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Torsional Shear  Flow:  
Parallel-plate and Cone-and-plate

Prof. Faith A. Morrison
Michigan Technological University
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Why do we need more than one 
method of measuring viscosity?

Torsional flows
Capillary flow

•At low rates, torques/pressures 
become low 

•At high rates, torques/pressures 
become high; flow instabilities set in
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Experimental Shear Geometries
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We will look at two flows measurable in torsional shear:  
steady and small-amplitude oscillatory shear (SAOS)
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Cox-Merz Rule
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Figure 6.32, p. 193 
Venkataraman et al.; LDPE

An empirical way to 
infer steady shear 
data from SAOS 
data.
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Steady Shear Flow Material Functions
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Torsional Parallel-Plate Flow - Viscosity

Measureables:
Torque T to turn plate
Rate of angular rotation WWWW

Note: shear rate experienced by fluid 
elements depends on their r position. R
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By carrying out a Rabinowitsch-like 
calculation, we can obtain the stress at 
the rim (r=R). �
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W

Torsional Cone-and-Plate Flow - Viscosity

Measureables:
Torque T to turn cone
Rate of angular rotation WWWW

Since shear rate is constant 
everywhere, so is stress, and we 
can calculate stress from torque.
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Torsional Cone-and-Plate Flow – 1st Normal Stress

Measureables:
Normal thrust F  q
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The total upward thrust of the cone 
can be related directly to the first 
normal stress coefficient.
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•Cone and Plate:

•MEMS used to manufacture sensors at different radial positions

S. G. Baek and J. J. Magda, J. 
Rheology, 47(5), 1249-1260 (2003)

J. Magdaet al. Proc. XIV International 
Congress on Rheology, Seoul, 2004.
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Need normal force as 
a function of r / R

Torsional Cone-and-Plate Flow – 2nd Normal Stress

RheoSense Incorporated 
(www.rheosense.com)
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Compar ison with other  
instruments

S. G. Baek and J. J. Magda, J. 
Rheology, 47(5), 1249-1260 (2003)

RheoSense Incorporated
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Limits on Measurements:  Flow instabilities in rheology

Figures 6.7 and 6.8, p. 
175 Hutton; PDMS

cone and plate flow

© Faith A. Morrison, Michigan Tech U.
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Small-Amplitude Oscillatory Shear Material Functions
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What is the strain in this flow?

t

tdt

tdtt

t

t

w
w
g

wg

gg

sin

cos

)(),0(

0

0
0

0 2121

�

�

�

=

¢¢=

¢¢=







The strain imposed 
is sinusoidal.
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The strain 
amplitude is
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Generating Small Amplitude Oscillatory Shear (SAOS)
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In SAOS the strain amplitude is small, and a 
sinusoidal imposed strain induces a 
sinusoidal measured stress.
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SAOS Mater ial Functions

tt
t

w
g

dt
w

g
dt

g
t

cos
sin

sin
cos)(

0

0

0

0

0

21
�
�

	


�

�
+�

�

	


�

�
=

-

portion in-phase 
with strain

portion in-phase 
with strain-rate

G¢ G¢¢

For Newtonian fluids, stress is proportional to strain rate: 2121 gmt �-=

G” is thus known as the viscous loss modulus.  It characterizes the 
viscous contribution to the stress response.
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Hooke’s Law for  elastic solids

Similar to the linear spring law

What types of materials generate stress in proportion 
to the strain imposed? Answer:  elastic solids

2121 gt G-=
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SAOS Mater ial Functions
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For Hookean solids, stress is proportional to strain : 2121 gt G-=

G’ is thus known as the elastic storage modulus.  It characterizes the 
elastic contribution to the stress response.

(note:  SAOS material functions may also be expressed in 
complex notation.  See pp. 156-159 of Morrison, 2001)
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SAOS Mater ial Functions
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Assignment:

© Faith A. Morrison, Michigan Tech U.

For the PDMS polymer in the lab 

•measure and report on the true steady shear viscosity at 
room temperature, as a function of shear rate, as measured 
with the Bohlin C-VOR torsional cone-plate rheometer 

•Report G' and G" as a function of frequency at room 
temperature.  

•Check to see if the Cox-Merz rule holds for PDMS.

•If you would like to do a bit more experimentation, also 
report these quantities at 35 and 50oC; this is optional.

Cox-Merz Rule
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