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ABSTRACT 

 

 

 

 Nanofluids are combination of nanoparticles and base fluid with/without the 

presence of chemical substances to obtain a completely stable solution. Nanofluids 

are one of the potential fluids for heat transfer with an enhanced thermal properties 

and heat transfer performance to be use especially for cooling purpose. The major 

problem face in existing coolant is the addition of bigger size solid particles which 

can cause clogging and lowered the thermal conductivity. This research is proposed 

to formulate an efficient nanofluid of carbon nanofiber (CNF) in ethylene glycol 

based and investigate the thermal properties to be used as a better coolant compared 

to the existing coolant. This research is focusing on synthesizing a stable nanofluid 

from Pyrograf III HHT24 carbon nanofiber at the ratio of 0.1wt% to 1.0 wt% CNF 

with the usage of ethylene glycol and the presence of polyvinylpyrrolidone (PVP) as 

the dispersing agent. The nanofluid undergo process of homogenization at 10000 

rpm in 5 minutes and ultrasonication for 60 minutes. The pH of the solution is 

controlled at 9 throughout the formulation process. Stable samples are tested for 

thermal conductivity where the best enhancement were observed for sample NFP14 

at 6 
o
C. The viscosity is reduced as the temperature decrease where the value 

fluctuates with different weight percentage. As for heat transfer test, the best result 

were shown by sample NFP15 at 6
 o

C and 25 
o
C which is 31.16% and 61.54% 

respectively whereas sample NFP14 shows best enhancement at 40 
o
C which is 

14.93%.  Meanwhile, only sample NFP14 experienced increment about 0.794% in 

specific heat while sample NFP12 and NFP15 undergo reduction about -2.951% and 

-0.479% respectively as opposed to the based fluid. Overall results shows that         

all samples show improvement in thermal properties and NFP14 are considered as 

the best sample. 
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ABSTRAK 

 

 

 

 Bendalir nano adalah  gabungan zarah–zarah  nano dan bendalir asas 

dengan/atau tanpa kehadiran bahan kimia  untuk memperoleh satu larutan yang 

stabil. Bendalir nano adalah  larutan yang berpotensi sebagai medium dengan sifat–

sifat termal dan pemindah haba yang lebih baik untuk tujuan penyejukan.  Masalah 

utama dalam pendingin sedia ada adalah apabila zarah pepejal yang bersaiz besar 

ditambah, sistem akan tersumbat dan mengurangkan kekonduksian termal. Kajian ini 

dijalankan bertujuan untuk menghasilkan bendalir nano yang cekap dalam larutan 

etilena glikol dan mengenalpasti ciri–ciri termal untuk digunakan sebagai bahan 

pendingin yang lebih baik berbanding yang sedia ada. Kajian ini menumpukan 

proses mensintesis zarah–zarah nano yang stabil dari nisbah 0.1 wt% hingga 1.0 wt% 

Pyrograf III HHT24 karbon nanofiber dengan penggunaan etilena glikol dan 

kehadiran polivinilpirolidon sebagai agen dispersi. Bendalir nano menjalani proses 

penghomogenan pada 10000 rpm selama 5 minit dan ultrasonikasi selama 60 minit. 

Bacaan pH 9 perlu dikawal sepanjang proses penyediaan bendalir nano. Sampel yang 

stabil diuji untuk kekonduksian termal dan peningkatan terbaik dilihat pada sampel 

NFP14 pada 6 
o
C. Kelikatan berkurang apabila suhu bertambah di mana nilai turun–

naik dengan peratusan berat yang berbeza. Bagi ujian pemindahan haba, keputusan 

terbaik ditunjukkan oleh sampel NFP15 pada 6 
o
C dan 25 

o
C masing-masing 

sebanyak 31.16% dan 61.54%  manakala sampel NFP15 menunjukkan peratusan 

peningkatan terbaik pada 40 
o
C iaitu sebanyak 14.93%. Hanya sampel NFP14 

menunjukkan peningkatan sebanyak 0.794% dalam ujian kapasiti haba manakala 

sampel NFP12 dan NFP15 menunjukkan pengurangan sebanyak -2.951% dan             

-0.477%. Keseluruhannya semua sampel menunjukkan peningkatan dalam sifat – 

sifat terma dan sampel terbaik adalah sampel NFP14. 
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CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 

1.0 INTRODUCTION 

 

 Nanofluids are another type of fluid belong to fluid’s family. It can be 

prepared by dispersing the nanoparticles using dispersing agent in a base fluid. These 

fluids are stable colloidal suspensions of nanoparticles such as nanotube or nanofiber 

in base fluid. The special things of the nanotubes arises from its structure and the 

inherit subtlety in the structure, which is the helicity in the arrangement of the carbon 

atoms in hexagonal arrays on their surface honeycomb lattices (Mukhopaday, K.      

et al. 2008). Nanofluids were primarily studied by Choi and Eastman at Argonne 

National Library USA (Choi and Eastman, 1995). Nanoparticles have been studied to 

have shown superior thermal conductivity which have potential as an alternative for 

conventional heat transfer fluids. Hence, nanoparticles seems to have better chance in 

developing nanofluids with higher thermal conductivity especially by utilizing the 

liquid which have higher thermal conductivity such as water, glycols or oil.  Heat 

transfer through fluid is essentially by convection which depends highly on the 

thermal conductivity of the fluid. Thus, thermal conductivity is the most important 

parameter responsible for enhanced heat transfer.  

 

 

 

 

 



IMRANSYAKIR

2 

1.1 PROBLEM STATEMENT 

 

 Any cooling system existed nowadays usually needs coolant to serves as a 

medium for heat transfer of the fluid. The common type of coolants use in the era are 

water, organic chemical and oil as the thermal conductivity is higher. However, with 

the increase of usage for cooling system, the demand is higher to produce new 

coolant with higher thermal conductivity as the heat transfer of water is limited. 

Nanofluids, an emerging and new class of coolants which consist of a carrier liquid, 

such as water, dispersed with tiny nano-scale particles known as nanoparticles. There 

are some problems being identified as new coolants are proposed, which is clogging 

occurs when bigger particles used in a coolant in which may lower their thermal 

conductivity. The research is done to find the optimum ratio of carbon nanoparticles 

and the base fluids to produce nanofluids with higher thermal conductivity to be used 

as future coolant. 

 

 

1.2  OBJECTIVES 

 

i. To formulate an efficient nanofluid of carbon nanofiber (CNF) in ethylene 

glycol based. 

ii. To investigate the thermal properties of the nanofluids. 

 

 

1.3 SCOPE OF RESEARCH 

  

i. To formulate a stable nanofluid using carbon nanofiber (Pyrograf HHT24) in 

ethylene glycol based fluid and Polyvinylpyrrolidone (PVP) as dispersing 

agent. 

ii. To identify the optimum ratio between carbon nanofiber, 

Polivinylpyrrolidone (PVP) and ethylene glycol in order to achieve good 

stability.  

iii. To obtain carbon nanofluid solution for thermal properties test.  

iv. To investigate the thermal conductivity, viscosity, specific heat capacity and 

heat transfer coefficient of carbon nanofiber (CNF) based nanofluid. 



IMRANSYAKIR

3 

 

 

 

CHAPTER II 

 

 

 

LITERATURE REVIEW 

 

 

 

2.0 INTRODUCTION 

 

 Nanotechnology can be said as any research and technology development for 

characterization and application of material using a length of nanoscale by 

controlling the shape and size.  Nanoscale range from approximately one to one 

hundred nanometers in any dimension. National Nanotechnology Initialization (NNI) 

defines nanotechnology as research and technology development at the atomic, 

molecular, or macromolecular levels using a length scale of approximately one to 

one hundred nanometers in any dimension; the creation and use of structures, devices 

and systems that have novel properties and functions because of their small size; and 

the ability to control or manipulate matter on an atomic scale. The thermal properties 

of nanofluids have been the subject of an intensive study in nanotechnology 

applications (Kakac, 2009). Nanotechnology is the using and changing of the usage 

of matter for particular applications through certain chemical and/or physical 

processes to make materials with properties required. There are many processes that 

create nanoscale materials from atoms and molecules to be design as a 

nanotechnology. 
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2.1 NANOFLUID 

 

2.1.1 Definition of Nanofluids 

 

 Nanofluid is a liquid-solid mixture made from nanometer –scale (<100 nm) 

of solid particles in a base fluid such as oil, deionized water or ethylene glycol. 

Nanofluid is a fluid containing nanometer sized particles, called nanoparticles. 

Nanofluids are engineered nanocolloidal suspension for enhancement specially for 

thermal conductivity. The modern science of colloids, which dates back to the early 

studies of Faraday in the mid-eighteen century (Tweney, 2006) is multidisciplinary 

with overlapping domains in physics and engineering.  According to Yu, W. and  

Xie, H. (2012), nanofluids are a new class of fluids engineered by dispersing 

nanometer-sized materials such as nanoparticles, nanofibers, nanotubes, nanowires, 

nanorods, nanosheet, or droplets in base fluids. Nanoparticles such as carbon, copper, 

aluminium and nickel are suspended in conventional fluids or based fluid and called 

nanofluids. A  research  of  (Kakac  and  Pramuanjaroenkij,  2009)  proved  that  the 

nanolayer works as a thermal bridge between the liquid base fluid and the solid 

nanoparticles  and a nanofluid consists of the liquid base fluid, the solid 

nanoparticles and the nanolayers as seen in Figure 2.1. 

 

  

Figure 2.1 : Schematic cross section of nanofluids 

(Source : Yu, W. et al. 2003) 

 

 The concept of nanofluids was first materialized by Choi et al. (1995)  after 

performing a series of research at Argonne National Laboratory in USA. According 
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to Goharshadi, E. K. et al. (2013) the first experiments were done to show the 

extraordinary values of thermal conductivity of nanofluids. However, subsequent 

research (Lee, S. et al. 1999), (Wang, X. et al. 1999) showed that the nanofluids 

exhibit higher thermal conductivity even for low concentration of suspended 

nanoparticles. For instance, experiments showed an increase in thermal conductivity 

by dispersion of less than 1% volume fraction of Cu nanoparticles or carbon 

nanotubes (CNTs) in ethylene glycol or oil by 40% and 150%, respectively 

(Keblinski, et al. 2005). 

 

 Research has been done and conclude that the possibility of adding fine 

substance in base fluid can increase the thermal conductivity compared to the base 

fluid itself. However, despite the considerable research, adding large size of particles 

dispersed in the suspension presented several disadvantage such as clogging, rapid 

settling and the increment of the size of the machine. This major drawback causes 

researcher to come out with another method of increasing thermal conductivity by 

introducing the nanoparticles to be added into the base fluid. According to Ding et al. 

(2007) the enhanced thermal behaviour of nanofluids could provide a basis for an 

enormous innovation for heat transfer intensification, which is of major importance 

to a number of industrial sectors including transportation, power generation, micro-

manufacturing, as well as heating, cooling, ventilation and air-conditioning. 

Nanofluids are also important for the production of nanostructured materials 

(Kinloch et al. 2002), for the engineering of complex fluids (Tohver et al. 2001), as 

well as for cleaning oil from surfaces due to their excellent wetting and spreading 

behaviour (Wasan and Nikolov, 2003). 

 

 

2.1.2 Application of Nanofluids 

 

 Nanofluid can be used in broad application of engineering application due to 

their enhancement in thermal conductivity and the efficiency of the energy usage.  
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2.1.2.1  Application in Transportation 

 

 An ethylene glycol and water mixture, the practically universal coolant used 

automotive coolant, is a relatively poor heat transfer fluid compared to water alone 

(Wang, X. Q. and Mujumdar, A. S. 2008). Cooling is one of the important challenges 

facing by numerous industry. The addition of nanoparticles to the standard engine 

coolant has the ability to improve automotive and heavy duty engine cooling rates. 

By using nanoparticles, the size of the coolant system can be reduced as it has high 

ability to remove heat engine. The usage of smaller cooling systems and lighter 

radiator in an automotive system will be advantage for every aspect of car and the 

performances. In normal automatize coolant, pure ethylene glycol is used which is a 

poor heat transfer fluid compared to 50/50 mixture of ethylene glycol and water but 

the addition of nanoparticles will improve the situation.  

 

 The result of nanofluids research applied to the cooling of of automatic 

transmissions. Tseng et al. (2005) dispersed CuO and Al2O3 nanoparticles into 

engine transmission oil. In automative lubrication applications, surface modified 

nanoparticles stably dispersed in mineral oils are researched to be effective in 

reducing wear and enhancing load carrying capacity (Zhang and Que, 1997). 

