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FLUID PROPERTIES EVALUATION 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a 371 of PCT/AU02/00484, filed Apr. 
18, 2002; the disclosure of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

This invention concerns a system for evaluating properties 
of a flowing fluid. In another aspect, it concerns a test cell to 
evaluate the properties of a flowing fluid. In a further aspect it 
concerns a method for evaluating properties of a flowing 
fluid. 

BACKGROUND ART 

Rheology concerns the deformation and flow of matter. 
Materials can resist deformation in a Solid-like manner or in 
a viscous-like manner. Solid-like materials store energy 
under deformation, upon removal of the stress, the material 
returns to its undeformed State. Viscous-like materials dissi 
pate stress during deformation. Materials with combined 
Solid-like and Viscous-like properties are said to be viscoelas 
tic. 

Most materials such as foodstuffs, paints, gels and polymer 
melts are viscoelastic in nature. Their viscoelasticity is often 
essential to performance criterion and consequently oscilla 
tory strain techniques have been developed for measuring 
these properties. The Solid-like or viscous-like nature is quan 
tified from the stress response to an oscillatory strain. In ideal 
solid-like materials, the stress response will be in phase with 
the oscillatory strain, ie the largest deformation will coincide 
with the largest stress. Viscous-like materials do not store 
energy and the stress developed depends on the rate of defor 
mation. Consequently, the stress response will be out of phase 
with the oscillatory strain. In viscoelastic materials, the stress 
will be between 0° and 90° out of phase with the deformation, 
displaying viscous-like and Solid-like properties. Storage 
modulus is defined as a measure of the Solid-like or in-phase 
stress response. The loss modulus measures the fluid-like 
response. 

Rheological, particularly viscosity, measurements are 
important for process control. Flow properties often dictate 
the performance of processing operations. Highly viscous 
products may be undesirable due to expensive pumping costs, 
however low viscosity products may be prone to settling 
problems. Flow properties may be critical to performance in 
the desired end use. For example, the Surface roughness of 
painted films during and after application is controlled 
through tailoring very specific flow resistance in paint prod 
ucts. Furthermore, flow properties are dictated by the inherent 
material microstructures. Consequently, rheological mea 
Surements that gauge material conversion rates and addition 
levels during processing may predict many performance cri 
terion after processing. 

SUMMARY OF THE INVENTION 

In a first aspect the invention is a system for evaluating 
properties of a flowing fluid comprising: 
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2 
a section of pipe through which the fluid flows: 
a test cell positioned in the pipe and presenting two parallel 

surfaces in line with the flow, one of which is moveable 
relative to the other, to a position in close proximity to the 
other, to create a stagnant flow region between the Surfaces, 

a test input means to apply input motions to one of the 
Surfaces; 

a test output means to measure output motions from the cell 
in response to the input motions; and 

processing means to calculate rheological parameters of 
the fluid from signals produced from the test input and test 
output means. 
The system is able to measure the rheological properties of 

the fluid while it is flowing in the pipe. The advantages of fluid 
capture and testing in a process stream are that the fluid 
remains unpolluted, requiring low maintenance of the sys 
tem, that measurements of complex viscosity and viscoelastic 
properties can be made quickly and on demand, and that 
quantified measurements can be available for effective pro 
cess control. 

In another aspect, the invention is a test cell to evaluate 
properties of a flowing fluid, comprising: p a housing having 
an aperture for fluid to flow through and two parallel surfaces 
in the aperture in line with the flow, one of which is moveable 
relative to the other; 

a test input means to apply input motions to one of the 
Surfaces; and 

a test output means to measure output motions from the cell 
in response to the input motions. 
A temperature sensor may be positioned in the fluid flow to 

measure the temperature of the fluid. In high fluid flows, a 
shield may be appropriately positioned upstream of the test 
cell to assist in the creation of a stagnant flow. 
The test input means may be an actuator. The test input 

