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This invention relates to an insulsted slib-joint
device for use in connecting a pipe lifié to g véssel,
and particularly to such use in systetis requifing
a long distance transfer of particuldte solid msta-
rial at relatively high temperatures. MMore par-
ticularly, the invention relates to an insulated
slip-joint device adapted to corinect 4 tapered
portion of an elongated pips lineé to g vessel wall
in such manner as to permit free longitudinal
eXpansion or contraction of the pipe a$ a result of
severe temperdture chinges, while maintaining
the joint surfaces substantially free of particles
of transferred solid material and at lower tem-
peratures, in order to avoid serious gbrasion of
the slipping surfaces.

The invention, in general, is applicable to varis
ous points of connection between vessels and
conduits employed in the chemical processinig and
petroleum refining arts. It is of particular ad-
vantage, for example, in connecting the gas=lift
pipe extending between the upper and the lower
lift hoppers of a system such as that described in
the article entitled “Houdri-flow: New Désigh in
Catalytic Cracking” appearing at psge 78 of the
January 13, 1949, issue of the “Oil and Gas Jours
nal,” or in conneeting the catalyst transfer lines

and vessels of fluid catalytic cracking systems, -

In such systems it is often necessary to pass par«
ticulate solid material, such as catalyst iti graxi-
- lar or powdered form, in admixture with gases or
vapors between vessels which may be separated
by as much as several hundred feet. Sinice the
vessels are usually rigidly supported or an ex-
tensive structural frame-work, provision is re.
quired in the way of expansion-joints, slip-joints,
etc. for accommodating the longitudinal expar-
sion and contraction of the connecting conduits
duriiig temperature changes. Although the it~
vention is of general application, it will herein~
after for the purpose of illustration be particu-~
larly described in connection with a gas lift pipe
of the type referred fo in the aforemerntioned
article. In the gas lift of that design, granular

catalyst, after passing downwardly as & moving

bed from an upper lift hopper through the treat=
ing or gas-solids contact section of the system, is

discharged into a lower lif§ hiopper surroundmcﬁ
the lower end of the lift pipe, from which point
it is transported by means of g stream of 1ift

ga$, which may be flue gas from: the kiln of the
treating section, through the vertical Nft pipe
back into the upper lift hopper to complete a
cycle of catalyst flow. In present commercial

practice in large scale units the lift pipe may be

150 to 250 feet in length and may be mamtame_d»
at temperdtures in the rdange-of 850 to 1300° ¥,
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In such ranges of pipe length and tetnperature
the problem of accommodating differential ex-
pansion between the rigidly supported vessels and
their connecting conduits is obviously acute, and
provision must be made for a possible expansion
of 20-25 iriches. While various slip-joint devices
are available in the art, nomne have been con-
sideféd. suitable for use under severe conditions
of temperdture change and élongation, éspeciglly
in an atmosphere of dbrasive materisl, siich ss
the catalyst fines that may be found iri the région
surrounding the lift pipe in the upper lift hogper.

The Problei is aceentiated when the lift pipe i§
adapted to provide a gradual decredse in lift gas
veloEity, as by gradually ificreasing its diametsr,
for all or a portion of ity length. In such case,
the opposed surfaces of & slip-joint having a
cyliridrical zone of contact would separate during
a period oi expansion and tend to bind during
a Deriod of coniraction. The present invention
is especially effective in overcowving the difficul-
ties arising in the latter case.

In accordance with the invention, the lohgi-
tudingl expansion and contraction of the ILft
pipe is accommbodated by a packed joint, such
as a stuffing-box, or any other suitabls packing
arrangement that will provide a fuid-tight seal
between thelift pipe and the vessel wall. A safe-
guard against deteriorgtion of the joint packing
by ressorn of the high temperatures t¢ which the
1ift p1pe and the veéssel are subjected is obtained-
by the provision of means for insulating the joint
packing from the lift pipe and, if necessary, dis-
sipating 4 portion of the heat by indirect heat
excharige with o fluid mediuv cir culdting through
the critical heat zone. Injury to the contacting
surfaces of the slip-joint, and the consequent
destruetion of the fluid seal, from the abrasive
action' of  catalyst fines or other foreign solid
particles infiitrating into the joint from the in-
terior of the vessel is avoided by intr odueing gas,
stich @s stegnd; between the opposed slipping sus-
faces 1o form & continuous bleed into the vessel
chamber sufficierit to cless the Jjoint 6f such
foreign natter., If the 1ift pipe it to be tapered
instead of cylindrical, the afcrem rentionad dis-
advaritage of having opposed non-paralisl joing
surfaces is obvigted by construdting ngy-
lated: ¢overitie surrounding the i pipg in the
region. of the joint s¢ that its outer surfacs is
parallel to the axis of movemient. The bleed sas
ntay be injected directly into the joint from an
external source, or it May be inttoduced 4 '
by discharge from’ g éhamber sSurrouns
joint’ thiough which o fluid hext exe angé
medium is cireulated, i which case the latist

