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NOTES

1. The working languages of the Conference are English
and French. All papers contributed are reproduced in one
or other of these two languages. Where a paper has been
reproduced in both working languages for the convenience
of a rapporteur, both language versions are provided as
part of the Conference documentation.

2. Where any paper has been contributed in one of the
official languages of the UN other than English or French,
then it has been made available to the conference in that
language. A translation of such papers in either English or
French (according to the request of the relevant rappor
teur) is provided.

3. Summaries of all papers, as presented by the au
thors, will be available in both working languages-English
and French. Summaries will not include diagrams and
photographs and should be read in conjunction with the
paper proper, which will bear the same reference number
as the summary.

4. Papers and summaries will not be generally avail
able for distribution to other than participants and contri
butors to the Conference until after the Conference, under
publication arrangements to be announced.

1. Les langues de travail de la Conference sont l'anglais
et le francats, Tous les memotres presentes sont repro
duits dans l'une ou l'autre de ces deux langues, Lorsqu'un
memotre est reproduit dans les deux langues de travail
sur la demande d'un rapporteur, la version anglaise et la
version francaise du rnemofre font toutes deux parties de
la documentation de la Conference.

2. Lorsqu'un memotr'e est presents dans une langue
officielle de l'ONU autre que l'anglais ou le francals, il
est publte dans cette langue, Les mernoires appartenant a
cette categorte sont en outre publtes en traduction anglaise
2Y franc;aise (selon la demande du rapporteur charge du
sujet constdere),

3. Des resumes de taus les memoires, etablis par les
auteurs eux-msmes, seront publtes dans les deux langues
de travail: anglais et francats. Les resumes ne contien
dront ni diagrammes ni photographies, et il conviendra de
les rapprocher du memotre lut-rnarne, qui portera lem~me

numero de reference que le resume.

4. Les memotres et les resumes ne pourront en gene
ral t!tre dtstrfbues h des personnes sutres que les partici
pants et les auteurs qu'apres la Conference et selon des
modalires de publication qui seront annoncees ulterteure
merit,



OOlffiITIONS DE 'rR4.ITE1YfENT ET MESURES PHYSIQUES DANS

LES FOURS SOLAIRES

par F. TRONBE1 I;Io FO];X et en. HENRY LA m~ANOHETjnS

Laboratoire de l'Ene:cgie Solaire du Centre N"ationsl de la :RecheTch0 Scientii'ique

Montlouis - France

Resume

Introduction.-e-e- _ =;

1. a) Le choax du mode de t:o--aitemellt diune subs tence au foyer d?un appfl

reil concentrant de llenergie provenant d'une source a haute t~m~

perature depend des caracterist~ques de la substance traiter. et
des conditions dans lesquelles alle re90it le rayonnement.

b)Pour la concentration de l'energie sola1re, lea systemes utilises
compcz-tent lQ plus sQui.i"en"l; un d1epositit plan o.r1enteur ecla1rant
un miroir parabo11que fixe; l'axe de ca dernier peut, suivant lea
utilisation>envia~gees, ~tre vertical~ horizont~ ou inclinee 11
peut ~tre utile aussi d'employe.r des m1roirs presentaut un develop
pement .. (Ij,seymetrique Ij.e Leur surface reflechissante pour conserver
una densite d'energie e~evee S~~ la surface r~ceptrice, s~ celle~

01 est inclinee p~r rapport a l'axe fooal. De m6me B lorsqutil sP
agit de cbuqffer un cylindre~ on peut aY~ir inter@t, pour obtenir
la conoentration d1energie maximum, a developper le di~metre
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apparent D de la aurfac0 pe.r8boli~ue au-dela de la v~leur 4 f

(f = distance focale).

c) Lea caracferes de la aubs tance a. tra:i.·~er: qut intel'viennent l1 sont
El la foi8 d t oxdre thermique et d t orure op-cique ,

i) La eubstunco doi t prosenter '\.l..I.'1 fw.c·~eUJ:· d I absorption maximum

pour le rayollllemen'~ u-cil.ise e-'Ij des facte'l.lrs de x'efle:X:ion et

de transmission mini1i18. Ces facteurs ~ d l autre purt i> v~rient

avec la temperature obbenue sur la subscance ,

1;i.) Le facteur d ~ ;;'tbso;rption d ' une substence rth'lechissall'ce peuf

~tre troe anuHiore en augraen'ban't son (Hat de division OU

eucore en 1(, plagant d~~s ~~e enceints corps noir.

ij.~) Lee fa.cteul"s d t crdr-e ther'mique qua, inte;rvierulent sent la
chdleur specifique et la cOllductibili.te therraique ; cette

dernif~re doi'l:; ~tI'e ausaf fa1b10 que possib18. On peut la

dimirluer consider..ibLeraerrt en ..lugment...iut 1 t et...J.t de divisi.on
dee substances.

