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An impor tant  element i n  acce le ra t ing  the  
acceptance o f  s o l a r  thermal energy i s  inno- 
v a t i v e  design o f  advanced components. The 
innovat ion must address e f f i c i e n c y  and 
d u r a b i l i t y  wh i le  a n t i c i p a t i n g  eventual com- 
merc ia l  app l i ca t ion .  This can be best  
accompl ished by d e f i n i n g  steps necessary 
f o r  successful implementation and p r i o r i -  
t i z i n g  those f o r  which so lu t ions  w i l l  y i e l d  
maximum, near-term gains. Confidence i n  
proposed so lu t ions  can be best  gained 
through experimental evaluat ion.  Further- 
more, the  experiments should be o f  s u f f i -  
c i e n t  s i z e  so as t o  permit sca l ing  as i n  
some cases scal i n g  adds complexity . 
The categor ies o f  s o l a r  thermal systems 
w i t h  the po ten t ia l  o f  c o n t r i b u t i n g  t o  the 
nat ional  goal o f  deploying renewable re -  
sources i n  the f u t u r e  are cen t ra l  receivers,  
parabol ic  troughs, parabol ic  dishes, hemi- 
spher ica l  bowls and s o l a r  ponds. I t  i s  
essent ia l  t h a t  a  s t rong appl ied research 
program be maintained t h a t  br ings component 
development t o  a stage o f  mat t l r i t y  w h i l e  
addressing mater ia l  c o m p a t i b i l i t y  i n  order  
t o  form a sound technologica l  base. 

Wi th in  the  Solar Thermal Research and 
Advanced Development (RAD) program a coor- 
dinated e f f o r t  i n  mate r ia l s  research, fue ls  
and chemical research and app l ied  research 
i s  being c a r r i e d  o u t  t o  meet the  systems' 
needs. 

Each o f  these three program elements w i l l  
be described i n  t h i s  paper w i t h  p a r t i c u l a r  
a t t e n t i n n  given t o  the  appl ied researc l~  
a c t i v i t y .  

Mater ia ls  research i s  aimed a t  improvement 
o f  o p t i c a l  mater ia ls  and thermal mater ia ls .  
This e f f o r t  transcends i n d i v i d u a l  systems 
consideratfons and there fo re  i s  o f  prime 
importance t o  t h e  RAD program. V i t h i n  the 
o p t i c a l  mate r ia l s  segment emphasis i s  
placed on innovat ive concepts t h a t  have 
the p o t e n t i a l  t o  produce cos t  e f f e c t i v e  
concentrators. Wi th in  t h ~  program develop- 
ment o f  polymeric mate r ia l s  i s  being 
c a r r i e d  o u t  and metal1 i z a t i o n  processes on 
glass and polymers are being a c t i v e l y  ex- 

p lorea 20 s a t i s f y  a v a r i e t y  o f  system needs. 
Thermal mate r ia l s  are more system s p e c i f i c  
and, for  example, a  subs tan t ia l  e f f o r t  i s  
being devoted t o  examine s u i t a b i l  i t y  o f  
h igh n icke l  a l l o y s  as containment mate r ia l s  
f o r  n i t r a t e  s a l t s  f o r  cen t ra l  rece ive r  
app l i ca t ions .  Ceramics a re  being i n v e s t i -  
gated on a l i m i t e d  scale i n  o rder  t o  assess 
o v e r a l l  technology development needs. 

The Solar Thermal Program Branch a t  the 
Solar  Energy Research I n s t i t u t e  (SERI) 
funct ions as program manager f o r  DOEIRAD 
and coordinates the mate r ia l  research e f f o r t  
a t  several nat ional  l abora to r ies .  Other 
labora to r ies  i n c l u d i n g  Sandia (Livermore), 
Sandia (A1 buquerque) , J e t  Propulsion Lab 
and B a t t e l l e  i n  a d d i t i o n  t o  SERI prov ide 
technica l  axper t i se  i n  the f i e l d s  o f  polymer 
research, m i r r o r  development, thermal con- 
tainment technology and ceramics research. 