 

 

2.1.2.2  Application in Electronics Cooling 

 

 Electronics application is very sensitive towards humidity and heat. The 

excessive amount of heat can cause overheat to electrical application and reduced the 

performance or at worst can destroy the appliances. Nanofluids have been considered 

as the working fluid for heat pipes in electronic cooling applications. Research by 

Tsai et al. (2004) proved that the usage of water based-nanofluid as a heat spreader 

for CPU in a notebook or PC decrease the thermal resistance as compared with 

deionized water. In a related study by Ma et al. (2006) shows the decrement in 

temperature difference for evaporator in an oscillating heat pipe from 40.9 °C to  

24.3 °C.  Nguyen et al. (2007) experimentally study the cooling of micro electronic 

components which is the behaviour and heat transfer enhancement of an Al2O3/water 

nanofluid flowing inside the closed system.  
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2.1.2.3  Application in Space and Defense 

 

 Any military devices and systems requires high cooling level to ensure the 

performance of the the weapons. This matter is challenging as cooling with 

conventional fluids cannot afford to provide high heat transfer for the cooling and 

heat transfer purpose. Nanofluids have the potential to provide the required cooling 

as needed. You et al. (2003) and Vassalo et al. (2004) have reported order of 

magnitude increases in the critical heat flux in pool boiling with nanofluids 

compared to use of base fluid alone. 

 

 

2.1.2.4  Application in Medical 

 

 Nanofluids and nanoparticles have a lot of usage in biomedical sector. The 

cooling system is very crucial especially in operation theatre where the surgery 

should be conducted. The effective cooling of operation theatre as well as getting 

fresh air ventilation can enhance the patient’s survival chance and reducing the risk 

of organ damage. In a contrary, nanofluid is also important to be used in cancer 

treatment which higher temperature is needed around tumours to kill cancerous cell 

without affecting nearby healthy cells (Jordan et al. 1999). 

 

 

2.2 CARBON NANOTUBE 

 

 According to Popov, N. V. (2004) carbon nanotubes are unique tubular 

structures of nanometer diameter and large length/diameter ratio which the nanotubes 

may consist of one up to tens and hundreds of concentric shells of carbons with 

adjacent shells separation of 0.34 nm. The sp
2
 hybridization of  carbon element can 

form a variety of amazing structures. The carbon element that for shell is closely 

related to the arrangement similar to honeycomb arrangement but by the formation of 

carbon atom in graphite sheets. First such structure to be discovered was the C60 

molecule then only in 1991 as shown in Figure 2.2, that Ijima (1991) observed for 

the first time tubular carbon structure eventhough various carbon cages were studied. 
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Figure 2.2 : Carbon nanotube   

(Source: Dresselhaus et al. 1995) 

 

 According to Paritosh et al. (2009) only nanoparticles that exist in cylindrical 

form and tubular structure made from carbon in nanometer size can be called carbon 

nanotube. Based on Chaturvedi, P. et al. (2008) the uniqueness in physical properties 

of carbon nanotube is the topology, or the closed nature of individual nanotube shells 

which certain aspect of anisotropic properties of graphite disappear when individual 

layers of graphite are closed into themselves which make the structure of nanotubes 

are remarkably different from graphite. On top of that, carbon nanotubes possess 

unique electronic, chemical, and mechanical properties that make them leading 

materials for a variety of potential applications (Chen, L. et al. 2008). 

 

 Carbon nanotube can be further classified into several types (Ijima, 1993) 

The most common types are single walled carbon nanotube (SWNT) and multi-

walled carbon nanotube. Hypothetically, SWNT can be said as single layer of 

graphene that wrapped up to become a nanotube whereas multi walled carbon 

nanotube (MWNT) used bi-layer of graphene to form carbon nanotube as in     

Figure 2.3. 

 

.   

Figure 2.3: Structure of graphene 

(Source : Chen, J. H et al. 2008)  
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2.2.1 Single Wall Carbon Nanotube 

 

 Formation of Single Wall Carbon Nanotube (SWNT) is from the wrapping of 

graphene sheet as shown in Figure 2.4. In the case of Single wall Carbon Nanotube 

(SWNT), it can be silver metallic (0 eV bandgap) or semiconducting depending on 

their orientation of the hexagon that build up the geometry but inversely with the 

diameter (Dresselhauss et al. 2004). 

 

 
Figure 2.4: Wrapping of graphene sheet to form SWNT 

(Source : Prasek, et al. 2011) 

 

 Since their discovery in the early 1990s (Ijima et al. 1993) there has been 

intense research exploring the electrical properties of these systems and their 

potential applications in electronics. Experiments and theory have shown that these 

tubes can be either metals or semiconductors. Due to the presence of Van der Waals 

forces between the atom, the SWNT form a closed arrangement between the 

structure as it has distance across on the request of 1nm. These Van der Waals forces 

make SWNT adhere to each other strongly in tightly bundles ropes. A single-walled 

nanotube’s structure is represented by a pair of indices (n, m) called the chiral vector. 

 

 As SWNT form from a layer of wrapped up graphene, the carbon nanotubes 

have high strength due to the atomic bonds. This strength allows CNT to withstand 

high temperatures. Due to this characteristic, CNT have shown to have a very good 

thermal conductors. The thermal conductivity of carbon nanotubes is dependent on 

the temperature of the tubes and the outside environment. SWCNT have being 

identified to have thermal conductivity equal or more than that of diamond and 

graphite. 

 

 

       Graphene sheet    SWNT 
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2.2.2 Multi-Walled Carbon Nanotube 

 

 Multi-walled carbon nanotube (MWNT) always be classified as the two 

structural models. Generally, MWNTs said to be  composed of several concentric 

tubes of graphene fitted one inside the other (Prasek et al. 2011). In the Russian Doll 

model, another nanotubes being inserted in a carbon nanotube (the inner nanotube 

has a smaller diameter than the outer nanotube. The other model which is the 

Parchment model, a single graphene sheet is rolled around itself multiple times, 

resembling a rolled up scroll of paper. Multi-walled carbon nanotubes as shown in 

Figure 2.5 have similar properties to single-walled nanotubes, yet the outer walls on 

multi-walled nanotubes can protect the inner carbon nanotubes from chemical 

interactions with outside materials. 

 

 

Figure 2.5 :  Multi-walled carbon nanotube 

(Source : Prasek, et al. 2011) 

 

Catalytic growth of MWNTs by CVD was first proposed by Yacaman et al. (1993) 

MWNTs do not need any catalyst to growth, while SWNTs can only be grown in the 

presence of a catalyst in this method. The synthesizing of MWNTs was first done by 

Ebbesen and Ajayan (1992) which produce high quality MWNTs having diameter in 

the range of 2–20 nm and lengths of several micrometers at the gram level.  
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2.3  CARBON NANOFIBER 

 

 

2.3.1  Definition of Carbon Nanofiber 

 

Figure 2.6 shows an image of carbon nanofiber (CNF) that being defined as 

sp
2
 based linear filaments with a diameter of 100 nm that are characterized by 

flexibility and their aspect ratio. 

 

 

Figure 2.6 : TEM image of Pyrograf III Carbon Nanofiber 

(Source : Pyrograf Product, Inc. 2011) 

 

 The combination of high specific area, flexibility and high mechanical 

strength allow nanofiber to be used in various applications. However, the structure of 

carbon nanofiber should be differ from carbon fibers (Donnet, J. B. et al. 1984) 

according to their diameter. However, according to Kosaka, M et al. (1995) carbon 

nanofiber is different from carbon nanotube. Carbon nanofiber could be made by 

passing carbon feedstock over nanosized metal practices at high temperature 

(Peebles, L. H. 1998) which is similar to the condition of carbon nanotube. Carbon 

nanofibers have an average diameter of 70 ~ 200 nanometers (nm) and an average 

length of 50 ~ 200 microns. 

 

 In this study, Pyrograf III HHT24 carbon nanofiber is used. This is one of the 

product of Pyrograf product Inc. Pyrograf III HHT24 made from the stacked of 

carbon nanotube to form carbon nanofiber. Carbon nanofibers are discontinuous, 
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highly graphitic and highly compatible with most polymer processing techniques 

(Pyrograf Product Inc.). The excellent mechanical properties, high electric 

conductivity, high thermal conductivity (Wang, C. S. and Alexander, M. D. 2004) 

cause CNF to be one of the choice in applying cooling system. The unique surface 

stack of CNF causes the thermal conductivity to be increase. The structure of 

stacked-cup CNF is shown in Figure 2.7. 

 

 

Figure 2.7 :  Pyrograf III Stacked-Cup Carbon Nanotubes 

(Source : Applied Science, Inc. 2012) 

 

 

2.4.2 Comparison Between Carbon Nanotube and Carbon Nanofiber 

 

The stacked-cup carbon nanotubes in Figure 2.8, is the basic form of carbon 

nanofiber which have a unique morphological of the planes that are tilted from the 

fiber axis is one of the category of carbon nanotube which can be visualized as 

regularly stacked truncated conical or planar layers along the length (Rodriguez, N. 

M. et al. 1995). Despite the similarity in their geometry, CNT which typically an 

assembly of concentric cylinders containing an entire hollow core (Endo, M. et al. 

2002) make the different. 
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Figure 2.8 : Comparison of the structure of carbon nanotube, carbon nanofiber, 

and carbon fiber 

(Source : Kim, Y. A. et al. 2011) 

  

 The fiber diameter that made up CNT is between 1-30 nanometers whereas 

the diameter of CNF is made up from fiber diameters ranging from 50-200 

nanometer  (Kim, Y. A. et al. 2011)  depending on the type of the nanofiber. Due to 

the smaller size of the CNT, the Van der Waals forces are higher and cause the 

nanotube to have high possibilities to be reassemble after being dispersed. Due to 

this factor, the higher Van der Waals forces exhibit stronger bond and requires high 

amount of chemical dispersing agent to maintain dispersion (Pyrograf Product Inc, 

2011). Unlike CNT, the stacked-cup CNT that form CNF have bigger size, causing it 

to be less affected by Van der Waals forces and tend to disperse for longer period 

without form agglomeration. This difference enables CNF to disperse completely 

without requiring a high amount of dispersing agent making CNF to be cheaper and 

easier to process. 

 

 

2.4 DISPERSING AGENT 

 

 Dispersing agent are also known as surfactant is generally applied to stabilize 

the nanofluid (Mukherjee, S. and Paria, S. 2013). The surface tension of host fluids 

and immersion of particles can be increased by the addition of dispersing agent. 

Dispersing agent can be defined as chemical compound added to nanoparticles to 

lower the surface tension and increase the ability of immersion of particles as the 



IMRANSYAKIR

14 

CNF and CNT posses a hydrophobic characteristic that reduced their ability to 

disperse in water or base fluids. Some important dispersing agent that been used in 

the research are sodium dodecyl sulphate (SDS) (Chandrasekar, M. et al. 2010), salt 

and oleic acid (Hwang, Y. et al. 2008), dodecyltrimethylammonium bromide 

(DTAB) (Li, X. F. et al. 2008) and  Polyvinylpyrrolidone (PVP) (Pantzali, M. N.     

et al. 2009). According to Mukherjee, S. and Paria, S. (2013)  the dispersing 

technique is not applicable for nanofluid working in high temperature on account of 

probable damage of bonding between dispersing agent and nanoparticles. 

 

 

2.4.1 Polyvinylpyrrolidone (PVP) 

 

 Polyvinylpyrrolidone (PVP) is commonly called polyvidone or povidone is a 

water-soluble polymer that produce from the monomer of N-vinylpyrrolidone. PVP 

is the formation from the reaction of acetylene with formaldehyde, 1,4-butynediol 

(Haaf, F. et al. 1985). The structure of PVP is shown in Figure 2.9.   

 

 

Figure 2.9 : Polyvinylpyrrolidone 

(Source : Haaf, F. et al. 1985) 

 

 Polyvinylpyrrolidone stabilized metal nanoparticles have attracted 

considerable interest when it comes to preventing coagulation and precipitation of 

the metal nanoparticles (Ruas, P. C. et al. 2013). PVP, one of the polymer protecting 

agents allow the colloid CNT to be stable for months with reasonable control 

oversize as well as shape (Teranishi, T. and Miyake, M. 1998). CNT are kinetically 

unstable and cause agglomeration in respect to aggregation or the bulk metal and it 

should be stabilized by electrostatics or steric protection (Aiken III, J. D. and Finke, 

R. G. 1999). 
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 From the research by (Zhu et al. 2007), 0.5 wt% of PVP is used as a 

dispersing agent for the the normal preparation associated with graphite suspension 

follow a graphite nano-powder to be disperse inside a distilled water with the pH 

value of nanofluid is modified at 9.5 along with ammonia. PVP is chosen and it 

induce the formation of foam during homogenization process better than the usage of 

SDS. 

 

 

2.5 SYNTHESIS OF NANOFLUIDS 

 

 Preparation of nanofluids can be challenging as CNT tends to bond to each 

other and agglomerate when dispersed in base fluid. This agglomeration is due to the 

Van der Waal forces between the particles leading to the formation of larger cluster 

to settle rapidly (Anandan, V. and Rajan, K. S. 2012). Preparation of nanofluid is the 

first key to improve their heat transfer and increase their thermal conductivity so it 

can be use for heat transfer application. According to Wang, X. Q. and Mujumdar, A. 

S. (2008) nanofluids are produce by dispersing nanometer-scale particles into based 

fluids such as water, ethylene glycol and oil with the addition of dispersing agent. 

