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Abstract 

Pulp screening is an essential process in the manufacture of high-quality paper and board 
products. Screen performance is determined by the screen rotor and cylinder. Both 
components have been the subject of technical innovation that has led to: reduced power 
consumption, cleaner accept pulp, increased capacity, and reduced fibre loss. In the case of 
the rotor, small-scale turbulence and three-dimensional flow structures have been 
determined to be of at least equal significance to the backflushing effect of the rotor 
elements. A comprehensive model of the rotor action has been developed to embrace both 
pulsation and non-pulsation effects. Two novel rotor designs that follow from this model are 
discussed in the context of mill trials. One is based on a solid-core rotor that has waveform 
features on the leading edge of the each rotor element. With these features, the rotor is able 
to achieve higher capacities, or to operate at lower speeds to save energy, or to operate with 
smaller slots for increased accept cleanliness. The second rotor is a foil-type design that has 
a thicker foil to increase wake turbulence. Swept foils and supports ensure that strings and 
other debris do not accumulate on this rotor. The screen cylinder has also benefited from 
recent innovation. In particular, a novel manufacturing technique has increased both the 
precision and accuracy of the slot widths which is of critical importance in allowing small slots 
to be used. Moreover, even for the same slot width, increased precision can provide a 5-
point increase in debris removal efficiency. Advanced technology is thus seen to have a 
powerful impact on screen performance in a wide range of mill applications. 
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Introduction  

Pulp screening is an essential operation in the production of high-value pulp and paper 
products, and screens are present in virtually all pulp and paper mills. Pulp screens have 
screen slots as narrow as 0.10 mm and thus are able to remove a high percentage of 
contaminants that would otherwise reduce paper appearance, strength, and surface quality. 
Pulp and paper producers have become increasingly reliant on screening because of its 
reliability, efficiency and low-cost.  

Screening is used in all segments of the pulp and paper industry and its importance is 
increasing because of the increasingly stringent demands for high-quality paper and board 
products. The challenge of providing increasingly-higher levels of cleanliness is compounded 
by the increasing quantity and variety of contaminants in recycled paper furnishes.  

The basic parameters used to assess pulp screening are:  
 Capacity – expressed either in terms of a volumetric or a mass-based flows, i.e. 

either l/min or t/day;  
 Runnability – which is a subjective quantity reflecting the ability of screens to 

operate reliably even during variations in feed consistency and furnish quality; 
 Efficiency – the degree of contaminant removal; 
 Power – as consumed by the pulp screen rotor;  
 Fiber loss – the amount of desirable fiber rejected by the final stage of the screen 

system. 

The two essential performance components in a pulp screen are the screen cylinder and the 
screen rotor. The screen cylinder has either holes or slots. “Accept” pulp flows through these 
apertures and leaves the screen through the accept port, while the oversize contaminants 
and reject pulp do not pass and exit from the reject port of the screen. The screen rotor 
backflushes the apertures and clears them of blockages. It also establishes the flow 
conditions adjacent the screen cylinder surface that supports the screening action.  

Screen apertures are intrinsic to overall performance, with aperture size being the primary 
variable. Narrow slots provide the highest levels of contaminant removal, but also tend to 
reduce capacity, illustrating a typical trade-off made in optimizing the screen configuration for 
a particular application. The screening action that blocks the passage of contaminants from 
the accept pulp can be divided into two fundamental mechanisms: “Barrier screening” 
prevents the passage of oversize contaminants when they cannot fit through the apertures 
regardless of their orientation. “Probability screening”, on the other hand, restricts the 
passage of contaminants that could pass through the apertures if presented in a certain way, 
but that tend not to pass because their size, shape or stiffness makes it difficult for the 
contaminants to follow the flow streamlines through the apertures.  

Small slots have been made practical through the use of contours on the feed-side of the 
screen cylinder surface. Contours came into more widespread use in the 1980s and are 
believed to work by: 1) streamlining the flow through the slot, 2) inducing turbulence to 
disperse fiber flocs and any fibers that have accumulated at the slot entry, and 3) reducing 
the potential for fibers to become immobilized at the slot entry. Like slot width, contour height 
is specified according to the particular application, i.e. considering the feed pulp consistency, 
pulp character, and the nature of the contaminants.  

