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ElECTROMAGNE'f~O RADfATION TRANSMm1TERIREFlEC1'0R DEVICE, 
APPARATUS AND PROCESS ~MPlEMEN'fBNG SUCH A DEVmCE 

The pmsem onvomion relates to ~n ultraviolet electromagnetic radiation transmittal!'! 
mlecmr device comprising a straight glass tube with an endpto-andl bom for retaining 

~ pmssurised ionising gas~ mending themthmLagh around an axis and defining a 

radiatioirn transmitter beam. 

~t also mlates to apparatuses and ai pmooss implementing such a device. 
The nnvention finds a particulariy impoll'Wnt. although nonaexdusive, application In 
Ile fle~d of photochemical treatment of matol'Da~s by- ultraviolet mdi1ition will 

transmitter rubes containing an ionisi11g gas at high or medium pmssure, for example 
used gn the paper industry, textiles, plistics industry, food Industry, aiutomobile 
Industry and in the printing field, in particul&Jr for polymerization of inks or vamishes 
en fi~ms. for example formed by rolds of paper er cardlboardl 
By high or medlium pressure we mean absolute gas pmssums greater than er equal 
to 2 kglcm2

, for example 3 kg/ crrl1 for a medium pmssum and greater than 5 kg/ cm2 

for 11 high pmssum, being able for example m go fl.IP to 100 kg!~. 
The invention Is not limited to the types of pmdll.lds to be treated. It can for example 
be m~oo for drying cf plated products, for drynng of celltaln vamishas and adhesives, 

for drying of w!m products extending 01mlmd an axis, or fOr sterilization of liquid 
products. 

D@vlces for pmdludion and mfl.ection of ultraviolet r11dlations ara already known 
comprising ~ straight nnsmitter tube and a straight concave mf\ledor having a 
parabolic cmss sedllcn oil' an elliptic cross section. 

These dlevnces pmsem drawbacks. They am in fact cumbersome and mquira a 
nnsm!tter tube oomplote!y sop~rated from the reflector by a distance of severai 
moli!mGtres to enable efficient cooling by anr fijow between the nnsmitter tube and 

mfloomr. 
H!g~ tempemtums from 600 to 900" am in fad observed on the ultraviolet 

ninsmitteir, wtu~mas l'lle mmpemtum of tho mledor is much lower, for example 
about50°C. 

The materiaiis used am momover different, the tmnsm!ttera being m1u.ie of glass and 
the mfleetors cf reflading metal, of the aluminium typea !.e. pmsanting a very 
diffemnt thennm expansion coemcient fmm that of glass. 
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Tho rubes of gmat length of the devices of the prior allt momover pmsem buckling 

wttlh time. 

~n the case mom particularty concemoo by the invention, i.e. ultraviolet radiation 

nnsmlsslon, lknown mmsmittera also cause formation of ozone !n nonQniegligible 

quantify. 

The object of the present Invention is to provide a radiation nnsmittor/mftector 

d@vioo, an apparatus and a process Implementing such a device, meeting the 

mqulmments of practice better thain those known befom, in particular in that it 

proposes a compact device which is not cumbell'Some, able to oonsidemb!y ~lmlt 

ozone pmdud!orn while maximizing the usab~e photochemlcai energy due to a 

strucrum! design enabling an excellent optimization of the energy effit!eney of the 

transmitted radiamcm. 

For this purpose, the inverotion proposes In pacrticulair an ultraviolet radiation 

nnsmnttor/mflector device comprising a straight g;ass tube with an emHe>end bore 

for mtaoni01g an ionising gas under high or medium piressum, extending around an 

was, ~nd definlreg a radiation transmitter beam, and a sullfaioo for reflecting the 

tmnsmMOOJ radiation comprising two iongitudlnai side wings symmetrical in relation to 

an axial plane of the bore, the reflecting surface being at least partially secured to 

the transmitter rube and prasenMng a transverse cross sedloni at least partially 

pambc!~c. elliptic or straight, or then agasn at least partiailly appreciably pambolic, 

appmc!ably e!iiptic or appreciably straight. mairacterized In tlhat the portaons cf 

mffiled«1!'11g su.uface corresponding to the side wings and pms~nting a tmnsvell'Se cross 

sedlion at least partiai~y parabolic or elliptic~ or then aga~n at ieast partially 

appmcuably parabolic or appmciably eHliptHc, belong to a cmve (parabola or ellipse) 

whose genemUing line at the peak is situaitoo at ai dnstance d fmm the mds cf the 

bom, such that : 

dgf ~nd Ocd<r+e+1mm 
with 

r : dlstainoo between the focal point of the parabola or empse and Ile corresponding 

goinerat!ng llna m Ile peak, 

r: dosm1100 between the wds and tho Internal sulfi!Joo of the .bom In tho mdal plane of 

the bore passing through the generating lino at the PfJ81k, and 

G : thickness of the tube in the axial p~ane, on the same side as and passing through 

the gcmemting line at the peak. 



Evelfll mom f!dvainmgeously, both of the two end port!ollils of Ile side wings present a 

cross section stridiy In the form of a portion of parabola or elUpse or sttrrtdly straight. 

in th~ embodiments more pamc1Ulariy described, the pmsent invention implements a 

stralGiht transmitter tube whose geometric transmission oomre [s the same as the 

ootrmsfmnding mfijectcr focal point, also straight and of at losist p~rtially parabolic 

cross sdon (for examp~e to treat flat suriaoos), or of at ijeaist partiaiily elliptic cross 

section (for example to treat curved surfaws), the generating line at the peak of the 

mf!odion a.111Ve boing parallel to the mds merged with the focai ~ine, and title end 

edges of title p~mbolic or eliiptic portions being situ~ted beiow the generating ~ins of 

liie lbom, on the other side fmm the laitter in mlaition to said gener~ting line at the 

[OOOk. 

Mom pmdsely the medium or high pmssum 11,1!travio~et transmltt.teirs of the rrnvention 

mom ?articu~ariy described hem am tubes csilled "d!schairge tubes" comprising 

e!odmdes ~t very high temperature (greater than 1 OOO®C) called 'Dhot e~ectrodes". 

The m:msmitter is themfom not provided woth any filament of the infrared transm!tter 

fllamGnt type. 

l'lhe eiedric are generated by the i\Yo electrodes, msped!vely situated en each side 

of the tnmspamnt tube, generates a light cyl!nder of oonsmnt cross section genera!~y 

formed by one or mom metaiHc iodides uni p!asma state. or by xenon er ai 

merauy/xenon mixture or other gases or mm earths. each end of the cy!inder being 
in the form of light comes whose peaks am merged with the e~edrodes. 

Tho lnght ~lnder, which can advantageously be truncated, for example flattened, as 

w!~I be seen, pmsents a total length formed by the disml'llee between the two • 
elm:tmdes, for example comprised !between a few mm fur short are transmitters and 

mom generally between 30 mm and 2500 mm, and also presents foir example a 
cross sed!on of ti'lle same size as, or smaller than, the irntemaii cross sedicn of the 

tmll'llspamint rube which houses it 

The metallic iodide(s) can come from pure metals or alloys i.e. and e.g. a pure 

me~rry, ;i pure Imm, a pure gallium, an imn/cobalft: (mixtum), a gal!Oumllead 
(mixture), a mera.mry/gallium (mixture) etc. 
Mom gerlerally the geis(es) used can be pure (for .ample xenon) or in mbdum form 

(for oump~e mercury/xenon). 

The ~1st of mbc.tQJlres of metals, mm oairths andfcir gases given ailbove is natum!ly not 

msundlvo. 
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Mcmover their respective proportion is determined according to the required 

mdi~tioin wavelengths, In a ma11111er known in Itself. 

111 advailfllmgeous embodiments moourse is in addition had to one and/er the other of 

the foolow!ng arrangements : 

=dl~r+e; 

~ll'S:d<l!'+e; 

adJS:r; 

= the bom Is cylindrical ; 

~ the cross section of the bom is an at ~east partiaijly truncaJted circle, so that the 

mdoeJting beam us cf truncated transverse cross sedllotn ; 

= the cross sedflcn of the bore is truncated by one Oil' two dioptric planes 

porpelilldowlar to the axial plane of the bom, in such a wa.y th~t the beam is for 

smmpijo of appreciably mctangular shap~ ~nscrnbed in a cyl!nder (case whal!'e it Is 

doubly truncated) ; 

0 the mfieding suriace is secured~y united to the tube ; 

~ thG ~xtemal wall of the tube comprises a protruding part in the form of a wpoia, 

lhletre!inmteir called dome, of extema~ surface adapted to the intemal wall of the bore 

and arranged, for example being a portion of a cylinder in the case of a cyl!irndrical 

bom, to send the primaifY radiation transmitted to the dome back m the feat~ point in 

geriom! merged with the mds of the bom, to operate in a fom'll cal~ed iirnverse 

radnatnon, said dome being symmetrical irn relation to the wda~ plsine of the bore, 

si~ad on th0 same side as the generating line at the peak in mlation to the bore, 

and covered with a layer of refled!ng material ; " 

= the tube is soiod betMen the end portions of the side wings whose external faces 

foam at least panrt!aily said reflecting sui!faoo by dioptric rahdlon ; 

.. tho mfledng sun'faoe is entirely covered with a layer of reflecting material ; 

.. Um mfldng surface is of parabolic or partlal~y pamboiic transverse cmss sedllon 

and the tube comprises an utemal face, called lower face, joining the ends cf the 

Vllings, situated oni the opposite side from the generating line ~t the peak i11 mlation 

to ti'ne boire, flat and perpendicular to the axial plane containing sand genemting line 

at the pe&ik ; 

= the mfieding surface is of elliptic or partially elliptic transverse cross section and 

tho wlbe comprises ain extemai face joining the ends of the wings, situated on the 

opposite side fmm the generating line at th0 peak i11 mlation to the bom, convex, 
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according to a curve symmetrical in mimicm to tt1e axiaii plane containing the 

genorating line at the peak, said external face being arranged to dimd the 

transmltmd rays towards the axial plane cf the bore, forr enmple towards the second 

foeal 100int of the oiU!pse ; 

~ ti1e tminsvel!'M cross section of the oxtemal faoo is ~ight ovelf' a first part, 

perpendfwiar and cent.Md in relation to the mda~ plane1 and cuNed over ~ second 

part; 

0 the tube comprises, on the oppositCit side from the generating lime at the peak1 a 

portion of pal'tiai~y mcessed solid glass, fomi!ng a iongitu.idinai diopmc cavity; 

~ Sli1!idl cavity oomprnses a concave upper face nn the form of a portion of cyinnder, 

!'UiVRff'!lf) the same mas as the axis of tlhe bom, and for example of radius equal to r + 

0, and side face parallel to the axiai plane of the bore over 21 height inscribed in an 

~ngh:~ at the centre a.2, said angle ~ being the angle fell' which the primary radiation 

from the plasma beam ns entirely refracted by the diopmc p~ane of the lower face, 

joining the wings of the devuceo 

By avondung mmsm!Wng in the angie a.2 we thus avoid slgn!f!cant!y losing radiation; 

0 the dncptr!c cavity comprises a convex lower face in the form of ai portion of 

eyMnder, whose mids Is situated on the opposite side from the axis of the bore, and 

thGl radius of curvature is arranged to dimd the light mys in one or more set 

dimdions, for example para.lie! to the wdal piano or towams the seoond foca.U plane 

of the e~lipoo ; 

0 tho dome comprises 81 mfleding external falce situated m a distance x from the mens 

cf the bom, such that : 

r<x~2ywith 

y : dis~nce between the intemal surface of the bore and the point of discontinuity of 

the s!ope of tho mfleding surface of tine wing between dome and parabolic or eiHptic 

portnon; 

s th~ device comprises in addition two mfiocting ijongitudin~I side plates~ situated on 

each side of the ends Cf the wings, symmetrically ~n mlaition to the axial plane ; 

0 the oom comprises an internal face, on tile opposite sfde from the generating 

~ine at the peak In relation to tho mds, provided with a longttudinal dioptric recess 

p~sent.lng a lower wall un the· form of a portion of cylinder of radius, for example 

f > r and side walls parallel to the weal pl~ne cf tile lbomo But r' can also be 

oquai to or ~ess than ir ; 
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a tlhe woo !s in the shape of a cylinder provided with two iongitudina! side lugs, 

symmetrrnca~ in mldon to the weal plane passing via the generating line at the peak. 

