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This report summarizes the  r e su l t s  .of an evaluation of a so la r  energy. 

collection system concept designed by Veda, Inc. The concept f a l l s  i n  t h e '  
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configuration markedly d i f ferent  from that  of most cent ra l  receiver designs. 
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contributions from Mr. P h i l  deRienzo and Mr. Richard Boucher, and additional 
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1. INTRODUCTION 

I n  January 1981 t h e  Veda, Inc . ,  d i v i s i o n  l o c a t e d  i n  Camarilla, 

C a l i f o r n i a ,  submi t ted  a s t u d y  r e p o r t  (Reference A) t o  t h e  Department o f  

Energy (DOE) summarizing i t s  i n v e s t i g a t i o n s  o f  a novel  approach f o r  t h e  

o p t i c a l  c o l l e c t i o n  and co l i cen t r a t i on  b f  s o l a r  r a d i a t i o n .  The approach 

involves . . a  p a r t i c u l a r  t y p e  o f  geome t r i ca l  a r r a y  o f  h e l i o s t a t s  and a 

p a r t i c u l a r  h e l i o s t a t  d e s i g n  f o r  u s e  i n  t h a t  a r r a y .  These two concep t s  a r e  

i d e n t i f i e d  by Veda a s  fo l lows:  

( 1 )  Unif ied H e l i o s t a t  Array ( U H A )  

- a geome t r i ca l  h e l i o s t a t  f i e l d .  l a y o u t  i n  which rows o f  m i r r o r s  

a r e  p laced  a t  v a r i o u s  l e v e l s  ( t e r r a c e s )  i n  a c o n f i g u r a t i o n  

resembling a t h l e t i c  f i e l d .  b l e a c h e r s  f o r  t h e  purpose o f  

r e d i r e c t i n g  s o l a r  r c d i a t i o n  t o  a p o i n t  n e a r  ground l e v e l .  

( 2 )  Veda I n d u s t r i a l  H e l i o s t a t  (VIH) 

- a t o r o i d a l  segment m i r r o r  mounted on a n  e q u a t o r i a l  mount. The 

r e c t a n g u l a r  m i r r o r  s u r f a c e  i s  curved w i t h  two o r thogona l  r a d i i  

s e l e c t e d  t o  c o n c e n t r a t e  r a d i a t i o n  and minimize image spreading  

due t o  o p t i c a l  a b e r r a t i o n s  c r e a t e d  by o f f - a x i s  t r a c k i n g  o f  t h e  

sun.  The V I H  d e s i g n  proposed i s  r e l a t i v e l y  s m a l l ,  2x3 m ,  o r  

approximate ly ' l0 -15% o f  t h e  a r e a  o f  a DOE "Repowering" 

R e l i o s t a t .  

The UHA i s  a c o l l e c t i o n  concept  which could  be  used wi th  d i f f e r e n t  

h e l i o s t a t  d e s i g n s  w i t h  va ry ing  deg rees  o f  c o l l e c t i o n  e f f i c i e n c y ,  b u t  i s  

claimed t o  be  most e f f e c t i v e  w i t h  t h e  Veda V I H  des ign .  The V I H  h e l i o s t a t  

c o n f i g u r a t i o n  d i f f e r s  from t h e  convent iona l  DOE llRepowering" h e l i o s t a t s  

which are.  6-10 times l a r g e r  i n  a r e a ,  employ a n  az imuth-e leva t ion  d r i v e ,  and 

c o n t a i n  m u l t i p l e  r e c t a n g u l a r  mir ror .  p a n e l s  which can  be i n d i v i d u a l l y  can t ed  

and focused a long  s e l e c t e d  a x e s  t o  make t h e  composi te  assembly approximate 

any  d e s i r e d  f i g u r e .  



'Ihe UHA and V I H  have  been e v a l u a t e d  s e p a r a t e l y .  The e v a l u a t i o n  

o b j e c t i v e s  and r e s u l t s  a r e  p re sen t ed  i n  S$c t ions  2 and 3 ,  r e , s p e c t i v e l y ,  and 

t h e  key  f i n d i n g s  o f  t h e  e v a l u a t i o n  a r e  presen ted  i n  S e c t i o n  4. 

20 EVALUATION OBJECTIVES 

The o b j e c t i v e s  o f  t h i s  e v a l u a t i o n  a r e  t o :  

J 

( 1 )  Assess t h e  c r e d i b i l i t y  o f  t h e  o p t i c a l  d e s i g n s  and t h e  v a l i d i t y  o f  

UHA and. V I H  performance e s t i m a t e s  presen ted  by Veda i n  Refere,nce A. 

(2) :Determine what t h e  . d i s t i n c t i v e  f e a t u r e s  embodied i n  Veda's UHA and 

V I H  concep t s  o f f e r  t h a t  t h e  more conven t iona l  c e n t r a l  r e c e i v e r  

t e c h n o l o g i e s  d o  n o t :  

a )  For S o l a r  The rma l /Sunhe l s  a p p l i c a t i o n s  

b )  For u l t r a - h i g h  tempera ture ,  high power d e n s i t y  a p p l i c a t i o n s  

( o t h e r  t han  power g e n e r a t i o n  o r  f u e l  production). .  

(3).. Determine where t h e  UHA and V I H  concep t s  might be most a p p l i c a b l e  

i n  DOE'S S o l a r  Thermal Program. 

. DETAILED EVALUATION 

3.1 Unif ied H e l i o s t a t  Array 

An a r t i s t ' s  concept  o f  t h e  UHA i s  shown i n  F igure  1. In' c o n t r a s t  

t o  t h e  Ifpower t owerw concept  i nco rpo ra t ed  i n  t h e  c e n t r a l  Receiver  

Test F a c i l i t y  al: Albuquerque, N.M., t h e  iO MWe P i l o t  P l a n t  under  

c o n s t r u c t i o n  a t  Earstow,  and i n  a l l  c u r r e n t  c a n d i d a t e  system 

d e s i g n s  i n  DOE'S Repowering Program., t h e .  UHA is a r r anged  t o  

c o n c e n t r a t e  t h e  s u n ' s  energy  a t  a  , p o i n t  much c l o s e r  t o ' g round  l e v e l .  



Figure 1. Veda, Inc. Unified Helioetat Array 



3.1.1 Area Efficiency Comparisons 

A plan view o f  a t y p i c a l  UHA design described i n  Reference A is 

drawn t o  s c a l e  i n  Figure 2, with c e n t r a l  rays from representat ive  

h e l i o s t a t  l oca t i ons  i l l u s t r a t e d .  Tbe sun's  rays  correspond roughly 

t o  an  equinox condit ion a t  9:00 a.m. loctal time. Since the 

h e l i o s t a t v s  bas ic  geometric function is t o  b i s e c t  t he  angle between 

t h e  incoming sun l igh t  and the  r e f l ec t ed  beam t o  t h e  receiver ,  any 

co l l ec to r  design which minimizes t h a t  angle  a l s o  minimizes t h e  

angle between the  h e l i o s t a t  nonnal and t h e  sun l igh t ,  and thereby 

maximizes t h e  h e l i o s t a t  a r ea  eff ic iency.  The a r ea  e f f ic iency  is 

defined as t he  cosine o f  t h e  angle  between t.hc hc!jn8t.ata nnrmal and 

the  inc iden t  sun l igh t  rays. The ncosine l o s se sn  increase  as t h i s  

angle becomes la rger .  

A comparison of  t h e  UHA h e l i o s t a t  a rea  e f f i c i e n c i e s  w i t h  those of  a 

conventional n or th-f ie ld  c e n t r a l  receiver  "power towern a r ray  

showed t h a t  f o r  t h e  same s i t e  t h e  UHA w i l l ,  i n  general, exh ib i t  

lower a r ea  e f f i c i eno ie s  than those of  t h e  power tower array.  A 

power tower example was taken from page 1-5 of  Reference B, whose 

configuration is  shown i n  Ffeure 3. Comparisons f o r  th ree  key days 

of t h e  year  a r e  shown i n  Figure 4, where t h e  UHA f i e l d  s i z e  example 

w8 8eXected f o r  i t s  comparability i n  s i z e  w i t h  the  power tower 

f i e ld .  The h e l i o s t a t  on t he  N S  l i n e  which is most remote from t h e  

rece iver  and a c l o s e r  h e l f o s t a t  a r e  i l l u s t r a t e d  f o r  each case. 

