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ABSTRACT 

The HELIOS computer code calculates the power concen­

trated by a field of individually guided helios.ta.ts and 

the resulting flux density (watts/cm2) falling upon an 

arbitrary target grid. The problem has individual sub­

routines for each task in order to incorporate options 

for a variety of facet shapes, heliostat designs, field 

layouts, and tower-receiver apertures, and to facili­

tate additions and code improvements. HELIOS evolved 

cqncurrently with the construction of the Solar Thermal 

Test Facility (STTF) at Sandia Laboratories and has 

been used extensively by the STTF engineers to analyze 

questions on safety, pe~formance, deEign trade-offs, 

and tower protection engineering. Comparisons of 

HELIOS results with measurements have given good 

agreement. 

HELIOS calculates the 11 sun position11 and uses it to 

establish alignment geometries. Atmospheric attenua­

tion effects are included. Measured angular-distribu­

tions of incoming photons (sunshapes) and 'effects of 

aureole scattering are incorporated. Nondeterministic 

factors such as sun-tracking errors ~nd facet-surface 

errors are described statistically aLd combined with 

the sunshape by numerical convolutior.~ Shadowing and 

blocking are included. Several output choices are 

available, includin3 graphical display of flux de4sity 

distributions, of s~1.adowing and blocking and. of 

sunshape. 

Some of the modeling in HELIOS ani samples of results 

. will be described. 
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INTRODUCTION 

The computer program HELJOS calculates the power con­

centrated by a field of individually guided heliostats 

and the flux density (W/cm2) falling upon an arbitrary 

target grid. The program evolved over the past two 

years concurrently with the construction of the Solar 

Thermal Test Facility (STTF) at San~a Laboratories in 

Albuquerque, NM. We worked closely vith the STTF 

engineers and as new questions arose, options were 

added to the code to answer them and to present the 

solutions in a convenient form. 

It became clear early in the code development that the· 

priority of questions to be answered changed with time. 

An early priority was performance predictions but soon 

safety analyses took top priority. Later the emphasis 

shifted more to design trade-off studies, then to an 

analysis of calibration and alignment effects and to 

general parameter studies. This required us to adopt 

a philosophy of constructing a usable computer program 

quickly using approximations where necessa~, then to 

improve upon them as the needs were identified. More-

target-grid specifications. 

As HELIOS continued to evolve, there were fewer new 

kQnds of questions to answer and the emphasis shifted 

from adding new capabilities to impro·ling existing ones, 

stre~mlining the code, and documentation work. We are 

still in the latter phases of the project. A users 

guide is now available (Ref. 1) and a report giying the 

development of the nodel is in progress (Ref. 2). Pre­

liminary versions of HELIOS have now been distributed 

to several agencies outside Sandi~ Laboratories. 

The remainder of this report is organized as follows: 

( 1) an overview sumoarizes the import.9.nt functions of 

the model, (2) some ?f the statistical optics are 

_ examined, (3) a more detailed description of the com­

puter code is given emphasizing tne i~put parameters, 

and finally (4) some examples of auxiliary prograos are 

presented. 

MODEL DESCRIPTION 

Figure 1 shows a schematic drawing of a central-recei~ 

solar-collector system emphasizing the important ele-

,over, it w~s necessary to structure the program with ments. Three heliostats are shown on a small hill to 

individual subroutines for each major task to facilitate illustrate that the ground may not be level. There 

the addition of new options for an everchanging variety are, of course, more than three heliostats in the usual 

of facet shapes, heliostat designs, field layouts, and collector f1.eld but these will be adequate t·o illustrate 
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the main ideas of the model including shadowing and 

blocking. 

From the time a photon leaves the sun until it reaches 

the receiver aperture, it is subjected to many effects. 

HELIOS is designed to simulate these effects and to 

determine the consequences of them on the performance 

·or the collector system. We now giYe an overview of 

the model organizing the discussion in roughly the 

order a photon encounters the system. 

We first go through the system to define a few special 

terms, then go back through it desc~ibing effects and 

how HELIOS simulates these effects. The "central ray" 

from the sun originates from the center of the solar 

disk. The "sun position" is the di~ection (azimuth and 

elevation) of the incoming central ray. Each heliostat 

consists of one or more reflecting surfaces called 

"facets" • Figure 1 shows 9 facets for convenience in 

draWing. The heliostat is guided_so that a central ray 

from the sun will reflect from the center of the 

"reference facet" (center facet) to intersect the "aim 

point". The distance from a heliostat reference-facet 

' to the aim point is called the 11 slant range" for that 

h~liostat and the path followed by a reflected central 

ray is called the 11 slant-path" o Th~ facets also· have 

slant-ranges, these may differ slightly_ from the 

corresponding beliostat slant-range. The "target-grid" . 
is a grid of points at which HELIOS calculates the 

2 "flux density" in 1t1atts per em • 

SUN POSITION 

ATMOSPHERE 

Figure 1. A schematic drawing of a central-receiver 
solar-.coJ.lector system showing a three­
heliosta:t portion of the collector field. 

