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ABSTRACT 
 
 
 
 

Nanotechnology has introduce nanofluids as suspension of nanoparticles in the base 

fluids. The nanoparticles dispersion in fluids due to thermal properties limitation. Hence, 

inclusion of MWCNT-OH nanoparticles and PVP in base fluids could enhance the 

thermal properties and the nanofluids stability. Futhermore, the low boiling point and 

high freezing point of deionized water has causes another problem and be solve by 

mixed this fluid with ethylene glycol which act as antifreeze fluid. Intention of this 

research are to investigate the nanofluid dispersion and stability and as well as thermal 

properties performance. The two-step method is used in formulazation of nanofluid on 

concentration 0.1 wt% to 1.0 wt% of MWCNT-OH and base fluid deionized water to 

ethylene glycol  ratio is 0:100%, 100:0%, 90:10%, 80:20%, 70:30%, 60:40% and 

50:50%. The dispersion process has selected 5 minutes dispersion process as the 

optimum time in getting better dispersion and stability of nanofluids. The nanofluids has 

been tested at 6°C, 25°C and 40°C in thermal conductivity and heat transfer coefficient 

test. In thermal conductivity test, addition of MWCNT-OH in deionized water is the 

highest thermal conductivity enhancement which 21.21% (0.4 wt%) at 40°C. However, 

the thermal conductivity decrement also happens on deionized water based nanofluids at 

range concentration  0.3 wt% and 0.5 wt% till 1.0 wt% at 40°C. Moreover, the thermal 

conductivity results is fluctuated or inconsistent with increment of temperature and 

concentration. Hence, it mean thermal conductivity is independent on temperature and 

concentration. Meanwhile, heat transfer coefficient is increases with increment of 

temperature and nanoparticles concentration. The highest enhancement of heat transfer 

coefficient is occurs on ratio 70:30;DI:EG which has 104.3% at 40°C and 1.0 wt%. The 

overall increment of heat transfer coefficient occurs on 1.0 wt% and 40°C. Only on 

0:100; DI:EG, and 60:40; DI EG has the highest enhancement on 25°C. Besides, 

ethylene glycol based nanofluids has high heat transfer coefficient on 6°C.In specific 

heat test, addition of MWCNT-OH has decreased the specific heat exclude on 0.8 wt% 

of ethylene glycol based nanofluids. This test is conducted in room temperature. Based 

on these results, concentration, nanoparticles properties and coagulation in nanofluids 

causes specific heat decrement. Whilst, surface energy, nanoparticles size and area are 

contributed in high specific heat. To sum up, seeding of MWCNT-OH in fluids has 

enhanced the thermal properties on certain concentration and temperature.  
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ABSTRAK 
 
 
 
 

Teknologi nano telah memperkenalkan bendalir nano sebagai dispersi partikel nano ke 

dalam bendalir konvensional. Ini disebabkan bendalir konvensional mempunyai 

keupayaan yang terhad dari segi sifat-sifat termal. Oleh demikian, penggunaan partikel 

MWCNT-OH dan PVP ke dalam bendalir dipercayai dapat meningkatkan sifat-sifat 

termal dan kestabilan bendalir nano. Tambahan lagi, masalah takat didih yang rendah 

dan takat beku yang tinggi pada air ternyahion dapat ditangini dengan menggunakan 

bendalir antibeku seperti etilena glikol. Tujuan kajian ini adalah untuk menyiasat dispersi 

dan kestabilan bendalir nano dan juga prestasi sifat-sifat termal bendalir nano. Kaedah 

dua langkah telah digunakan dalam penghasilan bendalir nano pada kepekatan MWCNT-

OH dari 0.1 wt% hingga 1.0 wt% dan nisbah bendalir asas pada 0:100%, 100:0%, 

90:10%, 80:20%, 70:30%, 60:40% dan 50:50%. Proses dispersi telah memilih 5 minit 

waktu proses dispersi sebagai masa terbaik dalam penghasilan bendalir nano yang stabil. 

Bendalir nano telah diuji pada tiga suhu yang berbeza iaitu 6°C, 25°C and 40°C pada 

ujian kekonduksian termal dan ujian kecekapan pemindahan haba. Dalam ujian 

kekonduksian termal, penambahan MWCNT-OH dalam air ternyahion mempunyai 

peningkatan kekonduksian termal paling tertinggi iaitu 21.21% (0.4 wt%) pada suhu 

40°C. Namun, penurunan kekonduksian termal turut berlaku pada bendalir nano air 

ternyahion pada kepekatan 0.3 wt% dan 0.5 wt% hingga 1.0 wt% pada suhu 40°C.  

Tambahan lagi, hasil kekonduksian termal adalah tidak konsisten dengan peningkatan 

suhu dan kepekatan. Oleh yang demikian, ini bermakna kekonduksian termal tidak 

bergantung pada suhu dan kepekatan. Manakala, hasil kecekapan pemindahan haba 

meningkat dengan meningkatnya suhu dan kepekatan partikel nano. Peningkatan 

tertinggi kecekapan pemindahan haba iaitu 104.3% berlaku di nisbah 70:30;DI;EG pada 

suhu 40°C dan 1.0 wt%. Peningkatan kecekapan pemindahan haba keseluruhannya 

berlaku pada 1.0 wt% dan suhu 40°C. Hanya 0:100; DI:EG, dan 60:40; DI EG 

mempunyai peningkatan kecekapan pemindahan haba tertinggi pada suhu 25°C dan  

etilena glikol bendalir nano pada suhu 6°C. Di dalam ujian haba tentu yang dilakukan 

dalam suhu bilik menunjukkan penurun haba tentu pada setiap bendalir nano kecuali 

pada 0.8wt% etilena glikol bendalir nano. Analisis mendapati kepekatan partikel, sifat 

partikel nano dan mendapan dalam bendalir nano merupakan faktor penurunan haba 

tentu. Walau bagaimanapun, tenaga permukaan, saiz partikel dan kawasan permukaan 

partikel menyumbang kepada peningkatan haba tentu. Natijahnya, penambahan partikel 

MWCNT-OH dalam bendalir dapat meningkatkan sifat-sifat termal pada kepekatan dan 

suhu tertentu sahaja.   
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CHAPTER 1 

 

INTRODUCTION  

 

1.1 Background of study 

In 1995, Choi was a primary researcher that has successfully prepared and studied 

about the nanofluids at Argonne laboratory (USA) (Choi et al., 2001). Nanofluids can be 

defined as the suspension of nanometer-sized particles (metallic or non-metallic) which is a 

new engineering material where their diameter is from 1 nm to 100 nm in the conventional 

fluids (Abdolbaqi et al., 2015, Ravisankar, 2013 and Mukherjee and Paria, 2013).  The 

nanometer-sized particles also known as nanoparticles is discovered from carbon nanotube 

(CNT) which is the most adaptable element in the aspects of type, strength and number of 

bonds where it can be formed with any elements. The high thermal conductivity value, 

elasticity and aspect ratio are the benefit on the CNT particles.  Due to the benefit, the 

CNT particles have been used in many applications such as electronic system, automotive 

system and etc. There are have a few types of CNT which are single walled carbon 

nanotube (SWCNT) and multiwalled carbon nanotube (MWCNT). Even though the size of 

nanoparticles is too small, it gives a big impact in enhancing the energy, momentum, heat 

and mass transfer (Singh et al., 2012). There are a few types of nanoparticles which are 

nanotubes, nanofiber, nanowires, nanorods, nanosheets or droplets (Yu and Xie, 2012). 

Developments in science and technology have led to the discovery of nanofluids as 

part of “Nanotechnology”. This term was used in 1974 by the Japanese scientist, Norio 

Taniguchi (Mukherjee and Paria, 2013).  This technology led the improvement of thermal 

properties performance in some applications such as radiator, heating, ventilation, and air 
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conditioning (HVAC) system, biomedical and etc. Commonly, conventional fluids such as 

ethylene glycol, oil or deionized water used in heat transfer applications have limitations in 

thermal performances such as poor thermal conductivity and heat transfer. Therefore, it can 

limit the performance of some applications. As an example, in automobiles field, the 

conventional fluid makes the performance enhancement low in compactness of the heat 

exchangers. Besides, heating and cooling are crucial processes in energy applications, 

hence high thermal property and energy efficiency are the requirements needed in their 

system.  In fact, the main weakness of the source in thermal property of heating and 

cooling system is the use of conventional fluids which have poor thermal performance as a 

heat transfer medium (Mehrali et al., 2014, Hassan et al., 2013 and Lotfizadeh Dehkordi et 

al., 2013 cited in Sadri et al., 2014).   

In this world, metals in solid form have higher thermal conductivity values than 

fluids. Chein and Huang (2005) have reported that the microchannel heat sink performance 

is enhanced due to the use of nanofluids that have higher thermal conductivity and thermal 

dispersion characteristics. Hence, seeding of nanoparticles in conventional base fluids will 

improve or increase the thermal performance of the fluids.  Abdul Hamid et al. (2015) and 

Redhwan et al. (2017) have mentioned the specialty of nanofluids which is it can enhance 

or improve the thermal properties of fluids such as thermal conductivity, thermal 

diffusivity, viscosity and convective heat transfer coefficient.  

In addition, inclusion of surfactant in nanofluids also can improve the thermal 

performance of fluids. It is due to the function of surfactant as stabilizer in dispersing the 

nanoparticles in fluids as to get the stable nanofluids (Yu et al. 2017).  Commonly, Gum 

Arabic (GA), sodium dodecyl sulfate (SDS), polyvinylpyrrolidone (PVP) and etc. have 

used as surfactant in nanofluids. The surfactant has effect in improving the thermal 

performances of nanofluids. This fact is supported by literature, thermal conductivity of 
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CuO based nanofluids is higher with the inclusion PVP surfactant rather than without the 

surfactant (Sahooli and Sabbaghi, 2013) and have better stability. Hence, nanofluids is a 

fluid that have speciality in high thermal properties compared to conventional fluids which 

have poor thermal properties.  

 

1.2 Problem statement 

Electronic systems such as in control process unit (CPU) system, electronic 

packaging and etc. contain various electronic components such as resistor capacitor, chips 

and wire which can release heat to the system when the electric is on. Then, due to higher 

density and compactness of electronic components in the system, making the heat 

dissipation in the electrical system is difficult to release. This will affect the performance 

and shorten the life span of all electronic systems. Hence, enhancing the heat transfer 

capacity of their systems has the ability to improve the heat dissipation in electronic 

systems.  Introducing the nanofluids for cooling of electronic system will reduce the heat 

in the electrical system and improve the efficiency. 

Generally, conventional fluids like ethylene glycol and deionized water are used in 

the cooling and heating systems. However, limitation of conventional fluids thermal 

properties is one of the main challenges in cooling and heating systems. Hence, additional 

MWCNT nanoparticles that have high thermal conductivity can enhance the thermal 

properties of fluids. In spite of the fact that MWCNT has higher thermal conductivity, the 

hydrophobic nature of nanotube which repels dissolves in fluid cause agglomeration form 

in nanofluids. Therefore, seeding of hydroxyl functionalized multiwalled carbon nanotube 

(MWCNT-OH) in ethylene glycol and deionized water will improve the dispersibility of 

nanotubes in fluids. It is due to the fact that functionalize group can breakdown the bundles 

of nanotube bonding and help in the dispersion of nanotubes in fluids. In addition, the use 
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of PVP as dispersant agent in nanofluids will improve the stability or dispersibility of 

nanotubes in fluids.  Besides, researchers are rarely use -OH group and PVP in nanofluids 

investigation.  

Moreover, limitation of deionized water that has high freezing point and low 

boiling point is other problem that has to be faced. Antifreeze solution such as ethylene 

glycol can be used to solve this problem by mixing the fluids. Therefore, this research is 

more focused on thermal properties of MWCNT-OH nanofluids using PVP in pure and 

mix conventional fluids which are ethylene glycol and deionized water at three different 

temperatures which are 6C, 25C and 40C. Moreover, the addition of MWCNT-OH 

nanoparticles in fluids are affirmed to improve thermal properties.    

.  

 Objective  

i. To synthesize nanofluids in stable condition using hydroxyl multiwalled 

carbon nanotube (MWCNT-OH), polyvinylpyrrolidone (PVP) in mixture of 

deionized water and ethylene glycol at different ratios. 

ii. To determine the dispersion and stability of MWCNT-OH based nanofluids 

iii. To investigate the thermal properties performance of nanofluids in three 

various temperature. 

 

 Scope  

i. To formulate stable nanofluids on pH ±9 from the various mixture of 

MWCNT-OH (0.1 wt% to 1.0 wt%), ethylene glycol, deionized water and 

PVP (10% from wt% of MWCNT-OH) at 100% deionized water and 

ethylene glycol, mixture of deionized water and ethylene glycol at ratio 

90:10%, 80:20%, 70:30%, 60:40% and 50:50%.  
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ii. To investigate the nanoparticles dispersion in base fluids at 0, 1, 3, 5, 10 and 

15 minutes dispersion process in stability of nanofluids process. 

iii. To find out the optimum time in dispersion process as to get the stable 

nanofluids. 

iv. To analyze the thermal properties performance of the nanofluids which are 

thermal conductivity, heat transfer coefficients and specific heat at three 

various temperature (6°C, 25°C and 40°C).  

 

 Summary 

In summary, this chapter has explained the background of nanofluids which 

includes the definition, characteristics, and advantages of nanofluids. The nanofluids is 

described as nanoparticles immersed in fluids as to enhance the thermal properties of 

fluids. Then, the problem statement states the thermal performances limitation on 

conventional fluids, MWCNT hydrophobic characteristics, and limitation of deionized 

water on boiling point and freezing point. To overcome these problems, seeding of 

MWCNT-OH nanoparticles in fluids and including the -OH group on nanoparticles as well 

as using PVP as stabilizer are believed can enhance the thermal properties and overcome 

the stability issue. Moreover, mixture of deionized water with ethylene glycol can handle 

the limitation of deionized water. Based on the problem statement, objective and scope of 

this research are coming out to investigate the dispersion and stability and as well as 

thermal properties of fluids with inclusion of MWCNT-OH and PVP as stabilizer in fluids. 

This research more focuses on thermal conductivity, heat transfer coefficient and specific 

heat investigation at three various temperatures (6C, 25C and 40C).   



IMRANSYAKIR

6 

 

 

CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction  

In this chapter, literature reviews regarding nanofluids will be mentioned in detail. 

Some of the literature reviews are about history of nanofluids, CNT, dispersing agent, 

preparation methods of nanofluids, applications and as well as thermal properties of 

nanofluids. Besides, the research gap in nanofluids investigations can clearly be detected 

after discovering all past researches on nanofluids.   

 

2.2 Nanofluids 

In 1995, Choi was the first researcher that introduced nanofluids in the world of 

science (Mukherjee and Paria, 2013 and Bairwa et al., 2015). Nanofluids is a new term of 

fluid which consists of nano-sized particles in range of 1 nm to 100 nm in base fluids with 

the addition of dispersant agent. Normally, the conventional base fluids used are water, 

organic liquids (ethylene glycol, oil, biological liquids, etc.), and polymer solutions, that 

are commonly used in cooling system applications. Moreover, there are two phases of 

systems in the nanofluids where one phase is solid phase while another phase is liquid 

phase (Yu and Xie, 2012).  The purpose of nanofluids is to get the high thermal properties 

at the lower concentration of nanofluids (<1% of volume concentration) through the 

stability of nano-particles where the size of nano-particles are less than 10 nm in base fluid 

(Ebrahimi et al., 2010).  
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Nanofluids have a potential for many applications in various fields such as 

chemical, bio and pharmaceutical processes, food industry, electrical, chemical and etc. 

(Chung et al., 2011 and Wu et al., 2014). The characteristics of nanofluids which have a 

higher thermal conductivity compared to their based conventional fluids like water and 

ethylene glycol make the nanofluids can be considered as heat-transfer fluids (Wu et al., 

2014). Other potential features of nanofluids are having better performance in the heat 

transfer property, lower erosion and clogging in micro channels, lower power pumping and 

friction coefficient as well as better lubrication.  

Nanofluids can be classified into two categories which are metallic nanofluids and 

non-metallic nanofluids. Metallic nanofluids are dispersion process of nanoparticles that 

are made from metals (i.e. aluminium, copper,nickel etc.) and nonmetallic nanofluids are 

made by dispersing nanoparticles of nonmetals (i.e. metal oxides, graphene etc.) 

(Mukhrejee and Paria, 2013).  Despite the advantages of nanofluids, according to Wu et al. 

(2014), nanoparticle in the nanofluids has a possibility to form agglomeration or 

sedimentation due to van der Waals attractive force. The agglomeration makes the 

nanofluids becomes unstable nanofluids. Moreover, the agglomeration can affect the 

thermal properties of the nanofluids by reducing the thermal conductivity. There are have 

several initiatives to solve this problem. Further explanation in synthesis and stability of 

nanofluids section.  

 

2.2.1 Application of nanofluids 

The addition of nanoparticles in fluids has the tendency in improving the thermal 

properties of fluids. Therefore, nanofluids are used in some applications as to enhance the 

efficiency and thermal properties such as in heat transfer applications, automotive, electric, 

and biomedical and so on (Saidur et al., 2011). 
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In heat transfer applications, nanofluids are used as industrial cooling. For example, 

in United States electric power industry, nanofluids are used in closed loop cycles of power 

system. Hence, the result reveals that the energy save is about 10 trillion to 30 trillion Btu 

per year where it tantamount to the consumption of the annual energy for 50000 to 150000 

households. In addition, nanofluids are also used in extraction of geothermal power and 

other energy sources. Due to high temperature during the extracting energy process from 

the earth’s crust which is about 500°C and 1000°C, the pipes used in this activity are 

exposed to high temperature. Therefore, the use of nanofluids is as an alternative way in 

cooling down the pipes.  

In automotive field, radiator is the cooling system which functions to release heat 

from the engine. Generally, water or ethylene glycol are used as coolant fluids in the 

radiator. However, the limitation of thermal properties for the water and ethylene glycol 

which have poor heat transfer is a problem in automotive field. Therefore, using nanofluids 

is a way to solve the problem.  Based on Bhogare and Kothawale (2013) have mentioned 

that, the inclusion of copper in ethylene glycol makes the enhancement of heat transfer is 

about 3.8%. Moreover, the use of nanofluids can reduce the size and better positioning of 

the radiator (Bhogare and Kothawale, 2013). Meanwhile, other function of nanofluids in 

automotive field is as lubricants where inclusion of nanoparticles in mineral oils is an 

alternative way to reduce wear and improve the load-carrying capacity.  

In electronic applications, nanofluids are used in electrical system as a coolant. The 

compact component like microchips, capacitor, and transistor and so on in the electrical 

systems make the heat dissipation difficult to release. Therefore, introducing nanofluids in 

the electrical cooling system, for instance, liquid cooling in the computer processor can 

reduce the heat and improve the efficiency of the electrical system. Moreover, microscale 

fluidic also uses nanofluids. There is a few methods in the microscale liquid manipulation 
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which are electrowetting or reducing the contact angle trough applied voltage. This method 

is applied in fluidic digital display device, optical devices and microelectromechanical 

systems (MEMS). However, the useful method in the microscale liquid manipulation is 

electrowetting on dielectric (EWOD) by using nanofluids as it is effective in the 

engineering wettability of the surface and possibly surface tension.  

Besides, biomedical field also uses nanofluids in their system. In past cancer 

treatment, doctors have problems in delivering high local doses of drugs or radiation 

without having side effect in damaging the healthy tissue. The use of magnetic nanofluids 

to guide the particle up the bloodstream to the tumour with the magnets is very useful 

application in solving the problem. Besides, using nanoparticles with high thermal 

conductivity in the cryosurgery can increase the freezing rate.  It is because, procedure of 

cryosurgery that uses freezing method to destroy the undesired tissues. Hence, it is ti be 

realized that nowadays many applications have used nanofluids as their alternative 

procedure to solve some problems regarding thermal properties. 

 

2.3 Carbon nanotubes (CNT) 

In science chemistry, chemical element like carbon has six atomic numbers and 

electrons which are 1s2, 2s2 and 2p2 atomic orbital. However, they can hybridize to sp, sp2 

or sp3 forms. Graphene, fullerenes and CNT are some examples for sp2 carbon bonded 

materials which have very constant nanometer size among the other atomic orbitals 

(Ouyang et al., 2001, Kim et al., 2003 and Chico et al., 1996 cited in Eatemadi et al., 

2014). Besides, the sp2 hybridization of carbon can create a layer structure with weak out-

of-plane connection of the van der Waals form and strong in plane bounds. In addition, 

O’Connell (2006) has stated that the differing qualities of bonds and their comparing 

geometries empower the presence of auxiliary isomers, geometric isomers and enantiomers 
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that are found in large, complex and various structures. In a solid phase, carbon can exist in 

three various allotropic forms which are graphite, diamond and buckminsterfullerene as 

can be seen in Figure 2.1. Buckminsterfullerene also known as ‘buckyballs’ has its own 

formula which is C60. Nanotubes have been discovered on the structure of 

buckminsterfullerene that have strong and good electrical conductor properties.  

 

 

 

Figure 2.1: Allotropes of carbon; (a) graphite; (b) diamond;  

(c) buckminsterfullerene (Eatemadi et al., 2014) 

 

In 1956, Roger Bacon has done carbon arc research at Union Carbide in Parma, 

Ohio to investigate the properties of carbon fibers and accidentally discovered carbon 

nanotube (CNT). He found out that the structure of CNT is a scroll like-structure. Besides, 

in 1971, Endo produced images of nanotubes via high resolution transmission electron 

microscopy (HRTEM) accidentally during his research on carbon nanofibers production by 

pyrolysis of benzene and ferrocene at 1000C. Then, 20 years ahead, Ijima also found CNT 

when he imaged multiwalled carbon nanotubes (MWCNT) through transmission electron 

microscope (TEM). In 1993, Ijima, Bethune and their co-workers had investigated and 

found out single walled carbon nanotubes (SWCNT). Based on these findings, other 

researchers had interest to get more details about CNT. Additionally, Ijima was the first to 

(a) (b) (c) 
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perceive that CNT was concentrically rolled graphene sheets with a substantial number of 

potential helicities and chiralities as opposed to a graphene sheet rolled up like a scroll as 

initially proposed by Bacon.  The geometric properties of CNT are long cylindrical tubes 

from allotrope of carbon, hexagon shape at the wall of the carbon and at the end of the tube 

is pentagon. Referring to Figure 2.2, it shows the structures of CNT. 

 

 

Figure 2.2: Structures of CNT (Grace, T., 2003) 

 

Moreover, CNT also has unique physical and chemical properties. A single atomic 

layer thick which can be about 1/50000th the thickness of a human hair is one of the CNT 

physical properties. In addition, because of the bonding characteristics of carbon atoms, the 

small gap or junction between two carbon atoms that have slightly different physical 

structures can function as electronic device when they are joined together.  Another 

amazing speciality of CNT is elasticity where CNT will go back to normal structure 

without destruction even if CNT is exposed to great axial compressive forces (Phuoc et al., 

2011).  

CNT is a nanoparticle that has unique characteristics or properties such as high 

moduli of elasticity and high aspect ratios.  However, the shapes or structures of CNT have 

possibility to momentarily distort if extraordinary force applied on CNT as nanotube does 
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not have limit in elasticity. Consequently, atomic positions and reorganization of the 

carbon bonds will defect due to deformation of CNT structures. The elasticity of CNT can 

be determined by elastic modulus. As an example, elastic modulus of MWCNT is 

transmission electron microscopes (TEM) where the vibration at both tip of the tubes can 

be measured and scanned. Moreover, scientists have discovered that CNT can overcome 

high temperatures (750C at normal and 2800C in vacuum atmospheric pressures) and has 

great thermal conductors character. The other characteristic of CNT is having mechanical 

strength, chemical stability, thermal conductivity and electrical conductivity (Phuoc et al., 

2011). Azmi et al. (2013) have reported that CNT possess higher thermal conductivity than 

other types of metallic or oxide nanoparticles where thermal conductivity value of CNT is 

about 1800 W/mK to 2000 W/mK (Marquis and Chibante, 2005).  

Based on Abdullah et al. (2016), characteristic of CNT is a hydrophobic nature 

which can make the nanoparticles to aggregate in the base fluid.  In addition, Donaldson et 

al. (1998) has mentioned in his paper, non-biodegradable characteristic of CNT makes the 

nanoparticle difficult to disperse well in fluid. Hence, the stability of CNT based 

nanofluids is a major problem among the nanofluids researchers as CNT highly enables to 

agglomerate due to its characteristic.   

