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1. INTRODUCTION
Nanofluids as new category of fluids may revolutionize
heat transfer technology. Nanofluid it is a mixture/suspension of
the base liquid and nanoparticles with a size below 100 nm [1].
Conflicting results as far as effect of nanoparticles on the pool
boiling heat transfer performance have been reported [2,3].
However, the data published in the open literature show, that
application of nanofluids results in distinct increase of critical
heat flux – even almost three times compared to the boiling of
pure, base liquid. It seems that You et al. [4] were the first that
investigated CHF phenomenon with nanofluids. They
demonstrated that the CHF of water-Al2O3 water nanofluids while boiling on a flat plate, was about 200% higher than that for
pure water when the particle volume fraction exceeded 0.005 g/L.
Furthermore, they concluded that the unusual CHF enhancement
with nanofluids could not be explained by any existing model of
CHF. Vassallo et al. [5] conducted experiments on the NiCr wire
that confirms the increasing CHF of nanofluids. They examined
the boiling characteristics of silica–water nanofluids with 0.5%
volume concentration and observed a thick SiO2 coating
(0.15–0.2 mm) on the wire, suggesting that there was a surface
interaction between the nanoparticles and the wire. Dinh et al.
[6] observed CHF increase during boiling of water-Al2O3
nanofluid on horizontal plates covered with titanium films (460
nm). They postulated that CHF increase results from two
premises: creation of nanocoating and extraordinary ability of
nanofluids to wet the heater called super-spreading. Moreno et al.
[7] established that at saturation temperature Tsat=60°C, the
maximum CHF enhancement as compared to the predicted
Zuber's CHF evaluated at an equivalent saturation temperature is
~180% for water-Al2O3 nanofluids and ~240% for water-ZnO
nanofluids. The dispersion of Al2O3 nanoparticles in various
ethylene glycol solutions is also found to enhance CHF by as
much as ~130%. Bang and Chang [8] studied the pool boiling
heat transfer of water-Al2O3 nanofluids on a flat plate heater, and
measured the surface roughness of the heater before and after the
pool boiling experiment. They reported that the CHF was
enhanced in both horizontal and vertical pool boiling. In addition,
using surface roughness data, they hypothesized that the change
in CHF performance was related to the change in the surface
characteristics with the deposition of nanoparticles. However,
these studies could not precisely determine the reason for the
outstanding enhancement of the CHF using nanofluids, and
simply conjectured that the effect was related to the surface
coating of nanoparticles. Milanova and Kumar [9] reported that
nanosilica suspension increases the CHF 3 times compared to
water while boiling on wire. Jackson et al. [10] studied boiling
of water-Au nanofluid on circular plate. They established CHF
1.5 times higher than for pure water. Kim et al. [11,12]
investigated boiling of water-based nanofluids with titania and
alumina nanoparticles on NiCr an Ti wires. The results showed
that the nanofluids significantly (up to 170%) enhanced CHF
compared to that of pure water. Kim et al. [13,14] observed CHF

