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ABSTRACT 

 

 

 

 Carbon nanofiber (CNF) is one of the nanoparticles which have a 

superior thermal conductivity. However, the major problem when using CNFs is their 

stability and dispersion in nanofluids system. Agglomeration can lead to inaccurate 

and non-reproducible data. Hence, this experiment was conducted to study the 

stability, dispersion and thermal characteristics of Carbon Nanofiber (CNF) water-

based nanofluids thus, identifying the most stable CNF water-based nanofluid 

formulation with enhanced performance. The experiment is conducted by setting the 

variable of weight percentage of CNF from 0.1 wt% to 1.0 wt% and the dispersing 

agent used is Polyvinylpyrrolidone (PVP). After conducting the stability test, then the 

experiment were proceed for the thermal properties test which includes thermal 

conductivity test, viscosity test and heat transfer test. The thermal properties test was 

conducted at 6 °C, 25
 
°C and 40 °C because those temperatures are the temperature 

applied in the chiller. From the results obtained, the optimum percentage for the 

formulation of the stable CNF water-based nanofluid was from 0.1 wt% of CNF with 

the 50% dispersing agent of CNF. The preliminary resulted shows that, the presence 

of dispersing agent completely stabilize the CNT water-based nanofluid. For thermal 

conductivity test, the results show an increment as the weight percentage of CNF 

increase and the trend is roughly similar with the heat transfer results. Apart of that, 

the viscosity test also recorded an increment in its value as the weight percentage 

values were added. The increment of thermal properties does give the pleasant effect 

on the nanofluid heat transfer application but the increment in viscosity will cause the 

flow resistance during the heat transfer process. Therefore, the most suitable ratio 

selected for this experiment is 0.7 wt% of CNF due to its enhanced performance in 

thermal properties and relatively low viscosity. 
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ABSTRAK 

 

 

 

 Karbon nanofiber (CNF) adalah salah satu daripada partikel nano yang 

mempunyai kekonduksian haba yang unggul. Walau bagaimanapun, masalah utama 

apabila menggunakan CNF adalah kestabilan dan penyebarannya dalam sistem 

bendalir nano yang boleh menyebabkan aglomerasi dan seterusnya menyebabkan 

ketidaktepatan data. Oleh itu, eksperimen ini dijalankan untuk mengkaji kestabilan, 

dispersi, dan ciri-ciri haba karbon nanofiber yang berasaskan air ternyahion dan 

seterusnya mengenal pasti rumusan yang paling stabil untuk bendalir nano CNF. 

Eksperimen ini dijalankan dengan menetapkan pembolehubah peratusan berat CNF 

dari 0.1 wt% hingga 1.0 wt% dan ajen pengurai yang digunakan adalah 

polivinilpirrolidon (PVP). Selepas menjalankan ujian kestabilan, eksperimen 

diteruskan dengan menguji sifat haba yang merangkumi ujian kekonduksian terma, 

ujian kelikatan dan ujian pemindahan haba. Ujian sifat haba telahpun dijalankan pada 

6 °C, 25
 
°C dan 40 °C kerana suhu tersebut merupakan suhu yang digunakan untuk 

sistem penyejukan. Berdasarkan keputusan, peratusan optimum untuk pembentukan 

nanofluid berasaskan air ternyahion CNF yang stabil adalah dari 0.1 wt% CNF 

dengan ejen pengurai yang menggunakan 50% daripada peratusan CNF. Keputusan 

menunjukkan bahawa, kehadiran ejen pengurai menstabilkan bendalir nano CNF 

yang berasaskan air ternyahion. Keputusan ujian kekonduksian terma menunjukkan 

peningkatan selari dengan meningkatnya peratusan berat CNF dan trend itu adalah 

lebih kurang sama dengan keputusan pemindahan haba. Selain itu, ujian kelikatan 

juga mencatatkan kenaikan dengan bertambahnya nilai peratusan berat. Peningkatan 

daripada sifat haba memberikan kesan yang baik untuk proses pemindahan haba. 

Namun, kenaikan nilai kelikatan akan menyebabkan rintangan aliran semasa proses 

pemindahan haba. Oleh itu, nisbah yang paling sesuai untuk eksperimen ini adalah 

0.7 wt% CNF disebabkan oleh ciri-ciri haba yang mengagumkan dan tahap kelikatan 

yang rendah. 
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CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 

1.0 BACKGROUND 

 

       Nanofluids are dilute liquid suspensions contain nanometer-sized particles 

that have the dimension within 1-100 nanometers. This fluid has been engineered in 

order to enhance the thermophysical properties in a particular system. 

Thermophysical properties include thermal conductivity, thermal diffusivity, 

viscosity, and convective heat transfer coefficients. They are the main properties to 

be considered in industries nowadays since it is widely used for cooling process in 

engineering application.  Basically the formation of nanofluid begins by the addition 

of nanomaterial to a based fluid like water, or oil. Carbon nanofiber (CNF) is type of 

nanomaterial that have excellent mechanical properties, high electrical conductivity 

and high thermal conductivity, which can be imparted to a wide range of matrices 

including thermoplastics, thermosets, elastomers, ceramics, and metals. The addition 

of CNF inside the based fluid will form the carbon nanofluid. However the selection 

of based fluid is varies and from the previous studies, water is one of the best based-

fluid used in the formation of nanofluid.  

 

Nanofluids have novel properties that make them potentially useful in 

many applications in heat transfer, including microelectronics, fuel cells, 

pharmaceutical processes, domestic refrigerator, chiller and heat 

exchanger. Nanofluids for industrial cooling could result in great energy savings and 

resulting emissions reductions (Routbort et al. 2008). Other than that, (Donzelli et al. 

2009) stated that nanofluids can be used as a smart material working as a heat valve 

to control the flow of heat. 
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1.1 PROBLEM STATEMENT 

 

Nanoparticles such as carbon nanofibers (CNF) can have superior thermal 

conductivity compared to other element such as aluminium oxide and titanium oxide. 

The addition of CNFs to a fluid could improve the heat transfer properties. However, 

the major problem when using CNFs is their stability and dispersion in nanofluids 

system. Agglomeration can lead to inaccurate and non-reproducible data. Therefore, 

it is important to conduct experiment to find the best method to overcome this 

problem.   

 

 

1.2 OBJECTIVES 

 

The objectives of the study are:  

i. To study the stability, dispersion and thermal characteristics of Carbon 

Nanofibers (CNF) water-based nanofluids. 

ii. To identify the most stable CNF Water-based nanofluid formulation with 

enhanced performance 

 

  

1.3 SCOPE OF STUDY 

 

The scopes of work are as shown; 

i. Formulation of nanofluids which consists the mixture of Carbon Nanofibers 

(HHT-24), Polyvinylpyrrolidone (PVP) and deionized water. 

ii. Identification of the optimum ratio of CNF, PVP and deionized water in order 

to achieve stability.  

iii. Investigation of carbon nanofluids thermal characteristics by conducting the 

viscosity testing, thermal conductivity and heat transfer testing.  
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CHAPTER II 

 

 

 

LITERATURE REVIEW 

 

 

 

2.0 INTRODUCTION  

 

Nanofluid is a fluid containing nanometer-sized colloidal particles with size 

typically within 1-100 nanometer suspended in liquid-based. The nanofluid is a 

liquid suspension of nano-meter sized solid particles and fibres (Cahill et al. 2005). 

The nanoparticles or nanomaterial used in nanofluids are usually made of oxides, 

carbides, carbon nanotubes or metal. Recently, nanofluid has attracted great interest 

among the researcher due to its significant enhanced in thermal properties at modest 

nanoparticle concentrations and many potential applications. The usage of 

conventional heat transfer fluid does not achieve the satisfied capability on heat 

transferring process due to it poor heat transfer properties. Thus, the discovery of 

nanofluid had improved the heat transfer capabilities of conventional heat transfer 

fluids. According to Özerinç (2012), nanofluids containing a small amount of 

metallic or nonmetallic particles, such as Al2O3, CuO, Cu, SiO2, TiO2, have increased 

thermal conductivity compared with the thermal conductivity of the base fluid. Choi 

(1995) reported that the nanofluids were proved to have high thermal conductivities 

compared to those of currently used heat transfer fluids, and leading to enhancement 

of heat transfer. Large surface area in nanoparticle causing the heat transfer process 

is much more efficient compared to microparticle.  Better dispersion conduct attained 

where there is less stopping up and bigger add up to surface region (Yang et al. 

2005). 
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2.1 NANOFLUID PREPARATION 

 

Preparation of nanofluid is the crucial step in experimental studies of the 

nanofluid stability. The correct step should be considered since it affects the result on 

nanofluid studies. The primary step in nanofluid preparation involves single-step 

preparation process and two-step preparation process. 

