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Y URATIIHRUT ! IOTERTT, AR AToTel JaTg H BT G Bl 3; faRiy wU & I=d garg
ol ReIfel & T8d ST YR S~ BRI 8 | IfRHr gaigel & T3 Bl I ST Arotet
@ BIC ARIMI & HROT FARIYUl &, ST IR Mg & oy 539 ugd &1 uRkiefed o_am g, iR
Sifee, SAR—TGTd dTel RIH® 3iR clifhd IR ST AITHS AfSfeiT BT Sifed a9 § I[2]
RHIT FqER B Afaary & oy Gih A@ITHe Alsd Javdd © | $9 3Udd W, Uh
TAABR AT & IR fZHIIT HaT8 Bl Slid & [oly SRS wd Ifaeiierdr (CFD) faweryor
AT T 27 o1 | &9 &7 3mIa (VOF) Accitel Hi€d, k- THYHC! (SST) cdoid Hiedd
3R TAC—IRER—ITNI (ZGB) BRI Hieel & AT Fg<h vy I AT fbar war o) 1 4 4.
5 R b & SolaR &aTd & foIg Rigerer fbg T | a1q |77 39 & SR UR Y OMHD Gel T
q AR Sfacrhl & STY T N T—3NST fFHRIA aR0N — BRI oM, b iR
GR—IEDIIT DI TgT DI | S GHM TdT8 &R BT SUANT HRD AAHD JoI-T - TANHD ST
@I g1 H CFD uRoIEl d ofreT a1fdie rgar fawmn | 59 fivfa & g8 &) & fog, Aeia
3MMITIT TR AT 3 AR & SR W TS &5 FoR HRb IRAIad fhar 737 o, a8 CFD 3R
AN URIHET & 19 faded &1 3% & HWiaR &4 fBaT S 9 | a7 N Siofdl 5899 3iR
AR QHT UM & To—ATERT Sig—SIoTdl & YfEDhIT FagR Bl gl 1T | TRIET I U
T & b Sia—<IoTel FHM fRH1IT =R BT T&RIT BT B, BTl SIolel 38+ Bl T H AT
S AR <ad R | [14]

Abstract

The quality of fuel atomization is significantly influenced by the internal nozzle flow, particularly
under high-pressure injection conditions that induce cavitation. Characterizing cavitation bubble
formation is challenging due to the tiny dimensions of the nozzle, which restrict visual access for
experimental studies, and the complex, fluctuating spatial and temporal parameters that complicate
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numerical modelling. Accurate numerical models are essential for predicting cavitation behaviour. In
this study, computational fluid dynamics (CFD) analysis was conducted to investigate cavitation
flow within a cylindrical nozzle. The Volume of Fluid (VOF) multiphase model, combined with the
k —w@ SST turbulence model and the Zwart-Gerber-Belamri cavitation model, was employed.
Simulations were carried out for injection pressures ranging from 1 to 4.5 bar. A qualitative comparison,
based on vapor volume fraction, identified three distinct cavitation stages—cavitation inception,
development, and super-cavitation-consistent with experimental observations. Quantitative comparison
using fuel mass flow rate showed a slight overestimation in CFD results compared to experimental
data. To address this discrepancy, an area correction factor was proposed based on the vapor
fraction distribution at the nozzle outlet, reducing the deviation between CFD and experimental
results to within 3%. The study further explored the cavitation behaviour of diesel fuel and waste
cooking oil-based biodiesel. Results reveal that biodiesel exhibits similar cavitation stages, albeit at
slightly higher injection pressures compared to diesel fuel.

Y Teq: Y Soider Aloiel, DI, IeTbR AloTel, 131U, AURNE WM T b el
SIRINASCESINCE

Keywords: Fuel injector nozzle, Cavitation, Cylindrical nozzle, VOF, Waste cooking oil based
bio-diesel.
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