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Abstract: So-called wall flows are usable in many technégailications as a simple and reliable device ftwaesting of light
materials as dust, smoke, hot air, etc. In anathses, such flows can make troubles by treatmeligldf materials as fibers,
etc. and it is necessary to suppress the walltsff|ee suitable design adjustments. But there isriteed a useful effect of wall
flows on quality of fibrous product, too.

Keywor ds: Numerical Flow Simulation, Wall Effect, Wall Flow

1. Introduction The field is repeating periodically.

So-called wall flows are usable in many technical ..
applications as a simple and reliable device fdraesting of
light materials as dust, smoke, hot air, etc. Bubther cases,
such flows can make troubles by treatment of lighterials sl
as fibers, etc. ;

This text presents typical cases of both kindslidfawvs — :
positive influence in exhausting nozzles and neeati e - e
influence at rotating drums. X
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Figure 2.1-1. Velocity isolines between rotor and stator of cagdmachine

2. Flow Around Rotating Drums In Fig. 2.1-2, there is velocity field in the aref'contact”
] . of carding cylinder (small dents) and removableincigr
2.1. Carding Machine[1], [2], [3] (smaller diameter, larger dents). Here, we canhsse the

some air volume is drifted together with the rotgtprofiled

surface so that in the point of ,contact” of bothimders, the
drifted air cannot pass through this narrow gapsmde part
of it is reversing back and is flowing out into th&roundings
in the direction opposite to the rotation — hightied by color.

The surface of carding cylinder is spiked by mamals
needles. The aim of it is the stripping and alignmef
elementary fibers and to create the initial matéaiger for the
following operation of spinning. The question isatleould be
the effect of increased rotation on this operatiomaybe the
aligned fibers will be dissipated again? The follogvresults
did not confirm this misgiving — the aerodynamiacfes,
creating during the described cylinder rotatione anuch
smaller comparing with the inertial ones, heret fokall, the
friction between needles and fibers during th@ping process.

In Fig. 2.1-1, there are the velocity isolines fre tspace
between two concentric spiked cylinders (as stamak rotor).

Figure 2.1-2. Backflow in the wedge just before the contact pofirtlylinders
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2.2. Production of Nonwoven Layer [4], [5], [6], [7]

This case is similar to the previous. After Fig2-2, the
layer from chemical fibers is coming in horizonthtection
from the left between the pair of heated calendpdrums,
one of them is furnished by small surface protmsiolhe
fibrous layer is melted in those contact points amcuch
manner it receives some tenacity,
manipulation, sewing, etc. At the same time, theneability,
suction capacity, softness and others usable desistcs of
such a product must be kept.

'i'| i

Figure 2.2-1. Streamlines around a pair of rotating drums in wviss
surroundings

From Fig. 2.2-1 it is clear that together with botitating
surfaces some air layer of surroundings is mowiog, In the
inlet wedge — left — both air flows are collidedddfowing in

the direction opposite to the fibrous layer movemen i

horizontally left because the air flow cannot pdssugh the
contact area of both cylinders. In the outlet wedgight - the
situation is similar. Along both rotating surfacés moving
air layers begin to create and are moving togettitdr the
rotating surfaces up and down. Thereby on the Bigl#, there
arises some area of under pressure, balanced kjirthdet
from the right surroundings.

The result of this action there is the pressurdilprin the
horizontal plane after Fig. 2.2-2. On the left sitte pressure
is increasing over the barometric pressure of tineandings
until the maximum, then it decreases sharply oheovalue
under the barometric pressure and then it is flyémtreasing
again on the barometric pressure of the surrousding
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Figure 2.2-2. Pressure profile in horizontal plane between twaatiog
drums

This global view in a two-dimensional model is cdeted
by a three-dimensional modeling of the detailed/ffild. Fig.

necessary fort nex

29

2.2-3 (left) presents the surface detail of onthefcalendaring
drums equipped by small protrusions, colored byatyic

pressure or velocity respectively. The drum diameteof 3

orders higher compared to the protrusions highefoee, it is

possible to count with linear movement of such aefin

immovable surroundings.

Figure2.2-3. Surface of calendaring drum, colored by dynamicsguee (left),
peripheral component of velocity (right)

The result of such interaction is presented atrsgfigures
of the flow field. Fig. 2.2-3 (right) presents tiperipheral
component of velocity (rotational velocity of 15 anhere
presented as vertical). It is visible that the e#loof the close
surrounding of each protrusion is equal to the cigjoof the
rotating surface, between the protrusions, the ciglois
smaller, and the processed fibrous layer is movedhe
rotational velocity as the complete.
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Figure 2.2-4. Axial (left) and radial (right) component of veltci
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The next Fig. 2.2-4 presents the axial velocity ponent
(left) and the radial one (right). Both those comgats are
considerably (10 times) smaller comparing withpieepheral
one; they are created by secondary flows amongyiohel
protrusions, only.

Just the effect of those cross components of \iglami
dynamic pressures respectively can cause somensuftef
the homogenous fiber layer, which can obtain inhsac
manner larger voluminosity and softness comparmghe
original layer. Of course, the local melting must the
smallest as possible, large areas of melted, theid,r
materials must be prevented.

2.3. Pressing Cylinder

In Fig. 2.3-1 (left), there is presented the velpdield
around the rotating ,wing" — the feeding cylinddrpointing
machine, its maximum corresponds to the given perigl
velocity. The right side of the same Fig. 2.3-1serds the
pressure field of the same case; values are adsegfs, only.
From the next evaluation [8] results that aerodyiodorces,
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created by such velocity or pressure field respelti are
negligible, comparing to mass forces, i.e. cergafuand
inertial effects of transported sheet and of ggdity.

