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Abstract: The paper deals both with numerical flow simulasi@nd experiments in ejectors, used here firstl@samain
weaving nozzles, further as a source of air sucgtmn The problem of high noise level of expandedlow is discussed, too.
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narrowest section of the primary inlet. In the ogtlical tube
after Fig. 2-1, there arise several flow reflectionvoked by
the inlet shape in the mixing tube. The consequendeis a

loom types. For the first imagination we can sttt a "on-uniform lengthwise velocity profile, which datey
standard air jet loom of a weaving width of 1.9 pemtes of influences a non_—umform_flow force_ affecting o tiveft yarn
about 800-1000 RPM, with a corresponding time ofhea (the gerodynamlc force is propoonngI to the paoidef air
working period of about 75 to 60 milliseconds.dens'ty and the s_econd power of the awveloc‘lttn_)s_shape of
Approximately, one half of it is used for the wefarn Weft yamn - the linear body of very small bendiriiifisess -
transport through the open system of warp yarréate the inserted in such a non_-unlform flow f|e_ld,_ is nttagght and
cloth. With the average value of weft transportjogiy ~SCMe problems can arise at the weft picking.
reaches of about 50 to 60 m/s (180 to 210 km/hawuitf)
periodical arising and ceasing in every workingleyc

The consumption of compressed energy is an
indispensable item in the total energy balanceheflbom.
The presented results of numerical modeling wecaded on
the highest exploitation of the compressed eneayywieft
transport. The main contributions to this topic & Figure 2-1. Isolines of the Mach number in cylindrical mixingpe.
instance [1] to [14]. Some interesting results presented
below.

2. Numerical Simulations -

2.1. Cylindrical Mixing Tube '

At the following results of modeling, it is obsebla the
influence of different shapes of mixing tube at flosv field
image. Usually used air pressure from 300 to 608 ¢duses
overcritical flow, so the presented flow fields tains isolines
of Mach number. The critical value of Ma = 1 ariseghe

1. Introduction

Air jet weft insertion is the most powerful systeamong

2.2. Divergent Mixing Tube

Figure 2-2. Isolines of the Mach number in divergent mixingetub

The randomly designed slightly divergent shape odng
tube after Fig. 2-2 is more suitable for existingewritical
expansion, the flow field is more uniform here archigher



values. Generally, it is necessary to take in act@umore
complicated manufacturing of such a long and digtanical
shape, in comparison with the previous cylindricle.

The results of the presented modeling can be used a

source for the following evaluation. As an illusioa, we can
observe the saw-tooth graph in Fig. 2-3, presentgigcity
profiles along the nozzle axis from the previousesa of
cylindrical (Fig. 2-1) and divergent (Fig. 2-2) nmg tube.
Corresponding density profiles should have an imder
character, given by Bernoulli’'s and gas state equost
Individual points of the graph present the valuéniividual
mesh element of the above mentioned numerical model
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Figure 2-3. Total air drag as evaluation of previous flow field

The corresponding air drag force caused by theepted
flow field on an ideal weft body positioned alorgetnozzle
axis is proportional to the product of air densitgd the
second power of its velocity. Total air drag onatotveft
length (measured from zero to instantaneous pasétothe
nozzle axis) is equal to the sum of individual ‘eslu By
comparing profiles of various nozzle designs ipéssible to
choose the optimum one. The presented graph shioats
conditions for expansion are more suitable in djeat shape
— velocity values are higher, density values arallem
oscillating character of both is smaller. But th#luence of
individual differences on total air drag is hergligible.

2.3. Stepped Mixing Tube

In order to get a higher and defined air drag faitces
suitable to elongate the mixing tube, but by theesavay, the
flow resistance is increasing, too, and some plagrionary
air could blow back out through the suction (l&ftgt. In this
way, the suction effect, necessary for simple vieéding
after its breakage, is missing. It is possible ¢éxrdase this
resistance by increasing the mixing tube diametéisaend,
for instance after Fig. 2-4 — the tube total lengthere twice
greater in comparison with the previous cases.