Traitemen~[ girecte.

20 a) La substance e. trd1ter est placee directement au "foY0rlt du syst~ ..
me convergent. Si ltaxe du eyateme est vertical et la convergence
realisee du h~ut vers le bas~ on peut ainsi t~aiter en surface
des produi.ts pulverulents ou fr~gmentes reposau-t; sur eux-mSmes
dans un creuset qui reste frGid. Ces produits peuvent §tre partes

a haute temper~ture sans oont~minat1on.

b) Le tra1tement direct peut Gtre effectu6 sur une substanco soumiS6

a un depJ.acement lu·teral~ on ob-tient ainsi W1 renol.wellement de
la surface tr~1tee et lu formdtion de barres fondues OU fr1ttees
de lODguaur indetini.e. Le rendement de Ifoperation est ameliore.
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c) Le -craitement dir(~c-(; peuf §tre f::.::. t :.;wec une installation a. axe

horizontal. sur uno surface cohererrbe ~ :P~l' exe.npf.o fri'~ -G£ ().

d) Le treitement diri~c" peut Stre fa:Lt avec 8III ) Ol.' -C corrtanu de ma"tie

re sur une surface fondue dont l<l p:.n·tie SOU.3~j: ,C0j2t8 S~ solj.difi.e

progressivemsnt.

e) On petrt ca.Lcul.er- le temps t neceecatre pour porter a une teIJ1p'~,="

z-ature e une subssanoe aoumaae a un eclairelnent 6nel\~;etique don-

ne
e ===....LP "~

~1TAor
i = eclairement energetique

~ := conductibili"~e thermique

c :::: cnal.euz- spec:Lfique

f ~ densite.

Cette formula est val..,ble pour le cor-ps noar , Pour Lea coprs non

noire ~ 1<:4 v.aleur de p eat a multiplier p.:t:t.. Leur f,~tCteur d i absorp

tion. On aD pour la fusion de la zircone A a 2700°, un temps t

de ~ secondes en accord evec les resultElts experimon"'Gi;tux" Pour
lee me"taux plus c():n.ducteurs~ lea tempe sont plus elevese

~~itemen~ ~n cavit~.

3. s) i) La matiM:e eat please dane une cavate fixe DU tour·.u~nte quf

regoit le r~ronnement convergent par un orifice de s~IT~c.~e,.
aus9i fa1ble que possible. A l linterieur de cette cavite.
les reflexioll~( internee permGt'~ent une benne &o1.30rptioll de

1 1 energie. Cet·te dispoei'cion est; particuliel'ement favorable

pour un trai"cement des eubatences reflechissantes quf, aorrt

ma1aisees a porter a ~ute temperature par Ch8uff~ge direct.

i1)' L I homogenei tl~ de temper..iture dane les cavites chauffees pl;il"

rayonnement solairs depend nor~UemGllt de la nature des
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paroie et du rapport entre la surface de l!orifioe dfacces

du rayonnewent et la surface interne de la c8vit6. Un orifice
de fe1ble surface et une grande surface interne donnerrc dos
effete "corps no1r" tree marques. P01.1r les sube-tances presen

tent un coefficient dtabsorption du rayonnen~nt solaire 8U=

perieur a. 10 a 20 %. 011 peu't augmerrtex la surface velative
de Itorifice d~aocea du rayonnement.

iii) Au fur et a mesure que la temp6rature de la cavite 8~eleve.

