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This invention pertains to the preparation of fibrous 
material for use, for instance, in the manufacture of fab 
rics, including those generally classified as "textiles,' as 
well as those recognized as "papers,' and relates more 
especially to a method of and apparatus for so treating 
fibers, for example (but without limitation), cellulosic 
fibers, either natural or synthetic, as to separate and 
straighten the fibers by hydraulic forces while arranging 
them in predominantly parallel relation, and wherein, dur 
ing the treatment, the fibers are suspended in a liquid me 
dium, usually water. 

It is, of course, customary in the textile industry to sub 
ject fibrous material to a mechanical "carding' operation, 
wherein the fibers are subjected to the action of rela 
tively moving toothed elements, with the primary purpose 
of separating and straightening individual fibers and, as 
more or less incidental thereto, arranging them in gen 
erally parallel relation. In some instances, it has been 
proposed to supplement the action of such toothed ele 
ments by appropriately created and directed air currents. 
it has also been proposed to spin textile fibers by the use 
of air currents and, as an incident to such method, to 
subject the fibers to air jets or currents so directed as to 
separate the fibers and allegedly to arrange them in par 
allel relation inamediately before twisting them to form 
a yarn, but so far as is known, it has not heretofore been 
proposed to separate and straighten individual fibers and 
dispose them in generally parallel relation so as to form 
a layer of substantially uniform thickness, solely by the 
action of fiowing fluid, in particular a liquid of a viscosity 
approximating that of water or air. 

In accordance with the present invention, use is made, 
it is believed for the first time, of certain well-known 
properties of flowing liquid to separate and straighten 
fibers and to lay them down to form a uniform layer, if 
desired, of but a few fibers in thickness and of substan 
tial width, all as a continuous operation thereby provid 
ing carded fibers in condition for spinning, and which, if 
desired, may be delivered directly to spinning apparatus, 
either of the usual mechanical type or of the hydraulic 
type. The fibrous layer or film, produced as above sug 
gested, if not of sufficient thickness itself for the intended 
purpose, as formed, may be assembled with other similar 
layers to form a multiply material whose constituent fi 
ers are substantially straight and parallel and which 

are held in assembled relation cohesively, adhesively or 
otherwise, for the production of certain kinds of unwoven 
fabrics of the type wherein fibers or strands, according 
to prior methods, have been disposed in parallel relation 
by mechanical means. 

Generally stated, the present method involves the steps 
of suspending the selected fibrous material in a body of 
water, which may contain a dispersing or defocculating 
chemical; agitating the liquid so that the fibers are loos 
ened and, to a substantial degree, Separated; then deliver 
ing the liquid with the suspended fibers into a sluiceway 
or channel along which it flows into the field of action 
of means, for example, one or more slowly moving 
toothed rollers, operative to retard masses of unseparated 
fiber relatively to the liquid so as to permit such masses 
to be further disintegrated by the flowing liquid. The 
liquid, with the suspended, separated fibers then enters 
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the receiving end of a converging channel between the 
conveX peripheral surface of a rotating imperforate cylin 
drical drum which defines the inner boundary of a flow 
ing liquid stream, and the concavely curved surface (ec 
centric with reference to said convex surface) of an im 
perforate fixed part which defines the outer boundary of 
said flowing stream of liquid, substantially all of the 
liquid, with the now generally parallel fibers therein, 
being discharged at the narrow or delivery end of said 
converging channel (which is devoid of exit ports be 
tween its entrance and delivery ends), for example, onto 
the lipper run of an endless conveyor, of a type which 
permits the water to pass down through it, leaving the 
fibers upon the upper surface of the conveyor from which 
they may be removed in any desired manner as a coher 
ent Web, or delivered directly to spinning apparatus of 
any desired type. 

During the flow of fluid through the converging chan 
nel, viscosity and varying velocity gradients of the flow 
ing liquid result in separating and drawing the fibers out 
relatively to one another so that they are individually 
straightened and have a tendency to become parallel. 
An object of the invention, as above noted, is to pro 

vide a method of carding fibers hydraulically in accord 
ance with a procedure which may be carried out by very 
simple and relatively inexpensive means, as compared with 
usual mechanical carding apparatus, and whereby it be 
comes possible, at a high rate of speed, to straighten in 
dividual fibers and dispose the fibers in generally paral 
lel relation to form if desired a layer or film of any 
reasonable width. This novel method is applicable, not 
only to the carding of fibers of textile staple length, but 
also to much shorter fibers, for example those customarily 
employed in the manufacture of papers. A further ob 
ject is to provide novel apparatus for use in the practice 
of the method. 

