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ABSTRACT

This paper examines the possibility of decreasing energy losses
in the' flow of fluids through pressure conduits by changing the phys-
ical characteristics:of the flunid; Two 'such-changes are discussed.

In the case of'a liquid of high viscosity, the energy loss for a spec-
ific: delivery may be decreased by introducing a sufficient amount of
liquid of low viscosity, along with an emulsifying agent, to create

an emulsion, ~In-the case of'a highly‘turbulent flnid flow,

pension. It is'emphasized that the amount of “foreign matter introduced
into the primary fluid to create either an emilsion or a suspension
mst be'carefully controlle s otherwise the ‘energy loss for a specific
delivery may be increased rather than'decreased; ':The 'authors are of
the opinion that, in'those instances in!'which'the introduction of for-
eign matter into the primary fluid-is permissible; the procedures dis-
cussed in this paper may be of significant practical value,. '
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TEXT

The pressure flow of fluid through a conduit, whether it be
that of a liquid of high viscosity through the small tube of a
mechanical device or that of a fluid of low viscosity through a
large pipe or ductynis associated-with costs)of operation which
have long been of concern to somerengineers. Of the thought that
has been directed toward reducing-suchi costs;s there:seems to have
been very little devoted to the possibility of achieving some mea-
sure of success by changing the physical characteristics of the
flutd, Two such avenues of investigation are the changes in char-
acteristics that would result from therdeliberate creation of an
emulsion or a suspension. The dmmediate objective in such a pro-
cadure would be:-theireduction-of energy-losses:in the: system; Even
though this immediate ‘objectiveimay-berachieved, the introduction
of foreign matter into the primary fluid may not be permissible.
However, there are instancesiin.which theiforeign matter would not
be objectionable oricould;be.easily.separated from,the primary
{fivid at the terminal endsof.the conduii;

The remainder of this paper concerns the reduction of energy
losses in pressure conduits by the use of an emulsion or a suspen-
gion rather than a contimuous fluid.  The introduction of a liquid
of low viscosity, along with an emulsifying agent, into a liquid
of high viscosity to form an emulsioncean repult in energy losses
considerably below those for the continuous liquid of high viscos-
ity, provided the relative amount of the liquid of low viscosity
is-sufficiently greats-:The introduction-of a:relatively.small:
amount of «finergrain matter-intora-fluid-stream.which is charac+
terized byl a-high degree of turbulence: to.form a suspeasion: can
result in energy losses below those.for:the:continuous)fluid, pro-:
wided bhe relative amount of:fine: grain matter is.not excessive. _

The euthcrs underatand that several yeara ago, certain indus-.
trial interests-explored the possibility of-reducing’ energy losses,
in transporting.crude oil-through pipelines byscreating.a- water/oil

efulgidns - The extentand results.of this exploration: arer not;suffi-
ciedtly well known-to ! the amthors:to-justify further:comment:: s -Cases
Hrrwhich there-is a.desire to-transport, two liquids,of.greatly  diff-
erent-viscositiesTsimiltaneously through-a single-long pi?eline orah
to moveraisingle liquidiof high viscosity through!the: tubing,ofa.
meéchanical device are of-more 1mmediate interest to the study.repor-

ted hereius oBaug

It has been known for some time that particles suspended in a
fluid stream tend to interfere with turbulent mixing. Studies of
water flowing in open channels indicate that & stream carrying a
small amount of suspended matter exhibits a higher hydraulic effi-
ciency than a clear stream in the same channel. The“authors do not
know of any previous attempt to use this knowledge in connection

with flow in pressure conduits.
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To illustrate the effects of creating an emmlsion, consider the
flow of clear linseed oil, water/linseed oil emulsions, and clear
water through a smooth, etralght tube of constant diameter (5/8 inch)
under more or less constant temperature conditions. The-emulsifying
agent is sodium oleate. Experimental results are shown th;cugh dimen-
sionless parameters in Flg. 1, whereS-is Slope-of-the energy gradient,
D is dlameter of tube, g is gravitational acceleration, G is weight
‘rate of flow, and /0 is mass density. The percent water/oil emlsion
‘indicates’ the volume of water as related to total volume of emulsion.
Fig. 1 indicates that the relative amount of #Water in the emulsion -

