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This invention relates to paper making and more par-
ticularly to a method of controlling the condmon of the
stock as it is introduced upon the forming table ‘of a
Fourdrinier paper machine,

_ The invention consists essentially in the provrsron of
new and improved devices forming part of the stock inlet
of a paper machine as hereinafter more particularly de-
scribed.  These devices and the effects which they pro-
ducé are illustrated in the accompanying drawings in
which:

. Figure 1 illustrates the phenomenon of separatlou of
flow occarring at a surface along which there is an ad-
verse pressure gradient;

Figure 2 illustrates the rolling up of two thin vortex
]ayers behind a cylinder disposed transversely. in a stream
of viscous liguid at low values of the Reynolds number,

Figure 3 shows a stage in the 1ranc1tron of the flow
pattern as the vekmty of the stream of viscous hqud
past the cylinder is increased;

Figure 4 shows the further stage in the fra'mtlon of
the flow pattern with increasing velocity at which vor-
fices break away into the main stream of the liquid;

' Frgure 5 illustrates the final stage in the transition with
mcreasmcr velocity showing -the Karméan vortex strest
which is formed;

Figure 6 shows the relation between the Reynolds
number and- the frequency of discharge of the vortices;

Fxgure 7 shows a Karmén vortex street confined within
a converging channel;

) Flgure 8 illustrates means for V'irymg the bosmon of
the ﬂow-modrfymg member;

Flgurb 9 illustrates a preferred embndxmen! of our
mventron

F1gure 10 illustrates a variant of a form 01 non-
streamlined flow-modifying member; and : ‘

‘ Frgure 11 illustrates a subat'mtlally streamlined flow-
mod!fylng member

.- In paper making, the functions of a stocl\ inlet are to
recelve the stock and projsct the stock onto the maving
wire cloth in a suitable state of aglhtron with unlform
volume per unit time and with uniform consistency, di-
rection .of flow ‘and velomty In conventional practice,
stock inlets include various devices designed to promote
one or more cf the above functions. A partic ular dev1c¢
may, however, be favourable to one functmn and un-
fa ‘ou1able to ancther so that in the agg ref’ate, the con-
chon of stock infets in commercml use mclu"ns pro-
szxons whrch effect a compromise between the varlom
ideal requirénents, Thus, for example, the flow of StOC]\
to the paper nachine may be spread from a slnf’le pipe
across the full width of the machme by ﬁrst dividing the
flow into two streams which are then fed mio the stock
mlct from opposrte sides. This arrangement provides
falrly umform distribution of the stock across the ma-
chme but 1ntroduces undesxrable cross-flow eddxes In
,an eﬁort to compensat., for this undesxrable feature per-

foraied rolls or similar devices may be interposed in the
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stock inlet at a point between the stock entry point and
the slice. These are, however, only partially effective
and, if placed too close to the slice, cause the flow of
stock from the slice to divide into a number of separate
streams. A further method is to employ a saries of flat
vertical plates or flow-eveners close to the slice in order
to reduce cross-eddies in the stock fiow. The introduc-
tion of such flow-eveners tends, however, to divide the
flow into a series of separate streams across the width
of the machine. "A device which is thus introduced to
reduce cross-eddies in the flow, therefore, itself promstes
an undesirable systematic variation in the condition of
the stock as this is discharged across the width of the
paper machine. In existing machmes, these various de-
vices have been used or combined in a measure of com-
promise to provide a relationship tending in the aggre-
gate toward a preferred type of flow at the point of dis-
charge As the speed of a machine is mcreascd, such
comprlses become less satisfactory and, in many. cases
in practice the maximum operating speed of a machine is
restricted by the inability of the stock inlét to provide a
suitable flow of stock onto the wire.

In particular, the flow onto the wire may have thick
and thin streaks which are caused by the nature of the
flow to the slice and which cannot be corrected by ad-
justments in the opening of the slice. - Further, some of
the flow-eveners and other devices preceding the slice in
the line of flow, as hereinbefore mentioned, produce dis-
turbances which persist through the slice onto the wire.
Fmally, the condition of the stock as it flows onto the
wire changes as the speed of the machine is increased.
Thus, for example, the fibres become more highly ori-
entated paralle] to the machine direction and it becomes
more difficult to make the desired quality of paper.

