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ABSTRACT

An approximate analytical method has been developed for estimating
hydrodynamic forces acting on oscillating inner cylinder in concentric annulus. When
the rigid inner cylinder executes translational oscillation, fluid inertia and damping
forces on the oscillating cylinder are generated by unsteady pressure and viscous skin
friction. Considering the dynamic-characteristics of unsteady viscous flow and the
added mass coefficient of inviscid fluid, these hydrodynamic forces including viscous
effect are dramatically simplified and expressed in terms of oscillatory Reynolds
number and the geometry of annular configuration. Thus, the viscous effect on the
forces can be estimated very easily compared to an existing theory. The forces are
calculated by two models developed for relatively high and low oscillatory Reynolds
numbers. The model for low oscillatory Reynolds number is suitable for relatively high
ratio of the penetration depth to annular space while the model for high oscillatory
Reynolds number is applicable to the case of relatively low ratio. It is found that the
transient ratio between two models is approximately 0.2 ~0.25 and the forces are
expressed in terms of oscillatory Reynolds number, explicitly. The present results show
good agreements with an existing numerical results, especially for high and low
penetration ratios to annular gap.
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Table 1 Comparison of the added mass coefficients and the nondimensional
damplng forces obtained by the present method with the existing numerical

results”
| Added Mass Nondimensional Damping

bla Res 8,/ H Coefficient ( a) Force ( F\) |
Present Result Numerical Present Result | Numerical

L aw X Result -Fu | -Fs | Result

50 | 0.80 " 6.85 574 | 24.19 | 5.11 22.02

125 | 500 | 025 | 5.77 |  5.33 5.65 2.42 1.62 244
5000 | 0.08 4.85 502 | 024 | 0.51 0.55
50 | 0.40 | 3.34 3.50 | 4.23 1.91 3.89

1.5 | 500 | 013 . 350 |- 292 | 311 | 044 | 060  0.67
5000 | 0.04 | 2.79 2.77 0.04 | 0.19 . 018

50 | 0.20 2.07 238 | 1.02 078 1.08

2.0 500 | 0.06 | 248 | 193 1.92 0.10 | 0.29  0.28
5000 | 0.02 189 | 1.74 | 0.01 | 0.09 :  0.08
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the numerical method(symbols)
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