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Seal For Tube Background Thi s application
clains priority fromU. S. Provisional Application
Serial No. 60/887,855 filed February 2, 2007. 5The
present invention relates to a sealing arrangenent and
to a nmechanismfor testing to ensure that a good seal
has been made. U. S. Patents 6,725,706 and 6, 981, 404,
whi ch are hereby i ncor pdeatFed Thbeei n by reference,
g%ﬁ? | be system for bl owi ng down and testing

938?' eactor tubes. That systemuses inflatable
segl S glh?s Spfitathgediaists driveity fraraiU. \r?alﬂrogélomﬂg\pbﬂtaimtwml
t ube_ befo i_nto the tube and neasuring
tM%W%iSe@%?sﬁ %ﬂét%?% ne whet her the tube has
been IoadResdMH: ARvEAtIdN KldtBs P4 8balmy-arlahgbhrneat ®ea of
using that system two issues have arisen that @5

rregefanism fpért%stmmﬁ@ enpyrgithatsa grAM $65! Banbeayaia §t
ﬁ&éﬁ@"ﬁiﬁ r?cgé '9?'11 408N GBR BAShEBLY RSFTorsst SR ey

wn I nto t of supporting. thernocouples to
Irefasenag: des@ﬂap@r aistena ferdriowigvdpwn g tesligi ghemics! ﬁ%ﬁctor

tEB?sQ' TM{% &gh{‘%e%%ﬁascaﬂg BG4S seéﬂ"ath:r%'t ihertWAIES tRd

ruct1 ons)y. e second I's how or certain
trieattoatupebefwe dtjettay deieto tadeesandmeaswiaguthedank t hat

is take cGur rief cripti .t he
srasig b diomiBg T he og MesHechiodHed bRttt &
Vcl?té!'ystalln th&hﬁ;u@&mﬂﬁl mhgbtheas\tsth shovisngsdreealistmthat are
t he tical tubes r is a top view of .
8B et B rEip Jakdo 3op BT o et aRoiEHE. Which
LAY inSérPBREAdiAG doWaUh® the tube for s@p@kdtirfg theirSodduples to
section view show ng the stopper bei ngb used to seal

i THEAYHEE taraperalike &ar hupte: seal against other tdbes, including ducts or

ports, with similar types of obstructions). The second is how to know for
certain that a good seal has been made so any measurement that is taken will

be accurate.
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Figure 5is a front view of a sealing device made in
accordance with the present invention; 10Figure 5Ais
a front view, simlar to that of Figure 5, but for
anot her enbodi mrent of a sealing device nmade in
accordance with the present invention; Figure 6
is a section view showi ng the sealing device of Figure
%riﬁftnﬁsc't'btlbﬁ%fhﬁelmrhwatyst ed into the reactor tube;

15Fi g .S the sane Yi w as he
seal i @“%@l'%%sﬁg?”b‘@%‘ﬁ H‘iﬂ@é’gggg tHb%FBéeJ'%'C o'Iegétg
agdivigtordd st tha!PRrmowell vefficgualsess is a front view of
one of the rigid plat so%th seal i ng devi ce of

Fi gur Eigsire Pigya P YA 3 bIIFORACEW of an al ternative

i gi dep) @ § i3 fronBeR it @B%ré&@yﬁ&lr%ﬁ@@@% 9is a
top view of the rigid plate of Figure gure 9A is

a t op Figussv oF a sRelian \yew spruing the StPPQE"r%e'@Q\U d to seal

F ront view of one of the flexible
h&é}‘é ]Tgaétée@g%al i ng device of Figure 5; 25Figure 10A

i s a Figune 58 aioof viaw oflatseeling denice made i acqsrdansewrithn

Qﬁ%ﬁﬁ%F% Iﬂpg{mﬁol e; Figure 11 is a top view of the
a

e of Figure 10:
Fxgure 5A is a front view, similar to that of Figure 5, but for another

embodiment of a sealing device made in accordance with the present
invention;

Figure 6 is a section view showing the sealing device of Figure 5 after it
has been inserted into the reactor tube;

