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Abstract 

A sixteen parameter solar concentrator/heat 
receiver mass model is used in conjunction with 
Stirling and Brayton Power Conversion System (PCS) 
performance and mass computer codes to determine 
the effect of thermal energy storage (TES) material 
property changes on overall PCS mass as a function 
of steady state electrical power output. Included 
in the PCS mass model are component masses as a 
function of thermal power for: concentrator, heat 
receiver, heat exchangers, heat engine units with 
optional parallel redundancy, power conditioning 
and control (PCC), PC and C radiator, main radia- 
tor, and structure. Critical TES material proper- 
ties considered are: melting temperature, heat of 
fusion, density of the liquid phase, and the ratio 
of solid-to-liquid density. 

Preliminary results indicate that the overall 
system efficiency increases with melting tempera- 
ture up to 1400 K for concentrator surface accura- 
cies of 1 mrad or better. Reductions in the 
overall system mass beyond that achievable using a 
baseline TES material, salt-lithium fluoride (LiF), 
may be accomplished if metallic TES materials with 
heats of fusion of at least 800 kJ/k and liquid 
densities comparable to that of LiF q1874) are 
used. Moreover, the identification of suitable 
combinations of TES eutectics with high heats of 
fusion and comparable densities may also result in 
lighter weight systems than the baseline LiF. 

Introduction 

tial for efficient, lightweight, survivable, rela- 
tively compact, long-lived space power systems 
applicable to a wide range of power levels (3 to 
100 kWe), and a variety of orbits. The successful 
development of these systems could satisfy the 
power needs for many of the projected NASA, Civil, 
Commercial, and Military missions. These systems, 
which offer a nonnuclear alternative to the SP-100 
reactor power systems, are competitive with alter- 
nate solar PV technologies in the very small sizes 
but become increasingly attractive for higher power 
applications (50 to 100 kWe) where increased effi- 
ciency, compact size, and reduced drag are 
required. 
investigated for the Space Station rely heavily on 
the existing technology data base and must by 
necessity follow a conservative design/development 
approach to meet the scheduled launch date. 

NASA is also pursuing an aggressive, advanced 
solar dynamic (ASD) technology development program 
to provide power systems to meet future mission 
needs. 
growth from the solar dynamic power systems being 
studied for the Space Station with a goal to pro- 
vide a factor of 5 increase in the specific power 
over that of the IOC Space Station power system 
(5 to 25 w/Kg). These advanced power systems will 
also be applicable to a wide range of sizes and 
orbits. 

Solar dynamic power systems offer the poten- 

The solar-dynamic power systems being 

This program will provide significant 

Key elements of the ASD program are to 
increase operating temperature and efficiency of 
these systems as well as to develop more efficient 
and lighter weight components. The program is 
highly synergistic with the Space Station, the 
SP-100 and the DOE Terrestrial solar dynamic pro- 
grams and is focused on developing power systems 
in the 1025 to 1400 K temperature range with mini- 
mum efficiencies over 25 percent. Missions and 
systems analysis studies are performed t o  guide 
the overall program. Major technology development 
activities include the heat receiver, advanced 
energy storage and containment, concentrator, power 
conversion, microgravity studies, and space envi- 
ronmental effects. 

Successful development of a solar dynamic 
system requires the ability to store energy effi- 
ciently during the sun lit portion of the orbit. 
In this regard, one advantage of solar dynamic 
systems is that this energy is stored in the form 
of heat, rather than as electrical energy. This 
means that losses associated with storage and 
recovery of the energy, i.e. round trip efficiency 
and depth of discharge, are applied against a lower 
or unprocessed form of energy, namely heat, rather 
than the more valuable processed form of energy, 
namely work or electricity, as is the case for 
PV-battery storage systems. 

However, this requires the development of 
thermal energy storage (TES) materials which may 
absorb heat and experience a rise in temperature 
(sensible heat storage), of alternately phase 
change materials (PCM) which experience a melt- 
freeze cycle (latent heat storage) during each 
orbit. The latter method o f  heat storage was 
assumed in this study. 

