; e3eodoRnl 6Td < TUBI NG SYSTEM FOR REDUCED PRESSURE FI NER BACKGROUND OF THE
| NVENTI ON 1. Technical Field The invention relates generally to reduced
pressure fining, a process for renoving trapped bubbles in nolten gl ass.
More specifically, the invention relates to a tubing systemfor conveying
mol ten gl ass through a vacuum chanber while maintaining an airtight
condition within the vacuum chanber. 10 2. Background Ar n industrial

gl assmaking, a glass batch is made by mixing in blehderﬂmHMﬁHWWHMMMEf raw
materials obtained fromproperly sized, cleaned, and tr | s that
have been pre-analyzed for inpurity. Recycled glass called ¢wdsset nay al so
be mxed with the raw materials. For the nost commonly produced soda-Ilinme
gl ass, these raw 15 materials include silica (SiQ2), sod ' - '
(CaO, and various other chem cal conpounds. The soda seﬁ“@@@ﬁ@ﬂ%ﬂM@@ﬁ to

| ower the tenperature at which the silica nelts, and the Ti a
stabilizer for the silica. A typical soda-lime glass is conmpoS¥?of about
seventy percent silica, fifteen percent soda, and nine percent line, with
much smal | er amounts of the various other chem cal conpounds. The gl ass
batch 20 is conveyed to a "doghouse", which is a hopper at the back of the
nmelting chanber of a glass nelting furnace. The glass batch nmay be lightly
noi stened to di scourage segregation of the ingredients by vibrations of the
conveyor systemor may be pressed into pellets or briquettes to inprove

contact between the TUBINGIS¥STEMFORRBDUCED PSS ORE gd into the
nmel ting chanber by nechani zed shovel s, screw conveyors, or Dbl anket feeders.

The heat required to nelt gAeKGROVNIG Y TERY fq1ppat ed using natural

gas, oil, or electricity. However, electric nmelting 1s by far the nost
energy efficient and cl ean nethod because it introduces the heat where
needed 5 and elimnates the problemof batch nmaterials being carried away
with the flu . ensure that the conposition of the nolten glass is
honbgenous lt' EF%@%%%E{C,& he nolten glass is typically stirred together in a
condi tigning ch er that is equipped with nmechanical mxers or nitrogen or
air bubblers. T eanF’é‘?‘P’blrgléEegi%J)“Fngﬁ tarequeed i pressurse fining, reapreness fannel s,
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|l arge quantities of gas can be generated
material s ft¥bingesystent hfor Towweyiggs ewmltenoglash ethrotighhat vaaREr @ambef OxFile

bubbl es in_tk |ten.ql ass. lLarge.bubples rise to the surface, but,
especi al | yr%aé ggﬂna?glg%gﬁ?ﬂdé‘téo S ¥HLEm "g’ﬁm%Pr-bubbl es are trapped in
the molten glass in such nunbers that they threaten the quality of the
final product. For products requiring high quality glass, e.g., 15 liquid

crystajgdi ngaékg.rémhrtapped bubbl es are renoved fromthe nolten gl ass
prior to feeding the nolten glass into the form ng nachi nes. The process of

renmovi ng b_Ubbl €3n H&Mﬁlﬁﬁma élfss Balch§d mfaiden b)r(] %ii)u%gem blenders a variety
. of raw materials obtained from properly siied, cleaned, and treated materials that have
been pre-analyzed for impurity. Recycled glass called cullet may also be mixed with

the raw materials. For the most commonly produced soda-lime glass, these raw

15 materials include silica (SiO;), soda (Na,0), lime (Ca0), and various other chemical
compounds. The soda serves as a flux to lower the temperature at which the silica
melts, and the lime acts as a stabilizer for the silica. A typical soda-lime glass is
composed of about seventy percent silica, fifteen percent soda, and nine percent lime,

with much smaller amounts of the various other chemical compounds. The glass batch

20 is conveyed to a "doghouse", which is a hopper at the back of the melting chamber of a
glass melting furnace. The glass batch may be lightly moistened to discourage
segregation of the ingredients by vibrations of the conveyor system or may be pressed

into pellets or briquettes to improve contact between the particles.



met hod for fining glass involves adding various materials known as fining
agents to the glass batch prior to mxing in the blenders. The prinmary
purpose of the fining agents is 20 to rel ease the gases in the nolten gl ass
when the nolten glass is at the proper fining tenperature. The rel eased
gases then diffuse into gas bubbles in the nolten glass. As . the bubbles
becone | arger, their relative buoyancy iBcreases, causing themto rise to

the surface of the nolten gl‘as_s where they are rel eased. The speed at which
t he bubbl es noveThhglsaghaichds naderted igfp 4be medyng ehamher dyswdchppized dhovels t he
viscosity of the 25 nmolte and-f he viscosity o he, no] ten gl ass can
be reduced BYCY FRPEAn G @ﬁgj(%zsﬁ%jgfsat Eﬁ%g?ﬁ‘t r?‘II‘érePrgSIYPEII tb? gLa,gs L?—@"B‘%‘V Ctive
fining agen eriepartecaﬁmgaaﬁfdlfg]ap,rcﬁﬁwe&ctr&I@s&HdwévH,ra:qaec?rwmutm ng b?rfglcﬁl%ses
shoul d be able to release a large anount of fining gases as tghe enperature
of the nol t mesigénesgy efficient apd sbadntroethdrdk beesupe itantroduces tige hodt exlteere heeded

vi scosi ty of e moJjten glass igs.sufficient]y low,i.e., 1300C to 1500C for
soda 30 i mendSaERicn e, dhofii of patdh mafieis bijus iriediabiny itk theohe B use
Wi th soda- | TgRnShrdShat the S n;sbratfdal SRR xﬁBﬁ&Sgl%s is h&nﬁg&bﬂ%ﬂm aad far
fining glass involves passing the nolten glaSs throug a | ow pr8ssure zone
to cause thmobemliglass is typidadlynsirtedrtogethersint o cenditiordngntamberethqtiiscéduipped t he

f foy | ass. Thi i s typical l f t duced
o esaure t i i s hamcal Mobrs i ARk Al b Bt THs RS Trelpisls Mensagiogtin
reduced pregset 6f farfofF Shandel; cafalelaafo?éhba&,&éﬁh@%ﬁiggd‘&ﬁ%gﬁggt n fle &I:Itirr]lér

di scl oses the general structure of a siphon-type reduced pressure
The redltede s,ulargef quaatitien of gavwan ba generated 4y, tHendécodpssition afuhenrawssel

to an upr i STHSTBIHE e JAFtanShHr BrY OTECrEn cerer BBuiF PR oRpBes.
The uprisi nﬁol!éx?@laé*sﬁllﬂr%%b@%ﬁ'tb It sERE, Butdb gsggﬁtaﬁfeth%ﬁ&ée EE%E}:%%S. and

material that 10 can w thstand the high t enper at u
that is notmesyissousosmaltibabblamare rappedninvthe selten glashén sywhi minmprpthaetidy and

-t he downf al }i e 4.are heated b lectricity. An insylating material 5
i'S provi dedh%%%d’ﬁ‘hgﬁﬁéwgfﬁtfﬁﬁg&%%ﬁ,Pe%?é“ﬁ*ﬁwfsﬂw’ﬂng?‘@ @fﬂlﬁﬁafsh‘é'g"
downf al 15 ngliqiiperyktal Bspiags) thy trappel bubbldsaié f&nd%ﬂ%dn@khén@ﬁélﬁ%ﬁss geeral ly .
of insulating bricks and doubles as a structural support for The %5

upri si ng pi s&disg sheomelien glaserinta the fermingmaghingsae bot t om ends of the upri sing

VeSeel 1 extond (o Breet AL BBy, tBbeS ord thoffll 8RS & oot BneC o8 o

7, respectimethpd fdminifif glasginvebes addifig variaRmaeiAsdkiewl 8CShing aBBits Rthe! ass
froma gl as | ting, furnace (not shown). Flow of nolten &Iqass t hrough the

upri sing pi g}és ,?tquée&umém blf{ldea%&"llemiwamapf diningagentsis| | ows
the sippn ff jeiaid %glaéfsgﬁ{]ﬂh r}Q&chnh 158 »bhé]ﬁhgur?%ﬁ%gglgssolfs a‘i?.l?et ﬁ@h%ﬁ?@%ass

in the vacuum vesse I gher than the ace o
glass . in tehpestweadhevelsased gasss themdiffuse prte gaububbles intke umiton glagesael |

is lower th nbtgﬁg essur,e in“tBhe torage vessel 6. The pressure in the .
vacuum vess@f’ Yop'E éeé’log’ceéﬁtgFﬁ ?I’érciqt'é@%gf’ﬁ’i‘cxfmﬁ?ée% Cepsing temyta sise by thepe
mol ten gl assurfabe o the/MBHENTEIES Shlerelthdd bt FRABEL! T%cglsﬁéﬁdtali‘ ‘%vﬂiﬁgﬂ'{eﬁn%;ﬂ&fs ace

of the nolten glass in the storage vessel 6. The ght of t q
surface of mRawe thyoughn thy moltenrglosscmaynbeeinershsed b educirgetei viscasity wff thee of

th I I {n th t I i t b d .desired fi

o esourss” aroRED el B, it SRS F mPeeCeRS eatols TrySfed Y inousines |

vessel 1. Tﬂampeﬂuire rbfghaﬁﬁ)mehtépasg_hmﬁ eFfeRRd hgé]tifgr EMFB%{J gésgugét,)m t he
. Be

glass nelting furnace (not shown) into the 30 storage vesse cause the
pressure i nglasfemelipg dnd finirg processes slaydd bp shlet tocrelsasess large amounteoffiningge

vessel 6, t q i e._vessel ises through th
upri sing pi %%eggl é\'?(l? T 1e§§§raec#t}ﬁr§ l\?‘é’gélgéﬁ% 1s¥rhcéesa69%§)stb9 i“’i‘%f‘i %ﬂﬁ‘?rsessel
1 is 4 briheokscolity oftheanelidn glassisauffividitlyi [ow, k., 11866°C Bansddee Rt geEpheri c

pressurean typically 1/20 to 1/3 atnmospheric pressure. As the nolten gl ass
passes tthr oﬁ’g‘@ﬁ glase” Hacxamplecf adining agent that husvitabls foruservithusnda-lmeglesris, t he

bubbles in gogmﬁl?aqggg%}g?g)_expand and quickly rise to the surface of the
a

nolten glass, creatin mlayer in the 5 headspace 8. The refined gl ass
descends into the storage vessel 7 through the downfalling pipe 4.




