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Abstract

In order to improve the impact and traction performance of dyeing machine annular nozzles, the
differences in the performance of nozzles with four annular gap shapes (Rectangular, Conical,
Cone Straight, and Vidocinsky) were investigated through numerical simulation analysis, then or-
thogonal experimental analysis was carried out on the structural parameters of cone-straight
nozzles, and a regression prediction model was also established, and a multi-objective optimiza-
tion was carried out by using an algorithm to get the optimal structural combinations. And build
related experiments to verify the simulation model. The results show that: under different per-
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formance indexes, the conical, conical straight and Vidocinsky nozzles are larger than rectangular
nozzles, and the performance of conical straight and Vidocinsky nozzles are close to each other;
the optimized cone straight nozzles with a gap inlet size of 6.00 mm, a straight section length of
2.00 mm, a gap outlet size of 1.50 mm and a jet angle of 40° provide a further performance im-
provement.
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Figure 1. Dyeing machine nozzle structure and calculation domain
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Figure 2. Annular gap shapes
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Figure 3. Data collection methods
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Figure 4. Comparison of different annular gap shapes. (a) Dynamic pressure, (b) Water

volume distribution, (c) Pressure distribution
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Figure 5. Y-direction wall shear stress distribution cloud
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Figure 6. Y-direction wall shear stress distribution curve
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BB ARG | ARSI T, S8R/ dy BB |y FFBE b DUSRR A o REEWE 1 BE 52
Wi o FESLHIKPFBEERR IS 1R, 4 MR 1 AT B IRAIE 5 MRE, WRYEES st R B, 5 BR
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Table 1. Test factors and levels
%=1 REEERKFE

A- R/ B- BB C-tH TR/ D-S3i S
d-mm l; —mm b—-mm o=°
K1 3 2 1.50 25
K- 2 4 3 1.75 30
KF 3 5 4 2.00 35
KF 4 6 5 2.25 40
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Table 2. Results of orthogonal experiments
2. EXTWER

TS HE A K% B K% C K% D V,-mis Pmax-kPa Aw-Pa
s1 3 2 15 25 12.28 19.46 395.14
S2 3 3 1.75 30 11.86 27.09 422,05
S3 3 4 2 35 11.37 34.47 436.69
S4 3 5 2.25 40 10.94 41.07 394.80
S5 4 2 1.75 35 11.87 34.23 454.44
S6 4 3 15 40 12.24 39.25 463.52
S7 4 4 2.25 25 11.06 21.77 400.11
S8 4 5 2 30 11.44 28.19 423.33
S9 5 2 2 40 11.49 41.38 43254
S10 5 3 2.25 35 11.08 34.95 407.66
s11 5 4 15 30 12.15 25.58 423.15
S12 5 5 1.75 25 11.72 20.20 394.29
S13 6 2 2.25 30 11.12 28.40 419.28
S14 6 3 2 25 11.60 22.57 412.23
S15 6 4 1.75 40 11.80 40.09 442.46
S16 6 5 15 35 11.99 31.68 431.26

BT U BT, 5 EIS 0251, (R % A AT 1 S0 8l, S A
R
Ry =max{Tjy, T, Tys Tya ) —min{ Ty, Ty, T, Ty} @)

s, Tim A5 FURER m KPR SRIGTEAR-T- 2R, Ry 9SS § F1UKT DR 2 AR A AT S AN 48 B i B 1) K
Mo HARIR PR ZE A R AR 3 Pior. BA Vo NIRFRIS, HEEREBIRA RS S HT V, IR
e 5 JE MU A TR by BB E Ly SRR o BEBRAN IR/ do Ter > T > Tes > Tear Ui Vo B
6 (BRI HE KT /0N BA Vo R FRIN, e AL G DR/ 4 mm, BB 3 mm, H) A i 1.50 mm,

SR 25°
Table 3. Range analysis
F 3. MEDH
V,-m/s Prax-kPa Aw-Pa
A B C D A B C D A B C D

