| IMPROVED OPTICAL FIBER COOLING DEVICE The invention relates to devices for fabricating
optical fibers. More particularly, the invention concerns optical fiber cooling devices used in a method
for 5fabricating said optical fiber. With reference to Figure 1 (taken from document US 5,418,881) a
known method for making optical fiber in the prior art ﬁomprises a furnace 12 in which glass is heated,
preferably as a prefonn (glass rod). The furnace is generally located at a 10height, preferably at the
top of a tower T having a height generally reaching 20 to 35 meters. The furnace 12 comprises an
outlet opening 120 located in the lower part of the furnace facing the bottom of the tower. From this
opening 120 there emerges a 15partly molten glass cane 13 (i.e. whose rheology allows casting from
this opening). This cane then forms the optical fiber properly so-called. Underneath the furnace 12

there is a cooling zone 142 t W}E (gwleﬁ [ Iﬁ;ﬁﬁ?' j ‘E‘Mﬁ% he cooling zone 142
more particularly compris,es;1 coolingﬂc}ewce L:;)[‘tilletf;wroug i{'\:l/v ich ﬁg@aﬁ g 13 is cooled. Said
device is described in more detail in the remainder hereof. Once the optical fiber 13 is cooled, it
continues travellirighe enwandsd s¢htesubgedisentiprdabssing stapiong Tibek6 Maselffacapsiations such
as cladding for 25gxampleFinalbhrcthgolinakiitalel 3ds.aare iy popled far tananpstapd

5  fabricating said optical fiber.

With reference to Figure 1 (taken from document US 5.418,881) a known method
for making optical fiber in the prior art comprises a furnace 12 in which glass is
heated, preferably as a preform (glass rod). The furnace is generally located at a
10 height, preferably at the top of a tower T having a height generally reaching 20 to

35 meters.

The furpace 12 comprises an outlet opening 120 located in the lower part of the
furnace facing the bottom of the tower. From this opening 120 there emerges a
15  partly molten glass cane 13 (i.e. whose rheology allows casting from this

opening). This cane then forms the optical fiber properly so-called.

Underneath the furnace 12 there is a cooling zone 142 through which the optical
fiber is cooled. Preferably, the cooling zone 142 more particularly comprises a
20 cooling device 14 through which the optical fiber 13 is cooled. Said device is

described in more detail in the remainder hereof.

Once the optical fiber 13 is cooled, it continues travelling downwards into
subsequent processing stations 15, 16, 17, 18 for operations such as cladding for

25  example. Finally, the optical fiber 13 is generally spooled for transport and
subsequent use of the fiber.

With reference to Figure 1b, a cooling device known in the prior art comprises a
hermetic cooling unit 140 in which the optical fiber 13 leaving the furnace is
30  circulated for cooling. A cooling liquid is injected into the unit. This liquid is
preferably cold helium used to cool the fiber without causing deterioration thereof

(contrary to the injection of water which would deteriorate the fiber).

The helium is injected via an inlet 144 located at the top part of the cooling unit



subsequent use of the fiber. With reference to Figure Ib, a cooling device known in the prior art
comprises a hermetic cooling unit 140 in which the optical fiber 13 leaving the furnace is 30 circulated
for cooling. A cooling liquid is injected into the unit. This liquid is preferably cold helium used to cool
the fiber without causing deterioration thereof (contrary to the injection of water which would
deteriorate the fiber). 2 i.e. close to the inlet for the fiber 13 into the cooling unit 140. The helium
comes into contact with the fiber 13 for cooling thereof and leaves the unit driven by the fiber 13.
5However, criticisms have been leveled against this cooling device in that the temperature of the
helium increases rapidly when in contact with the fiber (whose temperature on leaving the furnace may
reach 1000C); as a result cooling of the fiber 13 is only effective over a portion of the cooling unit 140.

L0Water is somefimeg ysed §0.GRRL i ﬁl%t%%%?%”ﬁ%%ﬂ%&é&irgé%%{t VRINEHETIGIRM BSEe.LS that

water may leak from the cooling unit. It is therefore one objectiv e Invention to provide a cooling
device, in particulAIr6PBEEEA Y Rith Wi folnsobeisRl /rddearr atie HataAtixF Smcbsase in the
heat exchange bétweda.the fiber travelling through the device and the cooling liquid used. Another
objective of the invention is to provide a cooling device, in particular for optical fibers, with which it is

possible to achieye maximize savings on tl?e u?e %5 ?thelium. Helium fs effectively an expensive gas

and it is sought t& ERETn SR L8 YRFETF 15 RS LSS EHEE SP BRtica terd. RLiHer objective

of the invention isso protide of doolindgideviceesshichzidbioshenyiproblen witvédie fibeikagese
temperature on leaving the furnace may reach 1000°C); as a result cooling of the

fiber 13 is only effective over a portion of the cooling unit 140.

10  Water is sometimes used to cool the actual cooling unit 140. However the

criticism here is that water may leak from the cooling unit.

It is therefore one objective of the invention to provide a cooling device, in
particular for optical fibers, with which it is possible to obtain a substantial
15  increase in the heat exchange between the fiber travelling through the device and

the cooling liquid used.

Another objective of the invention is to provide a cooling device, in particular for
optical fibers, with which it is possible to achieve maximize savings on the use of

20  helium. Helium is effectively an expensive gas and it is sought to make maximum
use thereof for its cooling effect on optical fibers.

A further objective of the invention is to provide a cooling device which avoids
any problem of water leakage.
25
For this purpose, the invention concerns a cooling device for optical fibers
comprising a main through-channel intended to allow the passing of an optical
fiber, characterized in that the main channel comprises a plurality of openings
distributed along the main channel, the device further comprising a distribution
30  chamber for a heat-exchange fluid in fluid connection with the plurality of

openings.

