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 (C) 
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Fig.4.1: TEM image of Al2O3

 

NP As-Prepared (a) ~13nm size 0.1%VF (b) ~13nm size 0.2%VF  
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Fig.4.2 TEM image of Al2O3
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Fig.4.3(A) UV-Vis spectroscopy plots of Al2O3
 

 NPs (~13nm and ~28nm) for 0.1 and 0.2%VF. 

Fig.4.4 UV-Vis spectroscopy of Al2O3

 

 nanofluids with different storage times (A) ~13nm  (B) 
~28nm sizes. 
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Fig.4.6(B): Effect of %VF on aluminaNPs (~13nm) having  0.1 and 0.2%VF at different storage 
time. 
 
Fig.4.7 TEM micrographs of MWCNT-NFs (0.001%VF) with Oleic acid (a) As Prepared (b) 
14Days Old Nanofluids  

Fig.4.8 TEM micrographs of 28days old, (2hours sonicated 0.001% V.F) with (a) 200 μl OA and 
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Fig 4.9. FT-IR spectra of (a) Pure Biodiesel (b) Biodiesel with OA (c) 3days old 1Vol.% NFs 
and (d) 30 days old 1Vol.% nanofluids    
 
Fig 4.10 Raman Spectra for (a) Pure Biodiesel (b) Biodiesel with Oleic acid and (c) 1Vol. % of 
NFs.  

Fig 4.11. TEM micrograph of MWCNTs (a) without oleic acid (b) with oleic acid 

Fig 4.12 UV spectrum for different volume percentage and different sonication time for 
Biodiesel based MWCNT-NFs 

Fig 4.13 UV spectrum for Optimized condition for good suspension stability of MWCNT 
nanofluids with (a) Variable Oleic acid Concentration (b) Variable Volume percentage. 

Fig 4.14. UV–Vis spectra for different stability period with Optimized condition (a) As prepared 
(b) 14 days old sample (c) 28days old sample (d) 35 days old sample. 

Fig.4.15: Plots of absorbance with (A) storage time for 0.001 and 0.005%VF MWCNTs 
nanofluids                 (B) Volume fraction for as-prepared, 5days and 10days older samples. 

Fig.4.16 (A) : UV-Vis Spectroscopy of different material for higher stability storage time. 

Fig.4.16(B) : Absorbance for alumina and MWCNTs for older samples 

Fig.4.17 : Effect of  size variations on 0.1%VF of aluminaNPs (as-prepared) 

Fig.4.18: Effect of material variations on different loading. 

Fig 5.1: Velocity  profile with solid boundary. 

Fig.5.3: Plot of Viscosity Vs Volume Fractions of the Alumina nanofluids having two sizes 
(~13nm and 28nm)  of as-prepared samples at room temp. 
 
Fig.5.4: Plots of Al2O3

 

 Nanofluids (~13nm size) for as-prepared samples having varying 
concentrations of 0.05, 0.1, 0.2 and 0.4%VF  (A) Viscosity and Shear Stress (B) Viscosity and 
Temperature 
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Fig.5.5: Plots of Al2O3

 

 Nanofluids (~28nm size) for as-prepared samples having varying 
concentrations of 0.05, 0.1, 0.2 and 0.4%VF  (A) Viscosity and Shear Stress (B) Viscosity and 
Temperature. 

Fig.5.6: Plots of Al2O3

 

 Nanofluids (~13nm size) for different storage samples having 0.1%VF 
(A) Viscosity and Shear Stress (B) Viscosity and Temperature 

Fig5.7 (A)Viscosity vs storage time of Al2O3
 

 nanofluids (~13nm, 0.1VF). 

Fig.5.7(B)Viscoisty vs Al2O3
 

 NPs size for as-prepared samples. 

Fig.5.8: Plots of MWCNTs Nanofluids for as-prepared  samples having 0.001, 0.005 %VF  as-
prepared and 10days old samples showing (A) Viscosity and Shear Stress (B) Viscosity and 
Temperature 
Fig5.9 Viscosity vs storage time of MWCNTs at  (A) Shear stress of 0.125Pa.  (B) 40o

 
C 

Fig.5.10 Plots of Al2O3

 

 (~13nm) and MWCNTs with  as-prepared and longer stability time 
samples (A)Viscosity Vs Temperature  (B) Viscosity Vs Shear Stress 

Fig.6.1: Regions in an insulated hotwire immersed in a fluid 
 
Fig.6.2:  Wheatstone bridge circuit for THW experimental set-up 
 
Fig.6.3 Block diagram of a THW method set-up 
 
Fig 6.4 (A) Experimental set-up (B) Data logger Readings (C) Wheat-stone bridge circuit (D) 
Multi-meter connections to circuit 

Fig.6.5: Series connection of resistors (Ɍ1 = Platinum wire and Ɍ2 = 3.331Ω) 

Fig 6.6 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity 
calculations (A) DI Water (B) Neat Jatropha biodiesel. 

Fig 6.7 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity 
calculations of Al2O3

Fig 6.8: Thermal Conductivity versus Stability Time of alumina nanofluids (~13nm) 0.1%VF for 
different stability time. 

 NF 0.1%VF (A) ~13nm as-prepared   (B) ~13nm  2Months old   (C) 
~13nm 8Months old    (D) ~13nm 14Months old   (E) ~13nm 27 Months old (F) ~28nm as-prep 
sample respectively. 

 
Fig 6.9 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity 
calculations of MWCNTs nanofluids :  (A) 0.001%VF as-prepared (B) 0.001%VF 10days old 
(C) 0.005%VF as-prepared (D) 0.005%VF 10days old samples respectively 

Fig.7.1: Schematic of the experimental set-up for evaporation rate test 
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Fig.7.2: Experimental set-up for the evaporation rate test of the nanofluids 
 
Fig.7.3: Plots of evaporation rate vs temp for as-prepared ~13nm and 28nm alumina nanofluid 
and different storage time ~13nm alumina nanofluids  for temperature range 
 
Fig 7.4 (A).Evaporation rate vs storage time of Al2O3 NF ~13nm size at 300, 450 and 600o

 
C. 

Fig(B)Evaporation rate of both sizes of Al2O3 NPs (~13 and ~28nm) at 300, 450 and 600o

 
C 

Fig.7.5: Comparing bar graph of alumina and MWCNTs nanofluids for as-prepared and their 
longer storage time samples only 
 
Fig7.6 Evaporation rate vs storage time of MWCNTs at 300, 450 and 600o

 
C 

Fig.7.5: Evaporation Rate Vs Temperature of as-prepared and longer stability time samples of 
Al2O3
 

 (~13nm) and MWCNTs along with neat Jatropha biodiesel and commercial diesel. 
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Annexure-III 

~: average 

Notations & Abbreviations 

Al2O3

MWCNTs: multi-walled carbon nanotubes 

 NPs: alumina nanoparticles 

JBD: jatropha bio-diesel 

JME : Jatropha methyl ester 

%VF: percentage volume fraction 

µ: Dynamic Viscosity 

γ: Shear rate 

τ: Shear stress 

υ: Kinematic Viscosity 

Ɍo

Ɍ

: Resistance of platinum wire 

3

I: current 

: Resistance of potentiometer 

λ: Thermal Conductivity, watts/m/
o

t: Time in sec. 

k 

q: Rate of Heat Transfer, watts 

ΔŢ : Temperature difference 

Ṿ: Voltage, volts, 

I: Current,  ampere 

Ɍ: Resistance, ohm 

L:length of the Platinum wire, m 

T: time the current flows through the platinum wire, sec 

CTAB: Cetyltrimethyl ammonium bromide 

SOA: Sodium Oleate 

ρAl2O3    =   Density of Al2O3

Vol.

, gm/cc 

Surf = Volume of the surfactant, cc 
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Vol.BD   

W

= Volume of the Biodiesel, cc 

Al2O3  = Weight of Al2O3

THW: Transient hot-wire  

, mg 

3ω: Three omega 

DF: Diesel Fuel 

BD: Biodiesel 

DI water: De-ionised water 

TEM: Transmission Electron Microscopy 

FESEM: Field emission scanning electron microscopy 

UV-Vis spectroscopy: Ultra violet and visible spectroscopy 

FT-IR: Fourier Transform infra red 
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The increasing industrialization and motorization of world has led to a steep rise of fossil fuel, 

however, the limited reserves of fossil fuel and environmental degradation due to air pollution 

caused by the diesel engine have forced for searching for alternative fuels. These forecasts have 

triggered for searching of alternative sources to replace the fossil fuels which must be technically 

feasible, economically competitive, environmentally acceptable and readily available. Various 

fuels have been considered as substitutes for the petroleum fuels used in automobiles. The most 

prominent of these are ethanol, methanol, NH

Abstract 

3, H2

Few of the nanomaterials, such as alumina, carbon nanotubes are of high energetic 

materials. They are believed to possess high heat transfer properties and if uniformly disperse in 

diesel or biodiesel can be utilized for applications in diesel engines due to improve the 

combustion rate, viscosity,  lower emissions  and hence  their thermal efficiency can be 

improved. In this regard, investigations are going on all over the world to explore the benefits of 

nanomaterials for the diesel engines fuel characteristics. However, not much progress was 

achieved by so far achieving higher durations stability of such bio-fuel based nanofluids though 

improvements are reported in term of fuel properties, combustion characteristics and emission or 

smoke exhaustions. Therefore, a detailed study and investigations on the nanomaterials disperse 

 and natural or produced gases, biogas, edible 

oils and non-edible oils. The suitability and feasibility of each of these fuels are studied out 

throughout the world for efficiently using in the I.C engines. Out of the current progress, 

vegetable oils are showing excellent fuel properties and possible potential candidate for these 

purposes. Some of the prominent non-edible vegetable oils which can be considered as biodiesel 

fuels are: Jatropha,(JME),  Karanja, Polanga, Neem, soyabean oil. However, the direct utilization 

of vegetable oil in a diesel engine is more challenges due to several problems, such as high 

viscosity, poor atomization and incomplete combustion  which gives difficulties with fuel 

injection and with cold flow pumping. These unsaturated oils are less chemically stable, which 

affect storage and promotes difficulties on the injection components and pistons. Therefore, to 

overcome all these issues nanomaterials or nanotechnology are utilized as recently reported by 

several researcher since they are showing unique properties and nanoscale phenomena which in 

turns can improve the performance of such biodiesel for commercial applications.  
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in biodiesel is carried out in this thesis work by investigating the effect of nanomaterials sizes 

such as alumina nanoparticles having two different sizes (~13nm &~28nm) and types i.e. 

alumina nanoparticles and multi-walled carbon nanotubes(MWCNT) on the stability of the JME 

based nanofluids and thermos-physical properties such as viscosity, thermal conductivity and 

evaporation rateThe basefluid used for investigation is Jatropha biodiesel which is obtained by 

synthesizing the raw jatropha biodiesel by a standard process known as transesterification. The 

nanofluids are obtained by dispersing the nanomaterials / nanoparticles in the various percentage 

volume fractions into the basefluid.The first and foremost task in this research work is to achieve 

stable nanofluids for longer durations and also to optimize the percentage volume fractions of the 

nanomaterials in the base fluid. For this task, initially, the nanomaterials were characterized by 

XRD, FESESM, EDS, TEM, Raman spectroscopy and FT IR  to know their structural, phase, 

compositions, size distributions, disorder ( MWCNT), and functional group present ( MWCNT). 

The various chemical approaches were carried out to achieve a longer term alumina NPs disperse 

nanofluids by considering the different chemicals and surfactants, sonication time, percent 

volume fractions such as 0.1%, 0.2%, 0.3%, 0.4% and 0.5% for two different sizes of alumina 

nanofluids (~13nm and ~28nm size alumina nanoparticles). Longer duration having more than 1 

year stability nanofluids was obtained by using only Span and Tween (1:1) for only 0.1VF and 

also in case of  ~13nm alumina Nps. However, larger size ~28nm alumina nanoparticles 

dispersed nano fluids for same volume fractions   were not stable for few weeks. Hence, 

nanomaterials size has the predominant effect on the stability of the nanofluids. However, in case 

of MWCNT dispersed nanofluids, only 10 days stability was observed since it is very difficult to 

disperse MWCNT in oil based fluids though  we adopted several approaches by using covalent 

and non-covalent methods. Finally, we concluded that by covalent approach few defects can be 

created at the side walls of the MWCNT and at least few days ( max 10days) stability was 

achieved. Still, more research work is needed by using novel approaches to disperse MWCNT in 

biodiesel based nanofluids, and due to time and budget constraint we have not studied more 

details. However, more details studied was carried out to understand the underlying mechanism 

for alumina NPs dispersed nanofluids stability by using TEM and UV spectroscopy. It was found 

that the size and shape of the ~13nm nanoparticles modified to cubical and having larger size 

~40nm after one year of storage time. Since, still in nano-scale, such alumina Nps are able to 

disperse uniformly in biodiesel as confirmed from the TEM analysis sustain stability.  Viscosity, 
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Thermal conductivity and evaporation rate of all the alumina nanoparticles and MWCNTS 

dispersed nanofluids were carried out in final part of this thesis work by considering the 

nanolfuids those are showing higher stability. It was observed that viscosity, thermal 

conductivity and evaporation rate all are size and materials dependent. For instance, as the size 

of the alumina Nps decreases, viscosity of the nanofluids increases, hence there is a direct 

correlation between the size of the nanomaterials and viscosity of the nanofluids.  However, 

viscosity of nanolfuids is decreasing with increasing  the temperature for all the sizes and 

materials types. It was also noticed that viscosity of the nanofluids constantly increases with the 

storage time also, may be due to the fact that the disperse NPs size increases over storage time. 

Also, same trend was observed in case of thermal conductivity of the nanofluids, i.e. thermal 

conductivity of the nanolfuids increases with increasing the storage time. The evaporation tests 

results confirmed that at higher temperature ~13nm dispersed nanofluids is very much similar to 

that of commercial diesel, and for MWCNTS based nanofluids case even better than commercial 

diesel.  

Therefore, our study concluded that the developed longer term more than one year  

alumina nanoparticle dispersed bio-diesel nanofluids having improved fuel characteristics such 

as viscosity, thermal conductivity and higher burning rate can be utilized for diesel engine or as 

an alternative fuel.  
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Chapter 1 
 

 

Introduction  
 

There are different forms of energy available in nature and are broadly classified as non-

renewable energy resources and renewable energy resources. Fossil fuel energy resources like 

coal, petroleum and natural gas comes under the classification of non-renewable energy 

resources since, these fossil fuels when once consumed, cannot be re-grown at the same rate of 

their consumption, while solar energy, geothermal energy, wind energy, green energy, hydro 

energy etc. are considered as the renewable energy resources as energy resources can be replaced 

or regenerated by nature within a short period of time. Since energy resources from the fossil 

fuel are going to be shortage in the near future, alternative energy resources for the transportation 

sector have become an essential requirement for the coming years. Green energy such as 

biodiesel, bio-fuel from the various plants (Jatropha, Karanja, Neem, etc.,) are found to be 

alternative resources of energy for the transportation sectors [1-8]. However, direct utilization of 

such raw biodiesel as an alternative fuels undergoes various drawbacks such as low calorific 

value of the fuel, lower burning rate, high viscosity, longer ignition delay, etc. [8-20], and hence, 

such drawbacks needs to be addressed in order to use such bio-diesel as alternate fuels for future 

energy transportation sectors. One of the key solution to overcome these issues is to consider the 

application of nanomaterial or nanotechnology. 

It is well known that few of the materials such as aluminum or aluminum oxide are often used 

for catalytic properties of high energy heat transfer rates as in the case of rockets and jet 

propulsion engines. Ever since the nanomaterials came into existence, researchers across the 

globe are exploring on different nanomaterials for various energy related applications because 

nanomaterials are showing unique properties which are quite different from their micro or bulk 

counter ones and can be tailored to suit various applications. Also nanomaterials, such as 

alumina, carbon nanotubes, graphene etc. are of high energetic materials. Hence, it is believed 

that such nanomaterials can possess high heat transfer properties and when tailored suitably, can 

be useful for not only in heat transfer applications, but also for several other applications too[21-

30]. In the field of optical applications nanomaterials can be used as anti-reflection coatings, or 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 2 
 

as light based sensors for cancer diagnosis [31-37]. In case of magnetic applications, 

nanomaterials are used for increased density storage media or improved detail and contrast in 

MRI images [38-39]. Similarly in case of thermal applications, nanoparticles could be used to 

enhance heat transfer from solar collectors to storage tanks [40-50]. They can also be used to 

improve the efficiency of the coolants in transformers [51-57]. In case of mechanical 

applications, nanomaterials are used to improve the wear resistance, or for anti-corrosion 

properties [58-62]. Further the properties of such nanomaterials can be tailored to synthesize new 

composite materials having improved properties[63-69]. Nanomaterials are also used for energy 

applications such as materials possessing properties of ultra high performance in case of solar 

cells, or catalysts for combustion engines to improve efficiency of the engines or could be used 

for high energy density and more durable batteries etc[70-77]. Thus applications of 

nanomaterials are innumerous. After the discovery of the nanofluids by Choi and Eastmann in 

1995[78], has attracted attention of many researchers across the globe to engineer new class of 

fluids having unique properties as compared to the basefluids. For instance, Fedele, et al. 

2011[79] investigated the stability of TiO2, SWCNT and CuO dispersed in DI water by different 

methods such as ball milling, sonication and high-pressure homogenizations at concentrations of 

0.1%wt, 0.01%wt and 1%wt. and concluded that high-pressure homogenization method provided 

longer stability of 14days for SWCNT and TiO2

Sajith et.al. 2013[85] used the cerium oxide nanoparticles as additives in biodiesel and 

investigated on the performance of the diesel engine by using Jatropha biodiesel as a basefluid. 

The cerium oxide nanoparticles considered were of 10 to 20nmnm size having a density of 

7.13g/ml. They considered particle loading of cerium oxide nanoparticles in the range of 20 to 

80ppm (by weight). With these parameters, diesel engine performance test were carried out and 

concluded that though the viscosity and flash point of the Jatropha biodiesel was high on adding 

cerium oxide nanopateicles compared with that of neat diesel, few of the particluate emissions 

such as hydrocarbon and NOx was found to be decreased to a considerable amount. Fig 1.1 

shows the improvements in the combustion characteristics of biodiesel by adding CeO

 nanoparticles. Several improvement of such 

nanofluids are reported as compared to the basefluids. 

2 

nanoparticles. 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 3 
 

 
 
 
 Fig1.1:Variation of hydrocarbon Nox and CO emissions with  different dosing levels of fuel CeO2

 

NPs 
additive in biodiesel [85] 

Jones et al. [87] investigated on the combustion characteristics of nano-metal and metal oxide 

based nanofluids using ethanol as the basefluid. Aluminum nanoparticles of ~50nm size and 

alumina nanoparticles of ~36nm sizes were used with various volume fractions such as 1%, 3%, 

5%, 7% and 10% for Al while with that of n-al2O3

 

 were 0.5%, 1%, 3% and 5% respectively. No 

surfactants were used in the analysis. It also reported that both aluminum and alumina based 

nanofluids improved the volumetric heat of combustion. However, none of the changes were 

observed in higher loading rate for alumina nanoparticles.  

                                             
 
               Fig: 1.2 FESEM images  of  (A) n-Al powder  (B) n-Al2O3 powder [87] 

(A)  (B)  
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Fig. 1.3 Volumetric heat of combustion, (A) Ethanol with pure aluminium  (B) Ethanol with pure aluminium 
oxide  nanoadditives [87]        
                                                     
Ali M.A.Attia et.al. 2014 [90] studied the performance of diesel engine by dispersing alumina 

nanoparticles into mixture of Jojoba methyl ester and diesel fuel(DF) as the base fluid at 

different concentrations of 10mg/l to 50mg/l. The basefluid was kept at a constant mixture of 

20% JJME and 80% DF for all the variations of alumina NP’s. The alumina NP’s were added 

with having a mass fraction of 10mg/l, 20mg/l, 30mg/l, 40mg/l and 50mg/l respectively to the 

basefluid (which is a mixture of 20%JJME and 80%DF). It was found that the optimum 

concentration of alumina NP’s of  30mg/l gives the best performance of the engine in terms of  

increase in efficiency of the diesel engine by 7%, reduction of BSFC by 6% and also reduction in 

emissions of NOx, Co, smoke opacity and UBHC by 70%, 75%, 5% and 55% respectively. The 

proportion of Jojoba Methyl ester used in their work is shown in Table1.1. Fig.1.5 shows the 

TEM Characterization of Al2O3

                      

 NP’s.  

        Fig.1.4 TEM image of γ - Al2O3 NP’s (~20-50nm) (as-received from suppliers) [90] 

 

 

(A)  (B)  
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  Table:1.1 Properties of JJME and Diesel fuel (DF) [90]         Table:1.2 Details of alumina nanoparticles [90] 

Property Test Method Diesel JJME 

Calorific value, kJ/Kg ASTM D-240 45448 44866 

Viscosity @40o ASTM D-445 C, cSt. 3.34 11.72 

Density @ 15.56oC, 
g/cm

ASTM D-1298 
3 

0.8427 0.8645 

Molecular weight, 
Kg/Kmol. 

 191.02 350.73 

C,%  86.21 76.01 

H,%  11.59 10.05 

N,%  1.91 Nil 

S,%  0.29 0.3 

O2  ,% Nil 13.64 

 

Alumina nanoparticles dispersed nanofuels [Table 1.2] were tested on the diesel engine at part 

load % of the engine for two different engine speeds i.e., at 1300RPM and at 1500RPM 

respectively, and the engine performance and exhaust emissions were analyzed. Finally these 

results were compared with that of neat diesel and also with blends of JJME and Diesel fuel 

without the addition of alumina nanoparticles. Fig.1.6 shows the engine performance in terms of 

efficiency of the engine for different particle loading of the alumina nanoparticles in the blends 

of JJME and diesel fuel. The engine performance was measured in terms of the brake specific 

fuel consumption (BSFC) and also in terms of the efficiency of the engine at two different engine 

speed such as, at 1500RPM and 1300RPM respectively.. 

