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A B S T R A C T

This study looks at the effectiveness of natural polymers (biopolymers) as drag reducers in flows of oil-water
mixtures. The technique of using drag reducers to minimize the frictional drag in pipeline transportation of
fluids is getting more challenging and there is need to be more environmentally friendly by using natural poly-
mers. In this report, two natural polymers: xanthan gum (XG) and guar gum (GG), were used as drag reducers in a
12-mm ID straight conduit with water. The concentration of the gums was varied from 50 to 250 pm while 25,
0.50 and 0.75 fractions of oil were mixed with freshwater. The molecular weight of the gums was also determined
to gain insight into their influence on the rheology of the fluids. The result showed that the gums (natural
polymers) performed better as drag reducer in freshwater than in mixture with oil. Specifically, the drag reduction
(DR) of 200 pm GG and XG solutions at Reynolds number of 59000 in freshwater was 39% and 44% respectively,
while with the addition of 50% oil fraction, it was reduced to 19% and 32% respectively. DR reduced with oil
fraction. It was concluded that XG performs better in the presence of oil than GG.
1. Introduction

Frictional drag is a primary cause of energy dissipation in a pipeline
system. Such friction is formed as a result of the shear stresses devel-
oped between the fluid and the pipe wall [1]. Pumping systems used to
reduce this friction constitute high ratio of global energy demand [2].
Therefore, efforts are being made by different researchers [3, 4, 5, 6] to
look for substitutes such as the addition of certain polymeric materials
to fluid flows in order to reduce frictional drag and in turn reduce
pumping requirements during simulation and field applications [7].
This approach referred to as drag reduction (DR) [5] was first developed
by Toms who observed significant DR when he added a few parts per
million (ppm) of polymethylmethacrylate into monochlorobenzene so-
lution [8].

The exact mechanism of the interaction of the material with the fluid
that brings about drag reduction is still subjected to research and debate
despite numerous experiments conducted [9]. Lumley [10] believed that
DR is caused by the stretching of polymer chains. Here, when the
randomly coiled polymer chain stretches, the effective viscosity in-
creases, thereby reducing the wall friction and increasing the dimension
of the buffer sub-layer resulting in the observed DR. Little et al. [11]
nyi-Otu).
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examined more mechanisms which supported Lumley hypothesis. Virk
[12] believed that the contact of the polymer solution with the turbu-
lence caused DR. He also put forward that increasing the maximum ki-
netic energy of the inner flow might have influence on DR. The
postulation by Bermann [13] which focused on the examination of
numerous molecular models indicated that maximum stretching of
polymer molecule is irrelevant in DR.

Few researchers gave enhanced insight of DR mechanism using nu-
merical simulation approach. Terrapon et al. [14] proved that the energy
extorted from the near-wall vortices is the result of the stretching of the
polymer molecules around the vortices. This approach has also been
corroborated to explain the organized holding and discharge of power to
the flowing fluid by the polymeric substances [15, 16]. The storage and
the discharge of energy happen at the vortices close to the wall and at the
regions closest to the wall respectively. Furthermore, this approach was
applied to prove that the mixing of polymer serves as a DR relaxation
process [17]. Den-Toonder et al. [18] applied direct simulation to check
the functions of stress/shear rate anisotropy and elasticity on DR. The
prevailing understanding is that as the polymer extend, the directional
variation in viscous effect causes structural changes in turbulence and
disorderliness that results to DR.
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It has been proven that natural polymeric additives are comparably
resistant to degradation to their synthetic counterparts [7, 19]. Although,
there are few natural polymeric additives well known for their perfor-
mance as drag reducing agents (DRAs) in single phase flow, studies
investigating these polymers in enhancing multiphase oil-water flows are
limited in open literature [20, 21]. The use of natural gums has not been
investigated on multiphase flows. Hence, in this study, the effect of oil on
the performance of two natural polymeric additives, namely guar gum
and xanthan gum, in freshwater were investigated and compared.