Preferably, the optical fiber cooling device comprises two portions, each of the
portions including at least one receiving surface on which a half-channel is



25 For this purpose, the invention concerns a cooling device for optical fibers comprising a main
through-channel intended to allow the passing of an optical fiber, characterized in that the main
channel comprises a plurality of openings distributed along the main channel, the device further
comprising a distribution 30chamber for a heat-exchange fluid in fluid connection with the plurality of
openings. 3 arranged such that once the two portioris are placed in contact at their receiving surfaces,
the two portions form a main through-channel for accommodating the passage of the optical fiber,
characterized in that each of the portions is a block of heat-conductive material and in that at least one
of the portions comprises a 5 cylindrical secondary channel in fluid connection with a plurality of
openings distributed along the half-channel of this portion to form a heat-exchange fluid distributing

chamber for the pliirality Qf, OPERIPYSe hARVAHAASAYSH: BHLERYRNANY, NG IRVENHQILCAIRPrISES at

least one of the 10fgllowing characteristics: the ‘device comprises a secondary channel forming said

distribution chamB&R$FY SeEKAA EARN AT AAGALdANSLR BAHE hAAERARRAAGENS ShSrality of
passages, each pesmgetefitte aptopé iy, chthecraairdhatintlcdble chtle peteenishdbdiialneter of the

secondary Chanr}@;a@ﬁ@ﬁ@&ﬂ@%‘ﬁéﬁl %HW%FJlHé@'HV hopenings %8*}9}?‘361}%0&5}% HB%SS%CO”Q&W
channel forms a distributign chamber IIowmgﬁth hgat-exchan eﬂl}!lld to.be jnjected in parallel into all

the openingg’; the Yatio BEwEEh™ %%i%%?glr of t %Iseccocl)lﬁggtrlfl) hannél 8}1“&‘1 & HARREISF the
plurality of openidésriswedweenz3temdBochaudiecddhicaretimprice®En inletfortrbaresdhashge fluid in

fluid connection withihaisecoadiiy chamagithegeriepdsimade in heat-conductive material preferably
comprising aluminum; the device further comprises a cooling duct of the device; 25the openings are
spaced apart by a distance ranging from 5 mm to 200 mm; the device comprises at least one seal
allowing the herm&HEEBEHA b thahaRtvebof fife IARAtfREIPrises at least one of the

10  following characteristics:

- the device comprises a secondary channel forming said distribution
chamber, the secondary channel being connected to the main channel via a
plurality of passages, each connected to an opening of the main channel;

- the ratio between the diameter of the secondary channel and the diameter of

15 the plurality of openings 1s chosen so that the secondary channel forms a
distribution chamber allowing the heat-exchange fluid to be injected in
parallel into all the openmings;

- the ratio between the diameter of the secondary channel and the diameter of
the plurality of openings 1s between 3 and 300;

20 - the device comprises an inlet for heat-exchange fluid in fluid connection
with the secondary channel;

- the device is made in heat-conductive material preferably comprising
aluminum;

- the device further comprises a cooling duct of the device;

25 - the openings are spaced apart by a distance ranging from 5 mm to 200 mm;

- the device comprises at least one seal allowing the hermetic sealing of the
perimeter of the main channel;

- the main channel is coated with a radiation absorption layer;

- the block forming the other of the portions also comprises a secondary

30 channel and cooling ducts that are symmetrical relative to the plane of

contact of the receiving surfaces.

The invention also concerns a tower for manufacturing optical fiber, characterized

in that it comprises at least one cooling device of the invention.



the main channel is coated with a radiation absorption layer; the block forming the other of the
portions also comprises a secondary 30channel and cooling ducts that are symmetrical relative to the
plane of contact of the receiving surfaces. 4 The invention further concerns a method for
manufacturing a cooling device according to the inveéﬂion, characterized in that it comprises the
following steps: a) providing a first block of heat-conductive material, the first block 5comprising at
least one receiving surface; b) forming a main half channel on the planar surface of the first block; c)
forming a secondary, preferably cylindrical, channel in the first block; d) forming a plurality of passages
between the secondary channel and the main half channel of the first block; 10e)forming at least one
inlet for the secondary channel; 1)providing a second block and performing at least step b) on the first
block; g)contacting the two blocks via their receiving surface, so that the two half- channels form a
main channel of the two assembled blocks. 15Advantageously, but optionally, the method comprises
at least one of th& 181IBWHY Ste PEhforeRREEEIE 75 BFtBOd) B tHESeR6tiBlo 8k SOBIErEIrts (1ES6) two
cooling ducts (20&&oRlifp }drttthénfiesttbinckhficamckat i the secansdbteckd B)lowing steps:

a) providing a first block of heat-conductive material, the first block
5 comprising at least one receiving surface;
b}  forming a main half channel on the planar surface of the first block;
c}  forming a secondary, preferably cylindrical, channel in the first block;
d)  forming a plurality of passages between the secondary channel and the main
half channel of the first block;
10 e) forming at least one inlet for the secondary channel;
£y  providing a second block and performing at least step b) on the first block;
g}  contacting the two blocks via their receiving surface, so that the two half-

channels form a main channel of the two assembled blocks.

15  Advantageously, but optionally, the method comprises at least one of the
following steps:
- forming steps b) to e) on the second block;
- piercing (706) two cooling ducts (201a, 210b) in the first block (E)
and/or in the second block (E’).
2C
Advantageously, the secondary channel is bored in the block, which makes it

possible to have a smooth inner surface promoting the set-up of a turbulent flow.

Further advantageously, the method also comprises a black anodizing step to form

25  aradiation absorption laver.

