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Abstract: The contribution describes the results of numefloat simulations and experiments with so callegiary (relay)
nozzles, used on powerful air jet weaving loomghfer with complicated air flows interactions witte complicated reed wall,
observing the nozzle setting toward the reed @ manufacturing of elements of the reed.
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1. Introduction

The propagation of free air flow from the nozzleutiois
given by the theory of free flows [1], etc. The éréow
velocity is decreasing by flow interaction with
surroundings, but the air velocity for transportvedft yarn
should be necessary to keep at the required védung dhe
whole weaving width of the loom. Therefore, thetsys of
auxiliary nozzles is used today, after the style tléir
operation called also as relay nozzles.

The substantial disadvantage of the former standestjn
of such nozzles was the dependence of the air dliogction
from the nozzle mouth on the value of supply presstihe
phenomenon was verified by visualization, measuidngl
real operation, too. In such a way, the initialioatl nozzle
setting was changed, nevertheless, the change eofséh
pressure value is the basic kind of individual hezzower
regulation.

The following text describes the design and arrarege
of typical nozzle kinds, regarding the directiostbility of
air flow from the nozzle mouth.

2. Relay Nozzles
2.1. Sandard One-Hole Nozze

Fig. 2-1 presents the velocity field of the standaesign of

auxiliary nozzle — in the side wall, there is cezhtelative
large outlet, typically as L/d = 0.5/1.5, where & wall
thickness and d is outlet diameter. The expresfioe
separation in sharp flow bend of about 90°, togettith flow

the S€paration from the opposite outer wall of the cleams the

reason of decreased flow coefficient of such a leoz&nd
more, the flow direction is changing with the vabf¢he inlet
pressure, see below Fig. 2-7, left column.

o

Figure 2-1. Isolines of Mach number, standard one- hole nozzle

Such phenomenon is not suitable for practical dmera
because in such a way the optimum assembling geisin
changed. It is necessary to keep the most unifornpaecise
outlet diameter and wall thickness.

2.2. Double Wall Thickness

The next Fig. 2-2 shows the theoretical solutioradble
wall thickness where the outgoing air flow is betj@ided.
From an operational trial it is known that a venyadl change
of the wall thickness (for instance between 0.4 @admm at
the outlet diameter of 1.5 mm) has an importaritieérfce on
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the outlet flow stability when the inlet air pressis changed.

“ITTT——
Figure 2-2. Isolines of Mach number, one- hole nozzle of dowiddl
thickness

The design is not suitable for real operation dua targer
outline thickness of such a design of the nozzliybo

2.3. Multi-Hole Nozze

Fig. 2-3 presents the well-known principle of tleecalled
multi-hole (shower) nozzle after a Dutch patennfr@966,
where the outlet mouth is designed as a systemall sutlets
typically L/d = 0.5/0.4. The flow in such a mouth well
guided and its direction remains constant, regasdizf the
inlet pressure. Shortly after the outlet plane, itihdividual
small jets are connecting together and continuingoae
common free flow, subsequently fading. And more, itbise
level of such a flow from several small orifices risuch
smaller, comparing with one outlet of the same ss&Etion.

The design is suitable for real operation.

Figure 2-3. Isolines of Mach number, standard multi- hole nezz|

2.4. Channel Nozze

Figure 2-4. Hydraulic analogy of the flovi,eft column — standard nozzle,

right column — double wall thickness

The idea appears after previous flow visualization

hydraulic bath [2], [3] - that it should be suitaltb design
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the shape of the inner channel after the real sbafie flow
field from hydraulic analogy.

The set of pictures in Fig. 2-4 presents the stlieasin
hydraulic models of two nozzle designs — with sienphd
double wall thickness — for several pressure grasielt
should be to remark here that the used method dfalojic
analogy is valid for the flow of hypothetic gas iG@shtic
exponent ofc = 2) in thin layer above the bath bottom, only
[4]. But in the time period ,before computers®, thavas not
any other possibility how to study the processesidm
nozzles. Nevertheless, the received qualitativeltgsonly,
were a good gain for the next progress of the mwlut

The hypothesis was subsequently verified by meagum
the function model of such a channel of simple shép Fig.
2-5, there is visible that for a certain outletdtn of the
channel outlet part, the flow direction remains tame,
regardless the inlet air pressure.

