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Los datos técnicos y las demostraciones son sotengésponible en inglés y en francés, thank you
for su conocimiento. Por otro lado, la conclusiéredte documento esta disponible en espafiol.

Mas de los detalles on :

http://sycomoreen.free.fr/syco espanol/solaire nloetec esp.html

(Traduce en espafiol !)
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1. Measurements

1.1. Measurements of the collecting mirror and otgp

[.1.a) Span and geometrical output

The collecting mirror is a parabolic surface wittund or square
section of which span is about one meter. We chhese a span

&, =2 mwith square section

The collecting surface is thusS&. = ég =4

However, the energy confining surrounding wall (BGHd its
bearing bars represent a disk of shade of aboun8diameter.
This diameter brings a shade on the collecting aniaf which
the shading radius is,,=0,15m. The effective collecting

surface is worth thereforgs;, = € - 7712 =3,93 ¥

We have here a first geometric outpUtye, =

I.1.b) Focal lentgh and reflexive output
| [

To grant a good penetration in the ECE’s openirig the energy confining surrounding wall, the
opening angleAO of the focused rays must be less or equal to BB&. equation of a parabola is
characterized by a paramepeas while calling :

-z axial distance relative in the center of mirror

- r radial distance relative relative in the centemirror

il |
il
it
il

il

the equation writes itselfz=—

r
P so thatz=—

The focal lentgh of the parabola is expressed byzz, Y
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Thus, one can express the maximal radius of theomworresponding with the distance between its

2
= E‘Vg\/_ ThertanAQ = —max__ = 1
2 r? f T

f_ max [

4f r, 4f

center and one any of its 4 summits,;,

While putting| X =——| the ratio characterizing the geometric proportiofihe parabola :

By solving the equatiolAO<50° , one is lead to the conditionX >1,072

J2
So f > 1.072%T = 0,758,

Thus, we will choose parabolas wiftV g, ratio of about 0,76.
For a 2000 mm span, a focal lentgk 1600mm is adequat and givesO= 47,68°.

The reflexive output of the mirroy,, depends on its material and its surface aspechatave to be

the smoothest as possible. The silvery mirrorshr&€&€s6 of reflexive output, and others made of
aluminum 90%. We keep for this study :

Nen =90%

I.1.c) Diameter of the sun’s image on the focal pfa
The theorical diameté&r, of this image is AY

crucial because it is the most little openir 4
distance for the entry of the energy confinii
surrounding wall The sun is seen under ¢
angular diameteDA=0,52° from the earth sc
that :

DI = f tanDA
Considering the inhomogeneous ligl
diffusions / refractions in the atmospher
layers, a valudA = 0,6°is more applicable,
and in this casg£1600mn) :

D/'*=1600tan 0.6= 16, 75nm

[.2. Measurements of the energy confining surroogavall
(ECE)

[.2.a) Measurements of the entry of ECE

The elaborate current technologies (stars pointity obtain
spectrographic data, or telecommunication sats)liteach angles of
pointing imprecision ofa, =+0,1°. Some bigger imprecisions (1°)
can be corrected by a cone of glass to the eningibg without losses
the rays in the hole by total reflection. On th@agite illustration, the
central dark disk represents the site of the saiaage in the Ax
hypothesis of a perfect sun pointing. The whitekslisepresent the
solar image when pointing is imprecisédx is the distance

corresponding with a pointing imprecision|af| =0.2° . ltisthusAx= f tan0,/= 2,7m
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To be sure that all focused rays engulf themsaivése cavity (ECE), its entry diamet®e must be :
D, = DIi*°+2Ax = f (tanDA+ 2tam, ) = 22,34mm
The radius of the entry of ECE is worth thus=D, =2,17Inm

It means also that the emitive surface offeredhéoradiance of the cavity is worth :
S =’ =392 mnf = 3,92 cny

[.2.b) Other measurements

Prece =10 cm
ECE -4 .
L L i 1pC
& T F.E
1p T FE _— 128
= =
ety T
A \ —EL P — A
| -5__\& x Lag.e =40 cm
1 y " ) 5
h Ty -
I1E -:H T ; i
1 1‘\, — R
e 33 NN
k. LR L = 2
A il FAAAARRRLL A R M MR R b NS ALLL ALAAAL: S
o ] i #E
16 _ — Eig..2
Lo =70 cm

The face that generates the shade is at the soguiiface is 700 cm? slightly lower tham? .

