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U K - ] fbe design of the HTSHE is based upon two basic principles :
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DESTCN AND OPTIMIZATION OF A CERAMIC SCLAR HEAT EXCHANGER
FOR OPEN BRAYTON CYCLES
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. HEAT EXCHANGER DESIGN
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‘minimize heat exchanger surfaces and therefore mechanical problems related to

f AT

X -_to‘~minimize 1ocal heat exchange coefficients so as to increase overall heat
conductance .
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1’ describes the proposed system. Tt uses both radiative and convective heat

(° L El}a.nge"modes. The ceramic walls of the receiver system radiate toward perforated
A .puthors : S. GALANT, J.L. CHARTOIRE, G. MARTINEZ glate (s) placed around the receiver. The gaseous fluid entering the heat exchanger i
A~ . . : :s}’progxessively heated up through successive impingements on the various perfora- !
& société EERTIN & Cie plates and the veceiver ceramic wall. After passing through the whole recelver |
B. B. N° 3 it is sent toward the turbine to expand and thus to provide net shaft power.
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7 4 Insulation system

radiative screen

ABSTRACT

N

Cold gas flow
. . . . perforated plate ‘s
Design, optimization and technology of a cexamic solar heat exchanger are pYaselr =

e Y s Y s |
ted, with regard to three basic points : optimal working conditions for the \ — \5/‘\3/‘\5”\% Hot gas flow
thermodynamic cyecle, optimization of a jet type air ceramic heat exchanger and -

basic features of the final ceramic design. it . Wﬂ Receiver ceramic wall

Concentrated solar flux
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Brayton cycles. 3

! E_‘rlqmgtical model of the above unit, described in (1), is used to study the
. . w_j:_le'née of the main parameters. Ref. (1) and {4) give a full description of the
i. INFRODUCTION btained today. To summarize, one must retain the following conclusions :

b I :
Previous solar energy conversion system studies, carried out by BERTIN & cie%(}] yerall efficiency can reach 0.25 to 0.35 depending upon maximum cycle tempera-
arid other laboratories (2) (3}, concluded on the nacessity of using qaseous‘t‘l’;‘gf ‘!;wa_nd allowable pressure drop,
modynamic fluids in Stirling or Brayton Cycles ; that means novel heat exchangel” -a ;ivén pressure drop, the most important parameters are the open area of the

technologies which can withstand both elevated temperatures and thermal fluxes; rated plates and the impingement distance .
S

The present paper deals with a new high temperature solar heat exchanger (HT

designed by Société BERTIN & Cie. Two original features allow maximum heat trans

fer efficiency :

- HEAT EXCHANGER TECHNOLOGY

- the use of a new ceramic material, made by Société CERAVER, viz. Siliciun

carbide o (Sico), tbgéi'é HTSHE is made of the following gubsystems :

- | 'Eheri.cal receiving dome,

- tha obtention of high heat transfer conductanece through the optimal designiof

impingement convective heat tramsfer systems (6) . - s perforated spherical dome which allows for air jet distribution prior the

i pingement heat transfer,
The paper concludes with the prototype development program which was jointly ~ e .

prepared by CERAVER and BERTIN & Cie. upper module which distributes "cold" air above the perforated spherical dome,

i - 4 air distribution system,
2., THERMODYNAMIC OPTIMIZATION OF THE SOLAR CONVERSION SYSTEM ‘

= ibot air collector system,
This study is described 4n details in Ref. (1) and {4). Because of its lower te
nological complexity, an open air Brayton cycle was retained for the design stuj
with a 30 kW HTSHE unit ; the focusing system could be an extension of the para-
mololid module developed by CREUSOT-LOIRE and BERTIN & cie (5).

- annular suapport module which allows forx assembling of the various modules.
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4.2. Functional assigmments of the various modules

4.2.1. Receiver dome

Tt insures heat transfer by conduction of the concentrated-solar incident Flux, 1

is the mechanical element which is by far the most stressed, both mechanically an

thermally : B i

_ maximum surface temperature arcund -1 400"(! -(to take care of possible over-
heating problems due to errors of the solar flux control system),

- low material thickness (a few millimeters) tog minimize heat conduction losses, i

- very high differential pressure {around 3 bars) between the inside module and, -
the ountside,

- minimun leak-off flow rates.

{ This subsystem is much less mechanically and thermally stressed {temperature
. around 1 200 °C, differential pressure around 0.5 baxs). It is aimed at distribo-
I ting air jets arcund the receiver dome : open area around 1 % have been chosen so
I\- as not to interfere much with its mechanical integrity . Furthermore, it yields”
| 1 good jet density with no side effects. Finally. jet diameters around 2 mm are
faken to obtain initial subsenic velocities for the jet =nd to allow for an easy

fabrication process.
I

potential leakage problems must be stressed when coupling the receiver dome with
the perforated and insulation dome. In the present design, it 3.5 thought that v
use of ceramic wool (like ICI alumina fikers) could ke helpful to keep local

tensile stresses at a low level.

