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ABSTRACT 

Since Toms documented drag reduction in 1949, many researched all over the world 

are exploring different drag reducing agents hoping to better understand the drag 

reduction phenomenon and hoping to find best agents for different applications. Many 

drag reducing agents offered great drag reduction but due to their negative effects on the 

environment, the focus is switching to biopolymers, a natural ecofriendly alternative. So 

far, few studies explored the potential of biopolymers to reduce drag, and fewer number 

of studies tested biopolymer mixers. In this research, guar gum and gum Arabic mixtures 

of three different ratios at 300 ppm concentration were examined using a closed loop 

piping system. To study drag reduction as well as the mixture’s resistance to heat, two 

tests were performed for each mixture both at bulk temperature of 30°C. One test without 

any heating while the other involved continuous heat flux of 3400 W. Several interesting 

conclusions were found. First, as the ratio of guar gum increased in the mixture, the drag 

reduction increased. The best drag reduction of 22.65% was achieved by the mixture 

composed of 50% Guar Gum with 50% Gum Arabic. Finally, for all the fluids considered 

in the study and for velocities greater than 1 m/s, heating reduced drag reduction.  

Keywords: Drag Reduction, Biopolymer, Guar Gum, Gum Arabic 
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CHAPTER 1: INTRODUCTION 

 

1.1 Background and Motivation 

It is amazing how adding traces of material as little as 10 parts per million 

concentrations into a flowing fluid can significantly reduce the pumping energy 

consumption. This phenomenon is called drag reduction (DR) and it was discovered about 

7 decades ago. Since then, many studies tested the drag reduction of different material 

like polymers and surfactants. Numerous drag reducing material were recognized for their 

excellent abilities to reduce drag and as a result found their way into many applications. 

For example, they are used in oil transportation (Al-Sarkhi, 2010), firefighting, irrigation, 

transport of suspensions and slurries, cooling and heating systems, airplane tank filling 

and sewage systems (Tamano, Ikarashi, Morinishi, & Taga, 2015). Three decades ago, 

natural polymers, also called biopolymers, got the attention of research because they offer 

an environmentally friendly DR solution and also due to the fact that other drag reducing 

agents (DRA) from petroleum source are finite (Hasan & Abdel-Raouf, 2018). Despite 

that many studies were carried out to understand the DR phenomenon as it has significant 

potential to reduce the energy demand of pumping systems that account for a big share of 

the global energy demand, it still has no model that explains all the facts (Asidin, Suali, 

Jusnukin, & Lahin, 2019; Brostow, 2008; L. C. Edomwonyi-Otu, A. I. Dosumu, & N. 

Yusuf, 2021).  

1.2 Problem Statement 

Transportation of fluids for different purposes is influenced by the pumping power 

consumption and researchers have been searching and validating different means to 

reduce the related pumping costs. Drag reducing additives, when added into fluids in 

appropriate concentrations, may significantly reduce the energy losses and therefore the 
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costs. Present research has been carried out to explore novel natural, ecofriendly additive 

mixtures for application in drag reduction. 

1.3 Objectives 

There are two (2) objectives of this project: 

• To validate the drag reduction capabilities of novel mixtures of guar gum and gum 

Arabic at different mixing ratios. 

• To determine whether heating has an effect on the drag reduction performance of 

the mixture. 

1.4 Thesis Outline 

Chapter 1 introduces an overview of the background of this area and presents the 

motivation and objectives of this research project.  

Chapter 2 includes a literature review on methods, mechanism, theories, methods, 

experiments, and correlations related to drag reduction with a focus on biopolymers as 

drag reducing agents.   

Chapter 3 Provides a thorough description of the test rig used in this study. Also, it 

discusses in detail the procedures followed with respect to material preparation, 

experimental works and data collection.  

Chapter 4 Presents and critically discusses the results of this study. Pressure drop, 

friction factor and drag reduction are plotted versus velocity for the five (5) different 

fluids that are considered in this study.    

Chapter 5 includes a summary of this project highlighting the key outcomes. It also 

offers few recommendations for related future works. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

This chapter presents the available theories, application, and methods of drag reduction 

with a focus on the recent studies on natural polymers as drag reducing agents.  

2.2 Drag Reduction  

2.2.1 Mechanism and Applications 

Drag reduction in fluid flow is the reduction of frictional forces between the fluid being 

transported and the solid wall surface to decrease the pumping power consumption 

(Gharehkhani et al., 2017; Yu et al., 2020). Despite that many researches were carried out 

to understand this phenomenon as it has significant potential to reduce the energy demand 

of pumping systems that account for a big share of the global energy demand, and also 

although that it was discovered 70 years ago, it still has no model that explains all the 

facts (Asidin et al., 2019; Brostow, 2008; L. C. Edomwonyi-Otu et al., 2021).  

So far, the dominant theory about the mechanism of polymer induced drag reduction 

(PIDR) is the theory of polymer elongation, also called the viscous theory which ponders 

DRA’s as shock absorbers (Asidin et al., 2019; Soares et al., 2019). Lumley (1969) argued 

that drag reduction is a result of suppression of the energy dissipated by turbulent eddies 

near the conduit wall. Referring to Figure 2.1, the laminar sublayer will move to the buffer 

region and begins to vibrate. It will then accelerate near the turbulent core where it 

becomes unstable and bursts. Due to fluctuating shear in the buffer layer, when DRA is 

added, it causes an increase in the extensional viscosity as the coiled polymers are 

stretched. The higher viscosity induced by the DRA dampen the turbulent bursts and as a 

result minimizing energy wastes and pressure losses due to friction (Asidin et al., 2019; 

Bin Hasan & Khalid, 2017).  
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Figure 2.1: Illustration of the Main Theory of Drag Reduction  

 

Drag reducing agents have been used in many applications, including Oil pipelines (Al-

Sarkhi, 2010), firefighting, Irrigation, transport of suspensions and slurries, water heating 

and cooling systems, airplane tank filling, sewage systems. Some countries, like India, 

actually use DR in their sewer systems in When the existing sewer systems cannot meet 

the demand of expanding population, (Brostow, 2008). Japan, for example widely use 

DRA’s in cooling and heating systems (Tamano et al., 2015).  

2.2.2 Methods 

There are two means to reduce drag; additives and non-additives methods (Asidin et 

al., 2019). As a reaction to uplift the safety and environmental impacts of synthetic 

additives, many researchers focused on non-additives drag reduction method. Another 

advantage of this method is that it does not alter the properties of the fluid that they are 

added into. The method mainly revolves around modifying the wall surface of the 

conduits or injection of microbubbles. It may be further broken down into passive type 

utilizing for example riblets, dimples and compliant surfaces or active type that uses 

oscillating walls (Abdulbari, Yunus, Abdurahman, & Charles, 2013; Asidin et al., 2019). 