The vacuum housing 2 nust be-designed to minimze inspiration of air during
the fining process. The | ocations where the uprising pipe 3 and the
downfalling pipe 4 exit the vacuum housing 2 nust be sealed to ensure an
airtight condition within the 10 vacuum housi ng 2. However, because the
uprising pipe 3 and the downfalling pipe 4 expand as they are heated, it is
difficult to maintain a reliable seal beBBween the wall of the vacuum
housing 2 and the uprising pipe 3 and downfalling pipe 4. For exanple, the
upri sing pipe 3 é&agthenanetasthfag fining ghspeénvplessrpassiog the awltey giwsrthibugh.a when

heated up t her be ap,.where a subsianti al anmount of
air .at at m)s5%5%?§Tﬁgpn%ﬁ8§éﬁsreetﬁ%gﬂyq’l?sdﬂ/%%?glt?% a?ﬁé@&ﬁﬁﬂff)ﬂ@i Ihy§ quickity iot her
t he insul at ilrgubfaécéBthd phiso.UTHistpR6cdd s t§hiBsl] P8 ld hg pi pe
4 expand as they absorbgheat flroﬂri‘nthe Sugfrni siyﬁ*gep%irege@%gén fﬁgy%%%ﬂg ng

gi pef 4|, | but OH¥adymafiniag) olikare m%ariqwamonﬁ@wmgissdfngdmeﬁq)ressmfe?ﬁﬁm UbS._ )

ownt a ng e .gaps open et wee te|nsua'_t|ng 'l CKS

5, whi ch’}_’ caﬁ%@aﬁ’?’%ﬁgg3?)3%%%1%@3%‘”&%‘:19%@ tﬂf)r&cg?rﬁgsﬁweyfaﬁélﬁhﬁ&type

downf al | i ngredlcdd prsshre TiR6r. UTHS PRRICLE re@i&@%neﬁ%s&%@g;iﬁplﬁ Myt *i‘lﬁcllﬁd;;t er nal
: y

pressure the nolten glass exerts in the pipes 3, wopri P
ref erences MeAmawesselskdisposed ior vache hufusingdl. i The batwee vekded 1630612 éhd

s |1ing pipes. and t Il _qf th hous. 4
provi di g AcRHued 1 ap e BRCBige o Sl sl conieeid fa pramvaaLing e 4.
[ nternal - prae ubsing pige Sendaicdiwitalind pirde RShiade bf pliilGnCh Mhiendll Bl 0SS

a backu}o0 structure tor uprising and downfalling piIpes convey

mat eri al? t hfauyihsiandaba bightsmperagugrod themaltetb glabomel that issealebsily hgiodeen t he
i dt y ng. Fi 2 Ll e back t t f
D P ne 16, ' T VRSMHILARKEH e EE e o ath Beciohrmtalive e Acse heied biokup
structure ieletticiep aAsUpaditirionthatbeidi Geis:@ro%'h&rbr.lﬁxdnﬁféeﬁghguﬁpv%%elal, the
s ar’e

supporting plate 32 and a push-up nmeans 36. Insulating bric
arranged ar BRIHRG Ripeudr Ard e Wopalallings pipasd.t oTypicailyyirthe tifsalatingemafthiel Keg

portion 12 he_ v h I,.na, ich contains the pipe 16, is _shaped in
a rect anguf%dr&]g{rsl %qure?aﬁtjgg}‘ lgs%iiﬂq%n'a?m@(éa d g?‘fh?esaﬁﬁ %W’B’S‘E"@‘ SePRAsh BT theao
are fixEd atprisheg fipei8 andtiedSmehlling Digeetl TRY bdtRi i Fthd B6rid; r
prismlike é}él i ndri cal form The pE?hﬂ- up neans 36 connect{s#g}lil %lgg?@g%ﬁgrati on

12A to the U§9pvRialing pipaddha2rennt corppstedith éhesvaspumiviesssl bleatend Hrouginthed! y
t t i Ck i dat 5 .
b edetor i neqoyaHeRiRg Hinto W0 oRlae e AR ah o rBRERER T yiined yesset s

bricks 28 atamnectedtcsteesikethoben ghenfromen élhs%ﬂﬂaﬁq%ﬁﬂnac@ (h8CHBOMPBA i s forned
~at an upper surface otrs%ﬁﬁch of g\m&%ks,z& The depth of each recess 28A
is substantiall Re0 en,glags g BRItSIRg pipp 3, theavaguumosssel d, andhthewhen

the brizgks &Swvighl ?&;ek@ ; . e . C f the flanges 16A
is received in thé1§ jacgor%s\ggglgh%ﬁ&%ﬁg%%g@g 2’etﬂf %@%ﬁm—%ﬁﬁg on
coef fi ci entmeken glassin tlee wa@numiNessel il s higher thin thlediquid surface ofilghasltén@dsst he

t her mal expﬁn%i on coeffici. ntg?é)f the bricks 28, the elongation of a section
of the pipe 1 eb%?ﬁ%%ﬁ“ﬁﬁ% c Bl the BRFgRLe i Ahe yaquumy apsseh d nistlawer grant the
brick 28 arpressgfdinbiaé WRpabel vi8se} FTETHRADBEARL inf &ﬁ,én ] ion
in the axi all5 direction of the section of thlgtg?gg 1 ?géé?}elsﬁ]}%(lﬂ%e&d)ﬂg@gt he
bricks 28, devatinaof theeliqud sudacenf the maklien giase in thei wacterhovessell 1i witk retpscti N a

curved r L i e axjal, direction e pipe 16, as a
whol e, 2(czsgr ?8&%‘%&%@& g @q%?eo(}gk‘éoﬁﬁiat% %I%SSOIP the,gtorags v E%saf)%r {I‘E‘?(Eg .°f'1f~‘h"el’ﬁﬂilﬁe 16
and bri cks sigfacephitid Holtenplash e ' t 7
means 36 wh nat hgrmal |y expandgd@The?tgsgiegtggg%agg liscﬂ{)ig?ﬁ%cg c’?ﬁ‘ép I’Ilgﬁg 28

and t he pi pBastdnhgstorags vessebmidseithasedion thecdesned Sningrpriessurodnd the rpiepe 16

in the 20 ¢t Lal: H I i Qn. yvlindric UNe] 50, connects the
| eg porti oﬁw@ggﬁcﬁ{eﬁ [%lhs\%al(s:&iuorﬁ ﬁ%&@?r&} t’ gc n)’%ﬁﬁﬁ@iﬂt gm\é\ft%ﬁ gla§52,w1§n%ethe

t her mal i nstrdpped dubbles d itahsfetred fronk ke Blakse 5el@ f\iu%aéee@&itvsﬁgwhﬂ ikt She
cylindrj.cal bellows 50 so as to keep the inside of the vacuum chanber in an

airtight cotpEs ¥essel g Rpaaysethe pressymneERn @ues \esssl dp dess then theprésswrent i on

is a tubin t eyln ial through.a vacuu ousi ng
whi ch i ncl 832;_181@ g%fgaﬁggyi %ng gmfptfrggzlﬁs?[l 13} Wg% esidd'ﬁg/eolvﬁﬁsfgﬁsnﬁitgﬁ"@g}fgf’ ess
as the tubiupgisigppipes. info thelvaduuhy vedseln1.0] Eiet prebsurdliis RS @acudhPRessa] | §eot h
of the tubing carries the electrical current which heats the tubing. A
plurality of refractory insulation bricks are stacked between the
projections. A first seal flange is 30 coupled to an inlet end of the

tubi ng, and a second seal flange is coupled to an outlet end of the tubing.
Each seal flange includes a nmetal seal ring which is adapted to be




6 coupled to the base of the-vacuum housing so as to nake a seal ed contact
with the base of the vacuum housi ng. Each seal flange also includes a
refractory seal block which transfers the expansion force of the tubing to
the netal seal ring and, thereby, causes the convolution to conpress. 5

O her aspects and advantages of the invention will be apparent fromthe
foll owi ng description and the appended cHai ns. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 shows the general structure of a siphon-type reduced
pressure fi houghtFogigduced prassiee eongitioprofdess thae Kgpatsrosplesrier pressure, aymeadly

whi ch conve ten 10 material through reduced pressur I ner. Figure
3is a sche@ﬁ@nr/ﬁlﬁﬂof C’PS!‘PIS?Sug'rgau@gdn@Fe@s% f‘sep?ﬁ%f‘ﬁe ro %g[nﬁev%ﬂmins a
detail ed veyédselal afd @acounRes tRre@iceliResiens ERRAALLRRGhithO nidfiteh ask @ApER
pressure finer shown in Figure 3. Figure 4B is a horizontal cross section

of the tubi ard guiskiimrishdanthe rsurfaggioé the mateni glasse a@tingondoan elayerpinvthew of

a power fla . Figyre.4D i s a, cross,sect, an, of, t he descende ection shown
in Fi gurge 4%@?@?& #1 nﬁiﬁ-rﬂ.ﬁnﬂ gf@ﬁsf—: @S?Cngdn&H?eoa@aa&ﬁ gwsglf 9aﬁ)é(é‘t&hi of
t he tubing a@@mmﬂhﬁbgu.re 4A. Figures 6A and 6B show detail ed verti cal

cross section of the el bow shown in 20 Figure 3. Figure 7 is a cross
section of the i Ahetvacuum housing Bonwst iba designedetodmirdingzer insigration of air during
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exit the vacuum housing 2 must be sealed to ensure an airtight condition within the

10 vacuum housing 2. However, because the uprising pipe 3 and the downfalling pipe 4
expand as they are heated, it is difficult to maintain a reliable seal between the wall of
the vacuum housing 2 and the uprising pipe 3 and downfalling pipe 4. For example, the
uprising pipe 3 and the downfalling pipe 4 can each grow by over 2 in. when heated up
to 1500°C. Thus, there may be a gap where a substantial amount of air at atmospheric

15  pressure can flow into the vacuum housing 2. Further, the insulating bricks 5 around
the uprising pipe 3 and the downfalling pipe 4 expand as they absorb heat from the
uprising pipe 3 and the downfalling pipe 4, but do so at a lower rate than the uprising
pipe 3 and the downfalling pipe 4. Thus, some gaps may open between the insulating
bricks S, which can leave unsupported areas on the uprising pipe 3 and the downfalling

20 pipe 4. The unsupported areas can rupture from the internal pressure the molten glass
exerts in the pipes 3, 4.

Very few prior art references have addressed the problem of sealing between the
expanding uprising and downfalling pipes and the wall of the vacuum housing and
providing adequate support to prevent the pipes from rupturing from internal pressure.

25 U.S. Patent 5,851,258 issued to Ando ef al. discloses a backup structure for uprising
and downfalling pipes which convey molten material through a vacuum housing and
metal bellows for sealing between the pipes and the vacuum housing. Figure 2
illustrates the backup structure for a pipe 16, which could be the uprising or the
downfalling pipe. The backup structure includes a supporting device 30 which is made

30 up of a supporting plate 32 and a push-up means 36. Insulating bricks 28 are arranged
around the uprising pipe 16 so as to surround the pipe. The leg portion 12A of the

vacuum housing, which contains the pipe 16, is shaped in a rectangular prism-like



25 Figure 8A. Figure 9 shows:-a cross section of the finer chanber shown in
Figure 8. Figures 10A-10C show alternate tubing configurations for the
reduced pressure finer shown in Figure 3. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Figure 3 is a schematic illustration of a reduced pressure finer
50 suitable for renoving bubbles trapped in nolten glass or other nolten
material. The reduced pressure finer 50 iSncl udes a vacuum housi ng 52 which
includes a riser casing 54, a finer 5 casing 56, and a descender casing 58.
The finer caglindyicBbfarm, anthsuppastingmessing0 agntixedat thefowr eersergpfshe daed t he

descender casin are vertically upri.ght_casi ngs. The.casings 54-58 may
be general | >P°E‘§ﬂ%i ﬁ‘g“ri"é ?6?“?%;'7’%&(758‘5[1%%”1%%?? fﬂrg’fi ﬁhe pél.sb'.%P Réan3 36
rectangul ar cofhRtsf the &g bR 928680 MBS spottipailate 32748 1R esoihe s@ﬁp&ﬁﬁ% Blate
nozzle 62. A seal ed connection 64 is forned between the inlet 'nozzle 60 and

the top end3af upwardlyi sersupportathienyrieks. 28hi AmusidreflangeanteAdi ane Govided at