the
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serves the double purpose of exercising & tem-
perature control and of flushing or cleaning the
joint.

For a fuller understanding of the invention ref-
erence may be had to the following description
and claims taken in connection with the accom-~
panying drawing forming a part of this applica-
tion, in which:

Fig. 1 is a schematic view, in elevation, of a
catalytic cracking system employing & gas lift
in which the present invention may be employed.

Fig. 2 is an enlarged sectional view of the slip-
joint at the upper end of the lift pipe connecting
it to the upper lift hopper,

Fig. 3 is a modification of the shp—Jomt show-
ing the use of a fluid heat exchange medium on
the vessel side of the joint; and

Fig. 4 is another modification of the shp-Jomt
showing the use of a fluid heat exchange medium
on the lift pipe side of the joint.

Referring to Fig. 1 of the drawing, there is
shown a schematic arrangement of a catalytic
cracking system involving the cyclic flow of gran-
ular catalytic material between vertically spaced
hoppers. The catalyst flows downwardly by grav-
ity flow from the upper hopper through a treat-
ing section of the system to the lower hopper,
and is returned to the upper hopper by convey-
ance in a gas stream through a lift-pipe section
of the system.

Summarizing, briefly, the deseription given in
the cited article, catalyst is withdrawn from the
bottom of the upper lift hopper (i through a
seal leg 12 which passes the catalyst downwardly
into a combined reactor-regenerator, generally
indieated by the numeral {2. The catalyst passes
by gravity flow in a moving bed downwardly
through the vessel {3, and is withdrawn in regen-
erated condition from the bottom thereof through
a seal leg {4 which passes the catalyst down-
wardly into the lower lift hopper 5. A vertical
lift pipe 16, preferably tapered %o provide in-
creased flow area at its upper end, connects the
upper and iower lift hoppers £l and 18, respec-
tively. A continuous stream of lift gas is intro-
duced into an engagement zone within the lower
1ift hopper 15, as through inlet {7, wherein the
catalyst is engaged by the lift gas and conveyed
upwardly through the lift pipe 16 into the upper

1ift hopper {1, the catalyst being separated from ;

the lift gas in the upper hopper and subsequently
recyeled through the system. For the purposes
of illustration, the lift gas is shown as being sup-
plied to the inlet line i1 from the flue line I8
which receives flue gas from the regenerator sec-
tion of the vessel 13 through outleis {8. It is
to be understood, however, that other means for
introducing lift gas into the lower lift hopper,
and other lift gases, such as air, steam, hydro-
carbons ete. may be employed as the lift medium.

In view of the length of lift pipe required in
large-scale commercial operations, and of the
high temperatures commonly employed, allow-
ance must be made in the system for longitudinal
expansion and contraction of the eatalyst trans-
fer lines. The lift pipe extends between hoppers
which are fixedly supported on a rigid framework,
and is therefore subject to a considerable amount
of elongation and contraction. While accommo-
dation for the variations in 1lift pipe length may
be made at either end of the lift pipe or at some
intermediate point, a preferred arrangement is
to provide for such expansion and contraction at
the point where the upper end of the lift pipe
enters the upper lift hopper. Because of the
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scale to which the schematic illustration is drawn,
it has not been possible to show any details of
the slip-joint in the lower conical head of hopper
i1 in Fig. 1. A detailed illustration of the slip-
joint and its association with the hopper {1 and
the lift pipe 16 is clearly shown in the sectional
view of Fig. 2.

