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1

This invention relates to improved apparatys
for treating fibers, yarns, and ﬁlamentary
bundles generally, with fiuid under pressure.
More particularly the invention relates to im-
proved apparatus for treating synthetlc or ‘artifi-
cial fibers with steam under pressure.

It is well known m the art to treat synthetic
altermg their propert1es, for example, by’ stretch-
ing the ﬁlaments in an atmosphere of steam un-
der pressure or by perm1tt1ng the filaments to
shrink during the steam treatment. The appara-
tus used conventmnally for contacting ﬁlaments

with steam consists of an inclosure containing an

atmosphere of steam into which the filaments are
introduced and from thch they are w1thdrawn
through suitable openings in the inclosute. The
openings for the passage of the filaments into
and out of the inclosure are preferably as small
as possible so as to mm1m1ze the escape of steam
Across these opemngs, ‘there is a pressure drop
and steam escaping exerts a fr1ct1on effect on the
filaments passing thlough the openmgs which
sets up a tension in the filaments additional to
the tension exerted by any mechanlcal stretchmg
devwes This tens1on resultmg from the pres=
sure drop at the openings has an adverse eﬁect on
the filaments, resulting in chafing or breakmg
thereof, especially at the entrance openlng when
the flow of steam from the inclosure is counter-
current to the direction of travel of the filaments.

It has been proposed to provide compressed air
chambers at the openings of the inclosure for the
purpose of reducing the tension exerted on the
filaments by steam escaping from the openings.
However that arrangement has the disadvantage
that unless the air is maintained under carefully
controlled pressure lower than the pressure of
the steam, some air will flow into the steam
chamber, which is undesirable.

The primary purpose of this invention is to
provide improved apparatus for the continuous
treatment of synthetic or artificial fibers, fila~
ments, yarns, or filamentary bundles, with fluid
under pressure, in which damage to the fibers by
escaping fluid is substantially eliminated, and
treatment of the article forwarded to the steam-
treating apparatus is facilitated, whether the ar-
ticle is in dry, wet or moist condition, Another
object is to provide apparatus in which the
fibers, filaments or filamentary or fibrous bundles
may be treated with fluid under high pressures,
without appreciable damage by escaping fluid.

- In its broader aspects, appara.tus in accord-
ance with the invention comprises, in combina~
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tion, a closed member for receiving fluid under
pressure therein and having small~ -dismeter
strand entrance and exit openings in opposite
ends thereof, in which fibers may be treated with
the fluid durmg their travel from one pomt to
another, means for supplying fluid under pres-
sure to the member and a tubular member hav-
mg an axial strand passage the diameter of which
is equal to or greater than the diameter of the
strand openings in the member to which the fluid
under pressure is supplied “the tubular member
bemg arranged with one ‘of its ends connected
with the entrafnce end of the ﬂu1d treatmg mem-
ber and its other end open to the atmosphere, and
with its axial passage ‘aligned with the openmgs
in the member to Which the fluid under préssure
is supphed The axial passage of the tubular
member comprises ah elongated enclosed intro-
ductory channiel for the fibérs or the like ad-
vaneing t6 the member to which the fluid under
pressure is supplied and functions to’ gulde the
fluid escaping from the strand openings thereof
over an extended path to the atmosphere so that
the pressure drop is spread ovér an extended area
and higher pressures than are ordinarily possible
may be used to treat the fibers, without damage
to the fibers entering the fluid-treating member.
The diameter of the introductory channel is such
that the fluid passing through it to the atmos-
phere, eountercurrent to the fibers advancing to
the member in which they are to be treated with
the fluid under pressure, is confined and serves
to prefreat the fibers. If the fibers or filaments
are to be treated in an atmosphere of steam un-
der pressure they are preheated as they advance
through the introductory channel by steam es-
caping from the entrance opening of the steam-
treatmg member.

