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ABSTRACT 

DELSOLZ i s  a rev ised  and subs tan t ia l l y  extended version o f  the DELSOL 
computer program (SAND79-8215) f o r  ca l  cu l  a t i  ng co l  1 ec tor  f i e l  d performance 
and layout, and optimal system design f o r  so lar  thermal cent ra l  rece iver  
p lants.  The code cons is ts  o f  a de ta i led  model o f  the op t i ca l  performance, a 
simp1 er  model o f  the non-optical performance, an a1 gor i  thm f o r  f i e l  d 1 ayout, 
and a searching algor i thm t o  f i n d  the best  system design. The l a t t e r  two 
features are  coupled t o  a cos t  model o f  cent ra l  rece iver  components and an 
economic model f o r  ca l cu la t i ng  energy costs. The code can handle f l a t ,  
focused and/or canted he1 ios ta ts ,  and external  cy l  i ndr ica l  , mu1 t i -aper tu re  
cav i ty ,  and f l a t  p l a t e  receivers. The program optimizes the tower height, 
rece iver  size, f i e l d  layout, h e l i o s t a t  spacings, and tower pos i t i on  a t  user 
spec i f i ed  power l eve l s  subject  t o  f l u x  l i m i t s  on the rece iver  and land  con- 
s t r a i  n ts '  f o r  f i e l  d 1 ayout. The advantages o f  speed and accuracy charac- 
t e r i s t i c  o f  Version I are maintained i n  DELSOLZ. 
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A USER'S MANUAL FOR DELSOL2 

I. Introduction 

In central receiver systems, a large number of individually tracking 
mirrors, called heliostats, are used to concentrate sunlight on a receiver a t  
the t o p  of a tower. These systems have the potential t o  deliver thermal 
energy over a wide range of power levels and temperatures. Applications 
include centr,al station electric power generation, industrial process heat and 
production of fuels and chemicals. Analytical techniques are required because 
i t  i s  impractical t o  investigate experimentally the wide ranges of design and 
appl ication a1 ternati ves for central receivers. Furthermore, the analysis 
must be computer based because of: 1) the large number (i.e., thousands) of 
heliostats i n  many single system desi'gns; 2 )  the strong time dependence of 
system performance due to the motion of the sun; and 3) the large number of 
options which have to be considered i n  optimal design. The DELSOL computer 
program was generated t o  f i l l  the need for an accurate, b u t  fast,  easy to 'use 
and documented code for performance and design applications. Version I ,  which 
analyzed 1 arge power electric appl ications, was re1 eased in August 1978. 
The present Version I1 improves and extends the capabilities of Version I. 
Version I1 can handle both large and small power systems for electricity and 
process heat applications. The code consists of a detailed model of the 
optical performance, a simpler model of the non-optical performance, an 
algorithm for field layout, and a searching algorithm t o  find the best system 
design. The latter two features are coupled t o  a cost model of central 
receiver components and an. economic model for. calculating energy costs. 

Figure 1-1 indicates schematically how the components of DELSOL are 
used in the two general classes of application. ' In ( A ) ,  the complete system 
design (which may have been previously optimized by DELSOL) i s  specified by 
the user and the code cal cul ates the performance. Typical appl ications 
include design point evaluation and analysis of experiments a t  tes t  facilities. 
In (B), the heliostat design, the range of system variables t o  be optimized, 
and the design constraints are specified by the user and the code calculates 
optimal designs for a range of power levels. Typical applications include 
system optimization and component design tradeoff studies. 

As an optical performance t o o l ,  DELSOL simulates the effects of cosine, 
shadowing, blocking, atmospheric attenuation, spi 11 age, and f l u x  profi 1 es. 
The code has several special features. First, the running time for a single 
performance calculation i s  much less t h a n  for other codes, such as MIRVAL 
(ref. 11, b u t  with the same accuracy for most problems. Second, because of 
the analytical form of the spillage and f l u x ,  one annual performance calcula- 
tion determines the performance for any tower height or receiver size. Other 
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F i e l d  l a y o u t  
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- Power Levels 

. .  F lux,  l a n d  c o n s t r a i n t s  

F igure  1-1. Two General Types o f  App l i ca t i ons  o f  DELSOL 



codes must per form a  new c a l c u l a t i o n  every t ime the  system i s  varied. 
DELSOL, there fore ,  has a  very s i g n i f i c a n t  advantage i n  the  running t ime 
r e q u i r e d  f o r  t he  l a r g e  number o f  performance c a l c u l a t i o n s  necessary i n  design 
t r a d e o f f  and op t im iza t i on  studies. Third, DELSOL conta ins a  very d e t a i l e d  
d e s c r i p t i o n  o f  the  types o f  e r r o r s  t h a t  can degrade the  performance o f  
h e l i o s t a t s .  F i n a l l y ,  DELSOL i s  r e l a t i v e l y  easy t o  use. With minimal input ,  
systems i nvol v i  ng f 1  a t ,  focused, o r  canted he1 i o s t a t s  w i t h  round or  rectangul  a r  
shapes, ex terna l ,  mu1 t i p l  e aper ture  cav i t y ,  o r  mu1 t i p l  e  f l a t  p l  a te  rece ivers ,  
and v a r i a b l e  aiming s t r a t e g i e s  can be analyzed. 

As a  system design t o o l ,  DELSOL determines t h e  best  combination o f  f i e l d  
1  ayout, he1 i o s t a t  density,  tower height ,  rece ive r  s i z e  and tower p o s i t i o n  
(1  and const ra ined system) based on t h e  performance, t o t a l  p l a n t  c a p i t a l  cost,  
and system energy cost.  I n  t h i s  mode, t h e  code can be used t o  de f ine  values 
of t h e  key design parameters on which a  d e t a i l e d  design can be based. The 
need f o r  manually doing a  succession o f  p o i n t  designs i n  the  order t o  i d e n t i f y  
an optimum i s  e l iminated.  The opt imal design i s  evaluated by searching 
over a  range o f  tower he ights  and two components o f  t he  rece ive r  dimension 
(e.g., diameter and h e i g h t  o f  an ex terna l  r e c e i v e r )  a t  t h e  design p o i n t  power 
l e v e l  ( s )  &to f i n d  the  system w i t h  the  minimum energy cost.  The code i s  a1 so 
capable o f  doing constra ined op t im iza t i ons  i n  which the  peak f l u x  on the  
r e c e i v e r  i s  r e s t r i c t e d  below some maximum value and/or l a n d  a v a i l a b i l i t y  i s  
1  i m i  ted. 

The development o f  DELSOL fo l lowed t h a t  o f  Sandia's other  two cen t ra l  
r e c e i v e r  performance codes, MIRVAL and HELIOS ( re fs .  1,2 ) .  The e a r l  i e r  codes 
have been used t o  v a l i d a t e  the  theory and programming i n  DELSOL. The agreement 
i n  performance p r e d i c t i o n s  among the  th ree codes i s  discussed i n  Sect ion V I I .  
While any one o f  the  codes can, i n  p r i n c i p l e ,  do the  same k inds  o f  problems, 
they have been developed w i t h  d i f f e r e n t  purposes i n  mind and thus do n o t  
g r e a t l y  over lap  i n  use. HELIOS i s  s p e c i a l l y  adapted f o r  analyz ing experiments 
a t  Sandia's Centra l  Receiver Test  F a c i l i t y .  MIRVAL employs a  Monte Car lo  r a y  
t r a c e  technique, g i v i n g  i t  the  p o t e n t i a l  t o  analyze very complex, b u t  we l l  
def ined systems. DELSOL has been developed w i t h  speed i n  mind; hence i t  
t y p i c a l l y  r e q u i r e s  much l e s s  computer t ime f o r  performance ca lcu la t i on ,  and i t  
can a l s o  r e a d i l y  handle t h e  m u l t i p l e  performance c a l c u l a t i o n s  requ i red  f o r  
system design and opt imiza t ion .  

DELSOL i s  based i n  p a r t  on the  performance/design approaches developed a t  
t h e  U n i v e r s i t y  o f  Houston ( re fs .  3,4), b u t  w i t h  many important  addi t ions.  
The mathematical bas is  i s  an a n a l y t i c a l  Hermi t e  polynomi a1 expansion/convol u- 
t i o n  o f  moments method f o r  p r e d i c t i n g  t h e  images from h e l i o s t a t s  ( r e f .  3). 
The method has been extended a t  Sandia t o  a l l ow  a  more general representa t ion  
o f  h e l i o s t a t  e r r o r s  and t o  incorpora te  a n a l y t i c a l  sca l i ng  o f  t he  images as the  
tower h e i g h t  i s  va r ied  ( re f .  5). DELSOL a lso  employs a  method f o r  op t im iz ing  
h e l i o s t a t  d e n s i t i e s  s i m i l a r  t o  the  Houston approach ( r e f .  4). The primary 
d i f f e r e n c e  i n  t h e  two codes i s  i n  t h e i r  des ign/opt imiza t ion  c a p a b i l i t i e s .  ' The 
Houston approach considers on ly  one tower h e i g h t  and rece ive r  s i ze  a t  a  time. 
These va r iab les  must be opt imized by manually re runn ing the  Houston codes 
u n t i l  an optimum i s  located. I n  cont ras t ,  DELSOL automat ica l ly  opt imizes t h e  
tower h e i g h t  and rece ive r  dimension ( s ) ,  saving considerable user and computer 
time. (The user i s  cautioned, however, t o  prov ide  h i s  own values f o r  t h e  
appropr ia te  i n p u t  va r iab les  i f  h i s  system o f  i n t e r e s t  d i f f e r s  s i g n i f i c a n t l y  i n  
s i z e  or  costlperformance from t h e  d e f a u l t  system desc r ip t i on  i n  the  code.) 





I I . Probl em Geometry 

I 1  .A. Coordinate Systems and Anqles 

The geometry used i n  the ca lcu la t ions  i s  shown i n  Figures 11-1 and 11-2. 
Polar (zen i th )  angles are measured from vert9cal  . Azimuthal angles are 
measured clockwise from the south. There are four basic vectors 2nd coordinate 
systems: i ,  from the h e l i o s t a t  center t o  the center o f  the sun; n, 
d i rec ted  along the h e l i o s t a t  normal ; 2, the r e f l e c t e d  vector from the 
h e l i o s t a t  center t o  the aim p o i n t  on the receiver;  and F, the outward 
surface normal o f  the receiver.  

The o r i en ta t i on  o f  the he l i os ta t s  i s  determined by Sne l l ' s  law: the 
angle o f  incidence equals the angle o f  r e f l ec t i on ,  i .e., 

Solv ing f o r  fi and gives 

, ,The f i v e  car tes ian coordinate systems are l i s t e d  i n  Table I I A - I .  The 
( i t , j t )  plane of the r e f l e c t i o n  normal system i s  given the special name 
"image p l  ane." 

1I.B. Zoning 

I n  design opt imizat ion runs, DELSOL does no t  consider ind iv idua l  l y  each 
o f  the thousands o f  he l i os ta t s  requ i red i n  la rge  systems. Instead, the code 
ca lcu la tes the performance a t  a se t  o f  f i e l d  points. It i s  assumed t h a t  each 
f i e l d  p o i n t  represents the average performance i n  a surrounding zone o f  
he l ios ta ts .  For runs i n  which only the performance i s  calculated, the f i e l d  
can be described w i t h  the zoning approximation, o r  the coordinates o f  each 
i nd i v i dua l  he1 i o s t a t  can be defined. 

1I.B-1. Zoning Options--There are two options f o r  zoning: 1)  zoning 
t h a t  compl e te l y  surrounds the tower and ' can be used w i  t h  any rece iver  ( INQRTH=O ) ; 
and 2); f i n e r  zoning o f  the area nor th  o f  the tower which can be used - only w i t h  
a s ing le  north '  fac ing cav i t y  or  f l  a t  p l a t e  rece iver  ( INgRTH=l). 

a)  Surround F i e l d  (IN0RTH=O) 

The f i e l d  po in ts  are located on a regu la r l y  spaced radial-azimuthal 
g r i d  surrounding the tower as shown i n  Figure 11-3. There are NRAD values, o f  
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Figure 11-1. Coordinate Systems for Fie1 d Performance Calculations 



Figure 11-2. Angles Associated w i t h  Sun, Mir ro r  Normal, 
Ref lect ion ,  and Receiver Normal Vectors 



TABLE I 1  .A-1 
COORDINATE SYSTEMS 

Name 

Ground 
Based 

M i r ro r  
Normal 

Sun 
Normal 

Ref1 ec t ion  
Normal 

Receiver 
Normal 

Uni t Vector 

xn I Horizontal,  i n  p l  ane o f  m i r r o r  

Val ue 

X~ 

Yg 

V e r t i c a l l y  upward when normal i s  
hor izonta l ,  i n  plane o f  m i r r o r  

M i r ro r  normal 

D e f i n i t i o n  o f  Or ienta t ion .- 

Due south 

Due west 

Ver t i ca l  , upward 

1 Ver t i ca l  a t  sunset 

Towards sun 

z  I Towards tower 

- .  . 

x 

Y 

I Hor izontal ,  tangent t o  rece iver  
surface 

Hor izontal  

llpward 

Upward, tangent t o  rece iver  surface 

I zr I Outward normal o f  rece i  ver su r f  ace 



1-1 RADMIN'THT I 

ZONE 

FlEL 

Figure 11-3. Surround F i e l d  (IN@RTH=O). F i e l d  Point  ( x ' s )  and F i e l d  
Zone Boundaries (So l id  Lines) for  NRAD = 6,  NAZM = 12. 
F i  e l  d azimuthal angl e determi ned from c l  ockwi se r o t a t i  on 
from north. 



the rad ius  from a minimum of RADMIN t o  a maximum o f  RADMAX (RADMIN and RADMAX 
i n  normalized u n i t s  o f  tower height) .  There are NAZM values of.  the azimuthal 
angle w i t h  the f i r s t  azimuthal value being due North. The t o t a l  number o f  
f i e l d  po in ts  (and therefore, zones) i s  NRAD * NAZM. Observe t ha t  the  f i e l d  
p o i n t  i s  i n '  the center of the zone except a t  the inner and outer  r a d i a l  
boundaries where i t  i s  a t  the boundary. 

He1 i o s t a t s  are located by specifying the value o f  the rad ius and the 
azimuthal angle o f  the tower yector t. +t = 0 corresponds t o  a h e l i o s t a t  
due North o f  the tower whose t po in ts  due South. S im i la r l y ,  

Angle +t Locat i  on 

8 ' 

b) North Fie1 d ' (  INBRTH=~ 

This opt ion can be used on1 w i t h  a s ing le  nor th  fac ing cavi t.y or  f l a t  
p l a t e  receiver.  ( I n  Namelist T E  , IREC>O, NUMCAV=l, RAZM( 1 )=180.0.) The 
f i e l d  po in ts  are 1 ocated on a regul  a r l y  spaced r a d i a l  -azimuthal g r i d  1 ocated 
north o f  the eower, as i l l u s t r a t e d  i n  Figure 11-4. I n  addi t ion,  a "dummy" s e t  
o f  zones w i t h  f i e l  d po in ts  due south o f  the tower i s  ca r r i ed  a1 ong. These 
souther ly zones do not  a f f e c t  the ca lcu la t ions because they are automat ica l ly  
assigned zero i n te r cep t  w i t h  north- facing receivers. The r a d i a l  zoning i s  the 
same as t h a t  for  the surround f i e l d  (INQRTH=O). The azimuthal zones u t i l i z e d  
are NAZM-1 i n  number and extend + AMAXN degrees about the N-S axis. The 
de fau l t  values produce 11 azimutFal zones each spanning 15" i n  the nor th  p a r t  
o f  the f i e l  d. This gives ha1 f o f  the minimum 30° segment obtained when 
IN0RTH=O. Defaul t val  ues are: 

1I.B-2. F i e l d  Options--The user has several opt ions f o r  the f i e l d  
performance ca l cu la t i on  according t o  h i s  choice o f  the parameter IUSERF i n  
the FIELD namelist: 



Figure 11-4. North-only Fie1 d ( INgRTH=l). 
F i e l d  Points ( x ' s )  and F i e l d  Zone Boundaries (So l id  
Lines) for NRAD=6, NAZM=6, AMAXN=75. I n  actual 
problems, a larger  NAZM and NRAD would probably 
be used. 



a) IUSERF = 0  

The user spec i f i es  RADMIN, RADMAX, NRAD, NAZM and INQRTH. No f i e l d  
boundaries are provided w i t h  t h i s  option. The code ca lcu la tes and repor ts  
only the zone by zone performance far- the symmetric g r i d  iler'ir~erl by the f i v e  
i npu t  var iab les  above. Average f i e l d  performance i s  meaningless i n  t h i s  case 
and therefore  no t  calculated.. This opt ion must be used f o r - a  f i e 1  d  bui ldup 
and opt imizat ion run (described i n  Section V). 

b) IUSERF = 1 

The code defined nor th  biased surround f i e l d  o f  Figure 11-5 i s  used. 
User spec i f i ca t ions  o f  other f i e l d  var iab les  are ignored. The layou t  i s  
typica ' l  o f  f i e l d s  requ i red f o r  la rger  i n d u s t r i a l  or e l e c t r i c a l  power p lan ts  
( > - 250 MWth or 100 MWe; r e f .  6). f i e l  d  averaged performance i s  ca l  cu l  ated 
and reported. This opt ion i s  not  t o  be chosen f o r  a  design and op t im iza t ion  
run. 

c )  IUSERF = 2 

This .opt ion al lows the user t o  define a  f i e l d  zone by zone. To spec i fy  
such a  f i e l d ,  the fo l lowing var iables must be defined: (1) RADMIN, RADMAX, 
NRAD, NAZM, INQRTH, and AMAXN ( a l l  described above) t o  se t  up the zoning; 
and (2 )  NRADMN, NRADMX, DENSIT, AZMSEP, and FLAND (described be1 ow) t o  
character ize the f i e l d  zone by zone. The user can always i npu t  t h i s  in format ion 
on Namelist FIELD. I n  addi t ion,  i f  the user desires t o  do a  performance 
ca l cu la t i on  on a system optimized by DELSOL, two simpler methods o f  f i e l d  
i npu t  are available.. F i r s t ,  the code w i l l  automat ical ly  ca r r y  out  a  performance 
ca l cu la t i on  a f t e r  a  system opt imizat ion i f  IRERUN-1 i n  Namelist gPT6 A l l  o f  
the above var iables w i l l  be se t  automat ical ly  by DELSOL (see Section VI-2). 
Second, the r e s u l t s  o f  an opt imizat ion run  can be w r i t t e n  on a 's torage device 
(e.g., magnetic tape) by se t t i ng  IQTAPE=l i n  Namelist VPT. A t  a  l a t e r  
time a l l  o f  the above var iables can be read o f f  t h i s  tape by s e t t i n g  ITAPE=2 
on Namelist BASIC (see Section VI-2). 

For the L t h  azimuthal zone (L=l,NAZM) a l l  r a d i a l  zones are occupied from 
the minimum r a d i a l  zone number, NRADMN(L), through the maximum r a d i a l  zone 
number, NRADMX(L). I f  no zones are occupied i n  the L t h  azimuthal zone, then 
NRADMN(L )=NRADMX(L )=0. The r a d i a l  /azimuthal zone boundaries may n o t  exac t l y  
match the boundaries o f  the user 's  f i e l d .  The FLAND array can be used t o  
t r i m  the DELSOL zoning. I f  there i s  a  land cons t ra in t  (see Section 1I.B-4), 
FLAND w i l l  be ca lcu la ted automat ical ly  by DELSOL. I n  the absence o f  a  land  
const ra in t ,  the user may speci fy FLAND. For the (K,L) zone, FLAND(K,L) i s  the 
f r a c t i o n  o f  the land area i n  the (K,L) zone t h a t  i s  occupied by the h e l i o s t a t  
f i e l d .  I f  the whole zone i s  occupied, FLAND(K,L)=l.O; i f  h a l f  the zone i s  
occupied, FLAND(K,L)=.5, etc. Fie1 d  averaged performance i s  ca lcu l  ated and 
reported. This opt ion cannot be used f o r  a  design and opt imizat ion run. 



Figure 11-5. Code Defined F i e l d  (IUSERF = 1 ) .  RADMIN = 0.80; 
RADMAX = 7.15; NAZM = 12; NRAD = 11. L e t t i n g  I = 1, 
NAZM, boundaries a re  def ined as fol lows: 

I - NRADMN ( I ) NRADMX ( I ) 



This opt ion al lows the user t o  speci fy the x and y (east  and nor th)  
coordinates o f  the base o f  every h e l i o s t a t  r e l a t i v e  t o  the tower base. For 
the performance a t ' a  s ing le  time (IPRQB=E, Namelist BASIC), an asymmetrical 
h e l i o s t a t  . f i e l d  can be used. However, i n  order t o  ca lcu la te  d a i l y  o r  annual 
performances the f i e l d  must be symmetric about the N-S axis. 

A special convention i s  used t o  group and number the he1 ios ta ts .  The 
he l i os ta t s  are grouped i n t o  "rowsn as i l l u s t r a t e d  i n  Figure 11-6. I n  a f i e l d  
t h a t  surrounds the rece iver  the rows w i l l  usual l y  be completely or  p a r t i a l l y  
f i l l e d  c i r c l es .  I n  a north-only f i e l d  the rows w i l l  be arcs o r  l ines.  The 
rows do no t  in tersect .  The rows are numbered s t a r t i n g  w i t h  the row nearest 
the tower and proceeding outward. Wi th in  each row the he l i os ta t s  are numbered 
s t a r t i n g  w i t h  the he1 i o s t a t  on the N/S 1 i n e  or j u s t  east  o f  the N/S 1 ine. The 
numbering increases i n  a clockwise manner around the tower. Note t h a t  f o r  a 
1 i n e  o r  arc o f  he l i os ta t s  (see row 4 i n  Figure IV-6) the number s t a r t s  i n  the 
middle, proceeds t o  the eastern edge, goes t o  the western edge and then heads 
t o  the middle again. The code considers the shading and blocking by only 
those he l i os ta t s  w i t h i n  - + two rows o f  the row i n  which the h e l i o s t a t  o f  
i n t e r e s t  i s  1 ocated. 

Concerning the choice o f  NRAD and NAZM, the la rger  each i s ,  the greater 
the number o f  zones, and hence, the greater the accuracy. The cost  i s  increased 
computing time. The running time i s  approximately l i n e a r  w i t h  the number o f  
tones wh i le  the increase i n  accuracy w i t h  ,number o f  zones fo l lows a ,"law o f  
dimi n i  shi ng returns." The de fau l t  values o f f e r  a good compromise: 

NRAD = 12 . INQRTH = 0 

NAZM = 12 AMAXN = 82.5 

The d e f a u l t  f i e l d  opt ion i s  the f i r s t  one, and the de fau l t  f i e l d  1 i m i  t s  
encompass most designs: 

IUSERF = O 

RADMAX = 7.5 - .  

1I.B-3. Rotat ing Fields--DELSOL can analyze cen t ra l  rece iver  systems 
t h a t  r o t a t e  .(IRQTFLfO). The r o t a t i o n  i s  synchronous w i t h  the azimuthal motion 
o f  the sun. An observer r o t a t i n g  w i t h  the f i e l d  w i l l  only see the sun move 
v e r t i c a l l y  i n  one dimension. There i s  no apparent azimuthal motion o f  the 
sun. DELSOL a lso assumes t h a t  the rece iver  i s  i n  synchronous ro ta t i on .  When 
using r o t a t i n g  f i e l ds ,  the azimuthal angle o f  the sun (when viewed from the  , 

f i e l d )  always appears t o  be due south. (Note: I n  opt imiz ing r o t a t i n g  f i e l d  
systems, DELSOL does not  inc lude the cos t  o f  the ex t ra  1 and requ i red  t o  a1 low 
the f i e l d  t o  rotate.)  



Row 1: Hel iostats  1- 8 
2 9-16 
3 17-20 
4 21-28 

Figure 11-6. Schematic Diagram o f  Hel iostat  Numbering and 
"Rows" i n  an Individual  He l ios ta t  F i e l d  
(IUSERF=3, Name1 i s t  FIELD) 



I f..B-4. Land Constrained He1 i o s t a t  Fie1 d--DELSOL a1 low4 the user t o  
subject  the h e l i o s t a t  f i e l d  ( n o t  inc lud ing  the tower) t o  an e x i s t i n g  land  
constraint-. I f  NLAND>O (Namel i s t  FIELD for performance cal  cu l  ation;; Namel i s t  
0PT f o r  design opt imizat ions),  then a l l  he l i os ta t s  must be w i t h i n  one of NLAND 
user def ined rectangles. The rectangles can have a r b i t r a r y  size, displacement 
and o r i en ta t i on  and may o r  may no t  overlap, as i l l u s t r a t e d  i n  Figure 11-7. 
The center o f  the I t h  rec tang le  i s  CLE( I ) meters east  and CLN( I )  meters nor th  
o f  the f i r s t  rectangle; therefore, CLE(l)=CLN(l)=O. ALP(1) i s  the angle, i n  
degrees, t h a t  the sides o f  the I t h  rectangle are r o t a t e d  from the N-S and E-W 
axes. ALP(1) i s  pos i t f ve  f o r  a clockwise r o t a t i o n  viewed from above. SLNS(1) 
and SLEW(1) are the length, i n  nleters, o f  the sides o f  the I t h  rectangle, 
which, p r i o r  t o  r o t a t i o n  by ALP(I), were p a r a l l e l  t o  the N-S and E-W axes, 
respect ively.  

I n  a 1 and constrained f i e 1  d i t  i s  necessary t o  spec i fy  the l oca t i on  o f  
the tower. I n  performance ca lcu la t ions  a s ing le  tower p o s i t i o n  i s  considered. 
The center o f  the tower i s  YTOWER meters nor th  and XTOWER meters east o f  the 
center o f  the f i r s t  1 and cons t ra in t  rectangle. I n  design opt imizat ion ca l  cu- 
l a t i o n s  DELSOL can search t o  f i n d  the optimum tower locat ion.  DELSOL considers 
NUMPVS equal ly  spaced Lower l o c a t i o n s  along a l i n e  from a f i r s t  tower p o s i t i o n  
o f  XTPST m east, YTPST m nor th  t o  a f i n a l  tower p o s i t i o n  XTPEND rn east, YTPEND 
m north. - 

If .C. He1 i o i t a t  Pat tern and Densi t v  

It i s  assumed t h a t  the he l i os ta t s  are arranged i n  the r a d i a l  stagger 
pa t te rn  i l l u s t r a t e d  i n  Figure 11-8. They l i e  on isoazimuthal and i so rad ia l  
l ines.  The l oca l  h e l i o s t a t  density, p,  (i.e., the r a t i o  o f  m i r r o r  area t o  
land area) i s  r e l a t e d  t o  the l oca l  row spacing, AR, and azimuthal spacing, 
AAz, by the equation: 

DENSMR x WM x HM * RgljNn 
P = ( ARAAz/2) 

where OENSMK = f r a c t i o n  o f  m i r r o r  area o f  a h e l i n s t a t  whose overa l l  

dimensions are WM x HM; 

WM.= h e l i o s t a t  width (m); 

HM = h e l i o s t a t  he ight  (m). 

1.0 rectangular  he l i os ta t s  
RgUND = 1 

n/4 c i r c u l  ar he1 i o s t a t s  

The choice o r  he1 ios Lat dens1 ty 1s Ind icated by the value o f  the parameter 



Figure  11-7. Example o f  a  Land Constraint  w i th  NLAND=Z. 
T i s  the  tower locat ion .  I n  a  design 
opt imizat ion  run several T pos i t ions  a1 ong 
a  l i n e  .can be searched t o  f i n d  the .optimum 
posj t ion .  



Figure 11-8. Radial Stagger Arrangement o f  He l ios ta ts .  
x ' s  mark ind iv idua l  he1 i o s t a t  loca t ion  



IDENS. For IDENS = 1 o r  2, the values o r  AR and AAZ are curve f i t s  t o  
optimized f i e l d  layouts  reported by the Un ive rs i t y  o f  Houston ( re fs .  4,6,7) 
w i t h  a  co r rec t i on  f ac to r  dependent on tower he ight  f o r  app l ica t ions t o  small 
systems. 

a) IDENS = 1 High r e f l e c t i v i t y  ( -  0.91, rectangular  h e l j o s t a t s  

AR = (1.14424 c o t  0,- - 1.0935 + 3.0684 OL - 1.1256 OLL) HM 

HM*AR where K(THT) = 1 - 2*THT*RADIUS 

II and oL = - - 2 
(see F igure 11-2). RADIUS ( i n  meters) i s  the 

rad ius  from the tower base and HM i s  the he ight  o f  the he1 i o s t a t  ( i n  
meters 1. 

b )  IDENS = 2  Low r e f l e c t i v i t y  ( -  0.6), round he l i os ta t s  

AR same as i n  equation ( I I. C-2) 

a 

c )  IDENS = 3  User defined, zone by zone 

p i s  spec i f i ed  by DENSIT(K,L), and AAz/2 by AZMSEP(K,L) i n  the FIELD 
name1 i st. 

Note t h a t  when IDENS=l o r  2  the azimuthal spacing and there fore  the 
densi ty  depend on the tower height ,  THT. 

The AR and AAz spacings from the above equations are tes ted t o  insure 
t h a t  t he  mechanical l i m i t s  on adjacent he l i os ta t s  are  no t  exceeded; i.e., t h a t  
adjacent h e l i o s t a t s  w i l l  no t  h i t  each o ther  i n  any combination o f  or ienta t ions.  
I f  the mechanical l i m i t s  are v io la ted,  then the azimuthal spacing i s  adjusted . 

t o  accommodate the f u l l  exclusion c i r c l e  o f  the he1 i os ta t .  

I 1  .C-1. S l  i p P l  anes--The ind iv idua l  placement o f  he1 i o s t a t s  i n  a  r ad i a l  
l ayou t  pa t t e rn  given on ly  the zone average AR and AAz leads t o  a  compl icat ion 
as one moves r a d i a l l y  inward from the center  o f  the zone. He l ios ta ts  on 
successive rows become more compressed u n t i l  they i ncu r  an unacceptable 
increase i n  shading and b lock ing ( o r  reach mechanical l i m i t s  f o r  the zones 
c lose t o  the tower). The problem can be a l l e v i a t e d  by removing a  f i x e d  r a t i o  
(1-1IFSLIP) o f  the he1 i o s t a t s  i n  the unacceptably compressed row, and r e s t a r t i n g  
the layou t  pa t t e rn  based on the new number o f  he l i os ta t s  i n  the row. Figure 
11-9 i l l u s t r a t e s  t h i s  i n t e r r u p t i o n  i n  the layout  pa t te rn  f o r  the de fau l t  4/3 
s l i p  (FSLIP=1.33); the c i r c u l a r  row a t  which the adjustment i s  made i s  c a l l e d  



X = I-IELIOSTAT 
0 = MISSING HELIOSTAT 
@ = NEW POSITION OF HELIOSTATS 

ON SLIP PLANE 

Figure 'I 1-9. S1 i p Pl  anes i n  a Radial Stagger Layout (FSLIP=4/3) 



t he  " s l  i p  plane" i n  analogy w i t h  d i s c o n t i n u i t i e s  i n  c r y s t a l  s t r i i c tu res .  Ttie 
number o f  rows between s l i p  planes increases a s  the r a d i u s  increases and as 
the  tower he igh t  increases. (See r e f .  8 f o r  a d d i t i o n a l  d iscussion on s l i p  
planes. ) 

DELSOL ca lcu la tes  a zone by zone c o r r e c t i o n  t o  account f o r  the  he1 i o s t a t  
number change a t  a s l i p  plane. The user s p e c i f i e s  the s l i p  r a t i o ,  FSLIP i n  
namel is t  FIELD, i.e., t he  number o f  h e l i o s t a t s  present  on the  s l i p  plane row 
before  any are  removed d i v ided  by the number r.el~~ain'ing a f t e r  rcmoval . The 
d e f a u l t  value f o r  FSLIP (=4/3) i s  a s a t i s f a c t o r y  one f o r  most in termedia te  t o  
small systems. By choosing a very l a r g e  value f o r  FSLIP (e.g., l oo ) ,  t he  user 
e f f e c t i v e l y  e l im ina tes  the  s l i p  plane c o r r e c t i o n  i n  the  code. 

1I.D. Time Steps 

DELSOL w i l l  c a l c u l a t e  the  performance a t  a s i n g l e  time, over a s i n g l e  
day, on a user de f ined m a t r i x  o f  sun pos i t i ons ,  o r  over the year according t o  
the  value of IPR0B (Namel is t  BASIC). 

1I.D-1. IPRgB=O or  4, Annual Performance--DELSOL ca lcu la tes  the  
performance a t  a f i n i t e  number o f  t imes dur ing  the year and in teg ra tes  t o  g e t  
d a i l y  and annual averages. The problem i s  s i m p l i f i e d  by the d a i l y  and seasonal 
symmetry o f  c l e a r  sky i n s o l a t i o n ,  described i n  Sect ion 111-A. Only the  h a l f  
year  between w in te r  and summer s o l s t i c e  and the  times between noon and sunset 
need t o  be sampled. NYEAR equa l l y  spaced days s t a r t i n g  a t  Dec. 21 and ending 
on June 21 are considered as i l l u s t r a t e d  i n  Table 1I.D-1. A t  each o f  these 
days the  t ime i s  v a r i e d  from so la r  noon on i n  steps o f  HRDEL hours, a l s o  shown 
i n  Table 1I.D-1. The l a s t  t ime step a t  each day i s  taken as the  t ime when 
the  sun angle, es, i s  ASTART degrees from the v e r t i c a l .  

I 1  .D-2. IPR0B=1, S ing le  Ca lcu la t i ona l  Day--DELSOL ca lcu la tes  the  
performance on ly  on the  UDAY (Namel is t  BASIC) day o f  the  year. No annual 
average i s  calculated.  The t ime steps a re  c o n t r o l l e d  by HRDEL as described 
under IPRBB=O. 

I I .D-3. IPRgB=2, S ing le  Ca1,culational Time--DELSOL ca lcu la tes  the  
performance on ly  a t  UTIMt hours pas t  so la r  noon (UTIME i s  negat ive i n  the  
morning) on the  UDAY day o f  the  year (bo th  Name1 i s t  BASIC). 

I 1  .D-4. IPRgB=3, M a t r i x  o f  Sun Angles--Instead o f  c a l c u l a t i n g  per- 
formances a t  c e r t a i n  s p e c i f i e d  t imes w i t h  t h i s  op t i on  a l lows the  user t o  
ob ta in  the  performance. a t  c e r t a i n  s p e c i f i e d  sun angles. NUAZ values o f  
t he  azimuthal angle, UAZ, and NUEL values o f  the  z e n i t h  angle, UZEN, a r e  
considered i n  a1 1 poss ib le  pa i rw i  se combinations. 

1I.D-5. Selecti.on o f  NYEAR, HRDEL, Reference Times--Both accuracy and 
c a l c u l a t i o n a l  t ime o f  t he  performance ( b u t  n o t  the op t im iza t i on  c a l c u l a t i o n a l  
t ime)  increase w i t h  the  number o f  day and hour ly  t ime steps. For tunate ly ,  a 



Table 1I.D-1. Time S t e ~ s  

Days o f  the Year Sampled 

Day o f  the Year 
Cal cu l  a t i  onal 

D a~ NYEAH = 3 NYEAR - - = 5 

NOTE: Day 354.75 i s  w in ter  s o l s t i c e  

" 81.0 i s  spr ing equinox 

" 172.25 f s  summer s o l s t i c e  

Hours a f t e r  Sol ar  NOON Sampl ed* 

HRDEL = 1. HRnEL = 2. 

Cal cu l  a t1  onal 
Time Step * 

Day = Day = Day = Day = Day = 
354.75 81. 112.25 5 81. 172.25 

. 0. 0. 0. 0. 0. 0. 



r e l a t i v e l y  few days (3-5) and a reasonable time step ( 1  hour) appear t o  
produce accuracies be t t e r  than 1%. . Generally, i t  i s  be t t e r  t o  decrease HRDEL 
than i ncrease NYEAR when a t tempt i  ng t o  increase accuracy. 

Two times o f  the year have special s igni f icance.  F i r s t ,  REFTIM hours 
pas t  noon on the  REFDAY day o f  the year i s  c a l l e d  the reference time. This i s  
the time o f  the year which i s  used t o  determine the design p o i n t  power l e v e l s  
o f  the system, as  described i n  Section V.A-1. Second, HCANT hours past  noon 
o f  the.DCANT day i s  used t o  determine the o f f - ax l s  cant ing o f  he l ios ta ts ,  i f  
any, as  described i n  Section 1I.E-2. Note: The reference time must correspond 
t o  one ca l cu l a t i ona l  time. The cant ing time has no such r e s t r i c t i o n .  I n  
add i t i on ,  d a i l y  s tar t -up and shutdown times a re  determined by the user speci- 
f i e d  zen i th  angle, ASTART. 

Defaul t va111es are: 

NYEAR = 5 

HRDEL = 1.0 

ASTART = 75.0(O) 

REFTIM = 0.0 (noon) 

REFDAY = 81.0 (equinox) 

HCANT = 0.0 

DCANT = 81.0 

1I.D-6. Time Averages--DELSOL computes d a i l y  and annual averages o f  the 
t o t a l  performance and the i nd i v i dua l  performance terms. These time averages 
are  weighted according t o  the f o l l ow ing  tab le :  

Quan t i t y  Weighting 

cos i ne inso la  t i o n  
sha dowi ng I 1  

X cos' , 

b lock ing #I x " x shadowing 

a t tenua t ion  18 . x I x I x b lock ing 
spi 1 lage 18 X "  x I' x I' x a t t e n .  

To i l l u s t r a t e  t h i s  weight ing the average b lock ing from time ti t o  time t 2  i s  



The same type o f  weighting i s  used i n  averaging the performance f o r  a  user 
defined f i e l d .  

1I.E. He l ios ta ts  

E i ther  rectangular ( IRBUND=O) or c i r c u l a r  ( IRBUND=l) m i r r o r  shapes 
(Figure 11-1O(A) and (B)) can be accomodated by the code. The overa l l  
dimensions o f  the he l los ta t ,  WM and HM, enclose the mi r rored surface, the edge 
Suppor*l;s, and cutouts or s lo ts ,  i f  any. The f r a c t i o n  o f  the area def ined by 
WM and HM which ac tua l l y  r e f l e c t s  sun l igh t  i s  spec i f i ed  by the parameter 
DENSMR. The user has the opt ion o f  generating more accurate images from 
canted he l i os ta t s  by spec i fy ing the s ize and l oca t i on  o f  $he cant  panels 
( ICPANL=l , Name1 i s t  HSTAT) . Thi s  opt ion i s h i  ghly recommended i n  small 
s y s t e ~ ~ ~ s .  The wldth and he ight  o f  the r e f l e c t i v e  surface o f  each cant  panel 
are WPANL and HPANL meters, respect ive ly  (Figure 11-lO(C) ). The center o f  the 
I t h  cant  panel i s  displaced from the p i v o t  p o i n t  (center o f  h e l i o s t a t )  by 
HXCANT( I )  meters paral l e l  t o  the hor izonta l  edge o f  the he1 i o s t a t  and HYCANT( I )  
meters paral l e l  t o  the v e r t i c a l  edge o f  the he1 i os ta t .  

The v e f l e c t i v i  ty ,  given by the value o f  RMIRL, represents the time 
averaged value and no t  the value j u s t  a f t e r  washing. RMIRL should a l so  
include transmission losses due t o  any enclosure surrounding the he1 i os ta t .  
(See a1 sn Section I I I ,  E-2.) The he1 i osta ts arc a ssulved t o  have a1 ti tude- 
azimuth d r i ve  systems p ivoted a t  the center o f  the mi r rored surface. 

I 1  .E-1. He1 i o s t a t  Er ror  Sources--The performance o f  he1 i o s t a t s  i s  
degraded by several e r ro r  sources. Care must be taken w i t h  the i npu t  o f  these 
terms because d i f f e r e n t  repor ts  o f t en  use d i f f e r e n t  descr ip t ions f o r  the same 
errors. Spec i f i ca l l y ,  a  d i s t i n c t i o n  must be made between an e r ro r  source 
(e.g., backlash i n  the azimuthal motor d r l ve )  and the e f f e c t  o f  the e r r o r  
source ( i  .e., the magnitude o f  the displacement and/or d i s t o r t i o n  o f  the 
h e l i o s t a t  image on the receivers) .  The l a t t e r ,  the e f f e c t  o f  the e r ro r  
source, depends on the geometry between sun, he1 i es ta t ,  and receiver.  
Thus, a  h e l i o s t a t  w i t h  a  constant  e r ro r  source w i  11 provide var iab le  e f f e c t s  

on the image a t  d i f f e r e n t  times o f  the year f o r  the same f i e 1  d  pos i t ion,  o r  a t  
d i f f e r e n t  f i e l d  pos i t i ons  f o r  the same time o f  the year, due t o  the changing 
r e l a t i v e  pos i t i ons  of the sun and receiver. 

Consider the example o f  the e f f e c t  o f  a  constant backlash e r ro r  i n  the 
azimuthal d r i ve  i n  otherwise per fec t  he l ios ta ts .  A t  noon on any given day o f  
the year, a  he1 i o s t a t  located due nor th  o f  the tower w i l l  produce a l a rge r  
displacement o f  the image on the rece iver  than i t s  counterpart  a t  the same 
distance due south. I n  fac t ,  as he l i os ta t s  i n  the south f i e l d  approach a 
hor izonta l  o r i en ta t i on  ( i  .e., m i r r o r  normal v e r t i c a l  ), e r ro r s  i n  the 
azimuthal d r i ve  produce - no displacement i n  the image on the receiver.  

Given t h a t  he l i os ta t s  w i l l  be mass produced and assembled, i t  i s  assumed 
i n  DCLSOL t h a t  llre e r ro r  sources are  essen t i a l l y  the same f o r  each he1 i o s t a t  
regardless o f  f i e l d  locat ion.  Hence, the user suppl i e s  as i n p u t  the magnitude 
o f  the sources o f  e r ro r  (e.g., motor inaccuracies, surface d i s t o r t i ons )  , and 
the code ca lcu la tes the time and f i e l d  dependent e f f e c t s  o f  these sources. 
(This i s  i den t i ca l  t o  the approach i n  MIRVAL and HELIOS ( re fs .  1,5).) 



(A) 

NCANTX = 2 

NCANTY = 3 

- 
WPANL 

Figure 11-10. Types o f  He1 iostats .  (A) Canted, rectangular he1 i o s t a t  
with 2 cant divisions along the width and 3 along the 
height; ( B )  C i rcular  he l ios ta t  with WM=HM=diameter; 
(C,) Canted h e l i o s t a t  .defined for  more accurate image , 
calculat ion ( ICPANL=l ) . , 



The sources o f  h e l i o s t a t  e r ro r s  can be grouped i n t o  three types according 
t o  the var iab le  used t o  describe the e r ro r  d i s t r i bu t i on .  Each type produces 
d i f f e r e n t  qua1 i t a t i v e  and quan t i t a t i ve  e f f e c t s  on the pos i t i on  and p r o f i l e  o f  
the he1 i o s t a t  image. Normal p r o b a b i l i t y  d i s t r i b u t i o n s  character ized by 
standard devl'a ti oils i n  two perpendicular d i rec t ions  are assumed. The three 
e r ro r  groups, t yp i ca l  sources, and the coordinate systems i n  which they are 
defined are l i s t e d  i n  Table 1I.E-1. The de fau l t  values are a l so  included, and 
are cons is tent  w i t h  a f a i r l y  accurate, h igh r e f l e c t i v i t y  m i r ro r .  

1I.E-2. Focusing and Cantfng--The s ize o f  the image produced by a 
h e l i o s t a t  on the rece iver  i s  determined by the f i n i t e  s i ze  of the sun, the 
h e l i o s t a t  performance errors,  and the s ize o f  the he l i os ta t ,  as i l l u s t r a t e d  i n  
Figure 11-11(A). Reducing the con t r i bu t i on  o f  h e l i o s t a t  s ize can lead t o  a 
smaller image size, and i n  turn, lower sp i l lage,  smaller receivers,  and lower 
rece.iver r a d i a t i o n  and convection 1 ssses. DELSOL simulates the two methods, 
focusing and canting, employed t o  reduce image s ize by decreasing the c o n t r i -  
but ion from he1 i o s t a t  size. 

I n  focusing, the m i r ro r  panels are  concave i n  a manner such t h a t  rays  from 
the center of the sun r e f l e c t e d  from any p o i n t  on the m i r ro r  panel h i t  the 
same p o i n t  on the receiver,  as shown i n r i g u r e  11-11(B). A canted h e l i o s t a t  i s  
d iv ided i n t o  a number o f  submirrors. Each submirror i s  displaced r e l a t i v e  t o  
the others such t h a t  rays from the center o f  the sun r e f l e c t e d  from analogous 
p n i n t c  nf the submirrors a l l  converge t o  the same p o i n t  on the rccc ivc r ,  as  
ind ica ted  i n  Figure 11-11(C). Thus, pe r f ec t  focusing r e s u l t s  i n  the 
minimum size image by e l im ina t ing  the con t r ibu t ion  o f  h e l i o s t a t  s ize t o  the 
r e f l e c t e d  image. Per fec t  cant ing approximates pe r f ec t  focusing by reducing 
the t o t a l  h e l i o s t a t  s ize t o  t h a t  o f  a s ing le  submirror. The greater the 
number o f  canted submirrors f o r  a given s ize he l ios ta t ,  the smaller the 
con t r ibu t ion  o f  h e l i o s t a t  s ize t o  the image. I n  other words, cant ing i s  a 
Frcsnel approximation t o  focusing. (Note a l so  t h a t  the submirrors o f  d 
canted h e l i o s t a t  can each be focused i n  0 t o  2 dimensions.) 

The curvature or  displacement requ i red  f o r  focusing or  cant ing depends 
on the angles between the he l ios ta t ,  sun, and receiver,  and i s  therefore  t ime 
dependent. For most h e l i o s t a t  designs the curvature cannot be varied, and the 
h e l i o s t a t  w i l l  be pe r f ec t l y  focused or  canted f o r  on ly  the one o r  two t imes o f  
the year when the sun i s  i n  the co r rec t  posi t ion.  A t  a l l  other times, the 
h e l i o s t a t  w i l l  produce "o f f - ax i s  aberrat ion" o f  the image; i .e., d i s t o r t i o n s  
o f  the idea l  image due t o  of f -design operation. 

The most common choice f o r  the curvature o f  a r i g i d  h e l i o s t a t  i s  a 
symmetrical "on-axis" focusing or  cant. I n  t h i s  case, the h e l i ~ s t a t  i s  p e r f e c t l y  
focused or canted a t  a point,along the,hel j o s t a t  op t i ca l  ax is ,  n, when 
the sun i s  pos i t ioned along-n, (i.e., n = . s  i n  Figure 11-1). When the sun 
i s  i n  other pos i t i ons  ( n  + s), there w i l l  be o f f - a x i s  aberations. 

A second p o s s i b i l i t y  i s  an asymmetric curvature such t h a t  the h e l i o s t a t  
i s  pe r f ec t l y  focused or  canted f o r  a spec i f i c  sun p o s i t i o n  (def ined by the 
HCANT hour past  noon on the DCANT day o f  the year). In t h i s  case the re !a t i ve  
pos i t ions o f  sun, he l ios ta t ,  and rese iver  are  important because i n  general, 
the focal  po in t  w i l l  no t  l i e  along n. This "o f f -ax is "  cant  or  focus 
r e s u l t s  i n  o f f - a x i s  aberrat ions when the sun pos i t i on  d i f f e r s  from t h a t  
spec i f i ed  by (HCANT, DCANT). 



TABLE I1 .E-1 

HELIOSTAT ERROR SOURCES 

Defaul t Values 
TY pe Error Distr ibution* Typical Sources b a d )  

He1 i o s t a t  on, Bn Tracking e r r o r s  i n  u (SIGEL) = 0.00075 
a ngl e s  open-loop dr ive  On 

sys tems 

foundation motion a (SIGAZ) = U.UUU/S 
Bn 

Surface ' 'n, Yn Mirror waviness (SIGSX) = 0.001 
norma 1 Oxn 

Panel a1 i gnment a (SIGSY) = 0.001 
err or  s Y n 

Ref1 ec ted  X S  Y Tracking e r r o r s  i n  ax (SIGTX) = 0.000 
vector closed-loop dr ive  

sy s tems 

Atmospheric a (SIGTY) = 0.000 
r e f r a c t i o n  Y 

Tower sway 

*Each. d i s t r i b u t i o n  i s  of the  form: 

- 1 1 d a 2  1 d b 2  
P ( d a , d b ) = ( 2 ~ 0 ~ ~ ~ )  exp -7 ( )  -7. (--) . 

where a ,b  = var iab le  pa i r  defined above, 

P = probabi l i ty  of displacements, da and db, from the nominal 
values of a and b. 



INTERCEPTION 
PLANE 

(A) FLAT 
REFLECTED RAY FROM 

EDGE OF SUN 

REFLECTED RAY FROM 
CFNTER OF SIJN 

(B)  FOCUSED 

SUN 
84 
ERRORS 

HELIOSTAT 

SUN 
84 
ERRORS 

(C) CANTED 

Figure '11-11. ' Schematic of Images Formed by ( A )  Flat, ( B )  Focused, and 
( C )  Canted Heliostats 



On a y e a r l y  average, o f f - a x i s  aber ra t i ons  are  l e s s  w i t h  an on-axis than 
o f f - a x i s  cant  o r  focus. Moreover, the  symmetry of t he  on-axis cant  o r  focus 
a l l ows  f o r  a s impler  manufactur ing procedure. However, a t  the  t ime s p e c i f i e d  
by (HCANT, DCANT), an o f f - a x i s  can t  o r  focus produces a smaller image and 
h igher f l u x  density.  Th is  may be usefu l  i n  t e s t  f a c i l i t i e s  where the  number 
o f  h e l i s o t a t s  i s  small, and p e r i o d i c  readjustment o f  t h e i r  can t ing  or  focusing 
i s  possib le.  DELSOL a l l ows  both on- and o f f - d x i s  can t ing  b u t  on l y  on-axis 
focusing. 

For can t ing  several op t ions  a re  a v a i l a b l e  according t o  the  choice o f  the  
parameters ICANT, NCANTX, and NCANTY. There a re  NCANTX t imes NCANTY equa l l y  
z ized submirrors per he1 i o s t a t  w i t h  NCANTX (NCANTY) submirrors a long the  
in (&) edge o f  t he  h e l i o s t a t ,  as shown i n  F igure  11-6(A). The l a r g e r  NCANTX 
and NCANTY, the  more c l o s e l y  a canted he1 i o s t a t  approximates a focused he1 i o s t a t .  
Uncanted h e l i o s t a t s  a re  s p e c i f i e d  by ICANT=O and have on ly  one sub-mirror equal 
t o  the  h e l i o s t a t  i t s e l f ;  there fore ,  NCANTX=l and NCANTY=l. F i e l d s  i n  which 
each he1 i o s t a t  i s  i n d i v i d u a l l y  canted o f f - a x i s  on the  HCANT hour pas t  noon and 
the DCANT day o f  t he  year ( d e f a u l t  - noon, equinox, Mar. 21) a r e  s p e c i f i e d  by 
ICANT=3. H e l i o s t a t  f i e l d s  i n  which every h e l i o s t a t  i s  focused "on-axis" w i t h  a 
foca l  l eng th  equal t o  i t s  s l a n t  range i s  s p e c i f i e d  by the  parameter ICANT=-1. 
F i n a l l y ,  f i e l d s  i n  which h e l i o s t a t s  have "on-axis" can t ing  w i t h  user defl'ned 
foca l  lengths  (= RCANT ( K )  tower he ights )  a r e  s p e c i f i e d  by ICANT=l. (Th is  
op t ion  can be used t o  produce a s i n g l e  can t  f o r  the  whole f i e l d . )  

Independent o f  cant ing,  t h e  m i r r o r  o r  submirrors can be focused i n  0-2 
dimensions. I f  the  m i r r o r  i s  curved a long the  4, (5,) d i r e c t i o n  then the  
parameter XFQCUS=l.O (YFQCUS=l.O). Thus, no focusing i s  s p e c i f i e d  by XFQCUS=O.O, 
YFQCUS=O.O. 1-d focusing i s  s p e c i f i e d  by XFQCUS=l., YFQCUS=O., o r  XFQCUS=O., 
YFQCUS=l ; 2-d focusing i s  s p e c i f i e d  by XFQCUS=l., YFQCUS=l. The parameter 
IFQCUS determines the  s p e c i f i c a t i o n  o f  the  foca l  lengths. DELSOL auto- 
m a t i c a l l y  sets t h e  foca l  l eng th  equal t o  the  s l a n t  range when IFQCUS=O. 
User def ined foca l  lengths, XFBCAL and YFQCAL, can be read i n  when IFQCUS=l. 

I 1  .E-3. D e f a u l t  He1 iostat - -The d e f a u l t  he1 i o s t a t  i s  a h igh  r e f l e c t i v i t y  
square advanced design w i t h  a s i n g l e  cant  and focus. 

IRQUND = 0 ICANT = 1 

WM = 7.4 (m) 

HM= 7.4 (m) 

DENSMR = 0.897 

RMIRL = 0.89 

SIGAZ = SIGEL = 0.00075 

SIGSX = SIGSY = 0.001 

SIGTX = SIGTY = 0. 

NCANTX = 2 

NCANTY = 6 

RCANT= 12*7.15 . 

XFQCUS = YFQCUS = 1.0 

IFQCUS = 1 

XFQCAL = YFQCAL = 12*7.15 



1I.F. Tower and Receiver 

DELSOL considers th ree types o f  rece ive rs  as i l l u s t r a t e d  i n  F igure  11-12: 
ex terna l  c y l  inders,  mu1 t i p l e  aper ture  c a v i t i e s ,  and mu1 t i p l e  f l a t  p la tes .  
F l a t  p l a t e  rece ive rs  a r e  s p e c i f i e d  i n  the same manner as c a v i t y  rece ivers .  
The tower height ,  THT, i s  de f ined as the  e l e v a t i o n  o f  the  middle o f  t he  
ex terna l  rece iver ,  c a v i t y  aperture, o r  f l a t  p l a t e  above the  p i v o t  p o i n t  o f  t he  
he1 i o s t a t .  To g e t  the  h e i g h t  above ground, the  e l e v a t i o n  above ground o f  t he  
p i v o t  p o i n t  must. he added t o  THT* 

The s i ze  o f  ex te rna l  c y l i n d r i c a l  rece ive rs  (IREC=O) i s  s p e c i f i e d  by the  
height ,  H, and w id th  o r  diameter, W. The apertures on c a v i t y  r e c e i v e r s  a re  
s p e c i f i e d  by g i v i n g  t h e i r  dimensions, o r i e n t a t i o n ,  and displacement from the  
tower cen te r l  i ne. For rec tangu lar  apertures ( IREC=2), one edge i s  h o r i z o n t a l  
o f  l eng th  RX and the  o ther  perpendicular  edge has a l eng th  RY. For e l l i p t i c a l  
aper tures  (IREC=l), one a x i s  i s  ho r i zon ta l  w i t h  l e n g t h  RX and the  o ther  a x i s  
has a l eng th  RY. The o r i e n t a t i o n  o f  t he  apertures i s  s p e c i f i e d  by the  ? 
vector  which i s  the  outward sur face normal a t  the center  o f  a sur face s t re tched  
across the  aperture. It i s  assumed t h a t  a l l  aper tures a re  o r i e n t e d  such t h a t  
an extension o f  the  f vec tors  w i l l  go through the tower c e n t e r l  i n e  a t  t h e  same 
po in t .  (See F igure  11-2.) er (RELV) i s  the  po la r  angle o f  r^; i t  equals 90" i f  
the  c a v i t y  aper ture  i s  v e r t i c a l  and i s  g reater  than 90' i f  the  c a v i t y  faces 
downward. B, (RAZM) i s  the  azimuthal angle; fir = 180' i f  the  aper ture  faces 
M o ~ t h ,  The wid th  W o f  t he  c a v i t y  s t r u c t u r e  i s  taken as tw ice  the  h o r i z o n t a l  
d is tance from the  center  o f  t he  c a v i t y  aper ture  t o  the  tower cen te r l i ne .  I n  
mu1 t i p l e  aperture c a v i t i e s ,  the  same r e c e i v e r  w id th  and tower h e i g h t  app ly  t o  
a l l  aper tures ( i  .e., a  ho r i zon ta l  c i r c l e  can be passed through the aper ture  
centers).  The he igh t  H i s  the  t o t a l  v e r t i c a l  d is tance o f  the  heat  absorbing 
u n i t  i n  the  c a v i t y  above the  bottom o f  the  c a v i t y  aperture. A t o t a l  o f  
NUMCAV ( <  4 )  apertures can be spec i f ied .  Single o r  m u l t i p l e  f l a t  p l a t e  
r e c e i v e r y  w i t h  rectangu'l a r  ( IREC=3) o r  e l  1 i p t i c a l  ( IREC=4) shapes a re  s p e c i f i e d  
i n  an i d e n t i c a l  manner t o  a s i n g l e  or  mu1 t i p l e  c a v i t y  r e c e i v e r  w i t h  rec tangu la r  
o r  e l  1 i p t i c a l  apertures. 

I n  designing c a v i t y  rece ive rs  i t  i s  necessary t o  descr ibe the  conf igura-  
t i o n  w i t h i n  the  c a v i t y  i n  order  t o  determine the  c o s t  o f  t he  rece ive r .  DELSOL 
assumes t h a t  t he  i n s i d e  o f  the  c a v i t y  i s  a sec t ion  o f  a v e r t i c a l  c y l i n d e r  
centered on the  aper ture  as shown i n  F igu re  11-13. '['he r e l a t i v e  depth 
RWCAV( I) of the  heat  absorbing sur face i n s i d e  the  I t h  aper ture  i s  s p e c i f i e d  as 
the  r a t i o  of the  rad ius  o f  the  c a v i t y  t o  the  rece ive r  rad ius ,  W/2. The h e i g h t  

. 

o f  t he  c y l i n d r i c a l  heat absorbing sur face i s  chosen so as t o  i n t e r c e p t  a l l  o f  
the  image t h a t  passes through the  aper ture  from the  nearest  and f a r t h e s t  
poss ib le  h e l i o s t a t .  The h e i g h t  i s  t he re fo re  a f u n c t i o n  o f  the  minimum and 
maximum h e l i o s t a t  p o s i t i o n s  w i t h i n  the  sector  o f  the  f i e l d  seen by the  c a v i t y ,  
t he  aper ture  height ,  RY, t h e  o r i e n t a t i o n  o f  t he  aperture,  RELV, the  tower 
he ight ,  THT, and the  r e l a t i v e  diameter o f  the  heat  absorbing surface. 

DELSOL has several op t ions  f o r  a iming the  he1 i o s t a t s  a t  d i f f e r e n t  p o i n t s  
on the  rece iver .  The "smart" a iming opt ions, described below, a r e  genera l l y  
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F igure  11-12. Types o f  .Receivers. .(A) External  Cyl i n d r i c a l  ; ( B )  Cav i ty  
w i t h  S ing le  Aperture; (C) S ing le  F l a t  P l a t e ;  (D) Rectangular 
Aperture or  F l a t  P l a t e ;  ( E )  E l l i p t i c a l  Aperture or  F l a t  
P l a t e  



'TOP VIEW 5- TOWER CENTERLINE 

-RX- 
APERTURE 

SIDE VI'EW 

APERTURE - RY I 

Figurc 11-13. l leat Absarbiily Sur-face Within a Cavley. It i s  
modeled as a segment o f  a r i g h t  c i r c u l a r  cy l inder  
centered on the c a v i t y  aperture.  



r e q u i r e d  when t r y i n g  t o  design f l u x  l i m i t e d  rece ivers .  The opt ions  a re  
c o n t r o l l e d  by the  IAUTQP parameter i n  Namelist  REC and i l l u s t r a t e d  i n  
F igure  11-14. A l l  "smart" a iming opt ions  a re  t ime dependent; i.e., the  
number o f  aim p o i n t s  can change over the year i f  the  image changes. 

1I.G-1. S ing le  Aim P o i n t  (IAUTQP=O)--This i s  the  s imples t  o f  a l l  aiming 
options. A l l  he1 i o s t a t s  a r e  po in ted a t  the  center  (when viewed from the 
he1 i o s t a t  sur face)  o f  the rece ive r  (F ig.  11-14(A) ). This o p t i o n  produces the  
maximum f l u x  on the  rece iver .  

I 1  .G-2. One-Dimensional "Smart" Aiming (IAUTgP=l)--The he1 i o s t a t  
images a r e  spread o u t  a long the  "he ight "  o f  the  rece ive r  o r  aper ture  u n t i l  the  
s p i l l a g e  s t a r t s  t o  increase. As seen i n  F igure  11-14(B) the  smal ler  images o f  
the  inner  h e l i o s t a t s  can be spread o u t  over more aim p o i n t s  than the  l a r g e r  
images o f  t he  outer  h e l i o s t a t s .  This op t ion  reduces both the  peak f l u x  and 
f l u x  grad ients  on the  rece iver .  l h i s  i s  the  "smart" aiming op t ion  t o  use w i t h  
ex terna l  rece ive rs  (IREC=O) and w i t h  c a v i t y  o r  f l a t  p l a t e  rece ive rs  o f  e l l i p t i -  
c a l  shape (IREC=l o r  3). Since the s i z e  o f  the  images from the h e l i o s a t s  can 
change w i t h  t ime ( e s p e c i a l l y  i n  small systems) the  1-d smart a iming a l s o  , 
changes w i t h  time. 

I 1  .G-3. Two-Dimensional "Smart" Aiming (Rectangular Cav i ty  Apertures 
or  F l a t  P la tes  Only, IAUTQP=Z)--This o p t i o n  i s  s i m i l a r  t o  IAUT0P=l except 
t h a t  t he  images a r e  spread o u t  i n  two dimensions as shown i n  F igure  11-14(C). 
Th is  r e s u l t s  i n  even smal ler  peak f l u x e s  than IAUTQP=l. However, t h i s  
op t i on  should on ly  be used w i t h  rec tangu lar  c a v i t i e s  (IREC=2), o r  rec tangu lar  
f l a t  p l a t e s  ( I m 4 ) .  I f  used w i t h  e l l i p t i c a l  rece ive rs  the  s p i l l a g e  w i l l  
increase. Furthermore, i f  used w i t h  ex terna l  c y l i n d e r s  much o f  the  f l u x  w i l l  
be i n c i d e n t  on the  rece ive r  a t  g raz ing  angles where the  absorp t ion  i s  poor. 

I 1  .G-4. S ing le  Aim P o i n t  a t  the  Lower P a r t  o f  t he  Receiver (IAUTgP=3)-- 
The h e l i o s t a t s  a r e  aimed as c lose t o  the  bottom o f  the  rece ive r  as i s  
poss ib le  w i thou t  i nc reas ing  sp i  1  lage s i  gni  f l c a n t l y  as shown i n  F igure  11-14(D). 
There a r e  several reasons f o r  cons ider ing  t h i s  s t rategy.  F i r s t ,  i f  the  f l u i d  
enters  from the bottom the  peak f l u x e s  w i l l  occur near the  co lder  (and presuma- 
b l y  s t ronger )  end o f  the p ip ing.  The. pena l ty  i s  increased r a d i a t i o n  and 
convect ion 1  osses s ince the  average rece ive r  temperature i s  increased. 
However, if the f l u i d  enters  from the  top the  r a d i a t i o n  and convect ion losses 
a r e  minimized, b u t  the  peak f l u x  occurs near the h o t  end o f  the  tube. 

1I.G-5. One-Dimensional Aiming a t  t he  Lower P a r t  o f  t he  Receiver 
(IAUTQP=4)--Same as IAUTBP=3 except t h a t  the  images are  spread o u t  a long 
the  top o f  the  rece ive r  as shown i n  F igure  11-14(E). 

1I.G-6. User Def ined Aiming St ra tegy  (IAUTgP=5)--A user de f ined aiming 
s t ra tegy  can be def ined f o r  each zone through the va r iab les  NAY(K,L), NAX(K,L), 
YAIM(K,L,M), XAIM(K,L,M), and NUMPT(K,L) where K=l, NRAD, L= l ,  NAZM, M=1,2. 

. 

Each zone has a  rec tangu lar  g r i d  o f  NAX by NAY p o i n t s  w i t h  the g r i d  l i m i t s  s e t  
by X A I M  and YAIM. F igure 11-14(F) g ives  an example f o r  t h i s  case. 

1I.H. F l u x  Densi ty  D i s t r i b u t i o n  

DELSOL has the  o p t i o n  o f  c a l c u l a t i n g  the  f l u x  dens i ty  on an a r b i t r a r y  
p lanar o r  v e r t i c a l  c y l i n d r i c a l  sur face (IFLX = 1, Namelist  NLFLUX). The f l u x  
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Figure I 1-14. Aiming Options. 



on complex rece ive rs  composed o f  several planar and/or c y l i n d r i c a l  surfaces 
can be mapped by several execut ions o f  the  program. For c a v i t y  rece ive rs  the  
f l u x  surfaces a re  assumed t o  be behind the apertures. DELSOL t e s t s  each f l u x  
p o i n t  t o  insure  t h a t  i t  can be seen through the aperture from the h e l i o s t a t  
being ca l cu la ted  (i.e., t h a t  the  f l u x  p o i n t  i s  n o t  shadowed by the outs ide  o f  
the  c a v i t y ) .  I n  add i t i on ,  f o r  mu1 t i p l e  aper ture  c a v i t i e s ,  DELSOL a l l ows  the  
user t o  spec i f y  the aper ture(s1  through which the r e f l e c t e d  s u n l i g h t  can reach 
the  f l u x  sur face (ICAVF, Namelist  NLFLUX). T h i s - l a t t e r  fea ture  can be used t o  
account f o r  the  p o s s i b i l i t y  t h a t  the f l u x  sur face may be blocked by the  
i n t e r n a l  s t r u c t u r e  o f  the c a v i t y .  