Figure 2-5. Flow direction from nozzle as function of the irpetssure and
length of outlet channel

Fig. 2-6 presents the geometry of a new type ofaled
channel nozzle, designed with fluent transitionagen inlet
and outlet to prevent the flow separation in thanttel bend.
The channel shape was designed after the condifon
consecutive velocity increasing along the innerlveélthe
channel — it is the necessary condition preventhg flow
separation [2], [5]. The outer shape of the chanisel
prescribed by the build-up volume of nozzle body ffeal
operational application. On the detail of the flield, it is
visible that velocity value along the inner sidettod channel
does not decrease and the cross profile in theetoutl
cross-section is practically constant. Just befbee nozzle
outlet, it is evident a slight velocity decreasibgt practical
trials confirm that such a small deviation from thee theory
has not any important influence on the directiortha free
flow from the nozzle.

V £ ——
A7 I

Figure 2-6. Isolines of Mach number, channel relay nozzle
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As an interesting thing, it should be to remarkehthiat the
method was initially developed and used for flowcakation

yarn. The unsuitable consequence of it is a differe
appearance of the fabric in the points of destonsti The

of duct elbow between axial steam turbine outled anproblem was detected by the weaving of glass vlécs of

condenser inlet for nuclear bloc of electric powetput 1050
MW, it means of the condenser thermal output bimegton
over 2000 MW and here it was successfully usediannel
nozzle of the output few watts, only.

The final operational verification was realizedwé set of
100 manufactured nozzles [6], [7], [8], [9], [1011] — the
flow direction remains constant regardless on thput
pressure and the same for all tested nozzles.

Figure 2-7. Isolines of Mach number, changes of the flow dioacfor

various nozzles- pressure ratios of 0.7 — 0.4 —®2L (rows down from top) -

standard nozzle (left column), channel nozzle {rogumn)

The results of the hydraulic analogy in Fig. 2-4reviater
verified by numerical simulation, see Fig. 2-7 &andard
nozzle (left column) and for channel nozzle (rightumn),
both for several pressure gradients (0.7 — 0.42—00.1 in
rows). Together with decreasing pressure ratiasjrttage of
shock waves is more expressive. With regard toathave
mentioned illustrations of individual nozzle typdsis clear
that the air flow separation just before the nozmteuth has
the greatest influence on the dependence of the ffoav
direction on the pressure gradient and that makuntpble
shape adaptations it is possible to get the fme @if constant
direction. Due to large extent of used pressur@gaand
velocity values, the color scale is not the sameadlb the
solved cases.

3. Braking Nozzle

The standard problem of the air jet weaving isdceterate
the processed weft material at the necessary avquiaging
velocity. But when very heavy materials are proedsshen
arises the inverse problem: after the picking chsueed weft
length it is necessary to stop the flying and Vieeavy weft
yarns during the time of 2-3 milliseconds. Therabige in the
weft material very high tensile strengths due #rtial forces,
which can lead to the destruction of elementargrBhin the

weft mass till 600 g/km at a weaving width of 1.@&nd at 550
rpm. For comparison: the weft mass of classicas lolenim, in
standard assortment considered as heavy materahes of
100 g/km, only.