 

Fig. 1.5 Percentage change in engine performance as a function of nano-additive concentration [90] 

Item Specification 

Manufacturer Nanotech company, Egypt 

Chemical name Gamma Aluminium Oxide 
(Alumina Al2O3

Nano powder, gamma 
phase, 99.9% 

) 

Average particle size 20-50nm 

BET surface area )SSA) >150m2/g 

Appearance White 

Melting point 2045 oC 

Density 3.9 g/cm3 
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It was reported that the efficiency of the engine can be improved significantly with the 

applications of the alumina nanoparticles for all the loading as compared to that of the diesel fuel 

without any nanoparticles. Also the smoke opacity of the alumina additive nanofuels was less 

compared to that of the JJME-diesel blends. The exhaust emissions such as NOx, CO and UBHC 

though it is high for the JJME-Diesel blends without the nanoparticles, it was reduced when the 

alumina nanoparticles was dispersed in the JJME-Diesel blends. Yanan Gan et.al.2011[93] 

investigated the combustion properties of boron and iron nanoparticles dispersed in ethanol and 

n-decane at dilute and dense concentrations. It was reported that the burning behavior in case of 

dense concentrations was quite different from that of the dilute concentrations of the 

nanoparticles as shown in the Fig 1.6.  

  

Fig. 1.6 Ignition of Boron NPs in  (A) Ethanol based fuel droplet   (B) n-decane based fuel droplet [93]. 
 
 
Basha et.al. 2011 [95] carried out the investigations of the nanoparticles as an additive in the 

Jatropha biodiesel based bio-fuel and tested in diesel engines. Jatropha raw oil was synthesized 

by the process of transesterification and finally Jatropha Methyl Ester (JME) was used as the 

basefluid for the dispersion of MWCNTs in different particle-loading conditions. Initially the 

JME emulsion fuel was prepared along with the surfactants in the proportions of 93% JME, 5% 

water and 2% surfactants by volume respectively. The dispersions of MWCNTs was carried out 

with the JME emulsion in the percentages of 25ppm, 50ppm and 100ppm respectively, and then 

these mixtures of MWCNTs dispersed in the JME emulsion fluids was sonicated in the JME 

along with the surfactants. Such nanofluids were then tested in the diesel engines for the engine 

performance along with the exhaust emissions. Table 1.3 shows the various fuel properties of 

MWCNTS dispersed in JME based nanofluids.  

(A)  
(B)  
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Table:1.3 Fuel Properties of JME and different loading MWCNTs dispersed in JME nanofluids [95]. 

Properties JME JME2S5W JME2S5W 

25CNT 

JME2S5W 

50CNT 

JME2S5W 

100CNT 

Density @ 15 o 895 C, kg/m3 899.8 897.2 897.8 899.4 

Kinematic Viscosity @ 40 oC, 
(x10-6 m2

5.05 
/s 

5.4 5.43 5.76 5.91 

Flash Point o 85 C 140 130 125 122 

Net Calorific Value, MJ/kg 38.88 37.05 37.28 37.35 37.85 

Cetane No. 53 51 54 55 56 

 

Fig.1.7(A) shows the variations in the performance of diesel engine with using MWCNTs 

dispersed JME emulsion fuels and Fig.1.7(B) shows the variations of the tested fuel in terms of 

brake specific fuel consumption. From the Fig.1.7(A), it is clear that the thermal efficiency of the 

diesel engine was higher for the MWCNTs dispersed JME emulsion fuels when compared with 

the pure JME as a fuel. And it is also clear that highest efficiency was achieved for the sample 

containing high concentration of MWCNT than when compared with that of the other 

concentrations. Fig.1.7(B), shows that the brake specific fuel consumption of JME without the 

dispersion of MWCNT was the highest and among the different concentrations of the MWCNTs 

dispersed JME emulsion fuels, the concentrations with 100ppm of MWCNTs emulsified JME 

fuel has the least bsfc when compared with the rest of the tested samples. 

 
Fig.1.7Variation in (A) Brake Thermal efficiency (B) Brake specific fuel consumption for the tested JME and 
nanofluels [95] 
 

(A)  (B)  
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Fig.1.8(A) shows the exhaust gas temperatures of the JME and MWCNTs dispersed JME 

emulsion fuels on the diesel engine. It is clear that the exhaust temperatures of the neat JME are 

higher as compared to the MWCNTs dispersed JME emulsified fuels. Further it is noticed that 

the test sample having 100ppm of MWCNTs dispersed JME emulsified fuel has the lowest 

exhaust temperature when compared with the other concentrations. Fig.1.8(B) shows the smoke 

opacity of the exhaust gases for the tested fuels. It is clear from the Fig.1.8(B) that the smoke 

opacity was the highest for the JME fuel as compared with the concentrations containing the 

dispersed MWCNTs in the JME emulsified fuels. Also it is confirmed that the concentration 

containing 100ppm of MWCNTs dispersed JME emulsified fuel has the lowest smoke when 

compared with that of the rest of the concentrations. 

 

Fig.1.8 JME and MWCNTs dispersed nanofuels on engine performance of (A) Exhaust gas temp. (B) Smoke 
for the tested fuels          [95] 

It was also reported that the exhaust emissions of un-burnt hydrocarbons were lowest for the neat 

JME as compared with the various concentrations of MWCNTs dispersion in the JME emulsified 

fuels. Similarly, the emissions of CO were the least for the MWCNTs dispersed JME emulsion 

fuels as compared to that of neat JME bio-diesel. Himanshu Tyagi et. al. 2008 [97] conducted 

the ignition probability tests on hot-pate with diesel as the basefluid by considering aluminum 

and aluminum oxide nanoparticles having size of ~50nm of aluminum while the aluminum oxide 

nanoparticles was chosen with two different particle sizes i.e., 15nm and 50nm. The hot-plate 

ignition tests were conducted for different particles loading of 0.1% and 0.5% and the results 

were compared with that of neat diesel fuel. The tests were conducted for a temperature range of 

680 oC to 780oC in steps of 20oC.  Fig.1.9(A)-(C) show the hot-plate ignition probability results 

of alumina (~50nm size) and aluminum oxide (~50nm size) and aluminum oxide (~15nm size) 

having a particles loading by volume fraction of 0%, 0.1% and 0.5% at a temperature of 708oC, 

(A)  (B)  
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728oC and 748o

 

C respectively. These results were compared with the ignition probability of neat 

diesel fuel at the same temperature. 

 
Fig. 1.9 Ignition Probability with (A)Particle VF (%)Al(50nm) + Diesel (B) Al2O3(50nm) + Diesel (C)  
Al2O3(50nm) mixtures at hot-plate temperature of  708, 728 & 748 o
 

C         [97] 

From these experimental results, it was concluded that at higher temperature such as 708 oC, the 

ignition probability of Al nanoparticles (~50nm) dispersed in diesel at 0.1% volume fraction has 

much higher which is having 51% when compared to that of neat diesel fuel. The same ignition 

probability was observed for the 0.5% volume fraction of Al nanoparticles disepersed in diesel 

when compared with that of neat diesel at the same temperature say 708 oC and also at 728 oC 

and also at 748 oC respectively the ignition probability of Al nanoparticles dispersed diesel based 

fuel was found to be 100% higher as compared to that of neat diesel.When materials effects was 

investigated by comparing the ignition probability of aluminum and aluminum oxide 

nanoparticles, it was found that a visible “glowing” was seen when aluminum nanoparticles 

dispersed diesel fuel was ignited while “glowing” was not seen in the case of aluminum oxide 

dispersed diesel fuel. Hence, it was concluded that the ignition probability of the diesel based 

both the nanoparticles i.e., aluminum and aluminum oxide nanoparticles irrespective of their 

(A)  (B)  

(C)  
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sizes were showing much higher than that when compared to the ignition probability of diesel 

without any nanoparticles. From these experimental results, it was concluded that when these 

fuels containing high ignition probability were used in the diesel engines, the efficiency of the 

diesel engine improved dramatically. Yanan Gan et.al [98] investigated the evaporation 

characteristics of different nanoparticles / nanomaterial by dispersing carbon based nanoparticles 

i.e., SWCNTs, MWCNTs and aluminum nanoparticles (as shown in Fig 1.10(A)) in ethanol as 

the basefluid. It was observed that nanofuels containing the carbon nanoparticles i.e., MWCNTs 

and aluminum nanoparticles were showing much higher evaporation characteristics as compared 

with that of pure ethanol. It was also revealed that MWCNTs dispersed ethanol based fluids was 

showing higher evaporation characteristics when compared with aluminium nanoparticles 

dispersed ethanol based nanofluids. Here the nanofluids were prepared without any surfactant. 

Polymers were used for the dispersion of MWCNTs which make them hydrophilic in nature. The 

stability of MWCNTs nanofluids were reported as 24hourswhile the stability of SWCNTs 

nanofluids could not be achieved even for 5minutes. Fig.1.10(B) indicates the evaporation rate of 

nanofluids consisting of pure ethanol and also ethanol with aluminum nanoparticles and 

MWCNTs dispersed nanofluids. 

 
Fig. 1.10(A) TEM images of (a) CNPs (6nm)                     Fig 1.10(B) Plot of Droplet evaporation rate of pure 
(b) SWCNTs (diameter, 1-2 nm; length 5-30μm)                ethanol & nanofluids with addition of Al NPs and 
(c) Dispersible MWCNTs                                                  dispersible MWCNTs at different radiation levels. 
(diameter20nm,Length1-5μm).    [98]                                                                                                      [98] 
 
 

(A)  (B)  
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                      Fig.1.10(C) Droplet temperature history of pure ethanol & nanofluids       
                          with addition of Al particles, CNPs& dispersible MWCNTs     [98]             
                                                                                                                           
. 
Fig. 1.10 shows the droplet temperature of ethanol based nanofluids having aluminum 

nanoparticles, CNPs, and also MWCNTs respectively. It is clear from the slope that Al and 

MWCNTs dispersed ethanol based nanofluids are more  steeper than that of the pure ethanol and 

CNPs, which indicates that the droplet temperature of MWCNTs and Al is higher than that of 

ethanol and hence showing higher evaporation rate. Apichai Jomphoak et.al. [100] studied the 

thermal conductivity of alumina nanoparticles dispersed in de-ionised water for different 

concentrations such as 0.05%, 0.1% and 0.2% using transient planar source (TPS) method. In 

this method, a thin gold disk was used as a heating filament which acts as electrical resistance 

thermometer. The set-up was calibrated using DI-Water and then the thermal conductivity of 

alumina nanofluids with basedfluids as DI-Water was investigated.  

                                   
                                    Fig.1.11 Normalized Thermal Conductivity data   
                                       as a function of measured time    [100] 
 

(C)  
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Fig.1.11 shows the ratio of thermal conductivity of alumina nanofluids versus thermal 

conductivity of its basefluids for three different concentrations. The thermal conductivity of 

0.1% volume fraction was the highest with 18.5% enhancement at a time interval of 1 to 

2minutes. Ramaprabhu et.al. 2012 [111] investigated on thermal conductivity of  DI-Water and 

Ethylene glycol by dispersing ZnO nanoparticles and Al2O3 decorated MWCNTs at different 

concentrations. The surfactant i.e., SDS was added for homogeneity dispersion in the case of 

ZnO-MWCNTs dispersed nanofluids.  Fig.1.12 shows the MWCNTs, ZnO-MWCNTs and 

Al2O3

 

-MWCNT nanomaterials respectively. 

Fig.1.12 TEM images obtained for (a) MWCNT, (b) ZnO-MWCNT and (c) Al2O3

 

-MWCNT   [111] 

Fig. 1.13 Plots of Thermal conductivity with concentration for ZnO-MWCNT and Al2O3-MWCNT in (A) DI 
water (B) EG base fluids [111] 
 
Fig.1.13 (a) shows the thermal conductivity of the nanocomposites of ZnO-MWCNT and Al2O3-

MWCNT using DI-Water as the basefluid whereas Fig.1.13(b) shows the thermal conductivity of 

ZnO-MWCNT and Al2O3-MWCNT using ethylene glycol as the basefluids. The thermal 

conductivity for pure basefluid (DI-Water) was found to be increased by 11%, with ZnO-

(A)  (B)  (C)  

(A)  (B)  
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MWCNT and 9.7% for Al2O3-MWCNT. While using EG as the basefluid, the thermal 

conductivity was found to be 8.5% for ZnO-MWCNT and 6.8% for Al2O3

                                     

-MWCNT. Kin Yuen 

LEONG et. al. [113] carried out their investigations of thermal conductivity for ethylene and DI 

water based stable nanofluids  considering  CNTs with surfactants. The stability parameters were 

studied based on the zeta potential measurement. The surfactants considered were of three types 

namely, polyvinylpyrrolidone (PVP), gum Arabic (GA) hexadecyl trimethyl ammonium bromide 

(CTAB).  The main objective of these studies was to investigate the effects of different 

surfactants on the thermal conductivity of MWCNTs when dispersed in Ethylene glycol and 

comparision of the same with DI-Water. Fig.1.14 shows the FESEM image of MWCNTs (having 

a diameter of less than 30nm) dispersed in a basefluid which is a mixture of DI-Water (60%) and 

Ethylene Glycol (40%). Stability studies were done by observation for 4 weeks of time and also 

by zeta potential methods for the samples without the use of surfactants and also for the samples 

containing the surfactants. Fig.1.15 shows the MWCNTs dispersed nanofluids with and without 

surfactants. It is clear from the Fig.1.15that MWCNTs dispersed nanofluids with surfactants of 

PVP, GA, CTAB were able to modify the surface properties of the MWCNTs from hydrophobic 

to hydrophilic. Fig.1.16(A) shows the effect of the surfactants on the thermal conductivity 

measurements of MWCNTs dispersed nanofluids from which it can be seen that the thermal 

conductivities with respect to the surfactants of PVP, GA and CTAB were having enhancement 

of 25.7%, 18.4% and 16.0% respectively. 

                                          Fig:1.14 FESEM image of MWCNTs    [113]        
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 Fig.1.15 Condition of CNT’s dispersed  nanofluids (A) with surfactant and (B) without surfactant      [113]     
 

         
Fig.1.16 Effect of (A) CNT Concentration (B)Sonication time on TC of CNTs based nanofluids with and 
without surfactants [113] 

 

Fig.1.17 . TC of CNT based nanofluids with  (A)  PVP   (B) GA   (C) CTAB respectively    [113] 
 
Fig.1.17((A)-(C)) show the comparison of thermal conductivities of basefluids with surfactants 

of PVP and having with and without the dispersion of MWCNTs, basefluids with surfactants of 

GA and having with and without the MWCNTs dispersion  and  finally the basefluids having 

surfactant of CTAB and having with and without the dispersion of MWCNTs respectively. It is 

found from the Fig. 1.17((A)-(C)) that the thermal conductivity of the nanofluids containing the 

MWCNTs dispersion was having higher thermal conductivities than those of the samples that 

were not having the MWCNTs dispersion. And it is seen that thermal conductivities of 

nanofluids having MWCNTs were increasing as the sonication time was increasing with the use 

of the surfactant i.e., PVP.  J.K. Lee et.al. 2007 [115] investigated the thermal conductivities of 

(A)  
(B)  

(A)  (B)  

(A)  
(B)  

(C)  
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stable nanofluids considering 4 different nanoparticles / nanmaterials such as MWCNTs, 

Fullerene, CuO and SiO2 with considering 3 different basefluids namely, DI-Water, Ethylene 

Glycol and Moneral Oil. Table 1.4 shows the properties of these nanomaterials. Fig.1.18 shows 

the TEM images of these four different nanomaterials such as, (a)MWCNTs, (b) CuO, (c) 

Fullerene and (d) SiO2

Table 1.4 Property of different nanomaterials (MWCNTs, Fullerene, CuO, SiO

.  Stability of the nanofluids was characterized with respect to the UV-Vis 

spectra of nanomaterials dispersed in mineral oil. The peak positions of MWCNTs and Fullerene 

was found at 397nm in the UV-Vis spectra measurement when these materials were dispersed in 

mineral oil. 

2

Parameter 

) and basefluids  [115] 

MWCNT Fullerene CuO  SiO H2 2 Ethylene 
Glycol 

O Oil 

Density (g/cm 2.6 3 1.6 6.32 2.22 1 1.11 0.915 
Thermal Conductivity 
(W/mK) 

~3000 0.4 76.5 1.38 0.613 0.252 0.107 

Average size (L) 10-50μm ~10nm 33nm 12nm    
Average size (D) 10-30nm       
 

        

Fig.1.18 SEM images of test particles (a) MWCNT, (b) CuO, (c) Fullerene, (d) SiO2

                

   [115] 

Fig.1.19 TC of (A) nanofluids  (B) TC enhancement of oil-based fullerene NFs  (C) TC enhancement of water-
based MWCNT & Fullerene NFs         [115] 
                      
Fig.1.19((A)-(C)) show the enhancements in thermal conductivities of different nanomaterials in 

different basefluids using the transient hot-wire method. Fig.1.19(A) shows the thermal 

conductivity enhancements of different nanomaterials dispersed in different basefluids, each 

having a particle loading of 1vol.% .Fig.1.19(B) shows the enhancements in thermal 

(A)  (B)  (C)  (D)  

(A)  (B)  (C)  
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conductivities for fullerene dispersed mineral oil based nanofluids. It is concluded that at 

0.5Vol.%, the thermal conductivity was increased by 8.7% with respect to MWCNT, while 

fullerene is having an enhancement of 6% for a concentration of 0.5vol%. Fig.1.19(C) shows the 

enhancement of thermal conductivities of MWCNTs and fullerene having basefluids as DI-

Water. From the Fig.1.19(C), it is clear that the thermal conductivities of MWCNTs nanofluids 

increases with increase in concentration of the nanomaterials while the thermal conductivities of 

fullerene nanomaterials based nanofluids decreases with increase in volume concentrations. 

Yong-Jin Yoon et.al.2014 [116] investigated the influence of different nanomaterials such as 

Al2O3, CuO, ZnO and MWCNTs on their viscosity and thermal conductivity of DI-Water based 

nanofluids.  The particles sizes of these nanomaterials were 40-50nm, 23-37nm, 40-100nm for 

Al2O3, CuO, ZnO respectively as shown in the Fig 1.20. Investigations regarding the stability 

these nanofluids reported only 6 hours of duration for  these nanoparticles dispersed 

nanomaterials using DI-Water as the basefluid without the use of any surfactants. The nanofluids 

of MWCNTs were prepared by considering 3 different surfactants such as gum Arabic, sodium 

dodecyl sulfate and sodium dodecylbenzene sulfonate out of which Gum Arabic with a volume 

concentration of 0.1%, was found to be the most effective stabilizing agent for MWCNTs 

dispersed in water.  Fig.1.20((A)-(C)) shows SEM images of Al2O3, CuO, ZnO dispersed in DI-

Water without the use of any surfactants and it is clear that Al2O3

 

NPs were spherical with 

polydisperse size, CuO NPs formed clusters having different sizes, ZnO NPs were also having 

polydisperse size at different angles. 

Fig.1.20 SEM images of dried oxide NPs    [116] 

(A)  (B)  (C)  
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Fig.1.21 SEM images of three different types of CNTs   [116] 

 

Fig.1.21 shows the SEM images of MWCNTs for 3 different samples which were obtained by 

directly loading them in the SEM instrument after they were gold coated in the dry form, without 

dispersing in any of the basefluids. Fig.1.22 shows the SEM images of agglomerated particles of 

Al2O3 nanofluids and CuO,  sonicated for 1 hour of duration. It was found that the aggregate 

oxides of Al2O3

                              

NPs were having a size of ~155nm while that of CuO NPs clusters was having 

size of ~170nm. Fig.1.23 shows the SEM images of CNTs which were sonicated for 1 hour of 

duration. It was found that the clusters of MWCNT were having individual groupings of sizes 

ranging from 1µm to 35µm. 

                                   Fig.1.22 SEM images of aggregated oxide NPs           [116] 

         

                      
                          Fig.1.23 SEM images showing individual groups of entangled CNTs   [116] 

(A)  (B)  (C)  

(A)  (B)  

(A)  (B)  
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Fig.1.24 TC and Viscosity change of Al2O3
 

/water and CuO/water based nanofluids         [116] 

 
Fig.1.24 shows the plots of thermal conductivity ratio of Al2O3

                                  

 NPs dispersed in DI water and 

also that of CuO NPs dispersed in DI water with respect to the boundary line. Thermal 

conductivity was calculated from the Maxwell’s effective medium theory. From the Fig.1.24, it 

is clear that as the viscosity of the nanofluid increases, the thermal conductivity of both the 

nanofluids falls below the boundary line which means that the thermal conductivity of the 

nanofluids were less effective than the thermal conductivity of the basefluid alone. At lower 

viscosity, the thermal conductivity ratio of both the fluids were above the boundary line which 

means that the thermal conductivity of both the nanofluids was higher than that of the thermal 

conductivity of the basefluid alone. Rad Sadri et. al. 2014 [117] investigated viscosity and on 

the thermal conductivity of MWCNTs based nanofluids by varying the ultrasonication time and 

also by using different surfactants in the basefluids.  

 
                                          Fig1.25TEM image of multi-walled  CNTs (as received)     [117]                                      
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Fig. 1.26 (A) Comparison of TC of CNT NFs  containing GA, SDBS and SDS dispersants (B) Effects of 
ultrasonication time and temperature on TC of NFs    [117] 
 
 
Fig.1.26(A) shows the comparison of thermal conductivity of MWCNTs dispersed in DI-Water 

containing the three different surfactants namely, GA, SDBS and SDS respectively. For all the 

samples, thermal conductivity was measured using the KD2 Pro instrument (Decagon, Pullman, 

WA, USA). The different concentrations and the surfactant content considered were 0.5wt% of 

MWCNT was dispersed in 60ml of DI-Water containing 0.25% of GA, 0.25 and 0.5% of SDBS 

and SDS respectively and the results were compared with respect to the DI-Water. From Fig. 