Nanofluids are not simply a solution of the liquid-solid mixture. Generally, nanofluid 

is synthesizing by single step method or two step method (Mukherjee, S. and Paria, 

S. 2013). 

 

 

2.5.1 Single- Step Methods 

 

 The single-step preparation process indicates the synthesis of nanofluids to be 

done in one-step. Several single-steps methods have been discovered for nanofluid 

preparation. The first single-step method was developed by Akoh et al. (1978) which 

is the single-step direct evaporation method. This process is commonly known as 

Vaccum Evaporation onto a Running Oil Substrate (VEROS). The original idea of 

this method was to produce nanofluid, but it seems very difficult to subsequently 

separate the particles from the fluids to produce dry nanoparticles.  Single step 

preparation process of nanofluids are shown in Figure 2.10. 
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Figure 2.10 : Single step method 

(Source : Mukherjee, S. and Paria, S. 2013) 

 

 Wagener et al. (1997) proposed a modified version of VEROS which 

employed high pressure magnetron sputtering for the preparation of suspension with 

Ag and Fe as the metal suspensions. Eastman et al. (1997) developed another 

modified version of VEROS technique, in which Cu vapour is directly condensed 

into nanoparticles by contact with flowing low-vapour pressure ethylene glycol. 

Research by Zhu et al. (2004) presented a novel  single-step chemical preparation of 

Cu nanofluid by reducing Copper Sulfate Pentahydrate  (CuSO4. .5H2O) with Sodium 

Hypophosphite (NaH2PO2.H2O)  in ethylene glycol under microwave irradiation. 

Results show that the addition of NaH2PO2.H2O and the use of microwave irradiation 

are two significance factor that can affect the reaction rate and the properties of Cu-

based nanofluids as well as proving that this method is suitable for  production of 

mineral oil based silver nanofluids. A vacuum based submerge arc nanoparticle 

synthesis system (SANSS)  is developed by Lo et al. (2005) to prepare Cu based 

nanofluids with different dielectric liquids such as de-ionized water with different 

volume solutions of ethylene glycol and pure ethylene glycol. The vaporized metal is 

condensed and then dispersed by deionize water to produce nanofluids.  They found 

that different results obtained are mainly influenced and determined by the thermal 

conductivity of the usage of dielectric liquids. The advantage of using single step 

method is this technique minimize the agglomeration of nanoparticles. However, the 

drawback from this technique is only low vapour pressure fluids are compatible with 

such a process.  
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2.5.2 Two-Step Preparation Method 

 

 Two step preparation method is extensively used in the preparation of 

nanofluids considering the available commercial nanopowders exist. The nanofluid is 

synthesis by mixing base fluid with available nanopowders obtained from different 

mechanical, physical and chemical routes such as grinding, milling and vapour phase 

method.  Generally, an ultrasonic vibrator or higher shear mixing device is used to 

stir nanopowder with host fluids. Frequently, ultrasonic vibrator is required to reduce 

the agglomeration of nanoparticles. Eastmen et al. (1997), Lee et al. (1999), and 

Wang et al. (1999) used this method to produce alumina nanofluids. Murshed et al.   

(2005) prepare TiO2 suspension in water by using the same method. Research by 

Kim et al. (2007) show the usage of two-step method for preparation of CuO 

nanofluid dispersed in ethylene glycol by sonication and without stabilizers.  

 

 Two-step method can also be used for synthesis of carbon nanotube based 

nanofluids. Single walled and multi-walled carbon nanotubes are first produce by 

pyrolysis method and then mixing with base fluids with or without the addition of 

dispersing agent (Keblinski, P. et al. 2005), (Liu, M. S. et al. 2005). The most 

common two step- method is shown in Figure 2.11 

 

   

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11 : Single step method 

(Source : Mukherjee, S. and Paria, S. (2013)). 
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Some authors suggested that as compared to single-step methods, the two-step 

method is suitable for the preparation of nanofluids containing oxide particles while 

it works less successful for those containing metallic nanoparticles (Eastmen, J. A. et 

al. 2001). Stability comes as the big issues in this method as nanopowder easily 

aggregate due to strong Van der Waals force among nanoparticles. Despite the 

disadvantage, this two-step method is widely used as it is the most economical 

process for nanofluid preparation. 

 

 

2.5.3 Other Methods 

 

 While most of the nanofluids preparation nowadays used either one-step or 

two-step methods, there are another different approaches available depending on the 

particular combination of nanoparticles material and fluids.  Nanoparticles with 

specific geometries, densities, porosities, charge and surface chemistries can be 

fabricated by drying, layer-by-layer assembly and other colloid chemistry techniques 

(Wang, X. Q. and Mujumdar, A. S. 2008). Feng et al. (2006) researched  used 

aqueous organic phase transfer method for preparation of gold, silver, platinum 

nanoparticles. According to Zhu, H. T. et al. (2007) a novel preparation of aqueous 

CuO nanofluid can be prepared by  novel precursor transformation method with the 

usage of ultrasonic and microwave irradiation. 

 

 

2.6 STABILITY OF NANOFLUIDS 

 

 The biggest problem to synthesis a nanofluid is to produce a stable nanofluid. 

This is due to fact that nanofuids which can be lose their potential to transfer heat 

due to their proneness to coagulation. The special requirements for preparation of a 

nanofluid are durability and stability of suspension with low agglomeration of 

particles, and no chemical change of the fluid (Trisaksria and Wongwises, 2007). 

Therefore, investigation on stability is very crucial as it can alter the thermo-physical 

properties of nanofluids for application and to analyze the influential factors to the 

stability of nanofluids. 
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2.6.1 Stability Evaluation Methods  

 

 Although the stability of nanofluids is very important for application that 

involve heat transfer, there are limited studies on estimating the stability of a 

suspension. However, there are some ways for evaluating the stability of a nanofluid 

that has been introduced. Zeta potential analysis is one of the stability evaluation 

method. Zeta potential is the potential differences between the dispersion medium 

and the stationary layer of fluid attached the particles. It indicates the degree of 

repulsion between adjacent, similarly charged particles in dispersion (Mukherjee, S. 

and Paria, S. 2013). Kim et al. (2009) used zeta potential analysis for Au nanofluids 

and found out standing stability. According to Zhu et al. (2007) the measurement of 

Alumina-water based nanofluids under different values of pH can be determine by 

using zeta potential. 

 

 

 

Figure 2.12 : Zeta potential of nanofluids 

(Source: Mukherjee, S. and Paria, S. 2013). 

 

 Another familiar method that been use for evaluation of nanofluids (Wei, X. 

and Wang, L, 2010) is sedimentation method. The sedimentation method start by 

applying an external force field  to the nanoparticles in nanofluids. The weight of 

sediment or the volume of sediment indicates the stability of nanofluids. The stability 

of nanofluids can be determine when the concentration of the supernatant particles 

remains constant with time. Nanofluids are generally considered stable by screening 

test or using stability test rig. By adding dispersing agent, result shows that the 

stability of the nanofluid long lasted more than a month in static state. 

 

Negatively charged particles 
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2.6.2  Stability Enhancement Method 

 

 The easiest and economic ways on improving the stability of nanofluids is by 

addition of dispersing agent such as PVP. The dispersant can affect to the surface 

characteristic of nanofluid in optimum quantity and specific ratio. Surfaces of 

nanoparticles are modified to become hydrophilic. Dispersing agent are responsible 

to increase the contact of two materials or known as wettability. However, the usage 

of dispersing agent also might cause several problems (Chen et al. 2008). Adding 

surfactants restricts the application of nanofluids at high temperatures (Yu, W. and 

Xie, H. 2012) when the bonding between surfactant and nanoparticles is damaged 

and hence, the nanofluid loses its stability and sedimentation of nanoparticles occurs 

(Goharshadi, E. K. et al. 2013). 

 

 Another way of enhancing the stability is by using surface modification 

techniques. Injection of functional nanoparticles in the base fluids can provide long 

term stability of nanofluids. Yang et al. (2010) grafted silanes directly to the surface 

of silica nanoparticles in the original nanoparticle solutions. The addition of 

functional hydroxyl groups onto the surface of CNT (Chen, I and Xie, H. 2010) can 

increase the stability of carbon nanotube.  

 

 Stability of nanofluid is directly related to its electro-kinetic properties. 

Therefore, due to strong repulsive forces, the suitable value of pH and pH control can 

increase the stability of the nanofluids. According to Ghadimi, A. et al. (2011) 

through a high surface charge density, strong repulsive forces can stabilize a well-

dispersed suspension. For example, a simple acid treatment could cause great 

stability of CNT in water (Wen, D et al. 2009). 

 

 

2.7 THERMAL CONDUCTIVITY 

 

 The potential of nanofluids as a new medium  in enhancing heat transfer are 

closely related to their thermal conductivity. As it is proposed that thermal 

conductivity of nanofluid is higher (Choi et al. 1995) compared to those currently 
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used heat transfer fluids, it leads to the enhancement of heat transfer. When 

compared to other nanofluids, the nanofluids with nanotubes provide the highest 

thermal conductivity enhancement (Ravi Sankar, B. et al. 2012). Thermal 

conductivity can be defined as the ability of material to conduct heat. According to 

Alam, M. et al. (2012) thermal conductivity is defined as the quantity of heat 

transmitted through a unit thickness in a direction normal to a surface of unit area 

due to a unit temperature gradient under steady state conditions and when the heat 

transfer is dependent only on the temperature gradient. Due to the complexity of 

thermal conductivity in nanofluids, there are inconsistent experimental results and 

controversial arguments arise unceasingly from different groups conducting research 

on nanofluids. Thermal conductivity of nanofluids has dominated in the past decade, 

and it was found that fluids with large scale of agglomeration have high thermal 

conductivities enhacement (Ravi Sankar, B. et al. 2012). 

 

 Jana et al. (2007) used conductive materials such as carbon nanotube, copper 

nanoparticles as well as their hybrids such as CNT-Cu enhance the thermal 

conductivity of fluids. They observed that for 0.3% Cu nanoparticles, the 

enhancement of thermal conductivity is 70%. The experimentally measured thermal 

conductivity for most of the experiments of nanofluids were consistently greater than 

the theoretical prediction. Research by Liu et al. (2006) illustrated that for Cu-water 

at 0.1 vol%, the thermal conductivity increased by 23.8%. According to Kim et al. 

(2007) the thermal-conductivity enhancement ratio relative to the base fluid increases 

linearly with decreasing the particle size but no existing empirical or theoretical 

correlation can explain the behaviour as in Figure 2.13.  
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Figure 2.13 : Thermal conductivity ratio against particle volume fraction 

(Source : Ozerinç, S. et al. 2010) 

 

 The enhancement thermal conductivity of nanofluids was higher than those 

predicted for conventional models. Research by Jang et al. (2004) found that the 

Brownian motion of nanoparticles at the molecular and nanoscale level can affected 

the thermal behavior of nanofluids. Increment of Brownian motion of the 

nanoparticles can be prove by the increase in volume fraction and heat, the viscosity 

of the base fluid decrease and consequently the convection like effects are increased 

resulting in the dramatic increase of the thermal conductivities. It should be noted 

that the clustering of nanoparticles may either increase or decrease the thermal 

conductivity enhancement. Fast heat transport along nanoparticles may occur when a 

network of nanoparticles is formed as a result of clustering while excessive 

clustering will result in sedimentation which decrease the effective volume fraction.  

 

 Honorine et al. (2009) investigated the effect of temperature to thermal 

conductivity of copper oxide-water nanofluids. The relative increase in thermal 

conductivity was found to be higher at high temperature. Research by Mohamad, I. 

S. et al. (2013) shows the same findings as in Figure 2.14 where value of thermal 

conductivity increase with the increment of temperature. 
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Figure 2.14 : Thermal conductivity data of nanofluid-based NC300, NC200 and 

Commercial CNT. 

(Source: Mohamad, I. S. et al. 2013) 

 

 

2.8 VISCOSITY  

 

 Viscosity is a measure of its resistance to gradual deformation by shear stress 

or tensile stress. For liquids, it corresponds to the informal concept of  thickness. 

Compared to the experimental studies on thermal conductivity, there are very limited 

rheological studies about viscosity measurement of nanofluids. Research done by Li, 

J. M. et al. (2002) measured the viscosity of water with CuO nanoparticle suspension 

by using a capillary viscometer. Results showed that when the temperature is 

increase, the viscosity of nanofluid decrease. From this experiment, it can be pointed 

out that the diameter of the capillary tube may influence the viscosity for higher 

nanoparticles mass fraction especially at lower temperature. Wang, X. et al. (1999)  

also measured the relative viscosity of aluminum oxide in water and ethylene glycol 

based nanofluids and show the increment of viscosity with the increasing of solid 

volume fraction. Research by Ding et al. (2005) show the viscosity of CNT water 

based nanofluids as a function of shear rate. They observe that the viscosity of 

nanofluids will be increase when the volume of CNT increase and the temperature 

decrease. 
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2.9 SPECIFIC HEAT CAPACITY  

 

 The specific heat is the amount of heat per unit mass required to raise the 

temperature by one degree Celsius. It is a matter that able to store thermal energy and 

it is define by evaluating the amount of energy in the form of heat needed to increase 

the temperature of a unit mass of matter by one degree.  

 

 According to Namburu, P. K et al. (2007),  the addition of nanoparticles in a 

based fluid show the increment of thermal conductivity, but does not provide 

consistent findings in specific heat capacity. For example, research by Das et al. 