Entry diameter iDe, Small focal lentgh: 125 mm, Long focal lentghOIm, Distance crossing the
cavity: 550 mm.

2. Incoming and retiring powers

2.1. Incoming power

This is the power reflected by the collecting mirtowards the ECE. One callthe incidental solar
flux on the mirror (expressed in W/m?). By a vemahtiful day without cloudg=1200W /m? in
France, and much more in meridional zones.

The incidental solar powéinc is given byP.. =@S.|; in our caseP,. =4800 W

The incoming incidental powéte is obtained by [P, =7,.47.Pnd = 4338 W.It is nearly absorbed

completely on the walls of the afocal cavitpecause every incoming ray there undergoes avéfage
reflections absorbing about 20% of its energy evéme : 0,8° = 0,013 %, therefore after 40
reflections, only 0,6W not absorbed (very negligibkefore 4338 W).

2.2. Retiring power

The retiring powers are due to the losses by thlecoraduction and radiance (approximately those of
a black body). We suppose that the PHRSD is in nahnun, that is to say istationary working.

2.2.a) Retiring thermal conduction powers

The thermal conduction takes place on 2 differesas:
- thermal losses by conduction through the entfg©E P,

- thermal losses by conduction through the shegdlméinsulation separated by vaccuuRy;
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Evaluation of the conduction losses by the entiy©E

The thermal conductivity of the alr, at the atmospheric pressure 85" =0,0262W /m /K.

ait
One assimilates the entry of ECE to a cylinder @ngth L, = 25cm, of section
S=1,5§ = 5,88 cnt. This overcharge by a factor 1,5 simulates theemedl character of the anti-

return corridor of the bi-concave afocal cavity, which the temperaturd is approximately
homogeneous. One piif,, the outside temperature of the atmosphere. Usilig]ly 20°C = 293 K.

. e . : : L
One shows in thermal diffusion that the thermaistasce of the entry cylinder is worttR; = /1"“?‘?8
. . _ T-T,
And the thermal power lost in stationary workingvsrth :|P, .= ——*
h
In order of size :
o =16228 K W ; and if T -T,, =1200K, P, =0,074W

ext sce

(extremely weak before the incidental 4800 W!)

Evaluation of the conduction losses trough the simexal

A low evaluation of the middle thickness of thim afound the bi-concave afocal cavity is :
e, =8 cm

An high evaluation of the interface surface with #imosphere is :

Satm = 2( LOECE LaECE+ LOECEPrECE+ LaECEPrEc)E = 7800 cm?

One supposes that the air in ECE has been rafiidiently so that®° = A /4

4 steel surrounding walls come to slow down als® diffusion (but weakly). One puts the thermal
conductivity of steell, ., =50 W /m/ K and the surface of sheet me&|_ = S, all supposed to

be equal (unfavorable hypothesis), and their tresknse, ., = 5Smm.

cier

The thermal resistance of ECE is woRh™ = iseoa" +4 S‘j‘e“
A’S AL Sim

air “~atm air
: . I T-T
And the thermal power lost in stationary workingvisrth :| P, = —===2¢
h
By order of sizeS,, = S,,=7800 cm
FF=1566 K W ; etsiT-T,,=1200K, P, =76.63W

Also weak powebefore the incidental power.