It can be  seen from Figure 4 t h a t  h e l i o s t a t  a r ea  e f f ic iency  is  

amenable t o  some optimization,  espec ia l ly  f o r  near-field 

he l i o s t a t s ,  v i a  s e l ec t i on  of  t he  height a t  which t he  receiver  is 

placed. I n  ountr-ast,  t h e  UHA design necessitates g€hricl~allg l a m e r  

half-angles, pa r t i cu l a r ly  under noonday summer conditfons, and w i l l  

unavoidably exhibit lower a rea  e f f i  oiencies.  Thaugh receiver 

height va r i a t i ons  a r e  not  discussed i n  Reference A, it would be 

f ea s ib l e  t o  place the WA receiver  a t  a g r ea t e r  hefght f o r  some 

appl icat ions ,  i n  which case  t h i s  e f f e c t  w i l l  be s l i g h t l y  mitigated.  
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Noon, Equinox 

Noon, Winter loletice 

AREA EFFICIENCIES 

- - 
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25 MW Receiver 
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Figure 4 COMPARISON OF IIRLIOSTAT AREA EFFICIENCIES OF TllE VEDA llNLFlED 
IIEI.IOSTAT ARRAY AND A POWER TOWRR ARRAY 

('illu~trating centr~l raya for aelected helioetnta lying in a 
N-S plane ul~icb pafises througl~ the receiver) 



Another o p e r a t i o n a l  d i f f e r e n c e  between t h e  UHA and t h e  power tower 

a r r a y  a f f e c t i n g  c o l l e c t i o n  e f f i c i e n c y  i s  t h e  r e s u l t  o f  p l a c i n g  t h e  

UHA h e l i o s t a t s  on a t i l t e d  p l a n e  a t  a  r a t h e r  s t e e p  a n g l e  a s  opposed 

t o  a  h o r i z o n t a l  h e l i o s t a t  a r r a y .  As a consequence,  f o r  n o r t h e r n  

l a t i t u d e  s i tes  t h e  UHA w i l l  b e  unab le  t o  view t h e  r i s i n g  and 

s e t t i n g  s u n  i n  midsummer, between s p r i n g  and f a l l  equinoxes ,  

c aus ing  a s h o r t e r  s o l a r  "day" i n  summer t h a n  would b e  exper ienced  

by t h e  h o r i z o n t a l  a r r a y .  Tbe UHA w i l l  have f u l l  view o f  w i n t e r  

s u n r i s e  and s u n s e t ,  however. From t h e  s p r i n g  equinox ,  t h e  l e n g t h  

o f  t h e  s o l a r  day  i n c r e a s e s  a s  summer approaches  f o r  h o r i z o n t a l  

h e l i o s t a t  a r r a y s  and  d e c r e a s e s  a g a i n  towqrd t h e  f a l l  equinox ,  b u t  
' 

i t  w i l l  remain e s s e n t i a l l y  cons ta r i t  f o r  t h e  UHA. The appa ren t  

r e s u l t  i s  t h a t  t h e  u s e f u l  s o l a r  day  f o r  t h e  .UHA w i l l  be rough ly  

c o n s t a n t  o v e r  t h e  y e a r .  If the o p e r a t i n g  "dayit i s  conP111ud l u  sills 

e l e v a t i o n s  above lsO, however, i t  w i l l  b e  e s s e n t i a l l y  t h e  same 

f o r  bo th  c o n f i g u r a t i o n s .  

Ttie noonday s u n  a n g l e  geometry f o r  summer, w i n t e r ,  and equinox 

c o n d i t i o n s  f o r  1 0  Wt U H A  d e s i g n s  from Reference A (page 5-21 

u s i n g  bo th  t h e  Repowering h e l i o s t a t  and t h e  Veda h e l i o s t a t ,  i s  

' i l l u s t r a t e d  i n  F igure  5. Based on t h e  c o s i n e s  o f  t h e  b i s e c t e d  

a n g l e s  o f  t h e  f i g u r e ,  t h e  a r e a  e f f i c i e n c i e s  f o r  t h e  h i g h e s t  

h e l i o s t a t s  l y i n g  i n  the c e n t r a l  nartb-south p lane  range  from 

approximate ly  0.71 t o  0.93 f o r  t h e s e  key days ,  and a r e  e s s e n t i a l l y  

t h e  same r e g a r d l e s s  of  which h e l i o s t a t  t y p e  i s  i n c o r p o r a t e d  i n  t h e  

UHA des ign .  To g r a p h i c a l l y  summarize t h e  a r e a  e f f i c i e n c y  . 

comparisons,  t h e  e f f i c i e n c y  v a l u e s  f o r  a l l  t h e  above c a s e s  a r e  

p l o t t e d  in Figure 6. It is see11 t h a t  for t h e  most remotc h o b i o s t a t  

row, t h e  i n s t a n t a n e o u s  v a l u e s  o f  t h e  UHA a r e a  e f f i c i e n c i e s  can  

peach i c v a l o  n'bout 1[I peroont below t.hase f o r  a co r r e spond i rx  row 

o f  t h e  power tower  a r r a y .  ' h a t  cou ld  reduce c o l l e c t i o n  c a p a b i l i t y  

Over a  y e a r ' s  time by abou t  11 p e r c e n t  u n l e s s  i t  i s  compensated 

e i t h e r  by s u p e r i o r  o p t i c a l  performance o f  t h e  VIH h e l i o s t a t s  o r  by 

mounting the r e c e i v e r  a t  a  h ighe r  e l e v a t i o n ,  e.g. ,  on upper  l e v e l s  
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o f  a f a c t o r y  b u i l d i n g .  Although o n l y  h e l i o s t a t s  l y i n g  i n  t h e  

c e n t r a l  N-S p l a n e  have  been u s e d  f o r  area e f f i c i e n c y  c a l c u l a t i o n ,  

t h e  d i f f e r e n t i a l  comparison i s  b e l i e v e d  t o  b e  b a s i c a l l y  v a l i d  f o r  

t h e  e n t i r e  f i e l d  s i n c e  t h e  h a l f - a n g l e  c o n s i n e s ,  and  hence t h e  area 

e f f i c i e n c i e s ,  w i l l  b e  even  l o w e r  f o r  o t h e r  h e l i o s t a t  l o c a t i o n s .  

The, l a n d  , a r e a  r e q u i r e m e n t s  o f  th,e ,UHA and a n o r t h - f i e l d  ' p ~ w e r  . . . .. . . . .. .* .. . 
, t o w e r n  d e s i g n  o f  e q u i v a l e n t  power l e v e l  were a l s o  compared. The 

2  2 
, 

r e s u l t s  are 7115 m /MWt f o r  t h e  UHA v s .  7300 m MCit f o r  t h e  

power t o w e r ,  a d i f f e r e n c e  o f  a b o u t  2.5 p e r c e n t .  T h a t  i s  n o t  

c o n s i d e r e d  h i g h l y  s i g n i f i c a n t  b e c a u s e  c h a n g e s  i n  c o l l e c t o r  f i e l d  

.. area d u e  t o  " f i n e  t u n i n g f r  of  t h e  f i e l d  geomet ry  and  tower  h e i g h t  

may exceed  t h a t  amount. . 

. . Based o n  t h e  above  c o m p a r i s o n  o f  h e l i o s t a t  area e f f i c i e n c i e s  and  

s o l a r  d a y  v iewing  times, i t  is' conc luded  t h a t  , -wi th  e q u i v a l e n t  

t o t a l  m i r r o r  area, t h e  UHA w i l l  have  e n e r g y  c o l l e c t i o n  performance 
I 
I 

' a t  least  comparable  $b t h a t  o f  t h e  more c o n v e n t i o n a l  power tower  

I 'j a r r a y s  d u r i n g  3 t o  4cmonths o f  t h e  y e a r  ( w i n t e r ) ,  b u t  w i l l  e x h i b i t  
. . 

: somewhat l o w e r  performance f o r  t h e  remainder  o f  t h e  y e a r .  

3.1.2 ' :  F l u x  D e n s i t y  ~ i s t r i i u t i o n '  

' The f l u x  d e n s i t y  a t  t h e  r e c e i v e r  a p e r t u r e  i s  d e t e r m i n e d  by a number 
. . 

o f  f a c t o r s :  

. - o p t i c a l  d e s i g n  o f  t h e  i n d i v i d u a l  h e l i o s t a t s  

- c o n f i g u r a t i o n  o f  t h e  c o l l e c t o r / r e c e i v e r  complexes  

- ' 

t h e  a iming  p a t t e r n  employed t o  i l l u m i n a t e  t h e  r e c e i v e r .  . 
. . . / .  . .  .. . .  , * .  