(2008) found the reduction of specific heat capacity of nanofluids consisting silicon 

oxide, and alumina dispersed in a mixture of water and ethylene glycol as compared 

to other based fluid. The specific heat capacity of the nanofluid also decreases with 

the increase of nanoparticle concentration as shown in Figure 2.15 as proved by 

Xuan and Ni (2008) that show the specific heat capacity of water based alumina 

nanofluids is reduced and similar decrement with increasing particle concentration. 

In contrast, research by Zhou et al. (2010) found a maximum of 6.25% enhancement 

of the specific heat capacity of CuO in ethylene glycol based nanofluid. In addition, 

Shin D,and Banerjee D (2011) obtain enhancement in specific heat capacity from 

14.5% and 19% to 24% in nanofluid containing 1-wt.% SiO2 nanoparticles doped in 

Li2CO3-K2CO3 eutectic and chloride eutectic.  

 

 

Figure 2.15 :  Effects of nanoparticle size and concentration on the  

specific heat capacity of the nanofluid 

(Source : Lu, C. M et al. 2013) 



IMRANSYAKIR

25 

2.8 HEAT TRANSFER COEEFICIENT  

 

 Heat transfer refers to heat transfer between a fluid and a surface due to the 

macroscopic motion of the fluid relative to the surface. By using the numerical 

techniques, Khanafer et al. (2003) investigated that nanofluids enhanced the heat 

transfer. Experiment done by Eastman J.A et al. (2001) for Cu-ethylene glycol 

nanofluids also show the increment in heat transfer. However,  Putra et al. (2003) 

found that the decrement of heat transfer in the presence of nanoparticles in 

experiment. For forced convective heat transfer, Lee and Choi (1996) studied the 

heat transfer behavior in parallel channels using an unspecified nanofluids and 

observed  a reduction in thermal resistance by a factor of 2. Experiment done by 

Xuan and Li (2003) showed that the nanofluids give substantial enhancement of the 

heat transfer rate compared to pure water. From the research, they formed that the 

enhancement of heat transfer coefficient is much higher than the increase in the 

effective thermal conductivity. They associated the possible reasons with the 

increment of thermal conductivity, shear induced enhancement in flow, decrement of 

boundary layer, any high aspect ratio of CNT. Xuan and Li (2000) stated that heat 

transfer in nanofluid with Cu in water based can be increase by using the range of 

Reynold number from 10,000 and 25,000. The increment of Nusselt number of the 

nanofluids is 39% with 2% volume fraction of Cu nanoparticles. 
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CHAPTER III 

 

 

 

METHODOLOGY 

  

 

 

3.0 INTRODUCTION 

 

 Methodology is the systematic, theoretical analysis of the methods applied to 

a field of study. It comprises the theoretical analysis of the body of methods and 

principles associated with a branch of knowledge. Methodology can be understand as 

the set of procedures, methods, or principles for regulating several disciplines such as 

components, parameters, method of works, rules and techniques used to conduct a 

research. It is the general research strategy that outlines the way in which research is 

to be undertaken and, among other things, identifies the methods to be used in it. The 

primary reason for having a methodology is to ensure the objectives are achieved. As 

for this research, the preparation of stable nanofluids need to done by several steps 

with the accurate selection of carbon nanofiber, dispersing agent and base fluids. The 

experiment is divided into two crucial phase which is the synthesis of nanofluids and 

the thermal properties test for the nanofluid. The synthesis of nanofluid include the 

stability test whereas thermal properties test contain of thermal conductivity test, 

viscosity test, specific heat capacity test and heat transfer coefficient test.  
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3.1 FLOWCHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 :  Flow chart of work flow of PSM 
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 Figure 3.1 shows the flow of the experiment which included four main level 

which is literature review, synthesizing of nanofluid, thermal properties test and 

report submission. In this experiment, two main stages are needed to be considered 

which in the first stage is the discussion on the synthesis of nanofluid based CNF 

whereas the second stage will be discussing on the thermal properties testing. The 

thermal properties testing included the thermal conductivity test, heat capacity test, 

viscosity test and heat transfer coefficient test. The main idea for the experiment to 

be conducted is to find the percentage of enhancement of the nanofluid samples 

which has suitable for ratio. All samples that being experimented must be in stable 

condition to avoid agglomeration and affected the thermal conductivity test. 

 

 

3.2  PARAMETER 

 

 There are four main parameter used to determine the stability, thermal 

conductivity, heat capacity, and heat transfer efficiency of the nanofluids which are 

the usage of  ethylene glycol as base liquids, carbon nanofibers which is the stack-

cup of carbon nanotube as raw material, dispersing agent and the weight percentage 

ratio of carbon nanofiber, dispersing agent, and base fluid. The usage of ethylene 

glycol as the based fluid is choose as it is the major fluid base for convective heat 

transfer like car radiator engine and liquid cooled computers. The CNF used for this 

project is Pyrograf III HHT-24 that is one of the product of Pyrograf product Inc. 

The dispersing agent used in this experiment are Polyvinylpyrrolidone (PVP10-100g) 

manufactured by Sigma Aldrich. The experiment was carry out to determine the 

exact ratio of dispersing agent to achieve stability, thermal conductivity, heat 

capacity and also heat transfer coefficient by assisted with CNF in ethylene glycol. 

 

 

3.2.1  Base Fluid Properties 

 

 A pure ethylene glycol was choose as the base fluid for the synthesizing of 

nanofluid as shown in the Table 3.1 and Table 3.2. 
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Table 3.1: Base fluid specification 

Source : Monoethylene Glycol Chemical Safety Data Sheet 

Parameter Specification 

Chemical Name Ethylene Glycol 

Other Name Acetic acid ethyl ester; Acetic ether 

Chemical Formula C2H6O2 

Molecular Mass 62 

Chemical Family Organic 

 

 

Table 3.2: Base fluid properties  

Source : Monoethylene Glycol Chemical Safety Data Sheet 

 

 

3.2.2  Carbon Nanofiber Properties 

 

 In this experiment, Pyrograf III Carbon Nanofiber HHT24 is chosen. 

Pyrograf HHT24 is chosen because it has great mechanical properties, and high 

thermal conductivity which can be imparted to a wide range and also a unique 

surface. HHT indicates the high heat treatment which this CNF is heated up to 3000 

°C. Carbon nanofibers are available in a free-flowing powder form which typically 

99% mass is in a fibrous form. ( Burton, D. et al. 2014). Properties of CNF is shown 

in Table 3.3 and Table 3.4.   

 

 

 

 

Parameter Value 

Form Liquid 

Colour Transparent colorless 

Odour Mildly sweet 

Melting point -13 °C 

pH 

( in 50 g/l water @ 20 °C) 

- 

Boiling point 198 °C 

Density 1.11 g/cm
3 

Flash point 111 °C 
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Table 3.3: CNF properties 

(Source: Pyrograf III CNF HHT24 Chemical Safety Data Sheet) 

Parameter Specification 

CNT Type Carbon Nanofiber 

Density 2.0 g/cm
3
 

Purity >98 wt % 

Fiber Diameter 100 nm 

Color 

Surface Area 

Black 

41 m
2
/g 

 

 

Table 3.4 Typical Inherent Properties of Pyrograf -III Carbon Nanofiber 

(Source: Pyrograf Products, Inc) 

Nanofiber 

Type 

Nanofiber 

Grade 

Surface 

Area,  

(m
2
 /gm) 

Dispersive 

Surface 

Energy, 

(mJ/m
 2

) 

Moisture 

Content 

(%) 

Iron 

Content 

(ppm) 

PAH 

Content 

(mg 

PAH/ g 

fiber) 

PR-19 XT-PS  20-30 120-140 < 5 < 14,000 <1 

PR-19 XT-LHT  15-20 120-140 < 5 < 14,000 <1 

PR-19 XT-HHT  15-25 265-285 < 5 < 100 <1 

PR-24 XT-PS  40–50 75-95 < 5 < 14,000 <1 

PR-24 XT-LHT  35–45 145-165 < 5 < 14,000 <1 

PR-24 XT-HHT  35-45 125-145 < 5 < 100 <1 

PAH : Polycylic Aromatic Hydrocarbon 

 

3.2.3 Dispersing Agent 

 

 One of the characteristic of nanoparticles that causes problems in 

synthesizing of nanofluids is its hydrophobic characteristic. Due to this problem, the 

surface area of the nanoparticles has to be lowered to ensure it can be dispersed in 

the base fluid. To overcome this problem, a dispersing agent Polyvinylpyrrolidone 

(PVP)  is chosen to decrease the surface area as well as to induce a less form. Based 

on previous studies, the density of PVP can be said as 1.6 g/cm
3
, Sigma-Aldrich Co. 

(2013). 

 

 

http://pyrografproducts.com/nanofiber.html#_PR-19-XT-PS_Data_Sheet
http://pyrografproducts.com/nanofiber.html#_PR-19-XT-LHT_Data_Sheet
http://pyrografproducts.com/nanofiber.html#_PR-19-XT-HHT_Data_Sheet
http://pyrografproducts.com/nanofiber.html#_PR-24-XT-PS_Data_Sheet
http://pyrografproducts.com/nanofiber.html#_PR-24-XT-LHT_Data_Sheet
http://pyrografproducts.com/nanofiber.html#_PR-24-XT-HHT_Data_Sheet
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3.2.4 Weight Percentage of CNF, PVP and Base Fluid 

 

 For this experiment, the total volume of CNF, PVP and based fluid should 

depends on the volume of the container which in this case is 40 ml for the 

synthesizing of nanofluids. As there is no specific method to determine the best ratio 

to determine a stable nanofluid mixture, the trial and error method is the only way 

left. The weight percentage of PVP is depends on the weight percent of the CNT. 

However, the value of the based fluid can be determined by obtaining the volume left 

from the total volume of CNT and PVP. The volume calculation is shown in 

Equation 3.1. 

 

𝑣𝑜𝑙𝑢𝑚𝑒 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

𝑑𝑒𝑛𝑠𝑖𝑡𝑦
       (3.1) 

 

Table 3.4: Example of weight percentage and volume of CNT, PVP and Base Fluid  

for 100 ml specimen 

CNF (%) CNF Volume 

(ml) 

PVP (%) PVP Volume 

(ml) 

Base Fluid 

(ml) 

0.1 0.05 0.04 0.025 99.925 

 

Table 3.4 show the sample weight percentage and volume needed for CNT, PVP 

and base fluid for 100 ml specimen. The calculation is discussed at Appendix B. 

 

 

3.3 APPARATUS 

 

 

3.3.1 Mechanical Homogenizer 

 

The mechanical homogenizer as shown in Figure 3.2 is manufactured by 

Mega Lab Company where it is used to stir the fluid according to the rotation per 

minute (rpm) needed. The model used is Wisd WiseTis HG-15D which contain 

mechanical homogenizer WiseTis HG-15D, dispersing tool HT1018, stand rod 

ST110 and clamp CL200 with 160W motor power output. 
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Figure 3.2: Mechanical Homogenizer 

 

The maximum speed of the mechanical homogenizer is 27000 rpm but only 

10000 rpm was used in this experiment. Speed of 10 000 rpm were chosen as it is 

suitable to mix the fluid efficiently because only 40 ml fluid were homogenized. 

Homogenizing process allow the reduction of particles size and increase particle 

uniformity. 

 

 

3.3.2 Ultrasonication 

 

The ultrasonic cleaning machine in Figure 3.3 is manufactured by Elma Hans 

Schmidbauer GmbH & Co. KG, a German company. 

 

 

Figure 3.3: Ultrasonicator 
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The main function of using ultrasonic cleaning is to break down the 

agglomeration occurred in the nanofluid. The agglomeration occurred due to the 

strong Van der Wall forces between the nanoparticles. With an accurate setting of 

frequency and temperature, the clogging produce in the nanofluid can be dispersed 

completely by the ultrasonic machine. This is due to the shear forces and micro 

turbulences ultrasound, which produced by ultrasonic machine. In this experiment. 

The nanofluid undergo ultrasonication for about 60 minutes at the highest frequency 

which is 37 kHz. 

 

 

3.3.3 Stability Test Rig 

 

By combination of laser and test rig as shown in Figure 3.4, the stability test 

rig can be used to identify the stability of nanofluid.  It is used to check the stability 

of nanofluids based nanocarbon. 

 

 

Figure 3.4:  Stability Test Rig 

 

 It operates with the use of both Light Emitting Diode (LED) and Light 

Dependant Resistor (LDR). If the nanofluid in stable condition, LDR will not receive 

light that emitted by the LED because the no light can penetrate through the solution 

as the solution is dispersed well throughout the nonofluid. The increasing of light 

intesity will cause decreasing of the ability of resistency of the LDR.  
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3.3.4 KD2-Pro Thermal Properties Analyzer 

 

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

measure thermal properties which is shown in Figure 3.6. Each KD2 Pro comes 

factory calibrated and includes performance verification standards. 

