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Using various cylindrical rigid riser models, top forced oscillation tests have been carried out to study interactions
between hung-off risers and an internal fluid. A theoretical model of a weakly-damped oscillator has been applied to reveal
the mechanism of such interactions. It has been shown that the theoretical model can explain the experimental results
adequately. Coefficients of friction on inner surfaces of risers have been quantitatively investigated. Applying the theory for
oscillating flows in pipes, the expressions that represent relationships between friction coefficients and Reynolds numbers
have been partly confirmed with the experimental data.

INTRODUCTION

Developing the riser system aimed at ultra-deepwater greater
than 4000 m has been required for the scientific purpose of the
Japanese drilling vessel Chikyu (Isozaki and Ozaki, 2008).
A structural response of a hung-off riser is one of the

critical issues in the development of such riser systems for
ultra-deepwater, where a hung-off riser means a riser pipe discon-
nected from the sea bottom under the Lower Marine Riser Pack-
age (LMRP) and hung from the vessel in an emergency condition
(Fig. 1). In such a condition, a vessel’s heaving motion provides
dynamic tension on the top of a riser pipe that can lead to the
significantly amplified axial oscillation of the bottom end of the
riser pipe near its resonant frequencies. Greenfield and Lubinski
(1976) have provided the theoretical formula and solved this kind
of problem to estimate the stroke of the bumper subs at the bot-
tom end of a deep-sea drill pipe.

Chung and Whitney (1981) have applied the theory and numer-
ically solved the problem for dynamic vertical oscillation of an
ocean mining pipe. They have shown that the bottom-end ampli-
tude increases with increasing length of pipe.

This indicates that dynamic tension on the top of a riser pipe
increases with increasing riser length because of the inertial mass
of the riser with buoyancy modules and a dynamic amplification,
although the riser weight in water can be reduced by the buoyancy
modules.

Thus an accurate estimation of a dynamic amplification would
become increasingly important in designing long risers. The iner-
tial mass of a riser, axial rigidity, added mass and damping forces
caused by internal and external fluids are important parameters
affecting the accuracy of such estimation. Especially, the internal
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fluid motion can be excited by the risers at their natural frequen-
cies, which may affect the riser motion significantly. Hence such
an interaction problem has been picked up in this study.

Yasukawa, Ozaki and Ishida (1999) have proposed employing
50% of the internal fluid mass as the added mass along the riser
and to ignore damping force by the internal fluid. This proposal
is believed to provide a conservative estimation.

While Miller and Young (1985) showed that it is possible for
a natural period of an internal fluid column in the expansion and
contraction mode to coincide with a vessel’s heave response, and
in such a way that the internal fluid column mass may be the
dominant contributor to the dynamic top tension. For example, the
natural periods of internal sea-water columns 2500 m and 4000 m
in length are about 3.4 s and 5.5 s, respectively. The latter period
is in a more significant frequency region with respect to a wave
spectrum and/or a vessel heaving. Note that Miller and Young
(1985) assumed that one end of the riser was closed, and they

Fig. 1 Schematic diagram of deepwater riser in hung-off mode




