High Performance Foil Rotor Improves De-Ink Pulp Screening
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ABSTRACT

Contaminant removal from waste paper remains a significant challenge for the recycle paper industry. This
challenge is expected to continue as the raw material quality decreases and the quality demands of the
papermaker and the printer increase. One of the most difficult contaminants to remove and the most
troubling for the papermaker and printer are adhesives (“stickies") that are readily deformable at
temperatures typically found in mill processes.

The primary stickies removal method is by screening with narrow slotted screen cylinders. The efficient
removal of stickies in the accept pulp requires optimization of the screen cylinder and rotor combination.
Because the sticky contaminants are deformable, the rotor must be designed to minimize the positive
pressure pulse which could force stickies through the slots. At the same time, the rotor must be designed to
have sufficiently strong negative pulses to ensure adequate capacity and runnability. The rotor should be
hydrodynamic and designed for low-speed operation to minimize power consumption.

A novel, dual element foil rotor has been developed to improve the stickies removal efficiency while using
significantly less power when compared to conventional rotors. The dual element foil rotor was designed
to have high capacity and to run reliably with very narrow, highly efficient, slotted cylinders. Foil shape
and orientation was optimized using Computational Fluid Dynamics (CFD). Superior rotor performance
was demonstrated in a mill trial. In summary, the dual element foil rotor was shown to have high stickies
removal efficiency, high capacity and excellent runnability while minimizing power consumption.

INTRODUCTION

Pressure screens are the most effective means of removing oversize contaminants, such as stickies and
shives, which reduce the strength, smoothness and optical properties of paper. Pressure screens are also
used to fractionate the pulp by fibre length allowing for the production of high-value products. For these
reasons, pressure screens are an increasingly important unit operation in pulping, recycling and
papermaking.

A pressure screen contains two main components: the screen cylinder and rotor. Once the unscreened pulp
enters the screen via the feed stream, the accept fibres pass through small slots or holes in the screen
cylinder to the accept stream, while oversized particles continue down the length of the cylinder to the
reject stream. The rotor uses a foil to which generates pressure pulses at the screen surface to backflush the
narrow slotted apertures clearing them of accumulations that could lead to plugging [1-4]. The rotor design
and speed thus directly affect the maximum capacity of the screen [5].

The pressure pulsations typically contain two components. There is a negative (or suction) component
which performs the backflushing action. One seeks to maximize this. There is also a positive component
which could cause stickies to be extruded and forced through the slot and into the accept stream [6]. One
seeks to minimize, or eliminate, the positive pressure pulse component.

Previous investigations into screen rotor design have shown that increasing the magnitude of the negative
pressure pulse generated by the rotor will increase the capacity of the screen [2]. The magnitude of the
negative pressure pulse is proportional to the square of the rotor tip speed [1-4]. Pilot studies have shown
that the maximum capacity of the screen increases approximately linearly with rotor tip speed [5]. The



power consumed by the rotor, however, increases with the cube of tip speed [7]. Therefore, small increases
in rotor tip speed can significantly increase power consumption and screen operating costs.

To improve the power-capacity relation of a screen rotor, several studies have examined the effect of rotor
foil design on the magnitude of the negative pressure pulse [1-3]. The "angle of attack™ was identified as a
key parameter in rotor foil performance, and it is the angle formed between the chord of the foil and the
direction of the fluid, as shown in Figure 1. In a pulp screen, the general fluid flow is circumferential.
Thus the angle-of-attack is the angle of the foil chord relative to a line tangential to the cylinder.
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Figure 1. Foil geometry

These fundamental studies showed that increasing the angle-of-attack of the foil would do two things: First,
it increases the magnitude of the negative pressure pulse generated by the foil prior to the point of flow
separation. Second, the undesirable positive pulse at the leading edge of the foil was eliminated. At higher
angles-of-attack, however, the foil would stall and the strength of the suction pulse would diminish.

Increasing the camber (i.e. the curvature) of the foil was also shown to increase the strength and width of
the negative pressure pulse generated by the rotor. The high camber foils where found, however, to stall
almost immediately at a very small angle-of-attack. In order to obtain the effect of a highly cambered foil
at a high angle-of-attack, dual element foil (DEF) technology was developed for a pulp screen [8]. Similar
to the flaps on an aircraft, dual element airfoils allow higher energy flow from the lower surface of the foil
to pass through the slot between the main foil and the flap in order to re-energize the boundary layer on the
upper surface of the foil. This has the effect of preventing stall on the foil, allowing for higher magnitude
negative pulses at a given rotor tip speed, while at the same time eliminating the positive pulse component.
Figure 2 shows the pressure contours for single and dual element foils and how a stronger and wider
pressure pulse is generated by the DEF configuration.