The member to which the fluid under pressure
is supphed may take various forms. For ex-
ample, it may be an elongated straight tube to
which fluid under pressure is supplied directly,
or it may ‘be such a tube to which the fluid under
pressure is delivered indirectly from a jacket sur-
rounding the tube, or both the jacket and the tube
may be supplied direetly with fluid under dif-
ferent pressures, the fluid in the jacket being
utilized to superheat the fluid supplied o the tube.
Altérnatively, the memher for receiving the fluid
under pressure may be a chamber of any suit-
able cross-section, for example, fubular gr rec-
tangular.

In the attached drawing, Bigure 1 shows a cross-
sectional broken view of apparatus in accord-
ance with one embodiment of the invention, Flg-
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ure 2 is an isometric view of another type pre-
treating tube, Figure 3 is a cross-sectional broken
view of another embodiment of the invention,
and Pigure 4 is a front elevation view of an ap-
paratus as shown in Figure 1 having strand pre-
treating tubes attached at both the entrance
and exit ends thereof. In Figure 1, the fiber or
filamentary bundle 2 is-passed through an elon-
gated straight tube 3 the internal diameter of
which is reduced at the cpposite ends to permit
pressure build-up, and which terminates in the
convexly flared or curved face 5 and the con-
cavely curved or flared face 8, respectively, the
portion of reduced diameter adjacent the exit
end of the tube being joined to.the portion of

greater diameter by the flared face 4. Suitable
forwarding and take-up devices such as godets,
thread-advancing reels, or the like (not shown),-
are provided for feeding the fibers to the tube

2 and drawing the fihers through the tube.  The
tube is surrounded by a steam jacket indicated
‘generally by the reference numeral 7 and is sup-
ported centrally of the jacket by the partition 8
which divides the jacket into two separate com-
partments 8 and {4. One or more berforated
‘partitions, spacers, or supports may be sbaced
axially along the length of compartment 18 for
supporting tube 3 centrally of jacket 7, if de-
sired. Jacket 7 is internally threaded at {i, and
externally threaded at (2. The jackei is also
‘provided with pipes 13-and i4 provided with
valves 15 and {6 and connected to suitable
sources of steam under pressure, and with a pipe
{7. provided with valve {8 for the withdrawal
of . condensate or exhaust steam. An annular
end-piece or closure 19, having an axial sirand
passage 28, which may terminate in a portion
of gradually increasing diamster 21i, is provided
with external threads which engage the internal
threads {1 of the steam jacket. The diameter
of the passage in the end-piece other than the
portion thereof having the gradually increasing
diameter, if the passage comprises such a por-
tion, may be the same as, less than, or greater
than the internal diameter of tube 3. As shown,
the internal diameter of the tube 3 between the
end portions of reduced diameter is greater than
the diameter of the strand passage in the end-
piece. The end-piece comprises a central pro-
jection ‘having a concavely curved or flared outer
face 22. 'The convexly curved face & of the
tube 2 and a portion of the concavely curved
face 22 of the end-piece are more or less com-
plementary and define an annular channel 23
therebetween through which steam in stream-
lined conditibn may be continuously delivered to
tube 3 from the compartment {9 of the jacket.
End-piece or closure 18 functions as a valve and
is adjustable manually to vary the width of
channel 23. The opposite or exit end of the as-
sembly is provided with a cap 24 having in-
ternal threads which engage ‘the threads 12 of
the steam jacket. The cap has an axial strand
passage defined by a curved face 25 which pas-
sage gradually narrows and then widens in a
manner similar to a Venturi throat. A por-
tion of the curved face 25 and the concavely
curved face 6 of tube 3 are more or less com-
plementary and define an annular channel 28
therebetween through which steam, air, or other
fluid under pressure flows in a streamlined con-
dition to the exterior of the apparatus, in the di=
rection of travel of the fibers. Cap 24 functions as
an ejector to assist in lacing the tube § and is
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4
agjustable manually to vary the width of channel
26.