In the other method of drag reduction, which is the additives method, drag reducing agents 

(DRA’s) are added into the fluid being transported. DRA’s may be polymers, surfactants 

or suspended solids (Abdulbari et al., 2013).  
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Solid suspensions are insoluble DRA’s that have two types: fibrous and non-fibrous 

suspensions and both of these types are found from natural sources (Asidin et al., 2019). 

Surfactants have high drag reduction potential and they can be classified as anionic, 

cationic, and non-ionic (Gong, Shen, Dai, Li, & Gong, 2021). Their main advantage is 

that they have self-repairing characteristic that makes them resistant to mechanical 

degradation however being toxic and difficult to biodegrade limit their usage. The third 

type of DRA’s is polymers. To reduce drag they can be premixed with the solvent or 

directly injected into the flow (See Figure 2.2). They are grouped into two types: synthetic 

and natural (Tiong, Kumar, & Saptoro, 2015). Many researchers studied synthetic 

polymers. Their drawbacks include vulnerability to chemical and mechanical 

degradation. They are also resistant to biodegradation, so they have an environmental 

problem. Main water-soluble types include Poly ethylene oxide (PEO), Polyacrylamide 

(PAAM), Poly acrylic acid (PAA) and Poly N-vinyl formamide (PNVF). Biopolymers 

are currently under research focus for their ability to reduce drag without compromising 

the environment. They are discussed in the next sections. 

 
Figure 2.2: Different Methods of adding Polymers in Flows (Manzhai, 

Nasibullina, Kuchevskaya, & Filimoshkin, 2014) 
 

2.3 Biopolymers 

This section presents an overview over the origins, chemical structure, composition, 

processing and applications of some of the main biopolymers used as DRA’s.   
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2.3.1 Guar Gum 

Guar gum (GG) is a natural non-ionic, water soluble polysaccharide extracted from 

the refined endosperm of cluster bean seeds. It has other names like Guaran, Cyamopsis 

gum, Guarina, Glucotard and Guyan (George, Shah, & Shrivastav, 2019; Hasan & Abdel-

Raouf, 2018).  

 
Figure 2.3 Chemical Structure of Guar Gum (D. Verma & Sharma, 2021) 

 

GG is made up of 5.0% protein, 2.0% acidic insoluble ash, 0.7% fat, 80% 

galactomannan, 12% water. Chemically it is composed of linear polymeric chains of (1-

4)-β-D-mannopyranosyl elements having α-D-galactopyranosyl components connected 

by 1–6 linkages. Its chemical structure is shown in Figure 2.3 (D. Verma & Sharma, 

2021). 

As shown in Figure 2.4, it has numerous applications in different industries. For 

example, it is used in corrosion protection, drilling fluids and also to improve viscosity. 

It is used in our food, our medicines and in cosmetics. For example, it is used in making 

bread, ice cream, shaving creams, toothpastes, lipsticks and many medications (Saya et 

al., 2021).  
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Figure 2.4: Different applications of guar gum (Sharma et al., 2018) 

 

It is extracted through several stages of roasting, grinding, sieving, and polishing as 

shown in Figure 2.5 (D. Verma & Sharma, 2021). 

 
Figure 2.5: Flow chart showing the extraction process of guar gum (George et 

al., 2019) 

 
 

2.3.2 Gum Arabic 

Gum Arabic, also known as gum acacia, Arabic gum, acacia, gum sudani, Senegal 

gum and Indian gum, is a water-soluble biopolymer used in many industries like 

cosmetics, ceramics, textile, printing, pottery and pharmaceutical (Khalid et al., 2021; 

Sokhal, Dasaroju, & Bulasara, 2019; C. Verma & Quraishi, 2021). Also, it is also widely 
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used in food industries. For example it is in beverages, chewing gums, shampoos and bath 

gels (Johnson, 2005). Gum arabic (GA) is basically a blend of polysaccharides and 

glycoproteins that are both biodegradable (Oprea & Oprea, 2013). It is composed of 1, 3-

linked β–d-galactopyranosyl units with two to five 1,3-linked β-d-galactopyranosyl units, 

joined to the main chain by 1,6-linkages (See Figure 2.6).  

Gum arabic is produced from the Acacia tree. As shown in Figure 2.7, it bleeds through 

cracks in the outer layer of the tree. The exudate quickly dries, then collected, graded and 

sold as hard drops. (Johnson, 2005). 

 
Figure 2.6: Chemical structure of Gum acacia (Mate & Mishra, 2020) 

 

 

 
Figure 2.7: Gum arabic exuding from Senegal tree 
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2.3.3 Xanthan gum 

Xanthan gum is the first natural biopolymer produced at an industrial scale (Habibi & 

Khosravi-Darani, 2017). It was discovered more than 7 decades ago by the United Sates 

Department of Agriculture (USDA) (Kumar, Rao, & Han, 2018). In 1969, it was approved 

by the United States Food and Drug Administration (FDA). Xanthan gum is a microbial 

exo-polysaccharide produced by Xanthomonas bacteria. Its molecular structure is shown 

in Figure 2.8. It has some excellent properties. For example, it has high molecular weight, 

easily soluble in water, and it offers high viscosity at minute concentrations. XG is non-

toxic, non-sensitizing, and does not cause any irritations for the eye or skin. 

 
Figure 2.8: Chemical Composition of XG (Maji & Maiti, 2021) 

 
Today, XG exists in many different applications as shown in Table 2.1. For example, it 

is used in food packaging, water-treatment, toiletries, drugs, cosmetics, water-based 

paints, construction materials, oil & gas industry and expected to be used in tissue 

engineering (Kumar et al., 2018). 
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Table 2.1: Applications of XG (Palaniraj & Jayaraman, 2011) 

 
 

Xanthan gum is produced by fermentation using the gram-negative bacterium 

Xanthomonas campestris (Palaniraj & Jayaraman, 2011). Figure 2.9 below illustrate the 

main manufacturing steps of XG.  

 
Figure 2.9: Process of XG production (Abu Elella et al., 2021) 
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2.4 Analysis Studies 

Drag reduction analysis includes Reynolds number, pressure loss friction factor and 

drag reduction ratio. The related equations are presented and discussed in the following 

subsections.  

2.4.1 Reynolds Number 

The Reynolds number (Re) is defined as the ratio of inertial forces to viscous forces 

(Yu et al., 2020). It separates the flow into three types as per Table 2.2 and illustrated in 

Figure 2.10 (Çengel, 2015).  

Table 2.2: Reynolds Numbers for Different Flow Types 

Reynolds Number Type of Flow 
Re < 2300 Laminar 

2300 ≤ Re ≤ 4000 Transitional 
Re > 4000 Turbulent 

 

 
Figure 2.10: Fluid Flow Types in Boundary Layer (Yu et al., 2020) 
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For circular pipes, it can be expressed as follow:  

 𝑅𝑒 =
𝜌𝑣𝐷

𝜇
 (2.1) 

 

Where ρ is the density of the fluid, v is the velocity of the fluid, D is the internal 

diameter of the pipe and μ is the kinematic viscosity of the fluid. 

