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Abstract
In Present study, the critical heat flux (CHF) and boiling heat transfer coefficient of alumina nanoparticles with the base fluid as
deionised water is measured. The selected concentrations of nanofluids for the experimentation are from 0.3, 0.6, 0.9, 1.2 and
1.5 wt%. The main objective to select higher concentration is that to study the surface morphology of heater surface at higher
concentrations and its effect on critical heat flux and heat transfer coefficient. It is observed that the critical heat flux enhancement rate
decreases as concentration increases and surface roughness of heater surface decreases after 1.2 wt% concentration of nanofluids.

Nomenclature
Abbreviations

A Area of heater surface, [m2]
CHF Critical Heat Flux

D Diameter of heater, [m]
hfg Latent heat of vaporization, [kJ/kg]
I Current [Ampere]
L Length of heater, [m]
ρl Density of liquid[kg/m3

ρv Density of vapour

q″CHF Critical heat flux, [MW/m2]

Ra Average roughness [μm]
SEM Scanning electron microscopy

Ts Temperature of heater surface, [°C]
Tsat Saturation temperature, [°C]
V Voltage [Volts]

Greek symbols
Δ Difference
σ Surface tension, [N/m]
λ X- ray wavelength of vapour jets, [m]
θ Peak, [radian]
β Full width half maxima of the peak, [radian]
ν Frequency, [Hz]
ρ Density, [kg/m3]

Subscripts
C Critical
fg Vaporization

HF Heat flux
l Liquid

sat Saturation
v Vapour

1 Introduction

Nanofluids are a new heat transfer fluids, engineered by
dispersing and stably suspending nanoparticles in conven-
tional heat transfer fluids. The base fluids include deion-
ized water, ethylene, oil, bio fluids, Refrigerants and poly-
mer solutions. Nanofluids originally involved great inter-
est because of their abnormally enhanced thermal conduc-
tivity. Increasing interests have been paid to, as they are
potential fluids for heat transfer enhancement. A concert
shown by nanofluids makes them a candidate for im-
proved heat transfer media. The base fluids used for study
of heat transfer are deionised water (DW), ethylene glycol
(EG), glycerol, silicone oil, and the dual mixture of DW
and EG. Various nanoparticles involving Al2O3 nanoparti-
cles with different sizes, SiC nanoparticles with different
shapes MgO, ZnO, SiO2 Fe3O4 and TiO2 nanoparticles
and carbon nanotubes with different pre-treatment are
used as additives.

Heat transfer is a significant matter in various engineering
and commercial applications. The heat transfer in the nucleate
boiling regime, the latent heat of vaporization during the
change from liquid to gas phase can be oppressed and is the
most effective way of cooling thermal systems functioning at
high temperatures [1]. However, the boiling heat transfer is
constrained by the critical heat flux (CHF). It is uppermost
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heat flux where boiling heat transfer sustains its high cooling
performance.When the surface reaches CHF, it becomes coat-
ed with a vapour film which isolates the heating surface and
the fluid thus the heat transfer decreases significantly [1–4]. In
these conditions, the wall temperature rises quickly, and when
it exceeds the limits of its constituent materials, system failure
occurs. For this reason, every system incorporates a safety
margin by running at a heat flux lower than CHF, but this
approach reduces system efficiency [1]. This compromise be-
tween safety and efficiency is a severe problem in the engi-
neering. For this reason, massive work has been carried out to
comprehend heat transfer mechanisms in nucleate boiling and
CHF situation and to increase the critical heat flux.

