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Highlights 

 Polymers used as drag reduction agent but are not economical. 

 The efficiency of surfactant is very low. 

 The use complexes of polymer and surfactant decrease friction in pipeline. 

 Rotating Disk Apparatus to check degradation of additives. 
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When polymers (DRA) passes through high shear force areas like pumps and elbows that causes 
from turbulent flow will lose their drag reduction abilities. In this research, the effect of adding a 
nonionic surfactant (tween 20) to the cationic polymer (Poly (acrylamide-co-diallyl-dime-
thylammonium chloride)) in reducing friction in the pipeline has been examined by using rotating 
disk apparatus to verify its ability in decrease the friction in pipelines. The influence of adding 
polymer, surfactant and Reynold number in enhancing flow in pipelines were examined. The re-
sults appeared that 40% drag reduction could be obtained by using this complex.  
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1. Introduction.  

In the oil and gas industry, transporting liquids (particularly 
crude oils) through pipelines is one of the applications that con-
sume the most power because of the turbulent flow modes by 
which liquids are transported. Turbulent flow modes can cause a 
massive dissipation of pumping power as a result of the reverse 
and chaotic movements of the structures inside the pipes (eddies), 
which grow and massively multiply through the pipe length. Drag 
forces can occur between moving fluids and stagnant pipe walls or 
even between two fluid layers. They are proportional to the veloc-
ity of laminar flows and to the squared velocity of turbulent flows 
(Benzi, 2010).  

Over the last few decades, many scientists have suggested var-
ious techniques to reduce drag (i.e., drag reduction methods) and 
therefore improve liquid flow through pipelines. These methods 
can be classified into either passive or active, depending on their 
implementation. Passive methods take their inspiration from na-
ture and simulate sharkskin microstructures, creating what are 
called “Riblets" (El-Samni et al., 2007). Different passive techniques 
have been invented and implemented, including dimples, oscillat-
ing walls, compliant surfaces, and even microbubble injection in 
pipelines. However, these techniques have failed to efficiently re-
duce the drag and have high implementation cost (Du et al., 2002).  

Polymeric additives are proven to have a massive impact on the 
behavior of turbulent flow in pipelines because of their unique vis-
coelastic properties that suppress turbulent eddies. In many cases, 
polymeric DRA loses its drag reduction abilities when exposed to 
high shear forces exerted by the turbulent flow caused by pumps. 
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This action is irreversible, thereby requiring the re-injection of 
fresh polymers (Abdulbari et al., 2012).  

Surface active agents have since been tested as DRAs by many 
scientists. Used as DRA, these additives have no real commercial or 
industrial application because of their low drag reduction effi-
ciency and high concentrations. On the other hand, the advantage 
of using surfactant molecules as DRA is their ability to reform their 
shape, pass through high shearing areas, and capacity to regain 
their drag reduction ability, which is nevertheless relatively lower 
than that of polymeric DRA (Alramadhni et al., 2013).  

The adding surfactants to the polymers can improve the perfor-
mance of the polymers because this complex will form micelles and 
these micelles will rearrange their form after they passing pumps 
(Xiaodong Dai et al., 2017).The objective of this study is to investi-
gate the interaction between polymer and surfactant. The polymer 
selected was Poly (acrylamide-co-diallyl-dimethylammonium 
chloride) (PAMC), and non-aionic (Tween 20) were selected as sur-
factant. The drag reduction of mixture was calculated and com-
pared to the drag reduction achieved by pure polymer and surfac-
tant. The effect of additive concentration and reynolds number on 
the friction in pipeline also have been examined in this research. 

2. Materials and methods.  

2.1 Materials. 

In general, two types of materials were investigated in the pre-
sent work, polymer, and surfactant with different polarities cati-
onic and non-ionic. The cationic Polymer (PAMC) 10 wt. % in H2O 
and non-ionic surfactant Tween 20 used without further purifica-
tion.  
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2.2. Method. 

2.2.1 Preparation of Solutions, 

All the purchased additives are water soluble and the tested so-
lutions from these additives are created by adopting the following 
steps: 

1. The concentration of the additives was determined in weight 
parts per million (ppm) by adopting the weight/weight basis. 

2. The stock solution was prepared by dissolving the desired 
weight of the additives into distilled water and by stirring using 
a magnetic stirrer for 4 h. 

3. The final solution for RDA testing was left for 24 h. to allow for 
maximum additive penetration. 

2.2.2 Rotating disk apparatus. 

The RDA in the present work was designed and fabricated for 
the purpose of testing drag reduction and mechanical stability of 
the investigated liquids by applying shearing force and measuring 
the torque. Fig. 1 shows a photo of the fabricated RDA. The Reyn-
olds number in the RDA was calculated using the formula pre-
sented in Eq. (1). 

𝑅𝑒 =
𝜌 × 𝑅2 × 𝜔

𝜇
                                                                                        (1) 

Where 

Re= Reynolds number (dimensionless) 

ρ= density of the fluid, 1000 (kg/m3) 

R = radius of the disk, (14 cm)  

ω = rotational speed of the disk, (rpm) 

µ= viscosity of the fluid = 0.001 n. s /m2(c.p) 

Because the amount of additives (polymer, surfactant or mix-
ture) are very little, the properties of fluid (density and viscosity) 
were taken for pure water. 

 
Fig. 1. Rotating Disk Apparatus rig. 

