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Abstract
An experimental investigation of the effect of two natural water-soluble polymers (xanthan gum and guar gum) on 
drag reduction was studied in oil-water flows. The study was carried out in a horizontal pipe flow loop system of 20-
mm ID. 832 kg/m 998 kg/m he polymers The test fluids were diesel (ρ = ; µ = 3.5 cP) and tap water (ρ = ; µ = 1.0 cP). T3 3

were prepared in 10,000 ppm master solution and injected at different flow rates to achieve polymer concentrations in 
the range of 50 to 250 ppm. As expected, the percentage drag reductions of the individual polymer increased with 
increase in Reynolds number but decreased with the increase in oil fraction. Specifically, the addition of 200 ppm of 
xanthan gum solution resulted in drag reduction of 40 % in single-phase water flow at Reynolds number of 35,775 
and 23 % in oil-water flow with 0.25 oil fraction at mixture velocity of 1.6 m/s. At the same mixture velocity, the 
addition of the same concentration of guar gum solution resulted in drag reduction of 33 % in single-phase water flow 
and 18 % in oil-water flow with 0.25 oil fraction. The results showed that DR with xanthan gum compares better with 
guar gum of equivalent concentration and shows great promise for wider industrial applications. 

      Keywords: Natural gums; Drag reductions; Polymer concentrations; Reynolds numbers.
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1. INTRODUCTION
Frictional drag is an area of concern in transporting 

fluids using pipelines, which form an important unit of 
the chemical industry. Fluids flowing in turbulent mode 
commonly experience a drag signaled by the pressure 
drop between two points. Much power is utilized to 
overcome frictional pressure drop. The drag phenome-
non is inevitable and the pumping used to make up for 
pressure drop constitutes high percentage of the world’s 
energy demand (Hameed et al., 2014).

It has been shown that introducing small concentra-
tion of certain additives in parts per million (ppm) can 
lead to decrease in pressure drop (Edomwonyi-Otu and 
Angeli, 2014; Edomwonyi-Otu, 2015 and Yang, 2015). 
This phenomenon called drag reduction, has found 
wider uses in industries to increase the flow capacities of 
existing pipelines (Yang, 2015). It can also be used to 
reduce supply pressures, pumping costs, and pipe 
diameters for given flow capacities. There are three 
most studied types of additives, namely; polymers, 
surfactants and fibers. They are also termed Drag 
Reduction Agents (DRAs). These are additives that 
reduce frictional pressure during fluid in a conduit or 
pipeline, and they served to reduce the energy require- 
ments of pumping systems (Edomwonyi-Otu et al.,  
2015; Hameed et al., 2014; Eshrati et al., 2017).

The effect of drag reduction in turbulent flows by 
additives was first discovered by in 1948 and had since 

been referred as the Toms phenomenon (Al-Wahaibi et 
al., 2007). It was reported that adding a small amount of 
high molecular weight polymers to turbulent flow can 
greatly decrease wall friction and pressure drop in oil 
and petroleum products pipelines. It was recently 
reported that they are suitable for transporting portable 
water from treatment plants to consumption points 
(Edomwonyi-Otu and Adelakun, 2018).

Many researchers had suggested the use of natural 
polymers as drag reduction agents (Abdulbari, , et al.
2014; Abubakar, , 2015). Yet, most reported et al.
polymers are synthetic polymers which are not biode-
gradable and acts as flocculation agents in some cases. 
Hence, they are not environmentally friendly. Mean-
while, natural polymers have been reported to also show 
high resistance to shear forces exerted by the turbulent 
inside the pipe during fluid transport. These have 
encouraged a number of researchers to replace the 
existing artificial polymers by natural biodegradable 
polymers (Abdulbari, et al., 2012). The few studied and 
discovered natural polymers which are water-soluble 
are derived from agricultural sources such as okra 
mucilage (Abdulbari, 2012), guar gum (Ram et al., et 
al. et al., , 2009) and xanthan gum (Rao 2013).

