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ABSTRACT 

 

 

 

 Nanofluids are gaining attention from industry as one way to improve the 

cooling processes because they have great characteristics in their thermal properties 

especially in thermal conductivity. The aim of this thesis is to form the stable 

nanofluids and study its thermal properties and heat transfer rate. This thesis was 

proposed due to the several problems in practical application of cooling agents 

especially in thermal properties and heat transfer rate. For this particular experiment, 

the nanoparticle that being used is functionalized Multi-walled Carbon Nanotube 

(fMWCNT). The stability of MWCNT in fluids was increased by introducing the 

hydroxyl groups towards its surface. Surfactant such as Polyvinylpyrrolidone (PVP) 

was used with deionized water as base fluid can make the nanofluids become more 

stable. Samples with different weight percentage (wt%) of fMWCNT and PVP was 

formulated to find a suitable ratio besides to analyze the thermal properties and heat 

transfer performance. The formulation of the nanofluids planning of the weight 

percentage and synthesizing of the samples (0.1 wt% - 1.0 wt%) was tested at 

different temperatures which is 6 °C, 25 °C and 40 °C. The performance 

improvement of nanofluids was compared with standard performance of deionized 

water in terms of thermal conductivity, viscosity and heat transfer performance. The 

highest enhancements of thermal conductivity of the nanofluids was succesfully 

recorded at 32.59% (0.7 wt% of CNT) at 40 °C while the highest enhancements of 

heat transfer coefficient is at 148.05% (0.5 wt% of CNT) at the temperature of 40 °C. 

It is determined that the 0.3 wt% of CNT exhibits the greatest improvement from the 

standard deionized water in terms of thermal conductivity and heat transfer 

coefficient. Unfortunately, 0.6 wt% and 0.7 wt% of CNT were not chosen because 

those samples have reduction in thermal conductivity at 6 °C and 25 °C. So they are 

not practical and not flexible to be applied at various temperatures. 
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ABSTRAK 

 

 

 

 Bendalir nano semakin mendapat perhatian daripada industri sebagai suatu 

penambahbaikan dalam proses penyejukan cecair kerana mereka mempunyai ciri-ciri 

yang bagus dalam sifat termal. Tujuan utama kajian ini adalah untuk menghasilkan 

bendalir nano yang stabil untuk dikaji sifat termalnya serta kadar pemindahan 

habanya. Eksperimen ini dicadangkan kerana terdapat beberapa masalah di dalam 

aplikasi praktikal bahan penyejuk ini terutamanya dalam sifat termal dan kadar 

pemindahan habanya.  Untuk eksperimen ini, partikel nano yang digunakan adalah 

Tiub Nano Karbon Berbilang Dinding yang berfungsi (fMWCNT). Kestabilan 

MWCNT di dalam cecair meningkat dengan memperkenalkan kumpulan fungsian 

hidroksil terhadap permukaannya. Surfaktan seperti Polivinilpirrolidon (PVP) 

digunakan bersama air ternyah ion sebagai bendalir asas dapat membuatkan bendalir 

nano menjadi lebih stabil. Sampel yang terdiri daripada pelbagai peratusan berat 

(wt%) fMWCNT dan PVP telah dirumus untuk mencari nisbah yg sesuai disamping 

untuk mengkaji sifat termal dan prestasi pemindahan habanya. Penghasilan bendalir 

nano yang melibatkan perancangan peratusan berat dan mensintesiskan sampel     

(0.1 wt% - 1.0 wt%)  telah diuji di berlainan suhu iaitu  6 °C, 25 °C dan 40 °C. 

Peningkatan prestasi bendalir nano akan dibandingkan dengan prestasi piawai air 

ternyahion dari segi kekonduksian termal, kelikatan dan prestasi pemindahan haba. 

Peningkatan terbanyak bagi kekonduksian termal bendalir nano yang berjaya 

direkodkan adalah sebanyak 32.59% (0.7 wt% dari CNT) pada 40 °C  manakala 

peningkatan terbanyak untuk pekali pemindahan haba adalah sebanyak 148.05% (0.5 

wt% dari CNT) pada suhu 40 °C. Ini menentukan bahawa 0.3 wt% dari CNT 

menunjukkan peningkatan yang lebih daripada piawai air ternyahion dari segi 

kekonduksian termal dan pekali pemindahan haba. Malangnya, 0.6 wt% dan 0.7 wt% 

dari CNT tidak akan terpilih kerana sampel tersebut menunjukkan pengurangan 

dalam kekonduksian termal pada suhu 6 °C dan 25 °C. Jadi, sampel tersebut adalah 

tidak praktikal dan tidak fleksibel untuk digunakan pada suhu yang pelbagai. 
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CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 

1.0 INTRODUCTION 

 

 The twenty first century is an era of technological development and has 

already seen many changes in almost every industry. Carbon Nanotube (CNT) is an 

example of nanotechnology. We call it „nano‟ because their sizes are less than       

100 nm in diameter and can be as thin as one or two nm. They are molecules that can 

be manipulated chemically and physically in very useful ways. They open an 

incredible range of applications in material science, electronics, chemical processing, 

energy management and many other fields. Some properties include extraordinary 

electrical conductivity, heat conductivity, and mechanical properties, they are 

probably the best electron field-emitter due to their high length-to-diameter ratios 

and last but not least, as pure carbon polymers, they can be manipulated using the 

well known and the tremendously rich chemistry of that element. Some of those 

properties provide opportunity to modify their structure and to optimize their 

solubility and dispersion. Besides that, CNT also have a range of electrical, thermal 

and structural properties that can change based on the physical design of nanotubes. 

 

 Nanoparticles of CNT can be mixed together with the base fluids such as 

water, engine oil and ethylene glycol (EG) to perform as transport fluid for various 

scientific and engineering applications also known as nanofluids. Nanofluids have 

some uncommon features those make them very special in engineering applications. 

The size of the nanoparticles imparts some unique characteristics to base fluids 

including greatly enhanced energy, momentum and mass transfer as well as reduced 
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tendency for sedimentation and erosion of the containing surfaces. Nanofluids are 

being investigated for numerous applications including transportation, cooling, 

manufacturing, chemical and pharmaceutical processes, medical treatments, 

cosmetics and many more. 

 

 

1.1 PROBLEM STATEMENT 

 

 Some applications of nanofluids are to improve heat transfer and energy 

efficiency in several areas such vehicular cooling and power generation. Many great 

phenomena involving nanofluids have been reported and mostly the researchers give 

more attention to the thermal conductivity and the heat transfer characteristics. The 

Multi-walled Carbon Nanotube (MWCNT) based nanofluids have hydrophobic 

surface area. A feature of such materials is instability of thin wetting water layers on 

their surfaces. To get better stability and thermal conductivity, the PVP surfactant 

need to add together with MWCNT based nanofluids. But the problem is when in 

static condition and there is PVP surfactant in that nanofluids, presence of 

hydrophobic solvent will affects the surfactant self-arrangement and results in porous 

microstructures. So, some of functional group such as OH (hydroxyl group) and 

COOH (carboxyl group) are needed in MWCNT surface area to prevent the 

surfactant self-arrangement from occur. Besides that, the surface functionalization of 

MWCNT also plays an essential role for improving the solubility and dispersion of 

the nanotubes in aqueous solutions. So, this research will focused on how 

functionalized MWCNT improve their practical application especially in their 

thermal properties and heat transfer rate. 
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1.2 OBJECTIVES 

 

The objectives of this research are 

i. To prepare nanofluids consists of functionalized MWCNT in water-based 

fluids with addition of surfactant. 

ii. To identify the most stable and homogeneous nanofluids with different 

weight percentage (wt%) of nanoparticles. 

iii. To investigate the thermal properties of nanofluids such thermal 

conductivity and viscosity. 

iv. To study the heat transfer properties of the stable nanofluids. 

 

 

1.3 SCOPE OF RESEARCH 

 

i. To prepare the formulation of the nanofluids sample which is consists of 

functionalized MWCNT, PVP (polyvinylpyrrolidone) as surfactant and 

deionized water (DI) as water-based fluids. 

ii. To identify the stability and homogeneity of the nanofluids using physical 

approach such as homogenizing and ultrasonication process. 

iii. To analyzed  the efficiency of functionalized MWCNT dispersed inside 

the base fluid without any sedimentation formation with addition of 

different PVP weight percentage. 

iv. To undergo the thermal properties testing such as thermal conductivity 

test and viscosity test towards the nanofluids and also heat transfer testing 

to the best three of nanofluids samples. 

v. To conduct all the testing at three different temperature which is  6 °C,  

25 °C and 40 °C. 
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CHAPTER II 

 

 

 

LITERATURE REVIEW 

 

 

 

2.0 INTRODUCTION 

 

 Heat transfer plays major role in many fields of industry such as 

transportation, air conditioning, power generation, electronic and others. Moreover, 

high performance cooling is widely needed in industrial technologies. Due to this 

fact, various studies and researches are aimed to increase cooling performance of 

working fluids. Nanofluids have drawn vast attention due to recently claimed high 

performance in heat transfer in the literature. In heat transfer, one of the major 

parameters is thermal conductivity of working fluid. Currently, most prevailing 

fluids utilized for cooling are water, ethylene glycol (EG) and engine oil which have 

much lower thermal conductivity. This fact was starting point of an idea which was 

creating mixture of solid and fluid in order to improve the thermal conductivity of 

fluid and to have better heat transfer performance consequently. 

 

 

2.1 HISTORY AND DEVELOPMENT OF NANOFLUIDS 

 

 The twenty first century is an era of technological development and has 

already seen many changes in almost every industry. The introduction of 

nanoscience and technology is based on the famous phrase “There‟s Plenty of Room 

at the bottom” by the Nobel Prize winning physicist Richard Feynman in 1959. 

Feynman proposed the concept of micromachines. He also made his famous waver 

challenging the young scientist to make a working motor no more than 1/64 of an 
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inch on all sides (Sreelakshmy et al. 2014). In 1974, Scientist Norio Taniguchi first 

used the term „Nanotechnology‟. After that, in 1995, Scientist Choi of Argonne 

Laboratory (USA) successfully prepared nanofluid (Mukherjee and Paria, 2013). The 

term nanotechnology was used by Drexler in 1986 book “Engines of creation : The 

coming era of nanotechnology”. Drexlers idea of nanotechnology is referred to as 

molecular nanotechnology (Sreelakshmy et al. 2014). After the establishment of such 

a landmark in the history of nanoscience, nanofluids grab the attention of the most of 

the researchers around the world. In recent years the craze about nanofluid research 

has gone to such a hype that in the year 2011 with nearly 700 research papers where 

the term nanofluid was used showing the rapidly growth from 2002 until 2010 as 

shown in Figure 2.1. 

 

 

Figure 2.1 : Year wise research papers on nanofluids 

(Source : Sreelakshmy et al. 2014) 

 

 

2.2 ABOUT NANOFLUIDS 

 

 Heat transfer plays major role in many fields of industry such as 

transportation, air conditioning, power generation, electronic and so on. Moreover, 

high performance cooling is widely needed in industrial technologies. Due to this 

fact, various studies and researchers are aimed to increase cooling performance of 

working fluids. Nanofluids are defined as suspended nanoparticles with the size of 1 
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to 100 nm inside fluids, have drawn vast attention due to recently claimed high 

performance in heat transfer. It also defined as colloidal suspension of solid particles 

with the size of less than 100 nm and the solid particles concentration of lower than  

5 vol%. In heat transfer, one of major parameters is thermal conductivity of working 

fluid. Currently, most prevailing fluids utilized for cooling are water, EG and engine 

oil which have much lower thermal conductivity compared to lots of solids including 

metallic ones; such as silver, copper and iron or non-metallic materials; like alumina, 

CuO, SiC and CNTs. This fact was starting point of an idea, which was creating 

mixture of solid and fluid in order to improve thermal conductivity of fluid and to 

have better heat transfer performance consequently (Ozerine et al. 2010). 

 

 Maxwell was the first one who initiated the use of small sized solid particles 

inside fluids to increase thermal conductivity. His idea was based on suspension of 

micro- or milli-sized solid particles inside the fluids on that time (Maxwell, 1873). 