 

 

Figure 3.5: KD2-Pro Thermal Properties Analyzer 

 

 The controllers and sensors at the instrument  can be inserted to any 

materials. The single needle consists sensors which known as KS-1 sensor to 

measure thermal conductivity and resistivity suitable in fluids in 60 seconds for 

every test. The thermal conductivity can be measured by inserting the needle in the 

fuid attached to a silicon cap. On the other hand, the dual-needle sensor measures 

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

 

 

3.3.5 Viscometer 

 

Viscometer in Figure 3.6 is an instrument manufactured by Brookfield 

Engineering that has been used to measure the viscosity of a fluid. 
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Figure 3.6: Viscometer  

 

 For liquids with viscosities which vary with flow conditions, an instrument 

called a rheometer is used. Viscometers only measure under one flow condition. 

Viscometer can be use by pouring 6.7 ml of fluid into the container and the 

experiment is set according the temperature needed.  

 

 

3.4 FORMULATION AND THERMAL PROPERTIES TEST OF 

NANOFLUIDS 

 

 

3.4.1 Synthesis of Nanofluids 

 

 The synthesizing and formulation of nanofluids as well as the thermal 

properties test such as thermal conductivity test, specific heat test, viscosity test, heat 

transfer coefficient test are conducted according to the following procedure :  

 

i. All the parameters such as CNT, PVP and based fluid were weighed by using 

analytical balance according to the weight percentage calculated. 

 

ii. CNT, PVP and base fluid were mixed together as the ratio obtain from the 

calculation earlier in a glass container. After that, the glass container was 

being shaken vigorously to ensure the increment of nanofluid dispersion. 
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iii. The homogenizer is then being used to homogenize the sample of solution 

produced earlier. The mechanical homogenizer is set to speed 10000 rpm for 

60 seconds. Before the homogenizer is run, the propeller was placed 

approximately one centimetre from the bottom of the container.  

 

iv. After homogenization process is complete and the solution is well mixed, the 

ultrasonic cleaning was set up. Before the sample undergo ultrasonication 

process, the ultrasonic machine was set up to 25 °C and the highest frequency 

which is 37 kHz in order to make sure that CNT and PVP inside the base 

fluid will be dispersed completely. The process take approximately 60 

minutes to complete to obtain the best result. 

 

v. When the ultrasonication is done, the pH value of the nanofluid was 

measured by using pH meter before stability test is conducted. The pH must 

be ensure to be at 9 which the nanofluid will work best at pH 9 for its thermal 

properties test. 

 

vi. The mixture of nanofluid is being homogenized once again by the mechanical 

homogenizer at 10000 rpm of propeller speed for 5 minutes. The set up of the 

homogenizer is as stated in procedure number (iii). 

 

vii. The sample is being left for 100 hours to ensure that the CNF is totally 

dispersed within the base fluid. After being left for 100 hours, the sample is 

tested at the stability test rig to ensure the nanofluid is stable and no 

agglomeration occurs in the container. 

 

viii. All the samples that achieved their stability then were tested for their thermal 

properties test. 
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3.4.2 Thermal Properties Test 

 

i. All ten stable samples were tested for their thermal conductivity by using 

KD2-Pro Thermal Properties Analyzer at three different temperature at 6 °C, 

25 °C and 40°C  in refrigerated water bath. 

 

ii. After that, the sample undergo viscosity test by using viscometer at 6 °C, 25 

°C and 40 °C  in refrigerated water bath. 

 

iii. Three best samples determined by their thermal conductivity and viscosity 

then were undergo specific heat capacity test by using calorimeter bomb. 

 

iv. Lastly, three best samples that been chosen were formulated again to produce 

400 ml nanofluids. The samples then were tested for heat transfer test at 6 °C, 

25 °C and 40 °C  in refrigerated water bath. 

 

 

3.5 THERMAL CONDUCTIVITY TEST 

 

 KD2-Pro is used to determine thermal conductivity of ethylene glycol 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 very small heat pulse which 

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

KD2-Pro. Before the test is conducted, the samples must be transferred to the 

specific specimen container with the presence of silicon cap at the top to ensure that 

the needle of KS-1 sensor remain static during the testing process. After that, KD2-

Pro is switching to automatic mode and the measurement is taken in one minute. The 

thermal conductivity test of the nanofluid was taken at 6 °C, 25 °C and 40 °C. To 

obtain such temperature of the nanofluid, those samples were immersed in the water 

bath so that the temperature of the samples were maintain at desired temperature. 
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Figure 3.7 : Thermal conductivity test on sample at room temperature 

 

 

3.5 SPECIFIC HEAT CAPACITY TEST 

 

 The usage of calorimeter bomb is used to measured specific heat capacity for 

the nanofluids. The sample was first be inserted inside the decomposition vessel. 

After that, 0.5 g of the sample is placed into crucible and being inserted to crucible 

holder beforehand. A cotton thread that is tied to the centre of the ignition wire in a 

looped is dipped to the sample of nanofluid in the crucible. The sample then is closed 

using the cover inside the decomposition vessel and closed firmly with union nut. 

The oxygen is filled in using the oxygen gas station for 30 seconds right after the 

pressure gauge indicate 30 kPa. The composition vessel is placed at the centre 

between the three locating bolts inside the calorimeter vessel. The ignition adapter 

then was slidely closed onto the decomposition vessel. After 20 liter of water is 

poured into the storage tank, the sample data of weight and errors were being 

supervised right before the testing of heat capacity is start. The testing takes 

approximately 20 minutes to complete. Figure 3.8 shows the calorimeter bomb used 

in this research. 
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Figure 3.8 : Calorimeter bomb 

 

 

3.7 VISCOSITY TEST 

 

 For viscosity test, the viscometer is first set up as Figure 3.6. Then, the 

temperature that need to be used is being set up which is 6 °C, 25 °C and 40 °C 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 viscometer. After the temperature 

reached the temperature needed, the reading of three viscosity measurement were 

taken and experiment is repeated using different temperature. Lower temperature 

should be use first as it is easier to heat the water as compared to cool it down. 

 

 

3.8 HEAT TRANSFER COEFFICIENT TEST 

 

 The apparatus was set up as shown in Figure 3.9. The copper coil was 

immersed into the water bath and being soaked. The inlet was attached to water 

pump whereas the outlet is flow back into the 400 ml beaker. 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 400 ml beaker is filled by 400 ml 

of nanofluid with the ratio of 400% of samples. The water pump was placed inside 

the sample which will pump up at 1.8 l/hr of the nanofluid to the copper coil. As the 
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nanofluid flow to the outlet of copper coil shown in Figure 3.10, the nanofluid 

undergo heat transfer and the after that being flow back into the beaker. The pump 

will ensure the constant flow of the nanofluid through the passage ways. 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 : Set up for heat transfer coefficient test 

 

 

Figure 3.10 : Copper coil for heat transfer test 

 

 

3.9  SAFETY PRECAUTION 

 

 In any experiment and research done, safety and precaution should always be 

the top priority. The safety precaution should include all aspects such as when 

handling material, conducting the experiment and the way to dispose it. In this case, 

the handling of pyrograf III HHT 24 carbon nanofiber should be taken into 

consideration as it is in a form of powder. The CNF is in nanoparticle size, therefore 
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it is so easy to get into the respiratory system during inhalation. As one of the 

disadvantage of the carbon is it can cause damage to our organ in excessive amount, 

the inhalation of the carbon powder during breathing will pass through the blood 

system and affected the heart. This is the main purpose of handling the experiment 

with extra precaution. The uses of mask, apron, glove, safety shoes is very crucial to 

avoid the damage from being done. If there is any carbon powder being spilled or 

drop during the experiment. It needs to be clean by using clean clothes or sweeper. 

As the carbon nanofiber is hydrophobic, cleaning it only with water does not help to 

clean up the place. After the experiment has been conducted, one should clean their 

hand by soap and rub it thoroughly to ensure no carbon nanofiber particles left and 

causing harm to human. 

 

 When handling the PVP, it is important to make sure that  the container is 

always closed as the PVP is very easy to vaporized to surrounding. As the PVP is 

being exposed to the surrounding, it will melt and become sticky. It is advisable to 

handle it not by using bare hand to avoid the PVP from stick to the hand and harder 

to be get rid off.  

 

 As the properties of ethylene glycol is not too dangerous to be handle. 

However, it is always advisable to wear glove during handling any chemical 

substance. Ethylene glycol is more viscous than water, so it is easier to transfer it 

from one container to another container. Exposure of too much ethylene glycol can 

cause irritation to human so the wearing of face mask and goggle is a must during 

handling it. Source of ignition such as smoking and open flames are prohibited where 

ethylene glycol is used or handled or stored in a manner that could create a potential 

fire or explosion hazard. 
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CHAPTER IV  

 

 

 

RESULTS AND DISCUSSION 

 

 

 

4.0 INTRODUCTION 

 

 The nanofluid samples that have been formulated are tested for their thermal 

properties test. The experimental result for stability test, thermal conductivity test, 

viscosity test, specific heat capacity test, and heat transfer coefficient test are 

gathered and been analysed in this section. The result will be presented in either 

graphical chart or tabulated data for further understanding. The result is analyse so 

that the result obtain is tally with the literature review and meet the expectation 

stated at the objectives. Any differences from the literature review will be discussed 

and the possible reason in being studied. For this studies, most of the samples show 

the enhancement in thermal conductivity and the best sample are NFP07 with        

0.7 wt% of nanofluids with 40% of PVP from weight percentage of CNT. All the 

samples are being compared in graphical chart to give clear understanding to the 

readers. 
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4.1 STABILITY TEST 

 

Formulation of nanofluid is the process of formulating nanofluid by using 

different weight percentage of carbon nanofiber, dispersing agent, and base fluid. In 

this research, the formulation of nanofluids were done from 0.1 to 1.0 wt %carbon 

nanotube. After the formulation process, the nanofluids will undergo stability test to 

determine the stability of the nanofluids.  

 

The samples were left about 100 hours before it is tested for stability test by 

using stability test rig. A sample can be said to reached its stability after 100 hours if 

no agglomeration or sedimentation form at the bottom of the glass container. For this 

research, only samples that passed through stability test will undergo thermal 

conductivity test as the agglomeration that occurred in unstable samples can affect 

the result. In order to obtain the suitable ratio of nanoparticles and dispersing agent, 

try and error approaches were used by using previous result as a guidance.  

 

The parameters that were used in this experiment are the density of      

HHT24 Pyrograf CNF which is 2.0 g/cm
3
, density of polivinylpyrrolidone (PVP) 

which is 1.6 g/cm
3
 and the volume of ethylene glycol which is 40 ml. The result of 

stability test were shown in Table 4.1 which the red colour text indicate the stable 

samples that were chosen to undergo thermal properties test. 
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4.1.1 Stability Test Result and Analysis 

 

Table 4.1 : Stability of 100 ml Nanofluids 

Sample ID CNF PVP Base 

Fluid 

Stability 

 (wt%) (wt%) (ml) 24hr 72hr 100hr 

NFP00 0.0 0.0 100 standard 

NFP01 0.1 0.005 99.947 stable unstable unstable 

NFP02 0.1 0.01 99.944 stable unstable unstable 

NFP03 0.1 0.02 99.938 stable stable unstable 

NFP04 0.1 0.03 99.931 stable stable unstable 

NFP05 0.1 0.04 99.925 stable stable stable 

NFP06 0.1 0.05 99.919 stable stable stable 

NFP07 0.2 0.08 99.850 stable stable stable 

NFP08 0.3 0.12 99.800 stable stable stable 

NFP09 0.4 0.16 99.700 stable stable stable 

NFP10 0.5 0.20 99.625 stable stable stable 

NFP11 0.6 0.24 99.550 stable stable stable 

NFP12 0.7 0.28 99.525 stable stable stable 

NFP13 0.8 0.32 99.400 stable stable stable 

NFP14 0.9 0.36 99.325 stable stable stable 

NFP15 1.0 0.40 99.250 stable stable stable 

 

 Table 4.1 shows that sample NFP01 and NFP02 that used 5% to 10% PVP 

from weight percent of CNT respectively became unstable after 72 hours of 

formulation. The next two samples, NFP03 and NFP04 that used 20% to 30% of 

PVP from weight percent of CNT respectively also become unstable after 100 hours. 

The formulation was continued by using 40% weight percentage of PVP from weight 

percent of CNT which samples NFP05 was observed to be stable even after           

100 hours. Another formulation of sample NFP06 was conducted for the 

confirmation and it also observed to be stable for more than 100 hours. Samples 

NFP07 to NFP15 were proceed by using 40 % weight percentage of PVP from 

weight percent of CNT as the optimum ratio. As a prove of the usage of optimum 

ratio of CNT and PVP, the result shows that all the nanofluid samples from NFP07 to 

NFP15 remains stable until 100 hours. The samples were initially observed by naked 

eyes as it is known as screening test. 

 

 After the screening test, the stable nanofluids were tested by using stability 

test rig to confirm their stability. Stability test rig were design to check the stability 
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of nanofluids based nanocarbon. It operates by using  LED and LDR. LED is place at 

the hole and then if the LDR receive the light, it shows that the nanofluid is unstable. 

This is because, the light still can penetrate through the solution showing that the 

dispersant of carbon nanotube is not throughout the solution and agglomeration 

occurs at the base of the container. Light dependent resistor (LDR) is a resistor 

whose resistance decreases with increasing incident light intensity. It can also be 

referred to as a photoconductor. 