I n  s o l a r  t h e r m a l  repower ing  s y s t e m s ,  t h e  f l u x  d e n s i t y  d i s t r i b u t i o n  

i s  p lanned  t o  b e  c o m p a t i b l e  w i t h  t h e  r e c e i v e r -  b e i n g  'used.  The peak 

d e n s i t y  a t  t h e  r e c e i v e r  a p e r t u r e  i s  l i m i t e d  by sys tem o p e r a t i n g  
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t empera tu re ,  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  o f  t h e  r e c e i v e r  c o o l a n t  

f l u i d ,  and a l l o w a b l e  tempera ture  l i m i t  o f  t h e  r e c e i v e r  m a t e r i a l s .  

That i s  obv ious ly  n o t  t h e  c a s e  w i t h  s o l a r  f u r n a c e s  o r  o t h e r  

non-repowering a p p l i c a t i o n s  o f  c e n t r a l  r e c e i v e r  s y s  tems. . 
A g r a p h i c a l  comparison o f  a  r e p r e s e n t a t i v e  Veda UHA f l u x  d e n s i t y  

\ 

p r o f i l e  w i th  t h o s e  o f  conven t iona l  Repowering a r r a y  concep tua l  

d e s i g n s  having  somewhat comparable power l e v e l s  i s  shown i n  F igure  

7. The power l e v e l s  g i v e n  i n  each c a s e  r e p r e s e n t  t h a t  power which 

i s  i n c i d e n t  on t h e  r e c e i v e r .  

Three p a t t e r n s  w i t h  d i f f e r e n t  a iming s t r a t e g i e s  are shown f o r  a  

M c b n n e l l  b u g l a s  (MDAC) North F i e ld  d e s i g n  f o r  t h e  10:OO a.m. 

s p r i n g  equinox cond i t i ons .  A s  t o  be expec t ed ,  t h e  peak power 

d e n s i t y  d e c r e a s e s  w i t h  sp read ing  o f  t h e  aim p o i n t s .  The h i g h e s t  ' 

2 f l u x  d e n s i t y  shown (2.8 MWt/m ) would n o t  be  p r a c t i c a l  f o r  u s e  

i n -  t h e  e l e c t r i c  power g e n e r a t i o n  a p p l i c a t i o n  in t ended  by MDAC, b u t  

i l l u s t r a t e s  t h e  t h e o r e t i c a l  c a p a b i l i t y  o f  such  a n  a r r a y  f o r  

a p p l i c a t i o n s  t h a t  c a l l  f o r  ex t remely  high power d e n s i t y  i n  a 

l i m i t e d  a r e a .  The aim p a t t e r n  u l t i m a t e l y  s e l e c t e d  by MDAC he ld  t h e  
2 f l u x  d e n s i t y  below 0.4 MWt/m a t  any  p o i n t ,  ' t o  provide proper  

t he rma l  coupl ing  w i t h  t h e  r e c e i v e r .  The upper  UHA cu rve  r e p r e s e n t s  

a d e s i g n  u s i n g  t h e  V I H ;  t h e  UHA d e s i g n  f o r  t h e  lower  curve  

i n c o r p o r a t e s  49  m2 Repowering h e l i o s t a t s .  

The Veda UHA 1 0  MWt p r o f i l e s  shown i n  F igure  7 a r e  s een  t o  have a 

broad c e n t r a l  peak w i t h  r a p i d l y  f a l l i n g  s i d e s ,  which i s  a d e s i r a b l e  

match f o r  e i t h e r  e x t e r n a l  o r  c a v i t y  t ype  r e c e i v e r s .  The UHA 

p r o f i l e s  a r e  more a t t r a c t i v e  from a . d e s i g n  s t a n d p o i n t  t h a n  t h e  

comparable Westinghouse (Reference C) o r  MDAC (Reference D) des ign  

p r o f i l e s  shown. Furthermore, ( i gno r ing  d i f f e r e n c e s  between equinox 

and w i n t e r  s o l s t i c e  c o n d i t i o n s )  t h e  U H A  d e s i g n  u s i n g  t h e  V I H  

. appears  t o  have a  performance advantage i n  c o l l e c t i o n  c a p a b i l i t y  

o v e r  t h e  o t h e r s  i l l u s t r a t e d ,  s i n c e  i t  c o l l e c t s  815 w a t t s  p e r  squa re  



meter  o f  , m i r r o r  s u r f a c e  whereas  t h e  MDAC d e s i g n  produces o n l y  596 
2 2 

W/m and t h e  Westinghouse d e s i g n  produces 751 W/m . That 

p rov ides  27% and 8% h ighe r  f l u x  l e v e l s ,  r e s p e c t i v e l y ,  and t e n d s  t o  

s u p p o r t  Veda's claims t h a t  t h e  V I H  produces a n  ave rage  f l u x  d e n s i t y  

a t  t h e  r e c e i v e r  a p e r t u r e  g r e a t e r  t h a n  any h e l i o s t a t  c u r r e n t l y  under  

s t u d y  ( f o r  su r round  f i e l d s )  and pe rmi t s  t h e  u s e  o f  t h e  s m a l l e s t  

a p e r t u r e  f o r  a g i v e n  amount o f  energy  c o l l e c t e d .  I n  cbmparing t h e  

V I H  and t h e  t y p i c a l  Repowering h e l i o s t a t  employed . . i n  t h e  UHA 

c o n f i g u r a t i o n ,  Veda showed i n  Reference A t h a t  t h e  V I H  c o n s i s t e n t l y  

produces a smaller image-----4% s m a l l e r  a t  8:00 a.m. and 6% s m a l l e r  
. . a t  12:OO noon ( a s  e v i d e n t  i n  F igure  7) f o r  t h e  Barstow l o c a t i o n .  

Obviously,  t h e  g r e a t e s t  advantage  appearws a t  l a r g e  o f f - a x i s  

cond i t i ons .  

3 - 1  3 F e a s i b i l i t y  of Using a Secondary Mir ror  

, The f e a s i b i l i t y  o f  i n t r o d u c i n g  a secondary  m i r r o r  i n  t h e  p a t h  of 

t h e  combined h e l i o s t a t  beams o f  t h e  UHA, t o  r e d i r e c t  t h e  energy  

focus  o n t o  a nea r -ho r i zon ta l  s u r f a c e  f o r  s p e c i a l  a p p l i c a t i o n s  was 

b r i e f l y  i n v e s t i g a t e d .  .The example c a s e  s e l e c t e d  i s  t h e  25 MWt- 

UHA d e s i g n  which was ske t ched  i n  p l a n  view on Figure 2 and i n  

e l e v a t i o n  view i n  F igure  4, V e r t i c a l  c r o s s - s e c t i o n s  o f  t h e  beam 

pattern arriving a t  t h e  receiver are plo t ted  i n  F igure  8 t'or 

i n t e r s e c t i n g  p l a n e s  0 ,  1 0 ,  and 20 me te r s  d i s t a n t  from t h e  r e c e i v e r  

plane. It c a n  be  s e e n  t h a t  any  secondary  m i r r o r  p laced  i n  t h i s  

beam p a t t e r n  w i l l  grow unwieldy i n  s i z e  i f  i t  is placed  ve ry  f a r  

o u t  from t h e  o r i g i n a l  r e c e i v e r  plane. 

It i s  assumed t h a t  r e d i r e c t i o n  o f  t h e  UHA beam by means o f  a 

seoondary m i r r o r  would be r ~ q ~ i i p e d  o n l y  f o r  c c r t . a i n  ~~on-~-layrswe~.$~~g 

a p p l i c a t i o n s .  The p r e f e r r e d  dimensions o f  t h e  " r ece ive r "  i n  such 

. a p p l i c a t i o n s  a r e  n o t  known. . A s  a t es t  c a s e ,  i t  w i l l  be assumed 

t h a t  a r e c e i v e r  p l ane  having t h e  same dimensions a s  t h e  o r i g i n a l  25 

MWt UHA r e c e i v e r  w i l l  be  s u i t a b l e .  That can  be ach ieved  w i t h  1:l 

o p t i c s  u s i n g  a f l a t  m i r r o r ,  a s  i l l u s t r a t e d  i n  F igure  9. The 
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r e s u l t i n g  r e c e i v e r  p l a n e  is t i l t e d  a t  30' from t h e  h o r i z o n t a l ,  
. . 

and  e s s e n t i a l l y  a l l  t h e  e n e r g y  w i l l  b e  i n c i d e n t  o n  a c i r c u l a r  area 

shown a s  t h e  c m s s - h a t c h e d  r e g i o n .  A more d e t a i l e d  p i c t u r e  i s  

showh i n  F i g u r e  1 0 ,  showing t h e  r e l a t i o n s h i p  t o  t h e  o r i g i n a l  UHA 

r e c e i v e r  p o s i t i o n .  The h i g h e s t  and  l o w e s t  h e l i o s t a t  beams a r r i v i n g  

i n  t h e  v e r t i c a l  N S  p l a n e  are i l l u s t r a t e d .  They c o n s t i t u t e  

v e r t i c a l  s l ices  t h r o u g h  t h e  a x e s  o f  e x p a n d i n g  c o n e s  h a v i n g  

h a l f - a n g l e s  o f  0.25 d e g r e e s .  