However, large size of particles in scale of milli- or even micro-sized particles causes 

several technical problems such as faster settling time, clogging micro-channels of 

devices, abrasion of the surface, erosion of pipelines and increasing pressure drop 

(Wang et al. 2003). The importance of nano-sized particles and their benefits 

compared to micro-sized particles has been investigated and it could be stated that 

nanoparticles possess longer suspension time (more stable), much higher surface 

area, higher thermal conductivity, lower erosion and clogging, lower demand for 

pumping power, reduction in inventory of heat transfer fluid and significant for 

energy saving (Sarit et al. 2008). 

 

 Higher performance of heat transfer, in both conduction and convection heat 

transfer modes, was reported by several researchers afterward. Increment in thermal 

conductivity of fluid was one of the first features investigated by Eastman et al. 

(2001). They observed 40% increment of thermal conductivity after adding 0.3 wt% 

of copper nanoparticles into EG. Moreover, convection heat transfer of nanofluids 

was also investigated by different researchers and based on that, significant 

improvement was reported in heat transfer rate. From heat transport point of view, 

various results with great disparities have been reported in recent years. For instance, 

it has been claimed that improving thermal transport properties of nanofluids would 

have several advantages such as improving the efficiency of heat exchanging, 
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reducing size of the system, providing much greater safety margins and reducing 

costs (Han 2008). 

 

 

2.3 NANOFLUIDS SUSPENSION 

 

 Nanofluids are not simply liquid-solid mixtures. Some special requirements 

are essential such as even and stable suspension, durable suspension, negligible 

agglomeration of particles, no chemical change of the fluid and so on. As shown in 

Figure 2.2, nanofluids are produced by dispersing nanometer-scale solid particles 

with a typical size less than 100 nm (Ghadimi et al. 2011) such as Al2O3, CuO, SiO2, 

CNT and others into base fluids such as distilled water (DW), deionized water, EG 

and engine oils. Besides that, nanofluids also can be added with surfactant. Addition 

of surfactant can improve the stability of nanoparticles in aqueous suspensions. 

Popular surfactants that have been used in literature can be listed as sodium 

dodecylsulfate (SDS), sodium dodecylbenzene sulfonate (SDBS), salt and oleic acid 

and PVP. But this technique cannot be applicable for nanofluids working in high 

temperature on account of probable damage of bonding between surfactant and 

nanoparticle, causing hindrance to stability of nanofluids (Mishra et al. 2013). 

 

 

Figure 2.2 : Base fluids, nanoparticles and surfactants for synthesizing nanofluid 

(Source : Ghadimi et al. 2011) 
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2.3.1 Base Fluids 

 

 Base fluids also known as heat exchange fluids are fluids used to transport 

heat in a number of industrial applications. These fluids are employed to transport 

energy in the form of heat from the point where the heat is generated from burners, 

cores of nuclear reactor and solar farms to the system that is going to use it such as 

thermal storage systems, steam generators, chemical reactors and others. The most 

widely used base fluids are water, EG, molten salts and engine oils. Unfortunately, 

one of their characteristic is low thermal conductivity which is limits the efficiency 

of the heat exchange systems that use them. But we can overcomes these limitations 

and increases the thermal conductivity by adding an exact proportion of 

nanoparticles consisting on carbon and surfactant to the base fluid while maintaining 

the original range of operating temperatures of the base fluid, which can range from 

15 °C to 400 °C. In this way, it becomes possible to obtain increases of up to 30% in 

the thermal conductivity of the base fluid (Asociación RUVID, 2014). 

 

 

2.3.1.1 Water 

 

 Regular water from the tap, though not unhealthy to consume, can cause a 

great deal of problems when used with highly sensitive lab equipment. Impurities 

found in water include suspended particles, colloidal particles, dissolved organic and 

inorganic solids, dissolved gases and microorganisms. Besides that, because of 

distilled water are pure, it is valuable in research since it is a constant and does not 

interfere with any chemical processes. Distilled water is used primarily as a solvent 

for reagent preparation, as a calibration standard or analytical blank, for cleaning 

testing equipment and rinsing an analyte. Besides that, for deionized water, it is not 

only has impurities filtered out, but it also has ions removed. The pure water does not 

conduct electricity because there are no ions to allow electrons to flow. Therefore, 

the deionized water will not add any other unaccounted for reactions to the 

experiment. So it is important to remove ionic impurities and minerals from water to 

achieve precise results in any testing, formulations, calibrations or cleaning. 
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2.3.1.2 Ethylene Glycol (EG) 

 

 EG is an important organic compound and chemical intermediate used in a 

large number of industrial processes. It also used as antifreeze in automobile 

radiators. EG can be produced by undergo sterilization process of ethylene oxide 

with water (John 1945) as shown in Figure 2.3. The addition of EG to water causes 

the freezing point of the mixture decrease thus the damage that would be caused by 

the water freezing in a radiator can be avoided by using a mixture of water and 

ethylene glycol as the coolant. In most heat transfer applications, EG as based fluids 

are the best choice because of their superior heat transfer efficiency as well as the 

temperature in the heat transfer fluid can be below 0 °C. This efficiency is largely 

due to the lower viscosity of EG solutions. Specific heat capacity, viscosity and 

specific weight of a distilled water and EG solution vary significantly with the 

percent of EG and the temperature of the fluid. Properties differ so much from 

distilled water that heat transfer systems with EG should be calculated thoroughly for 

actual temperature and solution. 

 

 

Figure 2.3 : Sterilization process of ethylene oxide with water to produce EG 

(Source : John, 1945) 

 

 

2.3.1.3 Engine Oils 

 

 Oil-based heat transfer fluids significantly high in thermal conductivity for 

energy efficient heat exchangers. Transformer oil, mineral oil, silicon oil, 

hydrocarbon fuels and some organic solutions are used as the base fluids for studying 

nanofluids (Choi et al. 2008). The dispersion and thermal conductivities of the oil-

based nanofluids containing Cu, CuO, Ag, or Al2O3 particles have been recently 

reported (Zhu et al., 2007). When nanoparticles are introduced into oil, the particles 

are usually sediment within several minutes because of the poor compatibility 

between the base oil and nanoparticles. The agglomerated particles are gradually 
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settled over time and this leads to the poor stability and low heat transfer capability 

of the suspensions. So the appropriate lipophilic modification process is needed for 

the formation of a stable oil-based nanofluid. Surface modification on metallic 

particles with hydrophobic ligands and surfactant addition can be employed to 

improve the compatibility between the nanoparticles and the oil-based fluid. It is 

because when the organic ligands with long hydrocarbon chains coordinated to the 

nanoparticles, it will prevent the particles from clustering (Choi et al. 2008). 

 

 

2.3.2 Nanoparticles 

 

 Nanoparticles are of great scientific interest as they are effectively a bridge 

between bulk materials and atomic or molecular structures. The properties of 

materials change as their size approaches the nano-scale and as the percentage of 

atoms at the surface of a material becomes significant. Nanoparticles have a very 

high surface area to volume ratio. This provides a tremendous driving force for 

diffusion especially at elevated temperatures. 

 

 

2.3.2.1 Metallic 

 

 Many metal and metalloid elements are able to form nano-scale structures. 

Some of the better known nanoparticles currently being investigated include those 

based on silver (Ag), which are known for their anti-microbial and anti-inflammatory 

properties. Silver nanoparticles have larger surfaces areas so that it can increase the 

area available for interactions especially in heat transfer. The heating effect is strong 

for metallic nanoparticles since they have many mobile electrons. 

 

 

2.3.2.2 Carbon Nanotube (CNT) 

 

 CNT possess higher thermal conductivity than other types of metallic or non-

metallic nanoparticles (Nasiri et al. 2012). Marquis and Chibante (2005) revealed 

that the thermal conductivity of CNT can reach 1800 to 2000 W/m.K. This provides 
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an alternative option to produce nanofluids with higher thermal conductivity by using 

CNT. However, the stability of CNT based nanofluids remains a major concern 

among the thermal researchers. Several researchers have clearly indicated that the 

production of stable CNT based nanofluids is a challenging task due to the strong 

tendency of these nanoparticles to agglomerate, at high aspect ratio and the 

hydrophobic nature of nanoparticles themselves (Garg et al. 2009). 

 

 For the CNT structure, it is made from carbon atoms in the shape of a hollow 

cylinder. The cylinders are typically closed at their ends by semi-fullerene-like 

structures. These are the three types of CNT which is armchair, zig-zag and chiral 

(helical) nanotubes as shown in Figure 2.4. These differ in their symmetry. The CNT 

can be thought of as graphene planes which are rolled up in a cylinder and the 

closing ends of CNT cannot be obtained in this way. Depending on how the graphene 

plane is cut before rolled up, then this three types of CNT are obtained. 

 

 

 

 

 

 

 

 

 

Figure 2.4 : Structures of carbon nanotubes 

(Source : Garg et al. 2009) 

 

 To make things more interesting, besides having a single cylindrical wall 

(SWCNT), it also can have multiple wall which there is cylinders inside the other 

cylinders. MWCNT can appear either in the form of a coaxial assembly of SWCNT 

similar to a coaxial cable, or as a single sheet of graphite rolled into the shape of a 

scroll. The diameters of MWCNT are typically in the range of 5 nm to 50 nm. 

MWCNT are easier to produce in high volume quantities than SWCNT. However, 

the structure of MWCNT is less well understood because of its greater complexity 

and variety. Regions of structural imperfection may diminish its desirable material 
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properties. In MWCNT, the nanotubes are typically bound together by strong Van 

der Waals interaction forces and form tight bundles because the Van der Waals 

interactions between the shells in the MWCNT increase as the nanotube get longer. 

Besides that, the stability of MWCNT is higher than SWCNT because the number of 

atoms increases (Sinnott et al. 1999). The challenge in producing SWCNT on a large 

scale as compared to MWCNT is reflected in the prices of SWCNT which currently 

remain higher than MWCNT. 

 

Besides that, the intrinsic properties of CNT can be preserved by the surface 

modification of CNT where the outer wall of CNT is exposed to the chemical 

modifiers. Surface modification of CNT can be performed to introduce new 

properties for highly specific applications which often require organic solvent or 

water-solubilization, enhancement of functionality, dispersion and compatibility or 

lowering the toxicity of CNT. Due to containing of functional group, the next step 

for the modification of CNT is of great convenience role. Figure 2.5 shows the 

variety in type of functional group that can be attached to the CNTs surface by using 

different type of process. 

 

 

Figure 2.5: Schematic examples of surface functionalization of CNT 

(Source : Liu et al. 1998) 
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The performance of non-functionalized CNT on the surface is relatively 

stable and is somewhat difficult to directly modify on their surface. However, the 

functionalized CNT as if inserted branch on its surface, it greatly increase the CNT 

surface activity and more links to other needs groups modified. 

 

 Treatment of CNT with strong acid such as HNO3, H2SO4 or a mixture of 

them (Esumi et al. 1996 and Liu et al. 1998) as shown in Figure 2.6 or with strong 

oxidants such as KMnO4 (Yu et al.1998) as shown in Figure 2.7, ozone (Sham et al. 

2006), reactive plasma (Wang et al. 2009), tend to open these tubes and to 

subsequently generate oxygenated functional groups such as carboxylic acid, ketone, 

alcohol and ester groups, that serve to tether many different types of chemical 

moieties onto the ends and defect sites of these tubes. These functional groups have 

rich chemistry and the CNT can be used as precursors for further chemical reactions. 

The CNT functionalized by the covalent methods has good advantage which that was 

soluble in various organic solvents because the CNT possess many functional groups 

such as polar or non-polar groups. 

 

 

Figure 2.6 : Structural of CNT with carboxyl group 

(Source : Esumi et al. 1996) 

 

 

 

Figure 2.7 : Structural of CNTs with hydroxyl group 

(Source : Yu et al. 1998) 
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2.3.3 Surfactant 

 

 This is one of the general methods to avoid sedimentation of nanoparticles. 

Addition of surfactant can improve the stability of nanoparticles in aqueous 

suspensions. The reason is that the hydrophobic surfaces of nanoparticles are 

modified to become hydrophilic and vice versa for non-aqueous liquids          

(Hwang et al. 2007). A repulsion force between suspended particles is caused by the 

zeta potential which will rise due to the surface charge of the particles suspended in 

the base fluid. However, care should be taken to apply surfactant as inadequate 

surfactant cannot make a sufficient coating that will persuade electrostatic repulsion 

and compensate the Van der Waals attractions (Jiang et al. 2003). 