1.26(A), it is seen that the nanofluids having the surfactant GA has the highest thermal 

conductivity than that of the other samples. Also it is found that the sample containing MWCNTs 

with SDS as the surfactant has thermal conductivity lower than that of the thermal conductivity 

of DI-Water. It is also found that in all the cases, as the temperature is increasing thermal 

conductivity also increases. The effect of viscosity with respect to thermal conductivity was 

measured using the rotational rheometer (Physica, MCR-301, Anton Paar, Graz, Austria). They 

measured by varying the shear rate was varied at a range of 10 to 140/s and corresponding 

viscosity readings were obtained from the instrument at three different temperature that is, 15 oC, 

30oC and 45oC respectively. Dynamic viscosity measurements of various samples of MWCNT as 

a function of shear rate at these different temperatures of  15oC, 30oC and 45oC for different 

sonication times ( 2min,10min. and 30min.) for DI-Water without the MWCNTs dispersion and 

also for DI-Water with MWCNTs dispersed containing the GA surfactant was considered. 

Investigations was also carried out to study the dispersion stability of the MWCNTs for different 

sonication time using GA as the surfactant by sedimentation method. It was found that as the 

sonication time increases, the agglomerated clusters of MWCNTs start to segregate into broken 

(A)  
(B)  
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fragments in the basefluid with the surfactant GA. As a result of that, the lengths of these 

segregated MWCNTs get reduced.  

 

Hence, there are several reported contributions towards the improvement of engine performance, 

ignition probability, thermal conductivity, etc. by dispersing the nanoparticles and nanomaterials 

in the bio-fuel or diesel. Few of them worked on aluminum nanomaterials in diesel fuel at lower 

engine speeds and concluded that the exhaust emissions and fuel consumption were lower when 

compared to that of the pure diesel fuel. Nasrin, et.al [120] reported on the  magnetic nanofluid 

fuels by dispersing Fe3O4 

Therefore, from the reported literatures, it is concluded that for different characteristics of the 

bio-diesel/ bio-fuel such as ignition probability, dispersion stability, viscosity of the nanofluids, 

emissions of the nanofluids, and finally the thermal conductivity of the nanofluids are strongly 

depended on the size of different types of the nanomaterials, synthesis parameters and the 

surfactants used.  It was found that many researchers often reported on improving the efficiency 

of the diesel engines by using various types of nanomaterials in either diesel or biodiesel mainly 

focusing on the combustion properties of the bio-fuels. However, not much progress has been 

reported to utilize such biodiesel / bio-fuels in diesel engines because of certain issues such as 

formation of agglomerations of the nanoparticles in the basefluids, unable to obtain longer stable 

nanofluids, lack of data regarding the use of nanofluids as an alternate fuels, effect of 

nanomaterials size and shape on the biodiesel, etc. Because the main issues associated with the 

dispersion of nanoparticles or nanomaterials to achieve long term stable dispersion of 

nanoparticles or nanomaterials in the biodiesel since nanoparticles tends to get agglomerated and 

in diesel fuel and concluded that even at very less concentrations of 

nanomaterials, the performance of the diesel engine can be improved with the reduction of 

harmful pollutants like NOx and SO2. Karthikeyan et.al. 2014 [122] investigated the emissions 

of diesel engine by using Zinc Oxide nanoparticles dispersed Promolion Stearin Biodiesel as an 

alternate fuel and reported in favor of zinc oxide dispersed biodiesel based nanlfuels for 

reduction in emissions of diesel engine. Shafii et.al. 2011 [125] investigated the diesel engine 

emissions by using the blends of ferrofluids in the diesel fuel as alternate fuels. Ribeiro et.al. 

2007 [127] concluded that the transition elemnets such as Ce, Fe, Cu, Sr, and Pt, nanoparticles if 

used as additives, lower the NOx temperature substantially by large extent.  
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do not show the properties of diesel / bio-fuel over a certain period of time and also they tend to 

block the fuel passage in the combustion chamber due to the formation of aggregated clusters. 

Therefore, this thesis deals with the investigation of long term stable biodiesel based nanofluids 

for using in the diesel engines by considering different types of nanomaterials and their size 

effects on the stability and properties (viscosity of the nanofluids, ignition probability and 

thermal conductivity) of the nanofluids of the bio-diesel based nanofluids for future applications 

as alternate fuels.  

Objective: 
 
The main objective of this thesis research work is to study the effects of two types of 

nanomaterials and their sizes (alumina (Al2O3

 

) and Multi-walled carbon nanotubes (MWCNTs)) 

on the  dispersion stability to achieve long term stability and thermo-physical properties to 

improve the fuel properties of the bio-diesel so that it can be suitable for energy sector 

applications. Two different materials such as alumina nanomaterials and multiwalled carbon 

nanotubes were considered in this work. Jatropha biodiesel (JME) was considered as the 

basefluids. Scope of this research work involves to investigate the longer term stable biodiesel 

based nanofluids and effect of nanomaterials and their sizes on the thermo-physical and fuel 

properties to diesel engines, and also to sustain their long term stable nanofluids having lower 

viscosity and higher thermal conductivity properties for potential use as alternate fuel energy. 

Description of the Thesis work: 

In this thesis work, Chapter 2 deals with the characterization of the two different types of the 

nanomaterials Al2O3 NPs and MWCNTs by XRD, EDX, FESEM, TEM and Raman for their 

structure, composition and morphology analysis. Chapter 3 deals with the preparation of 

nanofluids from biodiesel by Transesterification process and followed by dispersion process of 

the nanoparticle / nanomaterials blended biodiesel for different percentage volume fractions for 

the above mentioned alumina NP’s and MWCNT’s. Chapter 4 involves the study of stability and 

formation of aggregates with storage time of the nanofluids of alumina NPs and MWCNTs 

dispersed in the biodiesel   by FESEM, TEM and UV-Vis spectroscopy. Chapter 5 deals with the 

investigation of nanomaterials sizes and types on the viscosity of the biodiesel based nanofluids 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 22 
 

Chapter 6 deals with the investigation of size effect of Al2O3 NPs and nanomaterials on thermal 

conductivity of biodiesel based nanofluids. Chapter 7 deals with the investigation of size effect 

of Al2O3

And finally, Chapter 8 deals with the conclusions of the thesis with future scope on this research 

work.  

 NPs and nanomaterials effect on the evaporation rate of the biodiesel based nanofluids. 
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Chapter 2. 
 
 
 
 
 
 

Characterization of Nanomaterials 
 
 
 
 
 

2.1  Introduction 
 
                     2.2 Characterization of Alumina NPs  
 

2.3 Characterization of MWCNTs  
                                 

                     2.4 Conclusions 
 

 

 

2.1 Introduction 

This chapter deals with the characterization of two different types of nanomaterials such as 

alumina NP having two different sizes (Sigma Aldrich, USA) and high aspect ratio MWCNTs 

(Reinstae, India) by using XRD, FESEM, TEM, Raman and FT-IR  for structural, 

Morphological, disorder and composition analysis. The first part of this chapter deals with the 

characterization of Al2O3 NPs having two different sizes, purchased from Sigma Aldrich, USA). 

The high aspect ratio MWCNTs purchased from Reinstate, India are discussed in the latter part 

of this chapter. 

2.2 Characterization of Alumina nanoparticles (NPs-1 & NPs-2):  

2.2.1 X-Ray Diffraction: 

X-ray powder diffraction patterns of the alumina nanoparticles were recorded on a Bruker D8 

Advance X-ray diffractometer equipped with graphite monochromatized Cu Kα (λ=0.1540 nm), 

with an accelerating voltage of 40 KV. Data was collected using a scanning rate of 0.02° s-1 in 
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ranges from 10° to 90°.  The Fig 2.1((A) and (B))  show the XRD spectrum of alumina 

nanoparticles of two different sizes (NP-1 & NP-2). The average crystallite size is determined by 

using the Scherrer formula: 

                                                                    a =0.9λ / βcosθ, 

Where “a” is the particle size, “λ” is the X-ray wavelength, “β” is the full width of the half 

maxima (in radians) of the X-ray peak, and “θ” is the Bragg angle. 

XRD  pattern (as shown in Fig 2.1(A) and (B)) of  the Al2O3 nanoparticles (NPs-1) confirms  

that  the  Al2O3 nanoparticles  are  highly  crystalline.  Crystalline  planes  corresponding  to  the 

peaks  for δ and γ of Al2O3 nanoparticles of NPs-1 have  been  indexed.  2θ = 32.12, 34.4, 36.5, 

38.6, 45.4, 56.7, 67.5 and 76.08 are δ- phase have planes (021), (117), (122), (124), (122), 

(1,2,11), (040) and (2,3,11) respectively. These are identified with JCPDS NO 00-046-1131 Al2 

O3 -δ - Al2 O3 and 2θ = 39.5, 60.85, 66.9 and 84.8 are γ- phase have planes (222), (511), (440) 

and (444) respectively. These are identified with JCPDS NO 00-010-0425 Al2O3 – γ - Al2O3. 

 

  

Table .2.1  Calculation of  interplanar distance  (d) and crystallite size for sample NP-1 

 

2θ 

 

Phase 

Inter planar                                  

distance(d)  Ǻ 

Crystallite size(D)                       

nm 

32.5 γ 2.7 3.9 

60.85 γ 1.5 3.7 

34.44 δ 2.6 7.7 

                                         Average crystallite size (γ) = 3.8nm 

                                        Average crystallite size (δ) = 6.5nm 
Table .2.2  Calculation of  interplanar distance  (d) and crystallite size for sample NP-2 

 

2θ 

 

Phase 

Inter planar                                  

distance(d)  Ǻ 

Crystallite size(D)                       

nm 

39. 4 γ 2.3 4.3 

66.7 γ 1.4 3.78 

32.7 δ 2.75 6 .3 

        45.2 δ 1.98 6.87 

                                    Average crystallite size (γ) = 4.04nm 
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                                    Average crystallite size (δ) = 6.6nm 

 

        Fig.2.1 XRD patterns of  (A) alumina NPs-1 (B)   alumina NPs-2   
 
In (b) 2θ = 32.6, 36.9, 39.3, 45.03, 46.5, 50.9, and 60.8 are δ – phase have planes (022), 

(217),(026), (220), (222),(2,0,10) and (2,2,13) respectively. These are identified with JCPDS NO 

00-046-1131 Al2 O3 -δ - Al2 O3 and also (217) and (2,2, 13) planes for taken JCPDS NO 00-

047-1770   Al2 O3 - δ - Al2 O3 

Hence, the crystallite size of Alumina nanoparticles samples NP-1& NP-2

 and 2θ =39.3, 60.8, 67.03 and 84.7  are  γ-phase have planes 

(222), (511), (440) and (444) respectively. These are identified with the JCPDS No. 00-010-

0425. 

 

 

 at room temperature 

are 3.8nm(avg), 4.04nm(avg) for γ – phase and 6.5nm(avg),6.6nm(avg) for δ-phase respectively. 

2.2.2 FESEM and EDX analysis of alumina NPs: 

FESEM analysis was performed by using the CARL ZEISS which consists of GEMINI column 

(primary electron source) and the EDS attachment manufactured by OXFORD instruments. It 

consists of four detectors namely, In-Lens, Secondary Electron Detector, Energy and angle 

Selective Back-Scatter (ESB) and Angular Selective Back Scatter (ASB). Field Emission 

Scanning Electron Microscope (FESEM) images the sample surface by scanning it with high-

energy beam of electrons in a raster scan pattern. The electrons interact with the atoms thus 

producing signals that contain information of samples topography, and composition. When an 

electron beam hits the sample surface, produces secondary electrons from the sample which 

would be collected by a secondary detector or a backscatter detector. These electros from the 

backscatter detector are then converted to a voltage and then gets amplified. This amplified 

(A)  (B)  
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voltage is then applied to the grid of the cathode ray tube and changes the intensity of the spot of 

light. The image formed consists of innumerous spots of varying intensity on the screen of 

cathode ray tube (CRT), which corresponds to the topography of the sample.  The types of 

signals produced by an scanning electron microscope consists of secondary electrons, back-

scattered electrons (BSE), characteristic x-rays, cathodoluminescence, specimen electrons and 

transmitted electrons. The signals result from interactions of the electron beam with atoms at or 

near the surface of the sample. The secondary electron imaging produce a very high-resolution 

images of a sample surface. 

                  

                         Fig.2.2: Electron –Specimen interactions when loaded in FESEM microscope. 

Sample Preparation for FESEM analysis:  

A small quantity of alumina NPs of both the sizes (NPs-1 and NPs-2) were dispersed in the DI 

water and sonicated for about 30 minutes and then a drop of the DI Water based alumina 

nanofluids was casted on a pre-cleaned silicon substrate of 15cm x15cm dimensions followed by 

gently warming so as to evaporate the water content and then the substrate was loaded into the 

FESEM tool with EDX attachment. Prior to the loading the sample into the FESEM, the sample 

was gold coated by low vacuum sputter coating with about ~5-10nm thick to make the specimen 

to be electrically conductive so as to prevent the accumulation of electrostatic charge at the 

surface. Fig.2.3(A) and (B) show the FESEM images of both sizes of alumina nanoparticles 
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displaying the morphological and compositional analysis. From the Fig 2.3((A) and (B)), it is 

clear that the morphology of both the sizes of alumina nanoparticles are nearly spherical in the 

shape and having average ~13nm and ~28nm in sizes respectively. Fig 2.4 (A) and (B) show the 

Energy Dispersive Spectroscopy images of both sizes of alumina nanoparticles (NP-1 and NP-2) 

dispersed in DIwater showing the presence of aluminum and oxygen elements only which 

confirms the purity of the samples considered for this research work. 

            
 
Fig.2.3 FESEM Image of  (A)Alumina NP-1   (B) Alumina NP-2 , dispersed in DI Water 
 
 

                   
 
Fig.2.4 EDX spectrum of (A) alumina NP-1  (B)  alumina NP-2 

2.3 Characterization of MWCNTs  
 

2.3.1 X-ray diffraction analysis of MWCNTs 

X-ray powder diffraction pattern of MWCNTs were recorded on  Bruker D8 Advance X-ray 

diffraction. Same parameter as mentioned on 2.2.1. Fig.2.5 shows the XRD spectrum of 

(A)  (B)  

(A)  (B)  
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MWCNTs. It exhibits a sharp (002) Bragg reflections at about 2θ = 30.135º and it shows  the 

ordered arrangement of concentric cylinders of graphitic carbon (Ref: JCPDS File No: 01-075-

1621). From XRD analysis it concludes that the MWCNTs belongs to Hexagonal crystal 

structure with the lattice parameter of a = 2.47 Å, b= 2.47 Å, c = 6.79 Å, and angles α = β = 90º 

and γ = 120º.  

 

                                     Fig.2.5 XRD pattern of MWCNTs                                              
 

2.3.2 FESEM and EDX Characterization of MWCNTs 

For FESEM analysis, DI water based MWCNT nanofluids was prepared by using 1 volume 

percentage of MWCNTs with 1:1 ratio of SDS were sonicated for 30 minutes. Then a drop was 

casted on a pre-cleaned silicon wafer and it was dried by using hotplate at 500C for 15minutes 

for complete evaporation of the liquid. Fig.2.6(A) shows the FESEM image of the multi-walled 

carbon nanotubes (MWCNTs) and it confirmsthe presence of multi-walled carbon nanotubes 

having an average diameter of 16.5nm and having length ~10 μm . Fig.2.6(B) shows the 

compositional analysis of the presence of the elements carbon and silicon which confirms the 

purity of the samples considered for this research work. 
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Fig.2.6 (A) FESEM image showing MWCNT’s dispersed in DI Water   (B) EDX image of carbon nanotubes 

2.3.3 TEM analysis of MWCNTs 

DI water based MWCNTs nanofluids was prepared by using 1 volume percentage of MWCNTs 

with 1:1 ratio of SDS and sonicating for 30 minutes. A drop was casted on the carbon coated 

copper grids and dried at ambient condition. Fig 2.7 shows the TEM images of MWCNTs in 

colloidal dispersion of the fluid with a small aggregation in varying dimensions. The centre 

diameter of the MWCNTs and the concentric arrangements of the nanotubes are clearly 

evident.The outer diameter of the MWCNTs is about 16 nm and the inner diameter is 2.4nm and 

the individual internal walls of smaller diameter nanotubes are discernable. The number of walls 

are approximately 3-15 as confirmed from TEM analysis. 

 

              Fig 2.7: TEM Micrograph of DI water based MWCNT NFs with SDS 

 

 

 

(B)  (A)  

(A)  (B)  (C)  
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2.3.4 FI-IR spectroscopy analysis of MWCNTs 

Fourier transform infrared spectroscopy (FTIR) was performed for functionalized MWCNTs, to 

identify the functional groups attached on the surface of the MWCNTs surface after 

functionalization. Fig shows the FTIR spectra of the functionalized MWCNTs in the range of 

500 to 4500 cm-1. It is found from the Fig. That after functionalization of MWCNTs, peaks were 

found on the side walls at around 1630 cm-1.  The peak at 3006 cm-1 corresponds to the 

stretching of C-H bonds. The peak at 2926 and 2848 cm-1 is associated with the anti-symmetric 

and symmetric stretching of CH2

                                

 bonds from n-alkanes groups.  

                                                      Fig 2.8 FT-IR spectra of MWCNTs 

The C=O stretching band observed at 1747 cm-1 & 1243 cm-1 and CH2 deformation band 

observed at1467 cm-1. 1358 cm-1 corresponds to symmetric bending of the methyl groups. The 

Asymmetric and symmetric stretching of C-O-C groups are noted at 1171 and 1193 cm-1, the 

higher frequency asymmetric stretching is usually the more intense than symmetric band. The 

peak 1018 and 722 cm-1 belongs to C-O-C symmetric stretching and -(CH2)n

2.3.5 Raman spectroscopy analysis of MWCNTs 

- rock, it will appear 

when n ≥ 4.   

Raman spectroscopy is used to obtain the information about the purity, defects and tube 

alignment. The presence or absence of G-band and D-band in the corresponding spectra is used 

to infer electronic and structural information about the MWCNTs. The G-band’s frequency and 

line shape are comparable to those of the E2g phonon of graphite. The presence of a single-shell 
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vibration is usually expressed by the presence of a low-frequency radial breathing mode (RBM) 

and in the splitting of the G-band. 

                      

                                    Fig.2.9 Raman Spectra of MWCNTs                                                   

Fig 2.9 shows the Raman spectra of MWCNTs having two sharp dominating peaks , G band 

(Graphite band) and D band (Disorder band). The peak (1345cm-1) of D band corresponds to the 

amount of amorphous carbon present in the sample while the G band is the tangential shear mode 

of carbon atoms that corresponds to the stretching mode in the graphite plane present at 1598  

cm-1. Radial Breathing Mode (RBM) is confirmation regarding the presence of CNTs in the 

sample. G’ band (2673.17 cm-1

2.4 Conclusions: 

) is the intrinsic property of the nanotubes.  

Two different alumina nanoparticles were purchased from Sigma Aldriech, (USA), and their 

structure, morphology, size and composition were analyzed by using XRD, FESEM, EDX and 

TEM. It was confirmed that both the alumina nanoparticles were mixture of (δ + θ) phases and 

were crystalline in nature. Their morphology was spherical in shape having ~13nm and ~28nm 

sizes. Both the sizes of alumina nanoparticles were having a composition of nearly 37:63 which 

confirms that the ratio of aluminum to oxygen is nearly stoichometric. That is, no contaminations 

were present in both the samples. 

Multi-Walled carbon nanotubes (MWCNTs) were purchased from Reinste India Pvt.Ltd., India 

and were analyzed by using XRD, FESEM, TEM, RAMAN and FTIR. It was found that the 
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purchased MWCNTs were having Hexagonal crystal structure with the lattice parameter of 

a=2.47Å, b=2.47Å c= 6.79Å and α=β=90 o and γ=120o

 

. The average length is 5-10μm, and 

having diameter ~16nm (outer) and 2.5nm (inner). It is also confirmed that 3-15 walls are 

present in the MWCNTs. These two nanomaterials (~13nm and ~28nm alumina NPs) and 

MWCNTs are used for synthesis of bio-diesel based nanofluids and described in the next 

chapter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 33 
 

Chapter 3 

 

 

Synthesis of Nanofluids 
 
 
 
 
 

3.1  Introduction  
 
3.2  Preparation of Jatropha biodiesel from raw oil 

 
3.3 Synthesis of Alumina NPs based Nanofluids  

 
3.4  Synthesis of MWCNTs based Nanofluids 

 
3.4  Conclusions 

 

 

 

3.1 Introduction 

Dispersions of nanoparticles or nanomaterials (nanorods, CNTs, grapheme) uniformly into the 

suitable basefluids is termed as the “Nanofluids” where the base fluids can be either of the water, 

alcohols, ethylene glycol, diesel, glycerol, organics, or biodiesel, while the nanoparticles / 

nanomaterials can be nanoparticles / nanomaterials of any the ceramics or oxide materials, 

metals, etc. Nanofluids are generally prepared by the one-step or two-step synthesis process. In 

the two-step process, the dry nanopowder is dispersed in the liquid by using an ultra sonication 

or mechanical agitator. This method is more economical as compared to one-step method, due to 

the low cost of nanopowders in the market. There are generally two approaches to synthesis 

nanomaterials such as top-down and bottom-up approaches as shown in the Fig.3.1. In the top-

down approach, the bulk materials are broken down and brought to the micron and submicron 

scale by means of different physical methods such as hammering, sintering, etc. In bottom-up 

approach, the nanoparticles are produced by different chemical methods like in-situ techniques 
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methods, in which, the precursor molecules are built up atom by atom until the atoms assume the 

form of a nanoparticles. 

                             

                               Fig.3.1: Different approaches for synthesis of nanomaterials / nanoparticles 

 

Long term stable suspensions of the nanoparticles / nanomaterials in their basefluids are mostly 

required to retain the properties of the nanofluids longer durations. Otherwise agglomeration of 

nanoparticles or nanomaterials can lead to settlement of the micro or even  millimeter sizes 

aggregates and hence the properties of the nanofluids degrade after certain period of storage 

time. Therefore, stability is very crucial for any of the applications of the nanofluids. It involves 

various parameters to be taken into consideration. Some of the most important parameters to be 

considered for the preparation of long term stable nanofluids are nanomaterials sizes, their shape, 

their phases, their percentage loading, type of the materials, type of the base fluids, type of the 

surfactants, quantity of the base fluids, etc. 

