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A B S T R A C T

Surfactants role in the enhancement of the heat transfer and stability of alumina oxide – distilled water nanofluid
was introduced in this research, where there are limited studies that conjugate between the stability improvement
and its effect on the heat transfer coefficients. Four weight concentrations for the experiment were used (0.1, 0.3,
0.6, and 0.9%) with 20 nm particle size under a constant wall temperature. The selection of appropriate sur-
factants weight was tested too by implementing three weight concentrations (0.5, 1, 1.5, and 2 %) related to each
nanofluid concentration via measuring their effect on the zeta potential value. The heat transfer augmentation
was tested through a double horizontal pipe under a constant wall temperature at entrance region with Reynolds
number range (4000–11800). The results manifested the use of nanofluid worked on enhancement the heat
transfer performance better than water, and the stable nanofluid elucidated better results.
1. Introduction

The nanofluid stability is considered one of most important prop-
erties, and many studies discussed its effect on the thermophysical
properties in order to know the enhancement in the nanofluid
behaviour by adding surfactants and altering the pH value of the
suspension. The effect of adding two types of surfactants (SDS and
PVP) on the stability and thermal conductivity with different mass
fractions to the Al2O3/de-ionized water nanofluids of various volume
fractions was studied by Xia and co-workers [1]. The surfactants
worked on more nanoparticles dispersing in the base fluid and
improved the steadiness of suspension. The best enhancement in the
thermal conductivity took place at the optimum ratio of concentration
of the surfactant mass fraction and the particle volume fraction, where
the nanoparticles and surfactants ratio should be concerned. R.
Choudhary et al. [2] studied the stability analysis of Al2O3/water
nanofluid by changing the pH and sonication time in details. The re-
sults indicated that the stability influenced by the time of sonication
and pH value, where the zeta potential increased as volume fraction
decreased beside an increment occurred at the basic and acidic region
when changing the pH value.

The thermophysical properties and the (Al2O3-EG) nanofluids
performance were studied by [3] using 0.1% volume concentration
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and a varied temperature range (20–60 �C) and utilizing (PVP) and
(SDS) as surfactants to enhance the nanofluid stability. The best
stability reached with PVP surfactants, and it was noticed when the
surfactants concentration increased, the thermal conductivity and
viscosity increased too and then started to decrease until obtaining
the best surfactant concentration. For both laminar and turbulent
forced convective process, the temperature below 50 �C can be
considered as efficient for the working fluids. The nonlinear increase
of viscosity with particle concentration was due to the aggregation
of particles [4]. Applicability of nanofluids in cooling and heating
applications were working well. The paper showed that nanofluid
stability had a strong relation with viscosity and thermal conduc-
tivity [5]. The heat transfer coefficient, was an important amount
utilized in the calculation of heat transfer, usually used once there
was a phase change between a fluid and a solid, or convection. The
coefficient was not a property like specific heat or thermal con-
ductivity, however rather a descriptive amount based mostly on
fluids interacting with geometries [6].

In the present research, four samples of alumina-water nanofluid
were introduced at different concentrations (0.1, 0.3, 0.6 and 0.9%)
beside another four samples after selecting the optimum concentration of
surfactants in order to study the effect of stability enhancement on the
convective heat transfer.
20
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Figure 1. SEM image for Al2O3 nano powder.

Figure 3. (a) The SDS surfactants can and (b) The chemical structure of
the SDS.

Figure 4. Zeta potential analyzer (Zeta plus) Brookhaven.
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2. Preparation of nanofluid

The nanofluid was prepared by utilizing the two-step method. The
average particle shape and size are spherical and 20 nm, respectively as
depicted in the SEM image, Figure. (1).

The required weight for the nano powder and the distilled water was
estimated according to the mixing equation [4]:

∅ ¼ ðw=ρÞnp
ðw=ρÞnp þ ðw=ρÞbf

(1)

Then, nano particles were added to the distilled water through
shaking by hand for a while before making a probe ultra-sonication for
one hour to break down the clusters.