 

 

2.3.3.1 Polyvinylpyrrolidone (PVP) 

 

 Polyvinylpyrrolidone also known as Povidone is one of the numerous 

products of the acetylene chemistry. Based on Figure 2.8, from the reaction of 

acetylene with formaldehyde, 1,4-Butanediol are obtained which is hydrogenated to 

butenediol. After dehydrogenate over copper catalyst, pyrrolidone is formed by the 

removal of water. The vinyl group is introduced to form vinylpyrrolidone. The 

polymerization of vinylpyrrolidone will produces polymeric material (Haaf, 1985). 

 

 

Figure 2.8 : Synthesis of N-vinylpyrrolidone from acetylene and formaldehyde 

(Source : Haaf, 1985) 
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 Vinylpyrrolidone is generally polymerized in aqueous solution using 

hydrogen peroxide as initiator. A special and unusual property of PVP is its 

solubility in water as well as in various organic solvents. The reason for this is 

because it has hydrophilic as well as hydrophobic functional groups and therefore 

interactions with various solvents are possible. 

 

 Fadhillahanafi et al. (2013) was conducted an experiment about the stability 

characteristics of the nanofluids without surfactant and with surfactant. The stability 

of nanofluids is evaluated through an observation method for duration of one month 

by using PVP as a surfactant. Based on observation from Figure 2.9 (a), sample 1 

(0.01 wt% MWCNT) and sample 2 (0.02 wt% MWCNT) showed sedimentation of 

particles even right after the sonication process. This might be due to the 

hydrophobic nature of the CNT. The particles tend to attract each other and thus they 

are heavier and tend to move downward due to gravitational force. Contrary to the 

results of nanofluids without surfactant, there is no observable particle sedimentation 

in any of the samples from nanoparticles with surfactant as shown in Figure 2.9 (b). 

The addition of surfactant are capable in increasing the repulsive force of the 

nanoparticles so that it can minimized and subsequently reduced the tendency of the 

nanoparticles to move downward (sedimentation). 

 

       

(a)      (b) 

Figure 2.9 : Stability observation for CNT nanofluids (a) without PVP surfactant and 

(b) with PVP surfactant 

(Source : Fadhillahanafi et al. 2013) 
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2.3.3.2 Sodium Dodecylsulfate (SDS) 

 

 SDS is an anionic detergent and wetting agent that is effective in both acid 

and alkaline solutions. It is also a detergent (soap) that can dissolve hydrophobic 

molecules but also has a negative charge attached to it. Figure 2.10 shows the 

chemical structure of SDS which consists of hydrophobic and hydrophilic region. 

SDS insoluble in water when having reactions with water and also incompatible with 

strong oxidizers. It is also incompatible with cationic materials and acids with pH 

below 2.5. They react as bases to neutralize acids and this neutralization generate 

heat (Beverly 1975). 

 

`  

Figure 2.10 : Chemical structure of SDS detergent 

(Source : Beverly, 1975) 

 

 

2.4 PREPARATION OF NANOFLUIDS 

 

Preparation of nanofluids is the first key step in experimental studies with 

nanofluids. Nanofluids are not simply liquid-solid mixtures. Some special 

requirements are essential such as even and stable suspension, durable suspension, 

negligible agglomeration of particles, no chemical change of the fluid and so on. In 

the synthesis of nanofluids, agglomeration is a major problem. In general, two 

production methods of preparation and dispersion of nanofluids, called One-step 

Method and Two-step Method exist. 

 

 

 

 



IMRANSYAKIR

17 
 

2.4.1 One-step Method 

 

In one-step method, preparing nanoparticles and dispersing inside base fluid 

occurs simultaneously. The processes of drying, storage, transportation and 

dispersion of nanoparticles are avoided so that nanoparticles agglomeration is 

minimized and the stability of nanofluids are increased. The one-step processes can 

prepare uniformly dispersed nanoparticles and the particles can be stably suspended 

in the base fluid. The vacuum based SANSS (submerged arc nanoparticle synthesis 

system) is another efficient method to prepare nanofluids using different dielectric 

liquids and can result in nanoparticles of several shapes. The nanoparticles prepared 

exhibit needle-like, polygonal, square and circular morphological shapes. Lo et al. 

(2005) developed this vacuum based SANSS to prepare CuO, Cu2O and Cu based 

nanofluids with different dielectric liquids. A suitable power source are required to 

produced an electric arc between 6000 °C to 12000 °C which melts and vaporizes a 

metal rod in the region where arc is created. The vaporized metal are condensed and 

then dispersed by deionized water to produce nanofluids. 

 

 

2.4.2 Two-step Method 

 

In this method, nanoparticles are processed and made by some techniques 

first and then dispersed them into base fluids. This method is extensively used in the 

synthesis of nanofluids by mixing base fluids with commercially available 

nanopowders obtained from different mechanical, physical and chemical routes such 

as milling, grinding and sol-gel and vapour phase methods. An ultrasonic vibrator or 

higher shear mixing device are generally used to stir nanoparticles with base fluids. 

Frequent use of ultrasonication or stirring is required to reduce particle 

agglomeration. Eastman et al. (1997), Lee et al. (2006) and Wang et al. (2009) was 

used two-step method to produce alumina nanofluids. Besides that, single-walled and 

multi-walled carbon nanotubes are first produced by pyrolysis method and then 

suspended in base fluids with or without the use of surfactants (Xie et al. 2003). 

Most nanofluids including oxide nanoparticles are produced by means of the two-

step method, but for metallic nanoparticles or particles with high thermal 

conductivity one-step method is preferred (Sarit et al. 2008). Stability is a big issue 
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that inherently related to this operation as the powders easily aggregate due to strong 

Van der Waals force among nanoparticles. In spite of such disadvantages this process 

is still popular as the most economic process for nanofluids production. 

 

 

2.5 THERMAL PROPERTIES OF NANOFLUIDS 

 

 Nanofluids have properties that make them potentially useful in many 

applications in heat transfer including microelectronics, fuel cells, pharmaceutical 

processes, hybrid powered engines, engine cooling or vehicle thermal management, 

domestic refrigerator, chiller and heat exchanger. The properties of nanofluids 

including thermal conductivity, viscosity and heat transfer performance in convective 

environment. 

 

 

2.5.1 Thermal Conductivity of Nanofluids 

 

 Cooling is an essential operation in several industrial applications and 

engineering designs. In order to enhance the heat transfer rate, either the heat transfer 

area or temperature gradient or the thermal conductivity of fluids, exchanging heat 

has to be increased. Thermal conductivity is the most important factor that can be 

investigated to prove the heat transfer enhancement of prepared nanofluids. 

Traditional heat transfer fluid such as water, engine oil and ethylene glycol which are 

inherently poor heat transfer fluids. Due to small sizes and very large specific surface 

areas of the nanoparticles, nanofluids have superior properties like high thermal 

conductivity (as shown in Table 2.1), minimal clogging in flow passages, long term 

stability and homogeneity. Reviewing available literature explains that the rise in 

thermal conductivity of the nanofluids is large. Addition of only a small volume 

percent of solids produces a dramatic enhance of thermal conductivity (Wang and 

Mujumdar, 2007). Based on literature, some parameters influence on thermal 

conductivity of nanofluids with no doubt such as size, temperature, concentrations, 

and particle motions. In this section, some of these parameters have been reviewed. 
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Table 2.1 : Thermal conductivities of various solids and liquids 

(Source : Wang and Mujumdar, 2007) 

Material Form 
Thermal Conductivity 

(W/m.K) 

Carbon 

Nanotubes 1800-2000 

Diamond 2300 

Graphite 110-190 

Fullerenes (film) 0.4 

Metallic Solids 

Silver 429 

Copper 401 

Aluminum 237 

Nickel 158 

Non-Metallic 

Solids 

Silicon 148 

Alumina 40 

Metallic Liquids Sodium @ 664K 72.3 

Others 

Water 0.613 

Ethylene Glycol 0.253 

Engine Oil 0.145 

 

 

2.5.1.1 Temperature 

 

 During thermal conductivity measurement of nanofluids, it has been 

discovered that it is strongly depends on temperature. Das et al. (2003) have done 

their research on water-based nanofluids including CuO and Al2O3 in the range of  

20 °C to 50 °C. They stated temperature dependency of nanofluids and elaborated 

that it is most probably the effect of motions because when particles have more 

motions inside the base fluid with higher temperatures, thermal conductivity of the 

nanofluids will be increased. Besides that, Ding et al. (2006) also had some studies 

on CNT-water nanofluids and they showed that thermal conductivity highly depends 

on temperature. Figure 2.11 shows the effective thermal conductivity of nanofluids 

as a function of CNT concentration at three temperatures. It can be seen that the 

effective thermal conductivity increases with increasing temperature and also CNT 

concentration. 
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Figure 2.11 : Measured thermal conductivity of CNT nanofluids under different 

conditions by using 0.25 wt% of gum Arabic as surfactant with respect to water. 

(Source : Ding et al. 2006) 

 

 

2.5.1.2 Nanoparticles Concentration 

 

 The other key issue that can highly affect thermal conductivity of nanofluid is 

concentration of nanoparticles inside the basefluid. In different reports, concentration 

has been stated in both types including volume as well as weight percentage. Choi et 

al. (2001) and Eastman et al. (2001) performed researches on CNT and showed 

nonlinear relationship between nanofluid concentration and thermal conductivity. 

Faris et al. (2013) also investigated the effect of volume fraction of nanoparticles on 

thermal conductivity. Their study was evaluating thermal conductivity change in 

different volume fractions of particle from 0.2% to 1.4% of Al2O3-water based 

nanofluid in temperature of 25 °C and his result shows in Figure 2.12. 
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Figure 2.12 : Thermal conductivity of Al2O3 nanofluids as a function of volume 

fraction concentration 

(Source : Faris et al. 2013) 

 

 

2.5.1.3 Thermal Conductivity of Nanoparticles 

 

 Inside one specific base fluid, thermal conductivity of particles would greatly 

influence on thermal conductivity of one sample comparing the other one while both 

possess same base fluid. In this case, higher thermal conductivity of particles is 

expected to lead in higher thermal conductivity of nanofluid. This fact has been 

proved by different researches and experiments. One of them is what Li and Peterson 

(2006) have done. They have tested two water based nanofluids in which CuO and 

Al2O3 were suspended. Based on Figure 2.13, CuO solid particles show higher 

thermal conductivity than Al2O3, so the same scenario is true for nanofluids 

containing these two types of particles. Their experiments were accomplished under 

same conditions for both samples and they were containing the same volume fraction 

of particles as well. 
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Figure 2.13 : Thermal conductivity enhancement of Al2O3-water and CuO-water 

suspensions at different nanoparticle volume concentration and temperature 

(Source : Li and Peterson, 2006) 

 

 

2.5.1.4 Thermal Conductivity of Base Fluids 

 

 Motion of particles especially Brownian motion can affect thermal 

conductivity of nanofluids. One noticeable parameter which is in direct relationship 

with motion of particles is viscosity of base fluid (Xuan et al. 2003). In 1999, Wang 

et al. tested several nanofluids containing Al2O3 and CuO as nanoparticles and water, 

EG, vacuum pump fluid and engine oil as base fluids. Their experiments revealed 

that the highest thermal conductivity ratio (thermal conductivity of nanofluid divided 

by the thermal conductivity of base fluid) belongs to the combination of Al2O3 and 

EG as shown as Figure 2.14. 
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Figure 2.14 : Thermal conductivity ratio as a function of volume fraction of Al2O3 

powders in different base fluids 

(Source : Wang et al. 1999) 

 

 

2.5.1.5 pH Control 

 

 Literature survey reveals that there are not a lot of researches investigating 

impact of pH of base fluid on thermal conductivity of nanofluids. However,       

Wang et al. (2009) investigated the effect of pH on thermal conductivity of 

nanofluids and they achieved optimum pH in which highest value for thermal 

conductivity comes up. Concerning their results, pH about 8 for Al2O3-water 

nanofluid and about 9.5 for Cu-water nanofluid led to maximum thermal 

conductivity enhancement. They also discovered that thermal conductivity of 

nanofluids does not strongly depend on its pH value. Besides that, Li et al. (2008) 

through experiments on Cu-water nanofluid, it is showed that the thermal 

conductivity of the nanofluids varied widely with the variation of their pH.  