The central ray does not follow a straight path through 

the atmosphere but is curved by rerraction. 

i 
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determines the sun position (actually apparent sun posi­

tion) that corrects for atmospheric refraction. This 

information is subsequently used by the code to help 

establish alignment geometries for the heliostats. 

Photons are incident on the atmosphere, not as a colli-

. mated beam of light but with an angular distribution of 

directions, called the "sunshape", about the central 

ray. The solar disk subtends an angle of approximately 

10 mrad as viewed from the earth. As sunlight traverses 

the atmosphere s~attering (aureole scattering) broadens 

· th·e sunshape. This is especially evident during hazy 

atmospheric conditions. HELIOS uses sunshapes that are 

measured at the collector site. 

As sunlight traverses the atmosphere, it is attenuated 

by absorption and scattering •. Several models of the 

atmosphere are available·to determine insolation at the 

site and to calculate absorption losses along the slant 

paths from each heliostat to the tower receiver. Mea­

sured values of solar insolation can also be used as 

input. 

, Each heliostat is aligned by rotation about two axes. 

The alignment is calculated so that the central ray 

reflecting from the center of the reference facet 

(center facet) will intercept the aim point. Since the 

·alignment rotations may cause displacements of the 

reflecting surface, the alignment calculation is iter­

ated until the calculation is l::·ased. on the correct 

final position of the reflectir~ surface. 

The facets are prealigned with respect to the helio­

stat f.rame to obt9.in. the desired focal properties for 1 

the heliostat. Figure 1 shows 9 facets per heliostat 

for simplicity in drawing; however, zone-A heliostats 
I 

of the STTF have 25 facets. It is, of course, possible 

to have .only one facet per heliostat. A common "pre-

· alignment" option is designated as "on axis" where the 

facets are set so that light incident and reflected 

at a. zero angle of incidence wo~d come to a focus at 

a distance from the heliostat equal to its slant range. 

In this option, ·the total heli9stat surface app~oxi­

mates a paraboloid of revolution as closely as is 

possible by th~ p::-ealignmen·t of facets. Anothe:- op­

tion is obtained by specifying a date and time of day 

from which HELIOS caiculates .an app9.rent sun position 

and then uses it to determine the p.r.-ealignment condi­

tions that will permit· central rays to· reflect from 

the center of each facet to interce~t the aim point at 

the specified time. The prealignme~t information is 

stored and used in subsequent calculations. 

-- ---~---------·---....--~-



Several options are available for specifying facet 

shapes, among these are flat, spherical, paraboloidal, 

and some surface shapes obtained fron stress-analysis 

calculations. If the shape is specified to be para­

boloidal, a focal length equal to the slant range is 

used. In the present stress-analysis options a·facet 

center pull-down distance is used to adjust the focal 

properties of the facet. HELIOS uses an optimization 

routine to find the value of the pull-down parameter 

that maximizes the flux density in the solar image 

projected on the target grid for each facet. 

As shown schematically in Figure 1, a heliostat may be 

partially shadowed from the sun by another heliostat or 

a heliostat may block light that is reflected from 

another one. These effects are calculated by HELIOS 

and options are available to diSplay the results graph~ 

ical.ly. 

The aim point is used for heliostat guidance calcula­

tions. It would usually be placed at the center of the 

receiver aperture for most performance calculations, 
: . :. { . . . 1-' ,_ •. 

but it would be someplace else for purposes of simula-

'ting a standby mode of operation. Separate aim points 

for different heliostats can be ·Specified if desired. 

This would be necessary for some shapes of.receiver 

apertures. Aim points are also used in the pre alignment 

•· 

calculations but these are specified separately from 

those used in the simulation "run-time" calculations. 

The run time consists of a date and time of day which 

is used by HELios·to calculate the corresponding 

apparent sun position which it then uses to determine 

the heliostat alignment geometry. 

The target grid is shown in Figure r to coincide with­

the receiver apertu=e arid centered on the aim point. . 
Although this. is a common arrangement for performance 

calculations, the specification of the target grid is 

independent of the aim point; it can be placed any­

where. It may be positioned on the t·:>wer to simulate 

spillage effects in order to answe! questions on tower-:­

protection engineering. The target grid is ·shown as 

rectangular in FigU.:-e 1, but options .9.re available for . . 
it to be spherical, cyiindrical, or. an arbitrary shape 

to be specified by the user. Currently, the code is 

set up to calculate the flux density (vl/ cm2) at 121 . 

points (on. an 11 by 11 grid) on the target grid. It also 

calculates the radiant power obtained by integrating 

over the target grid: 

When the computer calculates heliostat alignments, it 

does so to machine accuracy whereas t~e sun-tracking· 

mecharlism can guide the heliostats to within some (much -

more course) error tolerancee A similar effect occurs 



in the prealignment of facets.. There are also many 

other nondeterministic factors that degrade the per­

formance of the system.· The facet shapes vary about 

their designed shapes because of maLufacturing toler­

ances, because of temperature effects, and even because 

of changes in gravity loading as the heliostat tracks 

.the sun. Turbulent wind-l0ading ~ay cause the facets 

to vibrate. There is ~ non-specular component to the 

reflection of sun light. These nondeterministic factors 

degrade the average performance of the solar collector. 