 

 

2.1.1 Single-Step Preparation Process 

 

The single-step preparation process indicates the synthesis of nanofluids in 

one-step (Mukherjee et al. 2013). Several single-step methods have been performed 

for nanofluid preparation. The single-step process consists of simultaneously making 

and dispersing the particles in the fluid. In this method, the processes of drying, 

storage, transportation and dispersion of nanoparticles are avoided, so the 

agglomeration of nanoparticles is minimized and the stability of fluids is increased 

(Yanjiao et al. 2009). Akoh et al. (1978) have developed a one-step direct 

evaporation process while Zhu et al. (2004) have developed the single step chemical 

process. Single step direct evaporation methods have its own limitation where the 

process of separating nanoparticles form fluids is quite complex. Due to that, 

Eastman et al. (1997) reengineered the existed direct evaporation process technique, 

in which Cu vapor is directly condensed into nanoparticles by contact with flowing 

low vapor-pressure ethylene glycol. Zhu et al. (2004) proposed a single-step 

chemical process for the preparation of Cu nanofluids by reducing CuSO4.5H2O with 

NaH2PO2.H2O in ethylene glycol under microwave irradiation. The influences of 

CuSO4 concentration with the addition of NaH2PO2, together with the microwave 

irradiation on the reaction rate and the properties of Cu nanofluids were investigated 

by various methods which includes transmission electron microscopy, sedimentation 

measurements and infrared analysis. A benefit of one-step synthesis method is that 

nanoparticle agglomeration can be reduced. But the main problem is that not all the 

fluids are compatible with this process since it is only applicable for low vapor 

pressure fluid. Otherwise the cost required to develop this method is higher compared 

to two-step method. The Figure 2.1 shows the graphic of one step preparation 

process. 
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Figure 2.1: One-step preparation chemical process 

(Source : Mukherjee et al. 2013) 

 

 

2.1.2 Two Step Preparation Process 

 

This type of nanofluid preparation is frequently and widely used by the 

researchers. Nanomaterial used in this method is early produced as dry powders by 

chemical or physical method (Yu & Xie, 2012). With the help of intensive magnetic 

force agitation, ultrasonic agitation, and homogenizing, the nanoparticle will be 

dispersed into a based fluid. An ultrasonic vibrator is generally used to agitate 

nanopowders with based-fluids. The agglomeration of particle will reduce if this 

device is used frequently. Two-step method is the most economic method to produce 

nanofluids in large scale; because nanopowder synthesis techniques have already 

been scaled up to industrial production levels (Yu et al. 2012). Due to the high 

surface area and surface activity, nanoparticles have the tendency to aggregate. The 

important method to improve the stability of nanoparticles in fluids is the use of 

depressant. However, the functionality of the depressant under high temperature is 

also a huge concern, predominantly for high-temperature applications. The surface 

tension and bubble size decreased as the temperature increased (Sharma et al. 1985). 

The Figure 2.2 shows the graphic of two step preparation method. 

 

IMRAN SYAKIR



6 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Two-step preparation process 

(Source : Mukherjee et al. 2013) 

 

 

2.2 NANOFLUID APPLICATION 

 

There are many applications of nanofluid that has been used recently. 

These include the usage in industry, fuel application, power plant as well as 

medication. Its pleasant function in heat transfer application had caught the attention 

of the recent technologist and industrialist to broaden it usage and application on the 

other sector in the future. Other than that, the discovery of nanofluid also provides the 

contribution for the world sustainability.  

 

 

2.2.1 Heat Transfer Application 

 

The increases in effective thermal conductivity are important to enhance 

the heat transfer of fluids (Shivasanmugam, 2012). A number of other variables like 

viscosity, heat transfer capacity and several other variables also play key roles. Xuan 

and Li (2003) built an experimental rig to study the flow and convective heat transfer 

feature of the nanofluid flowing in a tube. They investigated convective heat transfer 

feature and flow performance of Cu-water nanofluids for the turbulent flow. The 

suspended nanoparticles do enhance heat transfer process and the nanofluid has 

larger heat transfer coefficient than the original base liquid under the same Reynolds 

number. Farajollahi et al. (2010), conduct a research on heat transfer of nanofluids in 
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a shell and tube heat exchanger under turbulent flow condition. From the result 

obtained, adding of nanoparticles to the base fluid causes the significance 

enhancement of heat transfer properties. For the other types of heat exchanger, 

Huminic (2011) run a three-dimensional analysis to study the heat transfer 

characteristics of a double-tube helical heat exchanger using nanofluids in laminar 

flow condition. The result obtained shows the enhancement of heat transfer rate of 

the nanofluid approximately about 14% greater than of pure water at the same mass 

flow rate in inner tube and annulus. While the heat transfer rate of water from 

annulus than through the inner tube flowing nanofluids was approximately 19% 

greater than for the case which through the inner and outer tubes flow meter. 

 

 

2.2.2 Nuclear Reactors 

 

Kim et al. (2007) do the research to determine the feasibility of nanofluids 

in nuclear applications by improving the performance of any water-cooled nuclear 

system that is heat removal limited. Possible applications include pressurized water 

reactor (PWR) primary coolant, standby safety systems and so forth. The using of 

nanofluids instead of conventional liquid based causes one of the components in 

PWR that is fuel rods become coated with nanoparticles such as alumina, which 

prevent any formation of bubbles and finally result in the elimination of a layer of 

vapor around the rod. The use of nanofluids as a coolant could also be used in 

emergency cooling systems, where they could cool down overheat surfaces more 

quickly leading to an improvement in power plant safety (Wong & Leon, 2010). The 

use of nanofluids in nuclear power plants seems like a potential future application (J. 

Boungiorno et al. 2007).  

 

 

2.2.3 Cancer Therapeutics  

 

The application of nanofluid also needed in medical sector. There is a new 

alternative which takes advantage of several properties of certain nanofluids to use in 

cancer imaging and drug delivery. This alternative includes the use of iron-based 

nanoparticles as delivery vehicles for drugs or radiation in cancer patients. According 
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to J. Boungiorno (2007), magnetic nanofluids are to be used to guide the particles up 

the bloodstream to a tumor with magnets. It will allow medical officers to apply high 

local doses of drugs or radiation without damaging nearby healthy tissue.  

 

 

2.2.4 Automobiles 

 

The nanofluid applications for automobiles are enormously wide. The 

applications involves are coolant, fuel additives, lubrication, shock absorber and 

brake fluids. Cooling process is very important in automotive sector because it 

directly related to engine performance. However the bulky size of the conventional 

radiator causes the rapid dissipation of heat to the surrounding otherwise, it requires 

some investment due to the complex manufacturing and the cost to consider the 

amount of material used. According to Mishra et al. (2011) high heat dissipation 

results in larger radiators and increase frontal areas leading to additional viscous drag 

and rise in engine fuel consumption. According to the statement, it clearly explained 

that the systems in automotives crucially need an efficient coolant to remove more 

engine heat from higher horsepower engines with a relatively small radiator. By the 

existence of nanofluid, this issue can be solved due to their large surface area that 

enhances the rate of heat transfer process in the radiator. Moreover, the size of the 

radiator can be much smaller than the conventional one and this created the 

flexibility for the movement of automotive vehicle.  

 

 

2.3 NANOMATERIALS  

 

Nanomaterials is the structured component where the size is at least one 

dimension less than 100 nm (Cristina et al. 2007). There are several nanomaterial 

structure such as graphene and nanotubes. Materials that have one dimension in the 

nanoscale (and are extended in the other two dimensions) are layers, such as 

graphene, thin films or surface coatings. Some of the features on computer chips 

come in this category. Materials that are nanoscale in two dimensions (and extended 

in one dimension) include nanowires and nanotubes.  
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Based on Agency (2013), there are commonly four types of currently used 

nanomaterial such as carbon based materials, metal based materials, dendrites and  

composite. Carbon based material shape have the long hollow shape which consists 

mainly of carbon. Most carbon based material taking the form of a hollow spheres, 

tubes, or ellipsoid. Spherical and ellipsoidal carbon nanomaterials are known as 

fullerenes, while cylindrical tubes form is called carbon nanotubes (Azo, 2013). 

Figure 2.3 shows the several structures of carbon based material.  

 

 

 

 

 

2.3.1 Carbon Nanotubes  

 

Carbon Nanotubes (CNTs) are long cylinders of covalently bonded 

carbon atoms which possess extraordinary electronic and mechanical properties 

(Choudhary & Gupta, 2011). There are two basic types of CNTs those are single-wall 

carbon nanotubes (SWCNTs) and multi-wall carbon nanotubes (MWCNTs) as shown 

in Figure 2.4. SWCNTs are the fundamental cylindrical structures while multi-wall 

carbon nanotubes is a multiple layer of SWCNTs. Carbon nanotubes are tiny little 

microscopic-sized tubes made of  sheets of carbon atoms, rolled up into a tube like a 

paper towel roll. One roll is a single walled carbon nanotube and a few rolls will 

make a MWCNT (Sass, 2014). According to Choundary et al. (2011), MWCNTs are 

made of coaxial cylinders and having interlayered spacing close to that of the 

interlayer distance in graphite about 0.34 nm.  

 

(a) Graphene 

  Figure 2.3 : Several structures of carbon-based material. 

(Source: Lulu et al. 2014) 

 

(b) Carbon Nanotubes 

 

(c) Fullerenes 
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2.3.2 Carbon Nanofiber 

 

Carbon Nanofibers (CNFs) is a novel carbon nanomaterial where the 

structure of graphene sheets are stacking in varying shape  which then producing 

more edges sites on the outer wall of CNFs. The CNFs edges sites is more compared 

to CNTs edges sites.  According to Huang et al. (2010) this advantage can facilitate 

the electron transfer of electroactive analytes. Carbon nanofibers (CNFs) have the 

similar conductivity and stability to carbon nanotubes (CNTs) however the primary 

differences between the materials are morphology, size, ease of processing and costs. 

