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ABSTRACT 

The equations necessary for designing a multifaceted re-
director that directs energy from a heliostat onto a 
secondary, sometimes horizontal, target have been derived. 
Although the equations are quite general, the approach has 
been formulated with specific applications of the Central 
Receiver Test Facility (CRTF) and the Sandia Solar Furnace 
in mind. A computer code, ORC, has been developed that 
applies the derived set of equations to the CRTF heliostat 
field. The output of ORC is a preliminary design for the 
redirector. This output is subsequently used as an input to 
the CRTF facility code, HELIOS, to obtain a complete flux 
density distribution on both the redirector and receiver 
surfaces. Upon examination of these results, the redirector 
design can be modified and the above procedures repeated 
until a satisfactory design is obtained. T.he proposed 
design methodology is illustrated with a preliminary design 
example. The new capabilities that a redirector can provide 
to the CRTF or the Solar Furnace represent a powerful new 
resource for activities and experiments where radiation 
direction is an important variable. 
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Nomenclature 

i,j,k - unit vectors along X, Y, and Z axes 

I,N,R - incident, normal and reflected rays, unit vectors 

X,Y,Z 

- heliostat dimensions, Figure 2 

- normal vector for a redirector facet 

- incident and reflected rays from the redirector, unit vectors 

- vector describing the redirector plane 

spatial coordinates in the tower coordinate system 

heliostat foundation position 

XA,YA,ZA - aim point coordinates for heliostat 

position coordinates of target center 

XH,YH,ZH - pierce point of reflected ray from the heliostat with redirector plane, 
Figure 5 

XJ,YJ,ZJ a generic point in a facet plane of the redirector 

XP,YP,ZP - midpoint position of center facet on heliostat 

Xs,Ys,zs - theoretical focal point of solar furnace 

~z - distance from target center to redirector center, Figure 5 

p - elevation angle of sun s 
~S - azimuth angle of sun 

Pt - elevation angle of reflected ray from heliostat 

~t - azimuth angle of reflected ray from heliostat 

angle between redirector plane and horizontal, 0 < < 90° 

X',Y',Z' spatial coordinates in the redirector coordinate system 
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REDIRECTOR DESIGN METHODOLOGY FOR 
HORIZONTAL TARGET PLANE APPLICATIONS 
AT THE CENTRAL RECEIVER TEST FACILITY 

Introduction and Purpose 

The Central Receiver Test Facility (CRTF), operated for the Department of 

Energy by Sandia National Laboratories in Albuquerque, New Mexico, was constructed 

for the purpose of evaluating solar central receiver design concepts. The facility 

consists of an array of 222 heliostats in a north field configuration that reflects 

and focuses the sun's energy toward a tower 60 m high (Figure 1). A complete 

description of the facility is available in the CRTF Experiment Manual. 1 

The central receiver concept for power generation has been demonstrated with 

the completion of Solar One 2 ' 3 in Barstow, California. The CRTF, however, will con-

tinue to support technology development such as the testing of advanced thermal 

storage concepts, In addition, the CRTF is available as a testing facility for 

other programs requiring a high heat flux source. 

The CRTF provides three features that are important in high-temperature, high 

flux-density experiments, The energy source is clean, easily controlled, and inex-

pensive. For these reasons it is desirable to enhance the capabilities of the 

facility to accept experiments that are not restricted to the use of an upward-

directed beam. 

In its present configuration, the CRTF is designed specifically for receivers 

that can accept a cone of energy traveling in an upward direction. A central ray of 

this cone makes an angle of approximately 30° with the horizontal if the field is 

aimed at the top of the tower; however, a number of experiments are best performed 

with a beam whose central ray is directed vertically downward. Examples of opera-

tions requiring a horizontal surface plane include metals reduction, refining, and 

fluid bed reactors. Actually, any process for which it is desirable to vent gaseous 
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products upward while gravity retains other material at the bottom of a vessel 
should be exposed to a vertically downward-directed beam. 

Our objective is to design an apparatus, referred to as the redirector, that 

will redirect the energy from the heliostat field toward a horizontal test plane. 
Although we will treat a horizontal target in the analysis and discussion, there is 

no reason that a target of any other orientation cannot be used. (In the instance 

of a target of different orientation, minor modification to the code would be 

required.) A two-phase design procedure will be used. In the first phase, only the 

central ray from each heliostat will be used to obtain a preliminary redirector 

design. Initially, this design will take the form of an array of flat facets, each 

of whose central-most coordinates lie in a single plane. Each facet is oriented so 

that the array of facets approximates the ideal redirecting surface for the pre-

scribed geometric condition. This information will then be used in the heliostat 
computer model HELios 4 ' 5 ' 6 to determine accurately the flux-density profiles at the 

reconcentrator and the test plane. If the results are acceptable, the design is 

complete. If the results are not acceptable, the procedure is repeated, which would 

constitute the beginning of the second design phase. Refining would continue until 

an acceptable design is obtained. 

This report describes the methodology for the iteration procedure. The result-

ing equations are programmed into a computer routine, which for the CRTF heliostat 

field and a given set of input information, calculates the design information neces-

sary for specifying a redirector design. A numerical example is presented repre-

senting a preliminary design for a CRTF "zone A," 10-facet redirector. The result-
ing flux profile on a horizontal target is calculated and graphically presented. 

The computer code, labeled ORC, is listed in Appendix A. 

Mathematical Analysis 

This section describes the orientation and geometric shape of a redirector 

placed at a predetermined position on the CRTF tower. A preliminary design of the 

redirector will be made by considering only the central ray from the sun and tracing 

the path of the ray as it intersects the central facet of each heliostat, the redi-
rector, and the target plane. Clearly, the number of variables in this problem must 

11 



be reduced to make the necessary calculations. The choice of a redirector plane 

containing the midpoints of an array of facets, each oriented to approximate a pure 

hypersurface, has been derived from practical engineering concepts. The number, 

size, and shape of these facets remain design variables. The basic relations of 

geometric optics will be used to determine for each central heliostat ray the inter-

section point with the plane of the redirector and the necessary corresponding 

normal for a facet located at that point on the redirector. The surface so defined 

will be used in HELIOS to determine the flux-density distribution on the redirector 

and the target plane. If the distribution is acceptable, this redirector design can 

be used; if not, the procedure can be repeated until an acceptable destgn is 

achieved. 

This straightforward approach is attractive because it minimizes the computer 

time necessary for generating preliminary designs. 

In the analysis, the tower coordinate system will be used, and the following 

parameters will be assumed to be known ( Figure 2): 

cxo,Yo,zo> 
Ps,<l>s 
Pt'<l>t 

(XF,YF,ZF) 

(XA,YA,ZA) 

(Xp,Yp,Zp) 

L1,L2 

heliostat foundation position 

elevation, azimuth of the sun 

elevation, azimuth of reflected ray from heliostat 

position of target center 

aim point for heliostat 

position of midpoint of center facet of heliostat 

heliostat dimensions 

The incident central ray from the sun with unit vector 

,., ,., ,., 
I = cos p s cos (j) s i + cos p s sin (j) s j + sin p s k ( 1 ) 

will intersect the center of the central facet at (X ,Y ,z) and will be reflected 
p p p 

toward the aim point (XA,YA,ZA). The unit vectors describing the reflected ray and 

the normal to the heliostat are 

,., ,., ,., 
R1 = cos pt cos (j) t i + cos pt sin (j) t j + sin pt k (2) 

12 



X (EAST) 

(X y z ) Y (NORTH) 
L p• P' P 

:L:::~ 
IXo, t. Zol £' 

,I/ 
/Q,-

/ I I 
/ I I 

/ I I 
JI/ / I 

(XA, y A' ZA)')( / : 

/- I I 

/ 
/ 

__ _,_ ___ ,.• I I 
I I 

I 

I 
I 

I 

/ I 
I I 

/ I 
I I 

I I 

,,,,, ..... 

I 
I 
I 
I 
I 

....... ) 

Figure 2. Coordinate System 

13 



and 

where 

and 

" " 
( 3) 

XA - X p 
cos pt cos q, t = .R. 

y - y 
sin A p 

cos pt <Pt = .R. 

ZA - z p sin pt = .R. 

.R. = [(X - X )2 + (Y - y )2 + (Z - z )2]1/2 A P A P A P 

-2 ex = 2 + 2 (cos Ps cos q, 8 cos pt cos q,t + 

To determine the point (Xp,Y ,z ), the normal vector to the heliostat can also p p 
be written as 
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N = ( 4) 

where t
1 

and L
2 

are defined in Figure 2. From Equations 3 and 4, we have 

( 5) 

( 6) 

zp = z + L + aL (sin p + sin pt) 0 2 1 S 
( 7) 

These seven equations can be used to solve for the three unknowns, XP, YP, and 

Z. A trial and error procedure is used where X, Y, and Z are initially assumed 
p p p p 

to equal x
0

, Y0 , and z0 + L2 • The solution converges after only a few iterations. 

With XP, YP, and ZP known, the sun ray can be traced to the redirector and to the 

target plane. 

In the geometry presented in Figure 3, we consider the redirector plane to 

consist of the centers of each of the individual facets of the redirector (Figure 

4). By determining the normal vector so that the ray is reflected to the point 

(XF,YF,ZF), the proper orientation of each facet is also determined. To determine 

the proper orientation of each facet, we use the basic relations of geometric 

optics: the incident ray, the reflected ray, and the normal to the surface are 

coplanar, while the angle of incidence must equal the angle of reflection. A pro-

cedure for determining the unit normal and the equations that describe the location 

in space of each redirector facet is given by Equations 2 through 19. 

A 

The unit vector R1 is given by Equation 2 while R2 can be written as 

,., 
,., X) i + (Y - Y) 

H F H 

[(X - X ) 2 + (Y - Y ) 2 + F H F H (Z -F 

- Z ) k 
H (8) 
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A vector equation describing any point in the redirector plane is 

S =Xi+ Y j + [(Y - Y) tan~+ Z + ~Z] k (9) F F 

where~ is defined in Figures 3 and 4 and~ is defined in Figure 5. Equation 9 

will be used to determine the point where the reflected ray from the heliostat 

pierces the redirector plane. The parameter~ is used to locate the plane of the 

redirector in space by locating the point in the redirector plane that is~ units 

above the center of the target plane (X ,Y ,z ). 
F F F 

A 

The problem is now reduced to finding the intersection of the incident ray R1 A 

with the plane. The unit vector R1 has been given by Equation 2 and can also be 

written as 

A (XH - Xp) A (YH - Yp) A (ZH - z ) A p 
R1 = ----- i + ----- j + k p p p 

where 

2 2 2 2 p = (X - Xp) + (Y - Yp) + (Z - Zp) H H H 

Comparing Equations 2, 9, and 10, we obtain the following set of equations for 

determining x8 , YH, and z8 : 

XH - X p 
<l>t = cos pt cos p 

y - y 
H p 

sin <l>t = cos pt p 

z - z H p 
sin = Pt p 

and 

18 
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( 15) 

Equations 12 through 14 can be refined to yield 

(ZF + /j.Z - z ) sin <Pt + YP tan Pt - y tan qi sin <Pt p F 
YH = tan Pt - tan qi sin <Pt 

(16) 

ZH = (YH - YF) tan qi + z + l:J.Z F (17) 

( 18) 

Equations 16, 17, and 18 describe the point on the redirector plane where the re-

flected ray from the central facet on the heliostat strikes the plane. Keeping in 

mind that this redirector plane consists of the center points X, Y, and Z for H H H 
each redirector facet, we next determine the normal to the facet and finally an 

equation describing the facet surface in space. In this manner, the redirector 

geometry is defined, and this information is used in HELIOS to determine the flux-

density distribution on the target plane. 

The normal vector N
1 

describing the orientation of a particular redirector 

facet is obtained from Equations 8 and 10. In particular, it is given by 

,., ,., 

[2 - 2 i • i ] 112 
1 2 

(19a) 

Also, the equation describing the facet surface is obtained by setting the inner 

(dot) product of the normal vector and any vector in the redirector facet plane to 

zero. The result is 

( 19b) 
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Note that (XJ,YJ,ZJ) is a generic point in the redirector facet surface. Equation 

19b is a necessary input to HELIOS for calculating the reuslting flux profiles. At 

this point all the equations for determining the pierce point and facet surface have 

been determined for a single heliostat and a set of given input parameters. The 

procedure is repeated for each of the 222 heliostats in the field. For each helio-

stat, a pierce point in the redirector plane that locates a corresponding redirector 

facet location, the normal to this facet, and an equation describing this facet 

surface will be determined. 

Once a preliminary redirector design is selected, a HELIOS run will be made to 

determine flux-density profiles on the redirector plane and the target plane. This 

information can be used to define cooling requirements for the redirector and to 

decide if the flux-density profile on the target plane is adequate. If necessary, 

the procedure can be repeated until the appropriate design is obtained. 

A numerical example will be presented in a later section of this report to 

illustrate the procedure. The numerical example evaluates a 10-facet redirector 

located in the 140-ft (42.67-m) test bay of the CRTF tower when only zone A (78 

closest heliostats) of the CRTF heliostat field is used. 

Modification for Solar Furnace 

The computer program written for the central tower and heliostat field can be 

modified to design a redirector for a solar furnace. Consider the geometry shown in 

Figure 6. The known quantities are the theoretical focal point (XS,YS,ZS), the 

center of the target plane (XF,YF,ZF), and the location of the center for each facet 

of the concentrator (X ,Y ,z ). By choosing the origin at the focal point, the unit 
A A C C C 

vectors R1 and R
2 

become 

A 

A -x C i 
= 

[XC 
2 + 

or 

A 

- y 
C j 

2 
Ye + 

- Z k C 
2]1/2 

zc 
(20) 
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Figure 6. Solar Furnace Geometry 



A (XH - X ) A (YH - YC) A ( ZH - zc) A C 
R1 = i +---- j + ----k ( 21 ) 

L L L 

and 

A 
(X - X ) 

A (YF - y ) 
A 

(Z F - z ) 
A F H H H 

R2 = i + j + k (22) 
,R. ,R. ,R. 

In F.quations 21 and 22, the parameters Land ,R. are 

L = [ (X - X )2 + (Y - y )2 + (Z - Z >2J 1/2 (23) 
H C H C H C 

and 

l [ (X - X ,2 + (Y - yH/ + (ZF - zH/J 1/2 (24) 
F H F 

In a manner similar to Equation 9, a convenient vector equation for the redirector 

plane is given by 

A A A 

S = X i + Y j + [-Y tan cjJ - t,Z] k (25) 

where the relation z = -Y tan cjJ - t,Z describes the location of this plane. The 

redirector plane, as before, consists of the center points of the individual facets. 

Comparing Equations 20, 21, and 25, we obtain the following set of equations for 

determining the intersection on the redirector plane (XH,YH,ZH): 

-Y (t,Z) 
C 

YH = z + Ye tan cjJ C 
(26) 

ZH = -Y tan cjJ - t,Z H 
(27) 

X 
XH = Xe + _£ (YH - Ye) 

Ye 
(28) 

23 



Once the intersection point has been determined, the reflected ray is known from 
Equations 22 and 24 and the unit normal from the facet surface is 

-R + R 
1 2 ,. 

