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1. Atomization
2. Vena Contracta
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1. Rayleigh—Plesset
2. Kiva 3v
3. OpenFOAM
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Figure 2- Mesh generated in nozzle flow field
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Figure 1- Winklhofer nozzle model
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Table 1- Deteailed settings for numerical simulation

Physical properties

Diesel (Main phase) Diesel steam (Second phase)
Density (kg/m3) 840 0.029
Viscosity (kg/m s) 0.0025 3.1x10°
Surface tension (N/m) 0.02 -
Saturated vapour pressure (Pa) 870 -

Boundary condition

Boundary at inlet

Pressure inlet=10Mpa

Boundary at outlet

Pressure outlet=1-6 Mpa

Turbulence intensity

0.16 X Re~1/8

Turbulence length scale

0.07D

Cavitation model

Cavitation model

Schnerr—Saue model

Volumetric number density of bubbles
(m_3)

3/2
n, = nref X ((pv - P)/Pv)

Critical pressure of cavitation (Pa)

Per =Py + 2u(1 + Copte /1) X Sppx
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Figure 3- Velocity contour on symmetry plan at Ap = 6Mpa
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Figure 4- Prussre contour on symmetry plan at Ap = 6Mpa
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Table 2- Physical properties of water

properties
Density (kg/m3) 998
Viscosity (kg/m s) 0.001
Saturated vapour pressure (Pa) 2360
Temperature (K) 293
Volumetric number density of bubbles (m_3) 1.9x10™"
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Figure 11- Velocity contour in symmetry plan at h=0.1mm, k*?=1.094
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Figure 12- Vapor volume fraction contour at h=0.1mm for different cavitation numbers
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Figure 14- Variation of flow coefficient with cavitation number for different needle lift
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English Abstract

Numerical Analysis of the Effects of Needle Lift and Seat on the Cavitation

Flow in the Diesel Injector Nozzle

Miralam Mahdi and Mohammad Salari
1- Department of Mechanical Engineering, Shahid Rajaee Training Teacher University, Tehran, Iran

(Received: 2015.8.17, Received in revised form: 2016.2.18, Accepted: 2016.3.17)

In this paper, cavitation flow inside the injector nozzle has been numerically simulated using ANSY'S Fluent
v15. The validations were performed with experimental results of Winkhofler et al. (2001). The calculated
results from the three dimensional numerical simulation of cavitating flow in the nozzle with mixture multi-
phase cavitating flow model have good agreement with the experimental data. Several important parameters
such as mass flow rate and velocity profiles were used for the validations. The cavitation model used in the
simulations is Schnerr and Sauer cavitation model. Due to high Reynolds numbers, turbulence effects have
been taken into account by RANS methods using RNG k—e model. PRESTO discretization method is used for
pressure equation and second upwind discretization method is used for momentum equation. The discharge
coefficient is computed for several cavitation numbers and needle lift. The results show that the needle lift
and seat shape of the nozzle have a strong influence on the volume fraction of diesel vapor and the discharge
coefficient in the nozzle.

Keywords: Injector, Cavitation, Seat shape, Needle lift, Flow coefficient
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