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Abstract

The atomization performance of a swirl nozzle is highly dependent on the geometric design of its
internal swirl grooves. In this study, a three-dimensional numerical model of a swirl nozzle was
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developed based on the Volume of Fluid (VOF) multiphase flow model. By comparing six different
structural configurations, the variations in spray cone angle, liquid film thickness, and swirl inten-
sity were systematically simulated and analyzed. The results show that the groove width is a key
parameter influencing atomization performance; increasing the groove width significantly enlarges
the spray angle and reduces the liquid film thickness. Groove thickness primarily serves as an aux-
iliary tuning factor, with its effect becoming more pronounced when the vortex is fully developed.
Moreover, a strong coupling relationship was observed among the three performance indicators:
enhanced swirl intensity is generally accompanied by an increased spray angle and decreased lig-
uid film thickness, indicating a synergistic variation trend. The findings offer a theoretical founda-
tion for the structural optimization of swirl nozzles and validate the use of the VOF model in analyz-
ing liquid-phase atomization processes without dependence on particle-tracking methods.
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Table 1. Nozzle structural parameters under different working conditions

#* 1 FRILATHRELEHSEIRE

T FEFE b/mm FEE himm H T E A% dimm
1 1.50 0.75 1.70
2 1.50 1.00 1.70
3 1.75 0.75 1.70
4 1.75 1.00 1.70
5 2.00 0.75 1.70
6 2.00 1.00 1.70
2.2. MigRIa
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Figure 1. Overall mesh structure of the nozzle and locally refined region near the outlet
B 1 MRS LEEA R O & X

DOI: 10.12677/ijfd.2025.133012 129 TARS) S


https://doi.org/10.12677/ijfd.2025.133012

FEIKFR, BAZE

2.3 WEFER

DA WRRIDUE U W W A VR T B b A R, AWE SR ANSY'S Fluent 1 5 1 J& =4kl S H fE AR
M, THEEET VOF Z AR AL SEIL SR A I FDE B o AL I SRR - i O 78, & TR
ARIE PR R SE, REWSHERRAL 5 th R i A IS sh AR T, AT AU At M5 A VPR A UM A 358

R S e R

BT SPR AR s B AR S R SHE TR, RN 5N B R TR B,

FEAAE R TR T

O ST E R
%+V~(pu):8m @

BT IE TR
a(;u)JrV-(puu):—Vp+V~(/Nu)+pg+F )

R HOTHE
) e e =5, S, ®

X, g M p MR g ML m, M g #HE] p HBE R E .
24. WAFHETRRE

TERIBEHE 405 BOR RS SR A7 2, TAEN KIS AOWENEAAND, KN 1.0 MPa,
MO ERNESHR O, KRN 0 Pa, WISATFEI AR, WAEMNDEN. Frf BRI 3 B AT #id
G, MR REABEIRNSH T 84 BF[1LJ8E LK R T 9K ) RS IR 2 8 1 E v — & %
R, AW T E M 26°C 24 FitH4E RN 0.07179 N/m, %% 508 55 FbrAE(E 0.072 N/im % 3%
U, ARSCRZSRH 0,072 Nim AR T 7K 70 R4, FH DU ALSRAE 5 IR P s K ISR I 7K 7, SRAERERL 24
MIAHEME, BEREON .81 mis?, A EAAMEN ., AL Realizable k-e F7AL, 2 7] 25 HUks £ ik
#% Least Squares Cell Based, i /]l COUPLE SLikuEAT KR, s /it ik £ PRESTO!, A7 HER H Geo-
Reconstruct 4% 20T B

AT T 2 ST @ A P VA TE AL VE R T BRI S m) M JR (M A2, SR VOF BALE BRI
RSN . ERPIEE A, JE AR A fE S A i O R S A e AR s, 3 BRI DN
PAREEN, VIAZEMWAT A EERRAE SWshEES . FN, AR ESE T ARG WSESTE
R WO R B 5 WUAR bR AR kA B, TR Ty AR A BRAE 24 BT 70 H A R 7T LA A2 11

3. ITAGREEWMEESH
31 EHANESHLE

FAS AR LA A S R T O SR, s SORRUBE BT WEME 15, HLAN &5
LRAE PN 5 2 8] T B o 0K B0 2510 A 30 6 ) I B iR R RV i B 5 SE AR I S5 AL e Mg . ASHIT AL
BT VOF AU ES R, Sl IRIBOK AR S B A B o= 0.5 IERE 2 AT 0 S5 AU HE M 1L R B LG,
I 5 MR PR LR I R, TR E S S ST I AR E . £ VOF J7ikrf, IR ST R A AR

DOI: 10.12677/ijfd.2025.133012 130 TARS) S


https://doi.org/10.12677/ijfd.2025.133012

FEIKFR, BAZE

D a FALRITTABIRIT S B, o = 1 RRTEENK, a=0FRRTEENT . B, a=05 M ELZ
AR TR BT A B, BT R AR

K2 B T T LR a=05 FKAMIER - Bz B, I WS BB ) ARGk 5 e, T8 i A
X R R REE T8 55 2

Figure 2. Volume fraction contour of the water phase at o = 0.5
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Table 2. Comparison results of spray cone angle
2. BlaxttbER

TS 5% b/mm 42 h/mm ZAHIC)
1 1.50 0.75 76.90
2 1.50 1.00 80.87
3 1.75 0.75 79.88
4 1.75 1.00 82.37
5 2.00 0.75 80.10
6 2.00 1.00 84.67
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VRT3 T R O B O
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Figure 3. Variation trend of spray cone angle
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Table 3. Comparison of liquid film thickness
= 3. RIEEE XL

TS % b/mm )5 h/mm VR JEL FEE /mm
1 1.50 0.75 0.253
2 1.50 1.00 0.245
3 1.75 0.75 0.251
4 1.75 1.00 0.213
5 2.00 0.75 0.225
6 2.00 1.00 0.210
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Figure 4. Variation trend of liquid film thickness
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Figure 5. Bar chart comparing swirl intensity under different structural parameters
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