[2 - 2 ; • ; ] 1/2 
1 2 

(29) 

Thus, with the unit normal known, an equation describing the surface of each facet 
can be obtained in a manner similar to that used for Equation 19b, 

(30) 

Numerical Examples 

To illustrate the•procedure discussed in the previous sections, specific exam-
ples will be discussed. We will first consider a ray reflected from one heliostat 
and determine its intersection point on the redirector to demonstrate the procedure 
and then present results using the 78 heliostats in zone A of the CRTF field. 

Example 1 

Consider the situation where the following parameters are given (all dimensions 
in meters): 

a. 

b. 

c. 

d. 

aim point (XA,YA,ZA) = (0,0,54.86) 
center of target plane (X ,Y ,z ) = (0,6.10,48.77) F F F 
/J,.Z = +2. 66 

cl> = 45° 
e. time of day= solar noon 

f. day of year= day 80 

g. heliostat foundation, cx 0,Y0,z0 ) = (4.89,107.30,0.41) 
h. L1 = 0.32, L2 = 3.99 

For this day and time, the solar azimuth and elevation angles are known to be~ = s 
270° and p 8 = 54.95° at the CRTF in Albuquerque, New Mexico. The unit vector des-
cribing the sun position is 

24 



,. 
I= -0.5743 j + Q.8186 k ( 31 ) 

An iteration scheme is used to determine the center of the central facet for each 

heliostat, (XP,YP,ZP). We start by assuming XP = x 0 , YP = Y0 , and ZP 
The elevation and azimuth angles are then calculated (F.quation 3), 

-1 z - z 
pt tan A p = 

[ (X -X ,2 + (Y -Y )2] 1/2 
A p A p 

-1 YA - y 
~t 

p = tan 
XA - X p 

(32) 

(33) 

A new approximation for (XP,YP,ZP) is then obtained from F.quations 5 through 7. For 
this case, the following values are obtained after a few iterations: 

(X ,Y ,z ) p p p (4.88,107.05,4.61) (34) 

After the above point is calculated, Equations 2, 8, 9, 16, 17, 18, and 19 are used 
to determine the remaining parameters: 

,. ,. ,. 
R

1 
= -0.0413 i - Q.9044 j + 0.4246 k (35) 

= 6.49 m (36) 

= 51.82 m (37) 

= 0.3 m (38) 

,. ,. 
R2 = -0.0958 i - 0.1265 j - 0.9873 k (39) 

,. ,. ,. 
N1 = -0.0338 i + Q.4823 j - 0.8753 k (40) 
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Also, from Equations 36 through 38 and Equation 40, the equation for any point in 

the redirector facet surface given by Equation 19b is 

SF= -0.0338 (X - 0.3) + 0.4823 (Y - 6.49) - 0.8753 (Z - 51.82) = 0 (41) 

The above procedure is then repeated for each of the heliostats in the field. 

Example 2 

The next example considers the 78 heliostats in zone A with the following 

parameters used as input (all dimensions in meters): 

a. aim point, (X ,Y ,z ) = (0.,5.92,46.08) 
A A A 

b. center of target plane, (XF,YF,ZF) = (0.,8.,42.67) 

c. 6Z = 2.18 

d. = 55° 

e. time of day= solar noon 

f. day of year= day 80 

g. L
1 

= 0.32, L2 = 3.99 

The first step is to determine the transformation from the tower (X,Y,Z) coor-

dinate system to the redirector plane (X 1 ,Y',Z 1 ) coordinate system. The relation-

ship between the two systems is given by (see Figure 7) 

x1 = -x (42a) 

Y' = Y sin~ - Z cos~ - (Y f sin~ - Z f cos~) re re (42b) 

Z' = Y cos~+ z sin~ - (Z sin~+ Y f cos~) R ref re 
(42c) 

(Note the (X',Y',Z') system is not a right-handed system; it is used for display of 

graphical results only.) The parameters Y f and Z fare then determined in the re re 
following manner: we choose heliostat 241 as our reference (see Figure 11). Input 

parameter 6Z is used to define the geometric equation for the redirector plane (from 

the z component of Equation 9), 
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This equation is used to obtain the pierce point in the tower (X,Y,Z) coordinate 

system. In this example, (X ,Y ,z) = (0.15,8.19,44.84). We require that this H H H 
point correspond to 

(X~,Y~,Z~) = (-0.15,0,0) 

in the redirector coordinate system. 

from Equation 42 to be 

In this manner we determine Y f and Z f' re re 

Y = 8.19 ref 

Z = 44.84 ref 

The parameters of the problem were then used as input to ORC (see Appendix A for 

code listing, input and output of numerical example 2). The output was subsequently 

used as input to HELIOS (see Appendix B for updates required for HELIOS). 

Figure 8 illustrates the flux-density profile as calculated by HELIOS at the redir-

ector plane. This information could be used to calculate cooling requirements for 

the redirector facets. Figure 9 shows the pierce points on the redirector plane of 

the zone A heliostats with the 90% power contour as determined by the HELIOS code. 

Based on the results shown in Figures 8 and 9, we decided to use 10 facets, each 

0.84 by 1.22 m, to redirect the "zone A" beam onto the horizontal target. The facet 

numbering sequence is shown in Figure 10. 

Recall the central ray of the center facet of each heliostat will intersect the 

redirector plane to locate the center of the optimum redirector facet for that 

heliostat. Each intersection point has a corresponding normal vector. To determine 

the equation for each of the redirector-facet surfaces of Figure 10, we first com-

puted an average normal vector for each facet, the results of which are shown in 

Table 1. Figure 11 shows the zone A heliostat configuration and the numbering 

system of Table 1. 
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Table 1 

Redirector Facet Map (Tower Coordinate System) 

Heliostat ID Numbers (Figure 11 ) 
Whose Central Ray Intersects Domain 

Facet of Redirector Facets (Figure 10) Avera9:e Redirector-Facet Normal 

,. ,. ,. 
1 247, 248 -0.0489 i +0.4928 j -0.8687 k 

,. ,. ,. 
2 243, 244, 245, 246, 252, 253, 254 -0.0302 i +0.4866 j -0.8731 k 

255, 263 

,. ,. ,. 
3 58, 59, 67, 68, 77, 78, 79, 241, 242, -0.0001 i +0.4845 j -0.8748 k 

250, 251, 260, 261, 262 

,. ,. ,. 
4 60, 61, 62, 63, 69, 70, 71, 72, 80 0.0324 i +0.4847 j -0.8741 k 

,. ,. ,. 
5 64, 65 0.0549 i +0.4902 j -0.8699 k 

,. ,. ,. 
6 215, 227, 228, 229, 238, 239 -0.0939 i +0.4879 j -0. 8679 k 

,. ,. ,. 
7 40, 212, 213, 214, 224, 225, 226, 234, -0.0714 i +0.4687 j -0. 8805 k 

235, 236, 237 

,. ,. ,. 
8 28, 39, 49, 50, 211, 222, 223, 232, -0.0056 i +0.4554 j -0.8903 k 

233 

9 29, 30, 31, 41, 42, 43, 51, 52, 53, 54 0.0862 i +0.4694 j -0.8788 k 

,. ,. ,. 
10 32, 44, 45, 46, 55, 56 0.0999 i +0.4868 j -0.8678 k 
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It is noted that assigning a simple arithmetic average of the calculated opti-

mum redirector normals contained in each of the Figure 10 facet maps will not pro-

duce the optimum flux pattern on the given target plane. However, we have selected 

the redirector facet normals in this manner for simplicity. Perhaps an area or 

energy weighting scheme would be a better way to determine the facet normals of the 
A A 

redirector. The next step is to obtain a set of unit vectors eu 1 and eu
2 

that lie 

in the facet plant. These vectors are needed to determine the location in space of 

any point in the facet plane. One method for doing this 3 is to project the normal 

vector into the horizontal plane and rotate it 90° clockwise to obtain ;u 1• If ~u 3 
is taken as 

A 

eu3 = -N1 ' 

"' then eu2 is just 

The vectors eu1 and eu2 lie in the facet plane and can be used to locate any point 

in the plane. This information is used in the HELIOS code to determine the flux-

density distributions on the redirector plane and on the target plane. To illus-

trate the procedure, a sample calculation for facet 1 follows: 

The center of facet 1 is located at 

(X~,Y~,Z~) = (-2.44,0,0.34) 

for the redirector coordinate system 

or 

(X,Y,Z) = (2.44,8.39,45.11) 

for the tower coordinate system 

with a unit normal 
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A A A A 

N1 = -0.0489 i + 0.4928 j - 0.8687 k 

Projecting this vector into the horizontal plane and normalizing it, we obtain 

A -0.0489 i + 0.4928 j A A 

NH = = -0.0987 i + o.9951 j 
[(-0.0489) 2 + (0.4928,2] 112 

,. 
Rotation of NH through 90° yields 

A A ,. 
e = 0.9951 u1 i + 0.0987 j 

Since 

A ,. A ,. ,. 
e = -N 0.0489 i - 0.4928 j + O. 8687 k u3 1 

then 

,. 
eu2 = eu3 x eu 1 = -0.086 i + 0.864 j + 0.495 k 

Any point in the facet plane can easily be determined in tower coordinates from the 

relationship (see Figure 12), 

,. 
p =xi+ y j + z k + x1 eu 1 + x2 eu2 

The specific relation for facet 1 is 

A 

P = [2.44 + 0.9951 x1 - 0.086 x2] i 

,. 
+ [8.39 + 0.0987 x1 + 0.864 x2 ] j 

A 

+ [45.11 + 0.495 X2] k 
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Figure 12. Unit Vectors in Facet Plane on Redirector 

This information is used as input to the HELIOS code to obtain the results 
shown in Figure 13. 

The profile of Figure 13 must now be evaluated with the intended application in 
mind. If a different flux profile is required it may be necessary to increase the 
number of redirector facets or refine the algorithm used to orient the redirector 
facets. As we have shown, there are a great number of variables that can be 
changed. It is the responsibility of the analyst to determine the constraints of 
his or her particular problem. 

Summary 

In this report we have described the methodology and approach for designing and 
evaluating a multifaceted redirector. This redirector is intended to redirect the 
energy from the CRTF heliostat field or a solar furnace similar to the Sandia Solar 
Furnace onto a secondary (in this case horizontal) target. A computer code (ORC) 
has been developed whose output can be used as input to the CRTF optical code 
(HELIOS) for evaluating redirector design performance. In a final configuration, it 
is envisioned that a multifaceted redirector could be designed with "tuneable" 
facets that could be computer controlled using the methodology derived here to 
provide any desired flux-density profile on a horizontal target. 

The new capabilities that a redirector can provide to the CRTF or the Sandia 
Solar Furnace represent a powerful new resource for activities and experiments in 
which radiation direction is an important variable. 
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APPENDIX A 

Program ORC 

The ORC code calculates the pierce points of the central ray from each helio-

stat in the redirector plane. In addition, the surface orientation required for 

each reconcentrator facet is evaluated. This information is then used in the HELIOS 

code to determine flux-density distributions on the test plane. A listing of the 

program, as well as the input and output for numerical example 2, is included. 
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LNH, F=OPTICS 
C PROGRAM OPTICS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM DEVELOPED BY 

WARREN E. PHIPPS ..R. 
CADET, USHA 
DANE. ARVIZU 
SAN>IA NATIONAL LABCRATmIES 
GEORGE P. HLU«.LANO 
IIEW t£XlCO STATE I.JIIIVERSITY 

11-E P\R>OSE CF THIS CODE IS TO AID IN Tl-£ DESIGN CF A REDIRECTOR 
Fm 11£ CENTRAL RECEIVER TEST FACILITY. 
THIS CODE Cf'.ILCU.ATES THE LOCATI(),I (:11,1) ORIENTATION OF EACH 
FACET CF A REDIRECTI~ Sl.RFACE. EACH FACET CENTER IS 
C~TAUED IN A PLME ~ID-I IS DEFitED BY AN Aa'G...E OF ROTATI~ 
ABWT X-TOWER COORD. PK> AZ TARGET VfLUE Fm A REF. 1-ELIOSTAT 

IIAJT1 
TITLE OF Tl£ SPECIFIC IN>UT 
tulER OF I-ELI OST ATS TO BE ANAL YlED, N> 
1-ELIOSTAT N.HER AS REFEREtaD IN Tl£ 1-ELIOS PROGRAN 
AIH POINT Fm EACH ~IOSTAT 
DESIRED TARGET POINT CF Tl£ REDIRECTED BEAH 
DAY OF YEAR 
Tit£ CF DAY WITH SCl.AR BEi~ 0. I-RS 
At6...E THAT REDIRECTINi SlffACE HAKES WITH Tl-£ KAIZ~TAL,PI-£ 
INITIAL Z-C(XR)lNATE Fm 11£ REFERaCE PIERCE POINT IN (R)ER 
TO DETERHINE Tl£ REDIRECTIN3 SlffACE 
REFEREJCE ROW Fm n£ INITlfL Z-axR)lNATE OF T>E REFERENCE 
PIERCE POINT 
REFEREJCE ca..lffi Fm Tl-£ INTlfL Z--axR>INATE OF n£ REFEREflCE 
PIERCE POINT 

CIJTPUT: 

t£LIOSTAT N..Jf3ER AS REFERE.1'1:EO IN n£ 1-ELIOS PROGRAM 
POSITI~ CF Tt£ CENTER OF Tl-£ CENTER FACET CF EACH ~IOSTAT IN 
TOWER COOODINATES 
PIERCE POINT ON REOIRECTm OF RAY FRCl1 CENTER FACET OF EACH 
t£LIOSTAT IN TOWER COCJIDINATES 
DISTANCE BETWEEN THE REFERENCE PIERCE POINT ANO THE OTHER 
PIERCE POINTS 
ANGLE BETWEEN Tl-£ CENTER FACET AND Tl-£ INCCJ1ING RAY 

It-f>UT FORMAT FOR VARIABLE AIM POINTS AND TARGET POINTS, 
CARD 11 TITLE OF PROGRAM ~--FORMAT < 18Ml 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CARD 21 NUMBER OF' H£LIOSTATS,0,0--FORMAT 13151 
CARD 31 hELIOSTAT NOi.AIM POINT, TARGET POINT 
--FORMAT 115 6F7.2l 
CARD 41 Z-COOROINATE PIERCE POINT,REF. RO~,REF. COLU!'YII 
--FORMAT IF7.2 12,I2l 
CARD 51 ANGLE ?HE--FORMAT (F7.21 
CARO 61 OAY,HOUR--FORMAT IF4,0,F5.2l 

Itfl.lT FORMAT FOR CONSTANT AIM POINT AND VARIABLE TARGET POINTS1 
CARO 1: TITLE OF PROGRAM Rllll--!="ORMAT 118A4l 
CARO 2: N.l1BER OF l-£LIOSTATS,1,0--FORMAT t3I5l 
CARD 3: CONSTANT AIM POINT--FORHAT 13F7.2l 
CARD 4: HELIOSTAT f'IJl,TARGET POINT--FORMAT tI5,3F7.2l 
CARD 5: Z-COORDINATE PIERCE POINT,REF. ROW,REF, CQl.ffi 
--F~T IF7.2,I2,12l 
CARO 6: ANGLE PHE--FORMAT (F7.21 
CARD 7: DAY,l-0..R--F~T <F4.0,FS.2l 

