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Processing of non-Newtonian fluids is com-
monly encountered in engineering operations. In
this pipeline flow experiment, the student is ex-
posed to some of the problems involved in hand-
ling these liquids, and in addition, is able to accu-
rately determine the flow behaviour index and
consistency for a typical pseudoplastic fluid.

EXPERIMENTAL DETAILS

The apparatus, as shown schematically in
Figure 1, was developed for use in the third year
Unit Operations Laboratory at the University of
Waterloo. The solution to be studied is stored in a
200 litre holding tank equipped with sight glass,
pressure gauge, and necessary pipe connections
including high pressure air (125 psig) and vacuum
lines. Under air pressure, the solution can be
forced through one of three heavy wall acrylic
tubes containing 12.02 in. test sections for press-
ure drop measurements. The tube inside diameters
are 0.1273, 0.1926 and 0.3725 in., respectively, and
the overall length 59.1 in. After passing through
the selected tube, the solution is discharged into
a weighing tank and can then be returned to the
holding tank under vacuum. A detailed description
of the apparatus is available.’

The pressure taps on the test sections were
carefully constructed to avoid burrs or ridges
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Fig. 1.—Apparatus. 1. High Pressure Air Line; 2. Vacuum Line; 3. Hold-
ing Tank with Sight Glass; 4. Test Sections; 5. Manometer Manifold;
6. Manometer; 7. Thermometer; 8. Balance; 9. Return Line.
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from the upstream and downstream taps were
connected through valves and common manifolds
to a series of three manometers. The manometers
containing mercury, tetrabromoethane and carbon
tetrachloride, respectively, complemented each
other over a wide range making possible the study
of a large number of different solutions and con-
centrations.

An aqueous solution containing 1.25 wt% car-
boxymethylcellulose is suitable for the laboratory
work. To perform an experimental run, it is neces-
sary to pressurize the holding tank, select the tube
with the desired diameter, and determine the
manometer with the proper range. A wide range of
flow rates can be obtained by varying the air
pressure in the holding tank. Required readings
consist of the manometer levels, the mass flow
rate (determined by weighing the discharge per
unit time), and the temperature of the solution.
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FIG. 2.—Flow curve for 1.25% CMC solution at 25°C.

RESULTS AND DISCUSSION

A typical set of results® is shown in Figure 2.
This represents experimental work carried out in
one afternoon. A log-log plot of the experimental
data in the form DAP/4L vs. 8V/D is prepared,
following the analysis of Metzner and Reed.” Flow
conditions are, of course, adjusted to ensure opera-
tion in the laminar region. There is a slight scatter
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in the data, but one can conclude that the flow
behaviour index (n’) for this solution is constant,
and obtain a least squares fit. The slope (n’) is
0.500. K’, the consistency, is then obtained from:

®

The value of K’ is 0.055 lb;-sec®’/ft?. These re-
sults are for a 1.25% solution of Type TH3S CMC
in water, at 25°C. These values compare favour-
ably with those reported in the literature.

When transferred to the Fanning friction fac-
tor-generalized Reynolds number plot, Figure 3,
these results can be expressed in terms of the
normal relationship:
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where the generalized Reynolds number and fric-
tion factors are as defined by Metzner and Reed.?

In summary, this experiment exposes the stu-
dent to common problems encountered in handling
polymeric solutions, such as degradation, mixing,
pumping, etc. By incorporation of simple experi-
mental measurements, fundamental fluid proper-
ties are obtained, permitting an insight into the
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FIG. 3.—Fanning friction factor-Reynolds number correlation for 1.25%
CMC solution.

behaviour of such systems in terms useful in en-
gineering design. As a further development, one
could introduce smaller pipe diameters, to illus-
trate the “diameter effect”’—see for example Ko-
zicki et al.?
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NOMENCLATURE

D—inner diameter of tube, ft.

L—tube length between pressure taps, ft.
AP—pressure drop over length L, 1b, /It?
V—bulk velocity of fluid, ft /sec.
K’—consistency, lb;-secr’/ft?

n’—flow behaviour index

Ny, gen—generalized Reynold’s number
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