The purpose of this paper is to show the 
results of the system mass models used to evaluate 
effect of PCM properties on the steady state per- 
formance and weight o f  advanced Free Piston 
Stirling Engine (FPSE) and Closed Brayton Cycle 
(CBC) Power Conversion Systems. 
used in this study include a sixteen parameter 
concentrator/receiver code. The power systems 
were considered to consist of the following major 
subsystems: concentrator, receiver (including 
PCM) , heat exchangers, power conversion unit (PCU) , 
power conditioning and controls (PCC), main radia- 
tor, and structure. The PCM properties considered 
in the system mass model were the melting point, 
heat of fusion, and density. Overall system opti- 
mization studies were conducted for peak cycle 
temperatures ranging from 900 to 1500 K and a power 
conversion module power level of 35 kWe. These 
studies were conducted at the NASA Lewis Research 
Center as part of the Advanced Solar Dynamic 
program. 

The system models 

Advanced Solar Dynamic System Studies 

As part of the AS0 program system analysis 
trade studies are used to identify attractive con- 
figurations as a function o f  operating conditions1 
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and t o  gu ide component development e f o r t s  and t h e  

l ead  t o  low heat  rece ive r  s i t e  f o r  a g i ven  power 
l e v e l  and thus have a favo rab le  e f f e c t  on o v e r a l l  
system mass. Thermal energy s torage candidate 
m a t e r i a l s  f o r  which a l i m i t e d  amount of p e r t i n e n t  
i n f o r m a t i o n  has been obta ined are shown i n  Table 1. 
Note t h a t  as da ta  f o r  PCM t r a n s p o r t  p r o p e r t i e s  
( thermal  conduct i v i  t y  , thermal d i  f f u s i  v i  t y  , speci - 
f i c  hea t )  becomes ava i l ab le  i t  w i l l  be p o s s i b l e  t o  
eva lua te  i n  more d e t a i l  t he  impact o f  t h e  PCM prop-  
e r t i e s  on system mass. For example, t h e  h i g h  t h e r -  
mal c o n d u c t i v i t y  o f  t h e  metal PCM w i l l  e l i m i n a t e  
t h e  need f o r  heat  t r a n s f e r  enhancement dev ices such 
as tube f i n s  and h igh sur face t o  volume c o n t a i n e r  
conf igurat ions.2 
s a l t  and, as shown i n  Table 1, i t  has a h i g h  heat  
of fus ion,  dens i t y ,  and m e l t i n g  p o i n t .  Therefore, 
L i F  was chosen as a benchmark s a l t  f o r  t h i s  system 
study. 
temperatures ranging t o  1500 K, op t im ized  r e f e r -  
ence systems w r e  i d e n t i f i e d  under t h e  h y p o t h e t i -  

a v a j l a b l e  w i t h  me l t i ng  po in ts  rang ing  f rom 900 t o  
1500 K b u t  a l l  having a heat o f  f u s i o n  and l i q u i d  
d e n s i t y  i d e n t i c a l  t o  t h a t  o f  L iF.  The computa- 
t i o n s  were then  repeated w i t h  h ighe r  and lower 
i n p u t  d e n s i t i e s  and heats  o f  f u s i o n  so t h a t  t h e  
e f f e c t  o f  these PCM p r o p e r t i e s  on minimum system 
mass as a f u n c t i o n  o f  peak c y c l e  temperature cou ld  
be determined. Both Closed Brayton Cycle and Free 
P i s t o n  S t i r l i n g  conversi n systems were considered 