 

 The thermal conductivity of this nanofluids increased as the pH increased 

from a value of 2, reaching a peak around pH 9, and then decreased until a pH value 

of 12 was reached. Therefore, there is an optimum value of pH that ensures the 

highest thermal conductivity. They also showed that the zeta potential of a           

0.05 wt% of Cu-water nanofluid steadily diminished from pH 2, reaching the lowest 
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values at pH around 9 and then gradually increasing up to a pH of 12. Since the zeta 

potential dictates the repulsive electrostatic force between charged particles, this 

shows that the knowledge of pH is necessary to evaluate the dispersion stability of 

nanofluids. 

 

 

2.5.2 Viscosity of Nanofluids 

 

 Measurement of viscosity of nanofluids is an important flow characteristic in 

determining the heat transfer performance. Increase in viscosity of the nanofluids 

increase the pressure drop across the flow section, resulting in decrease of the heat 

transfer rate. In order to design a proper cooling system, it is expected that nanofluids 

as cooling media have almost considerable increment in thermal conductivity. On the 

other hand, almost less increment or constant viscosity is expected which means 

higher ratio thermal conductivity and viscosity. There are different crucial 

parameters influencing the viscosity that are investigated by researches. These 

factors consist of temperature, concentration of nanoparticles, particle size, time 

sonication, shear rate and so on. 

 

 

2.5.2.1 Temperature 

 

 Temperature is discussed in literature as one of most important parameters 

affecting the viscosity. Yang et al. (2005) experimentally measured temperature 

effect of viscosity with four temperatures (35 °C, 43 °C, 50 °C and 70 °C) for four 

nanofluid solutions taking graphite as nanoparticles. They experimentally showed 

that kinematic viscosity decreases with the increase of temperature. Meanwhile, 

Chan et al. (2008) measured the temperature effect of multi-walled carbon nanotubes 

with distilled water for a temperature range of 5 °C to 65 °C and indicated that 

relative viscosity increases significantly with temperature after 55 °C. Other than 

that, Namburu et al. (2007) showed that viscosity decreases exponentially with the 

increasing temperature for a temperature range of -35 °C to 50 °C. They also found 

that at low temperature, nanofluids containing SiO2 nanoparticles with EG and water 

as base fluids demonstrate a non-Newtonian behavior and at high temperature behave 
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as a Newtonian fluid. Figure 2.15 (a) and (b) shows the pattern of the nanofluids 

viscosity decreased when the temperature was increased meanwhile Figure 2.16 

shows that the viscosity of the nanofluids also will decreased when the temperature 

increased although different types of base fluids was used. 

 

  

   (a)             (b) 

Figure 2.15 : Viscosity profiles of MWCNT nanoparticles in (a) deionized water and 

(b) ethylene glycol as base fluids 

(Source : Aravind et al. 2011) 

 

 

Figure 2.16 : Viscosity of nanofluids decrease exponentially with the increase of 

temperatures 

(Source : Namburu et al. 2007) 
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2.5.2.2 Volume Concentration of Nanoparticles 

 

 Volume concentration of nanofluids is another important characteristic of 

these coolant media which directly influences the viscosity of nanofluids, on the 

other hand, it affects the thermal properties. There have been many researches to see 

the effect of wt% of nanoparticles on viscosity. The result almost shows the higher 

the wt% is, the more viscosity nanofluid has. Thus, the trade off between thermal 

properties and rheological properties is an essential issue to consider. Concerning the 

Prasher et al. (2006) and Li et al. (2002) experiments, the volume concentration can 

highly affects the viscosity of nanofluids. Besides that, Das et al. (2003) measured 

Al2O3 and found that viscosity is higher for nanofluids with stronger particle 

concentration and they also believed that there is a firm dependency of volume 

concentration and non-Newtonian behaviour of nanofluids. 

 

 

2.5.2.3 Shear Rate 

 

 Shear rate is another parameter which can affect the viscosity in non-

Newtonian nanofluids. Ding et al. (2006) worked by CNT found shear thinning 

phenomenon in nanofluids. It means nanofluids can sometimes show more 

appropriate fluid flow performance because of shear thinning which happens at 

higher shear rates. Shear viscosity of nanofluids, which can be especially altered in 

non-Newtonian nanofluids, tested by Chen et al. (2007) using titania-EG based. They 

showed Newtonian behaviour and proved that shear viscosity depends on both 

temperature and particle‟s concentration. Meanwhile for Das et al. (2003a) and Putra 

et al. (2003) measured water-based Al2O3 and CuO in different shear rates. They 

observed Newtonian behaviour for these nanofluids in volume concentration range of 

1% to 4%. 

 

 Based on Figure 2.17, the viscosity measurement was taken for two weeks 

after the nanofluid preparation. As seen, the viscosity decreases as the shear rate 

increases. At certain shear rate, the nanofluid at 5 vol% has the largest viscosity 

while the viscosity value is the lowest in the 1 vol% nanofluid. The nanofluids 

behaved as non-Newtonian fluids. Zhou et al. (2010) also highlighted that the shear 
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thinning behaviour at high shear rate is likely due to aggregates being destroyed 

under shear. This can also explain that the non-Newtonian characteristics of 

nanofluids are more obvious at a higher volume fraction and a longer holding time 

since the chance of aggregation is higher. 

 

 

Figure 2.17 : Viscosity as a function of shear rate in Al2O3-water nanofluids at 

volume concentration from 1 to 5 vol% after two weeks nanofluid preparation 

(Source : Duan et al. 2011) 

 

 

2.6 HEAT TRANSFER PERFORMANCE 

 

 Several models have been proposed to consider the effect of interfacial layer 

in the prediction of nanofluids heat transfer behaviour (Leong et al. 2006). These 

models are generally semi-empirical since there is no available expression for 

calculating the thickness and conductivity of the nanolayer. The thickness of this 

layer of liquid molecules at the interface is at a magnitude of nanometer. Also, the 

nanolayer would be expected to have an intermediate thermal conductivity between 

the bulk liquid and the nanoparticle. In these models, the thickness and conductivity 

of the ordered layer are chosen such that the calculated thermal conductivity matches 

the measured values of the nanofluid thermal conductivity. Most of these models are 

for spherical nanoparticles. Among them, Murshed et al. (2008) have presented a 

model for CNT. 
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 Several experimental investigations have shown that nanofluids not only have 

a better thermal conductivity, but also have a higher convective heat transfer 

capability than the base fluids (Ding et al. 2006). Also, the experimental evidence 

indicates that nanofluids heat transfer coefficients are increased more than what is 

expected just from thermal conductivity enhancement in both laminar and turbulent 

flows (Das et al. 2007). 
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CHAPTER III 

 

 

 

METHODOLOGY 

 

 

 

3.0 INTRODUCTION 

 

 The concept of methodology is the determination of the components, 

parameters, method of work, rules and techniques used to conduct a research. The 

main reason a methodology is done is to ensure the objectives and goals are 

achieved. As for this experiment, the methodology is planned into two main stages in 

which the first stage discusses on the formulation of the nanofluid samples and its 

stability. The preparation of stable nanofluid needs to be done by several steps with 

proper selection of parameter of CNT, surfactant and base fluid. Meanwhile, the 

second stage discusses on the testing of the thermal conductivity, viscosity and heat 

transfer performance. 

 

 A flow diagram is also prepared for the represent the workflow of this 

experiment in order to keep the planned task done accordingly as shown in       

Figure 3.1. In order to achieve a stable nanofluids sample, correct and planned work 

is compulsory to ensure enough time and produce results. Six experiments are 

considered in this study which are the formulation of nanofluids sample, stability 

test, thermal conductivity test, viscosity test and heat transfer analysis. 
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3.1 EXPERIMENTAL PROCEDURE 

 

 In this experiment, we used 10 different samples with different volume 

concentration of functionalized MWCNT and PVP. The weight of MWCNT and 

PVP are measured by using accurate analytical balance that can measure the weight 

up to four decimal places. For 0.1 wt% of MWCNT, the wt% of PVP is 50% from 

the wt% of MWCNT. The total mass for a sample must equal or approaching 40 g. 

The remaining weight is the weight of the base fluid which is the deionized water. 

After the formulation of each sample was settled, the mixture was undergo 

homogenization process by using homogenizer with 10000 rpm for five minutes. The 

homogenizer was stirring rapidly and produced high shear mixing to force the 

formulation to mix and this reduced the particle agglomeration. It takes a substance 

and makes it a uniform consistency and helps reduce separation. 

 

 After that, the sample will undergo ultrasonication process for one hour. The 

Elmasonic S30H ultrasonicator operated at 37 kHz frequency with 280 W of output 

power being generated. The nanofluids then tested with pH meter to get the pH 

value. In this experiment, the nanofluids must have pH value of 9. The nanofluids 

was added together with acidic solution if the pH value is greater than 9 meanwhile it 

will added together with alkaline solution if the pH value is lower than 9. After 

adding the acidic or alkaline solution, the nanofluids once again undergo 

homogenization process by using homogenizer with 10000 rpm for three minutes. 

  

 Settled with the formulation of nanofluids, the stability test was conducted. 

As for investigation of the stability characteristics, the sedimentation of the nanofluid 

samples was observed for the duration of 100 hours. The samples was observed by 

visual inspection and also by laser shot technique which is the stability of the 

nanofluids was depend on the intensity of the laser light where the laser light from a 

semiconductor laser diode was passed through the nanofluids. The well dispersed 

nanofluids were further used in this experiment. 

 

 Next, a KD2 Pro thermal analyzer (Decagon, USA) was used to measure the 

sample‟s thermal conductivity at three different temperatures which is 6 °C (cold 

condition), 25 °C (room temperature) and 40 °C (hot condition). In order to stabilize 
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the samples temperature, it was placed inside the refrigerated water bath. This is to 

minimize the effect of temperature variation other than those three temperatures on 

the sample‟s thermal conductivity. Apart from that, three readings were recorded for 

each sample and the average result was taken. This is to minimize the possible errors 

that might exist during the data collection. The KD2 Pro was set on automatic mode 

and left on the table to avoid any movement or table vibration during the 

measurement process. Any movement of the sample would create convection. 

 

 Besides that, in order to test the viscosity of the nanofluids, the Brookfield 

rotational viscometer was used. By using a multiple speed transmission and 

interchangeable spindles, a variety of viscosity ranges was measured. For the heat 

transfer test, the nanofluids were pumping by using water pump through the copper 

coil. This entire test was conducted at three different temperatures which is 6 °C, 25 

°C and 40 °C. 
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3.2 FLOWCHART OF THE PROCEDURES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 : Flowchart of the procedures 

 

 

 

Formulation of nanofluids 
which is consists of fMWNCT, 

PVP and deionized water 

pH < 9 
(add NaOH) 

pH > 9 
(add acid) 

Ultrasonication 

Stability test 

Undergo : 
Thermal conductivity test 

Viscosity test 
Heat transfer test 

Experimental setup 

pH checking 
(get pH 9) 

yes 

no 

no 

End 

Homogenize the 
mixtures by using 

homogenizer 

yes 



IMRANSYAKIR

33 
 

3.3 PARAMETER USED IN EXPERIMENT 

 

 

3.3.1 Type of CNT Used  

 

 The type of CNT used in this experiment is funtionalized Multi-Walled CNT 

(fMWCNT). The functional group that attach on the surface of MWCNT are 

carboxyl group. To get the carboxyl group attach in the surface, the MWCNT 

chemically oxidized by the concentrated nitric acid, HNO3 to open agglomeration of 

nanotubes and anchoring acid solution uniformly on the carbon surface. Then it will 

be filtrate and oxidized under reflux by using dry oven with temperature 120 °C for 

four hours to introduce functional group. It also can be denoted as ox-MWCNT. 

These oxidative treatments are used to remove the amorphous carbon, traces of 

catalysts and their supports completely and in addition to oxidize raw material. The 

oxidation of carbon surfaces is known to generate not only more hydrophilic surface 

structures but also more oxygen containing functional groups and to increase the ion-

exchange capacity. The effect of -COOH concentration on the stability and thermal 

conductivity of CNT nanofluids implied that more highly functionalized groups of 

nanoparticles produce nanofluids with stable and higher thermal conductivity. 

Nanofluids with a functionalized CNT structure are stable with respect to time 

duration. Among the nanofluids, fMWCNT based nanofluids exhibited the highest 

thermal conductivity enhancement. 

 

 

3.3.2 Surfactant Description 

 

 The stability of nanofluids can be enhanced by adding suitable surfactants. In 

this experiment, we use Polyvinylpyrrolidone (PVP), a brand from Sigma-Aldrich. 