2.2.b) Powers of thermal radiance

The thermal radiance takes place on 2 differerdsare
- radiance losses through the entry of ECE, :

- radiance losses through the insulation sheetlEE&CE : P,

rt

Preliminary; notion of emitivity

The emitivitye is a multiplicative factor of the power emitted d&plack body p., =oT* W/m?2

So that for any body of temperaturefTemitivity £, the radiative real emitted poweis
p=&0T? in W/m2 with 0 =5,67.10°W /m2/K* the Stefan and Boltzmann’s constant.

For the polished steels=0,07 to 0,20. We keeg; =0,20 (the most unfavorable) for the steel
undergoing the very high temperatureggt 0,1 for the reflective steel of the confining shetal.
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Evaluation of thermal radiance losses through éh&y of ECE

The entry has a surfaGewhich radiates at the temperatire|P,, = £So T
Approximate assessment at a 1200 K : 9,21 W (vexgky

Evaluation of thermal radiance losses through tmulating sheet metal

It requires a modelling and enough detailed and ptexn calculations given in the annex 1. It
concludes that : P.=S.0 ( RT - FET:x) with :
- F, =9.10° the outcoming transmissive factor of radiance (@oted for 4 sheet metal)

- F. =0,368 the incoming transmissive factor of radianceliffuse solar radiancelhe 4 sheet metal

are generating a little greenhouse effect in th& EGe to the absoprtion of the diffuse radiancectvhi
makes increase the output of thermal trapping ofes@o (over of.47,.,) , especially to the ambient

temperature.

3. Outputs of the hyperthermal trap of direct sodaliance (PHRSD)

3.1. Thermal trapping output

This is the ratigy,, between the incidental direct radiance power erctilecting mirror and the

Pe = Ree™ Peom Pom P
P

inc

trapped power inside the energy confining surroogavalls (ECE)#,, =

3.1.a) Expression
All calculation complete and in relation to theealdy introduced parameters :

S

atm
o(RT - RT)+eoTs+( F T) Sun LS

atm
kisoeair +4 eolcier Lce
— Aaaif'm krAacier
,7th _”ge(ﬂrm_ SCCD
with in the" median case" (Cf. simulations 3.1.88.b):
m’ mD?
S =€, ; Nyeo=1-—2=98,23% ; S = 46 ; D, = f (tanDA+ 2tan,)
9
DA=0,6° ; f=1600 mm K, =4 ; k =1, ks =1,5 y . =90%
1 . 2 2
Fo=T,=TPe———withg —q_Ta 1 et -Ta 1
T TIRRe . BT 1—[RN +TNJ[RA+TAJ co4 1—(RN +TNJ(&+U)
2 2 2 2
F=T, =T2— T with o 1 ety -Tu 1
CTIRGRe T T TR Rl T ARt RaTs
TR R SR R

Main piloting parameters of the present modelling :
- &, ' span of the collecting parabolic mirror
- 1, :radius of a disk bringing the same shade as ECeoollecting mirror
- @ :incidental solar flux
- @, :sun pointing imprecision
- RA,TA, RN, TN reflexion/absorption coefficients of polished $t@8 / brut steel (N)
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3.1.b) Optimization of the thermal trapping output

The output is optimized mainly when :
- The collecting surface is big
- The incidental solar flux is big
- The external surface of ECE in contact with the aphere is little
- Feis big, and especiall§sis little

The global output depends on the temperature ardpsel if the temperaturk increases too much
(influence ofT-Tex;, especiallyT * respectively linked with the conduction/radianicermal losses).

3.1.c) Simulations
3 cases are going to be presented: unfavorablejanexhd favorable

rendement (%) de piégeage thermique en fonetion de T (Kelvin) dans la cavité

1. Unfavorable case

100

Outside temperature : 20°C

Insulating airis not depressurizedkiso=1

The reflecting efficiency on the collecting mirror
is 85%
The sun pointing imprecision is 2°

The solar fluxis not maximal : 900 W/m?