enhancement during water-Al2O3, water-ZrO2 and water-SiO2
nanofluids on flat horizontal plate and wires. They attributed
CHF enhancement to contact angle reduction. Kashinath [15]
conducted experiments in order to check the effect of heater size,
pressure, heater orientation and effect of anti-freeze addition on
CHF of water and glycol based nanofluids using Al2O3
nanoparticles. Nanofluids have shown about ~ 180 - 200%
enhancement in CHF values. The effect of heater was examined
using three different sized heaters. Maximum enhancement of
~190% was achieved for a 1×1 cm heater. The effect of pressure
on CHF was investigated by testing nanofluids at three pressures.
Maximum enhancement of ~240% increase in CHF was
observed at the lowest pressure tested. Surface orientation effect
on CHF tested for a 2×2 cm heater at five orientations revealed
about ~120% enhancement over the CHF obtained using Zuber’s
correlation at an orientation of 150°. Two commercially used
antifreezes, ethylene glycol and propylene glycol, were used to
study the effect of anti-freeze addition to nanofluids.
Alumina-water nanofluid of 0.025 g/L concentration mixed with
the antifreezes at five compositions by volume showed a
maximum enhancement of ~120% for ethylene glycol and ~70%
for propylene glycol. Milanova et al. [16] used water based
nanofluids with SiO2, CeO2 and Al2O3 nanoparticles. They stated
that amorphous oxides (SiO2) are generally more disordered and
less closely packed compared to the crystalline oxides such as
CeO2 and Al2O3. The arrangement of the atoms within the unit
cell and the layer of water molecules at the surface possibly
influence the CHF. The boiling regime is further extended to
higher heat flux when there is agglomeration on the wire. This
agglomeration
allows
high
heat
transfer
through
interagglomerate pores, resulting in a nearly 3-fold increase in
CHF. This deposition occurs for the charged 10 nm silica particle,
and was not seen for other oxide particles. Kim et al. [17]
determined that addition of TiO2 resulted in 200% of CHF
during boiling on a NiCr wire compared to that of pure water by
increasing nanoparticle concentration. Kim H. and Kim D. [18]
noticed CHF enhancement during boiling of water-TiO2,
water-Al2O3, water-SiO2 nanofluids while no augmentation of
CHF was observed for water-Ag nanofluid. They concluded that
the significant CHF enhancement is a consequence of not only
increased surface wettability but also improved capillarity due to
the surface deposition of nanoparticles. Kim et al. [19]
established that CHF is degraded during boiling of nanofluids on
nanoparticle-coated heating surface because nanoparticles may
clog micro-passes supplying the bulk liquid to the heating
surface by capillary wicking. Liu et al. [20] studied pool boiling
of water–CuO nanofluid on horizontal copper plate with
microgrooves. The grooves were of 0.5 mm wide and 0.8 mm
deep. The gap between the two grooves was 0.5 mm. The
experiments were conducted under four operating pressures of
7.4 kPa, 20 kPa, 31.2 kPa and 100 kPa. CHF enhancement
strongly depends on operating pressure. For optimum
nanoparticle concentration of 1% and operating pressure of 7.4
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kPa CHF was about two times higher than for pure water.
Coursey and Kim [21] investigated boiling of water-Al2O3 and
ethanol-Al2O3 nanofluids on circular plates made of glass, Au
and Cu. They noticed that the greater concentrations led to
modest (up to 37%) increase in the CHP. Liu and Liao [22]
stated that the very thin nanoparticle sorption layer caused a
decrease in solid-liquid contact angle on the heating surface
which lead to and increase of CHF. Milanova and Kumar [23]
determined that when there was no nanoparticle deposition on
the wire, the nanofluid water-SiO2 increased CHF by about 50%
regardless of pH of the base liquid (3, 4, 7, 10) or particle size
(10-20 nm). Golubovic et al. [24] revealed that the increase of
nanoparticle concentration in the nanofluid increases the CHF up
to a certain point, after which further increase does not effect
CHF. They believe in hydrodynamic nature of CHF. Jo et al. [25]
established that CHF were significantly enhanced for different
nanoparticle sizes and concentrations. The CHF of nanofluids
was increased as the size of the nanoparticles decreased. On the
other hand, nanoparticle concentration value showing the
maximum CHF had a critical value. Kumar and Milanova [26]
showed that CHF is a strong function of the relaxation of the
surface tension of the nanofluid, i.e. the difference in the surface
tension between the nanofluid and surfactant solution. The
maximum enhancement in CHF is nearly four times for a
surfactant to CNT concentration ratio of 1:5. Kim H. and Kim M.
[27] reported outstanding CHF improvement during boiling of
water-TiO2, water-Al2O3 and water-SiO2 nanofluids on
horizontal wire. The final effect is strongly dependent on the
kind of nanoparticles, as well as its concentration (10−5-10−1
vol.%). Park et al. [28] stressed that CHF improvement results
from CNTs deposition and formation of a thin film on the
surface. Because of this deposition, the probability of forming
large vapor blanket by bubbles at high heat flux decreased and
consequently, the CHF increased. Kim et al. [29] established that
the quenching behavior in nanofluids is nearly identical to that in
pure water. However, it was found that some nanoparticles
accumulate on the sphere surface, which results in
destabilization of the vapor film in subsequent tests with the
same sphere, thus greatly accelerating the quenching process.
Kathiravan et al. [30] found that CHF increased with
nanoparticle concentration increase during boiling of water-Cu
nanofluid on 30 mm square flat plate. However, addition of
surfactant (SDS) to nanofluid resulted in dramatic CHF
degradation. Kwark et al. [31] carried out experiments with
boiling of water-Al2O3, water-CuO and water-diamond
nanofluids. They postulated that there is an optimal nanocoating
thickness/structure which can produce the maximum CHF
enhancement. Furthermore, it seems that boiling itself appears to
be the mechanism responsible for the nanoparticle coating
formation as the vapor bubbles’ microlayer evaporate. Kwark et
al. [32,33] conducted experiments with boiling of pure water on
a plate covered with nanocoating created during ethanol-Al2O3
nanofluid. When tested in water, these nanocoatings had ability
to enhance CHF. Kwark et al. showed that pool boiling
performance of pure water on Al2O3 nanoparticle coated flat
heaters is dependent on such parameters as operating pressure,
heater size and heater orientation. They postulated that the better
wettability in the nanocoating, especially its ability to
continuously rewet the base of the growing bubbles, was the
main cause of CHF enhancement. Liu et al. [34] experimentally
demonstrated that pressure significantly influences CHF of CNT
nanofluids. They postulated that CHF depends on the thickness
and the wettability area of the thin liquid microlayer underneath
vapor bubble. If the CNT nanoparticles accumulated in the liquid
microlayer during the boiling process the CHF can be increased
due to that the increases of both the effective thermal