The f l u x  from a h e l i o s t a t  i s  found by p r o j e c t i n g  the  f l u x  p o i n t  a long 
the  - f d i r e c t i o n  (i.e. back towards the  he1 i o s t a t )  t o  the  image plane 
whose o r i g i n  i s  the  a impoint  on the  rece iver .  The Hermite se r ies  (Equation 111. 
D-1 )  i s  evaluated and mu1 t i p l i e d  by - ? f where ? i s  the  normal o f  the  
f l u x  sur face a t  the  f l u x  po in t .  For m u l t i p l e  aimpoints t h i s  procedure i s  repeated 
f o r  each aimpoint.  To represent  accura te ly  the  f l u x  from a zone o f  h e l i o s t a t s ,  
t he  code uses the  average f l u x  from a number o f  h e l i o s t a t s  spanning the  zone 
and n o t  j u s t  a s i n g l e  h e l i o s t a t  l oca ted  a t  the  f i e l d  po in t .  The f l u x  from a 
f i e l d  o f  he1 i o s t a t s  i s  obta ined bv summina the t l u x  from the zones w i t h i n  the  
f i e l d .  The s i n g l e  t ime o f  t he  year a t  which the  f l u x  i s  ca l cu la ted  i s  determined 
by the user (IFX0UT). 

I 1  .H-1. S p e c i f i c a t i o n  o f  F lux  Points--The f l u x  p o i n t s  a re  s p e c i f i e d  by 
g i v i n g  t h e i r  l o c a t i o n  i n  ground based coordinates r e l a t i v e  t o  the  rece ive r  
"center"  and by d e f i n i n g  the  d i r e c t i o n  o f  the  outward normal on the  s ide  o f  
the  sur face upon which the  f l u x  i s  inc ident .  The rece ive r  center  i s  on the  
tower c e n t e r l i n e  a d is tance THT (Name1 i s t  REC) above the  plane o f  the  he1 i o s t a t  
p i v o t s  ( i  .e., a t  t he  same e l e v a t i o n  as the  middle o f  the  ex terna l  rece ive r  o r  
t h e  middle o f  t he  c a v i t y  aper ture  o r  f l a t  p l a t e ) .  The program provides four  
op t ions  f o r  au tomat i ca l l y  generat ing a 2-d g r i d  o f  equa l ly  spaced f l u x  po in ts :  
( 1 )  t h e  outer  sur face o f  a v e r t i c a l  c y l  inder  (IFLAUT=l); (2 )  the  inner  surface 
o f  a ho l low v e r t i c a l  c y l i n d e r  (IFLAUT=2); ( 3 )  one s ide  o f  an a r b i t r a r i l y  
o r i e n t e d  plane (IFLAUT=3); o r  ( 4 )  code generated g r i d  on the  heat  absorbing 
sur face ( IFLAUT=4). 

I f  IFLAUT=~' the  p o i n t s  a r e  generated on the  outs ide  o f  a c y l i n d e r  o f  diameter 
DIAMF meters. The center  o f  t he  v e r t i c a l  c y l i n d e r  i s  XFC meters t o  the  east, 
YFC meters t o  the  n o r t h  and ZFC meters up w i t h  respect  t o  the  rece ive r  center., 
There a re  NXFLX f l u x  p o i n t s  around the  circumference from a minimum surface 
normal azimuth o f  FAZMIN degrees t o  a maximum o f  FAZMAX degrees (see Fig. 
11-15]. The n o r t h  s ide o f  t he  c y l i n d e r  has an azimuth o f  180°, eas t  270°, 
e tc .  There a re  NYFLX values o f  the  he igh t  o f  the f l u x  p o i n t  r e l a t i v e  t o  ZFC 
from a minimum o f  FZMIN meters t o  a maximum o f  FZMAX meters. 

I f  IFLAUT=Z the  p o i n t s  a r e  on the  i n s i d e  o f  a hol low v e r t i c a l  cy l i nde r .  
A l l  the  va r iab les  have the  same meaning as above except t h a t  s ince the  sur face 
normals a re  on the  i n s i d e  o f  the  cy l i nde r ,  t he  azimuth on the  n o r t h  s ide  i s  0" 
and n o t  180' as i t  is IFLAUT=l, and the east  s ide azimuth i s  90' n o t  
270°, etc.  ( i  .e., the  d i r e c t i o n  o f  the  n o r t h  s ide azimuth i s  south, etc. ) ,  
as shown i n  F igu re  11-15. 
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Figure 11-15. Flux Points on a  Cyl inder. For IFLAUT=l, the 
po in ts  are  on the outs ide o f  the cy l inder  and for. 
IFLAUT=2, the po in ts  'a re  on the inside.  I n  t h i s  
Figure NXFLX = 5, NYFLX = 3. Po in t  number 
NMXFLX = M + (N -~ IwNXFLX,  where M = 1, NXILX 
and N = 1, NYFLX. For c l a r i t y ,  the rece iver  has 
been "unfolded" and l a i d  f l a t  i n  (c ) .  
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I f  IFLAUT=3 lilt! r l u x  p o i n t s  a re  l o c a t c d  on a plane. The outward 
sur face normal ? on the  s ide  o f  the  plane on which the  f l u x  i s  i n c i d e n t  
makes a po la r  angle o f  POLF degrees w i t h  the v e r t i c a l  and an azimuthal angle 
o f  AZMF degrees w i t h  respect  t o  the south dicec;io? ( thesg angles a r e  def ined 
i n  an analogous manner t o  the angles o f  t he  n, s, t, ~ n d  r, vectors  i n  
F igurp  I I-2).nA ca r tes ian  coordinate system ( i f , n j f ,  k f )  i s  constructed 
w i t h  kp - f, if i~ t h e  plane and ho r i zon ta l  and jf i n  the  plane and 
p o i n t i n g  up when k f  i s  ho r i zon ta l  (F igure  11-16). The o r i g i n  o f  t h i s  
coordinate system i s  XFC meters t o  the  E, YFC meters t o  the  N, and ZFC 
meters up w i t h  respect  t o  the  center  o f  the  receivey. There a r e  NXFLX 
equa l l y  spaced values o f  the  f l u x  p o i n t s  a long the  if a x i s  from a 
minimum o f  FAZMIN meters t o  a maximum o f  FAZMAX meters. S i m i l a r l y ,  there  
a re  NYFLX equa l l y  spaced values o f  the f l u x  p o i n t s  a long the  jf a x i s  
from a minimum o f  FZMIN meters t o  a maximum o f  FZMAX meters. 

I f  IFLAUT=4 the  f l u x  p o i n t s  a r e  l oca ted  automat ica l ly  by the  code on the  
heat  absorbing sur face o f  the  rece iver .  I f  the  d e f a u l t  choices f o r  NXFLX, 
FAZMIN, FAZMAX, NYFLX, FZMIN, and FZMAX a r e  used w i t h  t h i s  opt ion,  a s i n g l e  
p o i n t  on the  center  o f  t he  n o r t h  fac ing  heat  absorbing surface wi.11 be generated. 
While t h i s  i s  usua l l y  the l o g i c a l  p o i n t  t o  t e s t  f o r  a f l u x  l i m i t  f o r  ex terna l  
and f l a t  p l a t e  rece ivers ,  i t  i s  usua l l y  too  h igh  f o r  a c a v i t y  (see Sample 
Problem 2 i n  Appendix B f o r  an example). For c a v i t i e s ,  the  user should t e s t  
several p o i n t s  a long.  the  c e n t e r l i n e  o f  the  back wa l l  i n  order t o  l o c a t e  and 
p roper l y  design f o r  t he  maximum f l u x .  

I 1  .H-2. F lux  Constrained System Designs--Many rece ive r  designs have t o  
i m ~ o s e  f l u x  1 i m i t a t i o n s  on the  rece ive r  sur face t o  meet 1 i fet ime reauirements. 
D E ~ S O L  prov ides  the  op t ion  f o r  designing systems w i t h  a peak f l u x  cons t ra in t .  
The f l u x  a t  NFLXMX p o i n t s  i s  ca l cu la ted  a t  the  design p o i n t  as the  f i e l d  i s  
being b u i l t  up. I f  the  f l u x  l i m i t  (FLXLIM) i s  exceeded, no more zones a re  
added. I n  c a l c u l a t i n g  the  f l u x  dur ing  design studies, i t  i s  assumed t h a t  t he  
r e l a t i v e  shape o f  t he  f l u x  p r o f i l e  a t  the  design p o i n t  i s  the  same as the  
r e l a t i v e  shape o f  t he  annual average f l u x  p r o f i l e .  

When t h e  rece ive r  s i z e  i s  i t e r a t e d ,  the  l o c a t i o n  o f  the  f l u x  p o i n t s  i s  
scaled i n  such a way t h a t  they remain a t  the  same r e l a t i v e  p o s i t i o n  on the  
rece iver .  For ex te rna l  rece ivers ,  a w id th  and h e i g h t  o f  t he  rece ive r ,  W and 
H, a r e  s p e c i f i e d  on the  2nd REC Namelist  ( j u s t  be fore  the  OPT Namelist  i n  the  
o p t i m i z a t i o n  i n p u t  group). The f l u x  p o i n t s  a r e  s p e c i f i e d  by us ing  IFLAUT=l 
w i t h  XFC=YFC=ZFC=O and DIAMF=W. General ly,  t he  peak f l u x  occurs a t  t he  
middle o f  t he  no r th  s ide  o f  the  rece ive r  so t h a t  on l y  one f l u x  p o i n t  i s  t e s t e d  
( t h i s  i s  generated by us ing  a1 1 the  d e f a u l t  values i n  Namelist  NLFLUX). 
The azimuthal l o c a t i o n  o f  t he  f l u x  p o i n t ( s )  i s  unchanged as the  rece ive r  s i ze  
i s  varied. The h e i g h t  o f  t he  f l u x  p o i n t s  i s  g iven by 

Hit Height  o f  f l u x  p o i n t  = ( I n i t i a l  l o c a t i o n )  -A 

where H j t  i s  t he  c u r r e n t  i t e r a t e d  rece ive r  height.  For example, i f  the  
f l u x  p o i n t  i s  chosen as 314 o f  the  way up the  rece ive r  on the  NE s ide  i t  w i l l  
remain i n  t h i s  r e l a t i v e  p o s i t i o n  as W and/or H i s  .varied. 



Figure 11-16. F lux  Po in ts  on a Plane. The o r i g i n  0 i s  
d isplaced (XFC, YFC, ZFC) from t h e  r e c e i v e r  
sur face and the  normal f has a p o l a r  angle 
POLF and an azimuthal angle AZMF. The if- 
a x i s  i s  i n  the  plane and ho r i zon ta l .  The 
jf a x i s  i s  i n  the  plane and p o i n t i n g  upward. 
The I l ~ n l  t s  o f  the 2-D g r l d  sf equa l ly spaced 
p o i n t s  a re  shown. 



For  cav i  t.y rece ivers ,  t h e  l o c a t i o n s  o f  the f l u x  p o i n t s  scale w i t h  W and 
t h e  h e i g h t  o f  t he  hea t  absorbing sur face based o r  RADMIN and RADMAX 

where Wit i s  the  c u r r e n t  i t e r a t e d  width, and HCAVit i s  t he  h e i g h t  o f  t he  
heat  absorbing sur face based on c u r r e n t  values o f  THT, W, and RY. The s u r f a c e .  
normal a t  the  f l u x  p o i n t  i s  h e l d  constant.  

For  a s i n g l e  f l a t  p l a t e  r e c e i v e r  t he  f l u x  p o i n t s  a re  s p e c i f i e d  by 
IFLAUT=3 w i t h  POLF=RELV( I ) ,  AZMF=RAZM( I ) ,  ZFC=O, XFC=-W* SIN (AZMF) and 
yFC=-W* COS(ALMF) where W i s  t h e  diameter de f ined i n  Namel is t  REC. The 
spacing o f  the  f l u x  p o i n t s  a long t h e  T f  a x i s  scale w i t h  RX(1) and a long 
t h e  j a x i s  w i t h  RY( l ) ,  i.e. 

where RX( 1 )  and RY (1 )  a r e '  the  values o f  t he  r e c e i v e r  dimensions from Namel i s t  
REC, R X ( 1 ) i t  and RY( 1)  i t  a re  the  values used i n  the  i t e r a t i o n ,  and xf and y f  
a r e  t h e  coordinates o f  t h e  f l u x  p o i n t s  generated by the  values i n  Namel is t  
NLFLUX. General ly,  t h e  peak f l u x  occurs i.n the  center  o f  t h e  f l a t  p la te .  

For  f l u x  l i m i t e d  ex terna l  o r  f l a t  p l a t e  rece i ve rs  automatic aiming 
(IAUTQP=l, Namel i s t  REC) must be used. I n  design c a l c u l a t i o n s  the  REC 
Namel i s t  appears twice,  o m i n  the  Performance Group and once i n  t he  Layout/ 
Opt imiza t ion  Group (Table A.A.-1). To save computer t ime do n o t  use automatic 
aiming on the  f i r s t  REC Namel i s t ,  o n l y  on the  second REC Namelist  ( t h e  one 
immediately be fore  the  OPT Namel i s t ) .  Simi 1 a r l y  , the  NLFLUX Namel i s t  
appears twice. Again t o  save t ime do n o t  c a l c u l a t e  any f l u x e s  on the  f i r s t  
NLFLUX Namel i s t  on ly  on the  second one ( a f t e r  t he  OPT Namel i s t ) .  





' I I I. Performance Ca lcu la t i on  

1II.A. Seasonal and D a i l y  V a r i a t i o n  - o f  Sun Pos i t ion ;  Sunshape 

1 I I . A - 1 .  P o s i t i o n  o f  t h e  Sun--The sun p o s i t i o n  vec tor  ; i,s s p e c i f i e d  
by (o,, BS)  as i l l u s t r a t e d  i n  F igu re  11-2. I gno r ing  r e f r a c t i o n  e f f e c t s  
i n  the  atmosphere, Os and Bs can be ca l cu la ted  by ( re fs .  9,lO): 

cosoS = s i n  A s i n  6 + cos A cos 6 cos . ( I I1.A-1) 

sinBS = s i n  T cos6/sin0 s (1II.A-2) 

where x = 1  a t i  tude (>O i n  nor thern  hemi sphere), 

T = hour angle measured from noon (>O i n  afternoon; 15" pe r  hour),  

6 = dec l i na t i on .  

6 i s  determined by: 

where BSe(radians) = BS0 + 0.007133 sinBSO (1II .A-4) 

+ 0.032680 cosB, - 0.000318 sin2Qo 

+ 0.000145 C O S Z $ ~  ( r e f .  11) 

and 

The e f f e c t  o f  atmospheric r e f r a c t i o n  i s  t o  make the  sun's apparent z e n i t h  
angle 0; i e . ,  t he  z e n i t h  angle observed through t h e  atmosphere) l e s s  than 
t h e  t r u e  z e n i t h  angle 0,. The c o r r e c t i o n  i s  g iven by a  numerical f i t  ( r e f .  12) :  

= A  * (o~ /B) * * (c+D*o ' )  s  - E 
where A = .004013327 

B  = .06476916 

C . =  - .66956539 



ms i s  mu1 ti p l  i e d  by t h e  re1 a t i  ve atmospheric pressure (PRES o r  DPRES, Name1 i s t  
BASIC) t o  account f o r  t he  e f f e c t  o f  a1 t i t u d e .  It i s  the  apparent sun angle, 
n o t  t h e  actual  sun angle, t h a t  i s  t racked by t h e  h e l i o s t a t s .  

The d e f a u l t  l a t i t u d e  i s  t h a t  f o r  Barstow, CA: 

I 1 1  .A-2. I n s o l  ation--The e x t r a t e r r e s t r i a l  i n s o l  a t i o n  o f  t h e  sun, So, 
i n c l u d i n g  t h e  e f f e c t  o f  e . ccen t r i c i t y  o f  t h e  e a r t h ' s  o r b i t ,  i s  g iven by 
( r e f .  13):  

2 DAY + 10.0 so ( k w h  ) = 1.353 * 0.045 cos (2n 3 ~ 5 . ~  1 

where DAY = day o f  the  year. 

The p o s i t i o n  o f  t he  sun i s  symmetric about the  summer and w i n t e r  so l s t i ces .  
The code ignores t h e  small change i n  d e c l i n a t i o n  du r ing  each day and assumes 
t h a t  sun p o s i t i o n  i s  symmetric about noon, 

DELSOL assumes c l e a r  sky models t o  p r e d i c t  the  d i r e c t  normal i n s o l a t i o n  
a t  t h e  surface, S. I n s o l a t i o n  i s  decreased by t ransmission through t h e  
atmosphere. Losses depend on such f a c t o r s  as the  weather, a i r  mass traversed, 
and alt . i tur le, which determine t h e  ex ten t  o f  photon absorp t ion  and sca t te r i ng .  
The r e s u l t  i s  t h a t  p a r t  o f  t h e  d i r e c t  i n s o l a t i o n  i s  converted t o  a d i f f u s e  
form which cannot be concentrated by t h e  h e l i o s t a t s .  The annual energy 
p r ~ d i c t e d  by t h e  c l e a r  sky models i s  cor rec ted f o r  weather e t t e c t s  as des- 
c r i b e d  be1 ow. The parameter INSPIL c o n t r o l  s t he  i n s o l a t i o n  model choice. 

a)  INSOL = 0, Meinel Model ( r e f .  14) 

where So i s  g iven by equat ion (1II.A-4) a n d  ALT i s  t h e  a l t i t u d e  i n  krn. 

b )  INSflL = 1, Ho t te l  Model ( r e f .  15) 
-.- 

S = So ( a  + b exp ( -c  s e w s ) )  

where a = 0.4237 - 0.00821 (6. - ALT) 
2 



b = 0.5055 + 0.00595 (6.5 - ALT) 
2 

c = 0.2711 + 0.01858 (2.5 - ALT) 
2 

1t.ISQL = 2,. Constant I n s o l a t i o n  c )  - 
S = SgLCgN (constant  s p e c i f i e d  i n  BASIC  namel is t )  

d)  INSgL = 3, A1 l e n  Model ( r e f .  16) 

where . m a i r  mass correc. t ion 

DH20 = p r e c i p i t a b l e  water overhead (mm) 

DPRES = atmospheric pressurelsea l e v e l  atmospheric pressure 

The ' a i r  mass co r rec t i on ,  m, depends on the  z e n i t h  angle, es, according to :  . 

where 8 = -2.0936381-0.04117341 ( 90-eS)+0.000849854( 90-e, 1, 2 (1II.A-13) 
( r e f .  17) 

Note t h a t  t he  a l t i t u d e  o f  t h e  s i t e  a f f e c t s  the  i n s o l a t i o n  v i a  t h e  r e l a t i v e  
pressure DPRES. 

e )  INSQL = 4, Moon Model ( r e f .  16) 

The above equations are p l o t t e d  i n  F igure  111-1 f o r  ALT=O, The d e f a u l t  
va l  ues g i v e  y e a r l y  i nsol  a t i o n  corresponding t o  a Barstow, CA, 1 oca t i  on ( r e f .  
18):  , 

INSgL = 0 DPRES.= PRES = 1.0 \ '  

ALT = 0.65 DH20(1.) = H20 = 20.0 



Figure 111-1. Rat io of Inc ident  t o  Ex t ra te r res tn ia l  [nsolat ion,  S/So, as a F u n c t i m  
o f  S o l ~ r  Zen? t h  Angle (Sea Level ) 



1II.A-3. Time Dependent Weather Effects--DELSOL a l lows the  user t o  
de f ine  the  weather c h a r a c t e r i s t i c s  o f  the s i t e  being analyzed. The weather 
f a c t o r s  can be def ined separate ly  f o r  each o f  the NYEAR c a l c u l a t i o n a l  days 
(IWEATH=l, Namelist  BASIC) o r  can be he ld  constant  over the year (IWEATH=O). 
The weather a f f e c t s  both  performance and design ca lcu la t ions .  

a )  Cloudiness 

The'energy produced on the  I t h  c a l c u l a t i o n a l  day i s  mu1 t i p 1  i e d  by 
DWEATH( I ) ( IWEATH=l ) o r  WEATH ( IWEATH=O) t o  c o r r e c t  f o r  the  probabi 1 i ty 
t h a t  some i n s o l a t i o n  w i l l  be l o s t  due t o  cloudiness. The d e f a u l t  values a re  
c o n s i s t e n t  w i t h  a Barstow, CA l oca t ion :  

b )  Atmospheric Pressure 

The atmospheric pressure d i v ided  by sea l e v e i  atmospheric pressure on the 
I t h  c a l c u l a t i o n a l  day i s  g iven by DPRES(1) (IWEATH=l) o r  PRES(IWEATH=O). The 
r e l a t i v e  atmospheric pressure a f f e c t s  the r e f r a c t i o n  o f  sun1 i g h t  i n  the  
atmosphere, and i t s  i n f l uence  i s  accounted f o r  i n  the  A l l e n  and Moon i n s o l a t i o n  
model s. 

c )  P r e c i p i t a b l e  Water 

The p r e c i p i t a b l e  water overhead ( i n  mm) on the I t h  c a l c u l a t i o n a l  day i s  
g iven by DH2@(1) (IWEATH=l) o r  H20 (IWEATH=O). Th is  q u a n t i t y  i s  used on ly  i n  
the  A1 l e n  i n s o l a t i o n  model ( INS0L=3). 

1II.A-4. Sunshape--The image o f  the  e x t r a t e r r e s t r i a l  sun i s  l i m b  darkened; 
i.e., the  i n s o l a t i o n  decreases toward the edge. The s i ze  and shape o f  t he  
so la r  i n t e n s i t y  i s  f u r t h e r  mod i f i ed  by the  very small angle sc,at ter ing i n  the  
e a r t h ' s  atm0spher.e. I n  general, t he  s i ze  o f  the so la r  image increases as the  
t o t a l  i n s o l a t i o n  decreases because o f  increased scat te r ing .  The shape o f  the  
so la r  image i s  , important  i n  i t s  e f f e c t s  on the  s p i l l a g e  and f l u x  ca l cu la t i ons .  
The sunshape models a v a i l a b l e  i n  DELSOL a r e  s e t  by the  choice o f  parameter 
NSUN. 

a )  NSUN = 0, P o i n t  Sun 

A p o i n t  sun, wh i l e '  u n r e a l i s t i c ,  has been usefu l  f o r  debugging the  
f i e l d  performance c a l c u l a t i o n  and f o r  s tudying the e f f e c t s  o f  h e l i o s t a t  s i ze  
and e r r o r s  on the  images p ro jec ted  on the rece iver .  



b )  NSUN = 1, Limb Darkened Sun 
-.A 

Th is  i s  one o f  the  simpler models f o r  a l i m b  darkened sun descr ibed 
by ( r e f .  3) :  

where r = angle subtended between the center  o f  t he  sun t o  some p o i n t  
toward thc edge ( (R), i n  rad; 

R = maximum angle subtendod, 

cl NSUN = 2. Sauare Wave Sun 

The i n t e n s i t y  Ss cunstant  t o  r R (=  4.65 mrad), and then drops t o  zero: 

d)  NSUN = 3, User Spec i f i ed  Sunshape 

The user s p e c i f i e s  the  i n t e n s i t y  vs. ang le  i n  a c i r c u l a r l y  symmetric 
sunshape. There a r e  NSUNPT p a i r s  o f  values o f  i n t e n s i t y ,  SUNI, vs. ang le  from 
the center  o f  the  sun, SUNR. The anglcs a r e  i n  ascending order and the .First 
angle must be zero ( i  .e., t h e  center o f  the  sun). nr*SUNI ( r ) d r  g ives t h e  power 
from t f i u n  w i t h i n  a d i f f e r e n t i a l  c i r c u l a r  r i n g  from r t o  r+dr. 

The d e f a u l t  i n  the  code i s  t h c  1 imb darkened model (NSUN = 1).  

I 
. . 

I1I.B. Cosine t f f e c t  

I n  general, he1 i o s t a t s  a r e  n o t  perpendicular  t o  the  i n c i d e n t  d i r e c t  
i nso la t i on .  The t o t a l  power r e f l e c t e d  per u n i t  area o f  he1 i o s t a t  I s  propor- 
t i o n a l  t o  the  cosine fi 5 = fi €. The a n a l y t i c a l  formulas f o r  the  
h e l i o s t a t  o r i e n t a t i o n  and the  cosine a r e  der ived i n  re ference 19. The amount 
o f  energy r e f l e c t e d  by a h e l i o s t a t ,  Sr, i s  there fore :  

where 

A A 1 n s = (1 + cos oS cos ot + s i n  oS s i n  ot c o s ( ~ ~ - ~ , ) )  (111.B-2) 

The angles are  def ined i n  F igu re  11-2- 



1 I I . C .  Shadowing and B lock ing 

Shadowing occurs when one he1 i o s t a t  i s  i n  the  shadow o f  one o r  more 
neighbors. Blocking occurs when a p a r t  o f  the  unshaded reg ion  o f  t he  h e l i o -  
s t a t  cannot be seen from the rece ive r  because o f  i t s  neighbors. Shadowing and 
b l  ock i  ng a r e  s t rong ly  t ime and p o s i t i o n  dependent. 

Shadowing (b lock ing )  i s  ca l cu la ted  by p r o j e c t i n g  the neighbor ing he1 i o -  
s t a t s  a long the  sun ( tower)  d i r e c t i o n  onto the plane o f  the  h e l i o s t a t  being 
considered. The area shaded (b locked) i s  then ca lcu la ted  a n a l y t i c a l l y .  
Twelve nearest  neighbors are  considered i n  the  ca l cu la t i on .  

- 
. Two opt ions  a re  provided f o r  over lapping o f  shadowing and b lock ing  on a 

h e l i o s t a t .  For ISB=O (Namel is t  HSTAT) the  shading and b lock ing  a re  assumed t o  
never overlap. Th is  i s  genera l ly  the  case except a t  low sun angles. This 
approximation i s  an upper bound on shading and b lock ing  losses. For ISB=1 the  
'shading and b lock ing  a r e  assumed t o  always overlap. Th is  approximation i s  a 
lower bound on t h e  losses. The d e f a w o i c e  i s  the  conservat ive one (ISB=O). 

I11 .C- I .  E f f e c t  o f  $1 i p Planes on Shadowing and B l  ock i  ng--As e x p l a l  ned 
i n  1I.C-1, he1 i o s t a t s  have t o  be removed from s l i p  planes i n  r a d i a l  stagger 
l a y o u t  pat terns.  These miss ing h e l i o s t a t s  w i l l  reduce the  shadowing and 
b locking.  DELSOL assumes t h a t  the  shadowing and b lock ing  losses a re  reduced by 
the  f r a c t i o n  o f  miss ing  h e l i o s t a t s / t o t a l  h e l i o s t a t s  i n  a zone. For example, i f  
5% o f  the  h e l i o s t a t s  a r e  missing, a 10% shadowing l o s s  would be reduced t o  9.5%. . 

1II.C-2. Tower Shadow--DELSOL ca lcu la tes  the  e f f e c t  o f  t he  shadow c a s t  by 
the  tower and rece iver .  The tower and rece ive r  shadow i s  modeled as t h a t  c a s t  
by a v e r t i c a l  c y l i n d e r  o f  h e i g h t  TQIWL meters (above the  plane o f  h e l i o s t a t  p i v o t s )  
and diameter o f  TQIWD meters. Both values scale w i t h  THT. The d e f a u l t  
values a r e  cons is ten t  w i t h  THT and W: 

TQWL = 175.0 m 
TQIWD= 10.0111 

1 I I . D .  F lux  Densi ty  and S p i l l a g e  

The d e t a i l s  o f  the  t h e o r e t i c a l  method f o r  c a l c u l a t l n g  the  f l u x  i n  
DELSOL i s  g iven i n  references 3 and 5. The f l u x  d i s t r i b u t i o n  from a he1 i o s t a t ,  
normalized t o  u n i t  power, i s  represented a n a l y t i c a l l y  by a t runcated expan- 
s i  on i n -Hermi t e  pol  ynomi a 1 s : 



where ax, ay, and A i  j are  ca l cu la ted  from the p r o j e c t i o n  o f  the  h e l i o s t a t  on 
the  rece iver ,  the  sunshape, and the he1 i o s t a t  performance e r r o r  d i s t r i b u t i o n ,  
and x and y a re  the  coordinates i n  the  plane o f  the  r e f l e c t e d  image (Table 1I.A-1). 
The H's a re  Hermite polynomials, the  f i r s t  th ree o f  which are:  

I n  reference 5 i t  i s  shown t h a t  the  A i  and a ' s  have a simple power law 
dependence on t h e  tower height ,  THT. there fore ,  once t h e  f l u x  i s  found f o r  
one tower height ,  i t  i s  s t ra igh t fo rward  t o  c a l c u l a t e  the  dependence f o r  o ther  
tower heights. Furthermore, s ince Eq. ( I 1 1  .D-1) describes the  f l u x  over the  
e n t i r e  image plane, the  f l u x  can be p ro jec ted  onto any r e c e i v e r  as l ong  as 
the  rece ive r  dimensions a r e  small compared t o  the  s l a n t  range. 

It i s  assumed t h a t  the  t o t a l  energy i n  the  f l u x  d i s t r i b u t i o n  i s  reduced 
by shadowing and b locking,  b u t  t h a t  the s p a t i a l  d i s t r i b u t i o n  i s  taken as  
p ropor t i ona l  t o  t h a t  o f  an unshaded and unblocked h e l i o s t a t .  Th is  i s  genera l l y  
j u s t i f i e d  because shadowing and b lock ing  losses are  u s u a l l y  small and the  
convo lu t ion  of t he  m i r r o r  shape w i t h  the  sunshape and e r r o r s  reduces t h e  
e f f e c t  o f  shadowing and b lock ing  on thc  f l u x  p r o f i l e .  

The a b i l i t y  t o  use one f l u x  c a l c u l a t i o n  t o  p r e d i c t  t he  f l u x  f r o m a  
given h e l i o s t a t  design on any tower or  rece ive r  i s  t he  main s t reng th  o f  
DELSOL . 

The .speed o f  the  Hermite method r e s u l t s  from the  f a c t  t h a t  a severely 
t runcated polynomial ( 6 t h  order )  expansion i s  an accurate approxima t i o n  t o  
the  f l u x  density.  As discussed i n  re ference 5, the  accuracy o f  t he  Hermite 
method increases as the  e r r o r  sources o f  he1 i o s t a t  performance and/or t h e i r  
e f f e c t  on t h e  f l u x  p r o f i l e  become la rge r .  S p e c i f i c a l l y ,  DELSOL becomes more 
accurate On p r e d f c t i n g  the  f l u x  and s p i l l a g e  when: (1) t he  e r r o r s  increase; 
(2) t h e  s l a n t  range increases; o r  ( 3 )  t he  s i z e  o f  t he  h e l i o s t a t  i s  reduced 
( e i t h e r  p h y s i c a l l y  o r  e f f e c t i v e l y  by focusing or  cant ing) .  

To c a l c u l a t e  the  f r a c t i o n  o f  the  f l u x  i n te rcep ted  by the  rece ive r ,  
equat ion (111 .D-1) must be i n t e g r a t e d  over the  p r o j e c t i o n  o f  the  r e c e i v e r  on 
the  image plane. The r e s u l t i n g  two dimensional i n t e g r a l  can be evaluated 
a n a l y t i c a l l y  i n  one dimension and numer ical ly ,  us ing a 16 p o i n t  Gaussian 
quadrature, i n  the  other. 

1 I I .D -1 .  More Accurage Images from Canted Hel iostats--The normal method 
used i n  DtLSOL i s  a s i n g l e  Hermi t e  se r ies  t o  represent  t h e  he1 i o s t a t ' s  image. 
When the  h e l i o s t a t  t o  rece ive r  d is tance i s  small t h i s  can r e s u l t  i n  a b l u r r i n g  
o f  t he  sharp edges o f  the  image. A slower runn ing o p t i o n  which c a l c u l a t e s  a 
more accurate image i s  a v a i l a b l e  ' fo r  canted h e l i o s t a t s  (INDC=l i n  Namel is t  
HSTAT). The l o c a t i o n  o f  t he  center  o f  the  image from each cant  panel i s  
calculated.  Then a separate Hermite se r ies  i s  used t o  represent  the  image 
from each can t  panel. Th is  o p t i o n  can on ly  be used i n  performance c a l c u l a t i o n s  
w i t h  a s i n g l e  a impoin t  a t  t he  center  o f  the  rece ive r  (IAUTOP=l, Name1 i s t  
REC). I t s  a f f e c t  on an opt imized system can be determined by re runn ing  a 
performance c a l c u l a t i o n  on the  opt imized system w i t h  INDC=l. 



. I 1 1  .E. Time Independent Losses 

The hour l y  and seasonal v a r i  a t i o n  o f :  a) atmospheric a t tenuat ion  from 
t h e  he1 i o s t a t  t o  the  rece ive r  , b)  rece ive r  r a d i a t i o n  and convect ion 1  osses, 
and c )  p i p i n g  i n s u l a t i o n  losses, a re  assumed n e g l i g i b l e .  I n  add i t ion ,  m i r r o r  
and rece ive r  r e f l  e c t i v i  t y  , the  thermal t o  e l e c t r i c  conversion. e f f i c i e n c y ,  and 
p a r a s i t i c  loads are represented by constant  t ime averaged values. 

I I I .E-1. Atmospheric At tenuat ion:  Hel i o s t a t  t o  ReceSver--The seasonal 
v a r i a t i o n  o f  a t m o s ~ h e r i c  a t tenua t ion  a t  around l e v e l  f o r  t he  t e s t  l o c a t i o n s  o f  
~ a r s t o w  and ~l buqukrque (based on constant  v i s i b i l i t y )  i s  repor ted  t o  be small 
( r e f .  20) and i s  ignored i n  DELSOL. However, t h e  e f f e c t s  o f  l o c a l  a1 ti tude 
and v i s i b i l i t y  are not. DELSOL o f f e r s  two opt ions, i d e n t i f i e d  by the  use r ' s  
choice o f  t h e  parameter IATM i n  the  BASIC namelist :  

1 )  IATM = 0  Clear  day, Barstow ( v i s i b i l i t y  = 23 km) 

2  3  Loss ( % ) = 0 . 6 7 3 9 + 1 0 . 4 6 R - 1 . 7 0 R  +0.2845R ( r e f .  15) (1II.E-1) 

2) .IATM = 1 Hazy day, Barstow ( v i s i b i l i t y  = 5  km) 

2  
Loss (%) = 1.293 + 27.48 R - 3.394 R ( r e f .  15) (1'11 .E-2) 

3) IATM = 2  User def ined a t tenua t ion  

Loss ( f r a c t i o n )  = ATMl + ATM2 R + ATM3 R~ + ATM4 R~ (1II.E-3) 

where R i s  t h e  s l a n t  range ( h e l i o s t a t  t o  rece ive r )  i n  km. The f i r s t  two 
equations are g r a p h i c a l l y  presented i n  F igure  111-2. S i m i l a r  equations f o r  
Albuquerque a re  a l s o  g iven i n  reference 20, b u t  these are  n o t  c u r r e n t l y  
avai 1  ab le  as an o p t i o n  i n t h e  .code. The defaul t choice i s t h e  c l e a r  day 
model : 

IATM = 0  

I I I. E-2. M i r r o r  and Receiver Ref 1  e c t i  v i  ty--Whi 1  e  i t  i s known t h a t  m i r r o r  
r e f l  e c t i v i t y  can degrade between washings ( r e f .  21), i t  i s  assumed constant  
a1 ong w i t h  rece ive r  r e - r e f l e c t i v i t y .  Defaul t ' va l  ues are (name1 i s t  v a r i a b l e  
name i n parentheses) : 

M i r r o r  r e f l e c t i v i t y  (RMIRL) = 0.89 (g lass,  average between washings; 
r e f .  16) 

F 

Receiver absorpt ion (RRECL) ' = 0.965 (=1 .O- r ece ive r  r e f l  e c t i v i  t y ;  d e f a u l t  
value f o r  ex terna l  molten s a l t  
design) 



Figure 111-2. Atmospt l u i c  Attenuation f o r  Low and High U i s i b i l  i t y ,  Barstow 



I 1  I .E-3. Radiat ion and Convection Losses from the  Receiver.--Both the  
design p o i n t  and a  y e a r l y  average e f f i c i e n c y  are  ca l cu la ted  based on the  
assumption t h a t  . the  power 1  oss due t o  r a d i a t i o n  and convect ion i s  p ropor t i ona l  
t o  e i t h e r :  1 )  the  area o f  an ex terna l  rece ive r ,  o r  2 )  the  t o t a l  aper ture  area 
i n  a  c a v i t y  design; i.e., 

where AR = ex terna l  rece ive r ,  t o t a l  aperture, o r  t o t a l  f l a t  p l a t e  area, 

a = propor t iona l  i ty fac to r .  
R 

I n  o ther  words, PLOST, i s  the  same a t  any t ime o f  the day o r  year. I m p l i c i t  

i n  the  assumption i s  t h a t  t he  same temperature p r o f i l e  i s  maintained on the  
rece ive r  a t  a l l  t imes and f o r  any rece ive r  s i ze  by a d j u s t i n g  the  f l u i d  
f l ow  r a t e ,  and t h a t  convect ive losses vary i n s i g n i f i c a n t l y  w i t h  time. 

L e t t i n g  " R C , R , ~ ~  be the  design p o i n t  e f f i c i e n c y  based on rece ive r  r a d i a t i o n  
and convect ion losses, then: 

" R ~ R  = 1 - 7 -  
th,  R 

where PthsR = gross thermal power absorbed by the rece ive r  a t  t he  design po in t .  

S i m i l a r i l y ,  l e t  v ~ ~ ~ ~ , ~ ~ ~  be the  y e a r l y  average e f f i c i e n c y ,  i t s  
value i s  g iven by: 

where E ~ ~ ~ , ~  = t o t a l  gross energy absorbed by the  rece ive r  per year, 

HOP = t o t a l  number of hours of p l a n t  opera t ion  i n  d i r e c t ,  non- 
storage mode. 



a~ 
i s  determined from some reference design f o r  which the r a d i a t i o n  

and convection losses have been ca lcu la ted i n  more de ta i l .  Rearranging 
equation (1II.E-51, 

where the var iables have the same meaning a-, above and the superscr ip1 r w F r r - s  
t o  the reference. Current de fau l t  values correspond t o  an external  molten 
s a l t  rece iver  w i t h  f low from the bottom t o  the top o f  the rece iver  panels; " shoul d be ca lcu la ted based on average ambient condi t ions (wind speed, n ~ c ,  R 
temperature, etc.). 

1II.E-4. Insu la t ion  Losses i n  P i  p ing Runs--Only sing1 e module designs 
are considered, and the fo l lowing two assumptions are made: 

1) The ho t  p ip ing  run can be expressed as some constant, apH, times 
the tower height, so t h a t  the t o t a l  length  i s :  

L~ = a~~ x THT (1II.E-8) 

apH should include the ground run t o  storage and the e l e c t r i c  

generating subsystem (EPGS) p lus  any necessary expansion allowances. 
The defaul t val ue i s  based on an advanced sal t design w i  t h  storage 
and EPGS w i  ttiin one THT o f  the base o f  the tower p lus  a 30% increase 
, f o r  expansion: 

2 ) .  The pipe diameter, Dp, scales d i r e c t l y  w i t h  the square r o o t  o f  the 
f low ra te ,  which i s ,  i n  turn, d i r e c t l y  proport ional  t o  the design 
thermal power del ivered t o  the downcomer from the receiver.  Refer- 
r i n g  t o  the previous sect ion f o r  nomenclature: 

where 8 = p ropo r t i ona l i t y  factor .  
P 



P i p i n g  losses are  assumed t o  be p ropor t i ona l  t o  the t o t a l  p ipe  area. A t  the  
design .point :  

where a = p r o p o r t i o n a l i t y  fac to r .  Combining equations ( I 1 1  .E-8), 
P  

I I I E - 9  and I I I E - 1 0  and d e f i n i n g  a; = na B 
P P' 

Fo l l ow ing  the approach i n  the  previous sect ion,  we l e t  be the  
p i p i n g  thermal e f f i c i e n c y  a t  the  design po in t ,  so tha t :  

I n  analogous fashion, t h e  y e a r l y  average p i  p ing  e f f i c i e n c y ,  T - I ~ , ~ ~ ~ ,  i s  
c a l c u l a t e d  assuming t h a t  PLOST,p i s  constant  through the  year: 

where E ~ O ~ , ~  = t o t a l  energy d e l i v e r e d  t o  p i p i n g  per year ( =  I ~ ~ ~ , ~ , ~ ~ ~ E ~ ~ ~ , ~ ) ,  

HOP = same as previous sect ion. 

As w i t h  f i n d i n g  aR i n  t h e  previous sect ion, a; i s  based on a  reference.  

design f o r  which a  d e t a i l e d  c a l c u l a t i o n  i s  ava i lab le .  Rearranging equat ion 
(1II.E-12), and denoting the  re ference design values w i t h  a  supersc r ip t  we 
get:  



Current  defaul t values a re  based on a sal t design ( o i C  ,R and P i h s R  
given above : 

0: (REFPIP) = 0.998 

Lo (RCFLP) = 1.70.0 m 
P 

1II.E-5 Thermal /Electr ic  Conversion . ..,- ., Ef f ic iency--There ......-.-. a r e  two opt ions  
f o r  the-d6seign ,po in t  thermal t o  e l e c t r i c  conversron e f f i c i e n c y ,  qTESREF, 
i d e n t i f i e d  by the  use r ' s  choice o f  the  parameter ITHEL: 

1 )  ITHEL = 0 nTE,REF constant  a t  a l l  design p o i n t  power l e v e l s ;  value s p e c i f i e d  

by the user. 

2 )  I T H E L # O  nTE,REF v a r i e s  w i t h  gross design p o i n t  e l e c t r i c a l  ou tput  based on 

repor ted  p l a n t  performance and designs ( r e f s .  22-24). 

The f i t  f o r  o p t i o n  ( 2 )  i s  p l o t t e d  i n  F igure  111-3. For c a l c u l a t i n g  t o t a l  
y e a r l y  e l e c t r i c a l  energy product ion, t he  y e a r l y  average thermal t o  e l e c t r i c  
conversion e f f i c i ency ,  np~,AYG, i s  expressed as  some f r a c t i o n ,  fEFF, o f  the 

design p o i n t  value i n  order  t o  account f o r  o f f  design opera t ion  o f  the t u r b i n e  
p lan t :  

D e f a u l t  values are: 

ITHEL = 0 

'TE , REF (ETAREF) = 0.42 

f~~~ 

(FEFF) = 0.95 

1II.E-6. Process Heat Product ion-- In design problems where on ly  thermal 
energy i s  des i red  (i .e., no e l e c t r i c a l  product ion) ,  t h e  code can be f lagged 
through v a r i a b l e  IPH t o  ove r r i de  au tomat i ca l l y  the  defaul  t e l e c t r i c a l  con- 
vers ion  ca l cu la t i on .  A non-zero value o f  IPH i n  namel is t  NLEFF w i l l  s e t  t he  
f o l l o w i n g  va r iab les  t o  the  i n d i c a t e d  values: 

ETAREF = 1.0 (Sect ion 1II.E-5) 

FEFF = 1.0 (Sect ion  I I I .E .5 )  

CEPGS = 0.0 (Sect ion  IV.A-10) 



Figure 111-3. Design Point Thermal to Electric Conversion Efficiency as Function of 
Turbi ne/Genera tor Nameplate Ra t i  ng 



REFPRL = 0.0 

FSP = 0.0 

Output energy cos ts  remain i n  m i l l s l kw-h r ,  and energy headings i n  MWe (a1 though 
t h i  s i s now the  same as MWth). 

1II.E-7. Storage Eff ic iency--Round t r i p  losses through s to ra  e a r e  3. accounted f o r  through ~ a r i a b l ~  L ~ ~ S ' I K ,  which i s  the  n e t  thermal e f  i c i ency ,  o r  
(1.0 - round t r i p  l oss ) ,  o f  t he  energy sent  t o  storage. The d e f a u l t  va lue i s  
cons is ten t  w i t h  a few hours o f  h igh temperature n i t r a t e  s a l t  storage. 

FFFSTR = Qt99 

I 1  1.E-8. P a r a s i t i c  Loads--The power r a t i n g  and n e t  y e a r l y  energy pro-  
duc t ion  o f  t he  p l a n t  i nc lude  p a r a s i t i c  l o a d  f a c t o r s  (PL). A t  the  design 
po in t :  

Over the  year: 

where KW-HRgr,,, inc ludes an assumed weather outage. 

PLREF and PLAyG d i f f e r  from each other  because opera t ion  from storage 

r e q u i r e s  l e s s  power than daytime rece ive r  opera t ion  i n  which the  h e l i o s t a t s  
and tnWW pump are I&eA. ASfuming t h a t  storage opera t ion  r e q u i r e s  some 
f rac t i on ,  fS, o f  the  design p o i n t  p a r a s i t i c  load, 

where HrREC = hrs lday  o f  rece ive r  operat ion, 

= HROPl365 (Sect ion  1II.E-3) 

HrsTOR = hrs lday  o f  storage opera t i  on 

- - Energy s tored (a1 so see "Cost Model" sec t i on  
M W ~ ,  g r o s s ' v ~ ~ ,  REF f o r  d iscussion o f  energy s to red  

c a l c u l a t i o n )  



An a d d i t i o n a l  parameter, FEP, i s  s p e c i f i e d  as the  f r a c t i o n  o f  REFPRL r e q u i r e d  
f o r  ope ra t i  on o f  the  t u r b i  ne/genera t o r  subsystem. When a  de ta i  1  ed performance 
c a l c u l a t i o n  of a  user de f ined f i e l d  i s  c a r r i e d  o u t  (see Chapter V I ) ,  FEP i s  
r e q u i r e d  f o r  energy accounting dur ing  those t ime steps when the  f i e l d  i s  s t i l l  . 

operat ing, b u t  i s  no longer ab le  t o  supply f u l l  t u r b i n e  power requirements. 

D e f a u l t  values a r e  based on an advanced s a l t  system: 

PLREF (REFPRL) = 0.10 

fs (FSP) = 0.5 

FEP = 0.0 





I V .  System Cost and Economics 

While DELSOL can be used t o  c a l c u l a t e  f i e l d  performance only, as described 
i n  e a r l i e r  sect ions, i t  a l s o  has c a p a b i l i t i e s  f o r  t o t a l  system design. I n  
DELSOL an opt imal system design i s  t h a t  combination o f  tower height ,  . rece ive r  . 
s ize, and m a y o u t  which g ives  the  lowest  system energy c o s t  a t  a  g iven 
design power l e v e l  and so la r  mu1 t i p l e * .  I n  order t o  c a l c u l a t e  the  energy 
cost ,  bo th  system performance, as  discussed i n  previous sect ions, and system 
c a p i t a l  and opera t ing  cos ts  must be determined. The subsystem c o s t  model s  f o r  
es t ima t ing  the t o t a l  c a p i t a l  c o s t  and the  economic model f o r  c a l c u l a t i n g  the  
1  eve1 i zed energy c o s t  a r e  discussed be1 ow. 

1V.A. Cost Model 

The t o t a l  c a p i t a l  cost,  CCT, i s  ca l cu la ted  as the  sum o f  the  costs. o f  -. 

several subsystems : 

C C ~  = ( C C ~ ~ ~  + C C ~ ~ ~ ~  + C C ~ ~ ~ ~  

+ C C ~ ~ ~  + C C ~ ~ ~  

+ ' C C ~ ~ ~ ~  + C C ~ ~ ~ ~  + C C ~ ~ ~ ~ ~ ~  + C C ~ ~ ~ ~ ~ ~  + C C ~ ~ ~ ~  

+ C C ~ ~ ~ ~ ~ )  

x (1.0 + D I  + CONT + SPTS) (1V.A-1) 

As discussed i n  d e t a i l  i n  Chapter 5, t he  op t im iza t i on  scheme considers one 
tower h e i g h t l r e c e i v e r  s i z e  combination a t  a  t ime and then b u i l d s  up the  
h e l i o s t a t  f i e l d  zone by zone u n t i l  the  des i red  power l e v e l ( s )  a t  the  s p e c i f i e d  
so la r  mu1 t i p l e  i s  achieved f o r  t h a t  tower and rece iver .  Cap i ta l  c o s t  components 
can be grouped according t o  t h a t  p o i n t  i n  the  f i e l d  bu i ld -up a t  which they a r e  
ca lcu la ted.  The l i n e  grouping o f  the  cos ts  above i s  t o  c l a r i f y  those which 
a r e  s i m i l a r l y  ca lcu la ted.  The tower and rece ive r  cos ts  (CCTOW, CCREC) a re  

f i x e d  by the  values o f  tower h e i g h t  and rece ive r  dimensions f o r  each pass 
through the  f i e l d  bu i l dup  subrout ine MAX. He l i os ta t ,  land, and w i r i n g  cos ts  
(CCHEL, CCLAND9 CCWIRE), a re  updated w i t h  each zone added i n  the  f i e l d  b u i l d -  

up. The power (i.e., system s i z e )  r e l a t e d  cos ts  o f  p ip ing ,  pumping, storage, 
heat  exchangers s and EPGS ( CCp pE 9 CCpUMp: CCSTOWIGE 9 CCHTXCHG 9 CCEpGS s 

r e s p e c t i v e l y )  a re  ca l cu la ted  as each design l e v e l  i s  reached. It i s  assumed 
t h a t  c e r t a i n  f i x e d  cos ts  (CCFIXED) , e.g., master c o n t r o l ,  a d m i n i s t r a t i o n  

*The so la r  mu1 t i p l e  s p e c i f i e s  t o t a l  system c o l l e c t i o n  and storage s ize.  It i s  
the  f a c t o r  mu1 t i p l y i n g  the minimum requirement f o r  thermal power a t  the  base 
o f  t h e  tower t o  meet the  s p e c i f i e d  power de l i ve red  . t o  the  process a t  the  
design po in t .  Thus, a  so la r  mu1 t i p l e  o f  1.0 means t h a t  t he  f i e l d ,  rece iver ,  
and tower a r e  designed t o  d e l i v e r  o n l y  t h a t  power t o  meet design p o i n t  
requirements. A so la r  mu1 t i p l e  o f .  two means t h a t  the  design po in ' t  thermal 
power a t  t he  base o f  the  tower i s  tw ice  t h a t  r e q u i r e d  f o r  t he  def ined p l a n t  
r a t i n g .  I n  t h i s  case the  excess i s  stored. 



bu i l d ings ,  roads, etc., a r e  common t o  a l l  the systems. Factors f o r  d i s t r i b u -  
t a b l e  and i n d i r e c t  cos ts  (DI  t o  cover a r c h i t e c t u r a l  and engineer ing serv ices,  
con t rac to r  fees, and temporary f a c i l i t i e s ,  f o r  cont ingencies (CONT), and f o r  
spare p a r t s  (SPTS) a re  added t o  the  basic c a p i t a l  c o s t  o f  the  major component 
subsystems. Values a re  expressed as a f r a c t i o n  o f  t he  t o t a l  d i r e c t  costs. 
Current  d e f a u l t  values a re  bdsed on n t h  p l a n t  design and const ruc t ion :  

D I  (EXT) = 0.16 

CONT (CONT) = 0.12 

SPTS (SPTS) = 0.01 

The i n d i v i d u a l  c a p i t a l  c o s t  model s a r e  described be1 ow. User suppl i e d  
c o s t  parameters should i nc lude  mate r ia l  s, f a b r i c a t i o n ,  and f i e 1  d i n s t a l  l a t i o n ,  
and subcontractor fees and cont ingencies, i f  any. The defaul t values a r e  
cons is ten t  w i t h  a 100 MWE,net s a l t  design using a h igh  r e f 1  e c t i v i  ty g lass  

he1 i o s t a t  ( r e f .  25). should the  user des i re  t o  s e t  any subsystem cos t  t o  zero 
t o  e l i m i n a t e  i t s  c o n t r i b u t i o n  t o  the  system design, then t h e  i n p u t  c o s t  
parameters, n o t  t he  s i ze  o r  s c a l i n g  parameters, should be s e t  t o  zero. 

CCHEL = CH ( $ ) x t o t a l  m i r r o r  area 
m2 m i r r o r  area 

zones 
= CH 1 zone m i r r o r  area 

Zone m i r r o r  area i 3  determined from the zone dens i ty  and l a n d  area. D e f a u l t  
C, (CH) = $75.00/m app l i es  t o  a h igh  r e f l e c t i v i t y  g lass  he1 i o s t a t .  ( T h i s  

2 value of $7!i/m f o r  glass h e l i s s t a t s  i s  cons ls ten t  w i t h  s t a t e d  c o s t  goals 
f o r  l a r g e  scale production.) 

1V.A-2. Land 

) x t o t a l  l a n d  area C C ~ ~ ~ ~  = 'L (7 m l a n d  

zones 
= CL 1 zone l a n d  area 

2 
CL should i nc lude  s i t e  prepara t ion  costs. D e f a u l t  CL (CL) = $l.3n/m . 



1V.A-3. Wir ina 

zones 

CWIRE = 1 (C W,R Ri + 'w, AR A R ~  + C W, A k  
nAzi ) x # he1 i o s t a t s  i n  zone i 

where Ri = r a d i a l  d is tance from the tower base t o  zone i; 

dRi = average row spacing i n  zone i; 

AAzi = average spacing between h e l i o s t a t s  on the  same 

row i n  zone i . 
This  model was supp l ied  w i t h  the f i e l d  performance r e s u l t s  from reference 6. 
It- i s  designed t o  penal ize he1 i o s t a t s  p laced f a r t h e r  o u t  due t o  requirements 
o f  l a r g e r  ( o r  more) pr imary cables as the  f i e l d  grows r a d i a l l y  from the tower, 
and longer plowed i n  secondary l i n e  runs as the  m i r r o r  densi ty  decreases 
w i t h  d is tance from the  tower. From the  def ined zoning and dens i ty  o p t i o n  i n  
namel is ts  FIELD and DPT, R aRi, and AAzi a re  known. De fau l t  values f o r  the i ' wi r ' ing  c o s t  parameters are.  

I V  .A-4. Tower 

where THTB = base tower he igh t  (m) ; 

XTOW = exponent greater  than 1 ( u s u a l l y  between 1.8-2.2). 

THTB i s  the  ac tua l  tower he igh t  from the ground t o  the  bottom o f  the. 

rece ive r ;  i t  i s  r e l a t e d  t o  THT by 

THTB = THT + HM/2.0 - H/2 



where HM = he igh t  o f  a  h e l i o s t a t ;  

H = he igh t  o f  the  rece iver .  

The user has 2  opt ions  f o r  c a l c u l a t i n g  the c o s t  o f  t he  tower: 
I 

a )  ITHT = 0; cos t  bascd on Sandia s tud ies  ( r e f .  26): 

THTs 120 (concrete tower) 

b )  ITHT = 1; user suppl ies values f o r  CTBW1, CTBW2, CT0W3, XT0W i n  namel is t  
NLC(ZIST. 

The tower c o s t  f o r  o p t i o n  a )  i s  p l o t t e d  i n  F igure  I V - 1 .  The de fau l t  i s  o p t i o n  

a ) :  I T H T = O .  

E v  .A-5. Hecei ver 

a )  External  and f l a t  p l a t e  rece ivers :  

where 'RE', REF = c o s t  o f  a  re ference design ($1; 

= heat  t r a n s f e r  area of t he  re ference design, 2  same as i n  tower c o s t  model (ex terna l  rece ive r ,  m ) ; 

ARE' = heat  t r a n s f e r  area o f  rece ive r  be ing evaluated, 
2  same as i n  tower c o s t  model (ex te rna l  rece ive r ,  m ). 



Figure IV-1. Tower Cost Predicted for ITHT = 0 



, The equat ion i s  o f  a form commonly used i n  the  chemical process i n d u s t r i e s  
( r e f s .  27,28), and the s c a l i n g  w i t h  area r e s u l t s  from the f a c t  t h a t  t h e  
r e c e i v e r  i s  a s p e c i a l l y  designed heat  exchanger. For ex te rna l  r e c e i v e r s  the  
area i s  simply the  product  o f  n t imes the  diameter (W) t imes the h e i g h t  (H). 
For a f l a t  p l a t e  rece ive r  the  area i s  RX*RY. D e f a u l t  values a re  f o r  an 
ex terna l  c y l i n d r i c a l  s a l t  rece ive r :  

b )  Cav i ty  receivers--The c o s t  equat ion i s  o f  t he  same form as equat ion 
(1V.A-61 above f n r  ex terna l  and f l a t  p l a t c  rccc ivers .  The l ~ e i g l i l  U P  ,the heat  
ahsorbing sur face i s  ca l cu la ted  so t h a t  a t  the  g i v e i ~  c a v i t y  depth, W/2 x 
RWCAV, a  r a y  from the ncarcs t  h e l i o s t a t  through 1I1e center  o f  the aper ture  
i n t e r s e c t s  the  top o f  the  surface. A r a y  e n t e r i n g  the  bottom o f  the  aper tu re  
from t h e  f a r t h e s t  he1 i o s t a t  determines the  bottom o f  the  heat  absorbing 
sui'race. The equation used t o  c a l c u l a t e  the  he igh t  o f  t h e  heat  absorbing 
sur face f o r  each c a v i t y  i s :  

HCAV = (THT+RY/ZxSIN( 180. -RELV) ) x  [ R M ~ N ~ { ~ + w I $ ~ w ~ A V  - - (THT-RYIZxSIN(l80. -RELV) ) 

where RMIN  and RMAX a re  the  l o c a l  minimum and maximum r a d i i  f o r  the  opt imized 
f i e l d .  

The c i r cumfe ren t ia l  w i d t h  o f  t he  h e a t  absorbing sur face i s  t h a t  p o r t i o n  
o f  t h e  c y l S r ~ d r i c a l  sur face which can be seen through the  aper ture  by the  
sec t i on  o f  the  f i e 1  d a c t i v e  f o r  t he  cav i t y .  Rays from the  nearest  h e l i o s t a t s  
on the  boundaries o f  t h i s  sector  a r e  used t o  c a l c u l a t e  t h e  f r a c t i o n  o f  t he  
sur face seen (see Fig. IV-2b). As discussed i n  Sect ion  V.A-3(c), t he  h e i g h t  
of t h e  c a v i t y  w i l l  be extremely s e n s i t i v e  t o  the  choice o f  RADMIN. The user 
may f i n d  i t  necessary t o  r e r u n  the  code w i t h  values o f  RADMIN l a r g e r  than t h e  
d e f a u l t  i n  order t o  ob ta in  a reasonable value f o r  H. 



W/2 x RWCAV 

1 '  I 

LRYIZ x SIN (180. - RELV) 

THT 

RMAX 

$-TOWER CENTERLINE 

ACTIVE HEAT 
TRANSFER AREA 

W/2 x 
RWCAV- 

F igure  I V - 2 .  a )  Schematic i l l u s t r a t i n g  the r e l a t i o n  o f  the  h e i g h t  o f  the 
back wal l  o f  a c a v i t y  t o  other  system dimensions 

b )  Assumed shape o f  the  h e a t  t r a n s f e r  surface i n  a c a v i t y  



where CRp = rece ive rhower  pump cost ;  

Csp = storage pump c o s t  

The sca l i ng  parameter f o r  pump costs  i s  the product  o f  the head times the  
capac i ty  ( r e f .  27). We assume a re ference design f o r  each ,pumping system. 
For the  rece ive r  pump, the  head i s  p ropor t i ona l  t o  the  tower height,  and the  
f l ow  r a t e  i s  t he  t o t a l  f l u i d  f low, i.e., EPGS - and stor%dge requirement, 
which i s  p ropor t i ona l  t o  the so la r  wu'l ti p l e  t imes the thermal power t r a n s f e r r e d  
i n  the  heat  exchangers. For the storage pump, the  head i s  assumed t o  change 
n e g l i g i b l y  from the re ference design, and the  f l o w  r a t e  i s  p ropor t i ona l  t o  the  
thermal power on ly .  ( i .e., EPGS requirement).  These assumptions 1 ead t o  the  

, f o l l  owi ng equation f o r  t he  pumping costs:  

- THT x SM x Pth 
( ) X ~ ~  

CCpuMp - CRp,REF r n T ~ p ,  REF SMRp ,REF p t h  ,RP, REF 

where C ~ ~ ,  REF = c o s t  o f  re ference rece iver / tower  pump ($ ) ;  

THT = tower h e i g h t  (m); - 

SM = so la r  mu1 t i p l e ;  

= thermal power t o  EPGS' (wa t t s )  ; 
P t h  

T H T ~ ~ ,  REF = tower h e i g h t  f o r  reference rece ive r  pump design (m); 

s M ~ ~ ,  REF = so la r  mu1 t i p l e  f o r  re ference r e c e i v e r  pump design; 

P t h , ~ ~ , ~ ~ ~  = thermal power t o  EPGS i n  re ference rece ive r  pump 

sys tem (wat ts  ) ; 

XRP = s c a l i n g  exponent f o r  rece ive r  pump; 

C ~ ~ ,  REF = c o s t  o f  reference storage pump ($1; 

'P t h  , SP ,REF = thermal power t o  EPGS i n  re ference storage pump 

system (wa t t s )  ; 

xSP = sea l i ng  exponent f o r  storage pump. 



D e f a u l t  values are f o r  a  mol ten s a l t  system: 

'RP ,REF 
(CRPREF 

T H T ~ ~  ,REF 
(TRPREF 

S M ~ ~  ,REF 
( SMRP 

P t h  ,RP ,REF 
( PRPREF 

xRp ( XRP 

C~~ ,REF 
(CSPREF 

P t ~ , s ~ , ~ ~ ~  ( PSPREF 

xsp( XSP 

1V.A-7 .  Pipes 

$0.671 x  10' 

170.0 m 

1.5 

8 
2.6 x 10 wa t t s  

0.85* 

$1.51 x  l o 5  
8 3.0 x  10 wat ts  

0.15** 

where apH = mu1 t i p 1  i e r  on THT t o  g i ve  t o t a l  - h o t  p i p i n g  r u n  as described 
i n  Sect ion 1II.E-4; 

= re fe rence h o t  p ipe  cost ,  i n c l u d i n g  pipe, i n s u l a t i o n ,  
C H o ~ y R E F  f i t t i n g s ,  hangars, supports, i n s t a l  1  a t i o n  ($/m) ; 

= mu1 t i p l  i e r  on THT t o  g i v e  t o t a l  co l  d  p i  p ing  run  (can be 
'PC d i f f e r e n t  from LpH i f  expansion m w a n c e  i s  l e s s ) ;  

'COLD ,REF 
= re ference c o l d  p ipe  cost ,  as above ($/m) ; 

D = p ipe  diameter (m); 

D~~~ 
= re fe rence p ipe  diameter (m) . 

(See r e f .  29 f o r  p i p e  c o s t  s c a l i n g  r e l a t i o n . )  

The p i p e  diameter i s  assumed t o  scale w i t h  the  square r o o t  o f  t he  f l ow  ra te ,  
which i s  i n  t u r n  p ropo r t i ona l  t o  t h e  product  o f  t he  s o l a r  mu1 t i p l e  t imes the  
design p o i n t  thermal power d e l i v e r e d  t o  the  process: 

*Capacity x  head l a r g e  ( r e f .  27).  
**Capacity x  head small ( r e f .  27).  



Thus, 

Defau l t  values a re  hased on a molten s a l t  desigi i  i n  which h o t  and c o l d  runs  
a re  the  same leng th  ( a l l o w i n g  the t o t a l  reference c o s t  t o  be pu t  i n  e i t h e r  

C ~ ~ ~ ,  REF Or C ~ ~ ~ ~ , ~ ~ ~ ) :  

2 (FPLC) = 2.6 
PC 

'HOT, REF (CHPREF) = $1.32~104 

'COLD, REF (CCPREF) = $ o . o / ~  

, s M ~  I PE , REF (SMPI) = 1.5 

P t h , ~ l ~ ~ , ~ ~ ~  (PPIRCF) - 2.6 x lo8 wat ts  

X ~ r ~ ~  (XPI) = 1.06 ( r e f .  23) 

1V.A-8. Storage 

where n s ~ o ~  = n~lmber o f  storage tanks, or hot/Cold pa i r s ;  

"EMPTY = number o f  spare tanks; 

= re ference storage media containment c o s t  ( i n c l u d i n g  
CTKyREF ho t  and c o l d  tank p a i r ,  i f  so designed, i n s u l a t i o n ,  

foundation, valv ing,  etc.) ($1; 

C ~ ~ ~ ,  REF = reference storage media c o s t  ($1; 

3 V T i  = tank volume (m 1; 
3 

v ~ ~ ,  RFF = re ference tank volume f m  1 r 

xST = sca l i ng  exponent f o r  tanks. 



'STOR i s  determined from an assumed maximum volume per tank: 

where VSTOR 3 = t o t a l  volume requ i red  for storage (m 1; 

3 = maximum tank volume (m 1, 'TK , MAX 

and f o r  non-integer values, nSTOR i s  rounded t o  the  next  h ighest  in teger .  
The t o t a l  storage volume i s  r e l a t e d  d i r e c t l y  t o  the energy i n  storage: 

where ESTOR i s  the  energy i n  storage. The i n d i v i d u a l  tank volume i s :  

assuming t h a t  mu1 t i p l e  tanks w i l l  be constructed o f  equal volume. (Note: 

Si rice 'TK .MAX i s  a user supp l ied  value, i t  can be chosen s u f f i c i e n t l y  

l a r g e  i f  only a s i n g l e  tank design i s  desired.) 