dnmd~d towards the irradiation plane and whose msped!ve extemai surfaces form 

t!h~ wings of paraboBic or el!!pt!c portion ; 

= th@ lllllgs aim secured~y aff1><ed to the tube ; 

~ the ~~gs am separable from the tube which is for example cylindrical, aind comprise 

jo!roillig ~ in the fonn of a concave cylinder portion, of a shape complementary to 

tihf} mctemai face of the tube with which they may err may not be In eontad ; 

~ tho @>demal faces ·of the ~ugs are perpendiw!ar to the axial plaine containing the 

g@nemting line at the peak ; 

~ tho ~mdl faoos of the lugs are concave and arranged to dimct the Incident radiation 

onto sa~d faces towards the ax!ai p~ane of ftlhe bore containing the generating ~ine at 

thG peak; 
0 th® ey~l~drtcal lbom oomprises on !ts internal surface opposite the generating [one at 

th~ peak, two protuberances of appreciably tri~ngular sedion, pmsooting one side 

paral!e! to the rudai plane, and the otlher situated on the same side as said axlaij 

1Piane, l1n1 the form of a convex curved portion, sa!d protuberances being symmetrical 

nn relation to the wdal plane containing the generating !lne and such that the sides of 

the aingie at the oomm of the bom «2 in which they am irnsooboo paiss tlhro1U1gh the 

two end peaiks of tho corresponding lug ; 

e the ~ppQ&" portion of the external surface of the tube ns COVGCT'ed wnth reflecting 

matf>ria!, for example over an angle at the centre 2~ in miation to the bore u!s, a;,; 

bGillilO defined .il!JS specified! hemafter in the desclf'TiptiOilil, the two sude wings being 

entirely slb.iated at a distance fmm the transmitter rube, for wwmpie !n sudiJ ai ·way 

that ai circulaiting flow of a cooling g~s is arranged between the tube a:mnd the 

mfidng side wings ; 

a tiilG wings pmsent an at ~east partially parabolic or Glliptic cross section, am 

mspedlively extended at the upper part by a ~indrica! portion comdai with the bore, 

entirely situated at a distance from the transmitter tube, 

I~ th!s case the upper portion of the momal surface Of the tube os covered with 

mfldng material over an angle a:, smaller than @.5 completing the parts of cylinders 

a tlhe two side wings ~m flat ; 

~ ti1e Wio sude wings am formed by flat longitudinal mflectnng plates ; 
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~ the wlbe oomprisos electrode chambem of i1111temal cross section greater than or 

oqiual to the iintemal cross section of the radnat!on transmitter lbeaim, for wcample ~ 

1.5 times thtl ~atteir, or example ~ 2 times, and for eDmple 6 times greater ; 

= ftho aoss section of the transmitter beam is smaller than or equal to about 45 mm2
, 

or ailbout 30 mm~, or even more precisely 10 mm2
, or even 3 mm2

; 

~ tho beaim is in the fol!'m of a longutudinal s!!t of rectangular or appreciably 

mdangu!air cross section of a width smaller than hailf of the length, for example than 

1/Sth or 1/10th of the length; 

0 Uil~ maxi1rrm,1m diameter or transverse dimension of tho internal section of the trube 

mdi~tion transmitter beam over the useful &ll"C length Is sma~ler than or equal to 9 

mm, ~ m about 6 mm, ~ about 4 mm or even :s: about 2 or even 1 mm, for examnple 

0.5 mm. 
l'h0 lrwornticn proposes in addition appauratuses for processung and in part!cru!aur for 

dlfYili'1IQJ pmd1.1ds am111ged as a flat or curved sheet, oomprlslng at least one device of 

tho type described above, and a process for applying radiation to a product running 

in oontta111uous or semiaoontinuous ma1rmer using sum a device. 

The invention also proposes a process for 11pplying radiation to a pmdud arranged 

as ai sheet or om a flat or cul!Ved sul'faJce, characterized In that the product is 

!ndotiJted wttlh a plasma beam of ultraviolet rays of cyllndrica~ or appreciably 

cyl!ndncai shaipe extended around an mds, of cornsmnt drcular or pairti~lly truncated 

cross sodlonD of the radiation transmitter beam small~r than 45 mm2
, '1llnd for 

example pmsenting a maximum radiai dimension smeller than or equal to about 9 

mm. 
Tho plasma boom is in fact ai beam e~ongme 1.11mundl an mas whoo~ peripheral shape 

us Influenced by the shaipe of the extemal wall of the bom which contains !t. a shape 

itself aindl for wcample of appreciably circular uniform cross section, then rasu~ting in 

an appredaibly cyUnclrical shape. 

By constant cross sedicm. we mean ai constant transvenw cross section over the 

useful are [ength of tho beam, therefore not indud!ng the electrode chambers. 

Tlhle product ns advantageously il'mdiated with a plasma beaim of uitmivio!et rays of 

ey!!~dncal or appmdabiy cylindrical shape extendoo am1.md an wds, of oonstarnt 

d1wlar cross sedlon and smaller than Oil' equal to 30 mm2
, Olf even 10 mm2, tor 

W<&Jmp!e pmsentnng a maximum radial dimension smailer than or equal to about 

4 mm, smaller than or equal to about 2 mm, or even smaller tha1111 or oqual to about 



1 mm, clft!y the physical manufacturing limits of a glass tube havang to be taken ~nto 
~COOll!Jllt 

In ain &Jdvantagoous embodiment the product is irradiated with pramary rays coming 
dimdly from the piasma beam and at the same time with seoondary rays originating 
fmm ~e primary rays by dicptric refraction on a m~eding wall presenting an at least 
parabolic er emptic transverse cross sedion. 

A~so advantageously the product is irradiated with rays oomlng entllmiy from and 
mfledod by a sing~e tube confining the plasma beam, comprising a mfleding surface 
sewll'OO to the transmitter tube of said plasma beam, defining an !nverse light image, 
mndlemdl pcssib~~ by the absence of filament. 

The oonc3pt of lnv@rse light image whiclh will a!so b~ exp~ainoo !n detai~ hereinafter, 
m~ans that th@ primary rays transmitted at the ;evei of the wds of the beam by the 
plaism'1! beam are mfieded in the form of seoorndalf)' rays, which aim superposed, 
appmcuab!y or exadiy, with the pll1mary rays transm!tted !in tile ctherr direction by said 
!beam. 

lirmdo~tion ~s aidvanmgeously perfo!'med with ~ plasmaJ eylindel!' of eyiirndrical cross 
secillon truU'llcatoo or.i t.wo sides, on one side err comprising a convex cu11Ved cross 
sedioin at the lower part perpendicular to the axial plarte. 

Th~ length of the plasma beam of constant cross sGdion ls advantageously greater 

tlhan thirty oointimGtms, is greater than one metre, and advantageously greater tuan 
2 metms, or ~ven 3 mens. 
In a:m ~dvalliltageous embodiment the linear voltage has a value ;mater than or equal 

w 00 Vo~tslcm, advantageously greater than or equal to 100 Volts/cm. 

Even mom advantageously a length of plasma lbeam gmater than 1 m50 and a linear 
vobgo gmmer tlhiin 20 Volts/cm, for example 80 Voltslcmi am associated ln 

oomblnation. 

in an advantageous embodiment, the mdius cf the cross sedlion of the eyiindr!cal 
plasma ooaim in relation to the equivalent diameter d of tlhe tube as such that 

~n arm a~so advtmmgoous embodiment, the beam of small diameter cf the type 
described above Is incorporated !n a device comprising a surface reflecting the 
ttrarnsm!ttoo mys comprising two longitudinal side wings symmetrical in relation to an 
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mdai plaine of the bore, the mfleclng surfaco presenting a cross section at least 

p~rtially parabolic, elliptic or straight, or at least parti~lly appreciably parabolic, 

appmdab!y elliptic or appreciably straight m11racmf!zed in that the two wangs are 

separatoo at the uppell' part by a longitudinal midd[e space or s!it wrtend!ng on each 

sld~ of the upper generating line cf the wings, fer examplfi pairtially hyperboiic or. 

p~raboioc, for supply of cooling air, said spam being covered at SJ distance by a flat 

p~am0 !.c. flat and horizontal reflecting the mys transmotted by said beam having 

p8ssed through the s~it. 

Adlvall"llblgeously the plate !s perforated and also ads as support foil' the wings, the 

ccnudntions o < d < r + e + 1 mm moreover be!ng oomp~iedl watlh. 

The invention wm be mom easily understood on reading of the following desooption 

cf several embodiments given as non~mst:rnd!ve eumples cn~y. 

The dlesaiption mfem to the accompanying dmiwings in which : 

0 Agi1U1ms 1 to 5 am cross sedioniai views of altemative vell'Snons of a first 

embodiment of a monoblock tmnsmittor/mflm:tor according to the invention, 

comprising a mftedlng surface of comploteiy or partially parabolic cross sed~on. 

~ Fig1U1ms 6 to 1 O are cross sectional views of alternative vemions of a second 

embodiment of a monoblock transmitter/reflector according to the invention, 

oompl'1ising a refleding surface of completely or part!aliy elliptic cross section. 

° Figura 11 mustmtes other altemmive versions of the second embodiment, with 

IUl\PIPOr cy!ondrlcai domes of different thicknesses. 

= Figures 12 and 12A illustrate an EJltemative vers~oin of the second embodiment 

0 f'ngum 13 is another alternative vemion of filne second embodiment 

~ Figures 14 to 16 am cross sectional views cf alternative versions of the· first 

embodiment with lugs. 

° F!gum 17 mustmms another altemative version Of the ftmt embodiment with ~ugs 

aind longorudinai mcesses on the intemail face of the oom. 

s Figures 181 1 SA and 188 illustrate another alternative version of the first 

embodiment with lugs and longitudinal spurs on the internal face of the bom. 

a Figum 19 must.mies another aitemative version of th@ first embodiment with a bore 

of lmppmdably mctangulair cmss sedaon, and the upper face of tho dome in tho form 

of a flattened cylinder. 

a Rgure 19A shows another altematave version witlh ~ugs and muinded base. 
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e !Fogym 19B shows another a~temme version with lug and recess in the !ntema~ 

wai~ of the oor@. 
~ Figums 20 to 24 am cross ·sectiorna! views cf aitemativs versions of a third 

ombodoment of ~ transmitter/mflector accomung to the nnvontion with side wlrngs 

@ntt!m~y at ~ distance from the transmitter tube and oomprisnng a rafteding suriace cf 

~inptic {figure 20) or pamoolac (figums 21 to 24) cross section. 

0 fnglllm 25 is a cross sectional view of a fourth embodiment of a transmitter/reflector 

~coomarng to the Invention with s~de wings entimly at a distance from the transmitter 

tijbf> ~nd comprising a reflecting surface of emptic cross sedlon. 

= Fng~ms 26A and 268 am cross sedionai views of a fifth embodiment with a 

mfi®doli In tt\me parts, situated entirely at a distance from the cyllndnca! transmitter 

oomprisuIT"tg a truncated bore or a lbom with a recess. 

= Fig11.m~s 27 A, 21 N, 27B, 27C and 270 show in partial cross section a sixth 

embodiment of a oovioo according to the !nvermoni. with a truncated bore . . 
= Figum 28 Is a !ongitudnnal cress sectional view of an embodiment of an electrode 

chamber of ai transmitter tube of the type described with mferfunce to figure 10. 

$ f'ugu,nm 29 is a cross sectional view of an embodiment of an electrode chamber of a 

tminsmntter rube according to figure 27 A 

= Rgur8 30 nllrustra.tes a longitudinal cross sed!onal view of an a~mmative version of 

figym 28. ~th no eiectmde. 

° Fugums 31 and 31A are cross sectaona~ views, respGctJvoly longitudinal and 

tmrnsverse, cf ~nother embodiment of an electrode end of a transmitter tube 

acoomang to the invention. 

= Fogum 32 schematically shows transverse cross sections {A. A', B, C, D, 0 1 and E) 

of a tmnsmltter/refledor according to various embodiments of the invention. 