Pioro et al. present a very well review of the para-
metric effect of boiling surface and prediction methods.
They show that it is compound problems involving
many inter linked parameters affect heat transfer perfor-
mances. Their analysis of the literature shows that some
results seem incongruous. For example, some re-
searchers conclude that for many practical applications
the effect of solid/liquid/vapour interaction on the heat
transfer coefficient in nucleate boiling conditions can be
ignored (except for the cryogenic fluid), whereas others
conclude that these effects are important [5, 6]. Some
studies have firm on evaluating the effect of surface
characteristics on heat transfer performance. These pa-
rameters are typically the contact angle, thermo physical
properties, thickness, orientation in space, roughness
(surface finish), and microstructure (shape, dimensions,
pore density for the vapour bubble generating centre)
[5, 6]. All these interlinked parameters simultaneously
affect heat transfer performance. At the instant, there
is not enough information to resolve this complex prob-
lem and for this reason, only separate effects are con-
sidered [5].Enhancement in CHF also noted in the liter-
ature for all nanofluids with different orientation of
heaters and heater surfaces [6].

Micro-structure and wettability are the most important
aspects. These parameters are dealt with in the litera-
ture, remarkably, Kamatchi R worked on reduced
graphane oxide (rGO) is synthesized from graphite pow-
der and various characterization techniques has been
used to study the in plane crystallite size, number of
layers, presence of functional groups and surface mor-
phology. The rGO flakes dispersed in Millipore water to
obtain different weight concentrations of nanofluids, ex-
periment for nucleate pool boiling performed at different
weight concentrations and surfaces and obtained results
as enhancement in heat transfer coefficient up to
0.001 wt% and detoration beyond this in smooth sur-
faces and increases in heat transfer coefficient for SBS
and shows maximum enhancement about 60% in
comparision with smooth surface at 0.002 wt% [7].

Kong et al. Studied the pool boiling heat transfer perfor-
mance on a smooth silicon chip surface with agitation was
experimentally investigated. The nanofluids (Ag/alcohol) of
0.02% volume concentration and ethyl alcohol with purifica-
tion over 99.9% were the two contrast working fluids [7].

2 Structural and microstructure of Al2O3
nanoparticles

The structural and microstructure properties of the Al2O3

nanoparticles are as follows; Fig. 1 Shows XRD patterns of
Al2O3 particles.

2.1 Structure analysis Al2O3 of nanoparticles

Figure 1 shows the XRD pattern of Al2O3 nanoparticles. All
the peaks in diffraction pattern shows monoclinic structure of
Al2O3, and the peaks The average grain size calculated by
using Debay-Schrer formula as given below is approximately
30 nm where as average size is given 30-50 nm by seller
(Table 1).

D ¼ 0:9λ=βcosθ ð1Þ

Where β is full width at half maxima of the peak in
XRD pattern, θ is angle of the peak, wavelength of X-
rays. Elastic strain is also calculated from XRD results.
The strain results suggested that if the particle size is
less than 20 nm than they have more strain and greater
than 50 nm particles have less strain.

2.2 Preparation of nano fluid and characterization

The Al2O3 nanoparticles were procured from Nanoshel LLC
USA, having 99% purity with an average size of 30 nm.
Magnetic stirring was performed for 6 h just before pool boil-
ing experiments. It is already reported that nanoparticles dis-
persed without other additives do not change the surface ten-
sion of the base fluid.

It is also observed that all Alumina nanoparticles remained
in pure Al2O3 state. The SEM photograph of nanopowder is
shown in Fig. 2.

2.2.1 Preparation of Al2O3-water nanofluids by two-step
method

In present work, nanofluids are prepared by the two-step
method, dispersing dry nanoparticles into the base liquid
followed by magnetic stirring. Deionized water is used as
the base liquid, and Al2O3 nanoparticles were used without
the addition of additives.
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The Alumina nanoparticles were dispersed in deionized
water for 12 h under high speed mechanical stirrer
(Toshiba, India). No surfactant or stabilizer is used during
the preparation of nanofluid as they have some influence
on forced convective heat transfer coefficient as well as
on Overall heat transfer coefficient. After 24 h no sedi-
mentation of nanoparticles were found. Generally, the
properties of the nano-fluid depend on the properties of
the nano-particles and the surface molecules taking part in
the heat transfer procedure depend on the size and shape
of the particles themselves, which are also affected by the
agglomeration of the particles.

