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FACTORS AFFECTING DRAG REDUCTION 8Y NON IONIC
SURFACTANT ADDITIVES
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ABSTRACT
Drag reduction by using certain polyoxyethylens alcohol non-ionic
surfactants dissolved in waker has been investigated
experimentally. For these compounds it 1s proved that

mechanical degradation is reversible and the drag reduction

regained when shear stregs 15 decreased. For solvent Reynolds

number ranges from 1@3 to 2x10° in tubes of 6.17. 2.69  and
mm, the coffects of concentration, electvolytes addition

mechanical shear on the drag reduction at/or near the cloud point

temperatuye, have Dbeen invaesligatbed experinentally. The

1reduction was found to be maximunm at/or near the cloud point.
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1- INTRODUCT [ ON

The phenomenon of drag reduction has been Known for about 490
vears., (1] ., and has Dbeen exploited spectacularly in recent vyears
DY high polvmer additions to the crude oil in the dlaska Pipeline
in Mlaska, [2 & 3). Very low concentrations of high polymer Dbave
permitted to increase the flow rate by about 10 to 20 % without
increasing the pumping pressure. While nigh polymer drag reduction
has been studied extensively, the use of non-ionic surfactants.
which form large micelles in aquaous solution. has received much
less attention. Zakin and Chang. (41. observed significant ainount
of drag reduction in the turbulent flow of some agueous non-j3onic
surfactant solutions at temperature near their cloud point
temperature. They suggested that largs agglomerates were formed
with molecular wsights comparable to those of high polymer drag
reducers. The resultant solutions had high relative wviscosities
and gave pronounced drag reducing behavior. Similar results were
obtained by adding electrolytes, pvarticularly those containing
polyvalent anions like sulfate, thiosulfate or phosphate, at f{ixed
temperature until the ¢loud point was approached.

This behaviour resembies that o aqueous soaps such as sodium
oleate as reported by Savins, (4 & 5). Both of thsse types of
additives as well as complexes Tformed by solutions of Cetyl
Trimethyl Ammonium Bromide mixed with & oy f-Naphthol. (7). are
“repairable”. That is, although they degrade mechanically under
high-shearing stresses, and show litkle or no drag reduction
behaviour under these conditions. they recover their drag reducing
ability when the stress level is lowered. The compleres are not

practical because they are chemically unstable. The agueous soaps
are sensikive to the presence of Cabtionns such as calcium. which
are present in most water systems of interest. and cause

precipitation out of the calcium scap. The non-ionic surfactants.
however, are both <chemically stable and insensitive to the
presence of cations and hence are potentially more uz=2rful.

This work is concerned with the investigation of a number of

additional non-icnic surfactants. Sanz of which are more sirective
than a0y previously studiad, [4. 8. 9 & 10). The effects of
temperature., composition of surfactants. electrolyte addition.
sui-factant concenhtration. tube diam=teyr and mechanical shear are
shown.

2- EXPERIMENTAL INVESTIGATION

The object of this work 1s to find the promising non-jonic
surfactant drag reducing agenkts. suitable f©or differcent working
temperatures. The effects of surfactant structure, concentration.
electrolyte addition. tube diameter and the mechanical shear. on
their drag reduction were investigated experimsntally. A set up
was builbt, {11}, Lo measure the friction loss coefficient, and
consequently the drag., 1in pipes of different. diameters. The
experirmenta) work has been carried out as follows

1-~ preparation of different types of non-ionic surfactant
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additives with different concentrations,

2- measuring the relative viscosities ror adqueous solutions
of different concentrations of additives,

3- measuring of the cloud ppoints for soltution of both
surfactants and surfactants mixed with salts,

4- measguring of the loss coefficient for different diameters
of pipes of length = 0.576 nm.

5- checking the fluid propertiss as a function of
circulation time to find the sensitivity of additives to
mechanical degradation. :

The pressure friction loss coefricient has been measured for
different fluids at different concentrations. temperatures, pipe
diameters and flow conditions. The pressure drop was measured by
pressure transducers of a range 0 t0O 8 bar. while the flow rates
were measured by a magnetic flow—meger. zhe working temperature
wvas kept almost constant within - 0.1 C. during the whols
experiment by means of a digital thermostat.