In order simultaneously to prevent an abrupt
drop in pressure on the steam emerging from
channel 28, and to preheat the fibers, the
escaping steam is guided from the strand en-
trance opening in the tube along an extended,
confined path having a length of :at least three
inches, to the atmosphere.” This may be accom-
plished by providing an end-piece i3 of the re-
quired length, or, as is shown, a relatively short

“end-piece, that is an end-piece having a length
- of one inch, for example, is used, and a tubular

15

25

30

35

40

45

50

55

60

a5

70

781

"to the atmosphere!
ameter equal tc or greater than the diameter
"of the strand entrance openings in the end-
Dpiece, and in tube &, and is arranged with its

member 27 having an axial strand passage 28, is
connected to the end-piece at the entrance end
thereof, one end of tube 21 being connected with
the end-piece and the opposite end heing open
‘Tube 27 has an internal di-

axial passage 28 in alignment with the. axial
passage in the end piece and the bore of tube

-3, to provide a straight line path for the fibers or
filaments through the apparatus.
‘strand passage

The agxial
8 of tube 27 may comprise a
portion of gradually increasing diameter, at the

entrance end therecf, which is open to the at-

mosphere, to facilitate lacing. The length of

‘tube 27 depends on the length of tube 3 and the
length of the end-piece, and is such that the

length of the strand passage in the end-piece,
plus the length of the strand passage in tube
217, is sueh as to provide an introductory channel
for the fibers in advance of tube 3, having a
length of at least three inches. The steam
emerging from channel 23 travels through the
strand passage in the end-piece 8, into tube
27, and through passage 28 of tube 27%; to the
atmosphere so that the drop in pressure is spread
over an extended area and the escaping steam
is confined fto pretreat the filaments. Tube 21
may be a separate member which is welded or
otherwise fixedly secured to the end-piece, or
it may be formed integrally with the end- -piece,
and may comprise two semi-cylindrical sections
25 and 39 hinged or otherwise separably joined
along their length and adapted to be temporarﬂy
sepalated for facilitating lacing of the device,
as shown in Figure 2.-

The apparatus-of tha invention comprising the
long introductory channel for the fibers in ad-
vance of the fluid-treating tube or chamber
Proper is particularly advantagecus when it is
‘desired to treat wet fibers or filamentary bundles
with steam sas they pzoceed from the spinning
bath or spinning cell, or from a liquid after-treat- .
ing stage, without intermediate drying, since
hqmd carried by the fibers is at least partially
volatilized in the introductory channel before
the fibers enter tube 2,

° To lace the apparatus illustrated, valve (5 is
opened, valve {§ being closed, and steam is de-
livered to compaztmﬂnt or chamber 9 through
the branched pipe (3. The fiber or filamsntary
bundle is introducsdmahuyally into the tube 27
and drawn through the end-piece {8 and tube 3
by the suction created by the steam ﬁowmg
through channel 28. Instead of steam, air or
other fluid'may be introdiiced into compartment
9, for lacing the tube. After the device has been
laced, valve {5 is closed, valve {8 is opened, and
steam under pressure is delivered to chamber: 18
of jacket 7 through the pipe {8.” The steam flows
m a streamhned conmtlon along channel 23 to
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the tube 3, end-piece 19 being adjusted manually
to control the flow of steam into the tube.  An
advantage of the apparatus illustrated in the
drawing resides in that the steam flows into the
tube 3 in streamlined condition, and the fibers
are not deflected from their straight-path course
through the tube. Damage to the fibers by rub~
bing against the inner wall of the tube is avoided.

The apparatus shown may be modified in
various respects. For example, as shown in Fig-
ure 3, partition 8 and branched pipe {3 may be
omitted, the end-piece {9 being adjusted to close
channel 23, channel 26 being open, and steam
being delivered to the jacket through branched
pipe {4. In this embodiment (Figure 3) it is
neeessary to support the tube 3 in the center of
jacket T by means of brackets 31. As will be ap-
parent to those skilled in the art, any type sup-
port or bracket may be employed, provided it is
of such construction as not to interfere with the
passage of steam through chamber 18. By ad-
justing cap 24 to close channel 26 and unserewing
end-piece 12 to open channel 28, after the device
has been laced, the steam delivered to the jacket
through branched pipe {4 will flow through chan-
nel 23 into the tube 3 to provide the steam at-
mosphere in which the fibers are to be treated.