Fig 3.2 shows the different materials and basefluids generally used for synthesis of nanofluids 

for several applications. In our synthesis process of nanofluids, Jatropha methyl ester (JME) is 

used as basefluids and alumina nanopartiecles, MWCNTs are used as nanomaterials. However, 

in this work, Jatropha raw oil was purchased from local dealer and JME was synthesized by 

using Transesterification process. Since the viscosity of Jatropha raw oil was 52cst, 2-

stageTransesteriafication process was adopted to obtain JME having lower viscosity for use in 

diesel engine. 
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                     Fig.3.2: Materials and basefluids for preparation of different types of nanofluids 

 

3.2  Preparation of Jatropha Biodiesel from raw oil: 

Synthesis of raw jatropha oil was carried out by taking a volume of 500ml for raw oil and then 

120 ml of methanol was added and stirred it vigorously for about 20 minutes using a magnetic 

stirrer. 0.1 ml of Conc. H2So4 acid was added to it and again stirred it gently for about 15 

minutes. The apparatus was then set for transesterification process by using a refluxing 

condenser arrangement and allowed it to esterify for about 4h at low supply of electric energy. 

After heating it for 4 hours, the transesterification set up was removed and the oil mixture was 

transferred to the separating flask where separation of oil was carried out. Since, now the oil was 

acidic in nature, it was neutralized by washing it with DI water for nearly three times. This is the 

first stage of transesterification process. The second stage of transesterification was carried out 

for the products of first stage transesterified oil by repeating the process as done for the first 

stage transestrification process using alkaline as a catalyst for about 2h of duration under 

refluexing condenser.  After completing the second stage transesterification, jatropha biodiesel 

was obtained with glycerin as a by-product which was separated out in separating flask as shown 

in Fig.3.4. Again the final product (JME) was neutralized by washing it with DI Water for 3 

times until the pH of Jatropha biodiesel becomes neutral. Now the viscosity was found to be 

reduced to 5cst which could be now considered as biodiesel for diesel engines fuel properties. 

The chemical equation of the transesterification process is shown in Eq. 3.1 
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                                   CH2 –OCOR1                                                                               CH2OH           R1COOCH
                                          l                                                                 catalyst                          l                            

3 

                                    CH –OCOR2              +   3CH3OH                                               CHOH       +   R2COOCH
                                          l                                                                                                        l                          

3 

                                  CH2 –OCOR3                                                                                CH2OH           R3COOCH
                           

3  

                       General equation for transesterification of triglycerides.---------3.1 

 

                           Fig.3.3: Transesterification Process of Jatropha raw oil 

               

Fig.3.4: Digital images of the synthesis of Jatropha oil (A) Set-up of Transesterification Process (b) separating 
flask containing Jatropha biodiesel with Glycerene as the by-product. 

 

3.3 Synthesis of Alumina NPs based Nanofluids 

Alumina nanoparticles having two sizes ( ~13nm and ~28nm) were dispersed in synthesized 

Jatropha biodiesel (basefluid) by using ultrasonication (Model BRANSON 3510). Fig.3.5 shows 

the flow diagram of the various parameters taken into consideration for preparing nanofluids 

(a)  (b)  
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(both alumina NPs and MWCNTs).  For this Jatropha biodiesel based alumina nanofluids were 

synthesized by varying the sonication times 15, 30, 45, and finally for 60minutes.  

                          

                 Fig.3.5: Flow chart of various parameters considered for nanofluids preparations. 

But it was found that none of the sonication times yielded stable alumina nanofluids and within 

half-an hour, alumina NPs started to settle down. The procedure was repeated for many times by 

changing the percentage volume fractions of the alumina nanoparticles into the basefluid(JBD). 

On finding that different composition of the JBD based alumina nanofluids was not giving 

considerable results, the same procedure was repeated by adding different surfactants like 

methanol, ethanol, iso-propyl alcohol, acetone etc. and again kept for observation. Broadly, the 

investigations of obtaining stable nanofluids were carried out by considering various percentage 

of volume fractions by addition of  different surfactants as listed in Table 3.1, 3.2, 3.3, 3.4 and 

3.5. 

i. Low Concentrations of Alumina nanoparticles (2.5mg, 5mg, and 10mg) with ultra-

sonication time of 30min. and 60min. without using any surfactants. (Biodiesel only). 

ii. Low Concentrations of Alumina nanoparticles using different surfactants in theBasefluid 

(Biodiesel + Surfactants (Ethanol, Acetone, Iso-Propyl alcohol, Carbonol)). 

iii. Low Concentrations of Alumina nanoparticles using ethanol as the surfactant(Biodiesel + 

Ethanol) and varying the ultra-sonication time. 

iv. Low Concentrations of Alumina nanoparticles with Diesel as the Base fluid and varying 

the ultra-sonication time. 
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v. Low Concentrations of Alumina nanoparticles with Jatropha Biodiesel as the basefluid 

and using Span80 and Tween80

vi. Hgh Concentrations of Alumina nanoparticles with Jatropha Biodiesel as the basefluid 

and using Span

 as the surfactants. 

80 and Tween80

Formula for calculating the percentage Volume Fraction (%VF) is shown below 

 as the surfactants. 

                                                           ( VAl2O3
       % Volume Fraction    =       _______________________ 

)*100              

                                                    {( VAl2O3) + Vol.BD + Vol.Surf
 

} 

                                                             (WAl2O3/ρAl2O3
                                           =    ___________________________ 

)*100 

                                                {(WAl2O3/ρAl2O3) + Vol.BD + Vol.Surf
 

} 

Where       ρAl2O3    =   Density of Al2O3

                   ρ

, gm/cc  

Al2O3    

                   Vol.

=   3.6g/cc  (Alumina NP of (γ + δ ) Phase) 

Surf 

                   Vol.

= Volume of the surfactant, cc 

BD   

                   W

= Volume of the Biodiesel, cc 

Al2O3  = Weight of Al2O3

 

, mg 

Table-3.1: Alumina nanoparticles with Basefluid (Biodiesel + Surfactants ( Ethanol, Acetone, Iso-Propyl 
alcohol, Carbonol)) 

Sl.No
. 

Base fluid (JME+ 
Surfactants) , (ml.) 

Al2O3 Ultra Sonication 
Time. (min.) 

 Nano 
Particles (mg.) 

Remarks 

1. JME-(5) +  
Ethanol-(2) 

2.5 30 Good Dispersion for 48 hours. 

2 JME- (5) + 
Acetone-(2ml) 

2.5 30 Good Dispersion, but settled 
down within 30 minutes. 

3 JME-(5) + 
Iso-PropylAlcohol-(2) 

2.5 30 Good Dispersion, but settled 
down within 30 minutes. 

4. JME-(5) + 
Carbinol-(2) 

2.5 30 Good Dispersion, but settled 
down within 30 minutes. 

 

Table-3.2: Alumina nanoparticles with Base fluid (Biodiesel + Ethanol) 

Sl.No
. 

Base fluid ( JME + 
Ethanol), (ml.) 

Al2O3 UltraSonication 
Time. (min.) 

 Nano 
Particles, (mg) 

Remarks 

1. (20) + (5) 2.5 30 Good Dispersion for 4 days 
2. (20) + (5) 2.5 45 Good Dispersion for 24 hours. 
3. (20) + (5) 2.5 60 Good Dispersion for 24 hours. 
4. (20) + (5) 5 30 Good Dispersion for 4 days 
5. (20) + (5) 5 45 Good dispersion for 24 hours 
6. (20) + (5) 5 60 Good dispersion for 24 hours 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 39 
 

7. (20) + (5) 10 30 Good dispersion for 45 minutes 
8. (20) + (5) 10 45 Good dispersion for 45 minutes 
9. (20) + (5) 10 60 Good dispersion for 45 minutes 
10. (20) + (1) 5 30 No Dispersion 
 

Table-3.3: Alumina nanoparticles with Base fluid (Diesel only) 

Sl.No
. 

Base fluid ( Diesel), 
(ml.) 

Al2O3 UltraSonication 
Time. (min.) 

 Nano 
Particles, (mg) 

Remarks 

1. (20) + (5) 2.5 15 Good Dispersion for 2days 
2. (20) + (5) 2.5 30 Good Dispersion for 2 hours. 
3. (20) + (5) 5 15 No Dispersion 
4. (20) + (5) 5 30 Good Dispersion for 2 Hours 
5. (20) + (5) 7.5 15 No dispersion 
6. (20) + (5) 7.5 30 No Dispersion 
7. (20) + (5) 10 15 No Dispersion 
8. (20) + (5) 10 30 No Dispersion 
 

Table-3.4: Alumina nanoparticles with Base fluid (Diesel + Ethanol). 

Sl.No
. 

Base Fluid (Diesel + 
Ethanol), (ml.) 

Al2O3 UltraSonication 
Time, (min.) 

 Nano 
Particles, (mg.) 

Remarks. 

1. (20) + (5) 2.5 30 Good Dispersion for 10 hours. 
2. (20) + (5) 5 30 Good Dispersion for 10 hours. 
3. (20) + (5) 7.5 30 Good Dispersion for 2 hours. 
4. (20) + (5) 10 30 Good Dispersion for 30 minutes. 
 

Table-3.5:Alumina nanoparticles (~13nm) with Basefluid(Jatropha Biodiesel + Span80 and Tween80

Sl.No
. 

 in the 1:1 
ratio). 

Base Fluid (JBD + 
Span80 and Tween80

Al
 

(1:1), (ml.) 

2O3 Ultra 
Sonication 
Time, (min.) 

 NPs, 
~13nm (%VF.) 

Remarks. 

1. (20) + (2.5+2.5) 0.05 30 Good Dispersion for 14 months 
2. (20) + (2.5+2.5) 0.1 30 Good Dispersion for 14 months 
3. (20) + (2.5+2.5) 0.2 30 Good Dispersion for 7 months 
4. (20) + (2.5+2.5) 0.4 30 Sedimentation after 30 min. 
 

Table 3.1–3.5 show the visual observations of various alumina NP based nanofluids by using 

different approaches. It was found that the use of surfactants span80 & Tween80 in equal 

proportion (1:1) showed better stable nanofluids for low percentage of volume fractions. Hence, 

different higher concentrations such as 0.05%, 0.1%, 0.2%, and 0.4% are considered by using the 

same procedure for preparing the nanofluids followed by their characterization on regular 

intervals using different characterization tools such as FESEM, TEM, UV-Vis spectroscopy, 

which are discussed in more details in chapter4.  
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Fig 3.6: Comparision of plots on dispersion stability of Al2O3 NPs (~13nm and ~28nm size) by using (A) 
different surfactants   (B) surfactant (Span80 and Tween80

 
)  

From Table 3.5 the optimized parameters for alumina NPs based nanofluids for ~14months are 

0.1%VF having ~13nm sizes with 1:1 ratio of span80 and tween80 as surfactants, while the 

sample having 0.2%VF of alumina NPs dispersed Jatropha biodiesel based nanofluids has a 

stability durations of 7 months duration. However, alumina nanofluids having average size 

~13nm having 0.4%VF was not stable even for more than an hour. Similar observations were 

found for alumina NPs having an average size ~28nm also. Therefore, the remaining synthesis of 

Al2O3 NPs dispersed nanofluids are carried out by using Span80 and Tween80

Fig 3.7(a) shows the photographic image of alumina nanofluids (~13nm) for as-prepared samples 

having  different percentage volume fractions that is,  0 .05, 0.1, 0.2 and 0.4%VF along with neat 

Jatropha biodiesel and neat diesel. From the Fig 3.7(a), it can be easily distinguished between the 

samples having lesser percentages of volume fractions and samples having higher percentages of 

volume fractions in terms of intensity of color variations. Fig 3.7(b) shows the photographic 

image of ~13nm size alumina nanofluids having 0.1%VF for different storage time such as 

1Year, 6months, 7months and 2years old samples. It is clear from the Fig.3.7(b) that though the 

intensity of color is less as compared to the samples of Fig 3.7(a), still considerable percentage of 

alumina nanoparticles are dispersed even after 1 year of duration. Therefore, 0.1%VF ~13nm 

Al

 (1:1) for achieving 

higher duration stability.  

2O3 NPs dispersed in biodiesel is showing better stable nanofluids as compared to higher 

volume fractions samples. 

(B)  
(A)  
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Fig3.7 Photographic images of alumina NFs (~13nm) : (a) as-prepared samples (B) 0 .05,  (C) 0.1, (D)  0.2   
and (E) 0.4%VF along with neat JBD (A) and neat Diesel (F)   (b) stored samples  of  0.1VF for (A)1Year,   
(B) 6Mon (C) 7Mon and (D) 2Years respectively. 
 
Similarly, Fig 3.8((a) and (b)) show the alumina nanofluids of average size ~28nm size having 

different percentage volume fractions for as-prepared samples stored samples respectively. Here 

also, distinctions can seen from the color variations regarding the samples having varying 

percentage volume fractions of alumina nanoparticles ~28nm size. Comparing the Figs 3.8((a) 

and (b)), it can be clearly distinguished that all the samples of alumina nanoparticles of average 

size ~28nm were agglomerated at the bottom of the sample tubes (as seen from Fig 3.8(b)) and 

hence, they are considered as unstable nanofluids. Therefore, from the visual inspections, it is 

concluded that ~13nm Al2O3 NPs having 0.1VF is more stable upto 1year, however longer size 

~28nm alumina NPs dispersed nanofluids are not showing stability of more than two weeks. 

Also higher volume fractions is not favorable for longer duration stable nanofluids. More details 

on stability analysis by UV-Vis spectroscopy and TEM are described in next chapter. 
 

                               
                                       
Fig3.8 Photographic images of alumina NFs (~28nm) : (a) as-prepared samples (B) 0 .05,  (C) 0.1, (D)  0.2   
and (E) 0.4%VF along with neat JBD (A) and neat Diesel (F)   (b) stored samples  of  0.1%VF for (A) 1, (B) 2 
(C) 6 and (D) 7Months respectively. 
 
 
 

(E)  (D)  (C)  (B)  

  (D)      (C)    (B)   (A)  

(E)  (D)  (C)  (B)  

(D)  (C)  (B)  (A)  

(F)  (A)  

(A)  (F)  

(a)  (b)  

(a)  (b)  
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3.4 Synthesis of MWCNTs based Nanofluids 

 
There are generally two approaches to dispersed MWCNTs in basefluis. One is known as Co-

valent approach and the second one is non-covalent approach [  ]. Firstly the non-covalent was 

carried out by dispersing the MWCNT in the Jatropha biodiesel (basefluids) using the different 

surfactants such as SDS, PVP, CTAB, Span80 and Tween80

Table: 3.6 MWCNTs dispersions in biodiesel by using different surfactants (non-covalent approach) 

 for different volume fractions. 

However, the But the resultant nanofluids in such process were not stable even for a day due to 

their poor suspension stability as shown in Fig.3.9 (B, C, D, E).  

 
Basefluids SDS PVP EG Span80 and Tween CTAB 80 
Jatropha 
methyl 
ester 
(JBD) 

MWCNTs were 
agglomerated and 
got settled within 
1hour 

MWCNTs 
were not stable 
for more than 
2 hours 

MWCNTs 
settled down 
within 
30minutes 

MWCNTs settled 
down within few hours 

MWCNTs were 
stable for 30min. and 
agglomerated within 
2days 

 

Table 3.6 summaries the stability of MWCNTs based nanofluids synthesized by using non-

covalent approach. Since none of the nanofluids are stable, the second approach, i.e., the 

covalent approach was adopted. In this method, surface modification are generally carried out by 

treating the MWCNTs in acids (i.e., sodium oleate, H2SO4 and HNO3

3.4.1 Convalent approach by using mixture of H

). 

2SO4 and HNO3

In this approach, 100mg of MWCNTs were taken and 50mL HNO

 acids:  

3 was added to it. The sample 

was refluxed for 4 hours at 100°C. Furthermore, the sample was given multiple washings via 

centrifugation at 5000 rpm for 15mints and dried over night at 80°C. In the next step, 1:1ratio 

ofHNO3 and H2SO4 

 

(30mL each) was slowly added to the above dried sample, and it was 

refluxed for 2 hours at 30 to 40°C. In order to give the sample multiple washings, centrifugation 

was done at 5000rpm for 15min. The functionalized sample was dried overnight in an oven at 

120°C. Then functionalized MWCNTs were dispersed in the biodiesel by using the ultra 

sonicatorfor 30minutes (30kHz). and it was shown in Fig 3.9(F).  It was observed from Fig 

3.9(F) that nanofluids are not stable and settled down within24 hours. 
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3.4.2 Covalent approach by using Sodium Oleate (SOA): 

In this approach, 100mg of MWCNTs were refluxed (60 to 80o C) with 25mL of H2O2 for 5 

hours. Then the resulting product was water washed and prepared sodium oleate solution [1:1 

ratio of NaOH and oleic acid was dissolved in 50mL of ethanol. This reaction mixture was 

stirred for 5 to 15 hours at room temperature (50wt% or 25mL)] was added. And the mixture was 

heated (80 to 95oC) with vigorous stirring (1500rpm) for 2 hours and also for 4hours. After the 

reaction, the resultant was neutralized by adding 1N HCl and then filtrated. The final product 

was washed with DI water and ethanol several time till pH =7. Finally, it was dried at 1200

3.4.3 Covalent approach by using oleic acid 

C for 

24hours on a hotplate. Then resultant functionalized MWCNTs were sonicated with biodiesel for 

stability analysis. It is observed that this process of preparation of nanofluids was stable upto few 

days as shown in Fig 3.9(G and (H). 

In this approach, 200µL of oleic acid was added in 20mL of biodiesel  in a 40mL beaker  and 

then sonicated for 30minutes (30kHz). Then, 4mg of MWCNTs was added to the solutions and 

again it was sonicated (at 30kHz) for 30minutes. The prepared nanofluid was kept in a glass 

tubes idle without any disturbance to analysis the stability. It was preliminary observed  that 

oleic acid treated nanofluids was showing better stability even after 24 hours of preparation as 

compared to the other methods of preparation as shown in Fig.3.12(I).   

                          
 

Fig3.9 Photographic image of MWCNTs dispersed nanofluids having 0.001%VF after 24 hours with different 
surfactants or acids treatment (A) Pure biodiesel  (B) Span80 and Tween80

 

 (C) CTAB (D) SDS (E) PVP 
surfactants  and Functionalized with (F) conc. acids       (G)  SOA with 2H (H) SOA with 4H (I) Oleic acid 

Since, only oleic acid treated MWCNTs in biodiesel based nanofluids was showing better 

stability as compared to the other methods of preparation of biodiesel nanofluids, only this 

method was further considered for the more details dispersion stability analysis by preparing 

 

(I)  (H)  (G)  (F)  (E)  (D)  (C)  (B)  (A)  



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 44 
 

different volume percentages (0.001%, 0.005%, and 0.01%) with different ultrasonication time 

(i.e.1, 2 and 4 hours) for two different concentrations of oleic acid (200µL and 400µL.          

                                             

                                       Fig 3.10Photographic image of as-prepared samples of MWCNTs          
                                       dispersed nanofluids (as-prepared samples with (B)0.001, (C)0.005,           
                                       (D)0.01, (E)0.0.02, (F)0.1%VF) with (A) neat biodiesel.                                  
                                                                                                                             
Fig.3.10 shows the photographic image of MWCNTs dispersed nanofluids having different 

percentage volume fractions such as 0.001%VF, 0.005%VF, 0.01%VF, 0.02%VF and 0.1%VF 

respectively. From the Fig.3.10 it is confirmed that MWCNTs were dispersed without any 

agglomerations for the samples of 0.001%VF, 0.005%VF and 0.01%VF, while higher percentage 

volume fractions of MWCNTs were not having good dispersions even for as-prepared samples.  

It is concluded from the sedimentation method that only 0.001%VF and 0.005%VF are showing 

stability upto 10days while other percentage volume fractions are not showing stability even for 

10days. Therefore, all the MWCNTs are synthesized only by considering these two volume 

fractions for further studies. 

 
3.5 Conclusions 

Bio-diesel based nanofluids were synthesized by dispersing different nanomaterials (Alumina 

and MWCNTs) in the Jatropha biodiesel (JME). Two different nanomaterials such as Al2O3

Different sets of alumina (~13nm and ~28nm sizes) and MWCNTs dispersed nanofluids were 

prepared by using different approaches such as using the surfactants and applying different 

functionalization methods. Out of all the approaches, Span

 

(average sizes of ~13nm and ~28nm) and MWCNTs are considered for this work 

80 and Tween80 surfactants based 

alumina nanoparticles based nanofluids showed higher stablility which was observed by 

sedimentation method. Also, different percentage volume fractions such as 0.05, 0.1, 0.2, and 0.4 

(A)  (F)  (E)  (D)  (C)  (B)  
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nanofluids were synthesized by using span80 and Tween80 surfactants in equal proportions (1:1) 

for both ~13nm and ~28nm sizes alumina nanoparticles dispersed nanofluids. It was confirmed 

that ~13nm size alumina nanoparticles dispersed 0.1vf nanofluids are showing better stability as 

compared to ~28nm size alumina nanoparticles dispersed nanofluids. Hence, in the subsequent 

chapter, more detailed study was carried out regarding the long term stability of alumina 

nanoparticles dispersed nanofluids by using different analysis. For preparation of MWCNTs 

suspended in biodiesel based nanofluids, two approaches such as non-covalent  ( SDS, PVP, 

CTAB, Span80 and Tween80 ) and covalent approach ( Oleic Acid, H2SO4 and HNO3

 

) were 

carried out for different volume percentage and sonication time. Out of all the surfactants and 

surface modification process, Oleic acid showed better dispersions of MWCNTs in bio-diesel. 