on-going search f o r  TES m a t e r i a l s  2,5 which w i l l  

L iF  i s  a we1 1-character ized 

To pe rm i t  system s tud ies  a t  peak c y c l e  

c a l  assumption 7 t h a t  a se r ies  o f  PCM would be 

as d iscussed prev ious ly .  8 
Brayton Power Conversion System 

A schematic o f  a Brayton power convers ion 
system i s  shown i n  Fig. 1. A p a r a b o l i c  m i r r o r  
focuses s o l a r  energy i n t o  t h e  r e c e i v e r  c a v i t y  heat-  
i n g  t h e  PCM and the PCS working f l u i d  (He-Xe). 
The PCS work ing f l u i d  i s  expanded through a t u r b i n e  
which d r i v e s  b o t h  the compressor and t h e  e l e c t r i -  
c a l  power generat ing a l t e r n a t o r .  
exhaust stream i s  passed through a recupera t i ve  
heat  exchanger where some o f  t h e  r e s i d u a l  heat  i s  
t r a n s f e r r e d  t o  the  compressor e x i t  stream. Down- 
stream f r o m  t h e  recuperator ( h o t  s i d e )  t h e  t u r b i n e  
exhaust i s  cooled t o  compressor i n l e t  temperature 
i n  a heat  p i p e  r a d i a t o r  be fo re  being recompressed 
f o r  another pass through the  recupera to r  ( c o l d  
s ide ) ,  hea t  receiver ,  and the  gas t u r b i n e .  

The t u r b i n e  

S t i r l i n g  Power Conversion System 

A schematic rep resen ta t i on  o f  t h e  FPSE i s  shown i n  
F ig .  2. Heat pipes d e l i v e r  t h e  r e c e i v e r ' s  heat  t o  
t h e  S t i r l i n g  engine heater  head. A l t e r n a t e l y  a 
pumped loop  l i q u i d  metal system can be used i n  
p lace  o f  t h e  heat  pipes. 
f e r  heat  f rom t h e  co ld  end o f  t he  engine t o  t h e  
heat  p i p e  r a d i a t o r .  The opera t i on  of t h i s  heat  
p i p e  r a d i a t o r  i s  s i m i l a r  t o  t h a t  o f  t h e  Brayton 
system, except  t h a t  t h e  evaporator sec t i ons  o f  t h e  
hea t  pipes, which penetrate t h e  heat  exchanger 
duct ,  have pumped heat t r a n s p o r t  f l u i d  r a t h e r  than  
c y c l e  work ing f l u i d  f l ow ing  over  them. I n  t h e  
FPSE t h e  o s c i l l a t o r y  mot ion of t h e  power p i s t o n  i s  
t ransformed d i r e c t l y  t o  e l e c t r i c a l  power i n  a 
l i n e a r  a l t e r n a t o r .  

It i s  a l s o  used t o  t r a n s -  

Subsystem and Component Trades Studies 

The major  con t r i bu to rs  t o  t h e  o v e r a l l  mass o f  
a s o l a r  dynamic conversion system a re  t h e  

concen t ra to r  and rece ive r ,  w i t h  t h e  balance be ing  
represented by t h e  power convers ion u n i t  (PCU), 
power c o n d i t i o n i n g  and c o n t r o l s  (PCC), and s t r u c -  
t u r e .  The breakdown o f  t h e  concen t ra to r  and 
r e c e i v e r  mass i n t o  t h e i r  component elements i s  
shown i n  F ig .  3 f o r  a t y p i c a l  "State o f  t h e  A r t "  
s o l a r  dynamic system. Note t h a t  even though t h e  
containment vessel and r e c e i v e r  s t r u c t u r e  mass a re  
g r e a t e r  t han  t h a t  o f  t he  PCM, t h e  thermophysical 
p r o p e r t i e s  o f  t h e  PCM, such as t h e  heat  of f us ion ,  
dens i t y ,  and thermal d i f f u s i v i t y ,  a re  impor tan t  
d r i v e r s  o f  t h e  PCM containment vessel and t h e  
o v e r a l l  r e c e i v e r  s i t e s .  