1 genergie quWelle rayonne deviant, pour une ffiSme energie
incidente, de plus en plus consider3ble.

iV) La forme du four a egalemen-t une g:"'.::lude impor';;ance~ la pe.:,.'!):!.

opposee a l'orifice etant ou non for~effient ec\airee suivant
la profondeur du four.

v) Le facteur d g emission des substances augmentw.nt/:n gellere.l~

avec la temperature. le~ pertes d genergie sont plus elevees

que cellae aue'~bn pourrait deduire de la 10i du rayolulement
. '" .,

du corps noiI' en fonction de la tE'mperat\::ee.

b) Fours tournants dits fours centrifuees.

i) Pour ces fours J constitues par des cavites cylindriques
tournant 6utour do llaxe du cylindre v la vitesse eat suffi=
eamment grande pour que l~aceel$ration centrifuge l'emporte
sur lea forces de gravite. Lee substances sont m~intenues

sur lea parota du cylindre et regoive:::lt le r ayonnemenf
eolaire par un orifice axi.at , Les pt?)'ois de la. cavite sent
refroidiee par jet d1eau. Les fours centrifuges perroettent
de traitor l~s substances les plus diverses en profitant dElS

deux avantages conjugu6e du traitement sans cre~set. c 2est a
dire sans contamination et du traitement en cavi-'ce.
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ii} Lee paroia des fours centrifuges doivent§tre constitucea
de metaux bons conducteurs de la. chal.eur , LU aluminium et Le
cUivrs 9 par -ezemple II resistent roieux que les aciers refrac=
ta1res~ particulierement a ltorifice des fours.

iij.) Lee oaracteristiques des fours centrifuges dependent de l'

usage que l' on desire en fail'e. Comma pour lea traitements
en cavite, les ra~ports profondeur!diametre ont une grande
importance.

iV) Lea fusions au four centrifuge s'effectuent ~ le plus souvent
sans grande surchaufte du produit fondu, le produit sous
jacentD Pl-)" sa fusion progressive, abaoz'barrt , en generl;llg

/

lea calories ap~ortees.

v; Dane lee operations au four centrifuge v l~ cavite caatrale
dans le Oas le plus general. augmente avec le temps de trai~

tement. 1gep~isseur du calor~fuge diminuant parallelement.

vi} Lea b~assages des produits fond~~ peuvont ~tre obtenus par
simple variation de lu vitesae de rotation.

vii) Pour eviter :Vagrandiesement exegere de la cavi"lie ceatrale,
on peut rec~rger le tour en cours dfoper~tion.

Viii) La v1tess6 de fpsion, relativeIilent lente aU debu"'G t cro1t J

passe par un maxnnum et s ' annuf,e apre.;;J un certatn nombre

d~heures de travail.

ix) Lea fours~ntrifl~es sont d'une utilisation tree generale
pour lea composes oxyg0n6s~ halogenes ou m6me les metaux en
realisant un isolement thermioue convenable des parois de

la cuve.
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~ssaie~n atmos~~ere conditi9nnee~

4 e e) Lea essais en atmosphere cond1tionnee necesaatent 1 1 ernplol de

paroie trunsparentes au rayonnement soldire§ Differeuts tYP03 de
vez-res peuvent @tre utilisee i en particulier le vexx» Py:r:ex et le

verre de s11ice~ Le Pyrex IBisee passer 85 %de l'energie sol~~re
~

et supporte un eclaire;uent ene:rgetique de 1 1 0r d r e d8 20 ·\·n:d;-cs!CLI.-.

JJ8. silice vitreuse laisse paseez- 89 % et supper-be u-i ec:ls:j.l'E);JOnt

energetique de 500 watot;s/cm
2

§ P+'e.tiquement D en rais()n de condenaa-
') .

tion0 possibles ~ on prendra 5 et 50 "tvs.tts/cm'- ccmme del.!.8i·~8S encr ....

getiques limiteso

b) i) Diverses .illc.1.tieres p.Laesd.quee peuverrt egalement convenaz-, ill-:;iE

lea densi-tes d t energie sur Leur S1.U'fec8 doave.rt ~tre p.Lus

faibles que pour les verxes 4 Les metieres pl~;3tiques sent

plus utilisables pour lee atmospheres conditioD1J.ees El(,)US

press10n norm~e que sous vide.

ii) Una methoo.e tree commode pour opGrer en atmosphere cond t

-i.;ionnee sous la pressi.an atmospher;i.qv..e 00118iS"(;0 a utj.liser

des 'cubes en matiere l)lastiquG -tree .mj.nce gClnfles ps!' ill)'?

faible surpressiOll interne.
sont

c) Lee paroLs transparentes en verre au en s:LJ.ice!iOu>Cl:rl.i ol'sev..rci8s

pur des dep6ts provenant de lu vo18tilis~tion des 9roduitz trai~

tes. 11 a 6t~ rOUltlrque l,u'3 ces depots 130 i'OJ.....nerrt 1::rtl:C·~O"lr\i d2.l1S Les

zones 011 r, ~ 5.ntervioct pas le rayoLl110men"t; oonvengerrt , 11 a ate
montre

li
pas divGr'S6S experienoes, t;iu~il sfagj.asait d t un ph.enO~JlEme

de pho°cophorese l((,sitive Q
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~sures P~I§1q.~e~.

