Rotation

Problem:

A long rod, partially and vertically immersed
in a liquid, rotates about its axis. For some
liquids this causes an upward motion of the
liguid on the rod and for others, a downward
motion.

Explain this phenomenon and determine the
essential parameters on which it depends.

- theory

* downward motion
* upward motion

- experiments

- conclusions



theory: downward motion (1/3)

In the middle of rotating lig-
uids a spinal column can be
found. It rotates like a solid

body. %
- —
v In this area the downward mo-
tion would have the form of
Yy ~ 2.




theory: downward motion (2/3)

When rotating a rod in a liquid this area is re-

placed by the rod. Therefore the outer area must
be observed.

It has the following form (for infinite case):
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centrifugal force : Fy, =m-L£ (2)
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gravity : Fg = mg (3)



downward motion (3/3)
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A For the forces

The shape of the liquid surface is therefore:
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theory: upward motion (1/4)

Polymer liquids are totally different:

coiled up as fluffy little in sheared liquids
ball



theory: upward motion (2/4)
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- velocity profile
- comparison: rubber band
- shear rate v generates the shear stress

S =mny (6)



theory: upward motion (3/4)

- Ccreates the torque

T = 27 R?lS (7)

principle of mechanics:

211r?1S,0q = 27 R21SR (8)
with (6) follows:

r*Yrod = R%Y (9)
with v = 2w (literature) follows

r2

with the material constant W follows for the normal
stress
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N = 4\Uw2ﬁ (11)



theory: upward motion (4/4)

energetic assumption W = pV = dW = pdV 4V dp:
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with gravity follows:
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experiments

Our polymer liguid was Sedipur.

For the experiments in both cases applies:

1St: They can’t proof the theory.
But the measurement is difficult, because the ef-
fects are very little for easy reachable speeds.
2nd: Byt they harmonize with theory:.



conclusions

- downward motion for Newton liquids
- upward motion for polymer(-like) liquids
- = known as the Weissenberg-effect