Hence, we investigate the properties of such nanofluid to compare with alumina based 

nanofluids. Though more research work is still required to adopt several new novel methods to 

achieve longer term stable MWCNTs dispersed in bio-diesel nanofluids, our MWCNTs based 

bio-diesel nanofluids were stable upto 10days which is not reported before. 
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Chapter 4 
 
 
 
 
Nanomaterial and Their Size Effect on the Stability of Nanofluids 

 
 
 
 

4.1 Introduction 
 

4.2 Alumina NPs Size & Conc. Effect on Stability of Nanofluids 
 

4.3 MWCNTs Effect on stability of  Nanofluids 
 

4.4 Material Effect (Alumina NPs & MWCNTs) on Stability of Nanofluids 
 

4.5 Conclusions 
 
 

 
4.1   INTRODUCTION 
It is very well known fact that the nanoparticles or nanomaterials dispersed in the basefluids 

settles down rapidly and then nanofluids do not retain any more the properties as required for the 

applications. Such drawbacks are needed to address before using such nanofluids for several 

potential applications. It is also known that the stability of the nanofluids strongly depends on the   

nature of base liquid, nature of surfactant, type of nanoparticles, and the mode of aggregation of 

nanoparticles. An agglomerated nanofluid when used as a fuel in diesel engine may cause 

operational problems similar to those encountered with micro-sized particulate suspensions due 

to the sedimentation and clogging of the nanoparticles / nanomaterials in the engine. Hence, it is 

very much essential to address the issue of agglomerations of nanomaterials in their basefluids so 

that the nanofluids retain their properties for longer durations. In this regard, many of the 

researchers had investigated on the issues of stability of nanofluids in different basefluids by 

different approaches such as   addition of different surfactants, surface modification techniques, 

etc. 
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Therefore, this chapter presents the study of stability of the Al2O3

4.2 Alumina NP Size and Conc. Effect on Stability of nanofluids: 

 NPs (both sizes, ~13nm and 

~28nm) and MWCNTs based bio-diesel bnanofluids (as already discussed in chapter-3) in more 

detail by using UV-Spectroscopy for analytical analysis and by using TEM for morphological 

analysis by considering different factors such as volume fractions, nanoparticles sizes and the 

types of the nanomaterials. 

The stability analysis of the alumina nanofluids with different storage time were performed by 

using TEM, and UV-Vis spectroscopy. It was discussed in the chapter-3 that the dispersion of 

stability of ~13nm size alumina nanofluids and ~28 nm size alumina nanofluids are different. It 

is also confirmed that the ~28nm alumina nanoparticles based nanofluids were not stable even 

for few days which  may be due to the settlement of the aggregates nanoparticles as result of 

gravity whereas, the ~13nm size alumina nanoparticles based nanofluids were stable even for 

more than one year  for  the  0.1% volume fraction.  However, for all the other volume fractions 

~13nm size alumina nanofluids are not showing better stability and were seen to be settled down 

in few weeks. Further, the stability of all the 0.1 volume fractions ~13nm sizes alumina 

nanofluids were carried out by using the Transmission Electron microscopy (TEM) for the 

agglomeration and morphology analysis of the nanoparticles in the biodiesel with storage time 

and UV-Vis spectroscopy to observe the stability from the absorbance peak ratio of as-prepared 

and older sample with storage time. All the as-prepared nanofluids were kept idel in a stand 

without disturbing them and periodically analyzed by using both TEM and UV-vis spectroscopy 

for the dispersion stability.  

4.2.1 TEM analysis: 

First of all, one droplet of as-prepared and 1 year old alumina nanofluids (~13nm having 0.1%vf) 

were casted on  the carbon coated Cu- grids and then heated on a hot plate for 10 minutes to 

evaporate the biodiesel and for TEM analysis. Fig 4.1((A) and (B)) show the TEM images of the 

alumina NPs dispersed in 0.1%VF (~13nm) nanofluids and Fig 4.1(B) shows the alumina NPs 

morphology of 0.2%VF(~13nm) based nanofluids. Fig 4.1(C) shows the TEM image of the 

alumina NPs dispersed in 0.1%VF (~28nm) nanofluids. It is concluded that the alumina NPs are 

dispersed uniformly in 0.1%VF (~13nm) nanofluids as compared to 0.2%VF(~13nm) nanofluids. 
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Also agglomeration of alumina NPs having clusters are noticed as shown in Fig 4.1(B). In the 

case of morphology of alumina NPs in 0.1%VF (~28nm) nanofluids, it is agglomerated having 

very larger size as shown in Fig 4.1(C). Therefore, larger aggregates are settled down very 

rapidly in the case of ~28nm alumina NPs dispersed nanofluids and hence, are showing stability 

of not more than one day. 

     

Fig.4.1: TEM image of Al2O3

  

NP As-Prepared (a) ~13nm size 0.1%VF (b) ~13nm size 0.2%VF  (c) ~28nm size 
0.1VF 

   

     

Fig.4.2 TEM image of Al2O3NP ~13nm 0.1%VF  (a)2Week old   (b)1Month old    (c) 2Month old (d) 1year old 
(e) 0.2VF 1year old samples 

(b)  (c)  

(a)  (b)  (c)  

(d)  (e)  

(a)  
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Fig 4.2 ((A)-(D)) show the TEM images of alumina NPs dispersed in 0.1%(~13nm) nanofluids 

for 2weeks, 1month, 2months and 1Year older samples respectively. As seen in the TEM 

micrographs, initially alumina nanoparticles start to agglomerate and form aggregated after 

2weeks storage time and keeps on increasing the aggregate sizes after 1month and 2months. 

However, after 1year storage time, alumina nanoparticles are dispersed uniformly in the 

nanofluids ( as shown in the Fig 4.2(D). However, the alumina nanoparticles those are initially 

~13nm in sizes and shperical in morphology change drastically to ~30-40nm in sizes and 

morphology change to cubical in shape. Since, ~30-40nm sizes alumina nanoparticles are still in 

nanomaters scale, they are dispersed very uniformly in the nanofluids (Fig 4.2 (D)). Therefore, 

0.1%VF (~13nm) alumina NPs nanofluids is still showing stability after one year of storage time. 

Fig 4.2(e) shows the TEM image of alumina NPs dispersed in 0.2%VF )~13nm) nanofluids. In 

this case, it is seen that alumina NPs are agglomerated and form a network nanostructure in 

larger scale after one year of storage time. 

Therefore, 0.2%VF (~13nm) alumina nanofluids are not stable upto one year of storage time. 

The analytical analysis was also carried out by using UV-Vis spectroscopy and is discussed in 

next sction. 

4.2.2 UV-vis Spectral Analysis: 

It is a very reliable method to evaluate the stability of nanofluids since there is a linear 

relationship between the suspended nanoparticles and absorbance of the suspended 

nanoparticles. All the prepared alumina nanofluids were periodically analyzed by UV-Vis 

Spectroscopy analysis by using the standard sizes of cuvette (path length of cuvette is 10).  

Initially, the baseline was fixed considering the Jatropha Biodiesel as the reference sample as 

well as the specimen sample. After fixing the baseline, Jatropha Biodiesel was taken as the 

reference sample and the alumina nanofluids was considered as the specimen sample and the 

data were obtained for the different stability time of alumina nanofluids. 

Fig.4.3 shows the UV-Vis spectra of the 0.1%VF of both ~13nm and ~28nm alumina nanofluids 

along with 0.2%VF of ~13nm alumina nanofluids. On comparing, it is clear from the Fig 4.3(A)  

that the absorption peak of ~13nm size Al2O3 NPs dispersed nanofluids having 0.1%VF is 
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slightly lower than that of 0.2%VF. This is due to the higher percentage volume fraction of 

alumina NPs present in the 0.2%VF sample. It is also seen from Fig 4.3(A) that alumina NPs 

having ~28nm sizes nanofluids has the highest absorption peak than the other two samples, 

which indicates that the absorption of alumina NPs increases as the size of the nanoparticles 

increases which is also reported earlier in the case of alumina in DI water based nanofluids [ ]. 

Fig.4.4(A) shows the UV-Vis spectra of alumina NP-13nm nanofluids having 0.1%VF with 

various storage time starting from as-prepared samples to 14months old samples. It is seen from 

Fig 4.4(A) that as-prepared saples has the highest absorption and the percent of absorption peak 

decreases upto 5 months then for the sample having storage time more than 6months, the 

absorption peak increases with reduction in its area. This is due to the reason that since, all the 

alumina nanoparticles may not be of the same sizes. Hence one settlement of the bigger 

nanoparticles or initial aggregates sizes of the alumina NPs increases and hence, higher 

absorption peak is seen. Also due to the settling down of larger size alumina nanoparticles, there 

would be reduction in the percentage of alumina nanoparticles and hence, absorption peak 

decreases as the percentage of nanoparticles reduced. But, during this period, there would be 

increase in the size of the alumina nanoparticles which were still in the suspensions state, due to 

which, absorption peak increases as the sedimentation time increases.  

 
Fig.4.3(A) UV-Vis spectroscopy plots of Al2O3 NPs (~13nm and ~28nm) for 0.1 and 0.2%VF.                         
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Fig.4.4 UV-Vis spectroscopy of Al2O3
 

 nanofluids with different storage times (A) ~13nm  (B) ~28nm sizes. 

 

 
Fig 4.4(C) Absorbance vs stability durations for  alumina nanofluids (i) ~13nm (ii) ~28nm 
 
Fig 4.4(B) shows the UV-Vis spectra of alumina nanoparticles dispersed nanofluids of ~28nm 

size having a percentage volume fraction of 0.1% for different sedimentation times. It is seen 

from the Fig 4.4(B) that the peaks of stored samples decreases when compared with that of the 

subsequent samples respectively which is an indication that as the storage time of the 

nanoparticles increases, the considerable quantity of percentage of nanoparticles gets 

agglomerated at the bottom of the stored bottle. But the rate of settling down of alumina 

nanoparticles having average size ~28nm is quite higher than that of alumina nanoparticles 

having average size of ~13nm. Therefore, the absorption peak drastically decreases as the storage 

time increases. Hence, from UV-Vis analysis, it is concluded that 0.1%VF (~13nm) alumina 

nanofluids are showing higher stability in longer storage time as compared to other volume 

fractions and also as compared to ~28nm alumina NPs dispersed nanofluids. 

(A)  (B)  

(i)  
(ii)  
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Fig 4.5 Effect of alumina NPs sizes on the absorption peak of 0.1%VF and 0.2%VF  alumina nanofluids. 
 
 
Fig 4.5 shows the plots of absorbance versus percentage volume fractions (%VF) of alumina 

nanoparticles having two different sizes that is, ~13nm and ~28nm sizes respectively. It is seen 

from the Fig 4.5 that for a volume fraction of 0.1%, alumina nanoparticles dispersed nanofluids 

of average size ~28nm has higher absorbance than that of alumina nanoparticles dispersed 

nanofluids having an average size of ~13nm for both being as-prepared samples respectively. 

But in the case of 0.2%VF alumina nanofluids of ~13nm size has higher absorbance than that of 

alumina nanofluids having an average size of ~28nm. This is due to the fact that alumina 

nanoparticles of average size ~28nm are poorly dispersed in the basefluid, as compared to that of 

alumina nanoparticles of average size ~13nm of same percentage volume fractions. Therefore, 

not only ~28nm sizes 0.1%VF is not stable, higher volume fractions are stable for ~28nm 

alumina nanofluids.also not stable 

Fig 4.6 shows the UV-Vis spectra of the ~13nm alumina nanofluids for two volume fractions 

(0.1%VF and 0.2%VF) for two different storage time. From 4.6, it is confirmed that upon certain 

duration of time, the peak value of absorbance decreases as the storage time increases but after 

reaching the threshold time, the peak value of absorbance increases along with the increase in the 

storage time. This may be due to the reason that once the threshold duration of storage time is 

reached, there would be a change in the size and morphology of the alumina nanopaticles, that is 

alumina nanoparticles would increase in size and also the morphology of the alumina 

nanopaticles changed to cubical shape as seen in the TEM images of Fig 4.3(D). Fig 4.6(B) 

shows the plot of absorption of alumina nanoparticles of ~13nm size having 0.1%VF and 
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0.2%VF for different storage time duration ranging from as-prepared samples to a maximum 

period of 18 months durations. Comparing these two different percentage volume fractions of 

alumina nanoparticles, it is clear that in both the cases, the amount of absorption value decreases 

upto a threshold time limit of 6 to 7 months after which there would be increase in the absorption 

values as the storage time increases. 

 
 
 
Fig.4.6(A): UV-Vis Spectroscopy of aluminaNPs(~13nm)   Fig.4.6(B): Effect of %VF on aluminaNPs (~13nm) 
having  0.1 and 0.2 %VF at different storage time              having  0.1 and 0.2%VF at different storage time. 
 
 
4.3 MWCNTs  Effect on Stability of nanofluids  

 
Multi walled carbon nanotubes (MWCNTs) were purchased from Reinste Pvt. Ltd. The CNT 

nanofluids were prepared in different volume percentage starting from 0.005, 0.001, 0.01 and 0.1 

by two step process. In all the nanofluids preparation process, the volume of methyl esters 

biodiesel was kept constant (20mL) to investigate the effect of MWCNTs concentrations on the 

stability. For each sample, the sonication was done starting initially for 30 minutes and then the 

prepared samples were kept idle in a glass tube without causing any disturbance to investigate on 

the dispersion stability. It was found that the MWCNTs were settling down within 5 to 10 

minutes and few times MWCNTs were not being fully dispersed with the biodiesel during the 

ultrasonication process itself. To attain the stability of the nanofluids two different approaches 

are followed to modify the surface of the MWCNTs: 1) non-covalent approach, 2) covalent 

approach. The surface modification technique with treating in Oleic acid improved the stability 

of the MWCNTs dispersions in the Jatropha biodiesel (as discussed in chapter-3).  

 

4.3.1 TEM analysis 
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Fig. 4.7 shows the TEM images of the oleic acid treated MWCNT in nanofluids as-prepared and 

14 days older sample respectively. It was seen from Fig. 4.7 that, there is not much change in the 

morphology of both the samples i.e. as prepared and the older sample but small aggregations are 

observed in case of the 14days older sample. However, surface modification or defects are still 

present in both the samples i.e. MWCNT walls. It is concluded that oleic acid can be used as the 

agent for the surface modifications of the MWCNT and to achieve the long term stability of the 

biodiesel based nanolfuids. Similar effect was also observed for different quantity of Oleic acid 

for the same percentage volume fractions of 0.01 MWCNTs as seen in Fig 4.8. 

 

  

Fig.4.7 TEM micrographs of MWCNT-NFs (0.001%VF) with Oleic acid (a) As Prepared (b) 14Days Old 
Nanofluids  

      

Fig.4.8 TEM micrographs of 28days old, (2hours sonicated 0.001% V.F) with (a) 200 μl OA and (b) 400 μl OA 
nanofluids 

4.3.2 FT-IR spectroscopy analysis 
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Fig 4.9 shows the FT-IR spectrum of MWCNTs dispersed nanofluids using surface modification 

technique of Oleic acid for different sedimentation time. The peak at 3006 cm-1 was assigned to 

the stretching of C-H bonds. The peak at 2926 and 2848 cm-1 is associated with the anti-

symmetric and symmetric stretching of CH2 bonds from n-alkanes groups. The C=O stretching 

band observed at 1747 cm-1& 1243 cm-1 and CH2 deformation band observed at1467 cm-1. 1358 

cm-1 corresponds to symmetric bending of the methyl groups. The asymmetric and symmetric 

stretching of C-O-C groups are noted at 1171 and 1193 cm-1, the higher frequency asymmetric 

stretching is usually the more intense than symmetric band. The peak 1018 and 722 cm-1 belongs 

to C-O-C symmetric stretching and -(CH2)n

                      

- rock, it will appear when n ≥ 4 

Fig 4.9. FT-IR spectra of (a) Pure Biodiesel (b) Biodiesel with OA (c) 3days old 1Vol.% NFs and (d) 30 days 
old 1Vol.% nanofluids    
 

4.3.3 Raman spectroscopy analysis 

Raman spectra of pure biodiesel and nanofluids are shown in Fig 4.10. There is not any 

frequency shift in the nanofluids spectra with difference in intensity variations. This is because 

of the bandwidth which is its characteristics of more than one compound, and then the intensity 

is the contribution of all compounds present in the sample. i.e., there is a local concentration of 

the component responsible for Raman modes. On comparing pure biodiesel and nanofluids, it is 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 56 
 

found that the intensity of the nanofluids are very less than the pure one this is may be because of 

MWCNTs are dominating the biodiesel.  

 

                                       
                  Fig 4.10 Raman Spectra for (a) Pure Biodiesel (b) Biodiesel with Oleic acid and (c) 1Vol. % of NFs 
 
 

 

Fig 4.11. TEM micrograph of MWCNTs (a) without oleic acid (b) with oleic acid 

Fig 4.11 shows the TEM micrographs for the comparison of  MWCNTs dispersions of without 

using Oleic acid and with using Oleic acid. It is seen  that, there was not any functional groups 

present in the sample even after the addition of Oleic acid and also the preparation of nanofluids, 

which shows that the Oleic Acid does not vary the biodiesel properties and would not attach any 
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functional groups with the MWCNTs walls. It may create some defects on the side walls of the 

MWCNTs which may be helpful to disperse the MWCNTs with the biodiesel.  

 

 

4.3.4 UV Spectroscopy analysis 

UV spectroscopy used to quantitatively characterize the stability of MWCNTs dispersion in the 

basefluids. Fig 4.12 shows the UV spectrum of different volume percentage of MWCNTs 

suspension with different ultra-sonication time such as 1hour, 2hours and 4hours. In this 

investigations, the stability period and oleic acid concentration are kept constant to find suitable 

volume fraction and suitable ultrasonication time period. That is, MWCNTs are well dispersed 

by ultrasonication which is an external mechanical energy that helps the nanomaterials to 

overcome the attractive Vander Waals forces. So if the ultrasonication time period is increased, it 

should give greater stability. But here, in all volume percentage, very long time sonicated sample 

gives less stability, that is, 2hours ultrasonicated sample gives more stability than 4 hours 

ultrasonicated sample. And also lower volume percentage has high stability than very higher 

volume percentage, i.e.0.5 and 1 volume percentage gives higher stability than 1.5 and 2 volume 

percentage in all period of ultrasonication shown in Fig 4.12. Fig 4.13(a) shows the different 

oleic acid concentration with maintaining all the parameters constant i.e., volume percentage, 

and ultrasonication time were kept constant to find the optimization of oleic acid concentration. 

It shows the 200µl has higher stability than other. 

Fig 4.14 shows the UV spectra for different stability with Optimized condition i.e., percentage 

volume fraction, ultrasonication time period and oleic acid concentration were fixed to observe 

the stability of nanofluids for different reaction time. It is found that as-prepared sample has 

higher absorption intensities, indicating more nanomaterials were dispersed in the basefluids. 

After 14 days the absorption intensities were slightly reduced. This could be due to the difference 

in reaction time as some of nanomaterials would have been settled. But in 28 days old sample it 

can seen that there is another peak found which is having slightly low intensity of absorption. 

This may be the due to the reason that the tube like structure was decomposed by the domination 
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of basefluids and also the surface modified agents. In the 35 days old sample, MWCNTs were no 

longer in the suspensions state and hence, the MWCNTs dispersed nanofluids loses its stability 

properties.  

 

 

Fig 4.12 UV spectrum for different volume percentage and different sonication time for Biodiesel based 
MWCNT-NFs 
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Fig 4.13 UV spectrum for Optimized condition for good suspension stability of MWCNT nanofluids with (a) 
Variable Oleic acid Concentration (b) Variable Volume percentage 
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Fig 4.14. UV–Vis spectra for different stability period with Optimized condition (a) As prepared (b) 14 days 
old sample (c) 28days old sample (d) 35 days old sample 

 

 

(A)  (B)  
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Fig.4.15: Plots of absorbance with (A) storage time for 0.001 and 0.005%VF MWCNTs nanofluids                 
(B) Volume fraction for as-prepared, 5days and 10days older samples. 
 
Fig 4.15((A) and (B)) shows the absorption of 0.001%VF and 0.005%VF of MWCNTs 

nanofluids with storage time. It is clear (from the Fig 4.15(A)) that the absorption peak value 

decreases gradually upto 5days of storage time while after 5 days of storage time, it rapidly 

decreases and more rapidly for 0.005%VF as compared to 0.001%VF nanofluids. Fig 4.15(B) 

shows the absorption of MWCNTs nanofluids having 0.001%VF and 0.005%VF for as-prepared 

samples, samples of 5 days old and 10days old. From the bar graph of Fig.4.15(B), it is seen that 

as the storage time increases, there is a decrease in the absorption peaks of both the samples 

(0.001%VF and 0.005%VF). But the decrease is more in the case of sample having 0.005%VF 

when compared with the sample having 0.001%VF respectively. Therefore, 0.001%VF 

MWCNTs (treated with oleic acid) based bio-diesel nanofluids are more stable for almost 

2weeks. However, all other covalent and non-covalent approaches of MWCNTs nanofluids are 

not showing stability for higher volume fractions. 
 
4.4 Material Effect (alumina and MWCNTs) on Stability of nanofluids: 
 
Fig 4.16((A) and (B)) shows the comparison of absorbance for the different percentage volume 

fractions of alumina nanoparticles having average size of ~13nm and multi-walled carbon 

nanotubes for as-prepared samples and also for 10 days old samples respectively. Comparing 

both the figures (Fig.4.16(A) and (B)), it is clear that regarding the alumina nanoparticles, the 

difference between the absorbance peaks for as-prepared samples of 0.1%VF and 0.2%VF is 

high during the as-prepared stage while the same differences in peaks of 0.1%VF and 0.2%VF 

have narrow gap with lower absorbance peak values which implies that considerable amount of 

nanoparticles might have agglomerated and settled down at the bottom of the sample tubes. 

Regarding the MWCNTs, also the same trend was noticed for 0.001%VF and 0.005%VF  

respectively in both the cases, that is in the case of as-prepared samples and also in the case of 

10days old samples except for the 0.01%VF which does not show any peak after 10days (as 

shown in the Fig 4.16(B). 
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Fig.4.16 (A) : UV-Vis Spectroscopy of different material for      Fig.4.16(B) : Absorbance for alumina and 
higher stability storage time.                                                           MWCNTs for older samples                                                                                  

 
Fig.4.17 : Effect of  size variations on 0.1%VF                 Fig.4.18: Effect of material variations on  
of aluminaNPs (as-prepared)                                                  different loading. 
 
