Seal For Tube Background This application clains

priority fromU. S. Provisional Application Serial No.
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enbodi nent of a sealing device nmade in accordance with
the present invention; Figure 6 is a section view

wa baiosges he seal i ng device of Figure 5 after ptT/8®08/052392
been inserted into the reactor tube; Figure 7 is the

AFD & GYption bF ave Briwiigs af ter the seal i ng device has
een conpressed in order to seal against the tube;

Fi guFigBeisisa seaion WewihioLghmevasticaliidbe ichemnicnl seacionf

e.sealin Flgure 8A is a front
S&?P@’v{?go?”%ﬂpgﬁeeté?eﬁﬁ?wseE?gé‘a?ﬂ% dte with an additional
hol e Fndﬂr@lzf@ aQtdpsw@Wtdj@ nibeer stoppbe rigid plate of

Figure 8, Figure 9Ais view of the rigid plate
of  Firdaire Bia;a fropluriewd th%f@ﬁﬂféﬁﬁmﬁf&f\/ﬁﬁufgﬁe of the
fl t

i qur o6 B Sellor By RER W I R bBer e o ApF 120
nﬁ)éldeawe/\tddmtcartubddltl onal hole; Figure 11 is a top view

f the fl bl | at f Fi 10; Fi 11A |
Cop \aNed safEoh Bertlcs srAie dshite GaRe 11 aRCoERgas Wit

tp,g '@séﬁtﬁﬁfé’hh@ﬂ vi ew t hrough a vertical tube chenical
re

ct or show ng an alternative sealing device which
i ncl Fdgsrei S ira fmodt viene sirgitalte tratdf & ignretamiug forfanother

N t pat 13-18
RO Bha PRI FRF S e B AT Lrovlh M BESent
isWong various types of conditions that nmay be
encountered in the top portion of the tube to be

seal ddgwiedlisea sectian wewohowieaths sealingedavics ot biguted after it
e sh Lon that nay be encountered

I'ra%hqehe& ﬁ%%ﬁg%wggﬁgiﬁgﬁﬁ'd{u%ube to be seal ed; Figure 20

IS a mga@RT e RendURssEs EiglRESWIRRER Shoyad|ing dBlidelias

of tinme; Figure 2 1 is a graphic representation of the
hesaceasnpiassed in ardesdel seal against the tube:

Figure 8 is a front view of one of the rigid plates of the sealing device of
Figure 5;

Figure 8A is a front view of an alternative rigid plate with an additional
hole;

Figure 9 is a top view of the rigid plate of Figure 8;

Figure 9A is a top view of the rigid plate of Figure 8A;

Figure 10 is a front view of one of the flexible plates of the sealing
device of Figure 5;

Figure 10A is a front view of an alternative flexible plate with an
additional hole;

Figure 11 is a top view of the flexible plate of Figure 10;

Figure 11A is a top view of the flexible plate of Figure 10A;

Figure 12 is a section view through a vertical tube chemical reactor
showing an alternative sealing device which includes inner and outer seals
and a mechanism for ensuring that a good seal has been made;

Figures 13-18 are section views through chemical reactor tubes

showing various types of conditions that may be encountered in the top
portion of the tube to be sealed;
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speci al tubes, such as those with thernowells; Figure
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described in the 706 and ' 404 patents |isted above.
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mQt%%qgs on a reactor The type of seal that is used
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seal . is used for those special reactor tubes that have
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additives, or other types of projections. The sea

shoul d be tenporary as well as easy and quick to

install and renove. The test typically is done at

anbi ent tenperature, but the tube sheet 12 may be

hotter than typical anbient tenperature, sonetines as

hi gh as 130 degrees F. The seal should be able to

wi t hstand the back pressure that is
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generated during the testing procedure w thout

| eaking. In tests that have been conducted so far, the
whamk/oprressur e has been as high as 30 psig, bupCT/US2008/052392

typically is 4-7 psig. Hi gher pressures can be
Deseoptienlat ed by adding additional flexible plates 30

and rigid plates 28/ 26 (See Figure 5) as de crlbed i n

nor & igdfead phg\gﬁ@,\yeaggqx,tg% 9@&? andingydewawaEdhy fiogy 8 tube
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141 T00s ch difarentrtgpe of 8ésl |amlde¢blfdmtyloha\spebel?rreanﬂfdutaes that
well. They tend to | eave r SI due, are hard t

havs fh%’ﬁ‘@%? of gther; Sf’ﬁnéart W@Je{Cu'B@S Oéﬁas&rﬁgﬁpr@&%dl’h'@émay
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sol'ves many o pr| or art seals.