The samples are collected at different weight concen-
trations as shown in the Fig. 3. The characteristics of
nanofluids are governed by not only the kind and size
of the nanoparticles but also their dispersion status in
the base fluid, it is essential to have the test fluid sam-
ple without any agglomeration.

The test fluid sample was collected in a glass vessel
and left for 1 to 1.5 h to verify any agglomeration of
the particle and subsequent settling in the vessel bottom.
It is found that negligible agglomeration in the first
45 min. Considering the duration of the test run which
is roughly 4.5 to 5 min, no agglomeration for the first

65 to 70 min was more than enough to get reliable
results from the experimentation.

3 Experimental set up of pool boiling

Experimental set up was designed and fabricated to carry the
experimentation for determination of critical heat flux using
deionized water and nanofluids of Al2O3 materials and weight
concentrations. Schematic diagram is shown in the Fig. 4.

It consists of a boiling vessel of capacity 3000 ml capacity
of Borosil glass so that the phenomenon of boiling can be
visualised. The test section consist of two Bakelite plates as
shown in Fig. 5, the top plate and lower plates are fixed with
nut and bolt arrangement and has a hole at centre for condens-
er which is used to cooled the vapour and to maintain the
nanofluids constant in the vessel. The copper rods are fixed
with nut and bolt arrangement to the lower bakelite plate at a
distance about 55 mm from the centre of the opening. The
arrangement for thermocouple is made to measure the pool
temperature as well as surface temperatures. The test section
discussed as below.

3.1 Test section

Two bakelite sheets are used in test rig as shown in the Fig. 5.
Top bakelite cover is used to cover the top side of the glass
container so that the vapour will not leave the container.
Bakelite has low thermal conductivity to reduce unwanted
heat loss. It has a hole at the centre to fix the condenser which
is used to condense the vapours escaping from container to
maintain constant nanofiuids level inside the container. Top
bakelite cover also having small holes for thermocouple and

Table 1 Properties of Al2O3 nanoparticles

Items Al2O3

Colour/Content of Al2O3 White/ Alpha-99%

Average particle size 30 nm (30–50 nm)

Morphology Spherical

Specific Surface Area 130–140 m2/g

Fig. 1 XRD pattern of Al2O3 nanoparticle
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wire to supply current to copper electrodes and to measure
temperature as shown in the Fig. 5.

The wire diameter is uniform throughout the length, before
experiment the Ni-Cr wire is tested for purity in the laboratory,
as per testing report, wire contains 80.06%Nickel, Chromium
19.90 and carbon 0.04%. There is one inner Bakelite plate
inserted inside the container to hold four copper electrodes.
Bakelite top cover and inner bakelite disk are bolted to each
other to hold firmly. To avoid the escape of vapour; silicate
paste is pasted on bottom side of top bakelite cover so that the
flexible layer will form on bottom side of Top Bakelite cover
and after bolting top Bakelite to the base steel frame, the
vapour will not escape from side. The thickness of bakelite
sheet is 15 mm.

3.1.1 Thermocouples

Two thermocouples are used to measure the temperature of
surface heater wire. In this investigationK type thermocouples
are used, overall insulation is glass braid arrangement. The

temperature range of the thermocouples is from 0 °C to
350 °C, while the insulation is rated up to 482 °C. Before
performing experiment each thermocouple is cleaned. Data
recorded with LABVIEW13 data acquisition system.

3.2 Validation of experimental set up

The Critical heat flux (CHF) condition in nucleate pool boil-
ing that is the critical heat flux can be predicted with reason-
able accuracy. The maximum (or critical) heat flux in nucleate
pool boiling was determined theoretically by S. S. Kutateladze
in Russia in 1948 [8] and N. Zuber in the United States in
1958 using quite different approaches, It is expressed as [9].

q} ¼ C� hfg σ� g� ρv
2 ρ1−ρvð Þ� �1=4 W=m2 ð2Þ

Where C is constant and value depends on the heater ge-
ometry. Critical heat flux is independent of the fluid–heating

Fig. 3 Samples of Al2O3

nanofluids at different weight
concentrations

Fig. 2 SEM image of Al2O3

particles at magnifications 10 μm
and 1 μm
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surface combination, as well as the viscosity, thermal conduc-
tivity and the specific heat of the liquid.