I n  DELSOL storage i s  i n i t i a l l y  s ized f o r  the  excess energy product ion on 
the  l onges t  day, June 21st. The c a l c u l a t i o n  o f  ESTOR i s  i l l u s t r a t e d  i n  F igure  

IV-3. I t s  value i s  determined by a numerical i n t e g r a t i o n  t o  g ive  the  shaded 
area i n  t h e  f i gu re .  The nominal number o f  hours o f  storage i s  simply ESTOR 
d i v ided  by PDES. Th is  storage s i ze  i s  used i n  the  optimum t o t a l  system 

design. However, t h i s  simp1 i f i e d  approach o f t e n  leads t o  a l a r g e r  than 
opt imal  s ize  storage system. The user i s  the re fo re  g iven the  op t ion  o f  
re runn ing a given design i n  a d e t a i l e d  performance c a l c u l a t i o n  i n  which the  
storage s i z e  i s  incrementa l ly  decreased u n t i l  a minimum energy c o s t  i s  found. 
The d e t a i l s  o f  t h i s  op t i on  a re  discussed i n  Sect ion V.A-7. 
D e f a u l t  values a r e  based on a s a l t  h o t  t a n k l c o l d  tank design: 

"EMPTY (EMPTY) = 0.0 

C ~ ~ ,  REF (CSTREF) = $4.593 x l o 6  

C ~ ~ ~ ,  REF (CSTRMD) = $3.22 x l o 6  
3 3 'TK , REF (VSTREF) = 4.078 x 10 m 

xST(XST) = 0.6 ( r e f .  23) 



PDES 
X SMULT 

STARTUP NOON SHUTDOWN 

? 

Figure IV-3. Energy t o  storage i s  the excess energy produced 
above the design po in t  requirement; i t  i s  given 
by the hatched area. The re ference  time i n  t h i s  
example i s  noon 



4 3 
\TK, MAX (VMAX) = 1.23 x 10 m 

E ~ ~ ~ ~ , ~ ~ ~  (ESTREF) =.9.0 X l o8  wat t -h rs  

1V.A 9. Heat Exchangers 

1. ICHE = 0 ; c o s t  scales w i t h  thermal power: 

where C ~ ~ ,  REF = re ference heat  exchanger subsystem c o s t  ($ ) ;  

P t h , ~ ~ , ~ ~ ~  = re ference design thermal p0we.r (wa t t s )  ; 

X ~ ~ ,  P = s c a l i n g  exponent 

D e f a u l t  values a re  based on proposed molten s a l t  designs, and the  t o t a l  
subsystem c o s t  i n c l  udes an evaporator, superheater , and rehea t e r  : 

C ~ ~ ,  REF (CHEREF) = $1.525 x l o 6  
8 

' t h , ~ ~  ,REF (PHEREF) = 3.0 x 10 wat ts  

X ~ ~ , ~  (XHEP) = 0.8 

2. ICHEfO; c o s t  scales w i t h  i n d i v i d u a l  heat  exchanger areas: 

where subscr ip ts  PH, EV, SH, RH r e f e r  t o  ' t h e  preheater, .evaportator ,  super- 
heater, and reheater,  respec t i ve l y ,  and: 



n = number o f  type i heat exchangers; i 

'i, REF = reference cos t  o f  s ing le  type i heat exchanger ($ ) ;  

2 Ai = area o f  heat exchanger i (m );  

*I, REF = area o f  reference typc i heat exchanger (mz); 

= sca l ing exponent. x~~ ,A 

ni i s  ca lcu la ted from a spec i f i ed  maxlmum area Ai ,MAX for a type i 

heat exchanger : 
Ai 

"i = 

where 

and 

For non-integer values of n i  i n  equation (1V.C-191, i t  i s  rounded t o  the next  
hf ghest integer. ' Defau l t  values a re  based on sodium hockey s t i c k  designs 
( r e f .  30). and no preheater i s  incladsd. (Sa l t  heat exchangers have no t  y e t  
been studied i n  d e t a i l  by the authors f o r  cost ing according t o  t h i s  option.) 
A1 so , ' Ai ,MAX i s  se t  suf f ic ien. t ly  l a rge  so t h a t  only s ing le  u n i t s  w i l l  be b u i l t .  

C ~ ~ ,  REF (CPHREF) = $0.0 

A ~ ~ ,  REF iAPHREF) = 1.0 m' 
10 2 

A~~ ,MAX (APHMAX) = 10 m 

'~~ ,PH,REF (PPHREF) = 1.0 wat t  

'EV ,REF (CEVREF) = 13.77 x l o 6  

'EV,REF (AEVREF) = 1300.0 tn2 
10 2 

, AEV MAX (AEVMAX) = 10 rn 
8 

P t h , ~ ~  ,REF (PEVRCF) - 2.6 x 10 watts 



A ~ ~ ,  REF (ASHREF) = 400.0 m2 

(ASHMAXI = 10 10 m2 
A ~ ~ ,  MAX 

8 
'th, SH, REF (PSHREF) = 2.6 x 10 wat ts  

C ~ ~ ,  REF (CRHREF) = $1.38 x l o 6  
(ARHREF) = 310.0 m 2 

A ~ ~ ,  REF 
10 2 A ~ ~ ,  MAX (ARHMAX) = 10 m 

8 
'th, RH, REF (PRHREF) = 2.6 x 10 w a t t s  

1V.A-10. E l e c t r i c  Power Generating Subsystem (EPGS) 

where = c o s t  o f  re ference EPGS subsystem ( t u r b i n e  p l a n t  
CEpGssREF and e l e c t r i c  p l a n t )  ($1; 

P ~ ~ ~ ~ ,  REF = gross power r a t i n g  of reference subsystem (wat ts ) ;  

= design p o i n t  thermal t o  e l e c t r i c  conversion e f f i c i e n c y  
'E~REF (see sec t i on  1II.E-5). 

D e f a u l t  values assume a 112 MWE, gross 
a1 1 power l eve ls .  

ou tput  and 

C ~ ~ ~ ~ ,  REF (CEGREF) = $27.3 x l o 6  
8 

'EPGS, REF (PEGREF) = 1.12 x 10 wat t s  

YE, REF (ETAREF) = 0.42 

'EPGS (XEPGS) = 0.8 

constant  yE,iEF for  

Note: Th is  c o s t  i s  au tomat i ca l l y  . s e t  t o  zero f o r  a user s p e c i f i e d  i n d u s t r i a l  
process heat  design (IPH # 0 i n  namel is t  NLEFF). 



1V.A-11. F ixed Cos ts - - I t  i s  asumed t h a t  regardless o f  p l a n t  s ize ,  a l l  
p l a n t s  have some common f i e 1  d  cos ts  (e.g., b u i l d i n g s  and roads, master c o n t r o l  , 
etc.). . The d e f a u l t  i s  est imated from a 100 MWE,net s a l t  system. 

1V.B. Ca lcu la t i ng  t h c  Level i z e d  Energy Cost 

Based on the  t o t a l  c a p i t a l  cost ,  CCT, est imated from t h e  models 

discussed i n  t h e  previous sect ion, a  l e v e l i z e d  ( o r  discounted average) c o s t  o f  
enerqy over the  1'ifel;ilae o f  t h e  p l a n t  1s ca lcu la ted  as f o l l o w s  ( r e f .  31,32): 

1) The t o t a l  investment a t  s ta r tup ,  CC 
ST-UP ,T, 

w i l l  be the  c u r r e n t  c a p i t a l  

c o s t  est imate, CCT, escalated t o  t h e  f i r s t  yea r  o f  const ruc t ion ,  
'CON ' 

p l u s  the  i n t e r e s t  on t h e  borrowed investment dur ing  const ruc t ion ,  iDC: 

I n  cu r ren t  do1 1  ars, 

- - C C ~ ~ - ~ ~  ,T 
C C ~ ~ - i ~ ~  ,ai$ C Y  - 198%) 

(1 + rinf) CON 

where ri nf i s  t h e  general r a t e  o f  i n f l  a t l o n  ( n o t  necessar i l y  

equal t o  the  c a p i t a l  esca la t i on  r a t e ) .  

2)  The l e v e l i z e d  energy c o s t  inc ludes both c a p i t a l  recovery and o  e r a t i n g  
and mdinler~anue charges. The O&M charges are  ca l cu la ted  as a  eve1 i z e d  
percentage o f  t he  c a p i t a l  cost;  DELSOL s p l i t s  O&M charges i n t o  

Y 
h e l i o s t a t  and non-he l ios ta t  ra tes :  

(FCR CCST-Up + ('AMH ,iEV CCST-Up,H) + (O&MBAL LEV "ST-UP ,BAL 1 
LEC = 

PF x (1- PLAVG) x KW-HR 



where FCR = f i x e d  charge r a t e ,  i .e., annual charge aga ins t  the 
c a p i t a l  investment t o  account f o r  r e t u r n s  t o  shareholders, 
taxes and insurance, depreciat ion,  debt  cost,  d iscount  
ra te ;  

o ' M ~ , ~ ~ ~  
= l e v e l  i z e d  he1 i o s t a t  O&M ra te ;  

= he1 i o s t a t  subsystem c a p i t a l  investment a t  s t a r t u p  ( i nc ludes  
CCs'-ups~ l a n d  and w i r i n g )  ;. 

o ' M ~ ~ ~ ,  LEV = l e v e l i z e d  balance o f  p l a n t  O&M r a t e ;  

C C ~ ~ - ~ ~ ,  BAL = balance o f  p l a n t  c a p i t a l  investment a t  s ta r tup ;  

PF = p l a n t  f a c t o r  for  scheduled maintenance; 

PLAVG = average p a r a s i t i c  load, as a f r a c t i o n  o f  the  gross 
p l a n t  ou tput  (see a l s o  sec t i on  1II.E-6); 

KW-HR = n e t  t o t a l  y e a r l y  energy product ion (kw-hr) a t  100% p l a n t  
fac to r ;  ? .e., no scheduled shutdowns, b u t  weather outage 
included. 

1V.B-1. F ixed Charge Rate--The user i s  a l lowed one o f  two opt ions  f o r  
the  f i x e d  charge ra te ,  FCR: 

1. IFCR = 0; user s p e c i f i e d  value o f  FCR (value o f  DISRT should be cons is tent ) .  

2. IFCR # 0; FCR ca lcu la ted  by DELSOL based on user suppl ied values o f  
economic parameters. 

FCR = PTI + ( 1  .o-ITCI-( ITRXDEP) . - R ) f ~ ~ ~  

where PTI = annual p roper ty  tax  and insurance ra te ;  

ITC = investment tax  c r e d i t ;  

ITR = income tax  r a t e ;  

DEP = deprec ia t ion  a1 lowance, discussed below; 

fDIS = discount  fac to r ,  discussed below. 



a )  Deprec ia t ion  Schedules--Wi t h  o p t i o n  b) above ( IFCRfO) , t h e  user i s  a1 lowed 
one o f '  two choices f o r  c a l c u l a t i n g  the  deprec ia t ion  a1 lowance: 

1 )  IDEP=l; s t r a i g h t  1 i n e  schedule: 

YDEP ( 1  .o/yDEp 
DEP = 1 

y.1 (I.O+rdis)Y 

where YDEp = deprccSation l i f e  s f  the  so la r  ,p ld i l t  ( y r s ) ;  

r ~ ~ s  = 89 $count r a t e  (see be1 nw). 

2) IDEP=2; sum-of-years d i g i t s  schedule 

b)  Discount Rate and Discount Factor--The d iscount  r a t e  r i s  t h e  e f f e c t i v e  
c o s t  o f  money t o  the  owner and inc ludes both  debt c o s t  andD#8turn on e q u i t y  
requirements according to :  

r~~~ = C(1.0-ITR) x fD x ID] + (1.0-fb) x ROE (1V.B-7) 

where fD = debt f r a c t i o n ;  

D = debt c o s t  ( i n t e r e s t  r a t e  on borrowed c a p i t a l  ) ; 

ROE = before tax  r e t u r n  on equi ty .  
I 

(Note t h a t  rDIS = ROE f o r  fD = 0; i.e., 100% e q u i t y  f inanced pro jec ts . )  

The d i  scount f a c t o r  i s : 

where Yop = economic opera t ing  1 i f e  o f  the  p l a n t  ( y r s ) .  



1V.B-2. Leve l ized O&M Rates--The l e v e l i z e d  O&M r a t e s  are  determined from 
the  i n i t i a l  r a t e ,  O&Mi ;  the  y e a r l y  i n f l a t i o n  and d iscount  ra tes ,  rinf and 
r d i s ,  respec t i ve l y ;  and the  p l a n t  opera t ing  l i f e ,  Yop: 

Yop ( 1  + rinflY 
= O&Mi 1 

y = l  ( 1  + r  d i  s  IY 

D e f a u l t  values are: 

iDc (AFDC) = 0.15 (5-year cons t ruc t i on  per iod)  

ESC (ESC) = 0.08 

'CON -1981(NYTCBN) = 0  ( p l a n t  cons t ruc t i on  begins now) 

rinp (RINF) = 0.08 

IFCR = 0  

FCR (FCR) = 0.159 







V. System Opt imiza t ion  

V.A Opt imiza t ion  Var iables 

DELSOL can perform an e f f i c i e n t  search f o r  the  combination o f  system 
design va r iab les  t h a t  minimizes the  l e v e l  i z e d  energy c o s t  (LEC). The design 
parameters which can be automatical l y  va r ied  by DELSOL a re  1  i sted i n  Tab1 e  
V.1. The design parameters t h a t  a re  h e l d  constant  dur ing  an op t im iza t i on  
search a r e  l i s t e d  i n  Table V.2. This second s e t  of va r iab les  can be opt imized 
by per formi  ng severa 1  DELSOL opt imiza t ions ,  each run  having d i  f f e r e n t  va l  ues 
f o r  these var iables.  I n  add i t i on ,  DELSOL can opt imize the  system design 
sub jec t  t o  cons t ra in ts  on the  rece ive r  f l u x e s  and on the  l and  a v a i l a b l e  f o r  
t he  he1 i o s t a t  f i e 1  d. (Unless i n d i c a t e d  otherwise a1 1  var iab les  mentioned i n  
Sect ion V a re  i n  Namelist  QPT.) 

V .A-1 . Desi gn' Poi n t  Power Level --DELSOL can simul taneously opt imize 
systems a t  NUMQPT ( <  20) equa l l y  spaced d i s c r e t e  design p o i n t  power l e v e l s  
from a minimum v a l u e  o f  PQPTMN t o  a  maximum value o f  PQPTMX watts. . The 
design p o i n t  occurs a t  REFTIM hours pas t  so la r  noon on the  REFDAY day o f  the 
year (namel is t  BASIC). The i n s o l a t i o n  a t  the  design p o i n t  i s  REFSOL kw/m2 
(namel is t  BASIC). I n  Version 1 o f  DELSOL i t  was .recommended t h a t  even i f  the  
user des i red  on ly  one design power, he shoul d  a1 so spec i fy  1  ower design powers 
i n  order t o  speed up the  search a1 gorithm. This i s  no longer t r u e  i n  Version 
2. I f  on ly  one power l e v e l  i s  desired, then the  user should spec i fy  on l y  one 
power 1  eve1 . 

V.A-2. Tower Height--DELSOL can search over NUMTHT ( <  20) equa l l y  spaced 
d i s c r e t e  values o f  the tower h e i g h t  from a minimum value o f  THTST m t o  a  
maximum value o f  THTEND m. The user i s  reminded t h a t  tower he igh t  i s  de f ined 
i n  DELSOL as t h e  e l e v a t i o n  o f  t he  midpo in t  o f  the  rece ive r  above the  plane o f  
t h e  h e l i o s t a t  p i v o t  (see F igure  11-12). 

V.A-3. 'Receiver  Dimensions--DELSOL can search independently over two 
rece ive r  var iables.  The choice o f  the  va r iab les  depends on the  type o f  
' receiver.  

a)  External  Receiver--The f i r s t  rece ive r  va r iab le  f o r  an ex terna l  rece ive r  
i s  t he  diameter W. There a r e  NUMREC ( <  20) equa l l y  spaced d i sc re te  values o f  
W from a  minimum o f  WST meters t o  a  mayimum o f  WEND meters. The second 
rece ive r  va r iab le  i s  the  r a t i o  o f  t he  rece ive r  he igh t  H t o  the  rece ive r  w id th  
W. There a re  NUMHTW ( <  20) equa l l y  spaced d i sc re te  values o f  H/W from a 
minimum o f  HTWST t o  a  fiiaximum o f  HTWEND. 

b) F l a t  P l a t e  Receiver(s)--The f i r s t  rece ive r  va r iab le  f o r  a  f l a t  p l a t e  
r e c e i v e r  i s  t he  ho r i zon ta l  dimension o f  the  f i r s t  f l a t  p la te ,  RX(1). There . 

a r e  NUMREC ( <  20) equa l l y  spaced d i sc re te  values o f  RX(1) from a minimum o f  
WST meters tz a maximum o f  WEND meters. The second rece ive r  va r iab le  i s  
the  r a t i o  o f  t he  f i r s t  p l a t e ' s  v e r t i c a l  dimension t o  i t s  ho r i zon ta l  dimension,. 
RY( l ) /RX( l ) .  There a re  NUMHTW ( <  20) equa l l y  spaced d i sc re te  values o f  
RY ( l ) / R X ( l )  from a  minimum. o f  HmST t o  a  maximum o f  HTWEND. 



TABLE V.A-1. 

DESIGN PARAMETERS VARIED DURING OPTIMIZATION 

Note t h a t  some nf the  va r iab les  can have only d i s c r e t e  values 
(e.g., e i t h e r  100 m or  120 m tower he ights )  wh i l e  o the rs  are 
va r ied  c o n t i  nuous1.y. 

- Desiyr~ p o i n t  power l e v e l  ( d i s c r e t e  values) 

Tower he ight  ( d i s c r e t e  values) 

Receiver dimensions ( d i s c r e t e  values) 

- External  c y l  inner  
Height  and diameter 

- F l a t  p l a t e ( s 1  
Height  and w id th  

- Cav i t y ( i es1  
Height  and w id th  o f  aper ture  

-or- 
Width o f  aper ture  and depth o f  c a v i t y  

Tower l o c a t i o n  f o r  l and  const ra ined system ( d i s c r e t e  values) 
. . - - - - - -- 

F ie1 d boundaries (cont inuous values) 

He1 i o s t a t  spaci ngs (cont inuous values)  

Storage capac i ty  a t  a g iven so la r  m u l t i p l e  ( d i s c r e t e  values) 



TABLE V.A-2. 

DESIGN PARAMETERS HELD CONSTANT DURING A 
SINGLE DESIGN OPTLMl7ATION RUN 

These parameters can be opt imized on ly  by doing several 
runs, each w i t h  a d i f f e r e n t  value f o r  the  parameter o f  
i nteres t .  

- L a t i t u d e  
- I n s o l a t i o n  
- Weather 
- Atmospheric a t tenua t ion  

F i e l d  

- Type (surround o r  nor th-on ly  zoning) 
- H e l i o s t a t  l a y o u t  p a t t e r n  
- Minimum and maximum r a d i a l  boundaries 

H e l i o s t a t  

- A1 1 design parameters 

Receiver 

. - Receiver type (ex terna l  c y l i n d e r  o r  f l a t  p l a t e  o r  c a v i t y )  
- O r i e n t a t i o n  o f  c a v i t y  aperture o r  f l a t  p l a t e  
- Ra t io  o f  dimensions o f  2nd, 3rd, 4 t h  apertures o r  f l a t  

p l a t e s  ( i f  any) t o  t h a t  o f  the  1 s t '  

Sol a r  Mu1 ti 01 e 



I n  the  case o f  mu1 t i p l e  f l a t  p l a t e  rece ive rs  a l l  r ece ive r  dimensions a r e  
assumed p ropor t i ona l  t o  the  f i r s t  r e c e i v e r ' s  dimensions. RX2TRX, RX3TRX, 
RX4TRX a r e  the  r a t i o s  o f  the  second, t h i r d  and f o u r t h  p l a t e ' s  ho r i zon ta l  
dimension t o  the f i r s t  p l a t e ' s  ho r i zon ta l  dimension. The v e r t i c a l  / ho r i zon ta l  
r a t i o ,  RYTRX, i s  assumed the  same for  a l l  p lates.  

c )  Cav i ty  Receivers--Cavi t y  rece ive rs  are  more compl i c a t e d  t o  design than 
o ther  rece ive r  types. Not on ly  must the  s i ze  o f  the  aper ture  be determined, 
b u t  a l s o  the  depth of the  c a v i t y  and the  s ize  o f  the  heat  exchanger s u ~ f a e e  
w i t h i n  the  cav i t y .  Thcsc a re  more design parameters lt lan DELSOL can vary a t  
one time. Therefore, a  s i n g l e  automatic op t im iza t i on  o f  a  c a v i t y  r e c e i v e r  i s  
n o t  possib le.  However, DELSOL has the  c a p a b i l i t y  t o  r u n  a  se r ies  o f  op t im i -  
z a t i o n  and performance runs t h a t  w i l l  l ead  t o  a  good c a v i t y  design. D i f f e r e n t  
p a i r s  o f  rece ive r  var iab les  a re  se lec ted i n  sequence. F i r s t ,  the w i d t h  o f  t h e  
aper ture  and depth n f  t he  c a v i t y  a re  opt imized (IgPTUM-2). Second, the 
aspect r a t i o  o f  thc  a p c ~ t u r e  i s  opt imized (I(dPTUM=P). F i n a l l y ,  pevformance 
runs a re  used t o  generate f l u x  maps w i t h i n  the  c a v i t y  so t h a t  the user can 
manually f i n e  tune the shape o f  the  heat  absorbing surface. Each o f  these 
steps i s  described below i n  more d e t a i l .  

' 

The f i r s t  step i n  op t im iz ing  a  c a v i t y  i s  t o  determine the  aper ture  w i d t h  
and c a v i t y  depth by spec i f y ing  IgPTUM=2. DELSOL searches NUMREC equal l y  
spaced d i s c r e t e  values o f  t he  w7dth o f  t he  f i r s t  aperture,  RX( l ) ,  f rom a  
minimum value o f  WST meters t o  a  maximum value o f  WEND meters. The second 
rece lvc r  va r iab le  i s  the clid~seter W o f  t he  ha r i t on ta ' l  c i r c l e  con ta in ing  the  
c a v i t y  apertures. Since the  depth o f  the  I t h  c a v i t y  i s  p ropor t i ona l  t o  W 
(RWCAV( I ) , Name1 i s t  REC), t he  second rece ive r  v a r i a b l e  a1 so va r ies  t h e  c a v i t y  
depth. There a re  NUMHTW d i s c r e t e  equa l l y  spaced values o f  t he  width, W,' f rom 
a  minimum o f  HTWST meters t o  a  maximum value o f  HTWEND meters. W (and hence 
the c a v i t y  depths WxRWCAV( I ) ) i s  determl ned e n t i r e l y  by the  rece ive r  f l  ux 
l i m i t s .  There i s  no performance advantage ( f o r  a f i x e d  aper ture  s i 7 ~ )  to 
making the  c a v i t y  deeper. However, there  i s  a  c o s t  pena1t.y f o r  rnaking the 
c a v i t y  deeper since the  s i ze  o f  the  heat  exchanger sur face grows as discussed 
i n  sec t ion  1V.A-5(b). Therefore, DELSOL w i l l  n o t  increase the  depth o f  t h e  
c a v i t y  above the minimum value a l lowed i r ~  the search, HTWST x  KWCAV(I), unless 
i t  i s  fo rced t o  by a  f l u x  constra int .*  

The second step i n  op t im iz ing  a  c a v i t y  i s  t o  f i n e  tune the  w id th  and 
aspect r a t i o  o f  the  apertures by spec i f y ing  IgPTUM=l. During t h i s  s tep  the  
constant  width, W, s p e c i f i e d  u r ~  the REC Namellst  sh6uld be s e t  equal t o  t h e  
optimum W found i n  the  f i r s t  step. With IgPTUM=l the  f i r s t  rece ive r  v a r i -  
ab le  i s  again the  w id th  o f  the  f i r s t  aperture, RX(1). However, the  second 
rece ive r  va r iab le  i s  now the dimensionless aspect r a t i o  o f  t he  aperture,  
RY( l ) /RX( l ) .  There are  NUMHTW ( c  20) equa l l y  spaced values o f  the aspect  
r a t i o  from a minimum value o f  HmST t o  a  maximum value o f  HTWEND. 

The f i n a l  step i s  t o  f i n e  tune the  shape o f  t he  heat  exchanger sur face 
w i t h i n  the  cav i t y .  As described i n  Sect ions 1I.H and 1V.A-5 t h e  heat  absorbing 
sur face i s  modeled as a  segment o f  r i g h t  c i r c u l a r  c y l i n d e r  centered on t h e  
c a v i t y  aperture. The s i ze  o f  the  c y l  i nne r  i s  made b i g  enough so t h a t  t he  
image from any he1 i o s t a t  t h a t  might  be used i n  b u i l d i n g  up the  opt imal f i e 1  d  
w i l l  be in tercepted.  ~ o w e v e r , m O ~  seldom uses a l l  o f  t he  he1 i o s t a t s  t h a t  
might  be added t o  the  f i e l d .  Therefore, i t  i s  poss ib le  t h a t  p a r t s  o f  t he  heat  
exchanger sur face may be r e c e i v i n g  1  i t t l e  o r  no f l u x .  To check t h i s  the  user 



shoul d re run  d e t a i l e d  performance c a l c u l a t i o n s  o f  t he  optimum system t o  
generate f l u x  maps on the heat  absorbing surface. The user can then manually 
t r i m  t he  heat  absorber t o  e l i m i n a t e  areas whose amount o f  energy c o l l e c t e d  i s  
no t  j u s t i f i e d  by the  cost.  

The user should a l s o  be aware t h a t  the  he igh t  o f  the  heat  absorbing 
surface i s  very s e n s i t i v e  to t he  minimun~ rdd-ius (RAD m e l i s t  t- I tLm, as 
seen i n  equat ion ( . - t o  use the h igh  performance 
h e l i o s t a t s  near t h e  tower i t  may n o t  be c o s t  e f f e c t i v e  because o f  the  increased 
rece ive r  costs. The user should t ry  repea t ing  the op t im iza t i on  w i t h  a d i f f e r e n t  
RADMIN t o  i n v e s t i g a t e  the s e n s i t i v i t y  t o  t h i s  e f f e c t .  

V.A-4. Tower P o s i t i o n  (Land Constrained Only)- - In a system w i t h  a l a n d  
c o n s t o t i o n  f o r  the tower. The 
tower does-not  have t o  be w i t h i n  the  l a n d  cons t ra in t ,  on l y  the h e l i o s t a t s  must 
be w i t h i n  t h e  cons t ra in t .  The code cons.ider's NUMPQS ( <  20) equa l l y  spaced 
d i  scre te  posi  ti ons o f  the tower from (XTPST,YTPST) t o  nTPEND ,YTPEND) . . XTPST 
and XTPEND (YTPST and YTPEND) are  i n  u n i t s  o f  meters eas t  (no r th )  o f  t he  
center  o f  t h e  f i r s t  l a n d  c o n s t r a i n t  rectangle.  (See Sect ions I1.B-4 and V.B-2 
fo r .more  d iscussion on l a n d  constra ined systems.) 

V.A-5. He1 i o s t a t  F ie1  d Boundaries--DELSOL w i  11 opt imize the  boundaries 
o f  t h e  h e l i o s t a t  f i e l d .  The h e l i o s t a t  f i e l d  i s  always constra ined t o  l i e  
w i t h i n  t h e  zoning def ined by the  user (1I.B). I n  add i t i on ,  the h e l i o s t a t  
f i e l d  can be subjected t o  a l a n d  c o n s t r a i n t  as discussed i n  Sect ion V.B-2. 

V.A-6. He1 i o s t a t  Spacings--DELSOL has an op t ion  f o r  op t im iz ing  'the 
spacing o t  h e l i o s t a t s  w i t h i n  each zone (IHQPT=l i n  Namelist  OPT). The 
op t im iza t i on  has th ree  cons t ra in ts :  (1) t he  l a y o u t  p a t t e r n  i s  always a r a d i a l  
stagger; ( 2 )  t he  opt imized dens i t i es  and aspect r a t i o s  cannot be more than 
+ 20% from t h e  i n i t i a l  dens i t i es  and aspect r a t i o s  def ined i n  Namelist  FIELD 
Trange i s  s e t  by DHQPT i n  Namelist  BASIC); and ( 3 )  t he  tower he igh t  cannot 
be opt imized simultaneously w i t h  op t im iz ing  he1 i o s t a t  spacings (see Sect ion V.G. ) . 

V.A-7. Storage Capacity--As mentioned i n  sec t ion  1V.A-8, DELSOL w i l l  
i n i t i a l l y  s i z e  storage based on the longest  opera t ing  day i n '  order t o  avo id  
the  necessi ty  o f  d e t a i l e d  energy f l ow  accounting w h i l e  op t im iz ing  other  system 
design parameters. However, i n  systems w i t h  l a r g e  amounts o f  storage and/or 
expensive storage concepts, i t  may be more c o s t  e f f e c t i v e  t o  decrease the  
storage capac i ty  a t  the  expense o f  d iscard ing  ( o r  n o t  c o l l e c t i n g )  some o f  
t he  energy from the  f i e l d .  DELSOL a l lows the  user the  op t ion  t o  c a r r y  o u t  
t h i s  subopt imizat ion o f  t he  storage s i ze  g iven the  optimum design from sub- 
r o u t i n e  MAX f o r  the  r e s t  o f  t he  system. 

F i r s t  t he  user " tu rns  on" the  op t ion  by s e t t i n g  ISTR t o  some non-zero 
value i n  Namelist  OPT, and a l s o  by d e f i n i n g  the NSTR equa l l y  spaced s izes  
from zero t o  -maximum capac i ty  t o  be evaluated. The user must a1 so spec i fy  the  
d e t a i l e d  performance re run  op t ion  (IRERUN=l) as discussed i n  Chapter V I  s ince 
storage s i ze  op t im iza t i on  takes p lace i n  con junc t ion  w i t h  the  d e t a i l e d  energy 
f l ow  accounting o f  t h i s  opt ion. Fur ther  t h e  user i s  r e s t r i c t e d  t o  a s i n g l e  
power l e v e l  f o r  re run  and hence storage opt imiza t ion .  



The d e f a u l t  values (ISTR=O, NSTR=l) a1 low no storage opt imiza t ion .  
Rerunning a  s p e c i f i e d  optimum design f o r  d e t a i l e d  performance woul d  g ive,  i n  
t h i s  case, system performance f o r  the  maximum s i z e  storage capac i ty  determined 
i n i t i a l  ly. 

V.B ." Const ra in ts  on System Design 

DELSOL can accommodate f l u x  l i m i t s  on the  r e c e i v e r  and/or l and  a v a i l a -  
b i l  i ty 1  i m i t a t i o n s  i n  system design op t im iza t i on*  

V.B-1. Receiver F lux  Constraint--DELSOL a1 lows the  user t o  1  i m i  t the  
f l u x  a t  the  design p o i n t  a t  NFLXMX ( <  4 )  p o i n t s  on t h  r e c e i v e r  surface. The t maximum a1 1  owed val  ues a re  speci f i e d a y  FLXLIM( I ) W/m ( 1=1 , NFLXMX 1. The 
f l u x  p o i n t s  a re  i n i t i a l l y  de f ined r e l a t i v e  t o  the  rece ive r  described i n  t h e  
REC name1 i s t  immediately preceedi ng the  OPT name1 i st .  The f o l l  owing steps 
should bc used i n  s e t t i n g  up a f l u x  1  i n l i  l ed  des iy r~  rqurl: 

( 1 )  Def ine the  type o f  rece ive r  des i red  on the  REC Namel i s t  preceeding 
the  OPT namelist. 

( 2 )  Set up a  g r i d  o f  f l u x  p o i n t s  on the  heat  absorbing sur face o f  t h i s  
rece ive r  ( i n  Namelist  NLFLUX f o l l o w i n g  Namel is t  OPT). The user i s  
cautioned here t o  be c a r e f u l  i n  d e f i n i n g  the  c o r r e c t  f l u x  surface, as 
i t  may n o t  necessar i l y  co inc ide  w i t h  the rece ive r  sur face (e.g., 
cavlty aperture plane). The op t ion  IFLAUT=4 au tomat i ca l l y  se ts  up a  
f l u x  surface which i s  usua l l y  the  one o f  i n t e r e s t ,  i .e., a  s i n g l e  
p o i n t  a t  the  no r th  center  o f  an ex terna l  r e c e i v e r  o r  the center  o f  
t he  f i r s t  f l a t  p l a t e  or  heat  absorbing sur face o f  t he  f i r s t  cav i t y .  

( 3 )  Choose NFLXMX ( <  4 )  p o i n t s  from the  g r i d  o f  f l u x  p o i n t s  de f ined  i n  
step (2) a t  w h i a  the  f l u x  l i m i t s  are  t o  be tested. Speci fy  t h e  
number o f  each p o i n t  i n  the  NMXFLX(1) a r ray  ( I = l ,  NFLXMX) i n  Namel is t  
NLFLUX f o l  1 owing Namel i s t  OPT). 

( 4 )  Spe i f y  the maximum value o-F the f lu8  dl: each po. lnt i n  u n i t s  of 5 W/m i n  the  FLXLIM(1) a r ray  ( I = l ,  NFLXMX) of Namel i s t  NLFLUX 
f o l l o w i n g  Namelist  OPT. The peak f l u x  l i m i t  may d i f f e r  a t  d i f -  
f e r e n t  p o i n t s  because o f  va ry ing  tube temperatures, e tc .  

( 5 )  For* ex terna l  or f l a t  p l a t e  rece ive rs  s e l e c t  an appropr ia te  automat ic  
"smart" aiming op t ion  (Sect ion  I I . G ,  Namelist  REC). "Smart" a iming 
i s  op t iona l  f o r  c a v i t y  rece ivers .  

( 6 )  For ex terna l  o r  f l a t  p l a t e  rece ivers ,  a l l o w  t h e  h e i g h t  t o  w i d t h  
r a t i o ,  HIW, t o  vary. For c a v i t y  rece ive rs  a1 low the  diameter W, and 
hence the  c a v i t y  depth, RWCAV(1 )*W, t o  vary. 

As the  rece ive r  s ize  i s  va r ied  the  f l u x  p o i n t  remains a t  the  same r e l a t i v e  
p o s i t i o n  on the  rece ive r  sur face as i l l u s t r a t e d  i n  F igure  V-1.  For ex te rna l  
rece ive rs  each f l u x  p a i n t  remains a t  the  same azimuth angle, same f r a c t i o n  o f  
the  he ight ,  and on the  c y l i n d e r  sur face (provided i t  was i n i t i a l l y  on t h e  
c y l i n d e r  surface). For f l a t  p l a t e  rece ive rs  the  f l u x  p o i n t  remains a t  t he  
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Figure  V-1.  Locat ion o f  F lux  Points  as Receiver Dimensions a r e  
Varied. F l u x  po ints  remain a t  the  same r e l a t i v e  
p o s i t i o n  as t h e  r e c e i v e r  s i z e  i s  var ied.  



same f r a c t i o n  o f  the he ight  and same f r a c t i o n  o f  the width. For c a v i t y  
rece ivers  the f l u x  surface i s  taken as the ins ide  o f  a  v e r t i c a l  cy l inder  
centered on the f i r s t  aperture. The displacements o f  f l u x  po in ts  r e l a t i v e  t o  
the center o f  the f i r s t  aperture scale w i t h  the he ight  o f  the heat absorbing 
surface, ca lcu la ted according t o  equation I V .  A-8. 

The f luxes a t  the NFLXMX rece iver  po in ts  w i l l  general ly  be less  than the 
maximum values allowed, FLXLIM(1). This r e s u l t s  from the f a c t  t h a t  the 
rece iver  s ize i s  being var ied i n  d iscre te  steps and no t  cont inua l ly .  To come 
c loser  t o  a given Flux 1  i m i  t the user can use rnore c lose ly  spaced rece iver  
sizes, o r  the f l u x  l i m i t  can be set  s l i g h t l y  higher than a c t u a l l y  desired 
since the f l u x  from the optimum w i l l  general ly  be below the 1  i m i  t. 

V.B-2. He1 i o s t a t  Fie1 d  Land Constraint--DELSOL a1 lows the he1 i o s t a t  
f i e l d  t o  be constrained w i t h i n  a number o t  a r b i t r a r i l y  o r len ted  rectangles. 
The i npu t  de f in ing  the land cons t ra in t  i s  described i n  Section 11.0-4. A4 
mentioned above, w i t h  a  land cons t ra in t  i t  i s  necessary t o  search f o r  the 
optimal l oca t i on  of the tower w i t h  respect  t o  the const ra in t .  Only the 
he1 i o s t a t  locat ions are constrained. 'The code does no t  requ i re  the tower t o  
bc w i t h i n  the land corlrlrt l int.  However-, the user should make sure t h a t  land 
4s ava i lab le  f o r  the tower. 

There i s  an add i t iona l  complicat ion i n  land constrained designs when the 
thermal energy i s  not  used a t  the base o f  t h ~  t.nwpr. I n  repowering or  proccss 

- -  heat appl i ca t i ons  the thermal energy may have t o  be t ransported t o  a p o i n t  
..:near the edge o f  the land const ra in t .  DELSOL does n o t  consider the cos t  or  

losses i n  the p ip ing  run from the tower pos i t i on  t o  the use point .  The user 
may want t o  f o l d  i n  these e f f e c t s  manually. For example, consider a  rectangu- 

, l a r  land cons t ra in t  whose sides are para1 l e l  t o  the N/S and E/W d i rec t ions.  
DELSOL w i l l  general ly  p re fe r  t o  locate  the tower south o f  the center o f  the 
land constraint .  Suppose, however, t h a t  the thermal energy i s  requ i red a t  the 
northern boundary o f  the f i e l d .  It may then be cost  e f f e c t i v e  t o  move the 
tower f u r t he r  nor th  from the DELSOL optimum i f  the savings i n  the pipe run  may 
more than o f f s e t  the increased cos t  o f  thermal energy a t  the tower base. 

V.C. Searching A1 gor i  thm 

DELSOL has t o  cbrlsider NUMTHT x NUMREC x NllMHTW x NUMP0S combinations 
o f  tower height, rece iver  s izes and tower p o s i t i n s  i n  searching f o r  the 
minimum energy costs. Figure V-2 shows a schematic o f  the opt imizat ion 
search. There are four nested i t e r a t i o n s  o f  the d isc re te  system var iables:  
tower height, f i r s t  rece iver  var iable,  second rece iver  va r iab le  and tower 
posi t ion.  Since the zone by zone performances does n o t  depend on the tower 
1  ocation, these performances are ca lcu la ted outside o f  the tower pos i t i on  
loop. For each se t  o f  system var iab les  an optimal f i e l d  i s  b u i l t  up. A t  each 
design p o i n t  power leve l  a t t a i ned  i n  the f i e l d  build-up, the l eve l i zed  energy 
cos t  i s  tes ted t o  see i f  i t  i s  a  new minimum. I f  i t  i s  a  new minimum, the 
system design, performance and costs are saved. When the i t e r a t i o n s  are  
complete, the lowest energy cos t  system from the al lowed system var ia t ions  i s  
known a t  gach power leve l .  

Considering every possib le combination o f  system var iab les  ( IALL=l)  i s  an 
i n e f f i c i e n t  way t o  f i nd  the optimum system(s). DELSOL, therefore,  has the 
de fau l t  opt ion (IALL = 0)  t o  do a  "smart" search over the rece ive r  variables. 
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F igure  V-2. S c h e m a t i c  o f  O p t i m i z a t i o n  S e a r c h  



Smart searching t r i e s  t o  consider the  minimum s e t  o f  system va r iab les  neces- 
sary t o  f i n d  the  optimum system(s1. The search a lgo r i t hm attempts t o  s t a r t  
i t e r a t i n g  a  v a r i a b l e  a t  a  value greater  than i t s  minimum al lowed value and t o  
stop i t e r a t i n g  a  v a r i a b l e  before i t  reaches i t s  maximum al lowed value. The 
search s t ra tegy  fo l l ows  from the  assumptions t h a t :  ( I )  there  i s  a  s ing le ,  
w e l l  def ined, minima i n  each var iab le ;  and ( 2 )  t h e  optimum tower h e i g h t  and 
rece ive r  s i ze  increases when the power l e v e l  increases. The existence o f  a  
s i n g l e  minima a l lows DELSOL t o  stop i t e r - i i l i r l g  a v a r l a b l e  when the energy c o s t  
i s  i nc reas ing  a t  every power l e v e l  t h a t  can be reached by changing t h a t  
var iab le .  The increase of optimum rece ive r  s i 7 e  w i t h  power l c v c l  a1 lows 
DELSOL to use the  minimum optimum rece ive r  s i z e  a t  a  lower power l e v e l  as t h e  
s t a r t i n g  p o i n t  f o r  the  next  power l e v e l .  (For  example, suppose the  user has 
a l lowed rece ive r  s izes  o f  10, 11, 12...20. A t  THT = 150 the  minimum r e c e i v e r  
s i z e  t h a t  i s  an optimum Fur any power l e v e l  i s  12. Then when doing the  n e x t  
tower height ,  say THT = 1 6 0 , T s t e a d  of s t a r t i n g  t o  searbcti a t  rece ive rs  o f  
s i z e  10. DELSOL w i l l  < t a r t  searching a t  a reee ive r  s i ~ e  o f  12.) 

DELSOL a1 so conta ins t e s t s  t o  a v o i d  searching over systems t h a t  cannot 
meet the  minimum power o f  i n t e r e s t .  I f  a  g iven tower he igh t  i s  too  small t o  
meet the  minimum design power l e v e l ,  DELSOL. au tomat i ca l l y  sk ips  t o  the  n e x t  
tower he igh t  w i thou t  searching ( i n  va in )  f o r  the  optimum rece ive r  s i r e .  

F l  ux 1  i m i  t e d  rece ive r  desi gns compl i ca t e  the  search s t ra tegy  . None o f  
t he  methods f o r  r e s t r i c t i n g  the  seach can be a p p l i e d  u n t i l  t he  f l u x  c o n s t r a i n t  
i s  s a t i s f i e d .  For example, DELSOL w i l l  increase the r'eceiver s ize  as  l o n g  as 
there  i s  a  f l u x  l i m i t  even though the  energy cos ts  a r e  increasing.  F lux  
1  i m i  t e d  rece ive r  op t imiza t ions  have t o  search over more cases than t h e  cor-  
responding non- f l  ux 1  i m i  t e d  rece ive r  opt imizat ions.  It i s  p a r t i c u l a r l y  
impor tant  t o  use the  coarse g r i d l f i n e  g r i d  s t ra tegy  described a t  t h e  end o f  *. 

A d e t a i l e d  summary o f  the  op t im iza t i on  search I s  provided as output.  The 
user can f o l l o w  the  op t im iza t i on  s t ra tegy  by ana lyz ing  t h i s  in format ion .  I n  
add i t i on ,  t he  i n fo rmat ion  on the  search can g i ve  a  good i n d i c a t i o n  o f  t h e  
s e n s i t i v i t y  o f  t h e  energy costs, performances, e tc .  t o  v a r i a t i o n  o f  t h e  design 
parameters (e.g., I f  150 m i s  the  optimum tower h e i g h t  b u t  t he  user would l i k e  
t o  know what the  system costs would be a t  160 m o r  140 m t h i s  i n fo rma t ion  
i s  ava i l ab le ) .  

V.D. Sca l inq  Performance 

As shown i n  F igure  V-2, DELSOL must r e c a l c u l a t e  the  zone by zone annual 
average and design p o i n t  o p t i c a l  performances a t  each new tower h e i g h t  and 
rece ive r  size. The code does t h i s  by "sca l ing"  t h e  r e s u l t s  o f  a  d e t a i l e d  
i n i t i a l  performance ca lcu la t i on .  Some m i  nor assumptions a re  made d u r i n g  t h e  
s c a l i n g  o f  the  performance w i t h  tower he igh t  and r e c e i v e r  size. The user can 
check the  e f f e c t  o f  these assumptions by rerunn ing a  d e t a i l e d  performance 
c a l c u l a t i o n  o f  t he  opt imized system. 

V.D-1. Cosine--The f i e l d  p o i n t s  remain a t  t he  same r e l a t i v e  p o s i t i o n  
(e.g., 2 tower he ights  no r th )  as the  tower he igh t  i s  varied. The angles 
between the  sun, h e l i o s t a t  and rece ive r  a re  the  same and the re fo re  t h e  cosine 
i s  n o t  a  f u n c t i o n  o f  the  tower height .  The very small change i n  the  cosine as 
the  rece ive r  w id th  from the tower c e n t e r l i n e  i s  vari,ed i s  ignored. 



V.D-2. Shadowing and B lock i  ng--The ac tua l  shadow cast; by a he1 i o s t a t  
i n  the  same r e l a t i v e '  t i e 1  d p o s i t i o n  i s  independent o f  the tower height .  
However, t h e  displacement o f  h e l i o s t a t s  r e l a t i v e  t o  each other  i n  r a d i a l  
l ayou ts  depends on the  r a t i o  o f  the  h e l i o s t a t  dimension t o  the tower height .  
Hence, the  shadowing and b lock ing  has a small dependence on the  tower height .  
The code, however, neg lec ts  t h i s  e f f e c t .  For l a r g e  systems, i.e., h e l i o s t a t  
dimension/tower he igh t  << 1, t h i  s approximation i s  excel l e n t .  I n  smal l e r  
systems, the  e f f e c t  can be not icab le ,  b u t  the  genera l ly  small amount o f  
shadowing and b lock ing  even i n  these systems does n o t  s i g n i f i c a n t l y  e f f e c t  
o v e r a l l  system performance and energy costs. I n  a small system design run, 
the  user i s  advised t o  s e l e c t  a tower he igh t  f o r  the  i n i t i a l  performance r u n  

HT i n  f i r s t  REC Namelist)  w i t h i n  the  range t o  be searched i n  the  opt imizat ion.  
For example, i f  the  d e f a u l t  h e l i o s t a t  (1.4 m x / .4 m) i s  used i n  a small 
system design where tower he ights  o f  30 t o  50 m a re  being tested, the  d e f a u l t  
value o f  175 m f o r  THT should be replaced w i t h  40 m i n  the  i n i t i a l  performance 
run. 

V.D-3. Atmospheric Attenuation--The atmospheric a t tenua t ion  i s  exac t l y  
r e c a l  cu l  a t e d  f o r  every tower he i  g h t  and rece ive r  . 

V.0-4. Sp i l l age  and Flux--The v a r i a t i o n  o f  the annual average f l u x  from 
each zone w i t h  tower h e i g h t  i s  g iven a n a l y t i c a l l y  i n  the  extended Hermite 
polynomial expansion technique used i n  DELSOL. The c o e f f i c i e n t s  o f  the  tower 
h e i g h t  dependence a r e  determined i n  the  i n i t i a l  performance c a l c u l a t i o n  and 
then used dur ing  the op t im iza t i on  t o  c a l c u l a t e  the  f l u x .  

V.D-5. Design P o i n t  Performance--The design po in t ,  cosine, shadowing, 
b lock ing  and atmospheric a t tenua t ion  a re  scaled i n  exac t l y  the  same manner as 
the  correspondi ng annual average quan t i t i es ,  as described above. However, the  
f l u x e s  and s p i l l a g e s  a t  t he  design p o i n t  a re  n o t  reca lcu la ted,  b u t  assumed 
equal t o  the  annual average f l u x e s  and sp i l lages.  This i s  genera l ly  a very 
good approxima ti on. 

V.E. B u i l d i n g  up the  Optimal H e l i o s t a t  F i e l d  

V.E-1. No H e l i o s t a t  Densi ty  Opt imiza t ion- - In  t h i s  case DELSOL does n o t  
t ry  t o  vary the  d e f a u l t  o r  user de f ined he1 i o s t a t  f i e 1  ds. A performance/cost 
r a t i o ,  PCR, i s  determined f o r  each zone: 

- - %k,a 
PCRk,a CH,k,a 

where k = r a d i a l  zone index, 

II = azimuthal zone ,index,. 

"~ ,k ,a  
= y e a r l y  average f i e l d  e f f i c i e n c y  i n  zone (k,a), 



= c o s t  o f  p u t t i n g  1 m2 o f  r e f l e c t i v e  sur face i n  zone (k,n) 
C H y k y a  r e l a t i v e  t o  the same c o s t  f o r  zone (1 , l ) .  

I n  more d e t a i l ,  

n  - - 
F,k.n " C O S , ~ , ~ ~  n ~ ~ ~ ~ , k , a X n ~ ~ ~ ~ ~ , k , e X n ~ ~ ~ , k , ~  X n ~ ~ ~ , k , f i  

where ncOS = cosine e f f i c i e n c y  = 1.0 - cosine l o s s  

?HAD = shadowing e f f i c i e n c y  = 1.0 - shadowing l o s s  

%LOCK . block ing  efficiency = l i O  - b lock iny  l u s s  

n~~~ = atmospheric transmi t t ance  = 1.0 - atmospheric a t t e n u a t i o n  

9 NT = rece ive r  i n t e r c e p t i a n F  f a c t o r  = 1.0 - s p i l l a g e  

The r e l a t i v e  m i r r o r  c o s t  i s  comprised o f  t h ree  pa r t s :  

where CHEL = $ .  f o r  t o t a l  he1 i o s t a t  s t ruc tu re ,  equal f o r  a l l  
m2 m i r r o r  area 

h e l i o s t a t s  in '  t he  f i e l d ;  

- $ 1 
'LAND - lann m i r r o r  dens i ty  p e r  zone ; l e s s  dense zones have greater  

assscia t rd  l a n d  cosLs per h c l i o s t a t ;  

- - $ 1 
CWIRE hel iostat x glass ; the "$/he1 i o s t a t "  v a r i e s  w i t h  l o c a l  

dens i ty  (g reater  secondary w i r i n g  cos ts  w i t h  lower d e n s i t i e s )  and 
d is tance from t h e  tower (g rea te r  pr imary w i r i n g  cos ts  as t h e  f i e l d  
gets l a r g e r ) ,  as discussed i n  the  w i r i n g  c o s t  model sec t i on  
(1V.A-3) 



Af te r  c a l c u l a t i o n  of PCRk ,,, a c a l l  i s  made t o  subrout ine MAX where the  

ac tua l  f i e l d  bu i ld -up  i s  c a r r i e d  out.  F i r s t ,  the  zones are ranked from best  
t o  worst  PCR. Then the  zones are  added one a t  a time, s t a r t i n g  w i t h  the  most 
c o s t  e f f e c t i v e ,  i.e., t he  one w i t h  the  h ighes t  PCR. As each zone i s  added, 
t he  re ference (desian p o i n t )  thermal power t o  the  rece iver ,  the  annual energy 
product ion  from the  f i e l d ,  and the .  t o t a l  f i e l d  costs ( h e l i o s t a t s ,  land, and 
w i r i n g )  a re  updated. A1 so, t he  power dependent rece i ve r  and p i p i n g  r a d i a t i o n  
and convect ion 1 osses are  re -ca l  cu l  a ted  t o  determine the  n e t  e l e c t r i c a l  power 
product ion. When each design power o f  i n t e r e s t  (as  s p e c i f i e d  by PBPTMN, 
PPPTMX, and NUMgPT i n  name1 i s t  OPT) i s  reached, t he  remaining p l a n t  c a p i t a l  
cos ts  and corresponding l e v e l i z e d  energy c o s t  (LEC) are ca lcu la ted .  MAX w i l l  
r e t u r n  t o  PPTCAL when any of t he  f o l l o w i n g  th ree  c o n s t r a i n t s  a re  encountered: 

1) a l l  s p e c i f i e d  design powers have been achieved; 

2) a l l  design powers have n o t  been achieved, b u t  adding a1 1 remaining 
zones w i l l  n o t  reach the  nex t  h ighes t  design power; 

3) a s p e c i f i e d  f l u x  1 i m i  t i s  reached ( i n  t h i s  case the code can r e i t e r a t e  
w i t h  t h e  "smart" a impoint  s t ra tegy  described i n  sec t i on  I 1  .G i f  
a s i n g l e  a impoint  had been the  o r i g i n a l  choice).  

V.E-2. He1 i o s t a t  Dens i ty  Optimization--DELSOL has an op t i on  (IHgPT=l) 
t o  op t im ize  the  h e l i o s t a t  separat ions w i t h i n  each zone. I n  many problems the  
d e f a u l t  d e n s i t i e s  are  adequate. However, i f  the  f i e l d  cos ts  o r  h e l i o s t a t  
shape a re  very d i f f e r e n t  from t h e  DELSOL d e f a u l t  values, then h e l i o s t a t  
spacing o p t i m i z a t i o n  may be important.  I n  a l l  cases i t  i s  prudent t o  op t im ize  
p e r i o d i c a l l y  h e l i o s t a t  separat ions t o  see i f  t h i s  produces s i g n i f i c a n t  improve- 
ment i n  the  energy cost .  The mathematical d e t a i l s  o f  he1 i o s t a t  op t im iza t i on  
a re  der ived by L ipps  ( r e f .  4 ) .  DELSOL bases i t s  he1 i o s t a t  op t im iza t i on  on 
these equat ions and assumptions. 

A completely general o p t i m i z a t i o n  o f  the  coordinates o f  every h e l i o s t a t  
i s n o t  p r a c t i c a l .  Fo l  low ing t h e  approach i n  reference 4, t he  f o l l  owing 
assumptions are  made i n  o rder  t o  s i m p l i f y . t h e  problem: 

(1) t h e  he1 i o s t a t  1 ayout p a t t e r n  w i t h i n  any one. zone i s  determined by two 
parameters: t he  "average" r a d i a l  separat ion AR and the  "average" 
azimuthal separat ion AAZ; 

( 2 )  t he  shadowing and b lock ing  i n  a zone are determined on ly  by the  l a y -  
o u t  parameters f o r  t h a t  zone; 

(3)  t he  optimum 1 ayout parameters t o  produce a g iven amount o f  annual 
energy w i l l  be determined. These may o r  may n o t  be the  optimum 
l a y o u t  parameters t o  produce a given design power. Th i s  s u b t l e  p o i n t  
i s  discussed i n  more d e t a i l  below; 

( 4 )  t he  maximum d e v i a t i o n  of t h e  opt imized AR and AAz i s  constra ined t o  
be w i  t h i n  a speci f i e d  window around the  i n i  ti a1 AR and AAz def ined 
f o r  each zone i n  Namelist  BASIC. The s i z e  o f  t h e  window i s  c o n t r o l l e d  
by DHOPT i n  Namelist  BASIC. 



Since the  energy c o s t  i s  n o t  very s e n s i t i v e  t o  the  he1 i o s t a t  spacings, t he  
e f f e c t  of the  simp1 i f y i n g  assumptions i s  minimal i n  most p r a c t i c a l  problems. 

DELSOL must generate considerable i n fo rma t ion  about the  shading and 
b lock ing  as a f u n c t i o n  o f  h e l i o s t a t  p o s i t i o n  i n  order  t o  opt imize  the  separa- 
t ions .  During the i n i t i a l  performance c a l c u l a t i o n  the  code does 25 shadowing 
and b lock ing  c a l c u l a t i o n s  f o r  each zone. The c a l c u l a t i o n s  a re  done on a 5x5 
g r i d  o f  h e l i o s t a t  separations. One s ide  o f  the  g r i d  has constant  dens i ty  
l i n e s ;  the o ther  s ide has constant  aspect r a t i o  l i n e s  ( =  . ~ A R Z  - .~AAZZ).  
The g r i d  i s  used t o  i n t e r p o l a t e  the  performances and performance d e r i v a t i v e s  
w l t h  respect  t o  separation r e q u i r e d  i n  h e l i o s t a t  spacing opt imiza t ion .  The 
g r i d  i s  centered on the  dens i ty  and aspect r a t i o  determined f o r  each zone by 
the  AR and AAZ def ined i n  Name1 i s t  FIELD. The s i z e  o f  the  g r i d  i s  determined 
by DHOPT (Namelist  BASIC). The l a r g e r  DHOPT the f a r t h e r  the  he1 i o s t a t  separa- 
t i o n s  a r e  a l lowed t o  vary from the  i n i t i a l  values i n  searching f o r  t h e  optimum. 
However, t h e  l a r g e r  DHOPT, the  l a r g e r  a r e  the  p o t e n t i a l  e r r o r s  i n  i n t e r p o l a -  
t i o n  and d i f f e r e n t i a t i o n .  

To prepare f o r  f i e l d  bui ldup,  the  code does four  pre1iminar.y c a l c u l a t i o n s  
f o r  every zone. F i r s t ,  i t  f i n d s  the  "best" aspect r a t i o  a t  each density.  I f  
the  l a n d  and w i r i n g  cos ts  a re  n e g l i g i b l e ,  t h e  bes t  aspect  r a t i o  a t  a given 
dens i t y  would be the  aspect r a t i o  t h a t  g ives  the minimum shading and b locking.  
Second, i t  f i n d s  the  dens i ty  t h a t  g ives the  maximum average performance/cost 
r a t i o  ( P C R )  f o r  t h a t  ronc. When the zone i s  f i r s t  a m  t h e  f i e l d  i t  w i l l  
be a t  t h i s  density.  Thi rd,  DELSOL f i n d s  the  marginal va lue o f  i nc reas ing  the  
dens i ty  beyond the  dens i ty  t h a t  opt imizes the  average PCR. The marginal va lue 
i s  de f ined as the  change i n  the  busbar energy c o s t  f o r  adding o r  sub t rac t i ng  
one h e l i o s t a t  from t h a t  zone. The marginal values decrease w i t h  dens i ty  
beyond the dens i ty  t h a t  opt imizes the  average PCR. These marginal values 
determine how the dens i t y  i n  the  zone i s  increased du r ing  f i e l  d  bu i ldup a f t e r  
the zone has been added t o  the  f i e l d .  F f n a l l y ,  when t h e  f i r s t  th ree ca l cu la -  
t i o n s  a r e  completed f o r  every zone, DELSOL ranks t h e  zones accord ing ly  from 
maximum t o  minimum average PCR. Th is  rank ing  determines the  order i n  which 
zones w i  11 be added t o  the  f i e l  d. 

F ie1 d bu i l dup  proceeds as fa1 laws; 

(1) The zone w i t h  the  b e s t  average PCR i s  added t o  the  f i e l d ;  

( 2 )  The unused zone w i t h  the  best  average PCR i s  added t o  the f i e l d  
and t h e  dens i ty  o f  a13 zones a l ready i n  the  f i e l d  i s  increased. 
The number o f  he1 i o s t a t s  t o  be added t o  each zone a l ready i n  t h e  
f i e l d  i s  determined by r e q u i r i n g  t h a t  t h e  marginal value o f  adding 
one more h e l i o s t a t  t o  any zone i s  the  same. ( I f  the  marginal va lues 
were unequal an optimum f i e l  d woul d n o t  e x i s t  s ince the  energy c o s t  
cou ld  be lowered by moving a h e l i o s t a t  from a lower t o  a h igher 
marginal value zone.) 

( 3 )  Step ( 2 )  i s  repeated u n t i l :  ( a )  a l l  design'powers a r e  achieved; (b )  
a f l u x  1 i m i  t c o n s t r a i n t  i s  exceeded; o r  ( c )  a1 1 the  zones have been 
added t o  the  f i e l d .  



V.E-3. Opt imiz ing  f o r  Annual Energy vs. Opt imiz ing f o r  Design P o i n t  
Performance--Characterizins the  t ime de~enden t  o u t ~ u t  o f  a c e n t r a l  rece ive r  
system i s  di ff i c u l  t. The i s u a l  convention i s  t o  spec i fy  a design p o i n t  power, 
PDES. However, there  a re  a whole range o f  systems w i t h  the  same design 
p o i n t  power which produce d i f f e r e n t  amounts o f  annual energy, E, and d i f f e r e n t  
energy costs. Conversely, t he re  a re  systems w i t h  the  same E b u t  w i t h  d i f f e r e n t  
PDES's. Th is  leaves DELSOL w i t h  a sub t ie  i d e n t i t y  c r i s i s .  While WELSOL 
seeks t o  design a system t o  meet a s p e c i f i e d  PDES, i t  opt imizes the system 
to '  produce a given E a t  t he  minimum energy cost.  To f i n d  the system w i t h  a 
g iven PDES, DELSOL designs systems opt imized f o r  increas ing E ' s  u n t i l  a 
system i s  reached w i t h  the  design power o f  i n t e r e s t .  

Opt imiz ing the system f o r  a given annual energy E does no t  guarantee t h a t  
the  system w i  11 be the  opt imal system f o r  the  design power PDE t h a t  corresponds 
t o  E. Consider the  f o l l o w i n g  example ( these numbers a re  f o r  i l u s t r a t i v e  
purposes only; they are  n o t  ac tua l  ou tput ) :  

? 

He1 i o s t a t ,  Annual Design Energy 
Sys tem Opt imiza t ion  Energy Power Cost 

4 Yes 90. 50. 81 

5 Yes 100. 55. 7 9 

6 Yes 110. 60. 7 7 

Cases 1 and 2 a r e  systems t h a t  a re  opt imized t o  produce annual energies o f  
100. and 110. The corresponding design powers are  50 and 55, respec t i ve l y .  
Consider now Case 3. Case 3 i s  n o t  t he  optimum system t o  produce an E = 110 
because i t s  energy c o s t  (79)  m e r  than Case 2 (78).  However, Case 3 
produces the  design power PDES = 50 a t  a lower cos t  than Case 1. The reason 
t h a t  Case 3 i s  b e t t e r  than Case 1 f o r  PDES = 50 i s  t h a t  the  energy c o s t  
(which depends on E, n o t  PDES) i s  f a l l i n g  r a p i d l y  w i t h  i nc reas ing  E due t o  
the  e f f e c t  o f  n o n - f i e l d  costs. The f i e l d  l a y o u t  i n  Case 3 i s  d i f f e r e n t  from 
Case 1. I n  Case 3 the  h e l i o s t a t s  have a l a r g e r  annual e f f i c i e n c y l d e s i g n  
e f f i c i e n c y  r a t i o  i n  order  t o  produce more annual energy a t  the  design po in t .  

Consider now op t im iz ing  the he1 i o s t a t  spacings. This i s  done i n  Cases 
4-6. Not ice  t h a t  op t im iz ing  the h e l i o s t a t  spacing has reduced the  energy c o s t  
a t  a f i x e d  amount o f  annual energy (Case 5 vs. Case 1 or Case 6 vs. Case 2). 
However, t he  h e l i o s t a t  op t im iza t i on  has n o t  decreased the  energy c o s t  f o r  the  
cases of PDES = 50 (Case 4 vs. Case 1 )  and PDES = 55 (Case 5 vs. Case 2).  
The exp lanat ion  i s  again t h a t  a f t e r  he1 i o s t a t  op t im iza t i on  the  design powers 
correspond t o  a lower annual energy E and the  energy c o s t  i s  dropping w i t h  E. 
H e l i o s t a t  spacing op t im iza t i on  i s  doing what i t  i s  designed t o  do: lower ing  
the  energy c o s t  a t  a f i x e d  E. Unfor tunate ly ,  t h i s  does n o t  always r e s u l t  i n  a 
lower c o s t  a t  a f i xed  PDES. It can be d isconcer t ing  t o  observe occas iona l ly  



t h a t  t he  energy c o s t  a t  a  f i x e d  PDES increases a f t e r  t r y i n g  t o  opt imize 
he1 i o s t a t  spacings. However, i f  the  user p l o t s  the output  on an energy c o s t  
vs. annual energy basis, then the  improvement w i t h  he1 i o s t a t  spacing op t im i -  
z a t i o n  can be seen. 

I n  p r a c t i c e  the d i f f e r e n c e  i n  the  energy cos ts  between op t im iz ing  f o r  a  
given annual energy vs. op t im iz ing  f o r  a  g iven design p o i n t  a re  small ( <  1%). 
The d i f f e r e n c e  disappears i f  the  n o n - f i e l d  cos ts  a re  r e l a t i v e l y  small o r  i f  
the energy c o s t  i s  n o t  changinq w i t h  E. Why daesn ' t  DELSOL o f f e r  the o p t i o n  
o f  fJnd ing the  system opt imized t o  produce a  given PDES? Because i t  i s  much 
nlore compl 'icd l e d  a r ~ d  the small improvements a re  general l y  n o t  s i g n i f i c a n t .  

V.F. S e n s i t i v i t y  of Energy Costs t o  V a r i a t i o n  of Design Parameters 

General ly,  t h e  c o s t  o f  energy i s  n o t  very s e n s i t i v e  t o  modest v a r i a t i o n s  
of t he  design parameters away from the  opt imal values determined by DELSOL. 
It i s  impor tant  f o r  the  user t o  remember t h a t  the  minima a r e  shallow. F i r s t ,  
the  broad optimum means t h a t  a  very f i n e  (and t ime consuming) g r i d  o f  v a r i a b l e s  
i s  n o t  needed. Second, the  designer has the  freedom t o  vary the  system t o  
maximize o ther  cons idera t ions  besides c o s t  o f  energy. For example, DELSOL m y  
s e l e c t  a  l a r g e  he igh t  t o  w id th  r a t i o  f o r  a  f l u x  l i m i t e d  ex te rna l  rece iver .  
However, a  more modest aspect  r a t i o  may be des i red  f o r  engineer ing or  o ther  
reasons. The np t im i7a t ion  can be repeated w i t h  smal ler  H/W r a t i o s  i n  order  t o  
see what the  c o s t  o f  energy pena l ty  i s .  The energy c o s t  d i f f e r e n t i a l  may be 
so small t h a t  t h e  other  design cons idera t ions  dominate and a  smal ler  H/W r a t i o  
than the  DELSOL minimum w i l l  be selected. 

Small changes i n  the  i n p u t  genera l ly  produce small changes i n  the  energy 
c o s t  b u t  can produce l a r g e  changes i n  the  optimum value o f  t he  design parame- 
te rs .  Th is  i s  a l s o  a  consequence o f  lhe  shal low minima i n  the  energy cos t  vs. 
design var iables.  Th is  e f f e c t  i s  o f t e n  the  source o f  consternat ion  among 
users. It seems c o u n t e r - i n t u i t i v e  t o  many people t h a t  one can s e t  o u t  t o  
design systems f o r  the  same a p p l i c a t i o n  and y e t  wind up w i t h  s i g n i f i c a n t l y  
d i f f e r e n t  designs j u s l  because o f  some small d i f f e rences  5n the  i n p u t  var iab les .  
I f  one were t o  compare energy costs, however, t he  d i f f e r e n t  designs would 
probably be near l y  i d e n t i c a l  on a  c o s t  basis. 