The s e c o n d a r y  m i r r o r  s i z e  i n  t h i s  a r b i t r a r i l y  chosen example i s  

15 .3  m x 11.4 m ;  F i g u r e  1 0  shows t h a t  i t  c o u l d  b e  made o n l y  

s l i g h t l y  s m a l l e r  i f  i t  i s  l o c a t e d  c l o s e r  t o  t h e  o r i g i n a l  r e c e i v e r  

p o i n t .  Thus, i t  i s  conc luded  t h a t  a l a r g e  s i z e  i s  u n a v o i d a b l e  f o r  

t h e  s e c o n d a r y  m i r r o r  . 

Because t h e  e n e r g y  imping ing  on  such  a s e c o n d a r y  m i r r o r  i s  s p r e a d  

o u t  o v e r  a n  area larger t h a n  t h e  r e c e i v e r ,  t h e  f l u x  d e n s i t y  a t  t h a t  

p o i n t  w i l l  b e  c o n s i d e r a b l y  r e d u c e d ,  r o u g h l y  i n  p r o p o r t i o n  t o  t h e  

r a t i o  o f  areas. Fur the rmore ,  s i n c e  t h e  m i r r o r  ( i n  c l e a n  c o n d i t i o n )  

w i l l  r e f l e c t  f r o i  91% t o  a p p r o x i m a t e l y  9 8 Z o f  t h e  i n c i d e n t  

r a d i a t i o n ,  i t  w i l l  t h e o r e t i c a l l y  a b s o r b  o n l y  a small p e r c e n t  o f  t h e  

e n e r g y  i n  t h e  v i s i b l e  p o r t i o n  o f  t h e  s o l a r  spec t rum.  I n  a n y  c a s e  

i t  w i l l  r e q u i r e  a good h e a t  s i n k  o r  r a d i a t o r s  on  t h e  b a c k s i d e .  

It s h o u l d  b e  n o t e d  t h a t  t h e  f l a t n e s s  o f  such  a s e c o n d a r y  m i r r o r  i s  

n o t  c r i t i c a l  b e c a u s e  image " q u a l i t y n  i s  n o t  a c r i t i c a l  r e q u i r e m e n t ,  

and  some d e f o r m a t i o n  due  t o  h e a t i n g  a n d / o r  g r a v i t y  s a g  c a n  e a s i l y  

b e  t o l e r a t e d .  w i t h  n o  undue d e g r a d a t i o n  i n  e n e r g y  r e c e i v e d  a t  t h e  

f o c a l  p l a n e .  

A more d e t a i l e d  a n a l y s i s  o f  t h e  f e a s i b i l i t y  o f  u s i n g  such  a 

r e f l e c t o r  i s  g i v e n  i n  t h e  Appendix ( S e c t i o n  7 ) .  It i s  concluded 

t h a t  u s e  o f  a secondary  m i r r o r  t o  f a c i l i t a t e  s p e c i a l  a p p l i c a t i o n s  

o f  t h e  UHA i s  a f e a s i b l e  i d e a .  Because o f  t h e  l a r g e  s izes  

i n d i c a t e d  i t  would l i k e l y  b e  f a b r i c a t e d  by a s s e m b l i n g  s e v e r a l  f a c e t s  
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a few s q u a r e  meters i n  area i n t o  o n e  l a r g e  mi r ro r .  

3 .1 .'4 S p e c f a l  A p p l i c a t i o n s ,  ' - 

P o t e n t i a l  s p e c i a l  a p p l i c a t i o n s  t o  which t h e  UHA c o n c e p t  a p p e a r s  t o  
. . l e n d  i t se l f  a r e :  

( 1 )  P r o c e s s e s  i n v o l v i n g  d i r e c t  a b s o r p t i o n  o f  h e a t  by s o l i d  o r  
. ,  

l i q u i d  chemica l s .  I n c l u d e d  i n  t h i s  c a t e g o r y  are chemica l  

manufac tu r ing  o r  r e f i n i n g  p r o c e s s e s  where g r a n u l a r ,  powder, o r  

l i q u i d  m a t e r i a l s  are exposed i n  t h e  form o f  a f r e e - f a l l i n g  

"curtain" t o  v e r y  h i g h  f l u x  rates f o r  s h o r t  e x p o s u r e  times. 

( 2 )  P r o c e s s e s  i n  w h i c h ,  t h e  r e c e i v e r  c o o l a n t  i s  a g a s  o r  m i x t u r e  o f  

g a s e s  t o  b e  h e a t e d  t o  v e r y  h'i'gh t e m p e r a t u r e s ,  e.g., i n  steam 

r e f o r m e r s  . 

( 3  S o l a r  f u r n a c e  a . p p l i c a t i o n s  

( 4 )  ? e s t i n g  v u l n e r a b i l i t y  o f  materials o r  equipment  t o  e x t r e m e l y  

h igh  f l u x  l e v e l s  (e .g. ,  s i m u l a t i o n  o f  n u c l e a r  weapori: . . 
r a d i a t i o n )  o v e r  areas o f  a few s q u a r e  meters. 

For t h e  first t y p e ,  i t  would b e  a d v a n t a g e o u s  t o  have t h e  material 

t o  be.  t r e a t e d  t r a n s p o r t e d  a c r o s s  t h e ,  f o c a l  p l a n e  on  a h o r i z o n t a l  

f l a t  s u r f a c e .  F i g u r e  11 shows how t h a t  migh t  be  a c h i e v e d  w i t h  t h e  
0 u s e  o f  .a 4 5  secondary  m i r r o r  and  a conveyor  b e l t .  

- . . )  

. . For t h e  second  t y p e , . a n  example is t h e  s o l a r  r epower ing  d e s i g n  f o r  

t h e  V a l l e y  Nitrogeri  P roducers ,  . I n c .  Ammonia . P l a n t  i n  'El  C e n t r o ,  CA. 

(Refe rence  El , which i s  i n c l u d e d  i n  DOE'S FY 8 1  Repowering program 

s t u d i e s .  I n  t h i s  d e s i g n ,  a n  i n t e r n a l  c a v i t y  r e c e i v e r  i s  employed 

t o  c o l l e c t  t h e  h e a t  e n e r g y  by f l o w i n g  a g a s  m i x t u r e  th rough  

c a t a l y s t - f i l l e d  metal t u b e s  i n  t h e  r e c e i v e r .  A c h e m i c a l  r e a c t i o n  

t a k e s  p l a c e  i n  t h e  t u b e s  a t  t e m p e r a t u r e s  a p p r o a c h i n g  1 5 0 0 ~  F. I n  
. . , .. 



Figure l i .  Concept for  D irec t  Absorption Applicat ion of UHA 
(25 MUt Scale )  



t h i s  a p p l i c a t i o n ,  hav ing  t h e  c a v i t y  r e c e i v e r  c l o s e  t o  ground l e v e l  

would be  a n  advantage ,  and no  secondary m i r r o r  would be  r e q u i r e d .  

The p l a n t  d e s i g n  d e s c r i b e d  i n  Reference E u s e s  a conven t iona l  n o r t h  
2 f i e l d  h e l i o s t a t  a r r a y  t o t a l i n g  58,864 m .of  m i r r o r  a r e a  and 

2 u t i l i z e s  a n  e l l i p t i c a l  r e c e i v e r  a p e r t u r e  ,on ly  33 rn i n  a r e a .  A 

prehea ted  mix tu re  o f  steam and n a t u r a l  g a s  e n t e r s  t h e  r e c e i v e r  

t u b i n g  system a t  a t empera tu re  o f  5 0 0 ' ~  and e x i t s  a t  1450'~. 

The peak s o l a r - d e r i v e d  power supp l i ed  by t h e  r e c e i v e r  i s  27.1 MWt. 