Exhaustive experimental studies by Lienhard and his co-
workers indicated that the value of C is about 0.149 for large
flat plate heater [10].

Zuber’s analysis yielded for horizontal cylinder,

C ¼ π=24 C ¼ 0:1309∼0:131

Hence The Zuber’s equation (28) for the peak flux (in W/m 2)
in saturated pool boiling is

qz
} ¼ 0:131� hfg σ� g� ρv

2 ρ1−ρvð Þ� �1=4 W=m2 ð3Þ

Value of C is taken as 0.131 for cylindrical surfaces Ni-CrWire
experimentations. Zuber’s correlation predicts critical heat flux
in nucleate pool boiling using cylindrical heater surfaces with
acceptable accuracy it is shown in Fig. 6 as theoretical values of
CHF. It is widely acceptable correlation as per open literature
[8, 9]. Present study uses Zuber’s correlations to predict critical

heat flux within ±5.18% of band. For deionized water at satu-
rated temperature (i.e. at 100°c temperature and atmospheric
pressure. The Fig. 6 shows the comparative analysis between
theoretical and experimental values of CHF of deionized water.

3.3 Uncertainty analysis

In the current investigation, the heat fluxes and the heat trans-
fer coefficient for experimental data were reported. The uncer-
tainty of those calculated values are presented.

Δq
q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ΔV
V

� �2

þ ΔI
I

� �2

þ Δd
d

� �2

þ ΔL
L

� �2
s

Δq
q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:65ð Þ2 þ 2:689ð Þ2 þ 0:31ð Þ2 þ 1:81ð Þ2

q
Δq
q

¼ 6:45%

Using the formulae above, the uncertainty of each data point was
calculated.

Fig. 4 Schematic diagram of pool
boiling Apparatus for nanofluid
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4 Result and discussions

The pool boiling experiments are performed for different
weight concentrations Al2O3 nanofluids.

4.1 Pool boiling experiments with Al2O3 nanofluids

Pool boiling behaviour of Al2O3 nanofluid at different
weight concentrations is observed at atmospheric pres-
sure. The experimental result shows that the percentage
of enhancement in critical heat flux is decreased as the
weight concentration of nanofluids is increased. The
characterization heater surface is after pool boiling ex-
periment and before experiment is carried out by scan-
ning electron microscopy (SEM) image and measuring
surface roughness which is discussed separately.
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Fig. 6 Comparative values of
CHF theoretical and experimental

Fig. 5 Schematic view of bakelite covers and test section

Sr.No. Name of Component Sr.No. Name of Component

1 Opening for Condenser 2 Cable Connected to Copper Rod

3 Upper Bakelite Plate 4 Copper rods to fix Bakelite plates

5 Lower Bakelite Plate 6 Hole for RTD/Thermometer/ K-Thermocouple

7 Hole for K-thermocouple 8 Copper Rods

9 Ni-Cr Wire 10 Nut and Bolt Arrangement to fix Ni-Cr wire
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4.1.1 Effect of nanofluid concentrations

Experiments are performed to determine the heat flux of
Al2O3- water nanofluid, deionised water is used as the base
fluids and different weight concentrations 0.3, 0.6, 0.9, 1.2
and 1.5 are prepared for the experimentation. As shown in
the Fig. 7 different weight concentrations of nanofluids shows
enhancement in critical heat flux, at 0.3 wt% of nanofluids the
boiling heat transfer increased by 43.1%.

The measured critical heat flux CHF values of Al2O3

nanofluid at different weight concentration, significant
critical heat flux enhancement is observed for all
nanofluids up to 87% in Al2O3 as compare to deionized

water. The maximum enhancement is observed in
1.2 wt% of concentrations of alumina nanofluids is
followed by 0.9 wt% of alumina nanofluid, 0.9 and
1.2 wt% of nanofluids the rate of enhancement is less
as compare to 0.6 to 1.2 wt%.