V.G. Running Opt imiza t ion  Ca lcu la t i ons  

An o u t l i n e  f o r  designing a  system us ing  DELSOL i s  g iven i n  Table V.G-1. 
Step I i s  the  d e f i n i t i o n  o f  t he  system design and i s  o f t e n  the  most t ime 
consuming step f o r  t he  user. S p e c i f i c a t i o n  o f  the  s i t e ,  f i e l d  boundaries, 
h e l i o s t a t  design and rece ive r  type a re  genera l ly  s t ra igh t fo rward .  However, 
-determining the  rece ive r  thermal losses and the  system cos ts  can be much more 
involved. The r a d i a t i o n  and convect ion 1  osses depend on r e c e i v e r  geometry; 
rece ive r  ma te r ia l  and temperature. The system costs depend on t h e  technology 
and app l i ca t i on .  De ta i l ed  c o s t  es t ima t ion  may be r e q u i r e d  t o  generate t h e  
I n p u t  t o  DELSOL. I n  add1 t l6r i  t o  the  d i r e c t  capi  ta'l costs, ope ra t i ng  and 
maintenance cos ts  must be estimated. F i n a l l y ,  the  economic parameters su i  ta- 
b l e  t o  the  consumer o f  t he  system have t o  be spec i f ied .  



TABLE V e G - 1 .  
STEPS I N  DESIGNING A SYSTEM 

I. Def ine  system - H e l i o s t a t  type; r e c e i v e r  type; f l u x  l i m i t s ;  f i e l d  boundaries 
- Non-opt ical performance parameters: rece ive r  losses; EPGS 
- Costs appropr ia te  t o  techno1 ogy and appl i c a t i o n  

11. I n i t i a l  performance c a l c u l a t i o n  
. - Use a guess f o r  optimum tower h e i g h t  

- Save r e s u l t s  f o r  o ther  op t im iza t i ons  us ing  t h i s  h e l i o s t a t ,  s i t e ,  
tower h e i g h t  

111. Coarse o p t i m i z a t i o n  (can be done a t  same t ime as 11) 
- L i m i t e d  number o f  w ide ly  spaced op t im iza t i on  va r iab les  
- I f  optimum va lue(s)  o f  a design v a r i a b l e ( s )  i s  a t  the  minimum o r  

maximum value a l lowed i n  search f o r  optimum, increase the  range 
o f  values searched and do another coarse op t im iza t i on  

I V .  F ine  o p t i m i z a t i o n  
- Use a  f i n e r  g r i d  o f  op t im iza t i on  va r iab les  centered on r e s u l t s  

o f  I 1 1  
- Reuse i n i t i a l  performance r e s u l t s  from I 1  unless tower he igh t  

i s  very  d i f f e r e n t  

V. He1 i o s t a t  dens i t y  op t im iza t i on  
A. New i n i t i a l  performance c a l c u l a t i o n  

- Use optimum tower h e i g h t  from f\/ 
- Use d e f a u l t  dens i t i es  o r  opt imized dens i t i es  from s i m i l a r  

system op t im iza t i on  
B. op t im iza t i on -  (can be done a t  same t ime as VA) 

- Do n o t  varv tower he iqh t  - Choose a  f j n e  a r i d  o f - rece ive r  s izes  
C. Converge dens i ty  op t im iza t i on  

- I f  optimum h e l i o s t a t  l a y o u t  i s  very d i f f e r e n t  from i n i t i a l  
l a y o u t  used i n  VA repea t  VA and VB us ing the optimum dens i t i es  
from VB as  the  i n p u t  dens i t i es  f o r  VA 

V I .  Qe ta i l ed  performance c a l c u l a t i o n  o f  optimum system 
- Do a  user de f ined f i e l d  pertormance c a l c u l a t i o n  o f  optimum system 
- Optimize storage capac i ty  i f  des i red  

V I I .  I n v e s t i g a t e  Other Design Concepts (op t i ona l  ) 
- Repeat I - V I  w i t h  d i f f e r e n t  h e l i o s t a t  o r  rece ive r  type, d i f f e r e n t  

working f l u i d  

V I  I I. Non-energy c o s t  design cons idera t ions  
- tnergy  c o s t  i s  genera l l y  i n s e n s i t i v e  t o  small pe r tu rba t ions  from 

opt imal  system 
- I f  o ther  cons idera t ions  .suggest d e v i a t i n g  from DELSOL opt imal 

design, r u n  DELSOL t o  c a l c u l a t e  energy c o s t  o f  mod i f ied  system 



Step I 1  i s  the i n i t i a l  performance ca lcu la t ion.  This i n i t i a l  ca l cu la t i on  
w i  11 be scaled t o  g ive the performance o f  the d i f f e r e n t  systems considered i n  
searching f o r  the optimum design. The i n i t i a l  performance ca l cu la t i on  f i x e s  
the values o f  the constant design parameters l i s t e d  i n  Table V.A-2. The 
r e s u l t s  o f  t h i s  i n i t i a l  perFvrmance can be saved (ITAPE=l, Namelist BASIC) t o  
be used i n  subsequent design ca lcu la t ions  t h a t  have the same values f o r  the 
constant design parameters. 

Steps I 11  and I V  a re  the coarse and f ine  opt imizat ion searches. It i s  
general ly  more e f f i c i e n t  t o  do t h i s  two step op t im iza t ion  search. A search 
over a  coarse g r i d  o f  opt imizat ion var iables locates an approximate optimum 
design rap id ly .  This i s  fo l lowed by a  search over a  f i n e  g r i d  o f  op t im iza t ion  
var iab les  centered on the coarse g r i d  optimum. 

The user must be c e r t a i n  t h a t  an optimum has been found. The user 
def ines the range f o r  each opt imizat ion var iable.  I f  the optimum value f o r  a  
va r iab le  selected by DELSOL i s  a t  the minimum or  maximum o f  the user def ined 
range, an optimum may no t  have been found. For t h a t  va r iab le  the user should 
rerun the opt imizat ion w i t h  a  wider range o f  values f o r  t h a t  var iable.  

Step V i s  the opt lanal  opt imizat ion o f  the h e l i o s t a t  densi t ies.  DELSOL 
can simul taneously optimize the he1 i o s t a t  densi t i e s  and rece iver  dimensions. 
However, DELSOL cannot vary the tower he ight  whi le  op t im iz jng  the densi t ies.  
Therefore, the  user m l r q t  f i r s t  perform steps I 11  a r ~ d  I V  t o  Pfnd the optimum 
tower he ight  w i t h  constant he1 i o s t a t  densit ies. This optimum tower he igh t  i s  
then used t o  optimize the h e l i o s t a t  dens i t ies  and f i n e  tune the optimum 
rece iver  s ize determined i n  I V .  The opt imizat ion o f  dens i t i es  requ i res  a  new 
i n i t i a l  performance ca l cu la t i on  (Step VA) unless the user was lucky enough t o  
have used the optimum tower he igh t  from step I V  when doing the i n i t i a l  per- 
formance ca l cu la t i on  i n  step 11. The r e s u l t s  o f  step VA a re  then used i n  step 
VB t o  optimize the dens i t ies  and rece iver  sizes. DELSOL l i m i t s  i t s  search f o r  
the optimum dens i t ies  t o  a  window centered on the i n i t i a l  dens i t i es  used i n  
step VA. I f  the optimum h e l i o s t a t  separations output  from step VB a re  very 

- d i f f e r e n t  from the i n p u t  separations t o  step VA then these two steps should be 
repeated u n t i l  the h e l i o s t a t  separations converge. A t  each i t e r a t i o n  i n  the 
convergence the optimum h e l i o s t a t  separations from step VB a re  used as the 
i n p u t  separations i n  step VA. 

F i na l l y ,  the optimum systerri f rom step I - V  can be f u r t he r  analyzed t o  
determine the optimum storage capaci ty simul taneously w i t h  obta in ing de ta i l ed  
performance in format ion (Step V I  ) . 

The process can then be repeated t o  evaluate other technology opt ions 
and/or non-economic considerat ions deemed important. 



V I .  Tape Options 

V I  .A. Saving and Reusing the  I n i t i a l  Performance Ca lcu la t i on  

Every op t im iza t i on  r u n  r e q u i r e s  the  r e s u l t s  of a  d e t a i l e d  i n i t i a l  per- 
formance ca lcu la t i on .  The i n i t i a l  performance c a l c u l a t i o n  must have the  same 
s i t e  c h a r a c t e r i s t i c s ,  type o f  zoning and h e l i o s t a t  design des i red  f o r  the  
op t im iza t i on  run. I n  add i t i on ,  f o r  small systems w i t h  r a d i a l  he1 i o s t a t  l ayou t  
p a t t e r n  the  tower h e i g h t  used i n  the  i n i t i a l  performance c a l c u l a t i o n  should be 
w i t h i n  the  range o f  tower he ights  used i n  the  op t im iza t i on  (see Sect ion 
V.D-2). Even w i t h  these cons t ra in ts ,  i t  i s  common t o  use the same i n i t i a l  
performance c a l c u l a t i o n  f o r  several d i  f f e r e n t  design opt imizat ions.  For 
example, t h e  user may want t o  consider several d i f f e r e n t  types o f  rece ive rs  
fo r  the  same app l i ca t i on .  I n  these cases i t  would be wasteful  o f  computer 
t ime t o  repeat  the  same i n i t i a l  performance c a l c u l a t i o n  f o r  each design study* 
Therefore, an o p t i o n  has been provided i n  DELSOL t o  a1 low the  user t o  save the  
r e s u l t s  o f  an i n i t i a l  performance c a l c u l a t i o n  fo r  use i n  any number o f  subse- 
quent design opt imiza t ions .  Use o f  t h i s  op t i on  can r e s u l t  i n  l a r g e  savings i n  
computer time. 

F igure V I - 1  i l l u s t r a t e s  the  opt ions  fo r  the  i n i t i a l  performance ca lcu la-  
t ions .  I n  a l l  cases the  f i r s t  Namelist, BASIC, i s  always read. The value o f  
ITAPE on Namelist  BASIC determines which branch i s  fol lowed. For ITAPE = 0  or  
1 t h e  remaining performance Namelists a re  read i n  and the i n i t i a l  performance 
c a l c u l a t i o n  i s  executed. For ITAPE = 0  noth ing  e l se  happens and the code 
begins read ing i n  t h e  op t im iza t i on  Namelists. However, i f  ITAPE = 1 the 
r e s u l t s  o f  the  i n i t i a l  performance c a l c u l a t i o n  a re  w r i t t e n  on a  temporary f i l e  
c a l l e d  TAPE10. The user must make a  permanent (e.g., tape o r  d i s k )  copy o f  
TAPE10 f o r  f u t u r e  use. I n  the  f u t u r e  when the  user wishes t o  reuse t h i s  
i n i t i a l  performance c a l c u l a t i o n  a  copy o f  t h i s  i n fo rma t ion  i s  at tached t o  the  
program as l o c a l  f i l e  TAPE20, and ITAPE=2 i s  s p e c i f i e d  on Namelist  BASIC. No 
o ther  performance Namelists (i.e., FIELD...NLEFF) a re  read in .  When ITAPE=2 
i s  spec i f ied ,  DELSOL p r i n t s  a  s h o r t  summary o f  the i n fo rmat ion  on the  tape, 
sk ips  t h e  i n i t i a l  performance c a l c u l a t i o n  and proceeds d i r e c t l y  t o  the  o p t i -  
m iza t i on  ca l cu la t i ons .  The next  Namelist  read i s  t h e  REC Namelist  t h a t  begins 
the  op t im iza t i on  group o f  Name1 i sts.  

V1.B. Saving and Rerunning Optimum System Designs 

It i s  common t o  need t o  do d e t a i l e d  performance c a l c u l a t i o n s  on a  system 
DELSOL has optimized. The user cou ld  manually t r a n s f e r  the  optimum design 
from the  p r i n t e d  output  t o  punched cards t o  use as i n p u t  t o  a  DELSOL per- 
formance ca lcu la t i on .  However, DELSOL provides two opt ions  t o  make i t  easier  
t o  do performance c a l c u l a t i o n s  on an opt imized system. F i r s t ,  a  performance 
c a l c u l a t i o n  can be done i n  the  same r u n  t h a t  opt imizes the system (I@TAPE=l 
and IRERUN=l, Namelist  OPT). Second, the  op t im iza t i on  r e s u l t s  can be saved 
and performance c a l c u l a t i o n ( s )  r u n  a t  a  l a t e r  t ime (IQTAPE=l, Namelist  
OPT). Th is  l a t t e r  op t i on  g ives the  user a  permanent record  o f  opt imized 
systems which can be used f o r  a  number o f  purposes (e.g., as i n p u t  t o  a  user 
provided p l  o t t i  ng program). 
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Figure V I - 1 .  Options on I n i t i a l  Performance Ca lcu la t ion  



The op t i ons  f o r  sav ing and re runn ing  systems a re  ill u s t r a t e d  i n  F igures  
V I - 1  and VI-2. As seen i n  the lower p a r t  o f  F igu re  V I - 1  when DELSOL has 
f i n i s h e d  o p t i m i z i n g  a  system the  optimum des ign(s )  a re  w r i t t e n  on a  temporary 
f i l e  c a l l e d  TAPE30. The user must make a  permanent (e.g., tape o r  d m j ;  
o f  TAPE30 f o r  f u t u r e  use. To read the  op t im ized system f o r  a  performance 
c a l c u l a t i o n  t h e  user a t taches  a  temporary copy o f  TAPE30 t o  the  program and 
s p e c i f i e s  ITAPE=3 on N a n ~ e l i s t  BASIC. When IRERUN=l DELSOL does n o t  s top a f t e r  
the  o p t i m i z a t i o n  i s  completed. Instead, the  program s t a r t s ' a  new performance 
c a l c u l a t i o n  us ing  the  opt in i ized syst,em. Note t h a t  bo th  op t ions  can be used 
simul taneously. 

Both op t i ons  f o r  re runn ing  op t im ized designs au toma t i ca l l y  supply i n p u t  
o f  the  optimum system desc r i p t i on .  S p e c i f i c a l l y ,  the  f o l l o w i n g  a re  defined: 

s i t e  ( l a t i t u d e ,  weather, i n s o l a t i o n ,  e tc . )  

f i e 1  d  (number and type o f  zones, he1 i o s t a t  l a y o u t )  

he1 i o s t a t  (dimensions, r e f l e c t i v i t y ,  can t ing ,  focus ing)  

r e c e i v e r  ( type and dimensions) 

tower h e i g h t  

f l u x  p o i n t s  ( o n l y  i f  f l u x  was c a l c u l a t e d  du r i ng  performance) 

The user t he re fo re  does n o t  have t o  de f i ne  these var iab les .  General ly,  when 
re runn ing  a  system the  on l y  v a r i a b l e s  t h a t  t he  user rede f i nes  are :  (1) type 
o f  problem (e.g., s i n g l e  t ime, s i n g l e  day, annual 1; ( 2 )  f l u x  c a l c u l a t i o n  i f  
d i f f e r e n t  from o p t i m i z a t i o n  ( g e n e r a l l y  more f l u x  p o i n t s  a re  des i red) ;  o r  ( 3 )  
t h e  o p t i o n  f o r  more accura te  he1 i o s t a t  images ( INDC=l , Namel i s t  IiSTAT) which 
may be impor tan t  i n  small systems. 

The user must s e l e c t  t he  design p o i n t  power l e v e l  ( s )  t o  be saved o r  
rerun.  DELSOL a1 lows the  user t o  s imul taneously  op t im ize  up t o  20 design 
p o i n t  power l eve l s .  However, t h e  code w r i t e s  a  d e t a i l e d  f i e l d  d e s c r i p t i o n  
o f  a  maximum o f  on l y  f i v e  o f  these power l e v e l s  on TAPE30. The user s e l e c t s  
these power l e v e l s  v i a  t he  IPLFL( I )  parameters i n  Namel i s t  OPT. ' When us ing  
IQTAPE=l, a1 1  non-zero IPLFL( I ) power l e v e l s  a re  w r i t t e n  on TAPE30 t o  be 
s to red  f o r  f u t u r e  use. When read ing  TAPE30 e i t h e r  f o r  IRERUN=l o r  i n  a  l a t e r  
r u n  i n  which the  permanent f i l e  f rom an e a r l i e r  TAPE30 w r i t e  o p t i o n  i s  at tached, 
t h e  user s p e c i f i e s  which o f  these power l e v e l s  i s  t o  be used i n  t he  performance 
c a l c u l a t i o n s  (TDESP, Namel is t  BASIC). Only one power l e v e l  i s  evaluated per 
run. 

TAPE30 i s  a  f r e e  format  w r i t t e n  f i l e .  The order  o f  i n f o r m a t i o n  on 
TAPE30 i s  g iven i n  Table V1.B-1. 
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TABLE V1.B-1. 
OUTPUT FROM OPTIMIZATION RUN STORED ON TAPE30 

Var iab le  Name1 i s t  o r  D e f i n i t i o n  

a Common t o  a1 1 power l e v e l s  

WM , HM 
IRQUND 
ICANT 
NCANTX , NCANTY 
RQUND 
ASTAT 
AM1 RRQR 
N RAD 
NAZM 
R M I  RI. 
DENSMR 
XFQCUS 
YFQCUS 
SIGAZ,SIGEL 
SIGSX,SIGSY 
SIGTX ,SIGTY 
HEAD 
IFQCUS 
XFQCAL 
Y FOCAL 
HCANT 
DCANT 
RADMIN,RADMAX 
RCANT 
RANGE 
ILAY 
RFQCUS 
I NDC 
I RaTFL 
REFSQL 
ATMlYATM2,ATM3, 

ATM4, I ATM 
INQRTH,AMAXN 
PLAT 
ALT 
REFDAY, REFTIM 
NSUNPT,SUNR,SUNI,NSUN 
ICPANL,WPANL,HPANL, 

HXCANT, HYCANT 
NUMCAV,IREC,RELV,RAZM 
RRECL 
IAUTQP 
I I 
HRQP 

HSTAT 
I 1  

Surface area o f  he1 i o s t a t  i n c l u d i n g  gaps (=WMxHM) 
Totcil m i r r o r  area i n  f i e l d  
FIELD 

I 1  

HSTAT 
I 1  

I1 

I 1  

I1 

H o l l e r i t h  heading ( t i t l e )  o f  j o b  
HSTAT 

I1 

FIELD 
HSTAT 
S l a n t  range 
FIELD 
HSTAT 

I1 

FIELD 
BASIC 

I1 

FIELD . 
BASIC 

I1 

HSTAT 

REC 
I1 

I 1  

Total  number o f  designs w r i t t e n  on TAPE30 (<5) - 
Total  annual hours o f  p l a n t  opera t i o n  



WEATH ,DPRES , DH20, 
DWEATH,IWEATH 

AL P 
ASTART 
REFTHP ,AREF ,REFRC 
REFLP,KEFPIP,FPL 
ITHEL,ETAREF,FEFF 
REFPRL,FSP 
P F 
SMULT 
CCMUL , CCMULY , CCMULC 
FCR,RHBML,RNHQML 
CSTREF,VSTREF,ESTREF,XST 

CSTRMD,VMAX 
ISTR,NSTR 

BASIC 

FIELD 
BASIC 
NLEFF 

I 1  

I 1  

Mu1 t i p 1  i e r s  on d i r e c t  c a p i t a l  c o s t  
Economic parameters 
NLCQST 

b )  Power l e v e l  s p e c i f i c  f o r  d e t a i l e d  performance c a l c u l a t i o n  
(1 s e t  f o r  each power saved) 

SAVE 3 
NTMIN~K) ,NTMAX(K) 

(K=1 ,NAZM) 
AZMTR(L) ,DENTR(L) 

(L=I ,NLAND 
FbAND,XT!lWER,YTQWCR,SLEW, 

SLNS,CLE,CLN,NLAND 
THT 
RX,RY,W,H,RWCAV 
TQWD ,TQWL 
ACWQSY ,ACWgSC . 

bswcr 1 evel  
M i  nimum, i~laximum zone occupied 

Azimuthal separation, dens i t y  

REC 
11 

11 

Cap i ta l  c o s t  w i thou t  storage (escalated, 
cu r ren t )  
Maximum storage capaci ty 
NLFLUX 

c )  Arrays f n r  ( a l l  power l eve l s :  N=~,NP) 

NP 
Y2(N) 
ALLBUSC ( N 
HSTSAVE ( N ) 
ARESAVE ( N ) 
ALLCC ( N ) 
ALLPCL (N) 
ALLPCW ( N ) 
ALLPCH(N) 
ALLPCT( N) 
ALLPCR( N) 
ALLPCV I i N I 
ALLPCPU( N) 
ALLPCS( N) 
ALLPCEG( N) 

Tota l  number power l e v e l s  (<20) - 
Power 1 evel  s 
Level i z e d  energy cos ts  ( c u r r e n t  $ )  
Number o f  h e l i o s t a t s  
Tota l  l a n d  area (km2) 
Tota l  c a p i t a l  c o s t  
% c a p i t a l  c o s t  i n  l a n d  

I 1  wi r i  ng 
11 h e l i o s t a t s  
11 tower 
II rmecei ver 
I 1  

p i  p i  ng 
II 

pumps 
it storage 
I 1  t u r b i  nelgenera t o r  



ALLPCHX (N) 
ALLPCFX ( N )  
ALLTQTE ( N ) 
ALLHR( N) 
ALLKWHR(N) 
ALLCQIS ( N ) 
ALLSAB ( N ) 
ALLATM( N )  
ALLSPL ( N 
ALLRCR( N )  

ALLRCP(N) 
ALLTQTH ( N ) 
ALLETA( N 
ALLFLUX(N,I) (I-1,4) 

% c a p i t a l  It ' cos t  i n  steam generators 
f i x e d  cos ts  

Overa l l  system, t o t a l  e f f i c i e n c y  
Hours o f  storage 
Net energy product ion 
Cosine 
Shadowing and b lock ing  ( n e t  e f f i c i e n c y )  
Atmospheric transmi t tance 
I n t e r c e p t  
Annual average rece ive r  e f f i c i e n c y  
( r a d i a t i o n  and convect ion) 
Annual average p i  p ing  e f f i c i e n c y  
Overa l l  system thermal e f f i c i e n c y  
Average thermal t o  e l  e c t r  i c  conversion e f f i c i e n c y  
Design p o i n t  f l u x  on rece ive r  a t  p o i n t  I 

V1.C. Saving a Compiled Vers ion o f  DELSOL ' 

Since DELSOL i s  a l a r g e  program, the  t ime invo lved i n  compi l ing the 
FORTRAN statements i n t o  machine language i s  non-negl i g i  ble. It i s  recommended, 
there fore ,  t h a t  the  user save (on a tape o r  d i sk )  a permanent copy o f  a 
compiled vers ion  o f  DELSOL. The user w i  11 then on ly  need t o  recompile i f  
changes a re  made t o  the  FORTRAN statements o f  DELSOL. 



V I  I. Comparison o f  DELSOL, MIRVAL and HELIOS Performance Pred ic t i ons  

The performance p red ib t i ons  o f  the  MIRVAL, HELIOS and DELSOL computer 
codes a r e  a l l  i n  good agreement. A small system comparison i s  presented i n  
t h i s  sec t i on  s ince l a r g e r  h e l i o s t a t  size/tower he igh t  r a t i o s  produce greater  
( b u t  n o t  necessar i l y  s i g n i f i c a n t )  e r r o r s  i n  the DELSOL pred ic t ions .  The 
agreement o f  DELSOL i n  t h i s  more d i f f i c u l t  a p p l i c a t i o n  i s  good. 

The system considered i s  a  re1  iminary  design f o r  the CESA-1 (Centra l  k - 7 - l -  Energia Solar  de Almeria) p l a n t  e l n g  UI t i n  Almeria, Spain. The complete 
system descr ip t ion ,  i n c l u d i n g  he1 i o s t a t  coordinates, and d e t a i l s  o f  t he  HELIOS 
and MIRVAL c a l c u l a t i o n s  a re  given i n  reference,  33. A summary o f  the  system i s  
g iven i n  Tab1 e  V I  I .l. The ,DELSOL c a l c u l a t i o n s  were performed us ing ' t h e  op t ion  
i n  which the  i n d i v i d u a l  he1 i o s t a t  coordinates a re  s p e c i f i e d  i n  Name1 i s t  FIELD. 
Two c a l c u l a t i o n a l  t imes a re  considered: 10 AM and 4 PM on w in te r  so l s t i ce .  
The 4 PM case invo lves  an extreme sun z e n i t h  angle o f  8Z0, which leads t o  
considerable o f f - a x i s  abberat ion o f  the  canted h e l i o s t a t  images. 

A t  the  t ime o f  the  comparisons MIRVAL and HELIOS used d i f f e r e n t  descr ip-  
t i o n s  o f  the  h e l i o s t a t  e r rors .  MIRVAL used a  1.65 mrad e r r o r  i n  each component 
o f  the  sur face normal (corresponding t o  the  DELSOL va r iab les  SIGSX and SIGSY). 
HELIOS used a  3.3 mrad (=2x1.65 mrad) e r r o r  i n  each component o f  the  r e f l e c t e d ,  
vector  (SIGTX and SIGTY). These two e r r o r  desc r ip t i ons  a re  n o t  exac t l y  
equ iva lent  whenever the  cosine < 1. For the  10 AM case the.DELSOL c a l c u l a t i o n  
was done twice: once w i t h  the  MIRVAL e r r o r  desc r ip t i on  and once w i t h  the  
HELIOS e r r o r  descr ip t ion .  

The f i n a l  compl ica t ion  i n  the  comparisons i s  a  d i f f e rence  i n  d e f i n i n g  
the  e f f e c t  o f  t he  i n d i v i d u a l  l o s s  terms. The cosine, sp i l l age ,  t o t a l  power 
and f l u x  d e f i n i t i o n s  are  i d e n t i c a l .  However, there  i s  a  small d i f f e r e n c e  
between DELSOL and the other  two codes i n  d e f i n i n g  the  shadowi ng/bl ock i  ng 
and between DELSOL and HELIOS ( b u t  n o t  MIRVAL) i n  d e f i n i n g  at tenuat ion.  
Compari sons o f  shadowi ng/bl  ock i  ng and a t tenua t ion  a re  the re fo re  n o t  as meaning- 
fu l  as comparing the other  quan t i t i es .  

The comparison o f  t he  power product ion  i s  g iven i n  Table VII.2. The 
comparison o f  t he  f l u x  d i s t r i b u t i o n  a long a  ho r i zon ta l  l i n e  through the  
aper ture  center  i s  shown i n  F igure  V I I - l ( a )  (10 AM) and V I I - l ( b )  ( 4  PM). The 
agreement i s  good. There ar.e small d i f f e rences  (approximately 1% o r  l e s s )  i n  
some of t he  pred ic t ions .  These d i  f ferences a re  n o t  p r a c t i c a l l y  s i g n i f i c a n t  
since the  u n c e r t a i n t i e s  i n  the i n p u t  (e.g., he1 i o s t a t  e r r o r s )  genera l ly  
produce l a r g e r  e f f e c t s .  The d i f f e rences  r e s u l t  ,from s l i g h t l y  d i f f e r e n t  
assumptions i n  the  models, numerical e r ro rs ,  e tc .  For example, i n  Table VII.3 
the  DELSOL f l u x  i s  symmetrical about the  rece ive r  center  w h i l e  the  MIRVAL and 
HELIOS r e s u l t s  show a  s l i g h t  asymmetry. The approximately 1% d i f f e r e n c e  i n  
the f l u x  p r o f i l e s  r e s u l t s  from the f a c t  t h a t  i n  order t o  speed up the  .calcu- 
l a t i o n  DELSOL assumes t h a t  the  m i r r o r  panels are  canted symmetr ical ly.  I n  
a c t u a l i t y ,  f o r  can t ing  a t  a  f i x e d  t ime ( o f f - a x i s  cant ) ,  the  can t  o f  the  
h e l i o s t a t  panels i s  s l i g h t l y  asymmetric because the sun angle i s  s l i g h t l y  
d i f f e r e n t  on each cant  panel . MIRVAL and HELIOS i nc l  ude t h i s  small. e f f e c t  and 
the re fo re  produce the  small asymmetry i n  the  image. The asymmetry woul d  n o t  
a r i s e  f o r  on-axi s  can t ing  schemes. 



TABLE V I I . l  

SYSTEM USED IN DELSOL, MIRVAL, HELIOS COMPARISON 

Site:  37.099" M l a t i t u d e  

F i  e l  d: North only 
282 He1 i o s t a t s  

He1 iostats:  6.25 x 6.3 m (overa l l )  
5 (hor iz . )  x 2 (ver t . )  cant panels 
Canted f o r  noon on equinox 

Receiver : 3.4 x 3.4 m squre, t i 1  ted  aperture 

Tower Height: 56.345 m 

Insolat ion:  0.7 k # / d  

Sunshape: Rectangular 



TABLE VII.2 

COMPARISON OF PERFORMANCE PREDICTIONS FOR A SMALL SYSTEM 

Code 'MIRVAL HELIOS DELSOL DELSOL HELIOS DELSOL 

E r r o r  MIRVAL HELIOS MIRVAL HELIOS HELIOS HELIOS 

Cosi ne -949 .949 -949 .949 .873 .873 

Shadow + ~ l o c k 2  .925 ' '.924 .920 ,920 .651 .658 

Atmospheric 
A t tenua t i  on .973 .974 .973 .973 .974 -973 

S p i l  lage . .921 -922 .92 1 .917 .902 ,888 

,Power on 
Receiver (MW0th) 4.79+.2 - 4.76+.1 - 4.76 4.74 2.99 3.02 

Peak F lux  
( ~ ~ * t h / m 2 )  - 1.83 - 1.82 .923 .922 

Avg. F lux  Around 
Peak ( ~ w - t h l m 2 )  1.68 1.63 1.66 1.62 . . - - 

~MIRVAL e r r o r s  a r e  1.65 mrad i n  each sur face component. 
HELIOS e r r o r s  a r e  3.30 mrad i n  each.component o f  r e f l e c t e d  ray. 

~MIRVAL and HELIOS g i ve  an area loss ,  DELSOL gives an average area l o s s  
weighted by the  cosine. 
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Figur,e V I I - 1 .  Comparison of DELSOL ( s o l f d  l i n e ) ,  M I R V A L  (dashed histogram, 10 AM only )  
and H E L I O S  (0)  predic.tions f o r  the f l u x  a t  10 AM ( A )  and 4 PM ( B )  on 
Winter Sol s t ice .  Distance i s  measured along a hor izontal  l i n e  whose 
center coincides wi th  the aperture center.  



While the  pred ic t ions  a r e  very c lose,  the  running times a r e  very d i f f e r e n t .  
Users w i l l  probably f i n d  t h a t  DELSOL i s  10-100 times f a s t e r  than e i t h e r  MIRVAL 
or  HEL I 0s. 



REFERENCES 
. . 

1. Leary, P. and Hankins, J., "A  User 's  Guide f o r  MIRVAL-Computer Code 
f o r  Comparing Designs of H e l i o s t a t  Receiver Opt ics  f o r  Centra l  Receiver 
Solar Power Plants," Sandia Laborator ies,  Livermore, SAND77-8280, February 
197.9. 

2. Biggs, F. and V i t t i t o e ,  C. N., "HELIOS: A Computer Program f o r  Modeling 
the  Solar  Thermal Test  F a c i l i t y  - A User 's  Guide," Sandia Laborator ies,  
Albuquerque, SAND76-0346, March 1979. 

3. Walzel, M. D., Lipps, F. W., and Vant-Hull, L. L., "A  Solar  F lux ,  Densi ty  
C a l c u l a t i o n  f o r  a Solar  Tower Concentrator Using a Two-Dimensional 
Hermite Funct ion  Expansion," So lar  Energy 19, 239-253 (1977). . . .  - 

4. Lipps, F. W. and Vant-Hull , L. L., "A Ce l lw ise  Method f o r  the  Opt imiza t ion  
o f  Large Cent ra l  Receiver Systems," Solar  Energy - 20, 505-516 (1978). 

5. De l l  i n ,  T. ,A., "An Improved Hermite Expansion C a l c u l a t i o n  o f  the  F lux  
D i s t r i b u t i o n  from He1 ios ta t s , "  submitted t o  Solar  Energy, June, 1979. 

6. Atomics I n t e r n a t i o n a l  , "Conceptual Design o f  Advanced Centra l  Receiver 
Power Systems ( Sodi um Cooled Receiver Concept), " M i  dterm Report t o  
Sandia Laborator ies,  Vol. I, pp. 6-23 - 6-32 (May, 1978). 

7. Pomeroy, Bruce (General E l e c t r i c ) ,  l e t t e r  and attachments t o  
J im B. Woodard o f  Sandia Laborator ies,  Livermore, CA (Dec. 1978). 

8. McDonnell Douglas, "Centra l  Receiver Solar  Thermal Power' System, Phase 1; 
CDRL I tem 2, P i l o t  P l a n t  P re l im ina ry  Design Report, Vol. 111, Book 1 - 
C o l l e c t o r  Subsystem," MDCG6776, May 1977, Sec. 4.2.1. 

9. Meinel, A. B. and Meinel, M. P., App l ied  Solar  Energy, An In t roduc t i on ,  , 

Addi son-Wesl ey, Reading, Mass., 1911; 88. 

10. Du f f i e ,  J. A. and Beckman, W. A., Solar  Energy Thermal Processes, Wiley- 
In te rsc ience,  New York, 1974; 14-18. 

11. Col la res-Pere i ra ,  M. and Rabl , A., Solar.  Energy 22 (2)., 155 (1979). - 
12. A1 len ,  C. W., As t rophys ica l  Q u a n t i t i e s ,  Oxford U n i v e r s i t y  Press, New York, 

1964; 120. 

13. D u f f i e  and Beckman, p. 9. 



Meinel and Meinel, p. 46. 

Ho t te l ,  H. C., Solar  Energy - 18, 129 (1976). 

Vant-Hull , L. L., "Methods f o r  Es t imat ing  Tota l  F l u x  i n  the  D i r e c t  Solar  
Beam a t  Any Time," Vol . 1, Proceedings o f  the Sharing the Sun Solar 
Technology i n  the  Seventies J o i n t  Conference o f  the I n t e r n a t i o n a l  Solar  
Energy Society and the Solar  Energy Society of Canada, Winnipeg, Canada, 
August 15-2U, 1976, p. 369 ( e d i t e d  by K. W. Boer). 

D e l l i n ,  T. A., Sandia Laborator ies,  p r i v a t e  communication (6/80). 

Batt leson, K. W., "DELSOL Weather Factor," Sandia memo, 12/22/80. 

Kias. PI, R., "A  Thenry nf f.nnr~nt.rs.tors o f  Solar Enorgy on a Ccnt rs l  
Receiver f o r  E l e c t r i c  Power Generation," J. o f  Eng. f o r  Power, Trans. ASME, 
375-383 (7/1976). 

V i t t i t o e ,  C. N. and Biggs, F., " T e r r e s t r i a l  Propagation Loss." presented 
Amer. Sec. lSES meeting, Denver, 8/78. Sandia r e 1  ease SANB78-1.1.37C 
(5/26/78) 6 

Eason, E. D., Sandia Laborator ies,  p r i v a t e  communicatSon t o  M. J. F i s h  (12/78). 

P a c i f i c  Gas and E l e c t r i c  Co., P l a n t  Operat ing Data Sheets, obta ined from 
F. F. W i t t ,  General E l e c t r i c  Company, Palo Al to,  CA., 1/79. 

Black, and Veatch Consul t ing Enqineers, f o r  M a r t i n  Mar ie t ta  Corp., 
Conceptual Design o f  ~ d v a n c e d  Centra l  - ~ e c e i  ver Power Systems, M i  d - ~ e r m  
Report, p. X-3 (5/18//8).  

Bechtel Corp., f o r  M a r t i n  Mar ie t ta ,  Opt imiza t ion  Study, E l e c t r i c  Power 
Generation Subsystem, Centra l  Receiver Solar  Thermal P i l o t  P lant ,  Cont rac t  
No'. RT.ti-3.3nnnnl , (9//6). 

Batt leson,  K. W., e t  al., "1980 Solar  Centra l  Receiver Technology 
Eva1 uat ion," Sandia Laborator ies,  Livermore, SAND80-8235, October 1980. 

De Laqui 1, P., "Central  Receiver Tower Cost ~ o m p a r i  sons," Sandia memo, 
10/7/80. 

Guthrie, K .  M e ,  "Capt ia l  Cost Est imating," Chemical Eng. 114-142 (3/24/69). 

Peters, M. S. and Timmerhaus, K. D., P l a n t  Design and Economics f o r  Chemical 
Enqi neers, McGraw-Hi 11, New York, 1968, DD. 416-675. 

Ibid.,  p. 304. 

Atomics I n t e r n a t i o n a l  , "Conceptual Design o f  'Advanced Centra l  Receiver 
Power Systems (bod1 um Cooled Receiver Concept) ,'" 3 r d  Q u a r t e r l y  Review t o  
Sandia Labora tor ies  (August, 1978). 



31. Brune, J. M., "BUCKS - Economic Analys is  Model o f  Solar  E l e c t r i c  Power 
Plants," Sandia Laborator ies,  Livermore, SAN077-8279, January 1978. 

: 32. Doane, J. W., e t  al., "The Cost o f  Energy from U t i l i t y  Owned Solar 
E l e c t r i c  Systems," ERDAIJPL 1012-7613. 

33. V.i t t i t o e ,  C. N. e t  al., "Comparison Between Resul ts  o f  the  HELIOS and 
MIRVAL Computer Codes Appl ied t o  Centra l  Receiver Solar  Energy Col lec-  
t ion , "  Sandia Laborator ies,  Albuquerque, SAND79-8266, January 1980. 

34. Fish, J. D., e t  al., "Central  Receiver Steam Systems f o r  I n d u s t r i a l  
Process Heat Appl i ca t ions , "  Sandia Laborator ies,  Livermore, SAND81-8223, 
A p r i l  1981. 





APPENDIX A--INPUT CARDS 

The i n p u t  t o  DELSOL i s  accomplished through the  use o f  namelists. 
Namelists are convenient because any format can be used f o r  t he  i n p u t  v a r i -  
ables, t h e  va r iab les  can be s p e c i f i e d  i n  any order  and the  on ly  var iab les  
t h a t  need d e f i n i n g  are those which d i f f e r  from the  defaul t  values. The 
Namel i s t s  are grouped i n t o  s i m i l a r  types o f  var iab les  (e.9. Namel i s t  HSTAT 
conta ins  a l l  o f  t he  h e l i o s t a t  i npu ts ) .  

There are two types o f  problems t h a t  are run on DELSOL: performance 
c a l c u l a t i o n s  and design op t im iza t i on  ca lcu la t ions .  I n  a  performance calcu- 
l a t i o n  t h e  user de f ines  a  s i n g l e  system and DELSOL ca lcu la tes  the  o p t i c a l  
performance f o r  t h i s  system a t  a  s i n g l e  t ime o r  day and/or on an annual basis. 
I n  a  design op t im iza t i on  c a l c u l a t i o n  the  user spec i f i es  the  he1 i o s t a t ,  rece ive r  
geometry, range o f  a l l  t he  op t im iza t i on  var iab les  and DELSOL searches f o r  t h e  
s e t  o f  op t im iza t i on  va r iab les  t h a t  minimizes the  energy cost. I n  t h e  design 
search DELSOL a n a l y t i c a l l y  "scales" t h e  r e s u l t s  of an i n i t i a l  performance 
ca lcu la t i on .  'These i n i t i a l  performance r e s u l t s  can be generated i n  t h e  same 
computer run  as 'the design op t im iza t i on  o r  can be read o f f  o f  a tape t h a t  has 
been generated dur ing  a  previous computer run. F i n a l l y ,  t h e  r e s u l t s  o f  t he  
design op t im iza t i on  can be automat ica l ly  used as i n p u t  t o  a  d e t a i l e d  per- 
formance r u n  o r  can be w r i t t e n  on a  tape f o r  subsequent c a l c u l a t i o n s  o r  
p l o t t i n g .  

The . input  cards f o r  a  performance c a l c u l a t i o n  are l i s t e d  i n  Table A.A-1. 
The f i r s t  card  i s  a  t i t l e  card. The s i x  namel i s t s  t h a t  f o l l o w  spec i fy  the  
system t o  be analyzed. I f  t h e  user wants t o  read i n  the  coordinates o f  the  
h e l i o s t a t s  i ns tead  o f  spec i f y ing  zones o f  h e l i o s t a t s ,  these data cards 
f o l l o w  t h e  NLEFF namel i s t .  F i n a l  l y  t h e  REC namel i s t  w i t h  W=-100 terminates 
t h e  problem. 

The i n p u t  cards f o r  a  design op t im iza t i on  c a l c u l a t i o n  are shown i n  Table 
A.A-2. The f i r s t  ca rd  i s  t h e  t i t l e  card. The next  s i x  namel is ts  (BASIC. ... 
NLEFF) d e f i  ne t h e  i n i  t i a l  performance c a l  c u l  at ion. The va l  ues o f  these 
cards f i x  t he  zoning, l a t i t u d e ,  i nsol a t i o n  model, he1 i o s t a t  design and 
h e l i o s t a t  focusing/aiming s t ra tegy  t o  be used dur ing  t h e  opt imizat ion.  I f  
these values w i l l  be used again i n  another design op t im iza t i on  ca l cu la t i on ,  . .  

t h e  r e s u l t s  should be saved. To do t h i s ,  s e t  ITAPE=l i n  Namelist  BASIC and 
s t o r e  the  . loca l  f i l e  generated, TAPE10, on a  tape o r  d isk.  When t h i s  i n i t i a l  
performance c a l c u l a t i o n  i s  t o  be used i n  a  subsequent design run, a t tach  a .  
copy of t he  s tored data t o  DELSOL w i t h  the  l o c a l  f i l e  name TAPE20, s e t  
ITAPE=2 i n  Namelist  BASIC and omi t  t he  FIELD, HSTAT, REC, NLFLUX, and NLEFF 
namel is ts  t h a t  f o l l o w  the  BASIC namelist .  The REC, OPT, NLFLUX, NLEFF, 

.NLC@ST, NLECON namel is ts  def ine the  op t im iza t i on  values. I f  a  d e t a i l e d  
performance c a l c u l a t i o n  o f  t h e  opt imized design i s  required, se t  IRE RUN='^ i n  



TABLE A.A-1. 

I N P U T  CARDS FOR PERFORMANCE ONLY CALCULATION 

T i  t . 1 ~  Card ( n o t  - a name1 i s t )  

$BASIC$ 

SF I ELD$ 

$HSTAT$ 

$REC$ 

$MLFLUX$ 

$NLEFF$ 

data cards f o r  i n d i v i  dual ( r e q u i r e d  only f o r  c a l c u l a t i o n s  i n  which 
h e l i o s t a t  coordinates the  user speci f i e s  the  coordinates o f  

each h e l i o s t a t ,  IUSERFL=3  on Namel ist  
F I E L D )  

$REC W=-loo.$ (Termination card)  % 



TABLE A.A-2. 

INPUT CARDS FOR DESIGN OPTIMIZATIOIJ CALCULATION 

T i t l e  Card 

$BASIC$ 

$FIELD$ 

$HSTAT$ i O m i t  i f  the i n i t i a l  performance run i s  a previous 

$REC$ ca lcu la t ion  stored on TAPE20 ( ITAPE=2, Name1 i s t  BASIC) 

$NLFLUX$ 

$NLEFF$ 

$REC$ 

$OPT$ 

$NLFLUX$ 

$NLEFF$ 

$NLCOST$ 

$NLECON$ 

T i t l e  card 

$BAS I C$ 

$FIELD$ 

$HSTAT$ 

$REC$ 

$MLFLUX$ 

. $NLEFF$ 

Required only i f  an annual performance run i s  t o  be 

performed on the optimized design ( IRERUN=l , Namel i s t  

PIPT 

$REC W=-1OW Termi nat ion card 



Name1 i s t  $PT and prov ide the  s i x  namel i s t s  a f t e r  t h e  NLECBN namel i s t  as shown 
i n  Table A.A-2. Usual ly  i t  i s  n o t  necessary t o  de f ine  any var iab les  i n  these 
namel i s t s  s ince t h e  val  ues have been a1 ready defined. F i  nal  l y  , a1 1  problems 
are terminated w i t h  a  REC namel i s t  w i t h  t h e  val  ue W=-100 .  

Descr ip t ions  o f  a l l  namel i s t  va r iab les  fo l low.  Inc luded are  c o n s t r a i n t s  
on t h e  var iables,  i f  any, and d e f a u l t  values. References t o  t h e  main t e x t  f o r  
f u r the r  d e t a i l s  appear-by sec t ion  number i n  parentheses a t  t he  r i g h t  hand 
s ide  o f  t he  page. Note t h a t  i n  t h e  main t e x t ,  i f  t h e  code i n p u t  v a r i a b l e  name 
d i f f e r s  from t h c  v a r i a b l c  namc uscd i n  t h c  discussion, t h c  i n p u t  v a r i a b l c  
name i s  i n d i c a t e d  i n  parentheses when d e f a u l t  values are  l i s t e d  a t  t h e  end o f  
each sect ion. 



Columns 2-21 

TITLE CARD 

Short t i t l e  w i t h  l e s s  than 20 spaces. 



Name1 i s t  BASIC 

NY EAR 

HRDEL 

Contro l  parameter spec i f y ing  type o f  performance calcu-  
l a t i o n ;  note add i t i ona l  va r iab les  i n  namel is t  BASIC t o  be 
def ined w i t h  each opt ion. 

= 0, annual performance c a l c u l a t i o n  based on NYEAR 
and HRDEL values; 

= 1, s i n g l e  day performance c a l c u l a t i o n  def ined by 
UDAY and HRDEL; 

= 2, s i n g l e  t ime performance c a l  c u l  a t i  on def ined 
by UDAY and UTIME; 

= 3, performance c a l c u l a t i o n  a t  user s p e c i f i e d  sun 
angl es defined by NUAZ, NUEL, UAZ(M) , and 
UEL(N) ( t h i s  op t i on  w i t h  d e f a u l t  values f o r  
angles can be used t o  generate i n p u t  requ i red  
f o r  t h e  STEAEC code). 

= 4, performance c a l c u l a t i o n  f o r  desi gn lopt imi  z a t i o n  
run  only, based on NYEAR and HRDEL; unnecessary 
s p i l l  age c a l c u l a t i o n s  e l  im inated i n  i n i t i a l  
performance ca leu l  at ian.  

Const ra in t :  IPRBB~4 f o r  design run 
Def aul t : I PR@B=O (1I.D) 

Number o f  days i n  the  ha1 f year  used i n  t h e  i n i  ti a1 
performance c a l  c u l  a t i  on. 
Constra ints:  3 < NYEAR - < 9; must be odd 
Def  aul t: mEAR=5 (1I.D-1,II.D-5) 

Time step, i n  hours, used t o  c a l c u l a t e  d a i l y  performance 
when I PRflB=O, 1, 4. 
Const ra in t :  HRDEL > 0.5 
Defau l t :  HRDEL = 170 (1I.D-1,II.D-5) 

Day o f  t h e  year f o r  performance c a l c u l a t i o n  when IPRldB= 
1 br 2. 
Def aul t : UDAY=81.0 

NUAZ 
NU EL 
UAZ(M) (M=I ,NUAZ) 
UEL(N) (N=I ,NUEL) 

Hour pas t  s o l a r  noon f o r  performance c a l c u l a t i o n  when . . . .  .. 
I PR$B=~. 
Defau l t :  UTIME=O. 

Var i  abl  es t o  spec i fy  sun angles f o r  performance c a l  c u l  a- 
t i o n  when IPR@B=3. NUAZ (NUEL) azimuthal ( z e n i t h )  angles 
w i th .  va l  ues o f  UAZ(M) (UEL (N) ) degrees are  def i ned; 
performance i s  ca l cu la ted  f o r  t h e  NUAZ x NUEL m a t r i x  o f  
sun angles. 
Constra ints:  NUAZ - < 20, NUEL - < 9 
Def  au1 t : NUAZ=.7 

NUEL=6 
UAZ=O., 30., 60., 75., go., 110., 130. 
UEL=0.5, 25., 45., 65., 75., 85. (11.D-4) 



IPRINT( I ) 
( I = l ,  NYEAR) 

I TAPE 

Dur ing he1 i o s t a t  op t im iza t i on  the  dens i ty  and aspect 
r a t i o  w i  11 be v a r i e d  by no more than 1 + DHgPT from t h e  
i n i t i a l  values. The l a r g e r  DHgPT the  wyder the  search 
f o r  t h e  optimum and the  poorer the  numerical approximations 
used i n  f i n d i n g  the  optimum. 
Constra int :  0  < DH0P.T < 0.20 . - 
Defau l t :  DHgPT = 0.2 (V.A-6,V.E-2) 

Contro l  parameter f o r  zone by zone output  o f  performance 
ca lcu la t i on .  The annual zone by zone performance i s  
always pr inted,  The average performance o f  a user 
defined f i e l d  a t  a l l  t imes i s  always pr in ted.  I n  add i t ion ,  
f o r  t h e  I t h  day o f  the  NYEAR days ( i f  IPR@B=l o r  2 the  
only day o f  t he  year i s  I = l )  , IPRINT( I )  

= 0, no zone by zone output  f o r  t h i s  day; 
= 1, d a i l y  average pr in ted;  
= 2, each t ime step and d a i l y  average pr in ted.  

I f  IPRgB=3 then IPRINT( I )  
= 0, no zone by zone performance p r i n t e d  f o r  t he  I 

zeni t h  angle, UEL( I ) ; 
= 2, zone by zone performance p r i n t e d  f o r  every 

combination o f  the  I s o l a r  zen i th  angle, 
UEL( I ) , and the  NUAZ va l  ues of t he  so la r  
azimuthal angle (UAZ(1) ... UAZ(NUAZ1. , 

Defau l t :  IPRINT = 9*0 

Contro l  parameter f o r  reading and w r i t i n g  tapes 

= 0, no reading o r  w r i t i n g  o f  tapes; 
= 1, output  o f  performance run  w r i t t e n  on l o c a l  f i l e  

c a l l e d  TAPE10 t o  a1 low storage on most conveni.- 
e n t  permanent device f o r  use i n  subsequent 
design ca lcu la t ions ;  t h i s  op t i on  e l im inates  
need t o  dupl i c a t e  i n i  ti a1 performance ca1 c u l  a- 
t i o n  f o r  d i f f e r e n t  design. runs when l o c a t i o n  
and f i e 1  d opt ions  ( 1  a t i  tude, dimensions, 
he1 i o s t a t  design, etc. ) remain unchanged; 

= 2, i n i t i a l  performance i n p u t  f o r  design run  read 
from l o c a l  f i l e  c a l l  ed TAPE20 which i s  c o j j E I  
from t h e  mass storage device used t o  s tore-  t h e  
data created i n  a previous performance run w i t h  
ITAPE=l; i n p u t  namel is ts  FIELD, HSTAT, REC, 
NLFLUX, and NLEFF i n  performance group are 
omi t ted  w i t h  t h i s  op t i on  (see Tab1 e A.A-2). 
The user must be sure t h a t  t he  l a t i t u d e ,  
i n s o l a t i o n  model. sunsha~e. and h e l i o s t a t  

m .  

desian read trom TAPtZO are those d e s i r e d  i n  
the  present run. 

= 3, system i n p u t  t o r  performance c a l c u l a t i o n  
read from 1 ocal f i l e  c a l l  ed TAPE30 which i s  - 
copied from a mass storage device used t o  
s to re  t h e  data created i n  a des ign lopt imiza t ion  



TDESP 

run us ing  IBTAPE=l i n  namel i s t  OPT. The data 
inc ludes f i e l d  layout ,  he1 i o s t a t  design, 
rece ive r  dimensions, tower height ,  etc. so t h a t  
i n p u t  namel is t  FIELD, HSTAT, REC, NLFLUX, and 
NLEFF need n o t  redef ine any of these values. 

Constra int :  ITAPE = 2 f o r  design c a l c u l a t i o n s  on ly  
De fau l t :  ITAPE = 0 (11.6-2,V.G,VI.A,VI.B) 

Power l e v e l ,  i n  MW, o f  opt imized system s tored on TAPE30. 
t o  be re run  i n  de ta i  l e d  performancc ca l cu la t i on .  
Constra int :  ITAPE = 3 .b" &>.i." ,-f:-- 

TDESP = 100.0 (MW) (V1.B) 

PLAT La t i t ude ,  i n  degrees, o f  so la r  p l a n t  l oca t ion .  
Constra ints:  0 < PLAT < 90.0 (no r the rn  hemisphere) 
Def aul t : PLAT 7-35.0 (=) (Darstow) (1II.A-1) 

ALT A l t i t u d e ,  i n  km, o f  s o l a r  p l a n t  l oca t ion .  
Defau l t :  ALT = 0.65 (1II .A-2) 

I NSBL Parameter spec i fy ing  i n s o l a t i o n  vs. t ime model: Note 
a d d i t i o n a l  va r iab les  i n  namel i s t  BASIC t o  be def ined 
w i t h  each opt ion:  

= 0, Meel r~el model ; value f o r  AL'I' required; 
= 1, Ho t te l  model ; value f o r  ALT required;  
= 2, constant  equal t o  SgLC0N; 
= 3, A1 l en model ; values f o r  P'RES o r  DPRES, and 

H20 o r  DH20 required;  
= 4, Moon model; values f o r  PRES o r  DPRES required.  

Defau l t :  INS0L = 0 (1II.A-2) 

Value o f  constant  i n s o l  a t ion ,  i n  kw/m2, used w i t h  
INSBL=2 opt ion. 
Constra int :  INSgLm2 
De fau l t :  S0LCBN=0.95 (kw/m2) 

I WEATH Contro l  parameter f o r  s i t e  dependent weather fac to rs :  

= 0, un i fo rm weather f a c t o r  f o r  e n t i r e  year; 
def ined by WEATHER i f  INS0L = 0, 1, 2 o r  by 
PRES (INS0L = 3, 4) 'and H20 (INS0L = 3);  

= 1, vary ing  weather f a c t o r  f o r  each o f  the  NYEAR 
ca l  c u l  a t i o n a l  days def ined by DWEATH( I ) i f  
INS0L = 0, 1, 2 o r  by DPRES(1) ( INS0L = 3,4) 
and DH2O( I )  (INSOL = 3). a 

Constra int :  I f  IWEATH = 0, de f i ne  WEATHER, PRES, and/or 
H20 f o r  s i t e .  
If IWEATH. = 1, de f ine  DWEATH,DPRES, and/or 
8H28 f o r  s i t e .  

Defau l t :  IWEATH = 0 (1II .A-3) 



WEATH 
DWEATH( I ) 
( I = 1  ,NYEAR) 

H20 
DH20( I )  
PRES 
DP.RES( I 
( 1=1 ,NYEAR) 

NSUN 

NSUNPT 
SUNI(1) 
SUNR( I )  
( 1=1 ,NSUNPT) 

REFDAY 

F r a c t i o n  of energy ca l cu la ted  from the  c l e a r  sky i nso la -  
t i o n  models when INSflL = 0, 1, 2  t h a t  i s  a c t u a l l y  produced 
due t o  weather e f fec ts .  WEATH i s  the  uni form c o r r e c t i o n  
f o r  c loudiness on an annual bas is  (IWEATH = 0)  ; DWEATH( I )  
i s  t he  i n d i v i d u a l  c o r r e c t i o n  f o r  cloudiness t o  t h e  I t h  
c a l  cu l  a t i o n a l  day. 

Defaul t : '  WEA'I'H = 0.83 
DWEATH = 9*0.83 

S i t e  s p e c i f i c  atmo'spheric condi t ions.  H20 i s  t h e  constant  
mm o f  p e r c i p i t a b l e  water i n  the  atmosphere (IWEATH=O). 
OH20( 1)  i s  t h e  i n d i v i d u a l  mm o f  p e r c i p i t a b l e  water on 
the  I t h  ca l cu ' l a t i ona l  day (IWEATH=l) . PRES i s  the  con- 
s t a n t  r e l a t i v e  atmospheric pressure compared t o  sea l e v e l ,  
760 mm o f  Hg ( IWEATH=O) . DPRES( I )  i s  the  re1 a t i  ve 
atmospheric pressure on the I t h  ddy ( IWEATIi-1). 

Defau l t :  H20 = DH20(I) = 20.0 
PRES = DPRES(1) = 1.0 (1II.A-l,III.A-2,III.A-3) 

Contro l  parameter spec i f y ing  sunshape model: 

= 0, p o i n t  sun ( u n r e a l i s t i c ,  b u t  usefu l  f o r  
debugging) ; 

= 1, l imb  darkened sun, U. o f  Houston form; 
= 2, square wave sun; 
= 3, user de f ined sunshape through va r iab les  

NSUNPT, SUNI,  SUNR. . 
Defau l t :  NSUN = 1 (111.~-4) 

Var iables f o r  d e f i n i n g  sunshape: NSUNPT i s  number o f  
p a i r s  o f  p o i n t s  o f  sun i n t e n s i t y ,  SUNI ( a r b i t r a r y  u n i t s )  
vs. angle from t h e  center  o f  t he  sun, SUNR (radians) .  
Po in ts  do n o t  have t o  be equa l ly  spaced. 
C o n s t r a i n t c  NSUN = 3  

NSUNPT < 50 
Po in ts  S t a r t  a t  center  o f  sun; i.e., 
SUNR( 1)  = 0. Po in ts  decrease monotonical l y  
w i t h  i ncreasi ng radius. 

Def aul t : None. (1II.A-4) 

Day o f  t h e  year chosen f o r  t he  design po in t ;  day 1 
i s  January 1st .  REFDAY 

= UDAY i f  IPR0B = 1 o r  2  (au tomat i ca l l y  s e t  by 
code ; 

= 354.75, w i n t e r  s o l s t i c e  (-Dec. 21); 
= 81.0, equinox (Mar. ,211; 
= 172.25, summer s o l s t i c e  (-June 21). 

Constra int :  .REFDAY must occur on one. o f  t he  days 
determined by NYEAR i f  IPR0B = 0  o r  4. 

Defaul t : REFDAY = 81.0 (1I.D-5,V.A-1) 



REFT I M 

REFSBL 

ASTART 

I ATM 

ATMl 
ATM2 
ATM3 
ATM4 

Design p o i n t  hour on o r  pas t  'noon on t h e  REFDAY o f  
the  year. I f  IPRgB = 2, REFTIM i s  s e t  equal t o .  
UTIME by code. 
cons t ra in t :  REFTIM must be an i n t e g e r  mu1 t i p l e  o f  

HOURDEL. 
Defau l t :  REFTIM = 0.0 (noon) 

Design p o i n t  i n s o l a t i o n ,  i n  kw/m2. 
Default.: REFSOL = 0.95 (kw/mZ) 

Maximum sun angle, i n  degrees, w i t h  respect  t o  t h e  
v e r t i c a l  a t  which t h e  p l a n t  w i l l  begin operat ion. 
Default.: ASTART = 75.0 ( " 1  (11.D-5) 

Contro l  parameter spec i f y ing  atmospheric a t tenua t ion  
model : 

= 0, 25 km v i s i b i l i t y ,  Barstaw, CA; 
= 1, 5 km v i s i b i l  it.y, Rarstow, CA; 
= 2, user defined through va r iab les  ATM1; ATM2, 

ATM3, ATM4. 
Defau l t :  IATM = 0 (111.E-1) 

Var iables f o r  d e f i n i n g  a t tenua t ion  according to:  
F rac t i ona l  l o s s  = ATMl + ATM2*R + A T M ~ * R ~  + A T M ~ * R ~  

where R i s  t h e  s l a n t  range (km) f rom t h e  h e l i o s t a t  t o  
the  rece iver .  
Constra int :  IATM = 2 f o r  user de f ined var iables.  
Defau l t :  ATMl = 0.006789 

ATM2 = 0.1046 
ATM3 = -0.0170 
ATM4 = 0,002845 (1II .E-1) 



Namcl i s t  FIELD 

N AZM 

NRAD 

RADMI N 
R ADMAX 

ILAY 

IDENS 

I USERF 

Number o f  zone d i v i s i o n s  azimuthal ly  around the  tower. 
Constra int :  NAZM < 12; NAZM, even. 
Defaul  t : NAZM = 17 (11.B-1) 

Number o f  zone d i v i s i o n s  i n  the  r a d i a l  d i r e c t i o n  from 
the tower. 
Constra int :  NRAD < 13 
Defau l t :  NRAD = 17 (1I.B-1) 

. . 

Minimum and maximum r a d i  a1 p o s i t i o n  o f  he1 i o s t a t s ,  
expressed i n  normalized u n i t s  o f  d is tance based on the  
tower he ight ,  THT (REC name1 i s t ) .  
Defau l t :  RADMIN = 0.75 

RADMAX = 7.5 ( I 1  .B-1) 

Contro l  parameter f o r  surround vs. nor th-only f i e l d  
(used p r i m a r i l y  i n  small systems) 

= 0, Surround f i e l  d  w i t h  equa l ly  spaced azimuthal 
zones surrounding the  tower; 

= 1, F i n e r  zoning of t he  no r th  p a r t  o f  t he  f i e l  d  
s e t  by AMAXN. 

Constra int :  , I f  INflRTH = 1, IREC > 0  
NUMCAV = 1 
RAZM(1) = 180.0 

i n  namel is t  REC. 
Defau l t :  INBRTH = 0  ( I I .B-1) 

Maximum angle, i n  degrees, from north-south a x i s  f o r  
no r th  f i e l d  zoning op t ion  (INORTH = 1). There are 
(NAZM-1) zones from -AMAXN t o  +AMAXN( O) about t h e  nor th-  
south ax is ;  remaining zone i s  a  "dummy" f o r  t he  south 
p a r t  o f  t he  f i e l d .  
Constra int :  IN0RTH = 1 
De fau l t :  AMAXN = 82.5(') (1I.B-1) 

Contro l  parameter f o r  h e l i o s t a t  l ayou t  pa t te rn :  

= 0, r a d i a l  stagger (on ly  op t ion  a t  present)  
Defau l t :  ILAY = 0  (1I.C) 

Parameter spec i f y ing  he1 i o s t a t  density;  op t ions  1 and 2  
based on U. o f  Houston resu l t s : .  

= 1, h igh  r e f l e c t i v i t y  (-- 0.9) rec tangu lar  he1 i o s t a t s ;  
= 2, low r e f l e c t i v i t y  ( -  0.6) round h e l i o s t a t s ;  
= 3, user s p e c i f i e d  (see below). 

Defau l t :  IDENS = 1 4II.C) 

Parameter spec i f y ing  f i e l  d  op t ion  f o r  i n i t i a l  performance 
ca lcu la t i on :  



JHPR 

NLAND 

SLNS( I ) 
XTgWER 
YTBWER 
( I = 1  ,NLAND) 

= 0, c i r c u l a r  f i e l d  def ined by NAZM, NRAD, RADMIN, 
RADMAX; only zone by zone performance reported; 

= 1, code def ined no r th  b iased f i e l d  o f  F igure  11-4; 
= 2, user de f ined f i e l d  s p e c i f i e d  zone by zone (see 

be1 ow) ; 
= 3, user def ined f i e l d  s p e c i f i e d  by i n d i v i d u a l  

he1 i o s t a t  coordinates (see below). 
Constra int :  IUSERF = 0 f o r  o p t i m i z a t i o n  run  
Defau l t :  IUSERF = 0  (11.B-2) 

Parameter con t . ro l l i ng  the  p r i n t o u t  o f  t h e  coordinates 
of t he  i n d i v i d u a l  h e l i o s t a t s  f o r  t he  IUSERF=3 opt ion.  

= 0, no coordinates p r i n t e d  
-? 1, cuor-d O r ~ d  l e s  pr-i  11 l e d  

Def aul t : IHPR=O 

Parameter spec i f y ing  l a n d  const ra ined f i e l d  parameters 

NLAND = 0 No land  cons t ra in t .  
> 0  Land a v a i l a b l e  f o r  h e l i o s t a t  f i e l d  const ra ined 

t o  NLAND rec tang les  def ined by ALP, CLE, CLN, 
SLEW, SLNS, XTBWER, YTBWER. 

Constra int :  NLAND < 5  
U e t a u  ltT-NLANU = 0- (11.6-41 

Var iables d e f i n i n g  1  and c o n s t r a i n t s  f o r  f i e 1  d 1  ayout: 
ALP( I )  = angle ( " )  o f  r o t a t i o n  o f  I t h  rec tang le  from N-S 

and E-W axes ( >  0 clockwise viewed from above) ; 
CLE( I )  ,CLN( I )  = displacements (m) e a s t  and nor th,  

respect ive ly ;  n f  center  o f  I t h  rec tang le  
r e l a t i v e  t o  the  1s t ;  

SLEW(1) ,SLNS( I )  = l eng th  (m) o f  s ides  o f  I t h  rec tang le  
para1 1,el t o  E-W and N-S axes, , respect ive ly ,  
p r i  o r  t o  ro t .a t l  on ; 

XTBWER,YTflWER = tower coordinates (m) eas t  and nor th,  
respect ive ly ,  w i t h  cen te r  o f  f i r s t  l a n d  
c o n s t r a i n t  rectangle. 

Constra int :  NLAND > 0 
Defau l t :  ALP = 5*0.0 

CLE,CLN = 5 q . 0  . 

FLAND(K,L) F r a c t i o n  o f  t h e  area o f  t he  (K,L) zone t h a t  can be used 
(K=l,NRAD) f o r  h e l i o s t a t s .  I f  a  l and  c o n s t r a i n t  i s  s p e c i f i e d  
(L=1 ,NAZM) (preceding va r iab les )  then DELSOL wi 11 c a l c u l  a te  FLAND. 

FLAND can a l s o  be used t o  a d j u s t  t h e  f i e l d  t r i m  o r  t o  
s imulate p a r t i  a1 c loud cover. 
Defau l t :  FLAND = 156*1.0 (11.6-2,II.B-4) 



Parameter spec i f y ing  h e l i o s t a t  r o t a t i o n .  

= 0, s ta t i ona ry  h e l i o s t a t  f i e l d ;  
= 1, he1 i o s t a t  f i e l  d r o t a t e s  synchronously w i t h  t h e  

sun i n  such a way t h a t  t h e  sun appears t o  have no 
azimuthal motion. To s imulate r o t a t i n g  f i e l d s  
DELSOL s e t s . t h e  azimuthal angle o f  t he  stin t o  be 
always due south o f  the  tower. 