In the following more detailed description reference 
will be made to the accompanying drawings wherein: 

FiG. 1 is a fragmentary diagrammatic, vertical section, 
with parts broken away and others omitted-at right 
angles to the axis of the rotating drum or cylinder which 
defines one wall of the converging channel-showing one 
embodiment of apparatus useful in the performance of 
the novel method; 

FIG. 2 is a diagrammatic view wherein the essential 
elements of the apparatus of FIG. 1 are again shown for 
convenience in describing graphically the varying veloc 
ities of the liquid as it flows throught he convergent chan 
nel; and 
FIG. 3 is a diagrammatic view, to very large scale, ill 

lustrative of the forces which act upon a single fiber as it 
is advanced by the current of flowing liquid. 

Referring to the drawings, the numeral 10 (FIG. 1) 
diagrammatically indicates a receptacle of any desired 
kind and size, having arranged therein a stirring element 
of any appropriate type indicated at 11, whereby the con 
tents of the receptacle may be agitated. An adjustable 
gate G governs the size of an orifice O through which 
liquid may flow into a conduit 42 providing a sluiceway 
terminating at 13, where there is arranged a feed roll 14, 
desirably a cylinder covered with helical rows of pins or 
teeth, similar for example, to card clothing, mounted on 
a rotating shaft 15 which may be turned at slow speed, 
or merely retarded by a brake or the like and which is 
operative to obstruct the free movement of small masses 
of fibers which have not been broken up in the tank 10, 
so that, as the liquid flows past the toothed roll, the now 
turbulent flowing liquid acts to disintegrate the retarded 
lumps or masses of fiber. The flowing stream of liquid, 
with the loosened fiber suspended therein, now enters the 
receiving end 6 of a convergent channel 7 whose outer 
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wall is the concavely curved, smooth, imperforate Sur 
face 18a of a fixed part 18, said smooth surface defining 
the outer boundary of the flowing fluid stream, the inner 
wall of the channel being constituted by a portion of the 
peripheral surface 19 of a smooth, imperforate drum or 
cylinder 20 mounted on a rotating shaft 2a, said Smooth, 
peripheral Surface of the drum defining the inner bound 
ary of the flowing liquid stream. Just beyond the de 
livery end of the channel 17, a blade-like member 2 is 
arranged with its edge very close to the periphery of the 
cylinder so as to remove therefrom any fibrous material 
which may tend to cling to the cylinder. As here illus 
rated, by way of example, the liquid, with its entrained, 
predominantly parallel fibers, which escapes from the nar 
row end of the channel 17, is discharged onto the upper 
surface of an endless conveyor 22 which may, for in 
stance, be similar to a so-called Fourdrinier wire, such as 
is used in papermaking machines, or it may be of textile 
material of a weave structure such that it is porous so 
as to permit the ready downward movement of the water, 
leaving the parallel fibers as a thin layer or film F on the 
upper surface of the conveyor-it being understood that 
the upper run of the conveyor will be moved uninter 
ruptedly in the direction of the arrow A-the conveyor 
being entrained around parallel drums R and R, one of 
which is driven. Desirably, a receptacle 23 is arranged 
below the conveyor for collecting the water which is dis 
charged from the conveyor and from this receptacle a 
suitable conduit 24 leads to any suitable point of discharge. 
As illustrated, a rotary roll or cylinder R8 is arranged 
closely adjacent to the downwardly moving portion of the 
conveyor 22 as the latter passes around the drum R, 
the roll R3 being so close to the downwardly moving por 
tion of the conveyor as to press the fibrous film and com 
pact it, and to direct it downwardly as it leaves the con 
veyor so that it may conveniently be received in any ap 
propriate receptacle or delivered directly by appropriate 
conveying apparatus (not shown) to spinning mechanism. 
Study of FIGS. 2 and 3 above, shows that the forces 

developed by apparatus such as herein described, where 
by fibers may be straightened and arranged in parallel rela 
tion, greatly exceed those forces developed by the usual 
flat card wherein the fibers are exposed to air only. Thus, 
by the use of apparatus far simpler and less expensive 
than the usual flat cards and requiring a far lesser expendi 
ture of power, the present invention provides a greatly 
improved method for preparing fibrous material for tex 
tile or papermaking use. 