Carbon nanofibers, also known as Stacked-Cup Carbon Nanotubes (SCCNT) have a 

unique morphology in that graphene planes are canted from the fiber axis, resulting 

in exposed edge planes on the interior and exterior surfaces of the fiber (Choundary 

et al. 2011). In other words, Stacked-Cup Carbon Nanotubes is morphological 

structures of Carbon Nanofibers. The Figure 2.5 illustrates the difference in CNF and 

CNT morphology. 

 

 

Figure 2.4: Graphical Structures of SWCNT and MWCNT 

(Source: Choudhary & Gupta, 2011) 

Figure 2.5: Morphology of Carbon Nanotube 

(Source : Choundary et al. 2011) 

SWCNT 

 

MWCNT 

 

MWCNT 

 

Pyrograf 

Products 

(SCCNT) 

 

Cross sectional view 

showing the internal 

structure of Pyrograf 

Products (SCCNT) 
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2.4 WATER-BASED NANOFLUIDS 

 

Basically, the common liquid that has been used as the base fluids are 

water, ethylene glycol and oils. It has been shown that a nanofluid consisting of 

nanoparticles dispersed in base fluid has much higher effective thermal conductivity 

than pure fluid (Hwang et al. 2006). Hwang (2006) has conduct the experiment rig 

on determining the thermal conductivities of four kind nanofluid such as multiwalled 

carbon nanotube (MWCNT) in water, CuO in water, SiO2 in water and CuO in 

ethylene glycol.  The result found that, the thermal conductivity enhancement of 

water-based MWCNT nanofluid is increased up to 11.3% at a volume fraction of 

0.01. Thus, it can be concluded that, the thermal conductivity enhancement of 

nanofluids depends on the particle size and the thermal conductivity of the base fluid. 

This is because; the thermal conductivity of water is relatively higher than the other 

two based fluid.  Thermal conductivity of nanofluid has been increased with 

increasing volume fraction of nanoparticle except for water-based fullerene nanofluid 

which has lower thermal conductivity than that of base fluid due to its lower thermal 

conductivity, 0.4 W/mK. Stability of nanofluid has been influenced by the 

characteristics between base fluid and suspended nanoparticles (Hwang et al. 2007). 

 

 

2.5 DISPERSING AGENT  

 

The formation of nanofluids required the dispersing agent due to its 

hydrophobic properties in the based-liquid. The hydrophobic properties may lead to 

the agglomeration of the nanofluid formation. CNTs encountered poor dispersibility 

and suspension durability due to the aggregation and surface hydrophobicity of CNTs 

as a nanofluid filler (Lee et  al. 2007).  Due to that limitation, Andreas (2002) made 

the surface modification of CNT or additional dispersing agents have been required 

for stable suspension of CNTs because the base fluid of the coolant have polar 

properties. The addition of dispersing agent into the base fluid has been used to 

reduce agglomeration as well as improve the dispersion of nanofluid. In this research, 

the dispersing agent used is Polivinylpyrrolidone (PVP). The availability of PVP as 

reducing agent has been reported by various researchers (Grijalva et. al, 2007). The 

other names of PVP are Polidone or Polyvidone which made from monomer 
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 N-vinylpyrrolidone. PVP has been discovered by Walter Reppe in year 1939 as a 

derivate of acetylene chemistry. It is a protective colloid which can effectively react 

in emulsion stability in the solution, suspension, and dispersion of water. Basically, 

stable PVP is synthesizing by the radical polymerization of vinylpyrrolidone. Figure 

2.6 shows the molecular structure of PVP. 

 

 

 

 

 

2.6 STABILITY OF NANOFLUID  

 

Nanofluids which can lose their potential to transfer heat due to 

nanoparticles agglomeration can cause the clogging effect of microchannels. In 

addition, it also can lead to the decrement of nanofluids thermal conductivity.  Thus, 

investigation on stability is a main issue that can influence the thermal properties of 

nanofluids for application. Furthermore, it is necessary to analyze the influential 

factors to the dispersion stability of that particular nanofluid.  

 

 

2.6.1 Sedimentation and centrifugation method 

 

There is a lot of method that has been introduced to examine the stability 

of nanofluids. Sedimentation method is the most elementary method for evaluation of 

nanofluids (Wei et al. 2011). The nanofluid solution firstly was applied with the 

external force. The weight of sediment indicates the stability of nanofluids which are 

theoretically considered to be stable if the concentration of the suspended particles 

remains constant with respect to time. Zhu et al. (2007) applied the principle of 

Figure 2.6: Polivinylpyrrolidone (PVP) molecular structure 

(Source: MP Biomedicals, 2014) 
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sedimentation method in his own experimental setup to measure the graphite 

suspension’s stability. The usage of camera aided the stability test of nanofluid. The 

nanofluid sample basically will be left for a few days and after that, quality of 

nanofuid preparation can be evaluate by capturing photo of any presence of 

suspension in the nanofluid. Wei et al. (2010) captured photographs of their samples 

within 24 hours after preparation. However, sedimentation method consumes a long 

period of time to observe. Thus, the invention of centrifugation method helps to 

reduce time consumed in stability test. According to Sing et al. (2008), an excellent 

stability of silver nanofluids was found due to the protective role of PVP because it 

decelerates the agglomeration of particles by stearic effect. 

 

 

2.6.2 Surfactant used in nanofluid 

 

Surfactants or dispersants are vital for preparing stable nanofluids and 

their influences may often be neglected during estimating the enhancement effect of 

nanofluids (Xuana et al. 2013). It also acts as the stabilizer for the nanofluid 

formation. Dispersants consists of a hydrophobic tail portion, usually a long-chain 

hydrocarbon and a hydrophilic polar head group. Dispersants are important for the 

nanofluid dispersion in a two phase system where a solid particle is suspended in a 

liquid carrier. In general, when the base fluid of nanofluids is hydrophobic, we 

should select water-soluble surfactants or else select oil-soluble ones. However, there 

are some consequences on using the surfactants. Mukherjee et al. (2013), stated that 

the addition of surfactants may contaminate the heat transfer media. Surfactants may 

produce foams when heating, while heating and cooling are routine processes in heat 

exchange systems. Otherwise, it may enlarge the thermal resistance between the 

nanoparticles and the base fluid due to the condition of surfactant molecules that 

attaching on the nanoparticles surfaces. This limitation reduced the enhancement of 

the effective thermal conductivity. The Figure 2.7 shows the surfactant effect on the 

nanofluid. 

IMRAN SYAKIR



14 

 

 

 

 

 

2.6.3  Effect of Homogenization  

 

Homogenization is the process of converting the nanofluid into a colloid 

solution. By doing this process; the agglomeration of nanoparticle inside the 

nanofluid can be avoided due to the act of the device called homogenizer that 

functioning according to the suitable speed for the particular nanofluid solution. 

Laura et al. (2011) had conducted the experimental stability analysis of different 

water-based nanofluids using dynamic light scattering (DLS). They are proposing 

three dispersion techniques; those are ball milling, ultrasonication and high pressure 

homogenization. From the experiment, the high pressure homogenization was found 

to be the best method for dispersion of nanoparticles in the nanofluid. This is because 

the time required for the solution to stay stable by using this technique is much 

longer than the other dispersion techniques. Figure 2.8 shows the mean size of single 

wall carbon nanohorn (SWCNH) measured by DLS for homogenization technique.  

Figure 2.8: Nanoparticles size distribution for water containing 0.1wt% SWCNH 

dispersed without dispersant  

(Laura et al.2011) 

Figure 2.7: Formation of Stable Nanofuid 

(Source: Bucak S. 2011) 

Day 1 

Day 33 

Legend : 
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2.6.4  Effect of Sonication 

 

Sonication is the process of agitating the particles in the solution by 

applying sound energy with the particular frequency. The sound energy will break 

the intermolecular interactions between the particles (Kenneth et al. 2008). By 

breaking the intermolecular interactions of nanoparticle in the nanofluid, the rate of 

dispersion will be enhanced and less particle aggregation will be occur. The common 

frequency that used for ultrasonication process is less than 20 kHz (Royal Society of 

Chemistry, 2014). According to Laura et al.(2011), sonication method reducing 

aggregates in the titanium dioxide (TiO2) nanofluid more than the ball milling 

method. However, the stability of nanoparticle using sonication was lower than 

homogenization technique which mean, the dispersing period of the nanoparticle 

using ultrasonication is shorter than homogenization. Figure 2.9 shows the shows the 

mean size of measured by DLS for TiO2 homogenization technique.  

 

Figure 2.9: Nanoparticle size distribution for water containing 0.1 wt% TiO2 

dispersed. 