The presence of polymer wrapping on the MWCNT surface provided steric 

stabilization and the aggregation behaviour of the colloidal system was quite 

different from its covalently functionalized analog. Addition of surfactants can 

reduce the surface tension and increase particle immersion. Several literatures have 

told about adding surfactant to nanofluids is to avoid fast sedimentation. But this 

technique cannot be applicable for nanofluids working in high temperature on 
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account of probable damage of bonding between surfactant and nanoparticle, causing 

hindrance to stability of nanofluids. 

 

 

3.3.3 Deionized Water (DI) 

 

 Deionized water is the water that has the ions removed. Deionized water has 

far fewer minerals than regular tap water and is often used in experiments. The uses 

for this type of water go beyond experiments that require a purer water source. 

Deionized water does not leave the residue found after cleaning with tap water. 

Using deonized water in the experiments is important because the ions found in 

water can affect our experiments. Incorporation of these ions, even if in only small 

amounts, can cause our experiments to receive false results. Table 3.1 shows several 

basic properties of deionized water. 

 

Table 3.1 : Properties of deionized water 

(Source : Safiuddin, 2011) 

Parameter Value 

Density 
Liquid : 1000 kg/m

3
 

Solid : 917 kg/m
3
 

Melting point 0 °C 

Boiling point 100 °C 

Specific heat 4180 J/kg.°C 

Latent heat 333.55 kJ/kg 

Viscosity 893 x 10
-6

 kg.s/m 

pH Approximately 7.0 

 

 

3.3.4 Ratio Between Parameter Used 

 

 As stated in the objective of the experiment, we want to know the thermal 

conductivity of MWCNT nanofluids with different volume concentration from       

0.1 wt% to 1.0 wt%. So, the total volume for the mixture of the MWCNT, PVP and 

deionized water is 40 ml which is equivalent to the container used. The weight 

percentage of MWCNT and PVP is determined with trial-and-error to find the stable 

mixtures with low percentage of MWCNT. The formulation of the nanofluid samples 

volume is based on Equation 3.1 and the sample calculation was shown in Appendix 
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A. Meanwhile, Table 3.2 shows the amount of parameter used in the formulation of 

nanofluids using MWCNT, PVP and deionized water. 

        

    
density

percentageweight
Volume             (3.1) 

 

Table 3.2 : Amount of MWCNT, PVP and deionized water to form a nanofluid 

Sample 
wt% of 

MWCNT 

wt% of 

PVP 

Mass of 

MWCNT (g) 

Mass of 

PVP (g) 

Mass of 

DI (g) 

Total mass of 

nanofluids (g) 

Standard - - - - 40.000 40.0000 

NF01 0.1 0.01 0.084 0.0064 39.956 40.0464 

NF02 0.1 0.02 0.084 0.0128 39.952 40.0488 

NF03 0.1 0.03 0.084 0.0192 39.948 40.0512 

NF04 0.1 0.04 0.084 0.0256 39.944 40.0536 

NF05 0.2 0.08 0.168 0.0512 39.888 40.1072 

NF06 0.3 0.12 0.252 0.0768 39.832 40.1608 

NF07 0.4 0.16 0.336 0.1024 39.776 40.1244 

NF08 0.5 0.20 0.420 0.1280 39.720 40.2680 

NF09 0.6 0.24 0.504 0.1536 39.664 40.3216 

NF10 0.7 0.28 0.588 0.1792 39.608 40.3752 

NF11 0.8 0.32 0.672 0.2048 39.552 40.4288 

NF12 0.9 0.36 0.756 0.2304 39.496 40.4824 

NF13 1.0 0.40 0.840 0.2560 39.440 40.5360 

 

 

3.4 APPARATUS USED IN EXPERIMENT 

 

 

3.4.1 Mechanical Homogenizer 

 

 As shown in Figure 3.2 (a) and (b), mechanical homogenizers are used to 

homogenize the MWCNT, PVP and DI together. The homogenizer use high pressure 

to force materials to mix. It takes a substance and makes it a uniform consistency and 

helps reduce separation. A single propeller attachment was used during the 

homogenization process and this homogenizer model did not have any isolation 

assembly to prevent the environment contaminant from dissolving into the 

nanofluids during the homogenization process. In this experiment, the WiseTis 

Homogenizer brand was used to homogenize the nanofluids. The powerful motor 

with 160 W output power has enough force for homogenizing the solution up to     
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2.5 ml. During the homogenizing process, the rotation speed of 10000 rpm was used 

to mixing the nanofluids for five minutes in this experiment. 

 

               

  (a)              (b) 

Figure 3.2 : Mechanical homogenizer (a) set with WiseTis HG-15D, dispersing tool, 

stand rod with clamp and (b) mixing the nanofluids materials 

 

 

3.4.2 Ultrasonicator 

 

 As shown in Figure 3.3, the ultrasonicator consists of a vibrated tub that 

needs to be filled with water. The tub will vibrate at the frequency of ultrasonic wave 

to further disperse the MWCNT and surfactant. This Elmasonic S30H ultrasonicator 

operated at 37 kHz frequency and generating 280 W of output power. Ultrasonic 

cavitations generate high shear forces that break particle agglomerates into single 

dispersed particles. The individual particles are held together by attraction forces of 

various physical and chemical natures, including Van der Waals forces and liquid 

surface tension. During the sonication process, a half inch diameter probe was 

immersed in the sample. The sample was sonicated for one hours. This duration was 

chosen in order to minimize the effect of temperature elevation during the sonication 

process. 
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Figure 3.3 : Ultrasonicator 

 

 

3.4.3 pH Meter 

 

 It is an electric device and used to measured hydrogen-ion activity (acidity or 

alkalinity) in solution. It shows a number ranging from 0 to 14. The value less than 7 

is consider as acidic, the value more than 7 is consider as alkaline whereas the value 

of exact 7 is neutral. Fundamentally, a pH meter consists of a voltmeter attached to a 

pH-responsive electrode and a reference electrode. The pH-responsive electrode is 

usually glass and the reference electrode is usually a mercury–mercurous chloride 

electrode. 

 

 

3.4.4 Stability Test Rig 

 

 A stability test rig is a simple device that being used to measure the stability 

of a nanofluid produced. The rig is installed with LED and sensors to detect whether 

light from the LED can pass through the samples and another set of LED to display 

the result. This device also consists of a horizontal and vertical hole. The bigger 

vertical hole is used to place the nanofluid with its container and the horizontal hole 

is used to channel the LED light through the hole then the light will hit the 

nanofluids and a receiver at the other end of the hole. If the LED light can travel 

through the nanofluid and hit a receiver at the other ends of the hole, the solution is 

considered as not stable. Then the laser light is not visible at the other ends of the 
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hole, the solution can be considered as stable nanofluids. Figure 3.4 (a) and (b) 

shows the experimental setup for the stability verification method using stability test 

rig in laboratory. 

 

        

        (a)          (b) 

Figure 3.4 : Stability test rig (a) set and (b) undergo stability test for nanofluids 

 

 

3.4.5 KD2 Pro Thermal Properties Analyzer 

 

 KD2 Pro is a device used in this experiment on determining the thermal 

conductivity of nanofluids as shown in Figure 3.5. It can be used fully portable field 

and lab thermal properties analyzer. The single needle sensors measure thermal 

conductivity and resistivity meanwhile the dual needle sensor measures thermal 

conductivity, resistivity, volumetric specific heat capacity and diffusivity. The     

KD2 Pro was set on automatic mode and left on the bench to avoid any movement or 

bench vibration during the measurement process. Any movement of the sample 

would create convection.  
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Figure 3.5 : KD2 Pro device 

 

 In this experiment, the KS-1 single needle sensor was used. This small (6 cm 

long, 1.3 mm diameter) single needle KS-1 sensor measures thermal conductivity 

and thermal resistivity. It was designed for liquid samples and insulating materials 

which is have thermal conductivity less than 0.1 W/m.K. This sensor applies a very 

small amount of heat to the needle which helps to prevent free convection in liquid 

samples. 

 

 

3.4.6 Viscometer 

 

 A viscometer is an instrument used to measure the viscosity and flow 

parameters of a fluid. In general, either the fluid remains stationary and an object 

moves through it, or the object is stationary and the fluid moves past it. The drag 

caused by relative motion of the fluid and a surface is a measure of the viscosity. The 

flow conditions must have a sufficiently small value of Reynolds number for there to 

be laminar flow. 

 

 In this experiment, a brand from Brookfield which is Viscometer DV-11+ Pro 

was used (as shown in Figure 3.6). This viscometer measures fluid viscosity at given 

shear stress. The operation principal of this viscometer is to drive a spindle which is 

immersed in the test fluid through a calibrated spring. The viscous drag of the fluid 

against the spindle is measured by the spring deflection. Spring deflection is 

measured with a rotary transducer. The measurement range of this device in 
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centipoises or milliPascal seconds is determined by the rotational speed of the 

spindle, the size and shape of the spindle, the container the spindle is rotating in and 

the full scale torque of the calibrated spring. 

 

 

Figure 3.6 : Viscometer 

 

 

3.4.7 Refrigerated Water Bath 

 

 The units provide high heating and cooling capacities to ensure rapid heat-up 

and cool-down times. This models offer proportional cooling control to ensure 

energy saving performance and to reduce heat generation to the environment. The 

user used it for adjusting control parameters, temperature calibration, temperature 

profiles and others. In this experiment, we used Protech Refrigerated Bath 

Circulators 630D brand as shown in Figure 3.7. The temperature control range is 

from -20 °C until 100 °C with accuracy of ± 0.1 °C. It can bear until seven litres 

capacities and also have safety features which is it was built-in earth leakage circuit 

breaker (ELCB). 
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Figure 3.7 : Refrigerated water bath 

 

 

3.5 EXPERIMENTAL PROCEDURE 

 

 

3.5.1 Nanofluids Formulation 

 

The following procedure was discussed about the preparation of nanofluids. 

i. All of the parameter for nanofluid preparation which is MWCNT, deionized 

water and PVP was weighed up. All of this materials need to be weight 

according to the formulation that already calculated earlier. 

ii. All of that materials was mixed together in a glass container to undergo 

homogenization process. 

iii. That suspension need to be homogenized by using homogenizer with speed 

10000 rpm for about five minutes. 

iv. After done with homogenization process, that suspension was soaked into 

water in ultrasonic device to undergo ultrasonication process. The timer was 

set up to one hour with room temperature condition. 

v. After finish the ultrasonication process, the pH checking was conducted 

towards the suspension. For the suspension with pH value less than 9, 

addition of dilute alkaline solution are needed. Meanwhile, if the suspension 

shows the pH value more than 9, addition of dilute acidic solution are needed 

until pH value 9 or nearer with it are obtained. 
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vi. When addition of dilute alkaline or acidic solution into the suspension are 

settled, the new content of suspension need to undergo homogenization 

process once again but this time only three minutes for 10000 rpm. 

vii. After completed that process, the suspension need to be left for about         

100 hours before we decided whether that suspension stable or not. Decided 

the stability of this suspension by using stability test rig that is specially 

design for this purpose. 

viii. After the suspension passes the stability test, their thermal properties such as 

thermal conductivity and viscosity as well as their heat transfer performance 

can be tested by using KD2 Pro, viscometer and heat transfer test rig. 

 

 

3.6 SAFETY PRECAUTIONS 

 

 The greater the quantity of CNT used, potentially the greater the exposure 

risk. Because of that, we need to take several safety precautions to prevent bad 

incident from happen. CNT was very tightly bound together because they readily 

agglomerate and aggregate. A very large clump of CNT may be less hazardous than 

loosely bound CNT because loose CNT may be able to penetrate deeper into lung 

tissues and it is may be fibre-like and cause pathogenic responses. Functionalization 

may make the CNT more biodegradable and hence less hazardous. The chemical 

coating on the CNT may also be hazardous. 

 

 We should be careful with any electrical systems used in or near areas where 

CNT are used. CNT are highly conductive and electrical systems may need to be 

protected against short circuiting by dusts containing CNT settling on electrical 

components. All electrical systems should be intrinsically safe, that is, devices and 

electrical infrastructure (wires, switches and lights) that are shielded, low voltage, 

low current or spark proof may be required. 

 

 The risk should be minimised by using one or more of the following 

approaches such as substitution, isolation, engineering controls, administrative 

controls and the important one are personal protective equipment (PPE). 

Administrative control measures and PPE rely on human behaviour and supervision 
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and when used on their own, tend to be the least effective ways of minimising risks. 