For t h e  t h i r d  t y p e  ( s o l a r  furnace  a p p l i c a t i o n s ) ,  i t  i s  l i k e l y  t h a t  

t h e  secondary m i r r o r  would n o t  be  needed,   here would be  d i s t i n c t  

advantages  i n . h a v i n g  t h e  specimens t o  be  i r r a d i a t e d  a t  n e a r  ground 

l e v e l ,  even  i n s i d e  a b u i l d i n g ,  i n s t e a d  o f  on  t o p  o f  a tower. N o t  

o n l y  i s  t h e r e  a n  advantage  i n  mechanical  convenience,  b u t  d e s i r e d  

wind c o n d i t i o n s  and /o r  s p e c i a l i z e d  gaseous  atmospheres  around t h e  

i r r a d i a t e d  m a t e r i a l  can  be  provided. A b lack  b o d y . c a v i t y  t ype  

furnace  can  be  used t o '  conserve  and , c o n c e n t r a t e  t h e  energy  i n  a 

conf ined  volume f o r  hou r s  a t  a tdm'e,. . . i f  d e s i r e d  ,. because even . . 

though t h e  r e d i r e c t e d  s o l a r  r a d i a t i o n  a r r i v e s  a t  t h e  UHA r e c e i v e r ,  

p lane  i n  a r a t h e r  l a r g e  s o l i d  &ngie ' ( about  one q u a r t e r  o f  a 

s t e r a d i a n )  , it can  be  i n t r o d u c e d  i n t o  a c a v i t y  through a c i r c u l a r  

opening o f  r e l a t i v e l y  s m a l l  diaineter.  

In t h e  f o u r t h  l i s t e d  a p p l i c a t i o n  t h e  UHA c o n f i g u r a t i o n  a t  t h e  

energy  u t i l i z a t i o n  p o i n t  o f f e r s  d i s t i n c t  advan tages  i n  a d a p t a b i l i t y  

t o  d i f f e r i n g  target c o n f i g u r a t i o n s '  ove r  t h e  power tower approach,  

and a n n u a l  c o l l e c t i o n  c a p a b i l i t y  i s  n o t  a . s t r p n g  c o n s i d e r a t i o n .  

It i s  concluded t h a t  t h e  UHA is  g e n e r a l l y . b e t t e r  s u i t e d  t o  t h e  

. t y p e s  o f  s p e c i a l  a p p l i c a t i o n s  b r i e f l y  ad'dressed h e r e ,  t han  i s  t h e  

conven t iona l  power tower a r r a y .  I n  t h e  i n d u s t r i a l  manufactur ing 

a p p l i c a t i o n s  ( c a t e g o r i e s  . . 1 and 2 abbve)  , t h e  lower  annual  

c o l l e c t i o n  performance i n d i c a t e d  i n  F igure  6 may be  outweighed by 

o p t i c a l  and mechanical advantages c i t e d  i n  t h i s  r e p o r t .  



3.1-5 Beam Safe ty  Aspects 

An unavoidable f e a t u r e  o f  t h e  power tower approach t o  c e n t r a l  

r e c e i v e r  des igns  is  t h e  p o t e n t i a l  eye damage hazard t o  passengers 
. . 

i n  low f l y i n g  ' a i r c r a f t  i n  t h e  v i c i n i t y  o f  t h e  c o l l e c t o r  f i e l d  

c rea ted  by i n d i v i d u a l  beams when h e l i o s t ' a t s  a r e  being brought i n t o  

o p e r a t i o n  from a stowed p o s i t i o n ,  o r  when a n  a r r a y  c o n t r o l l e r  

malfunctions.  The UHA conf igura t ion  i n h e r e n t l y  avoids  t h i s  problem 

s i n c e  t h e  h e l i o s t a t s '  regime o f  movement can b e  r e s t r i c t e d  t o  

prevent r e d i r e c t e d  beams from ever  being pointed h igher  than the  

r e c e i v e r  l e v e l ,  which would keep them below t h e  normal line of 

s i g h t  f o r  low. f l y i n g  a i r c r a f t .  The UHA t h u s  , o f f e r s  a  c l e a r  

advantage wi th  r e s p e c t  t o  beam s a f e t y  f o r  a i r  t r a f f i c .  However, 
, ( 

unfor tuna te ly ,  there w i l l  be a  s i g n i f i c a n t  hazard t o  ground 

obse rve r s  working i n  t h e  v i c i n i t y  o f  t h e  r e c e i v e r ,  and,  u n l e s s  t h e  

s i d e s  of t h e  f i e l d  a r e  fenced,  t o  ad jacen t  a r e a s .  

I 

3.2 ~ e d a  I n d u s t r i a l  H e l l o s t a t  

'3.2.1 Opt ica l  Design 

The i i I H  des ign uses  a  s i n g l e  mi r ro r  surface t h a t  i s  a s e c t i n n  nf 8 

torus, i - e . ,  t h e  r a d i i  o f  cu rva tu re  a r e  d i f f e r e n t  i n  t h e  h o r i z o n t a l  

and v e r t i c a l  a x e s  o f  t h e  mir ror ,  a s  i l l u s t r a t e d  i n  Figure 12. The 

h e l i o s t a t  i s  a l s o  pointed by a n  e q u a t o r i a l  mount r a t h e r  than an  

al t i tude-azimuth (a l taz imuth)  mount s o  t h a t  t h e  t o r i c  axes  a r e  more 

c l o s e l y  a l i g n e d  wi th  t h e  sun. This  des ign g i v e s  b e t t e r  c o n t r o l  o f  

a b e r r a t i o n s  f o r  of f -axis  r ays ,  p a r t i c u l a r l y  ast igmatism, than would 

be achieved w i t h  a opher ica l  mi r ro r  su r faee .  

. . In  Veda, Inc. s t u d i e s  which compared a t y p i c a l  Repowering h e l i o s t a t  

and t h e  V I H  used i n  a  10  MWt UHA oonf igura t ion  (Reference A) , i t  

. . 
was found t h a t  t h s  r e c e i v e r  a r e a  requitled f o r  the  Repowering 

h e l i o s t a t  'case "as from 14% t o  21% l a r g e r  than t h a t  ' required f o r  

t h e  same c o l l e c t o r  f i e l d  us ing the  V I H  w i t h  i t s  t o r o i d a l  segment 



Figure 12. Toroidal Segment Mirror Surface 



m i r r o r  f o r ,  t h e  same c a p t u r e  e f f i c i e n c y .  These c l a ims  appea r  t o  be  

v a l i d ;  however, a more r i g o r o u s  r a y  t r a c i n g  t echn ique  i s  

recommended f o r  such  a n a l y s e s .  The Veda a n a l y s i s  d i v i d e s  up t h e  

i n d i v i d u a l  h e l i o s t a t  m i r r o r s  i n t o  o n l y  25  e l emen t s  i n  o r d e r  t o  

, compute f l u x  d e n s i t y .  E l l i p t i c a l  s u n  images t h u s  produced a r e  

added t o g e t h e r .  The method a p p a r e n t l y  d o e s  n o t  t a k e  i n t o  account  

which p a r t  o f  a m i r r o r  i s  b e i n g  b locked ,  however, when b lock ing  and 

shadowing effects a r e  be ing  t r e a t e d .  A s  a r e s u l t ,  t h e  image 

q u a l i t y  c a l c u l a t i o n  r e p o r t e d  i n  Reference A may have some 

inaccuracy .  These s i m p l i f i c a t i o n s  i n  c a l c u l a t i o n  probably  d o  n o t  

g r e a t l y  affecl; L'he o v e r a l l  r e s u l t s .  