I ncl ude, .for_e l e, .a nounti flange 66 on the.inlet pozzle 6 at is

f ast en_edst oPéeﬁgﬁff}eﬂdﬂW yen g% e (ﬁécqrg"ﬁreg?ﬁjo tIhetp_ﬁ%e }gsﬁ‘eg’é‘g%nzgﬁ? and
an O-1ing segth §9cKelFervicindhs PRSRY 183! WEGBcds 28 A94 Rirhiad at hﬁﬂgﬁé D anek 68.
Simlarly, a sealed connection I's formed between the outl nozzl e 62

and t he t op eactdobthettiricksl @8c chiwedeptinof aarhs®cesT 28 Aviscubstantiallyi thg s@de ab she
includes an j.njet 1 ifo 84, ich ls.connected. t base 78 of the
riser casi néfuskr_xesq-ﬂéthgmﬂ'a@ge. ﬁoot'h\é\p‘gﬁe% bﬂ@&&ﬁéﬂaﬁgei ng"'ﬁgn ﬁ"ﬁ 8% of
the riser cagiADgaddofie Aihgds 16435 eceRbd in ¥ adjacéit kddass 26! . or by other
means which create an airtight seal. The riser casing 54, the finer casing

56, t he l@8escenderBecasserthe 3Bermah ¢xpansianncastiicienti ¢fothd @pe dés whishaiscoads efious
acuum chamber,. 72 in whj ch.a fjne, chanmber 98 and.a.2Q tuhbi ng . m,/3 are

\d/i sggs ed. TH at’f’ﬁ“ﬁﬁr”c‘ﬂ&hﬁeﬂ‘%érﬁes{bgﬁ{lﬁr 8*%“8‘8%%%@%“% ?fﬁl%# ﬁﬂgys'fsitzﬁe@e
casing 56. TEiéhghiibh Bfa §<¥ciibﬁrr?f?§e pipe 16dReweendidjReht flades U6AUD tardd Wl Gt

conveys nolten glass through the continuous vacuum chanber 72. The tubing
system 73 alofthd brigk 28curangedbetweenthe semeadiscersdlanges: Hiws, the eloagationdn dhe

provi des structutal .su re to th I.rect-heat ed. tubi 4. Breferabl t he
di rect - heat (f&naﬁ @bﬁeﬁtbon?&p SeetRn 8‘?‘*%1’&?? %ﬁrﬁ %3&":%“%{ g% %ﬁlﬁsa“{sr S?I,thagé%dause
pl ati numshaseatid ahtheRlipd 1€ iP@éfofmahihwasdipdh acasvddyfostl rTiteelonddtieniinlied end

76 of the tubi n%g;{is | ocated in the inlet manifold 84 and communi cates
with a val vexya directioneofethe pinsckd, 89 agrhale, corrgspondsrianihe slongation of degtackedinge

88 secures t LrhLe 7 ' i.Qks L. f: 4 and
prevents or ﬂr%ﬁﬁ %hz esgirb(ril%ep?? 591{“? %ﬁ@l(c)s% 2%’?&{#8%@ %Eéxﬁ%totggm\é{@%g%g% gnber
72. The out Ith¢ pasheuBeas 36 whaDthemidllyexpdnded. IThertied spicetSbetivesethd brioks t he

descender casing 58. A seal flange 86 secures the outlet end 80 of the
tubing 74 { 2h e pirentethat g3 WW%G%EF {he thorms §xRa|ﬁ‘§‘ﬁPr°§t¢%H‘P6f16a‘Prth‘? nt o

the conbignuquyRuaGHhh ABedRil A Eylindrical bellows 50 connects the leg portion 12A of the

vacuum housing to the supporting plate 32, and the thermal insulation material, i.e., the

_ bricks 28, is received in the cylindrical bellows 50 so as to keep the inside of the

vacuum chamber in an airtight condition.

SUMMARY OF THE INVENTION

25 One aspect of the invention is a tubing system for conveying a molten material
through a vacuum housing which includes a tubing having a plurality of convolutions
which compress as the tubing expands. A plurality of projections disposed along a
length of the tubing carries the electrical current which heats the tubing. A plurality of
refractory insulation bricks are stacked between the projections. A first seal flange is

30  coupled to an inlet end of the tubing, and a second seal flange is coupled to an outlet

end of the tubing. Each seal flange includes a metal seal ring which is adapted to be



8 Anot her direct-heated tubing 92 connects the entrance 90 of the inlet .
mani fold 84 of the riser casing 54 to a glass nelting furnace 94, so as to
allow nolten glass to be conveyed fromthe glass nelting furnace 94 to the
inlet end 76 of the tubing 74. Preferably, the tubing 92 is al so made of
plati numor platinumalloy. The tubing 74 5 includes a riser tube 96 and a
descender tube 100. The riser tube 96 extgnds fromthe base 78 of the riser
casing 54 to the inlet nozzle 60 of the finer casing 56, where it is
connect ed t ocaupeditp hlea bash afitter va@8uimyhaasing Ish asvtOmakéTd sealiesamnate withithe ba420

extends fromthe base %2 af HEE ﬁlescle der@ras.i r‘lg 58 to the outl|et nozzle 62
of the finer%cHEiVagHs tOWMHBRe H3CN 563 cfgarﬂgé s9dn¢igdesr retrastary spalntlesk whichy an
el bow 99. Thga el ele 1Qrithe nigse I Lcat ith
a stir chanber 166 t hr ugﬁggq%rgnduit 107. %ntgtglr?%tée{%%?lﬁgg g’ﬁ%?eﬁg %lﬁgéglosed
in the stir thhanbedutidbtofocompsessrring any fluid received in the stir chanber

.106. In typi cab %I ass fining process, ;Be riser tube 96, the descender

tube 100,° and t heOHCheAsPedta B racggng\,ggs REne dnyertiapowill heoarparems| frem Hleass

fromthe gl aggoiEl 'éggr-};@qf EenhdbdenR;id ows into the riser tube 96

t hrough t he valove gt7(!9 atl t nea{(aiﬁtﬁra ce g% o\‘ntlét' he inlet manifold 84. The stir

chanber 106 is also preheated to about 1400C, and recycl ed gl ass, al so

known as cullet, is fed i j Q owed to nelt until
rﬁﬁé}hﬁ b otit | et end 80 of the

the I evel of glass in the 5T eacte d

descender tube 100. Instead of, or Jin addition to, nelting cullet_in the
stir chanber 106,p‘§5w2€f11°é¥§ ?ﬁ%%er?wuﬁ%‘red?dfe?ﬁ@&’WP%FﬁdPF@ PIGH R0 t 0 t he
stir chanber 106 pighid 2 5N8wd £pflbor 8ft HatASSsthidnid €orSt pi Oa AR
the outlet end 80 gf t he desc\gnder tube - 00. Once t?]lgeout et%ne‘%géa OP t he
descendel0 t ubatetiglthfosghmreduned presswisifinen gl ass, the pressure in the finer

chamber 98 is sl reduced so.that, nolten ass is drawn into the finer
chanber 98 throug#gﬁ‘f‘?eﬁsiassé: crpﬁtt’)ceﬁ]@%“% ?&ﬁﬁé%’%é@%%e B 100. The 25
pressure in the fFigare £Aa5RedctARed 0B dr@g%eﬁ'orpw:age ggsg&deﬁggﬁmnpme( not

shown) to draw air out of the finer chanber 98. Wi Ss Is drawn Into
the finer ch&fuced ppessurediner showein Figyresk nelted in the stir chamber 106 to

ensure that the et .end 80. of ., t he descendgr be 100 remai ns i.nmersed in
mol ten gl ass. Owglg’etltglur?e"'%lat}éwzgfl?i grols%se[cﬁgn f’ﬁ*}gfml%%% gﬁ"’i"b‘é’cﬁig@et?’he
desi red J%evel , f|E“guﬁd#®slﬂiwith8tdplﬁbwg>fﬁlbomrﬁéﬁget ed by 30 draw ng gl ass
out of the stir chanber 106. During operation, nolten glass flows through

the tubing 74 |i kEgareAD) jomcross sestion of thedascender spctien shawn irf Figureta alogt he
tubing 74, tie descender tube 100 nust be |ong 9

Figure 5 is an exploded view of a section of the tubing shown in Figure 4A.

Figures 6A and 6B show detailed vertical cross section of the elbow shown in
20  Figure 3.

Figure 7is a dfbss section of the inlet manifold shown in Figure 3.

Figure 8A is a cross section of the finer section of the reduced pressure finer

shown in Figure 3. \

Figure 8B is an exploded view of a section of the finer chamber shown in
25 Figure 8A.

Figure 9 shows a cross section of the finer chamber shown in Figure 8. .

Figures 10A-10C show alternate tubing configurations for the reduced pressure

finer shown in Figure 3.



enough to raise the glass pressure to atnospheric pressure and overcone the
pressure drop due to viscous flow of the glass. Wthout the pressure drop,
the length of the descender 100 woul d be about the same as the | ength of
the riser tube 96. However, to account for the pressure drop, the descender
tube 100 will be longer than the riser tube 5 96. Hence, there will be a
difference in glass |evel between the inffet end 77 of the riser 76 and the
outlet end 80 of the tubing 74. In this enbodi nent, the size of the riser
tube 96 and the descendeETALBED LRIPIAORCOETHEHINWENTIONs di fference in
glass level is roughly 2 in. to 4 in, corresponding to the glass level in
conventional sti Fignhablieaschdrhatizhibubteation ofad sducdiopRygire finBAS0 shiRable for
difference in q}asi éével mﬁll,gen?rally be related to the 10 antici pated
pressure dr BpPQVing REbRIGS trapped i molien lasssorr piber srolicnemgtenieks . Thevistugedobes

108 d 110 | [1s i fi. h 98 d
after the dBesRrbRe: SncBacs Yatfulh 355k 34 HiRol AehldSs f kOEcafREBA fidfh fng
furnace 4 casinpost, anl laedbsbondeheasimg §8. aTheviinec3irpsss fiad Bbrizdntd casihfCndaw

t

material s ugled,to mgke glass, is fed into the furnace 94, and the gl ass
level in thEiSfHseE Casing P eandoteideseender easingdSSyra merticaly, uptight ¢asinghe Thiener

chanber 98 . val v T :9$S..| l,..aft t he descender tube
100 i s not %ggl r(r)]ﬁ é%q%\%lt Béagen%%ll% ] ug@é%iboi @%gr‘r&ivﬁg&{“ﬁecq WB@&‘QPUF@% n
t he descendectangbler. 1QBe fillee caxing S6has ian ihlRe nbiAe 60 GhddResutd oSzl FIUcLd
bel ow at rmsgegfe(rgi C pressure to encourage expansion of the bubbles trapped in

