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1. Effervescent atomizer
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1. Slug

2. Gas-Liquid ratio (GLR)
3. Mixture

4. VVolume of Fluid (VOF)
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1. Multi-Fluid Marker and Cell (MFMAC)
2. ANSY'S Fluent
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Figure 1- Geometry and dimensions of Lin et al. [9] I-type effervescent atomizer (dimensions are in millimeters)
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1. Eulerian
2. Marker function
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1. Interface tracking
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1. Continuum Surface Force
2. Effective thermal conductivity
3. k— shear stress transport
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Figure 2- Internal flow field division of the effervescent atomizer along with its boundary conditions
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Figure 3- The meshing of the different parts of the effervescent atomizer using the ANSYS Meshing software
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Table 1- The boundary conditions of water and nitrogen inlet at different GLR values

GLR% Water velocity (m/s) Nitrogen mass flow rate (mg/s)
0.32 0.618 20.23
0.62 0.618 39.20
1.24 0.618 78.39
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Figure 4- The time-averaged values of the surface-averaged water volume fraction at four different cross-sections inside
the discharge passage of the effervescent atomizer for grids with different computational cells
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Table 1- The exit time of Nitrogen gas, the interval time and number of time steps to calculate the liquid film thickness exiting from
the outlet of Lin et al[9] I-type effervescent atomizer at different GLR values

o . Averaging time interval (ms) Number of time steps
0,

GLR% exit time of Nitrogen (ms) (at present work) )
0.32 8.6 17.2-23.2 48
0.62 6.7 13.4-15.4 27
1.24 5.2 10.4-11.4 21
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Figure 5- The liquid film thickness computed from the present simulation results at 3 mm upstream of the effervescent
atomizer outlet for different aeration ratios compared with the Lin et al. [9] measuring results
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Figure 6- Countors of nitrogen volume fraction and velocity within the middle surface across the length of the discharge passage of
the effervescent atomizer at different aeration ratios
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Figure 7- Countors of nitrogen volume fraction within the middle surface across the length of the discharge passage of the
effervescent atomizer at different times in GLR=0.32%
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Figure 8- Countors of nitrogen volume fraction within the middle surface across the length of the effervescent atomizer at different
times in GLR=0.62%
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Figure 9- Countors of nitrogen volume fraction within the middle surface across the length of the effervescent atomizer at different
times in GLR=1.24%
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English Abstract

Numerical study of the 3D internal flow field in the discharge passage of
effervescent atomizer at different aeration levels
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Two-phase flow field upstream of the discharge orifice of effervescent atomizer has been numerically studied
at 0.38 L/min liquid flow rate and different gas to liquid mass ratios of 0.32%, 0.62%, and 1.24%. The
internal flow of the atomizer has been three-dimensionally simulated using the volume of fluid method.
Aeration gas is considered as an ideal gas at all aeration levels due to the high velocity of it at the exit of the
aerating tube. At any aeration level, the simulation results have been represented by the contours of nitrogen
volume fraction at different times and the contours of velocity. At all considered aeration levels, according to
experimental results, the contours of nitrogen volume fraction show the annular flow regime is dominant in
the discharge passage of the simulated atomizer. Also, by increasing the aeration level, both the liquid film
thickness in the discharge passage and its change along the passage will be decreased. Therefore, it can be
expected the spray of the effervescent atomizer at high aeration levels be finer due to a reduction of the liquid
film thickness in the discharge passage and more uniform due to fewer changes in the liquid film thickness in
this passage.
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