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ABSTRACT

An experimental investigation on the effect of drag reducing additives
(polymers) wupon the two-phase (water-sand) flow in a turbulent pipe
is presented in this paper. Three types of sand grain size, (0.063-0.125),
(0.125-0.25) and {(0.25-05) mm were tested at different consentrations
of 0.2%, 0,50, |.0% and 1.3 by weight. One type of polymers (poly-
acrylamide) was used at different concentrations of 20, 30 and %0 wppm.
The desired concentrations are made by injection of concentrated master
polymer solutions of 1000, 1500 and 2600 wppm.

The experimental results show that the polymer additives have a
drag reduction effect on the turbulent pipe flow in both water and water-
sand mixiure, This_effect increases with the flow rate (Reynolds nurber)
and the polymer concentration. It was found also that the coefficient

of friction, drag reduction_ and the onset of drag reduction depend on
sand concentration, sand grain size, and the Reynolds number of the folwing fluid.

INTROOUCT ICN

The reduction of the trictional head losses in pipe flow systems
is an important purpose in muny I1ndustrial applications to save energy.
It was found that the addition of a few parts per million of high nolecular
weight polymers reduce the skin friction in a turbulent pipe flow 1o
one-haif or less than that of pure solvent alone [5]. Drag reduction
phenarena has been subjected to an extensive experimental and theoritical
investigations In order to achieve a deeper understanding of the nature
of turbulent and mechanisn of drag reduction, which may lead to great
improvement in many technical applications.

It was found that the polyrer solution at low flow rate obeys the
laninar friction low, while at higher fiow rates the flow is similar
to the non-Newtonian fluid flow [1l]. The maximum drag reduction for
any drag reducing additives and at any Reynolds nutber 1is described
by a unique asyrptote which is independent of polymeric partarmeters[12].

The presence of solid particles is unavoidable in many industrial
processes even at low concentrations. Sore of these applications are
mineral washing operations, sprinkler irrigation, thermal power stations
and hydrotransport. An emperical relation for the pressure drop in water
sand flow was obtained by Blatch [2]. The pressure drop depends on the
particles concentration and size with respect to the scale of turbulence
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Designing the hydraulic circuit, the test section pipe was installed
to be 7.5 m apart fran the entrance pipe (300 pipe diareter). This distance
is quite enough to ensure fully developed turbulent flow in the test
pipe. For practical purposes a value of 40 times pipe diareter was recam-
monded by Hinze [3]. The position of the test section was chosen to
be at a distance more than 100 times pipe diameter. Since when polymer
is injected at the centerline of a pipe, the local drag reduction attains
its constant value at a distance of 100 times pipe diareter [8]. The
mintrmum allowed velocity of the test fluid was checked by that obtained
by Spells [10] to avoid settling of sand.

The wuncertainty in measuring the different involved parameters
were studied and the ifollowing values were obtained. The uncertainty
in measuring the flow rate of test fluid is 1.%, the uncertainty in
calculating both sand and polymer concentrations are 0.7% and 0.6%,respec-
tively. The uncertainty in measuring the pressure drop across the orifice
meter and the test section is 1.5%.

The hydraulic circuit must be corpletely evacuated and flushed
with pure water after each experiment to avoid the effect of the previous
injected polymer and sand.

The calculation of the friction loss is performed from the following
expression:

AHf:AHt (St-l) (1)

The flow rate can be known using the calibration charts obtained
in {1]. A sample of these charts is indicated in Fig.(2), from which
the discharge is directly obtained knowing the pressure head loss across
the test section.

The friction factor (A) is calculated from Darcy-Weisbach equation:

AH
y 2 f
'A— ‘r+f - D—Vg- _T_ ...... {2)

The definition of percentage drag reduction is adopted by a nurber
of previous investigators [5,7] in the following form:

Ap
DR% = | - ¢ Py x 100 e ()
APS Q

The subscript Q indicates that
the polymer solution is carpared to the solvent at the sare flow rate.

The average polymer concentration in the test section can be calculat-
ed as follows:
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While sand concentration and density of water-sand mixture are calculated
fran the following expressions:

Im
C, % = m5 x 100 ... -.. (5)
m
b
S . g e (6)
5
l-CS( g -}

RESULTS AND DISCUSSIONS

A set of preliminary experiments were carried out to ensure
that the sucked polymer raster solution is always proportional to the
test {luid flow rate. A sarple of the results ol these experiments is
indicated in Fig. (3}. Fram which it is clear that the relation secans
to be linear. The other experiments gave the same result and thus the
following relation can be deduced:

(Qp / Q. ) = constant = 0.62 .. ........ (7)

Fig. (%4a) shows the pipe pressure drop against the [low ratc for
ditferent polymer concentrations. From this figure it 1s clear that
the pipe pressure drop decrcases with increasing polymer concentration.
The percentage drag reduction can be deduced fran this figure {using
Eq.3) and plotted against flow rate as shown in Fig. (4b). It is clear
fram Fig. (&4b) that the percentage drag reduction is increased with
increasing polymer concentration at the sare flow rate, and also increases
with increasing flow rate at the sare polymer concentration. The results
indicate that the onset of drag reduction depends on the polymrer concen-
tration in such a manner that increasing polymer concentration decreases
the onset of the drag reducion. These results agree with that obtained
by [8,12]. The obtained results are plotted on Prandtl-Karman coordinates,
which ts a linear plot of 1/Vf against the logarithm of Revf_ as shown
in Fig.(5). It is evident fran this figure that the obtained data for
Newtonian flow (water) are in good agreement with Prandtl-Karmaen |aw.
For water-polyrer solution the results describe straight lines with
slope increasing progressively with the polyrer concentration unti!
the maximun drag reduction is reached. Thus the obtained results are
bounded by two extreems, which are Prandtl-Karman law and VYirk aswvptotic
[12].
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Figures (6a,6b,6c} show the relation between the coefficient of
fraction (A) and Reynolds nurber when water-sand mixture is tested.
The results are plotted for different sand grain sizes. It is clear
from these results that the coefficient of friction increases with increas-
ing sand concentration when water-sand mixture flow is harmogeneous,
which is characterised by a minimum velocity to avoid settling of the
sand [10]. These results can be explained fran the nature of motion
of solid particles in turbulent flow. The behaviour of solid particles
in a turbulent fluid depends largly on the concentration of particles
and 1ts grain size with respect to the scale of turbulence of the fluid.
The rapid motion of the particles with respect to the fiuid may cause
a creation of additional turbulence and increase the generated eddies
which tend to increase friction head, so it increases the coefficient
of friction.