E——

- >

Figure 2-4. Isolines of Mach number in stepped mixing tube it length)

B

In addition, another positive effect was reachec hethe
velocity maximum value is situated at the enlarged area of
the mixing tube, so we can state that linear bodth w
negligible bending stiffness it pulled on its tipdanot pushed
by the flow field from previous Fig. 2-1 with maximm value
at the (left) beginning of the mixing tube. By tihignner, the
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stable weft form and position at the nozzle outeateached.
The idea was verified by real weaving trials, too.

2.4. Insufficient Suction Effect

The optimum flow through an ejector similar to the

previous Figures is influenced by the mutual ratibseveral
its dimensions and shapes, too. In Fig. 2-5, firessented a
detail of vector field in the mouth of the centnagft tube for a
specific design case where the nozzle main dimessicere
designed unsuitably (for instance when the mixirggtis too
long or convergent or the compressed air inlebdslarge in
relation to the mixing tube cross section, etc.).

In such a case, a part of the inlet driving ainflis flowing
back and blows out through the central suction.tlibe weft
cannot be sucked in, this design case is not deitédy
practical use.

Figure 2-5. Example of insufficient suction effect
2.5. Split Expansion at Nozzle I nlet

The previous Figures use an optimum shape of thepart
with the fluent and undisturbed inlet of primary. dihe inlet
tpart of standard main nozzle types is usually desigafter
Fig. 2-6 as several axial holes in the wall betwienair tank
(left) and the inlet part of the ejector (right).

Figure 2-6. Split expansion at nozzle inlet

It is evident that air expansion is divided hertitwo
parts. Hereby, the air flow after the first partesfpansion is
going into an interspace, where the flow canndu@ice the
weft yarn. The design of the main nozzle like thiges not
so high air drag as the design after the previagsZ1 and
not so high weaving output in m/s of weft, too. (e other
side, it is necessary to notice that the air dralyies of the
nozzle after Fig. 2-1 is so high that some spurt wterials
of decreased strength can be broken by acceleratisuch a
nozzle.
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2.6. Free Flow from Main Nozze 2.8. Aerodynamic Noise

The high noise level during overcritical air expansis
caused by high pressure gradients in the exparfidwgThus,
such pressure fields below can be used as thesfitghation
of the noise level. The used commercial softwafersfthe
direct calculations of such acoustic fields of agrmmic
cases, but actually as flows of constant densitly, @ means
at the relative low velocities. Typically, theredhe velocities

The general image of flow field after the outledrfr the  of some tenths of m/s, as for instance the blowimynd a car
mixing tube is described by standard equationged flow pody. The numerical simulation of acoustic fieldr fo
propagation, expressing the progressive enlargidgcaasing  compressible flows, typically the (over)criticat axpansion,
the free flow area by the interaction with the uwing for instance see Fig. 2-8 above, is not availalie, rsome
surroundings. advances with such a solution are in progress A&l [16],
[17].

One simple case of blowing gun, solved by an adiiva
method of numerical flow simulation, is presentedeh Fig.
- - - .

Figure 2-7. Isolines of Mach number — lower pressure ratio

2-10 presents isobars of overcritical free flonegpanded air

behind the standard blowing gun with the removettebpart

of small diameter. The flow through the nozzle iscimhigher
Figure 2-8. Isolines of Mach number — overcritical pressurdaat than the usual air flow, which except its own ndigenm the
expansion creates the secondary very intensivee rimisthe

As an illustration, Fig. 2-7 presents a typicamfl@ield of )
' 719 b yp reflection from the structured blown surface.

free flow from an ejector. The usually used oveical
pressure ratios in Fig. 2-8 are the reason of &péhock
effects in the free flow characterized by changiafy
expansion and compression areas until the free fiow
dissipated enough. By reason of the used large mesh 4=
elements, the shape of expansion/compression arefase =
flow are not so sharp as usual. To get the maximum
resolution, the used scales ranges of Fig. 2-7Fqd2-8 are
different.

A fully analogous image of the flow field is valifbr
another nozzle shape, too.

