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Inthispaper'anewair-jetweft.insertionsystem,whichdoesnotrequireanyair.guide,suchas
a coďusor or profiled ".á'., 

o,"*.a. Cnaracteristics of the new double.holed relay nozzles'

sturliedbyusingritoto.JJ"-""*."-*tandSchlierenphotograpby,arepresenteďTheresults
of ďr.velocity *u *,o",""* |rofites meazureo uy using a r.aserDoapler Anemometer (LDA)

are reported. Th" 
"*.^-i"*,*ed 

in a stationary yarn are ďso studied.

SchlierenphotograpbyandPitote-ttb"1:::t"mentsshowtha!inmanynozdes'thejetsare
either ďvergeo,o, noň.i** anangulartifíMeazurementsindicate 

thatthe ďrvelocitynear

the jet axis in the weft.insertion direction i. -o"í ro., witb the vertical component of the air

velocityaccounting,...","**one-thirdďit'anďthxthemainnozzleimpartsahigber
tension to stationary yarn than the relay nozdes'

L INTRODUCTION
Air-jetweftinsertionwithaprofiled-reďtypeofair.guidehasestablisheditselfasthefastest
and a sufficie'.ly '"J;;,í;;;;f;'"gĚpň" 

*Juuing.".hnology'.In spite of the'ower

energy consumption ňffi,'ř.".fr;i*..h'ňňffioije'' the proEled reed, which is not

l,"rytiff","nt tom ttre normj reed, is more successful,-since it enables one to weave any typ€

of fabric as in any "".#ilG 
machine. Tň;;fu"d tu1n9| of the reed helps in the

seDaration of warp *ň"il"'tíg *"ft in."áJn.*a also facilitates the placing of.relay

nozzles close to tt 
"-i""a. 

since-the **of*t*" of a profiled reed needs precrsron-

manufacturing technology andhence is e^p"^in-"i,,ody hásbeenconductedtoidentify the

possibilities of insertingíeft by means of a" J-:.i*i.t' á plain reed.and relay nozzles2. This
.naoer 

deals *i.r,,o"riu"',i"řioíoT*"ii;n,".tion, in *t,ictr.a new type of re|ay nozz|e is used,

ili-dňiltt'" "t'**t".istics 
of these relay nozzles.

2. TEE WEFT.INSERTION MECIIANISM
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New Air-jet Weft-insertion System without an Air-guide and with Double-holed Relay Nozzles

L,

7T_,--_é,--_é:_ _é:__é-:1
t Mor n nozz|c 2 Rc loy nozzlc | Í

s
)
s
,)

C

r
r
r

ď

r

Í
Í
É
e
e

Y
ř
e
s
I
I,

3 Recd 4 Wclt Yorn
Fig. I Schematic diagram ofthe new weft-insertion system
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Fig.2 New double-holedrelay nozzle

22 Constructionď Parameters
The following are the constructionď pÍrrameters involved:

(a) the diameter of the nozzle hole, 4 and ratio l./d, where / is the wall thickness of the
relay nozzle;

(b) the parallelism of the two jets of rhe nozzle;
(c) the ďstance between the two holes of a nozzle: and
(d) the ďstance between adjacent nozz|es.

2.3 Setting Parameters
The following setting parameters will be intrďuced:

(a) the angle of alignment of the nozzle to the reed;
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(b) the ďstance between the nozzles and the reed; and

ř' the air pressure in inďvidual nozzles and its variation between sertions.

2.4 rníuene of Construďionď and Setting Parameters

The ďameter and ratio t/d of a nozile influence the air consumption, the reliability of weft

insertion, and the distance between nozzles. Moreover, the greater thetatto Ud, the less will
be the effect of a change or drop in air pressure on the behaviour of nozzles with respect to

the jet qualityl.
The distance benveen adjacent nozzles, which very much influences the total air consumption

and over-all economic viaUitty of the system, depends on the parallelism of the two jets of
inďúdual nozzles, the distance between the nozzle holes, and, to a smaller extent, the

diameter of the nozzle holes.

3. EXPERIMENTAL METIIODS
3.1 Relay Nozdes
The relay nozzles used in the study are shown in Fig .Z-Tloie nozz)e holes have a diameter of
0.5 mm *o a'e sepaÍated verticaliy by 8 mm. The ratio l/dequals 1.0, which is significantly

higher than that for relay nozzles normally used.