psxbe! torsgnuEe igas, 80 waecimmpx@aeée injectradditivas: of ethtar cbypeﬂs40f
and the tube 16 for injecting gas to conduct the test.
PIGIERURNS: enbodi nent, the seal ing device 50 incl udes

UppeThéré@al SYRIld bbgéﬁmfé'raﬁ?%% wisl) a@éas@@ﬁd uE&kUtbalhéth and
of flexible plates 30 sandw ched between t E per and
®©

rarooes. Theitest tyrically isslonesat anhmedfetempefawwetmgt pre sheet

I 8 d,.9 d
185 pE haltEs GBn T AL Rl et e BB rites 44 jeh 28 130
defles 28Thd Beal shbuld 8edbm & RitR&afgthe @éc»apfésrsate that is
openi Cg 32, which extends to the {)Ierlrreter of the

gpngnaée duringitheciestine pregasiuge vjtheut leaking, ladests that have
been conducted so far, the back pressure has been as high as 30 psig, but it

typically is 4-7 psig. Higher pressures can be accommodated by adding
additional flexible plates 30 and rigid plates 28/26 (See Figure 5) as described
in more detail below.

Various sealing mechanisms have been tried in the past. For example,
Figures 2-4 show a rubber stopper 2 being used. The rubber stopper 2
defines a first opening 3 to accommodate the injector tube 16, and a second
opening 4 to accommodate the thermowell projection 14. A slit 5 (See
Figures 2 and 3) extends vertically the full length of the stopper 2, extending
the second opening 4 to the perimeter of the stopper 2 so that the thermowell
projection 14 may be inserted into the second opening 4 of the stopper 2

without having to remove the thermowell projection 14 from its reactor tube
10.
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second openi ng 34, which receives the injector tube

16. The details of the flexible plates 30 are shown in
wor@anesed0 and 11. Each flexible plate 30 defP@EESH08/052392

first opening 36 that extends to the perinmeter of the

pl atses §m:rwm &cengwreng thieestppereX s¢4ls ohdly atand tep %egeraﬁ the
openi ng Ogcel ves the injector tube.
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openi ng tes are vertica

asadiuay hayoe, wasqoeelest;femdh@'ialmjaedmttymnm been wdedcds wall. dhey
connect or its nd for caonnegcti.n

tefi o EivE e w8 dTarraRebs, poRhas SRS hRLiER and they

dd,lﬁ@g‘éaq fdlia@Reni ngs 36 in the flexible plates 30, which
extend to the perineter of the flexible plates 30, are
not f%\gmr@ﬁeﬁﬂwSRhWtawée@imgqiw 50 thatsolassnabpehtheys 32

ribehiota® SrPedes o seaiub BBVRS Eeed e Brespott tee
préjedtidd 14tdmel thertabe apeoi \Tfa’aé gak tbtendiuet ekt es 26,
28 extend to the left, le the slit portions 38 of

t he Inithisemprdimegs the S@ﬁ“'ﬂgwée\r'%)?pb'ﬂ@u@@%ﬂ@BGG@WC&M‘@M
nggcg B %P@s "268%@ aﬁrﬁlo? hhﬁ'a it ro?'ﬂe%ﬁfen%ler S 3 sar:?g\/vﬂﬁgd 'B%%%%n

Xt ensi even t
thaluppthend |Icm¢r rigpe piatgs 28228 3Fhexietaits sihe hep pigid psmteeze

arSERAR B GRS RANRG. B (e g 3 ewars fetial e
bdt@WRFidideRste 8."ehe tGp FGIIHISRS2E 8 uﬁéseé hl@%g%g%hﬁ{ge@ $Fhich

I's nount'edaround the injector tu
extems testhe perimetaaoi the platel 2fdasd cqqm\resahmé projeetiomddsand a
onto t.he ect tub and a

seeonsRReb Mot F e Sor sk (BURRERE (e B and [over nuts
20, % dtads bﬂtiﬁcﬂé}(blbtﬂ@eé@oﬁéfé%ﬁ@l&/ntlhrmg'%st1'®9and 1.

