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Geometry and computational condition 

(a)                                                                                                                   (b) 
Figure 1 The computational domain. (a) Three-dimensional view of the numerical domain. (b) Domain dimension and 

boundary condition. 

(a)                                                                                                 (b) 
Figure 2 Details of mesh arrangement. (a) Overall mesh arrangement. (b) Local mesh around the nozzle exit 

 

 

Figure 3 Mesh sensitivity test in axial and radial direction. 
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Numerical results and analysis 
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Figure.4 Comparison of vortex ring between CFD results in this work and experimental results by Gharib et al. 
(a) T*=2; (b) T*=3.8; (c) T*=14.5. 

 

Figure.5 The formation and propagation of the vortex ring for single pulse T*=6 in calm water. The formation times are 
t*=1.5 (a), t*=4.5 (b), t*=6.6 (c), t*=9 (d), t*=12 (e), t*=15.6 (f), t*=19.5 (g), t*=21.6 (h). 

 

Figure 6 Boundary conditions of case with ambient flow. 
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Figure.7 The formation and propagation of the vortex ring for single pulse T*=6 with background flow . The
formation times are t*=4.5 (a), t*=9 (b), t*=12 (c), t*=20.4 (d)

Figure.8 The formation and propagation of the vortex ring for cyclic pulse T*=3.9 in calm water. The formation times are 
t*=1T*(a), t*=1.2T*(b), t*=2T*(c), t*=2.3T*(d), t*=3T*(e), t*=3.5T*(f), t*=4T*(g), t*=4.5T*(h), t*=5.5T*(i), t*=6T*(j), 

t*=7T*(k), t*=8T*(l) 
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