I n  oontrast , t h e  Repowering hcl.ln.st.at., t.ypi f l e d  by t h e  design 

s e l e o t e d  f o r  u s e  i n  t h e  Barstow 1 0  We Pilot P l a n t ,  is composed 

of m u l t i p l e  m i r r o r  facets which are r e c t a n g u l a r  i n  shape  w i t h  a n  

approximate 2.8:l l eng th - to -wid th  r a t i o .  The facets c a n  be  

i n d i v i d u a l l y  prefocused  by Ika rp i  ngfl a l o n g  a p r e f e r r e d  a x i s ,  and 

t h e  m i r r o r s  are i n d i v i d u a l l y  t i l t e d  o r  "cantedn s o  t h e  c e n t r o i d  o f  

the  p r o j e c t e d  beam from each  m i r r o r  f a l l s  a l o n g  t h e  h e l i o s t a t  

aiming a x i s .  Th i s  f l e x i b i l i t y  a l l o w s  t h e  Repowering h e l i o s t a t  

d e s i g n e r  t o  r educe  a b e r r a t i o n s  by imposing a c y l i n d r i c a l  c u r v a t u r e  

a long  e i t h e r  a x i s  o f  t h e  m i r r o r  facets by s e l e c t i v e l y  c a n t i n g  t h e  

mirror modules. Thus, it 1s yuuulble t u  minimize t h e  o p t i e a l  

a b e r r a t i o n s  i n  t h e  Regewcring h c l i o o t a t  f o r  a t i m e  o f  day aaleoted 

such t h a t  performance deg rada t ion  d u r i n g  t h e  remainder  o f  t h e  day 

w i l l  b e  minimized. However, even when t h o s e  s t e p s  a r e  t aken  i t  i s  

prevented from comple te  o p t i c a l  d u p l i o a t i o n  o f  a  t o r o i d .  The f a c t  

t h a t  t h e  V I H  mirror is  c l o s e r  t o  a t o r o i d  (and u s e s  a n  e q u a t o r i a l  

mount ) means t h a t  i t  can  c o n s i s t e n t l y  produce a  s m a l l e r  f o c u s  s p o t  

th roughout  t h e  c o l l e c t i o n  per iod .  That w i l l  be  a d i s t i n c t  

advantage i n  many a p p l i c a t i o n s .  



3.2.2 E q u a t o r i a l  Mount 

The e q u a t o r i a l  mount u s e d  f o r  t h e  V I H  is i l l u s t r a t e d  i n  F i g u r e  13.  

The fact t h a t  t h e  V I H  h e l i o s t a t s  are d r i v e n  e q u a t o r i a l l y  h e l p s  k e e p  

t h e  t o r i c  a x e s  more c l o s e l y  a l i g n e d  t o  t h e  p l a n e  c o n t a i n i n g  t h e  

. s u n ,  h e l i o s t a t ,  a n d  r e c e i v e r  t h a n  c o u l d  b e  a c h i e v e d  w i t h  a n  

a l t a z i m u t h  maunt. F i g u r e  1 4  shows ' t h e U a l i g n m e n t  i n  a ' g e o ' c e n t r i c  
. . 

( e q u a t o r i a l  ) c o o r d i n a t e  s y s t e m  w i t h  t h e  h e l i o s t a t  a t  t h e  c e n t e r .  

For a c e r t a i n  t i m e  o f  t h e  y e a r  t h e  s u n  m a i n t a i n s  a f i x e d  

d e c l i n a t i o n  g i v e n  by E L S ,  and  moves a c r o s s  t h e  s k y  d u r i n g  t h e  

d a y  w i t h  a c o n s t a n t l y  chang ing  h o u r  a n g l e ,  HAs, r e l a t i v e  t o  t h e  

m e r i d i a n .  The r e c e i v e r  m a i n t a i n s  a c o n s t a n t  p o s i t i o n  i n  t h e  

c o o r d i n a t e  s y s t e m ,  g i v e n  by HAR a n d  DCLR. Shown i n  F i g u r e  1 4  

is t h e  d i r e c t i o n  t o  t h e  r e c e i v e r  f r o m  a h e l i o s t a t  i n  t h e  c e n t e r  o f  

t h e  a r r a y  a t  t h e  same h e i g h t  a s  t h e  r e c e i v e r  (HAR= 0, DCLr= 

0 ) .  The r e q u i r e d  p o i n t i n g  d i r e c t i o n  o f  t h e  m i r r o r  normal  i s  

ha l fway  between t h e  s u n  a n d r e c e i v e r  and  i s  g i v e n  by: 

A s  t h e  e a r t h  r o t a t e s ,  t h e  s u n  c a n  b e  t r a c k e d  by r o t a t i n g  t h e  

h e l i o s t a t  a b o u t  t h e  p o l a r  axis ,  k e e p i n g  t h e  D C h  c o n s t a n t .  The 

d e c l i n a t i o n  a x i s  c o i n c i d e s  w i t h  t h e  h o r i z o n t a l  t o r i c  a x i s ,  and  t h e  

v e r t i c a l  t o r i c  a x i s  i s  t i l t e d  depending  o n  t h e  s u n  and r c e i v e r  

d e c l i n a t i o n s .  It c a n  b e  v i s u a l i z e d  f r o m  t h e  f i g u r e  t h a t  t h e  t o r i c  

a x e s  remain  i n  a b e t t e r ,  though n o t  e x a c t l y  c o r r e c t ,  r e l a t i o n s h i p  

t o  t h e  s u n - r e c e i v e r  p l a n e  t h a n  t h e y  would have  on  a n  a l t a z i m u t h  

mount which r o t a t e s  t h e  m i r r o r  a b o u t  t h e  z e n i  t h - h o r i z o n  c o o r d i n a t e  

system. Thus, t h e  e q u a t o r i a l  mount c o n t r o l s  a b e r r a t i o n s  b e t t e r  

t h r o u g h o u t  t h e  d a y  t h a n  d o e s  t h e  a l t a z i m u t h  mount. I d e a l l y ,  t h e  

v e r t i c a l  t o r i c  a x i s '  s h o u l d  be  i n  t h e  p l a n e  o f  t h e  s u n  and  r e c e i v e r ,  

b u t  t h a t  c o n d i t i o n  o c c u r s .  o n l y  a t  h i g h  noon. It s h o u l d  b e  n o t e d  
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Figure 13 - Veda industrial Heliostat 
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F i p e  14. .Geocentr$c-Coordinate System and Mirror-Positioning . . . ,  . . 



t h a t  t h e r e  would b e  no  a d v a n t a g e  i n  terms o f  astigmatism c o r r e c t i o n  

i n  d r i v i n g  a s p h e r i c a l  ' m i r r o r  e q u a t o r i a l l y  s i n c e  i t  h a s  a un i fo rm 
, . 

r a d i u s  o f  c u r v a t u r e .  

The b a s e l i n e  VIH mirror i s  o n l y  2 m x 3 m i n  d imens ion  ( r e l a t i v e l y  

l i g h t  i n  'weight  ) which l e n d s  i t se l f  t o  t h e  mount ing c o n f i g u r a t i o n  

shown i n  F i g u r e  1 4 .  For Repowering h e l i o s t a t s ,  t y p i c a l l y  8 t o  1 0  

t i m e s  greater i n  m i r r o r  area, '.such a mounting c o n f i g u r a t i o n  would 

b e  d i f f i c u l t  .and e x p e n s i v e  from a f a b r i c a t i o n  s t a n d p o i n t ,  and  i n  

Veda '? a n a l y s i s  t r e a t i n g  -a  49 m2 Repowering h e l i o s t a t  i n  t h e  UHA 

c o n f ' i g u r a t i o n  t h e y  have assumed.  t h e  u s e  o f  t h e  convsn1;iuilal 

v e r t i c a l  p o s t  a.nd a l t i t u d e d 8 i i M U  tn mauntifig (page  5-20, Re Serence 
. . 

A) .  . 

I n  summary, i t t i s  conc luded  t h a t  t h e  e q u a t o r i a l  mount is i d e a l  f o r  ' . 

' 2 . . 
, the h a k i l n .  6 m Veda h e l i o s t a t  employed i n  the UHA. a n d  i s  ; .  . - 

p r e f e r r e d  o v e r  a n  a l t a z i m u t h  mount,  s i n c e  p o i n t i n g  t h e  Veda 
. . 

h e l i o s t a t  w i t h  a n  a l t a z l m u t h  mount 'would n o t  t a k e  a d v a n t a g e  o f  its - 
. . 

o p t i c a l  d e s i g n  f o r  k d u c i n g  a b e r r a t i o n s .  

The muoh smaller size of  t h e  VTH wnilld suggest much easier 

m a n u f a c t u r i n g  t h a n  i s  t h e  case f o r  a t y p i o a l  s e c o n d  g e n e r a t i o n  

Repowering h e l i o s t a t .  H o w e v e r - ,  the fact t h a t  two d i f f e r e n t  r a d i i  

must be  imposed o n  t h e  r e f l e c t i v e  s u r f a c e  a p p e a r s  t o  c a l l  fo r  a 

m a n u f a c t u r i n g  process t h a t  would form t h e  m i r r o r  t o  fit a mold,  and  ' 

a l l  m i r r o r s  would have t h e  same shape .  Once t h e  t o r o i d a l  segment 

molds a r e  made t o  t h e  p r o p e r  ' c o n f i g u r a t i o n  t h e  p r o c e s s  would l e n d  . . .  . : 

i tself t o  mass produc t ion .  The image q u a l i t y ,  and  t h u s  m i r r o r  

f i g u r e  c o n t r o l  i n  m a n u f a c t u r i n g ,  i s  n o t  h i g h l y  c r i t i c a l  i n  t h i s  . . 

a p p l i c a t i o n ,  s o  t h e r e  would n o t  b e  a n y  s u b s t a n t i v e  improvement i n  

o p t i c a l  p e r f o r m a n a c e ' e v e n  i f  s u c h  a mirror was t a i l o r a a d e .  