As shown in the Fig. 8 different weight concentrations of
nanofluids shown enhancement in CHF, at 0.3 wt% of
nanofluid boiling heat transfer increased by 45.11% when
compare to that of deionized water by further adding Al2O3

nanoparticles enhancement in CHF takes place, the curve
slowly shift towards right and also rate of enhancement is also
increases but percent rate of enhancement with increases in
percent of concentration decreases.

Fig. 8 Variation in CHF at
different weight concentration
Al2O3 nanofluids

Fig. 7 CHF of water-Al2O3

nanofluids on Ni-Cr Wire
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The nanofluid has higher critical heat flux when
compare to water. Surface roughness measurement of
the test wire indicated the accumulation of nanoparti-
cles. This can be attributed to the porous layer formed
due to boiling.

As shown in the Fig. 9, heat transfer coefficient of Al2O3

nanofluids at higher concentrations of nanofluids decreases at
the same heat flux, the heat transfer coefficient is lower at
higher concentrations at 1.2 wt% of alumina it is higher at
the same heat flux, at the higher heat flux the effect of con-
centration is outstanding. It is observed in the Fig. 9 that for
the particular concentration, at 1.2 weight concentration in the
present study heat flux is highest for the range tested from 0.3
to 1.5 wt% of alumina nanofluid.

Induced precipitation of nanoparticles which was confirmed
by surface testing Fig. 10 shows the variation of surface rough-
ness with different weight concentration of alumina nanofluid.

The presence of a porous layer on the surface plays major
role on boiling heat transfer through changes in roughness and
wettability. The detailed study of SEM image shows deposi-
tion of nanoparticles on the wire surface.

Figure 11 shows SEM image of the bare heater surface and
the heater surface after reaching the CHF at different weight. It
is observed that deposition is more pronounced on the heater
surface with higher weight concentrations.

However in this study peak CHF is at 1.2 where it is
observed that surface roughness is higher with other wt.
concentrations of Al2O3 nanofluids. Pool boiling

Fig. 10 Variation in surface
roughness with different wt con
Of Al2O3 nanofluids

Fig. 9 Heat transfer coefficient vs
heat flux for different wt. con. of
Al2O3 nanofluids
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characteristics in Al2O3 nanofluids were investigated with
d i f fe ren t we igh t concen t ra t ions rang ing f rom
0.3wt.percent to 1.5 wt. percent and effect of nanoparti-
cles in pool boiling CHF of Al2O3 nanofluids for each
concentration studied experimentally, during the experi-
mentation the pool boiling CHF of Al2O3 nanofluids on
bare heater of Ni-Cr wire was enhanced by 87% com-
pared that of deionized water.

This study clear showed that CHF enhanced of
nanofluids was due to nanoparticles surface coating
formed on the heater surface during pool boiling surface
roughness and measurement and from SEM images of
heater surface substantiated this formation of porous
layer with micro cavities and deposition of nanoparticles
resulted in enhancement of CHF.

5 Data interpretation

5.1 Effect of nanoparticles on nucleate boiling

The most amazing feature of nucleate boiling in the present
experiments was the reduction of the heat transfer coefficient,
as revealed by the boiling curve shift to the right. It is inter-
esting to note that the heat transfer deterioration in the nucleate
boiling regime was also observed by R. Kamatchi et al. [11]
and Bang and Chang [12]. On the other hand, heat transfer
enhancement was reported by Dinh et al. [13] and Wen and
Ding [14], while You et al. [15] and Vassallo et al. [16]

reported no change of heat transfer in the nucleate boiling
regime. Wen and Ding [14] proposed that these conflicting
trends could be due to poorly characterized/reported factors
such as initial surface roughness, presence of surfactants, ag-
glomeration of particles, surface contamination, etc. Away to
capture some of these effects is to consider Wang and Dhir’s
[17] expression for the nucleation site density:

