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flow path of the suspension which changes in direction 
along its length, is made more efficient and plug-free 
by arranging the slots in at least two areas of the ?ow 
path with the long aces of the slots in one area at an 
angle to the long axes of the slots of the other area 
such that the slots of said areas have their long axes at 
substantially a uniform angle, preferably approximate 
ly a right angle, to the direction of ?ow of suspension 
over them despite difference in said flow direction in 
the respective areas. 

5 Claims, 3 Drawing Figures 
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SCREENING MACHINE WITH SLOTTED SCREEN 

This invention relates to the screening of ?uids com 
prising liquid suspensions of ?brous material and in 
particular relates to machines for screening such 
suspensions through a slotted screen to separate shives, 
dirt and other foreign matter from the acceptable ?ber. 
For screening many liquid-?ber suspensions, particu 

larly those containing relatively long ?bers which 
should not be rejected, screens with elongated slots 
should be better suited than round hole screens. How 
ever, prior art screening devices with slotted screen 
plates have suffered from serious limitations which 
have made them less than satisfactory or even unac 
ceptable in many cases. In ?ne screening applications 
in which narrow slots are required, excessive screen 
area has been needed to provide the requisite screening 
ef?ciency and capacity. In addition, the slots become 
plugged too frequently. Furthermore, the slotted 
screens have not performed as well as theoretically 
they should, especially at the high consistencies which 
are becoming more common in pulp and paper manu 
facture. 

Accordingly, it is a principal object of the invention 
to provide slotted screen apparatus which screens more 
efficiently than existing such devices. 
Another object of the invention is to provide such 

screening apparatus which is less subject to plugging 
and easier to maintain than existing devices. 
A still further object is to provide such screening ap 

paratus which is capable of screening a wide range of 
liquid-?ber suspension consistencies with nearly equal 
efficiency. 

I have found that in slotted screen machines for 
screening liquid ?ber suspensions it is important in ob 
taining uniform maximum ef?ciency, capacity and 
freedom from plugging that the slots be arranged 
uniformly at substantially the same angle to the 
direction of flow of the suspension past each slot and 
that generally the selected uniform angle should be ap 
proximately a right angle to the direction of ?ow. In 
screens of the type in which this invention is con 
cerned, the slots have been cut with their long axes 
parallel to each other and usually parallel to the screen 
plate axis. Since the flow pattern in this type of screen 
changes rather drastically as the flow of the suspension 
proceeds over the plate from inlet to outlet, the result 
has been poor performance because, I have found, of 
the lack of uniformity in angularity of slots to the 
direction of ?ow over them. 
According to the present invention a screening 

machine with slotted screen plate is provided in which 
the angularity of the long axes of the slots to the screen 
axis is not uniform but is varied in general conformity 
with change in the angle of flow of the suspension over 
the screen as it proceeds from inlet to outlet. This 
change in angularity of the slots is such as to maintain 
an approximate uniformity of angular relation of the 
slots to the direction of flow of the suspension over 
them. 

In typical pressure screening machines for pulp and 
paper making ?ber, which have a tubular screen and 
spiral flow of suspension thereover, the ?ow of suspen 
sion across the screen plate changes in angularity to the 
screen axis from a rather steep-angled spiral at the inlet 
end of the order of 45° to the screen axis, to nearly a 
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2 
circular flow about the screen axis adjacent the rejects 
outlet. In a preferred embodiment of the invention ap 
plied to such a screening machine the slots of the group 
adjacent the inlet end are arranged with their long axes 
at substantially a 45° angle to the screen axis while the 
slots of the group adjacent the rejects outlet are ar 
ranged with their axes substantially parallel to the 
screen axis. Intermediate these two groups there may 
be provided one or more groups of slots with their long 
axes at an angle to the screen axis intermediate 45° and 
0° conforming to the ?ow angle of the suspension to the 
screen axis in which the group of slots is located. 
Preferably the machine includes rotatable pulsing 
means for providing positive and negative pulses to the 
screen and this pulsing means is desirably a drum hav 
ing portions of its surface displaced radially of the drum 
with respect to other portions to provide the pulsing. 

Other objects, features, and advantages will become 
apparent from the following description of a preferred 
embodiment of the invention, taken together with the 
attached drawing thereof, in which: 

FIG. 1 is a side view, partially in vertical cross-sec 
tion and partially broken away, of a preferred screening 
apparatus according to the present invention; 

FIG. 2 is a horizontal cross-sectional view of the 
screening apparatus of FIG. 1, taken on line 2——-2 
thereof; 

FIG. 3 is a perspective view of a'cylindrical screen 
plate constructed in accordance with the invention. 