_ .determings whether the enerzy| loss for a icular delivery is more
Ebrrless than that for clear liaseed oil. .
ntion of energy losses| can be ‘achieved, the relative amount: of liquid
“of low viscosity necessary to| reduce energy losses below those for the
‘cléar liquid of high viscosity may seem to be rather high. Evidently,
“the. magnitude’ of energy losses depends largely upon which of the two
liguids serves in the role of| carrier.
- ilar circumstances, the use of emulsions for reducing energy. losses

. would be limited to those cases in which the presence of the liquid'of
low viscosity is perm1391b1e or in which the transportation of both
llqulds 15 desirable.

t: To illustrate ‘the /effects of creating la suspen31on, consider the

~commercial pipe of constant diameter (5 inches) under more or, lesg = °
", constant tempereture condltlone. Experimental”results are, shown in'
o Fig, 2, where the abscissa and ordinate are.the same dimefisionless:
_——parameters as were used in Fig. 1.
which data are shown in Fig. 2 had a corcentration, by weight, of L1« 1o’
500, This ﬁas con51dered to be the optlmum of those concentrations.
- investigated inthe sense that it résulted in a minimum of energy -losg’
' for a specific dellvory.
eventually result in energy losSes greater than those for clear Hater.
Fig, 2 shows a reduction of energy losses sufficiently below -those for
- clear water to be-of some.practical significance+  The succeee of cre~
: ating a suspension for the purpose of reducing energy losses hlnges
upon the interference of suspended perth;eé with turbulent mixing. .

effective for caees in which the flow of a contifnuous fluid is charac-
terized by a high degree of turbulence. J-

"It has been emphasized that the' conditions under which ‘an emul- -

pension would be used. The ‘emulsion is suggested as a possible means’
for reducing energy losses in the dellvery of a liquid of high vis-:
cosity, whereas the suspension is suggested as a ‘possible means for
reducing ehergyficsses in the delivery of a fluid with a flow charac=-
terized bx¢e high degree of turbulence.wr L 0

f”The emulsionais coneldered on the premise that dlspersion of the
liquid of low viscosity throughout the liquid of high viscosity is

-

/Although a substantial reduc-

It is probable that, under sime -

flow of clear water and a clay suspension in water through’ a stra;ght -

The partlculer clay suspension for: .

A large-scale increase in concentration would

Gonsequently, it is~ ‘to be expected that” such a prccedure would be most’

 sion would be used aresquite different from those under which a sus- [} |
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desirable., However, the presence of the minute globules which charac-
terize an emulsion is not, in itself, desirable. In fact, it is because
of these globules that the introduction of relatively small amounts of
the liquid of low viscosity actually results in greater energy /losses
than would occur in the continuous liquid of high viscosity: #s distin-
guished from the approach of this paper, the posslﬁility of reducing,
energy losses in a liquid of \high viscosity by introducing a liquid of
low viscosity -and delivering the-combined flow-through a conduit with a
boundary configuration -that is\conducive to separationm of the liquids =
has been jsuggested-by-other investigators, — -t an 5L

In order for a suspension to, be effective in reducing energy losses,
© careful control in both selection and concentration of suspended matter
is essential. The only function of the particles in suspension is to
interfere with turbulent mixing, ~In fulfilling this function, the ‘par-
ticles in suspension must be of such 'a nature that their ultimate effect
is to reduce energy losses, not to augment them, The \size and relative
density of the particles should be such as will lend to a ;highldegree of
dispersion throughout the flow. The concentration of 'suspended matter
in the fluid should be that which results in minimum of energy loss for
.a particular delivery. LN - [

The |data shown in Figures 1 and 2 are presented for the sole purpose
of illustration. They are not intended to be for general application.
. Tt is expected that any problem in which one of the procedures discussed
herein might offer a solution would be studied,on its own merits. -That
is, the emulsion or suspension to be used in any particular application
would be determined from a laboratory investigation under representative
conditions. Y i |

The authors hope that this discussion of the use of emulsions and
_suspensions for the purpose of reducing energy losses in pressure con-
- 'duits may be of practical use to those who are confronted with the design
of such-systems, - ” g " O ; i

The: experimental data shown in this paper were ‘collédted in the
Hydraulics Laboratory, Department of Civil Engineering, Auburn University
and the study received financial.support from the Department of Civil

Engineering, Auburn University, Auburnj Alabama.
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