vertically aligned second openings 34, 40 in the upper
Eaghuflexdle plate glidefingses fitsh @peniagid® bapputesds 26 theperimeter

of i REL kYR P iceloh 1, S54 BRHPRSHHER A ycn
repéigbeshe3Mjdaomudet ype of sandwich, with the rigid

pl ates 26 28 on the top and bottom and the flexible
pl atee st eaerings ﬁ@a%@f i e Plates ag erpcaltyedligped tos.

reggllvé tR?btchée&Lcﬁ{ ‘?th%cng%geehE{ 8634 |4%x6fbaLleth8|p%t8§ are
veaiiqd|lycdighed to receive the injector tube 16, WhICh has a connector 18 at
its top end for connecting to the injection gas line. However, the slit portions
38 of the first openings 36 in the flexible plates 30, which extend to the
perimeter of the flexible plates 30, are not aligned with the portions of the first
openings 32 of the rigid plates 26, 28 that extend to the perimeters of the rigid
plates. As shown in Figures 9 and 11, the first openings 32 of the rigid plates
26, 28 extend to the left, while the slit portions 38 of the first openings 36 of
the flexible plates 30 extend to the front, so the first openings 32, 36 are not
coextensive all the way to the perimeter, even though all the first openings 32,
36 extend to the perimeter of their respective plates.

As shown in Figures 5-7, a mechanism for moving the upper and lower

plates 26, 28 toward each other to compress the flexible plates 30 is mounted

Page 5of 14



10

15

20

25

Figure 7 shows the sealing device 50 after the upper
nut 20 has been tightened downwardly agai nst the
W@ ooupneed on sl eeve 24, which, in turn, has pustiEUS2008/052392
downwar dl y agai nst the upper rigid plate 26. The | ower
aréur@l thephjelctordébe aandthlsmwmm&mmmébbambﬁciaulsﬂeis 1up'per

t d by th t th
an%ﬂ&wgre@@smgé thegcls 'y The icion oS! SUR B S BhEesPg: o
sletfe 24“ %ﬁ'tﬁ{e% gé%ﬁa IRRer fts 20NPD e5H_AnjeRtdriEbe 16

verti c aX| a Irection, causing themto expand
exteanﬂsahtqugouhwa/ediqally@hgead sagmdqspemhgs BANE0 irsthef wrper

f th t t ub Th
angeyEETTg A A T et o 26610 TESPTAVERE, ¢ e
' nJ Wstélfov&rﬂ#’lethéﬁrela&éb?g)o%ﬂbonqmﬁmﬁ‘éfﬁ ®e ByRIENSted 46, 28 and
gid plates 26 and flexible plates 30 stay assenbl| ed

the ag@bﬁepla@ﬁoﬁ%mmmm ofrsandwiah, madctherrigid 9@%26 28 on
&R0 ot B aind ek BB skl SR iRed BehasPl e

plateeoened. Joid hertivplpe ertbadirheneusesi thiek fidxiblespldes 308 but

are separated a substantial distance apart. The slits
th%sumpefﬁ@WY%@tde@ﬁéﬁlr\gg‘éo%t §faAPHEAYIeXi bl e pl ates 30

are F@@?Beﬂs% thd gﬁ%raém SHEVRYL me?mbb% Bded

proj ection nto ose first ‘openings }
tighterred: devrleaidieagainssthel aodnmed@ma)sieea/&dm tvehi€hh emtthﬂne has

30 [ 38
uRhap CRrawLIsAgPTHS TS DPPrbio RAHERE i Iovr gl gigte 28
ca?ﬂbf’mtobg d%Wm?&H%BeééuseTi'ﬂ% StbppEd BY thé IRHEARIY, so, as