Figure (2) illustrates the procedure of producing the nanofluid in the
present work.

3. Stability control

The sodium dodecyl sulfate (SDS) (NaC12H25SO4) was used as sur-
factants in order to reach the stable colloid nanofluid because it is
directly related to the steric stabilization mechanism. The SDS structure
contains a head and tail. One of these endings sticks on the particles
surface to prevent them from attraction and also works as an adhesive
between particles and medium [7]. Figure (3) depicts the packet of the
used surfactant and the chemical structure of it. In this study, the opti-
mum concentration of surfactants to the colloid was investigated by
Figure 2. Nanofluid pr
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applying four volume fractions of SDS (0.1, 0.3, 0.6 and 0.9%) on each
volume fraction of the alumina-water nanofluid. The optimum volume
fraction of surfactants will appear at the highest zeta potential. The zeta
potential was carried out to verify the stability level by using the Zeta
Potential Analyzer (Zeta Plus) Brookhaven-USA, as shown in Figure (4).
Zeta potential measurements revealed an increment in the zeta potential
values as adding the additives to the nanofluid. For 0.1, 0.3 and 0.5%
surfactant concentration, the best zeta potential recorded the maximum
value when the amount of additives is equaled to the nano particles
amount which means 1%. The zeta potential values were 45.6, 48.76 and
51.24 mV with 0.1, 0.3 and 0.5 wt.%, respectively. The nanofluid reveals
degradation in the stability when increasing the amount of surfactants.
The zeta potential of nanofluid with 1% was 53 mV at the 0.5% of SDS
which represents the optimum mixture concentration, Figure (5).

The sediment photograph capturing of the nanofluid is illustrated in
Figure (6). Figure (6-a) represents the samples after preparation. The
additives effect appeared obviously when the all samples still homoge-
nized for 44 days without trace of sedimentation for 1 wt.% with 0.5
wt.% surfactants, Figure (6-b). Generally, the sedimentation period is
proportional to the weight concentration [8].
eparation diagram.



Figure 5. SDS weight concentration versus the zeta potential of nanofluid.
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4. Experimental test rig

The experimental setup is schematically represented in Figure (7), it
comprises a test section (Double pipe Heat exchanger), receiving tank,
condensation unit, Arduino, flow meter, heater with thermostat to keep
the temperature of the nanofluid constant at the inlet, pump, bypass
valve arrangement, thermocouples to read the temperatures, and per-
sonal computer. The test section includes a double pipe heat exchanger;
the inner tube is from copper and has a diameter of (0.0101 m) with a
length of (0.4 m), also the annulus tube is from copper and has a diameter
is (0.028 m). The water/nanofluid flows throughout the inner tube via
utilizing a pump. The external annular tube is the evaporator of the
condensation unit. The mass flow rates for the hot fluid and the water/
nanofluid are governed by the arrangements of a by-pass valve. A flow
meter (Model YF-S201working with Arduino) was utilized for measuring
the hot fluid mass flow rate. Through the experiments, the hot fluid
nanofluid mass flow rate was varied from (0.033 kg/s) to (0.26 kg/s).
Three thermocouples were used to read the temperatures of the inlet,
outlet, nanofluid and surface.

In order to remove the nanofluid residue from the system and displace
the nano particles from the wall, a flash procedure was implemented by
filling the nanofluid tank with fresh water and circulating it in the system
Figure 6. (a) Al2O3 Nanofluid after prepara
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for half hour. This will help in prepare the system to receive another
concentration of nanofluid without agglomeration as possible on the
wall.

5. Data reduction

The data of experiments were utilized to compute the coefficient of
the convective heat transfer as well as the Nusselt no. of nanofluids with
different particle volume concentrations. For the fluid flows in the heat
exchanger inner tube, the rate of heat transfer of hot fluid (nanofluid
Al2O3) in the inner tube can be stated as:

Qh ¼ _mh �Cp h � ðTh in �Th oÞ (2)

While, the mass flow rate and the heat transfer of cold fluid (R134a) for
outer tube are:

_mc ¼ I*V*cos∅
ηiso*ηmechðHb � HaÞ (3)

Ha ¼ Specific enthalpy of saturated vapor at the evaporator
temperature.

