redirector facet plane is obtained by
recognizing that the distance, D, between a point P1
(identified by the vector T))l) on the heliostat facet
plane and the point H1 on the redirector facet plane
shown in Figure D-6, can be written as

P,—H) N
o Fi-H . Ny
—BT - Ny

(D-43)

The intersection point on the redirector facet plane is
then given by

Hi1 =P, +D(BD (D-44)

where the unit vector B1 is

Bil=-I+2(0 - N)N . (D-45)
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Figure D-6. Heliostat Facet/Redirector Facet Geom-
etry

The normal vector used in Equation (D-45) is ob-
tained in the following manner: We first locate the

center point (X, ,Y,;,Z,, ) of the corner facets on the
heliostat by using Equation (D-38). With this point
known, the normal vector is determined by using
Equation (D-1) and the reflected ray from the
heliostat

5o (Xa—Xps) 14+ (Ya—Yps) j+(Za—Zpg) k (D-46)
P (X —Xpe)?+ (Ya—Ype) 2+ (Za— Zps)2)' 2

in the general relation that describes the normal
vector,

>

Gl

~ + 2
N_|i+R21‘

(D-47)

The above procedure enables one to determine
the image cast upon the redirector by the heliostat.
Obviously, there will be overlapping areas from adja-
cent heliostats, but by carefully choosing aim strate-
gies this should be minimized. By varying the size,
shape and location inputs to the code REDIR an
optimum redirector can be designed.
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