The length of tube 3 will depend upon the speed
of the fibers, the temperature to which the fibers

must be heated taking into account the efficiency 2

of the preheating by the steam escaping from
channel 23, and whether the fiber is to be shrunk
or stretched. In general, tube 2 may have a
length of from 1 to 4 feet, and the introductery

channel may have a length of from 3 inches to :

2 feet, although large fibers which are to be given
a very high stretch may require even longer tubss
to provide steam preheating and heating zones
of sufficient length.

Using the apparatus shown, in which tube 2 has
2 length of 2% feet and tube 27 has a length of
15 inches, the end-piece having a length of about
one inch, acrylonitrile polymer fibers, for ex-
ample, may be heat-stretched in an atmosphere
of steam under pressures up to 80 or 100 lbs. per
square inch without noticeable damage to the
entering yarn or fibers by steam escaping from
channel 23, whereas, in the absence of ftube 21
or an enclosed introductory channel having a
length of at least three inches, pressures of that
maghitude cannot be used without appreciable
filament breakage and yarn damage.

Tube 3 may be of any suitable diameter, for
example, from capillary dimensions to an inch
or more, depending on the fiber denier and
whether or not a single fiber or yarn, or a bundle
comprising a multiplicity of fibers or yarns, such
as a tow is to be treated. The diameter of the
enclosed introductory channel in advance of tube
3 may be the same as or greater than the internal
diameter of the tube 3 and/or end piece 22, the
upper limit being determined by practicality and
being, generally, not greater than 5 times the di-~
ameter of the strand entrance opening in the
tube or end piece.

Although the apparatus has been described in
detail in connection with the steam treatment of
synthetic or artificial fibers, for which purpose
either dry, wet, saturated, or superheated steam
may be used, the device may be used for the treat-
ment of fibers, filaments, or filamentary bundles
generally with various fluids under pressure.
For example, the fibers or filaments may be of
regenerated cellulose, cellulose derivatives of the
cellulose acetate type, vinyl resins, polyamides,
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polyethylenes, proteins, dcrylonitriie polymers,
including polyacrylonitrile and acrylonitrile co-
bolymers, polyesters, ete. Any fluid under pres-
sure may be used to treat the fibers or the like,
for whatever purpose. For instance, regenerated
cellulose fibers or yarns may be treated with
steam or other gaseous fluid for setting them in a
crimped, twisted, or otherwise distorted conditicn
previously imparted thereto; or wet fibers, fila-
ments or yarns may be treated to dry them: or
synthetic resin or other fibers, filaments, or yarns
may be treated with solvents or swelling agents
for modification of the properties thereof; or the
fibers, filaments or bundles may be stretched or
shrunk during the fluid treatment.

Although the tube 27 for eliminating abrupi
drop in the pressure is shown at the entrance end
of the device only in Figure 1, a similar tube 27¢
may be associated with the cap 24, as shown in
Pigure 4, or the cap 24 may be elongated to pro-
vide a passage therein of the length required to
pbrevent damage to the yarns or fibers emerging
from the tube due to high velocity of the fuid
escaping from channel 26.

Since variations and modifications may be
made in the apparatus specifically illustrated
without departing from the spirit and scope of
the invention, it will be understood that the in-
vention is not to be limited except as defined by
the appended claims.