Usual polished and brut steels :
RA=0.9 ;TA=0.1 ;RN=0.2 ;TN=0.8

The results are : “T1
Thermal trapping output :

Rendement de piégeage thermique :
- at20°:86,8%
- at 1000°C : 68,8%
- temperature of balance (zero trapping)
0 2051 K (1778°C)

, , , , , , , , ,
0 00 00 00 1000 1200 1400 1600 1800 2000
T

2. Median case
rendement (%) de piégeage thermique en fonetion de T (Kelvin) dans la cavité

Outside temperature : 20°C

Insulating aipartially depressurized kiso=4

The reflecting efficiency on the collecting mirrar i

90%.

The sun pointing imprecision is 1°

The solar fluxis good: 1200 W/m?2

400,

204

&0

Usual polished and brut steels :
RA=0.9 ;TA=0.1 ;RN=0.2 ;TN=0.8

The results are :
Thermal trapping output :

Rendement de piégeage thermique :

- at20°:90,9%
- at 1000°C : 86,8%
- temperature of balance (zero trapping)
o 3011,3 K (2738°C) -
Note :the trap made of steel will support until "
1200°C, beyond, it is necessary to use a "high ésatpre resisting metal or alloy"
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3. Favorable case

Outside temperature 20°C

Insulating airexcellently depressurized
kisc=100 .
The reflecting efficiency on the collecting
mirror is 95%

The sun pointing imprecision is 0.1° |
The solar fluxvery good: 1500 W/m?

rendement (%0) de piégeage thermique en fonction de T (Kelvin) dans la cavité

Very well polished metal, brut and black
faces
RA=0.93 ;TA=0.07 ;RN=0.05 ;TN=0.95

=1

The results are :
Thermal trapping output :

Rendement de piégeage thermique :
- a20°:95,8%
- a1000°C: 95,5%
- temperature of balance (zero
trapping)
0 5807,7 K (5534.7°C)

204+

Note:too elevated temperature. But it 1 ...~~~
possible to limit themselves to 1000°C « ° 1060 20ho 00 4000 00
2000°C and to benefit from the excellent

thermal trapping outpuhe requisite features are already reachable in theetting of a carelully
build realization in desert environment.

3.2. Output of the thermoelectric machine

The thermoelectric machine consists of a thermodymamachine, a generator and a converter of
injection on the electric network.

3.2.a) Thermodynamic aspect

The considered cycle is a Stirling cycle cooled it outside and heated temperature by the

hyperthermal trap at the temperattirdts theoretical output is the one of Carnot :

Ne =1-1es
c T

However, the cycle can make itself with some irreim@lities (mechanical, lamination of fluid.) and

thermal flights that we simulate by introducing iareversible output; and finally, the global
thermodynamic out put is obtained with :

irrév 1

T

T
,7thermo = ,7 irré\ﬂ C = ,7 irrév(l_ﬁj

3.2.b Electric output

The electric outputy,,. is the product of the generator’s outpiit.and the injecting on network

élec

converters,,,. Finally :

,7élec = ngéng con
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3.3. Global solaroelectric output

3.3.a) Mathematical expression
One put 7, the global solaroelectric output. This is the pradof the thermoelectric output
Ninermosiec= 11 merdd & DY the thermal trapping outpyt, . One can have therefore :

,7global :nthermoéleg th:,7 thern{z éla:

But more with the 3.1.a) paragraph :

S atm
Satma-( FST4_ FEﬁX)+£lUT4 Se+( L 1;>) kiSoeair +a: erl(:ier * kSALa1Ir Se

A . kr Aacier

air

— Text
”global - 1_? ”irré\/?géng cony 17 gtg m chﬂ

3.3.b) Simulations
A very important thing to notice is that the beloawf thethermodynamig,.,..,and solar trapping,,

outputsare opposed
- at low temperaturey,..is weak andy,, is strong

- at high temperaturg,, is weak andy,.,, IS strong

As the global thermoelectric output is proportioteathe product, /..., an optimal temperature
T, IS going to clear itself for which the output widach its maximumThis temperature is optimal

in the sense where it achieves the best _ _ _ _
compromise of temperature in the objective " me > #lobe! solaire = elce en fonction de I température de la cavité (Relvin)
produce mechanical work, and therefo
possibly electricity.
We are going to simulat& casesunfavorable,
median and favorable, respectivelgcording
to the 3 cases already presentedn the
thermal trapping output. On the followin
diagrams :
- the green curve represents il
thermoelectric output % :

