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Abstract
Objectives:Turbulent Drag Reduction (DR) efficacy of diesel fuelin a Rotating Disk Apparatus (RDA) using anionic 
surfactant of Sodium Lauryl Ether Sulfate (SLES) was investigated with smooth andSV-groove disks(riblets height of 900 
and 3100 µm).  Methods: The DR efficacy indicates how the torque is being reduced with a tiny amount of additives under a 
turbulent flow at a Reynolds number (Re) range of 302227 to 453341. The effects of different variables such as rotary disk 
type (smooth or structured), surfactant concentration, and Reynolds number were also studied. Findings: SLES shows a 
good ability to reduce the frictional drag forces with smooth and SV-groove of height 3100µm. In contract, there is no drag 
reduction can be observed by using this surfactant with SV-groove of height 900 µm. Application/Improvements: The 
passive-active interaction method can be used to improve petroleum liquid flow in pipelines.

1. Introduction
Drag Reduction (DR) can be defined as the amount of the 
decrease in the skin frictional drag of fluids by adding a 
small amount of additives (active means) or by modifying 
the body surface over which the fluid is flowing (passive 
means)1. Active DR involves the use of minor quantities 
of Drag Reducing Agents (DRAs), which can be divided 
into three main groups: long chain polymers, surface 
active agents (surfactants), and solid particles or fibers2. 
Among all these DRAs, Polymers have been the greatest 
explored and investigated. Nevertheless, they are prone to 
the challenge of mechanical degradation, especially under 

the influence of shear stress or temperature increase, 
which invariably reduce their efficiency3. Another set of 
material are the surfactants which have been investigated 
by many authors4–6, they offer an advantage of self-repair 
through micelles formation after degradation, but are less 
effective when compared to the polymers. On the other 
hand, the five most common methods of passive drag 
reduction are the using of wavy walls, compliant surfaces, 
dimples, riblets, and micro-bubbles7. Among all passive 
means, riblets have been shown to be the most effective 
and interesting DR technique. Unfortunately, the best and 
maximum flow improvement reported using these riblets 
was approximately 10% which is not even comparable 
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with the active DR efficiencies using viscoelastic addi-
tives. 

In the present work, a Sodium Lauryl Ether Sulphate 
(SLES) surfactant was used to study the DR performance 
of diesel fuel in RDA with smooth and SV-groove disks at 
a high range of Re (3.23×105 - 4.53×105). In addition, the 
influence of different variables on %DR such as surfac-
tant concentration, disk type, riblets height, and Reynolds 
number were also studied.

2. Materials and Methods

2.1 Experimental Materials
Sodium lauryl ether sulfate (Mw = 288.38 g/mol) used in 
this work was supplied by Sigma Aldrich, Malaysia and 
used without further purification. The main fluid was die-
sel fuel which procured from Shell, Gambang-Kuantan 
Road, Malaysia.

2.2 Surfactant Solutions Preparation
Surfactant solutions were prepared by dissolving the 
required weight of SLES in 4.5 L of diesel fuel using a hot 
plate stirrer. Mechanical degradation induced by stirring 
was reduced by applying mild agitation. The solutions 
used were prepared in different surfactant concentrations 
(200, 400, 600, 800 and 1000 ppm).

2.3 Apparatus and Disks 
In the present work, the rotating disk apparatus utilized is 
the same as the one designed and constructed earlier by 5, 

6, 8, 9. The percent drag reduction can be determined from 
the following formula:  

% 100 (1)s a

a
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And the rotational Reynolds number is calculated by: 

2
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=

Where, ρ is the fluid density, μ is the fluid viscosity, 
and r is the radius of the disk. The critical Reynolds above 
which the flow transfers from laminar to turbulent is 
3×105.

Aluminium alloy was used to fabricate the smooth 
and SV-groove disks. Three disks were fabricated, one 

smooth disk and SV-groove disks withtwo different 
height (H=900 and 3100 µm), which shown in Figure 1.