 

2.3.1 Types of carbon nanotubes 

There are two main types of CNT which are SWCNT and MWCNT. Therefore, the 

characteristics on these two types of CNT are more explained details in next section.  

 

2.3.1.1 Single wall carbon nanotubes (SWCNT) 

SWCNT were found in 1993 through arc discharge using graphite-rod electrons, 

where now this method only produces very low yield of SWCNT with a lot of 



IMRANSYAKIR

13 

 

carbonaceous contaminations (Tanaka and Ijima, 2014). SWCNT is basically a wrapped or 

rolled up of a single piece of graphene into a tube shape (Eatemadi et al., 2014). Referring 

to Figure 2.3, it shows the structure of SWCNT.  

 

 

Figure 2.3: Structure of SWCNT (Saifuddin et al., 2013) 

 

The SWCNT diameter varies from 0.4 nm up to 2 nm whilst the length of SWCNT 

is normally in micrometer range. In a package structure, SWCNT is hexagonally sorted out 

to shape a precious stone-like development or crsytal-like construction. Furthermore, 

SWCNT has three nanotube geometries which are characterized by a pair of indices  which 

are n or m indices.   

The zigzag nanotubes indicate the integer m=0,  armchair nanotubes are  when 

indices n=m and other than that are chiral nanotubes. Besides, in determining whether the 

nanotube is either metallic, semimetallic or semiconductor depends on indices when  n − m 

is a multiple of 3, hence nanotube is represented as metallic (Eatemadi et al., 2014). Other 

than that is semimetalic or semiconductor. Normally, metallic nanotubes are in armchair 

form that have highly conducting nanotubes and others are semiconductor nanotubes. 

Hence, Figure 2.4  has shown the geometries structures of amchair, chiral and zigzag. In 

addition, the thermal conductivity value for SWCNT is about 2800 W/m.K to 6000 W/m.K 

at room temperature (Lindsay et al., 2009).  
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Figure 2.4: Three geometries of SWCNT (Eatemadi et al., 2014) 

   

2.3.1.2  Multiwalled carbon nanotubes (MWCNT) 

MWCNT were found in 1991 by Ijima and it is similar to that of SWCNT but the 

difference in structure is MWCNT are made up of a few layers of graphenes instead of just 

one layer of graphene as shown in Figure 2.5 (Reich et al., 2004).  

 

 

 

Figure 2.5: Structure of MWCNT (Saifuddin et al., 2013) 

 

Normally, inner diameter of MWCNT diverges from 0.4 nm up to  a few 

nanometers while outer diameter is from 2 nm up to 20 nm to 30 nm. Meanwhile, the axial 

size of MWCNT differs from 1 m up to a few centimeters (Eatemadi et al., 2014).  It 

depends on the number of graphene layer in the MWCNT. On the other hand, the structure 

Chiral Armchair Zigzag 
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of MWCNT at the end or tip of MWCNT is normally closed and capped by domeshaped 

half-fullerene molecules. This half-fullerene molecules have function in closing of  

MWCNT tip. There are two structural models in MWCNT field which are Russian Doll 

model and Parchment model. This model can be seen in Figure 2.6. 

 

 

 

 

 

 

Figure 2.6: MWCNT structural models (Yu and Xie, 2012) 

 

The Russian Doll model is described based on the diameter of nanotube where the 

outer nanotube has a greater diameter than the inner nanotube. Meanwhile, Parchment 

model is determined by the solitary graphene sheet that is wrapped around itself multiple 

times like a rolled up parchment of paper. Due to the multilayer graphene sheets in 

MWCNT structure, the outer walls of MWCNT have the ability to protect the inner 

MWCNT from chemical relations with open-air substances. Other specialty of MWCNT is 

extraordinary tensile strenght properties greater than diamond, steal or Kevlar. This 

specialty exists partially or not exist in SWCNT (Vander Wal et al., 2003 cited in Eatemadi 

et al., 2014). Moreover, thermal conductivity value for MWCT is more than 3000 W/m.K 

at room temperature. 

 

 

 

Russian Doll model  Parchment model  
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2.3.2 Comparison of SWCNT and MWCNT 

 Referring to Table 2.1, it represents the comparison between two types of CNT 

which are SWCNT and MWCNT. These two types of CNT have advantages and 

disadvantages. The most critical factor in selecting the proper nanotubes for research is a 

condition of nanotubes during the functionalization. Based on the Table 2.1, it mentioned 

that the SWCNT has a high possibility to defect during the functionalization. As a result, 

this defect can disturb the stability of nanofluids and caused the lower thermal performance 

of nanofluids. Meanwhile, MWCNT has less possibility to defect during the 

functionalization.  Therefore, to conclude, the MWCNT have more advantages compared 

to SWCNT which can be seen in Table 2.1. Hence, selection of MWCNT as nanotubes 

additive in enhancing the thermal properties of conventional base fluids of ethylene glycol 

and deionized water is a good idea due to the advantages of MWCNT.   

 

Table 2.1: Comparison between SWCNT and MWCNT (Eatemadi et al., 2014) 

SWCNT MWCNT 

Single layer of graphene Multiple layers of graphene 

Catalyst is required for synthesis Can be produced without catalyst 

Hard bulk synthesis and require proper 

control over growth and atmospheric 

condition 

Easy bulk synthesis 

Poor purity High purity 

High chance to defect during 

functionalization 

Less chance to defect but once occur it is 

difficult to improve 

Less accumulation in the body More accumulation in the body 

Easy characterization and evaluation Complex structure 

Easy to twist and more pliable Cannot be twisted 
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2.4 Dispersing agent 

Dispersing agent is a chemical compound that been include in nanoparticles and 

fluids as to lower the surface tension and enhanced the dispersion of nanoparticles in 

fluids. It is because of hydrophobic characteristic of CNT which has lack ability to 

immersed well in fluids. The dispersing agent or well known as surfactant has ability in 

stabilize the dispersion of nanoparticles in fluids (Mukherjee and Paria, 2013).  In this 

work, PVP surfactant is used in dispersion and stability of MWCNT-OH nanoparticles in 

fluids.  

 

2.4.1 Polyvinylpyrrolidone (PVP) 

PVP is also known as polyvidone or povidone is a surfactant in powder form. It is 

yield from the monomer of N-vinylpyrrolidone and feedback between acetylene, 

formaldehyde and 1,4-butynediol (Haaf, F et al., 1985 cited in Syed Idrus, 2015b).  Figure 

2.7 shows the structure of PVP.  

 

 

 

Figure 2.7: Polyvinylpyrrolidone (PVP) structure (Sigma-Aldrich, n.d) 

 

Literature stated, PVP surfactant is used in stabilizing the CuO nanoparticles in 

water as to get better stability and has achieved 17% and 31% increment of thermal 
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conductivity at room temperature and 50°C (Shaooli et al., 2012 cited in Vishnu 

Narayanan and Rakesh, 2018). Fadhillahanafi et al. (2013) found out in their research that 

the inclusion of PVP in the nanofluids exhibit better stability compared to nanofluids 

without surfactant. In addition, the enhancement of thermal conductivity is about 22.2% at 

0.01 wt% of PVP surfactant for 0.5 wt% of MWCNT water based nanofluids.  Iyahraja and 

Selwin (2016) has mentioned in their work, stability of silver-water nanofluids is greater 

when using sodium dodecyl sulfate (SDS) rather than PVP.  However, the thermal 

conductivity of silver-water nanofluids is higher when using PVP rather than SDS 

surfactant. However, PVP is rarely used as surfactant in dispersing of nanoparticles by 

researchers. Therefore, information on thermal properties nanofluids by using PVP 

surfactant is insufficient and difficult to find out.  

 

2.5 Synthesis of nanofluids 

The most important issue in the nanofluids field is the stability of nanofluids where 

it still remains as a big issue or problem to researchers to get the stability of nanofluids. 

Therefore, synthesis and preparation of nanofluids are the vital processes that can make the 

stability attainable and it is the earliest step in the experimental procedures. Hence, the 

stable suspension of nanoparticle in the base fluid, satisfactory endurances, negligible 

sedimentation of nanoparticles, and no substance change of the particles or fluid are the 

necessities required in the preparation of nanofluids. 

 

2.5.1 Single-step preparation process 

Single-step preparation process or well known as one-step method has two 

processes at the same time which are making and scattering of the nanopowders in the 

conventional fluids. Researcher such as Mukherjee and Paria (2013) express that single-



IMRANSYAKIR

19 

 

step preparation process is the synthesis of nanofluids in one-step. This method has 

minimized nanoparticles agglomeration by avoiding the drying, storage, transportation and 

dispersion of nanoparticles process. Therefore, single-step preparation process can enhance 

the stability of nanofluids (Yu and Xie, 2012).  

Vacuum-SANSS (submerged arc nanoparticle synthesis system) is an example of 

single-step preparation process where it is used in the preparation of Cu-based nanofluids 

using various fluid (deionized water, 30:70%, 50:50% and 70:30% of ethylene glycol to 

deionized water mixture) (Lo et al., 2005). Based on this method, the nanoparticles are 

dispersed well in the fluid without the presence of particle agglomeration. Lo et al. (2005) 

has stated that various shapes or morphologies of nanoparticles is obtained from vacuum-

SANSS method which are needle like, polygonal, square, and circular morphological 

shapes in different percentage of dielectric fluid.  In addition, they found that the 

distinctive morphologies are essentially influenced and determined by the thermal 

conductivity of the dielectric liquids.  Figure 2.8 shows the schematic diagram for the 

vacuum-SANSS process.  

 

 

 

Figure 2.8: Schematic diagram of vacuum-SANSS (Yu and Xie, 2012) 
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In 2004, the researchers revealed a novel single-step chemical process for the 

preparation of copper nanofluids by lessening CuSO4.5H2O in ethylene glycol under 

microwave irradiation (Yu and Xie, 2012). Other nanofluids that is using this method is 

silver mineral oil-based nanofluids with addition of Korantin as dispersing agent. The 

silver particle surfaces through two oxygen atoms creating a dense layer around the 

particles when using Korantin and the stability of the nanofluids is maintained about one 

month. Furthermore, the unfinished reaction or stabilization from single-step preparation 

process contributes to reactants remain in the nanofluids. As a result, it is hard to explain or 

illustrate the nanoparticle impact without taking out the contamination effect (Wang and 

Mujumdar, 2008). Therefore, this process is only suitable for low vapour pressure fluids 

and cannot be synthesized in large scale as it is a vital issue in synthetizing nanofluids by 

single-step preparation process.  

 

2.5.2 Two-step method 

Normally, two-step method is used in the preparation of nanofluids and it has been 

scaled up to mechanical generation levels. Nanoparticles, nanofibers, nanotubes or other 

materials utilized as parts of this technique are initially delivered as dry powders by 

chemical and physical technique before going through the next step of this method. Then, 

the dispersing step takes action by dispersing the nanosized powder into the conventional 

fluid with the help of intensive magnetic force agitation, ultrasonic agitation, high shear 

mixing, homogenizing and ball milling. The use of parameters in the dispersion of 

nanopowder in the base fluid can reduce the agglomeration or sedimentation in the 

nanofluids. However, the characteristics of nanoparticles which are hydrophobic, high 

surface area, surface activity and have strong van der Waals force among nanoparticles can 

contribute to the sedimentation in the nanofluids. To overcome this problem, the use of 
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surfactant can improve the stability of nanoparticles in fluids. However, surfactant also has 

limitation on high temperature that might lead to the functionality of the surfactant as 

stabilizer of nanoparticles in fluids does not work in high-temperature applications (Yu and 

Xie, 2012).  

Many researchers use this method as it is the most economical process in the 

synthesis of nanofluids. In the preparation of alumina nanofluids, the researcher like 

Eastman et al. (1997), Lee et al. (1999), Wang et al. (1999) use this method. Meanwhile, 

Murshed et al. (2005) uses two-step preparation process in the TiO2-water suspension and 

Xuan et al. (2000) uses this process in the preparation of copper nanofluids where the base 

fluids are water and transformer oil. Figure 2.9 shows the two-step preparation process in 

synthesizing nanofluids.  

 

 

Figure 2.9: Two-step preparation process (Mukherjee and Paria, 2013) 
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2.6   Stability of nanofluids 

  The hydrophobic characteristics on nanoparticles which does not dissolved or 

dispersed well in base fluids have tendency to make the agglomeration form and disturb 

the stability of nanofluid. It is a main problem that the researchers must face. Then, there 

are have several ways to enhance the stability of nanofluids.  

 

2.6.1 Sedimentation and centrifugation methods 

Sign of the nanofluids stability is through the sediment weight or sediment volume 

of nanoparticles in the fluids under an external force (Mukherjee and Paria, 2013). In 

stability test, Li et al. (2009) has stated that special apparatus has observed the variation of 

concentration or supernatant sized particle with sediment time. The nanofluids stability is 

achieved when the concentration or particle size of supernatant keeps constant at all time in 

nanofluids phase. Normally, the camera is immersed in nanofluids to take the 

sedimentation or agglomeration photos as to notice the stability of nanofluids. Besides, 

microscope is also used to capture or reveal the supernatant in the nanofluids. Other way to 

test the stability of nanofluids is by using sedimentation balance method where Zhu et al. 

(2007) uses this method in graphite nanofluids. Steps of the sedimentation balance method 

starts by immerging the tray of sedimentation balance in the suspension of graphite. Then, 

at a certain time, the suspension fractions of graphite nanoparticles are calculated. 

However, the disadvantage of this method is it takes long period of observation. 

For that reason, centrifugation method is the improvement method to observe or 

evaluate the stability of nanofluids. Previous researchers use centrifugation method to spot 

the sedimentation in silver nanofluids with addition of PVP as stabilizer (Yu and Xie, 

2012). The result shows that the nanofluids are stable more than 1 month in stationary state 

and more than 10 hours under centrifugation method at 3000 rpm. The vital role of PVP as 
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stabilizer in the silver nanofluids makes the growth and agglomeration of nanoparticles 

reduced by steric effect. Other researchers also use centrifugation method to evaluate the 

stability of colloids in aqueous polyaniline colloids (Li et al., 2005 cited in Yu and Xie, 

2012). The stability of colloids is maintained by the electrostatic repulsive forces in the 

centrifugation method.  

 

2.6.2 Zeta potential analysis 

Zeta potential analysis is defined as electric potential in the interfacial twofold layer 

at the area of the slipping plane versus point in the bulk fluid away from the interface, and 

it demonstrates the potential distinction between the scattering medium and the stationary 

layer of liquid appended to the scattered molecule. The value of zeta potential can be 

related to the stability of colloidal suspensions where colloids with high zeta potential 

either negative or positive are considered as electrically stabilized, while colloids with low 

zeta potential show that the nanofluids are unstable and tend to coagulate or flocculate. 

Normally, 25 mV of zeta potential value either positive or negative value can be 

considered as the random or arbitrary value that separates low-charged surfaces from high-

charged surfaces. Meanwhile, the colloids with zeta potential value from ±40 mV to ±60 

mV are supposed to have stable nanofluids and those with more than ±60 mV have 

outstanding stability.  

Information from previous researches states that the stability of Au-water 

nanofluids maintains excellent even after 1 month without using any stabilizer or 

dispersant agent. It is due to the large negative zeta potential of gold nanoparticles (Au-

NPs) in water (Kim et al., 2009). In 2009, Wang et al. has reported that pH value and 

sodium dodecylbenzene sulfonate (SDBS) stabilizer are influence factors on the stability of 

two water-based nanofluids (water-Al2O3 and water-Cu), and zeta potential analysis is a 
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vital technique to evaluate the stability. Zhu et al. (2009) also uses zeta potential analysis 

in evaluating the stability of Al2O3 nanoparticles suspension in water under different pH 

values and different SDBS concentration (Yu and Xie, 2012).  

Besides, Abbasi et al. (2013) reported that the stability analysis by zeta potential 

analysis on functionalized MWCNT using nitric acid showed greater dispersion of 

nanoparticles in hybrid water through high zeta potential value. In addition, previous 

researchers have studied the immersion mechanism of cationic Gemini surfactant on 

MWCNT surfaces by zeta potential analysis with the help of Fourier transformation 

infrared spectra (FTIR) to evaluate the stability of MWCNT nanofluids (Chen et al., 2010a 

cited in Yu and Xie, 2012). Teng et al. (2015) has cited MWCNT-water based nanofluids 

using of sodium dodecylbenzene sulfonate (SDBS) surfactant at 0.25 wt%, 0.5 wt% has 

high value of zeta potential which are 1.0 wt% are -84.3 mV, -85.5 mV and -67.3 mV. The 

nanofluids have greater stability and no supernatant over 3 months. In addition, Teng et al. 

(2014) also reported that zeta potential for MWCNT-water based nanofluids at three 

different types and concentration (wt%) of stabilizer or surfactant which are chitosan (CH), 

sodium dodecyl sulfate (SDS) and SDBS showed positive results in stability of nanofluids. 

The experiment reported that using of SDS and SDBS surfactant in MWCNT-water based 

nanofluids have excellent stability rather than CH surfactant. Figure 2.10 shows the zeta 

potential on MWCNT-water based nanofluids on these surfactants.  
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Figure 2.10: Zeta potential on different types and concentrations (wt%) of 

surfactant (Teng et al., 2014) 

 

2.6.3 Spectral absorbency analysis 

Another efficient way to evaluate the dispersion of nanoparticles in fluids which is 

related to the stability of nanofluids is spectral absorbency analysis. This method is a linear 

relationship between absorbency intensity and concentration of nanoparticles in fluid. 

Wang et al. (2009) and Farahmandjou et al. (2009) states that, absorbency analysis by 

using spectrophotometer is used to observe the dispersion characteristics of alumina and 

copper suspensions as well as stability of colloidal FePt nanoparticle system. Otherwise, 

the sedimentation kinetics could likely be dictated by examining the absorbency of particle 

in solution (Zhu et al., 2009 cited in Yu and Xie, 2012). 

The stability of nanofluids can be observed by using UV-vis spectral analysis. The 

criterion of nanoparticles dispersed in fluids that have characteristics of the absorption 

groups is that the wavelength is from 190 nm to 1100 nm. Moreover, through absorption of 
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nanofluids, the measure can determine the variation of supernatants particle concentration 

in nanofluids with sediment time. It is due to linear relation between supernatant 

nanoparticle concentration and the absorbance of suspended particles. The specialty of 

using UV-vis spectral analysis compared to other methods is it can present the nanofluids 

quantitative concentration.  

Hwang et al. (2007) uses UV-vis spectrophotometer to evaluate the stability of 

nanofluids. Then, he discovers that the crucial factors affecting the stability of nanofluids 

are the particle morphology of suspended particles and the base fluids. Chen and Xie 

(2010b) have mentioned in their paper that measuring the UV-vis absorption of MWCNT 

nanofluids at different sediment times can estimate the stability of MWCNT nanofluids 

when the concentration of the MWCNT nanofluids at different times is found out. 

Moreover, Farbod et al. (2015) using UV-vis spectrophotometer to measure the relative 

absorbance on 0.1 vol% to 0.5 vol% of functionalized MWCNT in acid treatment (sulfuric 

and nitric acid). The reported showed that no significant changes on the relative 

absorbance after 80 days and it mean the dispersion and stability of functionalized 

MWCNT is enhanced with the long-time acid treatment. It is because of the long-time acid 

treatment has short the MWCNT size. Whilst, Hordy et al. (2014) mentioned that the 

stability of glycol based nanofluids is over 8 months when observed on room temperature 

and using of UV-vis spectrophotometer.  

 

2.6.4 Electron microscopy and light scattering methods 

Mukherjee and Paria (2013) have mentioned in their study that the electron 

microscopy and light scattering methods are two general methods in indicating the particle 

sedimentation by measuring the nanoparticle size. The examples of electron microscopy 

are transmission electron microscopy (TEM) and scanning electron microscopy (SEM). 
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The function of this method is to produce digital images of nanoparticles or also known as 

electron micrograph. The structure of the nanoparticles can be seen clearly through TEM 

and SEM. Zhu et al. (2011) have conducted their research by one-step method and have 

found out that the TEM images for CuO nanofluids with two different times of reaction 

time are 12 hours and 25 hours as shown in Figure 2.11 (a) and 2.11 (b). 

 

 

Figure 2.11: TEM images of CuO nanofluids synthesized at (a) 12 h; (b) 25 h 

(Zhu et al., 2011) 

 

 The average size of CuO primary nanoparticles is about 10 nm for both reaction 

times. However, the primary nanoparticles at 12 hours reaction times is aggregated to 

chain-like clusters consisting of 30 nm to 50 nm primary particles whereas the chain-like 

clusters do not occur at 25 hours of reaction time. Meanwhile, Figure 2.12 shows SEM 

inspection conducted by Razi et al. (2011) in the investigation of structure of CuO 

nanoparticles at 20000 magnifications.  
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Figure 2.12: SEM image of CuO nanoparticles (Razi et al., 2011) 

 

2.6.5 Ultrasonication and homogenization 

 Homogenization and ultrasonication are some alternative ways in stabilizing 

nanoparticles in fluids. Previous research states that homogenizer and ultrasonication 

process can retard the supernatant form in nanofluids and enhance the stability of carbon 

nanofiber (CNF) based nanofluids more than 100 hours (Syed Idrus et al., 2015a). 

Abdullah et al. (2016) use Wise Tis HG015D homogeniser and Elma Schidmidbauer 

GmbH ultrasonicator in their research to stabilize the MWCNT based nanofluids at 10000 

rpm and 50 kHz to 60 kHz. However, based on Nguyen et al. (2011) revelation, long 

period of homogenization can cause the agglomeration to form and as a result disturbing 

nanofluids stability and thermal properties.  

Franks et al. (2008) studied on stability of alumina oxide nanoparticles and 

MWCNT nanoparticles has found out the ultrasonication is a best way in gaining the 

stabilize solution of nanofluids without sediment rather than hand-shaken. Meanwhile, 

researcher has found out the homogenization process on 0.24 vol% of pristine MWCNT-

water based nanofluids has stability more than 10 days due to high pressure from 

homogenizer (Cárdenas Gómez et al., 2015). In addition, Amrollahi et al. (2009) reported 
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lower energy which is 50 Watt compared to 100 Watt from ultrasonic is not sufficient to 

reduce the agglomeration particles. Other researcher has gotten more than 3 months 

stability of MWCNT-liquid paraffin based nanofluids which does not have any sediment 

particles by using magnetic stirrer for 60 minutes (Kumaresan et al., 2012b).  

The different concentration of nanoparticles has different times of sonication to 

homogeneous the nanofluids solutions. Previous literature reported, MWCNT-oil based 

nanofluid with high concentration of MWCNT need more sonication period where 0.01 

wt% need 2 hours and 0.2 wt% need 6 hours of sonication time in homogeneous the 

nanofluids solution (Vakili-Nezhaad and Dorany, 2009). Moreover, 1.0 wt% of MWCNT-

water based nanofluids using GA as dispersing agent has greater stability at 40 min of 

ultrasonication, 130 Watt and 20 kHz ultrasonicator (Garg et al., 2009). Whilst, MWCNT-

ethylene glycol based nanofluids has optimum ultrasonication period at 60 minutes to 

stabilize the nanoparticles dispersion in fluid (Lamas et al., 2011).   

 

2.6.6 Surfactants 

Surfactants also known as dispersant and it is normally used in nanofluids as 

stabilizer. Surfactant consists of hydrophobic tail portion, generally a long-chain 

hydrocarbon and hydrophilic polar head group. The outstanding function of surfactant is it 

can enhance the stability of nanofluids. Other function of surfactant is to enhance the 

contact of two-materials which sometimes known as wettability. Besides, the amount of 

surfactants can affect the surface characteristics of a system. In a two-phase system, a 

degree of continuity between the nanoparticles and fluids is determined when the 

surfactant tends to locate at the interface of the two phases. In general, surfactant is used in 

the two-phase system as easy and economical method.  
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Surfactants can be classified into four classes according to the composition of the 

head, which are nonionic surfactants without charge groups in head (polyethylene oxide, 

alcohols and other polar group), anionic surfactants with negatively charged head group 

(long-chain fatty acids, sulfosuccinates, alkyl sulfates, phosphates and sulfonates), cationic 

surfactants with positively charged head groups (protonated long-chain amines and long-

chain quaternary ammonium compounds) as well as amphoteric surfactants with 

zwitterionic head groups (betaines and certain lecithins).  