Drag reduction techniques have been applied in 
various industrial and engineering arenas, such as oil 
pipelines, open channels, marine applications, agricul-
tural field irrigation, fire hoses, and biomedical systems. 
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An important problem in the application of drag reduc-
tion by polymer additives is the degradation of the 
polymers. It is well known that the drag reducing 
capability of a polymer is limited by two types of 
degradation: chemical and mechanical (Toonder , et al.
1995). Chemical degradation occurs when a change in 
the polymer structure is caused by a chemical reaction. It 
can be caused by the presence of metals or free radical 
initiators where oxygen is present and a high level of 
salinity or calcium in the solvent may also cause chemi-
cal degradation (Toonder , 1995). In comparison, et al.
mechanical degradation occurs due to mechanical 
energy acting on the polymers in the solution. In 
practical terms, this means passing the fluid through 
pumps or pipes or both. Mechanical stress causes the 
polymer to break, thereby reducing the molecular weight 
of the polymer and thus its drag-reducing capability 
(Toonder  1995). Mechanical degradation is linked et al.,
to shear flow causing degradation of dilute polyethylene 
oxide solutions when present (Sellin , 1982). et al.

It has been shown that most gums with high molecu-
lar weight are effective aqueous drag reducing agents 
(Kim ., 2000; ). It was observed thatet al Sohn 2001  et al., 
xanthan gum and guar gum seemed to behave as a more 
shear-stable drag-reduction agent in the deionized water, 
as well as in the salt solution, than most synthetic 
aqueous drag reducing agents like polyethylene oxide 
(PEO).

Similarly, it was reported that drag reducing polymer 
(DRP) can be use in multiphase systems (Greskovich 
and Shrier, 1971). These researchers were the first to use 
the abbreviation DRP in the study of multiphase flow in 
a 0.038-m internal diameter (ID) horizontal pipe when it 
was reported that about 40 - 50% of drag reduction could 
be achieved in air-water slug flow and that frictional loss 
reduction as opposed to change in acceleration within 
the slug was responsible for this drag reduction.

Unlike the use of natural DRPs in single-phase, 
which had gained much attentions, little experimental 
data pertaining to the use of natural DRPs in oil-water 
flows and the use of natural DRPs in oil-water flows are 
currently available in the literature. Therefore, this study 
investigates the effectiveness of natural polymer on the 
drag reduction in dispersed oil-water flow.

2. MATERIALS AND EXPERIMENTAL 
PROCEDURE 

Materials
The polymers used in this study are water-soluble 
polymers (xanthan gum and guar gum) obtained off the 
shelf in powered form from Cardinal Chemical Supply 
Store, Zaria, Nigeria. The two commercial samples were 
named XG and GG respectively. The transported fluids 
used were normal tap water and diesel oil supplied by 

Kaduna Refining and Petrochemical Company (KRPC), 
Kaduna, Nigeria. The physical property is as shown in 
Table 1. All samples were used as received without 
further purification. 

Experimental Setup
The flow facility used for this study was located in the 
Multiphase Flow Laboratory, Chemical Engineering 
Department at Ahmadu Bello University, Zaria. Figure 1 
shows the schematic diagram of the flow facility. 
Generally, the flow loop is made up of three sections: 
handling, regulating and test sections. The fluids 
handling section consists of two tanks each with a 
capacity of 200 litres for diesel and water respectively, 
and a gravity separator with a capacity of 220 litres. The 
regulating section comprises of two centrifugal pumps 
(Jet 102M/N.31227) an u used to circulate the fluids, ltra-
flux portable flow meter (LZM-20J) with accuracy of ± 
5% for measuring flow rate and valves for controlling 
the flow rate. The test section consists of two parallel 
Ultra-Polyvinyl Chloride (UPVC) 20-mm  pipes of 
internal diameter and joined together by flanges for easy 
dismantling, a U-tube manometer (Pyrex) with mercury 
as the manometer fluid for the measurement of pressure 
drops, a new Era Pump System (Model: NE-9000) with 
accuracy of ± 2% for injecting polymer into the test 
section. 

Experimental Setup
The flow facility used for this study was located in the 
Multiphase Flow Laboratory, Chemical Engineering 
Department at Ahmadu Bello University, Zaria. Figure 1 
shows the schematic diagram of the flow facility. 
Generally, the flow loop is made up of three sections: 
handling, regulating and test sections. The fluids handling 
section consists of two tanks each with a capacity of 200 
litres for diesel and water respectively, and a gravity 
separator with a capacity of 220 litres. The regulating 
section comprises of two centrifugal pumps (Jet 
102M/N.31227) an u used to circulate the fluids, ltra-flux 
portable flow meter (LZM-20J) with accuracy of ± 5% for 
measuring flow rate and valves for controlling the flow 
rate. The test section consists of two parallel Ultra-Poly-
vinyl Chloride (UPVC) 20-mm internal diameter  pipes of 
and joined together by flanges for easy dismantling, a U-
tube manometer (Pyrex) with mercury as the manometer 
fluid for the measurement of pressure drops, a new Era 
Pump System (Model: NE-9000) with accuracy of ± 2% 
for injecting polymer into the test section. 