Iffl.lT FCRiAT FOR VARIABLE AIH POINT AH) C~TANT TARGET POINT: 
CARD 1: TITLE OF PROGRAM Rl.N--FCR1AT t 1 BA4 l 
CARO 2: l'U1BER OF l-£LIOSTATS'-0, 1--F•Rt'AT C 315) 
CARD 31 CDISTANT TARGET POIN1--FCR1AT <3F7.2> 
CARD 4: 1-£1..IOSTAT Nll,AIH POINT--FORHAT 115,3F7.2J 
CARO 5: Z-ccxR>INATE PIERCE POINT,REF.ROW,REF. COLl.ffi 
--FORMAT IF7.2~Il,12J 
CARD 61 A.'G..E nt:.--FORMAT <F7.2> 
CARO 7: DAY.~T IF4.8,F5.2) 

IN>UT RRIAT FOR CONSTANT AIM POINT 1W) TARGET POINT: 
CARO 1: TITLE OF PROGRAM RlN--FORHAT C18A4> 
CARD 2: N..l"BER CF 1-£1..IOSTATS,1,1-FORMAT 1315> 
CARO 3: CO.STANT AIH POINT, C06TANT TARGET POINT 
---RR1AT ( 6F7. 2 > 
CARO 4: t-£LIOSTAT tOt--FORMAT 115> 
CARD 5: Z-cooRDINATE PIERCE POINT,REF. RO'w,REF. ca..lffi 
--FCR1AT <F7.2,I2,I2> 
CARD 61 APG..E Pt-£--FORHAT <F7.2J 
CARO 71 DAY.~--FORHAT CF4.8,F5.2) 

TtE HAIN VARIABLES USED IN THIS PROORAH: 

APG..E---ARRAY OF THE ARCCOSH€ OF' Tl-£ VARIABLE t IOOTN> 
/!IP-M.RAY OF TtE DISTANCE FR01 Tl-£ AIH POINT TO TtE POSITION 
OF Tt-£ CENTER FACET OF EACH 1-ELIOSTAT 
AZ--AZIMITH OF THE su,i•s POSITION WITH THE Toi.ER AS REFEREtCE 
C--ARRAY OF Tl-£ COL.lffi POSITION OF EACH HELIOSTAT 
Cl-REFERENCE COLl.ffi BY WHICH Tl-£ PROPER 211 CAN BE CALCll..ATED 
EL-ELEVATION OF Tl-£ SUN'S POSITION WITH THE TOWER AS REFERENCE 
FX--ARRAY OF THE X-COORDINATES OF THE FOlN>ATION OF HELIOSTAT 
FY-ARRAY OF THEY-COORDINATES OF TtE FOLWATION OF t-ELIOSTAT 
FZ--ARRAY CF THE Z-COOROINATES OF Tl-£ FOLWATION OF 1-ELIOSTAT 
H1H2--ARRAY OF DISTANCE BETWEEN PIERCE POINTS N..t> THE REFERENCE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

PIERCE POINT 
11N--ARRAY OF THE HELIOSTAT NUMBER AS NUMBERED BY THE HELIOS PROGRAM 
HP--ARRAY OF THE HEUOSTAT NUMBER AS fll.JMBEREO BY THE HELIOS PROGRAM--INPUT BY USER 
IOOTN--ARRAY OF T11E t-.EGATrVE DOT PRODl.CT OF THE I AND NORMAL. VECTORS 
L--ARRAY OF n£ I COMPONENT OF THE I-VECTOR H--ARRAY OF THE J COI-PONENT OF THE I-VECTOR N--ARRAY OF THE K CDrfONENT OF THE I-VECTOR 
tf>--NUHBER OF HELIOSTATS TO BE ANALYZED 
Pl-£--ANGLE WHICH PIERCE PLANE MAKES WITH HORIZONTAL PI--Ceff.iTANT OF PI 
R--ARRAY OF THE ROW POSITION OF EACH HELIOSTAT Rl--REFERENCE ROW BY WHICH THE PROPER ZH CAN BE CAL.Cll..ATED XA--ARRAY OF X-COOROINATES OF AIM POINT 
XF--ARRAY OF X-COOROINATES OF TI-E TARGET POINT XH--ARRAY OF X-COORDINATES OF 11-£ PIERCE POINT XN--ARRAY OF THE I CCff>(JIENT OF THE t-llRl1AL VECTOR XP--ARRAY OF X-COORDINATES OF Tt£ CENTER FACET OF 1-ELlOSTAT XT--ARRAY OF X--cooRD. OF THE PIERCE POINT IN TARGET COCH>, YA--ARRAY OF Y-cooROlNATES OF AIM POINT 
YF--ARRAY OF Y--cooRDINATES OF Tt£ TARGET POINT YH--ARRAY OF Y-COOROINATES OF Tt£ PIERCE POINT YN---MRAY OF J C(Jf>(JENT OF 11-£ l«RW. VECTOR 
YP--ARRAY OF Y-cooRDINATES OF Tt£ CENTER FACET OF t£LIOSTAT YT--ARRAY OF Y-cooRO, OF 11-£ PIERCE POINT IN TARGET COCH>, ZA--N<AAY OF Z--cooRDINATES OF AIH POINT 
ZF--ARRAY OF Z--cooRDINATES OF Tt£ TARGET POINT ZH--ARRAY OF Z-cooRDINATES OF Tt£ PIERCE POINT 
ZN--ARRAY OF Tt£ K COPCJ£NT OF Tt£ t«RIAL VECTOR 'ZP--ARRAY OF Tl£ Z-cooRDINATES OF Tl£ CENTER FACET OF t-ELIOSTAT ZT--ARRAY OF Tl£ Z-cooRD. OF Tt£ PIERCE POINT IN TARGET COORD. 

Tt£ PlR>OSE OF THE HAIN PROORAP1 1S TO READ Tt£ Itf>UT CALL AD..OIN-HG Sl&nJTHES TO PERFCH1 TIE APPRCFRIATE CALCll.ATI~, (Ill} PRINT n£ RESl.l. TANT OUTPUT. 

CCHOI Tl£ MAIN VARIABLES BY BLOCKS 
COt10N/BL.OCIC1/XAt222>,YA(222>,ZA<222J 
cotQ.l/BLOCK2/XP(222>,YP<222>,ZP<222l CClt'ICJ,VBL.OCK3/XH(222),YH(222>,ZH<222> 
C0t10N/BLOCK5/PHE PI,H1H2<222> 
C0tt10N/Bl.OCK6/XF(2221,YFl2221,ZFC222J 
COtt10N/BLOCK7/XN<222>,YNl222>,ZN(222>,ANGLE<222> CCJ1'0..I/Bl..OCK8/AZ,EL 
C01HONIBLOCKg/Fxc 222 l, FY< 222 > 1 FZ( 222 J 
COl't10NIBLOCICl1/R,C,~~I-IP,R1,C1 
C01'0-4/Bl.OCIC-4/L, H, N Rt"( 222) 
CCl't10N/BLOCIC12/XT(222l~!T<222>,ZT<222l 
REAL LC 222 >, Nl 222 >, M< 2.u >, IDOTNI 222 l 



C 

INTEGER Rt222l~Cl222l~HNl222>ZHPC222>,R1,CI 
DIHENSION TITL~tl8),X1Tt222>, TT<222> 

C INTIALIZE Tl--£ VARIABLES R,C,HN 
C 

DATA <R<ll,I•l,222)/ 
14, 4, 4, 4, 4, 4, 4, 4, 4, 4, 5, 5, 
15, 5, 5, 5, 5, 5, 5, 5, 6, s, 6, 6, 
16, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 
17, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 
11, 1, 1, 1, a, a. 8, 8, 8, 8, 8, 8, 
1e, e, 8, 8, o, g, g, g, g, g, g, g, 
11, 1, a, e, a, 8, e, 8, 8, e, g, g, 
19, 9L 9, Q, Q, 9.,_ Q, Q, Q, Q, Q, Q, 
110, 1~. 10, 10, 10, 1~. 10, 10, 10, 10, 10, 10, 
110, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 
111, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
111, 11, 11, 11, 11, II, II, 11, 11, 11, 11, 11, 
111, ti, II, 11, 12, 12, t2, 12, 12, 12, 12, 12, 
112, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
112, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 
113, 13, t 3, 13, 13, 13, t 3, 13, 13, t 3, 13, 13, 
113, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
114, 14, 14, 14, 14, 1-4, 14, 14, 1-4, 14, 14, 14, 
16, S, 5, 6, 5, 5/ 

DATA lC<I>,1•1,222>1 
11, 2, 3, 4, S, -1, -2, -3, -4, -5, t, 2, 
13, 4, s. 6, -1, -2, -3, -4, -5, -6, 1, 2, 
13, 4, 5, 6, 7, -1, -2, -3, -4, -5, -6, -7, 
It,_ 21,. ~L ~• 5, 61,. 7, 8, -t,_ -2L. -~, -~.,_ 
1~, -o, I, 8, t, ~. 3, 4, b, b, 1, ~. 
1-3, -4, -5, -6, t, 2, 3, 4, -1, -2, -3, -4, 
10, ..g, 7, 8, 9, 10, -7, -8, -g,-UI, 5, 6, 
11, e, g, 10, 11, -s, -s, -1, -e. -g,-10,-11, 
11, 2.,_ 3, 4, 5~ 6, 7 z. 8, 9, 10, 1 t, 12.,_ 
1-1, -~. -3, -4, ~. -s, -,, -e, -g,-te,-11,-,~. 
It, 2, 3, 4L 5, 6, 7,_ 8, 94 10L. 11, 12.,_ 
113, 14 -1 -~. -3, -4 -6, -, -c, -g -1~. 
t-11,-12,-13,-14, t, 2, 3, 4, 5, 6, 7, 8, 
10, 10, 11. 12.,_ 13, 14, -IL -2, -3, -4L -SL. -6, 
1-7, -8, -Q,-1~.-11,-12.-1~.-14, 1, Lo, i:S, 4, 
15, 6, 7, BL g'- 10, It, 12, 13, 14, -1.,_ -2, 
t-3, -4, -5, -o, -,, -8, -Q,-10,-11,-12,-1;:S,-14, 
11, 2, 3, 4L. 5, 6, -1, -2, -3, -4, -5, -6, 
1-8, -8, -7, c,, 8, 71 

DATA (~Cll,I•t,222>/ 
1211,212,213,214,215, 28, 29, 30, 31, 32,222,223, 
1224,225,226,227, 39, 40, 41, 42, 43, 44,232,233, 
1234,235,236,237,238, 40, 50, 51, 52, 53, S4, SS, 
1241,242,243,244,2•S.,146.1.~17s.348'--~' SQ, 60, 61, 
162, 63, 64, 6S,250,ol,e..L,C)3,~,25S, 67, 68, 
169.L. 7~.I. 71, 72.~J..261,262:.263, 7?.i.. 78, 79, 80~ 
124W1 bb,256,257,e.>ts,259, 7~, 74, lb, 76,264,26b, 
1266,267,268,269,270, 81, 82, 83, 84, 85, 86, 87, 
1271,272,273,274,275,276,277,278,279,280,281,282, 
188, SQ, g!.L. 92, 9~J.. 94.L. 95, 96, g7, gs, QQ, 
1283,'284,~c,:,,2Ub,287,2i,a,28v,2Q0,2Q1,2Q2,2Q3,2Q4, 
1296,296,tlil0,t01,102,103,104,105,106,107,108,18Q, 
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C 

1110,111,l12,113,2Q7,2QB,2QQ,300,301,302,303,304, 
130S,306,307,308,30Q,310,114,115,116,117,118,11Q, 
1120, 121,122, :23, 124,125, 126,127,311,312,313,314, 
1315,316,317,318,31Q,320,321,322,323,324,128,12Q, 
1130, 131,132,133,134,135,136,137,138, 13Q, 140,141, 
132S,326,327L328,32g,330,142,143, 144,145,1•6,147, 
156, 46, •5,~3Q,22Q,228/ 

C INTIALIZE Tt-£ VARIABLES FX,FY,FZ 
C 

DATA IFXCll,lsl 501/ 
116.~L 48.03Q 7Q,Q10, 111.Q52, 143.g38, 
1-15.Wl:jb, -52.045, -Jg,007, -111,Q28, -143.Q•S, 
116.042, 48,068L 7Q.Q40, 111.047, 143.873, 
I 175.Q08, -15.SQ.l, -•7.001, -7g.Q13, -111,gl6, 
1-143.005, -175.898, 16.003, 48.00Q, 7g_g22, 
1111.Q08, 1•3.865, 175.001, 207.951, -15.826, 
1-47.970, -7Q.87Q, -111.883, -144.007, -175.952, 
1-207. 943, 16. 143, 48. 122, 7Q. 926, 111. 982, 
1143.gag, 175.G•Q, 207.970, 239.007, -l5.Q32, 
1-47.Q60, -79.800, -111,gsJ, -1•3.Q12, -175.710/ 

DATA !FX(l),1=51,100)/ 
1-207.892, -239.788, 16,051, 48.015, 80.005, 
1111.905, 143.95-4, 175.916, -16.001, -•7.004, 
1-7Q.903, -111.95-4, -1•3. 758, -175.865, 16.040, 
147.QJQ, ee.01g, 111.Q85, -16.018, -•8.025, 
t-7Q.Q65, -111,Q75, 271.592, -271.843, 207.038, 
123Q.Q18,t. 271.888, 303.8534 -207.7.!L. -239.81Q, 
1-271. 81 ::a, -303. 800, 143. gs,, 175. M:>::a, 207. Q66, 
1230.Q16, 271.003, 303.811, 335.868, -143,ges, 
1-175.874, -207.Q14, -239.876, -271.803, -303.841, 
1-335.003, 15.QSS, 47.Q82, 88.015, 111.9•3/ DATA !FX<I>.1•181,150)/ 
1143.Q03, 175.QSQ, 207.980, 239.Q.40, 271.967, 
1303.810, 335.8•6, 368.028, -15.960, -47.996, 
1-7Q.Q00, -111,Q14, -143.Q31, -t76.860L -207.806, 
1-239.Q72, -271.803, -303.875, -335.JQ.:s, -367.BS•, 
115,ggs, 48.011, 80.003, III.Q74, 143.Q2Q, 
1175.965, 207.Q33, 239.Q16, 271.923, 303.857, 
1335. 795, 367. Q36, SQQ. 853, 431. 905, _, s. g73, 
1-47.987, -79.981, -111.961, -l43.Q78, -175.925, 
1-207.Q53, -23Q.Q08, -271.831, -303.907, -335.838, 
1-367.881, -:)gg,862, - •31.818, 15.Q76, •7,Q81/ 