If CNT has made contact with eye, we need to washing with distilled water by 

soaking it directly to the eye. Usage of face mask are needed to prevent the 

inhalation of CNT which is it can cause damage to the lung or will cause some 

disease if we inhaled it. Wearing rubber gloves are compulsory to protect the skin in 

case the acidic solutions are splashed during altering the pH value for nanofluids. 

This acid is highly hazardous because of high in concentration, so we need to be 

handling it with care. 
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CHAPTER IV 

 

 

 

RESULTS AND DISCUSSIONS 

 

 

 

4.0 INTRODUCTION 

 

 Testing of the nanofluid samples have been carried out and the experimental 

results are represented in a tabulation of data and graphical charts. Analysis of 

comparison and observation of the effects of variables on the samples can be done 

efficiently afterwards. All the data obtained will be discussed in further explanation 

to make a good decision to show the results meet an expectation. 

 

 

4.1 NANOFLUIDS STABILITY TEST 

 

The investigation on stability of nanofluids is the key issue that influences the 

properties of nanofluids for application. The agglomeration of nanoparticles results is 

not only the settlement and clogging of microchannel only but also can decreasing 

the efficiency of nanofluids as heat absorber especially in heat transfer equipment 

such as heat exchangers, electronic cooling system and radiators. Among limited 

number of studies on stability of nanofluids, evaluation of them has been considered 

by some researchers and most methods that are commonly used can be listed as   

UV-Vis spectrophotometer, zeta potential test, sedimentation photograph capturing 

and sedimentation balance method. But for this experiment, only the stability test rig 

and a simple visual test was used on determining the nanofluids stability  This 

method was chosen because it was considering as the most simple methods to 

determine the nanofluids stability. 
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4.1.1 Stability Test Result and Analysis 

 

Stability test was conducted after 100 hours of observation and the stability of 

the samples was determined. Thirteen samples are formulated beforehand and left on 

laboratory shelf for 100 hours. The nanofluids are formulated using the 

functionalized Multi-walled CNT (fMWCNT) dispersed into deionized water (DI) 

with PVP as surfactant. Table 4.1 shows the observation of nanofluids stability 

condition after the samples was left for 100 hours. Based on Table 4.1, the first three 

samples with weight percentage (wt%) of 10% to 30% PVP from the nanoparticles 

are completely unstable condition where the sedimentation was formed. Then the 

next ten samples are formulated to determine the stable ratio of PVP with 40% of 

wt% from CNT. Fortunately, there is no sedimentation was observed in that 

nanofluids after 100 hours left without shaking. Thus the PVP ratio of 40% from 

CNT was used for the desired range of CNT wt% from 0.1 to 1.0 wt% which shows 

great stability. 

 

Table 4.1 : Stability of nanofluid samples 

Sample ID 
CNT 

(wt%) 

PVP 

(wt%) 

Base fluid 

(ml) 

Stability 

(after 100 hours) 

NF01 0.1 0.01 39.956 unstable 

NF02 0.1 0.02 39.952 unstable 

NF03 0.1 0.03 39.948 unstable 

NF04 0.1 0.04 39.944 stable 

NF05 0.2 0.08 39.888 stable 

NF06 0.3 0.12 39.832 stable 

NF07 0.4 0.16 39.776 stable 

NF08 0.5 0.20 39.720 stable 

NF09 0.6 0.24 39.664 stable 

NF10 0.7 0.28 39.608 stable 

NF11 0.8 0.32 39.552 stable 

NF12 0.9 0.36 39.496 stable 

NF13 1.0 0.40 39.440 stable 

 

 

4.1.2 Discussion 

 

Make a stable nanofluids is one tremendous concern within nanofluids 

preparation particularly if it is intended to be applicable in industry. As it was 

mentioned previously, some methods are introduced to evaluate stability of 
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nanofluids. Sedimentation balance observation method might be considered as easier 

methods of evaluation. There are two factors that affecting the stability of nanofluids 

which is surfactant and the ultrasonication process. During the formulations of 

nanofluid samples, the Polyvinylpyrrolidone (PVP) as the surfactant was introduced 

to the samples ranging from 10% to 40% loading to the CNT to ensure that the CNT 

particles remain dispersed for a long period thus ensuring the stability of nanofluids. 

Unfortunately, at 10% to 30% PVP loading to CNT are unstable and it was 

determined that the stable samples can be obtained at 40% PVP loading. The highly 

stable nanofluids are important to formulate if we intended to used it at high 

temperature because as higher temperature, it will increased the probability of 

particles aggregation and lead to unstable nanofluids. 

 

The study implied that the inclusion of PVP stabilizes the CNT based 

nanofluids effectively. The addition of surfactant is capable of increasing the 

repulsive force of the nanoparticles. As a result, the agglomeration of carbon 

nanotubes can be minimized and subsequently reduce the tendency of the 

nanoparticles to move downward (sedimentation). This clearly seen at Table 4.1 

where the nanofluids become more stable with the addition of more PVP into the 

samples. Actually, MWCNT nanofluids have poor stability. Since its morphology is 

fibrous and entangled in fluid, MWCNT are easily agglomerated and precipitated. 

Especially it is more difficult to disperse MWCNT in fluid which has high viscosity. 

So, addition of surfactant in this experiment can improve the stability of 

nanoparticles in aqueous suspensions. It is because that the hydrophobic surfaces of 

MWCNTs and fullerene are modified hydrophilically and that the repulsion forces 

between the suspended particles increase due to increase of zeta potentials which is 

the surface charge of the suspended particles in fluid. 

 

Dispersion of nanoscale materials like CNT has become dependent on 

ultrasonic methods. Even with chemical dispersing agents, there is a need to provide 

access of these agents onto material surfaces. Ultrasonic dispersion methods are 

usually required for the dispersion of nanometer-sized materials in a liquid, due to 

relatively large surface-area to volume ratios as well as the scale of action of the 

ultrasonic waves. Sometimes, the sonication process alone is not enough to produce a 

stable nanofluids sample. The sample also can showed sedimentation of particles 
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even right after the sonication process. This might be due to the hydrophobic nature 

of the carbon nanotubes. The particles tend to attract each other and thus they are 

heavier and tend to move downward due to the gravitational force.  

 

 

4.2 NANOFLUIDS THERMAL CONDUCTIVITY TEST 

 

 Thermal conductivity is a measure of the ability of a material to allow the 

flow of heat from its warmer surface through the material to its colder surface. Of all 

the physical properties of nanofluids, the thermal conductivity is the most complex 

and for many applications the most important one. It has been an important issue to 

increase the efficiency of heat exchange systems. In this section, experimental results 

and data analysis regarding thermal conductivity of several nanofluids will be 

investigated. KD2 Pro device was used to find the reading of nanofluids thermal 

conductivity. It consists of a handheld microcontroller and sensor needles. The 

KD2‟s sensor needle contains both a heating element and a thermistor. Nanofluids 

were placed into the jacketed beaker, and the temperature was kept constant for each 

test. The water bath has an inlet and outlet tube for flowing and circulating water at a 

specific temperature in order maintain temperature stability. In this experiment, to 

ensure the accurate results, the testing will be made three times for each nanofluids 

sample to obtain an average reading. The thermal conductivity reading was taken at 

three different temperatures which is 6 °C, 25 °C and 40 °C. 

 

 

4.2.1 Theoretical and Experimental Standard Thermal Conductivity of 

 Base fluid (DI) Results and Analysis 

 

 The thermal conductivity of the based fluid (experimental standard) as a 

function of temperature was measured and the results were compared with the 

theoretical standard of American Society of Heating, Refrigerating and Air 

Conditioning Engineers (ASHRAE) data in order to establish the reliability and 

accuracy of the measurements as shown in Table 4.2. Meanwhile, Table 4.3 shows 

the percentage of difference between these two standard data for base fluid thermal 

conductivity. 
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Table 4.2 : Theoretical and experimental standard for thermal conductivity of base 

fluid (DI) 

Standard of base 

fluid sample (DI) 

Thermal conductivity (W/m.K) at various temperatures 

6 °C 25 °C 40 °C 

Theoretical 0.5693 0.6061 0.6294 

Experimental 0.5463 0.5789 0.5983 

 

Table 4.3 : Percentage of difference (%) between theoretical and experimental 

standard for base fluid (DI) thermal conductivity 

Base fluid 

sample (DI) 

Percentage difference (%) at various temperature 

6 °C 25 °C 40 °C 

Standard 4 5 5 

 

 

Figure 4.1 : Benchmark test for deionized water thermal conductivity 

 

Figure 4.1 compares the measured deionized water thermal conductivity with 

the ASHRAE standard data and experimental results and it is shows quite good 

agreement with the reference data. Based on Table 4.3, the percentage difference 

between theoretical and experimental standard data also shows small in differences. 

Thus, this verifies the reliability of the experimental procedure for measuring thermal 

conductivity of water-based nanofluids. As is expected, this figure also shows that 

the thermal conductivity of based fluid increases with the increase of temperature. In 

thermal conductivity test, the experimental thermal conductivity of base fluid will be 

used as standard to compare it relationship with the nanofluids thermal conductivity. 
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4.2.2 Thermal Conductivity Test Result and Analysis 

 

Table 4.4 shows the thermal conductivity results of nanofluids at three 

different temperatures. 

 

Table 4.4 : Thermal conductivity of samples at variable temperatures 

Sample ID 
CNT 

(wt%) 

Thermal conductivity (W/m.K) at various temperatures 

6 °C 25 °C 40 °C 

Standard 0.0 0.5463 0.5789 0.5983 

NF04 0.1 0.4687 0.5217 0.4710 

NF05 0.2 0.5684 0.5896 0.6598 

NF06 0.3 0.5720 0.5930 0.7460 

NF07 0.4 0.5650 0.5790 0.6010 

NF08 0.5 0.5760 0.5893 0.6730 

NF09 0.6 0.5733 0.5763 0.7900 

NF10 0.7 0.5363 0.5670 0.7933 

NF11 0.8 0.5323 0.5500 0.7300 

NF12 0.9 0.5140 0.5163 0.7370 

NF13 1.0 0.5370 0.5977 0.5330 

Standard (Experimental) = Base fluid (Deionized water) only 

Data in Table 4.4 is then represented graphically to identify the patterns of the 

effects of heat to each sample as shown in Figure 4.2. 

 

 

Figure 4.2 : Graph of nanofluids thermal conductivity with different CNT wt% at 

variable temperatures 
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 Based on Figure 4.2, it was observed that the standard sample experienced an 

inclination. Most experimental observations of nanofluids with just small wt% of 

CNT showed that it will significantly increased in thermal conductivity. The thermal 

conductivity of most nanofluids directly increased with the increasing wt% of CNT 

at 25 °C meanwhile there are irregular readings on thermal conductivity when the 

temperature reached 40 °C for each nanofluids samples. NF10 (0.7 wt% of CNT) 

shows the highest thermal conductivity reading when the temperature reached 40 °C 

followed by NF09 (0.6 wt% of CNT) and NF06 (0.3 wt% of CNT). Too high and too 

low the wt% of CNT of the nanofluids shows the declination of thermal conductivity 

reading especially when the temperature becomes high (40 °C) such as NF04        

(0.1 wt% of CNT), NF05 (0.2 wt% of CNT) and NF13 (1.0 wt% of CNT). 

 

 

4.2.3 Thermal Conductivity Enhancement Analysis 

 

 The enhancement of nanofluids was calculated by comparing the thermal 

conductivity of the nanofluid samples with the thermal conductivity of standard 

sample. Equation 4.1 shows the formula how to calculate the percentage of 

enhancement meanwhile Table 4.5 shows the thermal conductivity enhancement for 

the samples. 

 

  % 𝑒𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =
𝑆𝑎𝑚𝑝𝑙𝑒  𝑇𝐶−𝐵𝑎𝑠𝑒  𝑓𝑙𝑢𝑖𝑑  𝑇𝐶  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑  

𝐵𝑎𝑠𝑒  𝑓𝑙𝑢𝑖𝑑  𝑇𝐶  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑  
× 100        (4.1) 

 

Table 4.5 : Percentage of thermal conductivity enhancement for nanofluids 

Sample 

ID 

CNT 

(wt%) 

Percentage of enhancement (%) at various temperature 

6 °C 25 °C 40 °C 

NF04 0.1 -14.20 -9.88 -21.28 

NF05 0.2 4.05 1.85 10.23 

NF06 0.3 4.70 2.44 24.68 

NF07 0.4 3.42 0.02 0.45 

NF08 0.5 5.44 1.80 1.45 

NF09 0.6 4.94 -0.45 32.04 

NF10 0.7 -1.83 -2.06 32.59 

NF11 0.8 -2.56 -4.99 22.01 

NF12 0.9 -5.91 -10.81 23.18 

NF13 1.0 -1.70 3.23 -10.91 
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 The results obtained was observed to be irregulars in term of the 

enhancements and the pattern was further analyzed by representing the 

enhancements data to graphical charts as shown in Figure 4.3, Figure 4.4 and    

Figure 4.5. 