It is important to include them in a model that simu­

lates the beh~v.lor of the system. 

HELlOS sub~vides each facet into an integration mesh~ 

It then calculates a contribution to the flux density at 

each of the target grid points from one of these inte­

gration-mesh areas. The program then cycles over the 

integration mesh of the facet to obtain the facet con­

tribution. It cycles over the facets of the· heliostat 

and finally over the heliostats of the field. 

Figure 2 shows one block of the integration mesh within 

a facet. The incident central-ray from the·sun lies 

along vector I. The cone drawn about I depicts the 

angular distribution of incoming sun rays ( sunshape). 

The vector N shows the nominal direction of the normal 

for this element of surface and the cone drawn about N 

N 
I R 

Figure 2. The broadening of the effective sunshape due 
· to uncertainty in the direction of the 

reflecting-surface normal. 

depicts the nondeterministic nature of the direction of 

this surface-normal due to the uncertainties mentioned 

above. If· the surface normal were lmown to lie along H. 

(no uncertainty) then the reflected sunshape would be 

as shown by the dc·tted cone about the reflected central 

ray R. \'7i th uncertainties in the direction of the sur­

face normal, the reflected cone is spread out (eon the 

average) as indicated by the solid cone drawn about R. 

We call this the ''effective sunshapen. The effective 

sunshape is projected onto the target grid to.obtain 

the average contributions to the flux density at eaCh 



of the target-grid points. 
i 
f 
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The distribution of directions of the surf~ce normal is 

mapped into a distribution of directions of reflected 

rays about R and combined numerically with the reflected 

sunshape using the two-dimensional fast Fourier trans­

form to obtain the effective sunsha?e. This character­

izes the distribution·of reflected sun-rays when aver­

aged over time and reflecting surfa·:::e. 

AN ILLUSTRATION 

As an illustration of the use of HE:..IOS, we examine the 

fl.ux-densi ty pattern on the Martin Marietta one Mega­

watt Receiver that is produced by the 78 heliostats·of 

zone A of the STTF •. We also analyze som~ of the factors 

t}?.at cause this flux-density pattern to change with 

time. 

The shadowing projection of Figure 3 is convenient for 

showing the heliostat arrangement. The 78 heliostats 

and the tower are projected onto a plane through the 

base of the tower and perpendicular to the central ray 

from the sun at noon on March 21. This is~ therefore, 

a veiw of the collector field and tower from the south 

at an elevation of 55 degrees. 
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Figure 3. The tower and 78 heliostats-of zone A of the 
STTF. This is a projection on a plane through 

· the base of the tower and perpendicular. to 
the central ray from the sun at noon on March 
21. The xprime axis is horizontal~ 

The 1-m by 1-m receiver aperture on the tower fa·::es 

north·, it is centered at an altitude of 44.5 m above 

the base of the t~Ner, and is inclined downward 20° 

from the vertical. The prealignment of facets is for 

noon of March 21.· This means that the facets are pre­

aligned with respe·:::t to the heliostat frame so that 

central rays from the sun reflect from the center of 

each facet to intercept the aim point while in the geo­

metry of Figure 3, i.e., at noon on ~arch 21. We 

assume an insolation of 800 W/m2 and. a facet reflec­

tivity of 0.8 for this example. 

Figure 4 shows the sunshape (dotted curve), the error 

cone .(dashed curve), and the resultant eff~cti ve sun­

shape (solid curve). A circular-normal erro~-cone of 
I 
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Figure 4. The sunshape (dotted· curve), the error cone 
.(dashed curve) and the effective sunshape 
(solid curve). 

dispersion eq~al to 2 milliradians is used.. The sun­

shape is one that was measured in Albuquerque, NM at 

1 P!v1 on June 25, 1976. 

2 Figure 5 shows nux density ( W/ em ) patterns on the 

receiver aperture. Part a corresponds t.o 8 AM and part 

b to noon~ both are for March 21. The peak flux density 

at noon is about 300 watts/ cm2 ( 3750 suns) and the 

integral of the flux density over the 1-m by 1-m aper- · 

ture is 1.36 MW which corresponds to 1700 suns when 

averaged over the aperture. Thus the average flux 

, density is a little less than half the peak value. At 

8 AM (part a) the peak value of the flux density is 

about 120 watts/cm2 (1500 suns) and the power inter­

c~pted by the aperture is 0.66 MW. This gives an 

(o.) 
IA11 

o.s 

Figure· 5. Flux-density patterns on the 1-m tower 
receiver aperture from the 78 heliostats 
of zone .A of the STI'F on :t-Iarch 21. The 
prealign time is noon of March 21. 

average of 66 Wetts/cm2 (825 suns) over the aperture 

which is a little more than half the peak value. There 

is, therefore, a significant nettening out of the nux. 

density pattern between the noon and the 8 AM results. · 

Let us take a more detailed look at the reasons for the 

differences between these two flux density patterns. 