~ FiglU!m 33 Is a partial cross sectional view of a ftrst embodiment of an fmpparatus 

comprising a tmnsmitter/reftedor aooomling to thG Invention. 

~ Figure 34 Is a partially exploded perspective view of a second embodiment of an 

~ppararus accoming to the invention. 

= Figure 35 Is a cross sectnonal vu0W of a third embodiment of an apparaws 

accomung to the nnventton oomprisung sovemi devices arranged pamllel to one 

another. 
~ Figura 36 is a cross sectional view of a fOurth embodiment Of an apparaws 

according to the oowemion comprising two devices armnged m opposition. 
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= ~!gum 37 is ~ cross sedionai view of a fifth embodiment of ~rn apparatus accomung 

to frhe !nveration oomp!"Dsing several devices antmgoo auiguiarly. 

= f'ugures 38 A, B and C are schematic top views of apparatuses acccrning to three 

mnOOdumenm of the invention enabling the processing of plated products to be 

optnm~zed. 

~ ~ugum 39 is a schematic view showing the distribution of the md!ation density in a 

tubQ acoordning to an embodiment of the invention. according to three types of linear 

vo~ge : 10 Volts/cm, 30 VolWcm and 100 Volts/em. 

= f'!g~m 40 A shows a device according to another embodiment of the Invention, w!th 

a parabolic rofieding wa~!. a tube cf sma~~ diameter and a cylindrical plasma beam 

away from the walls of the rube. 

e F!gum 40 B shows another embodiment with a cylindrical rube of small diameter, 

showing thme seaaons of plasma beam tmder thme different voltages. 

~ Figulie 41 shows a device implementing the process according to an embodiment 

of thie invention with a plasma beam cf small~ diameter nn m;ation to that of the 

int@ma! bore. 

~n the description which follows, the same refemnoo numbers w!ll preferably be used 

to designate elements which are identica~ or cf the same type. 

Figums 1 to 4 show a device 1 In cross section comprising a straight glass tube 2, 

fur wmmple made of extruded quartz. 

The rube 2 is drilled from end to end by a cylindrical bore 3r of wds 4 and cf raduus r. 

cb~ined by extrusion. 

Ut is dosed m each end by e~edrod&-bearnng plugs {not represented) which mil be 

described un demH further oo, and contains an ionising gas, for example a mercury 

nodud~o at medium pressure, far example 3 bam, able to tminsmit ultraviolet radiation 

5, when the rube Is powered and nt creates a p~asma arc between tho electrodes. in 

a manner known i11 itself. 

The rube 2 comprises a wan 6 provided with an external sum.iice of at least partly 

pairabc~ic section, cf equation y g; ~I 4f, f b~ing the focal distance of the paraboUa 

ootwoon ti'w focal point 8 which merges witil the as 4 of the bore and the 

generating H1'Ut m the peak 9 cf the parabola, situated In the aooal piane of symmetry 

10 of the IOOm. 
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Tua thickness of the tube in the wdai plane 10, from the wall situated on the same 

side ~s the genel!'ming Hne w the peak 9, being ! and !1 being the distance between 

th~ mds 4 of the bore and the generating iloo to the peak 9, it follows that : 

d g hmd, d ~ r+ e (figum 1) 

d < r+ e {fagum 2) 

d gi r {fugum 3) 

d < r (figure 4). 

Acoording to the embodiment of the lnventioo of figure 1, the surface 7 is entireiy 

pambc~nc. It !s covered, for examp~e by cathode sputtering !n a vacuum or any other 

means known to the man of the trade enabling adhesion on quartz of a film 11 (in 

broken Hne In flgum 1) of materiai reflecting the ultravloaet rays (U.V.) transmitted, for 

eumpie of a memi ~ayer of aiumanaum of a thacknoss of about one m!cron, for U. V. of 

~velength from 100nmto1 micron, for example 360 nm. 

The tube 2 is dosed on the other sade cf the peak 9 In m!ation to the bore 3 by a 

soHa wall 12 extending between the ends 13 of the side wings 14 formed by the 

s@ctioins of parabola symmetrical in mlation to the wdat piane 10. 

The wan 12 comprises an extemai face 15. transparent to radiation, for passage of 

th~ dimdly transmitted rays 16 or of the rays 17 reflected by tile parabora. 

~t is recal~ed hem, as a reminder. 

~ that the radiating energy (total or almost total) which irradiates from the focai point 

8 of the parabolic curve, or as wtll be see·n hemafter ellBptic curve, or combined 11arc 

of drde and parabola" .or combined " are of cireie and empseao, is formed by the sum 

of two radiating energies : the primary radiating energy, which nrradiams directiy in a 

ciosoo conical space 18 (in mixed line in f1gum 1) and whose limits am the ends 13 

of the side wings of the reflector, 

and the secondary radiating energy, which irradiates dlrediy in a conical space open 

en the mflecticn curve of the reflector to oo reflected therein and return at best 

perpendiwiar (arrow 17) to the product situated In the Irradiated plaoo 19 (case of 

the parabola) or perpendicular to the tangents to the curved produd to be treated by 

Irradiation (see hereafter the case of the ellipse), 

s that th~ energy dflcieney of an uitraviolet ray depends on the distance It cove!"S 

from its point of transmission to Its point of receipt; by shortening this distance from 

the point of transmission to the mfledk>n plane (parabolic or eiliptic curve) on the 
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c~e hand, and from the mfledion plane to the irradiated product on the other hand, 

the unvmrtlcn therefore optimises the efficiency, 

0 filhm th~ sources whose luminance as uriidependem from the direction obey 

l~mb@rt's iaw, 

a that~ ootter penetration depends on a high power density. 

The Intensity radiated in any direction is theni equal to the product cf the intensity 

radiated in the dlmdllon of the normal to tho radiated suuface by the cosine of the 

ang!0 which this direction makes w!th the normal. 

1rn1~ face 15 of flgums 1 to 4 ls therefore flat and perpendiaJl!ar to the IOOal plane 10. 

ID'l the emlbodim~mts more particularly described h0re, tile nnsmitter/reflector device 

us a monob!ock entity, made of extruded quartz glass material, of very high 

tnmspareiney quality in the 180 nm to 2000 mm p~ssband and with a very low 

~uorescenoo Revel, In which the transmitter and Its reflector am intlmam!y linked, 

]oiood and inseparable, In such a way that the convex part, whose shape is 

p~mbo!lc or eniptie, or presents another combined mathematlca~ shape related 

themwnth, such as are of drde + pa~bola or arc of cirde + empse, is achieved to 

00oomo the raf!oding surface. 

The other part. facing the irradiated product. Is transparent and arranged! to direct 

the whoio. of the transmitted radiation to the product, nn such a way that the whole or 

tile essential part: of the primary and secondauy radiation amves with parallel or 

appmdabiy pamH~~ fluxes perpendicularly to the nnradimed product, aiccord!ng to 

lambert's ;owo In the case of a parabola, or In the dimction of lte axnai plane 10 

towall'ds the second focal point of !he ellipse in the case of an empse. 

Tho g~cmemcal shape of the dioptric surfaces, and !n partiw!ar thm of the lower 

portno~ of the lbom, implemented and generated smrcturaHy within the scope of the 

embodiments of tl'18 invention more pal1Rw!arly dooaiood hem, is designed with 

ref3renoo to the geometl1cai focal point of the device comprising the tubes according 

to the invention, a focal point in genera! merging with the axis of the bore, which wiil 

therefore hereinafter be called focal mas. 

Tlhus any Hght point originating from the fecal meas irradiates radially as subsequently 

mpmsented un tho figures. 

On the other hand, it can be noted that any i!ght point of the boam situated outside 

the fecal axis only partially complies with. this radial irradiation mode corresponding 
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to the design of the dioptric surfaces. Only the rad!mion originating in the p~ane 

passing through the focal axis corresponds to this design. 

~n tho case of figure 1, the radius of W!'Vaitum IP of the straight transmitter is 

thomfom also the radius of curvature of the pesik of the parabolic cuN0. 

We thomfom have R = r + o', If' being, ais wo_have ah~ady seen, the radius of the 

ey~indrncai! bore 3, which defines the ~ight disk of the ulnvioiet transmitter, and e' the 

thickness of the quall1z glass wall 11 of this same transmitter varying between e and 

the maximum thickness of the wal~ in the corresponding mdai pltillne. 

in othetr weirds, the radius of curvatum of the transmitter SJnd that of the peak of the 

mlector are [dentieal and metr;ed Into one and the same. 

Acoorolng to the unvention, they ere moreover and advantagoousiy of smal~ size, i.e. 

s; 15 mm, advantagoously s 1 O mm, or oven s 5 mm, even s 2 mm, for example 

:g 1.5 mm. 
IRefemng m flgums 2, 3 and 4, the radius of curvature R earn also be the extema~ 

mdl~a.es of the arc of circle of a dome 20 Im l'ae form cf a portion of eyUnder 

symmetrical In mlation to the axial p~ane 1 O and of identncal axis to the wds 4 of the 

bcm 3. The dome according to the i111ve111t0011 Is stm covered en its external sui'face 

W[tlh a mfleding material 11 (irn unbroken line In the figums). for exampie aluminium. 

As wni! be seen the rest of the utemal faces 14 of the paralboi!c wings may be either 

am!so covel'ed with a mfleding material, or be deprived theroof beyond a certain angle 

cf centm <15 corresponding to an angle of limit incidence CXl, In which caise refledacn 

cf tt'le rays transmitted by the rube wall b!Jke place by diopbic refraction, according to 

a particulalf'ly advantageous embodiment of the Invention. 

Tue arc at Ullo peak cf the parabolic curves is for its part mpresemed irn an unbroken 

line 21 (virtual ate) !lfl figures 2 to 4. 

!iru figum 5, another embodiment of the invention has been mpmsented oompris!ng a 

diopmic cavity 22 formed by a longltudinai slit comprising a concave upper face 23 in 

lue form of ai eyllndrical portion, of mds 4 and cf external radius equal to tr + o, 

The cavity 22 comprises two side faces 23' and! 23" parallel to the axial plane 10 and 

nnscrlboo on the angle a.2 defining the dihedron in which the mys would be entirely 

mfteded by the dlioptric wall 15 in the absence of caJv!ty. 

The cavity also comprises a lower moo 24 ~n th0 fol1\i1 of a wrve whose equ01tion ~s 

determined according to the laws of optics to obmin ai bum of mys 25, transmitted 
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to tlhe sMpport and conveying plane 19 of the products to be dried, which is as 

pairal~el as posstible. 

Im this partlwlair case, the curve Is ai portion of cylinder of radius R' :1: R, with R ~ r + 

e. 
in case m absence of a partial cyl!ndll'Ilcai dome (figum 1) Cl" !f the arc at the peak cf 

tho latter Is less than 2 x as the rays inscribGd in th~ angle ~ am totally or at ~easft 

partially reflected on the parabc~ic WIN& (this wm silso bo va!id in the case of an 

el~iptic cul!Vo as will be seen hereafter) and pass aigain inside tile light disk, defining 

an angle with the c!rculall' diopter 26 (figure 5) which is vairiab~e according to their 

posltaorn. 

Tuey are then refracted in the surfaloo of the luminous disk 27 e~sewhem tlhain on the 

transmnssiori focal po!nt, then pass thmYgh the cirw~ar diopter 28 again !n the othea­

dnmdion according to vanabie angles of !ncidence and mfmdion, distributing the 

radiation !in diffemnt directions from those norma~ly mfledad by the pambo~ic {er 

iater elliptic) curve. 

It is themfom to minimise the· dispersion of this radiatllcn that the nnventllon proposes 

m r~plaoo the parabo~ic or elliptic cu1Nes inscrnlbed in the angle Oli (figures 2 to 5 and 

fllguras 1 to 18 8) by the dome 20 of sire of circle cross section or dome in the form 

of 11 portion of cylinder whose geometric centre os on the foelll point of the 

tn:msmitter/mfledor. 