 

 

Figure 4.3 : Thermal conductivity of nanofluids at 6 °C 

 

 From Figure 4.3, it was observed that at 6 °C, half of the nanofluids samples 

suffers a reduction in thermal conductivity except for samples with 0.2 wt% of CNT 

(NF05), 0.3 wt% (NF06), 0.4 wt% (NF07), 0.5 wt% (NF08) and 0.6 wt% (NF09) of 

CNT respectively. In this temperature, the NF08 with 0.5 wt% of CNT shows the 

highest enhancement of thermal conductivity with 5.44% compared to the standard 

sample. Meanwhile, the NF04 with 0.1 wt% of CNT shows the highest reduction of 

thermal conductivity in this test with -14.2%. 
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Figure 4.4 : Thermal conductivity of nanofluids at 25 °C 

 

 At 25 °C, the enhancement in thermal conductivity of the samples shows a 

more irregular result as shown in Figure 4.4. Most of the nanofluids sample shows 

the reduction in thermal conductivity. NF12 with 0.9 wt% of CNT shows the most 

declination -10.81% in thermal conductivity enhancement followed by NF04        

(0.1 wt% of CNT) with -9.88%. 

 

 

Figure 4.5 : Thermal conductivity of nanofluids at 40 °C 
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 Based on Figure 4.5, most of the samples experienced enhancements at 40 °C 

except for samples at 0.1 wt% (NF04) and 1.0 wt% (NF13) of CNT with the 

reduction of -21.28% and -10.91% respectively. The highest thermal conductivity 

enhancement was achieved with 32.59% obtained from NF10 (0.7 wt% of CNT) 

followed by NF09 (0.6 wt% of CNT) with 32.04%. 

 

 From the result obtained as shown in Figure 4.3, Figure 4.4 and Figure 4.5, 

the best three samples was determined. NF05, NF06 and NF08 was being the best 

three samples in terms of the thermal conductivity with the respective weight 

percentage of the CNT at 0.2 wt%, 0.3 wt% and 0.5 wt%. NF09 (0.6 wt% of CNT) 

and NF10 (0.7 wt% of CNT) were not chosen because they have reduction in thermal 

conductivity enhancement at 6 °C and 25 °C. So they are not practical and not 

flexible to be applied at various temperatures. 

 

 

4.2.4 Discussion 

 

As discussed in the literature review, thermal conductivity is a measure of the 

ability of a material to allow the flow of heat from its warmer surface through the 

material to its colder surface. In this experiment, the accuracy of the device to test the 

thermal conductivity of nanofluids (KD2 Pro thermal analyzer) was tested by 

comparing the reference values (theoretical standard) of deionized water with the 

experimental result (experimental standard). There is a good agreement between the 

experiment and reference values, with only 4% deviation recorded. This verifies the 

accuracy of the KD2 Pro thermal analyzer. As observed from the results of the 

thermal conductivity measurements of nanofluid samples, it is determined that the 

factors that affecting the nanofluids are temperature and the weight percentage of the 

CNT used. 
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4.2.4.1 Temperature Effect 

 

For some heat transfer elements or equipments, the operating temperature can 

change a lot. The change of nanofluids thermal conductivity with temperature should 

be taken into account during the design of these elements or equipments. As 

observed in Figure 4.3, Figure 4.4 and Figure 4.5, it is determined that the increment 

of thermal conductivity mostly occurs at high temperature rather than at lower and 

room temperature. As the temperature increases, serious increases in thermal 

conductivity are evident for all weight percentage of CNT, especially at high 

concentrations. Significant increase of relative thermal conductivity with respect to 

increasing temperature indicates that thermal conductivity is strongly dependent on 

temperature. For the reported data of nanofluids thermal conductivities, the 

Brownian motion has been thought of as the mainly reason for the thermal 

conductivities change with temperature. Since the CNT particles are on nano-scale, 

the surface area of the particles is larger. This could influence the thermal 

conductivity as well as the performance of the particles. 

 

The reasons for nanoparticles improving the thermal conductivity in the 

nanofluids can be illustrated in two portions. Firstly, the particles change the 

structure of the fluid and improve the energy transfer. Secondly, the Brownian 

motion of nanoparticles enhances the heat transfer processes. It is additional factor to 

improve the thermal conductivity due to the nanoparticles dispersed in the base fluid. 

In the analysis, as the temperature increases, the average size of the agglomeration 

nanoparticles decreases and the density of the base fluid and the thermal conductivity 

of the solid particles also changes. These results also suggest that the behaviour of 

thermal conductivity versus temperature for nanofluids closely follows that of the 

base fluid without taking the change of nanoparticle agglomeration into account. It is 

indicated that the nanoparticle agglomeration changing with the temperature has 

effects much greater than the prediction. The tentative explanation is because the 

reduction of the particle surface energy can decrease the agglomeration of 

nanoparticles, when the temperature increases. The smaller size leads to the more 

intensive to the Brownian motion, and then the thermal conductivity of nanofluids 

will increase. 
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4.2.4.2 Weight Percentage of CNT Effect 

 

From the analysis done in subsection 4.2.3, it is found that the weight 

percentage of CNT particles affect the thermal conductivity of samples anomalously 

supporting various previous researches. As often reported in literature, thermal 

conductivity of nanofluids increases when the CNT volume fraction (weight 

percentage) increases. 

 

According to the numerical results, increasing the volume fraction 

concentration or decreasing the particle size of nanoparticles could increase the 

thermal conductivity of nanofluids. This is due to the increasing of viscosity of the 

nanofluids. For suitable particle size and volume fraction, the increasing of viscosity 

gives an enhancement of heat transfer capability. The enhancement in thermal 

conductivity increased with the increasing volume fraction concentration of 

nanoparticles. This observation can provide an insight into the mechanism of the 

thermal exchanger transport in nanofluids. 

 

 

4.3 NANOFLUIDS VISCOSITY TEST 

 

Determining the viscosity of the nanofluids is essential to establishing 

accurate pumping power, Prandtl and Reynolds numbers and the convective heat 

transfer coefficient. The viscosity can change due to the addition of solid 

nanoparticles and can cause the increase of pressure drops and also affecting the 

efficiency of energy systems. In this experiment, the DV-II+ Pro Brookfield 

Viscometer was used for measuring viscosity of nanofluids and the temperature of 

the samples are monitored by a temperature sensor embedded into the water bath.  
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4.3.1 Theoretical and Experimental Standard Viscosity of Base Fluid (DI) 

 Result and Analysis 

 

 Based on Table 4.6, the viscosity of the base fluid was also measured prior to 

measurement, and the results are compared with those from the literature in order to 

verify the accuracy of the measurement system. Meanwhile, Table 4.7 shows the 

percentage of difference between these two standard data for base fluid viscosity. 

 

Table 4.6 : Standard and experimental viscosity of base fluid (DI) 

Standard of base 

fluid sample (DI) 

Viscosity (cP) at various temperatures 

6 °C 25 °C 40 °C 

Theoretical 1.48 0.90 0.65 

Experimental 7.04 5.77 5.14 

 

Table 4.7 : Percentage of difference (%) between theoretical and experimental 

standard for base fluid (DI) viscosity 

Base fluid 

sample (DI) 

Percentage difference (%) at various temperature 

6 °C 25 °C 40 °C 

Standard 375.7 541.1 690.8 

 

 

Figure 4.6 : Benchmark test for deionized water viscosity 

 

Based on Figure 4.6, the standard data for the water-based shows that there 

are not too much variations in the dynamic viscosity with increasing temperature. 
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Unlike for experimental data, the viscosity was increased when the temperature 

increasing and this results shows not quite good agreement with the reference data. 

 

 

4.3.2 Viscosity Test Result and Analysis 

 

In this testing, all of the samples were tested by take out around 6.7 ml of 

nanofluids from 40 ml sample. The result was obtained around five minutes for each 

sample by using S-18 spindle which is for fluid with the rotation speed of          

10000 rpm. In this experiment, to ensure the accurate results, the testing will be made 

three times for each nanofluids sample to obtain an average reading. Table 4.8 shows 

the viscosity obtained after extensive time consumption on measuring the viscosity 

of each sample at temperatures of 6 °C, 25 °C and 40 °C. 

 

Table 4.8 : Viscosity of samples at variable temperatures 

Sample ID 
CNT 

(wt%) 

Viscosity (cP) at various temperatures 

6 °C 25 °C 40 °C 

Experimental 0.0 7.04 5.77 5.14 

NF04 0.1 10.67 9.39 5.46 

NF05 0.2 11.12 9.50 6.07 

NF06 0.3 11.93 10.40 6.37 

NF07 0.4 11.70 10.87 7.58 

NF08 0.5 16.80 15.40 5.58 

NF09 0.6 25.57 22.78 6.13 

NF10 0.7 26.13 25.95 6.25 

NF11 0.8 27.92 24.90 6.38 

NF12 0.9 28.81 25.61 6.42 

NF13 1.0 29.58 27.47 6.77 
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Figure 4.7 : Graph of nanofluids viscosity with different CNT wt% at variable 

temperatures 

 

 Based on Figure 4.7, the reading of viscosity shows the decrement as the the 

temperature increased. All of the samples having high viscosity reading at 6 °C and 

become less viscous when the temperature reach 40 °C. The viscosities of all 

nanofluids are above the standard sample even though the temperatures are high. 

Besides that, the reading of viscosity inclined when the weight percentage of CNT 

increased. It shows that NF13 with 1.0 wt% of CNT become the highest viscosity 

reading followed by NF12 (0.9 wt% of CNT) and NF11 (0.8 wt% of CNT) 

meanwhile NF04 with 0.1 wt% of CNT shows the lowest viscosity reading among 

the nanofluids samples. 

 

 

4.3.3 Discussion 

 

Because of the increased thermal conductivity of nanofluids, it can be used 

for heat transfer enhancement. On the other hand, the viscosity of the mixtures 

should also be taken into account because it is one of the parameters that determine 

the required pumping power of a heat transfer system. The other possible reasons for 

the variation in viscosity values could be change in the pH, surfactant or 
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intermolecular forces which play a significant role in altering the viscosity of 

nanofluids. 

 

 

4.3.3.1 Weight Percentage of CNT Effect 

 

The nanofluids viscosity increases with increasing nanoparticles weight 

percentage. The shear viscosity increases with CNT concentration for a given shear 

rate. It should be noted that the nanofluids with lower concentration have lower shear 

viscosity that of the base fluid. This effect is probably due to the lubricative effect of 

nanoparticles. For lower nanoparticles content, the nanofluids are quite Newtonian. 

That is why their viscosity is low compared to high nanoparticles content (non-

Newtonian).  

 

There is a nonlinear increase of viscosity with the increase of nanoparticles 

concentration. This is due to particles interactions and hydrodynamic forces acting 

on the surface of the CNT particles. In this experiment, it is observed that nanofluids 

with 1.0 wt% of CNT particle concentration have higher viscosity. The reason for 

increased in viscosity can be interpreted as the strong Van der Waals attraction 

between the particles and viscous interactions between the fluid and particles 

possibly due to aggregation of particles at low shear rates. 

 

 

4.3.3.2 Temperature Effect 

 

 Temperature has a strong effect on the rheological properties of CNT 

nanofluids. Actually, the nanofluids viscosity decreases with increasing temperature, 

as generally reported for a wide class of nanofluids. The enhancement of viscosity 

may diminish the effectiveness of the nanofluids in practical applications. It is 

inferred from this study that the thermophysical properties should be considered as 

important parameters with the use of nanofluids for high temperature applications. 