32 Air-velocity Measurement by Means of Pitote Tube

The air velocity was measured by using a Pitote tube, whereby the total pressgre was

measurď and the velocity was calculated from the relation:

v =Z^,1 (ptp)

where v = air velocity (m s-t),
P^ = measured pressure (Pa)' and
p = density of air (kg mr).

3.2 Jet-quality assessment by using schlieren Photography and Pltote Thbe

The other characteristic which has been stuďed is the quality ofjets as assessed by Schlieren

photography and by Pitote tube, where the total pressure at a particulmpoint on the jet axis

tzo "ň to. *'" iozz|e mouth) and its inclination to the horizontal axis were measured.

3.4 Air-velociry and Turbulence Measurement byusing a Laser Doppler
Anemometer (LDA)
3 -4. I Procedure for I'DA Measurement

A Laser Doppler Anemometer (made by TSI in the U.S.A.), with a dual beam and back
scattering, wÁ used in úe air-velocity-profile me.rsurement. Measuring very close to the reed

needs spátiď and polarizing filtering of light from the Doppler sigrrď. A Mazovia 1016 PC-
XT controls the precise movement of the traversing mechanism, with the measuring device
adjacent to the test rig with the reed and relay nozzles3. The accuracy of-movement is t0.02
mm in ďl the three axes. An argon laser of 500 mW with a wavelength' },' of 514.5 Ínm was

usedforthe measurement. Thefocusing lens badparameters ofÍ= l31.9 mm andQ= 10.735..

Doppler signals were processed by a signal processor type TSI, Model 1990 B' provided
with an Apple tr PC. Technical paÍameters set on signal processor TSI 1990 B are:

filters: hi limit - 100 MHz
low limit- zlvftIz

mode: SM/B (single measurement/burst)
gain: 1

comparison Vo:3Vo (K = 6 ns)
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ryctesrburst 2, i.e. N = g (number of measuring cycles in Doppler signal)h. -_5 (numUer of cycles.for 
"omp*irrg-"oJruon.y- = 5/8 (comparisoďratro,1.

Á lotal of |o24 samole measurements was carried out at each point of measurement.*'circiwdstribution rešults *".gi;;;;h" iňpu.". in the form of histog,ams. statisticďi .ters of tňe spectrum of the veíociry proRle are (i) n,"u,, u"ř*i,y; (ii) standardmr*ion; and (iii) intensity of turbulence. " '
The mean velocity is given by:

v = (lln)Zv,

v. = {(L/2)sin Q} Ntt*

1= 
numb,er of.sample measurements at any point;

^ 
= wavelength;

Q = half angle of intersection:
N= number of cycles in Doppler signal; and
Í,.v = time duration for N cycles.

n-here

The standard deviation is given by:

c= {(lln) I(v--v;z1o.s

The intensity of turbulence (as a percentage) is given by:

T= l00o/v

3-4.2 Test Rigfor LDA Measurement
'{ relay-nozzle section with eight relay no2zles was used as t}re test rig. The air supply is fromone sideonly through acommón a'cn-amue',*t,ereallthenozzt".*Én*"a.asettingof 

lOOsplarn reed (20 dents/cm) was used in the experiment.
Thedistancebetween the noz"te and thepLinreedwas 8 mmandthatbetween nozzles was5 mm in this studv. The eight relay no''rÁ 

'"* ;J#j; b" -"i"T.''",. identicď on thebasis. of Schli"."n ihotogruphy and pitote_tube measurements.
Air-velocity measu.emeňtjalong the reeďwere.carried out by using LDA on the weft-insertion axis. The air velocity ut ínu.úiof points on an axis ďong the reed was frstmeasured. since the velocity profire of these š"l""t"Jd;r,rr.",'J;i[ was found to berepeating, the ve|ocitv profile betrpeen tr'e siitn ana seventh i'""aÉ' *^--*,ured extensively.Points of meas*"'nén.t. *" strown in ri!-. á. tr,Jn"*"* point measured was 1 mm away fromthe reed (because of the limitati"". ďÍDÁi;Jna.r," -"^u."*"ni*"ie maoe at different

fi:::':.T"j 
at l.5 mm from each otr'". já[ the X-axis. o" n" r-*is, the points were

35 Yarn-tension Measurement
The tension developď in a stationary yarn by the main ald relay nozzles was measured byustng a tensiometer. Measurements were made on an Elitex pNl6i;-j"t loom convertedinto the system with relay nozzles as described elsewherď. The stationary yarn is tied at oneendand is passedaround the sensing elem"nt' oiit," t"Ň;Á;;;J.h';;gh themďn nozzleto the sysrem of relay nozzles and"the phi; reJ.