Merely by way of example, but without limitation, the 
drum or cylinder 20 may be of an external diameter of 
9 inches; the diameter of the concave surface 8a of the 
fixed part 18 is desirably between 104-10% inches and 
of circular curvature; the receiving or larger end of the 
channel 17 may be of the order of one inch in radial 
width; and the narrower or delivery end of the channel 
17 of a radial width of 4 inch. The edge of blade 21 
may be spaced from the cylinder 26 a distance of the 
order of 42 of an inch, and the cylinder 26 may rotate 
at 240 r.p.m. 

It is desirable, when treating certain types of fiber, 
for instance, cotton fiber, as an initial step in the proc 
ess, to suspend the fibers in liquid containing a chem 
ical of the type known in the papermaking industry as a 
deflocculant. 

It will be understood that the drum or cylinder 20 will 
be housed within a suitable casing (not here shown); 
that the opposite ends of the channel 17 will be closed, 
leak-tight; and that suitable means (not shown) will be 
provided for rotating the cylinder 20 and (if desired) the 
toothed feed roll 14 at proper relative velocities, as, for 
example, by the use of an electric motor and conventional 
speed-reducing and transmitting means. The drawings are 
only designed to show the essential elements for carry 
ing the method into effect and the relative arrangement 
of said elements, with exemplary dimensions of these 
parts suggested in the specification. 
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4. 
Using apparatus such as herein disclosed, wherein the 

cylinder 20 is 9 inches in diameter and 40 inches in 
length; the inlet end of the channel is one inch in width 
and the outlet end is 4 inch in width, and with the cylin 
der 20 turning at 240 r.p.m., the output of parallelized 
and straightened fiber (starting with a slurry consisting of 
1% fiber, by weight, and the remainder water), would 
be approximately 47 pounds per hour of treated fiber, as 
compared with the present day production of a 40 inch, 
top-flat mechanical card of about 10 pounds per hour on 
the average. Apparatus of the present type, being far 
cheaper than the conventional card and requiring no such 
complicated and accurate settings as does the conventional 
card, might, as a practical matter, be arranged in tandem 
or series if, in dealing with any particular fibrous mate 
rial, the straightening and parallelizing of fibers resultant 
from passage through a single apparatus of this type, 
should not prove sufficient for the intended purpose. It 
is contemplated that this apparatus may be employed for 
treating short fibers of customary paperstock length, but, 
in particular, longer fibers such as are employed in mak 
ing certain heavy papers such as for insulating purposes, 
as Well as for the manufacture of unwoven textile fabric. 
By the use of apparatus such as above described, it is 

possible to form, on the upper surface of the conveyor 22, 
a film or layer of fibrous material wherein the individual 
fibers are approximately straight and parallel to each 
other. The layer or film, thus formed, is usually sufi 
ciently coherent to permit it to be separated from the 
conveyor without destroying it. For example: the layer 
which is forming upon the conveyor may be removed 
therefrom by means similar to that employed for remov 
ing the fleece from the doffer of a conventional mechani 
cal card, and condensed to form a sliver. 

For an understanding of the principle of operation, 
whereby the above results are attained, and comparison 
of the forces available for straightening and disposing 
fibers in parallel relation, as compared with the forces 
available in a conventional flat card for accomplishing 
these results, reference may be had to FIGS. 2 and 3 of 
the drawings and to the following discussion wherein ref 
erence is made to a work by Hunsaker and Rightmire 
entitled "Engineering Applications of Fluid Mechanics, 
published by McGraw-Hill (1947) and, in particular to 
chapter 10 of that work which, in the following discussion 
is, at times, referred to as the "Reference.” 

Ia. General description 
The apparatus consists essentially of a rotating cylin 

der, half of the circumference of which is covered by a 
stationary, curved plate forming a convergent channel be 
tween itself and the moving cylindrical surface, as shown 
in FIG. 1. This channel is kept filled with water by 
means of a suitable inclined trough, and a controlled feed 
of fibers is maintained by means of a slowly rotating, 
toothed drum set at the entrance to the channel. As the 
fibers are carried through the channel the forces exerted 
on them by the water tend to parallelize and straighten 
them. 

Referring to FIG. 2 of the drawings, the apparatus 
diagrammatically shown is such that the fluid flow will 
be turbulent, rather than laminar. Thus, at any point in 
the channel 7 the velocity will be fluctuating about a 
mean value. In the following description of the fow, ref 
erence will be made only to the mean velocity. 