3. Result and discussion. 

Fig. 2. displays influence concentration of PAMC on the drag re-
duction at different Reynolds number. The drag reduction of 50 
ppm PAMC has achieved 10% at Re = 980000. By increasing con-
centration of PAMC to 700 and 1000 ppm the drag reduction en-
hanced to 27% and 34% respectively at the same value of Re. As a 
result, the torque of polymer additive reduces clearly, when the 
concentration of additive increase and this is more obviously at 
higher Reynolds number values. Fig. 3. displays influence concen-
tration of surfactant on the drag reduction at different Reynolds 
number values. The drag reduction efficiency of surfactant solution 
not enhanced by rising surfactant concentration from 50 to 1000 
ppm at different Reynolds number values.  

 

Fig. 2. Influence increment concentration of polymer on the torque as a function of Reynold number. 
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Fig. 3. Influence surfactant concentration on the drag reduction at different Reynolds number values 

The influence of adding the surfactant to the polymer on drag 
reduction at different Reynolds number values shown in Fig. 4. It is 
clear that the drag reduction efficiency enhanced by using polymer 
surfactant mixture. The drag reduction efficiency of PAMC-Tween 

20 mixture at Re = 980000 and 500 ppm was 24% while the per-
centage drag reduction of PAMC was 20% at the same conditions. 
This enhancing in drag reduction was a result of interaction be-
tween the polymer and surfactant. By using a TEM test we can see 
the picture of the interaction between these materials clearly.  

 

Fig. 4. Displays effect adding a surfactant to the polymer on the drag reduction. 

4. Conclusion.  

In conclusion, the influence of polymer concentration, surfac-
tant concentration, Reynold number and mixture of polymer-sur-
factant on the drag reduction efficiency have been studied. The 
drag reduction efficiency resulting by mixture 1000 ppm PAMC–
Tween 20 was 40%. In other words, the interaction between poly-
mer-surfactant solution plays a vital role in enhancing the flow in 
pipes and declining the friction between the fluid and surface of the 
pipe. 

 

References 

Abdulbari, H., Kamarulizam, N. and Nour, A. (2012) 'Grafted natural 
polymer as new drag reducing agent: An experimental 
approach', Chemical Industry and Chemical Engineering 
Quarterly, 18, 3, pp. 361-371. 

Alramadhni, S., Saleh, N. and Rassol, G. (2013) 'Experimental Study 
of Drag Reduction Phenomena within Pipe-Flow in a Closed 
Circuit System Using Surfactant Additives', Eng. &Tech.Journal, 
3, pp. 11-13. 

0

5

10

15

20

25

30

35

0 200000 400000 600000 800000 1000000

T
o

rq
u

e
 (

n
.m

)

Re

Water

50 ppm Tween 20

200 ppm Tween 20

500 ppm Tween 20

700 ppm Tween 20

1000 ppm Tween 20

0

5

10

15

20

25

30

35

0 200000 400000 600000 800000 1000000

T
o

rq
u

e
 (

n
.m

)

Re

Water

50 ppm PAMC- 50 ppm Tween 20

200 ppm PAMC- 200 ppm Tween 20

500 ppm PAMC- 500 ppm Tween 20

700 ppm PAMC- 700 ppm Tween 20

1000 ppm PAMC- 1000 ppm Tween 20



Hawege & Abushina /Libyan Journal of Science & Technology 9:2 (2019) 142145 

145 

Al-Sarkhi, A. (2012) 'Effect of mixing on frictional loss reduction by 
drag reducing polymer in annular horizontal two-phase flows', 
International Journal of Multiphase Flow, 39, pp. 186-192. 

Benzi, R. (2010) 'A short review on drag reduction by polymers in 
wall bounded turbulence', Physica D, 239, 14, pp. 1338-1345. 

Du, Y., Symeonidis, V. and Karniadakis, G. (2002) 'Drag reduction in 
wall-bounded turbulence via a transverse travelling wave', 
Journal of Fluid Mechanics, 45, 7 ,pp. 1-34. 

El-Samni, O., Chun, H. and Yoon, H. (2007) 'Drag reduction of 
turbulent flow over thin rectangular riblets', International 
Journal of Engineering Science, 45, 2, pp. 436-454. 

Kim, J., Kim, C., Zhang, K., Jang, C. and Choi, H. (2011) 'Effect of 
polymer–surfactant interaction on its turbulent drag 
reduction', Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 391, 1–3, pp. 125-129. 

Malcher, T. and Gzyl-Malcher, B. (2012) 'Influence of polymer–
surfactant aggregates on fluid flow', Bioelectrochemistry, 87, pp. 
42-49. 

Moaven, K., Rad, M. and Taeibi-Rahni, M. (2013) 'Experimental 
investigation of viscous drag reduction of superhydrophobic 

nano-coating in laminar and turbulent flows', Experimental 
Thermal and Fluid Science, 51, pp. 239-243. 

Pérez-Gramatges, A., Matheus, C., Lopes, G., da Silva, J. and 
Nascimento, R. (2013) 'Surface and interfacial tension study of 
interactions between water-soluble cationic and 
hydrophobically modified chitosans and nonylphenol 
ethoxylate', Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 418, pp. 124-130. 

Xia, G., Liu, Q., Qi, J. and Xu, J. (2008) 'Influence of surfactant on 
friction pressure drop in a manifold microchannel', 
International Journal of Thermal Sciences, 47, 12, pp. 1658-
1664. 

Xiaondong, D., Guicai, Z., Bing, L., Jijiang, G., Xuewu, W. and 
Shuming, Y. (2017) 'Enhanced Drag Reduction Performance of 
Nanocomposites', Advanced Composites Letters, 26, 4, pp. 118-
126. 

Zadrazil, I., Bismarck, A., Hewitt, G. and Markides, C. (2012) 'Shear 
layers in the turbulent pipe flow of drag reducing polymer 
solutions', Chemical Engineering Science, 72, pp. 142-154. 

 