Fig 4.17 shows the plot of absorption with percentage volume fractions of as-prepared samples 

of 2 different materials that is multi-walled carbon nanotubes and alumina nanoparticles. The 

percentage volume factions of MWCNTs were 0.001%VF, 0.005%VF, 0.01%VF and 0.02%VF 

respectively, which were compared individually with two different sizes of alumina 

nanoparticles (~13nm and ~28nm sizes) having percentage volume fractions of 0.05%VF, 

0.1%VF, 0.2%VF and 0.4%VF respectively. It is seen from the Fig 4.17 that the percentage of 

absorption for MWCNTs and alumina nanoparticles of ~13nm size is increasing as the 

concentration increases but the same trend is not seen in the case of alumina nanoparticles of 

average size ~28nm respectively. Fig 4.18 shows the comparison of MWCNTs having 

percentage volume fractions of 0.001 and 0.005 which were stable for 10 days with the stable 

alumina nanofluids of average size ~13nm having percentage volume fractions of 0.1 and 0.2 for 

(A)  
(B)  

(A)  
(B)  
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10 days old samples respectively. Hence, the properties of alumina and MWCNTs with respect 

to viscosity, thermal conductivity and evaporation rate are discussed in the subsequent chapters. 

4.5 Conclusions 

In this chapter, the effects of nature of alumina nanoparticles and MWCNTs and also the size 

effects of alumina nanoparticles was investigated for their longer term stable properties when 

dispersed in jatropha biodiesel. For this purpose, alumina nanomaterials sizes of ~13nm and 

~28nm and MWCNTs having length ~10µm, no. of walls 3-15 were considered. Different 

volume fractions(VF) such as 0.05%, 0.1%, 0.2%, and 0.4% were prepared by using two 

different sizes of alumina nanoparticles(~13nm and ~28nm). Since, the higher concentrations of 

alumina nanofluids were not possible with the basefluids alone, the surfactants namely, Span80 

and Tween80were used in the ratio of 1:1 for Al2O3 nanofluids for better and longer term 

dispersion stability. The results showed that the Nanofluids with smaller average size alumina 

nanoparticles having 0.1% volume fraction (1:1 Span80 and Tween80)  were  showing longer 

stability more than one year as compared to the larger (two times) size nanoparticles having 

0.1% volume fraction (1:1 Span80 and Tween80) since smaller nanoparticles having the  larger 

solid/liquid interface as compared to the larger nanoparticles.  Stability of alumina nanoparticles 

(~13nm and ~28nm) based nanofluids was investigated periodically by TEM, FESEM, and UV-

Vis spectroscopy for different concentrations. Also multi walled carbon nanotubes (MWCNTs) 

having different volume fractions was also investigated for their stability in the Jatropha 

biodiesel by considering the covalent and non-covalent approaches. It was seen that all the 

surfactants such as Span80 and Tween80

 

, SDS, PVP, CTAB and the surface modifications by 

treating with sodium oleate, sulphuric and nitric acids, MWCNT biodiesel based nanofluids were 

showing very poor dispersion stability.   
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Chapter 5 
 
 
 
 
 
 
Nanomaterials and Their Size Effect on the Viscosity of the Nanofluids 

 
 
 
 
5.1 Introduction 
 
5.2 Viscosity and its types  

 
5.3 Alumina NPs size and concentration effect on viscosity of nanofluids 
 
5.4  MWCNTs effect on viscosity of nanofluids 

 
5.5 Material Effect (Alumina NPs and MWCNTs) on viscosity of 

nanofluids 
 

5.6  Conclusions 
 

 

5.1 Introduction 

Alternate fuels such as biodiesel or nanoparticles / nanomaterials dispersed biodiesel based 

nanofluids should satisfy some of the basic requirements such as flash point, fire point, viscosity 

and combustion characteristics prior to its practical applications in the diesel engines. Out of 

these, viscosity is one of the most important property for the consideration of alternate fuels for 

diesel engine. As per the American Standards for Testing and Measurements (ASTM), the 

viscosity of diesel engine fuels should be of less than 4centi-stokes. High viscous fuels may 

cause problems such as incomplete combustion of the fuel droplets, noise pollution, emissions of 

harmful pollutants, soot formation, cold starting problems like blocking of the fuel passage in the 

combustion chamber. In this context, though several research for finding alternate fuels was 

carried out all over the globe, unless the requirements of viscosity levels are satisfied, it cannot 

be implemented as an alternate fuel in the existing diesel engines.  
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Though similar works on the nanoparticles dispersed biofuels based nanofluids were carried out 

by many researchers across the globe, most of their work was carried out for as-prepared samples 

or for few days older samples and hence, correspondingly, the viscosity was also limited to the 

as-prepared samples or few days older samples only. However, measurements of the viscosity 

for alternate fuels of more than 1week of such nanofluids storage time were not addressed in any 

of the literatures till date as per our knowledge. Therefore, this chapter deals with the viscosity 

measurement for different concentrations of alumina and MWCNTs dispersed nanofluids for 

having long term storage time. The stability of the alumina and MWCNTs nanofluids are 

mentioned in the previous chapters. Viscosity of all the samples were measured by using a 

Rheometer as Viscometer for long term durations of the stable nanofuels having different 

volume concentrations namely, 0.05%VF, 0.1%VF and 0.2%VF for alumina based nanofluids 

and 0.001%VF, 0.01%VF and 0.1%VF for MWCNTs based nanofluids respectively. These 

considerations were important from applications point of view also as long term stable nanofuels 

satisfying the viscosity limitations would help to combat challenges posed by the alternate fuels 

for diesel engines. 

5.2  Viscosity and its types: 
 
Viscosity is the property of fluids offering resistance to the free movement of layers of fluids one 

above the other by virtue of the various internal forces acting on them. When two layers of a 

fluid which are separated by a small distance ‘dy’ apart, move one over the other with different 

velocities x and x+dx, the viscosity along with their relative viscosity causes a shear stress 

between the two layers of fluids. The upper layer causes a shear stress over the lower layer of the 

two fluids and simultaneously, the lower layer also causes a shear stress on the upper layer. This 

shear stress is proportional to the rate of change of velocity with respect to velocity gradient. 
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                                         Fig 5.1: Velocity  profile with solid boundary 

 
Thus, shear stress τ   =  µdx/dy, Pa s or Ns/m

Where τ=shear stress 

2 

               µ = proportionality constant also known as co-efficient of dynamic viscosity or 

viscosity, 

              dx/dy is the rate of shear strain or velocity gradient. 

Thus,  viscosity µ = τ / (dx/dy) 

Hence, viscosity can also be stated as the shear stress required to produce unit rate of shear 

strain. 

Kinematic viscosity ( υ ) :  

Kinematic viscosity (υ) is the ratio of dynamic viscosity to that of the density of the fluid. 

That is,   Kinematic Viscosity, υ =   µ / ρ , m2

 

/s 

Newton’s Law of Viscosity: 
 
Newton’s law of viscosity states that the shear stress (τ ) on a fluid element layer is directly 

proportional to the rate of shear strain.  The constant of proportionality is called the co-efficient 

of viscosity, and is expressed as: 

                                          τ   =  µdx/dy 
 
Fluids which obey the above relation are known as Newtonian fluids and the fluids which do not 

obey the above relation are the Non-newtonian fluids. 
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Types of fluids: 

Fluids are broadly classified as follows: 

 Ideal fluid: A fluid that is incompressible and has no viscosity is known as ideal fluid. 

 Real Fluid: A fluid having viscosity is known as real fluid. 

 Newtonian fluid: A real fluid having the shear stress proportional to the rate of shear 

strain or the velocity gradient is known as Newtonian fluid. 

 Non-Newtonian Fluid: A real fluid in which the shear stress is not proportional to the rate 

of shear strain or the velocity gradient is known as Non-Newtonian Fluid. 

 Ideal Plastic fluid: A fluid having shear stress more than the yield value and shear stress 

is proportional to the rate of shear strain or the velocity gradient is known as ideal plastic 

fluid. 
 
 

 
 
                                                       Fig 5.2:Different types of fluids 
 
 

A Rheometer is a laboratory device used to measure the way in which a liquid, suspension or 

slurry flows in response to applied forces. It is used for those fluids which cannot be defined by a 

single value of viscosity and therefore require more parameters to be set and measured than is the 

case for a viscometer. Viscosity is a measure of the resistance of a fluid which is being deformed 

by the shear stress. Stress is the measure of internal force applied to an object. Shear stress is the 

stress which is applied parallel to the face of an object or material. More specifically, rheometers 

measure the forces (like shear associated with a flowing substance. Typically, the flowing 
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substance is much thicker than a liquid (like concrete). A rheometer along with the flowing 

fluids, also measures the effects of flow at different pressures-especially key characteristics of 

the flow like shear (how difficult it is to change the flow) or how the flow of a substance tends to 

drag surrounding materials. The output of a rheometer is typically a set of curves that depict 

these forces as the pressure on the flowing material changes. Rheometers are almost as varied as 

the substances and forces that they measure.  

Types of Rheometer:  

Rotational or Shear rhoemeters: In rotational or shear rheometers, the applied shear force or 

shear strain can be controlled effectively. Shear rheometers are broadly classified into three 

types. They are pipe or capillary rheometer, rotational cylinder rheometer and cone and plate 

rheometer. 

Pipe or capillary rheometer: In this type, liquid is forced through a tube having a constant cross-

section and known diameter having a laminar flow condition. The flow rate or pressure drop is 

fixed and one of the other parameter is measured for a constant value of the first parameter. Then 

the flow rate is controlled to shear rate and the pressure drop into shear strain. Finally varying the 

pressure or flow rate is found out. 

Rotational rheometer: In rotational cylindrical type, the liquid is to be measured, placed in a ring 

shaped object of any one of two cylinder. Then one cylinder is rotated at constant speed. In this 

way, the shear rate inside the ring is measured and then the liquid is dragged into another 

cylinder. Finally the force of this liquid exerted on the cylinder is found out which can be 

converted to shear strain. 

Cone and plate rheometer: The cone and plate rheometer, the liquid for which viscosity is to be 

measured is placed on the horizontal plate and hollow cone placed into it. The angle between the 

surface of the cone and the plate is very small, nearly about 1o

 

. Then the plate is rotated and 

force on the cone is measured to find out the shear stress by finding the degree of twist and the 

rotation speed determines the shear rate. 
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5.3 Alumina NPs size and concentration effect on the viscosity of nanofluids 
 

Viscosity measurement of neat diesel and Al2O3

The viscosity of Al

 NPs dispersed Nanofluids: 

2O3 NPs dispersed Jatropha biodiesel based nanofluids was measured using a 

rotational Rheometer (Physica, MCR-301, Anton Paar). It consists of two parallel cylindrical 

plates having a gap of 0.5mm between which the fluid whose viscosity were supposed to be 

measured, has to be placed; One of these two parallel plate is rotated at a controlled rotation rate 

in order to shear the sample contained in the gap. The shear rate is kept at a constantof 50/s. 

Shear stress is determined by measuring the torque on one of these two parallel plates. 

Measurements of the viscosity of the samples were considered in a temperature range of 20oC to 

75o

For Newtonain Fluids 

C for different concentrations of alumina nanofluids, neat Jatropha biodiesel and neat diesel.  

And dynamic viscosity of the nanofluid can be obtained from the relation: 

                           𝜏 =  µ𝛾  

For Non-Newtonian Fluids 

                          𝜏 = 𝐾𝛾𝑛 

Where τ is the shear stress in Pa,  

       µ is the viscosity and  

      γ is the shear rate s-1

      n is the flow behavior index and  

, 

      K is the flow consistency index in Pa.sn

The output data obtained from these settings were viscosity, shear stress, speed and torque 

corresponding to the temperature. The viscosity of the neat diesel fuel measured in our 

laboratory was found to be 2.704cst at 40

. 

oC which is matching the range of values given in the 

literature [86]. Similar way, the viscosity of Al2O3 NPs dispersed Jatropha biodiesel based 

nanofluids was measured for different concentrations and also for different storage time and the 

results were plotted for viscosity versus shear stress as shown in the Fig.5.3 to 5.6. 
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                       Fig.5.3: Plot of Viscosity Vs Volume Fractions of the Alumina                      
                       nanofluids having two sizes (~13nm and 28nm)  of as-prepared                
                       samples at room temp. 
 
Fig.5.3 shows the plot between the viscosity and different volume fractions at room temperature 

for two different sizes (~13nm and ~28nm) of alumina NPs based nanofluids. The concentrations 

prepared were 0.05% VF, 0.1%VF, 0.2%VF and 0.4%VF for both the sizes of ~13nm and 

~28nm respectively. From Fig 5.3, it is concluded that alumina nanofluids having ~13nm sizes is 

possessing higher viscosity than that of 28nm sizes nanofluids which may be due to the fact that 

in the case of ~28nm sizes alumina nanofluids, Al2O3 NPs (~28nm size) are settled down at a 

faster rate than that of their counter particle sizes (~13nm). Also the rate of settling down of the 

alumina nanoparticles (~28nm size) of 0.4% volume fractions is more rapid and having clusters 

of bigger size particles, as compared with that of 0.05% and 0.1% volume fractions. Hence, 

increasing the volume fractions, both the sizes of alumina NPs (~13nm and 28nm) dispersed 

nanofluids are showing higher viscosity. The rate of settling down for 0.1% volume fractions 

(~28nm size) is more faster than that of 0.05% volume fractions. It is also observed that for the 

case of 0.2% volume fractions of alumina nanoparticles (~28nm size) based nanofluids is 

showing entirely different phenomenon. The viscosity of  0.2% volume fraction for  both the 

alumina nanoparticles (~13nm and ~28nm sizes) based nanofluids are almost the same with 

~28nm size alumina nanoparticles having slightly higher viscosity than that of their counter ones 

~13nm size alumina nanoparticles based nanofluids. This shows that the viscosity of both the 

sizes (~13nm and ~28nm) of alumina nanoparticles based nanofluids having similar flow 
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properties when the volume fraction is close to 0.2% and further investigations in this regard is 

still required to fully understand this unique phenomenon. However, one of the reason is that at 

0.2% vf, both are showing the stability. Fig 5.4 and 5.5 shows the plot between the viscosity 

versus shear stress of alumina nanoparticles dispersed jatropha biodiesel based nanofluids for as-

prepared samples for both the sizes of alumina nanofluids by varying the percentage volume 

fraction. It also shows the comparison of viscosity versus Shear Stress of alumina nanofluids 

with respect to synthesized jatropha biodiesel (without any nanoparticles dispersions) and also 

with that of neat diesel fuel.  

 

Fig.5.4: Plots of Al2O3

 

 Nanofluids (~13nm size) for as-prepared samples having varying concentrations of 
0.05, 0.1, 0.2 and 0.4%VF  (A) Viscosity and Shear Stress (B) Viscosity and Temperature 

 

Fig.5.5: Plots of Al2O3

 

 Nanofluids (~28nm size) for as-prepared samples having varying concentrations of 
0.05, 0.1, 0.2 and 0.4%VF       (A) Viscosity and Shear Stress (B) Viscosity and Temperature 

(A)  (B)  

(A)  (B)  
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Fig.5.6: Plots of Al2O3

 

 Nanofluids (~13nm size) for different storage samples having 0.1%VF (A) Viscosity 
and Shear Stress (B) Viscosity and Temperature 

 Fig.5.4(a)-(b) show that the viscosity of diesel is the lowest for all the values of shear stress, 

followed by 0.05%VF and 0.1%VF of 13nm size alumina nanofluids, and synthesized Jatropha 

biodiesel which may be due to the fact that the alumina nanoparticles contribute the catalytic 

properties when used as a fuel and the optimal quantity may be in the range of  0.05%VF to 

0.1%VF. While viscosity of alumina nanofluids having concentrations 0.2%VF and 0.4%VF 

always remained higher than that of neat synthesized jatropha biodiesel at all the values of shear 

stress since the quantity may be more than the threshold value for the catalytic properties to be 

imparted to the jatropha biodiesel.  

Fig.5.6 show viscosity versus Shear Stress of alumina nanoparticles (~13nm) dispersed jatropha 

biodiesel based nanofluids for different sedimentation time of 0.1%. It also shows the 

comparison of the same with respect to synthesized jatropha biodiesel (without any nanoparticles 

dispersion) and also with respect to neat diesel fuel. It is clear from the Fig.(5.4 and 5.5) that the 

viscosity of as-prepared samples of 13nm size alumina nanofluids having 0.1%VF at higher 

temperature may possess the fuel properties nearer to that of diesel fuel when compared with that 

of all other sedimentation times which may be due to the reason that as the sedimentation time 

increases, more and more of the alumina nanoparticles gets agglomerated and settles down at the 

bottom of the sample test tube when compared to that of the as-prepared samples. Due to this 

agglomeration and settling down of the alumina nanoparticles with respect to sedimentation 

time, more and more of synthesized jatropha biodiesel may be present whose viscosity was 

definitely much higher than that of  alumina nanofluids of 0.05%VF and also higher than that of 

neat diesel fuel. 

(B)  (A)  
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Fig5.7 (A)Viscosity vs storage time of Al2O3 nanofluids   Fig.5.7(B)Viscoisty vs Al2O3

 (~13nm, 0.1VF)                                                                     samples 

 NPs size for as-
prepared   

                            
5.4  MWCNTs effect on the viscosity of the nanofluids 

Fig.5.8 show the plot of viscosity with varying shear stress MWCNTs dispersed Jatropha 

biodiesel based nanofluids for different concentrations upto a stability durations of 10 days along 

with the viscosity measurements of neat diesel and also neat Jatropha biodiesel. From the 

Fig.5.8, it is clear that MWCNTs dispersed nanofluids of as-prepared having a percentage 

volume fraction of 0.001 and 0.005 are showing lower viscosity as compared to that of neat 

Jatropha biodiesel. Hence, on adding nanomaterials to the jatropha biodiesel, its viscosity can be 

reduced which helps in improving the combustible properties of diesel engines. 

 

Fig.5.8: Plots of MWCNTs Nanofluids for as-prepared  samples having 0.001, 0.005 %VF  as-prepared and 
10days old samples showing (A) Viscosity and Shear Stress (B) Viscosity and Temperature 
 

(B)  
(A)  

(A)  (B)  
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Fig5.9 Viscosity vs storage time of MWCNTs at  (A) Shear stress of 0.125Pa.  (B) 40o

                                     
C    

However, as the percentage volume fraction increases, viscosity is also increasing as can be seen 

for as-prepared samples of 0.005 when compared with 0.001%VF. But, for the 10days storage 

time of  nanofluids, viscosity is higher than that of Jatropha biodiesel and also higher than the as-

prepared samples. As the temperature of the nanofluids increases, viscosity of the nanofluids 

decreases. 

5.5 Material Effect (Alumina and MWCNTs) on the Viscosity of the nanofluids: 

Fig 5.10 shows the Viscosity with Temperature of as-prepared sample and longest stable samples 

of alumina nanofluids of (~13nm)  and MWCNTs dispersed nanofluids respectively. It is found 

that MWCNTs of as-prepared sample having a volume fraction of 0.001 has the lowest viscosity 

than that of Al2O3 NPs dispersed nanofluids. But on comparing the storage time of the both the 

materials, Al2O3 nanofluids having a storage durations of 14months has lesser viscosity than that 

of MWCNTs nanofluids having a storage duration of 10days. 

(A)  (B)  
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Fig.5.10 Plots of Al2O3

 

 (~13nm) and MWCNTs with  as-prepared and longer stability time samples 
(A)Viscosity Vs Temperature  (B) Viscosity Vs Shear Stress 

 
 
 

(B)  

(A)  
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5.6  Conclusions: 

The size and materials effect on the viscosity of alumina nanoparticles (~13nm and ~28nm) and 

MWCNTs dispersed jatropha biodiesel based nanofluids has been investigated. The influence of 

alumina nanoparticles sizes, the storage time periods of both the nanomaterials / nanoparticles on 

the viscosity of the biodiesel based nanofluids are reported in this chapter. Since alumina 

nanoparticles having ~28nm size is not showing dispersion stability for longer durations, 

investigations were carried out for alumina nanofluids having average size of ~13nm having  

0.1%VF for a storage time of more than 22months, while investigations were limited to as-

prepared samples for ~28nm size alumina nanofluids. It was observed that as-prepared samples 

having 0.05%VF and 0.1%VF of both the sizes of alumina nanofluids (~13nm and ~28nm), were 

showing viscosity lesser than that of neat jatropha biodiesel.  

It is concluded that as the Al2O3 NPs sizes decreases, viscosity of the nanofluids increases for all 

the different nanoparticles loading (0.1, 0.2 and 0.4%VF). Also as the Al2O3 NPs loading 

increases, the viscosity is directly proportional and is higher for higher loading in both the 

~13nm and ~28nm sizes Al2O3 NPs dispersed biodiesel nanofluids. However, increasing the 

temperature of the nanofluids, viscosity is decreasing sharply for all the loading for both ~13nm 

and ~28nm Al2O3

 

 NPs based nanofluids. Second conclusion is that as the storage time of the 

nanofluids increases, the viscosity also increases for all the particle loading. However, with 

increasing the temperature, viscosity of all the different storage time samples sharply decreases. 

This results support the fact that alumina nanoparticles could be used as catalytic materials to 

enhance the combustion properties of the diesel engines when used as an alternate fuels. 
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Chapter 6 
 
 
 
 
 
Nanomaterial and Their Size Effect on Thermal Conductivity of the 
nanofluids  nanofluids 

 
 
 
 
6.1    Introduction 
 
6.2    Experimental set-up of the Thermal Conductivity of nanofluids 

 
6.3    Alumina NPs size and concentration effect on the Thermal Conductivity 
of nanofluids 

 
6.4    MWCNTs concentration effect on the Thermal Conductivity of 
nanofluids 

 

6.5    Material effect (Alumina NPs & MWCNTs) on the Thermal 
Conductivity of nanofluids 

 
6.6    Conclusions 

 

 

6.1 Introduction 

Thermal Conductivity is a property of the materials to conduct heat and several different types of 

materials conduct heat by different phenomenon. For example, high energy generations rates 

within electronics or turbines require the use of materials with very high thermal conductivity 

such as copper, aluminium and silver. On the other hand, materials with low thermal 

conductance such as polysterene and polymers are used inbuilding construction or in furnaces in 

an effort to slow the flow of heat, i.e. for insulation purposes.  