Using a simple model of the free air flow [1, thew field
of several relay nozzles in the reed channel wéisatk see
Fig. 3-1 and consequently the force effects of dilmls on
the weft yarn as a transported linear and veryitflexbody
were defined, too. The system of solved equatiohs o
movement then describes the movement of one-dimealsi
flexible continuum in the air flow and the strengtharising
during its rush stop [12].

tandem nozzle

main nozzle sections of relay nozzles

stretching nozzle
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Figure 3-1. Calculation scheme of the velocity field in rebdrnel

The main result of the work is as follows: the @éasing of
the tensile forces during the rush stop it is gussio get by
short braking (some milliseconds, only) of the vehéiiying
weft length just before the arriving the weft tiga the final
position. To verify and realize this hypothesisg tlunction
model of such a braking nozzle was
experimentally verified, see Fig. 3-2, made frore game
semi-product as a standard relay nozzle above [14], [15],

and [16].
D,

Figure 3-2. Scheme of the braking nozzle
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Figure 3-3. Cross-section of the velocity field from brakirazrle at distance
of 13 mm from the nozzle mouth

realized and
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The suitable mouth shape ensures that in a snsfirdie
from the mouth of such a braking nozzle the cresdien of

Relay Nozzles and Weaving Reed

in the study of the flow transition from the maiazale into
the reed channel [17], [18], here without the failog effect

such air flow is very flat oblong after Fig. 3-3fle 6x30 mm of auxiliary nozzles. Fig. 4-1 presents the velpdield of a

approx.), herewith in the reed channel it is feel tiaximum

of the air from the nozzle so that the exploitatidiits energy channel

for braking is very high
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Figure 3-4. Original pick value of tensile force in the weftiya

Practical verification after [13], [14] is illustied in Fig. 2-4
— the pick value of tensile force is decreased tughe
application of braking nozzles at 2/3 approx. af triginal
value.
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Figure 3-5. Decreased pick value of tensile force in the wafh, applying
braking nozzles

4. Weaving Reed

The weaving reed is used on weaving looms for #eid
creation by the beat-up effect on each just piokedt yarn.

standard solution with strong stream in the reeghokl. The
walls prevent the flow dissipation
surroundings, their amplifying effect is not nedlie —
verified by LDA measuring and by real weaving siabo.

) EOEDEEERTCEER R R TR

Figure4-1. Original design, velocity isolines

Figure 4-2. Removed dents, velocity isolines

The following Fig. 4-2 shows the situation when esaV
first dents were removed from any design reasohs. flow
without side guiding is expressively deflected énaim the
channel axis, thus the velocity in the channekisrdasing and
the reliability of the weft picking is decreasirigp.

The last Fig. 1-3 presents one of the possible dgroéthe
previous unsuitable state by slight inclinationtioé nozzle
axis in the direction to the intact wall of the wisy channel.
The velocity in the channel is increasing agairth® value
similar to the original case.

Figure 4-3. Modified nozzle inclination, velocity isolines
4.2. Periodic Case

For better image it is not presented here the maizle
influence at the reed beginning (left side), bt ithfluences

The reed consists from thin metallic plates (dergsparated of relay nozzles, only.

by gaps for guiding warp yarns. On air jet loontg teed

receives the next important function more — its c&de

U-shaped and permeable channel partially inhibigsriatural
fading of the air flow in the surroundings, to kedpe
transporting effect of the air flow at a relativiginvalue.

For a studying of very complicated interactionginfflows
with the complicated shape of the reed channel péttially

—

1T

Figure 4-4. Interaction between flow from nozzle outlet anddrewall,

permeable walls, numerical models are used. Here afelocity isolines

presented some solved cases.
4.1. Aperiodic Case

Typical aperiodic two-dimensional (2D) solution wased

In Fig. 4-4, we can see the complicated flow fidlde to

the interaction of the flow from the relay nozzlghathe wall

of the reed, which consists from crosswise oriemtedallic
dents separated by gaps. The flow from the nozamkbeto

into the



International Journal of Mechanical Engineering &pplications 2015; 3(1-1): 13-21

impacts the individual dent of the reed under défe
velocity — both value and direction — depending tbe
relevant dent distance from the nozzle outlet. fdwults of
Par. 5 should be corrected in this sense.