Figure (7} represents the coefficient of friction against Reynolds
nutber for grain sizes (0.063-0.125) and {0.25-0.5) mn at the sare sand
concentration (0.2%6 by weight). This figure shows that the sand of
fine particles has more effect on the coefficient of friction than that
of large particles. This result may be explained due to rapidly spread
of fine particles than large particles, this spread may generate large
number of more additione! eddies and increase the wave number of turbulence,

Figures (8a,8b and 8c) show a sarple of the obtained results for
the pressure drop against the flow rate. From such curves the percentage
drag reduction were deduced and plotted against the flow rate. fram these
results it is clear that the polymer has also an effect on the two-phase
water-sand mixture in a turbulent pipe.

The effect of polyrer additives wupon the mixture of water-sand
flow is shown in Fig. (9,10 and 1l}. Fig. (9a,9b,9c and 9d) show the
drag reduction percentage against the flow rate for grain size (0.063-
0.125) mm at different concentrations of polyrmer. The results of the
other two grain sizes (0.125-0.25) and (0.25-0.5) mm are shown in Fig. (10,
I1) respectively. Fram these figures it is clear that the percentage
of drag reduction depends on sand concentration, sand particle size,
and polyrer concentration. The polymer concentration has the sare eftect
on drag reduction as in pure solvent. The percentage drag reduction
is increased with increasing polymer concentraticn at the sare flow
rate, but in this case (two-phase flow) the polymer effect is relatively
lower than that [n water polymer solution. This can be explained as
the presence of solid particles rmay cause a creation of additional turbul-
ence and increase the generated eddies, while the main influence of
the polymer additives is to reduce the generation of turbulence through
the suppression of streak formetion and the eruption ot bursts. Thus
the polyrer has an opposite effect to that of the sand. The results
show that the onset of drag reduction is lagged due to sand suspension
carpared with that inpure water. This may be due to the behaviour of
solid particles in the flow, which discussed beforc.

The effect of sand grain size can be noticed from Fig. (12), where
the percentage drag reduction is plotted against the flow rate for different
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sand grain sizes at 1 % by weight sand concentration with average polymer
concentration of 30 wppm. From this figure it is evident that sand grain
size hasa noticeavle effect on the drag reduction. Increasing the sand
grain size Iincreases the percentage drag reduction. This can be expiained
as discussed before due to the rapidly spread of the fine particles.
which may generate additional eddies and increase turbulence.

Figure (13) presents a sarple of results, where the {riction factor
is plotted against Reynolds nurber for grain size of (0.063-0.125) mm
with 1 % sand concentration at different polymer concentrations. Fran
this figure it 1is evident that the experimental results are bounded
by two extreems (Prandtl-Karmman law and Virk law). This result agrees
with that obtained: by Virk [12] in case of water polymer solution.

CINCLUS IONS

Based on this Investigation, the following conclusicons are offered:

I- Drag reduction additives (polymers) has a drag reducing effect on
turbulent pipe flow in both water and watcr-sand mixture. The elfect

has relatively higher values in case of water flow.

2- The drag reduction increases with increasing polymer concentration
at the same fiow rate and with increasing flow rate of the same
concentration. The onset of drag reduction decreases with increasing

polymer concentration.

3- The coefficient of friction increases with increasing sand concen-
tration at the sarme Reynolds nurber. At the same concentratlion and
Reynolds nurber, the coefficient of friction decrcases at large

grain sizes of sand.

- The drag reduction in two-phse (water-sand) flow in turbulent pipe
increases with polvrer concentration and flow rate. Also the drag
reduction Increases with increasing the grain size of the sand at

the same polymer and sand concentration.

5- The onset of drag reduction is lagged due to sand suspension carpared

with that at water polyrer solution.
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NOMENCLATLRE
C Concentration
C Coefficient of discharge

d
D Test pipe diareter (an)
dS Solid patrticle diameter {rm)

D% Drag reduction percentage
f Friction factor
g Gravitational acceleration {(m/sec?)
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&Hf Friction head loss {an water)

A H Pressure difference (an water)
Pipe length of test section (m)
Mass (kg)

Flow rate (an’/sec)

Reynelds nurber

Specific gravity

Time (sec)

Volure (an’)

Mean velocity (an/sec)

wppn Weight part per millien

w water

Greek Letters

C-ﬁ:HLnr’;EOBI"‘

8 Incremental change
Coefficient of friction, A= 4f
9 Density

Subscripts

av  Average value

m Mixture of sand and water
p Polymer

Pav Average polymer

Pi  Injected polymer

S Sand

t Carbon tetra cheoloride
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Fig ¢ 12 )Drag reduction against flow rate for C=10 °/
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Fig ( 13 ) Coeflicient of friction against Reynolds number
tor  G.S(1Y )C,=1,00 * ot different polymer

conentrations In comparlison with Virk (12 )





