In Chapter 5 we defined material functions based on

imposed flows; now we must consider, how exactly can we
impose these flows on materials with unknown rheological
properties?
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Experimental Shear Geometries
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Capillary Rheometer
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Viscosity from capillary flow

Shear coordinate system
near wall:
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To calculate wall shear rate, wall shear stress, look at EOM
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o)
pl+—=+v-Yv|=-VP-V.r
ot =
steady unidirectional Assume:
state *no B-dependence
elong tube
0 _opr 10r7, 74 esymmetric stress tensor
or r or r
2
ol =l o B iz orT,
r- or
oP 10rr,
0 e Lo,
réx 07 ), r or o
© Faith A. Morrison, Michigan Tech U.
Shear stress in capillary flow:
(Po -h )I” r
z-rz =T L7 = TR 'S oP
2L R [7 = constantj
0z
What is shear rate at the wall in capillary flow?
P ov, avz_]/ 5y
*a(=r) or =R R

( If v (r) is known, it is easy to calculate.

© Faith A. Morrison, Michigan Tech U.




Velocity fields, Flow in a Capillary

Newtonian fluid: v.(r) = —2 1_(sz
ewtonian fluid: Vv, (r)= R R

Power-law GNF fluid:
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Wall shear-rate for a Newtonian fluid
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Wall shear-rate for a Power-law GNF
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For an unknown, non-Newtonian fluid, we need to take special
steps to determine the wall shear rate

The wall shear rate is generally greater
than for a Newtonian fluid.
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Weissenberg-Rabinowitsch correctionf A
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