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Implementation of Force Sense Presentation
for Interactive Fluid Simulation
Akinori YAMAGUCHI
Abstract

Recently, interactive simulation is coming to be done in the various fields,
caused by the rapid improvement of the computer performance. This system
needs to perform a simulation in realtime corresponding to the interactive op-
eration by the operator and to show the result at once by means of vision and
others needs. Fluid simulation is regarded as important in many fields such
as engineering or medicine, nevertheless fluid simulation is rarely applied for
interactive simulation, because of its high computational cost and difficulty of
coping with interactive operation. To be applied for fluid simulation to interac-
tive simulation, it is necessary to use suitable numerical model and to accelerate
computing.

First, we implemented interactive fluid simulation by using GPU for calcu-
lation of fluid by lattice Boltmann method and for process to be visible, and
by using CPU for calculation of force and for control of a device for the sense
of touch. This simulator shows force by a device for the sense of touch and we
can move a object in fluid in real time. It could actualize much higher speed
calculation by calculating about fluid on GPU than on CPU. It calculates the
force by momentum exchange method. But, force calculating by momentum
exchange method is not always correct in fluid mechanics.

In general, calculation of force to receive from fluid is very complex. This
complex calculation makes simulation in realtime impossible. Therefore we cal-
culate the force by Comprehensive fluid approximate calculation method. Force
calculation by using this method is proportional to square of relative speed. This
relation is correct in fluid mechanics. But according to the shape of the object,
force isn’t correct. And this method cannot express the different of force accord-
ing to the shape of the object. Calculation method of the force due to pressure
is introduced. This method require higher accuracy than approximate method.

Object in fluid is received force. It causes this force with pressure differ-

ence around object. Force is calculated by integrating pressure around object.
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In lattice Boltmann method, pressure in each points is proportional to den-
sity.We inspect density distribution around the object. Pressure in each points
is nearly equal to mean density. Therefore, force calculated by integrating pres-
sure around object is not force which it can be satisfied.

The force which depends on the object is calculated with pressure which is
revised usinng the equation of state which Batchelor and others uses for ex-
pression of water. This revising pressure make pressure of the part below mean
density smaller and pressure of part above mean density larger. It became pos-
sible to calculate the drag which satisfies the character of the aeromechanics
that it is proportionate to the standard area of the object and square of relative
speed of the fluid and the object with the calculation which uses this pressure
base. With this revision, the computational complexity increases somewhat.
But increase of the computational complexity was held down to minimum by
doing arithmetic type deformation. This caluculation method based on pres-
sure can exress the difference of the force with the object form which cannot
be expressed in the approximate calculation based on the macroscopic model.
Furthermore we verified that caluculation by this pressure model can express
the lifting force of object.

Using force calculation by pressure in interactive fluid simulation makes

implementation of simulator which can be present high accurate force possible.
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