Figure 7 is the same view as Figure 6 but after the sealing device has
been compressed in order to 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 outér 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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Figure 11A is a top view of the flexible plate of
Fi gure 10A; Figure 12 is a section view
through a vertical tube chem cal reactor 30showi ng an
alternative sealing device which includes inner and
outer seals and a nechanismfor ensuring that a good
seal has been nade; Figures 13-18 are section
vi ews Figuredglis a beamviewl of aechemigal reastss teb@ahowng andibas
h . g )
SERATOR b HY5< Sty FEe 16, BEBH'S Bedot f bOCediog
a t op Figues\20fs a gedpimstoaling pessre medsererhents ngesan pé et of
gondition that may be encountered in the top portion
¥%he tube to be sealed; Figure 20 is a graph show ng
grl ess Figurée aﬁs_ua grapMisrepvadentatiph Iro';c méhrééctbi‘ michSEU_gau{] ®
Is.a graphic representation o e reactor ich is
et il and S8 il MeuScauan b Setiv dibes. shdh s those
lvagathefrowdlisspeci al tubes, such as those with
thermywel | s; _Figure 22 is a graphic display
that WgHr®A2 ikaararhiqdspay Hiad mayha yees tahelr load. analyze
tharenansiRsupid@Fi gure 23 is a representation of the
format_that may be used to present the test results;
Fi gur &igeue 23 issa fepeserdaliass ofdhe foayat et mey bei yseditperesent

qRy i rliitd:he present invention; and

Figure 24 is a top view of a tray for use with the device of the present
invention; and

Figure 25 is a side view of the tray of Figure 24.
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Figure 25 is a side view of the tray of Figure 24.
Descri ption Figure 1 shows a reactor tube 10
extendi ng downwardly froma tube sheet 12 of a

chem cal reactor. This particular reactor tube 10 has
a thernowel | projection 14 extending downwardly into
the tube 10 and 5projecting out the top of the tube
Descriptsan shown in this view is an injector tube 16,

whi ch| é& etPsrPoQMg ??é‘a{c'ic?rquﬁee %’g{(t@%ihg d'oWhQJaH]f frofPLILBE
gas

tube 1 i njec ressuri to the tube 10 for
sledet r@iof lam@emem hmctcnrh a mmnzmtumamgsctbembepwdma

ded
BEERT L bifhriBh 3u S iandile ARy UG 10 bl farid e 29
iﬂwoﬁngwt mg teys ofteytulos 101 Atsp sdmwth@n thos EIewlhe {arrmvm tbs
on a rea :
Su15 Whiehds (o b Tshed Jporan g itd B BeoRt g [t higt

blfé@s&r%awhtb thé mbfacm fon détérmfﬁhig&mh@thén theaatent0 ha$)e
seal is used for those s eci al |[ﬂ%act r tubes th

ha%p@ﬁgflmﬁgpqi gvntarcagqugforg TRlpwing ituhe asldescnbed
PRRE AR ArRNE04 fateld KdledBoVRE TheRS ARG HeladTRany aseﬂﬁy or

tenperature a probe to neasure pressure, a sanpling
B Bieempwelsiofiactegtes ona reasiasc ThedyRs efea] thaf is; L@ég n
sea?éé é ‘4(3)%;33‘?&“@ Hoby HStSa&BdeHa?é:fHeQHérmowell pro;e&—ftﬁx

nporary as well as easy and quick
NhsThus, aadiffereahiype of sl is usad fpymo(@alspwiabrea@ﬁ@éu@?s that

ﬁgi?% ﬁ\%‘r{]é SRS A Esim n_%rt prB{%@tuJHétB? obafGLtiohd 1@%}1% may

an ty I cal erature, sonetines as
hé glpraise meaﬂirdegnae@tlﬁe a’hr@bsé@rn@sgm Rrepeurabd sampling

hst k
Pl b Rmely oo 20 PRI 1 Ml FudlF B e bl
bmyﬁztstQn cgnduc.t ed Eotfa{ tthe bialck pressgre has been
i as i d,, but i ca
iy ghefheseal 3P0 o rmerart ab WL 3eady B Gt g et ano
pshabVd. OTHY tebd topichlleis Qioaéeﬁ al&&e@ﬂ danﬁpega'd:r@l tat ¢ t2Bé 2heet