50 a) Mesure de l' en'Sl.'B1e utilisable 0

Oette mesure est faits a l'aide d'un calorimetre corps noir a
circulation d'eau.

b,~.. Jfesures de temperElture.

Voir communication de M. FOnX a cette m~me conference.

c) Mesures de chaleurs specifiqu~s.

Une methode calor1m~"crique a ete eX'p~riment'3'::~ jusqu i a 2'3000 c.

d) Etudes d11atometriqueso

La mesure de l'al1ongement dgun echt:lntillon. chauff'e dens un four

corps noir. est r~alisee par une m~thode optique.

Combinaison de IVenergie sol~ire et d'une autre forme dle~~rgie.

6. Ditf~renta types d t apport d I ~nergie sont envisages ~ f'Lammas , genera.·
teura a plasma, bombnrdement electronique. induotitn ~aute frequence

vii



TREATMENT CONDITIONS AND PHYSICAL MEASUREMENTS IN SOLAR FURNACES

By

F. TROMBE, M. FOEX and Ch. HENRY LA BLANCHETAIS

Laboratory of Solar Energy, National Centre for Scientific Research,
Montlouis, France

SUMMARY

Introduction

1. (a). The choice of the method of treating a substance at the focus of a
device concentrating energy from a high-temperature source depends on the
characteristics of the substance treated, and on the conditions under which it
receives the radiation.

(b). For concentrating solar energy, the systems employed most often comprise
a plane orienting system illuminating a fixed parabolic mirror whose axis may be
vertical, horizontal or inclined, according to the intended uses. It may also
be useful to employ mirrors with bisYmmetrically developed reflecting surface, in
order to maintain a high density of energy on the receiving surface, if that surface
is inclined with respect to the optical axis. Similarly, when a cylinder is to
be heated, it may be desirable, in order to obtain the maximum energy concentration,
to develop the apparent diameter D of the parabolic surface beyond the value 4 f
(f = focal distance).

(c). The relevant characteristics of the substance to be treated are both
thermal and optical.

(i) The substance must have a maximum absorption factor for the radiation
employed and minimum reflection and transmission factors. These
factors, on the other hand, vary with the temperature to which
the substance is raised.

(ii) The absorption factor of a reflecting substance may be very much
improved by increasing its degree of division, or by placing it in
a blackbody enclosure.

Direct Treatments

2. (a). The substance to be treated is placed directly at the "focus" of the
convergent system. If the axis of the system is vertical and the convergence is
downward, this meth.d may be used fer surface treatment of powdered or fragmented
products resting ,n similar material in a crucible which remains cvld. Such
preducts may be brought to a high temperature without c~ntaminati.n.

- ix - S/35s



(b). A substance subjected to lateral displacement may be given direct
treatment. In this way the treated surfaces is renewed and fused, or fritten bars
of indefinite length are obtained. The efficiencY of the operation is improved.

(c). Direct treatemen~ may be given, wi~n an installation having a hori
zontal axis, to a coherent surface, fritted for instance.

~). Direct treatment may be accomplished with continuous addition of new
material onto a molten surface whose underlying portion is progressively
solidifying.

(e). The time t necessary to bring to a temperature Q a substance
subjected to a given irradiancy may be calculated as follows ;

where

Q =
l/ 'iT i\ c ~)

!
<P is the irradiancy,

~::'\.. the thermal conductivi ty,

c the specific heat, and

P the density.

'This formula is valid for a blackbody. For a non-blackbody, the value of ,:t~

must be multiplied by the absorption factor. For the fusion of zirconia at
2700°C, this formula gives a time t of 3 seconds, in agreement with the
experimental results. For metal with higher conductivity, these times are longer

Treatment in a cavity

3. (a) (i) The material is placed in a fixed or rotating cavity which receivi
the convergent radiation through an aperture of the smallest
possible area. The internal reflections inside this cavity permi1
good absorption of the energy. This arrangement is especially
favourable for treating reflecting substances, which are hard to
bring up to high temperatures by direct heating.