Regarding t h e  concentrator ,  s lope e r r o r  and 

The e f f e c t  o f  

o p t i c a l - t h e r m a l  coup l i ng  of  t h e  concen t ra to r -  
r e c e i v e r  sub-system a re  impor tant  i n  o p t i m i z i n g  
system mass, o r  s p e c i f i c  power. 
concen t ra to r  s lope e r r o r  on an ASD-S t i r l i ng  system 
i s  shown i n  F ig .  4, which was generated by assum- 
i n g  t h a t  a s e r i e s  o f  PCM w i t h  m e l t i n g  p o i n t s  
between 900 and 1500 K was ava i l ab le ,  each hav ing  
thermophysical p r o p e r t i e s  equ iva len t  t o  those o f  
LiF, as p r e v i o u s l y  s ta ted.  

Note t h a t  as concen t ra to r  su r face  s lope  
e r r o r ,  E, increases, t h e  s p e c i f i c  power drops o f f  
sharp ly ,  and t h e  peak s p e c i f i c  power s h i f t s  t o  
lower  temperatures. 
power due t o  a decrease i n  m i r r o r  su r face  e r r o r  
f rom 1.0 t o  0.5 mrad i s  small .  Therefore 1.0 mrad 
was se lec ted  as t h e  base l i ne  goal. The break seen 
a t  1400 K i s  due t o  a change i n  tube  and con ta in -  
ment w a l l  m a t e r i a l .  

Also, t h e  increase i n  s p e c i f i c  

F i g u r e  5 shows t h e  v a r i a t i o n  o f  Brayton System 
mass ( regenera to r  e f f e c t i v e n e s s  = 0.95) w i t h  tem- 
pe ra tu re  r a t i o  f o r  t h r e e  t u r b i n e  i n l e t  temperatures 
(T IT ) .  Each p o i n t  on t h e  t h r e e  curves rep resen ts  
a l o c a l  minimum system mass obta ined b y  sys temat i -  
c a l l y  converg ing on a c y c l e  pressure r a t i o  which 
y i e l d e d  t h e  lowest  system mass f o r  t h e  p a r t i c u l a r  
temperature r a t i o .  For each curve, as t h e  temper- 
a t u r e  r a t i o  i s  increased, system mass f i r s t  
decreases due t o  increased system e f f i c i e n c y ,  t hen  
a f t e r  pass ing through a g l o b a l  minimum (minimum o f  
l o c a l  pressure r a t i o  minima), increases due t o  t h e  
i nc reas ing  r a d i a t o r  mass. Note t h a t  w i t h  i nc reas -  
i n g  T I T  t h e  mass versus temperature r a t i o  (i.e., 
system e f f i c i e n c y )  t r a d e o f f  curves become f l a t t e r .  
Th i s  occurs because t h e  minimum mass p o i n t s  a r e  
obta ined a t  i n c r e a s i n g l y  h ighe r  e f f i c i e n c i e s  and 
a l s o  a t  i n c r e a s i n g l y  h ighe r  mean heat  r e j e c t i o n  
temperatures. Hence, a g i ven  d e v i a t i o n  f rom t h e  
minimum mass temperature r a t i o  w i l l  r e s u l t  i n  a 
sma l le r  mass change a t  t h e  h i g h e r  TIT. Brayton 
system e f f i c i e n c i e s  represented i n  t h i s  f i g u r e  
v a r i e d  f rom 23.5 t o  36 percent  as t h e  temperature 
r a t i o  increased f rom 2.8 t o  4.2. The 1086 K TIT 
represents  a c o n d i t i o n  a v a i l a b l e  w i t h  p r e s e n t l y  
a v a i l a b l e  L i F  thermal energy s to rage  (TES) m a t e r i a l  
hav ing a m e l t i n g  p o i n t  o f  1121 K .  System weight  
models were generated f rom SOA technology d a t i n g  
back t o  t h e  1960's, except f o r  t h e  assumed concen- 
t r a t o r  s p e c i f i c  weight f 1.22 kg/m2. A r a d i a t o r  

e m i s s i v i t y  o f  0.85. 