[ exi bl e plates preferably extend in opposite
theliuppet iigidplgte. 26 moves fdloemmr@lypbowa@i e lpweorigigplaie 26 the

fleible pRES ltt GRTiPrkst o Wh Viieh b deestiol Epndifas
théﬁ\ t%t)@aelu rngduan¥ bh&véra&yrwfadl dhainst thenhnsosdfesdiithe
adjacent flexib pl ates 30 are not aligned with

reag@n tt&ﬁw eTheasalsﬁ@egéalowd the prrigetips | danaybe injaetor tube
dDrOj ection 14 also enters into the first openings 32
of the rigid plates 26, 28. Once the projection 14 is

elxt eﬁdlségtﬁehg@@ﬁi‘r t}ube 16i neTs 2 lcempsbsdion Elmvélm;mglde
ates 30 _and the rst holes 32 of the upper
plgw @ncbﬂ@x@paqlgt@sf@ stay asgwgb@d, tpgeggr@p%tq{g moved from

o] REER L. Bl o RERSERhe Segig8e BpsT e
repcioy dia o0 with a pogectanh 14 théeut 20 éslpesened sudhe uppéd gnd
IO\?/LaIr gr;]%dplgtlerss% 28 are separated a substantial distance apart. The slits
38 on the first openings 36 of the flexible plates 30 are pushed apart to form a
passageway which allows the projection 14 to slide into those first openings
36. Then the device 50 is slid sideways and the flexible plates 30 are flexed.
opening up the slits 38 (as indicated above) to position each flexible plate 30
onto the projection 14. The slits 38 in adjacent flexible plates 30 preferably
extend in opposite directions (i.e. one flexible plate 30 is oriented in the
forward direction as shown in Figure 11 and the next flexible plate 30 is
flipped over so its slit 38 is extending in the rearward direction) so the slits 38

of adjacent flexible plates 30 are not aligned with each other.
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openi ngs 36. Then, the upper and lower rigid plates
26, 28 are noved toward each other to conpress the

wo b@gioizes pl at es 30. First, the upper nut 20 iBCT/US2008/052392
ti ghtened sonmewhat to bring the assenbly together, and

t he asspeBby 5Mis moséd diddoxyst the moeiction itarldd ehtdrg into
the reactor tube 10. Then the upper nut 20 is

the st epriing®se af ﬁh%f'a@rp'@@%?&wﬁﬁeéén%@er preigation 14 is

o175 A PSR AL EVR A5 OB S0 19t

32®ﬁml£t1pder aef kmm&rtrlged fletesc26 548, itise abte B8 af thedlexBOHplates

S | ] f th .
3p i et back tpoelaes adan éﬁ%é'ﬁceﬁsglgléﬁ@é% 30 ateying flat
Mth%@r %hﬁéét'id?mé-‘f‘eéél\?éd ﬁﬁthbﬂ@sﬁbo‘%@t\/e&ﬂ&lly%hbﬁé‘d tifsty

e'tray 200 has a flat bottomwith a’ rarsed rim
OQQQIngS@@nd its circunference. A plate 214 is hinged to

ol a1 "8 R SRR Pl RS eRE R e ko ek Bacn

ofifyrab REATpréds threfleing platéd 30ThFerrst tthe upper aat 20ig ﬁghtened

asserrbl ed onto the thernocouple projection 14. wt
spRewhahjo bung H?%@%?ﬁmh@ t%‘?/th%@é‘é' tharassepoly 20} 'Sd@{ﬂ dewn

ttﬁ%ﬁ@i@ﬂé%ﬂw 4R 1% g{b‘? t¥ ?goﬁth%HQﬁe%gBSﬂgBFZé R&ightened

is asse er noc

nporejir otderrio bémprass theaﬁyeﬁlﬁle plates @0pvadsingthdiheudea ce
50 is inserted in th tor ube and is used as

dipaeters e psngean %l%” Bl?e%ﬁ' Peigst isr

cbh&uét@?‘:tor tube 10 has been bI own down, the upper nut
oosened so the flexible plates 30 can return to
t hei Befakdhedepivesi 40 isryseand tmdye?ﬂﬂe@BeBeF@messM had 25) is

d f th 10 tg b er
PleERiTbop SHbe feadSoier Tetinbothe bk et d20HEn 1
p%jéd:t‘?cﬁ‘\ 59 fitt hﬁio“@ sﬁljt Qaasremé @éﬁz@garrmuettpam@waé adTay

| oose parts rom f al into the reactor tube

bettpmewth agaiseeaim ﬁ’gg amuryd & @mmméereoﬂaa»eé\t Riate12 ‘his hnh@ed

o T S S

clged! erseisy gasingsHe helﬁh‘élraﬁrloﬂlk@él@f 210.0ThBe thaaevibe!sd is

wand of the device shown in the referenced 706 and .
asgr@mbl%i[cyﬁpghe thermocouple projection 14, with the tray 200 preventing
any loose parts of the device 50 from falling into the reactor tube 10. Once
the device 50 is assembled onto the thermocouple projection 14, the tray 200
is removed and the device 50 is inserted into the reactor tube and is used as
described above.

