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Abstract: The paper summarizes some experience with airgaitity modeling in the area of air filtering, thes design,
yarns dyeing, etc. Next part deals with surfacesvlslg and drying, used in various branches of igu3he received results
describe actual situation and give the directioneft progress in both research and plant operation
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1 IntI’OdUCtlon necessary to use measurement.

In many areas of technology, various problems o2. Examples of Realizations
permeability are solved. Here, there are presesiztie
examples of air filtering, design of clothes, etc.

In general, air permeability is defined by materésistance
against air flow. The general dependence is defindd] as
quadratic function of the pressure resistanpe(Pa) on the
flow velocity w (m/s)

2.1. Idealized Fabric

An example of simulated permeability is presente&ig.
2.1-1 as the weaving structure of satin, with pnéstgon of
pressure field on the surfaces of individual idesdi yarns.

Ap=A.W+B.w (1)

with two permeability coefficients A, B. The fornauis given
by the basic knowledge of fluid mechanics. For flow
penetration through any porous media (ground wédev,
flow through filtering layer, etc.), there is typicthe linear
dependence, for flow through orifices, channels, ¢t is
typical the quadratic dependence. Real materiaitago both
such components in any ratio, verified on many exbleases
[2], [3], [4], [5], [6], etc. The formulation of peneability in [7]

is analogous as any power function

Ap=C. W Figure 2.1-1. Pressure distribution on the idealized satin staset

where the exponent value was evaluated in the riiagel to In Fig. 2.1-2, there is the velocity field in théape of
2, therefore, in good coincidence with the previmethod.  binding points and in Fig. 2.1-3, there is the eigofield in
For geometrically defined shapes, it is possible thone cross plane. Yarns and binding points of idedlicloth
dependence between flow and resistance to simulagge impermeable, minimum permeability is observeHind
numerically, for complicated and random shapes sit iand along individual yarns and maximum in gaps ketw
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adjacent yarns. due to beat-up forces they are markedly deformedh@
manufactured cloth. Fig. 2.1-4 presents the idedljaressure
field in one idealized yarn made from many elemsgnfibers

during the cross-flow of air.

2.2.Wind Tunnel [8], [9], [10], [11]

For an experimental study of permeability for vasgo
combinations of clothing layers, the so-called windnel is
used. On the wire structure (as imitation of arrfe
appropriate layers are pulled on and under theteffeouter
air flow (simulating the wind effect), there is nseiged the
temperature field inside. Such procedure is venyeti
consuming and contains many errors. The temperahuist
be measured and statistically evaluated in mangtpaif the
inner volume and more, the temperature of recitmgaair is
changing in time, etc. Therefore, the method of ewoal
simulation was designed and verified.

Figure 2.2-1. Streamlines around a cylinder

In Fig. 2.2-1, we can see the streamlines arouadidtved
cylinder, in Fig. 2.2-2, there is the well-knowrognd-plane
Figure 2.1-3. Velocity field in a cross section of cloth. of such a velocity field.

T e————

Figure 2.2-2. Velocity field around cylinder — ground plane.

Next cross sections of the monitored permeable area
represent the air permeability through a permelalyler — the
permeability parameters were evaluated by real ongaps

In Fig. 2.2-3, there is the pressure field of tHmowe
mentioned flow around permeable cylinder.

Figure 2.1-4. Pressure field in cross section of one idealizethya

The basic knowledge, received by such numerical
simulation, is interesting as the first step of saéution, but
due to an idealization of individual yarns, theme not
significant coincidence with reality. Real yarne aomposed
from many elementary fibers, they have a hairyaaefand Figure2.2-3. Pressure field in a permeable layer.
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The stagnation point is situated on the left sidetha
symmetry axis, where the velocity is minimum. Thaimum
pressure is situated on sides, where the velogitgaximum.
Between those extremes, there arise some presadienss,
in the relation with the permeability of the justed layer.
Consequently, the temperature field is changing, after Fig.
2.2-4.

Figure 2.2-4. Temperature field in a permeable layer.