YarmayiRe ey WRERLANEIE! RADEFaliion SoPRLRF 45 r1eg s 130

Ba§ees FOITHR®APL®suld be able to withstand the back pressure that is
generated during the testing procedure without leaking. In tests 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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Figures 2-4 show a rubber stopper 2 being used. The
rubber stopper 2 defines a first opening 3 to
accommodat e the injector tube 16, and a second openi ng
4 to accommpdate the thernmowel | projection 14. A slit
5 (See 30Figures 2 and 3) extends vertically the ful
| ength of the stopper 2, extending the second opening
4 to Atsr@owrin friguse 4othersiepnsr gseels anlysat thadep edge of the

[ |
%g?’gﬂg)ﬂg p1 0. At pr“h‘?é @SE o?tg,ﬁé‘kgrf%yto*?é‘aw s %{%ﬁgﬁw ;ﬂngJrqg ?%ngs to
pL@hﬂhe stoppett dmmardkmebm Qfrting te:@em@n Qther $eﬂhngtn$eth@ﬁ£cso¢h

r?tfct ga% v:sc @ﬁwa?&%\é@gaﬁcp ttyqlfgv% bAéen Satg%’ﬁlerTh%y

R PHE Feact or
téhd o lbyp@rasfdtseate hardds use dogtados rasy tatientbdiok tybeessdithey

ends t h the stopper upwardly, out of the tube
&fbr.‘&deﬁgrleﬁ%i"‘él i ng met hods, such as duct tape,

Vi scq¥1gdr@§541c| gheived seél&gaiédlcelﬁgtwaﬂ@%sgﬁ@rﬁy oftRel as
wel | . The ndto eavere ue, are hard to, use
%8?'?1“&?29 Fr9is A6 SR doy doe %%acqmog%}eﬁw@aa
grejetfidd ¥4 and the tubEng%ﬁﬁJeéu SRWoAdaeahé fgstdevi ce 50
that sol ves many of the obl ems _of prior art seals.

Thi s IR g ?'HBO‘BEWEéh%ée%ﬂf‘@d#?ff%éioé@c'%%uﬁwé and lower
R PhREs ) 2842208 plliSiit UPfextfic bRled T8 884dwIeh&RSethBen

conduct the test. 10In this enbodi ment, the seallng
the upper &9 lpwer w@glaj?fpéﬁ ?eﬁﬂdThediiﬁé@”SﬂPfdh%lt% %ﬁ'@@'aﬂﬁs 6
] I
2B PERLIE id ofind WESPHGARIAL 28 i fispRogHs GRS
hpdton figid pfate B% Fbp tep oid piHta e detinew 2 fiesh opaning 3gi \glmlrcbs

G400 0 L i BB Bl

s@ebmahegerang B4swhlolpeeuem@33|2¢ indttaiulid ettt ends to the

Ve Tha kb o SuBif Gt ok oWl EicliePiRana e
E[aqhe‘tekrbl‘e ;blaieeSOldﬁeﬂnes a ﬂrst dieairndeitaihbsextbEnth® the eerilnleter
ates, 3

P Riedop i aardneionl4 Brdd FHend RaeaS Aahich
resdieatpetifledtbetuper i meter of the plate for receiving
the E%he fi ?sgttolpggngs Bza’onéj ofa allst%g?alna?esoar%n\}err]tgcally ahg\gl\r?edctlg
receive the projection 14, and the second openings 34, 40 of all the plates are
vertically aligned 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
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20recei ves the injector tube. The first openings

32, 36 of all the plates are vertically aligned to

receive the projection 14, and the second openi ngs 34,

40 of all the plates are vertically aligned to receive

the injector tube 16, which has a connector 18 at its

top end for connecting to the injection gas |ine.

aFpunshibe injedter tabe t16pdihis enipresien BechaRismiIRgydespdmicngs
e€

g e ko R e T S

sievb 2dtetweant thenppef andower nets 20p@Ri s igectof tUbhé 6

S TPl Ml PB4 PO
ahtiieberafpihplags B fididplatdsgled 28] 30, ees;&ﬁ:,tlvéﬁ extend to
the | e

whi lit.,. i

b henf s sbowh T sbiRed pPRPE N iR S S tot Matkt 2F 28 a0

tiig MeNible paté80 fdrmsa typpet isagmaz wn&ﬁthanrg:mpibtes 26, ﬁs onh
even ou

coext ensi ve all er
tig 1om 378 HAPEL 2BP R fable peter s STCieH prrBera et
pqza’teé beids. resPpsatityiar endb@ifent uses thAse I plamescascg uuues