2. Materials and methods

2.1. Materials

Guar gum (GG) and xanthan gum (XG), both >95% purity, were
obtained off the shelf in powered form and used without further purifi-
cation. A master solution of 10,000 ppm was prepared separately from
each polymer samples. This was achieved by measuring 30 g of each
samples with the aid of electronic balance (CWS Series, 180 gmax.). Each
sample was gently poured into 3 L of tap water in a 10-liter vessel while
being gently stirred to avoid lump formation and for homogeneous de-
livery of the polymeric substances while in the polymer-water system.
The mixture was being stirred at a minimum speed for about 4 h by slow
magnetic stirrer to reduce shear effect from the blades and then left to
stand for 12 h for proper hydration of the polymer particles [22]. The
solution was then ready for dilution to obtain the required
concentrations.
2.2. Experimental setup

The flow system shown in Figure 1 is used for obtaining the experi-
mental data for all polymer concentrations. It is made up of the handling,
regulating and testing sections. The handling section contain two sepa-
rate tanks of capacity 200 L for the oil and freshwater respectively, and a
220-liters gravity separator. The regulating section comprises of two (2)
centrifugal pumps (Jet 102M/N.31227) for circulating the oil and the
water, an ultra-flux portable flow meter (LZM-20J) with precision of
�2% for measuring flow rates and flow control valves.

The testing section is made up of two parallel 1.2-cm internal diam-
eter (ID) conduits made from unplasticized polyvinyl chloride (uPVC)
which are coupled together by flanges for easy separation. There is also a
Pyrex manometer (U-tube) with mercury as the measuring fluid for
pressure drop determination, as well as a new Era Peristatic Pump
Figure 1. Schematic diagram o
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(Model: NE-9000) with precision of �2% for injecting polymer into the
testing section.

The flow loop was designed in such a way that the freshwater in the
water tank is pumped at a measured flow rate from the bottom outlet
while oil in the oil tank is similarly pumped from the top. Both fluids met
at the Y-junction measured at an angle of 300 to ensure minimummixing
of the fluids at the inlet of the test section. The pressure ports (0.5 m
apart) was positioned 3 m from away from the inlet of the testing section
in order to guarantee fully developed flow before taking pressure drop
measurements. The mixture is then allowed to flow back to the separator,
where both mixtures are separated by gravity. The water which is denser
than the oil is allowed to drain to the sink from the bottom of the sepa-
rator, while the oil is recycled to the oil tank. The centrifugal pump rated
at 0.75 kW, 220–240 V was used to ensure steady circulation of the test
fluids around the flow loop. The flowmeters of each fluid were calibrated
before the start of the experiments with obtained R2 values greater than
0.98.

Table 1 shows some of the properties of the freshwater and oil used in
this investigation. All samples were used as obtained without further
purification.
2.3. Experimental procedure

2.3.1. Molecular weight (MW) measurement
0.05 g/dl polymer solution was prepared from each component of

guar gum and xanthan gum. Each sample was then diluted with the aid of
Ostwald viscometer (VS 135) at ambient condition to get different solute-
water ratio ranging from 0.01 - 0.05 g/dl and the various viscosities
estimated. The intrinsic viscidities were then evaluated by taking
reduced viscidity at various solute-water ratio and extending to c ¼ 0.
Thus, by substituting the intrinsic viscosity into Mark-Houwink's Eq. (1),
the MW was then estimated.

½μ� ¼KMa (1)

Where ½μ� is the intrinsic viscidity, M is the average MW, K and a are
constants for a specific solvent, temperature and polymer system.

At 25 OC, for guar gum, K ¼ 3.800 � 10�4 dl/g and a ¼ 0.732 [23]
while for xanthan gum, K ¼ 2.790 � 10�7 dl/g and a ¼ 1.2754.

2.3.2. Pressure drop (ΔP) measurement
The effect of polymer concentrations on freshwater were first inves-

tigated. The results from the segment were to provide answer to the
f the experimental flow rig.



Table 1. Physical property of the test fluids at 25 �C.

Property Water Oil

Viscosity (cP) 1 3.5

Density (kg/m3) 998 832

Figure 2. Reduced viscosity against polymer at ambient temperature.

