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25 Sloshing in Arbitrary Shaped Tanks

[Discussion] Prof. H. Miyata: The authors
efforts to apply a finite-difference fluid simulation
method to practical engineering purposes are very
valuable. However, for further improvement the
following points seem to me of importance.

(1) The effect of cell size must also be studied,
since the truncation error is approximately propor-
tional to 4x2. When one uses very coarse cell
system, the numerical viscosity, that arises from
the truncation error of the convective terms, may
excessively attenuates the fluid motion.

(2) The present treatment of the free-surface
may restrict wave motion which can show intense
nonlinearity including overturning and breaking
motions depending on the conditions. Qur previous
worle (this Journal, Vol.156 and 157) may give

useful informations on this point.

Mr. T.Misawa : We appreciate your efforts to
the development of consistent and economical cal-
culation procedure predicting the likely sloshing
pressures at the design stage for arbitrary shaped
tanks and their structure.

In the particular design of tanks, designers are
always concerned with a structural analysis proce-
dure as well as a prediction of sloshing pressures.

Thus, we are very much obliged if we could
have some knowledge about how Lloyd’s Register
of Shipping is planning to introduce the computed
sloshing pressures using LR FLUIDS program into
a structural analysis for ensuring structural ade-
quacy against sloshing of fluids in the design ap-

proval of particular tanks and their structure.

Dr. M. Arai: I was very impressed with the au-

thors’ new procedure, which makes use of the
‘Sloshing Excitation Spectrum’, to obtain the worst
sloshing condition. It has the possibility to reduce
computer simulation time remarkably comparing
with the procedure using the harmonic forced ex-
citation. Concerning to authors’ procedure, I
would like to raise a following question :

Fig. A1l is a result of numerical simulation con-
ducted by the discusser® using the harmonic forced
excitation. The use of the harmonic excitation
certainly gives the fully developed worst responses
by several cycles of excitation. On the other hand,
it seems to me that your procedure in Fig.1 con-
tains rather small number of excitation and gives
smaller values for the worst responses than the
harmonic excitation. I would like to hear your

opinion on this point.
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Fig. A1 An example of calculated wall
pressure history of a tank with
chamfers by harmonic forced
excitation

%) Experimental and Numerical Studies of Slo-
shing Pressure in Liquid Cargo Tanks, Jour-
nal of the Society of Naval Architects of
Japan, Vol. 155

Mr. T.Tanaka : I would like to congratulate you
on the contribution of establishment for evaluating
sloshing phenomena in arbitrary tanks by means
of numerical computation.
procedure of

(1) You proposed an unique
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sweeping excitation frequencies near the tank’s
resonance frequency. And you changed the exci-
tation periods from longer to shorter as shown in
Fig.1. Are there any other results if you change
the period from shorter to longer?

(2) Generally speaking, for design of tanks in
an LNG carrier, it is considered that three-dimen-
sional (3D) effects may be important. You state
that the two-dimensional approach may be applica-
ble to most tank designs, if suitable calibration
was conducted. From my experience of 3D ran-
dom excitation model tests, it seems to me that
it is not easy to calibrate in order to find some
relationships between 2D computed results and 3D
tests. If you have some sorts of ideas, please
teach us.

[Reply] We would agree with Professor H. Miya-
ta that cell size is important and consequently,
to determine a practical optimum, we conducted
numerical experiments where we saw that further
grid refinement did not result in significant altera-
tions to either pressures or free surface motions.
The only exception was from computed pressures
on sloping boundaries, where, due to modelling the
slope by steps, a smaller cell size tends to reduce
the predicted pressures. As Professor Miyata points
out, LR.FLUIDS employs a single valued represe-
ntation of the free surface distribution along the
tank and thus cannot model overturning and brea-
king waves. However, it should be stressed that LR.
FLUIDS accounts for all dnon-linearities in the
Navier-Stokes equations. Modelling breaking waves
would require a considerably smaller cell size and
consequently larger computational time and it is
therefore not justified in our opinion for a nume-
rical sloshing design evaluation and classification
procedure.

We would like to thank Mr. T. Misawa for rai-
sing the important subject of the use of sloshing
pressures to assess structural adequacy. Although
the paper concentrates on the hydrodynamic
phenomenon itself, we briefly state that at
present at Lloyd’s Register the pressures are used
in a static plastic collapse structural analysis. The
procedure that has been adopted uses a moving
average numerical filter on the pressure time histo-

ries so as to obtain an appropriate static equivalent

to the computed impulse signals. A study of the
dynamic structural response to impact loads is pre-
sently underway and will be reported in the fu-
ture.

Dr. M. Arai, as ourselves, recognises the need
for an excitation scheme which would bring about
computational efficiency. From his experience how-
ever from harmonic excitation runs he points out
that a number of cycles are needed before the
pressure signals fully develop to their maximum
values, as seen on figure A1l. Whereas in harmo-
nic excitation the tank is started from rest with
the free surface horizontal, the “Sloshing Excita-
tion Spectrum” at any one instance produces pre-
ssure and free surface responses, not from rest,
but from fluid motions which would have been
fully developed if the excitation had not been con-
tinuously changing. Since in our Excitation Spec-
trum the motion starts with a large period, and
thus little violence in the fluid, and slowly be-
comes faster, we achieve nearly fully developed
pressure signals at all periods in the range under
examination. We have satisfied ourselves that the
rate at which we change the period does not sig-
nificantly affect the derived responses, by perform-
ing numerical experiments using different rates
of period variation and also purely harmonic exci-
tation tests. Finally, we wish to point out that
using the Excitation Spectrum we ensure that the
resonant period is picked, whereas in the case of
harmonic testing this would necessitate a number
of experiments or computations. The first ques-
tion by Mr. T. Tanaka is covered in the reply to
Dr. Arai. Here we only wish to point out that on
one occasion we examined an excitation spectrum
with the reverse period variation, ie starting from
fast motion and slowing down with time. Con-
trary to expectation we did not record significant
differences in the fluid’s response compared to the
corresponding computation which used the adopted
period reducing excitation.

Mr Tanaka also raises the interesting question of
calibration between Two and Three dimensional
results. The limited model experiments we carried
out do not allow us to offer a definite formula for
this calibration. However, we have simply made

the hypothesis that if the generally accepted tech-
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nique, of taking the square root of the sum of
squares of pressures from two separate Two dimen-
sional runs, is to be adopted, then we have pro-
posed that this form of addition should employ
pressures which are obtained at the same period
of excitation. In other words, for a tank in which
the liquid has distinctly different natural periods in
the two principal horizontal directions, then it
must surely be unrealistic to combine pressures
from two tests which were performed at different
resonant periods. Sloshing model tests could be
purposely conducted to address the question of

calibration by the square root technique and the

viability of our hypothesis. As more designers
become convinced on the practicality of sloshing
computations and, furthermore, in view of the
computational expense associated with a Three
dimensional numerical simulation we believe that
such model tests are worthwhile and should there-
fore be encouraged.

Finally, we would like to thank all the contri-
butors for their kind words of encouragement and
for discussing this paper. The interest shown in
our work and the warm reception we received by

members of the Society are truly appreciated.
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