Nanofluids are new class of engineered fluids whose thermal conductivities are different than 

that of basefluids or the nanparticles or nanomaterials dispersed in the basefluids. Therefore, to 

measure accurately the thermal conductivity of the nanofluids several methods or approaches are 

existing such as Transient Plane Source, Steady-State Parallel-Plate, Cylindrical Cell method, 
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Temperature Oscillation, 3w and Transient hot-wire (THM) methods. These are briefly outlined 

in the following section. 

Transient Plane Source (TPS) method 

The Fourier law of heat conduction forms the basis for the TPS method. The components of the 

setup consist of a container, a constant temperature bath, a thermometer and a thermal constants 

analyzer whose probe is vertically immersed in the container with the nanofluid. The temperature 

of the probe rises when it is supplied with a constant electric power. This rise can be derived 

from measuring the change in resistance of the probe, from which the thermal conductivity of the 

nanofluid is ultimately calculated. 

In the case of the onset of natural convection, the thermal constants analyzer is designed to 

automatically give a notification. This way, the result can be proved to be more reliable. As a 

preventive measure of the occurrence of natural convection, necessary control of the analyzer 

parameters are often carried out. 

The TPS method offers certain advantages which have been mentioned in literature and are listed 

here point-wise: 

• Measurements are carried out in a very short interval of time. 

• This method can be utilized on samples that have a wide range of thermal conductivity 

(From 0.02 to 200 W/mK) 

• The size of the sample can be flexible. 

Steady-state parallel-plate method 

This method is based on the transfer of heat predominantly in a single direction. This is often 

carried out using parallel-plate or concentric cylindrical designed equipment. Challoner and 

Powell came up with a design in which a small amount of fluid is placed in between two parallel 

copper plates [84]. A heater is used to supply heat to the fluid in between the plates, due to which 

the entire setup including the plates gets heated up resulting in a temperature rise. The one 

dimensional heat equation, coupled with the values of the cross sectional areas and the overall 

geometry of the setup, is then used to calculate the overall thermal conductivity value across the 

plates. 
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Cylindrical cell method 

The cylindrical cell method follows a steady state approach. In the year 2009, Kurt et al. 

measured the thermal conductivity of ethylene glycol – water solutions and compared the 

experimental results with those obtained by using Artificial Neural Networks (ANN). In this 

method, the nanofluid is placed in the annular space of two coaxial cylinders. An electric heater 

placed inside the inner cylinder provides heat that flows in the radial direction. The temperature 

gradient caused by the flow of this heat is measured by two thermocouples. The thermal 

conductivity of the nanofluid is then calculated by using the Fourier’s law in cylindrical 

coordinates [88]. 

Two thermocouples are utilized to measure temperature difference after applying power and heat 

transform caused by heater. Using Fourier’s law in coaxial cylinders, thermal conductivity of 

sample in the gap could be computed. 

Temperature Oscillation method 

In this method, a temperature oscillation is imposed on the nanofluid and the resulting 

temperature response is then measured. Roetzel et al. [91] first proposed the oscillation method 

based on which the Temperature Oscillation method was developed.  

The experimental setup consists of a test cell with both the sides surrounded by cooling water 

supplied by a thermostatic bath. Electric power is supplied to the Peltier element and the 

resulting temperature responses are measured by thermocouples. These measurements are then 

fed to an amplifier. A data logger is used to store the measurements in a computer that is 

installed with the required software prior to performing the experiment [91]. 

3w method  

This method is similar to the THW method in the sense that a single element acts both as the 

source of heat and a temperature probe. The concept of temperature oscillation is used here, 

wherein a heat wave is generated by passing a sinusoidal current of w frequency. This heat wave 

has a frequency of 2w. Cahill [92] gives the exact solution of the temperature oscillations which 

are related to the amplitude of the power generated and the frequency of the line source of heat. 

This method is mostly used for the measurement of temperature dependent thermal conductivity 

of nanofluids. Oh et al. [94] used this method to measure the thermal conductivity of Al2O3 

dispersed in DI and ethylene glycol at room temperature 
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Transient hot-wire (THW) method 

Transient hot-wire method is used for many research applications. In this method, the thermal 

conductivity of an unknown nanofluid is determined by considering it as an unknown resistor 

whose resistance can be determined with the help of wheat-stone bridge circuit. Initially, the 

wheat-stone bridge circuit is balanced at no-load conditions and when connected to the data 

logger with constant current source, electric power is supplied for a very brief period of time to a 

thin metallic wire immersed in a fluid. This period usually is confined to an interval of 0-2 

seconds. The power that is applied causes the temperature of the wire to rise owing to the Joule 

effect of heating. This rise in temperature with time depends on the properties [such as thermal 

conductivity] of the fluid medium surrounding the wire. a series of readings having a very small 

variations in voltage can be obtained and when these reading are plotted on a graph, the slope of 

the graph gives the rate of heat transfer from which the thermal conductivity can be calculated. 

Thus this method avoids the onset of heat transfer by natural convection, the effects of which 

gradually increase with time as the temperature gradients increase since, thermal conductivity is 

carried out within a very short period of time, usually less than 2 seconds.    

This method has a limitation in that it cannot be applied to electrically conducting fluids owing 

to the leakage of current that can happen from the wire. Nagasaka and Nagashima [96] found a 

way around this limitation in the year 1981 by coating the wire with a thin insulation wire, which 

prevents the current from leaking into the surrounding fluid.  

6.2 Experimental set-up of the thermal conductivity of the nanolfuids 
 

Theory of the THW principle 

Assumptions in the Transient Hot Wire Method: 

1) The wire is of infinite length  

2) The medium whose thermal conductivity is to be measured surrounds the wire and is also 

infinite. 

3) The thermal conductivity of the wire is assumed to be infinite, so that the temperature 

distribution within the wire is considered to be uniform. 

4) Heat transfer from the wire to the surrounding medium is assumed to take place only by 

the process of conduction.  
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                                          Fig.6.1: Regions in an insulated hotwire immersed in a fluid 

The regions of heat transfer from the hotwire to the fluid around it are three in number. Region 

(1) is the inner bare wire. Region (2) is the insulation coating around the wire and Region (3) is 

the surrounding fluid. Fourier’s law of heat conduction, when applied to these three regions, in 

the cylindrical coordinates gives: 

 ð2⧍Ţ1
 ð𝑟2

 + 1
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ð⧍Ţ1
 ð𝑟

− 1
𝑘1

 ð⧍Ţ1
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----   (6.2)                     

0

Following initial and boundary conditions apply to the above equations:        

<=r                     ----   (6.3) 

⧍ṬR1 = ⧍ṬR2 = ⧍ṬR3

⧍ṬR1

= 0         ----   (6.4)                           

𝜆1
 ð⧍Ţ1
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----   (6.5) 

𝜆2
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ð𝑟
=  𝜆3

ð⧍Ţ3
ð𝑟  

 = ⧍ṬR3 -----   (6.6) 

⧍ṬR3 

  

Based on the above initial and boundary conditions, a solution to the temperature profile in 

region 1 was derived by Nagasaka et al. [38] which is: 

= 0     ----     (6.7)       

ð⧍Ţ1
ð𝑟

= 0 

⧍Ṭ1(𝑡) =  ∫ ⧍Ṭ1(𝑟, 𝑡)𝑖
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2𝜋𝑟𝑑𝑟
𝜋𝑟12

= 𝑞
4𝜋𝜆3

�ln 𝑡 + 𝐴 + 1
𝑡

(𝐵𝑙𝑛𝑡 + 𝐶)�    ----   (6.8) 
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⧍ṬR1

For wires of low diameter, the second term in the above equation has a value that is much lesser 

than the constant term A. Thus, if 1
𝑡

(𝐵𝑙𝑛𝑡 + 𝐶) is much greater than A, it can be neglected and 

the aboveequation essentially reduces to a linear relationship between the temperature gradient 

and ln t. 

 is the temperature profile; A, B and C are constants pertaining to the geometry of the 

hotwire;   

⧍Ṭ1 = 𝑞
4𝜋𝜆3

 ln 𝑡    ----    (6.9) 

Slope,𝑚 = 𝑞
4𝜋𝜆3

= 𝑖2Ɍ4
4𝜋𝑙𝜆3

𝜆3 = 𝑖2Ɍ4
4𝜋𝑙 

  -----   (6.10) 

Where, l = length of the platinum wire, Ɍ 4

 

 = Resistance of the hotwire cell, i = input current 

supplied. 

                              Fig.6.2:  Wheatstone bridge circuit for THW experimental set-up 

The Wheatstone bridge shown in Fig 6.2 is often employed to compare the value of an unknown 

resistance with a known resistance. Table 6.1 gives values of resistances used in this experiment. 

                 Table:6.1 Resistances used in the experiment 

Symbol Meaning Value(Ω) 

Ɍ1 = Ɍ2 Fixed Resistor =Ɍ 10.047 

Ɍ Resistance of the potentiometer 3 2.855 

Ɍ4= Ɍw + Ɍ Resistance of the hot wire cell p 2.115 
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Here, Ɍ1 and Ɍ2 are the fixed resistors, thus leading to a fixed ratio of Ɍ1/Ɍ2. 

One of the other arms of the Wheatstone bridge, Ɍ3, is a 100 Ω potentiometer.  

In the final arm, the resistance of the hotwire is taken as Ɍw, and an additional Ɍp

The bridge output voltage is the difference between voltage at point A and point B.  

 is used to 

denote the parasitic resistance associated with the hotwire cell. 

Ṿout = ṾA – Ṿ

Using the voltage divider relation, V

B 

out

Ṿ𝑜𝑢𝑡 =  Ṿ𝑖𝑛 [ Ɍ𝑤+Ɍ𝑝
Ɍ3+Ɍ𝑤+Ɍ𝑝

− Ɍ2
Ɍ1+Ɍ2

] ----   (6.11)  

 can be written as 

Applying Kirchhoff’s current law at point C gives, 

iT = i1 + i2

Substituting the value of Ṿ𝑖𝑛 eq (6.11), 

Ṿ𝑜𝑢𝑡 = 𝑖 �
( Ɍ1 + Ɍ2)(Ɍ3 + Ɍ4)
Ɍ1 + Ɍ2 + Ɍ3 + Ɍ4

� �
 Ɍ4Ɍ1 − Ɍ2Ɍ3 

(Ɍ1 + Ɍ2)(Ɍ3 + Ɍ4)Ɍ
� 

= 𝑖 �
 Ɍ4Ɍ1 − Ɍ2Ɍ3 

Ɍ1 + Ɍ2 + Ɍ3 + Ɍ4
� 

----    (6.12) 

=
Ṿ𝑖𝑛

Ɍ1 + Ɍ2
+

Ṿ𝑖𝑛
Ɍ3 + Ɍ4

 

=  Ṿ𝑖𝑛 �
 Ɍ1 + Ɍ2 + Ɍ3 + Ɍ4 
(Ɍ1 + Ɍ2)(Ɍ3 + Ɍ4)

� 

Ṿ𝑖𝑛 = 𝑖 �( Ɍ𝑤+Ɍ𝑝 )Ɍ1−Ɍ2Ɍ3 
Ɍ1+Ɍ2+Ɍ3+Ɍ𝑤+Ɍ𝑝

�       ----    (6.13) 

If Ɍw changes by ΔɌ

According to the initial balanced state condition, Ṿ

w 

Ṿ𝑜𝑢𝑡 + ⧍Ṿ𝑜𝑢𝑡 = i �
(Ɍ𝑤 +  ΔɌw + Ɍp)Ɍ1 − Ɍ2Ɍ3 

Ɍ1 + Ɍ2 + Ɍ3 + Ɍw + ⧍Ɍw + Ɍp 
� 

out = 0. Also taking Ɍ1=Ɍ2

⧍Ɍw can be written in terms of the other parameters, as follows: 

=Ɍ, we get: 
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� 
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� 

⧍Ɍ𝑤 =  �
( Ɍ𝑤+Ɍ𝑝−Ɍ3)Ɍ−(2Ɍ+Ɍ3+Ɍ𝑤+Ɍ𝑝 )⧍Ṿouti

⧍Ṿoit
i −Ɍ

�     ----    (6.14) 
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The change in resistance, coupled with the measured value of the temperature coefficient of 

resistance, can be used to calculate the correction to the thermal conductivity. 

⧍Ṭ𝑤 = ⧍Ɍ𝑤
Ɍ𝑤(α)

           ----     (6.15) 

From the equation (9), 

⧍Ṭ𝑤 =
𝑞

4𝜋𝜆3
ln 𝑡 

Therefore, on equation the ⧍Ṭ𝑤 value from eq (6.9) and (6.15), we get 

𝑞
4𝜋𝜆3

ln 𝑡= ⧍Ṭ𝑤= ΔɌ𝑤
Ɍ𝑤 (α)

 

𝑞
4𝜋𝜆3

ln 𝑡= ⧍Ṭ𝑤= 
�

( Ɍ𝑤+Ɍ𝑝−Ɍ3)Ɍ−(2Ɍ+Ɍ3+Ɍ𝑤+Ɍ𝑝 )⧍Ṿout
i

⧍Ṿout
i −Ɍ

�

Ɍw (α)                ----          (6.16) 

Plotting ⧍Ṭ𝑤 (a function of ⧍Ṿ) against ln (t) results in a straight line, where the slope can be 

used in calculating thermal conductivity. 

Where,     𝑞 =Ṿ*I / ( l*t)   ;  Ṿ = I*Ɍ   ; 𝑄 = I
2
Ɍ ;    λ = i2*Ɍw

 
 /(slope*(4*∏*l)   

(⧍Ţ) = Temperature difference, 

λ   = Thermal Conductivity, watts/m/
o

t   = Time in sec. 

k 

q  = Rate of Heat Transfer, watts 

Ṿ  = Voltage, volts, 

I  = Current,  ampere 

Ɍ  = Resistance, ohm 

l = length of the Platinum wire, m 

t = time the current flows through the platinum wire, sec 

Block Diagram for the experimental setup 

Fig 6.3 shows the schematic of an electrical circuit for measuring the thermal conductivity of 

fluids. A Wheatstone bridge is employed for measuring the change in temperature of the hotwire. 

Two of the Wheatstone bridge arms are fixed resistors of value 10.047Ω. The hotwire cell and a 

potentiometer of range 100 Ω form the other two arms of the bridge. A data logger is employed 
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to record the unbalanced voltage across the bridge as a function of time in a computer. A power 

supply is used as a constant current source. 

 

           Fig.6.3 Block diagram of a THW method set-up  

Experimental Apparatus of the thermal conductivity measurement 

The core portion of the setup constitutes a platinum wire of ~25 μm diameter and 3.5 cm length. 

The ends of the wire are soldered to two stainless steel screws which act as clamps to keep the 

wire straight. The wire is suspended in a hot wire cell filled with the nanofluids whose thermal 

conductivity is to be measured. The leakage current from the supports to the surrounding fluid is 

ensured to be eliminated by coating them with two layers of epoxy that is an electric insulator.  

An Agilent source meter which acts as a current source is employed to supply current to the 

Wheatstone bridge. An Agilent digital multimeter is used to measure the voltage output and 

other resistances. This instrument is connected to a personal computer, and the data logging 

software is downloaded from Agilent website that records the readings. Fig 6.4 is an image of the 

entire thermal conductivity setup which clearly depicts all the individual components. 

 

  

(A)  
(B)  
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Fig 6.4 (A) Experimental set-up (B) Data logger Readings (C) Wheat-stone bridge circuit (D) Multi-meter 
connections to circuit 

Experimental Data: 

Ɍ4 = (Ɍw+ Ɍp

Ɍ = Ɍ

) = 3.57 ohms 

1 = Ɍ2 

Ɍ

= 5.6 ohms 

3

α = 0.0039 /k 

 (Resistance of potentiometer) = 3.5 ohms 

Ɍo

Experimental procedure 

 = Resistance of platinum wire (0.25mm thick) = 3.41 ohms 

 Calculate the temperature coefficient of resistance of the platinum wire 

 Calculate the thermal conductivity of distilled water for calibration purpose 

Procedure for measuring the resistance of the platinum wire 

Two-wire method is used for calculating the resistance. Ɍ1is the platinum wire of length 3.5cm 

and is connected to two points in a breadboard.Ɍ2 is a fixed resistance of known value (Ɍ2= 

3.331 Ω) and is connected in series with the wire. This overall series connection is then 

connected to a constant current supply, as shown in Fig 2.6. For each value of input current, 

ohms law V=IɌ holds for both Ɍ1 and Ɍ2

Thus, Ṿ

. As the resistances are in series, the same value of 

current flows through both of them.  

1 = IɌ1

Ṿ

, and 

2 = IɌ2.   

Ṿ1
Ɍ1

=
Ṿ2
Ɍ2

 

(C)  (D)  
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Ɍ2 =  
Ṿ2
Ṿ1

 𝑋 Ɍ1 

The voltages V1 and V2 across the resistances are measured using a multimeter, and the above 

equation is then solved for Ɍ2

 

 which gives the resistance of the platinum wire. This experiment 

is repeated for different values of input current, and the average of the calculated resistances is 

taken. 

Fig.6.5: Series connection of resistors (Ɍ1 = Platinum wire and Ɍ2 = 3.331Ω) 

Measurement of Temperature Coefficient of Resistance of the platinum wire (α) 

α of a material is defined as the change in resistance per degree change in temperature. For a 

given platinum wire of a definite purity, it is a constant value. The equation for α is as 

follows:α = 1
Ɍo

⧍Ɍ
⧍𝑇

, where Ɍ o is the resistance of the platinum wire at the reference temperature 

To.The process of measuring α value involves measuring the resistance of the wire at different 

temperature values using the two-wire approach, and plotting the data. The graph between the 

resistance and temperature was plotted. The slope dɌ/dT is then divided by Ɍo

α = Slope
Ɍo

  = 0.0039 /K 

 to calculate α = 

0.0039 /K. which is same as that of the published value. 

Measurement of the thermal conductivity for Distilled water: 

The experimental setup was calibrated by using the DI water of known thermal conductivity 

(0.6009 W/m-K [45]) at a temperature of 22oC and the values were taken 3-4 times using the 

same parameters. 
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Balancing of the Wheatstone bridge: Initially, a small value of current (2 mA) was supplied to 

the Wheatstone bridge circuit, and the potentiometer was slowly varied until the output voltage 

reaches approximately 10μV till the bridge was balanced (ratio Ɍ1/Ɍ2 is equal to Ɍ3/Ɍ4

Once the bridge was balanced, the resistances of the potentiometer and the hotwire cell were 

measured and noted down, a constant current (75mA) was then supplied to the bridge at start 

time t=0, which created a voltage imbalance, ΔV, in the wheatstone bridge circuit due to a 

change in the resistance of the hotwire. The output voltage across the Wheatstone bridge was 

measured using a DATA LOGGER (A/D converter). These readings were recorded on the 

computer at the rate of 1reading/200milli-sec, by connecting the DATA Logger (A/D Converter) 

to a computer using a PC-Connectivity cable. The thermal conductivity is then calculated by 

using equation 6.16 by plotting the ln(t) vs ΔTw. The entire experiment was conducted at an 

optimum time period of 3-5 seconds to eliminate the thermal convection occurring during 

thermal conductivity of nanofluids measurements. For calibration purpose, standard DI Water 

was considered and by using our transient hot-wire method (THW), the thermal conductivity of 

DI Water was measured. 

). The 

constant, low value of input current minimizes heating of the platinum wire during initial bridge 

balancing.  

Fig 6.6 ((A) – (B)) plots the ΔT values against the ln(time) values for DI water at a temperature 

of 28oC and an input constant current of 75mA and the value of thermal conductivity is obtained 

from the slope of the graph. The thermal conductivity of the DI Water by using eq.6.16 is 0.57 

W/mk at 28o

                          Table 6.2 Thermal conductivity of DI water 

C. The standard value is 0.607 W/mk at room temperature. The percentage of error 

is 5%. The thermal conductivity measurement of Jatropha biodiesel was also carried out using 

the same process. Fig 6.6(B) shows the plot of ln(t) vs ΔT for Jatropha biodiesel and thermal 

conductivity was calculated by eq. 6.16 and was found to be 0.25 W/mk. 

Name  of Fluid Thermal 
Conductivity, W/mK 
(Literature value) 

Thermal  
Conductivity, W/mK  
(Experimental  value) 

Error (%) 

DI Water 0.607 0.57 5 

 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 88 
 

 

Fig 6.6 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity calculations 
(A) DI Water (B) Neat Jatropha biodiesel. 

6.3Alumina NPs size effect on the Thermal Conductivity of nanofluids   
 
Fig. 6.7(A - F) shows the plots of Del(Tw) and ln(Del Time) from which the thermal 

conductivity of average size ~13nm and ~28nm is calculated for a volume fraction of 0.1%. It is 

found from Fig 6.7(A – F) that the thermal conductivity of alumina nanofluids having a storage 

time of 27 months has the highest value when compared with that of as-prepared samples of both 

the sizes (~13nm and ~28nm ). On comparing for different storage time durations also, it is 

found that the alumina nanofluids of ~13nm size with 0.1%VF, longest storage time duration has 

the highest thermal conductivity (which is for 27months). This may be due to the changes in the 

morphological effect from spherical to cubicles and also due to the increase in size of the 

nanoparticles.  