Other characteristics, objectives and advantages of the present invention will
become apparent on reading the following detailed description of a non-limiting
example of embodiment given with reference to the appended Figures in which:
30 - Figure la is a schematic illustration of a tower for fabricating optical
fiber according to the prior art;
- Figure 1b is a schematic illustration of an optical fiber cooling device
known in the prior art;
- Figures 2a and 2b are cavalier projections of an optical fiber cooling



20 Advantageously, the secondary channel is bored in the block, which makes it possible to have a
smooth inner surface promoting the set-up of a turbulent flow. Further advantageously, the method
also comprises a black anodizing step to form 25a radiation absorption layer. Other characteristics,
objectives and advantages of the present invention vxg'll become apparent on reading the following
detailed description of a non-limiting example of embodiment given with reference to the appended
Figures in which: 30Figure la is a schematic illustration of a tower for fabricating optical fiber according
to the prior art; Figure Ib is a schematic illustration of an optical fiber cooling device known in the prior
art; Figures 2a and 2b are cavalier projections of an optical fiber cooling 5 device according to one
embodiment of the present invention; Figure 2c is a cross-section of a seal of an optical fiber cooling

device according to one embodir C%ng%f %eoiﬁé’%@%%ﬁim ent ofrﬁi ure. S llustrates part of an optical
cooling device according to one 5em o%imentq the present invention, Il—l%]ure ZPis'a cavalier projection
of a cross-section along PIEHESIREIV f PArE SESHPBRIcAINBErESBIAGHaliERAROIHELRy6Re

embodiment of the presemtdmndemgionpne embodsigenesfBacanddbbare schematic illustrations of an
optical fiber cooling 10deyige, 8aCQIHING AR e: SIRRAdIHENH Ol JhG-Rr GRENIINEBHRR: I, ORRN and

closed position respectivel %é%%re 6 Fis a schematic illustration of a tower for fabricating optical fiber

according toone embodifteP BHFY BHALERESHRLABSFton,

Figure 4 is a cavalier projection of a cross-section along plane V-1V of
part of an optical fiber cooling device according to one embodiment of
the present invention;
- Figures 5a and 5b are schematic illustrations of an optical fiber cooling
10 device according to one embodiment of the present invention, in open
and closed position respectively;
- Figure 6 is a schematic illustration of a tower for fabricating optical fiber
according to one embeodiment of the present invention;
- Figure 7 is a functional graph of a method for manufacturing an optical
15 fiber cooling device according to one embodiment of the present

invention.

With reference to Figures 2a and 2b, a cooling device 2, in particular for optical
fiber, according to one particular embodiment of the present invention comprises
20 a fiber-receiving element composed of two portions 20 and 29, globally

symmetrical relative to a plane and facing one another.

One half-portion 20, according to the present embodiment, is formed from a block
E of heat-conductive material, preferably 7075 aluminum (known under the trade
25  names “Zicral”, “Ergal” and “Fortal Constructal™).

This block E is preferably of rectangular parallelepiped shape having a main axis
A. Block E comprises four longitudinal surfaces along axis A: 201, 202, 203 and
204 delimited by two surfaces 205 and 206 that are perpendicular to axis A. The

30  length of block E (along axis A) is preferably, but not limited thereto, between
2600 and 3000 mm.

The surface 204 1s more particularly intended to receive the optical fiber. In this

respect, the surface 204 comprises a main groove 2040 in the form of a semi-



Figure 7 is a functional graph of a method for manufacturing an optical 15fiber cooling device
according to one embodiment of the present invention. With reference to Figures 2a and 2b, a cooling
device 2, in particular for optical fiber, according to one particular embodiment of the present invention
comprises 20a fiber-receiving element composed of two portions 20 and 29, globally symmetrical
relative to a plane and facing one another. One half-portion 20, according to the present
embodiment, is formed from a block E of heat-conductive material, preferably 7075 aluminum (known
under the trade 25names "Zicral", "Ergal" and "Fortal Constructal). This block E is preferably of
rectangular parallelepiped shape having a main axis A. Block E comprises four longitudinal surfaces
along axis A: 201, 202, 203 and 204 delimited by two surfaces 205 and 206 that are perpendicular to

axis A. The 30'9"%3 EPB%%%u glong.s M is Pﬁ?J‘?ﬁ%PNuEPEﬁ‘&H&m !i’etﬁkefé?é&’reﬁgi 2600 and

3000 mm. 6 cylinder of circular cross-section, This main half-channel 2040 is locat aral eI to the
main axis A and jPeRsEBR? cthé dndaiesbrehly 4t ansigle st BRscRE2 A HEHRIA omprising a

block E' is symmetrical with block E relative to a 5 plane parallel to the surface 204 so that the fiber
receiving surfaceﬁ(g%rgfogogg%lggl i @%l@ﬁp%t'%%ﬁ)ﬁgﬂ%%ﬁ% SR RIORELVG receiving

surface 294 also ¢ rise Ion tudin half chan 40, symmetrlcal with channel
2040, <0 thet the RAQBHRY of a0 ALY SChrALbe B0 Rt S0 M S B i 2
passage in the fopmtgfra@ﬁn@jﬁgémﬁam@pmﬁﬂﬂlg opposite one another. The receiving surface
294 also comprises a longitudinal main half-channel 2940, symmetrical with the
half-channel 2040, so that the contacting of the two receiving surfaces 204 and
294 allows the defining of a passage in the form of a cylindrical main channel C
10  of circular cross-section parallel to axis A and positioned in the center of the
cooling device 2, the passage being formed by the two main half-channels 2040
and 2940. This main channel is intended for the circulation of the optical fiber so
that it can be cooled therein. Therefore the diameter of the main channel must be
larger than the diameter of the optical fiber, preferably from 5 mm to 20 mm

15  {compared with a diameter of 125 pm for an optical fiber).

The fiber receiving surface 204 also comprises two secondary longitudinal
grooves 2042 and 2044 positioned on either side of the main half-channel 2040
and parallel thereto. These secondary grooves 2042 and 2044, similar to their
20  symmetrical opposites on the receiving surface 294, are intended to receive seals
207a and 207b so that once the receiving surfaces 204 and 294 are contacted, a
hermetic closure is formed between the periphery of the main channel C and the
outside of the cooling device at the surfaces 201, 202 and 203 (and their
symmetrical match on the half portion 29). Evidently, since the main channel is a
25  through channel, this hermetic closure does not concern the surfaces 205 and 206
(and their symmetrical match of the half portion 29) since the inlet and outlet of

the main channel C are located on these surfaces.