Tinermosiec =T therfd ¢le

- the red curve represents the sol
trapping output %7y,

- the blue curve represents the glok
solaroelectric output %7,

according to the ECE temperature on t |
horizontal axis. M A T M MM T AT T

T

G604
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Unfavorable case :

It is represented on the previous curve. The thdgmamic machine presents 20% of irreversibility,
either 7,,, =80%. The electric generator has an outppt,.=85%. The electrical reinjecting

converter is quite inefficienty_ =85%

conv

The calculation shows a maximum output of 30,8%hatemperature of 1062 K, so thigt, =789°C.

Thus, with a material of very middle quality, omaches the outputs of the best helioelectric ptesen
concentrating solar power stations. Let's signattthis performance represents 3 times the one of
the photovoltaic with possibility of heat / elecity cogeneration.

Median case : rendement % global solaire => elec en fonetion de la température de la cavité (Kelvin)

The material is of appropriate quality: tF
thermodynamic machine presents 15%
irreversibility,  either,,, =85%. The
electric generator has an outp
Nysne=90%. The electric converter is

S04

efficient : 7., =90%

[

The calculation shows a maximum outp
of 46,5% with the optimal temperature (
1457 K, soT ;= 1184°.

This performance is perfectly accessit
with the material "of the trade" and a tra|
made of steel. It represents a progressi
of 50% in relation to the performances «
the present power stations.

204

Favorable case : of

, , , , ,
500 1000 1500 2000 2500 3000
T

The material . is of querior qua“ty the rendement % global solaire => ¢lec en fonction de la température de la cavité (Kelvin)
thermodynamic machine presents 10%

irreversibility, either 7, =90%. The
electric generator and the converter ha
excellent behaviours : 77,,,.=95% and

204+

Neony =95%. The trap uses a superhe
resistant alloy or metal.

The calculation shows a maximum output =t
66,2% at the optimal temperature of 2464k
so thatT,,=1991°C. It is the double of the

best state of the present art! wt

This exceptional performance is accessit
as using the present best know-how seer *7
the different domains required by th
PHRSD. .'

, , , ,
Ll 1000 2000 3000 4000 5000
T
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Conclusion

Esta encuesta indicallas productos térmicos
muy altos y los solaro- eléctrico hecposible
por el nuevo concepto de PHRSD por un
confinamiento geométrico y térmico de
energia solar directagel PHRSD es la Unica
maquina capaz llegar a una corriente térmic
atrapar el producto de mas de 90 % a mas ue
1000°C Permite que él proporcione la energia de la adlalta a una corriente térmica, se aclarando
sobre aplicaciones dbermolysesdereactor quimico ecoldgic@para la reaccion a lenta cinética de
endothermic), y especialmente de paoduccion de trabajo mecanicaen este ultimo caso, el ciclo
termodinamico tiene un origen sumamente calurgsaegle llegar @roductos termodinamicos por lo
tanto mucho mas alla de 50.%

x 5

Por lo tanto, el PHRSD, sin requerir materialesabes como

\ i desconocidos, optimiza todos enlaces de la cadgoaizante

\ N del sol casi hacia la red electrizante : conceittrade la luz
=, solar, la confinamiento geométrico, obstruccion die
H conduccion y la resplandor térmicos, y ciclos dafiamente,
——=} termodindmica de la eficiencia alta, notablementie -vapor

v ———= —1* recalentado suministraba energia a los ci¢lesde Brayton-
Joule, pero también y especialmente St#ling o Ericsson,