The selection of surfactants used in nanofluids is based on the base fluid. As an 

example, if the base fluid is polar solvent, the surfactants used should be water-soluble or 

oil-soluble. Meanwhile, for nonionic surfactants, the solubility of surfactants can be 

evaluated through term hydrophilic or lipophilic balance (HLB) value which are obtained 

from handbooks. The low values of HLB indicate the oil-soluble surfactants whereas the 

high values of HLB represent water-soluble surfactants.  

There are many types of surfactants that are usually used by the researchers which 

are sodium dodecyl sulfate (SDS), sodium dodecyl benzene sulfonate (SDBS), 

hexadecyltrimethyl ammonium bromide (CTAB), Nanospehere AQ (NanoLab Inc., 

Waltham, MA, USA), chitosan and Gum Arabic (GA). Even though the objective of 

surfactants is to stabilize the nanofluids without agglomeration or sedimentation form, 

researchers have to select the suitable surfactant in their research because of some 

disadvantages in nanofluids.  

For example, CTAB, Gemini-type and mixed cationic-anionic are cationic 

surfactants that have superior function in stabilizing CNT and various metal particles at 

low concentrations. But, high concentrations of Gemini surfactants seeding in MWCNT 

nanofluids have increased the sediment form in nanofluids and directly decrease the 

thermal conductivity enhancement of MWCNT nanofluids (Chen and Xie, 2010a, Madni et 
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al., 2010, and Li et al., 2008 cited in Sadri et al., 2014). Meanwhile, Bystrzejewski et al. 

(2010) have cited in Sadri et al. (2014) stress that the use of SDBS surfactant is better than 

SDS surfactant towards nanofluids thermal conductivity enhancement. The SDBS has 

higher dispersion power compared to SDS which is 26% to 45%. However, previous study 

states that SDBS surfactants have failed to stabilize the deionized water based nanofluids 

at higher temperatures which start from 60C to 70C (Wen and Ding, 2004 cited in Garg 

et al., 2009).  

Then, GA surfactant is found as superior than SDS and 

cetyltrimethylammoniumchloride (CTAC) surfactant for CNT dispersion in deionized 

water. Nanofluids assisted using GA surfactant is more stable in long term compared to 

SDS and SDBS (Garg et al., 2009 and Sadri et al., 2014). However, the viscosity of 

nanofluids is increased with the addition of GA surfactants even in small quantities. As a 

result, in some applications like air conditioner, car radiator etc. which includes 

consumption of pumping power should be increased due to high viscosity.  

In addition, inclusion of surfactants in the nanofluids has some disadvantages 

despite enhancing the stability of nanofluids. For example, surfactants tend to contaminate 

heat transfer media, produce foams when heating which heating and cooling are general 

processes in heat exchange system. It also can reduce the thermal conductivity of 

nanofluids which enlarge the thermal resistance between the nanoparticles and the base 

fluid (Yu and Xie, 2012).  

 

2.6.7 Surface modification techniques: surfactant-free method 

Surfactant-free technique using functionalized nanoparticles in the synthesis of 

nanofluids tends to achieve long-term stability of nanofluids. Yang and Liu (2010) have 

achieved long-term stability on silica nanofluids via functionalized silica (SiO2) 
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nanoparticles through grafting silanes straight to the surface of silica nanoparticles in 

original nanoparticle solutions. In addition, Yang and Liu (2010) found out that there is no 

deposition layer forms on the heated surface after a pool boiling process. Hence, it proves 

that nanofluids can be used in thermal engineering fields with phase-change heat transfer. 

Hwang et al. (2007) use mechanochemical reaction in introducing hydrophilic functional 

groups on the surface of the nanotubes as to improve the stability of nanofluids. Besides, to 

prepare surfactant-free nanofluids which consist of SWCNT and double walled carbon 

nanotube (DWCNT) the wet mechanochemical reaction is applied on that system.  As a 

result, the infrared spectrum and zeta potential measurement reveal that the hydroxyl 

groups have been found on the surfaces of SWNT and DWNT.  

Other alternatives in surface modification techniques are plasma treatment and ball 

milling process. The dispersion of diamond nanoparticles in fluids is improved by plasma 

treatment where using gas mixtures (methane and oxygen) and various polar groups were 

imparted on the surface of the diamond nanoparticles (Yu and Xie, 2012). Furthermore, 

literature mentioned the plasma treatment by plasma reactor which revealing the CNT 

surface to radio-frequency glow discharges of gaseous mixture on some pressure has 

coating the CNT surface and resulted in greater dispersion of nanoparticles (Muhammad 

Yazid et al., 2016) The glow discharge plasma by Ar/C2H6 and Ar/ C2H6/ O2 gaseous 

mixtures on MWCNT outer surface has enhanced the dispersion of nanoparticle by turn the 

hydrophobic into hydrophilic characteristic on MWCNT nanoparticles. The nanofluids has 

stable for more than 2 weeks (Vandsburger et al., 2009).   

 On the other hand, ball milling process is used in synthesizing Titania 

nanoparticles in an organic solvent of diethylene glycol dimethylether (diglyme). Joni et al. 

(2009) stress that during the centrifugal bead mill process, the surface modification of 

Titania nanoparticles is utilized with silane coupling agents, (3-acryl-oxypropyl) 
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trimethoxysilane and trimethoxypropylsilane. Furthermore, Yu and Xie (2012) mention in 

their paper that the polymethacryclic acid (PMAA) improves the dispersion of nano-ZnO 

particles in water where the hydroxyl group of nano-ZnO particle is linked with carboxyl 

groups of PMA. As a result, poly (zinc methacrylate) complex is formed on the surface of 

nano-ZnO particles without changing the crystalline structure of the ZnO nanoparticles.  

The chemical treatment by covalent functionalization is used high concentrations of 

nitric, sulfuric or hydrochloric acid or amalgamation of them to stabilize the CNT 

nanoparticles. Effect from the acid treatment, CNT surface was attached by carboxyl 

(COOH) functional groups and make them short and less warped strips. As a result, the 

hydrophobic nature characteristics on CNT change to hydrophilic due to loss of van der 

Waals force on CNT and increase the electrostatic repulsion among CNT nanoparticles 

(Muhammad Yazid et al., 2016).  

In 1996, Esumi and his co-workers was used acid treatment for suspension of CNT 

nanoparticles through the mixture of concentrated nitric acid and sulfuric acid. The result 

reported that better dispersion of CNT nanoparticles in water and ethanol. Literature 

mentioned that, the acid treatment by nitric and sulfuric acid on 0.1 vol.% of MWCNT has 

prolonging the stability of MWCNT in water or ethylene glycol based nanofluids (Esumi et 

al., 1996 and Xie et al., 2003 cited in Muhammad Yazid et al., 2016). Others research on 

acid treatment using CNT to stabilize the nanoparticles in base fluids is shown in Table 

2.2.   
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Table 2.2: Stability of CNT nanofluids after acid treatment  

(Muhammad Yazid et al., 2016) 

Nanofluid Acid used Findings Researchers 

0.5 wt% of f-

MWCNTs in 

water 

Nitric and sulfuric 

acid 

Visual:> 1 week  Babu and Kumar 

(2011) 

0.5 vol% of f-

MWCNTs in 

water 

Nitric and sulfuric 

acid 

UV-vis: Relative 

concentration of 

over 80% after 10 

days.  

Abreu et al. (2014) 

0.5 vol% of f-

MWCNTs in 

glycol 

Nitric acid Visual:> 2 months Meng et al. (2012) 

0.5 vol% of f-

MWCNTs in 

water 

Nitric acid Visual:> 1 months Indhuja et al. 

(2013) 

0.4 vol% of f-

DWCNTs in water 

- Visual:> 1 week Hemmat Esfe et al. 

(2014a) 

1.0 vol% of f-

MWCNTs in 

water 

- Visual:> 16 hours Hemmat Esfe et al. 

(2014b) 

0.3 vol% of f-

MWCNTs in 

water 

Nitric and sulfuric 

acid 

Visual:> 6 months Sarafraz and 

Hormozi (2016) 

 

2.6.8 Stability mechanism of nanofluids 

Derjaguin, Verway, Landau and Overbeek (DVLO) theory propose that the sum up 

of van der Waals attractive forces and electrical double layer repulsive forces among the 
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nanoparticles in fluid due to Brownian motion have the ability to determine the stability of 

nanofluids (Yu and Xie, 2012). The suspension of nanoparticles in fluids is considered as 

unstable when the attractive forces are larger than repulsive forces and make the two 

particles collide with each other. Exceptional for high repulsion forces as they tend to have 

stable suspension of nanoparticles. The stability of nanofluids or colloids can be 

maintained and the repulsive forces between the nanoparticles are dominant. There are two 

types of repulsion which are steric repulsion and electrostatic (charge) repulsion as shown 

in Figure 2.13. 

 

                 

    

Figure 2.13: Types of repulsion (Yu and Xie, 2012) 

 

Steric stabilization Electrostatic stabilization  



IMRANSYAKIR

36 

 

2.7.7 Thermal properties 

   In this research, there are have three thermal properties that have been concerned in 

nanofluids investigation which are thermal conductivity, heat transfer coefficient and 

specific heat. Then, the literature on the thermal properties of nanofluids is more explained 

detailed in this section.  

 

2.7.1 Thermal conductivity 

Thermal conductivity is the ability of materials to conduct heat from a warmer 

surface to the cooler surface. In the research of nanofluids, the thermal properties 

enhancement is still under investigation by the researchers. It is due to contradictory results 

among the researchers in nanofluids field. Mostly, researchers stated that the inclusion of 

nanotubes in fluids result in positive enhancement of thermal performances.  

 Kanagaraj et al. (2006) has stated that the past researches state that the thermal 

conductivity and heat transfer coefficient of base fluids is enhanced with the dispersion and 

suspension of nanomaterials that have higher thermal conductivity into the base fluids. 

This statement also supported by Halelfadl et al. (2014) and Farbod et al. (2015) where the 

addition of nanotubes in fluids has enhanced the thermal conductivity of water based 

nanofluids.  

The existing literature on nanofluids is extensive and focuses particularly on 

thermal conductivity of CNT nanofluids, referring on Table 2.3, it summarizes the thermal 

conductivity of CNT nanofluids results investigated by other researchers.  
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Table 2.3: Summarize of thermal conductivity of CNT nanofluids  

(Kanagaraj et al., 2006) 

Base fluid Particle 
Average 

particle size 

Concentration 

(vol.%/ wt.%) 

Thermal 

conductivity 

enhancement/ 

Ratio 

Oil MWCNT 25 nm×50 m 1 vol% 150% 

Decene/ ethylene 

glycol/water 
MWCNT 15 nm×30 m 1 vol% 

20%; 13%; 

7% 

(+SDS)-water MWCNT 100 nm×70 m 0.6 vol% 38% 

+ Sodium dodecyl 

benzene-water 
MWCNT 

20-60 

(diameter) 

0.04-0.84 

vol% 
1.04-1.24 

+ CTAB-water MWCNT 
L 10 μm OD 

100-250 
0.6 vol% 

1.34  

34% 

Ethylene glycol MWCT 
20-50 

(diameter) 

0.20-1.00  

(1 vol%) 

1.02-1.12 

(12.4%) 

+ N-

hydroxysuccinimide

-engine oil 

MWCT 
20-50 

(diameter) 

1.00-2.00 (2 

vol%) 

1.09-1.30  

(30%) 

+ Dispersant-diesel 

oil 

(Shell/Rotella 15 

W-40) 

SWCNT 
(10-50) × (0.3-

10 μm) 
0.25-1.00 1.10-1.46 

+ Gum arabic-water MWCNT - 0.05-0.49 1.00-1.10 

Mineral oil MWCNT - 0.5 1.09 

+ Polyisobutene 

succinimide-polyα-

olefin 

MWCNT - 0.04-0.34 1.06-3.00 

Ethylene glycol MWCNT 
OD 1-4 

ID 0.8-1.1 

2.5 vol% 

0.5 vol% 

2.5 vol% 

20% 

1.05-1.2 

1.1-1.32 
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Base fluid Particle 
Average 

particle size 

Concentration 

(vol.%/ wt.%) 

Thermal 

conductivity 

enhancement/ 

Ratio 

Ethylene glycol MWCNT 

OD 10-30 

L 10-30 

ID 5-10 

0.5 wt% 23% 

+ Gum arabic-water 

(35°C) 
MWCNT 

OD 10-20 nm 

L 0.5-40 μm 
1 wt% 20% 

+ Cationic Gemini-

water 
MWCNT 

OD 30-50 nm 

L ~ 20 μm 
0.6 vol% 5.6%-34% 

+ Chitosan-water MWCNT 

OD 20-30 nm 

ID 5-10 nm 

L 10-30 μm 

(0.5-3) wt% 

(0.24-1.43) 

vol% 

2.3%-13% 

Ethylene glycol + 

water 
MWCNT 

D 60-30 nm 

L 5-15 μm 
0.4 wt% 72% 

+ SDBS-ethylene 

glycol + water 
MWCNT 

D 30-50 nm 

L 10-20 μm 
0.45 vol% 19.75% 

+ Gum Arabic- 

water 
MWCNT 

ID 10 nm 

L 5- 15 μm 

(0.14-0.24) 

vol% 

0.61- 0.67 

(3.2%-10%) 

   0.5 wt% 
0.66-0.93  

(8%- 33%) 

   0.3 wt% 
0.63-0.88 

(5 %- 26 %) 

     ID: inside diameter; OD: outside diameter; L: length (μm) 
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The literature on thermal conductivity property has highlighted the inclusion of 

nanoparticles such as Al2Cu and Ag2Al at the concentration of 0.2 vol% to 1.5 vol% into 

ethylene glycol and deionized water has enhancement about 50% to 150% higher than the 

standard base fluid (Nambeesan et al., 2015). It was also stated that the enhancement’s 

degree of thermal properties is depends on composition, size, volume fraction of the 

nanoparticles.  The factor of particle size affecting the degree of enhancement thermal 

properties is supported by Xie et al. (2003). Whilst, the thermal conductivity enhancement 

with respect to particle concentration was observed by Kwak and Kim (2005) stated that 

the 6% of enhancement is attainable because the particle concentration is below the dilute 

level and can move or rotate freely. Figure 2.14 shows the effective nanofluids thermal 

conductivity as a function of CNT concentration at three temperatures (Ding et al., 2007). 

 

 

Figure 2.14: Thermal conductivity of CNT nanofluids under different conditions 

(Ding et al., 2007) 
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Li et al. (2008) stated that addition of ounce of nanoparticles in the base fluid result 

in high thermal conductivity compared to the base fluid without any addition of 

nanoparticles where the enhancements is 10.7% at the 0.10 wt% Cu-H2O suspensions. In 

Figure 2.15, it shows the thermal conductivity result with respect to weight fraction of 

nanoparticle in the base fluid. Micro-motion of nanoparticles in the nanofluids is also the 

vital factor that substantial enhancement of thermal conductivity value.  

 

 

Figure 2.15: Thermal conductivity ratio of Cu-H2O suspensions as a function of 

solid weight fraction (Li et al., 2008) 

 

Li et al. (2008) studied that weight fraction of nanoparticle, pH values and sodium 

dodecylbenzenesulfonate (SDBS) influenced the thermal conductivity of nanofluids. 

Another factors that influenced the thermal conductivity property is thermal conductivity 

of the fluid, interaction and collision among particles in the nanofluids, Brownian motion, 

molecular level layering of the fluid at fluid or particle interface, heat transfer property on 

the nanoparticle and clustering or dispersion of nanoparticle (Singh et al., 2012). The 

effects of solid or fluid interface are dominant in suspensions of nanoparticle in the fluids 
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were the factor can rise the thermal conductivity of nanofluids (Pastoriza- Gallego et al., 

2011).  

In Table 2.4, it shows the value of thermal conductivity for water and ethylene 

glycol at different temperature. From the table, it can be seen the thermal conductivity is 

increases with the increment of temperatures. This fact was supported by Pastoriza- 

Gallego et al. (2011) were the thermal conductivity is rises when the temperature increases.  

 

Table 2.4: Thermal conductivity of base fluids at different temperatures (Pastoriza- 

Gallego et al., 2011) 

Ethylene glycol (EG) Water 

Temperature (K) K (Wm-1K-1) Temperature (K) K (Wm-1K-1) 

283.15 0.2433 283.15 0.5784 

303.15 0.2463 303.15 0.6259 

323.15 0.2494 323.15 0.6345 

   K: Thermal conductivity; (K): Unit Kelvin 

 

Besides, there are another existing literature on nanofluids is extensive and focuses 

particularly on thermal conductivities of some types of solids and liquids which 

represented in Table 2.5 (Eastman et al., 1996 cited in Kakaç et al., 2009). The table shows 

the materials is divided into two groups which are metallic and non-metallic materials. For 

the solids, the non-metallic materials show the higher thermal conductivity compared to 

the metallic materials. The CNT is included in non-metallic groups where have about 3000 

W/m.K thermal conductivity value which the second higher value than the diamond. 

Hence, it proved that CNT has higher thermal conductivity value.  
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Meanwhile, the non-metallic liquids show the lower thermal conductivity values 

compared to the metallic liquid. The non-metallic liquid like ethylene glycol, deionized 

water and oil has lower thermal conductivity performances.  

 

Table 2.5: Thermal conductivities of various solids and liquids  

(Eastman et al, 1996) 

Solids/ Liquids Material 
Thermal conductivity 

(W/m.K) 

Metallic solids Silver 

Copper 

Aluminium 

429 

401 

237 

Nonmetallic solids Diamond 

Carbon nanotubes 

Silicon 

Alumina (Al2O3) 

3300 

3000 

148 

40 

Metallic liquids Sodium @ 644 K 72.3 

Nonmetallic liquids Water 

Ethylene glycol (EG) 

Engine oil (EO) 

0.613 

0.253 

0.145 

 

2.7.2 Heat transfer coefficient 

In heat transfer, the nanoparticles size is the main role in enhancing the momentum, 

energy and heat transfer of conventional fluid (Singh et al., 2012). Besides, thermal 

conductivity is a strong bonding or linked with heat transfer coefficient where heat transfer 

enhances thermal conductivity. This fact is supported by Mohammed et al. (2011), where 

solids have greater thermal conductivity values rather than fluids hence seeding of 

nanoparticles in traditional heat transfer fluids is automatically enhancing the thermal 

conductivity and heat transfer performance of nanofluids. Moreover, Brownian motion is a 
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factor contributing in heat transfer enhancement where it is defined as moving particles by 

colliding with each other and transport heat from one particle to another and automatically 

increases thermal conductivity and heat transfer. The heat transfer between solid to solid is 

much better than liquid. Other factor is phonon, where it is a lattice vibration in nanofluids 

that contributes in increment of heat transfer (Bianco et al., 2015).  

In heat transfer coefficient of nanofluids, Park and Cho (1998) are the first 

researchers investigating on nanofluids convection. Their research shows the large 

increment of heat transfer coefficient in turbulent flow regime when using Al2O3 and TiO2 

nanofluids in 10.66 mm diameter tube. The nanoparticles diameters are about 13 nm and 

27 nm. As a result, the enhancement of heat transfer coefficient is about 45% on 

concentration 1.34 vol% of Al2O3 and 75% with a 2.78% of concentration of nanoparticles. 

Nonetheless, they also report 3% to 12% decrement of heat transfer coefficient during their 

research in constant average velocity situation. However, other researchers mention 

opposed result with Park and Choo (1998) where the enhancement of heat transfer 

coefficient is 40% for constant average velocity situation (Xuan and Li, 2003). However, 

they use a copper particle with 100 nm sized diameter where it is a different material and 

size with Park and Choo (1998) experiment. Based on these results, they show that the heat 

transfer coefficient of nanofluids is affected by particle volume fraction, particle size and 

material.  The other factor in contributing the nanofluids heat transfer coefficient is 

nanoparticle concentration which informed in numerical and experimental works is the 

heat transfer of Al2O3 and CuO nanofluids tested in the flat tubes of a radiator is enhanced 

with the increment of nanoparticle concentration (Vajjha et al., 2010, Arefmanesh and 

Mahmoodi, 2011 and Gherasim et al., 2011 cited in Bianco et al., 2015). Bainco et al. 

(2015) report the nanofluids heat transfer coefficient trend in qualitative section has 

reached agreement among researchers and differing or diverging results for qualitative 
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section occur among researchers. This is due to the types of particles used, synthesizing 

method of nanofluids, distribution of nanoparticle size, and preparation method and pH 

value of nanofluids.  

CNT nanofluids show positive enhancement through convective heat transfer 

coefficient by 350% enhancement for 0.5 wt% CNT at Re = 800 (Ding et al., 2006 cited in 

Wang et al., 2008). In addition, nanoparticles like CNT believed can be used in heat 

transfer equipment without contributed clogging occurs in the system because of the 

diameter and size of nanoparticles is so small in conventional nanosized particles (Eastman 

et al., 1996).  In a study of nanofluids convective heat transfer characteristics under 

laminar and turbulent flow conditions, Kim et al. (2009) have reported that 15% and 20% 

increment of convective heat transfer on 3 vol% of alumina nanofluids. Meanwhile, in 

amorphous carbonic nanofluids at volume concentration of 3.5 vol% shows 8% 

enhancement on convective heat transfer for laminar flow and no enhancement is reported 

in turbulent flow.  

 

2.7.3 Specific heat 

Specific heat is sometimes known as thermal capacity, is the amount of energy 

required to raise the temperature of the substance by one degree (Cengel, 2003). Hence, a 

substance with higher thermal capacity will absorb more heat from the surrounding while 

maintaining the temperature. The general equation for the calculation of the specific heat is 

as follow in Equation 2.1 (Cengel, 2003): 

 

                                                             𝑄 = 𝑚𝐶𝑝∆𝑇                                                                       (2.1) 
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Consequently, when we ignore the mass and rearrange it, the formula of specific heat turns 

to Equation 2.2. 

 

                                                           𝐶 =
𝑄

∆𝑇
                                                                                  (2.2) 

 

While C is the symbol for specific heat capacity, Ǫ stands for the heat energy and 

∆T stands for the changes in temperature. However, in most cases, there are no sufficient 

experimental data available for specific capacity. This fact is supported by Bianco et al. 

(2015) where the previous researches on specific heat of nanofluids are very limited.  

The previous literature states that the specific heat of nanofluids is lower than the 

base fluids. This phenomenon occurrs on ethylene glycol based nanofluids and water 

alumina nanofluids. Even though their thermal conductivity is high, the specific heat value 

is low (Namburu et al., 2009 and Bergman, 2009). The specific heat of Al2O3, SiO2 and 

ZnO nanofluids on 60:40; ethylene glycol: water mixture at 2 vol% to 10 vol% decreases 

with the increment of volumetric concentration of nanoparticles and increases with 

temperature (Vajjha and Das, 2009b). Other researchers also have mentioned in their paper 

that specific heat capacity of nanofluids is low in numerical work and cannot be predicted 

by using empirical model (Puliti et al., 2011 and Puliti et al., 2012 cited in Bianco et al., 

2015). 

In spite of the fact that the specific heat of nanofluids is low, other researchers have 

reported 50% increment of specific heat on graphite-polyalphaolefin nanofluids at the 

concentration of 0.6 wt% and 26% enhancement on molten salt (62% lithium carbonate 

and 38 % potassium carbonate) with a seeding of silica nanoparticles at 1 wt% (Nelson et 

al., 2009 and Shin and Banerjee, 2011). Shin and Banerjee (2011) have also mentioned in 

their paper that the enhancement of specific heat on chloride salt eutectic with 1 wt% of 
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silica nanoparticles is about 14.5%.  In addition, Shin and Banerjee (2011) have also 

suggested three liberated thermal transport mechanisms on specific heat due to ordinary 

data on specific heat of nanofluids. The first one is higher specific surface energy of 

nanoparticles will enhance the specific heat of nanofluids. This phenomenon is due to the 

low vibration frequency and higher vibration amplitudes on the nanoparticles surface. 

Secondly, the interfacial interactions among nanoparticles and the fluids molecules 

perform as virtual spring-mass system can produce thermal storage mechanism of 

nanofluids and resulting in enhancing the specific heat. This interfacial interaction is 

implemented due to the greater high nanoparticles specific surface area. Thirdly, liquid 

layering is other factor in enhancing the specific heat of nanofluids because of the different 

intermolecular mean free path between nanofluids and bulk fluid. The intermolecular mean 

free path of nanofluids is shorter than bulk fluid’s intermolecular mean free path.   