Improved rotor technology also has the potential to increase screen capacity for a given slot 
size, or conversely to make smaller apertures possible without a loss of capacity. Power is 
an additional consideration with rotor technology. The trade-off in some cases then becomes 
one of power versus capacity (or versus minimum aperture size). There has been great 
diversity in rotor designs since pressure screens were developed in the 1960s. Four common 
designs are shown in Figure 1, though well over one hundred rotor designs have been used 
commercially. Rotors are generally classified as either “open” or “closed” designs. Open 
rotors have foils, and pulp passes on both sides of these foils. Closed rotors have a 
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material that has accumulated with the aperture entry [3]. Smaller clearances between the 
cylinder and rotor, and increased rotor speeds will increase this effect [4]. 

Fluid Activity Large and small-scale turbulence and other forms of fluid “activity” are also 
important in the removal of incipient fibre accumulations within the apertures. Fibres may 
have become immobilized at the slot entry by a flow bifurcation that leads to fibre “trapping” 
[5]. High-frequency flow variability at the aperture entry will destabilize the balance of forces 
inherent to fibre trapping and prevent a significant accumulation of fibres. The bump rotor 
(Figure 1a) is an example of a rotor that relies more on fluid activity than outright pulsations / 
flow reversals given that the “land area” of each bump facing the cylinder is relatively small. 
The arrangement of elements and their shapes has been used to develop fluid activity, as 
seen in the modified bump rotor (Figure 1c).  

Flow Field Development The “screening zone” of pulp screen is defined as the annular 
space between the rotor and screen cylinder. If the rotor did not turn, flow would enter one 
end of the screening zone and pass axially through the screening zone, with the axial 
velocity (i.e. the velocity upstream of an aperture) decreasing steadily as flow as drawn off 
through the screen cylinder. The screen rotor, however, induces a largely circumferential flow 
within the annular screening zone. Thus flow upstream of an aperture is relatively uniform 
through the length of the screening zone, even as the accept flow is drawn off, because the 
upstream flow is a vector sum which is dominated by the circumferential flow component. 
The rotor thus provides an easily-controlled, relatively uniform , high-speed flow field ahead 
of the apertures which is critical to the preferential passage of fibres to contaminants [6]. 

Reject Zone Pressurization While the screen rotor provides a relatively uniform flow 
field through the screening zone, the nature of screening flows causes water to flow more 
easily through apertures than fibres. Pulp consistency thus increases axially as the flow 
spirals towards the reject end of the screening zone [7]. Higher consistencies will lead to the 
increased accumulation of fibres within the apertures between backflush pulses. Anecdotal 
evidence suggests that most of the accept flow passes through the cylinder in the first third of 
the screening zone. Thus, overall capacity is limited by not making full use of the remaining 
two-thirds of the cylinder. The AFT GHC™ Rotor solves this problem by using angled rotor 
elements to pressurize the reject-end of the screening zone, which leads to increased flow 
through the latter two-thirds of the cylinder apertures and, in effect, a more balanced flow and 
increased overall capacity [8]. Alternatively, instead of increased capacity, a smaller slot can 
be used for a higher degree of contaminant removal. In a third approach using the GHC 
Rotor technology, rotor speed can be reduced without a loss of capacity. Reduced rotor 
speed is also supported by the use of an optimized element cross-section in the GHC Rotor 
design [9]. Power savings in excess of 30% were found relative to some of the older rotor 
designs shown in Figure 1. 

Active-Pulse Rotor Technology: AFT GHC2™ Rotor 

Many rotors have been developed to accentuate the strength of the pressure pulsation for 
increased backflushing, or to streamline the rotor elements for reduced power consumption. 
Certain other rotors have attempted to induce “fluid action” or wake turbulence to reduce any 
fibre accumulations with the apertures between pulsations, as discussed above. The use of 
angled elements to pressurize the reject-end of the screening zone and thus to enhance 
screen performance has proved to be successful, as shown in the GHC Rotor [8].  

