Helvetica Physica Acta 0018-0238/89/030282-04$1.,5040.20/0
Vol. 62 (1989) (c) 1989 Birkhduser Verlag, Basel
PROPERTIES OF HYDRODYNAMIC SYSTEMS WITH FLEXIBLE BOUNDARY
CONDITIONS

F. Dinkelacker, P. Delsz, A. Hlibler (), E. Liischer

Physikdepartment E 13, Techn. Univ. Miinchen, D - BO86 Garching, FRG
(#) Institut fiir Theoretische Physik und Synergetik, Univ. Stuttgart,
D — 7000 Stuttgart 80, FRG

Abstract: In a circular channel we investigate experimentally the dynamics of a
solid body which can move perpendicular to the axis of the channel. If the flow in
the tube is slow and steady the stable stationary state of the system satisfies a
variational principle. We show that al this state the Reynolds number reaches its
maximum value. A generalisation of these results for bodies with deformable

boundary conditions might have important applications in technical hydrodynamics.

1. Introduction

It has been proved by Helmholtz and Korteweg /1/ that if the velocities at the
boundary are given, the slow steady motion of an incompressible viscous liquid sa-
tisfies the condition of making the dissipation an absolute minimum. Feynman /2/
has shown, that the dissipation due to the Ohmic resistance reaches its minimum
value at the steady state If the boundary conditions for the current are kept fixed.
Recently it has been shown /3,4,5/ that the dissipation reaches a minimum at the
stationary state too if the boundary conditions for the current vary essentially
slower than the typical relaxation time of the distribution of the electric carriers.
In this paper we Investigate analogous hydrodynamic systems where the boundary
conditions are not kept fixed but may change slowly compared with the typical

time scales of the flow,

2. Experimental results
A solid body (Fig. 1) hangs on a thin wire (¢ = 0.1 mm, length = 45 cm) in a verti-
cal circular channel (Fig.2). The fluld 1s oil. With two valves the amount of oll Q
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flowing through the channel Is regulated, If the level of the oil in the channel sta-

ys on a constant value Q Is nearly Independent of the position of the solid body.
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We investigate experimentally the stationary position y of the solid body for se-
veral values of Q. Fig. 3 Indicates that the solid body approaches the boundary of

the channel at low values of Q . At larger values of Q a position in the center of

the channel seems to be stable.
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Fig. 3: The distance y of the centar of the solid body from the center of the channel

versus Q for two different liquids. Liguld A: viscoslsty 7

e = 0.86 g/cm” (a,b) ; Uquid B: n = 0.32 Pa s, p = 0.87 g/cm’

= 0.045 Pa s,
{c.,d) .

density

The stationary state for Q = 0 is at ¥, = O (a,c) and at Y= 2 mm (b,d).
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3 Discussion
In order to explain the experimental results we use a simplified model. The out-
flow of an reservolr is divided Into two channels by a plate which can move per-

pendicular to the axis of the channels (Fig. 4).
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Fig. 4: A movable plate divides the outflow of a reservoir Inte two channels. The pressure
at the end of the outflow Is zero, Q Is kept at a fixed value.

If the dynamics of the incompressible, viscous flow in the channels is estimated
by the relations of a Poiseullle flow/6/ and the retaxation time of the motion of
the fluid is essentially smaller than the typical time scale of the dynamics of the

plate the potential energy can be estimated by:

1°Q% ] (1)
e (a2+3y2)2

vV = ¢

where ¢ = 18 A} 2 / (g a® b2 ) with the geometrical quantities A, /, a, b (see
Fig. 4), gravitational constant g, viscosity 75, density pand | y | < a .

In this case the motion of the fluid is slaved /7/ by the position of the plate.
Therefore there is no explicit time dependence of V . If we assume, that V rea-
ches a minimum at the stable stationary state we have y = * a for stable statio-

nary states, [.e. one channel Is closed. In this case the dissipation

61 2 1
P = —. 8 e —m— (2)
ab ¥R {a?+3y2)
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reaches its minimum value too. In this simple system the dynamics of the plate
models the dynamlics of the solid body, the reservoir models the storage of the
fluid In the real channel, The simple model seems to explain the stabilisation of
the position al the boundary of the channel. Since the motion of the solid body is
not exactly horizontal there is a small additional gravitational force acling into the
direction of the position of the solid body for Q = 0 . Therefore the position at
the boundary becomes unstable for small Q if Iyo | # a. Up to now we have no

explanation for the destabilisation of | y | = a for large values of Q.

4, Conclusion

If gravitational forces can be neglected or If the solid body moves exactly hori-
zontal, the solid body approaches a stable state at the boundary for small values
of Q. At this state the Reynolds number reaches its maximum value and the dissi-
pation its minimum vatue. The simple model indicates that a body with a deformable
shape, e.g. a flexible cover with a medium of very high viscosity inside should
approach a state with the same propertles if the time scale of the deformation is
essentially longer than the time scale of the fluid in the channel. An application of

this effect might be the improvement of streamline shaped bodies.
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