Figure 3. Drag reductions in single water flow by guar gum at different polymer
concentrations and Reynolds numbers through 1.2-cm internal diameter pipe.
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question: At what concentration should the test be carried out in oil-
water flows? Polymer concentration was varied from 50 to 250 ppm in
freshwater flow. Testing was performed at water flow rates ranging from
10 to 35 l/min. The operation began by pumping water from its storage
tank to the testing section at a measured flow rate. Within a minimum of
5 min when the flow is stable, the pressure drop was measured. Subse-
quently, the different polymer concentrations were added and the pres-
sure drop values also measured [24]. Same approach was followed for
the studied water velocities (superficial and in-situ). The experiments
were repeated at least three times and the average value recorded with
error/deviations less than 4%.

In order to study how oil affects the performance of the natural
polymeric substances, oil-water flow experiment was performed at var-
iable mixture velocity (Um) and input oil fraction (αo) of 0.25, 0.5 and
0.75. The experiments were done at time intervals of 50 min to avert
temperature rise of the oil-phase by the shearing effect of the centrifugal
pump. In each of the test conducted (i.e. for each Um and a fixed αo), the
oil was initially pumped to the regulating section, where it was metered.
Subsequently, the water was similarly pumped and metered before
mixing with the oil at the Y-junction (Figure 1). The mixture was then
transferred to the testing section. After attaining stability within a min-
imum of five minutes, the pressure drop was measured. The master
polymer solution was then infused to the water flow line before the Y-
junction and the pressure drop was also measured [25]. This was done for
each polymer solution separately.

The same experimental procedure was repeated for different ratios of
oil and water flow rates. Reproducibility of the experimental data was
checked by performing the experiment in triplicate and the average was
recorded to be less than 5%. Drag reductions by drag reducing polymers
(DRPs) were calculated from Eq. (2) using the experimental pressures
while Reynolds numbers were calculated from Eq. (3).

%DR¼ 〈ðΔPo �ΔPÞ =ΔPo〉� 100 (2)

Where ΔPo is the pressure drop without DRP and ΔP is the pressure drop
with DRP [26].

Re¼ ρVD=μ (3)

Where ρ is fluid density, D is pipeline diameter, V is mean flow velocity
and μ is the viscosity [27].

3. Results and discussion

3.1. Molecular weight measurement

Figure 2 show the plot of reduced viscosity against different con-
centrations of polymers tested. By extrapolation, the intrinsic viscosity of
guar gum and xanthan gum were calculated to be 9.33 and 22.38 g/dl
respectively. It is very obvious that the intrinsic viscosity of XG is high
compared to that of GG. This might be due to the rigidity of the polymer
molecules as well as the presence of coulomb forces in the aqueous so-
lution of xanthan gum [28].

By substituting for intrinsic viscosity into Eq. (1), the MW of guar gum
and xanthan gum was calculated to be 994,040 g/mol and 1,575,700 g/
mol respectively. The calculated molecular weights are close to reported
values of 954,000 and 1,675,310 g/mol for GG and XG respectively [29,
30]. The variation in the molecular weight values of the gums reported
by Mahmoud [29] and Martin [30] might be due to the difference in
species or purification level of samples used.
3

3.2. Effect of polymer concentrations on DR

The effect of polymer concentrations in freshwater was investigated
at different water velocities expressed in terms of Reynolds number and
the results presented in Figures 3 and 4. It can be observed that DR
increased with increasing polymer concentration before reaching a
plateau at polymer concentration of 150 ppm. This is because as the
polymer concentration was increased, there was more polymer molecules
interacting with eddies inside the main flow system. This caused an
apparent increase in the viscosity of the fluid and hence increases in the
observed DR [28]. Also, from Figures 3 and 4, it was revealed that XG
performed better in terms of reducing frictional drag in comparison to
guar gum.