DATA lFX<I>,1=151,200>1 
180.008, 111.971, 143.920, 175.875, 207.Q77, 
1239.QlB, 271.882, 303.850, 335.888, 367.90•, 
1300.9014 431,862, -16.054L -48.011, -7Q,Q88, 
1-111.Q•,, -143.Q76, -175.00.:s, -207.Q39, -239.900, 
1-271.Q45, -303.887, -335.8•6, -367.870, -30Q.Q3Q, 
1-431.883, 16.867, 47.Q82, 80.013, 111,Q07, 
1143.909, 175,g47, 207.Q•Q, 23Q.Q32, 271.Q34, 
1303,867, 335.Q02, 367.850, 3gg,Q3•, 431 .Q03, 
l-16.06g, -47.046, -7Q.Q36, -111.Q~~ -143.86•, 
1-175,gG•, -207.Q•4, -23Q.838, -271.~, -304,82Q/ 

DATA IFX(Il 1•201,222>/ 
1-335,BQ•, -367.838, -agQ.87•, -431.816, 16,0Q3, 
147.Q77k 80,036, 111,874, 143,Q2Q, 175,Q624 1-16.01~. -48.06•, -80.074, -1tt.Q60, -143,g7,, 



1-175,g4g, -23Q.Q28, -23Q,830, -207.865, 23Q,844, 
123Q.8Q0, 207.87•/ 

DATA IFYlll,1•1,501/ 
1150,075, 1S0.0QS, 150.092, 
1150.052, 150.034, 150,086, 
1100.061, 1Q0,101, IQ0,043, 
IIQ0.08Q, 1Q0.073, 100.072, 
11Q0,0SI, 189,001, 22Q.955, 
122Q.Q85, 229.Q60, 22Q,Q78, 
1229.002, 229.QQS, 230.007, 
1230.011, 269,938, 269.9•6, 
126Q.Q81, 270.049, 269.956, 
1270.003, 210.002, 2sg,gs9, 

DATA (FY!ll,1=51,100>1 
1270.019, 269.983, 309.007, 
1310.034, 30Q.Q86, ~.900, 
130Q.Q65, 310.011, 309,Q88, 
1351 .960, 351.Q88, 352.01Q, 
1351.00Q, 35I.Q98, 269.005, 
1309.970, 309.986, 30Q.979, 
1310.003, 310.010, 352.017, 
1352.023, 351.980, 352.003, 
1352.823, 352.019, 352.032, 
1351.963, 3Q8.Q85, 3Q8.Q63, 
DATA <FYCl>,1=101,1501/ 

1308,042, 3QQ.003, 300.962, 
13QQ.055, 300.027, 300.816, 
13Q8.969, 308.970, 3Q8.919, 
1300.021, 399.037, 3W.040, 
1448.044, 448,081, 448.048, 
1+48.036, 448.Q82, «8.Q37, 
1«8.858, 448.868, «8.970, 
14-48.960, «8.Q56, 4-48.887, 
1449.001, 449,081, 449.056, 
1+48.s&i, 449.027, 4-49.033, 
DATA <FY(ll,1•151,2001/ 

1506.046, 506.022, 506.981, 
1506.917, 506,Q.40, S07.0l4, 
1507.012, 506,046, 506.962, 
1506.912, 506.962, 506.929, 
1506.04-4, 506.961, 506.988, 
1507.000, 569.036, 569.938, 
1569.924, 569.941, 569.924, 
1560.873, SSQ.893, 569.935, 
1569.95-4, 569.8Q0, 569.995, 
1569.919, 570.047, 570.081, 

DATA <FY<IlL!"'201,222)/ 
156Q,Q87, ~.950, 569.994, 
1638.973, 638,891, 638.921, 
1638.826, 638.919, 638.797, 
1638.952, 230.024, IQS.10Q, 
11Q0,0Q1 IQ0,101/ 

150.085, 
150.054, 
190.085, 
18Q.9Q6, 
229.971, 
230.043, 
229.QS3, 
270.006, 
269.QQS, 
270. 031, 
310.000, 
310,038, 
309.972, 
352.048, 
270.033, 
309.966, 
352.001, 
351 .QQQ, 
352.011, 
3QQ.033, 

398,919, 
300.000, 
398.014, 
300.035, 
448.960, 
448.QS.4, 
448.8Q7, 
-4-48.QQ•, 
449.BIQ, 
506.&, 
506.047, 
506.066, 
506.057, 
506.919, 
507.014, 
569.976, 
569.910, 
569.951, 
570.047, 
569.969, 

150.061, 
150.0-42, 
190.070, 
100.019, 
230.020. 
22Q.007, 
230.006, 
270.011, 
270.0-46, 
269.001/ 
310.050, 
310.013, 
352.018, 
352.087, 
309.979, 
310.026, 
351.989, 
351. 988, 
351.000, 
3Q8.911/ 
398.973, 
398.950, 
398.935, 
308.Q71, 
448.008, 
«8.952, 
«e.978, 
448.Q76, 
449. 041, 
506.910/ 
506.971, 
506.917, 
506.984, 
506.920, 
507.018, 
569.929, 
569.049, 
569.903, 
570.001, 
569.QSI/ 

569.939, 638.Q75, 
638,872, 638.865, 
638.996, 638.947, 
IQ0.084, 230,058, 

DATA <Fi<I>,1•1,Q0l/ 
1-.401, .059, .3QQ, .859, 
1-1. 191, -1.651, -2.081, -2.581, 
l,70Q, 1.22Q, 1,Q0Q, 2,559L 
1-1.-401, -2.041, -2.531, -3.2~1. 
11,ISQ, 1,SQQ, 2,-409, 3,049, 

t. 329, 
-.131, 

-.581, 
• ISQ, 

3.67Q, 

-.761L 
.26w, 

-,gg1, 
,SQQ, 

-.311, 
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C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

1-.781, -1.311, -l.8Q1, 
l.57Q, 1.0SQ, t.63Q, 
14.25Q, 4,870, .01Q, 
1-2.451, -3.161, -3.761, 
12.26Q, 2,030, 3.510, 
1-.701, -1.451, -2.181, 
12.700, 3.430, .700, 
15.65Q, -5.351, 4.77Q, 
1-3.661, -4. •QI, -5.221, 
15.3QQ, 6.0IQ, 6.SQQ, 

DATA tFZCll,I=Ql,180}/ 

-2.531, 
2.33Q, 
-.661, 
-4. 511, 
4.139, 

-2.Q21, 
.1 IQ, s. -43Q, 

-6.041, 
7,33Q, 

-3. 161, 
2,050, 
-1. 111, 

.010, 
,42Q, 

1.350, 
-.531, 
6.009L. 

4. 03w, 
8,050, 

-3,801 I 

3.579, 
-1.661L. 

t. 53w, 
-. 151, 
2.169, 

-1.391, 
6.83Q, 

4,710, 
-2.161/ 

1-2.Qll, -3.581, -4.371, -5.071, -5.001, -6.711, 
11.600, 2,52Q, 3.2SQ, 4.00Q, 4,579, 5,28Q, 
15.QlQ, 6.sag, 7.18Q, 7.830, a.sag, Q,SQQ, 
1.96Q, .33Q, -.471, -1.161, -1.971, -2.631, 
T-3.441, -4.1QI, -4.Q51, -5.691, -6.431, -7.141, 
11.719, 2.559, 3.23Q, 3_gsg, 4.729, 5.48Q, 
16.140, 6.BQQ, 7.629, 8.429, 9.069, 9.819, 
110.549, 11.049, 1.089, .3QQ, -.471, -1.231, 
1-1.831, -2. 751. -3.461, -•. 121, -• .001, -5.851, 
1-6.561, -7.241, -7.721, -8.371, 1.900, 2.58Q, 
13.359, 4,009, •.849, S.579, 6.279, 7.03Q, 
17.879, 8.659, Q.37Q, 10.149, 10.82Q, 11.689, 
tt.23Q, .429, -.361, -1.081, -1.Q21, -2.701, 
1-3.421, -4.121, -4.001, -5.611, -6.421, -7.251, 
1-7,721, -i3.281L 2.07Q, 2.70Q, 3.45Q, 4,21Q/. 
DATA IFZ<I>,I=t~l,222}/ 

14.959, 5.679, 6.359, 
19.41Q, 10.209, 11.02Q, 
1-.141, -.001. -1.681, 
1-4.741, -5.581, -6.311, 
12.200, 2.87Q, 3.620. 
11.SSQ, .819, .21Q, 
t-•.671, -4.731, -4.031, 

CAL.CU-ATE Tl£ aff.>TANT Pl 
PI=-ATAtH 1. >•-4. 

7.170, 
11. 800, 
-2.401, 
-7. 041, 
4.429, 
-. 771, 

4.30Q, 

7,919, 
1.270, 

-3.261, 
-7.631, 
5.139, 

-1.541, 
3.76Q, 

8.719, 
.569, 

-3.961, 
-8.191, 
5.8QQ, 

-2.381, 
3.129/ 

READ IN Tt£ TlTLEt~ OF POINTS,AN> DECK IF EITI-ER 
Tt£ AIH POINT CR ARGET POINT OR BOTH ARE CCH>TANT 

READ 11,100ltTITLE<Il, I21,18) 
READ t1,101)NP,IAIH,ITARGET 

0£CK IF AIH POINT OR TARGET POINT IS ~TANT 

IFtIAIH.EC.1.AN:>.ITARGET.EC.ll GO TO 106 
IFIIAIH.EC.1 >GOTO 107 
IF<ITARGET.EQ.1 >GOTO 108 

C READ IN VALLES FOR VARIABLE AIH POINT ANO TARGET POINT 
C 

C 

DO 85 I•1 t,p 
READ t 1'-102lHPt I>. XAt I), YAt I), ZAt I >,XF( I I, YFI Il,ZFt I> 

85 ca-.TIN.Jt:. 
GO TO gg 



C READ IN VALUES FOR CONSTANT AIM POINT AND TARGET POINT 
C 

C 

106 READ <1~10QICXA,CYA,CZA,CXF,CYF,CZF 
DO :10 1•1,r-fl 
READ < 1, 114 >HDC I l 
XAI I >•CXA 
YA< I )cCYA 
ZA< Il-CZA 
XFtll•CXF 
YFC I l=CYF 
ZFl 11-=CZF 

I I 0 CONTINUE 
GO TO gg 

C READ IN VAL.l.ES FOR CONSTANT AIH POINT {ltO VARIABLE TARGET 
C POINT 
C 

C 

107 READ (1,111 ICXA,CYA,CZA 
00 112 1=1,NP 
READ C 1, 113lHP< I >.XFC I I, YF< l l,ZF< I> 
XA<ll=CXA 
YA( 1 >=CYA 
ZAC l l=CZA 

112 COOTINJE 
GO TO gg 

C READ IN VAL.l.ES FOR VARIABLE AIH POINT Pl.'1:> CCJ-lSTANT TARGET 
C POINT 
C 

C 

1 ee READ < 1, 111 >CXF, CYF, CZF 
00 115 1=1.M> 
READ < I, 113 lHPl I>, XAl I >, YA( I>, ZA<t l 
XFC I >-=CXF 
YFl l >=CYF 
ZF< I l=CZF 

115 ~TIN.£ 

C READ IN R01AINI"'3 lN'UT 
C 

C 

gg READ l1,103lZH<1 l,R1,Cl 
READ l 1 , 104 >Pt-£ 
READ 11, 10510AY,I-OR 

100 FCR1ATl"1",tBA4> 
101 FORMAT<3I5> 
102 FORMAT<IS,6F7.2> 
103 FORt1AT<F7.2,I2,12> 
104 FORMAT< F7. 2 l 
105 FORMAT<F4.0,FS.2> 
108 FORMAT< 6F7. 21 
111 FCR1ATl3F7.2l 
113 FORHATll5,3F7.2l 
114 FCR1ATII6l 

C CALL SUBROJTINE TO ASSOCIATE Tl-£ HELIOSTAT "-01 WITH 
C Tl-£ F'1N>ATI~ POINTS {!11-l) SORT BY ROW AND COLI.Jttll 
C 

CALL SORTPT< l'P I 
C 
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C CALL SUBROUTINE TO CALCU..ATE THE AZtHITH AND ELEVATION 
C O:-Tl-£SU'II 
C 

CALL ~lDAY,HOUR,AZ,ELl 
C 
C CALL SLEROUTINE TD CALCULATE THE THE POSITI°" OF THE C CENTER FACET 0:- EACH f-£LIOSTAT IN TOWER COORDINATES 
C 

CALL POlNTSlt,:>> 
C 
C CONVERT Pt£ FROM DEGR£ES TO RADIANS 
C 

Pl-£..P I *Pl-£/180. 
C 
C CALL SltiROJUE TO CALCULATE THE COl'PONENTS OF THE I-
C VECTm 
C 

CALL IVECTmll'.J>l 
C 
C CALL Sl.8RWTUE TO CALCl.l.ATE Tl-£ PIERCE POINTS 
C 

CALL PIERCE ( l'.J> > 
C 
C CALL SWRWTHE TO REFINE PIERCE POINTS TO LIE IN A 
C 

CALL OR>IERll'.J>) 
C 
C CALL Sl.8RO.JT IP£ TO CALCU.ATE 11-£ VECTm TO n£ 
C REDIRECTit-.G Sle='ACE AH> TtE ANGLE BETWEEN THIS MlRMAl.. 
C AN> Tl£ HCIDENT tELIOSTAT RAY 
C 

C 
C 

CALL NVEC~ll'.J>> 

C PRINT TI£ WTPUT 
C 

WRITE (2, 100> <TITLE< I l, I=l, 18) 
WRITE (2,80> 

80 FmHAT< 1X, 721 ''*• >, // l 
WRITE l2,50> 

50 FmHAT< 7X "HELIOSTAT" 16X "PIERCE'' 16X "TARGET" 7X "Al-G..E" l WRITE (2,Sll ' ' ' ' ' ' 
SI FCRHAT('])( "POSITI~",17X,MP01NT" 16X "POSITI~" //) WRITE 12,52> ' ' ' 
52 FmMATl 1 X, 721 "*" l ) 

IF<l'.J>.EC.I l GO TO 60 
DO 61 l=l,flf> 
WRITE (2,200> t+H I l 

200 FORMATl10X, l• l 
WRITE <2.53l XPl I>, YPI I >,ZPl I l,XH( I l, YHI I l,ZHI l l,XTl l l, YT< I l, 

IZTI I l,ANGLEI I l 
63 FORl'IAT(1X,F7.2,F7,2,F7.2,1X,31F7.2l,1X,31F7.2l, IX,F6.1 l 
61 CONTIN..E 

GO TO 62 
60 WRITE !.~.k?~l XPl1l.YPltl,ZPttl,XHl1l,YHlll,ZHl1l,XTll),YT(tl, 1ZTI I>.~( 1 l 
62 C°"T IN.JE 

00 63 1•1 ,hf! 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

ZTT( I >•ZT< l l-ZT< I l 
XTTC I l•-XTI I l 
wRITE(3~53JXTTIIl,ZTTtll 

63 CONTI~t 
wRITE<2,100) <TITLE<Il,1•1,18> 
wRITEt2,55l 
WRITE< 2,561 
WRITE I 2, 57 I 
WRITE I 2,681 
WRITE<2. SQl 

55 FClR!-11\ Tl 1 X, 72 < "•" J / / l 
56 FCRiAT< 1BX, N DIREtf ION COSINES FOR FACET NCR1Al.S "I 
57 FCRMAT<IBX" IN TOWER REFEREl'-CE FRAI-£ ",//1 
58 FCR1ATI 7X, "t-ELIOSTAT", I •X, "FACET ~•• ,QX, NPIERCE POINT", II l 
SQ FCR1AH IX, 72( "*"II 

DO 64 I = 1 • fol> 
WRITE12,5•>~t I >,XNl I>, YNI I >.ZNl I >,XH< I I, YHI I l,ZHI I I 

&4 CC1"TI""-.E 
5• F~T(10X,I•,9X,3tF7.• l,IX,31F7.2ll 

STO, 
EN) 
Sl.8RWTH£ IVECTCRI If> 

THIS SWRWTINE CALClJ...ATES Tl£ I J,AN> K COl'f>OENTS CF Tt£ 
VECTCR FROH Tl-£ CENTER FACET CF EACH ~IOSTAT TO ITS SPECIFIC 
AIP1 POINT. 