"the ol t en>@ed<onnaction dfiis fermedhesvecadhemletnozalepdamdeahe topperdsafitheriferi n

the fin c : : in,the finer gha r 98
0 el v oo alss.  Phis SOReE ARG ¢ ulh sdiiad) vt Ayl 3130 48

gl ass mel ti mgkgfegnhamz%m 0 thhtis tﬁatwtegieg tdh :tr?ugiii]gg:‘ﬂa:%e czmlme Ité;ps%mme ri?eﬁ
expressi on: ere.pis e density of nmolten glass and g is e
accel erat i o??SHWeS‘F%“dg?‘hQrW seph ﬁg that &5 digpassd betweaen thgmoyating anges 66 and

b- at i e i . . i t 5 |
s o\ o g g op bR ARSI Bl RSB CTHA,
chanber 98 tapldndbef the aleatenderacdsirigy$8. Ahefvathidnivusing. $Halkd indlodR dhmldl ass
f inth | | ti, f 4. It should b ted that the height
1 obt ai Hed PRBITE TR CPOR (5 Pomseieont: the ase T4 6f MecBanm casie. 5hosH slak of
th . i .
across he akYGrHmat: Kah¥8eTR Bahobendh o' 2 S 3780 ol beigf YR,

height His |less than’the height H cal at ed usi ng
General |y, bhan erringsealeor by other meansiwhichusresta@nairtightasehler 72 will be 10

controlled by the vacuum.pu stemtq a_the desired fiping pressure. Then
the valve 79 wi |fh“b85°£diaﬁ‘§§§3' ﬁ%t CAYDS §§§’8 GeRESh ¢ps lapd dhe inlat| | n

the finer chanifeld 83%efihe h BontiiRvLE PabuainAhambeN Tl in Whith 495ef BEEhber Y8%nd 0

must be longer than the height H so that there is sufficient pressure to
over cordd t Hdbingssysteantd aterlisposed. Fhe finghehanhier 98 isentirels camaivechwithin thee

reduced su i I [ Eesl Lner chamber e, trapped
bubbles in t ﬂe m)| gﬁ gihgs@ﬁrﬁ gﬁ?%#‘@ é%%ﬁ%&a%f?@\?&a%?‘fa”??e'}‘gﬂh'rcé&@gtsefyst he
gl ass. |t imolterpglatsathirough thekcontinuans pauep chahiser 20 0THe fubing! §i8tebd M hlso
chanber 98 that will_ allow adequate residence tinme for 'the trapped bubbles

in the gl as@ciuges p sefractpry ipswiatonc/Schat inswlates and pepvidesastruciuralisuppdrts to the
i tant t X . . | i ded t
ncbommdat e oA RERARANA PR, e irf iR T NAE B4 1 DadS ol llaBiBl st b oo
EDV! ng QtSO| txbletinglmaﬁoys,_ubebmsfe plitﬁmthgm ging;AelgiBgslﬁgﬁoxw @ddeltnla't Emty\rfﬁhbh&ﬂl and
orizontal .&ross-section. o e fescender, e as . well as the |

refractory f‘?&lﬁ’?‘fét@f‘gk@gﬂ%ﬁ‘b‘bﬁ‘& 4hi§(i%‘@?@e‘ﬁ ¢ inl¢tgpaniteid 8413ad sommunigates of
th i t ! |kl ' i S

be 06°1 5. MhEa EET o U hRRQEIPEthy vt phdiftla 42 AUl argdB' s fbs the

tube 96 is substantially simlar to that o
Theref ore, atet@andpi6 ofi the tubing Fdrtoctheriplet fmarifold iSdeand preveAS @nmjnimiwes

refractory . nsul ati .75 around. the riser tybe 96 will, be omtted. The
descender tlﬂg’@rafﬂﬁ ‘f@“@ Fto th eentinugus Yaceum é@_ﬂqe& rﬁnof’h?%@u : Qﬁtﬁnﬁ&%ﬁf thgnd
poses rB0r e bl RNY Gtalel at BleBus®82 Bf Béfebdender éasing%@ A cddl g J]"gﬁj?ercufetss own
wei ght and thermal expansion. The refractory insulation I ntl udes

i nsul ati on theioullet end 802 thitubinghZd o thedescender ersing 58 ané miniddizésinkpistied Wit h
i nsul ati on a(ilrdg tl},24 %nd t hei rwifgcg]er suz%aces 125 bonded to the descender
tube 100. The™ REAUPSEPYHUGHT ¥EY AMbET fRde of a highly dense al uni na
materi al such as sold under product nunber K-3000 by . Babcock and WI cox,

Inc. The insulation boards 124 are made from a | ess dense, fiber materi al
such as sold under the trade name Duroboard 3000 by Carborundum Cor p.




- 25 The insulating bricks 122. are stacked between power flanges or .
projections 128, which are distributed along the | ength of the descender
tube 100. Figure 4C shows the top view of one of the power flanges 128. The
power flanges 128 are typically made of platinum or platinumalloy) and
are wel ded to the outer dianeter of the descender tube 100. One or both of
the insulating bricks 122 adj acent each gl ange 128 nmay have a 30 notch (not
shown) in which the flange 128 is fitted. Electrical current received at
the topnost powskndthardiectBéitéd mbingt R tdmects e enteanes 90|ofnbe snldtABanifoal e
heating of th descender, . tube 100 results fromcurrent flow The outer
edges of t 134 ~°§6b\<;’e¥lsqr|°aﬁa&§4 o8 g}?éwwfél%gp@?a%gﬂse@%@ alewmalteanglass tobe
beconme exc i Y toga T, 2 0Q e; it 1S heated.
Thus, soveral 3o Fof e dess HEESR indeb 30, KBS, ¥ siobh bR e

wal | of therefesbbndbe tubinge92 GO also naduizaufiplithiin®d of PRitifEMn AXanThOtubidg gire 5
shows aE_ ex Ilo ed view of a spall portion of the descender tube 100. The
in

rol | ed wans et fyhs Unand a descenderftekg 0. | Theerisar subre26, extendsafrem the
di stri but . . t 0 bout,
Mnh or -t w2y P89t bilcricer 0l 34 1§ 05 BERHERAE o\dtiFe Ey calftkSo, MR Hinge-

130 conpr essnastddm® e giendrimbar8 BPAn eltpans's, ThHE Qlebdtndbiniuber 00 exekas 122
are bonded to the descender 10 tube 100 by a castable cenent 132 so that

there is | iffam the basgB2\of thedescender 5asing &8 1o fhe quilstinoazied2 Bf thekfiner zasingid t he

descender b s Ihi r I 5@1 ~on th
descender F‘gbglh%%gt }Ss Pgicgﬁpﬁﬁﬁ%%h%gﬁ?/@?%gg F%’?I € ﬁﬁ“g%‘%%ﬁ“‘fﬁ?ﬁ&n in
Fi gurel8), thddescender dubegl (asonnguniostts avithevetirichiinber 106 8ough @ sork®® 107.
conpletely coll apse. A suitable ﬁastabl_e cenent woul d_have roughly zero
percent t het ftirerigotshosm is,dispased in; the; sti chambar 10 foxstisriag anp flaid received

sui tabl e cashpke ok 010632 is sold under trade designation Bl-57 bubbl ed
al um na by Carborundum Corp. This cenent sinters together as it is first
heated up so thatln attypieal glass ining precess pthe ciserttubd196,1the descpadezitabe 1000 end

i nsul ati on brhﬁks 12%80 erate al nos as, t he descender tube 100 but

do not expdBfRitRErAhamber Wﬂleé?dttﬂé{’ﬂgzlég&gﬁr Malisa glase from the; glassmglting of
fib | i t i Lt | i b

{her it oxnaee, 5 tieh ROACEEL BEIESRIUEHE gl it (e 79 48 fhe'iah s SPBE"

al um;c _ng pajtes pﬂgw?nliﬁﬂdtsﬁfemfﬁrzqhaa?cd 10¢ izhlgqqretﬁa?duotaﬂmuﬂ Mh()O:E%)v;lluziac'l/erE
any fibrous_refractory, mteria e used. Figur S e outer
co)r/ner s 127e°(¥1d°flkéa?sné{§? bol] %r‘?r'r’@ég lifefls H‘?‘éﬂl?oﬁ'lréi 3{338&5@8@@?[%’154 & 134
so that thendlfEmtilothk Nevedof Gless i thel@tiréHanibey 206 TERhELHe cﬁﬁxg{ BAd 86 1F the

insulation bricks 122 do not nove is an inportant featur ecause then the
power fl angéscends tube 10k lnstcadofi or in additionno, mekingullétrindbestrchamberciO6g

shear egdnof f r tiv i f.othe.brifks. 126 with r ect. to.th
descenggr tntifg}eénlgg{?g gbes lggrlr&?dg%@gége E%ngaéékoftgg P‘éhgtfﬂf%i?ﬁéfm‘o@w ll‘ﬂ’regaded
rods 135. Difigldshieastestirrddmbés b6 feachdseht outlad dnd 80 6F Hecdestérdet aehiopt her
so that th? hi %Bﬁcurrent runni ng through the 30 descender tube 100 does not

i nduce cur ouflet end:BY of ithe) descendaadybe 40Q is Zmmersed inamgliers glass, tthe:

i nsul ati on | Halkd [ nd.

pr ef er abl ypgﬁgﬁéjn#%%ﬁggg‘f onefagq%gl\%e%? gﬁg‘gé‘?%?‘@%&d?@ﬁ%&ﬁ%&‘%nm es
134 are 1l &inehohambdrc98 Kherovigls tenriser tubei960and thry dsscpndert tabd 300 SRy i N

Figure,4D) that praojegct i dl.y fromthe descendi ng casing 58. Hence, the
wei ght Eg of Pﬁ?é“fgtl%ge é@ﬁlcggﬁ%r JReY g]ﬁéedi“ﬁ Piausing 2 [yacuym pump (getshewppor t ed
by the des ;casi \ i £ j ' and

i nsul at i onqﬁg%%gi:?;%&%ha%ﬁg%ﬂgg@%e 8t :'g’h%ﬁ"ég‘g ﬁs%g{tga%eﬁs)@é% erﬂ.%ég ng 58
so t hat t haeyorarcellétandy be mdited de theestitashamber 106 foSersyref that thewutlehard $hef

i nsul ation bricks 122 are thermally expanded. Referring back to Figure 4A,
the seal flﬂ?ﬁ%‘éc eéf“bﬂ]rgofj‘?ﬁ“l“@? grs “b‘?‘°§?¥bg8§s e mehen glass inthe udes

a netal sedlinef chemBi358 ARChaANhe|desitdd eatll YiowOREM bidg: 744 er
ring 138. The metal seal ring 136 and the goppedr’{férhi %‘S ﬁi‘%l%gazﬁxs%ftﬁégd ar ound

10 an Bfsuldsawing glass out ofdhestirchembaénet al seal ring 136 nay be nade of a

strong netal su as steel. A spacer 0 i.s disposed, be n the netal seal
ring g36 and th %@erﬁ‘oﬁgwgtgn@%%@ svbﬁ’é’l’fgﬁ eﬁ\?’f’?ﬂ %EEF A RPR13E0 i s
bol ted to tehsurd ame aedaassGAR e S of tREuBRRIR! tlkidégceiag& r;gge gée@ﬁlggﬂe&g{;ﬁ%

i solated fromthe descender casing 58. The spacer 1
synthetic resin such as sold under the trade nane Teflon by E. I. du