Once the test has been conducted, or the reactor tube 10 has been
blown down, the upper nut 20 is loosened so the flexible plates 30 can return
to their relaxed position, and the device 50 is then removed from the reactor
tube 10 to be used in another location. The tray 200 may be used again while
the device 50 is being disassembled, again to prevent any loose parts from
falling into the reactor tube 10. While these drawings only show the connector
18 at the top of the device 50, it is understood that, in use, the connector 18

would be connected to a source of compressed gas, such as an injector from
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Wil e this device 50 has been shown for use with a
thernmowel | projection, it could be designed to
w@emsnyoeat e ot her types of projections or PCT/US2008/052392
obstructions, or, if the holes in the flexible plates
thd hawertele Wamdratteel delvice ot inehe sefdrentea '7egahdr4@4ibe
W t hout a projection where a tenporary seal is
PajeRiSred. Figure 12 shows another adaptation of the

seal\wfgy yas d@@%%@@ﬁé’s BQQN 8howR fdhise GRS thbﬁﬁbﬁeﬁ” e

i nner and outer seals including two sets 50A 50B
promution cheduldibg desigeed > acemmadatgnether typies|cé pmjactws or

o el DR s B AR SRERD AR

bd-Lised B &Aegular edetwitiout Reprojegtion Whatres téafpor &e@m@
vertically aligned matching third holes 141 (

desigdre 11A) in the flexible plates 130 in order to

ggfxéﬁbegi‘%gﬂgwg | AR et ta]t%E\ c&%ﬁg sgé%’é\ﬁcelaé#r[b%tge.

as an air sup e and as a’ven
abdwe. addhisicasal trtem@erdﬁmelr aodlcmea sealsegm:d:laumg tevorsetd 60A,

ich sses through a | ati o V|V
sl oE saliy coar g etbal 28 detin i Miatesd Pavdhout
oémgfé%%fasla@\rg 1388 etiedt RIPNARIS. R thiCeMbBHRSSH! fhere is a
sSensor he pressure Sensor 1 1S 1IN
thordrhalen il 34Ai(Sae miguret 3 inwaeh Dbthe hgldwgatea EndaBtand72,

v@fialy AIBHER AgnG i les L1 54 Fidye A3 e hiipre
plate® 10 ®rordetd Fé&éfvesﬁabédlﬁ@ﬁalftﬁﬁe 160q8ekFgeea B th&A,

503 have been tightened in place to seal against the
semMapPothads anfaitsuPPelbernd ama veot tubise Fippdditioaaitabe 160

it ARRIAG AT PETHAZES BHloh U 687k Ek . A

e Salre pressur

thré@tvay Vdivdr €66 taomeuftd) dlov be te paseetothrdd@gh & veni ¢66 el
t hrough the tube 160 into the void space 174,

at@%ﬂ%lef% Af 12 Rrenseiss serseli il nTheeragsuee §‘E)%§9—f WP4s in
chﬂﬁﬂmﬁé%Z 8ﬁl\'/ﬂm he\ib¥8e g%rd hd OS5l #78 ér{betghaggffh\@ay

osi tione I oW conmuni’c
valbe 166 Gpacm meagare théjprasslre lire thpr esid spacgangeial gap 174

oy e IIL &L SO 1, LS RS sYEe 2t the pressure gauge

Once the seals 50A, 50B have been tightened in place to seal against
the inner wall of the reactor tube 10, the supply valve 164 is opened, and
pressurized air (or other gas) at roughly the same pressure as the air (or other
gas) that will be supplied to the connector 18 is injected through the tube 160
into the void space 174, establishing a pressure within the void space 174.
Then the supply valve 164 is closed, and the three-way valve 166 is
positioned to allow communication between the void space or gap 174 and
the pressure gauge 170.