Figure 2-10. Areas of compressions and expansions in outlet of
overcritical air flow.

Alternating areas of expansions and compressiomghar
sources of very intensive noise. Using reducedebwtiith
Another possibility how to increase the total foretion smaller outlet cross section the noise level wasadsed.
of air on weft yarn could be the dual main nozziéhvilow
field after Fig. 2-8.

It is clear that the total air drag from two ideat main P
nozzles arranged ,in tandem* is not equal to thebt® air =y BN
drag of one nozzle because practically it is natsjige to =, 3 =
tune the force effects of both nozzles. After theftw
acceleration by the expanding air flow in the finstzzle, the
velocity in the second one should be much highegetiothe
same force effect on the second nozzle. But the ¥lelocity Figure 2-11. Small pressure gradients at the outlet of multiehobzzle
inside the nozzle is limited by the practically disalues of
inlet pressure and by the nozzle inner shape, too.

2.7. Dual Main Nozze

After the field of isobars for the case of multikhautlet
after the Fig. 2-11 it is possible to judge that tioise level of
such adaptation is much lower.

It is necessary to decide among the lower outpubweér
noise level and lower air consumption or heariragmstion of
the operational staff.

The last Fig. 2-12 presents the experimentally atal
Figure 2-9. Isolines of Mach number — two main nozzles in "eand isolines of acoustic field of overcritical air flofrtom such
blowing gun as above (outlet = red dot).
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Figure 2-12. Experimentally evaluated isolines of acoustic fiebd
overcritical air flow from blowing gun

3. Experiments
3.1. Controlled Suction of Ejector

In the graph in Fig. 3-1, there is presented tiseltef the

experiment — measured suction (kPa) in the inlet of

secondary medium — for the nozzle /ejector equippitid an
adjustable inlet of the primary medium.

40 4 1

suction (kPa)

30

nozzle opening (mm)

10

inlet pressure (kPa)

d ‘1'00 2:)() 3{00 74‘0’0 5\‘)0 S‘DO 7;0
Figure 3-1. Suction effect (kPa) of an adjustable ejector

The principle is similar to the following illustians of flow
fields, where it is possible to change the inleissrsection of
the primary medium by the axial shifting of the tahtube.
The second variable there is the pressure of timapy
medium.

At the smallest nozzle opening (curve No. 1), tingtisn in
the secondary inlet (kPa - vertical axis) is piaaty
proportional to the pressure in the primary inlePd —
horizontal axis). With an increased nozzle operimgve No.
2), the suction in the secondary inlet reachessteady
maximum, at the highest inlet pressures it begindeicrease
(curve No. 3) respectively. This trend is contirguatt higher
nozzle openings (curve No. 4, 5), but the maximuctisn
value is decreasing gradually and is shifting te thwer
primary pressures.

The larger nozzle signifies the larger consumptbrihe
primary medium, so the operation is not so effitiefhe

above mentioned relation, the typical value is Capprox.,
but not more than 0.2. This value is many times llema
comparing with so-called wall-effect-nozzle, bueapr is
able to develop the considerable outlet pressursuotion
effect, too.

3.2. Tensile Force

The tensile force can be simply calculated aftee th
well-known formula for the force effect of the floan the
rigid body

FIN]=cx.S .pl2. (w- uf (1)
where
¢ (-) drag coefficient for given body shape
S=n.d.dx (M) surface of flowed body
p (kg/m®)  medium density
w (m/s) medium velocity
u (m/s) flowed body velocity.

The power carried from the medium onto the trartsgbr
body is

PW]=F.u @)

so it depends on the momentary relation of bodgoigt and
medium velocity. If the body velocity (u) is eithequal to
zero or equal to the flow velocity (w), the tramséel power
is equal to zero.