IIa. Characteristics of the flow 

Since no liquid enters the channel except at the entrance 
Section I of FIG. 2 and none leaves except at the exit 
Section III, the volume rate of flow past Section I equals 
that past section III or that past any arbitrary intermedi 
ate Section II. An equivalent statement is that the areas 
under the velocity-profile curves shown as I, II and III are 
all equal. 
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Since the channel converges in the direction of flow, 
the shape of the velocity profile changes from section-to 
section, as suggested schematically in FIG. 2, the profile 
at exit Section III being more convex than that at Sec 
tions I or II. 
The exact shape at any given section depends not only 

on the convergence of the channel but also on the pe 
ripheral velocity of the cylinder and on the difference in 
elevation between entrance and exit. The higher the 
entrance above the exit the greater the tendency of thc 
profile to be convex. 
The effect of this mean flow is to turn any fiber that is 

momentarily transverse to the general flow direction and 
to bring it parallel to this direction. This action is pri 
marily the result of the large radial gradient of velocity. 
A further straightening effect is produced by the peripheral 
gradient of velocity, caused by the convergence of the 
channel. 

In the following discussion the order of magnitude of 
the forces exerted by the liquid on a fiber in several con 
figurations, is compared with the order of magnitude of 
the forces exerted in a standard flat-top card, in which the 
operating fluid is air. 
IIIa. Forces exerted by the operating fluid on a fiber sta 

tionary and transverse to the flow 
It may be understood that the fiber length and diam 

eter, cited in the following discussion, are selected arbi 
trarily and merely by way of example. 

This position of a fiber would produce the maximum 
interaction between it and the fluid. Imagine the fiber 
to be parallel to the axis of the rotating cylinder and in a 
region of the channel where the velocity is V/2. Typi 
cal numerical values for the subject apparatus are as fol 
lows: 

Half of cylinder velocity, V/2 --cm./sec.- 150. 
Length of fiber, L ----------------cm-- 4. 
Diameter of fiber, d --------------cm (3/2)x108. 
Density of water, P ----------- g/cm.-- 1. 
Kinematic viscosity of water, v-cm/sec.-- 1X 10. 
Considering the fiber as a cylinder transverse to a flow 

ing fluid, it may be found, by well-known methods as 
described in the reference, column 4, that the force on the 
fiber is on the order of 100 dynes. This estimate is based 
on the following Reynolds number 

d. 150X (3/2) X 10. (V2)=avaig s =22 
From FIGURE 10 of reference, the drag coefficient 
C-2. From Eq. (10.3) of reference: 
Force-D=C(p/2) (V/2)2dL=2X (1/2) X2.25 

X 104X (3/2)x10-3x42-130 dynes 
For a typical flat-top card operating on the same size of 
fiber: 

Half of cylinder velocity, V/2 - crn./sec.- 540. 
Length of fiber, I. ------------ cm./sec.-- 4. 
Diameter of fiber, d --------------cm (3/2) x 108. 
Density of air, p -------------- g/cm3. 1.2 x 103. 
Kinematic viscosity v of air ---cm/sec.-- 1/7. 
The same method yields: 

540X (3/2) X 10.57 - --. 
Cord 4 

(V12) dives 

2 2X 0-3 Force = D = CD (p/2() Ld=4X 120 
X29X104X4x (312) x 1084 dynes 

The ratio of the force in the subject apparatus to that 
in the flat-top card is thus about thirty to one. 
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6 
IIb. Fiber stationary and parallel to the flow 