(Laura et al. 2011) 

 

 

 

 

 

 

 

Legend :  

Day 1 

Day 4 

Day 15 
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2.7 THERMAL CONDUCTIVITY  

 

Thermal conductivity is the property of material to conduct heat. The 

materials that have high thermal conductivity will achieve higher rate of heat transfer 

and vice versa. Thermal conductivity of the nanofluids is measured with the transient 

hot-wire method (Sundar et al. 2013). An instrument was built for this purpose and it 

was operated with a standard uncertainty better than 2% (Assael, 2004). Hwang 

(2006) has conduct the experiment rig on evaluating the thermal conductivities of 

four kind nanofluid such as multiwalled carbon nanotube (MWCNT) in water, CuO 

in water, SiO2 in water and CuO in ethylene glycol.  The result found that the thermal 

conductivity enhancement of water-based MWCNT nanofluid is increased up to 

11.3% at a volume fraction of 0.01. Thus, it can be concluded that the thermal 

conductivity enhancement of nanofluids depends on the particle size and the thermal 

conductivity of the base fluid.  

 

Sundar et al. (2013) have conducted the studies on the properties of 

thermal conductivities of Nanodiamond and Nickel (ND-Ni) nanoparticles with 

different based fluid such as water and ethylene glycol. The experiment of both based 

fluid is constructed with different weight concentrations. The measured thermal 

conductivity data for water-based ND-Ni magnetic nanofluids is presented in Figure 

2.10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10: Thermal conductivity data of ND-Ni nanofluids 

(Source: Sundar et al. 2013) 
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From the Figure 2.10, it can be indicated that water based nanofluids thermal 

conductivity increases with increasing particle loadings and temperatures. A nearly 

linear relationship between the thermal conductivity enhancement and volume 

concentration of the nanoparticles can be attributed to large regions of particle-free 

liquid with high thermal resistances created by highly agglomerated nanoparticles. 

Other than that, temperature also plays the role in determining the thermal 

conductivities. The relative increase in thermal conductivity was found to be more 

important at higher temperatures (Mintsa et al. 2009).   

 

 

2.8 VISCOSITY 

 

Viscosity in nanofluid is a measure of a nanofluid’s resistance to flow. 

Nanofluid with large viscosity resists motion because it molecular properties gives it 

a lot of internal friction (Sam et al. 2009).  In nanofluids, the viscosity coefficient 

decreases with increasing temperature. According to Jang & Choi (2004), this is due 

to the increase in Brownian motion of nanofluid particles that causes the increase in 

fluid motion. Due to that, the nanofluid viscosity decrease as the resistance to flow 

decreased. However, Rudyak (2013), state that many different correlations have been 

proposed to describe the temperature dependence of the viscosity on nanofluids, but 

they are all not universal and vary, depending on the concentration of nanoparticles, 

their material and size, and the viscosity of the base fluid. Figure 2.11 shows the 

effect of temperature towards the viscosity. 

 

Nanoparticle size can affect the viscosity of nanofluids. According to 

Nguyen et al. (2007), low concentrations of nanoparticles cause their size has 

virtually no effect on the viscosity of nanofluids. On the other hand, as the particle 

concentration increases, the viscosity coefficient depends strongly on nanoparticle 

size and is higher for nanofluids with larger particles. In contrary, studies of Rudyak 

et al. (2008) showed a reduction in the viscosity of nanofluids with increasing 

particle size. 
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2.10 HEAT TRANSFER COEFFICIENT 

 

The heat transfer coefficient of the nanofluid increases with an increase 

in mass flow rate and volume concentration of the nanofluid (Albadra et al. 2013). 

However the increase in volume concentration cause increase in the viscosity of the 

nanofluid. Thus, the condition may lead to the increase in friction factor. 

Duangthongsuk and Wongwises (2010) investigated the effect of thermophysical 

properties models on prediction of the heat transfer coefficient and also reported the 

heat transfer performance and friction characteristics of nanofluid, respectively. The 

0.2 volume concentration TiO2 nanoparticles are used to disperse in the water. The 

results showed that the various thermophysical models have no significant effect on 

the predicted values of Nusselt number of the nanofluid.  

 

The results also indicated that the heat transfer coefficient of nanofluid is 

slightly greater than water by approximately (6–11)% and use of nanofluid has little 

penalty in pressure drop. Dispersion of the nanoparticles into the distilled water 

increases the thermal conductivity and viscosity of the nanofluid. Rate of dispersion 

indicates the higher stability of nanofluids. These phenomena increase with the 

increase in particle concentrations. Furthermore, the enhancement of thermal 

conductivity leads to increase the heat transfer performance as well as viscosity. 

Viscosity results into an increase in friction factor and the boundary layer thickness 

(Albadra et al. 2013).  

Figure 2.11: Viscosity Properties of Nanofluids and Base Fluid 

(Source: Tang C. et al. 2013) 
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CHAPTER III  

 

 

 

METHODOLOGY 

 

 

 

3.0  INTRODUCTION 

  

The concept of the experimental method is based on parameter used, 

apparatus and technique to conduct the studies. First things that need to consider in 

this experiment is determining the weight of each material those are Carbon nano-

fiber (CNF), dispersing agent polivinylpyrrolidone or PVP and water. After that, the 

CNF, PVP and water being mixed together in a container those have a volume that is 

suitable enough for the homogenization process. After homogenization process, the 

container is left in an ultrasonic cleaning machine in order to get the further 

dispersion of the suspensions. The stable nanofluid were then undergoes the 

viscosity, thermal conductivity and heat transfer test. 
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3.1  FLOW CHART 

 
 

                                    Figure 3.1: Flowchart 

 

START 

Literature Review 

(review current journal about carbon-nanofiber)   

Experimental Setup 

(Sample preparation, apparatus  set-up) 

Formulation of Nanofluid 

CNF Dispersion Screening 
Test 

Achieved 
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(Up to 100 hours) 

Achieved 

Thermal Characteristics Testing 

(Viscosity, thermal conductivity, heat transfer test) 

Report Writing 

END 

NO 

NO 
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  YES 
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3.2 PARAMETER USED IN EXPERIMENT 

 

3.2.1  Deionized Water 

 

Deionized water is most common formed of purified water. It had almost 

all of the mineral ions removed such as sodium, calcium, chloride and sulfate. Tap 

water is definitely different from deionized water because the tap water contains a lot 

of impurities that made the water condition is not purify. This type of water may 

affect the thermal properties of the fluid because mineral ions inside the tap water 

may resist the enhanced thermal characteristics of water. Table 3.1 shows the 

properties of deionized water. 

 

Table 3.1 : Properties of Deionized Water 

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

 
 
kgs/m 

pH Approximately 7.0 

 

 

3.2.2  Type of CNF Used 

 

Type of Carbon Nano-Fiber used in this experiment is Pyrograf III 

Carbon Nanofiber, High Heat Treated 24 (HHT24) grade. This type of Carbon 

Nanofiber possesses a unique “stacked-cup” morphology which is not available in 

other nanomaterials. It has a tubular structure with the sidewalls composed of angled 

graphite sheets. The “stacked-cup” structure generates a fiber with exposed edge 

planes along the entire surface of the fiber. Table 3.2 shows the Pyrograf III 

Properties. 
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Table 3.2: Pyrograf III HHT Properties 

 

 

 

 

 

 

3.2.3  Dispersing Agent Properties 

 

Dispersing agent used in this experiment is Polyvinyl Pyrrolidone (PVP) 

by Sigma Aldrich with average molecular weight (mol wt) 10000. The function of 

dispersing agent is to eliminate the agglomeration inside the nanofluid and allow the 

carbon nanofiber to disperse well in the water-based. This is because, the carbon 

nanofiber properties is hydrophobic which mean it unable to be soluble in water. The 

density of PVP used is 1.6 g/cm
3
 according to the Material Safety Data Sheet 

(MSDS) of Sigma Aldrich PVP product. 

 

 

3.3        APPARATUS  

 

3.3.1 Homogenizer 

 

The function of homogenizer is to homogenize the dispersing agent, CNT, 

and deionized water. A single propeller attachment that link with the speed controller 

was used during these processes. The controller controls the propeller speed during 

the homogenization. The homogenizer model used is Wise Tis HG-15D homogenizer 

manufactured by Mega Lab Company. The set include the dispersing tool stand rod 

and clamp. The output power produced by this type of homogenizer is 160 W and the 

rotation of it spindle were from 2000 up to 20000 rotation per minute (RPM).  

Nano Fiber 

Type 

Nanofiber 

Grade 

Moisture 

Content 

(%) 

Iron 

Content 

(ppm) 

Density 

(lbs/ft
3
) 

PR-24 HHT <5 <100 2-4 
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Figure 3.2: Homogenizer 

 

 

3.3.2  Ultrasonic Cleaning Unit/Heated 

 

The ultrasonic cleaning unit is distributed by The Elma Schmidbauer 

GmbH based in Singen, German. The general function of this instrument is to 

undergo the cleaning process using ultrasound with efficient 37 kHz frequency and 

cleaning solvent. While for nanofluid ultrasonic purposes, the function of this 

equipment are to avoid the aggregation of nanofluid by breaking the intermolecular 

interactions of nanoparticle in the nanofluid by applying the suitable temperature and 

frequency. Figure 3.3 shows the samples were immersed in ultrasonic cleaning unit. 

 

 

Figure 3.3: Ultrasonic Cleaning Unit 
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3.3.3  pH meter 

 

A pH meter is a device that used for measuring the pH value of the 

solution produced by showing a number ranging from 0 to 14. The value ranging of 

pH>7 is an alkaline whereas the value ranging of pH<7 is consider as acidic.  

