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A new method of formulating the consistent mass matrices

for force-based beam elements

ZUO Zhan-xuan', LI Shuang*', ZHAI Chang-hai', XIE Li-li'"*
(1. School of Civil Engineering. Harbin Institute of Technology, Harbin 150090, China;

2. Institute of Engineering Mechanics,China Earthquake Administration, Harbin 150080, China)

Abstract;: The displacement-based beam elements can not effectively describe the internal displacement
field for variable cross-section beams. The only method to solve this problem is to use more elements,
which will increase the computational cost. Force-based beam elements, which use the force interpolation
functions and can get the accurate displacement interpolation functions,have advantages of dealing with
the variable cross-section beams and have higher accuracy than the displacement-based beam elements.
This paper derives the consistent mass matrices considering moment of inertia and shear deformation.

The accuracy and efficiency of the mass matrices is verified by numerical examples.

Key words: beam elements;shear deformation;consistent mass matrices
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Numerical simulation of two self-propelled fish swimming

in a tandem arrangement

WANG Liang*"'s, WANG Ming”®, FU Qiang'
(1. School of Meteorology and Oceanography,PLLA University of Science and Technology,Nanjing 211101, China;
2. School of Hydraulic Engineering,Dalian University of Technology.Dalian 116024 ,China;
3. Yellow River Institute of Hydraulic Research,Zhengzhou 450003, China)

Abstract: Using an adaptive version of immersed boundary method, the self-propelled swimming of two
tandem fish with the same tai-beat frequency was investigated numerically. The energy-saving effect was
analyzed by introducing a novel concept of energy-saving efficiency. The results show that the self-pro-
pelled swimming speeds of the two tandem fish are higher than that of single fish. The drag of the down-
stream fish is increased,and the power consumption is reduced, which means the downstream fish can ex-
tract energy from the vortex induced by the upstream fish. On the other hand, the upstream fish can also
benefit from the downstream fish when the streamwise distance between the two tandem fish is small
enough. In addition, the results also show that high propulsive efficiency does not mean high energy-
saving efficiency. The energy-saving effect of the anti-phase case is more remarkable than that of the in-

phase case. The average energy-saving efficiency of the anti-phase case is as high as 22. 4%.

Key words: tandem arrangement;self-propelled swimming; propulsive efficiency;energy-saving efficiency