The total collector area for the zone A field is 

A = (1.22) 2(25) (78) = 2902 m2• If this area were 

normal to the central ray from the sun, it would inter­

cept a power of P = AQ = (2902 m2) (800W/m2) = 2.32 MW 

where Q = 800 W/m2 is the insolation. Of course, the 

area~ is not all perpendicular to the sun's rays but 
i 
I 
I 
! 
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·is effectively reduced by the "cosine effect". Shadow­

ing and blocking together with other factors also con­

:tribute to .losses in the-power collected. It is of 

. interest to use results from HELIOS to compare the 

loss factors corresponding to the tHO flux-density 

patterns of Figure 5. 

The first row of Table 1 gives the ·:!osine-effect loss 

factors for the two run-times. The number in paren­

thesis in the 8 AM column is the ratio of the 8 AM 

va~ue to the corresponding noon-tim= value• Thus the 

· cosine-effect loss-factor at 8 AM is 88% of its value 

at noon. The reflect~d power (neglecting shadowing and 

blocking) is given in the next row. This is the product 

of the· total collector area A= 2902 m2, times the 

insolation ( 8"oo wjm2)' times the reflectivity p = o.8, 

times the cosine-effect loss-factor· from the first row. 

The next row gives the shado~~ng ani blocking loss 

factors, multiplying these by the numbers in the row 

above gives the effective refl~cted power. However, 

not all the effective reflected power is intercepted by 

the receiver-aperture. There is a spillage loss-factor 

which is given in the next to the last row of the table. 

At 8 AM, only 49% of the effectiv~ reflected power 

intercepts the aperture to give a collected power of 

0.66 MW. At noon, 8o% of the effective reflected power 

intercepts the aperture giving a collected power of 

·1.36 MW •. 

Table 1 - Loss factors for performance of the 78 
heliostats of zone A of the STTF with the 
1-m by 1-m Martin Marietta 1 MW receiver 
and using a circular-normal error-cone of 
dispersion equal to 2 milliradians. Pre­
alignment time is noon of March 21. · The 
run times listed below are also for March 
21. Th€ facet reflectivity is p = 0.8 and 
P = ( 2902 m2) ( 800 wjm2) = 2. 32 t-1H. The · 
numbers given in parenthesis in the 8 .AM 
column .are ratios of the loss factor at 
8 AM to its valu~ at noon. 

Run Times 

8 AM Noon 

Cosine-effect loss-factor = 0.84 (0.88) o.g6 
< cos i > 

Reflected power neglecting 
shadowing and blocking 1.56 MW 1.78 MW 
loses = Pp < cos i > 

~ 

Shadowing and blocking 
0.87 (0.91) 0.96 loss-factor 

Effective reflected 
1.36 MW 1.71 MW power 

Spillage loss-factor 0.49 (0.61) 0.80 

Collected power 0.66 MW 1.36 MW 

/ 



Note that the loss factor that changes most between the 

noon and 8 AM run-tim~s is the spillage loss-factor 

(the smallest of the numbers in parenthesis of the 

8 AM column). In order to illustrate how heliostat-size 

astigmatic-aberrations contribute to· the spillage loss 
,..,...J • .-1 

I, a • ,: 

factor, we use some more HELIOS results. 

Consider the flux-density patterns resulting from only 

the four corner facets of heliostat #18 of the zo~e A 

field. This heliostat is in the bottom row of helio­

stats shown in Fi~e 3 and just to the left of the 

shadow of the tower. Figure 6 shows the flux density 

pattern in part a for a run time of 11 AM and in part b 

for a run ~ime of 3 PM. The prealignment of facets 

and the run times in this example are different from 

those used in the previous results but the concepts to 

be illustrated are the same. These four facets are 

assumed to be aligned on-axis (zero angle of incidence). 

This is approximately the situation in part a of 

Figure 6 where the angle of incidence is only 3 degrees. 

The target grid is centered on the lf-artin Marietta 

one-Megawatt receiver-aperture but ~e have enlarged it 

, to 2.5-m in order to show more of tt-e spillage pattern 

and to better illustrate the effect of astigmatic 

aberrations. The 1-m by 1-m receiver aperture would 

occupy a 4-block by 4-block square in the center of the 

target grid s.hown in the figure. 
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Figure 6. Flux-density patterns from the four corner 
facets of heliostat #18. In part a, the run 
time is 11 AM on March 21 and in·part b the 
run time is 3 PM on March 21. The facets 
are prealigned on-axis. 

