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Abstract: The contribution describes frequent functionalfems of exhausting devices, caused by no obseofirgsential
rules of fluid mechanics. For instance, due touhlealanced tubing system of several branches tigdéumeflows in individual
connections and their relevant energy transpossnat corresponding to the designed one, or thesaif of very large
enlargement leads to the flow separation, increasezk level etc.
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1. Introduction

The operational problems of many technical devized
equipment consist in a bad design from the pointiefv of
fluid mechanics. This text presents some examples.

2. Exhausting Systems
2.1. Common Exhausting Channel

The frequent operational problem is the equalizifighe
suction or of an inlet system of many working uynitsnnected
with one common suction or inlet conduit. One tgpjuroblem
is the flow in the collecting channel for exhausingpurities on
spinning machine, equipped by many units. Fig.12shows
the flow field at the beginning of such a channghvwommon
exhaust situated on the right side. To equalizditiefield in
the inlet cross section, it should be enlargeditie side of the
common channel (not presented here). If all commesthave
the same cross sections, it is clear that in thiadtmost one the
flow will be the smallest and it is possible thathis area, some
sedimentation of transported impurities ariseshd velocity
value is under the so-called buoyancy velocity.

Figure 2.1-1.Velocity isolines in common exhaust channel of niashyidual
connections

To equalize the volumes exhausted from individual
connections it should be either to use graded @essons of
individual connections, i.e. the furthermost withe tlargest
cross section, or to increase the pressure losBeimearest
connections. This idea can be realized by iteratieghod in
several steps — the solved numerical model of gijeemetry is
evaluated, after the evaluation, some cross seact{tmeir
pressure resistances) are changed and the charupgsl i®
simulated again. The procedure finishes when diffee of the
results in the last two steps is less than thepaabke value.
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Figure 2.1-2. Increased velocity in common exhaust channel aftess
section decreasing
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On the detailed view in Fig. 2.1-3, it is visibleat inlet
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Fig. 2.2-3 and Fig. 2.2-4 show a pressure and ecitglfield

flows from individual connections are acting asidig for one flap position, only.

obstructions in the main axial flow.

Figure 2.1-3.Detail of streamlines from individual connections
2.2. Unbalanced Exhaust System

In Fig. 2.2-1, there is presented the geometrymedsure
field of a complicated suction system of 8 conra®iinto
one common exhaust. But the system operation

unsatisfactory, the aim of the solution is to fthd reason and

to define the remedy [1].
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Figure 2.2-1.Scheme of solved exhaust system with pressurgbdigin

The solution of the numerical model with designetles
(lengths, diameters, volume flows) has very uneflews
distribution, see the profile ,1" in Fig. 2.2-2. 8suse the flow
volumes in individual connections are very diffdrethe
graph presents the relative flow of each conne@w®ratios of
the real (simulated) flow to the designed one (np3/m
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Figure 2.2-2.Flow profiles after step-by-step improving

The profile No. 1 represents the initial desigreafthe
project. It is clear that flows are tuned not &t al

Decreasing the cross sections in the connectionsghf
flow and on the contrary, increasing the crossigestin the
connections of insufficient flow, the common prefik better
balanced, see the profile No. 2.

In next iterations, the individual pressure resises at
inlets into individual connections were exactlydraled to get
all flows after the project, see the profile No.Liring such
tuning, it is necessary to take into account tlmahes flow
change in one connection influences flows in thighmgoring
connections, too.

Figure 2.2-3.Pressure field at one flap position.

is
Figure 2.2-4.Velocity field at one flap position.

For the sets of flap position, there were evaluéitgulflow
characteristics, as an example see Fig. 2.2-5.
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Figure 2.2-5.Flap characteristics — resistance (Pa) as funcdposition(®)

The use of the method of numerical flow simulaifiosuch
a complicated tube system is very profitable. Evetis
possible to state that the classical method ofutation of
pressure losses as the sum of resistances intgtpEgs with
inserted so-called local losses is not suitable.

Figure 2.2-6.Mutual affecting of velocity fields in connectiargse together

In Fig. 2.2-6, there is visible that the inflow edt in one
connection of the flow takes effect in the adjogione, too.
The same image is possible to use for determinaifotine
right positioning of measuring devices — measushguld be
realized in the area of undisturbed flow.

2.3. Noise and Vibrations

The velocity field of the actual design is presdnite Fig.
2.3-1. In the complicated cornered shape, thereviible

By next simulations of flow in flaps of appropriate|arge areas of the flow separation with backflowe t

diameters at various flap positions (°), the appete
pressure resistances (Pa) were assigned. As amértion,

consequence of it is the oscillating pressure field
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Figure 2.3-1.Velocity field — actual shape

Figure 2.3-2.Velocity field — new design

After this image of the main flow, the new desidteaFig.
2.3-2 was realized, where the areas of flow sejmaratre
minimal, only and could be suppressed yet by nexalls
modifications [2], [3].