This effect is due to that, increasing temperature cause decreasing the interparticles 

or intermolecular force. 
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4.4 NANOFLUIDS HEAT TRANSFER PERFORMANCE 

 

Nanofluids that was produced was be chosen based on the ratio of CNT. The 

best three samples of nanofluids with highest enhancement in thermal conductivity 

which is 0.2 wt%, 0.3 wt% and 0.5 wt% of CNT has been chosen as sample to 

perform the heat transfer coefficient test. This is because higher enhancement of 

thermal conductivity has higher rate of heat transfer. The ratio of CNT is being 

adjusted to determine the enhancement of heat transfer through nanofluids. This 

three chosen samples must be reproduced about 400 ml so that the heat transfer test 

can be done. The experimental equipment like copper coil, beaker, water pump and 

tube are being setup to run this test. All the connection tube must be insulated with 

insulator so that the nanofluids heat transfer does not affected by the surrounding 

area 

 

 

4.4.1 Heat Transfer Test Result and Analysis 

 

 . This test was conducted at 6 °C, 25 °C and 40 °C. All the heat transfer test 

result was shown in Table 4.9, Table 4.10 and Table 4.11. 

 

Table 4.9 : Temperature of inlet and outlet for heat transfer analysis at 6 °C 

Time 

(minute) 

Samples (wt% of CNT) 

Standard 0.2 0.3 0.5 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 12.78 8.35 13.08 8.20 16.8 7.76 18.33 7.61 

1 12.70 8.06 13.04 8.10 16.43 7.72 18.50 7.59 

2 12.67 7.97 12.47 7.98 16.04 7.67 18.08 7.60 

3 12.61 7.93 13.16 7.92 15.69 7.68 18.03 7.59 

4 12.59 7.90 12.77 7.88 15.46 7.66 18.21 7.59 

5 12.55 7.87 12.62 7.86 15.54 7.67 18.18 7.59 
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Table 4.10 : Temperature of inlet and outlet for heat transfer analysis at 25 °C 

Time 

(minute) 

Samples (wt% of CNT) 

Standard 0.2 0.3 0.5 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 28.42 25.81 28.29 26.36 28.79 26.46 26.24 26.30 

1 27.83 25.72 27.86 26.47 28.10 26.43 25.91 26.32 

2 26.66 25.46 27.11 26.37 27.46 26.40 25.58 26.34 

3 26.10 25.32 26.78 26.34 27.15 26.39 25.63 26.32 

4 25.81 25.23 26.63 26.32 27.02 26.37 25.78 26.35 

5 25.65 25.20 26.54 26.28 26.95 26.37 25.75 26.35 

 

Table 4.11 : Temperature of inlet and outlet for heat transfer analysis at 40 °C 

Time 

(minute) 

Samples (wt% of CNT) 

Standard 0.2 0.3 0.5 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 31.27 40.78 29.01 37.67 27.54 26.46 30.55 40.89 

1 31.78 39.91 31.15 38.81 27.39 26.43 31.09 40.72 

2 35.61 40.24 33.67 40.45 27.19 26.40 31.81 40.81 

3 36.89 40.67 36.53 40.80 26.99 26.39 32.09 40.89 

4 37.53 40.87 37.46 40.97 26.85 26.37 33.39 40.95 

5 38.89 41.01 38.76 41.05 26.78 26.37 34.47 41.03 

 

 Based on the Table 4.9, Table 4.10 and Table 4.11, the average of the 

temperature inlet and outlet was be taken into account to determine performance of 

the heat transfer by comparing with the average of the standard coolant (base fluid) 

as shown in Table 4.12. 

 

Table 4.12 : Average temperature difference of samples at 6 °C, 25 °C and 40 °C 

Sample ID 
CNT 

(wt%) 

Average temperature difference 

6 °C 25 °C 40 °C 

Standard 0.0 4.68 0.30 3.08 

NF05 0.2 4.96 0.34 3.36 

NF06 0.3 7.89 0.50 5.63 

NF08 0.5 10.56 0.62 7.64 

 

Table 4.12 shows the average temperature difference of NF05, NF06 and 

NF08 at the inlet and outlet of the copper coil at 6 °C, 25 °C and 40 °C. It shows how 

much the heat has been transferred inside the copper also known as heat absorbed by 

nanofluids. The heat transfer at 25 °C shows a very small change in temperature 

which is below than 1 °C compared to others temperature. Meanwhile at 6 °C and  
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40 °C, the change in temperature was higher for sample NF08 (0.5 wt% of CNT) 

followed by NF06 (0.3 wt% of CNT) and NF05 (0.2 wt% of CNT).  

 

 

4.4.2 Heat Transfer Enhancement Analysis 

 

Figure 4.8 shows the percentage of heat transfer enhancement for nanofluids 

at each temperatures and Table 4.13 shows the percentage of heat transfer 

enhancement. The percentage enhancement of nanofluids was calculated by 

comparing the percentage enhancement of the nanofluid samples with the percentage 

enhancement of standard sample 

 

Table 4.13 : Sample percentage heat transfer enhancement at 6 °C, 25 °C and 40 °C 

Sample 

ID 

CNT 

(wt%) 

Percentage enhancement (%) at various temperature  

6 °C 25 °C 40 °C 

NF05 0.2 5.98 13.33 9.09 

NF06 0.3 68.59 66.67 82.79 

NF08 0.5 125.64 106.67 148.05 
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Figure 4.8 : Temperature difference of samples at 6 °C, 25 °C and 40 °C 

 

 Based on Figure 4.8, all of the samples had better enhancement in heat 

transfer at temperature 6 °C. 0.5 wt% of CNT (NF08) had highest enhancement with 

125.64% followed by 0.3 wt% of CNT (NF06). Meanwhile, 0.2 wt% of CNT (NF05) 

had the lowest heat transfer enhancement with 5.98% and there are not too much 

different in heat transfer performance compared with deionized water (standard 

sample). Meanwhile, for temperature 25 °C, it shows the inclination of the samples 

heat transfer enhancement when the wt% of CNT increased. The enhancement 

trending was same like 6 °C but the percentage of enhancement are bigger. NF08 

lead the heat transfer enhancement with 106.67% followed by NF06 with 66.7% 

enhancement. The heat transfer enhancement of NF06 and NF08 was decreased a 

little bit at 25 °C compared at temperature 6 °C. Meanwhile, the NF05 still is having 

the lowest enhancement with 13.33%. The same patterns were observed where the 

5
.9

8
%

1
3

.3
3

%

9
.0

9
%

6
8

.5
9

%

6
6

.6
7

%

8
2

.7
9

%

1
2

5
.6

4
%

1
0

6
.6

7
%

1
4

8
.0

5
%

0

1

2

3

4

5

6

7

8

9

10

11

6 25 40

Te
m

p
e

ra
tu

re
 D

if
fe

re
n

ce
, Δ

T
 (
°C

)

Temperature, (°C)

Standard

0.2

0.3

0.5



IMRANSYAKIR

64 
 

heat transfer enhancement increased when wt% of CNT increased for temperature  

40 °C. The percentage of enhancement for NF05 at 40 °C was decreased a bit 

compared to percentage enhancement at 25 °C with 9.09%. NF05 still having the 

lowest heat transfer enhancement compared to others sample. NF06 and NF08 show 

the high of enhancement in heat transfer with 82.79% and 148.05% respectively. 

 

 

4.4.3 Discussion 

 

The result of heat transfer coefficient enhancement based on Table 4.13 also 

suggest the anomalous characteristics still show improvement by comparing with the 

heat transfer coefficient of standard coolant (deionized water). The enhancement of 

the heat transfer coefficient is related to the factors affecting the thermal conductivity 

which are temperature, weight percentage and also base fluid. The enhancement of 

thermal conductivity correlates with the enhancement of heat transfer coefficient due 

to the Brownian motion of the nanoparticles with applied heat and increase in weight 

percentage. The increase in heat and volume fraction consequently decreases the 

viscosity of the base fluid thus inducing the Brownian motion of the nanoparticles to 

increase and thus increasing the heat convection to the nanoparticles resulting in the 

increase in thermal conductivity. Several factors can be pointed out on why the CNT 

nanoparticles shows improvement in the formulated nanofluids, which is the 

structure of the nanoparticles and the surface area of the nanoparticles. 

 

In this experiment, the heat transfer rate increases with increasing 

concentration of nanoparticles. It also increased directly proportional to the Reynolds 

number and Peclet number of nanofluids. The fine grade of nanoparticles increases 

the heat transfer rate but it is having poor stability. Clustering and collision of 

nanoparticles also act as the main factor to affect the heat transfer rate of nanofluids. 

Besides that, the characteristic of CNT which is mutil-walled also induced to the 

increment of heat transferred due to the large surface area compared to the single-

walled CNT. It is because large surface areas of the particles greatly promotes heat 

transport from the fluid to the particles in places where the fluids is hot and the 

release of heat from particles to fluid in places where the fluid is cold. 
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CHAPTER V 

 

 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

 

5.1 CONCLUSION 

 

 In the present study, the evaluation of nanofluids based on different 

properties such as stability, thermal conductivity, viscosity, specific heat and also 

heat transfer performance is done. Stability of nanofluids was investigated using 

sedimentation balance method and some effective parameters like surfactant 

addition, ultrasonication and volume concentration were studied. Addition of 

surfactant is one of general methods to avoid sedimentation of nanoparticles besides 

can improve the stability of nanoparticles in aqueous suspensions. It was also proved 

that the ultrasonication of nanofluids would improve the stability of nanoparticles 

inside the nanofluids. Regarding thermal conductivity of nanofluids, parameters such 

as surfactant addition, temperature, and CNT concentration and ultrasonication time 

were taken into account to indicate factors leading increment or decrement of 

nanofluids thermal conductivity. Based on measurements, increasing temperature, 

concentration and ultrasonication time lead to increase in thermal conductivity of 

nanofluids. Similar investigation was performed for viscosity. Effective parameters 

on viscosity were considered such as temperature, weight percentage of nanoparticles 

and ultrasonication time. The viscosity of showed that increase in weight percentage 

of nanoparticles will contribute to enhancement of the viscosity while it reduces by 

ascending temperature. Based on all of these properties towards nanofluids, an 

improvement of the standard coolent has been achieved through the formulation of 

NF06 which is consists of 0.3 wt% of CNT loading and in addition to its stability 

with 0.12 wt% of PVP. NF06 exhibits enhancements throughout all temperatures of 
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6 °C, 25 °C and 40 °C respectively. NF06 achieved the highest percentage 

enhancement compared to other nanofluids samples formulated, at 6 °C, 25 °C and 

40 °C which is at 4.70% (0.5720 W/m.K), 2.44% (0.5930 W/m.K) and 24.68% 

(0.7460 W/m.K) from the standard sample. Meanwhile in terms of heat transfer 

coefficient, NF06 exhibits enhancements at all three temperatures of 6 °C, 25 °C and 

45 °C with the percentage of enhancement of 68.59%, 66.67% and 82.79% 

respectively. So the objectives of this  research which is to formulate an efficient 

nanofluids was achieved. 

 

 

5.2 RECOMMENDATIONS 

 

 For further research activities, the following suggestions should be 

considered. The thermal bath to testing thermal conductivity, viscosity and heat 

transfer should be calibrated. Besides that, the sample holder of viscometer should be 

insulated to avoid ambient effect. Other than that, the experimental apparatus of the 

heat transfer analyzer was designed to be used for water based nanofluid thus it is 

obsolete in utilizing it for coolant based nanofluid as its viscosity is higher causing 

difficulties during running the heat transfer analyzer. This is due to flow rate of the 

fluid is low because of high viscosity of the nanofluids, low power of water pump 

and small diameter of the copper coil. 
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APPENDICES 

 

 

APPENDIX A 

 

Sample Calculation 

 

i. Percentage Weight 

 Determination of volume of base fluid for 40 ml specimen container : 

 

 Density of Base Fluid (g/cm
3
) : 1.0 

Density of MWCNT (g/cm
3
)  : 2.1 

Density of PVP (g/cm
3
)  : 1.6 

wt% CNT    : 0.1 

wt% PVP    : 0.04 

 

Volume =  
Weight  percentage

Densit y
    (3.1) 

 

Example for sample with 0.1 wt % of CNT for 40 ml nanofluids solution : 

MWCNT + PVP + DI = NANOFLUIDS (units) 

0.1 + 0.04 + 99.86 = 100 wt % 

         

0.1 + 0.04 + 99.86 = 100 ml 

      ÷ 2.5        ÷ 2.5        ÷ 2.5          ÷ 2.5  

0.04 + 0.016 + 39.944 = 40 ml 

       x 2.1          x 1.6         x 1.0          x ρ  

0.084 + 0.0256 + 39.944 = 40 g 

 