S
gt




15 Pont de Nenpburs & Co. Oring seals 142 are di sposed between the copper
ring 138 and the spacer 140 and between the spacer 140 and the netal seal
ring 136 to seal against air |eaks. Alternatively, a conpressible

pol ytetrafl uroet hyl ene (PTFE) sealing gasket, such as made from nmateri al
sol d under trade nane CGore-Tex by WL. CGore & Associates, Inc., may be

di sposed between the copper ring 138 ang the netal seal ring 20 136 to both
electrically isolate the copper ring 138 fromthe netal seal ring 136 and
seal agai nseoughrtolreiak she glass passare tdatmosphtriof pressuel @l ovecarhey/ theqiredsatel ve
proj ecti on, e.%’.‘, ._platinoum ﬂisk é46, IS, silver soldered or welded to the
copper ri ngropa&ie tenwiscaus flay gf dhe glass,| Foithqut thegpressire dxap, Bhe dsngtiugt theni ch
i s nmount ed [ ' ' I P ahl bl ock
128 s madasr Rt 10D PO bRt e fsar R the R IR s 401215 RRver o

t her mal - sheegountfor sheapressundrep atip Idesaehderitabe b0 will b¢ longeZihandhe riger Bsyaded

al um naz zi g conj a-silica.refractory sold b as, Taylor. Sons Co. The seal
bl ock i548 Pg %BFF,EIB’T? Wéﬂig? é?‘lf&fﬁ%&‘éﬂi&f@s? X‘W@W@% eanlgt encsTheeidhe riserbe 100
to the met j 1380 of't i 3 sher. .he t al
seal ring %gﬁ gl?dseoddrt 13{3? Sts %&tttlgF%@fgﬁe%&g{lﬁ%é&%gaﬁgt?!z%éﬁgtﬂiﬁéseé H%e on

the inner 8dged tfe debeenderttabe balbis selected 8g tHaBthis Jiflerendel ipglass level i¢Rughlyt he
descender Eube 100 is neckq(f,d do to fit within an aperture 150 within the
seal bl ock?#2g° 4 Husoresparding t9 e slassdews] in senventional stir gharmbrss.dishenlder

tube 100 i pe Gofld! ““P*y%‘f‘ﬂ; B ind BEreRaRL iR 108 will 1RnBEAY Y Rfkd B gghoul d

be 13 sufficient to restrain t expansi rce et dg’secender
tube 100. Titicipated pressurodrop4a thd system des tevidesustflovweofl e gasso Ie¥élgRgbesi Nt 0

t 52 within t [ | ati i gk, | 139. Th tl et d 80 of
he- doscondty sraied Fopured qeieti b Bindepsinin M diost bamber 9§ised gt fhoum
di'sk 146 Diiedcbi@hfrube 100 rédpe@iibI LN OVl gtlgswews{xﬁgﬁkbﬁéé@?g Fiinald' A B ovi de

pressure, but the seal block 148 -and € Insulatin aye
t he necesseontradledbyrthe ratejati wiich plass basclpliat, itheramdinateridlé Gisedbtommbalsglasdist he

t I . 1N I |, ri 136 i s bolt t he b 82 of th
Gesconder " EATPIyTB Arsara S o8 T8 HoL 85! ke o phaber b conmaed boe
bet weers t hoadtihRin 82 kinéd &nbeP 98Nshd HR Hewsvabie 99, TR %&Wfﬁgt&a@ﬁr‘g o8.

Copper cabl es (not shown) carry current froma 10 transTorner own)
to a coppefescensder t8® 1004s notsontrobethbut can be héjusted by chatgingpthettémparatpein ri ng

138. The c 1A 33,4 hen conveys electrical current to the platinum
di sk 146 aﬁ%p@%%ensgﬂ%ﬁe f?(fe\nge 128A on the descender tube 100., Water or

ot her cooling f e prdssure i tHefirt @hathbér IBRREAUCEH DRICW BdBpKAR! prédiireOtdt €F
edge of the copper ring 138 and prevent the outer edge of the copper ring

138 from bERGOYragscxpansianyof the bpbbles; trappeddn dhamekton glass. e Th@ghieve a desired

di rectydeatggd ' WOk ¥ ' od 1 t grature
becaus ed10f g‘?ﬂ%ﬂ#@é JHS:][B r% rac f‘%ﬁ{e%ﬁeﬁ a@@?‘%ﬁ%t ﬁa%gskngtgceoﬁlei ‘gfmf ﬁzargg -
fl-anges onfintrechahibier A8113 tlotated hidieiphe B reldtivente the seEnderi6toftte pRAs irbthe
anneal ed after tﬁig rings Q.are.rolled into its surface, then the rolled
ri ngs 130 mehtine fymaced4 The height H Isgiven bipthe follawiag skprgstionief or mat i on
t hat occurs during _heating and

P

H=—
Pg M

where p is the density of molten glass and g is the acceleration due to gravity. Thus,
for example, if the desired sub-atmospheric pressure P is 0.1 atm and the density of the
25  molten glass is 150 Ib/ft* (2.4 g/cm®), then the surface of the glass in the finer chamber
98 will be elevated a height H of 152 in. (3.86 m) above the glass surface in the glass
melting furnace 94. It should be noted that the height H obtained from equation (1)
does not take into account the pressure drop across the valve 79. The valve 79 can be
adjusted such that the actual height H is less than the height H calculated using

30  equation (1). Generally, the pressure in the continuous vacuum chamber 72 will be



20 cooling of the descender tube 100. After the descender tube 100 is
heated to operating tenperature, the stress in the rolled rings 130 is
relieved. However, the descender tube 100 tends to shrink as it is cool ed
down. Thus, a force nmust be applied to resist contraction of the descender
tube 100 as it is cooled dowmn. A hold down block 154 provides the force
necessary to keep the descender tube 100l0rom contracting. At |east 25 a
portion of the fhg ge. 128A adj acent the descender tube 100 nust be thick
enough so t F]ptrel thp yacus pumy shgiem te Bdbe dasired fining prémufeorTienake valve

Shove t he o2l S B aRE i malinde bBSs Belin Suhneccioner $hat hol d
down bl ock Bddeskedathss Géveh The cRSceh@b @B QY nikebe ?}‘ﬁ’é}é ! the BeRBPERE,

alum na-zirconia-silica refractory sold by Chas,
strong refr éléactd}ﬂ%ie isssuffigigat/pressuroto pygrtemt the msigmnct tohB6wWR| Whes tHeathken

He , L ' d.th [ ied b he .hol d
cown bl ot Tl eneciycht Bl HeBted BiE-aB SR pRstiels Bectinel shoveer b dugi
- thi's regi ontrapped tedbles it tHesmélod gass réﬁd@%bh@mﬁﬁ@i%@@%&%{ﬂ%@pé\r,‘\g;

shown) is uged to provide power between the platin
f1 ange 128AlGISABPPTgNtLp Solect sneapmrepriaie denigthl A8 theTfimert chamben D8 tiat iviLltAMBws hor t

povor 11 ange ok aReEs i fymBhuaBaiTRels i Bstpaado e o tecaiamaudiant put

of the ther b2 enpbrak 1HGsald iporamthitn Kl ! Liegd,to the
pl ati nu%di sk 146 and thé podeh?of | ange 128%%;&0% %%i?og&%éf}@%fﬂ%ﬁgsﬁfz 15

pr ovi de' PowBFoviedvioerrcommasiaite thef foany genadied anch rdseltaifhibe @EIEY ehpa
128. A tran j : i two flanges. The power | eads |39
SRl e RS gy v T onoce, The baver | oo

whi ch supply curren es 128 are anchored to the wall of

t he vacuum housi Rigubsy Hx-4Bighowt 5 dedlled Sheoival H2d i Horizb groﬁgé_)sectﬁ%lgyf[’ ﬂ-lse 6A
s the

and 6B show,vertjcal cross-sections of the el bow 99 which connec
descender t O83enesd taks 10{bag wellrasthe sefsactasy insdption, 75 mreusd thecdescendef tite

el bow 99 i s1g4 M tE t | bow 97 (sho in Figure 3)
whi oh m:sz "ThéSimiclot OF i AUE IR F b et WnetarisBorion
exper i ehtestubad®6dnsubsaxialhssinilaf @ tesof thSd&beh i e
seal bl ock Ié’% gshown in Eﬁgurgﬁé@) when t he c?gfs)fcﬁgﬁgg? ?ﬂ%%ﬁ{fggﬁﬁ@tfsogup
and cool s d8tihe STy ofitheiser  andrfhe esfrsetaronsuliation B8 aminhd thearissr tibet and
t he thernual 9¢ [Walg Crlad QR € t he descender be 100
wi t hout causi ﬁ??ﬁg%@enge%éﬁibdgf %8 l'tﬁg%gt?lgg _ge&hvgﬁuﬁgec QR o ﬂ?fe‘f’%%be
100 i s expafdiand postrmosr challehgespmatening of pevsiting ib &ofidbhdidingRintedits bivhbut ed
over about pal Bt%ﬁp 20 descender be ﬁ_100. But _when the descender tube 100
is contractlRg, "Sﬂ“’{”& SXPaRIQY s Lae ralractary msylatien dSdncludes inslation brickser s
162 whe2(e al2=wHichhatd | j i cal resses are
chihal et it shftatcs 1239Athed WBP Beliafibly bOGAS 124 LEPRER

a source of failure in the elbow 99. To mnim ze
smal | suppolfer suifages 135 bpadegdetodthd desesmdet wbe 100.s AhkGhswlitidrhbriedsbpy 88. The

support fl Jd 8 then [,ixed in place between two support bl ocks 166,
168 S0 25 thade %ﬁ@“ﬁﬁé’n‘ig}é’giéﬂmé’éanﬁf{“ h 5 alg under FopdugbRAmbei- 3600 byie
support bl oBilrotlénd Wikkok SIndOThedasulftioABoard¥a9a afe e Fbal W ss@éhse gL when
the flange 164 is installed, a cenent nmade of refractory materral 'S |5I aced

around t he PRIEHEsUEBAss9Id Hader:the tradg mgeme1Burobgardriqepesy Carorindum Coips

i mport gt t : ‘ tyh! 68 are tightly fitted so that the
30 .flange ?lgédfm%ilglgts %oﬁ&éelr%?l %%ﬁcﬁeg%gé%eegrp@w&bwﬁ ‘%f’?lﬁ@qﬂéé@@n‘ﬂ@icht ube
100 and t hewt disributihalong (6 lenkth diite GusbxadeiabE 100N FigHaRR hdd ok 66 s
made of a st.rog}g} and :tgermal -ﬁhock resistant refractorsy mat eri1 al such as

Zirmul, and'€WP1a06 56 the powenflanges128. THhs power flanges 128 are typically made of

platinum, or platinum alloy, and are welded to the outer diameter of the descender tube

100. One or both of the insulating bricks 122 adjacent each flange 128 may have a
30 notch (not shown) in which the flange 128 is fitted. Electrical current received at the
topmost power flange 128 flows to the other power flanges 128. Joule heating of the -



made of a high-tenperature resistant material such as high-al um na
refractory. The el bow 99 is encased in the support block 168. The support

bl ock 168 is insulated by insulating bricks 170. The insulating bricks 170
may be nmade of a refractory material such as sold under product nunber K-28
by Babcock and WIlcox, Inc. The insulating S bricks 170 nust be strong
enough to withstand the expansion forces Idf the descender tube 100 and the

fi hanb 98., To,hal th b Q9 | | , b kets 172 d f
g et degditer Bivg ol relfis PR airenh o Re Thhoutra cases ofshaponveinizes
i nsul ati ng braigaksy 4 QatedB8olRd 36 kAt F}bem%&gf gﬁc{%gm%gsgg{e?yt%&e finer casing 56

so that relative novenent of the e res t he descender
tube 100 and t he Thewascarler tuberti60 eSfanids apitéyheatet]. THIREseLROWNIPrlleli$ingd 2
i 6. The