VARIABLES SPECIFIC TO THIS Sl.8ROJTINE: 
AP1--ou-tfY VARIABLE USED TO CONTIP>LE 11-£ CALCLLATI~ CF 
AP( I I 
APN--Dllt1Y VARIABLE USED TO CONTIP>LE 1l£ CALClLATI~ CF 
AP< I> 

Tl£ HAIN VARIABLES IN BLOCKS 
COfflN/El...OCK 1 /XA ( 222 > , YA< 222 > , ZA < 222 l 
CCHOUBLOCK2IXP< 222 > • YP < 222 >, ZPC 222 > 
~OCK•/l, 11, N, AP< 222 > 
REAL L<2221,Hl222>,N<222> 

INITI~IZE n£ OlH'fY VARIABLES TO ECJJAL. e. 
APl=0. 
APN=0. 

C DECK IF CN..Y CJ£ 1-ELIOSTAT HAS BEEN ENTERED 
C 

C 
C 
C 
C 

C 
C 

IF<t-P.EQ.1 >GO TO 22 
GO TO 23 
CAI..Cll..ATE Tl-£ OISTAtCE FROH CENTER FACET TO AIH POINT FCR 
CH..Y Ot£ l-£LIOSTAT 

22 AP1 •< XAI I 1-XP< 1 l l_.2, +I YA< 1 )-YP< 1 ) )~. 
AP< 1 l•(APl+IZAI I >-ZP< 1 I >••2. >••.6 
CAL.Cl.LATE THE l,J,K CCl'PONENTS OF Tl£ I-VECTOR 
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C 

C 

LC t I•< XAC I J-XPC 1 ) 1/API 1 l 
Ml 1 J•( YAI 1 l-YP( 1 ) J/N'l 1 ) 
N< 1 >•< ZAC 1 l-ZPC 1 l l/N'( 1 l 
GO TO 30 

C USE DO LOOP TO CALCll..ATE Tl-£ DISTANCE FROM Tl-£ CENTER FACET 
C TO AIM POINT flt,/) THE ItJ,K C~NTS CF TI£ I-VECTOR FOR 
C HCH:: THAN ONE l-£LIOSTA 
C 23 DO 14 I•t t-P 

APN-((XAIIJ-XP(IlJ•*2.+tYAIIJ-YP(IJ>••2.+IZAtII-ZP(l))**2. > 
i!tP!l> 2 APN••·S 
Lt I):( XA! I >-XP< I l )/N'( I> 
H<I>=lYAtll-YP<ll)//:i'(ll 
N< I >= < ZA< I >-ZP< I l l/i!tP! I l 

14 COff I l'f..E 
C 
C RETLRN TO Tl£ HAIN PROORIYI 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

38 RETlR-4 
EH> 
SLeRClJT ll-E PIERCE Of> J 

nus Slmo.JTitE CAI..CU..ATES Tt£ C(XR)INATES FOR Tt£ PIERCE POINT 
GIVEN HE INTIAL Z-CCXR>INATE. THIS SWROJTitE At.SO CALCll..ATES 
ll£ APPROXIHATE Z-C(XR)INATE CF EACH PIERCE POINT BY Tt£ LAW OF 
SUES. 

VARIABLES SPECIFIC TO THIS Sl.13ROOTINE& 

AH----OlSTANCE FRCJ1 AIP1 POINT TO TI£ PIERCE POINT 
DOTI--OOT PROOOCT OF Tl-£ I-VECTOR CF ll£ REFEREtCE t£1..IOSTAT 
'11-D TI£ I-VECTOR CF Tl£ OTl-£R 1-El.IOSTATS 
PH---OISTANCE FRCJ1 ll£ CENTER FACET TO Tl-£ PIERCE POINT 
PSI~ BE'Tw'EEN ll£ I-VECTOR IVf) n£ 1-QIZCJffAL 
H£TA--NG...E BETWEEN Tl-£ I-VECTOR CF Tl-£ REFEREt«:E t£1..IOSTAT 
'11-D Tl£ I-VECTOR CF Tl-£ OTl-£R 1-£1.lOSTATS WITH n£ 
Ail't POINT AS THE VERTEX 
cotO\I Ni:> DltENSICN Tl-£ VARIAILES 
~/£l..0Ck2/XP(222l,YP<222l,ZP<222l 
CCJtOVBLOCKS/PI-E Pl,H1H2<222l 
~/8LOCK31XH<222l,YH<222l,ZH(222> 
CO'l'ION/BLOCK11/R,C,~,HP.Rt,C1 
CCJt10WBLOCK4/L,H,N,AP(222l 
REAi.. U2221,H(222l.N(222> 
INTEGER R<2221,C<222>,HNl2221,H=>l222l,Rl,C1 
Dlt£.NSICJ,j PH<2221,PS11222l,AH(222l 
GIVEN Tl-£ INITIAi.. Z-COORDINATE CALCll..ATE Tl-£ X- AND 
Y-cooROINATE CF Tl-£ PIERCE POINT FOR THE REFERaCE 
t£1..IOSTAT 
PH< I )al ZH( I >-ZP< t I 1/N( I l 
XHl t )•XP( I l+L< 1 )~HI 1 ) 
YHC 1 l•YP( 1 )+Ml I )~I 1 l 



C 
C INITIALIZE THE VARIABLE H1M2 
C 

H1H211 l•8. 
C C DECK IF ONLY ONE HELIOSTAT TO BE ANALYZED 
C IF<NP.EQ.t> GO TO 35 
C C CALCUt..ATE PSI fJtl:) AH FOO TtE REFERENCE 1-ELIOSTAT 
C 

C 

PSI< t JaACQS( -1 •Ml 1 I I 
AHl11-AP11l-PH11 I 

C USE 00 LOCP TO CALCU..ATE THE PIERCE POINTS FOO Tl-£ REST C CF Tl£ HELIOSTATS 
C 

00 16 la2,N> 
C 
C CHECK TO SEE IF TtE NEW tELIOSTAT IS IN Tl-£ SAME ROW AS C AS Tl£ PREVIOJS tELIOSTAT. IF SO, Tl-EN APPROXIMATE THE C NEW Z-caH)INATE WITH THE Z-CO(R)INATE OF THE PREVIOJS 
C CAL.Cll..ATED PIERCE POINT 
C 

IF<R<I>.EQ.RII-1>> GO TO 17 
C 
C USE LAW CF SINES TO APPROXIMATE Tl£ Z-ax:R>INATE IF 
C tELIOSTAT IS IN A DIFFERENT ROW FR01 Tl£ REFER0CE ROW 
C 

C 

OOTI=t..l I>~< 1 l+tH I ld111 >+Nl I >•N< 1 l TI-ETA-'"ACOS< DOTI > 
C 0£CK TO SEE IF ClRRENT ROW IS IN BEHihD REFERENCE ROW 
C 

lF<R<Il.GT.R1lGO TO 14 
PSI<I>=ACOS<-M<I>l 
H1H2lll:::aAH11 >•SINITl-£TA)/CSIN<PI-Pt£-PSI<Illl ZHlI>=ZH<1>-MSlHIH21ll>.SIN<Pt£l 
GO TO 18 

14 COOTU.LE 
HIH2lil=AH<l>•SIN(Tl£.TAl/(SIN10.-Tt£TA+Pt-E+PSI<1 )ll ZHlll=ABSlHIH2CI>>•SINlPI-E>+ZHCI l GO TO 18 

17 ZH< I l=ZHl I-t l 
HtH2t I ):o:0. 

18 PHI I l•<ZH< Il-ZP( I l>IN< I l 
XHlil=XP<l)+LIIl•PH<I> 
YH<I>~YPcll+H<Il~lll 

16 ~TIN.£ 
C 
C RET~ TO TtE MAIN PROGRAH 
C 

C 

as REH.RN 
ENO 
SlEROUTINE NVECTOOINP> 

C THIS Sl.8ROJTINE CALCULATES Tl-£ NORMAL TO Tl-£ REDIRECTING Slff'ACE C AT THE PIERCE POINT CF THE tELIOSTAT CENTRAL. RAY WITH Tl-£ 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 

REDIRECTOR PLANE AND THE ANGLE BETWEEN THE REDIRECTOR NORMAL AND 
Tl-£ INCOMING RAY FROM Ti-£ CENTER OF THE HELIOSTAT CENTER FACET. 
THIS ANGLE SHOULD BE MI~IMIZED IN ORDER TO MAXIMIZE THE 
EFFICIENCY CF THE REDIRECTOR-CONCENTRATOR. 
VARIABLES SPECIFIC TC THE SUBROUTINE, 
IDOTR--OOT PROOL.CT CF THE l AND R VECTORS 
R--OISTAOCE BETWEEN HE TARGET POINT fHJ Tl£ PIERCE POINT 
XIR--I COfONENT OF THE VECTOR SLt1 OF Tl-£ I AND R VECTORS 
XR--ARRAY OF THE I COtf>O.IENT OF Tl·£ VECTOR FROM Tl-£ PIERCE 
POINT TO Tl-£ TARGET POINT 
YIR--J CCff>OENT OF Tl£ VECTOR Sl.t1 OF Tl-£ I fU> R VECTORS 
YR--ARRAY CF THE J COtf>O.lENT OF Tl-£ VECTOR FROM Tl-£ PIERCE 
POINT TO Tl-£ TARGET POINT 
ZIR--K C01PCJ£NT OF THE VECTOR SUM CF Tl-£ I ANO R VECTORS 
ZR--ARRAY CF Tl-£ K C01PCI-ENT CF THE VECTOR FR01 Tl-£ PIERCE 
POINT OT TIE. TARGET POINT 
AtG...E--AtG...E BETWEEN REDIRECTOR NORMAL Ar..o Tl£ I~ING 
tELIOSTAT CENTRAL RAY 

Oil'ENSION Tl-£ VARIABI-ES 

COH)N/8LOCK3/XH( 222), YH< 222 >, ZHC 222 l 
~OCK7 /XNI 222 >, YNC 222 >, ZN< 222), ANGLE< 2221 
~/BLOCKS/XF C 2221, YF < 222 I, ZFC 222) 
C091JN/BLOCK4/L,H,N1AP<222l 
COftlN/BLOCK5/Pt£, Pl, H1 H2( 222) 
REAL U222_~N<222l,H(222l, IDOTN<222>, IOOTR 
DUENSil>I JU<l 2221, YR< 222 l, ZR< 222 > 

0£CK IF <H.Y CH: 1-ELIOSTAT IS TC BE ANAL.VZEO 
IF<tf>,EQ, I l GO TC 36 

USE 00 LOOP TO CAI...Cl.l..ATE Tl-£ ~TS CF Tl-£ R VECTOR 
(1K) TO CAL.Cl.LATE Tl£~ VECTOR 
00 19 1=1,NP 
Rs(< XFC I l-XHI I l >02. +( YFC I l-YH< l l IU2, +( ZF< I 1-ZH< I I )u2. 1-... 5 
XRCil~CXFCll-XHCill/R 
YRC I l=CYFC 11-YHI I l 1/R 
ZRCil•CZFIII-ZHlil)/R 
XIR--1,*LCIJ+XRCI> 
YlR=-1.:d11ll+YRIIl 
ZIR=-1. ~< I l+ZRI 11 
IOOTR=U l >•XR< I )+MC I >*YR< I >+NC I >*ZR< l l 
XNCll=XIR/12.-2,*IDOTR>**·S 
YN<I>zYIR/12.-2,*IDOTR>**•S 
ZNCil•ZIR/l2.-2,*lDOTR>•••5 
lOOTNCI>•-1.*L.Cll*XN<I>-H<I>•YNIIl-N<I>•ZNIIl 
ANGLE<t>•ACOS<IDOTN<I>I 

CONVERT NG..E TO DEGREES FROM RADIANS 
Af\Q.E(Il•tBe.•ANGLEIII/Pl 

tQ CONTlN.JE 

RETURN TO HAIN PROGRAM 



C 

C 
C 
C 

C 
C 

C 

GO TO 37 
CALCU.ATE Tl-£ NORMAL VECTOR FOR ONLY ONE l-£LIOSTAT 

36 R1•!XF! 1 l-XHt 1 > l**2.+tYFI 1 J-YHt 1 l 1**2.+CZFt I l-ZH! 1 l 1**2• 
R=Rl**.5 
XRt I l•(XFt 1 l-XH< I l )/R 
YRt 1 l•IYFt 1 l-YHt I l l/R 
ZRt 1 l•tZFt 11-ZHt I l l/R 
XIR--1.•LI 1 l+XR< I l 
YIRa-1.*1'111 l+YRC 1 l 
ZIR=-1 .t.Nt 1 lt-ZRt 1 > 
IDOTR=L< 1 l*XR< I l+MC 1 >•YRt 1 l-t-NC I >•ZR< 11 
XN(1 >=XlR/(2.-2.•IDOTR>••·S 
YNCI l=YIR/t2.-2.•IDOTRl•*·5 
ZNl1 l=ZIR/(2.-2.•IDOTR>••·5 
IDOTNC I >=-1. :tt.< I >•XNC 1 H'1( 1 l*YN( 1 l-N( 1 l*ZNC I l 
AtG...EC I ):::ACOSC IDOTNC 1 l l 

C~VERT ANGLE TO DEGREES FR01 RADIANS 
~<1>=t8e.-.AtG..ECl)/PI 

C RETI.RN TO HAIN PROGRAt1 
C 

C 

37 RE~ 
El't> 
SlDOJT It£ Sl.NC DAY, HCl.R, AZ, B. > 

C THIS SU3ROJTlt£ WAS TAKEN FRO'! Tl-£ t£LIOS COOE. IT cnITAINS 
C n£ CRTF LATinDE r,/l:> LCNiITWE IN Tl-£ CALCULATI~. PI-J.Y tlLESTICHi 
C SKll.D BE REFERRED TO THE DOCUENTATI~ OF n£ t£LIOS PROGRAM. 
C THIS SlBRWTHE RETI.RB Tl-£ AZitt.JTH AZ AND ELEVTION EL OF Tl-£ 
C Sl.N IN RADIANS. Tt£ AZil't.JTH IS HEASLREO COJNTER-a..OOCWIZE FR01 
C Tl£ EAST. ll'FUT IS Tl-£ DAY OF YEAR CDAYs:80 FOR HARCH 21 J AND 
C TU-£ OF DAY. l-OR=0. FOR SO...AR tOlN WITH tEGATIVE BEitfi 
C PH, POSITIVE BElNi EVENltfi. IS IN I-ORS. 
C 

