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ABSTRACT: Energy efficiency has attracted interest of researchers.  One of the attracting researches is about 
drag reduction in pipe by adding drag reducing agent into the fluids. Experimental research of the effects of 
drag-reducing bio-fiber in a spiral pipe was carried out. The aim of this research was to investigate drag 
reduction in spiral pipe with addition seaweed fiber solution into water. Seaweed fiber solution was prepared in 
concentration 20, 50, and 100 ppm and circulated by pump into spiral pipe P/Do 7.6 and round pipe ID 38 mm 
as comparison. Experimental was conducted from low to high Reynolds number up to 35,000.  The percentage 
of drag reduction was calculated using the obtained experimental data, in presence of the drag reducing agent. 
The results showed that the addition of seaweed fiber solution into water can reduce drag either on round pipe 
or spiral pipe. The maximum drag reduction of concentration 100 ppm for round pipe is about 16% and for 
spiral pipe is about 20% at Reynolds number about 35,000. It was observed that the drag reduction increased 
with increasing of concentration. The seaweed fiber solution tends to spread and flow straightly at the center of 
the experimental pipe and a water layer develops at the wall. It reduces the wall friction and reaches the 
maximum drag reduction. It is believed that friction coefficient decrease on buffer layer of pipe. Based on this 
research, it can be concluded that seaweed fiber can be considered as drag reducing agent. 
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INTRODUCTION 

Pipeline is an effective method for transporting the fluids, especially to distribute the fluids to distant places. The 
problem is the occurrence of friction on the pipe walls can inhibit the fluid flow. It can be solved by using a large 
capacity pump to increase the pressure of the fluid. However, this is not recommended due to high energy 
consumption. 

Active method and passive method were suggested to reduce drag on the fluid. Passive method is by varying the 
pipe geometry, such using coated pipe, injecting micro bubble to reduce skin friction as in marine application [1], 
and utilizing groove on spiral pipe [2, 3]. While the active method is by adding a very small amount of additives 
into the fluid which can reduce friction factor on turbulent flow [4]. Tom [5] was the first to report this method 
with addition of small amount of polymethyl methacryaete solution into monochlorobenze to decrease turbulent 
skin friction drag. 

Polymer is not the only kind of drag reducing agents. Surfactant and fiber are also known as the drag reducing 
agent. Using Surfactant [6-8] as the drag reduction agent had been effectively proven to increase drag reduction on 
turbulent flow. However, it is not an environmentally friendly. Polymer [9-13] is the most widely used in industry 
because an inexpensive and showed a good result as surfactants. Yet, its mechanical degradation occurred 
significantly. Nanoparticles [14] also showed a good results on drag reduction, but it needs higher concentrations 
and requires a fairly complicated treatment to prevent sedimentation. 

Like other kind of drag reducing agents, fibers also show a significant effect of drag reduction [15-19]. Fibers are 
divided into two type, synthetic fiber and bio-fiber. Both are effective to increase drag reduction. However, 
synthetic fibers are not an environmentally friendly. Coconut fiber [20] as natural fiber has been researched as 
additive agent and showed a good result in  drag reduction. 

Indonesia as a maritime country with a vast sea and produces lots of seaweed makes seaweed very easy to obtain. 
And of course the seaweed fiber is friendly to the environment because its characteristics are biodegradable, so it 
will not pollute the environment. Thus, the purpose of this study was to analyze the effect of seaweed fiber 
concentration on the drag reduction by adding seaweed fibers with concentrations of 20, 50, and 100 ppm which 
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were flowed through a P/Do 7.3 spiral pipe and compared with round pipe ID 38 mm. The research was conducted 
from low to high Reynolds number of about 33,000. The results explain that there is an effect of drag reduction in 
the flow in spiral pipe and round pipe which are carried by seaweed fiber solution. 

METHODOLOGY 

The experimental set up used in this research is shown in Figure 1. The experimental set up consisted of main 
tank, centrifugal pump (PS-128 BIT: Shimizu), voltage regulator, spiral pipe P/Do 7.3, round pipe ID 38 mm, ball 
valve, pressure transducer (PX209-100GI: Omega), DAQ, computer, and measuring glass. Both test pipes are 
about 1200 mm length with acrylic material. 

 

Figure 1. Experimental set-up 

Table 1 is the data of spiral pipe used in this research where P is pitch, Do is outer diameter, Di is inner diameter, 
∆d is pipe wall thickness, and P/Di is ratio of pitch to inner diameter. 