Property Water Oil 
Viscosity (cP) 1 3.5 

Density (kg/m3) 998  832 

 

Table 1: Physical properties of the test fluids at 25 Co
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Pressure ports for the U-tube manometer which 
measured the pressure drops was located 3 m from the 
inlet of the test section to ensure fully developed flow 
in the test section before the measurements were made. 
The energy required for the centrifugal pump was 0.75 
kW and the pump voltage was 220 - 240 V. The flow 
meters of each fluid were calibrated before the start of 
the experiments with obtained R  values greater than 2

0.98.

Polymer Preparation 
Before the experimental process begins, preparation of 
the polymer solution was carried out according to the 
method of Venugopal and Abhilash, (2010). 10,000 
ppm master solution of each polymer was prepared 
separately as follows: 30 g of the respective powdered 
polymers was weighed and gently sprinkled into 3 
litres of tap water in a vessel. The mixture was stirred 
for about 4 hours by slow magnetic stirring to minimise 
shear effect from the blades. This was to avoid lump 
formation at room temperature and homogeneous 
distribution of the polymer particles in the solution. 
Thereafter, the mixture was left for about 12 hours for 
proper hydration of the polymer particles.

Equation (1) gives the relation for calculating the 
polymer injection rate for a required concentration in 
the flow system (Edomwonyi-Otu, 2015).

Qp = (C  x Q ) / (C  – C ) ……………(1)1 w m 1

Where Q  is the polymer flow rate, C is the required in-p 1 

 

 

 
Figure 2: Plot of drag reduction against concentration of 

xanthan gum for single-phase water flow at different  
Reynolds number
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Figure 1: Schematic diagram of the multiphase flow loop
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situ polymer concentration in the test section, C  is the m

concentration of the polymer master solution and Q  is w

the water inlet flow rate.

Experimental procedure
In both water and oil-water flows, the polymer 
concentration was varied from 50 to 250 ppm. The 
single-phase experiment was conducted using water 
flow rates in the range of 10 to 35 l/min. The operation 
was started by pumping water from its storage tank to 
the test section at a measured flow rate using the flow 
meter. After attaining stability within a minimum of 5 
minutes, the pressure drop was measured. 

Thereafter, polymer master solution was injected at 
a known flow rate to give the desired concentration at 
the test section. Again, the pressure drop was measured 
after attaining stability. This procedure was repeated 



for all the water flow rates investigated.
The variables considered for the oil-water flow are the 
mixture velocity (U ) and the input oil volume fraction m

(α ). The mixture velocity was varied from 0.8 to 1.6 o

m/s and for each mixture velocity, the flow rate of the 
oil and water was changed appropriately to give α  o

range of 0.25 to 0.75. 
The experiments were carried out at intervals of 50 

minutes to prevent overheating of the oil phase by the 
centrifugal pump. For each experimental run (i.e. a 
mixture velocity at a fixed input oil volume fraction), 
the oil was first pumped from its storage tank to the 
regulating section where it was metered and then 
transferred to the test section. Thereafter, the water was 
similarly pumped, metered and mixed with the oil at the 
Y-junction before they are transferred together to the 
test section. After attaining steady state within a 
minimum of 5 minutes, the pressure drop was 
measured. The master polymer solution was then 
injected to the water flow line before the oil-water 
mixing at the Y-junction at a specific flow rate to 
achieve a specified polymer concentration in the main 
water flow line, after which the pressure drop also 
measured. This was done for each polymer solution 
separately.

The same experimental procedure was repeated for 
different combinations of oil and water flow rates. 
Reproducibility of the experimental data was checked 
by performing the experiment in triplicate and average 
was taken. Equations (2) was used to calculate 
Reynolds numbers (  Robert and Vancko, 1997) while
Equations (3) was used to calculate drag reductions  
(Fadhl, 2011).

Re = VD /  ................. .....(2)ρ μ .........
where  is fluid density,  is pipeline diameter, is ρ D V 
mean flow velocity and µ is the viscosity.

%DR = ( P  – P)/ P  x 100 ……………….(3)Δ Δ Δo o

where Po and P represent the measured pressure Δ Δ
drop without and with the addition of DRA. 