C 

PI=ATANC 1. >•~-
COPP[/180. 
PHIL=35.0S17~ 
DELS=23.~522G•SINC2.•PI•<DAY-Be. l/365. l~ 
HS215.•.-«R.CON 
R=SIN<PHILl•SIN<DELS>+COS<DEl.Sl.COS<PHILl.COS<HSl 
EL=Pl/2.-ACOSCEL> 
AZ=SINIDELSl..COS(PHIL>-COSCDELSl•SINCPHIL>•COS<HS> 
AZ=ATAN2CAZ,-COSCDELSl•SINCHS>J 
RETI.RN 
Et.O 
Sl.8ROJTINE POINTSCt-f>J 

C THIS Sl.13ROUTitE CALCU..ATES Tt£ X,Y Z COORDINATES OF THE CENTER 
C OF Tl-£ CENTER FACET OF EACH l-£LIOStAT GIVEN THE AZil''IJTH PI-J.D ELE-
C VATICJ~ OF Tl-£ SUN, THE AIH POINT, AN> THE FD.H>ATION POINT OF 
C EACH HELIOSTAT. 
C 
C VARIABLES SPECIFIC TO n£ Sl.8ROUTit£1 
C 
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C A--DJRECTION COSINE IN THE I DIRECTION OF THE CENTRAL RAY C FROM HELIOSTAT TO THE SUN C 1/ALPHA--HAGNITUDE OF NORMAL VECTOR FROH l-£LIOSTAT C B--DIRECTION COSINE IN Tl-£ J DIRECTION OF Tl-£ CENTRAL. RAY C FROM 1-ELIOSTAT TO n£ SlJ>.I 
C C--DIRECTION COSINE IN Tt-£ K DIRECTION OF Tl-£ CENTRAL. RAY C FR011 1-ELIOSTAT TO Tl-£ SUN C DELTA--ERROR CRITERIA C ERRTQ..--ERROR TO...ERANCE 
C Pt-ET--AZil'UTH ~LE OF THE l-£LIOSTAT 
C Tt-£--ELEVATION A.'G.E OF THE 1-ELIOSTAT 
C 
C CCH1'.J-4 N4D D HENS I ON Tl-£ VAR I ABLES 
C 

C 

COl't1Cl'VBLOCK1/XAC222),YAl222),ZAl222) C~/BLOCK2/XPl222),YP1222),ZPl222) CCHOVBLOCKQ/FXl222),FY(222>,FZ1222> C~/BLOCKB/AZ,EL 
~/BLOCKS/Pt-£,PI,H1H2<222> DitENSION Xl222,20),Y(222,20>,Z<222,20) 

C INITIAL.I ZE Tl-£ ERROR TCLERAN:E 
C 

DATA ERRTCl./1.BE-•/ 
C 
C CALCl.l..ATE Tl£ DIRECTION COSit.ES CF TI£ CENTRAL RAY C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

A=COSI EL >.COSl AZ> 
B=COSIEL>-SINIAZ> 
C=SINI EL) 
USE DO LCXF TO ASSIGN THE FIRST APPROXIHATION a= Tl£ ctXR>INATES TO 1l£ CENTER FACET 
00 00 I=l ,"-P 
X( I, 1 J=FXI I> 
Y( I, t J=FYI I> 
Z<l,1Ja:f'Z<I>+t3.081 
USE 00 LOOP TO CALCll..ATE 11£ ITH APPROXIHATION OF Tt£ CCXR>INATES TO Tf-£ CENTER FACET A1'0 0£CK IF t.EW APPROXIHATlc»lS l'EET THE ERROR TOLERAtCE 
DO 95 J=2,20 
11£=<ZAIIJ-ZCI,J-1 >> 
Tl£=TI£/( ( IX( l,J-1 HCA< 1 I l**2.+IY( I,J-1 >-YA( I> >**2, J**.5> Tl£=ATANI THE> 
Pl-£TaATAN< IYAl I l-Y< l,J-1 l )/IXAC I J-XI I,J-1 >)) 
HAl<E THAT THE AtG..E Pl-£T IS IN Tl£ 2ND Pl() 3RD ClJAORANTS 
Pl-£ T .cf>!-£ T +PI 
ALPHA•AACOSITl£>..COSIPHET>+B•C0StTHE>•SIN<Pl-£T>+C•SINCTl-£J ALPHAa2.+2.~PHA 
ALPHA-11/ALPHA>•~.5 
X(l,Jl•IA+COSITl£>•COSCPHETlJ*ALPHA•1.043+FX(l) YII,Jl•IB+COSITl-£>.tSINtPl-£T>>*Ai..PHA•1.0•3+FYIIl 



Z<l Jl•IC+SlNCTHEll~PHA•1.0~3+FZ(Il+13,081 
DELtA•IXI ltJl-X( l.J-1 l i-..2.+lY< l.Jl-Y( I,J-1 l l**2• 
DELTA•< DEL A+< Z< I. J l-Zl I, J-1 > >•-2. >••• 5 
NC:aJ 
IF<DELTA,LE.ERRTOL>GO TO Q6 

Q5 ~Tltf.£ 
C C ASSIGN Tl-£ COORDINATES OF THE CENTER FACET THE FINAL 
C APPROXIHATION 
C 

C 

Q6 XPC I l=X( I ,NO l 
YPl[)aYCI,NOl 
ZP< I >=ZC I,~l 

00 ~lNJE 
C RE~ TO MAIN PROORAH 
C 

RETtR-4 
Et-I> 
SlmWT Il'E stRTPT< NP l 

C 
C THIS SWRWTil'E sans THE Ii'PUT IN ORDER THAT Tl£ INOEPEM>ENT 
C VARIAfl..ES ARE IN Tl£ PRCPER SECLENTIAL ORDER SO THAT Tt-£ 
C POSlTl<JH>EPEN)ENT VARIABLES CAN BE PROPERLY CALCU.ATED. 
C 
C VARIAELES SPECIFIC TO THIS 5UBRClITIPE: 
C 
C CTOf-~Y STmAGE IN ORDER TO SWITCH n£ OOOE.R CF Tl£ 
C VALLES IN Tl£ C ARRAY 
C FXTElf>--TEHPCRARY STciw;E IN OROER TO SWITCH Tt-£ CR>ER CF THE 
C VALLES IN Tl-£ FX ARRAY 
C FYTElf>-~Y STORAGE IN ORDER TO SWITCH Tl-£ (R)ER OF THE 
C VALl.£S IN Tl-£ FY ARRAY 
C FZTE.lf>-TaflRARY STOOAGE IN OROER TO SWIT0-1 Tt-£ CR>ER CF THE 
C VALLES IN Tl-£ FZ ARRAY 
C 1T9P--~Y STOOAGE IN OROER TO SWITCH THE ORDER CF Tl-£ 
C VALLES IN Tl-£ H'4 ARRAY 
C ~--ARRAY CF Tl£ NlJ"B£R OF 1-£LIOSTATS IN>UTTEO IN EADi ROW 
C ~1--CO.JHER OF TIE NUl'l3ER OF 1-ELIOSTATS I~TTED 
C RIC-Dltt1Y VARIAa..E TO REPRESENT n£ ROW IU1EER FOR THE SORT-
C I~ BY ROWS 
C RlTElf>--IX.tt'IY VARIABLE TO INCREHENT THE VARIABLE RIC TO 0£CK 
C EVERY ROW 
C RTEtf>--TEf'PORARY STORAGE IN ORDER TO SWITCH TI£ CH>ER CF Tl-£ 
C VALLES IN Tl-£ R MRAY 
C XATE.lf>-TE!fffiARY STOOAGE IN CJIDER TO SWITCH THE CJIDER CF Tl-£ 
C VALLES IN THE XA MRAY 
C XFTEtf>--~Y STOOAGE IN ORDER TO SWITCH Tl-£ ORDER CF n£ 
C VALUES IN Tl·£ XF ARRAY 
C YATElf>--TEl'PCRARY STORAGE IN ORDER TO SWITCH THE ORDER OF n£ 
C VALl.£S IN Tl-£ YA ARRAY 
C YFTEl"P--TEtf>ORARY STORAGE IN ORDER TO SWITCH THE ORDER CF Tl-£ 
C VALl.ES INT.-£ YF ARRAY 
C ZATEl"P--TEl'PORARY STORAGE IN ORDER TO SWITCH THE ORDER CF Tl-£ 
C VALLES IN THE ZA ARRAY 
C ZFTEHP--TEMPORARY STORAGE IN ORDER TO SWITCH Tl-£ ORDER CF Tl-£ 
C VAL.lES IN THE ZF ARRAY 
C 
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C Ca-KlN Al{} DIMENSION Tl-,£ VARIABLES 
C 

C 
C 
C 
C 
C 
C 

C 

COHMON/BLOCKI/XAC2221,YAC222l,ZAC222> 
C0/1MON/8LOCK6/XF(222l,YFC222l,ZF<222l 
COHHON/8LOCKg/FX<222l,FY<222l,FZl222l 
COt1HOII/BLOCKl1/R,C 1-N,HP,Rt,Ct 
INTEGER Rt2221tC(222l,HNC222l,f-PC222l,Rl,Cl 
INTEGER RTEHPk TEff,R:C,TE!f,RlTEl"P 
Dit£NSI~ NR<~221 
USE DO LCXF TO SEARCH Tl-£ HN ARRAY FOR Tl-£ l-£LIOSTAT 
tUt3ERS Il',PUTTED IN Tl-£ HP ARRAY, THEN ALSO TRANSFER THE 
R,C,FX,f.!t.EZ ARRAYS SO THAT THE ARRAYS ARE IN Tl-£ ORDER 
CF Tl-£ lt-.PUT VALUES IN Tl·E DATA FILE 
DO 60 1=1,NP 
TEtf'l::}f < I l 
DO 61 N=l,222 
lF<TEr-f>.EC.1-NlNllGO TO 62 
GO TO 61 

62 ITEJt>=tN< I l 
1-N( I l=tN(Nl 
1-N< N l=ITEl"P 
RTEtf>=R< I l 
R(ll=RtNl 
RtNl=RTEl"P 
C TEtf>-=C t I l 
C( I l=CINl 
C(Nl=CTEr-f> 
FXTEtP=FX<Il 
FX( I l=FXt N l 
FX(Nl=FXTEJt> 
FYTEtP--FY< I l 
FY( I l=FYIN) 
FY ( N I =FYTEtf> 
FZT0f>:FZ<Il 
F"ZtI>=FZtNl 
f"Z<Nl=FZTEtf> 
GO TO 60 

61 C~Til'l.E 
60 ~TIN.£ 

C INTIALIZE Tl-£ C~TER NRI PH> ASSIGN RIC THE REFEREN:E ROW 
C VALLE 
C 

C 

NRl:::0 
RIC=Rl 

C USE NESTED DO LOOPS TO SORT Tl-£ ARRAYS WHICH MATCH 
C SPECIFIC l-£LIOSTATS BY Tl-£ ROW THAT Tl-£ 1-£LIOSTATS ARE IN 
C 

C 
C 

DO 67 N•t,11 
hRCNl•0 
DO 65 I•t,NP 
Tl-£ ROWS ARE ORGANIZED BY THE REF. ROW Natt AND Tl-EN ROW '4-
1'4 SKIPP ING Tl-£ REF. ROW 
IFtRtll.EQ,RICl GO TO 66 
GO TO 65 



C 

66 NR1 -=NR1 +1 
RTEMP•R< NR1 l 
RI NR1 l•R< I I 
RI I l•RTEMP 
CTEMPxCI NR1 I 
CINR11..C:I I l 
C< I l=CTEMP 
ITEHP .. ~<NR1 I 
~< NR1 l•t+l< I ) 
~< I l•ITEHP 
FXTEMPzFX<~l I 
FX(NR1 l•FX< I l 
FX<Il=FXTEl'P 
FYTEl'P=FY< NR 1 I 
FYINRl l=FY'I I I 
FY< I J=FYTEl'f> 
FZTEl'f>=FZI NR1 > 
FZ<NRl >=FZ< I) 
FZ<Il=FZTEtf 
XATEtf=XAINR1 > 
XAC t-Rl ):::XA( 1 l 
XAI I l=XATDP 
YATEtf>:::YAINR1 > 
YAO,Rl )::sYA< 1 l 
YAlll-=YATEtf> 
ZATDP=ZAt NR1 l 
ZAUfil l=ZA< I l 
ZAtll=ZATEtf> 
XFTEtP=XFtNR1 I 
XFtNRt>=XFtI> 
XFtI>=XFTDP 
YFTEtf>•YFtNR1) 
YFt NR1 l-==YFt I> 
YFC I >=YFINR1 > 
ZF TDP=ZF C NR 1 > 
ZFCNR1 l=ZFt I> 
ZFt I l=ZFTDP 
~INl=t,,R(Nl+I 

65 COff I i...E 
R1TEtP=N+3 
IFtRtTEl'f>.GE:.RI l GO TO 68 
RI C=R ITEl'P 
GO TO SQ 

68 RI C=R tTEtf>+ 1 
SQ IFIRIC.GT.1•> GO TO 70 s1 en.in N..E 
70 NR1•1 

C USE NESTED 00 LOOPS TO SCRT EACH ROW CF HELIOSTATS SO THAT 
C n£ FIRST HELIOSTAT l~TEO IN ~T Raw IS IN Tl-£ REF. 
C ca..Lt'H 
C 

00 71 1•1 11 
IFtNRIIl.EQ.0> GO TO 71 
~•NRt I l+NR1 -1 
00 72 ~1 tUti 
IFICtN).EQ.t1> GO TO 73 
GO TO 72 
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C 
C SWITCH TI-£ VALUES IN ALL OF Tl-£ ARRAYS 
C 

C 

73 ITEHP•HNCNR!l 
HNlhR1 l=-HNCNl 
1-f.JCNl=ITEMP 
RTEMP:aR(I\Rt l 
RII\Rl l-RCNl 
RCNl:irRTEt-F 
CTEt-F•CI I\R1 > 
CCI\RI l=C<Nl 
CCNl=CTElf 
FXTEt"P.,FXl I\R 1 I 
FXtl\RI l=FX<Nl 
FXCNl=f'XTElf> 
FYTEl"P=FYlhR1 l 
FY<NR1 >=FYCN> 
FYCNl=FYTEMP 
FZTEHP=f'ZINR!l 
FZtNR1 l=FZtNl 
FZ<N>=FZTEtf> 
XATEtt>=XAtt-.R1) 
XA( t-.R1 l=XA( N l 
XA(Nl=XATE>f> 
YATE>f>=YAlt-.RI) 
YAO.RI l=YA(Nl 
YA!Nl=YATEl'f> 
ZA TEtf>=ZA t l'.R 1 l 
2Att-.R1 l=ZA(Nl 
ZA<N>=ZATEl'f> 
XFTaf>=XFtl'.Rt l 
XF0~1 l=XFIN) 
XF! N l=XFTEl'f> 
YFTEJt>=YFtt-.R1 l 
YF t t-.R 1 l =YF < N > 
YF<N>=YFTDf> 
ZFTE>t>=ZFtt-Rl l 
ZF(hRt >=ZFINl 
ZF<Nl=ZFTEtf> 
GO TO 74 