Referring to Fig. 2, the fragmentary lower con-
ical portion of hopper {1 is shown as terminating
in a short eylindrical neck portion 21, providing
an opening in the lower end of the hopper of
substantially greater diameter than the diameter

f the upper end of the lift pipe {§. A fanged
stuffing-box housing 22 extends within the open-
ing in the lower end of hopper il and is secured,
as by welding, to the neck portion 2{. The lift
pipe {§ passes centrally through the housing 22
and terminates well within the upper lift hopper.
The portion of lift pipe {8 adjacent to and pass-
ing through the hopper opening is provided with
a skirt-like sleeve member 23 furned inwardly at
its upper end and rigidly secured to the outer
surface of the lift pipe. The sleeve 23 is cylindri-
cal in shaps and is arranged so that its axis is
coincident with the axes of lift pipe 1§ and the
stuffing-box housing 22.

The annular space between the cylindrieal
sleeve 23 and the tapered 1ift pipe 186 is filled with
a suitable insulating material 24, so that, despite
the high temperature of the lift pipe, the outer
surfaces of sleeve 23 may be maintained at a tem-
perature that will not be injurious to the packing
material used in providing a fiuid-tight seal in

- the slip-joint. A fiat ring member 25 is secured

to the upper end of housing 22, surrounding the
sleeve 23 and substantially closing one end of the
annular space formed between the housing and
the sleeve. The opening in ring 25 is slightly
larger than the sleeve 23, so that the latter may
move freely through the opening. A ring mem-
ber 26 is secured to the inner wall of housing 22
to divide the annular space between the housing
and the sleeve info an upper chamber 217, inio
which steam may be introduced through inlet 28,
and a lower chamber 29 for receiving the joint
packing 38. Ring member 26 is slightly larger
than the sleeve 23, so that the latter may move
freely through the ring. A packing gland 3!
fits within the open lower end of housing 22, both
members being provided with the usual flanges
and flange bolts 32 for compressing the joint
packing 30 sufficiently to obtain the necessary
seal.

Because of the accumulation of granular cata-
lyst in the lower portion of hopper {4, and espe~
ciglly an accumulation of minute particles or
fines which are unavoidably preduced hy attri-
tion as & result of continuously circulating the
catalyst through the system, there is a tendency -
for the fine catalyst particles to infilirate into
the joint. The fine solid particles are injurious,
to the opposed joint surfaces, eventually destroy-
ing the fiuid-tight seal. By introducing a gas,
such as steam, which is compatible with the gas
or vapor within the hopper {{, into the chamber
27 at a rate sufficient to provide a constant bleed
into the hopper through the space between the
sleeve 23 and the ring 28, catalyst may be pre-
vented from entering the joint. Thus, the outer
surface of sleeve 23 in the region immediately
adjacent the joint packing is maintained in rela-
tively clean condition, so that catalyst particles
are prevented from clinging to the surface of the
sleeve and being carried during periods of con-
traction between the sealing surfaces of the sleeve



3,664,580

23 and the packing §3. In addition to. ifs func-
tion of preventing ecatalysi infiltration into the
joint, the gas chamber 27 may serve the addi-
tional useful function of carrying off heat from
the sleeve 23 by direct heat exchange with the
fluid heat exchange medium passing through the
chamber 27. o
Reierring to Fig. 3 of the drawing, a modified
form of sleeve joint is illustrated. 'Thé portion
of 1ift pipe i§ passing through the opening in
neck 21 of hopper {{ is covered by a cylindrical
sleeve meiber 33 of substantially larger diam-
eter than the diameter of the lift pipe. The
cylindrical member 33 is turned inwardly at its
upper and lower ends 34 and 235, respectively, to
form a confined space between the lift pipe ang
the sleeve for the reception of suitable insulating
material 3§ having sufficient insulating prop-
erties to maintain the outer surface of the sleeve
33 within a safe temperature range. An annular
membper of irregular shape is attached to the
underside of hopper {{ surrounding the sleeve
member 33. The irregularly-shaped member
comprises a cylindrical wall section 37 attached
at its upper end to the sloping bottom of the
upper lift hopper and depending therefrom cone
centrically to the neck portion 2{. The lower
end of cylindrical member 37 is turnsd radially
inwardly at §8 and then upwardly at 28 to form
a short cylindrical portion terminating at its
upper end in 5 concave annular portion 4§ adapt-
ed to receive a packing ring 4{. The annular
member formed by the portions 37, 32, 39 and
48 provides 2 chamber 43 surrounding the slip-

joint. An inlet 43 in the cylindrical wall 37 of the .

