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Added mass of slender cylinders with different end shapes
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Abstract: Based on the potential theory and the finite element method, the added mass of objects moving in
fluid was studied. Firstly, the added mass of a ball in the infinite domain and the added mass of a cylinder
in lateral motion in a tube were calculated to verify the validation of the codes. Then the added mass for
slender cylinders with different end shapes moving axially in a long tube fluid was analyzed. The results
show that under a given diameter of the tube, the added mass for the slender cylinder is proportional to its
length. And the slope of the linear relationship increases rapidly with the decrease of the distance between
the slender cylinder and tube wall. Moreover, when the length of the cylinder is much larger than its
diameter, the shapes of the cylinder ends have little influence on the added mass.
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Fig.1 The computation model and mesh of a ball Fig.2 The computation model and mesh of a cylinder

moving in infinite fluid domain moving laterally in coaxial pipe(R=5)
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Table 1 The added mass of cylinders moving laterally in coaxial pipes

SPRAE AR R BEn B i CHLEAED  BEn B G D FHXT R 2/ 20

5 3.403 392 3.403 38 —0.000 353
10 3.205 06 3.204 82 —0.007 488
15 3.169 64 3.169 04 —0.018 93
20 3.157 34 3.154 06 —0.103 885
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Fig.3 The computational model of cylinders moving axially in infinite pipe
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Fig.4 The partial mesh around the cylinder end(R=2,l=5)
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Fig.5 The fitted curves between the added mass
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Table 2 The slopes and intercepts under different ratios of diameter

and the cylinder length(R=1.1)
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1.4 3.272 3.352 3.272 4.697 3.272 2.797
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2.0 1.047 3.226 1.047 2.820 1.047 2.229
5.0 0.131 3.535 0.131 2.375 0.131 2.349
10.0 0.032 3.711 0.032 2.509 0.032 2.536
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Fig.6 The relationship between added mass and length of short cylinder with rounded end
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