!wa.[l-ufw]’z e .
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Figure 3-2. Optimum tensile force of ejector - theory
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course of the so-called ejection coefficient, itame the ratio Figure 3-3. Relative tensile force (T/Tmax) (up) and suctiofecf of

of the secondary flow to the primary one, is veémilar to the

measured ejectors (down)
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The maximum transfer of the power from the flowmtite
body comes at the ratio u/w = 1/3, see the gragfign3-2.
The general solution of the interaction betweenfltn and
an elastic drifted body is much more complicated,
comparison with the only solution of the flow field

Fig. 3-3 presents the schematic result of experimeth
several types of real weaving nozzles, their designe
corresponding in principle to the above discussgedtars
[18]. Measuring was realized for several valuesntdt air
pressure, therefore, the results are presentedelasive
tensile forces T/Tmax. in dependence on the nozgéming
(i.e. on the air flow).

At the same time, the suction ability was measureal,—
from the operational point of view it is importantdrag the
broken yarn in the nozzle whenever. The practicatking
point of the nozzle, it means the nozzle openihgukl be a
little before the point when the nozzle suctiopéssing into
exhaust. At the same working point the tensile dois
maximum.

The really measured characteristics are in gootcabénce
with the theoretically simulated ones, see Fig. 3-1

Remark — for the measuring of the tensile forcevits
necessary to use a thick nylon fishing-line, albldaist the
intensive acting of the air flow. At static measyri(standing
yarn in the air flow), the used yarn or thin fisfiline was
broken very quickly.

3.3. Air drag Simulation

At the following Fig. 3-4, there is presented thHeserved
shape of the ejector and its velocity field. Forbetter
depicting of details, there is displayed the igdatt with the
beginning of mixing tube and the end of mixing tupest
before the outlet, only. In the absent middle piue, velocity
field is constant. As variables there are choserptiessure in
the inlet (300-400-500 kPa) and the shape of theingi
chamber after Par. 2 above (cylindrical 100%, djeat 110%
and convergent 90%), together 9 combinations.

B S
! =

Figure 3-4. Velocity field of one monitored ejector

Remark: the curve marked for instance ,105" medmes t
divergent channel 110% at inlet pressure of 50Q kERa

The evaluated numerical simulations are presented
velocity profiles w (m/s) (Fig. 3-5) and densipy (kg/nT)
respectively (Fig. 3-6). It is well visible the eaquded flow for
lower pressures in the inlet and the shock comjmess
appearing at higher pressures in various pointagalihe
ejector axis or as far as in the nozzle outlet.

Three typical modes are visible there: subcritical,not
fully expanded, characterized by low velocities amgdh
densities (blue lines), transitional (yelow lin@daovercritical,
or fully expanded, characterized by high velocités low
densities (red + green lines).

,ax. velocity (m{s)

ax. position (cm)

b 3 Il [ [ 0 12 Tl

Figure 3-5. Velocity (m/s) profiles along ejector axis (m)

density 1Ikg;"m3}

“ax. position {cm)

] 2 4 [ B ] 1 Tl

Figure 3-6. Density (kg/r) profiles along ejector axis (m)

From those quantities it is possible to determhne tbtal
static air drag, proportional to the flow dynamicegsure
pl2.wW (Pa). The result of another solved case (see F8).
above) shows that oscillating both velocity andsitgralong a
relative short part of the nozzle axis have notiaflyence on
the total drag of the nozzle.

From the summary graph of tensile force for varioust
pressures after Fig. 3-7 it is visible that the mmum tensile
force is reached for a slightly convergent mixingpe (the
cross-section ratio inlet/outlet = 0,9 approx.)t mith a
practical problem of long and slow taper manufaotyr

fictive
total drag

e+

Q
i
1

oo kP2

| outlet/inlet of mixing tube (%]

Figure 3-7. Total air drag for convergent/divergent mixing cHzers
3.4. Recirculation Bubble

At the beginning of the mixing tube, there arisesaatain
geometrical conditions the so-called recirculatioubble,
described in [20]. Its position, intensity and léngare
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changing after the relations of cross-sections landths of

the mixing tube. The inlet pressure has some inflagtoo.

This phenomenon is explained in such a way thttararea of
driving flow expansion, there arise so high velpegilues that
the suction effect at the end of the central tubases some
backflow of the main flow along the axis of mixirgbe.