F i g u r e  6 shows o v e r a l l  S t i r l i n g  system mass 
w i t h  temperature r a t i o  f o r  t h r e e  hea te r  head t e m -  
peratures.  S t i r l i n g  system e f f i c i e n c i e s  ranged 
f rom 24 t o  38.4 percent  as t h e  temperature r a t i o  
increased f rom 2 t o  3.6. 

s p e c i f i c  mass o f  5 kg/m 8 was assumed as was an 

System weight  and 
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performance models were obta ined f rom t h e  t a r g e t  
va lues o f  t h e  Space Power Free P i s t o n  S t i r l i n g  
Engine (FPSE) Program. Jus t  as f o r  t h e  Brayton 
system, mass f i r s t  decreases due t o  increased e f f i -  
c i e n c y  and t h e n  increases due t o  t h e  o v e r r i d i n g  
i n f l u e n c e  o f  i nc reas ing  r a d i a t o r  mass. For  t h e  
FPSE we igh t  a l g o r i t h m  used t o t a l  masses a r e  lower  
t h a n  f o r  t h e  Brayton system. 
mass temperature values occur a t  lower  temperature 
r a t i o s  than  f o r  t h e  Brayton system. T h i s  occurs 
because t h e  S t i r l i n g  engine r e j e c t s  hea t  a t  con- 
s t a n t  temperature and t h e  mean e f f e c t i v e  r a d i a t o r  
temperature i s  below t h e  lowest  c y c l e  temperature. 
The Brayton cyc le ,  on t h e  o t h e r  hand, r e j e c t s  heat  
a t  near  cons tan t  pressure b u t  a t  temperatures 
which decrease f rom recuperator  e x i t  t o  compressor 
i n l e t .  Hence, t h e  mean e f f e c t i v e  r a d i a t o r  temper- 
a t u r e  i s  w e l l  above t h e  lowest  c y c l e  temperature. 

The v a r i a t i o n  i n  component masses and o v e r a l l  
system mass i s  shown i n  F ig .  7 f o r  t h e  Brayton 
c losed  c y c l e  gas t u r b i n e  opera t i ng  a t  a constant  
t u r b i n e  i n l e t  temperature ( T I T  = 1086 K) b u t  v a r i -  
a b l e  compressor i n l e t  temperatures, ob ta ined  by 
d i v i d i n g  TIT by  t h e  temperature r a t i o  shown. The 
components shown inc lude:  concentrator ,  r e c e i v e r ,  
engine p l u s  heat  exchangers ( recupera to r  and heat  
s i n k ) ,  power c o n d i t i o n i n g  (PC), r a d i a t o r ,  and 
s t r u c t u r e .  W i th  t h e  assumption o f  an advanced 
concen t ra to r  hav ing a s p e c i f i c  weight  o f  1.22 kg/m2, 
t h e  dominance o f  t h e  hea t  r e c e i v e r  on o v e r a l l  sys- 
tem mass i s  obvious up t o  h ighe r  temperature r a t i o s  
where t h e  i nc reas ing  r a d i a t o r  mass causes o v e r a l l  
system mass t o  increase. 
system mass i s  a minimum a t  a temperature r a t i o  o f  
3.7,  as shown prev ious ly .  

F i g u r e  8 dep ic t s  t h e  v a r i a t i o n  o f  component 
and o v e r a l l  S t i r l i n g  system mass w i t h  temperature 
r a t i o  f o r  a peak c y c l e  temperature o f  1086 K. 
Components a r e  categor ized in t h e  same manner as 
t h e  Brayton c y c l e  shown p rev ious l y .  Engine mass 
and performance models were de r i ved  as before.  
Again, t h e  r e c e i v e r  dominates o v e r a l l  system mass 
u n t i l  h i g h e r  temperature r a t i o s  a re  reached, then  
i n c r e a s i n g  r a d i a t o r  mass s t a r t s  t o  d r i v e  up t h e  
o v e r a l l  system mass. A s  mentioned p rev ious l y ,  t h e  
minimum mass f o r  t h e  S t i r l i n g  system occurs a t  
temperature r a t i o s  s i g n i f i c a n t l y  lower  than  f o r  
Brayton systems opera t i ng  a t  t h e  same PC i n l e t  
temperature and o v e r a l l  system mass i s  lower. 