T 1161 1169 1217 1166 3053 3087 2899 21.00 41217 42535 428.27 400.44
Tp 1165 1169 1181 1164 3086 3097 3041 2732 43535 426.37 42831 421.95
Tis 1161 1160 11.47 1158 30.53 3048 31.65 33.83 414.41 425.60 426.20 43251
Tia 1163 1152 11.05 1162 30.69 3029 3155 4045 426.31 41092 40547 433.33
R 0.05 0.17 1.12 0.09 0.34 0.68 2.66 1945 2318 1545 22.84 32.89
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BB 1y ZEBRNTUR/S do — SBERIE 0 2 R SR 000 A 32 1 5O 5 2 R B, (B el T e (o LI Wi 1) 234700
B EARR H PG T RE I, 10 HLSEPRIs AT IR R S AR SUY)IHIE N IR [26], i AELEE S
KA. Bk, N TAETEEIE, R R — EAL T by, BIASTE B DAL A AR A i
PR . BRIEAEBL Prg NTRARI, SIAE o BIREIECR, HEEE MR, P BEZHE K. L
Prax ATEARES, HERMAE WAL 4 mm, BB 3mm, H AR 2.00 mm, SHRMA R 40°.

LA Aw 9 FEbnit, HE B2 BRTARAN [F) G5 44 2 506 Aw B S 8 58 J5 U 95 A B2 o SEBRN 1 R/
d. HEEE by EBKE I, HEEKFAEANDRD 4 mm, BEAKE 3mm, HHEE 1.75 mm,
SRR 40°,

AR ZE M, KIAEAFTEART, RSN RES S A GG AR, X KOy T O
S Vo BRI, e K i 7T Proa 5 ORI AREURT Aw #ASE B KB, 1T HL Py ST T XS 2V )
ERRCR, Aw ST AR ARSI RE ST, TRLGEA 2 HE EE WM iR LSS S HU , LL Pro 5 Aw XY
WA E A EAL H s

3.2. B3 [EAFNREY

BT UL P 5 AW XPIHERE NI B bR, BT S @ A B R mE TS . Haivr2
G Hr A B R 2 T 2 M0 SO0 B AT s A9, T, A, S SEThRE, ISR
Minitab #5516 HEHEEAT BB G S . 25 18 2 4E BE R A& BR TR 1 U AN SECS A R FE br
RIFENR, DL IEAT SR 4 Hir, 45 AU A 520 DR 25 2 18] PT Re A7 7RSS AR A, DRIMCR FH 9k 2 o R A B,
I3 XS Proax A1 Aw ZESZ IR AL, 45 240 F A

P =-38.29—0.2228, +26.34b+1.2973¢ — 6.07h? 3)
AW =-523.6+11.57d +12.17I, +495.6b + 28 5
—~83.1b? —0.2069c% —3.68d -, —6.938b - cr

FEIEAZ SEUG 25 IR /KFE L N, BEALEER T 8 M SR IGUERIRY, HG R 4 for,

Pmax FEIRZEN 1%, FNIRZE 3.48%; Aw FIJIRZE 1.24%, fKNIRZEN 2.64%. PiE PR ZE /N T
2%, REATMSAORERER e, 7T LU TR i ve s S8 & .

(4)

Table 4. Regression prediction model validation
= 4. [EATUMHRBLLEE

G A B ¢ D (;%mfﬁ) (%Pﬁn?ijﬂ\xu) ?z/f (*%?LIJ) @%ﬁu) lﬁ/f
1 3 2 1.75 30 26.76 27.69 3.48 425.91 430.72 1.12
2 3 5 2.00 35 34.24 34.40 0.48 425.97 433.95 1.84
3 4 2 1.50 25 19.50 19.55 0.24 397.69 397.02 -0.17
4 4 4 2.25 35 34.90 34.76 -0.41 415.26 404.57 —2.64
5 5 2 1.75 40 40.89 40.66 —0.56 448.35 457.90 2.09
6 5 3 2.25 25 22.10 22.01 -0.41 404.88 402.89 —0.49
7 6 3 2.00 40 41.39 41.33 -0.15 432.04 428.81 -0.75
8 6 5 15 30 24.81 25.37 2.26 412.70 409.28 -0.84
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3.3. ZEMMK