J. T"xl Ins,., 1 J.84 No. J Textile luuture
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Fig.3 Points ofmeasurement ofair velocity ďong the reed

4. RF^SULTS AIYD DISCUSSION
4.1 Air-velocity Measurement with a Pitote TUbe

Fig.4 shows the velocity gpdient in the radiď direction. The jet expansion is near-conical,

aná the effective jet velocity starts along the weft-insertion axis only after a ďstance of about

20 mm from the íozzle mouth. Fig. 5 shows the measured velocity on the axis of the air-jet

at various distances from the nozzle.
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og' 5 also shows rhe 3r-.vglocity on rhe z-axis, which is more rhan thar at themespondingpoints on'the inďviduďjet *isú""uo," ofthe mutual infloence ortwojets andabobecausethejetis notfre" *aao"'íoi"'i*",Jitr, tr,".t'tionary airmass, which couldhaveomtributed to a reduction in air.velocity. Ái. 
""i."i,y in","*".,Jď.ř" ai,*"" along thedesignated weft-insertion axis in 

"ont.á,t 
. *r'1 occrrrs.on the jet axis. From Fig. 5' ancffective jet-active ďstance of about:o mm "-t" considered reďistic, starting at 30 mmftom the nozzle mouth- Fig. 6 shows trt" 

"8""t "r 
tn" ui, p."rr*" * ,i" 
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4.2 Jet.quďity Assessment by Schlieren Photography and Pitote.fube Measurement
Measurements and observations showed that there are significant ďfferences between relaynozzles due to the choking of the nozzle' *itr' áust and"oil 

''d "lň; to manufacturing
J. Te IBt., i993, 84 No. 3 Tdtilc lntitute
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defects. Different defects observed in the relay nozzles are:

(i) the cores of the jets of air from bottr the holes are shorter than normď for the same

input Pressure;
(iD the core of only one of the jets from the two holes is shorter than normal for the same

input pressure;
(iii) thejets are divergent;
(iv) thejest are convergent;
(v) only one ofthejes is diverging;
(vi) only one of the jets is converging; and
(vii) combinations of the above.

of these, (i), (iD, (iii), and (v) are severe defects, and nozzles with any of these defects are

expected to cause problems in the weft-insertion process'.when 
the twojets are ďvergent, theresultantvelocity atthe weft.insertion axis is expected

to be less' In all, ó5 relay noáes, which were later used in the weaving trial, were subjected

to these tests. Three nozzles had a jet lift of more than 3o, and twelve nozzles had a jetlift of

between 2o and 3o. Thetotal p,"...ř" *"usured at20 mmfrom the nozzlemouthrangďfrom

2-84 to1.47 Wafor an input pressure of 250 kPa. Typical Schlieren photographs of rellY

nozzles with equal ana parauét iets and r{lth divergent or unequď jets are shown in Fig. 7.

Divergent jets

(D) Defective nozzles

Fig.7 Schlieren photographs ofrelay nozzles

320
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w* Air-jet weft-insertion system without an Air-guide and with Doubre-hored Reray Noules
{J Air Yetocity of Successive Retay Nozztes
43-I Increase in Air Vetocity
Hg. 8 shows the gradual increase in the air velocity ďong the weft-insertion direction, whichxbtoreach amaximum-afte."f:-lď'd;;ř"im"ň.,i"a"'.p'n""tofthe 

airvelocityrcathe jet axis is very high, ranging froňr ió,olooz'or.r,"t; ň;.ilň"sertion direction.