We have discovered that these limitations of stock in-
let design may be overcome and the machine speed in-
creased by several hundred feet per minute. In order
to illustrate our invention, two particilar embodiments
of means will be described, but it will be realized that it
is possible to employ other means to achieve the same
result without deviating from the spirit of the invéntion
as herein described and claimed;

It is well-known in fluid dynamics, that when a viscous
liquid flows along a fixed boundary there is a thin layer,
called the boundary layer, in contact with the boundary
in which the viscous stresses are appreciable without
being predommant The liquid in immediate contact with
the boundary is theoretically at rest. The motion of the
Ilquld in the boundary layer is governed by three factots.
It is retarded by friction at the boundary wall, if is Pt ulled
forward by the rest of the liquid through the action of
viscosity, and it is retarded or accelerated accordingly as
the pressure-gradient along the surface is adverse or fa-
vourable. If the gradient is favourable it continues its
forward motion and the thickness of the layer remains
small, If the pressure gradient is adverse, however, the
retarding forces predominate and the boundary flow is
first halted and then the adverse gradient may cause
flow in the reverse direction. This reverse fiow causes
the boundary layer to widen and thé main flow to sepa-
rate from the boundary These phenomena are illus-
trated diagrammatically in Figure 1 in which the char-
acteristics of motion of thin strata of fluid are indicated.
The fluid flowing from left to right in Figure 1 with
velocxty U encounters an adverse pressure gradient, At
the point P the forward stream leaves the surface and
a back flow in the direction of the pressure gradient
occurs, ‘The chain-dotted line B I indicates the limit
of the boundary layer and the chain-dotted line P ¥ the
limit of the region of back flow. Broken lines in the
figure marked by arrow heads indicate the course of
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stream-lines. - The point of separation is the point at
which the boundary flow reverses. With viscous liquids
the flow of the liquid in a boundary layer gives rise to
vorticity. If no separation of flow occurs at the edges of
the boundary layer then the vorticity is confined to the
boundary layer proper. When separation occurs, how-
ever, the vorticity is shed into the main stream. If no
separation of flow occurs from the siurface of a body
then the body is said to be streamlined. In practice the
term “streamlined” is extended to include those bodies
for which separation of flow at the surface, when it does
eccur, does so very near to the downstream extremity so.
that the fluid closes in again behind the body producing
only a very narrow wake. When we use the word “stream-
lined,” we refer to the extended definition as above.

This invention describes a method whereby the phe-
nomenon of separation and resulting diffusion of vorticity
into the main stream may be advantageously utilized to
appreciably assist in overcoming many of the previously
discussed undesirable features in the flow of stock onto
the wire, The conditioning of the stock produced by
our invention arises from a rapid oscillatory movement
between adjacent regions of the stream of stock. The
amplitude of these movements affects the quality of for-
mation in the sheet of paper produced. For a given
amount of emergy introduced into the flow the forma-
tion improves as the amplitude of the movement is re-
duced. A second purpose of this invention is to ensure
that the vortex system is of high frequency and that the
energy required in the stream.to cendition the stock pro-
duces relative motion of small amplitude. Our invention
may first be illustrated by reference to one embodiment
of the means employed by us in the operation of the in-
vention.