72 CONTI N..E 
74 hRI ~1 +t.fi< I > 
71 ~TIN.£ 

C RETURN TO MIN PROORAM 
C 

C 
C THIS SU3ROUTI1£ REFit£S Tl-£ PIERCE POINT CALCULATION FRCJ1 
C PIERCE SO THAT ALL PIERCE POINTS FALL IN A PL.Al£ 
C 

C~/BLOCK2/XPC222l,YPl222l,ZP<222l 
COl1'()N/BLOCK3/XHl222l~YHl222l,ZH(222l 
CO'tt'.JN/BLOCK4/L,M,N,Rt"C222l 
COfflN/Bl.OCl(SIPI-£ PI,H1H2l222l 
cat10N/ELQCK7/XN(.222),YN1222l,ZN<222>,ANGL.E(222l 



C 

COMMON/Bl.OCKl1/R C HN,HP,R1,C1 
C01111()1j/BLOCK12IXtt222l~YTt222l~ZTt222l 
REAL L( 222 l, M! 222 l, Nt 2"21, PH( 2"2 I 
[NTEGER Rt222l,C(222l 

C REFINE THE ZH REFERENCE ESTIMATES BY REPEATING 
C Tr£ AVERAGING CF THE Y-TOWER VALlES FIVE Tll£S 
C DO 500 Jal ,5 
C 
C CONVERT TOWER C~INATES TO TARGET COORDINATES 
C 

C 

DO 10 I=-1,PI> 
XT< 1 l=XH< I l 
YT(Il=SIN<PHE>•YH<ll-COS<PI-E>•ZH<I> 
ZT<I>=COS<PtE>•YH<Il+SIN<PI-E>•ZH<Il 

10 CONTI tf.£ 
C AVERAGE Tr£ Y-TARGET COORD. FROl1 THE CALL TO PIERCE 
C 

C 

YTSU1=0.0 
00 100 I=t ,PP 
YTSU1=YTSl.tt+YT<I> 

100 C:C)ff I N..E 
YTAVGcYTSl111N> 

C CAL.cu.ATE Tt£ ZT VAL.lE THAT IS IN Tl-£ DESIRED Pt.At£ 
C ALSO IS~ n£ RAY FROM Tl£ 1£LIOSTAT TO n£ AIH POINT 
C 

C 

00 200 1•1 ,,.,, 
ZT(l)s-f1<I>•<YTAVG.c05<Pt-El+ZH<I>>+N<I>•<YH<I>-YTAVG.SIN<Pt£>J 
ZT<ll=ZT(ll/(N(I>.COS<Pt£>-M<l>*SIN<Pt£>> 
ZHtll=-COS<Pt£ltYTAVG+SIN<Pt£>.ntil 

200 CONTlN.E. 

C CAL.Cl.l.ATE M::W PIERCE POINTS 
C 

DO 300 I=1,N> 
PHl I >=<ZH< 11-ZP< I> l/N( I> 
XH< I >=XP< l l+L< I >w>H< I> 
YHtll=YPtll+Htll~tll 

300 CONT[tf.£ 
500 CONTitf.£ 

C 
C RET{R,I TO HAIN PROORAM 
C 

RETl.H4 
Et-0 
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60 

Following is a sample input/output sequence. 

L»i,F•TAPE1 
~•078 AP~g.42,151,18 T'P-0,26.24,140 REF1 Z•147,1 LOC•R7,C1 PHI•S6 Til'£•080,H0.0 

00 7eeee01 1 
0000.00001g.4201s,.1eeeea.00002S.2401•e.00 

28 
29 
30 
31 
32 
3Q 
-40 
"1 42 
43 
4-4 
45 
46 
-4g 
50 
51 
52 
53 
5-4 
55 
56 
58 
SQ 
60 
61 
62 
63 
64 
GS 
67 
68 
6Q 
70 
71 
72 
77 
78 
7g 
80 

211 
212 
213 
214 
215 
222 
223 
22• 
225 
226 
227 
228 
22Q 
232 
233 



23-4 
235 
236 
237 
238 
230 
2•1 
2•2 
2-43 
2-4• 
2•5 
2•6 247 
2•8 
250 
251 
252 
253 
25-4 
255 
260 
261 
262 
263 

01•7.107 
0055.00 
080.00.08 
I 
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l.Ni,F• TAPE2 
~-078 APa8,1Q.42,IS1.18 TP•S,26.24,148 REF1 Z•147.1 LOC•R7,C1 PHI-SS TI ............................................................................ 

1£LIOSTAT 
POSITI~ 

PIERCE POINT 
TARGET 

POSIT!~ 
ANGLE 

............... :tq .......... u.u••••*****·----···---··--··--··· .. ·--···--241 
16.11 26Q.16 14.36 

5g 
.48 26.88 147.10 .48 -62.35 135.Ql 33.4 

-48.09 270.23 13.53 -1.43 26.87 1-47.BQ -1.43 -62.36 135.00 34.6 60 
-80.01 270.21 12.Q7 -2.37 26.86 147.08 -2.37 -62.35 135.80 36.8 61 

-112.25 270.15 12.41 -3.33 26.85 147.06 -3.33 -62.35 135.87 39.6 62 
-144.26 270.19 11.60 -4.27 26.8'4 147.05 -4.27 -62.35 135.85 42.7 63 
-176. 12 270.12 10.87 -5.21 26.83 147.03 -5.21 -62.35 135.83 45.8 64 
-288.34 270. 12 10.25 --i).15 26.82 147.02 --i,.15 -62.35 135.82 48.8 65 
-240.28 270.06 9.49 -7.BQ 26.81 147.00 -7.BQ -62.35 135.79 51.6 58 
-15.00 278.28 14.11 

242 
48.03 269.17 14.83 

243 
79.78 269.24 15.41 

244 
111.78 269.25 16.11 

245 
143.74 26Q.23 16.72 

2"6 
175.66 26Q.31 17.34 

247 
207.64 269.23 18.01 

2•8 23g.62 269.28 18.63 
21 I 

16.00 1•9.42 13.49 zg 

-.48 26.88 147.18 
i.44 26.88 147.11 
2.30 26.BQ 147.12 
3.35 26.QB 147.13 
4.31 26,QI 147. IS 
5.27 26.92 147.16 
S.24 26.gs 147.18 
7.21 26.94 147.19 

-.48 -62.35 135.92 
1.44 -62.35 135.92 
2.39 -62.35 135.94 
3.35 -62.35 135.QS 
4. 31 -62. 35 135. Q7 

5.27 -62.35 135.QQ 
6.24 -62.35 136.01 
7.21 -62.35 136.02 

.73 -62.35 133.24 

33.4 
34.7 
37.0 
3Q.Q 

43.1 
46.3 

52.3 
17.7 

-52.22 150.00 12.92 -2,37 25.35 144,Ql -2.37 -62.35 133.2• 26.0 30 
-80.17 150.13 12.•4 -3.63 25.34 144.Qe -3.63 -62.35 133.23 33.3 31 

-112.27 150.06 11,QB -5.08 25.33 144,88 -5.08 -62,35 133.21 -40.8 32 
-144.36 150.02 11.46 -6.52 25.32 144.87 -6.52 -62.35 133,lQ 47.0 28 

-16.0• 150.13 13.36 
212 

47,QI 14Q,44 13.Q4 
213 

79.70 14Q.4S 14.27 

-.73 25.35 144.Q2 
2,1g 25.35 1•4.Q2 
3,64 25.36 144,Q3 

-.73 -62.35 133.26 
2.1g -62.35 133.25 
3.64 -62.35 133.26 

17.8 

33.4 



214 5.11 -62,35 133.28 41,0 1 I 1,68 149.46 14.72 5.11 25.37 144. 04 
215 6.58 -62.35 133.20 47.3 143.60 1-40,44 15. 18 6.58 25.37 I 44, gs 
222 

16.00 18Q,3S 13. 71 .62 26.01 146, 85 • 62 -62. 35 134. 3Q 24.Q 
40 

-48,05 1ge,20 13. 11 -1.es 26,81 145.85 -1.85 -62.35 134.39 28.3 
41 

-98.16 1ge, 11 12.60 -3.0Q 26.08 146.84 -3.0Q -62.35 134,38 33.5 
39 

-15.04 1ge.22 13.53 -.62 26.01 145.87 -.62 -62.35 134.41 25.0 
223 •7.95 18Q.39 1•.1t 1.86 26.01 145.86 1.86 -62.35 134.40 28.'4 
224 

7Q,76 189.34 1'4.54 3. 10 26.02 145.87 3.10 -62.35 134,42 33.7 
225 

111.70 189.40 15,05 4.34 26.03 1-4S.SQ 4.34 -62.35 134.43 ag,3 
226 

143.57 189.40 15. 73 5,sg 26.0'4 14S.OO 5.59 -62.35 134.45 44.6 
227 

175.56 189.'43 16.37 6.85 26.es 14s.g2 6.85 -62.35 134.47 4Q.2 
228 

207.48 189.45 16.Q3 8. I 1 26.06 145_g3 8.11 -62.35 134.4Q 53.2 
220 

23Q.46 189. 46 17.56 Q.37 26.07 145.95 Q.37 -62.35 134.S1 56.7 
42 

-112,24 100. 10 12.03 -4.32 25.W 145,83 -4.32 -62.35 134.36 39.1 
43 

-14-4.30 100. 10 11.52 -S.54 25.98 145.81 -5.54 -62.35 134.34 44.2 

"" -176. 34 1 ge, 00 10. 7Q -6.77 25.06 14S.N -6. 77 -62. 35 134. 32 48.8 
45 

-208.36 190.07 9.97 -7.97 25.95 145.78 -7.Q7 -62.35 134.30 52.7 
46 

-240.36 190.07 Q.25 -Q, 18 25. 04 1 -45. 76 -Q.18 -62.35 134.28 56.1 
232 

15.Q7 220.21 14.00 .54 26.50 1-46.55 .54 -62.35 135.25 29.8 
56 

-240,•4 230.8'1 Q,32 -8.00 26.43 146.•6 -8.00 -62. 35 135.13 53.5 
55 

-208.42 230.06 10.12 -6.95 26.4'4 146.48 -6.QS -62.35 135.15 50.3 
233 

47,Q1 229.23 14. 40 1 .62 26.50 146.56 1.62 -62.35 135.26 31.8 
234 

78.76 229.28 14.96 2.70 26.51 146.58 2.70 -62.35 135.28 35.2 
235 

111.68 229.26 15,4g 3.78 26.52 146.59 3.78 -62.35 135.2Q 3g,3 
236 

143.5Q 229.24 16.20 4.87 26.53 146.60 4.87 -62.35 135.31 43,4 
237 

175.58 229.28 16.83 S.Q6 26.54 146.62 5.QS -62.35 135.33 47.3 
238 

207,5Q 229.35 17. 45 7.05 26.55 146.64 7.05 -62,35 135.35 50.Q 
239 

239.45 229.38 18.08 8, 15 26.56 146.65 0.~5 -62.35 135.37 54. 1 
52 

- ; I 2 . 1 g 230. 1 5 12.18 -3.76 26,48 146.53 -3.76 -62.35 135.21 3Q.0 
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S3 
-144.38 230.06 11,62 -4.83 28,47 146.61 -•.83 -62.35 135.10 43,0 

S4 
-176.38 230.BQ 10.87 -S.8Q 26.•6 1•6.40 -5,BQ -62.35 135.18 46.8 4g 

-15.07 230.IQ 13.70 -.54 26.50 146.56 -.54 -62.35 135.26 20.0 
50 -48.11 230.18 13.32 -1.62 26.50 146.55 -1.62 -62.35 135.25 31.8 51 -80.11 230.16 12.77 -2,6Q 26.4Q 146.54 -2,SQ -62.35 135.23 35.B 

2Se 16.02 300.20 14.67 .43 27.18 147.53 .43 -62.35 136.43 36.0 
68 

-48.11 310.27 13.03 -1.28 27.17 147.52 -1.28 -62.35 136.43 36.0 
69 

-80.19 310.21 13.38 -2.14 27.17 147.51 -2.14 -62.35 136.41 38.4 
70 

-112.22 310.23 12.61 -2.98 27.16 147.4Q -2.G8 -62.35 136.40 •0.5 
71 

-144.08 310.IQ 11.87 -3.83 27.14 147.48 -3.83 -62.35 136.38 42.8 
72. 

-176.25 310.14 11.12 -4.68 27.13 147.•6 -4.68 -62.35 136.36 45.3 67 
-16.8'4 310.31 14.52 

251 
47.Q3 309.20 1s.zg 

252 
]g,87 300.26 16.02 

253 
111.72 309.25 16.E,g 

254 
143.73 309.21 17.26 

255 
175.65 300.23 17.88 

260 
16.02 351.20 15.0Q 

78 

-.43 27.18 147.53 
1.28 27.10 147,54 
2.14 27.20 147.55 
3.00 27.21 147.57 
3.87 27.21 147.58 
4.73 27.22. 147.50 

.30 27.43 147.8Q 

-. 43 -62. 35 136. 4-4 

1.28 -62. 35 136. 45 
2.1-4 -62.35 136.47 
3.00 -62.35 136.48 
3.87 -62.35 136.50 
4.73 -62.35 136.51 

.39 -62.35 136.88 

36. I 
37.0 
38.7 
40.8 

43.3 
45.Q 
38.2 

-48.14 352.37 14.20 -1.16 27.43 147.88 -1.16 -62.35 136.87 38.8 79 
-130. 15 352.26 13.54 -1.93 27.42 147.87 -1.03 -62.35 136.86 39.0 

80 
-112.22 352.25 12.67 -2.69 27.41 147,86 -2.60 -62.35 136.84 41.4 77 
-16.05 352.34 14.88 

261 
47.91 351.15 15.Q0 

262 
79.90 351.18 16.53 

263 

-.3G 27.44 147.00 
1.16 27.44 147.Q1 
1.93 27.45 147.02 

-.39 -62.35 136.BG 38.3 
1.16 -62.35 136.G0 38.G 
1.93 -62.35 136.G2 40.2 

111.82 351.22 17.17 2.71 27.46 147.93 2.71 -62.35 136.Q3 41.8 fl.P=078 AP=0,19.42, 151.18 TP=0,26.24. 140 REF: Z=147.1 LOC=R7,C1 PHI=SS Tl •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DIRECTION COSINES FOR FACET NORMALS 

IN TOWER REFERENCE FRAME 



HELIOSTAT FACET NORl1AL PIERCE POINT 

************"********U********************U**************'"********** 241 -.0065 .4700 -.8822 .•8 26.88 147.10 
sg .01sg .4722 -.0013 -1.43 26.87 147,eg 
60 ,eigg ••745 -.87Q8 -2.37 26.86 147.08 
61 ,03ge ,4777 -.8777 -3.33 26.85 147.06 
62 .0-460 .4812 -.8754 -4.27 26.84 147.05 
63 ,eseg .•840 -.8731 -5.21 26.83 147.03 