N e i t h e r  d e t a i l e d  m a n u f a c t u r i n g  f e a s i b i l i t y  n o r  c o m p a r a t i v e  c o s t s  o f  

manufac tu re  w i t h '  Repowering h e l i o s t a t s  h a s  been e x p l o r e d  i n  t h i s  
. . . . 



a n a l y s i s ,  however, s o  no suppor table  conclus ions  can be  drawn i n  

t h a t  a r e a  without  f u r t h e r  inves t iga t ion .  

4 SUMMARY OF EVALUATION 

The r e s u l t s  o f  t h i s  b r i e f  eva lua t ion  can be summarized f o r  t h e  UHA and 

t h e  V I H  by l i s t i n g  the  s t r o n g  and weak po in t s  f o r  each. These a r e  presented 

below. 

4.1 UHA - 

Strong Points  

(1) Higher n e t  pdwer c o l l e c t e d  per square meter o f  mi r ro r  a r e a  

than wi th  power tower systems (est imated t o  be from 10 t o  25% 

more) . 
. . 

( 2 )  Higher average flux d e n s i t y  and smal ler  dimensions o f '  r e c e i v e r  

a p e r t u r e  than w i t h  power tower systems o f  equal  c o l l e c t o r  

s u r f a c e  a rea .  

(3) Rela t ive ly  f l a t  f l u x  p r o f i l e  and.correspondingly lower edge 

l o s s e s  f o r  a  g iven power l e v e l .  

( 4 )  - Higher peak temperature l e v e l s  a r e  achievable-  than  w i t h  a  

power tower aPPay having t h e  shlie qir ror  area. 

(5) Because of t h e  unique UHA geometry, t h e  c o l l e c t e d  energy can 

be conveniently appl ied:  

- i n  ' r e c e i v e r s  a t  o r  near  ground l e v e l  ( e l imina tes  tower 

c o s t s  
. . 

- i n  , d i r e c t  absorpt ion  processes 

-29- 



- i n  h igh temperature c a v i t y  r e c e i v e r s  

- i n  s o l a r  furnace  a p p l i c a t i o n s  

- t e s t i n g  v u l n e r a b i l i t y  o f  m a t e r i a l s  t o  .extremely high 

r a d i a t i o n  wf lashesn  

(6) The beam s a f e t y  problem w i t h  r e s p e c t  t o  low f l y i n g  a i r c r a f t  i s  

non-exis tent  . 
. , . . 

(7) S t r u c t u r e  c o s t  e s t ima tes  a r e  very,~ 'aonservative and would be  

reduced by making .UHA and r e c e i v e r  i n t e g r a l  w i t h  bu i ld ings  i n  

s i t e - s p e c i f i c  i n d u s t r i a l  app l i ca t ions .  . . . 

. Weak Points  

(1 )  Has lower o v e r a l l  h e l i o s t a t  a r e a  e f f i c i e n c y  (on a n  integrated 

annual  b a s i s ,  a3 much as 11% lower)  than w i t h  power tower 

, a r r a y .  

(2) Cost o f  suppor t ing  s t r u c t u r e  designed s o l e l y  f o r  h e l i o s t a t s  

may be excess ive  f o r  very h i g h  power a r r a y s  ( > 25 MWt). 

. ( 3 )  P o t e n t i a l  beam s a f e t y  problem f o r  workers i n  v i c i n i t y  of 

r e c e i v e r  and o u t s i d e . t h e  f i e l d .  . . 

a .  . 

(4) Usable p o r t i o n  o f  t h e  s o l a r  day i s  lower i n  sumper, than w i t h  

hor inon ta l  power tower arrays. 

.. . 

Strong Po in t s  

(1) . Produces much higher  and more uniform average f l u x  d e n s i t y ,  

w i t h  less s p i l l a g e  a t  the  edges o f  t h e  r e c e i v e r  ape r tu re .  



(2) O p t i c a l  desigr i~min ' imizes  astigmatic a b e r r a t i o n s  b e t t e r  

th roughout  t h e  day  t h a n  does  a Repowering h e l i o s t a t .  
. .,. . . . 

( 3 )  E q u a t o r i a l  mount c o n t r i b u t e s  s u b s t a n t i a l l y  t o  t h e  c o n t r o l  o f  
, .  . . . . .  * .  - .,'image a b e r r a t i o n d .  . . . .  

. . 

Weak Po in t s  
. , . . , .  

(1) Ant i c ipa t ed  h i g h e r  i n i t i a l  t o o l i n g  c o s t s  p e r  s q u a r e  meter o f  

m i r r o r  s u r f a c e ,  due t o  compound r a d i i  requirement  ,, t han  f o r  

a conventionaX~::Re.powering he l i ' o s t a t s .  . . 

.. . , . . . .  -. .>"" , , C': 1.; ,; ..' . ' - . - . , . . . .  . . . .  

5 .  RECOMMEND A T  I0 NS /,<; .. : :s..  

- .. 
,, . . .$  . ( .  : :  . . .  . . 

On ba lance ,  i t  i s  be l i eved  t h a t  t h e  UHA concept  ,' us ing '  e i t h e r  t h e  V I H  o r  

conven t iona l  Repowering h e l i o s t a t s  o f f e r s  enough advan tages  f o r  i n d u s t r i a l  , 

a p p l i c a t f o n s  t h a t  i t .w ' a r r an t , s  :more d e t a i l e d  i.nv&tigati.ons t o  va l i ' da t e  t h e  

a n a l y s i s  abd. . r e s u l t s  pres'ented tiere.. *It'will . n o t  l i k e l y  be  a s t r o n g  

compe t i t o r  t o  t h e  power tower a r r a y  . . f o r  u t i l i t y  a p p l i c a t i o n s  u n l e s s  i t  t u r n s  

o u t '  t h a t  beam s a f e t y  f o r  a i r  t r a f f i c ,  e t c .  becomes a t roublesome i s s u e  i n  

g a i n i n g  .acceptance  o f .  s o l a r  : thermal  ' c e n t r a l  . : r ece ive r s  at some sites. 
. . .. . a. . . .  . .  . ..., , . . .. ... . , . .. . . 

The V I H  concept  enhances t h e  UHA performance and may be  enough t o  o f f s e t  t h e  

impact  o f  'reduced h e l i o s t a t   area^ e f f i c i e n c y  much o f  t h e  y e a r  which i s  

i n h e r e n t  i n  t h e  U H A  geometry. . I t s  development c o s t s  and product ion  

t echn iques  r e q u i r e  i n v e s t i g a t i o n  by persons  wi th  c s m e r e i a l / i n d u 3 t ~ i a l  
/ ,  

component' manufactur ing exper ' t ise .  . . . 

. . . . . . 

Blocking and shadowing e f f e c t s  should be  inc luded  i n  a more r i g o r o u s  r a y  

t r a c i n g  a n a l y s i s ,  and h e l i o s t a t  a r e a  e f f i c i e n c i e s  f o r  a l l  s o l s t i c e  and 

equinox c o n d i t i o n s  shduld  b e  c a l c u l a t e d  f o r  5, SO, and 25' MWt f i e l d  s i z e s  
. . 

for, a g i v e n  l a t i t u d e ,  e.g., Barstow or  Albuquerque. 

The UHA,  is p a r t i c u l a r l y  w e n  s u i t e d  f o r  -ex t remely  h igh  r a d i a t i o n  f l u x  

t e s t i n g  a p p l i c a t i o n s .  The prospec t  o f  :a v e r y  h igh  l e v e l '  uniform f l u x ,  



s u s t a i n e d  f o r  pe r iods  o f  u p  t o  a  few hours ,  i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  

t h i s  r ega rd .  

A s  a f i n a l  recommendation, s i t e - s p e c i f i c  a p p l i c a t i o n  o f  t h e  UHA concept i n  

I n d u s t r i a l  Process Heat (IPH) processes and d i r e c t  absorp t ion  processes ; 

e-g,, o r e  r e f i n i n g  and o i l  s h a l e  r e t o r t i n g  should be  explored ,  and a  UHA 

system t o  perform, s a y ,  t h e  Valley Nitrogen Producers Ammonia Plant  s o l a r  

r e t r o f i t  : funct ion  should be  s i z e d  and cos ted  f o r  d i r e c t  comparison with t h e  

convent ional  h e l i o s t a  t a r r a y  a l r e a d y  designed f o r  t h a t  app l i ca t ion .  