Defau l t :  IRgTFL = 0 ( I I .B-3) 

The f o l l o w i n s  va r iab les  r e a u i r e  d e f i n i t i o n  onlv i f  IDENS = 3: 

DENSIT(K,L) Densi ty  ( i  .e., m i r r o r  area t o  ground area r a t i o )  i n  
zone (K,L) where K s p e c i f i e s  t h e  r a d i a l  p o s i t i o n  and L 
the  azimuthal pos i t ion .  
Constra int :  0.0 < DENSIT i 1.0 (1I.B-2,11.C) 
Defau l t :  DENSIT 7 156*1.0-(i.e., user must spec i fy  

values) 

AZMSEP ( K ) 1/2 center  t o  center  azimuthal separat ion o f  h e l i o s t a t s  
( ~ = l ,  NRAD) i n  normalized u n i t s  o f  h e l i o s t a t  widths ( =  AAz/ZrJW). 

Defau l t :  AZMSEP = 13*1.05 --- (1I.B-2,II.C) 

The f o l l o w i n g  va r iab les  r e q u i r e  d e f i n i t i ' o n  on ly  i f  IUSERFL = 2: 

NRADMN( L Boundaries o f  t he  user de f ined f i e l d .  For  the  L t h  
NRADMX( L )  azimuthal zone, NRADMN(L) i s  t h e  number o f  t he  r a d i a l  
(L= l ,  NAZM) zone occupied c l o s e s t  t o  t h e  tower, and NRADMX(L) i s  

the  number o f  t h e  r a d i a l  zone occupied f a r t h e s t  from t h e  
tower. I f  no zones are occupied, NRADMM(L) = NRADMX(L) = 0. 
Constra int :  NRADMN, NRADMX < NRAD 

Maximum number <f h e l i o s t a t s  per  row = 648 

Defau l t :  NRADMN = 12*1 
NRADMX = 12*1 

FSLIP Ra t io  determining s l  i p p l  ane cor rec t ion ;  i n  r a d i  a1 
stagger 1 ayouts, excess .shadow5 ng and b lock ing  i s a1 1 e- 
v i a t e d  by p e r i o d i c a l l y  p l a c i n g  n h e l i o s t a t s  on a row 
where n+ l  h e l i o s t a t s  would have-been based on zone- 
wise  find AAZ values. FSLIP i s  the  r a t i o  o f  (n+ l ) /n .  

Constra int :  FSLIP > 1.0 

Defau l t :  FSLIP = 4./3. 

The f o l l o w i n g  i n p u t  cards are  requ i red  on ly  i f  IUSERF = 3 (User def ined 
he1 i o s t a t  f i e l  d s p e c i f i e d  by g i v i n g  i n d i v i d u a l  he1 i o s t a t  coordinates)  : 

NOTE: These i n p u t  cards f o l l o w  NLEFF (see Table A.A-1). These cards are  
n o t  Namelists, they are i n p u t  w i t h  t h e  format s p e c i f i e d  below. 



Card Column Format Desc r ip t i on  

A1 phanumeric heading t o  i d e n t i f y  f i e l d  
To ta l  no. o f  he1 i o s t a t s  i n  f i e l d  
To ta l  no. o f  rows i n  f i e l d  
Number o f  row 
Number o f  h e l i o s t a t s  i n  row, s t a r t i n g  w i t h  f i r s t  row 
Displacement o f  1 s t  h e l i o s t a t  i n  t h i s  row 
h e l i o s t a t  eas t  o f  tower (m) 
D lsp laoe~~tent  of' 1 s t  he1 i o s t a t  i n  t h i s  row 
h e l i o s t a t  n o r t h  o f  tower (m) 
Not used a t  present 
A i m  p o i n t  ho r i zon ta l  d i  sp l  acement (m) 
A i m  p o i n t  " v e r t i c a l "  displacement (m) 
Focal l eng th  (1/2 rad ius  o f  curva ture)  (m) 
Repeat card  4  f o r  a l l  h e l i o s t a t s  i n  t h i s  row 
Repeat cards 3, 4, 5+ f o r  each row 

(11.B-2) 



Name1 i s t  HSTAT 

ICPANL 

Width (WM) and he igh t  (HM), i n  meters, o f  t h e  rec tangu lar  
o r  c i r c u l a r  boundary o f  t he  he1 i o s t a t ,  i n c l u d i n g  any 
edge supports o r  enclosures. 
Defaul t :  WM = 7.4(m) 

HM = 7.4(m) (II.C,II.E) 

Parameter f o r  op t i ona l  s p e c i f i c a t i o n  o f  1  ocat ion  o f  
i n d i v i d u a l  cant  panel s: 

= 0, no panel i n p u t  
= 1, i n d i v i d u a l  panel l o c a t i o n  s e t  by WPANL, HPANL, 

HXCANT. HYCANT ( f o r  more accurate images i n  
small systems) 

Defau l t :  ICPANL = .O 

W P ANL Var iab les  def in ing  i n d i v i d u a l  cant  panel s; s i z e  WPANL(m) 
HPANL wide, HPANL(m) h i g h  i n  h e l i o s t a t  plane; center  o f  I t h  
HXCANT( I ) panel HXCANT( I )  m from he1 i o s t a t  center  p a r a l l e l  t o  
HYCANT(1) . h o r i z o n t a l  edge, HYCANT( I )  m para1 l e l  t o  v e r t i c a l  edge. 
(I=l,NCANTX*hlCANTY) Const ra in t :  ICANPL = 1 

De fau l t :  WPANL = 3.70 (1I.E) 
HPANL = 1.23 
HXCANT = 6*1.4, 6*(-1.4) 
HYCANT = 3.08, 1.85, 0.62, -0.62, -1.85, -3.08, 

3.08, 1.85, 0.62, -0.62, -1.85, -3.08 

DENSMR 

I RBUND 

RMI  RL 

S I GEL 
S I GAZ 

SIGSX 
S I GSY 

Ra t io  o f  m i r r o r  area t o  t o t a l  area o f  t h e  h e l i o s t a t  
de f ined by WM x HM. 
Defau l t :  DENSMR = 0.897 (II.C,II.E) 

H e l i o s t a t  shape parameter. 
= 0, rec tangu lar  
= 1, round 

Defau l t :  IRBUND = 0  

Average r e f 1  e c t i v i  t y  o f  t h e  m i r ro red  surface, i n c l u d i n g  
t ransmission losses i n  the  dome, i f  present. 
Defau l t :  RMIRL = 0.89 (I I .E, 1II.E-2) 

Standard deviat ions,  i n  radians, o f  t h e  normal e r r o r  
d i s t r i b u t i o n  o f  t h e  e leva t ion  angle (SIGEL) and azimuthal 
angle (SIGAZ) . 
Constra int :  SIGAZ+SIGSX+SIGTX>O 

SIGEL+SIGSY+SIGTY>O 
Defau l t :  . SIGEL = 0.00075 ( rad )  

SIGAZ = 0.00075 ( rad)  (11.E-1) 

Standard deviat ions,  i n  radians, o f  t h e  normal e r r o r  
d i s t r i b u t i o n  o f  t h e  he1 i o s t a t  r e f l e c t i v e  sur face normal ; 
SIGSX i s  i n  the  ho r i zon ta l  d i r e c t i o n ,  SIGSY i n  the  
d i r e c t i o n  perpendicular  t o  the  SIGSX d i r e c t i o n  ( v e r t i c a l  
when the  he1 i o s t a t  i s  v e r t i c a l  ) . 



S I GTX 
SIGTY 

ICANT 

NCANTX 
NCANTY 

HCANT 
DCANT 

RGANT~ Y. 1 
(K=l, NRAD) 

XFBCUS 
YFBCUS 

Constra int :  Same as SIGEL, S IGAZ 
Defaul t :  S I G S X  = 0.001 ( rad)  

S IGSY = 0.001 ( rad)  

Standard deviat ions,  i n  radians, o f  the normal e r r o r  
d i s t r i b u t i o n  of the r e f l ec ted  vector; caused by atmos- 
pher ic r e f r ac t i on ,  tower sway, etc. SIGTX i s  i n  the  
hor i zon ta l  d i rec t ion ;  SIGTY I n  the d i r e c t i o n  perpendi - 
cu la r  t o  the SIGTX d i rec t ion .  
Constra int :  - Same as SIGEL, SIGAZ 
Defau l t :  SIGTX = 0.000 ( rad)  
-.- 

SIGTY a 0.000 ( rad)  (1I.E-1) 

Canting parameter: 

= n, no canting; 
- -I., ind iv idua l  on-axis cant  a t  a  distance equal t o  

the s l an t  range; 
= 1, user def ined on-axis canting. The can t ing  i s  

spec i f i ed  by the RCANT array def ined below; (can 
be used tn  prodllce a s i ng l e  cant  f o r  the  
whole f i e l d ) .  

= 3, i nd i v i dua l  o f f - ax i s  cant  a t  t ime def ined 
be1 ow by DCANT, HCANT. 

Defaul t :  IGAMT - 1 (Ill.&-2) 

Number o f  submirror panels i n  a  canted h e l i o s t a t  
equals NCANTX times NCANTY; there  are  NCANTX panels 
i n  the C, d i rec t ion ,  NCANTY i n  the 3, d i rec t ion .  . . 
~ o n s t r a i  n t :  NCANTX*NCANTY - < 25 
befau l  t: NCANTX = 2 

NCANTY = 6 

Parameters de f i n i ng  o f f - a x i s  cant; h e l i o s t a t s  are  canted 
a t  HCANT hours past  noon on the DCANT dqy o r  ttre year. 
Defaul t :  HCANT = 0.0 

nCANT E 81.0 (1I.D-5, 1I.E-2) 
Focal length, i n  urr~i l s  U P  towcr he lghts ,  TI-l l  (Nainel i s t  
REC) , a t  which a l l  he1 i o s t a t s  I n  the  K th  r a d i a l  zones 
are  canted; can be used t o  def ine one cant ing f o r  the  
whole f i e l d .  
Constra int :  ICANT = 1 
Defau l t :  RCANT = 13*7.15 (11.E-2) 

Parameters spec i fy ing focusing o r  no focusing o f  m i r r o r  
panel o r  subpanel s  (submi r r o r s  can be focused as we1 1  as 
canted). XFflCUS speci f ies focusing i n  the in direc t ion ,  
YFBCUS i n  the jn di rec t ion.  

XF0CUS o r  YF0CUS = 0.0 No focusing i n  corresponding 
d i r e c t i o n  

XF0CUS o r  YFBCUS = 1.0 Focusing i n  corresponding 
d i r e c t i o n  



Defau l t :  XFBCUS = 1.0 
YFBCUS = 1.0 

I FBCUS Types o f  focusing: 

= 0, i n d i v i d u a l  focus w i t h  foca l  l eng th  equal t o  the  
s l  a n t  range; 

= 1, user de f ined foca l  l eng th  determined by XFBCAL 
and YFgCAL i f  zoning i s  used o r  foca l  l eng th  
read o f f  o f  i n d i v i d u a l  he1 i o s t a t  data cards i f  
t h i s  i s  an i n d i v i d u a l  h e l i o s t a t  f i e l d  (IUSERFL = 
3, Namel i s t  FIELD) ; (can be used t o  produce a  
s i n g l e  foca l  l eng th  f o r  the  whole f i e l d ) .  

Constra int :  XF0CUS = YFBCUS = 1.0 
b e f a u l t :  IF0CUS = 1 (11.E-2) 

XFBCAL ( K ) 
YFBCAL(K) 
(K=l,  NRAD) 

User def ined foca l  lengths  f o r  t h e  K th  r a d i a l  zone (note: 
t he  foca l  l eng th  = 112 rad ius  o f  curvature) ;  ,XFBCAL(K) i s  
t h e  foca l  l eng th  i n  u g i t s  o f  tower he ights  (THT i n  
namelisz REC) i n  the  in d i r e c t i o n  and YFBCAL(K) i s  
i n  the  jn d i r e c t i o n .  
Defau l t :  XF0CAL = 13*7.15 

YFBCAL = 13*7.15 (11.E-2) 
INDC Contro l  parameter f o r  more accurate h e l i o s t a t  images 

dur ing  performance on ly  ca l cu la t i ons :  

= 0, regu la r  images; 
= 1; separate image generated' from each cant  

panel i ns tead  o f  a  s i n g l e  image from t h e  whole 
he1 i o s t a t .  Th is  s i g n i  f i 'cant ly  increases t h e  
running time. Th is  op t ion  can on ly  be used 
w i t h  a  performance c a l c u l a t i o n  and cannot be 
used i n  design op t im iza t i on  ca l cu la t i ons .  

Constra int :  INDC = 0  f o r  a  design c a l c u l a t i o n  
IAUTBPT = 0  (Namel i s t  REC) i f  INDC = 1 
ICANPL = 1 i f  INDC. = 1 

Defau l t :  INDC = 0  (1II.D-1) 

Parameter c o n t r o l l i n g  over lapping o f  shadowing and 
b locking:  

= 0, no overlap. Most conservat ive assumption 
as shading and b lock ing  losses are  maximized. 

= 1, complete overlap. Lower bound on shading and 
b l  ock i  ng 1  osses. 

Defau l t :  ISB = 0  (1II .C) 



Name1 i s t  REC 

THT 

I REC 

RRECL 

"Tower height." The elevation, i n  meters, o f  the 
center o f  external  rece iver  o r  o f  the cav i t y  aperture 
above the h e l i o s t a t  p i v o t  po in t ,  not  ground I cvc l .  
be tau l t :  THT - - 115.0 (m) (1I.F) 

The shadow cast  by the tower and rece iver  i s  modeled as 
the shadow cast  by a cy l inder  t h a t  i s  T0WL meters t a l l  
(measured above the tielios~t;a,t; p i v o t  po ln ts )  and has a 
diameter o f  TPWD meters. 
Default :  TBWL = 175.0, TBWD = 10.0 (m) (1II .C) 

Parameter spec i fy ing type o f  receiver:  

= 0, ver - t icd l  c y l  l n d r l c a l  external  recelver:  
= 1, cav i t y  w i t h  aperture(s)  o f  e l l i p t i c a l  cross 

section; 
= 2, cav i t y  w i t h  aperture(s)  o f  rectangular  cross 

scc ti on, 
= 3, e l l i p t i c a l  shape f l a t  p l a t e  rcee iver (s1 
= 4, rectangular shape f l a t  p l a t e  rece ive r (s )  

Defaul t :  IREC = 0 (I1.F) 

Diameter, i n  meters, o f  an external  receiver.  For f l a t  
p la tes  o r  cav i t i es ,  W i s  tw ice the hor izonta l  d istance 
from the center o f  the aperture o r  f l a t  p l a t e  t o  the 
tower center l ine.  
Defaul t :  W = 16.0 (m) (1I.F) 

Height, i n  meters, o f  an external  receiver. For 
c a v i t i e s  H i s  the height  o f  the top o f  the heat absorbing 
surface above the bottom o f  the cav i ty .  Not needed f o r  " 

f l a t  plates. 
Defaul t :  H = 16.0 (m) 

F rac t ion  o f  the inc iden t  Dower absorbed by the  rece ive r  
before rad ia t i on  and convection 1 osses, b';t a f t e r  

- rece iver  r e f l e c t i o n  loss: 

RRECL = 
Power inc iden t  - Power r e f  1 ec t e d  

Power i nc i den t  

Defaul t : RRECL = 0.965 (1II.E-2) 

Control parameter i d e n t i f y i n g  aiming strategy:  

= 0, s ing le  aim p o i n t  a t  center o f  receiver; 
= 1, code ca lcu la ted t ime dependent 1-d "smart" 

aiming strategy; he1 i o s t a t  images are spread 
ou t  along the "height" o f  the rece iver  o r  
aperture t o  reduce the peak f l u x  and f l u x  
gradients w i t h  no increase i n  sp i l lage.  



Th is  op t ion  should be used w i t h  e x t e r r ~ a l  
c y l  inder ,  e l  1  i p t i c a l  f l a t  p l a t e  and e l  1  i p t i c a l  
aperture c a v i t y  rece ive rs  w i t h  f l u x  1  i m i t s  
(Name1 i s t  NLFLUX) ; 

= 2, same as 1 except t h a t  t he  images are  spread 
o u t  i n  2-d. Th is  op t ion  should be used only 
w i t h  rectangul  a r  f l  a t  p l  a te  o r  rec tangu lar  
aper ture  rece ivers  w i t h  f l  ux 1  i m i t s ;  

= 3, tirrle dependent aiming s t ra tegy  t o  reduce, 
r a d i  a t i  on/convec ti on 1  osses , t o  reduce thermal - 
mechanical damage, o r  t o  minimize the  s i z e  o f  
a  heat  absorbing surface i n s i d e  a  c a v i t y .  For 
each zone the  image i s  centered across the  
"width"  o f  t he  rece ive r  o r  aper ture  and i s  
pos i t i oned  as c lose t o  the  bottom o f  the  
rece l  ver  as possi b l  e wi thout  i ncreasi  ng 
s p i l l  age s i g n i f i c a n t l y ;  \ 

= 4, same as 3 except t h e  images a re  spread o u t  
along the  w id th  o f  t h e  receiver .  Th is  op t ion  
should on ly  be used w i t h  a  rec tangu lar  f l a t  
p l a t e  o r  rec tangu lar  aperture rece iver ;  

= 5, user def ined, t ime independent, un i fo rm 
aiming. For  the  (K,L) zone the  aim p o i n t s  are  . 

' 

arranged i n  a  rec tangu lar  g r i d  t h a t  i s  i n  the  
p lane o f  t h e  c a v i t y  aper ture  o r  f l a t  p l a t e  o r  
i s  i n  t h e  p lane t h a t  i s  tangent t o  t h e  ex terna l  
rece ive r  a t  t he  azimuthal angle o f  t h e  zone. 
There are  NAX(K,L) ,aim p o i n t s  along t h e  
h o r i z o n t a l  d i r e c t i o n  from a minimum value o f  
XAIM(K,L,l) meters t o  a  maximum value o f  
XAIM(K,L ,2) meters. S i m i l a r l y ,  t he re  are  
NAY(K,L) aim p o i n t s  along the  " v e r t i c a l "  
d i r e c t i o n  from a minimum value o f  YAIM(K,L,~) 
meters t o  a  maximu'm value o f  YAIM(K,L,2) 
meters. Note. t h a t  t h i s  op t i on  should on ly  be 
used f o r  performance runs. 

Constra int :  - Maximum of 25 user de f ined aim po in ts /  
zone. Code w i  11 on1 y automati c a l  l y  generate 
up t o  100 aim points.  
IREC = 2  o r  4  i f  IAUTOPT = 2  o r  4  
IPR0B # 4  (namel is t  BASIC) i f  IAUT0PT = 5 

Defau l t :  IAUTgP = 0  
NUMPT(K,L) = NAX(K,L) = NAY(K,L) = 1 

For c a v i t i e s  o r  f l a t  p l  ates, t h e  f o l l  owing must be def ined: 

NUMCAV Number o f  apertures i n  c a v i t y  rece ive r  o r  number o f  f l a t  
p l  a te  receivers.  
Constra int :  NUMCAV < 4  
De fau l t :  NUMCAV = 1- (1I.F) 



RX(1) 
RY(1) 
( I = l ,  NUMCAV) 

RWCAV ( I ) 
( I =I ,  NUMCAV ) 

O r i e n t a t i o n  of vector;  i .e., outward normal o f ,  
sur face s t re tched across t h e  aper ture  o r  f l a t  p l a t e  
receiver .  For  the  I t h  ( I = l ,  NUMCAV) aperture, RELV(1) 
i s  the  p o l a r  angle, Or, and RAZM( I )  the  azimuthal 
angle, B,, both i n  degrees (see F igu rc  11-1 i n  main 
t e x t ) .  

90.0" V e r t i c a l  
RELV(1) = 

z.90 .O0 Down fac ing  

O.OO South f a c i n g  

90.0" West fac ing  
RAZM(1) = 

180.0' Nor th  f a c i n g  

270.0° East  f a c i n g  

Constra int :  RAZM(1) < 360.. Angles I ~ I U S ' ~  be i n  order  
c l  ockwi se. 

Defau l t :  RELV = 4*90.0 ( "1  
RAZM = 180., 270., O., 90. (O) (I1.F) 

Dimensions, i n  meters, o f  I t h  c a v i t y  aper ture  o r  f l a t  
p l a t e  rece iver .  RX( I) i s  t h e  h o r i z o n t a l  dimension, and 
RY ( I ) perpendicul  a r  t o  RX( I 1. 
Defau l t :  RX = 4*6.0 (in) 

RY = 4*6.0 (m) (II.F,V.A-3) 

Ra t io  o f  t he  rad ius  o f  t he  v e r t i c a l  c y l  i n d r i c a l  heat  
absorbing sur face centered on t h e  I t h  aper ture  t o  
t h e  radius,  W/2, o f  the  rece iver .  Th is  o p t i o n  i s  used 
on ly  w l  t h  c a v i t y  r ~ c e l v e r s  and a1 lows t h e  c a v i t i e s  t o  
have d i f f e r e n t  depths. The g rea te r  RWCAV the l a r g e r  t h e  
heat  exchanger sur face w i t h i n  t h e  c a v i t y  and t h e  lower 
t h e  peak f l u x .  
Defau l t :  - RWCAV = 4*1.0 (II.F,IV.A-5,V.A-3) 



Namel i s t  NLFLUX 

I FLX 

IFXBUT( I ,J) 
( I = l ,  NYEAR; 
J=1, 16) 

I FL AUT 

XFC 
Y FC 
ZF C 
P0LF 
AZMF 
DIAMF 

Parameter spec i f y ing  f l u x  ca l cu la t i on .  For  performance 
runs f l u x  c a l c u l a t i o n s  are made a t  t he  one t ime o f  t he  
year s p e c i f i e d  by IFXBUT. For op t im iza t i on  runs, f l u x  
c a l c u l a t i o n s  are made on ly  a t  t he  design po in t .  

= 0, no f l u x  ca l cu la t i ons ;  
= 1, f l u x  c a l c u l a t i o n s  desired. 

Const ra in t :  IFLX = 1 i f  any IFXBUT # 0  
Default:. IFLX = 0  (II.H, V.0-1,V.D-5) 

Parameter a l l ow ing  se lec t i on  o f  t he  one t ime o f  t he  year 
a t  which the  f l u x  i s  calculated.  For  the  J t h  t ime step 
( i  .e., (J-l)*HRDEL hours pas t  noon) on t h e  I t h  day ( I = l  a t  
w i n t e r  s o l i s t i c e ,  = (NYEAR + 1 ) /2  a t  equinox, = NYEAR a t  
summer sol  i s t i  ce, etc.  ) , IFXBUT: 

= 0, no f l u x  ca l cu la ted  a t  t h i s  time; 
= 1, t o t a l  f l u x  from user de f ined f i e l d  (i.e., 

IUSERF = 1 o r  2  i n  FIELD namel is t )  ca l cu la ted  
and repor ted  f o r  t h i s  time; 

= -1, f l u x  from every zone p r i n t e d  p l u s  t o t a l  f l u x  
i f  IUSERF = 2 a t  t h i s  s i n g l e  time. 

Constra int :  One IFXBUT # 0  f o r  f l u x  maps i n  
performance. runs, i n c l u d i n g  reruns. 
A l l  IFXBUT = 0  i f  IFLX = 0. 

Defaul t: 

Parameter spec i f y ing  the  type o f  sur face on which a  g r i d  
o f  f l u x  p o i n t s  w i l l  be automat ica l ly  generated. I n  a l l  
cases t h e  "center"  o f  t he  rece ive r  i s  on the  tower 
c e n t e r l i n e  THT meters (Namelist  REC) above the  plane o f  
t he  h e l i o s t a t  p ivo ts .  IFLAUT = 4 i s  genera l ly  t h e  
b e s t  optfon: 

=1, p o i n t s  are  on t h e  ou ts ide  sur face o f  a  c y l i n d e r  
w i t h  a  v e r t i c a l  axis. The c y l i n d e r  has a  diameter 
o f  DIAMF meters and i s  o f f s e t  by XFC meters t o  t h e  
east, YFC meters t o  t h e  no r th  and ZFC meters up 
from t h e  " rece ive r  center".  Th is  op t ion  w i t h  
DIAMF=W (Namel i s t  REC) and XFC=YFC=ZFC=O generates 
t h e  f l u x  p o i n t s  on the  sur face o f  an ex terna l  
receiver .  

=2, same as = 1 except t h e  p o i n t s  are  on t h e  i n s i d e  
sur face o f  a  hol low v e r t i c a l  cy l i nde r .  

=3, p o i n t s  are on a  plane. The center  o f  t h e  o r i g i n  
. t h a t  i s  used t o  de f ine  the  g r i d  o f  f l u x  p o i n t s  i s  

XFC meters t o  the  east,  YFC meters t o  the  no r th  and 
ZFC meters up from t h e  " rece ive r  center" .  The 
outward sur face normal o f  t h e  plane on t h e  s ide  
t h a t  t h e  f l u x  i s  i n c i d e n t  has an azmithal angle o f  



NXFLX 
FAZMI N 
FAZMAX 

AZMF (North = 180°, E = 270" etc.)  and a p o l a r  
angle P0LF (90' = v e r t i c a l ,  > 90' downward fac ing) .  

= 4, automatic generat ion o f  t h e  f l u x  po in ts  on t h e '  
heat  absorbing sur face o f  t h e  rece ive r  speci- 
f i cd i n  thc  REC Namcl i st.  

Note: Fo r  mu1 ti p l  e aperture . cav i t y  o r  mu1 ti p l  e f l  a t  
p l  a te  rece ivers ,  f l  ux c a l  c u l  a t i  ons can be 
made f o r  only - one hea t  absorbing sur face a t .  
a time. 

External  Cyl i nder Receiver (IREC = 0) 
The f l u x  p o i n t s  a r e  l oca ted  on t h e  o u t r i d e  o f  a 
c y l i n d e r  whose DIAMF = W and XFC = YFC = ZFC = 
0. I f  the d e f a u l t  values o f  NXFLX, FAZMIN, 
FAZMAX, NYFLX ,  kLMiN, WMAX are used then a 
sing1 e .fl ux p o i n t  on t h e  center  o f  the n o r t h  
s ide  o f  the  c y l i n d e r  w i l l  be generated. 

Cav i ty  Receiver (IREC = 1 o r  2)  
The f l u x  p o i n t s  are l o c a t e d  on t h e  inner  
sur face o f  a v e r t i c a l  c y l i n d e r  centered on t h e  
f i r s t  aper ture  DIAMF = W*RWCAV(l), XFC = m. )*SIN(RAZM(l)), YFC = -(W/Z)*CPIS(RAZM(l) ). 
.If t h e  defaul  t values o f  NXFLX, FAZMIN, 
FAZMAX, NYFLX, FZMIN, FZMAX then a s i n g l e  f l u x  
p o i n t  i s  generated i n  the  center  o f  the  heat  
absorbing sur face o f  t h e  f i r s t  c a v i t y  aper ture  
a t  a he igh t  equal t o  the  h e i g h t  o f  the cen te r  
o f  t h e  heat  absorbing surface; i t  i s  f u r t h e r  
assumed that. t.he f i r s t  aper ture  faces nor th.  

F l a t  P l a t e  Receiver (IREC = 3 o r  4) 
The f l u x  p o i n t s  are l oca ted  on t h e  sur face 
o f  t h e  f i r s t  f l a t  p l a t e  rece iver .  XFC 
-(W/2. )%TRAZM( l ) ) ,  YFC = -(W/2. )*CBS(RAZM(l)), 
ZFC = O., PBLF = RELV(l), and AZMF = RAZM(-1). . 
I f  t h e  d e f a u l t  values o f  NXFLX, FAZMIN, 
FAZMAX, NYFLX, FZMIN, FZMAX are  used then a 
s i n g l e  f l u x  p o i n t  i s  generated a t  t h e  cen te r  
o f  t h e  f i r s t  p la te ,  assumed t o  be fac ing  north: 

Defaul t: IFLAUT=4 

IFLAUT=l o r  2 
Number o f  d i v i s i o n s  around the  circumference o f  t h e  c y l i n d e r  
f o r  au tomat ica l ly  generated g r i d  o f  f l u x  po in ts ,  NXFLX; 
p o i n t s  equa l ly  spaced a t  azimuthal angles s t a r t i n g  a t  



FAZMIN and ending a t  FAZMAX ( i n  deyrees) ; angles increase 
c lockwise  when viewed from above the  rece iver :  

0" o r  360" ' -+ South Nor th  
30" + Wcst East 

180" + Nor th  South 
270" :, East  west 

IFLAUT=3 
NXFLX equa l l y  spaced p o i n t s  a long a ho r i zon ta l  a x i s  o f  t he  
the  p lane def ined by (XFC, YFC, ZFC, PgLF, AZMF) from a 
minimum value o f  FAZMIN meters t o  a maximum value of 
FAZMAX meters. 

Const ra in t :  FAZMAX > FAZMIN (Note t h a t  i n  some cases 
w i t h  IF~AUT=~ o r  2 i t  may be necessary t o  
add 360" t o  FAZMAX). 
NXFLXqYFLX - < 169 

Defau l t :  NXFLX = 1 
FAZMAX = 180.0 ( " )  
FAZMIN = 180.0 ( " )  (1I.H-1) 

NYFLX Number o f  d i v i s i o n s  along the  "he igh t "  o f  t he  sur face (H i f  
FZMIN IREC=O, RY i f  IRECfO) used f o r  au tomat i ca l l y  generated 
FZMAX g r i d  o f  f l u x  po in ts ,  NYFLX; p o i n t s  equa l l y  spaced from 

FZMIN t o  FZMAX, i n  meters; measured from t h e  o r i g i n ,  up 
be ing  pos i  ti ve. 
Const ra in t :  FZMAX > FZMIN 

N X F L X ~ Y F L X  - < 169 
De fau l t :  NYFLX = 1 

FZMIN = 0.0 (m) 
FZMAX = 0.0 (m) (1I.H-1) 

NOTE: For  c a v i t y  rece ivers ,  FZMIN=FZMAX= center  o f  
h e i g h t  o f  t h e  heat  absorbing surafce. 

ICAVF( I )  Parameter s p e c i f y i n g  aper ture(  s )  through which i n c i d e n t  
( I = l ,  NUMCAV) l i g h t  can reach the  f l u x  sur face under considerat ion:  

= 0, no l i g h t  reaches f l u x  sur face from aper tu re  I; 
# 0, l i g h t  reaches f l u x  sur face from aper tu re  I. 

Const ra in t :  IREC = 1 o r  2 

U 
Code d e f a u l t  values apply t o  f i r s t  aperture. 

De fau l t :  ICAVF = 1,0,0,0 (1I.H) 

The f o l l  owinq are  s p e c i f i e d  on1 Y f o r  1 a ~ o u t l o ~ t i m i z a t i o n  runs: 

NFLXMX NFLXMX p o i n t s  on the  rece i ve r  t e s t e d  du r ing  f i e l d  
NMXFLX ( I ) l a y o u t  t o  check i f  FLXLIM l i m i t  exceeded; these are  a 
( I = l  , NFLXMX ) subset o f  t h e  NXFLX by NYFLX p o i n t s  de f ined above. 



FLXLIM( i 1 
( I = 1 , MFLXMX ) 

NMXFLX(1) ident i f ies  the exact point t o  he evaluated, 
as follows (see Fiqure (11-10). 

I f  M = azimuthal location between 1 and NXFLX 
M = vertical location between 1 and NYFLX 

then NMXFLX(1) = M + (N-l)*NXFLX 
C u ~ ~ s l r ' d i r ~ l s :  NFLXMX 4 

NFLXMX 7 MXFLX*NYFLX 
MMXFL X (7) - ( MXrLXfNYFLX 

Default: NFLXMX = 1 - NMXFLX = 1 (1I.H-2,V.B-1) 

Maximum a1 1 owed flux on the receiver i n  w/m2 a t  
NMXFLX(1) flux pnint.  
Default: rLXLIM( 1 )  - O.GE+06 

FLXLIM(1) (1=2,NFLXMX) = 1.0 E+10 (1I.H-2,V.B-1) 



Name1 i s t  NLEFF 

REFTHP 

AREF 

REFRC 

REFLP 

REFPIP 

FPLH 

FPLC 

ITHEL 

ETAREF 

FEFF 

Gross thermal power (wat ts )  absorbed by a  reference 
rece ive r  ( area AREF) before  rece ive r  and p i  p i  ng r a d i a t i o n  
and convect ion 1  osses. 
Constra int :  Data should be f o r  same type rece ive r  (i.e., 

ex terna l  , cav i  tg , etc. ) as i n  REC name1 i st. 
Defau l t :  REFTHP = 4.17 x  10 (wa t t s )  (1II.E-3) 

Reference rece ive r  area (m2) ; f o r  c a v i t i e s ,  t h i s  
should be t o t a l  aperture area. 
De fau l t :  AREF = 2165.0 (m2) 

I 

(1II .E-3) 

F r a c t i o n  o f  REFTHP t r a n s f e r r e d  t o  rece ive r  working 
f l  u i  d a f t e r  r a d i a t i o n  and convect ion 1 osses. 
De fau l t :  REFRC = 0.83 (1II .E-3) 

Reference p ipe  1  ength (m) f o r  c a l c u l a t i n g  . p i  p ing  
i n s u l a t i o n  1  osses. 
Defau l t :  REFLP = 170.0 (m) (1II.E-4) 

F r a c t i o n  o f  REFKC*REFTHP de l i ve red  t o  storage and 
EPGS a f t e r  p i p i n g  losses. 
Defau l t :  REFPIP =. 0.998 (1II.E-4) 

Factor  mu1 t i p l y i n g  tower h e i g h t  t o  g i ve  t o t a l  h o t  
p i p i n g  run  i n  a  s i n g l e  module. 
Defau l t :  FPLH = 2.6 ( I 1 1  .E-4, 1V.A-7) 

Factor  mu1 t i p l y i n g  tower he igh t  t o  g i ve  t o t a l  c o l d  p i p i n g  
run i n  a  s i n g l e  module (may be d i f f e r e n t  from FPLH i f  
expansion a1 1  owance d i f f e r e n t ) .  
De fau l t :  FPLC = 2.6 (1V.A-7) 

Parameter f o r  design p o i n t  thermal / e l e c t r i c  conversion 
e f f i c i e n c y :  

= 0, e f f i c i e n c y  assumed constant  a t  
a1 1  design power l e v e l  s, value 
spec i f i ed by ETAREF ; 

# 0, e f f i c i e n c y  va r ies  w i t h  design 
power l e v e l  as described i n  F igure  
111-3. 

De fau l t :  ITHEL = 0 (1II.E-5) 

Design p o i n t  t he rma l /e lec t r i c  conversion e f f i c i e n c y ;  
constant  a t  a l l  power l e v e l s  (on l y  used when ITHEL = 
0).  
Defau l t :  ETAREF = 0.42 (1II.E-5,1V.A-5) 

F r a c t i o n  o f  design p o i n t  e f f i c i e n c y  descr ib ing  average 
o f f -des ign operat ion. 
Defau l t :  FEFF = 0.95 (1II.E-5) 



REFPRL 

FSP 

FEP 

EFFSTR 

PF 

SMULT 

Design p o i n t  p a r a s i t i c  load, expressed as a f r a c t i o n  
o f  t h e  gross e l e c t r i c a l  output.  
De fau l t :  REFPRL = 0.065 (1I I .E-8)  

F r a c t i o n  o f  design p o i n t  p a r a s i t i c  l oad  requ i red  f o r  
opera t ion  from storage. 
De fau l t :  FSP = 0.5 

F r a c t i o n  of design p o i n t  p a r a s i t i c  l o a d  f o r  ope ra t i on  
e l e c t r i c a l  generat ing pumps (feedwater pumps, coo l  i n g  

, tower, etc . ) .  
Defa~t l t . :  FEP = 8.0 (1II.E-8) 

Round t r i p  e f f i c i e n c y  through storage. 
Defaul t: EFFSTR = 0.99 

P l a n t  f ac to r ;  expected f r a c t i o n  o f  t h e  year  i n  which 
the  p l a n t  w i l l  be on 1 ine. The d e f a u l t  value i s  commonly 
used f o r  comparing s o l a r  technologies. I n  a r e a l i s t i c  
c a l c u l a t i o n  o f  busbar energy cost ,  PF should be some 
value l e s s  than 1.0. 
nr l fau l t :  PF = 1.00 (IV.t3) 

So lar  mu1 t i p l e  a t  design po in t ;  l/SMULT o f  t he  thermal 
puwer a t  t h e  base 04 t he  tower goes d i r e c t l y  t o  t he  
i n d u s t r i a l  o r  e l e c t r i c a l  process a t  t h e  design po in t ;  t h e  
r e s t  i s  sent  t o  storage. 
Const ra in t :  SMULT > 1.0 
De fau l t :  SMULT = IT5  ( I V )  

Parameter i d e n t i f y i n g  i n d u s t r i a l  process heat  r u n  i n s t e a d  
o f  e l e c t r i c a l  p l a n t  run: 

=0, e l e c t r i c a l  p lan t ;  ou tpu t  i n  MW,, mi l l s / kw-h r ,  
etc. 

fO, i n d u s t r i a l  process heat; code,. automat ica l  l y  se ts  
ETAREF=l .O, FEFF=l .O, REFPRL=O.O, CEGREF=O.O. 

De fau l t :  IPH = 0 (1II .E-6) 



I HBPT 

NUMTHT 
THTST 
THTEND 

NUMREC : 
W ST 
WEND 

Name1 i s t  OPT* 

Contro l  parameter f o r  op t im iz ing  the  h e l i o s t a t  dens i t ies .  

= 0, no h e l i o s t a t  dens i ty  opt imizat ion.  The 
d e f a u l t  dens i t i es  (which are a  func t i on  o f  t he  
tower h e i y t i l )  are used. The h e l i o s t a t  f i e l d  
boundaries are  optimized; 

= 1, h e l i o s t a t  dens i t i es  are optimized. 
Constra int :  Tower he igh t  cannot be va r ied  i f  IHBPT = 1. 
Defau l t :  IHBPT = 0  (V.A-6',V.E-2) 

I n  op t im iza t i on  run, NUMTHT d i  screte, equa l ly  spaced 
values o f  t he  tower he igh t  a re  tes ted  from THTST t o  THTEND 
( i n  meters). I f  NUMTHT = 1, then the  tower he igh t  i s  
s e t  equa1.t.o THT s p e c i f i e d  i n  the  REC namelist ;  THTST and 
THTEND need n o t  be speci f ied.  
Constra ints:  THTST < THTEND 

1 < NUNTHT < 20 - 
Defau l t :  NUMTHT-= 1 

THTST = 75.0 (m) 
THTEND = 400.0 (m) (I ,v.A,v.A-2) 

External  rece ivers  ( I R E C  = 0  i n  REC namel i s t )  : NUMREC 
d iscre te ,  equa l ly  spaced values o f  t he  diameter tes ted  
from WST t o  WEND ' (  i n  meters). I f  NUMREC = 1, the  only 
value o f  t he  diameter considered i s  t h a t  de f ined by W i n  
the  REC namelist .  
~ a v i t v  (IREC = 1. 2) and F l a t  P l a t e  (IREC = 3.4)  -d . - - 2  - .  

vers: NUMREC d iscre te ,  equa l ly  spaced vaiues o f  
t h e  ho r i zon ta l  dimension o f  t h e  f i r s t  aperture o r  f l a t  
p la te ,  RX( l ) ,  t e s t e d  from WST t o  WEND ( i n  meters). I f  
NUMREC = 1, the  on ly  value considered i s  t h a t  de f ined 
f o r  RX(1) i n  t h e  REC namelist .  
Constra ints:  WST < WEND 

1 < KUMREC - < 20 
Defaul t: NUMREC- 1 

WST = 8.0 (m) 
WEND = 26.0 (m) ( I  ,V.A,V.A-3) 

NUMHTW External  rece ive rs  (IBPTUM = 1 )  : NUMHTW equa l ly  spaced 
HTWST values o f  t he  rece ive r  he igh t  t o  diameter r a t i o  (H/W) 
HTWEND t e s t e d  from HTWST t o  HTWEND. I f  NUMHTW = 1, on ly  the  
IBPTUM r a t i o  de f ined by H and W i n  name1 i s t  REC i s  used. 

Cav i ty  and f l a t  p l a t e  rece ivers  ( IBPTUM = 1)  : NUMHTW 
equal l y  spaced va l  ues o f  t h e  r a t i o  o f  t he  h e i g h t  t o  ' 
w idth,  RY( l ) /RX( l ) ,  o f  t he  f i r s t  c a v i t y  o r  f l a t  p l a t e  
tes ted  from HTWST t o  HTWEND. I f  NUMHTW = 1, on ly  the  
r a t i o  de f ined by RX(1) and RY(1) on Namelist  REC.is 

- used. The w id th  W i s  h e l d  constant. 
Cav i ty  rece ive rs  (IBPTUM = 2) : NUMHTW equa l ly  spaced 
values o f  W t es ted  from HTWST t o  HTWEND. I f  NUMHTW = 1, 
on ly  t h e  W de f ined by namel is t  REC i s  used. The aspect 

T o r  - a l l  des ign/opt imiza t ion  runs, s e t  IPRBB = 4  i n  namel is t  BASIC. 



RY TRX 
RX2TRX 
RX3TRX 
RX4TRX 

NUMBPT 
PglPTMN 
P0PTMX 

NUMPBS 
XTPST 
YTPST 
XTPEND 
YTPEND 

NLAND 
ALP( I )  
CLE( I )  
CLN( I) 
SLEW( I ) 
SLNS( I )  
( 1=1 ,NLANB 1 

r a t i o s  o f  t h e  c a v i t y  apertures, RY( I )/RX( I )  a re  h e l d  
constant. Th is  op t ion  i s  appropr ia te  f o r  a  f l u x  l i m i t e d  
c a v i t y  rece iver .  
Constra ints:  HTWST < HTWEND 

1 < NUR~~TW 20 - 
Defau l t :  NUMHTW-= 1 ----~*..- 

HTWST = 1.0 
HTWMD = 1.0 (II.F,V.A,V.A-3,V.B-1) 
IBPTUM = 1 

Cav i ty  and f l a t  p l a t e  receivers:  RYTRX i s  the  r a t i o  
~ ) / R x ( I ) ,  assumed t h e  same f o r  a l l  aper tures o r  f l a t  
p la tes .  RX2TRX i s  the  r a t i o  RX(2)/RX(l) ,  etc. (See REC 
name1 i . s t  . f o r  d e f i n i t i o n s  o f  RX's and R Y '  s.) 
De fau l t :  RYTRX = 1.0 

RX'LTRX = 1.0 

NUMflPT equal l y  spaced n e t  e l  e c t r i c a l  design power 1  eve1 s 
from P0PTMN t o  POPTMX ( i n  wat ts )  considered f o r  opt imal  
design. 
Const ra in t :  1 < NUMgPT < 20 

PQFTMN < P~IFTMX 
Cost mozel s  n o t  necessari l v  accurate 
below - 10' watts. 

Defaul t: NUMOPT = 20 
PBPTMN = 2.0 x  10' (wa t t s )  
PgPTMX = 4.0 x l o 8  (wa t t s )  ( I ,  V.A, V.A-1) 

I n  a  l a n d  constra ined design (NLAND > 0, below) NUMP0S 
d isc re te ,  equa l ly  spaced values o f  t h e  tower l o c a t i o n  
re1 a t i v e  t o  t h e  o r i g i n  used t o  descr ibe t h e  l a n d  con- 
s t r a l n t s  are tested. The tower p o s i t i o n s  l i e  along a  
l i n e  s p e c i f i e d  by the  coordinates o f  t h e  f i r s t  tower 
p o s i t i o n  (XTPST m east, YTPST m n o r t h )  and t h e  l a s t  
tower p o s i t i o n  (XTPEND m east ,  YTPEND m nor th) .  
Const ra in t :  1 NUMP0S 6 20 
D e f a u l t :  NUMPOS = 1 

XTPST = XTPEND = YTPST = YTPEND = 0.0 
( I ,  V.A, V.A-4) 

Land constra ined f i e l d  parameters. 

NLAND = 0  No land  c o n s t r a i n t  

> 0  The land a v a i l a b l e  f o r  t h e  h e l i o s t a t  a t  
f i  e l  d  i s constra ined t o  be w i  t h i n  NLAND 
rectangles. CLE( f ) and CLN( I )  are t h e  
displacements i n  m t o  t h e  eas t  and nor th,  
respect ive ly ,  o f  t h e  cen te r  o f  the  I t h  



SMULT 

rec tang le  r e l a t i v e  t o  t h c  ccnter  o f  the  f i r s t  
rectangle. ALP( I )  i s  t he  angle i n  degrees 
t h a t  t h e  I t h  rec tang le  i s  r o t a t e d  about i t s  
center  from the N-S, E-W o r i e n t a t i o n  (pos i -  
t i v e  angles represent  a  clockwise r o t a t i o n  
when viewed from above). SLEW ( I ) and SLNS( I ) 
are the  lengths o f  t . h ~  qides o f  t he  I t h  
rec tang le  tha t ,  p r i o r  t o  r o t a t i o n  by ALP( I ) ,  
were p a r a l l e l  to t he  E-W and N-S axes, 
respect ive ly .  

Const ra in t :  NLAND < 5 
D e f a u l t :  NLAND = 0- 

ALP, CLE, CLN, SLEW, SLNS = 0  (1I.B-4, V.B-2) 

Solar  mu1 t i p l e  a t  design po in t ;  1ISMULT o f  the  thermal 
power a t  t h c  base o f  t he  tower goes d i r e c t l y  t o  the 
i n d u s t r i a l  o r  e l e c t r i c a l  process a t  t he  design po in t ;  t he  
remainder i s  sent t o  storage. 
Constra int :  SMULT > 1.0 
D e f a u l t :  SMULT = 13 

I PLFL ( I ) Parameter i d e n t i f y i n g  the  subset. o f  t he  NUMgPT power 
( I = l  , NUMBPT ) l e v e l s  a t  which f i e l d  layouts  are p r i n t e d  and desc r ip t i ons  

o f  opt imized system are w r i t t e n  on TAPE30 i f  desired: 

= 0, no f i e l d  l ayou t  ou tput  f o r  t he  I t h  power l e v e l ;  
= 1, output  generated f o r  I t h  power l e v e l .  

Const ra in t :  Maximum number o f  nonzero IPLFL's = 5 
Defau l t :  IPLFL.= 20*0 (V1.B) 

I PRBPT 

IHQPTP 

IQTAPE 

Parameter f o r  d e t a i l e d  output  o f  zone by zone f i e l d  bu i ldup 
( IPRBPT = -1 i s  s t rong ly  recommended) : 

= 0, ou tput  suppressed;. , 

= 1, output  p r in ted .  (Note: t h i s  op t i on  generates. a  
1  arge amount o f  ou tput  1.; 

=-I, limited output  p r i n t e d  dur ing  opt imizat ion.  
Shows some d e t a i l  o f  search and provides usefu l  
ouptu t  even when program runs o u t  o f  time. 

Defau l t :  IPRgPT = -1 (App. B)  

Parameter f o r  d e t a i l e d  p r i n t  o u t  o f  h e l i o s t a t  dens i ty  
op t imiza t ion :  

= 0, ou tput  suppressed 
= 1, output  p r i n t e d  (Note: t h i s  op t i on  generates 

a  1  arge amount o f  output) .  
Defau l t :  I H W =  0 (App. B) 

Parameter spec i f y ing  i f  user des i res  t o  w r i t e  the  r e s u l t s  
o f  an op t im iza t i on  run on TAPE30 t o  save as a  permanent 
f i  1  e, o r  t o  re run  f o r  a  d e t a i l e d  performance ca lcu la t i on ,  
o r  both: 



1 ALL 

I STR 

N STR 

= 0, no i n f o r ~ ~ ~ a t i o n  w r i t t e n  on TAPE30; 
= 1, informat ion w r i t t e n  on TAPE 30. 

Defau l t :  I0TAPE = 0  (11.0-2,VI.B) 

P a r a m ~ t e r  f o r  au tomat ica l ly  re runn ing a d c t a i l c d  per- 
formance c a l c u l a t i o n  o f  an opt imized system: 

= 0, no performance c a l c u l a t i o n ;  
= 1, performance c a l c u l a t i o n  o f  opt imized system 

according t o  the  choice o f  t he  non-zero 1PLFL's 
(namel i s t  gPT) and TDESP ( namel i s t ,  BASIC). 
See F igure  VI-2 and Table A.A-2 f o r  requ i red  
Name1 i sts.  

Const ra in t :  IgTAPE = 1 i f  IRERUN = 1. 
Defau l t :  IRERUN = 0  (1I.U-2,VI.B) 

Parameter c o n t r o l  1 i ng search a1 g o r i  thm: 

= 0, "smartn search (se lec ted  subset o f  THT, W, H, 
etc .  ) ;  

= 1, a1 1  pocs ib l c  combinations o f  o p t i m i z a t i o n  
va r iab les  eval uated (1  ong running t imes 
requ i  red) .  

De fau l t :  IALL = 0  
- 

(V.C) 

Parameter i d e n t i f y i n g  storage o p t i m i z a t i o n  i n  t h e  d e t a i  1  ed 
performance c a l  c u l  a t i  on o f  a DELSgL op t im i  zed design: 

= 0, no op t im iza t i on  on storage size; maximum s i z e  
as determined i n  MAX used; 

# 0, optimum storage s i z e  determined; NSTR d i s c r e t e  
values between 0  and 1 t imes t h e  maximum s i z e  
determined i n  MAX a re  evaluated. 

De fau l t :  ISTR = 0  (V.A-7) 

Number o f  storage sizes, between 0 and 1 times t h e  
maximum size,  eval  uated t o  f i n d  optimum storage capac i ty  
Tur d y lven design. 
Defau l t :  MSTR = 1 



CWR 
CWDR 
CWDA 

ITHT 

CTOWl 
CTOW2 
CTOW3 
XTOW 

Cost of he1 i o s t a t s  excluding w i r i ng ;  $/m2 m i r r o r  
surface. 
Defau l t :  CH = 75.00 ($/m2) (1V.A-1) 

Cost o f  l and  i n c l u d i n g  s i t e  preparat ion;  $/m2. 
Default :  CL = 1.30 ($/m2) ( 1 V . A - 2 )  

Wir ing  c o s t  parameters; CW, t o t a l  w i r i n g  cos t  i n  
$/he1 i o s t a t ,  given by 

where RAD, RSEP, AZMSEP are ca l cu la ted  from va r iab les  i n  . . 
t he  FIELD namelist .  
De fau l t :  CWR = 0.0475 ($/m) 

CWDR = 0.4889 ($ /m)  
CWDA = 13.20 ($/m) (1V.A-3) 

Parameter f o r  tower cost :  
= 0, cos t  based on Sandia s tud ies  f o r  concrete and 

s tee l  towers; 
= 1, user supp l ied  values f o r  CT0W1, CT0W2, CTBW3, 

XTBW. 
Defau l t :  ITHT=O (1V.A-4) 

Tower c o s t  parameters; CTOW, tower cos t  i n  $, g iven by 

CTOW = CTOWl + CTOW2*THTB + CTOW3*THTB XTOW 

where THTB i s  t h e  actual  tower he igh t  from the  ground t o  
t h e  rece ive r  base. 
Defau l t :  CTOWl = 3.02864 x l o6  ($1  

CTOW2 = -2.33415 x l o 4  ($/m) 
CTOW3 = 1.47152 x  l o 2  ($/m2) 
XTOW = 2.0 (1V.A-4) 

CRECl Receiver c o s t  parameters; CREC, rece ive r  cos t  i n  $, 
AREC RF .. g iven by: 
XREC 

CREC = CRECl*( ARECIARECRF) XREC 

See t e x t  f o r  d e f i n i t i o n  o f  AREC and ARECRF f o r  c a v i t y  
designs. 
Defau l t :  CRECl = 4.21' x  l o6  ( $ )  

'ARECRF = 2165.0 (m2) 
XREC = 0.8 (1V.A-5) 

* A i l  re ference powers i n  the  cos t  models r e f e r  t o  the  power de l i ve red  t o  the  
process a t  t he  design cond i t ions ,  n o t  t o  the  power a t  t he  base o f  the  tower 
(unless t h e  corresponding so l  a r  mu1 ti p l  e  i s 1.0). 



CRPREF 
TRPREF 
SMRP 
PRPREF 
XRP 

CSPREF 
PSPREF 
XSP 

CHPREF 
CCPREF 
SMP I 
PPI REF 
XPI 

CSTREF 
CSTRMD 
VSTREF 
ESTREF 
XST 
VMAX 
EMPTY 

Receiver/tower pump c o s t  parameters; CRP, rece ive r  
pump cos t  i n  $, given by: 

THT*SMULT*PTH XRP 
CRp = CRPREF* (TRpREF*SMRP*PRPRrr-) 

where THT i s  de f ined i n  namel is t  REC o r  OPT, SMULT i n  
OPT, and PTH i s  t h e  design thermal power del i v e r e d  by 
the  heat  exchangers. The denominator cons is t s  o f  t h e  
corresponding terms f o r  a reference design c o s t i n g  
CRPREF. 
Defau l t :  CRPREF = 0.671 x l o 6  ( $ 1  

TRPREF = 170.0 (m) 
SNRP = 1.5 
PRPREF = 2.6 x l o 8  (wa t t s )  
XRP 0.85 (1V.A-6) 

Storage pump c o s t  parameters; .CSP, storage pump c o s t  i n  
$, g iven by: 

CSP - CSPREF*( PTII/PSPREF) XSP 

Default: CSPREF - 1.51 x l o 5  ( $ )  
PSPREF = 3.0 x l o8  (wa t t s )  
XSP = 0,15 

Pi'ping c o s t  parameters; CPIPE, p i p i n g  c o s t  i n  $, cons is t s  
of h o t  (CHPREF) and c o l d  (CCPREF) p ipe  con t r i bu t i ons .  
Each of these inc ludes t h e  p ipe  ma te r ia l  i t s e l f ,  f i t t i n g s ,  
supports, i n s u l  a t ion ,  and f i e 1  d e r e c t i o n  costs, 

SMULT*PTH )XPI/Z CPIPE = THT*(FPLH*CHPREF+FPLCSCPREF) * (SMpI *PPIREF 

where FPLH and FPLC are def ined i n  namel is t  NLEFF, THT i n  
REC o r  OPT, SMULT i n  OPT on NLEFF. SMPI and PPIREF are  
t h e  reference sol a r  mu1 ti p l  e and : thermal power cor res-  
ponding t~ the  reference h o t  and c o l d  p i p e  costs. 
Defaul l:: CHPREF = 1.32 x 104 I $?mi  ..*.,".".." .-.-...,.. ."... 

CCPREF = 0.0 $/m) 
SMPI = 1.5 
PPIREF = 2.6 x 108 (wa t t s )  
X P I  = 1.06 (1V.A-7) 

Storage c o s t  parameters; CSTOR, t o t a l  storage c o s t  i n  
$, cons is t s  o f  media containment equipment ( tanks  w i t h  
i n s u l a t i o n ,  foundation; s torage heat  exchangers; etc.)  
and storage media costs. 

EMPTY) 'STOR ) x ST 
, CSTOR = NSTOR*(CSTREF*(l + 

NSTbR *(VSTREF 



ICHE 

CHEREF 
PHEREF 
XHEP 

Preheater: 
CPHREF' 
APHREF 
PPHREF 
APHMAX 
Evaporator: 
r 
AEVREF 
PEVREF 
AEVMAX 
Superheater: 
CSHREF 
ASHREF 
P SHREF 
ASHMAX 

where NSTOR = in teger  (VSTOR/VMAX) + 1 

EMPTY = number spare tanks 

VSTOR = VSTREF*( ESTOR/ESTREF) 

CSTREF ( $ )  and CSTRMD ( $ )  a re  reference containment 
and media costs,  respec t i ve l y ,  f o r  a system o f  volume 
VSTREF (m3) and s tored energy capac i ty  ESTREF 
(wa t t -h rs l .  VMAX (m3) i s  the  maximum p r a c t i c a l  
vo l  ume. 
Defau l t :  CSTREF = 4.593 x l o 6  ( $ )  

CSTRMD = 3.22 x l o 6  ($1  
VSTREF - 1078.0 (m3) 
ESTREF = 9.0 x l o8  (wat t -h rs )  
XST = 0.6 
VMAX = 1.23 x l o 4  (m3) 
EMPTY = 0.0 (1V.A-8) 

Parameter f o r  heat  exchanger cos t :  
=0, c o s t  scales w i t h  thermal power; 
$0, c o s t  scales w i t h  i n d i v i d u a l  heat  exchanger areas. 

Defau l t :  ICHE = 0 (1V.A-9) 

Heat exchanger c o s t  parameters f o r  s c a l i n g  w i t h  thermal 
power;.CHTXCHG, t o t a l  heat  exchanger cos t  i n  $, g iven by: 

CHTXCHC = CHEREF*( PTH/PHEREF ) XHEP 

where CHEREF ( $ 1  and PHEREF (wa t t s )  a re  the  c o s t  and 
associated thermal power o f  a reference design. 
Const ra in t :  ICHE = 0 
Defau l t :  CHEREF = 1.525 x l o 6  ( $ )  

. PHEREF = 3.0 x lo8  (wa t t s )  
XHEP = 0.8 (1V.A-9) 

Heat exchanger c o s t  parameters f o r  s c a l i n g  w i t h  i n d i v i d u a l  
heat  exchanger areas; CHTXCHG i n  $ g iven by: 

CHTXCHG = NpH5PHREF*(APH ' IAPHREF) XHEA 

*CEVREF*( AEV ' IAEVREF ) XHEA 
+ "EV 

+ NSH*CSHREF*(ASH ' /ASHREF) XHEA 

*CRHREF*( ARH ' /ARHREF) XHEA 
+ N~~ 

where NpH = i n t e g e r  (APH/APHMAX) + 1 

APH = APHREF (PTHIPPHREF) 



Reheater: 
CRHREF 
ARHREF 
PRHREF . 

ARHMAX 

XHEA 

CEGREF 
- PEGREF 

XEPGS 

CF IXED 

APH' = APH/NpH 

and s i m i l a r l y  f o r  t he  other  heat  exchangers. CPHREF ( $ )  
i s  t h e  c o s t  o f  a preheater n f  reference surface area 
APHREF (m2) and thermal power r a t i n g  PPtlREF (wa t t s ) ,  
and s i m i l a r l y  f o r  t h e  others. APHMAX i s  the  maximum 
prmdL l; l cal s f  ze preheater , etc.  

Dc fau l t :  CPIIRCI: = 0.0 (i .e., no preheater i n  d e f a u l t  . 

APHREF = 1.0 case) 
PPHREF = 1.0 
APHMAX = l oLu  
CEVREF = 3.77 x 106 ($1  
AFVREF = 1300.0 n12) Q r t V R C r  a 2.G ~ 1 0  (wa t t s )  
AEVMAX = 1o1O (m2) (.i.e.', no s i z e  l i m i t )  
CSHREF = 1.24 x l o 6  ( $ )  
ASHREF = 400.0 (m2) 
PSHREF = 2.6 x lo8 ( w a t t s )  
ASHMAX = 1010 (m2) 
CRHREF = 1.38 x 1g6 ( $ 1  
ARHREF = 310.0 (m ) 
PRHREF = 2.6 x lo8  (wa t t s )  
ARHMAX = 1010 (m2)  
XHEA=0.6 . (1V.A-9) 

EPGS c o s t  parameters; CEPGS, t o t a l  EPGS subsystem cos t  
i n  $, given by: 

CEPGS = CEGREF*( PTH'TTAREFIPEGREF XEPGS 

where PEGREF i s  t h e  nameplate r a t i n g  (wa t t s )  f o r  t h e  
reference t u r b i  ne-generator c o s t i n g  CFGREF ( $1. ETAREF, 
the  design thermal - e l e c t r i c  convers ion e f f i c i e n c y ,  i s  
dc f i ncd  i n  name1 i s t  t4LEFF. 
Defau l t :  CEQREF - 27.3 x lo6 ( $ 1  

PEGREF = 1.12 x l o 8  (wa t t s )  
XEPGS = 0.8 (1V.A-10) 

F ixed cos ts  associated w i t h  a l l  p l a n t s  independent o f  
power 1 eve1 (master con t ro l  , bu i  1 d i  nqs and roads, 
etc.). 
Defau l t :  CFIXED = 7.0 x l o 6  ($1  (1V.A-11) 



C0NT 

SPTS 

EXT 

E SC 

RINF 

AFDC 

I FCR 

FCR 

D I  SRT 

PTI 

cont ingencies, expressed as a f r a c t i o n  o f  t he  t o t a l  
c a p i t a l  cost .  
De fau l t :  C0NT = 0.12 (1V.A) 

Spare p a r t s  investment, a l so  expressed as some f r a c t i o n  
o f  t h e  t o t a l  c a p i t a l  cost. 
Defau l t :  SPTS = 0.01 (1V.A) 

D i s t r i b u t a b l e  and i n d i r e c t  charges (con t rac to r  fees, -A&E 
serv ices,  etc.  1, s p e c i f i e d  as a f r a c t i o n  o f  t h e  t o t a l  
c a p i t a l  cost .  
Defau l t :  EXT = 0.16 . (1V.A) 

Yearly c a p i t a l  escalation ra te ,  f r a c t i o n  het.w~en fl and 
1 ( n o t  %). 
Defau l t :  ESC = 0.08 (1V.B) 

yea r l y  general i n f l a t i o n  ra te ,  f r a c t i o n  between 0 and 
1. 
Defau l t :  RINF = 0.08 (1V.B) 

Years t o  t h e  beginning o f  t he  cons t ruc t i on  pe r iod  
from the  y e a r ,  i n  which- the  c a p i t a l  cos t  est imate i s  
made. 
.Defaul t :  NYTCBN = 0 (1V.B) 

Allowed funds dur ing  cons t ruc t i on  t o  cover i n t e r e s t  
charges, expressed as a f r a c t i o n  o f  t he  t o t a l  c a p i t a l  
cost.  
Default :  AFDC = 0.15 (5-year cons t ruc t i on  per iod)  (IV.B) 

Parameter f o r  determining t h e  f i x e d  charge ra te ,  FCR:, 
=O, FCR suppl i e d  by user o r  defaul t value used; code 

does n o t  c a l c u l a t e  it; 
fO, FCR ca lcu la ted  by t h e  code based on user suppl ied 

values f o r  DISRT, PTI, TC, TRY FDEBT, RDEBT, R0E, 
IDEP, NDEP (see below). 

Defau l t :  IFCR = 0 (1V.B-1) 

F ixed charge r a t e  ( f r a c t i o n  between 0 and 1) ;  i .e., 
requ i red  y e a r l y  f r a c t i o n a l  recovery o f  t o t a l  c a p i t a l  
investment. 
Defau l t :  FCR = 0.159 . (1V.B-1) 

  is count r a t e  (between 0 and 1);  must be cons is ten t  w i t h  
value chosen f o r  FCR i f  IFCR = 0. 
Defau l t :  DISRT = 0.0996 (1V.B-1) 

Property t a x  and insurance ra te ,  expressed as a f r a c t i o n  
o f  t he  t o t a l  c a p i t a l  cost.  
Defau l t :  PTI = 0.025 (1V.B-1) 



TR 

FDEBT 

RDEBT 

I DEP 

NDEP 

NYBP 

RHQIM 

RNHBM 

Investment tax  c r e d i t  expressed as a f r a c t i o n  o f  t he  
t o t a l  investment. 
Defau l t :  TC = 0.10 (1V.B-1) 

Income tax  r a t c ,  cxprcsscd as a f r a c t i o n ,  n o t  2. 
Defau l t :  TR = 0.48 (1V.B-1) 

F r a c t i o n  o f  debt f inancing.  
Defau l t :  FDEBT = 0.543 

Debt cost;  i.e., appropr ia te  i n t e r e s t  r a t e  f o r  borrowed 
funds, expressed as a f r a c t i o n ,  n o t  X. 
Defaul t: RnERT = 0.11 (1V.B-1) 

Bcforc t a x  r c t u r n  on equ l ty ,  expressed as a f r a c t i o n ,  
n o t  X. 
Defau l t :  RBE = 0.15 (1V.B-1) 

Parameter i d e n t i f y i n g  deprec ia t ion  schedule t o  be used: 
-1, s t r a i g h t  l i n e  method; 
=2, sum-of-years d i g i t s  method. 

De fau l t ;  IDEP - 2 (1V.B-1) 

~ e p r e c i a t i o n  pe r iod  ( i n  years)  o f  s o l a r  p l a n t  equipment, 
Defau l t :  NBEP = 24 (1V.B-1) 

Operat ing l i f e  (years)  o f  a p l a n t  f o r  investment recovery. 
Defaul t : NY0P = 30 (1V.B) 

H e l i o s t a t  opera t ing  and maintenance charge, expressed 
as a f r a c t i o n  o f  f i e l d  r e l a t e d  c a p i t a l  costs. 
Defau l t :  RH$M = 0.015 .( 1V.B-2) 

Balance o f  p l a n t  O&M charge, expressed as a f r a c t i o n  
o f  non-f i e l  d re1 ated capi  t a l  costs. 
Defau l t :  RNHBM = 0.015 (1V.B-2) 





APPENDIX B--SAMPLE INPUT AND OUTPUT 

The f o l l o w i n g  pages i l l u s t r a t e  DELSOL output  i n  con junc t ion  w i t h  sample 
problems o f  i n t e r e s t  t o  most users. 

Sample Problem 1 - Opt imiza t ion  o f  an External  Receiver Design; Saving the  
In1  t 1  a1 Performance 

Problem Statement 

The optimum externa l  molten s a l t  rece ive r  design a t  power l e v e l s  o f  75 t o  
150 MWe w i t h  no storage i s  desired. An i n c i d e n t  f l u x  l e v e l  o f  0.85 M W / ~ ~  i s  
n o t  t o  be exceeded anywhere on t h e  receiver .  The d e f a u l t  h e l i o s t a t  can be 
used. The i n i t i a l  performance data should be saved f o r  subsequent ca lcu la-  
t i ons ,  and the  opt imized f i e l d  layouts  should be pr in ted.  