Table 1. Dimension of experimental pipes 

 

 

Figure 2. Schematic diagram of spiral pipe 

The seaweed fiber solution prepared in concentration 20, 50, and 100 ppm. The temperature of the solution was 
constantly maintained at 27°C. The seaweed fiber solution mixed in the main tank and then circulated into 
experimental pipe by using centrifugal pump at various flow rates. The spiral and round pipe were being tested 
alternately. The experimental was performed in a closed-loop system, where the output flow from the 
experimental pipe returns back to the main tank. 

Entrance length was about 2500 mm to ensure the fully development flow. The pressure transducers were placed 
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Round 

Pipe 

38 40 2 - - - 

Spiral 

Pipe 

19 26 3.5 23.9 190 7.3 
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close to the inlet and the outlet of test pipe to measure the frictional pressure losses. The transducer was connected 
to DAQ and installed with computer to record the experimental data. The measuring glass was used to measure the 
mass flow of the solution. Stopwatch was using while measuring the mass flow with certain volume. Then, that 
test fluid was being weighing using digital scale. The Reynolds number of this experimental was varied from 
around 4000 to high Reynolds number up to 33,000 with variation of flow rate using voltage regulator which set 
from 100 volts to 200 volts. The test pipes were tested alternately. While the spiral pipe was being tested, then 
valve of the round pipe was being closed and vice versa. 

RHEOLOGICAL MODEL 

Experimental data is plotted in the moody chart. The laminar region refers to Hagen-Pouiseuille line and the 
turbulent region refers to Blasius line. Drag reduction is defined by decreasing of the coefficient of friction on the 
flow. The friction factor caused by shear stress that occurs between each layer of the velocity. 

The relationship between shear stress (τ) in fluid is proportional to the velocity gradient or shear rate (γ) and can 
be described by Newtonian model (Equation 1) as stated bellow: 

 
          (1) 
         

Where the constant of proportionality µ is known as the viscosity. The Newtonian viscosity only depends on 
temperature and pressure. It is not affected by the shear rate. Viscosity is described as the ratio between the shear 
stress and the shear rate. 

Other than that, some fluids show a non-linear relationship between shear stress and shear rate. It shall follow 
Power Law model or non-Newtonian fluid. Non-Newtonian fluid is divided into Bingham, Pseudoplastics, and 
Dilatant. It does not depend on temperature and pressure, but affected by shear rate. 

The relationship between shear stress and shear rate can be described by measuring the pressure drop and the flow 
rate by using Equation 2 stated below: 

 
                 (2) 

 
 

Where D is inner diameter, ∆P is pressure drop, L is length of the experimental pipe, u is average velocity. 

Whereas, coefficient of friction (f) can be expressed by Darcy equation (Equation 3) as stated below: 

 
                 (3) 
 
 

Where f is friction factor, g is gravity, and ∆h is different height of head between two measuring point. 

Drag reduction can be obtained by using Equation 4 as stated below: 

 
          (4) 
 
 

RESULT AND ANALYSIS 

The type of seaweed fiber solution can be conducted by comparing the results of water testing on round pipe. 
Variations in seaweed fiber solution are divided into three concentrations including 20, 50, and 100 ppm. The test 
results are displayed on the shear stress and shear rate diagram. 

The relationship of shear stress and shear rate on water and seaweed fiber solution with concentrations of 20, 50, 

𝐷𝐷∆𝑃𝑃
4𝐿𝐿

= 𝜇𝜇
8𝑑𝑑
𝐷𝐷

           

𝑓𝑓 =
2𝐷𝐷𝐷𝐷∆ℎ
𝐿𝐿𝑑𝑑2             

𝐷𝐷𝐷𝐷 =  
𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑤𝑤𝑤𝑤

𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
 × 100%     



Drag Reduction Characteristic of Seaweed Fiber Solution in Round and Spiral Pipe 

 

79  
 

and 100 ppm flowed on round pipe ID 38 mm can be seen on figure 3. 

Figure 3 shown the flow curve of the test results of water and seaweed fiber solution. It can be seen that the 
relationship between shear stress and shear rate shows a linear relationship for the fluid solution of seaweed fibers, 
either for concentrations of 20, 50, and 100 ppm. 

 

Figure 3. The relationship of shear rate and shear stress of water and seaweed fiber solution on round pipe. 