 

 

4.1.2 Discussion of Stability Test  

 

Particles in dispersion may adhere together and form aggregates of increasing 

size which may settle out due to gravity. Stability means that the particles do not 

aggregate at a significant rate. The rate of aggregation is in general determined by the 

frequency of collisions and the probability of cohesion during collision. From the 

experiment, the Polyvinylpyrrolidone (PVP) as the surfactant is added to the 

nanofluid in the range of 5% to 30% to ensure that the CNF particles remain 

dispersed for long period thus ensuring the stability of the nanofluid. However, at the 

range of 5% to 30% PVP from weight percentage of CNT the solution was unstable. 

It was determined that the nanofluid only reach stability at 40 wt% PVP from weight 

percentage of CNT loading. From the result, it shows that the stability of nanofluids 

is different according to weight percentage and ratio of CNT, PVP and ethylene 

glycol. The stability of nanofluid should be depending on several factors that affect 

its stability. To serve the purpose, the data have been analysed and some literature 

review have been studied and taken into account to show that two main parameter in 

determining the stability of nanofluid are the dispersing agent and the ultrasonication 

process. 

 

 

4.1.2.1 Effect of Dispersing Agent 

 

During the formulation, the dispersing agent, PVP is tested in the range of     

5% to 50% to the nanofluid solution. It is crucial to add dispersing agent to help the 

carbon nanofiber to remain dispersed in the ethylene glycol for a long periods so that 
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the stability of the nanofluids can be confirmed. Adding dispersing agent in the two-

phase systems is an easy and economic method to improve the nanofluids stability. It 

is clearly seen from Table 4.1 where the nanofluid become more stable with the 

addition of more PVP into the solution. The characteristic of CNF that possess 

hydrophobic characteristic become a challenge to ensure it is dispersed well in 

ethylene glycol. Dispersing agent can markedly affect the surface characteristics of a 

system in small quantity. It consists of a hydrophobic tail portion, usually a long-

chain hydrocarbon, and a hydrophilic polar head group. Dispersing agent are 

employed to increase the contact of two materials, sometimes known as wettability. 

 

 

4.1.2.2 Effect of Ultrasonication 

 

In order to obtain nanoparticles with specific functions and properties, it is 

necessary to modify the particles surface. Ultrasonication is a usual and simplest way 

to break up particles agglomeration and enhance the dispersion of nanoparticles into 

base fluids. At constant volume, higher particle concentrations result in an increased 

particle collision frequency. Sometimes, the sedimentation still occurred in the 

solution despite the ultrasonication process. This might be due to the uncontrolled 

temperature during ultrasonication process. This is because, those particles dividing 

by ultrasonic mixer strongly depend on temperature. As temperature is increased, 

there are possibilities that agglomerated particles do not get separated from each 

other. The worst is they also joint and make big crystalloid particles due to Van der 

Waal forces (Wen and Ding, 2005). These big particles will be settled down to the 

bottom of the container as it become heavy and also crystalloids particles are never 

separated even by ultrasonic mixer. 

 

 

4.1.2.1 Effect of pH Value 

 

During the experiment, it is crucial to make sure that the pH value of the 

nanofluid is is ± 9 before any thermal properties test take place. This is because, the 

pH value of the nanofluids do have some effects on the stability as well as the 

thermal conductivity enhancement of nanofluid. When the nanoparticles are 
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dispersed into a base fluid, the properties of the particle surface affected the overall 

behavior of the particle-fluid interaction. At pH 9, it is believed that the repulsive 

force is higher and result to the great dispersion of nanoparticles as the CNF does not 

tend to attract to each other and form agglomeration With the increasing difference 

of the pH value of a suspension from the pH. the hydration forces among particles 

increase causing  the increment in mobility of nanoparticles in the suspension. The 

micro-convection that enhances the heat transport process is caused by microscopic 

motions of the particles. This theory is supported by the research of Yu, W et al. 

(2010) that show the effect of pH on diamond nanoparticles in ethylene glycol. It 

shows that when pH value obtain is below 8.5, the suspension is unstable  and 

aggregation is easier to form from diamond. The alkalinity of the solution is crucial 

for the dispersion and the stability of the nanofluids. 

 

 

4.2 THERMAL CONDUCTIVITY TEST 

 

 After stable samples were obtained and confirmed by using screening test and 

stability test rig, thermal conductivity test were conducted. The test were conducted 

at three different temperatures which are 6 
o
C, 25 

o
C, and 40 

o
C by using KD2-Pro 

Thermal Properties Analyzer. Three different temperatures were used to observe the 

enhancement of thermal conductivity. Table 4.2 shows the result of thermal 

conductivity of the samples whereas Figure 4.1 represented graphically to identify 

the patterns of the effects of heat to each samples. The samples were placed in the 

water bath to ensure specific temperature can be obtained as the temperature of the 

sample can be control by immersed the nanofluid container in water bath. 

 

 

4.2.1 Standard Thermal Conductivity 

 

 Before the experiment being conducted, the base solution which is ethylene 

glycol is tested to know the standard thermal conductivity so that the comparison and 

percentage enhancement can be calculated. The standard thermal conductivity 

obtained from the experiment then is also compared with the theoretical value obtain 

from the previous study as shown in Table 4.2. 
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Table 4.2 : Theoretical and experimental thermal conductivity of ethylene glycol 

based-fluid  

Based-fluid sample 

(EG) 

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

6 °C 25 °C 40 °C 

Theoretical 0.248 0.253 0.261 

Experimental 0.218 0.231 0.245 

 

 

 

Figure 4.1: Comparison between theoretical value and experimental standard at 

different temperature of ethylene glycol 

 

 Figure 4.1 shows the comparison between  theoretical value and experimental 

standard at different temperature of ethylene glycol. The result shows mutual 

agreement between both data which the value of thermal conductivity increase with 

the increment of temperature. Even though there are a slight different between the 

values, the trend is still accepted as there is some losses and errors occur during 

conducting the experiment. 

 

 

4.2.2 Thermal Conductivity Results and Analysis 

 

Table 4.3 shows thermal conductivity of nanofluid increase with the 

increment of temperature. NFP00 is the pure ethylene glycol that has been set as the 

standard to observe the enhancement of thermal conductivity at different 

temperature. The results for thermal conductivity are fluctuate at all temperatures but 

it can be seen that for most of the results the thermal conductivity increase with the 

increment of nanoparticles percentage. 
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Table 4.3: Thermal conductivity of nanofluids at different temperature 

Sample ID CNT Thermal Conductivity (W/m.K) at temperature  

wt% 6 °C 25 °C 40 °C 

NFP00 0 0.218 0.231 0.245 

NPP06 0.1 0.220 0.244 0.251 

NFP07 0.2 0.215 0.236 0.242 

NFP08 0.3 0.219 0.232 0.274 

NFP09 0.4 0.244 0.276 0.294 

NFP10 0.5 0.227 0.229 0.263 

NFP11 0.6 0.242 0.266 0.254 

NFP12 0.7 0.312 0.323 0.324 

NFP13 0.8 0.295 0.301 0.290 

NFP14 0.9 0.314 0.315 0.335 

NFP15 1.0 0.309 0.301 0.310 

 

For 6 
o
C and 40 

o
C, thermal conductivity is the highest for NFP14 with 0.9 

weight percentage of CNT. At 25 
o
C thermal conductivity for NFP12 with 0.7 weight 

percentage of CNT is the highest. The reason of this behaviour will be discussed in 

subsection 4.2.3 

 

 

 

Figure 4.2 : Graph of thermal conductivity at variable temperature 

  

From Figure 4.2, it can be seen that most of the nanofluid samples 

experienced increment of thermal conductivity with the increase of temperature, 

following the standard samples. However, sample NFP13 and NFP11 shows the 

decrement of thermal conductivity with the increase of temperature. 
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4.2.2.1 Enhancement Analysis 

 

 The enhancement analysis is done to see the trend and enhancement of the 

addition of nanoparticles in compare to the standard fluid which in this case is pure 

ethylene glycol. The enhancement of thermal conductivity can be calculated by using 

formula in Equation 4.1. The percentage enhancement of the nanofluid at three 

different temperature are shown in Table 4.4. 

 

% 𝑜𝑓 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =  
𝑇.𝐶 𝑜𝑓 𝑛𝑎𝑛𝑜𝑓𝑙𝑢𝑖𝑑−𝑇.𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑

𝑇.𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑
 × 100%                    (4.1) 

T.C = Thermal conductivity 

 

 

Table 4.4 : Percentage of thermal conductivity enhancement 

Sample ID CNT Percentage of thermal conductivity at temperature 

wt% 6 °C 25 °C 40 °C 

NFP00 0 Standard solution 

NPP06 0.1 -1.38 2.16 -1.22 

NFP07 0.2 0.46 0.43 11.84 

NFP08 0.3 11.93 19.48 20.00 

NFP09 0.4 4.13 -0.87 7.35 

NFP10 0.5 11.01 15.15 3.67 

NFP11 0.6 43.12 39.83 32.24 

NFP12 0.7 35.32 30.30 18.37 

NFP13 0.8 44.04 36.36 36.73 

NFP14 0.9 41.74 30.30 26.53 

NFP15 1.0 0.92 5.63 2.45 

 

 Table 4.4 shows irregular percentage enhancement of the nanofluid. The 

percentage enhancement is further discussed and analysis in the graph to compare the 

value obtain with the standard value as shown in Figure 4.3, Figure 4.4 and Figure 

4.5. 
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Figure 4.3 : Thermal conductivity at 6 
o
C 

 

 At temperature 6 °C, most of the sample exceeds the standard samples in 

thermal conductivity enhancement. However, sample with weight percentage 0.2% 

experienced decrement in thermal conductivity which the value is lower than the the 

value of standard solution. The highest recorded enhancement is at 0.9 wt% of CNT 

as the value of percentage enhancement is 44.04%. The lowest enhancement is at       

0.3 wt% CNT which observed at 0.46%. This phenomenon will be discussed in 

details in subsection 4.2.3. 

 

 

Figure 4.4 : Thermal conductivity at 25 
o
C 

 

 At 25 
o
C, thermal conductivity of the nanofluid shows almost the same trend 

as at 6 
o
C. The percentage enhancement varies and fluctuate at the increment of 

weight percentage of nanofluids, and the highest percentage enhancement reading is 
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recorded by nanofluid with 0.7 wt% which is 39.83%. The lowest enhancement is at 

0.3 wt% CNT which observed at 0.43%. Thermal conductivity is the lowest at   0.3 

wt% which is below the standard line. The results will be discussed further in 

subsection 4.2.3. 

 

 

Figure 4.5 : Thermal conductivity at 40 
o
C 

 

 At 40 
o
C, thermal conductivity show intense increment from 0.6 wt% to     

0.7 wt% about 33.06%. The highest value of thermal conductivity is obtain at sample 

0.9 wt % which observed to be 36.73%. The value of thermal conductivity suffer a 

gradual decrement from 0.4 wt% to 0.6 wt% and the lowest percentage enhancement 

is at 0.6 wt% which is 3.67%. Sample 0.3 wt% recorded thermal conductivity the 

lowest which below the standard line and will be discussed in subsection 4.2.3. 

 

 

4.2.3 Discussion of Thermal Conductivity 

 

Thermal conductivity has been identified as one of the major element that 

should be determined in order to identify the heat transfer coefficient of any fluids.  

As stated in the literature review, thermal conductivity can be defined as the ability 

of material to conduct heat. Based on the result obtained, thermal conductivity of 

every nanofluid sample is different to each other. Before the experiment is 

conducted, the accuracy of the KD2 Pro Thermal Analyzer is tested by obtaining the 

reading of thermal conductivity for pure ethylene glycol as the standard solution. 
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From the result obtain, it shows that there a several deviation of the results as 

compared to the theoretical value which is around 3% differences. As the trend of the 

thermal conductivity is still following the theoretical trending, it is determined that 

the thermal conductivity reading can be accepted. As observed from the result in 

subsection 4.2.2, further analysis is done to identify the reasons of differences in 

thermal conductivity reading and several parameters that affected the result are being 

identified. 

 

 

4.2.3.1 Effect of Particle Volume Fraction 

 

 From the analysis in subsection 4.2.2.1, it can be seen that most of the results 

shows that the increment of thermal conductivity with the increment of weight 

percentage of CNF in the nanofluid. The clustering of nanoparticles may increase or 

decrease the thermal conductivity enhancement. If a network of nanoparticles is 

formed as a result of clustering, this may enable fast heat transport along 

nanoparticles. On the other hand, excessive clustering may result in sedimentation, 

which decreases the effective particle volume fraction of the nanofluid. This explain 

the behaviour of several nanofluid which decrease in term of thermal conductivity 

even the volume fraction is increase. The result obtain also shows that the addition of 

dispersing agent increase the value of thermal conductivity. The addition of 

dispersing agent yielded a greater thermal conductivity than the same concentration 

of nanoparticles in the ethylene glycol without the dispersant and no effect of either 

particle size or particle thermal conductivity was observed. 