For flow in pipelines, the mean velocity =, the pressure drop
Ap. the Reynolds Re and the drag reduction O may be given by the
following relations., (11]) :

u = Q/ (p Dva > 1>
ap = NL/DC p o2 ca>
Re = oD v v/ 35
. = C L =N 0 4>

3- RESULTS AND DISCUSSION

The efrfects of the temperature. sdrfactant concentrations. salts
and other additives as well as the mechanical shear on ¢the drag
reduction on non ionic surfactant solutions ware studied. The tube
diameters were chosen as 0.81. 2.69 and 6.17 mnm,

3.1 - Effect of Temperaturse

The variation of the frictr1on factor with different Reynolds
numbers for a 1 %. (by weight), BriJy 96 and Alfonic 1214 solutions
are shown In Fig.(l) to (3). The solid lines are for the
conventional friction factor ftor HNewionian rfluids. The cloud point
of Brij 96 is 56.5° 'C. and for Aljonic (213 is S2.1 °C. The
results show that the drag reductions attain their maximum value
near the cloud point.

3.2- Effect of Electrolyte Additions

Figwre (4) shows the friction factor va, the solvent Revynolds
nuinber with/ and without saltk, (as an electrolyte). for Briy 26 in
a 2.69 mm tube. The results are shown at cloud pointa. The effect
of electrolyte addition at congtant temperature 1s found to Dbe
gimilar to that of 1inc¢reasing bthe temperature. They act by
denhydrating the ether linkage,
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The obtained results show that the efrect of concentration
increase is similar to that of adding elactrolyte at fixed
temperature below the cloud point. ln each case the agglomerates
are stapilized and become more resistant to mechanical
degradation.
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3.3- Effect of Surfactanp Concentration

The effect of surfactant concentration on drag reduction is shown
in Fig (5). At low Reynoolds numbers. the 1 % Alfontc £2(4 solution
with 0.3 N N’a250q at 30" C. which 1s close to the cloud point. has

a high relative viscosity, (na=2.2). The laminar data Jlie above
that of 0.5 % solution. For 0.25 % &8ri)y 96 with 0.3 N Nc.eZSO4 at
the cloud point in three different tubes are shown in Fig. (6).
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3.4- Effect of Tubs Diameter

Figure (7) shows the effect of lube d&ameter on drag reduction for
0.5 % BrYiy 26 with 0.3 N Nazso4 at 45 C. The vresults show that
the drag reduction increases as the tube diamcter decreases. This

may be attributed to the relatively large boundary laver thickness
as compared to the pipe diamcster. The drag reduction occurs mainly
due to the surfactant effects on the boundary laver.
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Fig. (7).

_3.5— Effect of Mechanical Shear

Drag reducing solutions of soaps and surfactants loose their drag
reducing ability above soms c¢riltical wall shear stress. at which
mechanical degradation begins.

In Fig.(5). a solution of 0.5 % Alfonic (214 + 0.3 N MNazSOs
at 30°C was pumped at maximum flow rate for 12 hours. Then it
was returned at decreasing Reynolds numbers. The drag reduction
results after mechanical shear above the critical shear stress for

solutions.
i8 reversible process.

degradation are very close to those ¢f [resh unreéecycled
This shows that the mechanica]l degradation

4-  CONCLUSIONS

Someé non-ionic surfactants formed from a straight chain alcohols

and ethylene oxide moieties of properr sizes are effective drag
reducers at/or near their cloud points.

The effect of concentration increase is found to be similar
to that of adding electrolyte at a fFfixed temperature beiow the
cloud point, or increasing the temperature to approach the cloud
point. In each case the agglomerates are stabilized and became

more resistant to mechanical dewradation.

The effect of tube diameter on the drag reduction seems to be
similar to that shown Dby high pelymers: the drag reduction
increases as the tube diameter decreases.
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