This configuration approximates that occurring as a 
fiber is being introduced into the channel 7 from the 
slowly rotating, toothed drum or feed roll 4 located just 
upstream from Section I. The liquid flows past the fiber, 
which can be thought of as a straight cylinder held fast at 
its upstream end and parallel to a flow of velocity V/2, 
where V is the linear velocity of the surface of the rotat 
ing drum or cylinder 20. See FIGURE. 2. The mean 
velocity at Section is somewhat less than V/2, but V/2. 
is a sufficiently close approximation, since merely the 
order of magnitude of the force is involved. In accord 
ance with well-established rules of liquid behavior, the 
liquid immediately in contact with the stationary fiber is 
at rest. The velocity of the liquid increases rapidly with 
distance from the fiber surface, reaching essentially that 
of the free stream a short distance from the surface. This 
layer of fluid surrounding the fiber, in which the velocity 
rises from zero essentially to V/2 is called a boundary 
layer. Velocity profiles across the boundary layer at 
three points along the length of the fiber Fi are shown 
schematically in FIG. 3. It is seen that the boundary 
layer thickness increases gradually with X, that is, the 
distance from the front end E of the fiber, reaching a 
maximum at the downstream end, which is taken at X=L. 
The shearing movement of the liquid in the boundary layer 
produces a shear stress at every point of the fiber surface, 
due to the viscosity of the liquid. This stress is indicated 
by the arrows marked T in FIG. 3. It will be seen that 
T progressively decreases as the steepness of the velocity 
profile decreases, with increase in X. The resultant effect 
of all these parallel shear stresses is a force D tending to 
move the fiber downstream. As an approximation, D may 
be computed by methods readily available and designed 
for application to a flat plate, rather than a cylinder. 
The order of magnitude of the result thus obtained will 

be correct. 
From Eq. (10.10) of the reference: 

Force-D-E(p) (V2)'rdL-E. 
LX10-2 

X (1/2)x2.25x104X arx (3/2)x10-3X421.2 dyne 
For a flat-top card: 

Force=D=-8 x 220x29x10'xt 
512: 2 117 

X (3:2)x10-8x42-3.6x10-2 dyne 
Again the ratio of the forces is about thirty to one. 
IIIb. Fiber moving with the mean velocity of the fluid 

at its midpoint and oriented parallel to the flow 
On account of the convergence of the channel, an 

observer riding on the midpoint of the fiber F1 (FIG. 3) 
would see water flowing away from him toward each 
end of the fiber. This relative motion sets up a boundary 
layer flow from the midpoint toward each end, similar to 
that described above in paragraph IIb. Calculation 
shows that opposing drag forces due to these boundary 
layers will produce a tension in the fiber on the order 
of 1 x 102 dyne. Such a tensile force would have no 
effect on a straight fiber parallel to the flow, but if the 
fiber were initially somewhat skewed it would be pulled 
into line. If furthermore, the fiber were initially bowed 
into, say, a semicircle, the straightening action of the 
flow would approximately double the radius of curva 
ture of the fiber. 
The above discussion shows that the liquid acts in two 

distinct ways in performing the carding operation, first, 
by means of the velocity gradient between the rotating 
cylindrical surface and the opposed stationary Surface; 

73 and, secondly, by means of the increase of velocity re 
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Sultant from the convergence of the opposite walls of 
the channel. The increasing average velocity of the 
fluid, caused by the decrease in width of the channel, 
tends to pull fibers from a mass and straighten them. A 
Straightened fiber will travel at the average velocity of 
the fluid at the center of length of the fiber. The rear 
end of the fiber will be held back by the slower moving 
fluid, while the forward end of the fiber will be pulled 
forwardly by the faster-moving fluid. The straightening 
force on a fiber will be approximately proportional to 
the 2 power of the fiber length and to the 3% power of 
the difference between the fluid velocities at the ends of 
the fiber. Since this velocity difference is essentially pro 
portional to the fiber length, in the converging flow of 
the apparatus herein described, the straightening force 
will vary approximately as the square of the fiber length. 
Furthermore, fibers initially in contact will tend to be 
pulled apart as they are straightened, and tangled fibers 
will tend to be pulled out wherever they protrude from 
aaSS 

While for convenience in discussion, the wall 8 of the 
convergent channel has been considered to have zero 
Velocity in the direction of fluid flow, it will be understood 
that the invention contemplates the employment of ap 
paratus wherein both of said walls actually move, but 
at different velocities in a constant predetermined ratio. 

it is obvious that by changing the length of the channel 
17, or the speed of the cylinder 20, the rate of carding 
may be varied. 
While one desirable embodiment has thus been dia 

grammatically illustrated by way of example, and with 
an explanation of the principles of operation, it is to be 
understood that the invention is broadly inclusive of any 
and all modifications, both of method and apparatus, 
falling within the scope of the appended claims. 
We claim: 
1. That method of carding fibrous material thereby to 

separate and straighten individual fibers and to dispose 
them in predominantly parallel relation which comprises 
as steps: Suspending the fibrous material in a body of 
liquid, delivering the liquid with the suspended fibrous 
material therein into the wide entrance end of a converg 
ing channel, defined by opposed spaced walls, one of said 
walls being fixed and the other wall moving in the direc 
tion of the flow of liquid in the channel, thereby separat 
ing and straightening the individual fibers and placing 
them in predominantly parallel relation, and discharging 
from the narrower delivery end of the channel substan 
tially the same quantity of liquid per unit of time as is re 
ceived at the entrance end of the channel together with 
the now predominantly parallel fibers, and thereafter 
separating the fibers from the liquid. 