2.4.2 Drag Reduction Percentage 

The Drag Reduction Percentage (%DR) is calculated using the experimental pressure 

data from the following equation (Al-Sarkhi, 2010; L. C. Edomwonyi-Otu et al., 2021) 

 %𝐷𝑅 =
∆𝑃𝐹𝑙𝑢𝑖𝑑 − ∆𝑃𝐷𝑅𝐴

∆𝑃𝐹𝑙𝑢𝑖𝑑
 x 100 (2.2) 

 

Where ∆P Fluid is the pressure drop without additives while ∆PDRA is the pressure 

drop with DRA. 

2.4.3 Fluid Velocity 

Flow rate is calculated from the flow rate (Q) reading collected during the experiment 

and the wetted cross-sectional area of the pipe using the below equation: 

 𝑉 =
𝑄

𝐴
  (2.3) 

 

2.4.4 Pressure Drop 

Pressure drop is calculated from the pressure readings taken during the experiment 

using the flowing equation: 
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 𝑃𝐷 =
∆𝑃 

𝐿
  (2.4) 

Where ∆P is the pressure difference and L is the length of the test section 

2.4.5 Friction Factor 

The experimental friction factor is calculated using Darcy–Weisbach equation: 

 ∆𝑃 = 𝑓
𝐿

𝐷

𝜌𝑣2

2
 (2.5) 

 

The following standard empirical correlations are used to validate the test rig results: 

Colebrook equation: 

 
1

√𝑓
 

= −2.0 𝑙𝑜𝑔 (
𝜀/𝐷

3.7
+

2.51

𝑅𝑒√𝑓
)

 

 (2.6) 

 

Haaland equation: 

 
1

√𝑓
 

= −1.8 𝑙𝑜𝑔 [
6.9

𝑅𝑒
+ (

𝜀/𝐷

3.7
)

1.11

]

  

 (2.7) 

 

First Petukhov equation: 

 𝑓 =  (0.790 ln 𝑅𝑒 − 1.64) −2 (2.8) 

 

Blasius equation: 

 𝑓 =  0.3164 𝑅𝑒 −1/4 (2.9) 
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2.5 Drag Reduction Experiments 

2.5.1 Guar Gum 

Dosumu, Edomwonyi-Otu, Yusuf, and Abubakar (2020) studied the application of 

guar gum as a flow enhancer in water as well as oil-water flows. They used a closed loop 

experimental setup (as shown in Figure 2.11) with 12- and 20-mm piping. First, a master 

solution of 10000 ppm was prepared and left to hydrate for 12 hours. Then the solution 

was diluted to prepare 50 to 500 ppm concentrations.  

 
Figure 2.11: Schematic of the test rig used by Dosumu et al. (2020) 

 

Their experiment basically composed of two parts. The first involving only water at 

different Re numbers and with GG concentration ranging from 50 – 250 ppm. The best 

drag reduction achieved was 45% at 150-250 ppm and Re 69500 (see Figure 2.12).  

 
Figure 2.12: %DR versus Re for different concentration in 12 mm ID pipe  
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Figure 2.13: %DR versus Re for different concentration in 20 mm ID pipe 

 

The second part of their experiment involved oil-water mixtures at differnet oil fraction 

at different flow velocities with only 200 ppm GG. They concluded that the higher the oil 

fraction the lowere the DR.  

 
Figure 2.14: %DR versus velocity using 200 ppm DRP for different oil 

fractions in 12 mm ID pipe 
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Figure 2.15: %DR versus velocity using 200 ppm DRP for different oil 

fractions in 12 mm ID pipe 
 

Using a similar setup, L. Edomwonyi-Otu, A. Dosumu, and N. Yusuf (2021) also 

studied the addition of 200 ppm GG in oil-water flows. They got a DR of about 45% at 

Re 70000 in fresh water flow. With respect to oil, for flow speeds of 3.33 and 4.67 m/s, 

DR experienced a significant decrease of about 20% as the fraction of oil introduced 

increased. While for lower speed of 2.22 m/s, the DR was more or less stable.    

 
Figure 2.16: GG DR versus concentration using 1.2 cm ID pine 
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Figure 2.17: Figure 2.18: GG DR versus oil fraction for different velocities 

using 1.2 cm ID pine 
 

2.5.2 Gum Arabic 

Sokhal et al. (2019) studied the effect of injection of the water-soluble gum Arabic 

near the boundary layer on drag reduction. Their test rig was mainly a galvanized iron, 

19.05 mm inner diameter closed loop. It included a tank, centrifugal pump, pressure 

sensor, rotameter and a peristaltic pump to control the injection rate of the master sample. 

The master sample was prepared as 10000 ppm and diluted as necessary during the 

experiment. It was mixed for 7 hours and left overnight to hydrate. The length of the test 

section was 3045 mm. The gum Arabic used in the experiment was 100 mesh size powder. 

Tap water was used throughout the experiment and it was maintained at 25 deg. C. 
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Figure 2.19: Schematic of the test rig used by Sokhal et al. (2019) 

 

The first part of their experiment is to study the effect of adding gum Arabic by 

injection. While, in the second part, once the required concertation reached, they stopped 

injection, kept the solution circulating at Re 45000 and continued to monitor the data for 

1400 cycles to study the effect of shear, generated by the centrifugal pump, on the 

polymer effectiveness or also called shear degradation. 

 
Figure 2.20: DR versus Re number 

 

Sokhal et al. (2019) concluded that the maser sample concentration and Re number 

have significant effect on drag reduction. The best result of 62.1% drag reduction was 

found at the highest Re used 45000 and highest concentration 300 ppm. They also 
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observed a continuous decrease in the drag reduction with time. On average a 35% drop 

in drag reduction for low concentrations (up to 150 ppm) and a 45% drop for 

concentrations equal for greater than 200 ppm. Finally, their third important conclusion 

they made is that the injection of the polymer solution in the boundary layer yields better 

results than premixed solutions. 

 

 
Figure 2.21: Effect of shear degradation on DR for different concentrations 

 

2.5.3 Xanthan Gum 

Zhang, Zhou, and Kang (2020) tested xanthan gum (XG) in circular and corrugated 

pipes. The concentration range they used is from 200 to 3500 ppm. All their tests were 

used with water as the solvent. In line with the literature, they left the concentrations for 
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24 hrs to ensure that the molecules are fully dissolved before commencing with the 

experiment.   

 
Figure 2.22: Diagram of the corrugate tube used by Zhang et al. (2020) 

 

 

The results they found were quite interesting. In circular pipes, and in low velocities, 

DR drops down as concentration increases. While at higher velocities, DR increases until 

it hits a plateau. XG in corrugated tubes experience a totally different behavior. Except 

for concentration above 2000 ppm, DR decreases as the bulk velocity of the flow increase. 