conductivity and the wettability area of the thin liquid microlayer.
At the atmospheric pressure, the effects of the accumulation of
CNTs in the thin liquid microlayer may be weak due to that it is
difficult for nanoparticles to enter into the liquid microlayer.
However, in the sub-atmospheric pressures, the effects of the
accumulation may be stronger than that in the atmospheric
pressure, so the heat transfer enhancement would increase with
the decrease of the pressure. Kim et al. [35] recorded significant
CHF enhancement during boiling of alumina (Al2O3) and titania
(TiO2) nanofluids on heated disk. It is supposed that the
nanoparticle layer increases the stability of the evaporating
microlayer underneath a bubble growing on a heated surface and
thus the irreversible growth of a hot/dry spot is inhibited even at
a high wall superheat, resulting in the CHF enhancement
observed when boiling nanofluids. Park et al. [36] used graphene
and graphene-oxide nanosheets (GON) as the additives in
nanofluids and they recorded outstanding CHF improvement,
especially for water-GON nanofluid (172%). As a potential
explanation Park et al. suggest that application of GON results in
building up a characteristically ordered porous surface structure
due to its own self-assembly characteristics resulting in a
geometrically changed critical Rayleigh-Taylor instability
wavelength. Truong et al. [37] determined that nanofluids can
further increase pool boiling CHF by forming a porous
deposition on the heated surface. They tested three water-based
nanofluids (diamond, zinc oxide and alumina) to modify
sandblasted stainless steel 316 plate heaters via boiling induced
deposition. The pool boiling CHF of these pre-coated heaters
increased by up to 35% with respect to that of the bare,
sandblasted heaters. The enhancements are highest for alumina
and zinc oxide nanofluids. Kathiravan et al. [38] observed CHF
increase with concentration of silver nanoparticles suspended in
water as well as in water-surfactant base liquid. Park et al. [39]
used xGnPs and xGnPs oxide to prepare experimental nanofluids.
The critical heat flux (CHF) of nanofluids when boiled over a
NiCr wire increased with increasing concentrations of xGnP and
xGnP oxide particles in the base fluid. They noticed that the
xGnP oxide nanofluids with 0.005 vol% dispersed particle
concentration had the most enhanced CHF. Although the largest
CHF enhancement was observed for the nanofluid with 0.005
vol% xGnP oxide, no reduction was observed in the contact
angle. Lee et al. [40] proposed the magnetic nanofluids (or an
engineered colloidal suspension of magnetite nanoparticles in
water) as the new coolant material to overcome the shortcomings
of nanofluids, and the flow boiling CHF characteristics of
magnetic nanofluids was quantified. They observed significant
amount of CHF enhancement. Lee et al. [41] described the effect
of high pressure on CHF enhancement using water-based
nanofluids. They found that the CHF was generally increased
with increasing the system pressure. Hiswankar and Kshirsagar
[42] studied pool boiling with water based nanofluid and ZnO
nanoparticles. The results showed that the water-based
nanofluids significantly enhanced CHF compared to that of pure
water. The CHF values of the ZnO nanofluids were enhanced
from approximately 70% to 80% of pure water. It was found that
a sizable layer of nanoparticle deposits were formed on heater
surface. Park et al. [43] studied the Ag, Cu, and Al2O3 nanofluids
produced by the electrical explosion of wire in liquids (EEWL).
The EEWL as physical method has many advantages such as
high-purity nanofluids production without surfactants (non-toxic,
in contrast to chemical method), control of oxidation of
nanoparticles surface, and spherical nanoparticle production.
They performed pool boiling experiments to characterize the
CHF enhancement using Ag, Cu and Al2O3 nanofluids. The
heater surface contained deposited nanoparticles that formed
nano/microstructures. Build-up of the nanoparticles on the heater
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surface occurred during nucleate boiling, which decreased the
contact angle of heater surface. The improving of surface
wettability contributed to the CHF enhancement. Kole et al. [44]
studied the pool boiling characteristics of copper-distilled water
nanofluids which were determined employing cylindrical heater
surfaces of three different materials, namely, copper, brass and
aluminium. They found that boiling heat transfer coefficient
enhances for all three heater surfaces with increasing
concentration of copper nanoparticles in the prepared nanofluids,
roughness of surfaces and depends on the material of surface.
They observed that critical
heat flux increases with increasing Cu nanoparticle concentration
and displays a maximum enhancement of ~60% for nanofluid
containing 0.5%wt of copper. The observed CHF enhancement is
attributed to the increased surface roughness of the heating wire
due to the formation of peaks and valleys on the wire surface.
Available data were obtained for thin wires and flat plates.
None of the experimental work was conducted with use of tubes.
But, it is well known – from experimental as well as theoretical
studies, that critical heat flux in pure, base liquids is strongly
dependent on heater geometry [45]. The main aim of the
proposed study is therefore recognition of the phenomena
accompanying nucleate boiling crisis of selected nanofluids
during boiling on horizontal tubes of various outside diameters.
Of particular interest is impact of contact angle and tube
diameter on the value of critical heat flux. The results obtained
should give more light on the nature of nucleate boiling crisis
and will serve as a basis for future theoretical modeling of the
nucleate boiling crisis.
2. EXPERIMENT
2.1 Preparation and characterization of nanofluids
In the present study Al2O3, TiO2 and Cu (Fig.1) were used
as nanoparticles while distilled, deionized water was applied as a
base fluid. Alumina (Al2O3), titania (TiO2) and copper (Cu)
nanoparticles, of spherical form have diameter from 5 nm to
250 nm. Their mean diameter was estimated to be 47 nm
according to the manufacturer (Sigma-Aldrich Co.). Dispersants
were not used to stabilise the suspension. Ultrasonic vibration
was used for 30-60 minutes in order to stabilise the dispersion of
the nanoparticles. Nanoparticles were tested at the concentration
of 0.01%, 0.1%, and 1% by weight. The pH of nanofluids was
ca. 7. All tests were performed under atmospheric pressure.
Fig. 2 shows the SEM photographs of Al2O3 and TiO2
nanoparticle suspensions with the concentration of 0.01%. The
experimental results showed that the stability of nanoparticle
suspensions were good and during the test run, nanoparticle
suspensions could maintain good uniformity.