For verification of the hypothesis on the vertiealll of the
horizontal part of the system, the oscillationshaf simulated
flow field were recorded. The record is displayedéFig. 2.3-3.
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Figure 2.3-3.Pressure oscillations on original shape

The frequency analysis of this signal is presetineHig.
2.3-4, the maximum value of acoustic pressure5sHa at a
frequency of 4.5 Hz. This is in exact corresponéenith the
really measured values. The force effect of it doble
theoretically presented as the effect of the mds8.® kg,
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falling 5 times per second onto the thin metalfiesaof 12 rf
— really ramble!

Remark: Another pressure oscillations were detefrtad
the blade wheel rotation, here are presented thuelgeamic
ones, only.
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Figure 2.3-4.Frequency analysis of the signal from the Fig. 2.3-

In several points of the new design from Fig. 2.3
oscillations of the simulated flow field are receddin Fig.
2.3-5. After a short starting period of the numalrgimulation,
the flow field does not contain any pressure asidhs.
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Figure 2.3-5.Pressure oscillations on modified shape

The mentioned pressure oscillations of the floudfia the
given geometry call out secondary oscillationsheflarge and
thin metallic walls of the system, generating fartthe noise
into the surroundings.

The simplest solution there is the straight outfetfinished
by a suitable damper, made from rigid material,if@tance
after Fig. 2.3-6 [4].

Figure 2.3-6.Streamlines in simple and cleanable labyrinth nolamper

3. Pneumatic Transport
3.1. Chips Transport

The rotating knife head after Fig. 3.1-1 is shapimg face
of the pressed part and the arising chips are estbduby air
flow.

The pressure field around the rotating head, aadday
numerical flow simulation, has not any importarfliance on
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total air flow.

Figure 3.1-2.Pressure field in the vicinity of rotating headefti part is out,
right: part is in

The next Fig. 3.1-2 presents the velocity field the
lengthwise cross section, on the left the shapeipaut and
on the right is in and just shaped.

On the first view it is visible that by insertiniget part into
the opening (here from right) the air inlet is aled so that the
medium air velocity in the exhaust pipe is decragsinder
the so-called buoyancy velocity, which should ha%€20 m/s
as the recommended minimum for transport of metaHips.

maszs flow
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Figure 3.1-3.Mass flow during working cycles

The corresponding air flow is presented in Fig-3.1t is
clear that by the clogging of the inlet openingthg shaped
part, the velocity is decreasing significantly.

The next graph in Fig. 3.1-4 shows in relative ealihe
under pressure at the inlet and its delayed vatidse outlet,
too — for instance the full flow at the full opegiis reached
with some delay after the inlet opening. Except pghessure
loss, here it is expressed the transporting dgiagn by both
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distance and volume between inlet and outlet.
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Figure 3.1-4.Pressure course at inlet (blue) and outlet (redglative values
3.2. Production of Insulating Panels

The principle of the insulating panel production fiee car
industry consists from the insulating material sjaort (yarns,
chips) by air flow. Finally the material is settliron the
perforated surface of the die, corresponding todisigned
shape of product. After sedimentation of sufficitayer, the
material is pressed and heated. The manufactusedaiing
panel has the sufficient tenacity for next treattngmansport
and assembling.

In Fig. 3.2-1, there is the velocity and directibfialds in
such a forming chamber — the air inlet togethehwiaterial is
situated from the left side, in the chamber, theemal is
dispersed and settled on the perforated form orchiaenber
ceiling.

Figure 3.2-1.Velocity and directional field in chamber

Generally, it is visible that the material sedinagiun on the
form surface is not fully uniform and that it wile necessary
to adjust the flow image by any inserted partitibmget the
required material dispersion on the form surfaedther fully
uniform or with thinner periphery, after the demaraf the
design.

3.3. Suction Head

The suction head is a frequent device of mechaoizatr
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automation in many applications — suction, exhasistker,
etc. The necessary under pressure is reachedstante by
the suction effect of an ejector, exhauster, etc.

AN UL

Figure 3.3-1.Velocity field in suction head

On the left side of Fig. 3.3-1, there is the velpfield in a
possible design of suction head. It is well-knovmattthe
suction effect is increasing when the suction d¢uglerovided
by a flange — thereby the suction is realized frome
half-space, only, and the suction effect is indreaghere is
the max. value of 38 m/s). On the right side of Bi§-1, there
is an adjustment of the inner shape of the sudigad — by
suitable rounding the inner area of separatioefisaved and
by a generally better image of the flow field, thestion effect
will be better, too (max. value of 45 m/s).