 

2.8 Summary 

Chapter 2 has summarized the history of nanofluids which mentions the 

nanoparticles types that have been categorized in few types which are SWCNT and 

MWCNT. In this investigation, the comparison from both types has shown that MWCNT 

have more advantages than SWCNT and more preferable. The PVP dispersing agent is 

elaborated and has tendency to maintain the nanofluids stability. The synthesis of 

nanofluids has mentioned single-step and two-step preparation processes in nanofluids 

investigation. Hence, two-step preparation process is selected to use as it is more 

economical and mostly used in nanofluids researches by researchers. In addition, for the 

stability issue, the literature has came out several ways to enhance the stability of 

nanofluids, for example, by using surfactants, surface modification on nanoparticles etc. 

Therefore, this research has selected to use surfactant and nanoparticles surface 
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modification as solution in stability of nanofluids. Moreover, the use of nanofluids in some 

applications such as heat transfer, automotive, electrical applications etc prove that 

nanofluids give benefits on that applications. Next, the thermal performances of nanofluids 

which are thermal conductivity, heat transfer coefficient and specific heat mention that 

inclusion of nanoparticles in fluids have the abilities in improving the thermal properties. 
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CHAPTER 3 

 

METHODOLOGY  

 

3.1 Introduction  

In this chapter, the method and parameters used in the preparation of nanofluids 

will be discussed in detail. Two-step method is used in the preparation of nanofluids as it is 

economical and widely used among the researchers. In this research, stability of nanofluids 

is helped by ultrasonic agitation, homogenizing and usage of surfactant in enhancing the 

nanofluids stability. 

 

3.2 Methodology  

Flow chart for this research is shown in Figure 3.1 starting with the experimental 

set up. Then, the formulation of nanofluids between the MWCNT-OH, ethylene glycol, 

deionized water and PVP is done as to know the exact value of the materials used. The 

formulation on materials is discussed in weigh percentage materials section. In addition, 

the intention of mixed ethylene glycol in deionized water is as an antifreeze agent. This is 

due to low boiling point and high freezing point of deionized water that has used antifreeze 

additive to solve this problem. In the dispersion process, there are six various times which 

are 0 min, 1 min, 3 min, 5 min, 10 min and 15 min. The reason of various times in 

dispersion process is to select the best time or optimum time for the nanoparticles to 

disperse well in fluids and achieve the stability. Moreover, the mixture is controlled at 

room temperature of pH ±9. The reason for pH nanofluids should be around nine is 

because it is the optimum pH for the nanofluids in good condition of thermal properties. 
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Then, the dispersion and stability of the nanofluids are tested on 100 hours after dispersion 

process by using the stability test rig (STR) and ZEISS inverted microscope. The sample of 

nanofluids which passes the stability test will go through the thermal properties analysis at 

three various temperature (6°C, 25°C and 40°C) which controlled by refrigerated water 

bath.  

 

 

Figure 3.1: Flow chart 
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3.3 Materials 

In this research, characteristics of material used have been considered as they have 

side effects in thermal properties test. Hence, this section is more elaborating on properties 

of all materials used such as MWCNT-OH as nanoparticles, deionized water and ethylene 

glycol as the base fluid and PVP surfactant as dispersing agent.  

 

3.3.1 Base fluid properties 

Deionized water and ethylene glycol are chosen as the base fluid in the 

synthesizing of nanofluids. Hence, the properties of the base fluid can be seen in Table 

3.1, and Table 3.2. The ethylene glycol has produced by QC Chemicals Co., Ltd. Japan.  

In addition, the deionized water has high freezing point and low boiling point whilst 

ethylene glycol has low freezing point and high boiling point. Hence, Table 3.3 has 

postulated the freezing point and boiling point values for each base fluid used in this 

research. Due to limitation of deionized water in freezing point and boiling point, it 

limits the applications of fluids. A solution comes out by mixing these two fluids 

together as ethylene glycol is an antifreeze fluid that can solve the limitation. The 

mixture of these fluids resulted in higher freezing point and boiling point.  
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Table 3.1: QRëC ethylene glycol specification (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 

Form Liquid 

Colour Transparent colourless 

Purity  Minimum 99.0% 

Melting point -13°C 

Boiling point 198°C 

Flash point 111°C 

Density 1.11 g/cm3 

 

Table 3.2: Deionized water specification 

(Monoethylene Glycol Chemical Safety Data Sheet) 

Parameter Specification 

Chemical Name DI 

Resistivity 18 megoohm 

Chemical Formula H2O 

Density 1.00 g/cm3 
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Table 3.3:  Freezing point and boiling point of base fluids (Engineering Toolbox, n.d) 

Base fluids Freezing point (C) Boiling point (C) 

100% Ethylene glycol -13 197 

100% Deionized water 0 100 

90:10; Deionized 

water: ethylene glycol 

based nanofluids 

-5 101 

80:20; Deionized 

water: ethylene glycol 

based nanofluids 

-8.5 102.5 

70:30; Deionized 

water: ethylene glycol 

based nanofluids 

-15 104.4 

60:40; Deionized 

water: ethylene glycol 

based nanofluids 

-24 104.4 

50:50; Deionized 

water: ethylene glycol 

based nanofluids 

-37 107.2 

 

3.3.2 Carbon nanotubes properties 

In Table 3.4, it shows the MWCNT-OH specifications used in nanofluids 

investigation. MWCNT-OH nanoparticles are purchased from Nanostructured & 

Amorphous Materials, Inc in powder form.  
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Table 3.4: MWCNT-OH specifications  

(Nanostructured & Amorphous Materials, Inc.) 

Parameter Specification 

Outer diameter 10-30 nm 

Inner diameter 5-10 nm 

Length 10-30 µm 

Density 2.10 g/cm3 

Surface area 40-300 cm3/g 

Melting point 3652-3697ºC 

 

3.3.3 Dispersing agent 

Dispersing agent or surfactant can help in the dispersion and stability of 

nanoparticles in the base fluid. It is because the hydrophobic characteristic of nanoparticles 

can cause the sedimentation or agglomeration to occur in nanofluids. In this research, PVP 

is chosen as dispersing agent as it can improve the stability of nanofluids. Moreover, PVP 

is not like other surfactants which do not form foam in the synthesis of nanofluids and can 

reduce the surface area as well as to induce a less form. PVP is produced by Sigma-Aldrich 

Co. Selangor. The CAS number is 9003-3-8 and formulation of PVP is (C6H9NO)x. The 

density value of PVP is 1.6 g/cm3 and average mole weight (mol.wt)  is about 1000 

(Sigma-Aldrich, n.d). 

 

3.3.4 Weight percentage of materials 

The total volume of MWCNT-OH, PVP and base fluid for this research is 40 ml. 

To get the total volume of all materials, one formula is used to calculate the formulation in 

the synthesizing of nanofluids which can be referred to Equation 3.1 (Syed Idrus, 2015b).  
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                                                    𝑉𝑜𝑙𝑢𝑚𝑒 =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

𝐷𝑒𝑛𝑠𝑖𝑡𝑦
                                         (3.1) 

 

Formulization of MWCNT-OH based nanofluids is using Equation 3.1 as below:  

 

i. Percentage of weight 

Determination of base fluid volume for 40 ml specimen container: 

Density of Base Fluid (g/cm3)  : 1.0 

Density of MWCNT (g/cm3)  : 2.1 

Density of PVP (g/cm3)   : 1.6 

wt% CNT     : 0.1 

wt% PVP     : 0.01 

 

Table 3.5 shows calculation example for sample with 0.1 wt% of MWCNT-OH on 

approximately 40 ml. 
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Table 3.5: Formulation on 40 ml of MWCNT-OH based nanofluids 

MWCNT PVP DW TOTAL 

0.1 wt% 0.01 wt% 99.89 wt% 100 wt% 

÷ 100 wt% ÷ 100 wt% ÷ 100 wt% ÷ 100 wt% 

    

0.001  0.0001  0.9989  1.000 

× 40.25 g × 40.25 g × 40.25 g  

   

0.04025 g 0.004025 g 40.21 g 

÷ 2.1 g/cm3 ÷ 1.6 g/cm3 ÷ 1.0 g/cm3 

    

0.01917 ml 0.002516 ml 40.21 ml 40.23 ml  

                                  1 cm3 = 1 ml 

 

3.4 Apparatus  

 In this section, the apparatus used in MWCNT-OH based nanofluids synthesizing 

and thermal properties test are elaborated more. The nanofluids synthesizing have used pH 

meter, STR, Branson 8510DTH Ultrasonic Cleaner and WiseTis HG-15D mechanical 

homogenizer. Whilst, apparatus used in thermal properties investigation are PROTECH 

refrigerated bath circulators 630D, TC-KD2 Pro thermal analyser, KS-1 sensor, Pico data 

logger, copper coil and C200 calorimeter bomb.  

  

3.4.1 pH meter 

Before and after dispersion process of nanoparticle in the base fluid which are 

homogenization and ultrasonication process, the pH value of the nanofluids is measured by 

pH meter. The pH value of the nanofluids should be measured as it influences the thermal 

properties of the nanofluids. The optimum value of nanofluids pH is ±9 due to surface 
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charge of nanoparticles can formed repulsive force among the nanoparticles and enhanced 

the stability of nanofluids.  

 

3.4.2 Stability test rig (STR) 

STR is manufactured by researcher as alternative device in detecting the stability of 

nanofluids. This device automatically shows the stability result when it is in “On” 

condition. Figure 3.2 has shown the STR in stability process.  

 

          
 

Figure 3.2: Stability test rig (STR) 

 (a) STR in ‘Off’ condition and (b) STR in ‘On’ condition 

 

STR is used during the stability test after dispersion and synthesizing of nanofluids. 

The dispersion and stability of the nanofluids can be seen by the lighting on the STR. This 

device has used light penetration concept in determine the stability of nanofluids.  The 

bottle of the nanofluids is inserted in the STR and when it operated the light is ‘On’, hence, 

it shows that the stability of the nanofluids is achieved. It means the light cannot penetrate 

through the nanofluids. However, if the light is ‘Off’ it means the light can penetrate 

(a) (b) 

Unstable 

Stable 
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through the nanofluids due to the sedimentation or agglomeration occur in the nanofluids. 

In this research, the dispersion and stability of nanofluids tested at various time of 

dispersion process (0, 1, 3, 5, 10 and 15 minutes) by using STR on 1.0 wt% of MWCNT-

OH concentration for ethylene glycol based nanofluids, deionized water based nanofluids 

and mixture of deionized water to ethylene glycol at ratio 50:50%. This test as to choose 

optimum time in dispersion process. Besides, all sample from every ratio of MWCNT-OH 

based nanofluids used STR to test the stability even the optimum time of dispersion 

process is chosen. This is because to ensure the stability of nanofluids is in good condition 

before going through to thermal properties test.  

 

3.4.3 Ultrasonicator 

Based on Figure 3.3, it shows the ultrasonicator cleaning machine which is 

manufactured by Branson Emerson Industrial Automation, United State. The device model 

is Branson 8510DTH ultrasonic cleaner.  

 

    

Figure 3.3: Branson 8510DTH ultrasonic cleaner  

(a) upper view and (b) front view 

 

(a) (b) 
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 Ultrasonicator is used to reduce and break down the agglomeration process in the 

nanofluids and helps the dispersion of nanoparticle in the base fluid. Because of that, the 

stability of the nanofluids can be achieved. All the samples of nanofluids go through this 

process and make improvements in the thermal properties of the nanofluids. In this study, 

the temperature of ultrasonicator has set at room temperature and operated at 40 kHz 

frequency. The maximum temperature for the ultrasonicator can be run is until 70C. The 

temperature sensor in ultrasonic cleaner has function to detect the temperature and shut off 

the heater if the temperature is exceeding 70C (Sigma-Aldrich, 2017). However, in this 

study the ultrasonicator is maintained at room temperature. 

 

3.4.4 Mechanical homogenizer 

In Figure 3.4, it shows the WiseTis HG-15D mechanical homogenizer used to 

homogenize the mixture of all materials (MWCNT-OH, PVP, deionized water and 

ethylene glycol). The homogenizer is manufactured by Wise Laboratory Instruments, 

Ethiopia and has function in dispersion and homogenizes liquid and tissue samples.  

 

    

Figure 3.4: Mechanical homogenizer  

(a) WiseTis HG-15D and (b) dispersion process 

(a) (b) 
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Table 3.6: WiseTis HG-15D homogenizer (Wisd, n.d) 

Parameter Specification 

Speed` 
2000 – 27000 rpm 

(without load) 

Speed Control Resolution 10 rpm 

Motor Rating (Input/Output) 300/160 W 

Permissible Ambient Temperature Ambient +5- 50C 

Permissible Relative Moisture  85% 

Power Consumption 160 W 

 

Table 3.6 reveals the specifications of mechanical homogenizer as certified by CE. 

As can be seen on Table 3.6, the maximum speed of this device is 270000 rpm although 

this research only uses 10000 rpm speed to homogenize the solutions. The rotational shear 

force from the mechanical homogenizer can break down the agglomeration nanoparticles 

and reduce the agglomeration to occur and give better stability of nanofluids.  

 

3.4.5 Refrigerated water bath 

 PROTECH refrigerated bath circulators 630D brand is manufactured by AJ Infinite 

(M) Sdn Bhd, Selangor. This device is used in nanofluids investigation as a medium for 

temperature control of nanofluids. This research has operated on three different 

temperatures which are 6C, 25C and 40C. Hence, this refrigerated bath is used in 

immersing the nanofluids in water as to get the temperatures needed. Referring on Table 

3.7, it presents the specifications on PROTECH refrigerated bath circulators 630D. 
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Table 3.7: Specifications of PROTECH refrigerated bath circulators 630D  

(Tech-Lab Scientific Sdn. Bhd., n.d) 

Parameter Specification 

Temperature working range -20 C to 100 C 

Accuracy ± 0.1 C 

Heater 960 Watt 

Compressor 1/5 hp 

Refrigerant CFC free R-134A 

Stirring By built-in circulating pump 

External circulation By liquid transfer pump 

Flow rate 8 litres/min 

Bath capacity 7 litres 

Power source 240 VAC, 50 Hz, 5.7 A 

 

In addition, the refrigerated bath has safety precautions which are built-in earth leakage 

circuit breaker (ELCB) for heater and refrigerator and for compressor has built-in overload 

protection. 

 

3.5 Thermal properties test 

 In this study, analysis of MWCNT-OH based nanofluids is on thermal properties 

test which are thermal conductivity, heat transfer coefficient and specific heat. The thermal 

conductivity and heat transfer test are run at three different temperature which are 6°C, 

25°C and 40°C. The selection of these temperatures due to its application and limitation. 

The using of 6°C temperature because of some application such as automobile engine in 

Europe state is operated in range 6°C to 8°C. Whilst, 25°C is for room temperature and 

40°C is due to limitation temperature for PVP. The high temperature will disturb the 
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function of PVP as stabilizer in nanofluids and can make the nanofluids become non-

stable. Meanwhile, specific test is operated on room temperature.  

 

3.5.1 Thermal conductivity test 

Thermal conductivity is a main thermal property as high thermal conductivity can 

lead better performance in others thermal properties such as heat transfer coefficient and 

specific heat. Referring to Figure 3.5, it shows the TC-KD2 Pro thermal analyser which is 

used to measure the thermal conductivity of the nanofluids. 

 

 

Figure 3.5: TC-KD2 Pro thermal analyser 

 

 This device is manufactured by Decagon Devices Inc. United States and has a 

selection of sensor choices based on specific test. The thermal resistivity and thermal 

conductivity test for soils and permeable materials are using temperature and relative 

humidity (TR-1) sensor and tests on robust material like rock, concrete, roto-hammer bit 

pilot etc. are using rock (RK-1) sensor. Thermal resistivity, conductivity, diffusivity, and 

specific heat test on non-fluid samples are using dual-needle sensor like specific heat (SH-

1) sensor. Meanwhile, for the measurement of thermal conductivity and thermal resistivity 
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for liquids and some permeable materials, thermal conductivity (KS-1) sensor is used 

where this sensor is chosen to use in nanofluids thermal conductivity test. Based on Table 

3.8, it shows the specifications on KS-1 sensor. To avoid the free convection in the 

nanofluids, the KS-1 sensor only applies small amount of heat on the sensor needle. The 

maximum operated temperature for the sensor needle is about 45C.  

 

Table 3.8: KS-1 sensor specifications (ICT International, n.d) 

Parameter Specification 

Measurement Read time-60 seconds 

Accuracy ±5% from 0.2-2 W/m.K 

±0.01 W/m.K from 0.02-0.2 W/m.K 

Ranges K: 0.02 to 2 W/m.K 

R: 50 to 5000 C.cm/W 

Dimensions 6 cm length 

1.27m diameter 

 

The size of KS-1 single-needle sensor is 1.27 mm diameter and a 60 mm length. 

Besides, this sensor contains heating element and thermo resistor. The accuracy of this 

sensor is about ±0.01 W/m.K and ±5%. In addition, the TC-KD2 Pro also has controller 

which function to store thermal conductivity data through the microprocessor. The TC-

KD2 Pro thermal properties analyser aligned from the manufacturing plant and includes 

performance verification standards, where the TC-KD2 Pro complies with ASTM 

D5334-14 which standard test method for determination of thermal conductivity of soil 

and soft rock by thermal needle probe procedure and IEEE 442-03 which standard test 

method for measurement of soil thermal resistivity.  Moreover, measurement system of 

TC-KD2 Pro thermal analyser is based on transient hot-wires system (Nieto de Castro et 
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al., 2010 cite in Pastoriza-Gallego et al., 2011) and this system is effectively tested on 

nanofluids thermal conductivity.   

The samples of nanofluids are placed in a refrigerated water bath at 6C, 25C 

and 40C. Then, the sensor is inserted in the nanofluids samples as to take the reading 

for the thermal conductivity values.  Once the nanofluids samples have gotten the 

prerequisite temperature, they are left for another 15 minutes as to ensure complete 

thermal equilibration between the sensor and samples of nanofluids.  

 The reading is taken at three different temperatures for three times to get the 

average for each sample of MWCNT-OH-based nanofluids from 0.1 wt% to 1.0 wt% 

weight loading where the base fluids are ethylene glycol, deionized water and mixture of 

deionized water: ethylene glycol at certain ratios. Moreover, to avoid error and ensure 

the reproducibility during the measurement, the gap between the next thermal 

conductivity readings is about 15 minutes for each sample.  In addition, the sensor is 

inserted vertically rather than horizontally as to minimize the possibility of inducing 

convection. Figure 3.6 shows the schematic diagram of thermal conductivity test. The 

purpose of thermal conductivity is to represent how well a material conducts heat 

(Cengel, 2003). 
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Figure 3.6: Schematic diagram of thermal conductivity test 

 

 Then, the enhancement of thermal conductivity is calculated based on Equation 

3.2. In addition, the purpose of enhancement of thermal conductivity is to know the 

percentage enhancement when seeding nanoparticles in base fluids either it boosts 

thermal conductivity or not.  

 

% 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦

=  [
𝑇. 𝐶 𝑜𝑓 𝑁. 𝐹 − 𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹

𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹
] × 100%                                             (3.2) 

 

where; 

T.C = Thermal conductivity  

N.F = Nanofluids 

B.F = Base fluids 
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3.5.2 Heat transfer coefficient test 

Heat is defined as an energy that can be changed from one system to another 

consequence of a temperature differences. Then, heat can be transferred to three modes 

which are conduction, convection and radiation. This research has included in 

convection heat transfer coefficient which described as heat transfer rate between a solid 

surface and a fluid per unit surface area per unit temperature difference (Cengel 2003). 

There is having two types of convection heat transfer which are natural convection heat 

transfer and forced convective heat transfer. Therefore, this research has used forced 

convective heat transfer in MWCNT-OH based nanofluids where the nanofluids is 

compulsory to flow over a pipe by external force such as fan and pump. Whilst, 

condition of nanofluids is assume as laminar flow with Reynolds number less than 2300. 

The forced convection heat transfer can be calculated by the following equation:  

 

𝑄 = 𝑚𝐶𝑝Δ𝑇1                                                                     (3.3) 

 

𝑄 = ℎ𝐴Δ𝑇2                                                                        (3.4) 

 

Then, inserted the Equation 3.3 into Equation 3.4 and rearrange the equation till get the 

heat transfer coefficient formula like the equation below. 

 

ℎ𝐴Δ𝑇2 =  𝑚𝐶𝑝Δ𝑇1                                                          (3.5) 

 

ℎ =  
𝑚𝐶𝑝Δ𝑇1

𝐴Δ𝑇2
                                                                   (3.6) 
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where; 

m = Mass of water (kg) 

Cp = Specific heat of water (J/kg.K) 

Δ𝑇1 = Temperature difference between water bath and surface (Twb – Ts) 

Δ𝑇2 = Temperature difference of nanofluids between inlet and outlet copper coil were 

also known as ∆𝑇𝑙𝑛 

A = Area of copper coil (m2) 

h = Heat transfer coefficient (W/m2.K) 

 

Next, the formula for temperature difference for nanofluids which is Δ𝑇𝑙𝑛 is based 

on Equation 3.7. 

 

∆𝑇𝑙𝑛 =
∆𝑇𝑒 − ∆𝑇𝑖

ln(∆𝑇𝑒 ∆𝑇𝑖⁄ )
                                                          (3.7) 

 

Where; 

∆𝑇𝑒 = 𝑇𝑠 − 𝑇𝑒  

 ∆𝑇𝑖 = 𝑇𝑠 − 𝑇𝑖 

 

Based on Table 3.9 postulating the data involved in the heat transfer coefficient 

calculation. All calculations regarding heat transfer coefficient is shown in Appendix B. 
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Table 3.9: Data variables of heat transfer coefficient  

Variables Values 

Mass of water  6 kg 

Specific heat of water, Cp 4187 J/kg.K 

Length of copper coil 2.063 m 

Inner diameter of coil 0.0048 m 

Outer diameter of coil 0.0064 m 

Thickness 0.0016 m 

Area of copper coil, 𝐴 =  𝜋𝐷𝑖𝐿 0.03111 m2 

 

Whilst, Figure 3.7 shows heat transfer coefficient schematic diagram. Based on 

that figure, the flow of nanofluids is started when pump is operated and passes through 

the pump and went to fan. Flowrate of the pump is about 8 litre/min.  

 

 

Figure 3.7: Heat transfer coefficient schematic diagram 

 

The nanofluids is circulating in the fan for a while before went to the copper coil. 

Next, circulated out from the copper coil and went to nanofluids bottle then circulated 
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again through the copper pipe until the pump is off.  The function of fan is as cooling 

source and copper coil in refrigerated water bath is as heating source. Whilst, using of 

copper pipe and copper coil in this research because of to prevent and reduce the heat 

loss to environment during the experiment. There are have four temperature that has 

been measured which are temperature inlet (Tin), temperature outlet (Tout), temperature 

surface (Tsurface) and temperature water bath (Twb). This temperature is very crucial to 

measure due to calculation of heat transfer coefficient. 

The measurement of temperature has been measured and recorded automatically 

by using Pico Log software which is a part system of Pico Data Logger. There various 

types of Pico data logger and this research has used TC-08 Data Logger which has 8 

channels to measure the temperature. The temperature’s accuracy of this equipment is 

about ±0.5C and ±0.2% where it can be operated on 0C to 50C (Pico, n.d). The Pico 

Data Logger equipment does not require power supply to function and it just simply 

plugged into USB section on our laptop and plugged in thermocouples in the Pico Data 

Logger to measure the temperature. Moreover, thermocouple type K has been used in 

this measurement due to inexpensive material and has wide temperature range (-270C 

to 1260C). The accuracy of thermocouple type K is about ± 2.2C and ± 75%.  

 Meanwhile, the enhancement of heat transfer coefficient has been calculated using 

of Equation 3.8 has shown below. In this analysis, all the samples of nanofluids from 

different weight loading are calculated in heat transfer coefficient enhancement. This 

intention as to know the enhancement of MWCNT-OH based nanofluids when compared 

to the base fluids either give positive or negative enhancement.  
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% 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡

=  [
𝐻. 𝑇. 𝐶 𝑜𝑓 𝑁. 𝐹 − 𝐻. 𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹

𝐻. 𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹
] × 100%                                     (3.8) 

 

Where; 

H.T.C: Heat transfer coefficient 

 

3.5.2.1 Nusselt number 

Based on Cengel (2003), Nusselt number is named after Wilhelm Nusselt who has 

contributions in convective heat transfer and is represented as dimensionless convection 

heat transfer coefficient.  The Nusselt number can be understood as the enhancement of 

heat transfer through a fluid layer due to convection relative to conduction across the 

same fluid layer.  Higher value of Nusselt number presents the effective convection of 

heat transfer coefficient. Equation 3.9 is the Nusselt number formula where it is a 

dimensionless unit.  

