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Numerical computation of flow filed affected by process
parameters in air jetvortex spinning machine

Z0U Zhuanyong> YU Jianyong, XUE Wenliang, LIU Lifang, CHENG Longdi
( Key Laboratory of Textile Science & Technology» Ministry of Education> Donghua University, Shanghai 201620, China )

Abstract The flow patterns affected by the nozzle structure parameters and the velocity at jet orifice exit
inside the nozzle of air jetvortex spinning were investigated by the method of numerical computation. The
results show that the negative pressure along the nozzle axis enhances first; and then diminishes along with
increasing the jet orifice angle, and the negative pressure is maximal when jet orifice angle is 30 degree. The
tangential velocity decreases along with increasing the jet orifice angle, however, the axial velocity increases
along with increasing the jet orifice angle. When the velocity at the exit of jet orifice enhances, the greater the
tangential and axial and radial velocity, the bigger the negative pressure along the nozzle axis. The outer
diameter of the hollow spindle has comparatively small effect on the velocity of airflow inside the nozzle,
however, when the outer diameter of the hollow spindle is smaller, the negative pressure along the nozzle axis
will become higher. Increasing the distance between the hollow spindle and the entrance of the nozzle, the
velocity and the static pressure inside the nozzle diminish and the negative pressure at the entrance of the
nozzle increase.

Key words air jetvortex spinning; process parameters; air flow; numerical computation
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Fig.1 Longitudinal sectional view of the nozzle block
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Tab.1 Scheme of numerical computation

HEMT ve/mes™) 6/ D/mm L/mm D,,/mm
1 260 10 4.4 1.85 1.4
2 260 15 4.4 1.85 1.4
3 260 25 4.4 1.85 1.4
4 260 30 4.4 1.85 1.4
5 260 35 4.4 1.85 1.4
6 260 40 4.4 1.85 1.4
7 220 15 4.4 1.85 1.4
8 300 15 4.4 1.85 1.4
9 260 15 4.8 1.85 1.4

10 260 15 5.1 1.85 1.4
11 260 15 4.4 1.85 1.2
12 260 15 4.4 1.60 1.4
13 260 15 4.4 2.10 1.4
14 260 15 4.4 2.40 1.4
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Fig.3 Static pressure distributions of different @ values along the nozzle axis (a) and the radius (b)at section A-A
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Fig.4 Tangential velocity (a), axial velocity (h) and radial velocity (¢) distributions of different v,
values along the nozzle radius at section A-A
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Fig.5 Static pressure distributions of different v, values along the nozzle axis (a) and the radius (b) at section A-A
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Fig.6 Tangential velocity (a), axial velocity (b) and radial velocity (¢) distributions

of different D, values along the radius at section A-A
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Fig.7  Effect of the outer diameter of hollow spindle on

static pressure along the nozzle axis
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Fig.8 Static pressure distributions of different L values

along the nozzle radius at the nozzle entrance

200 +
—o— /=1.6 mm
—o— L=1.85 mm
—w— /=24 mm
150
o
g
=100
i
®
E
B 50 ] g
‘}:2%@6@@996&1/ o
ok
1 1 1 L L 1 L 1 1 1
-3.0 2.0 -1.0 0.0 1.0 2.0

IBEBE 2 % /mm

9 AN L WD) AT A-A B AR A ) A
Fig.9 Tangential velocity distributions of different L

values along the nozzle radius at section A-A

WERENR, B 2y . L AEI N, I s D

[ 4L kNS C B 9 Bz ), L 272 SN,
TSI A AN, U 1) LN R B i 2T 4 1
INFEAE kS . St L B3N, bk e sE AL AR
72, X 5 3R IWEIT i R — 2.

3 & it

1) M FL AT A5 184 0, v 6 Jh 28 7 s o 38 K S Dk
AN AU A 300 U g5 K, 87 88 /N R £ A e IR A
HA R, AR T A de it N nd s U1 s R 0 (1)
DI OR RN B4 VOB DI TR N SN 1]
) 4R T 1 2 Bt £ 4EEAT e

20 MBI HH 0 R Bk, U )l o L A7 v R
K FEWTHERN L b A K o A% [ 88 39 K v 3
Inida 2 e £ 4 (0 5 s 1) ) o B B KA R TR
EREEpER R YIRS (EBVNEES ¥ Ra R4 N B ek
TR VLTSI R Pl 1) T8 358 0 A7 R e 8 S T 4 13
ARAE = o BE Tl s S, AR T g

3) WGEHEE N 1 L A2k /0N , ok W 2= 45 Ak ) 1) 1)
) 33 K, ZEAS B M 2% ) PR i 4T 4R N4t Dl R
G AN PN ERER 6

4) BN AR Lo BE WA W il b A R 1S K, 2
252 BRI A RS N s o B 25 CoBE 5 WS N 111 ]
SEBE 0 R R 0N e, VW PR S ) TS
HE AR S 3G K, X6 2045 W A FH 3 i, (H O s el K
SIE I AT 2 . FZXB

B2 3k

[ 1] Tyagi G K, Dhirendra Sharma. Process-structure-property
relationship of polyester-cotton MVS  yarns:  Part [ -
influence of processing variables on yarn structural
parameters_ J1. Indian Journal of Fiber & Textile Research,
2004(29):419 — 428.

[ 2] Guldemet Basal: William Oxenham. FEffects of some process
parameters on the structure and properties of vortex spun
yarn[ J]. Textile Research Journal, 2006, 76(6):492 — 499.

(3] HGET. W2 AIM bRt B Rt 2005,

(4] HBE3C, 5KICRE. W5 95 WL W o LU 3 10 70 A B
L)) P EYIZURF AR, 1996,22(4): 47 - 57.

[51 WIkAF. LFAELEmEmE o a3 s 2 i ik 5
LD, Lifg: 285K, 2003,

[ 61 Tyagi G K, Dhirendra Sharma. Process-structure-property
relationship of polyester-cotton MVS  yarns: Part | -
influence of process variables on yarn characteristicsl J].
Indian Journal of Fiber & Textile Research, 2004, 29(12):
429 - 435.

[7] Liu Yongs Xu Lan. Controlling air vortex in air-vortex
spinning by Zeng-He model [ J]. International Journal of
Nonlinear Sciences and Numerical Simulation, 2006, 7(4):
380 - 392.