Fuels and chemicals research i s  being d i -  
rected a t  s e l e c t i o n  of t e c h n i c a l l y  and eco- 
nomical l y  f e a s i b l e  react ions t h a t  w i l l  pro- 
duce va luable product gases and l i q u i d s .  
For example, hydrogen product ion and biomass 
s o l a r  thermal processing have progressed 
from pre l im inary  inves t iga t ions  over the  
l a s t  few years and are now being pursued 
f o r  f u r t h e r  process v e r i f i c a t i o n .  Several 
d i s s i m i l a r  candidate reac t ions  a r e  c u r r e n t l y  
being researched w i t h  the goal t o  i d e n t i f y  
a  few f o r  which economic and technica l  
f e a s i b i l i t y  i nves t iga t ions  i n d i c a t e  should 
be c a r r i e d  towards technica l  readiness. 

Appl ied research w i t h i n  the RAD program i s  
targeted a t  areas o f  i n t e r e s t  s p e c i f i c a l l y  
def ined by system needs. FOP example, 
quant i fy ing the amount o f  s o l a r  energy t h a t  
i s  r e j e c t e d  a t  a  s o l a r  cen t ra l  rece ive r  
through " s p i l l  ou t "  by convect ive and radia-  
t i v e  losses i s  the subject  o f  a  cont inued 
e f f o r t .  Two d i s t f n c t  receivers a re  being 
analyzed. The external rece ive r  l o s s  pro- 
gram element focuses on a combined ana ly t -  
i c a l  /experimental approach w i t h  the end 
goal to def ine  an a n a l y t i c a l  model capable 
o f  min imiz ing the uncer ta in t ies  associated 
w i t h  p r e d i c t i n g  energy losses. The c a v i t y  
rece ive r  loss  program element examines a 



closed c a v i t y  geometry a lso  from a combined 
a n a l y t i c a l  /experimental approach. Both 
a c t i v i t i e s  a re  we l l  along towards p rov id ing  
va luable i n s i g h t  i n t o  t h i s  complex, i n t e r -  
a c t i v e  f l u i d  mechanics, heat  t r a n s f e r  
pro b l  em. 

Another energy loss  problem c u r r e n t l y  being 
inves t iga ted  i s  the  e f f i c i e n t  t ranspor t  o f  
thermal energy over long distances from 
the s o l a r  rece ive r  t o  the p o i n t  o f  end use. 
Thermal t ranspor t ,  because o f  the  character-  
i s t i c  h igh  operat ing temperature o f  t h e  
t ranspor t  medium, requi res a l a r g e  and 
c o s t l y  amount o f  i n s u l a t i o n  t o  minimize 
losses. A poss ib le  s u l u l i o n  t o  t h i s  prob- 
lem i s  the  storage o f  h igh yrade thermal 
energy temporar i ly  i n  low temperature 
chemical bond energy. Transport can then 
be made a t  low temperatures and fo l lowed 
by a r e v e r s i b l e  chemical r e a c t i o n  a t  .the 
user end the thermal loss  problem can be 
successfu l ly  addressed. Experimental 1n- 
vest igat ions have taken place a t  t h e  White 
Sands Solar  Furnace (WSSF) on C02-CH4 r e -  
forming dur ing  t h e  past 2 years. As p a r t  
of a DOE funded program, encouraging pro- 
gress has been made i n  thermochemical t rans-  
por t .  Tests i n  January 1981 have demonstra- 
ted more than 65% s o l a r  t o  thermal conver- 
s ion  e f f i c i e n c y  i n  the reac t ion .  De ta i led  
analys is  i s  now underway a t  SERI t o  examine 
the technica l  and economic f e a s i b i l i t y  o f  
the process beyond the  experimental stage 
and addressing commercial readiness. 