I claim: i

1. An apparatus - for treating continuously
moving fibers and filamentary bundles with fluid
under pressure comprising; an elongated, rela-
tively narrow, straight tube having small di-
ameter entrance and -exit openings in opposite
ends thereof, the inner wall of said tube, at the
entrance end thereof; terminating in a gradually
tapered portion and the outer wall of the tube,
at the exit end thereof, terminating in a grad-
ually tapered portion, an enclosed jacket sur~
rounding the tube, means for supplying fluid
under pressure to the jacket, an annular mem-

. ber having an axia] strand passage threadedly

secured to the jacket adjacent the entrance end
of the tube with its passage in alignment with
the bore of the tube, said annular member com-
brising a central projection which extends into
the bore of the tube and terminating, at the
end thereof adjacent the tube, in a gradually ta-
pered outer face, the gradually tapered outer
face of the annular member and the gradually
tapered portion of the inner wall of the tube de~
ﬁmpg & channel which surrounds the central
pyosection of the annular member and commuy-
:gncates with the bore of the tube and the inter-
lor of the jacket whereby the fluid under pres-
sure can flow in a streamlined condition from the
jacket into the tube, said annular member be-
ing movable toward and away from the tube to
vary the width of the channel defined by the
tapered portion of the tube and the tapered face
of. the annular member and capable of closing
said channel, a strand pretreating and pressure
drop tube arranged with one end thereof con-
nected to the outer face of the annular mem-
ber and the opposite end thereof opened to the
atmosphere, said tube having an axial passage
aligned with the passage of the annular mem-~
ber and the bore of the first tube, the axial
strand passages of the annular member and-of the
strand pretreating tube constituting an elongat-
ed, enclosed introductory channel for the fibers
or filamentary. bundles advancing ‘to the first
tube which channel has a diameter at least as
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large as the diameter of the strand entrance
opening of the first tube and a length of at
least 3 inches, and g second annular member
threadedly secured to the jacket adjacent the
exit end of the tube, said second annular mem-
ber having an axial strand passage terminating,
at the end thereof adjacent the tube, in a grad-
ually tapered portion into which the exit end of
the tube extends, the gradually tapered portion
of the outer wall of the tube and the. gradually
tapered passage of the second annular member
defining a channel which surrounds the exit end
of the tube and communicates with the interior
of the jacket and the passage in the second an-
nular member whereby the fluid under pressure
can flow in g streamlined condition from the
jacket to the atmosphere through the passage
in said annular member.

2. An apparatus as defined in claim 1 wherein
there are fluid removal means attached to the
jacket for removing fluid therefrom.

3. An apparatus as defined in claim 1 wherein
the tube has reduced internal diameter along a
portion of its opposite ends.

4. An apparatus for treating continuously
moving fibers and filamentary bundles with fluid
under pressure comprising, an elongated, rela-
tively narrow, straight tube having small di-
ameter entrance and exit openings in opposite
ends thereof, the interior wall of said tube, at
the enfrance end thereof, terminating in a grad-
ually tapered portion and the outer wall of the
tube, at the exit end thereof, terminating in a
gradually tapered portion, an enclosed jacket
surrounding the tube, a partition separating the
jacket into a shorter compartment surrounding
the exit end of the tube and a longer compart-
ment surrounding the entrance end of the tube,
means for supplying fiuid under pressure to the
shorter compartment, means for supplying fluid
fluid under pressure to the longer compartment,
an annular member having an axial strand pas-
sage threadedly secured to the jacket adjacent
the entrance end of the tube with its passage
in alighment with the bore of the tube, said an-
nular member comprising a central projection
which extends into the bore of the tube and
terminating, at the end thereof adjacent the
tube, in a gradually tapered outer face, the grad-
ually tapered outer face of the annular mem-
ber and the tapered portion of the tube defin-
ing a channel which surrounds the central pro-
jection of the annular member and communi-
cates with the bore of the tube and the in-
terior of the longer compartment whereby the
fluid under pressure can flow in a streamlined
condition, from the longer compartment into the
tube, said annular member being movable to-
ward and away from the tube to vary the width
of the channel defined by the tapered portion
of the tube and the tapered face of the annu-
]ar member and capable of closing said channel,
a strand pretreating and pressure drop tube ar-
ranged with one end thereof connected to the
outer face of the first annular member and the
opposite end thereof opened to the atmosphere,
said tube having an axial passage alighed with
the passage of the annular member and the bore
of the first tube, the axial strand passages of
the annular member and of the strand pretreat-
ing tube constituting an elongated, enclosed in-
troductory channel for the filamentary bundles
advancing to the first tube which channel has
a diameter at least as large as the diameter of
the strand -entrance opening of the first tube
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8
and a length of at least 3 inches, and a second
annular member threadedly secured to the
jacket adjacent the exit end of the tube, said
second annular member having an axial strand
passage terminating, at the end thereof adja-
cent the tube, in a gradually tapered portion
into which the exit end of the tube extends, the
gradually tapered portion of the outer wall of
the tube and the gradually tapered passage of
the second annular member defining a channel
which surrounds the exit end of the tube and
communicates with the interior of the shorter
compartment and the passage in the second an-
nular member whereby the fluid under pressure
can flow in g streamlined condition from the
jacket to the atmosphere through the passage
in said annular member.