I n o u t  Cards 

SAMPLE PROBLEM 1 
$BASIC IPRflB=4, ITAPE=l$ 
$FIELD$ 
$HSTAT$ 
$RECQ 
$NLFLUX$ 
$NLEFF$ 
$REC IAUTOP=l$ 
$OPT NUMTHT=6, THTST=100., THTEND=200., NUMREC=6, WST=8., WEND=18., 

NUMHTW=3, HTWST=l.O, HTWEND=Z.O, NUMflPT=4, PflPTMN=75.E+06, 
PflPTMAX=150.E+06, SMULT=l.O, IPLFL=4*1$ 

$NLFLUX IFLX=l , FLXLIM=O .85E+06$ 
$NLEFF SMULT=l.O$ 
$NLCflST$ 
$NLECON$ 
$REC W=-l.$ 

Analys is  o f  I n p u t  

For t h e  i n i t i a l  performance c a l c u l a t i o n  i n  a design/opt imizat ion run 
IPRflB=4 i s  spec i f ied ;  t he  data i s  saved on l o c a l  f i l e  TAPE10 by s e t t i n g  
ITAPE=l. (A permanent f i l e  i s  made w i t h  t h e  con t ro l  card appropr iate t o  
t h e  use r ' s  computer system. ) Since t h e  s o l a r  subsystems are  the  same tech- 
no1 ogy as t h e  code d e f a u l t s  and the  desi red power l e v e l  s a re  c lose t o  the  
defau l t ,  no changes are  necessary f o r  t he  remaining performance input .  Note 



t h a t  there  i s  no need f o r  automatic aiming o r  f l u x  c a l c u l a t i o n s  i n  the  i n i t i a l  
performance ca lcu la t i on .  

The next  s e t  of cards i s  read a t  t he  s t a r t  o f  the  op t im iza t i on  ca l cu la -  
t i o n .  A t  t h i s  p o i n t  i n p u t  changes a re  necessary t o  c a l c u l a t e  f l uxes  and t e s t  
f o r  f l u x  1  i m i  ts. "IAUTPIP=l" on the $REC$ card  s p e c i f i e s  the  1-dimensional 
smart aiming o p t i o n  r e q u i r e d  f o r  a  f l u x  l i m i t e d  ex terna l  rece ive r  design. I n  
the $OPT$ namelist ,  tower h e i g h t  and rece ive r  dimensions a re  va r ied  over a  
range compatible w i  t h  the  range o f  power l e v e l  s. The v a r i a t i o n  i n  r e c e i v e r  
he igh t  t o  w id th  i s  s p e c i f i e d  because optimum system designs f o r  t h i s  type 
problem genera1 l y  r e s u l t  i n  designs o f  g reater  he igh t  t o  w i d t h  t o  a1 low 
spreading o f  t he  f l u x .  " IFLX=lU i n  $NLFLUX$ tu rns  on the  f l u x  c a l c u l a t i o n  and 
the  f l u x  l i m i t  i s  s e t  by FLXLIM. Since the maximum f l u x  w i l l  occur a t  the  
center  o f  the  n o r t h  panel f o r  the d e f a u l t  design po in t ,  on l y  t h a t  one p o i n t  
need be tested. The de fau l t  values i n  NLFLUX insu re  t h a t  t h i s  i s  t he  p o i n t  a t  
which the  f l u x  ' i s  ca l cu la ted  and compared t o  FLXLIM.. 

The absence o f  storage i s  handled by s e t t i n g  SMULT=l.O (no a d d i t i o n a l  
energy c o l l e c t e d )  i n  both $OPT$ and $NLEFF$. It i s  n o t  necessary t o  s e t  t he  
re ference cos ts  t o  zero because the code w i l l  c a l c u l a t e  zero storage cos ts  i f  
no energy i s  a v a l l a b l e  t o  charge storage. 

Comments on Output 

The f i r s t  p a r t  o f  the  output  cons is t s  o f  the performance namel is ts  (pp. 
8-3 t o  B-11) fo l lowed by summaries o f  t he  h e l i o s t a t  design (p. 8-12) and 
rece ive r  (p. 8-13) used i n  the i n i t i a l  performance c a l c u l a t i o n ,  o f  t h e  zone by 
zone dens i ty  and h e l i o s t a t  count (pp. B-14 and 8-15), i n s o l a t i o n  t a b l e  (pp. 
8-16 and 8-17), and the  zone by zone y e a r l y  average performance (pp. B-18 and 
8-19). The op t im iza t i on  namel is ts  f o l l o w  (pp. 8-20 t o  8-28], then a  summary 
o f  t h e  op t im iza t i on  va r iab les  and design c o n s t r a i n t s  (p. 8-29]. The d e f a u l t  
choice of IPRgPT i n  $OPT$ produces the  abbreviated l i s t  ( p a r t l y  shown on 
pp. B-30 t o  8-31) i n d i c a t i n g  the  combinations o f  o p t i m i z a t i o n  va r iab les  
searched a1 ong w i t h  p e r t i n e n t  i n fo rma t ion  r e l a t e d  t o  each s e t  considered. 

The o p t i m i z a t i o n  r e s u l t s  a re  then tabu la ted i n  a se r ies  o f  r e a d i l y  
t r a c t a b l e  tab les  (pp. 8-32 ' t o  8-45). Note i n  the  system design summary (p .  
8-32] t h a t  a1 1  design va r iab les  fa1 1  w i t h i n  the  ranges searched except f o r  the  
r e c e i v e r  he igh t  i n  the  75 and 100 MWe cases, which IS a t  the  maximum'height t o  
width. While t h e  energy c o s t  w i l l  change l i t t l e ,  the user may want t o  r e r u n  
t h i s  case t o  a1 low cons idera t ion  o f  l a r g e r  he igh t  t o  w i d t h  r a t i o s .  Note a1 so 
i n  t h e  f i e l  d  l a y o u t  summary (pp. 8-38 t o  8-44] t h a t  t he  f i e l  d  extends t o  
RADMAX i n  a l l  cases f o r  a  number o f  azimuthal zones. The user should r e r u n  
w i t h  a  l a r g e r  value f o r  RADMAX t o  a l l o w  the code more . f l e x i b i l i t y  i n  zone 
s e l e c t i o n  f o r  f i e l  d  b u i l  d-up. 



UEL . 

CH OPT 

I P Q I N T  
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INSOL 

SOLCON 

I U E A T H  

HEATH 
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H 2 0  

OH20 

PRES 

OPRES 

NSUN 

NSUNPT 

SUN1 
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HPAC 
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R A D H A X  

I H Q R T H  
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t L A V  

I O E N S  

I U 5 E R F  

I H P R  
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ALP 

CL E 

CL N 

SLEU 

SL NS 

XT OWEP 

VTOWER 

FLANO 

I R O T F L  

O E N S I T  



NPACHX = 1- 1- 1 9  19 l r  1- l r  1 r . i r  1- 1- $ 9  1. 

SEND 



SHSTAT 

W I! 

HP! 

ICPANL 

WPANL 

HPANL 

HXtANT 

MY CAN? 

O E  k s n v  

IQOUNO 

Pt4 I R L  

STGEL 

S I G A Z  

S IGSX 

s r t s v  

S I C T X  

s t ~ r v  = 0 . e .  

ICANT * I t  

' NCANTX = 2 9  

.O NCANTV = t. 

HCANT = O..O. 

OCA,NT. = . S I E * O E .  

I:. . 
RCAHT = . 7 1 5 E t O i r  . 7 1 E E * C I .  . 7 1 5 E * C l r  . 7 1 5 E t ? i r  . 7 1 F E * O l .  . 7 I C E * O 1 t  . 7 1 E F * O 1 *  . ' l S F * O l r  . ? l S F @ O l t  . 7 1 5 E * O ! r  . 7 L E E * 0 1 t  

. 7 1 E E * O l r  . 7 1 5 E * O l .  
. . 

a XFOCUS = . l E * O l t  

VFOGUS x . ¶ E * C l r  

- +.. I F ~ C U S  = I r  



u.0. 
0.C. 
0.0. 
6'. O *  
0.0. 
C.C. 
0. C* 
0.0. 
C . O .  
C';O* 
0 .0 .  
c. 0. 
4 . C . .  
C .C .  
0.0. 

0 . 0 ~  
C.O. 
0 .  O T  
O.Or 
C.Or 
C.  O r 
0. O r  
0.  c.. 
0.C. 
0. C c  
0.0. 
0.0. 
0. G 
'0.1. 
0.0. 

0 . 0 .  
0.0 * 
0 . 0 1  
0.0. 
C.O. 
0 .0 .  
0 . 0 1  
0.0. 
0 .o *  
0 .0 .  
0.0 . 
0.0. 
e . o *  
0 .0-  
0 .0 .  

C . O .  C . l .  C.3. O.C.  O . C .  
9 .0 .  0.0. C . O .  0 .0 .  0.c. 
0 .0 .  0 .0 .  C . O .  0 .0 .  0 .0 .  
C.O. O.C. C.E. P.O. 0.0. 
0.0. 0 .0 ,  9 .0 .  0.C. 9 .c .  
0.0. 0.0. 0.0. 0 .01  O . C .  
C .01  0 .0 .  C.0. 0 . 0 1  0 . 0 r  
0 .0 .  0 .0 .  C . O .  0.o. 0.a. 
C.G. OeOr 0.r .  @.?. 0.0,  
O.Or 0 . 0 ~ '  t . 0 .  0 - 0 1  0.0. 
0 .0 .  0.0. C . C .  0.0. n .0 .  
@:r. 0.1. c..c. 0.0. 0.0. 
C . C .  a.a;r.c, e.z .  7 . 0 .  
C.C. 0 .0 ,  C.0. 0 .01  0.0. 
0 .0 .  0 .01  C . C .  





NFC = 0 . 0 .  

VFC . = G.Gr 

NXFLX = 1. 

NVFLX = l v  
" 

F Z H I N  = 0 . 0 .  

" 
NHYFLX = 1, 2 ,  3 9  be  



DE FTH P 

P F F L P  

I T  HEL 

FE FF 

REFPRL 

FS P 

F E P  

EFFSTo 

P F 

s n u L T  

I P H  

CONSTANT LCSSES - M I R R C R =  - 8 9 0  REC REFL= - 9 6 5  TCTAL= - 8 5 9  



--1 

N 
H F L I O S T A T  

I RECTANGULAR H E L I O S T A T  - H I Q T H  = 7.40 M. HEIGHT = 7.(0* 
OVERALL 4PEA/HSTAT= 5 b . 7 6 0  P2, REFLECTIVE ARF.A#HSTIT= 1.9.120 R A T I O  I R E F L E C T I V E / T O T I L ) =  .R?7 

I. 
THE FHAOCWIKG b.CC BLOCKING 4RE ASSUVEE NCT TC OVEFLnP 

@ '  THE HELIOSIAT PERFORHAKCE F o R m s ' H A v E  m R p A L  n r : T Q ~ e u ~ I c t i ~  WII~ S T A N D ~ R Q  OFVIPTICNS CF 
NAME V A R I  A W E  EFFECTED STC. Of\ ( S C O I  

S I G A Z '  - AZIWL'TH AkGLE eOPO75 
. S I G E L .  - E L E V A T I O N  ANGLE .0007C 

SIGSX'  - HSTAT SURFACE* HORIZ.  .0(1100 
SIGSV - HSTAT SURFACE* VERT. . # a 1 0 3  
S I G T X  - REFLECTEO RAY. HOQIZ. O . @ B G O C  
S I G T V  - REFLECTEO,Q6V, VERT. 0.@0000 

a 
THE 1 2  PIEROR F A N L S  ARE CANTED ON-AXIS H I T P  THE FOLLCWIKG FOCAL LENGTHS - R A O I L L  7 0 K  F C C i L  LEN6THtY) 

i - 1251.3 
2  '-251.3 
3 22C1.3 
b I 2 5 1  . 3  
5 '251.3 

NO. 0' PANELS Ih H O Q I Z .  D I R E C T I O N =  2 U R ) I .  CTFECTION = 6 '  

OELSOL CEFAUL? L I M B  DAQKENED 5UNSHAPE 



RECEIVE.? 

a 
THE TOUFR SHADOC I S  CALCULATEC U S I N G  4 C Y L I I D E Q  CF F E I C F T =  175.0  M 4N0 DIAt!ETFQ = 1 0 . 0  t! 

FXTERNAL RECEIVER - CYLINCEQ HT.= 1 E . C O  D I 4 H . =  l f . . oO P 

SIFlGLE A I P  POINT AT THE CENTER OF THE RECEIVER CR APERTUEF 

9 

9 



NO USES OEF lhEC F I F L D  

HELIOSTATS ARE LATO OUT I N  A  R A C I A L  Sr3GCEP aATTCoN 

F I E L C  FAOIUS MAX= 7.50 W l K =  .?5 STEP= . 6 1  TOHER HFTGnTS 

NOTE - THE U N I T S  CF THE OACIAL  tEPARlbTTCh bQF THE NL'l!@E4 C F  HELrOSTAT PEIGPTS. H)c= 7.L? C F T F Q S  - 7 k E  U N I T S  CF fHF  bZI f lUTHCL SEPAGBTICN Po€ THE h'UPPEf? OF PEL IDSTAT H!OTHSs HP= 7.40 HFTFRc 

NCTE - THE RADIUS CF THE H E L I C S T L T  I S  C[VEh- I h '  U N I T S  OF THE TOWEQ HEIGHT=1'5.90 t'clEQS 
NOTE - VISS. H IS THE FRACTION CF THE ZCNE A V A I L A ~ L E  TN ~ A C I A L  CAVCUF 5Fcaurr IJF SLZP  P L ~ N F ~  
NCTE - F P  L I N O  I S  THE FQACTION OF THE L l C C  WPTHfN A ZCNF THAT I S  P V A I L A S L E  !!LIT fO L I N C  CChSTRAl tJTc OR FCELC T 3 I M  

-75  CENSITV - 4 4 0  .440 r L 4 0  .hkO ebb0 - 4 4 0  .b40' .4b0 .Irk0 .4LO .lab(: .440 
.75 HISS, H .939 .439 .939 .53= .939 .939 .9391 .939 .e39 ,939 - 9 3 9  
a75 R A O f F P  l e t 3 4  1.E34 1 * € 3 C  1.f3C 1.€?4 1.6J4 1.E34 l e t 3 4  - 1.F.34 i.CS4 i . t 3 t  l . € T b  
. I 5  PZP SEP 1.248 1.248 1.248 le24C 1.24I3 1.248 1.248 1.266 1.248 1.268 1.24F 1.248 
-75  FR L A N C  1.000 1.000 1.000 1 . 0 0 ~  1.000 i .noo  1.000 I .  c o o  ~ . o o o  i .oeo  1 . 0 0 ~  1.000 
.75 HbTATS, 37.C ?7.4 37.4 37.4 37.4 37.L 37.b 3 7  37.L 37.4 37.L 17.k 

1 - 3 6  DENSITV - 4 0 6  - 4 5 6  ob06  .4GE .406 .LC5 0 .4SE .L'l€ - 4 1 6  € . 4?h  
1.36 PISS. H - 9 5 6  .?56 - 9 5 6  .!St? ' .55€. eP56 .956 .SEE - 9 5 6  ? '  . ? 9 E  ,956 
1.36 WAD SEP 1.942 1.942 1.942 1.442 1 . 9 V  1.962 1.942 1.9L2 1.942 1.4LZ 1.942 1.942 
1.36 A Z ~  SEP 1.139 1.139 1.139 1.139 1.139 1.139 1.139 1.139 1.139 1.1?:9 i . 1 3 4  1.130 
5.3E F R L A N C  1 . i i O G  1.000 1.030 1.060 1.000 1.FOIl ¶.?Of2 i.ClO0 ' 1 l.CCt l . C C I !  .. 1.00,?.  
1.36 HSTATS 106.C 1GE.O :C6.O I ) € . ?  1bC. l  106.0 t0E.O 106.0 1U5.0 106.C 106.Q 1Dj.O 

1.98 OENSITV - 3 5 4  - 3 5 4  .354 .3EC .354 e35L .35L - 3 5 4  -3'4 a354 . 3?6  .?5b 
1.98 f l ISS. H  , - 9 9 3  .?63 .963 - 4 6 3  .9€3 - 9 6 3  - 9 6 3  e C 5 3  .?63 .!EX -9E3'  - 0 6 3  
2.98 P A O  CEP 2.329 2.329 2.329 2 - 3 2 ?  2.329 7.329 2.329 2.329 2 - 1 2 ?  2.729 2.329 .?.'32? 
1.98 P Z R  S E P   EBB 1 . 0 ~ 8  i.oe13 1 . 0 8 ~  1 . 0 e ~  1 . 0 8 ~  1.088 1.cee t . 0 ~ 8  t . t ~ u  1 . 0 8 ~  C.OBR 
1.98 FP LANE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 I. too  r.ono 1.orn 1.ooo1 :1.'030 
1.98 HSTATS 135.0-  135.0 135.1 1 5  i 3T . J  i 3 E . c )  125.0 1 3  i?C.C i?C.B. I 12S.C 

2.59 CFNSITY - 3 0 1  - 3 0 1  * J O i  , - 3 0 1  .TO! - 3 0 1  . 301  - 3 0 1  . 301  . - 3 0 1  . 701  . 3 0 1  
2.59 RIGS. H .965 a965 * 9 € 5  m9E5 .F€5 - 9 6 5  -965 E eFS5 .?E5 .?E5 e.965 
2 - 5 9  R A D  SEP 2.1303 z.eo3 2.8113 2.703 2.003 ?.002 2.eo:  ?.en: 2.00: 2 . e ~ ~  2 . ~ 1 3  :.el? 
2.59 AZfl SEP 1.063 1.063 1.2E3 1.rj62 I ?  1.3663 1.06U' l."? i.Cc7 1.It.3 !.06:! :."ti3 
2 - 5 9  FR L A N O  1.000 1.000 i . c o a  i . c a c  1 . 0 ~ 9  l.ao9 1 .000 i . o o c  1 . ~ 0 0  l . t o c  1.ooo :.no0 
2.59 HSTATS 150.0 150.9 150.9 150.4 150.9 1C0.9 150.9 150.9 150.9. 1C0.9 150.3 150.7 

4 

Z.20 CENSITV - 2 5 6  ,256 ,256 - 2 5 6  6 - 2 5 6  - 2 5 6  5 .EE6 .256 . t 5 6  . ? S E  
3.20 KISS. H - 9 6 7  - 4 6 7  .967 .?E7 .?€' .9E' - 9 6 7  ,367 .S67 .?67 - 9 6 7  . ?57  

+ .. 3.20 RAD SEP 3.337 3.337 3.337 3.337 3 -33 '  ? e 7 3 7  3.337 3.337 3.377 3-33,? 3.337 3.337 , -., . 
3.20 AZM SFP 1.C52 1.052 1.052 1.CC7 1.957 1.057 1.052 1.0'2 1.CC2 l e t 5 2  1.052 1.152 

--.----. 7 7* _ L ~ J  A 4 ~ n s  q n n m  - n n  + -A*, n t l n  4 n - r  -a 4 e n 0  • 2 . 2  - -  * qn I --.-.. .----..----- 



b.. .." 
HSTATS 

CENSITV 
n i t s .  r 
FA0 S E F  
azr !  SEP 
F R  LANC 
HSTATS 

CENSITV 
MISS. H 
PAD SEP 
AZP SEP 
FR LANC 
HSTATS 

CENSITV 
KISS. H 
RAD SEP 
nzn SEP 
FR L A l O  
HSTAT S 

D ENSITV 
nrss. H . 
540 SEP 
AZM SEP 
FR LAND 
HSTATS 

OENSI T V  
nrss. H 
RAO SEP 
a z r  SEP 
FR LANC 
H f  TAT S 

D E N S I T  V  
KISS. H  
Q60 SEP 
AZM SEP 
FR LANC 
FSTATS. 

OENSIT V  
MISS. H 
RAD SEF 
A Z M  'EEP 
FR LANC 
HST ATS 



0 f i v  OF WE. VEDQ =?54 .720  O E C L I K A T I O N  OF SUN ( C F G l =  -23.44 O b I L V  CLEAQ S K f  I N S O L A T I C N  (KUH/I 'Z)= 5.2F 
THF AVEODGE CORRECTIOK TO CLECE S K *  I K S O L B T I C N  TO DCCOJNT FCD CLC.DO?h'EST= ..PSO 

MU OF W ~ ~ T E P =  20 - 0 0  ATHCSPHEStC PPEZSIJREISFA L E V F L =  I.?C@ 

T I H E  = 3.: I N S C L A T I C K ( K W / M 2 ) =  .85e  TQUF Z E N T I P  IItIGLE = 5e.44 OFSER'IEC ZENITH= 5 e - b i  SlJK AZIWD1,-I = 
T I H E  = 1.0 I N S C L l f  I C N ( K W / M 2 ) =  , 8 4 6  TGUF ZEFIT I '  ANGLE = 60.15 ORSEP.VFO ?Th'TTH= 60.12 SlJN A 7 I R l l ~ H  = 

a T I Y E  = 2.G INSCLbTTOh ' (KU/MZ)=  - 1 9 7  TFUC Z E N I T H  ANGLF = 64.99,  O?SEGVEO K N T T H -  Eb.?l:  SIJK 6ZTWUFLl = 
T I P S  = 3.1: I N ~ C L A T I O N ( K U / N Z ) =  - 6 9 7  TGUF Z E N I T H  PNGLE = 72.35 CVSEQVFE 7?ENTTH= ? t ? 2 9  CL!N AZTE(\!lH = 
'?ME = 3.3 I N S C L d T I C N ( K H / R 2 ) =  e b b 8  TECE Z E K I T H  ANGLE = 79.00 OSSFQVEO E N T T P =  7 6 . Q G  S l l N  P7IR?l!TH = 

a 
OAv OF THF VEAF = 35.375 OFCLIWATICM CF EUK ICECI = - : € . C 9  "PLY CLEnR S K I  I N S O L A T I C H  (UWH/R2) - E . ? f  

a ' THE AVEPAGE CORRECTION f 0  CLEAP S K I  TNC'OLbTION TO bCCOlNT F C 7  CLOUOIHFSS= ,830 
MH OF uaTER= 20.00 J T N C S P H E P ~ C  PWEI:VQE/SEA LEVFL= 1.105 

T I M E  =. C . C  I N S O L b T I C F ( K W / M Z ) =  - 9 9 0  TFUE Z E N I T H  IINGLE = 51.09 OSSERVEO 7 I K T T H =  51.!37 SUN AZIWlJTH = 
T I H E  = 1.0 I N S C L A T I O N ( K H / U 2 ) =  . 8 @ 7  TGUF Z E F I T k  ANGLF = 53.04 CRSEWUEC ZFNITH= CJ.G2 Sl IN A Z Z T r T H  = 
T I R E  = 2.0 I N S C L A T f O N ( K W / M 2 l =  . 8 4 9  TRUE Z E N I T H  ANGLE = 5e.49 CRSFRVED Z ? N I t H =  5 9 . 4 6  FUN b Z I ? I C f H  = 

a = 3.6 I N S C L b T I C h ( C H / M i ) =  . 7 7 2  TRUE ZENITP'  ANGLE = € 7  CBSEevEC Z i N ? T H =  6f.53 SUN I I Z I Y U t M  = 
T I M E  = 3.9 I N S O L P T I O N ( K W / U 2 ) =  . 6 4 2  TRUE Z E N I T b  bNGLE = 75.00 OBSEEVEC X5NITH= 74. .96 cl !N bZ I IYUTY = 

o b v  OF THE Y E ~ Q  = 81.000 DFCLIIATION OF suc (OEGC= .es C ~ I L V  C L E ~  SK(I INSOLPTICN ( t c u ~ / r ~ ) =  8.2b 
THE AVERbGE CORRECTIOtI T C  CLEAF SKV I h S O L A T I C N  f O  ACCOl!NT FOP CLC!:OTNESS= - 8 3 0  

a MM @F HATER= 20.00 bTUC$PHERIC P Q E f  SURE /SFA LEVEL= ' 1.000 

T I P €  = 0.0 I N S C L A T I C N t K W / M 2 ) =  ,942 TRUE Z E N I T H  bMGLE = 31.35 OBSEFVEO ZFNITH= 34.34 SUN BZIWl tT- '  = 0.Pn 

a TIWE = 1.0 I N S O L l l T I C N ( V U / t l Z ) =  .9?4 TGUE Z E N I ? H  ANGLE = 37.09 OOSERVEC ZENTTH= 77.C7 CI11J b 7 I I U T -  = 25.42 
r x n E  = 2. o I N S G L ~ T  ION(KW/UZ)= .9c9 TRUE ZENITH ANGLE = 44.28 OQSEPVEO Z?N?TH= 44.27 sirti 4 Z I R U T F  = ~ 5 . 7 3  
TIME = 3.0 I N S C L b T I @ N ~ K U / M 2 ~ =  ,860 TQUE Z E N I T H  bNGLE = Sb.15 ORSERVEC ZENITH= 5 h . i 2  51!# D7IPL't.; = E9.711 

a T I M E  = 4.0 I N S C L i l T I C N ( K U / t l Z ) =  .7E7  TWUF Z E N I T H  IINGLF = 65.41 OQSERVEC ZEN?fH= 65-38 SCN b Z T b U 7 H  = 72.24 
T I M E  = h.8 I N S O L d T I C k ( K W / M 2 ) =  .627  TRUE Z E N I T H  AFlGLF = 75.00 O S S E P E O  ZFNTTY= T k . 9 6  SllR P7TOUTH 68 .03  

DAY OF THE V E l R  =120.625 D E C L I L A T I C K  OF SUN (CEG)= 1E.72 P P I L V  CLEPQ SKV 1WSCLPT:Ce t M U H / P 2 ) =  9.55 
THE AVER4GE CORRECTIOK TC C t E A F  SKY I N S D L D ~ I C N  TO ACCOQNT FOP CLCUPINFSS= .e31 

MU CF HATER= 2 0  - 0 0  4TRCSPHERIC PPFSSURE/SEA LEVEL= E. 0 0 0  

T I H E  = 0.0 INSOLATION(KH/MP)=  .95U TRUE Z E N I T H  UNGLE = 18.28 OSSEPVEL! ZFNfTH= 19.27 SIIK P Z I P U l Y  = " 0 0  
T IME = 1.0 INSOLAT ICW(KW/M2)= . ¶ 4 4  TRUE Z E N I T H  4NGLE = 22.66 ORSERUEC! 7ENTTH= ZZ..F5 SUN n Z I F l l T H  = 40.05 
T I M E  = 2.0 I N S O L A T I O N ( K U / M Z ) =  -9;: TFUE L E I I T P  nNGLE = 32.39 CeSERVCC ? C N I l H =  .32.39 CUK P Z I F U T H  = f3.78 
TIME = 3.0 INSCLATION(KW/MZ)=  .88q TRCE L E N I T V  3NGLE = 43.96 DqSEPUED 7FNTTH= L.?.9* SUN b 7 I P U T H  = 77.29 

. T I P €  = 4.0 I N S C L l T I O h ' ( C H / M 2 l =  ,827 TRLF Z E K I T H  ONGLF = 5E.13 OVfERUEC ZENITH= 56. .11 SI'N AZIFCTC! = 97 .31  
T I R E  = 5.0 INSOLAT I O h ( K H / U 2 l =  - 7 1 5  TRUC Z E P I T H  SNGLE = 68.40 OBSEPVEO 7Eh'?TH= E8e.36 Sl lK  AZ IPUTH = 95.79 
T I P €  = 5.5 I N ~ O L b T I O N ( K W / M Z ) =  .612  TOUE Z E N I T H  SNGLE t 7 5 . 0 9  C95CPWED ZEKITH-  7 k . 9 1 r  ~ l l k  4 7 l W T b  = 1 0 0 . 1 4  

OF THE YECq =172 .250  0ECLINAT. IOH OF EUN (OEG)= 23.44 O I I I L V  CLEbR SKY INSCLdTTCN IltWH/?l2)=' 10 .02  
THE PVEPPGE CORPECTICN T t  CLEbD SKY IKSOLATTCN TO dCCOUST FOP CLCtC?h'ESS= .D:O 

MM CF UATEQ= 25.30 ATUCSPHFWIC PpF5SUEE/SEA LEVEL= 1.9C0 

T I R E  = 0.0 I N S C L b T I C h ' ( K W / M i l =  .94? T G t E  ZEKITF.  PNGLF = 11.5F 39SEPWFC ZEIJTTH= 11.55 CI!W A Z I W T P  = 0.00 
T IME = 1.0 I N S O L 4 1  IOh ; (KH/HZ)=  . 9 b l  TCCE Z E N I T H  ANGLF = 17.42 JqSEPVET! TENlTH= ll.lr;! SUN A 7 I K U T H  = 52.47 
T I R E  = 2.0 I N S C L b T I C h ' ( K U / M Z ) =  . 9 2 4  TcUF Z E N I T H  ANGLE = 28.47 :'?SEcVEC ZFK?TH= 2 0 . i 7  5UK A ? T q T H  = 7 * . i ?  
T I P €  = 3.C I N S C L P T I C h ( M U / M 2 ) =  , 8 9 2  TcUE ZFNTTF! LNCICE = 4C.57 3QSCRVEr ZClF:?TH= 40.fF: SUh' A Z I W l l t H  = 85.92 
T I H E  = 4.0 I N S C L A T I C W ( K H / U 2 ) =  .,836 TCDE ZEh'lTCI IFIGLE = 52.85 2PSEQVFD Z F K I T H =  52.33 SUN A7IM! lTM = 9 4 - 5 2  
T T U C  - _c_ TLL- J - _ 7- - -6c n n  n-rr ?C=- L L  >&-qu--- - 





I *  SAVPLE PoCpLE!M 1 

I. TCTAL FEQFCR.MbNCE IKC<C~!ES r?EFLECT I V I T  IES QIJT KO7 RAOIATEON ANC CONVECTICN LOSSES 

I. THIS PEFFORPLfi;NCF CALCULATION I S  ONLY US=!: 35 TNFfJT F 0 9  'IESIGN C P T f ) ? I Z A l I O h  - ALL SP I l L f lGE3  dPF SE? = 1.7 

- 7 5  COSIKE 
.75 SP ILL  
- 7 5  ATTEN 
.75 SPII0O;I 
- 7 5  BLCCK 
.75 TOTAL 

1 .3 t  COSINE 
1 3  SF ILL  
1.36 ATTEN 
1.3C SHAOOil 
1.36 ELCCK 
1.36 TOTAL 

1.98 C C S I N I  
1.98 S F I L L  
1.98 ATTEN 
1.98 SHAOO* 
1.98 BLCCK 
1.98 TOTAL 

2.59 CCSINE 
2.59 SF ILL  
2.59 ATTEN 
2.59 SH400U 
2.59 RLCCK 
2.59 TOTAL 

AZIMUTHAL LKGLE CF 
0. 3 9 .  
- 9 2 9  - 9 2 6  

1.000 1.000 
a972 -072  
- 9 1 2  - 8 9 6  

1.000 ¶.SO0 
- 7 0 7  - 6 8 8  

3.20 COSINE .e58 .RID .747 .651 . . 6 3 0  
5.20 S F I L L  1.000 1.000 1.000 1.000 1.000 1.109 1 . Q O O  

.. . 

3.20 ATTEN .a38 .93R .938 . ? 3 e  .438 .930 - 9 3 8  
3 - 2 0  SHdOOl - 9 7 2  ,978 .97b ,976 .a79 - 9 8 3  - 9 8 3  ~ 

3.20 BLOCK .991 - 5 9 1  . 991  ~ 9 9 1  - 9 8 9  - 9 8 5  - 9 9 5  

P. 3.20 TCTAL . .€79 .€69 ,529 1 .537 . C o t  .497 -. 

3 - 8 2  CCSINE .86e .e50  0 - 1 2 5  .576 .637 ,626 
3 - 8 2  S F I L L  1.000 1.000 1.000 1 . O C O  1.000 1.000 .1.000 
3.82 ATTEN e929 - 9 2 9  ,929 .C2? ,929 .s?9 - 9 2 9  
3 - 8 2  SkAOCU .982 ,082 ,935 6 , . 4 e F  ..?i?n - 9 8 1  
3.82 ROCK .992 .492 1 . ? e ?  . 9 ~ b  .PEE 



COS I K E  
$ F I L L  
ATTEN 
SHADOW 
FLOCK 
TOTAL 

COS I N €  
S F I L L  
ATTE W 
SHbDOY 
RLCCK 
TOTAL 

CCS I R E  
S F I L L  
ATTEN 
SHdGOW 
BLOCK 
TOTAL 

COSINE 
S F I L L  
ATTEN 
SHA CO W 
PLOCK 
ToTaL 

COSINE . 
S F I  L L  
ATTEN 
SHADOW 
BLOCK 

,TOTAL 

CGSINE 
S P I L L  
AT T EN 
SHAD0 W 
e L c c r  
TOTAL 



'0'3 
'3.5 
' 3'0 
' 0'0 
'0'0 
'G'D 
.O'O 
'0'0 
'3') 
'3' 0 
'0'0 
'0'0 

3'0 
'0'0 
' 0'0 

'3.1 
'D'O . 
'0'0 
'0.0 
' 0'0 
'0'0 
'0'0 
'0'0 
' 0'0 
'0'0 
'0.0 
'0'0 
'0.3 
'0'0 
'0'0 = 

'0'0 
b - ... J L, 

'0'0 
'0'0 
'D'D 
'Dot 
'0'0 
'0 '0 
'0.3 
b 0 '8 

'0'3 
'0'0 
'3.3 
'3.5 
'0'0 

'0.0 '0.0 
'0'0 '0'0 
'0'0 '0'3 
'0 '0 '0'0 
'0.0 '0.9 
'0'0 'O'D 
'0'0 '0.J 
'0'0 bo'J 
'0'0 'O'3 
'0.0 '0.0 
'0'0 '0'0 
'3'0 '9.3 
'0'0 '0.3 
'0.0 '0'0 
'0.0 'O'J 

AWN 

dOlnWI 

13308 

I4 

n 

33a1 



R W C A V  = . l E * O i r  . l E + Q l i  . ¶ E @ n l r  . i E * C l .  

tENO 



IHDPT = O .  

POPT HN 

POPTflX 

NUMPCS 

XTPST 

YTPST 

XTPENO 

YTPEWD 

NL dND 

llL P 

CL E 

CL K 

SL EU 

SLNS 



I F ' J C P T  = - 1 9  

I H C P T P  = 0, 

I O T A P E  = C *  

IQEPUK = C 1  

I A L L  = 0 1  

I s T a  = o l  

NS TF = ' I *  

PENC 



C .  I F C X  = 1. 

I F X C C T  .= @ ,  U *  3 9  . 0 v  C t  09 C *  C. 09 C *  0. G.. .r l*  0. 0 1  0 1  0. 0. 09 0 1  O t  Ot 01 0, Oir O2 01 0.. C .  0 4  09 01 01. O v  0. 0 t  
0. 0, 9 -  0, 0 * ' O .  01  0 1 . 0 1  0. 0 1  0.. B *  0. 0. 0 .  C *  01  01 0, 01 01 O r  0 -  0'1 fir 09 0.. C *  O q  n *  C'r 0 *  o *  0. 
b, 0, 2 ,  o i ' o .  a, o , ~ .  0 ,  c, o ,  o: ... a ,  r, a ,  :I, ?, 7 ,  0, a , o .  o!, 0, 0.. a, -. a ,  9 -  ?. 0. c, 0 ,  C ,  5'. ? T  9,. 

0 0 ,  U ,  3 .  0, @, 0,  0. O *  0, C', 6. 71- $ 1  ( 9  C *  I* C v . ? r  r l v  I r  GI C *  0. 0 1 ,  5 ,  Z *  9 .  '1. 3 .  r *  * *  O r  ' 3 9  0.  '* 0 -  

0, 0. 3 .  0, 0. 0, 0. 01 0, 0, 0, 0.- 0. 0. 0, 0, C *  01  09 0 ,  0, 0..-0* 0, 0 1  0. 0 1  0 .  .3-• 0 1  0 -  C v  o r  0.9 -Ot 0 -  
. . 

a- I F L A U f  = Irr 

XFC = 6 . 0 1  

YFC = 0.0. 

a .  ' Z F C  , . = 0.0, 

POLF = .9E+02 r  . 

'AZHF = .I~E+OZ. 

D I f i Y f  = .16E*Ci. .  , .. 

NXFLZ = 1 9  

F A Z V I N  = .18E*O31 

FZVAX = ?.G+ 

I C A V F  = l r  0 1  mr 0 1  

NFLXMX = I *  

g NYXFLX = 1 9  2'9 3'9 49 

F L X L I M  = .85EtE6. . l E * O ¶ r  . l E + 0 9 .  . i E * O $ r  

@ EENO 

a 



tNLEFF 

REFTHP 

AREF 

REFRC 

'REFLP 

REFPIP 

FPLH 

FPLC 

If HEL 

E l  AREF 

FEFF 

PEFPRL 

FSP 

PEP 

EFFSTr? 

PF 

snuLT 

I pH 

SF NC 





V K A X  

E'4PT v 

ICPE 

CHFEEF 

PHEPEF 

XHEP 

CPHkEf 

APHREF 

PPHREF 

APHUAk 

CEVREF 

4EVR.EF 

PEVREF 

AEVMAX 

CCHREF 

ASHREF 

PSHREF 

LLSHMAX 

CRHREF 

AEHREF 

PPHREF 

ARHWAX 

XH EA 

CEGREF 

PEGREF = . 1 1 2 E * 0 9 *  

XEPGS = .AE*OO* 

C F I X E O  = . 7 F * O ? r  

Q "NC 





OEL5CL H I L L  "0 a SMART SEAsCH OVER THE OPTIVIZATICK VACIdSLES - NO? EVFQ* C4SE M I L L  f?E CALCFLPTF? 

0. KC O P T I t ' I l d T I O N  OF H E L I  CfTPT OENSIT IES  

THFPE a c E  6 v a L u E s  CF THE TONER HEIGHT 
r I K x n c v  VALUE = 100.000 
I ' A X I ~ t P  VALUE = 2C3oOOG 

.. 

, EXTERNAL CVL INORICAL  'QECEIVER 

THFnE aaE 6 V P L U E ~  OF THE CV~IFOER'  C r a l c E t E c  
R I N I H U P  VALUE * 8.000 
saxrnun VALUE =. , 18.0ao 

- THERE ARE 3 VALCES OF THE WEIGHT T C WICTH RAT 10 
n I N I n u n  VALUE = 1 . 0 0 ~  
n A x I n u n  VALUE 8 2.000 

THEQE APE 4 VALUES OF THE CESICN POINT  POWER LEVEL I N  WEGbWATTS ELECTRIC  
P x N I n u n  VALUE = r5 .oao  
n a x x r u n  VALUE . =  i ' ~ o . 0 0 0  . - ., 

THE FLUX 4~ THE 1 POI KT OH THE ~ECEIVER RUST RE LESS THA'N .850E+C5 WfN2.  
THE O R I G I N  OF THE FLUX SURFPCF I S  P~OFORTIONAL  TO THE QECEIVEQ O I A k ! E T ~ ~  
THE D R I G I N  CCCQCTNAIES EXPRESSED PS FfiACT IONS CF THE 4ECm OIAMEfER bR€. EAST= 8.000 &OeTH= 0. ( 0 0  UP= 0.000 
FLUX SURFACE IS THE OUTSIOE OF A CYL I~OEQ-  WHOSE O r a n E w  IS 1.000 T r n c s  THC Q E c E I v E i ? . c x a w T r e  
THE FLUX POINTS H P V E  a C O L S T A N T  AZIWU~H aNo A n = t G r T  THPT s c a L E s  WITH REC. HT. (EXT. o m . )  .OR PEC. r11an. ( c a v .  KC.) 



I T E R A T I N G r  THT= 100.0 F I R S T  RECEIVER U I R I A F L E =  8.000 SECGNO = R - 0 0 0  
MAX. DES IGN PT. PUP - T H I S  REC.= 63.99 ANY QEC.9 T H I S  TH?= 66.889 ) ? I N I & H  "CHEW OF INTEQFST= 7F.Gil 

MAXIPUP FOSSIPLE FOWER = €3.C9 HUE T H I S  YS LESS THAN THE HINTVUM POWER OF INTEREST = 7F.09 PME KO F I E L C  QUILCUP 

ITERATJNG* T H T =  120.0 FIRST RECEIVER VARIAFLE= e.ooo ~ E C C N O  = 8 . 0 0 ~  
MAX. OESIG4  FT. PWR - T H I S  REC.= 87.7e bHV REC., TH IS  THT= S8.0l l r  H I N I W P  :POWE!? C? THTE9F?T= 7F.CI 

NEXT ZONE W I L L  EXCEED THE FLUB I T  THE 1 MAYIPUH FLUX PCIWT.OES. PUP= F.31 L 4 f T  ReEC= J.rO 

I T E R A T I N G *  THT= 120.0 F I R S T  RECEIVER VARIAFLE= 13.000 fECON0 = l i . 0 0 0  
MAX. C E S I C b  FT. PYR - T H I S  REC.= 91.C9 I H V  REC.9 THIS THT= 98.0C. F I N I P J M  POWER OF INTEREST= 7E.CO 

I T E R A T I N G *  THT= 120.0 F I P S T  RECEIVER VSRIAFLE= 8.000 SECCNO = 16.00fl 
MAX. OESIGr  PT. PWR - T H I S  REC.= 90.96 ANY QEC.9 T H I S  THT= 98.040 R1N IW- l  =OWER OF INTEDEfT=  75.00 

ITERAT  LNG* THT= 120.0 F I R S T  PECEIVER VAQIAf?LE= 10.000 SECOND = 10.000 
MAX. OESIGb PT. PUP - T H I S  REC.= 93.22 ANV REC.9 T H I S  THT= 96.76, E I N I Y U R  POWFR O F  IHTEQEZT= 7F..03 

NEXT ZONE W I L L  EXCEED THE FLUX AT TPE 1 HAXIMUM FLUX FOTNT*@ES. PUP= 1 1 . 3 2  L A 7 1  BE.EC= ' 0.00 

I T E R I T I N C I  THT= 120.0 F I R S T  RECEIVER VCRIAeLE= 10.000 TECCNC = 15.000 
MAX. OESIGL PT. PWR - T H I S  REC.= 93.14 ANY f4IEC.v THIS  THT= 96.76- H I N I P L K  FCWFR OF INTEREFf=  7C.C8 

NEYT LONE W I L L  EI(CEE0 THE FLUX BT THE 1 WIXIMUM FLUX POI'NT*DES. PUP= 2 9 . 3 1  LAST  BEEC= 0.00 

I T E R A T I N G t  THT= 120.0 F I R S T  RECEIVER VPQIA@LE= 1P.OOQ SECCNO = 20 .000 
MAX. DESIGN PT. PUR - T H I S  REC.= 91.24 ANY REC.9 T H I S  THT= 96 -76 .  HINft'UE! WWEF OF INTEREST= 75.0q 

OPTIMU~+ - P O W E R =   OMWE, WE, FFF= .212 FLUX= - 7 9  O.OC 0 . ~ 0  O . O O M W T / ~ ~ *  KWHF= . iwi~cuo. c A P I T a L =  EI..DORS. e u s p m =  1 1 3 . 1 ~  

AOOING MCRE ZONES W I L L  KO? PEACH NEXT POWER LEVEL - LAST  POWES= 75.97 

TTEQATINGv THT= 120.0 F I R S T  RECEIVER VA4 IAFLE=  12.00 1 SECCNC = 12.009 
MllY. D E S I G k  FT. PWR - T H I S  REC.= '93. t 3  Ah'Y QEC. T H I S  THT= 95.07r K INIYUW PCWFR OF TNTc?FST= 75.00 

NEYT ZCNE W I L L  EXCEEO THE FLUX bT THC 1 RAXINUH FLUX FCINT.I)ES. PWR= 20.01  L b S T  3?!C=113.16 

I T E R A T I N G *  THT= 120.0 F I R S T  RECEIVER VARIACLE= 12.000 SECCNC = 18.000 
MAX. DESIGN PT. PUR - T H I S  REC.= 91.57 ALV REC.r T H I S  TH7= 95.07, XCNINUH PCWER OF INTEPEST= 7F.30 - POWER= 75.0MWE1 EFF= . 2 1 1  FLUX= 0 7 9  1.00 0.00 O.OO)?UT/F2* KWHR= .1€SF+39. C A P I T t L =  Ck.C8YI;* ?USRI@!= iL3.CC 

ADDING MORE ZONES W I L L  NOT REACH NEXT PO YE^ L E V E t  - LAST  POHER- 75.98 

I T E R A T I N G *  THT= 120.0 F I R S T  RECETVEE VAQIAELE= 12.UBP SECCNO = 24.000 
MAX. CESIGW PT. PWR - T H I S  REC.= 38.72 ANY REC. TH IS  THT = 95 .07*  P I N 1  PUR POKE9 OF I M E Q E S T =  IE.80 - POWER= 75.0PkE* F F F =  -20.2 FLUX= - 5 0  0.00 0.10 O.OfltfWT/tfE~ XWHQ= .16:r+C?. C P P I T I L =  EC.P2MSI QUf?4G= i i ' . 2 ?  

AOOIN t  MCRE ZGKES M I L L  RCT PEDCH NEXT PCYER LEVFL - 1 4 5 7  PCWER= 75.12 0 

I T E R A T I N G r  THT= 110.0 FTPST RECEIVER VaRIAELE= 8.000 SECGNC = 8.000 
MAX. CESIGL FT. PKR - T H I S  REC,= 11?.O7 AKV $EC.r T H I f  THT= 134.E91 * INIPUt '  POVEF OF IkTEQEST= ?'.en 

NEXT ZCNE W I L L  EXCEEO THE FLUX AT THE : NAXInUtf  FLUY FCTKTtOES. PUP= 7.53 L A C 1  P ? E C = l 1 7 . ? 3  . 

I T E R A T I N G *  THT= l b 0 . 0  F I R S T  RECEIVEF VARIAFLE= 5.000 SECCNC = 12.000 
Max*  OES lGb  PT. PWR - T H I S  RECo= 121 . f 5  bh'Y REC.9 THTS THT= t r b . € q *  R I N I C C F  FCMFC OF IN?FpEET= 7 5 . 6 0  

NEXT ZCN L L  EXZEEC THE FLUX AT T , MAXIVUH FLL'Y fCINT.DES. PW 10.47  LAST  ?'?EC=l1li7.2,T 
-. ...- 



ITEPATIKC.  I H T =  140.0 F IRST RECEIVE9 V A 9 I A I L E =  8.OOn SFCCNC = i5 .009 
VAL. DESIGF PT. PUF - 'HIS QEC.2 121.Ce ANV REC.. I H I C  ?PT= 131.€9. VINICI!).( PCW'O I?= !VrFQE"= 7C.<7 

NFkT LONE WILL  EXCEEO THE FLUX AT THC 1 KAXIbUM FLCX POtN?,OES. PUP= 73.15 LAST ?O=C=I17.7.3 

ITERATING. THTo 140.0 F I P S T  QECEIVFR VAoIAPLF= 10.00C ZFCCMC 10.099 
Haw. OESIGH FT. PUR - T H I S  QEC.= 120.75 ANY KEG., THIS THT= 133.471 P fN IYUM PCUFS n F  THTEQCV= 7E.C9 

NFYT ZCNE H I L L  EXCEEO THE FLUX AT THE 1 HAXIMUM FLUY PCINT.CFS. PUP= 19.38 L A C 1  RCEC=l17.21 

ITERATTNG* T HT= 140.0 F IRST RECEIVER VARIA?LE= 1O.OOC 5ECCNO = 15.009 . 
H4X. DESIGN PT. PUfi  - T H I S  QEC.= 127.tC 4FV REC., l H I ?  TPT= 153.47. WINICUM POWC n F  I t i l F Q E ? =  75.0'l 

ITERATING. THT= 110.0 F I R S T  RECEIVER VAQIASLF= 10.009 CECCMO = 29.000 
MAX. OESIGH FT. PUP - T H I S  PEC.= iZ?.J8 AhV REC., THTS THT= 133.17. HINICUM POWER OF INTFREST= 7FeU7 

ITERATINGT THT= 113.0 F I R S T  RECEIVER VARIA?LF= 12.C00 SECONO = 12.900 
M A X .  DESIGN FT. P W R  - THIS REC.= i za .11  A N V  REC., THIS TH+= i ~ i . 8 ~ .  ~ I N I ~ U ~  POWEQ OF ?NTERFST= 7=.cq 

NEXT ZONE MILL EXCEED THE FLUX A T  THE I ntwInun FLUX POINT.OES. WR= 12.46 LA=T  ~\REC=LIT.~S 
?/ 

ITERATING. THTx 140.0 F I R S T  RECEIVFk V b R I I F L E =  l i . 0 0 0  CECCNO = 18.003 
MAX. UESIGN PT. PUCi - T H I S  QEC.= 127.15 AKV EEC.. THIS  THY= 131.83. V I N I r U M  P O K R  OF INTEREST= 7c.OC 

NEYf ZCNE W I L L  EXCEEO THE FLUX AT THE 1 MAXIMUn FLUX POINT,OES. PWD= 50.55 LAST apEC= l l y .23  

ITERATING*  THT= 140.0 .F IRST RECEIVER VARIAQLF= 12.000 'ECONO = 21.000 
MAX. DESIGN FT. PWR - T H I S  REC.= 129.38 ANY REC.. T H I f  THY= 111.83. R I N I r U U  POIFR O F  IHTEREcT= 7 5 - 9 9  - POWER= 75.OHUE. EFF= - 2 0 8  FLUX= .67 0.00 0.00 0.00MHT/M2. YWHe= .159EtO?r CAPITAL= EL.TZMB, PUSSIR= 118.00 

OPf IMUP - POWER= 1OO.OMYE. €FF= .210 FLUX- .72 0.0C 0.CO 0.00MWT/W2* KWHRn .21flFtOS. CAPITAL= R1.27HSr ?USFAR= 10t?.1? 

AOOING VCR€ ZONES WILL  &CT PE4CH NEXT POWER LEVEL - LAST POYES= 101.47 

ITERATING. THT= 100.0 F I P S T  RECEIVER VARIAPLE= 10.000 SECONO = 19.009 
MAX. OESIGF FT. PWR - T H I S  REC'.= 128.28 Ak'V RFC.9 THIS THT= 129.82. W I N I W P  POWER OF IHTERFST= 7f.00 

ITERATINGI THT= 110.0 F I R S T  QECEIVER VARIACLE= 19.00C SECCNO = 21.000 
HPX. OESIGF PT. P W R  - THIS REC.= 1 2 5 . ~ 8  D N Y  GEC.. THIS -HT= 129.112. r x N I r C n  PonFF n F  INTEQES~= 7~.35!  

. -  POWER= 7 s . c ~ ~ ~ .  FFF= . 2 ~ 8  FLUX= . 76  6.00 8.9a O . O ~ M ~ T / M Z .  w w w =  . i s s ~ * o e ,  CAPITAL= t k . yzns .  e c s s n s =  Its. 15 - POWER= 100.0nWE. FFF=  - 2 1 1  FLUX= .79 0.00 0.00 O.OCMnTlM2. YnHR= . 2 1 7 F t 0 Q 1  CbPITdL=  81.09VB. eUSQAQ= L09.18 
o P T I n u r  - POUER= i25 .onw~. .  EFF= . 2 0 t  FLUX= .79 0.00 C.OO o .ocnur /ns ,  ~ H R =  .z~I~E*,?. CAP,VAC= 9 9 . 5 7 ~ ~ .  SUSRAR= ~ 9 z . i ~  

. .  AOOING PORE ZCNES WILL  ROT REACH NEXT POWER LEVEL - LAST PCWEW= 125.08 \ 

, ITERATTNGi THT=. 110.0 F IRST DECEIVER VARIAPLE= 10.OCO SECCNC = 20.001 

: '  MLIX. OESIGF FT. PWR - T H I S  REC.= 121.21 AN* REC.9 THIS THT= 129,.02* MINIWPM P O U ~ P  OF INTE!?EST= 7C.00 - PO WE^= ,TS.OMUE. EFF= . 1 9 ~  FLUX=.  . k t  0.00 0.00 O . O C M W T / ~ ~ .  KWHP= . 1 5 ? ~ + 0 9 ,  c a P v a L =  CE.IW~, ECZFAS= 123.11 - POHER= 100.0PUE1 EFF= - 2 0 0  FLUX= ' . ~ 8  O . O t  O.OC C.OPMUT/M2. UWHP= . i i € E * * q .  CAPTTfiL= 87.79W$. !?U?9A9= 111.15 

6 ITERATINGr  THT= 1LO.C FIQST RECEIVER VIIRIAFLE= 1E.EC" SECCFIC = 16.000 
H4X. CESICF PT. PUP - T H I S  REC..,' 1ZC.71 IlHV 6EC.r THIS  T H I S  127.14. MINICUM POWER O F  INTFOF$T= 7C.00 

w NEXT ZCNE MILL EXCFFO T ~ E  FLUL IIT T H E  1 WAXIFUW F L ~ J X  FCINT,CES. P U ~ =  1 1 . ~ 3  L P ~ T  n p E c = i ? i . - . r :  
I 

2 ITERATING. THT= 1kC.e F I Q S t  RECEIVER VARIAPLF- 1F.CC7 5ECCN9 = Zb.009 
mar. CESIGI PT. ~ h f i . -  THIS REC.= 1 2 1 . ~ 5  n k v  REC.. THIS ? r T =  1z7.(t(tt n x N I r u r  P O ~ = R  PF I H T E ~ C S T =  IC.CO - POWER= 75.06WE* FFF= - 1 9 8  FLl!X= .55 C.00 0.10 O.OOPUT/P2* KWHP= . l ' i l r@09. CdP?TAL= 6F.c1w$I ECS8A9= 122.71 

-.. . .. 0- 4 p r  . r ) * c r o  0 -  _ 9 - _ ~ . h n ~ ~  = 0 7  9 7 "  e . pur~le- * ( ( . 1 ' 0  . - .-.-.- -.- 



SAMPLE P90eLEt4 1 
9FSIGN PCWER K A M E  = 75.CO TO 150 .3C NWE 
SOLAR P C L T I P L E  1.20 FLUX L I F I T ( S I =  . 9 5 G F * t 6  - 1 0  (E109 e l  IOE+09 . ~ O O E ~ O ?  V/P2 

DES.POUFR BUSEAP COST TOWER H T  GECEI'JEP C T A P  RECEIVER HT NO.HELTOS'2TS L d l C  CRFA 
(RWE)  (K ILLS/KWHR)  ( N )  ( M) ( Y )  (k*i) 

7 5 . 0 0  113.16 1 2 0 . 0 0  1 0 .  O D  i 0 .  00 6 9 9 0 .  1 . 7 7 3  
i o o . o n  1 0 8 . 1 3  1 ~ 0 . 0 0  1z.a~ i b .  oo 9 3 9 7 .  Z ,T?S  
1 2 5 . 3 ~  1Gl .12  1 4 c . d ~  14.OC; 21. CE 1 2 2 8 5 .  S . b i Z  
i E c . 3 : '  1 0 0 . 9 7  1 6 0 . 0 0  1 6 . 0 0  i 4 . 0 0  1* 47 1. 3.170 



ANNUAL PERFCPHARCE S R E R K O C W H  
CONSTART - WIPFCP P E F L E C T I V I T V =  , 893  QECEIVER bRSOQFTTVTTv= .qb5 





C A P I T d L  C C S T  n Q E I K D C U N  

DES.POUFF O I F E C T  CAPeCCST P F I C E F T -  

a (t4UE 1 (MU,ClJPRENT EST.,  L 6 K O  -WIRE HEL TO H PF C PIPE PCFP 5109 FFG+ M ~ X C H G F T Y ~ C  





SREC CALCULATION CREAKOCUN 

CONTINCENCY SPARE P A P 1 5  I k C I Q F C T  CAP.ESCPLATfCN I N F l D f I C k  NO.VQ5 I N T . C U 2 I F t  F I X E C  CVG LFV.HfL .C-V(PCT LEV.qAC.C-HtPCf 

a ( P C 1  CAP.COSTS) ( P C l / Y S )  ( P C T I Y E )  f C  CCNS. COKS(PC') OfiTF ("Cf / v R )  VEL.Cbp.COST) O T k 5 P  C I P e C C S T )  
1 2 . 0 0  1 .00  I E . O O  8 .00  8.00 o l ~ . o o  1 5 . 9 0  1 . ~ 4  3 . t k  

, , DES.PCWER TCT.CAP.COS7 EST. ( I 'S )  TCT. INVESTRENTo?$)  TOT. T M V E S T W N T t U s )  f /KMF PSEC(KTLLS/KUHP) R e E C ~ t V L L j / Y W H R )  
~ P H F )  INDIR. ,ETC. .INCLUDED O Y  1st Y R  C P E P A ~ I C K  CUCPENT a CUQQENT s l e y  V P  CPEQBTICN C ~ O P C ~ T  s 



1 

F I E L C  LAVCUT 

OESIGh' FOWERo2WE:l= .75CE4 , AZIWUTHAL ANGLE 
M I N .  ObOIbL ZOKE'  NO. 

- RAX. .PACIAL ZONE' NO. 

F I F L G  DESCRIPTICY - LANC AREAlM?l= .177EtG7 VTF'PO? AtE4  = .3b3EtOE NC. OF HSTPTS= F.99rl. AVFFACf CCHSITV = .19* 

- 7 5  CENSITV 
.IS rrss. H 
- 7 5  RAC SEP 
- 7 5  AZH SEP 
.75 HSTATS 
- 7 5  F L A N O  

ANGLE OF 
30. 

1.36 CFNSITV - 4 0 0  ,400 0400  0400 0400  - 4 0 0  o b 0 0  
1.36 HISS. H - 9 6 1  0 9 4 1  - 9 4 1  .ah1 ,941 0941  0 9 4 1  
1.36 RAO SEP 1.962 1.902 1.942 1.942 1.942 1 - 9 6 ?  1.942 
1.36 AZC SEF 1.155 1.155 1.155 1.155 1.1F5 1.155 1.155 
1-36 HSTATS 48.4 48.4 41.4 4e.4 4e.4 4e.4. 44.4 
1-36 F LANE 1.000 1.000 1.000 i.aoo. 1.aaa . i.noo i .ooo 

1.98 OENSITV e350 - 3 5 0  .35C -350  - 3 5 0  -250  035C 
1.98 MISS. H 0 9 4 9  .949 0 9 4 9  0949  .949 .949 0 9 4 2  
1.98 RAD SEP 2.329 2.329 2.329 2 - 3 2 ?  2.329 2.329 2.329 
1.98 AZM SEP 1.101 1.101 1.101 1.101 1 . 1 O i  1.101 1.101 
1.98 HfTATS 9 61.9 61.9 61.9 1 9  9 61.9 
1.98 F LAN0 1.004 1.000 1.000 1.000 1.300 1.000 1.000 

2 .59  OENSITV - 2 9 8  - 2 9 8  - 2 9 0  -298  -258  0298 0 2 9 8  
2.59 MISS. H .953 .953 .953 .953 . 9 ~ 3  .953 .953 
2.59 R b O  SEP 2.813 9.@03 2.833 2.803 2.9C3 2.803 2.803 
2.59 AZlr SEP 1.074 1.074 1.074 l o t 7 4  1.074 1.074 1.074 
2.59 HSTATS 69.2 69.2 69.2 69.2 €9.2 ' 69 .2  60.2 
2.59 F LAN0 1.000 l*COO 1.000 i.OB1 1.900 1.090 1.000 

3.20 OFNSI fv  0 2 5 3  m253 -253  e 2 F 3  - 2 5 3  - 2 5 3  
3.20 KISS. H .9SC - 9 5 4  .95h . ? 5 1  .or4 .?5b 
5.20 RAO SEP 3.337 3.337 3.337 3 .337  ! .5?7 1.337 
3.?0 AZn SEP' 1 1.063 i . 3 E 3  I . $ € ?  ¶ e l f ?  1.063 
2.2C HSTATS ' 72.9 72.9 72.9. 7i .9 7?.? 72.9 
3.20 F LAND 1.000 1.000 1.000 1.r)OO 1.000 1.000 



CENCITV , 

VJSS. n . 
PbD SEP 
a n  SEP 
MStATS 
F LAND 

' 5.66 OENSITV 0165 0145  0145 0145 0145 0165  0 1 4 5  
Sot6  YISS. U 0955 - .?SS . 0955  0955 .St5 . 0955 0 9 5 5  
5.66 RAD SEP , 5.760 5.160 5.760 5.160 5.7LO 5.760 5.760 
5.66 ll7N SEP 1.076 1.076 1.076, 1.07C. 1.876 1.Q76 1 * 0 1 6  
5.66 MSTATS 73.7 73.7 73. t  73.1 1.0 0.0 8.0 
5.66 F L ~ N C  1.00J 1.880 1.800 1.080 O . S G t O o . C O 0  0.00C 

CENSITV 
PfSS. H 
RAD SEP 
AZF SEP 
MSTATS 
F LAN0 

CFNSIT v 
CISS. M 
PAD SEP 
AZM SEP 
H t l  ATS 
F LdNO 

7.50 DENSITV -10s  0106  . . L O 4  . lob 0 1 0 1  0 1 0 0  0 1 0 2  
7.50 PISSO M .95F 0955 0.955 .955 .955 0955 ,0955 
7.50 CAC SEP 7.705 7.705 7.701 1.705 7.105 7.705 7.785 
7.50 bZP SEP 1.120 1.120 1.120 1.lZO 1.120 10120  1.120 
7.50 MSTAfS 34.3 30.3 34.3 00 0 3.9 . 0 . 3  0. B 

a 7.50 F LANO 1.000 1.000. 1 o C O O  O o C O O  C o C G O  2.200 9.000 

DESIGN POYERt PbE)=  .1 '0€*03  
AZINUTMAL ANGLE ' ? o B  3C. G C C . 9  98 .I? 120.0 15P. C 1bfl.C 

. M I  N. RllOlAL ZONE NO. 1 . 1  1 1 1 1 1 
MAX. PAOIAL ZONE NO. 12 12 ' 12 10 R ' .  F: c 

FIELO OFSCf?IPTICN - Lawc A Q F ~ ( ~ ~ z ) =  . t S b E + t r  rlaacn a w n  = -.LcZE+oe ' Nc. oF H t r a r c .  q?.r. ayFcatE C F p t l + v  . 
I 
w n n a ~ u t  Az In tTnaL  ~ ) ~ G L E  OF PEL 10s Tat. NOWT u= o E a r l = o o  
rC) 0. 30. 60. 90. 1 i O .  1.50. l q 0 0  



m . 7 5  MISS. 14 -028. .a29 .:ZR 
l b .  .75  P A 0  S E P  ' 1 . t J 4  1 . t34 1 . € 3 4  
0 . 75  b Z k S F P  1.263 1.263 I . ? € ?  

IC .7F  H S T b T S  23.4 2 3 . k  2 7 . 4 .  
. 7 5  F L A N D  1.600 . 1.000 1.000 

C F N S I T V  
r x c s .  H 
Qb0 SEF 
AZP SEP . 
HSTATS 
.F L A N D  

O E N S I T V  
MIZS. H  
RAD S E P .  . 
AZY: SEF 
HSTATS 
F L A N D  

C E N S I  TY 
HI'S. H 
R b 0  S E P  
AZP SEF! 
HSTATS. 
F L4N.D. 

D 3.20 D E N S I T Y  .254 - 2 5 4  .254 - 2 5 4  e254 - 2 5 4  
3.20' ~ I S S .  H .960 .?60 - 9 6 0  . ~ E o :  -96'7 . 9 ~ n  

D -. 
3.20 RAC S E P  . 3.337 3.337 30337  3.337 3.337 3.337 
3.20 AZM S E P  1.058 1.058 1.058 '1.058 1.058 1.058 
3.20 HSTATS 100.2 100.2 100.2 100.2 100.2 100.2 

D 3.20 F L A N 0  1.000 1.000 l . . I ]C3 1.000 1.000 . , l . O O O  

G E N S I T V  
u s s .  H 
RAI! S E P  
A Z P  S E F  
HSTATS . 
F L A N D  

O E N S I T V  
r I S S .  H  
R A O  S E P  
AZM S E P  
HSTATS 
F L A N 0  

OENSITV 
nIss.  H . 
ROO SEP 
A Z M  S E P  
HSTLITS 
F L A N D  , 



. . .. _. . - .. .. 
. 5.66 . n z r  S E F  

5.E6 . H ~ T ' A T %  
5.EE F LANC 

a 
6 2 7  DENSITY 
6.27 r r ss .  H 
6.27 GAD SEP 
6.27 A Z r  SEP 

a 6.27 HSTDTS 
6.27 F LAKC 

1 . f71  
l(I1.l  
1. C O O  

. : 24 

. S C P  
E.bO1 
1.083 

49.9 
1.COB 

6.84 OENSITV 

6 - 8 9  KISS.  H 
e.es QDC SEP 
6.89 AZP SEP 
4 . t9  HSTATS 
6 - 8 9  F LAND 

7.5C CENSITV ' ' 1 4  1 0 4  . I 0 0  .l(lb . i l l &  e l 0 4  
' 7.50 U IsS .  H a950 - 9 6 0  .960 a460 0 .960 - 9 6 0  

7.EO RA0 SEP 7.705 7.705 7.705 7.705 7e7CE 7.705 7.705 
7 - 5 0  AZU SEP 1.115 1.115 1.115 1.11F 1.117 1.1¶!? 1.11E 
7.50 HSTATS . 47.2 k7.2 07.2 0.0 'I .C 0.9 0.0 
1 - 5 0  F LAND 1.000 1.000 1.000 0.000 0.000 0.000 0.000 

.. a 
@ € S I C K  PCWERt RUE)= . iZSE*OJ 
AZIPUTHAL ANGLE 0.0 3G.C €9. C 00 .(l 120.0 150. C 180.0 
UIN. P A C I A L  ZONE NO; 1 1 1 1 1 .I 1 
nnr. P n o r a L  ZONE, NO. " 1 2  1 2  ii! 1 2  1 2  12 i t  

F I E L O  DFSCGIPTICN - LDYC D f ? E I t M Z ) =  .342€*97 YIRROR A E E I  = .603€*0C. NO. O F  H"BT'?= 12285.  AVEPPC-E OFNCITV = . i ? F .  
. .. . 