Referring to the screening apparatus shown in FIG. 
1, the apparatus has a vertically arranged pressure cas 
ing 10 having a removable pressure dome 12. An annu 
lar inlet gutter 14 is de?ned in the upper region of cas 
ing 10 and an inlet conduit 16 is arranged to introduce 
pulp to be screened into the inlet gutter 14. A gutter 
trap 18 communicates with inlet gutter 14 for removing 
heavy debris thrown to the periphery by centrifugal 
force. 
The inlet gutter 14 communicates radially over a baf 

?e 20 with the central part of the screening apparatus. 
Circumferential, apertured tubular screen member 22 
is located below baf?e 20 and has wall 24 spaced in 
wardly relative to casing 10 in the manner to de?ne an 
annular accepts chamber 26 outside of screen member 
22. A tangential accepts conduit 28 arranged to 
remove ?uid under substantial pressure is connected to 
accepts chamber 26 and has its initial portion extend 
ing the full height of screen member 22. 
Below screen member 22 is arranged an annular re 

jects gutter 30 in communication with the inside of the 
cylindrical screen member 22. A rejects conduit 32 
communicating with rejects gutter 30, is arranged to 
remove ?uid under substantial pressure and at a rela 
tively low rate (e.g., not over 20 percent, usually 10 
percent or less, of inlet ?ow), and is provided with 
valve 34 which serves to regulate the flow 
therethrough. 

It will be observed that casing 10 is slightly scroll 
shaped in horizontal cross-section (FIG. 2), and screen 
member 22 is arranged therein so that accepts chamber 
26 increases in radial width gradually abut its circum 
ference, all the way along its extent until it discharges 
to accepts conduit 28. 

In this embodiment the pulsing means is rotary drum 
36 which has irregular surfaced wall 38 and cylindrical 
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shape, and has a length at least equal to that of screen 
member 22 and a diameter substantially the same, 
though with clearance, and is arranged to rotate about 
screen member axis 40 on shaft 42, the screen member 
and drum de?ning the opposite sides of the screening 
compartment. Shaft 42 extends into and below bearing 
pedestal 44 and carries pulley 46 which is driven by a 
belt 48, or series of belts, driven by an electric motor 
50 which should usually be capable of turning drum 36 
to develop a surface speed of at least 5,000 f.p.m. when 
the casing is full of ?uid. It will be recognized that other 
forms of pulsing means, such as hydrofoils and paddles, 
are suitable for use with the present invention. 

Referring to FIG. 3, screen member 22 has two 
groups, generally designated 52 and 54, of slots formed 
therein. The slots in group 52 are formed in the upper 
half of member 22 at about a 45° angle to screen 
member axis 40 and may be, for example, 1% inch 
long, 0.016 inch wide and spaced to de?ne generally 
rectangular slotted sections 56. The slots of group 52 
are inclined to axis 40 forwardly in the direction of ?ow 
about the axis (clockwise in the ?gures) from their 
ends nearest the outlet end of the screening compart 
ment, the angle of such inclination placing their long 
axes at approximately a right angle to the direction of 
?ow of the suspension past them. The slots in group 54 
are formed in the lower half of member 24 with their 
long axes similarly inclined at about a 15° angle from 
member axis 40, which places their axes about at a 
right angle to the direction of flow past them. The slots 
in group 54 may, for example, be 1% inch long, 0.016 
inch wide and spaced to de?ne generally rectangular 
slotted sections 60. Groups 52 and 54 are arranged in 
the manner to align the respective axes of the slots 58 
and 62 as close as is practical in the direction perpen 
dicular to the direction of stock flow at the location of 
the particular slots when the‘ screen apparatus is 
operating in order to increase the efficiency of the ap 
paratus. 

In operation motor 50 is started and drum 36 rotates. 
Stock under pressure enters inlet gutter 14 through 
conduit 16, where it ?ows tangentially and over?ows 
baf?e 20, then passes spirally downwardly between 
drum 36 and screen member 22 where it is pulsed by 
the rotating irregular wall 38 of drum 36. The rejects 
portion of the ?ow is screened out by member 22 and 
continues to pass downwardly into rejects gutter 30 and 
through rejects conduit 32. The accepts portion ?ows 
through the slots in member 22 into accepts chamber 
26 and issues through accepts conduit 28. As is known 
in the art, the smaller the width of the slots, the better is 
the removal of smaller debris from the stock flow. 
However, when narrower slots are used, the frequency 
of screen clogging increases substantially for a given 
speed of drum rotation or the drum speed must be in 
creased considerably to maintain the same low in 
cidence of clogging. 
The direction of stock flow in the screening compart 