The heliostat a~ignment in both parts of Figure 6 is 

such that the center facet.would project a solar image 

centered on the ain point (the center ·of the target 

grid here).· If all the facets of· the heli'ostat vere 

used in the calculation; the flux-density pattern in 

part a of Figure 6 would be similar in shape but more 

intense by a facto::- of about 25/4 = 6.25. In part b, 

however, the individual peaks would no longer be 

resolved but a generally smeared out pattern would be 

obtained. 



This illustrates the major reason for the change in the 

spi11age 1oss-factors between the a and b parts of 

Figure 5. Of course, in Figure 5, the flux patterns 

are for the 78 heliostats of zone A of the field. The 

extent of the astigmatic aberrations changes from one 

heliostat to another because of the different geometric 

relationships between each he'!.iostat and its prealign­

ment conditions. HELIOS is designed to facilitate such 

parameter studies as these. 

CODE ORGANIZATION AND INPUT CAPABILITY 

In keeping with the conference objective of providing 

a description of the computer code for specialists 

and potentia1 users, we now concentrate·upon the code 

input as a means of further indicating the capabilities 

of HELIOS. The discussion should convince you that 

use of HELlOS is easy and is reasonable for many types 

of problems. 

The basic flow chart is given in Figure 7. The LOCK 

and NTLOCK parameters allow calculation of the energy 

'flux pattern in two emergency situations, (1) the sun 

continues across the sky after motors have been locked 

by a:power fai1ure, or (2) the sun continues across 

the sky after an emergency caused the motors to slew 

toward the storage position. 

Flrd elevation and azimuthal 
angles for the sun, solar 
Insolation IELAZSI 

Calculate shadowing ard 
blocking factors for each 
heliostal - o·ientation 
Information stored on 
tape 14 I Ov~rlay 2, 0-
program 8 I 

Calculate ~nergy flux at· 
each large! point 

I Overlay 3, G -program C l 

Figure 7.. HELI OS Flow Cha:::::"t 

Program A is further subdivided in Figure 8 where con­

trolling subroutines are identified by parenthesis. 

DATAl sets the def~ult values appropriate for the 

Solar Thermal Test Facility at Sandia Laboratories. 

INDATA accepts all the input variables. This subrou­

tine should be studied by prospective users to ir.crease 



Set default values for 
input variables I OAT All 

Read input for first problem 
sel .. find effective sunshape 
I ltmATA l . 

Fin:l focusing parameters for 
each facet of each helioslat -
store on lape 11 I CPQR l 

Figure 8. Program A 
Flow Chart 

understanding of code capabilities and to identify' 

~ossible errors in input data. 

The HELIOS input data are separated into seven groups: 

problem- and output-type data, sun-parameter data, 

receiv.er data, facet data, heliostat-positioning data, 

time data, and atmospheric data. Each set is charac­

terized by a group number NGRUP. AS each new problem 

is encountered, new data need only be read in for 

groups with data differing from the previous problem. 

Hence, each set of data may be discussed separately 

from the other groups. Each of the data groups is now 

examined briefly with mention of decisions to be made 

for each group. 

Figure 9 gives 'the group 1 input. Do you want print 

out for each facet, or for each heliostat, or only for 

the heliostat' field? Are graphs to be generated? 

Which shadowing· a~d blocking options, are to be used? 

Do you want rapid calculation with less accuracy or 

improved accuracy with extended computer time?- Is a 

new heiiostat distribution to be input or is the STTF 

default distribution. sufficient? Is the propagation 

loss between mirror and receiver to be included? 

NGRUP I INPUT 

FORMAT 

20A4 

8110 

VARIABU:S 
PROBlfM TYPE COMMENT CARD 

NGRUP IPR INT 

END 

Figure 9. Group 1 input flow chart. 

Group 2 data control the effective sunshape •· The 

parameters in Figure lO.determine the sunshape, error 

cone, and effective sunshape. They also ~llow solar 

insolation as an i~put variable.- The ~unsnape may be 

inserted via parocneters or as a table of values. · 

The receiver data are input as group 3 in Figure ll. 

They specify the number of target points, printing 

options, target orientation, target. shape, receiver 

latitude, coordim.tes of the target; center, of the 
; 

: -~· 



NCRUP 2 INPUT 

20M 

8110 

lOX. ElO.Z 

IS 

Zf lO.S 

5f lO.S 

lOX. ElO.Z 

8110 

6FIO.S 

SUN PARAI>'rn:R CCoMM!:NT CARD 

INSOLATION IN W/cm
2
• 

NTABL~50 

XTL II Jl YTLII Jl IJ • 1, NTABL 

'ftS 

't£5 

END 

Figure 10. Group 2 input flow chart. 

I. 

aim point, and of the prealignment point, and effective 

,tower dimensions for shadowing calculations. 

TOWER RECEIVER COMM[NT.CARD 

20A4 

NCRUP NTART NTARST :NVTR 1(10 IVMD 17 ° 

) 8110 • 

ZT PHIL 

EFWT EFWB 
} 21!f to.a.n 

END 

Figure 11. Group 3 input flow chart. 