A computer monitors the pressure at the pressure gauge 170 over a
period of time and determines whether it meets the desired stability in terms
of a certain number of pressure measurements within a desired range over a
certain period of time, indicating that a good seal has been made, as shown in

Figure 20. Then the test or blowdown can be conducted. The pressure

Page 8 of 14



10

15

20

25

30

period of tinme and determ nes whether it neets the
desired stability in ternms of a certain nunber of

w@e®@seur7ed measurenments within a desired range POUBUSA08/052392

certain period of tinme, indicating that a good seal

gahge 1B6eontindes talse sﬂmmmm aftigitest Rlbeingedntietetiast or
owdown can be c g % Ther@rﬁessuregauge 170
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he test is conp ree-way valve
ancmlae dsvxghum temdoveﬂ fremthteceactmmmeei@ the nut 20 is
| oosgn and the device is renpved fromthe reactor
t oo IR i i s o A BlESSud S I Sbitg iSkee
whelisrehapbésifre irotHerinphbe trddied i 858 Wak, ittwd e ak® sk
space drops due to a leak, it would al so be possi bl e

popgbleste usgsaas ata prasssir below W@%aeﬁﬁeaw@ er theet her
pr%"ég(r)e? nm%ﬁféﬁ% h{i‘aé@ﬁsé(sobge ?cp gal{ | ev e?Mﬁe Eﬁ]s %Ir a‘?\ggment

S arr angerren

wa@i ddVedﬂpmﬁ foalise mmtmenmublasacuotr tmmas henaﬁ ed Usedabentkck
| eaks in other vessels or containnents as wel | I f

forghis weqth%%%sws SpERNGIENtS a5 dalle |£BAASIdasiARAeration
is fohgcdy Btﬁe‘?%a tHeRak 'ﬂ@srteth@ﬂythgr% r?i%w)et 8\9)5 E\{/ﬁ g?ocbes

ext en |n rough the olter seal One I nj ett
extelmdlr@thrwgh thesodter sead asne fmgnjebmg)tmsgas end oneHer voi d

) and there. be no probe extendi t hr oygh the
MRS BEPrestE i LT i Bafiand tHats By i " BRI | ons
exfe'?*ﬂin ﬂ},tﬁo@] #RCAHet s6pd at the top of the reactor tube

q: whi ch can be acconmpdated by the seal

dev F@Jr6$)1311’9 $hcg/u Bevarety oh@rtdaiportsfthtaheam bacnepunigbed at

tnetforl 7 ahg 106t bt 1 ot oHicd B8 b 2EERRTR0dRea k) the seal

deqige\sd. tIneFigoe 18, théeop ubgeheattol Zibd M0 K BusewkR the tdpeof
the reactor tube 10 is recessed jnside the top

th%wblegee%b%s iekigurie 14 Ahgupe of e rerciiduba § Odepiests abrve
3
R RR SRR 32, I BUGR 1 R ad R ATOTERE HERY,

reddsset urnsigd ered tap2of tﬁegmalhb@t i lz &idurps \7IIBetWrcm‘gha1 8 depﬂ::m‘ne
tube 10.depictin ver a ua ssues [

Sapy§ %@dgmsaaﬁ 'ﬂuger& i%ﬁhrpHah délfﬁﬁgﬁiﬁtW@'Ynﬁ’lééW&h g?owal\éstmd

8é’échhn§&hé’[1 edttdr t@%'ﬁﬁ% thé%&%@%a‘(‘héh the rubber

t opper own in Figure
Figure 19 is a top view of a reactor tube 10 depicting several quality

issues which may arise and which affect the ability to make a good seal with
prior art devices, such as with the rubber stopper shown in Figure 4. The
reactor tube 10 has an outer diameter 40 and an inner diameter 42. A weld
repair 44 is shown which overhangs and reduces the inner diameter 42 of a
portion of the tube 10, giving the inner surface of the tube an irregular, non-
circular cross-section. Scratches and gouges 46 on top of the tube 10 may
allow leaks to occur if a rubber stopper 2 is used (See Figure 4). Weld repair
overlays 48 can result in high spots from the weld which can also allow leaks
to occur with a prior art stopper, even when extreme force is used to push
against the stopper. All of these conditions are reliably sealed with the seals
described herein.
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reactor tube 10 has an outer dianmeter 40 and an i nner

di aneter 42. A weld repair 44 is shown whi ch overhangs
wapasnedeces the i nner dianeter 42 of a porti oPcDiUS100£052392

tube 10. giving the inner surface of the tube an
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comput er cursaor | aced over the graphic