ment changes in angle as the stock progresses toward 
the rejects outlet. The ?ow is spiral about the axis 40 
induced by tangential over?ow of the suspension from 
gutter 14 into the screening compartment, at an angle 
to the axis which progressively increases as the suspen 
sion flows toward the outlet end. This change in angle 
of ?ow is caused primarily by the low capacity of the 
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4 
rejects outlet from the screening compartment as com 
pared with the capacity of the inlet, the escape of 
suspension through the screen progressively reducing 
the axial velocity of ?ow in the screening compartment 
with consequent increase in ?ow angle therein to the 
compartment axis. 
The angularity of the flow path at various points 

along the axis can be measured by instruments or deter 
mined by observation of ?ow streamers. However, it is 
more easily calculated with sufficient accuracy for pur 
poses of the present invention, using basically a well 
known formula for ?uid flow, in a con?ning body such 
as a pipe or the screening compartment, Q = A V, where 
Q is the quantity of flow past the selected point, A is the 
cross-sectional area of the confining body at that point 
and V is the average velocity of the ?ow at that point 
(see, e.g., Dodge and Thompson, “Fluid Mechanics,” 
1937, pages 74-75). Q is known, being the inlet flow 
less loss of suspension through the screen, which is 
closely proportional to the distance the suspension has 
traveled along the screen axis. A is also known (in the 
screen illustrated it is a constant). Consequently, the 
formula transposed as V= Q/A is used to determine the 
velocity of ?ow at the inlet (tangential) and the axial 
component of velocity at selected points along the axis 
in the screening compartment. 
The angle of ?ow (angle of velocity) at any point is 

then determined as the resultant or vector of the axial 
and tangential components of velocity at that point 
(e.g., dividing the axial component by the tangential 
component gives the cotangent of the flow angle from 
the axis). The tangential component of velocity is in 
creased above the inlet velocity by acceleration of the 
rotor proportionately as the suspension flows in contact 
with the rotor, which increase may total approximately 
100 percent. Therefore, the tangential component of 
velocity at the selected point may be taken as the inlet 
velocity plus the acceleration thereof up to that point. 
For example, with a 2,000 g.p.m. inlet flow and 10 

percent thereof rejects outlet flow in apparatus of the 
design shown, the angle of suspension flow in the 
screening compartment was so calculated for various 
points along the screen to yield the following results: 

location axial tangential angle of 
along component component velocity (?ow) 
screen of of velocity from axial 
plate velocity 

inlet end velocity 14.15 ft/sec l0 ft/sec 35° 
‘k 10.97 ft/sec l2 ft/sec 48° 
‘1% - 7.78 ft/sec l4 ft/sec 61° 
34 4.60 ft/sec 16.5 ft/sec 74° 
outlet end - 1.412 ft/sec 20 ft/sec 86° 

Stock is screened by the slots most efficiently when 
the slots are perpendicular to the direction of ?ow. 
Ideally, the slots would be perpendicular to the 
direction of flow at all locations. However, it may be 
undesirable from an economic standpoint to form slots 
at many different angles, and the increase in efficiency 
due to forming slots at two or three different angles is 
very substantial. ’ 

Other embodiments will occur to those skilled in the 
art and are within the following claims. 
What is claimed is: 
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1. In a screening machine for liquid-?ber suspension 
having a tubular screen with elongated slots, said 
screen defining a wall of an annular screening compart 
ment surrounding an axis, an inlet to said compartment 
adjacent one end of said screen, an outlet adjacent the 
other end of said screen for suspension rejected by said 
screen and a separate outlet for suspension passing 
through said screen, said outlet for rejected suspension 
having a low capacity relative to said inlet, said inlet ar 
ranged to feed suspension into said compartment in a 
flow which spirals about said axis toward said outlet, 
the angle of said flow to said axis increasing progres 
sively and substantially as the flow proceeds along said 
axis, the improvement wherein a ?rst multiplicity of 
said screen slots adjacent the inlet end of said compart 
ment are arranged substantially parallel to one another 
and at a substantial angle to a second multiplicity of 
said screen slots arranged substantially parallel to one 
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another adjacent its outlet end, and said ?rst slots are 
inclined to said axis at a substantially greater angle than 
said second slots, said ?rst slots having their ends 
nearest the inlet further in the direction of flow about 
said axis than their ends nearest the outlet from said 
compartment. 

2. A screening machine according to claim 1 wherein 
said angle of said ?rst slots to said axis is about 45°. 

3. A screening machine according to claim 1 wherein 
said second slots are substantially parallel to said axis. 

4. A screening machine according to claim 1 which 
includes a pulsing means spaced opposite said screen 
and rotatable about said compartment axis. 

5. A screening machine according to claim 4 wherein 
said pulsing means has a substantially continuous sur- > 

face provided with portions displaced from other por 
tions to produce pulses. 

* * * =I= * 
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