 

 

4.2.3.2 Effect of Temperature 

  

 Thermal conductivity of nanofluid is measured after placing the nanofluid 

inside a refrigerated water bath with sufficient isolation to prevent heat dissipation 

during the experiment. The result obtain in subsection 4.2.2.1 shows great 

enhancement of thermal conductivity when the temperature increases from 6 ⁰C to     

40 ⁰C. From Figure 4.3, Figure 4.4 and Figure 4.5, it is determined that the increment 

of thermal conductivity mostly occurs at high temperature compared to lower 
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temperature. As the temperature increase, the value of thermal conductivity also 

increase especially at high concentration of CNF. The highest value of thermal 

conductivity is observed at temperature 40 ⁰C which yield thermal conductivity of 

0.335 (W/m.K) for 0.9 wt% of CNF. The increment in data obtained shows that 

thermal conductivity is strongly depends on the temperature.  

 

 The reason of the increment of thermal conductivity linearly with the 

temperature is mainly due to two major factor. Firstly, it might be due to higher 

temperatures of the fluid that the nanoparticles agglomeration would break more 

easily and the nano-size particles will disperse more uniformly inside the water. 

Indeed, from a theoretical viewpoint, with the increment of the nanofluids bulk 

temperature, molecules and nanoparticles are more active and are able to transfer 

more energy from one location to another per unit of time. This is more likely a proof 

of the effect of temperature on thermal conductivity. Secondly, another theory is 

postulated by Jang and Choi (2004) which the Brownian motion of nanoparticles is 

one of the possible factor for increasing the thermal conductivity of nanofluids at 

elevated temperatures.  This pattern of thermal conductivity reading can be explained 

by the fact that kinetic energy of nanoparticles subsequently increase with the 

increment of temperature causing more convection effect to be happened and  

increase the thermal conductivity or called as the existence of Brownian motion. 

Brownian motion of the nanoparticles has been declared as the major factor for this 

phenomenon. This explained the reason of higher percentage enhancement of several 

nanofluid especially for NFP09. The Brownian motion of nanoparticles could 

contribute to thermal conductivity enhancement majorly in two ways which are a 

direct contribution due to motion of nanoparticles that transport heat and indirect 

contribution due to micro-convection of fluid surrounding individual nanoparticles.  

 

 

4.2.3.3 Effect of Based Fluid 

 

 The result obtained at subsection 4.2.2 shows that the value of thermal 

conductivity revolved around the thermal conductivity of pure ethylene glycol as the 

based solution. This is due to the fact that thermal conductivity of a nanofluid will 

highly affected by the based solution regardless the amount and type of nanoparticles 
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used. This is explained by Xie, H. et al. (2009) which proposed a theory  that with an 

increase in the thermal conductivity of the base fluid, the thermal conductivity 

enhancement will be decreases does not matter what kind of nanoparticles have been 

used. This prove the results that show some connection between the ratios of thermal 

conductivities and the enhanced thermal conductivity of the nanofluids and the base 

fluids. 

 

 

4.3 VISCOSITY TEST 

 

 Viscosity is the measure of the resistance to gradual deformation by shear 

stress or tensile stress of the nanofluid. In this research, all samples were tested for 

the viscosity at three different by using viscometer at 60 rpm speed. The viscometer 

is connected to water bath to make sure that experiment can be done at specific 

temperature which is 6 
o
C, 25 

o
C, and 40 

o
C. Table 4.4 shows the result of viscosity 

at different temperature. 

 

 

4.3.1 Standard Viscosity 

  

 The viscosity of pure ethylene glycol were tested to ensure the value at 

specific temperature were taken. The result the is compared with the theoretical value 

of pure ethylene glycol as shown in Table 4.5 

 

Table 4.5 : Theoretical and experimental viscosity of ethylene glycol  

Based-fluid sample 

(EG) 

Viscosity at different temperatures (Cp) 

6 °C 25 °C 40 °C 

Theoretical 46 16 8.2 

Experimental 23.6 10.4 4.68 
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Figure 4.6 : Differences of viscosity for theoretical value and experimental standard 

at different temperature. 

 

 Figure 4.6 shows the comparison between theoretical and experimental value 

for viscosity of pure ethylene glycol at different temperature. Result show the 

decrement of viscosity as the temperature increase. The value for experimental 

standard is way below the actual value. 

 

4.3.2 Viscosity Results and Analysis 

 

 All samples were tested for viscosity by using viscometer and the result 

obtained were recorded in Table 4.6 

 

Table 4.6 : Viscosity at different temperature 

Sample ID 
CNT Viscosity (cP) at different temperature 

wt% 6 °C 25 °C 40 °C 

NFP00 0 23.6 10.4 4.68 

NPP06 0.1 17.8 14.9 11.7 

NFP07 0.2 23.2 16.8 11.3 

NFP08 0.3 26.7 17.6 11.5 

NFP09 0.4 25.9 17.8 11.3 

NFP10 0.5 20.9 15.7 10.4 

NFP11 0.6 23.1 17.7 12.4 

NFP12 0.7 25.5 16.2 11.3 

NFP13 0.8 26.0 18.3 12.3 

NFP14 0.9 23.3 17.7 11.7 

NFP15 1.0 25.9 17.3 11.5 

1 cP  = Centipoise  

=   10
-3   

Pa.s 
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 From Table 4.6, the viscosity decrease with the increase of temperature. The 

viscosity is the highest for NFP08, NFP13, NFP11 at temperature 6 
o
C, 25 

o
C and   

45 
o
C respectively. The value obtain is compared with the standard value which the 

addition of nanoparticles and polyvinylpyrrolidone resulted in the increment of the 

viscosity. The viscosity of NFP06, NFP07, NFP10, NFP11, and NFP14 is lower than 

the standard viscosity of pure ethylene glycol at 6 
o
C which happened to be 23.6 cP. 

The reason of this behaviour will be discussed in subsection 4.3.2. 

 

 

4.3.3 Discussion of Viscosity Test 

 

Viscosity describes a fluid internal resistance to flow and, in the case of 

nanofluids, depends on the morphology and size of nanoparticles. Although some 

studies indicate non-Newtonian behaviour of nanofluids, specially at low shear rate, 

Wang et al. (1999). indicated for Al2O3/EG nanofluids a Newtonian behaviour at 

relatively high shear rates. In application, knowing the viscosity of nanofluids is very 

important as it can predicts the pattern of fluid flow. The viscosity can change due to 

the addition of solid nanoparticles and can cause the increase of pressure drops, 

affecting the efficiency of energy systems. It is also closely related to the stability 

and the structure of solid nanoparticles. The nanoparticle can agglomerate even at 

low concentration and also in the presence of a surfactant. In addition, it is well 

established that the shear-thinning behavior of nanofluids is mainly associated with 

the shape of nanoparticles and it is enhanced with the presence of nanoparticles 

agglomerates (Halelfadl, S. et al. 2013). 

 

 

4.3.3.1 Effect of Temperature 

 

Temperature is discussed in literature as one of most important parameters 

affecting the viscosity. From result obtain in Table 4.7, it is clearly shown that the 

viscosity decrease when the temperature increase. This behaviour is due to the effect 

of Brownian Motion which the increase in Brownian Motion with temperature 

decrease the viscosity of based fluid. It is also proposed that convection-like effects 
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were induced by Brownian motion, which consequently increases the thermal 

conductivity and decrease the viscosity of the nanofluid. 

 

 

4.3.3.2 Effect of Shear Stress  

  

 The result obtain in Table 4.6 also affected by the shear stress of the 

nanoparticles in the nanofluid. The higher shear-thinning effect, in addition to the 

effect of nanotubes length, can be attributed to the disagglomeration of the nanotube 

clusters and the alignment of the agglomerates and nanotubes during shear, resulting 

in less viscous force as discussed by Halelfadl, S. et al. (2013). At high temperature, 

lower shear stress is obtain thus affecting the viscosity of nanofluid. The result of 

viscosity is fluctuate from lower to high particles concentration. Theoretically, there 

are some influence of particle concentration and temperature on the viscosity of the 

nanofluids and the nanofluids were shown to behave as a shear-thinning material at 

high particle content which contribute to high viscosity of the nanofluid. However, 

the fluctuation in the result obtain in Table 4.6 is maybe due to the improper 

ultrasonication process which the particles is agglomerate instead of dispersed in the 

solution. The relative viscosity of nanofluids at high shear rate is strongly enhanced 

with their particle content showing the presence of aggregates, considering the 

influence of nanoparticles agglomerates. 

 

 

4.4 SPECIFIC HEAT CAPACITY TEST 

 

 

4.4.1 Specific Heat Capacity Result and Analysis 

 

 The three best samples which is NFP12, NFP14, and NFP15 as well as the 

standard samples are then prepared for heat capacity test to obtain the specific heat 

capacity of the nanofluid. 0.5 g will be taken for each sample to be tested by using 

calorimeter bomb and the result are shown in Table 4.7.  
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Table 4.7 : Specific heat capacity of nanofluid samples 

Sample ID CNT (wt%) Specific Heat Capacity (Cal/g) 

STANDARD 0.0 4405 

NFP12 0.7 4275 

NFP14 0.9 4440 

NFP15 1.0 4384 

Standard = ethylene glycol only 

 

 

4.4.1.1 Enhancement of Specific Heat Capacity 

 

 Two of the samples undergo a reduction in terms of the value of specific heat 

capacity in oppose to the pure ethylene glycol. Only one sample undergo increment 

in terms of enhancement of specific heat capacity which is sample NFP14 with  

0.794% as calculated in Appendix B. Samples NFP12 and NFP15 undergo reduction 

which is –2.951% and -0.477% respectively. The reason of the increment and 

decrement in specific heat capacity is discussed in subsection 4.4.2. From Table 4.8, 

it can be said that the sample experience increment and reduction in enhancement of 

the specimen as the weight percentage of CNT increases. 

 

Table 4.8 : Percentage enhancement of specific heat capacity 

Sample ID CNF 

wt% 

Percentage Enhancement of Specific Heat 

Capacity (%) 

STANDARD 0.0 - 

NFP12 0.7 -2.951 

NFP14 0.9 0.794 

NFP15 1.0 -0.477 

 

 

4.4.2 Discussion of Specific Heat Capacity 

 

 The results obtain in Table 4.8 shows that only sample with 0.9 wt% CNF 

experienced enhancement in specific heat capacity when CNF is added into the 

solution whereas for 0.7 wt% CNF and 1.0 wt% CNF the sample experienced 

reduction in enhancement. It is agree by previous study that particles size do play a 

role in the increment and reduction of specific heat capacity. The reduction specific 

heat capacity is probably caused by improper ultrasonication process that cause the 
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particle to bind with each other instead of disagglomerate the particles. This cause 

the particles to coagulate and increase in size causing it to sediment in the bottom 

part of the container thus decrease the specific heat capacity. Higher specific heat 

capacity means more heat is needed to increase or decrease in temperature causing it 

to be a suitable options for cooling purpose as the temperature changes slower with 

small volume of nanofluid.  

 

 

4.5 HEAT TRANSFER TEST 

 

 Heat transfer test is the last test conducted for the samples in order to make 

sure that the samples are able to serve the cooling and heating purpose mainly. The 

test is conducted through heat convection as fluid is being use as the medium. The 

top three samples is the further tested for the heat transfer test.  

 

 

4.5.1 Heat Transfer Results and Analysis 

 

The test is conducted by using three different temperature which is 6 
o
C, 25 

o
C, and 40 

o
C by placing the coil in the refrigerated water bath so that specific 

temperature can be obtain. The samples is recorded at one minute intervals for      

five minutes of flowing through the experiment set up apparatus which is enough due 

to constant readings obtained and the samples is subjected to the heat for quite some 

time to ensure the samples completes the flow cycle of the apparatus. The results of 

heat transfer test were shown in Table 4.9, Table 4.10 and Table 4.11. 
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Table 4.9 : Temperature of inlet and outlet for heat transfer test at 6 
o
C 

Time 

(minutes ) 

Sample 

Standard 0.7 wt% 0.9 wt% 1.0 wt% 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 26.34 18.26 23.02 8.00 27.52 8.75 26.04 6.33 

1 25.32 7.78 23.37 8.93 27.29 8.71 25.84 6.38 

2 24.18 8.27 23.63 9.30 26.86 8.66 25.54 6.40 

3 23.03 8.23 23.42 9.03 26.47 8.62 25.30 6.39 

4 21.98 7.76 23.12 8.81 26.15 8.62 25.10 6.40 

5 21.25 7.50 22.76 8.65 25.88 8.61 24.86 6.41 

Tin    =  Temperature  at  the inlet 

Tout =  Temperature at the outlet 

 

 

Table 4.10 : Temperature of inlet and outlet for heat transfer test at 25 
o
C 

Time 

(minutes ) 

Sample 

Standard 0.7 wt% 0.9 wt% 1.0 wt% 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 26.57 25.46 26.53 26.54 27.04 26.23 27.64 26.41 

1 25.94 25.47 26.59 26.52 26.73 26.19 27.55 26.53 

2 25.23 25.42 26.59 26.53 26.26 26.15 27.49 26.54 

3 24.83 25.32 26.66 26.52 26.00 26.41 27.43 26.51 

4 24.71 25.27 26.75 26.53 25.92 26.68 27.34 26.51 

5 24.73 25.26 26.78 26.51 25.97 26.64 27.32 26.53 

   Tin    =  Temperature  at  the inlet 

Tout =  Temperature at the outlet 

 

 

Table 4.11: Temperature of inlet and outlet for heat transfer test at 40 
o
C 

Time 

(minutes ) 

Sample 

Standard 0.7 wt% 0.9 wt% 1.0 wt% 

Tin Tout Tin Tout Tin Tout Tin Tout 

0 31.47 39.41 28.55 39.70 32.24 40.22 28.50 40.21 

1 30.24 38.21 28.05 39.10 32.06 39.77 27.70 38.89 

2 30.16 39.66 27.98 39.38 31.68 39.55 27.84 39.04 

3 30.43 39.85 28.50 39.73 32.06 40.00 28.74 39.76 

4 30.45 39.86 29.08 39.98 32.53 40.24 29.57 40.15 

5 31.47 39.41 28.55 39.70 32.24 40.22 28.50 40.21 

Tin    =  Temperature  at  the inlet 

Tout =  Temperature at the outlet 

 

 Table 4.12 shows the average temperature differences of samples at different 

temperature. For this research, only temperature at minutes three and onwards are 
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taken into consideration. This is because, the heat transfer of the sample is starting to 

be stable only at minutes three. 