(witbjsy gk Favek 2BA t'a¢ oa levellangor theressigerdspp data, as well
| |
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preeyurersgngde17Of or mati on such as the nunber of the

the e or other probe, the row nunber, the tube
@vﬁ I$i 3Nqthek tYPS\@f graphic Pﬁ@'%ﬂ%[&éaﬁé\/@{ therzystam.,

| .
W"“EE S?Eﬁﬁ% PréSstRe dRidvalle dthoad el Wieoal o heeyice
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8 spl a¥ erat ed by the system which shows
"ﬁ?@g JPEBr S, Léff’%e as measured with the aid of

the gV ieCBA 2epictPahEthat @ﬁwﬂo@wﬁ@rﬁtt@f'aﬂséé%@' devide bORMAYE
and indicating the target value and
in accordance with the present mventlon This is very similar to the sealing

box

device 50 of Figure 5, except that the injector tube 16 is threaded directly into
the bottom rigid plate 28 instead of having a separate lower nut 22. Of
course, instead of, or in addition to threading into this bottom rigid plate 28,
the injector tube 16 could be welded or otherwise secured to the bottom rigid
plate 28. The operation of the sealing device 50A is otherwise identical to that
of the sealing device 50 described above.

While the terms “upper” and “lower” and “horizontal” are used herein, it
should be understood that this terminology is intended only to describe the
relative positions of parts, and the device could be used in other orientations,
such as in the bottom tubesheet of the reactor, or in the end of a horizontal

tube, for instance. Also, while the rigid plates and flexible plates shown here
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enbodi nent of a sealing device 50A nade in accordance
wowdos/0v11es present invention. This is very simpP@r/usmos/ 052392

the sealing device 50 of Figure 5, except that the
aengiexdany thieyheodld tieﬁsrtdpeeladexbntbmetotthg shape dfltiee hatet om

(g % it of ConAabeage Bt wigh ik ol Mianded [l saatdiinigh
céma%etctvaﬁ L@ MBrirhahd oflerlsRagds. kI b@Jo%@/ws th4REsel 6

coul d be 'wel ded or otherw se secured to t he bottom
skilleg i tbearbthasmdnrfe:aﬂpes anayope maderie tbe ainbaginentsce

S t of . the sea .
agbeR ettty PR baroving SE4aror b eS8 Brentiang
"l ower” and "horizontal" are used herein, it should be
understood that this termnology is intended only to
describe the relative positions of parts, and the
device could be used in other orientations, such as in
t he bottom tubesheet of the reactor, or in the end of
a horizontal tube, for instance. Also, while the rigid
pl ates and flexible plates shown hereare circular,
they woul d be shaped to conformto the shape of the
tube (including a duct or conduit) against which the
seal is intended to seal, which could be oval, square,
or many other shapes. It will be obvious to those
skilled in the art that nodifications nmay be nade to
t he enbodi nents descri bed above w thout departing from
the scope of the present invention.Wiat is clained is:
1. A seal for a tube having a projection com ng out of
the tube, conprising: upper and | ower rigid plates,
each having a perineter and defining first and second
openi ngs, wherein said first openings extend to the
perimeter of their respective plates; at |east one
flexible plate having a perinmeter and defining first
and second openi ngs, wherein said first opening
extends to the perineter of the flexible plate, said
flexible plate being sandwi ched between the upper and
lower rigid plates; wherein said first openings of
sai d upper and lower rigid plates
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and of said flexible plate are vertically aligned and
sai d second openi ngs of said upper and lower rigid

w@bkases77end of said flexible plate are verti cabdmus2008/052392

al i gned; and wherein said upper and |ower rigid plates
Wheatie cdaibwdiis:i al |y the sane dianeter and said flexible

pl ate ha anet er that ex andsto be r, t

Phe 1o anBeer b5 3 weeiaie ShPPER Somiadiit o Wik
commbprisigeonpr essed between the upper and | ower rigid

plates. 2. A seal for a tube having a projection

coni ng oHPP®ianchiowaisigidiplatessiepel haning apaiimeterand

[

defithl S o AL W R SISk bpUgS Bderifigane
penmﬁaand)felamhrecﬂpleetlvé platestpress the flexible plate. 3. A