Ail the rays transmitted in the inscribed angle as (whim w!H a!Ways be less than 90°) 

from the axis of the bom sire then thereby reflected on the back of the eylindrica! 

diem~ 20 oovered with reflecting materia~. and behave as ai ~ight image which lhas 

boon turned to radiate towards the fmm of the transmitter/mfiecmr inside· the 

onscribOO angle (a..nz + «!), defining an onvenm light image as If these same rays 

came from the focal point or axis of the bom, and were only affected in their energy 

valYe with a mflection coefficient of the mfieding material applied to the back of the 

dlome20. 

Thus the secondary radiating energy originating from the inscribed angle as is added 

to the primary radiating energy inscribed In the angle (a.12 + U3), inside which the rays 

aim all directed towards the piane 19 situated at the front of the transmitter/reflector. 

At this ~evei, all the radiating energy normaJliy Inscribed over 300° Is themfom 

contained ~01 tho angle (a.12 + Uo3), and Is then divided Into lwo parts, i.e. the radiation 
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aa:oroing to the insmbed angle "3, and the insalbed radiation according to the 

!inscrilbed angle a.12. 

Tuo embodiment of the transmittor/refledor dov~oo according to the i11venttnon 

oormsponding m figures 6 to 13 pmsenting an at loo.st pairtly eiliptac mfleding 

s~rfaoo 31 wm now be described, ~n which d ~ r + e (f!gure .6); r < d < r + e (figures 7 

and 1 A); di g r (figum 8) and d < r (figure 9). 

Hem agaiill'll the n11smitter/mfledor device is advantageously provided w!ttlh a portion 

of eylindr!cal dome 32 covered with a fine layer 33 of reflecting material (iru broken 

!irne n11 the figums), for example aluminium. 