Figure 12 gives the flow chart for the facet data. 

How many facets are on each heliostat? Are the facets 

circular or square? How many subdivisions of the facet· 

are to be taken along each edge?. What is the-surface 

shape? If a shape .res_ultirig from ·stre~s analysis is to 

.be used, what is the. radius of a stressed ~ng or disk, 

and what is Poisson's ratio for the stress.ed material? 

What is the facet dimension? Reflectivity? Distribu­

tion on the heliostat•i 

The facet distribution on the heliostat is given in 

Figure 13. The U3 axis completes the right handed 

coordinate system. The coordinate of the fac.et centers 

.·~ 

- -------------·------------, .. ------·~~--



NCRUP 4 INPUT 

FACET COMr.'l:NT CARD 

20M 

NSUBF I OPT 

7110 

YES 
2E20.4 

YES 
lOX. FIG.4 fl[N(i • 

YES 
lOX. FID.4 REFUC • 

UHII Ultll UJ(II I• I, NFACET NO 

461!1fl0.4, II 
NGRUPI 
VARIABlE END 

4110 

END 

. Figure 12. Group 4 input fiow chart. 

0Gj~[j 
[jC}3[3[3 

J e3 [23 .. ul 

C3[3~c:l~ 
[:1[3 ~~ 

PLANE PROJECTION OF FACET ARRAY 
ON ONE HEll OST AT 

Figure 13. 

are needed to properly locate each fecet in space·. 

Heliostat parameters are furnished by the group 5 data 

in Figure 14. Heliostat identifying numbers, the 

number of heliostats to be treated, the prealignment 

strategy, and the emergency parameters are all input 

here. If a new heliostat distril:·ution is to be input, 

its x, y, z coordinates are read here along with helio-· 

stat design parameters. These variab1es are shown in 

Figures 15-16. 

The time-data input for group 6 are shown in Figure 17.: 
IIere the calculatio~ times and prealignment time are 

specified. 

Group 7 of the input gives the atmospheric data. The 

variables in Figure 18 specify the model atmosphere 

to be used when solar inso1ation is to be calculated • 

The pressure and temperature variables also have a 

slight effect on the solar refraction. 

The appendix describes general program characteristics,' 

limitations, running time, hardware and software re­

quirements. An early version of the users manual is 

also available for greater detail (Ref. 1). Let us . ; 

assume you are now convinced that HELIOS is easy to 

usee Is it reasonable to use? Wnat ~eal tests of the 

code are available for checking code acctiracy? 

/' 



NCRUP 5 INPUT 

NH[LI 

. 8110 

IN HE ST :S 5591 

HOM IN FEET IF 17 < 0, QTHERWISt M. 

HN~~NH,ll HO~\INH, liHOMINH, 21HOMINH, 31 

NO 

• no. 3f1o.t 

BLANK 

lOX, Fl0.5 Stzy/RV • 

2f10.4 

5F10.4 

PN ON RN 

25UX. 3£18.10. /J 

Figure 14. Group 5 input flow chart. 

END 

N, 'I 

CENltR OF 

N •••••• ./ HEUOSTAT BASE 

l I 
--::+:---;,.'---E. X 

0' E1 
' CENTER OF TOWER BASE 

IIELIOSTAT DEPLOYMENT IN TOWER 
COORDINATE SYSTEM 

Figure 15. Heliostat deployment in Tower 
Coordinate System. x = HDM(NH,l), 
y = HDM(NH,2), z = HDM(NH,3). 

CENTER PORTION OF 
REFLECTING SURFACE 

SAM'LE HELIOSTAT MOUNTING 

Figure 16. Sample heliostat mounting. 
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NGRUP 6 INPUT 

TIM[ COMMErlT CARD 

ZOA4 

4110 

461 SF 10. o\ II 

fiiSFlD.411 

ZF10.5 

END 

NGRUP 7 INPUT 

An"()SPHERIC DATA COMMENT CARD 

ZOA4 

MVIAM 
0 :S M\IIAM :S J 

3110 

YES 

YES 
lOX. FlO.Z. UORW • 

!:NO 
PROBUM INPUT END SIGNAl 

DATA TERMINATION COMMI:NT 

ZOA4 

: ~ -1! 110 

END 

Figure 17. 
Group 6 input 
flow qhart. 

Figure 18. 
Group 7 input 
flow chart 
and end signal. 

HELIOS CHECKS 

Figure 19 summarizes ·the checks of HELIOS to date. 

Several verifications of the shape of the intensity 

pattern for a single mirror were made by LarrJl 

Matthews. Shapes were checked near the saggital and 

tangential focal planes. Shape checks were also made 

for a few facets on a single heliostat in scale model 

experiments (Ref. 3). The shape of the energy flux 

pattern for ~ field of heliostats was yerified by 

John HolJnes. · 

CHECK POINTS FOR HEllOS 

l. Scale model experiments for one heliostat by 
E. A. lgel, G. F. Bolt, R. l. Hughes, April 1m. 