- a nmechani sm for novin the u @g{ and | ower plates

t%numBeftraahvmél@@ﬁn@f‘ﬁ@POP the flexible
pl at g% R07 RoWDIHY %Im@@@%@é’ 50 @ﬁei Ml ppef n&tlmﬁhésﬁbeen

Thi s conpreSS|on mechani sm i ncl udes upper and | ower
tightesed dowppardiy agriast tb%f:@mp%saoms&qu 4 Which, Brfdg has

pggﬁ%g&ﬁqsﬁﬁdﬁll SRNRL A ﬁgﬁ 1 gIAe 260PSHe 1BRE! fi  HUBlatd ugs

e I'njector t ext ends t hrough
caenatineeNd Jownvwaydlydbeeasisadt l@p@npﬂ@bym lowgr nht 2hsoupper

t@%@%&r?ﬁglgfeg%gmebgg ﬁ&i\ggrdw tS%bM tﬁe%\ﬁé aiglgt@%, the

Inthe re
flpriblet plates 30 aFé gomner@sed Inett‘newgrtd:ap(aat%)sdl@@tlorzszaaaidgt he

erX|bIe | at he
14 2 PBAR, SRR BBl AR gtk
rééc&cxn tobe phayt also Séal%mdw! thequiojectionebhandh her injgictbr kst es
6, 28. This particul ar enbodi nent uses three flexible
%t ates 30, but 10 the nunber nay vary dependi ng upon

the ap@d, G@tm}éetor I:(]ube 16, rfct20, &:oﬁpﬁé@!%\ ﬁlbevézﬁlrlgﬁtg
evi 50 after the er nut 20 has_ been tighte
elitiis o JOUnERAES SRl ampebie hoSnaEsa SiF Eiom
oh8 r&adtdr tub@so vshed Iﬁ%@ﬁb ms)ért&l@@ls@élhg@b@déﬁ!ﬁhtdd\ gid
plate 26. The |ower ri ate 28 cannot nove

R0 WD RGRStD T o b SR a B9SaNtd SURE UPRE ansh,

Io%@er rfb’fd 3-@@3926‘1 PB&re Eé&érgte@ aaéLﬁ)s%tagpd’%nQQ\é‘Pmr Fh slits
t oward | ower rlq%theh&ate 28, the flexible plates

3§0>nath@ f cas @pe@lgg%afs xikie platesi 3Q arvipushediepat to fovm a
PRSI A RE IR 1 MR IO Bhokel B inios
38| dbepdiad davicaibd is $iid guieyaystandrihd Aexibie plates BAjaee flexed.
otpgl%%g 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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16. 20l n use, the injector tube 16, nuts 20,
conpression sleeve 24, rigid plates 26 and flexible
pl ates 30 stay assenbl ed together and are noved from
one reactor tube to another. In order to insert the
sealing device 50 into a reactor tube 10 with a

projection 14, the nut 20 is | oosened so the upper and
| owerAs thi sbabp@isemope sidewayse thecpralestien) 14 alsorteratntal

r i ngs
et entR dzorTRE iakidtes 25 37 Ofcd B bestorpel o
extgadisg onagh tite fost rmws;a@ irtthe ﬂpxlb!eematea @Omdttbe §ist beles

to.t :
32 Rl RERs ohd Riwe PR MR 28; 27 18 pHQ 54 S Fextls bhees
0pan: pgshed Haok tajdther RRin scsall trnélfleamlmlplam\ﬂ@)are dying flat

ition ea exi bl e Iate 30 onto the,projectiaon
R i oProleRieh 38 Fedeed Buditreredie et abh g it
ppafn@gsam.y 30extend in opposnte directions (i.e. one
flexible plate 30| orleci [ tB forvvar direction
as sh st pdTaven T s 28 el e s a6
bhef td mﬁ@l’egé/ﬁfe ffeXidld platdd 30. F8rsit ah@xlbp@:dmmgaon :m:gm@ned
rearward direction) so the slits 38 of ad]