Note t h a t  t h e  minimum 

Note t h a t  t h e  o v e r a l l  

System Mass S e n s i t i v i t i e s  

Based on t h e  conceptual designs i n h e r e n t  i n  
t h e  p rev ious  s tud ies  and i n c o r p o r a t i n g  t h e  pre-  
v i o u s l y  descr ibed reasonable extens ions o f  t h e  
concen t ra to r  and r e c e i v e r  technologies be ing  con- 
s ide red  f o r  I O C  Space Stat ion,  i t  i s  now p o s s i b l e  
t o  present  t h e  advanced technology s o l a r  dynamic 
system mass s e n s i t i v i t i e s  a t  t h e  35 kW l e v e l .  

power conver te r  (PC) i n l e t  (i .e., peak c y c l e )  tem- 
p e r a t u r e  i s  shown in Fig.  9 f o r  35 kWe S t i r l i n g  
and Brayton systems. These r e s u l t s  a l s o  assume 
t h a t  a s e r i e s  of TES m a t e r i a l s  a l l  hav ing t h e  same 
h e a t  o f  f u  i o n  (1044 kJ/kg) and d e n s i t y  
(1874 k g / d )  as L i F  b u t  d i f f e r e n t  m e l t i n g  p o i n t s  
which a r e  approx imate ly  30 t o  35 K above t h e  PCS 
i n l e t  temperature are ava i l ab le .  The mass and 

The v a r i a t i o n  of o v e r a l l  system mass w i t h  

performance models f o r  components o f  t h e  Brayton 
and S t i r l i n g  systems a re  as descr ibed p rev ious l y .  

For b o t h  systems, mass decreases u n t i l  a PCS 
i n l e t  temperature o f  1300 K i s  reached a f t e r  which 
mass increases due t o  t h e  heav ie r  tube and TES 
containment. The break i n  t h e  curves a t  1400 K i s  
due t o  a change i n  tube  and containment w a l l  mate- 
r i a l  f rom Nb-1Zr t o  Mo-5Ti-O.1Zr. These numbers 
a r e  conserva t i ve  and do n o t  t ake  i n t o  account 
advances i n  ma te r ia l s .  

The f i g u r e  a l so  shows t h e  L i F  re fe rence  design 
p o i n t  obta ined b y  extending t h e  Space S t a t i o n  tech -  
no logy t h a t  was being considered i n  December 1985 
t o  h ighe r  temperatures. The present  Space S t a t i o n  
des ign p o i n t  which r e f l e c t s  an increased conserva- 
t i s m  i s  a l s o  shown. 
S t a t i o n  s o l a r  dynamic system c l o s e r  t o  t h e  photo- 
v o l t a i c  r e s u l t s  ( 6  t o  7 W/kg f o r  SD, 5 t o  6 W/kg 
f o r  P V ) . ~  

It i s  obvious t h a t  t echno log ica l  advancements 
over  t h e  present  Space S t a t i o n  technology can more 
than  double t h e  system s p e c i f i c  power a t  1000 K .  
I t  i s  a l s o  c l e a r  t h a t  s u b s t a n t i a l  ga ins  a re  t o  b e  
made by  i nc reas ing  system i n p u t  temperature t o  
about 1300 K. Above t h a t  po in t ,  p resen t  m a t e r i a l s  
l i m i t a t i o n s  and h ighe r  r e r a d i a t i o n  losses i nc rease  
mass and a p o i n t  of d im in i sh ing  r e t u r n s  occurs. 