For concentration 2000 and 3500 ppm, the DR rapidly increase then decrease with 

increasing flow velocity.     

 

 
Figure 2.23: DR versus velocity for various XG concentrations in circular 

tube 
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Figure 2.24: DR versus velocity for various XG concentrations in corrugated 

tube 
 

 

L. Edomwonyi-Otu et al. (2021) studied xanthan gum (XG) in oil-water mixture flows 

in circular pips. What they found is in line with the results of other scholars that DR of 

biopolymers decrease as the percentage of oil present in a mixture increase. They also 

carried out an experiment to study the drag reduction performance of XG in fresh water. 

As shown in Figure 2.25 below, DR increases as Re number and concentration increase.  

 
Figure 2.25: DR versus concentration for different Re numbers in 1.2 cm ID 

pipe 
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Figure 2.26: DR versus oil ratio for 200 ppm XG at different velocities in 1.2 

cm ID pipe 
 

2.5.4 Diutan Gum 

dos Santos, Spalenza Caser, Soares, and Siqueira (2020) were the first to study diutan 

gum’s (DG) potential as a flow enhancer in circular piping. They explored several aspects 

of drag reduction including mechanical degradation, thermal stability, and 

biodegradation.  

 
Figure 2.27: Schematic of the test rig used by dos Santos et al. (2020) 

 

To study Mechanical Degradation they carried out tests, using their piping system, for 

a range of concentrations 25 ppm to 800 ppm. Experiments were carried out at 25°C. DG 

showed to have high DR of 70% at 800 ppm with strong stability. Because these tests 
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were carried out for just 25 steps, they put DG up for another longer test a Taylor-Couette 

rotating device at Re of 3560 and using one concentration of 100 ppm. The results were 

amazing. The test was performed for 72 hours, and the polymer solution did not show any 

degradation at all. 

 
Figure 2.28: Figure 2.29: DR versus number of passes at constant speed for 

different concentrations 
 

 
Figure 2.30: DR versus time for DG, 100 ppm 

 

To investigate the thermal stability of DG and XG, dos Santos et al. (2020) made 

multiple tests with Re 1040 and 100 ppm in their rotating equipment. They cooled the 

samples from 25 deg C to 5 deg C at 1°C/ min. Then they maintained the temperature at 
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5 °C for 10 min before reheating back to 25°C. As shown in Figure 2.31 and Figure 2.32, 

cooling did not have any effect on DR for both biopolymers.  In another thermal analysis, 

they heated the samples at a rate of 1° C /min from 25° C to a maximum temperature of 

65° C and in separate tests to 85° C. They maintained the temperature at the maximum 

temperature for 10 minutes then cooled the samples back to 25° C. DR of XG was 

significantly decreased while DG was not affected at all.  

 
Figure 2.31: DR versus time for DG, 100 ppm, involving heating and cooling 

cycles 
 

 
Figure 2.32: DR versus time for xanthan gum, 100 ppm, involving heating and 

cooling cycles 
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Finally, they studied biodegradation of DG using 200 ppm samples in the piping 

system. As shown in Figure 2.33, the DR was about 47% at the end of the first pass. Then 

they repeated the test on daily basis. After 3 days the DR remained above 40% and after 

3 weeks the DR remained positive at about 10%. 

 

 
Figure 2.33: DR versus number of passes over 28 days for 200 ppm DG  

 

2.5.5 Carboxymethyl Cellulose 

Bin Hasan and Khalid (2017) studied Carboxymethyl cellulose (CMC) ability to 

reduce drag in a 23.5 mm piping system. They also investigated the drag reduction ability 

of nanoscale CMC of average size of 43.32 nm to compare it to normal scale CMC. Their 

experiments used only two flowrates 1 m³/s and 2m³/s. As shown in Figure 2.34, for the 

same flow rate, nano scale DRA offers better drag reduction than normal CMC. For 

example, DR increased 44% at 1 m³/s (from 7.258% to 10.484%) and 16% for 2 m³/s 

(10.965% to 12.719%).   
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Figure 2.34: Results of Bin Hasan and Khalid (2017) study 

 

2.5.6 Aloe Vera 

Bhambri, Narain, and Fleck (2017) tested the drag reduction capability of 600 ppm 

aloe vera including other DRA using a Taylor-Couette system. They measured DR over 

a wide range of Re numbers from 40000 to 300000. The best DR they got for aloe vera 

was about 36% at low Re number but decreased linearly as Re number increased.  

 
Figure 2.35: DR versus Re number for different polysaccharides 

 

These results partially agree with the works of (Hayder A. Abdul Bari) who tested 100 

to 400 ppm aloe vera with a 25.4 mm closed piping system. Hayder A. Abdul Bari (2011) 

results also show that as Reynold’s number increase, DR decrease. But the maximum 
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drag reduction he got is much more that is about 63% at even lower concentration of 400 

ppm.  

 
Figure 2.36: %DR versus Re number for different concentrations 

 

 
Figure 2.37: %DR versus concentration for different Re numbers  

 

 

Soares et al. (2019) also studied aloe vera but from a different aspect. Their focus was 

to investigate the effect of the age of aloe vera leaves on drag reduction.  
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2.5.7 Biopolymer Blends 

Novelli, Ferrari, Vargas, and Loureiro (2019) analyzed drag reduction using binary 

polymer mixtures. They mixed xanthan gum (XG), polyacrylamide (PAM) and 

poly(ethyleneoxide) (PEO) with guar gum (GG) to study their effect on drag reduction. 

They tested different mixture ratios at a range of Re numbers using a rotational rheometer. 

In the second part of their study, they studied the effect of time on the blends running 

under fixed Re = 900 for 550 seconds. All solution mixtures prepared of 100 ppm 

concentration and contained guar gum as one of their constituents. To protect the 

biopolymers (GG and XG) from biological degradation, the solutions were kept at 6°C. 

After mixing the mixtures were left for at least 24 hours to hydrate. All experiments were 

carried out at 20°C. 

 

 
Figure 2.38: Drawing of the Rheometer used by Novelli et al. (2019) 

 

The study concluded that for the GG/XG and GG/polyacrylamide blends, the best drag 

reduction results achieved by concentrations of 20% GG. However, for GG/poly(ethylene 

oxide) none of the mixtures performed better than any of the two pure polymers. Novelli 

et al. (2019) related their results with the molar mass of polymers. They reasoned that 

blend made up of close molar mass polymers perform best in regard to drag reduction. 