Initially, the surroundings are cold and the inwelume is
heated at some constant temperature. Due to ancingba
outer wind (from the left side) and specific lapermeability
on the cylinder surface, the cold surroundings améltrating
inside in the area of stagnation point and on thrdrary, on
the cylinder sides, the warmer inner atmosphepedssed out
and in the wake after the cylinder, there arisesatea of
warmer air. The method of numerical flow simulat&mply
enables to study an influence of several permetidsle
layers and theirs combinations on co-called therroahfort
inside the clothing.

2.3. Hardness of the Yarn Winding on a Bobbin

The dying of yarn layer, wound on a bobbin, is fudly
uniform, people say that due to the different hasinof
individual wound bobbins. The used measuring methofd
winding hardness need many time and are not repiiolgu
enough. For instance, the methods based on megsingn
absorbed kinetic energy of mass impinging on theingo
surface or measuring the force resistance agaieshéedle
movement in a wound layer.

Therefore, the method of permeability measuring was

proposed and designed because the permeabilityredys
proportional to the hardness / stiffness of thedivig. The
realized equipment [12] demonstrates well the meagLof

different permeability of individual standard wingi stiffness.
It is enough to measure the air flow through womaderial at
defined pressure gradient.
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Figure 2.3-1. Winding permeability - evaluation of permeabiligrameters
from experimental data.
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Using the same procedure, it is possible to deftme
dependence of the winding permeability for air flow the
used pressure gradient. From the measured funofighe
flow resistance (Pa) on the flow velocity (m/s)rfréthe graph
in Fig. 2.3-1, two permeability parameters wereleated for
the next numerical simulation. See also the forniljabove.

Figure 2.3-2. Pressure field — flow from the axis to the peripher

For the numerical simulation, the thick volume okt
winding was divided in many elementary volumes aftial
permeability, the resulting flow field is presentad-ig. 2.3-2
to Fig. 2.3-4 as the pressure, velocity and dioeeti fields.
The velocity scale is suppressed to express wellatiea of
small velocity values in the volume of the windinghe
presented field in an axis-symmetrical model isdvédr the
flow from the axis to the periphery, for the inwerfiow
direction, the pressure gradient is inverse, tbe, \telocity
field and directional field are analogous.

It is evident that on the small radius of the wirglface it is
the “short-circuit” flow, thus this area will beaky colored in
shorter time. If the dying time will be shortenélag dying of
the outer corners area with small velocities wél ot well
colored. It is possible to expect that the windwitj not be
colored uniformly. During the dying procedure, seve
bobbins were placed at each other, therefore, #seribed
effect of short-circuit flow could be suppressedtipdy. It
could be suppressed more by inserting rigid partitibetween
bobbins so that the short streamlines are supmessit is
possible to expect more uniform dying of the boblmiume.

Figure 2.3-3. Velocity field -short-circuit over the small radius of the face
(suppressed scale)
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Figure 2.3-4. Streamlines - short-circuit over the small radidghe face
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3. Drying, Surface Blowing
3.1. Drying of Printed Foil

The principle is presented in Fig. 3.1-1. The ptafsiil with
a just printed wet surface is traversing along diéndrical
surface.

Figure 3.1-1. Velocity vectors in the drying chamber — formerigies

The upper side of the foil is blown by warm airrfrahe
slotted nozzle, to dry just printed colors. The #ow,
saturated by vapors from printing colors, is extediby side
channels up. Along both sides, there are situategpls
labyrinths connected with exhaust, too, to prevkatescape
of the saturated air into surroundings. In the nede
geometry, there are visible large vortex areasyevheme part
of saturated air is flowing back into the dryingarthus the
drying intensity is decreasing. Thaoise level during the
operation is too high, too. Therefore, another glesis
proposed after Fig. 3.1-2, where the drying flowdigided
into two parts.
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Figure 3.1-2. Velocity vectors in the drying chamber — a newgtesi

Such a new solution contains several advantages:

* Due to the outlet divided in two parts, the levél o

aerodynamic noise is decreasing

* Higher number of drying zones increases the drying

intensity, too, so that smaller air volume is erodgr
the drying and so it is possible to expect thatrtbise
level is decreasing, too
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slight asymmetry of the profile is given by rel&tilarge mesh
elements. Such velocity profiles, received by nuoag¢iflow
simulation, are in good coincidence with the pesfibf mass
transfer coefficients, received by experiments
naphthalene block blown by impact air flows.
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Figure 3.1-3. Profiles of impact velocity component (blue = formmew =
red).