' PADIUS A Z I M C l H A L  I h G L E  O F  HEL IOSTAT. HOCTH=O. F I S T = 9 0  

. . 0 .  30 60. 90. 121. 150. 180. 

a e75 CENSITV .435 
.75 ~ I S S .  H - 9 2 8  
.75 FAR .SEP 1.C34 
.75 .AZU SEP 1.263 
.75 HCTATS 23.4 

- a  .75 F LAND 1.000 

.OENSITV 
rxss. H 
RAO SEP 
A Z r  SEP 
HSTATS 
F LAND 

-403  
- 9 4 8  

1.952 
1.147 

BE. 7 
1.000 

DENSITY 
nIss. r 
R 4 0  SEP 
AZM SEP 
HST ATS 
F L a H o  



DENSITY 
nrss. H 
RAD SEP 
A7R SEP 
HSTATS 
F LAND 

CENSIT V 
r x sc .  H 
PAC SEP 
AZN SEP 
H s T a T s  
F LAND 

CENSITY 
rrzs. H 
RAD S E F  
AZM SEP 
HcTAT S  
F LAND 

OEHSIT V 
MISS. H  
PAD SEP 
A Z r  SEP 
HSTATS 
F LAND 

CEFlSIT Y  
RISS. H  
RAO SEP 
A Z H  r E P  
HST ATS 
F LAND 

CENSITY 
F ISS.  H  
RAE SEP 
b2M EEP 
HSTAT S  
F LAND 

6.27 CENSTTV 1 ' 2 9  - 1 2 9  - 1 2 9  9 1 2 '  - 1 2 9  - 1 2 9  - 1 2 9  
6.27 VI5E. H  - 9 6 0  - 9 6 0  .?60 .96 0 -960  .9EO - 9 5 0  
6.27 PAD SEP Ee.401 f.bO1 6.401 E.tO1 .F.401 F.401 € 0 4 0 1  
6.27 42V SEP 1.383 1.083 1.083 l.GB3 l . ?e3  .1.083 1 . 0 8 3  
6.27 HSTATS 99.9 99.9 99.9 99.9 49.9 99.9 99.9 
6.27 F LANC 1.000 1.000 1 . J G i l  1.100 1.000 1.000 '1'.000 

6 .80  CENEITV 1 mi16  e 1 1 E  . I 1 6  -116  e l 1 5  
6.89 MISS. H - 9 6 3  - 9 6 0  ,963 .?I?!! . = F O  - 9 6 9  
6.89 RbC SEP 7.1150 7 .C5G .7.?5;3 7.C.5C i . 4 C P . .  7.050 
6.89 AZW SEP 1.098 1.098 1.099 1.@9R 1 . C C R  1.098 
6.89 H5TATS 98.3 98.3 98.3 4t.2 "3.3 9 9 . 3  
6.89 F L A N O  1.000 1.000 1 . O S O  1.110 l . l C 1  1.009 

- - . .  7 c q  ,..-- 2 Su . n, • n r .  n~ . nr. 4 01. r nr. n r .-. 
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. 7.50 PISS. H .?GO . ? 6 0 '  . ? t o  . ? t o  .CEO . = ~ r )  .a40 
7.50 RAE SEP 7 7 . 7 3 5  7.795 7.705 7.-05 7.7.05 7.701 
7 . 5 2  A7H SEP 1.115 1.1iS i . ? l S  1 1  l.iic l.11E 1.11! 
7.5C PSTATS 47.2 4.7.2 47.2 47.2 4 47.2 35.5 
7.50 F LAN0 1.000 1.000 1 . C O O  1.000 1 .CC ' I  1.000 . 7 5 1  

DESIGN POWER( CUE)= i E J E + f  7 
AZ IPUTHAL AkGLE 0.0 30.0 60.0 50.0 120e0 150. C 180.0 
!IN. P 4 C I A L  ZONE NO. 1 1 1 1 1 1 1 
MAX. CbCIAL 2CLE NO. . 1 2  1 2  : 2 i 2 11 A 7 

F1FI.C CFSCEIFTICN - LANC APEA(!42)= .3TIE*G7 CIPROR dCEA = . 7 i l E * O €  NO. OF HSTATf= 1+471.  A I ~ E ~ ~ ~ F  9Fw'TTy = .1pq  

RADIUS AZIMCTHAL ANGLE OF HEL I O S T h T l  NCfTHzO r E b Z t = 9 0  

a il . 30. 60. 90. 1 i 150. 180. 

a - 7 5  CENSITV 
.7S CISS. H 
.75 Rho SEP 

a - 7 5  AZM SEP 
.75 HSTATS 
- 7 5  F LAND 

a 
1.36 CENSITV 
1.36 MISS.. H 
1.36 PA0 SEP 
1.36 A Z K S E P  
1.36 HSTATS - 
1.36 F LAND. 

1.98 DENSITV - 3 5 3  .353 - 3 5 3  .353 
1.98 MISS. H . 9 ~ a  .?60 .CEO . . O C O '  
1.98 RAOSEP 2.329 2.329 2.329 2.329 

,1 .98  AZM SEP 1.090 1.090 1.090 l e e 9 0  
1.98 HSTATS , 1 1 2 . 3  112.3 112.1 112.3 

a 1.98 F LAN0 1.000 1 . O O O  1 . c O O  , 1 .oOO 

2.59 OENSITV 
2.59 nrss. H 
2.59 RAO SEP 
2.59 AZM SEP 
2.59 HSTATS 
2.59 F LAN0 

3.20 CENSITV 
3.20 nrss. H 
3.20 RAD SEP 
3.20 A2P SEP 
3.20 H5TATS 
3.20 F LANE 

I 
P 
w 3.82 OENSITV .21R .21q . 2 l R  .218 1 .Zlq) .ZC1A 

3.82 KISS. H 9 .96L . a € &  . tE4  .4€4  .?6b .9hb 
3.82 RAO SEP 3.510 ? .? I3  3.910 3.413 7 - 9 1 ?  3.910 3.910 
3.82 AZM SEP 1.051 1.051 1.051 l e C F 1  l.OF1 1.051 1.051 

,-.-.. 7 0 7  ..-- -1 -c  -.,. ,? .),. I 4 7 , .  c 4,,. c .sf .  c 
"- .-- 
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4 7 3.e2 F LAN? 1 . G O O  i.COO l.7d0 1 . 7 0 7  1 - C E ' :  1.rjilO 1.0-C: 

P 

C F H S I  T '  
r r C s .  M 
R b C  SEF? 
A7M SEF: 
t'ST d T  S  
F LAND 

DENSI T V  
R I C S .  I- 
GAC SEF 
A2f l  S E F  
HST ATS 
F LPHO 

C E H S I T V  
KISS.  CB 
F A 0  S E P  
AZt! SEP'  
HST ATS 
F LAND 

O E N E I T V  
nrss. H 
(160 S E P  
AZM S E P  
HSTATS 
F LAND 

C E N S I T  V 
K I S S .  H 
RA0 S E P  
AZN S E P  
HSTATS 
F LAND . 

C E N S I T V  
nrss. H 
p b a  SEP 
AZM SEP 
HSTATS 
F LAND 
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CAPITAL C C S T  OF :HEDEAL E K F O C V  N E A K  THE FnsE OF r q E  T O W E R  
COSTS YCCLUCE F I E L C .  R E C f T V E s r  TOWFR P I P T N G  AND PUWPS , . 

DFS.ELEC.PCWER THERbAL POWEQ ' C I P e C C S T  . , 

( n n ~ )  ( N W T F )  I $ / K W ? H )  
7C . O C  19C.98 189.229 . .  

1.00.00 , 254.64 188.515 

a 125. C O  318.31 L92.lER 
150.00 381 - 9 7  188.882 

i 



Sample Problem 2 - Opt imiza t ion  o f  a  Mu1 t i -Aper tu re  Cav i ty  and Storage 
Subsystem Size 

Problem Statement 

Both the  rece ive r  and storage s i z e  a re  t o  be opt imized f o r  a  125 MWe 
molten s a l t  system w i t h  a  s o l a r  mu1 t i p l e  o f  1.5. The rece ive r  i s  a  c a v i t y  
design conf igured so t h a t  t he  n o r t h  aper ture  i s  the  l a rges t ,  t h e  south t h e  
smal lest ,  and the  east  and west o f  in te rmedia te  size. The de t h  o f  each 4 c a v i t y  va r ies  i n  a  s i m i l a r  fashion. A f l u x  l i m i t  o f  0.6 MW/m i s  spec i f ied .  
A f l u x  map o f  t he  optfmum nor th  c a v i t y  sur face i s  requ i red  f o r  subsequent 
d e t a i l e d  design studies. The opt imized f i e l d  l ayou t  should be p r i n t e d  and 
o p t i  m i  za ti on data saved. 

A reminder: As discussed i n  sec t ion  V.A-3(c), optimum c a v i t y  r e c e i v e r  
design should be c a r r i e d  o u t  i n  two steps. F i r s t ,  t h e  optimum depth o f  each 
c a v i t y  should be ca lcu la ted,  and i n  a  second run, t h e  optimum aper ture  size. 
These sequential  runs are  discussed i n  t u r n  below. 

A. Optimize Cav i ty  Depth 

I n ~ u t  Cards 

SAMPLE PR0BLEM 2h 
$BASIC ITAPE=2$ 
$REC IREC=2, RRECL=0.98, W=20., IAUT@P=2, NUMCAV=4, 

RWCAV=1.0,0.75,0.5,0.75$ 
$OPT NUMTHT=4, THTST=160., THTEND=220., NUMREC=5, WST=14., WEND=22., 

I(dPTUM=2, NUMHTW=7, HTWST=30., HTWEND=45.0, RYTRX=l.O, R X ~ T R X = O . ~ ;  
RX3TRX=0.6, RX4TRX=0.8, NUMBPT=l, POPTMN=125.E+06, P@PTMX=125.E+06, 
IPLFL=l$ 

$NLFLUX IFLX=l, NXFLX=5, FAZMIN=135., FAZMAX=225., NYFLX=4, FZMIN=O., 
FZMAX=13.3, NFLXMX=4, NMXFLX=3,8,13,18, FLXLIM=4*0.6E+06$ . . 

$NLEFF REFRC=0.937, AREF=881.$ 
$NLCgST CREC1=4.735E+06, ARECRF=1749.$ 
$NLECQN$ 
$REC W=-1. $ 

Analvs is  o f  I n ~ u t  

Since t h e  problem statement i s  somewhat general , some choices must be 
made by t h e  user. To begin w i th ,  no i n i t i a l  performance c a l c u l a t i o n  i s  
requ i red  s ince t h e  data f i l e  c reated i n  Sample Problem 1 i s  s u i t a b l e  f o r  t h i s  
problem. For  t h i s  op t i on  t h e  user s p e c i f i e s  ITAPE=2 i n  $BASIC$ ( i n  a d d i t i o n  
t o  a t tach ing  the  permanent f i l e  c reated i n  Problem 1 w i t h  t h e  c o n t r o l  s ta te -  
m e n t ( . ~ )  appropr ia te  t o  h i  s  system). No o ther  cards i n  t h e  performance -group 
a r e  read. The $REC$ card  i,s t h e  f i r s t  o f  t h e  o p t i m i z a t i o n  group and de f ines  a  
cav i  tyr w i  t h  4  rectangul  a r  apertures ( IREC=2, NUMCAV=4) and automatic 2-d 
aiming ( IAUTQP=2). RRECL def ines  t h e  rece ive r  r e f 1  e c t i v i  t y  appropr ia te  f o r  
t h i s  c a v i t y  ( r e f .  34). Re1 a t i v e  c a v i t y  depths are s p e c i f i e d  by RWCAV. (Note 
t h a t  t h e  choice o f  RWCAV has been l e f t  up t o  t h e  user. Values i n d i c a t e d  here 
are  reasonable ones, b u t  cou ld  be v a r i e d  according t o  t h e  u s e r ' s  previous 
experience, added in fo rmat ion  about h i s  problem and/or h i s  c u r i o s i t y  concerning 
t h e  s e n s i t i v i t y  o f  t he  design t o  such f a c t o r s ) .  The va lue o f  W i s  chosen as a  



convenient basis f o r  s e t t i n g  up the f l u x  map i n  $NLFLUX$ t o  t e s t  f o r  f l u x  
l i m i t s  on the back wa l l  o f  the cav i ty .  The se lec t ion  o f  the de fau l t  values 
f o r  RAZM sets the nor th  fac ing  c a v i t y  as the f i r s t  one. 

For opt imiz ing c a v i t y  depth, the IQPTUM-2 op t ion  i s  speci f ied.  NUMREC, 
WST, and WEND then r e f e r  t o  the wid th  o f  the f i r s t  (no r th )  aperture. NUMHTW, 
HTWST, and HTWEND def ine the w id th  o f  the rece iver  and there fore  the depth o f  
the cav i t i es .  The aperture dimensions are var ied by the r a t i o s  RYTRX, RX2TRX, 
RX3TRX, and RX4TRX. Other i npu t  var iab les  i n  $OPT$ are analogous t o  those 
i n  Sample Problem 1. 

Test ing f o r  f l u x  l i m i t s  on a  c a v i t y  wa l l  requ i res  some care w i t h  the 
i npu t  data. The maximum angle a c t i v e  f o r  the nor th  c a v i t y  sets the wid th  o f  
the f l u x  surface (FAZMIN,FAZMAX), and an est imate o f  the he igh t  o f  the c a v i t y  
wa l l  above the plane o f  the aperture center (FZMAX) i s  made based on RADMIN. 
A 20 p o i n t  g r i d  i s  se t  up w i t h  the 4  po in ts  (NFLXMX) along the center1 i n e  
checked (NMXFLX=3,8,13,18) f o r  a  f l u x  l i m i t  o f  0.6 M W I ~ ~ .  As mentioned the 

' * f l u x  map i s  referenced t o  the values o f  THT, W, RY and RELV i n  $REC$ f o r  
"cal ing and i s  subsequently va r ied  i n  the opt imizat ion search as THT, W, and 

RY vary. 

Parameters f o r  the reference rece iver  e f f i c i e n c y  (REFRC and AREF i n  
$NLEFF$) and cos t  (CREC1 and ARECRF i n  $NLCQST$) a re  provided since the 
de fau l t  values r e f e r  t o  an external  rece iver  design ( r e f .  34). 

Comments on Output 

$BASIC$ i s  p r i n t e d  fo l lowed by the code generated l i s t  $FMTP$ from 
TAPE20 (pp. 8-48 t o  8-52). The h e l i o s t a t  design i s  summarized (p. 8-53] 
as i n  the previous example, b u t  no i n i t i a l  performance data i s  given. The 
op t im iza t ion  name1 i s t s  a re  p r i n t e d  ( no t  inc luded here, simi 1ar t o  previous 

, example), a  summary o f  the op t im iza t ion  parameters given (p. 8-54], and 
the' l i m i t e d  summary o f  the search p r i n t ed  ( a l so  no t  inc luded here). 

The design summary tab les  are s im i l a r  t o  those o f  the previous example 
b u t  modi f ied now f o r  the appropr iate output  cav i t y  dimensions, and inc lud ing  
a  summary o f  the c a v i t y  design(pp. 8-55 t o  8-64). As mentioned i n  Section 
V.A-3(C), the user may want t o  re run  the problem f o r  a  l a rge r  RADMIN t o  t e s t  
the e f f e c t  on c a v i t y  depth and height. The 4  f l u x  po in ts  tes ted i nd i ca te  a  
ra the r  sharp r i s e  i n  the f l u x  a t  the t h i r d  p o i n t  tes ted ( p o i n t  13 on the g r i d  
o f  f l u x  points,  roughly 113 o f  the way up the cav i t y ) .  Again the user may 
want t o  re run  the problem w i t h  a  f i n e r  g r i d  i n  t h i s  reg ion  i n  order t o  loca te  
more accurately the peak f l ux  po in t .  The appropr iate output  from 2A w i l l  now 
be used as i n p u t  f o r  28. 



UE C 

OHOPT 

I P 9 I N T  

I T  APE 

TDESP . 

PLAT 

ALT 

INSOL 

SOLCON 

IWEATH 

HEATH 

O U E d f  H 

H20 

OH20 

PQEZ 

NSUN 



. .L.  ..". 
P E F T I P  

RF FSCL 

AS 1 AQT 

I a T r  

AT M i  

AT VZ  

AT M 3  

AT F(4 

'FE NO 



THT = . 1 7 5 E * O S l  

HE! = . 4 2 2 b E 7 1 4 2 8 5 7 1 4 E - C i r  

NCANTX = 2 ,  

NCANTY = 6 ,  

RCUNO = . l E + O l * .  

N A Z M  = 1 2 9  

R V I R L  = .89E+OO* 

XFOCCS = . l E + O l .  ' 



SIGTY = C . G .  

HEAO = - .16F3216€457741€+.67r .2304357¶52Oct7'3E-tbr -.7173R305C4727EE*58. -.71731ZQFS1727€E+ERI 

IFCCUS = i r  . 

VFOCAL = .71SEtO1. . 7 1 5 6 + 0 i r  . 715E+C l r  .71SEtOi r  m715E tO l r  . 71FE+q i r  .71FF+'l l i  .7:FE+Olr . 115E tO i r  . 7 l ? E + t l .  . 7 1 " E + ? i ,  
. 7 1 5 F + O l ~  .715E+Di.  

HRCEL . tE+O io  

NVEAP = 5 ,  

.' HCANT n 6 . d .  

OCANT = . 81E t82 r  

RAOHIN = .7SEtBOr 

I. RACMAX = . 7 5 ~ t ~ l i  

WEATH = .8299999.9999,999EtOOr 

OWEATH = .83EtOO* .83Et00. e83EtOOr .83EtOOr e 8 3 E t 0 0 r  .BTEtOO. .RSEtOO* , .R3€*00. .A3S+Ct. 

IWEATH = 0, 
i' 

ILAY  = O r  

I A i M  = 0. '. ATMi =.8789E+aO. 

; HCiNT = 0.0. 

OCANT = .81€+02. 

7 1 S E t O l r  .71EE+Ol r  

9 
INCC = 0 1  

IROTFC = 0. .' m 
I 

5 INSOL n o . ,  . . 
<." . 

NEUN =I. 
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NYEAR 

HRDEL 

INOETH 

A M A X N  

R A  0 

AZFf 

a ZMSEP 
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..s. 
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HFL TOSTAT 

~ E C T A N G ~ ~ A R  H E L I o S r A T  - WI~TH = 7 . 4 ~ .  r;, H E I G H T . =  'T.:UOW 
OVEQALL ApEA/C(STav= 5.b.760 I!?; REFIECT TVE AQFI /HSTPT= L9.12E R A T I O  ( P E c L E C T I V C I T n f  41  .C97 

i 
THE SHADOWING DNO RLOCYING ARE a s s u n E c  NQT T o  OVESLAP 

i 
THE HELIOSTAT PERFOQMANCE EaRORS HAVE NCRMAL OISTPIOUTIONS WITH ST ANOAR0 DEVIAT IONS OF 

NAME VARIAeLE  EFFECTED STO. GEV (RAO) 
S IGAZ  - . A Z I H C T H  ANGLE .00075 
S I G E L  - ELEVITTCN BFGLE 000  C.75 
SIGSX - HSTAT SUSFPCE. HORIL.  .00100 
S IGSV - HSTAT SUOFACE* VEPT. .00100 
f IGTX  - REFLECTED QBY. HOFIZ.  0.00400 
S IGTV  - REFLECTEOIRIV* V E f  Tm O.QC000 

THE 1 2  VIRRO? P419L.S AGE CdNTEO ON-AXIS WITH THE FCLLCWIh'G FOCAL LENGTHS - RAOIAL  ZONE 
1 
2 
3 
4 
5 

. . 6 
7 
8 
9 .  

.10 
11 
12 

NO.. 0-F PANELS I N  ~091.2. O IRFCT ICN=  2 VERY. CIUEC~ION = 6 

. .a' I i IRROP PANELS F'OCUSED I N ,  TWO' OIPIENSIONS 

. . FOCAL LENGTHS OEFTNEO BV USER 

. . * O C L S O ~  DEFAULT L I K B  OIIRYENEO k N S " P P E  



OELSOL H I L L  0 0  A SMART SEARCH OVER THE C P T I R I Z P T T O H  V A P I L ? L F S  - NO? EVFQY C A T  WILL ? E  CALCCLATEC 

NO O P T I K I Z A T I O N  CF H E L I C S T A T  O E N S I T I E S  

THERE ARE 4 VALUES OF THE TCUER HEfGHT 
n I N r n u n  VALUE = i 6 0 . 0 0 0  
n A x r n u n  VALUE = 220.000 

CAVITY PECE I V E F  KITH RECTANGULAO APERTIRES 

THERE AFE 5 VALUES OF THE ~ O Q I Z O N T A L  O I ? r f N S I O N r .  Q X I l )  
M I N I H C K  VALUE, = 14oOOC 
n A X r n U n  VALUE' = 22 .000  

THERE APE 7 VALGES OF THE RECEIVER DIAMETEQ 
THE C A V I T Y  OF TME 1 APERTUQE HAS b OEPfH T H I T  I S  1.000 T I N S  TRE c E C T E I E 9  CIAUETEG 
THE CAVITY OF THE 2 ~ P E R T C R E  HAS B. OEPTH t r n T  IS - 7 5 0  TIMES TIE RECIEOEV O T ~ M E T E R  
THE CAVITY OF THE 3 ~ P E R T U R E  HAS 4 DEPTH T P ~ T  IS . s o 0  TTMES THE RECIEWEQ D T a n E T E Q  
THE C A V I T Y  OF THE 4 APERTURE HAS I DEPTH THAT I S  .756 T I H E S  T B E  R E C f E V E A  O14MEfEQ 

n r N I n u n  VALUE = 3 0 . 8 0 ~  
n n x I w n  VALUE = ~ 5 . 0 0 0  

THERE APE 1 VALCFS CF THE DESIGN P C I N T  POUEK LEVFL I N  nEGA.dATTf E L E C T Q I C  
MINIMUM VALUE 125.000 

CONSTQAINTS CN O E S I C N ( 1 F  ANY) 

THE FLUX PT' THE 1 W I N 1  Oh' THE CECEIVER RUST RE L F S S  THAN .600E+O€ U/T? 

THE FLUY A T  THE 2 P C I h l  OK THE FECETVER. PU5T 9 E  L E S S  THAN . ~ O F E + $ E  U/K2 

, . 

THE FLUX A T  THE 4 POIKI CK T H E  ~ E C E I V E R  MUST s~ L E S S  THAN . .EOOF+O: WIPE 
THE O R I G I N  OF THE FLUX SURFACE I S  FROPO?T[ONAL TO THE PECEIVEQ O1ARETEP 
THE CREGIN CCCRCILATES EXPRESSEO ffCACTYOh'5 CF TVE R€C.  D I  l \Mf  TFF bVF, F ~ S T =  . 0 . ~ 0  NOPTH- . ? ? a  IJP= ",,')?C 
THE F L ~ X  SUPFACF I S  THE I N S I O E  OF 1 C I L J L D E C  KP.05' tT4HETER I S  1,OCd T I P F S  TME CECcIVER C l b P F T E @  
THE F L C ~  P O I N T S  HAVE h CONSTANT AZIMUTH dNO A F F I 3 V T  THAT 5CAL8ES WITH PEC. KT. CcXT, oEC.1 0 9  PFC. C?a??. (CaV. CEC. )  



S A P P L F  PpCPLEM 2 1  
. D E S I G N  PCHEP OOFGE = l i F . 5 0  TO 125.3C "HE 

SCLbR. f 'LLT IPLE 1..5r FLUX l I t ' I T t S ) +  .600E*f!6 . 6 0 1 € * 0 6  .EOOE*O: .FOOF1*OE U /P2  

D E S I G N  P C I N T t  O K V =  8 1 . 0  [l MCUBS P A S T  SOLAC K C O N =  0.009 I N S C L L T I O N  = .qsOO KW/Y2 
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CAVITV C C K F I G U R I T I O F  

CJFSIGN C I V I T Y  PEAT A5SC"QIrJG SU!?FJCF CA\fTfV AP!C.LEc 
POWER CAUITV 4AZK RELV PX c v  r?EPTF! 1 CP PCTTOV P E I 6 H T  Y T F  r &  x T Cl AL 
( H U E )  ( C E G  ( C E C )  ct . r  ( K )  ( M I  ( r )  (P.) ( ) r )  ( r ~ f )  t r ~ t )  ( SFG) 
1 1 5 . 0 0  I 1 8 C . i G  9 0 . 9 0  C 1E.CO 17.5; 3 7  - 5 . 7 3  - & l . . ? l  19 .55  l E t . 5 5  1 4 1 . 1 1  

2 2 7 0 . C t  90.CO 1 2 . 8 0  l ? . R C  1 2 . 1 3  2E.85 - b e 1 2  JC.96 14.L8  1 F l . F Z  1 4 3 . 0 4  
x 360.OG 9 0 . 0 0  9 .60  F.60 8 . v  1 8 . 3 2  -2.06 2 ~ 3 9  l C . ? 7  1 6 3 . 5 3  1 b 7 . ? 7  
L 4 5 0 . 0 t  9 0 . 0 0  1 2 - 8 0  12.8C 1Z.1.3 2 6 . 8 5  1 2  XC.96 19.L?.  : 6 ! . 5 ?  ,143.04 

' . TOP* &OTTCM OF HEAT ASECRPING SUliF,aCE A E L l T I V E  T C  TCP CF TOUER ( C E N I E P  OF ACFF!TDQE). 
E I N ,  FAX C A t I T Y  ANGLES UE4SUREC COUNTEPCLCCK).ISE CRCI PLfiNE OF 4 P F P l U Q E  IOcIC.Ph' I l t  CEN'rFo CF APFcTlJoEl.  

0' 



ANNUAL PERCCQHANCE SREAKCCWR ' ' C O N S ~ A N T  - P I R G C t ?  ? C F L E C T I Y T T V =  .a')( P F C E I V F ?  A R S ( I D P T I Y I T V =  .410 

0 
DES.PObiEE C O S I N E  SHAC+BLOCK 4TH.TRAXSMIT .  INTFQCFPT RfC.OAD-CCN P I P I N G  7CTAL THEobl lL -  T C T h L  

~ H H E I  THFOWAL E L F C T a  I E  
125.'?C - 7 8 7  - 0 6 6  m925 - 9 b 9  e 9 C 2  . 9 9 3  - 5 5 1  ,595 .'20 

.I? , >. L 



FLUX CN EECEIVER AT PCNTZ T;E:TErJ F O R  CI IZ 'TC(JF!  FLIlY 

D E C O P O ~ : E R ~ ~ W E )  "LUX P T .  Ml)r .FLL'XfW/t?Z) F L W  .PT. M l l X . F L C I ( H / M ? )  FLUX P I .  r 4 x . F L I I X  f Y l P 7 )  FLOY PT.  P6Y.FLlJX(W/P2) 
1 2 5 . 0 0  1 . 7 3 ~ € * 0 4  2 . 4 9 3 € @ 0 5  3 . ' 5€€*96  Ir . l C C E * ( I F  



. ' 0ES.POhFP , O I P E C T  CAP.COST . PERCEhT- 
(WWF.) . ( M P I C U R 4 E N T E S T . )  LBK0 V I R F  HEL T O Y  OF C PIPE PUMP STsCo f WTXCPG F ? x E r  





C O ~ ' ~ I N G F R C ~  SFPQF. PAPT.5 I K C I R E C T  C A P . E S C P L P T l C N  I K F L A T I C N  NR.voS INf.CUPT1CG F I X E C  CUT- C C V . P r L . C - t ( P C T  CFV.DnL.C-M(Pr :T  
( P C 1  CAP.COSTS) i PCT / Y P )  ( P C T / V R )  TO CONS. C O N S ( P C T l  P L T E ( P C T / V W I  FCL.CAP.CCST) OT'dED C6p.c~-1) 

l ? . : l f l  1. C O  IE.?O A .  C ?  9 . C C  C. 1F.nC 15.W Z . F b  3 . E b  

ClES.POWER TGT.CAF.COST E S T .  t WRI T @ T . I N V E S T X F N T ( M h )  T O T .  I ~ ! u F S ~ K E K T ( H R )  S / K W F  O 9 E C (  R I L L S I K W U P )  ? ? ' C ( U T L  L S / K H u c )  
(P.rWE) I N O I S  vETC.  r INCLUOEO R V  1ST  VF C P E F P T I C N  CCFPFNT 3 CUQ9EkT 5 1 S T  V 9  OFEcPT?CN !-.LFDF?T ? 



F IELC  LAVOUT 

' DESIGN PCWER(PUE)= .125E+n3 
A Z  IMUTHAL ANGLE 0.0 30.0 60.0 90 .o i?o .o  150.0 l a  O. o 
MIN. RADIAL ZONE NO. 1 1 1 1 1 I 1 
MAX. RAOIAL ZONE NO. 1 2  11 9 9 7 5 I; 

F I E L C  CESCRIPTICN - LAN( AREA(M2)= . 3 9 l E # O 7  HIQECR AQEA = .A49F t06  NO. O F  HZTATS= 17253. AVcFnGF CENclTV = - 2 1 1  

' RdOIUS ' A Z t M t l H I L  ANGLE OF HELICSTqT 1 HOQTH=Q r EAZT=90 
0. 30. €0. 40. 1 : @ a  150. 180. 

OENSIT v 
VISS. H 
RAO SEP 
AZM SEP 
HSTATS 
F LAND 

CENSITV 
MISS. H 
RAO SEP 
AZW SEP 
HSTATS 
F LAND 

1.98 DENSITY .355 .355 .355, .355 5 .355 .355 
1.98 PISS. H - 9 6 7  .967 .967 . 367 '  .567 .967 .967 
1.98 RAO SEP 2.329 2.329 2.329 2.329 2.329 2.329 2.329 
1.98 A2H SEP 1.084 1.084 1.084 1.084 1.084 1.084 1.084 
1.98 HSTATS 177.7 177.7 177.7 17 i .7  177.7 177.1 177.7 
1.48 F CLINO 1.001 1.000 1.000 1 .COO 1.060 !.COO 1.000 

2.59 OENSITV - 3 0 2  - 3 0 2  a302 .302 - 3 0 2  - 3 0 2  ,302 
2.59 PISS. H .96? .a69 - 9 6 9  .F69 -9E9 a969  - 9 6 4  
2.59 PAC SEP 2 . 8 ~ 3  2.807 2.13~3 2.e07 2 . 8 ~ 3  2.807 2.803 
2.59 AZH SEP 1.060 1.060 1.060 1.060 1.OEO 1.060 1.060 
2 - 5 9  H S T A T S  198.4 198.4 199.4 19p.o I F R . ~  19e.4 198 . t  
2.59 F L A N O  1.000 1.000 1.000 1.000 1 . ~ ~ 0  1 . n ~  i . a l o  

3.20 CENSITV .256 .256 e256 .556 - 2 5 6  . .256 .256 
3.20 MISS. H .970 - 9 7 0  - 9 7 0  .970 - 9 7 0  .97O ,970 
3.20 PA0 SEP 3.337 3.337 3.337 .1.?37 3.737 3.337 3.337 8 
Z.20 AZM SEF 1.049 1 0  1.249 1.C49 1.049 1.OL9 1.049 

F' 3.20 H S T A T S  208.5 2 4 e . 5  25e.5 2ce.5 z ~ e . 5  zoe.5 209.5 .? 

3.20 F LAN@ 1.000 1.000 1.000 1.000 1.100 1.000 1.000 

I . .  
3.82 CEKSITY - 2 1 9  .219 .219 . i i 9  - 2 1 s  .?19 - 2 1 9  
3.82 ~ S S .  H - 9 7 1  - 4 7 1  a971  .$71 . ? T I  . a71  - 9 7 1  

. -  7.82 PAC SEP 3.910 3.910 3.910 3.910 ?.910 3.910 3.910 ,-, 

3.82 4 2 r  S E P  1.04E 1.046 1.n46 1.OGE 1.04F 1.946 1.04E 
L ,,,. 7 0 9  .-.- YUIPIE -I* -I a 7 4  9 n 7 .  - n - 4  7 n 9 4 - 1  e c n r -- - .- - ---.=..---. 



C FNS I T  Y 
r I s s .  H 
PAC SEP 
A Z P  SEP 
HST ATS 
F L A N D  

C E h S I T Y  
MISS.  H  
P A 0  S E P  
AZK S E F  
HCTATF 
F LANP 

C E N S I T Y  
H ISS.  H 
RAO S E P  
b Z P  S E F  
V s T a T r  
F L A N 0  

D E N S I T Y  
MISS.  H 
R I C  S E F  
AZF S E P  
H S T A T S  
F L A N 0  

DENS1 TV 
nrss. H 
PAD CEP 
AZR S E P  
H S T I T S  
F L A N D  

C E N S I T  Y  
K I S S .  H 
RAC CEP 
azn ' SEP 
.HST a 1  S  
F L A N D  



C A P I T A L  COST OF TtiEPt!AL ENEQG'f c E 4 5  THE 
COSTS I t iCLUOE FIFLO.  Q E C E I V E Q  r 

THESHAL POUEQ CAP.CCST 
c n w ~ ~ ,  ( R I K C T H )  
47 7 46 2 1 5 . e 8 1  



B. Opt imize -- -. - Aper ture S ize  

I n p u t  Cards 

SAMPLE PRgBLEM 28 
$BASIC ITAPE=2$ 
JREC IREC=2, RRECL=0.98, THT=200., W=35., IAUTQP=2, NUMCAV=4, 

RX=16.,12,8,9.6,12.8, RY=16.,12.8,9.6,12.8, RWCAV=1.,0.75,0.5, 0.75$ 
$@PT NUMTHT=4, THTST=160., THTEND=220., tdUMREC=5, WST=14., WEND=22., 

?lUMHTW=4, IiTWST=0.75, HT\dEND=1.5, 
NUMflPT=l, P0PTMN=125.E+06, P@PTMX=125.E+06, IPLFL=l, I@TAPE=l, 
IRERUM=l , ISTR=l , NSTR=11$ 

$NLFLlIX IFLX=l,  FIXFLX=5, FAZMIN=135., FAXMAX=225., MYFLX=5, FZMIN=-5., 
FZMAX=20., NFLXMX=4, NMXFLX=8,13,18,23, FLXLIfd=4*0.6E+06$ 

$NLEFF REFRC=0.937, AREF=881.$ 
$NLCflST CREC1=4.735E+06, ARECRF=1749.$ 
%NLECQIN$ 
PERFflRMANCE RERUN 
GRASIC ITAPE=3, TDESP=125.$ 
SF1 ELD$ 
$HSTAT$ 
$REC$ 
$NLFLUX IFLX=l, IFXgUT(3,1)=1$ 
$NLEFF$ 
$REC W=-1. $ 

Ana lys is  o f  I n p u t  

As i n  Problem 2A, t h e  performance data tape c rea ted  i n  Problem 1 w i l l  
su f f i ce  f o r  i n i t i a l  performance i n p u t  (ITAPE=2 i n  $BASIC$). Fo r  o p t i m i z i n g  
ape r tu re  s ize ,  t h e  optimum c a v i t y  depth f o r  t he  f i r s t  aper tu re  from Problem 
2A becomes t h e  i n p u t  va lue f o r  W i n  $REC$ i n  Problem 2R. The tower h e i g h t  and 
aper tu re  dimensions from t h e  op t im ized design o f  Problem 2A are used so t h a t  
t he  f l u x  map can be referenced t o  t h e  c a l c u l a t e d  values f o r  t h e  heat  absorbing 
sur face  g iven i n  t h e  c a v i t y  c o n f i g u r a t i o n  summary. I n  $0PT$ t h e  tower 
h e i g h t  and aper tu re  w id th  'ranges are  k e p t  t h e  same as 2A a l though a narrower 
range around t h e  optimum values o f  2A would probably s u f f i c e  i n  t h i s  problem. 
The aper tu re  s i z e  v a r i a t i o n  i s  s p e c i f i e d  by s e l e c t i n g  NUMHTW values. o f  t h e  
f i r s t  ape r tu re  h e i g h t  t o  w id th  r a t i o  (i.e., RYTRX i s  now v a r i e d  by t h e  code) 
f rom HTWST t o  HTWEND, and by us ing  t h e  d e f a u l t  va lue f o r  IflPTUM. The o t h e r  
t h r e e  aper tu res  w i l l  be s i zed  by t h e  same r a t i o  and by the  r e l a t i v e  s i z e  w i t h  
respec t  t o  t h e  f i r s t  aper tu re  g iven  by RXZTRX, RX3TRX, and RX4TRX, o r  de f ined  
by the  RX's and RY's i n  $REC$, as done i n  t h i s  example. These are  k e p t  t h e  
same as i n  2A. To save t h e  o p t i m i z a t i o n  r e s u l t s  on tape, t h e  10TAPE=l 
o p t i o n  i s  s e t  (and t h e  app rop r i a te  c a t a l o g  i n s t r u c t i o n s  are  i nc luded  i n  t h e  
c o n t r o l  cards) .  For  s torage op t im iza t i on ,  a  d e t a i l e d  performance c a l c u l a t i o n  
i s  requ i red  (IRERUN=l), and t h e  storage op t im iza t i on  i s  s p e c i f i e d  w i t h  ISTR=l 
and NSTR=11 (i.e., t h e  maximum storage s i z e  w i l l  be decreased i n  increments o f  
0.1). The f l u x  map i s  rede f i ned  i n  $NLFLUX$ t o  span most o f  t h e  h e i g h t  o f  t h e  
hack w a l l  determined i n  2A; t h e  bottom 4 p o i n t s  a long t h e  c e n t e r l i n e  a re  
tested.  Other i n p u t s  f o r  t h e  o p t i m i z a t i o n  group are t h e  same as i n  2A. 

Fo r  a d e t a i l e d  performance c a l c u l a t i o n  o f  t h e  opt imized system, t he  i n p u t  
s e t  o f  Table A.A-2 i s  inc luded.  ITAPE=3 s p e c i f i e s  t h a t  a  user  de f i ned  system 



i s  t o  be read fro111 TAPE30, and TDESP i n d i c a t e s  t h e  power l e v e l  i n  MW o f  t h e  
system t o  be analyzed. Since a f l u x  map i s  desired, t he  f l u x  c a l c u l a t i o n  must 
be turned on ( IFLX=l )  and the  t ime a t  which the c a l c u l a t i o n  i s  t o  be c a r r i e d  
o u t  s e t  (IFXQUT(3,1)=1 => f l u x  map a t  t he  design p o i n t ) .  . 

Comments on Output - 
Only the summary design tab les  and' performance r e r u n  output  a r e  shown 

here s ince the i n i t i a l  ou tput  i s  q u i t e  s i m i l a r  t o  Problems 1 and 2A. Note 
t h a t  the  code chose the same system design as i n  Problem 2A. As mentioned i n  
2A, thc user will probably want t o  re run  t h i s  problem w i t h  a f i n e r  g r i d  o f  
f l u x  t e s t  p o i n t s  i n  the v i c i n i t y  o f  the peak i nd i ca ted  here: 

The d e t a i l e d  performance ou tpu t  f o r  the opt imized system f o l l o w s  the  
op t im iza t i on  summary tables.  The rede f ined  va r iab les  w r i t t e n  on TAPE30 are 
p r i n t e d  i n  the $FMTP l i s t  drld the  I n p u t  namel is ts  f o r  a performance r u n  a r e  
1 i s t e d  ( n o t  shown here). Tables summarizing the he1 i o s t a t  (p. B-771,receiver 
(p. B-78), f l u x  map (p. B-79), zoning (pp. B-80 t o  B-82), i n s o l a t i o n  and sun 
p o s i t i o n  (pp. B-83 and B-841, y e a r l y  average performance (pp. B-85 and 8-86] 
and performance a t  each t ime step (p. B-87) fo l low.  Design p o i n t  power (p. 
B-88), annual power product ion  a t  the optimum storage s i ze  (pp. B-89 t o  B-921, 
and the y e a r l y  averdge energy product ion  are  d e t a i l e d  i n  the  next  s e t  o f  
t ab les  (p. 8-93). F i n a l l y  the  f l u x  c a l c u l a t i o n  f o r  the map s p e c i f i e d  i s  g iven 
(pa B-94). 



SAVPLE PRCPLEM 2R  
CF'SIGN FCkER CAPGE = l i F . O C  T C  1 2 5 . C t  EWE 
SOCAP V V L T I P L E  1.50 FLUX L I M I T ( S )  = . 690EtO€  .69CF+CF .EFOEtOE . E 9 0 E t O F  W f K 2  

D E S I G N  P C I K T ,  CAY= A I . C U O  HCC95 P A S T  SOLAP M C C N =  C . O O . 2  I H C C L A T I O N  = . 9 5 P F  U U / K t  

0ES.POHER CUSFAQ COST TCWEF PT b P E R T l R E  WICTH APEETlKE H T  N E . H E L I O S T A T 5  L P N ?  4 R E A  
t n w ~ )  ~ E I L L S / K H H R )  t  ti) t n ,  t n )  r K W Z ,  

1 2 5 . 0 0  1 0 E . 3 6  2CS.00 1 6 . 0  C I F .  Cr) 17293 .  .?.90E 



OFSIGK CPVT? Y kERT A%SORf?IN.G FU3F4Cc C P V - - Y  ~ K G L E S  
P O W E S  C A V T T V  O A Z P  a E L V  I? x = v  . ~ E P T H  T CP e c T T o n  HEICYT WI P r?n x T CT AL 
( Y W E )  (OEG) ( ~ E G )  ( ~ 1  ( P I  o? I ( W )  ( r )  ( w!  ( C C C )  (DF ~1 s r c ~ )  
i r s . c o  I : A O . C C  9J.J:: i 6 . n c  i e . s a  17.512 35.47 - 7  ~ i . ? i  13.65 1 6 0 . 5 5  l i l . 1 1  

2 2 7 0 . 0 ~  9 9 . 0 0  i z . e o  is.80 12.13 2 c . e ~  - s . i z  TO.?= 13.118 1 ~ 1 . 5 2  143. (I& 
- .. 3 3 6 0 . 0 0  9 0 . 0 0  C.60 C .60 '  e. 7 ~  1 9 - 3 2  - ? . O E  2 0 . 3 8  l i . 3 7  I E 3 . C 3  1 4 7 . 2 7  

. ,  
4 b50.CG 91.OC 1 2 . 8 0  12.80 1 1  26.85 -4 .1 ;  'F.96 13.bR 1 E l . 5 2  143.C4 

* - - -- - T O P I  ROTrOH O F  HELT A ~ S ~ Q ~ I N G  SUPFACE 2ELI .TTVE ? @  l @ R  OF .'OCtE? ( C E N T F J  OF RPFPT UOE) .  
,, ,-, W I N *  r a x  C A V I T Y  PRGLES P E Q S U R E C  C D U N T ~ C L C C K W I S F  F G C P  PLANE O F  APEQTCRFI  ~ O E I G I W  B T  C P W T E ~ ~ F  ,DPFPTUCE). 



A N K L 1 L  PERFCRUARCE S R F b  kCCWh 
C C H S T A K T  - P I R R C R  Q E F L E C T I V ? T Y =  - 8 9 0  D E C E I V F Q  A S S O P P T I V I f v =  - 3 5 0  

0 F S . P O L E P  C C S I K E  SHAO4RLCCK dTU.TRAh ' .5P IT .  I C T C R C F F T  oEC.9AC-CCN 
( H U E )  
1 2 5 . C ;  .7t?7 .9€€ - 9 2 5  • ? b ¶  . ? 5 7  



D E S ~ P O ~ E F ( K U E I  FLUX P T .  FAx.FLUX(W/F.?) FLUX P'T. r A X . F L , l X ( H / P 2 )  FLUX > T .  t !d)r .=LJY(H/NZ)  Fkl:r PT.  r n r . F L ~ w ( u / n ? )  
1 2 5 . 3 0  I 8R9E+Q C 2 . E v f  +r: 6 3 .343F +I36 b . 3 1 r ' ? € ? e 5  



CAPTTl IC  CCST ~ Q F A K I ~ C ' J I R  

CCZ.POWFR C I Q E C T  C,AP.CCST P F ? C E h T  - 
( K W F  I (VK.CUFR.ENT EST .  I ~ n r : c  MIKE PEL T C  Y QFC P I P E  PCMP Z T C Q  FPCC WTYCP6 F!XFC 



P C n N T  F A C T C R  WE4THER F L C T O F  O E S . P T . P a ? . L O l C  AVG.PAO.L.CI\C 
1 . 0 0 0  -830 . L j S  .OF?  

D E S . P O l + F R  CVE:AdLL E F F I C I E N C Y  H R S . S f O R 4 G E  TCT.<h'PF f E P  YFAF C A P I C I T Y  F A C T O S  
(nwE, 



I. 
0 

a RBEC CALCULATION e R E l K O O k N  

CONTINGFNCY SPARE PARTS I N C I Q E C T  CAP.ESCPLATICK T N F C C T I O N  KOeYQS I N T . C U Q I N G  F I Y E C  C k F  L E V . H E L . C - * ( P C 1  L F V . 9 n L . C - V ( P C T  

a ( P C 1  CAP.COCTS) ( P C 1  /VQ) ( P C T / Y R )  T C  CONS. C ~ N S ( P C T )  FLIT= ( P C T / V P )  H F L . C A P . C O S T )  O T H E Q  C A P . C C S T )  
12.?r 1.00  1 6 . ~ 0  9 . e ~  9 . o o  o IF.OO 15 90 3 . 6 4  S . E ~  

DES-POWEP TOT.CAF.COST EST.  ( K t )  T O T . I N U E S T H E N T ( M $ I  T O T . I N V E S T M E N T ( H I )  %/KWE c S E C l w T L L S / K W P 9 )  P S E ~ ~ ( H I l C S / K W H P )  
(KbfE) T N C I f .  ,ETC. rTNCLCCEC 8 V  1ST V R  C P E C b T I C N  CL'FPEN' R CCQDENT 8  1'1 V E  C P E C I T I C N  CCR0E')lT 3 

a 125.00 198.51 228.29 220.29 1826.32 l"..?E 1CS .3b 

a 

a 

a 

8 

0 

a 

a 

0 

a 

m . 
, . a  

f U 



A Z I Y U T Y A L  AKGLF C. t: 3 2 . C  60.9 FrJ .: 12n.0 150 .. r: In!! .'.C 
MIN. R A C I A L  ZOKE KO. 1 1 1 1 1 1 1 

- 

MAY. F A n I A L  ZONE NO. 1 :! 11 9  9 7 5 5 

F I E L O  CESCRIPT I C N  - LAKC A Q € A ( f f 2 ) =  ..3'?1€+C7 VT"R09 AQEA = .849F*06 NO. OF H.STITS= 17207.. AVFcaGT. CFNSTYV = . t i 7  

a 
RADIUS AZIMUTHAL a w t L E  OF HEL ICSI  AT, NOGTH=O , F A S T = ~ O  

0. 30. 50. PO-  1 E O .  150. 190. 

CENSITV 
MISS. H 
PAC SFP 
AZW SEP 
H5TATS 
F L A N @  

CENSITV 
PISS. H 
RAC SEP 
Azn SEP 
HCTATS 
F LAND 

1.98 CENSITV .355 .355 .355 ,955 .355 .355 .355 
1.98 HISS. H -967  .?67 . a 6 7  ,467 . 9 ~ 7  . 9 6 ~  . ?6 r  
1.98 k A 0 S f P  2.329 2.329 2 . 3 2 9  2.?2< 2.729 2.129 2.329 
1.9.8 A L H S E P  1.084 1.084 1.084 1.OBk 1 8  1.084 1.084 
1.98 HSTATS 171.7 177.7 177.7 t 7 7 . 7  ,177.7' 177.7 177.7 
1.98 F LAND 1.000 1.000 L.000 1.000 1.000 1.000 1.000 

CENSIT  v  
PITS.  H  
RPD SEP 
AZV SEP 
HSTAT S 
f L A N 0  

CENSITV 
RISS. H 
RAD SEP 
AZM SEP 
HS1 I T S  
F  LAND 

3.82 CENSITY .219 -219  ,219 -219 .21Q e2.19 . ? I 3  
3.82 MISS. H  .?TI -971  .971 -571 -971 9 7  - 9 7 1  

,,... 3.82 ~ a c  CEP 3.510 3.910 3.410 3.cin ?.a10 3 . q ~ ~  3 . 9 ~ 8  
3.82 A Z W S E P  1.046 1.946 1 . 9 4 6  1 . 2 b E  I ?.I46 l.C01! 



CFNSITV 
r I s s .  H 
FAC S E P  
n z E  S E P  
HSTAT5 
F L A N 7  

CFNSITV 
WISC. H 
RA0 SEF 
A z n  S E P  
HSTAT S 
F L A N 0  ' 

OENSITV 
WISS. I 4  

RAO SEF 
AZM SEP 
HSTATS 
F L A N 0  

2 C E N f I T V  
6.27 HISS. H 
6.27 RAO SEP 
6.27 AZK SEP 
6-27 HSTI\TS 
6.27 F LANC 

6.89 OENSITV 
6-09 HISS. H 
6.83 RbO SEP 
6.89 AZn SEP 
6-09 HSTATS 
0.89 F LAND 

7.50 OENSITV , el05 .lo5 0105 1 0  a105 0105 el05 
- . 7.50 MISS. H 0971 9 7 1  ~ 9 7 1  .S71 -071 .971 -971 

7.50 RbO SEP 7.705 7.705. 7.705 7.705 7.705 7.705 7-70? 
7.50 AZH SEP 1.105 1.105 l.1Oc 1.105 is165 1.105 1.105 
7.50 HSTATS 98.3 0.0 0.0 0.0 0 .O 0.0 0.0 
7.50 F L A N 0  1.000 0.000 0.000 0.000 0.000 0.000 0.000 

8 ----- OUTPUT WRITTEN ON LOCAL F I L E  TAPE30 - USFQ SHCIILO' STORE THIS O A l a  ----- 



C A P I T A L  CCS? R F  THEREPL ENEPFV KEAC TPE P43F O c  THE TOWE? 
COSTS 7t:CLIICE F ' IFLC.  GECET' IEOI  1 0 U F 4  I PIP'h'G nNL2 PL'Ef'? 

0ES.ELFC.POWE" T H E Q K A L  POwcR CAP.CCST 
( M W T H )  I f / K W T H )  ( I ? W  E) 

I 2 E . G C  k77.bE 215.88: 



PECTANGIJLAR H E L I O S T A T  - YIOTe! = 7.40 M. HEIGHT = 1 . 4 0 1  
OVERALL APEA/HSTAT= 5L.760 CZr  PEFLECTIVE APEA/HfTAT= b9 .120  R A T I O  ( R E ~ L F C T T V E / T O f A L ) =  . 9?7  

THE SHACCYING AND BLOCKING 4QE PSSUNEC NCT TO OVESLAP 

THF H E L I O Z T A T  PE4FORMANCE EfRCRS HAVE NCRHAL O I S T S I P U T I E N 5  WITH STANCARD OEVIATIONS OF 
NAME VAQIAPLE EFFECTED STO. OEV ( 9 A P 1  

S I G A Z  - A Z I M C l H  ANGLE .CO,O 7 5  
SIGEL - ELEVATION AIGLE . 0 6 0 7 5  
SIGSX - H S T A T  SURFACE. HORIZ. . 0 0 1 0 0  
f I G S V  - HSTAT SURFACE* VECT. . 0 0 1 0 0  
SIGTX - REFLECTEO Q A V .  H O R X Z .  0 .00000 
S I G T V  - R E F L E C f E O * R M v  VEFT. 0 .00006  

THE 1 2  KIRROR FAKELS ARE CANTED ON-AXIS  WITH THE FCLLCYIPG FOCAL LENGTHS - R I C l A L  ZONE . 1 
2 
3 . L 

5 .  
E 

a ? 
e. 
9 

0 I? 
1 t 
1 2  

a NO. OF PANELS I N  HCRIZ. O IRECTION= 2 VEUT. O I L E C T I O N  = 6 

CIPROR PANELS FCCUSEO I P  TWO CICENSICRS 
FCCAL LENGTHS OEFINEO BY USER 

OELSOL CEFAULT L I C B  .CARtENEC SUCSHAPE 



TOHFQ PFICt!T=,?D?.O; M AsOVE PLANE OF HFLTCSTBT FTVCTS 

THE T0wF.a 8PAf lCH I S  CALCCLATEC USING B CYL1:KDED OF HFIGk,T= 200.')  M Ah0 OIBMFTcF  = l 1 . k  W 

CAV I T V  RECEIVE? 

THERE ARE 4 APERTURES C Q  F L A T  PLATE5 U I T H  RECTDNGCLAR SHAPFS 
NUMRE" 1 AZIMUTH=lRO.O ELEVATTOK= 90.0 HC?IZCRTLL SIO'= f6 .OD GT HER 5 I C F =  16.00 
NUKPER 2 A Z I H U l H = 2 7 r J . I  ELEVBT IOL=  31. t H C P I Z O N l h L  S I C F =  12 .8E CTV€Q %IC.F= 12.8" 

a N ~ K B E P  3 ACIKUTH=JEF .n FLEVITION= 90.0 FOSIZO I T ~ L  SICE= 9.60 OTHER SIP== 9.60 
NLKPEO 4 A7IMUTH=450.0 ELEVPT ICP=  10.0 HOQIZOKTBL S IOF=  f2 .80  OTHEq Y I C E =  19.80 

THE 1 AZIMUTAL ZONES ANGLE= 0.9 aRE PIHEC bT  I BPERTVPES - NO.= 1 W1= 1.00. NO-= 
THE 2 A Z I M U T I L  ZONES ANGLE= 30..rl ARE ATMEQ AT 1 PPE!?TUPFS - NO.= I L.l= 1.5F. NO.= 
THE 3 AZIMUTAL LOKES AXGLE= 60.0 ARE AIMEO h T  1 BPEPrUDcS - NO.= 2 H I =  1.00. NO-=  
THE 4 AZIHUTAL ZORES PRGLE= 90.0 ARE OIPEC 1T 1 PPFPTWRES - NO.= i M I =  1.00. NO.=, 
THE 5 AZIMUTPL ZONES ANGLE= 120;O APE 4 INED AT 1 PPERTUSES - NO.= 2 k . l =  1.02. NC.= 
THE E AZIMUTAL ZONES ANGLE= 150.3 ARE a I H E r  A T  i PPEPTURES - NO.= 3 HI= 1.00. NC.= 
THE 7 AZIMUTAL ZONES ANGLE= 180.0 I R E  .BIMED dT 1 IPE9TUPF.5 - NO.= 3 H I =  1.00. NO.= 

a THE 8 AZIMUTAL ZONES ANGLE= 2 1 0 - 0  APE d IMEC 4 1  1 BPERfUPFS - NO.= 3 MI= .  1 - 0 9 .  NO.= 
THE 9 A Z I H U T I L  ZONE3 ANGLE= 240.0 ARE AIMED AT I PPEPTUQES - NO.= h WT= 1.CF. NC.= 
THE10 A Z I M U T I L  ZONES ANGLE= 2 7 0 . t  BRE AIPEO d T  1 IPFsTURES - NC.= 4 HT= 1.00. NC.= 

a T H E 1 1  AZIMUTPL ZONES ANGLE= 300.0 ARE AINED r T  1 IPERTURES - NO.= 4 W t =  1.001 NC.= 
THE12 AZIMUTAL ZONES ANGLE= 330.0 ARE PIRED 3 7  1 PPEPTUPES - NO.= 1 HT= 1 . 0 3 ~  NC.= 

1°F COnE H I L L  AVTCMATICALLV CALCULATE A 2 CIhiENSICNAL SKAGT ArMTNG FOR EACH LORE AT EACM T I h C  STcP 



SEVERAL HFL ICSTATS AT C I F F E 4 F N T  POS lT IC tJS  WITH IP  E l C H  7CNF 4cE 05E9 I N  GEKERATTNC FLUYES 

F ( T ( F 0  AZIECTH OF NCRPDL(1RO = NORTH .FACIhC)  
13'.005 157.530 18O.COO 2C2.5CE 2 ;E.C?P 

NU MCE F! 

COCROINATES OF FLUX POIKTS bNC ANGLFE Cc CUPFACF NORMALS 

CCOFOINATES I h  WETEOS POLbR OZIHUTWIL 
FAST NOFTH UP ANGLE ANGLC 

12.37 5 - 1 7  20.00 90.CO 13F.9 f  
6.70 1.33 20.00 90.CO 157.*0 

. O O  0.00 20.00 90.00 180.00 
-6.70 1.33 20.00 90.00 202.50 

-12.37 5-13 20.00 9o.no 2 2 5 . 0 ~  
12.37 5.13 13.75 90.00 135.00 

6.70 1.33 13.75 90.00 157.50 
. O O  0.00 13.75 90.C0 190.00 

-6.70 1.33 13.75 90.00 202.50 
-12.37 5.13 1 3 - 7 5  90.GO 22SeCC 

1 7 - 3 7  5.13 7.50 9G.00 135.00 
6.70 1.33 1 - 5 0  90.00 157.50 . 00 0.00 7.50 90.00 189.00 

-6.70 1 33  7.50 90.46 202.!0 
-12.37 5.13 7.5 0 90.00 225.00 

12.37 5.13 1.25 10.00 135.00 
6.70 1.33 1.25 9C.00 157.50 

.30  0 .OO 1.25 90.03 iCL'.90 
-6.76 1 - 3 7  1.25 90.10 2 t2 .5C 

-12.37 5.13 1.25 90.00 ?25.CO 
12.37 5 - 1 3  -5.00 90.00 135.CO 

6.70 1 . 3 3  -E.OO 90.00 157.SO 
. O O  0.0C -5.90 9 0 e C 0  189.0C 

-6. 7 0  1.33 -5.00 9O.CO 202.50 
-12.37 5.13 -5.00 90.00 225.00 



FTELC C E S C R I F T I C N  - LANC AoFA(H2  = .391E107 KICROG 4QE.A= . AkqEe06 NC. O F  H:'A'? = 172q3.  AVEDLCF:  ~ ~ t t s r r v  = 
NRACUI N 1 1 - A 1 1 1 1 1 1 1 
ItKAOtiAX 1 2  11 4 9 7 5 5 E 7 8 0 11 

F I E L C  RACIUS MAX= 7.50 E I R =  .75 STEP= .61  TOUEP H E I G l i T 5  

NCTF - THE U N I T S  CF THE F A O I A L  S E F A R A I I G N  ARE THF NCUeEF OF H E L T O S T I T  HEIGPTSo HU= 7.hn EFTEPs  - THE U N I T S  OF THE AZTMUTH4L S E P L U d T I C N  ARE.THF KURRFP O F  H E L I O S T A T  WID'qSp W U =  7.40 HETFRS 

NOTE - THE RADIUS CF THE HELIOSTAT I S  G I V E N  1 N  U N I T S  CF THE TOWER HElGHT=20fJ.30 F T E Q S  
NOTE - MISS.  H  I S  THE F R b C T I O N  CF THE ZCINE .3VBILPFLE I N  Q A C I A L  L d Y O U l S  EECAL'S;? 3F S L I P  FLBNES 
NCTE - F 4  L A N 0  I S  THE FRACTION OF THE LSHD r l I T H I N  4 ZCNE THAT I S  A V A i L a B L E  OUE 1@ L A N 0  CCW5fPAfNTS OR E E L C  'eTR 

RAr l IUS AZ I M C l H A L  4 KGLE OF HEL ICS71TI  XOR7H=C EAST=?@ 
0. 30. 60. 90. 110. 1'0. 180. a .  210. 273. 3 ~ 0 .  1 . 7 3 .  

.75 OENSITV a443 .443 - 4 4 3  - 4 4 3  .4bJ .443 .44?' 4 .443 ,443 .b4? .bb3 
- 7 5  KISS.  H  - 9 6 5  .945 .9&5 .S45 m945 - 9 4 5  ,945 - 9 4 5  - 9 4 5  -545 eF45 - 9 4 5  
.75 D,AC SEP l a c 3 4  1.634 1.E34 1 .€3 t .  1.630 3 1.E34 L e t 3 4  1.E34 1.C34 1.E34 1.€3(1 
.75 A2fl  SEP 1.240 1.240 1.240 1.240 1.2SI 1.210 1.241 1.2b0 1.240 1.240 1.2hF 1.24F 
.75 FR L A k C  1.000 1.000 1.UCI 1.089 1 1.OOO 1.001 1.OEO ieCO0 1 1.CCO 1.000 
a75 F IELOUT - 0 0 3  .003 - 0 0 3  .C03 e 1 0 3  -1103 0 0  .OD3 .CQ3 -033  - 0 0 3  ..003 
.75 HSTATS 49.4 49.4 49.4 49.4 4e.4 49.4 49.4 09.4 00.4 b9.4 tq.l. ,49.4 

1 C E k S I T V  .407.  .407 . b e 7  7 .ha7 .4@7 .QO' 4 0 7  . 467  7 .407 .&07 
1.36 P ISS.  H  .961 e 9 6 1  , 961  . ?E l  - 9E1  - 9 6 1  .96L . ' E l  - 9 6 1  € 1  . 961  - 4 6 1  
1.36 PAC SEP 1.942 1.942 1.942 1.402 1.942 1.942 1 - 9 4 ?  1.942 1.942' 1.9L2 1.942 1.942 
1.36 AZP SEP 1.134 1.134 1.134 1.134 1.13C 1.134 1.132 1.13h. 1.134 1.134 1.134 1.134 
1 -36  FR LANC 1.00.0 1.000 1.200 i . 0 0 ~  1.9~1: i .?oo 1.003 1 .  i.an' l  f . ' :cr i . q o t  1 . 0 0 ~  
1 3 6  F I E L C U T  ~ 0 0 8  - 3 3 8  .C38 .CC8 .OCJ .OF8 .OC9 .UP8 .09R . t O R  - 0 0 9  .00R 
1.36 HSTATS 139.7 139.7 139.1 139.7 139.7 13S.7 139.7 169.7 139.7 139.7 139.7 139.7 

1.98 O t N S l T V  . 3 5 5  .355 ,555 .?55 . 3 5 5  .355 .355 .355 .355 .35E .355 .?55 
1.98 ~ I S S .  H . 9 6 r  .c67 , - 9 6 7  - 5 6 7  .OE? - 9 6 7  - - 9 6 7  .OBT 7 - 9 6 7  .967 . ¶ 5 -  
1.98 PAC SEP 2.329 2.329 2.329 2.329 2.323 2.32q 2.323 2.329 2.379 2.329 2.329 2.329 
1.98 AZU S E P  1.OR4 1.084 1.084 1.0?4 1.08h l.Oflh 1.08s 1.08h 1.094 t.CR4 1.C94 1.ORb 
1.98 FR L ~ N O  1 .ooa  1.aoo 1 . ~ 0 0  i . c , c ~  1 . ~ 7 ~ 2  i.rac i.ccia 1 . ~ 0 ~  i . c n o  Y . C O Q  1 . 0 9 9  i . ? n c  
1.48 F IELOUT .O ld  - 0 i E  1 . t i 0  eF1.T .a13 .OiE * p i 8  a010 . ( I 0  - 0 1 0  . C i O  
1.98 HSTATS 177.7 177.7 177.7 177.7 177.7 177.7 177.7 177.7 i 7 7 . 7  171.7 177.7 177.7 

i 
i 
! * -  

Z.59 OENSITV - 3 0 2  . 3 C 2  - 3 0 2  .302 .3Q2 - 7 3 2  . X C Z  . ? F ?  2 .?C2 . 392  - 3 0 2  I? 