With reference to Figure 2¢, the seal 207a (just like seal 207b) comprises a
30  cylindrical part 2070 of circular cross-section having a longitudinal protuberance
2072 whose main axis is parallel to the main axis of the cylindrical part 2070 and
extends perpendicular to the outer surface of the cylindrical part 2070. This
protuberance 2072 is preferably in the form of a rectangular plate of which one of
the long sides is in contact with the cylindrical part 2070 and comprises a plurality



10 of circular cross-section parallel to axis A and positioned in the center of the cooling device 2, the
passage being formed by the two main half-channels 2040 and 2940. This main channel is intended
for the circulation of the optical fiber so that it can be cooled therein. Therefore the diameter of the
main channel must be larger than the diameter of the-optical fiber, preferably from 5 mm to 20 mm
15(compared with a diameter of 125 um for an optica? fiber). The fiber receiving surface 204 also
comprises two secondary longitudinal grooves 2042 and 2044 positioned on either side of the main
half-channel 2040 and parallel thereto. These secondary grooves 2042 and 2044, similar to their 20
symmetrical opposites on the receiving surface 294, are intended to receive seals 207a and 207b so
that once the receiving surfaces 204 and 294 are contacted, a hermetic closure is formed between the

periphery of the ain channel Cyand e, Butaide. e coaling deviss, 2t thp surfaces 201, 202 and

203 (and their symmetrical match on the half portion 29). Evidently, since the main channel is a 25
through channel, this hermetic closure does not concern the surfaces 205 and 206 (and their
symmetrical matcW oh thefératfopontiomn 29) Sipvecthénirded atly abtlesad tR8main tisartoél € are located

on these surfaces, Wilibraletense tonFigire. s dhe seabe@ 7aiuss fike seal 2A7) GRamrises a 30
cylindrical part 20379 of jrcuilflr %ross,szﬁe%io(n hre[n%gg a on%&gdinal trotl% erance, 2072 W}?%ﬁe main axis
is parallel to the Mmain axis of the %y‘finﬁplcal B%ere and extends ng AR TP TP O E8r surface
of the cylindrical F&PHEGTOCFRIE Bratiiierine 20m2- il et 20K e fipruberanee 2Guldr plate of
which one of the lesngnsidegtistir cantaciwith ibeaylinddesinani207 QIrnd gemnpsisesTa plusality 7 of
fins 2073 on the tywo-0pposite su ) uberapc 72. With r n ain to. Figures 2a
and 2b, the seal O(i;dal?ls %élte%??élj@ﬁ?s gggigg&ncg%%geﬁ%ﬁ Ct%gégsgc\e{\éé?ﬁg?é%?&l}e 042 ofharrow

width (preferably $53snatrant hkokdaeptH preferaBRPE M GsErestertian ierrelighblf the
protuberanc® 20 %3 {jweferably BhamnyrEdpefihs 2 @reoet thédarbitbel dnger2@ R hinitentacd with the

walls of the secondanyGromEhA2 o PHAWISRER| 30480 Reuheld . RaSHian Ip NG grequer2042. The
secondary groove 2942 8t re&ewm&surtage_ 2 4(0&\2@@;2 tgortlorq 2{%}% opposite the groove 2042,
is preferably 10 sﬂ%’ﬂb%egr TS oS <POREmE RS G6H1arg @riRidR Hthegrésve 2942
has the shape of themecuvndéty drooveedlim the gurtace’ 202 whenglvaififortiod®Daithgvéfore, the
cylindrical part 2070 pfithe seabrRAtadraiesinedheyentdne groavRIARA2 is-Compressesdathe groove

2942 when the surfaces 204 a 94 are placed in cont On bein essed, the cylindrical part
2070 of thelsgeal %a}fb%l Y%ﬁasr}?cl)%(‘)lﬂo%v\? té)(énc%%_rto%lra gﬁgapfet%? ﬁ{goﬁfr%govfe{%%[ﬂgt?r\ére%l n%rg%rr%ng a
hermetic seal agdifisReHe civEdiceaigyrdbpunsidhplaiaacPrarrasiypitisese cBrrigrbirodbes 2044
and 2944 (respeaiieetyibsiopging:to 2esepaivipgiauriarcpsciodlanskRR4ianddyingfacingone another)

are the reverse MAlRILA! Y1m ypodss 2012 aNdiRane sRJLiNG o5 AUTR B seried I roove

2944 at its 20 protruding part 2072 and itsc rical part IS compressed against the secondary

groove 2044 of tr%'?%‘é%ﬁ\ﬁ%zs%ﬁf’a%%gog@. SREIEG R Bdinasattdd bberg wshd B4 atdiive to the
plane of cobtact lpetweémgheant cEWihgusdirieces!20kiand 284 HHEs ottherefsrd condern fle shape of

the secondary groeussifafinRoNe ANt e eceiving surface 204. The symmetry between the
blocks E and E’ relative to the plane of contact between the receiving surfaces 204
and 294 does not therefore concern the shape of the secondary grooves facing one
another.
25
Preferably, the surfaces 201, 202 and 203 (and their symmetric match in the half
portion 29) are coated with an insulating layer 211. This insulator prevents
condensation on the outer surfaces of the device which may generate water
droplets. It is generally desirable to avoid the generation of these water droplets
30  since these droplets may cause deterioration of any equipment on which they may

fall or in the event of contact with the optical fiber.

Also preferably, the half-channels of the receiving surfaces 204 and 294 are

coated with a radiation absorption layer 2041 allowing absorption of the radiation



Preferably, the surfaces 201, 202 and 203 (and their symmetric match in the half portion 29) are
coated with an insulating layer 211. This insulator prevents condensation on the outer surfaces of the
device which may generate water droplets. It is generally desirable to avoid the generation of these
water droplets 30since these droplets may cause detgrioration of any equipment on which they may
fall or in the event of contact with the optical fiber. 8 emitted by the fiber on leaving the furnace, for
example by black anodization. By absorbing the radiation without reflecting it back onto the fiber,
cooling of the fiber is improved. 5The use of aluminum blocks to form the device is particularly
advantageous since this allows the black anodizing to be performed in simple manner e.g. by
immersing these blocks in suitable electrolytic baths. According to one chief characteristic of the