Figure 3.3-2.Velocity field for various part positions towardceteuction head
inlet

The next serial in Fig. 3.3-2 presents the veldiétygls for a
possible application of the suction head: to catuthtransport
a part of complicated shape. At first, for the baig of the
part, it is necessary to create a sufficient saagiffect, which
is fading relative expressively with the distanegween the
part and suction head opening. Once the part ightaip, for
its holding it is enough to use a smaller exhaost.fAfter the
actual situation, it is possible to operate sushaion head in
two modes of different flows and thereby to dececthe total
consumption of air and energy. Evaluating such rigaky
simulated situations, it is possible to determime necessary
suction force for the actual part position, depegdbn the
under pressure or on the air flow and to deterntiree air
consumption in advance.

3.4. Transport and Drying of Parts

The following two applications are from the foodlirstry.
The first presents the velocity field from two peeborifices
around the cylindrical body. The device is usedafe@ommon
drying and transport of such a cylinder, using flmts from
two long and narrow gaps.

Fig. 3.4-1 shows the ideal coaxial position, thedyo
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position is determined as the result of cylinderghtand of

the aerodynamic force of air flows on the cylinderface

which are fading with the increasing cylinder digta from

the nozzles. At the given air pressure in the jrdetne stable
distance in height is created.

Figure 3.4-1.Velocity field — coaxial position of cylinder

In Fig. 3.4-2, there is presented some offset osigiven
for instance by any effect of external forces. Meetor of
aerodynamic force (both direction and size), fogaimto the
cylinder, it is possible to evaluate from the pusss
distribution on the cylindrical surface. From thaldnce of
force moments (both aerodynamic and gravitatioihai3,
possible to determine, if such position is staltleeans if it
returns back into the coaxial position or if ituastable, it
means that the cylinder is falling out from thecfag area of
air flows from the nozzles. In such a case, itésassary to
change the nozzle arrangement and air pressure.

r

Figure 3.4-2.Velocity field — cylinder offset

The next case shows similar situation, but theddded
transported part has the form of toroid [5]. They carried
and dried by several small flows, acting on theeirgsurface of
the toroid; their effect is expressed by the dymapressure
field, which must be balanced with the toroid weigh

The relevant fields of dynamic pressure (left) aoid
temperature (right) in Fig. 3.4-3 have the maiduefice on
the drying intensity, except of the surface velpdito. Here it
is visible that the lower outer surface of the parhot well
heated.

Adding the next air flow from the outer lower sidbég
temperature and the drying intensity is increasseg Fig.
3.4-4, but in the same time the buoyant force ¢seasing,
which has a destabilizing effect. In any casesthble balance
of all actuating forces — the aerodynamic and gasieinal -
must be kept.
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F ane simulation, for instance in Fig. 4.1-2, where thewf field
’ . does not contain any separation area, backflow|@tc
Numerical flow modeling of this case could simphggict
possible operational troubles at an unsuitable est@fpthe
channel. They can be avoided in the designing getang
- / time before the construction of complicated andemsive
; thermal equipment. When it is already built, thelgdem is
practically irremovable.

Figure 3.4-3. Dynamic pressure (left) and temperature (right) tomoid
surface — former design 4.2. Rod Burner

The long rod burner consists from a long tube witny
small outlets. It is important to design such agement to
have the same gas flow (or the same heat outpafidh outlet.
The essential condition for it is to have the comniabe
character as a pressure vessel with many smaétsutf the
tube diameter is not quite large, then it obtaiesaharacter of
a conduit, along its length, the pressure is detngadue to
the pressure losses and the pressure gradienhdaidual
outlets is different. Accordingly, the heat outpfiindividual
outlets is decreasing, too.

Figure 3.4-4. Dynamic pressure (left) and temperature (right) tomoid
surface — adapted design
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4. Burners

Problems of uniform flows were detected in the sdlv

cases of burners as follows. , _ _
Figure 4.2-1.Pressure field of rod burner and surroundings

4.1. Diffuser ) . )
Fig. 4.2-1 shows the global overview of the presdigid of

Gas burners used in glass industry have the shépe tbe well dimensioned rod burner, Fig. 4.2-2 shdvesdetail of
diffuser after Fig. 4.1-1. Of course, in such rasitargement the velocity field in several adjoining outlets.
of the cross section, the flow is separating fromwalls and
the backflow in the shape of long vortex brings eom
impurities inwards (here not displayed), which aegliment

on the inner surface and make some operationablesu Q;O|Q.O GQQ.Q,DD;Q‘Q.Q
CUUVIVY UMYV U
-

Figure 4.2-2.Velocity field in several outlets in tube wall

Figure 4.1-1.Diffuser of rush enlargement.
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