2. MIRVAL q>mp\ier axle comparisons by J. D. Hankins 
-January 1977. 

3. Comparisons w th shape of hole In Iron plate !ly 
John Holmes - Mafl977. 

4. Shape comparl!ons with Image for-med by 80" f,)cal length 
spherical· mlm·r by Larryl Matthews - April 1976. 

5. Comparisons w th Marti n·Marietta data for. one· facet by 
W. Hart and C .. N. ViUitoe ·- Aprlll977. 

Future: · 

l. Comparison wlltl .measur~ments at Georgia I ns~itute 
of Technology by B. G. Levi. 

2: Comparison with measurements at the Solar Thermal 
Test Facility wil.h concurrent measurement of lnddent 
sunshape. · 

Figure 19. Check points for HELIOS. 

/ 



Magnitude and shape comparisons for the energy flux 

from one heliostat were reported by Joe Hankins ~o be 

consistent with his MIRVAL code. Magnitude and shape 
' 

comparisons have also been made with experimenta~ data 

collected by Martin Marietta for one facet. These data 

are given in Figures 20-21. Uncertainty in the sun­

shape and in the time of data collection suggest the 

agreement can be improved with more ·::omplete informa­

tion. The sunshape used in the calculation is given 

in Figure 4.· A larger error cone should improve the 

consistency shown·here. 

THE SHADOWING ·AND BLOCKING 

One of the HELIOS options which is sometimes useful is 

the comJ;)uter drawn plots indicating the extent of 

shadowing and blocking. The shadowing is illustrated 

by projecting the corners of each heliostat onto a 

plane through the tower base, orthogonal to the sun's 

central ray. An example was given in Figure 3. The 

blocking is given in Figure 22 as the projection of 

the corners of each heliostat onto a unit sphere with 

its origin at the center of the target aperture. The 

bar graphs at the bottom-left indicate the effective 
; 

facet area (m2) before and.after shadowing and block-

ing. other bar graphs give the power intercepted by 

the heliostats and the power incident upon the target 

ape~ure (in units ~f 1o5 w). 

oe 
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Figure 20. Energy flux· comparison with Martin Marietta 
data.collected on Nove~er 23, 1976. 
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Figure 21. Energy flux comparison with Martin 
Marietta data collected on September 28, 
1976o 

March 21 Clhar a 0·0011' 

~,. 
H H ... IH liN~ 

Jatnnrtd '""' 1 

Figure 22. Blocking diagram. 
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APPENDIX l. HELIOS CODE SUMMARY 

HELIOS purpose: The code was developed to evaluate pro­

posed designs for central receiver sc·lar energy collec­

tor systems, to perform safety calculations on the 

threat to personnel and to the facility itself, to de­

termine how various input parameters alter the power 

collected,and to evaluate possible design trade~offs. 

HELIOS structure: The code is designed with numerous 

subroutines for treating individual effects. This 

HELIOS input: Input variables include atmospheric 

variables; sunshape parameters; coordinates for helio• : 

stat bases relative to the tower; heliostat design 
! 

parameters, reflector shape information; data describ- · 

ing the uncertainty resulting· from surface errors, 

suntracking errors, non-spectral reflection, and wind 

loading; focusing and alignment strategy; aim point 

coordinates; receiver design; calculation time; para­

meters indicating effects to be includ~d; and the 

chosen output options. 

HELIOS output: Three output options are available. 

The first gives the flux density (v1/cm2) produced by 

all the heliostats at the grid of target points. The 

structure facilitates additions that have been necessary power intercepted by the mirrors and that incident 

as special requirements appeared or as improvements 

became necessary. The additions also resulted in 

non-optimum code design which will likely remain for 

some time as effort remains concentrated upon addi-

__ tional options. 

Mathematical method: The method for evaluating flux 

density is basically the cone-optics approach·. Reflec­

'tor surfaces are divided into small segments that are 

treated as infinitesimal mirrors that reflect a solar 

image onto the target surface. 

upon the target are given. The facet area reduce~ by 

the angle of incideLce effect and the area further 

reduced by shadowing and blocking effects are given. 

These data are giveL for each designated calculation 

time. 

The second output o~tion yields the above output · 

variables for each heliostat in addition to the total. 

The loss factor caused by light propagation between 

facet and receiver is also given for each heliostat. 

-------.~~!~·~r..·,.~~~·-~--~-·----------..,...,....-.,...._.,...­.. 



'J!le tMrd 0'\rt.pm. apt.iant is still more com:plex.. It is 

espe·d.ally ue·hl 'for deta:::ii.leci examination o:f resul.ts 

for checking prior to a large computer run. It 

includes _facet and heliostat alignment information, 

sun orientation, target point alignment information, 

and detailed shadowing and blocking information includ­

ing lists of the blocked (shadowed) and.blocking 

{shadowing) heliostats. 