chamber 42 is provided for the introduction of
gas, such as steam, into the annular chamber.
The upper end of the coneave portion 48 is spaced
slightly from the lower end of neck 2%, 80 as to
provide a circumferential gas outlet from the
chamber 42 into the space between the neck por-
tion 21 and the eylindrical sleeve portion 33,
The gas introduced through inlet 43 funections
in the same manner as gas introduced through
inlet 28 of Fig. 2. C : ’ '
Referring to Fig. 4 of the drawing, the sleeve
member of Fig. 3 is shown in modified form. In
order to provide increased capacity for heat
transfer away from the region of the slip-joint,
a cooling coil 44 is embedded in the insulation
material 38 surrounding the lift pive {6, through
which a fluid coolant is econtinuously circulated.
In Fig. 4, the shielded portion of the lift pipe
is shown as passing through a flat horizontal
wall member 45 of a vessel, in order to show its
application to vessel walls of differens configura-
tion. The opening in wall member 45 is large
enough to permit free longitudinal movement
of the cylindrical portion 82 of the sleeve. A
fianged neck 46 is attached to the undersurface
of wall 45 concentric to the opening therein, the
diameter of the neck 48 being substantially
greater than the diameter of sleeve member 33
in order to provide a suitable space therebstween
to form a stuffing-box. An inlet 41, for steam
or other gas, is provided in the side of neck £3
near its upper end to permit the introduction
of a stream of gas into the annular space be-
tween the neck 46 and the cylindrical sleeve
member 33, so that a constant bleed may be
maintained through the space between the sleeve
member and the vessel wall 45. Within the
stuffing-box formed by the member 4§ there is
first placed a lantern ring 48 followed by layers
of packing 48. Packing gland 59 compresses the
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packing material 48 by means of bolts §f in &
conventional manner so as to provide o Auid-
tight slip-joint for the sleeve member 33; The
lantern ring 48 spaces the packing material 48
from the base of the stuffing-box suficiently to
permit uninterrupted introduction of gas through
inlet 47. )

It is obvious that the invention is susceptible
to various other modifications without departing
from the spirit or essential attributes of the in-
vention.

What is claimed is;

1, A slip-joint between a vessel wall and s
tapered portion adjacent to the free.end of an
elongated conduit extending through an open=-
ing-in said wall, and adapted to maintain a
sealed connection therebetween while permitting
substantial relative displacement longitudinally
of the axis of said conduit as a. result of extreme
changes in temperature, comprising sz spaced
sleeve member concentrically encircling said
tapered portion and extending therewith through
said opening, said sleeve member having s cy-
lindrical outer surface, heat-resistant means He-
tween said- sleeve member and said conduif, a
housing member secured at one end along the
edge of said opening and extending eutwardly
from said wall, said housing member being
radially spaced from and encircling an inter-
mediate portion of said sleeve member, & pack-
ing between said housing member and said sleeve
member adapted to provide a Auid-tight slip=
joint therebetween, means for retaining said
packing inwardly from the supported end of said
housing member, and means for introducing a
fluid medium into the annular space formed be-
tween the inner portion of said housing member
and said sleeve member for passage into said
vessel through said opening.

2. A slip-joint as defined in claim 1 in which
sald sleeve member comprises a cylindrical mem-
ber of substantially greater diameter than the
maximum diameter of the encircled portion of
sald conduit, and an insulating material filling
the annular space between said cylindrical sleeve
member and said conduit.

3. A slip-joint as defined in claim 2 including
& pipe coil concentrically embedded within said
Insulating material for continuously circulating
therethrough a fluid heat exchange medium.

4. A slip-joint as defined in claim 1 in which
the inner end of said annular chamber formed
between said housing member and said sleeve
member is substantially closed, so as to provide
a free sliding fit with said cylindrical outer sur-
face of-said sleeve member. .