n″∝Nc 1−cosϑð Þ Tw−Tsatðð Þ6 ð4Þ

Where Nc is the number of micro cavities per unit surface area
and TW – Tsat is the wall superheat. According to Eq. (4) a
decrease of the contact angle would tend to decrease the active
nucleation site density and thus the heat transfer coefficient.
However, nanoparticles deposition also alters the surface
roughness and number of micro cavities present on the sur-
face. In our boiling experiments with stainless steel wire
heaters submerged in nanofluids containingmetal oxide nano-
particles the number of micro cavities and the surface rough-
ness are typically increased Figs. 10 and 11, which is in agree-
ment with the findings in reference [12]. However, other re-
searchers also reported a decrease in surface roughness upon
nanofluid boiling [18]. This clear variation could be due to
difference in the size of nanoparticles, initial morphology of
the substrate surface, particle deposition rate and duration of
the experiment. Deposition of small particles on surfaces with
large number of cavities could lead to filling the cavities, thus
it will leads to reduce surface roughness of heater surface;

0.3 weight
percent

0.6 weight
percent

0.9 weight
percent

1.2 weight
percent

1.5 weight
percent

Ra= 0.111 Ra= 0.111 Ra= 0.111 Ra= 0.111 Ra= 0.111
Bare
Heat
er

Ra= 0.299 Ra= 0.507 Ra= 0.678 Ra= 0.715 Ra= 0.385
Al2O3

Fig. 11 SEM Images of heater surface exposed to pool boiling of Al2O3 nanofluid with different weight concentrations
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otherwise, deposition of large particles on an initially smooth
surface will lead to higher surface roughness. However, lack-
ing direct measurement of the nucleation site density, the link
between boiling curve shift and nanoparticles layer cannot be
decisively elucidated.

5.2 Effect of nanoparticles on CHF

The literature is generally lacking in explaining the CHF en-
hancement mechanism in nanofluids. Although several de-
cades of passionate study a consensus explanation of the phys-
ical mechanism causing CHF is yet to be found even for the
simpler case of a pure substance. Hypotheses have been for-
mulated, most of which normally into one of four categories:

Hydrodynamic instability theory [9, 19], macro layer dry
out theory [20–22], hot/dry spot theory [23], and bubble in-
teraction theory [8, 24]. Of these four theories, the last three
support surface wettability in relation to CHF enhancement. A
thorough review of these theories is presented in reference
[25]. To illustrate the effect of surface wettability on CHF, a
review of the hot/dry spot theory is given below. If the heat
flux is high, hot/dry spots develop within the bases of the
bubbles growing at certain nucleation sites. The hot/dry spots
can be reversible or irreversible. They are reversible if
rewetting occurs upon bubble departure. They are irreversible
if rewetting does not occur, which causes a runaway excursion
of the surface temperature and eventually burnout [26]. In
principle the presence of the nanoparticle layer on the surface
can help delay CHF in two ways. Its increased wettability
promotes rewetting upon bubble departure.

The model proposed by Theofanous and Dinh [13] consid-
ered the micro hydrodynamics of the solid-liquid-vapour line
at the boundary of a hot/dry spot. They imagine that CHF

occurs when the evaporation recoil force, which drives the
liquid meniscus to recede, becomes larger than the surface
tension force, which drives the meniscus to advance and rewet
the hot/dry spot. On this basis, they derived the following
expression for the CHF:

q″cr ¼ k−1=2ρghfg σ ρ f−ρg
� �

g ρ2g

			n oh i
11=4 ð5Þ

Equation (4) and the traditional Kutateladze-Zuber’s for-
mula [8] are essentially the same, except for the param-
eter κ, which is the coefficient of proportionality be-
tween the radius of curvature of the liquid meniscus
less than the capillary length:

κ−κ
ffiffiffi
σ

p
=g ρ f −ρg

� �
ð6Þ

Theofanous and Dinh state that κ is a surface dependent pa-
rameter that for a well-wetting surface is smaller than for a
poorly-wetting surface.