For example, GG/XG and GG/PAM performed better than GG/PEO.  
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Table 2.3: Viscosities and average molecular weights of 

 
 

 
Figure 2.39: Fanning friction factor in Prandtl-Von Karman coordinates for 

GG and XG mixtures 
 

 
Figure 2.40: Fanning friction factor in Prandtl-Von Karman coordinates for 

GG and PAM mixtures 
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Figure 2.41: Fanning friction factor in Prandtl-Von Karman coordinates for 

GG and PEO mixtures  
 

Novelli et al. (2019) also concluded that throughout their experiments, the blends 

resistance to degradation is better than at least one of the two polymers and in the case of 

GG/polyacrylamide, the blend is better than both polymers when considered alone.   

 

 
Figure 2.42: DR versus time for XG and GG mixture, 80:20 
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Figure 2.43: DR versus time for PEO and GG mixture, 80:20 

 

 
Figure 2.44: DR versus time for PEO and GG mixture, 50:50 

 

Finally, their results agree with the literature in that positive effect is found in all 

mixture solutions containing at least one rigid polymer, which is in this study the guar 

gum.  

2.6 Summary 

This chapter carried about a literature review on drag reduction. It first covered the 

different theories that exist today on DR, its numerous applications, and various methods. 

Then it presented an overview of the origins, composition, application, and processing of 

some of the main biopolymers used today as drag reducing agents. Next it listed the main 

Univ
ers

iti 
Mala

ya



32 

equations used to analyses to DR and finally it summarized and interpreted some of the 

recent biopolymers drag reduction studies published by researchers. 
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CHAPTER 3: METHODOLOGY 

3.1 Introduction 

This chapter describes in detail the test rig setup, all the tools and equipment utilized 

in this project and the steps used to carry out the experiments. 

3.2 Test Rig and Experimental Setup 

The test rig is shown in Figure 3.1. It is made up of twelve main components listed 

below (See Table 3.1). The fluid gets pumped from the main tank using a centrifugal 

pump. Then it passes through a magnetic flow meter, a 900 mm heated aluminium test 

section and finally it returns back to the tank where it gets cooled to the design 

temperature of 30°C. The inlet and outlet fluid temperatures were obtained using 

thermocouples (Type K) inserted in the flow. The heated test section in heated by ten 900 

W heater coils attached on its outer surface. Downstream the heater coils three grooves 

were cut along the pipe to house 1.5 mm SS thermowells. These thermowells fixed three 

Omega type K thermocouples to obtain the wall temperatures at a location 110 mm from 

the downstream end of the heated section. A differential pressure transmitter is used to 

record the difference in fluid pressure between two points that are 2440 mm apart and 

located across the heated section.  

1. Stainless Steel Tank 

The tank is designed with a hollow wall to function like a heat exchanger. Cold water 

coming from the cooler circulates within the tank wall to maintain the bulk water 

temperature of the system to a desired set value. The inner and outer diameters of the tank 

are 0.5 m and 0.6 m respectively and it can hold about 100 L. It is made of stainless steel 

and insulated with 3/8" Rubber Foam Thermal Insulation. 
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Figure 3.1: A photo of the Test Rig 

 

The tank has six pipe connections, two connections connect the tank with the cooler 

to allow cold water circulation in the hollow wall, while the other four basically connect 

the tank to the pump supply, main return line, tank circulation return line and finally a 

drain line.      

2. Piping  

All the piping of the system is made of stainless steel 304 L expect for the test section 

that is made of aluminium. The whole piping system is well insulated to minimize heat 

loss to surroundings.  

3. Agitator 

The agitator is a mixer whose motor is placed on top of the tank. Its shaft extends into 

the tank where three rectangular stainless-steel blades 15 cm x 10 cm are attached to it 

(See Figure 3.2 below). The purpose of the agitator is to properly dilute and mix the 

master fluid sample (MFS) in the system as well as ensure proper mixing during the 

experiments. A speed controller can adjust the speed of mixing from a scale of 0 to 93.  
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Figure 3.2: A photo of the inside of the tank showing the agitator shaft and 

the SS mixing blades 
 

4. Pump  

The pump is of centrifugal type, and it is used to circulate the fluid. Its body and 

impeller made from stainless steel, and it can deliver a flow of 12 – 48 m³/hr at 50Hz. 

 
Figure 3.3: Tag Plate of the Pump 

 

5. Variable Frequency Drive 

The variable frequency drive (VFD) inverter is used to control the speed of the pump 

to produce the required different system flowrates as set by the research design. The VFD 

in located in the main control panel (MCP). 
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Table 3.1: Specification of the Main Tools and Equipment 

S/No. Equipment Name Specification 

1 Tank 
SS, 100 L, Insulation = Insulflex 3/8" Rubber Foam 

Thermal Insulation 
2 Agitator Tung Lee Electrical, M540-402, 40 W, 90-1400 RPM 

3 
Agitator Speed 

Controller AMS-KB-S, 6-180 W, 220 V, 50/60 Hz 

4 Pump CPM500/22/A (LOWARA), 2.71 KW, 12-48 m³/hr, 
17.3-7.7 m 

5 Variable 
Frequency Drive Hoffman Muller Inverter, 220 V, 50Hz 

6 Flow Meter 
Magnetic Type, Foxboro 8000 A Series, Minimum 
fluid conductivity of 5µs/cm, Flowrate 49 to 946 

LPM, –40 to +121°C 

7 Flow Transmitter 
Magnetic Flow Transmitter, Foxboro IMT25 (DISAI), 
Accuracy +/- 0.25%, Fluid Velocity Range 0.01 - 10 

m/s, -20 to +55 °C, 50/60 Hz 

8 Pressure 
Transmitter 

Foxboro IDP10 Electronic Transmitter, Accuracy 
±0.05%, Span Limits: 0.5 in H2O and 3000 psid 

9 Chiller JEIO TECH, HX-45H, +3 - 40°C, 4.7 KW Cooling 
Capacity @20°C/ 2.9 KW @ 5°C, 28 LPM, 50Hz 

10 Piping SS except Test Section Aluminum 
11 Thermocouples Type - K (Omega), 20°C - 150°C 
12 Data Logger MW100 (Yokogawa), PCU-based 
 

6. Magnetic Flow Meter and Transmitter 

The inline magnetic flow meter is used to monitor the flowrate of the experiment and 

it is paired with a flow transmitter with a digital display screen (See Figure 3.4 below).  

 
Figure 3.4: Display Screen of the Flow Transmitter 
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7. Differential Pressure Transmitter 

The differential pressure transmitter (See Figure 3.5 below) is used to record the 

difference in fluid pressure between two points that are 2440 mm apart.  

 
Figure 3.5: Differential Pressure Transmitter 

 

8. Cooler 

The function of the cooler is to control the temperature of the system. It circulates cold 

water in the tank wall to take away any heat gained by the system e.g., through the pump 

motor, heating transfer with the ambient atmosphere or through induced heating.    

 
Figure 3.6: Control Panel of the Cooler 
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9. Data Logger 

A PC-based data logger was used to record and display the temperature of five points 

in the system namely inlet, outlet and three points within the aluminium test section.   