5. An apparatus as defined in claim 4 wherein
the internal diameter of the tube extending
through the shorter compartment is less than
the interhal diameter of the tube extending
through the longer compartment.

6. An apparatus as defined in claim ¢4 wherein
there are fluid removal means attached to the
longer compartment.

7. An apparatus as defined in claim 4 wherein
the tube has reduced internal diameter along a
portion of its opposite ends. )

8. An apparatus - for - treating continuously
moving fibers and filamentary bundles with fluid
under pressure comprising, an elongated, rela-
tively narrow, straight tube having small diam-
eter entrance and exit openings in cpposite ends
thereof, the interior wall of said tube, at the
entrance end thereof, terminating in a gradu-
ally tapered portion and the outer wall of the
tube, at the exit end thereof, terminating in a
gradually tapered portion, an enclosed jacket
surrounding the tube, a partition separating the
jacket into a shorter comparitment surrounding
the exit end of the tube and a longer compart-
ment surrounding the entrance end of the tube,
means for supplying fluid under pressure to the
shorter compartment, means for supplying fluid
under pressure to the longer compartment, fluid
removal means attached to the longer compart-
ment, the internal diameter of the tube extend-
ing through the shorter compartment being less
than the internal diametfer of the tube extend-
ing through the longer compartment, and an
annular member having an axial strand passage
threadedly secured to the jacket adjacent the
entrance end of the tube with its passage in
alignment with the bore of the tube, said annular
member comprising a central projection which
extends into the bore of the tube and terminat-
ing, at the end thereof adjacent the tube, in a
gradually tapered outer face, the gradually ta-
pered outer face of the annular member and the
tapered portion of the tube defining a channel
which surrounds the central projection of the
annular member and communicates with the
bore of the tube and the interior of the longer
compartment whereby the fluid under pressure
can flow in a streamlined condition from the
longer compartment into the tube, said annular
member being movable toward and away from
the tube to vary the width of the channel defined
by the tapered portion of the tube and the ta-
pered _face cf the annular memher and capable
of closing said channel, a strand pretreating and
pressure drop tube arranged with one end there-
of connected to the outer face of the annular
member and the opposite end thereof opened to
the atmosphere, said tube having an axial pas-
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sage aligned with the passage of the annular
member and the bore of the first tube, the axial
strand passage of the annular member and of
the strand pretreating tube constituting an elon-
gated, enclosed introductory channel for the
fibers or for the filamentary bundles advancing
to the first tube which channel has a diameter
at least as large as the diameter of the strand
entrance opening of the first tube and a length
of at least 3 inches, and a second annular mem-
ber threadedly secured to the jacket adjacent the
exit end of the tube, said second annular mem-
ber having an axial strand passage comprising
a Venturi throat into which the exit end of the
tube extends, the gradually tapered portion of
the outer wall of the tube and the gradually
tapered Venturi throat of the second annular
member defining a channel which surrounds the
exit end of the tube and communicates with the
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interior of the shorter compartment and the
passage in the second annular member whereby
the fluid under pressure can flow in a stream-
lined condition from the jacket to the atmos-
phere through the passage in said second an-
nular member.
ROBERT H. HELLE.
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