LA URLRRR T

Figure 4-5. Interaction of flows from relay nozzles mutuallydawith the
reed wall, velocity isolines

In addition, the next Fig. 4-5 represents mututdractions
of flows from several such nozzles, situated altimg reed
wall. It is visible that the fading flow from thergwvious
nozzle amplifies a little the flow in the area b&tnext nozzle.
Some part of the air volume is flowing out from thea of
weft movement (picking) into the surroundings, eith
directly by the reflection from the reed wall (up)y by
passage through gaps among individual reed dentsnid
With an increasing number of nozzles, the mediuhocigy
is increasing a little, too, after some number otales, the
balance between air inlet from nozzles and flovsigetion
into surroundings is reached — see experimenting?a
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Figure 4-6. Profiles of velocity components along the reed fmain the Fig.
4-4
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profile there is a smaller velocity decreasingsHbuld be the
mistake given by the used two-dimensional (2D) nhode
instead of the three-dimensional (3D) reality.

5. Influence of Reed Dent Shape

Several design parameters influence the flow fadtmhg
the reed wall, its partial penetration through thell and
reflection from the wall: the reed wall filling atensity of
dents, the shape of individual dents (edges chamgferetc.
[20]. For better imagination and possibility of exhanalysis,
the individual effects were solved separately asiglels of
individual dents. Using the periodic boundary cdiodi on
both left and right sides of the solved area, tiaton time
is very short, the received results correspondht ftow
around general one dent in the dent row, creatmgréed
wall. The influence of the flow angle of attack wasdeled
as a velocity vector at the inlet side of the sdlaeca.

Really, the angle of attack is different for ea@ntin the
row, depending on the distance from the relay reopzitlet
(see above).

5.1. Dents Arrangements

L ek e

ol gl o)

Figure 5-1. Pressure field — the maximum in the stagnation tpainthe
leading edge, the point of the maximum erosion

The relevant profiles of velocity components in the I

cross-section along the inlet side of the reed veak
presented in the next Graph in Fig. 4-6. The lenigh
component, evaluated at the distance of 3 mm fifmréed
wall (yellow, signed as ul), has a typical wavy relcter,
according to the experiment, given by the flow fedirom
the previous nozzle pitch and following flow amja#tion
from the nozzle situated at the beginning of thenitooed
pitch. The same component, evaluated just at ted veall
(blue, signed as u2), has its value at the pointthef
maximum influence of the nozzle flow and more, ¢hés
visible some variation, given by the effects ofiuidual reed
dents and their gaps. The cross component (sigae)ais
many times smaller and represents the flow escapeng
the dents. The highest variances are in the areshef
maximum effect of the nozzle flow where the lengilyss
component is the highest.
Compared with the experiment, in the right sidetlod

Figure 5-2. Velocity field — periodic shape on the inlet sidévinteresting
but for weaving not usable flow bends at the ouilde

Figure 5-3. Directional field with recirculation vortex on triang (leeward)
edges of individual dents

Several cases were solved for different shapes and
arrangements of dents, as an illustration, only, 5il to Fig.
5-3 present the pressure, velocity and directiialls of one
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solved case. The air inlet is defined identicadly,a value of

100 m/s and inclined 5° up from the lower horizénta

boundary, on the lower side from the left.
5.2. Reed Wall Filling

The next serial of results in Fig. 5-4 presentsitifieence
of various combinations of wall filling (reed dethickness =
0.6/1.6 as thin and 1.0/1.6 as dense) and of desteapes of
edges (rectangular, rounded, chamfered). The &t iis
defined up from the left side, 100 m/s, inclinatmfr6° down
from the horizontal direction.

It is well visible that each such detail changegressively
the global flow field. Theoretically very interesti, but for
real weaving process unusable is the area of @apfadws
superposition behind the reed wall.

Figure 5-4. Velocity field for various design cases of reedlsyalow 1 =
filling 0.6/1.6,row 2 = filling 1.0/1.6, columnsrearious shape of edges

From the received results it is possible to evaluiair
instance the lengthwise component of air veloeityich has
the main influence on the weft yarn transport altimg reed
wall or the crosswise component of air velocity,icthcan
characterize the permeability or reflectivity oktheed wall
for the air. The practical consequence is as faltole flying
weft yarn must be hold nearby the reed wall in samstable
balance — the weft yarn must not be pushed out flreemeed
wall in order not to fly out from the weaving ch@ahand must
not be too much pressed to the wall in order notdrease the
friction along the reed wall.