il T =
"‘I‘ y
. An 7 } cuanto mas se adaptar para estirarse hacia el drdi Carnat

Fig 158 Fig 15 El pueden alcanzar solaro eléctrico de los produdiasta
aproximadamente 65 % con una comprension muy odadena
50 % con una construccién de calidad norrfmlgue hace el
PHRSD dos veces mas fuerte que una central de ianactual
(tecnologia de Dish-Stirling o cylindro parabdlicespejo)
intrinsecamente incompetente hacer el progresefaisncia en

tales proporciones sin ser optimizados por el PHRSD

Fig. 15D
Indudablementeel PHRSD puede causar una contribucion enorme egoatable de la energia
renovable centralizado también que se descentradimdas mezclas vigorizanteSolamente mas
otra vezel PHRSD podia hacerse tal vez la tecnologia quepe la difusion enorme de los nuevos
vectores vigorizanteguien es solamente limpio a la condicidn de prouea corriente térmica muy
importante y renovable y/o la energia eléctrasi:que hidrégeno, los combustibles descendidos de
los biomass (por la pausa térmica, licuefaccionl(@ITL.) o thermolyses), productores de électro
positivos de metales de hidrégeno by el contactoagmua (sodio, aluminio) encontré a una fuente
vigorizante capaz tal vez alli para empezar surddkaintencionadamente.

Y En conclusibnmientras se apoyar sobre el poder y la
abundancia de la energia solar, y mientras explotar
elementos perfectamente conocidos en los dominios
de la fisica y la tecnologia, el PHRSD es una avant
gardist de solucion y viable al cortocircuito el
término. Solamente algunas sociedades colectivas
industriales revelaran su potencialidades numerosas
y estratégicas sus ya bien completamenta hora de
entrar en climatico calor y los dependences
vigorizantes demasiado poderoso (el gas, el aceite)
gue van a intensificarse peligrosamente en un dutur
cercano (el « Peak-Qil »).

Precisions y contact dnttp://sycomoreen.free.fr
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ANNEX 1 : Transmissive factors of the thermal radiance for tle 4 sheet metal

Modelling
outside surfacic flux o f,( to lead insig:

The ECE has an outside

surfaceSacier and its losses 4}

will be considered as those .

of 4 sheet metal with a  Outside T,=293 k outcoming flux ko T\ black faces !

surface equal t@acier. The AN

P

stake of this calculation is 7 Vacouun i
to value for 4 sheet metal: S

/ / vaccuun ;)
Fs  the outcoming //' / ;o
transmissive factor of the , ,/ vacouun /
radiance of the trap LS -

D R Y .
- FE the |ncom|ng reﬂectlng faces |nteI‘IOI‘, T21273K
transmissive factor of the

outside diffuse solar

radiance (warning :no link surfacic flux= U-IA( © Conf"*

with the collected radiance L incoming flux = Eo T,
by the concentrating
mirror).

The fluxes to confine and to make go back are riyugtdiances of black body. At 1000°C, either
1273 K, the law of the displacement of Wien indésatis the major lengths of waMg;, A . of these

radiances ;

AT =2898um.K= |4, =%33: 2,27um| et|A e =%3: 9,89um
In these domains linked withe near and far infrared radiances :
- The reflecting/transmitting factors for energyamly brut steel face are :
R, =0,2;T,=0,8
- The reflecting/transmitting factors for energyamiy polished steel (or silvered) face are :
R,=0,9;7T,=0,1

One supposes a stationnary working : thus the shettl have constant temperatures and don’t store
the absorbed radiance. They are also supposedrutrequally the radiance on their 2 faces. The
elementary energizing balance of an impact on atghetal is therefore the next one for a "unit
energy" of impact :

Outcoming impact Incoming impact
Illll +—I— /2
/4 T,/2 \ /f“ /N

"7 R, +T,/2
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Calculation for the 2 sheet metal case (annexe 1 continuation)

The successive reflections/absorptions/re-emisaom¢eading to the folowing schematic
representation :