FPrERVBROHrigg die agpeaRly ingether @%aeﬂﬁﬁ?fﬂe&?ﬁ@ Delibown

e th6jesh 1PMitd thefed&Er fibdedaYhentthe® uppér e LD mlgmened
al so enters into the first openings 32 of the rigi

pioag isordey tomm%%*‘eth?ﬁ@xﬁr‘ed?’é@ﬁ|38anU§'”%th€$€t°é'Fﬁ!Fﬂeng
Bfég%ﬂﬁr@ tc% Bepdrd’ a':ﬂ'fd forh&se %@al' &hd #6én ftt‘x&ﬁlb%@wﬁ'oﬂé%% |s30
an t he ho

I rst es 32 o he upper and lower rigid
pordusted26, 28, the slits 38 of the flexible plates 530

are '
o) ot BB oE 34 i6ta 0P 2 RRTElFibiles 2u S eF s
placed vetbp of thé eeactmréglp@dﬂj reetingeon theguby saeetg1r2ew|th threst

o N r
B89 4 g o2 sigl2R nobefaV ROE, TBR eh A el il
bbitorh Méthidolaeseg|rimt 842 aBounii itsstircumfesengep e pratd 2240 isi linged
i ght.e 10 somsv\,ha t,o br et her
to A8 PRES g FFaEs of & thetia B Bwdne Bl 414 54 A¥bted
blptiﬁ,tﬂhwgbyealokmg the Etgnélﬁder'mafe §Ih€2103p'ﬁﬁemmb d0ice S0 is
ti ghten e.in order to.c ress.t

B I BrOahe MR OPREs PERSPRA IaNEiterey 200 Beuaming
aum,d:ob@é pattd6f e dlevicarsd fidie falliieintd tAWGeAMoObE 86t Onge
conducted. 15Before the device 50 is used, a tray 200

(hgé@vpe&glé§s§qnglﬁg opip) thedhermocouple 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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pl aced on top of the reactor tube 10, resting on the
tube sheet 12, with the projection 14 fitting into a
slot 210 in the tray 200. The tray 200 has a fl at
bottomwith a raised rim 212 around its circunference.
A plate 214 is hinged to the flat bottom by neans of a
hinge 216 to allow the plate 214 to be pivoted 20
the @ged heldnuarshyf tae gsving sbewn indthirefgeancedl d%and ‘604 210.
st he device 50 is assenbled onto the thernocouple
pr o] ect| on 14, with the tray 200 preventing any | oose
par t $Vife thisedayiogi Z:hasobaancshonal fof ke With 8 thermowslict or

[%E}%%tl it (JfePod Bési r‘?é’d fo%c ggml'rﬁdgf%s r{ztggeQBF Srofelfons or

ermocoupl e projettion 1 IS renove
anutﬂrmwsdewfdbe Bolesdn thﬁ:s’@xtb@jplawscﬁotwger@anmaiﬁd tivgsaild

i t t
A0 n B PR IS RS Ve aemafPiFaddR Lo
dﬂsnmn down, the upper nut 20 is | oosened so the
fl I 30 t th I
e APa 7 SR A B,
amvet 021'8 Bmy&&el&etr@ ahfml:lsmhd diutermﬁaltﬁaﬂndludgrag Wsest%' BeA,
n ce is
e i tulbb dgida sy Tad s el bies THb Sy < <
édnﬁmi@d;d 5/Bevd m243béﬂm%eh€tﬁé‘mOV\lsIoUbﬁhbebthllﬂnént feseis a
dr awi ngs on:sxé show t he.connector of the

e ree %A (SeeiFayin Py &t R ¥k ﬂglfi ﬁ?%§%15@ h@% and

\f&mﬁthgne&&nmmn@ thitd ROIBE QS ¢Skd p.garesvmm twé ﬂexsble
npressed gas, such as an |nhector rom

