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ABSTRACT

Estimation of head loss for non—Newtonian fluids
through straight and curved pipes is discussed. In
particular, a power law fluid and its flow characteristics
have been considered. Flow of polymeric solutions
through these pipes and its frictional factor and
Reynolds number relationship are examined.

INTRODUCTION

Head loss or pressure drop is an inherent
characteristic of fluid flow through pipes. It is caused
by friction between the fluid and the fitting wall and by
turbulence caused by abrupt changes in direction or
cross section area. Straight or curved pipes with valves
and fittings are an essential component of any
transporting or processing plants. In the design of
process, transporting and power plants it is often
necessary to estimate the head loss in a flow system
before all the required information is available.

The estimation of head loss for laminar and most
turbulent flows in straight pipes, bends and fittings are
well defined for Newtonian fluids. However, some
degree of uncertainty exists in the estimation of head
losses in certain flows for non—Newtonian fluids and
data for non—Newtonian fluid flows are generally
limited. Many industrial materials of commercial and
technological importance are non—Newtonian fluids. It
is therefore felt that we discuss and study the flow
characteristics of these fluids in straight and curved
pipes.

THEORY

All non—Newtonian fluids show shear rate
dependent viscosity. They can be classed as
time—independent if siress is constant with time at a
given rate, and time—dependent if stress changes with
the duration of deformation. The rheological
measurements of these materials are needed for the
estimation of head loss.

A flow curve diagram of shear stress vs shear rate
is generally used to characterise a non—Newtonian flow.
In some cases, knowledge about the type of fluid is also
desirable. Shear stress, 1y, at the wall of a pipe of
diameter D and length L is related to pressure drop Ap

by
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The shear stress for a Newtonian fluid is given by
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where p is the fluid density and f][% is the velocity
gradient which at the wall is

dv 8V
(&, = 5 ®)
where V is the mean linear velocity. Then,
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For a Newtonian fluid, p is constant for all values
of IS# in the laminar flow regime.

In the case of a non—Newtonian fluid, p is not
constant and is dependent on the shear rate. An
appropriate viscosity form derived from the plot of

%—EQ Vs IB)—Y flow diagram is required.

For many non—Newtonian fluids, a log—log plot of
shear stress vs shear rate is a straight line. The shear
stress then follows a power law behaviour as in
Figure 1.
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where K is consistency constant, 7 is shear rate and n is
flow index. The values of n lie between zero and unity
and for Newtonian fluids n equals 1.

The velocity profile of power law fluid for laminar
flow in a pipe is
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The velocity gradient at the wall
drjy — “4n  |D

. Then the generalised power law at the wall of the
pipe

e = 2P0 - K[%l]n (10)
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where K’ = K[a—nli——l] , n=n’ (11)

Here n’ is the slope of line on a logarithmic plot of
ApD _ 8V , . .
—E—L— vs y— and K’ a consistency index equals the Ty

intercept at IS)X =1

~ For Newtonian fluids, the friction losses in
straight or curved pipes are expressed in terms of
friction factor, f and Reynolds number, Re defined as

ApD 27y
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Re = P%d (13)

where p is the fluid demsity. The same general
procedure is also followed for non—Newtonian fluids
except that the definition of Reynolds number involves
a viscosity term which has various possibie rheological
definition. A modified Reynolds number is used

D™ 'vz—n’

NRem K8® -2 (14)

DISCUSSION

Estimation of head loss in pipes is of practical
importance since they are extensively used in industries
for heating and cooling of both Newtonian and
non—Newtonian fluids.

For a fluid flowing through a curved pipe, for
instance in helical and spiral coils, there is a variation of
centrifugal force across the tube. This results in a
pressure %radient between a maximum pressure at the
outer wall and a minimum pressure at the inner wall. A
secondary flow develops, thereby increasing the

frictional energy loss near the pipe walls and the
pressure drop, Ap is greater than for the corresponding
flow in a straight pipe.

Figure 2 represents the flow characteristics of
non—Newtonian fluids through straight and curved
pipes. This figure is based on various experimental data
of Newtonian and non—Newtonian fluids flowing
through straight and curved pipes.

ACB is the flow curve of capillary tube
viscometer. The entire curve represents the laminar
flow regme and its slope gives the flow behaviour index
n’. ACD is the flow curve through a straight pipe of
diameter D with the portion AC representing the
laminar flow and CD representing the turbulent flow.
AEF is the flow curve through a curved pipe in the form
of helical and spiral coils having the same diameter D
and a radius of curvature Re.

Many polymeric additives act as drag reducer in
turbulent flows through straight pipes. Whether this is
true in a curved pipe needs to be tested. An
experimental study of flows of polymeric solutions
through helical and spiral coils is now being conducted.
The results would be presented as they become
available.
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Figure 1 Fluid Shear Diagram

1030



Shear Stress (Pa)

8v/D (1/s)

Figure 2 Laminar and turbulent flow through curved
and straight pipes for non—Newtonian fluids.
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