5. A slip-joint as defined in claim 4 in which
said cylindrical sleeve is of greater diameter than
the maximum diameter of the encircled portion
of said tapered conduit, and including an insulat-
ing material filling the annular space between
said cylindrical sleeve member and said tapered
conduit, and means for compressing said packing
to maintain said fiuid-tight slip-joint.

6. A slip-joint between a vessel wall and a
tapered portion adjacent to the free end of an
elongated conduit extending through an open-
ing in said wall, and adapted to maintain a
sealed -connection therebetween while permitting
substantial relative displacement longitudinally
of the axis of said conduit as a result of extreme
changes in temperature, comprising a spaced
sleeve member concentrically encircling said
tapered portion and extending therewith through
said opening, said sleeve member having a cy-
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lindrical outer surface, heat-resistant means be-
tween said sleeve member and said conduif, a
stuffing box member surrounding said sleeve
member and extending partially within said
opening, said stuffing-box member being secured
to said vessel wall around said opening, and
having inwardly-extending radial members both
at the inner end and at a point intermediate the
ends thereof forming, respectively, an end closure
and an internal partition, said partition dividing
said stuffing-box into inner and oufer chambers,
said closure member and said partition member
forming a free-sliding fit with the outer surface
of said sleeve member, a packing in the oufer
chamber of said stuffing-box member, a packing
gland in the outer end of said stuffing-box adapt-
ed with said partition member to compress said
packing and form a fluid-tight slip-joint around
said sleeve member, and means for inftroducing
a fluid meditim into the inner chamber of said
stuffing-box for passage into said vessel through
said opening.

~ 7. A slip-joint between a vessel wall and a
tapered portion adjacent to the free end of an
elongated conduit extending through an opening
in said wall, and adapted to maintain a sealed
connection therebetwsen while permitting sub-
stantial relative displacement longitudinally of
the axis of said conduit as a resuit of extreme

-changes in temperature, comprising a spaced 3

sleeve member concentrically encircling said
tapered portion and extending therewith through
sald opening, said sleeve member having a cy-
lindrieal outer surface, heat-resistant means be-
tween said sleeve member and said conduit, an
annular housing member of subsiantially U-
shaped cross section secured along its ugper out~
side edge to the outer suriace of said vessel about
and spaced from said opening, the inner side
wall of said annular housing member being cir-
cumferentially indented to form a packing-ring
groove, the upper edge of said inner side wall
of said annular housing member being spaced
from the vessel wall about the edge of said open-
ing to form g circumiferential passage bhetween
the annular chamber formed within said annular
housing member, a packing-ring in said packing-
ring groove forming a fluid-tight slip-joint be-
tween said housing member and said sleeve mem-
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ber, and means for introducing a fluid medium
into said annular chamber, said fluid medium
passing through said circumferential passage and
through the annular space hetween the edge of
said opening and the surface of said sleeve mem-
ber into said vessel.

8. A slip-joint between a vessel wall and a
‘tapered portion adjacent to the free end of an
elongated conduit extending through said wall,
and adapted to maintain a sealed connection
therebetween while permitfing substantial rela-
tive displacement lengitudinally of the axis of
said conduit as a result of extreme changes in
temperature, comprising a spaced sleeve member
concentrically encircling said tapered portion
and extending therewith through said opening,
said sleeve member having a cylindrical outer
surface, insulating material in the space between
said sleeve member and said conduit, a stufling-
box member surrounding said sleeve member and
secured at one end to the outer wall surface of
said vessel inwardly from the edge of said open-
ing, g lantern-ring in the base of said stuffing-
box adjacent to said vessel wall, a packing out-
wardly adjacent said lantern-ring, a packing-
eland for compressing said packing against said
lantern-ring to form a fluld-tight slip-joint
around said sleeve member, and means for in-
troducing a fluid medium into the base of said
stuffing-box adjacent said lantern-ring for pas-
sage into said vessel through the annular space
formed hetween the edge of said opening and the
outer surface of said sleeve member.

9. A slip-joint as defined in claim 8 including
means for circulating a fiuid heat-exchange
medium wholly within said insulating material
and in indirect heat-exchange therewith.

ROBERT M. SHIRK.
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