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Numerical simulation of primary breakup and secondary

atomization for centrifugal nozzle
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Abstract; The centrifugal nozzle has a large axial rotation velocity component, which induces an air
core to produce a hollow conical liquid film at the nozzle outlet. The hollow conical liquid film will under-
go the primary breakup and secondary atomization, and the flow behavior is complex. In this paper,a mul-
tiphase flow model named Volume of Fluid-to-Discrete Phase Model ( VOF-to-DPM) is adopted and it
combines the Volume of Fluid method and the Euler-Lagrange method. Combined with the adaptive mesh
refinement method , the characteristics of atomization flow field of the centrifugal nozzle with double tan-

gential holes are studied. The whole process from the generation, development to the primary breakup and
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secondary atomization of the hollow conical liquid film is analyzed. The results show that the atomization

angle of the nozzle simulated based on the VOF-to-DPM multiphase flow model is basically consistent with

the atomization angle measured by the experiment, which verifies the reliability of the numerical model in

this paper. The existence of adaptive grid in the calculation process can simulate the formation of the lig-

uid filmmore accurately. The hollow conical liquid film is more stable with the increase of mass flow dur-

ing the process from development to primary breakup. The total number of liquid particles produced by the

liquid film secondary atomization decreases with the increase of mass flow rate, and the particle size dis-

tribution is more uniform.

Keywords ; centrifugal nozzle ; numerical simulation; VOF-to-DPM; hollow conical liquid film; pri-

mary breakup; secondary atomization
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Fig.1 3D schematic diagram of centrifugal nozzle
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Fig.4 Volume fraction of water in the center

section without mesh adaptation
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Fig.5 Volume fraction of water in the center

section with mesh adaptation
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