To i n v e s t i g a t e  t h e  p o t e n t i a l  o f  o t h e r  PCMs 
f o r  achiev ing f u r t h e r  reduc t i ons  i n  s o l a r  dynamic 
power convers ion system mass, pa ramet r i c  o v e r a l l  
system mass (35 kWe FPSE) c a l c u l a t i o n s  were pe r -  
formed f o r  va r ious  PCM heat  o f  f us ion ,  densi ty ,  
and m e l t i n g  p o i n t  combinations. The r e s u l t s  a r e  
p l o t t e d  i n  Fig. 10 which shows t h a t  t o  accomplish 
mass reduc t i ons  below t h e  L i F  pa ramet r i c  cu rve  
(dark t r i a n g l e s ) ,  e i t h e r  heat  o f  f us ion ,  dens i t y ,  
o r  b o t h  would need t o  be ra ised.  Operat ion a t  
h i g h e r  temperatures w i t h  a g i ven  heat  o f  f u s i o n  
and d e n s i t y  w i l l  r e s u l t  i n  o n l y  m ino r  mass reduc- 
t i o n  up t o  about 1300 K a f t e r  which o v e r a l l  sys- 
tems mass a c t u a l l y  increases f o r  reasons p o i n t e d  
o u t  above. 

These new d a t a  b r i n g  t h e  Space 

Concluding Remarks 

The steady s t a t e  system s t u d i e s  r e p o r t e d  here 
show t h a t  t h e  heat  o f  f u s i o n  and d e n s i t y  o f  t h e  
PCM have a s i g n i f i c a n t  e f f e c t  on s o l a r  dynamic 
power convers ion system mass. S ince these  p roper -  
t i e s  d r i v e  t h e  PCM mass and containment vessel  
s i ze ,  h i g h  PCM heat  o f  f u s i o n  and d e n s i t y  a r e  more 
impor tan t  than h i g h  m e l t i n g  p o i n t  (i.e. peak c y c l e  
temperature) i n  reducing system mass. O f  course 
t h e  c o m p a t i b i l i t y  o f  t h e  PCM wi th  i t s  containment 
m a t e r i a l  w i l l  be o f  paramount importance, s i n c e  
system r e l i a b i l i t y  over  a d e s i r e d  o p e r a t i n g  l i f e  
r e q u i r e s  t h a t  t h e  PCM does n o t  r e a c t  w i th  t h e  con- 
tainment wa l l s .  

Much a d d i t i o n a l  work needs t o  be done i n  char-  
a c t e r i z i n g  t h e  thermophysical p r o p e r t i e s  o f  a v a r i -  
e t y  o f  PCM, i n c l u d i n g  thermal c o n d u c t i v i t y  and 
d i f f u s i v i t y  as w e l l  as s p e c i f i c  hea t  s i n c e  h i g h  
va lues o f  these p r o p e r t i e s  may lead  t o  l i g h t e r  
weight  r e c e i v e r  designs. 
key f e a t u r e  o f  advanced s o l a r  dynamic convers ion 

Such r e c e i v e r s  w i l l  be a 
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systems for a variety of applications ranging from 
low earth orbit to Martian base missions. 
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J/cm 
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TABLE 1. - PHASE CHANGE TES CANDIDATES FOR ADVANCED SOLAR DYNAMICS 950 t o  1500 K 

PCM I Me l t  
temperature,  

K 

~ 

L i H  
LiF-22CaF2 
NaF-32CaF2 
L i F  
Mg-Si 
N aF 
Ca-Si 
NaMgF3 
Be-Si 
Mg2Si 
Mn-Si 
MgF2 

953 
1039 
1103 
1121 
1233 

1296 
1303 
1363 
1373 
1415 
1536 

1268 

i e a t  o f  
Fusion, 
kJ/kg 

2582 
753 
655 

1044 
1212 

7 89 
1111 

71 1 
1812 

1090 
933 

1118 

Densi '5'. 
kg/m 

s o l  i d  

~- ~ 

Thermal 
: o n d u c t i v i t y ,  

J/cm-s - K  

i o1  i d  l i q u i d  

Thermal 
d i f f u  i v i t y ,  

m / s  3 
s o l i d  1 i q u i d  

S p e c i f i c  
hea t ,  

kJ / kg -K  

s o l i d  

1537.4 

aEst i rnated va lue .  
bNo d a t a  a v a i l a b l e .  
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