                                 𝑁𝑢𝑠𝑠𝑒𝑙𝑡 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑁𝑢 =  
ℎ 𝐷

𝑘
                                                             (3.9) 

 

Where; 

h = heat transfer coefficient  

D = diameter of copper pipe 

k = thermal conductivity 

 

3.5.3 Specific heat test 

Figure 3.8 shows the calorimeter bomb used to measure the specific heat of the 

nanofluids. This device is produced by IKA, China in model C200 and can measure the 

calorific values for solid or liquid samples. 
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Figure 3.8: Calorimeter bomb 

 

The calorimeter bomb is set up by inserting distilled water as much as 2 litres 

where temperature of the distilled water must in the range of 15°C. It is because the 

working temperature of calorimeter bomb is 25C and combustion process in the 

calorimeter bomb can make the temperature increases during the process. Next, a small 

amount of nanofluids is put in the crucibles before inserted in decomposition vessel. The 

cotton thread is tied up on crucible holder and the tip of cotton thread is inserted in the 

crucible which has nanofluids sample. After that, the decomposition vessel is filled with 

oxygen and is inserted in the calorimeter bomb. The specific heat is measured when the 

sample is burned in the device and the energy is absorbed by the calorimeter and gives 

changes on the temperature. Moreover, the calorimeter bomb is qualified by DIN 51900 

(verifying the solid and liquids fuel calorific value using calorimeter bomb), ISO 1928 

(determination of solid mineral fuel gross calorific value at constant volume and room 

temperature), and ASTM D4809 (combustion heat of liquid hydrocarbon standard test 

method).  Table 3.10 presents the specifications on IKA C 200 calorimeter bomb.  
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Table 3.10: IKA C200 calorimeter bomb specifications (IKA, n.d) 

Parameter Specification 

Measuring range maximum. 40000 J 

Measuring mode dynamic 25C Yes 

Measuring mode isoperibol 25C Yes 

Working temperature 25C 

Temperature measurement resolution 0.0001 K 

Permissible ambient temperature 20-25C 

Permissible relative humidity 80% 

Voltage 100-120 V 

Frequency 50/60 Hz 

Power input 120 W 

 

3.6 Synthesis of nanofluids 

The synthesis of nanofluids starts with the formulation of all materials which are 

MWCNT-OH nanoparticles, PVP, deionized water and ethylene glycol. The weight 

percentage (wt%) or concentration of MWCNT-OH used in this research is from 0.1 wt% 

till 1.0 wt%. The concentration of PVP is 10% from the MWCNT-OH concentration. 

Meanwhile, the percentage of base fluids used is 100% deionized water, 100% ethylene 

glycol, 90:10%, 80:20%, 70:30%, 60:40% and 50:50% of deionized water to ethylene 

glycol mixture. The formulation of nanofluids uses Equation 3.1 to calculate volume of all 

materials. Then, the materials are weighted by analytical digital balance. After formulation 

process, all materials are mixed together in 40 ml beaker and go through the dispersion 

process. The dispersion process including the homogenization and ultrasonication process 

is operated at six series (0, 1, 3, 5, 10 and 15) minutes and is controlled at room 

temperature. The different times of this process is to select the exact time or optimum time 

where the nanoparticles dispersed well in the solution. The mixture of all materials is 
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through dispersion process by homogenize (Wise Tis HG-15D homogenizer) at 10000 rpm 

and sonicated (Branson 8510DTH Ultrasonic Cleaner) at 40 kHz. Next, pH of nanofluids is 

measured by pH meter where pH value of all nanofluids must be at ±9. The adjustment of 

the pH can be done by the addition of nitric acid (HNO3) or sodium hydroxide (NaOH) 

into the nanofluids. In addition, the adjustment of pH value is controlled before and after 

dispersion process until pH of nanofluids is on ±9.  

  The dispersion and stability of the nanofluids is monitored on 100 hours after 

dispersion process by using ZEISS inverted microscope and STR after dispersion process. 

The stable nanofluids is tested in the thermal properties test. Hence, all the samples will be 

tested for their thermal conductivity using TC-KD2 Pro thermal analyser and KS-1 sensor 

at 6°C, 25°C and 40°C with the help of refrigerated water bath to control the temperatures. 

The three different temperatures are selected due to the suitability of some applications 

operated on cool and room temperature. Meanwhile, investigation of thermal properties on 

40°C is due to temperature limitation on apparatus used and surfactant. High temperature 

above than 40°C can damage the surfactant and disturb the thermal performances. Next, 

three best samples from each ratio of base fluid will be formulated again as to produce 400 

ml nanofluids depending on thermal conductivity results. Then, the heat transfer 

coefficient of the nanofluids samples tested by Pico data logger and copper coil at 6°C, 

25°C and 40°C as well as specific heat is tested by bomb calorimeter at room temperature. 

The final is analysis and discussion on nanofluids thermal properties data results.   

 

3.7 Summary 

 To conclude, this chapter has elaborated on the procedures in preparing the 

nanofluids and thermal properties investigation. This research has used two-step 

preparation process and use some apparatus to disperse the nanofluids in fluids. As an 
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example, mechanical homogenizer, ultrasonicator and pH meter are main apparatus used in 

the synthesis of nanofluids. In stability test, STR and ZEISS inverted microscope have 

been used to make sure the nanofluids are fully stable for thermal properties test. 

Meanwhile, thermal properties test has used TC-KD2 Pro thermal analyser, Pico data 

logger, copper coil and bomb calorimeter for thermal conductivity test, heat transfer 

coefficient test and specific heat test.  
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

4.1 Introduction  

This chapter will explain and elaborate more on nanofluids dispersion and 

stability and thermal properties of MWCNT-OH based nanofluids findings. The thermal 

conductivity, heat transfer coefficient test and specific heat properties of MWCNT-OH 

based nanofluids either deionized water-based, ethylene glycol-based and mix of 

deionized water: ethylene glycol as base fluid are presented in graph and table forms.  

The test on stability of MWCNT-OH based nanofluids are taken first before going 

through any thermal properties test. The stability test screening is conducted by STR and 

ZEISS inverted microscope. Next, best samples of MWCNT-OH based nanofluids 

without any precipitation form in fluids are tested in thermal conductivity test via TC-

KD2 Pro thermal analyser. Meanwhile, heat transfer coefficients on nanofluids are 

tested via copper coil and Pico data logger and specific heat test is conducted by bomb 

calorimeter.   

 

4.2 Dispersion and stability test of MWCNT-OH based nanofluids 

In this research, the intention of dispersion and stability test on nanofluids is to 

choose the best sample of MWCNT-OH based nanofluids without coagulation or 

agglomeration in fluids. In addition, homogenous form for dispersion of MWCNT-OH 

nanoparticles in base fluids is given better stability of nanofluids. The good quality of 

MWCNT-OH based nanofluids dispersion and stability trigger good thermal properties.  
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The dispersion and stability test start with observation on several samples of 

nanofluids via STR and ZEISS inverted microscope after nanofluids dispersion process 

in synthesizing of nanofluids. The STR is used to test the stability of nanofluids by the 

light penetration idea over the fluids where the nanofluids is considered stable when all 

light at the STR is ‘On’. It is mean that, the stable nanofluids has blocked the passing 

light where there is no light can penetrate over the fluids. Meanwhile, the unstable 

nanofluids are contradictory with stable nanofluids where the light at STR is ‘Off.’ It is 

due to the light can penetrate over the nanofluids.  

In addition, ZEISS inverted microscope is used to capture the micrograph of 

MWCNT-OH nanoparticles dispersion in base fluid with 10K magnification.  The 

micrograph of MWCNT-OH nanoparticles in fluids have shown the dispersion of 

nanoparticles in the fluids either in agglomeration form or homogeneous mixture. Table 

4.1 shows the dispersion of on 1.0 wt% of MWCNT-OH nanoparticles in deionized 

water-based fluid, ethylene glycol-based fluid and mix of deionized water: ethylene 

glycol-based fluid at 50:50% ratio.  
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Table 4.1: Micrograph of nanoparticles dispersion in based nanofluids at 10k 

magnification 

Time 

(minutes) 

100% Deionized 

water based 

nanofluids  

100% Ethylene 

glycol based 

nanofluids  

50:50; Deionized 

water: ethylene 

glycol based 

nanofluids  

0 

   

1 

   

3 

   

5 

   

10 

   

15 

   

 

Agglomeration  
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Based on Table 4.1, it reveals the micrograph of nanoparticles dispersion in 0.1 

wt%, 0.01 wt% of PVP and three base fluids which are deionized water, ethylene glycol 

and mixture of deionized water: ethylene glycol at ratio 50:50%.  As can be seen in 

Table 4.1, at 5 min of homogenization and sonication process, the dispersion of 

nanoparticle at that time is very well compared to the others for all nanoparticles 

dispersion either in deionized water, ethylene glycol or mix of deionized water: ethylene 

glycol. The nanoparticles are scattered well in the base fluid where the size of dispersion 

of nanoparticles is small compared to other samples where the nanoparticles form big 

coagulation or agglomeration. 

As can be seen, the biggest agglomeration particles occur at 0 min dispersion 

process for deionized water-based fluid, ethylene glycol-based fluid and mix of 

deionized water: ethylene glycol based-fluid. In addition, longer time of dispersion 

process also contributes to agglomeration form as can be seen at 10 min and 15 min of 

dispersion process. The ZEISS inverted microscope on 10K magnification scale has 

shown the size of agglomeration particles on that time is bigger and almost the same as 

at 0 min of dispersion process.  

 

4.3 Analysis of MWCNT-OH based nanofluids dispersion and stability  

There are some factors that contribute in the dispersion and stability of MWCNT-

OH based nanofluids either in ethylene glycol, deionized water or mixed of the base 

fluid (50:50%) which are hydrophobic nature characteristics of MWCNT nanoparticles, 

gravity, MWCNT-OH size, pH value as well as mechanical and chemical technique on 

dispersion process. The hydrophobic characteristic of MWCNT nanoparticles which 

resist fluid makes the agglomeration formed. This fact is supported by Abdullah et al. 

(2016) and Mukesh Kumar and Muruganandam (2017). Due to this factor, 
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agglomeration particles can be seen obviously at 0, 1, 3, 10 and 15 minutes of 

nanoparticles dispersion in base fluids.  Meanwhile, referring to Yu and Xie (2012) 

research says gravity is a cause the nanofluids instability. The gravity force has pulls 

down the nanoparticles on the bottom surface of bottles and affect the instability of 

nanofluids. Then, the sediment on the bottom surface can make the agglomeration to 

occur. It has been visualized by ZEISS inverted microscope at 10K magnification.  

This research has used small size of MWCNT-OH nanoparticles in range 5 nm to 

30 nm. So, the nanoparticles have high surface area. This factor also contributed in 

instability and agglomeration form in nanofluids. This statement is proved by Lin et al. 

(2003) cited in Phuoc et al. (2011). Moreover, pH value of nanofluids should be 

considered as a factor in nanofluids stability (Mohammed et al., 2011). This research has 

maintained the pH value of nanofluids in range of ±9 by HNO3 and NaOH solution as it 

is an optimum pH in stabilizing the nanofluids without any sedimentation form at certain 

period. This fact is supported by researcher Huang et al. (2009), that optimum pH for 

nanofluids suspension is in range of 8 to 9. Based on this research, even the pH value of 

nanofluids has been maintained the dispersion process period has possibility in affecting 

the dispersion and stability result in positive and negative outcome.  

The dispersion process is one of the methods helped in homogeneous the 

MWCNT-OH based nanofluids. There are two main kinds of dispersion processes which 

are mechanical and chemical technique. In this research, mechanical technique used is 

homogenization and ultrasonication process. Whilst chemical method is covalent 

functionalization were used hydroxyl group on MWCNT surface and noncovalent 

functionalization were used PVP surfactant.   

At first, the mixtures of all materials in the base fluid is in heterogeneous mixture 

form where the mixture of all materials is not perfectly mixed, and then it changes to 
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homogeneous mixture where all materials are perfectly mixed together. It is happened 

after homogenization and ultrasonication process by WiseTis HG-15D mechanical 

homogenizer and Branson 8510DTH Ultrasonic Cleaner. In this research, using of 

homogenizer and ultrasonicator have a function in reducing the size of nanoparticles. 

The smaller size of nanoparticles can dissolve well in base fluids. Meanwhile, this 

process also can slow down or retard the aggregation to form hence the stability of 

nanofluids is achieved (Syed Idrus et al., 2015a). It is happened on 5 minutes of 

dispersion process where the MWCNT-OH nanoparticles spread well in fluids compared 

to other samples at different times of dispersion process.  

This is due to the higher speed rotation from the homogenizer at 10000 rpm helps 

in the dispersion and stability of nanofluids. In addition, the sound waves from the 

ultrasonicator during the ultrasonic homogenizing process cause high pressure and low 

pressure cycle in the nanofluids. Hence, it helps in reducing the nanoparticles 

agglomeration. Moreover, the electrostatic or charge from the ultrasonicator also 

contributes to the well dispersion of the CNT in the base fluid. Due to this, at 5 min of 

dispersion process shows better dispersion of MWCNT-OH nanoparticles in base fluids. 

Then, this process contributes in reducing time on synthesizing of nanofluids and getting 

the stability of nanofluids in shorter time.  

Even though the ultrasonic homogenizing process helps the dispersion of 

MWCNT-OH nanoparticles in the base fluid, agglomeration could also occur at certain 

times and certain base fluid. Based on the dispersion and stability of MWCNT-OH 

based nanofluids, at 0, 1, 3, 10 and 15 minutes of this process have shown 

agglomeration form. Referring to Pastoriza-Gallego et al. (2011), the dispersion process 

which includes the mechanical stirring and ultrasound probe has various time in 

stabilizing the nanofluids where it is depend on the researcher’s experiment. Previous 
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literature stated that the long-time of sonication process also has possibility in 

contributed the sedimentation or agglomeration particles in the nanofluids (Nguyen et 

al., 2011). Based on this research, 10 minutes and 15 minutes of dispersion process can 

be considered as long time of dispersion process and resulted in sedimentation form. 

According to Muhammad Yazid et al. (2016), time of dispersion process in getting the 

stable nanofluids is rarely investigated by the researchers. In conclusion, there is no 

exact or specific sonication time for the sedimentation to occur.  

Other factors influencing the stability of MWCNT-OH based nanofluids is 

covalent functionalization and noncovalent functionalization technique. These methods 

are used in this research. Covalent functionalization is the most operative method to 

disperse MWCNT nanoparticles where different functional group is attached on 

nanoparticles surface (Kausar, 2014 cited in Nan et al., 2016, Shahnawaz et al., 2017). 

This method is well known as surface chemical modification. In this research, 

hydrophilic functional group such as –OH group is attached on MWCNT nanoparticles 

surface. The intention of hydrophilic functional group being attached on the surface of 

nanoparticles is to improve the nanoparticles dispersion ability in fluids (Kamiya and 

Iijima, 2010). 

Meanwhile, using surfactant in dispersion of MWCNT-OH is noncovalent 

functionalization method where it can reduce the van der Waals interaction in nanofluids 

(Blanch and Shapter, 2014 cited in Nan et al., 2016 and Shahnawaz et al., 2017).  As a 

result, it augments the dispersibility MWCNT-OH nanoparticles in base fluids. This fact 

is supported by Rausch et al. (2010) in their research. This experiment has used 10% of 

PVP surfactant from the weight percentage of MWCNT-OH concentration. It is a small 

concentration of surfactant. Recent studies reveal that the protective role of PVP 

surfactant has the ability to retard or reduce the agglomeration in the nanofluids 
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resulting to the stability of nanofluids (Yu and Xie, 2012, Mukherjee and Paria, 2013 

and Syed Idrus et al., 2015a). In addition, the stable nanofluids achieved as surfactants 

can lower the surface tension of the base fluid and wet the nanofluids particle.   

 

4.4 Thermal properties 

In this research, thermal properties of nanofluids are tested at three different 

temperatures which are 6C, 25C and 40C.  The temperature of nanofluids is 

controlled by refrigerated water bath.   

 

4.4.1 Thermal conductivity 

4.4.1.1 Standard data and ASHRAE thermal conductivity 

Thermal conductivity test starts with comparison between standard data and 

American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE). 

The intention is to make sure the standard data is having same agreement with ASHRAE 

thermal conductivity. Hence, it proves that the thermal conductivity results on standard 

base fluids which are ethylene glycol, deionized water and mixture of these two base 

fluids at different ratios are valid.  Figure 4.1 shows the validation of thermal 

conductivity on standard base fluids compared to ASHRAE standard.  
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Figure 4.1: Validation of thermal conductivity on standard base fluids and ASHRAE 

 

Based on Figure 4.1, the thermal conductivity validation between standard base 

fluids and ASHRAE standard shows good agreement. Even though certain standard base 

fluids data is lower and higher than the ASHRAE standard, they are still linearly 

increasing with temperature that have same pattern results with ASHRAE standard. 

Hence, this base fluid standard data can be used as standard measurement in thermal 

conductivity test in ensuring the thermal conductivity of base fluids with inclusion of 

MWCNT-OH nanoparticles increasing the thermal performance. In addition, the standard 

value also can be used in calculating the enhancement of thermal conductivity of 

MWCNT-OH based nanofluids.  
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4.4.1.2 Thermal conductivity of ethylene glycol based nanofluids 

 Thermal conductivity has a function in conducting heat from hot surface to the 

cold surface. Hence, Figure 4.2 presents the thermal conductivity of ethylene glycol 

based nanofluids at 0 wt% to 1.0 wt% of MWCNT-OH concentration.  

 

 

Figure 4.2: Thermal conductivity of ethylene glycol based nanofluids 

 

The thermal conductivity values for pure ethylene glycol at three different 

temperatures are 0.207 W/m.K, 0.2195 W/m.K and 0.2243 W/m.K for 6C, 25C and 

40C and they are presented in straight line as in Figure 4.2. These values of thermal 

conductivity are standard values for comparison with nanofluids thermal conductivity 

which has MWCNT-OH nanoparticles in base fluids. As can be seen in Figure 4.2, the 

thermal conductivity of ethylene glycol based nanofluids is higher than thermal 

conductivity of pure ethylene glycol. In addition, the pattern of the graph is fluctuated. 
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The lowest thermal conductivity values occur at 0.1 wt% of concentration where the 

values are 0.2276 W/m.K, 0.2250 W/m.K and 0.2246 W/m.K for 6C, 25C and 40C. 

Meanwhile, the highest values occur at 1.0 wt% where the values are 0.2486 W/m.K, 

0.2483 W/m.K and 0.2563 W/m.K for 6C, 25C and 40C. Besides, at 0.5 wt% of 

MWCNT-OH concentration presents the declining values of thermal conductivity 

starting on that concentration for each temperature. Thermal conductivity of MWCNT-

OH ethylene glycol based nanofluids is much higher at 6C from 0.1 wt% until 0.7 wt% 

if compared with other temperatures where 25C is the second highest (0.1 wt% till 0.4 

wt%). The thermal conductivity values of MWCNT-OH based nanofluids at 40C starts 

higher than the other temperatures from concentration 0.8 wt% until 1.0 wt%. 

 In summary, even though the pattern of the graph is fluctuated, the thermal 

conductivity of ethylene glycol based nanofluids is aligned as enhancement of 

nanofluids’s thermal conductivity is greater than the standard base fluid. This result is 

supported by Li et al. (2008) where has high thermal conductivity on nanofluids 

compared to base fluid. Abbasi et al. (2015) also reported that thermal conductivity of 

MWCNT-TiO2 based nanofluid is high rather than base fluids. Besides, Singh et al. 

(2012) reported thermal conductivity of CNT-ethylene glycol based nanofluids on 0.12 

wt%, 0.2 wt%, 0.3 wt% and 0.4 wt% increases with high concentration. It revealed the 

maximum concentration (0.4 wt%) has 72% thermal conductivity enhancement.  

Table 4.2 provides the thermal conductivity enhancement of ethylene glycol based 

nanofluids with seeding of MWCNT-OH nanoparticles. The thermal conductivity 

enhancement is calculated by using Equation 3.2.  
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Table 4.2: Thermal conductivity enhancement of ethylene glycol based nanofluids 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 9.952 2.506 2.323 

0.2 13.33 5.239 2.733 

0.3 14.98 5.558 5.103 

0.4 15.46 7.062 6.606 

0.5 12.71 3.554 6.150 

0.6 16.57 8.565 8.565 

0.7 14.64 6.925 7.654 

0.8 14.78 11.62 12.07 

0.9 17.05 11.16 13.44 

1.0 20.10 13.12 16.76 

 

Refer on Table 4.2, the highest percentage enhancement of thermal conductivity is 

occurs on 6C where 20.10% at 1.0 wt% of MWCNT-OH nanofluids. Moreover, at 

overall three different temperatures presented highest enhancement of thermal 

conductivity are occurred on 1.0 wt% of MWCNT-OH weight loading. At 25C the 

enhancement is about 13.12% and 16.76% enhancement at 40C temperatures. Whilst, 

lowest thermal conductivity enhancement in ethylene glycol based nanofluids is at 40C 

which 2.323% and followed by 25C which 2.506% and 6C which 9.952% 

enhancement. Even though, there are have lowest enhancement, it is still in positive 

results which proved that inclusion of MWCNT-OH nanoparticles has enhanced the 

thermal conductivity of nanofluids higher than the standard ethylene glycol. The 

literatures on MWCNT-ethylene glycol based nanofluids thermal conductivity has 

similarity in positive enhancement which has got 12.4% and 13% thermal conductivity 
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enhancement on 1.0 vol% (Liu et al., 2005 and Xie et al., 2003 cited in Kanagaraj et al. 

2006). 

 The percentage enhancement of thermal conductivity increased due to Brownian 

motion by nanoparticles in the fluids. They are pushing or collide to each other with 

increment of temperature where high temperature makes the nanoparticles push fast and 

harder and as well as result in enhancement of thermal conductivity. Moreover, the 

enhancement is also helped by the increment of temperatures where the velocity in 

nanofluids increased quickly and caused the increment of thermal conductivity (Usri et 

al., 2015).  

 

4.4.1.3 Thermal conductivity of deionized water based nanofluids 

Thermal conductivity of deionized water based nanofluids is presents on Figure 

4.3. The standard thermal conductivity of base fluid which 100% deionized water without 

mixed with others particles (0 wt% of MWCNT-OH) are 0.559 W/m.K (6C), 0.570 

W/m.K (25C) and 0.5965 W/m.K (40C) and as well as presented in straight line for 

each temperatures. 
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Figure 4.3: Thermal conductivity of deionized water based nanofluids 

 

At 6C and 25C, the highest value of thermal conductivity occurs on 1.0 wt% of 

MWCNT-OH deionized water based nanofluids which is 0.597 W/m.K and 0.6143 

W/m.K. While, at concentration 0.4 wt% of MWCNT-OH is the highest thermal 

conductivity at 40C which 0.723 W/m.K. In addition, at each temperature the thermal 

conductivity starts to decline on 0.3 wt% of MWCNT-OH concentration and fluctuated 

after that. However, the thermal conductivity is decline below the standard value of base 

fluid for temperature 40C from concentration 0.6 wt% till 1.0 wt%. Hence, the lowest 

thermal conductivity is 0.4217 W/m.K at 1.0 wt% of MWCNT-OH concentration.  

Based on Table 4.3, it shows the enhancement of thermal conductivity for 100% 

deionized water based nanofluids with inclusion MWCNT-OH nanoparticles. There are 

have some result shows unexpected data on nanofluids thermal conductivity 

enhancement. Only two temperatures which are 6C and 25C shows the highest thermal 
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conductivity enhancement. It happens on 1.0 wt% MWCNT-OH based nanofluids which 

the enhancement is about 6.798% and 7.772%. Whilst, at temperature 40C presents that 

0.4 wt% of MWCNT-OH based nanofluids has 21.21% enhancement of thermal 

conductivity and it is the highest enhancement compares to other nanofluids 

concentration and temperatures. These enhancements have similarity with previous 

research which has positive thermal conductivity enhancement which about 5% to 

16.5% thermal conductivity enhancement on 0.25 wt% to 1.5 wt% of MWCNT-OH 

water based nanofluids. It is due to the -OH group on the MWCNT surface has tendency 

to transfer more energy to nanofluids through the increment temperature (Abbasi et al., 

2015). 