The main parameters of pulp screen performance are: capacity, debris removal efficiency and power
consumption. Capacity is the mass flow of pulp in the accept stream of the screen. Debris removal
efficiency reflects the ability of the screen to direct oversize debris from the feed to the reject stream.
Power is best expressed as the net power to the screen (excluding winding losses), but is most commonly
given as the total power, as shown on the Distributed Control System (DCS) in a pulp mill. The goal in
designing high-performance rotors is to improve on one of the performance parameters without
compromising the others. This study examines the results from a prototype DEF rotor in a mill study
which meets this goal.



Figure 2. The computed fluid streamlines and pressure contours for a single foil (left) and a dual element

foil (right)

MILL APPLICATION

The design of the DEF rotor was evaluated using computational fluid dynamics (CFD). CFD has been
validated for use as a tool in pressure screen rotor design in a number of studies. In the case of the DEF
rotor, a second-order finite volume solver, FLUENT 6.1, was used to numerically solve the discretized
Navier-Stokes equations. Following the results in Mahon and Zhang [9], the k-¢ model with enhanced wall
treatments was used to model the turbulence in the flow.

A commercial, high-cambered foil rotor was used as a starting point for the new foil design [4-5]. A wide
range of foil parameters were studied, including the foil angle-of-attack, the flap angle, and the positioning
of the flap with respect to the main foil. Figure 3 shows the effect of varying the angle-of-attack (alpha)
and the flap angle (delta) of the foil on the streamlines and pressure field. Increasing both flap angle and
angle-of-attack eliminates the positive pressure pulse at the leading edge and increases the strength of the
negative pulse prior to stall. Figure 3 also shows that the maximum suction pulse is achieved with an
angle-of-attack of 3 degrees, and a flap angle of 19 degrees. As the angles are further increased, the
negative pulse begins to decrease as the dual element foil begins to stall. After a thorough analysis, optimal
foil angles were chosen and a mill prototype was built by Advanced Fiber Technologies, as shown in
Figure 4.
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Figure 3. Pressure traces and contours for varying degrees of foil angle-of-attack (alpha), and flap angle
(delta) of the dual element foils



Figure 4. The optimized DEF design (left) and the mill-scale protbt);pe rotor (right) installed at Catalyst
Paper Recycling Division.

The mill scale prototype rotor was installed in a fully-instrumented GR20 primary fine screen at the
Catalyst Paper, Paper Recycling Division, de-ink pulp mill in Coquitlam, British Columbia, Canada. The
rotor was evaluated in parallel to an OEM screen, offering an easy comparison to the current OEM rotor
technology. ldentical wedgewire cylinders with 0.15 mm (0.006™) slots were installed in both screens. The
OEM rotor was operated at a tip speed of 16 m/s (60 Hz). Figure 5 shows the flow diagram of the recycle
mill.
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Figure 5. Catalyst Paper, Paper Recycling Division Flowsheet

A variable frequency drive was used to optimize the rotor speed and evaluate the effect of tip speed on
performance in terms of power consumption, stickies removal efficiency, and capacity. For the period of
the trial, the screens were run at the mill's normal operating conditions: a reject rate of 22.5% (by mass),
feed consistency between 1.1 and 1.3%, and slot velocity of 1.3 m/s.



RESULTS

Power consumption for the DEF rotor is shown in Figure 6 as a function of rotor tip speed. Rotor speed
was decreased from 16 m/s to a minimum operating speed of 11.2 m/s where the screen plugged. Note that
the existing speed of the OEM rotor (of 16 m/s) was based on the OEM's own optimization work at this
mill and the mill's finding that the OEM screen would plug at a rotor tip speed of 15 m/s. Differential
pressure (i.e. the feed minus the accept pressure) was monitored as an indication of the stability of the
screen. Pulp samples were taken at various rotor speeds to evaluate reject thickening. Reject thickening is
the reject consistency divided by the feed consistency. High reject thickening can be a precursor of
runnability problems. A stable operating set point was determined to be 13.3 m/s while maintaining
capacity, which provided power savings of 42% compared to the parallel screen with the OEM rotor
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Figure 6. Screen power consumption versus rotor tip speed. Power savings of approximately 42% were
obtained compared to the parallel OEM screen. Runnability remained excellent and there was no decrease
in operating capacity.

Thickening factor is shown in Figure 7 as a function of rotor tip speed. The lower thickening factor of the
DEF rotor relative to the OEM rotor at equivalent rotor speeds of 16 m/s suggests that the DEF rotor has
better runnability and potentially higher capacity. Thickening factor increased as tip speed was reduced.
The volumetric reject rate was maintained constant during the trial period (at 14%), thus reject rate (by
mass) increased from 19% to 24% as tip speed was reduced. The tip speed of the DEF rotor could be
reduced to 13.3 m/s, while maintaining a thickening factor which was approximately equivalent to the
existing OEM rotor operating at a speed of 16 m/s.