FH%tIeI RA O Ihecaeianadsitional thbe 6@ (Fe Etgefﬁ:?e%b théﬁos
ks Bl aRahei supptub& ahlas adRvi %e5qh€aa%dh%ﬁﬁl tﬁﬂé’%‘o

for use wwth a thernowel| projection, it coul

rgesiiveme deauintad e iivwautien sesres thrpyel aaﬂsqbq’stmne@ﬂ\{ed ﬁé 6r
tﬁ%@még%g &186 |ng gd't{) N8 a Pg& Eésé 8ut Rubhexidpt %é’koat eS

|w1na e cou e use In-a regu ar tub
atinobphare r po @Jpaﬂsumsmser &7 Thepresaurng sepadr 14 is in

%’%ﬂrﬁ ?tton with the escr&%) o%orﬂ{](ﬂt%r aﬁ‘&iﬂ%%l’i ﬁg of

e Sea deV|ce ove n this caseée ere
\aahe 186191 oraadtooUEasuremd sressurehmmengmd spacectraxE) dap 174
ndw c s 126, 128 and flexible

5 [ l-at.e ,
bpqg‘%{?%% ’ﬁf'?ervﬁr\d AT s&@% goéags@ﬁ sl eeve 124 bet ween
t hemOnksioe sedls 60As5@Brhads bear tightdresdeinipgace 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
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third hole 134A (See Figure 9A) in each of the rigid
pl ates 126, 128 and vertically aligned matching third
hol es 141 (See Figure 11A) in the flexible plates 130
in order to receive an additional tube 160 (See Figure
12) that 15serves both as an air supply tube and as a
vent tube. The additional tube 160 receives a

gauga|14P caninyesrte && rgiieredhastiedestiy beiga candyaed & i on
c\éﬁhr’{&l@%nsﬁfé & bSSd ‘§@é{! f(‘!ﬁh! ‘?eslﬁ@nbé tisedt fsQ:o?r{pllé?é\ﬂ Ghé

to pass out rou%@ a vent to atnDsp ere or to a
tb’leégfé%/r\@l\@e‘rﬁ%\s shifted tqrwcéntip@é@gis@%%rtb@ nu 2Q)isi lgogemed,

d
R e 08 SO mENSE onfne MR 103007, § Teasure the
pr es¥Vhile thip arasgemidt uyesgas @t amxéssurgyapovE7ambienttosee
oA iR R vaE Rbdeediops B k2 L BRI e,
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v%g@blobh@fomelelw;becr&n’p@é!Ireatbtcbraubérs itroaybe Ueed fBcHesk

Ruledi 1<t goseels GG heris a5 b 1105 ol lesd BT sgersfor

isToee ¢dmelusteniter\thary thell64k fest, BhedStBere magl bk Iy ooy
val ve 166 is positioned to all ow conmuni cati on bet ween

exicadingitarosgh ¢ oytersgpl1one fanmiacked Preceas A epgige 170.

rSuBAYTINE RESSTRE irt PleSold &) deE camitherainal bR fy Greser €
?‘*19”8(@6170 over a period of tinme and determ nes whet her
e

tthrougl thsloppeseadt abi lity in terns of a certain
nurrbrsrgu%fs 6 SH6E a%ﬁéffgﬁmsn&.ﬁorvg thit Sarfpd Sﬁé&ﬁnféréé‘@ge

over certain period Indicating th a good

thelgp qﬁﬂ@ leaeler tmew &4 o§ whish dan be; @ap@nmatem@ntherﬁ@al
d(iﬁgé 58" er# BHoyw tgé”ibr%@f tﬁé’f&%&?&g?&kﬁ?@% RIAFH e t%?b’fge

contln es to nito
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o55bio RIS 320 P ShEf e MR IR e
réapesehipdidedine taphaf thewibesheet 12efigads fl6 dmotihe 18 eapicbthe
sgnlﬁ'e%ongltlons as Figures 13 through 15 respectively, but with a weld bead
8 securing the reactor tube 10 to the tubesheet 12.