U t I t ª 2 ln( Do / Di ) º
(1)
− 1»
«
4πλL ¬ Do2 / Di2 − 1 ¼
where: Ut [V] – voltage drop, Ic [A] – current, Do [m] – outside
tube diameter, Di [m] – inside tube diameter, L [m] – active
length of a tube. The temperature of the inside surface of the test
tube, ti, was measured using a single thermocouple that displays
an average temperature of the inside surface. The hot junction of
the thermocouple was placed on the centre line of the tube at the
midpoint of the test section. The wall superheat was calculated
as
ΔT = to − t f
(2)
to = t i +

(

)

where tf was calculated as the arithmetic mean of four measured
fluid temperatures (Fig. 3). The heat flux was calculated as
Q U I
(3)
q = = t t
A πDo L
Mean heat transfer coefficient was calculated as
q
(4)
α=
ΔT

The uncertainties of the measured and calculated parameters are
estimated by mean-square method. The experimental uncertainty
of heat flux was estimated as follows:
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where the absolute maximal measurement errors of the voltage
drop ǻUt, current ǻIt, outside tube diameter ǻDo and active
length of a tube ǻL are 0,248 V, 1,57 A, 0.02 mm, and 4 mm,
respectively. So, the maximum overall experimental limits of
error for heat flux extended from ±4.3% for maximum heat flux
up to ±30.6% for minimum heat flux. The soldering of the tubes
at both ends adds uncertainty to the length of the whole tube and
attributes to the largest uncertainty in the heat flux.
The experimental uncertainty for the average heat transfer
coefficient is calculated as
2
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where the absolute measurement error of the wall superheat, įT,
estimated from the systematic error analysis equals ±0.2 K. The
maximum error for average heat transfer coefficient was
estimated to ±31%.