 

 

3.3.4 Stability Test Rig 

 

Stability test rig as in Figure 3.4 (a) is the instrument to indicate the 

stability of the fluid. In order to determine stability of the fluid, put the bottle onto 

the container chamber and Light Emitter Diode (LED) light will shows the status of 

the fluid. Increase in stability will increase the number light intensity as in Figure 3.4 

(b). If there is any suspension exists in the fluid solution, the LED will turn off.  

 

 

 

3.3.5 KD2 Pro Thermal Properties Analyzer 

 

KD2 Pro is a device manufactured by Decagon Devices Inc. used to 

measure thermal properties which is shown in Figure 3.5. The controllers and sensors 

at the instrument can be inserted to any materials includes liquid and solid. The 

single needle had a sensor to measure thermal conductivity and resistivity applicable 

in fluids while the dual-needle sensor measures thermal conductivity, resistivity, 

diffusivity and volumetric specific heat capacity. The range of measurement for 

thermal conductivity using this equipment is within the range of 0.02 to 4 Wm
-1

 c
-1

 

Figure 3.4 : (a) Stability test rig, (b)The condition of the stable nanofluid 

(a) (b) 
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and the measurement speed is about 1 to 10 minutes depending on measurement 

type. 

 

 

Figure 3.5: KD2 Pro Thermal properties analyzer set 

 

 

3.3.6 Viscometer 

 

Viscometer as in Figure 3.6 is an instrument used to indicate the viscosity 

of a fluid. For liquids with viscosities that vary with respect to flow conditions, an 

instrument called a rheometer is used. The viscometer used in this experiment is 

DVII+ Pro Viscometer by Brookfield Engineering which comes together with their 

adapter and LV spindle. The speed of this equipment varies from 0.01 to 200 rpm. 

Viscometers only measure less than one flow condition and it can be use by pouring 

the standard volume of fluid required that is 6.7 ml into the container and the 

experiment is set according the temperature needed.  

 

Figure 3.6: Viscometer set 
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3.3.7 Data Logger 

 

Data logger is used to record the inlet and outlet temperature during heat 

transfer test. The data logger used in this experiment is Pico Data logger comes 

together with PicoLog data acquisition software. The inlet and outlet thermocouple 

were attached to the USB at the data logger and the data is directly recorded to the 

PC by using PicoLog software. The Figure 3.7 shows the Pico Data logger together 

with the USB. 

 

Figure 3.7: Pico Data Logger 

 

 

3.3.8 Thermocouple 

 

Thermocouple is the temperature measuring devices consisting of 

different conductors that connect with each other at one or more spots. From the 

specific spots, the temperature difference can be obtained by observing the inlet and 

outlet temperature. In this experiment type of the thermocouple used is type K where 

the in-conductors are alumel and nickel.  In this study, the thermocouples were 

attached to the data logger and the result is directly shown in the PC.  
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3.4 EXPERIMENTAL PROCEDURE 

 

 

3.4.1  Nanofluids Formulation 

 

The following procedure discussed on the preparation of nanofluid ; 

 

i. All the parameter used for nanofluid preparation which is CNF, PVP,and 

water was weighed up by following the ratio that has been calculated earlier.  

 

ii. CNF and PVP were mixed together in the deionized water by following the 

ratio given into a glass container.  

 

iii. The homogenizer was set-up with the mixture of nanofluid. The propeller of 

the homogenizer is placed about one centimeter away from the bottom of 

glass container. 

 

iv. The speed of the homogenizer is initially set to 10000 rpm and the sample is 

left for about 5 minutes to complete. 

 

v. After the mixture of nanofluid is well homogenized, the ultrasonic cleaner 

was set up. The mixture of nanofluid is placed inside the ultrasonic cleaner. 

The temperature was set to 25 °C at the highest frequency (37 kHz) in order 

ensure the CNT and dispersing agent disperse evenly inside the deionized 

water. This process took about 45 minutes to complete 

 

vi. After the ultrasonication process, the pH of the nanofluid was measured by 

using the pH meter before carry out the stability test. The purpose of pH 

measurement is to ensure the pH level is 9 which more to alkaline properties.  

 

vii. If the pH level is lower than 9, the solution should be add an alkaline solution 

which is sodium hydroxide (NaOH), while if the pH level of nanofluid is 
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more than 9, acidic solution like sulphuric acid (H2SO4) should be added in 

order to obtain the pH reading of 9. 

 

viii. The mixture of nanofluid once again being homogenized by mechanical 

homogenizer by set the 1000 rpm of propeller speed in about 3 minutes like 

stated in procedure (iii). 

 

ix. The samples are left for about 100 hours in order to evaluate the stability of 

sample. 

 

x. After 100 hours, the stability of each samples were being test by using 

stability test rig in order to ensure the nanofluid is stable and no 

agglomeration occurs. 

 

xi. After nanofluid had passes the stability test, then the nanofluid can be tested 

for thermal conductivity test by using KD2-Pro Thermal Properties Analyzer. 

 

xii. The best three results for thermal conductivity is used to undergo another test 

which is heat transfer test, specific heat coefficient test and viscosity test. 

 

 

3.4.2 Thermal Conductivity Test 

 

KD2-Pro is used to determine thermal conductivity of water based 

nanofluids. The single needle of KD2-Pro or known as KS-1 sensor is specifically 

designed to test the liquid sample which provides a quite small heat pulse which 

approximately less than 0.1 W/m.K. The KS-1 sensor will attached to the port on 

KD2-Pro. Before the test begin, the samples were transferred to the special specimen 

container and being covered up with the silicon cap to ensure that the needle of KS-1 

sensor will remains at the original condition during the testing process. After that, 

KD2-Pro is switching to automatic mode and the measurement is taken in one 

minute. Once the reading of the first sample was recorded, the experiment for the 

next sample was run after 2 minutes interval. The thermal conductivity test of the 
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nanofluid will be taken at 6 °C, 25 °C and 40 °C. Figure 3.8 shows the set-

experiment for thermal conductivity test. 

 

    

 

3.4.3 Heat Transfer Coefficient Test 

 

The copper coil as in Figure 3.9 (a) was immersed into the water bath and 

being soaked. The inlet was attached to water pump whereas the outlet will be flow 

back into the 400 ml beaker. The flowrate of pump used in this experiment is 1800 

l/h with output power of 40 watt. The temperature differences of nanofluids can be 

measured by using thermocouple wire which will be placed at the inlet and outlet of 

the copper coil. The reading will be taken at 6 °C, 25 °C and 40 °C of the 

temperature of water bath in five minutes interval after the flow of the nanofluid 

constantly flow. Figure 3.9 (b) shows the experimental set-up for heat transfer test.  

 

 

Figure 3.8: Experiment set-up for thermal conductivity test 

Figure 3.9: (a) Copper coil, (b) Experiment Set-Up for Heat Transfer test 

(a) (b) 
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3.4.4 Viscosity Test 

 

Figure 3.10 shows the experiment set-up for viscosity test. The 

temperature that needs to be used which is 6 °C, 25 °C and 40 °C were being set at 

the water bath. The specimen then was poured into specific container of 6.7 ml by 

using measuring cylinder and being inserted at the adapter. The LV spindle was 

attached below viscometer and the speed of rotation for the spindle was set at 100 

rpm. The sample was being left until it reached the specified temperature. After the 

temperature reached the desired point, the reading of three viscosity measurements 

were taken randomly and experiment is repeated using different temperature. 

 

 

 

3.5 Safety Precaution 

 

In this experiment, people need to wear mask to prevent the diffusion of 

carbon nanofiber when the person inhale the air in the laboratory since the size of the 

particle is too small. Besides, its powder form factor made it easily to distribute in the 

air. The inhalation of this small particle powder may cause damage to the lung and 

possibly can cause some diseases and risk to suffer from lung cancer is high. The eye 

contact with this nanoparticle can cause eye-irritation. If this powder is 

coincidentally made contact with eye, remove it by squirt the distilled water to the 

eyes. In order to prevent this accident to occur, safety precaution that should be taken 

when undergo this experiment is by considering the suitable distance of eye with the 

nanoparticle.  

Figure 3.10: Viscometer experiment set-up 
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CHAPTER IV 

 

 

 

RESULTS AND DISCUSSION 

 

 

 

4.0  INTRODUCTION 

 

From the experiment, the detailed data and result had been obtained and 

being recorded in form of table and figure. The data consisted of formulation ratio of 

the nanofluid and its stability condition. Once the stability is achieved, the 

experiments were proceeding for the thermal properties test. The data of thermal 

properties and stability were shown and being discussed further according to the 

scientific studies and previous research.  

 

 

4.1 RESULTS AND DISCUSSION 

 

4.1.1  Stability of Nanofluid 

  

Stability of nanofluid is the condition where the nanoparticles are fully 

dispersed in the based solution. The stable nanofluid can enhance the heat transfer 

process because of its pleasing properties in thermal activities. The stability of 

nanofluid are fully depends on the ratio of nanoparticles (carbon nanofiber HHT-24), 

dispersing agent (polyvinylpyrrolidone) and deionized water. The ratio of these three 

elements will determine the stability of the nanofluid after being left for a few days. 