Mom pmdse!y the device 30 comprises a cyiindricail bom 34 and a scl!d quartz g~ass 

~~~ 35 which joons the w!ngs 36 Of the reflecting surface cf ei~iptic cross section or in 

the shape of pomons of ellipse, for example a half~el!ipse of equation : 

F airnd P deslgnmng the focal points of the ellipse. 

As sn the case of figure 1, flgura a shows a mfled.lng sYl'faice wnthout upper dome, 

entirely covered with si layer of mfteding metallic material which ccnoontmtes the 

rays tmnsmittedl by the tuba radiating towards the second foelll point F'. 111 the case 

cf figrunres 1, 8 and 9 as In the case of figures 2, 3 and 4, only the cylindrical dome 

32, and possibly ~ portion 36 (figure 1) of the elliptic surface dimctly next to the 

dome with which It Is joined is covered with refieding maiteriat 

The wall cf 1he dome therefore sends an inverse radiating !mage back to m focal! 

point F, which retransmits a mf!eded ray to the elliptic walls as if this ray was 

originating from the focal point itseif, with the same wavelength as the primary ray 

nnsmitted with energy Eo but wtth an energy E' < IE due to the absorption !inked to 

the ooeffid4:mt of reflection of the mfteding matoriail deposited on tlh0 back of the 

dlome. 

The wail 35 ns bounded towards the curved product to be teated 37 by a surface 38 

of cuNod cross sedion arranged to be perpendicular to the ijargest numb~r of rays 

originating from onside the device, to pmvent them from being deviated, !n a manner 

mown to the man of the trade applying the laws cf optics. 
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An .ample of csilwlation of tho angle aa, is given hematter. 

In the embodiments of the invention more parUculai!'ly desmbed hem, with upper 

mfleding dome of a determined angle in the centre ~ which will be specified 

hemafter, the remaining part of the parabolic or emptnc reflecting surface is not 

oovered with mfledlng material, mfiedlo11 of the rays tminsmitted by the plasma disk 

on this remaining part, I.e. in the cone of angle ~ being performed by d~optrlc 

mfradDcn, due to the different refractive indexes of the two mfringentt media which 

~m the quartz 1ind the sum>11.mding gas. 

However there ax~sts a lim~t angle ~ which will depend on the wavelength of the 

ultraviolet rays transmitted and of the pmcise values of tho refractive indexes of 

oach of the medias above which any incident ray wlhich meets the dioptrlc reflection 

cuirve 14 or 31 is fully mfleded. 

This limit angle ~ enables the abovt'Hinentioned angle at the centre ao of the dome 

or pomon cf cylinder 20 or 32 to be datermin@d so as to optimnse the device so that 

dncptric mfledncn is used to its maximum. 

indeed, them ls then no energy loss of the secondary radiation energy transmitted in 

ll'@~ation to the primary radiation, which presents a great advarrtaige. 

Thus, the d!optric reflection fully msroms the energy of the wavelengths lower than 

250 nanometers which aim often completely absomed by the photolnitiators used on 

ttle produ.mts to be d~ed. 

Optimising mstorai of the energy of ttiiose wavel0ngths themfom considerably 

spcoos up for wmmpie the polymernmtion process of the tmated ink, and themfom 

tho d1y1J11g speed by factolf'S much larger than the sample ratio of the energies. 

Oin the other hand, reflection by a mfledllng surface Im general made of aluminium, 

whoch absorbs the energy of tlhe wave~engths !ess than 250 nanometers is less 

favo!U!ralble, although not excluded by the irnvention. 

The ilf!IV&iflltion therefom proposes a transm!tmr/reflodor device : 

s whose shape of the dome In portion of a cylinder and that cf the pamboiic or elliptic 

reflecting siLuf&Joos of the wings, 

s the rafri11gence !ndices of tile quartz arnd surrounding gais usoo, 

~ and the mftecting material used 

are arranged to enable all or appreciably a~I of the rays of determined wavelongth 

and energy to be merged !n a slngie unified and controlled, homogenoous flux, 

acooming to the required treatment defining the photochemical parameters to be 
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rem!noo to dimension said de~ce. In an appmd&bly snngle dnnldion. towards the 

prodUJct to be treated. 

b'n the case of a parabolic transmitter/mftecror device, the primary and seoondary 

rays must oo perpendicuiar to the irradiated plane, with a cosine equa~ to 1 

acooronng to Lambert. 

in the case of an eHiptic transmitter/reflector device, the rays am directed towards 

the focal point P of the ellipse. 

Th@ a1rwention ~~so proposes (flgure 1 O, to be compared 'Nith figa..m~ 5} a device of the 

fyp0 of figure 9 comprising a dioptric cavity 39 further improving the opticai 

~qunibrium of the !lght disk, with a shape ca~crulated In a similar way to !he cavity 22 

cf fugum 5. 

Mom pmcise~y, the behaviour cf the iight rays within the scope of the device of figure 

1 O \Mil now be described in demit 

This device present a combination arranged so that aH the radiating energy is 

oon~lned In tiie angle «~2 + <%3. as has already been seen with reference to figure 5. 

Th@ face 31, inscribed in the angle «3, then mce!ves ail the radiations comprised 

fo~tween the limits of the rays 40 and 41. 

Tlhese light mys convey their energy in a mfnngent medium which is q«Jartz, whose 

mfmcticn coeffldem value depends on the wavelength passing through It. 

They then meet a dloptric curved surfaoo whose second mfl'lngent medna.!!m us air or a 

gas (for example a neutral gas). 

Thus, after the choice has been made on the waveiength(s) to be used and after lie 

gas oonstittming the second medirum has been determined. the limit angle of 

endoonoo ~(such that any incident ray which moots the wuved dioptric reflection 

sLailface 31 is fuHy reflected) is calculated, and the angle at tho cenw as of the mas 

merged with the axis of the bom is deduced therefrom according to the equation cf 

the mflecting sul'face and the iaws of optics. 

An example of calculatlon of the angle an. is ghten hereafter, 

likewise, with mfemnce to figum 5, by construdng the curve of the pambo~a as that 

cf the ellipse, and as has boon seen, them exists a mathematical oonswctncn of the 

curves such that ttm limit angle of incidence ' is the meeting point of the wrve 20 

or 42 as an are cf a circle with the a.uve 14 or 31 as a parabola or ellipse. 

Hem again the performance acquired !s then remarkable knowing that 
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a the polymerimtion rate cf an ink or a vamosh is ciosely !Inked to the reactivity of 

ij'gQSG ptnotoinitaators used in this produd, 

~ the !nftueince on the photoinitimors is essemna!ly due to the energies bome by wave 

~cingths less than 250 nanometers, 

0 Ute motailic mfledion coefficient for a treated aluminium to be u!nv!olet reflective 

i~ about 0.4 for wave lengths comprised between 180 and 270 nanometers, and 

~bout 0.85 an the mercury spedrum, i.e. 360 nanometers. 

For the same level of reactivity, three times mom power Is therefore required for a 

knwm transmitter of the prior art, cal~edl 'Without oz.one", than for a transmitter ca~~ed 

®with ozone". 

~mever the transmitted wavelengths on the other hand, the mfied!on coefficient 

on ~ d!optric surface is always equal to one In the dimdion of propagation of a ray 

moving from the salid transpamnt medium to th0 boundary of the gaseous 

m:m$pamnt medium. 

~n the embodiments mom particularly desaibed, the back of the parabolic er emptic 

curves under ui. not being oovemd wltil ~ refledive coating, this advantage is 

tiilGmfem to be foundo 

fagyro 1 A shows an embodiment of the nnvention Improving the performances of the 

d0vaoo accomirag to the invention even fu.n1h«M' using dicptric reflection. 

~t am In fad be noted that, tor all the rays inscribed nn tha angle a2, thG curve 38 

ftondlcms Hke the curve 31. 

iooooo, the rays according to a2, between the my 43 and the mys 44, reach the 

. wrvo 38 with ~n ang~e Of incidence greater than the limit angle cf the two refringent 

media. 

Th@ mfledJon is therefore total, the mfledlon oooffidom being equal to 1. 

Beyond this angle a.2, in the direction of the mds 45 cf the eHipse fer example, the 

my 46 goes off obliquely towards the outsldeo 

But In the case of total reftedlon, the radiating energy is then entirely sent back onto 

tth0 portion of wl'Ve fonned by the paraiboHc 14 or elliptic (mom p~rticulariy described 

hGm) wings to give the refleciang surface 31, wtnem a new angle of incidence is 

dose to 0. 

The foliowlng situation is then observed : the portion of curve 47 operates in 

mflJdon for all the rays transmitted an ttc angle ~ and, at the same time, in 

mmspamney for all the rays nnsmitted In the angle ~. 
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Tho rays transmitted in the angle ~ mdt by tmnspamncy from tile 

tmrnsm!ttor!mf!ector In tho portion of curve 41 and am then sent back by mfledion 

cbswdes 48 for example metallic. in the foms of indlnoo loogi~dinal piatese flat or 

wrvoo, acoom«ng to the directions which are to be given to the mfleded mys 49. 

l!Jk~so the use of a dioptrnc cavity may or may not be combined with the reflection 

obsmdes48. 

Th0 ~lbove comments and complementary elements ara naruraiUy aiso applicable to 

pambo!ic oonstrudion. 

A1rmth0r embodiment of a device according to the lnvemnon has been represented in 

flgum 11 with a dome in the form of a cylRndrica! portion of diffemm thickness !. te. : 

w»ttii @ < R, whem R is the external radius of the bore cyiinder, as indicated by the 

maxed !ine 511 with e g; R by the broken line 52 and with e > R, for example e ~ 2R, 

by tho unbroken !ln0 53. 

IFugYm 12 shows a device 30 whose bore 34 oomprusos an internal face 54 provided 

with iYm ~cngitudinal grooves 55 of cross section appmdab;y in the shape cf a 

trl~no~ of henght for example s 1/5 of the dnameter of the bom, for example equal to 

1110th anscribed in the angle a~. whose emmaU side ss~ is parallel to the mdai plane. 

The mys 43 and 44 bounding this angle a~ and th~ curve of the grooves 55 thus 

defines a portion of energy which Irradiates on ooo side the first circular diopter SS 

foirm@d by !he tdtn.Molet light disk (first mfrirngent medium with ra:;;: 1) on the quarlz 

g~ass {sooo11d! mfringent medium with n § 1.5). and is diverted the other side by the 

sode faces of the grooves towards the side wa!~s 31. 

Mom pmdse~y the grooves 55 each comprise a side face pamUe~ to the mdai plane 

1 O and inscribed in the angle a.2 defining ~ dihedron in which the rays are entire!y 

diverted by refraction onto the dncptric reflection Wl'VGS 14 for the parabolic curve 

devaoo arid 31 for the elliptic curve device (figum 12). 

IF!gum 13 shows an altemative embodiment Cf the device 301 comprising a bore 

pmv«ded with a partially recessed lower part 60 forming a convex boss 82 on the 

lower internal faoo 81 corresponding to the angies a12 and who~ radius of a.nwturn 
• 

R' ns diffemm from R in such a way that the mys refracted onto the dioptric curve 62 

am then for example convergent 

The who~e of the radiation Inscribed in the angle ~ + ~ ~ «12, which defines a 

portion of energy nnadiating the first diopter se. also defines the portion of curve 62, 

cf tho moon 60, in such a way that ali the refracted primary rays are reoriented 
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either m oo directed td the virtual focal point P in the cilse of the e!lipse or to be 

dimded perpendiwiarly to the plane to be Irradiated in tho case of the parabola. 

The whole of the mys inscribed in the ang!e a.2 define a portion of energy ~rmidiaitirng 
In~ first ve!ftical d~opter parallel to the mds of the mwss 60, in such a way thm a~I the 

mfmmd primary mys am moriented to be d!mcted onto the d!optric mfledio11 curves 
14 foll' the pambo~a. 31 for the empse, whem, on mfledlon on said diopmc curve, 

they appmdably take the same path as the mflected rays originating from the aingle 

~-

TllUJIS, unlike known devices where the transmitter and mflectcr am physically 

oopamtedl ~nd for which two sorts of directed mys cain be distinguished, whiclh are 

tho primary mys and tlhe secondary rays, the invention proposes a device which 
enables the whole of the primary radiation and secondary radiation to be a.muted In a 
s!~gle homogeneous, unified and controlled flux !n directions appredabiy single and 
identimt 

A sh~pe cf the light cross section of the beam is advamageo1.11sly sought for such 

tlh~t the IDght half cross section situated on the side cf tho GJng~e ~ ~s equal or 

appmda!bly equaJ to the light half cross section s!tuawd on the side of tho angles a.1, 

a.llla!f'ncl ~ 

As has been see11 (figures 5 er 10) It is also possible to modify the dioptric curve 15 
or 38, to moll'ieint the radiaition on such a vm.y that the rehded rays orig~nating from 
tho oormded dioptll'ic transpamney curve em even mom parallel to one another and 
pe~eindnw!ar to the irradiaited plairae according to Lambert, or 011 the contrary am 
roooientedl so as to olbtain a radiating fiwc converging towal"ds a viooan focal point F', 
or, unverse~y" a divergent radiating flux. by adding si dlooptric cavity 22 er 39, nn a 
manner within the scope of the means of the man of tho trade. 
The circu~air dloptric curve 65 ·is the geomstrnc extension of the di'CUlar metamc 
reflection curve 11 or 42, in such a way that (d. more precisely figum 11) any ray 

which leaves the focal point (like· any light my on this same trajectory) passes via the 
trlrst cireular diopbic curve 65 and the seoond drcuiair dioptric cul!Ve 00 being diverted 
towards the v!rtua! focal point situated in the mda~ plane. 

A~I the mys mach the face 15 or 38 within the Hmb of the Inscribed angle a~ rrn such 

a way that the primary rays all arrive perpendocrular to the second diopter 67 (figure 
11), 
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~n the case of the ellipse0 it Is posslblo to modify the dioptric transparency cull'Ye 

(mlxoo i!ne 68 in figure 11) even further to reorient tile secondary rays orig!nati11g 

fmm a.2 and those originating from ~ in such ai way that all the rays refracted on the 

oorrededl dioptric tmnspam11ey wrve 68 reconstitute a parallel radiating flux 

perpondiruiar to the irradiated plane with a cosine equai to 1 aJccoming to Lambert. 

it !s aijso possible, In a manner wi~in the scope of the means of the man of the trade 

LDsing the laws of optics, to modify the dlopmc transpamney curve 15 of a parabol!c 