. H

support 178, which j.s fixed with respect to the finer casing 56.
support 178 JrekP™H uHﬁ‘&Feiﬁ}a%?RrPY’@ﬁ prtheayalk QF theadessensdsr tutri kdrte absadbans a

det ai | ed5Cr QRSTRSE bRk t iN jf t the base 78 of the riser
casing 54. The segxb%?béﬂ{je fglgwlgtgt 80'En rg*éi%g@oeﬁ” Ohed SHelParhion 8 the 84
is 15 si il alescenderimbsd80. Thengizdtngatl30tahe ﬂy?@st@ffeivf}ﬁilﬂﬁéﬁﬁ'ﬂgg ahé}g‘be
100. The seal f.l! dgﬁ i ngludes, a _netal seal ring 180 which Is made of a
strong net aﬁf%ﬁgﬁﬁg@e grg ! e%ﬁ%gth&féhe Q@.gﬁnqer ﬁé’e; » henally tabewt everyuindh an
ol ati ng by PO ENE eris of teiitortbihole 1bo. Hhe SUGRHRE T trruibwes e

pl ati num di slesceder fihe 100 texpamtigeTlu instlation bHElUN 2 heekbokddd its MEACEEhdeP 2
copper p r nge 190, which._is so fitted around the insulating
brick | i@ er (%‘iw%’zlédr@ég 86&5%’2? C%%H%Sa%% theye 15 Kttleireletive mavementdetwtendhd r om
the netal segmduldtiondbrdQ m%&%gqef%e%§84m%cfbﬁgrﬁ§8nn§gfe af Teflon o

|

other suitable material. Oring sea are ‘T’léheé'ﬁ‘ﬁ er
pover fl| ang&xp@Bicandf theedsspermier tdle216ds t&Emmpmﬁiftﬁm?y)Dﬁ?th FedeAfed 150
metal seal 1N 18(r)r,.to gsga% agai.&%t air l.eaks, The metal seal ring 180 25
is bolted t& Dride e g BHs Aypiding hayingdwstadew ofshe eolled singol30 aompletely 198
provi des an ¢gilgdsegh ' seal 1] 180 and the fl ange
D06, A seal orn K i SRRIDIONatGER, it bRl e rhlihs sl Hircerit e

t r ansf ed? t h&Xpansionsoroits fiost deatsp.t Bae exmhplei afunsuitable cAS@bleeiddgt 1% &l sokeal

i 180. T €, 202, t i "tybe 96 h i Fi 3
50" fing midbrPs S EREOT HiS Sl i by Kathopadum Com. s Pbsedmiat o
the seal bl einker? Q6gdtieerrdsoiti id &firkBedt&] 6F 0CHEE ﬁg{@@ E&gﬁﬁnt)?%g ;%éf%f gff‘e'(g%‘ od

pressure and resjst_contraction forces as the atindm'tu
down. A hol §XRA3sIoNpiTbe knsulatipg bricks 132 operateralmiost a5 bintvas the descedded til0g i N -

ol a1 um t ube? 98 58P efBoll 4l 3o kiicls o 353G be Wne 4 S8k Thver € by 1o
resi st 2he cloti 1331 placédberasemntachhiasilahy Bk 170 %ﬁ@%}%&b@nrbxgﬁgsicge o he -

tube 202 is necked down to fit within apertures 208 an
bl ock 200 st*&ﬁ‘b“cﬁ‘ﬁeﬂgr i che fibgycloth 433 is prpfrsably\alimina Taper suchpas typo A P263,

e R i B R

nol ten gl ass t hr &igyine ¥Rk slidwanthaeithe adter sameRal2?t b thy BSsMify bRckNE2T hRer
chanber 98 can be yari e?. 'lihe ow wel |l 210 and the needlgﬁgﬂz make up the
previ ousl y nérﬁ?lin%éﬁ steg G‘ég%l:[( o3t ths ipsulating byjcks|122ido Ratmegvearthetfactt t he

flow we23 1tha? He: i iBE r , re c | etely
encl osed wt r?i n t%gdlvaggﬁ%ﬁ&é?% %g%?g*%\%na% ﬁﬁ]ﬁ@gﬁ&?eﬁ‘e@% 'ﬁ‘ﬁ?‘?#ﬁﬁg’% t
possi bl e t oPpwemflanigas 1748 op tessdescender tuberl00ee hotiasiafger ocE®Ringtsheared 8Ly
| evel than I'eti'ﬁ ressure.inside.th gongti)rnuous vacuum chanber 72, thus
ensuring that P}I%em?ﬁeé?‘?nﬁﬁﬂﬁle&ﬂbci‘sg& WiBoresRechin thesleseepder tubg, 300.¢ Bheistacl: he
t ube 202 i €3 134 f il a

u | Sangléy 1391@fd fastened ft@gedier rtgedﬁ&dkglrggi 9%%‘6'@5& ﬁg{a@@q %é%fgggarﬁj

that for a |ong tube. Thus, the hold down
st eel angl eglectiigaliy, isphatpd dram ecaply|athetoson thalt db& Higl6 currem tiningnthréd®h the

contracgg on t ube 203. The seal block 200 and netal seal ring
180 al s%d pr%%/s?%fgég 3‘%"60@ {l%estlﬁ’i Bdyes HBER B tBE £0qL ‘.ngljﬁiféij"é‘ wAls d@swsThe

det ai | ed crwsighseof theningfilatibe bhickeN2Z and [ S ; inar
chanber 98. Ttge finer chanmber 98 is rruchrtﬁgﬁggwg}lgépgﬁeiﬁgrcggﬂgﬁg?lﬁea%rgi ser
tube 96 andPEkEaklxshavldetotiregsonithe ponter flapgesntRS. oThusethé isteel angiesnifsr @8 ar e
power . flanges 216. These power flanges 216 are nuch |larger than the power
fl anges 128 on the descender and the riser tubes 96, 100 because
significantly nore current is needed to heat the | arger-dianeter finer
chanber 98. Cooling tubes 217 through which cooling 25 water is circul ated
are preferably attached to the upper outer edges of the power flanges 216.
The finer chanber 98 is surrounded by a |layer of castable cenment 218 and
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17 board such as sold under the trade nanme Duroboard 3000 by Carborundum
Corp. The wall of the finer chanber 98 has small rolled rings or

convol utions 227 (shown in Figure 8B) to absorb thermal expansion. The
brackets 172 on the el bows 99, 97 hold the el bows 99, 97 fixed so that when
the finer chanber 98 is heated, the thermal S expansion of the finer
chanber 98 is absorbed as the rolled rings+227 in the wall of the finer
chanber 98 are conpressed. A layer of fiber cloth 230 is placed between the
vertical | oi nirghefedtthehccdacdmier 2athg 3918y Qippbrt § ' ek al
221, and the jnsul ating bricks 224g %ﬁ?lf#%ergggggﬁaggdﬁggggFgggt %q?%géhal
expansi on of IMardy fuineshedescending pasingn88i| dlenogy the ivekght? 88 thel Sted]raniglvis 134

SO0 ot TR b ARV rntanfocl et
gl ass |evel itherBagaticadbivkste drviabulRisP8oka8 108! ﬁé;gméd“ti@tg%%@s@%

which is inserted through the standpipe 232 above tHe scende
and adj usPed dgpcensier pesingh88 se gt dheyadre beldit the Hesoanden cEsiny S8 ) frivtivh when

t tot £ well. 21 h in Fi 7). The 15 | | be 108
{g;s)f)ggl I yoa B‘ﬁgﬁsﬁ %&E&MEIF%@WIQ@%F’I‘%%%E )108 tgucheserﬁe glrgsg o
surface, an el ectrReRbrify badk fo F%lu{?el 95C¢hd S %B.EQQGC%{%@%&I\%%Q%ISB(%O@&%SS'

In practice, the position of the |l evel probe 10871s adjust
control | er (rdsscesidenhibedd0tincludes asmbtel sealiring 4365 amban ¢lsctrivalby eondactiverifig) e

| evel probe 10?. The sta g [ 232.is.l.0c >gd g wnstream of _the finer
chanber 98 whabeCPHPEF Engﬁ & @ﬁ%@" S?%Eﬂﬁg B8 g?wpp?m%ﬁ%ﬂaﬁmﬁsﬁp@l@é,z
may be used tan @meveig BHEK RYEr 139, e ﬂemw%]gflghw& ﬂﬁﬂ%fﬁgsfspjﬁgghewbe

96, respectively. Normally, "the current woul d w oug
power flange 2:¢B as gieekirdl spaser Mbiswligosedabétureetothe mealiseal mey k36 dddithg esppe2s

the . d 0. ,At . . 1 t, thi 3 t th
Soul & cause” IRl'Pss Lt hRgs oo 0BT Bl BBk i BV I0hE HodoBhder 285ing 3B, Bt
since the el enppécahg ¢38 iLelbctAballyOinbldtet reh the SQRERIE calify 588 e sb%ﬁ‘iﬁ%o
upe ,

w th the standpipe 232 | ocated on the centerline of the descender™t
current convejeybemadetofa synthetipresin a8h assoldendte shectnatter namdh Tefl@Dbyl &s dnot

Subst ant a1 |y o NERGR A 3P DSl N LIRS HhRhed betett ioccmpenned3s
whi ch connectadt thetspeceri 140r andhiwstedn 88 shaes MU ame b ﬁl@tapﬁezheﬁﬂ%g?ﬁ £ seal

st andpi pe 233 | pcated 30 above the riser tube 96 may simlarly used to

convey cur r erf82inst fif deaks s diltornativelys a compegssibleapolytetrafwroethylens {PEEBpbéatidgt 0
t he pomerflaé}gﬁgt i i 0 he.t @he 0. 96, and
t he finer chanber’ %%ﬁta&?ﬁc%éﬁdpgg@% ?@d?ﬁgﬂa}%\?ﬁfl*ﬁéﬁeﬁex bbfg“ég'cgﬁﬁ&
housi ng 52. AAtsatintes, RBS may heodispdsed betwican theecdppeering 138raed tHR8mEwb sealghpW
t he gl assnsurf,ace h affle 23S will preven assage of foam or bubbl és
on the s 29 f aclea%g? bpig‘e'ﬁﬁqt%ﬂ?éfyl 1Fﬂ%6te %@PBWP@@%S &0’6‘&%@&% s¢al ring 436 gnd seal
provi ded in tda@inkP [ r : al.ch. & ogm
above the gl ass, su?%ééééiﬁhénggte{)ga%gg?ggﬁ Q}ﬁ%‘éﬁﬁ%@%\éﬁ%ﬁ gro;%ﬁo&] ?ﬁ"
typi cal | y be nlatinyan disk 146, isisilven soldaiied of webtedto drexepp@Qinpak3sa cr oss-secti on
and a | ength cal culat ed el Lpi nate bbl es i I.ten glass by allow ng
bubbl es to rise to ehﬁeagglngf’%%gm s°tW8P Peﬁ‘?afg&é’gg.“gh@’%t‘i’ohssmgwﬁl@ﬁ the
al so sel ect ednsulstthg! Bak 1dyer 439.s mﬁqamy,egiae@qr %Méklﬂ& fOMARe (d16 WBRbory
ar

surface % 2 for foam The finer chanber 98 may have a circu
cr oss- seéti ormaterialthgis both stpegandthermalshock tesistant. oAs example of s@dviméterialtive

finer chanbery; ' . SeGHlon L nim zes t he de of, the glass.
This is nore Zeuf%?%légi%\bgdeﬁ)ar%r?lé%oez\g/%ch%gtsﬁgé%ﬁg%%ﬁt%? soidnléy @P%ss Q{aggégf’%eﬁeﬁﬁas
a domed roof s2dtblosihl4disi @ed tetranishdy! the expadsiEDicel dTehe Aékcehider PhbedRPoqhe t NE
roof . The channel 238 in contact with the glass is lined wth platinum The

roof 236 in madel seakssgd36u| Theasxpansien forge dransferred it thenmatal seadminga136 4150
attack by cor L r h 0 r oot ,236 may. be cirgul a but
catenary shaﬁésq%\é%@ RSP aﬁ{h%t%gglélaag&ggtsgs P8 T Fﬁ%e Bfglei ’Hﬁtﬁfscal

l'ining. BOrt hingniB6e, The ertbportién 14% 6F thardesédndel Rivat10d i fEEked AbWnAS it iliif
the roof of the finer champer 98 to the refractory above the finer chanber

98 to hel p prPBBRTUEHAGY;winin therssak blagk Bdfbithusoerspgng thayske expansiopfoseriofshe t he
descender t ulgsckiier fibé §60 {s%idiiblited over the seal block 148. The seal block 148 should be




20 by the fixed el bow 99 and the bottom end of the descender tube 100 is
fixed to the descender casing 58 by the seal flange 86 so that the
expansi on of the descender tube . 100 is absorbed internally by nmeans of
the small rolled rings 130 (shown in Figure 5) in the wall of the descender
tube 100. Figures 1 OA. and 10B show how t hermal expansi on can be
accommpdated in a tube 240 that does notl3include small rolled rings. In