2. That method of treating fibrous material thereby 
to separate and straighten individual fibers while dis 
posing them in predominantly parallel relation, said 
method comprising as steps: Suspending the fibrous mate 
rial in a liquid of low viscosity, delivering the fiber 
bearing liquid into the receiving end of a channel to form 
a flowing stream having opposite, spaced boundaries, 
one of which is convex and cylindrically curved and the 
other of which is concavely curved, and wherein at the 
convex boundary the velocity of the liquid is substantial 
while at the concave boundary the velocity of the liquid 
is approximately zero, and, while maintaining a constant 
volume rate of flow throughout the length of the chan 
nel, gradually decreasing the distance between said op 
posite boundaries thereby progressively increasing the 
average linear Velocity of the stream and so separating 
and straightening the fibers and disposing them in pre 
dominantly parallel relation, discharging liquid, wherein 
the fibers are separated, substantially straight and pre 
dominantly parallel, from the channel at the point at 
which the boundaries of the stream are at the minimum 
distance apart, in quantity per unit of time substantial 
ly equal to that delivered into the channel, and separat 
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3. 
ing the now substantially straight and separate fibers 
from the liquid so discharged. 

3. That method of treating fibrous material thereby 
to separate and straighten individual fibers and to dispose 
the fibers in predominantly parallel relation, said method 
comprising as steps: suspending the fibrous material in 
a body of water containing a deflocculating agent, agitat 
ing the water thereby to bring the fibrous material into 
intimate contact with the defocculating agent, disinte 
grating masses of coherent fibers, causing the fiber-bear 
ing liquid to flow as a continuous stream having spaced 
opposite boundaries, at one of which the velocity of the 
liquid is approximately zero while at the opposite bound 
ary the velocity of the liquid is substantial, maintaining 
constant the volume rate of flow throughout the length 
of the stream while gradually decreasing the distance be 
tween said boundaries thereby propressively increasing 
the average linear velocity of the stream with resultant 
straightening and separating of the individual fibers and 
disposal of them in predominantly parallel relation, and 
at the point of minimum separation of said boundaries, 
at which the flowing liquid carries fibers which have been 
separated, straightened and disposed in predominantly 
parallel relation, discharging the fiber-carrying liquid in 
quantity, per unit of time, equal to that at the stream's 
source, and thereafter separating the fibrous material 
from the liquid. 

4. That method of treating fibrous material thereby 
to separate the fibers, to straighten individual fibers, and 
to dispose the fibers in predominantly parallel relation, 
said method comprising as steps: suspending the fibrous 
material in a body of liquid of a viscosity of ap 
proximately that of water, causing the fiber-bearing 
liquid to flow in a stream having spaced boundary Sur 
faces which so converge that the transverse thickness of 
the stream at its delivery end, where the suspended fibers 
are substantially parallel, is approximately 4 its trans 
verse thickness at the entrance end, and wherein one of 
said boundary surfaces moves in the direction of fluid 
flow at a linear velocity which exceeds that of the op 
posite boundary surface by approximately 560 feet per 
minute, while the volume rate of flow is substantially con 
stant for all transverse sections of the stream, thereby Sep 
arating and straightening the fiber, and then removing the 
separated and straightened fiber from the liquid. 

5. The method according to claim i, wherein the 
liquid which contacts the movable wall is constrained to 
follow a path which is cylindrically curved while the liquid 
which contacts the fixed wall is constrained to follow a 
path which is arcuate and concave and which is eccentric 
relatively to said cylindrically curved path, the eccentric 
ity of said concave path being such that the channel pro 
gressively decreases in width from a wider end where the 
liquid enters to a narrower end from which the liquid, con 
taining substantially all of the fibers per unit of volume 
which it had initially and which are now separated, Sub 
stantially straight and predominantly parallel, is dis 
charged. 

