Kondepenuist motogux yuenux «IlizcrpuraviBebki untanns — 2017»,
23-25 TpaBus 2017 p., JIbBiB

YK 532.595

STEADY-STATE RESONANT DAMPED SLOSHING
IN UPRIGHT CIRCULAR TANK

Ihor Raynovskyy
Institute of Mathematics of NASU, ihor.raynovskyy@gmail.com

By using a nonlinear Narimanov-Moiseev modal theory [1], we study the linear
damping effect on the steady-state resonant sloshing in an upright circular tank.
The tank performs periodic sway/surge/roll/pitch motions with the forcing
frequency o close to the lowest natural sloshing frequency o, . The surface

tension is neglected that suggests, as we show, the relatively large tank radius
(r, =5 cm) .The damping terms accounts for the logarithmic decrements of the

natural sloshing modes due to frictional (laminar boundary layer) effect on the
wetted tank surface as well as the viscous bulk dissipation. The damping
coefficients are theoretically evaluated by using Miles' [2] asymptotic formula in
terms of the Galilei number. Numerical analysis shows that the damping
coefficients are of the same asymptotic order in the adopted theory; they can be
neglected for higher modes and, totally, in the theory as r, > 20 cm .This means

that the presented studies are of practical interest for laboratory tanks (e.g.,
bioreactors) with 5 cm <y <20 cm.

The analytical asymptotic steady-state solutions of the Narimanov-Moiseev
modal equations are derived and their stability is analysed by combining the linear
Lyapunov method and the multi-timing technique. We prove that, within to higher-
order quantities, the steady-state solutions are the same as for those appearing due
to either longitudinal or elliptic or rotary harmonic tank excitations. The analytical
steady-state results can be numerically treated in terms of the three-dimensional
(o/0oqq,A,B) response curves, where Aand B are the lowest-order amplitude

parameters, which correspond to the primary-excited lowest (degenerating)
sloshing modes.

The typical damped vs. undamped response curves for the longitudinal
forcing type are presented in fig.1 when planar and swirling steady-state wave
types are theoretically and experimentally confirmed. Comparing (a, undamped)
and (b, damped) cases shows that the linear damping can dramatically affect
swirling so that an arc-like response curve PH,H,P, appears instead of the

branches with infinitely-located points, which are demonstrated in the panel (a).
The results on the response curves are generalized for elliptic and rotary forcing
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types. The theoretical expectations on the steady-state wave elevation and
hydrodynamic forces are supported by experiments.

Figure 1:The undamped (a) and damped (b) response curves of the steady-state sloshing for
a longitudinal forcing type. The liquid depth-to-r ratio is 1.5, the nondimensional forcing
amplitude is equal 0.01, the damping coefficient for the primary-excited mode in (b) equals
to 0.02.The solid lines denote the stability. The response curves belonging to the
(o !0, A) plane correspond to the so-called planar wave regime but the three-dimensional
curves imply swirling. There are no stable steady-state sloshing (irregular, chaotic waves are
expected) in the frequency range between U and P in (a) (or P, in (b) respectively).
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YCTAJIEHI PE3OHAHCHI KOJIMBAHHA PITUHU Y
BEPTUKAJIbHOMY KPYTOBOMY KOHTEMHEPI
3A HASIBHOCTI JEMII®YBAHHSA

Buxopucmosyemvca neninivina mooanvna meopis Hapimanosa-Moiceecea 0na docnioxcenns
YCMAnenux pe30oHaHCHUX XGUJb, 3YMOGIEHUX NepioOOUYHUMU pyXamu 0axy 3 4acmomoro,
OnU3bKOI0 00 Nepuwioi 8IACHOI Yacmomu KOAUBAHHA PIOUHU, KOMU CYMMEBOK € JTIHIUHA
Ooucunayia 6 cucmemi. Teopemuuna oyinka ocmamnHbOi NPU360OUMb 00 0OMedICeHHs Ha
padiyc baxy, ske € munosum 015 6iopeaxmopis. [lobydosano anarimuunuil (nepioouyHuil)
PO38 530K 3a0aui, O00CNIONCEHO 1020 CMIUKICMb, NPOKIACUDIKOBAHO MUNU YCMALEHUX
xeunw. Teopemuuni pezynomamu nopisHaHo i3 gidomumu excnepumenmanviumu. Ilpogeoero
YUCenbHUL NOPIGHATbHULL AHATI3 MINC AMNIIIMYOHO-YACMOMHUMU XAPAKMEPUCMUKAMY 13 MA
be3 gpaxysanms AinitHOL ducunayii.
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