 

Table 4.3: Thermal conductivity enhancement of deionized water based nanofluids 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 1.485 1.982 2.431 

0.2 3.685 2.228 8.466 

0.3 1.431 0.1754 (-)1.257 

0.4 4.043 5.035 21.21 

0.5 3.148 4.386 (-)0.2515 

0.6 3.864 1.105 (-)10.86 

0.7 3.041 3.035 (-)12.61 

0.8 4.347 4.561 (-)10.19 

0.9 4.830 5.211 (-)8.131 

1.0 6.798 7.772 (-)29.30 

(-) : Decrement of thermal conductivity  
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Unfortunately, the enhancement of thermal conductivity at 40C shows 

surprisingly result where the negative enhancement is happened on 0.3 wt% onwards 

except on 0.4 wt% of MWCNT-OH based nanofluids. The percentage decrement of 

thermal conductivity is -29.30% which result on concentration 1.0 wt% of MWCNT-OH 

based nanofluids.  

 Based on this research, factor involved in decrement of thermal conductivity at 

temperature 40°C is temperature change from cold temperature then to room 

temperature and lastly to high temperature. The property of deionized water which has 

low boiling point mean it has tendency become hot in short time. Then, temperature 

change consequence in Brownian motion of nanoparticles and coagulation of 

nanoparticles (Ravi et al., 2013). Hence, the dramatic decrement of thermal conductivity 

is the outcome.  

 

4.4.1.4 Thermal conductivity of 90:10; deionized water: ethylene glycol based 

nanofluids 

Figure 4.4 presented the thermal conductivity for MWCNT-OH based nanofluids 

in deionized water and ethylene glycol mixture on ratio 90:10; deionized water: ethylene 

glycol. Nanofluids thermal conductivity is higher than the base fluid data (0 wt%) for all 

temperatures level. The straight line in the figure is represented the standard data for the 

base fluid. The standard values for thermal conductivity of deionized water to ethylene 

glycol (90:10%) are 0.4950 W/m.K (6C), 0.5270 W/m.K (25C) and 0.5590 W/m.K 

(40C). 
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Figure 4.4: Thermal conductivity of 90:10; deionized water: ethylene glycol 

based nanofluids 

 

Figure 4.4 has shown that there are three concentrations of MWCNT-OH based 

nanofluids that have high thermal conductivity for all temperatures which are 0.7 wt%, 

0.8 wt% and 0.9 wt%.  At 6C, the highest thermal conductivity is on concentration 0.8 

wt% which is 0.554 W/m.K. Meanwhile, for 25C and 40C the highest thermal 

conductivity is on 0.9 wt% of MWCNT-OH which are 0.5886 W/m.K and 0.6340 

W/m.K. However, for the lowest thermal conductivity, it happens on concentration 0.1 

wt% of MWCNT-OH for 6C and 25C which are 0.5120 W/m.K and 0.5310 W/m.K.  

At 40C, 0.4 wt% of MWCNT-OH concentration has the lowest thermal conductivity 

value among the other concentrations on that temperatures. These findings are same 

with the Jiang et al. (2015) on CNT-water based nanofluids research. They are reported 

that the thermal conductivity values are increased nonlinearly with the increment of 
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volume fractions. Besides, the fluctuation thermal conductivity values are respect to 

temperature where it is most occurred on high temperatures. Refer to Figure 4.4, the 

fluctuation data is most occurred on 40C temperatures compared to 6C and 25C.  

Thermal conductivity enhancement on mixture of base fluids (deionized water: 

ethylene glycol; 90: 10) % has been presented on Table 4.4. The positive enhancement 

on this study is about 0.5188% to 13.42%.  

 

Table 4.4: Thermal conductivity enhancement of MWCNT-OH based nanofluids 

on 90:10; deionized water: ethylene glycol 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 3.434 0.759 6.977 

0.2 6.667 2.960 2.379 

0.3 9.091 4.934 2.969 

0.4 7.273 6.831 0.5188 

0.5 8.444 5.939 4.061 

0.6 6.767 8.786 1.968 

0.7 11.37 9.298 7.317 

0.8 11.92 9.032 7.442 

0.9 10.69 11.69 13.42 

1.0 5.051 5.693 5.760 

 

The results show, 0.9 wt% of MWCNT-OH concentration has top enhancement at 

temperature 25C and 40C. The percentage enhancement is 11.69% and 13.42%. 

Meanwhile, at temperature 6C, 0.8 wt% of MWCNT-OH concentration has the highest 

enhancement compared to other concentrations which is 11.92%. However, on 0.4 wt% 

of MWCNT-OH concentration at 40C has the lowest enhancement as much as 
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0.5188%. Even though it has the lowest enhancement, at least seeding of nanoparticles 

in base fluids has enhanced the thermal conductivity rather than the standard thermal 

conductivity of pure base fluids. In addition, on 1.0 wt% of MWCNT-OH at every 

temperature is declined where thermal conductivity enhancement of nanofluids is 

5.051%, 5.693% and 5.760% (6C, 25C and 40C).  

 Normally, increasing weight loading creates high thermal conductivity property. 

In this research, the increasing of concentration in MWCNT-OH based nanofluids 

insignificantly increases the thermal conductivity. These results are supported by other 

researchers which found out that the nonlinear relation of nanofluids that has low and 

fluctuated thermal property in increment of concentration (Ravi et al. 2013). The 

nonlinear relation is the mark of interaction of nanoparticles in fluids owing to the high 

particle concentration.  

 

4.4.1.5 Thermal conductivity of 80:20; deionized water: ethylene glycol based 

nanofluids 

Figure 4.5 shows the thermal conductivity of deionized water: ethylene glycol 

(80:20) mixture based MWCNT-OH nanofluids at several concentrations ranging from 

0.1 wt% to 1.0 wt% with 0.1 interval. Closer inspection on this plot shows a significant 

improvement on the thermal conductivity value in the formulations. The standard thermal 

conductivity values of base fluid without the addition of nanoparticles (0 wt%) for each 

temperature are 0.4440 W/m.K, 0.4556 W/m.K and 0.4600 W/m.K for temperature 6C, 

25C and 40C. 
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Figure 4.5: Thermal conductivity of 80:20; deionized water: ethylene glycol 

based nanofluids 

 

Interestingly, the highest thermal conductivity achieved is at 0.9 wt% of 

MWCNT-OH in the base fluid with values given 0.5380 W/m.K at temperature 40C, 

0.5170 W/m.K at 25C and 0.4883 W/m.K at 6C. These are followed by 0.3 wt% of 

MWCNT-OH with thermal conductivity values given 0.5170 W/m.K, 0.5063 W/m.K 

and 0.4850 W/m.K for 40C, 25C and 6C. However, maximum concentration 1.0 wt% 

resulted in no major influence or low on the thermal conductivity values with only 

0.4810 W/m.K at 40C, 0.4593 W/m.K at 25C and 0.4623 W/m.K at 6C. To sum up, 

all the thermal conductivity values of nanofluids are higher than the base fluid for all 

temperatures. The inconsistency of thermal conductivity is same with Jiang et al. (2015) 

research on CNT-water based nanofluids which has fluctuated data with increment of 

volume fractions. 
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The enhancement of thermal conductivity on mixture of deionized water to 

ethylene glycol at ratio 80:20% has been shown in Table 4.5. These results show 

positive enhancement for 0.1 wt% to 1.0 wt% of MWCNT-OH concentration for every 

temperature. 

 

Table 4.5: Thermal conductivity enhancement of MWCNT-OH based nanofluids 

on 80:20; deionized water: ethylene glycol 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 4.167 2.788 9.478 

0.2 7.432 8.055 6.739 

0.3 9.234 11.13 12.39 

0.4 7.342 9.745 10.00 

0.5 7.432 8.275 7.957 

0.6 8.851 10.40 10.72 

0.7 5.180 8.494 9.848 

0.8 7.567 9.219 10.07 

0.9 9.977 13.48 16.96 

1.0 4.122 0.8121 4.565 

 

Table 4.5 has shown the highest percentage enhancement of thermal conductivity 

on mixture of base fluids occurs at 0.9 wt% of MWCNT-OH concentration compared to 

the other concentration. These results are same as thermal conductivity enhancement of 

deionized water and ethylene glycol mixture (90:10) MWCNT-OH based nanofluids 

where the highest enhancement is at 0.9 wt% of MWCNT-OH concentration. The 

percentage enhancement at that concentration is 9.977%, 13.48% and 16.96% for each 

temperature (6C, 25C and 40C). Closer inspection of the table shows that 40C has 
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the highest thermal conductivity enhancement of MWCNT-OH based nanofluids at 

concentration 0.9 wt%. Meanwhile, at 25C on 1.0 wt% of MWCNT-OH concentration 

has the lowest percentage enhancement of thermal conductivity among the other as 

much as 0.8121%. The trend of thermal conductivity enhancement of deionized water 

and ethylene glycol mixture (80:20) MWCNT-OH based nanofluids is almost the same 

with MWCNT-OH base nanofluids at ratio 90:10% where the thermal conductivity 

enhancement declines or decreases on 1.0 wt% of MWCNT-OH concentration at each 

temperature.  

Thermal conductivity is dependent on temperature where higher temperature has 

high thermal conductivity values. This phenomenon mostly happens on all 

concentrations of MWCNT-OH based nanofluids. In addition, mixture of nanoparticles 

and fluids have formed layered structures. They are solid-like liquid layers between 

solid nanoparticles and fluids as a thermal bridge and have tendency in increasing the 

thermal conductivity (Ravi et al., 2013).  

 

4.4.1.6 Thermal conductivity on 70:30; deionized water: ethylene glycol based 

nanofluids 

The thermal conductivity on mixture of deionized water and ethylene glycol at 

ratio 70:30% is shown in Figure 4.6. The nanofluids standard data on this mixture at 6C, 

25C and 40C are 0.4263 W/m.K, 0.4500 W/m.K and 0.4571 W/m.K.  
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Figure 4.6: Thermal conductivity of 70:30; deionized water: ethylene glycol 

based nanofluids 

 

These results summarized that nanofluids thermal conductivity is higher than the 

standard data. At concentration of 1.0 wt%, MWCNT-OH has the highest thermal 

conductivity values at all temperatures. The values are 0.4955 W/m.K, 0.497 W/m.K 

and 0.4981 W/m.K at 6C, 25C and 40C where the increment of thermal conductivity 

increases with enhancement of temperatures. The lowest thermal conductivity occurs on 

0.1 wt% of MWCNT-OH concentration where the values are 0.4263 W/m.K, 0.4500 

W/m.K and 0.4571 W/m.K (6C, 25C and 40C). Besides, the trend of these results is 

fluctuated and still higher than the standard thermal conductivity values.  

 Meanwhile, Table 4.6 postulates percentage enhancement on 70:30% mixture 

deionized water and ethylene glycol based nanofluids. These results show positive 

enhancement on each concentration of MWCNT-OH based nanofluids.  
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Table 4.6: Thermal conductivity enhancement of MWCNT-OH based nanofluids 

on 70:30; deionized water: ethylene glycol 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 1.126 2.022 1.356 

0.2 2.604 2.600 2.428 

0.3 3.612 2.733 3.150 

0.4 4.387 4.755 4.135 

0.5 8.351 6.200 5.382 

0.6 7.858 4.644 5.010 

0.7 6.990 4.067 4.922 

0.8 14.03 6.822 6.257 

0.9 14.29 9.355 8.160 

1.0 16.23 10.44 8.970 

 

The range of percentage enhancement is from 1.126% to 16.23% where the 

lowest enhancement is on 0.1 wt% at 6C. In addition, 1.356% is the second lowest 

thermal conductivity enhancement which occurs on 0.1 wt% at 40C.  At 6C on 1.0 

wt% of MWCNT-OH concentration is the highest thermal conductivity enhancement. 

Besides, at 1.0 wt% of MWCNT-OH concentration is the highest percentage 

enhancement for each temperature (6C, 25C and 40C). These outcomes is same with 

Kumaresan et al. (2012a) research which has increment of thermal conductivity when 

seeding the MWCNT nanoparticle in fluid (70:30;DI:EG). The research has revealed the 

inclusion 0.45 vol% of MWCNT in 70:30;DI:EG has high the thermal conductivity by 

19.73% at temperature 40°C.  

Ravi et al. (2013) mentions that the optimum pH value which is in range of ±9 has 

affected nanoparticles surface charge in forming increment of nanoparticles surface 
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charge. Then, it results in forming of repulsive force among nanoparticles and avoiding 

the coagulation in nanofluids. As a result, the thermal conductivity of base fluids 

increases with inclusion of nanoparticles.  

 

4.4.1.7 Thermal conductivity on 60:40; deionized water: ethylene glycol based 

nanofluids 

Figure 4.7 presents the results obtained from the thermal conductivity test on 

MWCNT-OH based nanofluids mixture of deionize water and ethylene glycol at ratio 

60:40%. The standard data obtained from thermal condcutivity analysis for 6C, 25C 

and 40C are 0.3919 W/m.K, 0.4320 W/m.K and 0.4365 W/m.K. 

 

 

Figure 4.7: Thermal conductivity of 60:40; deionized water: ethylene glycol 

based nanofluids 
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The results, as shown in Figure 4.7, indicate that inclusion of MWCNT-OH 

nanoparticles in the mixture of base fluids give positive results that are advanced than 

the standard data.  As can be seen in Figure 4.8, the lowest thermal conductivity data for 

each temperature are 0.4005 W/m.K, 0.4354 W/m.K and 0.4412 W/m.K on 0.1 wt%. 

Besides, the highest thermal conductivity data are 0.4263 W/m.K, 0.4467 W/m.K and 

0.4514 W/m.K on concentration 1.0 wt% for every temperature. Besides, the second 

highest is on 0.9 wt% followed by 0.8 wt% of MWCNT-OH nanoparticles.  

 Table 4.7 represents the thermal conductivity enhancement on MWCNT-OH 

based nanofluids at 60:40; deionized water: ethylene glycol. There is a little thermal 

conductivity enhancement for each concentration for every temperature. 

 

Table 4.7: Thermal conductivity enhancement of MWCNT-OH based nanofluids 

on 60:40; deionized water: ethylene glycol 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 2.194 0.7870 1.077 

0.2 2.603 0.8333 1.375 

0.3 3.955 1.968 2.423 

0.4 4.823 1.644 2.108 

0.5 5.435 2.130 2.153 

0.6 4.900 1.690 1.031 

0.7 5.741 0.8565 2.657 

0.8 6.098 2.083 2.864 

0.9 8.727 2.292 3.162 

1.0 8.777 3.403 3.413 
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Interestingly, at 25C on 0.1 wt% of MWCNT-OH concentration has the lowest 

enhancement which is about 0.7870%. It is followed by 0.2 wt% and 0.7 wt% at the 

same temperature which the enhancement is 0.8333% and 0.8565%. Additionally, 

8.777% is the highest thermal conductivity enhancement on 1.0 wt% at 6C. Apart from 

that, 0.9 wt% and 0.8 wt% at same temperature have the second and third highest of 

thermal conductivity enhancement which is about 8.727% and 6.098 wt%.  

The trend of MWCNT-OH based nanofluids at ratio 60:40% which has fluctuated 

data in thermal conductivity property is aligned with previous literatures. Zainal Abidin 

et al. (2016) and Abdullah et al. (2016) have mentioned in their paper that the 

concentration of nanoparticles influences the thermal conductivity in form of increment 

of thermal conductivity in certain concentrations. In addition, the increment of thermal 

conductivity due to concentration increases also occurs in this study by the lowest 

thermal conductivity which is on 0.1 wt% and the highest is on 1.0 wt% of MWCNT-

OH nanoparticles (Sohel and Nieto, 2016). 

 

4.4.1.8 Thermal conductivity on 50:50; deionized water: ethylene glycol 

The Figure 4.8 illustrates the thermal conductivity results on 50:50% mixtures of 

deionized water and ethylene glycol with addition of MWCNT-OH nanoparticles. The 

standard data on base fluids are 0.3611 W/m.K, 0.4217 W/m.K and 0.4299 W/m.K. The 

thermal conductivity of standard base fluids increases with increment of temperatures. 

There same goes with MWCNT-OH based nanofluids. 
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Figure 4.8: Thermal conductivity of 50:50; deionized water: ethylene glycol 

based nanofluids 

 

The thermal conductivity of nanofluids is dependent on temperature which can be 

seen on figure above. The thermal conductivity for each nanofluids increases with the 

increment of temperature. Additionally, highest thermal conductivity is at 40C 

followed by 25C and 6C. Besides that, the concentration of nanoparticles shows that 

the thermal conductivity increases with addition of concentration. Referring to Figure 

4.9, concentration 1.0 wt% has the maximum thermal conductivity compared to other 

concentration. The values of nanofluids thermal conductivity are 0.3847 W/m.K, 0.4399 

W/m.K and 0.4425 W/m.K for 6C, 25C and 40C. Whilst, 0.1 wt% is the lowest 

thermal conductivity of nanofluids. Interestingly, at 0.4 wt% of MWCNT-OH 

concentration has slight decrement of thermal conductivity for each temperature. 
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However, the decrement still gives high values thermal conductivity compared to base 

fluids. 

In addition, Table 4.8 below has postulated the enhancement of thermal 

conductivity for ratio 50:50% of deionized water and ethylene glycol based nanofluids. 

The results show the enhancement of thermal conductivity increases with increment of 

concentration. Despite that, the decrement enhancement of thermal conductivity occurs 

on 0.4 wt% of MWCNT-OH for every temperature due to decrement of thermal 

conductivity value. Meanwhile, 1.0 wt% of MWCNT-OH has the top thermal 

conductivity enhancement for each temperature which are 6.536%, 4.316% and 2.931%. 

The highest thermal conductivity enhancement happens at 6C and subsequently to 25C 

and 40C. Hence, the range of thermal conductivity enhancement on this ratio is from 

0.3024% to 6.536%.  

The previous research reported the thermal conductivity enhancement is about 

11% on 0.9 wt% MWCNT based nanofluids in mixture deionized water to ethylene 

glycol at ratio 50:50% (Ganesh Kumar et al., 2015). The different outcome on thermal 

conductivity due to different surfactant used which Ganesh Kumar et al. (2015) used 

SDBS surfactant. Moreover, the different dispersion period, size of particles and 

modification surface technique also the factor in different thermal conductivity 

enhancement.  
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Table 4.8: Thermal conductivity enhancement of MWCNT-OH based nanofluids 

on 50:50; deionized water: ethylene glycol 

Concentration 

(wt%) 

Thermal conductivity percentage enhancement (%) at 

different temperature 

6C 25C 40C 

0.1 1.412 0.8063 0.3024 

0.2 2.188 1.660 0.535 

0.3 3.711 2.300 1.372 

0.4 3.545 1.968 1.163 

0.5 4.071 2.585 1.442 

0.6 4.154 2.229 1.465 

0.7 5.068 2.940 1.884 

0.8 5.539 3.391 2.233 

0.9 6.037 3.723 2.652 

1.0 6.536 4.316 2.931 

 

The thermal conductivity of MWCNT-OH based nanofluids on 50:50% mixture 

of deionized water and ethylene glycol results are aligned with other literatures (Zainal 

Abidin et al., 2016 and Abdullah et al., 2016). Besides that, Xie at al. (2010) has 

reported that the thermal conductivity of MgO-ethylene glycol based nanofluids 

increases nonlinearly with increment of nanoparticle volume concentration.  The 

phenomena of lowest temperature which is 6°C has the highest enhancement shows that 

the nanofluids are independent on temperature. This result is the same in ethylene glycol 

based nanofluids with addition of MgO nanoparticles mentioned that the thermal 

conductivity is not hanging on temperatures (Xie et al., 2010). 
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4.4.2 Analysis on thermal conductivity of nanofluids in different ratio of medium 

Table 4.9 shows the summary of thermal conductivity result at every ratio of 

nanofluids and concentration at three different temperatures.  

 

Table 4.9: Summary of thermal conductivity on different ratio of deionized water to 

ethylene glycol (DI:EG) 

Concentration 

(wt%) at three 

different 

temperature (°C) 

Ratios of DI:EG 

0:100 100:0 90:10 80:20 70:30 60:40 50:50 

0.1 

6        

25        

40        

0.2 

6        

25        

40        

0.3 

6        

25        

40        

0.4 

6        

25        

40        

0.5 

6        

25        

40        

0.6 

6        

25        

40        

       : Increment of thermal conductivity;       : Decrement of thermal conductivity in positive value 

       : Decrement of thermal conductivity in negative value             
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Concentration 

(wt%) at three 

different 

temperature (°C) 

Ratios of DI:EG 

0:100 100:0 90:10 80:20 70:30 60:40 50:50 

0.7 

6        

25        

40        

0.8 

6        

25        

40        

0.9 

6        

25        

40        

1.0 

6        

25        

40        

       : Increment of thermal conductivity;       : Decrement of thermal conductivity in positive value 

       : Decrement of thermal conductivity in negative value             

 

Refer to Table 4.9, the finding on overall results show that the inclusion of 

MWCNT-OH nanoparticles in base fluids has increased the thermal conductivity value. 

Eventhough, the thermal conductivity has decrement in positive value, it still higher than 

the base fluids thermal conductivity. However, only on deionized water based nanofluids 

on concentration 0.3 wt% and 0.5 wt% to 1.0 wt% has the decrement thermal conductivity 

value at temperature 40°C which lower than the base fluid thermal conductivity. The 

outcome makes the thermal conductivity has fluctuated data and different result with other 

researchers.  

Based on Table 4.9, the finding in thermal conductivity is temperature 6°C has the 

greater thermal conductivity value compared to other temperatures which has the most 

increment in thermal conductivity. It is followed by temperature 25°C and 40°C. In 

addition, concentration 0.1 wt% and 0.2 wt% have the most increment of thermal 

conductivity and 0.7 wt% has the lowest increment thermal conductivity.  
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However, respect to enhancement of thermal conductivity as represented in Table 

4.2 to Table 4.8 the highest enhancement of thermal conductivity is occur on deionized 

water based nanofluids which has 21.21% on concentration 0.4 wt% at 40°C. The nature of 

thermal conductivity on deionized water is highest than ethylene glycol is reason on 

deionized water based nanofluids has the highest enhancement of thermal conductivity. 

This fact is supported by ASHRAE standard on Figure 4.1. Then, it is followed by ethylene 

glycol based nanofluids (20.10%), 80:20;DI:EG (16.96%), 70:30;DI:EG (16.23%), 

90:10;DI:EG (13.42%), 60:40;DI:EG (8.777%) and 50:50;DI:EG (6.536%).  There are 

have various factor in affecting the increment, decrement and inconsistent of thermal 

conductivity value.  

The current study found that the nature of nanoparticles that have high thermal 

conductivity value contribute in enhancing nanofluids thermal conductivity. MWCNT-

OH nanoparticles that are included in MWCNT group have higher thermal conductivity 

as much as more than 3000 W/m.K. This thermal conductivity is higher than base fluids. 

Hence, the nature of nanoparticles that have higher thermal conductivity is postulated in 

enhancing thermal conductivity. Furthermore, nanoparticles have the ability in 

transferring heat in fast movement and resulting in increasing of thermal conductivity 

(Garg et al. 2009). 

On the other hand, particle interface has ability in thermal conductivity 

enhancement due to liquid layering on the solid interface. It makes the atomic 

arrangement of the liquid on the solid interface of nanoparticles is expressively more 

systematic than bulk liquid (Mohamed et al., 2011). Assael et al. (2006) reported that 

bigger particle size has a low aspect ratio and subsequently decreasing thermal 

conductivity value. In this research, MWCNT-OH nanoparticles size is in range 

diameter of about 5 nm to 10 nm (inner diameter) and 10 nm to 30 nm (outer diameter). 
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As a result, the small particle of MWCNT-OH size has high aspect ratio and contribute 

to the increment of thermal conductivity values.  

Besides, dispersion process also contributes in thermal conductivity performance. 

