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Frequency response of liquid jet under nozzle velocity disturbance
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2. Digital Technology Research Institute,
CHINT Group Corporation, Hangzhou 310052, China)

Abstract: Based on the VOF (volume of fluid) interface capture method and the dynamic
adaptive grid technique, a direct numerical simulation of the breakup process of a circular jet was
carried out. The surface morphology of the circular jet and the response characteristics of liquid lig-
aments and droplets under different disturbance frequencies were revealed. The results showed
that Rayleigh linearized dispersion theory can well explain the instability process of jet surface
wave. When the nozzle disturbance frequency (66. 6 kHz) was less than the theoretical critical val-
ue of 95. 5 kHz, the jet gradually lost stability with the evolution of time and space. When it was
greater than the critical value, the amplitude of surface wave gradually weakened and the liquid
core became smooth. When the surface wave was unstable, the falling droplets impacted the nod-
al structure and impact dents left on its surface; with the increase of nodal amplitude, the liquid

film broke through, and then a large number of detached liquid ligaments and droplets were
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formed. Appropriate frequency disturbance can reduce the velocity fluctuation of the jet head and

slow down the atomization process of the jet. The breakup of the jet surface wave and the breakup

process of the liquid core head determined the size of the SMD (Sauter mean diameter) of spray

field,

and there existed mutual coupling between them.

Key words: frequency response characteristics; circular jet; velocity disturbance;

VOF method; surface morphology; liquid ligament; droplet
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Table 1 Flow conditions of liquid and gas

HIREN W/ (m/s)  #E/(kg/m’)  ZHHEE/107° (Pass) o/(N/m) [FFEfLE AR /pm  JEJ1/MPa
Tk 30 848 287.00 0.03 100
Sk 0 34.5 1.97 3

B R 2 A

Fig.1 Schematic diagram of computational domain

R2 RNNIEDPE

Table 2 Minimum grid resolution

x| BN BER /pm
1 3.90
2 1.95
3 0.98
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Fig.2 Schematic of the adaptive grid refinement
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Fig.3 Comparisons of overall jet shape under three sets
of grid (=72 ps)
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Fig.5 Contraction of the jet under surface tension
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o Numerical result
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Fig.6 Comparison of theoretical and simulated results
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Fig.7 Variation of surface wave growth rate with

wave number
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Table 4 Disturbance frequency in six cases
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Fig.9 Evolution of jet surface waves (/=300 kHz)
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Fig.10 Evolution of jet surface waves (f=66.6 kHz)
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Fig.11 Process of droplet impacting surface wave
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