 
Figure 3.7: Data Logger 

 

10. Heaters 

Ten heaters each with a capacity of 900 W were attached to the heat transfer test section 

to supply constant heat flux (See Figure 3.8 below).  

 
Figure 3.8: A photo showing the heaters on the heated test section 
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11. Main Control Panel 

The MCP (See Figure 3.9) houses the VFD as well as the on/off switches of the pump, 

the heater, and the agitator.  

 
Figure 3.9: A photo of the MCP 

 

Other tools and equipment used in the experiment include: 

12. Disintegrator 

The pulp disintegrator, which is a quite strong mixer, is used to mix the master fluid 

samples.  

13. Electronic Balance 

An electronic balance is used to measure the weight of biopolymers powder.  
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Figure 3.10: Electronic Balance measuring 30 grams of Guar Gum 

 

14. Beakers 

Beakers were used to collect distilled water from the temporary tank to prepare the 

master fluid samples and to fill the main stainless-steel tank as required.   

15. Mercury-in-glass thermometer 

A thermometer is used to measure the temperature of the fluid during the experiments. 

16. Temporary Water Storage Tank 

A 200 L temporary tank is used to store distilled water.  

 
Figure 3.11: Temporary Water Storage Tank 
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17. Multimeters 

Two multimeters were used to measure voltage and current during the experiments to 

measure the heat flux. Kyoritsu 2017, 600 A/ 600 V Digital Clamp Meter was used to 

measure the current while the voltage was measured using Agilent U1213A 1000 A/ 1000 

V Clamp Meter.  

    
Figure 3.12: Measuring voltage and current using the multimeters   

 

3.3 Experimental Procedure  

This section describes in detail the step-by-step procedure carried out for all the 

experiments of this research.  

3.3.1 Material  

The Guar Gum used in this project is sourced from Sigma-Aldrich, USA, while the 

Gum Arabic is sourced from Merk - Germany.  

3.3.2 Distilled Water Production 

To remove any potential interference from tap water that would cause fluctuations in 

results, distilled water was used in all experiment of the project. A water distiller (See 

Figure 3.13) was used to produce distilled water at a rate between 0.9 L/ hr and 4.8 L/hr. 

The tap water supply valve was carefully adjusted to achieve a good production rate 

greater than 4 L/hr. The produced water is delivered into a temporary container then 
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manually transferred to a 200 L temporary plastic water storage tank. Each concentration 

required 100 L of distilled water. Also, 100 L of water was used to flush the system before 

starting the experiments and about 50 L were used to flush the system in between different 

experiments of different concentrations. In total, considering also few tests runs that were 

carried out before starting the main experiments, about 1000 L of distilled water was used 

to complete this research and it took about 250 hours to produce.  

 
Figure 3.13: Water Distiller 

 

3.3.3 System Flushing 

Before stating experimental runs, the piping was flushed with 100 L of tap water for 

15 minutes at full pump speed. Then, water was drained, and the stainless-steel tank is 

refilled with 100 L of distilled water for another flush. Subsequently, between 

experimental runs the system got a 15-minute flush with 100 L tap water then 50 L 

distilled water to ensure that traces from one experiment would not affect the results of 

another experiment.  
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Figure 3.14: Filling the main tank with distilled water 

 

3.3.4 Distilled Water Run, Part 1, Without Heating 

The first experiment was carried out with distilled water (without any additives). This 

served as a baseline for other experiments that included DRA’s. Initially the main tank 

was filled with 100 L of distilled water and then the pump started and adjusted to full 

speed. When the temperature of the water in the stainless-steel tank reached ±0.5°C from 

the design temperature 30°C, the cooler was started to maintain the temperature.  The 

pump speed was reduced by reducing the frequency of the VFD from the control panel 

until the flow transmitter displayed an average flowrate within ±2% of the first point 

which is 292.17 LPM (equivalent to flow speed of 3.6 m/s). At that point the system was 

left for at least 3 minutes to stabilize. Then five readings were logged into a spreadsheet: 

• Tank water temperature, manually measured using a mercury thermometer 

• Inlet Temperature, recorded from the data logger display screen 

• Frequency of the inverter 

• Average flowrate  

• Average differential pressure 
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Figure 3.15: Adjusting the frequency of the VFD 

 

Next the flow speed was decreased until the flowrate of the next point was reached 

(±2%). Again, the system was left for a minimum of 3 minutes to get to steady state and 

then the five readings were recorded accordingly. The process was repeated for thirteen 

different flow speeds from 0.4 m/s to 3.6 m/s as per the research design. At low fluid 

velocities, less heat was transferred from the pump motor into the fluid therefore the 

cooler was turned off to maintain the inlet temperature at 30°C.  

3.3.5 Distilled Water Run, Part 2, With Heating 

In the second part of the experiment, the heater is turned on and set to 35% of its 

maximum power, using a controller, to provide a constant power flux of 3400 W while 

the pump was set to operate at full speed. The cooler was turn back on and initially set to 

18°C. The system was left in this condition for at least 90 minutes until steady state 

conditions were achieved. The pump speed was reduced by adjusting the frequency of the 

inverter until the flow transmitter displayed an average flowrate within ±2% of the first 

point which is 227.25 LPM (equivalent to flow speed of 2.8 m/s). At that point the system 

was left for at least 3 minutes to stabilize. Then eleven readings were logged into a 

spreadsheet as follows: 
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• Tank water temperature, manually measured using a mercury thermometer 

• From the data logger display screen: Inlet temperature, outlet temperature and 

three temperature points located within the test section and just downstream the 

heater rods.  

• Frequency of the inverter 

• Average flowrate  

• Average differential pressure 

• Current and Voltage  

 
Figure 3.16: Controller of Heaters set to 35% 

 

Then the flow speed was decreased and similarly, the process was repeated for the 

remaining six flow speeds from 0.4 m/s to 2.8 m/s as per the research design. Throughout 

all experiments, the agitator mixer was switched on and its speed controller was set to 75 

to ensure adequate mixing of the fluids and to provide better heat transfer within the tank.  

3.3.6 Mixture 1: 300 ppm Mixture, 12.5% GG + 87.5% GA 

Throughout all the experiments of this project 300-ppm concentrations were used. To 

create a 300-ppm mixture, we would need 300 g per 1 m³ volume. So, for 100 L, the total 

weight of DRA mixture to be used is 30 g. Fluid 1 includes 12.5% GG and 87.5% GA so 

to prepare a 300-ppm concentration, 3.75 g and 26.25 g were needed from GG and GA 

respectively. 
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Figure 3.17: Measuring GG to prepare an MFS 

 

First, 2000 ml of distilled water at ambient temperature were measured by a beaker 

and poured into the pulp disintegrator container. Next the required amount of GG was 

measured using an electronic balance and then added to the water. The sample is then 

mixed in the disintegrator for 3 full cycles of 5000 revolutions until the mixture became 

totally homogenous. Similarly, the required amount of GA was obtained and then added 

into the container of the disintegrator. The mixture was mixed for another 3 full cycles of 

5000 revolutions to obtain a 15000-ppm master fluid sample. 