After that, by using the visual test, if the solution is still in dark black colour, then the 

stability of that nanofluid is achieved. In order to obtain the valid result, the stability 

test can be conducted by using stability test rig. From the stability test rig, the sample 
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of nanofluid is stable when all the LED light is light up. Table 4.1 shows the ratio of 

carbon nanofiber HHT-24 (CNF), dispersing agent and deionized water used in this 

experiment. From the Table 4.1, the first two samples are unstable whilst the other 

samples are stable. After stability test, the stable samples were being tested on 

thermal conductivity test. 

 

Table 4.1: Ratios of CNF, dispersing agent and deionized water 

 

Samples 
CNF 

(wt %) 

Volume 

CNF 

PVP 

(wt%) 

Volume 

PVP  

Deionized-

water (ml) 
Stability 

NFW01 0.1 0.02 0.000 0.00 39.980 Unstable 

NFW02 0.1 0.02 0.004 0.0025 39.978 Unstable 

NFW03 0.1 0.02 0.012 0.0075 39.973 Stable 

NFW04 0.1 0.02 0.020 0.0125 39.968 Stable 

NFW05 0.2 0.04 0.040 0.0250 39.927 Stable 

NFW06 0.3 0.06 0.060 0.0375 39.915 Stable 

NFW07 0.4 0.08 0.080 0.0500 39.880 Stable 

NFW08 0.5 0.10 0.100 0.0625 39.817 Stable 

NFW09 0.6 0.12 0.120 0.0750 39.780 Stable 

NFW10 0.7 0.14 0.140 0.0875 39.743 Stable 

NFW11 0.8 0.16 0.160 0.1000 39.707 Stable 

NFW12 0.9 0.18 0.180 0.1125 39.670 Stable 

NFW13 1.0 0.20 0.200 0.1250 39.633 Stable 

 

 

The stability of nanofluid are depends on the ratio of nanoparticles 

(carbon nanofiber HHT-24), dispersing agent (polyvinylpyrrolidone) and deionized 

water. However Carbon Nanofibers are insoluble in water due to its hydrophobic 

elements that will repel when react with water and they are potentially will 

agglomerate within themselves. Due to that, the aid of dispersing agent is needed to 

changes the wetting adhesion behavior which helps in reducing their tendency to 

agglomerate. In Table 4.1, the sample without or less dispersing agent will cause the 

sample to become unstable because of the insufficient amount of dispersing agent 

needed to overcome the hydrophobic properties of CNF. Thus, specific percentage of 

dispersing agents is required in order to obtain the stable nanofluid.  
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4.1.2  Thermal Conductivity Test 

 

The stable nanofluids were tested using KD2-Pro Thermal Properties 

Analyzer devices in order to determine the thermal conductivity of nanofluid. The 

thermal conductivity test being carried out on three different temperatures which are 

6 °C, 25 °C, and 40 °C. Table 4.2 shows the thermal conductivity data for Carbon 

Nanofiber HHT-24 at different weight percentage and temperature. The selected 

weight percentages are chosen from sample NFW04 to NFW13. 

 

Table 4.2: Result of thermal conductivities 

 

 

Figure 4.1: Graph of thermal conductivities of different weight percentage of CNF 

(wt%) at 6 °C, 25 °C, and 40 °C 

Samples 
CNF 

(wt%) 

Thermal conductivity (W/m.K) at different temperature  

6 °C 25 °C 40 °C 

Standard 0 0.546 0.579 0.598 

NFW04 0.1 0.580 0.599 0.631 

NFW05 0.2 0.583 0.632 0.634 

NFW06 0.3 0.578 0.629 0.629 

NFW07 0.4 0.582 0.643 0.637 

NFW08 0.5 0.585 0.657 0.641 

NFW09 0.6 0.612 0.675 0.677 

NFW10 0.7 0.595 0.790 0.835 

NFW11 0.8 0.591 0.774 0.833 

NFW12 0.9 0.586 0.733 0.784 

NFW13 1.0 0.579 0.745 0.821 
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From Figure 4.1 and Table 4.2, the highest thermal conductivity at 6 °C is 

at 1.0 wt% of CNF with thermal conductivity of 0.612 W/m.K followed by 0.595 

W/m.K (at 0.7 wt%), 0.591 W/m.K (at 0.8 wt%) and the lowest thermal conductivity 

of nanofluid was at 0.6 wt% which recorded the reading of 0.579 W/m.K . At 25 °C, 

the highest thermal conductivity is at 0.7 wt% with the reading of 0.790 W/m.K 

followed with 0.774 W/m.K (at 0.8 wt%), 0.745 W/m.K (at 1.0 wt%), and the lowest 

thermal conductivity is at 0.1 wt% with the reading of 0.599 W/m.K. At the highest 

temperature which is 40°C, the highest thermal conductivity is at 0.7 wt% which is 

0.835 W/m.K followed by 0.833 W/m.K (at 0.8 wt%), 0.821 W/m.K (at 1.0 wt%) 

and the lowest thermal conductivity at this temperature is 0.3 wt% with the reading 

of 0.629 W/m.K. At 6
0
C, the best three samples chosen are CNF with weight percent 

of 0.6 wt%, 0.7 wt% and 0.8 wt% while for 25
0
C test, the best three samples are CNF 

with weight percent of 0.7 wt%, 0.8 wt% and 1.0 wt% and for 40 °C test, the best 

three samples are same as the sample chosen in 25 °C test. The samples are chosen 

based on the pleasant value of thermal conductivity. 

 

Figure 4.2: Trend of thermal conductivities of each sample at different temperature  

 

From the Figure 4.2, all CNF water-based samples nanofluid recorded an 

increasing thermal conductivity and the value above standard as the temperature 

increase from 6 °C to 25 °C. However there are few samples recorded a decrement of 

thermal conductivity as the temperature increases to 40 °C which are NFW05, 
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NFW06, NFW07,NFW08,and NFW09. While the other samples continuously 

perform an increment in thermal conductivity as temperature increases to 40
 
°C. 

 

 

4.1.2.1  Percentage of enhancement of thermal conductivity 

 

The percentage of enhancement of thermal conductivity is determined by 

comparing the thermal conductivity of nanofluid with the standard thermal 

conductivity of deionized water. APPENDIX C shows the formula in determining the 

thermal conductivity percentage enhancement. The thermal conductivity of the 

standard deionized water is differ for each temperature used where the average value 

of are 0.546 W/m.K (at 6 °C), 0.579 W/m.K (at 25 °C), and 0.598 W/m.K (at 40 °C) 

respectively. Table 4.3 shows the percentage of enhancement for thermal 

conductivity. 

 

Table 4.3: Percentage of enhancement for thermal conductivity 

 

From Table 4.3, the thermal conductivity percentage enhancement 

roughly shows an increment as the weight percentage of CNF increase. The greatest 

enhancement is at 40 °C for NFW10 which is 39.63% followed by 39.29% at sample 

NFW11. At 6 °C, the biggest percentage enhancement is 12.09% which is at NFW09 

followed by sample NFW10 and NFW11 which recorded the enhancement of 8.97% 

and 8.24%. At 25
 
°C, the highest percentage enhancement recorded at NFW10 about 

Samples 
CNF 

(wt%) 

Percentage of Enhancement (%) at different temperature  

6 °C 25 °C 40 °C 

Standard 0 - - - 

NFW04 0.1 6.22% 3.45% 5.52% 

NFW05 0.2 6.77% 9.15% 6.02% 

NFW06 0.3 5.86% 8.64% 5.18% 

NFW07 0.4 6.59% 11.05% 6.52% 

NFW08 0.5 7.14% 13.47% 7.19% 

NFW09 0.6 12.09% 16.58% 13.21% 

NFW10 0.7 8.97% 36.44% 39.63% 

NFW11 0.8 8.24% 33.68% 39.29% 

NFW12 0.9 7.32% 26.59% 31.10% 

NFW13 1.0 6.04% 28.67% 37.29% 
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36.44% followed by 33.68% (NFW11) and the lowest percentage enhancement is 

3.45% at NFW04. The graphical data distributions for the percentage enhancement of 

thermal conductivity at different temperature are shown in Figure 4.3(a), Figure 

4.3(b) and Figure 4.3 (c). 

(a) Enhancement of Thermal Conductivity at 6 °C 

(b) Enhancement of Thermal Conductivity at 25 °C 

(c) Enhancement of Thermal Conductivity at 40
0
C 

 

Figure 4.3 : Enhancement of thermal conductivity at different temperature 
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From the Figure 4.1, the trend of the thermal conductivity increased with 

respect to weight percentage of CNF. Generally, carbon nanofibers itself have high 

thermal conductivity because of its physical structure and length. Other than that, the 

CNF used in this experiment is High Heat Treated-24 (HHT-24) type which is kind 

of nanoparticles that can withstand with the extremely high temperature up to 3000 

Kelvin and this feature proves that this CNF have high thermal conductivity. Due to 

that, the more percentage used for this test, the higher the thermal conductivity of 

Carbon Nanofiber (CNF) water based nanofluid.  

 

Other than that, temperatures also affect the performance of thermal 

conductivity. The relative increase in thermal conductivity was found to be more 

important at higher temperatures (Mintsa et al. 2009).  From Figure 4.2, the graph 

shows that, the increase in temperature will cause an increment in thermal 

conductivity. This is because, the average kinetic energy of particles increases as the 

temperature increases. The particles move energetically that causes the thermal 

conductance becomes higher. The increasing temperature enhances the collision 

between nanoparticles and induces aggregation between nanoparticles (Li et al. 