3.2. Impact Drying [13], [14]

As an example, there is presented the flow fieldhia
equipment for the drying of flat materials (texsilepaper),
characteristic by intensive mass transfer and usoigalled
impact (upright) flows. The whole equipment is viasge and
complicated, therefore, some partial models weheedostep
by step.

Fig. 3.2-1 presents the velocity field in lengthsvisross
section of the inlet part, situated after air heated blower
(here down from left).

Figure 3.2-1. Velocity field in the inlet manifold

* Using several simple shape changes, the areasgef la The uniform flow distribution in both lower and wgpjet

vortexes are none so that the drying intensityuigher
increasing, because the saturated air cannot fémk m
the drying area

* At higher drying intensity, the air consumption dae

chambers is possible to ensure by the geometrytatitap of
complicated geometry of inlet part, where the fiswividing
and reversing. The dried material is situated & nhiddle
between both chambers. The other parts, connedtedutlet

decreased and thus the level of aerodynamic neise gart of this manifold (here up to left), are modeleere as

decreasing, too

decreasing.
The illustration in Fig. 3.1-3 presents profilestioé impact
component of velocity vector, upright to the drisarface,
which has the main influence on the drying intgnsithe

simplified as a channel of constant cross sectidifse

Finally, the construction height of the equipmest i presented case shows that the flow images in tperugnd

lower part are not the same. It is clear that #guest on
uniform drying effect of both chambers is not fildfil here.
Due to the necessary compact design of the equiprtien

with
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problem could be solved by adaptations of monitoretnpact flow from the jet is bending and dividingtantwo

manifold in such a way to get the same flow in Hother and
upper chamber together with uniform velocity dksiition

across each inlet. For instance, using converggnt gides of
channels, shifting the position of the dividing moin the

vertical channel, etc. It is necessary to corrasible flow

deformations as for instance the flow adhesionht ihner
bend of the channel or the flow separation fronoihier walls
of bend, etc.

Figure 3.2-2. Inequality of individual jet flows from supply chreet

Fig. 3.2-2 presents the detail of the previous caeae jet
chamber characterized by side inlet (from right) By many
jet outlets along the lower side (down). At theetnlthere is
supposed the uniform velocity. To ensure the unifarying
effect of the whole width of material, situated anthe outlets,
it is necessary to keep the same velocity from eddutlets.
The best image about the flow from individual jétes the
presented vector field. They are visible quite amif values
of velocity, but all are inclined from the desirdtkoretical
vertical direction.

Figure 3.2-3. Outflow from perforated metal plate (left), outtabdification
(right)

The next Fig. 3.2-3 presents more detailed parthef
previous case — the flow field in one jet outleainommon jet
chamber. The result of the side air inlet to theggether with
relative large jet outlet in thin wall is the inodid outflow, not
upright to the dried surface- therefore, its impaft¢ct is not
the maximum possible (see the left detail). It asgble to
model a more suitable jet shape, which providesugrgght
flow direction toward the dried surface. Of courde usable
manufacturing method is important, too (see thetritgtail).

The interaction of the flow field from the dryingtjwith the
relevant dried surface is shown in Fig. 3.2¥he vertical

horizontal flows with the expressive stagnationaaine the
middle. The velocity field in the vicinity of theridd surface
has high influence on the coefficient of mass tienand on
the drying intensity, too.

Figure 3.2-4. Velocity field of impact flow from jet (up) to tdeed surface
(down)

Experiments confirm an acceptable consent of thev fl
field intensity after the numerical modeling witheasured
drying intensity. Total images of the flow fieldeadifferent
after the defined boundary layer on the upper sidiee model
(outlet or rigid wall). The presented case doessudte the
mutual interactions of neighboring jets.

Figure 3.2-5. Streamlines in the area of drying — former design

The next Fig. 3.2-5 presents streamlines in thet iafter
Fig. 3.2-2 and outgoing from jets modified afteg.F8.2-3
(right). Using a very large dried surface, theatnénes from
the inner part of the model, saturated by humidaity) hardly
get the outer boundary condition (outlet) from thea
between the inlet and dried surface. Thu, the drymensity
is decreasing and the drying output, too. Therefirds
suitable to add the next system of exhaust outietse system
of inlet jets.
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Figure 3.2-6. Streamlines in the area of drying — added exhapshings

A relevant image of streamlines is in Fig. 3.2-6 —
streamlines of individual impact flows are reflectifrom the
dried surface and are going out as the shortestupay

In Fig. 3.2-7, there is visible the ground plansaich a
design: in the middle among 8 impact peripherawfip
situated at the common circle, there is added amenwn
exhaust opening.