present invention ' [{=, 10 | 204 he ool ice prises a. plurality of
openings 2046 di%lg}gége%@aﬁgngl%%refjﬁgﬁ%r%%%%h% (%Z‘Jgél%)og”l'ﬁ% égé%?ﬂ&gc@v}%%%ﬁ %ﬁ_%%%ghs‘e/s an inlet
208 for a heat-exeMsHpE RS Fﬁ@ﬁ@%&?ﬁé&m@\ﬁﬂ%ﬁé‘pﬁ%i@’gﬁ el codg18PBserably, the
openings 2046 arébspacedpapard.by a distance ranging from 5 mm to 200 mm. The openings 2046

have a diameter ranging from 0.2 mm to 2 mm. Provision is particularly made so that the openings are
spaced apart by the same spacing, or on the contraty so that the spacing between the openings is
witiable. Dovtith HLIEEITCE 6 ERUTHEL oD & HE DI Ao For e (RSO0 SR G cevice
further compriseshisedondat} cHdael 209ipagllel fortherainddaichiampiel 2040¢the gwbbeing

connected by a piaiiial PR&A068209 2 e@6! RRIBELANBSLRd to an opening 2046 of the main
half-channel 2040. The secondary channel 209 is positioned so that its main axis merges with the

main axis A of the 25 block E. The secondary channel 209 is of cylindrical shape with circular

cross-section haviv§adingieterneanbif FRrccrfticte Do awsatis prataeablihe 3mm . e passages
2092 are preferabhapesperdicuddr da:theding Aanct asengeatad in ghednediah qania ef thesmain

half-channel 2040, 30Rlock fr 3lsteqMRIIRGS.A 8350 Ok IDlelmQ%i Xt NeakExeaRgs: fluid, the inlet
%tlhe seconga c anﬁgfe Hg)r

208 being in fluid connection wi % _ 209 by a passage 2094 perpendicular to axis
A; the inlet 208 isHdrefStelfi fulFEHdcHSR Wit dhirdip BresHieningédse Priglitiet208 may
be provided with apenewgnatiétconnecting element as illustrated in Figure 2a. Preferably, block E
comprises two 9
15  Preferably, the openings 2046 are spaced apart by a distance ranging from 5 mm
to 200 mm. The openings 2046 have a diameter ranging from 0.2 mm to 2 mm,
Provision is particularly made so that the openings are spaced apart by the same

spacing, or on the confrary so that the spacing between the openings is variable.

20 With reference to Figures 4 and 5, the block E forming the half portion 20 of the
device further comprises a secondary channel 209 parallel to the main half-
channel 2040, the two being connected by a plurality of passages 2092 each being
connected to an opening 2046 of the main half-channel 2040. The secondary
channel 209 1s positioned so that its main axis merges with the main axis A of the

25  block E. The secondary channel 209 is of cylindrical shape with circular cross-
section having a diameter ranging from 6 mm to 20 mm and is preferably 13 mm.
The passages 2092 are preferably perpendicular to the axis A and are located in

the median plane of the main half-channel 2040.

30  Block E also comprises at least one inlet 208 for heat-exchange fluid, the inlet 208
bemng in fluid connection with the secondary channel 209 by a passage 2094
perpendicular to axis A; the inlet 208 is therefore in fluid connection with the
plurality of openings 2046. The inlet 208 may be provided with a pneumatic
connecting element as illustrated in Figure 2a. Preferably, block E comprises two



inlets 208a and 208b located at the two ends of the secondary channel 209. Therefore, the secondary
channel 209 forms a heat-exchange fluid distribution chamber for the plurality of openings 2046. The
fact that the fluid is first injected 5 into the secondary channel 209 fonning a distribution chamber
means that it is possible for the fluid to be injected inlé)arallel into all the openings 2046. Therefore, the
fluid enters into contact with the fiber over the entire fength of the main channel, which increases the
exchange surface between the fluid and the fiber. The ratio between the diameter of the secondary
channel 209 and the 10 diameter of the openings 2046 allows creation of the distribution chamber
effect. This ratio is preferably between 3 and 100. The relative sizing of the channel and of the
secondary openings therefore allows a distribution chamber to be obtained having uniform and

contiuous disiyian i ol pYer s gl e, g andeplieal iy afpat each secondary

opening. In addition this is not 15influenced e Helium teed rate. also comprises ducts
210a and 210b parallel to axis A and positioned either side of the secondary channel 209 so that the
main axes of the Skeafidarytichanrel 209 andinéitié % dots: 2 H0h@and 2 hahgardwidniaingshidthin one

same plane, 20cmptisipgneg Mainaxis & i ngtalieldothe reaeivipshsytiaee: 294, ithe dycts 210a
and 210b are preferabéy of sarge shapé agw?&?a eter as the sgcondary channel 209, Even if different
vocabulary is usel'fo BEEEF USRI BR e iRERE fhe SEARKHIM SHEBSE "aes HebitdSa similar
technical reality. 28 dders the08wuhd 18h ajectrsbdrapandithgwivcalt foebluskEgsy Méans of a
heat-exchange fluidepassinenthmigRitde. sieQaladovaten)ihe AvapiagensIshithadyedyctseare

connected at onelﬁ)fht}h%ig relngs b a C?chnelég }eéeép{a%ls% tht?rtﬁtige énltet andtou t fth((ja th
heat-exchange fldid'ls & ento’ta e &ace 506n the ama strface of BIOCK E. RS ilfGstrateéd s Figure 2a,
the ducts 210a afZ1Jharetndpiecractvitirm eshmiciiy wemnday shrmneds28042addtho4. The use
of solid blocks to dianettacif ke devise tiakeitoly pessibiltoflithét distribution chamber effect.

This ratio is preferably between 3 and 100. The relative sizing of the channel and

of the secondary openings therefore allows a distribution chamber to be obtained

having wniform and continuous distribution of the helium over the optical fiber,

and an identical flow rate at each secondary opening. In addition this is not
15  influenced by the Helium feed rate.

Block E also comprises ducts 210a and 210b parallel to axis A and positioned
either side of the secondary channel 209 so that the main axes of the secondary
channel 209 and of the ducts 210a and 210b are contained within one same plane,
20  comprising the main axis A and parallel to the receiving surface 204. The ducts
210a and 210b are preferably of same shape and diameter as the secondary
channel 209. Even if different vocabulary is used to better distinguish between

them, the “channel” and the “duct” refer to a similar technical reality.