2008). 

 

 

4.1.3  Viscosity Test  

 

The nanofluid then undergoes the viscosity test in order to determine the 

value of the viscosity for the deionized water which act as the standard and the 

nanofluid of different percentages which varies from 0.1% to 1.0%. Viscosity is the 

measure of a substance's resistance to motion under an applied force (CSC Scientific, 

2014).  Once again, the test is being conduct on three different temperatures those are 

6 °C, 25 °C, and 40 °C. The unit applied in this instrument is in centipoise (cP) which 

is equivalent to 0.001 Pa.s. Table 4.4 shows the viscosity reading for CNF water-

based nanofluid at different weight percentage according to the temperature that has 

been stated before while Figure 4.4 shows the graphical data obtained. The sample 

from thermal conductivity test has been reused for this experiment. 
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Table 4.4: Data of Viscosity Reading 

 

 

 

Figure 4.4 : The viscosity of different sample of CNF at different temperature 

 

According to Figure 4.4 and Table 4.4, the highest viscosity value 

according to standard reading is at 6
 
°C that recorded 7.04 cP followed by 6.75 cP at 

25
 
°C and 5.14 cP at 40

 
°C. The viscosity increased as the weight percentage of CNF 

increased. The reason of these phenomena will be explained further in discussion 

section. The highest viscosity recorded at 6
 
°C is at 1.0 wt% of CNF that is 8.07 cP 

followed by 7.87 cP at 0.5 wt% and 7.43 cP at 0.9 wt%. At 25
 
°C, the biggest 

viscosity value is at the same weight percentage as in 6
 
°C viscosity test which 

recorded 7.32 cP followed by viscosity reading at 0.9 wt% and 0.5 wt% which 

Samples 
CNF 

(wt%) 

Viscosity (cP) at temperature (°C) 

6
 
°C 25

 
°C 40

 
°C 

Standard 0 7.04 6.57 5.14 

NFW04 0.1 7.15 6.65 5.24 

NFW05 0.2 7.35 6.78 5.53 

NFW06 0.3 7.43 6.92 5.64 

NFW07 0.4 7.28 6.73 5.47 

NFW08 0.5 7.87 7.03 5.83 

NFW09 0.6 7.21 6.88 5.77 

NFW10 0.7 7.1 6.71 5.81 

NFW11 0.8 7.19 6.96 6.23 

NFW12 0.9 7.43 7.13 6.52 

NFW13 1.0 8.07 7.32 6.78 
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recorded 7.13 cP and 7.03 cP respectively. For 40 °C, the highest viscosity recorded 

is 6.78 cP at 1.0 wt% followed by 6.52 cP at 0.9 wt% and 6.23 cP at 0.8 wt%.  

 

At 6
0
C, the best three samples are CNF with weight percent of 0.1 wt%, 

0.7 wt%, and 0.8 wt% while for 25
 
°C test, the best three samples are CNF with 

weight percent of 0.1wt%, 0.4 wt% and 0.7 wt% and for 40 °C test, the best three 

samples are 1.0 wt%, followed by 0.2 wt% and 0.4 wt%. The samples are chosen 

based on the lowest value of viscosity. 

 

 

Figure 4.5: Trend of viscosity of each sample according to the temperature 

increment 

 

From the Figure 4.5, the trend of viscosity for each sample of CNF 

nanofluid decreases as the temperature increases from 6
 
°C to 40

 
°C. The viscosity 

value for the CNF nanofluid were above the standard reading and the higher viscosity 

value compare to each sample even on the different temperature is sample NFW13. 

 

Theoretically, the presence of solid particle inside the solution may cause 

the viscosity increase hence will form a complex molecular structure. Thus, the 

resistance for the fluid to flow increased and it causes the friction to occur. The 

friction existed due to the presence of shear stress. The theory is applicable for 

nanofluid solution since the increase in weight percentage of CNF inside the water-

based causing the increment of viscosity reading. It can be prove by referring to 

Figure 4.7, the water-based nanofluid recorded the higher viscosity compared to the 
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viscosity of pure deionized water at all the particular temperatures. According to 

Chen (2009), experimental measurements and theoretical analyses also suggest that 

nanoparticle structuring is responsible for the viscosity increase due to the addition of 

nanoparticles. The other factor that affects the viscosity is the nanoparticle size used 

in the nanofluid. From the experiment conduct by Haggenmueller et al. (2009) an 

increase in particle size led to increase in shear viscosity. Other than that, the 

structure of nanoparticle also influenced the viscosity of the nanofluid. Chen et al. 

(2009) stated that, nanofluids that contain rod-like shape have higher viscosity 

compared to the spherical shape. This is due to the rod shape properties that deploy 

more resistance than spherical shape. Since the nanoparticle used in this experiment 

is Carbon Nanofiber which is the rod-like shape, then the result obtained in this 

experiment met an agreement with the theory that has been proposed by Chen et al. 

(2009). 

 

In facts for temperature, basically when the liquid being heated, the 

molecules become excited and begin to move. The further increase in temperature 

causes the energy of this movement is enough to overcome the molecular forces in 

the liquid. Thus, the resistance for the fluid to flow will decrease causes the viscosity 

decreases too. From the experiment, it can be see that, the result of increasing 

temperature are inversely proportional to the viscosity.  

 

 

4.1.4 Heat Transfer Test 

 

Heat transfer test has been conducted for the best three samples that have 

been selected. The sample chosen are NFW09, NFW10 and NFW11 where the CNF 

weight percentages are 0.6 wt%, 0.7 wt% and 0.8 wt%. The equipment required is 

the water bath, the copper coil and water tube while the instrument for measuring is 

the thermocouple type-K. Table 4.5, Table 4.6, and Table 4.7 shows the data of heat 

transfer coefficient for each temperature. 
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Table 4.5: Temperature of inlet and outlet for heat transfer analysis at 6
 
°C 

 

Table 4.6: Temperature of inlet and outlet for heat transfer analysis at 25 °C 

 

Table 4.7: Temperature of inlet and outlet for heat transfer analysis at 40 °C 

 

Table 4.5, Table 4.6 and Table 4.7 recorded the reading of inlet and outlet 

temperature of selected sample for every minute up to 5 minutes. The purpose of 

recording those temperatures are to determine the temperature difference between 

inlet and outlet. By determining the temperature difference, heat transfer properties 

of the nanofluid can be obtained. To make the data simpler, the average temperature 

difference for every last 3 minutes of different sample is calculated and the results 

were shown in Table 4.8. The data of the last 3 minutes are chosen because the value 

of temperature difference between inlet and outlet of different solution at that 

Time  

(minute) 

Sample and Temperature (°C) 

Standard  0.6 wt.% 0.7 wt.% 0.8 wt.% 

Tin  Tout Tin Tout Tin Tout Tin Tout 

0 10.13 8.35 11.12 8.77 15.27 10.81 22.61 13.27 

1 9.80 8.06 10.76 8.60 12.85 9.68 16.74 13.39 

2 9.29 7.60 10.32 8.37 10.48 8.59 11.61 9.28 

3 8.84 7.51 10.07 8.33 9.77 8.24 10.17 8.63 

4 8.46 7.14 10.02 8.21 9.49 7.96 9.77 8.24 

5 8.24 6.84 9.96 8.03 9.47 7.94 9.65 8.12 

Time  

(minute) 

Sample and Temperature (°C) 

Standard  0.6 wt.%  0.7 wt.%  0.8 wt.%  

Tin  Tout Tin Tout Tin Tout Tin Tout 

0 28.42 25.81 27.47 26.58 26.76 26.30 26.56 26.35 

1 27.83 25.72 27.25 26.67 26.53 26.17 26.49 26.36 

2 26.66 25.46 26.88 26.60 26.26 26.03 26.48 26.33 

3 25.90 25.42 26.76 26.29 26.17 25.27 26.44 26.20 

4 25.81 25.39 26.74 26.27 26.13 25.23 26.39 26.19 

5 25.65 25.20 26.72 26.22 26.09 25.22 26.37 26.18 

Time  

(minute) 

Sample and Temperature (°C) 

Standard  0.6 wt.%  0.7 wt.%  0.8 wt.%  

Tin  Tout Tin Tout Tin Tout Tin Tout 

0 34.27 40.78 26.51 37.67 33.74 39.26 28.08 38.75 

1 36.78 39.91 31.72 38.52 36.90 40.13 33.37 39.25 

2 37.54 39.84 37.37 40.26 39.61 40.54 38.73 40.68 

3 37.93 39.56 39.31 40.77 39.74 41.76 38.97 42.14 

4 38.98 40.87 40.00 41.46 40.30 42.09 40.29 42.38 

5 39.64 41.01 40.27 41.73 40.29 42.15 40.17 43.56 
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consecutive temperature are in the close range and valid to consider compared to the 

earliest 2 minutes. 

 

Table 4.8: Average temperature difference of samples at 6 °C, 25 °C, and 40 °C. 