Figure 25 10A, .,a |arge netal bellows 242 is provided at the top end of the
tube 240 t Sufisiently thickdagrarrinthe ppansipe forge of the desconder suber100: hake ea ends

of the tub 4 eq t I.st the | arge.faqr.ces needed
fo compr es (i ELF pEE" 4G54 JHRER60 ol GutsF 45 At Eusei s SUESE 4PEnchor
the insul atihgatingiteick 1346139, 0OTRElotithe ehd BE 02 AR deScehB& tWBd 1000fs WlGedCBTh'g 248
must be raised as the tube 240 expands. The power |eads 30 244 that supply

el ectri cal Matinugndisk d46.hdhp@lasinum dislyd46 deoitsel is net strang eoghntes withstamd be

rai sed as e t.ube, 240 expands so h ngges .252 are not. sh ed off. It

shoul d be F]d(g? ggegxﬁggreﬁs&%@ggﬂ}eﬁgai ‘?%89{ %\%# %ﬁcg i’Eﬁ?iaufggmé:gdmel?‘éé’éo‘flﬂ%m t he
tube 240, sheReGRREy supSorfRIquIRENbP SheVpRIinhediskIdbalol RRhAEAE ke efemallhese
gaps coul d | eave unsupported areas where the tube 240 m ght rupture from

i nt ernal prosessuiee Thermethlkseal ring dB6l iss peltedctothel bass B2 of the idrscenddrtaasing|58s s

Do thet ubet$ O5ffg s4Hl 353 BRI an ebighf el RENEELINS Brelhl sEalSie DR s
lift the inmsd 82iop mebaése&ﬁiezé&éﬁ%s 58.h€d£gbﬁc£ﬂé% (%Dﬂ:[bﬁiﬁmt) cafrySiiéhOfbg g0t ed,

however, that the |arge netal bell ows 2 at the top of the tube 240 woul d

have | dPge tranafommen (not sledwn)rtadi copper tubatlSE dhatis ettashed teBwi outerf edgeedfitnd t en

gl ass. An e [ nal t not . sh be provided to vent .l arge
Shermal or SApEG e PRE The lHer BAZIAS BN colfic Pl L6558 iRl R felpip
subj ect ed tdiskordeckidithe\peuact ﬂ@gb 4284106 the dédceRier QibeI80, WitBesr dtfer cooling
rei nforcenment such as sold under trade nanme, Fi berfrax bg sol d by

Car bor undurffuidéy pin, thisweh dhereonpertiby 158 taeonl hroutssedes of thsrropper iaeldkl | ows
i Towed 1o BRgre ah 1 SR Rlba TSk Ering Faa hOR LBOBHERAT o Trem 1o ¢

all owed to pu rom onding themto the

tube 246. As thdtinsol @istoditarprto kel divestheaped plhgmpovete bfiangans daen ar e
lifted up. Agiai n the supports (not st%own), that 15 anchor the insulation
bri cks 246 copledie ropm ferpperatire Reganss pf sheprisk et cracking the platinua tubserione of at i on

bri cks 246 qu gé?&agg%ﬁﬁi&ﬁgiﬁég% istﬁ%gt SwNeE {ﬁ&gi&eﬁ&ntdgﬁggq%oﬁrﬁ% is

expansi on o ween power Tl anges
expansi on rannede®afferaheringd 130 areqolipdiirite dts stufadel thearthd tolled!rinpd 180 Rgsmld 30

ol ed ri ndte SeiFbly Bl o alitreeE HiBhEREIPEI ROt KU g heAT ARy
bel | 0025 Gobfingbf ink dBRRHSE he 101> ARS: e debenbAgho ) hetlba%h bokidne

expansion at the top end of the tube 240. Figure 10C shows a tub
i s fabri cattemipématureydhesgirass imthe 26ldeddngs 130ais aeljexcdnHowever, thfe deseenderctuibons

200 292 1o raul a3 A% L RUR, S HRSnBR AP ASPUIL RURSE: T
izgt6 o the opeAtrhfiontof488 dese@atubd1208!ias k6is2ebled2fivn. TRChAN Idowndblosl 354 264,

provides the force necessary to keep the descender tube 100 from contracting. At least

25  a portion of the flange 128A adjacent the descender tube 100 must be thick enough so

that the flange 128A is not sheared off by the force of contraction. The hold down

block 154 lays on top of the power flange 128A above the seal block 148 and is held in

place by steel angles 156. The hold down block 154 is made of a strong refractory such

as Zirmul, a bonded alumina-zirconia-silica refractory sold by Chas, Taylor Sons Co.

30  This strong refractory is, however, not typically a good thermal insulator. Hence, there

will be high heat loss around the region occupied by the hold down block 154, and the

glass will be cooled rapidly as it moves through this region. To reduce this rapid



have cooling tubes 270 welded to their outer edges. As such, the glass that
flows into the open joint 268 will freeze. Typically, the open joint 268 is
so small that glass does not ooze out of the open joint 268. Differential
expansion of the insulating bricks 272, 274 and the tube sections 260, 262
are addressed by providing expansion rings 276 30 between flanges. The
power to operate the tube sections 260,19262 is provided by separate

transformarcs l{not shown) . W}jle t&g iﬂﬁ\fl)e ti on has been described with
respect to° 2 it ¥ @psigrmer (gt i IFehed, tot proidesrawerebetween the ar t

L 1 Batint i o 0 B RO O S0

fromthe scope of the invention a el n.” "Accor scope
of the i nvismpenatushiathe shert seationed the Hyschydet hebeal (0e6&16@ers i Pltinum AiskWhat
is clained ‘lui & A tubiﬂ syii em for conveying a nolten material through a
vacuum houd#®§nd {the POWER 8“%% Bdhrcamh fp mnegswigd using thermpdeaplend 58, mduthel i ty

of convpl ugy ' | S; | ural j.ty. of

proj ect | ongmgini gg@egﬁlgﬁgﬁéwugﬁﬁeﬁgt%ﬁg?é P%gn@uﬁﬁép%%gglﬁ%& %’BP#IQ%EO ther
carrying t platishmalisk b6l andithe powvervitting® 12841 FransRrinbPind8shovil) prévkd g&i?z&f
refractory. insul ation bricks stachaepd bet ween the projections; 10 I'rst
seal flangBSRGERItIPP e Aangs BA8Aeand tie other powsernangend28. sbdumsfoseed isf | ange

led t : ' . ' | £l [ :

ol & oAt birSleeft Mo Alandddl 15 BoRAr 10AIETR BB R SoRF Hirkn N SRS

so as to nfkegea 138 ateahchoret ae thewvalhof the vhasen Béusidpess/Be heudi (Gowand 15
ang

a refrﬁft orrg%iseal | ock coupled to the netal seal ring the tubing, the
refrac ory1 grefi ek f or transferring the expansion force of the tubing to

tUbi g systom of T G T o S el e e R b o5 VR BsSian 20
el ectri cal the desceddert tube 100 togthe finercthaarberif8.t A geinetiestriatureof the Rboiv%Bis
projection_.on the tubing. 3. The tuhing systemof claim?2, wherein the
el ectri cal THPRh A thet sr%g‘\r? RE ﬂ?esag?‘ﬁg’ﬂr Q%E%Wy’/n Figre 8 whidneemmectsghertisseal
ring. 25 tube 96 to the finer chamber 98. The elbow 99 experiences the same expansion forces
15  and contraction forces as the seal block 148 (shown in Figure 4A) when the descender
tube 100 heats up and cools down, respectively. Thus, the elbow 99 must be able to
withstand the thermal expansion and contraction forces of the descender tube 100
without causing the descender tube 100 to crack. When the descender tube 100 is
expanding, the vertical upward force will be fairly well distributed over about half the
20  descender tube 100. But when the descender tube 100 is contracting, high local stresses
will be induced at the inside corners 162 where a weld in the elbow 99 is located.
. These high local stresses are a source of failure in the elbow 99. To minimize the local
stresses, a small support flange 164 is welded around the base 165 of the elbow 99.
The support flange 164 is then fixed in place between two support blocks 166, 168 so
25  that the flange 164 cannot move either up or down. One of the support blocks 166, 168
is notched to accommodate the flange 164, and when the flange 164 is installed, a
cement made of refractory material is placed around the flange 164 so that the flange
164 is gripped tightly.
It is important that the support blocks 166, 168 are tightly fitted so that the
30 .flange 164 does not bend when forces are applied by the descender tube 100 and the
finer chamber 98. In this embodiment, the support block 166 is made of a strong and

thermal-shock resistant refractory material such as Zirmul, and the support block 168 is



4. The nmethod of claim3, further conprising a seal for sealing between the
electrically conductive ring and the netal seal ring. 5. The tubing system
of claim1, further conprising a seal sealing between the 30 netal seal

ring and the base of the vacuum housi ng. 22 6. The tubing systemof claim
1, wherein each seal flange further includes neans for resisting
contraction forces of the tubing. 7. Thd5tubing systemof claim6, wherein

the neans for, resisti,ng contracti.on forces, S of the tubing includes a
hol d- down r%q‘dreac?f%?‘fﬁhﬁ& rtg gedsenomeiesal syahaas bigh-alwmmayefagtorys. Time

t ubi ng systegspwbHo G &4 i rei S r l St 1 opt | on
forces of the tubi ngﬁﬁg hrié‘/gxg Sgbgr%r% gﬁ)cgﬁﬁg (;lglgp uéﬁ&'[t yc{cggwréelg ﬁrés@fage%c@b)geal
bl ock. 10 9nsultiingthrisked 78y Stheinsulatingairitkd 176y diermidecof 41RifABtors mareg] of

| ati 10.. Th bi t f ¢lal ,, Wh in the i f f
Phe. 1 noul athhet 0L BdkdnadE Fimber Ko B Babedch apd et IencThbovigiag, o
t abl : | ; f L. ' fib
ot 1 actory mekea] GrusEbe M6ad dabhd SXPURIRA e Ly UREL Bt B eeelr

absorb t hertwed 10kqeirthe dmepthaniier i98s Moatidld thebalbok 99 if Blacthrabitst I Fy&d em of

claiml1, wherein the orter sur fgces of cahe Lﬁpsul ation bricks 20 are
| ami nat ed W 2hoEAR8 MEGI sHchoss steglears placed 9n thedon L4 apd sidst Ki6 of insulating 10,
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Figure 7 shows a detailed cross-section of the inlet manifold 84 at the base 78 of
the riser casing 54. The seal flange 88 at the entrance 90 of the inlet manifold 84 is
15  similar to the seal flange 86 at the base 82 of the descender tube 100. The seal flange
88 includes a metal seal ring 180 which is made of a strong metal such as steel. The
metal seal ring 180 is fitted around an insulating brick layer 182. A platinum disk 184
is mounted on the insulating brick layer 182, and a hold down block 186 is mountéd on
the platinum disk 184. The outer edge of the platinum disk 184 is welded to a copper
20 power flange 190, which is also fitted around the insulating brick layer 182. The
copper power flange 190 is electrically isolated from the metal seal ring 180 by a
. spacer 192, which may be made of Teflon or other suitable material. O-ring seals 194
are disposed between the copper power flange 190 and the spacer 192 and between the
spacer 192 and the metal seal ring 180 to seal against air leaks. The metal seal ring 180
25 s bolted to a flange 196 on the inlet manifold 84, and an O-ring seal 198 provides an
airtight seal between the metal seal ring 180 and the flange 196. A seal block 200 is
mounted below the brick layer 192 and used to transfer the expansion force of the .
platinum tube 202 to the metal seal ring 180. The tube 202 connects to the riser tube 96
(shown in Figure 3).
30 A ring made of a strong metal, e.g., steel ring 204, is disposed below the seal
block 200 to provide the force necessary to oppose external pressure and resist

contraction forces as the platinum tube 202 is cooled down. A hold down block,



23 16. The tubing systemof claim1, further conprising a valve for
controlling flow of the nolten material into the inlet end of the tubing.
17. The tubing systemof claiml, wherein the tubing conprises a first
vertical 5 section, a second vertical section, and a horizontal section,
and wherein a pair of el bows couple opposite ends of the horizontal section
to the vertical sections. 18. The tubing jgystemof claim17, wherein a
support flange is fixed to the end of each el bow connected to the vertical

section and siindexioyths &oldrdetvrbeibule &4 (shewh i Blgatd £, Hay larsb%alseaik@f‘egigf thkhe
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conpri si ng: a . tubing having a plurality of convolutions conpress
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of the tubi 'ﬁevi&ﬁkﬁy REeAkiGhdd P41e 79 (shown in Figure 3). It is important that the flow well