The Solar Thermal Test F a c i l i t i e s  Users Asso 
c i a t i o n  !STTFUh) sponsored experiments were 
managed by SERI. Some o f  these, r e c e n t l y  
c a r r i e d  ou t  a t  the Advanced Components Test 
F a c i l i t y  (ACTF) operated by the  Georgia 
I n s t i t u t e  o f  Technology f o r  DOE w i l l  be 
described i n  l a t e r  sect ions o f  t h i s  paper. 
Tab1 e 1 sumnarizes those experiments funded 
dur ing r ~ 7 9  and FY80. A1 though the exper i -  
ments summarized i n  the  t a b l e  were conducted 
a t  three f a c i l i t i e s ,  the  ACTF, WSSF and 
CNRS, fou r  other  f a c i l i t i e s  a re  a lso  a v a i l -  
ab le t o  independent experimenters through 
coord inat ion e f f o r t  o f  the  STTFUA. The 
other  loca t ions  are the  5MWt Central Re- 
ce ive r  Test Faci 1 i t y ,  Sandia National Lab- 
o ra to r ies ,  A1 buquerque, New Mexico; the . 
Parabol ic Oish Test S i te ,  Je t  Propuls ion 
Laboratory, Edwards A i r  Force Base, Ca l i -  
f o r n i a  ; the CNRS 1 OOOKWt Solar  Furnace, 
Odei 1 l o ,  Francc and the Adra~iced Component 
Research (ACRES) f a c i l i t y  a t  SERI. 

The experiments t o  be described w i t h i n  t h i s  
paper a re  those conducted r e c e n t l y  a t  t h e  
ACTF. 

The ACTF i s  a 325 KWth s o l a r  thermal t e s t  
f a c i l i t y  operated by Georgia Tech's Fngi- 
neering Experiment S ta t ion  f o r  the U.S. 
Department o f  Energy; see F igure 1. 

Figure 1. U.S. DOE Advanced Components Test 
F a c i l i t y  located on Georgia Tech campus. 

I t s  pr imary purpose i s  t o  encourage research 
and development i n  h igh temperature s o l a r  
thermal technology. I t  i s  a f l e x i b l e  and 
convenient t e s t  f a c i l i t y  accessible t o  a l l  
qua1 i f i e d  research and development organi -  
zat ions-- large and small ,  pub l i c  and p r i v a t e .  

Major elements o f  the f a c i l i t y  i nc lude  a 
s o l a r  concentrat ing m i r r o r  f i e l d ,  a r i g i d  
s t r u c t u r a l  s tee l  t e s t  tower located a t  the 
geometric center  o f  the m i r r o r  f i e l d ,  an 
experiment support p la t fo rm (tower deck) 
mounted on top  o f  the tower, an instrument 
and con t ro l  b u i l d i n g ,  a computerized data 
c o l l e c t i o n  system, and a heat r e j e c t i o n  
system. The m i r r o r  f i e l d  consis ts  o f  550 
he1 i o s t a t s  ( t r a c k i n g  m i r r o r s )  t h a t  r e f 1  ec t  
and concentrate d i r e c t  s o l a r  r a d i a t i o n  t o  a 
s t a t i o n a r y  foca l  zone centered i n  the  aper- 
t u r e  o f  the elevated tower deck. The maxi- 
mum s o l a r  r a d i a t i v e  f l u x  ava i lab le  a t  the 
focus i s  approximately 125 ~ / c m 2  (3.96 x 105 
~ t u / f t 2 - l i r ) *  represenrtng % t o t a l  power i n -  
pu t  o f  325 kWth (1.11 x 10 Btu/hr)*  bas d 
on a nominal l o c a l  i n s o l a t i o n  o f  900 W/m 5 
(285 ~ t u l f t z - h r ) .  The f a c i l i t y  i s  described 

in m0r71e e t a i l  i n  the  f a c i l i t i y ' s  Users 
Fanual . 
The FY80 request-for-proposals s o l i c i t a t i o n  
by the STTFUA r e s u l t e d  i n  the conduct o f  
fou r  user t e s t  programs a t  the ACTF in the 
calendar 1980 t ime frame. A d e t a i l e d  techn i -  
ca l  d iscuss ion o f  each t e s t  program i s  be- 
yond the scope o f  t h i s  pdper. A summary o t  
program ob jec t i ves  and major r e s u l t s  w i l l ,  
however, be presented. The reader i s  d i rec -  
ted t o  other  references f o r  d e t a i l e d  accounts 
o f  each t e s t  program(2-9). 