Hb ¼ Specific enthalpy at the compressor exit.

Qc ¼ _mc*RE (4)

RE: Refrigerant effect, see Figure (8).where,

RE¼Ha � Hd (5)

The average heat transfer rate (Qav) utilized in the computation is
estimated from the cold and hot sides as following [9]:

Qav ¼ðQcold þ QhotÞ
2

(6)

The overall heat transfer coefficient (Uin) for the nanofluid flowing in
a concentric tube of heat exchanger is calculated from:

Uin ¼ Qav

AinΔTLM
(7)

where, Ain ¼ πDinL, and ΔTLM is the logarithmic mean temperature
difference.

ΔTLM ¼ ΔT1 � ΔT2

lnðΔT1=ΔT2Þ (8)

where,

ΔT1 ¼ To � Tc; ΔT2 ¼ Tin � Tc

The outside heat transfer coefficient (ho) is calculated by this Eq. (10)
tion (b) Al2O3 Nanofluid after 44 days.



Figure 7. The schematic diagram of experimental rig.
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ho ¼Nucold kcold
Dhyd

(9)
kf ¼Δx*
Hfg

Ltube
(10)

where,
Δx ¼ 0.75, which is the difference in dryness fraction.
And, Dhyd ¼ Do � Din

Therefore, the Nusselt number of the cold side can be calculated from
the equation below [14].
Figure 8. The refrigeratio
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Nuc ¼ 0:0082
�
Re2ckf

�0:5 (11)
The coefficient of the convection heat transfers of test fluid (hi) can be
found from this equation:

Uin ¼ 1
Ain

Ain*hin
þ Ain lnðDo=DinÞ

2π*L*kwall
þ Ain

Ao

1
ho

(12)

where, Uin is the overall coefficient of heat transfer based upon the area of
inside tube, (hi) and (ho) are the individual coefficients of the convective
heat transfer of fluids inside and outside the tubes, respectively.
n cycle of cold tube.



Figure 9. Average coefficient of heat transfer versus Reynolds no. for distilled
water and (Al2O3) nanofluid at the volume concentrations without stabil-
ity treatment.

Figure 10. Average coefficient of heat transfer versus Reynolds no. for distilled
water and (Al2O3) nanofluid at the volume concentrations with stabil-
ity treatment.

Figure 11. Average Nusselt number versus Reynolds no. for distilled water and
(Al2O3) nanofluid at the volume concentrations without stability treatment.

Figure 12. Average Nusselt number versus Reynolds no. for distilled water and
(Al2O3) nanofluid at the volume concentrations with stability treatment.
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Eq. (13) below denotes the experimental Nusselt no., which is
computed based upon the coefficient of heat transfer of the tube side, the
hot water thermal conductivity and the tube diameter.

Nuh ¼ hin*Din

knf
(13)

Reh ¼ ρnfvnfDin

μnf
(14)

The losses of heat are too low and the difference between Qcold and
Qhot is not more than 10% in heat exchanger; that means the experi-
mental setup is calibrated well and it's ready for conducting the experi-
ments with various nanofluids' concentrations.
5

6. Results and discussion

The heat transfer augmentation of the nanofluid was investigated
experimentally under constant wall temperature at the entrance region.
The inlet temperature of the nanofluid to the test section was controlled
by the chilling unit that will insured to reach the targeted temperature
and stopping the continued heating to the test section wall. Figures 9 and
10 demonstrate that the coefficient of heat transfer will increase with the
increment of the range of Reynolds number. It's obviously noted that the
coefficient of the convective heat transfer of nanofluid is more than the
base fluid (water) at a specified range of Reynolds number. The outcomes
are conformed to those found by SURESH, S. et al. [9]; SHARMA, K. V.
et al. [10] and HERIS, et al. [11]. The improvement of heat transfer is



Figure 13. Average Nusselt number versus volume concentrations for distilled
water and (Al2O3) nanofluid at the different flow rates without stabil-
ity treatment.