The source of microwave radiation, used for intemsind
gentle drying, is cooled by air flow. Due to a kafgeat amount,
such warmed air is used as the source for impgotglof flat



International Journal of Mechanical Engineering applications 2015; 3(1-1): 40-46 45

material, as fabrics, knit work, etc. [14], as jgm@ed in the

previous paragraph. Fig. 3.2-8 presents the
temperature and velocity fields around the cooledybof
magnetron. Hot air is used for standard impactrdyyas
above.

Figure 3.2-8. Magnetron - temperature (left) and velocity field

3.3. Blowing of Wet Surfaces

The effect of impact flows is applied in severathteical
applications; some of them are presented belowirfsteince,
big plastic parts are washed before painting; ticking water
should be blowing out before the final drying byt o [15],
but the result of such a procedure is not sufficiemportant
steps of the solution are presented in Fig. 3.3-1.

Figure 3.3-1. Vector fields from left: actual concept — experiineproposal
of adjustment.

The left vector field in Fig. 3.3-1 shows that biog
nozzles, situated from the outer side, have pratfioot any
influence on the inner surfaces of parts, where ftha
velocity is practically zero.

The middle scheme shows the vector field of arrrzdiive
case, modeling the real testing situation, whersuitable
result was reached. Due to the nozzle approachitigetinner
side of monitored part, there arises significamivfhg, during
the real test, the sticking water was successfaliyoved. But
removing the second (left) part, the productiothefline is of
50%, only.

It is clear that for the intensification of watemnmoval by air

retevaflows it should be to install additional nozzles e inside

side of parts, for instance after the right schefmel more, the
numerical simulation enables to state the optimwmnzie
positions for each specific part.

Similar situation arises at blowing-out of stuckt@radrops
on the wet surface of a plate. Fig. 3.3-2 prestmgsituation,
when the plate is at any (left) operating positikhnis visible
that the upper nozzle has not any effect on thée plaits
direction is wrong.

Figure 3.3-2. Blowing of the pla¢

In Fig. 3.3-3, it is the critical situation whenetHower
nozzle is affecting just on the edge of the plateus, some
water drops are blown-over from the lower side dhéoupper
one and it is not possible to remove them yet.

Figure 3.3-3. Blowing-over of water drops from lower side of i@te on the
upper one

Using a better layout of lower and upper slottedzhes, it
is possible to reach the more efficient water reimgp¥rom
both surfaces. The numerical simulation allows segknd
checking such a suitable design in advance, witlvade
experiments.

3.4. Blowing of Contaminated Surface

The measured weft yarn length, periodically remotsgd
the main weaving nozzle from the premeasured wefesis
monitored by an optoelectric device, counting thenber of
removed weft coils from the feeder drum. In a véugty area
of a weaving mill, the active surfaces of the ofsowic
sensor are quickly contaminated by textile dust twedioom
will stop automatically because the exact measudhthe
weft length is not possible when the device doasser” the
removed weft coils from the drum.

Therefore”, the simple device was designed afigrFid-1
for the active blowing of active surfaces of thas®. When
the surface is blown along by a small amount gftag dust
sedimentation was none. The blowing of emitter @ugtiver
(down) is simple, but there is a problem with blogviof the
inaccessible reflecting surface (up). In the aref@avben both
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sides it is not possible to situate any air suy@yause in this [3]
area there are moving the removed and counted cbilse
measured weft length. [4]
Using the numerical flow simulation, the problemswa

simply solved. The air inlet is covered, one pdrthe air is
coming from the side of the cover along the walieve both
emitter and receiver are situated, and the secartdsrising
from another opening in the cover. The positiometision

and direction of such an opening were definecﬂ6
"experimentally" by numerical simulation — the flonust be ]
directed just in the area of reflecting surfacettom opposite

side. [7]

(8]

9]

[10]
[11]
[12]
Figure 3.4-1. Blowing of optoelectric device
[13]
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