Hiqh-Temperature Solar  Steam Generator: A 
Solar Turbines In te rna t iona l  25 kWth h igh 
temperature, h igh  pressurp zn la r  steam 

*Dependent on t ime o f  day and season. 



generator tes ted  dur ing March and A p r i l  
1980 demonstrated t h a t  steam could be pro- 
duced a t  7710C (14200F) and 10.7 MPa (1550 
ps ia under steady s t a t e  condi t ions . The 
rece ive r  was o f  a downward fac ing  c a v i t y  
design and the design concept involved on1 y 
the i n d i r e c t  s o l a r  heat ing o f  the f l u i d  
conta in ing heat exchanger. The rece ive r  
u t i l i z e d  a Haste1 l o y  heat exchanger tub ing 
i n  the once-through steam generator design. 
Numerous thermocouples were used t o  monitor 
the l o c a t i o n  o f  t h e  water/steam i n t e r f a c e  
and t o  ascer ta in  t h e  c i r cumferen t ia l  tem- 
perature gradient  o f  the b o i l e r  tubing. 
Total experiment run  t ime was 31.5 hours 
Experimental d e t a i l s  o f  t h i s  t e s t  program 
can be found i n  references 2 and 3. 

F lu id ized  Bed Solar  Receiver: The proof-  
of-concept demonstration f o r  the  a p p l i c a t i o n  
o f  f l u i d i z e d  bed technology t o  s o l a r  thermal 
~ ~ c c e i v e r b  was cdl"r'led ou t  dur ing Hay and 
June 1980. The basic  rece ive r  design was 
o f  Westinghouse o r i g i n  and consisted o f  a 
30.5 cm (12 inch)  diameter by 1.22 m (4 f t )  
l ong  transparent quar tz  tube f i l l e d  w i t h  
bed mate r ia l  ; see Figure 2. Compressed a i r ,  

Flash Pyro lys is  o f  Biomass: The o b j e c t i v e  
o f  t h i s  Princeton U n i v e r s i t y  experiment was 
t o  gather data on the  f l a s h  p y r o l y s i s  o f  
biomass us ing concentrated s o l a r  energy as 
the  energy source. O f  p a r t i c u l a r  importance 
was the  gaseous and l i q u i d  product y i e l d  
as a f u n c t i o n  o f  t ype  o f  biomass, type of 
c a r r i e r  gas, s o l a r  f l u x  concentrat ion and 
biomass feed r a t e .  Biomass mate r ia l  was 
heated d i r e c t l y  by a l low ing  f t  t o  f a l l  
under g r a v i t y  through the  f a c i l i t y  focus. 
The biomass mate r ia l  and an upward moving 
c a r r l e r / r e a c t i o n  gas were contained i n  a 
2.5 cm (1 i n . )  diameter quar tz  tube. 
Gaseous, l i q u i d ,  and s o l i d  samples were 
co l  1 ected , analyzed , and used t o  generate 
a system mass balance. Four feedstocks 
were used: wood sawdust, ground corn cobs, 
ce l lu lose ,  and 1 i g n i n .  Technical d e t a i l s  
associated w i t h  t h i s  work can be found i n  
 reference^ 6 and 7.  

Heat Pipe Technology: The t e s t i n g  o f  a 
r e ~ r e s e n t a t i v e  model of a heat p ipe s o l a r  
rece ive r  under actual  concentrated s o l a r  
f l u x  condi t ions occurred a t  the  ACTF i n  
October 1980; see Figures 3 and 4. 