means may include a motion sensor to determine the wave 
form of the input motion. The test input means may apply 
mechanical or electrical vibrations to the Surface and may use 
rotational, harmonic or piston methods. The input motion 
may be a single wave such as a sine wave, square wave, 
triangular wave, Sawtooth wave, or the like, or alternative, 
may be a complex signal having for instance a waveform 
formed from the Superposition of two or more single sine 
waves, square waves, triangular waves, or sawtooth waves, 
where each wave is of a different frequency. 
An analogue to digital converter and a power amplifier may 

be provided to drive the test signal input means. 
A shield may be provided near the Surfaces to assist in 

trapping fluid between the cell surfaces. 
The processing means may include a computer, an ana 

logue to digital converter and a power amplifier. The process 
ing means may further include computer Software to 
assemble input signal waveforms; store output signal data; 
compensate and adjust for drift occurring between the cell 
Surfaces; and implement sampling regimes for the system to 
perform. 

In another aspect, the invention is a process for evaluating 
properties of a flowing fluid, comprising the following steps: 

positioning two parallel surfaces in line with the flow, 
moving one of the Surfaces relative to the other, to a posi 

tion in close proximity to the other, to create a stagnant flow 
region between the Surfaces, 

applying input motions to one of the Surfaces; 
measuring output motions from the cell in response to the 

input motions; and 
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calculating rheological parameters of the fluid from signals 
produced from the test input and test output means. 

BRIEF DESCRIPTION OF DRAWINGS 

An example of the invention will now be described with 
reference to the accompanying drawing, FIG. 1, which is a 
diagram of a rheometer. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to FIG. 1, the rheometer 1 is connected directly 
to a pipe 2 through which flows a process stream 3. A housing 
4 of the rheometer 1 is fixed to the walls of the pipe 2. Two 
parallel smooth plates 5 and 6 extend from the housing into 
the pipe in line with the flow to forma test cell 20. The bottom 
plate 6 may be of complex design to reduce or eliminate edge 
effects and compensate for the non-compressibility of many 
fluids which may be measured in this immersed environment. 
The rheometer 1 has an actuator stage 10 inside the housing 

4 and a shaft 11, to connect it to the upper moveable plate 5. 
The shaft is provided with a thermal barrier so as to limit the 
heat flow out of the chamber. The cell also has a temperature 
sensor 7 Such as a thermocouple orthermistor mounted in the 
stream. A piezoelectric AC transducer 13 is attached to the 
bottom plate 6 in the cell. Seals are provided to prevent 
ingress of the measured fluid around the shafts 11 and 16. 
The actuator 10 is provided with a motion sensor 8 to 

determine the actual waveform applied to the plate 5. A pro 
cessing means such as a computer 9 is connected to the 
rheometer with an attaching analogue to digital converter 14 
and preamplifier 15 to control and process results from the 
rheometer. 

If the flow rate of the fluid is too high, preventing a stagnant 
region forming between the two plates, a shield 12 may be 
used to assist in the trapping of fluid between the plates. 

The actuator 10 is capable of providing motion to the cell 
Surfaces in a direction perpendicular to the centroid axis of the 
cell, or alternatively it may be in a direction orthogonal to the 
axis. The actuator is generally axisymmetric with the test cell 
20 and situated directly above it to generate oscillatory dis 
placements with a resolution of greater than a tenth of a 
micron. The motion provided by the actuator may be a single 
sine wave, square wave, triangular wave, sawtooth wave, or 
the like, or a complex signal having for instance any wave 
form formed from the Superposition of two or more single 
sine waves, square waves, triangular waves, or Sawtooth 
waves, of different frequencies. 
In Use 