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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5While this arrangenent uses gas at a pressure above
anbient to see whether the pressure in the void space
drops due to a leak, it would al so be possible to use
gas at a pressure bel ow anbi ent and see whether the
pressure in the void space rises due to a |eak. Also,

whil e this_arrangenment was devel oped for use with
cheniFigiires 2h2pe23taip gsarhia displgypibat e gansrated Bx theoirbe
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view of a reactor tube 10 depicting several

ker o) Nen bGP o RE 101350 The P AT RETa fHecbe f@ber
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such as wi he rubber stopper shown in Figure 4. The

a@eaawfx@tpamm@f tm rel@bilinhofhe eeal hagae petherdataierate nner
pqlé 8&ndeq74 weld repair 44 is shown which overhangs

reduces t e inner dianeter 42 of a portion of the
t ube Fm,re g2 \a anptherdype nbgraphic idispéayadenerated ltm éhcaswstem

PO OISR S5 355 i Y B 12 080l
50c corelateddo paltba)e nexstiopijeadiag asd usimnogelm Iélr@&jrvelue)and
nY%Jrq ag_'%v% Sr[nl\?aYuc‘ 48 can result in high spots from

can a so allow |l eaks to occur with a

pri oFlgzalret 5Atdepjoer ancﬁlverembmﬂmeumfmaﬂmg devics 508 exkdeo
t hese. ¢ ons

o eRceafeatn b e IRE L) Ui Bstions bepeeids ©
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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Figures 21 and 23 are graphic displays that are
generated by the tube testing or bl owdown system as
generally explained in the referenced patents.
However, the display of Figure 23 is specifically for
the reactor tubes 10 that include thernmowell

j.ections 14. 5F|gure 21 is a g?aphlc representatlon
afe irylar 1Hex wowld Be Shapedia cpaigrT &9 thseshaperah Seiybe

(iAYLdigg bhRrice @ﬂ@brﬁﬂﬁpﬁgeﬁﬂﬁ viHid¥ethalseanid $BAdeP® deBf which
t ubesheet 12. It indicates the nunbering convention

Go\¢d beiaval. savarg. e Mapy aker sanesy diwil e aliquse thosest
akfed Rtbe bHRRS rhéui Bn§ Pd’&y bHYRad& Athe ermbtfifents
containing thernmowells or thernocouples are typically
Aeegiibed iabavayitaoutidepartiogtiramntherscope of te: preserdgleation.
tubes (black instead of white in this instance). As
the conputer cursor is placed over the graphic
representation of a particular tube, the rel evant
information is displayed in the callout box as shown
in Figure 23. The nessage displayed in the callout box
may i nclude information such as the nunber of the

t her rocoupl e or other probe, the row nunber, the tube
nunber 15(within that row), and the outage |evel

and/ or the pressure drop data, as well as an
indication of the reliability of the seal based on the
data fromthe pressure sensor 170. Figure 22 is
anot her type of graphic display generated by the
system which shows the pressure drop val ue as
nmeasured with the aid of the device 2050, correl ated
to certain levels of |oading and indicating the target
val ue and maxi mum and m ni num val ues. Fi gure 5A
depi cts anot her enbodi nent of a sealing device 50A
made in accordance with the present invention. This is
very simlar to the sealing device 50 of Figure 5,
except that the injector tube 16 is threaded directly
into 25 the bottomrigid plate 28 instead of having a
separate |l ower nut 22. O course, instead of, or in
addition to threading into this bottomrigid plate 28,
the injector tube 16 coul d be wel ded or otherw se
secured to the bottomrigid plate 28. The operation of
the sealing device 50A is otherwi se identical to that
of the sealing device 50 descri bed above. 30Wiile the
ternms "upper” and 'lower"” and "horizontal" are used
herein, it
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shoul d be understood that this term nology 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 are
circular, they would be shaped to conformto the shape
of the tube (including a duct°dr conduit) agai nst
which the seal is intended to seal, which could be
oval, square, or nmany other shapes. It will be obvious
to those skilled in the ag at nodifications may be
made to the enbodi nents 5 escrlbed above wi t hout
departing fromthe scope of the present invention. 00

com g ouf S5 O teie SavieGia,Prelstiign coming ot 8 feibe,

cemgriigger rigid plates, each having a perineter and
defining first and second openlnglb wherein said first
openi ngs e ANt igwen Egiddrialest eachhhaving arperisagierand gefining

fi I%ggbﬁéego%de??eﬁrg?%sr, vgn]%ﬁa deﬁ%hrﬁ%ﬁeﬁln@é deq'\dotlo%g perimeter

Ing TIrs econ
obt}hehiregsectiwb@daﬁés: said fi rst opening extends to the

perimster t,he f ate, said f pl at

Do g s aridpastdhe g nfath baY e Paimele sup FBrirg fist and
sé&@fdec%enmgs whereln sald/\h%f 6péh|ﬁgle§ité°rid§&b tieP patimeterf the