. All the output options include (1) a table describing 

the built-in model of atmospheric mass as a function of 

apparent elevation angle of the sun, (2) a table 

describing the built-in model of atmospheric refraction 

as a function of solar elevation angle, (3) brief 

descriptions of the input data groups, ( 4) tabular 

distributions of the sunshape, the error cone, and the 

effective sunshape, (5) tower coordin~tes of each 

target point and the components of the unit vector 

normal to the target surface at each ?oint in the grid, 

and (6) a listing of the main problem parameters. As 

·a special ou~put option, the three components of the · 

energy flux density are available at each target point 

in the grid. 

Present HELIOS limitations: 

1 ~ number of heliostats ~ 559 
1 ~ number of facets/heliost·at ~ 25 

1 ~ number of target points ~ 121 

RE'.LATED COJD'ES: 

BLOSH - movie generation for shacl:>Wing and blocking 

CDC-7600 15 s/frame for ~lot tape generation 

for moderate shadowing and blocking. About 50 

s/frame for 222 heliostat.:; in. zones A-B o~ the. 

Solar Thermal Test Facility for 4-5 PM on 

December 21. 

CDC-6600 7 s/frame for post processing to 

obtain tape for microfiche generation of the 

DX446o microfilm system. 

PLO - plotting program for flux density distribution, 

shadowing aLd blocking diegraos, sunshape 

distributioL, etc. 

Running time: The required running time is highly 

dependent upon input options. It is dominated by the 

flux density calculation except at very late or early 

times when shadowing and blocking may be extensive·. 

On CDC-7600 with perfect-focus option, the flux 

density calculation requires "'14.:4 ms per facet for 

121 target points. Zones A-B and A-C-D-E (222 helio­

stats) of the Solar Thermal Test Facility require 11 

to 18 s for shadowing and blocking: calculations as 

those effects reduce~ the effective mirror area by 

factors 0.99 to 0.81. Typical CDC 7600 run time for 



222 heliostats with 25 facets/heliostat and 121 target 

points is 120 s including generation of the plot tape. 
. 2 

These times should be multiplied by ~ n if the facets 

are divided into a n x n mesh for more precise inte­

gration. 

Computer hardware requirements: HELIOS is operational 

on the Sandia Laboratories CDC 6600 computer operating 

under Scope 3.3. The code requires 142,000 octal · 

storage which may be reduced to 77,000 octal locations 

after the few seconds required for effective sunsbape 

calculation. HELIOS is also operati,::mal on the Sandia 

Laboratories CDC 7600 under Scope 2.1 •. 

Some auxiliary equipment are necessary. Printer -

required; microfiche output - useful; punch - necessary 

for some options; auxiliary storage - necessary·for 

recall of data temporarily on magnetic tape (disk). 

Computer software requirements: The coding language 

"is FORTRAN extended- version 4. Required subroutines 

from the Sandia Laboratories library that are not 

distributed by the computer manufacturer are:. 

.FOURT - fast Fourier Transfo~ 

MINA find minimum of a function 

QNC7 - integration routine ~H.lth checking routines 

ERRCHK, ONECHK, · ERRPRT, EIDCSET, and ERRGET. 

SAXB - solve systen of real linear algebraic equations 

with checking routines RFBS, 3ULD, and ERSTGT. 

These routines are included on HELIOS program tapes. 

The routines are mentioned in the following reference. 

R. E. Jones and c. B. Bailey, ~rief Instruc­

tions for Using MATHLIB (Version 6.0), SanCia 

Laboratories Report SAND-75-0545, February 

1976. 

For CDC 6600 use, c·ne other supplementary routine is 

available. The REOOCE subroutine allows reduction of 

the core storage by deletion of blank common that is 

no longer needed. REDUCE is written in COMPASS 

assembly language. 

HELIOS status: The code is operational on CDC 6600 and 

CDC 7600 computers. Its eyolution is still in progress. 

Developer/Sponsor: 

C. N. Vittitoe 
F. Biggs 
R. E. Lighthill 
Theoretical Divisi~ 5231 
Sandia Laboratories 
Alb., New Mexico 87115 

Central Receiver 
Systems Branch 
Di v. of Solar Energy 
Energy Research and Dev. 
Administration 
Washington, D.C. 20545 

Documentation: C. N. Vittitoe, F. Biggs, and R. E. 

Lighthill, HELIOS: A Computer Program for Modeling 

the Solar Thermal Test Facility, A Us·ers Guide, Sandia: 

! 



Laboratories Report SAND-76-0346; March 1977, Second 

edition June 1977. 

F. Biggs and c. N. Vittitoe, A Computational Model for 

Solar Concentrators, Sandia Laboratories Report 

S~76-0347, to be published. 

Availability: HELIOS is available from the developers 

after the potential user obtains approval by the 

sponsor. 

Date: HEiJ:os became operational in .April 1976~ The 

present version of the code was formed in August 1977. 
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