seal for atu I, roj ection comn ut .o he
Cube ao ALEPFeEn ROUPE: Al Mhife pStiraer Sng deghing s
an@'sHEé‘erl bYefhgs a}vﬂefélr?éél@fﬁst%ﬁgr@ﬁg e2EWas o %?é HeMH@Fér of

and lower rigid plates. 4. A'seal” for a tube
ther fiibleplate, shidiflexible piﬂﬁenbemg ssaidV ichgskb et tbampper and

| rig i d Bétes and said flexible plate are | ocated
oW&idl 9('.1% Thenical reactor tube, with a projection from

t he t ubewpxtaindanDfirshbpeliRgs of Saifliuppler ahtiIOWREr AEIEHIARES
and with said flexible plate sealing against the inner

and @f saidelexible piate @he yetisally abgnest and paidasarosdAnenggs of

sal®! T S BSoREL BRI A0S T HIAE 1L A DG AR B8, o

A each of Sal
alignes; @nﬁlates and said flexible plate al so defines a
third opening, and said respective third openings, are

verti cal MPeEgin gaktuPRer andslower figid platqsavessytstantisdythe
a??'gads K %?%I i
sa@aef’d QPglélter {1& fI%'thope @;@éﬁgwﬂﬂﬁfe&ﬁ@%{ rn}ﬂgg?ibﬁg a
Iargerb@,andberpramewg of tfte spmjar@floweeagldrwam}ajvhem ittidre
nner s ace fir ?nd second
001&9&?%%96’ W&FHE“? HHB?r %@"Mﬁrép'i% - with an axial
gap between the inner and outer seals; applying gas at

a pressure different from anbient pressure into
2. A seal for a tube having a projection coming out of the tube as

recited in claim 1, and further comprising means extending through said
second openings for moving the upper and lower rigid plates toward each

other to compress the flexible piate.

3. A seal for a tube having a projection coming out of the tube as
recited in claim 2, wherein there is a plurality of said flexible plates between

said upper and lower rigid plates.

4. A seal for a tube as recited in claim 2, wherein said upper and
lower rigid plates and said flexible plate are located inside a chemical reactor
tube, with a projection from the tube extending through said first aligned
openings and with said flexible plate sealing against the inner surface of said

chemical reactor tube and sealing around the projection.
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the gap; and nonitoring the pressure in the gap over a
period of tine to determ ne whether it remains stable.

w@2008v09Bthod for testing a tube as recited i n BABUS068/052392

wherein each of said inner and outer seals includes
uppr andl sleel/\iexr artuge c;hspbailezisinaaiaf mal, Whasdin eaeh fof em'dbl e

d d b d |
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lower rigid plates toward each other t0 squeeze
the respective flexible plates until they seal against

2 (0o SPRLCF BB BEphtER odP i Rlhe Gprisiing e

tubplrateised af saidlignéd tisitd operingg extending to the
perineter of the plate, and wherein there is a

projection fromthe tube that extends into the tube

andzi s rReeiMed fmeéaﬁéiaftunpéfco%gs{yi\%ﬁgp;% fseal ed

by the inner and outer”sea or testing
a tube aseaheglagamgtmhe:Irmemserfaceanﬁtffeuubhe!t f|csllam|d|$cogd
rolled flow of s throu
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applying gas at a pressure different from ambient pressure into
the gap; and

monitoring the pressure in the gap over a period of time to

determine whether it remains stable.

8. A method for testing a tube as recited in claim 7, wherein each
of said inner and outer seals includes upper and lower rigid plates and at least
one flexible plate sandwiched between said upper and lower rigid plates, and
wherein sealing against the inner surface of the tube includes compressing
the respective upper and lower rigid plates toward each other to squeeze the

respective flexible plates until they seal against the inner surface of the tube.

9. A method for testing a tube as recited in claim 8, wherein each
of said plates defines a first opening extending to the perimeter of the plate,
and wherein there is a projection from the tube that extends into the tube and

is received in said first openings and is sealed by the inner and outer seals.
10. A method for testing a tube as recited in claim 9, and further

comprising the step of injecting a controlled flow of gas through both said

outer and inner seals and measuring the back pressure.
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