transmitter/ mflector (figure 5) to morient ail the mfmcted rays onto a corrected 

diopmc transparency curve (not mpmsented) for mcamp!0 moonstltutnng a rad!ating 

fllwc oonvergiing towards a v!rt.ual meal po!nt f'0 er a dovergtmt radiatnng flux. 

The !nveintion ailso proposes (figures 14 to 18 IB) a device 70 comprising a cylindrical 

rube 11 dri~led from end to end with a cylindri~i lbom 72. 

lhe tube is equipped with two iongitud!na! su<lle iugs 13 of intemai suriaoo 74 and 

extemal surface 75 prasenting cross sections in tho shape of portions of parallel 

p~mbc!as, thG extemai surface 75 constiumng the portion of parabolic rafled!ng 

smf;iCG of the wing according to the invention. 

The lugs have a width for example equal to the radius of the boro. 

They aim symmetrical !n relation to the unai plane 16 passing through the generating 

!!ne at the peak n and the focal point 78 mergod with the mds of the bore 72. 

The lower face 79 of the lugs fer the parabolic shape !s perpendicular to the plane 

18 and situated In a plane 80 (In mixed ~lne in the figures) tangent to the ~ower 

portion of cylnnder of the tube 71 for emmp!e of thickness equal to ha[f ttlhe radius of 

thebom. 

Tho upper IP~rt of the tube constitutes, as described previously with raferenee to 

figums 2 to 4, an upper dome 81, the are at tile peak of the pambola being entirely 

comprised on the thickness of the cylim.iriaa~ wall (r < d < r + o) {figure 14), being 

tangel!llt to the bore 72 (d ~ V) (figure 15) or be!ng sec&Jm to tlhe bom {cl <a? (figure 

16). 

in the embodiments of the invention more pamwlarly describod here, e § r and the 

distance between the ends of the lugs 73 Is equal to 1.4r. 

Ulwwisee and as previously d8SCl"ibodl, tlhe bore earn comprise ~cngitudinai gmoves 

82 of isosceles or equflatem! triangular cross sedicn to mdismbute tho rays of tie 
~ 

angle ait either towards the inside as pilimary mys or tOW&Jrds the outside as 
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s~condary rays by dioptric Oil' metallic reflection (fagum 17), for example of height 

eq~al to about 1/1 oth of the radius cf the bom. 

Ira tho Gmbcdiment of figrums 18, 18 A and 18 B, a Uorng!tudinai spur 83 of rectangular 

tr!angy!ar cross iectlon is on the ether hand pmvidled, whose extema~ side wall !s 

parail@i to the m<ll~I pi~ne 76, which _enables mmnting of the rays towards the mda~ 

plane 16 or parallel to sand axial plane 16 to be Improved ~v0n further, by making 

USO of the ~WIS Of optics. 

As an example, ~nd with mfemnce to figure 18, the ca!cu~atnon is given below 

@nabinng the parabola of the reflecting surraoo 84 to be oonstruded, for a radius of 

the light dl!sk II" ~ 2 mm. a thickness of the quartz glass e ::;; 2 mm eimi a mfracillve 

index depending on the wavelength used. 

it can be seen that for A. :;; 200 nm, 11~ :'.::I 1.551 

sm a. 200 ~ 2= g, ~- == 0.6447, a 200 ~ 40.14@ 
n200 1.551 

We wm themfom take for the calculations ~ g 42@ as reflection limit angle for 

wave)(Gngths 1 ~ 360 nm. 

Th@ mngem to ti\@ parabolic curve being 

aL 
t1T ~ tai62° ... w, 
it ls also the dmivativG of the equation Of the parabola : 'I ~ 0.9. 

let us set down the equation of the parabola 

Jg: ! :i:2 
~ 
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Which themfom gives : 

2 uL 
y~ = ~~ gg tg== 

a 2 

Acoorrdlng to tile dlooniticn given befom R ~ r + e :g 4 mm 

We can then calculate tho ooorc:Hnates at the pc!nt T; i.e, : 

X.r :a R silfld 84® 

:.i 4 x 0.9945 g 3.978 mm 

for the coefficient 00a11 of the parabo~a this gnves : 

a.~ 8,83 

The equation cf the pambo~a is themfom of the fonm 

1 2 y ~ -====== :I: 
I.Di 

Tue significant points of the CUNG am then : 

e tile point 85 (Xu-:Y.r) of the dioptric tangent, with XT g 3.978 mm ~ then Y.r ::l 

1.1909mm 

0 the point 00 ()(, ~ O;Yff) of the generating l!ne sit the peak. 

The dlistar1ce from the focsil point of the pambola to the peak cf the latter (therefore 

for x ~ O) benng 
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This then results in v, ~ 2.209 mm 
9 th~ point 81 (X1;Y1} of Intersect.ion cf the axial plane 88 with ti'le parabola with 

Y1 a: 2.209 mm, whenoo X1 :;;: 4.418 mm 

p tho end point 88 ~;Y2) of the lug 73 with Y2 g (2.209 + 4) mm then~ g; 7.4 mm. 

Fugum 19 shows a device 00 with a parabolic rd.acting surface 91 of tho type wath 
sude !1Utgs 92 as described with reference to the previous figures . . 
The cross sdon of the bom 93 Is this time not circular but in the shape of a 

wncated circle whose upper parts 94 and lower parts 951 of cross section in the 

shape of a half~moon are kept solid, made of glass, symmetrically in relation to the 

p~ane 96 pGrpendiwlar to Ile axla! plane 97 containing the generating fine at the 

f>0tllk 98 cf the parabola. 

it has bean observed that such an arrangement enab~ed a consnderab!e Increase of 

ti'to efficiency to be achieved, in the change ratio of the light cross seciflons, an 
mimicn to a circular cross sectDon 99 (in mixed line in figure 19}t according to a law 

of the type 

wnth ~ the cross section· of the drde and S1 tho cross section of the truncated 

drde. 

~n llis embodimont the ang!e ~ g a.13 + a."3 is such that (for tlhe radius and thickness 

values taken before with reference to figure 18) 

'f o m..estab~ish the equilibrium of distribution cf the rays reflected upwards, the wa!i 

100 of the dome 101 of the device 90 pmsems a flattened surface 102 in relation to 

that of a eyHndr!cal dome 103 (in mixed line in ttw ftgure). 
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Its equ1iticn Is calwlated so as to enable a return cf the mys tnmsmitted 104 from 

the lbcm 93, !n mwd.!y mverse manner, tile incident rays themfom having to strike 

the mfleding su!ff~co 102 perpendiculariy. 

Figur~ 19 A shows another monoblod< device 105 wnth cylindrical bore comprising 

iwo ~ugs 100 of parabolic suilface 1081
• lhe lower faoo 107 is eylirndncai, with an axis 

ndlootical to fthe wds of the bom, and joins the intemal ends 107' of the !ugs to one . 
ancthor. 

FigYm 19 B shows a monoblock device 108 of the type described before with lugs 

~rld ey~indrncal bore, comprising on Its lower intema~ surface a recess 109 provided 

with sld@ faces 109' paral!el to the mdal plane and wnth a ey!indlricel lower f~ce 10911
, 

cf mdh.1s equal to the external radius of the cap. 

Hom, the ~ugs have an elliptic surface, the lower ~oo of the lugs being shaped as ai 

pcrt!cm of a eyHnder. 

Another embodiment of a device 11 O according to the nnventlon lhas been 

mpmsented in figums 20 to 25 comprising a transmitter tube 11 made of tubular 

qmuu, sep~mted from ~ts reflecting wings 112 and 113 made of mota~lic mfleding 

mmeriat 

The trainsmitter/mfiedor couple nevertheless pmooeds from the same geometric 

arrangement as the tmnsmitter/mflector dev~ms described above, where rofledcr 

~oo tminismttter am sewredly united to one soother. 

The mfl~dor formed by the two wings 112 and 113 themfom pmsonts a mfleding 

geometric shape whose geometry combines the aire of cirde with tlhe parabolic cmve 

er wnth the elliptic curve. 

Tue tminsmitter tube 114 fer example eyl!ndricai, «s covered with a mfleding materna~ 

115 as shown ijn the figures, i.e. with a slight angle overlap with the wings. 

It can adopt diffemnt shapes and be : 

~ 81 dreuiar transmitter with electrode chamber, acoom«ng to tho anvention, 

s a oonventiooaJ nnsmJtter, and/or 

0 a trarnsmitter wcdmd by microwaves. 

Figures 21 to 24 schematically show tho mspect!ve positions of the rube 114 In 

m~mnon to the generating line at the peak 116 of the parabola partially forming the 

w«1t11gs, for mwmpie made of aluminium, which !s also truG In the ease cf the empse. 

Tho separation between the transmitter and remlector hem enablos a drouiation 117 

cf the coofant fluad. 
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f!gum 25 shows a device 118 with an ellipsoid mfieding surfaice, equal~y applicable 

to the parabolic shape. 

f~gure 25 shows two symmetrialll wings 120, te11minated at the top part by a portnoin 

of cyiindrncal dome 121 and separamd from one another by a longitucnnal slit 122, 

through which a coolant fluid 123 can be inlet 

The top 124 of tho cyilndricai transmitter tube 125 is coated with ai metamc layer 126 

so as not to leave any escaipe angle for the transmitted rays, there being an overlap 

between the end of the portion of ey!nndrica! dome 121 and sand a~so partially 

ey~i!'lldlicai metamc layer 128. 

Figures 26 A, 26 B and 26 C shcW three embodiments of cyl!ndrica~ woos ooated on 

the upper portion with a refledllng ~ayer accordling to the invention. 

F!grum 26 A shows a rube 127 with a bore 128 nn the shape cf a cylinder truncated 

by ai lmwr plane 129 perpendicu~ar to the mdal plane 130, for example situated at a 

distance equal to half the radius of the mds 131. 

fijgrum 26 B shows another tmnsm!tteir tube 132 comprising a mooss 133 on the 

lower faoo 134 of the cylindrical bore. The recess comprises side walis parallei to the 

mcnail plane 135 and a lower face 136 nn the form of a portion of cylinder of radius 

equ~I for emmple to the extema! rad!us of the tulbe. 

A tmnsmittor tube 140 according to the Invention has been mpmseintsd in figures 

27 A, 21 A', 27 B and 27 C with partially dissociated reflodom, of parabolic cross 

sedllon sh11p~. 

Mom precisely the tube 140 (d. flgum 27 A) is aippmdably cy~lndriea~. its upper part 

141 and its bore 142 being of tho flattened or m.mcated type described with 

mfemrnce to figure 19. 

Tlhe upper part 141 is covered with a ref!edlng layer 143. 

The tube (see ftgum 27 A') cain comprise a lower portion 141° whose external 

s~l'face 141" enables the mys mfraded by the truncated cavity of the bore to oo 

diverted in'! pamllel fluxes for example or. in the case where the same oonvmc shape 

us usoo biut more accentuated (with a smaillGr radills of WNS.Ure), a convergent flux 

to be diverted to the second focal point f'. according to the laws of optics. 

The wings 144 entirely at a distarnca from the transmitter rube aim for example 

mechanically meed slightly pmstressod so as to keep them in mathematical posffion 

by a pin scmw 145 {d. figure 27 B). 
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This scmw os fixed in a groove 146 of the dryer support structure which may be of 

e:Qrudedl aluminium profile. A hypothesis of cooling sweeping 148 is shown in figum 

27C. 

figum 27 [l shows an acceptable alternative version cf the invention, comprising 

f?O~ons of flat, mctangu~ar wings 149 extending along the tube and at a distance 

from the latter or net, the portions am tangent and/or appmciably idernticai to the 

pamliei Cl!' emptic section of the wings of tlhe pmv!ous figures. 

These portions according to the invention cain themfom be appreciab~y assimi~ated 

to a parabola or e!lipse, lbut easier to manufacture. 

Tlhe invention more particularly appl!CBJble to ultrav!o~et transmotters with eledrodes 

can easiiy be extended to the techino~ogy of the ttmnsmittelf without eiedmde for 

which melf'CYry or another memllnc !odlde is energized by microwave effect. 

Sev~ral ~mbodiments of a transmitter 150, 151, 152, 153 usable with the invention 

lh~ve bean mpmsemed {figures 28 to 31 A). 

in these ~mbodiments mol!'e particularly described, a ilght disk of ~mama! diameter . 
001[)" of about 4 mm (and advantageously loss) !s provided fer the whole radliatnng 

length 11lw11
• 

At each cmd1 ai chamber 154, 155, 156 is provided corresponding to the housing of 

the eledrode (when It exists) and to the potential fouling and devitrificstio:n zone. 

In figums 28 and! 29 the d~ametor cf tho du:mnber 0'Deo" is Elnlarged UIP to the usual 

value of 11 mm which, by experience, ns moognlsed as being sufficient for correct 

op~mtlon of the electrode and for the medlaniicsil stmngtlh of the quartz enclosure. 

in figure 30, ai structure with no electrode liiais been provided, for example in case ·of 

extemal exdtation by microwave. 

~Iii the ooume cf operation of a known transmitter, a milky zone Is obseNed around 

tho electrode which becomes pmgmssively opaque over a certain length "lea 19
, which 

us dassica!ly the length of the eledmde chamber. 

This length begins at the foot of the eledmde and ends with the invention at the 

reduction of the lntemal diameter 1110111
• 

To remedy this1 it !s therefore also proposed to provide a coating of mtleding 

material 157 over the whole external periphery of the chamber, designed to maintain 

a certain radiating temperature for the o!edmde. This coating Is mpmsented in 

dashed IDnes ~n figures 28 to 31 A. 

~iiimiif 
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The lnv9ntion enalbling drying of an ink or a vamish, by means of an 1.1ttmvfolet 

tminsmfitter, which does not depend so mYch on the incmaise of the linear powem as 

on the} modification of ttm shape of the l~ght disk and/er on the decrease of !ts cross 

sdon, this ~eads for the same result, to sand linear powers being able to be 

lmwmd, which means that at low power (~ 30 W/crm) no eledrode chamber, even 

with a very sma~! dl~metor (figure 31) is mquoredl. 

An example cf manufadum of~ tmnsmitter/refl~dor devnoo Is desoobed hereafter, 

for the purposes of mustrat!ng its ease of achievement, with refemnce to flg1.m~ 28. 

llm tnmsmntter/mf[ector device 150, also of the type of figure 1 O, oomprises a body 

160. 

Th@ end 161 of the body is first heated and ~s then crimped to the diameter of the 

elodrrode plug 162, achieved in the usual mannetr. 

Th~ p!iug oomprnses a ceramic end 163 as used for example by the Philips Company 

on nts own manufactures. 

Assembly Im fad mkes place in three stages : 

0 The tmd of the transmitter/mt'lector device ls pmpamd, over a lengtih "4.11
, by 

wWrng by mming ~t the level of the dioptric cavity, which is easy since the tube 

fomn!ng the transmitter enclosure !s pmdica!ly completed in its cylindrical 

oonf!guratnon at the time cf threading; them the quartz is heated to ~ts softening 

temperature; the diamemtr is then flared to g!va Dt: tho extema! diameter of the 

eiedmde p!ug; 

~The e!odrode plug 162 is then mc:mnted on the body 160 of the tmnsmltter/mflectolf' 

c:llevioo by heating; complete fusion cf one part on the other is thus created accomirng 

to tlh~ s~me method as that used by the glas&-maker to dose the end of the 

transmitter. 

= f'!rlally the ceramic end part 163 is fitted on the electrode p~ug after electrical 