It is due to the fact that homogenizing and ultrasonication process can reduce the 

nanoparticles size and break down the bond among nanoparticles. It is clearly shown on 

Table 4.1 in dispersion and stability of nanofluids, at 5 minutes of dispersion process is 

an optimum time and further dispersion process contributes in agglomeration form. The 

agglomeration form can affect the thermal performance of nanofluids. This dispersion 

process is the main factor in neutralizing the nanoparticles in base fluids.  Hence, 

agglomeration form can be avoided and thermal performances of nanofluids are 

enhanced. Moreover, Garg et al. (2009) also state that thermal conductivity and heat 

transfer performance of nanofluids are enhanced at optimum time of ultrasonication.  

Other factor is surfactant based on its ability to reduce the agglomeration due to 

wetting or adhesion behaviour change of nanoparticles (Garg et al., 2009). Hence, 

predicament in getting the stability is solved as well as giving better thermal 

performance. As mentioned in stability test, the weight percentage of PVP surfactant 

used in this research is as much as 10% from the MWCNT-OH nanoparticles 

concentration where it is a small amount of surfactant. Zhou et al. (2012) has revealed 

that inclusion of lower weight percentage of surfactant also influences the increment of 

thermal conductivity value. The high concentration of surfactant can increase viscosity 

and thermal resistance of nanofluids and postulate decreasing thermal performance of 

nanofluids (Chen and Xie, 2010b cited in Phuoc et al., 2011).  Previous literature has 

reported that, the seeding of SDBS surfactant has decreased the thermal conductivity 

performance when the concentration of surfactant is increased (Li, X. F. 2008, cited in 

Milligan 2014). As reported by Sahooli and Sabbaghi (2013), the high thermal 
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conductivity of CuO based nnaofluids is due to PVP surfactant.  

Meanwhile, the decrement of thermal conductivity result is due to nature of base 

fluids. The nature of base fluid of having the lowest value of thermal conductivity 

contributes in lowering of nanofluids thermal conductivity (Mohammed et al., 2011). In 

this case, hydrophobic nature of MWCNT-OH and nanofluids temperature are related to 

each other. The high temperature of nanofluids causes the supernatant form and shows 

that the hydrophobic nature of MWCNT-OH still exists. This is due to high temperature 

makes all particles in nanofluids unbalanced and causes the clustering nanoparticles 

form as well as sedimentation form. Therefore, the unbalanced nanoparticles dispersion 

at high temperature of nanofluids makes the nature of base fluid that has lower thermal 

performance still exists.  

Moreover, during the thermal conductivity test, it might happen that KS-1 sensor 

measures the base fluids thermal conductivity with only a very small number of 

nanoparticles attached on base fluids surface which in homogeneous solution.  

Therefore, it contributes in the decrement of thermal conductivity as happened on 

deionized water based nanofluids. 

The thermal conductivity of MWCNT-OH based nanofluids at all ratios is 

different from other literatures. The inconsistent thermal conductivity result compared to 

literature might due to different experimental conditions among other researchers. For 

example, in terms of aspect ratios of CNT used, surfactant and method used in 

dispersion of nanoparticles (Phuoc et al., 2011). Therefore, the thermal conductivity 

property is different among researchers due to these factors.  Based on Hong et al. 

(2006), thermal conductivity of Fe nanofluids increases nonlinearly with the increment 

of Fe nanoparticles volume fraction. This is due to speedy clustering of nanoparticles in 

condensed nanofluids.  
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Furthermore, other researches on thermal conductivity of oil-based CNT 

nanofluids also have nonlinear thermal conductivity increment with increment of 

nanoparticles weight loading (Choi et al., 2001). As a result, in this research, on ratio 

90:10% and 80:20% of deionized water to ethylene glycol has better thermal 

conductivity at lower concentration compared to 1.0 wt%. To conclude, the thermal 

conductivity is independent on concentration of nanoparticles. This situation is 

supported by Esfe (2013) cited in Zainal Abidin et al. (2016). 

Furthermore, the fluctuated outcome on thermal conductivity value is affected by 

the temperature from the homogenizer and ultrasonicator. This factor has the ability to 

damage the nanoparticles and significantly decreases the thermal conductivity at the 

same time. It is because during the dispersion process, heat transfer from homogenizer 

and ultrasonicator into the nanofluids has changed the nanofluids temperature. The high 

temperature of nanofluids can damage and disturb the nanofluids stability and particles 

movement which contributes to sedimentation form at unpredicted time. 

At the end, thermal conductivity performance still lacks in investigation. It is still 

having contrary opinions between nanofluids researchers. This statement can be seen 

from the factors contributed in enhancing, decreasing and inconsistency thermal 

conductivity result. Some researchers state that the nanofluids thermal conductivity is 

dependent on concentration and temperature. Meanwhile, other researchers have 

reported that the thermal conductivity of nanofluids is independent on these factors.  So, 

the thermal conductivity of nanofluids should be noteworthy by nanofluids researcher 

either in theoretical and experimental data.  
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4.4.3 Heat transfer coefficient 

 In heat transfer coefficient test, only three best samples from each ratio of base 

fluids have been selected to measure the heat transfer coefficient values. The validation 

of selected samples is according to thermal conductivity results. Indifferent concentration 

selection in heat transfer coefficient is due to thermal conductivity performance of 

MWCNT-OH based nanofluids as presented in thermal conductivity analysis section. The 

ethylene glycol based nanofluids and deionized water based nanofluids that are selected 

are 0.8 wt%, 0.9 wt% and 1.0 wt% of concentration as the best samples. While, on 90:10; 

deionized water: ethylene glycol based nanofluids have chosen 0.7 wt%, 0.8 wt% and 0.9 

wt% concentrations. Then, the other ratio which is 80:20; deionized water: ethylene 

glycol has selected concentrations of 0.3 wt%, 0.6 wt% and 0.9 wt% as best samples 

among the other concentrations of MWCNT-OH.  Besides, for ratio 70:30%, 60:40%, 

and 50:50% also have selected 0.8 wt%, 0.9 wt% and 1.0 wt% of MWCNT-OH 

concentration as the best samples. 

 

4.4.4 Heat transfer coefficient, h values 

The heat transfer coefficient of nanofluids should be considered in the thermal 

properties investigation is due to it beneficial for the industrial cooling and heating 

system applications. The high heat transfer coefficient can increase the system 

performances or efficiency of some applications.  

Hence, referring to Figure 4.9, Figure 4.10, Figure 4.11, Figure 4.12, Figure 4.13, 

Figure 4.14, and Figure 4.15, they have revealed the heat transfer coefficient of 

nanofluids for 100% ethylene glycol, 100% deionized water, 90:10%, 80:20%, 70:30%, 

60:40% and 50:50% of mixture deionized water to ethylene glycol. The calculations of 

heat transfer coefficient have been made by using Equation 3.6. Meanwhile, for the 
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enhancement of heat transfer coefficient of MWCNT-OH based nanofluids, Equation 

3.8 has been used.  

 

4.4.4.1 Heat transfer coefficient of ethylene glycol based nanofluids 

 Figure 4.9 has postulated the heat transfer coefficient of MWCNT-OH-ethylene 

glycol based nanofluids for 0.1 wt% to 1.0 wt% concentration of MWCNT-OH 

nanoparticles. On 0 wt% is the standard heat transfer coefficient value for ethylene 

glycol where 114.49 kW/m2.K, 115.20 kW/m2.K and 122.35 kW/m2.K for 6C, 25C 

and 40C. 

 

 

Figure 4.9: Heat transfer coefficient of ethylene glycol based nanofluids 

 

The graph shows that the heat transfer coefficient increases with concentration 

increment. The highest value of heat transfer coefficient is on 1.0 wt% of MWCNT-OH 

nanoparticles at 40C which is 205.90 kW/m2.K. Meanwhile, the second highest heat 
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transfer coefficient is on concentration 1.0 wt% at 25C and third highest is 0.8 wt% at 

40C which are 194.28 kW/m2.K and 184.93 kW/m2.K. The lowest value of heat 

transfer coefficient is on 0.8 wt% of MWCNT-OH nanoparticle at 6C which is 115.15 

kW/m2.K. 

 

4.4.4.2 Heat transfer coefficient on deionized water based nanofluids 

Deionized water base nanofluids have a positive heat transfer coefficient values 

which have been presented in in Figure 4.10. The figure presents the standard heat 

transfer coefficient values that are 171.43 kW/m2.K, 186.64 kW/m2.K and 207.35 

kW/m2.K at temperature 6C, 25C and 40C. 

 

 

Figure 4.10: Heat transfer coefficient of deionized water based nanofluids 

  

The result shows that heat transfer coefficient values increase with increment of 
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value occurrs on 1.0 wt% and secondly is on 0.9 wt% of MWCNT-OH nanoparticles. 

This two concentration occur at 40C where the heat transfer coefficient values are 

242.01 kW/m2.K and 221.72 kW/m2.K. Meanwhile, the third highest value of heat 

transfer occurs on 1.0 wt% of MWCNT-OH concentration at 6C which is 219.92 

kW/m2.K.   

 

4.4.4.3 Heat transfer coefficient of 90% deionized water and 10% ethylene glycol 

based nanofluids 

The heat transfer coefficient of the mixture of deionized water and ethylene glycol 

at ratio 90:10% has been reported in Figure 4.11. In Figure 4.11, the trend of the graph is 

linear where all concentrations of MWCNT-OH nanoparticles show increment of heat 

transfer coefficient with the addition of concentration and temperatures. This trend is the 

same for all nanofluids samples in heat transfer coefficient test. Thus, the standard 

values of heat transfer coefficient at three different temperatures are 118.29 kW/m2.K, 

121.31 kW/m2.K and 132.02 kW/m2.K. 
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Figure 4.11: Heat transfer coefficient of 90:10; deionized water: ethylene glycol based 

nanofluids 

 

At 40C temperature, it has the first and third highest heat transfer coefficient 

values which are 269.56 kW/m2.k and 197.52 kW/m2.K at 0.9 wt% and 0.8 wt% of 

MWCNT-OH concentration. The second highest value is at 25C on 0.9 wt% of 

MWCNT-OH nanoparticles which has 206.25 kW/m2.K heat transfer coefficient value. 

Besides, the lowest heat transfer coefficient value is at 6C on 0.7 wt% which is 150.25 

kW/m2.K 
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Figure 4.12 has revealed the heat transfer coefficient mixture of deionized water 

and ethylene glycol based nanofluids at ratio 80:20%. The standard base fluids heat 

0

50

100

150

200

250

300

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

H
ea

t 
tr

an
sf

er
 c

o
ef

fi
ci

en
t 

(k
W

/m
2
.K

)

MWCNT-OH concentration (wt%)

6°C 25°C 40°C



IMRANSYAKIR

115 

 

transfer coefficient values are 117.99 kW/m2.K, 120.85 kW/m2.K and 130.54 kW/m2.K 

at 6C, 25C and 40C. 

 

 

Figure 4.12: Heat transfer coefficient of 80:20; deionized water: ethylene glycol based 

nanofluids 

  

Referring to the graph, at temperature 6C, heat transfer coefficient slightly 

increases at 149.16 kW/m2.K, 154.45 kW/m2.K and 166.48 kW/m2.K for 6C, 25C and 

40C.  On concentration 0.9 wt%, it has the highest value and second highest value 

which are 255.43 kW/m2.K and 202.95 kW/m2.K at 40°C and 25°C. Thirdly, heat 

transfer coefficient is 195.68 kW/m2.K at temperature 40C and concentration 0.6 wt%. 

At 6C, it has the lowest heat transfer coefficient value of 149.16 kW/m2.K which 

occurs on 0.3 wt% of MWCNT-OH concentration.  
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4.4.4.5 Heat transfer coefficient of 70% deionized water and 30% ethylene glycol 

based nanofluids 

As shown in Figure 4.13, the heat transfer coefficient of deionized water to 

ethylene glycol (70:30%) increases at every temperature. The standard data for each 

temperature (6°C, 25°C and 40°C) are 118.66 kW/m2.K, 124.23 kW/m2.K and 135.85 

kW/m2.K.  

 

 

Figure 4.13: Heat transfer coefficient of 70:30; deionized water: ethylene glycol based 

nanofluids 

 

Then, with addition of some nanoparticles with concentrations of 0.8 wt%, 0.9 

wt% and 1.0 wt% have shown increment of heat transfer coefficient. On 1.0 wt% of 

nanoparticles, it has recorded the highest value of heat transfer coefficient which is 

277.59 kW/m2.K. It is followed by 0.9 wt% and 0.8 wt% of MWCNT-OH nanoparticles. 

Besides, all the highest ranking of heat transfer coefficient occurs at temperature 40°C. 
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Further analysis showed that the lowest heat transfer coefficient is on 0.8wt% at 

temperature 6°C which is 121.03 kW/m2.K. Meanwhile, the second and third lowest 

values are 125.20 kW/m2.K (0.9 wt%) and 125.64 kW/m2.K (0.8 wt%) that occur on 

6°C and 25°C.  

 

4.4.4.6 Heat transfer coefficient of 60% deionized water and 40% ethylene glycol 

based nanofluids 

The results of heat transfer coefficient for ratio 60:40% (deionized water: ethylene 

glycol) are summarised on Figure 4.14. From the data plot in Figure 4.14, it presents the 

standard data values of base fluids which are 119.54 kW/m2.K, 126.97 kW/m2.K and 

139.95 kW/m2.K.  

 

 

Figure 4.14: Heat transfer coefficient of 60:40; deionized water: ethylene glycol based 

nanofluids 
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Based on the data results, they show the stimulation of MWCNT-OH 

nanoparticles in base fluids does increase the heat transfer coefficient. In this analysis, 

the inclusion of nanoparticles in the mixture of deionized water and ethylene glycol has 

given high value of heat transfer coefficient on 1.0 wt% at 25°C and followed by 40°C 

on the same concentration. This is an unexpected outcome where temperature 25°C is 

the highest compared to 40°C. Additionally, the third ranking is on concentration 0.9 

wt% at temperature 25°C. Even though the data is counterintuitive, it still gives positive 

outcome than the base fluid heat transfer performance.  

 

4.4.4.7 Heat transfer coefficient of 50% deionized water and 50% ethylene glycol 

based nanofluids 

From the graph below, we can see that the data of heat transfer coefficient on 

ratio 50:50% (deionized water; ethylene glycol) with addition of MWCNT-OH at some 

concentration 0.8 wt%, 0.9 wt% and 1.0 wt% have been presented in Figure 4.15. The 

standard base fluid outcomes for each temperature are 121.43 kW/m2.K, 134.36 

kW/m2.K and 142.19 kW/m2.K.   
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Figure 4.15: Heat transfer coefficient of 50:50; deionized water: ethylene glycol based 

nanofluids 

 

The seeding of MWCNT-OH nanoparticles in base fluids has the outcome of high 

heat transfer coefficient on concentration 1.0 wt% at temperature 40°C and 25°C where 

the values are 179.85 kW/m2.K and 166.61 kW/m2.K. In addition, the third highest value 

is 161.27 kW/m2.K that occurs on 0.9 wt% at 40°C. The lowest value of this analysis 

gives positive result compared to base fluids value. The lowest heat transfer coefficient 

for MWCNT-OH based nanofluids happens on 0.8 wt% at temperature 6°C. Based on 

the figure, the pattern of the graph is linearly increasing with the increment of 

temperature.  
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number of nanofluids is higher than standard based fluid. For example, deionized water 

based nanofluids has higher Nusselt number than the standard base fluids. Normally the 

Nusselt number of water is only 3.66 on laminar flow while in this analysis, it shows 

that the Nusselt number of nanofluids starts at a value of 1501.72.  Hence, high Nusselt 

number represents the effective heat transfer coefficient of nanofluids. The high value 

Nusselt number is affected by small diameter of pipe where Di is 0.0048 m.  

In addition, Nusselt number on each ratio shows positive results and each certain 

concentration of nanofluids has slight decrement of Nusselt number. Moreover, ethylene 

glycol based nanofluids, deionized water based nanofluids and deionized water: ethylene 

glycol (70:30) based nanofluids show outcomes of decrement of Nusselt number lower 

than the standard base fluid. These outcomes occur on 0.8 wt% of MWCNT-OH 

nanoparticles. 

 

Table 4.10: Nusselt number of MWCNT-OH based nanofluids 

Ratios of 

DI:EG (%) 

Concentration 

(wt%) 

Nusselt number at three different temperatures 

(C) 

6 25 40 

0:100 

 

Standard  2654.84 2519.18 2618.28 

0.8 2326.26 2381.58 2601.56 

0.9 2770.85 3053.51 3564.92 

1.0 2718.78 3755.71 3856.11 

100:0 

 

Standard  1472.03 1571.71 1668.53 

0.8 1501.72 1525.77 1911.13 

0.9 1662.39 1610.49 1942.07 

1.0 1711.92 1581.43 2754.68 

90:10 

 

Standard  1147.05 1104.91 1133.62 

0.7 1308.18 1296.58 1338.62 

08 1318.61 1335.83 1578.58 

0.9 1344.68 1681.96 2040.83 
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Ratios of 

DI:EG (%) 

Concentration 

(wt%) 

Nusselt number at three different temperatures 

(C) 

6 25 40 

80:20 

 

Standard  1275.57 1273.22 1362.16 

0.3 1476.22 1464.27 1545.65 

0.6 1510.42 1511.00 1844.23 

0.9 1503.50 1884.26 2278.93 

70:30 

 

Standard  1336.07 1325.12 1426.56 

0.8 1195.11 1254.57 1928.20 

0.9 1233.50 1277.11 2055.05 

1.0 1222.62 1294.94 2675.03 

60:40 

 

Standard  1464.13 1410.78 1538.97 

0.8 1739.22 1677.66 1595.65 

0.9 1716.33 1742.40 1632.62 

 1.0 1735.68 2257.84 1779.32 

50:50 Standard  1614.13 1529.35 1587.61 

0.8 1652.86 1538.09 1598.91 

 0.9 1738.35  1567.52  1754.1  

 1.0 1795.60 1817.98 1950.92 

 

This phenomenon is caused by convection heat transfer coefficient of nanofluids 

where the value of convection heat transfer coefficient nanofluids is almost the same 

with the standard result. As an example, for ethylene glycol based nanofluids, they have 

0.66 different heat transfer coefficient values of nanofluids compared to standard 

ethylene glycol. In addition, the high thermal conductivity of nanofluids and high 

convection heat transfer coefficient can cause the decrement of Nusselt number (Luciu 

et al. 2009).  Moreover, temperatures and concentration of nanoparticles are contributor 

in enhancing nanofluids Nusselt number. The Nusselt number mostly shows increment 

with the increment of nanoparticles concentration and temperature.  
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4.4.6 Analysis on heat transfer coefficient  

To summarize, the heat transfer result on MWCNT-OH based nanofluids at every 

ratio of deionized water to ethylene glycol and concentration at three different 

temperatures are shown on Table 4.11.  

 

Table 4.11: Summary of MWCNT-OH based nanofluids heat transfer 

Ratios of 

DI:EG (%) 

Concentration 

(wt%) 

Heat transfer at three temperatures (°C) 

6 25 40 

0:100 

0.8    

0.9    

1.0    

100:0 

0.8    

0.9    

1.0    

90:10 

0.7    

0.8    

0.9    

80:20 

0.3    

0.6    

0.9    

70:30 

0.8    

0.9    

1.0    

60:40 

0.8    

0.9    

1.0    

50:50 

0.8    

0.9    

1.0    

  

Table 4.11 shows that the heat transfer at all ratios of deionized water to ethylene 

glycol has positive increment at all temperatures which are 6°C, 25°C and 40°C. Hence, 

the outcome can be concluded as high heat transfer coefficient is affected by the 

increment of MWCNT-OH concentration and temperatures. These both factors have 
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revealed the positive outcome and can be seen clearly on Figure 4.9 till Figure 4.15. 

Hence, it means addition MWCNT-OH nanoparticles in base fluids has capability in 

enhancing the heat transfer coefficient. This fact is proved by Lotfi et al. (2012) research 

on heat transfer coefficient of MWCNT-water based nanofluids which has positive 

outcome with the inclusion MWCNT. Meanwhile, Table 4.12 revealed the enhancement 

of heat transfer coefficient at every ratio of deionized water to ethylene glycol and 

concentration at three different temperatures. 

 

Table 4.12: Enhancement of heat transfer coefficient on MWCNT-OH based nanofluids 

Ratios of 

DI:EG (%) 

Concentration 

(wt%) 

% Enhancement of heat transfer (kW/m2.K) at 

three different temperatures (C) 

6 25 40 

0:100 

0.8 0.5765 5.521 8.974 

0.9 22.17 34.74 51.15 

1.0 22.99 68.65 68.23 

100:0 

0.8 6.452 1.506 2.865 

0.9 18.39 7.806 6.930 

1.0 24. 20 8.439 16.72 

90:10 

0.7 27.02 28.26 26.72 

0.8 28.66 31.82 49.61 

0.9 29.76 70.02 104.2 

80:20 

0.3 26.42 27.80 27.53 

0.6 28.89 31.02 49.90 

0.9 29.63 67.94 95.67 

70:30 

0.8 1.997 1.135 43.62 

0.9 5.512 5.393 55.81 

1.0 6.363 7.929 104.3 

60:40 

0.8 26.03 21.26 6.652 

0.9 27.46 26.34 9.439 

1.0 28.95 65.49 19.56 

50:50 

0.8 8.070 3.982 2.961 

0.9 14.20 6.311 13.42 

1.0 18.51 24.00 26.49 
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In convection heat transfer analysis, the analysis reports that the highest heat 

transfer coefficient enhancement for deionized water to ethylene glycol mixture is about 

68.65% (0:100%), 24.20 (100:0%), 104.2% (90:100%), 95.67% (80:20%), 104.3% 

(70:30%), 65.49% (60:40%) and 26.49% (50:50%). Furthermore, overall highest 

enhancement is found out happening on 1.0 wt% of MWCNT-OH concentration. The 

highest enhancement is also occurred on 40°C and only certain ratio of base fluids 

occurs on 25°C (0:100; DI:EG, and 60:40; DI EG) and 6°C (100:0; DI:EG). To 

conclude, on 70:30; DI:EG based nanofluids has the highest heat transfer coefficient 

enhancement. It can be seen clearly on Table 4.12 which has red sign. These outcome 

can be compare with Kumaresan et al. (2012a) research which has reported MWCNT 

based nanofluid (70:30;DI:EG) has 160% convective heat transfer coefficient 

enhancement on 0.45 vol% MWCNT which used SDBS as dispersing agent. The 

dissimilar outcome due to experimental condition on both researches is different on size 

of particle, synthetization process and particle size. There are have some factors 

influencing the heat transfer coefficient values.  

The heat transfer coefficient has strong bond with thermal conductivity property 

where high thermal conductivity can give better heat transfer coefficient. Mohammed et 

al. (2011) support this fact where they have reported that the heat transfer coefficient is 

as high as enhancement of thermal conductivity, specific heat and density. In addition, 

there are some prerequisites in enhancing the heat transfer coefficient of MWCNT-OH 

based nanofluids which are high surface area and small size of nanoparticles. The small 

size of particles has high surface area. Then, MWCNT-OH nanoparticles have the 

dimension of surface area around 40 cm3/g to 300 cm3/g which have high surface area.   

Xuan and Li (2000) also have reported that heat transfer enhancement increases as 

nanoparticles have larger surface areas.  
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Besides, smaller size of MWCNT-OH nanoparticle which has a range diameter of 

about 5 nm to 10 nm (inner diameter) and 10 to 30 nm (outer diameter) enhances the 

heat transfer coefficient. This fact is proved by prior study that has noted that small 

particle size has tendency in enhancing the heat transfer coefficient (Kakaç and 

Pramuanjaroenkij (2009)).  Temperature and concentration of nanoparticles are affecting 

the heat transfer coefficient results by increasing the heat transfer coefficient values with 

the increment of temperature and concentration. This fact happens in MWCNT-OH 

based nanofluids for all ratios of base fluids. Zainal Abidin et al. (2016) have mentioned 

in their carbon nanofiber (CNF) based nanofluids research that the heat transfer 

coefficient values increases with increment nanoparticles concentration.  

Moreover, great distribution of nanoparticles in fluids that carry the energy 

transport enhances the heat transfer coefficient (Xuan and Li, 2003 cited in Zainal 

Abidin et al., 2016). This status is also supported by other researchers. Ravi and 

Mabusabu (2013) have reported that suspended nanoparticles in base fluids make the 

interactions and collision among particles intensify resulting in the enhancement of the 

heat transfer performance. It is because, during the interactions and collision between 

particles in homogeneous MWCNT-OH based nanofluids, energy transport happens 

among them and when the collision is stronger it increases the thermal conductivity as 

well as the heat transfer coefficient of nanofluids.   