2.2. Experimental apparatus and procedure
Figure 3 shows the schematic diagram of the experimental
apparatus. The test chamber consisted of a cubical vessel made
of stainless steel with inside dimensions of 150 x 150 x 250 mm.
The horizontal stainless steel tubes having 1.6 mm and 3 mm of
outside diameter and 0.6 mm wall thickness formed test heater.
The effective length of the test tube was 180 mm. The ends of
primary heater are soldered to short cooper cylindrical ends to
minimize any additional electrical resistance. The test specimens
were heated by using the tubes themselves as resistance heaters.
The outside surface temperature, to, used for wall superheat
determination was obtained as an analytical solution of the
one-dimensional, steady-state heat conduction equation with
uniform heat generation in the tube wall as:
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3. RESULTS AND DISCUSSION
Figure 4 and Fig. 5 show boiling curves and heat transfer
coefficient, respectively, for water-Al2O3 nanofluid on stainless
steel tube having 1.6 mm outside diameter at atmospheric
pressure for three tested nanoparticle concentrations, i.e. 0.01%,
0.1% and 1%. The addition of nanoparticles Al2O3 results in
dramatic heat transfer degradation. Moreover, the heat transfer
coefficient decreases with nanoparticle concentration increase,
particularly for higher heat flux. Present results for distilled
water display satisfactory agreement with predictions obtained
with Cooper’s correlation [46] within the whole range of heat
flux investigated.

Fig. 4. Boiling curves for water-Al2O3 nanofluid on stainless
steel tube (Do = 1.6 mm)

Fig. 1. Tested nanofluids

Fig. 2. SEM images of water-Al2O3 and water-TiO2 nanofluids
(0.01%)

Fig. 5. Boiling heat transfer coefficient vs. heat flux for
water-Al2O3 nanofluid on stainless steel tube (Do = 1.6 mm)
Figure 6 and Fig. 7 show boiling curves and heat transfer
coefficient, respectively, for water-TiO2 nanofluid on stainless
steel tube having 3 mm outside diameter at atmospheric pressure
for three tested nanoparticle concentrations, i.e. 0.01%, 0.1% and
1%. As it seen in Fig. 6 and Fig. 7 that addition of even small
amount of nanoparticles inhibits heat transfer in comparison with
boiling of distilled water. Heat transfer coefficient decreases with
nanoparticle concentration increase (Fig. 7), and boiling curves
are shifted right, towards higher wall superheats (Fig. 6).

Fig. 3. Schematic diagram of the experimental apparatus
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Fig. 6. Boiling curves for water-TiO2 nanofluid for three tested
nanoparticle concentrations, i.e. 0.01%, 0.1% and 1% on
stainless steel tube (Do = 3 mm)

Fig. 8. Boiling curves for water-Al2O3, water-TiO2 and water-Cu
nanofluids with nanoparticle concentration of 0.01% on stainless
steel tube (Do = 1.6 mm)

Fig. 7. Boiling heat transfer coefficient vs. heat flux for
water-TiO2 nanofluid for three tested nanoparticle concentrations,
i.e. 0.01%, 0.1% and 1% on stainless steel tube (Do = 3 mm)

Fig. 9. Boiling heat transfer coefficient vs. heat flux for
water-Al2O3, water-TiO2 and water-Cu nanofluids for
nanoparticle concentration of 0.01% on stainless steel tube with
outside diameter of 1.6 mm

Figure 8 shows boiling curves for discrete nucleate boiling
and fully developed nucleate boiling regimes for water-Al2O3,
water-TiO2 and water-Cu nanofluids on stainless steel tube
having 1.6 mm outside diameter at atmospheric pressure for
nanoparticle concentration of 0.01%. Boiling curves are shifted
right, towards higher wall superheats what indicates a dramatic
heat transfer degradation As it seen in Fig. 9 the corresponding
heat transfer coefficient is the highest for water-Al2O3 nanofluid
and the lowest for water-TiO2 nanofluid.

Independent of the nanoparticle material and nanoparticle
concentration, enhancement factor keff, defined as a ratio of heat
transfer coefficient for nanofluid to the heat transfer coefficient
for distilled water at the same wall superheat, decreases with
heat flux increase – Fig. 10.
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Fig. 10. Enhancement factor for water-TiO2, water-Al2O3 and
water-Cu nanofluids with 0.01% nanoparticle concentration
boiling on the stainless steel tube (Do = 1.6 mm)
Figure 11 shows boiling curves and CHF region for
distilled water on stainless steel tube of 1.6 mm and 3 mm
outside diameter. The recorded burnout values (1075 kW/m2 and
1377 kW/m2, respectively) are very close to the predictions
made by use of the Kutateladze-Zuber (1325 kW/m2) and
Haramura-Katto (1050 kW/m2) correlations and seem to confirm
hydrodynamic nature of the first boiling crisis [47].

