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Pseudoplastic fluids have no yield point; their consistency
curves pass

through the origin. The curves are nonlinear, but approach
linearity at high

shear rates. Thus, if stress readings taken at high shear rates
are extrapolated

back to the axis, there appears to be a yield point similar to
that of a Bingham

plastic; hence the namepseudoplastic. (See Figure 5-19.)

Suspensions of long-chain polymers are typical pseudoplastics.
At rest, the

chains are randomly entangled, but they do not set up a
structure because the

electrostatic forces are predominately repulsive. When the fluid
is in motion,

the chains tend to align themselves parallel to the direction of
flow; this

tendency increases with increase in shear rate, so that the
effective viscositydecreases.

The consistency curve of the pseudoplastic flow model is
described by an

empirical equation, known as thepower law
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K is the viscosity at a shear rate of 1 sec ', and logically
should be expressed in

dyne/cm/sec, but in the oil industry it is expressed in lb/100
ft2, n is the flow

behavior index, and indicates the degree of shear thinningthe
less the value of

n, the greater the shear thinning characteristic.

Actually, the power law describes three flow models, depending
on the

value of n:\. Pseudoplastic, n< I, the effective viscosity
decreases with shear rate.

2. Newtonian, n1, the viscosity does not change with shear
rate.

3. Dilatant, n > I, the effective viscosity increases with
shear rate.
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a logarithmic plot of shear stress versus shear rate is linear
for a

pseudoplastic fluid. As shown in Figure 5-20, the slope of the
curve defines

n, and the intercept on the stress axis at y = 1 defines K
(since log 1 = 0).

K and n may either be measured directly from the plot or
calculated fromtwo values of stress, as follows:
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For the special case of Newtonian fluids, the slope of the
consistency curves

on a logarithmic plot is always 45, since n = I . If the stress
is plotted in

absolute units, the intercept on the stress axis at y = J gives
the viscosity in

poises, as shown in Figure 5-22.

The velocity profile of pseudoplastic fluids has a central
flattish portion,something like the profile of a Bingham plastic
(Figure 5-5b), although

pseudoplastics do not have a finite yield point, and hence no
central core of

unsheared material. The flattening occurs because the local
shear rate

decreases towards the center of the pipe, and the local
viscosity increases

accordingly. The degree of flattening increases with decrease in
n, according

to the following equation:
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where v is the velocity at radius r, and V is the mean velocity.
equation for

the flow of pseudoplastic fluids in round pipes is derived by
integrating the

power law, Equation 5-31, with respect to r, which gives the
expression;
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The Generalized Power Law

The consistency curves of most drilling fluids

are intermediate between the ideal Bingham

plastic and the ideal pseudo plastic flow

models.

Figure 5- 23

shows velocity profiles for several valuesof n, calculated from
equation 5 -38
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Dependence of velocity profiles upon flow behavior index.

Average velocity of 5 ft/sec in all cases. Fig 5-23
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Figure5 24 shows that (except for one polymer-brine fluid)
the

logarithmic plots are also not linear, contrary to the ideal

power law. Similarly, Speers19a found that a linear
regression

technique for calculating n and K from the Fann 600 and

300rpm readings did not give valid results with a bentonite

suspension because ofthe non-linearity of the log-log plot.

Low-solid and polymer fluids, clay mudsheavily treated with

thinners, and oil-base muds all tend towards pseudoplastic

behavior; high-solid muds, and untreated and flocculated
clay

muds act more like Bingham plastics.
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The generalized power law extends the power law (Equation 5 - 3
1 ) to cover

the flow behavior of these diverse fluids. The non-linearity of
their

logarithmicconsistency curves shows that n and K are not
constant with rate of

shear, as required by the power law, and therefore Equation 5-39
cannot be

used to determine the flow behavior of such fluids in pipes.
Metzner and

Reed20 developed the generalized power law to avoid this
difficulty. Their

work was based on concepts originally developed by
Rabinowitsch,21 and

also by Mooney,22 who showed that for laminar flow of any fluid
whose

shear stress is a function only of shear rate, the flow
characteristics are

completely defined by the ratio of the shear stress at the wall
of the pipe to

the shear rate at the wall of the pipe. Metzner and Reed
rearranged the

Rabinowitsch-Mooney equation to
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The advantage of Equation 5-41 over Equation 5-31 is that the
former is already

integrated, and therefore it is inconsequential whether or not
n' and

A" are constants. The two parameters may be obtained from plots
of log

DP/4L versus log SV/D. When the curve is non-linear, ' and K'
are obtained

from the tangent to the curve at the point of interest, as shown
in Figure5- 25.

The pressure of a fluid flowing in a round pipe at a given
velocity may be

predicted from data obtained in a pressurized capillary
viscometer. The

discharge rates are measured over a range of pressures, and
plotted as 8 VjD

versus DP/4L, where D is the diameter of the capillary, and L is
its length.

The required values of n' and K' are then given by the tangent
to the curve at

the point where 8K/D in the pipe equals 8F/D in the viscometer,
as shown in

Figure 5-25.

Determination of exact values of n' and K' from rotary
viscometer data is

more involved. Savins23 has described a method, based on the
relationship of

K' in the pipe to K' in the viscometer, but, in practce, it has
been found more

convenient to determine n and A, instead of n' and A", and then
to calculate the
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n and K must, of course, be determined at the shear rates
prevailing in the well.

A trial and error procedure is therefore necessary, but, in
practice, the

appropriate speed range on the Fann multispeed viscometer is
usually

obvious, so all that is necessary is to determine n and A'
accordingly, as

discussed later in this chapter. As a check, the rate of shear
at the wall of thedrill pipe may be calculated from Equation 5 40,
and if it is found significantly

different from the rate at which n and K were evaluated, n and K
should be

resvaluated,and the pressure loss re-calculated.
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When n and K are not constant with rate of shear, pressure loss
and effective

viscosity in the annulus must be determined at the shear rates
prevailing in the

annulus, and n and K must therefore be determined in a
multispeedviscometer,

In the Fann model 35A, the 100 to 6 rpm (170 to 10.2 sec"1)
range is used for

this purpose, n is then given by:
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Shear rates in the drill pipe are usually covered by the 600 to
300 rpm range

on the Fann; equations for determining n and K in this range
.Robertson and Stiff24

proposed a three constant flow model by means of which the
effective viscosity at the

wall of the drill pipe, or of the annulus,may be calculated from
rotary viscometer data.The pressure loss is then calculated by
substituting the effective viscosity in Poiseulle's

equation.
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