oonnedion has been made by welding. 

The merwry is for its part: lns0rtad accoi'di11g to the usual manufacturing methods. 

A mfledllon layer coating is then applied to the mmsmitter and to the ends of the 

tm01smltter/mflector and/or partly or totally 011 the wings. 

On acoount of the ijow ~inesir powers (s 30 Watts/cm), due to the large increase cf 

the energy effideney0 it is possible, for mmsmitters of radiating length 11Lw11 variable 

ll.llP to a lltie mom than one metre, to increase the linear voltage up to a VSJlue of 

30 volts/cm (i.e. 3000 volts in supply voitager a value sttill usoo in ttm pmfessicn) 
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whnm enhances the quality of the ultrevfo~et are while pmseMng a current of 

mamum !intensity of about 1 A. 

Th~ mere oonve11tlonai powers of 80 Watts/cm can nmuralJy also be adopted, 

suitably modifying nf necessary the ventnlation mqu!red for ooolingo 

Fug~m 32 sh~ in cross section several embodiments of the invention1 whose 

tmnsparern face pmsents diffemnt forms according to the desired ~pplications. 

ltms. figure 32 A shows a cross section in the shape of a ha!f~mocn. 

IFlg&JJm 32 A' shows the same type of cross Mdioo, but with a lowor cylindric.a! cap of 

ttho fype described! with reference to figum 19 A. 

f!guim 32 B shows a bom of transverse cross section !111 the shape of an eye, the 

iowerr wall !being convex. 

F!gure 32 C shows an embodiment of a devioo of the type of figure 1; with a large 

thickness of lower wal! and a parabolic reflecting sulffaooo 

Fig~m 32 D gives a version with a bore of boomerangDshaped cross section, with a 

mfl0Cting waH parai~el to the bcm. 

Figum 32 D' gives another version wUttn thme bores, one central eyllndricaJ bom and 

two side boms symmetrical in relation to the mda! plane0 of appreciab~y triangular 

cross secifton and whose walls am parallel on the 0110 hsind to the utemal walls of 

the device and on the other hand w the walls of the bom. 

FngaRiro 32 E shows yot another embodiment of a devnce! symmetnca! !n relation to an 

wd~I p!~ne In tho form of two portions of opposite parabolas or ellipses with 

ey!iindr!ca! bore. 

Figum~ 33 to 37 represent apparatuses comprising one or mom devices 

oormspo111dung to one oir mom of the types described above. 

F!g~m 33 is a schematic cross sectiona~ v!ew of an appairatus 200 according to the 

!nvemnon ablo to comprise two !dentiaJJI devices 201 situated on two opposite walis 

of a support structure 2020 

With mfomnm to figure 34, the invention themfom pmposes an uitravtolet drying 

~ppamrus 200 whose support swdum 202 is formed by a profiled rube 203 made 

of extruded m&Jminium which may be of square or rectangular. circular or ovoid 

shape, and comprising on ats ysuis a single device or two de~ces 201 in opposition. 

More pmdseiy, the transmitter/reflector device 201 of flgum 33 is mounted in the 

profiled aiumunium structure 203 for which the drawing of the inwmal shape called 

"cmdie00 204 as ildermcal to that of the oonvu shape 205 of the device. 
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A vernto1aition spaca 200 of about 1 mm is resorvoo betwoon the two shapes. 

Tho vemnlation spaica Is simailer than the air cross section of the profiled section so 

as to mus~ an appreciable pressure loss at the bottom of the devioo 201 and thus 

fo~ tlhe aur flows 207 to become 1.mlfomi at ttm b8lck and en each side of the 

mdoaiti~g devioo. 

This 11cmdle°' shape comprises at the peak a longitudinal slit 208 whose width us 

variable eccoming to the direction of the ventilation in such a way fthait the a!r flew 

wtii!m sweeps the back cf the device is constant ever th0 whole length, 

The tml!lsmittGr/mflector device 201 !s mcmovel!' held in position geom0tricaiijy 

minnd in ire~ation to the profiled siluminium section by means of si secull'Ilng part 209 

fu<Gd to each ~nd of the device, 

When the devloo is assembled, tiie securing part 200 sHdes simubmeously un the 

hw lntema~ grooves 210 Of the profiled section arud in the oommic cy~indll'Dcal end 

part 211 of the devnoo. 

It can be noted that the sect.Hing part 209 Is for example formed by three floating 

elements enabling the nnsmltter/mflector devnoo m oo kept positioned in the centre 

cf th~ (llilllmnnuum profiled section while accepting manufadur!ing tolerances. 

Its fudng is achi~ved by means of two bolts 212 housed and tightem~d in the bottom 

nnt~ma~ grooves 210 cf the profiiod sedicn, 

A cover 213 is moreover added at each end of the devioo enablnng the iongltm1ina! 

vemtllotion which is conveyed in the extrud~ pmfi~e as nf a normal aerau!ic sheath 

was nnvoivedl, to be separated from the transverse vc:.mti~mnon which ~s distributed 

wnth ~ppmciably laminar flow in the reser1ed space at the back 214 cf the 

tmnsmitt®r/ mfiootor device, 

Its assembly and mechanical fixing pmoood from the same prioidple SJS the securing 

part200, 

At tt!he ends of the dovioo, there am slid nn the top and bottom grooves 215 oovers 

216 whom, onoo in p~ace, position the device longitudinally in the pmfiie. 

Finally and for example in the transverse diredion Of the devoce0 housed in the two 

bottom grooves, on eSJch side, ~ere am fixed two smaijl pointed spadng wedges 217 

to prevent thermal bridges, 

These small wodges am designed to preserve the ventilation space and to keep the 

dev!= 201 centred In the profile according to the two axes, 
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The exmm~I cover ils for its part perfomtOOl at the !evei of the end lengths of the 

devnoo with a ~oing!Wdlinal slit (not represented) cf a lengttl smaii@r than "LE" (~ength 
of tiio ond part) ~nd of a width of about 3 mm to enhance the temperatum drop of 

the oommnc end part at the foot of Ile eiedrode accorclling to a gradient dlcvm to 

SOO®C. 

The extema! s1.1uf~a>1 era the width side of the profile, ns provid0d with smaU grooves 

218 wh~ch am l.l!S many inclined Sll.lrfaices designed to prevent 11 . .moontml!ed outllet of 

doffus~ mflooted rays. 

Tho ~dth opposite tw radiating part is arranged with ~ narrow housing 219 {figure 

35) d@slgnOOJ to receilve the c:tled:rical ~ogisties (not mpmsented) necessalf)' for ftlhe 

dryer such as tho wiring of the transmitters and that of the ttnermostatnc and 

photometric oontmi elements. 

Thffs s~me width may be envisaged to receive a possible second transm!tterimfiedor 

device 201. 

its cradl0 shap~ can ~lso be used as a housing fer the e!~cai wiring in use with a 

srrngl@ tmnsmltt8r/refleetcr. 

On tthG two lengths of red.angular profile, on Ile extemai wall, there am aiso 

armingod mctangiular grooves 220 enabling severaa dryers to be associated at the 

sam~ time by means of spacers 221 whose variab!e width ~nd shape enable a set of 

Joined or separate dryers to be constructed, with an arrangement which may be 

straight or droularsshaped (figure 37), or square, or mcmnguiar, or pciygonaL 

The spacers 221 themby be~me tho emmw and antemw wmis of the processung 

or.icioslllm. f'ullthell'ttnom, the homogenoous shape cf the profile enables a set of 

dryers- to be just as easily assembled 11hea(i..t0atall11 (figure 36) to achl~ve a minimum 

space occupation to process two sheets in "folVmrd and return" manner (arrow 222). 

!Funai~. ~each longitudinal end cf the dryer {figure 34), the connection 223 of the 

ventl!d.ion duct is Yocatoo on one side, and the elGdrical connedio~s 224 cf the 

transmitter, thermostatic relays, and photometric coli, on the ether side. 

The Invention is applicable to non--floomsoom low pressure transmitters ~nd for 

lamps radiating ini visible light. 

As far as the ventilation at each end of the transmitter Is concerned, over the whole 

leflgtih PJ~00, the opening of the stnJdum to air ~s much larger so as to enhance the 

tempemwre drop w va~ues ~ower than or equal to 30011
• 
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Ut can be noted that the radiating souroo is ~ocatOOJ in the dreular curve 20 of the 

devnoo (figum 2), where the temperature is the highest, whereas the two ends in the 

form of w!ings 14 are swept by a smaller ext.emai ventilation to take account of the 

upanslon dHferrernoos and to minimise the intemal tensions, 

Advantage is taken of the low expansion of quam: to ignore the temperature 

diffemnces which exist between the circular enclosure of the tubular part called '1of 

the transmltte~' and the external ends of the eli!pt!c or pairaboiic part 11cf the 

mfied.0(1
• 

As ai reminder, tile distributicm of the ve11MlaMcn designed to maintain the operating 

temperatures at different points of the radl!ming elements is known to tt!Je man of the 

trade who p~ays on the dimensions of the holes, tthear posWono on tile choice of fan 

and its characteristncs (f!cwrate/pressum) to model the aorau!ic currents to the 

ttlh~rmomGdlan!cal necessities of the mdnating element. 

On account of the good maistery of the air flows dreulating around Ile radiating 

element with the invention, the f!cwrate necessary for the thermal equilibria mmains 

~GSS than 50 m3fnlkW. 

it us n11temst!111g hem to set out five advantages provided by the transmitter/reflector 

device according to the inve11Mo111 : 

Q At the same polymerization capacity of a known drying system, the blowing 

venti!atncn necessary for cooling of the radiating eUemom is considerably reduced to 

the point of being aible to be easily integrated in the iost volumes of the prinillng 

machine. 

a The tra.nsmitter/mfledcr devioo not having any mGchanical reflection Sl.Hface or 

radnating smfaoo swept by the ventilation, filtering of the air !s not necessary, 
0 A oonsaq11.1ence of the second· advantage, the radiating element not having any 

mm:han~cai reflection surfaoo in air, degradil"Gg of the refledloin coefftdent in time ns 
impossible and its reflecting quality !s not Impaired. 

e Consequently, due to the almost total absence of air flow under the rad!ating part, 

except by Venturi effect of the running sheot, tho qu~ntity of ozone is imperceptible 

to the measlUll"!ng elements, and ext:mdion ventilation being Of no purpose, the risk cf 

o>ddation of the metallic parts of the machine becomes. negligible. 
0 Due ~o the small quantnty of ventii~tedl air, an antioxidant aemullc oover can 

momoverr be pmvtded, if the product requires, by replacing, for examplez the air by 

nitrogen, 



The numerous advantages of the invention am notably due to the foliowing seven 

parameters: 

.. the mdudion of the light cross section, 

~ the non .. drcuiar shape of the light disk, 

~ ti'le mdudlon of the path foilowed, 

d the absenoo of ozone, 

c the dioptric mfledlon curve, with a reflection ooeffident 1, 

s the dioptnc transparency curve, with a cosine of about 1, 

= thG high power density, 

To sum up and moreover in non~exhrnast!v@ m~uniner, the advantages cf the Invention 

am the very low linear po'Ner for !denticai photochemiaiJI results, consequently and 

in the same proportions, tho reduction of the stray thermal energy; the directivity of a 

homogeneous flwc para!iei to the constant power density; the 1.mnmpaimb~e nature of 

the mfleding surface, and' consequentiy the absence of flltell'Dnig device; the absence 

of measurable ozone; the ~ow cooling ventHatlon which makes the aeraulic 

oinsml!amtioo Insignificant; the greatly mdur.ed electrical arrangements and cabinet 

dimensions; the extreme sumplification cf manufacture of the dryer; the greatly 

red1Jced dimensions of the dryer In relation to the competitioo; the installation of the 

uitmviclGt dryer directly in the inldng or vamishing station; the transmitter/reflector, 

~ cn~y oompooent with a lifetime; the el!minat!oo of the buckling effect called 

wlban11ana11 offed, etc. 

figures 38 A. B and C show top views of the apparatuses according to the inv&ntion 

comprising several apparatuses 200 arranged to dry a shoot of products 225. 

Figum 38 A shows apparatuses 200 armngciad perpond!culariy to the running 

dlnredlion 226 off the products in left/right alternation. with a slight overiaip at the 

centm of tho pmdud. 
0 

Fng~res 38 B and C show apparatuses 200 arranged obliquely in relation to the 

running dirootion with an angle comprised between 5° and! 20°, advantageously 15° 

to distribute the rays homogenaoiusgy, 

Flgum 39 shows throo distribution rurv~s of the light density in a cylindlnca~ tube 

300. 

The cylindrical rube 300; for example of small diameter(< 10 mm), is pmcoo at the 

focaJI pownt 301 of a mflecting parabola 302 (d. figum 40A). 
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The wwe 303 shows an appreciably homogeneous distribution, the plasma 303' (cf. 

lg~m 408) occupying the whole cf the volume of the tub0, for example with a linear 

vc!mge. fur a tuba a few oonttnmetres in !ength, of 5 Volts/cm. 

The curve 304 shows the density d!stribution 304' for a volmge ootwoon eledrodes 

of 30 Volts/cm and curve 305 ttm distribution of the plasma 305' for ti! voltage of 100 

Vc~tslcm. 

!n thus cas@ the plasma beam is almost linear, with ~ cross section dose to a pin~ 

poont, and away from the wal~s 306. 

lrl tho case of figure 408, the reflecting wall 307 ns of hypemolic transverse cross 

sed!on. the rays 308 emitted by tha beam being sent b~ck to the fecal point 309, 

wntthout !ntelfferences with the beam 305'. 

IFngm'e 41 shows a device 11 o ccmpl!'llsing a eyHndrical rube of ·oonst8nt cross sedllon 

111 of smaiji diameter, fer example smaller tharni 9 mmo prov!d~d with two wnngs 112 

of transverse cross seciions in the shape of a portion cf ellipse, covered! by a 

mflGdfing maternaii, separated at lleir peak by SJ sl!t 113, for examp~e wfth a width of 

from 1to5 cm. 

The dovnce oompnses a horizontal flat plate 114, faicing the rube 111 entimiy at a 

d!minoo fmm the wings. 

The distanoo d between axis and upper generating line cf tho ellipse is such that d ~ 

ff a!'td d s; r + e + 1 mm (f :;;; distance to the focal point; r :.i radius of the tube; 

e § thodmess of the rube), said plate being mfiectnrrog cf the mys transmitwd by a 

p~asma be~m 115 cf diameter less than thsit of th0 internal bom of the tube. The 

plat0 (sheet metal) SJds as support for the whole of the transmitter/mfledor. 

~t is situated at a distance lh, for example from 1 O mm to 3 cm; and is fixed for 

example by spacel'S (not mpresented} 011 which the fl~t edges 116 of tho uppflr end 

cf the wings mst. 

The lowerfaice 117 ofthe plate 114 situated facing the slit 113 !s mndemd mfied!ng 