The presented method allows answer many questloﬁs

before the designing and manufacturing of a newd kifithe
reed, for instance:

* For weaving of very heavy technical cloths it skibié
proposed a suitable reed dents density (warp pithk)
value
standard clothes.

* The dents are ground after cutting; during thiscpss,
different edge rounding at different points of tthent
perimeter increases, which have different influsnce
the resulting aerodynamic behavior of the reed cban

* Even at the channel bottom, the grinding is very
remains coarse and

imperfect, the cutting edge
chamfered after the shear. Such dents can be oisedd
direction of picking, only, the chamfered edge nhaste
a confusing character — otherwise, the air flofading
out through the reed wall and the tensile effecthef

is outside all standard recommendations f

Relay Nozzles and Weaving Reed

flow is negligible.

* When weaving aggressive materials (glass), thesdpe
dents are eroded very quickly, therefore, theyiveca
typical chamfered shape. Thereby the aerodynamic
characteristics of the channel is changed, it shde
reground or exchanged the dents or to use a materia
more resistant. After Fig. 5-5, the maximum erosion
comes in the area of the stagnation point on theeup
leading edge of dents, where the flow along thd ves|
is locally stopped. On the right side, there is the
deformed pressure field around the eroded dents.

Figure 5-5. Pressure field on new dents (left) and erodedsiéight)

6. Experiment

Fig. 6-1 presents the record of dynamic pressuréhén
weaving channel, together 5x5 points in cross-gestieach
10 mm (nozzle pitch of 80 mm), the first sectior@X is
coincident with nozzle position.

= 0 — fading influence of the previous nozzlee th
maximum of the measured profile is situated insttle
channel up, it is decreasing in the directions dawad out

x = 10, 20 - the same, but values are smaller lahger
distance from the outlet of the previous nozzle

x = 30 — in the outer lower corner it begins thieetfof the
nozzle situated at the position of x = 0 and dowd aut
relative to the channel

X = 40, 50 — the nozzle influence is markedly sgemthe
maximum value is increasing and all the profildiling in
neral
= 60 — the full profile in the whole channel csegection
= 70 — the nozzle influence in the inner uppet pathe
channel is increasing yet, but in the lower outstt pecomes
too weak

X = 80 — identical with x = 0, the trend identiegth x =

Ofo, the maximum is reached in the upper inner paittjn the

lower part weak yet.

Figure 6-1. Profiles of dynamic pressure in the reed channel

The above mentioned simulated flows from the adjgin
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auxiliary nozzles were verified by laser
measurements (LDA) [3], [19], [20], [21], [22]. Tleerve 1 in
Fig. 6-2 shows that such a steady state was readterdthe
4th or the 5th nozzle. For better transparencyirtfhieence of
the main nozzle is here omitted again. Furthés,\tsible that
nozzle No. 8 is feebler, maybe clogged or set ar@ng
position toward the channel. The lower curve 2 gnés the
velocity profile along the same measuring axis, Without
the reed. The difference between both curves (ighted in
yellow) is the amplifying effect of the reed chahne

i) i | —_—
90, - —

e [ PN : A In fay : . e
?L\J}A:/\VI P \j\\\ \};‘\\ \;i\\ [ 7@
L — TR B IRYN

5.0 ‘20, 400, 580, 720. frT-,iI

Figure 6-2. Velocity profile along the reed channel axis (1peaational
setting with reed, 2 = without reed)

The next Fig. 6-3 shows that a considerable pateflow
from the nozzle outlet does not get the reed cHatradl. This
action is here presented as an intersection of sooltal air
flow with the cylindrical reed channel of U-shapbdse.
Velocities in individual points of the conical flovare
well-known, described by empirical formulas, fostance in
[1] and others. In the given configuration, it pEates in the
channel the red highlighted part, only. The resglti
percentage from the air volume from the nozzlestudaches
a maximum of 26%. Such a simplified calculation sioet
think the real reflectivity of the reed wall, théoee, the reality
is a little better.