3  RESULTS AND DISCUSSION.
Single-Phase Water Flow 
Figures 2 and 3 show the plots of drag reduction against 
concentration in single-phase water flow at different 
Reynolds number for xanthan gum and guar gum 
respectively. From the figures, it was observed that DR 

Two-Phase Oil-Water Flow 
Effect of Input Oil Volume Fraction on Drag 

Reduction 
Figures 4 - 9 show the plots of drag reduction against 
input oil volume fraction by adding different polymer 
concentration in two-phase oil-water flows    at different
mixture velocity. It was observed from the figures that 
drag reduction decreased as the oil fraction increased. 
This is expected because water-soluble polymers as 
used in this study are mainly effective in water domi-
nated flow regions (i.e. at high water fractions). Hence, 
the increase in the input oil volume fractions reduced 
the interaction of the DRP molecules with the water 

 
Figure 4: Plot of drag reduction against input oil volume 

fraction by adding 150 ppm of xanthan gum in two-
phase oil-water flows   at different mixture velocity.

Copyright Reserved © NJMSE, 2018 47

 

 

Figure 3: Plot of drag reductions against concentrations of 
guar gum for single-phase water flow at different  
Reynolds numbers.
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phase.  
Figure 5 shows that the addition of 200 ppm of 

xanthan gum solution resulted in drag reduction of 23 
% with 0.25 input oil volume fraction at mixture 
velocity of 1.6 m/s. At the same mixture velocity and 
input oil volume fraction, the addition of the same 
concentration of guar gum solution resulted in drag 
reduction of 18%.  The difference in percentage drag 
reduction might be attributed to the existence of 
greater coulomb forces and rigidity of the polymer 
molecules in the aqueous solution of xanthan gum as 
observed in single-phase water flow. 



 

 
Figure 7: Plot of drag reduction against input oil volume 

fraction by adding 150 ppm of guar gum in two-
phase oil-water flows   at different mixture velocity

 
Figure 8: Plot of drag reduction against input oil volume 

fraction  by adding 200 ppm of guar gum in two-phase
oil-water flows  at different mixture velocity

 

Figure 6: Plot of drag reduction against input oil volume 
fraction by adding 250 ppm of xanthan gum in two-
phase oil-water flows   at different mixture velocity

Figure 9: Plot of drag reduction against input oil volume 
fraction by adding 250 ppm of guar gum in two-
phase oil-water flow   at different mixture velocity.
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Figure 5: Plot of drag reduction against input oil volume 

fraction by adding 200 ppm of xanthan gum in two-
phase oil-water flows   at different mixture velocity.

 

Figure 10: Reynolds Plot of drag reduction against mixture 
numbers at 0.25 input oil volume fraction and different   
polymer concentrations 



Comparative Performances of Xanthan Gum and 
Guar Gum 
Figures 10 - 12 show the plots of drag reduction against 
mixture Reynolds number the to show  comparative 
performance of natural gums in two-phase oil-water 
flow It was observed from the figures that drag . 
reduction increased as mixture Reynolds number 
increases. This phenomenon is so because at higher 
mixture velocity, there was a stronger turbulence which 
increased the effectiveness of the DRP and thus 
provided more suitable environment for the drag 
reduction mechanism to take place  It can be seen from .
Figure 12 that very little or no change in drag reduction 
by the addition of the DRP at mixture Reynolds number 
lower than 5000. This could be because the polymers 
are only effective in the turbulent flow region whereas 
at this low mixture Reynolds number, the oil-water 
flow was either in laminar region or in its early turbu-
lent region ( Abdulbari Al-Yaari  2009; et al., et al., 
2012 and Abubakar, 2016).

4. CONCLUSION

In this study, the turbulent drag reduction characteristics 
of two natural gums (xanthan gum and guar gum) were 
investigated in single-phase water and two-phase oil-
water flows. We performed the drag reduction measure-
ments using a horizontal closed loop system of 20-mm 
ID. The analysis of the results showed that DR increases 
when polymer concentration increases until a certain 
value where turbulence spots become saturated with the 
polymer. The highest drag reduction was observed for 
single-phase water flow. The increased in input oil 
volume fraction reduces the interaction of the polymer 
molecules with the water phase. Hence, this leads to 
decreased in DR. Experimental results showed that DR 
with xanthan gum compares better with guar gum of 
equivalent concentration.
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