by dddng, depositing or film casting of a reftedlng material, miifiloos 118 for 

p~ssRJse of tlho cooling a!r 119 being provided on tho sides. 

Nawm!~y0 and momover sis results fmm the fomgoing, the pmsent nrnvention !snot 

ijimomd to the embodiments mom particularly described, but on the contrary 

encompasses 1111 tho alternative velf'Sions and In particular and for uample those 

where the cross section of the light disk is mom flattcmed, er even laitemily truncatoo. 



The Invention a«oo relates to apparatuses which en&ib~e sterilization of the water 

~ro~oo ~n axis aoo drying of ink and vam!sh to be po!ym@rized on wire pmdLDds or 

droolt;fllf' f.llround an axis sum as marknng of electric wires, cables, rublOOr hoses, PVC 

woos, ~tc. 
An ultmv!oiet transmitter/reflector according to the Invention can thus be fitted on a 

steaiHmtion or polymerization chamber for exam~e !n opposition amund a 

nnspamnt cyiinder acting as sterilization or poiymoozation chamber. 

The apparatus for pmcw;sing axial products can for its part oompli.c;e several 

mdlmting devices, for exampie thme, five or seven, arnmg~d regularly in a star 

s~~pe around a transparent cylinder ading as sterilization chamber. 
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ClAllMS 

1. An Gledromaignetic radiation transmitter/reflector dev!ce (1, 30, 708 90, 110, 118, 

132, 140) comprising SJ straight transpamnt quam electrode woo (2, 35, 114, 141) 

. with tlln en<f..ta=end bom {3, 34, 721 93, 111, 128, 142) fur rewining an Ionising gas 

~.mdlsr pressure, extending elongate around an mds (4) ~ind defining a rad!atioin 

transmitter oo&Jm, and a surface (7) for ref!ed!ng the transmitted radiation comprtsing 

tv.10 longitudinal side wnngs {14, 31, 75, 112, 113, 120, 128) symmetrical in relation to 

ani mdal plane (10) of the bore, saiid mflleding surface being at ~east partially secured 

to th@ transmitter tube and presenting a transverse cross sodllcn at least partially 

stri~y or appmeiably parabolic or elliptic, charaderized in that the pcll'tions of 

refi~ding surface ooinrespondlng to tlhe side wangs and pr@sentlng a transverse cross 

sedicn at le;ist partially parabolic or elliptic belong to a curve whose generating line 

at the peak is situated at a d!sta1100 d from tile mds of the bore, in the axial p~ane of 

symmetry s1Jch that : 

d~r a~ O<d<r+~+1mm 

wnth 
f : dnsmnoo bot.ween the focal point of the paraboia (8) or empse (F) and the 

cormsponding generating line at the peak (9), 

r: distance between the axis (4) and the !ntemal surface of the bore on the una! 

pi21!11e, 0111 tho s~me side as ilia generating line at the peak, and 

! : thickness of the tube in the axnal plane (10), on tho same side as the generating 

lorn@ at the peak (9). 

2. Tho device according to claim 1, chamcterizod ira that d ~ r + e. 

3. The devloo according to claim 10 charact01ized In theit rs d < r + e. 

4. The device according to claim 1, characterized in that d s r. 

5. The devioo according to any one of the abov~ daiimso chamdenzed ~n that the 

bore ~s cylindrical. 

6. lhe device according to any one of the claims 1 to 4, characterized !ni that the 

nnsveil'Se cross section of the· bore (93) is of at 1east pamally mmcmed drculair 

shape. 

7, Tue device according to any one of the above da1ms, ci'ISJmdenzed in that the 

mfiedJing s~rrface is entirely secured to said rube. 
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So The device according to claim 7, chamctenzed In that the ext9mal wa!I of the tube­

oomprises a dome (20) situated on the same side as ttw generating line at the peak 

un mlatron1 to the !bore, of extemai surface designed to suit the intema! wa!i of the 

oom and arranged to send thG tiransmitted mys back to the dome, returning to the 

centm of the bom, said dome being covered with a layer of reflecting material .(11). 

90 fhe d~vice acooming to either. one of the claims 1 and 8, charadei'ized urn that the 

t~lbo Is soiid bet.ween the ends of the side wings (13, 14) whose intemal faces form 

m i~ast p~rt!ally said reflecting sm'faice by dioptnc mflediort 

100 The dlevi~ according to either one of the dalms 1 and 8, characterized In that 

tlh® mfleciing surface Is entimiy covered with a coating of reflecting materiaL 

11. The dev!ce according to any one Cf the claims 7 to 10, clhamdorimd in mt the 

mf!Gciilrag suffaoo !s of parabolic or partially parabolic cross secillcn andl Ile tube 

oompnses an external face (15) joining the ends of the wnngs, situated on the 

oppcslt~ side from the generating line at the peak in m!atic:m to the bore, flat arod 

pe~ndorular to the wciai plane oontaBl!1i11g said generating ~h1e at th€) peak. 

12. Th~ device according to any one of the ciaims 1to10, characterized In that the 

r~fledong surface Is of elliptic or partially elliptic cross section and the rube comprises 

an mdemal face (38) joining the ends of the wings, situated oo the opposite side 

from tho generating ~im:t at the peak it1 mlatncn to the bore, concave, acoocr'ding to a 

cu11Ve symmetrical in regation to the wdal piaine oonminnng the generating line at tile 

peak, said extomal face being airranged to dimd: the transmitted rays at ~east 

parti~!Uy towards the uiail p~ane of the bomo 

13. Th~ device according to any one of the d;iims 1 to 12, characterized in that the <I 

woo comprises, on the opposite side from the generating line at tOO peak, ai portion 
of partl~i~y mcessed solid quara forming ai longitudinal dloptric cavity, said recessed 

part compnsing a oonvex face shaped as a pcrticm of a cylinder, directed towards 

the s!de whore the mds of the tube is located an'bd situated at the distance If + e from 

saldu!s. 

14. 'Th~ device aoooming to daim 13, characterized in that the cross section of said 

extemai faoo is flat ovor a first part centred !n mlation to the axial plane, and curved 

over ~ secot1d part. 

15. 'fhG devk:a according to any one of the above ciaims dependent on daam 8, 

characterized in lla.t tt1e dome (20, 32) comprises an external reflecting faoo (51, 52, 

53) situated at a distance x from thG mds of the bom, such that : 
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r<xs2ywilth 

y : doanoo lbetweo111 the internal surface of the bom and the point of disoontiinunty of 

thG slope of the refled!ng surface of the wing. 

1El Tho device aooording to any one of the above claims dependent on danm 9, 

ciu1Jmderizf}~ In that nt oompll'lise~ in addition !cngitu<llin~I mftednng side plat~s (48) 

sntu~te~ on each side of the ends of the wtngs, symmetrically in miatllon to the u~al 

pi~no (10), 

11', Th~ device i\ICCOrding to claim 100 chsiraderized in that th~ tube US !n the shape 

of a eylbuJer provided with two longitudinal side lugs (73) symmetrical in mlation to 

the wdal p!~ne passnng through the generating ilne at the peak, dnmded towards tlhe 

~f'lf'aJdlatiloi"!J p~ane and whose respective extemal suri'aoos form the w!ngs nn the shape 

of tll portion of pambo~a or ellipse. 

1 a. Th~ d0vice according to claim 17, clhairadeniz0d nn that the end f11ces (79) of the 

lugs ~m perpendic11Jlalf' to the axial plane contairnlrng tho generating !ine at the peak. 

19. The device acoordnng to claim 17, cltamde!iiz~d !n that the end faces of the lugs 

sim ooncave and arranged to dimct tile nnddent rays on said faces towards the axnal 

pl~ne of tlhe bore oontanning the generatang ~lne m the peak. 

20, The devioo according to any one of the claims 11 to 19, characterized in that the 

cy~[ndll'llca~ oom comprises on its internal su~co opposite the generating line at the 

pe8k, two pmtubemrnces (83) of triangular cross section symmetrncail In relation to 

the wd~I plane oonmnning said generating line at the peak, sand pmtYoonu1oos each 

compnslng am wa!! parallel to the mda! plane arod such that the angle at the centm of 

tho bom ~f11 which they am inscribed passes via the two end tips cf tilt\l corresponding 

lug, 

21. The device according to any one of the above dllims, characterized in that the 

bom (34) comprises sin internal face, on the side opposite the generating line at the 

pEWk nm mioition ro the axis, provided with 11 long!tudin;il dioptric recess (60) 

pmsem!rog a bottom wa~I in the fonn of a portion of eyiinder of mdlius r9 equal to or 

d!fferem from rand side walls parallel to the weal plane of the oom. 

22. A devnce (110) according to any one of the d~ims 1 to 6, chamderizoo n11 that 

tho ~pper portion of the extemal surface of the rube !s covemd wnth a rafledlng 

mamrialu and that the two sidG wings (112, 1131 120) am entirely situated at a 

dlttsmnce from the transmitter rube. 
---------------
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23, The device l!lcoording to claim 22, ch~raderi2:ed ~n thm the side wings (120) 

~l'llttnmiy situated at ai distance from the tube and pmsent!ng an m le~st partially 

pamboloc or eilnptic cross sedlon, are extended at tho upper psrt by a cylindrical 

port~oll'n (121) rouial with the bore. 

24, 'flhe devioo according to claim 22 dependent o~ claim 1, characterized in that the 

two snde wings airre formod by longltudinai mfleding plates, 

25. The devooo according to eny one of the above claims, characterized in that the 

tube comprises electrode chambers {154) of intc:tmal cross sedion greater than cir 

oqu~i to tlhe intomal cross sad!on of the radiation transmitter boom of said tuba. 

26, The device according to any one of th0 above ciaims, characterized ~n that the 

mwdm11J1m cross section of tho transmitter beam is smaller than or equa~ to about 

45 mm2
e to about 30 mm2 or ~ven to about 10 mnfi, 

21. An apparatus (200) for processing products airranged as a fiat sheet, a wire er a 

cylinder, by uinviolet rays, comprising at least one device (201) according to any 

en® of the above c~aims. 

28. A drying aipparatus according to claim 27, d'\amctell'Dzed !n thait it comprises 

ooolung means ammged to make a coclnng gas flow outside at least a part of the 

mfltlding surface of the device. 

29, The appamws according to either one of the drums 21 and 28, characterized in 

that It comprises at leasttwo devioos (201) directed In the opposite direction. 

30. fha appamws 11ccording to ainy one of the claims 27 to 29~ ch~racterized in that 

it comprises several devices (201) airmnged obliquely In miaticn to the running 

dimd!cn of the products to be procassed. 

31. The apparatus according to any one Of the claims 27 to 30, characterized in.that 

it comprises several devices arranged angulariy in ralat!cn to one another. 

32. A process for·applying rays to a product on the form of a sheet or disposed on a 

fim or cuirved smfaoo, characterized in that saiid product is irradiated wtth an 

ul!traviolet my plasma beam extended elongate around an axis of constant 

transverse cross section smaller than or equal to about 45 mm2
, said beam being 

generated in an eledmde tube. 

33. The process acccrding to daim 32, chamctenzed ill'TI that sagd pmdud is 

oirradiaited wtth a cyiiradricai ultrav!olet ray plasma oo~m oxtended elongate around an 

mds of cross sedloo smaller than or Qquai! to a.bend 30 mrrt, 

r 
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M. Th~ process according to daim 33, chamctorlzoo In ht said product is 

iirmdiatoo with ai ~lndricai ultraviolet ray plasma beam extended elongate around an 

meas of oonstant tmnsveme cross section smaHer thain or equal to about 1 O mm2
• 

35. Tho process according to any one of the danms 32 to 34, characterized in that 

the pmdYd is irradiatoo with primary mys orig&nating directly from the plasma beam 

and simLtltanecus«y with secondary rays orig!nmnng from the prnmary mys by dioptric 

mfmdlcn on a mfleding wail presenting an at least partially e~liptic transverse cross 

~on. 

36. The process acooming to ~aim 34, characterized in that the pmdud !s Irradiated 

with prfmt,ery rays originating <llirectiy from the plasma beam and simrultaneoys~y with 

seconda!'Y mys originatnng from the primary rays by dioptric mfradilcn on a mfleding 

wa~! presenting an at least partially parabolic transverse cross section. 

31. 1he process according to any one of the danms 32 to 36, characterized in that 

th~ pmd~d is ~~dimed w!th rays entirely originating from and reflected by a singUe 

rulbe oonflning the plasma beam, comprising a mfteding surface securedly united to 

tOO transmitter rube of said plasma beam. 

38. The process according to any one cf the ~bove ciaims, characterized in that the 

Uength of the ey!~ndrical plasma beam of constant cross section Is greater than thirty 

amtim~tres. 

39. The process according to daim 38, characterized in thm the length of tile plasma 

baam of constant cross section !s greater than one men. 

40. lhe process accoming to any one of the above claims, chamctemed in that the 

~lne~n' voltage of the plasma beam has a value greater than about 30 Voltslcm. 

41. The procass according to dalm 401 chamderb:ed in that the linear voltage has a 

value gmmar than er equal to 50 Voltsfcm, advantageously 100 Voits/cm. 

42. The process according m claim 32, chamde~d in that tho length of the plasma 

beam transmitting the ultraviolet mys is greater ti'!an about 1 m50 and tie linear 

. vottage ns greater than 20 Volts/cm. 

43. The process according to any one of the above daims, characterized nn that the 

mdu~s of the transverse cross section of the plasma beam, in relation to the diameter 

Gquiwlent to d of the tuba is sum that : 

1 1 =d s ifs ~d 
100 l 
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44. The} pmcess according to any one of the c!aims 32 to 43, characterized in that 

irradiation is performed with a plasma beam transmitting uitravloiet rays !n the shape 

cf a trurncated ey!onder. 

45. A devloo fimp!emooting the process according to arny one of the daims 32 to 44. 

46. T~o devioo according to daim 45. characterized In that it comprises two 

ro~ng wnngs separated by a !ongitudinai median silt {113), said wings presenting 

an ~t least pamaHy appreciably parabolic, or appmciably e!liptic, transverse cross 

sedlon, said pairts belonging to a curve whose generating Hne m the peak is s!tuated 

et a dlstanoo s£ from the axis of the bom, such that : d ::§ f and O < d < r +e + 1 mm 

with 

f : dlsmnce to the fecal point 

If' : radius of the tube 

~ : thickruess of the tube 

and that it comprises facing the sJit (113) a flat reflecting p;ate (114) entirely at a 

d!smnw .h from the peak of the wnngs. 