Probably, it could be any kind of flow loss, whishould be

prevented.

For instance, in the ejector shape after the ptesvio

paragraph, used for the study of both the mixirgetahape
and the inlet pressure on the tensile force, tlogra@ation
bubble is none, but in the following presented das¢ [22],
the recirculation bubble is short and very inteasiVhis area
can be characterized as a deformed torus with loagkévell
visible in the directional field Fig. 3-8.

Figure 3-8. Directional field in the area of recirculation buleb

Figure 3-9. Axial velocity profile (m/s) along ejector axis (m)

In the profile of velocity field along the ejectaxis, (Fig.
3-9) there is visible the double jumping decelemtin the
fluently increasing velocity profile. In the pradilof the cross
(radial) velocity (Fig. 3-10), it is visible sevéralternating
oscillations, too.

Figure 3-10. Radial velocity profile (m/s) along ejector axis)(m

In Fig. 3-11, there is presented the adverse effestich a
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phenomenon: During a long-time weaving of aggresgiass
yarns, the individual fibers of the yarn are in thea of
recirculation bubble separating or swinging outnfrahe

nozzle axis to the mixing tube wall and they ertitke inner

surface of the mixing tube in such a way that affeme

operational period the tube is fully destroyed. & see the
inside view on such a destroyed mixing tube togettith the

eroded neighboring area, too.

Figure 3-11. Erosion of the mixing tube wall

The axial position of the damaged area is identigtd the
axial position of the simulated recirculation budblthe
eccentricity of the damage is probably given by som
production tolerances.

200

wx (m/s)
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Figure 3-12. Axial velocity profiles in ejectors of cylindricalixing tubes
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Figure 3-13. Axial velocity profiles in ejectors of divergentxing tubes

Using several changes of the inner shape of thadrdal
mixing tube, several various velocity profiles weeached,
together with tensile force profile, etc. From maagults are
in Fig. 3-12 presented velocity profiles for varsoshapes of
long cylindrical mixing tubes (cases No. 14-18) five
comparison with the short one. Such a short mixite has
not any backflow area, but its total tensile foicemaller.

The next cases (signed as No. 23-25) deal with eshap
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diffusing transition in the mixing tube, in comp=rn with one
of the previous cylindrical mixing tubes (No. 1B)g. 3-13
shows that using a suitable shaping it is possiblsuppress
the backflow (see the cases No. 25 and 26) — thevaf the
axial velocity are positive, only.

3.5. Interaction of Flying Weft with Surroundings

Figure 3-14. The shape of flying weft yarn in air flow and irstetion with
surroundings

The complicated case of mutual fluid-structure riat¢ion
between flying weft yarn, the driving air flow astationary
surrounding was solved in the collaboration witB][ZFor this
simulation the real textile material was replacegdsimooth
cylinder, whose diameter, density and elasticitydoios are
responding to the reality. The Fig. 3-14 showsatea of the
overcritical flow just after the mouth of the maimozzle,
working on the principle of an ejector, togetherthwi
transported weft yarns.

The results are interesting and are corresponditiy tive
reality. At the action beginning, when in the fldvom the
nozzle mouth it is inserted the short weft tip,yprthe weft
shape is straight. With an increased distance ftmnozzle
mouth, the effect of the outgoing air flow is ceasand the
influence of both surrounding resistance and gyawio, is
relatively increasing. Fig. 3-14 presents the erfdtle
observed time period when the tip of the transpoweft is
practically stopped, due to the continuing weftdfag, the
primarily straight shape is crinkled and due tovgedion, the
material is falling down from the flow area. In treslity, such
an adverse situation is prevented by a serial efafied
auxiliary nozzles, which deliver into the flow axithe
necessary kinetic energy, dissipating into theosumdings and
in such a way, the axial velocity is preserved hat value
necessary for the weft yarn transport along thelevin@aving
width in time and in a desired relatively straigiitape. In
general, simulation of such an interaction is \@nplicated.
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