25  The ducts 210a and 210b are used as cooling circuit for block E by means of a

heat-exchange fluid passing through it (e.g. cooled water).

Advantageously the two ducts are connected at one of their ends by a channeling
element so that the inlet and outlet of the heat-exchange fluid is able to take place

30  on the same surface of block E. As illustrated in Figure 2a, the ducts 210a and
210b are also provided with a connecting element.

Preferably, block E” of the half-portion 29 comprises a secondary channel and

cooling ducts that are symmetrical relative to the plane of contact of the receiving



deformations due to various stresses in particular heat stresses. Said configuration 5is particularly
advantageous compared with systems designed from a set of plates arranged together to form the
fluid circulation channels. With reference to Figure 7, a method for manufacturing a cooling device
according to one embodiment of the present invention.comprises the following 10steps: a. providing a
block E in heat-conductive material, preferably 7075 aluminum, the block having at least one planar
surface 204 ( step 701); b. footling a main half-channel 2040 on the planar surface 204 of block E
(step 702) e.qg. using a spherical bur; 15c. piercing/boring a secondary channel 209 in block E (step
703); d. piercing/boring a plurality of passages 2092 between the secondary channel 209 and the main
half-channel 2040 of block E (step 704); e. piercing at least one inlet 208 for the inner channel 209

(step 705); f piergj %}Q ing,tyya, 6@aling ducts 210a and 210b in block E (step 706); 20g. forming
secondary groove@% 4% andxé%M either side of the main half- channel 2040 on surface 204 (step

707); h. hermetically sealing the ends of the secondary channel 209 to form a hermetical fluid circuit
between the at I€8ist ane infetd?idB dncktheopanifgs #6046 stepi7O8)aRE. iftneesiidary, diranging

connecting elemeyats, af h&ninlgl208 870 SRR AHEE 2108, ARE:2 10D (SIER P Ak ATFARGING an

insulating Iaﬁe‘r on at least ane surface of block E other than the r celvm%gurface 204 which receives

the half-charinel SO0 [SHEH Y 75 M g POt ARG S SBLBRYBEK ES UG DEMS i At tEHEt step b and
preferably all 30stepsgsddgasthbidek E@n{steppid Fircebniercthgrtimstwo blocks E and E' via their
respective receiving surface 204

With reference to Figure 7, a method for manufacturing a cooling device
according to one embodiment of the present invention comprises the following
10  steps:
a. providing a block E in heat-conductive material, preferably 7075 aluminum,
the block having at least one planar surface 204 ( step 701);
b. forming a main half-channel 2040 on the planar surface 204 of block E (step
702) e.g. using a spherical bur;
15 c. piercing/boring a secondary channel 209 in block E (step 703);
piercing/boring a plurality of passages 2092 between the secondary channel
209 and the main half-channel 2040 of' block E (step 704);
piercing at least one inlet 208 for the inner channel 209 (step 705);
piercing/boring two cooling ducts 210a and 210b in block E (step 706);
20 g. forming secondary grooves 2042 and 2044 ecither side of the main half-
channel 2040 on surface 204 (step 707);
h. hermetically sealing the ends of the secondary channel 209 to form a
hermetical fluid circuit between the at least one inlet 208 and the openings
20406 (step 708);
25 1. if necessary, arranging connecting elements at the inlet 208 and cooling ducts
210a and 210b (step 709);
j.arranging an insulating layer on at least one surface of block E other than the
receiving surface 204 which receives the half-channel 2040 (step 710);
k. providing a second block E’ and performing at least step b and preferably all
30 steps b to j on block E’ (step 711);
I contacting the two blocks E and E’ via their respective receiving surface 204
and 294 so that the two half-channels (respectively 2040 and 2940) form a
main channel of the two assembled blocks E and E* (step 712).



and 294 so that the two half-channels (respectively 2040 and 2940) form a main channel of the two
assembled blocks E and E' (step 712). 11 The different channels, ducts and openings formed in the
solid blocks are preferably made by boring. With said manufacturing technique, it is possible to form
perfectly circular channels having no dissymmetry WQif:h would concentrate stresses and could
therefore damage the device. In addition, the boring technique allows a circular channel to be obtained
whose inner surface has fewer defects than a channel formed by extrusion. For the secondary channel
feeding helium, this characteristic promotes the set-up of a turbulent helium system. With reference to
Figures 5a and 5b, the contacting of the blocks E and E' (step 1) is performed in the following manner.
Each block E and E' is arranged with their receiving surface 204 and 294 facing one another, on a

cylinder arm, respecti 33.a e cylind ing arranged o 1 3c such
that when the twg%%li\éﬁg?se ta%an%%%%r(emﬁ%héhgxtgébr%éqe%% o%ié%ﬁfgtﬁqé t{/ﬂv‘g%%%i?%%%? (Fare placed
in contact, by tra@éféﬁl@ﬁ}ma%ﬁ%iw&ffé&%w&’ﬁ%ﬁ@#s%}ﬁ@e’é%%%&fém% that #R8YRE farf-channels
(respectively 2046angagddyforrmuiamdbimebannelinf theldingyassenmbiddciOsioicksokcangak. In the

retracted positiongfthe eylindars.dhe-hwQ Qgglgggeqﬁ% gepaLated from each other by translation, the two
receiving surfaces 204 and 294 remaining parallel. The receiving surfaces 204 and 294 being smooth,

this allows fatilitated cleaning of their surface. 25Evidently, any other contacting method can be
applied, for examiplediitrorating e petseiving s wiaves refativdandmnoathér be vibtdondoiviagaotation

and translation. Witlrefenapeenta figwie feRieWrinl {osiabiitatinghan epticaliiien 18ds 8 provided
having a cooling zone ¢ downshream.of e, lyrace, ol liusated) fom which (e oplical fiber
emerges, the cooﬁlng Zone Z comprising fhree cooling devices TOr ex%mp e Such as ddscribed above,
respectively 1, arfdriulenehgbiees¥ieiR13 then circulating in the main channel of each of the devices 1,
I"and 1" to e cooled therein. 12 With reference again to Figure 4, when the optical fiber circulates in

ihe main ChannelYlﬂtgiFgﬁqQﬁkgft@ﬁ%Wrgs S‘zgﬂﬂﬂf‘sﬁ,(ﬁﬁg%ﬁt &IH%@%?’&?J&BE%%%‘B%% t%y @@B‘iﬁrro""s) S

injected via the inlets 208 and is ributed via the secondary channel 5209 to all the openings 2049
of the main chanfePedRiEthis Hiseiligy984928R§ spaced apart along the main channel, the helium H
is