Wall Flows and their Applications

certain ratio of inlet gap width to the roundinglites is kept.
Fig. 3.1-1 presents the velocity field of such azte with a
suitable design. The small amount of primary floweoming
upright to the rotation axis (here vertical), igfpetly bent
into the axial direction down and at the same tinszveral
times more of secondary flow is exhausted fromRig. 3.1-2
shows an unsuitable form with a too large inlet.damuch a
case, the outlet cross section is clogging, somer@ume
does not attach the rounding and flows in the oppasial
direction — up.

Fig. 3.1-3 presents the design of suction nozzigttoer

Figure 2.3-1. Field of velocity (left) and pressure (right) around rotating With its operational characteristics in Fig. 3.1t8].

feeding cylinder

3. Wall Effect Applications
3.1. Suction Nozze

For exhausting and transport of light materials, fais
instance short fibers, hot air, fume, etc., thedespsbased on
the so-called wall effect can be used [9], etc. ptieciple is
given in Fig. 3.1-1 — the radial inlet through aroav gap, its
one edge is sharp (rectangular) and the secondsonell
rounded. The outgoing air flow is separating frdra sharp
edge and is attached to the rounded one. In sowmnaer the
radial flow is changed onto the axial one and ftbenopposite
side it can be drawn in significant volume of setamy flow
together with possible transported particles, intjas, etc.
The whole system is very simple, reliable, andatife and of
very low noise level. Comparing with a classicasteyn of
high-speed exhaust fan with motor, filtering coméaj etc.,
here, there are two simple turned parts, only. déeice is
used in several technical applications, as forammst in
automatic weft repair on air jet looms for very ¥etechnical
cloths.

Figure 3.1-1. Suitable flow image in suction nozzle

Figure 3.1-2. Unsuitable flow image in suction nozzle (inlet lage)

The described effect can be reached then, onlynwhe
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Figure 3.1-4. Operating characteristiof suction nozzle

It is visible that some amount of primary air Vincauck in
several times more of the secondary air V2, coitgifight
transporting material, impurities (see the curve@-Bj.
Applying the hose on the nozzle outlet, the presdoss is
increasing and the air volume is decreasing (seecthve
V2-S). The described system is not determined &sree
device, for such purpose, the classical ejectaesuaed, but
their efficiency is much smaller — the draw air wok is
typically about 15% approx. of the primary drivinglume.

3.2. Holding on of Fiber Layer

The treated fiber layer is very airy, several meteide and
it is moving by the velocity of 15 m/s along thatflvorking
surface. During the movement, the layer is osailtpand so it
is separating from the surface so that the treatiffiect is
insufficient or none.

As the illustration there is on the Fig. 3.2-1 mred the
plate deformation, which is fixed on two oppositdes and
carried by constant pressure. Really, the treatedus layer
is carried by variable pressure, see below.
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Figure 3.2-1. Deformation of idealized plate carried by one-smstant
pressing

The working surface consists from many individuialcks
after the Fig. 3.2-2. Treated fibrous layer is vaiy, so it is
possible to model its movement as the movementr déger
along the working surface. Streamlines show thatdividual
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Figure 3.2-5. Velocity profiles along working plane — various rounding

The rectangular edges (signed as 00) are chaseddny a

gaps arises some secondary flows, their force tsffechigh pressure peak at the leading edge of the elerdsing a

contribute to the fibrous layer separation from werking
surface.

Figure 3.2-2. Streamlines between elements of working surfaeetamgular
edges.

When the edges of elements were rounded after3Rg3,
the original air flow along the working surfacebisnd down
into gap between elements and by such a mannerigiaal
pushing effect is changing into suction one.

Figure 3.2-3. Streamlines between elements of working surfaceurded
edges.

On the Fig. 3.2-4 and Fig. 3.2-5 are presentedspresand
velocity profiles in the moving fibrous layer foifférent
shape of edges of individual blocks.
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Figure 3.2-4. Pressure profiles along working plane — variousrrding

small rounding of edges (signed as 01), we receiveer
pressure along the whole profile and by this theofis layer is
well hold at the working surface — the best solutidsing a
large rounding (signed as 02), there arises sonwerun
pressure at the gap beginning, but followed by pvessure at
the end of the gap.

Using a slightly concave surface instead of theanl@ne, it
is warranted a reliable contact of the fibrous fayéth the
working surface. The radius of the concave surfacst be
high enough to keep small friction between thedils layer
and the working surface — due to small tensiomgtieof the
treated layer it could tear [11], [12].

3.3. Contactless pressing [13]

Contactless pressing of a sheet to working cylider
necessary to keep the treated sheet in the defiogdng area
without contact with the adjoining surfaces, duetssible
abrasion. The used holding wires or leaders havabaasive
effect, too. Therefore, the contactless pressing aesigned,
using air flows. One of the original solutions affég. 3.3-1
(front view) and Fig. 3.3-2 (ground plan) is notitshle
because the area of the pressing of individualsaiaflows is
limited and more, it is very noisy.

Figure 3.3-1. Velocity profiles of pressing flows in front view (suppezbss
scale)

Figure3.3-2. Pressure profile of pressing flows on ground plée- pressed
scale)
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A possible design utilizing the principle of walffext is

Wall Flows and their Applications

presented in Fig. 3.3-3. From the common supplyv,flo References

several wall flows flow, each of them draws a nplétivolume
of air from the surroundings. In such a mannerglagises the
air cushion, which prevents the contact of the ipgssheet
with the surface. Even when the sheet is closthdsurface,

the pressure in the air cushion is increasing.

Figure 3.3-4. Traces of pressure fields on the sheet surface

In Fig. 3.3-4, there are traces of pressure figddsated on
the sheet surface by a system of wall nozzlesntingber and

layout of individual nozzles is given by real regumnents.
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