B3 Prax 5 AW I H ARG, ASSCRIHFI A NSGA-N kit 472 HERfLAb . NSGA-II Sk i
$rEoh 200, IERIRECH 1000 K, XN 0.7, ABFHHIN 0.2, Pareto ATy ELFIN 0.15, FfME T
BN TR/ d ERUAYEEN 3 mm~4 mm. BEEKE 1 JEEN 2 mm~5 mm FTH ORI b 4 1.50
mm~2.25 mm, PLRAMESES R A o WD 25°~40°. Zadits, 58] 7 7@) R e 30 M
[ Pareto R EA .

BT SEbRR A, 7 Pareto BV RALEE& ik £ — MR ARMERIE R AL R . X TR EXN 2 Hix
BT VRS RE, AT R A T R T RIBUER TOPSIS Jridix Pareto Rij v et 46 & Hh R EEAT 2 A J5
BEAT VRS, DAESRAS BIH R . S5, 15 HE Rl 7T P BLE R 0.325, 5 KBIYIFT Aw ALUE
4 0.675, H 30 MES H T Ea Wl 7(b) B, HAE 26 SSHA GV RN 0, B 15 SERIFIF
N1, HX RSB ECN: BN TR/ d N 6.00 mm. ELBCKE 1, v 2.00 mm, H 1 EER b v 1.50 mm
PAK SR o D 40°

420

-435

Aw (Pa)

-450 1

4657 A S Cee 1 T | [Paa03248

————————— ”-... Aw =0.6752 3
| | | * 0.0 = j
-480 : : : ; : —— ] . 2
-42 41 -40 -39 0 5 10 15 20 25 30
P, (kPa) Pareto®s & % &
(a) (b)
Figure 7. The Pareto set and its score: (a) Pareto set, (b) Score
7. Pareto E& R EIE4SYT: (a) Pareto &4, (b) 4
3.4. UL RxIEE
Table 5. Optimization before and after comparison
F= 5. RALRIEXILL
AL Ak 5
AHJE7]-MPa
V,-m/s Pmax-kPa Aw-kPa V,-m/s Prax-kPa Aw-kPa
0.10 11.48 28.12 0.43 12.24 39.47 0.45
0.15 14.06 42.21 0.65 15.01 59.39 0.68
0.20 16.25 56.46 0.91 17.34 79.28 0.92
0.25 18.22 70.75 1.11 19.40 99.14 1.15
0.30 19.96 84.66 1.36 21.26 119.09 1.39

) FH BB AU A T S OHE BB 6 3 il AE AN RN U 0 R BT T BRE, 4R 5 B i
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JeHE BRSBTS Vo 3 LUARAG TSR T T 6.60%, 17 Hfe A4 ik B B G dje K /) P 0T EE
WACTTA 40.46%HIFRTHIEIL . fo)m, IRAL)EHEEL U WIME T Aw tBEILALRTIRTT T 3.12%. ki, L
e s BRI R RE A 1 Tt

4. pask

IN=A

ARG T A RSB R L « M #EE T 42 o B 5600 ) mems ph b 28 51 R RE I 22 5% Itk
Ab, EXTHEE LSBT WS ST T, DRI LF I PERE . 1S H DL 40

1) TEAFIVERESRRS T, HE. HEE TR ANYE 2 T W I K TR e, HHE B R g 2 e i
T 9 35 1 B 0T

2) WHEEEmIME S MEET T IR SR, A RIS RIVERETR AR T, H R FR b AR A« 1
EALY RN

3) i g L [m A T Y 5 R B NSGA-IT BERTHHE B B 1E1T 2 HARILALSR AR, R 5T AL
LK) TOPSIS RS 3] 1 FAR 4L & NEER N A/ d 24 6.00 mm. BELECKE 1, 24 2.00 mm, H HEER b A
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