F4; E Air velocity along weft-insertion and vertical axes: X = _4 mm, F= +5 mm
o) -.
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4.3.2 Air-vel.ocity Profile between Two Relay Nouks
Some results of extensive air-velocity measurements made between two relay nozzles are
given in Fig. 9. Complete velocity profiles are presented in Fig. lO. As expected, the maxima
of the air velocity move from the nozzle mouth to the reed, and their value decreases as the
ďstance from the noz.z|e mouth increases. From 0 to l0 mm, the preceding nozzle is still
active, and only after 1 5 mm from the nozzle is the effect of the air velocity from the measured
nozz|e observed. The velocity on the nearest axis ďong the weft-insertion direction for an
angle of nozzle alignment of l5o ranges from 26 to 43 m s-l at an input pressure of 300 kpa.
This shows the lowerpotential ofthis weft-insertion systemcomparedwiththeconfusoť and
profiled-reed systemsl.Itcan ďso be observed thatthetwo distinctmaximaforthe upperand
lower jets near the reed, which are essential for successful weft insertion, are missin! from
Z= 1O cmto Z= 17.5 cm.

4.3.3 Turbulence of Air-jet betyveen Two Reloy Noutes
Turbulence profiles are shown in Fig. I 1. In general, the intensity of turbulence is higher when
the air velocity is less. An intensity of turbulence of up to gOVo has been measured at lower
air velocities. Extreme values of air velocity combined with an absence of ďstinct maxima
for the two jets of a relay nozzle near the reed may dislocate the weft yarn from the axis of
weft insertion.

4.4 Tension Imparted to a Stationary Yarn
Table I shows the results of yarn tension measured on a stationary yarn. The following
observations may be made from the results.

(D

(ii)

(iii)

The main-nozzle air pressure has a significantly larger influence on the yarn tension
than that of the relay nozzles. This difference is reduced with the increasing yarn
length in the jet.
with increase in the air pressure to the relay nozzles, the yarn tension increases. This
improvement in tension is only marginal when the main-nozzle pressure is high.
when the main-nozzle pre ssure is zero, the yarn tension is greater with a relay-nozzle
alignment of l5o than one of 20'. but, with a relay-nozzle alignment of 20' and high
airpressure to the main andrelay nozzles, thetension developed in the yarn is greařer
because of the higher friction between the reed and yarn and the higher air vélocity
along the yarn length simultaneously.

Table I
Tension Imparted to Stationary Vtreft by Air-jets'

Tension (mN)
Yam Relay-nozzle
trngth Pressure (kPa)
(mm)

Relay-nozzle Alignment = 15.
Main-nozzle Pressure (kPa)

100 150

Relay-nozzle Alignment = 20o
Main-nozzle Pressure ftpa)100 150

35.3 2.0 r2-7
37.2 2.5 13.5
3'1.2 3.2 15.2
37.2 4.9 14.5
38.2 6.1 16.2
39.2 't.6 17.9
n-2 6.1 15.2
42.1 8.3 17.4
44.1 10.5 19.1
46.1 '.1.4 ts.4
47.0 10.3 1E.4
48.0 r2.0 20.8
46.1 8.6 19.8
47.0 10.5 21.1

12.0

150
2W
250
150
200
250
150
2n
250
r50
200
250
r50
200
250

1025

2.5
3.1
4.4
5.4
7.1
7.6
7.6

10.3
13.5
11.8
12.5
14.5
I 1.8
14.2
16.7

11.3 24.5
r4.7 27.0
r5.7 25.5
13.2 27.9
14.5 29.9
16.7 32.3
15.9 29.4
r7.2 30.9
17.2 32.3
16.0 29.4
18.9 32.3
2r.3 34.3
n.o 34.3
27.9 35.3
27.9

28.9 39.2
29.4 40.2
299 4r.2
28.9 41.2
29.9 4t-2
30.4 42.1
28.9 42.1
29.4 43.1
30.4 43.r
30.9 44.1
323 44-r
32.8 45.1
30.9
32.8

'The weft was an R32-tex,/2 rotor-spun cotton yam.
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mů 't|llr" iself ďong t}e weft-insertion axis' though t}rere is anhg&* rclry nmles. The ďr velocity along the weft-inseition axis with
!ď bffi qen ůat report{ for a profiled.réed or confusor system of ďr-M miz| component of air velócity near the jet axis is móre than one-

6 Úd Pitote-tube measurements confirm the large variation in the
in rerms of the variation between two holes of any nozzles and the

$tm nozzles. Apart from manďacturing defects, the def"ct, a,"milg of the nozzle holes with oil and dust.
f,Fts a higher tension in a stationary yarn than the relay nozzles for
. Bm. as the yarn length in the ďr-jet increases, the effeci of the relav
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