When a viscous fluid flows past a circular cylinder,
two symmetrical lines of separation occur on the down-
stream side. From them two thin vortex layers leave
the cylinder and roll round on themselves, the vorticity
‘becoming more pronounced in the rolled-up portion, as
illustrated in Figure 2. If the velocity of the liquid is
gradually increased the size of the vortices increases and
they move further away from the cylinder, as illustrated
in Figure 3. Eventually a stage is reached at which the
system becomes unstable, the vortices break away into
the main stream, and the formation of other vortices
then takes place, as illustrated in Figure 4. In the case
of a circular cylinder the vortices are successively dis-
charged from alternate sides and form a double layer of
vortices in the wake of the cylinder in which the vortices
from one separation line are spaced between the vortices
from the other line. Such an arrangement is technically
known as a Karmén vortex street and certain of its prop-
erties  are understood. Such a system is illustrated in
Figure 5. )

Such knowledge as previously existed relative to a
Ké4rmén vortex street was largely restricted to its be-
haviour in a liquid in which boundary surfaces other than
that of the cylinder are so far removed as to have only
a negligible effect on the flow adjacent to the cylinder.
In such a case the frequency N at which the vortices are
discharged, the diameter d of the cylinder, the velocity
U of the stream, the viscosity x and the density p of the
fluid are related and the experimental results are best
summarized graphically by the inter-dependence of two
dimensionless functions, namely, the Reynolds numbe
“Re” that is :

Udp” . Nd
e and Sid

This inter-dependence has been discussed in “Modern
Developments in Fluid Dynamics,” edited by S. Goldstein,
Oxford University Press, 1950, vol. 2, sections 184 and
247, and is illustrated in Figure 6. According to this ref-
erence for values of Re between 102 and. 105 the discharge
of vortices is periedic; above that range the discharge is
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aperiodic and there is a sudden increase in the average
frequency.

In the course of our investigations we have applied
this knowledge to the paper making art and have dis-
covered that, when a Ké&rmén vortex street is confined
within a converging channel such as exists in a stock in-
let, and as illustrated in Figure 7, certain features of the

‘behaviour of vortex streets may be so regulated and con-

trolled as to be of advantage in the production of paper
on high speed machines. We have found that the same
form of inter-dependence between the two quantities Re
and’

Nd

U

occurs with stock flowing past a cylinder in a converg-
ing channel. Under the high velocity gradients, in a stock
inlet slice the viscosity of stock has been found to be
fairly close to that of water at the same temperature
and for the purposes of our invention the viscosity of
water may be used in the calculations. We have dis-
covered that in a stock inlet slice some modifications
are introduced because other boundary walls are no long-
er remote from the cylinder. The value of U now be-
comes the velocity which would have occured at the posi-
tion of the cylinder had the latter not been present. We
have found that, while the form of the curve of inter-
dependence is similar to that shown in Figure 6 the curve
is displaced horizontally to an extent which depends on
the geometry of the walls of the slice and the cylinder.
We found, for example, that in the case of a stock inlet
slice the displacement was such that the transition from
periodic to aperiodic discharge of vortices occurred at a
value of Re of the general order of 5310t and the transi-
tion point moved slightly towards higher values of Re
on increasing the diameter of the cylinder.

A system of vortices is only stable under special con-
ditions and it is an important feature of this invention
that the conditions be chosen to give an instability in the
system of a specific nature. It will be obvious to those
skilled in the art that unless the conditions described in
this invention are carefully observed the resulting effect
on the flow of stock onto the wire, rather than permitting
an increase in the machine speed, may cause it to’ be seri-
ously retarded.

Instability may arise from several causes although two
are especially important in the operation of this inven-
tion. First, if the velocity of the liquid is not uniform and
is greatest at the position of the cylinder in the stock
inlet slice, then a two-dimensional instability arises. Sec-
ondly a form of instability arises from disturbances along
the length of the cylinder. Such a disturbance could arise:
from non-uniform flow in the slice. The second form of
instability causes a distortion of the vortex pattern, in
which the vorticity spreads into the system ultimately
destroying the pattern. It is an important feature of this
invention that the conditions for creating the particular
type of instability required in the system be so chosen by
selection of suitable location and dimensions of the cyl-
inder that the spreading of the vorticity is almost entirely
carried out under control, while the stream is still con-
fined within the walls of the stock inlet slice. Unless this
is done the issuing stream of stock bursts into a spray at
the end of the slice. Such an issuing stream would re-
quire a large region of the wire with negligible drainage
so that it might reform, otherwise the paper would have
a very patchy formation and trouble would be experi-
enced from air bubbles trapped in the stock.