 
Figure 3.18: Pouring distilled water in the disintegrator to prepare an MFS 
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The MFS is then added to 98 L of distilled water (to form the required 100 L) in the 

main SS tank. Next the agitator mixed the blend for about 30 minutes until it became 

homogenous, and the fluid is left in the tank for at least 12 hours for proper hydration.   

The next day, the pump started and adjusted to full speed. When the temperature of 

the water in the main tank reached ±0.5°C from the design temperature, the cooler was 

started to maintain the temperature. The pump speed was reduced by reducing the 

frequency of the VFD from the control panel until the flow transmitter displayed an 

average flowrate within ±2% of the first point which is 292.17 LPM (equivalent to flow 

speed of 3.6 m/s). From there the same procedure used for the Distilled Water Runs parts 

1 and 2 (With and without heating) was followed until all the required data was collected.  

3.3.7 Other Concentrations 

The same process is repeated for four more MFS’s as per Table 3.2 below.  

Table 3.2: Ratio and Weight of Polymers per each Master Fluid Sample 

Fluid 
Water 

Volume 
(L) 

Concentration 
(ppm) %GG %GA GG 

Weight (g) 
GA 

Weight (g) 

1 100 300 12.5 87.5 3.75 26.25 
2 100 300 25 75 7.50 22.50 
3 100 300 50 50 15.00 15.00 
4 100 300 100 0 30.00 0.00 
5 100 300 0 100 0.00 30.00 

 

3.4 Summary 

This chapter presented an overview over the test rig, tools, equipment and material 

used in this study and discussed in detail the experimental procedures used. The velocity 

range in part 1 of the experiments was from 0.4 m/s – 3.6 m/s while in the heating part 

velocities considered from 0.4 m/s – 2.8m/s. In all runs (with or without heating), the 

temperature of fluid in the tank was maintained at 30°C ±0.5°C. 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents and analyses the results of all experiments of this study. All runs 

were carried out using 300 ppm concentrations.  

4.2 Water Run Results 

The friction factor of the experimental results of distilled water as well as several 

empirical equations are plotted in Figure 4.1. The experimental data, calculated using 

Darcy friction factor equation (Eq 2.5), is compared to the empirical equations of 

Colebrook, Haaland, Petukhov and Balsius (See Equations 2.6 to 2.9 respectively). At 

low velocities, the experimental results are in big deviation with the standard equations. 

For example, there is a difference of 97.16% at 0.4 m/s and 45.59% at 0.6 m/s when 

comparing the experimental data to the results of Colebrook. The gap quickly reduces to 

20.49% at 1 m/s and the results become pretty matching with Colebrook and Haaland 

with less than 3% difference for velocities greater than or equal to 2.8 m/s.  

 
Figure 4.1: Comparing Friction Factor Results of Distilled Water with 

Standard Empirical Correlations 
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Friction factor (f) and pressure drop results as a function of velocity are plotted in 

Figure 4.2 and Figure 4.3 respectively. The results of the “before heating” and “after 

heating” runs are almost identical. In other words, for distilled water, heating has no effect 

on friction factor or pressure drop. However, friction factor decreases as velocity 

increases until it almost stabilizes at high speeds while pressure drop increase with 

increasing water velocity.      

 
Figure 4.2: Distilled Water Friction Factor Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 

 

 
Figure 4.3: Distilled Water Pressure Drop Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 
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4.3 Effect of Biopolymers Mixing Ratio 

In order to study the effect of mixing ratio of GG and GA on drag reduction, several 

experiments were conducted using the same overall concentration of 300 ppm. Total five 

fluids were studied. Two composed of only one DRA, GG, and GA, while the other three 

were mixtures of these two polymers. The composition ratio of the mixtures is as per 

Table 3.2. For each fluid, two experiments done. One without heating while the other 

experiment was carried out after the fluid was heated for about 90 min and then the data 

were collected during heating.  

4.3.1 Friction Factor  

Figure 4.4 and Figure 4.5 display the friction factors results of all the experiments of 

this study. The results show a similar trend for both “before heating” and “after heating” 

experiments. Friction factor decreases as velocity increase. Also, the data is pretty similar 

for all fluids at low speeds, but for velocities greater than 1 m/s it become distinct. For 

example, for the “before heating” case at 3.6 m/s, GG 100% got the lowest f of 0.0127, 

followed by GG 50% at 0.0142, GG 25% at 0.0149, GG 12.5% at 0.0165 and distilled 

water at 0.0184. The friction factor of GA 100% was the highest at 0.0190. Therefore, we 

can say that as the ratio of GG in the fluid increase, the fiction factor decreases.  

 
Figure 4.4: Friction Factor Results of all Fluids at different Velocities 

“Before Heating” 
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Figure 4.5: Friction Factor Results of all Fluids at different Velocities 

“After Heating” 
 

4.3.2 Pressure Drop  

Figure 4.6 and Figure 4.7 compile the pressure drop results of all the experiments of 

this research. For all fluids and over the whole range of velocities, pressure drop increase 

as velocity increase. For the experiments made “before heating”, all fluids show a slight 

increase in pressure drop at low speeds (≤ 1.2 m/s). Then for fluid velocities between 1.2 

m/s and 2.8 m/s, the data become distinct and display a rapid increase. And finally at 

higher velocities the pressure drop continues to increase but at slower rate. For the “before 

heating” runs at 3.6 m/s, GG 100% got the lowest pressure drop of 1.997 Kpa/m, followed 

by GG 50% at 2.207 Kpa/m, GG 25% at 2.323 Kpa/m, GG 12.5% at 2.525 Kpa/m and 

distilled water at 2.853 Kpa/m. The pressure drop of GA 100% was the highest at 2.898 

Kpa/m. For the experiments made during heating, the results show a very similar trend. 

Therefore, for both “heating” and “not heating” experiments and for velocities greater 

than 1.2 m/s, we can say that as the ratio of GG in the fluid increase, the pressure drop 

decrease.  
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Figure 4.6: Pressure Drop Results of all Fluids at different Velocities 

“Before Heating” 

 

 
Figure 4.7: Pressure Drop Results of all Fluids at different Velocities “After 

Heating” 
 

 
 

 

4.3.3 Drag Reduction  

Figure 4.8 and Figure 4.9 present the drag reduction results of all the experiments of 

this study. For velocities less than or equal to 0.8 m/s, DR decreases as velocity increase. 