The AFT GHC2 Rotor was developed to combine all three of the rotor mechanisms to further 
enhance pulp screen performance. As with the original GHC Rotor, the GHC2 element has a 
cross-section that has been optimized to provide a strong suction pulse with minimal fluid 
drag (i.e. minimal power consumption). Similarly, the angled elements pressurize the reject 
end of the screening zone to balance the accept flow and maximize capacity. What is 
distinctive with the GHC2 design, however, is the presence of a waveform on the leading 
edge of the rotor elements, as shown in Figure 2. The streamtubes shown in Figure 2a were 
generated using computational fluid mechanics, and show how the flow over the element is 
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reject rate was 25%. An original equipment manufacturer (OEM) rotor was operated in a 
parallel primary screen with a comparable screen cylinder. The study showed: 

 14% less power was consumed by the AFT GHC2 Rotor relative to the OEM rotor at 
the same rotor tip speed of 18 m/s; 

 the full mill production could be handled by a single screen equiped with a GHC2 
Rotor operating at a tip speed of 18 m/s, enabling the second screen to be shut 
down and thus saving 43% in energy costs as well as additional maintenance costs;  

 stickies removal increased by 8 percentage points for the screen equipped with the 
AFT GHC2 Rotor relative to the OEM rotor at the same nominal mill operating 
conditions (including equivalent mass reject rates).  

GHC2 Applications 

The GHC2 has been installed in a range of mill applications including OCC, kraft and deink 
pulp mills including screens as large as the M1600 Centrisorter (~1.2 m diameter). Some 
selected installations are shown in Table 1. 

 Table 1.  Selected GHC2 installations. 

Country Furnish Position Screen Model Principal Benefits 

Canada SWK Primary IR 210 22% energy savings 

Finland HWK Primary Ahlrstrom M1600 33% energy savings 

Finland  SWK Secondary Ahlstrom M800 Reduced dP by 12 kPa 

Germany  DIP Primary  Voith MSS 10/06 43% energy savings 

USA SWK Primary IR 212 Improved runnability 

Canada OCC Primary KBC PS30 Increased capacity by 15% 

Finland SWK Primary Ahlstrom F6R 
20% energy savings 
Increased efficiency1 

Finland SWK Secondary Ahlstrom F4 
27% energy savings 
Increased efficiency2 

Finland SWK Tertiary Ahlstrom F2 9% energy savings 

1  Reduced slot width from 0.27 mm to 0.20 mm. 
2  Reduced slot width from 0.30 mm to 0.20 mm 

Some general guidelines ave been developed from mill studies and pilot plant work to 
understand how the GHC2 benefits mill operations. Table 2 summarizes these benefits 
relative to the performance of AFT’s GHC Rotor under two possible scenarios: one where the 
mill simply substitutes the rotor at the same operating speed, and the other where the rotor 
tip speed is decreased by 2 m/s to take advantage of the GHC2 Rotor’s more effective rotor 
action. Thus one can, for example, obtain an ~30% power savings from a lower tip speed, or 
substantially increase debris removal possible by operating with a smaller slot, as two of the 
many possible strategies available by using a GHC2 Rotor with PowerEdge technology. 
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improvement in contaminant removal efficiency of about 5 percentage points without 
compromising capacity or any other screen performance parameter. 

Conclusions 

The AFT GHC2 Rotor, EPX Rotor and MacroFlow2 cylinder represent examples of how 
advanced technology can be used to enhance screen operation. The GHC2 Rotor is of 
general use. It can be used to provide reduced power, increased contaminant removal and 
higher capacity. The EPX Rotor is designed to enable good runnability with highly-
contaminated furnishes that require a foil-type rotor. The MacroFlow2 cylinder provides more 
uniform slot widths, which benefits contaminant removal efficiency without compromising 
capacity. This equipment reflects the ongoing application of theoretical tools, plus practical 
mill knowledge, to develop technology that improves pulp screen systems.  
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