Figure 1. Photograph Pictures of SV-groove Disk.

2.4 Experimental Procedure
Surfactant solutions with varying concentration (200, 
400, 600, 800 and 1000ppm) were diluted in 4.5 L of 
diesel fuel respectively. To ensure the even distribution 
of the surfactant in diesel, the sample was stirred for 24 
hours before being tested on the constructed rotating 
disk apparatus. Firstly, the fluid container was filled with 
pure diesel and the smooth aluminium disk was used. The 
torque values for rational disk speed ranges from 2000 to 
3000 rpm were measured. The procedure is repeated with 
SV-groove 900 and SV-groove 3100. Next, the pure die-
sel solution was changed with surfactant solutions with 
varying concentration (200, 400, 600, 800 and 1000 ppm). 
Measurements were taken again respective to the varying 
concentration and types of disks used. As a result, three 
variables were tested in this work which are:                                                                                                                                          

•	 Disk types (smooth and SV- groove). 
•	 Surfactant concentrations (200, 400, 600, 800, 

and 1000 ppm) 
•	 Rotational disk velocity (2000 – 3000 rpm) or Re 

of (3.23×105 – 4.53×105).

3. Results and Discussions

3.1Passive Drag Reduction
Torque results of the three types of disks (Smooth, 
SV-groove 900, and SV-groove 3100) which obtained for 
Re range from 3.23×105 to 4.53×105 using pure solvent are 
shown in Figure 2. As shown, torque is increasing with 
increasing Re for all disks. The minimum torque value 
indicates a higher DR performance depending on the 
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DR calculation equation (Eq. 1). It can be observed from 
Figure2 that the torque values of SV-groove with H=900 
µm are less than its value for smooth disk and SV-groove 
3100. In contrast, the torque values of SV-groove with 
H=3100 µm are higher than smooth disk and SV-groove 
900. That means the drag reduction efficiency of 
SV-groove 900 is better than the other two disks. The 
same results can be observed in Figure 3, which represent 
the %DR as a function of Re for SV-groove 900 and 3100.  
All %DR values of SV-groove 900 are positive while it’s 
negative for SV-groove 3100. The negative drag reduction 
is due to the relation between the degree of turbulence 
and the drag reduction effect of the proposed structures. 
It is well known that the drag reduction (active or passive) 
occurs when an external or additional effect (additives in 
the case of active DR or structures in the case of passive 
DR) take action within the flow media, and that result 
will change the flow behaviour and degree of turbulence 
in a way that can reduce the power dissipation. All those 
happen when the external effect balances or overcomes 
the internal effect (turbulence). In many cases, the drag 
reduction technique fails to act because this balancing 
effect is not reached, where in many cases; the degree of 
turbulence plays the significant role in controlling the DR 
performance. It is believed that the structure, size, type 
and design of the riblets interacts efficiently with the flow 
conditions of the liquids, their viscosity and other appar-
ent physical properties to give a clear positive of negative 
drag reduction performance. The negative results are 
expected because the balance between all the mentioned 
factors was disturbed by increasing the groove height. 
Such increment did change the flow behaviour and the 
local turbulence incubated by the grooves that might be 
capturing and localizing larger eddies and that will cre-
ate, what is believed to be, complete internal flow surfaces 
that create larger eddies and that will increase the friction 
factor of the whole flow system.

3.2 Active Drag Reduction
The results for percentage of drag reduction (%DR) 
as a function of Re and SLES concentrations as well as 
smooth disk are shown in Figure 4. From this figure, 
%DR increases with the surfactant concentration. Similar 
observation have as well been reported by10, while working 
with four types of surfactant in a closed pipelines system.
The authors claimed that the %DR increased with surfac-
tant concentrations and Re for all types. The surfactant 

working mechanism could be based on the increase in 
drag reducer molecules, which is favoured by the increase 
in their respective concentrations. In addition, the %DR 
increased with increasing of Re. This quality could be 
attributed to the capability of the surfactant to self-repair 
(micelles formation) and return to its original form after 
passing through the high shear stress regions. The aver-
age distance between micelles is substantially small and 
difficult to break by strong turbulence eddies and shear 
stress.  The maximum %DR of 13.8% was obtained at a 
surfactant concentration of 1000 ppm and Re = 453341.
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Figure 2. Effects of Re on Torque Values of Three Disk Types.
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Figure 3. Effects of Re on DR Performance of SV-groove 
with H=900 and 3100 µm.