While for velocities greater than or equal to 1 m/s, it is evident that the more GG present 

in the fluid the better the drag reduction. Adding as little as 12.5% concentration ratio of 

GG to GA significantly improves its DR performance. The maximum drag reduction is 

offered by GG 100% solution at 3.6 m/s at 30.03%. While, at the same velocity, GG 50% 
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achieved 22.65% followed by GG 25% at 18.58%, GG 12.5% at 11.50% and finally GA 

100% got a negative value of -1.57% DR.  

 
Figure 4.8: Drag Reduction Results of all Fluids at different Velocities 

“Before Heating” 

 

 
Figure 4.9: Drag Reduction Results of all Fluids at different Velocities “After 

Heating” 
 

4.4 Effect of Heating  

This section presents the experimental results of each fluid separately to study the 

effect of heating on friction factor, pressure drop and drag reduction. As per Figures 4.10 

to 4.19, heating does not seem to have any effect on friction factor or on pressure drop 

for all fluids. The data collected before heating and after heating are almost identical. 
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Pressure drops increase with velocity while friction factor decreases quickly between 0.4 

m/s to 0.8 m/s then it continues to decrease but at a much lower rate.  

 
Figure 4.10: GA 100% Friction Factor Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.11: GA 87.5% + GG 12.5% Friction Factor Results plotted as a 

function of Velocity “Before Heating” and “After Heating” 
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Figure 4.12: GA 75% + GG 25% Friction Factor Results plotted as a function 

of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.13: GA 50% + GG 50% Friction Factor Results plotted as a function 

of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.14: GG 100% Friction Factor Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 
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Figure 4.15: GA 100% Pressure Drop Results plotted as a function of Velocity 

“Before Heating” and “After Heating” 
 

 
Figure 4.16: GA 87.5% + GG 12.5% Pressure Drop Results plotted as a 

function of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.17: GA 75% + GG 25% Pressure Drop Results plotted as a function 

of Velocity “Before Heating” and “After Heating” 
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Figure 4.18: GA 50% + GG 50% Pressure Drop Results plotted as a function 

of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.19: GG 100% Pressure Drop Results plotted as a function of Velocity 

“Before Heating” and “After Heating” 
 

While on the other hand, heating has an obvious impact on drag reduction. Considering 

Figures 4.20 to 4.24 below, velocity 1 m/s seems to separate all the plots for all fluids into 

two parts. In first part which is for low velocities, heating improves DR. For example, for 

GG 50% fluid at 0.4 m/s, the DR was 2.05% without heating and it jumped to 11.55% 

with heating. That’s more than 500% improvement. While for higher velocities in the 

second part, heating actually reduces DR. On average, heating reduced DR for GA 100% 

solution by 70.10%, for GG 12.5% solution by 19.57%, for GG 25% solution by 17.10%, 

for GG 50% solution by 9.35%, and finally for GG 100% solution by 15.73%.   
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Figure 4.20: GA 100% Drag Reduction Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.21: GA 87.5% + GG 12.5% Drag Reduction Results plotted as a 

function of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.22: GA 75% + GG 25% Drag Reduction Results plotted as a 

function of Velocity “Before Heating” and “After Heating” 
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Figure 4.23: GA 50% + GG 50% Drag Reduction Results plotted as a 

function of Velocity “Before Heating” and “After Heating” 
 

 
Figure 4.24: GG 100% Drag Reduction Results plotted as a function of 

Velocity “Before Heating” and “After Heating” 
 

4.5 Challenges associated with the experiments  

4.5.1 Fluctuations of Readings 

The main concern associated with this study was the fluctuation of readings. It is still 

clear what is the cause of these fluctuations, however, it is evident that the presence of air 

bubbles in the system has a direct impact on the stability of readings. First, the 

experimental works were started using 80 L. This volume of water in the system meant 

that during the runs, the return line in the tank was not submerged in water and this 

allowed more air bubbles to be sucked by the pump and cause too much fluctuation in the 
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flow rate and hence the pressure readings. To go around this, we decided to run the 

experiments on 100 L to ensure that the return line is submerged in water. As a result, 

fluctuations were reduced but the stability problem was still there. To ensure that the 

readings collected accurately reflect the average, all readings from all instruments were 

video recorded using a handphone camera. Then the videos were reviewed to identify the 

minimum and maximum results and the average is calculated accordingly. The display 

screen of the flow transmitter and pressure transducer were video recorded for at least 10 

sec for each flow and pressure reading respectively. While the data logger display was 

recorded for at least 15 sec.   

4.5.2 Duration of Experiments 

Another concern related to the experiments of this study is the fact that the runs are 

time consuming. First, to produce the required 100 L distilled water it took about 4 days. 

This led to some idle days awaiting the availability of distilled water. The issue was 

bypassed later by sourcing water from other labs. Then, once the MFS is prepared and 

mixed for 30 minutes in the main SS tank, it was left for at least 12 hours for hydration. 

And finally, each experiment, including parts one and two, took on average 10 hours of 

focused activity per each fluid.   

4.6 Summary 

This chapter started by validating the experimental results of the test rig. Distilled 

water results were compared with the existing standard correlations. Then the test results 

of different biopolymer samples were presented and discussed in detail. The best drag 

reduction of 30.03% is achieved by GG 100% fluid at the highest velocity of 3.6 m/s. 

Also, for velocities greater than 1 m/s, heating was found to reduces drag reduction by 

9.35% - 70.1% while it has negligible impact over friction factor and pressure drop. 
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Another important conclusion is that the higher the ratio of GG in a fluid the better the 

drag reduction. Finally, some concerns with the experimental works were discussed.  
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CHAPTER 5: CONCLUSION 

5.1 Conclusion 

This study presented an overview of some of the recent studies on biopolymers and 

their effectiveness with respect to drag reduction. Then, mixtures made up of guar gum 

and gum Arabic were explored using a close conduit system to test their ability to reduce 

drag.  We concluded that for GG/ GA mixtures, the higher the ratio of GG in a fluid the 

better the drag reduction. The DR performance of GA can be considerably improved by 

adding slight concentration of 12.5% of GG. The best drag reduction of 30.03% is 

achieved by GG 100% fluid followed by GG 50% fluid at 22.65%. Both of these results 

were achieved at 3.6 m/s fluid velocity. Another important conclusion was that heating 

reduces drag reduction for velocities greater than 1 m/s but it has no effect on friction 

factor and pressure drop. 

5.2 Recommendations for Future Works 

Based on the literature review and on the findings of this study, the following is 

recommended for future research: 

• Investigating the biodegradation of GG and GA

• Investigating the mechanical degradation of the biopolymers

• Exploring different biopolymer mixtures

• Studying the effect of salt on the mixtures ability to reduce drag

• Studying the behavior of the GG/ GA mixture on oil/ water flow

• Studying the effect of low temperature on DR performance of polymer mixtures

• Conducting economic analysis of using different biopolymers for different

applications 

• Adding an air separator in the test rig

• Taking out the elbows from the pump suction line
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