Figure 2. Westi nghouse F lu id ized  Bed Solar 
Receiver Under Test a t  ACTF. 

fed from below through a plemtm, was used 
t o  f l u i d i z e  the bed. The bed, placed a t  
the f a c i l i t y  focus, was d i r e c t l y  heated by 
concentrated so la r  r a d i a t i o n .  The t e s t  
mat r i x  condi t ions consisted of e x i t  a i r  
stream temperature, f l u i d i z i n g  gas f low 
rate,  output  power, i nso la t ion ,  and type 
o f  bed mater ia l  . Bed mate r ia l s  tested 
dur ing over s i x t y  IIOUPS O f  operat ion i n -  
cluded copper shot, various sizes o f  sand, 
s i l i c o n  carbide, alumina, and mixtures of 
these mate r ia l s .  E x i t  gas stream tempera- 
tures o f  5380C (100O0F) ware reached w i t h i n  
the program. Y ide ly  vary ing o p t i c a l  , ther -  
mal and mechanical r e s u l t s  were obtained 
w i t h  the d i f f e r e n t  bed mate r ia l s .  Addi t ion-  
a l  d e t a i l s  may be fn~lnr l  i n  references 4 and 
5.  

Figure 3. Dynatherm L iqu id  Sodium Heat 
Pioe Solar  Receiver Reing Prepared f o r  
Test a t  ACTF. 

Figure 4. Dynatherm L i q u i d  Sodium Heat 
Pipe Receiver Under Solar  Test a t  ACTF 



TABLE 1. FY 79-80 EXPERIMENTS 

T e s t  Per fo rmance  
Exper iment  L o c a t i o n *  C o n t r a c t o r  P e r i o d  Budge t -$  O b j e c t i v e / S c o p e  

C a l c i u m  C a r b i d e  CNRS I n s t i t u t e  o f  Gas 9/79-2/80 37,000 Demons t ra te  and measure 
P r o d u c t i o n  Techno logy  c a l c i u m  c a r b i d e  p r o d u c -  

t i o n  i n  a s o l a r  f a c i l i t y .  

C02-CH,, R e f o r m i n g  WSSF Flew F e x i c o  S t a t e  9127-1218U 80,000 Q u a n t i f y  s o l a r  the rmo-  
U n i v e r s i t y  chemica l  e n e r g y  c a p t u r e  

u s i n g  C02-CH4 gas r e f o r m -  
i ng . 

H i g h  Tempera tu re  ACTF S o l a r  T u r b i n e s  11 /79-7/80 62,000 Des ign ,  f a b r i c a t e ,  and 
S o l a r  R e c e i v e r  I n t e r n a t i o n a l  t e s t  a h i g h  t e m p e r a t u r e  

(816OCI (15000F) s o l a r  
r e c e i v e r / s t e a m  g e n e r a t i o n  
sys tem f o r  s o l a r  c e n t r a l  
r e c e i v e r  a p p l  i c a t i o n s  . 

Heat  P i p e  ACTF Dynatherm 9/79-11/80 66,600 ' Design,  f a b r i c a t e ,  t e s t  
Techno1 ogy  a s m a l l  r e p r e s e n t a t i v e  

h e a t  p i p e  s o l a r  r e c e i v e r .  

F l u i d i z e d  Bed ACTF West inghouse 9/79-9/80 87,300 I n v e s t i g a t e  a p p l  i c a t i o n  
Techno1 ogy o f  f l u i d i z e d  bed t e c h n o -  

l o g y  t o  s o l a r  c e n t r a l  
r e c e i v e r s .  

Cadmium O x i d e  WSSF I n s t i t u t e  o f  Gas 9/79-9180 103.800 Q u a n t i f y  the rmochemica l  
Decompos i t i on -  Techno1 ogy  c o n d i t i o n s  i n  cadmium 
H2 P r o d u c t i o n  o x i d e  d e c o m p o s i t i o n  as. 

a s t e p  i n  p r o d u c i n g  
hydrogen .  

F l a s h  P y r o l y s i s  ACTF P r i n c e t o n  10/79-12/80 109,000 D e s i g n  and t e s t  a v o r t e x  
o f  Biomass U n i v e r s i t y  f l o w  r e a c t o r  t o  p rocess  

k i n e t i c  i n f o r m a t i o n  i n  
biomass p y r o l y s i s .  