In Figure 3 it can be seen that the graph is formed to resemble a straight line and close to the water data. The 
straight line is a line of relationship between shear stress and shear rate for Newtonian fluids, where the water data 
shows conformity to the straight line. Thus, it can be seen that the seaweed fiber solution is Newtonian fluid type. 

 

Figure 4. Pressure drop of seaweed fiber solution compared to water on round pipe 

The pressure drop is influenced by several factors such as the length of the channel that is flowed by the fluid. 
Besides that, another factor is the velocity. The pressure drop in fluid is as small as possible to reduce losses in 
fluid. The pressure on the inlet of the pipe will be higher than the pressure on the outlet of the pipe. The value of 
pressure drop is an important parameter in fluid flow because it relates to the energy required in the fluid 
distribution process. 

The relationship between the velocity and the pressure drop of seaweed fiber solution with concentration 20, 50, 
and 100 ppm and water on round pipes can be seen in figure 4. It shows that at low velocity ranging from about 
0.1 m/s to 0.3 m/s, the pressure drop of seaweed fiber solution is still relatively similar as water. However, at 
velocity above 0.3 m/s to 0.8 m/s, the pressure drop of seaweed fiber solution is lower than water on the round 
pipe. 

The higher the concentration of seaweed fiber solution, the lower the pressure drop when compared to water on 
the round pipe. This can occur because seaweed fiber solution has a lower viscosity than water, especially at 
higher concentration around 100 ppm. Thus, the shear stress that occurs is also lower than water at the same 
velocity. Another factor that influences other than concentration is velocity. The higher the velocity, the lower the 
pressure drop of seaweed fiber solution when compared to water on the round pipe. 
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Figure 5. Friction coefficient of seawed fiber solutions compared to water on round pipe 

Figure 5 shows the relationship between Reynolds number and friction factor on the round pipe ID 38 mm. The 
test fluids are seaweed fiber solution with concentration 20, 50, and 100 ppm and water as comparison. 

In Figure 5, it can be seen that the straight line shows the Hagen Poiuseulle equation for laminar flow. Whereas 
the dashed line is the Blasius equation for turbulent flow. The test data in this study did not get laminar data 
because the flow velocity was high enough to immediately get turbulent flow. 

From the experiment data, it can be seen that the water data is in the turbulent Blasius equation. The relationship 
of Reynolds number to friction coefficient on round pipe shows that friction coefficient of seaweed fiber solution 
is smaller than water starting from Reynolds number around 10,000 to higher Reynolds number which is about 
33,000 in this study. The higher the Reynolds number, the lower the friction coefficient. The low friction 
coefficient results in lower energy use, which can save energy. 

 

Figure 6. Friction coefficient of seaweed fiber solutions compared to water on spiral pipe 

The relationship between the Reynolds number compared to the friction factor in the Spiral Pipe P/Do 7.3 can be 
seen in Figure 6. The fluid test is the same which is seaweed fiber solution and water. The straight line shows the 
Hagen Poiuseulle equation for laminar flow. Whereas the dashed line is the Blasius equation for turbulent flow. 
The test data in this study did not get laminar data because the flow velocity was high enough to immediately get 
turbulent flow. 

At Reynolds numbers ranging from 4000 to 9,000, data from the test results of seaweed fiber solutions in the 
spiral pipe follow the water data in the turbulent Blasius equation. However, at Reynolds number above 9,000, the 
friction coefficient of seaweed fiber is smaller than water and is below the turbulent Blasius line. The reduction in 
the friction coefficient of seaweed fiber solution is decreasing as the Reynolds number increases to 35,000 in this 
study. The lowest friction coefficient is at high Reynolds number around 35,000. The low friction coefficient 
results in lower energy use, which can save energy. 
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Figure 7. Drag reduction ratio of seaweed fiber solution on round pipe 

The drag reduction ratio of seaweed fiber solution is obtained from the ratio of friction coefficient of water. Figure 
7 is the relationship between Reynolds number compared to the drag reduction of seaweed fiber solution on round 
pipe ID 38 mm. 

Based on figure 7, the drag reduction ratio of seaweed fiber solution on round pipe ID 38 mm began to occur at 
Reynolds number around 10,000 to the highest Reynolds number in this study which was around 33,000. Drag 
reduction occurs for all concentration. The drag reduction ratio increases with increasing Reynolds number. 