FEach block E and E’ is arranged with their receiving surface 204 and 294 facing
15  one another, on a cylinder arm, respectively 3a and 3b, the two cylinders being
arranged on one same frame 3¢ such that when the two cylinders 3a and 3b are in
the extended position, the two blocks E and E’ are placed in contact, by
translation, via their respective planar surface 204 and 294, so that the two half-
channels (respectively 2040 and 2940) form a main channel of the two assembled
20  blocks E and E°. In the retracted position of the cylinders, the two blocks are
separated from each other by translation, the two receiving surfaces 204 and 294
remaining parallel. The receiving surfaces 204 and 294 being smooth, this allows

facilitated cleaning of their surface.

25 Evidently, any other contacting method can be applied, for example by rotating
one receiving surface relative to the other or via combined rotation and

translation.

With reference to Figure 6, a tower T for fabricating an optical fiber 13 is
30  provided having a cooling zone Z downstream of the furnace (not illustrated) from
which the optical fiber emerges, the cooling zone Z comprising three cooling
devices for example such as described above, respectively 1, 17 and 17, the optical
fiber 13 then circulating in the main channel of each of the devices 1, 1" and 1” to

be cooled therein.



immediately placed in a turbulent system and enters into heat contact with the optical fiber at several
points at the same time. The turbulent helium system, and 10 the fact that it is injected into a plurality
of openings at the same time, allows the exchange surface to be increased between the cold helium
and the fiber. The fiber is therefore cooled much more_ efficiently than with known prior art devices. In
addition, the fact that the blocks E and E' are in heat-conductive material and 15 that the main channel
is hermetically sealed by the seals 207a and 207b means that it possible to use helium economically
as it only escapes through the openings 2049. The radiation absorption layer of the main channel
allows the radiation from the 20 fiber leaving the furnace to be absorbed, in particular if black
anodization is used. Additionally, the heat energy collected by the material of blocks E and E' forming
the device can be evacuated via the cooling ducts within which a heat-exchange fluid circulates, such
as cooled water. 25The studies conducted allowed the following data to be obtained; Temperature of

the optical fiber 1% 8Rt&siREFa6e 2&tiinty Zd88rerbotBerr s savdiat dIBeirHarepiss fbddatihg the
cooling zone: 35-80Gn®imndetetion thieafitvey: I, 2lumy Ihiaketeppbraivne ofpthecoosléd Water: 15-18C;

30Number of devigesi) 16e.¢QliNG Z0ne" iR J0d- 8RN BfA-ack ofAREQlRLALNI G gRQ0 mm to
3000 mm; Cooling, hlock n 7075 alum : I%I ck anodjzed. .13 CLAIMS I.A cooling device (1, 1', 1)
PP OVore 36 56 L

for optical fiber ( 0 ptli?giﬁﬁe&%gﬁ %? : ortion (20, 29) comprising at least one

receiving surface (204, 294) on which a half-channel (240, 2940) is arranged so that once the two

portions (20, 29) sirceandagiad mistheivreaeiwng supaceal (204he 943 thenwacRaHions: (@9 12R) form a
main through-channel intended ta receive the,passing of the aptical.fiber (13), characterized in that
each of the porticl LA 60y B Hlom biog B 18 SRUE Bl bt leo o

portions compris@84¢s! é%‘}f‘liﬁﬂ?fé’ﬁ%ﬁ%ﬁ%% Bsait (ooR) Thatiebebms detism it ap Rty of
openings (2@46) distfiautiet adannibedibiiohaphek(2040 b péthigpartionsiey torfarailawdistidbution

chamber for heatsg¥ghanae fiuid dissohitad o eRality of APENRESAZOHO fiber. The fiber

is therefore cooled much more efficiently than with known prior art devices.

In addition, the fact that the blocks E and E’ are in heat-conductive material and

15  that the main channel is hermetically sealed by the seals 207a and 207b means
that it possible to use helium economically as it only escapes through the openings
2049,

The radiation absorption layer of the main channel allows the radiation from the
20  fiber leaving the furnace to be absorbed, in particular if black anodization is used.
Additionally, the heat energy collected by the material of blocks E and E’ forming
the device can be evacuated via the cooling ducts within which a heat-exchange

fluid circulates, such as cooled water.

25  The studies conducted allowed the following data to be obtained:
- Temperature of the optical fiber 13 entering the cooling zone: 1000°C;
- Temperature of the optical fiber leaving the cooling zone: 35-50°C;
- Diameter of the fiber: 125 pm;
- Intake temperature of the cooled water: 15-18°C;
30 - Number of devices in the cooling zone: 2 to 3;
- Length of a block of a cooling device: 2600 mm to 3000 mm;

- Cooling block in 7075 aluminum, black anodized.