5.3 Resistance of heater surface

In the present work pool boiling performance of Al2O3

nanofluids at different weight concentration of nanofluids is
studied at atmospheric pressure. The experimental result indi-
cated enrichment in boiling heat transfer with Al2O3 nanofluid
when compared with deionized water. The characterization of
heater surface is carried out quantitatively and qualitatively by
taking the image of Scanning Electron Microscopy [SEM im-
age] and measuring surface roughness respectively which are
discussed in detail in Figs. 10 and 11.

The heat flux (CHF) is determine experimentally by using
Eq. 7

Fig. 12 Experimental and
predicted values of heat flux at
different wt. concentration of
Al2O3 nanofluid
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q″ ¼ V � I
π� d � L

ð7Þ

V is voltage in Ω, I is current in Amp, d is the diameter of Ni-
Cr wire and L is the length of wire in m and q^ is heat flux
W/m2.

P.Vassallo et al. also measured the system resistance
through the power supply, Meters and by connecting lead wire
together and measuring the Voltage at low current generally
less than 1A, this resistance then subtracted from the resis-
tance measurement obtained with Ni-Cr wire connected to
the lead wires. The system resistance was between 0.8 to
0.11 Ω will be depends on the length of wire [16]

Rwire ¼ V
I
−Rsystem ð8Þ

Where R wire = Ni-Cr wire resistance, V =measured voltage,
I = measured current and R system is system resistance exclud-
ing Ni-Cr wire, the system was operated in the range of 1 A to
~10 A for several times.

The boiling curve data were then taken by slowly increas-
ing current and recording voltage and current readings the
boiling was initiated at some spots when the current is
>3 Amp if the wire was taken to failure >12 Amp the wire
will be suddenly break or become red and get break when
current was increased. The boiling curves were generat-
ed by deriving the wire temperature from known tem-
perature resistance relationship and calculate the heat
flux from measured voltage and current [16]. The heat
flux was predicted from the Eq. 9.

q″ ¼ I2Rwire

2πrl
ð9Þ

The result of the present work compared with the Eq. 9 and
predicted and experimental.

Values of CHF and heat transfer coefficient are calculated
which are shown in the Figs. 12 and 13 respectively, it shows
well agreement within the range of ±20% error band.

6 Conclusion

In this study, pool boiling CHF behaviours on electrically
heated Ni-Cr wire with nano-porous deposits were investigat-
ed at saturated temperature under atmospheric pressure.
Various deposit structures were obtained by varying the in-
creasing rate and maximum value of heat flux during the
pre-boiling in different weight concentration of water-
Alumina nanofluid. Surface properties of the deposit wires
were characterized to identify the major surface parameters
associated with the significant CHF increases on a heater with
nanoparticles deposits. It was found that heat capacity of heat-
er surface in the present study changes due to the nanoparticles
deposit so that it is not a major parameter in interpreting the
increased CHF. Pool boiling characteristics in Alumina
nanofluid were investigated with five weight concentrations
0.3, 0.6, 0.9, 1.2 and 1.5 wt% of Alumina with deionised
water. The enhancement in CHF for every concentration is
studied; the maximum enhancement of 87% CHF takes place
at 1.5 wt% of Alumina and for 0.3 wt% 43.1%.

Fig. 13 Experimental and
predicted values of heat transfer
coefficient Al2O3 nanofluids
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During experimentation it is observed that roughness on
heater surface increases up to 1.2 wt. percent after that it sud-
denly decreases, even CHF increases slowly from 1.2. to 1.5
wt. percent, rate of enhancement in CHF decreases from 1.2 to
1.5 wt. Percent of Alumina nanofluid. CHF enhancement is
directly related with surface microstructure and enhanced to-
pography resulting from the deposition of nanoparticles SEM
image of the heater surface shows porous layer build up due to
boiling induced precipitation of nanofluid. Decrease in surface
roughness can be attributed to nanoparticles filling the micro
cavities formed over the heater surface.
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