It can be seen that there are two factors that influence the drag reduction ratio, namely Reynolds number and 
seaweed fiber solution concentration. The higher the concentration of seaweed fiber solution, the greater the drag 
reduction ratio. Thus, it can be concluded that the highest drag reduction ratio in round pipe occurs in seaweed 
fiber solution with concentration 100 ppm with drag reduction ratio is about 16% and occurs at Reynolds number 
around 33,000. 

The relationship of Reynolds number compared to the drag reduction ratio of seaweed fiber solution in spiral pipe 
P/Do 7.3 can be seen in Figure 8. The friction coefficient of water compared to seaweed fiber solution. The result 
shown that the drag reduction in seaweed fiber solution began to occur at Reynolds number around 9,000. The 
drag reduction continued to increase until the higher Reynolds number reached around 35,000 in this study. 

 

Figure 8. Drag reduction ratio of seaweed fiber solution on spiral pipe 

In Figure 8, it can also be seen that another factor that influences the drag reduction is the concentration of 
seaweed fiber solution. The higher the concentration of seaweed fiber solution, the greater the drag reduction ratio. 
The highest drag reduction occurs at seaweed fiber with concentration 100 ppm with ratio about 20% and occured 
at Reynolds number around 35,000. This is consistent with the highest drag reduction ratio data on round pipe 
which also occur at 100 ppm concentration at around Reynolds number 33,000. 
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It can be seen that what distinguishes the drag reduction ratio in the spiral and round pipe is the initial Reynolds 
number when the drag reduction is occured. If in round pipe the drag reduction starts at Reynolds number around 
10,000, while the drag reduction in spiral pipe occurs at lower Reynolds number which is about 9,000. From this 
study, it can be concluded that spiral pipes are more effective in drag reduction than round pipe because the drag 
reduction occurs at lower Reynolds numbers. 

This is occurred due to the presence of fluid flow in the spiral pipe experiencing the swirl flow [21]. The swirl 
flow cause the flow not only moves horizontally towards the pipe axis, but also flows along the pipe groove at 
certain distance. Then, the right distance allows the drag reduction occured in the flow in the flow. 

Drag reduction is divided into two types, namely type A and type B [22]. Characteristic of drag reduction type A 
is the additive solution produces a friction factor segment that expands outward from the "general" point on the 
Prandlt-Karman line, the curve increasing with increasing concentration. The drag reduction also increases with 
the increase of Re.f1/2. This is occured due to the characteristics of random macromolecules. 

In the drag reduction type B, the additive solution produces a segment that is relatively parallel to the Prandtl-
Karman (P-K) line where the drag reduction does not depend on Re.f1/2, but increases with increasing 
concentration. This behavior is shown by various types of additives including extended polyelectrolytes, fiber, 
soap and clay. This reduction in barriers occurs without clear onset effect where macromolecules that cause the 
effect are already extended and do not need to be stretched by strong flow. 

 

Figure 9. Drag reduction ratio of seaweed fiber solution on spiral pipe 

Figure 9 is the graph of the experimental results for seaweed fiber solution on round pipe using the equation of the 
coordinate semi-logarithmic friction factor of Prandtl-Karman f-1/2 with Re.f1/2. Three straight lines characterized 
by L, N and M. L are Newtonian laminar flows, N is Newtonian turbulent flow, and M is the maximum possible 
drag reduction asymptote (MDRA) [23]. 

From Figure 10 it can be seen that the results of testing the seaweed fiber solution in turbulent flow is parallel to 
line N, where the higher concentrations are on a higher graph. This indicates that the seaweed fiber solution is 
considered as drag reduction type B. 

In general, the mechanism of drag reduction type B is associated with suppression of vortices [24]. In the fiber 
solution, it is estimated that the floc produced in the flow field affects the resistance of the liquid and fiber to 
suppress vortices when distributed evenly towards the destination, thus this is resulting in a drag reduction [25-
28]. 

CONCLUSION 

The results of this reseach shown that the seaweed fiber solution on round pipe ID 38 mm has an effect on the drag 
reduction about 16% at Reynolds number around 33,000. Whereas the drag reduction in the spiral pipe P/Do 7.3 is 
about 20% at Reynolds number 35,000. The drag reduction is affected by the concentration of fiber solution. The 
higher the concentration of seaweed fiber solution, the greater the drag reduction ratio that occurs. In this study, 
the concentration of fiber with the highest drag reduction ratio was seaweed fiber solution with concentration 100 



Drag Reduction Characteristic of Seaweed Fiber Solution in Round and Spiral Pipe 

 

83  
 

ppm in both round and spiral pipes. 
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