10 210 and the riser and descender tubes 96, 100 are coxﬁpletely enclosed within the

vacuum housing 52 (shown in Figure 3). This makes it possible to maintain the

pressure within the tubes 96, 100 at a greater level than the pressure inside the

continuous vacuum chambcrh72, thus ensurihg that the platinum tubes 96, 100 do not

collapse. Even though the tube 202 is very short, thé force needed to deform it is the

15 same as that for a long tube. Thus, the hold down block 186 is held in place by steel

angles 214 to enable the hold down block 186 to withstand the contraction force of the

tube 203. The seal block 200 and metal seal ring 180 also provide support to the hold
down block 186. , :

Figure 8A shows a detailed cross-section of the finer casing 56 which houses

20  the finer chamber 98. The finer chamber 98 is much larger in diameter than the riser

tube 96 and the descender tube 100. At the ends of the finer chamber 98 are power

. flanges 216_. These power flanges 216 are much larger than the power flanges 128 on

the descender and the riser tubes 96, 100 because significantly more current is needed

to heat the larger-diameter finer chamber 98. Cooling tubes 217 through which cooling

25  water is circulated are preferably attached to the upper outer edges of the power flanges

216. The finer chamber 98 is surrounded by a layer of castable cement 218 and sits in

cradles 220 made of high-alumina refractory or other material that is both resistant to

creep and high témperature. Creep is the slow change in the dimensions of a material

due to prolonged stress. The roof 222 of the finer chamber 98 is covered with a high-

30 temperature resistant material 221 that is creep-resistant. The sides and bottom and top

of the finer chamber 98 are insulated with temperature-resistant insulating bricks 223

and 224, respectively, and overlaid with another insulating layer 226, e.g., insulating



for carrying the electrical current which heats the tubing; S a plurality
of refractory insulation bricks stacked between the projections; a first
seal flange coupled to an inlet end of the tubing; and a second seal flange
coupled to an outlet end of the tubing; a valve for controlling flow of the
nolten material into the inlet end of the tubing; 10 wherein each seal

fl ange conprises: a netal seal ring adaptléd to be coupled to the base of
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dBSH= .descender tube 100. A thermal model showed that this current path would cause the

inside corner 162 of the elbow 99 to become excessively hot since the electrical current
25 would tend to concentrate there. However, with the standpipe 232 located on the
centerline of the descender tube 100, current conveyed down the standpipe 232 to the
descender tube 100 does not tend to concentrate and hot spots on the descender tube
100 are substantially eliminated. The short horizontal section of the elbow 99 which
connects to the finer chamber 98 does not need to be heated. A standpipe 233 located
30  above the riser tube 96 may similarly be used to convey current to the riser tube 96.
Electrical urrent may be supplied to the power flanges 128 (shown in Figures 4A and
4C) on the tubes 100, 96 and the finer chamber 98 through feed ports (not shown) in the
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chamber 98 through which the foam above the glass surface 112 may be observed. The

5 camera hole 237 will typically be lined with platinum.

The finer chamber 98 has a cross-section and a length calculated to eliminate
bubbles in molten glas's by allowing bubbles to rise to the surface of the molten glass.
The cross-section is also selected such that there is adequate headroom 118 above the
glass surface 112 for foam. The finer chamber 98 may have a circular cross-section.
10 Figure 9 shows an alternative cross-section 234 for the finer chamber 98. This cross-
section 234 minimizes the depth of the glass. This is more effective for removing the
bubbles. The cross-section 234 has a domed roof 236, which is preferable to prevent

the sag or collapse of the roof. The channel 238 in contact with the glass is lined with -
platinum. The roof 236 in most cases should also be lined with platinum to prevent
15 attack by corrosive vapors. The domed roof 236 may be circular, but a catenary shape
is more resistant to sag due to creep of the platinum lining. Furthermore, it may be
necessary at elevated temperatures to pin the roof of the finer chamber 98 to the

refractory above the finer chamber 98 to help prevent sagging,

Referring back to Figure 4A, the top end of the descender tube 100 is restrained
20 by the fixed elbow 99 and the bottom end of the descender tube 100 is fixed to the
descender casing 58 by the seal flange 86 so that the expansion of the descender tube
. 100 is absorbed interﬁé.lly by means of the small rolled rings 130 (shown in Figure 5) in
the wall of the descender tube 100. Figures 10A. and 10B show how thermal expansion
can be accommodated in a tube 240 that does not include small rolled rings. In Figure
25  10A, a large metal bellows 242 is provided at the top end of the tube 240 to absorb
expansion of the tube 240. It is necessary that the ends of the tube 240 are adequately
supported to resist the large forces needed to compress the bellows 242. The support
members (not shown) used to anchor the insulation bricks 246 around the tube 240 to
the wall of the casing 248 must be raised as the tube 240 expands. The power leads
30 244 that supply electrical current to the power flanges 252 on the tube 240 must also be
raised as the tube 240 expands so that flanges 252 are not sheared off. It should be

noted that because the insulation bricks 246 expand less than the tube 240, some gaps
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the large metal bellows 242 at the top of the tube 240 would have large radial thermal
gradients that can promote reboil of the molten glass. An external heater (not shown)
may be provided to prevent large thermal gradients at the bellows 242. The bellows
242 could also be subjected to oxidation and would tend to creep or sag. Fiber
10 reinforcement such as sold under trade name Fiberfrax by sold by Carborundum, Corp.,
could be placed between the convolutions of the bellows 240 to help prevent sagging.

In Figure 10B, the insulation bricks 246 are allowed to push up from the
bottom, for example, by not bonding them to the tube 240. As the insulation bricks 246
push up, the power ﬂangeé 252 are lifted up. Again the supports (not shown) that

15 anchor the insulation bricks. 246 to the wall of the casing 248 must be moved up as the
insulation bricks 246 push up. Some expansion rings 254 are required to absorb
expansion of the tube 240 that occurs between power flanges 252. The expansion rings
254 are soft in comparison to the small rolled rings 130 (shown in Figure 5), i.e., they
have a much larger radius than the small rolled rings and require. much less force to

20  compress them. A small bellows 256 is still needed at the top of the tube 240 to absorb
the expansion at the top end of the tube 240. _

Figure 10C shows a tube 258 that is fabricated in two sections 260,262. The
adjacent ends of the sections 260, 262 have circular disks 264, 266 which are used as
power flanges. The tube sections 260, 262 expand but do not touch. As a result, glass

25  flows into the open joint 268 between the disks 264, 266. The circular disks 264, 266
have cooling tubes 270 welded to their outer edges. As such, the glass that flows into
the open joint 268 will freeze. Typically, the open joint 268 is so small that glass does
not ooze out of the open joint 268. Differential expansion of the insulating bricks 272,
274 and the tube sections 260, 262 are addressed by providing expansion rings 276

30  between flanges. The power to operate the tube sections 260, 262 is provided by
separate transformers (not shown).

While the invention has been described with respect to a limited number of
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5 a tubing having a plurality of convolutions which compress as the tubing
expands;
a plurality of projections disposed along a length of the tubing, the projections
for carrying the electrical current which heats the tubing;
a plurality of refractory insulation bricks stacked between the projections;
10 a first seal flange coupled to an inlet end of the tubing; and
a second seal flange coupled to an outlet end of the tubing;
wherein each seal flange comprises:
a metal seal ring adapted to be coupled to the base of the vacuum
housing so as to make a sealed contact with the base of the vacuum housing; and
15 a refractory seal block coupled to the metal seal riﬁg and the tubing, the
refractory seal block for transferring the expansion force of the tubing to the metal seal

ring, thereby causing the convolutions to compress.

2. The tubing system of claim 1, wherein each seal flange further includes an
20  electrically conductive ring which conducts electrical current to a projection on the
tubing.

3. The tubing system of claim 2, wherein the electrically conductive ring is
electrically isolated from the metal seal ring.

25
4, The method of claim 3, further comprising a seal for sealing between the |
electrically conductive ring and the metal seal ring. ‘

5. The tubing system of claim 1, further comprising a seal sealing between the

30 metal seal ring and the base of the vacuum housing.
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5  of the tubing includes a hold-down refractory block coupled to the refractory seal -
block.

8. The tubing system of claim 6, wherein the means for resisting contraction forces

of the tubing includes a metal ring coupled to the refractory seal block.

10
9. The tubing system of claim 1, wherein the tubing is made of platinum.
10.  The tubing system of claim 1, wherein the inner surfaces of the insulation bricks
adjacent the tubing are secured to the tubing by a castable cement.

15

11.  The tubing system of claim 1, wherein a fibrous refractory material is disposed |

between adjacent insulation bricks to absorb thermal expansion of the insulation bricks.

12.  The tubing system of claim 1, wherein the outer surfaces of the insulation bricks

20  are laminated with an insulation material.

. 13, The tubing system of claim 10, further comprising means for anchoring the

insulation bricks to the wall of the vacuum housing.

25 14.  The tubing system of claim 9, wherein the projections are made of platinum and

are secured to the outer diameter of the tubing.

15.  The tubing system of claim 1, wherein the second seal flange includes an
electrically conductive projection which cooperates with one of the projections on the
30  tubing to heat the inlet end of the tubing.
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18.  The tubing system of claim 17, wherein a support flange is fixed to the end of
each elbow connected to the vertical section and fixedly secured between the insulation

10 bricks adjacent the elbow.

19.  The tubing system of claim 17, further comprising means for anchoring the

elbows to the wall of the vacuum housing.

15 20.  The tubing system of claim 17, wherein the diameter of the horizontal section is

larger than the diameter of the vertical sections. -

21, The tubing system of claim 17, wherein the second vertical section includes the
outlet end of the tubing and is longer than the first vertical section.

20
22.  The tubing system of claim 17, wherein a standpipe is provided on each elbow

. for receiving a level probe.

23.  The tubing system of claim 22, wherein the standpipe conveys electrical current
25 to the tubing, |

24. A tubing system for conveying a molten material through a vacuum housing,

the tubing system comprising:
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for carrying the electrical current which heats the tubing;
S a plurality of refractory insulation bricks stacked between the projections;
a first seal flange coupled to an inlet end of the tubing; and
a second seal flange coupled to an outlet end of the tubing;
a valve for controlling flow of the molten material into the inlet end of the
tubing;
10 wherein each seal flange comprises:
a metal seal ring adapted to be coupled to the base of the vacuum
housing so as to make a sealed contact with the base of the vacuum housing; and
a refractory seal block coupled to the metal seal ring and the tubing, the
refractory seal b_lock for transferring the expansion force of the tubing to the metal seal

15 ring, and thereby causing the convolution to compress.