Fig. 11. Boiling curves and CHF values for deionized water on
stainless steel tube (Do = 1.6 and Do =3 mm)
Figure 12 depicts the boiling curves for water-Al2O3,
water-TiO2 and water-Cu nanofluids on stainless steel tube at
atmospheric pressure for nanoparticle concentration of 0.01%.
and Fig. 13 experimental points for fully developed nucleate
boiling. The recorded burnout values for water-Al2O3 and
water-TiO2 are the largest. Addition of Al2O3 and TiO2
nanoparticles resulted in 171% (1843.6 kW/m2) and 176%
(1889.7 kW/m2) enhancement of CHF during boiling of
water-Al2O3 and water-TiO2 nanofluids on stainless steel tube
compared to that of pure water, respectively. The recorded
burnout value for water-Cu nanofluid (1354.2 kW/m2) is very
close to the value of pure water.

Fig. 13. CHF values for deionized water, water-Al2O3,
water-TiO2 and water-Cu nanofluids on stainless steel tube
(Do = 1.6 mm)
As it was already reported in the literature [14, 31-33, 37],
a kind of nanocoating has been detected on the tube surface after
boiling experiment. Figure 14 and Fig. 15 illustrate Al2O3 and
TiO2 nanocoatings developed on the tube surface with outside
diameter of 1.6 mm, respectively. The SEM images of the
nanocoatings taken with small magnification (Fig. 14a and Fig
15a) show no distinctive differences in the coating structures.
The nanocoatings have a patchy non-uniform consistency.
Because of strong effect of the absorption of electrons it was
impossible to take SEM images of the Al2O3 nanocoating with
magnification greater than 10000x (Fig. 14b). Contrary to Al2O3
nanocoating, TiO2 nanocoating displayed higher electrical
conductivity, so it was possible to take SEM images with
magnification of 100000x and it is seen that the nanocoating is
very porous and regular.
a)

b)
Fig. 12. Boiling curves and CHF values for deionized water and
water-Al2O3, water-TiO2 and water-Cu nanofluids on stainless
steel tube (Do = 1.6 mm)
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Fig. 14. SEM images of the tube surface with nanocoating
developed during boiling of water-Al2O3(0.01%vol.) nanofluid;
a) magnification (75x), b) magnification (10000x)

a)

Fig. 15. SEM images of the tube surface with nanocoating
developed during boiling of water-TiO2(0.01%vol.) nanofluid;
a) magnification (75x), b) magnification (100000x)
There is a consensus that CHF enhancement during
nanofluid pool boiling is related to the formation of a
nanocoating
on the heating surface. The fact that the
microlayer evaporation underneath the bubble attached to the
heater surface is responsible for the deposition of the
nanoaparticles (nanocoating) is unquestioned [8,11,31]. However,
the role of the nanocoating in CHF progress is still under study.
Some researchers point out that the nanocoating significantly
improved the surface wettability and as a result CHF
enhancement is observed [14,39]. The role of disjoining pressure
is emphasized [48, 49] emphasized. Recently, the relation
between the CHF enhancement and Taylor instability as well as
Helmholtz instability is studied [50-52]. Inhibition of the
irreversible growth of a hot/dry spot due to increased stability of
the evaporating microlayer underneath a bubble growing on a
nanocoating is supposed to improve CHF [35].
4. CONCLUSIONS

b)

Independent of the nanoparticle concentration and material
(Al2O3, TiO2 and Cu), addition of nanoparticles caused dramatic
degradation of pool boiling heat transfer on smooth, horizontal
stainless steel tube.
Enhancement factor for all tested nanofluids (water-TiO2,
water-Al2O3 and water-Cu) decreases with heat flux increase.
Critical heat flux obtained for distilled water on stainless
steel tube agrees satisfactory with predictions obtained by use of
the Kutateladze-Zuber and Haramura-Katto correlations.
Addition of Al2O3 and TiO2 nanoparticles resulted in
dramatic enhancement of CHF during water-Al2O3 and
water-TiO2 nanofluids boiling on stainless steel tube compared
to that of pure water. The recorded burnout value for water-Cu
nanofluid was very close to the value of pure water.
Nanocoatings of different structures were detected on the
tube surface after CHF boiling experiment for all three tested
nanofluids
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