Specifically, at Reynolds number of 59000, maximum drag reduction
values of 39 % and 44 % were attained when 200 ppm of guar gum and
xanthan gum solutions were added respectively. The high value of drag
reduction with xanthan gum might be due to its high molecular weight
(1,575,695 g/mol) compared to that of the guar gum which was 994,035
g/mol [31]. Further increase of polymer concentration beyond this value
did not cause appreciable increase in the drag reductions. This is because
an optimum additive-liquid balanced concentration was reached beyond
which no effect was observed [21, 32]. It is believed that the turbulence
spots become saturated with the polymer and further increase in polymer
concentration will not yield significant drag reduction [32]. At this
saturation point, the polymer was unable to stretch further, thereby
leading to no change or in most cases, slightly drops in drag reduction.

These results also revealed that the optimum performances of the
polymer solutions studied is dependent on the extent of turbulence. By
increasing the flow inside the pipes, the extent of turbulence will also



Figure 4. Drag reductions in single water flow by xanthan gum at different
polymer concentrations and Reynolds numbers through 1.2-cm internal diam-
eter pipe.

Figure 6. Effect of input oil fraction on oil-water drag reduction at different
mixture velocities by 200 ppm guar gum at different mixture velocities through
1.2-cm internal diameter pipe.
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increase thus providing more favourable environment for the polymer
solutions to perform. Generally, based on the experiments carried out, all
concentrations reduced drag in the range of Re investigated. Most of the
experimental results agree well with the previous works published by
many researchers such as Ram et al. [20], Reddy and Singh [33] and
Kulmatova [1]. Based on the observed drag reductions, polymer con-
centration of 200 ppm was selected for both polymers in the multiphase
oil-water flow investigation to ensure that maximum drag reductions
were achieved.

3.3. Effect of input oil volume fraction on DR

Based on the observations in the preceding section, the performance
of the polymers in freshwater flow is identical. Therefore, polymer con-
centration of 200 ppm was chosen to study the effect of oil on the per-
formance of natural polymers in freshwater flow and the results shown in
Figures 5 and 6. From both figures, it can be observed that guar gum was
much more sensitive to the presence of oil than xanthan gum. For
instance, at 0.5 input oil fraction and mixture velocity of 4.67 m/s, the
DR by guar gum dropped from 39 % to 19 %. That of xanthan gum
decreased from 44 % to32 %.

Generally, the experimental results proved that the addition of oil
reduced the performance of the polymers in freshwater flow. This is
anticipated as water soluble polymers were used in this investigation.
Hence, increasing the input oil fraction inhibits the interaction of the
polymer molecules with the water phase [26, 34, 35]. In other words, the
oil inhibited the elongation of the polymer chain under turbulences and
Figure 5. Effect of input oil fraction on oil-water drag reduction at different
mixture velocities by 200 ppm xanthan gum at different mixture velocities
through 1.2-cm internal diameter pipe.
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therefore decreased the DR. The general observations so far showed that
the xanthan gum performed better than the guar gum. This might also be
due to difference in molecular weight as observed in the single-phase
water flow [31, 36]. It is known that the higher the molecular weight
of a polymer, the more polymer entanglements and aggregates are
formed and these have been indicated to enhance drag reduction [37,
38].

4. Conclusion

This work centered on investigating the effect of oil on the perfor-
mance of natural polymers in freshwater flow and the results summarized
as follows:

Xanthan gum (XG) performed better than guar gum (GG) in fresh-
water. The DRs of GG and XG at 200 ppm in freshwater were 39 % and 44
% respectively. Natural polymers performed better as drag reducer in
freshwater than in mixture with oil. However, more types of natural
polymers need to be used to validate this observation.

XG performed better with the presence of oil than GG. The DRs of GG
and XG at 200 ppm and 0.5 input volume oil fractions were 19 % and 32
% respectively. This shows that the addition of oil to fresh water flow
reduced the interaction of the natural polymers with the fresh water.

The exploitation of the enormous opportunities for research within
this dynamic field of expertise cannot be over emphasized. However,
there are still many areas of uncertainties to be addressed. Therefore,
from applied point of view, the following should is recommended for
future research:

The effects of salinity and temperature have not been adequately
investigated in oil–water flows. Hence, more works are needed in this
area to address the performance of DRPs.

Further investigation on drag reduction should be carried out in
vertical or near-vertical oil-water flows.

For industrial purposes, correlation models for pipe diameter scale-up
are needed.
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