(ii) The hcmogeneity of the temperature in cavities heated by solar
radiation normally depends on the nature of the walls, and on the
ratio between the area of the radiation-access aperture and the
area of the internal surface of the cavity. An aperture of small
area and a large internal area give very marked "blackbody" effects.
For substances with an absorption coefficient of over 10 to 20%
for solar radiation, the relative area of the radiation-access
aperture may be increased.

(iii) As the temperature of the cavity rises, the energy radiated by it
at given incident energy becomes greater and greater.

- x - 8/35s



(iv) The shape of the furnace is likewise very important, since the
wall facing the aperture is strongly irradiated or not, according
to the depth of the furnace.

(v) The emission factor of a substance, as a rule, increases with
its temperature, so that the energy losses are higher than would
follow from the law of blackbody radiation as a [function of
temperature.

(b). Rotating furnaces, called centrifugal furnaces.

(i) For these furnaces, which consist of cylindrical cavities rotating
about the axis of the cylinder, the velocity is sufficiently
high for the centrifugal acceleration to exceed the gravitational
forces. The material is thus held against the walls of the cylinder
and receives the solar radiation through an axial aperture. The
cavity walls are cooled by water jets. Centrifugal furnaces may
be used to treat the most varied substances, profiting by the
two associated advantages of treatment without a crucible - that
is to say, without contamination - and of treatment in a cavity.

(ii) The walls of a centrifugal furnace must be made of a metal that
is a good heat conductor. For example, aluminium and copper are
more resistant than refractory steels, especially at the furnace
aperture.

(iii) The characteristics of centrifugal furnaces depend on the desired
use. As for treatments in a cavity, the depth/diameter ratio is
very important.

(iv) Melting in a centrifugal furnace is most often accomplished without
great superheating of the molten product. since the underlying
product, by !enson of its progressivef~sion, generally'acsorbs
the excess heat transferred to it.

(v) In centrifugal furnace operations, the central cavity, in the
most general case, becomes larger with time of treatment, and
the thickness of the thermal insulation decreases accordingly.

(vi) A molten product can be mixed by merely changing the rate of
rotation.

(vii) To prevent excessive enlargement of the central cavity, the furnace
may be charged during opeation.

(viii) The rate of fusion is relatively slow at first. It then rises,
passes through a maximum, and falls to zero after a certain
number of hours of operation.
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(ix) The centrifugal furnaces are of very general applicability for
oxygen compounds, halogen compounds, and even for metals,
provided the walls of the melting chamber are properly insulated.

Controlled atmosphere experiments

4. (a). Experiments in a controlled atmosphere require the use of walls
transparent to solar radiation. Various types of glass may be used, especially
Pyrex and silica glass. Pyrex passes 85% of the solar energy and maintains an
irradiancy of the order of 20', watts/cm2• Silica glass passes 89% and maintains
an irradiancy of 500 watts/cm2• Practically, owing to the possible condensation,
5 and 50 watts/cm2 are taken as the limiting energy densities.

(b). (i) Various plastics may likewise be sUitable, but the energy densities
on their surface must be lower than for glass. Plastics are
more usuable for controlled atmospheres under normal pressure than
in vacuum work.

(ii) A very convenient method for operating in a controlled atmosphere
at atmospheric pressure makes use of very fine plastic tubes
inflated by a slight internal overpressure.

(c). Transparent walls of glass or quartz are often darkened by deposits due
to the volatilization of the products treated. It has been noted that these
deposits are formed primarily in zones not subjected to the convergent radiation.
Various experiments have shown this to be due to a phenomenon of positive
photophoresis.

Physical measurements

4. (a). Measurement of useful energy.

This measurement is performed by the aid of a blackbody calorimeter
with water circulation.

(b). Temperature measurements.

See the paper presented by M. Foex to this Conference.

(c). Specific heat measurements.

A calorimentric method has been tried up to 2300°C.

(d). Dilatcmetric studies.

The elongation of a specimen heated in a blackbody furnace is measured
by an optical method.

Combination of solar energy and another form of energy.

6. Various types of energy contributio~are envisaged
electron bcmbardment, high-frequency induction.

- xii -

flames, plasma generators,

S/35s



Litho in D.N. 50825-June 1961-1,400