The choice of the cylinder dimensions and location' is
governed by several criteria:

(1) It is desirable, in order to obtain the maximum

" advantage from the invention, to work with aperiodic

discharge of vortices, i. e., with Re’s in excess of 5X10%.
We have found that Reynolds numbers as low as 10%
may be effective but we prefer that Reynolds number be
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in éxcess of 5% 10¢ as above., With existing machines in
which the profile of thé stock inlet slice approach is pre-
determined the Re for a cylinder at any position can be
calculated in terms of the viscosity of the stock and its
velocity at the stock outlet.

(2) The frequency of d1scharge of the vortices should
be as high as possible. This is attained by éither work-
ing in the aperiodic zome as above or by using a smnall
diameter cylinder or by a combination of both.

(3) The cylinder must be located at a distance back
of the slice outlet sufficient to allow the vortex stréet to
expand to the entire thickness of the stréam before dis-
charge. If the vortex street remaing merely in the cen-
tral portion of the stream the expansion of the vortex
system continués outside the slice at such a rate as to
cause the stream to break up, which is undesirable.

(4) The diaméter of the cylinder must not be so small
as to cause fibers to cling onto it -and so start lumps
which will subséquently break away. The minimum di-
ameter will vary with the nature of the furnish of the
stock. In our work we have found that rods in excess
of one half inch diameter will stay clean in a newsprint
furnish,

(5) When the flow across a section of thé stock inlet
back of the slice is not uniform, i. ., the value of U
varies, then the system of vortices obtamed is sensitive
to the position of the cylinder relative to the two walls
of the stock inlet.

(6) It is undesirable that the elements supporting the
cylinder extend substantially beyond-the cylinder towards
the slice.

In the application of our invention to papér machines
where it is desirable to operate over a range of operating
speeds and ‘where such range is sufficient to introduce
changes in the flow distribution in the region of the shce,
our invention may b¢ more readily applied if a device is
provided which permits adjustment of the position of the
ﬂow-modlfymo member to maintain the desired conditions
of flow as herein set forth under various conditions of
machine speed. An example of how this may be accom-
phshed is shown in Figure 8 in which 1 is the slice lip
held in position by adjusting rod 2 with relation to apron
plate 3, 4 indicates oné of those flow-evener plates which
have been extended to support the flow:modifying mem-
ber 5. The extended flow-evener plates such as 4 are
disposed on hinged shaft 6 and shaft 7 mounted in ec-
centric bearing 8 which latter eccentric bearing permits
adjustment of the extended flow-evener plates and thus
of the relative position of the flow-modifying member 5.

In a second or preferred embodiment of our invention,
we have found that the development of two systems of
vortices from flow-modifying members disposed on the
slice lip and apron plate produces a stream of stock with
less tendency to expand on projection from the slice onto
the wire, the vortices discharged are always aperiodic,
and the frequency of discharge is much greater than when
the piéviously described embodiment-is employed under
similar conditions.

When a stream leaves the outlet of a converging chan-
nel it continues to contract in width for a short distance
depending on the approach flow to the outlet, until the
pressure of the stream-is equal to that of the surroundmvr
air and the direction of flow in the streamis uniform.
A stable stream in the absence of retarding forces would
then continue in this condition. In the presence of air,
however, the stream is gradually retarded and, in order
to maintain continuity, the stream broadens. The rate
at which the stream broadens depends, inter alia, on the
retardation produced by the air and this in turn varies
with the condition of the surface of the stream. As pre-
viously explained, a rapidly expanding stream is very un-
stable and quickly disintegrates into spray. Such a
stream entraps large quantities of air and in the case of
a stream of stock flowing from a stock inlet slice, re-
quires a long region of restricted drainage on the forming
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wire to reform before substantial dramage can com-
mence. One of the purposes of this preferred embodl-
ment is to ensure that the stream of stock remains com-
pact for a considerable distance after leavmg the slice.