Figure 14. Average Nusselt number versus volume concentrations for distilled
water and (Al2O3) nanofluid at the different flow rates with stability treatment.

Figure 15. The ratio of Nusselt no. of nanofluid to Nusselt no. of base fluid
versus Reynolds no. without stability treatment.

Figure 16. The ratio of Nusselt no. of nanofluid to Nusselt no. of base fluid
versus Reynolds no. with stability treatment.
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resulted via the suspended nanoparticles and gets much noticeable with
the particle volume concentration increase. The attributed reason for this
improvement is also related to the as follows: (1) the nanofluid having
the suspended nanoparticles will increase the mixture thermal conduc-
tivity and (2) the method of the high energy exchange resulted from the
nanoparticles chaotic movement, XUAN, et al. [12]. The heat exchanger
system performance can be improved via employing nanofluids at the
optimal weight concentration of the anionic surfactant in addition to
nanoparticles. Figures 11 and 12 reveal that when the coefficient of heat
transfer will increase, the Nusselt number increases, Eq. (13) [13]. The
enhancement in the Nusselt number for all nanofluid at four concentra-
tions (0.01, 0.03,0.06 and 0.09%) were 2.6%, 3.0, 6.3% and 10.2%,
6

respectively, and when using additive metal to the stability treatment,
the enhancement became 4.9%, 6.6, 8.9% and 13.44% after the stability
treatment. The maximum augmentation was 10.2% before and 13.44%
after the stability treatment at 0.9%, for 11800 Reynolds number, the
increment in the specific heat and thermal conductivity leads to increase
the amount of the heat gained by nanofluid. Figures 13 and 14 demon-
strate the Nusselt number behaviour with the volume concentration, the
Nusselt increased with the nanoparticles increase [14]. Figures 15 and 16
manifest the ratio of the nanofluid Nusselt number to that of the pure
water at the similar Reynolds number versus Reynolds number. One can
notice that an important augmentation of the coefficient of heat transfer
can be determined via suspending small quantities of the nanosized
Al2O3 particles into water [15]. The better performance in heat trans-
ferring is related to the ability of nanofluid in absorbing the heat from the
pipe wall due to the nanoparticles thermal conductivity improvement,
this leads to increasing in the heat gain by the nanofluid and decreasing
the differences between the surface temperature and transportation
medium. In the present experiments, Nunf/Nuw was about 1.12 and 1.38



Figure 17. Nusselt number of water is compared with the values of Dit-
tus–Boelter H.C. Brinkman [16].

Figure 18. Comparison of present study with the [17], the effect of Reynold on
Nusselt number.
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before and after stability treatment, respectively at 0.09% volume frac-
tion of Al2O3 nanoparticles in water at a Reynolds number of 11800.

In Figure 17. The values were carefully validated comparison to the
values of [16] theoretical correlation. Figure 18. The data matches well
and has the same behaviour with published data for Rabienataj Darzi
[17]. The results obtained are slightly higher than [17]. This may be
explained by using refrigeration unit for Provide constant wall temper-
ature and It was found that such an approach can produce good
enhancement, and stable data.

7. Conclusions

Adding nanoparticles to the base fluid augmented the heat transfer
rate, and this augmentation increased gradually as the concentration
increased, where the maximum increment in the Nusselt number reached
at the highest volume concentration. Dealing with stable nanofluid
working on getting better results where adding additives to the
aluminium oxide nanofluid at an optimum weight improved the
7

suspension's stability and enhanced the heat transfer. The stability
improvement was noticed by zeta potential value increase. The stable
nanofluid has better thermophysical properties in comparison with the
unstable nanofluid which leads to the present augmentation.
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