4.,2.3. Insulation dome

This piece of equipment supports high differential pressures, viz. 3 bar. Its.
thickress is not however a critical parameter, since insulation properties of ;t
heat exchanger upper part must be good. A comparative study of metallic and ce:a?-'
mic insulation dome was carried out : the ceramic version was retained to mi {ien

thermal expansion problems petween the various domes . il

4.2.4. Mnmulax _support module i
This piece of eq\iipment allows assembling of the various dowme bases, with suffl-
cient rigidity and minimal flow rate losses. Furthermore large temperature gra=
dients are present within the support because inner portions are tied to hot 1
parts of the heat exchanger, whereas outer parts lie in ambient air. The chesen
material should therefore be characterized by expansion properties compatible wild
other dome materials. ]

4.2.5. Elow_arrangements ’
cold air is introduced through separate piping systems which are positioned & |
the dome structure. This system allows for correct air distribution within the =

upper dome volume with no preferential trajectory . -

Hot air is picked from a unigue pipe at the top of the heat exchanger. such a
configuration minimizes heat losses from the hot air cellector system. i

| ¢;3. Matezial choice procedure

4.3.1. Ceramic parts
& Cie and CERAVER coxroborate

i i RTIN
pin calculations carried out by BE 0 -
stiﬁes 2y (3) gilicium Ccarbide is the pest present ceramJ_.c méter;alac-
can be made within a guasi industrial enviromment - CERAVER Sico is char

anical properties at elevated temperatures {1 500 °C),

good mech
,oxi.dat:i:on rigks with air at high temperature s

4 thermal shock resistance,

rial (98 % of theoretical density with vitrified gurfaces),

st.proof-leak mate
y and emissivity,

od .ti'\ermal conduetivit '
gverall fabrication enerdy palance (by comparison

ide) s
]T availability of raw materials needed

with, say: silicium

by CERAVER within the fabrication

™
oCess.
i i i lation dome
11y, it mast be pointed out that the insua
Y:ary alloys which can withstand temperature around 1 000

énvironments -

design_and fabrication process 2o

can be made of standard
o¢ in guasi stregs—

i

.‘ s
—_CERAVER design ig shown o¢n fig. 2, Original fabrication

CERAVER. For all the modules involved, they are 3
lowed DY nitriding : this latter step is facilitated by
{16 % loss OR radial sizes)) .

pherical geometxry o

oved by machining the pressed module§ before nitriding on the
ar sarfaces. A tetter surface aspect should m:'.Lnim:.?e leakage prol;iil:s;are
ver, a leak behavior study in hot enviromment 15 gtill needed to k

eventual prohibitive flow rate losses-

| final BERTIN & Cie
1 are proposed by

3.

atic pressing fol

proofing impr

"ront face ipsulation system was not extensively studied. @mplemg:tarydwzx;ks
'mea‘.ed'tomodel radiative balances within the black body like cavity am

elop - low weight insulation systems.

bat_ not least, it must be stressed that the present design comes from a
ge -taking account of :
ties,

CERAVER fabrication capabili
lic dishes as focuging systems,

“geliberate choice of using parabo

sbution that can te expected f£rom them,

.flux distr:
and turbine that have good mechan

‘tlie existence of both compressor
“ciencies.

ical effi-

¢ change in the ab

would necessarily lead i
i ns .
» taxme of resulting mechanical ger configura ig

ove criteria
power and/or heat exchan

o different designs, both
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5. CONCLUSIONS CHAUDIERE SOLAIRE CERAMIQUE

A complete iterative analysis of a ‘IE
high temperature ceramic solar heat
exchanger .is presented. It ig the

yesult of -cooperative work between
CERAVER {the ceramic manufacturer) o
and BERTIN & Cie. A prototype design-—"" -
is described with respect to the

major censtraints which are congide~

red, viz. CERRVER fabrication capa-
pilities, the solar focusing system

and its induced unit thermal power

(30 kW)..overall-efficiencies hetween £;> !
0.25 and 0.35 can be expected.

BERATIN &

PHASE—-CHANGE THERMAL STORACE FOR SOLAR ELECTRIC POWER GENERATION

) : k. M. Cohen
' frthur D. Little, Inc., 20 Acorn Park, Cambridge, MA 02140 - USA

R. E. Rice

dgsmstock & Wescott, Inc., 765 Concord Avenue, Cambridge, MA 02138 USA
A prototype development program has

peen set up which includes P. E. R .

3 Formerly, Comstock & Wescott, Inc.
-~ final cptimization study , ¥

~ fabrication of a ceold ceramic E .
module to test leakage properties, : . 1 N & ABSTRACT )
mechanical behaviour under pressu= -2 :

rized cold air flaws uter model has been developed to describe the dﬁnamic response of a thermal
L

yystorage unit operating in the range 516 — 584 K using a solid-liquid phase-
: torage medium, and a passive tube-intemsive heat exchanger. A sub-scale
ch- experiment has been designed, constructed, and tested with two non—phase-
‘heat transfer oils for charging and discharging heat.

- fabrication of hot ceramic heat
exchangers to extensively test
their properties in solar environ—

Experimental data have
ments . briined for several charging and discharging modes including repetitive cycles
simulate a solar cycle. Correlations of data with predictions of the computer
show the latter to be a useful tool for the design of thermal storage units of
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INTRODUCTION

total energy systems whose purpose is the delivery of heat for electric power
peration.and other end uses, such as space and water heating, and air conditiening,

¥ require thermal storage to make them independent, to some degree, of the
insolation. °
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6. G. MARTINEZ, H. MARTIN-NEUVILLE and 5. GALANT, EERTIN & Cie fegmicas ri; @y concepts for thermal emergy storage {TE$) using PCM have been proposed. TFor
NT 80 Cg 27 (1980) . gmole, Ref. 1 lists more than forty, including the tube—intensive passive heat
hanger, encapsulated PCM, direct contact heat exchamge between a heat transfer
f2id and the PCM, and active heat exchangers which scrape solid PCM from heat
hanger surfaces. Nome has yet been carried to the stage of commercial
stration. The tube~intensive passive heat exchanger is expected to be among the
s ive and to entail the least devélopmental risk.

st-effectl

‘reported here describes a '“sub-scale research experiment™ on a tube-
sepsife passive TES subsystem for use in a solar total energy system operating in