3.3 Passive – Active Interaction
Figures 5 and 6 show the effects of SLES concentration 
on DR performance using SV-groove 900 and SV-groove 
3100, respectively. The drag reduction behaviour por-
trayed in both figures is approximately same of each 
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other. In Figure5, SV-groove 900 data show negative val-
ues of the %DR for all surfactant concentration and Re 
range. If these results compared with the passive results of 
SV-groove 900 (free additives), they show an opposite DR 
values. Where all passive DR values for SV-groove 900 
were positive and they changed to negative values when 
the surfactant added to the main fluid. That means the 
DR performance of passive SV-groove 900 is better than 
that of surfactant solutions. Although the negative val-
ues of DR with surfactant solutions, the %DR increased 
with SLES concentration and Re (as shown in Figure5). 
In contract, Figure6 detected a different behaviour of DR 
with SV-groove 3100. There was no drag reduction can 
be observed for SV-groove 3100 with pure solvent (free 
additives) and the passive %DR is less than that with 
surfactant additives for SV-groove 3100. The addition 
of surfactant additives to SV-groove 3100 shows clear 
improvement to the passive DR performance. In addi-
tion, for a comparison between SV-groove 900 (Figure 
5) and SV-groove 3100 (Figure6), it can be observed that 
firstly the passive %DR of SV-900 is higher than that of 
SV-3100. However, after the surfactant additives added 
to the pure solvent, the DR behaviour in both cases con-
verted and the %DR of surfactant solutions with SV-3100 
becomes higher than that of SV-900. In addition, the %DR 
increased with surfactant concentration and Re, as shown 
in Figure6. As mentioned above in the passive part, the 
main role of the riblets to increase the DR performance is 
to move up the turbulence eddies on the riblets tips only 
and prevent their formation inside the riblets valley. For 
the low dimensions of riblets (900 µm), it could be opined 
that the addition of surfactant additives to the main fluid 
will leads to generate micelles inside the riblets valley. 
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Figure 5. Effects of SLES Concentrations on DR Performance 
for Different Re Using SV-groove with H 900 µm.
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Figure 6. Effects of SLES Concentrations on DR Performance 
for Different Re Using SV-groove with H= 3100 µm.

4. Conclusion 
A high precision rotating disk apparatus was used to 
investigate the effects of rotary disk types (smooth and 
structured), additive concentrations, and rotational disk 
speed on drag reduction efficacy of diesel fuel. Anionic 
surfactant of sodium lauryl ether sulfate was utilized to 
prepare five different concentrations of surfactant solu-
tions. The structure disk types used in this study were 
smooth disk, SV-groove 900, and SV-groove 3100. In the 
passive DR (free additives), the SV-groove 900 showed a 
higher drag reduction efficiency, while a minimum DR 
was achieved with SV-groove 3100. The surfactant addi-
tion to the main fluid inversed the DR behaviour of these 
two disks by improving the drag reduction performance 
of SV-groove 3100 and decreases for SV-groove 900. The 
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Figure 4. Effects of SLES Concentrations on DR Performance 
for Different Re Using Smooth Disk.
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%DR of surfactant solutions with smooth disk was higher 
than that of both SV-groove 900 and 3100. The maxi-
mum %DR of surfactant solutions with smooth disk was 
13.8%, while it was -3.94 and 7.02with SV-groove 900 and 
3100, respectively.  Furthermore, it was clear that the drag 
reduction performance decreased with increasing Re 
in the passive method, while it increase with surfactant 
concentrations and Re in the active and passive – active 
interaction methods.
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