 

Table 4.12 : Average temperature difference of samples at different temperature 

Samples CNT (%) 
Average temperature 

6 
o
C 25 

o
C 45 

o
C 

Standard 0.0 14.25 0.52 9.51 

NFP12 0.7 14.27 0.21 10.61 

NFP14 0.9 17.55 0.61 10.93 

NFP15 1.0 18.69 0.84 7.71 

 

 

4.5.1.1 Enhancement of Heat Transfer Coefficient 

 

 The enhancements of the temperature difference is then calculated using the 

methods from Appendix B and then tabulated to Table 4.13. The data obtained in 

Table 4.12 is then presented in graphical charts to further analyze the enhancements 

of the heat transfer coefficient of each samples at three different temperatures which 

is 6 °C, 25 °C and 45 °C.  

 

Table 4.13 : Percentage enhancement of samples at different temperature 

Samples CNT (%) 

Percentage enhancement (%) at different 

temperature 

6 
o
C 25 

o
C 40 

o
C 

Standard 0.0 - - - 

NFP12 0.7 0.14 -59.62 11.56 

NFP14 0.9 23.16 17.31 14.93 

NFP15 1.0 31.16 61.54 -18.92 
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Figure 4.7 : Temperature difference of samples at 6 °C 

 

 From Figure 4.7, All the sample undergo enhancement at temperature and 

sample NFP15 experienced the highest enhancement which is 31.16% followed by 

sample NFP12 which is 23.16%.  Sample NFP14 experienced only a slight increment 

which is 0.14%. 

 

 

Figure 4.8 : Temperature difference of samples at 25 °C 

 

 From Figure 4.8, only sample NFP12 experience a reduction in percentage 

enhancement which is -59.62%. Sample NFP14 and sample NFP15 undergo 

enhancement of heat transfer which is 17.31% and 61.54% respectively. 
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Figure 4.9 : Temperature difference of samples at 40 °C 

 

 From Figure 4.9, sample NFP12 and NFP14 experienced a slight increment in 

percentage enhancement with value 14.93% and 11.56% respectively. However, 

sample NFP15 undergo some decrement in enhancement which happened to be -

18.25%. 

 

Based on Figure 4.7, Figure 4.8 and Figure 4.9 from overall result, it can be 

seen that sample NFP14 can be said as the best sample based on it heat transfer 

enhancement. The reason of  this results is discussed in subsection 4.5.2. Even 

though the value of heat transfer enhancement is not the highest at all three different 

temperature, the sample does not experienced any heat transfer reduction in terms of 

percentage enhancement. 

  

 

4.5.2 Discussion of Heat Transfer Test 

 

Thermal conductivity of heat transfer fluid is a great consequence in the 

improvement of energy efficient heat transfer. It is clearly needed to develop 

advanced heat transfer fluids for improving the effective heat transfer behaviour of 

conventional heat transfer fluids. 

 

From Table 4.13, most of the samples show enhancement in term of heat 

transfer coefficient. Unfortunately, there are two samples that shows failure in heat 
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transfer enhancement which is sample NFP12 and NFP15 at 25 ⁰C and 40 ⁰C 

respectively. From the result obtain, it still suggest that the HHT24 nanofluid 

experienced enhancement for heat transfer as opposed to the standard solution of 

ethylene glycol. It refers to heat transfer between a fluid and a surface due to the 

macroscopic motion of the fluid relative to the surface. 

 

 Despite the considerable scattering result obtain in Table 4.13, the presence 

of nanoparticles do enhance some of the result of heat transfer. Based on Figure 4.7, 

Figure 4.8 and Figure 4.9 the percentage enhancement of nanofluid shows an 

inconsistencies as some result shows greater enhancement and other result show even 

a decrease in enhancement as the nanoparticles is added. The possible reason for this 

result is the thermal conductivity and viscosity affect the heat transfer behaviour of 

nanofluid in opposite ways. As a result, combination of thermal conductivity 

enhancement and increment of the viscosity can give either enhancement or 

deterioration of heat transfer. Besides, the stability of nanofluid and the presence of 

dispersing agent can affected the result of heat transfer. For example, the settling of 

nanoparticles in the nanodluid with poor stability can change the properties of the 

boiling surface, and cause the dispersing agent to be fail at certain temperature. This 

explain the result of increment and decrement of same percentage of nanoparticles at 

different temperature. 

 

Table 4.9, Table 4.10 and Table 4.11 show the difference between inlet 

temperature and outlet temperature. For all samples with different CNF 

concentration, it can be seen that the temperature inlet reading is higher than 

temperature outlet reading for all three different temperature. This is because the 

convective heat transfer coefficient has the highest value at the entrance but 

decreases with axial distance and reaches a constant value in the fully develop 

region. The entrance length is depends on the behaviour of nanofluid. The 

enhancement and decrement of heat transfer can be observe from examining the 

macroscopic and microscopic aspect. Microscopically, nanofluids are 

inhomogeneous. The presence of agglomeration in nanofluids are very strong and are 

difficult to be broken apart even with prolonged high-shear stress processing and 

ultrasonication. The aggregation of particles cause Brownian motion to be small and 

non uniform particles concentration, viscosity, and thermal conductivity occurred. 
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The higher and smaller effect of Brownian motion cause the heat transfer of the 

nanofluid to be inconsistence. 

 

The percentage enhancement of heat transfer is closely related to the surface 

area of the particles. Samples that experienced decrement in the heat transfer 

coefficient as compared to pure ethylene glycol shown in Table 4.13 might be 

influenced by surface area factor. The dispersing agent that has been added to 

enhance the dispersion of CNF might failed at certain temperature thus cause the 

surface area of CNF to decrease. Previous research also shows that large surface area 

promotes higher heat transfer from two mediums (Chopkar, et al. 2006). ). The 

reduction of particles size which represented by the nanoparticles affect the surface 

area. As the size particles decrease, the surface area per unit volume increase thus the 

heat transfer that related directly with surface are increase, resulting in the 

effectiveness of nanoparticles to transfer heat to the base liquid (Hussein et al. 2014). 
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CHAPTER V 

 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

 

5.1 CONCLUSION 

 

  The addition of CNF into pure ethylene glycol is proved to experience some 

percentage enhancement in terms of thermal properties. The high efficient nanofluid 

is sample NFP14 which had been formulated by the combination of 0.9 wt% of 

Pyrograf III HHT24 CNF, 40 % of PVP from weight percentage of CNF as 

dispersing agent and ethylene glycol as the base fluid. For thermal conductivity, 

NFP14 exhibit enhancement throughout all three temperatures which is at 6 °C,       

25 °C and 40 °C respectively as referred to Table 4.2. At temperature 6 °C and 40 °C, 

NFP14 achieved highest percentage enhancement which is 44.04% (0.314 W/m.K) 

and 37.73% (0.335%) respectively as compared to the standard samples. Even 

though at temperature 25 °C the percentage enhancement is the second highest as 

oppose to sample NFP12, there are only a slight difference in the enhancement which 

is 3.47%. It is determined that there are three factors that plays an important roles in 

affecting the percentage enhancement of nanofluids in terms of thermal conductivity, 

which are particle volume fraction, temperature and based fluids as was discussed in 

subsection 4.2.2. The viscosity obtained for samples NFP14 shows the decrement as 

the temperature increase and following the trend obtain by previous studies. The 

viscosity is higher than the standard value which is  23.3 cP at 6 °C, 17.7 cP at 25 °C 

and 11.7 cP at 40 °C as shown in Table 4.4. The viscosity is closely related to 

temperature and shear stress of the fluids as explained in subsection 4.2.3. For heat 

transfer enhancement, despite obtaining  the highest enhancement which is 23.16% 
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only at 40 °C as shown in Table 4.10 as compared to another two samples, sample 

NFP14 is the only sample that does not undergo any reduction in percentage 

enhancement as oppose to NFP12 and NFP15. It can be said that only sample NFP14 

exhibit enhancement for all three different temperature. For specific heat capacity 

test, only sample NFP14 experienced enhancement in the value as compared to 

standard sample which is 4440 Cal/g whereas sample NFP12 and NFP15 undergo 

decrement in the value of specific heat capacity. However, this result is supported by 

previous study as was discussed in subsection 2.6 where it is stated that particles size 

also plays an important roles in term of increment and decrement of specific heat 

capacity. From the result and analysis of thermal properties test of the stable sample 

formulated, NFP14 is analysed to have several improvements in terms of percentage 

enhancement as compared to the standard pure ethylene glycol as the base fluid. 

Sample NFP14 is said to achieve the objectives of this research which is to formulate 

an efficient nanofluid of carbon nanofiber (CNF) in ethylene glycol based and to 

investigate the thermal properties of the nanofluids.  

 

 

5.2 RECOMMENDATION 

 

 The result obtained from this research shows that there are some significant 

discrepancy in the research data for nanofluid properties. An important reason for 

this discrepancy is believe to be the clustering of nanoparticles. Although there are 

no universally accepted quantitative values, it is known that the level of clustering 

affects the properties of nanofluids. Therefore, future work and researches should be 

more focus on the way to avoid the clustering of nanoparticles. The heat transfer 

result should only be recorded as it reaches the stability. The stability of the 

nanofluid can be confirmed when the reading obtained is similar to each other when 

the time increase. As the heat transfer experiment were done without any insulation 

of the tube, there are likely errors occurred in the reading thus suggestion for 

improvement of future use in improving the set up apparatus to obtain better result.  
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APPENDIX B 

Sample Calculation 

 i  Percentage Weight 

 Determination of volume of base fluid for 40 ml specimen container:- 

 Density of Base Fluid (g/cm
3
): 1.11 

 Density of CNT (g/cm
3
)  : 2.0 

 Density of PVP (g/cm
3
)   : 1.6 

 wt% CNT    : 0.1 

 wt% PVP    : 0.2 

 

Formula for volume of CNT and PVP, 

𝑉𝑜𝑙𝑢𝑚𝑒 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 

 

Weight percentage of CNT (e.g 0.1%) in 40g nanofluid, 

𝒘𝒕% 𝑪𝑵𝑻 =  
0.1

100
 × 40 𝑔 = 0.04 𝑔  

 

Weight percentage of PVP (40%), 

𝒘𝒕% 𝑷𝑽𝑷 =  
100

100
 × 0.04 = 0.04 𝑔  

 

Volume of 0.1% of CNT, 

𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝑪𝑵𝑻 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶𝑁𝑇 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝐶𝑁𝑇
=  

0.04

2.0
= 0.02 𝑔   
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Volume of 40% PVP from 0.1% of CNT 

v𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝑷𝑽𝑷 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑃𝑉𝑃 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑃𝑉𝑃
=  

0.04

1.6 
= 0.025 𝑔 

 

Water Based Weight. 

𝑩𝒂𝒔𝒆 𝒇𝒍𝒖𝒊𝒅 = 𝑬𝒕𝒉𝒚𝒍𝒆𝒏𝒆 𝒈𝒍𝒚𝒄𝒐𝒍 − 𝑪𝑵𝑻 − 𝑷𝑽𝑷  

  = 40 g – 0.02 g – 0.025 g 

  = 39.955 g 

  = 39.955 ml 

 

ii.  Percentage of Enhancement for Thermal Conductivity  

Thermal conductivity of coolant at 6 °C = 0.218 W/m.K  

Thermal conductivity of NFP14 at 6 °C = 0.314 W/m.K  

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =  
𝑇.𝐶 𝑜𝑓 𝑛𝑎𝑛𝑜𝑓𝑙𝑢𝑖𝑑−𝑇.𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑

𝑇.𝐶 𝑜 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑
 × 100%  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =  
0.314−0.218

0.218
 × 100%    =  44.04 %  

 

iii.  Percentage of Enhancement For Specific Heat Capacity (SHC)  

 

SHC of coolant = 4041 Cal/gram  

SHC of NFP14 at 0.9 wt% = 3765 Cal/gram  

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =  
𝑆𝐻𝐶 𝑜𝑓 𝑛𝑎𝑛𝑜𝑓𝑙𝑢𝑖𝑑−𝑆𝐻𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑

𝑆𝐻𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑
 × 100%  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =  
4275−4405

4405
 × 100% =  −2.951 %  