The preferred embodiment of ‘otr invéntion is illis-
trated in Figure 9. In place of the cylinder constxtutmg
the flow-modifier of the first embodiiient of our inven-
tion, we dispose in the converging channel & plurality of
projections (preferably two), one from each of the apron
plate and slice lip, such projections being of non-stréarn-
lined surface and substantially hemispherical ‘cross sec-
tion. Constructionally thése projections may be con-
veniently obtained by fixing cylinders of semi-circhilar
cross section onto the plane surface of the channel. Alter-
naﬁvely oneé or both of the pro]ectmns may form part of

a hinge which permits movement of the slice lip or the
apron plate, as the case may be. At the rate of ﬂow
encountered in paper machine slices separation occurs ‘on
the down stream side of both projections and vortices
are shed into the body of the flow.

There are several important dlfferences between the
vortex sysem shed by two projections and that shed from
a single cylinder in the channel, as previously described.
In ihe case of a single cyiinder thé pressure distribution
in the wake of the cylinder causes the vortices to be shed
alternately from the two lines of separatxon to form a
Kérmén vortex street. This gives rise to a corrugated
flow pattern from the slice and the resulting stréam
spreads more than would be the case without a cylmder
The improvements in the umforrmty and condition of the
stream produced by a cylinder however, outwelgh the dls-
advantage of the reforming zone which is nécessary on
paper machines operating at high speeds. At very hlgh
speeds however, the balance becomes adverse. The vor—
tices in the two streams of vortices produced by the two
projections are not alternately spaced, but dre shed inde-
pendently of one ancther. They do not combine, there-
fore, to produce a regular corrugated flow pattern Far-
thermore, they are generated on the outsidé of the flow
and diffuse inwardly. These ‘two différénces  give rise
to several distinct advantages from ‘a practical papermak—
mg point of view. We have found that if the systém
is designed to fulfill certain requireéments, ds heremafter
described, the stream is such as will enablé stock ina
condition suitable for paper makmg to be féd onto the
forming wire at much hlgher speeds than héretofore.
One of these advantages i§ that the Stréam shows Iéss
tendency to expand on leavmg the slice than under condi-
tlons employing the previouly described embodlment of
our invention and therefore provides less opportumty for
air entrapment at corresponding speeds. - The desired
energy for conditioning the flow for good sheet formation

can be infroduced with as little as one half of the amph-
tude of relative movement betweéen adjacent segments of
the stream as that produced by a single ¢ylinder in the
channel. The respective frequenciés of. discharge of the
vortices on the two sides of the stréam are apenodlc and
independent of one another §o -that the vortices do nOt
combine to produce corrugation of theé wholé stream.
Finally, we have found that the frequency range in whlch
the discharge of the vortices occurs is approx1mately twice
that produced by a single cylinder tnder thg samie flow
conditions.

Several criteria must be satisfied in the design of this
preferred embodiment of our invention:

(1) The minimum cross-channel distance between the
two projections (or between any two of such projections
if more than two are employed) should be at least equal
to the maximum vertical slice opening in order to avoid
reducing the sensitivity of control exercised by ‘the slice
opening cn the flow.

(2) The projections should be at a sufficient distance
from the slice outlet to enable the two vortex streams to
diffuse to the centre of the stream of stock, otherwise
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_the energy distribution is too high ‘at the two surface
layers of the stream and causes drops to break away.

" (3) The dimension of the projection is determined first
by the energy required in the stream of stock and this
depends on the design of the stock inlet as a whole. The

_greater the dimension of the projections, the greater the

“energy introduced. The energy introduced is a function
of the velocity of the stream and the dimension of the
pI'O]CCtIOIlS Secondly, the frequency range of the varia-
tions is a function of the Reynolds number, the diam-
‘eter of the projections and the velocity of the stream.
The frequency should be made as high as possible com-
patlble with the other criteria.

" "It will be obvious that in all embodiments of our in-
vention the designed contour of the flow-modifyving de-
vices should be substantially maintained during continu-
ing use and such devices should therefore be constructed
of materials which will resist corrosion and erosion.