 

(A)  
(B)  

(B)  (A)  

  λ = 0.57 W/mk 
At Temp. = 28oC 

 A) λ = 0.069 
W/mk 
At Temp. = 21oC 

 B) λ = 0.051 
W/mk 
At Temp. = 21oC 

  λ = 0.25W/mk 
At Temp. = 20oC 



Study of Different Nanomaterials(Alumina & MWCNTs) and Their Size Effect on the Stability and 
Properties of Nanofluids for Energy Applications 
 

School of Engineering Sciences & Technology 
University of Hyderabad Page 89 
 

 

 

Fig 6.7 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity calculations of 
Al2O3

Fig 6.8(a and b) shows the plot of Thermal conductivity versus stability time duration of alumina 

nanofluids having 0.1%vf respectively. From Fig. 6.9(a), it is seen that Thermal Conductivity 

(TC) is initially high for as-prepared samples because for larger number alumina nanoparticles 

are being dispersed in the Jatropha biodiesel. Then, there is decrease in TC of alumina nanofluids 

which is due to the reason that some of the alumina nanoparticles being larger in size gets 

agglomerated and settles down at the bottom of the sample tubes, thus, not contributing to the 

dispersion state of the nanofluids. This effect is seen is in the Fig. 6.8 upto to the stability time of 

2months for 0.1%VF. After 2 months of storage time, there would be increase in the size of the 

alumina nanoparticles due to which there is again an increase in the thermal conductivity of 

alumina nanofluids. This trend is observed upto a storage time of 27months as seen in Fig 6.8.  

 NF 0.1%VF (A) ~13nm as-prepared   (B) ~13nm  2Months old   (C) ~13nm 8Months old    (D) ~13nm 
14Months old   (E) ~13nm 27 Months old (F) ~28nm as-prep sample respectively. 

(E)  

(D)  
(C)  

 C) λ = 0.058 
W/mk 
At Temp. = 20oC 

 D) λ = 0.0862 
w/mk 
At Temp. = 21oC 

E)  λ = 0.137 
W/mk 
At Temp. = 21oC 
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Fig 6.8: Thermal Conductivity versus Stability Time of alumina nanofluids (~13nm) 0.1%VF for different 
stability time. 
 
6.4MWCNTs effect on Thermal Conductivity of nanofluids: 

Fig 6.9 (A – D) shows the plots of ΔT values against the ln(time) values for as-prepared and 

10days older samples of MWCNTs dispersed Jatropha biodiesel based nanofluids having 2 

different percentage volume fractions namely 0.001 and 0.005 respectively and using the Eq. 

6.16, the thermal conductivity is calculated. It is found that the as-prepared sample having 

0.0005%VF of MWCNTs is having the highest thermal conductivity of 0.127 W/mk, while the 

as-prepared sample with 0.001%VF of MWCNTs was having 0.035W/mk. This may be due to 

the variations in the concentrations of 0.001%VF as compared to the sample with 0.005%VF. 

The thermal conductivity of sample with 10days older is comparatively less than the as-prepared 

samples since the MWCNTs during the 10days of storage time must have got agglomerated due 

to very high density and hence, the MWCNTs must have got settled down at the bottom of the 

sampling tube 
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Fig 6.9 Plots of Del(Tw) vs ln(Del Time) to obtain slope of the graphs for thermal conductivity calculations of 
MWCNTs nanofluids :  (A) 0.001%VF as-prepared (B) 0.001%VF 10days old (C) 0.005%VF as-prepared (D) 
0.005%VF 10days old samples respectively 

6.5 Material Effects (alumina and MWCNTs) on the Thermal conductivity of nanofluids 

Table 6.2 compares the thermal conductivity of Al2O3 NPs and MWCNTs dispersed Jatropha 

biodiesel based nanofluids for as-prepared and older storage samples having different volume 

fractions. It is seen that thermal conductivity of MWCNTs having 0.005%VF has higher thermal 

conductivity than that of Al2O3

Table 6.3 : Experimental measurement of Thermal Conductivity of different fluids 

 nanofluids of 0.1%VF.  From this result it is concluded that the 

thermal conductivity of MWCNTs is higher than alumina nanoparticles. 

 

Name of the 

fluid 

Nanoparticles 

sizes 

% Volume Fractions 

of nanomaterials 

dispersions 

Storage Time of 

nanofluids 

Thermal 

Conductivity W/mk 

DI Water  - - 0.57 

Jatropha 

Biodiesel 

 - - 0.25 

Al2O3 13nm  NF 0.1 As-prepared 0.069 

Al2O3 13nm  NF 0.1 2Months 0.051 

Al2O3 13nm  NF 0.1 8Months 0.058 

Al2O3 13nm  NF 0.1 14Months 0.086 

Al2O3 13nm  NF 0.1 27Months 0.137 

(A)  
(B)  

  λ = 0.0278 W/mk 
At Temp. = 29oC 

  λ = 0.035W/mk 
At Temp. = 29oC 
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MWCNTs NF  0.001 As-prepared 0.035 

MWCNTs NF  0.001 10days 0.0278 

 

6.6 Conclusions: 

In this chapter, thermal conductivity of alumina nanofluids and MWCNTs dispersed nanofluids 

was investigated. The set-up for the same was in-house designed and the validity of the set-up 

was confirmed by conducting the thermal conductivity experiments for known fluids such as DI-

Water. After confirming the percentage of error to be within 5%, thermal conductivity of 

alumina and MWCNTs dispersed Jatropha biodiesel based nanofluids were carried out for 

0.1%VF( in the case of alumina nanofluids) and 0.001 and 0.005%VF (in the case of MWCNTs) 

having different storage time to find out the optimum value.  

 

Table 6.2 shows that Al2O3

In the case of MWCNTs, as-prepared sample of 0.005%VF has higher thermal conductivity of 

0.127W/mK when compared to 10 days older sample of the same concentration. Since during the 

storage time of 10 days, some of the MWCNTs might have formed clusters and would have got 

settled down in the sample tube and the remaining MWCNTs which are in suspensions state 

even after 10days remained as active participants for the thermal conductivity properties of the 

nanofluids. 

 nanofluids of 0.1%VF having a storage time of 27 months has the 

highest thermal conductivity of 0.137W/mK compared to all other samples of ~13nm size and 

also as-prepared samples of ~28nm. This effect can be related to the changes that take place in 

the size and morphology of alumina nanofluids as shown in the TEM image of Fig.4.6. 

 

On comparing the material effect of alumina nanoparticles and MWCNTs, it is seen from the 

Table 6.2 that the thermal conductivity for as-prepared samples of MWCNTs having 0.005%VF 

is very much higher even for a small percentage of volume fractions as compared to that of 

Al2O3

 

 nanofluids having 0.1%VF. This may be due to the fact that MWCNTs has larger surface 

area of contact when compared to the alumina nanoparticles. 
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Chapter 7 
 
 
 
 
 Nanomaterials and Their Size Effect on Hot-Plate Evaporation Rate 
Testing of Nanofluids 

 
 
 
7.1 Introduction 
 
7.2 Experimental set-up of the Hot-Plate Evaporation rate test 
 
7.3 Alumina NPs size and concentration effect on evaporation rate of 
nanofluids 
 
7.4 MWCNTs effect on evaporation rate of nanofluids 
 
7.5 Material Effect (Alumina NPs & MWCNTs) on evaporation rate of 
nanofluids 
 
7.6 Conclusions 

 

 

7.1 Introduction 

This chapter deals with the evaporation rate study of both the materials that is, alumina and 

MWCNTs based biodiesel based nanofluids. Since 0.1%VF alumina NPs based nanofluids are 

showing better stability, all the tests were performed only for 0.1%VF having an ~13nm and 

~28nm nanofluids only. Also the evaporation rate for longer storage time nanofluids for both 

alumina and MWCNTs are discussed. 

7.2 Experimental set-up of the hot-plate evaporation rate test: 

The experimental set-up for evaporation rate measurement consists of a hot-plate of 100mm x 

100mm x 4mm which was placed on the electric heater with a curvature of 2mm depth and 5mm 

diameter machined at its centre. At a distance of 25mm from the hot-plate, the burette filled with 

alumina nanoparticles dispersed biodiesel based nanofluids of the required percentage volume 

fraction was fixed with the help of retort stand. Also a K-Type thermocouple was fixed on the 
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curvature of the hot plate with one end while the other end of K-Type thermocouple was fixed to 

the multimeter to measure the temperature of the hot plate during the evaporation of the fuel 

droplets.  Fig 7.1 show the schematic of the experimental set-up for the evaporation rate 

measurements wherein the droplets of respective nanofluids were made to fall on the curvature 

of the hot-plate, and the time taken to evaporate the droptlets of the nanofluids were noted down. 

Fig 7.2 show the experimental set-up for the evaporation rate measurement. This procedure was 

done for the different samples and plots of temperature vs. evaporation time was plotted 

accordingly.  

                      Fig.7.1: Schematic of the experimental set-up for evaporation rate test  

                                    
                           Fig.7.2: Experimental set-up for the evaporation rate test of the nanofluids 

 

7.3 Alumina NPs size effect on Hot-Plate Evaporation Rate of nanofluids 
 

The experimental tests were conducted for a set of ~13nm sizes  0.1%VF and ~28nm sizes 

0.1%VF nanofluids and also for different storage time nanofluids for a temperature range of 

300oC to 900oC for every 20oC rise in temperature. This difference of temperature was given so 
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that when the first droplet hits the surface of the hot-plate, it was observed that the temperature 

of the hot-plate instantly cools down by ~20o

Droplet Size Calculations: 

C. So some time was to be considered for 

maintaining uniformity in rise of hot-plate temperature before the testing of the subsequent fuel 

droplets on the hot-plate. In this way the hot-plate evaporation rate test was conducted for 5 

different samples, namely, pure diesel oil, pure Jatropha biodiesel, alumina nanofluids of 

0.1%volume fractions (~13nm) of as-prepared samples, 1month old samples and 1Year old 

samples. 

              73 droplets of alumina nanofluids = 2ml 

Therfore, 1 droplet  =  2/73 ml   =  0.0274ml   

Therefore,  0.0274ml  = (4/3) *π * (rAvg)

Therefore, r

3 

Avg

Therefore average diameter, d

  =  0.187cm 

Avg of the droplet size  =  (2*rAvg )

             

 =  0.374cm 

 Fig.7.3: Plots of evaporation rate vs temp for as-prepared ~13nm and 28nm alumina nanofluid and different 
storage time ~13nm alumina nanofluids  for temperature range of 300oC to 600o

 
C. 

Fig.7.3 shows the evaporation rate with alumina nanofluids of ~13nm size with 0.1%volume 

fractions at different temperatures of 300oC to 600oC for the as-prepared samples of ~28nm 

having 0.1%VF and with different storage time of ~13nm alumina nanofluids samples. These are 
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compared with the evaporation rate results of pure diesel and also with pure Jatropha biodiesel 

over a temperature range of 300oC to 900oC maitaining a temperature difference of 20oC. The 

evaporation rate test experiments were conducted for alumina nanofluids of ~13nm having 0.1% 

volume fraction for three different stability times namely, as-prepared samples, 1 month old 

sample and 1 year old samples and also for 0.1%VF of average size ~28nm Al2O3 nanofluids as-

prepared samples. These results were compared with evaporation rate results of pure diesel and 

pure Jatropha biodiesel. From Fig 7.3, it is clear that ~28nm as-prepared Al2O3 nanofluids 

evaporation rate is always higher than ~13nm as-prepared Al2O3 nanofluids. Hence increasing 

the size of the alumina nanoparticles, the biodiesel evaporation rate can be improved. However it 

is also observed from Fig 7.3 that for ~13nm 1year stored time sample, evaporation rate is very 

comparable to neat diesel at higher temperatures beyond 450oC. Same improvements in 

evaporation rate is seen for ~28nm Al2O3 sample beyond 550oC. From Tem analysis ( Fig 4.7 ), 

it is confirmed that one year older ~13nm Al2O3 nanofluids, size and morphology changes to 

~40nm and cubical shapes. This may be the reason that for one year stored time~13nm Al2O3 

nanofluids, evaporation rate is improved as compared to as-prepared and 1months stored time 

~13nm Al2O3

 

 nanofluids.     

Fig 7.4 (A).Evaporation rate vs storage time of Al2O3 NF    Fig(B)Evaporation rate of both sizes of Al2O3 NPs  
~13nm size at 300, 450 and 600oC                                            (~13 and ~28nm) at 300, 450 and 600o

 
C 

 
Fig7.4(A) compares the evaporation rate of the stored samples of Al2O3 ~13nm size nanofluids 

at 3 different temperatures 300oC, 450oC and 600oC for as-prepared, 1month old and 12months 

older samples respectively. From Fig 7.4(A), it is confirmed that the enhancement in evaporation 
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rate is higher for 12months older Al2O3 nanofluids when compared with 1 month and as-

prepared Al2O3 nanofluids. Fig 7.4(B) compares the size effect of evaporation rate for both the 

Al2O3 nanofluids at 3 different temperatures 300oC, 450oC and 600oC respectively. It is 

confirmed that the evaporation rate of as-prepared samples of Al2O3 nanofluids for ~28nm size 

is marginally higher than that of as-prepared samples of ~13nm size Al2O3 for temperatrures 

higher than 450oC. While at lower temperature (300oC) evaporation rate of smaller size (~13nm) 

Al2O3 nanofluids is showing higher evaporation rate than that of larger size (~28nm) Al2O3 

nanofluids. This effect may be due to the reason that in larger size Al2O3

  

 nanofluids, more 

quantity of JBD may be seeped inside the alumina nanoparticles ahd hence better enhancement if 

evaporation rate is occuring as compared to its counter one of ~13nm size alumina nanofluids. 

7.4 MWCNTs effect on evaporation rate of nanofluids 
 
In this test, multi-walled carbon nanotubes dispersed jatropha biodiesel based nanofluids (0.001 

and 0.005%VF) as-prepared and 10days older samples were tested for the evaporation rate and 

the results were plotted for different temperatures. In this experiment of hot-plate evaporation 

rate of MWCNTs nanofluids, the droplets of test samples (i.e, MWCNT’s dispersed nanofluids) 

were made to fall on the middle portion of the curvature of the hot-plate, and the time taken to 

evaporate the droptlets completely were noted down. Same procedure was done for all the 

different MWCNT’s dispersed nanofluids and also with pure jaropha biodiesel and pure diesel 

oil. Fig.7.5 shows the  evaporation rate of the 0.001%VF MWCNTs nanofluids for as-prepared 

and also for 10days older samples along the evaporation rate of diesel and JBD. 

From Fig 7.5, it is clear that at higher temperatures, the evaporation rate of 0.001%VF of 10 days 

storage MWCNTs nanofluids is higher than that of 0.001%VF MWCNTs dispersed as-prepared 

nanofluids samples. Therefore, longer term stored MWCNTs nanofluids are showing better 

evaporation rate as compared to the as-prepared samples at higher temperatures. Also by 

comparing 0.001%VF with the diesel and Jatropha bio-diesel (basefluid), 0.001%VF at higher 

temperature is showing enhancement in the evaporation rate beyond 525o

 

C. At this temperature 

0.001%VF is showing better evaporation rate when compared to the of commercial diesel also. 
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Fig.7.5: Evaporation rate of MWCNTs nanofluids for as-prepared and their longer storage time samples with 
neat JBD and Diesel fuel. 
 
 

                                              
                      Fig7.6 Evaporation rate vs storage time of MWCNTs at 300, 450 and 600o

Fig7.6 shows the evaporation rate of MWCNTs nanofluids having 0.001%VF for as-prepared 

and 10days older samples at three different temperature 300

C 

oC, 450oC and 600oC respectively. 

From the Fig 7.6, it is clear that at all the temperature, as the temperature incereases evaporation 

rate of the MWCNTs nanofluids increases for both as-prepared and 10days older samples, but 

the rate increase of evaporation rate is higher for 10days oder samples at 600oC.This may be due 
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to the reason that during the 10 days of storage time, some quantity of JBD (basefluids) may 

have got accumulated inside the hollow tubes of MWCNTs and hence the combined effect of 

JBD and MWCNTs is improving the evaporation rate of MWCNTs nanofluids. 

7.5 Material Effect (Alumina and MWCNTs) of nanofluids: 

In this section, the best samples evaporation rate of Al2O3 nanofluids (~13nm) and MWCNTs 

nanofluids of as-prepared samples and their longer storage samples are compared with their 

evaporation rate versus temperature. From Fig 7.5, it is observed that at lower temperature 

~13nm Al2O3 nanofluids having 0.01%VF of 1year storage sample is showing higher 

evaporation rate as compared to MWCNTs based nanofluids having 0.001%VF. However at 

higher temperature (beyond 500o

                    

C) MWCNts based nanofluids are showing better evaporation 

rate even higher than the commercial diesel. 

Fig.7.5: Evaporation Rate Vs Temperature of as-prepared and longer stability time samples of Al2O3

 

 
(~13nm) and MWCNTs along with neat Jatropha biodiesel and commercial diesel. 

7.6 Conclusions: 

The hot-plate evaporation rate test is conducted for stable alumina nanoparticles (~13nm size) 

and also for MWCNTs dispersed jatropha biodiesel based nanofluids for different percentage 

volume fractions and also for their higher stable storage time samples for a temperature range of 

300oC to 600oC. From these experimental results, it is concluded that alumina nanofluids of 
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1year duration of stability time is showing higher evaporation rate and is comparable to that of 

diesel fuel at a temperature range of 525oC to 600oC while the MWCNT’s dispersed nanofluids 

was having an evaporation rate of 0.001% volume fractions of as-prepared samples and also with 

that of 10 days older samples, the evaporation rate is much closer to that of pure diesel at a 

temperature range of 420oC to 600o

 

C. 
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Chapter-8  

 

CONCLUSIONS 

 

In this research work, investigations were carried out to study the effect of nanomaterials on their 

size and nature of the nanomaterials for the improvement in the energy applications of the diesel 

engine so that the few of the important long term issues of the alternate fuels such as stability of 

the nanofluids, viscosity of the nanofluids, burning rate of the nanofluids and thermal 

conductivity of the nanofluids, for improvement in efficiency of the diesel engines can be 

obtained. In this regard, alumina nanomaterials of two different sizes and MWCNTs were 

considered to investigate the size effect and material effect of the nanofluids on the important 

properties such as stability of the nanofluids, viscosity of the nanofluids, evaporation rate of the 

nanofluids and thermal conductivity of the nanofluids.  

Nanofluids were prepared for two different sizes of alumina NPs and also for MWCNTs. Results 

showed that alumina nanofluids having ~13nm of 0.1%VF showed a stability of more than 

14months with changes in its morphology. The size of the alumina nanomaterials has changed 

from ~13nm to ~40nm and their shape also changed from spherical to cubical which were 

confirmed from TEM images of Fig.4.7. While the alumina nanofluids of ~28nm did not show 

any of the long term stability properties. Due to this reason, further investigation on properties 

such as viscosity, thermal conductivity and evaporation rate were confined to alumina nanofluids 

of ~13nm only.  

MWCNTs nanofluids, were also prepared for various percentage volume fractions out of which 

only 0.001%VF showed a stability duration of 10 days and hence, further investigations of 

MWCNTs nanofluids such as viscosity, thermal conductivity and evaporation rate were limited 

only to 0.001%VF. 

Investigations carried out on the viscosity of the alumina nanofluids revealed that the alumina 

nanofluids of ~13nm having 0.1%VF of as-prepared sample and also 14months older samples 

are less viscous than that of neat biodiesel. This effect may be due to the interaction of the 

particle to particles and also due to the Brownian motion of the jatropha biodiesel and the 
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alumina NPs of ~13nm size. Due to the smaller size, these nanomparticles undergo changes in 

their size and shape and hence induce the charge effect with the jatropha biodiesel thus reducing 

in the viscosity of the nanofluids. In the case of MWCNTs dispersed jatropha biodiesel based 

nanofluids, investigations was done only for 0.001%VF of as-prepared samples since, stability of 

10 days was achieved only for 0.001%VF. The results of viscosity of MWCNTs nanofluids also 

showed the similar trend. That is, viscosity of MWCNTs dispersed nanofluids was comparatively 

less than that of neat jatropha biodiesel. 

Studies on thermal conductivity of alumina nanofluids was carried out for ~13nm size having 

different stability time durations such as as-prepared, 2Months, 8Month, 14Months and 

27Months older samples respectively and it was found that the alumina nanofluids of ~13nm size 

having 0.1%VF stored for 27months has the highest thermal conductivity of 0.137W/mK than 

the rest of the stored samples. The alumina nanofluids of 0.1%VF with 27 months of stored 

duration improves the heat conducting capacity of the nanofluids due to the changes of sizes of 

the nanoparticles from ~13nm to ~40nm. In the case of MWCNTs, the thermal conductivity was 

carried out only for as-prepared sample of 0.001%VF and it was found to be 0.035W/mK. 

Hot-Plate evaporation rate test of alumina nanofluids and MWCNTs nanofluids were carried out 

for alumina nanofluids of ~13nm and ~28nm sizes and the results were compared with that of 

neat jatropha biodiesel and also with commercially available diesel. From the results of hot-plate 

evaporation rate, it was concluded that the alumina nanofluids of 14months old sample has the 

higher evaporation rate at higher temperatures of 525oC. Also it was found that at higher 

temperature, alumina nanofluids of ~13nm size (14months old sample) possess higher 

evaporation rate than that of neat jatropha biodiesel. In the case of MWCNTs, the hot-plate 

evaporation rate was carried out for 0.001%VF. The results showed that the evaporation rate of 

0.001%VF MWCNTs nanofluids was even more higher than the alumina nanofluids of all the 

samples and it is almost the same as that of commercial diesel at a temperature of 450o

 LIMITATIONS and SCOPE FOR FUTURE WORK: 

C and 

above. 

In this work there were many limitations due to which compromises has to be made some of 

which were mentioned below. One of the most important limitations was the characterization of 
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the stability of nanofluids. To investigate the long term stability of the nanofluids, one needs to 

characterize the nanofluids on regular basis on different characterizing tools such as FESEM and 

TEM. But due to the busy schedule of the FESEM or TEM instruments, characterizing on 

regular basis of one year was not possible.  Also, this research project requires more exhaustive 

work which could not be completed due to the time constraint. Hence the future work requires 

some of the following investigations listed below: 

 More intensive work on long term stability of MWCNTs dispersed nanofluids which 

needs novel surface functionalization or modification of MWCNTs for longer term 

stability. 

 Advanced tools for carrying out the Thermal Conductivity and Ignition Probability tests 

of nanofluids. 

 Advanced machinery equipment for the testing of efficiency and emissions of the 

nanofluids on the diesel engine test rig. 

 Investigations of many other oxide nanomaterials on the stability of the nanofluids. 
 

*** 
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