"1 T

rh =R, +7A

With the recursive continuations, from the unitrgye'1l" :
- mn representing the fraction of energy in the outcagense at the end of the n-th cycle
- m’nrepresenting the fraction of energy in the incagrsense at the end of the n-th cycle
- rnrepresenting the fraction of energy confined attern-th cycle
- tnrepresenting the fraction of energy transmitteédrahe n-th cycle

In relation to the previously exposed energizintabees, it gives the following relatiorisn >1:

T , T T, T
tn=3“mn rm=(RA+7Aj m rn=7“mn rm&(Rﬁ;“j m

These four relations give the recursive definition
T T
= + N + A
B Py PR

One putsq :(RV +T?Nj( Rﬁ%j the geometric factor of this recursive continuatio

It leads immediately tbm, = ¢ m] with m :T_ZA

Therefore, one can put and deduiGt theoutcoming transmissive factof 2 sheet metal :

oo

>, T T, e TS T
TerRnsgEmeg R =Y =

=0

And finally,[T,s =2 typical value : 5,814.1d

One deducts from it, by applying the princip of greergy’s conservatiothhe outcoming confining
factor R, for 2 sheet metal :

2
stzl_Tzs:l_T_A L

CREE

typical value : 0,9942
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Let put now : (annexe 1 continuation)
- T, the incoming transmissive factor for 2 sheet metal

- R, the incoming confining factor for 2 sheet metal :

They deduct themselves without supplementary catiicul by the permutation of the indices N et A,
so that :

2 2
TZEZTIN Tl T Re=1-T = _TTN Tl T
1-| R, +-2 +-1 1-| R, +-2 +- N
B2 )Ry) =z )md)
nearly 0,372 nearly 0,628

4 sheet metal case calculations

The four sheet metal react as if it were a supétipasof 2 systems based on 2 sheet metal. Each
system of 2 sheet metal is working for an elemgntapact as described below :

Outcoming impact, Incoming impact

lllll

[ = N
/N, N

The successive reflexions/transmissions lead téaflmving schematic representation :

"1 r-O = RZS

With the recursive continuations, from the “unieegy” :
- mn representing the fraction of energy in the outcagense at the end of the n-th cycle
- m’nrepresenting the fraction of energy in the incagrsense at the end of the n-th cycle
rn representing the fraction of energy confined aftern-th cycle
tn representing the fraction of energy transmitteédrahe n-th cycle
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(Suite annexe 1)

In relation to the previously exposed energizintabees, it gives the following relatiorisn >1:
tn :TZSmn rnr'1 = %S n‘L rn :T2Em'n rnn+1 = RZE n1r'1

These 4 relations bring the recursive continuation

M= Rem= R B 1y

One putsQ = R. R¢ the geometric factor of this recursive relation :

It comes immediatelyn, = Q"' m|with m = T,
Therefore, one can put and dedtigtthe outcoming transmissive factoir4 sheet metal :

00

o o © 1
Te=Y6=Td m=T O m= 13 Q= T4y

1
And finally, T, = T/ e———
Y |las 257 _ ReR.

typical value : 9.10

By applying the energy’s conservation principe#ds tdR,ithe outcoming confining factdor 4
sheet metal :

1

Re=1-T,=1-Te—>—
4S 4s Zsl_RZSRZE

typical value : 0,99991

Let put now :
- T, the incoming transmissive factor for 2 sheet metal,

- R,z the incoming confining factor for 2 sheet metal :

Without additional calculation, they come from fhermutation of the indices S and E, so that :

1

Te=Tr———
4E 2E 1_ RZE RZS
nearly 0,368 nearly 0,631

1

Re=1-Te=1- Tim

Overview of the 4 sheet metal insulation relativeadiance

Permanently, the 4 insulating sheet metal, fromafleeal biconcave cavity’'s point of view :
- make the cavity lose the radiancg,;oT*S

acier

- make the cavity gain the radiancd,.0T_'S

ext “acier

Finally, one can easily identify the searched fexcto

F,s =T, =0,00009 et[F.