Sample collection is achieved by using the actuator stage 
10 to drive the upper plate 5 towards the lower plate 6 and 
Squeezing them together until a stagnant flow region forms 
within the test cell 20. In circumstances where the flow rate of 
the process stream 3 is too fast, insertion of an appropriately 
placed shield, or baffle, 12 may be required to assist in creat 
ing the stagnant flow region. When the stagnant flow region is 
formed, there may still be some small flow between the two 
plates (5, 6), but this drift may be corrected and compensated 
for in the rheological calculations by software. 
When fluid capture is achieved, measuring commences by 

oscillating the top plate 5 with the desired waveform, x(t). 
Forces generated by the oscillation are determined, G(t) from 
the piezoelectric transducer 13. Alternatively, the force mea 
Suring means may take the form of measuring the Voltage 
necessary to drive the actuator 10. Oscillation is applied in a 
random or pseudo random reciprocating movement to one of 
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4 
the plates in a direction normal to the other plate by the 
actuator. Movements include Squeeze flow, extensional flow, 
rotational, torsional or orthogonal to be used as the basis of 
the rheological measurement. For these measurements, the 
control of the sample fluid is achieved by controlling the 
velocity of sample fluid relative to the time taken for the fluid 
to pass through the cell. The signal from the motion sensor is 
used in a feedback loop to increase the Voltage when the 
motion amplitude falls below that required by the waveform 
definition. 

There are no limitations in respect to the signal processing, 
allowing any torsional movement to be processed to calculate 
the complex modulus of the fluid. Waveforms are assembled 
by the computer Software and stored as a repeating pattern of 
numbers representing amplitude. The rate at which these 
numbers are read determines the frequency range. From the 
oscillation of the top plate, the complex transfer function may 
then be calculated as: 

automatically, where the operator & indicates Fourier trans 
forms. The Viscosity and Viscoelastic parameters are then 
calculated using: 

G"(a) = st TF(a) 

This operation can be repeated and averaged several times 
by the software to improve resolution of rheological data. 
After the software calculates the rheological parameters, the 
sample is ejected by first Squeezing the plates together driving 
the tested sample out of the test cell 20. The plates are then 
separated allowing flow in the process stream to scrub the 
plate surfaces and prevent residue build up or fouling of the 
test cell 20. 
The rheometer is designed to run continuously as part of a 

production process with little or no operator intervention. The 
rheometer relies on continuous cycles of sample collection, 
measurement and sample ejection. This continuous sampling 
provides savings in time and allows the collation of rheologi 
cal data to be more accurately calculated through multiple 
sampling. The sampling regime may be automatically con 
trolled by computer software, and administered at various 
time intervals. 

In an alternative embodiment, the rheometer can also be 
connected to a bypass stream for on-line operation. This may 
be suitable when there are very large amounts of flowing fluid 
or when there is difficulty in installing the system to a process 
stream Such as limited space. Fluid capture and measurement 
are performed similar to the preferred embodiment Further 
more, an electromagnetic motor may replace the alternator 10 
to drive the upper plate 5 towards the lower plate 6. 

In another alternative embodiment, the housing 4 of the 
rheometer 1 may extend into the flow in pipe 2. In such an 
embodiment, a diaphragm may cover the bottom Surface of 
the top plate to prevent flow escaping from the pipe. In a still 
alternate embodiment, the plates (5, 6) may be concentric 
cylinders. 

Alternative techniques available for measuring rheological 
properties are rotation of the upper plate or harmonic vibra 
tion of the upper plate. Rotational methods apply large rota 
tional strains to samples thereby generating equilibrium 
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stress. Harmonic types resonate the upper plate. Fluid viscos 
ity is calculated from either the change in harmonic fre 
quency, amplitude or current required to maintain constant 
amplitude. 

In additon to the flat plates described parallel lenses or 
concentric cylinders may be used. 

It will be appreciated by persons skilled in the art that 
numerous variations and/or modifications may be made to the 
invention as shown in the specific embodiments without 
departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive. 
The invention claimed is: 
1. A system for evaluating properties of a flowing fluid 

comprising: a section of pipe through which the fluid flows: a 
test cell positioned in the pipe and presenting two parallel 
surfaces in line 

with the flow, one of which is moveable relative to the 
other, to a position in close proximity to the other, to 
create a stagnant flow region between the surfaces; 

a test input means to apply input motions to one of the 
Surfaces; 

a test output means to measure output motions from the cell 
in response to the input motions; and 

processing means to calculate rheological parameters of 
the fluid from signals produced from the test input and 
test output means, wherein the input motions are sub 
Stantially perpendicular to the surfaces. 