 

 

 

Table 4.8 shows the average temperature difference of NFW09, NFW10 

and NFW11 at 6 °C, 25
 
°C and 40 °C. Every data counted indicates how much the 

heat that had been transferred through the copper coil. From the rough observation, 

most of nanofluid recorded the temperature difference beyond the standard 

temperature different and this result shows that, the heat transfer properties of 

nanofluid are higher than the pure deionized water.  The huge temperature difference 

between inlet and outlet is due to the properties of the fluid that can transfer heat 

more efficiently. The temperature different of the selected samples at 6 °C were 

varies where sample NFW10 recorded 1.532 °C of temperature difference followed 

by sample NFW11 which recorded 1.535
 
°C and NFW09 that recorded 1.827

 
°C 

different. On the other temperature, the temperature different of NFW10 samples at 

25
 
°C recorded the higher heat transfer of 0.89

 
°C compared to the other two samples, 

where sample NFW11 recorded the least heat transfer properties of 0.21 °C. For heat 

transfer test at 40 °C, sample NFW11 recorded the biggest temperature different that 

is 3.230 °C followed by NFW10 and NFW09. 

 

 

4.1.4.1 Percentage enhancement of heat transfer 

 

Percentage of enhancement of the heat transfer properties of nanofluid 

can be obtained by determining the percentage from the result of subtracting the CNF 

nanofluid temperature difference with the standard temperature difference. Table 4.9 

Samples 
CNF 

(wt%) 

Average temperature difference, ∆T (°C) 

6
 
°C 25

 
°C 40

 
°C 

Standard 0 1.340 0.45 1.633 

NFW09 0.6 1.827  0.47 1.466 

NFW10 0.7 1.532  0.89 1.956 

NFW11 0.8 1.535  0.21 3.230 
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shows the percentage of enhancement for heat transfer properties of nanofluid from 

the standard (deionized-water). 

 

 Table 4.9: Percentage of enhancement (%) of Heat Transfer Properties 

 

Based on Table 4.9, almost the entire percentage enhancement for the heat 

transfer properties for the selected sample met the agreement with the theoretical 

facts where the nanofluid recorded the higher transfer properties than pure deionized 

water. However there are some decrement of percentage enhancement for sample 

NFW11 at 25
 
°C test which contain 0.8 wt% of CNF and the decrement result same 

goes to sample NFW09 at 40
 
°C which contain 0.6 wt% of CNF. The decrements 

were resulted from the condition of CNF in the nanofluid that is unstable enough and 

lead to agglomeration during the test. These agglomerations may halt the pathway of 

the nanofluid inside the copper coil during the heat transfer test. Other than that, the 

decrement may due to the properties of the commercial CNF that produced without 

heat treatments causing the heat transfer performance are not so effective in high 

temperature (Hud, 2014). For the graphical explanation on average temperature 

difference and percentage enhancement of heat transfers do refer Figure 4.6, Figure 

4.7 and Figure 4.8. 

 

Figure 4.8: Temperature difference of samples at 6 °C 

Samples 
CNF 

(wt%) 

Percentage of Enhancement (%) at temperature (°C) 

6 °C 25 °C 40
 
°C 

NFW09 0.6 36.34 4.44 -10.22 

NFW10 0.7 14.33  97.78 19.78 

NFW11 0.8 14.55 -53.33 97.79 
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Figure 4.9: Temperature difference of samples at 25 °C 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10: Temperature difference of samples at 40 °C 

 

 

According to the previous studies, heat transfer analysis is the study to 

determine the rate of heat that has been transferred from one medium to another. The 

transfer of heat is normally from a high temperature to a lower temperature medium. 

This phenomenon involves the First Law of Thermodynamics where there are 

internal energy changes due to the heat transfer process. Duangthongsuk and 

Wongwises (2010) investigated the effect of thermophysical properties models on 

prediction of the heat transfer coefficient, from the studies; they concluded that the 

heat transfer coefficient of nanofluid is slightly greater than that of water. This 

statement had met an agreement with most of the result obtained in Table 4.9 where 

the percentage of enhancement is positive. However there are two results shows a 

negative value of percentage enhancement according to Table 4.9.  This result is due 

to the effects of several factors such as gravity, Brownian forces; friction between the 

-10.22% 

19.78% 
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fluid and solid particles, sedimentation, and dispersion may presence in the main 

flow of a nanofluid. From those consequences, this indicates that the slip velocity 

between the fluid and particle may not be zero, although the particles are ultra-fine. 

(Xuan & Li, 1999). 
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CHAPTER V 

 

 

 

CONCLUSION 

 

 

 

5.0 CONCLUSION 

 

There is a lot of application of nanotechnology in daily lives.  Nowadays, 

cooling is one of the most important challenges facing most of the industrial sectors. 

Based on the several researches that focusing on industrial heat transfer 

requirements, major improvements in cooling capabilities have been lacking because 

conventional heat transfer fluids have poor heat transfer properties. Thus, a new 

alternative should be carried out in order to enhance the cooling capabilities in 

industry. Nanofluid is the answer of the enhancement of the conventional based fluid 

due to its superior thermal and heat transfer properties.   

 

Based on this research, there is significance increment of heat transfer 

process of nanofluid compared to the conventional based fluid. Carbon Nanofibers 

(CNFs) is the carbon based materials that has long cylinders of covalently bonded 

carbon atoms which possess extraordinary electronic and mechanical properties. 

Dispersion of CNF in water- based nanofluid can be overcome by the addition of 

dispersing agent like Polivinylpyrolidone (PVP). Dispersing agent aided the 

nanofluid to be more stable and eliminate the agglomeration of this hydrophobic 

solid particle of nanofluid. The consideration of stability properties in nanofluid is 

crucial since its affect the heat transfer performance of the nanofluid itself. The 

agglomeration can cause the clogging of any microchannel application and this may 

lead to the lacking in heat transfer process of the system. The thermal properties that 

have been taking into consideration in this experiment are thermal conductivity, heat 
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transfer properties, viscosity, and specific heat capacity. Promising result of these 

thermal properties will determine which the best ratio of CNF water based nanofluid. 

Throughout the experiment that had been conducted, the most stable ratio of CNF 

water-based  nanofluid with enhance performance is at 0.7 wt%. The reason why that 

ratio had been selected is because of the high thermal conductivity, with positive 

enhancement of heat transfer properties for all the specific temperatures (6 °C, 25 °C, 

and 40 °C). The viscosities that are suitable to be applied are the one with the lowest 

viscosity value even though CNF Water-Based nanofluid viscosity for 0.7 wt% were 

not too low but they are still among the lowest according to the Table 4.4.  Moreover, 

sample of 0.7 wt%  of CNF recorded the higher specific heat capacity  and these 

explained why 0.7 wt% are the most selectable ratio for CNF water-based nanofluid 

formulation. 

 

 

5.1 RECOMMENDATION 

 

In this experiment, deionized water is the based fluid used for the 

formation of CNF water-based nanofluid. The low viscosity of water causes the data 

obtained from the viscometer used are not valid and fluctuate without met an 

agreement with theoretical data. This is because, the spindle used during viscosity 

test is not suitable for the fluid with the low viscosity and this causes the error 

obtained is in the wide range. As a recommendation, the correct spindle for low 

viscosity should be proposed to use for the future experiment so that, less error will 

obtained besides the data are the same trend as theory. 
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APPENDIX B  

 

Sample Calculation of Nanofluid Formulation 

Density of based-fluid (deionized water)  : 1.0 g/cm
3 

Density of CNF HHT24    : 2.0 g/cm
3
 

Density of PVP    : 1.6 g/cm
3 

Weight percent of CNF (eg: 0.1%) , 

0.1

100
 x Weight of Nanofluid = 

0.1

100
 x 40 g = 0.04 g 

Weight Percent of PVP (50% of CNF) , 

50

100
 x Weight percent of CNF = 

50

100
 x 0.04 g = 0.02 g 

CNF Volume (ml), 

                                   
Weight Percent of CNF (wt%)

Density of CNF
   =

0.04

2.0
 = 0.02 ml 

PVP Volume (ml), 

                                              
Weight Percent of PVP 

Density of PVP
=  

0.02

1.6
= 0.0125 𝑚𝑙    

Water Based Weight (g), 

  = 40 g – volume of CNF – volume of PVP  

  = 40 g – 0.02 g – 0.0125 g 

  = 39.97 g 
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APPENDIX C 

 

 Percentage Enhancement of Thermal Conductivity Formula 

Thermal conductivity of deionized water at 6
 
°C  = 0.546 W/m.K 

Thermal conductivity of NFW10 at 6 °C    = 0.595 W/m.K 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑒𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 

=  
𝑇. 𝐶 𝑜𝑓 𝑁𝐹𝑊10 − 𝑇. 𝐶 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝑇. 𝐶 𝑜𝑓 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 𝑋 100 

=  
0.595 − 0.546

0.546
 𝑋 100 = 8.97% 

 

 Percentage Enhancement of Heat Transfer Formula 

Heat transfer of deionized water at 6 °C  = 1.340 °C 

Heat transfer of NFW10 at 6 °C  = 1.532 °C 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑒𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 

=  
𝐻. 𝑇 𝑜𝑓 𝑁𝐹𝑊10 − 𝐻. 𝑇 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝐻. 𝑇 𝑜𝑓 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 𝑋 100 

=  
1.532 − 1.340

1.340
 𝑋 100 = 14.32% 
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