 Nusselt number has strong relation with heat transfer coefficient where high heat 

transfer coefficient values give high Nusselt number. Moreover, heat transfer coefficient 

and Nusselt number also have relation with diameter that can be seen in Equation 3.6 

and Equation 3.9 where both equations require diameter in their calculations. Therefore, 

it proves that both properties have relation with diameter. In this research, the copper 

pipe diameter is only 0.0048 m which has small diameter. The small diameter of copper 
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pipe can increase the heat transfer coefficient and Nusselt number. This concept is the 

same as surface area and particle size factor as mentioned earlier.  

 Other factors affected the heat transfer coefficient are nanoparticles properties 

and roughness of the solid surface. In this research, fluids used are ethylene glycol and 

deionized water that have limitations in thermal properties such as thermal conductivity, 

heat transfer coefficient and specific heat. However, seeding of nanoparticles with high 

thermal performance in fluids has improved the thermal properties of fluids. Hence, it 

automatically increases the heat transfer coefficient property. Meanwhile, roughness of 

the solid surface which considered on pipe surface affects the heat transfer coefficient 

and Nusselt number by enhancing this both properties at the low roughness (Dierich and 

Nikrityuk, 2013). The pipe used in heat transfer coefficient test has smooth surface 

hence resulted in positive enhancement of heat transfer properties and Nusselt number.  

 

4.4.7 Specific heat  

Specific heat is understood as energy needed to raise the temperature of a unit 

mass of a substance by one degree (Cengel, 2003). The specific heat is an important 

thermal property in cooling system applications. Normally, deionized water is the 

general liquid used in cooling system as it has good value of specific heat. However, due 

to low boiling point and high freezing point of deionized water, it makes the limitation 

happens in cooling system. For example, cold climate environment can make the 

cooling system on some applications such as car radiator in danger where it can freeze 

the radiator. Hence, combination on antifreeze liquid as ethylene glycol can manage this 

problem. Referring to Figure 4.16, it represents the specific heat on percentage volume 

of ethylene glycol in deionized water.  
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Figure 4.16:  Specific heat of water/ ethylene glycol mixture (Hellafunctional, 2011) 

 

The high specific heat value on water as much as 4187 J/kg.K is not totally 

required in cooling system. It is due to characteristic of water that can corrode cooling 

system and can freeze in cold climate. These problems have result in poor performance 

of cooling system on some applications. Hence, inclusion of antifreeze liquid like 

ethylene glycol can manage this problem. The specific heat capacity of ethylene glycol 

is 65.99% of water. It means that the ethylene glycol has lowered specific heat value 

rather than deionized water. As a results, referring to Figure 4.16, the result reports that 

the inclusion of ethylene glycol at 65% in water has outcome in reducing the specific 

heat capacity as much as 20%. The specific heat capacity is reduced with the increment 

of percentage ethylene glycol mix in water.  

 In this research, calorimeter bomb produced by IKA model C200 has been used to 

measure the specific heat of nanofluids. Three best samples of nanofluids from each 

ratio of base fluids are selected and used in specific heat test.  The concentrations or 

concentration of nanofluids samples are the same as in heat transfer coefficient analysis. 
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In specific heat test, a small amount of fluids which is about 5ml of nanofluids is used. 

The nanofluids is burned in the calorimeter bomb and the results is shows on the 

calorimeter bomb device.  

  In specific heat test, the operating temperature is at room temperature. Based on 

Figure 4.17, Figure 4.18, Figure 4.19, Figure 4.20, Figure 4.21, Figure 4.22 and Figure 

4.23, they have shown the trend of specific heat of MWCNT-OH based nanofluids on 

100% ethylene glycol, 100% deionized water, 90:10%, 80:20%, 70:30%, 60:40% and 

50:50% of deionized water to ethylene glycol mixture.  

 

 

Figure 4.17: Specific heat of ethylene glycol based nanofluids 

 

2767.61
2859.59

1956.57

2066.31

0

500

1000

1500

2000

2500

3000

3500

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S
p

ec
if

ic
 h

ea
t 

(J
/k

g
.K

)

MWCNT-OH concentration  (wt%)



IMRANSYAKIR

129 

 

 

Figure 4.18: Specific heat of deionized water based nanofluids 

 

 

Figure 4.19: Specific heat of 90:10; deionized water: ethylene glycol based nanofluids 
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Figure 4.20: Specific heat of 80:20; deionized water: ethylene glycol based nanofluids 

 

 

Figure 4.21: Specific heat of 70:30; deionized water: ethylene glycol based nanofluids 
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Figure 4.22: Specific heat of 60:40; deionized water: ethylene glycol based nanofluids 

 

 

Figure 4.23: Specific heat of 50:50; deionized water: ethylene glycol based nanofluids 

 

As can be seen on all figures above, the trend line of specific heat majorly 

decreases with high concentration of MWCNT-OH nanoparticles.  Only on 0.8 wt% of 

MWCNT-OH- ethylene glycol based nanofluids shows positive result where it is higher 

3674.13

3518.94

3510

3273.24
3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S
p

ec
if

ic
 h

ea
t 

(J
/k

g
.K

)

MWCNT-OH concentration (wt%)

3578.27

3319.53

3217.32

3309.99

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S
p

ec
if

ic
 h

ea
t 

(J
/k

g
.K

)

MWCNT-OH concentration (wt%)



IMRANSYAKIR

132 

 

than the standard base fluid’s specific heat. The trend line of MWCNT-OH- deionized 

water based nanofluids has the same pattern line with MWCNT-OH- mixture of 

deionized water and ethylene glycol (90:10%). The specific heat starts to increase with 

increment of concentration after decreasing on 0.7 wt% and 0.8 wt% for deionized water 

based nanofluids and deionized water: ethylene glycol based nanofluids. Meanwhile, for 

other nanofluids on ratio 80:20%, 70:30%, and 60:40%, they show decrement of specific 

heat with the increment of concentration of nanoparticles. Moreover, the trend line for 

50:50; deionized water: ethylene glycol is fluctuated. The inclusion of MWCNT-OH 

nanoparticles in based fluids does not enhance the specific heat.  

 

4.4.8 Analysis on specific heat 

 It means that the amount of heat needed to raise the temperature of nanofluids is 

lower than base fluids.  There are some researchers who got the same result in specific 

heat test. Sekhar and Sharma (2013) have reported that increment of concentration 

resulted in decrement of specific heat capacity because of high thermal diffusivity.  

Besides, Ganesh Kumar et al. (2015) state that on 1.5 wt% of water-ethylene glycol 

based nanofluids resulted in specific heat reduction where the percentage reduction is 

about -28% at 5C and -23% at 40C.  

Factors that influence the specific heat result is MWCNT-OH properties which 

have lower specific heat values and consequently, decrement the nanofluids specific heat 

values. This fact is supported by researcher on specific heat of CNT-COOH-based 

ethylene glycol nanofluids and CNT-COOH-based deionized water nanofluids where 

lower specific heat of nanoparticles contributes in decrement of specific heat property 

(Luciu et al., 2009). Besides, agglomeration or sedimentation of nanofluids also affect 

the lower specific heat value. This factor is supported by Zhou and Ni (2008) as cited in 
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Shin and Banerjee (2011a) where reduction of specific heat starts from 40% to 50% at 

21.7 vol.% Al2O3 based nanofluids due to agglomeration of Al2O3 nanoparticles. 

 As mentioned before, 0.8 wt% of MWCNT-OH-ethylene glycol based nanofluids 

has higher specific heat value than standard ethylene glycol specific heat. This positive 

result is the same with Shin and Banerjee (2011b), researchers whom found molten salt-

based silica nanofluids have positive specific heat enhancement by 26% at 1 wt.% 

concentration. Moreover, specific heat capacity of polyalphaolefin with inclusion of ex-

foliated graphite nanoparticles increases by 50% on 0.6 wt% concentration (Nelson et 

al., 2009).  Factors in enhancing the specific heat capacity is high surface energy per unit 

mass of the nanoparticles, size of nanoparticles and surface area of the nanoparticles. 

Literature postulates that percentage enhancement of nanofluids specific heat is more 

than 25% when compared with bulk property values (Shin and Banerjee 2011a). Other 

than that, size of nanoparticles influenced in this thermal property by specific heat 

capacity increases with small size of nanoparticles (Wang et al. 2006). Meanwhile, 

Shina and Banerjee 2011a also have mentioned that the small size of nanoparticles 

makes the nanoparticles have high surface area resulted in the enhancement of the 

specific heat capacity.  

 

4.5 Summary 

In summary, based on dispersion and stability test on MWCNT-OH based 

nanofluids, it has been selected that 5 minutes dispersion process is best time in 

synthesizing nanofluids. Stability of nanofluids is a vital factor in giving better thermal 

performances. There are many factors in influencing the dispersion and stability of 

nanofluids such as dispersion process (homogenization and ultrasonication), nanoparticles 

hydrophobic nature, covalent functionalization, and noncovalent functionalization, and 
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nanofluids pH value. In thermal properties test, thermal conductivity test and heat transfer 

coefficient test prove that inclusion of MWCNT-OH nanoparticles in fluids has enhanced 

the thermal performance. Only on thermal conductivity deionized water based nanofluids 

has decrement value on 0.3 wt% and 0.5 wt% to 1.0 wt%. There is strong relation between 

thermal conductivity and heat transfer coefficient where high thermal conductivity gives 

better heat transfer coefficient performance. The experimental condition, temperature, 

concentration, characteristic of nanoparticles and fluids and etc. have their own role in 

enhancing the thermal performances.  Meanwhile, specific heat test reveals that decrement 

of specific heat values happens on fluids with addition of MWCNT-OH nanoparticles. The 

specific heat decreases with increment of weight loading. Lower specific values on 

nanoparticles, sedimentation, nanoparticles size and area are reasons on specific heat 

results. More investigations are required on specific heat test on nanofluids due to the lack 

of data and explanations on this thermal property.  
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

The main goal of the current study is to determine the synthetization of MWCNT-

OH based nanofluids in term of dispersion and stability of nanofluids. Hence, analyse the 

thermal conductivity, heat transfer coefficient and specific heat of nanofluids. As a result, 

this study has identified the great stability of nanofluids is found out on 5 minutes 

dispersion process of synthetization nanofluids. This finding shows low time in 

synthetization of nanofluids can make the nanoparticles dispersed well and stabilize the 

nanofluids. Moreover, it proves that there is no exact time in nanofluids synthetization 

getting better stability if compared with previous findings by other researchers.   

In this research, the thermal properties of nanofluids are investigated and analysed 

after nanofluids synthetization. The research has shown that the addition of MWCNT-OH 

in fluids mostly has increased the thermal conductivity of fluids that have lower thermal 

conductivity. But, the new finding on deionized water based nanofluids with concentration 

0.3 wt% and 0.5 wt% to 1.0 wt% has reported the decrement thermal conductivity which 

does not have any enhancement of thermal conductivity even inclusion of MWCNT-OH 

nanoparticles into the base fluid. Besides, the thermal conductivity also revealed the 

thermal conductivity value is fluctuated with the increment of concentration of MWCNT-

OH and temperatures. The better thermal conductivity is occurred at temperature 6°C and 

followed by 25°C and 40°C. The concentration of MWCNT-OH nanoparticles on 0.1 wt% 

and 0.2 wt% have the most thermal conductivity increment and 0.7 wt% has the lowest 



IMRANSYAKIR

136 

 

thermal conductivity increment rather than other concentrations.  However, respect to 

enhancement of thermal conductivity revealed that deionized water based nanofluids has 

the highest enhancement which 21.21% on 0.4wt% (40°C). Subsequently, ethylene glycol 

based nanofluids (20.10%), 80:20;DI:EG (16.96%), 70:30;DI:EG (16.23%), 90:10;DI:EG 

(13.42%), 60:40;DI:EG (8.777%) and 50:50;DI:EG (6.536%). 

There is strong bond between thermal conductivity and heat transfer coefficient 

where high thermal conductivity gives better heat transfer coefficient result. Hence, 

nanofluids samples selection in heat transfer coefficient test depends on thermal 

conductivity outcome. The best samples selected are 0.8 wt%, 0.9 wt% and 1.0 wt% on 

ratio deionized water to ethylene glycol at 0:100%, 100:0%, 70:30%, 60:40% and 50:50%. 

Whilst, on 90:10% has selected 0.7 wt%, 0.8 wt% and 0.9 wt% and as well as 80:20% has 

selected 0.3 wt%,0.6 wt% and 0.9 wt% as the best samples. Consequence, heat transfer 

coefficient reveals the inclusion of nanoparticles with high thermal properties has given 

better performance of nanofluids based on different ratio of deionized water and ethylene 

glycol with the increment of concentrations and temperatures. The analysis found out 

70:30; DI:EG at 1.0 wt% (40°C) is the greatest heat transfer coefficient which has 104.3% 

enhancement.  

Nevertheless, specific heat investigation has found out that addition of 

nanoparticles mostly has decreased the specific heat of nanofluids. The concentration of 

nanoparticles and lower specific heat of nanoparticles are factors in decreasing specific 

heat. Meanwhile, only one nanofluids sample on 0.8 wt% of MWCNT-OH-ethylene glycol 

based nanofluids has high specific heat value. This phenomenon is due to nanoparticles 

high surface energy per unit mass, size and surface area of nanoparticles. 

These results add to the rapidly expanding field of nanofluids investigations among 

researchers where nanofluids based on different ratio of deionized water and ethylene 
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glycol is the main priority. In addition, based on these results, it gives a sign and proves 

that the nanofluids can replace the conventional fluids as coolant in heating and cooling 

system in some applications such as CPU system, radiator and so on due to better thermal 

performances rather than conventional fluids.  

 

5.2 Recommendations 

 Further research could usefully explore on the viscosity of MWCNT-OH based 

nanofluids. Viscosity of fluid is play main role in pump power in some application such as 

heat exchanger. Hence, the viscosity must be test on various temperatures as to select the 

best viscosity which does not require more pump power as to reduce the energy and cost in 

some applications. In addition, density of fluids and nanoparticles should be considered in 

MWCNT-OH based nanofluids investigation. These parameters have possibilities in 

influencing the thermal properties outcome. 

 Meanwhile, heat transfer coefficient on turbulent flows should have been 

considered in next work as this study only focused on laminar flow. This is due to know 

the suitability of MWCNT-OH based nanofluids on turbulent flows. Besides, the 

suggestion for thermal conductivity test of designing an apparatus that can make sure the 

thermal conductivity sensor is in vertical position as to avoid high error on the 

measurement and can affect the test should be consider. The MWCNT-OH based 

nanofluids test on some applications should have also been consider such as in heat 

exchanger or car radiator as to reinforce that using nanofluids give better thermal 

performances. It is due to the measurement on static nanofluids that may have different 

thermal properties result compared to dynamic nanofluids. This study mostly focuses on 

static nanofluids.  
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APPENDIX A 

 

THERMAL CONDUCTIVITY  

 

i. Thermal conductivity enhancement calculations 

 

Thermal conductivity of standard deionized water base fluid at 6°C           = 0.5590 W/m.K 

Thermal conductivity of 0.1 wt% deionized water based nanofluid at 6°C = 0.5673 W/m.K 

Using Equation 4.1: 

 

% 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

=  [
𝑇. 𝐶 𝑜𝑓 𝑁. 𝐹 − 𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹

𝑇. 𝐶 𝑜𝑓 𝐵. 𝐹
] × 100%                                               (4.1) 

=  [
0.5673 −  0.5590

0.5590
] × 100%                                              

                              = 1.485% 
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APPENDIX B 

 

HEAT TRANSFER COEFFICIENT  

 

i. Temperature inlet and temperature outlet  

 

Table 1: Temperature inlet and temperature outlet for ethylene glycol based nanofluids  

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 6.950 5.960 25.64 25.04 39.50 40.15 

0.8  6.956 6.003 25.75 25.02 39.76 40.05 

0.9 6.780 6.010 25.42 25.07 39.62 40.20 

1.0 6.550 6.025 25.34 25.03 40.18 40.42 

 

Table 2: Temperature inlet and temperature outlet for deionized water based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 6.070 6.040 25.16 25.07 40.35 40.55 

0.8  6.130 6.090 25.59 25.01 40.66 40.78  

0.9 6.070 6.050 25.25 25.02 40.22 40.57 

1.0 6.140 6.080 25.25 25.05 40.21 40.40 
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Table 3: Temperature inlet and temperature outlet for 90:10; deionized water: ethylene 

glycol based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 7.490 5.953 25.03 24.72 40.18 40.30 

0.7 7.339 5.905 25.00 25.22 40.18 40.56 

0.8 7.000 6.102 25.02 24.75 40.25 40.42 

0.9 6.997 6.109 25.08 24.76 40.18 40.46 

 

Table 4: Temperature inlet and temperature outlet for 80:20; deionized water: ethylene 

glycol based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 7.490 6.030 25.00 24.55 40.32 40.52 

0.3  7.450 6.000 24.85 24.32 40.00 42.99 

0.6 7.850 6.100 25.04 24.82 39.55 42.25 

0.9 6.630 6.290 25.06 24.90 40.21 42.88 

 

 

Table 5: Temperature inlet and temperature outlet for 70:30; deionized water: ethylene 

glycol based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 6.15 6.07 25.55 25.07 40.65 40.87 

0.8  6.16 6.11 25.54 25.07 40.58 40.91 

0.9 6.13 6.09 25.54 25.06 40.34 40.67 

1.0 6.16 6.10 25.52 25.06 40.25 40.79 
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Table 6: Temperature inlet and temperature outlet for 60:40; deionized water: ethylene 

glycol based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 6. 170 6.123 25.55 25.05 40.22 40.38 

0.8  6.150 6.113 25.22 24.98   40.21 40.36 

0.9 6.250 6.157 25.37 25.03 40.19 40.38 

1.0 6.070 6.022 25.37 25.04 40.18 40.38 

 

Table 7: Temperature inlet and temperature outlet for 50:50; deionized water: ethylene 

glycol based nanofluids 

Concentration 

(wt%) 

Temperature 

6 C 25 C 40 C 

Ti To Ti To Ti To 

Standard 6.144 6.086 25.78 24.99 40.66 40.78 

0.8  6.110 6.095 25.89 25.01 40.65 40.80 

0.9 6.150 6.040 25.72 24.99 40.35 40.55 

1.0 6.106 6.095 25.20 25.07 40.21 40.47 

 

ii. Temperature different  

The temperature different also known as ∆𝑇1is calculated from the difference of 

Twb and Ts.  Based on all data, it shows that each concentration or weight percentage has 

inconsistent or different values of temperature different. The temperature different is not 

related or affected by weight loading of MWCNT-OH nanoparticles.  
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Table 8: Temperature different of ethylene glycol based nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0300 0.0400 0.0400 

0.8 0.0400 0.0400 0.0200 

0.9 0.0300 0.0400 0.0600 

1.0 0.0230 0.0500 0.0500 

 

Table 9: Temperature different of deionized water based nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0200 0.0300 0.0900 

0.8 0.0200 0.0400 0.1500 

0.9 0.0200 0.0300 0.0500 

1.0 0.0320 0.0400 0.0600 

 

Table 10: Temperature different of 90:10; deionized water: ethylene glycol based 

nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0490 0.0200 0.0500 

0.7 0.0790 0.0200 0.0600 

0.8 0.0850 0.0200 0.0600 

0.9 0.0870 0.0400 0.0700 
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Table 11: Temperature different of 80:20; deionized water: ethylene glycol based 

nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0660 0.0200 0.0500 

0.3 0.1010 0.0300 0.2000 

0.6 0.1200 0.0200 0.3000 

0.9 0.0830 0.0200 0.2700 

 

Table 12: Temperature different of 70:30; deionized water: ethylene glycol based 

nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0200 0.0400 0.1100 

0.8 0.0200 0.0400 0.1400 

0.9 0.0200 0.0400 0.1000 

1.0 0.0200 0.0400 0.1000 

 

Table 13: Temperature different of 60:40; deionized water: ethylene glycol based 

nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0200 0.0200 0.0400 

0.8 0.0300 0.0200 0.0400 

0.9 0.0300 0.0300 0.0400 

1.0 0.0100 0.0300 0.0400 
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Table 14: Temperature different of 50:50; deionized water: ethylene glycol based 

nanofluids 

Concentration 

(wt%) 

Temperature difference (∆𝑇1) 

6C 25C 40C 

Standard 0.0160 0.0300 0.1000 

0.8 0.0150 0.0400 0.1000 

0.9 0.0200 0.0300 0.0700 

1.0 0.0170 0.0300 0.0600 

 

iii. Logarithmic mean temperature, Tln 

  

Tln has been calculated using Equation 3.7 by consuming Tin and Tout data as 

shown in Table 1 until Table 7. 

 

Table 15: Logarithmic mean temperature of ethylene glycol based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.2116 0.2804 0.2640 

0.8 0.2805 0.2657 0.1211 

0.9 0.1732 0.2081 0.2620 

1.0 0.1319 0.2078 0.1961 
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Table 16: Logarithmic mean temperature of deionized water based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.09421 0.1298 0.3505 

0.8 0.08850 0.1705 0.5679 

0.9 0.07958 0.1204 0.1821 

1.0 0.1175 0.1596 0.2002 

 

Table 17: Logarithmic mean temperature of 90:10; deionized water: ethylene glycol 

based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.3345 0.1331 0.1835 

0.7 0.4240 0.1038 0.2896 

0.8 0.4510 0.1010 0.2453 

0.9 0.4577 0.1566 0.2097 

 

Table 18: Logarithmic mean temperature of 80:20; deionized water: ethylene glycol 

based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.4517 0.1336 0.3093 

0.3 0.5468 0.3137 0.9701 

0.6 0.6372 0.1020 1.2380 

0.9 0.4382 0.07958 0.85360 
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Table 19: Logarithmic mean temperature of 70:30; deionized water: ethylene glycol 

based nanofluids  

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.1361 0.2600 0.6538 

0.8 0.1334 0.2571 0.5794 

0.9 0.1290 0.2467 0.3815 

1.0 0.1277 0.2409 0.2909 

 

Table 20: Logarithmic mean temperature of 60:40; deionized water: ethylene glycol 

based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.1351 0.1272 0.2308 

0.8 0.1608 0.1049 0.2164 

0.9 0.1590 0.1510 0.2109 

1.0 0.05238 0.1153 0.1930 

 

Table 21: Logarithmic mean temperature of 50:50; deionized water: ethylene glycol 

based nanofluids 

Concentration 

(wt%) 

Logarithmic mean temperature (∆𝑇𝑙𝑛) 

6C 25C 40C 

Standard 0.1064 0.1803 0.5679 

0.8 0.09230 0.2312 0.5516 

0.9 0.1165 0.1696 0.3505 

1.0 0.09539 0.1454 0.2694 
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The difference of Tln is due to different values of Tin and Tout of MWCNT-OH 

based nanofluids for all ratios. As a summary, it can be simplified that Tln depends on 

temperature. The greater Tln, the better heat transfer coefficient result (Cengel, 2003).  

 

iv. Heat transfer coefficient 

 

The calculation of heat transfer coefficient is using Equation 3.6. Hence, the sample 

calculation of heat transfer coefficient on 0.8wt% of ethylene glycol based nanofluids at 

6°C is shown as below.  

 

Table 22: Data variables of heat transfer coefficient calculation 

Variables Values 

Mass of water  6 kg 

Specific heat of water, Cp 4187 J/kg.K 

Δ𝑇1   0.04 

Δ𝑇2 = Δ𝑇𝐼𝑛 0.2805 

Length of copper coil 2.063 m 

Inner diameter of coil 0.0048 m 

Area of copper coil, 𝐴 =  𝜋𝐷𝑖𝐿 0.03111 m2 

 

                                                    ℎ =  
𝑚𝐶𝑝Δ𝑇1

𝐴Δ𝑇2
                                                                           (3.6) 

ℎ =  
6 × 4187 × 0.04

0.03111 × 0.2805
               

                                   ℎ = 115.15 𝑘𝑊/𝑚2. 𝐾                                                   
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v. Nusselt number 

               𝑁𝑢𝑠𝑠𝑒𝑙𝑡 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑁𝑢 =  
ℎ 𝐷

𝑘
                                                                                           (3.9) 

                                  𝑁𝑢 =  
115.15 × 10^3 ×  0.0048

0.2376
                                        

                      𝑁𝑢 =  2326.26                                                             

 

 

 

 

 

 

 

 

 

 