2. A system according to claim 1, further comprising a 
temperature sensor positioned in the fluid flow. 

3. A system according to claim 1, further comprising a 
shield positioned upstream of the test cell to assist in the 
creation of a stagnant flow. 

4. A System according to claim 1, wherein the test input 
means is an actuator. 

5. A system according to claim 1, wherein the test input 
means includes a motion sensor to determine the waveform of 
the input motion. 

6. A System according to claim 1, wherein the input motion 
comprises a complex waveform. 

7. A system according to claim 1, wherein the test output 
means is a piezoelectric transducer. 

8. A system according to claim 1, wherein the processing 
means comprises: 

a computer; 
an analogue to digital converter, and a power amplifier. 
9. A System according to claim 8, wherein the processing 

means further comprises computer software to perform at 
least one of the following: assemble input signal waveforms: 

store output signal data; 
compensate and adjust for drift occurring between the cell 

Surfaces; and implement sampling regimes for the sys 
tem to perform. 

10. A test cell to evaluate properties of a flowing fluid, 
comprising: 

a housing having an aperture for fluid to flow through and 
two parallel surfaces in the aperture in line with the flow, 
one of which is moveable relative to the other to a posi 
tion in close proximity to the other to create a stagnant 
flow between the surfaces: 

a test input means to apply input motions to one of the 
Surfaces; and 

a test output means to measure output motions related to 
calculations of rheological parameters from the cell in 
response to the input motions, wherein the input motions 
are substantially perpendicular to the surfaces. 
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11. A test cell according to claim 10, further comprising a 

temperature sensor positioned in the fluid flow. 
12. A test cell according to claim 10, further comprising a 

shield positioned upstream of the test cell to assist in the 
creation of a stagnant flow. 

13. A test cell according to claim 10, wherein the test input 
means is an actuator. 

14. A test cell according to claim 10, wherein the test input 
means includes a motion sensor to determine the waveform of 
the input motion. 

15. A test cell according to claim 10, wherein the input 
motion comprises a complex waveform. 

16. A test cell according to claim 10, wherein the test output 
means is a piezoelectric transducer. 

17. A test cell according to claim 10, wherein the 
processing means comprises: 
a computer; 
an analogue to digital converter; and a power amplifier. 
18. A test cell according to claim 17, wherein the process 

ing means further comprises computer software to performat 
least one of the following: 

assemble input signal waveforms; 
store output signal data; 
compensate and adjust for drift occurring between the cell 

Surfaces; and implement sampling regimes for the sys 
tem to perform. 

19. A process for evaluating properties of a flowing fluid, 
comprising the following steps: 

positioning two parallel surfaces in line with the flow to 
define a test cell therebetween: 

moving one of the surfaces relative to the other, to a posi 
tion in close 

proximity to the other, to create a stagnant flow region 
between the surfaces; applying input motions to one of 
the surfaces; 

measuring output motions from the cell in response to the 
input motions; and calculating rheological parameters 
of the fluid from signals produced from test input and 
test output means, wherein the input motions are sub 
stantially perpendicular to the surfaces. 

20. A process according to claim 19, further comprising a 
temperature sensor positioned in the fluid flow. 

21. A process according to claim 19, further comprising a 
shield positioned upstream of the test cell to assist in the 
creation of a stagnant flow. 

22. A process according to claim 19, wherein the test input 
means is an actuator. 

23. A process according to claim 19, wherein the test input 
means includes a motion sensor to determine the waveform of 
the input motion. 

24. A process according to claim 19, wherein the input 
motion comprises a complex waveform. 

25. A process according to claim 19, wherein the test output 
means is a piezoelectric transducer. 

26. A process according to claim 19, wherein the process 
ing means comprises: 

a computer; 
an analogue to digital converter; and 
a power amplifier. 
27. A process according to claim 26, wherein the process 

ing means further comprises computer software to performat 
least one of the following: assemble input signal waveforms: 

store output signal data; 
compensate and adjust for drift occurring between the cell 

Surfaces; and implement sampling regimes for the sys 
tem to perform. 