Stickies efficiency was higher with the DEF rotor than the OEM rotor, as shown in Figure 8, when operated
in the same screen model, same cylinder, same passing velocity, same tip speed and same mass reject rate
(of 22.5%). A common mass reject rate was obtained by applying a correction factor based on a plug-flow
model of screen performance. The data point for the OEM rotor represents an average of 18 measurements
taken over time by mill staff. Further increases in stickies removal efficiency were obtained as the rotor tip
speed was reduced. These effects are consistent with the discussion of the fundamental principles of the



DEF rotor, which anticipates an increase in stickies removal efficiency due to reduction of a positive

component of the pressure — both through rotor design and reduced rotor speed.
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Figure 7. Thickening factor versus rotor tip speed
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Figure 8. The DEF rotor provided a higher stickies removal efficiency than the OEM rotor. Further

increases in efficiency were obtained as rotor speed was decreased.




Stickies removal efficiency was, in fact, determined by using two macro stickies analysis methods. The
method used by Catalyst Paper determined the stickies removal efficiency by count. This mill-specific
method used a Pulmac screen with 0.15 mm slots to isolate the stickies, followed by a manual count using a
microscope. An independent laboratory (CIPP) confirmed the results by measuring the stickies removal
efficiency, also using a Pulmac screen with 0.15 mm slots to isolate the specks, but then identifying the
stickies through a dying technique, followed by manual verification. Image analysis was used to assess the
number and size of the stickies [10].

Samples for the CIPP analysis were taken from both parallel screens while the DEF rotor was operating at
the reduced tip speed of 13.3 m/s and the OEM rotor was running at 16 m/s. The results shown in Figure 9
confirm the stickies removal efficiency of the dual element foil rotor is higher than the OEM rotor when
measuring efficiency either by count or by area (mm?/g of oven dried pulp). Efficiencies for both the OEM
and DEF rotors are slightly higher in Figure 9 than in Figure 8, which is a reflection of the day-to-day
variability in the character of the stickies and the efficiency measurements. Figure 10 shows the stickies
particle distribution from the accept streams of both parallel screens. The substantially higher amount of
small stickies in the 0.21 mm?size class suggests that the OEM rotor may have been fragmenting the
stickies into smaller particles which would have contributed to the lower efficiency of the OEM screen and
higher stickies count in the accepts.

The good runnability of the DEF rotor should also be noted. The DEF rotor evaluation was made over a 3
week period. The rotor operated reliably throughout this trial period. There was no stringing or any
accumulation of pulp or contaminants on the rotor or in the gap between the foil and flap, as shown in
Figure 11.
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Figure 9. Stickies removal efficiency measurements by count and area with equivalent 0.15 mm (0.006”)
wedgewire cylinders and a reject rate of 22.5% by mass
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Figure 11. DEF rotor at the end f the trial period. The pulp shown in this photo was deposited during

drainage of the pulp screen and was easily washed away. There was no accumulation or plugging between
the foil and flap.



CONCLUSION

A new patented rotor technology has been developed to increases the strength and duration of rotor
pulsations without producing undesirable, positive pulse components. A prototype DEF rotor was tested in
the GR20 primary fine screen at the Catalyst Paper mill in Coquitlam, British Columbia. The DEF rotor
was able to maintain the full required capacity of the screen even when operated at a top speed of 13.3 m/s
-- relative to the usual operating speed of 16 m/s. An energy saving of 42% was achieved by operating the
screen at this lower speed.

The thickening factor of the DEF rotor is lower than the OEM rotor at equivalent tip speeds. The stickies
removal efficiency of the DEF rotor was higher than the OEM rotor and further increases in efficiency were
obtained as the DEF rotor speed was decreased. The DEF rotor was shown to operate reliably and without
plugging or stringing during the three week duration of the trial.

The excellent results of this trial follow on the fundamental benefits of the DEF rotor design. While a high
degree of foil camber will provide a wider and stronger pulse, traditional, single-piece foils are limited in
camber because of the occurrence of phenomenon called "boundary layer separation”. The DEF rotor uses
its unique design to avoid boundary layer separation. Lower tip speeds are thus possible without
compromising the action of the rotor or capacity of the screen. Substantial power savings result. In
addition, the lower speed of the rotor would appear to avoid fragmentation of the stickies. Efficiency is
further increased because the rotor pulse can be optimized to eliminate the positive pressure component
which would tend to force deformable contaminants such as stickies through the screen apertures. This
study has thus confirmed the efficacy of the DEF rotor design and demonstrated its practicality in a mill
environment.
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