Figure 6-3. Theoretical intersection of conical flow from niezautlet with
reed channel

Very important is the right setting of the wholet s
nozzles on the loom, too [23], [24], [25], [26]. |Alelay
nozzles installed on the loom are set in such anevatihat the
axis of all free flows along the weaving channdsaxere set
in an optimum direction. In Fig. 6-4, we can see ieasured
values of dynamic pressure without adjusting (loawewe). It

19

anemometeis evident that after adjusting of all relay nozzlafter

mounting a template (upper curve), the averageevalfi
dynamic pressure is increasing nearly twice andstandard
deviation is decreasing on one quarter, only.

/'“‘w"
o ,/\/

avg 5.8 |

dyn. tlak [ kFa)

13 15 17
Z trusioy

173 6 7 & 11

Figure 6-4. Dynamic pressure values (Pa) of relay nozzles (N2b) on the
loom — mounted only (down) and adjusted (up)

7. Three-Dimensional M oddl

The first simple model [27], [28] has solved thevflrange
from the nozzle outlet and spreading along the ehnel
shaped after Fig. 7-1: cross section (up) with $ifired shape,
highlighted relay nozzle outlet position, in lengthe section
(down) it is visible the used reed filling of 50%.

Figure 7-1. Scheme of solved channel with nozzle outlet -seestion (up)

with highlighted relay nozzle position and lengthevsection (down)
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Figure 7-2. Velocity field in the channel — several time pint
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Several corresponding cross-sections of velocgydfin  nozzles — the driving component of air velocity dfd. 7-5
different time points are in Fig. 7-2, with a higjtited area shows the same field in front view — different \eguwof the
of critical velocity. It is clear that this field time-depending, flow rate going through individual gaps.
developing, interrupting and developing again. Butthe

reality, such a long field does not exist (bothtime and in [

distance) because the velocity field from the madzzle, L

situated at the channel begin, is kept on the reedkie by :
the system of relay nozzles along the channel tenghe

whole field periodically arises and ceases aftartheaeft

picking when the velocity field is fully destroyég the warp
yarns movements and arises again at the beginfiaghew
weft picking.

The next three-dimensional model
complex flow interaction from the real nozzle withreal
shape of reed channel, consisting from individweitd. One
period is solved, limited by positions of two adijioig relay
nozzles. From the next evaluation, it is possiblddtermine
influences of several parameters on both average \and
standard deviation of the flow field in the channeThe
result is affected by the both nozzle design, $&xe, by the
nozzle setting (angles of elevation, inclinationpzzie
position towards the channel axis), nozzle pitble, kind of
the reed (dents density, edges chamfering), etc.

[29] describes theFigure 7-5. Velocity field — front view — air penetration tlugh reed gaps

A,
LA A AN
VL ..-':.i\....-, X
3 2
- :-
Aat \
7 ’
.,_..i
1
; 7 Figure 7-6. Serial of velocity fields in several horizontatsens
: The serial of horizontal lengthwise sections in.Fig6
-: presents the velocity field in several horizontianes of the
9 reed channel equipped by so-called shower nozz8s (

outlets of 0.4 mm diameter), situated from the $&de down.

Figure 7-3. Directional field -air penetration through gapstbeen dents ~ 1he value of y = 0 mm corresponds to the upper eddkee

reed channel, the value of y = -8.3 mm is the appposition

In Fig. 7-3, there is the directional field of tHow  of the central outlet axis. Sections at levels 6f +2, -2, -6,

penetrating through the gaps between dents, fbdessgned -10, -14 mm were used with various scales in intlis

setting. The nozzle outlet is on the left side up. sections to get the maximum contrast of velocigyd§ in all
sections.
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