T,. = 0,368
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ANNEX 2 : some emitivities relative to materials and their stface aspect

Source Raytek Corporation 1999 - 2008, http://www.raytek.fr/infrared temperatures measurement without contact

En tout rigueur, les émissivités dépendent de la longueur d'onde a laquelle on effectue la mesure.

Matériel Emitivity £ with ¢_..,=¢&,0T"
A=1,0 um A=1,6 um A= 8-14 pm
Aluminum
non oxydé (non oxidized) 0,1-0,2 0,02-0,2 n. d.

Oxydé (oxidized) 0,4 0,4 0,2-0,4

Alliage A3003 (alloy)

Oxydé n. d. 0,4 0,3

Rugueux (rough) 0,2-0,8 0,2-0,6 0,1-0,3

Poli (polished) 0,1-0,2 0,02-0,1 n. d.
Plomb

poli 0,35 0,05-0,2 n. d.

rugueux 0,65 0,6 0,4

oxydé n. d. 0,3-0,7 0,2-0,6
Chrome 0,4 0,4 n. d.
Fer

oxydé 0,4-0,8 0,5-0,9 0,5-0,9

non oxydé 0,35 0,1-0,3 n. d.

Rouillé (rusty) n. d. 0,6-0,9 0,5-0,7

fondu 0,35 0,4-0,6 n. d.
Fer, versé

oxydé 0,7-0,9 0,7-0,9 0,6-0,95

non oxydé 0,35 0,3 0,2

Fondu (melted) 0,35 0,3-0,4 0,2-0,3
Fer, forgé (forged)

mat 0,9 0,9 0,9
Gold 0,3 0,01-0,1 n. d.
Haynes

Alliage 0,5-0,9 0,6-0,9 0,3-0,8
Inconel

Oxydé 0,4-0,9 0,6-0,9 0,7-,95

Abrasé (abraded) 0,3-0,4 0,3-0,6 0,3-0,6

Poli par électrolyse 0,2-0,5 0,25 0,15
Cuivre

poli n. d. 0,03 n. d.

rugueux n. d. 0,05-0,2 n. d.

oxydé 0,2-0,8 0,2-0,9 0,4-0,8
Magnésium 0,3-0,8 0,05-0,3 n. d.
Laiton

poli 0,8-0,95 0,01-0,05 n. d.

Trés brillant n. d. n. d. 0,3

oxydé 0,6 0,6 0,5
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Molybden
oxydé
non oxydé
Nickel
oxydé
électrolytiquement
Platine
noir
Mercure
Argent
Acier (Steel)
Laminé a froid

Toéle brut (brut sheet metal)

tole polie

Acier fusion (fusion steel)

oxydé

inoxydable
Titane

poli

oxydé
Tungstene

poli
Zinc

oxydé

poli
Etain (non oxydé)
n.d. : non available

0,5-0,9 0,4-0,9 0,2-0,6
0,25-0,35 0,1-0,35
0,8-0,9 0,4-0,7 0,2-0,5
0,2-0,04 0,1-0,3 n. d.
n. 0,95 0,9
n. 0,05-0,15 n. d.

0,02 n. d.
0,8-0,9 0,8-0,9 0,7-0,9
n. d. n. d. 0,4-0,6
0,35 0,25 0,1
0,35 0,25-0,4 n. d.
0,8-0,9 0,8-0,9 0,7-0,9
0,35 0,2-0,9 0,1-0,8
0,5-0,75 0,3-0,5 n. d.
n. d. 0,6-0,8 0,5-0,6
n. d. 0,1-0,6 n. d.
0,35-0,4 0,1-0,3 n. d.
0,6 0,15 0,1
0,5 0,05 n. d.
0,25 0,1-0,3 n. d.

O "V'F‘-
_—
) ~

41|

[
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