.0540 .•88S -.8700 -6.15 26.82 147.02 
6S .0558 .•QIQ -.868Q -7.BQ 26.81 147.00 
58 .0064 .4711 -.8821 -. •8 26.88 147.10 

242 -.0187 .4726 -.8811 1.44 26.88 147.11 
243 -.02Q1 ••754 -.87Q3 2.3Q 26.8Q 147.12 
24• -.0373 ,4792 -.876Q 3.35 26.Q0 147.13 
245 -.0•31 ,4832 -,87•5 4.31 26.QI 147.15 
2•6 -.0467 .•872 -.8720 5.27 26.92 147.16 
247 -.0486 .4Q11 -.8698 6.2• 26.Q3 147.18 
248 -.0•92 .4Q•6 -.8677 7.21 26.Q4 1•7.10 
211 -.0317 .4525 -.8Q12 .73 25.34 144.Ql 
zg .0012 ,458• -.88•1 -2.37 25.35 144.Ql 
30 .1264 .4657 -.8767 -3.63 25.34 144.90 
31 .1372 .4745 -.8695 -5.08 25.33 144.88 
32 .1421 .4826 -.8643 -6.52 25.32 144.87 
28 .0315 .4522 -.8Q1• -.73 25.35 144.92 

212 -.0855 ,4574 -.8852 2.1Q 25.35 144.Q2 
213 -.11g3 .4654 -.8770 3.~ 25.36 144.Q3 
214 -.1350 .4742 -.B700 5.tt 25.37 l44.Q4 
215 -.1385 .4823 -.8650 6.58 25.37 144.QS 
222 -.0178 .4492 -.SQ32 .62 26.01 1-45.85 

40 .0-400 .4531 -.8001 -t.85 26.01 1-45.85 
41 .0748 .4505 -.8850 -3.BQ 26.00 1-45.84 
3Q .0175 .4-•Q3 -,8g32 -.62 26.01 145.87 

223 -.04gg .4532 -.8900 !.86 26.01 t45.86 
22• -.0738 ••598 -.8850 3.10 26.02 1-45.87 
225 -.eeas .4675 -.8795 4.34 26.03 1•5.8Q 
226 -.0057 .•753 -.8746 s,5g 26.04 145.oo 
227 -.0076 .4823 -.8706 6.85 26.05 145.92 
228 -.0962 ,4883 -.8674 8,11 26.06 145.93 
228 -.0928 ,4Q33 -.864Q Q,37 26.07 145.95 

42 .0Q08 .4671 -.8795 -4.32 25.99 145.83 
43 .0993 .4747 -.8745 -5.S• 25.98 145.81 
44 .1027 .•815 -.8704 -6.77 25.96 145.79 
45 . 1027 .4873 -.8672 -7.97 25.QS 145.78 
46 .1006 .4923 -.8646 -Q.18 25.Q• 145.76 

232 -.0105 .4588 -.8885 .54 26.50 146.55 
56 .0760 .4904 -.8682 -8.00 26.43 146.46 
55 .0754 .4860 -.8707 -6.95 26.44 146.48 

233 -.0302 .4614 -.8867 1.62 26.50 146.56 
234 -.0461 .4658 -.8837 2.70 26.51 146.58 
235 -.0576 .4713 -.8801 3.78 26.52 146.5Q 
236 -.0647 ,4772 -.8764 4.87 26.53 146.60 
237 -.0684 ,4828 -.8731 5.Q6 26.54 146.62 
238 -.06Q4 ,487Q -,8701 7.05 26.SS 146,64 
23Q -.0687 .•Q23 -.8677 8.15 26.56 146.65 
52 .0595 .4703 -.8805 -3.76 26.48 146,53 
53 .0681 .4758 -.876Q -•.83 26,47 146.51 
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,0730 .-4811 -.8736 -5,eg 26,-46 1-46.<IQ 4g ,0104 .-45g(il -.8884 -.54 26 • 50 t 46. 56 50 ,0303 ,-4612 -.8868 -t .62 26.50 146.55 St .0470 .4652 -.8840 -2.sg 26,,4g 1-46.54 
250 -.0040 ."4824 -.875; .43 27.18 1-47.53 

68 .0118 ."4831 -.8755 -1 .28 27.17 1"47.62 
SQ .01g1 .4'844 -.8746 -2.14 27.17 147.51 
78 .0254 .4861 -.8735 -2,ge 27.16 147.40 71 .0307 .-4882 -.8722 -3.83 27.1-4 147.48 72 .0348 .4Q0S -.8707 -4.68 27.13 147.4'6 67 .0040 .4'827 -.8758 -.43 27.18 147.53 251 -.0116 .4836 -.8752 1.28 27.10 147.54 

252 -.0183 .4856 -.8740 2.14 27.20 1-47.55 253 -.0238 .4'870 -.8725 3.00 27.21 147.57 
254 -.0281 .4Q06 -.8709 3.87 27.21 147.58 255 -.031 t ."4Q34 -.86Q3 "4.73 27.22. 147.59 
260 -.0024 • 4932 -. 96gg .39 27.-43 147.89 78 .0072 • -4934 - • 8698 -t.16 27.43 147.88 

79 .0117 .4939 -.8694 -1.93 27.42 1'47.87 80 .0160 ."49-47 -.8689 -2.60 27.-41 147.86 77 .0024 .-4933 -. 8698 -.3Q 27. -4,4 1-4 7. 90 261 -.0078 • 49-41 -.8694 1. 16 27.-4-4 t-47.QI 262 -.011 t .-4953 -.8687 1.'13 27.-45 147.02 263 -.0145 • -4968 - • 86n 2.71 27. -46 1-4 7. '13 
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REDIRECTOR PIERCE POINTS ZONE A 
N------------------------------

m 
;,-P=78 AP=ll.5,112,46,08 Ti>o<0,8,42.67 PHl=SS deg 

REF: Z=44.84 LOC=R7.CI 'Tll'IE=088,H!,0 DEA 

-- ................................................. -.................................................................................................................................................... . 

c 
~o-

8 
N 
a: 

Wj 

&3 a: 
63 a: 

1B 1B EB 111:EI! EB EB 1B 
IBIBIBEBIBIBIBIBBIEB&IIB ; 

........................ 111. • .:.m ... s ... m .. -Iii• ---Ill ... s .... lB : s-- .. et ... lit. ·tB--· 11t .. 111 ... er:. m· ... · 
1B 1B 1B 1B 1B 1B EB m:m 1B 1B Ill 1B EB :EB 1B 

EB 1B 1B 1B 1B 81 1B Bl ! 1B IBlllBIIB 1B Iii 

1B EB 1B II! EB:IB Ill 11! 1B QI 

~+-------.,---------i-------.,--------f 
-4 0 2 4 

REDIRECTOR X' COORDINATE IN METERS 
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APPENDIX B 

HELIOS Updates 

The mathematical models used in HELIOS are fully explained in Reference 3. A 

complete description of the procedures required to run the code are given in 

SAND81-1180 and SAND81-1562. HELIOS has recently been modified to accept reconcen-

trators with up to six panels. This revision was specifically written for the 

McDonnell-Douglas-Rocketdyne external cavity receiver. The updates required for 

this particular redirector design and a brief explanation of the purpose of each 

subroutine follow: 

1. BASKET tabulates the portion of the target that accepts the reflected ray from 

the redirector or reconcentrator. 

*DELETE BASKET.4,BASKET.42 
C 
C ROUTINE DETERMINES WHICH BASKET THE RECONCENTRATOR DIRECTS 
C ENERGY INTO. THE RECEIVER IS CENTERED AT (0.,8.,42.67) 
C WITH XEXT=1. AND YEXT=1. FACING UP 
C 

IF(ABS(XI).Gr.0.55) GO TO 10 
C 
C BASKETS MADE LARGER THAN RECEIVER SO BASKET MIDPOINTS 
C CORRESPOND TO THE 121 TARGET POINTS IN THE RECEIVER. 

DEY=O. 1 
YMAX=8.5+DEY*0.5 
YMIN=7.5-DEY*0.5 
IF (YI. GI'. YMAX) GO TO 10 
IF(YI.LT.YMIN) GO TO 10 
IF(ABS(ZI-42.67).LT.1.E-5) GO TO 20 
WRITE (6,99999) XI,YI,ZI 
STOP 222 

10 IBASX=-1 
IBASY=-1 
RETURN 

20 IBASY=0 
Y-YMAS 

30 IBASY=IBASY+1 
Y=Y-DEY 
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IF(YI.GT.Y) GO TO 40 
GO TO 30 

40 DEX=0.1 
XMAX=0.5+DEX*0.5 
X=XMAX 
IBASX=0 

50 X=X-DEX 
IBASX=IBASX+1 
IF(XI.GT.X) GO TO 60 
GO TO 50 

60 IF (IBASX.GT. 11.OR.IBASY.GT.11) GO TO 10 
RETURN 

C 
99999 
C 

FORMAT (IX,6HBASKET,3E15.5) 

END 

2. USERTG is a routine to specify tower coordinates XTA, YTA, and ZTA and normal 

vector VMT(I) I= 1,3 at target point number NTAG. This form describes the 10 

panels of the redirector. 

*DELETE USTG1.31,USTG1.143 

70 

IF(ISECT.LE.0.OR.ISECT.GT.10) GO TO 150 
NR=(NTAG-1)/IXPTS+1 
NTU=(NR-1 )*IXPTS 
NCOL=NTAG-NTU 
GO TO (10,20,30,40,50,60,70,80,90,100),ISECT 

10 XTA=8. 0000 
YTA=27.5259 
ZTA=148.0150 
ANX=-. 0489 
ANY=.4928 
ANZ=-0. 8687 
GO TO 110 

20 XTA=4. 0000 
YTA=27.5259 
ZTA=148. 0150 
ANX=-.0302 
ANY=.4866 
ANZ=-.8731 
GO TO 110 

30 XTA=0.0000 
YTA=27.5259 
ZTA=148.0150 
ANX=.0001 
ANY=.4845 
ANZ=-0. 8748 
GO TO 110 

40 XTA=-4.0000 
YTA=27.5259 
ZTA=148. 0150 



ANX=.0324 
ANY=.4847 
ANZ=-. 8741 
GO TO 110 

50 XTA=-8. 0 
YTA=27. 5259 
ZTA=148.0150 
ANX=.0549 
ANY=.4902 
ANZ=-.8699 
GO TO 110 

60 XTA=8. 0 
YTA=25.9486 
ZTA=145.7623 
ANX=-. 0939 
ANY=.4879 
ANZ=-. 8679 
GO TO 110 

70 XTA=4. 0 
YTA=25.9486 
ZTA=145. 7623 
ANX=-.0714 
ANY=.4687 
ANZ=-.8805 
GO TO 110 

80 XTA=0.0 
YTA=25. 9486 
ZTA=145.7623 
ANX=-.0056 
ANY=.4554 
ANZ=-. 8903 
GO TO 110 

90 XTA=-4.0 
YTA=25.9486 
ZTA=145. 7623 
ANX=.0862 
ANY=.4694 
ANZ=-.8788 
GO TO 110 

100 XTA=-8. 0 
YTA=25.9486 
ZTA=145.7623 
ANX=.0999 
ANY=.4868 
ANZ=-. 8678 

110 ASQ=(ANX*ANX+ANY*ANY)**0.5 
DX=4. 0 
DZ=2. 75 
E1X=ANY/ASQ 
E 1Y=-ANX/ASQ 
E2X=E 1Y*ANZ 
E2Y=-E 1X*ANZ 
E2Z=-ANX*E1Y+E1X*ANY 
DX=DX/FLOAT(IXPTS-1) 
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135 

150 

C 
99999 

DZ=DZ/FLOAT(IYPTS-1) 
AFLX=FLOAT(IXPI'S-1)*(DX/2.) 
AFLY=FLOAT(IYPTS-1)*(DZ/2.) 
XA=XTA+AFLX*E1X+AFLY*E2X 
YA=YTA+AFLX*E1Y+AFLY*E2Y 
ZA=ZTA +AFLY*E 2Z 
AFCOL=FLOAT(NCOL-1)*DX 
AFRO=FLOAT(NR-1)*DZ 
XTA=(XA+AFCOL*(-E1X)+AFRO*(-E2X))*.3048 
YTA=(YA+AFCOL*(-E1Y)+AFRO*(-E2Y))*.3048 
ZTA=(ZA+AFRO*(-E2Z))*.3048 
VMT ( 1 )=ANX 
VMT(2)=ANY 
VMT(3)=ANZ 
RETURN 
WRITE(NOUT,99999) 
STOP 111 

FORMAT(2X,50HSTOP IN USERTS, USER DEFINED TARGET SURFACE ERROR.) 
END 

3. RARE generates the ratio of an element of area on a redirector facet to an 

element of area on the target. 

*DELETE RAREC.20,AAREC.59 
RAREA=5.5*A*20.*(.3048**2)/10. 
RA=(1.+.1 )*( 1.+.1) 
RAREA=RAREA/RA 
RETURN 
END 

4. POWREC integrates the flux-density incident upon each of the 10 redirector 

surfaces. It is necessary to redimension RECOP to accept the 10 redirectors. 

*DELETE POWREC.9,POWREC.35 
DIMENSION RECOP(121,10),HITE(11,11) 
DO 120 ISECT=1,IRECP 
AXEXT=1. 2192 
DX=AXEXT/FLOAT(IXPTS-1) 
DZ=0. 08382 

5. The variables BASK, NWRC, NWRE, and RECOP must be redimensioned in the following 

subroutines to accept the 10 redirector panels: 

*DELETE,FACETC.16 
*YTA,ZTA,NTAG1,XT0,YT0,ZT0,BASK(11,12,10),RECN(3),BASI<M 
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*DELETE,TCIRPC.7 
DIMENSION VFE(3),TV(3),UTV(3),NWRC(10,121),VMT(3),B(3), 

*DELETE,FACETC.13 
COMMON/NWRAYS/NWRC(10,121),NWRE(10,11,11),IBASX,IBASY,RAREA, 

*DELETE,PHIC.27 
*YTA,ZTA,NTAG1,XT0,YT0,ZT0,BASK(11,11,10),RECN(3),BASKM 

*DELETE,C.45 
*YTA,ZTA,NTAG1,XT0,YT0,ZT0,BASK(11,11,10),RECN(3),BASKM 

*DELETE,C.56 
*RECD ( 3 ) , REC OP ( 121 , 10 ) , PDT ( 121 ) , TPDT ( 3, 121 ) , HITE ( 11, 11 ) , 

*DELETE,C.38 
COMMON/NWRAYS/NWRC(10,121),NWRE(10,11,11),IBASX,IBASY,RAREA, 

6. Three DO loops in overlay C must be revised to allow for the 10 redirector 

panels. 

*DELETE,C.74 
DO 30 K=1, 10 

*DELETE,C.79 
DO 70 I 1 =1 , 10 

*DELETE,C.85 
DO 100 11=1,10 
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