sai d per and |ower rigid plates and of said flexible

ﬂ@fi*@!@@'@teewa flexiblg pgateabelga sangyirhed ketween e wpReT angslower

upper and lower rigid plates and of said
r@Pgu E?’e plate are vertically aligned;

wher ei n swihereirppaid fisstcdpeaings ofisgicﬁumemami Ibeveerigid plates

i oA SRl iiCe BV A DB ERE 2B Socr omrings of sad
uppr ahidaoweerigiafplates atnﬂnﬁrsawﬂﬂbhwatéla;e sieﬂloau;asngﬁw

it 1s conpressed between the upper and | ower

ol at es; AMgerein said UpREt ARs lWARIIGE Pl?ée&r%v%sxéétmuméhe
sefrﬁé Qﬁé@ﬁ‘et@ﬁ‘gﬁd §SM&:&§2€H&Q %s&aoélaﬁ%‘rféﬂﬂaf &:Pp 30 b@rlQrger

ower ri gl [ates to eac ress
than ébt¢ Ulwqeaobthegmp@r aodﬂmwersmgnd phlates svhiendl mdnongorassed

[ tube ex ndln Qu sai d second openi ngs .
gii%ypp%rarb “ﬁ%"ﬁ P'ﬁ[;e % Oj ection com ng out of

the ﬂJbther ésmprising means extending through said second openings for
moving the upper and lower rigid plates toward each other to compress the
flexible plate, said compression means including an injector tube extending

through said second openings .

2. A seal for a tube having a projection coming out of the tube as
recited in claim 1, wherein there is a plurality of said flexible plates between
said upper and lower rigid plates and wherein said compression means
includes at least one nut threaded onto the injector tube.
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recited in claim1, wherein there is a plurality of"’
said flexible plates between said upper and | ower
rigid plates and wherein said conpressi on neans
includes at |east one nut threaded onto the injector
tube. 00 3. A seal for a tube as recited in
claim1l, wherein said upper and lower rigid plates and
said flexible plate are | ocated inside a chem ca
reactor tube, with a projecti®® fromthe tube

extend| ng through said first aligned openings and wth
sai d3f | exfisieal fﬂre’t‘tté'bgéélrﬁﬁ'ée(h@aq'ﬂm 11 weereiherid dppenaad

Id?/ver.srgct P%?%ﬁ@éaxﬁ?%ﬂbié gfg;%’ﬁ é‘fé@aé‘ﬁqgélﬂg aatﬂfé‘r'ﬁealt §ctor

proj or a tube as recit
tubeawithla profjentionrfrara dire nlbeﬁdtmdjp@d’rroagm shio\iirst ahggled

ofipBhBR g i o Pl it o Fnokhsf g AGer dytote Ot saic

chémidat Addcioralibgand sealin dgaroub'nd the pegiectioh. a tube as
recited in claim4, and further conprising a tube

received in said aligned third openings. 6. A

seal 47 or A selPfor BUbOIs el ACUAiRN1 SR BH &dth of sdidEpper

tube as remtlé)@ln clarm 1, ereln 'sai d conpression
ane owerfrigid hiates and sdid<Slexitie plate stsoatefinies evbird opening, and
surroundi ng .said i.njector bove said upper rigid
S?HHJ?%P"“C |ve9h|raa9perﬂ\né%§re Y?]&'C%&% aving a projection
com ng out of the tube as recited in claim®6, wherein
sai d_conpression neans further includes at |east qne

nut Bhr eaN&8aLRE 8 tihe as feeitaddp daiBed Al erthar gomprising a
tUbRTRESNEH s 5l &RYRed third openings.

6. A seal for a tube having a projection coming out of the tube as
recited in claim 1, wherein said compression means further includes a

compression sleeve surrounding said injector tube above said upper rigid plate.
7. A seal for a tube having a projection coming out of the tube as

recited in claim 6, wherein said compression means further includes at least
one nut threaded onto the injector tube above said compression sleeve.
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