2.59 RIGS. H  .?69 ,969 - 9 6 5  .Oh( .9e9 '.959 - 9 6 4  .96 '? .SF? .$5F - 9 6 9  . ?69  
&---..7 cQ--,&&J C c D  o a n ?  7 o n 7  7 Q ~ I  7  q n z  o e n 7  7 a n 1  7 . a C z t  7 .  . P ~ T  7 - 9 ~ ~  7 - ~ n t  3-9117 s 



. .. - .. 
AZk SEF 
FR LANE 
F  IELCHT 
HSTATS 

CENSITV 
YISS.  H  
RAC SEP 
f i z r  SEP 
FR LAKC 
F I E L G  M 1  
HSTATS 

O E k S I T Y  
r Iss .  H 
P 4 0  SEP 
AZM SEP 
FC LAPIC. 
FIELOWT 
HcTATS 

CENSITV 
F ICS.  H  
PA0  SEP 
PZU CEP 
FQ L A N 6  
F I E L O b T  
HSTATS 

OENSI TV 
nrss. H 
RAO SEP 
AZU CEP 
FR LAND 
F I E L C N T  
HST ATS 

CENSITV 
KISS.  H  
4110 SEP 
AZY SEP 
FR LAHC 
F I E L G U T  
HSTATS 

CENSI TV 
HISS. H  
RAO SCP 
AZP! SEF 
FQ LAWC 
FLELCUT 
HSTATS 

CENSITV 
nrss. H 
RAO SEP 
a z r  S E P  
FF LAh'C 
CIC, " L . 7  



7.50 RAE S E P  

a 7.5C. A Z P  SEF 
7.51: FQ LANC 
7.50 FIELOWT 
7 . 5 0  HSTATS 

1 0 5  -105 rlOE e.105 .I05 .loC .I05 .loC 0 . I 0 5  
.771 .171 ,971 -471 ,071 ,571  -471 .$71 .?71 .97i 

7.735 7.705 7.705 7.71' 7.705 7.79' 7 . 7 6 5  7.70F 7 . 7 3 5  7 . 7 0 5  
I.ic5 1.ZEE 1.165 lei@'? 1.16E 1 1.1CS l.i?F 1 . j C E  1.1OC . n no . n a o  .ooo .ooo ,009 .BIO .a00 .too .roo .000 
3.000 0.~00 0.-YCO c.000 0.000 o.cno 0.000 0.c.o~ o.coc 0.000 . F . i . 1  .? .. n . :? . c . c e 



Q 
I N S O L A T I C N  AIIC Sl!t: POSITICF. 

a 
IKSCLATTCN CALGCLATEC CSIHG k F I K E L  MC3EL 

a 
D A Y  OF THE YEAF;  = 3 5 4 . 7 5 0  OFCLIN~TICI: CF S ~ J N  ( C F G ) =  - 1 3 . ~  n n I L v  CLEAR S K Y  I K T C L A T T P K  ( I ~ w ~ I / v ? ) =  F . ? F  

THE AVEPOG? COQFECTICN TO CLEdF SKV I N S C L b T t C N  TO ACCCUNT FOP CLCCCITliES j= . p ? V  
KM CF WATER= 2 0  . O O  ATMOSPHERIC PPES5UPF/SEA LEVFL= 1.000 

T I V E  = rl.6 INCCLAT IC6 (YW/MF)=  . R 5 8  TEUE 7 E N I T H  ANGLE = 58.44 OSSEDVEO ?EK?TH= CS.lr1 c l !N I I Z IPUTH = Om?? 
T I P E  = l . C  Ih'SCLATTCW(wW/M?)= .844 TRUE ZENITH  ANGLF. = 60.15 ,CRSFPVEO ZFNTTcl= E0.12 Sl!K A?IC\!TH = 15 .89  

a T I P €  = P.C INSGLAT IC) r (KW/H2 )=  . 7?7  TGCF Z F N I T P  ANGLE: = 64 .99  ORSEQVEn 7CN?TP= 44.96  ?!IN AZIWUTH = 30.41 
TIWE = 3.0 INSCLAT ICW(KU/M2)=  TRUE ZENITH ANGLE = 72.35 OBSFRVFC ZENITH= 72.29 Zt!N A7I r tCTH = 4 2 - 9 1  
T I r E  = 3.3 I N S C L A T T C ~ ( ~ W / ~ ; E ) =  . t h e  TFCF ~ F N T T C I  ANCLF = ~ E . O C  CPSERVEC 7 ~ ~ r ~ v =  7 4 . ~ 4  SL'K A?IK~:TH = 46. ?(. 

a 
Q A Y  OF  THC Y E A R  = 35.375 OFCLIFATICK OF SUN (OCGI= - i t . o a  DAILV CLFPR S K Y  INCOI.AT:OM (KWH./*ZI= F.'IF. 

a THE AVEQAGt COQRECTICN 7 0  CLEAP ZKV I kSOLbTTCN TO ACCCCNr F 0 Q  Ct  CU'ITNCSS= .@3F 
VM OF WATER= 20.00 AfKCSPHERIC PPESSUcE/SEA LEVEL= 1.000 

a T I P €  = 0.0 I K S C L A T T O h f K W l M i ) =  . 8 9 @  TGL'F ZENITH  ANGLF = 51.09 OOS€QVEO ZENITH= ';¶.'I7 CON AZIw!JTH = 9.?1! 
T I P €  = 1.i; INSCLATION(MU/M2)= .I387 TEUF: ZENITH  ANGLF = 53.04 09SEQVFC Z E K I f H =  5 3 - 0 2  SUN A7I" tJTH = 18.1. 
T IME  = 2.0 INSCLATIOK(KW/MS)= - 8 4 9  TCUF ZENITH ANGLE = 58.69 CRSFQVFO 7CN'TH= 59;.&6 TUN A?IRl. lTH = 34.30 

a TIME = 2.0 IKSOLAT ICN(KW/V2 )=  . 772  TPUF ZENITH  ANGLE = 66 .57  DBSERVEC ZENITH= EE.C3 c l ' K  A711U7H t 47.77 
T I M  = 3.9 I N S C L P T I C l ( t # / H i ) =  . 642  TECE ZENITP  ANGLE = 7E.01 CBSERVF?. ZENJTP= 7b.94 f U K  AZ IPUTH = 9 . 4 E  

DAY CF THE VEAG = '81.000 O F C L I K A T I C N  OF SUK (CEC)= .€5 P P I L V  CLEAR SKV INSOLATTCN ( K W W / ~ ! ~ ) =  C. 1 4  
THE AVERAGE CORRECTION TO CLCAR SKV IK'OLATrON TO ACCOUNT FOP C L O U D T ~ ' E S ~ =  - 8 3 1 ~  

UM OF MATES= 20.00 ATMOSPHEGIC PSESSORE/SEA LEVEL= 1.000 

TIME = 0.0 I N S C L P T I C h ' ~ K U / M ~ ) =  . 942  TGL'E ZENITH  PFlGLF = 34.35 OBSEPVEO 7ENTyH= 34.JI. t t l h '  b 7 I n U T H  .= !I.?@ 

a TIME = 1.0 fNSCLATfC6( ( rW/M2)=  . 9 3 4  TRUE ZENITH  PNGLE = 3 7 - 6 9  CBSEPWEC ZENITH- 37. ( 7  SUN AZI t ' l !?H = 25.42 
TIME = 2.0 INSCLaT IOH(KU/MZ)=  - 9 0 9  TFUE Z E I I T H  ANGLE = 44.28 O?SEQVEO ZFNfTH= b6.27 SUN AZIR1ITH = b5 .73  
T I P €  = 3.0 INSCLAT ICh ' fKU /MZ)=  .@6o TRUE Z E K I T H  ANGLF = 54.15 ORSEQVEC IENTTH= 5h.12 SIIF.! 87 IP l JTH  = 6P.?(. 

a T I P €  = 4.O I K S C L P T I C h ' ( t W / H 2 t =  . 7€7  TRUE ZEF' ITF PNCLF. = EF.41 CBSEPVEC ZENITH= FE.?8 SUN A?IEOTH = 72.24 
TIME = 4.8 I N S C L A T I O N ( K U / H 2 ) =  - 6 2 7  TGUE Z E b I T H  ANGLE = 75.00 O?SERVEO ZENITH= 7 4 - 4 4  SUN AZIWtJTH = 80 .03  

1 orr OF THE = i z 6 . 6 2 5  C E c L x I A T I c N  c F  SUN (OEG)= w .72  O f i I L v  ctFArl s u v  x * s o L n I I o *  ( K u Y / u ? ) =  9.=5 
I THE AVERAGE CORRECTION TO CLEAP SKY I N Z f l L 4 T I O N  TO ACCOUNT FOP CLCUOIHFSS= . A 3 n .  

I. MU OF WATER= 20.00 ATUCSPHSRIC PQFSSCQE/SFP LEVEL= 1.000 

T I P €  = 0.0 I N S C L A T I C I ( C W / H 2 ) =  ,950 TCUE Z E K I T P  PNGLF = 18.28 CBSEQVEO Z E N T ~ H = '  18.27 f l l ~  PZ IYUTH = 
T IRE  = 1.0 I N S O L L T I O K ( K U / H 2 ) =  . 9b4  TRUE ZENITC ANGLF = 22.66 OBSEPVEC ZENTTH= 22 . f 5  SUN AZIMUTH = 
T I M  = 2.0 I N S C L A f I O N ( K W / H i ) =  . 9 t 5  TRUE ZENITH  ANGLF = 32.39 OOSERVFF TFNITH= 32.78 SUN d Z I P U T H  = 
I = 3 . 0  I H S C L b ? I C I ( N W / l ? 2 ) =  ,889 TFCF ZENITH  ANGLE = 43.96 OQSEPVEC ZENITH= 43.05 5CK AZ I9UTH - 
TIME = 4.0 INSCLAT ICN(KH/M2)=  . B i 7  TPOE Z E V I T H  ANGLF = E t . 1 3  OPSFCVCC ZEN?TH= E 6 . 1 1  SUN f i Z IYUTH = 
T I P €  = 5.0 INSCLAT ICN(KW/MZ)=  . T I 5  TFUF ZENITP  ANGLE = 68.b7 OESFQVFC 7Eh'TTH= 65.36 SUN A Z I * U T H  = 
T I P €  = 5.5 I N S C L A T I C I ( F # / M 2 . ) =  . E l 2  TFCE ZENITP  PNGLF = 7E.00 O?5€PVEI: ZEW?TH= 74.S4 Sl!N A7 IYUTH - 

DAv OF THE YEAF =172.250 OFCL IKAT IOB  OF SUN (C€G)=  i J . 44  C P I L *  CL.EDQ SKY INSOLhT:CN (CW&/PZ)=  1 t . P i  
THE PVERPGE CORPECTICN TC CLEAD SKY IK5OLAT ION TO ACCOUNT FCC CLOUCTh'ES?= . e3C 

RW OF WAY F o =  20.00 ATHOSPHFRIC PPFSSUFF/SEA LFVEL= 1.000 

T I n E  = 0.0 I N S C L d T I C h ( K U / H 2 ) =  - 9 6 7  TFUF ZENITH PNGLF = 11.5E OPSEOVEO 7ENTrHz 1L.C: c l lN  f i ? ~ v I J ? H  = 
= 1.6 INSCLATICS(KW/M?)= . 9 4 i  T ~ C E  ZFNITP A N C L F  = 17.62 P ~ S E R V C C  ZFNTTH=  t 7 . s ~   st!^ n ? ? r u T H  .= 

TIWE = 2.0 INSCLA'ICV(KW/Hi?)= . 924  TGUF Z E I I T H  ANGLF = 29.67 OBSFRVEP 7ENTTH' 2fl.b7 SCh' AZ IMUTH = 
TIME = 3.0 INSCLAT ICN(KW/R2)=  . 8?2  TOOF 7ENITH  ANGLE r ,40.,57 CpSEPVEt  ZEF!TTH= 4C.E6 5ClN P 7 I * U T H  = 
T I V E  = 4.C I N S t L d T I C h . ( K W / M 2 ) =  . 8?d  TGCF Z E K I T P  ANGLF = 57.RC f'PSFQVFC ZCY'?U= E Z . P ?  SVN A ? I ' W T H  .= - - - - . . - - . - -  - . *  - - a , -  --..*,. a&.-.- - -  - -  -----..r* -.C ..... ,_ - .  - r  r.,.. .-,._.llT,, _ 





v E A R L *  AVERAGE PFBFCRHPKCE 

PEDFOPPAKCE F-CR 1 2 5  nk€ 5v?TFn . . 

T O T A L  FERFC9PARCE I N C L U D E S  R E F L E C T I V I T T E S  PUT h'CT 4 4 0 1 4 T T G N  AN!? C C N V E C T I C N  i O S 5 E f  

HEC I C S T n T *  NOcTH=," ,  FAST=?C 
E G *  ? t .  1 ; D .  IS?. 

- 9 0 1  - 8 6 8  .A35 . a19  
, 917  , .55e .C21 .797 
- 9 6 9  - 3 6 9  .969.  - 9 6 9  
- 9 1 1  a 3 1 4  .9S? - 9 4 3  

'1.000 '1.000 1.0,CO 1.000 
8 6 3 6  . . 6 4 2  - 6 1 1  5 1 9  

C O S I N E  
,S F I L L  
PT1F.N 
SHAOOW 
BL,CCK 
TOTAL 

COS I N E  
S P I L L '  
ATT EN 
SHAOOW 
BLCCK 
TCTAL 

C C S I N E  
S P I L L  
ATTEN 
SbADOY 
BLOC,K 
TCf AL 

COS I N €  
S F I L L  
PTT EN 
SHADOW 
e L  OC K 
i c T A L  

C O S I N E  
S P I L L  
ATTEN 
SHADCW 
0,LOCK 
TCT AL 

4" Z.82 C O S I N E  . 868  .I349 .R32  .736 .67E r.FO3 l . ? d 9  
3.82 S F I L L  . 9?2  e 9 8 8  - 9 5 2  e 4 7 b  . ? 5 9  0.00fl 0 .000 
3.92 ATTEN . a 2 1  e9.2 1 . '4 2 1  .a21 . q.2 1 . ? 2 1  ' m921 

. 3.82 SHAOOW . . O R 2  . O R ? .  . 9 8 5  .C8h . 5 e b  P : G O ~  0 . ~ 0 0  
I .3.82 FLOCK a 9 9 3  a3.92 - 9 9 2  -91  .9C0' % . C O C  0 . 0 0 0  

... cX, 3.82 .TOTAL :cn ; 
.675 e 6 5 7  - 5 9 9  ;5F3 ,507 0.000 0.0,OO 



. . . -  . - _ - . . _  - - - .. .. . " .  . . 7 -  

( r . ( r l  QFICL - 5 8 7  - 0 7 8  m713 e 4 4 7  . 5 2 4  E . ? e :  l . T Q ?  a L . * 3  l T T F h  . 911  . ? I 1  .91L .'?!t , 911  . 9 1 1  . 9 " 1  
4 . 4 3  SHAOOU . 9 9 €  .?8E . a 9 7 2  -992 .98q 0 . 0 0 0  0 . 0 3 0  
4 .53  - CLCCK .9?4 .?94 . 9 ? 3  . ? 9 ?  .??I O . C V  'J.O.qf! 
(r.43. TOTPL eEE4 . F. 42 .EE9 .E?C . 4 7 9  " . G C O  0.99C 

5 . 0 5  C,OSIWE . .e39 

5 . C S  S F I L L  . 9 7 4  . ? 5 5  
5 . 0 5  ATTEN . .9(12 a 0 0 2  
5 . 0 5  SHPOOW 0987 - 9 8 9  
5 .05 PLOCK - 4 0 6  . . ? 9 =  
. 5 . 0 5  TOTAL 7 . E 2 0  

COS TNE 
S F I L L  
AT TEN 
CHACOW 
B L a c u  
TOTAL 

COSINE 
SPJ LL 
AT T EN 
SkIICOW 
@ L t C K  
TOTAL 

COC I N E  
S F I L L  
ATTEN 
5HCDOW 
e L c c u  
TCTAL 

7 . 5 0  COSINE 848 
7 . 5 0 ,  S P I L L  - 8 2  0 
7 .50  ATTEN. - 8 6 5  ', . 

. 7.50  . SHADOW - 9 9 0  
7 . 5 0  BLOCK 1 . 0 0 0  
7 .50  TOTAL -519 



e. 
PERFCOPARCE SUWKAQY F P C F  IJSEP OEFIhEO F I E L C  

e 
CPTICAL E F F I C I E N C V  

0 

C A Y  H OUP c o s r a ~  s ~ n n c w  8LC.CK A?Pc.~ROh'F .  SFTLLAGF. . TOTAL a ,  ' 354.75 0 . 0 0  ,810. . 9 7 q  .a99 - 9 2 4  .9b9 -6 06 
354.75 1.00 - 8 0 5  .97 2 - 9 9 9  . .?24 .344 . 5?7  
354.75 2,. 3 C .7?@ ,979 .??¶ .923 ' - 9 4 7  . 5 E C  
354.75 3. Of! - 7 6 4  - 8 5 6  .997 9 7 2  .943 -495  
354.75 3.31 . e755 - 8 0 9  ' . .996 - 9 2 2  e942  .bF1 

a 351.75 AVERAGE - 7 9 2  . . 9 ? 8  , .9?8 .923 .947 .566 

3E.3@ AVEQAGE .795 .959 ,997 .a24 e948 - 5  8 1  

.81. 0 0  AVERAGE .794 .978 .994 .92E .95 0 - 5  9 1  

126.63 AVERAGE 

172.25 AVEQAGE 



@ A v =  81-00 - I U E =  0 . 0 0  I h S C L A T  I C h  = - 9 5 0  'K4/If2 

a 
GRCSS PnUER GN'O R E C E I V E R  ' 5 2 0 . 1 6 8  '9W-TH 

, P E F L E C T I V I T Y  L E S S  
R A C I A T I C K / C O N V E C T T O N  L C 5 5  
P I P I N G  LOSSES 

lOak15 flu-TI' 
i C . i S ?  MU-TH 
2.f.44 3W-TH 

POWER TO STCRAGE 

POWEQ TO T U R B I n E  
THERW. TO ELEC. FFF. 

GRCYS E L E C T R I C  PCUEq 
E L E C T R I C A L ~ P A Q U S I T I C S  

NET E L E C T R I C  PCUER 

a 

325 .033  'qU-TH . b 2 0  
l Z E . S i b  MU-EL 

8 .873  nu-EL 

127.641 MU-EL 



THF OISPATCH STF;qTEGY FCW STCGAGE I S  TO RUN THE TURBINE DT I T S  D E S I G N  P C I h T  POWco WHEkFVFD PCSSXnLF 

A L L  ~ C H C R S  ARE I N  MEGAWbTT-THEPPAL C R  f!EGAWDTT F L F C T P I C  
INSCLATTCK U N I T S  ARE UILOWAlTS/SQ.ttE:ER 

@ THE STORAGE POWEP Hf iS  A  NEGATIVE S I G h  WHEN CVABCINC bNO b  P O c ' I T I V F  S I G N  WHEX OISCH40GTNC 

THE c P T I ~ ~ ~  S T c c ~ w  C A P A C I T V  Ts A P P F C ~ I ~ A T E L ~  1.0: T I~Z  THF n b r I u c w  S I T E  
TOTAL C A P I T A L  COST = 228.29(H$, iST Y P  CPEKATICN) TOTAL C A P I T A L  COST = 22R. 29  ( Y R  .CUcO'NT ? )  

a L E V E L T Z E O  E N E G G V  C O S T  = 1 ~ 1 . 5 2  HILLS/KWHQ LEVELTZFC ENFPGV CCcT = 191.52  I'TLLS/KWPn (CUScFNT 5 )  

f T D .  PMR. H4.  STR. 
0.000 0.000 
C.000 0.000. 
0.9 c e  0 . 0 0 0  
a . o c n  O.!IOO 

11 .2€0 . 0 0 2  
34.737 .020 
4C.941 ' - 0 5 1  
57.367 - 0 9 1  
68.835 e l 3 9  
A P. E24  - 1 9 7  
~ 3 . e 5 8  . 260  
R i e Z O ~  3 2 6  
90 - 5 6 4  . 394  
93.937 . 465  
s e . s ~ a  . 5 3 ~  
87.2C5 6 0 4  
83.85A . €70 
R0.524 . 733  
6 8  .935 . 7 9 1  
5 7.507 e 8 3 9  
45 .941  - 8 7 9  

' 34.737 . 910  - 

1 1. ?€O - 9 2 8  
-11 .474  e 9 2 3  
-33 .464 . 906  
-54.7 11 8 7 2  
- 8 f  . 9 4  8 1 7  
-91 .101  . 8 0 1  
325.933 B.000  

EL. FAD. 
15  .475 
17.C71 
18.9C2 
2 0  -;381 
21.177 
21.127 
2 1 . i 2 7  
21.127 
21.127 
21.127 
21 .127  
21 .127 
21.127 
21.177 
21.227 
21.127 
2 1  - 1 2 7  
21.127 
21.127 
21.127 
21.127 
21.127 
21.127 
3C.C71 
3F BE71 
3 5 . 0 7 1  
3C.071 
3S.C71 

5 . 7 2 1  

NET Z C .  
79. c 1q 
30.2 88 
97.7 04  

104 .729  
115.347 
11s. 3@? 
115.3 87 
115.387 
115.387 



I?! . H Z 8  
119 ..777 
i l C . ~ ? 2  
i s e . 7 c b  

?'?.?3 
9  1. C79 
R3.3tZ  
6 r . l ~ ~  
4 5 . 5 2 7  
2?.2eq 

'?.be3 
-2C.214 
-6 (.'I?? 
-91.9ee 

-105.7ER 
325.? Z.3 

115. 3 97 
t 1 E . 3 9 7  
1 1 5 . 3 9 7  
1 1 5 . 3  97 
115 .3  C7 
115 .387  
i i r .  2 e 7  
1 1 5 . 3 8 7  
1 1 5 . 3 P 3  
115.3 $7  
115.3P7 
i c i .  4b.7 
191 .4k3  
101. 4 4 3  
101 .443  
1 27. E 4 1  



EE. S b l  
77.0 E R  
88.292 

lOB.215 
LO€. 7 € 7  
115.3 97 
1 1 5 . 3 8 7  
1 1 5 . 3 8 7  
115.3C7 
115 .387  
1 1 5 . 3 8 7  
1 1 5 . 3 8 7  
1 1 5 . 3 8 7  . 
1 1 5 . 3 8 7  
115.3R7 
115.3C7 
1 1 5 . 3 9 7  
115 .3P7  
1 1 5 . 3 8 7  
1 1 5 . 3 8 7  
115 .307  



. . - -  
- . 2 5 0  
0 .  O C O  

. Z E O  

. = a 0  
- 7 5 0  

l .OC0 
1 . 2 5 0  
1. 5CO 
1 . 7 5 0  
2 .  O C O  
2 .2FO 
2 . 5 0 0  
2  750  
S.OC0 
3 . 2 5 0  
? . S t 0  
3.75rl  
4 . 0 0 0  
4 .250  
4 . 5 0 0  
4 . 7 5 0  
t . o c o  
5 . 2 5 0  
5 .5  00 
5 . 7 5 0  
5 .  e 4 4  
8 . 7 3 4  

l . b ? l  
1 .597  
1 . 7 2  i 
1. 8 4 3  

2.082 
2.198 
2. ? 1 5  
2 .418  
2 .523  
2.62 7 
2 .717  
2 .805 
2. RRA 
2 .963  
3 . 0 3 9  
3.087 
3.135 
3 . 1 7 1  
3.187 
3.185 
3.173 
3.1kO 
3.08C 
2.596 . 
2.958 
0 .000 ' 



YEAQL v I N S O L A T I C N  

R E F L E C T l V I T Y  LCSS 
R A C I A T I  CK/CCNVECTION LCSS 
P I P I N G  LCZSES 

THERYPL EFERGV 'PT TOWEP SASf 

ENERGY TC STOSAGE 
PCUNC T R I P  EFF. 

ENERGY DISCAQOEC 

ENERGY TO TURRINE FPOM RECEIVER 8 9 2 7 7 1 . 1 8 0  HW-TH HF 
ENERGY TO TURRIKE FRCe STCOAGE 23E374.OQt! MW-TP G q  

THERY. TO ELEC. EFF. . 3 9 9  
GRCSS ELECTRIC ENEPGV 4 5 C 1 2 9 . 9 b E  PW-EL Pf i  

E L E C T Q I C A L  PARASITICS 3 0 4 2 9 . 1 1 f  MH-EL FE 

NET E L F C T c I C A L  P Q N I U C T I C N  4 3 9 5 4 0 . 6 2 6  VW-EL k G  



FLUX C A L C U L d T I  CL 

U N I T S  CF FLUX AGE K I L O W P T T / S C .  WETEP 

THE F L U Y  I S  C f L C U L A T E C  FOR CLY= 8 1 . 0 0  HDUR= 0.00 INSC'LATIOW= .950  K H / R 2  



Samol e Problem 3 - User .--.- Defined F i e l d  w i t h  -. ..- Ind iv idua l  He1 i os ta t  Coordinates 

Problem Statement 

The example o f  the CESA-1 system discussed i n  Chapter V I I  and Reference 
33 i s  used here t o  i l l u s t r a t e  the i npu t  and output o f  the IUSERF=3 opt ion i n  
$FIELD$. The performance and i n  pa r t i cu l a r ,  a f l u x  map on w in te r  s o l s t i c e  a t  
10 a.m. are desired. The l n s o l a t i u r ~  i s  0.7 kw/m7, and a square wave sun i s  
assumed. Other in format ion comes from reference 33. 

Inpu t  Cards 

SAMPLE PROBLEM 3 
$BASIC IPRBB=2, UDAY=355., UTIME=-2., IPRINT=2, 

PLAT=37.099, INSQL=2, SBLCQN=0.7, NSUN=2; 
/ IATM=2, ATM1=0.679, ATM2=11.76, ATM3=-1.97, 

ATM4=O. $ 
$FIELD IUSERF=3$ 
$HSTAT WM=6.25, HM=8.3, ICANPL=l, WPANL=2.9 HPANL=1.25, 

HXCANT=5*-1.675, 5*1.675, HYCANT=2.525, 1.263, 
O.,-1.263, -2.525, 2.525, 1.263, 0.-1.263, -2.525, 
DENSMR=0.92063, RMIRL=0.85, SIGAZ=O., SIGEL=O., 
SIGSX=O., SIGSY=O., SIGTX=0.0033, SIGTY=0.0033, 
ICANT=3, FICANTY=5, ISR=l$ 

$REC THT=56.345, TBWL=67.345, TQWD=ll., IREC=4, 
W=10.8, RX=3.4, RY=3.4, IAUTBP=O, RELV=111.8$ 

$NLFLUX IFLX=l, IFXBUT( 1,1)=1, IFLAUT=4, NXFLX=11, 
FAZMINz-1.7, FAZMAX=1.7, NYFLX=11, FZMIM=-1.7, 
FZMAX=1.7$ 

$NLEFF$ 
SPANISH FIELD 

282 16 
1 7 

0 .OOOO 45 .OOOO 
10 .0000 45 .OOOO 
20.0000 45 .0000 
30 .OOOO 45 .OOOO 

-30.0000 45.0000 
-20.0000 45.0000 
-10.0000 45.0000 

2 10 
5 .OOOO 57 .0000 

etc. 
$REC W=-l.$ 

Analysis o f  Inpu t  

The de ta i l ed  . i n  u t  descr ib ing the - s i t e  locat ion,  sunshape, atmospheric 
a t tenuat ion ($BASIC$ ! , the he1 i o s t a t  ($HSTAT$) , and tower and rece iver  ($REC$) 
are cons is tent  w i t h  the system d e f i n i t i o n  o f  reference 33. To ca lcu la te  the , 

performance and f l u x  a t  a p a r t i c u l a r  time, IPR@B=2, UDAY, and UTIME are 
spec i f i ed  i n  $BASIC$.' IPRINT i s  se t  t o  2 i n  order t o  get  the s ing le  t ime 
r e s u l t s  pr in ted.  IUSERF=3 i n  $FIELD$ seTs up the code t o  do a run on a f i e l d .  

- w i t h  the i ndi v i  dual he1 i os ta t  coordinates defined. The, values def i ned i n  : 



$NLFLUX$ a re  chosen f o r  a  f i n e  gr idded f l u x .  map. A f t e r  $NLEFF$ comes the  
i n d i v i d u a l  h e l i o s t a t  i n p u t  i n  the format described i n  the  $FIELD$ s e c t i o n  o f  
Appendix A. Only the  f i r s t  few values a re  shown here. 

Comments on Output 

  he ou tpu t  i s  s i m i l a r  t o '  t h a t  o f  o ther  runs up t o  the z o n i n g  summary 
.(p. B-97) ,  which i s  now s imply a  f l a g  t h a t  the  i n d i v i d u a l  coord inate o p t i o n  i s  
employed. The performance summary of the  h e l i o s t a t s  i n  the l s t ,  2nd, and 1 6 t h  
rows (pp. 6-99 and B-100) are i nc luded here f n r  i l l u s t . r a t i o n .  T o t a l  f i e l d  
performance (p. B - l U l ) ,  t h e  w a t e r f a l l  t r a c e  - a t  the s p e c i f i e d  t ime (p. B-102), 
and the r l  ux 11ap ( p .  B-103) follow. 



1h 'C IV IC I :AL  HE.LICSTAT C C C P C I h ' d l E S  ARE S U P P L I E C  9V THE U I E C  

THE L A C E L  OF THE F I E L O  = S P d N I S H  F I E L C  
T F F  2 8 2  H E C I O S T d T S  ARE GPCL'PEC I N T O  1 6  ? O M S  





----- O P T I C A L  PERFOQt!AWCE ----- 

a 
THE 1 R t U  COKTATNS 7 HELICSTATS 

LNG. HSTAT NO.= 1 ROW = 1 EAST = 0.00 NOcTH = 45.00 PADIUS= .7OTHT, RANGF = 1.22 TPT. PEC. AZW = - . g o  c L V =  3F.19 
D A V  HCUP A Z  ~ N G  EL ANG COSINE S H A D C Y  BLOCK A T M  T Q ~ N S  SPILLEGF T O T D L  NO. x P T K  NO. v LIY 1 s t  x a ~ r   ST v ~ I Y  

255.09 -2.0G -18 .5  50.0, . 9 4 b  1 .000  1.000 a 9 8 5  1.000 . 7 E 3  1 1 0.00 0.00 
INO. HSTAT KO.= 2 RCW = 1 EAST = 1 O . O f  NOOTH = 45.00 o A n I U S =  .72THT, R4NCF = 1.24 TPT, OEC. A7W = 14.17 F L V =  3F.qb 

?A V HOUR AZ ANG E L  ANG COSINE SHAOOW PLOCK ATM T9ANS S P I L L A G E  TOTAL NO. X ATY NO. Y BTW 1ST X P I P  1 5 1  v A I M  
355.05 - i . C S  -27.2 49.3 .92,k 1.C30 1 . C O I  .??I5 i . c n ?  . 7 4 6  1 1 9 . 3 7  0.JO 

INO. HSTbT NO.= 3 RCU = 1 EAST = 20.00 NOFTH = 45.00 9 4 0 I U S =  .79THTI RANG€ = 1 . 2 7  TPT*  cEC. AZV = .?6.90 F L V =  3 6 - 2 2  
CAV HOCP A Z A F l G  F L A N G  COSINE SHbOOk PLOCK A T M T Q A K S S P I L L f i C E  TOTaL NO. ) f A I ) J K O .  v d I W 1 S T Y  A I P l S T V P T H  

355.00  -2 .00  -34.4 49.1 - 9 0 1  1.000 1.900 .?As 1.000 . 7 2 7  1 1 0.9C '3.60 
INC.  HSTAT NC.= 4 RCY = 1 EAST = 33 .66  NOOTH = 45.CO CADIUS= .88THT. (?AFIGF = 1.33 THT, RFC. A Z ~  =. 37.15 E L V -  41-41 !  

PA v HOUR A Z  CNG EL ANG COSINE SHADOW SLOCK a ~ n  T R A F S  SPILLAGE T O T A L  NO. x AIV NO. Y AIN IST x AIR IST v a ~ n  
355.00  - 2 . 0 0  -39.7 49.2 .a75 1 . O G O  1.000 .98G 1.000 . 787  1 1 G. 0 0  0.CO 

IE!O. HSTAT NC.= 5 RON = 1 EAST = - 3 0 . 9 8  NORTH = 45.CO ?ACIUS= . 8 8 T H T r  RANGE = 1 .33  THT* DEC. AzU = - ? ? . I c  F L V =  b i . r (3  
DAV HOUQ A7 PNG E L  ANG CCSINF SHbOOY SLOCK ATt! T R n k S  S P I L L A G E  TOTAL NO. X A I P  WC. V 4TH. 1ST X A I k  1 S T  V A I R  

355 .00  -i.:O 4.2 54.0 .974 .2C7 1.000 9 8 4  1.000 . l E 3  1 I 0.00 0.00 
I N @ .  HZTAT NO.= 6 POW = 1 EAST = - 2 0 . 0 0  HOQTH = 45.00 RATITUS= ..79THTI R4H6F. = 1.27 THT* PEC. AZW =-.?F.dO E L V =  38 .22  

C A Y  NOCR A Z  ANG EL ANG CCSINE SHBDQW RLOCK A T M  T Q A N S  SPILLAGE T O T A L  KO. x P T K  NO, v ~ I H  IST Y ~ I P  1 5 1  v ~ I W  
'55.92 -2.?E -1.9 52.5 - 9 6 9  .45R 1.COI: .985  . l.OOr! .3CR 1 1 0.00 0-CO 

INC. HS7AT NO.= 7 QOU = 1 EAST = -10.0C NOCTH = 45.00 PAt?IUS= .72THT. RdNGE = 1.2b THT, GEC. AZH =-L4.17 E L V =  35.94 
o a v  POUP a ?  ANG EL ANG CCSINE SHAIIOY S LOCK A T K  T Q A N S  SPILLSGE T O T A L  KO. Y AIV NO. Y BIN IST Y ~ I W   ST v PIP 

355.00 -2.00 -9.6 51.1 . 9 5 9  1.CEO 1.009 .??I5 1.DOU . 7 7 5  1 1 C . 2 9 .  3.C3 
a 

THE 2 RCW CONTAINS 1 0  H E L I O S T A T S  
a 

INC. P S T A T  NO.= 8 R C W  = ' 2 E A S T  = 5 . 0 ~  NCQTH = 57.00 RAOTUS= ..WTHT, e a N w  = 1 . 3 ~  T ~ T ,  FEC. A Z W  = 5.53 E L V =  42.62 
C A  v HOUR A Z  ANG E L  ANG COSINE S H A D O W  BLOCK A T M  T S A N S  SPILLAGE T O T A L  KO. x AIM NO. v ~ I R  IST x AIR IST v a : ~  

355.00 -2.00 -20.5 53.6 .9bB - 8 7 1  1.000 . 9 8 4  1.000 n 6 € 7  1 1 0.00 0.00 
' IMC. HSTAT NO.= 9 ROW = 2 EAST = 1 5 . 0 0  NOPTH = 57.00 PADIUS= . 95THT, SANG€ = 1.38 T i 1  FFC. AZU = l E . 2 1  E L V =  47.64 

CAY HOUR BZ ANG E L  ANG CCSINE FHAOOW OLOCK A T H T R n N S S P I L L b G E  T n T A L  KO. X P I M N O .  V b T n  1 S T X  a I P  1 f T  V A Z ' 4  a ,  355.00  -2.00 - 2 t . S  53.0 9 2  9 ,870  1.000 . 9 8 4  1.000 .6C2 1 1 0.00 0.00 
INO. HSTAT NO.= 1 0  RCW = 2 EAST = 25.00 NORTH = 57.00 RADIUS= 1 .02 lHT.  ?ANGE = 1.43 TWT, PFC. AZU = 2F.85 E L V =  45.50 

o b v  H C U R  A Z  ANG EL A N G  COSINE S H A D O W  BLOCK A T H  V A N S  SPILL~GE T C T ~ L  NC. r A T K  NO. v a ~ n  i r ~  x A I ~  i s ?  v azn • 355.CG - i . O 0  -31.7 52.9 - 9 0 7  . 8 6 7  ¶.!)OF . 9 8 4  1.000 .635 1 1 0.00 0.CO 
INO. HSTAT NO.= 11 RCbj = 2 EAST = 35 .00  NORTH = 57.00 P A q I U S =  1 . l l T H T r  RANGE - 1.49 fHT, PEC. AZM = 34 .15  E L V =  47.90 

DA Y HOUR A2 b N G  E L A N G  COSINE SHbOCW @LOCK A T K T Q A h S S P I L L A G E  T O T A L K O .  X A I K K C .  Y b I Y ? S T X  4 1 P l S T  V b l M  
355.CO -2.00 -35.9 53.0 .88b  1.0CO 1oOUC .98J l . O i l ?  a 7 1 3  f 1 0.00 0.06 

INC.  HSTPT NC.= 1.2 RCW = 2 EAST = 45.OC kOl iTH = F7.06 PARIUS= 1.22THT1 SBKGE = 1.57 THT pcC. AZU = 41 .09  E L V =  50.55 
D A Y  HOUR az CNG EL ANG COSINE S H A O O Y  PLOCK A T M  T R A N S  SPILLAGE T O T ~ L  KO. r nrn NO. Y BIN  ST x PIP IST v A C H  

355.00  -2.00 -39 .1  53.3 - 8 6 1  1.000 1.CUO e 9 8 3  0 9 9 9  - 6  C' 1 1 0.00 C . G P  
INO. H s r a T  NC.= 1 3  R C ~  = 2 E A S T  = -45 .00  KCETF = FY.OC WPDIUS= 1 . 2 2 ~ ~ ~ ~  CANGE = 1 . ~ 7  THT, PEC. a i w  = - 4 1 . ~ 9  E L V =  5 r . 5 5  

ca v HOUR A Z . A N G  EL ANG COSINE SHADOW QLOCK A T M  T R A N S  SPILLAGE T O T A L  NO. x AIM NO. v AIH I ~ T  x AIF IST v AIM 
355.00 -2.00 € e l  58.5 - 9 8 7  1.000 1.000 .9A3 .994  . T O E  1 1 0.00 0.00 

INO. HSTAT NO.= 1 4  RCW = 2 EAST = - 3 5 . 0 0  NODTH = C7.00 RADIUS= I . I l T H T ,  CAFltF: = 1 .49  THT*  CEC. AZn =-3b.15 E L V =  47.90 
OA V HCUP A Z  PNG EL ANG CCSINE S H A O O W  BLOCK A?H T R ~ N S  SPILLBGE T O T B L  NO. x AIR NC. v AIM 1 5 1  K ~ I P  1 5 1  v AIW 

355 .00  -2.00 2.3 57.3 - 9 8 6  .OCO 1.OOfl .9R5 1.000 .00D - 1 1 0.00 0.00 
INO. HSTAT NC.= 1 5  9CW = 2 EAST = -25.00 NORTH = 57 .00  WADIUS= l . 0 2 T H T r  P A K F  = 1.43 TFT, REC. b Z H  2 - 2 5 . 8 5  E L V =  45.50 

O A V  HOUR A T  ~ N G  EL ANG CDSINE SHIOOW BLOCK ATE T Q A N S  SPILL~CE T O T A L  NO. x A T V  NC. v n r n   is^ x a r r  1 s ~  v arw 
@? 3 5 5 . 0 0  - 2.00 - i . 3  5 6 . 1  - 9 8 3  7 9  1.CCr . 9 8 h  1 .000  .4C 9 1 1 3.00 0.00 

IND. HSTAT NO.= 1 6  RCW = 2 FAST = -15 .00  NOGTH = 57:OO RADIUS= .95THT, Q4NC.F = 1.38 TRT, FCC. AZH = - l E . 2 1  ELV= 43.64 
OA V HOCP A ?  . ~ N G  EL ANG CCSINE S H A D C U  FLPCK A T R  T Q A N S  ~PILLPGE . T O T A L  PO.  Y AIR NO. v ~ I H  1 5 1  x DIP ICT v PIN 

m 355.00 -2.60 -7.8 55.Q .975  . 8 7 n  1 . ~ 0 ~  . 9 8 6 ,  l . @ O C  .68* 1 1 3. O C  0.00 
$ I N C .  H5TAT NO.= 1 7  ECU = 2 EAST = -5.C5 NOPTH = r7.OC SACIUS-  .92THT1'  RbNGF: = 1.3% THT, PEC. A Z R ' =  - E . 5 3  E L V =  42.62 

OAV HOUR A Z  CNG EL ANC COCINE S H A O O ~ '  "LOCK A T M  T Q ~ K S  S P I L L ~ G E  T O T ~ L  NO. ~r ~ I H  NO. v AIV .IST x A L P   ST v BIN 
~ = ~ - n n  - p _ n n  - ( ~ . 4  *r.-4 - Q L L  - P 71 i - ? n n  - ~ R I .  3 - n n n  - C I A  3 I 0. c'fl n . a n  



I h C .  I'cTAT NC.= ? C "  KCh = 1 5  E A S T  r 34.73 h C r T t !  = 2 4 h . C l :  ? A c I U s =  4.45THT. Cpt.:r,c 2 L . C I ~ :  l b r ,  C$-K. a:;! = i r ; .2s ~ l . ,"= ? ; . k c  
DAY HOUQ AZ CPlG EL ANG COSINE SPAOCW RLO.CK ATY TQANS S V I L L a G E  TnT4L KC. M A!!? ttO. v CI!~ !.ST r n 1 n  15T v ~ [ . r  

I 3EE.00 
--I 

-2 .00  -23.9 70.b .913 -98'3 1.C.00 .a54 - 7 6 1  .Fh3 1 1 G. 3 0  O . O C  
0 INC. HYTAT NO-= 2 6 6  P C h  = 1 5  EAST = 1 0 2 . 5 0  KOCTH = 744.CE c P P l U S =  h . b l T i T .  OINfF :  = b.72 TPT, c F C .  AZE = 27 .26  F L V =  77.76 
o C A V  H C U R  A Z  A N C  EL ANG COCIKF S H A O ~ I (  PLD'CK A T Y  T R A N S  SPILLAGE T O T A L  NC. x f i ~ r  KC. v  r rn 157 :x A T E  t c ~  v 41 '1  

355.00 -2.00 -25.7 70 .3  - 9 0  1 ,994 1.000 .q63  . 733  e K 1 8  1 1 0.00 1.0C 
I & ? .  HSTAT NO.= 2 6 7  RCW = I S  EAST = -102 .58  NCcTH = 244.00 fJPCIUS= 4. 6 1 T i T 1  CAKYF = h.72 THT. c : C .  A7V =-2?.2E. E L V =  17.7F 

OAV HOUF 1 7  ANT, EL ANG C C S T N F  5 ~ 4 0 0 ~  PLOCK A T K  T R A N S  SPILLDGE ~ T I I L  kc.  Y d 1 ~  KC. v E T ? ~  IST Y PIP  ST v AIM 
3EE.ZC - i .FO -3.2 72.2 ,994 1.000 1.0,GO - 9 6 3  . f 4 7  .=Oh 1 1 0.00 0.00 

INC. H c T n T  NO.= 2 6 8  R O W  = IF E A S T  = -84 .73  K C ~ T H  = 7 ~ 4 . 0 0  = n n ~ u s =  b . ~ q ~ i r ,  DAN;€ = 4 .6 t  T H T .  PZC. = - ~ ~ . 5 5  E L V =  77.45 • c n v  H C L R  A Z  A N G  EL ANG COSTME sHADnn wow A T T  T R A N S  SJILLPGE T c ~ 4 ~  Kn. r a r r  KC. v r . r n  i c r  x PIP i c y  v A T V  
255. i jJ  - 2 . C :  -5.0 72.0 .9?2 1.023 l.?,Cx? .964 .77? .ECh 1 1 0. 0 0  0.00 

I r l c .  H S T A T  NO.= Z F ~  RCI = 1 5  EA3T = -67 .31  NOGTH = t 4k .00  P b r I u s =  4 . ~ 0 ~ 4 1 .  C A N G E  = 4 . ~ 1  T P T .  P'ZC. P ~ I  = - 1 c . ? ~  E L V =  77 .20  • CPY VCCF A7 PNG EL A N t  COSINE SHPOOW ELOSU ATM TeANS S P I L L I C E  TCTPL KC. v 47M NO. v C I W  1ST K A T r  1ST v PIV 
35E.C; -?.?!I -E.9 71.9 a 9 8 9  1.OZC1 1.TOG .?55 .793 - 6 2 0  1 1 C. r)r J.CO 

I P C .  P S r b f  NC.= 270 FCY = 1 F  FAST = -50.19 NOGTH = 24b.?i0 Q A r T U f =  4 .33T4Tq QAh'G? = 4.4L T f T 1  DFC. A7H = - i i . A S  ELV-  76 .99  • c n v  H O I J ~  A Z  CNG EL ANG C O S T K C  SHPOCW PLO:K A T M  TQILNS SPILLAGF T O T A L  KO. Y IIM NO. v .cru IST Y n ~ r  I ~ T  v AIM 
.?55. C C  -2.00 -Pa8  71.7 .98F 1.005 1.000 .?65 .80r! .b10  1 i 0.0'1 0.30 

I N @ .  HSTAT NO-= Z71  POW = 1 5  EAST = -33 .?3  KOGTP = 24L.CC SADIU$= 4.2BTHT9 FANGF = L.39 THT, FFC. A7H = -7.95 E L V =  76 .84  
CAY HOUR ~ i !  PNG EL ANG COSINE S H A O ~ ) ) ~  P L O S K  A T M  T R A L S  S~=ILL~GE TOTPL  NO. x 31r! KO. v CIU  ST x AIP 151 v AIM 

355.00  -2.00 -1C.7 7 1 5 - 9 8 0  l r O O O  1.000 - 9 6 5  - 8 1  9 - 6 3 5  1 1 0.00 0.00 
INO. HSTAT NO.= 272 ROW = 1 5  EdST = -16.63 NORTH = ZCb.00 PADIUS= 4.24THTt Q6N6F = 4.16 THT, CEC. A i n  = -3.99 ELV=  76.74 

OAv HOCP AZ PNG EL ANC COSTKE SHADOM PLO.:K ATV TQALS SP ILLAGE Tf lTaL NO. X A I M  KC. v D Z M  I P T  X P I P  1CT V AIM 
355.90 -2.CG -12.6 71.3 ,973 1 .OOC 1.000 - 9 6 6  0 0 2 4  -6 3 5  1 1 0.00 0.00 

a 
THE 1 6  RCW CChTAINS I J  HELICSTATS 

IMC. HSTAT YO.= 273  4CU = 
CAY HOUR AZ bNG 

3 5 5 . 0 0  -2.00 -15.5 
IN@.  HSTAT NO.= 2 7 4  COW = 

CAY HOL'R AZ LNG 
355.00  -2.00 -17.4 

ING. V5TAT NC.= 2 7 5  RCh = 
PA Y HCCR AZ P N t  

355.00 -2.00 -1'2.3 
INO. HSTPT NO.= 2 7 6  ROY = 

OAV HOUR d 7  PNG 
Z5E.O: -2.00 -21.2 

INC. HCTAT NO.= 2 7 7  ROW = 
CAY POUR AZ ANG 

?55.00 -2.CO -23.0 
IND. HSTAT NO.= 2 7 8  VOW = 

DB V HOUR d Z  PNG 
355.05 -2.00 -5.9 

INC. HSTAT NO.= 2 7 9  FCC; = 
C A Y  HOUR AZ ING 

355.00 -2.00 -7.8 
TNC. HSTAT NO.= i 8 9  PCW =. 

CA v HOUR AZ LNG 
355.00  -2.00 -9.7 

INO. HSTAT NO.= 2 8 1  ROk = 
0 A Y HCCR A Z P N G  

355.00 -2.00 -1 l .C  
, INO. HSfAT NO-= 2 8 2  RCY = 

- DAY HOCR A? AHG 
355.00 -2.00 -13.5 

cp 

, i E  EAST = 6 - 8 3  NCKTH = 2 E L 0 0  ?AlYIUS= 1.50THT* PANCF = 4.61 THT. PEC. PZH = 1.99 ELV= 77.48 
EL ANG COSINE SHACOW PLOCY ~ T M  T R A K S  S r I L L A G E  T O T A L  NO. x AIM NO. v I~:W IST x AIP IST v CIM 

71.5 , 9 6 1  1.00Q i e C 1 0  .?54 - 7 8 7  . 539  1 1 0.90 9 . 0 0  
1 6  EAST = 2E.56 NGaTH = 259.00 R A C I U f =  4.5STPT. QANGF = 4 - 6 2  TPT. REC. AZP = 5.98 ELV= 77 .54  

EL ANG COE IME sHacom @LOCK A T M  TQnNs S P ~ L L A G F  T O T A L  NO. x r IH NO. Y A~IM IST x air IST v AIM 
71.3 .952 1.ooa 1.000 - 0 6 4  .TBI I I 0.00 0.00 

1 6  EAST = 44.36 NOQTH = 254.00 OACIUS= 4.57THT. DANCE = 4.E8 THT,.  PEC. AZM = 9.97 ELV= 77.66 
EL ANG COSINE S H A C O Y  BLOCK am T u a N s  S P I L L n G E  T O T A L  K O .  x & I n  NO. Y am IST x ATn IST Y PIM 

71.2 .q42 1.ooa 1.000 .960 - 1 7 0  . 5 7 3  i I 0.00 o .oc  
1E EAST = 62.44 NORTH = 2 5 % 0 0  QACIUS= 4.64THT9 kdNCF = 4.74 TFT*  REC. AZM = 13.P3 ELV= 77.83 

EL ANG COSINE SHACOY BLOCK ATM TRANS SP ILLAGE TOTAL NO. Y AIM NO. V a l N  1'51 X a I r  1 5 1  v A I M  
71.0 . 931  1.oca 1 . 0 ~ 0  - 0 6 3  ,753 . 554  i I 0.00 o.cc 

1 6  EAST = 80.82 NOFTH = 259.00  PADIUS= 4.7ZTHT, QANGE = 4.83 THTI RFC. AT74 3 1 7 - 6 0  E L V =  78.05 
E L  ANG CC'SINE SHACCW BLOCK ATM TRANS SP ILLAGE TOTPL NC. X hTM NO. V .@-IN 1ST X A r k  1ST Y P I R  . 

70.9 . q i q  i .oca i . qao  9 6 3  7 3 2  . 51  i I r). 0 0  0.0 o 
1 6  EAST = -80 .82  NOFTH = '254.00 RAOIUS= b.72TCT* PANG€ = 4.83 THT*  PEC. AZM 3-1'1.68 E L V =  78.05 

FL ANG COSINE SHAOOU CLOCK A T C  T R A N S  ~F'ILLAGE T O T A L  NO. r .LIE NO. v arn IST x PI v IST Y ern 
72.3 - 9 9 0  1 0  1.06P . 953  - 7 4 2  .58C 1 1 0.30 0.CC 

1E EAST = -62.44 NOfTP = 259.00 PAOIUS= L.64TI-1. SaNCE = 4 - 7 6  TETr PEC. AZM =-13.83 ELV= 77.83 
E L  ANG COS INF: SHAE-OH QLCCK ATM TRANS SP ILLAGE TOTAL NO. .X  E I M  NO. Y Am !ST X A19 i s 1  V AIM 

72.1 - 9 8 7  1.0f0 1.OEO - 9 6 3  - 7 6 1  . 5?3  1 1 0. 3 3  O . 5 C  
1 6  EAST = -44.38 WCFTH = 259.00 PPOIUS-  4.57TPT* VPCGF = 4.68 TPT. CEC. AZM = -9 .91  F L V =  77.66 

EL ANG COSINE SHAOOY RLOCK A T W  TRANS SFILLAGE ToTnL NO. x c ~ n  NO. Y n r n  IST x a I n  151 Y axw 
72.0 . 982  1.010' 1 . 0 ~ 0  - 9 6 4  .77= . ~ 0 2  . I t 0.09 n . c c  

1 6  EAST = -2E.56 NOsTH = 25'3.00 Q A P I U f =  4 .53TFTr  FANGF = 4.63 THT, PEC. AZM = -E.'3R ELV= 77.54 
EL ANG CCSINE ~ H A O Q L '  ?LOCK s r n  T a a N s  r F . I L L a t F  T C T P L  KO. r CIR KC. r A M  IST x AI!~ ICT Y PIFC 

71.8 ,976 1.000 1.000 . 9 6 4  e7Pb  - 6 0 5  1 1 0.00 0.00 
16 EAST = -8.8? NOCTH = 259.00 ?AODJS= 4.50THT* @Ah!GF = h .61  TFT*  FCC. AZV 2 -1.99 E L V =  77.48 

E L  ANG COSINE SHAD.CU 9L@CK PTK TQANS rC ILL4GF :  TOTdL KC. Y 3 I P  NO. Y P??! 1ST Y 1 1 ?  1ST V P I H  
7 1.6 - 9 6 9  1 . C C O  1.OPO 9 6 4  .7e  P .COk 1 I 0.00 0.00 



P F R F C P K I V C E  SUPKARV F P C R  USEQ C E F I F E O  FIqLS 

9 

C P T I C b L  F F F I C I E N C V  a 
' T O T A L  F F F I C I E K C V  INCLCICES Q E F L E C T I V  I T  I E S *  H E L I C S T P T  = . R 5 D .  ~ F C C  TVFQ = .9E5 
a 
: D A V  HOUP C O S I N E  f H A C O U  BLCCK I T V . T  Ff IFS.  S P I L L A G '  TOTAL a, 3 5 5 . 0 0  -2.00 ,149 - 9 2 7  .C?3 . C 7 3  . 917  . E ?9 



- 

R E F L E C T T V I T V  LCSS 
R A D T A T T  C K / C O N V E C T I C ~ ~  L G S  s 
P T P I N G  LCSSES 

THEFPAL FCWER TOUEF B 1 S E  
0 

POMER T C  STOSAGF 

POWER TO T U P P I N E  
T H E Q P .  T C  E L E C .  EFF. 

GCCSS E L E C T R I C  PCWE!? 
ELECT G I C A L  P A P A S I T I C S  

NET E L E C T F I C  PCWE9 2 . 5 7 ~  nu-EL 



FLUX C A L C U L C T I C I  
a 

U N I T S  CF FLUX ARE K I L C W D T I / S C .  NETEG 

@ THF FLUX I S  CllLCULATEO FOR CAY= 3 5 5 . 0 0  HCL'4= - 2 . 0 0  INCOLATICN= .TO0 KW/F2 

H T t M )  HORIZONTAL UISPLDCEMENT I N  FLUX P L I N E  ln) a 





APP.ENDIX C--ADDITIONAL SAMPLE INPUT DECKS 

F lux  Map on a Cavi ty  Wall and Aperture 

Examine t h e  f l u x  d i s t r i b u t i o n  on the  east  f ac ing  c a v i t y  o f  t h e  125 MWe 
system from Sample Problem 2  o f  Appendix 0 .  Obtain f l u x  maps on both the  heat  
absorbing sur face and aperture. 

A. F lux  on the  Heat Absorbing Surface 

Input :  

FLUX MAP ON WALL 
$BASIC ITAPE=3, TDESP=125.$ 
$FIELD$ 
$HSTAT$ 
sREC RX=12.8,9.6,12.8,16.0,. ~~=12.8,9.6,12.8,16.0, 

RAZM=270.,0.,90.,180., RWCAV=0.75,0.5,0.75,1.0$ 
$NLFLUX IFLX=l , IFXOUT( 3 , l )  =1, NXFLX=9, FAZMIN=225., FAZMAX=315., 

NYFLX=8, FZMIN=-4.0, FZMAX=26.0$ 
$NLEFF$ 
$REC W=-l.$ 

i 

Analvs is  o f  I n ~ u t  

System data i s  read' from t h e  op t im iza t i on  data tape created i n  Sample 
Problem 2B (ITAPE=3, TDESP=125., p l u s  the  appropr ia te  c o n t r o l  ca rd  f o r  at tach-  
i n g  t h e  f i l e ) .  1n .order  t o  make c a l c u l a t i o n s  on t h e  east  cav i t y ,  t he  $REC$ 
va r iab les  must be s p e c i f i e d  so t h a t  t h e  east  f ac ing  c a v i t y  i s  t he  f i r s t  one. 
The opt imized values f o r  t h e  aper ture  s i z e  (RX,RY) are used. I R E C  and IAUTBP 
are  read from TAPE30. 

For  c a l c u l a t i n g  t h e  f l u x  map, t h e  design p o i n t  has been selected, and t h e  
defaul  t . v a l u e  o f  IFLAUT s igna ls  t h a t  c a l c u l a t i o n s  w i l l  be made on t h e  heat  
absorbing sur face of t he  spec i f ied  rece iver .  FZMIN,FZMAX are s p e c i f i e d  i n  
keeping w i th .  values determined i n  t h e  op t im iza t i on  run. 



B. Flux on t h e  Aperture --- 
Input :  

FLUX MAP ON APERTURE 
$BASIC  ITAPE=3 ,  TDESP=125.$ 
$FIELTJ$ 
$HSTAT$ 
$REC RX =12.8,9.5,12.8,16.0, RY=12.8,9.6,12.8,16.0, 

RAZM=270.,0.,90.,180., RWCAV=0.75,0.5,0.75,1.0$ 
$NLFLUX I F L X = l  , I F X Q U T (  3 ,1 )=1 ,  I F L A U T = 3 ,  XFC=16.25, YFC=O., ZFC=O., 

AZMF=270., NXFLX=9,FAZMIN=-6.4, FAZMAX=6.4. NYFLX=9,  
FZMIN=-6.4,  FZMAX=6.4$ 

Analys is  oP . I n ~ u t  

The i n p u t  i s  s i m i l a r  t o  the  c a l c u l a t i o n  i n  the  preceding example except 
f o r  t he  d e f i n i t i o n  o f  t h e  aper ture  ins tead o f  t h e  heat  absorbing sur face f o r  
t h e  f l u x  ca l cu la t i on .  I F L A U T = 3  i s  s p e c i f i e d  and appropr ia te  values o f  XFC, 
YFC, ZFC, FZMIN ,  FZMAX are def ined. 

i a n d  Constrained System -Desi qn 
7- 

The f o l l o w i n g  p iece o f  land i s  a v a i l a b l e  f o r  a  c e n t r a l  rece ive r  p l a n t :  

Determine the  appropr ia te  p l a n t  s i z e  f o r  t he  area and opt imal  tower l o c a t i o n .  

Input :  

,LAND CBNSTRAIMT 
$BASIC  ITAPE=2$  
$REC$ 
$OPT NUMTHT=5, THTST=120., THTEND=200., NUMREC=5, WST=10., WEND=18., 

NUMflPT=5, POPTMN=250.E+06, POPTMX=350.E+06, NUMPflS=4, 
XTPST=O., XTPEHD=150., YTPST=-ZOO., YTPEND=-400., NLAND=2, CLE=O., 
600., CLN=O.,O., ALP=0.,9.5, SLNS=1800.,1775., SLEW=1200.,297., 
I P L F L = 4 * 1 ,  SMULT=1.0$ 

$NLFLUX$ 
$NLEFF I P H = l $  
%NLCBST$ 



Analvs is  o f  I n n u t  

The vague problem statement requ i res  a number o f  decis ions t o  be made. 
F i r s t ,  a  general i d e  o f  t he  p l a n t  s i z e  i s  made by comparing the  a v a i l a b l e  9 l and  are o f  - 2.4 km w i t h  prev ious ly  ca l cu la ted  unconstrained designs. The 
r e s u l t  i s  - 250 MWth de l i ve red  a t  t he  base o f  t he  tower (see output  f o r  
Problem 1, Appendix B), and t h i s  then becomes a  nominal value f o r  determining 
the  power l e v e l s  searched. Tower he igh t  and rece ive r  s i ze  ranges are  chosen 
cons is ten t  w i t h  t h e  power 1  eve1 range considered here. Furthermore, i n  t h i  s  
i n i t i a l  run, t h e  problem i s  s i m p l i f i e d  t o  deal on l y  w i t h  thermal power a t  the  
tower bas is  ( IPH=l, SMULT=1.0) and non-f l  ux 1  i m i  t e d  ex terna l  rece ive r  designs. 

The land  c o n s t r a i n t  i s  handled by d i v i d i n g  the  1  and i n t o  the  two rec-  
tangles shown below and neg lec t i ng  the  small t r i a n g u l  ar  area i n  the upper 
r i g h t  hand corner: 

f negl ected 

Tower pos i t 

Tower p o s i t i o n  i s  va r ied  a long the  1  i n e  indicated.  The i n p u t  parameters 
i n  $OPT$ de f ine '  values based on the  o r i g i n a l  dimensions o f  t h e  land area. 
Subsequent i t e r a t i o n s  may be requ i red  t o  opt imize  tower p o s i t i o n  and rece ive r  
conf  i gurati.on. 



I n i t i a l  D i s t r i b u t i o n  

Unl i m i  t e d  Re1 ease 

Snamproaetti S.P .A. 
Case1 1 a Posta l  l e  12059 
20100 M i  lano 
I t a l y  
At tn :  D r .  Renedett i  A less io  

Empresa Nacional de I n g e n i e r i a  
- P a d i l l a  17 

Madri d-6 
Spain 
At tn :  Fernando Del gado 

Department o f  Mechanical Engineer ing 
I n d i a n  I n s t i t u t e  o f  Science 
Bangal ore-560012 
I n d i a  
At tn:  D. Suresh 

Ecol e Poly techni  que 
B.P. 6079 S t a t i o n  "A" 
Montreal , Quebec 

. . Canada H3C3A7 
At tn :  Prof. 'E. B i l g e n  

Geotechni ca l  Research Centre 
McGi 11 U n i v e r s i t y  
817 ~ h e r b r o o k e  S t .  West 
Montreal , Quebec 
Canada . . 

At tn:  Tarek Gala1 

I n s t i  t u t o  de 'I nvest iac iones E l e c t r i c a s  
Apartado Posta l  475 
Cuernavaca, Morel os 
Mexico 
At tn:  D r .  Eduardo Gleason Garc ia 

I n s t i  t u t o  de Nuevas Energi as 
Apartado Posta l  2012 
Val enci a 
Spain 
At tn :  J a v i e r  ~a?ada ~ i b & r a  

L.A.A.S. 
7 Avenue du ~ o i o n e l  Roche 
F31400 Toul ouse 
France 
At tn :  Pro f .  3 .  L. ~ b a t u t  



DFVLR 
Pfaf fenwal  d r i  ng 38-40 
7000 S t u t t g a r t  80 
West Germany 
At tn:  K u r t  J. Erhard t  

Embassy o f  Aust ra l  i a  
1601 Massachusetts Ave. N.W. 

. Washington, D.C. 20036 
Attn:  W. J. Wright  

1 NTE RATOM 
Fri edr i ch -Eber t -S t ra~e  
5060 Bcrgisch Gladback 4 
West Germany 
At tn:  D r .  R o l f  Erdmann 

Masinski Fakul t e t  
Zavod za Procesnu Tehniku 
I Z a s t i t u  C i s t o r e  Vazduha 
7 100 1 Sarajevo 
Yugoslavia 
At tn:  D r .  0. Fabr i s  

01 i n  Chemicals Group 
275 Winchester Ave. 
New Haven, CT 06511 
At tn :  S. L. Golds te in  

ARC0 Power Systems ' 

7061 S. Un ive rs i  ty-Sui  t e  306 
' L i  t t l e t o n ,  CO 80122 
At tn :  Dave Gonaan. 

Babcock and Wilcox 
20 $, Van Buren Ave. 
Rarbertor~,  OH 44203 
At tn :  0. W. Durrant  

Boeing Engineering and Const ruc t ion  Co. 
600 Andover Park West 
Seat t le ,  WA 98188 
At tn :  Cheryl Warner 

McDonnel 1 Doug1 as 
5301 Bol sa Ave. 
Hunt ington Beach, CA 92467 
Attn:  G. L. K e l l e r  M I S  14-3 

Bechtel Group, Inc.  
P. 0. Box 3965 
San Francisco, CA 94119 
Attn:  Robert Lessley 

A i l een  Penn 



Flarti n Mar i e t t a  
P. 0. Box 179 
Denver, CO 80201 
Attn: Paul Norr i s  MIS C4000 

E l e c t r i c  Power Research I n s t i t u t e  
P .  0. Rox 10412 
Pal o A1 t o ,  CA 94303 
Attn:  John Rigger 

General E l e c t r i c  Co. 
1 River Road 
Rlda. 23, Rm. 289 
Schenectady , NY 12345 
Attn:  S t u a r t  Schwartz 

Rockwell 11.1 t e r n a t i o n a l  
Energy Systems Group 
8900 DeSoto Ave. 
Canoga Park,  C A  91304 
A t t n :  J a n e t  I v e s  

Utah Power and L igh t  Co. 
P. 0. Box 899 
S a l t  Lake C i t y ,  UT 84110 
A t t n :  Don Grey 

J.P.L. 
4800 Oak Grove Dr. 
Pasadena, CA 91103 
A t t n :  Dr. J .  M. Bowyer, M/S 507-228 

Black and Veatch 
P. 0. Rox 8405 
Kansas C i t y ,  MO 64114 
A t t n :  S. L. Levy 

D. C. Gray 

Westinghouse E l e c t r i c  Co. 
777 Penn Center  Rlvd. 
P i t t s h u r a h ,  PA 15235 
Attn: John T. Day 

Appl i e d  S o l a r  Engineer ing,  Inc. 
P .  0. Box 5148 
San Antonio, TX 78201 
A t t n :  Tom Wisneski 

Water and Power Resources Se rv i ce  
P. 0. Box 25007 
Denver, CO 80225 
A t t n :  R. L. Zelenka, Code 254 



Exxon Enterpr ises I nc. 
Solar  Thermal Systems 
P. 0. Box .592 . '  

Florham Park, NJ 07932 
At tn:  Rob Garman 

Ba t t e l  l e  PNL 
P. 0. Box 999 
Richland, WA 99352 
At tn:  S. P. B i r d  

Solar  Energy Research I n s t i t u t e  
1536 Cole D1vJ. 
Golden, CO 80401 
At tn:  John Thornton 

t i ibbs and Hi l I, lnc. 
393 7 th  Ave. 
New York, NY 10001 
At tn:  R. P r i e f o  

G. W. B~CIUII, DOEIHQ 
W. Auer, DOE/HQ 
J ,  E, Rannel s, DOE/HO 
R *  w ,  Huqhev. DOE/SAN 
K. Rose, DOE/SAN 

G. Dacey, 1 . 
A. Narath,.4000; At tn:  J. H. Scott,  4700 
F. Biggs, 42.31 
C. N. V i t t i t o e ,  4231 
6. E. Brandvold, 1710 
B. W. Marshal l ,  4713 
R. H. Braasch, 4715 
J. F. Banas, 4716 
J. A , .  Leonard, 4717 
D. G. Schueler, 4720 
J. v. u e t ~ ,  i i ~ i  
W .  P. Schimrnel , 4723 . 
T. A. De l l i n ,  4723 (10) 
E. L. Burgess, 4726 . 

V .  L. Dugan, 4750 
T. B. Cook, 8000; At tn:  A. N: Blackwell ,  8200 

D. L. Hart ley,  8500 
D. M. Olson, 8100 
W. E. Alzheimer, 8120 
R. J. Gal lagher, 8124 
M. J. Fish, 8124 ( 5 j  
B. F. Murphey, 8300; Attn: D. M. Schuster, 8310 

G. W .  Anderson, 8330 
W. Bduer., 8340 

R. L. Rinne, 8320 
C. T. Yokomizo, ,8326 
A. R. Kerste in,  8326 



L. Gut ierrez,  8400 
R.. C. Wayne, 8430 
P. J . Eicker ,  8431 
C. S. Selvage, 8450 
H. F. Nor r i s ,  8451 
A. C. Skinrood, 8452 
C. L. Yang, 8452 (.10) 
W. G. Wilson, 8453 
P. DeLaquil, 8453 
S. E. Faas, 8453 
Publ i c a t i o n s  D i v i s i o n ,  8265, f o r  TIC (27) 
Publ i c a t i o n s  D i v i s i o n ,  8265lTechnical L i b r a r y  Processes D iv i s ion ,  3141 
Technical L i b r a r y  Processes D iv i s ion ,  3141 ( 3 )  
M. A. Pound, 8214 f o r  Centra l  Technical F i l e  (3 )  