6. That method of carding textile fibers by the action 
of hydraulic forces thereby to separate and straighten the 
individual fibers which comprises as steps: suspending 
the fibrous material in a liquid of low viscosity, causing 
said liquid to flow as a stream between an initial point and 
a terminal point while so guiding the liquid that the 
stream has one boundary which is convex and cylindrical 
ly curved and an opposite boundary, spaced from the first 
boundary, which is concavely curved, the curvature of 
the concavely curved boundary and its disposition rela 
tively to the cylindrically curved boundary being such 
that the stream progressively decreases in transverse width 
from the initial point to the terminal point, causing the 
cylindrically curved boundary of the stream to move at 
a linear velocity so much greater than that of the concave 
boundary that fibers suspended in the flowing liquid are 
separated and straightened by hydraulic action, and pre 
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venting escape of any liquid constituent of the stream be 
tween the initial and terminal points whereby all of the 
liquid and fibrous material which enters the stream at 
the initial point reaches the terminal point, at which latter 
point the suspended fibers are separate and substantially 
straight, and so treating the liquid after leaving the ter 
minal point as to separate the fibrous material from the 
liquid. 

7. Apparatus for so treating fibrous material as to sep 
arate and straighten the fibers and to dispose them in 
predominantly parallel relation, said apparatus compris 
ing means defining opposite, spaced, imperforate, Smooth 
walls of a channel for fluid flow, said channel gradually 
converging from an entrance end to a discharge end, one 
of said walls being stationary and the other wall moving 
at a uniform linear velocity in the direction of fluid flow 
in the channel thereby causing fibers, suspended in the 
liquid flowing along said channel, to separate from one 
another, to be straightened, and to be disposed in pre 
dominantly parallel relation, means for delivering fiber 
bearing liquid into the wider, receiving end of the channel 
at a rate such as to fill the space between said walls, re 
straining means operative to prevent free entrance of 
masses of coherent fiber into the channel, and means op 
erative to separate fibers from the liquid discharged from 
the narrower discharge end of the channel. 

8. Apparatus for use in so treating fibrous material as 
to separate and straighten individual fibers, said apparatus 
comprising a rotary, imperforate, smooth-surfaced cylin 
der, a portion of whose outer peripheral surface con 
stitutes one wall of a channel for the flow of fluid, fixed 
means so defining an opposite wall for the channel that 
the channel converges in width from a receiving end to a 
discharge end, the opposite wall of the channel being im 
perforate whereby all of the liquid which enters the re 
ceiving end of the channel is delivered from the discharge 
end of the channel, means for so delivering fiber-bearing 
liquid into the receiving end of the channel as to form a 
stream filling the channel, the peripheral surface of the 
rotating cylinder moving relative to the opposite wall in 
the direction of fluid flow at a much greater velocity so 
that fibers suspended in liquid flowing in the channel are 
separated, straightened and disposed in predominantly 
parallel relation by hydraulic forces, and means opera 
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9. Apparatus according to claim 8, having means for 

turning the rotary cylinder in a direction such that that por 
tion of its smooth, imperforate peripheral surface which 
constitutes one wall of the channel moves in the direction 
of fluid flow in the channel while the means which defines 
the opposite wall of the channel is stationary. 

0. Apparatus according to claim 8, wherein the means 
which defines the fixed wall of the channel, which is op 
posed to the rotating cylinder, is of a concave, arcuate 
curvature, whose center of curvature is eccentric with 
reference to the axis of rotation of the cylinder, its ec 
centricity being such that the wall of the channel pro 
gressively decreases from its receiving end to its discharge 
end. 
1. Apparatus for use in carding textile fiber thereby 

to separate and straighten individual fibers, said apparatus 
comprising spaced parts so defining opposite, imperforate 
walls of a channel that the channel converges from a re 
ceiving end to a discharge end, means for so delivering 
fluid-bearing liquid into the receiving end of the channel 
as to form a stream which fills the channel, means ad 
jacent to said receiving end of the channel for restrain 
ing masses of coherent fibers from freely entering the 
channel, means for moving at least one of said wall-form 
ing parts in the direction of fluid flow in the channel at 
a predetermined linear velocity bearing such a constant 
ratio to that of the other wall-forming part that the fibers 
Suspended in the liquid, in moving along the channel from 
its receiving end to its discharge end, are separated and 
straightened by the operation of hydraulic forces, the 
quantity of liquid delivered from the discharge end of the 
channel per unit of time equalling that which enters the 
receiving end of the channel per unit of time and carry 
ing with it the separated and straightened fibers, and 
means for separating the fibrous material from the liquid 
delivered from the discharge end of the channel. 
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