"~ When we use the term “cylinder” in this specification
we mean a three-dimensional body which has a constant
cross section perpendicular to an axis. When we use the

“term. “cylindrical body” in the claims we mean a three-
dimensional body which has a constant cross-section per-
pendicular to an axis and which is non-sireamlined as
herein defined.

In the embodiments of our invention as hereinbefore

" discussed and illustrated we have used as examples of the
non-streamlined flow-modifying member, either a cir-

“cular cylinder (Figures 2 to 5 and 7) or a semi-circular
cylinder (Figure 9). Such simpler forms of non-stream-
lined cylinders are recommended for the convenience of
their construction- and operation. The flow characteris-

tics consequent upon the use of such simpler forms are

" also more readily derived and it will be appreciated that
extreme complexities of flow patterns may result from
the use of more complicated non-streamlined shapes. In
‘practice also it is difficult to obtain and maintain a con-
stant cross section for non-circular shapes. Where a con-
stant cross section is not maintained non-uniformities of
the jet across the machine arise which are highly undesir-
able. - For these practical reasons we prefer to use the
simpler forms of non-streamlined shapes as herein illus-

.trated. We have nevertheless- employed and evaluated
other shapes of flow-modifying members and by way of

" illustration Figure 10 shows a flow-modifying member of

pear-shaped cross section which, subject to the limitations
of its construction as noted above, being non-streamlined,
was capable of adequately accomplishing the results of
“our invention as above described. In Figure 11, how-
- ever, is shown a flow-modifying member the cross section
of which is substantially streamlined i. e., streamlined
within the /definition of this term as used in this speci-
fication. "In practice we found that the use of a member
having this or a similar cross section failed to produce
thé desired effect.

1t is to be understood that the invention is not limited
‘to the above specifically-described embodiments of the
invention and that changes may be made either in the
design or form of the embodiments without departing
from the scopé of the invention which is deﬁned in the
appended claims.

What we claim is:

1. A method of improving the flow stock from the
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stock inlet onto the Fourdrinier wire of a paper machine
which comprises disposing in the stock inlet transversely
of the flow of stock a stationary cylindrical body havmg
at least two lines of flow separation thereon at a posi-
tion such that the flow of stock past the said cylindrical
body is characterized by a Reynolds number in excess of
10% whereby a series of aperiodic vortices is shed from
each of said lines into the flow and, prior to projection
of stock onto the wire, maintaining the flow in a confined
¢hannel until the diffusion of vortices is substantially
complete.

2. A method of improving the flow of stock from the
stock inlet onto the Fourdrinier wire of a paper machine
which comprises disposing on each of the slice lip and
apren plate of the stock inlet transversely of the flow of
stock at least one stationary cylindrical body each such
body having at least one line of flow separation thereon
at a position such that the flow of stock past the said
cyhndrlcal body is characterized by a Reynolds number
in excess of 10¢ whereby a series of aperiodic vortices is
shed from each of such lines into the flow and, prior to
prOJectlon of the stock onto the wire, maintaining the flow
in a confined channel until the diffusion of vortices is
substantially complete.

3. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 1 in
which the stationary cylindrical body is a circular ¢yl
inder.

4. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 2 in
which at least one of the stationary cylindrical bodies is
a semi-circular cylinder.

5. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 1 in
which the Reynolds number is in excess of 5X10%,

6. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 2 in
which the Reynolds number is in excess of 5 104

7. A method of improving the fiow of stock from the
stock inlet of a paper machine according to claim 1 in
which the diameter of the stationary cylindrical body is in
excess of one-half inch.

8. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 1 in
which the stationary cylindrical body is supported by
means not substantially extending beyond said body to-
ward the slice.

9. A method of improving the flow of stock from the
stock inlet of a paper machine according to claim 2 in
which the cross-channel distance between any two of
such stationary cylindrical bodies is not less than the
maximum vertical height of the slice opening.
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