152.The device according to claim 1 wherein the secondary channel (209) is connected to the main
channel via a plurality of passages (2092), each connected to an opening (2046) of the main channel.
3.The device according to claim 2 wherein the ratio between the 20diameter of the secondary channel
(209) and the diameter of the plurality of openings (2 %6) is chosen so that the secondary channel
(209) forms a distribution chamber allowing the heat-exchange fluid to be injected in parallel into all the
openings (2046). 254.The device according to claim 2 or 3 wherein the ratio between the diameter of
the secondary channel (209) and the diameter of the plurality of openings (2046) is between 3 and
100. 5.The device according to any of claims 1 to 4 comprising an inlet 30(208) for heat-exchange fluid
in fluid connection with the secondary channel (209). 14 7.The device according to one of claims 1 to
6 further comprising a cooling duct (210a, 210b) oféb;%gice. 58.The device according to one of
claims 1 to 7 wherein the openings (2046) are spaced apart by a distance ranging from 5 mm to 200
mm. 9. The device according to any of claims 1 to 8 comprising at least one seal (207a, 207b)
allowing the perimeter ot the maincohimanéhtod el 10helihdticathtisaafddr (13)10omhestiavieeaccording

to one of claims Jpgqt%ﬁﬁh@r@iaéﬂ%miﬁo?h@ﬂragb,i%?%%ﬂ{m?J@f@@ﬁ%@?&%&m@é@rxfs&(Zw)-
15ILThe deVIsce a&co%,dfz@%)t%;? %.S:Elcella]!lgliclslggn}}%l\l\(@%?%gb? E;%%rkanged so that once the two
portions (20, 29) are contacted at their receiving surface (204, 294) the two
portions (20, 29) form a main through-channel intended to receive the passing of
the optical fiber (13), characterized in that each of the portions (20 ,29) is a block
of heat-conductive material and in that at least one (20) of the portions comprises
10  a cylindrical secondary channel (209) in fluid connection with a plurality of
openings (2046) distributed along the half-channel (2040) of this portion (20) to
form a distribution chamber for heat-exchange fluid distributed to the plurality of

openings (2046).

15 2. The device according to claim 1 wherein the secondary channel
(209} is connected to the main channel via a plurality of passages (2092), each

connected to an opening (2046) of the main channel.

3. The device according to claim 2 wherein the ratio between the

20  diameter of the secondary channel (209) and the diameter of the plurality of
openings (2046) is chosen so that the secondary channel (209) forms a distribution
chamber allowing the heat-exchange fluid to be injected in parallel into all the

openings {2046).

25 4. The device according to claim 2 or 3 wherein the ratio between the
diameter of the secondary channel (209) and the diameter of the plurality of
openings (2046} is between 3 and 100.

5. The device according to any of claims 1 to 4 comprising an inlet
30  (208) for heat-exchange fluid in fluid connection with the secondary channel
(209).

6. The device according to one of claims 1 to 5 wherein the heat-

conductive material comprises aluminum.



forming the other (29) of the portions also comprises a secondary channel and cooling ducts that are
symmetrical relative the plane of contact of the receiving surfaces (204, 294). 2012.A tower (T) for
fabricating an optical fiber (13) characterized in that it comprises at least one cooling device (1, 1', 1")
according to one of claims Ito 11. 13.A method for magufacturing a cooling device according to one of
25claims 1 to 11, characterized in that it comprises the following steps: a) providing (701) a first block
E in heat-conductive material, the first block having at least one receiving surface (204); b) forming
(702) a main half-channel (2040) on the planar surface (204) of the first block (E); 30c)forming (703) a
cylindrical secondary channel (209) in the first block (E); d)forming (704) a plurality of passages (2046,
2092) between the secondary channel (209) and the main half-channel (2040) of the first block (E); 15
e)forming (705) at least one inlet (208) for the secondary channel (209); providing (711) a second

block (E") and performing at legst step. b on the second blo k%EI : Scontacting (712) the two blocks (E,
E’) via their receiving‘sgﬁace 6?%255 f)esagcfﬂlal?ﬁet‘fvx?g %gﬁ‘-% %’3‘1%3%0(%%@%‘92 Fori'a fnain
channel of the twerakisermptetibiickd B, €'fhe deviep. The method according to claim 13 wherein steps

b to e are

5 8. The device according to one of claims 1 to 7 wherein the openings

(2046) are spaced apart by a distance ranging from 5 mm to 200 mm.

9. The device according to any of claims 1 to 8 comprising at least
one seal (207a, 207b) allowing the perimeter of the main channel to be

10 hermetically sealed.

10.  The device according to one of claims 1 to 9 wherein the main

channel is coated with a radiation absorption layer (2041).

15 11.  The device according to any of claims 1 to 10 wherein the block
forming the other (29) of the portions also comprises a secondary channel and
cooling ducts that are symmetrical relative the plane of contact of the receiving
surfaces (204, 294).

20 12. A tower (T) for fabricating an optical fiber (13) characterized in
that it comprises at least one cooling device (1, 17, 1) according to one of
claims 1 to 11,

13. A method for manufacturing a cooling device according to one of
25 claims 1 to 11, characterized in that it comprises the following steps:
a) providing (701} a first block E in heat-conductive material, the first
block having at least one receiving surface (204);
b) forming (702} a main half-channel (2040) on the planar surface
(204) of the first block (E); |
30 c) forming (703) a cylindrical secondary channel (209) in the first
block (E);
d) forming (704) a plurality of passages (2046, 2092) between the
secondary channel (209} and the main half-channel (2040) of the
first block (E);



10performed on the second block (E"). 15. The method according to claim 13 or 14 further
comprising the following step: piercing (706) two cooling ducts (210a, 210b) in the first
block (E) 15and/or in the second block (E"). 16. The method according to any of claims 13 to 15
wherein the secondary channel (209) is bored in bloclkS(E). 2017.The method according to any of
claims 13 to 16 further comprising a black anodizing step to folin a radiation-absorbing layer (2041).

€) forming (705) at least one inlet (208) for the secondary channel
(209);
£ providing (711) a second block (E’) and performing at least step b
on the second block (E’):
5 2) contacting {712) the two blocks (E, E’) via their receiving surface
(204, 294) so that the two half-channels (2040, 2940) form a main
channel of the two assembled blocks (E, E”).

14.  The method according to claim 13 wherein steps b to e are

10  performed on the second block (E’).

15, The method according to claim 13 or 14 further comprising the
following step:
- piercing (706) two cooling ducts (210a, 210b) in the first block (E)
15 and/or in the second block (E”).

16.  The method according to any of claims 13 to 15 wherein the
secondary channel (209) is bored in block (E).

20 17. The method according to any of claims 13 to 16 further comprising

a black anodizing step to form a radiation-absorbing layer (2041).