If t h e  above recommendatiobs a r e  c a r r i e d  o u t ,  i t  is  bei ieved t h a t  DOE w i l l  

have a f i r m  d a t a  base on which t o  decide  on a  f u t u r e  course  o f  a c t i o n  w i t h  

r e s p e c t  t o  t h e  concepts  proposed by Veda, Inc. 
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7. APPENDIX 

Secondary R e d i r e c t i n g  Mir ror  Analys is  

S i n c e  t h e  s o l a r  image formed by t h e  Veda h e l i o s t a t  a r r a y  i s  formed i n  a n  

a lmos t  v e r t i o a l  p l ane ,  a secondary m i r r o r  may b e  neces sa ry  t o  r e d i r e c t  

t h e  image t o  a  h o r i z o n t a l  p o s i t i o n  w.hen t h e  material t o  b e  hea t ed  cannot  

be  t r a n s p o r t e d  i n  a v e r t i c a l  p o s i t i o n .  The impor t an t  c o n s i d e r a t i o n s  f o r  

t h f  s m i r r o r  a r e  s u r f a c e  r e f l e c t i v i t y ,  s i z e  r e q u i r e d ,  energy  absorbed ,  

and s u r f a c e  f l a t n e s s .  

. ,. . - .*:...- . ' . . - - - A .  . - 
The surface r e f l e c t . i v i t y  w i l l  r?ont.rol. the  amni in t  anspgy last through 

, . , . - . . . . 
" . . . . .  --.- . . -  . . , .  - .  . , :  

a b s o r p t i o n  by t h e  secondary m i r r o r  and  the' hea.ting e f f e c t  oli t h e  
. .. . .  . . . .  ,. .. .. .. .... .-.... . . 

. t .  r " 

oecondary . figure A-1 sh , au .~  the : ,$f lc i t ip i ty .b . f  sur,boe films of ; i l o s r  
. . .  

and aluminum,, which h a ~ e ~ . ~ & y - & s  c f . 0 . 9 8 .  ahd .0.%-, r e s p e c t i v e l y ,  a t  0.5 
. . . . 

microns. S i l v e r .  h a s  a high., .re,flectdvi.ty b u t  . w i l l '  r s q u i r e ' a n  ove rcoa t ing  
. . . . , . . , . . , , . . . . 

. , t o '  p revent  t a r n i s h i n g .  Aluminum i s  $he mog t common' m a t e r i a l  u s e d  f o r  
:., m i r r o r s  and i s  u s u a l l y  costed,.for C e f t e r  a b r a s i o n  r e s i s t a n c e .  S i l v e r  

, . 
:,.. . .  . . . .  

h a s  poorer  adhes ion  t o  glass , . .  b u t  i f  .a metal m i r r o r  i s  used f o r  b e t t e r  
; ,- . - .  . . . . 

h e a t  d i s s i p a t i o n ,  t h i s  i s  probably i r r e l e v a n t .  Considering t h a t  high 
, . . . . . , . . 

!,. r e f l . e c t i v i t y  i s  most' impor tan t  . ' to '  mf nirnize energy l o s s  and secondary 
, " "  

. ,  . h e a t i n g ,  ove rcoa ted  s i l v e r  would seem . t o  . .  b e  t h e  b e s t  c h o i c e  b u t  

. . .. . . 
' j  

i n v e s t i g a t i o n s  would h a v e . t o  b e  made on s u r f a c e  ~dhiaj.nn, deterioration 

of c o a t i n g  and ' r e f l e c t i v i t y ,  and thermal  ' chaa (ac t e r i s t i c s .  It should  be  

noted  t h a t  s i n c e  t h e  secondary 'is oneGf -a -k ind  and very  impor tan t  i n  
' 

c o n t r i b u t i n g  t o  performance, much more - ca re  can  be  t aken  i n  i ts 

manufacture and maintenance. - On the o t h e r  hand, s i n c e  a cons ide rab le  
. .. . 

degree o f  p r o t e c t i o n  from t h e  envi ro&t  can  be. provided by t h e  

r e c e i v e r  hous ing  t h e  phys i ca l  requi rements  on t h e  ove rcoa t ing  can  be 

. l e s s  s t r i n g e n t .  

F igure  'A-2 shows t h e  geometry.* o,f t h e  h e l i o s t a t  , secondary and image. 
' . ,  ' .  

Table A - 1  p r e s e n t s  c a l c u l a t i o n s  o f  s p o t  s i z e  on t h e  secondary f o r  t h e  1 

MW and 10  MW systems.. For 1 MW system wi th  a secondary m i r r o r  3 m from 





Receiver 
height (8 

Image 
width 



Table A-1  

SECONDARY MIRROR ENERGY CALCULATIONS 

10 MW Syetem 

Y = 100 m avg Y = 325 m avg 

k a 2 2 r n  

rect  ht = 8 m 

horizontal beam a q l e  = f 30' horizontal beam angle = f 300 
ver t ical  beam angle = f 6.1° about -1.1' + verticalbeamangle = -5.6O 
Iwge diam -1 m image diem 2.93 m 

on secondary horiz. width 1 + 2.46 33.46 m Secondary epot 8.7 x 5.53 m 
vert. width 1 +0.64e=Q.32 m 

Area of solar image = 6.74 m 

For dietance of 3 m A.om eolar image: Area of se30nd.epot ~ 3 7 . 8  m2 1 5*6: 

~ r e a  of solar image n(0.5)2 = 0.785 m? 
Area of eecond. epot n/4(2.32)(3.46) = 6.3 m 

985 reflected, 2$ (3.6 kw/m2) absorbed 
For 1 h!w/m2 peak M g e  energy density: 

We get 0.125 M W / ~ ~  on eecondary 
98$ Wlected,  2 (2.5 kw/m2) abeorbed 

91$ reflected, 9$1 ( l l .2 kw/&) abeorbed 

b 

91$ reflected, (16. 2kw/m2 ) absorbed 

4 



t h e  image, t h e  s p o t  on t h e  mi r ro r  w i l l  be a 2.32 x 3.46 m e l l i p s e ,  
. . 

giv ing  a n  8: l  i n c r e a s e  i n  a r e a  and reduct ion i n  peak anergy d e n s i t y  from 

t h e  image. 

2 With a peak o f  1 MW/m i n  t h e  image, t h 8  peak. power i n c i d e n t  on t h e  

m i r r o r  w i l l  be  125 kW, and a 98% ~ e f l e c t i n g  2% absorbing mi r ro r  w i l l  
2 ' 

need t o  d i s s i p a t e  2.5 kW/m a t  t h e  center .  An aluminum mir ro r ,  91% 

r e f l e c t i n g  and 9% absorbing,  w i l l  need t o  d i s s i p a t e  11.2 kW a t  t h e  

peak. The corresponding values  f o r  t h e  10 MW system a r e :  5.5 x 8.7 m 
2 

s p o t  s i z e ,  0.18 MW/m max energy dens i ty ,  and peak absorp t ion  o f  3.6 
2 2 kW/m f o r  s i l v e r  and 16 kW/m aluminum. It should be poss ib le  

t o  d i s s i p a t e  t h i s  h e a t  us ing a metal mi r ro r  w i t h  P i n s  aiia pass ib ly  

' forced a i r  cool ing.  . 

The s u r f a c e  f l a t n e s s  requirements a r e  not  very s t r i n g e n t  f o r  t h e  

secondary m i r r o r  s i n c e  i t  is  c l o s e  t o  t h e  image and a smal l  amount of 

image spread can be t o l e r a t e d .  I f  t h e  s o l a r  image spreads  by 4% in a 
' I 

l i n e a t  dimension t h e r e  will be a cortesponding 8% i n c r e a s e  i n  image a r e a  

and thus  8% decrease  i n  peak energy dens i ty .  For t h e  10 MW syst'em with 

a 3 m image width ,  and a secondary 10 rn away, t h i s  corresponds t o  + 20 - 
mrad beam divergence  o r  2 1 0  mrad s u r f a c e  roughness to le rance .  With 

such a l a r g e  t o l e r a n c e ,  thermal expansion of  t h e  secondary should not  

cause  much o f  a  problem. The s u r f a c e  t e f l e c t i v i t y  and c l e a n l i n e s s  of  

t h e  secondary a r e  more important than i t s  f l a t n e s s .  
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