S u l f u r i c  A c i d  ACTF General  A tomic  5/80-2/81 98,000 Demons t ra te  u s e  o f  s o l a r  
Decompos i t i on -  Co . e n e r g y  i n  decompos i ng 
H2 P r o d ~ r c t i n n  H2S04 t n  ~ ~ O ~ I I C F ,  Hz 

based o n  a w a t e r  s p l i t -  
t i n g  c y c l e .  

Coal G a s i f i c a t i o n  WSSF Lawrence L i v e r m o r e  6/79-7/79 23,000 Demons t ra te  p r o d u c t i o n  
' L a b o r a t o r y  o f  h y d r o c a r b o n  r i c h  

s y n t h e s i s  gas f r o m  c o a l  
and biomass exposed t o  
s o l a r  e n e r g y .  

S o l a r  P r o c e s s i n g  WSSF Los Alamos 2/80-1/81 98,000 Demons t ra te  f e a s i  b i l  i t y  
o f  Ores S c i e n t i f i c  o f  c o n t i n u o u s  p r o c e s s i n g  

L a b o r a t o r y  o f  molybdenum g r e $  i n  a 
s o l a r  r e c e i v e r  . 

* WSSF - W h i t e  Sands S o l a r  Furnace;  W h i t e  Sands, New V e x i c o  
CNRS - C e n t r e  N a t i o n a l  de  l a  Recherche S c i e n t i f i q u e ,  O d e i l l o ,  F rance  

GIT/ACTF - Advanced Components T e s t  F a c i l i t y ,  G e o r g i a  I n s t i t u t e  o f  Techno logy ,  A t l a n t a ,  
G e o r g i a  



An a r r a y  o f  seven l i q u i d  sodium heat  p ipes 
were exposed f o r  a  t o t a l  o f  25 hours o f  
o p e r a t i o n  d u r i n g  which 45 steady s t a t e  data  
p o i n t s  were c o l l e c t e d .  Cpera t ing  tempera- 
t u r e s  up t o  970°C (17780F) and o u t p u t  power 
l e v e l s  up t o  11.5 kWth were r e a l i z e d .  The 
thermal l oad  f o r  t he  heat  p ipes cons i s ted  ' 

o f  water -coo led gas gap c a l o r i m e t e r s .  
Dur ing  commercial use, these Dynatherm 
Corpo ra t i on  hea t  pipes would be f i n n e d  on 
t h e  condenser end and used t o  heat  a  com- 
pressed gas stream. . A p p l i c a t i o n s  i n c l u d e  
B ray t cn  c y c l e  e l e c t r i c  power gene ra t i on  
concepts and h i g h  temperature process hea t .  
Several  a r t i c l e s  and r e p o r t s  a r e  a v a i l  b l e  
descr f  b fng  t h e  d e t a l l s  o f  t h l s  p r ~ g r a m f ~ - ~ ) .  

The exper iments descr ibed above a r e  i n d i c a -  
t i v e  o f  t h e  types o f  programs undertaken 
a t  t h e  ACTF. The m iss ion  o f  t he  ACTF i s  
t o  work w i t h  a  wide range o f  i n d u s t r i a l  and 
u n i v e r s i t y  workers i n  search o f  i n n o v a t i v e  
concepts and techno log ies  which ho ld  promise 
f o r  sca le-up and use. 

Concepts and techno log ies ,  which a f t e r  
e v a l u a t i o n  a t  t h e  ACTF appear ready f o r  
f u r t h e r  development, a r e  recommended t o  DOE 
f o r  con t i nued  suppo r t .  Larger  s c a l e  t e s t -  
i n g  o f  these techno log ies  may occur  a t  t h e  
5  MW Cent ra l  Receiver Test F a c i l i t y .  A t  
t h i s  s tage t e c h n i c a l  f e a s i b i l i t y  i s  estab- 
l i s h e d  through p ro to t ype  f a b r i c a t i o n  and 
t e s t i n g .  

Through exper inents  o f  these types an 
impor tan t  i n t e r f a c e  i s  addressed between 
research and development and technology 
development i n  *which i n n o v a t i v e ,  conceptual  . 
designs advance t o  a  s t a t e  o f  t echn i ca l  
read iness.  
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